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CHAPTER 16 — IDENTIFICATION NUMBERS

Consider the UPC code on a can of RO TEL tomatoes

UPG PROOK OF PURGHASE S Al The scanner is not working so the
3 R!]HFL ”m“lNN ”IG' [ IUM/\”” 5100/ Clerk enters the numbers by hand
: | as
“,' . 4 eck 0/{9/.)(

0 64144 28263 2

and this is invalid even though the
product code for the mild version
of this is 28263. What happened?

28245

The UPC codes use a check digit to minimize scanning errors. A check
digit is a digit included in a code to help detect errors.

For the UPC COde @2 a3 a4a5 a6 a7a8 agalo a11 12, the CheCk dlglt, a12= iS
chosen so that §'a multiple of 10 where
S = 3(11 +\a2 + 3613 +a4, + 3@5 + Ag + 3(17 + dg + Sag + A1 + 3a11 + adip.

What is the check digit for the mild ROX TEL if the first eleven digits are \ﬁ-b\ﬁ
06414428263% % kA

S=300)+(&) + 34 )+ 1)+3¢1) (%) 1302 )J1+(8) +3(2)16) 3G
g 7§ ta,

5 needs to be a ﬂ'w/}(fp/f’ o /0/ Fa 0,220
Sc the che ck a/;“j,']( ) 2ec0.
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When talking about check digits, modular arithmetic will be helpful.
Sec
Definition: Congruence Modulo m © PR ol
Let a, b, and m be integers with m = 2. Then a is congruent to » modulo
m, written

~a=bmodm
if (a — b) -+ m has a remainder of 0. This means a — b is a multiple of m.

One way to find a value for#% is to find the remainder when g is divided
by m. 2 4

Determine if the congruences below are true or false:
A5 Mo'o( G = (D) mean Same 7“1;'17

- g ~
25=1mod6 221 - 2¢ T 100=20mod10 19030 g
Trat © =2 ™ alve a (=
fCﬂ!q)w(erf? o - §eo
,(f——\"—_a“‘eﬂ remars Ade,
52 =0mod13 7t y 75=7mod5 Valse i g
y 2 I
52 0:i /3/; 23 Qrf:f 5/@?
/3 J'd ~57 5 s -
o — S emaM Ae- ______{
'y
~/<
Find the following values: ‘ —‘a\je e o M
5
(a) 34 mod 5 = []Z _ @Z/

(b) 78 mod 11 = | //@2

(¢) 13 mod 15 =

3
(d) 12 mod 2 = d 5 [
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Some types of errors when dealing with identification numbers are
e Replacing one digit with a different digit (single digit error)

e Transposing two adjacent digits (adjacent transposition error)

e Transposing two digits that are separated by another digit (jump
transposition error)

Assume that the correct code was 5678 and provide an example of these

erTors:
Single digit error: g, & nd
ﬁ’é 7§ = 4 567 4 27‘5
= Mere
Adjacent Transposition Error: G5 7§ Sex ~
y p 2 L 8 26¢

Jump Transposition Error: 26/‘5—8/ z w

Note that some of the digits in the UPC code are multiplied by 3. Those
digits had a m%iht of 3. Other codes use different weights.
Check 0/{3/"/*
A code aiaaszasas uses the last digit as a check digit. The check digit is
found using the formula
as = (a; +7a, + a3 + 7a,) mod 10

(a) What is the check digit for the code 23747 chede disit is 9
. @4s= (Q)f?@)f(?)f?(y) med [0 /a/\f\

G5 = 7 S o

(b) Find the value of the missing dlgiit x in the code 468x3
3= (W1 2C)r(3)r)(X) mAlo s
3= 99 +7x med (O 6o
X0 | 2 3 4 5 6 [(72]% 7 ! & remasyfe

sm= G4 Gl 63 75 g2 §F 76 |[o3| 1o 1D
Fil 1o = i ( g S5 2 ;7 6 Y e 7
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(c) Will this code find an error if a single digit is entered incorrectly?
Let’s look at an error in the first digit, a .

Correct Code:  aqa,asa,

Incorrect Code:  (eya,asa,
So the correct check digit is

(a; +7a, +as; + 7a,) mod 10
and the incorrect check digit is

(ey)+ 7a, + az + 7a,) mod 10

» The error will NOT be caught if

(a; +7a, + az + 7a,) — (e; + 7a, + a; + 7a,) is a multiple of 10.

This simplifies to

a, — eq 1s a multiple of 10, o -0
-g= €
Multiples of 10 are +{0, 10,20, 30, ...}. L -

—a; =€

If a; — e; =0, then a; = e; so we did not really make an error.

If a; — e; = £10 (which can also be written as |a; — e;| = 10), then a4
and e; are digits that are separated by 10 units. The digits 0, 1, 2, 3, 4, 5,
6, 7, 8, 9 are never separated by more than 9 units, so this and all higher
multiples of 10 are impossible. o

Therefore, all single-digit errors in the first digit would be caught.

The same logic also applies to the third digit.

Therefore, we need to check the even-numbered positions.

Let’s look at an error in the second digit, a,.
Correct Code: aqa,asay
Incorrect Code: al@ag a,
So the correct check digit is
(a; + 7a, + a3 + 7a,) mod 10
and the incorrect check digit is
(ay + @+ as + 7a,) mod 10
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The error will NOT be caught if

(ay +7a, + a3 +7a,) — (a; + 7e, + a5 + 7a,) is a multiple of 10.
This simplifies to | |

7a, — 7e, is a multiple of 10,

which means 7(a, — e,) is a multiple of 10,

: : : 10
which means, a, — e, is a multiple of —
20 30 40 50 60 80 }

Multiples of 2 are i{O, = £ )
7 7’ 7" 77 77 7

Ifa, — e, =0, then a, = e, so we did not really make an error.

10 : :
Ifa, —e, =+ — (which can also be written as |a; — e;| = %), then aq
s 10 ; -

and e; are digits that are separated by — The difference between digits

. : : : : 10
is always an integer, so this and all other non-integer multiples of —- are

impossible.

If |a, — e,| = 10, then then a, and e; are digits that are separated by 10
units. The digits 0, 1, 2, 3,4, 5, 6, 7, 8, 9 are never separated by more

than 9 units, so this and all higher multiples of 1—70 are impossible,

Therefore, all single-digit errors in the second digit would be caught.

The same logic also applies to the fourth digit.

We have now checked all four digits for single-digit errors and have not
found any that would not be detected. Therefore, this scheme detects %}

e e ——

single-digits errors.
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(d) Will this code find all adjacent transposition errors?

Let’s look at an adjacent transposition of the first two digits, a; and a,.
Correct Code:  aqyayasa,
Incorrect Code: cgfalag Ay
So the correct check digit is
(a; +7a, + a3 + 7a,) mod 10
and the incorrect check digit is
(a; +7a, + a3 + 7a,) mod 10
The error will NOT be caught if

(ay + 7a, + az + 7a,) — (a, + 7a, + as + 7a,) is a multiple of 10.
This simplifies to

a,\+(7a, — a@ﬁ 7ais a multiple of 10,

which means 6a, — 6a; = 6(a, — a,) is a multiple of 10,

: : : 10 5
which means, a, — a; is a multiple of — =5
. 5 5 10 20 25 35
Multiples of = are + {0, -, —, 5, —, —, 10,—,...}.
3 3’ 3’7 % 3’ 3 3

If a, —a; =0, then a, = a4 so we did not really make an error.

If a,—a; =+ g (which can also be written as | a, — a,| = g), then a,
and a, are digits that are separated by g The difference between digits is
always an integer, so this and all other non-integer multiples of g are
impossible.

If | a, —aq| = 5, then then a, and a, are digits that are separated by 5
units. The digits that are separated by 5 units are 0 and 5, 1 and 6, 2 and
7,3 and 8, and 4 and 9. These errors will NOT be caught.
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If| a; —aq| = 10, then then a, and a, are digits that are separated by 10
units. The digits 0, 1, 2, 3,4, 5, 6, 7, 8, 9 are never separated by more

than 9 units, so this and all higher multiples of g are impossible.

Therefore, all adjacent transposition errors of the first two digits will be
caught unless the digits are separated by 5 units. (This is the same as
saying | a, — aq| = 5).

The same logic also applies to the remaining adjacent digits.

Therefore, this scheme detects all adjacent transposition errors other than

the interchange of 0 and 5, 1 and 6, 2 and 7, 3 and &, or 4 and 9.

(e) Will this code find all jump transposition errors?
Lers fpek o7 (24 39 157
Fron Spay.r}ﬁon

o ) p Jranspesitions ere

quj/;% 4

Jp/c order o a/ﬂ//ﬂ/“c/, il nef c@ﬂi_ﬁg
the  check ig/t amd [y 3 Ay
/mue e Same W@Fg}l% AS  ergh crder

ad 34{ o~ ‘/ﬁ 0{,(’\}}1; A/M 1he Same We{'y'{?‘ S Capl othe-
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Data can be encoded in identification numbers.

An Illinois driver’s license contains a portion (Y-YDDD) that represents
the last two digits of the year of birth of the driver and codes the birthday
according to the following formulas where m represents birth month and o
represents the birth date.
Male =31(m—1) +d
Female = 31(m —1) +d + 600

(a) What would the Y-YDDD digits of an of Illinois driver’s license

number look like for a man born on February 12, 1967?
Y-Y is 6~ — M2 d=2

00FFle =31 ()t A | V=Y do2
:3/(,2*/)‘/‘5‘/2 @’7073

=3 () [ = u3

(b) What do you know about a person whose Y-YDDD digits are -OL‘?

forain (o €t (80 or 2010 /]
Female ZO/C 00 >Goo /\/h :%
C?Q*B/K/nv)ﬁd%ao 3/@ ~/ =/ “m
_._600 00 -—-—-—/-_._.___é—/gé

- ) +A [
th = BECmy (She s born Feb 1], 1770
(c) What do you know about a person whose Y-YDDD digits are 9-0373?

Pale b/ 00 < 6oo
ﬁp//p I [??ﬁ

/%
3 (m~1)rA 3/@ /\”“/

i =34
Cant be born i 132 Month , _é’f
S& féfj # f;Y / %/(

/ ﬂt/ds_{/: ble
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SAMPLE EXAM QUESTIONS FROM CHAPTER 16

1. Determine the check digit that should be appended to the identification
number 634498, if the check digit is the number needed to bring the total
of all the digits to a multiple of 10. X Scheck A543

(A) The code is invalid @ C)8 (D)4

(E) None of these
(Cr3t4rYF PFB 1) neds e beqmelrple R 10

3Y £rX  needs fo be o melfiple oR 0

2. Which, if any, of the statements below are true? Mark all correct
answers.

Sc
Jol=t . e 2 [loe
(A) 101 =1 mod 2 N A ~[oo

—_—

2R
i 5 2P 4
.77 0 mod 11 L2l g3
Trut xQ) .
@4951m0d12 4794 . 4& ¥ /z/g?
Trut {2 (2 ~¥y
- P
(D) 39=5mod 5 39-56 39 Sy L
False T - 5 T
(E) None of these are true. ¥ &~ 0¥ O, 50 Klre

3. The number 4320 is accidentally entered as 4321.
What type of error is this? g
(A) A transposition error
(B) A jump transposition error

@ A single digit error
(D) A baseball error
(E) None of these
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4. The last three digits of a person’s ID are calculated based on their
birthday where m represents birth month and d represents the birth date.
Male = 35(m —1) + d
Female = 35(m — 1) +d + 500

(a) What are the last three digits of a man’s ID number if he was born on
October 87 m=(0  A=F

Pale = 35(1c ~)+ 3

= 35(9 ts 32
= 375 ¥
= 323

(b) What do you know about a person if the last three digits of the
person’s ID number are 603?

/:fma(f A/C > e A
s (rrdrsoosbes gt

—~S§0e —JSeoo ~ 7&’
35(/’4‘9 Tﬁ{ = (o3 33 gp(
gafn Mﬂf‘(}é 3%??? /\/ﬂ"f‘t‘ f:S nafq 3}4/,&/
March 3] 35‘(3—/ * 3/ +500 = Gof e Mf-’cé/ 5o /7 Correer
April | 35(45)+ | +s00= oG

(¢) What do you know about a person if the last three digits of the

person’s ID number is 3207 35 (/n ~) rd =30 - 7
pule 4€'< 500 / 35/33? f\m/
— o/

e was boen October 57 T oA
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Ayt
3. A code is given by aiaazas where ay is the check digit. The check digit

1Sas="Ta1 + 2a> + 5a3 mod 9.
check A5t

(a) Determine the value of x in the code 2x45, given that the check digit
is valid. s 1 23 ¥ 56 7B17
55 7[2)%«2/)()75__/5{)/”@‘{? Sam jf/ 3, 38 Yo Y2 ff/(/ [7/6 a8 #2150
& # il Sum y 3 @
5-@(#21 po) med 7 m/?70 6?/55;
55 (3?’ %JX//W/ 7 - /\3
7/3¢ X =
7
(b) Determine if the check digit will find all single digit errors in the

position.

Correcdt code a, @, a;
Lacerrect Code q, €, 73
=

Cerredt Chrck a(/';r'f 7({/ 7‘2Q2 fqu aid ¥
La cerrect check o(r'y'f ?‘f, 7"26& 7‘5:.73 /h//?
The errorwill el he Caught e (74,7‘9@ rﬁ}Qa(}% f)eﬁf@) 5 a

iy
This SinpliCics 1o 2a,=De; is ameltiole <7 7 S
2(a,~e,) is a malfplesr
G, <€y (S a malfiyle ‘”032
e e <9317
Lf aq,-¢€; :0/ Fhere s e errer bl 7,6,
If 9,-6, 33{1?/ FUs €rror ;s ;m/ofs‘fé/ﬁ blc Aigits ac alvays

SC/QWP‘C/ b/ an infeger | -

ITC 5{‘2 \C)) =3 ?/ ﬂez Crror w;// not be (4«,47‘ € yhe 0(,?,7(5 e
5@/‘7qu8/ éy ? Télj Can /]q/)fer\ when &an?
qre r\/lfefcﬁpv_@/{‘



77

= = b!/\ e~ \ O serbir | A/ /‘)\f;- @
IWD Q} €2 ﬂaa;flﬂcs- féU CONee of m/ sl é/C 7 ¢ ”4)(/"4%/ |

NCve fgﬂﬁraﬂ/ é/ mort Mhon o

Al S;nj/c -dAisit Orfers 1N The &é’con//cff'ﬁw? Kar FhLs 5 chome
l/l/f// bf fdt(ﬂ/lf EX(f/)\ /‘?2"‘62/:7 04 07‘49/&/&/4((

o

L//lf’:\ ﬂd‘ﬂ/ ? qre }nff’/C44’lje/.

Lﬁ-éd}‘ /«/)k q a’l(./ 22k 7 ce ha q// X //"/‘rr(((('e/
y(f\lc?of’ff’/t?‘ CAPCE 01’/‘9/17‘5 C’g{(p_z?‘ PET @M/ X ?

—
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(¢) Determine if the check digit will find all transposition errors in the
second and third positions.

(vrrect code a, Q;_ 73
Lncorred code q 93 73

Corredt check Aisrt ?Q/ F 24, fj"fj)/n/y( 7
I/\ porredt Chedk d’;/"/‘ 74/ F 0??31‘542) /’1’&{/?
Error will @7\ Je Cﬂay/lf P

é@ +29; fﬁ‘cf)«)-—-(%ﬂd@?‘f};} s a malKole =R ?
TWJ S"fnr/lj‘fi(’; +c
3q3 —J9, (S5 a me/)(:/'d/f' “F 7
3(‘-7]"‘?: /S Q mv/)c‘;ﬂ/c 0'70?
43 =9, 15 a malkple ﬂpﬁg:j
Mq/)‘f'/(rs of 3 40 2 fﬁ/é G/ 2/2/ .. j
IF ‘?j =gy = 4 / *here 5 pe esror b/e g3 = qg

T6 430223, digits shet e siprard by 3 e ol cousr
If a3 = G ij/f; Yha! q-t fa/qrqfe/ b/v G are ”"7\ Caugh
I 3 ~qy == (? ﬂ{fjrfj thal are JC/"”“'/ é/ 7 a7 ﬁ/o’) Caeghy

IE q3-4;= */) this andall higher maltiples are impessif/e
b/c /(g;/ fs g~ never 3@/@’«?‘&/’ é/ More
Thea 7
Té') Schem® wi /l Mmhﬂ fqu/osfﬁw Crrory o ,,24!
ang 3&/ i{fjn‘j :Zcq /qj"‘?:) = 3
/ﬁj "%[ )
= iy dgu =



