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PROJECT GOAL

A selection of interesting artefacts, events, traditions from our
cultural-historical heritage, folklore and history and their
formal modelling with the means of logic programming and in
particular with the logic programming language Prolog.

Bulgaria is a country of ancient history, remarkable cultural and historical heritage,
folklore traditions and natural wonders. The idea of the project is to select
Interesting artefacts, events, traditions from our cultural-historical heritage, folklore
and history and these artefacts to be modelled in a formal way with the means of
logic programming and in particular with the logic programming language Prolog.
Also, our natural features and geographical phenomena will be included in the
project’s knowledge base.
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The project logo
A logo has been prepared to present the project,
which is described as Bulgarian embroidery.
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BACKGROUND STORY

O Introducing the study of artificial intelligence (Al) in secondary schools
 Logic programming and Prolog

 Prolog and Artificial Intelligence

Recently, there have been increasing efforts worldwide to introduce the study of artificial intelligence (Al) into
secondary schools. European countries have been striving to take a leading position in technological
development in the field of Al and take care of its rapid and comprehensive implementation in their economy.
Logic programming is a programming model that is heavily used in some areas of artificial intelligence. Prolog was
one of the first logical programming languages and has had a significant impact on Al since its inception. Prolog
describes complex ideas in a simple and declarative way. In Prolog, knowledge is defined as facts, rules, and goals
that are well-suited to solving Al problems. Prolog excels in artificial intelligence, natural language processing,
expert systems, and constraint programming. With its powerful pattern matching and rule-based inference
capabilities, Prolog can handle complex problems that are challenging to solve using other programming
languages. Prolog's logical underpinnings make it well-suited to modelling human reasoning, which is why our
team believes it is well-suited for introducing Al into the middle school. We have offered several schools a
curriculum with core topics including logic programming based on the Prolog language.
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Our three-year experience

> N at I O n a I P rog ra m fo r I n n Ovatl O n I n Ne Topic 12. Theoretical foundations of the Prolog language.
o Facts, rules and goals.
SeCO n d a ry E d U Cat I O n Section 1: Introduction to Artificial Intelligence (Al) 13. Getting to know SWI-Prolog. Examples
1. Definition of Al. Origin and history. 14, Introduction to the Prolog programming language.
> STE M Ce nt res 2. Modern Al. Artificial intelligence and logic Unification.
programming 15. Introduction to the Prolog programming language.
. . . . . . - lution.
» A curriculum involving logic programming Section 2: Knowledge Rezolution
H. Knowledge in the field of artificial intelligence. 16. Return mechanism. Operator cut (!).
b ase d on t h e P ro | Og | an g ua ge Specialized and general knowledge. 17. Arithmetic expressions and operators.
5. Presentation of knowledge. Representation of - - -
knowledge th h rules. 18. Working with data structures in the Prolog language.
> . . . ge through rules Usts.
The Prolog Education and Thinking Section 3 Logic e
- - - - . ists. Basic operations.
9. Logic. Basic concepts of mathematical logic.
141 1 Deductive logic — basic concepts, syntax and 20. Predicates that handle lists. Examples.
I n Itl atlve semantics. 21. Knowledge-based systems. Knowledge base.
> o o 10. Predicate logic. Presenting knowledge with commeon Inference machines.
I m plementat|0n Of the prOJeCt sense. 22, Development of an independent project. Main
Section 4: Logic programming language Prolog stages.
2B 11. Logic programming and Prolog. Why Prologue?
> Tea C h e r tra I n I ng History. Applications.

Recently, more and more efforts have been made worldwide to introduce the study of artificial intelligence (Al)
into secondary schools. A strategy for the development of artificial intelligence in Bulgaria until 2030 has been
published, including artificial intelligence in education and science.

Our team actively participates in activities related to the study of artificial intelligence in secondary schools. We
have proposed a curriculum involving logic programming based on the Prolog language. We have three years of
practical experience in implementing the program in some schools in the region of the city of Plovdiv. We get new
incentives in connection with Professor Kowalski's invitation to join the ‘Prolog Education and Thinking’ initiative,
launched on the occasion of the 50th anniversary of the creation of the Prolog language. Joining this initiative, we
have proposed a national project called ‘Digital Bulgaria in Prolog’.

The implementation of the project involves various types of activities, such as the need to develop a suitable
curriculum. The current program, according to which we started the training, is shown in the Figure.
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Prolog training and books

Praktische
Informatik
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PbK.OBOACTBO
no UBKYCTBEH
MHTEAEKT

BeHema TadakoBa-KomcaroBa
Todopka MywkoBa

CmaHumup CmosHoB

The program we offer for
secondary school is based on
practice with students in the
‘Introduction to Al’ subject at
the Faculty of Mathematics and
Informatics of the University of
Plovdiv.

The practice in this subject is
taught in the Prolog language
and a teaching aid has been
issued. In this tutorial, we use
some of the examples in the
featured book.

)



Prolog50 initiative
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SEARCH IN OUR ARCHIVES

» Invitation by Robert
Kowalski and
participation in:

> Online meeting

7972 2022: The Year of Prolog
Celebrating the 50th anniversary of Prolog Search ...

> Symposium in Paris B

. THE YEAR OF PROLOG
The Prolog Day Symposium
* Home
NEW! You can follow the Prolog Day Symposium live here. Location: Saint Germain Amphitheater: Polonovski s\ The ALP Alain Colmerauer

Prolog Heritage Prize
* Prolog Education

This Prolog-Day Symposium will present the highlights of the Year of Prolog, celebrating the 50th anniversary of the birth of Prolog. The « The Prolog Day Symposium
Symposium will include the award of the inaugural edition of the ALP Alain Colmerauer Prolog Heritage Prize (in short: the Alain o Registration
Colmerauer Prize) for recent practical accomplishments that highlight the benefits of Prolog-inspired computing for the future, and presents = Call for Position Papers

On the idea of Prof. Robert Kowalski, in connection with the 50th anniversary of the creation of the Prolog language,
the ‘Prolog Education and Thinking’ initiative was launched. This initiative aims to inspire a new generation of
schoolchildren and university students by introducing them to a human-friendly, logic-based approach to computing.
Joining this initiative, we proposed a national project called ‘Digital Bulgaria in Prolog’. Our team took part in The
Prolog day Symposium in Paris dedicated to 50 years since the creation of the Prolog language. )
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Moments from the symposium in Paris
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Objectives of the initiative

» Creating a network of schools
» Preparation of projects

» Participation in the global initiative ‘Prolog Thinking and

Education’

By participating in this initiative we are getting involved with this project and participating in the
introduction of Prolog training in the secondary school through the STEM centres.
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The Nature of the project

Knowledge Base

J Main goal

1 The logical approach and the Prolog
language

 Architecture of the project’s software

v' distributed knowledge base
v' personal tourist guide
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The main goal of the project is to support the
introduction of the subject in the Bulgarian secondary
school under different educational forms, including in
STEM centres. The project was developed in such a way
as to allow the inclusion of a large number of schools in
its implementation. First meetings have already been
held with schools that have expressed a desire to
become partners in the project. At the same time, the
project remains open to the inclusion of new
participants.

The logical approach (and the Prolog language) is
fundamental to knowledge modelling. Also, Prolog
programming is easy and understandable because it is
close to natural language. All this motivates us to
choose the Prolog language as the main tool for
implementing the presented in this project.
Architecture

The overall architecture of the system that will be
developed within the project consists of two main
components — a distributed knowledge base and a
personal tourist guide shown in the figure. )



»

The modules will be structured in
separate thematic areas
Cultural-historical heritage

Historical sites;

» Architectural objects;

»

»

»

»

»

Ethnographic objects;

Folk crafts;

Book and literary values;

Customs, rites, celebrations, rituals and beliefs;
Music, songs and dances

» And other.
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User level

A Multi-tiered Toolset

VisiRule
Ca
Analytical level Fazzy Ba::: [?aFa
Logic reasonin mining i
Environment WinProlog
Kernel PROLOG++ Integration with VB, Delphi, ODBC
Intelligent Server JAVA
JAVASCRIPT
PYTHON
« ODBC
Flex
Knowledge Specification Language
T — The Flex system fits into the LPA software package. Flex is fully
nd ichaming iChaining lana - imven  lamd . . . . o r
instances | | Answers  Programs. Synonyms implemented in Prolog and is designed specifically to allow the
Flox Support Predicates | | easy development of expert systems.
Flex E:nglne . : .
5 ? -' ’ Flex has a three-tier architecture: KSL, flex support predicates,
PROLOG and the flex engine. KSL sits on top of Prolog and the flex

support and flex engine predicates are integrated directly into

Prolog. )
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Project ideas in Prolog examples

The first is dedicated to Bulgarian folklore and more precisely to Bulgarian needlework.
Bulgarian folklore and more precisely to Bulgarian needlework. We present embroidery in
the form of a game, which includes knowledge of fine art, mathematics, folklore.

SWISH Fie~ Ediiv  Examples-  Help~

TABNO NO MY3UKA 3A 5 KJAC % Knacuguraumm Hocum :
Mysukannodonknopumn obnacrm % Tvn_Hocus(O6nacr, TTon) @ fhProgram -~ +
B bvnrapus [ AR X 1|z

£

TMN_Hocus(ao6pyaxaHcKa xeHa). 2 % NPOEKT: Digital Bulgaria in Prolog
3%

4 ¥ Modyn: [EOTPAOHA
TUN_Hocua(NUPUHCKA XKeHa).

TUN_Hocus(POAOMUAHCKa KeHa). ; Jema: Pexune na Benedpun Geog ra ph ical Objects = Rive rS Of BU |ga ria

£

TUN_Hocus(cesepHALLKA, KXeHa).

EE

BAMBA_Ce_B{AYHAE,4SpHO_MOPe). BAMBA_ce_B(KaM4WA,4YSpHO_MOpE) . BAWBA_Ce_B(SeneKa,4epHo_mMope).
BAMBA_ce_B(pe30BCKa_peKa,YepHo_Mope). BAMBA_ce_B(Xa[xuicKka_peka,42pHo_mope). BAmBa_ce_B(mapuua,Bano_mope).
BAMBA_ce_B{CTpyma,bAno_mope). BAMBa_ce_e(mecTa,bAno_mope). MPUTOK(MCKBD,OYHAE).

18 ApUTOK(OCEM,AyHas). NPUTOK(AHTPaE,AYHEE). NPUTOK{THMOK,IYHAE). NPUTOK(BMT,dyHaE).

11 npurok(orocTa,yHas). NPUTOK(MOM,QyHaE). NPUTOK(TYHOxa,Mapulua). NpUToK(apia,Mapvua).

12 MpUTOK(TOMOMHULA,MAPKLA) . NPHTOK(ELHE,MapWLa). NPUTOK(CTPAME,MapHLE). NPMTOK(4eNenapcka_peka,Mapuua) .
TV|n_HOCMﬂ(pOﬂanaHCKQ,M'b)'(), 12 MpUTOK(4SNUHCKa_peKa,MapHua). NpUTOK(Nyaa_peka,Mapuua). NpUTOK(NYA4a_AHE,M3pHUA) . NPUTOK{NACEYHKK,Mapuua).
npuTok(cTapa_peka,Mapula). MpUTOK(pocuua,AHTpa). NpUTOK(CTapa_peka,AHTpa). npuTok(6enuua,AHTpa).
NPUTOK(ManK1_NCKbp, HCKBP ). MPUTOK{NSCHOBCKE_PeKa, CKED ). NPUTOK(2NaTHA_NaHEra,Mcksp). NPUTOK(E2nM_ockM,0csM) .
NPUTOK(HepHM_OCEM,0CEM) . NPATOK(KOMaHCKa_pPeKa,0ckM) . NPUTOK(CYXa_peKa,ockM). NPUTOK{IpWNNGE,0CEM).

17 nputok(BuguMa,pocuua). NpUuToK(pocHya,AHTPa). NPWTOK({BecenMHa,cTapa_peka).

TUN_HoCcUA(CTPaHAKAHCKA KeHa).
TUN_Hocus(Tpakuiicka KeHa).

o o

TMN_Hocusa(Ao6pyaKaHcKa MbX).
TUN_Hocus(cesepHALKa,MbX).
TUN_HoCUA(NUPUHCKAE, MBX).

TUN_HOCUS(CTPAHAKAHCKA, MBX). i
TUN_HOCUA(TPAKUIACKA MBX).

% Yactu Ha HApoAHUTE HoCUU

% uactu_Hocua(O6nact, Yactn) 19 sopocbopen_noTok(Pekal,Peka2) :- npnToK(Pekal,Pexal).
S — 26 sogocbopen_notok(Pexal,Peka2) :- nputok(Pexal,P), Bofocbopen_noTtok(P,Pexal).
ldqcTM_HocMﬂ(ponanwchKa,[pM:a,cyKMqH,Mepc»(aH,npzcwmm:l,m:pn
Tede_kbM_Mope(Pexa,Mope) :- Bnuea_ce_g(Pexa,Mope).

a_rnaea,x‘bpna_CHaro,nosic,uopanw,u‘bpsynm]), - - = - -

22 Teve_kwbM_Mope(Pexa,Mope) :- Bogocbopen_noTok(Peka,P), Bnuea_ce B(P,Mope).
qocTM_HocMa(aopramchnc,[pM3o,cyKMaH,Mepc»<aH,npecrvlm(a,K‘bp 2
na_rnaea,Kbpna_cHara,nosc Hopanu,uspeynu]). 25 mope(Mope) :- enmea_ce_e(_,Mope).
HOCTM_HOCMﬂ(CZBZPHSILLIKG,[PM30‘CyKMOH,MepC)KGH,nPZCTMJ'IKcllr(‘bpnﬂ 26
_rnasa Kbpna_cHara,nosc Hopanu,uspsynul). 27 peka(Peka) :-  npuTok(Peka, ).

28 peka(Peka) :- npuTok(_,Pexa).
MOCTM_HOCMﬂ(nMpMHCKG,[pw:m,cyr(MaH,Mepcn(aH,npeuw’ma,m:pna_r - -

20 peka(Peka) - BnuBa_ce B(Peka, ).
nasa,K‘bpna_CHara,noac,uopanm,ubpsynm]). :
~~4(]C:T|r1_HOCMil(t:'r[.)(.'lH[v!(OHCKQ,[pl/|3<l,C)’KM<JH,MepC)\‘(OH,ﬁpe(:TMﬂKO,K‘bp 31 & - meve_xwvm_mope(mapuua,Mope).
na_rnosc,K‘bpna_cuara,nonc,qopanw,ubpsynw])_ 32 & - meve_kvMm_mope(Peka, HepHo_Mope).
uacTu_Hocua(Tpakuiicka,[pusa,cyKmaH mepexaH, NnpecTunka, Kepna_ 33 & 7- Bodocbopen_nomok (Pexa,mapuya).

34 % ?- M .
rnaBa,K‘bpna_CHara,nosw,wopanw,u‘bpaynw]). B Y mpegp'ﬂpe’;

32 4 - peka(Pexa). meye_kbM_mMope(Peka, 4epHo_Mope)
o ) )] .
% [lpyrv xapaxkTepucTukm 26 % ?- Bauba_ce_B(Pexa,_). ﬁ ==
% rep6_pon(Iep6,06nact,TTon). 37 % 2~ npumox(_,Pexa}. Peka = yHas
% ueat_sbnHeHuk(O6nacr LlsaT). 38 ¥ ?- npumok(Peka,_). Peka = Kamuuns
A s 29 Peka = Beneka
rep6_pon(TouHo_onpeneneHu_praca,pouonum—ccr(a,»(eﬂa). : [ Next | 10 ] 100 | 1,000 ‘ Stop ‘
rep6_poa(He_uaeHTUPUUUPAH pOAONHACKA MBX).
usﬂT_s'aneHMK(po,qorwchr(a,uepen). T Teue_knM_mope (PeKa,uepHO_MOPe) .
UBAT_BbNHEHUK(POAONYAHCKA, THBMHO_CUH).

UBAT 8bNHeHUK(POAONYAHCKA YepBeH).
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Project content by examples

Historical sites The Thracian Treasures Natural objects presented by us on FLEX
presented via VisiRule. through KSL ‘A small interactive e-book
———g— s about the Bulgarian forest’.

v v

What colour is the artefac not_known What shape Is the artefact? KV\OW(nge base
a v . ———a l L2 L relation can find 'Istotchen chinar' with yields 'Platanus orientalis' and 50
gold silver bronze gold_and_siver ) flat cup_shaped if the site is 'Rodophes Mountain'
g What shape is the artefact? and the soil is ({'Kamenisti' or 'Pesatchlivi')
v D and the elevation is 'Lower'.
siver artefacts ¥ A
\ round fiat ong relation can find 'Ksantijska varba' with yields 'Salix xanthicola' and 2.%
. = if the site is 'Rodophes Mountain'
What decoration of the artefact? . & ted and the soil is 'Aluvialni’'
~ encrus! stones i I '
/ e What is the edge like? intaid animal and elevat*on is 'Lower
» - = ! and the moisture is 'Wet'. { F 5
inlaid_animal encrusted_stones g
_ rrarrrarp e nference engine
: v ¥ L 4 - ” o action run ;
inlaid animal encrusted stones rough smooth do restart
mineral precious

do output Species, Provenance, Yieldl and Yield? to the screen

\ and for every valid Species, Yieldl and Yield2 combination
: and obtain seed for Species from Provenance
m » encrusted stones “ %and compute Variance for Provenance
“ How thick s the artefact?

' end for .
~ o ¥
< User interface
L 4 hie siver artefac: [ ]
small large thin s Y B B Single Choice Options Menu X }”S'sc('(ﬂo(('omc'n‘.'cm X
- - \ question site
e - v - x = Prosgt Promot
- = N region is the site located in ? ; I [ o |
~— - encrusted stones What size is the artefact? L | [Which regron is the ste located in 7 | [Atwhich elevason zone is the ste located 7
e ! choose one of site_types . | Explain | Explan
A ” ~ 'Y R i
What sze is the coin prm- large group site_types
» 'Rodophes Mountain',
'Pirin Mountain',
'Rila Mountain' Pen Maart
v Mourtan Usper
Rl Mourtan
P Single Choice Options Menu % |} ¥ Single Choice Options Menu X
Prosgt o Poret oK
| [Whatis the predominant cimate of e ste [inwhich range does the site exposure be ?
i Explan __Explan
{
e I —
Oy Maode ye
Hih

Recommended species: Istotchen chinar
Provenance: BGPlant Genbank
Latain name: Platanus orientalis
High of tree: 50
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Project ideas in examples

A combination of Chemistry, Physics, Geography, Mathematics and Informatics -
MINERAL WATERS

VA SIS GGG SIS IS IS S5 Y5554 % Classification of mineral waters according to chemical composition
% - 4 poorly mineralized(Spring) :-
% PROJECT: Digital Bulgaria in Prolog % mineral_spring(spring, [_,M, , , ,_,_]),
it ot i e % M =< 2.
; 3 . deratel ineralized(Spri ‘-
# Module: The mineral springs of Bulgaria % e Lt e

mineral_spring(Spring, [ _,M, , , , 1),

# & M>'2; M =¢ 15, -

VIS GISGIYGI GGG IS GG EII I IS IIS 55554 loud_minir"allizedzzpring) =

% Characteristics of mineral springs mineral_spring(spring, [ LM, » , » »_1),
% Predicate: mineral spring(Spring, [T,M,PH,HC03,504,CI,Na]). M > 15, M =< 30.

4 salted(Spring) :-

% Database mineral_spring(spring, [_,M, , ,_»_,_]),

M > 30, M =< 60.
heavily_salted(Spring) :-
mineral_spring(Spring, [_,M, , , , ,_1),

(izvoriste, [24,460,7.8,256,34,15,84]).
(velingrad, [22,1976,9.15,24,26,4,50]).
(devin, [44,223,9.4,101,20,2,70]).

M > 60.
(bankia, [20,417,7.3,297,10,3,16]).
(sapareva bania, [57,707,9.4,116,244,30,212]).
% Knacugukauua Ha muHepanHume 6odu cnoped memnepamypama '@‘ cold(Spring)
tal(Spring) - , Spring = izvoriste
mineral_spring(Spring, [T, , , » 5 5_1)» < .
T < 37. Spring = velingrad
warm(Spring) :- Spring = bankia
mineral_spring(Spring, [T, , , , 5 5_1), false
T > 37, T =< 60.
hot(Spring) :- ?
mineral_spring(Spring, [T,_, , »_5_5_1)» cold(spring)
T > 60.
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Modelling of knowledge in the field of
Bulgarian folklore

AN B g entered in the lower right corner

L G T = AT =

Example ‘Bulgarian embroidery |
a) Makaz c) Left wing

= Relations over Folklore ‘ S

Primitives and Folklore AV = o A = %

Elements from the first level b) Rombus d) Nest

/\/\ . under . v = ;%

= Relations over Folklore Elements &) World - upper and lower

-

S

on the left on the left on the left an the left
I
ey = > o R = e

a) Babitsa b) Family
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raining teachers to teach the curriculum




Conclusion

» Inspiring the new generation of students

» Increasing iInterest in other academic disciplines, such as history and

geography of Bulgaria, Bulgarian cultural and historical heritage, Bulgarian
folklore.

> Introduction of Artificial Intelligence in secondary schools

The implementation of the project will inspire a new generation of students by introducing them to a
convenient, logic-based programming language and increasing their interest in the cultural and historical
heritage of Bulgaria. In addition, students will acquire knowledge related to other subject areas they study
(history, geographers, etc.) and how this knowledge can be represented in intelligent systems. The
implementation of the project will also stimulate creative and abstract thinking of students. We see this
project as a continuing effort to introduce Al education in secondary school.
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