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CHAPTER 16 — IDENTIFICATION NUMBERS

Consider the UPC code on a can of RO TEL tomatoes

el

UPG PROOE OF PURGHAGE 1 A The scanner is not working so the

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 a UPC code a|arasasdsdegdrddgdod 1001112 has an chosen so that the sum
e ]L(‘?/L

3((1] +a,+a; +a, +a, -|—az“)+1(a2 +a, +a, +ag +am')

is evenly divisibly by 10. What is the check digit for the mild RO*xTEL?
A A a4

U a9y %%% 0% %wd,9q,
06414428263 __
3(0ty+yratars) t1(Grrirsrg) =
{5 2 = 70
Cheese o, so  Jot a, 15 €l Aivisible é/y /O

Se @y, = ()
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The numbers 20, 60, and 100 are all evenly divisible by 10 so can we find
a way to talk about numbers when we only care about the remainders?

Yej ) HMody (o

Definition: Congruence Modulo m

Let a, b, and m be integers with =2, Then a is congruent to » modulo
m, written
a=bmodm

means that m evenly divides a@—b.

Determine if the congruences below are true or false:

;25‘"‘ } 15 £CMalide, 20 ,P [0 g-20 Ls f(‘/xwuérﬁ?
25=1mod6 g~ 100=20mod10 ~ J5 '

Tfaé

Jrue
- ' 7‘5“7 :L\J s 4

T/”at’ I3 Jé_;— ﬁz/fﬁ

/—g_ PM‘?}*Y/Q/ ‘,«;ﬂj
i | to the remainder when divid L
X mody 1S equa 0 C remainder w you viae x:.b%:y(/

Find the following values: p

(a) 34 mod 5= Z% <\§:§E n

e dee
(f b_.f(’ é, /[

)75
(b) 78 mod 11 = / \’77
0 xS

() 13 mad 15= |3 Q/F .
Y]
O [ ’zjﬁ

(d) 12mod 2=
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Types of errors when dealing with identification numbers:
e Replacing one digit with a different digit (single digit error)

o ac entered rather than ab Tabeaded 74, e”“”/?,é
e Transposing two adjacent digits (adjacent transposition error)
o ba entered rather than ab ~ Foteded 7% eatered 77
e Transposing a sequence of digits (jump transposition error)
o cba entered rather than abc  Tute/ed |47 earerd 74/
N e
Note that some of the digits in the UPC code are multiplied by 3. Those
digits had a weight of 3.
chrek of s

A code a aazasasas uses the last digit as a check digit. The check digit
is found using the formula

a;=a, +a, +3(6‘12 +a4)m0d10
Gy 95

q 9
(a) What is the check digit for the code 237147 i /

/hmﬂ( =
a3t 74303r) P
=21 D 3(Y) oY
=2 FPFIA ﬂij

A, 01@9? 0)—C?C /

(b) Find the value ofthe“mfls)sing digit x in the code 46x782° |
Q:@f){fj(éf?) /M;//é‘ Sheald o/ ye

e maifecs f

Ut X+ 3(3) w/hg didel
X:7 yt X397 G aw= X3
XF Y43 =L, .
Cf =

(¢) Will this code find an error if the first digit is entered incorrectly?



¢ = Q,tast 3(02 f@) wl (0
€ € 1t 302, 7“?,«) wd 1@

[/V”{ _/_1_-__?':_1: /C'ﬂ’cf Crror {‘F 676 —-@6 5 a /vmff/‘//r #° /0

@/qu'f 3(;?1#47)‘)‘&/7‘037‘ 36727‘47)) = amultiphe R /O

@; 7‘2 T.B(d'; 1‘5?51) —_— e/ “ij “3@2 My) = q mallyple e
e ——— e

a/ - €/ = &t /hq//\;}g/f ﬂ"{o /O

Q, .—el/ = /’If(//(f‘c{(’ ff/a

ﬁ / e 3 B 58,

!5: £S5 i
it i /
/a;.—e:/:é‘ Qx‘er/:/o
QI ~e, oL Tk/& Ar'ji.f; Cw Wl
b .
Ql = ef;(}’/rllf 4/‘7/7;
7
b i eatered The ; ?
correct | W 2y
SG ne _
erfer

TA |\5 (‘G(fcét) Q// s;ﬂj/f _‘d/j/f Prrels
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. caec
d e /‘af“/e/ Qa, 9,
we enford 4, Q,

:(qIf{[?{) 63 -‘.qu(/q/

/‘?2 —q,/: mal '743

whea /42 —-q{/: ﬁ

&y a4 -= @  both digits
3. =4 T thr Samey

/141'74 {4’2 —cr,/ ::}\' ‘“\g)ﬂ' Crror

A code is given by aja,a; where a; is the check digit an
ds = d +4Cl2 mod 9
(a) Will this check digit find all transposition errors?
Will net carch ereor (F

/@/7‘76/;}“’ Cq;)_ fl{a‘l)/'-‘- MQ/)(/}?/(” #F ?

/ < malfiplesl’ 7

@

/ a +192 = @2 —4a
s~ 5] - et 5
2 (fiplt #F ? g { Bl brll o
5 | 2 Eq’/ pAas a2 =] Cateh
o = i % os-e) -7
(b) Will this check digit find all single digit errors in the first position?
6?3’@{1“{41)’”’“( 7 € 3=(e +qa) md7

-]\
,é:,ffif_‘v “F / (q! P C/‘?l) '_"(é){ 71?(‘7})/ = I“lh/)‘/}a/fﬂf?
R

i"lC /q, ~ é‘,/ =~
Ne eérrer,
Caferol Co/‘ffcf ;{é
(c) Will this check digit find all single digit errors in the second position?
a:z)*q/quz)ﬂw’é(7 63:(43,%46’2) /‘1’4(?

4 . /(Q,f"{?:) ‘"(“(‘/fﬁ(t’g)/ = mulfile 41 7 i /fhsei/ =0
/

cath, 26, =O
err .
- = = mylkile T G, =62
}ﬁl 7{4?2 —i{:I L(fg/ S ? Ne f/f"f{ we Bﬂfére,{
" Cerreef #
~ Yo, = Ma[f/f/(‘ s F ? i N -2 B
/Lf‘?l 2 fla,-e[=2

Fapessible ble 4ig'ts gre

N m'ﬂffng_ﬁ
‘_J:f [‘?} "C’;/ :‘{—C/Z Iﬂf’)’sfl/(
=€y 2 '%/2 IM/&’J‘JI.A/E
i l~efei =4 o Catdh €rror

L‘{/ngell = Mq/f,‘p/r ff?

/qg, ~e}/ = malfipl
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Data can be encoded in identification numbers, ———2 full menrhs # /2 Az s
: s
[ 47 ch ¥, &( ;1) * {2
The last 5 digits of Illinois driver’s license numbers are based jon the
driver’s birthday and gender. For a man, the last 5 digits are/the birth year
followed by the day of the year based on each month having 31 days. For

a woman, 600 is added to the number. ~ #n = 3/ (M=/ ) + 74
- Wenen= 3 (1) v A tGoo

= —=]

Birrr,
year

(a) What would the last 5 digits of an of Tllinois driver’s license number
look like for a man born on February 12, 19677 74 A=/2

c 7 0 43 fin > 31 (A ~1) /3
-7 T =~ §j £¢) #52

~ 3/ r/2
(b) What do you know about a person who has the last 5 digits 106427
Women = 3/(/“’1'/) f*O{ o0 = Y2 f?pf_o/pZ) R Female
~Cee  -Gee o0
~ =, o
y 31 (n1) #4 42 Tee o ik
&
@ B /3{—?3‘/) i = /m;w/Of)_
pefaee «9{ = fl 4
ny 2403 _3/ r -3 %ﬁff

(¢) What do you know about a pe;son who has the last 5 digits 903737
(790 T1al€
B/K/h‘/) td = 323

Male = N big#, s fry Hocem be,
3 (12%) #d > 3%
3 (1) + 4 = 393 gec 33,1772 727
3¢ FA=323 Ereec - ..
3y “3 U /:Gf/“ Iﬁf?

4= 32
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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.

(A) The code s invalid < (B) 6) (C) 8 (D) 4

(E) None of these y Check- iyt
GE3rYIYFTrE 14 = malbph <R (O

f‘d :Mq/i‘//;/r 7K (o

Wrd = Yo
2. Which, if any, of the statements below are true? Mark all correct
answers. i 7
ol - = e oz 7
101 =1 mod 2 A /._Z
_7_.7_:—~Q* M )!/t’/ 0? H 99
77 =0mod 11 A =y
‘ /L\ﬂ &
¥y 49=1mod 12 jﬂ /Cm@f‘t/“”OT /l%
3 G S+ |
pidf* e of 3 “
E(D) 39=5mod 5 _é%—j—- remaiider 0. :2/%1?
7

(E) None of these are true.

3. The number 4320 is accidentally entered as 4321.
What type of error is this?

(A) A transposition error

(B) A jump transposition error

( (C) A single digit error

(D) A baseball error

(E) None of these

16
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4. The last three digits of a man’s ID number are the birth day of the year
based on each month of the year having 35 days. If the person is a
woman, 500 is added to the birth day. ~ 7/¢ = 3> (n~1)3

Ferale = 35 (m~) fd 1500

(a) What are the last thrgf digits of a man’s ID number if he was born on
th m=jec =¥
October 877

[ale = 3fﬁ0“/) a1

= 35(7) +%
= 35 rs
= 33

(b) What do you know about a person if the last three digits of the
person’s ID number are 5037

Fgﬂw/f Jéf/lf(#ry 3

[Femafe = 35()”‘“/)7‘ A + Soo = So3

—5C ‘fOC

35 (m=|) td4 =3

/S*Vo small £or 4,7
(‘.M(/;/E]‘( Meathy Fo

Adztff /@)’;P/

(c) What do you know about a person if the last three digits of the
person’s ID number is 4207 /M1/€ > 3f(//) w2 YO
I

35 (m~1) +d =20 395 rd 4o
Try Becenhte s5s 385
A2 35

B () v4 ~1°
Dec 35 T Rt
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cheek digr
5. A code is given by ajaxazas where ay is the check digit. The check digit

isas="Ta, +2a, + 5a; mod 9,
T, 4.9y X= ?

(a) Determine the value of x in the code 2x45, given that the check digit

is vallfg (;z) Q(X) rﬁ@)) P

5 = /f{ t X 1‘20) Mfé{/?
5= (39 f,z;Q —

Q‘? F X /Cmqh/er/ra&’

V912X 05 maltiple 27 7

31X TS epaider 2F O 2, 1,132
L EE 5
25t ’)«(‘3) Lbi — 1Y XK= ZJ /3 }‘/f‘ ) 5 ? 9//‘(
(b) Determine jf the check digit will find all smgle digit errors in the thud
pOSlthI‘l q,_/ (74?( f ;4)_ 7Lj\q3) Mié{ ? ( ¥+ 2‘?.‘) 7“583) /1'1'4/ ?

o lsl
caa‘c{* (7‘* +2a, ff‘?j) ( %, 1 Lo ff‘fa)/ llple < q/f«» 2{”& '

errel
2 mg(riple 2
7@1 f_gibjﬁ"h 79/ ’_,__‘2_4:’ 5;{3 / - /’1"[ 7 /@ "63/ 5 I/y/o:;“&/fo

5 —_5:: -~ /M 7[‘? /3'\3/ , Z"f’-’ U(a
5 5 / i

1 q} A / = q/’(,F/() d /‘55 3/ -.— N..ﬂ’flgs,'n‘e

5 / ij 3/ &(/)(f‘f)/{' | ; /‘f} 53/ ‘3——- l/-q/p J’J‘/]’"

@6 7

(c) Determine if the check digit will find all transposition errors in the

second and third positions.
Qy=(7a,+ 242 +5 ay)mod 7 ey = (7o + Qa5 1523 )med 7
lbj""@;/ = ﬂm/&'{‘ﬂ_j

(/0!

ﬂi_z:;-ﬁ / (?ql'f)-‘f)‘f 5;?3> ‘—(7‘7/ YLQQJ f.gq))/lmjra/‘a§
: = Ne error
/ 7‘1/ 7‘_02_4_1 f‘éé‘"?ﬂ, '_'_2_‘?}“5-49/>Ma(o'f’? =iy A S;Mﬂ

‘efrdf'
} 3a; =3a,[ =" 7

> [ay=as =77
[Q -*92.] z B /P_;)L

net
catch




