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Permutation

Each of the six rows is a different
permutation of three distinct balls

there are six permutations of the set {1,2,3}, namely:
(1,2,3),
(1,3,2),
(2,1,3),
(2,3,1),
(3,1,2),
(3,2,1)

https://en.wikipedia.org/wiki/Permutation
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Cauchy's two-line notation

“=(JE?1) crEI:z) craaa) ”E:‘)).

https://en.wikipedia.org/wiki/Permutation
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K-permutations of n

n

P(n,k)=fa-(n—1)-(n—2)---(n—k+1l
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On by = DB _ omr ! = (n=0){(n=1)(n=2)(n—(k—1))

P(k, k) K C (n— k)R

https://en.wikipedia.org/wiki/Combination
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K-permutations of 4

P(4,4)
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Combination
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3-element subsets of a 5-element set
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k-combination

Counting (9A)

Young Won Lim
5/25/17



k-combination

52\ 52!
5) 547!
52 x 51 x 50 x 49 x 48 x 477

5x4x3x2x ¥ x 4

_52><51><50><49><48
- 5x4x3x2

_ (26 x 2) x (17 x &) x (10 x &) x 49 x (12 x A)
B x fx Zx 2

=26 x 17 x 10 x 49 x 12

= 2,598,960.

https://en.wikipedia.org/wiki/Combination
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k-combination

ny _ (n-0) (n-1) (n-2) (n—(k—1))
(k)= 1 2 T3 ko

. =—x—x—><—x?=2,598,960

52 52 51 50 49 48
1 2 3 4

https://en.wikipedia.org/wiki/Combination
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k-combination of 4

P(4,1) P(4,2) P(4,3) P(4,4)
4 = 4!/3! 4-3 = 41/2! 4-3-2 = 4!/1! 4-3-2-1 = 4!

NN | N EEE HEEE

C(4,1) C(4,2) C(4,3) C(4,4)
41/31/11 =4 41/21/21 =6 41/11/3'=4 /4 =1

_ NN | N EEE RN

1 1, 2 1, 2, 3 1, 2, 3, 4
2 1, 3 1, 2, 4
3 1, 4 1, 3, 4
4 2,3 2, 3, 4
2, 4
3, 4
4,3
i Young Won Lim
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K-permutations of 4

P(4,3) C(4,3)
4-3-2 = 4!/1! 4!/1'/3! =4

BEE HEE
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1, 2, 4
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13 remove all non-increasing ordering
in order to count only once
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k-combination of 4

C(4,1) C(4,3) C(4,1) C(4,3)

4!/3'1!'=4 4!/1'/3' =4 4!/311!'=4 4!/1'/3! =4
B NEE Bl [N
1 1, 2, 3 1 2, 3, 4
2 1, 2, 4 2 1, 3, 4
3 1, 3, 4 3 1, 2, 4
4 2, 3, 4 4 1, 2,3

| | | HENNREEN
k n—k
C(n,k) = C(n,n—k)
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Binomial Coefficient

1

1 1 o ! 1 The binomial coefficients can be arranged to form Pascal's triangle.

1 3 3 1
14 6 4 1
1510 10 5 1

n n—1 n—1
= ] ]l < k< n—
(k) (k—l) +( k ) for all integersn,k: 1 < k<n-—1,

(g) = (n) =1 for all integersn > 0,

L

https://en.wikipedia.org/wiki/Binomial_coefficient
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Binomial Coefficient

(x+y) = X’ +3x°y+3xy° + y°
= xxx+3xxy+3xyy+ yyy

C(3,0) C(3,1) C(3,2) C(3,3)
SN “EEE N mER
% 313
203
000 Q0 Qa0 000
@ 0O @80
@ 0O @00
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Binomial Coefficient

(x+y) = X’ +3x°y+3xy° + y°
= xxx+3xxy+3xyy+ yyy

3 3 3 3

= xXxx + xxy+2xyy+3yyy
C(3,0) C(3,1) C(3,2) C(3,3)
SN “EEE N mER
% 313
ey
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Binomial Coefficient

(x+y) = X’ +3x°y+3xy° + y°

= xxx+3xxy+3xyy+ yyy

- 3 XXX + 3 XXy + gxyy+ gyyy
= (3)4[3) 4 (3),(3
o) \1) |2 |3

Young Won Lim
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Pascal’s Triangle

1
1 1
1 2 1

1 3 3 1 Rows zero to five of Pascal's triangle

14 6 4 1
1510 10 5 1

()
L) ()
(“) () (3) Six rows Pascal's triangle as binomial coefficients
G ¢ ¢ 6
G G G 6
0 G G 6 @ 6

https://en.wikipedia.org/wiki/Pascal%27s_triangle
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Pascal’s Triangle

(z +1)" ZG,,

i=0

@+ )" =(@+1)(e+ )" =a(@+1)"+(z+1)" =) _aa" + ) a2’
i=0 i=()

T m
Z a;z' ™t + Z a;z"
i=0 i=0
n+1

—Za: @ +ZM¢

—Za;; 1@ +Zﬂ=“’ +apz’ + anz"

i=1 i=1

= Z(ai—l + ai}:ri + aumﬂ + a,nx”"'l

=1
= Z(ﬂi—l +a;)z' +a® + 2!
i=1
https://en.wikipedia.org/wiki/Pascal%27s_triangle
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Pascal’s Triangle

https://en.wikipedia.org/wiki/Euclidean_algorithm
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Upper and Lower Bounds

https://en.wikipedia.org/wiki/Algorithm
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