CHAPTER G
Counting

SecTioN G\

The inclusion - exclusion priac'\p\e,



A COUNTING PROBLEM

| have 6O cots.

27 of them are dumb, 42 of them an uglg.

How many are dumb and dgly?
How Ma:\lq ave ntl“thz;v}? 95

/‘LEO{ some les ]Qr cou\n‘l:{ng.



COUNTING RULES
Smj A and Bae subsets of a et U

incluson -

(@) AU'Bl U\ \'Bl |IAnRl Jemusmn

) |AnB| < mm{ A, mn}

() [ANB| = |Al- \Ams > [A|- 1Bl

(d)\\/;\ \lu\l S

(e) |AA® |- [AnBL = [ALFIBL - 7 [AnBL = |ANB\* [B\A
() |A¥B\= lA\ (B\N
(9) |AnBl7 AL+ 1Bl Ul




SOLVING THE CAT PROBLEM

U= the set o? cocts
A = the set oF dumb cats
B = the set of ugly cots

Nei'H'IM olumb nor ug\s: \A‘(\%Ql \ AU@)C ul-1AuB\

\
£ Ul - (1A 81~ An’B)
- \lu\ ~|A\-1B+ [AnBl

\-N
uu\r\e(e_ = \-k \BH U\

So: (3)
0=N-N < lAf\“% -N'€ min 1A (B} -~ N

\A(\%‘l‘ 77-(17+42-60) = |8

What about dumb and U\g\\ﬂ



SOLVING THE CAT PROBLEM

Could also make o system of linear (inequalities |

X \{ b
W
Aumb u%
X+\ =17
\+E " 41.

)(J«Y +Z2+W = O



MORE PROBLEMS

{. Qut of 80 @ars, 70 hove brakes and |5 have headllights.
10 have both. How yany e esbr- brakes o feadlights”

How many hove nerther

7.0ut of 1,000 students, 800 krow Fencdh, 500 know Spam‘s\n.
225 know both. How many Know Vle{‘d!\ef?



THE [NcLusloN-EXcLusioN PRINCIPLE

Al= (Al
IAJ%( 1Bl - \An%\
[AVBUC|- \A\* \Bl+\cl-\Anel-Bncl-|Ancl+[AnBnc)

[A VAL - UAn\- ;Z\U\\ - 2= nki|
R TR W

R00¥ ’E ‘l‘h‘l— bmormal H\eofem
\1 () = 4 (DX (20 + (R]X]

Plug wn x=-1:
0=1-(%)+ (\ 4 (-1
A= (DA F e (FO™Y(R)

RUS s # times gn e(emmt s cownted 1 inc.- exc.

% il cover in C,\/LaP‘tWr]



INCLUSION - EXCLUSION PROBLEMS

| Out of 100 students, 18 (ke Chik-§-A, 40 [ike Toco Bell,

70 Like Subway, 17 [ike CFAand T8, 5 ke (FA and aW,
A ke TB ond SW, ond 5 Like Hham all.

How mavy students ke ot least one. of these? How momy
don't Lke any? How many only [k Subowayy,

1. How any injceﬁds betwean | and 500 ({m\usive\ are :
(@) not divisible by 'L (@) divisibe by 15, or [ 7
(b) divisible by Zor 57 (d) divisible by 2,350 T

K""j ideo: [et A\<= numbers divisible \o\\k
\F ged(G )=, then Ajk= AjnAc.



Secmion (.2
The addition and
mutbplication rules



THE ADDITION RULE

—”\e number op Wal{s 18 c.ollec:h‘on GF mu’ml\q
exclusive events can occur s the sum of
the number of Woys each event con occur

or: H\ A\|..‘,An ore plirwise, o‘iim"\'t ¢ts, ‘H’\;.n
v oAl = (A o

&OMPIQS= . F ter are 17 choies on the preaktast menn
ond 5 choias on the  lundh menw, there aye
17 choas Sor Yows maal.
+ How mony ways 4o roll & 6 with 4woe dice”
+ How many 1j)dzgzrs bebueen 1 and 22 ave divisible.

by B or B



THE MULT IPLICATION RULE

Wne umber of wWayS In which o Seguerc Og'\ indapmolef/rt
events can occur s tha prooluc{trF e uumbers of  womygs
n Whidh each evort  can occur:

or: [Axhux e Anl = AL Mol - [Anl

&MP'QS‘. -5 shirts 5 pants = (5 outhits
+ £t brunch anol lunch => J2-15 podrs O‘F meals
“Thee are 256 bytes (= bit strings of length 8)
. Mr, ’Po’l'a’l.‘o Heacl

Mr. Potato Head was born on May 1, 1952. The original toy cost $0.98, and contained
hands, feet, ears, two mouths, two pairs of eyes, four noses, three hats, eyeglasses,
a pipe, and eight felt pieces resembling facial hair. The original Mr. Potato Head kit
did not come with a potato "body", so parents had to provide their own potato into

which children could stick the various pieces.

Walsh, Tim (2005). Timeless Toys: Classic Toys and the Playmakers Who Made Them.



THE TRINCIPLE OF OVERCOUNTING

Sometimes it 1s easier to count Some. (tems <eveml Bimes

or cownt Soma vems that shouldn't have bea. Courtted in
the qq st P\auz, angl correct Yo weelf (acker:

EXOMP[QI M arty, hot many hardshakes ook Place, f
11 people 5 hondshakes, 9 é)eog)\a hod 2 fandehales
ond | Qerson hod 3 hondshakes”

125495 +1-5 _
9341545



