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Introduction

Financial data analysis is challenging process, but it helps to evaluate
company's performance and form possible trends

The major source of data are company's annual reports, financial
statements, balance sheet and/or general ledger

This data, explaining company's processes, may be collected in different
ways by using different tools or information systems

According collected data the analyst can choose different type of analysis,
in example: summary data, development trend, data comparison,
composition, progress map and etc.

It depends on main financial analysis purpose and from data quality
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Introduction

Process mining as a bridge between process-centric approaches and
more data-centric approaches like data mining and machine learning

There are many process mining tools, technologies and applications
which can provide fact-based support process enrichments and
solutions

Business process mining is a quite new and increasing research field,

which concentrates on analysis of business processes by approaching
different data mining methods on event data
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Introduction

The idea of process cubes explains that events and process models
are organized using different dimensions

The process cube is very like the data cube — online analytical
processing (OLAP)

The process cube much like the data cube in which is applied in OLAP
systems

Each cell corresponds to a set of events and can be used to discover
a process model, to check conformance with consideration to some
process model
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Related Works

Process mining is specifically focused on analyzing historical data of process
implementation in the form of event logs

Many process mining technologies, tools, and applications can grant fact-based
support process improvements and solutions

Process mining is a technology that provides analysis of event logs extracted from
the enterprise's information system

Even though process mining has developed very quickly, it is pretty new to the
accounting domain, and there are some challenges of its usage in this field,
especially for fraud and anomaly detection as well for

Financial data analysis using PM technology is a challenging process, it helps:
to reveal the flow of the financial activities and their characteristics
to evaluate the validity of financial processes in the organization
to evaluate an organization’s performance

to reveal possible fraud in accounting records
E'! Kounas | ety | o
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Specification of the PM project

Specification of the PM project requires not only financial data
content awareness but also specific knowledge of the PM project
specification rules as well as PM tool environment.

Specification of PM project includes steps as follows:

Preparation of initial data for the PM task, creating an
event log

Identification of some data record attribute as Case ID
|dentification of Activity ID
|dentification of Timestamp

Assignment of some other data record attributes is as
resources or simple attributes
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Specification of the PM project

There are many PM tools, their environments are very different,
so it is too complicated for a financial specialist to use them
directly in formulating data analysis tasks

Previously we have presented a user-friendly approach to PM
technology implementation for financial data analysis using a
multi-dimensional space of financial data

Figure presents financial data space (FDS) dimensions and
their members, which can be covered with particular data from
General Ledger prepared for the analysis according to
transformation algorithms
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Specification of the PM project

A Dimension

Financial Statement categories B Dimension

Source Documents
al —FS Report

C Dimension
- bl - Doc-
a2 - Categoryl octype Joumnals or Sub-Ledgers
a3 —Category2 b2 — Doc-subtypel
E -Dimension

b3 — Doc-subtype2
a4 — Section-name —
§ b1 — Doc-sub 3 cl—Journal
Enterprise Types el —Enterprise type ee €2 —Sub-journall A A
b5 - Doc-subtyped ) T Dimension
e2 — E-subtypel €3 — Sub-journal2 .
e3 —E-subtype2 c4 —Sub-journal3 Time
t2 — Month
13 — Day /Weekday
t4— Day:H
t5 — Day:H:min:sec.
16 — Process/Project ay-rimin:sec
I5 — Department d4 —Subtype3
1 — Business unit d3—Subtyge2 b
- k3 — Subtype2 2 —Subtypel . .
13 —Region d1-Anomalytypes D Dimension
I2 - City k2 — Subtypel
I1- Country

Anomalies

L Dimension K Dimension
Location

Internal/External Changes

Financial Data Space
(FDS) dimensions and
dimension members

kaunas
Kaunas ktu university of
5\ Faculty L B

technology
1922
/745 N

12



Financial Data Cube Dimensions

Concepts:

Financial Accounting Object (FO) — any name of the file field
(data record field, i.e. the column name of the excel table),
except for time attributes

Dimension — a type of FO (cluster) that corresponds to an
aspect of financial accounting or performance management
practices

There can be several dimensions of FO, it depends on the
experts who provide the FO classification

Each dimension corresponds to one axis of the Space of
Financial Objects
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Financial Data Cube Dimensions

Concepts:

Dimensions consist of dimension members that specify the
hierarchical structure of the FO, i.e. identifies a more detailed
classification of the FO type

Dimension members are assigned attributes (identifiers) that
correspond to the data record fields (quantities, values or
codes) and they may vary regarding provided data

Members of different dimensions can form combinations if they
have at least one common attribute (identifier)
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A Dimension

B

C Dimension

< = - L Dimension E -Dimension T Dimension
Financial Dimension Journals or Sub- -
Statement S e Location Enterprise Types Time
categories Documents A
A A A A A
'\1- FSReport
= v bi-d 114 Country
& a2ilcategory T ¥2/ cl1 4 journal ) _,__,. t1{year
- \*./ a doc-sub-type , ndciy. P
/ 33 {sub-categoty ———»{ | E2fsubjournal < FEnterprise tyPe 12 Imonth
\ l b3 -{doc-subsub-type \ ) 13 Regon b
\ a4 - section-name ¢34 sub-subjournal B Do - Es ‘VT 134 day /weekday
o f b4 - doc-subsubsub-type S —— “"14 4 Business unit E-cub-sub
__/as -lsection <4+ FE-sub-sub-type 14 Hmin:sec.
15 4 Department J$ '
edr ... \A tS 4 pericd-
16 4 process/project , begning/ending
PM project 1:
. Combination of dimensions (A-B-C-L-E-T) ) ) ) )
P Dimensions can form combinations
P project 2 specifying a Process Mining project
Combination of dimensions (A-B-C-L-T)
CASE=
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Financial process mining aspects

The specification of Financial Process Mining tasks (projects) quite often has
fundamental differences from traditional Process Mining

Financial processes refer to the methods and procedures completed by the Office of
Finance

Since each finance department function has a list of finance business processes
involved, drawing up process maps can bring a clear understanding of the tasks and
people involved

Finance Process definition in terms of process mining technology: Finance process
is fixed as a set of finance data records in the company's database and can be
discovered, visualized and linked to static indicators using Process Mining (PM)
technology
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Basic concepts of Finance Process Mining

© Financial (accounting) object (FO) © Event

© Source data © Outcome of finance PM
© case © cCurrent problem

© case ID © Relevant

© Activity ID © Process Cube
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Financial Data Cube Dimensions

According a particular financial data a cube view defines which
dimensions are visible and which events are selected

In order to apply standard process mining techniques, it is
necessary to create an event log (to prepare financial data) for
every cell in the cube view

At any point in time it is possible generate an event log per cell
and compare the process mining results

To be able to apply process mining per cell, the classical
requirements need to be satisfied, i.e.:

events need to be (partially) ordered (e.g., based on some
timestamp)

one needs to select a case identifier to correlate events and an
event classifier to determine the activities
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Specification of the PM project
A — Dimension — Financial Statement (FS) categories: al-FS type (Report), a2-
CreditCategoryl, a3-CreditCategory2, a4-CreditCategory3, a5-SectionCode

B — Dimension — Source documents: b1-Doc-Type, b2-Doc-Subtypel, b3-Doc-subtype2,
b4-Doc-subtypes3, ...

C — Dimension — Journals or Sub-Ledgers: cl-Journal, c2-Sub-Journall, c3-Sub-
journal2, c4-Sub-journal3, ...

E — Dimension — Enterprise Types: el-Enterprise Type, e2-E-SubTypel, e3-E-
SubType2, e4-E-SubType3, ...

L — Dimension — Location: |1-Country, [2-City, I3-Region, [4-Business Unit, I5-
Department, 16-Process /Project, ...

T — Dimension — Time-Period: tl-Year, t2-Month, t3-Day / week day, t4-Day: Hour: min:
sec, t5-Hour: min: sec, t6-Period Beginning, t7-Period-Ending

D — Dimension — Anomalies: d1-Anomaly type, d2-subtypel, d3-subtype2, d4-subtype3,

K — Dimension — Changes: Internal / External Internal Changes (IC): ki1-types, k2-
subtypel, k3-subtype?2, ...; External Changes (EC): k1-types, k2-subtypel, k3-subtype2,
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Finance Object type:
-BS

- P&L

- Invoice Number

- AccountPayable

- lournalCode

- CreditorCode

Attributes:

Category 2

Category 3

InvoiceNumber

Financial Process

Finance Object type

Activity

Resource
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Case ID = StatementType +
JournalCode +

ActivitylD= SectionCode+
JournalEntryNumber

Resource ID = Category 1
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Timestamp = FinancialYear

Financial Process Mining (PM)
project specification (example)
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Operation |Classical OLAP operations Process Cube Operations Financial Process Cube

Slice

Dice

Operations
The Slice OLAP operations take one specific dimensionThe slice operation produces a/Given a Cube  where
from a cube given and represent a new sub-cube. Itjnew sub-cube view by allowing Dimensions = {(Case ID= FS
can create a new sub-cube by choosing one or morethe analyst to filter (pick)Categories), Time = Financial

dimensions. specific values for attributesYear), (Event ID =
Example: within one of the dimensions,JournalType)}
Slice (dimension = Location) for (dimension = TIME =while removing that dimensionSpecification of SLICE
(Year = 2020, Quarter = Q1)) from the visible part of theloperation:
cube. Slice: {Dim Country=SLICE on {FS Category (Case
(Netherlands)} type = (FS Category AND
Section)}

Dice (Select) emphasizes two or more dimensionsThe dice operation produces aGiven a Cube  where
from a cube given and suggests a new sub-cube, asisubcube by allowing the analyst Dimensions = {(Case ID= FS
well as Slice operation does. In order to locate a single to filter (pick) specific values for/Categories = (al, a5), Time
value for a cube, it includes adding values for eachjone of the dimensions. NoFinancial Year, (Event ID

dimension. dimensions are removed in thisJournalType)}

Example: case, but only the selected Specification of DICE
Given a Cube where Dimensions = {(Location = Cities), values operation:

Time = Quaternar-ies), (Products types = Items)} Dice: {Dim Country=DICE on {Document Type=
then (Netherlands); gran(Location)=/(doc-subtype3) AND Financial
Dice for (Location = ,Venice” or ,Florence”) and (City)} Period = (t3 — Financial Year)}

Time = Seasons =(,,Winter” or ,Spring”) and (Product
type = (Item = ,components” or ,clothining®)
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Operation |Classical OLAP operations Process Cube Operations [Financial Process Cube Operations
Drill Down|OLAP Drill-down is an operationThe roll up and drill down|Given a Cube, where Dimensions = {(Case ID= FS

(Roll
Down)

Drill Up
(Roll Up)

opposite to Drill-up. It is carried outoperations do not remove|Categories = ((Debit-Credit), Categorys3,
either by descending a conceptlany dimensions or filter any/Category2, Categoryl, Statement Type), Time =
hierarchy for a dimension or by addingvalues, but only change the/Financial Year, (Event ID = Source documents)}

a new dimension. It lets a user deploy|level of granularity of aSpecification of DRILL DOWN (ROLL DOWN)
highly detailed data from a less/specific dimension [p826]. |operation:

detailed cube. Example: Drill  down (Roll Down)DRIL DOWN on {FS Category (from Case type =
Given a Cube where Dimensions =|operation is intended to|(Debit— Credit)to Case type = Section)}.
{(Location = Cities), (Time = Seasons),show the same data withResults are sub-cube:

(Products = Product types)} then more detail (granularity). |Dimensions = {(Case ID= FS Categories = (Section
Drill Down on Dimension ={(Time) from code, Debit-Credit), Category3, Category2,
Seasons to Month)} Categoryl, Statement Type), Time = Financial

Year, (Event ID = Source documents)}
Summarize data: Climbing up hierarchy The roll up and drill down|Given a Cube, where Dimensions = {(Case ID= FS

or by dimension reduction in order tooperations do not remove/Categories = (Section code, Debit-Credit),
receive measures at a less detailedany dimensions or filter any Category3, Category2, Categoryl, Statement
granularity. values, but only change theType), Time = Financial Year, (Event ID = Source
Example: level of granularity of adocuments)}

Given a Cube where Dimensions =specific dimension [p826]. |Specification of ROLL UP (DRILL UP) operation:
{(Location = Cities), Time = Seasons), Roll Up (Drill Up) operation ROLL UP on {FS Category (from Case type =

(Products = Product types)} is intended to show theSection to Case type = (Debit — Credit))}.
then Drill Up on Dimension = (Locationsame data with less detail Results are sub-cube
= Country). (granularity).
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Step 1. Mapping of Finance Data Space dimensions to
the Process Cube dimensions

© Financial Process Cube dimensions in the example are
associated with the Financial Data Space dimensions as
follows:

© cCase type dimension is associated with the Financial
Statement Category (dimension A) and etc.

© Event class dimension is associated with the
Document Type (dimension B)

© Time window dimension is associated with the
Financial Period (dimension T)
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FS Categories

Step 2. Specification and visualization of the required
Finance Process Cube

Financial
Category Period:
Categoryl aQ
Category2 =s
Category3 ‘é . Qbo
Debit-Credit S & >
Section «\6{; <
O,
Zo . . .
l 5, The Financial Process Cube required
«——Fvent class———»; < - . . _
otio B g o by the user includes dimensions A =
3 2 0 9 g S documents
Egf z 22 C B=S D d
~i§ 5 §_§ ase type, B = Source Document an
S T P = _ . .
5E B B T = Time Window
A Dimension B Di J cDoi LDi E -Di T Dii
Categories Source Documents  Journals (Sub- Location Enterprise Types Time
Ledgers)
A A r'y 1+ ~ r'y
Az Repace aal aas <1 -Jjournal 1 § Country el -{Enterprise type 11 -fvear
22 - Categoryl b2 1 Doc-subtypel T POe— 12y T . = 1o a
saryesteeonz i e 3 {sub-journalz 13 { Region e3 Jesubtypez 3 -Joay Aveekday
a4 -] Section-name b4 1 Doc-subtype3 adsicisimis P i i veJoaye
S i B hamans e 15 ] Department tS = Day:H:min:sec.
16 4 Process/Project
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Step 3. Specification of Process Mining project

© We select Case ID, Activity ID, and Timestamp ID from existing cube
dimensions and their members. The example of PM project specification is
as follows:
© Dimension FS Category: Case ID: al — Category, a5 — Section Code;
© Dimension Document types: Activity ID: b3 — Doc-subtype3 (Invoice);
© Dimension TimeWindow: Timestamp: t3 — Financial Year.
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Step 4. Specification of project EventLog

© In this step, according to the project specification, the PM tool creates a
project EventLog from the existing data set (i.e. Initial Event), on the basis

B

[N R R TR R

=|2 n|e X|w S e

of which the PM process will be started:
© caselD =(CaselD1=StatementType AND CaselD2=SectionCode),

© ActivitylD = InvoiceNumber (i.e. doc-subtype3),

© Timestamp= FinancialYear.

A B C D E F G H | | J | K L | M | N | 4] P a RS T u
Casc Il | Activity |Resource  Complote Variant  Wariant indes Ledgerfce Carl Car2 Cat3 JournalCode | JournalNa Sysloumal FinancialM EntryDate EtfectiveDate |JournalEnt Debitdmon CreditAme DebrorCox CreditorCode
B5-ENv 13900001 | 2. Equity-2..  00:00.0 Variant 1 1 750 L. Couity 2.1 Cquity Cquity 90 Memaoriaa Memoriaa 1 20120101  2012-01-01 12500019 105 o
BS-ENV | 15900010 (2. Equity 2.7 00:00.0 Variant 1 1 750 2. Equity 2.1 Equity Equity 90 Memoriaa Mcmorioa 3 20150305 2015 03 05 15500010 40000 0
B5-EIV 15900011 |2, Equity-2..  00:00.0 Variant 1 1 50 2. Equity 2.1 Equity Equity 90 Memarias Mamarias 3 20150305 2015-03-05 15900011 40000 o
BS-EV | 165900002 (2, Equity 2.0 00:00.0 Variant 1 1 750 2, Equity 2.1 Equity Equity 90 Memaoriaa Memoriaa 12 20151231 201512 21 15900024 411 0
B5-ENV 165900001 (2. Equity-2..  00:00.0 Variant 1 1 750 2. Equity 2.1 Equity Equity 90 Memacriaa Memaoriaa 4 2016-05-12  2016-05-12| 1E200001 Bxs00 o
BS-ENV | 165000242, Equity-2..  00:00.0 Variant 1 1 730 2. Equity 2.1 Equity Equity 90 Memoriaa Memoriaa 12 20161231 2016-12-31 16500024 119 0
B5-EIV 17900013 | 2. Equity-2..  00:00.0 Variant 1 1 750 2. Equity 2.1 Equity Equity 90 Memaoriaa Memoriaa 1 201501-17  2017-01-17 Lr900013 45000 o
BSENV | 1730001412, Equity 2.0 00:00.0 Variant 1 i 730 2, Equity 2.1 Equity Equity 90 Memariaa Mcmoriaa 12 20171231 2017-12-31 17500014 1.34 0
B5-EIV 1BGO000M |3 Equity-2..  00:00.0 Variant 1 1 50 2 Equity 2.1 Equity Equity 90 Memoriaa Memaoriaa 13 W01E-12-31 2018-13-31 | 1BL00004 1.39 o
BS-EIV | 18500004 (2, Equity-2.  00:00,0 Variant 1 1 730 2, Equity 2.1 Equity Equity 90 Memaoriaa Memaoriaa 12 2018-12-31  2013-12-31 1E500004 G000 0
B5-EIV 19400005 (2. Equity-2..  00:00.0 Variant 1 1 /50 2. bquity 2.1 Equity Equity 90 Memacriaa Memaoriaa 1@ 201%-12-31  201%9-12-31) 15800005 sboon o
PEL-BED | 135000012, Equity-2..  00:00.0 Variant 2 2 5350 2. Equity 2.3 Operat Other ope) 90 Memaorias Memoriaa 1 2012-01-01  2012-01-01) 13500019 o 1.05
PEL-BED 20120011 |4, bquity-2.) 00000 variant 2 2 452 2 bquity 2.3 Operat Other opel 6l Inkoopbo Inkopen 1 2012-01-13 2012-01-13 0120014 24 o
P&L-BED 20120017 (2, Equity-2..  00:00,0 Yariant 2 2 5552 2, Equity 2.3 Operat Other ope) G Inkoepbot Inkapen 1 2012-01-13  2012-01-13 20120017 15 0
PRIL-BED 2obquity-2  OD:00.0 Variant 2 i h60 2 bquity 2.3 Operat Other opel 20 Habobank Kas/Bank/ 1 201-01-24 2012-01-24 010009 1483 o
P&L-BED | 20120003 (2, Equity-2..  00:00.0 Variant 2 2 5552 2. Equity 2.3 Operat Other ope) 60 Inkoephos Inkapen 2 2012-02-01  2012-02-01 20120003 122,E1 o
PRL-BED 20120016[2. Eouity-2.)  OU:DD.0 Variant 2 Fi 5352 2 bquity 2.3 Ogerat Uther opel 2 01-02-10 2012-02-100 20130016 15 o

An example of a project EventLog generated by the PM tool Disco
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Step 5. Specification of constraints for Vertical dimension
(Case type)

Case type (CaselD1 and CaselD2,..) can be associated with financial
process rules (constraints) defined through data record attributes and their
values.

These rules of the financial process make it possible to distinguish between
permissible and non-permissible transactions.

The rules of financial processes (constraints) are based on the expert
knowledge presented in natural language and then formally specified using
expression IF (conditions) THEN (Action) and decision tables.
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Step 6. Specification of constraints for Horizontal
dimension (Activity type)

© cConstraints for Horizontal dimension (= Activity type) members (ActivitylD =
doc-subtype3, ....) are based on the expert knowledge.

© The list of doc-subtype3 possible values:

© doc-subtype3 = (Invoice, Quote, Order, ...)

© Example of the Decision table for ActivitylD = doc-subtype3 when
Transaction type = (DebitSectionCode — CreditSectionCode):

© Decision table for ActivitylD = doc-subtype3
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Step 1. Executlon of Process Mining
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Architecture of large-scale data analysis system for anomaly
detection // Decomposition of BCl-based subsystem

Behavior Change Indicators
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" | Raw Data Set

Filterring of
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.

Raw Data Set

Absolute Rare
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Raw Data
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Correct BCI analysis Relative Rating of
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BCIs values
Dashboards:
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Benefits for the Auditor using the Proposed Solution Prototype (1)

© The list of required financial criteria (KPIs) is in the system (compiled

in advance):

Financiallncome_YTD
Taxes

Taxes YTD
GrossProfit
GrossProfit YTD
OperatingProfit
OperatingProfit_YTD

EBITDA
EBIT%
EBITDA_YTD
EBIT
EBIT_YTD
EBT
EBT_YTD

NetProfit
Inventory

NetProfit YTD
Gross Margin%
Gross Margin%_YTD

EBITDA%

EBITDA%_YTD

EBIT%_YTD
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NetMargin%
NetMargin%_YTD
ROA _YTD
ROE_YTD
Cash_Position
Cash_Ratio
Working_Capital
Current_Ratio

Acid_Test
Debt/Equity Ratio
Debt/Assets Ratio
OPEX%
Intangible_Fixed_
Asset_Ratio

AR

AP



Benefits for the Auditor using Proposed Solution (2)

© The system provides a list of process templates for the KPI calculation.

© Altman ZScore Calculation Process

B $ | racuity
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Benefits for the Auditor using the Proposed Solution (3)

Auditor has possibility to create new analysis process templates using
Camunda modeler (including pre-prepared criteria, templates or processes
according their needs avoiding (or having minimal) developer's support)

User friendly interface of Financial Analysis KPIl's specification and
modification proposed in provided solution

Behaviour Change Indicators (BCIl) for anomaly detection are provided
and can be implemented by auditor himself by demand
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Z SCORE robustness BCI-RO calculation:
prototype using EXCEL

Altman's Z-Score Model

@ The aim of calculations: evaluation of the Company state and

istress Zonge Safe Zone
trends using Z Score and BCI indicators |
Z = 0.717(X1) + 0.847(X2) + 3.107(X3) + 0.420(X4) + 0.998(X5)
FinancialYe | Financial Distress Grey Safe
X X4
- ar Period . e - e Eanars Zone Zone Zone

DB1_767-1 2012 1 0.30 0.03 0.04 0.23 0.27| 0.75 |Distress

DB1_767-1 2012 2 0.34 0.04 0.04 0.28 0.26] 0.79 |Distress

DB1 _767-1 2012 3 0.38 0.07 0.07 0.36 0.29 1.00 |Distress

DB1_767-1 2012 B 0.40 0.05 0.05 0.41 0.25| 0.91 |Distress

DB1_767-1 2012 5 0.47 0.02 0.02 0.53 0.21] 0.86 |Distress

DB1_767-1 2012 6 0.58 0.17 0.14 0.89 0.29 1.65 |Distress

DB1_767-1 2012 7 0.59 0.07 0.10 0.96 0.25 1.46 |Distress

DB1_767-1 2012 8 0.55 -0.03 -0.01 0.80 0.17| 0.85 |Distress

6 DB1_767-1 2014 10 0.90 0.07 0.07 4.29 0.13 285 Grey

7 DB1_767-1 2014 11 0.90 0.05 0.05 4.28 011 274 Grey

8 DB1_767-1 2014 12 0.91 0.07 0.06 4.73 0.13 3.03 Safe

9 DB1_767-1 2015 1 0.92 0.02 0.03 5.06 0.08 297 Grey

0 DB1_767-1 2015 2 0.9 0.04 0.04 4.88 009 294 Grey

1 DB1_767-1 2015 3 0.91 0.02 0.03 4.96 0.08 292 Grey

2 DB1_767-1 2015 - 0.91 0.04 0.03 5.01 0.08 298 Grey

3 DB1_767-1 2015 5 0.92 0.04 0.03 5.26 0.08 3.08 Safe

4 DB1_767-1 2015 6 0.92 0.03 0.03 5.61 007 321 Safe

5 DB1_767-1 2015 7 0.93 0.04 0.04 6.01 009 344 Safe

6 DB1_767-1 2015 8 0.92 0.03 0.04 5.76 0.08 3.29 Safe

™| N



The main steps of Financial Analysis Process

Select Business .
. . Execute Business
Yes- Rules for Financial Generate Results
. Rules
Data Analysis

Does the
required set of

Select Company and rules exist in the

Data Set Camunda
Business Rules
Repository?

JAY
I
I
I

JAY
I
I
I

Create Business
Rules for Financial CAMUNDA
Data Analysis Using Business Rules
Camunda Modeler

AIFA Database
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Front End: Ul of propose Solution Prototype

Auditor

Business Rules and Decision

Management System
I I

| |
[ Company| D/Name/Data Set4>|

alt

Does the required set of rules exist in the Camunda Business Rules Repository?

Yes

| |
|—Se|ect Business Rules for Financial Data Analysis—}l

I I
—Create New Business Rules for Financial Data Analysis—h
| |

[ Execute Selected Rules/ Proce554>|

|
| Excecution
I I
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Kaunas kt u university of
chulty technology




Interaction Flows Among System‘s Components

. Camunda Business Rules Applications AIFA
Auditor . Tableu
Engine Server Database
T I T T T
[ [ [ [ [
———Company ID/Name/Data Set4>| | | |
| [ [ [ [
ﬁ ——————— List of Busines Rules— — — — — — — T | | |
| | |
alt [ [ [
Does the required set of rules exist in the Camunda Business Rules Repository? | | |
T T | | |
ves | I I I I
| | | | |
| | | | |
|—Select Business Rules for Financial Data Analysis—>| | | |
| | | | |
| | | | |
[ | [ [ [
- -] - - - - """ """ """ 7"7"7"”"7"—~ T~ 77 | | |
No [ [ [ [
—Create New Business Rules for Financial Data Analysis—h | | |
| | | | |
| | | | |
| | | | |
t t | | |
| | | | |
—Execute Selected Rules/ Proce554>| | | |
| | | | |
I —Quey—————P I I
| | | [ |
—-———————- Results — — — — — — — — — 9 T Query ]
| | | | |
| | < —-————-- Answer- — — — — — |
| | | | |
| | K | |
| | Executing | |
| | ! [
| | I |\c>ullta h
I Report Request T » |
| | | T—CQuery—Pp
[ g, | &—Answer——
| Saps | s kaunas | | |
€-=-227—-%=——-z-—-% Report/ Results Visualisation'* — — et Hasef —— — ——— — + |
| 3 —

%
% &
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Create Business Rules for Financial Data Analysis Report Using
Camunda Modeler

EvaluateZScore \ Hit Policy: First

v
When And Then
ZScore ZScore © ZScore Evaluation @ Annotations
double double string

1(<=18 - "Distress"

21>18 <=3 "Grey"

3 (>3 - "Green"

+

Eun R | wpen wvenview
KPI_Data_Validation = HitPolicy: First v
And And And And And And Then
Total_Equity <> Total_Liabilities Total_Assets Fixed Assets Current Assets Non-current liabil... | Current liabilities @ DataRemarks (+]
double double double double double double double string
11>0 >0 >0 >=0 >=0 >=0 >=0 "Good_Data"
2 |<=0 S - "Total_Equity_Negative"
B <=0 "Total_Liabilities_Negative"
4 |- <=0 "Total_Assets_Negative"
5 |- <0 "Fixed Assets_Negative"
6 |- <0 "Current Assets_Negative"
"Non-current

4 k1 liabilities_Negative"
8 |- <0 "Current liabilities_Negative"
*




Results Sample

[J Ready

#® O Type here to search

INS

7C A OBz W@

ENG
us

12:42 PM
11/12/2021

5 SQLQuerylsql - 10.1249.144 AIFA Dev (LiutaurasZioba (53))* - Microsoft SQL Server Studio (Admini ) Quick Laurich (Ctrl+Q) P- B X
File Edit View Query Project Tools Window Help
©-0|B-u ARl Brwaey BRIRR K TA|? - -[B] |5 eos0 Q=P 1=
“§ | AIFA_Dev - | b Execte | |3
(ovecopoe o x ErE e |
Comect~ § F 5 T & jo= e e +
-
= ® 10.124.9.144 (SQL Server 15.0.4043.16 - A —_
[= ¥ Databases =ISELECT [ID]
[ ¥ System Databases ,[ProcessID]
[ 11 Database Snapshots ,[InstanceID]
W@ AIFA_Demo ,[LabelTask]
= @ AIFA_Dev , [LabelTag]
[ ¥ Database Diagrams .[LabelvValuel v
Tables 9% ~|4 »
System Tables B Results 2 Messages
FileTables D i ProcessiD InstancelD LabelTask LabelTag LabelValue LabelType N
External Tables 153 DB1_1017-320124 Process_Ohptwbi:1:b3d5f0f0-3a80-11ec-8e1a-0242ac...  f418e5fc-3a80-11ec-821a-0242ac110002  ZScore  ZScore_evaluation Distress string
Graph Tables 154 DB1_1017-320125 Process_Ohptwbi:1:b3d5f0f0-3a80-11ec-8e1a-0242ac...  f49c1fe6-3a80-11ec-8e1a-0242ac110002  ZScore  DataRemarks Good_Data string
B2 dbo.AccOpenningBalance 155 DB1_1017-320125 Process_Ohptwbi:1:b3d5f0f0-3a80-11ec-8e1a-0242ac...  f49c1fe6-3a80-11ec-8e1a-0242ac110002 ZScore  ZScore 1.6636476690951763  double
& B dbo.CamundaEvaluationlak: 156 DB1_1017-320125 Process_Ohptwbi:1:b3d5f0f0-3a80-11ec-8e1a-0242ac...  f49c1fe-3a80-11ec-8e1a-0242ac110002  ZScore  ZScore_evaluation Distress string
157 DB1_1017-320126 Process_Ohptwbi:1:b3d5f0f0-3a80-11ec-8e1a-0242ac...  f528f6c0-3a80-11ec-8e1a-0242ac110002  ZScore  DataRemarks Good_Data string
FdbocasaDERTID < 158 DB1_1017-320126 Process_Ohptwbi:1:b3d5f00-3a80-11ec-8e1a-0242ac...  f528f6c0-3a80-11ec-8e1a-0242ac110002  ZScore  ZScore 1.9168733251099723  double
& dbo.CommentsMapping 159 DB1_1017-320126 Process_Ohptwbi:1:b3d510f0-3a80-11ec-8e1a-0242ac...  f528f6c0-3a80-11ec-8e1a-0242ac110002 ZScore  ZScore_evaluation Grey striing
B dbo.config 160 DB1_1017-3.20127 Process_Ohptwbi: 1:b3d5f0f0-3a80-11ec-8e1a-0242ac...  f5397183-3380-11ec-8e1a-0242ac110002 ZScore  DataRemarks Good_Data string
B dbo.GLTrailDescr 161 DB1_1017-320127 Process_Ohptwbi:1:b3d5f0f0-3a80-11ec-8e1a-0242ac...  f5a0718a-3a80-11ec-8¢1a-0242ac110002 ZScore  ZScore 1.9151061789531703  double
B dbo.GLTrailDescr LT 162 DB1.1017-32012.7 Process_Ohptwbi: 1:b3d5f0f0-3a80-11ec-8e1a-0242ac...  5a39718a-3a80-11ec-8e1a-0242ac110002  Z Score ZScore_evaluation  Grey string.
8 dbo.GraphData 163 DB1_1017-320128 Process_Ohptwbi:1:b3d5f0f0-3a80-11ec-8e1a-0242ac...  f62c5c54-3a80-11ec-8e1a-0242ac110002  ZScore  DataRemarks Good_Data striing
BB dbo.GraphData_before_202 164 DB1_1017-320128 Process_Ohptwbi1:b3d5f00-3a80-11ec-8e1a-0242ac...  f62c5¢54-3a80-11ec-8¢1a-0242ac110002  ZScore  ZScore 1.8227614165048966 ~ double
B2 dbo.JournalEntry._full 165 DB1_1017-32012:8 Process_Ohptwbi:1:b3d5f0f0-3a80-11ec-8e1a-0242ac...  f62c5c54-3a80-11ec-8e1a-0242ac110002 ZScore  ZScore_evaluation  Grey string
B9 dboJournalEntry_full_ekspel 166 DB1_1017-320129 Process_Ohptwbi:1:b3d5f00-3a80-11ec-8e1a-0242ac...  f6b90c1e-3a80-11ec-8e1a-0242ac110002 ZScore  DataRemarks Good_Data string
B2 dboPls 167 DB1_1017-320128 Process_Ohptwbi:1:b3d5f0f0-3a80-11ec-8e1a-0242ac...  f6b90cle-3a80-11ec-8e1a-0242ac110002 ZScore  ZScore 2.208021388074153  double
& dbo.LedgerAccount 168 DB1_1017-320129 Process_Ohptwbi:1:b3d5f0f0-3a80-11ec-8e1a-0242ac...  f6b90c1e-3a80-11ec-8e1a-0242ac110002 ZScore  ZScore_evaluation  Grey string
169 DB1_1017-32012.10 Process_Ohptwbi:1:b3d5f0f0-3a80-11ec-8e1a-0242ac...  f763cb38-3a80-11ec-8e1a-0242ac110002 ZScore  DataRemarks Good_Data string
B2 dboldg 170 DB1_1017-32012.10 Process_Ohptwbi1:b3d5f00-3a80-11ec-8¢1a-0242ac...  f763cb38-3a80-11ec-8e1a-0242ac110002  ZScore  ZScore 2.075905589433908  double
i B dbo.Operations_data 171 DB1_1017-3.2012.10 Process_Ohptwbi:1:b3d50f0-3a80-11ec-8e1a-0242ac..  f763cb38-3a80-11ec-8e1a-0242ac110002 ZScore  ZScore_evaluation Grey string
B dbo.ParametersConfig 172 DB1_1017-3201211 Process_Ohptwbi:1:b3d5f0f0-3a80-11ec-8e1a-0242ac..  f8151a02-3a80-11ec-8e1a-0242ac110002 ZScore  DataRemarks Good_Data string
@ B8 dbo.R_Graph_Edges 173 DB1_1017-32012.11 Process_Ohptwbi:1:b3d5f0f0-3a80-11ec-8e1a-0242ac...  f8151a02-3a80-11ec-8¢1a-0242ac110002 ZScore  ZScore 2.11634968640265  double
& B8 dbo.R_Graph_Edges_panta 174 DB1_1017-3201211 Process_Ohptwbi:1:b3d5f0f0-3a80-11ec-8e1a-0242ac...  f8151a02-3a80-11ec-861a-0242ac110002  ZScore  ZScore_evaluation  Grey string
# BB dbo.R_Graph_Nodes 175 DB1_1017-32012.12 Process_Ohptwbi:1:b3d50f0-3a80-11ec-8e1a-0242ac...  f88ce23c-3a80-11ec-8e1a-0242ac110002  ZScore  DataRemarks Good_Data string
B dbo.R_Graph_Nodes_panta 176 DB1_1017-32012.12 Process_Ohptwbi:1:b3d5f00-3a80-11ec-8e1a-0242ac...  f88ce23c-3a80-11ec-8e1a-0242ac110002  ZScore  ZScore 2.235686211996016  double
% B dbo.RGS DB1_1017-32012.12 Process_Ohptwbi:1:b3d5f0f0-3a80-11ec-8e1a-0242ac...  f88ce23c-3a80-11ec-8e1a-0242ac110002 ZScore  ZScore_evaluation  Grey string
B8 dbostraipsnis 20210311 DB1_1017-32013.1 Process_Ohptwbi:1:b3d5f00-3a80-11ec-8e1a-0242ac...  f9157356-3a80-11ec-861a-0242ac110002  ZScore  DataRemarks Good_Data string
) DB1_1017-32013.1 Process_Ohptwbi:1:b3d50f0-3a80-11ec-8e1a-0242ac...  f9157356-3a80-11ec-8¢1a-0242ac110002 ZScore  ZScore 1.9696197578555708  double v
# B8 dbo.TransformedData v
< > @ Query executed successfully. 10.124.9.144 (15.0 RTM)  LiutaurasZioba (53) AIFA_Dev ' 00:00:02 = 13,819 rows
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Altman ZScore Calculation Process

Altman Z score evalutation 20211031 bpmn X Camunda Demo procesas Altmanui 20211031 bpmn X Camunda Demo procesas Altmanui 20210925 bpmn X ProcessAllAifaData 20211031 bpmn X

+
—— Al
"N [T

: OO0
© ! .® __{/

Get Initial Get Data from Calculate Calculate

O <> Parameters DB Altman score Average ZScore ,(, ' \
I
D E] Got Data? v
[I:I r"'\
.
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Altman ZScore Calculation Process

5 Data Ox?

= Py
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Edit DRD

Check Data (Decission Table)

Open Overview

KPI_Data_Validation  HitPolicy: Firs

Total _Equity “l

double

>

And

Total_Liabilities

double

And

Total_Assets

double

And

Fixed Assets

double

Current Assets

double

And

Non-current liabil...

double

And

Current liabilities @

double

Then
DataRemarks [+]

string

>0

>0

>=0

>=0

>=0

"Good_Data"

<=0

"Total_Equity_Negative"

<=0

"Total_Liabilities_Negative"

"Total_Assets_Negative"

"Fixed Assets_Negative"

DO B IWIN| -

"Current Assets_Negative"

~

"Non-current
liabilities_Negative"

"Current liabilities_Negative"
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Evaluate Z Score (Decission Table)

EditDRD  Open Overview

KPI_Data_Validation = HitPolicy: First v
And And And And And And Then
Total_Equity <> Total_Liabilities Total_Assets Fixed Assets Current Assets Non-current liabil... | Current liabilities @ DataRemarks (+]
double double double double double double double string
1 >0 >0 >0 >=0 >=0 >=0 >=0 "Good_Data"
2 <=0 5 - - - - - "Total_Equity_Negative"
gz <=0 5 = = - - "Total_Liabilities_Negative"
4 |- . <=0 = - - - "Total_Assets_Negative"
5 |- = & <0 = & - "Fixed Assets_Negative"
6 |- = = o <0 - - "Current Assets_Negative"
"Non-current
7\ - - a - <0 D liabilities_Negative"
8 |- - - - - - <0 "Current liabilities_Negative"
g » 3 =
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Conclusions

@Process mining aims to discover, monitor and improve real processes by extracting
knowledge from event logs readily available in today's information systems

@ Process mining gathers data from these event logs taken from a business’s systems or a
data warehouse

@ The minimum data requirements needed to map a process are the activity name, a unigue
case ID, and a timestamp for each case

@ The event log in this kind of PM project is some list of the meta-events indicating allowed
transitions between financial transaction entities (journal types, document types, account
names, etc.), i.e., this meta-event-log

@ PM technology allows you to discover two types of visual models: dependency models (and
statistical characteristics) of financial process entities and workflow models and its
characteristics of financial process entities
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Conclusions

@ It is necessary to emphasize that the aim of PM project was to discover the pattern of the
financial transaction (meta-model) based on the meta-event log comprising summarized
expert knowledge

@ The peculiarity of such a PM task is that the timestamp value in this summary event log line
Is symbolic, it does not indicate real time, it is conditional time, indicates only permitted
logical sequence of financial transactions

@When discovering financial transaction meta-models (patterns), it became clear that
standard PM tools provide redundant information

@ From the obtained results, it can be seen that GL and Inventory Ledger are repeated
several times in the Activity column, so the expert himself has to summarize

@ Such a case shows the possible improvements of PM tools, applying the process pattern
discovery based on the knowledge recorded in the meta-event-log

@The normative meta-model of financial transaction could be further used as a pattern in
analyzing validity of financial data records, detecting anomalies in financial transactions
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