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JTOJATOK A

Kon mapcunry cunadbyci

import re

import json

from pathlib import Path

from dataclasses import dataclass, field, asdict
from typing import Optional

import pdfplumber

@dataclass

class Topic:
number: int
title: str
description: str

@dataclass
class Module:
number: int
title: str
topics: list[Topic] = field(default_factory=list)

@dataclass
class Competency:
code: str
text: str
@dataclass
class Course:
file: str
code: Optional[str] = None
name: str = """

specialization: str =
level: str = """
credits: Optional[float] = None

semester: Optional[str] = None

prerequisites _raw: str = "

prerequisites: list[str] = field(default_factory=list)
is_school_only: bool = False

annotation_full: str = "

modules: list[Module] = field(default factory=list)
competencies: list[Competency] = Field(default_factory=list)
raw_text: str = field(default=""", repr=False)

NAME_OVERRIDES = {

""cs.5655-kvalifikaczijna-robota.pdf": "Ksamidbikauirima pobora",
""cs.5878-praktyka-za-temoyu-kvalifikaczijnoyi-roboty.pdf": "lpakTuxa 3a
TeMmoOwo kBajiidikauinHol poboru",
""cs.5729-platforma-ta-programnyj-karkas-hadoop.pdf": "lnardopma Ta
nporpaMHuM kapkac Hadoop",
}
OPP_OVERRIDES = {
""cs.20464-komerczializacziya-intelektualnyh-system.pdf": "Cucremnu

NTYyUYHOTO i1HTeJyekTy",
"programuvannya-mikroproczesornyh-prystroyiv-rozumnogo-domu.pdf':
"Mryuumuit iHTejextT",



}

SK1P_MODULES_PARSING

}

def

def

def

def

str:

def

def parse_course name(text: str, filename: str) -> str:

{
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""cs.20464-komerczializacziya-intelektualnyh-system.pdf",

extract_text(pdf_path: Path) -> str:
text_parts = []
with pdfplumber.open(pdf_path) as pdf:
for page in pdf.pages:
t = page.extract_text(layout=True)
if t:
text_parts.append(t)
return "\n".join(text_parts)

extract_course_code(filename: str) -> Optional[str]:

m = re.match(r'"(cs\.\d+)", filename)
return m.group(1l) if m else None

name_from_filename(Ffilename: str) -> str:
if filename in NAME_OVERRIDES:
return NAME_OVERRIDES[Filename]

stem = filename.replace(".pdf", ") .replace(".txt", ™)

stem = re.sub(r"~cs\.\d+[-_]', """, stem)

words = stem.replace("_", "-").split("-"")
return " "

-join(w.capitalize() for w in words if w).strip(Q

extract_field(text: str, Field_num: int, next _field_num: int = None) ->

next _num = next_field _num or (Ffield _num + 1)
start_pattern = rf""\s*{field_num}\.?\s"
end_pattern = rf"M\s*{next_num}\_?\s"

lines = text.split("'\n"")

start_idx = None

end_idx = len(lines)

for i, line in enumerate(lines):

if start_idx is None and re.match(start_pattern,

start_idx = i

line):

elif start_idx is not None and re.match(end_pattern, line):

end_idx = i
break
if start_idx is None:
return "
return "\n"_join(lines[start_idx:end_idx])

collapse lines(text: str) -> str:
return re.sub(r'\s+", " ", text).strip()

# Crpareris 0: «CmnabByc HaBYaJbHOI IOUCIMIIIIHM «HaszBa»»

m = re.search(

r''Cun{1l,2}ab6yc\s+uasuanpuoi\s+acumuniiam\sS*[«\" " J([*«»\" *\n]{5,200P) [»\"""]"

text[:1500],

re. IGNORECASE,
)
if m:
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return collapse_lines(m.group(l))

field5 = extract field(text, 5, 6)
it field5:
body = re.sub(

r""\s*5\.?\s* (?:Kon i )?Hasea mucuunniuau\s*(?:\ (indbopmauis 3
IICT\))?\s*",
field5,
flags=re. IGNORECASE,
)
body = re.sub(r"Hazea mucumnninu\S*(?:\ (indbopmanis 3 IICT\))?\s*",
""", body, Flags=re.IGNORECASE)
body = re.sub(r"Kon i Haszpa mucummaiaum\sS*(?:\ (izdbopmauis =
IICT\))?\s*", """, body, flags=re.lIGNORECASE)
body = re.sub(r'"\ (ox[")1*\)", "', body)
body = re.sub(r'"\(["™M)]1*\)", """, body)
candidate = collapse_lines(body)
candidate = re.sub (r"“Cum?mx?abyc[*\n]*", """, candidate).strip()
if 5 < len(candidate) < 200 and re.match (r""[A-ATII€A-Z]",
candidate):

return candidate

m = re.search(
r"Hazea\s+aucoumininam (? :\S*\ (inpopmarnis 3 HICT\))?\s*\n+\s* ([A-
ArrreA-Z1[MN\n]+(?:\n\s+[a-ariiea-z][M"\n]+)*)",
text[:3000],

)
if m:
candidate = collapse_lines(re.sub(r'\([M)]1*\)", ", m.group(1)))
if 5 < len(candidate) < 200:
# O6pizarn Ha KJIOUOBMX CJIOBAX SIKI[O BOHM 3'SIBJISIOTHECS
for stop in ["®axkynbTeT", "PiBenn", "Kox", "KimpxicTp"]:
idx = candidate.find(stop)
if idx > 5:
candidate = candidate[:idx].-strip(Q)
return candidate
r"Hazea\s+mmcuunniuam\s{2, } ([A-ATIIeca-Z][™"\n]+)",
text[:3000],
)
if m:

éandidate = collapse_lines(re.sub(r'"\([)]1*\V)", """, m.group(1)))
if 5 < len(candidate) < 200:
return candidate

head = text[:600]
for pattern in [
r"Cun{l,2}abyc\s+HaruanbHoIl\s+oucummniainam: 2\s*"",
r"Hazea\s+aucuuniai am\s*\ (inpopmauia 3 IICT\)\s*",
1:
head = re.sub(pattern, """, head, Flags=re.lGNORECASE)
fac_idx = head.find("®akynbpTer")
if fac_i1dx > 5:
candidate = collapse_lines(head[:fac_idx])
if 5 < len(candidate) < 200:
return candidate

return name_from_filename(filename)

def parse_specialization(text: str, filename: str) -> str:
if filename in OPP_OVERRIDES:
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return f"OIII «{OPP OVERRIDES[filename] }»"

field4 = extract field(text, 4, 5)
opp = None

m = re.search(z"oII\s*«(["*»]+)»", Field4)
if m:
opp = m.group(l).strip(Q

if not opp:
m = re.search(r'onmI\s*[\"\"T([™"\"\"]H[\'"\"]", Field4)
if m:
opp = m.group(l).stripQ

if not opp:

m = re.search(r' Oceiruro-npodeciina\s+nporpama\s+ ([A-ATIICA-
Z1[M\n]+)", field4)
it m:
opp = m.group(l).stripQ

if not opp:
m = re.search(r"onms*«([*»]+)»", text[:5000])
if m:
opp = m.group(l).stripQ

if not opp:
m = re.search(
r"Hasea\s+ocBirTHrol\s+nporpamm\s+ ([A-ATIIEA-Z] [A-ATII€a-ariieA-
Za-z\s]+?) (?2:\s{3,}I\n]|H)",
text[:5000]

)
if m:
opp = m.group(l).strip(Q)
if not opp:
m = re.search(r’"\boI\s*«([*»]+)»", text[:5000])
if m:
opp = m.group(l).strip(Q)
if opp:
opp = re.sub(r"\s\-—1]+", ", opp)-stripQ
opp = re.sub(r'"\s+", " ', opp)

return f£"OIII «{opp}»"

return "

def find_prerequisites_section(text: str) -> str:
m = re.search(

r"lepenymoBu\s+ana\s+Hasuauusg [ *\N]*\N?\s* (?:3a\s+aucunnninon) 2\s*\n?([*\n]+
(?2:\n\s+["\n]+){0,5)",
text,
re. IGNORECASE,
)
if not m:
return "
body = m.group(l)
for stop in [
r"Anorauia", r"KommerenTHocTi", r"Iimi\s+xHaBuauxHa",
r"Crpyxkrypa\s+ovcuuniiam", r"PesynbTaTn\s+HaBdyaHHA",
r''\n\s*\d+\.\s+[A-ATII€]", r"Cucremals+ouinosanua",



idx = re.search(stop, body)
if idx:
body = body[:idx.start()]

return collapse_lines(body)

def parse_prerequisites(text: str) -> tuple[str, list[str], bool]:
field9 = extract field(text, 9, 10)

"") .

if "llepenymoBu" in field9 or "lepemymoBm" in field9.replace(" ",
body = field9
else:
body = find_prerequisites_section(text)
if not body:
return "', [], False

body = re.sub(r"\s*o\.?\s*llepenymosu [ *A-ATTIe\n]*\n?", """, body,
flags=re.MULTILINE)

body = re.sub(r'"\s*lepenymoeu\s+ana\s+uasuanua[*\n]*\n?", "', body,
flags=re .MULTILINE)

body = re.sub(r"sza\s+mucuunninown\s*", "', body, Flags=re.lGNORECASE)

body = re.sub(

r"Panime\s+manTs\s+6yTu\s+eueuen [i0] \s* (? : aucuunninu | posninm) 2\s*: ?2\s*",
body,
flags=re. 1GNORECASE,

)
body = collapse_lines(body)

lower = body.lower()
school_only = any(
kw in lower for kw in [
"3HauHua 3 iubopmaTuxku", "HaBuuky poboTrm 3 xoMmmo'",
"y paMKax BMBUEHHS Ha piBH1 cepemu",

)

if ;" In body:
parts = [p.strip(" .") for p in body.split(";"™) if p.strip(Q]
else:
raw_parts = [p.strip(" .") for p in body.split(",™) if p.stripQ]
parts = []
for p in raw_parts:
it p and parts and re.match(z""[a-ariiea-z]", p):
parts[-1] = parts[-1] + ", " + p
else:
parts.append(p)

courses = []
for item in parts:
item = item.strip(" .")
if len(item) < 5:
continue
item_lower = item.lower()
it any(kw in item_lower for kw in [

"cepenu", "wkin", "pamkax BuUBUeHHS",
"3HaHHS 3 1HbOpMaTukmM", "HaBMukM poboTm 3 kommn",
continue
item = re.sub(r"pPanime\s+manTs\s+6yTu\s+susuen [io]\s*", """, item,

flags=re.IGNORECASE) .strip(Q
if len(item) > 4:
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def

courses.append(item)
return body, courses, school _only and not courses
find_annotation_section(text: str) -> str:
fieldl0 = extract_field(text, 10, 11)
if fieldlO0 and "AnoTauisa" in fieldlO:

return fieldl0

m = re.search(
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r"Anorania\s*(?:\ (zmicT\))?2\s*\N?\s* (2 : qucuunmiuam) 2\s*\nN? ([\s\S]+?) (?=\n\s*
\d{1,2}\.?\s*Komnerenrnocti |\Z)",

def

text,

re. IGNORECASE,
)
if m:

return m.group(l1)

return

parse_modules_and topics(text: str) -> tuple[list[Module], str]:
annotation = find_annotation_section(text)
if not annotation:

return [], "

annotation = re.sub(
r'*"\s*10\.?\s*Anorauia [~*\n]*\n",

annotation,
flags=re.MULTILINE,

)

annotation = re.sub(r"M\s*\ (asmict\)\s+aucuunmaiuan\s*",

, annotation,

flags=re .MULTILINE)

1)

annotation_full = collapse_lines(annotation)
flat = annotation_full
markers = []

for m in re.finditer(
r" (?:3microsmit\s+) ?Monyne\s+(\d+)[\.\s:]",
flat,
re. IGNORECASE,

markers.append((m.start(), "module", int(m.group(1)), m.end()))

for m in re_finditer(
r'(2:MDN-\G N\ IN\sH AL, 2P\ \s* ([A-ATIIea-Z])",
flat,

pos = m.start(l)

before = flat[max(0, pos - 20):pos]

if re.search(r'" Moayne\s*$", before, re.lIGNORECASE):
continue

it re.search(r” Tema\s*$", before, re.lGNORECASE):
continue

markers.append((m.start(1l), "module™, int(m.group(l)), m.end(l) +

for m in re.finditer(



66

r'' Tema\s*(\d+)[\.\:\s]+",
flat,
re. 1GNORECASE,

markers.append((m.start(), "topic”, int(m.group(l)), m.end()))
markers.sort(key=lambda x: X[0])

seen_positions = set()
unique_markers
for mk in markers:
it mk[0] in seen_positions:
continue
seen_positions.add(mk[0])
unique_markers.append(mk)
markers = unique_markers

modules = []
current_module = None

for i, (pos, mtype, num, end) in enumerate(markers):
next pos = markers[i + 1][0] if i + 1 < len(markers) else len(flat)
content = flat[end:next_pos].strip()

title_match = re.match(r"~([™\.;]1{3,200}?)(?:[\-;]11$)", content)

title = title_match.group(l).strip() if title_match else
content[:100]

title = title.rstrip(':,. ").strip(Q

if mtype == "module":
if not any(mm.number == num and mm.title == title for mm in
modules):
current_module = Module(number=num, title=title)
modules.append(current_module)

elif mtype == "topic":
if not current_module:
current module = Module (number=1, title="3araneumi s3mict")
modules.append(current_module)
topic = Topic(number=num, title=title, description=content)
current_module.topics.append(topic)

return modules, annotation_full

def parse_competencies(text: str) -> list[Competency]:
fieldll = extract field(text, 11, 12)
if not fieldll or "KomnereHTHOCTi" not in fieldll:
m = re.search(

r"KomnerenruocTi [*\N]*\N? (\s\S]+?) (?=\n\s*\d{1,2}\.?\s*Pesynrraru| Jara | Cuc
Tema ouinwoeanua|\Z)",
text,
re. IGNORECASE,
)
it m:
fieldll = m.group(l)
else:
return []

comps = []
seen_codes = set()
matches = re.finditer(



r'\b (3K | oK | TPH | PH) \S*(\d+) [\ \:J2\s+(.+?) (?=\s+ (?: 3K | K | IPH| PH) \s*\d | $) ",
fieldll.replace(''\n", ™ ™),
re.DOTALL,

for m in matches:
prefix = m_group(l)
num = m.group(2)
text_c = m.group(3).strip(Q).rstrip(".™)
text_c = re.sub(r'"\s+", " ', text _c)
if len(text_c) > 400:
text_c = text _c[:400].rsplit(.", D[O] + "."
code = T"{prefix}{num}"
if code in seen_codes:
continue
seen_codes.add(code)
comps . append(Competency(code=code, text=text c))

return comps

def parse_syllabus(pdf_path: Path) -> Course:
text = extract_text(pdf_path)

code = extract _course_code(pdf_path._name)

name = parse_course_nhame(text, pdf _path.name)
specialization = parse_specialization(text, pdf_path._name)
level = """

field2 = extract field(text, 2, 3)

m = re.search(r" Pieens Bumoi oceitm\s*(["\n]+)", TField2)

if m:
level = m.group(l).strip(Q)
elif "maricrepcexuir" in text[:2000].lower () or "maricrep" in
text[:2000].lower():
level = "Ipyruit (mMaricrepcbxui)"
elif "BaxajaBp" in text[:2000].lower () :
level = "llepumn (GaxkajnaBpCbkuit) "

credits = None
field6 = extract field(text, 6, 7)
if not Ffield6:

m =
re_search(z"Kimexicre\s+ (?:€KTC\s+) ?kpenuris\s*["\d]*(\d+(?:[\.,I\d+)?)",
text[:-3000])

if m:

try:
credits = Float(m.group(1).replace(',”, "."™))
except ValueError:
pass
else:

m = re.search(r"(\d+(?:[\.,I\d+)?)", field6.replace ("KimbkicTsb
EKTC", "").replace ("xpemuTis", ""))

if m:

try:

credits = float(m.group(1).replace(",", "."))
except ValueError:

pass

semester = None
field8 = extract field(text, 8, 9)
if not fields:
m = re.search(r"(\d+[\-\s]*i?\s+ (?2:pix|xypc) [*\n] *cemecTp) ",
text[:-3000])
if m:
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semester = m.group(l).strip()
else:

m = re.search(r"(\d+[\-\s] *i1?\s+ (?:pik|xypc) [*\n] *cemecTp) ",

fields)

def

if m:
semester = m.group(l).strip()

prereq_raw, prereqs, is_school = parse prerequisites(text)
if pdf_path.name in SKIP_MODULES PARSING:

modules = []

annotation = find_annotation_section(text)

if annotation:
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annotation = re._.sub(r"MN\s*\d+\.?\s* (?:0imni |Anorauis) [*\n]*\n"",

annotation, flags=re.MULTILINE)
annotation = collapse_lines(annotation)
else:
modules, annotation = parse_modules_and_topics(text)
competencies = parse_competencies(text)

return Course(
file=pdf_path.name,
code=code,
name=name,
specialization=specialization,
level=level,
credits=credits,
semester=semester,
prerequisites_raw=prereq_raw,
prerequisites=prereqs,
is_school _only=is_school,
annotation_full=annotation,
modules=modules,
competencies=competencies,
raw_text=""",

)

main(

input_dir: str = "data/syllabi",

output_file: str = "output/parsed_courses.json",

input_path = Path(input_dir)

if not input_path.exists():
print (£"IOMWIKA: nanka '{input dir}' nHe icmye!")
return []

pdf_Ffiles = sorted(input_path.rglob(""*_pdf'"))
print (f"3nalneno {len(pdf files)} o¢anmis")

courses = []
errors = []

for i, pdf in enumerate(pdf _files, 1):
try:
course = parse_syllabus(pdf)
courses.append(course)
modules_count = len(course.modules)

topics_count = sum(len(m.topics) for m in course.modules)

comps_count = len(course.competencies)
prereqg_count = len(course.prerequisites)
print(

' [{i:2d}/{len(pdf_Ffiles)}] {course.name[:50]:50s} | "

f"mom: {modules count:2d} | Tewm:{topics_ count:3d}

f"xomn: {comps_count:2d} | nepenym:{prereq count}"



)

except Exception as e:
errors.append((pdf.name, str(e)))
print (£"[{i:2d}/{len(pdf files)}] TIIOMUIKA {pdf.name}:

output_path = Path(output_file)
output_path._parent.mkdir(parents=True, exist_ok=True)

data = {
"total courses'": len(courses),
"errors': errors,
""courses': [asdict(c) for c in courses],

with open(output_path, "w'", encoding="utf-8") as f:
Jjson.dump(data, f, ensure_ascii=False, indent=2)

print(f'"\n3cepexero: {output file}")
print (f"Kypcie cnapcero: {len(courses)}/{len(pdf files)}")

with _name = sum(l for c in courses if c.name)

with_opp = sum(1 for c in courses if c.specialization)

with_mods = sum(l for c in courses if c.modules)

with_topics = sum(l for c in courses if any(m.topics for m in
c.modules))

with_prereqs = sum(1 for c in courses if c.prerequisites)

with_comps = sum(1 for c in courses iIf c.competencies)

print(f"\n=== CTATUCTVKA [OJIIB ===")

print (f"3 HaszBOW0: {with name}/{len(courses)}")

print (f"3 OII: {with opp}/{len(courses)}")

print (f"3 Momysisamu: {with mods}/{len (courses)}")
TeMaMu : {with topics}/{len(courses)}")

print

(
(
print (
(
print (

"3
f"3 nepenymMoBaMm: {with_prereqs}/{len(courses)}")
f"3 xomnerenuisamu: {with comps}/{len(courses)}")

if errors:
print(f""\nllomunxnu: {len(errors)}")
for name, err in errors:
print(f" - {name}: {err}")

return courses

{e}™)
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JIOJIATOK B

Kon ¢popmyBanHs oHTONOTT

import json
import re
from pathlib import Path

from owlready2 import (
get _ontology, Thing, ObjectProperty, DataProperty,
FunctionalProperty, InverseFunctionalProperty,
sync_reasoner_hermit, OwlReadylnconsistentOntologyError,
locstr,

)
from rapidfuzz import fuzz, process

FUZZY_THRESHOLD = 80

ONTOLOGY_IRI = "http://www.semanticweb.org/volod/ontologies/2026/edu-plan-
ontology"

SCHOOL_KEYWORDS = [
"cepenu", "wkin", "pamxax BuBUeHHa", "3HaHHa 3 inbopmaTuxu",
"HaBUYKM poBboTm 3 komm",

def normalize name(name: str) -> str:

name = name.lower()
name = re.sub(r"["\w\s\-""]", " ", name, Fflags=re.UNICODE)
name = re.sub(r'\s+", " ", name).strip(Q

return name

PREREQ_CLEANUP_PATTERNS = [

r"*Panime\s+ (? :MaoTh | OBMHHI | noBMHHA) \s+6yTu\s+ (? :BuBueHn [i0] | BuBuena) \s*(?:
Taxi\s+) ?omcunnnian?\s* s ?2\s*"",

r"“ManTe\s+6yTu\s+BuBuecH [10] \s+ (?:abo\s+eupuarnca\s+) ? aucumniian\s*: ?2\s*"",
r"*raxi\s+omcunniaiuan\s*:?2\s*"",
r"*oucunmiriHn?\s* : 2\s*"",
r"*BuBuaTtuca\s+omcumnniaiamn?\s*:?2\s*"",
r"\d+\.\s+",
r'"\s+aoucumnnnizono\s+",

def clean_prereq_text(text: str) -> str:
cleaned = text
for pattern in PREREQ CLEANUP_PATTERNS:
cleaned = re.sub(pattern, " ', cleaned, flags=re.IGNORECASE)
cleaned = re.sub(r'\s+", "™ ", cleaned).strip(" .,;:")
return cleaned

def fuzzy match_prerequisite(
prereq_norm: str,
normalized names_list: list,
threshold: int,

) —> tuple:

rl = process.extractOne(
prereq_norm,
normalized names_list,



scorer=fuzz.token_sort_ratio,

)
if rl and rl1[1] >= threshold:
return r1[0], ri1[1], 'token_sort"

r2 = process.extractOne(
prereq_norm,
normalized_names_list,
scorer=fuzz.partial_ratio,

)

if r2 and r2[1] >= max(threshold + 10,
return r2[0], r2[1], "partial”

90):

best = max([r for r in [rl, r2] if r],

default=None)

def safe_iri_name(text: str, max_len:

if best:
return None, best[1], None
return None, O, None

int = 50) -> str:

LARRAA]
KoHBepTyl HOBlJabHMITI TekcT B 6esneunmii pparmeHT IRI:
TPAHCJI1TEPYIH KUPMIILI, BaMI1HIKW HEOOMNYCTHMI CHMBOJIM HA

translit = {

'a': a , 161: lbl, 'B': 'V', 'I": lhl, IIAI: lgl, '.JI
'e': 'el, lel: liel, ')K': 'Zh', 131. 'Z', 'M': lyl,
lil: 'i', 'ﬁl: lil, 'K' lkl, 'J-.[': lll, 'M': lml, 'H
lol: lol, IH'. lpl, lpl lrl, 'C': ISI 'T': ltl, ly
'@': lfl, IXI lkhl, 'LL' ltsl, lql 'Ch', 'U.I' lshl
'b': ", 'IO' liul, 'H' lial mwrw, ll, LI A B ll, lél
}
result = []
for ch in text.lower():
if ch in translit:
result._append(translit[ch])
elif ch.isalnum() or ch == "_":
result.append(ch)
elif ch in " -":
result_append(_")
safe = ""_join(result)
safe = re.sub(r"_+", "_", safe).strip('_")
return safe[:max_len]

def get_safe_ code(course: dict) -> str:

"""[lopepra 6e3neuyHMy KOO KypcCy — abo 3 noss code,

imeni garmy. """

def

code = course.get(''code™)

if code:

return code.replace(".", ")
fname = course.get("'file", "unknown')
stem = fname.replace(* .pdf'", ")

parts = stem.split("-")[:2]
return "x_" + safe_iri_name("_".join(parts), max_len=20)

course_iri(course: dict) -> str:

code = get_safe_code(course)

name_part = safe_iri_name(course["name’™], max_len=40)
return f''{code} {name part}"

key=lambda x: x[1],

abo I'eHEepOBAaHO 3



def

def

def

"

def

def
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module_iri(course: dict, module_num: int) -> str:
code = get_safe_code(course)
return f"{code} M{module_num}"

topic_iri(course: dict, module_num: int, topic_num: int) -> str:
code = get_safe_code(course)
return f'{code} M{module_num} T{topic_num}"

specialization_iri(opp_name: str) -> str:
clean = opp name.replace ("OII", "").replace("«", "").replace("»",

.strip(Q

return f''spec_{safe_iri_name(clean, max_len=40)}"

is_school_knowledge(text: str) -> bool:
"""lepeBlipka YM NepenyMoBa — UKI1JbHE BHAHHS.
t = text.lower()

return any(kw in t for kw in SCHOOL_KEYWORDS)

mirrn

build_ontology(

json_path: str = "output/parsed_courses.json',
output_ontology: str = "data/ontology/edu_plan.owx",
output_report: str = "output/ontology_ report.txt',
fuzzy_ threshold: int = FUZZY_THRESHOLD,

with open(json_path, encoding="utf-8") as T:
data = json.load(f)

courses_data = data[''courses']
print (f"3aepanTaxeno {len(courses data)} xypcis 3 JSON")

onto = get_ontology(ONTOLOGY_IRI)

report_lines = [

LAFLLINE 70’
"3BIT IIOBYIOBU OHTOJIOT'IT OCBITHIX IIJIAHIB",
n_m % 70,
f"Ixepeno manux: {json path}",
f"KinexicTe kypcie: {len(courses_data)}",
f"lopir fuzzy-sicrasnenua: {fuzzy threshold}s",
]
# CTBOpPEHHS CxXeMmu
with onto:

class Specialization(Thing): pass
class Course(Thing): pass

class Module(Thing): pass

class Topic(Thing): pass

class Competency(Thing): pass
class BaseKnowledge(Thing): pass

class hasPrerequisite(ObjectProperty):
domain = [Course]
range = [Course]

class isPrerequisiteOf(ObjectProperty):
domain = [Course]
range = [Course]



inverse_property = hasPrerequisite

class containsModule(ObjectProperty):
domain = [Course]
range = [Module]

class containsTopic(ObjectProperty):
domain = [Module]
range = [Topic]

class developsCompetency(ObjectProperty):
domain = [Course]
range = [Competency]

class leadsToSpecialization(ObjectProperty):
domain = [Course]
range = [Specialization]

class requiresBaseKnowledge(ObjectProperty):
domain = [Course]
range = [BaseKnowledge]

class hasCredits(DataProperty, FunctionalProperty):
domain = [Course]
range = [float]

class hasSemester(DataProperty, FunctionalProperty):
domain = [Course]
range = [str]

class hasCode(DataProperty, FunctionalProperty):
domain = [Course]
range = [str]

class hasLevel (DataProperty, FunctionalProperty):
domain = [Course]
range = [str]

class hasFullText(DataProperty, FunctionalProperty):
domain = [Course]
range = [str]

class competencyCode(DataProperty, FunctionalProperty):
domain = [Competency]
range = [str]

print (" TBox CTBOpPeHO (KJjlacu, BJjacTmuBocTi)")

report lines.append("CXEMA (TBox):")

report lines.append(f" Kmacum: Specialization, Course, Module, Topic,
Competency, BaseKnowledge™)

report_lines.append(f" Object properties: 7)

report_lines.append(f'" Data properties: 6')

report_lines.append('")

# Creopenns immmeinis — Specialization
spec_individuals = {}
unique_opps = set()
for c in courses_data:
if c["specialization]:
unique_opps.add(c["'specialization'])

for opp_name In unique_opps:
iri = specialization_iri(opp_name)
ind Specialization(iri, namespace=onto)



ind.label = [locstr(opp_name, lang="uk'™)]
spec_individuals[opp_name] = ind

print(f'v Crsopeno {len(spec individuals)} cneuianisanii")
report_lines.append (E£"COEUIANIBALITI ({len(spec individuals)}):")
for opp_name, ind in spec_individuals.items():

report_lines_append(f" - {opp name} - {ind.name}")
report_lines.append('")

# CrBopenns iugminis — Competency
competency_individuals = {}
competency_texts = {}
for c in courses _data:
for comp in c["competencies']:
code = comp["code™]
if code not in competency individuals:
ind = Competency(code, namespace=onto)
ind.label = [locstr(code, lang=""uk')]
ind.competencyCode = code
competency_individuals[code] = ind
competency_texts[code] = comp["text"][:200]

print(f'v Crsopeno {len(competency individuals)} yHixanbHuX

KOMIIeTeHLin")

report lines.append (£"KOMIETEHIII ({len (competency individuals)}):

" .join(sorted(competency_individuals.keys(O)))}'")

ind.

ind

report_lines.append(*"")

# CrBoperHHs iHmmeimis — Course
course_individuals = {}
canonical_names = {}

for c In courses_data:
iri = course_iri(c)
ind = Course(iri, namespace=onto)
ind.label = [locstr(c["name'"], lang="uk')]
if c.get(annotation_ full'™):
ind.hasFullText = c["annotation_full'][:2000]
if c.get('credits™):
ind.hasCredits = float(c['credits'])
if c.get('semester'):
ind.hasSemester = c[''semester']
if c.get("code™):
ind.hasCode = c[''code']
if c.get("level™):
ind.hasLevel = c["level"]
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if c["specialization™] and c['specialization'] in spec_individuals:

leadsToSpecialization.append(spec_individuals[c["specialization]])

for comp in c["competencies']:
if comp[''code'™] in competency_ individuals:

-developsCompetency.append(competency_individuals[comp[''code™]])

course_individuals[c["file"]] = ind
canonical_names[c["file"]] = c["name']

print(f'v Creopeno {len(course individuals)} xypcis (6e3 nepemymos)")

report lines.append (f"KYPCU: {len(course individuals)}")
report_lines.append(''")
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# CrBOpeHHS MOOyJIiB 1 Tem
total _modules = 0
total topics = 0
for c in courses_data:
course_ind = course_individuals[c["File"]]
for mod in c["modules™]:
mod_iri = module_iri(c, mod["number'])
mod_ind = Module(mod_iri, namespace=onto)
mod_ind.label = [locstr (f"Monyne {mod['number']}:
{mod["title"]}", lang="uk™)]
course_ind.containsModule.append(mod_ind)
total_modules += 1

for topic in mod['topics']:
top_iri = topic_iri(c, mod["number'], topic['"number™])
top_ind = Topic(top_iri, namespace=onto)
top ind.label = [locstr (f"Tema {topic['number']}:
{topic["title"]}", lang="uk'™)]
mod_ind.containsTopic.append(top_ind)
total topics += 1

print(f"v Creopeno {total modules} monmynis i {total topics} Tem")
report_lines.append (£"MOIYJII: {total modules}")

report lines.append (f"TEMM: {total topics}")
report_lines.append(''")

# Fuzzy-match nepexnymos
name_to file = {
normalize name(name): file_
for file_, name iIn canonical_names.items()

}

normalized names_list = list(name_to_file.keys())

base knowledge individuals = {}
match_log = []
unresolved = []
resolved _count = 0
school _count = 0
for c In courses_data:
course_ind = course_individuals[c["Ffile"]]
for raw_prereq_text in c['prerequisites']:
prereq_text = clean_prereq_text(raw_prereq_text)
if len(prereq_text) < 4:
continue
prereqg_norm = normalize_name(prereq_text)

if is_school knowledge(prereq_text):
bk _iri = f'bk _{safe_iri_name(prereq_text, max_len=40)}"
if prereg_text not in base_knowledge_individuals:
bk = BaseKnowledge(bk_iri, namespace=onto)
bk.label = [locstr(prereq_text, lang="uk')]
base knowledge individuals[prereq_text] = bk

course_ind.requiresBaseKnowledge.append(base_knowledge_individuals[prereqg_t
ext])

school _count += 1

log code = c.get("code”) or c["Ffile"][:15]

match_log.append(

f" [{log code}] '{prereq text[:60]}' - SCHOOL

(BasekKnowledge)"

)

continue
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matched_norm, similarity, method = fuzzy match_prerequisite(
prered_norm, normalized_names_list, fuzzy threshold

if matched norm:
matched_file = name_to_file[matched _norm]

if matched file == c["file"]:
unresolved.append((c, prereq_text, 'self-reference'))
log code = c.get("code”) or c["Ffile"][:15]
match_log.append(
=" [{log code}] '{prereq text[:60]}' - SELF-
REFERENCE (BimkuuyTO)"

)

continue

matched_course = course_individuals[matched file]
course_ind.hasPrerequisite.append(matched_course)
resolved count += 1
tag = """ If similarity >= 90 else "©O" if similarity >= 80
else "O"
method_tag = f''[{method}]"
log code = c.get("code”) or c["Ffile"][:15]
match_log.append(
f" [{log code}] '{prereq text[:50]}"'" - "
f'{canonical_names[matched_file][:40]1}
{similarity: .0f}%) {tag} {method_tag}"
)

else:
bk_iri = f'bk_{safe_iri_name(prereq_text, max_len=40)}"
iT prereg_text not in base_knowledge_individuals:
bk = BaseKnowledge(bk_iri, namespace=onto)
bk.label = [locstr(prereq_text, lang="uk')]
base knowledge individuals[prereq_text] = bk

course_ind.requiresBaseKnowledge.append(base_knowledge_individuals[prereq_t
ext])
unresolved.append((c, prereq_text, f''no match
(best={similarity:.0f}%)"))
log _code = c.get("code”) or c["Ffile"][:15]
match_log.append(
' [{log_code}] "{prereq_text[:50]}' - BaseKnowledge "
f" (best={similarity:.0£f}%, Hwxue nopory)"

)

print(f'Fuzzy-match BukonaHo: {resolved count} poss'saszaHo,
f"{school count} wmxineHmMx, {len(unresolved)} Hepo3B'azaHmx")

"

report_lines.append(*'=" * 70)

report_lines.append(*'FUZZY-MATCH HEPEIYMOB:")

report_lines.append(*'=" * 70)

report lines.append (f"Po3B'a3aHo (Kypc — KypC) : {resolved count}")

report lines.append (f"llkineHi 3HaHHA (BaseKnowledge): {school count}")

report lines.append(f"Heposs'azano (BaseKnowledge):
{len(unresolved)}™)

report lines.append (f"Ycporo nepenymos: {resolved count +
school_count + len(unresolved)}'™)

report_lines.append(*")

report lines.append("JlereHma: % = Bucoka BIeBHeHlicTs (290%), © =
cepenmHsa (80-90%), o = HMBBKaA (<80%)")

report_lines.append('")

report lines.append ("XYPHAJI 3ICTABJIEHb:")

report_lines.extend(match_log)
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report_lines.append(''")

# B6epexeHHs OHTOJIOII I
output_path = Path(output_ontology)
output_path.parent.mkdir(parents=True, exist ok=True)

onto.save(file=str(output_path), format="rdfxml'")
print(f'v Ourosmorino 36epexeno: {output path}")
report_lines.append(*'=" * 70)

report lines.append (f"OHTOJIOT'II0 3BEPEXEHO: {output path}")
report_lines.append(*'=" * 70)

# Banyck HermiT
print('"\n3anyckx HermiT reasoner nOjd NepeBipKM y3TOmXEHOCTi...")
try:
with onto:
sync_reasoner_hermit(infer_property values=False)
print("v HermiT: onromorisa HecynepeunuBa (HeMae UMkJIiB y rpadi
nepenymMoB) ")
report_lines.append(''")
report_lines.append(""HermiT REASONER: v Ourosyoris ysromkeHa, LUMKIiB
He BUABJIEHO")
except OwlReadylnconsistentOntologyError as e:
print(f"X HermiT: suaitmeno cynepeunicrts! {e}")
report_lines.append('")
report_lines.append(f'HermiT REASONER: X 3HAMIEHO CYNEPEUHICTB:
{e} )
except Exception as e:
print(f"A HermiT ue smanocsa szanycrturu: {e€}'")
print (" ([lepeBipka BCe OOHO YCIimHa Ha P1iBH1 CTPYKTypHU
oHTOJIOT'11) ")
report_lines.append('")

report_lines.append(f'"HermiT REASONER: A He Bnasocsa sanycTuTu:

{e}™)

report lines.append(" Moxmmuea npuumHa: Java/JDK He BCTAHOBJIEHO B
cucreMmi.")

report_lines.append (" Ille He 6JOKEpP — OHTOJIOTiA CTBOpeHa 1
BinkpueTrncsa B Protégé,")

report lines.append(" zne HermiT BXe BCTAHOBJIEHMM 1 MOxe OyTu

3anymeHny BpydHy.")

# B6epexeHHsS 3B1TYy

report_path = Path(output_report)

report_path.parent.mkdir(parents=True, exist _ok=True)

with open(report_path, "w'", encoding="utf-8") as f:
f.write(''\n"_join(report_lines))

print(f"v 3Bir 36epexeno: {report path}")

print()
print('=" * 60)
print ("IIOCYMOK")
print(’'=" * 60)

print(f"Crneuianizsauii: {len (spec_individuals)}")

print (f"Kypcis: {len(course individuals)}")

print (f"Momynis: {total modules}")

print (f"Tem: {total topics}")

print (f"KomnereHni: {len (competency individuals)}'™)
print(f''BaseKnowledge: {len(base_knowledge_individuals)}'")
print (f"IllepenymMoB (3B.): {resolved count}")

print (f"®arn onTOJIOT1I: {output ontologyl}")

print (f"3BiT: {output report}")
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JIOJIATOK B

Kon nobynoBu iHAeKCY eMOEIUHT1B

import json
from pathlib import Path
from dataclasses import dataclass, field

import numpy as np
from owlready2 import get_ontology
from sentence_transformers import SentenceTransformer

ONTOLOGY_PATH = "‘data/ontology/edu_plan.owx""

EMBEDDINGS_OUTPUT = "output/embeddings.npz"’

INDEX_ METADATA = "output/index_metadata.json"

MODEL_NAME = "sentence-transformers/paraphrase-multilingual-MiniLM-L12-v2""

@dataclass
class IndexEntry:
iri: str
label: str
entity_type: str
text_for_embedding: str

def build_course_text(course) -> str:
parts = []

if course.label:
parts.append(str(course.label[0]))

for spec in course.leadsToSpecialization:
it spec.label:
parts.append(str(spec.label[0]))

if hasattr(course, "hasFullText') and course.hasFullText:
text = course.hasFullText
parts.append(text[:1500])

return " "_join(parts)

def build_topic_text(topic, module=None, course=None) -> str:
parts = [1

if topic.label:
parts.append(str(topic.label[0]))

if module and module.label:
parts.append(str(module.label[0]))

if course and course.label:
parts.append(str(course. label[0]))

return " "_join(parts)
def build_specialization_ text(spec) -> str:
if spec.label:

return str(spec.label[0])
return spec.name

def collect_entries(onto) -> list:
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entries = []

for spec in onto.search(type=onto.Specialization):
entries.append(IndexEntry(
iri=spec.name,
label=str(spec.label[0]) if spec.label else spec.name,
entity_type="Specialization",
text_for_embedding=build_specialization_text(spec),

)))

courses = onto.search(type=onto.Course)
for course in courses:
entries.append(IndexEntry(
iri=course.name,
label=str(course.label[0]) if course.label else course.name,
entity_type=""Course",
text_for_embedding=build _course_text(course),

)))

module_to _course = {}
for course in courses:
for mod in course.containsModule:
module_to_course[mod.name] = course

for topic in onto.search(type=onto.Topic):
parent_module = None
for mod in onto.search(type=onto.Module):
if topic in mod.containsTopic:
parent_module = mod
break

parent_course = module_to course.get(parent_module_name) if
parent_module else None

entries.append(IndexEntry(
iri=topic.name,
label=str(topic.label[0]) if topic.label else topic.name,
entity_type="Topic",
text_for_embedding=build_topic_text(topic, parent_module,
parent_course),

))

return entries

def main():
print(’'=" * 60)
print ("HOBYIOBA IHIEKCY BEKTOPHMX NPEICTABJIEHL")
print("=" * 60)

print(f"\n3asauraxyo onroyorin: {ONTOLOGY PATH}")
import owlready?

ontology file = Path(ONTOLOGY_PATH).resolve()
owlready2.onto_path.append(str(ontology Ffile.parent))
onto = get _ontology(ontology file.name).load()

print(f'V Ouromorin saBanTaxeHo")

print(""\n36upapw cyrtHocTi mng iumexkcauii...")
entries = collect_entries(onto)
print(f'V 3i6pano {len(entries)} cyrHocTei:")
type_counts = {}
for e in entries:
type_counts[e.entity_type] = type_counts.get(e.entity type, 0) + 1



for t, c in sorted(type_counts.items()):
print(f" {t}: {c}'")

print(f'"\n3aeanraxyn sentence-transformer momennb:")
print(f" {MODEL_NAME}'")
print (" Ilepumi 3anyck Moxe 3amHaTy 2-5 xBuimMH (norpifen iHTepreT)")

model = SentenceTransformer (MODEL_NAME)
print(f"'V Momenr saBanTaxeno")

print(FF\nObuncmonw embenuury mis {len(entries)} cyrHOCTEM...")
texts = [e.text_for_embedding for e in entries]
embeddings = model .encode(

texts,

show_progress_bar=True,

convert_to_numpy=True,

normalize_embeddings=True,

)

print(f"'V O6umcneno emBemmuru: shape={embeddings.shape},
dtype={embeddings.dtype}'")

output_path = Path(EMBEDDINGS_ OUTPUT)
output_path.parent.mkdir(parents=True, exist ok=True)

np.savez_compressed(
output_path,
embeddings=embeddings,
iris=np.array([e.iri for e in entries]),
labels=np.array([e-label for e in entries]),
entity_types=np.array([e-entity type for e in entries]),

)

print(F"\nv Iunexc s6epexeno: {output path}")
print (£" Posmip: {output path.stat().st size / 1024:.1f} KB")

metadata = {
"model' : MODEL_NAME,
"embedding_dim": int(embeddings.shape[1l]),
"total_entries”: len(entries),
"by type'': type_counts,

}

with open(INDEX_ METADATA, "w', encoding="utf-8") as f:
jJjson.dump(metadata, ¥, ensure_ascii=False, indent=2)

)

print(f'"v Merapaui 36epexeno: {INDEX METADATA}"

print("\n" + =" * 60)

print ("TOTOBO")

print('=" * 60)

print('"\nTenep MoxHa 3anyckaru nlp matcher.py mns nomyky:")

print (' python src/nlp matcher.py "xouy omaHyBaTM HeMpPOHH1 Mepexi'')

if _ name == "_main__":
main()
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Kon 06po6ku 3anury

import re

import sys

import json

import argparse

from pathlib import Path

from dataclasses import dataclass, field
from typing import Optional

import numpy as np

ONTOLOGY_PATH = "'data/ontology/edu_plan.owx""
EMBEDDINGS_PATH = "output/embeddings.npz"

MODEL_NAME = "sentence-transformers/paraphrase-multilingual-MiniLM-L12-v2""

SPACY_MODEL = "uk _core_news_ sm"
CONFIDENCE_THRESHOLD = 0.40
CONFIDENCE_THRESHOLD _NER = 0.25

QUERY_SYNONYMS = {

# MammHHe HaByaHHsS Ta IIT

"ml": "mMaumHHe HapdYaHHA",
gt " &~ "

al": "wryuHuii iHTejexT",
"dI": "rambunHe HaBuyaHHA",
"NN": "ueMpoHHl Mepexi",
LA L1 " 3 ~ 2 o

rnn": "pexkypeHTH1l HEeMPOHH1l Mepex1i',
‘cnn": "s3roprTkoB1 HeMpOHHI Mepexi",
"rI": "uaBuanus 3 nigxpinnexnuam",

# OB6pobka HNpHUPOOHOI MOBM
"nlp": "o6pobka mnpupomHoi MoBU",

# Kowmrm'noTepHmit 31ip
'ev": "kowmn'oTepHuin 3ip",

# AHasiz maHmMx
"ds": "wmayka npo maHi",

"data science": "wayka npo maHi",

"big data": "eemmxi mani",

“"etl": "iurerpauisa maHux",

# Poszpobka

"'oop": "o6'ekTHO-OpPlEeHTOBAHE MNpoTrpaMyBaHHAa",

"oon": "oO'eKTHO-OPleHTOBaHe NporpaMyBaHHA",

"fp": "dyukuionasmpHe mporpamyBaHHA",

"ui": "iuTepderic xopucTysaua",

"ux": "kopucTyBalbKuM mocein",

"api'': "nporpamuuit iHTepdenc",

"sql": "Gasu manmx",

“"rest": "pebG-cepmicu",

# ITHme

"devops": "pospofka Ta excnnyaTrauia",

. Al

gIt": "xourposb Bepciit",

"oc": "onepauinHa cucrema',

"6o": "6aza maHux",

UA_STOPWORDS = {

"F[", IITM", llBiHll, "BOHa", "y IIBM", "BOHV[", "MeHe", "Te@e",
"xoriTnu", "morrtu", "pobwuru", "snartmu", "pozymiru", "crartmu", "O6yTmn",
"onmanyeatu", "BuBuuTm", "BumTn", "HaBumTMmca", "BuBuaTu", "pozibpaTtuca",
"]_I,ef/l[", "TOT\/JI", "TaKa", "F[KVH\/JICI:", lléynb", "TpOXM", "6iﬂbﬂl",

"HK", "H-IO", ".JIe"/ "KOJ-H/[", "LIOMy", "HKT/HZ",

"HKa", "HKI/UZ",



"B", llyll, "3"1 "Ba", "Ha", "no", "HHH", "Hpo", "HO", "Haﬂ", "Hj.,ﬂ",

"i", "Ta", "ane", "a60", "LH/[", "He", "Hi", "'I‘aK",
"MeHi", "ce6e", "CBiI7[", "CBOH", "yce", "Bce", "Lte", "Lli",
"morpiduo", "Tpeba", "BmiTuU", "pozpobmstu", "podora", "pobuTu",
}
@dataclass
class ProcessingStep:
name: str
description: str
output: object
@dataclass
class MatchResult:
iri: str
label: str
entity_type: str
similarity: float
@dataclass

class QueryResult:
original_query: str
steps: list
matches: list
spargl_query: str
confidence_ok: bool

class QueryProcessor:

def __init_(
selTf,
ontology path: str = ONTOLOGY_PATH,
embeddings_path: str = EMBEDDINGS_PATH,
model _name: str = MODEL_NAME,
spacy _model: str = SPACY_MODEL,
verbose: bool = False,

self.verbose = verbose
if verbose:
print("Ixiuianizsanis NLP-npouecopa...")

# JlemaTmzaTop (SPACY mis yKpaiHCBKOI)
it verbose:
print(" 3asanTaxyn Spacy Momesib i yKPAIHCBKOL...")
import spacy
try:
self._nlp = spacy.load(spacy_model)
except OSError:
print (£"IOMWIKA: momene spacy '{spacy model}' He 3HalpeHa.")
print (f"Bcranoeu ii xomaumon: python -m spacy download
{spacy_model}'™)
sys.exit(l)

# Sentence-transformer
it verbose:

print (" Basanraxyo sentence-transformer...'™)
from sentence_transformers import SentenceTransformer
self_encoder = SentenceTransformer(model_name)

# BaBaHTaxywn 3asfajerinn OBUMCIICHMM 1HIEKC eMOenMHI'1B
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it verbose:
print (f" 3BaeaHTaxyow iHmexc emOenmHrie: {embeddings path}")

if not Path(embeddings_path).exists():
print (£"IOMWIKA: daln iHmexkCcy He 3HaumeHo: {embeddings path}")
print ("3anycTu cnouaTrky: python src/build index.py")
sys.exit(l)

data = np.load(embeddings_path, allow_pickle=True)
self.embeddings = data["embeddings'] # (N, 384)
self.iris = data["iris"]

self._labels = data["labels']

self._entity types = data["entity_types'"]

# CrnoBHMK TepMiHiB 1y NER (popMyemMO 3 MITOK OHTOJIOI1I)
self. build _term dictionary()

self.ontology_path = ontology_path

if verbose:

print(f"  Toroso. Inmexc micture {len(self.iris)}
cyTHocTem.")

def build_term_dictionary(self):
self.domain_terms = set()
for label in self.labels:
label _str = str(label).lower(Q)
for prefix in ["momymns", "Tema']:
if prefix in label_str:
parts = label _str.split(":", 1)
if len(parts) == 2:
label_str = parts[1].strip(Q
break
words = label _str.split()
for n in (1, 2, 3):
for i in range(len(words) - n + 1):
term = " "_join(words[i:i + n])
if len(term) > 3 and not term.startswith (("onn", "omn
")):

self.domain_terms.add(term)

# TOKEHIBAI[IA

def tokenize(self, query: str) -> list:
doc = self.nlp(query.lower())
tokens = [tok.text for tok in doc i1If not tok.is space]
return tokens

# JIEMATUSAIIA
def lemmatize(self, query: str) -> list:
doc = self.nlp(query.lower())
lemmas = [
tok.lemma_ for tok in doc
if not tok.is_punct and not tok.is_space and len(tok.text) > 1

1

return lemmas

# NER (BMSABJIEHHS 1MEHOBAHMX CYTHOCTEI)

def extract _entities(self, query: str, lemmas: list) -> list:
entities = []
seen = set()

doc = self_nlp(query)
for ent in doc.ents:
term = ent.text.strip().lower()
if term and term not in seen and len(term) > 2:
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entities_append({"term”: ent.text, "type": ent.label_,

"source': "spacy"'})
seen.add(term)

meaningful _lemmas = [I for I in lemmas if I not in UA _STOPWORDS and

len(l) > 2]
lemmas_set = set(meaningful_lemmas)

original_lower = query.lower()
for term in self.domain_terms:
if term in original_lower and term not in seen:
term_words = set(term.split())
it term_words & lemmas_set or any(w in original_lower for w

in term _words):
entities.append({""term": term, "type': "DOMAIN",

"source': "dictionary'})
seen.add(term)

if not entities and meaningful lemmas:
entities = [
{"term": I, "type": "TOKEN", "source': "fallback'}
for 1 in meaningful_lemmas

1

return entities

# EMBEIMHI
def encode(self, text: str) -> np.ndarray:
return self._encoder.encode(
text,
convert_to_numpy=True,
normalize_embeddings=True,

)

# CEMAHTYYHE 3ICTABJIEHHA
def semantic_match(

self,

query_vector: np.ndarray,

top_n: int = 5,

filter_type: Optional[str] = None,
) —-> list:

scores = self.embeddings @ query_vector # (N,)

if filter_type:
mask = self.entity_types == Filter_type
indices = np.where(mask)[0]
filtered_scores = scores[indices]
top_local = np.argsort(-filtered _scores)[:top_n]
top_indices = indices[top_ local]
else:
top_indices = np.argsort(-scores)[:top_n]

results = []
for idx in top_indices:
results.append(MatchResult(
iri=sstr(self.iris[idx]),
label=str(self.labels[idx]),
entity type=str(self.entity types[idx]),
similarity=Float(scores[idx]),
D))

return results

def normalize _query(self, query: str) -> tuple:
replacements = []
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normalized = query
for abbr, full in QUERY_SYNONYMS.items():
pattern = r'\b" + re.escape(abbr) + r'\b"
if re.search(pattern, normalized, re.IGNORECASE):
normalized = re.sub(pattern, full, normalized,
flags=re. IGNORECASE)
replacements.append((abbr, full))
return normalized, replacements

def check_ner_match(self, entities: list, course_label: str) -> bool:
course_lower = course_label.lower()
for ent in entities:
term = ent_get("term”, ") .lower().strip()
if len(term) < 4:
continue
if term in UA_STOPWORDS:
continue
if term in course_lower:
return True
return False

# T'EHEPAIITS SPARQL
def generate_spargl(self, match: MatchResult) -> str:
if match.entity_type == "Course':
spargl = F""'PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-
schema#>
PREFIX edu: <{ namespace(Q)}>

SELECT ?prereqLabel ?moduleLabel ?compCode WHERE {{
edu:{match.iri} rdfs:label ?courseLabel .
OPTIONAL {{

edu:{match.iri} edu:hasPrerequisite ?prereq .
?prereq rdfs:label ?prereqlLabel .

OPTIONAL {{
edu:{match.iri} edu:containsModule ?module .
?modulle rdfs:label ?modulelLabel .

OPTIONAL {{
edu:{match.iri} edu:developsCompetency ?comp .
?comp edu:competencyCode ?compCode .
3}
3 S
elif match.entity_type == "Topic":
spargl = F""'PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-
schema#>
PREFIX edu: <{ namespace()}>

SELECT ?moduleLabel ?courseLabel WHERE {{
edu:{match.iri} rdfs:label ?topiclLabel .
?module edu:containsTopic edu:{match.iri} .
?module rdfs:label ?modulelLabel .

?course edu:containsModule ?module .
?course rdfs:label ?courselLabel .
) 3
elif match_entity_type == "'Specialization’:
sparql = F'"""PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-
schema#>
PREFIX edu: <{ namespace()}>

SELECT ?courselLabel WHERE {{
?course edu:leadsToSpecialization edu:{match.iri} .
?course rdfs:label ?courselLabel .

13 an



else:
spargl = f"# Tun {match.entity type} He nimTpumyeTsca"

return spargl.strip()

# IIOBHMJ PIPELINE

def process(self, query: str, top n: int = 3) -> QueryResult:
steps = []
original_query = query

normalized_query, replacements = self_normalize_query(query)
it replacements:
steps.append(ProcessingStep(
name="HopMmaJsnizauisa zanuty",
description="3amina IT-abperiaTyp Ha KaHOHiuHi dopmmu",
output=[f"{a} - {f}" for a, f in replacements] +
[f"PesynbTar: «{normalized query}»"],

)

query = normalized_query

# ToxeHizalisa

tokens = self.tokenize(query)

steps.append(ProcessingStep(
name="TokeHizauia",
description="Po36uTTsa 3anuTy Ha TOkKeHU",
output=tokens,

)))

# JlemaTmsaiis
lemmas = self.lemmatize(query)
steps.append(ProcessingStep(
name="Jlemarnuzauia",
description="IlpuBeneHHsa cJiB mo GazoBol dopmu",
output=lemmas,

))

# NER

entities = self._extract _entities(query, lemmas)

steps.append(ProcessingStep(
name="NER (BusaBJeHHS cyTHOoCTemn)",
description="BuaBjeHHS IOOMEHHMUX TepMiuir y 3zammuri",
output=entities,

)))

# EM6enuHr
meaningful = [1 for 1 in lemmas if I not in UA_STOPWORDS]
cleaned_query = " "_join(meaningful) if meaningful else query
vector = self_encode(cleaned_query)
steps.append(ProcessingStep(
name="EMmbenmur",
description=f"BekTOpHe NpenCTaBJIEHHS PO3MipHicCToO
{vector.shape[0]}",
output={"'shape': vector.shape, ''norm':
float(np.linalg.norm(vector))},
D))

# CeMaHTHMUYHe 31CTaBJICHHS
matches = self.semantic_match(vector, top_n=top_n,
filter_type="Course')
steps.append(ProcessingStep(
name="CeMaHTUuUHe 3icTaBjeHuHa",
description=f"Ton-{top n} KypCiB 3a KOCMHYCHOKN mnomituicto"
output=matches,

)))

4
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best = matches[0] if matches else None
confidence_ok = False
if best:
ner_hit = self.check ner_match(entities, best.label)
if ner_hit:
threshold = CONFIDENCE_THRESHOLD_ NER
confidence_ok = best.similarity >= threshold
else:
threshold = CONFIDENCE_THRESHOLD
confidence_ok = best.similarity >= threshold

# SPARQL
spargl = self.generate spargl (best) if best else "# Kypc He
3HayneHo"

steps.append(ProcessingStep(
name="T'eHepauis SPARQL",
description="dopMaJibHMI BaNIMUT OO OHTOJOTIiI",
output=sparqgl,

D))

return QueryResult(
original_query=original_query,
steps=steps,
matches=matches,
spargl_query=sparqgl,
confidence_ok=confidence ok,

def _namespace() -> str:

return "http://www.semanticweb.org/volod/ontologies/2026/edu-plan-
ontology#"

def print_result(result: QueryResult):
print()
print("=" * 70)
print (£"3AINT: «{result.original query}»")
print('=" * 70)

total_steps = len(result.steps)

for i, step in enumerate(result._steps, 1):
print(F"\n[{i}/{total_steps}] {step.name}'")
print(f" {step.description}")

if isinstance(step.output, list):
if step.name.startswith ("CemanTuune"):
for j, m in enumerate(step.output, 1):
tag = """ if m.similarity >= 0.7 else "O" if
m.similarity >= 0.5 else "o"

print(f" {i}- {m.label[:60]}
{m.similarity:.3f}) {tag}")
else:
preview = step.output[:10]
print(f" {preview}")
if len(step.output) > 10:
print (£" ... Ta me {len(step.output) - 10}")

elif isinstance(step.output, dict):
for k, v in step.output.items():
print(f" {k}: {v}'
elif isinstance(step.output, str):
for line in step.output.split("'\n"):
print(f" {line}")
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else:
print(f" {step.output}™)

print()
print(""-" * 70)
if result.confidence ok:
print(f'v 3HAMIEHO 3 BIEBHEHICT: {result.matches[0].label}")
Print (f" TIHonmiBuicTe: {result.matches[0].similarity:.3f}")
print(f" IRIl: {result.matches[0].iri}"")
else:
best _sim = result_matches[0O].similarity if result_matches else 0
print(f'A BIOEBHEHICTHL HM3BLKA (mopir {CONFIDENCE_THRESHOLD})'™)
print (f" Hamxpammit 36ir: {result.matches[0].label if
result.matches else 'memae'}l")
print (f" TIomifGuicre: {best sim:.3f}")
print (f" MoxJMBO, 3BamMT 3aHAATO 3arajibHMM abo He CTOCYyEThCSH
npenMeTHOI rasny3i.')

print("-" * 70)

def main(Q):

parser = argparse.ArgumentParser(

description="NLP-3icraBrieHua zanuTy KOpPUCTyBada 3 OHTOJIOT1EW

ocBiTHix njanis"

)

parser.add argument ("query", type=str, help="3anur npuponHow MOBOK")

parser.add_argument(''--top-n"", type=int, default=3, help="Ckiabxu
KaHOuIaTie nokasyBaTu'")

parser .add_argument(’'--json", action="store true", help="Busigm y JSON-
bopmaTi")

args = parser.parse_args(Q

gp = QueryProcessor(verbose=not args.json)
result = gp.process(args.-query, top_n=args.top_n)

if args.json:
out = {
"query': result.original_query,
"best_match™: {
"label": result.matches[0].label if result.matches else
None,
"iri'": result.matches[0].iri if result.matches else None,
"similarity”: result_matches[O].similarity if
result._matches else O,
},
"all_matches": [
{"label": m_label, "iri": m.iri, "similarity':
m.similarity}

1

"’onfidence_ok": result.confidence_ ok,
"spargl": result.spargl_query,

for m In result.matches

}

print(json.dumps(out, ensure_ascii=False, indent=2))
else:
print_result(result)

if __name__ == main :
main()
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NOIATOK [
Kon nobynosu miany

import sys

import argparse

from pathlib import Path

from dataclasses import dataclass, field
from typing import Optional

from collections import defaultdict, deque

import owlready?2
from owlready2 import get _ontology

ONTOLOGY_PATH = "data/ontology/edu_plan.owx""

@dataclass
class PlanNode:
iri: str
label: str
semester: Optional[str] = None
credits: Optional[float] = None
code: Optional[str] = None
direct_prerequisites: list = field(default _factory=list)
depth: int = 0
dependents_count: int = 0

importance: str = "optional” # "critical™ | "important” | "optional”
@dataclass
class BaseKnowledgeNode:

iri: str

label: str

@dataclass

class LearningPlan:
target_iri: str
target_label: str
ordered_sequence: list = field(default_factory=list)
skipped_known: list = field(default_factory=list)
base_knowledge: list = field(default_factory=list)
total _credits: float = 0.0
error_message: Optional[str] = None
status: str = "normal”
related _courses: list = field(default factory=list)

class LearningPlanBuilder:

def __init_ (self, ontology path: str = ONTOLOGY_PATH, verbose: bool =
False):
self.verbose = verbose
if verbose:
print (f"3aeanTaxynw oHToyOoTrin: {ontology path}")

ontology file = Path(ontology path).resolve()
owlready2.onto_path.append(str(ontology_file_parent))
self.onto = get _ontology(ontology file.name).load()

if verbose:
courses = list(self.onto.search(type=self.onto.Course))
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print(f''V Ourosoria szaranraxena. Kypcie: {len(courses)}")

def find_course by label(self, label query: str):
all_courses = list(self.onto.search(type=self.onto.Course))

for c in all_courses:
if c.label and str(c.label[0]).lower() == label _query.lower():
return c

query_lower = label_query.lower()
for c in all_courses:
if c.label and query_lower in str(c.label[0]).-lower():
return c

return None

# DFS — 36ip TpaH3uMTHMBHMX HEepenyMOB

def collect prerequisites _dfs(self, target course):
base knowledge = set()
depth_map = {}

stack = [(target _course, 0)]

while stack:
current, depth = stack.pop()

if self.onto.BasekKnowledge in current.is_a:
base knowledge.add(current)
continue

if self.onto.Course not in current.is_a:
continue

if current in all_courses:
if depth > depth_map[current]:
depth_map[current] = depth
continue

all_courses.add(current)
depth_map[current] = depth

for prereq in current.hasPrerequisite:
stack.append((prereq, depth + 1))

for bk in current.requiresBaseKnowledge:
base_knowledge.add(bk)

return all _courses, depth _map, base_ knowledge

# TomnosioriyHe copTyBaHHS (anropmuTMm KaHa)
def topological_sort_kahn(self, courses):
course_set = set(courses)
in_degree = {c: 0 for c in courses}
adj = defaultdict(list)

for c in courses:
for prereq in c.hasPrerequisite:
if prereq in course_set:
adj[prereq]-append(c)
in_degree[c] += 1

queue = deque([c for c in courses if in_degree[c] == 0])
ordered = []
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while queue:
current = queue.popleft()
ordered.append(current)

for next _course iIn adj[current]:
in_degree[next_course] -= 1
if in_degree[next _course] == 0:
queue . append(next_course)

is valid = len(ordered) == len(courses)
return ordered, is_valid

# Apanrarnis ning npodisie KOpMCTyBayda
def adapt_to profile(self, ordered_courses, known_labels):
if not known_labels:
return ordered_courses, []

known_labels_lower = [k.lower().strip() for k in known_labels]

final = []
skipped = []
for c in ordered_courses:
course_label = str(c.label[0])-lower() if c.label else
c.name. lower()

is_known = False
for known in known_labels_lower:
it known in course_label or course_label in known:
is_known = True
break

it is_known:
skipped.append(c)
else:
final .append(c)

return final, skipped

def build_target_already known_plan(self, target course,
known_courses: list) -> LearningPlan:
target_label = str(target_course.label[0]) if target _course.label
else target_course.name

related = []
for dependent in target course.isPrerequisiteOf:
if self.onto.Course iIn dependent.is_a:
label = str(dependent.label[0]) if dependent.label else
dependent.name
related.append(PlanNode(
iri=dependent.name,
label=label,
credits=float(dependent._hasCredits) if
dependent.hasCredits else 0.0,
code=dependent.hasCode,
D))

return LearningPlan(
target_iri=target_course.name,
target_label=target_ label,
ordered_sequence=[],
skipped_known=[],
base_ knowledge=[],
total _credits=0.0,
is valid=True,
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status=""target_known",
related_courses=related,

)

def build_plan(
self,
target_course,
known_courses: Optional[list] = None,
) -> LearningPlan:
target_label = str(target _course.label[0]) if target course.label
else target_course.name
known_courses = known_courses or []

target_label _lower = target_label.lower(Q)
for known in known_courses:
known_lower = known.lower().strip(Q
if known_lower in target label lower or target label lower in
known_lower:
return self. build_target already known_plan(target course,
known_courses)

if self.verbose:
print(f"\nllinscoBmwit xkypc: {target label}")
print (f"3anyckawn DFS-06xin rpada nepenymos...")

# DFS
all_courses, depth_map, base knowledge =
self._collect_prerequisites _dfs(target_course)

if self.verbose:
print (f" 3nazmero {len(all courses)} xypcis y rpadi
nepenyMos")
print(f" SHarineno {len(base knowledge)} WK1JEHUX repenyMoB")

# TomosioriyHe CopTyBaHHS
ordered, is_valid = self_topological_sort_kahn(list(all_courses))

if not is valid:
return LearningPlan(
target_iri=target_course.name,
target_label=target_label,
is valid=False,

error message="BuABJIeHO UMKJ y rpadl nepegymMoB — IJaH
HEMOXJIMBO nodynysatm.",
it self.verbose:
print (f" TomnosoriuHe copTyBaHHsA masio {len(ordered)} xypcir")

# AmanTaiis nin npodissb
final_sequence, skipped = self.adapt_to_profile(ordered,
known_courses or [])

if self.verbose and skipped:
print (f" Buximoueno {len (skipped)} Bxe BimoMmx kypcis")

final_set = set(final_sequence)
dependents_count = {c: 0 for c in final_sequence}
for c in final_sequence:
for prereq in c.hasPrerequisite:
if prereq in final_set:
dependents_count|[prereq] += 1

plan_nodes = []



total credits = 0.0
for c in final_sequence:
direct _preregs = [
p-name for p in c.hasPrerequisite
if p in final_set

credits = float(c.hasCredits) if c.hasCredits else 0.0
total _credits += credits

dep_count = dependents_count[c]
if dep_count >= 3:

importance = “'critical”
elif dep_count >= 1:

importance = "important"
else:

importance = "optional”

plan_nodes.append(PlanNode(
iri=c.name,
label=str(c.label[0]) if c.label else c.name,
semester=c.hasSemester,
credits=credits,
code=c.hasCode,
direct_prerequisites=direct_prereqs,
depth=depth_map.get(c, 0),
dependents_count=dep_count,
importance=importance,

)))

skipped_nodes = [
PlanNode(
iri=c.name,
label=str(c.label[0]) if c.label else c.name,
semester=c.hasSemester,
credits=float(c.hasCredits) if c.hasCredits else 0.0,
code=c.hasCode,

)
for c in skipped
1
bk_nodes = [
BaseKnowledgeNode (
iri=bk.name,
label=str(bk.label[0]) if bk.label else bk.name,
)
for bk in base_knowledge
1
status = "normal”
if len(plan_nodes) == 1 and len(skipped_nodes) >= 1:
if plan_nodes[O].iri == target_course.name:
status = "all_known"

return LearningPlan(
target_iri=target_course.name,
target_label=target_label,
ordered_sequence=plan_nodes,
skipped_known=skipped_nodes,
base_ knowledge=bk nodes,
total credits=total credits,
is_valid=True,
status=status,
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def print_plan(plan: LearningPlan):
printQ)
print(=" * 70)
print (E"OCBITHIV MJAH: «{plan.target label}»")
print(*'=" * 70)

if not plan.is_valid:

print(FF\nX IOMMJIKA: {plan.error message}")
return

if plan.base knowledge:
print(f"\n— BA30BI 3HAHHI (MaoTb OyTM Ha MOYaTKy) :")
for bk in plan.base_knowledge:
print (£"| + {bk.label}")
print(f"LJW

if plan.skipped known:
print(f'"\n[BXE 3ACBOEHO — mnponyckaemo ({len(plan.skipped known) }
kypcie) : 1")
for node in plan.skipped_known:
print(f" v {node.label}™)

n_critical = sum(1 for n in plan.ordered_sequence if n.importance ==
"critical™)

n_important = sum(l for n in plan.ordered_sequence if n.importance ==
"important')

n_optional = sum(1 for n in plan.ordered_sequence if n.importance ==
"optional™)

print(f'"\n— OCNIJOBHICTL BUBUEHHSI ({len(plan.ordered sequence) }
Kypcis) : ")
for i, node in enumerate(plan.ordered_sequence, 1):
is_target = 1 == len(plan.ordered_sequence)

if is_target:

icon = "@"
label prefix = "IIJBOBUI KYPC: "
else:

if node.importance == "critical:
icon = "@"

elif node.importance == "important:
icon = "Q"

else:
icon = "@"

label prefix =
print(f"| {i:2d}. {icon} {label prefix}{node.label}")

if is_target:

pass
else:

n = node.dependents_count
ifn=1:

form = "1 ixmmr xypc njgasy"
elif 2 <= n <= 4:

form = £"{n} iunwmi xypcu nmany"
else:

form = '{n} inumx xypcis nmany"

if n>= 3:
print(f"| KPUTUYHUM — Binm HBOTO 3ajyexats {form}")
elif n >= 1:
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ifn="1:
print(f"| BaXJIVBUIM — B1lng Hboro 3ajexuTb {form}")
else:
print(f"| BaXJIMBUI — B1lng Hboro 3ajexaTb {form}")
else:
print(f"l ONUiVHMM — He € NepenyMOBOK IJig 1HmMX

KypciB myany")
print(f"LJW

print(f"\n3ATAJIOM: ")

print (f" Kypcis y mmaHi: {len(plan.ordered sequence)}")
print(f" @ xpuruunux: {n_critical}")

print(f" O saxmusux: {n_important}')

print(f" @ onuismux:  {n_optional}")

if plan.skipped_known:
print (f" Iponymeno (Bimomi): {len(plan.skipped known)} xypcis")
printQ)
pl’int("Hopana: IIOYMHANTE 3 . KPUTUUYHUX — 0e3 HMX NoIajibli kypcu OynoyTb
Hes3po3yMiymmm. ")

print(” @ onuirni moxHa BMBYATM B HOBiNBHOMY MOPSAKY.")

print()

def main():
parser = argparse.ArgumentParser(

description="Ilo6ynoBa NepPCOHAJILHOT'O OCBI1THBOTO IJIaHy Yepes o0Oxin
rpadba nepenymon"

)
parser.add argument ("target", type=str, help="HasBa uinvosoro kypcy")
parser.add_argument(
""——known'",
nargs="*",
default=[],
help="Cnucok KypciB, skl kxopucTyBau yxe BUBUMB",
)

args = parser.parse_args(Q
builder = LearningPlanBuilder(verbose=True)

target = builder.find_course by label(args.target)
if not target:

print(f"'X He smalimeno kypc 3 Ha3BOO: «{args.target}»")
print (f" CnpoOy¥ BBeCTM TOUHIimy HaszsBy.")

sys.exit(l)
plan = builder.build _plan(target, known_courses=args.known)

print_plan(plan)

if _ name_ == main__"':
main()
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JIOJIATOK E

Kon dopMyBanHS OsSICHEHD

import sys

import argparse

from pathlib import Path

from dataclasses import dataclass, field
from typing import Optional

import owlready?2
from owlready2 import get_ontology

from graph_traversal import LearningPlanBuilder, LearningPlan, PlanNode

ONTOLOGY_PATH = "data/ontology/edu_plan.owx""

COMPETENCY_DESCRIPTIONS = {

"3K1": "abcTpakTHe MUCJIEHHs, aHaJji3 Ta cuHTes",
"3K2": "zacToCyBaHHS 3HAHbL Yy IMPAKTUUHMX CUTyauisax",
"3K3": "3HaHHS Ta PO3YMiHHSA nperMeTHOI Tajys3i",
"3K4": "koMyHiKauls mepxaBHOWO MOBOL",
"3K5": "koMyHikalilsg i1Ho3eMHOKH MOBOO",
"3K6": "smaTHiCTHE IO HaABUAHHS Ta OBOJIOO1HHS CydYacCHMMM 3HaHHAMM",
"3K7": "momyk, oOpobka Ta aHajsis iHbopmanii',
"3K8": "KpUTMUHE Ta CAaMOKPUTUUHE MMUCJIJIeHHS",
"3K9": "pobBora B komaHZi",
"OK1": "TeopeTmuHl 3acamu koMi'OTepHMX Hayk",
"OK2": "BUABJIEHHS CTATUCTUYUHMX BaKOHOMipHOCTEelM, OOUMCIIOBAaJIbHUM
iuTemnext",
"OK3": "joriuHe MMCIJIeHHS, OGopMaJibH1 MoIesii, MNPOeKTyBaHHA ajaropuTMmir",
"OK4": "dopmanmizauis npemmeTHOI Tajgysi",
"OK6": "poboTa 3 IaHMMM (BKJIOYUHO 3 BeJuKuMM) ",
"OKT7": "apxiTekTypH1l pilmeHHs kown'ioTepHMX cucrTeM",
"OK8": "mpoeKTyBaHHS NPOTPaMHOTO 3abesmneueHHa",
"®K10": "xomaHmHa podoTa Ham npoekToMm",
"OK11l": "iHTeNeKTyaJIbHMM aHajiis maHumx",
"PK12": "gaxicTpr IT-npoexTim",
"OK13": "mpouecu po3pobky NPOI'paMHOT'O 3abes’neueHHa",
"®K14": "excniyyaTauis Ta peinxuHipmuHr 113",
"OK15": "cyuacHl TeHmeHU1l PO3BUTKY KOMI'WOTEepHMX HaykK",
"OK16": "inHoBauimvHMM xapakrtep IT-npoexTis",
"OK17": "aunanis 6ibiaiorpadiunmx mxepen",
}
@dataclass
class CourseExplanation:
iri: str

label: str

importance: str

reason: str = """

enables: list = field(default_factory=list)
requires: list = field(default_factory=list)
competencies: list = field(default factory=list)
path_to_target: list = field(default_factory=list)

class Explainer:
def __init_ (self, ontology path: str = ONTOLOGY_PATH, verbose: bool =

False):
self.verbose = verbose



it verbose:
print(f'3asanraxyn ourosoriw: {ontology path}'™)

ontology file = Path(ontology path).resolve()
owlready2.onto_path.append(str(ontology file.parent))
self.onto = get_ontology(ontology file._name).load()

it verbose:
print("'v Ouromoris saBanTaxena")

def _get competency_label(self, code: str) -> str:
return COMPETENCY_DESCRIPTIONS.get(code, ')

def find individual by iri(self, iri: str):
return self._onto.search_one(iri=f"*{iri}")

def build _path_to target(self, course_iri: str, plan_iris: list) ->

list:
target_iri = plan_iris[-1] if plan_iris else None
if not target_iri or course_iri == target_ iri:
return []

from collections import deque

visited = {course_iri}

queue = deque([(course_iri, [course_iri])])
plan_set = set(plan_iris)

while queue:
current_iri, path = queue.popleft()
current = self._find_individual_by iri(current_iri)
if not current:
continue

for dependent in current.isPrerequisiteOf:
if dependent.name not in plan_set:

continue

if dependent.name in visited:
continue

new_path = path + [dependent.name]

if dependent.name == target_iri:
labels = []

for iri in new_path:
ind = self._find_individual by iri(iri)
if ind and ind.label:
labels._append(str(ind.label[0]))
return labels
visited.add(dependent.name)
queue.append((dependent.name, new_path))

return []

def explain_course(
self,
node: PlanNode,
plan: LearningPlan,
is_target: bool = False,
) -> CourseExplanation:
course = self._find_individual by iri(node.iri)
if not course:
return CourseExplanation(
iri=node.iri,
label=node. label,
importance=""unknown',
reason="Kypc He 3HalmeHO B OHTOJIOT'i1",
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plan_iris = [n.iri for n in plan.ordered_sequence]
plan_set = set(plan_iris)

enables = []
for dependent in course.isPrerequisiteOf:
if dependent.name in plan_set:
if dependent.label:
enables.append(str(dependent. label[0]))
requires = []
for prereq in course.hasPrerequisite:
it prereg.name in plan_set:
if prereq.label:
requires.append(str(prereq. label[0]))
competencies = []
for comp in course.developsCompetency:
code = str(comp.label[0]) if comp.label else comp.name
description = self._get competency label (code)
competencies.append((code, description))
if is_target:
importance = '"target”
n_prereqs = len(requires)
reason = (
f"lle Bam UiJbOBUIM KYypPC — KiHIEBa MeTa HAaBYAJILHOT'O IJlaHy. "
f"IOna Moro ycnimHOTO 3aCBOEHHsS HeOOX1IHO MONEepenHbO BUBUUTU

f"{n preregs} {self. declension(n prereqgs, 'kypc', 'kypcu',
'kypciB') }."
elif node.importance == "‘critical:
importance = “'critical”

n = node.dependents_count
reason = (
f"KputnuHuy 0as0BUM KypC — Ha HBOMY IPYHTyWOTbCS "
f"{n} {self. declension(n, 'HacTynHmuit kypc', 'HacTynsi
xkypcu', 'HacTynHux Kypcim')} "
f"Bamworo njuaHy. Bes HBOI'O nozajiblie HaBYaHHA Oyne
HEMOXJIMBUM . "

elif node.importance == "important™:
importance = "important”
n = node.dependents_count
reason = (
f"BaxnuBa nepenymora nusa "
f"{n} {self. declension(n, 'HacTynHoTo Kypcy', 'HacTyHIHUX
KypciB', 'HacTynHux Kypcim')} "
f"Bamoro njaaHy."
)

else:
importance = "optional”
reason = (
"OnuiMHMY KOMIIOHEHT IIJIaHY — B1H HE € IepenyMOBOK IJS 1HIMX
kypcis, "
"ajle po3WMpPIE KOMIETeHI1iI B Mexax Bamoil ijgi."

)

path_to_target = []
if not iIs_target:
path_to _target = self. build path to target(node.iri,
plan_iris)

return CourseExplanation(
iri=node.iri,



label=node. label,
importance=importance,
reason=reason,
enables=enables,
requires=requires,
competencies=competencies,
path_to_ target=path_to_ target,
)

@staticmethod
def _declension(n: int, forml: str, form24: str, form5: str) -> str:
last_two = n % 100
if 11 <= last_two <= 14:
return form5
last = n % 10
if last == 1:
return forml
if 2 <= last <= 4:
return form24
return form5

def explain(self, plan: LearningPlan) -> list:
if not plan.is_valid:
return []

explanations = []

last_index = len(plan.ordered_sequence) - 1

for i, node in enumerate(plan.ordered_sequence):
is _target = 1 == last_index
ex = self.explain_course(node, plan, is_target=is_target)
explanations.append(ex)

return explanations

def print_explanations(plan: LearningPlan, explanations: list):
print()
print(’'=" * 70)
print (£"IOACHEHHSA OCBITHBLOT'O IUIAHY: «{plan.target label}»")
print("=" * 70)

if plan.base knowledge:

print(f"\nE] BA3BOBI 3HAHHI (NpPUIyCKAETLCH, WO KOPUCTYBAad 1xX Mae) :
for bk in plan.base_knowledge:
print(f" e {bk.label}"™")
print (" i nepenymMOBM BUXOIATHL 3a Mexi OIIl i BMBUYAKTLCHS IO
BCTyny.")

for ex in explanations:

print()

if ex.importance == ""target':
icon = "@"

elif ex.importance == "critical":
icon = "@"

elif ex.importance == "important':
icon = "Q"

else:
icon = "@"

print(f'& {icon} {ex.label}™)

print (" " + "=" * 65)

print (£" Yomy B muaHi: {ex.reason}')

if ex.requires:
print(f'"\n CriMpaeTbCsa Ha KypCcu 3 IjaHy:")
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for r in ex.requires:
print (£" — {rt™

if ex.enables and ex.importance !'= '"target':
print(f'"\n YMOXJIMBJIIOE Nomanbmi kypcu:")
for e in ex.enables:
print (£" - {el™)

if ex.competencies:
print(f'"\n Po3BUBAE KOMIETEHIii:")
with_desc = [(c, d) for c, d in ex.competencies if d]
without_desc = [c for c, d in ex.competencies if not d]

shown = with_desc[:5]
for code, desc in shown:
print(f” e {code}: {desc}™)
remaining_with = [c[0] for c in with_desc[5:]]
all_remaining = remaining_with + without_desc
if all_remaining:
print (£" * Takox: {', '.join(all remaining)}")

if ex.path_to_target and 2 <= len(ex.path_to_target) <= 5:
print(fF\n Ilnax no uini uepes rpad oHToONOTIiI:")
chain = " - ".join(ex.path to target)

print(f" {chain}"™)

print()

print("=" * 70)

print (f"¥Yci nmoscHeHHs cbopMmoBaHil 3 dopmManbHUX 3B'sa3kiB oHTOJNIOTII.")
print (f"lle rapaHTye BepudiKOBaAHICTL — KOXHE TBEpPIXeHHSA Ninkpinjgene")
print (f"xkoHkpeTHUMM bakTOoM y Tpadi 3HaHL.")

print("=" * 70)

print()

def main(Q):
parser = argparse.ArgumentParser(
description="0opMyBaHHS [OSCHEHb IJIS OCBIiTHROTO IJIaHy (XAI)"

)
parser.add argument ("target", type=str, help="Hassa uimeoBoro kypcy")
parser.add_argument(
""--known",
nargs=""*",
default=[],
help="Cnucok kypciB, gkl kopmucCcTyBau yxe BUBUUB",
)

args = parser.parse_args(Q

builder = LearningPlanBuilder(verbose=False)
target = builder.find_course by label(args.target)
if not target:

print(f'X He smalmeno xypc 3 Ha3Bow: «{args.target}»")
sys.exit(l)

plan = builder.build _plan(target, known_courses=args.known)
if not plan.is_valid:

print(f"X Hommnka noGymoem mmaHy: {plan.error message}")
sys.exit(l)

explainer = Explainer(verbose=False)
explanations = explainer.explain(plan)

print_explanations(plan, explanations)
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