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STUDIJU DALYKO (MODULIO) APRASAS

Dalyko (modulio) pavadinimas Kodas

Dirbtinis intelektas: klasikiniai principai

Anotacija

Kursas apima klasikinio dirbtinio intelekto (DI) pagrindus. Tai ,,geras senamadiskas DI“ (angl. Good Old-Fashioned
Artificial Intelligence, GOFAL, Zr. https://en.wikipedia.org/wiki/GOFAI). Kurse pabréziamas klasikiniy DI metody
programavimas, pvz., paieSka su grjzimais (angl. backtrack). Aiskinamas uZdaviniy sprendimas (problem solving)
intelektualizuotos euristinés paieskos biidais. Programuojama paieska eksponencinio sudétingumo erdvéje, kuri
prakti§kai neiSsemiama. Kursas neapima masininio mokymo(si) ir neuroniniy tinkly. Taciau trumpai pristatomos
pastarojo deSimtmecio DI kryptys, pvz., teksty generavimas su (pa$nekesiy) robotu (Chat)GPT (generative pre-trained
transformer). Cia aktualios DI keliamos rizikos ir DI etika.

Déstytojas (-ai) Padalinys (-iai)
Koordinuojantis: doc. dr. Vytautas Cyras Programy sistemy katedra, Informatikos institutas
Matematikos ir informatikos fakultetas
Kitas (-i): Vilniaus universitetas
Studijy pakopa Dalyko (modulio) tipas
Pirmoji Pasirenkamas
Jgyvendinimo forma Vykdymo laikotarpis Vykdymo kalba (-0s)
Auditoriné 5 ir 7 semestrai Lietuviy arba angly

Reikalavimai studijuojanciajam

ISankstiniai reikalavimai: Programavimo algoritmine kalba pagrindai, pvz., C, C#, Java, Pascal, Python ar kt.

Dalyko (modulio) apimtis Visas studento darbo Kontaktinio darbo Savarankisko darbo
kreditais kriivis valandos valandos
5 130 64 66

Dalyko (modulio) tikslas: studiju programos ugdomos kompetencijos

Modulio tikslas — 1) perprasti dirbtinio intelekto filosofinj klausimg ,,ka masSina gali* ir 2) jgyti programavimo
gebéjimus kurti intelektualizuotas sistemas, kuriose kompiuteris imituoja zmogaus veiksmus.

Bendrosios kompetencijos:

e Gebés rastu ir zodziu perteikti informacija, idéjas, problemas ir sprendimus valstybine ir uzsienio kalba,
bendraudamas su specialistais ir ne specialistais (BK1.1).

e  Gebeés atlikti literatiiros paieska ir analize, naudoti duomeny bazes ir kitus informacijos $altinius (BK2.2).

e  Gebés savaranki$kai jsisavinti naujas Zinias, metodus ir jrankius bei taikyti juos praktikoje (BK2.3).
Dalykinés kompetencijos:

e  Supras pagrindines programy sistemy inzinerijos koncepcijas bei sgvokas, jskaitant kelias prieSakines sritis,
suvoks galimas taikymo sritis ir Zinos disciplinos apréptj (DK4.1).

e  Gebes taikyti matematikos pagrindy, mokslo, inZinerijos, kompiuteriy mokslo teorines Zinias ir algoritminius
principus programy sistemy kiirime (DK4.2).

e Gebeés jzvelgti naujas programy sistemy taikymo galimybes, jvertinti taikomosios srities Ziniy poreik]j,
problemy kompleksiskuma bei jy sprendimy biidy jgyvendinamumag (DKS5.1).

e Gebeés projektuoti, jgyvendinti ir jvertinti programy sistema, procesa, komponenta ar paslauga, atitinkancia
reikalavimus (DK5.3).

e  Gebés derinti teorijg ir praktikag programy sistemy taikymo jvairiose srityse uzdaviniy sprendimui, jvertinant
technologinj, ekonominj, socialinj ir teisinj kontekstg (DK6.1).

e  Gebés parinkti ir panaudoti tinkamus Siuolaikinius metodus, modelius, problemy sprendimo Sablonus, jgii-
dzius bei jrankius, biitinus programy sistemy kiirimui ir priezidirai, jskaitant naujas taikymo sritis (DK6.2).



https://en.wikipedia.org/wiki/GOFAI

e Gebés panaudoti esama kompiuteriy techning ir programing jranga, identifikuoti, perprasti ir taikyti

perspektyvias technologijas (DK6.3).

e Gebeés formuluoti racionalius, efektyvius kasty ir laiko prasme problemy sprendimo variantus, remdamasis
svarbiausiomis kasty ir produktyvumo vertinimo ziniomis ir metodais (DK6.5).

Dalyko (modulio) studiju siekiniai

Studijuy metodai

Vertinimo metodai

Suprasti kertines DI savokas: uzdaviniy spren-
dimas paieskos budais, valdymas su griZzimais,
euristika, sprendéjas, planuotojas, agentas ir kt.

Igyti programavimo dirbtiniame intelekte gebéji-
mus tokius kaip tiesioginis ir atbulinis i§vedimas
su produkcinémis taisyklémis.

Suprasti DI esme pagal Tiuringo testg — ka gali ir
ko negali kompiuteris — ir formaliosios logikos
perZengima priimant sprendimg, kai argumentai
balansuojami.

Probleminis déstymas,
mokslinés literatliros nagriné-
jimas individualiai, programa-
vimas.

Egzaminas (rastu), namy darby
vertinimas. Nesudétingi namy
darbai  vertinami  atlikta/
neatlikta, o sudétingesni — balu.

Kriterijai:  programavimo
kokybé, atsiskaitymas laiku,
problematikos supratimo jrody-
my pateikimas.

Kontaktinio darbo valandos Sav?mn!ﬂs@ studijy
laikas ir uzduotys
g1 |z | |E |2
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1. Dirbtinio intelekto istorija. DI ,burbulas“ | 2 2 4 4 Hanojaus boksty prog-
(hype). Tiuringo testas ir zodZiy ,,ma$ina®, ,,gali* rama. Literatira:. pa-
bei ,mastyti“ aiskinimas; Zr. taip pat skaity konspektas (Cy-
https://en.wikipedia.org/wiki/Turing_test. Galvo— ras 2021), (Nilsson
stikiai kaip intelekto reikalaujanti veikla. 2010), (Luger 2009),
2. Dirbtinio intelekto produkcijy sistema: 1) glo- | 2 2 4 4 Zirgo marsruto pro-
bali duomeny bazé (btiseny erdvé), 2) produkeijy grama.
aibé (veiksmai) ir 3) valdymo sistema (tikslo bu- Literatira: kons-
senos testas). Algoritmas PRODUCTION. Pavyz- pektas, (Nilsson 1982;
dziai: Sachmaty lentos apéjimas zirgo &jimu ir kt. 1998)
3. Valdymo su  grizimais  algoritmas | 2 2 4 4 Literatira: kons-
BACKTRACK. Pavyzdziai: 8 valdoviy uzdavinys pektas, (Nilsson 1982;
ir kt. 1998)
4. Modifikuotuotas algoritmas BACKTRACK1 su | 2 2 4 4 Programa kelio paies-
atmintimi tikslu iSvengti uzsiciklinimo. Paieska j kai labirinte j gyl;.
gylj labirinte. Literatira:  kons-
pektas; (Nilsson 1982)
5. Euristikos samprata. Pavyzdziai N valdoviy | 2 2 4 4 Literatira: Kkons-
uzdavinyje. pektas, (Nilsson 1982;
1989)
6. Paieska j plotj (bangos metodas). Komputeriniy | 2 2 4 4 Programa kelio paies-
agenty tipai pagal intelekto laipsnj: refleksyvus, kai labirinte j plotj.
racionalus ir kt. Literatira:  Kons-
pektas, (Russell &
Norvig 2020),
(Nilsson 1998)
7. Algoritmas GRAPHSEARCH. Sprendéjo ir pla- | 2 2 4 4 Literatira:  Kons-
nuotojo skirtumai. Algoritmas A*. pektas, (Nilsson 1982;
1998)
8. Tiesioginis ivedimas (forward chaining, FC, | 2 4 6 4 Programa tiesioginiam
nuo fakty prie tikslo, be rekursijos) ir atbulinis is- iSvedimui (FC).
vedimas (backward chaining, BC, nuo tikslo prie Literatira: Kkons-
fakty, rekursinis) su taisyklémis Al,..., An — B. pektas, (Negnevitsky
2011)
9. Lipimo j kalna (hill climbing) strategija paieskai. | 2 0 2 4 Literatira:  kons-
pektas, (Nilsson 1982;
1998)
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10. Rezoliucijy metodas. Dedukcija ir modus | 2 2 4 6 Programa atbuliniam

ponens taisyklé. Ziniomis grindZiamas sampro- iSvedimui (BC).

tavimas. Logika grindziamas Ziniy vaizdavimas. Literatira:  kons-
pektas, (Nilsson
1998), (Russell &
Norvig 2020)

11. Ekspertiniy sistemy architekttiros elementai: | 2 2 4 4 Literatira:  kons-

faktai, taisyklés ir iSvedimo masina. Pavyzdys. pektas, (Nilsson 1998)

12. Samprotavimas pagal Kkeleta kriterijy ar | 2 2 4 4 Literatira: Kons-

argumenty, pvz., ,,geras, bet brangus® ar ,,prastas, pektas; (Bench-Capon

bet pigus“. Pavyzdys teiséje: nesuderinamy tiksly & Prakken 2006)

kompromisas kaip balansas pasveriant galimus

sprendimus.

13. Apsipirkimui internete skirtos programos esmé | 2 2 4 4 Literatira: Kons-

(Zr. Russell & Norvig 2003, p. 344-348). Prekiy pektas, (Russell &

kategorijy medis kaip ontologija. Norvig 2003; 2020)

14. Ziniy vaizdavimo metodai: struktirinis | 2 2 4 4 Literatira:  kons-

vaizdavimas, freimai ir objektai, semantiniai pektas, (Nilsson 1998)

tinklai.

15. Ekstensionaliné ir intensionaliné reliacinés | 2 2 4 4 Literatiira:

struktiiros, konceptualizacija ir ontologija. https://www.researchg
ate.net/publication/22
6279556_What Is_an
Ontology

16. Aktualios DI kryptys. Teksty generavimas su | 2 2 4 4 Literatiira:

GPT (generative pre-trained transformer), DI https://arxiv.org/abs/2

etika, DI ,burbulo“ (hype) kritika. Egzamino 303.12712. Pasirengi-

klausimy aptarimas. mas egzaminui.

I§ viso | 32 32 64 |66
Vertinimo strategija Svoris | Atsiskaitymo Vertinimo kriterijai
proc. laikas

1. Keletas paprasty pro- 0% Déstytojo nu- | Uzduotys atlieckamos kaip namy darbai ir vertinamos

gramos, kuriy algoritmai rodytais ter- | ,atlikta“ ar ,neatlikta®. Atsizvelgiama j programavimo

aptariami per paskaitas. Pa- minais; Kiek- | kultirg: uzdavinio apraSymas ir jvestis—iSvestis. Testy

vyzdZiui, Hanojaus bokstai, viena progra- | dokumentavimas: 1) jvesties duomeny pakartojimas

zirgo marSrutas Sachmaty ma per 1-2 | ekrane, 2) struktiirizuotas vykdymo protokolas (log, trace),

lentoje, kelio paieska labi- savaites. 3) rezultato igvestis.

rinte (j gylj, i plotj), A*. Véliausiai — Sankcija uz vélavimg: egzamino balas mazinamas

Tikslas: dirbtinio inte- septintg savai- | (subjektyviai, bet protinga apimtimi).

lekto poziiriai (sprendéjo ir te Neatsiskaite visy uzduociy neprileidziami egzaminui.

planuotojo) j rekursines Rekomenduojama lankyti bent 75% paskaity ir seminary,

programas, kurios gali biiti nes Kitaip vargiai jmanoma suprasti esme ir pasirengti

zinomos i§ kity kursy. egzaminui.

2. Programos tiesioginiam 30% 11 savaité FC, | Vertinama pazymiu. Algoritmai ir testai nagrinéjami per

iSvedimui (FC) ir atbuli- 15 savaité BC | paskaitas ir pratybas. Programos atsiskaitymui 4 savaités:

niam i§vedimui (BC). pirma savaité — programa jveda pradinius duomenis ir juos

spausdina, antra — dirba su paprastais testais, tre¢ia —
sudétingesni testai, ketvirta — atsiskaitymas.

Atkreipti démesj j programavimo ir dokumentavimo
kultdrg: taisyklinga kalba, iS§samus apraSymas, protinga
apimtis, darbas atliktas savarankiskai, néra plagijavimo,
pateikiami jrodymai, kad problematika suprasta ir literattira
skaityta, o ne cituota aklai.

3. Egzaminas rastu. 70% Du klausimai: 1) teorija ir 2) pratimas. Pratimo pavyzdys:
duotam grafui nubraizyti paieskos medzius keliui nuo vir-
§inés S iki t rasti procediromis BACKTRACK1 ir
GRAPHSEARCH ,.j gyli“ bei nurodyti skirtumus.

Kaupiamasis balas nenusveria studento naudai nepa-
tenkinamo atsakymo ,,4* j egzamino klausima (pvz., ,,nieko
nezinau®). Kitaip sakant, teigiamam (>5) egzamino pa-
Zymiui batina atsakyti teigiamai ir j teorija, ir j pratima.
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Reikalavimai dalyko vertinimui eksterno budu

Ivertinimas galimas eksterno budu:

| Taip

VU MIF studentai gali kartoti kursa eksterno biidu. Bitina atlikti visas pratyby uzduotis (1. keletas sprint-uzduociy
programy; 2. tiesioginio i§vedimo programa; 3. atbulinio i§vedimo programa). Paskui laikyti egzaming. ] ank$¢iau
klausyty kursy jvertinimus néra atsizvelgiama.

Autorius Leidimo Pavadinimas Periodinio Leidimo vieta ir leidykla ar
metai leidinio Nr. internetiné nuoroda
ar leidinio
tomas
Privaloma literatiira
1. Vytautas CYRAS 2022 Intelektualios  sistemos https://klevas.mif.vu.lt/~cyras/
(paskaity konspektas) Al/konspektas-intelektualios-
sistemos.pdf
2. Nils NILSSON 1997 Artificial intelligence: a Elsevier Science & Technolo-
new synthesis gy. Yra VU MIF skaitykloje,
Sifras 004.8 Ni-133.
https://ebookcentral.proquest.c
om/lib/viluniv-
ebooks/detail.action?doclD=1
179844
3. Stuart RUSSELL, Peter 2020 Artificial intelligence: a Prentice Hall, 1115 p. Yra VU
NORVIG modern approach (4th MIF, 2nd edition (2003),
edition) Sifras 007 Rul22.
https://aima.cs.berkeley.edu.
https://ebookcentral.proquest.c
om/lib/viluniv-
ebooks/detail.action?doclD=5
495854
4. Michael NEGNEVITS- 2011 Artificial intelligence: a Pearson Education. Yra VU
KY guide to intelligent sys- MIF 2nd edition (2005), Sifras
tems (3rd edition) 004.8/Ne-44.
https://ebookcentral.proquest.c
ebooks/detail.action?doclD=5
186211
Papildoma literatiira
1. Stanislovas NORGELA 2007 Logika ir dirbtinis intelek- TEV, Vilnius. Yra VU MIF,
tas Sifras 16 No66
2. Nils NILSSON 2009 The quest for artificial Cambridge University Press.
intelligence: a history of Yra VU MIF, §ifras 004.8 Ni-
ideas and achievements 133.
https://doi.org/10.1017/CBO9
780511819346
3. Nils NILSSON 1982 Principles of artificial Springer-Verlag
intelligence
4. George LUGER 2009 Artificial intelligence: Addison-Wesley, 928 p.
structures and strategies https://www.cs.unm.edu/~luge
for complex problem rl. Yra VU MIF, Sifras
solving (6th ed.) 004.8/Lu-59

Atnaujinta 2023.04.23
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COURSE UNIT DESCRIPTION

Course unit title Course unit code

Artificial Intelligence: Classical Principles 20477

Summary

This course comprises only elements of artificial intelligence (Al) and not the whole variety of Al techniques. Emphasis
is on the classical Al, a.k.a. Good Old-Fashioned Artificial Intelligence, GOFAI, https://en.wikipedia.org/wiki/GOFAI.
Hence, the course comprises the principles of Al, search methods, and logic-based representations. Machine learning
and artificial neural networks are out of scope of this one-semester course.

Lecturer(s) Department

Coordinator: assoc. prof. Vytautas CYRAS Department of Software Engineering
Institute of Computer Science

Other lecturers: - Faculty of Mathematics and Informatics
Vilnius University

Cycle Type of the course unit
1%t (BA) Non-compulsory
Mode of delivery Semester or period when the Language of instruction
course unit is delivered
Face-to-face 5, 6, 7 semester English

Prerequisites
Programming skills in a programming language, for example, C, C#, Java, Pascal, Perl, Python, etc.

Number of credits Student’s workload Contact hours Individual work
allocated
5 130 64 66

Purpose of the course unit: programme competences to be developed
To develop competencies and skills in artificial intelligence: to understand the philosophy of Al and the question “Can
machines think?”. To gain programming skills at creating future intelligent systems, which extend the limits of machine
intelligence of the past and use the elements of human intelligence in problem solving.
Generic competences: communication and collaboration, life-long learning, and social responsibility.
Specific competences: knowledge and skills of underlying conceptual basis, software development knowledge and
skills, technological and methodological knowledge and skills, and professional competence.
Learning outcomes of the course unit: Teaching and learning Assessment methods

students will be able methods
To understand the fundamental concepts of Al: | Problem-based teaching, indi- | Written examination, assign-
problem solving by search, backtracking, solver, | vidual reading, writing prog- | ments.

planner, software agent, the Turing test, etc. rams. Criteria: the quality of
To program basic techniques of inference: programming; accomplishing
backtrack (depth-first), breadth-first search, the assignments in due time —
forward chaining and backward chaining. no delay; understanding the
To understand the essence of Al: differentiating subject matter of Al.

between human intelligence and machine
intelligence, extra-logical choice in decision
making, e.g., in legal reasoning.



https://en.wikipedia.org/wiki/GOFAI

Contact hours

Individual work: time and

assignments

N 4
S ¢ |
Course content: breakdown of the topics i 3|3
w | o ¢ 5 4 = |5 Assignments
= =] Q = =
IR R ED- -
1. Artificial intelligence (Al): a history, a |2 2 4 4 The Tower of Hanoi
philosophy, and the hype. Examples of intelligent puzzle. Literature: the
tasks. Al as a discipline within a classification of course-book (text-
computing. The Turing test and interpreting the book) (Cyras 2021),
question “Can machines think?” (Nilsson 2010), (Luger
2009),
https://en.wikipedia.or
g/wiki/Turing_test
2. A system of artificial intelligence: 1) a global | 2 2 4 4 The Knight’s tour
data base, 2) a set of production rules, and 3) a program. Literature:
control system. Procedure PRODUCTION. textbook, (Nilsson
Examples: the Tower of Hanoi problem, etc. 1982; 1998)
3. Procedure BACKTRACK. A problem solving | 2 2 4 4 Literature: textbook,
example: the Knight’s tour problem. (Nilsson 1982; 1998)
4. Avoiding loops in labyrinth depth-first search | 2 2 4 4 Programming DFSina
(DFS) with BACKTRACK1, a modified labyrinth. Literature:
procedure. textbook, (Nilsson
1982)
5. The concept of heuristic. Examples in the N- | 2 2 4 4 Literature: textbook,
gueens problem. (Nilsson 1982; 1989)
6. Breadth-first search (BFS). The lists OPEN and | 2 2 4 4 Programming BFS ina
CLOSED and the shortest path. The types of labyrinth. Literature:
intelligent agents: reflexive and rational agents. textbook, (Russell &
Norvig 2020),
(Nilsson 1998)
7. Procedure GRAPHSEARCH. The solver and the | 2 2 4 4 Literature: textbook,
planner. A* search algorithm. (Nilsson 1982; 1998)
8. Forward chaining (FC): from the facts to the | 2 4 6 4 Programming FC.
goal, non-recursive. Backward chaining (BC): Literature: textbook,
from the goal to the facts, recursive. Rule format: (Negnevitsky 2011)
Al,..., An — B.
9. Hill climbing strategy. 2 0 2 4 Literature: textbook,
(Nilsson 1982; 1998)
10. Knowledge-based reasoning, the resolution | 2 2 4 6 Programming BC.
rule, deduction. Inference forwards and Literature: textbook,
backwards. Logic-based knowledge (Nilsson 1998),
representation. (Russell & Norvig
2020)
11. Elements of expert systems architecture: a | 2 2 4 4 | Literature: textbook,
knowledge base (facts and rules), an inference (Nilsson 1998)
engine and user interface.
12. Extra-logical choice in decision making, e.g., | 2 2 4 4 Literature: textbook,
“low-quality but cheap” versus “good-quality but (Bench-Capon &
expensive”. Transforming the problem of Prakken 2006)
impossibility of achieving several goals into a
weighing problem. Deduction and abduction rules.
Defeating argumentation trees.
13. The Internet shopping world (see Russell & | 2 2 4 4 Literature: textbook,
Norvig 2003, p. 344-348): specifying a search (Russell & Norvig
engine. A category tree as an ontology. 2003; 2020)
14. Knowledge representation methods: structural | 2 2 4 4 Literature: textbook,
representation, frames, semantic networks. (Nilsson 1998)
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15. Extensional relational structure, intensional | 2
relational structure (conceptualization), intended
models, and ontology.

Literature:
https://www.researchg
ate.net/publication/22
6279556 What _Is an
Ontology

16. Summing up the principles of artificial | 2
intelligence. Discussing the examination.

2 4 4 Preparing to the exam

Total | 32

32 64 |66

Assessment strategy Weight Deadline

Assessment criteria

1. Simple programs. For 0% Week 6
instance, the Tower of
Hanoi puzzle, the Knight’s
tour, labyrinth path search

(DFS, BFS), A*.

2. Forward and backward 30%
chaining programs (FC and

BC).

Week 11 FC,
Week 15 BC

Each assignment shall be finished in due time, no delay.
Forward chaining and backward chaining programs shall
be finished in four weeks. Week 1: your program reads
initial data and prints it. Week 2: simple tests. Week 3:
complex testing. Week 4: — acceptance.

Assignments’ assessment criteria: the quality of
programming, testing and documenting. The output of a
test comprises 1) input data from a file, 2) execution trace
(log), and 3) the results. The code shall contain comments,
step numbering, and explanations of data structures.

A review instead of FC/BC. An option (e.g., for
students who are less-skilled in programming) is
(1) investigating a chosen problem, article or book, (2)
writing a review, and (3) making a presentation. Font 12 pt,
spacing 1, ~20 pages with references. Evidence of
understanding the problem.

For examination it is obligatory to pass all
assignments. Assignments rate 30% of the exam’s score.

It is strongly recommended to attend > 75% of lectures
and practice.

70% Examination

date

3. Examination.

The examination comprises a theory question and an
exercise. The exercise: for a given graph, draw search trees
from a node s to t according to procedures BACKTRACK1
and GRAPHSEARCH “depth-first”; indicate distinctions.

The assignments score counts if each question is
answered in the affirmative. In other words, the exam grade
is placed positive only if each exam question is answered
in the affirmative (> 5 out of 10).

Author Publi-
shing

year

Title

Number or Publisher or URL

volume

Required reading

1. Vytautas CYRAS 2023

textbook)

Artificial Intelligence (a

https://klevas.mif.vu.lt/~cyras/
Al/ai-cyras.pdf

2. Nils NILSSON 1997

new synthesis

Artificial intelligence: a

Elsevier Science & Technolo-
gy. VU MIF, 004.8 Ni-133.
https://ebookcentral.proquest.c
om/lib/viluniv-
ebooks/detail.action?doclD=1
179844

3. Stuart RUSSELL, Peter
NORVIG

2020
modern
edition)

Artificial intelligence: a
approach

Prentice Hall, 1115 p. VU
MIF, 2nd edn (2003), Ru122.
https://aima.cs.berkeley.edu.
https://ebookcentral.proguest.c
om/lib/viluniv-
ebooks/detail.action?docID=5
495854

(4th

4. Michael NEGNEVITS-
KY

2011

Artificial intelligence: a
guide to intelligent sys-
tems (3rd edition)

Pearson Education. VU MIF,
2nd edn. (2005), 004.8/Ne-44.
https://ebookcentral.proquest.c
om/lib/viluniv-
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https://ebookcentral.proquest.com/lib/viluniv-ebooks/detail.action?docID=1179844
https://aima.cs.berkeley.edu/
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ebooks/detail.action?docID=5
186211

Recommended reading

1. Nils NILSSON 2009 The quest for artificial Cambridge University Press.
intelligence: a history of VU MIF, 004.8 Ni-133.
ideas and achievements https://doi.org/10.1017/CBQO9

780511819346

2. Nils NILSSON 1982 Principles of artificial Springer-Verlag
intelligence

3. George LUGER 2009 Artificial intelligence: Addison-Wesley, 928 p.

structures and strategies
for complex problem
solving (6th ed.)

https://www.cs.unm.edu/~luge
r/. VU MIF, 004.8/Lu-59
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