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Fietp oF THE | NVENTI ON The present invention relBfes to a workf

| ow solver, and nore particularly to a workfl ow nmechanismfor a stateless
or connectionl esssenvironnent such as the Internet or an Intranet.

BACKGROUND OF THE | NVENTI ON Busi ness processes are typically
anal yzed in terms of workflow items._' ; These workflow items can be business
processes or documents. In the art, ~ there are workfl ow managenent

systens to automate routing of the morkfIOM/ltens based on specific
busi ness rul es and rol es enpl oyees play during the process.
Known wor kf | ow managenent systens include El ectronic
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The present invention relates to a workflow solver,
and more particularly to a workflow mechanism for a stateless

or connectionless environment such as the Internet or an
Intranet.

BACKGROUND OF THE INVENTION

Business processes are typically analyzed in terms
of workflow items. These workflow items can be business
processes or documents. In the art, there are workflow
management systems to automate routing of the workflow items
based on specific business rules and roles employees play
during the process.

Known workflow management systems include Electronic
Procurement Services or EPS. An EPS provides government,
corporate and consumer markets with a simplified and
streamlined approach to traditional procurement processing.
An EPS typically utilizes client/server technology to buyers
and suppliers. Buyers can distribute the EPS client
application throughout their organization, thereby bringing

online purchasing directly to the desktops of purchasing
agents.

The purchasing agents, or other employees who have
been authorized to use the EPS, construct purchase orders by
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Electronic procurement systems have gained
acceptance, particularly in large governmental and corporate
organizations, because they automate and enhance the
procurement process without the need for extensive retraining
of the purchasing agents and support staff. By automating
labour-intensive tasks, such as purchase order requisition and
authorization, an electronic procurement system raises service
levels while at the same time reducing costs and clerical
errors.

Known electronic procurement systems are implemented
as a client-server application on a local area network or LAN.
A well-known EPS is World Purchasing Professional™ or WPP from
the IBM Corporation. The WPP system comprises a client-server
application that gives the purchasing department in
corporations or government the ability to link electronically
to both internal departments and external agencies and
suppliers.

The architecture of a conventional workflow
management system 1 according to the prior art is shown in
Fig. 1. The workflow management system 1 comprises a workflow
server 2 and a plurality of workflow clients 3, shown
individually as 3a, 3b,..., 3n. The workflow server 2 and
clients 3 are connected via a local area network (LAN) 4, or
a wide area network (WAN). Each workflow item 3 comprises two
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suppliers. The architecture of a conventional workflow

managenent system 1 according to the prior art is shown in Fig. 1. The
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-3 The server 2 includes a workflow engine 5 which processes the

workflow data (W data) according to the semantics (W
semantics) for the workflow item. In a traditional workflow

management system 1 as shown in Fig. 1, the workflow server 2
functions as a central server which contains all the business
rules (i.e. W semantics) for the system 1, and the workflow

clients 3 are continuously connected to the server 2 through .
the LAN 4 as indicated by the solid lines. Because the
clients 3 are continuously connected to the server 2, the
workflow engine 5 needs to maintain the context of each client

3. Such demands typically result in a complex workflow engine
5.

In recent years the Internet has emerged as the
dominant communications network, and provides enormous
potential for electronic commerce. The Internet comprises a
system of linked computer networks, e.g. LAN's and WAN's,
which is worldwide in scope, and provides data communications
over the seamless collection of networks. As such, the
Internet is not a computer network, as is commonly thought,
but rather a stateless environment which provides a mechanism
for connecting existing computer networks.

In a stateless or connectionless environment such as
the Internet, connections among the computers are not long
term. These connections are made only for a short time in
order to transfer data. Once data is transferred, connection
between the computers is broken and computers are free to work
on the data as they wish. Once the work is done, the
computers establish connection again.  Because a continuous
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Internet, is the support for automatic routing and n-level of
approvals in the connectionless network. This problem arises
because the context of the business process is not maintained
in a connectionless network. There is no single source, i.e.
a server, where all the semantics of the workflow items can be
kept. Connections between c¢lients and servers are
continuously made and broken and as a result context
information is lost. By definition, a workflow server must
have access to all workflow items in order to manage the
workflow.

In a traditional workflow system, rules to control
the business logic are kept in the workflow server 2 (Fig. 1)
and context information about the workflow item is always
maintained by the server. In a connectionless environment
this information needs to be maintained by the workflow items.

Another shortcoming with existing workflow
management systems is the limitations with respect to
granularity. In a practical system, this means analyzing the
business workflow either in terms of processes or documents.
It will however be appreciated that real world business
comprise a union of processes and documents.
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BRIEF SUMMARY OF THE INVENTION

The present invention provides a workflow mechanism
for a connectionless or stateless environment such as the
Internet or an Intranet. According to the invention, the
mechanism includes means for maintaining the business logic
and context information about the workflow in the workflow
item itself.

The mechanism comprises a workflow architecture
which includes a data component for the workflow item or
object, a semantics component and an inference engine
component. According to the invention, all three components
are packaged in the workflow item or object.

It is a feature of the workflow mechanism that
workflow objects are attached to the documents and transported
with the document. This allows the document (or process) to
be manipulated by a client without requiring the client to
remain connected with any server. Accordingly, the workflow
mechanism eliminates the need for the workflow server as in
conventional workflow management systems.

The present invention also provides an inference
engine for solving workflow in a connectionless environment.
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for integration with workflow items.

It is a feature of the engine that Justifications
can be introduced as needed, and in wmost cases the
Justifications can be introduced at runtime. Justifications
are encoded as propositional logic expressions which serve as
constraints for the inference engine. Accordingly, arbitrary
business rules which affect workflow can be added. As such a
workflow system utilizing a mechanism according to the present
invention can be used to manage both processes and documents,
and provides nth-degree granularity.

The present invention provides a workflow mechanism
for a stateless environment such as the Internet or an
Intranet. The workflow mechanism includes the following
features: (a) support for complete workflow for a document or
set of documents for complex business rules; (b) support for
n-level of approvals and user configurable; (c) support for
authority delegations and re-routing of the document; (d)
support multiple users with multiple roles and multiple
privileges on wmultiple documents; and (e) support for
arbitrary business logic. The workflow mechanism also
includes the capability to maintain and control line level as
well as document level approval states for n-level of
approvers.
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The mechani sm preferably conprises a workflow architecture which includes a
data conponent for the workflow itemor object, a semantics conponent and
an inference engi ne conponent. Preferably, all three conponents are
packaged in the workflow item or object. It is a preferred
feature of the workfl ow nmechani smthat workflow objects are attached to the
docunents and transported with the daument. This allows the docunent (or
process) to be manipulated by a client without requiring the client to
remai n connected with any server. Accordingly, the workflow nechani sm
elimnates the need for the workflow server as in conventional workflow
managenent systens. . An enbodi ment of the present invention also
provi des an i nf erencelBngi htr$6rasBegrngtiBr RFESORE nlRveRhheRt PHAVEdes a
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As such a workflow systemutilizing a nechani smaccording to the present

In a second aspect, the present invention provides

—

a method for processing a workflow item in a stateless
environment comprising client machines and servers, the method
comprising the steps of: storing data elements associated with
the workflow item in a data module; storing rules associated
with the workflow item in a semantics module; ibading the data
module and the semantics module with the workflow item;
loading an engine in the workflow item together with the data
module and the semantics module; routing the workflow item
together with the loaded data and semantics modules and the
engine to one or more of the client machines in the stateless
environment; utilizing the engine to apply rules from the
semantics module to data elements in the data module to
process the workflow item on Ehe associated client machine
independently of the server.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference will now be made to the accompanying

drawings, which show a preferred embodiment of the present
invention, by way of example, and in which:



i nvention can be used to manage both processes and docunents, and provides
. nth-degree granularity. An enbodi nent of the present invention
provi des a wor kfl ow nechani smfor a statel ess environnment such as the
Internet or an Intranet. The workfl ow nechani smincludes the foll ow ng
features: (a) support for conplete workflow for a docunent or set of
docunents for conpl ex business rules; §b) support for n-level of approvals
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of the docunent; (d) support multiple users with nultiple roles and
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Fig. 2 shows in block diagram a workflow management
system according to the present invention;

Fig. 3 shows in a workflow mechanism for the

workflow management system of Fig. 2.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention provides a workflow mechanism

for workflow management systems. In the following
description, the details of the workflow mechanism are
described in the context of a workflow management system.
However, other components of the workflow management system
which do not form part of the invention, such as the
mechanisms for workflow item delivery, tracking, monitoring,
security, are not part of this disclosure.

Reference is made to Fig. 2, which shows a workflow
management system indicated generally by 100. The workflow
management system 100 is intended for. operation in a
connectionless or stateless environment such as the Internet
Oor an Intranet. The workflow management system 100 comprises
one or more servers 101 and a series of clients 102 and

workflow items or objects 103. In Fig. 2, the servers are
shown individually as 10la, 101b,..., 102m, and the clients
are shown individually as 102a, 102b,..., 102n. The clients

102 comprise computers or workstations which are situated, in
a corporate application for example, in head office, branch
office, or remote computers with dial-in access. The dotted
connections depicted in Fig. 2 represent transient



-7- In a first aspect, the present invention provides a
. mechani sm for processing a workflowitemin a stateless environnent such as
the Internet, the mechani smconprising: a data nodule for data el enents
associated with the workflow itenm a semantics nodule for rul es associ at ed
with the workflow item an engine for applying the rules to the data
el ements; wherein the data nodul e, Lh§ semantics nodul e and the engine are
contained in the workflow item and transported with the workflow item when
the workflowitemis noved in the statel ess environnent. In a
second aspect, the present invention provides a nmethod for processing a
workflow itemin a statel ess environnent conprising client machi nes and
servers, thennetbbdngpnaniisthgrtifers!,efsn &f caimydtlipribdéss ehet®itls, the

associ ate 11h the. workflow item.in dat dul e; ord .ng, rul es
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a data component W data, a semantics or business rules

component W semantics, and an inference engine component W
engine. In Fig. 2, the data component is denoted by 104, the

semantics component by 105 and the inference engine by 106.
According to this aspect of the invention, when a workflow
item 103 is downloaded to a client, the data component W data

(104 in Fig. 2) and the rules component W semantics (105 in

Fig. 2) are downloaded together with the workflow engine W
engine (106 in Fig. 2). The workflow engine 106 is the

component which works on the data 104 (W data) in accordance

with the business rules contained in the semantics component
105 (W semantics). In order to provide the capability for

downloading, the workflow engine 106 features a lightweight
and compact design, while at the same time having the
processing power to work on the business rule logic defined by
the rules component W semantics or 105,

The workflow engine 106 according to this aspect of
the invention is shown in more detail in Fig. 3. The workflow
engine 106 comprises an inference engine 111 and a truth
maintenance system (TMS) 112. The truth maintenance system
112 comprises a constraint network which utilizes
justifications. In the context of the present invention,
justifications comprise simple first order propositional
clauses. Advantageously, a constraint network composed of
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- workflow itemon the associated client machi ne i ndependently of the server.

BRI EF DESCRI PTI ON OF THE DRAW NGS Ref erence will now be made to

t he ,acconpanyi ng draw ngs, which show a preferred enbodi ment of the present

I nvention, by way of exanple, and in which:

- 8- Fig. 1 shows a convqﬂglonal wor kf | ow managenent system

according to the prior art; Fig. 2 shows in block diagrama

wor kf IOM/nanagenent systen1according to the present invention;

Fig. 3 shows in a workflow nechanismfor the morkfIOM/nanagenent systen1of

Fig. 2. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS
justifications comprising simple propositional clauses is

extremely fast to evaluate. It has been fcugh. that the
current state of the document (or a business process) can be
inferred by the justifications currently believed. As
depicted in Fig. 3, the truth wmaintenance system 112 records
justifications (link 113), and the inference engine 111 draws
inferences from the justifications recorded in the TMS 112
(link 114).

Referring to Fig. 3, the inference engine 111
communicates the constraints on a document to the truth
maintenance system 112 in the form of justifications, i.e.
propositional clauses (link 113). A justification comprises
three parts: '

(1) Consequent in the fact in the inference engine
which is inferred.

(2) Antecedents are the facts which are used for the
inference rule.

(3) Informant is supplied by the inference engine to
explain the inference in more detail.

In the context of the present invention, each justification is
interpreted as a simple propositional definite clause or Horn
clause comprising antecedents An and consequences Cm. For
example, a clause Al1,A2,A3...An => Cm means that if the

antecedents, A1,A2,A3...An, are believed in the current
context, then that implies consequent Cm. It has been found

that most of the constraints or justifications needed to
control the workflow in an electronic procurement system (EPS)



The present invention provides a workf | ow nechanismfor workflow

. managenent systens. In the follow ng description, the details of
t he wor kfl ow nechani sm are described in the context of a workfl ow
managenent system However, other conponents of the workfl ow managenent
system whi ch do not formpart of the invention, such as the nmechanisns for
wor kfl ow i tem delivery, tracking, nonitoring, security, are not part of
this disclosure. Referencélis made to Fig. 2, which shows a

wor kf | ow managenent system indi cated generally by 100. The workfl ow
managenent system 100 is intended for operation in a connectionless
or statel ess environnment such as the Internet or an Intranet. The workfl ow
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-9- 111 to the truth maintenance system 112 is whether a node
(i.e. consequence Cm) logically follows from the current

database state (i.e. the antecedents An stored in the W data

component 104) for the document or process.

As such, the specification of the truth maintenance
system 112 is defined by two sets of data which are stored in
the W data component 105 of the workflow item 103. The two

sets of data comprise: (1) a set of antecedents (i.e. A1,
A2,...An), and (2) a set of consequences (i.e. Cl, C2,...Cm).
These two sets of data will evolve as the various workflow
processes evolve. As a result, the tfuth maintenance system
112 can correctly answer queries on the contents of these two
sets at the moment the query is made. A fundawental task of
the truth maintenance system 112 is to answer queries about
what the nodes are holding (i.e. what is believed in) given
the current set of enabled justificatioms. The general
implementation aspects of a truth maintenance system in
accordance with the present invention are within the
understanding of one skilled in the art and are further
described in Building Problem Solvers by Kenneth D. Forbus and
Johan de Kleer available from The MIT Press, Cambridge,
Massachusetts.

According to another aspect, automatic routing of
workflow items 103 is provided by encoding routing information
as justifications, i.e. sets of propositional constraints,
which are also stored in the W data component 104 of the



corinections,: and therefore, in a connectionless network, the role of client
.and server may not be so clearly defined. The workflow itens
103 are shown individually as 103a, 103b, 103c, ..., 103nin Fig. 2.
AcGording to the invention, the workflow item 103 conprises three
conponents: a data conponent Wdata, a semantics or business rules
conponent Wsenmantics, and an inference -engi ne conponent W engine. In Fig.
2, the data conponent is denoted by 104, the semantics conponent by 105
and the inference engine by 106. According to this aspect of the invention,
when a workflow item 103 is downl oaded to a client, the data conponent VV
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dommloadlngqmmhnlmatkbhowuehganwot&ﬁlbuasarvsralolgthgLgat and conpact
design, while at the sane tinme having the processing power to work on the
business rule logic defined by the rules conponent Wsenmantics or 105.

The workfl ow engi ne 2g6thecHpgkfidowomerhanaspeis gesigrednfenyPshk L& &hown

in nore de&@mhebelEhmes% ehe rapmhtl, OWuengaeetﬁQGIﬁ@a@ﬁeﬁcﬁscnangetseriemce
engi ne 111 and a truth maintenance s ste Ngﬁ . _The iruth nalntenance
system 112% %onBFggﬁézatéon CSE§PF§ Bgmo Slnﬁﬁ?chru Gfi | PZEs T

reflected immediately unt:Ll the workflow item is downloaded
again. However this can be solved by implementing a
notification scheme when business rules change or the
organization structure changes. For example, the clients 102
may access a server 101b (e.g. Website) to download the
update, or the clients 102 may be automatically notified by
the server 101b, e.g. using e-mail.

The operation of the workflow mechanism, i.e. the
workflow engine 106 is now described in the context of an
electronic procurement system, such as the World Purchasing
Professional™ (WPP) system from the IBM Corporation. Briefly,
the WPP sgystem first records "justifications" in the truth
maintenance system 112. As the document progresses, the WPP
enables or retracts antecedents (i.e. An) in the truth
maintenance system 112. The WPP (i.e. work management system)
queries the truth maintenance system 112 about the current
state of the document. The truth maintenance system 112
utilizes the recorded justifications (i.e. propositional
constraints) in the constraint network to provide the current
state of the document.

For the workflow engine 106, the state of a document
is a consequence of various antecedents (An) which are
currently believed in. For example, the antecedents (An) for



justifications. In the context of the present invention, justifications
-~ conprise sinple first order propositional clauses. Advantageously, a

constrai nt network conposed of . - 10 -
justifications conmprising sinple propositional clauses is extrenely fast to
eval uat e. It has been found that the current state of the docunent (or

busi ness process) can be inferred Dby;;the justifications currently
bel i eved. As depicted in Fig. 3, %e truth mai ntenance system 112
records justifications (link 113), and the inference engine 111 draws

i nferences fromthe justifications recorded in the TMS 112 (link 114).
Referring to Fig. 3, the inference engine 111 conmuni cates the constraints
on a docungntdecurdmet t e e nirepaesesyesd el 2 par ttitd drnedn dinto  the
justificat positional clauses (link 113). A justification
conpri ses Fﬁ?£8Win§tngg (1) Consequent in the fact in the inference
engi ne which is inferred.

(1) Role of the current user;

(2) Privileges of the user;

(3) Action of the user;

(4) Type of the document being worked on;
(5) Original state of the document;

(6) Resultant states of components (i.e. Line level
states, etc.);

(7) Result of Business Rule 1;
{8) Result of Business Rule 2, etc.

As the processing of the document continues, the WPP will
choose or enable one antecedent from each of the above sets of
antecedents. The truth maintenance system 112 utilizes the
justifications already recorded to answer which consequences
are now believed in and the inference engine 111 determines
the new state that the document can have. This feature is
further described by considering the processing of a "Purchase
Requisition (PR)" document. The Purchase Requisition document
has the following sets of antecedents:

(1) Role of current user (i.e. Initiating Officer,
Supporting Officer, Approving Officer);



(2) Antecedents are the facts which are used for the I nf erence
rul e. (3) Informant is supplied by the inference engine to

explain the inference in nore detail. In the context of the present

I nvention, each justification is interpreted as a sinple propositional
definite clause or Horn clause conprising antecedents An and consequences
Cm For exanple, a clause Al, A2, A3...14A0 => Cmneans that if the
antecedents, Al1,A2,A3 ... An, are believed in the current context,
then that inplies consequent Cm It has been found that nost of the
constraints or justifications needed to control the workflow in an

el ectroni c procurenent system (EPS) can be formulated within
t he propositiondB)caPEdWédeﬁﬁﬁ t € t Ebeh uganagbhedt Gamst drowde, Can

Ant ecedents (An) EﬁgﬂQﬁQ@ﬁ@p%Q@h ) ;are represented within the
constraint network |n he truth mai nt enance system 112 in the form of
(3) Action of the User (i.e. Modifying, Approving,
Browsing) ;

(4) Type ©of the document (i.e. PR (Purchase
Requisition), PO (Purchase Order), ITT (Invitation
To Tender), ITQ (Invitation To Quote))

(5) Original state of the document (i.e. Work in
Progress, Approved, Rejected, Ready for Approval,
)i

(6) Resultant states of components (i.e. All Line Items
Approved, Some Are Rejected, Some Are Being
Investigated, All Are Rejected, No Action Taken,

)i

(7) Business Rule 1 (i.e. PR Value < 30,000, PR Value
More Than 30,000).

For this example, the following justifications (i.e.
propositional clauses) are encoded in the truth maintenance
system 112:

(1) Setl(InitiatingOfficer) & Set2 (canApprove) &
Set3 (Approving) & Set4 (PR) & set 5(WorkInProgress)
& set 6(NotApplicable} & set 5(NotApplicable) = = =
= > Work in Progress by Initiating Officer.

(2) Setl(approving Officer) & Set2(canApprove) & Set
3 (Approving) & Set4(PR) & Set5(ReadyForApproval) &



"nodes". The nobst common query posed by the inference engine 111 to the
~truth mai ntenance system 112 is whether a node (i.e. consequence Cm
logically follows fromthe current database state (i.e. the antecedents An
stored in the Wdata conponent 104) for the docunent or process.

As such, the specification of the truth maintenance system 112 is defined
by two sets of data which are storéed % the Wdata conponent 105 of the

wor kfl ow item 103. The two sets of data conprise: (1) a set of antecedents
(i.e. AI, A2,...An) , and (2) a set of consequences (i.e. Cl, C2,...QCm.
These two sets of data will evolve as the various workfl ow processes
evolve. As a resul t gdepqatindlihami Shenspeevenst eradd? (earus ok ractdoo ansver
gueries on the contents of these two segs a% t he nonent the query is made.
A fundanmental task & = e % rut®R mefREnhAtePQyEFRRFEE2 is to answer queries
about what the nodes are holding (i.e. what is believed in) given the

t t of bl justificati . Th j ' t
ot o truth i dcanaser? CRenhedtfieen) 1C K Sera BaABRLR00 BapDClS
are wi thin the undeiSstandiprg-wfingle & 18ieltd4elPR )In & BetarReady Fardpimovedr)
descri bed in Buil di @9§Eggmm&r§ggeﬁq{én%pgﬁgggana@sé@f gygl@é@ %@Q%Cp;e

Kl eer avail able from s, Canbri dg ssachusetts.
According to anot her aSﬁECT;=aMt%%Bf$%dYOGPFnEeﬁﬁeﬁoPKPF@ﬁsrtenB 103 is
provi ded by encoding routing information as justifications, i.e. sets of

proposi {1 ghal, cons{1abole, Mheh SFe S ashihete' 1:te Wdate Somens

103), the WPP enables antecedents (for example, "Initiating
Officer can Approve") from each set, and the truth maintenance
system 112 provides the WPP with the state of the document
depending upon which justification is true and therefore the
associated consequence is to be believed in.

The workflow engine 106 according to the present
invention takes advantage of the fact that most of the
justifications can be created beforehand, i.e. during the
business process analysis stage. The truth maintenance system
112 appropriately stores  these justifications (i.e.
antecedents and consequences) in a relational database or in
the form of persistent objects which are being used for the
application. As work continues, the WPP merely enables or
disables justifications, and the truth maintenance system 112
provides the resultant state of the document(s) (i.e. workflow
item) by solving the enabled justifications.

The workflow engine 106 according to the present
invention provides the capability to dynamically add new
justifications. The new justifications are recorded in the
truth maintenance system 112 by the WPP. Accordingly, the
workflow management process can be refined by introducing or
retracting justifications at any time, without the need for



- 12 - wor kf |l ow item 103. The propositional constraints provide
routing information and the engine 106 uses the routing information to
route the workflow item 103 without any further communication with a

wor kfl ow server 101 (Fig. 2). As the workfl ow mechanismis
designed to work in a connectionless environnment, such as the Internet,
changes in the organi zation st ruct ur et&nd bu5|ness rul es are not reflected
i mMedi ately until the workflow itemis downl oaded again. However this
can be solved by inplenenting a notification schenme when business rules
change or the organi zation structure changes. For exanple, the clients 102

may acceS%&&fgr\éercaa&y%(e 0yl DSl dieeloml0ad e b dgheerl B

clients 102 nmay_ be aut tlcal not| e server 101b, e.g. ng
e-mail . PrOVldlng ar h’@%fpé%ﬁrc?ﬁcﬁ 1Ph§hﬁoﬁﬁ?l‘m@ﬁ%cq*éﬁn‘§rﬁr Firégst ﬁéd

wor kf | ow en@pie V6 diss r{mﬂw@éaét\}gg?grgmt bheceéteébf?énaac@hleﬁtéonh@ch
procur ene stem _such as t r ur Si ro i.ona

system f rgﬁtts%é I%I\/F’é&cﬁﬁsat e} heBPFé?:IWu ?% J\}&g’ ecé‘ﬁ:lijnr s({ﬁ %%‘5
"justificmﬁamunhuerfémetxﬂthluhnntehanuadeystendimg oﬁsohhesﬂmkheﬁnun
progressegyd hg. PP enabl es or retracts antecedents (i.e. An) in the truth
mai nt enance systen1112 The WPP (i.e. work managenent systen) queries the
truth mai ntenance system 112 about the current state of the docunent. The

truth maint elnance SYfrh edlnddetr! | the Qfotibe]l v G dRthi 8 tdddBatiingn e o Ehe-
prOpOSItl%g%sent invention includes a truth maintenance system 112 in

which rule(s) can be attached to each node in the constraint

network, so that if a node is believed in, it can trigger
those rules which perform a business task. It will be
appreciated that the resulting code for the inference engine
111 and the truth maintenance system 112-can be very compact.
This wmeans the inference engine 111 and truth maintenance
system 112 can be downloaded as part of the applets in order
to track the states of the document which is downloaded to be
worked on at a remote client 102 (Fig. 2). As the workflow
item moves from machine to machine, it carries its context
with it. In other words, the workflow item does not need a
connection to a workflow server to determine its state.
Because the truth wmaintenance system records all the
justifications, the truth maintenance system 112 can also
provide an explanation of the consequences for the workflow
item. This means that the state of a workflow item at any
time can be determined. Such a feature is particularly useful
in business re-engineering applications.

The present invention may be embodied in other
specific forms without departing from the spirit or essential
characteristics thereof. Certain adaptations and
modifications of the invention will be obvious to those
skilled in the art. Therefore, the presently discussed



constraints) in the constraint network to provide the current state of the
- docunent. For the workfl ow engine 106, the state of a docunent
is a consequence of various antecedents (An) which are currently believed

in: For exanple, the antecedents (An) for

- 13 - a docunent may be represented and partitioned into the foll ow ng
sets: (1) Role of the current usger; (2) Privileges of the
user; (3) Action of the user; (4) Type of the docunent being
wor ked on;

embodiments are considered to be illustrative and not
restrictive, the scope of the invention being indicated by the
appended claims rather than the foregoing description, and all
changes which come within the meaning and range of equivalency

of the claims are therefore intended to be embraced therein.
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(5) Oiginal state of the docunent; (6) Resultant states of .

. conponents (i.e. Line |evel states, etc. R ) Resu
Busi ness Rul e 1; (8) Result of Business Rul e M\““Lmu m
processi ng of the docunment continues, the WPP w || cﬁHlMﬂ

* antecedent from each of the above sets of antecedents.*The t'rutth
mai nt enance system 112 utilizes the justifications already recorded to
answer whi ch consequences are now bell&ved in and the inference engine 111
determ nes the new state that the docunent can have. This feature is

further described by considering the processing of a "Purchase Requisition
(PR)" docunent. The Purchase Requisition docunent has the foll ow ng sets of

ant ecedent of current user (i.e. Initiating Oficer,
Supportlngﬁgf?l%ngL%pprovkgg Oficer); ; -
14 -

1. In a workflow management system for a stateless
environment, a mechanism for managing a workflow item in the
system comprising:

{(a) a data module for data elements associated with the
workflow item;

(b} a semantics module for rules associated with the
workflow item;

(c) an engine for applying the rules to the data
elements;

(d) wherein said data module, said semantics module and
said engine are contained in said workflow item and
transported with said workflow item when said
workflow item 1is moved in the stateless
environment .

2. The workflow mechanism as claimed in claim 1,
wherein said stateless environment comprises the Internet.

3. The workflow mechanism as claimed in claim 1,
wherein said engine comprises an inference engine and a truth
maintenance system and means for recording justifications
associated with the workflow item in said truth maintenance
system, and said truth maintenance system including means for
providing an inference about the state of the workflow item in
response to a query from said inference engine.

4, The workflow mechanism as claimed in claim 3,

wherein said means for providing an inference comprises a



(2) Privileges of the user (i.e. Can browse, Can approve, Can

.nmodi fy); (3) Action of the User (i.e. Modifying;-Approving,.

Br.owsi ng) ; (4) Type of the docunent (| Pur chase
Reqw sition), PO (Purchase Order), ITT (Invitation "Im "fi I"ier)
I TQ (I nvitation To Quote)) (5) iginal statexo

Wrk in : Progress, Approved ej ect ed, Ready for Approva

etc...); (6) Resultant states of conponents (i.e. Al Line |t ems
Approved, Sonme Are Rejected, Sonme Are Being I nvestigated, Al Are
Rej ected, No Action Taken, etc...); (7) Business Rule 1

(i.e. PR\éﬁﬁﬁtfé§ﬂtom%eé%%ﬂ@1Uesald consd%&fhﬂhaﬁeﬁﬁdﬁxn including
For this exa the foll ow n usti fications si.tional giauses)
gnt e ‘?ﬁ kflow

are encod&®F¢? %h%l?PB?—hC}rﬁPﬁ? HEe1§§§FE?ﬁ1§1 e sta yche wor
Setl (InitidengOificer) & Set2(canApprove) & Set 3( Appr ovi ng)
& Set4(PR) & set 5(Workl nProgress)

5. The workflow mechanism as claimed in claim 4,
wherein said propositional clauses are formed from one or more
antecedents and a consequent, wherein said conseqguent results
when the antecedents are true in the current context for the

workflow item.

6. The workflow mechanism as claimed in claim 1,
further including means for encoding routing justifications in
said truth maintenance system, and said truth maintenance
system including means for providing routing information
associated with the workflow item in response to a query.

7. A wmethod for processing a workflow item in a
stateless environment comprising client machines and servers,
said method comprising the steps of:

(a) storing data elements associated with the workflow
item in a data module;

(b) storing rules associated with the workflow item in
a semantics module;

(c) loading said data module and said semantics module
with the workflow item;

(d) loading an engine in the workflow item together with
said data module and said semantics module;

(e) routing the workflow item together with said loaded
data and semantics modules and said engine to one or more of
the client machines in said stateless environment;



& set 6(Not Applicable) & set 5(NotApplicable) = = = = > Wrk in

Progress by Initiating Oficer. (2) Setl(Approving Oficer) &

Set 2( canApprove) & Set 3(Approving) & Set4(PR) &

Sel 5( ReadyFor Approval ) &

Set 6( Al | Li nel t ensApproved) & Set7(Val ue < 30, OOOH“II“l“l““l““lmum = = > PR
ready for PO process. (3) SethgApprovingOrfitery " &° _
Set 2( canAppr ove) & : Set 3( Approvi ng) & Set4(PR) &

Set 5( ReadyFor Appr ovel ) & Set6( Al I LineltenmsApproved) & Set7(Val ue
> 30, 000) = ====> PR ready for Tender process. During the

processi ng of the docunent (i.e. workflow item 103), the WPP enabl es
ant ecedent s (foffgxaupig#izihgi tsatdnenineetocamppppr aneles f foomeashaidet ,

and the tr I eq@&ﬁ% ysi.e i t R M he i Ale t he
docunent dg%lg%g?%ggupon %c E)j lr,%tl i(%gtgl}ﬂgg&i%s Jt?&‘r?u\(_=,é€16:1Lr<?éIVI %%%%e?‘ore t ?BL
associ at edPE@RS8HuERSe Warkid qje beeMePdd Ghe associated client machine

independently of the server.

8. The method as claimed in claim 1, further including
the step of loading routing information associated with the
workflow item.

9. Data storage media recorded with a workflow
management computer program, in combination with a computer in
the stateless environment and loaded with an operating system
and runtime library wmeans, equipped to read into memory and
execute program data from the data storage media, comprising
a method in accordance with claims 7 or 8.



The wor kf | ow engi ne 106 according to the present invention takes advantage
of the fact that nost of the justifications can be created beforehand, i.e.
during the business process anal ysis stage. The truth naintenance system
112 appropriately stores these justifications (i.e. antecedents
and consequences) in a relational database or in the form of persistent
obj ects which are being used for the application. As work continues, the
WPP nerely enabl es or disables justifications, and the truth naintenance
system 112 provides the resultant state oRlthe docunent(s) (i.e. workf |ow
item) by solving the enabled justifications. The wor kf | ow
engi ne 106 according to the present invention provides the capability to
dynam cal |y add %mqwc&ﬁmqu&msﬂm@&simm N ded i n
the truth neABSE system 112 by the WPP. Accordingly, the workflow
managenent process can be refined by introducing or retracting
justificatio, i A £ . .
06 L ARG ndohiffm g 2o i HAPIQFSE ehfectionless epuironment such g3 the
provi di ng a lgteenetionaadnganst. The morkiew wechanism é1003 epmprisesandaterence sagine
various ant qeeshedidsa jus@icatioh baRdsnth nMh@HRHE By stent THE iARfdnbS eAgiRé PRIBY S -
The particul ar I epenla ion of such a user | nterfa(i(g IdS. Vﬂlt hi ”kﬁ he .
under st andi @d&kgﬁﬁg icafiop, hased truth management system are packaged in the workflow item
(103) together with the data and business rules components (105), and downloaded with
the workflow item to a client. The inference engine informs the truth maintenance
system about the justifications relevant to workflow items. When the time comes to
determine state of a workflow item, the inference engine (106) queries the truth
maintenance system which provides the state of the workflow item based on the various

antecedents which are currently believed in for the workflow item. Because the truth

maintenance system carries the justifications, continuous network connection is not
required.
Fig.2



e

.the art. In summary, the workfl ow mechani sm according to the
present invention includes a truth mai ntenance system 112 in which rule(s)
can be attached to each node in the constraint network, so that if a node
is believed in, it can trigger those rules which performa business task.

It wll be appreciated that the resulting code for the inference engine 111
and the truth maintenance system 112 can be very conpact. This neans the

i nference engine 111 and truth nai ntenance system 112 can be downl oaded as
part of the applets in order to track the states of the docunent which is
downl oaded to be worked on at a renote client 102 {Fig. 2). As the workfl ow
item noves frommachine to nachine, it carries its context wwth it. In

ot her words, the workflow item does notijseed a connection to a workfl ow
server to determne its state. Because the truth mintenance system
records all the justifications, the truth maintenance system 112 can al so
provi de an expl anation of the consequences for the workflow item This
means that the state of a workf lowitemat any tine can be determ ned.
Such a feature is particularly useful in business re-engineering

appl i cations. The present yhvention nay be enbodi ed in other
specific fornms wi thout departing fro;y{he spirit or ‘essential
char act erwetkk giow sigvereof . - Certdin adaptations . and nodifications
of the invention will be obvious to those skilled.ipXhe art—Therefore.
t he presentdy—diseussed — : : T WORKFLOW CLIENT
' - 2 - ' WDATA 3a
_ . | W SEMANTICS
WORK FLOW ENGIN '
W SEi\JANTICS WORK FLOW CLIENT
' WDATA g
5 i W SEMANTICS
WORK FLOW CLIENT

WDATA 5.

FIGURE 1 PRIOR ART



- -17- enbodi nents are considered to be illustrative and not restrictive,
the scope of the invention being indicated by the appended clai ns rather
than the foregoing description, and all changes which conme within the

meani ng and range of equival ency of the clains are therefore intended to be
enbraced therein. - 18- VWHAT | S

CLAIMED | S: 1. I n a workfl ow nanagenent systemfor a stateless
envi ronnment, a mechani smfor nmanaging a workflow itemin the system
conpri si ng: (a) a data nodule for data el enents associated with the

wor kfl ow item
wor kflow i tem
el enent s;

(b) a semantics rmdyhe for rules associated with the
(c) an engine for applying the rules to the data

(d) wherein said data nodul e, said semantics nodul e and

100

/

--{ CLIENT1 1022 1033

------------ .»*| |WDATA l,Oth SEMANTICS lOSa’WENGD\T 1064

SERVER!  10la|

1016 (" 4,

SERVER 2 CLENT2  102b _—103b

WDATA 104HW SEMANTICS 105b] W ENGIN 106b

CLIENT 3 102¢

1030
W SEMANTICS 105¢|W ENGIN 10

{|WDATA 104c

Nt
101m}” .
SERVER m R .

CLIENT o 102a

1020

T W DATA 104n

b P
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W SEMANTICS 105x

W ENGIN 106n

FIGURE 2



‘sai'd engi ne are contained in said workflow item and transported

with said workfl ow item when said workflow item 1is noved in
t he st at el ess envi ronnent . 2. The wor kf | ow nechani sm
as claimed in claim 1, wherein said stateless environnent conprises the

| nt er net. 3. The wor kfl ow nechanismas clained in claim 1,

wherein said engine conprises an inference engine and a truth nai ntenance
system and nmeans for recording justifications associated with the workfl ow
itemin said truth mai ntenance system and said truth maintenance system
i ncluding nmeans for providing an inference about the state of the workf |ow

itemin response to a query fromsaid inference engine. 4, The
wor kfl ow nechani smas clainmed in claim3, wherein said neans for
provi ding an i nference conprises a -19-

constraint network, said constraint network including

3/3

WORK FLOW SOLVER
106
INFERENCE JUSTIFICATIONS., | JUSTIFICATION
ENGINE BASED TRUTH
MAINTENANCE -
11 BELIEFS...;,, SYSTEM

112

FIGURE 3



-propositional clauses for inferring the state of the workflow item 5.
The workfl ow mechanismas clainmed in claim 4, wherein said propositional
tlauses are forned fromone or nore antecedents and a consequent, wherein
sai d consequent results when the antecedepnts are true in the current
context for the workflow item 6. The wor kf | ow nmechani sm as

‘clai med in cl ai m Atgorflimghyhéhere ic b mded forredominfent memegaineny sysiemi ergworkflow
justifications in said truth maintenance system and gt [ ance
system i ncl SHHY ?%%{ﬁtgleﬁ%?nv&omem Wy raa‘j}tlei ﬁ'gel?]ﬁtf r %Pﬁ%ﬁgtasé%g}%@ﬁmvﬁg t

t he wor kf | owsidre Brévidéses pompact tdesign Guieely is configurable for differhhapblications and
processing a workflowitem in a stateless enyironne g ﬁ.om:Iri ing cli'ent
machi nes an8RPeFy dytlgraaylagtn bV iae deeipt Staty 1% e‘E%l%?ﬁg prine-level apgyoval as

storing dat g.ql.eQRRL Sudeseesiatied Wth the workflow itemin a data nodul e;
(b) storing rules associated wmth the workflowitemin a semantics nodul e;

(c) loading said data nodul e and said semantics nodule with the workfl ow
item (d) loading an WW? APT Wﬁﬁ‘?fﬁﬁ()get her with said
data nodul e and said semanti cS nodul €; e routing the workflow item
together with said |oaded data and semantics nodul es and said engine to one
or more of the cl L\%né[mbrg%(i:rpulan o tflenprsegén ir?w}e% igrll %rsosvi 0% WY mechanism for a
connectionless or stateless environment such as the Internet or an Intranet. The
mechanism preferably includes means for maintaining the business logic and context

information about the workflow in the workflow item itself.

The mechanism preferably comprises a workflow architecture which includes a
data component for the workflow item or object, a semantics component and an inference
engine component. Preferably, all three components are packaged in the workflow item

or object. "

It is a preferred feature of the workflow mechanism that workflow objects are
attached to the documents and transported with the doument. This allows the document
(or process) to be manipulated by a client without requiring the client to remain connected
with any server. Accordingly, the workflow mechanism eliminates the need for the

workflow server as in conventional workflow management systems.

An embodiment of the present invention also provides an inference engine for
solving workflow in a connectionless environment. The inference engine includes means
for maintaining the context of the workflow items in the workflow management system
and means for implementing the arbitrary business rules and organizational structure as
first order constraints for the engine. The engine includes a Justification-based Truth
Maintenance System. The engine preferably results in a compact design which makes it

suitable for integration with workflow items.

REPLACEMENT SHEE;
09 MR 2001
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(f) utilizing said engine to apply rules fromsaid semantics

nodul-e to data elenents in said data nodule to process the workflow item on

the associated client machi ne i ndependently of the server. 8. The
method as claimed in claim1, further ingluding the step of |oading routing
I nformati on associated with the workflow'item 9. Data storage
nmedia recorded with a workflow nmanagenent conputer program in

combi nation with a.conpufer .in . the at el ess, envi r.onnent and |.oaded wi th an
O ot o i STk Patiyecots hisnate W usBRTRRS <Bhbei REGG el
and execut endeed)laMif ddt tiseintcRistifdafiosd SmPLinfRdhced £ IRIhé| MestiFcaidiz0d-
in accordance with clains 7 or

are encoded as propositional logic expressions which serve as conmstraints for the
inference engine. Accordingly, arbitrary business rules which affect workflow can be
added. As such a workflow system utilizing a mechanism according to the present
invention can be used to manage both processes and documents, and provides nth-degree

granularity.

An embodiment of the present invention provides a workflow mechanism for a
stateless environment such as the Internet or an Intranet. The workflow mechanism
includes the following features: (a) support for complete workflow for a document or set
of documents for complex business rules; (b) support for n-level of approvals and user
configurable; (c) support for authority delegations and re-routing of the document; @
support multiple users with multiple roles and multiple privileges on multiple documents;
and (€) support for arbitfary business logic. The workflow mechanism also includes the
capability to maintain and control line level as well as document level approval states for

n-level of approvers.
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