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Abstract

At the modern stage of development, the processes of document circulation and case management are
well studied, and many software systems are successfully used to manage these processes. On the other
hand, we are in the technological era of artificial intelligence, which opens up new opportunities for
the developing existing information systems. The paper analyzes the weaknesses of modern case
management systems and proposes ways to solve them using artificial intelligence methods. While case
management processes are shaped by legislation and regulations, ambiguities in their interpretations,
their incompleteness, and the challenges of analyzing related documents make it difficult to establish
rigid case management schemes regularly. To achieve business goals, it is essential to implement
dynamic schemes instead. Consequently, this paper presents the case management process using mixed
models. Some aspects of the process are described as fixed workflows, while others are represented as
dynamic, configurable processes that utilize established subprocesses, which require planned

resolution.

Current case management systems generate valuable knowledge and experience when handling real
data, enabling the automation of select processes and decision-making. However, such functionality is

often lacking in existing systems.

To address this issue, the paper discusses the expansion of the case management system with a unified
intellectual module engine, which includes a knowledge base, mechanisms for working with rules,

facts, drawing conclusions, machine learning, planning, and decision-making.

The paper presents a formal meta-model of a case management system, which is designed as a
transformation of case components—objects and initial states—into a target state through the selection

of sequences of case management operations.
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In this context, the state is defined as a set of object attributes and their corresponding values,
represented as facts within a knowledge base. The operations are detailed in the knowledge base in the
form of rules. When a new situation arises in the case management process, it becomes necessary to re-
plan the process. The model formulates the task of selecting the optimal sequence of actions, and the

author proposes an algorithm to address this challenge.

The architecture of the intelligent case management system has been developed based on the presented
formalism, and its core components have been implemented. The system includes several key

architectural components:

1. Case Lifecycle Management Module: This module handles the creation, updating, and closure of

cases.

2. Hybrid Intelligent Module: Responsible for managing the knowledge base, this module incorporates

machine learning, dynamic planning, and decision-making processes.

3. Validation Module: This component ensures data consistency and accuracy through a combination

of static, dynamic, and Al-enhanced validation rules.
4. Configuration Module: This module manages the system's operational functions.

The system developed based on this architecture has been implemented in both government and

private sector organizations across various fields.

Key Words: - case management, workflow, case handling, artificial intelligence, inference, rule,

planning

1 Introduction

There are various fundamental problems when designing case management systems, which restrict
flexibility of the system and prevents its further development. These problems get much more
complex, when using Workflow principles in the design of case management systems. Here are some

of them:

e In any information system, including Case Management Systems, object structure that is used
inside the system can be very complex. These complexity implies multi-attribute and multi-
dimension objects. Moreover, set of attributes can be defined dynamically and in particular cases,
some of them should be validated & some of them not, while in other cases, all of them or none of

them should be validated and so on.

e Due to data structure complexity, there is a validation problem. In addition to “hard”, predefined

validation, when validation terms are predefined, more and more often we need handle situations,
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when attribute validation logic is depended not only on it’s value & validation rule, but also on

other attribute values and validation results. As a result, it’s

e Impossible to define and “hardcode” all validation rules and we need ability, to have so called
“dynamic validation” when validation process combines several rules and several attributes and

their validation results.

e Biggest problem of workflow-based case management systems is the limits that workflow puts on
the system. Workflow predefines not only all available states in which particular case can be, but
also limits ways, by which case can move from one state to other. Because of this limitation, very
often its almost impossible to handle non-standard situations.

Figure 1. Case management system class diagram
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e Next problem that we have in workflow-based systems, is dependency on rules. Different values
of same attributes of same object as an input, can produce different results on output of the rule.
To say differently, not only the rules, but also objects attribute values itself, can give information
what is next target state of object and more over, what are the ways of reaching that state. But
standard principles of workflow systems, does not give us ability, to use data in combination with

predefined rules to get next states and ways of reaching that states.

e When changing states of objects or creating new ones, sometimes there is need to generate some

new, linked objects (e.g.: changing case state from A to B implies generation of notifications and
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some document liabilities). The difficulty is that to achieve this goal, system has to analyze current
object with it’s attributes and state and make a decision what new linked objects should be

generated.

e In working systems, as real data is processed, some knowledge and experience is generated. This
newly generated knowledge gives us ability, to automate some processes and decision making. In

current systems we can hardly find such functionality.

Very often, we need to auto-combine configuration or validation rules to get a new one, which will be
discussed as regular rule an which will be used by system automatically. Also, there is need to use

several rules and using transit dependency between them get new state or decision

2 The meta model of Intellectual case management systems

To understand case management system conceptual model, let’s describe so called “meta-model” [6].

In this model, we can see main objects of the system.

All of the objects have necessary properties and further expansion is done via attribute universal model
which gives us an ability, to expand any object with any combination and type of attributes. For
illustration purposes, diagram shoes very simplified and minimal version of real base object model of

the system (Fig.1).

System configuration defines CaseType object. Using it, one can describe any desired type of the case

configuration and also all available operations (CaselypeActions) that are supported by case type.

During actual case management process, Case object is created for real life case which is depended on

CaseType.

Case object contains all information about actual case, all current and past operations that where

executed on the case (CaseActions), actors who are involved in case (Actors), and attributes that are

used in current case (Attributes).

CaseAction represents particular operation information and data that is/was executed on the case. It

consists base data, approval data (Approvals), decision data (Decision) and object attributes (Aztributes).

Actor object describes concrete actor, who is taking part in case and consists of the info of the actor.

Like other objects, it’s also extended using object attribute technology (Attributes).

But most of all, we are interested in validation and configuration objects: ValidationObject &

ConfigurationFrame. Validation object represents a collection of flat structured objects, where all case

related information is projected. Each member of this collection contains information about attribute,
name, type, value also it contains validation result and description properties which are filled during

validation process and contains succeeds or failure detailed description.
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Configuration is done using ConfigurationFrame object. This is universal object, which is filled using

case current information and provides all necessary info during every operation. It contains available
operation information, for case current state, also all the objects that are requested to be generated
before or after operation is executed. This functionality is provided using “Slot” mechanism which

means that ConfigurationFrame represents typed collection of slots and each slot is defined beforehand

and return necessary objects when needed.

ConfigurationFrame and ValidationObject are those “middleware” objects that connect intellectual

module and case management system with each other.

1.1.1. 2.1 The intellectualization of case management systems

Effective solution of all problems, mentioned above, is integration of intellectual engine into the case
management systems. Using intellectual engine does not mean radically changing of existing case
management processes or excluding workflow principles. In opposite, using intellectual engine gives
us ability to use more effectively existing case management & workflow processes and solve problems

that exist in most of modern solutions.

Using intellectual engine, makes case management systems much more flexible & configurable. On the
one hand, system still suggests users with recommended actions and decisions, on the other hand, we
are totally removing “hardcoded” configuration problems and now, system can effectively analyse not
only the preconfigured rules, but also existing data and make decisions depending on all this
information. Also it handles non-standard situations more flexible. Object structures, states and
available ways of going from one state to another are not “tied” to roles any more. With accumulation
of actual data, each end every case can be treated individually, without reconfiguring system or adding

“hardcoded” rules.

3 A Formal Model of Case Handling

In this section, we will specify the dynamics using a formal model. First, we introduce a formal model
describing a case definition. In this model, we abstract from certain entities (e.g., forms) and focus on
activities and data objects. Based on this formal model, we describe the execution model for case
handling in terms of state-transition diagrams and ECA-rules. Finally, we discuss the relation between

the formal model and the entities excluded from the formal model, e.g., forms and actors.

Definition 1. Case definition is a tuple

CD=<A,P,0,Q,U,S,F>(1)
where
A is a set of activities definitions,

P € A x Ais a precedence relation and is acyclic,
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Ois a set of data object definitions,
Q is a set of characteristics (attributes),

U is a set of artributes values(domain),

S is a set of data objects states S =|1;=, Si,where Sis set of o: €O data object states.
Fis set of functions {fi| fi: A>%R(S)}, which map each activity onto R(S),( R(x)- denotes the set of all
subsets of x). The mappings between this sets is depicted in fig.2.

g
v \ :
v R(0) Pm ’; /9 Q(dj\»\ y R(U)

O @

'd X
V- \ /
T (po ) J
N 4
»
00&(
&
f
z S

Figure 2. Case data sets transformation diagram.

y: A—>R(O), maps each activity to set of joined data objects before start of the activity. y-.\y- specifies
a set added and deleted data objects after activity.

¢: O—>NR(Q) maps each data object to set of its features(attributes). ¢m, (o— is a functions, that defines
mandatory and optionally attributes and holds next condition: Va € A and Vo€ O1-y(a), exists ¢ and
q such O1 So'(q).

v: Q>R (U) is a function mapping each data object onto its domain.

Definition 2. Va € A and Vo€ Oa-y(a), Se=[Ioe 0a Ugegoy V(Q) € A is a state built by values of joined a

data objects.

It’s clearly, that case state S = [[1¢ 4 Sa.

While activities are an important artefact in case handling, the case is mainly controlled on the basis
of states of data objects, associated with the particular case. It is important to stress that not only the
life-cycle of activities can be described by states and state transitions, but also data objects. To see this,
consider the state transitions that data objects may take as shown in Figure 3. On the creation of a data
object, it adopts the undefined state. Data objects can be defined, either by users filling in forms which
represent these data, or they can be defined automatically, for example, by running queries against a
database and transferring the result values to the data objects. Activities for which data objects are
mandatory can be redone (cf. the redo role), which results in a state transition of data objects to the

unconfirmed state. By confirming the values, data objects re-enter the defined state.
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Figure 3: States of data objects.

Definition 3. Denote by os special data object and call it by state data object with attribute domain

Uos-{undefined, defined, unsigned, unconfirmed, confirmed level 1, ..., confirmed level n} Then
y: A>R(O Uos) and v: Q—>R(U U Uos).

It is useful to define terms describing the relative order of activities within the context of a given case

definition. Given a case definition CD, for each activity a € A

®  Apreceaing(a) = {a'€ A | (a_, a) € P+}, and

®  Asbsequent(a) ={a' €A | (a,a') € P+}.
where P* = Ui.o P! is the non-reflexive transitive closure of P. Case handling systems make use of case
definitions to guide users in handling cases. In order to do that, the system has to make sure that a
given activity is flagged ready for execution if and only if the preconditions of that activity are met.
To be able to specify ifan activity should be executed or bypassed, we use the following auxiliary

function.

A function fyrec : A>R(S) defines a the set of precondition states, fros: : A—>R(S) defines a the set of

postcondition states.

Functions fprec and fpos only focus on the data state s € S. Clearly, the data state is not sufficient to
determine the dynamics, also the activity state a € A, the causal relations specified by P, and the
state-transition diagrams shown in Figures 4. To specify the semantics of case handling we augment
the state transitions with rules specified using an Event Condition and proposed in the paper[1-2].
Each state transition is described by a rule of the following form: IF condition, THEN action. Write

these rules by the presented formalism proposed in the [2].
R
Al,Az, ,An S D(C[al,az, ki am]) (5)

where A1,A»,..,An-elementary or compound terms or even logical expressions. R-is a relation (is A,
member Of, part Of, etc.), according to which are performed proofs and it may be satisfy the

reflexive, transitive or commutative conditions, that is fixed in the dictionary. D-is a domain, C-is a
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category of the conclusion which belongs to D. au, a@,.., om — are terms which express the values of

the attributes and relation of the category C.

For the Municipality Management system, social services is defined by rules, some of them have the

form:

e [f'the statemnt ends or the time has expired and the operation of this operation has been

completed with positive decision, then begin the operation of a case study.

R1: Decision(@previousActivity(), Positive”) & (State(:y,”Completed”) @ State(:y,”Ready”)
—Case{Case(:x), StatementActivity(:y), StudyActivity (:z),State(:z,”Ready”)

e it's possible, that user can carry out second level confirmation, if the first level confirmation is

completed and the user has an according role and there is a visa on the document.

R2: Role(:x,”Conformer”)&Conformed(:y,”Levell”) &Visa(:y,”Yes”)
—Case{ Person(:x),Document(:y), Conformed(:y,”Level2”)}

e An user is participant in the council meeting, if hi is council chairman, hi is or he is a council
member, or he is a invited guests.
R3: Role(:x,” Council Chairman”) @ Role(:x,” Council member”) @ Role(:x,” Invited Guests”)

—CouncilOrgan { :y, User (:x), Participant(:x,:y,”Yes”)}

3.1 Planning problem

In many cases, the case management process can be presented via mixed models. Part of the process
can be described by the fixed workflow and other part can be presented by the case handling model
(Fig.4).

In second model, often we have a situation, when we must find the path of activities from some
initial state to the goal state (Fig.5). This is a classical plannin problem of the artificial intelligence [5].

let consider the formal model.
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Definition 1. Planning subproblem of case handling is a tuple
CP = <s0, Sp, Fp, G > (2)

where

S0€S is a initial state,

Sp = Sis a subset of a set of case data object states,

Fp < A is a subset of a set activities,

G < Sis a goal subset of a set of case data object states.

A planning problem is determined as finding the optimal sequence fi,.., fo-1, that fi°fa-1°..%f1(s0) € G.

f1

S21 _> S22

S11 —) S12
So \ Vs

S2

fs\ f’ /
s O,

Figure 5. Data state graph.

For a planning problem solution exists many methods[6,8]. The choice of specific methods is out of

scope of this paper. We have developed the heuristic search algorithms in the factor state space [4].

4 The realization of the Intellectual case management system

The realization of an intellectual case management system (ICMS) requires a structured approach that
ensures flexibility, dynamic decision-making, and adaptability to various business scenarios. This
section outlines the key steps and architectural considerations essential for developing such a system,

incorporating modern Al advancements.
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4.1 System Architecture and Core Components

The ICMS is designed as an extension of traditional case management systems by integrating an
intellectual module that utilizes rule-based reasoning, heuristic planning, and modern Al
techniques such as machine learning (ML) and natural language processing (NLP) [1]. The core

architectural components include:

o Case Management Core (CMC): Manages the fundamental case lifecycle, including creation,
updates, and closure.

o Intellectual Module (IM): Contains the rules engine, planning algorithm components, and Al
models responsible for dynamic decision-making and adaptive process flow.

o Validation Layer: Ensures data consistency and accuracy through both static, dynamic, and Al-
enhanced validation rules.

o Configuration Layer: Uses ConfigurationFrame objects to determine the necessary operations

and data transformations based on current case states.

Case Management Core CMC

— 7 T

Validation Layer Configuration Layer

l l

Dynamic & Al-Enhanced

Configuration Frame Objects

Validation
l v
Traceable Validation Outcomes Intellectual Module IM

l — 1 ™

Continuous Learning Feedback

lidop Al Models ML & NLP Rules Engine Heuristic Planner
Predictive Analytics & Predefined & Al-Optimized
e yt.lcs redefine Rimize Heuristic & Al-Driven Planning
Recommendations Rules

[ = l

Unstructured Data Processin
Historical Data Analysis 9 Adaptive Process Flow Dynamic Activity Sequencing

NLP

Optimal Workflow Paths

Figure 6. Intellectual Case Management System
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4.2 Integration of the Intellectual Module

The IM operates in conjunction with the CMC and leverages accumulated knowledge for intelligent

decision-making. Key aspects of integration include:

o Rules Engine: Utilizes predefined, dynamically generated, and Al-optimized rules to validate
inputs, determine process flows, and make decisions based on case data attributes.

o Heuristic Planner: Engages in solving planning subproblems, particularly in cases involving
dynamic paths from initial to goal states. The planner leverages heuristic algorithms and Al-
driven optimization techniques.

e Al Models: Incorporates ML algorithms to analyze historical case data, predict outcomes, and
suggest optimal workflows. NLP capabilities allow the system to understand and process
unstructured text data for enhanced decision-making.

o Middleware Interfaces: ConfigurationFrame and ValidationObject act as mediators between the

IM and CMC, facilitating seamless communication and data exchange.
4.3 Realization of Dynamic Validation
Dynamic validation is achieved by:

o Allowing attributes to be validated based on interdependent values, results, and Al-driven
insights.

e Using the IM to dynamically construct and adjust validation logic as cases evolve, leveraging
ML to learn from previous validation outcomes.

e Recording validation outcomes within the ValidationObject to maintain traceability and enable

continuous learning.
4.4 Planning and Decision-Making Implementation

The planning component addresses the need for dynamic activity sequencing. The implementation

involves:

e Defining initial and goal states, along with a subset of activities and transitions.

e Applying heuristic and Al-enhanced algorithms to navigate the state space and determine
optimal activity sequences.

o Using historical data and reinforcement learning techniques to refine planning algorithms,
ensuring efficiency and relevance over time.

e Incorporating Al-based recommendation systems to suggest next steps based on case context

and historical patterns.
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4.5 Handling Non-Standard Situations
The ICMS excels in addressing non-standard scenarios by:

o Utilizing the Al-enhanced rules engine to identify exceptions, learn from novel situations, and
recommend adaptive solutions.

o Allowing the planner to explore alternate paths using Al-driven predictive models when
traditional workflows are insufficient.

o Facilitating continuous learning where the system adapts based on newly acquired data and

outcomes, using unsupervised learning to detect emerging patterns.
4.6 Implementation Considerations
Key considerations for successful realization include:

o Ensuring modularity for ease of maintenance, scalability, and integration of evolving Al models.

e Prioritizing user-centric design to ensure intuitive interaction with adaptive processes,
incorporating AI-powered assistance for better user experience.

e Incorporating robust security measures to safeguard sensitive case data, with AI models to detect
and respond to potential security threats.

o Establishing feedback loops and continuous training pipelines for AI models to improve the

accuracy and effectiveness of rules and planning strategies over time.

By leveraging modern Al achievements, the realization of an intellectual case management system
becomes feasible, offering enhanced flexibility, efficiency, and adaptability to complex, dynamic
business environments. This approach ensures the system remains future-proof and capable of handling

evolving challenges.

5 Conclusion

In the beginning we defined main problems, wich can be faced when developing and using case
management systems with standard schemes. Also we raised problems which are found when
implementing case management over workflow. Most natural and flexible way to solve this problems
is adding new component, intellectual module in the existing system architecture. After that, all non-
trivial business logic, validation, object generation and process flow control will be orchestra via this
module. This approach not abandons existing scheme, rather extends it, adds more flexibility and
configurability, removes existing problems and handles non-standard situations more naturally. As a
result, system users are concentrated on their main tasks rather than avoidance of limitations that are

set by existing solutions. Systems that are built on described architecture are successfully implemented
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in several government and private sector companies and successfully what reinforces our belief that

future development of case management systems is laying on intellectual modules.
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