JIOJATOK A

['padiunnmii matepian kBanidikaiiiHoi poooTH

43



KBai(ikariliHa podoTa

Metoa nnpegmMeTHO-
OP1€HTOBHOTO aHaai3y BUX1AHMX
TEeKCTIB IIporpam

BukoHag: KepiBHuk:
cryneHrt rp. CIIm-23-5 mou. kap. EOM, k.T.H.
JlutBunos A.IL Txagos B.M.

MeTta poO0TH Ta 3aBJaHHS

MeTor0 po0oTH € po3poOKa Ta peamizallii KOMIUIEKCHOTO MeTOIy aHAaNi3y BHXITHOTO KOIY
TiporpaMHoro 3abe3nedeHHs, AKHil OETHYE KIaCHUHI Ta iHHOBAIIiiTHI TiXO/IH.

Jamaui:

a

a

a

ITpoBecTn aHani3 cyJacHHX I/IXOZIIB JI0 aHAMi3y BHXiHOTO KOIy IIPOTPaMHOTO 3a0e3leueHHd,
30KpeMa CTATITIHIX, THHAMIUHHX Ta iHTeleKTyalbHHX MeTOIB.

CdopMymoBaTH BUMOTH 10 TpeMeTHO-OPIEHTOBAaHOTO MeTOIy aHai3y BHXITHOTO KOMAY, SKHII
BpaXOBY€ K CHHTAKCIUHI, TaK i CEMaHTHIHI XapaKTepPHCTHKH IIPOTpaM.

Po3pobutn amropuT™ peamizamii oOpaHOTO MeTOAY 3 YpaXyBaHHAM MOXKIHBOCTI I10TO
IIPAaKTHYHOTO BUKOPHCTAaHHA y cepeoBHIi Google Colab.

PeanizyBaTn mporpaMHHIT 3aci® aHaNi3y Koy Ha MOBi IIporpaMyBaHHs Python i3 3acTocyBaHHAM
6ibmioTek 171 06poOKH, BepHdikallii Ta Bi3yamizallii BUXiTHOTO TEKCTY.

ITpoBecTH eKcllepUMeHTaqbHe TeCTyBaHHA pO3pO0IeHOr0 MeToly Ha IpHKIAJaX KOOy 3
IIOMILTKaMH Pi3HOTO THITY, Y TOMY HCIIi 3 pealiCTHIHUMI CKIaJHHMH CIIeHapisAMI.
3abe3nmeuntn MOOYZIOBY Bi3yamizamiil 3a pe3ymkTaTaMH aHaNlidy, BKIIOUHO 3 Tpadikamu
PO3MO/IUTY eleMeHTIB, JaCTOTH TTOMIIOK Ta 0COOMHBOCTEI CTPYKTYpPH.

OmuinnTH e(eKTHBHICTL 3allPONIOHOBAHOTO MeTOTy, IIPOAHANi3yBaBII TOUHICTH BHSABIEHHA
TIOMIUIOK, 3pYUHICTh IHTepIpeTalii pe3ylsTaTiB Ta MOXIHBICTh iHTerpamii y NpaKTHIHI
IIpoLiecH PO3pOOKH.

O0’ekT JocHipKeHHs: BHXIJHHII KO IIPOrpaMHOTO 3a0e3lleueHHS, SKMII PO3MIANAETHCA SK
CTPYKTYpOBaHa TeKcToBa (popMa, 1[0 MiCTHTH ()OpMAaTbHI iHCTPYKINiI 71 BHKOHAHHA IIPOTPaMoOIo, i
MJTA€ThCA CHCTEMATHYHOMY aHali3y 3 MeTOH BHABIEHHA INOMIIOK, BiIXWIeHb BiJ CTaHJapTiB,
TIOTEeHIIITHNX Bpa3IHBOCTell Ta 3araJbHHUX XapaKTepHCTHK SKOCTI IPOrpaMHOTO IPOIYKTY.
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[TopiBHSUIBHUI aHAJII3 METO/IIB

Application phase

Before compilation or execution

Need for code execution

Not required

Error detection

Syntactic, logical, stylistic errors

Code coverage

Full (if whole project is analyzed)

Performance

Fast, efficient

Typical tools

SonarQube, ESLint, PVS-Studio, Coverity

Key advantages

Early detection, automation, Cl integration

Main limitations

Application phase

False positives, no runtime insight

During program execution

Need for code execution

Mandatory

Error detection

Runtime errors, memory leaks, race conditions

Code coverage Limited to executed paths
Performance May be slow, resource-intensive
Typical tools Valgrind, Intel VTune, AddressSanitizer

Key advantages Real behavior, precision, runtime defect detection

Main limitations

Requires environment, partial coverage

Tunogi po6eMu py TUHAMIYHOMY aHaJi31

Memory leak

Unreleased malloc/new

Invalid access

Array out-of-bounds, null pointer dereference

Race conditions

Concurrent access to shared variable

Deadlock

Thread blocking on competing resources

Resource issues

Unclosed file descriptors, sockets

Low performance

Slow loops, frequent 1/0 calls

Memory leak

Resource consumption growth, crashes

Invalid access

Crashes, logic violations

Race conditions

Unpredictable behavior

Deadlock

Hanging or halted execution

Resource issues

Resource exhaustion, OS errors

Low performance

Performance degradation, latency

Memory leak

Valgrind, Dr. Memory

Invalid access

AddressSanitizer

Race conditions

ThreadSanitizer, Helgrind

Deadlock

Intel Inspector

Resource issues

strace, Isof

Low performance

VTune Profiler, perf
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Peamnizarisa B Google Colab 9

from google.colad import
wlcaded « files.uplosa()

¥ Jurysaesn «ony 3 Geday

Filenase = next(iter (uploaded))

with open(filenane, “r') as file:
1ines « file.readlines()

* Busegemes cepune pazxis
print("Nepul 10 pagcis wony:®)
print (. Join(1ines[:20)))

Browse  updated_code_anayss_notebook.igynd

Updated_code_analysis s 0/3) - 3079 bytes. st modfied rva - 100 done

Saving updated_code_snalysis_notedook.ipynd 10 updated_code_analysis_sotetcok.ipynd
Nepwl 10 paacie wony:

“cells: [

¢
“cell_type': “markisown®,
“metade o
*source
8 Amaniy wexianoro oy 3 slayariseaionn®,
“Ued moyTOyx peanisye meton amasisy mexigmoro xogy 3 nizvpmece sisysaisaull ve momswsicre

%

® Amanis xoay

inpert re

import matplotiid.pyplot as pit
import seaborn a1 sas

import numpy a3 no

® PorDaxywos aommums Daxin
1ine_lengths « (len(line) for line in lines if line,strip()

* Taemvmplearoon
Loentifiers « re.findalli(r \n{ »

Yy "tujoln(lines))

AHaJti3 pe3yJIbTariB

Plt.ylabel(“Kimuicra®)
plt.xticks(rotationsss)
plt.grid(True)
plt.show()

# NpocTwi NoWyYX NomMAAcE
errors = (]
for i, line in enumerste(lines):
§F "e=" in line and "if* mot in line and "#" ot in lime:
errors.sppend{(i + 1, "Wwceipne noplswames noss ywosoe®))
F "except” in line and “as" mot i line:
errors.aopend((f + 1, "HeAOCTATMAG COpolun BumaTKY"))
€ re.saten(r *\s*printise{*("]*, line):
errors.append((4 + 3, “print Gez aywoc (cymicaicTs 3 Pytace 22)7))

* Busegenea Imalgemax DowANOK
if errors:
print("Bmassewo nomenen:®)
for err in erroes:
peint(F Pagoc (err(0]): {err{1]}7)
else:
print(“Momnox me mussnewo.”)

Browse  complex_faulty_code.py
complex_faulty_code py(na) - $35 bytes, kst modified n/a - 100% done
Seving complex_feulty_code.py to cosplex_feulty_code (1).py

Po3noain fosxuHK pRAKis
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Anpobayis pezynomamis

METHODS FOR ANALYZING SOFTWARE SOURCE CODE

Abstract. Relevance. The sely of methods ir smlysing sowon oode s dives b7 sevwal oot winds i th fkd

are engmeernzg. On the coe band, the are soliticas mecessitate the
hncwﬂalndhnunlm-dnhh\ mummum«um«aumm--—-
temtion to the secumity of souce code. Moders software systems are swolved = crcal areas such a3 financial
Bealthcare, smduatral actorsaeicn,

w2 ihastructve management 424 deficiencies i such ryvess cam lead 10 seni

. including vignificant econcmic lowes, fidares i the cpecation of esvemtial services, and even heeats 1o

Busan lfe I an emvromment of competnion id nd dipn vare quabty has become  key fac
tor = the of compasien in the marker. The implesnsatation of effective soasce code aoalviis moeGods 1 becoming
essential nat oaly for larpe enterpeises, but also for small and medum seeking to develop relisble and se-
cure softwase solitioas should be o8 the segraticy soderm tecknciogies of et
cial intelligesce and machine leasniag ioko the process of code asalyvis. Sach approaches enable the mssematic detection

stages
nam.m:mm.nmmu_qm  dy =
peoaches. A comparive sty of o und dymamu fechoes b e condoced ased by crted sk e oy
ey, emot coverage, resource anid applicablity o€ vanows stases of the softwase development dfecvele. Trpacal
m«mmmwm-;\mn“h-m»:mm-

the susscaaticn and accumacy of code smalyia ‘\-cawd-uw--

amalyus

Introduction

Modern sformanon technolopies have fundames-
tally wansformed apgeoaches 1o software development
The complexity of sofware products contiaues © is-
crease, Which i tura raises e risks of errocs, valoers-
bilities, and deficiencies in the souece code. For this
reasce, the effective application of source code analysis
methods

high-quaiey,
Keywords: somce code malyss, satic amalysis, d\um malysis, software defects, o
tools, ameical mtelligence, machae lewnng, uscansted

e qualty,
verficaticn, codedvee, Vi ulLMhﬂ (.1 <«

dynamic analysis allows for the observation of program
bebavior under real operating comditions, identifying
resource Yeaks, memory hasdling sssoes, multthresding
exwors, and ofber problems that are difficult o peedsct
Gang static medods alone

1a recent yeans, the itegratica of aruficial stelli-

watcmaticn of the analysis process, the clamification of
eors, aad the prediction of thesr occamesce - all of
which substantially eahance the efficsency and quality

tyzers. A distinctive feature of the platform i its scala.
bility, the abdlity %o costinvously update venfication
rales, and 8 focus co utomated, real-time foedback

envwonments.

Article (2] is dedicated to Googhe's
with the use of the static asalyses tool FindBugs in Java
projects. The authors describe the Fexet mitative, a fo-
cused effort m which developers dedicated time excls-
sively % resolving issues ideatified by FiadBugs Dur-
ing the experumest, thousands of defects wese asalyzed,
most of which fell into categories such as null reference
eron, ncomplete matiakization, and the use of poten.
tally dangerous programming patiems. Notably, me-
mesous deficts were ducovered even i well-tested
code that had previcusly gooe unmoticed. The auchors
coaclude that the regular application of static analysis
nignificantly smproves code quality without requanng
addsmional testing resources. This publicatica 13 partics-
larty vadsable as 2s example of how source code analy-
w1t can be effectively adopted at industrial scale

Stady [3] explores the uuportance of atic soece
code amalyss from a securiey perspective. The authors
emphasize that many commson vulnerabilites, soch as
buffer overflows, SQL impections, XSS, and other stand.
ad security 1ssses, can be detected at earty developaent
stages using specialized analyzers. Usiag to0ls Like For-
tify and Covenity as examples, the authors demonstrate
the capability to swomatically detect a wide range of
securty flaws without executing the code. The paper
highlights Shat statsc amalyies should be & systemsatic past
of the secure development process, 0ot a one-time test.
ing effort. The importance of peoper developer training
and tool configuration for ackieving effective resslts is
also underhined. This work remamns fousdational m e

Paper 4] presents an empirical study of bugs in
modem open-source software. The authon malyzed
bugs repocted i the repositories of several major open-
source projects, inchadmg Mozilla, Apache, and Eclipse,
sad classified them by type, ongm, and consequences. It
was found that most errors sem from buman Bickn -

cagh security andits. The authors also discuss the futare
developaent prospects of the system, wcloding it
scalabity 8 other programming langeages, miegratin

awtomanc recommenda-

Pebiscation (6] presents as innovative approach to
code analysis usiag deep learmang techaiques. The stady
maoduces the codelvec system, which transforms
source code HItO TECo fepresentations, esabling the use
of newral network models for tasks such as classifica-
om, recommendation, #nd bug predictics. The meod
1 based 0n repeesenting code smppets &1 paths = the
abstract systax wree, which are then fed into a meural
network. As a result, the system can «understands the
structare of code and learamng to recogmize patterns as-
sociated with centain types of emmoes of stylistic devia-
toms. codedvec exemphifies & new geseratios of code
amafysss tools that combine classical systactic asalyses

of intelligent code analyis systems.

The revsewed publications demcastrate the high
scremtific and practical reldevance of source code amaly-
s methods as cme of the key tools for ensuring s08-
wice quality, secanty, and relubdity, The research
shows that static asalysis is exwemely effective for the

Mmcmwmpmwclc‘bmlmng
aificantly reduces techmacal dett mod umprotes release
qualdty

Meanwhile, dymamic asalysis is coasdered 3
complemeatary yet essestia! stage that enables the de-
tection of issues related to performance, memory feaks,
concurtency, aed real-woeld execetion behaaor Pebli-
cations describeng tools such as Vull bMiner highlsghe
mwugnpon.ceo{nnn\ thrd.party librar-

and depeadencies, which constitate & critical part of

mmwmnm

The parpose of this work is 1o mvestizate nsd
crtically analyze modern methods of source code anal
yus, incloding static, dymamsc, and intelligent ap-
proaches, 1o evaluste thes effectsveness, apphicability
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ysis techniques assist developers in quickly identifying  of software developmest
10d eminating erioes, whath ultinately Belps reduce Review of Recent Studies and Publication, The
the time and rescurces requared for software develop-  taaue of source code analysis is actively exploced in the
ment and testing.

om the verification appeoach, analysis

mecerect asvumpticns, APl changes, o¢ complex com-  vanous stages of the software development hlxycle
ponent interacticas Special attestion i3 given to the  and the potential for integrating machine Jearning tools

difficulty of idestifying Sogical eors, which are not 1o enhance the qualsty, secanity, and reliability of soft
always caught by tests or compilers. The authors com-  ware code amsd the mereasing complexity of softwase

S. Kuzhel, A. Lytvynov, O. Pliekhov. METHODS FOR ANALYZING SOFTWARE SOURCE CODE. CucTemMH yIpaETiHHA,

Hapiranii Ta 38 43Ky, BHL3. [Tonraga, 2025. C. 81-86.

Bucuosku 14

V' pesyneraTi BIKOHAHOI podOTH OyI0 po3podileHo, peanizoBaHO Ta NPOTeCTOBAHO METOl IIpeIMeTHO-
Opi€HTOBHOIO aHAMi3y BIXiJHOTO KOAy IIporpaM 3 BIKOPICTAHHAM IHCTPYMEHTANBHHX 3aco0ie Python y
ceperoBimi Google Colab. 3anpononoBaHHIl MiIXiZ HO€IHYe eleMeHTH KIACIHTHOTO CTATHYHOIO aHATI3Y 3
MOMUTHBOCTAMII CeMAHTHYIHOIO po300py, IpoCTeKyBaHHA CIPYKTYPH KOIy Ta Bi3yamizamii iforo XapakTepIICTIIK,
o J03BOMAE e(eKTHBHO BHABIATH HIBKY I[ONINPeHHX IOMIUIOK, HEBiNNOBiNHOCTeil Ta CTIDIICTHYHHX
BiJIXILIEHb.

AHani3 IpopeleHO fAK HA piBHI CHHTAKCHYHIIX eleMeHTIiB (ileHTH]IkaTOpIH, KIIOYOBiI CI0BA, JOBKIIHA
pAIKIB), Tak i Ha piBHI JOTIKH CIPYKTYpyBaHHA (KiIacl, GYHKIII, KOHCTPYKIil KOHTPOMIO IOTOKY), IO
3abe3medIio IMIOIIe pO3YMiHHA BHYIPIIIHBOI OpraHizalii IporpaMHOTO KOXy. BHABISHI IIOMILIKII
KIacH(iKyBaIIICh I CYIPOBOIDKYBANICH IMOACHEHHAM KOHTEKCTY, B AKOMY BOHH BIHHKAKOTH, IO IONETTIYeE
Ipolec KOpeKIii Ta MiIBINIye AKiCTE 3BOPOTHOTO 3B’ A3KY.

Okpema yRara IpIIineHa Bizyamizamii pe3ynbTaTiB aHamizy: Mo0yIoBaHO TicTOrpaMH PO3MOLITY JIOBKIIHII
PSAIKIB, JIOBKIHH ileHTH(IKaTopiB, KiTbKOCTi (QYHKIIIT i K1aciB, JacTOTH BKHBAaHHA 3ape3epBOBaHHX ciiB. ITi
rpacivHi IpeicTaBIeHHs CIIPIAIOTE iHTYITHBHOMY PO3YMiHHIO 3aTafbHOIO CTIIIIO IIPOTpaMyBaHHA, BISABISHHIO
aHOMAITill Ta MOMUINBIX 30H 114 pedakTOpHHTY.

IIpaxTHYHA peanisamii MeToxy B Google Colab mponemoHcTpyBana foro JOCTYIHICTH, BiITBOpPIOBaHICTE
Ta iHTepaKTHBHICTB, IO JI03BOJIAE€ BHKOPIICTOBYBATH po3po0dneHHIT iHCTpYMeHT fAK OCBITHII, MocTigHIIbKHI abo
IJomoMikHHII 3aci® y KomaHIHII po3podii mporpaMHOro 3adesnedeHHd. 3a PaXyHOK HiJTPHMKII aBTOMATIIMHOTO

3aBaHTAXKEHHA KOPHCTYBAIBKOTO KOIY Ta II0JaNbIIOr0O aHaﬂisy, CHCTEMA € THYYKOH i MacIITadOBaHOIO.
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Ta06a €. 0., Cumipror B. P., Hapaeecekuit M. C. Metoa BHiBIeHHA aHOMAT1H B KopriopaTHeHii Mepexi Cucremu
VIpaBIiHHA, Hapiramii Ta 38 43Ky, eun3. [Tonraga, 2025. C. 154-158.

BUCHOBKHU 16

Ha ocHOBI BuKOHAaHOI po6OTH, siKa BKJIIOYAala CTBOPEHHS, CHMYIIINIO,
30epekeHHA, OOpoOKYy Ta Bi3yaJbHHIl aHali3 MepekeBoro Tpadiky B yMOBax
KOPIIOPAaTHBHOI Mepexi, MOXKHa C(OPMYITIOBATH HU3KY BayUTHBHX BHCHOBKIB.

Po3poOnennii  MeTox MOHITOPHHTY Tpadiky BHABHBCA e(QEeKTHBHUM LIS
CTPYKTYpPOBAHOTO IOALTY TpadiKy Ha JOTIYHI HOTOKH, aHATI3y BKIAJIEHNX IPOTOKOJIB
Ta 00pOoOKH KOPHCHOTO HaBaHTa)KeHHS 3 oOpaxyHKoM eHTpormii. [{e 1o3B0nmII0 He MHITE
1IeHTH(IKYBaTH JpKepena MIBHIIEHOI MepeKeBoi aKTHBHOCTI, a 1 OIIHUTH HOTEHITIHHI
aHoMaJsii 0e3 HeoOX|IHOCTI ITHOOKOTO IHCIIEKTYBaHHA BMICTY HaKeTIB, IO OCOOIHBO
Ba)KITIIBO Y BUIIaIKaX BHKOPHCTaHHA 3amudpoBaHoro Tpadiky.

AHali3 JTOBKIH MePeKeBUX ITaKeTIB 3aCBIIUNB XapaKTePHUIl I KOPIOPATHBHOTO
cepemoBuma Ipodilb —  TMepeBakaHHA KOPOTKHX CIY)KOOBHX IIOBIJIOMJIEHb 3
PIIKICHHMH TlepeJadaMH BeNHKHX makeTiB. Ile T03Boisie 3poOHTH BHCHOBOK IIPO

THIIOBY 1H(PACTPYKTYPY 3 BEIHKOIO KUIBKICTIO KIIEHTCBKHX 3BEPHEHB JI0 00MEKEHOI

KUTBKOCTI CEpBEpIB.
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BHUCHOBKHA 1

EnTpomnifiHuii aHamiz KOPHCHOTO HaBaHTa)kKeHHS BKa3aB Ha 3MINIAHHI XapakTep
TpadiKy — OJHOYACHY NMPHCYTHICTHh SK BIIKPHTHX, TakK 1 MOTEHIITHO 3aIIH(ppPOBaHUX
IIPOTOKOIIB. 3HAYeHHS €HTPOIIii, 0 KOJIHBAIOTHCA B MexkaxX 5.5-6.5 0iT, BKa3yloTh Ha
BHCOKY HACHYEHICTh 1H(pOpMAIli€l0, IMPUTAMaHHY IOTOKaM MylIeTnMmenia, VPN abo
IHIINX 3amu(poBaHUX CEPBICIB.

I'padu moriyHHX 3’€AHAaHB Ta pPoO3MOALT akTHBHOCTI 3a [P-ampecamu mo3pommmn
BHOKPEMUTH $K CTaHAApTHI 3 €JIHAHHSI KIIE€HT-CEpBep, TaK 1 MOTEHIIHHO MiT03pLIi
koHIeHTpanii Tpadiky. OcoOIMBO KOPHUCHOIO BHSABHIIACH Bi3yali3amisi Ha OCHOBI
IIPOTOKOMIB Yy Uaci, fKa J03BONMJIA HPOCTEKHUTH IHTEHCHBHICTH 1 NEPIOAHYHICTH
3actocyBaHsa ICMP Tta UDP, a Takok BHSIBHTH MOMEHTH PI3KOTO 3pOCTaHHSA

AKTHBHOCTI — IIOTEHIIIiTHI aTakn ab0 aBTOMaTH30BaH1 CKPHIITH.



JIOJIATOK B

[Iporpamuuit Koz

# 3aBaHTaXeHHs KOPUCTYBALBKOTO baniy
from google.colab import files
uploaded = files.upload()

# 3BuMTyBaHHA KOomy 3 danny

filename = next (iter (uploaded))

with open(filename, 'r') as file:
lines = file.readlines ()

# BuBeIeHHsS Nepuux PAIK1iB

print ("llepwi 10 pamkiB xomy:")
print (''.join(lines[:10]))

# Axanis xomy

import re

import matplotlib.pyplot as plt
import seaborn as sns

import numpy as np

# PoBpaxyHOK IOBXMHM PAIOK1B
line lengths = [len(line) for line in lines if line.strip()]

# ImeuTudbixaTopm

identifiers = re.findall(r'\b[ a-zA-Z][ a-zA-Z0-9]1*\b',
''".join(lines))

identifier lengths = [len(id ) for id 1in identifiers]

# Iomyk kimpkocTi oyHKUiNM 1 kJjacis

function count = sum(l for line in lines 1f
line.strip() .startswith('def "))

class count = sum(l for line in lines 1if
line.strip() .startswith('class "))

# Bisyamisauiil
plt.figure(figsize=(10, 4))
plt.hist (line lengths, bins=20)
plt.title('Po3nonis HOOBXMHM pPAOKiB')
plt.xlabel ('HDoBxuHa psanka')
plt.ylabel ('KinbkicTe psankir')
plt.show ()

plt.figure(figsize=(10, 4))

plt.hist (identifier lengths, bins=20, color='orange')
plt.title('Poznomin moBxmHM imeHTudixkaTopiB')
plt.xlabel ('HDoBxuHa')

plt.ylabel ('KinbxicTs')

plt.show ()

# Bisyanizauig xkimbkocTi dyHkuim i xjgacis



plt.figure(figsize=(6, 4))

sns.barplot (x=["'®ynkuil', 'Kmacu'], y=[function count,
class count])

plt.title('KinpkicTe dyHKUiM Ta kJjacis')

plt.ylabel ('KimpkicTb')

plt.show ()

import matplotlib.pyplot as plt
import re

from collections import Counter
from google.colab import files

# BaBaHTaxeHHa Gany KOPUCTyBaudeM
uploaded = files.upload()
filename = list (uploaded.keys()) [0]

with open(filename, 'r') as file:
lines = file.readlines /()

# IepeBipka OOBXMHM PSIOKiB

line lengths = [len(line) for line in lines if line.strip()]

plt.figure(figsize=(10, 4))
plt.hist (line lengths, bins=20)
plt.title('Po3monis OOBXMHM PSOKiB')
plt.xlabel ('ODoBxuHa')

plt.ylabel ('KinpkicTe panxiB')
plt.grid(True)

plt.show ()

# AHaJl3 3apes3epBOBAHUX CJIiB
keywords = [

'def', 'return', 'if', 'else', 'elif', 'while', 'for',

'try', 'except',

'import', 'from', 'as', 'class', 'with', 'pass', 'break',

'continue', 'True', 'False'
]
keyword counter = Counter ()
for line in lines:

for kw in keywords:

keyword counter[kw] += len(re.findall(rf'\b{kw}\b"',

line))

# Bisyajsisalid yacToOTM KJIIOUOBMX CJILB
plt.figure(figsize=(12, 5))

plt.bar (keyword counter.keys(), keyword counter.values())

plt.title("UacToTa BUKOPMCTAHHS 3apesepBOBaHMX CJIiB")
plt.ylabel ("KinmpxicTbp")

plt.xticks (rotation=45)

plt.grid(True)

plt.show ()

# MpocTui Mouyk TOMUIIOK
errors = []
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for i, line in enumerate (lines):
if "==" in line and "if" not in line and "#" not in line:
errors.append((i + 1, "ViMoBipHe MOpPiBHAHHA NO3a
yMOBOw0") )
if "except" in line and "as" not in line:
errors.append((i + 1, "HemocraTHbO OOPOOKM BUHATKY"))
if re.match(r'"\s*print\s+[*("]', line):
errors.append((i + 1, "print 6e3 myxok (cyMicHicTb 3
Python 2?)"))

# BuBeIeHHS SHANUIOEeHUX IOMMIIOK
if errors:
print ("BuaByieHO NOMMUIKM:")
for err in errors:
print (f"Pamox {err[0]}: {err[1l]}")
else:
print ("IloMMIIOK He BMABJIEHO.")



