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ABSTRACT 

EAN 8 and EAN 13 are the most common barcodes used in retail products. EAN 

8 consists 8 digits while EAN 13 consists 13 digits. The last digit for both is 

known as the check digit. A check digit serves to verify the order of the preceding 

digits or the validity of a barcode which is attained through mathematical 

calculations using mod 10 and weight (I, 3). The understanding of Congruence 

Modulo n and Modular Arithmetic is required. After validating EAN 8 and BAN 

13, using binary digits, the symbol of BAN 13 and EAN 8 is formed. The 

understanding of probability, permutation, binary and base two system are 

required to understand the formation of the symbol. To assist the validity check of 

EAN 8 and EAN 13, a C-Ianguage program was encoded. Another C-Ianguage 

program was developed to assist the detection of the possible errors in the barcode 

string of digits. In conclusion, Mod lOis the most suitable mod for attaining 

check digit. However using the weight (1, 3) does not allow the detection of a 

Jump Transposition Error. For further research, analysis on different weight for 

EAN 13 and EAN 8 can be conducted as well as improving the C-program for 

Error Detection in EAN 13 and EAN 8. 
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PENGGUNAAN MATEMATIK DALAM EAN 13 DAN EAN 8 DENGAN 

ATURCARA KOMPUTER 

ABSTRAK 

EAN 8 dan EAN 13 merupakan kod bar yang paling biasa digunakan untuk produk 

yang dipasarkan. EAN 8 mempunyai Iapan digit manakala EAN 13 mempunyai 13 

digit. Digit yang terakhir untuk kedua-duanya dikenali sebagai angka kawalan. 

Angka kawalan memainkan peranan untuk menentukan aturan digit-digit 

sebelumnya atau untuk mengesahkan suatu kod bar yang diperoleh melalui 

pengiraan dengan menggunakan mod 10 dan pemberat (1 , 3). Pemahaman kongruen 

modulo n dan modular aritmetik diperlukan. Selepas mengesahkan suatu EAN 13 

dan EAN 8 melalui penggunaan digit-digit binary, maka suatu kod bar EAN 13 dan 

EAN 8 dapat dibentuk. Kefasihan dalam kebarangkalian, gabungan dan aturan, 

binari dan sistem asas dua diperIukan untuk memahami pembentukan simbol kod 

bar. Untuk membantu pengesahan kod bar EAN 13 dan EAN 8, suatu aturcara C 

teIah dikodkan. Satu lagi aturcara C telah direka untuk mengesan kesilapan yang 

mungkin berlaku dalam digit-digit kod bar. Kesimpulannya, mod 10 merupakan 

mod yang paling sesuai untuk memperoleh angka kawalan. Walau bagaimanapun, 

penggunaan pemberat (1, 3) dalam pengiraan angka kawalan tidak membenarkan 

pengesanan kesilapan transposisi loncatan. Untuk penyelidikan lanjut, anaIisis 

terhadap pemberat yang berbeza untuk BAN 13 dan EAN 8 boleh dijalankan, dan 

kajian secara mendalam untuk memperbaiki aturcara untuk mengesan kesilapan 

mengkodkan digit-digit kod bar EAN 13 dan EAN 8. 
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CHAPTER 1 

INTRODUCTION 

1.1 INTRODUCTION 

Barcodes are found practically on all items that are being produced these days. It is more 

common to consumers as it is on all the products that we purchase, let it be a small bar of 

chocolate to a carton of soft drinks. Barcodes are those rectangular-like symbol on the 

item produced or purchased, consisting dark lines and white spaces with numerical digits 

below. Each time we purchase an item, the store identifies a price that appears on the cash 

register when the products are scanned. 

This generates our curiosity to understand barcodes and how it works. Questions 

that often arise are: 

1. Could we create our own barcode by drawing some lines and placing a 

few digits below? 

11. Do the lines and spaces in a barcode represent the digits below it? 

111. Why are some lines thicker and some spaces thinner compared to the rest? 
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IV. How do we know if a barcode is valid? 

The answers to all these unuttered questions are basically some mathematical 

algorithms and mathematical properties. Reading these mathematical contents in a 

barcode can be easily done through the use of technology. 

Learning and understanding more about the barcodes not only allows us to 

increase our knowledge about barcodes, but also increase our interest in applied 

mathematics and computer technology. Each time we see a barcode, perhaps we will tend 

to appreciate it more compared to other consumers. Perhaps this would also foster our 

interest in cracking barcodes to gain self satisfaction. However, this must be done for only 

knowledge purposes to see the little wonders of mathematics in our daily life and not for 

other gains. 

1.2 GENERAL VIEW OF BARCODES AND THE CHECK DIGIT 

Barcode has existed for a long time, evolving from some few digits to a longer string of 

digits. However, these barcodes are very similar in nature. Each barcode are made up of 

lines and spaces representing the digits that are printed below it. Below are examples of 

barcodes that are commonly used: 
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111IIII11111 
012300 703215 

Figure 1.1 Universal Product Code Version A 

I ~ I 
4 7 a 0 a 

Figure 1.2 European Article Numbering 8 Barcode (BAN 8) 

III IIII 
1 234567 890128 

Figure 1.3 European Article Numbering 13 Barcode (BAN 13) 

The digits in a barcode represent certain information of a product. For Universal 

Product Code Version A, the fIrst digit is a prefixed digit which identifies the product 

category. The next five digits, assigned directly by Uniform Code Council (UCC), 

identify the manufacturer. The following fIve digits are the product numbers allocated 

and controlled by the manufacturer to its products. The last digit is the check digit. 
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For the EAN 8 and EAN 13, the first three digits identify the country in which the product 

has been numbered. The three digits are allocated by IANA (International Article 

Numbering Association) to the national numbering organization in the country. For 

Malaysia, the Federation of Malaysian Manufacturers (FMM) is the designated 

organization which manages and promotes the EAN system under the name of the 

Malaysian Product Numbering (MPN) system. FMM has been given the number 955 by 

the IANA (FMM, 1996). The next four digits for the EAN 13 represent the 

manufacturer's number allocated by the national numbering organization to the individual 

companies while for the EAN 8, the next four digits are the article numbers determined 

by the national numbering organization to a particular product. The following five digits 

for the EAN 13 represent the product code which is allocated by the manufacturer to his 

products. The last digit is the check digit. 

In~111111111 
COD E 3 9 

Figure 1.4 Code 39 

Code 39 is the most popular symbology in the non retail world and is used in 

manufacturing, military and health applications. Code 39 optionally allows for a (modulo 

43) check character in cases where data security is important. The health care industry has 

adopted the use of this check character for health care applications. 
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11111 
1234567990 

Figure 1.5 RSS-14 

RSS was developed by Uniform Code Council (UCC). The purpose of this code is 

to increase the amount of information that can be put in a barcode while decreasing the 

overall area of the code. Industries such as pharmaceutical, healthcare, logistics and 

transportation, and supermarkets in North America have recently begun utilizing this new 

symbol (Taltech, 2005). 

111111111111111 
fh4534f 

Figure 1.6 Code 93 

Code 93 was developed as an advancement to the Code 39 symbology by 

providing a slightly higher character density than Code 39. Code 93 also attains two 

check digits as an added measure of security (Taltech, 2005). 
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Figure 1.7 POSTNET 

POSTNET (pOSTal Numeric Encoding Technique) is a bar code symbology used 

by the U.S. Postal Service to encode ZIP Code information for automatic mail sorting by 

zip code (Taltech, 2005). Data is encoded in the height of the bars instead of in the widths 

of the bars and spaces. POSTNET has a fIxed dimension symbology meaning that the 

height, width and spacing of all bars must fit within exact tolerances (Taltech, 2005). The 

U. S. Postal money orders, divides the identification numbers by 9 (modulo 9), the 

remainder is the check digit to ensure validity (Gallian & Winters, 1988). 

Figure 1.8 BPO 4 State Code (British Post Office, Royal Mail Code) 

BPO (British Post Office) 4 State Code is a postal bar code symbology that has 

been developed by the British Post office for encoding European postcode data similar to 

the way the U.S. PostNET symbology is used for encoding Zip Code data. The goal of 

BPO 4 State Code is to provide European countries with a simple and efficient postal bar 
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coding scheme. BPO 4 State Code is a fixed dimension symbology meaning that the 

height, width and spacing of all bars must fit within exact tolerances (Taltec~ 2005) . 

• 'ltlill 
Figure 1.9 PDF 417 

PDF417 is a high density 2 dimensional bar code symbology that consists of a 

stacked set of smaller bar codes. The symbology was published by Symbol Technologies, 

Inc. to fulfill the need for higher density bar codes. The low level structure of a PDF417 

symbol consists of an array of code words (small bar and space patterns) that are grouped 

together and stacked on top of each other to produce the complete printed symbol 

(Taltech, 2005). 

~
' . ....:~ .. • '--.,rw... • :-pr,.: • -• 

. . r:: ...,~ 
• .LI~. 
···L ".,r. '.: L.",t:. Ia' 
Ir ., . "-1: I .... 1.:.... 
~~~:~.:~ ~ .... ~ .. 

Figure 1.10 Data Matrix 

Data Matrix is a high density 2 dimensional matrix style bar code symbology that 

can encode up to 3116 characters from the entire 256 byte ASCn character set (Taltech, 

2005). The security level of this barcode symbology is comparatively high. The symbol is 
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built on a square grid arranged with a finder pattern around the perimeter of the bar code 

symbol (Taltecb, 2005). 

Figure 1.11 Maxicode 

MaxiCode is a fixed size matrix style symbology which is made up of offset rows 

of hexagonal modules arranged around a unique bulls-eye fmder pattern (Taltech, 2005). 

Each MaxiCode symbol has 884 hexagonal arranged in 33 rows. The symbology was 

designed by United Parcel Service for package tracking applications. The design of the 

MaxiCode symbology was chosen because it is well suited to high speed, orientation 

independent scanning. 

1.2.1 Check Digit 

Most barcodes append an extra digit, called the check digit. In our discussion above, we 

notice that each barcode in the example has a check digit. The check digit is the last digit 

encoded in the barcode and it serves to verify the validity of the order of the other digits. 

Thus we cannot simply create a string of numbers for a barcode. As humans, we cannot 
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avoid making mistakes so it is important for us to detect any errors in a barcode. The 

check digit also notifies us the possibility of an error while encoding the digits for a 

barcode. There are several types of errors in transmitting the digits, namely, a single digit 

error, transposition-of-adjacent-digit errors, jump-transposition, twin error, phonetic error, 

and jump twin error. In the following, we discuss four of the major types of errors based 

on study presented by Verhoeff (Kirtland, 2001). 

1.2.2 Single Digit Error 

A single digit error occurs when one of the digits in the number changes to a different 

value. 79.1 % of all transmission errors that occur are single digit errors. 

Example: Actual number: 12~456 

Transmitted error: 12~56 

1.2.3 Transposition-of-adjacent-digits Error 

Transposition-of-adjacent-digits error occurs when two different side-by-side digits 

change places. 10.2% of all transmission errors that occur are transposition-of-adjacent

digits errors. 

Example: Actual number: 12~56 

Transmitted error: 12~56 
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1.2.4 Jump-transposition Error 

Jump-transposition error occurs when two different digits, separated by a third digit 

between them, changes places. 0.8% of all transmission errors that occur are jump-

transposition error. 

Example: Actual number: 123456 

Transmitted error: 125436 

1.2.5 Twin error 

Twin error occurs when two identical side by side digits change to a different pair of ~ 

identical digits. 0.5% of all transmission errors that occur are twin errors. 

Example: Actual number: 1234~ 

Transmitted error: 123433 

1.3 RESEARCH OBJECTIVES 

The objectives of this research are: 

1. To understand the check digit system for the barcode 

ii. To develop a C program to verify barcodes and to correct errors in barcodes 

111. To understand the connection of the barcode digits with the lines and spaces in 

a barcode 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 INTRODUCTION 

The inventory departments of supermarkets before the inventions of barcodes had spent a 

long time to update inventory stock check to keep track of the items that are being 

checked out. Grocers knew they desperately needed something to assist them in this 

problem. Punch cards, first developed for the 1890 U. S. Census, seemed to otTer some 

hope (Seideman, 2000). In 1932, a business man named Wallace Flint, a Harvard 

University graduate from the school of Business Administration, wrote a masters degree 

thesis in which he envisioned a supermarket where customers would perforate cards to 

mark their selections, at the checkout counter they would insert them into a reader which 

would activate machinery to bring the purchases to them on conveyer belt (Seideman, 

2000). Therefore, store management would have a record of what was being bought. 

However, the card reading equipment was bulky, expensive and was economically 

unfeasible to create the system. 
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