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Visit our rooms during the Plebe Majors Briefs on Monday, January 7th.

Barcodes

Most items you buy at the store contain a barcode, known as the Universal Product Code (UPC), which
identifies the item and matches it to the store’s database of prices when it is scanned at the check-out
register. The barcode typically consists of 12 digits, such as

a1a2a3a4a5a6a7a8a9a10a11a12 = 07630172212a12

on a bottle of apple juice. (We focus on the digits themselves, not on the configuration of vertical lines
that represent the digits in a form that is easier for the scanner to read.) If one of the digits is incorrect or
scanned improperly, then you could conceivably be charged an incorrect amount. Fortunately, the UPC is
an error-detecting code; the designers of the UPC used mathematics to guarantee that single-digit errors
can be detected. The last digit a12 is a check digit and is determined by the preceding 11 digits as follows:

(

a1 + a2 + a3 + · · · + a12

)

+ 2
(

a1 + a3 + a5 + · · · + a11

)

must be divisible by 10.

Examples. (a) The barcode 076301722125 satisfies the barcode condition because

(0 + 7 + 6 + 3 + 0 + 1 + 7 + 2 + 2 + 1 + 2 + 5) + 2(0 + 6 + 0 + 7 + 2 + 2) = 70,

which is divisible by 10. (b) In the barcode 09948240697a12 the unknown check digit a12 requires that

(0 + 9 + 9 + 4 + 8 + 2 + 4 + 0 + 6 + 9 + 7 + a12) + 2(0 + 9 + 8 + 4 + 6 + 7)

be divisible by 10, which simplifies to requiring that 126 + a12 be divisible by 10. Therefore a12 = 4.

The following theorem is not difficult to prove; we omit the proof.

The UPC Barcode Theorem. If any single digit is changed in a UPC barcode, then the barcode

condition is violated, and the error is detected.

Challenge. Can you explain why a valid UPC barcode always has an even number of odd digits?

The mathematics behind barcodes and other error-correcting codes occurs in the following math courses:
SM291 (Fundamental of Math); SM342 (Discrete Mathematics); and several capstone courses.
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