
Probability
CS109



Python	Review	Session

Today at 5 @ Zoom with Joel!



Section	Signups	Are	Due,	In	The	Past?

🎉
We have virtual sections for 
SCPD students -- everyone 

gets to have a section!

Sign up before EOD tomorrow



Announcements

• We are going to make history today.

We are going to make history today



Review



Counting operations on n objects

Sort, order matters
{permutations}

Choose k 
{combinations}

Put in r buckets

Distinct Some
Distinct

n!

n1!n2! . . .
n!

Distinct
✓
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◆
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k!(n� k)!

Distinct
None

Distinct

rn (n+ r � 1)!

n!(r � 1)!

Counting	&	Combinatorics

Piech & Cain, CS109, Stanford University



Counting operations on n objects

Sort, order matters
{permutations}

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	&	Combinatorics

Piech & Cain, CS109, Stanford University



Counting operations on n objects

Sort, order matters
{permutations}

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	&	Combinatorics

Piech & Cain, CS109, Stanford University



Counting operations on n objects

Sort, order matters
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Counting	&	Combinatorics
Counting operations on n objects

Sort, order matters
{permutations}

Choose k 
{combinations}

Put in r buckets
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Counting	&	Combinatorics
Counting operations on n objects

Sort, order matters
{permutations}

Choose k 
{combinations}

Put in r buckets
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Counting	Practice:	Evolutionary	Trees
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Counting	Practice:	Evolutionary	Trees

n!

n!

To construct an evolutionary tree between 
species, we have to compare data between 

all possible pairs of species.

If we have n species, how many unique 
pairs of species are there?

Piech & Cain, CS109, Stanford University



✓
n

2

◆

Counting	Practice:	Evolutionary	Trees

n!

n!

Answer:

To construct an evolutionary tree between 
species, we have to compare data between 

all possible pairs of species.

If we have n species, how many unique 
pairs of species are there?

Piech & Cain, CS109, Stanford University



Experiments have sets of outcomes, containing groups of things that could possibly happen.

• Event: some subset of all possible outcomes that we care about

Events:	Interesting	Subsets	of	Outcomes

This is the entire 
sample space: all 
possible outcomes

Here is one event

Piech & Cain, CS109, Stanford University



Experiment

Flipping a coin

Sample	Space	(S)	vs.	Event	Space	(E)

Sample Space

{Heads, Tails}

Event

Getting heads

E Í S : Event spaces are always subsets of the sample space.

Event Space

{Heads}

Piech & Cain, CS109, Stanford University



Experiment

Flipping a coin

Rolling a dice

Sample	Space	(S)	vs.	Event	Space	(E)

Sample Space

{Heads, Tails}

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

Event

Getting heads

At least 3 

E Í S : Event spaces are always subsets of the sample space.

Event Space

{Heads}

{3, 4, 5, 6}

Piech & Cain, CS109, Stanford University



Experiment

Flipping a coin

Rolling a dice

Flipping two coins

Sample	Space	(S)	vs.	Event	Space	(E)

Sample Space

{Heads, Tails}

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

{{H,H}, {H,T}, {T,H}, {T,T}}

Event

Getting heads

At least 3 

One head

E Í S : Event spaces are always subsets of the sample space.

Event Space

{Heads}

{3, 4, 5, 6}

{{H,T}, {T,H}}

Piech & Cain, CS109, Stanford University



Experiment

Flipping a coin

Rolling a dice

Flipping two coins

# inches of rain

Sample	Space	(S)	vs.	Event	Space	(E)

Sample Space

{Heads, Tails}

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

{{H,H}, {H,T}, {T,H}, {T,T}}

{x | x Î Z, x ≥ 0}

Event

Getting heads

At least 3 

One head

Drought

E Í S : Event spaces are always subsets of the sample space.

Event Space

{Heads}

{3, 4, 5, 6}

{{H,T}, {T,H}}

{x | x Î Z, 0 £ x £ 2}

Piech & Cain, CS109, Stanford University



Experiment

Flipping a coin

Rolling a dice

Flipping two coins

# inches of rain

# hours slept

Sample	Space	(S)	vs.	Event	Space	(E)

Sample Space

{Heads, Tails}

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

{{H,H}, {H,T}, {T,H}, {T,T}}

{x | x Î Z, x ≥ 0}

{x | x Î R, 0 £ x £ 24}

Event

Getting heads

At least 3 

One head

Drought

Good sleep

E Í S : Event spaces are always subsets of the sample space.

Event Space

{Heads}

{3, 4, 5, 6}

{{H,T}, {T,H}}

{x | x Î Z, 0 £ x £ 2}

{x | x Î R, 7 £ x £ 12}

Piech & Cain, CS109, Stanford University



What is a probability?



[suspense]



A number between 0 and 1



P (E)

…represents our belief that event E occurs.

But	it’s	a	number	we	ascribe	meaning	to!

Piech & Cain, CS109, Stanford University



Why	Are	Probabilities	Beliefs?



P (E) = lim
n!1

n(E)

n

The	Formal,	Technical	Definition	of	Probability

n is the number 
of trials

n(E) is the number 
of trials where 
event E happens

“If you repeated an experiment infinite times, 

what fraction of the times does E happen?”

Piech & Cain, CS109, Stanford University



Hit: 0
Thrown: 0

P{E} ≈  0.00

P (E) = lim
n!1

n(E)

n

The	Formal,	Technical	Definition	of	Probability

n is the number 
of darts thrown

The target 
represents event E

Piech & Cain, CS109, Stanford University



P (E) = lim
n!1

n(E)

n

The	Formal,	Technical	Definition	of	Probability

n is the number 
of darts thrown

The target 
represents event E

Hit: 0
Thrown: 1

P{E} ≈  0.00
Piech & Cain, CS109, Stanford University



P (E) = lim
n!1

n(E)

n

The	Formal,	Technical	Definition	of	Probability

n is the number 
of darts thrown

The target 
represents event E

Hit: 1
Thrown: 2

P{E} ≈  0.50
Piech & Cain, CS109, Stanford University



P (E) = lim
n!1

n(E)

n

The	Formal,	Technical	Definition	of	Probability

n is the number 
of darts thrown

The target 
represents event E

Hit: 2
Thrown: 3

P{E} ≈  0.75
Piech & Cain, CS109, Stanford University



P (E) = lim
n!1

n(E)

n

The	Formal,	Technical	Definition	of	Probability

n is the number 
of darts thrown

The target 
represents event E

Hit: 11
Thrown: 24

P{E} ≈  0.46
Piech & Cain, CS109, Stanford University



Let’s Simulate How This Formula Works: Coin Flips

Piech & Cain, CS109, Stanford University



Calculating	Probabilities	From	A	Dataset

Day Outcome
1 Rainy
2 Sunny
3 Rainy
4 Cloudy
5 Rainy
6 Sunny
7 Sunny
8 Sunny

…
10000 Cloudy

Let E be the event that it is Sunny. What is P(E)?

You’re given a dataset of historical weather observations.

Piech & Cain, CS109, Stanford University



Calculating	Probabilities	From	A	Dataset

Day Outcome
1 Rainy
2 Sunny
3 Rainy
4 Cloudy
5 Rainy
6 Sunny
7 Sunny
8 Sunny

…
10000 Cloudy

Let E be the event that it is Sunny. What is P(E)?

You’re given a dataset of historical weather observations.

P (E) = lim
n!1

n(E)

n
<latexit sha1_base64="LNm1Bfl18Ljred3aqfWDhRwoeKo="></latexit>

⇡ Count(E)

10000

⇡ 3332

10000
⇡ 0.3332

<latexit sha1_base64="LNm1Bfl18Ljred3aqfWDhRwoeKo="></latexit>

⇡ Count(E)

10000

⇡ 3332

10000
⇡ 0.3332

Piech & Cain, CS109, Stanford University



Probability	from	Analytic	Solutions	(Counting)



• Axiom 1: 0 £ P(E) £ 1

The	Axioms	of	Probability Kolmogorov

(looks like
Harrison Ford?)

All probabilities are between 0 and 1

Piech & Cain, CS109, Stanford University



• Axiom 1: 0 £ P(E) £ 1

• Axiom 2: P(S) = 1

The	Axioms	of	Probability Kolmogorov

(looks like
Harrison Ford?)

All probabilities are between 0 and 1

The probability of the sample space is 1

Piech & Cain, CS109, Stanford University



• 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 )

The	Axioms	of	Probability Kolmogorov

(looks like
Harrison Ford?)

All probabilities are between 0 and 1

The probability of the sample space is 1

Probability of event E *or* event F

Piech & Cain, CS109, Stanford University



• Axiom 1: 0 £ P(E) £ 1

• Axiom 2: P(S) = 1

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

• Identity 3*: P(Ec) = 1 – P(E)

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

The	Axioms	of	Probability Kolmogorov

(looks like
Harrison Ford?)

All probabilities are between 0 and 1

The probability of the sample space is 1

Events either happen…or don’t
“not E”

Probability of event E *or* event F

Piech & Cain, CS109, Stanford University



Equally	Likely	Outcomes

Some sample spaces have equally likely outcomes.
• Coin flip:   S = {Head, Tails}
• Roll of 6-sided die: S = {1, 2, 3, 4, 5, 6}

**If** we have equally likely outcomes, then P(each outcome)

  

Piech & Cain, CS109, Stanford University



Equally	Likely	Outcomes

Some sample spaces have equally likely outcomes.
• Coin flip:   S = {Head, Tails}
• Roll of 6-sided die: S = {1, 2, 3, 4, 5, 6}

**If** we have equally likely outcomes, then P(each outcome)

Therefore,

Piech & Cain, CS109, Stanford University



You’ve bought a lottery ticket. What is the probability that you win?

 

What	Happens	If	Outcomes	Aren’t	Equally	Likely?

Piech & Cain, CS109, Stanford University



You’ve bought a lottery ticket. What is the probability that you win?

  S = {Win, Lose}

  E = {Win}

What	Happens	If	Outcomes	Aren’t	Equally	Likely?

🤔
?

Piech & Cain, CS109, Stanford University



E Í S : Event spaces are always subsets of the sample space.

Sometimes,	Unequal	Outcomes	Are	Less	Obvious

Experiment

Flipping a coin

Rolling a dice

Flipping two coins

# rainy days / year

# hours slept

Sample Space

{Heads, Tails}

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

{{H,H}, {H,T}, {T,H}, {T,T}}

{x | x Î Z, x ≥ 0}

{x | x Î R, 0 £ x £ 24}

Event

Getting heads

At least 3 

One head

Drought

Good sleep

Event Space

{Heads}

{1, 2, 3}

{{H,T}, {T,H}}

{x | x Î Z, 0 £ x £ 10}

{x | x Î R, 7 £ x £ 12}

Piech & Cain, CS109, Stanford University



Sometimes,	Unequal	Outcomes	Are	Less	Obvious

Sample Space

{{H,H}, {H,T}, {T,H}, {T,T}}

Event Space

{{H,T}, {T,H}}

Option 1

Sample Space

{{H,H}, {T,H}, {T,T}}

Event Space

{{T,H}}

Option 2

Piech & Cain, CS109, Stanford University



Sometimes,	Unequal	Outcomes	Are	Less	Obvious

Sample Space

{{H,H}, {H,T}, {T,H}, {T,T}}

Event Space

{{H,T}, {T,H}}

Option 1

Sample Space

{{H,H}, {T,H}, {T,T}}

Event Space

{{T,H}}

Option 2

Which one is right?

Piech & Cain, CS109, Stanford University



To	The	Code:	Simulating	Two	Coin	Flips

Piech & Cain, CS109, Stanford University



Sample Space

{{H,H}, {H,T}, {T,H}, {T,T}}

Event Space

{{H,T}, {T,H}}

Option 1

Sample Space

{{H,H}, {T,H}, {T,T}}

Event Space

{{T,H}}

Option 2

Only this way has equally likely 
outcomes!

Sometimes,	Unequal	Outcomes	Are	Less	Obvious

Piech & Cain, CS109, Stanford University



Sum	of	Two	Dice

You roll two 6-sided dice. What is P(sum = 7)?

Piech & Cain, CS109, Stanford University



Sum	of	Two	Dice

You roll two 6-sided dice. What is P(sum = 7)?

Imagine a few different ways of writing out outcomes. 
What ways produce equally likely outcomes?

Piech & Cain, CS109, Stanford University



Sum	of	Two	Dice

Outcomes are just 
possible sums

You roll two 6-sided dice. What is P(sum = 7)?

{2, 3, 4, 5, 
6, 7, 8, 9, 

10, 11, 12}

Piech & Cain, CS109, Stanford University



Sum	of	Two	Dice

Value 
dice 1

Value 
dice 2

5 5

Think of the dice as distinctOutcomes are just 
possible sums

{2, 3, 4, 5, 
6, 7, 8, 9, 

10, 11, 12}

You roll two 6-sided dice. What is P(sum = 7)?

Piech & Cain, CS109, Stanford University



Sum	of	Two	Dice

Value 
dice 1

Value 
dice 2

Value of 
a dice

Value of 
a dice

5 5 5 5

Think of the dice as distinct Think of the dice as indistinctOutcomes are just 
possible sums

{2, 3, 4, 5, 
6, 7, 8, 9, 

10, 11, 12}

You roll two 6-sided dice. What is P(sum = 7)?

Piech & Cain, CS109, Stanford University



Sum	of	Two	Dice:	Distinct

Value 
dice 1

Value 
dice 2

5 5

Think of the dice as distinct

You roll two 6-sided dice. What is P(sum = 7)?

[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 = {

}

Piech & Cain, CS109, Stanford University



Value 
dice 1

Value 
dice 2

5 5

Think of the dice as distinct

You roll two 6-sided dice. What is P(sum = 7)?

[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 = {

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

10 ·
�4
1

�5
�52
5

� ⇡ 0.00394
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P (E) =
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6

36
= 0.166̄

Sum	of	Two	Dice:	Distinct

Piech & Cain, CS109, Stanford University



Sum	of	Two	Dice

Value 
dice 1

Value 
dice 2

Value of 
a dice

Value of 
a dice

5 5 5 5

Think of the dice as distinct Think of the dice as indistinctOutcomes are just 
possible sums

{2, 3, 4, 5, 
6, 7, 8, 9, 

10, 11, 12}

You roll two 6-sided dice. What is P(sum = 7)?
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=
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= 0.0̄9
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= 0.166̄

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

P (E) =

Piech & Cain, CS109, Stanford University



Sum	of	Two	Dice:	Indistinct

You roll two 6-sided dice. What is P(sum = 7)?

S = {

}

{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}

Value of 
a dice

Value of 
a dice

5 5

Think of the dice as indistinct

Piech & Cain, CS109, Stanford University



Sum	of	Two	Dice:	Indistinct

You roll two 6-sided dice. What is P(sum = 7)?

S = {

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

10 ·
�4
1

�5
�52
5

� ⇡ 0.00394
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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}

Value of 
a dice

Value of 
a dice

5 5

Think of the dice as indistinct
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Sum	of	Two	Dice

Value 
dice 1

Value 
dice 2

Value of 
a dice

Value of 
a dice

5 5 5 5

Think of the dice as distinct Think of the dice as indistinctOutcomes are just 
possible sums

{2, 3, 4, 5, 
6, 7, 8, 9, 

10, 11, 12}

You roll two 6-sided dice. What is P(sum = 7)?

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

P (E) =

<latexit sha1_base64="rN7fbqq62+uqYz9yC4B3mbIR9Tw=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4ChkpPhaFohuXFewDmlAm00k7dDIJMxOhhIAbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufeeIOFMadf9tpaWV1bX1ksb5c2t7Z1de2+/peJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDPx2w9UKhaLez1OqB/hgWAhI1gbqWcf1rxQYpKhPEMohzXoOl6AZeZe5T274jruFHCRoIJUQIFGz/7y+jFJIyo04VipLnIT7WdYakY4zcteqmiCyQgPaNdQgSOq/Gz6Qw5PjNKHYSxNCQ2n6u+JDEdKjaPAdEZYD9W8NxH/87qpDi/9jIkk1VSQ2aIw5VDHcBII7DNJieZjQzCRzNwKyRCbTLSJrWxCQPMvL5LWmYPOnepdtVK/LuIogSNwDE4BAhegDm5BAzQBAY/gGbyCN+vJerHerY9Z65JVzByAP7A+fwCgOJY9</latexit>

=
1

11
= 0.0̄9

<latexit sha1_base64="iT4GRNnKtwvf79PRvd3MbvKEkSQ=">AAACBXicbZC7SgNBFIbPxluMt1VLLQaDYBV2NUQLAwEbywjmAtklzE5mkyGzF2ZmhbBsY+Or2FgoYus72Pk2TpItNPGHgZ//nMOZ83kxZ1JZ1rdRWFldW98obpa2tnd298z9g7aMEkFoi0Q8El0PS8pZSFuKKU67saA48DjteOObab3zQIVkUXivJjF1AzwMmc8IVjrqm8d15PgCk7SWpRe1DNWRVbFrjoeFTvpm2apYM6FlY+emDLmaffPLGUQkCWioCMdS9mwrVm6KhWKE06zkJJLGmIzxkPa0DXFApZvOrsjQqU4GyI+EfqFCs/T3RIoDKSeBpzsDrEZysTYN/6v1EuVfuSkL40TRkMwX+QlHKkJTJGjABCWKT7TBRDD9V0RGWENRGlxJQ7AXT1427XONrVK9q5Yb1zmOIhzBCZyBDZfQgFtoQgsIPMIzvMKb8WS8GO/Gx7y1YOQzh/BHxucPhNKWqw==</latexit>

=
6

36
= 0.166̄

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

P (E) =

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

=
3

20
= 0.15?

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

P (E) =

Piech & Cain, CS109, Stanford University



Sum	of	Two	Dice

Value 
dice 1

Value 
dice 2

Value of 
a dice

Value of 
a dice

5 5 5 5

Think of the dice as distinct Think of the dice as indistinctOutcomes are just 
possible sums

{2, 3, 4, 5, 
6, 7, 8, 9, 

10, 11, 12}

You roll two 6-sided dice. What is P(sum = 7)?
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There are 4 cows and 3 pigs. You choose 3 at random. 
What is P(1 pig and 2 cows)?

What is an equally likely sample space here?

A	Literal	Toy	Problem:	Pigs	and	Cows

Piech & Cain, CS109, Stanford University

Concept 

Check



The	Choice	of	Sample	Space	is	Yours!

Ordered

Unordered

Distinct Indistinct

Which choice will lead to 
equally likely outcomes?

Piech & Cain, CS109, Stanford University



The	Choice	of	Sample	Space	is	Yours!

Ordered

Unordered

Distinct Indistinct

{cow1, pig2, pig3} {2 cows, 1 pig}

{3 cows}{cow1, cow2, cow3}

[cow, pig, cow]
[cow, cow, cow]

Which choice will lead to 
equally likely outcomes?

[cow1, pig2, pig3]
[cow1, cow2, cow3]

Piech & Cain, CS109, Stanford University



The	Choice	of	Sample	Space	is	Yours!

Ordered

Unordered

Distinct Indistinct

{cow1, pig2, pig3} {2 cows, 1 pig}

{3 cows}{cow1, cow2, cow3}

[cow, pig, cow]
[cow, cow, cow]

Which choice will lead to 
equally likely outcomes?

[cow1, pig2, pig3]
[cow1, cow2, cow3]

Piech & Cain, CS109, Stanford University



Unordered and Distinct

§ |S| =        = 35

§ |E| =              = 18

P(1 pig, 2 cows) = 18/35

Ordered and Distinct
§ Pick 3 ordered items: |S| = 7 * 6 * 5 = 210
§ Pick pig as either 1st, 2nd, or 3rd item:
  |E| = (4 * 3 * 3) + (3 * 4 * 3) + (3 * 3 * 4) = 108

P(1 pig, 2 cows) = 108/210 = 18/35

Piech & Cain, CS109, Stanford University

A	Literal	Toy	Problem:	Pigs	and	Cows

There are 4 cows and 3 pigs. You choose 3 at random. 
What is P(1 pig and 2 cows)?

Concept 

Check
(earlier version of this 
problem had a typo! 

The answer checker is 
looking for the typo 

answer, which is 12/35)



Tips	For	Ensuring	Equally	Likely	Outcomes
Start by imagining individual outcomes.

• Ask yourself: Should objects be distinct or indistinct? Ordered or unordered?

• Distinct usually is correct – you can imagine indistinct objects as distinct

• Can you find two outcomes that are not equally likely? If so, try a different approach



Tips	For	Ensuring	Equally	Likely	Outcomes
Start by imagining individual outcomes.

• Ask yourself: Should objects be distinct or indistinct? Ordered or unordered?

• Distinct usually is correct – you can imagine indistinct objects as distinct

• Can you find two outcomes that are not equally likely? If so, try a different approach

Start with the sample space first, then the event space second.

• Can you imagine a “generative story” for building outcomes? Can you count them?

• Does this generative story produce ALL outcomes you want?



Tips	For	Ensuring	Equally	Likely	Outcomes
Start by imagining individual outcomes.

• Ask yourself: Should objects be distinct or indistinct? Ordered or unordered?

• Distinct usually is correct – you can imagine indistinct objects as distinct

• Can you find two outcomes that are not equally likely? If so, try a different approach

Start with the sample space first, then the event space second.

• Can you imagine a “generative story” for building outcomes? Can you count them?

• Does this generative story produce ALL outcomes you want?

At the end, double-check:

• Are your sample space and event space counted the same way? (Is E Í S ?)



Probability	of	a	Straight	Poker	Hand

A “straight” hand in poker is any 5 consecutive rank cards of any suit. 

What is P(straight)?
What is a 

generative story 
for building 
straights?

Are outcomes 
equally likely?

Piech & Cain, CS109, Stanford University
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<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| =
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◆

<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>

Probability	of	a	Straight	Poker	Hand

A “straight” hand in poker is any 5 consecutive rank cards of any suit. 

What is P(straight)?

All possible ways to choose 5 cards from 52

Piech & Cain, CS109, Stanford University
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<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>
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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>
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<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>
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✓
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>

Probability	of	a	Straight	Poker	Hand

A “straight” hand in poker is any 5 consecutive rank cards of any suit. 

What is P(straight)?

All possible ways to choose 5 cards from 52

10 choices for the start value, then rest are fixed

4 choices for the suit, need to choose for each card

Piech & Cain, CS109, Stanford University



|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>
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◆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>

Probability	of	a	Straight	Poker	Hand

A “straight” hand in poker is any 5 consecutive rank cards of any suit. 

What is P(straight)?

All possible ways to choose 5 cards from 52

10 choices for the start value, then rest are fixed

4 choices for the suit, need to choose for each card
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Your company has manufactured n chips, 1 of which is defective.
k chips are randomly selected from n for testing.
What is the probability that the defective chip is in the k selected chips?

     |S| =

     |E| =

  

Chip	Defect	Detection
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Your company has manufactured n chips, 1 of which is defective.
k chips are randomly selected from n for testing.
What is the probability that the defective chip is in the k selected chips?
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Your company has manufactured n chips, 1 of which is defective.
k chips are randomly selected from n for testing.
What is the probability that the defective chip is in the k selected chips?
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Chip	Defect	Detection

Choose the defective chip, 
then choose k – 1 other chips
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Your company has manufactured n chips, 1 of which is defective.
k chips are randomly selected from n for testing.
What is the probability that the defective chip is in the k selected chips?
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Chip	Defect	Detection

P(defective chip is in k selected chips)

Choose the defective chip, 
then choose k – 1 other chips
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Announcements

• We are going to make history today.

Let’s make history



Trailing the dovetail shuffle to its lair – Persi Diaconis
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You and one friend each shuffle your own 
decks of 52 cards.

What is the probability that the two decks 
are in different orders?

Trailing the Dovetail Shuffle to Its Lair

Piech & Cain, CS109, Stanford University



You and one friend each shuffle your own 
decks of 52 cards.

What is the probability that the two decks 
are in different orders?

Trailing the Dovetail Shuffle to Its Lair

…about 67 “9”s 
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You and two friends each shuffle your own 
decks of 52 cards.

What is the probability that your friends’ 
decks are in a different order from yours?

Trailing the Dovetail Shuffle to Its Lair
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You and two friends each shuffle your own 
decks of 52 cards.

What is the probability that your friends’ 
decks are in a different order from yours?

Trailing the Dovetail Shuffle to Its Lair
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You shuffle a deck of 52 cards.

What is the probability that the order of 
your deck has never been seen before?

Trailing the Dovetail Shuffle to Its Lair
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You shuffle a deck of 52 cards.

What is the probability that the order of 
your deck has never been seen before?

Trailing the Dovetail Shuffle to Its Lair
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You shuffle a deck of 52 cards.

What is the probability that the order of 
your deck has never been seen before?

Trailing the Dovetail Shuffle to Its Lair

For n = 1020,
P(any deck ever matching yours) < 10-47

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

52-card decks were invented. 
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Next time: The Core Probability ToolkitTM



Have a great weekend!


