
�ƨƉʚʯɼƨ ࢁࡹ ँ ,ɄȭſǶȳŗʚɄɼǶƉʌ

6ó, ࣗ�ࡱࢅ bŗțț ࡹࡽࡱࡽ ৿ Ď, óŗȳ 6ǶƨǖɄ
óʯɼŗȍ éŗȭɱʯɼƨࣗ ˝Ƕʚǫ ǫƨțɱ ǑɼɄȭ ȭŗȳ˦ Ʉʚǫƨɼʌ



�ȳȳɄʯȳƉƨȭƨȳʚʌυ âțƨŗʌƨ ʌʯſȭǶʚ óʯɼ˙ƨ˦ υࣛࢉ eɼɄʯɱ˝Ʉɼȕ ࢍ ƕʯƨ bɼǶƕŗ˦ ࡽࡹࣩࡹࡹ ŗʚ ɱȭࣖυ࢙ࢉࣘࡹࡹ pɄȭƨ˝Ʉɼȕ ࢍ ƕʯƨ ÿʯƨʌƕŗ˦ ࢍࡹࣩࡹࡹ ŗʚ ɱȭࣖυ࢙ࢉࣘࡹࡹ pɄȭƨ˝Ʉɼȕ ࢅ ǖɼŗƕƨʌ ŗɼƨ Ʉʯʚࣖυ ¥Ʉʚƨࣘ ¥Ʉ țƨƉʚʯɼƨ Ʉɼ ¶p Ʉȳ ÿǫʯɼʌƕŗ ࣖ˦υ Ďʌƨ Ƕʚ ʚɄ ʚŗȕƨ ŗ ſɼƨŗȕࣛ ࣱࣘ

↳ Discussion in-person tomorrow.

→ Check OH calendar.



�ǖƨȳƕŗυ óƨɸʯƨȳƉƨʌࣗ ɱƨɼȭʯʚŗʚǶɄȳʌࣗ ŗȳƕ ƉɄȭſǶȳŗʚǶɄȳʌࣖυ âɼŗƉʚǶƉƨ ɱɼɄſțƨȭʌࣖ



óƨɸʯƨȳƉƨʌࣗ ɱƨɼȭʯʚŗʚǶɄȳʌࣗ ŗȳƕ ƉɄȭſǶȳŗʚǶɄȳʌ



¡ɄʚǶ˙ŗʚǶɄȳ

υ ¡ŗȳ˦ ɱɼɄſțƨȭʌ Ƕȳ ɱɼɄſŗſǶțǶʚ˦ Ƕȳ˙Ʉț˙ƨ ƉɄʯȳʚǶȳǖࣖυ óʯɱɱɄʌƨ y ̈Ƕɱ ŗ ǑŗǶɼ ƉɄǶȳ ࡱࡱࡹ ʚǶȭƨʌࣖ İǫŗʚऒʌ ʚǫƨ
ɱɼɄſŗſǶțǶʚ˦ y ʌƨƨ ࢅࢁ ǫƨŗƕʌࣞυ óʯɱɱɄʌƨ y ƕɼŗ˝ ࢁ Ɖŗɼƕʌ ǑɼɄȭ ŗ ࡽࢉ Ɖŗɼƕ ƕƨƉȕࣖ İǫŗʚऒʌ
ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫƨ˦ ŗțț ŗɼƨ ŗțț ǑɼɄȭ ʚǫƨ ʌŗȭƨ ʌʯǶʚࣞυ yȳ Ʉɼƕƨɼ ʚɄ ʌɄț˙ƨ ʌʯƉǫ ɱɼɄſțƨȭʌࣗ ˝ƨ ̇ɼʌʚ ȳƨƨƕ ʚɄ țƨŗɼȳ

ǫɄ˝ ʚɄ ƉɄʯȳʚࣖυ ÿǫƨ ŗɼƨŗ ɄǑ ȭŗʚǫ ʚǫŗʚ ƕƨŗțʌ ˝Ƕʚǫ ƉɄʯȳʚǶȳǖ Ƕʌ Ɖŗțțƨƕ
ƉɄȭſǶȳŗʚɄɼǶƉʌࣖ



óƨțƨƉʚǶȳǖ ƨțƨȭƨȳʚʌ ࣯Ƕࣖƨࣖ ʌŗȭɱțǶȳǖࣱυ ¡ŗȳ˦ ƨ˥ɱƨɼǶȭƨȳʚʌ Ƕȳ˙Ʉț˙ƨ ƉǫɄɄʌǶȳǖ ҽ ƨțƨȭƨȳʚʌ ɼŗȳƕɄȭț˦
ǑɼɄȭ ŗ ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌࣖ ÿǫǶʌ ǖɼɄʯɱ Ƕʌ Ɖŗțțƨƕ
ŗ ɱɄɱʯțŗʚǶɄȳࣖυ yǑ ƕɼŗ˝Ƕȳǖ Ɖŗɼƕʌ ǑɼɄȭ ŗ ƕƨƉȕࣗ ʚǫƨ ɱɄɱʯțŗʚǶɄȳ Ƕʌ ʚǫƨ

ƕƨƉȕ ɄǑ ŗțț Ɖŗɼƕʌࣖυ yǑ ʌƨțƨƉʚǶȳǖ ɱƨɄɱțƨ ǑɼɄȭ 6ó, ࣗ�ࡱࢅ ʚǫƨ ɱɄɱʯțŗʚǶɄȳ Ƕʌ
ƨ˙ƨɼ˦Ʉȳƨ Ƕȳ 6ó, υࣖ�ࡱࢅ ÿ˝Ʉ ƕƨƉǶʌǶɄȳʌࣘυ 6Ʉ ˝ƨ ʌƨțƨƉʚ ƨțƨȭƨȳʚʌ ˝Ƕʚǫ Ʉɼ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣞυ 6Ʉƨʌ ʚǫƨ Ʉɼƕƨɼ Ƕȳ ˝ǫǶƉǫ ʚǫǶȳǖʌ ŗɼƨ ʌƨțƨƉʚƨƕ ȭŗʚʚƨɼࣞ



óƨɸʯƨȳƉƨʌυ � ʌƨɸʯƨȳƉƨ ɄǑ țƨȳǖʚǫ ҽ Ƕʌ ɄſʚŗǶȳƨƕ ſ˦ ʌƨțƨƉʚǶȳǖ ҽ
ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ˝Ƕʚǫ
ɼƨɱțŗƉƨȭƨȳʚࣗ ʌʯƉǫ ʚǫŗʚ Ʉɼƕƨɼ ȭŗʚʚƨɼʌࣖυ E˥ŗȭɱțƨࣘ 6ɼŗ˝ ŗ Ɖŗɼƕ ࣯ǑɼɄȭ ŗ ʌʚŗȳƕŗɼƕ Ɖŗɼƕࣽࡽࢉ ƕƨƉȕࣱࣗ ɱʯʚ
Ƕʚ ſŗƉȕ Ƕȳ ʚǫƨ ƕƨƉȕࣗ ŗȳƕ ɼƨɱƨŗʚ ࢅ ʚǶȭƨʌࣖ

υ E˥ŗȭɱțƨࣘ � Ď,ó6 ây6 ʌʚŗɼʚʌ ˝Ƕʚǫ ए�ऐ ʚǫƨȳ ǫŗʌ ࢕ ƕǶǖǶʚʌࣖ
pɄ˝ ȭŗȳ˦ Ď,ó6 ây6ʌ ŗɼƨ ɱɄʌʌǶſțƨࣞ

HHTTH =/ HTTHH

5-2 5-2-52-52 = 524

A
- -

I = 108



óƨɸʯƨȳƉƨʌ

yȳ ǖƨȳƨɼŗțࣗ ʚǫƨ ȳʯȭſƨɼ ɄǑ ˝ŗ˦ʌ ʚɄ ʌƨțƨƉʚ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ
ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ʌʯƉǫ ʚǫŗʚ ɼƨɱƨʚǶʚǶɄȳ Ƕʌ ŗțțɄ˝ƨƕ
ŗȳƕ Ʉɼƕƨɼ ȭŗʚʚƨɼʌ Ƕʌ Ӏҽࣖ

࣯¥Ʉʚƨࣘ İƨ ȭƨȳʚǶɄȳƨƕ ʚǫǶʌ ǑŗƉʚ Ƕȳ ʚǫƨ ̇ɼʌʚ țƨƉʚʯɼƨ Ʉȳ
ƉțʯʌʚƨɼǶȳǖࣱࣛ

e.g.
524

,
108



âƨɼȭʯʚŗʚǶɄȳʌυ � ɱƨɼȭʯʚŗʚǶɄȳ Ƕʌ ɄſʚŗǶȳƨƕ ſ˦ ʌƨțƨƉʚǶȳǖ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ
ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣗ ʌʯƉǫ
ʚǫŗʚ Ʉɼƕƨɼ ȭŗʚʚƨɼʌࣖυ E˥ŗȭɱțƨࣘ pɄ˝ ȭŗȳ˦ ˝ŗ˦ʌ ŗɼƨ ʚǫƨɼƨ ʚɄ ʌƨțƨƉʚ ŗ ɱɼƨʌǶƕƨȳʚࣗ
˙ǶƉƨ ɱɼƨʌǶƕƨȳʚࣗ ŗȳƕ ʌƨƉɼƨʚŗɼ˦ ǑɼɄȭ ŗ ǖɼɄʯɱ ɄǑ ࢕ ɱƨɄɱțƨࣞ

people : ABCDEFGH

8- -7 6- = 8-7.6
CDF =/ DFC

pres VP secretary order matters !

n=8

k= }
""6=8.tt?.:EY??;1--- I5!

= %!



âƨɼȭʯʚŗʚǶɄȳʌυ yȳ ǖƨȳƨɼŗțࣗ ʚǫƨ ȳʯȭſƨɼ ɄǑ ˝ŗ˦ʌ ʚɄ ʌƨțƨƉʚ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ
ŗ ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ʌʯƉǫ ʚǫŗʚ ɼƨɱƨʚǶʚǶɄȳ Ƕʌ ȳɄʚ
ŗțțɄ˝ƨƕ ŗȳƕ Ʉɼƕƨɼ ȭŗʚʚƨɼʌ Ƕʌҩ	Ӏ
 ҽ
 � 	Ӏ
	Ӏ ˲ �
���	Ӏ ˲ ҽ � �
υ ÿɄ ʌǶȭɱțǶǑ˦ࣘ ɼƨƉŗțț ʚǫŗʚ ʚǫƨ ƕƨ̇ȳǶʚǶɄȳ ɄǑ Ӏ� ǶʌӀ� � 	Ӏ
	Ӏ ˲ �
���	�
	�
υ eǶ˙ƨȳ ʚǫǶʌࣗ ˝ƨ Ɖŗȳ ˝ɼǶʚƨҩ	Ӏ
 ҽ
 � Ӏ�	Ӏ ˲ ҽ
�

n = 8
,
K =3

818- 1) (8-2)
=8-7-6

☐





6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

Ď,ó6 ǫŗʌ ࢑ ƉɄțțƨǖƨʌࣖ pɄ˝ ȭŗȳ˦ ˝ŗ˦ʌ Ɖŗȳ y ɼŗȳȕ ȭ˦ ʚɄɱ
ࢁ ƉǫɄǶƉƨʌࣞ
�ࣱ ��
$ࣱ ���
,ࣱ ���
6ࣱ ����
Eࣱ ¥Ʉȳƨ ɄǑ ʚǫƨ ŗſɄ˙ƨ

ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ࢑࢑࢙ࢁ ࢑࢑࢙ࣖࡱ

Ptt, 3)
:
= 7¥0
=

= 7-6 ' 5
= 210



óɱƨƉǶŗț Ɖŗʌƨ ɄǑ ɱƨɼȭʯʚŗʚǶɄȳʌ

υ óʯɱɱɄʌƨ ˝ƨ ǫŗ˙ƨ Ӏ ɱƨɄɱțƨࣖ ÿǫƨ ʚɄʚŗț ȳʯȭſƨɼ ɄǑ ˝ŗ˦ʌ y
Ɖŗȳ ɼƨŗɼɼŗȳǖƨ ʚǫƨʌƨ Ӏ ɱƨɄɱțƨ Ƕȳ ŗ țǶȳƨ Ƕʌ

υ ÿǫǶʌ Ƕʌ ƉɄȳʌǶʌʚƨȳʚ ˝Ƕʚǫ ʚǫƨ ǑɄɼȭʯțŗҩ	Ӏ
 Ӏ
 � Ӏ�	Ӏ ˲ Ӏ
� � Ӏ��� � Ӏ�� � Ӏ�
± 11-2) . . . -2 -1 = n !

Quo ! -- I



,ɄȭſǶȳŗʚǶɄȳʌυ � ƉɄȭſǶȳŗʚǶɄȳ Ƕʌ ŗ ʌƨʚ ɄǑ ҽ Ƕʚƨȭʌ ʌƨțƨƉʚƨƕ ǑɼɄȭ ŗ ǖɼɄʯɱ ɄǑӀ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣗ ʌʯƉǫ ʚǫŗʚ
Ʉɼƕƨɼ ƕɄƨʌ ȳɄʚ ȭŗʚʚƨɼࣖυ E˥ŗȭɱțƨࣘ ÿǫƨɼƨ ŗɼƨ ࢅࡽ ǶƉƨ Ɖɼƨŗȭ ̈ŗ˙Ʉɼʌࣖ pɄ˝ ȭŗȳ˦ ˝ŗ˦ʌ
Ɖŗȳ ˦Ʉʯ ɱǶƉȕ ʚ˝Ʉ ̈ŗ˙Ʉɼʌࣞ

y§É3? ⑤ * §
24-23

2-
/

double counted !

# combinations = #permutations
# orderings



Three flavors
C
,
V
,
S

Cvs

÷
vsc

Scu

Svc



bɼɄȭ ɱƨɼȭʯʚŗʚǶɄȳʌ ʚɄ ƉɄȭſǶȳŗʚǶɄȳʌυ ÿǫƨɼƨ Ƕʌ ŗ ƉțɄʌƨ ƉɄȳȳƨƉʚǶɄȳ ſƨʚ˝ƨƨȳࣘυ ʚǫƨ ȳʯȭſƨɼ ɄǑ ɱƨɼȭʯʚŗʚǶɄȳʌ ɄǑ ҽ ƨțƨȭƨȳʚʌ ʌƨțƨƉʚƨƕ
ǑɼɄȭ ŗ ǖɼɄʯɱ ɄǑ Ӏࣗ ŗȳƕυ ʚǫƨ ȳʯȭſƨɼ ɄǑ ƉɄȭſǶȳŗʚǶɄȳʌ ɄǑ ҽ ƨțƨȭƨȳʚʌ ʌƨțƨƉʚƨƕ
ǑɼɄȭ ŗ ǖɼɄʯɱ ɄǑ Ӏ

ࣥ ƉɄȭſǶȳŗʚǶɄȳʌ � ࣥ ɱƨɼȭʯʚŗʚǶɄȳʌ
ࣥ ɄɼƕƨɼǶȳǖʌ ɄǑ ҽ Ƕʚƨȭʌυ óǶȳƉƨ ࣥ ɱƨɼȭʯʚŗʚǶɄȳʌ � Ӏ�	Ӏ˲ҽ
� ŗȳƕ

ࣥ ɄɼƕƨɼǶȳǖʌ ɄǑ ҽ Ƕʚƨȭʌ � ҽ�ࣗ ˝ƨ ǫŗ˙ƨҜ	Ӏ
 ҽ
 � ٦Ӏҽٵ � Ӏ�	Ӏ ˲ ҽ
�ҽ�

→
•÷;?÷,
\

K !

☐



,ɄȭſǶȳŗʚǶɄȳʌ
yȳ ǖƨȳƨɼŗțࣗ ʚǫƨ ȳʯȭſƨɼ ɄǑ ˝ŗ˦ʌ ʚɄ ʌƨțƨƉʚ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ
ǖɼɄʯɱ ɄǑ Ӏ ƨțƨȭƨȳʚʌ ʌʯƉǫ ʚǫŗʚ ɼƨɱƨʚǶʚǶɄȳ Ƕʌ ȳɄʚ ŗțțɄ˝ƨƕ ŗȳƕ
Ʉɼƕƨɼ ƕɄƨʌ ȳɄʚ ȭŗʚʚƨɼ Ƕʌ٦Ӏҽٵ � Ӏ�	Ӏ ˲ ҽ
�ҽ�
ÿǫƨ ʌ˦ȭſɄț ٦Ӏҽٵ Ƕʌ ɱɼɄȳɄʯȳƉƨƕ एӀ ƉǫɄɄʌƨ ҽऐࣗ ŗȳƕ Ƕʌ ŗțʌɄ ȕȳɄ˝ȳ
ŗʌ ʚǫƨ ſǶȳɄȭǶŗț ƉɄƨ˾ƉǶƨȳʚࣖ

ccn , K)



E˥ŗȭɱțƨࣘ ƉɄȭȭǶʚʚƨƨʌυ pɄ˝ ȭŗȳ˦ ˝ŗ˦ʌ ŗɼƨ ʚǫƨɼƨ ʚɄ ʌƨțƨƉʚ ŗ ɱɼƨʌǶƕƨȳʚࣗ ˙ǶƉƨ
ɱɼƨʌǶƕƨȳʚࣗ ŗȳƕ ʌƨƉɼƨʚŗɼ˦ ǑɼɄȭ ŗ ǖɼɄʯɱ ɄǑ ࢕ ɱƨɄɱțƨࣞ

υ pɄ˝ ȭŗȳ˦ ˝ŗ˦ʌ ŗɼƨ ʚǫƨɼƨ ʚɄ ʌƨțƨƉʚ ŗ ƉɄȭȭǶʚʚƨƨ ɄǑ ࢁ
ɱƨɄɱțƨ ǑɼɄȭ ŗ ǖɼɄʯɱ ɄǑ ࢕ ɱƨɄɱțƨࣞ

υ yǑ ˦Ʉʯऒɼƨ ƨ˙ƨɼ ƉɄȳǑʯʌƨƕ ŗſɄʯʚ ʚǫƨ ƕǶ˽ƨɼƨȳƉƨ ſƨʚ˝ƨƨȳ
ɱƨɼȭʯʚŗʚǶɄȳʌ ŗȳƕ ƉɄȭſǶȳŗʚǶɄȳʌࣗ ƉɄȭƨ ſŗƉȕ ʚɄ ʚǫǶʌ
ƨ˥ŗȭɱțƨࣖ

P (8, 3) = 8-7--6

I:) =



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

� ƕɄȭǶȳɄ ƉɄȳʌǶʌʚʌ ɄǑ ʚ˝Ʉ ǑŗƉƨʌࣗ ƨŗƉǫ ˝Ƕʚǫ ŗȳ˦˝ǫƨɼƨ ſƨࣽ
ʚ˝ƨƨȳ ࡱ ŗȳƕ ࢍ ƕɄʚʌࣖ � ʌƨʚ ɄǑ ƕɄȭǶȳɄƨʌ ƉɄȳʌǶʌʚʌ ɄǑ ƨ˙ƨɼ˦
ɱɄʌʌǶſțƨ ƉɄȭſǶȳŗʚǶɄȳ ɄǑ ƕɄʚʌ Ʉȳ ƨŗƉǫ ǑŗƉƨࣖ
pɄ˝ ȭŗȳ˦ ƕɄȭǶȳɄƨʌ ŗɼƨ Ƕȳ ʚǫƨ ʌƨʚ ɄǑ ƕɄȭǶȳɄƨʌࣞ
�ࣱ ٵ��٦
$ࣱ ٵ��٦ � ٵ��٦
,ࣱ ҩ	�
 �

6ࣱ ҩ	�
�
ҩ	�
�
��
ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ࢑࢑࢙ࢁ ࢑࢑࢙ࣖࡱ

28

= 72%9-3--21
C=7+2l=28&

= 7-6--42
=

7¥17 ! = something 20,000



¡Ʉɼƨ ƨ˥ŗȭɱțƨʌ



,ɄʯȳʚǶȳǖ ŗȳƕ ɱɼɄſŗſǶțǶʚ˦

υ yǑ Ҭ Ƕʌ ŗ ʌŗȭɱțƨ ʌɱŗƉƨ ƉɄȳʌǶʌʚǶȳǖ ɄǑ ƨɸʯŗțț˦ࣽțǶȕƨț˦
ɄʯʚƉɄȭƨʌࣗ ŗȳƕ Қ Ƕʌ ŗȳ ƨ˙ƨȳʚࣗ ʚǫƨȳ ҩ	Қ
 � ]Қ]]Ҭ] ࣖυ yȳ ȭŗȳ˦ ƨ˥ŗȭɱțƨʌࣗ ʚǫǶʌ ˝Ƕțț ſɄǶț ƕɄ˝ȳ ʚɄ ʯʌǶȳǖ
ɱƨɼȭʯʚŗʚǶɄȳʌ ŗȳƕࣩɄɼ ƉɄȭſǶȳŗʚǶɄȳʌ ʚɄ ƉɄʯȳʚ ]Қ] ŗȳƕ ]Ҭ]ࣖυ ÿǶɱࣘ $ƨǑɄɼƨ ʌʚŗɼʚǶȳǖ ŗ ɱɼɄſŗſǶțǶʚ˦ ɱɼɄſțƨȭࣗ ŗț˝ŗ˦ʌ ʚǫǶȳȕ
ŗſɄʯʚ ˝ǫŗʚ ʚǫƨ ʌŗȭɱțƨ ʌɱŗƉƨ Ҭ Ƕʌࣛ



óƨțƨƉʚǶȳǖ ʌʚʯƕƨȳʚʌ ः Ʉ˙ƨɼ˙Ƕƨ˝
İƨऒɼƨ ǖɄǶȳǖ ʚɄ ʌʚŗɼʚ ſ˦ ŗȳʌ˝ƨɼǶȳǖ ʚǫƨ ʌŗȭƨ ɸʯƨʌʚǶɄȳ ʯʌǶȳǖ
ʌƨ˙ƨɼŗț ƕǶ˽ƨɼƨȳʚ ʚƨƉǫȳǶɸʯƨʌࣖ

çʯƨʌʚǶɄȳ ࣘࡹ ÿǫƨɼƨ ŗɼƨ ࡱࡽ ʌʚʯƕƨȳʚʌ Ƕȳ ŗ Ɖțŗʌʌࣖ $Ƕțț˦ Ƕʌ Ʉȳƨ ɄǑ
ʚǫƨȭࣖ óʯɱɱɄʌƨ ˝ƨ ʌƨțƨƉʚ ࢉ ʌʚʯƕƨȳʚʌ Ƕȳ ʚǫƨ Ɖțŗʌʌ ʯȳǶǑɄɼȭț˦ ŗʚ
ɼŗȳƕɄȭ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣖ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ
$Ƕțț˦ Ƕʌ ŗȭɄȳǖ ʚǫƨ ࢉ ʌƨțƨƉʚƨƕ ʌʚʯƕƨȳʚʌࣞ



óƨțƨƉʚǶȳǖ ʌʚʯƕƨȳʚʌ ࣯¡ƨʚǫɄƕ ࣘࡹ ʯʌǶȳǖ
ɱƨɼȭʯʚŗʚǶɄȳʌࣱ
çʯƨʌʚǶɄȳ ࣘࡹ ÿǫƨɼƨ ŗɼƨ ࡱࡽ ʌʚʯƕƨȳʚʌ Ƕȳ ŗ Ɖțŗʌʌࣖ $Ƕțț˦ Ƕʌ Ʉȳƨ ɄǑ
ʚǫƨȭࣖ óʯɱɱɄʌƨ ˝ƨ ʌƨțƨƉʚ ࢉ ʌʚʯƕƨȳʚʌ Ƕȳ ʚǫƨ Ɖțŗʌʌ ʯȳǶǑɄɼȭț˦ ŗʚ
ɼŗȳƕɄȭ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣖ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ
$Ƕțț˦ Ƕʌ ŗȭɄȳǖ ʚǫƨ ࢉ ʌƨțƨƉʚƨƕ ʌʚʯƕƨȳʚʌࣞ

g= { permutations of 5 }students selected from 20

A- permutations of 5

Posing included)=,±p?¥iÉBi"2_
p(20,5)

←stndentsselectedfwn.to#--::::::.::::-I=:-.--1:-D



Numerator
# permutations of 5 students from 20) that

include Billy ?⃝
5- 19.18-17-16

☒III 't
= (f) Pll9,4)

I ☒ II -16

a- I ☒ ± -16

"
-
I ☒ ☒ ±

* ± ! ☒



óƨțƨƉʚǶȳǖ ʌʚʯƕƨȳʚʌ ࣯¡ƨʚǫɄƕ ࣘࡽ ʯʌǶȳǖ
ɱƨɼȭʯʚŗʚǶɄȳʌ ŗȳƕ ʚǫƨ ƉɄȭɱțƨȭƨȳʚࣱ
çʯƨʌʚǶɄȳ ࣘࡹ ÿǫƨɼƨ ŗɼƨ ࡱࡽ ʌʚʯƕƨȳʚʌ Ƕȳ ŗ Ɖțŗʌʌࣖ $Ƕțț˦ Ƕʌ Ʉȳƨ ɄǑ
ʚǫƨȭࣖ óʯɱɱɄʌƨ ˝ƨ ʌƨțƨƉʚ ࢉ ʌʚʯƕƨȳʚʌ Ƕȳ ʚǫƨ Ɖțŗʌʌ ʯȳǶǑɄɼȭț˦ ŗʚ
ɼŗȳƕɄȭ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣖ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ
$Ƕțț˦ Ƕʌ ŗȭɄȳǖ ʚǫƨ ࢉ ʌƨțƨƉʚƨƕ ʌʚʯƕƨȳʚʌࣞ
S= { permutations of 5 students selected from 20}

P(Billy included) = I - PCBilly not included)
A- permutations of 5

= I -É 9

#permutations of 5
students from 20=\ - ⇒ -÷ --1-4



óƨțƨƉʚǶȳǖ ʌʚʯƕƨȳʚʌ ࣯¡ƨʚǫɄƕ ࣘࢁ ʯʌǶȳǖ
ƉɄȭſǶȳŗʚǶɄȳʌࣱ
çʯƨʌʚǶɄȳ ࣘࡹ ÿǫƨɼƨ ŗɼƨ ࡱࡽ ʌʚʯƕƨȳʚʌ Ƕȳ ŗ Ɖțŗʌʌࣖ $Ƕțț˦ Ƕʌ Ʉȳƨ ɄǑ
ʚǫƨȭࣖ óʯɱɱɄʌƨ ˝ƨ ʌƨțƨƉʚ ࢉ ʌʚʯƕƨȳʚʌ Ƕȳ ʚǫƨ Ɖțŗʌʌ ʯȳǶǑɄɼȭț˦ ŗʚ
ɼŗȳƕɄȭ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣖ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ
$Ƕțț˦ Ƕʌ ŗȭɄȳǖ ʚǫƨ ࢉ ʌƨțƨƉʚƨƕ ʌʚʯƕƨȳʚʌࣞ

ABCDE = BCDAE = { A ,B,c, DF)

g= { combination of 5 students from
20}

# combinations of 5 student

purity included =

ants
from 20



óƨțƨƉʚǶȳǖ ʌʚʯƕƨȳʚʌ ࣯¡ƨʚǫɄƕ ࣘࢁ ʯʌǶȳǖ
ƉɄȭſǶȳŗʚǶɄȳʌࣱ

çʯƨʌʚǶɄȳ ࣗࡹ âŗɼʚ ࡹ ࣯6ƨȳɄȭǶȳŗʚɄɼࣱࣘ yǑ ˦Ʉʯ ƕɼŗ˝ ŗ ʌŗȭɱțƨ ɄǑ ʌǶ˲ƨ
ࢉ ŗʚ ɼŗȳƕɄȭ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚ ǑɼɄȭ ŗ ɱɄɱʯțŗʚǶɄȳ ɄǑ ʌǶ˲ƨ ࣗࡱࡽ
ǫɄ˝ ȭŗȳ˦ ƕǶ˽ƨɼƨȳʚ ʌƨʚʌ ɄǑ ǶȳƕǶ˙Ƕƕʯŗțʌ ƉɄʯțƕ ˦Ʉʯ ƕɼŗ˝ࣞ

ttcomkn.li# of 5 students from 20

=p . )combination
5



óƨțƨƉʚǶȳǖ ʌʚʯƕƨȳʚʌ ࣯¡ƨʚǫɄƕ ࣘࢁ ʯʌǶȳǖ
ƉɄȭſǶȳŗʚǶɄȳʌࣱ

çʯƨʌʚǶɄȳ ࣗࡹ âŗɼʚ ࡽ ࣯¥ʯȭƨɼŗʚɄɼࣱࣘ yǑ ˦Ʉʯ ƕɼŗ˝ ŗ ʌŗȭɱțƨ ɄǑ ʌǶ˲ƨ ࢉ
ŗʚ ɼŗȳƕɄȭ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚ ǑɼɄȭ ŗ ɱɄɱʯțŗʚǶɄȳ ɄǑ ʌǶ˲ƨ ࣗࡱࡽ
ǫɄ˝ ȭŗȳ˦ ƕǶ˽ƨɼƨȳʚ ʌƨʚʌ ɄǑ ǶȳƕǶ˙Ƕƕʯŗțʌ ǶȳƉțʯƕƨ $Ƕțț˦ࣞ

# combinations of 5 from 20 that

include Billy

=
# comb . of 4 from 19

=L :)



óƨțƨƉʚǶȳǖ ʌʚʯƕƨȳʚʌ ࣯¡ƨʚǫɄƕ ࣘࢁ ʯʌǶȳǖ
ƉɄȭſǶȳŗʚǶɄȳʌࣱ
çʯƨʌʚǶɄȳ ࣘࡹ ÿǫƨɼƨ ŗɼƨ ࡱࡽ ʌʚʯƕƨȳʚʌ Ƕȳ ŗ Ɖțŗʌʌࣖ $Ƕțț˦ Ƕʌ Ʉȳƨ ɄǑ
ʚǫƨȭࣖ óʯɱɱɄʌƨ ˝ƨ ʌƨțƨƉʚ ࢉ ʌʚʯƕƨȳʚʌ Ƕȳ ʚǫƨ Ɖțŗʌʌ ʯȳǶǑɄɼȭț˦ ŗʚ
ɼŗȳƕɄȭ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣖ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ
$Ƕțț˦ Ƕʌ ŗȭɄȳǖ ʚǫƨ ࢉ ʌƨțƨƉʚƨƕ ʌʚʯƕƨȳʚʌࣞ

1:14:-)
n ! = nln-11 !→G-1)(n-2)!

"""si -- Y¥=÷÷÷÷
"" "⇒-1¥

=¥÷ = :÷÷→÷=¥



óƨțƨƉʚǶȳǖ ʌʚʯƕƨȳʚʌ ࣯¡ƨʚǫɄƕ ࣘࢅ एʚǫƨ ƨŗʌ˦ ˝ŗ˦ऐࣱ

çʯƨʌʚǶɄȳ ࣘࡹ ÿǫƨɼƨ ŗɼƨ ࡱࡽ ʌʚʯƕƨȳʚʌ Ƕȳ ŗ Ɖțŗʌʌࣖ $Ƕțț˦ Ƕʌ Ʉȳƨ ɄǑ
ʚǫƨȭࣖ óʯɱɱɄʌƨ ˝ƨ ʌƨțƨƉʚ ࢉ ʌʚʯƕƨȳʚʌ Ƕȳ ʚǫƨ Ɖțŗʌʌ ʯȳǶǑɄɼȭț˦ ŗʚ
ɼŗȳƕɄȭ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚࣖ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ
$Ƕțț˦ Ƕʌ ŗȭɄȳǖ ʚǫƨ ࢉ ʌƨțƨƉʚƨƕ ʌʚʯƕƨȳʚʌࣞ

Idea : ① Put all 20 students in a line
.

② shuffle all 20 numbers and

pick the first 5.

-
- - - - - -

- - -
- - -

-- -

.FI#FtPBi1b1--Eo
spots =L

,



İǶʚǫ ˙ʌࣖ ˝ǶʚǫɄʯʚ ɼƨɱțŗƉƨȭƨȳʚ

6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İƨऒ˙ƨ ƕƨʚƨɼȭǶȳƨƕ ʚǫŗʚ ŗ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ ŗ ɼŗȳƕɄȭ ʌŗȭࣽ
ɱțƨ ɄǑ ࢉ ʌʚʯƕƨȳʚʌ ǑɼɄȭ ŗ Ɖțŗʌʌ ɄǑ ǶʚǫɄʯʚ˝ࡱࡽ ɼƨɱțŗƉƨȭƨȳʚ
ƉɄȳʚŗǶȳʌ $Ƕțț˦ ࣯Ʉȳƨ ʌʚʯƕƨȳʚ Ƕȳ ɱŗɼʚǶƉʯțŗɼࣱ Ƕʌ �� ࣖ
óʯɱɱɄʌƨ ˝ƨ Ƕȳʌʚƨŗƕ ʌŗȭɱțƨƕ ˝Ƕʚǫ ɼƨɱțŗƉƨȭƨȳʚࣖ İɄʯțƕ
ʚǫƨ ɼƨʌʯțʚǶȳǖ ɱɼɄſŗſǶțǶʚ˦ ſƨ ƨɸʯŗț ʚɄࣗ ǖɼƨŗʚƨɼ ʚǫŗȳࣗ Ʉɼ
țƨʌʌ ʚǫŗȳ ��ࣞ
�ࣱ Eɸʯŗț ʚɄ
$ࣱ eɼƨŗʚƨɼ ʚǫŗȳ
,ࣱ �ƨʌʌ ʚǫŗȳ

ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ࢑࢑࢙ࢁ ࢑࢑࢙ࣖࡱ
o



P(Billy) = I - P (no Billy)

= 1- 1¥11:÷H¥H÷H:)
= 1- (E)

5

÷ 0.226
--



�ȳɄʚǫƨɼ ƨ˥ŗȭɱțƨ

çʯƨʌʚǶɄȳ ࣗࡽ âŗɼʚ ࣘࡹ İƨ ǫŗ˙ƨ ࡽࡹ ɱƨʚʌࣗ ࢉ ƕɄǖʌ ŗȳƕ ࢑ Ɖŗʚʌࣖ yȳ ǫɄ˝
ȭŗȳ˦ ˝ŗ˦ʌ Ɖŗȳ ˝ƨ ʌƨțƨƉʚ ࢅ ɱƨʚʌࣞ order doesn't matter

*
*



�ȳɄʚǫƨɼ ƨ˥ŗȭɱțƨ
çʯƨʌʚǶɄȳ ࣗࡽ âŗɼʚ ࣘࡽ İƨ ǫŗ˙ƨ ࡽࡹ ɱƨʚʌࣗ ࢉ ƕɄǖʌ ŗȳƕ ࢑ Ɖŗʚʌࣖ yȳ ǫɄ˝
ȭŗȳ˦ ˝ŗ˦ʌ Ɖŗȳ ˝ƨ ʌƨțƨƉʚ ࢅ ɱƨʚʌ ʌʯƉǫ ʚǫŗʚ ˝ƨ ǫŗ˙ƨࣖࣖࣖ
ࣖࡹ ࡽ ƕɄǖʌ ŗȳƕ ࡽ Ɖŗʚʌࣞ
ࣖࡽ ࢁ ƕɄǖʌ ŗȳƕ ࡹ Ɖŗʚࣞ
ࣖࢁ �ʚ țƨŗʌʚ ࡽ ƕɄǖʌࣞ

-

- -

③ at least 2 dogs
= 2 dogs , 2 cats OR① G)f:) -
3 dogs, I cat OR

① (G) ( Y) 4d.gs#-s
⇒ (E) (1) + (1)(1)

+ fill:)



�ȳɄʚǫƨɼ ƨ˥ŗȭɱțƨ
çʯƨʌʚǶɄȳ ࣗࡽ âŗɼʚ ࣘࢁ İƨ ǫŗ˙ƨ ࡽࡹ ɱƨʚʌࣗ ࢉ ƕɄǖʌ ŗȳƕ ࢑ Ɖŗʚʌࣖ İƨ
ɼŗȳƕɄȭț˦ ʌƨțƨƉʚ ࢅ ɱƨʚʌࣖ İǫŗʚऒʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ ˝ƨ
ʌƨțƨƉʚƨƕ ŗʚ țƨŗʌʚ ࡽ ƕɄǖʌࣞ

g= { combinations of 4 pets}
# combinations of

Rat least 2 dogs) = Is

4 pets

=ÉH¥j"
"



ĸƨʚ ŗȳɄʚǫƨɼ ƨ˥ŗȭɱțƨ
çʯƨʌʚǶɄȳ ࣘࢁ óʯɱɱɄʌƨ ˝ƨ ̈Ƕɱ ŗ ǑŗǶɼ ƉɄǶȳ ࡱࡹ ʚǶȭƨʌࣖ İǫŗʚ Ƕʌ ʚǫƨ
ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ ˝ƨ ʌƨƨ ŗȳ ƨɸʯŗț ȳʯȭſƨɼ ɄǑ ǫƨŗƕʌ ŗȳƕ ʚŗǶțʌࣞ
ࣖࡹ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ ˝ƨ ʌƨƨ ʚǫƨ ʌɱƨƉǶ̇Ɖ ʌƨɸʯƨȳƉƨ
ÿpÿÿpÿppÿpࣞ

ࣖࡽ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ ˝ƨ ʌƨƨ ŗȳ ƨɸʯŗț ȳʯȭſƨɼ ɄǑ
ǫƨŗƕʌ ŗȳƕ ʚŗǶțʌࣞ

e-ezo-gzgg.gg?P(heads)=PHai1s/-0-8--0--30=2-1
HHHHTTTTHT

① (E) (E) (E) - - - (E) =

°

② 1) Determine # of ways to flip coin and see 511,5T

→ !±¥÷÷=! /
Pls" 't :# ¥9s,

A-seq ✗ p (one particular
sequence)

= (F) (E)
'°



¶ȳƨ ʌʚƨɱ Ǒʯɼʚǫƨɼ
çʯƨʌʚǶɄȳ ࣘࢅ óʯɱɱɄʌƨ ˝ƨ ̈Ƕɱ ŗ ƉɄǶȳ ʚǫŗʚ Ƕʌ ȳɄʚ ǑŗǶɼࣗ ſʯʚ Ƕȳʌʚƨŗƕ
ǫŗʌ ҩ	ǫƨŗƕʌ
 � �� ࣗ ࡱࡹ ʚǶȭƨʌࣖ �ʌʌʯȭƨ ʚǫŗʚ ƨŗƉǫ ̈Ƕɱ Ƕʌ
Ƕȳƕƨɱƨȳƕƨȳʚࣖ
ࣖࡹ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ ˝ƨ ʌƨƨ ʚǫƨ ʌɱƨƉǶ̇Ɖ ʌƨɸʯƨȳƉƨ
ÿpÿÿpÿppÿpࣞ

ࣖࡽ İǫŗʚ Ƕʌ ʚǫƨ ɱɼɄſŗſǶțǶʚ˦ ʚǫŗʚ ˝ƨ ʌƨƨ ŗȳ ƨɸʯŗț ȳʯȭſƨɼ ɄǑ
ǫƨŗƕʌ ŗȳƕ ʚŗǶțʌࣞ

my
PIT)=%

- - - -- - ----

① (F) (G) 1%11%11%114>11%11%11%111)
= (B)

'

(%)
"

② PITH, 5T) =
# of see ✗ P(%¥§F¥s, )with 511,5T

=/(1-11%51%5)



1151157) -

- (F) EM)
"

✓ are specific sequence

A- of
sequences



óʯȭȭŗɼ˦



óʯȭȭŗɼ˦υ � ʌƨɸʯƨȳƉƨ Ƕʌ ɄſʚŗǶȳƨƕ ſ˦ ʌƨțƨƉʚǶȳǖ ҽ ƨțƨȭƨȳʚʌ ǑɼɄȭ ŗ
ǖɼɄʯɱ ɄǑ Ӏ ɱɄʌʌǶſțƨ ƨțƨȭƨȳʚʌ ˝Ƕʚǫ ɼƨɱțŗƉƨȭƨȳʚࣗ ʌʯƉǫ ʚǫŗʚ
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