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EAN-13 is a widely recognized linear barcode standard used for the identification and labeling of products,
including items from the assortment of pharmaceutical products. Verifying the correctness of the barcode’s check digit
is essential to ensure the accuracy of automated inventory management and stock control. At the same time, products
from the assortment of pharmaceutical products that are not subject to mandatory state verification (such as dietary
supplements, medical devices) remain vulnerable to labeling and data entry errors.

The aim of our work was to develop a program for verifying the check digit of the EAN-13 barcode as a tool for basic
incoming inspection of the labeling accuracy of products that are not subject to mandatory verification but are widely
represented on the pharmaceutical market.
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The article presents the development of a program for verifying the check digit of the EAN-13 barcode, implemented
as a web application based on HTML and JavaScript. The program allows users to enter a 13-digit code, calculate
the expected check digit according to the official algorithm, and promptly inform the user of the barcode s correctness.
The developed program requires no installation, is easy to use, and can be adapted for use in pharmacies, warehouses,
or educational institutions. It is also advisable to use the program during practical classes in institutions with
pharmaceutical and medical orientation and in educational simulation centers where future professionals are trained.

Key words: EAN-13, check digit verification, assortment of pharmaceutical products, labeling, automated inventory
control, JavaScript, HTML, pharmaceutical and medical education.

Jlinia bynnsak, Anacracisa /1y, Oxaena Ilokoruno, Tersana Jdamion, Ipuna Creunmun. IIporpamna
peanizaunisi nmepeBipkH KOHTpPoabHOI muppu y mrpuxoBomy koai EAN-13 y ToBapax anTe4HOro

ACOPTUMEHTY

EAN-13 — ye 3aeanbHosusnanuil TiHIUHUL CIMAHOAPM WMPUX08020 KOOYBAHHS, AKUL GUKOPUCTOBYIOMb OJisL I0eHMU-
Qixayii ma mapxysanns moeapis, 30Kpema mosapie anmeyno2o acopmumenmy. Ilepesipka npasuibHocmi KOHMPOIbHOL
Yuppu wmpuxo6020 K00y € 8adNcIUB0I0 05t 3a0e3neueHHs MOYHOCI AGIMOMAMU308AH020 0DIIKY, CBOEUACHO20 NONOGHE-
HH5 3anacie ma eheKmugHO20 YNPABIIHHA MOBAPHUMU 3ATUUKAMY 8 anmeyrill npakmuyi. Boonouac mosapu anmeuno-
20 acopmumenmy, AKi He nidiaearoms 0008 A3K08IU OepicasHil eepugirayii (Hanpuxiad, JiemuyHi 000a8KU, MeOUyHI
8UpPOOU, NIKYBATbHA KOCMEMUKd, npeomemu 002130y 3d X80PUMU), 3ATUUATOMbCA YPAZTUSUMU 00 NOMUTIOK MAPKYB8AHHS,
0yoniosants KoOig i NOMUNIOK nid yac yeedenns danux. Lle cmeopioe puzuku s mounocmi obiKy, 6e3neku nayicHmie
ma epekmusHOCmi 102ICMUYHUX NPOYECIB, A MAKONC YHEMONCIUGTIOE HATLCHCHUL KOHMPOJIb ION0GIOHOCMI IHGopmayil
Ha ynakosyi 3a0eKiapo8aHum UPOOHUKOM 8I0OMOCHISIM.

Memoro nawoi pobomu Oyno pospobumu npozpamy 0/ nepesipku KOHMpOoAbHOIL yu@pu wmpuxogozo Kooy EAN-13
AK iHCmpymMeHmy 6a3080i 6XiOHOI nepesipKu MOYHOCMI MAPKYBAHHA NPOOYKYIl, KA He nioaf2ae 0608 A3K08ill sepughika-
yii, ane wWuUpoxo npeocmaesiena Ha hapmayesmudHomy PUHKY.

Y emammi npeocmasneno pospobnenns npoepamu 015 nepesipku KOHmMpoaoHol yugdpu wmpuxoeozo kody EAN-13,
peanizoeanoi y euensoi 6e03acmoCyHKy 3 GUKOPUCIAHHAM cyyachux mexnonoeiu HTML ma JavaScript. [Ipoepama oae
3moe2y Kopucmyeayegi 6600umu 13-3naunuil Koo, 06YUCTIO8AMU OYIKYBAHY KOHMPOIbHY YUPPY BION0BIOHO 00 0QiYiliHO20
aneopummy, 3icmasasimu ii 3 y6e0eHow ma onepamueHo nOGIOOMIAMU NPO KOPeKMHICMb wmpuxkody. Pospobnena npo-
epama He nompeOye 6CMAHOBIEHH S, € 1e2KOI0 ) BUKOPUCMAHHI a Modice Oymu aoanmosana 00 pi3HUX YMO8 GUKOPUC-
manns. Ii sacmocysanns doyinvue nio uac npoéedenHs NPAKMUYHUX 3aHAMb Y 3aK1AOAX (HapMayesmuuno20 ma mMeouy-
HO20 CNPSMYBAHHSL, 6 OCEIMHIX CUMYIAYIUHUX YEHMPAX [ HAGUANbHUX ANMEKAX, 0e 30ICHIOEMb S NI020MOBKA MAUOYMHIX
Gaxisyie 0o peanvroi pobomu 3 MOBAPHUM 0ONIKOM, MAPKYBAHHIM, epuikayicio ma idenmugikayicio mosapie anmeu-
HO20 acopmumenny.

Knrouoei cnosa: EAN-13, nepesipka KOoHmMponbHOI yu@pu, mosapu anmeyHo2o0 ACOpMUMeHmMY, MAPKYEAHHS, A8Mo-
mamuszosanuil oonix, JavaScript, HTML, ¢oapmayesmuuna ma meouuna oceima.

Introduction. The use of information technologies  and standards that govern the assignment of
enables the maximum automation of processes related  barcodes to products, services, and locations based
to data collection, control, processing, analysis, and on unique EAN identifiers and methodological
the generation of relevant documentation [1, 2]. All of  recommendations for their application.

this contributes to the efficient functioning of the entire The functional capabilities of the EAN system
chain: “manufacturer — distributor — retail — consumer”.  include:
The development of computer networks has laid the  the assignment of unique identification codes

foundation for the emergence of e-commerce, whichhas  to products, services, and business entities to ensure
opened up wide opportunities for the use of automated  global identification of accounting units;

systems for the identification of goods, services, » product labeling with barcodes, enabling the
suppliers, transportation, banking operations, as well as  automation of scanning and identification processes
for advertising and conducting marketing research. within accounting information systems;

Today, in the field of commerce, one-dimensional * the implementation of electronic data

(barcode) and two-dimensional coding technologies  interchange between economic entities based on a

are widely used for labeling and automated unified coding system;

identification of goods and other accounting objects. * the enhancement of the efficiency of

The most commonly used are barcodes of the information systems responsible for automated

European Article Number (EAN) system, approved  accounting, control, and management of material and

for international use and supported by the global financial flows.

organization GS1 (formerly EAN International). The most effective implementation of barcode
The European Article Number EAN system is a  technologies is observed in the field of retail trade.

set of conceptual principles, regulatory provisions,  Product labeling with barcodes ensures the maximum
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automation of inventory and product movement
tracking — from the moment goods are received by the
retail facility tothemomentoftheirsaletothe consumer.
The use of automated identification based on barcode
scanning contributes to the development of modern
next-generation point-of-sale (POS) systems, which
significantly improve the efficiency and throughput
capacity of retail service points [3].

The EAN-13 linear barcode is a European
barcode standard designed to encode the
identifier of a product and its manufacturer.

The encoded number is duplicated in Arabic numerals
below the barcode and consists of 13 digits. The
main difference between the European code and the
American one lies in its internal structure — specifically,
in the algorithm for calculating the thirteenth digit and a
slight variation in the calculation of the check digit that
takes this 13th digit into account. The standardization
and registration of EAN codes were carried out by
the European Article Numbering Association, which
continued the development of standards initially
created by the Uniform Code Council (UCC) in the
United States and the Electronic Commerce Council of
Canada (ECCC). In 2005, these organizations merged
into the global standardization body GS1 [4, 5].

Barcodes have proven to be highly effective on
automated production lines, where manufacturing
processes are controlled by computer systems — for
example, during the assembly of medical equipment
that is configured with various components and
mechanisms depending on the model.

The use of barcodes in the pharmaceutical industry
makes it possible, during the packaging of medicinal
products, to ensure full compliance between the
medicine and its accompanying documentation, such
as package inserts and usage instructions, as well as
to determine the appropriate type of packaging.

Barcodes also allow for quality control of the
products and verification of their conformity to the
specified standard [6].

Barcode scanning enables manufacturers to better
understand consumer preferences and to organize
production and supply in such a way as to produce
exactly as many goods as needed by consumers, ensuring
the continuous availability of the desired product [7].

Ukraine is gradually transitioning to EU standards
to ensure access to high-quality medicines and to
combat counterfeit products. These standards include
the protection of medicinal product supply chains and
compliance with a unified coding and identification
system.

The government has decided to establish and
ensure the proper functioning of a national medicines

verification system based on 2D coding. This system
requires manufacturers to apply safety features to
the packaging of medicinal products. Voluntary
implementation will be allowed starting from January
1, 2026, and mandatory implementation will take
effect on January 1, 2028.

Manufacturers will be required to label the
packaging of medicinal products with a code containing
a unique identifier. Before being dispensed to the
consumer, medicines will be verified for authenticity —
this will be ensured through an end-to-end verification
system, including checks at the distributor level.

At the point of dispensing, the medicinal product
will be scanned and checked to determine whether
the information on the unique identifier matches the
data submitted by the manufacturer to the centralized
database. If the data matches, the code on the
packaging will be deactivated and the medicine will
be dispensed to the patient. If the information does not
match, the system will issue a warning and classify
the case as an exceptional incident. In such cases, the
medicine will not be dispensed, and its verification
will be handled by the competent authorities.

Labeling products entering circulation in Ukraine
with a two-dimensional barcode will help ensure
patients’ rights to safe medicinal products and will
serve as an effective tool against the distribution of
counterfeit medicines in the country [8].

However, these changes apply specifically
to medicinal products and not to all items in the
pharmacy assortment, such as dietary supplements,
medical devices, and others. Therefore, the aim of
our work was to develop a program for verifying
the check digit of the EAN-13 barcode as a tool for
basic incoming inspection of the labeling accuracy of
products that are not subject to mandatory verification
but are widely present in the pharmaceutical market.

Methods of Research. To calculate the check digit
and verify the correctness of an EAN-13 barcode, a
software implementation written in JavaScript and
integrated into the HTML code of a web page should
be used. This approach allows the algorithm to be
executed in a standard web browser without the need
to install additional software.

HTML (HyperText Markup Language) was used —
a markup language that defines the structure of a web
page, including such elements as headings, paragraphs
of text, images, tables, links, and forms [9]. In this
case, the HTML structure defines the user interface,
into which the barcode validation logic is embedded.

To perform the calculations, JavaScript must be
applied — a programming language that adds dynamic
functionality to a web page. It is used to process user-
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entered data, perform mathematical calculations, and
generate an appropriate result message [10].

The code itself is contained within the <scripr>
tags: <script> code ... </script>.

The program operates according to the following
steps:

* a function must be defined that accepts a
13-digit barcode as a string;

 only the first 12 digits should be processed (the
13th is the check digit);

» thedigits must be separated by index: odd indices
(0,2,4, 6,8, 10) are added to the variable oddSum, and
even indices (1, 3,5, 7,9, 11) — to evenSum,

* the digits at even positions must be multiplied
by 3, and the odd ones are added as is — according to
the EAN-13 standard;

* the check digit should be
calculated using the formula:
check = (10 — (total % 10)) % 10, where total is the
weighted sum of the barcode digits;

* the calculated check digit (expectedCheck)
must be compared to the last digit entered by the user
(actualCheck);

» if they match, a success message should be
displayed (with green coloring);

 if they do not match, an error message should
be shown with the appropriate visual styling (red
coloring).

Discussion of Results. Verification of the check
digit in the barcode using a custom-developed
program enables early detection of encoding errors
at the initial stage of product registration, before the
assortment of pharmaceutical products is entered into
the system. This approach improves the accuracy
and reliability of the data, minimizes the risk of
incorrect product identification, and allows flexible
program customization to meet the specific needs of
a particular pharmacy or distributor.

The program for verifying the check digit
of the EAN-13 barcode as a tool for basic input
validation of labeling accuracy for the assortment of
pharmaceutical products is presented below:

<!DOCTYPE html>
<html lang=»uk»>
<head>
<meta charset=»UTF-8»>
<title>MNepeBipka EAN-13</title>
<style>
body {
font-family: Arial, sans-serif;
padding: 20px;
}
input, button {
padding: 10px;

font-size: 16px;

¥

#result {
margin-top: 15px;
font-weight: bold;

}

#result.success {
color: green;

}

#result.error {
color: red;
¥

</style>
</head>
<body>

<hl>MepeBipka KOHTPOAbLHOI UUPU WTPUXOBOTrO
Kopy EAN-13</h1>

<form id=“barcodeForm”>
<label for=“barcode”>BBefiTb WTpuxKopg,
(13 uudp):</label><br>
<input type=“text” id=“barcode”
maxlength=“13” pattern=“\d{13}” required>
<button type=“submit”>MepeBiputn</
button>
</form>

<div id=“result”></div>

<script>
function checkEAN13(barcode) {
let oddSum = 0;
let evenSum = 0;

for (let i = 0; i < 12; i++) {
const digit = parselnt(barcode[i],

10);
if (1 %2 ===0) {
oddSum += digit;
} else {
evenSum += digit;
}
}

const total = oddSum + evenSum * 3;
const checkDigit (10 - (total %
10)) % 1e;

return checkDigit;

}

document.getElementById( ‘barcodeForm’).
addEventListener(‘submit’, function(e) {
e.preventDefault();
const barcode = document.
getElementById( ‘barcode’).value.trim();
const resultEl = document.
getElementById( ‘result’);
resultEl.className = °;

if (1/~M\d{13}$/.test(barcode)) {
resultEl.textContent «byapb
nacka, BBeaiTb 13 uudp.»;
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resultEl.classList.add(‘error’);
return;

}

const expectedCheck =
checkEAN13(barcode);

const actualCheck =
parseInt(barcode[12], 10);

if (expectedCheck actualCheck) {

resultEl.textContent = ~ [
WITpuxkon npaBuabHUA. KOHTPONbHWUIA 3HAK:
${expectedCheck}";
resultEl.classList.add(“success’);
} else {

resultEl.textContent = ~ X
lWrpuxkon HEMPABWIBHWIA. O4ikyBsaHmii
KOHTposibHUI 3Hak: ${expectedCheck}, ane
BkasaHo: ${actualCheck} ;

resultEl.classList.add(‘error’);

}
})s

</script>

</body>
</html>

Function for calculating the check digit:
function checkEAN13(barcode) {

Declaration of a function that takes one argument —
a barcode represented as a 13-digit string.

let oddSum = 9;
let evenSum = 0;

Initialization of two variables for summation:

* oddSum - the sum of digits at odd positions
0,2,4,..);

* evenSum — the sum of digits at even positions
(1,3,5,..).

In EAN terms, positions are counted from left to
right: 1st, 3rd, Sth... are considered odd (but have
indices 0, 2, 4 in code).
for (let i = 0; i < 12; i++) {
const digit = parselnt(barcode[i], 10);

The loop iterates over only the first 12 digits of the
barcode (the 13th is the check digit):

* parselnt(barcode[i], 10)
character to a digit.

converts the

if (1 % 2 ===0) {
oddSum += digit;

} else {

evenSum += digit;
}

Distribution of digits into odd (oddSum) and even
(evenSum) indices:

e indices 0, 2, 4, 6,

* indices 1, 3,5, 7,

8, 10 — B 0oddSum;
9, 11 — B evenSum.

const total = oddSum + evenSum * 3;

Sum calculation:

» Digits at even positions are multiplied by 3;

* Digits at odd positions are added as is
(according to the EAN-13 rules).

(10 - (total % 10)) %

const checkDigit
10;

Check digit calculation:

» total % 10 — takes the remainder of dividing
the total by 10;

e 10 -... — calculates how much must be added to
the total to make it divisible by 10;

* 9% 10 — ensures the result is within 0-9 in case
the remainder is 0 (check digit will be 0).

return checkDigit;

}

Return of the calculated check digit.
Form submission handling:

document.getElementById( ‘barcodeForm’).
addEventListener(‘submit’, function(e) {

Adding a submit event listener to the form.

e.preventDefault();

Preventing the default form behavior (to avoid
page reload).

const barcode = document.
getElementById( ‘barcode’).value.trim();

Retrieving the entered barcode for further
validation.

const resultEl = document.
getElementById( ‘result’);
resultEl.className = ’;

Clearing the result class (to remove green or red
coloring).

if (1/~M\d{13}$/.test(barcode)) {
resultEl.textContent = «byab nacka,

BBeAiTb 13 uudp.»;
resultEl.classList.add(‘error’);
return;

}

Validation: check if the string consists of exactly
13 digits. If not, an error message is displayed and
further code execution is stopped.

const expectedCheck = checkEAN13(barcode);
const actualCheck = parseInt(barcode[12],
10);

» expectedCheck — the check digit that should be
calculated based on the first 12 digits;
 actualCheck — the 13th digit entered by the user.
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if (expectedCheck === actualCheck) {

Comparison: whether the check digit indicated on
the package matches the calculated one.

resultEl.textContent = ‘ WTpuxkop,
npaBuibHUn. KOHTPONbHUI 3HaK:
${expectedCheck}";
resultEl.classList.add(“success’);

If they match — display a success message and
apply green coloring.

} else {
resultEl.textContent = ~ X Wrpuxkon
HENPABWIbHUIA. O4ikyBaHMWii KOHTPONbHMIA
3Hak: ${expectedCheck}, ane BKazaHo:
${actualCheck} ;
resultEl.classList.add(“error’);
}

If they do not match — display an error message
and apply red coloring.

To use the developed program in practice, it is
necessary to create a file with the.stml extension, for
example, index.html. Open this file in a text editor
(such as Notepad) and insert the code provided above.
Then, save the file and open it in a web browser — the
program will be ready for use.

This program can also be used in the practical
component of classes in disciplines such as
“Pharmaceutical and Medical commodity”,
“Organization and Economics of Pharmacy”,
“Medical and Pharmaceutical commodity”, as well
as “Assortment management of medical devices
and commodity expertise in pharmaceutical
companies”.

The practical classes in these disciplines are
typically undertaken by students of I. Horbachevsky
Ternopil National Medical University of the Ministry of
Health of Ukraine (TNMU) at the university’s Teaching
Pharmacy, which functions as a subdivision of TNMU’s
Interdepartmental Training and Simulation Center.

The Teaching Pharmacy of TNMU operates with
the aim of helping students acquire and enhance
practical skills in accordance with the list of
competencies outlined in the draft Standard of Higher
Education of Ukraine. It provides an environment for
simulating real pharmaceutical processes, including
inventory accounting for pharmaceutical products,
quality control, identification, and labeling, thereby
contributing to the development of professional
competencies among future specialists.

Conclusions. 1. A software tool developed using
JavaScript and HTML enables the verification of
the EAN-13 barcode check digit directly in a web
browser, providing a simple and accessible solution
for initial labeling control of pharmaceutical products
that are not subject to mandatory verification.

2. The implementation of such a tool improves
data accuracy, minimizes the risk of product
misidentification, and allows flexible adaptation to
the needs of pharmacies and distributors.

3. The developed program can also be effectively
used in practical training within pharmacy education,
particularly during classes conducted at the Teaching
Pharmacy of 1. Horbachevsky Ternopil National
Medical University, where students acquire applied
skills in pharmaceutical product management and
labeling verification.
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