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AUTOMATIZATION OF COMPUTER BUSINESS GAME AUTOMATON MODEL
CONSTRUCTION

Olga Vikentyeva, Alexander Deryabin, Dmitrij Kozhevnikov, Lidiia She stakova

Abstract This paper suggests an aporoach, which enables automatization of computerbusiiess game
aufomaton model construclion. The processes of businass game design and conduction occur within
the Compefence-based Busmness Game Studn source environment. This fact provides $1e uniersalily
of the domahn. Separafion of information sysfem hifo operaling and aufomaton models causes confrol
logic fo be concentrated within the aufomaton model. Due fo this fact the confrol obect foperatng
madall is fo have wnsophisticated behavir ccaping commands fram te aufomafon and fhen
executfg stafed commands. This paper verifias the need for aufomaton model, pravidas analysis of
requirements and describes $he desgn of corresponding program modwe (Blerachive visual model
edidor] of e Competfence-based Business Game Shidio source environment. This module is used fo

constudf and edif busing ss procass modals nlaraciialy durng fhe sfage of busness game design,

Heywords: compefencies, aclive leamng mebhods, business-game, bushess-process, conir

aufomal, operatng automat, bushess procass modeling.

ACKM Classification Keywords: #.3 COMPUTERS AND EOUCATION: K32 Compufer and
Information Soence Educafion — Information systems educafon. 12 ARTIFIGIAL INTELLIGENGE:
124 Applications and Exper Sysfems - Games.

Conference topic: Technology+ soffafed Leaming m Comolex Doman s,

Introduction

Blucational technologies in professional sphere tend to leverage increasingly high nurber of active
training methods. Cne of the most wide-soread methods is represented by busness games (BG). A
computer business game (CBG) differs from the conventional one by a considerably lower time
required for training, as well as a significantly higher nurrber of business simulations. Currently, CBGs
are wastly ernployed in corporate training, higher and secondary education due to their ability to
simulate real business cases and help huilding approaches to address professional problems. The

relevance of this research is evidenced by nurmerous publications of hoth Russian and foreign authors
[Biggs, 1930], [Draganidis, 2006], [Girew, 2010], Mikertjeva, 2013], [Bazhenow, 2014).
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A the rmorment the market of cornputer business garmes is represented by a large variety of software
titles, Sirnul Train being armangst the most known and sophisticated, for exarnple.

Corrrnonly, a comrputer business garme is irmited to a cerain dormain (project management, marketing,
general rmanagement, financing, etc.), thus, making t highly specific. This paper suggest an approach,
that enables designing and conducting business games hased on the business processes of an
organization, which makes the husiness game universal in regard to the domain. A formalized
description of busness game dormain is acguired with the help of consecutive transforrmation of

business processes rmodels, which makes the autornatization of business game design possible.

A project called "Corrpetence-hased Business Game Studic” (CBGE) [Wikentjewa, 2013] has been
intiated to implemernt the madel of pradudion and management activty. This praject is composed of
several intertwined subsysterns (including design subsystern) and serves the purpase of creating and

assessing comrpetences through business garmes, built in real business processes,

The design subsystern consists of many modules, including the ane that automates the transformation
of husiness process models into husiness garme scenarios. This paper considers design and

developrnent of such pragram module.

Leveraging automaton model during business game design

Thus far many of the mathermatical madels related to autornaton prograrmming have found successful
implermentations across different dommains, These models may vary in details but still have ruch in

COMmIFmamn.

Autorraton rmodels owe their diversty to the broad wariety of implermentation dornains. The latter
include mathermatical linguistics, logic contral, hurman behavior simulation, communication pratocols,

formal language, cormputakility and cormputational cormplexity thearies.

t is & common practice to diginguish control devices and control subjects. Following this concept, the

systern may be divided inta fallowing parts:

- contral part (control system) is responsible for hehavior logic: transtion to the new state of the

systern, choice of adionsto be executed (which depends on current state and incoming signals);

- controlled part (contral subject) is responsible for execution of adions, deterrmined by control

systern, and, possibly, for the creation of cerdain incoming signals for cortrol part feedhack).

Therefare, the logic of systern behavior is concentrated in the cortral autormaton. Gontrol subject is
charaderized by unsophisticated behawvior, i.e. it does not process input signals from the outer
endronmmert, rather it merely receives cormmands frarn the contral autarmaton. Each cornrmand stands

for one and only adion of the subject [Folikarpova, 200%].
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Autornaton rodel is described with the use of algorithm logic scherre language BALS). A sequence of

operators written down inthe language of ALS implernents and algarithm of husiness game cortral.

ALS expression may be represented as following: L={H, A, F, w, 1, |, K}, where A — algorthrn start
operator, K- algorithm finish operator, & - conditional transition, A - controlling action, w -
unconditional transition, 1 - tranation start, | —transition end.

Each operator of the ALS expression implies a commmand, interpretabile by the automaton madule for
instance, transtion fram one state of the business game to anaother, or conveying control signals from

the operating rmodel).

Futarmatization scheme of the autornaton model acquistion may be seen on Fig. 1.

Aramaton Model
Reslzn Automation

Ui fled Buslness-
Process

- Unifled Tralning
BusIness-Process

¥

ALS Expression

-1 mMapofoperatlors

Controlling

Declslo r-wakl ng Actlon

Folnt Operaton
Fara maters J

Yy,

Operatlonal Model

Figure 1. Autornatization scherre of the autornaton rodel acquistion
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Input data for the model is represented by poorly-formalized data sources (graphical business process
rodels, text descriptions, requlative docurnentation, ete). During system analysis of the dornain real
business process model is trandormed into unified business process model (UEF). The latter is
comparatively mare generalized, due to the fact, that process of LBP construction disregards husiness
operations, specfic only to certain companies. The correctness of the models is ensured by complianc

with regulative documentation and industry standard business process models.

Unified business process rmay happen to be considerably sophisticated and include conditional and
repetitive business operations besides sequential operations. To conwvert such rmodel into sequential
representation all the cylic and conditional structures are suggested to be replaced with generalized

blocks. Each of these hlocks receives a separate Map of Operations of training UBP.

Unffied business process requires ta be trandarmed inta unified training business process. This is

needed to implement additional changes to the onginal UBFP moadel, related to the process of

cormpetence establishrrent on the trainee’s side.

Unified training husiness process desoription consists of three metamadels:

- Map of Operations (MO) represents a tree-like structure with all the possible sequences of husiness
operations;

- Operation contains  information  about operation’s parameters  (inputs, outputs, controlling
information, regulations, mechanisms, time limits, costs, etc);

- Decigon-Meking Poirt (DMP) implernents interaction with the player by enahling the latter to choose
which operation should be perfarmed nesxt.

When the user makes a decision &t this point, the systern perfarms an operation and proceeds to the

state, whenthe user isto choose next operation once again. The armount of possible BG states s finite,

due to the fact that repetitive states are not allowed. |.e. once an operation is performed, t becomes

unawailable for the user to repeat it.

The task of DMP nurrber minirmization is solved by busness process decormposition. This enables

breakdown of Mep of Operations into cormplernenting parts, which cortain relatively srmall amourt of

Dedsion-Making Points. Therefore, the autormaton model of the business game is gaing to he

represented as a et of strings that store the algorithms of business game control in the farm of ALS

EHIrESSIONS.

The need for BG autormaton rmodel construction autornatization is caused by following factors:

- Buginess game design leverages rmultimodel representation of business processes [Wikentjeva,
2015].
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Unified business process may happen to be fairly sophigicated, perplexing the derved models and

impeding rranual business garme design,

All the rnodels are wellforrmalized , raking the transtion to autorrated process possible.

Thus, a conternporary CASE tool needs to be developed, allowing user to irteractively build and edit

UTEF models in realirme during husiness garme design (nteractive visual rodel editor),

Interactive Visual Model Editor Requirements Analysis

The process of business game design is considerad in [Vikentjeva, 2015). Analysis of TO BE model has

enahled farrulating a lig of functional specifications. Ascording to the latter the editors purpose is to

provide transforrmation of UBP description into avtormaton model represented inthe form of ALS.

Interactive visual model editor isto provide BG designer with follawing functionality;

UEBF rmodel creation, utilizing a st of elements, defined in previously developed notation.

UEBP rmodel creation ocours via "drag & drop” technigue, or wia selecting an elernent from the contest

renu, called by right dicking on the work area.

Each elermert of the notation has a set of editable attributes.

Resources af an operation can be set and rodified on a separate work soreen for operating model
editing.

Generated rmodel complies with syrtadic rules of the notation.

MWiadels can be rodified, saved and loaded .

oyrtactically cored LJBP model enables generation of UTBF madel and grants access to ap of

Operations metarnodel.

Generated UTEBP rodels can be modified, saved and loaded.
Decigion-MhE king Poirt elernent can be edited.

UTEF rmaodel is complying with the syntactic rules,

syntactically correct UTBEP rnodel enables generation of ALS expressions.
ALS expressions can be modified, saved and loadead.

(Generated ALS exprassions are syntactically correct.

Fundional specfication formulated above hawe enabled Use Gasze Diagram (Fig. 27 to be built as wel

as description of use cases and Activty Diagrams (Fig. 3110 he provided.
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Figure 3. UEF bdel Interaction Adtivity Diagram
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Interaction with the UBP rnodels begins with displaying a screen for maodel editing. Four rmgjor areas of

this screen may be distinguished:

- Man Work Araa. Serves the purpose of UBP rmodel construction and display.

- Toolbar Area. Cortains a set of main tools for rmodel editing.

— Elemenf Panget Areg. Hods a set of UBP reetamodel elermerts, which are wsed for rodel
construction.

- Element Affributes Fanal Area. Displays and enables editing of selected element’s attnbutes.

After the screen has been displayed, user may proceed construding or modifying the model by adding

notation’s elements from the Berment Panel.

Wbdification of the Cperation elerment happens on a separate work screen. This is stipulated by the fact

that Cperation elerment possesses a considerable amount of attributes that reguire to he displayed on

the screen. Thus, the stated operation of modification was decided to be carried out on a separate

SCEEM.

Wbdfication of the rermaining elernents does not require addtional screens, rather the Attribute Fanelis

leveraged. The latter is displayed only when an elerment is in user's focus, once the focus is lost the

panel is hidden away.

The user may werity the syntactic corectness of built rmadel at any moment of time. I the verffication is

successful, the user is given an option to generate the UTBP model from the cument UBFP model.

Agorthem of UTBP rodel generation may be found in [Vikertjewva, 2014].

The user is also able to save his current model or load a previously built ane.

The process of UTEP rmodel construdion is very much identical to that one of the UBP madel. A speaal
soreen for UTBP models is displayed, which contains the same areas: Work Area, Toolbar, Element
Panel, and Attribute Panel.

The user madifies the UTEP rmadel in the Work Area using the same Toolbar and respective Panels.

When an element is selected, his attributes are displayed in the Attribute Panel. Operation element
rodification happens similarly to LIBP madel. Modfication of DMP elerment is also carried out on a
separate screen for the purpose of mairtaining readabilty and convenience of the rmodel.

The user may verify the syntactic corectness of built model at any moment of time. I the verffication is

successful, the user is given an option to generate the ALS expression from the current UTBP rmodel.

The user is also able to save his current model or load a previously buit one.
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Interaction with ALS also occwrs on an individual screen, which consists of Work Area and Toolbar
Fanel. The user can modify ALS, then save, or load ancther expression. The syntadic corredness of

an ALS can also be verified .

Interactive Visual Model Editor Design

The analysis of requirernents has shown that specific functions of rmodel constructions (UTBP
generation, DMP modffication, ALS generation, resource modification of an operation, etc.) should be
implemerted as well as sarme of the generic functions of wisual editors: elerrent rendering and focusing,
elernent alignment, layering, deletion, dragging etc. Due to this fact, it was decided to prepare a
prototype using a prermade editor with open source code and cormplete it with necessary changes and
additions. Below are listed the prototype requirernents:

- Open source code (the code must he enhancedto meetthe CBGS requirernents);

- Edior should focus in diagram creation the editor is to he used for busness process model
creation];

— Editor should be written in G# (this i the main prograrmming language of the dewvelopment);

- Gererated madels (diagrams) should be XhL-exportable.

“WPF Diagram Designer” has been selected as an editor prototype. This editor provides the necessary

generic fundionality and uses WPFtechnology. Designer's license permits source code modification

and use in own applications. Moreower, according to the license, if the proportion of own code

outweighs the propotion of source code, the application is allowed to be used for comrmeraal

UM OSEs.

t is generally wiable to use architectural patterns (design patterns) during the process of application
development. Ohjed-orierted pattems commoanly provide a concept of classes and their interactions
with each other [Garnma, 2001].

WY W pattern was considered to be feasible for editor developrent, since the specificity of the |atter

implies a direct linkage between data model and data representation.

W I (Wb del - Yiew - Yiew model) congsts of three elerments:

- Model - reflect application’s business logic;

- Miew —wisualizes data rmodel;

- Wiew rmodel —is a view abstraction, alters the view upan suffering any changes.

Windoms Presentation Foundation WPF) is believed to be the mast popular technology that supports
WY W [Gossman, 2005]. Itis also used as a basis for the considered editor.
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WPF can be successfully implemented when constructing both autonomous desktop applications and

web-based browser applications.

The basic editor is quite limited in terms of required functionality, supporting only generic operations.
Thus alterations to hasic classes as well as cormpletely new classes will he required for application

dewvelaprnent.
Below are given the lirmtations of basic "WPF Diagram Designer”:

- Naturally, the required layer of business logic is completely missing (elements and attributes of

developed notation are not implernerted);

- Datahase interface is not present (mechanisms of database uploading and downloading for both

data model and visual representations) must be implermented;
- Hlernent’s attributes cannot be edited;

- Metarnodel transitions are not irmplerrerted {he user should be able to edt, generate and awitch

between relevant models).
Thus the graphical user interface of the editor should undergo following changes (Fig. 4
Add databass irteraction dialogues;

Develop set=s of elements for each of the models;

Add buttons for UTBP and ALS generation;

Irplerment Attribute Panel.

Databass Py | i - ¥a ) —
Interaction  ~77TTTTF L U ’ - " ! Buttam far
Dialagues gt - 74 a2 1 ST e UTBP and ALS
i = neratixn

Tabs far _
Il =ta ma-dels SooTIITToIIDooiTooos o

Setof [lemants h : |
far Each : ! !
Matamadel of ' I i
M atatian

| Attribut= Pan=|
{famann @fthe Facus=d

{5 lacimd)
{ El=ment

Figure 4. Changes to the Basic GUI
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Thiz screen stencil has been used during the developrment of own visual model editor. Taking stated

reguirernerts into account, the GUI of the editor has received the following form (Fig. 51,

Figure 5. izual MWodel Editor GLU|

Fig. & shows Class Diagrarn of the editor. The diagram containg unattered hasic classes, modified and
completely new classes.

Each class of the model corresponds ta an element of the notation. All data model classes are inherited
from the parent class Baselogic. This has been done in order to implerment cormmon methods of
attrbute displaying.

Clazs Windowi contains XANL markup of the editor, accompanied by the resource and style
dictionaries. This dass is required for data rodel visualization and, basically, implements GUI of the
application. | also hosts linkages to wiew rmodel and data model. XARL markup implements the

previousy described screen stendl. Window 1 is one of the hasic dasses, which helongs to the original

assembly of the editor. The XAML markup was changed durng the developrmert, own dye and

resource dictionaries were irmplernented as well,

Clazs App is inherited from the gtandard dass Application, it implements enurmeration of all used in
Window 1 XAML markup dictionary resources.

Class ProgressBarPopup is called to visualize processing of slow procedures. The main purpose of this

class is displaying a progress bar during procedure execution.

Table 1 contains all the classes of view rodel with description and relevant cornmentaries.
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Considered classes have been used in the latest version of interactive visual model editor to implermnent
attribute panel, element panel, graphical elements, UTBP and autormaton model generation.

# — 9
smesoge v
(e L
omgTae v) P B operaioni v e -
NMaodel Classes Class \ s | = | Co
- Baseuaje * Eneiage | * Enelage - Baslage
Sty v) Oparientte ¥ | AT v
an Cen s
“+ Enelock 4 Lnelonc * Bacelooc

N -

P b DL DL DL LS T oL DI R s s b e b g e e i
E a»w-—c L e - 1 - ¥ = v !
H uass Ums s | s
+ Contes) * Atcrrwe | 4 Cartra
ComecinAdor .. ¥ | DesinerCamas ¥ Dedgnerten v Dragibject v PathFinder v
St Cns. Savs S | S
1 ~agome - Cans * (onterel oo
| Rewsaries v Fubbobenihd.. ¥ | SchevthnSerrhe Y | Setlingp v
Oass Cas Oas Seaiec G
- aocw W ADptrateTeTr i
|
Views Model Classes !
Tl v  Tooliowlom v Folatbvolodtion . ¥ Rrddoo Thesm b Y| Natighogety ¥ |
e Ozss D Caus | te face
- sewirra = {onerelorva w fwrer = Trams ] -
Conrectwino v L v 1Groupatin v Helectatie v
B Qass terface Itetize
+ Thwrde J
.W v LomectorOvien... ¥
— (e

3 | Windowl
View Classes i | e
‘ - WA

_________________________________________________________________

Figure 6. Class Diagram
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Tabhle 1. List of Mew and Modified Classes

Class Hame Desc iption Changes
Thiz clasz does nat belong to the basic aszembly of
the dezigher and has been compozed from scratch
Dol il erts th The dazz dizsplays attnbutes of a logic element,
. igplays and implements the o .
Atubute Panel SF' IS ) P which iz bound to the slected graphical element
[ogic of Atrbute Panel. . )
on mark soreen . also implements messaging
mechanizim and, therefore, conveys changes of
interface tothe data model.
) L. Thiz bazic class had to be modified zo that Bement
knip lerne rts interaction with . L ) .
Toolboxem . Fanel tems contain logic object, besdes graphical
Hernert Fanel items. .
ohjed.
Changes to this class include following ;
- Linkage between graphical objects and logic
(ne of the main claszes ofthe ohjeds.
Designerltemn ?applicatinn. DiSFﬂaE.'E and . — Digplay of logic object's name ontop of graphical
irmplements the logic of edibor's objed.
oraphical elermerts. - Motfcaton mechanizm that wam s wew and data
model upan . Modfication of class intance's
attrbutes.
o ] Mo dfication s to thiz clazs mainlyrelate to
. brplernents logic of interaction . . )
Desing erCanvas inwacation of clazs methads, responzible for

uwth & ditor's graphical elemerts.

eleme nt focusnyg.

Selection Serice

krpleme ntz the mechaniam of

elernent focusing .

Changes of thiz clazs include developments in

invocation methods of Mtrbute Panel clags.

Designer Canvas . Cotima hdz

bplements interface commands
af class Designer Canvas, which

are called wa Toolbax Panel.

Mo dification = of this clazz are related to the Save
and Load procedures azs vellas UTEP and ALS
generation. Al commands had to be zetup to
include cooperation with logic objects, commands
of LITBP and ALS generation also had to be
developed from soratch
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Conclusion

The paper suggests an approach, which enables autormatic acquigtion of UTEP madel and avtornaton

rrodel of cormputer business game based upon multimodel representation of business processes.
The need for BG autormaton model construction autormatization is stipulated by following factars:
- mulimodel representation of business processes;

- corplexty of process models impede manual design of business game;

- wellformalized models, which are used for business garne design.

"“WPF Diagram Designer” has heen chosen to be used as a prototype of model editor. The Designer
provides generic functionalty of warking with model elements and wtilizes WPF technology. The license
also pemits source code to be leveraged in own developments. The GUI of the hasic editor has
received following modifications:

database interaction dialogues hawve been added;

for each metamodel a set of elerments has been developed,;

buttonsfor UTBP and ALS generation have been added, corresponding algonthrme hawve also heen

implemented;

Attribute Panel has been added.

Thus, a conternporary CASE4ool has heen developed, which enables construction and rmodification of

UTEPF model in realtime during the process of BG design (interactive visual madel editar).
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