


• Machine Learning based programming tools

• Probabilistic programming
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http://nice2predict.org/


camera.unlock();

SurfaceHolder holder = getHolder();

holder.addCallback(this);

holder.setType(SurfaceHolder.STP);

MediaRecorder r = new MediaRecorder();

r.setCamera(camera); 

r.setAudioSource(MediaRecorder.AS);

r.setVideoSource(MediaRecorder.VS);

r.setOutFormat(MediaRecorder.MPEG4);

Camera camera = Camera.open();

camera.setDisplayOrientation(90);

Camera camera = Camera.open();

camera.setDisplayOrientation(90);
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Console.WriteLine("Hi");

…

System.out.println("Hi");

…

C# Java
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function FZ(e, t) { var n = []; 
var r = e.length; var i = 0; 
for (; i < r; i += t) if (i + t < 
r)      n.push(e.substring(i, i + 
t)); else
n.push(e.substring(i, r)); 
return n;
}

function chunkData(str, step) {
var colNames = [];
var len = str.length;
var i = 0;
for (; i < len; i += step) 

if (i + step < len)
colNames.push(str.substring(i, i + step));

else
colNames.push(str.substring(i, len));

return colNames;
}
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Key Challenge
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Representing Programs as Trees

elem.notify({

position: ‘top’,

autoHide: false,

delay: 100

});

Identifier

elem

Property

notify

Property

position

Property

autoHide

MemberExpression ObjectExpression

CallExpression

Property

delay

String

‘top’

Boolean

false
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Probabilistic Context Free Grammars (PCFGs)

𝑁: non-terminal symbols Σ : terminal symbols 𝑆 ∈ 𝑁 : start symbol

𝑅 is a finite set of production rules 𝛼 → 𝛽1…𝛽𝑛

𝑞: 𝑅 → ℝ0ۦ, ۧ1 is a conditional probability of choosing a production rule
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𝛼 ∈ 𝑁 𝛽𝑖 ∈ (𝑁⋃Σ)

𝑞 𝛼 → 𝛽1…𝛽𝑛 ≈
#(𝛼 → 𝛽1 …𝛽𝑛)

#(𝛼)

∀𝛼 ෍

𝛼→𝛽1…𝛽𝑛∈𝑅

𝑞 𝛼 → 𝛽1…𝛽𝑛 = 1



PCFG

𝜶 → 𝜷1… 𝜷n

P

Property → x  0.05

Property → y 0.03

Property → promise 0.001
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𝜶[𝜸] → 𝜷1… 𝜷n

P

Property[reject, promise] → promise  0.67

Property[reject, promise] → notify 0.12

Property[reject, promise] → resolve 0.11
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PHOG: Generalizing PCFG

𝜶 → 𝜷1… 𝜷n

P

Property → x  0.05

Property → y 0.03

Property → promise 0.001



𝜶[𝜸] → 𝜷1… 𝜷n

f: → 𝜸

PHOG
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𝜶[𝜸] → 𝜷1… 𝜷n

f: → 𝜸
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𝜸（ ）f

PHOG



What are these functions?

TCond   ::=  𝜀 | WriteOp TCond | MoveOp TCond

MoveOp  ::=  Up, Left, Right, DownFirst, DownLast, 

NextDFS, PrevDFS, NextLeaf, PrevLeaf,

PrevNodeType, PrevNodeValue, PrevNodeContext

WriteOp ::=  WriteValue, WriteType, WritePos
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Expressing functions

Up

Left

WriteValue

𝜸 ← 𝜸 ∙ 
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elem.notify(

... ,

... ,

{

position: ‘top’,

hide: false,

?

}

);

Function Evaluation: Example

F

Left

WriteValue

Up

WritePos

Up

DownFirst

DownLast

WriteValue

𝜸

{}

{hide}

{hide}

{hide, 3}

{hide, 3}

{hide, 3}

{hide, 3}

{hide, 3, notify}

Query

20



Learning a PHOG

TCond   ::=  𝜀 | WriteOp TCond | MoveOp TCond

MoveOp  ::=  Up, Left, Right, ...

WriteOp ::=  WriteValue, WriteType, ... 

fbest = arg min cost(D, f)
f ∊ TCond

D
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𝜸（ ）

𝜶 [𝜸] 𝜷 𝜷
0.02

→ 𝜸

= arg min cost ( )

22



Beyond code 

(e.g., NLP)

New AI Programming 

Assistants



VarPtsTo(v2, h)

Assign(v1, v2)

VarPtsTo(v1, h)

VarPtsTo(“global”, h)

checkIfInsideMethodCall checkMethodCallName

checkReceiverType checkNumberOfArguments ...

VarPtsTo(this, h)

v1 = v2 [Assigment]

function isBig(v) {

return v < this.length  [This]

}

[12, 5].filter(isBig);

map()

some()

forEach()

every()

filter()

…

call()

apply()

from()

stringify()

VarPtsTo(v2, h)

v2 = f(v1)

VarPtsTo(v1, h)

does not handle these:



How do I get started?

–

–

–

–
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• Machine Learning based programming tools

• Probabilistic programming





def main() {

p := Uniform(0,1);

r := [1,1,0,1,0];

for  i in [0..r.length] {

observe(Bernoulli(p) == r[i]);

}

return p;

}

PDF(p) = (60p2  -120p + 60) 
[-1 + p  0]  [-p  0]  p3
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def max(a,b) {

r := a;

if b > r { r = b; }

return r;

}

def main() {

x := Uniform(0,1);

y := Gauss(0,1);

z := Uniform(0,1);

r := max(x,max(y,z));

observe(x < 0.75);

if Bernoulli(1/2)

{ assert(r < 0.9); }

return r + UniformInt(1,3);

}
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def max(a,b) {

r := a;

if b > r { r = b; }

return r;

}

def main() {

x := Uniform(0,1);

y := Gauss(0,1);

z := Uniform(0,1);

r := max(x,max(y,z));

observe(x < 0.75);

if Bernoulli(1/2)

{ assert(r < 0.9); }

return r + UniformInt(1,3);

}

E[result]  2.6929
Pr[error]  0.132827
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def main() {

x := Uniform(0,1);

y := Uniform(0,1);

z := x  y

return z;

} 

p() = 1

p(x) = [0  x]  [x  1]

p(x,y) = [0  x]  [x  1]  [0  y]  [y  1]

p(x,y,z) = [0  x]  [x  1]  [0  y]  [y  1]   (z − x  y)

p(z) = 

𝑑𝑥׬ 𝑑𝑦׬ [0  x]  [x  1]  [0  y]  [y  1]   (z − x  y)

p(z) = - [z – 1  0]  [z 0]  [-z  0]  log(z)







𝜸（ ）

→ 𝜸

= arg min cost ( )

𝜶 [𝜸] 𝜷 𝜷

0.02

def main() {

p := Uniform(0,1);

r := [1,1,0,1,0];

for  i in [0..r.length] {

observe(Bernoulli(p) == r[i]);

}

return p;

}
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