
Probability



Announcements

• Sign up for sections by Sunday.
• Python Review Session next Thursday.
• Pset 1 due in 2 Mondays from now (July 7th)

§ Get started early! Pset 2 is planned to be out next Friday

• We are going to make history today.



Sign	up	for	Sections	by	Sunday	noon



PSet FAQ

Q: Can I check my answers (many) times? 
A: Yes. No penalty. We will know if you try all solutions.

Q: Will you just grade us on if the answers are correct?
A: No! You must explain your answer. Graded on style and correctness.

Q: How much explanation should we provide?
A: As detailed as the course reader worked examples 

Q: Must I do all my work on the app?
A: No

https://chrispiech.github.io/probabilityForComputerScientists/en/examples/enigma/


PSet Example	Answer



Python (NumPy) Review Session

Next Thursday

Online and will be recorded!
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Review



Counting	Rules

Counting operations on n objects

Sort, order matters
{perms} Choose k

{combinations}
Put in r buckets

Distinct Some
Distinct

n!

n1!n2! . . .
n!

Distinct
✓
n

k

◆
=

n!

k!(n� k)!

Distinct
None

Distinct
rn (n+ r � 1)!

n!(r � 1)!



Counting operations on n objects

Sort, order matters
{perms} Choose k

{combinations}
Put in r buckets

Distinct Some
Distinct

n!

n1!n2! . . .
n!

Distinct
✓
n

k

◆
=

n!

k!(n� k)!

Distinct
None

Distinct
rn (n+ r � 1)!

n!(r � 1)!

Counting	Rules



Poker Hands
• How many unique hands of 5 cards are there in a 52 card deck?

Choosing 5 distinct cards from a deck of 52 cards à !"
!
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End Review



• Sample space, S, is set of all possible outcomes 
of an experiment

§ Coin flip: S = {Head, Tails}
§ Flipping two coins: S = {{H, H}, {H, T}, {T, H}, {T, T}}
§ Roll of 6-sided die: S = {1, 2, 3, 4, 5, 6}
§ # emails in a day: S = {x | x Î Z, x ≥ 0}  {non-neg. ints}
§ YouTube hrs. in day: S = {x | x Î R, 0 £ x £ 24}

Sample	Space



• Event, E, is some subset of S {E Í S}

§ Coin flip is heads: E = {Head}
§ ≥ 1 head on 2 coin flips: E = {{H, H}, {H, T}, {T, H}}
§ Roll of die is 3 or less: E = {1, 2, 3}
§ # emails in a day £ 20: E = {x | x Î Z, 0 £ x £ 20}
§ Wasted day {≥ 5 YT hrs.}: E = {x | x Î R, 5 £ x £ 24}

Note: When Ross uses: Ì , he really means:  Í

Event	Space



Event	Space



What is a probability?







[suspense]



Number between 0 and 1



P (E)

* Our belief that an event E occurs

A	number	to	which	we	ascribe	meaning



* Our belief that an event E occurs

A	number	to	which	we	ascribe	meaning

Pr(E)
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Recall: S = all possible outcomes. E = the event.

• Axiom 1: 0 £ P(E) £ 1

• Axiom 2: P(S) = 1

• Axiom 3: If events E and F are mutually exclusive:

P (E [ F ) = P (E) + P (F )

Axioms	of	Probability



Recall: S = all possible outcomes. E = the event.

• Axiom 1: 0 £ P(E) £ 1

• Axiom 2: P(S) = 1

• Axiom 3: If events E and F are mutually exclusive:

P (E [ F ) = P (E) + P (F )

Axioms	of	Probability

Kolmogorov, 1933



P (E) = lim
n!1

n(E)

n

Real-life	meaning	of	Probability



Hit: 0
Thrown: 0

P (E) = lim
n!1

n(E)

n

P{E} ≈  0.00

The “event” E
is that you hit 

the target

n is the number 
of trails

Real-life	meaning	of	Probability



Hit: 0
Thrown: 1

P (E) = lim
n!1

n(E)

n

P{E} ≈  0.00

The “event” E
is that you hit 

the target

n is the number 
of trails

Real-life	meaning	of	Probability



Hit: 1
Thrown: 2

P (E) = lim
n!1

n(E)

n

P{E} ≈  0.50

The “event” E
is that you hit 

the target

n is the number 
of trails

Real-life	meaning	of	Probability



Hit: 2
Thrown: 3

P (E) = lim
n!1

n(E)

n

P{E} ≈  0.75

The “event” E
is that you hit 

the target

n is the number 
of trails

Real-life	meaning	of	Probability



Hit: 11
Thrown: 24

P (E) = lim
n!1

n(E)

n

P{E} ≈  0.46

The “event” E
is that you hit 

the target

n is the number 
of trails

Real-life	meaning	of	Probability



Special Case of 
Probability



Equally	Likely	
Outcomes

33

03c_elo



Piech, CS109, 2021

Equally	Likely	Outcomes

Some sample spaces have equally likely outcomes.
• Coin flip: S = {Head, Tails}
• Flipping two coins: S = {{H, H}, {H, T}, {T, H}, {T, T}}
• Roll of 6-sided die: S = {1, 2, 3, 4, 5, 6}
If we have equally likely outcomes, then P{Each outcome}

Therefore

34

{by Axiom 3}



• Play lottery.  
§ What is P{Win}?

• S = {Lose, Win}
• E = {Win}
• P{Win} = |E|/|S| = 1/2 = 50%

Not	Everything	is	Equally	Likely
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Sum	of	Two	Die	=	7?

36

Roll two 6-sided dice. What is P[sum = 7]?

Value 
dice 1 Value 

dice 2

Each outcome

[1,1] [1,2] [1,3] [1,4] [1,5] [1,6]
[2,1] [2,2] [2,3] [2,4] [2,5] [2,6]
[3,1] [3,2] [3,3] [3,4] [3,5] [3,6]
[4,1] [4,2] [4,3] [4,4] [4,5] [4,6]
[5,1] [5,2] [5,3] [5,4] [5,5] [5,6]
[6,1] [6,2] [6,3] [6,4] [6,5] [6,6]

S = {

}

1. Choose a sample space S (hopefully one that’s equally likely)
2. Define the event set E that is of interest
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Sum	of	Two	Die	=	7?

37

[1,1] [1,2] [1,3] [1,4] [1,5] [1,6]
[2,1] [2,2] [2,3] [2,4] [2,5] [2,6]
[3,1] [3,2] [3,3] [3,4] [3,5] [3,6]
[4,1] [4,2] [4,3] [4,4] [4,5] [4,6]
[5,1] [5,2] [5,3] [5,4] [5,5] [5,6]
[6,1] [6,2] [6,3] [6,4] [6,5] [6,6]

S = {

}

Roll two 6-sidex dice. What is probability the sum = 7?
Let E be the event that the sum is 7

E = in blue

Value 
dice 1 Value 

dice 2

Each outcome

P (straight) =
|E|
|S| =

10 ·
�4
1

�5
�52
5

� ⇡ 0.00394
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= 0.166̄



Is it correct?

P (straight) =
|E|
|S| =

10 ·
�4
1

�5
�52
5

� ⇡ 0.00394
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Sum	of	Two	Die	=	7?

P (straight) =
|E|
|S| =

10 ·
�4
1

�5
�52
5

� ⇡ 0.00394
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Sum	of	Two	Die	=	2?
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[1,1] [1,2] [1,3] [1,4] [1,5] [1,6]
[2,1] [2,2] [2,3] [2,4] [2,5] [2,6]
[3,1] [3,2] [3,3] [3,4] [3,5] [3,6]
[4,1] [4,2] [4,3] [4,4] [4,5] [4,6]
[5,1] [5,2] [5,3] [5,4] [5,5] [5,6]
[6,1] [6,2] [6,3] [6,4] [6,5] [6,6]

S = {

}

E =

Value 
dice 1 Value 

dice 2

Each outcome
Roll two 6-sidex dice. What is probability the sum = 7?
Let E be the event that the sum is 7
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Sum	of	Two	Die	=	2?

41

[1,1] [1,2] [1,3] [1,4] [1,5] [1,6]
[2,1] [2,2] [2,3] [2,4] [2,5] [2,6]
[3,1] [3,2] [3,3] [3,4] [3,5] [3,6]
[4,1] [4,2] [4,3] [4,4] [4,5] [4,6]
[5,1] [5,2] [5,3] [5,4] [5,5] [5,6]
[6,1] [6,2] [6,3] [6,4] [6,5] [6,6]

S = {

}

E = in red

Value 
dice 1 Value 

dice 2

Each outcome
Roll two 6-sidex dice. What is probability the sum = 2?
Let E be the event that the sum is 2

P (straight) =
|E|
|S| =

10 ·
�4
1

�5
�52
5

� ⇡ 0.00394
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<latexit sha1_base64="Sy1WzY86XV1vP9ZJV5ha07NEVc4=">AAACBXicbVC7SgNBFL0bXzG+Vi21GAyCVdiNIbEwELCxjGAekA1hdjKbDJl9MDMrhGUbG3/FxkIRW//Bzr9xkmyhiQcunDnnXube40acSWVZ30ZubX1jcyu/XdjZ3ds/MA+P2jKMBaEtEvJQdF0sKWcBbSmmOO1GgmLf5bTjTm5mfueBCsnC4F5NI9r38ShgHiNYaWlgntaR4wlMEjtNLqspqiOrZJUdF4uklg7Mon7NgVaJnZEiZGgOzC9nGJLYp4EiHEvZs61I9RMsFCOcpgUnljTCZIJHtKdpgH0q+8n8ihSda2WIvFDoChSaq78nEuxLOfVd3eljNZbL3kz8z+vFyrvqJyyIYkUDsvjIizlSIZpFgoZMUKL4VBNMBNO7IjLGOhSlgyvoEOzlk1dJu1yyq6XKXaXYuM7iyMMJnMEF2FCDBtxCE1pA4BGe4RXejCfjxXg3PhatOSObOYY/MD5/AHaslqI=</latexit>

=
1

36
= 0.027̄



Other ways to make a Sample Space?

Value 
dice 1 Value 

dice 2

Each outcome
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Value 
dice 1

Value 
dice 2

Value 
dice 1 Value 

dice 2

Value of 
a dice Value of 

a dice

5 5 5 5

Think of the die as distinct Think of the die as indistinct Just look at the sum

10
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1 2 3 4 5 6
7 8 9 10 11 12

S = {
}

E = in red

Each outcome
Roll two 6-sidex dice. What is probability the sum = 7?
Let E be the event that the sum is 7

P (straight) =
|E|
|S| =

10 ·
�4
1

�5
�52
5

� ⇡ 0.00394
<latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit><latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit><latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit><latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit>

<latexit sha1_base64="HBBjsIVPSMFXclfpQyXBZq60e+Q=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKUA8KARE8RjAPSJYwO+lNhszOLjOzQgj5CC8eFPHq93jzb5wke9DEgoaiqpvuriARXBvX/XZWVtfWNzZzW/ntnd29/cLBYUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw9up33xCpXksH80oQT+ifclDzqixUrNWujsjN6RbKLpldwayTLyMFCFDrVv46vRilkYoDRNU67bnJsYfU2U4EzjJd1KNCWVD2se2pZJGqP3x7NwJObVKj4SxsiUNmam/J8Y00noUBbYzomagF72p+J/XTk145Y+5TFKDks0XhakgJibT30mPK2RGjCyhTHF7K2EDqigzNqG8DcFbfHmZNM7L3kW58lApVq+zOHJwDCdQAg8uoQr3UIM6MBjCM7zCm5M4L8678zFvXXGymSP4A+fzBy3cjiY=</latexit>

P (E) =

<latexit sha1_base64="4nDgFYrLCrFlT9zOpARgmV9i6qk=">AAACBnicbVC7SgNBFL0bXzG+Vi1FGAyCVdiNQVMYDNhYRjAPyIYwO5lNhsw+mJkVwrKVjb9iY6GIrd9g5984SbbQxAMXzpxzL3PvcSPOpLKsbyO3srq2vpHfLGxt7+zumfsHLRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2xzdTv/1AhWRhcK8mEe35eBgwjxGstNQ3j2vI8QQmiZ0mdjlFNWSVrKrjYpGcp9d9s6ifM6BlYmekCBkaffPLGYQk9mmgCMdSdm0rUr0EC8UIp2nBiSWNMBnjIe1qGmCfyl4yOyNFp1oZIC8UugKFZurviQT7Uk58V3f6WI3kojcV//O6sfKqvYQFUaxoQOYfeTFHKkTTTNCACUoUn2iCiWB6V0RGWKeidHIFHYK9ePIyaZVL9kWpclcp1q+yOPJwBCdwBjZcQh1uoQFNIPAIz/AKb8aT8WK8Gx/z1pyRzRzCHxifP/3zluc=</latexit>

=
1

12
= 0.083̄?

Just look at the sum

0.0909
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Value 
dice 1

Value 
dice 2

Value 
dice 1 Value 

dice 2

Value of 
a dice Value of 

a dice

5 5 5 5

Think of the die as distinct Think of the die as indistinct Just look at the sum

10
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{1,1} {1,2} {1,3} {1,4} {1,5} {1,6}
{2,2} {2,3} {2,4} {2,5} {2,6}

{3,3} {3,4} {3,5} {3,6}
{4,4} {4,5} {4,6}

{5,5} {5,6}
{6,6}

S = {

}

Roll two 6-sidex dice. What is P(sum = 7)?

E = in blue

Value 
dice 1 Value 

dice 2

Each outcome

<latexit sha1_base64="yWwdvB1Z8RjNTtnHV6zcy4eNi2o=">AAAB/3icbVDJSgNBEK2JW4zbqODFS2MQPIWZGJeDwYAXjxHMAskQejo9SZOehe4eIYxz8Fe8eFDEq7/hzb+xk8xBEx8UPN6roqqeG3EmlWV9G7ml5ZXVtfx6YWNza3vH3N1ryjAWhDZIyEPRdrGknAW0oZjitB0Jin2X05Y7upn4rQcqJAuDezWOqOPjQcA8RrDSUs88qKKuJzBJTtOkbKWoiqySfXbdM4tWyZoCLRI7I0XIUO+ZX91+SGKfBopwLGXHtiLlJFgoRjhNC91Y0giTER7QjqYB9ql0kun9KTrWSh95odAVKDRVf08k2Jdy7Lu608dqKOe9ifif14mVd+kkLIhiRQMyW+TFHKkQTcJAfSYoUXysCSaC6VsRGWIdh9KRFXQI9vzLi6RZLtnnpcpdpVi7yuLIwyEcwQnYcAE1uIU6NIDAIzzDK7wZT8aL8W58zFpzRjazD39gfP4AnUuT5A==</latexit>

=
3

20
= 0.15?P (straight) =

|E|
|S| =

10 ·
�4
1

�5
�52
5

� ⇡ 0.00394
<latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit><latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit><latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit><latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit>

<latexit sha1_base64="HBBjsIVPSMFXclfpQyXBZq60e+Q=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKUA8KARE8RjAPSJYwO+lNhszOLjOzQgj5CC8eFPHq93jzb5wke9DEgoaiqpvuriARXBvX/XZWVtfWNzZzW/ntnd29/cLBYUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw9up33xCpXksH80oQT+ifclDzqixUrNWujsjN6RbKLpldwayTLyMFCFDrVv46vRilkYoDRNU67bnJsYfU2U4EzjJd1KNCWVD2se2pZJGqP3x7NwJObVKj4SxsiUNmam/J8Y00noUBbYzomagF72p+J/XTk145Y+5TFKDks0XhakgJibT30mPK2RGjCyhTHF7K2EDqigzNqG8DcFbfHmZNM7L3kW58lApVq+zOHJwDCdQAg8uoQr3UIM6MBjCM7zCm5M4L8678zFvXXGymSP4A+fzBy3cjiY=</latexit>

P (E) =
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Value 
dice 1

Value 
dice 2

Value 
dice 1 Value 

dice 2

Value of 
a dice Value of 

a dice

5 5 5 5

Think of the die as distinct Think of the die as indistinct Just look at the sum

10



Piech, CS109, 2021

Sum	of	Two	Die:	Three	options	for	the	sample	space

48

To get equally likely outcomes, it often helps to 
think of items as distinct, rather than indistinct.



• 4 blue chips ($10) and 3 red chips ($50). 3 chips are drawn.
§ What is P(3 chips are worth $110)?

Equally likely sample space? Thought experiment

Casino	Chips

4 blue 3 red

=P(1 blue chip and 2 red chips)



The	Choice	of	Sample	Space	is	Yours!

Ordered

Unordered

Distinct Indistinct

{B1, R2, R3} {2 red, 1 blue}

{3 blues}{B1, B2, B3}

[blue, red, red]
[blue, blue, blue]

Which choice will lead to equally likely outcomes?

[B1, R2, R3]

[B1, B2, B3]



• 4 blues and 3 reds in a Bag.  3 drawn.
§ What is P(1 blue and 2 red drawn)?

• Ordered and Distinct:
§ Pick 3 ordered items: |S| = 7 * 6 * 5 = 210
§ Pick blue as either 1st, 2nd, or 3rd item:

|E| = {4 * 3 * 2} + {3 * 4 * 2} + {3 * 2 * 4} = 72
§ P(1 blue, 2 red) = 72/210 = 12/35

• Unordered:
§ |S| =         = 35

§ |E| =              = 12

§ P(1 blue, 2 red) = 12/35

÷÷
ø

ö
çç
è

æ
3
7

÷÷
ø

ö
çç
è

æ
÷÷
ø

ö
çç
è

æ
2
3

1
4

pigs	and	cows



Make indistinct items 
distinct to get equally 

likely sample space 
outcomes

*You will need to use this “trick” with high probability



• Consider 5 card poker hands.
§ “straight” is 5 consecutive rank cards of any suit
§ What is P(straight)?

Straight	Poker	Hand



• Consider 5 card poker hands.
§ “straight” is 5 consecutive rank cards of any suit
§ What is P(straight)?

|S| =
✓
52

5

◆

<latexit sha1_base64="IOq/OMBrUquxiRRzIHqzaqSzajY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJi0YVCwY3LivYBbSiT6U07dJIJMxOhpsVfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6tpeWV1bX13EZ+c2t7Z9fe268rkUgKNSq4kE2fKOAsgppmmkMzlkBCn0PDH1xP/MYDSMVEdK+HMXgh6UUsYJRoI3Xsw9HdCF/htFzCbdoXQgEujzt2wSk6U+BF4makgDJUO/ZXuytoEkKkKSdKtVwn1l5KpGaUwzjfThTEhA5ID1qGRiQE5aXT68f4xChdHAhpKtJ4qv6eSEmo1DD0TWdIdF/NexPxP6+V6ODCS1kUJxoiOlsUJBxrgSdR4C6TQDUfGkKoZOZWTPtEEqpNYHkTgjv/8iKpl4quU3RvzwqVyyyOHDpCx+gUuegcVdANqqIaougRPaNX9GY9WS/Wu/Uxa12yspkD9AfW5w9xX5Pm</latexit><latexit sha1_base64="IOq/OMBrUquxiRRzIHqzaqSzajY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJi0YVCwY3LivYBbSiT6U07dJIJMxOhpsVfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6tpeWV1bX13EZ+c2t7Z9fe268rkUgKNSq4kE2fKOAsgppmmkMzlkBCn0PDH1xP/MYDSMVEdK+HMXgh6UUsYJRoI3Xsw9HdCF/htFzCbdoXQgEujzt2wSk6U+BF4makgDJUO/ZXuytoEkKkKSdKtVwn1l5KpGaUwzjfThTEhA5ID1qGRiQE5aXT68f4xChdHAhpKtJ4qv6eSEmo1DD0TWdIdF/NexPxP6+V6ODCS1kUJxoiOlsUJBxrgSdR4C6TQDUfGkKoZOZWTPtEEqpNYHkTgjv/8iKpl4quU3RvzwqVyyyOHDpCx+gUuegcVdANqqIaougRPaNX9GY9WS/Wu/Uxa12yspkD9AfW5w9xX5Pm</latexit><latexit sha1_base64="IOq/OMBrUquxiRRzIHqzaqSzajY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJi0YVCwY3LivYBbSiT6U07dJIJMxOhpsVfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6tpeWV1bX13EZ+c2t7Z9fe268rkUgKNSq4kE2fKOAsgppmmkMzlkBCn0PDH1xP/MYDSMVEdK+HMXgh6UUsYJRoI3Xsw9HdCF/htFzCbdoXQgEujzt2wSk6U+BF4makgDJUO/ZXuytoEkKkKSdKtVwn1l5KpGaUwzjfThTEhA5ID1qGRiQE5aXT68f4xChdHAhpKtJ4qv6eSEmo1DD0TWdIdF/NexPxP6+V6ODCS1kUJxoiOlsUJBxrgSdR4C6TQDUfGkKoZOZWTPtEEqpNYHkTgjv/8iKpl4quU3RvzwqVyyyOHDpCx+gUuegcVdANqqIaougRPaNX9GY9WS/Wu/Uxa12yspkD9AfW5w9xX5Pm</latexit><latexit sha1_base64="IOq/OMBrUquxiRRzIHqzaqSzajY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJi0YVCwY3LivYBbSiT6U07dJIJMxOhpsVfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6tpeWV1bX13EZ+c2t7Z9fe268rkUgKNSq4kE2fKOAsgppmmkMzlkBCn0PDH1xP/MYDSMVEdK+HMXgh6UUsYJRoI3Xsw9HdCF/htFzCbdoXQgEujzt2wSk6U+BF4makgDJUO/ZXuytoEkKkKSdKtVwn1l5KpGaUwzjfThTEhA5ID1qGRiQE5aXT68f4xChdHAhpKtJ4qv6eSEmo1DD0TWdIdF/NexPxP6+V6ODCS1kUJxoiOlsUJBxrgSdR4C6TQDUfGkKoZOZWTPtEEqpNYHkTgjv/8iKpl4quU3RvzwqVyyyOHDpCx+gUuegcVdANqqIaougRPaNX9GY9WS/Wu/Uxa12yspkD9AfW5w9xX5Pm</latexit>

|E| = 10 ·
✓
4

1

◆5

<latexit sha1_base64="4SUcE6N0ASu5NbuFt8fULSQgDwE=">AAACB3icbZDLSgMxFIYzXmu9jboUJFgEV2UiFV0oFERwWcFeoB1LJpO2oZlkSDJCmXbnxldx40IRt76CO9/GtJ2Ftv4Q+PjPOZycP4g508bzvp2FxaXlldXcWn59Y3Nr293ZrWmZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/atxvf5AlWZS3JlBTP0IdwXrMIKNtdruwfB6CC8h8mCLhNLAtGShJ6WmEI3uT9tuwSt6E8F5QBkUQKZK2/1qhZIkERWGcKx1E3mx8VOsDCOcjvKtRNMYkz7u0qZFgSOq/XRyxwgeWSeEHansEwZO3N8TKY60HkSB7Yyw6enZ2tj8r9ZMTOfcT5mIE0MFmS7qJBwaCcehwJApSgwfWMBEMftXSHpYYWJsdHkbApo9eR5qJ0XkFdFtqVC+yOLIgX1wCI4BAmegDG5ABVQBAY/gGbyCN+fJeXHenY9p64KTzeyBP3I+fwCo7Zc/</latexit><latexit sha1_base64="4SUcE6N0ASu5NbuFt8fULSQgDwE=">AAACB3icbZDLSgMxFIYzXmu9jboUJFgEV2UiFV0oFERwWcFeoB1LJpO2oZlkSDJCmXbnxldx40IRt76CO9/GtJ2Ftv4Q+PjPOZycP4g508bzvp2FxaXlldXcWn59Y3Nr293ZrWmZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/atxvf5AlWZS3JlBTP0IdwXrMIKNtdruwfB6CC8h8mCLhNLAtGShJ6WmEI3uT9tuwSt6E8F5QBkUQKZK2/1qhZIkERWGcKx1E3mx8VOsDCOcjvKtRNMYkz7u0qZFgSOq/XRyxwgeWSeEHansEwZO3N8TKY60HkSB7Yyw6enZ2tj8r9ZMTOfcT5mIE0MFmS7qJBwaCcehwJApSgwfWMBEMftXSHpYYWJsdHkbApo9eR5qJ0XkFdFtqVC+yOLIgX1wCI4BAmegDG5ABVQBAY/gGbyCN+fJeXHenY9p64KTzeyBP3I+fwCo7Zc/</latexit><latexit sha1_base64="4SUcE6N0ASu5NbuFt8fULSQgDwE=">AAACB3icbZDLSgMxFIYzXmu9jboUJFgEV2UiFV0oFERwWcFeoB1LJpO2oZlkSDJCmXbnxldx40IRt76CO9/GtJ2Ftv4Q+PjPOZycP4g508bzvp2FxaXlldXcWn59Y3Nr293ZrWmZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/atxvf5AlWZS3JlBTP0IdwXrMIKNtdruwfB6CC8h8mCLhNLAtGShJ6WmEI3uT9tuwSt6E8F5QBkUQKZK2/1qhZIkERWGcKx1E3mx8VOsDCOcjvKtRNMYkz7u0qZFgSOq/XRyxwgeWSeEHansEwZO3N8TKY60HkSB7Yyw6enZ2tj8r9ZMTOfcT5mIE0MFmS7qJBwaCcehwJApSgwfWMBEMftXSHpYYWJsdHkbApo9eR5qJ0XkFdFtqVC+yOLIgX1wCI4BAmegDG5ABVQBAY/gGbyCN+fJeXHenY9p64KTzeyBP3I+fwCo7Zc/</latexit><latexit sha1_base64="4SUcE6N0ASu5NbuFt8fULSQgDwE=">AAACB3icbZDLSgMxFIYzXmu9jboUJFgEV2UiFV0oFERwWcFeoB1LJpO2oZlkSDJCmXbnxldx40IRt76CO9/GtJ2Ftv4Q+PjPOZycP4g508bzvp2FxaXlldXcWn59Y3Nr293ZrWmZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/atxvf5AlWZS3JlBTP0IdwXrMIKNtdruwfB6CC8h8mCLhNLAtGShJ6WmEI3uT9tuwSt6E8F5QBkUQKZK2/1qhZIkERWGcKx1E3mx8VOsDCOcjvKtRNMYkz7u0qZFgSOq/XRyxwgeWSeEHansEwZO3N8TKY60HkSB7Yyw6enZ2tj8r9ZMTOfcT5mIE0MFmS7qJBwaCcehwJApSgwfWMBEMftXSHpYYWJsdHkbApo9eR5qJ0XkFdFtqVC+yOLIgX1wCI4BAmegDG5ABVQBAY/gGbyCN+fJeXHenY9p64KTzeyBP3I+fwCo7Zc/</latexit>

P (straight) =
|E|
|S| =

10 ·
�4
1

�5
�52
5

� ⇡ 0.00394
<latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit><latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit><latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit><latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit>

|S| =
✓
52

5

◆

<latexit sha1_base64="IOq/OMBrUquxiRRzIHqzaqSzajY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJi0YVCwY3LivYBbSiT6U07dJIJMxOhpsVfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6tpeWV1bX13EZ+c2t7Z9fe268rkUgKNSq4kE2fKOAsgppmmkMzlkBCn0PDH1xP/MYDSMVEdK+HMXgh6UUsYJRoI3Xsw9HdCF/htFzCbdoXQgEujzt2wSk6U+BF4makgDJUO/ZXuytoEkKkKSdKtVwn1l5KpGaUwzjfThTEhA5ID1qGRiQE5aXT68f4xChdHAhpKtJ4qv6eSEmo1DD0TWdIdF/NexPxP6+V6ODCS1kUJxoiOlsUJBxrgSdR4C6TQDUfGkKoZOZWTPtEEqpNYHkTgjv/8iKpl4quU3RvzwqVyyyOHDpCx+gUuegcVdANqqIaougRPaNX9GY9WS/Wu/Uxa12yspkD9AfW5w9xX5Pm</latexit><latexit sha1_base64="IOq/OMBrUquxiRRzIHqzaqSzajY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJi0YVCwY3LivYBbSiT6U07dJIJMxOhpsVfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6tpeWV1bX13EZ+c2t7Z9fe268rkUgKNSq4kE2fKOAsgppmmkMzlkBCn0PDH1xP/MYDSMVEdK+HMXgh6UUsYJRoI3Xsw9HdCF/htFzCbdoXQgEujzt2wSk6U+BF4makgDJUO/ZXuytoEkKkKSdKtVwn1l5KpGaUwzjfThTEhA5ID1qGRiQE5aXT68f4xChdHAhpKtJ4qv6eSEmo1DD0TWdIdF/NexPxP6+V6ODCS1kUJxoiOlsUJBxrgSdR4C6TQDUfGkKoZOZWTPtEEqpNYHkTgjv/8iKpl4quU3RvzwqVyyyOHDpCx+gUuegcVdANqqIaougRPaNX9GY9WS/Wu/Uxa12yspkD9AfW5w9xX5Pm</latexit><latexit sha1_base64="IOq/OMBrUquxiRRzIHqzaqSzajY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJi0YVCwY3LivYBbSiT6U07dJIJMxOhpsVfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6tpeWV1bX13EZ+c2t7Z9fe268rkUgKNSq4kE2fKOAsgppmmkMzlkBCn0PDH1xP/MYDSMVEdK+HMXgh6UUsYJRoI3Xsw9HdCF/htFzCbdoXQgEujzt2wSk6U+BF4makgDJUO/ZXuytoEkKkKSdKtVwn1l5KpGaUwzjfThTEhA5ID1qGRiQE5aXT68f4xChdHAhpKtJ4qv6eSEmo1DD0TWdIdF/NexPxP6+V6ODCS1kUJxoiOlsUJBxrgSdR4C6TQDUfGkKoZOZWTPtEEqpNYHkTgjv/8iKpl4quU3RvzwqVyyyOHDpCx+gUuegcVdANqqIaougRPaNX9GY9WS/Wu/Uxa12yspkD9AfW5w9xX5Pm</latexit><latexit sha1_base64="IOq/OMBrUquxiRRzIHqzaqSzajY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJi0YVCwY3LivYBbSiT6U07dJIJMxOhpsVfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6tpeWV1bX13EZ+c2t7Z9fe268rkUgKNSq4kE2fKOAsgppmmkMzlkBCn0PDH1xP/MYDSMVEdK+HMXgh6UUsYJRoI3Xsw9HdCF/htFzCbdoXQgEujzt2wSk6U+BF4makgDJUO/ZXuytoEkKkKSdKtVwn1l5KpGaUwzjfThTEhA5ID1qGRiQE5aXT68f4xChdHAhpKtJ4qv6eSEmo1DD0TWdIdF/NexPxP6+V6ODCS1kUJxoiOlsUJBxrgSdR4C6TQDUfGkKoZOZWTPtEEqpNYHkTgjv/8iKpl4quU3RvzwqVyyyOHDpCx+gUuegcVdANqqIaougRPaNX9GY9WS/Wu/Uxa12yspkD9AfW5w9xX5Pm</latexit>

|E| = 10 ·
✓
4

1

◆5

<latexit sha1_base64="4SUcE6N0ASu5NbuFt8fULSQgDwE=">AAACB3icbZDLSgMxFIYzXmu9jboUJFgEV2UiFV0oFERwWcFeoB1LJpO2oZlkSDJCmXbnxldx40IRt76CO9/GtJ2Ftv4Q+PjPOZycP4g508bzvp2FxaXlldXcWn59Y3Nr293ZrWmZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/atxvf5AlWZS3JlBTP0IdwXrMIKNtdruwfB6CC8h8mCLhNLAtGShJ6WmEI3uT9tuwSt6E8F5QBkUQKZK2/1qhZIkERWGcKx1E3mx8VOsDCOcjvKtRNMYkz7u0qZFgSOq/XRyxwgeWSeEHansEwZO3N8TKY60HkSB7Yyw6enZ2tj8r9ZMTOfcT5mIE0MFmS7qJBwaCcehwJApSgwfWMBEMftXSHpYYWJsdHkbApo9eR5qJ0XkFdFtqVC+yOLIgX1wCI4BAmegDG5ABVQBAY/gGbyCN+fJeXHenY9p64KTzeyBP3I+fwCo7Zc/</latexit><latexit sha1_base64="4SUcE6N0ASu5NbuFt8fULSQgDwE=">AAACB3icbZDLSgMxFIYzXmu9jboUJFgEV2UiFV0oFERwWcFeoB1LJpO2oZlkSDJCmXbnxldx40IRt76CO9/GtJ2Ftv4Q+PjPOZycP4g508bzvp2FxaXlldXcWn59Y3Nr293ZrWmZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/atxvf5AlWZS3JlBTP0IdwXrMIKNtdruwfB6CC8h8mCLhNLAtGShJ6WmEI3uT9tuwSt6E8F5QBkUQKZK2/1qhZIkERWGcKx1E3mx8VOsDCOcjvKtRNMYkz7u0qZFgSOq/XRyxwgeWSeEHansEwZO3N8TKY60HkSB7Yyw6enZ2tj8r9ZMTOfcT5mIE0MFmS7qJBwaCcehwJApSgwfWMBEMftXSHpYYWJsdHkbApo9eR5qJ0XkFdFtqVC+yOLIgX1wCI4BAmegDG5ABVQBAY/gGbyCN+fJeXHenY9p64KTzeyBP3I+fwCo7Zc/</latexit><latexit sha1_base64="4SUcE6N0ASu5NbuFt8fULSQgDwE=">AAACB3icbZDLSgMxFIYzXmu9jboUJFgEV2UiFV0oFERwWcFeoB1LJpO2oZlkSDJCmXbnxldx40IRt76CO9/GtJ2Ftv4Q+PjPOZycP4g508bzvp2FxaXlldXcWn59Y3Nr293ZrWmZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/atxvf5AlWZS3JlBTP0IdwXrMIKNtdruwfB6CC8h8mCLhNLAtGShJ6WmEI3uT9tuwSt6E8F5QBkUQKZK2/1qhZIkERWGcKx1E3mx8VOsDCOcjvKtRNMYkz7u0qZFgSOq/XRyxwgeWSeEHansEwZO3N8TKY60HkSB7Yyw6enZ2tj8r9ZMTOfcT5mIE0MFmS7qJBwaCcehwJApSgwfWMBEMftXSHpYYWJsdHkbApo9eR5qJ0XkFdFtqVC+yOLIgX1wCI4BAmegDG5ABVQBAY/gGbyCN+fJeXHenY9p64KTzeyBP3I+fwCo7Zc/</latexit><latexit sha1_base64="4SUcE6N0ASu5NbuFt8fULSQgDwE=">AAACB3icbZDLSgMxFIYzXmu9jboUJFgEV2UiFV0oFERwWcFeoB1LJpO2oZlkSDJCmXbnxldx40IRt76CO9/GtJ2Ftv4Q+PjPOZycP4g508bzvp2FxaXlldXcWn59Y3Nr293ZrWmZKEKrRHKpGgHWlDNBq4YZThuxojgKOK0H/atxvf5AlWZS3JlBTP0IdwXrMIKNtdruwfB6CC8h8mCLhNLAtGShJ6WmEI3uT9tuwSt6E8F5QBkUQKZK2/1qhZIkERWGcKx1E3mx8VOsDCOcjvKtRNMYkz7u0qZFgSOq/XRyxwgeWSeEHansEwZO3N8TKY60HkSB7Yyw6enZ2tj8r9ZMTOfcT5mIE0MFmS7qJBwaCcehwJApSgwfWMBEMftXSHpYYWJsdHkbApo9eR5qJ0XkFdFtqVC+yOLIgX1wCI4BAmegDG5ABVQBAY/gGbyCN+fJeXHenY9p64KTzeyBP3I+fwCo7Zc/</latexit>

P (straight) =
|E|
|S| =

10 ·
�4
1

�5
�52
5

� ⇡ 0.00394
<latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit><latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit><latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit><latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit>

P (straight) =
|E|
|S| =

10 ·
�4
1

�5
�52
5

� ⇡ 0.00394
<latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit><latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit><latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit><latexit sha1_base64="Czym/HAKTSW7cYqkPYrOC/Og/6E="></latexit>

Is each outcome 
equally likely?

What is an example 
of one outcome?

Straight	Poker	Hand



• Consider 5 card poker hands.
§ “straight” is 5 consecutive rank cards of any suit
§ “straight flush” is 5 consecutive rank cards of same suit
§ What is P(straight, but not straight flush)?

|S| =
✓
52

5

◆

<latexit sha1_base64="IOq/OMBrUquxiRRzIHqzaqSzajY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJi0YVCwY3LivYBbSiT6U07dJIJMxOhpsVfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6tpeWV1bX13EZ+c2t7Z9fe268rkUgKNSq4kE2fKOAsgppmmkMzlkBCn0PDH1xP/MYDSMVEdK+HMXgh6UUsYJRoI3Xsw9HdCF/htFzCbdoXQgEujzt2wSk6U+BF4makgDJUO/ZXuytoEkKkKSdKtVwn1l5KpGaUwzjfThTEhA5ID1qGRiQE5aXT68f4xChdHAhpKtJ4qv6eSEmo1DD0TWdIdF/NexPxP6+V6ODCS1kUJxoiOlsUJBxrgSdR4C6TQDUfGkKoZOZWTPtEEqpNYHkTgjv/8iKpl4quU3RvzwqVyyyOHDpCx+gUuegcVdANqqIaougRPaNX9GY9WS/Wu/Uxa12yspkD9AfW5w9xX5Pm</latexit><latexit sha1_base64="IOq/OMBrUquxiRRzIHqzaqSzajY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJi0YVCwY3LivYBbSiT6U07dJIJMxOhpsVfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6tpeWV1bX13EZ+c2t7Z9fe268rkUgKNSq4kE2fKOAsgppmmkMzlkBCn0PDH1xP/MYDSMVEdK+HMXgh6UUsYJRoI3Xsw9HdCF/htFzCbdoXQgEujzt2wSk6U+BF4makgDJUO/ZXuytoEkKkKSdKtVwn1l5KpGaUwzjfThTEhA5ID1qGRiQE5aXT68f4xChdHAhpKtJ4qv6eSEmo1DD0TWdIdF/NexPxP6+V6ODCS1kUJxoiOlsUJBxrgSdR4C6TQDUfGkKoZOZWTPtEEqpNYHkTgjv/8iKpl4quU3RvzwqVyyyOHDpCx+gUuegcVdANqqIaougRPaNX9GY9WS/Wu/Uxa12yspkD9AfW5w9xX5Pm</latexit><latexit sha1_base64="IOq/OMBrUquxiRRzIHqzaqSzajY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJi0YVCwY3LivYBbSiT6U07dJIJMxOhpsVfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6tpeWV1bX13EZ+c2t7Z9fe268rkUgKNSq4kE2fKOAsgppmmkMzlkBCn0PDH1xP/MYDSMVEdK+HMXgh6UUsYJRoI3Xsw9HdCF/htFzCbdoXQgEujzt2wSk6U+BF4makgDJUO/ZXuytoEkKkKSdKtVwn1l5KpGaUwzjfThTEhA5ID1qGRiQE5aXT68f4xChdHAhpKtJ4qv6eSEmo1DD0TWdIdF/NexPxP6+V6ODCS1kUJxoiOlsUJBxrgSdR4C6TQDUfGkKoZOZWTPtEEqpNYHkTgjv/8iKpl4quU3RvzwqVyyyOHDpCx+gUuegcVdANqqIaougRPaNX9GY9WS/Wu/Uxa12yspkD9AfW5w9xX5Pm</latexit><latexit sha1_base64="IOq/OMBrUquxiRRzIHqzaqSzajY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJi0YVCwY3LivYBbSiT6U07dJIJMxOhpsVfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6tpeWV1bX13EZ+c2t7Z9fe268rkUgKNSq4kE2fKOAsgppmmkMzlkBCn0PDH1xP/MYDSMVEdK+HMXgh6UUsYJRoI3Xsw9HdCF/htFzCbdoXQgEujzt2wSk6U+BF4makgDJUO/ZXuytoEkKkKSdKtVwn1l5KpGaUwzjfThTEhA5ID1qGRiQE5aXT68f4xChdHAhpKtJ4qv6eSEmo1DD0TWdIdF/NexPxP6+V6ODCS1kUJxoiOlsUJBxrgSdR4C6TQDUfGkKoZOZWTPtEEqpNYHkTgjv/8iKpl4quU3RvzwqVyyyOHDpCx+gUuegcVdANqqIaougRPaNX9GY9WS/Wu/Uxa12yspkD9AfW5w9xX5Pm</latexit>

|S| =
✓
52

5

◆

<latexit sha1_base64="IOq/OMBrUquxiRRzIHqzaqSzajY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJi0YVCwY3LivYBbSiT6U07dJIJMxOhpsVfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6tpeWV1bX13EZ+c2t7Z9fe268rkUgKNSq4kE2fKOAsgppmmkMzlkBCn0PDH1xP/MYDSMVEdK+HMXgh6UUsYJRoI3Xsw9HdCF/htFzCbdoXQgEujzt2wSk6U+BF4makgDJUO/ZXuytoEkKkKSdKtVwn1l5KpGaUwzjfThTEhA5ID1qGRiQE5aXT68f4xChdHAhpKtJ4qv6eSEmo1DD0TWdIdF/NexPxP6+V6ODCS1kUJxoiOlsUJBxrgSdR4C6TQDUfGkKoZOZWTPtEEqpNYHkTgjv/8iKpl4quU3RvzwqVyyyOHDpCx+gUuegcVdANqqIaougRPaNX9GY9WS/Wu/Uxa12yspkD9AfW5w9xX5Pm</latexit><latexit sha1_base64="IOq/OMBrUquxiRRzIHqzaqSzajY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJi0YVCwY3LivYBbSiT6U07dJIJMxOhpsVfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6tpeWV1bX13EZ+c2t7Z9fe268rkUgKNSq4kE2fKOAsgppmmkMzlkBCn0PDH1xP/MYDSMVEdK+HMXgh6UUsYJRoI3Xsw9HdCF/htFzCbdoXQgEujzt2wSk6U+BF4makgDJUO/ZXuytoEkKkKSdKtVwn1l5KpGaUwzjfThTEhA5ID1qGRiQE5aXT68f4xChdHAhpKtJ4qv6eSEmo1DD0TWdIdF/NexPxP6+V6ODCS1kUJxoiOlsUJBxrgSdR4C6TQDUfGkKoZOZWTPtEEqpNYHkTgjv/8iKpl4quU3RvzwqVyyyOHDpCx+gUuegcVdANqqIaougRPaNX9GY9WS/Wu/Uxa12yspkD9AfW5w9xX5Pm</latexit><latexit sha1_base64="IOq/OMBrUquxiRRzIHqzaqSzajY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJi0YVCwY3LivYBbSiT6U07dJIJMxOhpsVfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6tpeWV1bX13EZ+c2t7Z9fe268rkUgKNSq4kE2fKOAsgppmmkMzlkBCn0PDH1xP/MYDSMVEdK+HMXgh6UUsYJRoI3Xsw9HdCF/htFzCbdoXQgEujzt2wSk6U+BF4makgDJUO/ZXuytoEkKkKSdKtVwn1l5KpGaUwzjfThTEhA5ID1qGRiQE5aXT68f4xChdHAhpKtJ4qv6eSEmo1DD0TWdIdF/NexPxP6+V6ODCS1kUJxoiOlsUJBxrgSdR4C6TQDUfGkKoZOZWTPtEEqpNYHkTgjv/8iKpl4quU3RvzwqVyyyOHDpCx+gUuegcVdANqqIaougRPaNX9GY9WS/Wu/Uxa12yspkD9AfW5w9xX5Pm</latexit><latexit sha1_base64="IOq/OMBrUquxiRRzIHqzaqSzajY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJi0YVCwY3LivYBbSiT6U07dJIJMxOhpsVfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6tpeWV1bX13EZ+c2t7Z9fe268rkUgKNSq4kE2fKOAsgppmmkMzlkBCn0PDH1xP/MYDSMVEdK+HMXgh6UUsYJRoI3Xsw9HdCF/htFzCbdoXQgEujzt2wSk6U+BF4makgDJUO/ZXuytoEkKkKSdKtVwn1l5KpGaUwzjfThTEhA5ID1qGRiQE5aXT68f4xChdHAhpKtJ4qv6eSEmo1DD0TWdIdF/NexPxP6+V6ODCS1kUJxoiOlsUJBxrgSdR4C6TQDUfGkKoZOZWTPtEEqpNYHkTgjv/8iKpl4quU3RvzwqVyyyOHDpCx+gUuegcVdANqqIaougRPaNX9GY9WS/Wu/Uxa12yspkD9AfW5w9xX5Pm</latexit>

|E| = 10

✓
4

1

◆5

� 10

✓
4

1

◆

<latexit sha1_base64="ksKomy9jQ5UDLlQY+LC9cjHU4K8=">AAACE3icbZDLSgMxFIYzXmu9jbp0EyyCCJaJVHShUBDBZQV7gXYsmTRtQzPJkGSEMu07uPFV3LhQxK0bd76NaTsL2/pD4Oc753By/iDiTBvP+3EWFpeWV1Yza9n1jc2tbXdnt6JlrAgtE8mlqgVYU84ELRtmOK1FiuIw4LQa9K5H9eojVZpJcW/6EfVD3BGszQg2FjXd48HNAF5B5MGkABukK6WmEA0fzuCJhVOs6ea8vDcWnDcoNTmQqtR0vxstSeKQCkM41rqOvMj4CVaGEU6H2UasaYRJD3do3VqBQ6r9ZHzTEB5a0oJtqewTBo7p34kEh1r3w8B2hth09WxtBP+r1WPTvvATJqLYUEEmi9oxh0bCUUCwxRQlhvetwUQx+1dIulhhYmyMWRsCmj153lRO88jLo7tCrniZxpEB++AAHAEEzkER3IISKAMCnsALeAPvzrPz6nw4n5PWBSed2QNTcr5+AZ5nmtk=</latexit><latexit sha1_base64="ksKomy9jQ5UDLlQY+LC9cjHU4K8=">AAACE3icbZDLSgMxFIYzXmu9jbp0EyyCCJaJVHShUBDBZQV7gXYsmTRtQzPJkGSEMu07uPFV3LhQxK0bd76NaTsL2/pD4Oc753By/iDiTBvP+3EWFpeWV1Yza9n1jc2tbXdnt6JlrAgtE8mlqgVYU84ELRtmOK1FiuIw4LQa9K5H9eojVZpJcW/6EfVD3BGszQg2FjXd48HNAF5B5MGkABukK6WmEA0fzuCJhVOs6ea8vDcWnDcoNTmQqtR0vxstSeKQCkM41rqOvMj4CVaGEU6H2UasaYRJD3do3VqBQ6r9ZHzTEB5a0oJtqewTBo7p34kEh1r3w8B2hth09WxtBP+r1WPTvvATJqLYUEEmi9oxh0bCUUCwxRQlhvetwUQx+1dIulhhYmyMWRsCmj153lRO88jLo7tCrniZxpEB++AAHAEEzkER3IISKAMCnsALeAPvzrPz6nw4n5PWBSed2QNTcr5+AZ5nmtk=</latexit><latexit sha1_base64="ksKomy9jQ5UDLlQY+LC9cjHU4K8=">AAACE3icbZDLSgMxFIYzXmu9jbp0EyyCCJaJVHShUBDBZQV7gXYsmTRtQzPJkGSEMu07uPFV3LhQxK0bd76NaTsL2/pD4Oc753By/iDiTBvP+3EWFpeWV1Yza9n1jc2tbXdnt6JlrAgtE8mlqgVYU84ELRtmOK1FiuIw4LQa9K5H9eojVZpJcW/6EfVD3BGszQg2FjXd48HNAF5B5MGkABukK6WmEA0fzuCJhVOs6ea8vDcWnDcoNTmQqtR0vxstSeKQCkM41rqOvMj4CVaGEU6H2UasaYRJD3do3VqBQ6r9ZHzTEB5a0oJtqewTBo7p34kEh1r3w8B2hth09WxtBP+r1WPTvvATJqLYUEEmi9oxh0bCUUCwxRQlhvetwUQx+1dIulhhYmyMWRsCmj153lRO88jLo7tCrniZxpEB++AAHAEEzkER3IISKAMCnsALeAPvzrPz6nw4n5PWBSed2QNTcr5+AZ5nmtk=</latexit><latexit sha1_base64="ksKomy9jQ5UDLlQY+LC9cjHU4K8=">AAACE3icbZDLSgMxFIYzXmu9jbp0EyyCCJaJVHShUBDBZQV7gXYsmTRtQzPJkGSEMu07uPFV3LhQxK0bd76NaTsL2/pD4Oc753By/iDiTBvP+3EWFpeWV1Yza9n1jc2tbXdnt6JlrAgtE8mlqgVYU84ELRtmOK1FiuIw4LQa9K5H9eojVZpJcW/6EfVD3BGszQg2FjXd48HNAF5B5MGkABukK6WmEA0fzuCJhVOs6ea8vDcWnDcoNTmQqtR0vxstSeKQCkM41rqOvMj4CVaGEU6H2UasaYRJD3do3VqBQ6r9ZHzTEB5a0oJtqewTBo7p34kEh1r3w8B2hth09WxtBP+r1WPTvvATJqLYUEEmi9oxh0bCUUCwxRQlhvetwUQx+1dIulhhYmyMWRsCmj153lRO88jLo7tCrniZxpEB++AAHAEEzkER3IISKAMCnsALeAPvzrPz6nw4n5PWBSed2QNTcr5+AZ5nmtk=</latexit>

P (straight) =
|E|
|S| =

10
�4
1

�5 � 10
�4
1

�
�52
5

� ⇡ 0.00392
<latexit sha1_base64="xUuZbN9YqmiOLtz6GFajQCaaO48="></latexit><latexit sha1_base64="xUuZbN9YqmiOLtz6GFajQCaaO48="></latexit><latexit sha1_base64="xUuZbN9YqmiOLtz6GFajQCaaO48="></latexit><latexit sha1_base64="xUuZbN9YqmiOLtz6GFajQCaaO48="></latexit>

|E| = 10

✓
4

1

◆5

� 10

✓
4

1

◆

<latexit sha1_base64="ksKomy9jQ5UDLlQY+LC9cjHU4K8=">AAACE3icbZDLSgMxFIYzXmu9jbp0EyyCCJaJVHShUBDBZQV7gXYsmTRtQzPJkGSEMu07uPFV3LhQxK0bd76NaTsL2/pD4Oc753By/iDiTBvP+3EWFpeWV1Yza9n1jc2tbXdnt6JlrAgtE8mlqgVYU84ELRtmOK1FiuIw4LQa9K5H9eojVZpJcW/6EfVD3BGszQg2FjXd48HNAF5B5MGkABukK6WmEA0fzuCJhVOs6ea8vDcWnDcoNTmQqtR0vxstSeKQCkM41rqOvMj4CVaGEU6H2UasaYRJD3do3VqBQ6r9ZHzTEB5a0oJtqewTBo7p34kEh1r3w8B2hth09WxtBP+r1WPTvvATJqLYUEEmi9oxh0bCUUCwxRQlhvetwUQx+1dIulhhYmyMWRsCmj153lRO88jLo7tCrniZxpEB++AAHAEEzkER3IISKAMCnsALeAPvzrPz6nw4n5PWBSed2QNTcr5+AZ5nmtk=</latexit><latexit sha1_base64="ksKomy9jQ5UDLlQY+LC9cjHU4K8=">AAACE3icbZDLSgMxFIYzXmu9jbp0EyyCCJaJVHShUBDBZQV7gXYsmTRtQzPJkGSEMu07uPFV3LhQxK0bd76NaTsL2/pD4Oc753By/iDiTBvP+3EWFpeWV1Yza9n1jc2tbXdnt6JlrAgtE8mlqgVYU84ELRtmOK1FiuIw4LQa9K5H9eojVZpJcW/6EfVD3BGszQg2FjXd48HNAF5B5MGkABukK6WmEA0fzuCJhVOs6ea8vDcWnDcoNTmQqtR0vxstSeKQCkM41rqOvMj4CVaGEU6H2UasaYRJD3do3VqBQ6r9ZHzTEB5a0oJtqewTBo7p34kEh1r3w8B2hth09WxtBP+r1WPTvvATJqLYUEEmi9oxh0bCUUCwxRQlhvetwUQx+1dIulhhYmyMWRsCmj153lRO88jLo7tCrniZxpEB++AAHAEEzkER3IISKAMCnsALeAPvzrPz6nw4n5PWBSed2QNTcr5+AZ5nmtk=</latexit><latexit sha1_base64="ksKomy9jQ5UDLlQY+LC9cjHU4K8=">AAACE3icbZDLSgMxFIYzXmu9jbp0EyyCCJaJVHShUBDBZQV7gXYsmTRtQzPJkGSEMu07uPFV3LhQxK0bd76NaTsL2/pD4Oc753By/iDiTBvP+3EWFpeWV1Yza9n1jc2tbXdnt6JlrAgtE8mlqgVYU84ELRtmOK1FiuIw4LQa9K5H9eojVZpJcW/6EfVD3BGszQg2FjXd48HNAF5B5MGkABukK6WmEA0fzuCJhVOs6ea8vDcWnDcoNTmQqtR0vxstSeKQCkM41rqOvMj4CVaGEU6H2UasaYRJD3do3VqBQ6r9ZHzTEB5a0oJtqewTBo7p34kEh1r3w8B2hth09WxtBP+r1WPTvvATJqLYUEEmi9oxh0bCUUCwxRQlhvetwUQx+1dIulhhYmyMWRsCmj153lRO88jLo7tCrniZxpEB++AAHAEEzkER3IISKAMCnsALeAPvzrPz6nw4n5PWBSed2QNTcr5+AZ5nmtk=</latexit><latexit sha1_base64="ksKomy9jQ5UDLlQY+LC9cjHU4K8=">AAACE3icbZDLSgMxFIYzXmu9jbp0EyyCCJaJVHShUBDBZQV7gXYsmTRtQzPJkGSEMu07uPFV3LhQxK0bd76NaTsL2/pD4Oc753By/iDiTBvP+3EWFpeWV1Yza9n1jc2tbXdnt6JlrAgtE8mlqgVYU84ELRtmOK1FiuIw4LQa9K5H9eojVZpJcW/6EfVD3BGszQg2FjXd48HNAF5B5MGkABukK6WmEA0fzuCJhVOs6ea8vDcWnDcoNTmQqtR0vxstSeKQCkM41rqOvMj4CVaGEU6H2UasaYRJD3do3VqBQ6r9ZHzTEB5a0oJtqewTBo7p34kEh1r3w8B2hth09WxtBP+r1WPTvvATJqLYUEEmi9oxh0bCUUCwxRQlhvetwUQx+1dIulhhYmyMWRsCmj153lRO88jLo7tCrniZxpEB++AAHAEEzkER3IISKAMCnsALeAPvzrPz6nw4n5PWBSed2QNTcr5+AZ5nmtk=</latexit>

Straight	Poker	Hand



When approaching an 
“equally likely probability” 
problem, start by defining 

sample spaces and 
event spaces. 



• n chips manufactured, 1 of which is defective.
• k chips randomly selected from n for testing.

§ What is P{defective chip is in k selected chips}?

• |S| =

• |E| =

• P(defective chip is in k selected chips)
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Chip	Defect	Detection



Screen size = 800x800
Radius of target = 200

The dart is equally likely 
to land anywhere on the 
screen.

What is the probability of 
hitting the target?

|S| = 8002

|E| = ⇡2002

p(E) =
⇡ · 2002

8002
⇡ 0.1963

59

309
= 0.191

Target	Revisited



|S| = 8002

|E| = ⇡2002

p(E) =
⇡ · 2002

8002
⇡ 0.1963

Screen size = 800x800
Radius of target = 200

The dart is equally likely 
to land anywhere on the 
screen.

What is the probability of 
hitting the target?

196641

1000000
= 0.1966

Target	Revisited







• Say the population of Stanford is 17,000 people 
§ You are friends with 80 people?
§ Walk into a room, see 62 random people.
§ What is the probability that you see someone you know?
§ Assume you are equally likely to see each person at 

Stanford

Serendipity

𝑃 see someone you know
= 𝑃(see 1 or more friends)
= 1 − 𝑃 don’t see anyone you know

𝑆 =
17,000
62

𝐸! =
17,000 − 80

62

𝑃 𝐸 = 1 − 𝑃 𝐸! = 1 −
𝐸!

𝑆
≈ 0.1914



Many times it is easier to 
calculate              .P (EC)

𝑃 𝐸! = 1 − 𝑃(𝐸)
(We’ll prove this in just a bit)



Back to 3 Axioms



Recall: S = all possible outcomes. E = the event.

• Axiom 1: 0 £ P(E) £ 1

• Axiom 2: P(S) = 1

• Axiom 3: If events E and F are mutually exclusive:

P (E [ F ) = P (E) + P (F )

Axioms	of	Probability



P (E [ F ) = P (E) + P (F )

If events are mutually exclusive, probability of OR is simple:

7/50 4/50

Mutually	Exclusive	Events



P (E [ F ) = P (E) + P (F )

If events are mutually exclusive, probability of OR is simple:

7/50 4/50

P (E [ F ) =
7

50
+

4

5
=

11

50

7/50 4/50

Mutually	Exclusive	Events



X1

P (X1 [X2 [ · · · [Xn) =
nX

i=1

P (Xi)

X2

X3

Wahoo! All my 

events are mutually 

exclusive

Probability	of	"or"



If events are mutually 
exclusive probability of 

OR is easy!



P(Ec) = 1 – P(E)?

P(E ∪ Ec) = P(E) + P(Ec) Axiom 3. Since E and Ec 

are mutually exclusive

P(S) = P(E) + P(Ec) 
Since everything 
must either be in E
or Ec 

1 = P(E) + P(Ec) 

P(Ec) = 1 – P(E) 

Axiom 2

Rearrange



Trailing the dovetail shuffle to it’s lair – Persi Diaconosis



Trailing the Dovetail Shuffle to Its Lair



• What is the probability that in the n shuffles seen 
since the start of time, yours is unique?
§ |S| = {52!}n

§ |E| = {52! - 1}n

§ P{no deck matching yours} = {52!-1}n/{52!}n

§ For n = 1020, 
§ P{deck matching yours} < 0.000000001

* Assume 7 billion people have been shuffling cards once a 
second since cards were invented

Probability	of	"or"


