N ]
G A O
US005734837A

.
United States Patent 19 (111 Patent Number: 5,734,837
Flores et al. 451 Date of Patent:  *Mar. 31, 1998
[54] METHOD AND APPARATUS FOR BUILDING 5216592 6/1993 Mann et al. ...coccrinrceninennnnens 364/401
BUSINESS PROCESS APPLICATIONS IN 5,233,513 8/1993 Doyle : 364/401
TERMS OF ITS WORKFLOWS 5249300 9/1993 Bachman et al. .
5,301,320 4/1994 McAtee et al. .
[75] Inventors: Pablo A. Flores, Alameda; Rodrigo F. HER PUBLICATION
Flores. Berkeley. both of Calif.; Raul or UBLICATIONS
Medina-Mora Icaza, Mexico City. Scherr, AL.; “A New Approach to Business Processes”;
Mexico; Jaime Garza Vasquez. IBM Systems Journal; vol. 32, No. 1; 1993.
Alameda, Calif.; John A. McAfee, . . .
Kensington. Calif.; Manoj Kumar; Primary Examiner—Gail O. Hayes: .
Manuel Jasso Nuiiez, both of Alameda, Assistant Examiner—Barton L. Bainbridge
Calif.; Terry Allen Winograd, Attorney, Agent, or Firm—Blakely Sokoloff Taylor &
Stanford, Calif.; Harry K. T. Wong. Zafman
Danville, Calif.; Roy L Gift, San 7 A
Anselmo, Calif. [571 BSTRACT
. . . The invention is a method and system which provides
[73] Assignee: Action Technologies, Inc.. Alameda, consultants, business process analysts, and application
Calif. developers with a unified tool with which to conduct busi-

. . . ness process analysis, design. documentation and to generate
[*] Notice:  The term of this patent shall not extend  pusiness process definitions and workflow-enabled applica-
beyond the expiration date of Pat. No.  tjons, The invention may be implemented using a software

5:630.069. system which has two functional sets. One is a set of
graphical tools that can be used by a developer or business
[21] Appl. No.: 182,744 analyst to map out business processes. The second is a set of

tools that can be used to document and specify in detail the

[22] Filed: Jan. 14, 1994 attributes of each workflow definition, including roles, cycle

{51] Int. CL® GOGF 19/00 time, conditions. of satisfaction, cost and value, associated
[52] U.8. Cl e, 395/207; 395/208; 395/209;  text.forms, application data as well as detail the attributes of

395/211 links between workflows required to complete a business
[58] Field of Search 364/401, 408; process map, and to generate a business process definition

395/207. 208. 209, 211 and a workflow-enabled application. In this manner, the
e invention provides the capability of performing application

[56] References Cited generation and generation of business process definitions in
a definitions database. The invention also includes a work-
U.S. PATENT DOCUMENTS flow langnage scripung capabi_]jty‘
3,736,409 5/1973 Boyan .
5,182,705 1/1993 Bamret al. ...cvceeecreverrvenencersees. 364/401 37 Claims, 14 Drawing Sheets

§1 PERFORMER
6:0:0
SERIAL 1

C1 CUSTOMER 13
0:3:1
CONDITIONAL 1 C1 PERFORMER

$1 CUSTOMER

15
] C2 PERFORMER /s’ INK INDICATES 2
C2CUSTOMER 0:5:0 THAT A SERIAL
CONDITIONAL 2 WORKFLOW S2 PERFORMER
1S INITIATED 00

SERIAL 2

$2 CUSTOMER

cuenT | PRIMARY WORKFLOW SALE

P2 PERFORMER

PARALLEL 1 P1 PERFORMER
P1 cusmman\_‘/(
19

21



U.S. Patent Mar. 31, 1998 Sheet 1 of 14 5,734,837

—PROPOSAL PHASE AGREEMENT PHASE—T

CONDITIONS OF
SATISFACTION

~-SATISFACTION PHASE PERFORMANCE PHASE—

FIG. 1a



U.S. Patent Mar. 31, 1998 Sheet 2 of 14 5,734,837

CUSTOMER PERFORMER
REQUEST AGREE
CONDITIONS OF
SATISFACTION
CUSTOMER PERFORMER
DECLARE SATISFACTION DECLARE COMPLETION

FIG. 1b



U.S. Patent Mar. 31, 1998 Sheet 3 of 14 5,734,837

PERFORMER CUSTOMER
OFFER ACCEPT
CONDITIONS OF
SATISFACTION
CUSTOMER PERFORMER
DECLARE SATISFACTION DECLARE COMPLETION

FIG. 1c



U.S. Patent Mar. 31, 1998 Sheet 4 of 14 5,734,837

CONDITIONS OF

PERFORMER
CUSTOMER SATISFACTION

OBSERVER

FIG. 1d



U.S. Patent Mar. 31, 1998

—PROPOSAL PHASE—CYCLE TIME
D:H:M
D:H:M

CONDITIONS OF
SATISFACTION

D:H:M

Sheet 5 of 14

5,734,837

AGREEMENT PHASE

D:H:M

D:H:M

~SATISFACTION PHASE

FIG. 1e

PERFORMANCE PHASE—



U.S. Patent ‘Mar. 31, 1998 Sheet 6 of 14 5,734,837

—PROPOSAL PHASE——COST/PRICE AGREEMENT PHASE
COST/PRICE COST/PRICE
CONDITIONS OF
SATISFACTION

COST/PRICE COST/PRICE

~SATISFACTION PHASE PERFORMANCE PHASE—

FIG. 1f



5,734,837

Sheet 7 of 14

Mar. 31, 1998

U.S. Patent

61
}mwshwso Id
HIWHOSHI Ld

Le L 13TvHvd

e¢ ‘Old

HINHO4H3d 2d P l

QALVUINI S
mgo.mzmo; TYNOLLIONOD

IN3O OML 40 3NO LVHL
MOTDIHOM AHVNIHA JLVOIONI SHNM 3S3HL

H3INOLSND ¢S

¢ Vid3s

0:0-1 GALVILINI I
Y3NHOJU3d ZS MOTHOM Z WWNOLLIGNOD
WIHIS Y IVHL Ezoﬁ:o 20
g2
Es_m&mwg IOk | TVNOLLKINOD

L Vi3S
0:0:9
HINHOHId IS

LE0
£l HINOLSND 1D

Y3NOLSNJ 1S



U.S. Patent Mar. 31, 1998 Sheet 8 of 14 5,734,837

0:0:0
PRIMARY WORKFLOW

0:0:0
WORKFLOW i1

Fig. 2b



5,734,837

Sheet 9 of 14

Mar. 31, 1998

U.S. Patent

HIOVNVIA
H3AU3S
MOTHHOM

69

anano 44 —

1SATVNY

H3gung
NOILYDIddY

9

idv SM3IA
(ONY SNJO4

/

1dv Idv o
SONLLNOY
3INA3IHOS || any STNVN

NOLLYHNOIINOD
MNOILVHLSININGY

NOLLYONddY

g38wN3
NMOTHHOM

IdvY Idv
SNOILINIZ3Q ||SNOILOVSNVHL
MOTIHOM MOTEIHOM

m._amrow
1S

ww_,m___m_m@w_m mZO_._b(wZ(m:.

e

¥
41S INIOV MOINHOM
—v/ _6€ L€ \mn
H31IYdHILNI
y3lvadn HOSS3D0Hd
o | [HOLYLLNVLSNI MOTNHOM MOLINHOM

HIODVNYN
dN-MOT04

HIDVYNVYWN
NOILOVSNVHL

HIOVNVIA
IINA3HOS

BEE

H3IAHIS 304m¥IO;




5,734,837

Sheet 10 of 14

Mar. 31, 1998

U.S. Patent

H3LFHJY3UNI
RIYOGADVISNON

H3LUdUUNI

Py " “
(ouvosdnanisia)
h S v w\ | :J._oz:E h STIIVI3N | .
| v ¥ "Old
P 1 » I\ |
JNOON i TINAON JINCON I
oI | HAINMd 140dx3 |
01
| ¢ /| 1 _ _
| |
i || 1 £
| | N\ i
DaL TVNOLLIGNGO l DAL GNOWVIO | 1001 1)GL oNoId
] |
e MOLDROM m‘ NI 4001 l"v 001 ¥NP) woitdoot | [
NOUVINSSIUH _ NOLLYIN3S34d3Y T W $3HNA300Hd 1001 /._
INSNOINOD “ 3dVHS “ 8
! “ ! ! “ :
ST _ FINCON 950VI0 | HOLOT13S 1
MOLDMOM [ tOl _ AVIdSK $3LLHIdOUd | A 001 - HYE0OLNNIN
8
“ N “ s\
BOON _ MOGNIM M3 | HITIOUINOD
| i



U.S. Patent Mar. 31, 1998 Sheet 11 of 14 5,734,837




5,734,837

Sheet 12 of 14

Mar. 31, 1998

U.S. Patent

LS

it

Syl LZi
\ 1 /
$i0u3 suopsuesl syduas
yury s weisis

<=

8LL
/

<

\\MPF

s euly / m _
upioeyd)
Kaueysisuo)
cri
/ €21
idv SUNNOH | uopeseueD aoeuelu| Jes
—!!SZ!ERI_ ﬂ(:EEc& SMBIA/SUWI0 oﬁs%ﬁun
IdY uopRIoURY) eseqeeq | uopesyddy
SUORIUYS] uopjuyeq | Ujejeieuen jeieuen
y A AN
*po)
popdwodeid ~cel B_Q.coouﬂm
0oNpoid
ﬁ oLL
— ejnpon epon ex3 [ | 088820id
LEL | sepdwosesd Z wyos
P |
SI0M3
P e I
18s() 0L
Aeidsig



U.S. Patent

FcthMode!

178
WiBusProcess

$ Has

Mar. 31, 1998 Sheet 13 of 14 5,734,837
173
183
Vi
STF ProcessorJ
7
D
3
identity
176
175 Performs as
S Points to
" — Is Composed
i Organizational Of Organizational
Role Table Role
N\
179
177
Points to
Is Composed 3
Detault Roie to ID 1l
H identity Maobin "
Table apping It
180 181

Fig. 7




5,734,837

Sheet 14 of 14

Mar. 31, 1998

U.S. Patent

so

w -m—m suiewool 17
H MNN/.. R Y _.N/ p——
dn moqo4 onewony
L22~] ssuniepho e SuROoD
MOIPHOM
/ H MOPHOM }
sios £€2 == 02
1} 4
seH
50¢ o] siuod 8/1

61

eiqe) wleq
uoneaddy

H
$50201dSNGIM
g6l
PR ejejdwe | qu\‘ 8
H

\

eje|S /oY v _ H
wopsng
pesodwio?) s sojpdwoy seH ;
be
<6l 18S 1senbey sey M PE—
1 sjulod 16 195 1040 SeH
s8] H

8BISAYY PO 2iRISNOY ejqe | 1840 SBH

oiseg besodwon) s| oiseg eIqe L senbey SeH




5,734,837

1

METHOD AND APPARATUS FOR BUILDING
BUSINESS PROCESS APPLICATIONS IN
TERMS OF ITS WORKFLOWS

BRIEF SUMMARY OF THE INVENTION

The invention is a method and system which provides
consultants, business process analysts, and application
developers with a unified tool with which to conduct busi-
ness process analysis, design, documentation and to generate
business process definitions and workflow-enabled applica-
tions. The invention may be implemented using a software
system which has two functional sets. One is a set of
graphical tools that can be used by a developer or business
analyst to map out business processes. The second is a set of
tools that can be used to document and specify in detail the
attributes of each workflow definition, including roles, cycle
time, cost and value, conditions of satisfaction. associated
text, forms, application data as well as detail the attributes of
links between workflows required to complete a business
process map, and to generate a business process definition
and a workflow-enabled application.

A fundamental concept of workflow analysis is that any
business process can be interpreted as a sequence of basic
transactions called workflows. Every workflow has a
customer, a performer, and conditions of satisfaction. The
customer and performer are roles that participants can take
in workflows. In addition, each workflow can have observ-
ers.

In a workflow, the customer is the person for the sake of
whom the work is done, either because they made a request
or accepted an offer. It is customers who are responsible for
evaluating performed work and determining whether this
work meets their conditions of satisfaction.

The performer is the person who is responsible for
completing the work and for declaring to the customer when
the work is done.

Requests and Offers are the two basic types of workflows.
The conditions of satisfaction specify the work to be per-
formed by the performer. In a request, the customer specifies
the conditions of satisfaction, and in an offer the performer
specifies them. (Then, of course, the two can enter into
negotiation about the work to be done.)

For example, given the sentence: “John asked Frank to
prepare the report and deliver it by noon on Friday.” John is
the customer for this workflow. Frank is the performer, and
the conditions of satisfaction are “prepare the report and
deliver it by noon on Friday.” Further, because John asked
for the report rather than Frank offering it, this workflow is
of the type Request.

Given the sentence: “John proposed to prepare the report
and deliver it by noon on Friday for Frank,” John is the
performer for this workflow, Frank is the customer, and the
conditions of satisfaction are still “prepare the report and
deliver it by noon on Friday.” Further because John pro-
posed the report rather than Frank asking for it, this work-
flow is of the type Offer.

Observers of workflows take no direct action; they usually
observe for management or training purposes.

An important part of a workflow analyst’s work is the
development of business process maps, with which the
analyst and his/her client can readily see and interpret the
structure of a business process, and identify quickly areas for
clarification or improvement.

Business process maps display the workflows as loops,
and display the relevant information about each workflow—

10

15

20

25

30

35

45

50

55

65

2

the customer, the performer, the conditions of satisfaction,
the cycle time and cost/value.

Further, a business process map displays the relationships
among workflows, called links. For example. in a loan
approval business process, the workflow in which the loan
is approved is linked to the workflow in which the bank
issues a check. If the loan is approved. that triggers the
initiation of the “write check” workflow. If the loan is not
approved, the secondary workflow “write check” is not
initiated.

Workflow maps highlight the following features of busi-
ness processes:

the conditions of satisfaction of both internal and external

customers;

the roles of process participants;

which workflows are primary and which workflows are

secondary to the business process;

what work is performed in serial; what work is performed

in parallel;

cycle times for the process, each workflow in the process

and the phases of each workflow;

value, cost, application data with attributes. and forms

associated with each workflow phase.

Additionally, workflow maps enable analysts to identify
opportunities for improvement because workflow maps:

clarify business processes;

identify where roles are unclear or missing;

clarify customer conditions of satisfaction;

identify where customer expectations are unclear or do

not match work performed;

indicate where work is redundant or is performed serially

when the work could be performed in paraliel.

In U.S. application Ser. No. 600.144 filed Oct. 17, 1990.
now U.S. Pat. No. 5,216,603 and U.S. Ser. No. 07/368.179
filed Jun. 19, 1989, now U.S. Pat. No. 5,208,748, both
owned by Action Technologies, Inc.. the assignee of the
present application, methods and systems for managing
workflows, called conversations in the referenced
applications. are described. However, the teachings in the
cited references are limited to single workflows with no
capability for mapping business processes made up of a
number of workflows linked together. In U.S. application
Ser. No. 08/005.236 filed Jan. 15, 1993, a method and
system are disclosed to:

support the work of analyzing and mapping existing

business processes and designing new business pro-
cesses;

shorten the cycle time of producing workflow enabled

applications which allow users and managers to par-
ticipate in and manage business processes;

reduce existing coordination problems between business

process analysts and programmers;

develop maps of a business process;

document a business process;

test maps of a business process for completeness and

consistency.

However, the teachings in the pending application do not
include the capability to perform application generation. or
generate business process definitions in a definitions
database, have no workflow language scripting capability
and have no business process definition capability.

The invention disclosed in this previously filed
application, which is referred to as a workflow analyst, is a
component of a complete workflow system. The previously
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disclosed invention is the component of the system that
allows creation of workflow maps of business processes.
These maps are an input to another component of a complete
workflow system. which component is referred to as a
workflow application builder. The workflow application
builder is the subject of the present application.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a is pictorial representation showing the phases of
a single workflow.

FIG. 1b is pictorial representation of a single workflow
showing the normal flow of a request type workflow.

FIG. 1c is pictorial representation of a single workflow
showing the normal flow of a offer type workflow.

FIG. 1d is pictorial representation of a single workflow
showing the roles of participants of a workflow.

FIG. 1e is pictorial representation of a single workflow
showing workflow cycle times.

FIG. 1f is pictorial representation of a single workflow
showing workflow cost/value.

FIG. 2a is pictorial representation of a business process,
i.e., a set of linked workflows.

FIG. 2b is a pictorial representation of a primary work-
flow which is a request type workflow with automatic
transition turned on for performance.

FIG. 3 is a block overview diagram of a complete
workflow system showing how the present invention inter-
faces with the rest of the workflow system.

FIG. 4 is a block diagram showing the various functional
components of the invented system when implemented as a
software system.

FIG. § is an illustration of a conditional link between
workflows.

FIG. 6 is a block diagram showing the flow of an
application builder implemented according to the teachings
of the present invention.

FIG. 7 is a block diagram showing the relationships of
data used utilized by the present invention when viewed at
the organization level.

FIG. 8 is a block diagram showing the relationships of
data used utilized by the present invention when viewed at
the business process level.

DETAILED DESCRIPTION OF THE
INVENTION
OVERVIEW

The present invention is a method and system which is
used to: build business process maps (covered in U.S.
application Ser. No. 08/005,236 filed Jan. 15, 1993), now
U.S. Pat. No. 5,630,069 verify consistency of business
process maps, generate business process definitions and
generate workflow-enabled applications.

A single workflow is shown in FIGS. 1a-1f as an elliptical
loop with arrows shown in a clockwise direction wherein
each quadrant of the ellipse signifies different phases of the
workflow. The first phase is called the preparation phase
during which a request is made of the prospective performer
by a customer (FIG. 1b) or an offer to a customer is made by
a prospective performer (FIG. 1c). The second phase is
called the negotiation phase during which the offer is
accepted by the customer or the request is agreed to by the
performer and conditions of satisfaction are identified. Of
course, during the negotiation phase, the original conditions
of satisfaction can be negotiated by the customer and
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performer until an agreement is reached. The third phase is
called the performance phase during which the performer
undertakes to meet the agreed to or accepted conditions of
satisfaction. When the performer believes that the conditions
of satisfaction have been met, the performer declares
completion. The last phase is the acceptance phase during
which the customer determines whether or not the condi-
tions of satisfaction have been met by the performer, and if
so, declares satisfaction.

FIG. 2a is a business process map having a primary
workflow 11, conditional workflows 13 and 15, a conditional
link 17, parallel workflows 19 and 21, serial workflows 23
and 25. It should be noted that while a business process such
as the one shown in FIG. 24 can be graphically represented
by any one of a number of prior art drawing programs
capable of drawing shapes. curved lines, straight lines and
arrowheads, such prior art programs have no ability to
associate with each workflow various parameters such as
roles, cycle time, cost/value, conditions of satisfaction or
associate semantics to the links that imply automated action
or provide the framework for application building, all of
which are necessary to create a useful business process
representation.

A workflow can be linked to (and initiate) multiple
workflows from one of its phases. If all the workflows start
at the same moment, the multiple workflows are said to have
started in parallel. Multiple workflows can also be started
serially. There are two mechanisms to indicate the serial-
ization of workflows. As illustrated in FIG. 2a, workflows
serial 1 and serial 2 are sequential workflows. The primary
workflow at the beginning of the agreement phase, has a link
to start workflow serial 1. Workflow serial 2 is linked from
the satisfaction phase of workflow serial 1. Upon satisfac-
tion of workflow serial 2, there is a link back to the primary
workflow.

In workflow analysis practice, it is often necessary and
useful to construct business process maps that do not have
the four complete phases to illustrate breakdowns in the
process.

Components of a Workflow System

Although the present invention is one element of a
complete workflow system, and details of other elements of
a workflow system are not needed to obtain an understand-
ing of the invention, a suitable workflow system in which the
present invention may be utilized incorporates the following
components which are shown in FIG. 3.

Workflow Server

The workflow server is the heart of a workflow system.
The workflow system concentrates workflow operations in
the workflow server rather than in the end user applications.
By using this client/server design, applications do not need
to have the intelligence about workflows as part of their
design. Application developers can concentrate on their
particular application development not having to worry
about workflow logic and overhead because such function-
ality is handled at the server. Referring to FIG. 3. the
workflow server 31 includes a transaction manager 33a,
follow-up manager 33b, schedule manager 33c, workflow
processor 35, workflow updater 37, instantiator 39 workflow
language interpreter 41, workflow event handler 43, agent
manager 45 and STF router/enqueuer 47. The workflow
server utilizes a definitions database 51, transactions data-
base 53, names/routings database 55, schedule database 57,
administration/configuration database 59 and STF queue 61.
The transaction manager identifies changes that have hap-
pened in the workflow transaction database and invokes the
proper server modules to provide the services that have been
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requested or that those changes represent. The workflow
processor embodies the logic of workflows with phases,
actions, roles and dates of completion and reply. The work-
flow updater maintains and updates the workflow transaction
database. It uses the workflow processor to determine the
status of workflows and the set of possible actions for each
one of the roles. The workflow language interpreter inter-
prets workflow language scripts. These scripts contain work-
flow commands, such as the initiation or taking an actin a
workflow. These scripts are part of the business process
definition. These scripts are automatically generated by the
application builder. The agent manager executes workfiow
commands. “Agents” take action on behalf of some role in
a workflow. The commands that the “agents” execute are
specified through the workflow language.

The definitions database contains records that define each
type of business process and workflow in the system. These
records are used by the workflow updater and workflow
processor to determine new workflow states and available
actions.

The transactions database contains the history of com-
pleted workflows and workflows-in-progress. These records
are used by the workflow updater and workflow processor to
determine new workflow states and available actions.

The names/routing database contains the record of roles
and identities of the organization where the workflow sys-
tem has been installed.

U.S. application Ser. No. 08/014,796 filed Feb. 8, 1993
contains a complete description of a suitable workflow
server with a detailed description of the above-noted ele-
ments which may be utilized with the present invention.

In addition to the workflow server, a complete workflow
system of the type in which the present invention may be
utilized includes a set of application program interfaces
(APIs) 63, forms and views API 64, and workflow server
manager 72, standard transaction format (STF) processors
65, application builder 67, analyst 69 and reporter 71
components as follows.

Workflow APIs

The workflow APIs 63 provide a programming interface
to access the services of the workflow server. Workflow
enabled applications, STF processors and the application
builder are all developed using these APIs. APTs used by a
workflow system are as follows: forms and views APL
transactions API, definitions APIL, names and routings APL
schedule API, server administration APL and reporter APL
The APIs other than the forms and views API 64 and the
definitions API as needed to implement the Application
Builder are described in co-pending application Ser. No.
08/014.,796 filed Feb. 8, 1993, although a description of the
definitions API as needed to implement the invention which
is described in the co-pending application is set forth therein.
Forms and Views API

The forms and views API responds to application builder
API calls to communicate to a forms generation package, to
generate the forms and views needed to implement the
application which has been defined through the application
builder.

Definitions APT

The definitions API from the workflow library and the
application builder are used to generate the business process
and workflow definition structures stored in the definitions
database.

Workflow-Enabled Application

A workflow-enabled application interfaces to the server
via the transactions database of the workflow server or via
APIs, or via messaging, database, or inter-process commu-
nications (IPCs) or through the use of an STF processor.
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STF Processors

A standard transaction format (STF) processor 65 is an
application whose job is to interface external systems to the
workflow system. There is one STF processor for each
different type of system that interfaces to the workflow
system. STF processors can be of three types: message.
database, and IPC. The STF processors translate between an
application’s data format and the workflow APIs. It is the job
of the particular STF processor developer to design the
mapping of the external system and the workflow APIs.
Workflow Application Builder

The workflow application builder 67, which is the inven-
tion described herein, is a Graphical User Interface (GUI)
application that allows a business process designer to
specify the business process design with its network of
workflows. The application builder, in turn, creates or edits
the workflow definitions databases that define the business
process and that will be used by the workflow server. The
workflow application builder also generates forms and views
for client workflow enabled applications.

Workflow Analyst

The workflow analyst 69 is a GUI application that allows
a business process analyst to specify the map of business
processes with its network of workflows. Its output is
readable by the application builder which will update the
definitions databasc of the server.

Workflow Reporter

The workflow reporter 71 is a GUI application that
provides an interface to the tramsaction databases of the
system. It allows the observation of the status of current
transactions as well as the history and performance of past
transactions.

Definitions

In describing the invention, the following terms with their
indicated definitions are used:

Act—Basic linguistic occurrence by which people inter-
vene in moving a workflow towards completion.

Agreement—The outcome of the negotiation phase, in
which two parties come to a common agreement of the
conditions of satisfaction.

Business Process—A network of workflows linked
together that represent the recurrent process by which an
organization performs and completes work, delivers prod-
ucts and services and satisfies customers.

Business Process Map—This is a graphical representation
of business process, which shows its workflows and their
relationship.

Primary workfiow—This is the first workflow which is
initiated when a business process is initiated. Its condition of
satisfaction represent the condition of satisfaction of the
business process.

Conditional Link—A link that indicates that only one of
a group of workflows will be triggered based on some
condition.

Conditions of Satisfaction—Conditions declared by or
agreed to by a customer. The fulfillment of which is the
purpose of a workflow.

Customer—The role in a workflow who makes a request
or accepts and offer.

Customer Satisfaction—The objective of a workflow. the
accomplishment of which is declared by the customer when
the conditions of satisfaction in the workflow have been
fulfilled.

Cycle time—A measure of the time from initiation to
successful completion of a workflow phase, a complete
workflow or a business process.

Exception flow—The path in the business process work-
flow map which is followed if a customer cancels or a
performer revokes or declines.



5,734,837

7

Link—A defined dependency between two workflows and
the mechanism by which dependencies between workflows
is established.

Loops (Workflow)—A workflow is represented graphi-
cally by an elliptical loop with arrows shown in a clockwise
direction wherein each quadrant of the ellipse signifies a
different phase of the workflow.

Normal flow—This is the path followed in a business
process when workflows complete with customer satisfac-
tion.

Observer—A role in a workflow who cannot perform acts
in the workflow, but is informed of acts in the workflow, and
has access to the information and data associated with the
workflow.

Offer—The act by which the performer can initiate a
workflow. specifying conditions of satisfaction that he is
willing to satisfy for a customer.

Organization roles—Named positions in an organization
who are authorized to make certain requests, agreements,
take certain actions, set certain policies, and make certain
decisions. The kind of roles will be accountant, office
manager. etc.

Performer—One of the principal roles in a workflow: the
role that commits to complete the conditions of satisfaction.

Phase—A characterization of the status of a workflow
based on the acts that have happened and the acts that are
permitted.

Request—A customer does this act to initiate a workflow
and declare conditions of satisfaction.

Trigger—An action in a workflow which causes an action
in some other workflow.

Triggered—Action in a workflow based on certain
conditions/status in some other workflow.

Workflow—A structured set of acts between customers
and performers organized to satisfy a customer’s conditions
of satisfaction.

Workflow Activation—A triggered action that enables the
customer or performer of the workflow to take the initial act
of the workflow.

Workflow Initiation—An act of request or offer that
initiates a workflow.

Workflow Roles—The association of participants in the
workflows that take the acts in workflows; three roles are
distinguished in workflows: customer, performer, and
observer.

Workflow Type—This indicates whether the workfiow is
of request or offer type.

OPERATIONAL DESCRIPTION

The invention utilizes a graphical user interface in a
computer system which incorporates a graphical user inter-
lace (GUI) such as the Microsoft Windows (Win3.1+)
environment, using MDI and Windows HELP facility. A
display on a video monitor includes a toolbar which is
provided for the actions that need to be immediately acces-
sible. A status bar is used to display information (e.g. the
function of the currently selected menu option and the like).
Dialog boxes are used where appropriate.

Typically, a workflow map, as it appears on a monitor in
a size suitable for comfortable viewing, is larger than the
screen. For this reason, horizontal and vertical scroll bars
allow the user to scroll through the entire map.

The status bar is used for displaying information only.

The user is prompted for confirmation on deletion of
workflows and links. Objects such as workflows, links,
annotated text, etc. may be moved around on the screen by
typical clicking and dragging of a mouse as occurs in a GUL
A workflow scripting language is available to automate the
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generation of workflow acts and to set conditions for execu-
tion of those acts. Scripting is also used to set conditions for
calling other functions or programs or generating E-mail. In
addition, prior to application generation, the invented system
is able to perform consistency checking to ensure the
creation of logical and consistent business process maps.

The invention i) produces standard workflow maps of
business processes that show workflows and the links
defined between workflows or receives such maps and
defined links created by the Analyst; and ii) defines triggers
that will cause events to occur, states to change, or acts in
workflows; iii) verifies the consistency of the business
process maps; iv) produces the workflow scripts that corre-
spond to the workflow and links defined in the map; v)
generates definitions database; and iv) generates business
process applications through forms, form fields and their
visual representation.

The user of the invented system is known as a business
process analyst or systems analyst or designer or application
developer. To use the system, the user first creates a business
process which is defined in terms of a business process map.
A business process map contains customer and performer
names and organizational roles for the primary workflow,
target cycle times for the entire process, version of the
process, when and by whom the process may be started., and
so forth. In addition, it contains workflow and link
definitions, roles, permitted acts, default identities, applica-
tion data and forms for each workflow in the process. and
trigger act or state, triggered act or state and condition (if
link is conditional) for each link in the process.

Workflows are represented graphically as elliptical loops
with four phases as shown in FIGS. 1la-1f. Each workflow.
and each phase within the workflow, has a starting point and
an ending point. The primary workflow of the business
process is displayed as a large elliptical loop to make it
visually distinct as shown in FIG. 2a.

Workflows can be created without having all links defined
and the user is able to link them afterwards. In addition to
the loop, the workflow attributes workflow name, customer,
performer, conditions of satisfaction, cost and price (or
value) for the workflow and each phase and cycle times for
the entire workflow and each phase are displayed.
Furthermore, if a form name attribute is specified then a
form icon and name will also be displayed. The form name
attribute is for identifying any forms to be used by the
generated application.

The invention supports two types of workflows:

Request; and

Offer.

The invention supports three different roles for each
workflow:

Customer: The organizational role or name of the person
that can declare satisfaction for the completion of the
workflow.

Performer: The organizational role or name of the person
who fulfills the conditions of satisfaction of the workflow.

Observer: The organizational role or name of persons who
neither declare satisfaction nor fulfill the conditions of
satisfaction but who monitor the workflow for management,
training, or to fulfill other organizational concerns.

Each workflow has a unique name that identifies it in the
business process.

The conditions of satisfaction of a workflow are the
conditions that will satisfy the customer of a request or offer.

The cycle time of a workflow is the time to achieve
customer satisfaction as well as to reach agreement and
completion which are specified for each workflow. The cycle
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time for each phase is the time it is expected to complete the
phase. Cycle time includes days, hours, and minutes for all
cases. In some cases, months and years for the cycle time
may also be specified.

The cost and value of a workflow is the sum of the cost
and value which are specified for each phase of the work-
flow.

Each workflow can have associated text. Such text could
be used, for example, to describe the workflow in narrative
form in order to construct the narrative of the process.

A workflow may also have a form name which is the name
of a form that is associated with the workflow. As noted
above, a form refers to the form to be used by the workflow-
enabled application generated by the application builder
which forms the present invention.

When a workflow is created on a business process map,
the user is given an accessible way to enter the workflow
attributes, namely, workflow name, customer, performer.
conditions of satisfaction, costs and prices (or values), cycle
times, application data, its attributes, forms and type of
workflow.

In many cases of a business process, a workflow repre-
sents a collection of workflows rather than a single work-
flow. This collection of workflows have the same conditions
of satisfaction (and hence can be observed as a single
workflow). These workflows are multiple in that they either
have multiple performers in the request type case. or mul-
tiple customers in the offer type case. These workflows are
repeating in that there will be a set of similar workflows
managed by the workflow system.

A graphical representation to indicate multiple repeating
{group) workflows is accomplished through a shadow or
other such graphical representation under the current arrow
of the third quadrant.

To input all of the workflow attributes, the user selects the
workflow, double-clicks it and enters all the information
through a standard dialog box.

A link specifies the relationship between two workflows,
i.e. where an action in one workflow causes an action in
another workflow. When such a relationship is established,
it is said that the second workflow is linked to the first.

A link contains definitions of trigger conditions and the
actions that result from those trigger conditions. The trigger
conditions are either:

Workflow-Act based; or

Workflow-State based.

Triggered actions to be taken are:

Workflow initiation;

Workflow activation;

Workflow acts;

Workflow states; or

Prompt for conditions for conditional link.

Links are represented graphically as lines with arrow-
heads that connect two workflows. The arrowheads indicate
that a triggered action happens in the workflow pointed to by
the arrowhead due to the trigger action in the workflow at the
tail of the line. The “tail” of each line anchors to the trigger
action, and can be placed in any part of the loop phase,
indicating sequencing of triggering action. The “head” of the
line indicates the triggered action.

Conditional links are indicated with a diamond icon.

To establish a link, the user selects one workflow and
draws a link to a second workflow.

When a new link is drawn, the defanlt values are as
follows:

The trigger action is either of type Act. The user interface
allows specifying the trigger action type. The triggered
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action default value is Initiate or Activate depending on
where the arrow was drawn to (the beginning or end of the

first phase).

There are two kinds of links, those that correspond to the
“pormal” flow of the process and those that correspond to
the “exception” flow of the process. The latter are links
triggered by cancel. revoke or decline acts.

Tables Ia and Ib establish the relationship between trig-
gering and triggered actions under normal and exception

cases,
TABLE Ia

Outgoing Links Request Offer

Out from Preparation

state

Default trigger act S:Activate S:Activate

Other valid trigger acts none none

Valid trigger state Preparation Preparation

Out from Negotiation

state

Default trigger act C:Request, C:Initiate  P:Offer, P:Initiate

Other valid trigger acts  C:Decline Counter- P:Counteroffer,
Offer, C:Counter, P:Decline Counter,
C:Cancel, C:Cancel
P:Counteroffer C:Counter

Valid trigger state Negotiation, Negotiation,
Negotiation Negotiation
{Countered) {Countered)

Out from Performance

state

Default trigger act P:Agree C:Agree To Offer

Other valid trigger acts  C:Decline To Accept, C:Decline To Accept,
C:Agree To P:Agree To Counter,
Counteroffer, C:Decline offer,
C:Cancel, C:Cancel
P:Decline

Valid trigger state Performance Performance

Out from Acceptance

state

Default trigger act P:Report Completion  P:Report Completion

Other valid trigger acts  C:Cancel, P:Revoke C:Cancel, P:Revoke

Valid trigger state Acceptance Acoeptance

Out from Satisfied state

Default trigger act C:Declare Satisfaction C:Declare Satisfaction

Other valid trigger acts  C:Cancel C:Cancel

Valid trigger state Satisfied, Canceled, Satisfied, Canceled,
Revoked, Declined Revoked

TABLE Ib

Incoming Links Request Offer

Into Preparation state

Default trigger act S:Activate S:Activate

Other valid trigger acts none none

Valid trigger state Preparation Preparation

Into Negotiation state

Default trigger act
Other valid trigger acts

Valid trigger state

Into Performance state

Default trigger act

C:Initiate (C:Request)
C:Decline
Counteroffer,
C:Counter, C:Cancel,
P:Counteroffer
Negotiation,
Negotiation
(Countered)

P:Agrec

P:Initiate (P:Offer)
P:Counteroffer,
P:Decline Counter,
C:Cancel, C:Counter

Negotiation

Negotiation
(Countered)

C:Agree To Offer



5,734,837

TABLE Ib-continued
Incoming Links Request Offer
Other valid trigger acts  C:Agree To P:Agree To Counter,
Counteroffer, C:Decline To Accept,
C:Decline C:Decline Offer,
To Accept, C:Cancel, C:Cancel
P:Decline Performance
Valid trigger state Performance
Into Acceptance state
Default trigger act P:Report Completion  P:Report Completion
Other valid trigger acts  C:Cancel, P:Revoke  C:Cancel, P:Revoke
Valid trigger state Acceptance Acceptance

Into Satisfied state

Default trigger act C:Declare Satisfaction C:Declare Satisfaction

Order valid trigger acts  C:Cancel C:Cancel
Valid trigger state Satisfied, Canceled, Satisfied, Canceled,
Revoked, Declined Revoked

The Acts are Activate, Initiate, Request. Agree, Offer,
Agree to Offer. Counter-Offer, Counter, Accept Counter-
Offer. Decline Counter-Offer, Report Completion, Declare
Satisfaction, Decline Report, Cancel, Revoke, Decline.

The user is able to draw a link between two workflow
loops on a map by selecting the “from quadrant” and the “to
quadrant” in each of the loops. The initial portion of the link
is drawn as a straight line. The user may then create a
drawing handle on the link line and “pull” the line into a
curve. The user may create multiple points on a line to aid
in drawing an “S” or other multi-shaped curve. Such draw-
ing handles and multiple points may be created by mouse
clicks at the desired points in the link.

A user may change the destination of a link by selecting
and dragging with the mouse.

When a link between two workflows is conditional, a
conditional icon is drawn between the workflows. To link
more workflows conditionally, the user links a new target
workflow to the conditional icon.

BASIC TOOLS

The invention provides a set of basic tools for drawing,
filing. editing, printing, viewing and manipulating business
processes, workflows, links, application data with attributes,
forms, cycle times, coast and value, roles and identities. The
most frequently used of these tools are available through
icons.

Workflow Mapping Tools

To facilitate the definition of business processes. the
invention provides tools for drawing maps of workflows and
the links between them. The lines are Bezier-like and are for
drawing a line from the termination of one phase in a
workflow to another phase in another workfiow. The line
contains handles which allow the line to curve.

Map Drawing Tools

The invention supports the following map drawing tools:

Pointer

Draw Workflow

Draw Normal Flow Link

Draw Conditional link

Draw Exception Flow Link

Annotate Text.

File and Print Tools

The invention provides file and print-related tools that
enable the user to:

Create a new business process map

Open an existing business process map for read. display

and edit
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Save a business process map to a file
Provide summary information about a business process
map
Print the map and reports of the business process
Retrieve a previous version of a business process map that
has been stored on a server for review or further editing
Export map data to Windows metafile format
Export value data

Transfer business process and workflow information to
the Definitions database

Create forms and views.
Edit Tools

The invention provides editing functions that enable the
user to:

Cut, copy, delete and paste workflows, links, and anno-
tated text.-Using edit operations in conjunction with the
clipboard, it is possible to cut or copy objects (expanded and
collapsed workflows, links, text) and paste them in the same
or different business process. It is also possible to paste these
objects in drawing packages.

Editing Attributes—Edit any element of the business
process map, such as workflow attributes, links, business
process definitions, and annotated text.

View Tools

The invention provides functions for different kinds of
views of business processes. It provides funmctions that
enable the user to:

Zoom in and zoom out for magnifying and shrinking the
map size

Expand and Collapse Workflows

Obtain normal flow of workflows and links

Obtain exception flow of workflows and links: i.e., links
for cases where workflows are canceled, declined or
revoked.

Mouse Tools

The invention utilizes the following mouse tools: Single
Click—A single click selects a workflow or a link

Double Click—A double click on a workflow loop opens
the workflow definition dialog. A double click on a link
opens the link definition.

Multiple Select—Holding the shift key while single click-
ing on multiple workflows or links causes all highlighted
workflows or links to be selected. Alternatively, the toolbar
contains a “Select” tool.

Click and Drag Workfiow to New Location—Moves the
workflow loop to a new location on the screen. Automati-
cally adjusts the corresponding links in the map drawing.
Testing Tools

The invention provides a tool for testing and debugging a
business process map as follows:

Test for completeness. Causes the software to find all the
workflows that do not have complete information.
Specifically, it finds missing roles, conditions of satisfaction,
cycle times and workflow names.

Data Tools

The invention provides functions implemented using the
following commands for defining roles and identities, speci-
fying business process and workflow attributes, creating
workflow templates, and checking map completeness.






