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Abstract

Technical solutions for representing and managing concepts of strategy
knowledge for Java based software package and the framework of personalized and
communalized knowledge acquisition is described. The following six units are
considered - Game Tree Organization, Instances Matching Oriented Classes,
Dynamic Class Hierarchy Management, Web Based Graphical Interface and
Relations Builder Procedure as well as ideology of knowledge leaming and
evaluation,

The solutions develop and enhance classical object oriented approaches to be
used for representation and management of the concepts of strategy knowledge, their
learning and evaluation.

1. Introduction

We aim to progress towards developing of software package for solving optimal strategy provision
problems where the space of hypotheses of solutions can be specified by reproduciblc game trees
(SSRGT) [1.9-12], The SSRGT Solver software package continues the practical realization and
developments in [1,9-12]and is designed to meet to two main requirements:
| Users should have a possibility to model an arbitrary problem from SSRGT class within
computer environment using the functionality it provides.

2. The sofiware package should contain functional blocks that will be able to solve the already

modeled problems,

The problems of SSRGT class meet, particularly, the following requirements [9]: there are: (a)
interacting actors ( players, competitors, etc.) performing (b) identified types of actions in the (c)
specified moments of time and in the (d) specified types of situations and there are identified benefits
{goals) for each of the actors. The aggregation of situations represents the game tree, nodes of which are
situations themselves and edges are the corresponding transformation actions of the interacting actors.
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188 Developing Java Software for Representation, Acquisition and Management of Strategy Knowledge

SSRGT problems are solved for the actor A and for the given situation x if a GT(x, A) strategy is induced
which represents all the possible performance trees of the strategies from initial situation x [9]. Thus, for
solving an arbitrary problem from SSRGT class the SSRGT solver package .should be able to induce the
ing strategies for the given problem. In [1,10] the PPIT (Personalized Planning and Integrated

Testing) Solver module of the package that implements PPIT algorithm hes been developed. For inducing
the strategies PPIT uses an approach that relies on the mq:eﬂs' pt?blem domain knowledge represented as
plans, goals, concepts [9,12] acquired and stores them in the special storage unit.
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In the current stage the package is implemented with usage of Java programming language and has a
modular architecture. The main modules are:

e PPIT Solver is a central module of the system and is responsible for solving the already modeled
SSRGT problems. It uses functionality of other modules for getting information about the state of the
game, and for getting expert knowledge acquired by the system.

o Concepts Manager is responsible for storing, organizing and managing ex know
represented in the form of concepts — intemally represented as Java classes wengfor ?:snmntiatinl;da;lde
matching attributes of problems’ situations.

e Percepts Manager is responsible for storing, organizing and managing instances of concepts,

percepis.

e Graphical User Interface provides a web based graphical interface that allows users of the package
visually configure the pukage. insert an arbitrary problem from SSRGT class and organize
hnwledy_:ma'um_pmcess in the regular way by using visual instruments including the concepts
representation graphical language.
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In the rest of the article we will describe the problems that we have encountersd during the
implementation of the sofrware package requiring notable technical solutions. Each chapter bellow
describes & single problem and the corresponding technical solution.

2. Game Tree Organization

The game tree is one of the most important components of representation of SSRGT class problems.

Thus, during game tree modeling process we have encountered the problem of the game tree
representation within computer memory. Each node of the tree is a certain situation of the problem.
Depending on the problems’ domains humans perceive situations differently. For example, in case of
chess the situations appear as a chessboard with all the fields and figures on it. In case of the management
within oligopolies [9] problems situations consist from different parameters that describe market state —
levels of supply and demand, level inflation, etc. By the functional modules of the SSRGT package
situations of different problems are being perceived and represented in the unified way — as collections of
instances of certain classes that were inserted by the users of the package or were formed during the
program's life time. We call those classes ‘nucleus concepts’, i.e. concepts that are given a priory and are
used for initial instantiation of the percepts. Within computer memory each situation can be represented
#s a data structure that aggregates arrays of instances. For each initial class there is a corresponding array
of instances, which are also called “percepts’.
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Actors affect on situations by executing actions. Actions change states of the components (attributes)
of situations, i.c. change values of already existing instances of classes, create new instances and/or delete
existing ones, Thus each action transforms situation sl to the new situation s2. Since we have a
requirement to have a complete situations' tree within memory and not just the current situation, the
memory should contain several situations. After transformation many components of situations remain
the same and only some of instances of initial concepts are changed. Thus we met an important problem
of 1) saving memory and not duplicating same instances within different situations 2) fast traversing the
tree and not wasting time on dynamically calculating state of percepts for the each node.
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The problem was solved by physically storing instances of initial concepts within centralized arrays and
not directly within different situations. In this case percepts within situations will contain just references
to the objects within centralized arrays. So, different situations can refer to the same instance of
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unchanged components. And for changed attributes new instances will be created and references will be
stored within the corresponding percepl of the c_oncspouﬂma situation. This approach has many
similarities with the well known copy-on-write algorithm.
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3. Instances Matching Oriented Classes
of SSRGT class [9]. Other knowledge types like

Strategies are basic units of knowledge in problems

plens, goals, etc. can be used by the PPIT solver module for improving the performance of the strategics
[9,12]. All these types of knowledge contain situations or descriptions of situations’ components. For
example, strategies can be described by rules and the left parts (conditional part) of the rules are
descriptions of situations.

rmamame ey

maore specific definition for the term concept.

Classes within knowledge base thal are used for describing situations and/or their components are
called concepts. Concepts either extend the initial concepts or aggregate them as attributes. In contrast to
the initial concepts they are not intended to be used for instantiation of objects. Their role is matching

instances of the initial concepls.

Below we will give
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Classical object oriented languages also provide mechanisms to use classes for matching i
example there is an “instance of” operator in Java [5]. But matching is being done by usage :1;1‘.;.1::; hﬁz
between objects and classes that were created during objects instantiation. This means that if there ar
existing instances for all the attributes of composite class but the class itself wasn’t instantiated then ;
:]wnl:'mt'be matched over existing objects. But that is wrong, because if the instances of all attributes exist
their composition should represent an instance of the composite class. For overcoming this problem
8 new instance matching procedure has been developed. The concept matching is implemented
recursively by attempting to match all the attributes of the original concept. Attribute can either be agai
composite concept or can be a primitive one — an initial concept, or a concept that derived from tr:f:::a:
M%Aﬁ|mp;;?mw co:l:mpts can be matched by direct links or by value ranges, the concept
Iminh. ve attri searching process and will not be restricted by matching direct
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4. Dynamic Classes Hierarchies Management

The SSRGT Solver package is designed to organize the expert knowledge acquisition process in the
iterative, regular way. The classe hierarchies that represent concepts relations should be dynamically
updated and extended during the program’s life time. Classical OO languages support such approach in a
very poor way. For example, in Java new classes can be loaded during the program running process but
new loaded classes can be added only to the leaves of the existing class hierarchies. This means, that if
the class Surgeon extends the cless Human and if we want to load dynamically the class Doctor it can’t be
inserted between Human and Surgeon, in other words Surgeon can't extend it. But during leaming
process such kind of hierarchy changes are mandatory.

B R

There are several researches for this area where approaches are developed for adding dynamism to
the Java class hierarchies [3, 4].
Concepls in the knowledge base are represented as objects of Java classes, this means that Java is used as
a mela-language for representing our classes. Java classes and objects are used for implementing classes
of objects with semantics that is different from the semantics of original Java language components. This
approach allows using dynamic links between classes and adding new classes or removing existing ones.
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Within the ization hierarchies concepts are nrynim.d as doub_ly-link_ed lists. New concepts addin
an:I &um’f:dm removing is done in a similar way as items of linked list are added or removed [§]. ;

5. Web Based Graphical Interface
For each new acquired concepl a

Concept acquisition includes dynamic class generation as & su

cmupol:?ng class is dynamically .Asa ﬁm stage the SSRGT Solver package supports only

an approach when the users are responsible for inserting new mnmpts_(?lm)_ For making the
user friendly graphical user interface with visual tools that allow organizing the knowledge im“go’:c::
ar process has been developed. Most of modem visual programming environments utilize the UML
tation of classes [7, 8]. Initially we considered the possibility
a module of the package that will be responsible for
But, universality of UML brought difficulties for

representing special classes — concepts.
similar to UML izi
the [2]. For providing flexibility
This approach allows using its functionality only by using web browser

installation. Also concepts are saved by the web server in the centralized way, which allows the usage of

the same system by several users independently from their location.

6. Relations Builder Procedure

By insertion of new concepts (teaching) via graphical interface, users specify the name of the new
concept, its attributes and also the concept’s relation with existing ones. For example, by inserting the
concept Doctor the user can mention that Doctor extends from the concept Human. But sometimes users
cmibmetmmmtimt}uwmmndinsmlmiomorﬂwymaddnwmngrelation.mcomqwor
this the knowledge base potentially can contain incorrect information. For solving this problem, we have
developed a special program that is executed as a separate process within the system. It traverses the

hierarchies and adds the required relations or removes inconsistent ones. It uses the fact that the
set of instances of the child concept should be a sub-set of instances of the parent. Depending on this it
c}nchm&mrdmealliummdapmmﬁal parent concept have corresponding attributes that are the
same or extends them in the potential child concept. This process continues recursively until the primitive
concepts. For the primitive concept the generalization relation can be checked depending on the value
ranges of their numeric attributes. :
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7. Forming Personalized Content

Concepts and attributes that specify the games have origi
f : e ga ginal utilities and are used fi i
learnable expertise with the corresponding induced utilities. The required operations z;ncgtézﬁt:x
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(like geometric transformations preserving some utilities) or be specific for individuals and their
experience

New learnable knowledge can specify winning positions and strategies only with some degree of
likelihood. That is because the utilities of expert strategy knowledge are mainly tested by staric and quasi
dynamic means and are not substantiated by game tree complete dynamic analysis due of their enormous
piF

‘The utilities of expert knowledge stay, es a rule, uncertain what is an essential argument against their
totally unified models. In fact, they are mostly individualized with a part of common constituents.

The content of a unit of vocabulary (UV) [12] is a procedure recognizing definite set of realities
unified by the name of that UV. That procedure is the solution of a classification problem which is either
an acquisition of existing ones or is learned by solving classification problems, specified, as a rule,
inductively by providing examples of situations with associated utilitics. Thus, the starting point to learn
the content is the utility u(P*) we gainina situation P*.

We associated attributes, concepts other procedures with the P* that for new situations cause the same
utility u(P*) if they take place for them.

‘The procedures associated with utility u(P*) determine corresponding goals which in their turn induce
new goals that are causally connected with the old ones, etc. As the result the causality chains are formed
where the subordinated child ones become favorite goals to approach to the parent ones.

How to determine the utility u(P) of a P situation given the u(P*) for situation P* with attributes X*=
%1,...,xn true for P* ?

Typicll rules to form the causality transitive chains include, particularly, the following ones: any P has
utility u(P) as close (o the u(P*) as many attributes from X* are true for P. As many situations of some
class have the same true attributes so much is the likelihood that a new situation with the same true
attributes will belong to the same class

There are several methods to form the content of base elements of a vocabulary given training sets in
attribute representations. They include methods to form partial Boolean functions; machine leaming and
stalistics based methods, the Beckon-Mile induction, the G. Polya’s plausible reasoning, Piaget's
assimilation-accommodation, and etc. methods. If training examples are unique it is appropriate to use
transformations preserving the utility of those examples which can be, particularly, problem dependent,
common geometrical or logical, etc.

8. Proving adequacy of models

Proving adequacy of UER chess solutions, in general, can be identified as a computationally hard
problem of identification or proving equality of programs. Thus, there is no straightforward and
complete testing for UERchess solutions.

In general, the dialogue has to be organized between carriers of the concepts where the experts must
test the adequacy of models. The testing has to be on a regular, independent from a particular subject
base. There have to be criteria and technique to estimate the level of approximation, make necessary
measurements, interpret and substantiate the experiments requiring, particularly, not an abstract, absolute
approximation of some ideal concepts but only coincidence with the expert ones

We est the models of expertise as the following:

- examples are generated on the board by the models and commented by the experts;
for that a generator using models of the concepts as inputs generates situations on the board that
don’t contradict to the models, submits them to the experts and gets their estimates for further
possible corrections;

- because there is a threat that only a part of the meaning of the concepts was “caught ™ by the
models they have to be tested by complementary means like the following:
* experts pgenerate examples which are tested by comresponding models
*  siluations are taken from some repository and the reactions of the models and experts are

compared
*  situations are taken from the professional books or  hand-books
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o there is an evidence of completeness of the sct of tests [on-the- job performance ideology]

izi following consequences of the UCR study can be formulated.
I Cfamﬁc“: are, as zsruie, hypothetic, approximate descriptions of classes of winning by
Zermelo positions [9] , or are constituents of such descriptions.
2. TheplanmdmegytypelsofUCRmnbc as constructions and elements based on the

Cﬂll!l. f m- - -

3. The lgdgﬁ:dﬂ:fgl:"y:omeﬁc descriptions, as & rule, is small because precise determination
whether the positions are winning cannot be done since it needs generation and evaluation
corresponding strategies what is a hard computational problem. Therefore, the value of concepts,
in principle, cannot be common for all experts and descriptions of concepts along with common
constituents have to include an essential part of subjective ones.

4. The ideology of the Object Oriented (O0) programming along with 00 Data Bases, Case Based
Systems (CBS), Neuron Nets, ID3 and Boolean functions reconstruction techniques (Dhar,
Stein,97;Russel, Norvig, 2002) scems appropriste fo iniegrate common and subjective
constituents of concepts. ] ;

5. The techniques eqm]‘l’;swiua CBS can be corresponded with human mechanisms of unconscious
and intuitive knowledge processing with a huge amount of precedents.

Conclusion

The article presents technical solutions that were implemented in the SSRGT Solver software package as
well as describes the framework of sirategy knowledge leamning and evaluation. The solutions concern
different aspects of the management of concepts and their instances. We define concepts as special OOP
classes that are used by the SSRGT Solver for instantiation of situations’ components and/or for matching
situations by matching their components. Bellow is the list of solutions: Game tree organization, Instance
matching oriented classes, Dynamic class hierarchy changes, Web based graphical interface, Relations
builder procedure.

The expert knowledge represented by concepts and used by the software package can be divided into
two categories. Communicable knowledge - represents understandable by the members of some
community knowledge, while the personalized one represents created by individuals of the community
using their personal experience and perception of the matter being represented. In the current stage all the
technical developments concern to the paris of the package that support a communicable portion of the
kmowledge.

As a next phase of our development we consider implementation of technical approaches to acquire,
store, organize and manage personalized portions of expest knowledge.
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Java dpwgpwzuph dzwynul nuqiwdupujubG ghnbihpGiph
GhpYuwyugiwl, plupiwi b juqiwybpudwi Gupumwlng

9. Lwnuzwi L E. Moannujwi
Udthnthmd

Znpudmd Giwpugpuwd b6 Java dpugpuiynpdwi (kquh hpowl gpu unbndjwd
opwgpwpwphl  Yphpwnwd  wbluGhjuiwé mdmdGoipp L widlwinpjuwd m
hwuwpwlw)Gwgywd ghinbihpGbph pAYwiwi hhdGwyiwupp: Hnowplpjwd G0 hhnlyuy
ybg phw(bpp’ fuwnuypl dwnh Yuqiwlbpynuip, GimzGkph pGwpdwl hwdwp puubph
dpwhmdp, nhGwdhy nwubph vnopunuuuwhG  Juqiwybpymdg, Jgbp  hGubpbbyuh
dzwlmdp, nuubph dhel hwpwpbpmpniGGbph Juemgiwl pipwgwlwnpgp hljwbu Gul
qhwbhppGbph mumgdwl L glwhwniwl qunuihwplbpp: Uhpwnjwd dnnbgnuiGbpp
qupguglmi L plnguw)ind 66 qpuuwlwl opjbljnnpnzfwd dpwqpuynpdwl Jhpnnlbpp,
pmy; wwny oguugnpdt] npwip unpwnbghwGbpnud ghwbhpibph hwuljwgmpmGitpp
hwiwlwpgsh Shengny GbpYwjwglbim, Ywqiwhbpybp, mumgubm L glwhwwnbjm
hwdwp:



