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Introduction

Program Induction, or Program Learning..

aims to generate a program to describe the underlying logic or patterns:

| goal || 121 cimbTheStairs start | 8 */
9 def run():
S fsen 10 void defuseTwoBombs()
< 11 { while true:
£ o % B % % ¥ & ¥ 12 repeat (9) { .
13 moveForward(); — while frontlsClear:
* g Bk B o9 R 14 t moveForward()
15 pickBeeper();
# & % F T W & W F % 16 turnAround(); if thereIsMonster:
PR PR il repeat (9) {
18 moveForward(); ' if not hasWeapon:
+ o+ + o+ 19 }
20 turnAround(); runAway()
+ o+ + o+ 21 turnLeft(); -
29 repeat (9) { T elnc:
+ ik T % 23 moveForward(); attack()
24 }
g I 25 pickBeeper(); fr“ if therelsWall:
+ 4 + 4 26 turnAround(); FF
27 repeat (9) { . i jump()
@ + + o+ 28 moveForward(); r
29 £
Karel's elevator seems to be 30 |} -
out of service as of late... 31 S
13 tx) . . .
(a) A program to control the Karel “robot”. (b) A program to describe the logic under Super Mario.
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Introduction

Program Induction, or Program Learning..

is usually solved via program tokneization and then Learning or/and Searching.

program tokneization: split a program into symbolic tokens:

def run(): { t2
while true: P » t’;’
— while frontIsClear: [run() ][ while][ true ] [while] L tl{t;, {tN { ;2
moveForward() [frontlsclear ] [moveFor‘war‘d() ] m t t}v

, Exhaustive Search model
if therelsMonster: [thereIsMonster()] if I[not hasWeapon() ] e

‘e if not hasWeapon: [W [ . ][ qttack()] (a) generate program with search method

rumnAway() | —W —— ——7 —— == 1 U= T T

m [ thereIsWall() ][jump() ] .{\)@/,,ri i] @ Q] i,’j]
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attack() \,0\? ;optlmlze .
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DNN-based Learning model
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(b) generate program with learning model

(I) Super Mario and its game logic; (IT) tokenized program; (IIT) how to generate a proper program.
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Introduction

However, When it comes to Visual Program Induction:

two challenges raises due to the huge program space...
Firstly, the modeling of functions:

for (i = [0, 3, 6]){

{ rectangle(1x=1,1ly=1+i,rx=3,ry=3+i);
ks
| _ line(1x=2,1ly=4, rx=2, ry=3, arrow=1);

line(1x=2,1ly=7, rx=2, ry=6, arrow=1);

[f i 1[ ].'E] r] r') 1{
[rectangle(lx:l,ly:i,rx=3,ry 1) [r‘ectangle ][ ][lx 1 ][ly 1+i ][rx 3 ][r'y 3+i ][r') ]
'
line(1lx=2,1ly=4, rx=2, ry=3, arrow= 1)] line u] 1x=2 arrow=1 U
line(1lx=2,1ly=7, rx=2, ry=6, arrow= 1)] line Im 1x=2 I I I I arrow=1 I[_]

(a) actions as token set : (b) alphabat as token set

[For (i =11, 4, 7D ][ 14 ]

n

We may obtain a huge token set by actions as token set or we have to deal with the fragile program syntax with alphabat as token set
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Introduction

However, When it comes to Visual Program Induction:

two challenges raises due to the huge program space...
Firstly, the modeling of functions:

[for'[e]] [r'ectangle[a]] [line[a] ] [cir‘cle[e] ]

(a)function modularization

for (i = [0, 3, 61){ Or

{ rectangle(1x=1,1ly=1+i,rx=3,ry=3+i);
}
| , line(1x=2,1ly=4, rx=2, ry=3, arrow=1l);

line(1x=2,1ly=7, rx=2, ry=6, arrow=1);

[For ci =11, 4, 7D || 1t} (for Jlic ](i- |t ].'E] ER R
[rectangleCIX=1,1y=i,PX=3,ry=i)] :rectangle ][1( ][1x 1 ][ly 1+i ][r‘x =3 ][r'y 3+1 ][r') ]

o o

line(1x=2,1ly=4, rx=2, ry=3, ar’r'ow_l)] L]wwuuu arrow=1 lu

(a) actions as token set : (b) alphabat as token set (b) VPI with function modularization

. I rectangle[d]

modularization function

By using function modules; we could seperately learn the function dynamics and function parameters.
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Method

However, When it comes to Visual Program Induction:

two challenges raises due to the huge program space...

Secondly, the learning of programs:

|
] ]
1 *1
3 © @ P
| i
] ]
° a1
VA
V=
Program A Program B i- ------------------------------------------------ E
def run(): def run(): : :
repeat (4) : while (noMarkersPresent) : : :
putMarker () putMarker () : the _]-th Simulation :
move () move () e e e e e e e o e o e e o e e e B e T e e o
turnlLeft () turnlLeft () l
(Program Guided) Hierarchical Heterogeneous Monto-Carlo Tree-Search
(I) The program alias; (II) Our solution of Monto-Carlo Tree-Search solution.
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Experiment

We test our methods on several datasets:

firstly, the Pixel-Grid dataset: function tokenization vs. function modules

word as token:

| I word as token
[block][ LC ][block” r) |block 1x-3| - (syntax error) . b s I ;
f i N modul
unction as token: odular(ours)

Input Output

-
o

—~ 0.8
[block[e, @, 1, 1, 71| block(e, 3, 1, 4, 3]| < : gzgio
© 0.6
[block[3, 3, 4, 4, 6]] [border[l, 1, 353, 1]] 5 B top@100
Target Program g S g
BLOCK([0,0,1,1,7]; function modularizaton: §04

block[#] | - 1x=0,ty=3,rx=1,by=4,col=3
block[#] | » 1x=0,ty=0,rx=1,by=1,col=7
block[#] | » 1x=3,ty=3,rx=4,by=4,col=6 0.0

border[6] |~ 1x=1,ty=1,rx=3,by=3,col=1

BLOCK[®,3,1,4,3];
BLOCKI[3,3,4,4,6];
BORDER[1,1,3,3,1]
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Figure 3. The testing accuracy (%) on the 5 x 5 Pixel Grid dataset.
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Experiment

We test our methods on several datasets:

secondly, the Latex-Drawing dataset: Control-free Program Learning

circle(x=8,y=8,radius=1),
circle(x=9,y=14, radius=1),

O line(x1=9,y1=8,x2=9,y2=1,
arrow=true,solid=true),
O line(x1=8,y1=9,x2=10,y2=10,
arrow=false,solid=true), Yy T BTN oW R e PRSP g e =§

cle(x w=tru s w=t '
lid=true), rectal gl (1x: 12 ty 9,r 13 ,by=11), line(1x=9,ty=13,rx=4,by=13,al tr‘ue,solid=fulse), ectangle ('L Z »ty= 12 4 by 11) 1in (1 7 ty 10 )
Y rs) :

rectangle(x1=10,y1=9,x2=15,y2=15)  ms:
(a) synthesized observation and its ground truth program.

=10t’1r w—t solid=false ) ectangle(lx=2,ty=6,r: 4by8) (14 mpl X parametric prii t e fun with m than @ par

(b) hand drawn images for testing.
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Experiment

We test our methods on several datasets:
third, the 3D Shape dataset: Control-based Program Learning

(Control Transition) C'  : (0;,0p) — Ci;.
(Function Transition) P : (O;, Oo) — fi,
(Parameter Prediction) Q¢ : (O;, 0o, C;) — ©.

i draw('Top', 'Rec', P=(-1,0,0), G=(3,9,9)) 1
| for(i<2, 'Trans', ul=(0,0,17)) i
H for(i<2, 'Trans', u2=(0,13,0)) H
! draw('Leg', 'Cub', P=(-12,-7,-9)+i*ul+j*u2, G=(14,2,1)) !
:for‘(i<2, 'Trans', u=(0,0,17)) !
I draw('Hori_Bar', 'Cub', P=(-12,-7,-9)+i*u, G=(2,15,1))
| draw('Back', 'Cub', P=(2,5,-9), G=(10,3,18), theta=5°)

| for(i<2, 'Trans', u=(0,0,18))

' draw('Chair_Beam', 'Cub', P=(2,-7,-10)+i*u, G=(3,1,1))
! for(i<2, 'Trans', u=(0,0,18))

- draw('Hori_Bar', 'Cub', P=(5,-7,-1@)+i*u, G=(3,14,1))

_____________________________________________________

:::::j Edraw('Top', Rec’, P=(-1,-1,0), G=(2,7,8)) L
T \ . | draw('Top', 'Square', P=(10,0,0), G=(3,12)) i
we | idraw('Sup', 'Cylinder', P=(-11,0,0), G=(11,1)) ! ) :

*‘ = ‘ | for(i<2, 'Trans', ul=(0,0,16)) ,
<y ! for(i<2, 'Trans', u2=(0,17,0)) !

1

4 | for(i<4, 'Rot', theta=90°, axis=(-12,0,0)

™ r"’« i draw('Base’, 'Line', P1=(-12,0,0), P2=(-12,-7,-7),
theta*i, axis)

draw('Leg', 'Cub', P=(-12,-10,-9)+i*ul+j*u2,

| G=(24,3,2) |
1 i
| draw('Layer', 'Rec', P=(-2,0,0), G=(2,9,9)) ]
1 |
i i

draw('Back’, 'Cub', P=(1,5,-7), G=(11,2,14), theta=10")
for(i<2, 'Trans', u=(0,0,13))

1
1
1
1
|
|
|
i
1
: dr‘aw(‘Chair'_Beam' s "Cub' s P=(1,-3,-7)+i*u, G=(3,1,1) draw('Vert_Board', 'Cub', P=(-10,-8,-10), G=(11,1,19))
:

1

1

1

1

1

| for(i<s, 'Rot', theta=72°, axis=(-11,1,0)
! draw('Base', 'Line', P1=(-11,1,0), P2=(-12,-8,-6), theta*i, axis) '

for(i<2, 'Trans', u=(0,0,14))

draw('Hori_Bar', 'Cub', P=(4,-3,-7)+i*u, G=(2,8,1)) ! draw('Back’, "Cub’, P=(0,10,-10), G=(11,2,19), theta-0") : 5 >

. S ——
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