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Overview

• SimPPL is online and final
• This week we’ll be going over it in detail
• Today:

1. Language design
2. Formal SimPPL syntax
3. Formal SimPPL semantics
4. Modeling with SimPPL
5. Comparing languages
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The Need for Modeling Languages

• Suppose you are a doctor and you know about the 
relationship between symptoms and diseases

• We want to be able to query: what is the 
probability that the patient has the flu given that 
they are coughing?
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• There is a 1% chance the average person has a cold, 1% 
chance of cough, 4% chance of a temperature, 3% chance of 
runny nose

• If you have a cold:
• 10% of the time you have a temperature
• 50% of the time you cough
• 70% of the time you have a runny nose



The Need for Modeling Languages

• The doctor could write down a joint probability table…

• … but this is not a convenient representation
• This is not the way that the doctor understands this 

information
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Cold? Fever? Temp? Runny 
nose?

Cough? Pr?

N N N N N 0.91266912

Y Y Y Y N …



What makes a good modeling 
language?
• By no means solved, but some things to consider:
• Expressive power: Is the language capable of concisely 

representing the relevant facts about the world?
• Conciseness: How big do programs need to be?
• Completeness: Can we write down any distribution we want?

• Accessibility and interpretability: is the language 
accessible to non-expert modelers? Can the model be 
interpreted by non-experts?
• Tractability for inference: Once a model is created, how 

efficiently can we perform inference?

• These are often in tension!
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Modeling with Programs
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cold ~ flip 0.01;
if cold {

cough ~ flip 0.5;
temp ~ flip 0.1;
runnyNose ~ flip 0.07

} else {
cough ~ flip 0.01;
temp ~ flip 0.04;
runnyNose ~ flip 0.03

};
observe cough;
return cold

Answer:
0.335570469799



SimPPL

• A minimal probabilistic programming language
• Only flip and Boolean values
• Imperative: has statements and expressions
• First-class observations: can condition at any point in the 

program
• Returns a distribution on a single Boolean value
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SimPPL Syntax
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SimPPL Syntax

• This is a valid SimPPL program
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cold ~ flip 0.01;
if cold {

cough ~ flip 0.5;
temp ~ flip 0.1;
runnyNose ~ flip 0.07

} else {
cough ~ flip 0.01;
temp ~ flip 0.04;
runnyNose ~ flip 0.03

};
observe cough;
return cold



SimPPL Parser
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SimPPL Semantics

• Defined in two parts

1. Expressions: these are like normal non-probabilistic 
programs

2. Statements: this is where probabilities come in
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SimPPL Expression Semantics
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• Environment 𝜌 ∈ 𝐸𝑛𝑣 maps variables to Boolean 
values
• Example: 𝜌 = {𝑋 = 𝑇, 𝑌 = 𝐹}
• Lookup: 𝜌 𝑋 = 𝑇

• The semantics of expressions have the form
<latexit sha1_base64="RQoA9nPKGs0FuITk3MeGS1qtgt4="></latexit>

JeK : Env ! {T, F}



SimPPL Expression Semantics
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• Map environments to unnormalized distributions on 
environments

• Interpret it as the unnormalized conditional probability 
of an output event given an input event

• This is where the probabilities show up

• Sample space: set of all possible environments 

SimPPL Statement Semantics
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<latexit sha1_base64="orR1Ku+Gu2Y1I+kH9q3lhu9zQHA="></latexit>

JsK : Env ! (Env ! [0, 1])



Assignment

• Syntax: x = e
• In ”normal” languages, updates the variable x to 

have the value denoted by e
• Here, we assign a distribution that gives probability 

1 to that case

CS7480 15

<latexit sha1_base64="fKuJBybyfLwSLM/WiCY6nVW3eCQ="></latexit>

Jx=eK(⇢)(⇢0) =
(
1 if ⇢0 = ⇢[x 7! JeK⇢]
0 otherwise

Initial

Final



Assignment

• Syntax: x = e
• In ”normal” languages, updates the variable x to 

have the value denoted by e
• Here, we assign a distribution that gives probability 

1 to that case
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<latexit sha1_base64="fKuJBybyfLwSLM/WiCY6nVW3eCQ="></latexit>

Jx=eK(⇢)(⇢0) =
(
1 if ⇢0 = ⇢[x 7! JeK⇢]
0 otherwise

Initial

Final

<latexit sha1_base64="cP+6A4c55HvBaJhfGUrGYWChRGE="></latexit>

Jx=eK(⇢0 | ⇢)

Could have used the probability
notation



Sample

• Syntax: x ~ flip 𝜃
• Semantics: assign a probability of 𝜃 to the 

environment where 𝑥 is true and 1 − 𝜃 if it is not 
true
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<latexit sha1_base64="U2jYVIpuqxrSemsUk4vReSmCOck="></latexit>

Jx ⇠ flip ✓K(⇢)(⇢0) =

8
><

>:

✓ if ⇢0 = ⇢[x 7! T ],

1� ✓ if ⇢0 = ⇢[x 7! F ]

0 otherwise.



Sequence

• Syntax: s1; s2
• Semantics 
• (Unnormalized) probability of beginning in state 𝜌 and 

ending in state 𝜌′′ after executing 𝑠! and then 𝑠"

• Example:
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<latexit sha1_base64="3bJkyw+E/YzYd2+jo8poQMwOkuI="></latexit>

Js1; s2K(⇢)(⇢00)

<latexit sha1_base64="fqvAOoC1PPagiNgnQReuSJCGj5c="></latexit>

Jx ⇠ flip 0.1; y ⇠ flip 0.4K(;)([x 7! T, y 7! F ]) = 0.1⇥ 0.6



Sequence

• Breaking the example down more

• Look at the first flip:

• The second flip is independent
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<latexit sha1_base64="fqvAOoC1PPagiNgnQReuSJCGj5c="></latexit>

Jx ⇠ flip 0.1; y ⇠ flip 0.4K(;)([x 7! T, y 7! F ]) = 0.1⇥ 0.6

<latexit sha1_base64="q/t4PqhVIBR1K38axpMcsnDEYqo="></latexit>

Jx ⇠ flip 0.1K(;)([x 7! T ]) = 0.1

<latexit sha1_base64="zoZumnI2cz4tshKXoyJDhVG5Y0Y="></latexit>

Jy ⇠ flip 0.4K([x 7! T ])([x 7! T, y 7! F ]) = 0.6

Intermediate 
state 𝜌′

Final state 𝜌′′

Initial state 𝜌



Sequence

• Then, the probability of reaching 𝜌′′ from 𝜌 after 
executing 𝑠!; 𝑠" is given by summing over all
intermediate states 𝜌′
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<latexit sha1_base64="P23yQDHKxoWoS1f6uPHy0Sb9EtY="></latexit>

Js1; s2K(⇢)(⇢00) =
X

⇢02Env

Js1K(⇢)(⇢0)⇥ Js2K(⇢0)(⇢00).



If-statements

• We can simply evaluate the guard
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<latexit sha1_base64="+1hDr92e6HBJKE05eVsa023kXic="></latexit>

Jif e {s1} else {s2}K(⇢)(⇢0) =
(

Js1K(⇢)(⇢0) if JeK(⇢) = T,

Js2K(⇢)(⇢0) otherwise.



Semantics of Programs

• The semantics of a program is to map a program to 
the probability that the program returns true

• (Ignoring observations), this can be computed in a 
manner following the definition of a random 
variable:
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<latexit sha1_base64="sF2Gc66M8ELFvdAs+fOYVzwtzlo="></latexit>

Js; return eK : [0, 1]

<latexit sha1_base64="9dDUemIIXZkXPjbL99e0TMPjIFs="></latexit>

Js; return eK =
X

{⇢2Env|JeK⇢=T}

JsK(;)(⇢)



Observe statements

• Here we go beyond the modeling power of tables…

• For tables, conditioning is exogenous to the model
• Happens “out of band”; done after modeling
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Cold? Fever? Temp? Runny 
nose?

Cough? Pr?

N N N N N 0.91266912

Y Y Y Y N …



Observe statements

• The syntax                                   means “the 
unnormalized probability of transitioning to state 𝜌′
from 𝜌 given that 𝑒 holds”

• This is unnormalized! Example…
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<latexit sha1_base64="PnsPiImfgV6in+DXTI8oBHddQAE="></latexit>

Jobserve eK(⇢)(⇢0) =
(
1 if JeK(⇢) = T and ⇢ = ⇢0,

0 otherwise.

<latexit sha1_base64="St/QJqJZPO7q6wbJRjXDZVbqeE4="></latexit>

Jobserve eK(⇢)(⇢0)



Observe statements

• Note that this is unnormalized! 
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<latexit sha1_base64="LN47pdR/2CHNT8i0NqyjjA4hz8Y="></latexit>

Jx ⇠ flip 0.1; observe xK(;)([x 7! T ]) = 0.1

<latexit sha1_base64="AOS8nFMasSNqhvb37qL5OP1Zqbs="></latexit>

Jx ⇠ flip 0.1; observe xK(;)([x 7! F ]) = 0



Updating Semantics of Programs

• To give a semantics to programs with observations, 
we need to renormalize
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<latexit sha1_base64="qf/PL0omGV8/OT4ub9mUau2wQ6c="></latexit>

Jx ⇠ flip 0.1; observe x; return xK(T ) = 0.1

0.1

Unnormalized probability of 
outputting true

Normalizing constant



Updating Semantics of Programs

• To give a semantics to programs with observations, 
we need to renormalize
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<latexit sha1_base64="rvjppUo0FNBVV/PFlB1UNGWkycw="></latexit>

Js; return eK(v) =
P

{⇢02Env|JeK(⇢)=T}JsK(;)(⇢0)P
⇢02EnvJsK(;)(⇢0)

Unnormalized probability of 
outputting true

Normalizing constant



What makes a good modeling 
language?
• Expressive power

• Conciseness

• Completeness

• Accessibility and interpretability

• Tractability for inference
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Tables Versus Programs

• How do we show one language is complete for 
another?
• Give a reduction: show that any table has a 

corresponding SimPPL statement
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A B Pr

1 1 0.2

1 0 0.3

0 1 0.4

0 0 0.1



Tables Versus Programs

• How do we show one language is at least as concise as
another?

• Give a polynomial-size reduction: show that writing 
tables as programs does not yield an exponentially 
large program

• To argue that SimPPL programs are more concise, give 
a small statement that requires an exponentially large 
table to represent its distribution
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What makes a good modeling 
language?
• Expressive power
• Accessibility and interpretability
• In the eyes of the beholder J

• Tractability for inference
• Next time…
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Inference Teaser

• Show that inference for SimPPL is NP-hard
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