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Permutation

Try to solve this one.

How many ways are there to arrange these Fruits?
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Permutation

Try to solve this one.

How many ways are there to arrange these fruits?

tim(‘).(f(')sw

Remember product rule.
8XTXx6xbx4x3x2x1=8!
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Permutation

In how many ways, we con make 3 Pe_ople stand for a photo out of these
people,?
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Permutation

In how mony ways, we con make 3 Peof’le stand for a photo out of these
Pe_ople,?

29 x 28 x 27 ITU
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Permutation - Undefstanding

Let’s understand the concept of permutation.

Permutation:

Suppose, we have a list of n objects (an ordered set, where it is spee-
iPied which element is the first, second, ete.), and we rearrange them
so that they are in ancther order this is called pe_mu‘t?ng tThem; the
new order is called a pe_rmu'to(t?on of the objects. An ordered ar-

ro\nge_me_n‘t of r elements of a set is called an ﬁpe{‘mu’to\tion

Example,:

o
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Permutation - Undefstanding

Let’s understand the Qoncep‘t of permutation.

Permutation:

Suppose, we have a list of n objects (an ordered set, where it is spec-
iPied which element is the first, second, ete.), and we rearrange them
so that they are in another order, this is called pe,rmu‘ting them; the
new order is called a Pe_rmuta‘tion of the objects. An ordered ar-
romge_me_n't of r elements of a set is called an P-Pemu'ta'tion

Example_:
OF all permutations for some three distinet intgers, e.q, {1,2,3},
what fraction have first in‘te_ge_r smaller than the last?

o
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Permutation - Undefstanding

Let’s understand the concept of permutation.

Permutation:

Suppose, we have o list of n objects (an ordered set, where it is spec-
iPied which element is the first, second, ete.), and we rearrange them
so that they are in ancther order, this is called pe_mu‘t?ng Them; the
new order is called a Pe_rmu'ta‘tion of the objects. An ordered ar-
rangement of r elements of a set is called an ﬁpemu‘tation

Example,:
OF all permutations for some three distinet ntgers, e.q, {1,2,3}
what fraction have first in'te_::,e_r‘ swmaller Than the last?

Exac‘tly half/
o
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Permutation - Undef‘S‘tanJ?ng

So, The question is to determine the number of ways n ob:\e,c'ts can
be ordered. The solution can be found in 3enera|:

@ We can (ou't any of the n Pe_ople_ in the Rirst pla\ce; no matter
whom we choose, we have n — 1 choices for the second.

@ So, the number of ways to &l the First two positions is n.(n—1).

o No matter how we have filled the first and second positions,
there are n — 2 choices For the third position, so the number of
ways to il the first three positions is n.(n—1).(n —2).

o It is clear that this argument goes on like this until all positions
are Billed.

@ Thus the number of ways to fill all positions is
n.(n —1).(n —2)...3.2.1 = n! the Pactorial of n.

ifu
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Permutation - Theorem

The number of permutations of n
ob\“ec‘ts s n




e
Permutation - Ordered Subsets

At o competition of 100 a‘tl«\le‘te_s, only the order of the First 10 is
recorded. How many different outcomes does the compe_'ti't?on have?

o

Mudassir Discrete Structures



"""« L
Permutation - Ordered Subsets

At o competition of 100 athletes, only the order of the first 10 is
recorded.
How many different outcomes does the competition have?

The Rirst place_ con be won by any of the 100 athletes; no matter
who wing, there are A9 Possil:le second place, winners.

So, the First two prizes can go 100 x 99 ways.
Given the Rirst two, there are 98 athletes who can be third ete.

ifu
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e
Permutation - Ordered Subsets

At o competition of 100 athletes, omly the order of the First 10 is
recorded.

How many different outcomes does the competition have?

The Rirst place, con be won Eu/ any of the 100 athletes; no matter
who wing, there are 49 poss?ble second Place winners.

So, the first two prizes can go 100 X 99 ways.

Given the Rirst two, there are 98 athletes who can be third ete.

Therefore, Ly produc‘t rule:
100 x 99 x ... x 91
100 X 99 x 98 x ... x (100 — 10 + 1)

o
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Permutoation - Ordered Subsets - Theorem

Let’s 3e_ne_f‘0\lize_ it for howing k ele_me_n‘ts subset from an n e_lemen‘t
set.

The number of ordered k — element

subsets of o set with n e_le_me_n‘ts 'S
nxn—1)xn—-2)x..x(n—-Fk+1)




e
Permutoation - Ordered Subsets - Theorem

Let’s 3enera|3ze it for hawving k elements subset from an n element
set.

The number of ordered k — element
subsets of a set with n elements is
nxn—1)xn—-2)x..xn—-Fk+1)
We mowy also write it like:
:nx(n—l)x(n—2)><...><(n—k+1)><%

_ nx(n=1)x(n—=2)X...x(n—k+1)x(n—k)(n—k—1)x...3x2x1
- (n—k)!

— n!

(n—k)!

ifu
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Permutation

So,
Permutation:

Ifnis o positive integer ond T is an integer with 1 <7 < n, then there
are

Pn,r)=nx(n—-1)x(n—-2)x..x(n—r+1)

r — permutations of & set with n distinet elements.

If n and 7 are in‘tegel‘s with 0 < r < n, then

P(?’L,T‘) =

(n—.r)!

o
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Permutation - Exo«nple_

Question: In how MANY WOYS Can we select three students from o
group of five students to stand in a line for a photo?

Question: In how MANY WAYS Can we arrange all Rive students for o
pho‘to?

ifu
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Permutation - Exo«nple_

Question: In how many ways can we select three students from a
group of Bive students to stand in o line for a Pho‘to?

Answer: P(5,3) = 2% = ZHPE =5 x4 % 3 =60

Question: In how many ways can we arfange all Bve students for o
Pho‘to?

P(5,5) = 525y = PEGEL =5 x4 x3x2x1=51=120

ifu
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Permutation - Exo«nple_

Question: How mony permutations of the letters ABCDEFGH exist?

Question: How many Pe_r‘mu‘ta‘tions of the le_‘t‘ter‘s ABCDEFGH contains
the string ABC?

T
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Permutation - Exo«nple_

Question: How many permu'tations of the letters ABCDEFGH exist?

Answer:

P(8,8) = (gigy = PTG = 8 Tx6x5x4x3x2x 1 = 8! = 40,320

Question: How many Pe,r‘mu‘ta‘tions of the le‘t‘ter‘s ABCDEFGH contains
the S'tﬁm:j ABC7

Consider the S‘tring ABC as o single_ unit and we have ITU
P(6,6) = lg = TP = 6 x 5 x4 x3x 2% 1 =6l =720
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Permutation - Example_

Question: How many woys are there to select a {-‘nrs‘t-Pr‘ize_ winner, o
second-prize winner; and a third-prize winner from 100 different pe_ople_
who have entered o contest?
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Permutation - Exomple_

Question: How Many ways are there to select a P‘urs't—Pr‘?ze_ winner, o

second-prize winner; and a third-prize winner from 100 different people
who have entered o contest?

Answer: The answer is the number of 3-permutations of a set of 100
e_lemen‘ts. Cov\se,que,ntlt/, the answer is
P(100,3) = rrp2gy = G2 =100 x 99 x 98 = 970,200

u
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Permutation - Exomple_

Now imagine we want to give three prizes but we do not want to
Jis’tingwsh between First, second, and third prize. How many ways are
there?

u
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Permutation - Exomple_

Now imagine we want to give three prizes but we do not want to
Jis’tinguish between First, second, and third prize. How wmany woys are
there?

Answer: The answer is the number of 3-permutations of a set of 100
elements modulo the order of the three people_ we select.
Consequen'tly, the answer is N
P(100,3)/3! = qoo2gym = o220 /31 = 970,200/6 ITU
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Combination - Subsets (un-ordered)

We can e_asily drive, from here, one of the most useful counting result.

The number of ordered k — element subsets is given bl/:

nxn—1)xn-2)x...x(n—k+1)

The number of k —element subsets (un-ordered) of an n — element set
S

n\ nxmn—-1)x(n-2)x.. x(n-Fk+1)
(k)_ k!

n!

 kl(n—k)!

ifu
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Combination - Subsets (un-ordered)

We coan e,as?ly drive, From here, one of the most useful counting result.

The number of ordered k — element subsets is given l:L/:
nxn—1)xn—-2)x...x(n—k+1)

The number of k — element subsets (un-ordered) of an n — element set
S

<n) _nx(n—l)x(n—z!)x...x(n—k—&-l)

n!
kl(n — k)!

We have a special notation for this “n choose k'

(2) = mosmn o
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Combination

So,

Combination:

The number of r — combination of a set with n ele,me,n‘ts, where nis &
non—negatIve in‘te_ge,r ond T is an in‘tege_r with 0 <r <mn, e_qqus

(%) = 7oty

iu
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Combination

So,

Combination:

The number of 7 — combination of o set with n e_le_me_n’ts, where 1 is a
non-negat?ve in‘teger ond T is an in‘te_ge,r with 0 <r <mn, e_quals

(") = 7ty

P(n,r) = (}).P(r,7)

(n) _ P(n,r) n!/(n—r)! _ n!

k) = P = WG=nr = e

o
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Combination - Exomple_

Question: How wany different committees of three students can be
formed from o group of Pour students?

ifu
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Combination - Exomple_

Question: How many different committees of three students can be
formed from o group of four students?

Answer: Because, in o committee, the order of the members does not
wmatter Consequen‘tlt/, the answer is

4y _ 41 4x3l
(3) = BI(A—3)! T 3Ix1! 4

ifu
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Combination - Exomple_

Question: How many ways are there to select five plou/e_rs from o
10-member tennis team to make a trip To a match at ancther school?

ifu
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e
Combination - Exomple_

Question: How many Ways are there to select Rive plou/e_rs from o
10-member tennis team to make a trip To a match at ancther school?

Answer: The answer is given Bt/ the number of H-combinations of a set

with 10 ele_me_n‘ts. So, the number of such combinations is T
10y _ 100 10x9x8X7x6x5! __ I|U
(5) = 5I10—5)1 — e = 252
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Combination - Example_

Question: 4 group of 30 Pe_ople_ have been
trained as astronauts to go on the Rirst
mission To Mars. How MmNy Woys are
there to select o crew of six pe_ople_ to
go on this mission QO\SSum‘mg that all crew
members have the same Job)?
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Combination - Example_

Question: 4 group of 30 People_ have been
trained as astronauts to go on the First
mission to Mars. How Many woys are
there to select a crew of six people_ to
go on this mission (assuming that all crew
members have the same jola)?

AnsweriThe number of woys to select o
crew of six from the P°°l of 30 pe,olole, is
the number of G-combinations of o set
with 30 elements, because the order in
which these people are chosen does not
matter. So, the number of such
combinations is

(360) = 6!(3300i6)! = 593,775
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