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(57) Abstract

The present invention relates to message—based workflow systems and methods for computer networks. In one embodiment, the
present invention provides three elements: (1) an e-mail system; (2) PC’s, terminals, or workstations connected by the e-mail system; and
(3) a form route manager connected by the e~mail system.
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Inventor: Norman Ken Ouchi

BACKGROUND OF THE INVENTION:
The present invention relates to the field of computer networks, and in particular to workflow

systems and methods used in computer networks to control, access, process, track, and modify

documents.

A workflow system automates processing of documents in computer networks by defining the
sequence of users with access to documents transmitted in the computer network. One
application suitable for workflow is business travel reimbursement, having the following steps:
(1) the traveler sends a request for reimbursement to a manager: (2) the manager reviews it; and
(3) the manager either sends the approved request to accounting for payment or returns the
request to the traveler for clarification. During the process. the users of the workflow system
may want certain information. The manager may want information from the traveler before
approval. accounting may want the total number of requests submitted by the traveler within the

vear, and the traveler may want to know where the request is in the process. especially if it is

delayed.
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A rouié describes the step-b&-step seduence of a given workflow. The route may have a liriea:
sequence and/or complex conditional branching. The latter type may require databases to store
the independent parallel routes which later join to form a linear route. Simple workflow may
require only an e-mail system to emulate paper-based procedures using mail and routing slips.
As shown in Figure la. a database workflow system stores the document, the route, and the
sequence of access in data tables. Because the information is stored in the memory of the
database system. database systems can provide for complex routes, supply information on the
document, and alert users to process delays. Many databases also have failure detection and
recovery mechanisms to assure reliability. However, databases require that users employ
specific programs to process the workflow. and remain connected to the database for the entire
session, which can result in expensive long distance phone calls when users are remote from the
database. Because the users may participate in many workflow processes, database workflow
systems may require a number of specific programs to be loaded in their PCs and require access
to a number of databases. This may unnecessarily confuse users who must then identify the

programs and the databases associated with a given workflow.

As shown in Figure 1b, an e-mail workflow system transmits the document and the route in the
e-mail. This has the advantage that users only need e-mail programs such as Lotus cc:Mail or
Microsoft Exchange. Further. a remote user such as a traveling manager can approve documents
as remote e-mail. However. since key information about the document is in the e-mail. the
workflow process fails if the e-mail is lost. Because there is no central memory, even basic
information such as location of a document may be lost. In addition. since there is no access to
global information. the e-mail workflow routes are limited to simple linear routes. Further,
because the route is part of the e-mail and coded for a particular system. each PC must have a
specific program to send the e-mail to the next user. So while users may have the advantage of
easy access in e-mail workflow systems. they must have specific programs loaded in their PC
before participating in the workflow process. This makes ad hoc creation of a workflow route
impracticable. because the participants must have prepared in advance by loading all of the

appropriate software in their PCs. As with the database workflow system in which many users
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particiﬁate in the workflow, an e-mail workflow requires many workflow programs be loaded in
each PC, lacks capability to perform complex routes and track documents. Thus. the overall

benefit of using current e-mail workflow systems is limited.

It would be desirable if workflow systems existed which could perform complex database
functions, provide the easy accessibility of e-mail, avoid the need for specific programs in each

PC, and insulate the user from the need to identify the pertinent server for a given workflow

process.



WO 99/05631 PCT/US98/15466

SUMMARY OF THE INVENTION:
The present invention relates to message-based workflow systems and methods. In one
embodiment, the present invention provides three elements: (1) an e-mail system; (2) PC’s,

terminals, or workstations connected by the e-mail system: and (3) a form route manager

connected by the e-mail system.

In one embodiment, the present invention provides an e-mail-based workflow system for
processing a document, where the system is connected to a computer network and an e-mail
system, comprising:

(1) a form route manager, connected to the computer network, capable of receiving and
sending the e-mail, and capable of defining:

(2) a route, a step-by-step sequence of e-mail addresses, in the network; and
wherein a computer with an e-mail address in the network is adapted to send the e-mail to the

form route manager whigh is adapted to send the e-mail to the next e-mail address in the route.

In another embodiment, the present invention provides a method for centrally distributing an e-
mail to a step-by-step sequence of e-mail addresses. comprising:

(1) receiving the e-mail with an indicator of the step in the sequence;

(2) determining from the indicator and the sequence. the successor e-mail address in the
sequence;

(3) updating the e-mail indicator to the successor step; and

(4) sending the e-mail to the successor e-mail address.
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BRIEI; DESCRIPTION OF THE DRAWINGS:

Figure la illustrates the architecture of a conventional database workflow system.
Figure 1b illustrates the architecture of a conventional e-mail workflow system.
Figure 2 illustrates one embodiment of the hardware of the form route manager.

Figure 3 illustrates one embodiment of the software stored in the memory of the form route

manager.

Figure 4 is the ISO OSI network layer model. and the relationship of the model to the form route

manager.

Figure 5 is a flowchart of the form route manager functions and the workflow user functions.

Figure 6 is a block diagram of the system and the sequence of e-mails demonstrating one

function of the present invention.
Figure 7 is an example of business travel reimbursement approval.

Figure 8 is a block diagram and sequence of e-mails illustrating the function to support multiple

routes.

Figure 9 is a block diagram and sequence of e-mails illustrating the tables and functions to track

the location and move history of each workflow document.

Figure 10 is a block diagram and sequence of e-mails illustrating the CONDITIONAL BRANCH

function.
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Figure 11 is a block diagram and seqﬁence of e-mails illustrating the CONDITIONAL CANCEL
function.

Figure 12 is a block diagram and sequence of e-mails illustrating the function to send an e-mail

to a specified list of e-mail addresses when a branch of a CONDITIONAL BRANCH is selected.

Figure 13 is a block diagram and sequence of e-mails illustrating the function to send an e-mail

to a specified list of e-mail address when the workflow passes a specific step in the route.

Figure 14 is a block diagram and sequence of e-mails illustrating the sending of an e-mail to a

user not on route and not tracked by form route manager.

Figure 15 is a block diagram and sequence of e-mails illustrating the sending of an e-mail to a

user not on route but tracked by form route manager.
Figure 16 is a block diagram and tables to create a new route based on the move history table.

Figure 17 is a block diagram and sequence of e-mails illustrating the cooperative functions of

two form route managers to support a route that starts in one and continues in the other.

Figure 18 is a block diagram illustrating the FORK and JOIN functions and parallel branch

routes in a route.

Figure 19 is a block diagram and sequence of e-mails illustrating rule based FORK branch

function.

Figure 20 is a block diagram and sequence of e-mails illustrating rule based JOIN function.
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Figure 21 is a block diagram and seduence of e-mails illustrating error detection using timed

intervals and error recovery of a lost e-mail using a stored copy of the e-mail.

Figure 22 is a block diagram and sequence of e-mail illustrating one form route manager backing

up another form route manager.

Figure 23 is a block diagram and sequence of e-mails illustrating the document format change by

form route manager based on the route.

Figure 24 is a block diagram and sequence of e-mails illustrating the STATUS REQUEST and

the response and use of e-mail REPLY functions for users to obtain status on documents.

Figure 25 is a block diagram and tables illustrating the mapping of a three-step route with the

roles at each step mapped to the e-mail address based on a project identifier.

Figure 26 is a block diagram and sequence of World Wide Web accesses and e-mails illustrating

a combined web page and e-mail based workflow system.

Figure 27 is a block diagram and sequence of World Wide Web accesses and web page data

transters illustrating the use of web page technology for message based workflow system.
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DEéCRIPTION OF PREI;ERREDVEMBODIMENTS

The systems and methods for message-based workflow preferably operates in a computer
network. The form route manager is embodied in a computer in the network. With reference to
Figure 2. one embodiment of the form route manager is comprised of a processor (CPU) 21, a
memory 22. storage devices 23, input devices 24, network interface 25, communications
interface 26, and display 27. These elements are interconnected by a bus 28 as typically
implemented in an [BM compatible PC. The CPU 21 is preferably an Intel Pentium, AMD K,
Power PC, Motorola 68000, or the like. The display 27 is preferably a video monitor and the
input device 24 is a keyboard and mouse. The storage devices 23 are a hard disk drive, a floppy
diskette drive and a CD ROM drive. Those skilled in the art would realize the form route
manager may be a workstation. mini-computer. or mainframe computer and that they may be

used by multiple users with muitiple sets of display and input devices.

The network interface 25 connected to bus 28 is connected to a local area network (LAN) or
wide area network (WAN) 210 to communicate to other computers in the network. The network
interface 25 is preferably an Ethernet or Token ring adapter connected to a twisted pair wire or to
a coaxial cable. The communications interface 26 is connected 29 to a communications network
which communicates with other computers using the dial up phone system as a network. The

communications interface 26 is preferably a modem. The CPU 21 operates under the control of

instructions stored in memory 22.

Figure 3 illustrates a more detailed preferred embodiment of memory 22. The memory 22 is
preferably random access memory (RAM) but may include read only memory (ROM). The
memory 22 includes operating system 31, e-mail mailbox 32 with an in-box 33 and an out-box
34, and the form route manager 35. The operating system is preferably Microsoft Windows NT
or Windows 95. The e-mail mailbox 32 is preferably Microsoft Exchange or Lotus cc:Mail.
Each e-mail mailbox 32 has an e-mail address that is a unique identifier within the e-mail system.
Each e-mail message contains a field with the e-mail address of the e-mail mailbox 32 to which

the e-mail is sent. a field with the e-mail address of the e-mail mailbox 32 from which it was

8
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sent, ;nd a field with the content of the message. A user of an e-mail mailbox 32 receives e-mail
in the in-box 33 and can select. open and read the e-mail. New e-mail is created using a text
editor, addressed with the e-mail address of the mailbox to which it is to be sent, and is sent by
placing the e-mail in the out-box 34. The e-mail on the LAN and WAN is transmitted to the in-
box 33 and from the out-box 34 through the network interface 25 and through the
communications interface 26 for e-mail transmitted remotely using the dial up phone lines. E-
mail is generally discussed on pages 643-669 in section 7.4 of Tanenbaum, Computer Networks
(1996), Prentice-Hall, which is hereby incorporated by reference.

The form route manager 35 uses the e-mail as an application. Figure 4 illustrates the form route
manager 35 in relationship to the ISO OSI reference model 41 and the implementation layers 42
of the ISO OSI reference model. Those skilled in the art will recognize that the form route
manager may be adapted to unitize a wide set of messaging and e-mail systems such as IBM
PROFS, DEC Mail, Integrnet Mail, Oracle Mail, Lotus cc:Mail, Microsoft Exchange, SMTP mail,
wireless mail, LAN- and WAN-based, remote mail and mail access using phone lines, Internet
access, wireless access, voice mail, video mail, and other forms of messaging with characteristics
of addressable messages. Since the Internet functions to connect numerous e-mail systems, all e-
mail systems connected to the Internet. even those connected through intermediate mail systems

and relay nodes. can be considered to be part of one e-mail system.

The function of the form route manager 35 is illustrated in the flowchart in Figure 5. The route is
a step-by-step sequence of e-mail addresses. The mailbox for the form route manager is assigned
an e-mail address. The e-mails addressed to the form route manager are received in the in-box
33. At step 52, the form route manager checks if the e-mail is in the in-box 33. If there is an e-
mail, it checks at step 53 if the e-mail is sent from an e-mail address that is the last step in the
route. If it is the last step in the route. the e-mail is deleted at step 54 from the in-box. Ifit is not
the last step, at step 53. a step field is set to the next step in the route and the e-mail address is set
to the e-mail address of the next step in the route. The e-mail is sent to the next e-mail address

by using out-box 34. The e-mail is deleted at step 54 from the in-box. In other words. the form

9
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route manager receives an e-mail from an e-mail address in the route and sends it to the next e-

mail address in the route. If the e-mail is from the e-mail address that is the last step in the route,

the e-mail is not sent further.

The form route manager function is part of a message-based workflow system. This is illustrated
in Figure 5, where the e-mail contains a workflow document and the route specifies the step-by-
step sequence of e-mail addresses of the workflow. The message-based workflow user receives
the workflow document as e-mail in the in-box 33. The user selects 58 the e-mail from the in-
box 33, opens the e-mail, sets the e-mail address to that of the form route manager, processes the
workflow document in the e-mail. and sends the e-mail back to the form route manager using the
out-box 34. The form route manager receives the e-mail in the in-box. and if this is not the last

step in the route. sends the e-mail to the next e-mail address as described earlier. This process

continues until the workflow route is compieted.

Many e-mail systems have a reply function which returns an e-mail to the sender, which can be
used to return e-mail to the form route manager without explicitly entering the e-mail address of
the form route manager. A more complex environment may have multiple form route managers,
each with an e-mail address. In a preferred embodiment, users need not be concerned as to
which form route manager sent the e-mail. because the reply function will return e-mail to the
correct form route manager. The users need only open the e-mail from the in-box. process the

workflow document in the e-mail. use the reply function to address the e-mail to the correct form

route manager. and send it out the out-box.

The form route manager provides a central. sequential e-mail distribution function based on the
step-by-step sequence of a route where a computer in the network sends an e-mail to the form

route manager and the form route manager sends the e-mail to the next computer in the route.

In an embodiment. the route defines the sequence of e-mail addresses of the workflow. The

route is contained in a table of structured query language (SQL) in an SQL database accessed by

10
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the form route manager. As shown ih Figure 6. the route 610 includes an e-mail address A an e-
mail address B, and an e-mail address C implemented by the SQL table ROUTE where each row
of the table represents a step in the route: STEP, the next e-mail address: NEXT E-MAIL
ADDRESS, and the next step in the route: NEXT STEP.

- SQL TABLE ROUTE:
STEP NEXT E-MAIL ADDRESS NEXT STEP
1 B 2
2 C 3
3 NULL NULL

The first row indicates that for step = 1. the next e-mail address is B and the next step is 2. For
the second row step = 2, and the next e-mail is C and next step is 3. The third row for step = 3,

the next e-mail address and next step values are NULL which indicates step 3 is the last step in

the route.

The e-mail and the form route manager contain the information necessary to identify the step in
the route. As shown in Fig. 6, in one implementation, the e-mail contains a control field. STEP
69, that holds the value of step to access the route SQL table to determine the next e-mail address
and next step. Those skilled in the art will realize there are many data structures that can be used
to implement the information needed in the route and that the route step information can be

indicated by other means such as a storage location in the form route manager.

Figure 6 illustrates the workflow e-mail format, the route in the form route manager and the
sequence of e-mails sent between the e-mail addresses and the form route manager to effect the
workflow of route 610 for the sequence: A to B to C. The e-mail format 66 consists of the e-mail

To and From address fields 67. the workflow document as the body of the message 68. and the

control field. STEP 69.

11
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In one émbodiment. the workﬂow doéumem is processed as follows:

1) The user at e-mail address A initiates the workflow by sending an e-mail 61 with
document R and STEP =1 to the form route manager;

2) The form route manager receives the e-mail 61, and determines from STEP = | and the
route that the next e-mail address is B and the next step is 2. The form route manager updates
STEP = 2 and sends the workflow document R as e-mail 62 to e-mail address B:

3) The user at e-mail address B receives the e-mail 62 from the form route manager,
processes the document by changing the body of the message to S. and sends e-mail 63 back to
the form route manager;

4) The form route manager receives the e-mail 63, and determines from STEP =2 and the
route that the next e-mail address is C and that the next step is 3. The form route manager
updates STEP = 3 and sends the workflow document as e-mail 64 to e-mail address C;

5) A user at e-mail address C receives the e-mail 64 from the form route manager,
processes the document by changing the body to T, and sends e-mail 65 back to the form route
manager; and

6) The form route manager receives the e-mail 65 and determines from STEP = 3 and the
route the next step is NULL which completes the route.

In this example, the workflow document is embodied in five different e-mails, but at any time
only one is the active carrier of the document. If e-mail 61 is transformed into e-mail 62, the e-
mail 61 no longer acts as the carrier of the document and can be deleted. Each e-mail carries its
position in the route in the control field STEP 69. This permits more than one concurrent use of
a workflow route. Because each workflow e-mail carries its state in the route, each document is
independent of other workflow documents and may share the same route without interference.
Using the e-mail address or name of a user as indicator of the step in a route is ambiguous. since
the e-mail address or name may be repeated in a route. Thus. the e-mail field STEP 69 permits
the route to distinguish each,use of a user who may appear more than once in the route. Asan
example, a workflow that requires the user at e-mail address A to review the work of the user at
e-mail address B. which is then followed by work by the user at e-mail address C. which is

reviewed by the user at e-mail address A. the route might be described by the sequence: e-mail

12
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address: B (STEP = 1), e-mailﬁ address A (STEP = 2), e-mail address C (STEP = 3), e-mail
address A (STEP = 4). The use of only the c-rgail address as the state variable would not
distinguish between the first use of e-mail address A (STEP = 2) from the second use of e-mail

address A (STEP = 4). This example demonstrates implementation of a workflow system where

each user need only have access to the e-mail system.

A more sophisticated user interface for workflow can be developed by use of special electronic
form programs that format the e-mail and display the workflow e-mail as a workflow form for
editing and automate the reply function to address the e-mail to return to the form route manager.
For example, the Microsoft operating systems and Microsoft Exchange e-mail system with the
Microsoft E-Forms extensions have these functions as part of the Windows environment and the

message-based workflow system can take advantage of this without other special programs.

Figure 7 shows one embgdiment of the invention in the context of reimbursement approval.
Rather than a linear route, the workflow required has several conditional branches. A traveler,
P1, can SUBMIT the completed business travel reimbursement document to the manager or can
elect to CANCEL the travel approval procedure after a CLARIFY return from the manager as
described later. The manager, P2, may APPROVE, sending the document to finance, P3, or may
ask to CLARIFY. sending it back to P1 (for example, to ask for explanations or corrections), or
may CANCEL the approval procedure. Finance, P3. can send a message to P1 when the
procedure is complete. The traveler. P1. may receive the document back from the manager, P2,
and can amend it and SUBMIT it back to P2 or may CANCEL the procedure. The participants

and others may want information about the status of the procedure.

The travel reimbursement workflow illustrates useful features of the form route manager. These
features are: (1) support for two or more different routes; (2) capability to track each document
in the workflow system and to collect statistical information; (3) support for conditional branches
and cancellation of a document workflow: and (4) support for sending messages when specific

steps are processed or when conditional events occur. These may be combined to implement a

13
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workflow system which supports business procedures like the business travel reimbursement

procedure.

Support For Two Or More Routes:
The present invention of message-based workflow supports multiple routes as illustrated in
Figure 8 by the use of an e-mail control field ROUTE 811 that is set to the name of the route

with which the e-mail is associated. The SQL Table ROUTE X & Y illustrates the SQL table

structure to implement two routes named X 812 and Y 813.

SQL TABLE: ROUTEX & Y:

ROUTE | STEP | NEXT E-MAIL ADDRESS | NEXT STEP
X 1 A 2
X 2 B 3
X 3 NULL NULL
Y 1 - B 2
Y 2 C 3
Y 3 NULL NULL

Row one of SQL Table ROUTE X & Y indicates that for route X at step 1, the next e-mail
address is A and the next step in route X is 2 and so forth. The form route manager determines
the next e-mail address and next step by using the ROUTE and STEP control fields in the e-mail
to access the route SQL table and updates the e-mail address to the next e-mail address and STEP

to the next step and sends the e-mail to the next e-mail address.

Figure 8 illustrates the form route manager supporting the two routes: route X 812 and route Y
813. The e-mail contains the control field ROUTE 811 to identify which route is to be used for
the e-mail. The sequence of e-mails: 81. 82. 83. 84. and 85 with control field ROUTE = X is

processed using Route X and the sequence of e-mails: 86, 87, 88. 89. and 810 with control field

ROUTE =Y is processed using route Y.

14
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Tracki;lg Each Document Aﬁd Provide Statistical Information:

Additional functions are provided when the form route manager tracks each document as it is
processed. In Figure 9. the e-mail control field DOC 912, for document, is a message control
field associated with a workflow document and is carried in each workflow e-mail to identify the
document that it is carrying. The value of DOC 912 for a given document must be unique to
distinguish an e-mail containing this document from among the e-mails for other documents
active in the workflow system. The value for DOC 912 is set when a document begins a
procedure with the initial e-mail. The value may be set by the form route manager, or by the
user and the form route manager will verify that the value is unique for the active document, or
by rules that insure that the values are unique. An example of a rule to generate a unique DOC
912 value is the concatenation of the user e-mail address and the time in milliseconds and date.
This value would be unique since it would be impossible for a user at the same e-mail address to
create two documents at the same time in milliseconds.

As illustrated in Figure 9, the form route manager contains a LOCATION table and a MOVE
HISTORY table. These are referenced using DOC 912 as the index. An implementation could

combine these two tables into one where the most recent entry for a document represents the

location of the document in the workflow system.

Figure 9 illustrates workflow for three documents where one workflow is initiated by a user at e-
mail address C who generates the sequence of e-mails 91. 92, 93, and 94 that follow route X.
The e-mail 91 does not have a DOC 912 value when sent by a user at e-mail address C to the

form route manager. but rather merely identifies it is an initial e-mail, STEP = 1. and which route

is to be used. ROUTE = X,

The form route manager assigns II for DOC 912 for the e-mail and table indexes. The form route
manager then enters in the MOVE HISTORY table that the e-mail assigned DOC = [l was
received from the e-mail address C at a military time and date of 9:30/11/05. The form route

manager determines e-mail address A is the next address in ROUTE X and sends the e-mail 92
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with DOC =[I, ROUTE = X; and STEP =2, to e-mail address A and enters the following in‘ the
LOCATION table: DOC =1I, ROUTE = X, STEP = 2, e-mail address = A. The user at e-mail
address A processes e-mail 92 (changes the body from "V" to "E") and returns e-mail 93 to the
form route manager. The form route manager using that ROUTE = X and STEP = 2 determines
that the next step in route X is 3, the next e-mail address B, and updates the step field to STEP =
3 and the e-mail address field to e-mail address = B. As shown in Figure 9, the form route
manager uses DOC = II as an index to access the LOCATION table and update the LOCATION
table to e-mail address B. and adds in the MOVE HISTORY table: DOC =1I, e-mail address =
A, Time = 10:25/11/05. and sends the e-mail 94 to e-mail address B. The LOCATiON table
indicates that the workflow document is at e-mail address B and the MOVE HISTORY table
indicates it was sent at 10:25 on 11/05. From the MOVE HISTORY table, one can tell the
workflow started at 9:30 on 11/05 and that it took the user at e-mail address A about 55 minutes

to respond and perform that workflow step.

The user at e-mail address A initiates two documents which generates e-mail sequence 96 and 97
with DOC = and e-mail sequence 98, 99, 910, and 911 with DOC = III, both following route Y.
The LOCATION table indicates that DOC =1 is currently at e-mail address B and DOC =1l is
at e-mail address C. The MOVE HISTORY table provides the process timing and the users who
processed these steps. The number of entries in the LOCATION table is a measure of the
number of active documents in the workflow system. The MOVE HISTORY table can be used
to calculate statistics, e.g., average time to use the Route X procedure. the total number of

documents processed. and find any workflow step with large process time indicating a possible

bottleneck.

The LOCATION table holds values for ROUTE and STEP for each active document. The e-mail
field DOC 912 can be used as the index to access these values from the LOCATION table and
remove the need for ROUTE and STEP in the e-mail except for the initial e-mail. However.
having this information in both the e-mail and LOCATION table provides an integrity check on

the flow of the documem.. For example, the form route manager can compare the ROUTE and
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STEP f—{elds of an e-mail witﬁ the valués in the LOCATION table to detect an old e-mail for a

document and prevent the propagation of an erroneous e-mail.

Conditional Branching and Conditional Cancellation:

Some workflow requires a change in the flow of the document based on decisions made in a
workflow step. In the business travel reimbursement example, the manager could approve the
document and send it to accounting, send the document back to the traveler, or cancel the
approval procedure. The route can specify steps in which choices may be made or the specific
functions to be executed by the form route manager. The SQL table branch route illustrates the

structure to support the conditional branching illustrated in Figure 10.

SQL TABLE BRANCH ROUTE:
STEP | NEXT E-MAIL ADDRESS | NEXT STEP | BRANCH ROUTE
1 B 2
2 C 3 Y
2 D 4 N
3 NULL NULL
4 NULL NULL

In the BRANCH ROUTE table. row one indicates that at step 1, the next e-mail address is B and
the next step is 2. However, rows two and three have the same step value of 2. This permits

selection of the route based on the value of the BRANCH ROUTE.

In Figure 10, the route permits a user at e-mail address B at Step 2 to select the route branch by
setting the control field BRANCH INDICATOR. The user at e-mail address B can send the
document to e-mail address C by setting the BRANCH INDICATOR = Y which selects the
branch route to e-mail address C or can select e-mail address D by setting the BRANCH
INDICATOR =N. The e-mail sequence 101 and 102 transmits the document from the user at e-

mail address A to e-mail address B. The user at e-mail address B responds with e-mail 103 with
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BWCH INDICATOR = N. The form route manager compares the BRANCH INDICATOR
with the BRANCH ROUTE and determines that the next e-mail address in the selected branch
route is e-mail address D and sends the e-mail 104 to the e-mail address D. A user at e-mail
address D completes the route by sending the e-mail 105 to the form route manager. E-mail
sequence 106. 107. 108, 109, and 1010 illustrates a document workflow that selects the branch
route to the e-mail address C by setting the BRANCH INDICATOR =Y. While the example

illustrates a two-way branching decision, three or more branches can be implemented easily after

review of the present application.

The cancellation of workflow can be thought of as a special case of the conditional branch where
the workflow terminates on one of the branches. In Figure 11. the e-mail contains a control field
CANCEL 119. A user at e-mail address B can either send the document to e-mail address C or
cancel the work flow by setting CANCEL = Y. The e-mail sequence 116 and 117 sends the
document from the user gt e-mail address A to e-mail address B. In e-mail 118, the user at e-
mail address B cancels the work flow by setting the CANCEL =Y. The form route manager
determines from CANCEL 119 being set = Y that no further e-mails are to be sent for this
document. The e-mail sequence 111, 112, 113, 114, and 115 illustrate a workflow where the

user at e-mail address B continues the work flow and the document is sent to e-mail address C.

Another form of a conditional cancel can be made by constructing a route that permits selecting a
branch route that ends the work flow using the BRANCH INDICATOR as described earlier. The

indicator for the end of a work flow in this example is a branch route with *NULL" as the next

route step.

Event Notification:

[n many businesses. the users like prompt notification when choices are made or process steps
are completed. For example, the traveler seeking reimbursement would like to be promptly
notified if the manager denies the business travel reimbursement request. Figure 12 illustrates a

route that specifies that a set of e-mails are to be sent to a distribution list if the user at e-mail
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- address B sets the BRANCH rNDICATOR =N. A similar function extends to the
CONDITIONAL CANCEL function. The route contains a SEND MESSAGE 1211 field that
indicates when a message is to be sent. The route is represented by SQL TABLE MESSAGE

where the message is to be sent to LIST D, a list of e-mail addresses. if ROUTE BRANCH N is
setat STEP = 2.

SQL TABLE MESSAGE:
STEP | NEXT E-MAIL | NEXTSTEP | BRANCHROUTE | SEND MESSAGE
ADDRESS
1 B 2
2 C 3 Y
2 D 4 N LISTD
3 NULL NULL
4 NULL NULL

In Figure 12, the e-mail sequence 121 and 122 transmits the document from the user at e-mail
address A to e-mail address B. A user at e-mail address B sets BRANCH INDICATOR =N in e-
mail 123. The form route manager determines that e-mail address D is next and sends e-mails
1211 to the distribution list LIST D informing of the decision of the user at e-mail address B to
set the BRANCH INDICATOR = N. E-mail sequence 126, 127, 128, 129 and 1210 illustrates

where BRANCH INDICATOR = Y was set at step 2 and informational messages are not sent.

It may be desirable to have the e-mails sent when the workflow reaches a specific step. Figure
13 illustrates a route where a set of e-mails 136 are sent to a mailing list 137, a list of e-mail
addresses, when step 2 is completed by the user at e-mail address B and e-mail 133 is received
by the form route manager. Those skilled in the art will realize notifications are not limited to e-

mail but may involve phone pages. voicemail. facsimile. or other notifications.

19



WO 99/05631 PCT/US98/15466

Travel Reimbursement Approval Procedure:
We have now defined the necessary functions to implement the travel reimbursement approval

procedure. The route for the procedure in Figure 7 is illustrated in SQL TABLE TRAVELER.

The traveler is P1. the manager is P2, and accounting is P3.

SQL TABLE TRAVEL:
STEP |NEXTE-MAIL |NEXTSTEP |BRANCHROUTE | SEND MESSAGE
ADDRESS
1 P2 2
2 P3 3 APPROVE
2 3 4 CLARIFY
2 NULL NULL CANCEL P1
3 NULL NULL Pl
4 P2 2 SUBMIT
4 NULL NULL CANCEL P2

In the first row, the document is sent to P2. The next three rows provide P2 with the choice of
approving the document and sending it to P3, or sending the document back to P1. or canceling
the workflow and sending a message to P1. The fifth row is the completion of the workflow by
P3. The sixth and seventh rows provide P1 with the choice of sending the document to P2 or
canceling the workflow and sending a message to P2. The e-mail format uses STEP. DOC, and
BRANCH INDICATOR control fields. The DOC field enables tracking of each document using
the LOCATION table and MOVE HISTORY table. These tables provide real time location of
the document and statistical information on each document and collection of documents. The

BRANCH INDICATOR field permits P1 and P2 to implement their choices.

Workflow Routes And Organizational Knowledge Base:

The workflow e-mails appear in some respects as e-mails to the e-mail system. Thus, a user can
send a workflow e-mail to anyone on the computer network and not just back to the form route

manager. [fthe workflow is tracked by the form route manager in the LOCATION and MOVE
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HISTdRY tables. the form route maﬁager can only track the e-mail to the last user to whom\it
had sent the e-mail. In Figure 14, a user at e-mail address B sends a workflow e-mail 143 to e-
mail address D rather than to the form route manager. A user at e-mail address D sends the e-
mail 144 to e-mail address C, but the form route manager can only track the e-mail to e-mail
address B, the last e-mail address that the form route manager sent the e-mail. The expectation is

that the user at e-mail address C will send the e-mail 145 to the form route manager.

Redefining The Workflow Route To Obtain An Optimal Set Of Users:

It may be desirable to send workflow e-mail to a user not on the predetermined route. In the
past, many workflow applications were for routine processes making it easy to predefine the
route and users to carry out the process. Now, however, many people have a role in our
knowledge-based society imposing different constraints on workflow. Unlike the routine
processes of the past, the best route may not be clear at the outset. The present invention
addresses this problem by providing a way to dynamically redefine the route based on choices
made by the users on the route to better harness the ever-changing knowledge of the

organization. This ability to redefine the route at the user level is of great value.

In one embodiment, the system opens workflow to anyone on the e-mail system and not just
those originally specified in the route. Thus, an individual in the route can send an e-mail to
others who may have information which adds value to the workflow. This is very advantageous
as it is difficult to establish the optimal set of experts for knowledge-based processes. However,
the users on the route can typically identify others who should be added to the route. Thus, in
one embodiment, the system provides workflow which tracks the actual route and captures the
actual route as defined by the user community. This permits an organization to leverage its
knowledge of the organization and use the workflow as the “memory" of successful workflows.

This ability to go off route and capture the optimal route permits the workflow to track the

evolving knowledge ot the organization.
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Captu-xzing Actual Workflow Routes:

To track e-mail, the form route manager must be part of the e-mail message workflow. The
ROUTE MODIFIER control field in workflow e-mail provides this mechanism. If the ROUTE
MODIFIER is assigned an e-mail address. the form route manager sends the e-mail to this e-mail
address and tracks it by updating the LOCATION and MOVE HISTORY tables. As shown in
Figure 15, route X flows from e-mail address A to e-mail address B to e-mail address C. The
route that is executed, the actual route. includes the user at e-mail address D. The e-mail
sequence 151 and 152 sends the e-mail from the user at e-mail address A to e-mail address B.
The user at e-mail address B sends e-mail 153, with the ROUTE MODIFIER set tc; e-mail
address D and to the form route manager. The form route manager updates the LOCATION and
MOVE HISTORY tables to reflect that it sent the workflow e-mail 154 to e-mail address D. A
user at e-mail address D returns e-mail 155 to the form route manager and the form route

manager determines the next user on the route e-mail address C. updates the tables, and sends e-

mail 156 to e-mail addregs C.

At the completion, the MOVE HISTORY table holds the exact sequence of e-mail addresses for
a specific document. As illustrated in Figure 16, the MOVE HISTORY table can be used to
create a new route based on the route actually executed. The MOVE HISTORY can be used
directly or can be edited to prune and/or extend to people not in the MOVE HISTORY table to
help the evolution of a procedure. Thus. the original route specified A to B to C. the route

created from the MOVE HISTORY table specifies A to B to D to C, where D was added to the

original route.

A Two Form Route Manager Workflow System:

It may be desirable to have the route and tracking of workflow separated into two or more form
route managers. For example, a workflow may cross two widely separated sites and the delay of
e-mail transfer may impact the performance of the workflow. Another application is when the

workflow route is separated so that each route segment can evolve without impacting the other

Y
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route segment. A third application is where a workflow may start in one company and continue

in another company. Finally, the two route managers may backup one another.

Figure 17 illustrates a workflow route segment that begins in form route manager | from e-mail
address A, to e-mail address B, then to a second route segment in form route manager 2, e-mail
address C, e-mail address D, and finally to e-mail address E. In one implementation, the SQL
table in form route manager 1 representing route segment 1 is illustrated as SQL table ROUTE

SEGMENT ONE and the route segment 2 in form route manager 2 is illustrated as SQL table
ROUTE SEGMENT TWO.

SQL TABLE ROUTE SEGMENT ONE:

STEP NEXT E-MAIL ADDRESS NEXT STEP
1 B 2
2 form route manager 2 3
3 NULL NULL

SQL TABLE ROUTE SEGMENT TWO:

STEP NEXT E-MAIL ADDRESS NEXT STEP
1 C 2
2 D 3
3 E 4
4 NULL NULL

The e-mail sequence 171, 172, and 173 transfers the e-mail from e-mail address A to e-mail
address B. The e-mail 174 is used to transfer the e-mail between form route manager 1 and form
route manager 2. The STEP field in e-mail 174 is set to the initial step, STEP = 1, for route
segment 2 by form route manager 1. Form route manager 2 sends the e-mail 175 to e-mail
address C to continue route segment 2 and e-mail 1711 to form route manager 1 to confirm the
transfer to route segment 2. The e-mail 1711 with STEP =3 is required if the form route

manager | has a LOCATION and MOVE HISTORY TABLE to signify that route segment 1 is
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compléie. E-mail 1711 can be used to confirm the receipt of e-mail 174 by form route manaéer
2. The e-mail sequence 176, 177, 178. 179, and 1710 transfers the e-mail from e-mail address C

to e-mail address D to e-mail address E.

Complex Routes with Fork Branching, Parallel Routes, and Joining of Routes:

In complex workflow, it may be highly desirable to have a route split into two or more parallel
branch routes that proceed independently of each other. It may be also desirable to bring parallel
branch routes together to synchronize workflow or to combine into a single or smaller number of
routes. These concepts are illustrated in Figure 18. The function of splitting a route into branch
routes, called a FORK, occurs when the route at the user at e-mail address B 182 splits into two
branch routes to e-mail address C 1831 and to e-mail address D 1841. The combination function
called a JOIN occurs at e-mail address G 185 where the branch routes from the e-mail address E
1832 and e-mail address F 1842 join together. FORKS and JOINS can be based on rules to
provide a high degree of flexibility while still automating the procedures. A FORK can result in

parallél branch routes while a CONDITIONAL BRANCH directs flow to one of several choices.

The rules to activate branch routes need not activate all of the branch routes but can activate a
subset of the branch routes depending on the result of the rules. As an example, assume there are
four branch routes. W. X. Y, and Z and Rule 1 and Rule 2 apply at a FORK. Rule 1 can specify
conditions that when satisfied activate branch routes W and X in parallel by sending an e-mail to
the first e-mail address in branch route W and an e-mail to the first e-mail address in branch route
X. Rule 2 can specify conditions that when satisfied activate branch routes W, Y, and Z in

parallel by sending e-mails to the first e-mail addresses in branch routes W, Y, and Z.

In an example, the JOIN rule may be employed in a situation where parallel approval is required
such as that where both fixed asset approval and finance approval is required to continue a
purchase approval procedure. In general. these rules may be generalized to include Boolean

functions. voting, weighted votes. and unconditional joins.

24



WO 99/05631 PCT/US98/15466

Figure— 19 illustrates the routé and seqﬁence of e-mails to effect a FORK at e-mail address B.\ In
one embodiment. a FORK ROUTE is shown in SQL TABLE FORK below. The FORK/JOIN

column indicates when two or more rows at the same step produce parallel workflow routes by
use of the word “FORK”.

SQL TABLE FORK:
STEP | NEXT E-MAIL ADDRESS | NEXT STEP | FORK/JOIN
1 B 2
2 C 3A FORK
2 D 3B FORK
3A NULL NULL
3B NULL NULL

At step or row 1, the form route directs the e-mail to e-mail address B. Rows two and three have
the same step number and the key word FORK in the FORK/JOIN column. At step 2, the form
route manager generates a parallel workflow by sending e-mail to both e-mail address C and to e-
mail address D. If the form route manager contains the LOCATION table and MOVE
HISTORY table, each parallel route would have an entry in the LOCATION table. The
document identifier can be augmented with a suffix to distinguish between the location and move
history of the parallel routes. Those skilled in the art will recognize after review of the present

application that alternative data structures can represent the information required for the parallel

route and tracking functions.

In Figure 19. the e-mail sequence 191, 192, and 193 transfers the workflow document from e-
mail address A to the form route manager to e-mail address B to the form route manager. The
form route manager copies the e-mail 193 and sends a copy e-mail 1941 to e-mail address D and

a copy e-mail 1942 to e-mail address C so that C and D can process the document in parallel.
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In Figtlre 20, the route speciﬁes a JOIN at e-mail address C. The route structure is illustrate;i in
SQL TABLE JOIN where a row with the key word “JOIN” in the FORK/JOIN column is used to

signify where two or more parallel routes join.

SQL TABLE JOIN:
STEP NEXT E-MAIL ADDRESS NEXT STEP FORK/JOIN
1 C 3 JOIN
2 C 3 JOIN
3 D , 4
4 NULL NULL

The e-mail 201 from the user at e-mail address A and the e-mail 202 from the user at e-mail
address B must be received by the form route manager before sending the e-mail 203 to e-mail
address C. Thus, the joifi function is similar to an AND logic gate. The form route manager has
memory to save receipt indicators of the asynchronous receipt of e-mails 201 and 202 before
sending the e-mail to e-mail address C. The form route manager receives either e-mail 201 or
202 and sets an indicator to show one e-mail was received and checks the other indicator to
determine if the other e-mail was received. The SQL table MESSAGE RECEIVED illustrates a

data structure that implements this function when message 201 was received.

SQL TABLE MESSAGE RECEIVED:

STEP RECEIVED
1 201
2

Since message 202 had not been received, the form route manager begins processing the next e-
mail. When message 202 is received. the form route manager sends e-mail 203 to the next step
in the route, e-mail address C. For multiple documents using the join function, each message and

the SQL table MESSAGE RECEIVED would require an additional field, DOC. to distinguish
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between the use of join flags émong the documents. Those skilled in the art will recognize after

review of the present application that different data structures could be devised to accomplish

this function.

Fault Detection and Recovery:

Workflow requires the cooperation of independent PCs and the e-mail system. A workflow can
be delayed, for example, by a user not timely performing his step, or by an e-mail being lost by a
faulty e-mail system. A fault detection mechanism can measure the time between the sending of
an e-mail to a user and the receipt of the return e-mail as illustrated in Figure 21. There e-mail
212 is sent and the form route manager clocks the waiting period for the receipt of the e-mail
213. If the time exceeds a predetermined interval. a potential fault is detected. Recovery could
be resending the e-mail. sending a notification e-mail to another e-mail address or list of e-mail
addresses. sending an e-mail to an e-mail address C next on the route, an e-mail to the e-mail
address A who initiates the workflow, an e-mail to the manager of a user at e-mail address B who
is not responding, or sending a telephone page to a phone number or set of numbers, or sending a
FAX to a number or set of numbers. In some of these failures. the e-mail will be lost. Because
many e-mail systems hold images of e-mails sent by a client, the form route manager can store
images of the sent e-mails to recover the lost e-mail. For example, Lotus cc:Mail has an e-mail
log that can be used to recover lost e-mails. Many e-mail and e-mail systems also have extensive
backup and recovery mechanisms to recover from system outages. The form route manager may

use these mechanisms to recover from e-mail failures.

The form route manager can be implemented using relational database management, RDBM,
technologies. RDBM has extensive error detection and recovery mechanisms and permits easy
implementation of high reliability structures such as mirrored. duplicated hardware and

replicated. redundant databgses. With the use of these technologies. the form route manager can

be implemented to be highly reliable.
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As melnioned, the e-mail syétem may be used so that two form route manager units can be \
backup units for each other. and this is illustrated in Figure 22. Each workflow e-mail is
addressed to the second form route manager as well as the e-mail address to which the e-mail is
sent. This ensures that the second form route manager has a copy of the e-mail and can track the
progress of the workflow with respect to the form route manager which sent the e-mail. Many e-
mail systems can address a message to a list of e-mail addresses or can provide a courtesy copy
of the e-mail to another e-mail address. The user at e-mail address A can send e-mail 221 to
form route manager | and e-mail 222 to form route manager 2. Form route manager I sends an
e-mail 223 to the e-mail address B and an e-mail 224 to form route manager 2. When the user at
e-mail address B completes the process step, the e-mail is sent back using the REPLY ALL
function available in many e-mail systems that will send the e-mail to the sender and all the
addressees on the original e-mail. This will send an e-mail 225 to the form route manager 1 and
an e-mail 226 to the form route manager 2. This permits form route manager 2 to track the
workflow. The form royte manager 1 sends the e-mail 227 to the e-mail address C and e-mail
228 to form route manager 2. The user at e-mail address C sends e-mail 229 to form route
manager 1 and e-mail 2210 to form route manager 2 using the REPLY ALL function. If form
route manager 1 fails. form route manager 2 is ready and synchronized with the workflow. The
e-mail addresses can use the REPLY ALL function and send e-mails to both form route
managers. because the e-mails to the failed form route manager will be queued in the e-mail
system. Because the two form route managers need not be physically close. the form route

managers can be spaced miles apart to ensure a catastrophe does not affect system reliability.

Workflow Document Format Changed By Form Route Manager Based On Route:

In certain workflows. it is desirable to control what data each user in the procedure can see, enter,
or modify based on the step in the route. The form to be used may be specified in the route. The
form route manager holds a set of document templates in a forms library that are used as e-mail
formats. This may require that the form route manager extract data from an e-mail it receives

and insert it into an e-mail form that it is sending. The route has a form field associated with a
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route siep that designates therform to be used for that step. For Figure 23, the SQL TABLE

FORMS illustrates the route structure to implement the forms function.

SQL TABLE FORMS:
STEP NEXT E-MAIL ADDRESS | NEXT STEP | NEXT FORM
1 B 2 w
2 C 3 X
3 NULL NULL

In Figure 23. the form route manager receives e-mail 231 from a user at e-mail address A in
format R, determines from the NEXT FORM field for the next step 2 in the route that document
format W is to be used and sends e-mail 232 to e-mail address B in format W. In similar fashion,

e-mail 233 received in format S is mapped to format X for e-mail 234 to e-mail address C.

Workflow Status, Route Editing, And Document Forms Request E-mails:

Users in workflow may want information on the progress or the statistics of the workflow, such
as the average process time. However, many of the users are not connected to the form route
manager and only have access using e-mail. The critical parameter for such information is the
value of DOC. the index for the LOCATION and MOVE HISTORY tables. Each document has
a unique DOC value. In certain embodiments. the users must save the value of DOC if they want
to get status on the document. To facilitate e-mail access, a set of e-mail formats are illustrated
in Figure 24. I[n response to an e-mail 241, having a control field STATUS, and sent by a user at
e-mail address A, an e-mail 242 is sent by the form route manager to e-mail address A with the
STATUS and the DOC =1 at the same time as the e-mail 243 is sent to the e-mail address B. A
user at e-mail address A saves e-mail 242 for later use to request status on this document. The e-
mail sequence 244 and 245 advances the document to e-mail address C. A user at e-mail address
A requests the status of the document by sending e-mail 246 to form route manager by using the
REPLY function on the e-mail 242 that was saved earlier. The form route manager responds

with e-mail 247 with the LOCATION and MOVE HISTORY for the document with DOC =1. A
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user at e-mail address A can save e-mail 247 and use it or e-mail 242 to request subsequent

status.

Because many workflow users are connected to the form route manager just through the e-mail
system, the present invention provides a way to create or edit the route and e-mails for a
workflow by use of e-mails. A request for e-mail to the form route manager returns a route and
e-mails documents that may be used to create a new route and e-mails for a new procedure or to
edit a route or form for an existing procedure. The document edited in the PC is sent back to the
form route manager to be added to the library of procedures, routes, and forms. It may be

desirable to have a security system that permits only those with the correct password or user

address to modify or add routes and forms.

The workflow may be initiated from a PC, terminal. or workstation by sending a workflow e-
mail to the form route mgnager. One of ordinary skill would understand after review of the
present application, that the computers at each e-mail address can encompass any device with a
display and input, including hand-held and portable terminals. bar code readers. radio frequency,
infrared. and ultraviolet-connected terminals, and other input/output devices that may participate
in business procedures. The initial workflow document e-mail can be obtained from the form
route manager by sending a request e-mail for blank workflow e-mails for each of the active
procedures. The form route manager responds with a list of procedures that may be initiated by
that user. The user edits the list and sends it back to the form route manager. The form route
manager then responds with workflow document e-mails in their initial state as requested. These
may be used immediately or saved by the user in their mail log for later use. Alternatively, the e-
mail system can have blank initial e-mail forms that were sent by the form route manager in
folders. Users can initiate workflow processes by just selecting the appropriate e-mail. use the
REPLY function to address the e-mail to the form route manager, fill in the form and send it.

Since the e-mail was from the form route manager, the user need not address the e-mail if
REPLY is used.
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The workflow procedure can be initiéted by a computing machine or system connected to the e-
mail system. As an example. a company may have annual reviews. Human resources has the
date of last review for each user and can initiate a review procedure for each user who has a last
review date later than one year from the current date by sending a workflow document e-mail,
with the appropriate HR information, to the form route manager to send to each manager who
has an employee needing a review. Once initiated, the review procedure can be monitored to

ensure that every employee receives their annual review.

Route Role Mapping To Users:

The route for a procedure requires the e-mail address of the people who process each step.
However. there may be a workflow that is the same but requires different people. Rather than
creating a different route for each use. the route may have role symbols that are used to map to
the actual e-mail address of the people who are to execute the procedure. For the business travel
reimbursement example,the roles are initiator. approver, and payor. The SQL TABLE ROLE

ROUTE and SQL TABLE ROLES show the relationships for concepts illustrated in Figure 25.

SQL TABLE ROLE ROUTE:
STEP NEXT ROLE NEXT STEP
1 R2 2
2 R3 3
3 NULL NULL
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SQL TABLE ROLES:
PROJECT ROLE E-MAIL ADDRESS
Project 1 R1 A
Project 1 R2 B
Project 1 R3 C
Project 2 Rl D
Project 2 R2 E
Project 2 R3 F
Project 3 Rl TBD
Project 3 R2 MGR TBD
Project 3 R3 4 FIN

In Figure 25, these three roles are shown as R1, R2. and R3. The e-mail 251 includes the control
field PROJECT 252 which permits the selection of e-mail addresses based on the value of
PROJECT. The mapping in SQL TABLE ROLE ROUTE permits the selection of the e-mail
addresses based on Project | or Project 2 where for Project 1. R1 is e-mail address A while for
Project 2, R1 is e-mail address D. The roles may be specified or may be determined based on
other information such as an organization structure. The SQL TABLE ORGANIZATION

illustrates the relationship of employees and managers.

SQL TABLE ORGANIZATION:
EMPLOYEE MANAGER OF EMPLOYEE
w Z
X Z
Y Q
Z R
Q R

For Project 3. R1 is to be determined (TBD). and is the e-mail address of the initiator of the
workflow. Based on TBD. R2 is selected as the e-mail address of the manager of TBD. the

manager of the initiator. and R3 is the e-mail address FIN, finance or the accounting department.
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For e>;.;1mple using the orgaﬁization iilustrated in SQL TABLE ORGANIZATION, an e-mail
from employee W with PROJECT = Project 3 would be sent to the manager of employee W, Z.
Similarly, an e-mail from employee Y would be sent to manager Q. The mapping table can be
designed to identify alternate or backup personnel where the role table specifies a list of e-mail
addresses with a selection rule. Special e-mails to the form route manager that edit the mapping

table may be used to modify or to assign an alternate when a person is absent or on vacation.

In summary, the route role position may map to a list of people, each of whom may perform the
process. The mapping of roles to people can be based on an organization chart. As an example,
in the business travel reimbursement procedure, the traveler role may not be assigned to a
specific person in the route but may be designated TBD when the e-mail is received by the forms

route manager. The R2 manager role is then mapped to the user who is the manager of the

traveler.

Load Balancing:

Some procedure routes identify two or more people who may execute a specific process step.
For a workflow tracked with LOCATION table, the form route manager can be used to make the
selection of the user to balance the load among the designated people. The selection is based on
rules that can be set in the form route manager. As an example, a rule can be set to send the
workflow e-mail to the user with the smallest number of workflow e-mails in the LOCATION
table. This mechanism. however. makes the assignment without the possibility of reassigning
the e-mail to another user and implements a multi-queue and multi-server structure. Another
mechanism has a queue in the form route manager and each user has no more than one workflow
e-mail in the LOCATION table. When a user completes a process step and sends the e-mail to
the form route manager. the form route manager can then send that user another e-mail from the

queue. This implements a more effective single-queue-multi-server structure.
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Advantages Associated with E-mail Systems:
Some e-mail systems, such as Microsoft Exchange, have an e-mail recall function that removes
unopened e-mail from the e-mail in-box of a recipient. This can recover e-mails sent to a user

who is not processing workflow documents and is holding up documents in process.

Many e-mail systems provide functions that separate e-mails based on sender identification. This
will provide an easy way for users to separate the workflow e-mails from their other e-mail. Sort
by date and other sorts of the in-box can be used to prioritize the workflow e-mails for each user.
Some e-mail systems will sort on the subject field and the form route manager can send the due
date in this field. Some e-mail systems have several e-mail priorities that can be used by the
business procedure to help prioritize the users' workflow e-mails. Some e-mail systems have an
automated e-mail-forwarding mechanism that will permit a user to assign a second user as the
recipient of the e-mails. This function forwards to the second user the e-mails addressed to the
first user. This function gan be used when a user goes on vacation or on an extended trip and
cannot execute the process steps assigned to him. Use of the REPLY and REPLY ALL functions
is essential for easy use of the e-mail based workflow system. It avoids the need for any of the
users to ever enter the address of the form route manager and easily supports a backup, alternate
form route manager. The e-mail systems are evolving to provide good user interfaces and
functions. The e-mail based workflow system can take advantage of many of these functions and

minimize the need for any special programs in the PC, terminal host. or workstation.

Advantages Associated with the Internet:

Microsoft Exchange permits users to access their in-boxes uéing remote PC’s connected by
phone lines or the Internet. Microsoft Exchange also sends and receives e-mails from the
Internet so the workflow users can be e-mail clients on the Internet. These e-mail system
capabilities permit the form route manager to control workflow procedures that have process
steps extending beyond the LAN-connected PC’s, terminals. and workstations and permit the
workers to have remote access and addresses anywhere on the Internet. which extends the

workflow capabilities beyond the traditional boundaries of a company and permits integration of
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workflow among commercial trading partners. Many e-mail systems such as Lotus cc:Mail have

these capabilities so implementation of the form route manager program is not limited to

Microsoft Exchange.

The workflow users of simple e-mail systems may connect to the Internet and participate in the
workflow controlled by a form route manager attached somewhere on the Internet. The users
need not be concerned about remembering the e-mail address of the form route manager, since
the workflow e-mail is from the form route manager and the response is returned using the
REPLY function. The users may participate in workflow controlled by two or more form route
manager units and need not distinguish between the form route manager addresses, since the
response e-mails return to the correct form route manager. The workers need only open their e-

mail, set the e-mail to reply to sender, process their step. and send the modified e-mail.

Advantages Associated with the World Wide Web:

In one embodiment, the workflow system can be an integration of e-mail and world wide web
technologies where the form route manager is a world wide web site with e-mail capability. The
e-mails from the form route manager include the URL (Universal Resource Locator, the human
readable address of an Internet site or a specific web page) or IP (Internet Process, the system
address of an Internet site) of the form route manager and the message from the user in the form
of connections to the form route manager web site. Many e-mail systems are web browser based
or integrate with browser technology. Many of these can launch a connection to a web site from
a URL or IP address embedded in an e-mail. A user receives an e-mail with the URL or IP
address of the form route manager web site and connects to the site by selecting the address
embedded in the e-mail. The form route manager determines the step in the route and provides
access to the document. The user acts on the document as a web page that is sent back to the
form route manager web site. The form route manager determines the next step in the route and
the e-mail address of the next user, addresses an e-mail with the embedded URL or IP address of

the form route manager web site, and sends the e-mail. This process continues until the

workflow route is complete.
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One er;'xbodiment assigns evéry document in the workflow a unique URL to a web page that\
contains the document and a STEP field. The functions described for the e-mail based workflow
system that uses e-mail are directly translated to the hybrid Internet world wide web and e-mail
workflow system where the e-mails sent by the form route manager are real e-mail and the
responses by the users take the form of connections and submissions of web pages to the form
route manager web site. Note that the user need not know the URL of the form route manager
since it is embedded in the e-mail 266. This permits the users to interact with multiple form
route managers with ease since the URL address in the e-mail directs the user to the correct form
route manager web site. The user e-mail in-box remains as the interface to all of the form route

manager workflow servers, independent of the means by which the user sends back the message:

e-mail or web connection.

Figure 26 describes the operation of the hybrid e-mail world wide web workflow system. The
user at e-mail address A ipitiates the workflow by connecting to the form route manager web site
using URL1, receives a web page 267 with the initial form of the document, and starts a
document on a workflow route by submitting the web page 261 back to the form route manager.
The form route manager determines from the STEP field in the web page that this is the first step
in the route and assigns URL?2 as the URL for this document. From the route, the forms route
manager determines that B is the next e-mail address, addresses the e-mail to B, updates the web
page STEP field to the value of the next step, embeds URL2, the URL of the web page with this
document in the form route manager web site, in the e-mail and sends the e-mail 262 to e-mail
address B. A user at e-mail address B connects to the form route manager web site by selecting
the embedded URL?2 in the e-mail 262 and the form route manager web site sends the document
to B as a web page 263. The user at e-mail address B receives the web page 263 with the
document, updates the document and submits the web page 263. The form route manager
receives web page 263 and determines from the STEP field and the route that e-mail address C is
the next e-mail address on the route and sends a similarly constructed e-mail 264 to C including
URL2 as the embedded URL. A user at e-mail address C connects to the form route manager

web site using URL2. receives the web page with the document. processes the document, and
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submits the web page 265 to the form route manager web site. The form route manager receives

the web page 265 and determines from the STEP field that the route is complete for the

workflow.

The message-based workflow can be further integrated into the web technology by replacing the
sending of an e-mail to an e-mail address with the sending of a specific web page 276 to an IP
address using Pointcast capability. Pointcast provides a mechanism for a web site to push a web
page to a specific [P address or the IP address can poll the web site and pull a web page when
provided by the web site. Figure 27 illustrates one implementation of Pointcast messages from
the forms route manager to send the document to a user as a web page where the user processes
the document and submits the web page back to the form route manager web site. The user at [P
address A submits web page 271 to the form route manager web site. The form route manager
determines from STEP = 1 that this is the initial document, assigns URL3 as the URL for this
document, determines frgm the route that IP address B is the next IP address and sets STEP = 2,
the next step in the route, and Pointcast 272 to IP address B using URL3. The Pointcast may be
the entire web page or part of a page with URL3 that appears in an in-box like web page at IP
address B where the user must request the page by submitting a request to URL3. The in-box
like web page can function much as the e-mail in-box to hold the workflow documents waiting
for the user. The user at IP address B processes the web page and submits the web page 273 to
URL3. the form route manager web site. The form route manager determines from STEP =2
and the route that the next step is 3 and the next [P address is C. The form route manager
updates the STEP field to 3 and sends Pointcast 274 to [P address C. The user at [P address C
processes the web page and submits the web page 275 to URL3. the form route manager web

site. The form route manager determines from STEP = 3 and the route that this completes the

workflow for this document.

The workflow may be initiated from a library of e-mail in a folder in the e-mail system. where
there is one e-mail for each workflow process and each is addressed with the e-mail address of

the appropriate form route manager. These may be copied:by the users and sent to the form route
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manaéer. In a hybrnd. e-maii/web syétem. the form route manager addresses are the URL of the
form route manager and the user connects to the form route manager site using this web address.
The web page can have a folder of forms. These folders can be thought of as the library of forms
that businesses have where each form is tailored to a specific process. For example, travel
expense forms, employee address update forms, etc. Each form is a document with an
underlying process. This electronic library of e-mail or web forms not only provides the

document for the process but provides the initial form for the electronic route that supports the

process.

The present invention permits workflow systems to have functions that in the past have been
implemented only in database workflow systems, while permitting the wide participation of
workers connected through e-mail messaging systems. including the Internet. without requiring
the PC’s, terminals. or workstations of these workers to have any special program other than e-
mail or a browser used with the World Wide Web. The invention eliminates the barriers that
have hindered the widespread use of electronic workflow systems and will permit rapid growth
of this technology, which will effectively focus the efforts of office workers for a majority of

business procedures and will dramatically improve the quality of results, reduce processing time,

and lower costs.

Below is the computer program listing written in Visual Basic for the form route manager

designated as program FlowMan:

main.frm =====
Option Explicit
Private Sub ExitFlowMan()
If Not (objSession Is Nothing) Then Logoff
Unload Me
End Sub
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Private— .Sub PauseFlowMan()ﬁ
sscmdContinue.Enabled = True 'Enable the Continue Button
sscmdContinue.Font3D =2
tminbox.Enabled = False
bidle = True
bPauseClicked = False
End Sub

Private Function StartFlowMan() As Boolean
bldle = False
OpenAppDatabase
If CreateSessionAndLogon Then
ProcessinboxMessages
End If
If bPauseClicked Then

-

PauseFlowMan
Exit Function
Elself bExitClicked Then
ExitFlowMan
Exit Function
End If
bldle = True
tmInbox.Enabled = True

End Function

Private Sub Form_Load()
bPauseClicked = False
bExitClicked = False
bldle = True

PCT/US98/15466
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sscmliContinue.Enabled = i?alse 'Diéble the Continue Button
sscmdContinue.Font3D = 4 |
sscmdPause.Enabled = False 'Disble the Pause Button
sscmdPause.Font3D = 4
tminbox.Enabled = False
rtblnstruc.LoadFile ("C:\Solectron\Workflow\Dev\Flowman\instruc.txt"), 1
rtbinstruc.Visible = False
rtbTerminal.LoadFile ("C:\Solectron\Workflow\Dev\Flowman\terminal.txt"), 1
rtbTerminal.Visible = False

End Sub

Private Sub Form_Unload(Cancel As Integer)
If bldle Or bExitClicked Then
Exit Sub
Else
ssemdExit_Click
Cancel = 1
End If
End Sub

Private Sub sscmdContinue_Click()
sscmdContinue.Enabled = False 'Disable the Continue Button
sscmdContinue.Font3D =4
sscmdPause.Enabled = True 'Enable the Pause Button
sscmdPause.Font3D =2
tmInbox.Enabled = False
tmInbox.Enabled = False
bldle = False

ProcessinboxMessages
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If bP;auseClicked Then
PauseFlowMan
Exit Sub
Elself bExitClicked Then
ExitFlowMan
Exit Sub
End If
bldle = True
tmInbox.Enabled = True
End Sub

Private Sub sscmdExit_Click()
If bidle Then
ExitFlowMan
Else
bExitClicked = True
End If
End Sub

Private Sub sscmdPause_Click()

sscmdPause.Enabled = False 'Disable the Pause Button

sscmdPause.Font3D =4

[f bldle Then PauseFlowMan Else bPauseClicked = True
End Sub

Private Sub sscmdStart_Click()

sscmdStart.Enabled = False 'Disable the Start Button
sscmdStart.Font3D = 4

sscmdContinue.Enabled = False 'Disable the Continue Button
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sscm&Continue.F ont3D =4
sscmdPause.Enabled = True 'Enable the Pause Button
sscmdPause.Font3D =2
StartFlowMan
End Sub

Private Sub tminbox_Timer()
If bPauseClicked Then
PauseFlowMan
Exit Sub
Elself bExitClicked Then
ExitFlowMan
Exit Sub
End If
tmInbox.Enabled = False
bldle = False
ProcessInboxMessages
tminbox.Enabled = True
bldle = True
End Sub

dbutil.bas

Option Explicit

Private Sub ExitFlowMan()

[f Not (objSession Is Nothing) Then Logoff
Unload Me
End Sub
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Private—.Sub PauseF lowMan()i
sscmdContinue.Enabled = True 'Enable the Continue Button
sscmdContinue.Font3D =2
tmInbox.Enabled = False
bldle = True
bPauseClicked = False
End Sub

Private Function StartFlowMan() As Boolean

bldle = False

OpenAppDatabase

If CreateSessionAndLogon Then
ProcessInboxMessages

End If

If bPauseClicked Then
PauseFlowMan
Exit Function

Elself bExitClicked Then
ExitFlowMan
Exit Function

End If

bldle = True

tmInbox.Enabled = True

End Function

Private Sub Form_Load()
bPauseClicked = False
bExitClicked = False
bldle = True
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sscmdContinue.Enabled = False 'DisBle the Continue Button
sscmdContinue.Font3D = 4
sscmdPause.Enabled = False 'Disble the Pause Button
sscmdPause.Font3D =4
tmInbox.Enabled = False
rtblnstruc.LoadFile ("C:\Solectron\Workflow\Dev\Flowman\instruc.txt"), 1
rtbinstruc.Visible = False
rtbTerminal.LoadFile ("C:\Solectron\Workflow\Dev\Flowman\terminal.txt"), 1
rtbTerminal. Visible = False

End Sub

Private Sub Form_Unload(Cancel As Integer)
If bldle Or bExitClicked Then
Exit Sub
Else
sscmdExit_Click
Cancel = 1
End If
End Sub

Private Sub sscmdContinue_Click()
sscmdContinue.Enabled = False 'Disable the Continue Button
sscmdContinue.Font3D = 4
sscmdPause.Enabled = True 'Enable the Pause Button
sscmdPause.Font3D =2
tmInbox.Enabled = False
tminbox.Enabled = False
bldle = False

ProcessinboxMessages
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If bPa—l.lseC1icked Then
PauseFlowMan
Exit Sub
Elself bExitClicked Then
ExitFlowMan
Exit Sub
End If
bldle = True
tmInbox.Enabled = True

End Sub

Private Sub sscmdExit_Click()
If bldle Then
ExitFlowMan
Else
bExitClicked = True
End If
End Sub

Private Sub sscmdPause_Click()
sscmdPause.Enabled = False 'Disable the Pause Button

sscmdPause.Font3D =4

[f bldle Then PauseFlowMan Else bPauseClicked = True
End Sub

Private Sub sscmdStart_Click()

sscmdStart.Enabled = False 'Disable the Start Button
sscmdStart.Font3D = 4

sscdeontinue:.Enabled‘= False 'Disable the Continue Button

45

PCT/US98/15466



WO 99/05631 PCT/US98/15466

sscn;;iContinue.F ont3D =4
sscmdPause.Enabled = True 'Enable the Pause Button
sscmdPause.Font3D =2
StartFlowMan
End Sub

Private Sub tmInbox_Timer()
[f bPauseClicked Then
PauseFlowMan
Exit Sub
Elself bExitClicked Then
ExitFlowMan
Exit Sub
End If
tmInbox.Enabled = False
bldle = False
ProcessInboxMessages
tmInbox.Enabled = True
bldle = True
End Sub

global.bas ===
Option Explicit

~ Public Type attachment
file As String
Name As String

End Type
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'MAPI Objects
Public objSession As Object ' Session object
Public objRootSchemaFolder As Object
Public objThisSchemaFolder As Object
Public objThisInstanceFolder As Object

'Database Objects
Public appDatabase As Database

'Message Type Constants

Public Const INIT_MESSAGE =0

Public Const MESSAGE_ADDRESSED_TO_FLOWMAN = |
Public Const MESSAGE_FROM_RECIPIENT =2

'‘Node Type Constants

Public Const INIT_NODE =1

Public Const CONTROL_NODE =2
Public Const RECIPIENT NODE =3
Public Const STOP_NODE =4

Public bPauseClicked As Boolean

Public bExitClicked As Boolean
Public bldle As Boolean
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: manipuﬁl.bas ===

Option Explicit

Const mapiTo = |
Private Sub CreateAttachments(objMessage As Object, attachmentColl As Collection,
attachNameColl As Collection, Position As Long)
Dim objAttach As Object
Dim count As Integer
For count = 1 To attachmentColl.count
Set objAttach = objMessage.attachments.Add ' add the attachment
With objAttach
.Type = mapiFileData
.Position = Position
.Name = attachmentColl.Item(count)
.ReadFromFile attachmentColl.Item(count)
End With
objAttach.Name = attachNameColl.Item(count)
Position = Position + 1
Next
End Sub

Public Sub Logoff()
objSession.Logoff
End Sub

Public Sub SendMessage(messageSubject As String, messageText As String, messageAddress

As String. attachmentColl As Collection. attachNameColl As Collection, attachmentPosition As

Long)
Dim objRecip As Object
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Dim objMessage As Object

Set objMessage = objSession.Outbox.Messages.Add
objMessage.subject = messageSubject

objMessage.Text = messageText

' create the recipient

Set objRecip = objMessage.Recipients.Add
objRecip.Name = messageAddress
objRecip.Type = mapiTo
objRecip.Resolve

'create the attachment

CreateAttachments objMessage. attachmentColl. attachNameColl. attachmentPosition

' send the message
objMessage.Update
objMessage.Send showDialog:=False

End Sub

Public Function CreateSessionAndLogon() As Boolean

On Error GoTo err_CreateSessionAndLogon

Set objSession = CreateObject("MAPI.Session")

objSession.Logon ProfileName:=GetFlowManProfile. showDialog:=False
CreateSessionAndLogon = True

Exit Function
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err_CreateSessionAndLogon:
If (Err. Number = 1275) Then ' VB4.0 uses "Err.Number"
MsgBox "User pressed Cancel"”
Else
MsgBox "Unrecoverable Error:" & Err.Description & Err.Source
End If
CreateSessionAndLogon = False

Exit Function

End Function

Public Function ExtractMessageHeader(objMessage As Object. schemald As Long, instanceld
As Long, messageld As Long) As Boolean

Dim strMsg As String

Dim startPos As Long,

Dim endPos As Long

Dim strHeader As String

Dim schemaPos As Long

Dim instancePos As Long

Dim messagePos As Long

strMsg = objMessage. Text
startPos = InStr(strMsg, "<HEADER>")
endPos = InStr(strMsg, "</HEADER>")

If startPos < 0 And endPos <> 0 Then
strHeader = Mid(strMsg, startPos + 8, endPos - startPos - 8)
schemaPos = InStr(strHeader. "Schema")
instancePos = InStr(strHeader, "Instance™)

messagePos = InStr(strHeader. "Messageld")
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If s;:hemaPos <0 And iﬁstancePés <> 0 And messagePos < 0 Then
schemald = Val(Mid(strHeader. schemaPos + 6. instancePos - schemaPos - 6))
instanceld = Val(Mid(strHeader. instancePos + 8, messagePos - instancePos - 8))
messageld = Val(Mid(strHeader. messagePos + 9))

ExtractMessageHeader = True

Else
ExtractMessageHeader = False

End If

Else
ExtractMessageHeader = False
End If

End Function

Public Sub OnReceivelnitMessage(objMessage As Object, schemald As Long, instanceld As
Long, messageld As Long)

SendAllMsgFromStartNode schemald. instanceld
End Sub

Public Sub OnReceiveMessageToFlowman(objMessage As Object. schemald As Long,
instanceld As Long, messageld As Long)

Dim nodeld As Long

nodeld = FindToNodeld(messageld)

UpdateNodeStatus messageld. instanceld. nodeld

SendAllMsgFromNode nodeld. schemald. instanceld
End Sub |

Public Sub OnReceiveMessageFromRecipient(objMessage As Object. schemald As Long,
instanceld As Long. messageld As Long)

Dim nodeld As Long
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nodeIIi = FindToNodeld( méssageld)r

SendAlIMsgFromRecipientNode objMessage. nodeld. schemald. instanceld
End Sub
Public Sub OnReceiveMessage(objMessage As Object. schemald As Long, instanceld As Long,
messageld As Long)

Dim msgType As Long

msgType = FindMessageType(messageld)
Select Case msgType

Case INIT_MESSAGE
OnReceivelnitMessage objMessage, schemald, instanceld, messageld
Case MESSAGE_ADDRESSED_TO_FLOWMAN
OnReceiveMessageToFlowman objMessage, schemald, instanceld. messageld
Case MESSAGE_FROM_RECIPIENT

OnReceiveMessageFromRecipient objMessage, schemald, instanceld. messageld
End Select

End Sub

Public Sub ProcessInboxMessages()
Dim objInboxFolder As Object ' Folder object
Dim objInMessages As Object ' Messages collection
Dim objInMessage As Object ' Message object
Dim schemald As Long
Dim instanceld As Long
Dim messageld As Long
Set objInboxFolder = objSession.Inbox

Set objInMessages = objInboxFolder.Messages
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On éﬁor GoTo error_olexrisg
If objInMessages Is Nothing Then
MsgBox "must select a messages collection”
Exit Sub
End If

Set objInMessage = objInMessages.GetFirst

While Not objInMessage Is Nothing ' loop through all messages
If True = objInMessage.Unread Then
ExtractMessageHeader objInMessage, schemald, instanceld, messageld
If CheckOpenlnstance(instanceld) Then
OnReceiveMessage objinMessage. schemald. instanceld. messageld
CopyMessageToFolder objInMessage, schemald. instanceld
Else
objinMessage.Delete
End If
End If
Set objInMessage = objinMessages.GetNext
Wend

Exit Sub

error_olemsg:
MsgBox "Error " & Str(Err) & ": " & Error$(Err)
Resume Next

End Sub
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util.bas

Option Explicit

Const mapiTo = 1
Private Sub CreateAttachments(objMessage As Object, attachmentColl As Collection,
attachNameColl As Collection, Position As Long)
Dim objAttach As'Object
Dim count As Integer
For count = | To attachmentColl.count
Set objAttach = objMessage.attachments.Add ' add the attachment
With objAttach
.Type = mapiFileData
.Position = Position
.Name = attachmentColl.Item(count)
.RéadFromF ile attachmentColl.ltem(count)
End With
objAttach.Name = attachNameColl.Item(count)
Position = Position + |
Next
End Sub

Public Sub Logoff()
objSession.Logoff
End Sub

Public Sub SendMessage(messageSubject As String, messageText As String, messageAddress

As String, attachmentColl As Collection. attachNameColl As Collection. attachmentPosition As

Long)
Dim objRecip As Object'
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Dim objMessage As Object

Set objMessage = objSession.Outbox.Messages.Add
objMessage.subject = messageSubject

objMessage.Text = messageText

create the recipient
Set objRecip = objMessage.Recipients.Add
objRecip.Name = messageAddress
objRecip.Type = mapiTo
objRecip.Resolve

'create the attachment

CreateAttachments objMessage, attachmentColl, attachNameColl, attachmentPosition

" send the message
objMessage.Update
objMessage.Send showDialog:=False

End Sub

Public Function CreateSessionAndLogon() As Boolean

On Error GoTo err_CreateSessionAndLogon

Set objSession = CreateObject("MAPI.Session")
objSession.Logon ProfileName:=GetFlowManProfile. showDialog:=False
CreateSessionAndLogon = True

Exit Function
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err_CLéateSessionAndLogori:
If (Err.Number = 1275) Then ' VB4.0 uses "Err.Number"
MsgBox "User pressed Cancel"
Else
MsgBox "Unrecoverable Error:" & Err.Description & Err.Source
End If
CreateSessionAndLogon = False
Exit Function

End Function

Public Function ExtractMessageHeader(objMessage As Object. schemald As Long, instanceld
As Long, messageld As Long) As Boolean

Dim strtMsg As String

Dim startPos As Long

Dim endPos As Long

Dim strHeader As String

Dim schemaPos As Long

Dim instancePos As Long

Dim messagePos As Long

strtMsg = objMessage.Text
startPos = InStr(strMsg, "<HEADER>")
endPos = [nStr(strMsg, "</HEADER>")

If startPos <> 0 And endPos <> 0 Then
strHeader = Mid(strMsg, startPos + 8. endPos - startPos - 8)
schemaPos = InStr(strHeader. "Schema")
instancePos = InStr(strHeader. "Instance")

messagePos = InStr(strHeader. "Messageld")
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If s;hemaPos < 0 And iﬁstancePds <> 0 And mes§agePos <> 0 Then
schemald = Val(Mid(strHeader. schemaPo§ + 6. instancePos - schemaPos - 6))
instanceld = Val(Mid(strHeader. instancePos + 8. messagePos - instancePos - 8))
messageld = Val(Mid(strHeader. messagePos + 9))

ExtractMessageHeader = True

Else
ExtractMessageHeader = False

End If

Else
ExtractMessageHeader = False
End If

End Function

Public Sub OnReceivelnjtMessage(objMessage As Object. schemald As Long, instanceld As
Long, messageld As Long)

SendAllMsgFromStartNode schemald. instanceld
End Sub

Public Sub OnReceiveMessageToFlowman(objMessage As Object. schemald As Long,
instanceld As Long, messageld As Long)

Dim nodeld As Long

nodeld = FindToNodeld(messageld)

UpdateNodeStatus messageld. instanceld. nodeld

SendAllMsgFromNode nodeld. schemald. instanceld
End Sub

Public Sub OnReceiveMessageFromRecipient(objMessage As Object. schemald As Long,
instanceld As Long. messageld As Long)

Dim nodeld As Long
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nodeid = FindToNodeId(miessageld)

SendAllMsgFromRecipientNode objMessage. nodeld. schemald. instanceld
End Sub
Public Sub OnReceiveMessage(objMessage As Object. schemald As Long, instanceld As Long,
messageld As Long)

Dim msgType As Long

msgType = FindMessageType(messageld)
Select Case msgType

Case INIT_MESSAGE
OnReceivelnitMessage objMessage. schemald, instanceld. messageld
Case MESSAGE_ADDRESSED TO_FLOWMAN
OnReceiveMessageToFlowman objMessage, schemald, instanceld, messageld
Case MESSAGE_FROM_RECIPIENT

OnReceiveMessageFromRecipient objMessage, schemald. instanceld. messageld
End Select

End Sub

Public Sub ProcessInboxMessages()
Dim objInboxFolder As Object ' Folder object
Dim objInMessages As Object ' Messages collection
Dim objInMessage As Object ' Message object
Dim schemald As Long
Dim instanceld As Long
Dim messageld As Long
Set objInboxFolder = objSession.Inbox

Set objInMessages = objInboxFolder.Messages
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On Er_r"or GoTo error_olems;g
If objInMessages Is Nothing Then
MsgBox "must select a messages collection”
Exit Sub
End If
Set objInMessage = objiInMessages.GetFirst

While Not objInMessage Is Nothing ' loop through all messages
If True = objInMessage.Unread Then
ExtractMessageHeader objInMessage, schemald. instanceld. messageld
[f CheckOpenlnstance(instanceld) Then
OnReceiveMessage objinMessage. schemald. instanceld. messageld
CopyMessageToFolder objInMessage, schemald. instanceld
Else
| objInMessage.Delete
End If
End If
- Set objInMessage = objInMessages.GetNext
Wend

Exit Sub
error_olemsg:
MsgBox "Error " & Str(Err) & ": " & Error$(Err)

Resume Next

End Sub
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WHAT IS CLAIMED:

1. An e-mail-based workflow system and a system for sending an e-mail

containing a document, comprising:
a form route manager, connected to a computer network. capable of accessing a route,
a sequence of e-mail addresses in the computer network, comprising:
means for receiving the e-mail,
means for comparing the e-mail with the route,
means for determining the next e-mail address in the route based on the results

of the comparing means, and

means for forwarding the e-mail to the next e-mail address in the route based on

the determining means; and

means. at the next e-mail address, for receiving the e-mail from the form route

manager and returning the e-mail to the form route manager.

2. The e-mail-based workflow system of claim 1, wherein the e-mail includes a
route indicator, and the form route manager is capable of accessing multiple routes. each route
having an identifier, and the form route manager further comprises:

means for matching the route indicator of the e-mail with one identifier of the multiple

routes, and

means for determining the route for the e-mail based on the results of the matching

means.

3. The e-mail-based workflow system of claim 1 or 2. wherein the document

includes an identifier. wherein the form route manager further includes:

a location table with the document identifier and the current e-mail address of the

document, and

a move history table with the document identifier and a list of each e-mail address

which sent the document to the form route manager.
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4. The e-mail-based workflow system of claim 1. wherein the e-mail includes a
branch indicator which is settable by the user at an e-mail address. and the form route manager
is capable of accessing multiple routes, each route having an identifier, and the form route

manager further comprises:

means for matching the branch indicator of the e-mail with one identifier of the

multiple routes, and

means for determining the route for the e-mail based on the results of the matching

means.

3. An e-mail-based workflow system for processing a document, wherein the
workflow system is connected to a computer network and a system for sending an e-mail,
wherein the e-mail includes a step field and the document, comprising:

a first form route manager, with an e-mail address. connected to the computer network,
capable of accessing a route, a sequence of e-mail addresses in the computer network,
comprising:

an in-box adapted to receive the e-mail;

a first sequencer adapted to as follows:

compare the step field with the route,

define the next e-mail address based on the compare,
update the e-mail address to the next e-mail address. and
update the step field to the next step; and

an out-box adapted to send the e-mail to the next e-mail address. wherein the next e-
mail address includes:

an in-box adapted to receive the e-mail from the first form route manager, and

an out-box adapted to send the e-mail to the first form route manager.
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6. The e-mail-based workflow system of claim 5, wherein the first form route
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manager is capable of accessing muitiple routes, each route having an identifier. and wherein
the e-mail includes a route indicator. and wherein the first sequencer is further adapted to as

follows:

compare the route indicator with the route identifiers until the route indicator matches

one route identifier. and

determine the route for the e-mail based on the match.

7. The e-mail-based workflow system of claim S or 6, wherein the document
includes an identifier, wherein the first form route manager further includes:

a location table with the document identifier and the next e-mail address of the
document, and

a move history table with the document identifier and a list of every e-mail address

which sent the documeny to the first form route manager.

8. The e-mail-based workflow system of claim 5, wherein the e-mail includes a
user settable branch indicator and the first form route manager is capable of accessing multiple
routes, each route having an identifier, and wherein the first sequencer is further adapted to:

match the branch indicator of the e-mail with one identifier of the multiple routes. and

determine the route for the e-mail based on the match.

9. The e-mail-based workflow system of claim 5, wherein the e-mail inciudes a

user settable route modifier which modifies the next e-mail address to be other than the next e-

mail address as defined by the route.

10. An e-mail-pased workflow system of claim 5, wherein a new route is made

from the sequence of e-mail addresses from which the e-mail was sent to the first form route

manager.
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11. A workflow system controis access to a document stepping through a sequence
of computers in a computer network. wherein a move history table records the sequence of
computers accessing the document. comprising:

a computer network;

a workflow manager, connected to the computer network, comprising:

a first sequencer adapted to:

determine the step in the sequence,

determine the next computer in the sequence,
pass access to the document to the next computer,
record the access in a move history table, and

produce a new sequence from the move history table.

12. The e-mail-based workflow system of claim 5. further comprising a second
form route manager, wherein the route is divided into a first route segment and a second route
segment, wherein the first form route manager accesses the first route segment and the second
form route manager accesses the second route segment, wherein the last e-mail address in the

first route segment is the e-mail address of the second form route manager.

13. The e-mail-based workflow system of claim 5, wherein the first form route
manager can access a form library, wherein the e-mail address in the route has a form field
defining a form in the form library and the first sequencer is further adapted to:

after comparing the step field with route, select the associated form; and

send the selected form in the next e-mail.

14. The e-mail-based workflow system of claim 7. wherein the e-mail includes user

settable field for requesting status of the workflow and a document identifier. wherein the first

form route manager includes:

a second sequencer adapted to:
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match the document identifier of the e-mail to a document identifier in the

location table or in the move history table: and

return status in an e-mail to the e-mail address requesting status.

15. The e-mail-based workflow system of claim 5, wherein the route splits into a
plurality of branch routes at a fork e-mail address, wherein the first sequencer is adapted to

after comparing the step field of the e-mail with the route at the fork e-mail address, for at

least one branch route:
copy the e-mail,
set the step field of the e-mail to the next step of the branch route, and

set the e-mail address to the next e-mail address of the branch route.

16. The e-mail-based workflow system of claim 5, further comprising a plurality of
branch routes converging at a join e-mail address, wherein the first form route manager
includes a receipt indicator for each branch route and is adapted to as follows:

determine the branch route of e-mail,

set the receipt indicator of the e-mail, and

determine from a set of receipt indicators if an e-mail is to be sent to the join e-mail

address.

17. The e-mail-based workflow system of claim 5, further comprising a timer,
wherein the first form route manager is adapted to start the timer when the e-mail is sent from
the first form route manager and compare the timer count against a set value until the e-mail is

returned to the first form route manager or the timer count exceeds the set value.

18. The e-mail-based workflow system of claim 17. further comprising an e-mail
notification address. wherein if the timer count exceeds the set value. then the first form route

manager is adapted to send an e-mail to the e-mail notification address.
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19. The e-mail-based workflow system of claim 5. further comprising a second
form route manager, with an e-mail address. connected to the computer network and adapted
to access the route accessed by the first form route manager, wherein the first sequencer is

further adapted to:

after updating the e-mail address to the next e-mail address, add the e-mail address of
the second form route manager to the e-mail; and

wherein the next e-mail address is further adapted to return the e-mail to the first form
route manager and the second form route manager, whereby the second form route manager

replaces the first form route manager when the first form route manager fails.

20. The e-mail-based workflow system of claim 17. further comprising an e-mail
recovery, wherein if the timer count exceeds the set value, then the first form route manager is

adapted to access a copy of the e-mail and resend the e-mail.

21. A workflow system providing sequential access to a document in a computer
network following a route, defining a sequence of computers, comprising:

a computer network;

a workflow manager, connected to the computer network, capable of accessing a route

adapted to:
determine the step in the route,
determine the next computer for the step using a project identifier, and
pass access to the document to the next computer.
22. The e-mail-based workflow system of claim 5, further comprising a new route

contained in the e-mail and the first form route manager is adapted to receive the e-mail

containing the new route, and redefine the route based on the new route.

23. The e-mail-based workflow system of claim 5, wherein the route includes a

plurality of branch routes from a fork e-mail address, wherein the first form route manager is
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adapted to select a branch route based on the current number of e-mail at the first e-mail

address of each branch route.

24.  Ane-mail-based workflow system for processing a document, wherein the
workflow system is connected to a computer network and a system for sending an e-mail,

comprising:

a form route manager, connected to the computer network, capable of recetving and

sending the e-mail, and capable of defining:

a route, a step-by-step sequence of e-mail addresses, in the network; and
wherein a computer with an e-mail address in the network is adapted to send the e-mail to the

form route manager which is adapted to send the e-mail to the next e-mail address in the route.

25.  The e-mail-based workflow system of claim 24, wherein the e-mail includes a
route indicator and wherein the form route manager is further capable of:

defining multiple routes, each route having an identifier,

comparing each route indicator with the multiple routes, and

determining the route for each e-mail before performing the step-by-step sequence in

the route.

26.  The e-mail-based workflow system of claim 24 or 25, wherein the document
includes an identifier and the first form route manager further includes:
a location table with the document identifier and the next e-mail address of the

document, and

a move history table with the document identifier and a list of every e-mail address

which sent the document to the first form route manager.

27.  The e-mail-based workflow system of claim 24. wherein the route includes a

plurality of branch routes at a step in the route, wherein the e-mail includes a settable branch
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identifier and wherein the form route manager is adapted to select the branch route based on

the setting of the branch identifier.

28. A form route manager for receiving and sending an e-mail along a route, a
sequence of computers, in a computer network, comprising:
a programmable computer adapted to:
compare a step field of the e-mail with the route,
identify the next step in the sequence, and
update the step field of the e-mail to the next step; and
an e-mail program. coupled to the programmable computer, including an e-mail

in-box and an e-mail out-box, wherein the e-mail out-box is adapted to send the e-mail to the

next computer in the route.

29. A method for centrally distributing an e-mail to a step-by-step sequence of e-
mail addresses, comprising:
receiving the e-mail with an indicator of the step in the sequence;

determining from the indicator and the sequence, the successor e-mail address in the

sequence;

updating the e-mail indicator to the successor step; and

sending the e-mail to the successor e-mail address.

30. A method of performing interdependent task on a document by passing the
access to the document among a plurality of users at e-mail addresses in a computer network.,
comprising:

separating the interdependent task into a route defining a sequence of steps where each

step is processed by a useg;

making accessible to a form route manager an e-mail with a step indicator at the

completion of each step:
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determining from the step indicator and the route, the next step and the next e-mail
address;
updating the step indicator to the next step; and

making the e-mail accessible to the user with the next e-mail address.

31. A form route manager in a computer network which is adapted to receive an e-

mail from an e-mail address in a sequenced list of e-mail addresses and send the e-mail to the

next e-mail address in the sequenced list.

32. A message based workflow system for processing a document, wherein the
workflow system is connected to the World Wide Web, WWW and a system for sending an e-
mail with a Universal Resource Locator. URL, comprising,

a first form route manager, including a Web site with a Web page, wherein the Web
page includes the document and a step field, wherein the first form route manager is capable of
accessing a route, a sequence of e-mail addresses, comprising:

a first sequencer adapted to as follows:

compare the step field with the route,

define the next e-mail address based on the compare,
update the e-mail address to the next e-mail address, and
update the step field to the next step;

an out-box adapted to send the e-mail to the next e-mail address. wherein the next e-
mail address includes:

an in-box adapted to receive the e-mail from the first form route manager, and

an access to the Web page using the URL in the e-mail.

33. A workflow system for processing a document, wherein the workflow system is

connected to the World Wide Web, WWW and a system for sending an e-mail. comprising:
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a form route manager, connected to the WWW, capable of providing access to a Web
page containing the document, sending the e-mail. and defining a route, a step-by-step

sequence of e-mail addresses;

a computer with an e-mail address adapted to access the Web page using the e-mail;

and

wherein the form route manager is adapted to send the e-mail to the next e-mail address in the

route.

34. A workflow system for processing a document, wherein the workflow system is
connected to the World Wide Web, WWW and a system for sending web page data,
comprising:

a form route manager, connected to the WWW, capable of providing access to a web
page containing the document, sending web page data, and defining a route, a step-by-step

sequence of WWW addrgsses;

a computer with a WWW address adapted to access the web page using the web page
data; and

wherein the form route manager is adapted to send the web page data to the next WWW

address in the route.

35. A message based workflow system for processing a document, wherein the
workflow system is connected to the World Wide Web, WWW and a system for sending web
data with a Universal Resource Locator, URL, comprising,

a first form route manager, including a Web site with a Web page, wherein the Web
page includes the document and a step field, wherein the first form route manager is capable of
accessing a route, a sequence of WWW addresses, comprising:

a first sequencer adapted to as follows:

compare the step field with the route,
define the next WWW address based on the compare,

update the WWW address to the next WWW address, and
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update the steb field td the next step;
a WWW site adapted to send web page data to the next WWW address, wherein the
next WWW address includes:
a WWW browser adapted to receive the web page data from the first form route
manager, and

an access to the web page using the web page data.
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