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Basic principle of counting

—~ Theorem 1. \

Suppose 2 experiments to be performed and

@ For Experiment 1, we have m possible outcomes

@ For each outcome of Experiment 1
— We have n outcomes for Experiment 2

Then

Total number of possible outcomes is m x n
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Proof

Sketch of the proof: Set

(i,j) = Outcome i for Experiment 1 & Outcome j for Experiment 2
Then enumerate possibilities
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Application of basic principle of counting

Example: Small community with
@ 10 women
@ Each woman has 3 chidren

We have to pick one pair as mother & child of the year

Question:

How many possibilities?
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rolner avd duld ecampte
Exgeriment” | :  pick o mother

# oulcome) > m= 10

Exgeriment 2:  pick a. chid

#+ aulomes ) n- 3

olal # of oulcomes : mx n= 1Ox2
= 30




Generalized principle of counting

—~ Theorem 2. \

Suppose r experiments to be performed and

@ For Experiment 1, we have n; possible outcomes

@ For each outcome of Experiment i
— We have n;,; outcomes for Experiment / 4 1

Then total number of possible outcomes is

e
Hn;:nlxngx---xnr
i=1
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Tluslrakon wehh Iree
TM f=2 /n|:4' HZ:Z

+# of aulcome) = 8
- 4k2



Application of basic principle of counting

Example 1: Find # possible 7 place license plates if
o First 3 places are letters

o Final 4 places are numbers

Answer: 175,760,000

Example 2: Find # possible 7 place license plates if
o First 3 places are letters
e Final 4 places are numbers

@ No repetition among letters or numbers

Answer: 78,624,000
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Liceme plle ecampl

s Exgerimeal L Y pick o feffer

N =86 m-26  py =26

cExpercment 4 o 1 ok o number

N> o0 N0 ng= 10 hyz10

ol # of ourcomey
= TT Ne = 26* < 10% - 175760,000



Liceme plale ecampl

o Expgerimea ) pc‘ck a Afeffer

N pn-g6  n-25 Ny = 24

« Expercment 4 P 7 gk a number

~ N4 =(O Ns= 9 Mg= 3 Ny=77

ol # of ourcomey
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Permutations

Definition:
A permutation of n objects is an ordered sequence of those n objects.

Property:
Two permutations only differ according to the order of the objects

Counting:
Let P, be the number of permutations for n objects. Then

Po=nl=nx(n—-1)---x2=1]]J
j=1
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Basic example of permutation (1)

Example: 3 balls, Red, Black, Green

Can we enumerate the permutations?
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Permulatin of R B n=3
R BG B R G G A D
NGB B GCNR G B R

# of @ermulakony 2
= 3= 3.2 = 6 podhlites




Basic example of permutation (2)

Example: 3 balls, Red, Black, Green

Permutations: RBG, RGB, BRG, BGR, GBN, GBR
— 6 possibilities

Formula: P; =3/ =6
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Proof for the counting number P,

Sketch of the proof:
Direct application of Theorem 2
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Example of permutation (1)

Problem:
Count possible arrangements of letters in PEPPER
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ermdelion of PEPPER n-6
Versin |: # tefers , RE R, P& R

/

Veryon 2: P's and E5 cnnol e
diskguihed

Then # permutakions

= _6! - 160
X0 2

N ~—~
4 Py #ED




Example of permutation (2)

Solution 1:
Consider all letters as distinct objects

PLELP,PsESR

Then
Pe = 6! = 720 possibilities
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Example of permutation (3)

Solution 2:
Do not distinguish P's and E's.

Then p 6!
6 o H o L L
PP, 3121 60 possibilities
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Combinations

Definition:
A combination of p objects among n objects is non ordered subset of
p objects.

Property:
Two combinations only differ according to nature of their objects

Counting:
The number of combinations of p objects among n objects is

(o)~ 5
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Basic example of combination

Example: 4 balls, Red, Black, Green, Purple
We pick 2 balls in this group

Can we enumerate the combinations?
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Exay o onboalva: BB T =n-4
Ve p=2 o tnem

Veryon | we do ave abub Vhe order
N B BR GH PR M@
N G BG Gbd P~
AP DBDP &GP PG A

Al

2]
— . n.
s axlled arrangement | # avr. = o

Veryon 2 . order does nol ma tfer
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