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Two	Continuous	RVs:	Uniform	and	Exponential
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X ~ Uniform(0,1): A	Continuous	Random	Variable
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Finding the probability of a range 
of values is straightforward!



X ~ Uniform(0,1): A	Continuous	Random	Variable
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Because of infinitely many outcomes, the 
probability of any exact outcome is zero

No PMFs!



The probability density function (PDF) of 
a continuous random variable represents 
the relative likelihood of various values.

Units: probability divided by units of X, or 
the derivative of the probability of x.
Integrate it to get probabilities!

Probability	Density	Functions
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P (a < X < b) =

bZ

x=a

f(X = x)dx

<latexit sha1_base64="Dk8+4Zq1Xf0rCQ551zW4mTj512U=">AAACGHicbVDLSgNBEJyN7/iKevQyGIR4ibsi6MGA6MVjBPOAJIbe2dlkyOzsMtMrCUs+w4u/4sWDIl69+TdOYg6+ChqKqm66u/xECoOu++Hk5uYXFpeWV/Kra+sbm4Wt7bqJU814jcUy1k0fDJdC8RoKlLyZaA6RL3nDH1xO/MYd10bE6gZHCe9E0FMiFAzQSt3CYbUEZ80z/4BWaFsobAfCJBJGUkQCTTcbVmB869Ow1KwMD2gw7BaKbtmdgv4l3owUyQzVbuG9HcQsjbhCJsGYlucm2MlAo2CSj/Pt1PAE2AB6vGWpgoibTjZ9bEz3rRLQMNa2FNKp+n0ig8iYUeTbzgiwb357E/E/r5VieNrJhEpS5Ip9LQpTSTGmk5RoIDRnKEeWANPC3kpZHzQwtFnmbQje75f/kvpR2XPL3vVx8fxiFscy2SV7pEQ8ckLOyRWpkhph5J48kmfy4jw4T86r8/bVmnNmMzvkB5z3T3LCnso=</latexit><latexit sha1_base64="Dk8+4Zq1Xf0rCQ551zW4mTj512U=">AAACGHicbVDLSgNBEJyN7/iKevQyGIR4ibsi6MGA6MVjBPOAJIbe2dlkyOzsMtMrCUs+w4u/4sWDIl69+TdOYg6+ChqKqm66u/xECoOu++Hk5uYXFpeWV/Kra+sbm4Wt7bqJU814jcUy1k0fDJdC8RoKlLyZaA6RL3nDH1xO/MYd10bE6gZHCe9E0FMiFAzQSt3CYbUEZ80z/4BWaFsobAfCJBJGUkQCTTcbVmB869Ow1KwMD2gw7BaKbtmdgv4l3owUyQzVbuG9HcQsjbhCJsGYlucm2MlAo2CSj/Pt1PAE2AB6vGWpgoibTjZ9bEz3rRLQMNa2FNKp+n0ig8iYUeTbzgiwb357E/E/r5VieNrJhEpS5Ip9LQpTSTGmk5RoIDRnKEeWANPC3kpZHzQwtFnmbQje75f/kvpR2XPL3vVx8fxiFscy2SV7pEQ8ckLOyRWpkhph5J48kmfy4jw4T86r8/bVmnNmMzvkB5z3T3LCnso=</latexit><latexit sha1_base64="Dk8+4Zq1Xf0rCQ551zW4mTj512U=">AAACGHicbVDLSgNBEJyN7/iKevQyGIR4ibsi6MGA6MVjBPOAJIbe2dlkyOzsMtMrCUs+w4u/4sWDIl69+TdOYg6+ChqKqm66u/xECoOu++Hk5uYXFpeWV/Kra+sbm4Wt7bqJU814jcUy1k0fDJdC8RoKlLyZaA6RL3nDH1xO/MYd10bE6gZHCe9E0FMiFAzQSt3CYbUEZ80z/4BWaFsobAfCJBJGUkQCTTcbVmB869Ow1KwMD2gw7BaKbtmdgv4l3owUyQzVbuG9HcQsjbhCJsGYlucm2MlAo2CSj/Pt1PAE2AB6vGWpgoibTjZ9bEz3rRLQMNa2FNKp+n0ig8iYUeTbzgiwb357E/E/r5VieNrJhEpS5Ip9LQpTSTGmk5RoIDRnKEeWANPC3kpZHzQwtFnmbQje75f/kvpR2XPL3vVx8fxiFscy2SV7pEQ8ckLOyRWpkhph5J48kmfy4jw4T86r8/bVmnNmMzvkB5z3T3LCnso=</latexit><latexit sha1_base64="Dk8+4Zq1Xf0rCQ551zW4mTj512U=">AAACGHicbVDLSgNBEJyN7/iKevQyGIR4ibsi6MGA6MVjBPOAJIbe2dlkyOzsMtMrCUs+w4u/4sWDIl69+TdOYg6+ChqKqm66u/xECoOu++Hk5uYXFpeWV/Kra+sbm4Wt7bqJU814jcUy1k0fDJdC8RoKlLyZaA6RL3nDH1xO/MYd10bE6gZHCe9E0FMiFAzQSt3CYbUEZ80z/4BWaFsobAfCJBJGUkQCTTcbVmB869Ow1KwMD2gw7BaKbtmdgv4l3owUyQzVbuG9HcQsjbhCJsGYlucm2MlAo2CSj/Pt1PAE2AB6vGWpgoibTjZ9bEz3rRLQMNa2FNKp+n0ig8iYUeTbzgiwb357E/E/r5VieNrJhEpS5Ip9LQpTSTGmk5RoIDRnKEeWANPC3kpZHzQwtFnmbQje75f/kvpR2XPL3vVx8fxiFscy2SV7pEQ8ckLOyRWpkhph5J48kmfy4jw4T86r8/bVmnNmMzvkB5z3T3LCnso=</latexit>

The probability density function (PDF) of 
a continuous random variable represents 
the relative likelihood of various values.

Units: probability divided by units of X, or 
the derivative of the probability of x.
Integrate it to get probabilities!

Probability	Density	Functions
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Piech & Cain, CS109, Stanford University



PDFs	-	f(X	=	x)		vs.		PMFs	-	P(X	=	x)

P (X = x)
<latexit sha1_base64="PBMYZY863y2C1CVaAqo/DsdsCTQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoRil48rmA/oF1KNs22sdlkSbJiWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlZp+tX31dNorV9yaOwNaJl5OKpDD75W/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZ7NoJOrFKH0VS2RIGzdTfExmOtR7Hoe2MsRnqRW8q/ud1UhNdBhkTSWqoIPNFUcqRkWj6OuozRYnhY0swUczeisgQK0yMDahkQ/AWX14mzbOa59a8u/NK/TqPowhHcAxV8OAC6nALPjSAwAM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fePCOZA==</latexit><latexit sha1_base64="PBMYZY863y2C1CVaAqo/DsdsCTQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoRil48rmA/oF1KNs22sdlkSbJiWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlZp+tX31dNorV9yaOwNaJl5OKpDD75W/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZ7NoJOrFKH0VS2RIGzdTfExmOtR7Hoe2MsRnqRW8q/ud1UhNdBhkTSWqoIPNFUcqRkWj6OuozRYnhY0swUczeisgQK0yMDahkQ/AWX14mzbOa59a8u/NK/TqPowhHcAxV8OAC6nALPjSAwAM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fePCOZA==</latexit><latexit sha1_base64="PBMYZY863y2C1CVaAqo/DsdsCTQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoRil48rmA/oF1KNs22sdlkSbJiWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlZp+tX31dNorV9yaOwNaJl5OKpDD75W/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZ7NoJOrFKH0VS2RIGzdTfExmOtR7Hoe2MsRnqRW8q/ud1UhNdBhkTSWqoIPNFUcqRkWj6OuozRYnhY0swUczeisgQK0yMDahkQ/AWX14mzbOa59a8u/NK/TqPowhHcAxV8OAC6nALPjSAwAM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fePCOZA==</latexit><latexit sha1_base64="PBMYZY863y2C1CVaAqo/DsdsCTQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoRil48rmA/oF1KNs22sdlkSbJiWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlZp+tX31dNorV9yaOwNaJl5OKpDD75W/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZ7NoJOrFKH0VS2RIGzdTfExmOtR7Hoe2MsRnqRW8q/ud1UhNdBhkTSWqoIPNFUcqRkWj6OuozRYnhY0swUczeisgQK0yMDahkQ/AWX14mzbOa59a8u/NK/TqPowhHcAxV8OAC6nALPjSAwAM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fePCOZA==</latexit>

“The probability that a discrete random variable X takes on 
the value x.”

f(X = x)
<latexit sha1_base64="FJdYlQMNtsqs4a0DXMnTTHMB6aE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoRil48VrDbQruUbJptY7PJkmTFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+ga9lqghtEsmlaodYU84EbRpmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlfyo2r56Ou2VK27NnQEtEy8nFcjR6JW/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZ7NoJOrFKH0VS2RIGzdTfExmOtR7Hoe2MsRnqRW8q/ud1UhNdBhkTSWqoIPNFUcqRkWj6OuozRYnhY0swUczeisgQK0yMDahkQ/AWX14m/lnNc2ve3Xmlfp3HUYQjOIYqeHABdbiFBjSBwAM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmraOeg==</latexit><latexit sha1_base64="FJdYlQMNtsqs4a0DXMnTTHMB6aE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoRil48VrDbQruUbJptY7PJkmTFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+ga9lqghtEsmlaodYU84EbRpmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlfyo2r56Ou2VK27NnQEtEy8nFcjR6JW/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZ7NoJOrFKH0VS2RIGzdTfExmOtR7Hoe2MsRnqRW8q/ud1UhNdBhkTSWqoIPNFUcqRkWj6OuozRYnhY0swUczeisgQK0yMDahkQ/AWX14m/lnNc2ve3Xmlfp3HUYQjOIYqeHABdbiFBjSBwAM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmraOeg==</latexit><latexit sha1_base64="FJdYlQMNtsqs4a0DXMnTTHMB6aE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoRil48VrDbQruUbJptY7PJkmTFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+ga9lqghtEsmlaodYU84EbRpmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlfyo2r56Ou2VK27NnQEtEy8nFcjR6JW/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZ7NoJOrFKH0VS2RIGzdTfExmOtR7Hoe2MsRnqRW8q/ud1UhNdBhkTSWqoIPNFUcqRkWj6OuozRYnhY0swUczeisgQK0yMDahkQ/AWX14m/lnNc2ve3Xmlfp3HUYQjOIYqeHABdbiFBjSBwAM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmraOeg==</latexit><latexit sha1_base64="FJdYlQMNtsqs4a0DXMnTTHMB6aE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoRil48VrDbQruUbJptY7PJkmTFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+ga9lqghtEsmlaodYU84EbRpmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlfyo2r56Ou2VK27NnQEtEy8nFcjR6JW/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZ7NoJOrFKH0VS2RIGzdTfExmOtR7Hoe2MsRnqRW8q/ud1UhNdBhkTSWqoIPNFUcqRkWj6OuozRYnhY0swUczeisgQK0yMDahkQ/AWX14m/lnNc2ve3Xmlfp3HUYQjOIYqeHABdbiFBjSBwAM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmraOeg==</latexit>

“The derivative of the probability that a continuous random 
variable X takes at the value x.”



PDFs	-	f(X	=	x)		vs.		PMFs	-	P(X	=	x)

P (X = x)
<latexit sha1_base64="PBMYZY863y2C1CVaAqo/DsdsCTQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoRil48rmA/oF1KNs22sdlkSbJiWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlZp+tX31dNorV9yaOwNaJl5OKpDD75W/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZ7NoJOrFKH0VS2RIGzdTfExmOtR7Hoe2MsRnqRW8q/ud1UhNdBhkTSWqoIPNFUcqRkWj6OuozRYnhY0swUczeisgQK0yMDahkQ/AWX14mzbOa59a8u/NK/TqPowhHcAxV8OAC6nALPjSAwAM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fePCOZA==</latexit><latexit sha1_base64="PBMYZY863y2C1CVaAqo/DsdsCTQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoRil48rmA/oF1KNs22sdlkSbJiWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlZp+tX31dNorV9yaOwNaJl5OKpDD75W/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZ7NoJOrFKH0VS2RIGzdTfExmOtR7Hoe2MsRnqRW8q/ud1UhNdBhkTSWqoIPNFUcqRkWj6OuozRYnhY0swUczeisgQK0yMDahkQ/AWX14mzbOa59a8u/NK/TqPowhHcAxV8OAC6nALPjSAwAM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fePCOZA==</latexit><latexit sha1_base64="PBMYZY863y2C1CVaAqo/DsdsCTQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoRil48rmA/oF1KNs22sdlkSbJiWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlZp+tX31dNorV9yaOwNaJl5OKpDD75W/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZ7NoJOrFKH0VS2RIGzdTfExmOtR7Hoe2MsRnqRW8q/ud1UhNdBhkTSWqoIPNFUcqRkWj6OuozRYnhY0swUczeisgQK0yMDahkQ/AWX14mzbOa59a8u/NK/TqPowhHcAxV8OAC6nALPjSAwAM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fePCOZA==</latexit><latexit sha1_base64="PBMYZY863y2C1CVaAqo/DsdsCTQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoRil48rmA/oF1KNs22sdlkSbJiWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlZp+tX31dNorV9yaOwNaJl5OKpDD75W/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZ7NoJOrFKH0VS2RIGzdTfExmOtR7Hoe2MsRnqRW8q/ud1UhNdBhkTSWqoIPNFUcqRkWj6OuozRYnhY0swUczeisgQK0yMDahkQ/AWX14mzbOa59a8u/NK/TqPowhHcAxV8OAC6nALPjSAwAM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fePCOZA==</latexit>

“The probability that a discrete random variable X takes on 
the value x.”

f(X = x)
<latexit sha1_base64="FJdYlQMNtsqs4a0DXMnTTHMB6aE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoRil48VrDbQruUbJptY7PJkmTFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+ga9lqghtEsmlaodYU84EbRpmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlfyo2r56Ou2VK27NnQEtEy8nFcjR6JW/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZ7NoJOrFKH0VS2RIGzdTfExmOtR7Hoe2MsRnqRW8q/ud1UhNdBhkTSWqoIPNFUcqRkWj6OuozRYnhY0swUczeisgQK0yMDahkQ/AWX14m/lnNc2ve3Xmlfp3HUYQjOIYqeHABdbiFBjSBwAM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmraOeg==</latexit><latexit sha1_base64="FJdYlQMNtsqs4a0DXMnTTHMB6aE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoRil48VrDbQruUbJptY7PJkmTFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+ga9lqghtEsmlaodYU84EbRpmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlfyo2r56Ou2VK27NnQEtEy8nFcjR6JW/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZ7NoJOrFKH0VS2RIGzdTfExmOtR7Hoe2MsRnqRW8q/ud1UhNdBhkTSWqoIPNFUcqRkWj6OuozRYnhY0swUczeisgQK0yMDahkQ/AWX14m/lnNc2ve3Xmlfp3HUYQjOIYqeHABdbiFBjSBwAM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmraOeg==</latexit><latexit sha1_base64="FJdYlQMNtsqs4a0DXMnTTHMB6aE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoRil48VrDbQruUbJptY7PJkmTFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+ga9lqghtEsmlaodYU84EbRpmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlfyo2r56Ou2VK27NnQEtEy8nFcjR6JW/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZ7NoJOrFKH0VS2RIGzdTfExmOtR7Hoe2MsRnqRW8q/ud1UhNdBhkTSWqoIPNFUcqRkWj6OuozRYnhY0swUczeisgQK0yMDahkQ/AWX14m/lnNc2ve3Xmlfp3HUYQjOIYqeHABdbiFBjSBwAM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmraOeg==</latexit><latexit sha1_base64="FJdYlQMNtsqs4a0DXMnTTHMB6aE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquCHoRil48VrDbQruUbJptY7PJkmTFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+ga9lqghtEsmlaodYU84EbRpmOG0niuI45LQVjm6mfuuRKs2kuDfjhAYxHggWMYKNlfyo2r56Ou2VK27NnQEtEy8nFcjR6JW/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZ7NoJOrFKH0VS2RIGzdTfExmOtR7Hoe2MsRnqRW8q/ud1UhNdBhkTSWqoIPNFUcqRkWj6OuozRYnhY0swUczeisgQK0yMDahkQ/AWX14m/lnNc2ve3Xmlfp3HUYQjOIYqeHABdbiFBjSBwAM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fmraOeg==</latexit>

“The derivative of the probability that a continuous random 
variable X takes at the value x.”

They are both measures of how likely X is to take on the value x. 

What do you get if you integrate over 
a probability density function? A probability!

Piech & Cain, CS109, Stanford University



A cumulative density function (CDF) is a “closed-form” 
equation for the probability that a continuous random 
variable is less than a given value.

F (x) = P (X < x) =

xZ

y=�1

f(y) dy

Cumulative	Density	Functions

P (X < x) =

xZ

y=�1

f(y) dy

=

xZ

y=0

�e��y dy

=
�

�

h
� e��y

ix
0

= [�e��x]� [�e�0]

= 1� e��x
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For random variables that 

have cumulative density 

functions, we can avoid 

integrals!
For random variables that 

have cumulative density 

functions, we can avoid 

integrals!
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f(x) = �e��xProbability 
Density 

Function

Example:	X	~	Exp(l = 1)	

=

2Z

x=�1

f(x) dx

P(X < 2)

x

Piech & Cain, CS109, Stanford University



F (x) = 1� e��x

f(x) = �e��x

or

= F (2) = 1� e�2

⇡ 0.84

Probability 
Density 

Function

Cumulative 
Density 

Function
FX(x) = P (X < x)

=

xZ

y=�1

f(y) dy

Example:	X	~	Exp(l = 1)	
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f(x) dx

P(X < 2)

x
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x
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F (x) = 1� e��x

f(x) = �e��x

or

= F (2)� F (1)=(1� e�2)

� (1� e�1)

⇡ 0.23

Probability 
Density 

Function

Cumulative 
Density 

Function
FX(x) = P (X < x)

=

xZ

y=�1

f(y) dy

Example:	X	~	Exp(l = 1)	

=

2Z

x=1

f(x) dx

P(1 < X < 2)

x

x
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Based on historical data, major earthquakes (with magnitude 8.0+) happen 
at a rate of 0.002 per year*.
What is the probability of a major earthquake in the next 30 years?

Let Y be years until the next earthquake of magnitude 8.0+.

*In California, according to the USGS, 2015

How	Long	Until	the	Next	Big	Earthquake?

Exponential CDF:

Piech & Cain, CS109, Stanford University

fY (y) = �e��y

= 0.002e0.002y

P (Y < 30) =

30Z

0

0.002e�0.002y dy

= 0.002
h
� 500e�0.002y

i30
0

=
500

500
(�e�0.06 + e0)

Exponential PDF:



End Review



The most famous continuous random variable



Normal	(Gaussian)	Random	Variable

Support:
−∞,∞ 𝑋~𝒩(𝜇, 𝜎!)

mean
variance
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Normal	(Gaussian)	Random	Variable

PDF:

𝑋~𝒩(𝜇, 𝜎!)
mean

variance

Support:
−∞,∞
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Normal	(Gaussian)	Random	Variable

PDF:

𝑋~𝒩(𝜇, 𝜎!)
mean

variance

Support:
−∞,∞
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Anatomy	of	a	The	Normal	PDF
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a constant:
makes the integral 
over all possible 

outcomes sum to 1

Anatomy	of	a	The	Normal	PDF
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distance to the mean 
(makes the PDF symmetric 

around the mean)

Anatomy	of	a	The	Normal	PDF

a constant:
makes the integral 
over all possible 

outcomes sum to 1
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distance to the mean 
(makes the PDF symmetric 

around the mean)

…normalized by 
the variance

Anatomy	of	a	The	Normal	PDF

a constant:
makes the integral 
over all possible 

outcomes sum to 1

Piech & Cain, CS109, Stanford University



Carl	Friedrich	Gauss	(1777-1855)	

• German mathematician

• Sort-of invented the normal 
distribution

• Also astronomer, geologist, physicist

• Super influential in a lot of fields
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Carl	Friedrich	Gauss	(1777-1855)	

• German mathematician

• Sort-of invented the normal 
distribution

• Also astronomer, geologist, physicist

• Super influential in a lot of fields
Looks like 

Robin Williams

Piech & Cain, CS109, Stanford University



Why	the	Normal?
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Why	the	Normal?
• Common for natural phenomena: human height, weight, shoe sizes, etc.

(random example from 
Kelly’s research)
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• A lot of noise in the world is Normal
• E.g. random errors in measurements, residuals in linear regression
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Why	the	Normal?
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• A lot of noise in the world is Normal
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• The sum of many random variables often looks Normal (spoilers)
• Sample means are distributed normally – important for statistics
• Even things that aren’t Normal might fit a normal-related distribution
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Why	the	Normal?

People also just assume things are normally distributed a lot. 

• They can do this in part because the Normal is so common
• But there’s a deeper reason to it…

• Common for natural phenomena: human height, weight, shoe sizes, etc.
• A lot of noise in the world is Normal
• E.g. random errors in measurements, residuals in linear regression

• The sum of many random variables often looks Normal (spoilers)
• Sample means are distributed normally – important for statistics
• Even things that aren’t Normal might fit a normal-related distribution

Piech & Cain, CS109, Stanford University



“The simplest explanation is usually the best one”
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When	We	Fit	Models	To	Data,	We	Try	To	Keep	It	Simple
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Value

Li
ke
lih
oo
d

This curve fits the data well, but does it really represent the distribution?
Or is it “overfit”, so that the curve captures too much of the noise?

When	We	Fit	Models	To	Data,	We	Try	To	Keep	It	Simple
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Value
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This curve fits the data about as well, but appears to overfit less.
We could say that this simpler distribution makes fewer assumptions.

The formal concept for this idea is entropy

When	We	Fit	Models	To	Data,	We	Try	To	Keep	It	Simple

μ

σ2
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Value
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This curve fits the data about as well, but appears to overfit less.
We could say that this simpler distribution makes fewer assumptions.

The formal concept for this idea is entropy

When	We	Fit	Models	To	Data,	We	Try	To	Keep	It	Simple

μ

σ2

The Normal distribution is the simplest distribution, 
that makes the fewest assumptions (has maximum 

entropy), for a given mean and variance.

Piech & Cain, CS109, Stanford University



Let’s	Try	It	Out:	Cybertruck	Manufacturing
Your team is tasked with producing the side 
panels for cybertrucks. Elon Musk requires all 
panels to be built ”accurate within 10 microns”. 
You check how precise your manufacturing is, 
and find these stats:
• Average panel thickness: 𝜇 = 500 microns
• Variance of thickness: 𝜎! = 36 microns2

What fraction of the panels you manufacture will meet Elon’s standards?
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There is no closed form for the integral of this PDF



There is no closed form for the integral of this PDF

So no CDF???



The	Standard	Normal: Z ⇠ N(µ = 0,�2 = 1)
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The	Standard	Normal: Z ⇠ N(µ = 0,�2 = 1)
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F (x) = �(x)
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For the Standard Normal, 
we have a CDF!



What	Does	The	Phi	Function	Look	Like?	Oh
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F(0.54) = 0.7054

What	Does	The	Phi	Function	Look	Like?	Oh

Piech & Cain, CS109, Stanford University



The	Standard	Normal: Z ⇠ N(µ = 0,�2 = 1)
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σ
F (x) = �(x)
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For the Standard Normal, 
we have a CDF!

A function that has been 
solved for us numerically

Our probability ancestors did the work of solving for the CDF of the standard normal.

How do we use this for any normal distribution?
Piech & Cain, CS109, Stanford University



Let X ⇠ N (µ,�2) Y = aX + b
is also Normal.

Fun	Fact:	The	Linear	Transform	of	a	Normal	Is…Normal

Piech & Cain, CS109, Stanford University



Let X ⇠ N (µ,�2) Y = aX + b
is also Normal.

Fun	Fact:	The	Linear	Transform	of	a	Normal	Is…Normal

What would the mean and variance of Y be?
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Let X ⇠ N (µ,�2) Y = aX + b
is also Normal.

E[Y ] = E[aX + b]

= aE[X] + b

= aµ+ b

Fun	Fact:	The	Linear	Transform	of	a	Normal	Is…Normal

What would the mean and variance of Y be?

Linearity property of expectation!

Piech & Cain, CS109, Stanford University



Let X ⇠ N (µ,�2) Y = aX + b
is also Normal.

E[Y ] = E[aX + b]

= aE[X] + b

= aµ+ b

V ar(Y ) = V ar(aX + b)

= a2V ar(X)

= a2�2

Fun	Fact:	The	Linear	Transform	of	a	Normal	Is…Normal

What would the mean and variance of Y be?
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Let X ⇠ N (µ,�2) Y = aX + b
is also Normal.

E[Y ] = E[aX + b]

= aE[X] + b

= aµ+ b

V ar(Y ) = V ar(aX + b)

= a2V ar(X)

= a2�2

Y ⇠ N (aµ+ b, a2�2)

Fun	Fact:	The	Linear	Transform	of	a	Normal	Is…Normal

What would the mean and variance of Y be?

Piech & Cain, CS109, Stanford University



Y ⇠ N (aµ+ b, a2�2)Let X ⇠ N (µ,�2) Y = aX + b
is also Normal

Let’s	Linear-Transform	X	into	Z,	The	Standard	Normal

What linear transform of X would get us to Z?
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Y ⇠ N (aµ+ b, a2�2)Let X ⇠ N (µ,�2) Y = aX + b
is also Normal

Let’s	Linear-Transform	X	into	Z,	The	Standard	Normal

What linear transform of X would get us to Z?

Z =
X � µ

�
=

1

�
X � µ

�
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Y ⇠ N (aµ+ b, a2�2)Let X ⇠ N (µ,�2) Y = aX + b
is also Normal

Let’s	Linear-Transform	X	into	Z,	The	Standard	Normal

What linear transform of X would get us to Z?

Z =
X � µ

�
=

1

�
X � µ

�
a =

1

�
b = �µ

�
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Y ⇠ N (aµ+ b, a2�2)Let X ⇠ N (µ,�2) Y = aX + b
is also Normal

Let’s	Linear-Transform	X	into	Z,	The	Standard	Normal

What linear transform of X would get us to Z?

Z =
X � µ

�
=

1

�
X � µ

�
a =

1

�
b = �µ

�

Z ⇠ N (aµ+ b, a2�2)

⇠ N (
µ

�
� µ

�
,
�2

�2
)

⇠ N (0, 1)

If we plug in these values 
for a and b, we get the 

standard normal:
Piech & Cain, CS109, Stanford University



Y ⇠ N (aµ+ b, a2�2)Let X ⇠ N (µ,�2) Y = aX + b
is also Normal

Let’s	Linear-Transform	X	into	Z,	The	Standard	Normal

What linear transform of X would get us to Z?

Z =
X � µ

�
=

1

�
X � µ

�
a =

1

�
b = �µ

�

Z ⇠ N (aµ+ b, a2�2)

⇠ N (
µ

�
� µ

�
,
�2

�2
)

⇠ N (0, 1)

If we plug in these values 
for a and b, we get the 

standard normal:
Z =

X � µ

�
=

1

�
X � µ

�

Piech & Cain, CS109, Stanford University



Let X ⇠ N (µ,�2) . Use the fact that                              to compute the CDF for X.

How	Do	We	Use	This?

Z =
X � µ

�
=

1

�
X � µ

�

FX(x) = P (X  x)

= P (X � µ  x� µ)

= P

✓
X � µ

�
 x� µ

�

◆

= P

✓
Z  x� µ

�

◆

= �

✓
x� µ

�

◆
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Let X ⇠ N (µ,�2) . Use the fact that                              to compute the CDF for X.

How	Do	We	Use	This?

Z =
X � µ

�
=

1

�
X � µ

�

FX(x) = P (X  x)

= P (X � µ  x� µ)

= P

✓
X � µ

�
 x� µ

�

◆

= P

✓
Z  x� µ

�

◆
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✓
x� µ

�

◆

FX(x) = P (X  x)

= P (X � µ  x� µ)

= P

✓
X � µ

�
 x� µ

�

◆

= P

✓
Z  x� µ

�

◆

= �

✓
x� µ

�

◆

FX(x) = P (X  x)

= P (X � µ  x� µ)

= P

✓
X � µ

�
 x� µ

�

◆

= P

✓
Z  x� µ

�

◆

= �

✓
x� µ

�

◆

Apply linear transform 
to both sides
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Let X ⇠ N (µ,�2) . Use the fact that                              to compute the CDF for X.

How	Do	We	Use	This?

Z =
X � µ

�
=

1

�
X � µ

�

FX(x) = P (X  x)

= P (X � µ  x� µ)

= P

✓
X � µ

�
 x� µ

�

◆

= P

✓
Z  x� µ

�

◆

= �

✓
x� µ

�

◆

FX(x) = P (X  x)

= P (X � µ  x� µ)

= P

✓
X � µ
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◆

= P
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Z  x� µ
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x� µ
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FX(x) = P (X  x)

= P (X � µ  x� µ)

= P
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X � µ
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= P
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◆

FX(x) = P (X  x)

= P (X � µ  x� µ)

= P

✓
X � µ

�
 x� µ

�

◆

= P

✓
Z  x� µ

�

◆

= �

✓
x� µ

�

◆

Apply linear transform 
to both sides

Recognize that left-
hand side is Z
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Let X ⇠ N (µ,�2) . Use the fact that                              to compute the CDF for X.

How	Do	We	Use	This?

Z =
X � µ

�
=

1

�
X � µ

�

FX(x) = P (X  x)

= P (X � µ  x� µ)

= P

✓
X � µ

�
 x� µ

�

◆

= P

✓
Z  x� µ

�

◆

= �

✓
x� µ
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FX(x) = P (X  x)
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= P
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FX(x) = P (X  x)

= P (X � µ  x� µ)
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X � µ

�
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◆

= P
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�

◆

= �
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x� µ
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◆

FX(x) = P (X  x)

= P (X � µ  x� µ)
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�
 x� µ

�

◆

= P
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�
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= �
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x� µ

�

◆

Apply linear transform 
to both sides

Recognize that left-
hand side is Z

Recognize that the whole 
expression is the CDF
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F (x) = �

✓
x� µ

�

◆
The cumulative density function of any normal,                              :

General	CDF	For	Any	Normal	Random	Variable

To calculate P(X < x), for any normally distributed X,
we transform X to the standard normal, Z, and then use phi.

Let X ⇠ N (µ,�2)

Piech & Cain, CS109, Stanford University



F (x) = �

✓
x� µ

�

◆

General	CDF	For	Any	Normal	Random	Variable

To calculate P(X < x), for any normally distributed X,
we transform X to the standard normal, Z, and then use phi.

not variance!

The cumulative density function of any normal,                              :Let X ⇠ N (µ,�2)
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Do	We	Have	To	Use	The	Table??
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Do	We	Have	To	Use	The	Table??



We	Are	Computer	Scientists!

from scipy import stats

stats.norm.cdf(x, mean, std)

Every modern programming language has phi stored in a library:

= P (X < x) where X ⇠ N (µ,�2)
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We	Are	Computer	Scientists!

from scipy import stats

stats.norm.cdf(x, mean, std)

Every modern programming language has phi stored in a library:

= P (X < x) where X ⇠ N (µ,�2)

not variance!!!
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We	Are	Computer	Scientists!

from scipy import stats

stats.norm.cdf(x, mean, std)

Every modern programming language has phi stored in a library:

= P (X < x) where X ⇠ N (µ,�2)

not variance!!!

The course reader also has a calculator:

Piech & Cain, CS109, Stanford University



Fun	Ways	To	Use	Phi

dc

P (c < Z < d) = �(d)� �(c)
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P (c < Z < d) = �(d)� �(c)
<latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit><latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit><latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit><latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit>

P (c < Z < d) = �(d)� �(c)
<latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit><latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit><latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit><latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit>
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Fun	Ways	To	Use	Phi

dc

P (c < Z < d) = �(d)� �(c)
<latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit><latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit><latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit><latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit>

P (c < Z < d) = �(d)� �(c)
<latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit><latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit><latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit><latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit>

P (c < Z < d) = �(d)� �(c)
<latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit><latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit><latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit><latexit sha1_base64="Tbl9UfpO6cgEPgGLCXFT2TbySL0=">AAACCXicbZC7SgNBFIbPxluMt1VLm8EgJIVhVwRTKARsLCOYCyZLmJ2dJENmZ5eZWSEsaW18FRsLRWx9AzvfxkmyhSb+cODjP+cwc34/5kxpx/m2ciura+sb+c3C1vbO7p69f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6nvZbD1QqFok7PY6pF+KBYH1GsDZWz0b1EkGX6N5UUEZXqBsPWcnQ6ZxIuWcXnYozE1oGN4MiZKr37K9uEJEkpEITjpXquE6svRRLzQink0I3UTTGZIQHtGNQ4JAqL51dMkEnxglQP5KmhEYz9/dGikOlxqFvJkOsh2qxNzX/63US3a96KRNxoqkg84f6CUc6QtNYUMAkJZqPDWAimfkrIkMsMdEmvIIJwV08eRmaZxXXqbi358VaNYsjD0dwDCVw4QJqcAN1aACBR3iGV3iznqwX6936mI/mrGznEP7I+vwBKDeWKA==</latexit>
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Practice:	Cybertruck	Manufacturing
Your team is tasked with producing the side 
panels for cybertrucks. Elon Musk requires all 
panels to be built ”accurate within 10 microns”. 
You check how precise your manufacturing is, 
and find these stats:
• Average panel thickness: 𝜇 = 500 microns
• Variance of thickness: 𝜎! = 36 microns2

𝑋~𝒩(𝜇 = 500, 𝜎! = 36)

𝑃 490 ≤ 𝑋 ≤ 510 = 5
"#$

%&$
𝑓(𝑋 = 𝑥)𝑑𝑥

What fraction of the panels you manufacture will meet Elon’s standards?
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Now using the CDF!

If 𝑋~𝒩 𝜇, 𝜎! , 𝐹(𝑥) = Φ "#$
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Practice:	Cybertruck	Manufacturing
Your team is tasked with producing the side 
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panels to be built ”accurate within 10 microns”. 
You check how precise your manufacturing is, 
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• Variance of thickness: 𝜎! = 36 microns2

𝑋~𝒩(𝜇 = 500, 𝜎! = 36)

𝑃 490 ≤ 𝑋 ≤ 510 = 𝑃 𝑋 < 510 − 𝑃 𝑋 < 490 = Φ
510 − 500

6
− Φ

490 − 500
6

What fraction of the panels you manufacture will meet Elon’s standards?

= Φ !
"
− 1	 − Φ !

"
= 2	 Φ !

"
	−1

Now using the CDF!

subtract mean, divide by std. dev.
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Get your Gaussian On
Let 𝑋~𝒩 𝜇 = 3, 𝜎! = 16 . Std deviation 𝜎 = 4.
1.  𝑃 𝑋 > 0

77

• If 𝑋~𝒩 𝜇, 𝜎! , then 
𝐹 𝑥 = Φ "#$

%
• Symmetry of the PDF of 

Normal RV implies  
Φ −𝑧 = 1 −Φ 𝑧

Piech & Cain, CS109, Stanford University



Get your Gaussian On
Let 𝑋~𝒩 𝜇 = 3, 𝜎! = 16 .
Note standard deviation 𝜎 = 4.
How would you write each of the below
probabilities as a function of the
standard normal CDF, Φ?

1.  𝑃 𝑋 > 0 	(we just did this)
2.  𝑃 2 < 𝑋 < 5
3.  𝑃 𝑋 − 3 > 6

• If 𝑋~𝒩 𝜇, 𝜎! , then 
𝐹 𝑥 = Φ "#$

%
• Symmetry of the PDF of 

Normal RV implies  
Φ −𝑧 = 1 −Φ 𝑧

Piech & Cain, CS109, Stanford University
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Let 𝑋~𝒩 𝜇 = 3, 𝜎! = 16 . Std deviation 𝜎 = 4.
1.  𝑃 𝑋 > 0
2.  𝑃 2 < 𝑋 < 5

79

• If 𝑋~𝒩 𝜇, 𝜎! , then 
𝐹 𝑥 = Φ "#$

%
• Symmetry of the PDF of 

Normal RV implies  
Φ −𝑧 = 1 −Φ 𝑧
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Get your Gaussian On
Let 𝑋~𝒩 𝜇 = 3, 𝜎! = 16 . Std deviation 𝜎 = 4.
1.  𝑃 𝑋 > 0
2.  𝑃 2 < 𝑋 < 5
3.  𝑃 𝑋 − 3 > 6

Compute 𝑧 = )'*
+

• If 𝑋~𝒩 𝜇, 𝜎! , then 
𝐹 𝑥 = Φ "#$

%
• Symmetry of the PDF of 

Normal RV implies  
Φ −𝑥 = 1 −Φ 𝑥

𝑃 𝑋 < −3 + 𝑃 𝑋 > 9

= 𝐹 −3 + 1 − 𝐹 9

= Φ
−3 − 3
4

+ 1 − Φ
9 − 3
4

Look up Φ(z) in table
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Get your Gaussian On
Let 𝑋~𝒩 𝜇 = 3, 𝜎! = 16 . Std deviation 𝜎 = 4.
1.  𝑃 𝑋 > 0
2.  𝑃 2 < 𝑋 < 5
3.  𝑃 𝑋 − 3 > 6

Compute z = )'*
+

Look up Φ(z) in table

𝑃 𝑋 < −3 + 𝑃 𝑋 > 9

= 𝐹 −3 + 1 − 𝐹 9

= Φ
−3 − 3
4

+ 1 − Φ
9 − 3
4

= Φ −
3
2
+ 1	 − Φ

3
2

= 2 1	 − Φ
3
2

≈ 0.1337

• If 𝑋~𝒩 𝜇, 𝜎! , then 
𝐹 𝑥 = Φ "#$

%
• Symmetry of the PDF of 

Normal RV implies  
Φ −𝑥 = 1 −Φ 𝑥
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The Normal can also approximate the Binomial



0

0.05

0.1

0.15

0.2

0.25

1 2 3 4 5 6 7 8 9 10

Bin(100, 0.03)

Poi(3)

P(
X

 =
 k

)

k

Poisson	Approximates	Binomial,	With	Extreme	n	and	p
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Normal	Approximates	Binomial,	With	Moderate	p

The shapes are the same!

Just set the normal’s 𝜇, 𝜎! to be the mean and variance of the binomial.
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Two	Ways	To	Approximate	The	Binomial

𝑋~Bin 𝑛, 𝑝
𝐸 𝑋 = 𝑛𝑝

Var 𝑋 = 𝑛𝑝(1 − 𝑝)

𝑌~𝒩 𝜇, 𝜎*
𝜇 = 𝑛𝑝

𝜎! = 𝑛𝑝(1 − 𝑝)

𝑌~Poi(𝜆)
𝜆 = 𝑛𝑝

Poisson approximation for big n, small p.
Normal approximation for big n, medium p.
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A new website design is tested out on 100 users.

§ Let X be the number of users whose time on 
the site increases with the new design.

§ The CEO will endorse the new design if X ≥ 65.

Website	Testing

What is P(CEO endorses change| it has no effect)?
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A new website design is tested out on 100 users.

§ Let X be the number of users whose time on 
the site increases with the new design.

§ The CEO will endorse the new design if X ≥ 65.

P (X � 65) =
100X

i=65

✓
100

i

◆
(0.5)i(1� 0.5)100�i

Website	Testing

X ~ Bin(n = 100, p = 0.5)Without approximation:

What is P(CEO endorses change| it has no effect)?
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A new website design is tested out on 100 users.

§ Let X be the number of users whose time on 
the site increases with the new design.

§ The CEO will endorse the new design if X ≥ 65.

Website	Testing

X ~ Bin(n = 100, p = 0.5)Without approximation:

What is P(CEO endorses change| it has no effect)?
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A new website design is tested out on 100 users.

§ Let X be the number of users whose time on 
the site increases with the new design.

§ The CEO will endorse the new design if X ≥ 65.

Website	Testing

With approximation:

What is P(CEO endorses change| it has no effect)?

𝑌~𝒩 𝜇, 𝜎!
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A new website design is tested out on 100 users.

§ Let X be the number of users whose time on 
the site increases with the new design.

§ The CEO will endorse the new design if X ≥ 65.

Website	Testing

With approximation:

What is P(CEO endorses change| it has no effect)?

𝑌~𝒩 𝜇, 𝜎!
𝜇 = 𝑛𝑝 = 50 
𝜎! = 𝑛𝑝 1 − 𝑝 = 25 
𝜎 = 25 = 5 
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A new website design is tested out on 100 users.

§ Let X be the number of users whose time on 
the site increases with the new design.

§ The CEO will endorse the new design if X ≥ 65.

Website	Testing

With approximation:

What is P(CEO endorses change| it has no effect)?

𝑌~𝒩 𝜇, 𝜎!
𝜇 = 𝑛𝑝 = 50 
𝜎! = 𝑛𝑝 1 − 𝑝 = 25 
𝜎 = 25 = 5 

𝑃 𝑋 ≥ 65 ≈ 𝑃 𝑌 ≥ 65 = 1 − 𝐹,(65)
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A new website design is tested out on 100 users.

§ Let X be the number of users whose time on 
the site increases with the new design.

§ The CEO will endorse the new design if X ≥ 65.

Website	Testing

With approximation:

What is P(CEO endorses change| it has no effect)?

𝑌~𝒩 𝜇, 𝜎!
𝜇 = 𝑛𝑝 = 50 
𝜎! = 𝑛𝑝 1 − 𝑝 = 25 
𝜎 = 25 = 5 

𝑃 𝑋 ≥ 65 ≈ 𝑃 𝑌 ≥ 65 = 1 − 𝐹,(65)

= 1 − Φ -%'%$
%

= 1 −Φ 3 ≈ 0.0013? 🤨
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Website	Testing,	With	Continuity	Correction

64 65 66               

𝑃 𝑋 ≥ 65

≈ 𝑃 𝑌 ≥ 64.5

≈ 0.0018 ✅ the better
Approach 2

Binomial

Normal

We have to continuity correct when we 
approximate a Binomial using a Normal.

𝑌~𝒩 50, 25 	approximates	𝑋~Bin 100,0.5 , but	P(𝑋 ≥ 65) ≠ P(Y ≥ 65)?
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Continuity	Correction	Practice
𝑌~𝒩 𝑛𝑝, 𝑛𝑝(1 − 𝑝)  approximates 𝑋~Bin 𝑛, 𝑝 . 
How do we approximate the following probabilities?

Discrete (e.g., Binomial) 
probability question

Continuous (Normal) 
probability question

𝑃 𝑋 = 6
𝑃 𝑋 ≥ 6
𝑃 𝑋 > 6
𝑃 𝑋 < 6
𝑃 𝑋 ≤ 6

…  5 6 7 …
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Continuity	Correction	Practice
𝑌~𝒩 𝑛𝑝, 𝑛𝑝(1 − 𝑝)  approximates 𝑋~Bin 𝑛, 𝑝 . 
How do we approximate the following probabilities?

Discrete (e.g., Binomial) 
probability question

Continuous (Normal) 
probability question

𝑃 𝑋 = 6
𝑃 𝑋 ≥ 6
𝑃 𝑋 > 6
𝑃 𝑋 < 6
𝑃 𝑋 ≤ 6

𝑃 5.5 ≤ 𝑌 ≤ 6.5
𝑃 𝑌 ≥ 5.5
𝑃 𝑌 ≥ 6.5
𝑃 𝑌 ≤ 5.5
𝑃 𝑌 ≤ 6.5

…  5 6 7 …
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Practice:	Stanford	Admissions
Stanford accepts 2480 students.
• Each admitted student independently matriculates with probability 0.68.
• Let 𝑋 be the number of students who will attend.

What is 𝑃 𝑋 > 1745 ? Give a numerical approximation.

Strategy: A. Just Binomial
B. Poisson
C. Normal
D. None/other
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Practice:	Stanford	Admissions
Stanford accepts 2480 students.
• Each admitted student independently matriculates with probability 0.68.
• Let 𝑋 be the number of students who will attend.

What is 𝑃 𝑋 > 1745 ? Give a numerical approximation.

Strategy: A. Just Binomial
B. Poisson
C. Normal
D. None/other
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Practice:	Stanford	Admissions
Stanford accepts 2480 students.
• Each admitted student independently matriculates with probability 0.68.
• Let 𝑋 be the number of students who will attend.

What is 𝑃 𝑋 > 1745 ? Give a numerical approximation.

X	~	𝒩 𝑛 = 2480, 𝑝 = 0.68

Step 1: define binomial, 
like you normally would

Piech & Cain, CS109, Stanford University



Practice:	Stanford	Admissions
Stanford accepts 2480 students.
• Each admitted student independently matriculates with probability 0.68.
• Let 𝑋 be the number of students who will attend.

What is 𝑃 𝑋 > 1745 ? Give a numerical approximation.

Let 𝑌~𝒩 𝐸 𝑋 , Var 𝑋X	~	𝒩 𝑛 = 2480, 𝑝 = 0.68

Step 2: define the normal 
that will approximate X

Step 1: define binomial, 
like you normally would
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Practice:	Stanford	Admissions
Stanford accepts 2480 students.
• Each admitted student independently matriculates with probability 0.68.
• Let 𝑋 be the number of students who will attend.

What is 𝑃 𝑋 > 1745 ? Give a numerical approximation.

𝐸 𝑋 = 𝑛𝑝 = 1686
 

Var 𝑋 = 𝑛𝑝 1 − 𝑝 ≈ 540 → 𝜎 = 23.3 

Let 𝑌~𝒩 𝐸 𝑋 , Var 𝑋X	~	𝒩 𝑛 = 2480, 𝑝 = 0.68

Step 3: find parameters 
for the normal

Piech & Cain, CS109, Stanford University



Practice:	Stanford	Admissions
Stanford accepts 2480 students.
• Each admitted student independently matriculates with probability 0.68.
• Let 𝑋 be the number of students who will attend.

What is 𝑃 𝑋 > 1745 ? Give a numerical approximation.

𝐸 𝑋 = 𝑛𝑝 = 1686
 

Var 𝑋 = 𝑛𝑝 1 − 𝑝 ≈ 540 → 𝜎 = 23.3 

Let 𝑌~𝒩 𝐸 𝑋 , Var 𝑋

𝑃 𝑋 > 1745 ≈ 𝑃 𝑌 ≥ 1745.5

X	~	𝒩 𝑛 = 2480, 𝑝 = 0.68

Step 4: figure out what 
probability you want, 

then continuity correct
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Practice:	Stanford	Admissions
Stanford accepts 2480 students.
• Each admitted student independently matriculates with probability 0.68.
• Let 𝑋 be the number of students who will attend.

What is 𝑃 𝑋 > 1745 ? Give a numerical approximation.

𝐸 𝑋 = 𝑛𝑝 = 1686
 

Var 𝑋 = 𝑛𝑝 1 − 𝑝 ≈ 540 → 𝜎 = 23.3 

Let 𝑌~𝒩 𝐸 𝑋 , Var 𝑋

𝑃 𝑋 > 1745 ≈ 𝑃 𝑌 ≥ 1745.5

𝑃 𝑌 ≥ 1745.5 = 1 − 𝐹 1745.5 = 1 − Φ
1745.5 − 1686

23.3
= 1 − Φ 2.54 ≈ 0.0055

X	~	𝒩 𝑛 = 2480, 𝑝 = 0.68

Step 5: solve!
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Challenge Problem





How	Many	Servers	Is	Enough?
At the busiest minute of the shopping rush, your website receives R pings:  R ~ 
N(10^6, 

To anticipate the rush, you plan to buy N servers. Each server can handle 
10,000 pings per minute, but if it receives any more, it will drop customers.
What is the smallest value of N such that P(drop) < 0.0001?

<latexit sha1_base64="WNG0TXVmefhcOTRu1U0s6ueHYMw=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoICWRUl1YKLhxJVXsA5pYJtNJO3QmCTMToYSu3fgrblwo4tYvcOffOGmz0OqBC2fOuZe593gRo1JZ1peRW1hcWl7JrxbW1jc2t8ztnZYMY4FJE4csFB0PScJoQJqKKkY6kSCIe4y0vdFF6rfviZA0DG7VOCIuR4OA+hQjpaWeuX8DHUk5vCo5PK7Z1l31OBUGHMEa1M/KUc8sWmVrCviX2BkpggyNnvnp9EMccxIozJCUXduKlJsgoShmZFJwYkkihEdoQLqaBogT6SbTUybwUCt96IdCV6DgVP05kSAu5Zh7upMjNZTzXir+53Vj5Z+5CQ2iWJEAzz7yYwZVCNNcYJ8KghUba4KwoHpXiIdIIKx0egUdgj1/8l/SOinb1XLlulKsn2dx5MEeOAAlYINTUAeXoAGaAIMH8ARewKvxaDwbb8b7rDVnZDO74BeMj284SJdn</latexit>

R ⇠ N(µ = 106,� = 104)
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Ponder Before Wednesday!


