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def run()
v
- . --~ if frontIsClear():

move ()

else:

. L turnLeft ()
_cxamm B move ()

S turnLeft ()
repeat(2):
turnRight ()

. . l_ putMarker ()

A program is an interpretable and executable way
to describe behaviors



def run()
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- - --‘ if frontIsClear():

move ()

else:

. L turnLeft ()
T H[ = move ()

S turnLeft ()
repeat(2):
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. - ._ putMarker ()

Human

A program is an interpretable and executable way
to describe behaviors
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- def run()

. - if frontIsClear():

move ()

else:

. L turnLeft ()
T H[ = move ()

turnLeft ()
repeat(2):
turnRight ()

. - ._ putMarker ()

Human Robot

A program is an interpretable and executable way
to describe behaviors




P
rogram Synthesis

\' A,
‘ TepC
P *1iaontSanple

can you Y
= = = - F
publ A4
( b ! v 3 V-h\“\\
T’{::;(‘Z‘ll data = new by
jent S yre|1024A) .
try‘ arverl 3 avsing LD g
sexrver - nevw T
xCpC\_\cr\z \n 4
jcatch (Socketsxcepuom\ - . paty) !
——— Consolc .“r i‘ebi“e ‘“”I'. a ' o = : o Lo é
W returns
- ! . T2 IS )
"ENN. - 1—-4 \ '
l_,'szsz&t*zkrgt‘: Netwo:kStr am - scrver.c,ewueamn
— int ecV . ad (datd o, Qats Lengtol !
stX l.ana ncodinq
AS 11- LSLr q\data. qgaz::;:\.
. Stfl '
Consol JWrit el
; ) | s
nile s console-?*ead"“ el
lnp\l - .,vlﬁ"\bie &
e 4 nput ‘9 e--- - . co L. - }41
lf nev Y\ild pg?pc.f\:: =t )i
"' ‘5.,:\ \ T > "d" Cloﬁtvﬂ;{'c l’tQ"’“
2 awcPion m.c‘».C"“”




Program Synthesis

Task specification

Input/output ( . S = )
pairs (

Devlin et al. “Robustfill: Neural program learning under noisy i/0.” |ICML 2017
Balog, et al. "Deepcoder: Learning to write programs." ICLR 2017
Rudy R et al. “Leveraging grammar and reinforcement learning for neural program synthesis.” ICLR 2018



Program Synthesis

Task specification Program

(: iRt it - ) def run()

: - ) if frontIsClear():
E ) move ()

else:

Input/output
palrs (

turnLeft ()
move ()
turnlLeft
repeat (2):

turnRight ()

putMarker ()

Devlin et al. “Robustfill: Neural program learning under noisy i/0.” |ICML 2017
Balog, et al. "Deepcoder: Learning to write programs." ICLR 2017
Rudy R et al. “Leveraging grammar and reinforcement learning for neural program synthesis.” ICLR 2018



Program Synthesis

Task specification Program

def run()
if frontIsClear():

Input/output ( | > . )
paII’S ( move ()
else:

turnLeft ()

move ()

turnlLeft

repeat (2):
turnRight ()
putMarker ()

Devlin et al. “Robustfill: Neural program learning under noisy i/0.” |ICML 2017
Balog, et al. "Deepcoder: Learning to write programs." ICLR 2017
Rudy R et al. “Leveraging grammar and reinforcement learning for neural program synthesis.” ICLR 2018



Program Synthesis

Task specification Program

def run()
if frontIsClear():
move ()
else:
turnLeft ()
move ()
turnlLeft

Demonstration = repeat (2):

turnRight ()

Seqguences =

putMarker ()




Problem Formulation

Input
a set of demo videos

r? ‘ Program
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a set of demo videos

Output
a program describing the
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Problem Formulation
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Model Overview
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Demo features
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Relation Module

if frontIsClear():

Demoo else:

turnLeft ()




Relation Module

if frontIsClear():

Dem02 else:

turnLeft ()

Compare demo pairs to infer branching conditions



Relation Module

Relation Module

Demo pairs

Santoro et al. "A simple neural network module for relational reasoning.” NIPS 2017



Relation Module

Relation Module

Demo pairs

Program vector
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Santoro et al. "A simple neural network module for relational reasoning.” NIPS 2017
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Decode a Program

Program vector

v ]
l l l l

def run() move() 1f <end>
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EXperiments



ENnvironments

VizDoom U0

def run()

Karel

if frontIsClear(): while (inTarget (
move () HellKnight)):
else: attack()

turnLeft () moveForward ()

move () if isThere(Demon):
turnlLeft moveRight ()
repeat(2): else:
turnRight () moveLeft ()
putMarker () moveBackward ()

-

-

’ T
Vo AME

<,'

- ,;\‘, , :

N ey
&

Richard E Pattis. “Karel the robot: a gentle introduction to the art of programming.” John Wiley & Sons, Inc., 1981 Kempka et al., “Vizdoom: A doom-based ai research platform for visual reinforcement learning.” In CIG, 2016
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-xample Result: Karel

Ground truth Synthesis baseline
def run(): def run():

it frontisclear():
move () move ()

else: turnRight ()
turnLeft () putMarker ()

move () turnRight ()

repeat (2): putMarker ()
turnRight ()

putMarker ()

Miss the if-else statement



-xample Result: Karel

Ground truth

QS @

Synthesis baseline

Ours

def run():

if frontIsClear():

move ()

else:
turnLeft ()

move ()

repeat (2):
turnRight ()
putMarker ()

def run():
move ()
move ()
turnRight ()
putMarker ()
turnRight ()
putMarker ()

def run():
if frontIsClear():

move ()

else:
turnLeft ()
move ()
turnRight ()
putMarker ()
turnRight ()
putMarker ()




-xample Result: ViZDoom

Ground truth Synthesis baseline
def run(): def run():
if inTarget (Demon): while(inTarget (
attack () HellKnight)):
moveLeft () attack ()
else: if isThere(Demon):
moveRight () moveRight ()
if isThere(Demon): attack ()
attack() else:
moveLeft () moveLeft ()




-xample Result: ViZDoom
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Ground truth Synthesis baseline Ours
def run(): def run(): def run():
if inTarget (Demon): while(inTarget ( if inTarget (Demon):
attack() HellKnight)): attack()
moveLeft () attack () moveLeft ()
else: if isThere(Demon): else:

moveRight ()
if isThere(Demon):
attack ()
moveLeft ()

moveRight ()

attack()
else:

moveLeft ()

moveRight ()
if isThere(Demon):
attack ()
moveLeft ()




Quantitative Result: Infer Programs



Sequence Accuracy

- Measure the accuracy based on code sequences

Synthesized
program

Ground truth

program

Synthesized
program

Ground truth
program

Synthesized
program

Ground truth
program

def run():
if A():
x()

else:

while(B()):

y()
z()

def run():
if A():
x()

else:

repeat (5):

y()
z()

def run():
if A():
x()

else:

Y()

def run():
if not A():

y()

else:

x()

def run():
if A():
x()

else:

Y()

def run():
if A():
x()

else:

Y()




Sequence Accuracy

- Measure the accuracy based on code sequences

Synthesized Ground truth
program program
def run(): def run():
if A(): if A

x()

else:
while(

y()
z()

Synthesized Ground truth Synthesized Ground truth
program program program program
def r def rung): def run(): f run():
if A() t A(): if A() A():
x() x() ()
else else: e:

Y()

Y()




Sequence Accuracy

- Measure the accuracy based on code sequences

Synthesized Ground truth
program program
def run(): def run():
if A(): if A
x()
else:
while( eat (5)

y()
z()

Synthesized Ground truth Synthesized  Ground truth
program program program program
def run(): def run(): def run(): f run():
if A(): if not A(): if A() A():
x() y() x() ()
else: else: else: e:

Y()

x()

Y()

Y()

Program aliasing

Different codes with identical program semantics




Program Accuracy

Compare programs in the program semantic space
With some assumptions
ex. termination of loops

Synthesized Ground truth
program program
def run(): def run():
if A(): if A

x()

else:
while(

y()
z()

Synthesized Ground truth Synthesized  Ground truth
program program program program
def run(): run(): def run(): f run():
if A(): ot A(): if A() A():
x() ) x() ()
else: ¥ else: e:

Y()

x()

Y()

Y()




Quantitative Result: Infer Programs

o Synthesis baseline B Ours-full

Sequence Accuracy Program Accuracy



Quantitative Result: Execution



Execution Accuracy

80%

30%

Quantitative Result: Execution

B Induction baseline
1 Synthesis baseline
B Ours (with the reviewer and relation modules)

................................................................................................................................................................................................................ 784
72.1

Karel ViZDoom
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Execution Accuracy

80%

30%

Quantitative Result: Execution

B Induction baseline
1 Synthesis baseline
B Ours (with the reviewer and relation modules)

................................................................................................................................................................................................................ 784
72.1

Synthesize programs
to describe behaviors

Karel ViZDoom



Execution Accuracy

30%

Quantitative Result: Execution

B Induction baseline
1 Synthesis baseline
B Ours (with the reviewer and relation modules)

Synthesize programs
to describe behaviors

0 Reviewer module

-------------------------------------------------------------------------- 48.2

39.1

@ Relation module

Karel ViZDoom



More Results



Fffect of Additional Demos
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Incomplete Seen Denominations

The seen demos do not completely capture the underlying behavior

Underlying Program —— seen demo Synthesized Program
def run(): #Q def run():
turnRight () ? turnRight ()
turnRight () . turnRight ()
while frontIsClear(): E while frontIsClear():
move () ; move ()
1f markersPresent(): else:

turnLeft()

move( )

turnRight ()

else:
turnRight ()

“*
'
'
'
'
'
'
'
'
'
'

—— unseen demo



f-else experiment

Each program: single if-else statement with two branching consequences

B Inudction baseline B Synthesis baseline I Ours-full

O0% B
B0%

TQ% s L

60% ............................................................................... 5 8.8 ...........................................................................................

50% o e
40% 1 ...

30% L e

20%
Sequence Accuracy Program Accuracy Execution Accuracy



Conclusion



Neural Program Synthesis
from Diverse Demonstration Videos

@ def run()
| if frontIsClear():

move ()

‘ else:

turnLeft ()

move ()
turnlLeft

repeat(2):
turnRight ()

putMarker ()




from Diverse Demonstration Videos
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Neural Program Synthesis

Demo features
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Codes, datasets, and checkpoints are available at

O demo2program




Questions?

. def run()
- - if frontIsClear():
move ()
else:
. . turnLeft ()

. . . move ()

turnLeft ()
repeat(2):
turnRight ()

- ._ putMarker ()




