wo 2012/044186 A1 I 10KV 000 OO0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

/252>, ) 0 T 0 0 D O
A () )

Wy

(19) World Intellectual Property Organization
International Bureau

i

(43) International Publication Date '_ (10) International Publication Number

5 April 2012 (05.04.2012) WO 2012/044186 A1

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

G06Q 10/00 (2012.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

. e DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(21) International Application Number: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

PCT/PL2011/000093 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(22) International Filing Date: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

31 August 2011 (31.08.2011) NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU,

- ) RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,

(25) Filing Language: English TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(26) Publication Language: English IM, ZW.

(30) Priority Data: (84) Designated States (unless otherwise indicated, for every

P-392534 29 September 2010 (29.09.2010) PL kind of regional protection available): ARIPO (BW, GH,

GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

(71) Applicant (for all designated States except US): DATA- ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

COM SOFTWARE SP. Z 0.0. [PL/PL]; ul. Tavorowa TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

10, 02- 699 Warszawa (PL). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SL, SK,

(75) Inventor/Applicant (for US only): SOLDACKI, Prze- ?g{; 11:/{[{]3’ 1(\)/[?{1){\1(]]33 FS’I\]? J:FgFirg?’ CL €M, GA, GN, 6Q,
mystaw [PL/PL]; Al Komisji Edukacji Narodowej 93/35, T T T T ’
02-777 Warszawa (PL). Declarations under Rule 4.17:

(74) Agent: SAWICKI, Igor; Kancelaria Patentowa Igor —  of inventorship (Rule 4.17(iv))
Sawicki, ul. Filtrowa 30/18, 02-032 Warszawa (PL). Published:

—  with international search report (Art. 21(3))

(72) Inventor; and

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(54) Title: METHOD OF DYNAMIC MODELING OF THE WORKFLOW, WITH THE USE OF INFORMATION SYSTEM

Output data

/ =~
vim
ualiation [ - - s e e - e —-w—1#{ Pracadure dlagram
Modute !
\ s

Historical Input
data

= vsusluti

Intermediate data

J cosm \‘

T swaniveae” |
“ / v

Decision
suggestions
Current/input -

data

procere |

l suggestion

Fig. 3

(57) Abstract: The method of dynamic modeling of workflow, with the use of information system is characterized in that, the
analysis of workflow processes, the effect of which is procedures, is performed automatically by information system, in such a
way, that on the basis of information, as obtained from the systems users during daily work, all actions taken by the users are reg-
istered, including the history of changes in each case, and then registered in this way flow of information between the persons and
stages in every procedure is subjected to the automatic analysis, as a result of which the procedure diagrams are created with de-
finable level of detail, that in the case of users behavior change are updated instantly, and in addition for prediction of user's be-
havior on the basis of taken by them decisions during the handing over cases, and the changes of the case stages, as well as all
available information, classitiers and vector representations of the text content are automatically created, which are then used to
suggest decisions concerning the next stage of procedure, as well as the next user, which should receive the case on the basis of
information about current user, present stage, previous stages, previous user, text contents as well as the metadata (additional at-
tributes of given case) and also on the basis of the text content of new case, recognized and suggested is a procedure, according to
which the given case should be carried on.
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Method of Dynamic Modeling of the Workflow, with the Use of
Information System.

The invention relates to the method of dynamic modeling of the workflow, with the use of
information system.

The electronic workflow is usually realized thorough the transfer of documents and information
between the persons, where the documents and information are grouped into the processes (also
referred to as the matters or issues; later in this document referred as cases). Every process is
executed according to one of the procedures (sometimes referred to as the process models), whilst
the procedure defines how this process is running, of which: what stages are taking place in the
process and the transitions between the stages. The procedure often takes a form of diagram (flow
graph), where one procedure can be used by many processes. An example of such solution is shown
in the drawing, where fig. 1 illustrates example of a diagram, while fig. 2 illustrates a scheme of the
hierarchy of notions.

Known method of workflow modeling using information system, involves designing of procedures by
analyst, and then making an implementation into the system by a person with adequate skills. This
method assumes also, that when making an analysis, all admissible stages, as well as transitions
between the stages in procedure shall be predicted. The task of information system within this
method is to supervise workflow process to run in conformity with designed procedures. In addition,
in this method of modeling it is assumed, that within the procedure for each stage of workflow, the
persons, or groups of persons, to which the documents have to be delivered shall be defined. Since
the groups of persons are defined on the basis of organizational structure, this method of modeling
assumes that also the organizational structure shall be entered into the information system. On the
market, there are numerous systems, which use this method, e.g. products of Microsoft Company,
basing on Windows Workflow Foundation, systems of Nintex Company, Open Text or IBM.

The disadvantage of this method is a high cost of performing the analysis, the effect of which is the
procedures. Additional disadvantage lies in the cost of procedures implementation, as well as in
entering of organizational structure to the information system. In the big organizations that are
having many procedures, defining of detailed procedures and predicting all possibilities, often turns
out to be practically unfeasible and the implementation is limited to the selected processes only.
Moreover, such method of workflow modeling requires prediction of exceptional situations during
analysis. Omission of exceptional situations in the analysis, later on results in the impossibility of
mapping such situations in the information system, or else necessity of repeated analysis and
entering of changes into the procedures within information system. The next disadvantage lies in the
difficulty in entering of organizational changes, since every change of the process, or organizational
structure is forcing to carry out the repeated analysis and introduction of changes into the
procedures within information system. Additional workload is connected with defining of
organizational structure, assigning of users to the elements of the structure, as well as defining of
official dependencies.

The method, being the subject of invention is characterized in that, the analysis of workflow
processes, the effect of which is procedures, is performed automatically by information system, in
such a way, that on the basis of information obtained from the system users during daily work, all
actions taken by the users are registered, including the history of changes in each case, and then
registered in this way flow of information between the persons and stages in every procedure is
subjected to the automatic analysis, as a result of which the procedure diagrams are created with
definable level of detail, that in the case of users behavior change are instantly updated, and in
addition for prediction of user's behavior made on the basis of their decisions during the handing
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over the case, and the changes of the case stage, as well as all available information is followed by
automatic creation of the classifiers and vector representations of the text content, which are then
user to suggest the decisions concerning the next stage of procedure, as well as the next user,
which should receive the case, on the basis of information about current user, present stage,
previous stages, previous user, text contents as well as the metadata (additional attributes of given
case) and also on the basis of the text content of new case, recognized and suggested is a
procedure, according to which the given case should be carried on.

within the confines of the method according to invention, the classifiers are created in a form of
decision trees, decision tables, neural networks, genetic algorithms, rough sets, fuzzy sets, or other
known methods of classification, based on the information concerning the current user, present
stage, previous stages, previous user as well as the metadata (additional attributes of given case),
at the same time for each pair of the case-stage created are two general classifiers containing
information about typical decisions taken by all users during given stage of the procedure (one
classifier for defining the next user, and one for defining the next stage), and in addition, created
are detailed classifiers for every combination of the stage- case-user, which appeared during the use
of system, at the same time decisions are suggested to the users by the application of suitable
classifier and information from given case.

within the confines of the method according to invention, the vector representations are first
created as the vector representations of the text content of cases, and then created are vector
representations of the procedures, as well as vector representations of the decisions, where the
vector representations of decisions are created as detailed ones (for each combination of procedure
stage and the user) and also as general ones (for the procedure stages with the information about
users omitted).

Within the confines of the method according to invention, the diagrams of procedures are visualized
in the Visualization Module (ViM) by the aggregation of historical data concerning the course of
cases according to given procedure, where the nodes in so created diagram are corresponding to
the stages, persons, pairs of stage-person, or departments from organizational structure, and the
edges between nodes are created when the transition between given nodes takes place in historical
data, whilst the number of transitions between nodes as occurring in historical data is represented
by the edge thickness in a graph.

Within the confines of the method according to invention, suggesting the decisions is effected on the
basis of classifiers as well as on the basis of vector representations, at the same time suggesting
decisions on the basis of classifiers is effected in the Classifier based Decision Suggestion Module
(CDSM), while suggesting decisions on the basis of vector representations is effected in the Vector
Representations based Decision Suggestion Module (VRDSM).

Within the confines of the method according to invention, decision suggesting on the basis of
classification files is effected in such a way, that the Classifier based Decision Suggestion Module
(CDSM) is finding the appropriate classifier (corresponding to given procedure, stage and user), and
then subjects the data of case to the classification process.

Within the confines of the method according to invention, decision suggesting on the basis of vector
representation is effected in such a way, that the Vector Representations based Decision Suggestion
Module (VRDSM) is creating the representation of current case, thereupon on the basis of data
concerning current case finds the appropriate representations of decisions available at given stage of
procedure for given user, and then using cosine measure, or other method of vector representation
comparison, compared are vector representation of the case with the vector representations of
decisions.
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Within the confines of the method according to invention, recognition of the procedure is effected in
such a way, that the Procedure Recognition Module (PRM) creates the representation of current
case, and then using cosine measure compares the vector representation of case with the vector
representations of procedures, and then the procedure, for which the value of cosine measure is
highest, is being suggested to the user.

Within the confines of the method according to invention, selection of the suggestion with highest
probability takes place in the Voting Module (VoM), where on the basis of voting suggestions from
two modules are combined: i.e. that of Classifier based Decision Suggestion Module (CDSM) and the
Vector Representations based Decision Suggestion Module (VRDSM).

The method according to invention features many advantages, among which one can mention:

o the cost of analysis is significantly reduced, since the analysis is carried out automatically by
information system, and not by human being,

+ the automatic analysis is based on information concerning the true course of processes, and not
on the information obtained from users during the analytic interviews,

« on the basis of carried out analysis, the system is suggesting to the users a decisions, which is
facilitating their work, and at the same time enable them to take decisions regarding the course
of processes, which makes possible the constant introduction of changes in the procedures and
handling exceptions,

» the automatic analysis is carried out in a continuous way, owing to which any changes in the
course of processes are included in the analysis, and are noticeable to the decision makers.

Within the confines of the method according to invention, the users of information system enjoy full
freedom of sending information and documents to each other, as well as defining of information
flow. All pieces of information and documents are grouped into the cases. In particular, every user
has a possibility to:

e send a case to any person,

o define the persons, that shall be notified about the case, and shall have access to it,

» add his/her comments to the case and add attachments,

o create a new procedure by entering its name, or select already existing procedure,

« create the stage of procedure by entering its name, or select already existing stage,

« define new elements of the organizational structure, e.g. departments in the organization, in a
form of hierarchical structure,

o provide an information concerning his/her position in the organizational structure, title of
his/her position and indicate his/her superior,

¢ define the descriptive forms (metadata) in the form of additional attributes describing the cases
in given procedure. The type of attributes can be either textural, numerical, as a date, list of
selection and other.

Moreover, selected person have additional possibility of monitoring and optimizing the processes of
workflow. Such persons can be managers, heads of department, analysts etc. These persons have at
their disposal the following possibilities:

¢ overview of created procedures and stages,

« modification of the names of procedures and stages,

¢ removal of redundant stages, by joining them with other stages,

s deletion of redundant procedures by joining them with other procedures. During such process
of joining, all stages from removed procedure are transferred to the other procedure, and all
cases already executed or being executed according to removed procedure are switched to the
other procedure,
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e imposing of limitations onto selected transitions in procedures, e.g. sending information
between indicated persons, or departments, as well as the passage between indicated stages of
procedure. These limitations can be of the following character: warning to the -4-user, ,soft”
lock, which can be violated by the user, however it shall result in notification to the author of
lock and the superior of given user, or ,hard” lock, which cannot be violated by the user,

o browsing and modification of the organizational structure through the correction of the
department names, changing of the dependence between the departments, assigning users to
the departments, and also official dependence superior-subordinate,

s browsing and correction of the descriptive forms in a form of attributes of the procedures
through modification of names, type and the sequence of attributes. There is also a possibility
of deactivation of the selected attributes.

The method according to the invention was explained by the way of example in the drawing, in
which Fig. 3 shows the diagram of carrying out the automatic analysis of the workflow process with
the use of information system.

Within the confines of the method according to invention, information system contains the modules,
which are designed for carrying out the automatic analysis, i.e.:

e Visualization Module (ViM),

¢ Classifier Creation Module (CCM),

e Text Analysis Module (TAM),

o Classifier based Decision Suggestion Module {(CDSM),

e Vector Representations based Decision Suggestion Module (VRDSM),
¢ Procedure Recognition Module (PRM),

¢ Voting Module (VoM),

Analysis of the workflow processes, the effect of which are the procedures, is carried out
automatically by the information system on the basis of information as obtained from the system users,
during their daily work, and is not performed by the analyst before starting of the system.

The information system is acquiring the data pertaining to the following questions:

e what procedures are used by the users,

« from which stages the procedures are made up,

¢ what transitions occur between the stages,

+ to whom the users are sending the information,

o what decisions are taking the users, depending on the content of given case (textual
information and metadata) as well as the history of given case,

¢ what is the organizational structure and official dependence between the users,

+ what metadata are employed by the users in each procedure.

On the basis of collected information concerning current user, current stage, previous stages,
previous user as well as metadata (additional attributes of given case) the Visualization Module (ViM)
is creating the diagrams of procedures. Visualization of procedures is effected through the
aggregation of historical data on the course of cases according to given procedure, at the same time
the nodes in the diagram being created, are corresponding to the stages, persons, pairs stage-
person, or departments from organizational structure, and the edges between nodes are created if
the transition between the given nodes is occurring in historical data. The number of transitions
between the nodes, occurring in historical data is represented in a graph by the edge thickness. This
facilitates also an omission of rarely occurring edges through defining the minimum threshold
number of the occurrences of given transition in historical data.

On the basis of cases history and metadata, the Classifier Creation Module {(CCM) creates
automatically (during analysis) classifiers in a form of decision trees, where for each pair procedure-
stage created are two general classifiers containing the information about typical
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decisions taken by all users at given stage of the procedure (one classifier for defining of next user,
and one for defining the next stage), as well as additionally built are detailed dlassifier for every
combination stage-procedure-user, which has occurred during the use of system.

In order to take into account the textual information, Text Analysis Module (TAM) creates the vector
representations of cases, procedures and decisions. First of all, created are vector representations of
the cases’ text content, with the use of the method of text exploration, so called “bag-of-words”, i.e.
building of muitidimensional vectors, where each dimension corresponds to one word, and the value
of given vector coordinate contains the measure TF-IDF of given word in given case. The TF-IDF

measure is calculated on the basis of known formula:
Mmrpr = THW, ©) « log(/D}/DF(w)), where:
e TF (w, ¢)denotes the number of word occurrences in the case ¢
e DF (w)denotes the number of cases, in which word w has appeared,
e /D/is a number of all cases under consideration.

Then, created are vector representations of the procedures (in order to procedure recognition during
further steps of the method), as well as the vector representations of the decisions (in order to
suggest the decision during further steps of the method), at the same time, the vector
representation of a procedure is a vector created by adding up the vectors of cases of all cases
carried out according to the given procedure, however the vector representation of a decision, is a
vector created by adding up the vectors of all cases, in which at given stage the user took a given
decision. Similarly, like in the case of decision trees, created are detailed vector representation of
the decisions (build for each combination of the procedure stage and user) as well as the general
ones (build for the procedure stages with omission of the information about users).

In order to suggest the decisions on the basis of classifiers, Classifier based Decision Suggestion
Module (CDSM) on the basis of current case data finds the appropriate classifier {corresponding to
given procedure, stage and the user), and then subjects the data of current case to the process of
classification, the resuit of which is the suggestion of decision.

In order to suggest the decisions on the basis of vector representations, Vector Representations
based Decision Suggestion Module (VRDSM) creates a representation of current case, and
thereafter, on the basis of the data concerning the current case, finds the appropriate
representations of the decisions available at a given stage of procedure for given user, and then by
means of cosine measure, or other method of vector representation comparison, compares the
vector representation of the case with the vector representations of a decision, as a result of which
decision is suggested. In the case, when given user has never took a decision at given stage, and for
him there are no detailed representations of decision, then the general representations of decision
for given stage are used. The decisions with the highest value of cosine measure are suggested to
the user.

In order to recognize the procedure, the Procedure Recognition Module (PRM) creates the
representation of current case, and then with the use of cosine measure compares the vector
representation of the case with the vector representations of procedures. The procedure, for which
the value of cosine measure is highest, is suggested to the user. The cosine measure for vectors d7
and 42, as calculated according to formula (where the scalar product of vectors is marked with
asterisk):

cos( di, d2) = (d1 *d2) [ ||d1]| ||a2]

In order to select the suggestion with highest probability, the Voting Module (VoM), on the principle
of voting i.e. by adding up the probabilities of input suggestions, joins suggestion from two modules:
i.e. Classifier based Decision Suggestion Module (CDSM), and Vector Representations based Decision
Suggestion Module (VRDSM).
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CLAIMS

1. The method of dynamic modeling of workflow, with the use of information system is
characterized in that, the analysis of workflow processes, the effect of which is procedures,
is performed automatically by information system, in such a way, that on the basis of
information, as obtained from the systems users during daily work, all actions taken by the
users are registered, including the history of changes in each case, and then registered in this
way flow of information between the persons and stages in every procedure is subjected to the
automatic analysis, as a result of which the procedure diagrams are created with definable level
of detail, that in the case of users behavior change are updated instantly, and in addition for
prediction of user’s behavior on the basis of taken by them decisions during the handing over
cases, and the changes of the case stages, as well as all available information, classifiers and
vector representations of the text content are automatically created, which are then used to
suggest decisions concerning the next stage of procedure, as well as the next user, which
should receive the case on the basis of information about current user, present stage, previous
stages, previous user, text contents as well as the metadata (additional attributes of given
case) and also on the basis of the text content of new case, recognized and suggested is a
procedure, according to which the given case should be carried on.

2. The method according to claim 1, wherein the classification files are created in a form of
decision trees, decision tables, neural networks, genetic algorithms, rough sets, fuzzy sets, or
other known methods of classification, based on the information concerning the current user,
present stage, previous stages, previous user as well as the metadata (additional attributes of
given case), at the same time for each pair of the procedure-stage created are two general
classification files containing information about typical decisions taken by all users during given
stage of the procedure (one classification file for defining the next user, and one for defining
the next stage), and in addition, created are detailed classification files for every combination of
the stage-procedure-user, which appeared during the use of system, at the same time decisions
are suggested to the users by the application of suitable dlassifier and information from given
case.

3. The method according to claim 1, wherein the vector representations are first created as the
vector representations of the text content of cases, and then created are vector representations
of the procedures, as well as vector representations of the decisions, where the vector
representations of decisions are created as detailed ones (for each combination of procedure
stage and the user) and also as general ones (for the procedure stages with the information
about users omitted).

4. The method according to claim 1, wherein the diagrams of procedures are visualized in the
Visualization Module (ViM) by the aggregation of historical data concerning the course of cases
according to given procedure, where the nodes in so created diagram are corresponding to the
stages, persons, pairs of stage-person, or departments from organizational structure, and the
edges between nodes are created when the transition between given nodes takes place in
historical data, whilst the number of transitions between nodes as occurring in historical data is
represented by the edge thickness in a graph.

5. The method according to claim 1, wherein suggesting the decision is effected on the basis of
classifiers as well as on the basis of vector representations, where suggesting of decisions on
the basis of classifiers is effected in Classifier based Decision Suggestion Module (CDSM), while
suggesting decisions on the basis of vector representations is effected in Vector
Representations based Decision Suggestion Module (VRDSM).

6. The method according to claim 5, wherein decision suggesting on the basis of classifiers is
effected in such a way, that Classifier based Decision Suggestion Module (CDSM) is finding the
appropriate classifier (corresponding to given procedure, stage and user), and then subjects the
data of current case to the classification process.
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7.

8.

9.

The method according to claim 5, wherein decision suggesting on the basis of vector
representation is effected in such a way, that Vector Representations based Decision
Suggestion Module (VRDSM) is creating the representation of current case, thereupon on the
basis of data concerning current case finds the appropriate representations of decisions
available at given stage of procedure for given user, and then by means of cosine measure, or
other method of vector representation comparison, compared are vector representation of the
case with the vector representations of decisions.

The method according to claim 1, wherein recognition of the procedure is effected in such a
way, that Procedure Recognition Module {(PRM) creates the representation of current case, and
then with the use of cosine measure compares the vector representation of the case with the
vector representations of procedures, and then procedure, for which the value of cosine
measure is highest, is being suggested to the user.

The method according to claim 1, wherein selection of the suggestion with highest probability
takes place in Voting Module (VoM), where on the basis of voting suggestions from two
modules are combined: i.e. that of Classifier based Decision Suggestion Module (CDSM) and
Vector Representations based Decision Suggestion Module (VRDSM).
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