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Check Digits

A check digit is the last digit of a code. It depends on the other numbers in the code. The relationship varies from code to code, but all involve dot products and modular arithmetic. Some sequences of numbers that have check digits are credit card numbers, ISBNs, and UPCs.
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The number 1877675136 is an ISBN

The last digit, 6, is the check digit

The number 781877 675133 is a UPC

The last digit, 3, is the check digit
Tools needed to calculate check digits:
1. Dot Product.


- Example:
(2 3 4) ((2 2 3) 




=(2*2)+(3*2)+(4*3)




=22


- Explanation: 
This operation takes the sum of the products of components of 



vectors corresponding to one another.

2. Modular arithmetic.


- Example:
[(2 3 4)((2 2 3) mod 10]

10 is the base of the mod




= [22 mod 10]



22 is the operator




= (remainder 22/10)




=2



- Explanation: 
Taking the mod of an operator finds the remainder from the 


division of the operator by the mod base. 

Formulas used to calculate check digits:

ISBN: X10 =  [11 – ([10  9  8  7  6  5  4  3  2] ( [X1 X2 X3 X4 X5 X6 X7 X8 X9] mod 11)] mod 11

X10= [11 – (10X1+9X2+8X3+7X4+6X5+5X6+4X7+3X8+2X9 mod 11)]mod 11
UPC: R6 = ({10 – ([(L1L2L3L4L5L6R1R2R3R4R5)((30303030303)+ 






(L1L2L3L4L5L6R1R2R3R4R5)((01010101010)] mod10) } mod 10)


= ({10 –( [3L1+L2+3L3+L4+3L5+L6+3R1+ R2+3R3+ R4+3R5] mod10) } mod10)
Credit Card: X16 =  [X1 X2 X3 X4 X5 X6 X7 X8 X9X10X11X12X13X14X15] ([2 1 2 1 2 1 2 1 2 1 2 1 2 1 2]

If any element of the dot product is greater than 10, then nine is subtracted from it before it is added to the other components.

