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AGENTS IN INTELLIGENT TUTORING SYSTEMS: STATE OF THE ART

J. Grundspenkis, A. Anohina

Intelligent tutoring system, intelligent agent, animated pedagogical agent

1. Introduction

In this paper two rescarch arcas in the field of artificial intelligence — intelligent tutoring
systems and intelligent agents — arc considered. The main aim of intelligent tutoring systems
1s to provide sophisticated instruction on one-on-one basis adapting the learning process to the
strengths, weaknesses and the level of knowledge and skills of each particular learner. Such
systems have many tasks: the monitoring of actions of the learner in the learning environment
and the appropriate responding to them, an assessment of learner’s knowledge, choice and
presentation of learning material, presentation of feedback and help, adaptation of teaching
strategy, and so on. Moreover, system functioning conditions change with each action of the
learner. Intelligent tutoring systems have been a focus of research since 1970, but their
developments have reccived new breath with the appearance of the agent paradigm. The
agent-based technology is concerned with the creation of entitics, which have such propertics
as autonomy, reactivity, proactivity, capabilities of socialization and learning, reasoning,
adaptability, mobility, and which are capable to act in complex dynamic environments,
performing their tasks entrusted to them. As it is possible to see from the aforesaid, this
technology is very suitable for the implementation of intelligent tutoring systems.

This paper surveys current state of rescarch in the field of intelligent tutoring systems
based on agent technology, trying to find answers to the following questions: what
components of intelligent tutoring systems can be implemented as agents and what functions
agents can perform in each component, as wcll as why agent technology is used for
development of intelligent tutoring systems.

The paper is organized as follows. Scction 2 briefly describes the main parts of architecture
of an intelligent tutoring system. Section 3 discusses the agent concept and its characteristics
such as autonomy, adaptability, mobility, transparency, ruggedness, rcactivity, proactivity,
capabilities of socialization and learning. Conclusions about usage of agents in cach principle
module of intelligent tutoring systems, as well as the brief description of the three-layer
conceptual model of intelligent tutoring system that has been developed by one of the authors
of this paper are presented in Section 4. Animated pedagogical agents. their roles. and some
cxamples are described in Scction 5. Section 6 summarizes the most important issues of the
paper.

2. The concept of intelligent tutoring system
Research has been carried out in the domain of intelligent tutoring systems for over 30 years

since the carlicst SCHOLAR system [1] appeared. Some other significant systems such as
WHY [2], SOPHIE [3], BUGGY [4], WEST [5], LISP Tutor [6], and GUIDON [7] should be
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mentioned due to their role of establishing main principles of modern intelligent tutoring
systems. During this time a variety of intelligent tutoring systems has becn implemented for
different areas. Although there arc differences in the structure of these systems caused by
peculiarities of certain area and technology used for the implementation of a system, they are
united due to the fact that all these systems include knowledge about what and how to teach,
and knowledge about learners. The aforementioned knowledge types determine three main
parts of an intelligent tutoring system: the domain knowledge, the tutoring module, and the
student diagnosis module.

The domain knowledge concerns objects and their relationships taught by the system.
Sometimes the domain knowledge is presented as an expert module. This module most
commonly is capable to solve problems in the domain and corresponds to the knowledge
representation of the domain expert.

The tutoring module holds teaching strategics and instructions needed to implement the
learning process. The primary tasks of this module are controlling of selection, sequencing
and presentation of material that is most suitable to the needs of the learncr, determining of
the type and contents of feedback and help, and answering questions from the learner.

The student diagnosis module infers the student model that is formed for every learncr.
This model contains information about the current level of learner’s knowledge, that is, what
he/she has learned., what mistakes he/she had done. what misconceptions he/she has, ctc.
Additionally. this model can store information about learner’s psychological features and
his/her pust experience. The student model allows tailoring of the learning process to the
needs of a particular learner.

An intelligent tutoring system. as anv other software intensively communicating with
users. needs « part of architecture responsible for the interaction between the system and the
learner. It is a communication model or interface and it controls screen layouts, interaction
tools. and so on.

All mentioned components are only the basic components of intelligent tutoring systems.
So. cach particular system can have additional parts, which depend on features of the certain
arca and technology used for the implementation of the system.

3. Intelligent agents and their characteristics

A lot of mtelligent agent definitions exists starting with very gencral ones, such as given in
[8]: “an agent is anything that can be viewed as perceiving its environment through sensors
and acting upon that environment through effectors”, and ending with definitions that specify
agents applied in narrowly focused areas.

In intelligent tutoring systems software agents are used. According to Michael Coen’s
definition given in [9]: “software ugents are programs that engage in dialogs, and negotiate
and coordinate transfer of information”. Agents are fundamentally different from software
packages because they must have special characteristics or attributes: adaptability, mobility,
transparency and accountability, ruggedness, self-starter and user centered [9].

Adaptability means that agent must be able to solve problems by itself without input from
the user as well as to work on multiple platforms, networks and operating systems. Mobility is
considered as agent’s ability to roam networks and the Internet according to decisions made
mternally about where to find information, and to interact with other agents in multiple
networks and environments. An agent must be completely transparent to the user and must
produce information on demand where it has been, what it has done. whom it did contact. and
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when. If an agent is required to traverse network it must be rugged, that is. able to deal with
errors, incomplete data, interpret different kinds of data, and so on. Morcover, it should be
able to solve as many problems as it can without user intervention. An agent must be able to
start and stop on the basis of its own criteria and to decide to gather information using the
uscr’s priorities. At last, but not least, the agent should act in the interests of its owner and the
preferences that have been set for it.

The most often mentioned propertics by which agents are characterized are their
autonomy. social ability, reactivity, proactivity, and Jearning capability. Agent is autonomous
“to the extent that its behaviour is determined by its own experience” [8], in other words,
agent is capable to operate without the intervention of other agents or human being based on
its built-in knowledge and knowledge acquired during agent’s performance. Learning
provides the agent with an opportunity to improve its experience through the acquisition of
new knowledge. Very often it is necessary for an agent to share the knowledge and to
communicatec with other agents inhabiting the same cnvironment in order to achieve a
common goal. The property of social ability helps it. The agent perceives its environment and
is capable to respond immediately to changes within it without reasoning (reactivity), but also
it is capable to show reuctions which require planning. diagnosis. and prediction (proactivity).

Onc can conclude that agents have many uselul features that are desirable for intelligent
tutoring systems. It is the main reason why the usage of the mtelligent agent paradigm has
recently become so popular in the development of intelligent tutoring systems, especially
stimulated by the fact that learning cffectiveness of distance learning environments 1s behind
the needed level.

Agent role in intelligent tutoring systems is at least twofold. First, a set of agents may
constitute the architecture of the intelligent tutoring systems. Sccond, there are so called
animated pedagogical agents that arc developed as 2D or 3D animated characters. Both cases
are described below.

4. Usage of agents in intelligent tutoring systems

Use of agents as autonomous entities is the most promising in areas where the problem can be
divided into independent parts or can be considered from various perspectives. Each of the
parts or perspectives can be implemented as the scparate agent. In this sense intelligent
tutoring systems provide many opportunities:

e The architecture of an intelligent tutoring system is composed of several modules and.
therefore, cach of them can be implemented in the form of the agent or a set of agents.

e The tutoring module can provide several tutoring strategies and cach ol them cun be
entrusted to the separate agent.

e The user interface, through which learner nteracts with the svstem. includes various
tools such as buttons. menus, input fields, panels. and others. For system reasoning
process it is often very important what the learner has chosen or where he/she has
clicked. Thus, it is possible to provide the separate agent for cach tool of interest.

e The information stored in the student model can be categorized into several groups:
information about lcarner’s knowledge assessments, information of learner’s
psychological characteristics. causes of learner’s mistakes and misconceptions. etc.
Thus. it is possible to develop the agent that will be responsible for gathering and
processing of the certain kind of information.
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¢ The system can support various interaction devices (e.g. monitor + mouse + keyboard or
head mounted display + motion tracking + data glove + voice recognition [10]) that
allow the learner to communicate with the system. In this case it is possible to develop
agents responsible for management of separate devices.

e The domain knowledge can be divided into educational units and each unit can be
controlled by the separate agent.

Thus, all components of the architecture of an intelligent tutoring system mentioned in
Section 3 can be implemented us agents. This statement is confirmed with intelligent tutoring
systems implemented till now. We have studied the following systems during the analysis of
the usage of agent paradigm in intelligent tutoring systems:

o Intelligent virtual environment for training [10]:

¢ Ines [11] - an intelligent tutoring system for the task of nurse training;

e ABITS [12] — a multi-agent intelligent tutoring system that extends a traditional course
management system with a set of “intelligent” functions allowing student modeling and
automatic curriculum generation;

o WADIES [13] — a Web- and agent-based adaptive learning environment for teaching
compilers;

* A multi-agent architecture for distance education systems [14] composed of a
management system and a multi-agent intelligent system;

e IVTE [I5] - an intelligent virtual teaching environment which main purpose is to assist
and to back up the ecological character of children from 8 to 10 years old, providing
them an opportunity to keep contact with the kinds of garbage from daily life and to
select them correctly when the child makes his/her way home after a day at school or in
his/ her home.

The main tasks of agents comprising student diagnosis module typically are the evaluation
and updating of information concerning a particular learner. This information is related to
learner’s cognitive states and psychological characteristics, mistakes and their causcs. as well
as to all other information that could be useful for adapting the learning process. The
mentioned agents are implemented in ABITS [12] as evaluation agents and affective agents,
in the multi-agent architecture for distance education systems [14] as evaluation agent, and 1n
the intelligent virtual environment for training [10] as a set of student modeling agents. The
possible set of agents in the student diagnosis module is shown in Figure 1.

Agents in the tutoring module can evaluate, update and generate curriculum as pedagogical
agents in ABITS [12] or in the multi-agent architecture for distance education systems [14] do
it. As it is specified in [16] “the use of multiple learning strategies calls on a multi-agent
architecture”, so this module can also contain some agents implementing different teaching
strategies (e.g. one-on-one tutoring, learning with a co-learner, learning by teaching, learning
by disturbing [16]) as it has been done in the intelligent virtual environment for training {10]
or only one particular strategy can be delegated to an agent, for example, WADIES [13]
system includes the self-assessment agent. Some agents can be responsible of generating and
presenting the feedback, explanations and help as the feedback agent and the cxplanation
agent in Ines [11]. Other agents depending on pedagogical specificity of the system also can
be included in the system as agents monitoring the elapsed time during a task or the order of
tasks in Ines [11]. The possible set of agents in the tutoring module is shown in Figure 2.
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Figure 2. Agents comprising the tutoring module of intelligent tutoring system

The agents-experts solve problems and tasks related to the subject matter and examples of
them arc presented in the multi-agent architecture for distance education systems [14] and in
the intelligent virtual environment for training [10]. It is straightforward that a set of these
agents depends on the domain that is being taught to the learners. The possible agents in the
expert module of mtelligent tutoring system are shown in Figure 3.
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The communication model based on agent technology is implemented in the intelligent
virtual environment for training [10] as the communication agents or in IVTE [15] as
elements of IVTE scenery/environment. Such agents are responsible for monitoring the
interaction between the learner and the system and they perceive learner’s activities in the
learning environment.
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Basic components ,
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Q = Futoring Student —
3 nmodule fugnosis ]
= —g ¢ e ) - [ Expert ugent 1 L Expert agent M
EME g

1 e
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\ /

\ Additional components /

Figure 3. Agents comprising the expert module of intelligent tutoring system

Summary about functions of agents in the main components of an intelligent tutoring
system is given in Tuble 1.

Table 1. Agent functions in the main components of an intelligent tutoring system

The comiponent of un intelligent tutoring Agent functions
svstem
The stiden: diagnosis module .

building a model of learnet’s current level of knowledge

and skills based on assessments

® building a profilc of learncr’s psychological
characteristies  (learning  preferences, learning  style,
attentiveness, personality traits ctc.)

® registering history of the learner’s interactions with the
system

® determining and registering learner's mistakes and their

causes

The ttoring module ® cvaluation. upduting and generation of the curriculum

® implementation of different teaching strutegies
® generalion and presentation of feedbuck. explanations
and help

| The communication module ® moultoring the interaction between the learner and the

system

® management of various interaction devices
The expert module .

solving problems and tasks related to the subject matter

An intelligent tutoring system can also contain some specific agents that aren’t related to
the typical architecture of such systems. Kinds of these agents are determined by domain or
peculiarity of system’s architecture and technology used for its implementation. For example,
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specific agents arc implemented in the intelligent virtual environment for training [10] as a set
of the world agents and in WADIES [13] as the authoring agent.

The studiced systems allow to conclude that the multi-agent architecture is typically used
for the implementation of the system and rarely the system contains only one or two agents.
In multi-agent intelligent tutoring systems at least one agent is a managing agent that controls
and coordinates actions of other agents, for instance, the spooler agent in ABITS [12] or the

examination agent in Incs [ 1], The interaction between agents is modeled using some kind of

the agent communication language.

Thus, both the ntelligent tutoring system in general and its components in particular can
be implemented in the form of multi-agent architecture. 1f a separate component is based on
multi-agent paradigm, it is often necessary 1o have the agent who will manage other agents in
a given component. This agent “may relate to. communicate with and delegate some tasks to
other subordinate agents, giving rise to multi-level agent architecture™ [10].

The possible set of agents, which may constitute the architecture of an intelligent tutoring
system. is displayed in Figure 4.
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Figure 4. A set ol agents comprising the architecture of an intelligent tutoring system (grey boxes are
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A mnovel conceptual model of intelligent tutoring system that has three layers: system’s
layer, multi-agent layer and knowledge worker’s layer has been proposed in [17]. At the
system’s layer the conceptual model is similar with the architecture shown in Figure 4, and
includes the student model, the expert model. the tutoring module, the domain knowledge
base, and the interface. These components correspond to the learning agent architecture [8].
The domain knowledge basc corresponds to the agent’s built-in knowledge base. The
mterface plays the role of an agent’s sensors and effectors system. The tutoring module
corresponds to the problem generator. It includes the planning agent that provides an
appropriale learning plan and the scarch agent to choose the best plan.

At the multi-agent layer there is a sct of agents that simulates a group of students and the
teacher. So, a multi-agent system simulates the teaching and learning process as a cooperative
work and communication of agents [18].

At the knowledge worker’s layer students and teacher are supported by a plethora of
mtelligent agents. An agent-based cnvironment of the knowledge worker includes personal
agents (scarch, filtering. assistant and work-flow agents), communication agents (messaging,
cooperative. communication facilitation. collaborative and tecam agents). and agents for
communication with external systems (conncction and access, database, network and
intelligent Web agents).

The conceptual model is under the development at the present moment. A lot of work must
be done to implement this model in full scale. We hope that the implementation of the
conceptual model in the intelligent tutoring system will promote more intelligent support of
teaching and learning process.

The use of agent paradigm facilitates implementation and support of an intelligent tutoring
system. The architecture of the system passes from monolithic, where all components are
closely interconnected with each other, to modular architecture, where components can be
added. removed or replaced without consequences for the system in general. Thus, agents
promote system expandability, maintainability and reusc.

5. Animated pedagogical agents

All previously described agents weren’t directly visible to the learner as they were
implemented inside a certain system and didn’t have visual appearance. However, agents can
be developed as 2D or 3D animated characters, which actively use face and body language,
gestures, and even voice. Such agents are culled animated pedagogical agents. They are put
into some environment with the purpose to make the learning process more interesting. funny.
stmilar to entertainment, and, therefore, to increase the learner’s attention lo learning and. as a
consequence, to increasc learning cffectiveness.

Animated pedagogical agents can be very simple two-dimensional characters in the
cartoon style using primitive animation and the dialogue boxes presenting feedback and hints
on the basis of the text. They can be more complex three-dimensional characters using a wide
range of gestures, voices and not only providing feedback and hints, but also answering
questions, demonstrating the exccution of a task and pointing out the important objects in the
environment.

Typically animated pedagogical agents cmulate the aspects of dialogue between a human
teacher and a learner. Such agents can play different roles within an intelligent tutoring
system. The following three roles are described in [19]:
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e Agcent as an expert. It is similar to the human expert that exhibits mastery or extensive
knowledge and performs better than the average within a domain. Such agent has
limited gestures and limited intonations, and mainly provides information.

e Agent as a motivator. It suggests his own ideas and encourages the learner to sustain the

tasks. It 1s highly expressive and speaks enthusiastically and rapidly.

e Agent as a mentor. It incorporates characteristics of both the expert and the motivator. It

is also highly expressive, but speaks calmly and engaging.

Classical examples of pedagogical agents described in the literature are Adele [20] and
Steve [21]. but they are not unique. SQL-Tutor [22] is a computer based teaching system that
has been developed to help the learners in learning structured query language. This system
has an animated pedagogical agent called Smart-egg. It is 2D cartoon character, which is able
to perform a number of gestures. The main role of the agent is to present feedback messages
to the learners in the exciting and enjoyable way to increase their motivation and, as a
conscquence, to tncreasc the learning effectiveness.

Cognitive agents are presented by a tutor called Gilly in the IVTE system [23]. It observes
a learner’s performance m the environment and sends feedback messages. These messages
include face and body language, clues about garbage, alert message, questions, etc. Messages
are chosen based on student model and teaching strategies.

Some more examples of animated pedagogical agents are described in [22], while the
generic advanced distance education architecture for Web-based instruction is presented in

[24].

6. Conclusions

In spite of the fact that rescarch in the field ol intelligent tutoring systems is carried out during
several decades with the emergence of a paradigm of agents the development of intelligent
tutoring systems rcaches the new phase. Application of agent-based technology to the
implementation of intelligent tutoring systems allows to pass from the monolithic structure of
such systems to the structure of relatively independent components. The general architecture
of such systems offers many opportunities of their division into various subparts or
perspectives. The modular architecture noticeably improves an opportunity to expand and
reuse these systems, facilitates their maintainability. This paper is based on examples of the
already mmplemented intelligent tutoring systems, describes a possible set of agents within the
framework of the general architecture of intelligent tutoring systems, and considers their
functions. One can conclude that not only the intelligent tutoring systcm but also its
components can be implemented in the form of multi-agent architecture and, moreover, in the
form of multifayer multi-agent architecture.

Future work is connected with the implementation of the conceptual model of three layered
intelligent tutoring system proposed for the first time in [17]. Concurrently with
implementation of the narrowly focused first version of intelligent tutoring system (aimed for
teaching and learning of MIN-MAX algorithm for two person games in the course of
“Foundations of Artificial Intelligence”). first search agents for knowledge worker’s layer has
been developed. If tests of these agents will be successful. the next step will be the
development and implementation of other agents (filtering, assistant and work-{low agents)
and their integration to get an agent supported knowledge worker’s environment. Reaching
this stage. the prototype of multiagent system will be developed that will allow to model agent
cooperative work in teaching and learning process. After that the development and
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implementation of communication agents is forescen. The {inal goal is the development of all
needed agents and their integration into an intelligent tutoring system that will be based on the
proposed three layered conceptual model. This system would be used as a test bed for
evaluation of effectiveness of teaching and learning process supported by the intelligent
tutoring system. Several other goals are put forward for the already ongoing and planned
rescarch activities. The distribution of functions between human teachers and inelligent
software agents is one of the hot topics, in particular, in so called hybrid educational systems
which include face-to-face and distance education modes. Investigations on the role of
ontologies in management of process oriented education and development of student models
are planned. too.
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Grundspenkis J., Anohina A. Agenti intelektudlds mactbu sistémas: stavoklis problémsféra

Agentu tehnologijas strauja attistiba pédéjo desmit gadu laika ir skdrusi citu maksliga intelekia pétijumu sféru —
intelektualas macibu sistémas. Intelektualu mactbu sistemu arhitektiva nodrosina daudzas iespéjas agentu
pielietojumam $ada tipa sistému izveidei, un rezultata uz doto bridi ir izstrddatas daudzveidigas uz agentiem
balstitas intelektualas mactbu sistémas daadam sféram.

ST raksta nolitks ir dot parskatu par agentu tehnologijas izmantoSanu intelektudlu macibu sistému izstradel.
Peéc daiu jedzienu, kas ir saistiti ar intelekiualu macibu sistému arhitelkiig (studenta diagnosticeSanas modulis,
pedagogiskais modulis, problémsféras zinasanas, un komunikdciju modulis) ievielanas, agenta jedziens wun 1a
raksturojumi, 1adi ka, awtonomija. adaptdcijas speja. mobilitate,  caurspidigiuns. iziuriba,  reaktivitite,
proaktivitdte un citi, tiek apspriesti. Talak tick doti secingjumi par Sadiem jawi@umiem: kidas intelekiudlu
macibu sisténas komponentes var ikt realizétas ka agenti, un kadas funkcijas agenti var izpildit kara
komponenie, ki arl kdpéc agentu tehnologija tick izmantota intelekindlu macibu sistemu izstradei. Papildus
intelektualu mactbu sistému konceptudlais modelis, ko i piedavdjis viens no raksta autoriem, kas sastav no trim
slaniem — sistémas slana, daudzagentu slana wi zindsanu darbinieka slana — tiek apraksiits vispirigos vilcienos.
Dotd raksta beigu dala tiek apskatiti animétie pedagogiskie agenti, kas paradas intelekiudalas macibu sistémds
ka divdimensiju vai trisdimensiju personazi.

Grundspenkis J., Anohina A. Agents in intelligent tutoring systems: state of the art

Rapid development of agent technology during the last decade has affected the other area of artificial
intelligence — intelligent tutoring systems. The architecture of intelligent tutoring systems provides many
opportunities of agent application for the creation of such sysiems and, as a consequence, at present a variety of
agent-based intelligent tutoring systems has been implemented for different areas.

The aim of this paper is to give an overview about usage of the agent technology in the development of
intelligent tuwtoring systems. After introducing of some concepts concerning the architeciure of intelligent
tutoring system (the student diagnosis module. the ttoring  module, the domain knowledge, and the
communication model) the agent concept and its characteristics such as autonomy, adaptability, mobility,
fransparency, ruggedness, reactivity, proactivity, and others are discussed. Ajter that conclusions about
following issues are given: what components of intelligent tutoring systems can be implemented as agents and
what functions agents can perform in each component, as well as why agent technology is used for development
of intelligent tutoring systems. In addition, the conceptual model of intelligent tutoring system, proposed by one
of the wuthors of this paper, that consists of three layers — system’s layer, multi-agent layer and knowledge
worker's layer — is outlined. At the end of the paper so called animated pedagogical agents that are used in
intelligent nutoring systems as two-dimensional or three-dimensional animated characters are considered.

Ipynocnenxuc A, Anoxuna A, Acceumpt ¢ HIMELTCIIMY WILHDIX  CHCMEMNAX  0DYYenust: nojaojNcenue
npobaesnoll odracmu

Cimpexsumensiioe. paseuinite. mexnoiou azennos & medenun nocieoHeso decmutens SAMPOHYIO Opyavio
00Macb  UCCACOOGANIE & UCKVCCIIGEHNON  meLienme  — UHMENIEKIMVANbHblE  CUCIMEMbI  0GyYenis.
Apxumernnnpa unmeniekmyansusix cucmenr o6y U NPESOCIIGRIACI MU0 GOZMONHOCICL O APUMEHEH U
ORI L COSOANIA INARUX  CUCIIEA U ROINOMY  HA N6l MOMEHN  paspaGomanc  MHOJICeCEo
UHINE. LI KNIV inIbIX OOVIAIOUUX CUCTIEM OCHOGANHDBIC 1A ACCHINAX.

Leaw oannoi cmameu cocmoum ¢ mom, wmnober dams KPAMKUL 0630p UCHOTbI06GIUA MEXHONOZUY A2eHMOE

6 CO30aMUU LHIMCLICRINVATbHbIX  cucmen  obyuenua.  [locie  npeocmasienus HEeKOMOPIX  ROHAmMU
OMHOCUMENLHO — APXUMERINVPLL  UNMCINCKMYATLHOR  cucmesbl  ofVuenus  (Mooyvab OUGZHOCIMUPOGAHUA
CIYOCHING, NE€0A202UHe RN NMOOVTb, 3HAHUA NPOBIeMHON 0GAQCHIN, 1 MOOeHb KOMMyHUuKkayuu ) obcysicoaiomes
NONAIMUE QeeHma 1 €20 Xaparmepucmur, makue Kax asmonoMis,  aoanmupyesocs, MoouibHocb,
RpOSpaunochte, NPOMHOCIb, PeakniGioCile, IPOAKIUGHOCIL, 1 opyvene. [10cie 91020 Oaiomes 3amouenus 1o
CACOVIOUUAL  GONPOCAN.  KAKIC  KOMHONCHINGL  UNIEICKINAIbIb  CUCIe obyuenus  mozym -Gulme
OCYIECINGACN bl KAK Q2EHMbI U KAKHe (DVHRYUU Q2CHINBL MOZVI €BINOJHANG 6 KAACOOM KOMROHEHNIE, a4 MaKoce
NIOUEMY  INEXHONO2UA  QZEHMOG  UCNOTbIVeNCA  OAF  PeQusayul  uNmeIneKkmyalbibix  CUCHEM obyyena.
Honoanumenvno  nosas  xowyenmyaisnai  sooens UHINELTERINVATLHON  cUCmeMbl  0OVyenud,  enepevle
NPEOIONCEHNAA OOHUM U3 AGINOPOE JANHVIL CINGIMBY, U COCNOANAA 13 Mpex CA0e8 —~ CUCIEMHO20 CHOS, CHOS
MHOKACECINGA A2eNMOG U CA0 PAOMNUKG CO SHANUAMU — onucana ¢ ofuux yepmax. B 5axmodumensioi vacmu
CInambsi pACCMampUEAIOMecs  MAx — HA3bISACMbIC  GHUMUPOGANNBIE  NeOAZOZUYECKUe  d2eHMIbL. KOmopwie
NOAGTAIOMCA 6 WHINCLICKINYATBHBIX CUCIIEMAX OOVUCIUA 6 GUOC OBYXMEPHBIX WM INPEXMEDIbIX nepcoHadcedl.
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