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<latexit sha1_base64="Z0zc4rZ3PKRyRSK4uSxZtRn+EQ0="></latexit>

if b1:

   c1()

for u in U:

   c2(u)

c3()

Policy
<latexit sha1_base64="px1hJXjwI8uHfY4I1IUiaBDTgkk="></latexit>

Library-Induced Semantic Spaces
Semantic Space

<latexit sha1_base64="apjjXP2qinGbNRgGIKOh6zAQvQE="></latexit>

if b1:

   c3()

for u in U:

   c2(u)

if b1:

   c3()

c4()n

<latexit sha1_base64="Bbva3T44QPzmKuopRq8iRA+3oGs="></latexit>

n0
<latexit sha1_base64="YRZTLmKFIURhuXdo6BeLIUVNePw="></latexit>

n
<latexit sha1_base64="Bbva3T44QPzmKuopRq8iRA+3oGs="></latexit>

n
<latexit sha1_base64="Bbva3T44QPzmKuopRq8iRA+3oGs="></latexit>⇠ I<latexit sha1_base64="dB7KC2MCyEPCvYq882TD5R7k8y8="></latexit>

n
<latexit sha1_base64="Bbva3T44QPzmKuopRq8iRA+3oGs="></latexit>

Initialization
<latexit sha1_base64="Hvtc+A0DgsmHSswessNv3k3WsQI="></latexit>

✏
<latexit sha1_base64="UmBTGXiJkIkytGVPPaTDdybDb2c="></latexit> argmax

n02Nx
k (n)

V̂ n0
(s0)

<latexit sha1_base64="haTL8LBoNBkWPjk6LVT0cU+vlsE="></latexit>

c1()

c3()

if b1():

   c1()
for u in U:

   c2(u)

...

Set of Options
<latexit sha1_base64="osDEpJU6Jv5XUgv1kfhtVDz+xno="></latexit>

Local Optimum?
<latexit sha1_base64="GIeur2jzaOST92Ub0OPAhNWa6F8="></latexit>

MDP
DSL

Library of Behaviors
<latexit sha1_base64="IyC51o8fHHzYaTzUSi2fUyDM2Gk="></latexit>

1� ✏
<latexit sha1_base64="I/FqDUhGEPj+sArB4G9CkDISOow="></latexit>

argmax
n02Nm

k (n)
V̂ n0

(s0)
<latexit sha1_base64="JHXIY+v+mMhnHNkGEf8XGNMkhto="></latexit>



Synthesis
<latexit sha1_base64="Z0zc4rZ3PKRyRSK4uSxZtRn+EQ0="></latexit>

if b1:

   c1()

for u in U:

   c2(u)

c3()

Policy
<latexit sha1_base64="px1hJXjwI8uHfY4I1IUiaBDTgkk="></latexit>

Library-Induced Semantic Spaces
Semantic Space

<latexit sha1_base64="apjjXP2qinGbNRgGIKOh6zAQvQE="></latexit>

if b1:

   c3()

for u in U:

   c2(u)

if b1:

   c3()

c4()n

<latexit sha1_base64="Bbva3T44QPzmKuopRq8iRA+3oGs="></latexit>

n0
<latexit sha1_base64="YRZTLmKFIURhuXdo6BeLIUVNePw="></latexit>

n
<latexit sha1_base64="Bbva3T44QPzmKuopRq8iRA+3oGs="></latexit>

n
<latexit sha1_base64="Bbva3T44QPzmKuopRq8iRA+3oGs="></latexit>⇠ I<latexit sha1_base64="dB7KC2MCyEPCvYq882TD5R7k8y8="></latexit>

n
<latexit sha1_base64="Bbva3T44QPzmKuopRq8iRA+3oGs="></latexit>

Initialization
<latexit sha1_base64="Hvtc+A0DgsmHSswessNv3k3WsQI="></latexit>

✏
<latexit sha1_base64="UmBTGXiJkIkytGVPPaTDdybDb2c="></latexit> argmax

n02Nx
k (n)

V̂ n0
(s0)

<latexit sha1_base64="haTL8LBoNBkWPjk6LVT0cU+vlsE="></latexit>

c1()

c3()

if b1():

   c1()
for u in U:

   c2(u)

...

Set of Options
<latexit sha1_base64="osDEpJU6Jv5XUgv1kfhtVDz+xno="></latexit>

no
<latexit sha1_base64="+Hg0hTFsveFL+nj1YhJ1H21J7J4="></latexit>

Local Optimum?
<latexit sha1_base64="GIeur2jzaOST92Ub0OPAhNWa6F8="></latexit>

MDP
DSL

Library of Behaviors
<latexit sha1_base64="IyC51o8fHHzYaTzUSi2fUyDM2Gk="></latexit>

1� ✏
<latexit sha1_base64="I/FqDUhGEPj+sArB4G9CkDISOow="></latexit>

argmax
n02Nm

k (n)
V̂ n0

(s0)
<latexit sha1_base64="JHXIY+v+mMhnHNkGEf8XGNMkhto="></latexit>



Synthesis
<latexit sha1_base64="Z0zc4rZ3PKRyRSK4uSxZtRn+EQ0="></latexit>

if b1:

   c1()

for u in U:

   c2(u)

c3()

Policy
<latexit sha1_base64="px1hJXjwI8uHfY4I1IUiaBDTgkk="></latexit>

Library-Induced Semantic Spaces
Semantic Space

<latexit sha1_base64="apjjXP2qinGbNRgGIKOh6zAQvQE="></latexit>

if b1:

   c3()

for u in U:

   c2(u)

if b1:

   c3()

c4()n

<latexit sha1_base64="Bbva3T44QPzmKuopRq8iRA+3oGs="></latexit>

n0
<latexit sha1_base64="YRZTLmKFIURhuXdo6BeLIUVNePw="></latexit>

n
<latexit sha1_base64="Bbva3T44QPzmKuopRq8iRA+3oGs="></latexit>

n
<latexit sha1_base64="Bbva3T44QPzmKuopRq8iRA+3oGs="></latexit>⇠ I<latexit sha1_base64="dB7KC2MCyEPCvYq882TD5R7k8y8="></latexit>

n
<latexit sha1_base64="Bbva3T44QPzmKuopRq8iRA+3oGs="></latexit>

Initialization
<latexit sha1_base64="Hvtc+A0DgsmHSswessNv3k3WsQI="></latexit>

✏
<latexit sha1_base64="UmBTGXiJkIkytGVPPaTDdybDb2c="></latexit> argmax

n02Nx
k (n)

V̂ n0
(s0)

<latexit sha1_base64="haTL8LBoNBkWPjk6LVT0cU+vlsE="></latexit>

n⇤
<latexit sha1_base64="9Ai1ZHu5uO4/ktcpxjQBxeAZv00="></latexit>yes

<latexit sha1_base64="yQ0OPCNZRdl+HgnYhgDZyD9xXx8="></latexit>

c1()

c3()

if b1():

   c1()
for u in U:

   c2(u)

...

Set of Options
<latexit sha1_base64="osDEpJU6Jv5XUgv1kfhtVDz+xno="></latexit>

no
<latexit sha1_base64="+Hg0hTFsveFL+nj1YhJ1H21J7J4="></latexit>

Local Optimum?
<latexit sha1_base64="GIeur2jzaOST92Ub0OPAhNWa6F8="></latexit>

MDP
DSL

Library of Behaviors
<latexit sha1_base64="IyC51o8fHHzYaTzUSi2fUyDM2Gk="></latexit>

1� ✏
<latexit sha1_base64="I/FqDUhGEPj+sArB4G9CkDISOow="></latexit>

argmax
n02Nm

k (n)
V̂ n0

(s0)
<latexit sha1_base64="JHXIY+v+mMhnHNkGEf8XGNMkhto="></latexit>



Synthesis
<latexit sha1_base64="Z0zc4rZ3PKRyRSK4uSxZtRn+EQ0="></latexit>

if b1:

   c1()

for u in U:

   c2(u)

c3()

Policy
<latexit sha1_base64="px1hJXjwI8uHfY4I1IUiaBDTgkk="></latexit>

Library-Induced Semantic Spaces
Semantic Space

<latexit sha1_base64="apjjXP2qinGbNRgGIKOh6zAQvQE="></latexit>

if b1:

   c3()

for u in U:

   c2(u)

if b1:

   c3()

c4()n

<latexit sha1_base64="Bbva3T44QPzmKuopRq8iRA+3oGs="></latexit>

n0
<latexit sha1_base64="YRZTLmKFIURhuXdo6BeLIUVNePw="></latexit>

n
<latexit sha1_base64="Bbva3T44QPzmKuopRq8iRA+3oGs="></latexit>

n
<latexit sha1_base64="Bbva3T44QPzmKuopRq8iRA+3oGs="></latexit>⇠ I<latexit sha1_base64="dB7KC2MCyEPCvYq882TD5R7k8y8="></latexit>

n
<latexit sha1_base64="Bbva3T44QPzmKuopRq8iRA+3oGs="></latexit>

Initialization
<latexit sha1_base64="Hvtc+A0DgsmHSswessNv3k3WsQI="></latexit>

✏
<latexit sha1_base64="UmBTGXiJkIkytGVPPaTDdybDb2c="></latexit> argmax

n02Nx
k (n)

V̂ n0
(s0)

<latexit sha1_base64="haTL8LBoNBkWPjk6LVT0cU+vlsE="></latexit>

n⇤
<latexit sha1_base64="9Ai1ZHu5uO4/ktcpxjQBxeAZv00="></latexit>yes

<latexit sha1_base64="yQ0OPCNZRdl+HgnYhgDZyD9xXx8="></latexit>

c1()

c3()

if b1():

   c1()
for u in U:

   c2(u)

...

Set of Options
<latexit sha1_base64="osDEpJU6Jv5XUgv1kfhtVDz+xno="></latexit>

no
<latexit sha1_base64="+Hg0hTFsveFL+nj1YhJ1H21J7J4="></latexit>

Local Optimum?
<latexit sha1_base64="GIeur2jzaOST92Ub0OPAhNWa6F8="></latexit>

MDP
DSL

Library of Behaviors
<latexit sha1_base64="IyC51o8fHHzYaTzUSi2fUyDM2Gk="></latexit>

G
ro
w

L
ib
ra
ry

<latexit sha1_base64="JXtmbT+uTtyCk7eDQjwflikMqDM="></latexit>

1� ✏
<latexit sha1_base64="I/FqDUhGEPj+sArB4G9CkDISOow="></latexit>

argmax
n02Nm

k (n)
V̂ n0

(s0)
<latexit sha1_base64="JHXIY+v+mMhnHNkGEf8XGNMkhto="></latexit>
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❖ Semantic spaces are more conducive to search.
❖ “give me the next behavior” 

❖ LLMs can give “innate" abilities to agents.

❖ Future: learning how to learn (recognizer in DreamCoder).

Library-Induced Semantic Spaces
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Learning Programs with Gradient Descent

+1

x0

x1

+1

a0

a1

h✓

<latexit sha1_base64="TQ5rloLsIJvMvknszXoa5aEf7zs="></latexit>



x1

x2

a1

a2

h

✓1
✓
2

✓3

✓4

✓5

✓6
<latexit sha1_base64="xG5GQXbvoaKktxiu6tFfozZbGSE="></latexit>

x

f(x)

<latexit sha1_base64="w3rLrkKrrblZdsU1ePKE5ijNAdE="></latexit>

Orfanos & Lelis (2023)



x1

x2

a1

a2

h

✓1
✓
2

✓3

✓4

✓5

✓6
<latexit sha1_base64="xG5GQXbvoaKktxiu6tFfozZbGSE="></latexit>

a1 can be either x1✓1 + x2✓3 or 0
<latexit sha1_base64="kKQp0X6soSBPM2oSCc1rCuy8neM="></latexit>

x

f(x)

<latexit sha1_base64="w3rLrkKrrblZdsU1ePKE5ijNAdE="></latexit>

Orfanos & Lelis (2023)



x1

x2

a1

a2

h

✓1
✓
2

✓3

✓4

✓5

✓6
<latexit sha1_base64="xG5GQXbvoaKktxiu6tFfozZbGSE="></latexit>

a1 can be either x1✓1 + x2✓3 or 0
<latexit sha1_base64="kKQp0X6soSBPM2oSCc1rCuy8neM="></latexit>

a2 can be either x1✓2 + x2✓4 or 0
<latexit sha1_base64="YmuGxWiKK/MZY1rPcwJ0nwkqvhE="></latexit>

x

f(x)

<latexit sha1_base64="w3rLrkKrrblZdsU1ePKE5ijNAdE="></latexit>

Orfanos & Lelis (2023)



x1

x2

a1

a2

h

✓1
✓
2

✓3

✓4

✓5

✓6
<latexit sha1_base64="xG5GQXbvoaKktxiu6tFfozZbGSE="></latexit>

a1 can be either x1✓1 + x2✓3 or 0
<latexit sha1_base64="kKQp0X6soSBPM2oSCc1rCuy8neM="></latexit>

a2 can be either x1✓2 + x2✓4 or 0
<latexit sha1_base64="YmuGxWiKK/MZY1rPcwJ0nwkqvhE="></latexit>

if a1 = x1✓1 + x2✓3 and a2 = x1✓2 + x2✓4 then
<latexit sha1_base64="B9rV6DdMi9ds4ZE96OxBAgsaLVc="></latexit>

x

f(x)

<latexit sha1_base64="w3rLrkKrrblZdsU1ePKE5ijNAdE="></latexit>

Orfanos & Lelis (2023)



x1

x2

a1

a2

h

✓1
✓
2

✓3

✓4

✓5

✓6
<latexit sha1_base64="xG5GQXbvoaKktxiu6tFfozZbGSE="></latexit>

a1 can be either x1✓1 + x2✓3 or 0
<latexit sha1_base64="kKQp0X6soSBPM2oSCc1rCuy8neM="></latexit>

a2 can be either x1✓2 + x2✓4 or 0
<latexit sha1_base64="YmuGxWiKK/MZY1rPcwJ0nwkqvhE="></latexit>

if a1 = x1✓1 + x2✓3 and a2 = x1✓2 + x2✓4 then
<latexit sha1_base64="B9rV6DdMi9ds4ZE96OxBAgsaLVc="></latexit>

h = ✓5a1 + ✓6a2

= ✓5(x1✓1 + x2✓3) + ✓6(x1✓2 + x2✓4)

= x1(✓5✓1 + ✓6✓2) + x2(✓5✓2 + ✓6✓4)

= x1✓
0 + x2✓

00
<latexit sha1_base64="+3WKoR2tuM5zmbmTy/nqQ129hiU="></latexit>

x

f(x)

<latexit sha1_base64="w3rLrkKrrblZdsU1ePKE5ijNAdE="></latexit>

Orfanos & Lelis (2023)



x1

x2

a1

a2

h

✓1
✓
2

✓3

✓4

✓5

✓6
<latexit sha1_base64="xG5GQXbvoaKktxiu6tFfozZbGSE="></latexit>

a1 can be either x1✓1 + x2✓3 or 0
<latexit sha1_base64="kKQp0X6soSBPM2oSCc1rCuy8neM="></latexit>

a2 can be either x1✓2 + x2✓4 or 0
<latexit sha1_base64="YmuGxWiKK/MZY1rPcwJ0nwkqvhE="></latexit>

if a1 = x1✓1 + x2✓3 and a2 = x1✓2 + x2✓4 then
<latexit sha1_base64="B9rV6DdMi9ds4ZE96OxBAgsaLVc="></latexit>

h = ✓5a1 + ✓6a2

= ✓5(x1✓1 + x2✓3) + ✓6(x1✓2 + x2✓4)

= x1(✓5✓1 + ✓6✓2) + x2(✓5✓2 + ✓6✓4)

= x1✓
0 + x2✓

00
<latexit sha1_base64="+3WKoR2tuM5zmbmTy/nqQ129hiU="></latexit>

The network above is equivalent to:

x

f(x)

<latexit sha1_base64="w3rLrkKrrblZdsU1ePKE5ijNAdE="></latexit>
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x1

x2

a1

a2

h

✓1
✓
2

✓3

✓4

✓5

✓6
<latexit sha1_base64="xG5GQXbvoaKktxiu6tFfozZbGSE="></latexit>

a1 can be either x1✓1 + x2✓3 or 0
<latexit sha1_base64="kKQp0X6soSBPM2oSCc1rCuy8neM="></latexit>

a2 can be either x1✓2 + x2✓4 or 0
<latexit sha1_base64="YmuGxWiKK/MZY1rPcwJ0nwkqvhE="></latexit>

if a1 = x1✓1 + x2✓3 and a2 = x1✓2 + x2✓4 then
<latexit sha1_base64="B9rV6DdMi9ds4ZE96OxBAgsaLVc="></latexit>

h = ✓5a1 + ✓6a2

= ✓5(x1✓1 + x2✓3) + ✓6(x1✓2 + x2✓4)

= x1(✓5✓1 + ✓6✓2) + x2(✓5✓2 + ✓6✓4)

= x1✓
0 + x2✓

00
<latexit sha1_base64="+3WKoR2tuM5zmbmTy/nqQ129hiU="></latexit>

if x1✓1 + x2✓3 > 0
if x1✓2 + x2✓4 > 0
then x1✓0 + x2✓00

else · · ·
· · ·<latexit sha1_base64="PwtZbsnlU3HhZu1Gjpiv0vGTJRM="></latexit>

The network above is equivalent to:

x

f(x)

<latexit sha1_base64="w3rLrkKrrblZdsU1ePKE5ijNAdE="></latexit>

Orfanos & Lelis (2023)



x1

x2

A2
1

A2
2

A3
1

2

�
2

1

�1

�1

1

<latexit sha1_base64="DqeMbzucmi5gY0WyEL7pOj3DxdQ="></latexit>

Neural Trees



x1

x2

A2
1

A2
2

A3
1

2

�
2

1

�1

�1

1

<latexit sha1_base64="DqeMbzucmi5gY0WyEL7pOj3DxdQ="></latexit>

2x1 + x2 + 1

�2x1 � x2 + 1

�(1) �(�2x1 � x2 + 2)

�2x1 � x2 + 1

�(�2x1 � x2) �(�4x1 � 2x2 + 1)

 0 > 0

 0 > 0  0 > 0

<latexit sha1_base64="yMkqGmNAqT2hPkUL/F9ZxMIMU2w="></latexit>

Neural Trees



x1

x2

A2
1

A2
2

A3
1

2

�
2

1

�1

�1

1

<latexit sha1_base64="DqeMbzucmi5gY0WyEL7pOj3DxdQ="></latexit>

2x1 + x2 + 1

�2x1 � x2 + 1

�(1) �(�2x1 � x2 + 2)

�2x1 � x2 + 1

�(�2x1 � x2) �(�4x1 � 2x2 + 1)

 0 > 0

 0 > 0  0 > 0

<latexit sha1_base64="yMkqGmNAqT2hPkUL/F9ZxMIMU2w="></latexit>

Neural Trees



x1

x2

A2
1

A2
2

A3
1

2

�
2

1

�1

�1

1

<latexit sha1_base64="DqeMbzucmi5gY0WyEL7pOj3DxdQ="></latexit>

2x1 + x2 + 1

�2x1 � x2 + 1

�(1) �(�2x1 � x2 + 2)

�2x1 � x2 + 1

�(�2x1 � x2) �(�4x1 � 2x2 + 1)

 0 > 0

 0 > 0  0 > 0

<latexit sha1_base64="yMkqGmNAqT2hPkUL/F9ZxMIMU2w="></latexit>

�2x1 � x2 + 1

2x1 + x2 + 1

�(1) �(�2x1 � x2)

2x1 + x2 + 1

�(�2x1 � x2 + 2) �(�4x1 � 2x2 + 1)

 0 > 0

 0 > 0  0 > 0

<latexit sha1_base64="CQwnnyWvI+lvPfylIL+c70+3f3c="></latexit>

Neural Trees



x1

x2

A2
1

A2
2

A3
1

2

�
2

1

�1

�1

1

<latexit sha1_base64="DqeMbzucmi5gY0WyEL7pOj3DxdQ="></latexit>

2x1 + x2 + 1

�2x1 � x2 + 1

�(1) �(�2x1 � x2 + 2)

�2x1 � x2 + 1

�(�2x1 � x2) �(�4x1 � 2x2 + 1)

 0 > 0

 0 > 0  0 > 0

<latexit sha1_base64="yMkqGmNAqT2hPkUL/F9ZxMIMU2w="></latexit>

�2x1 � x2 + 1

2x1 + x2 + 1

�(1) �(�2x1 � x2)

2x1 + x2 + 1

�(�2x1 � x2 + 2) �(�4x1 � 2x2 + 1)

 0 > 0

 0 > 0  0 > 0

<latexit sha1_base64="CQwnnyWvI+lvPfylIL+c70+3f3c="></latexit>

Neural Trees



x1

x2

A2
1

A2
2

A3
1

2

�
2

1

�1

�1

1

<latexit sha1_base64="DqeMbzucmi5gY0WyEL7pOj3DxdQ="></latexit>

2x1 + x2 + 1

�2x1 � x2 + 1

�(1) �(�2x1 � x2 + 2)

�2x1 � x2 + 1

�(�2x1 � x2) �(�4x1 � 2x2 + 1)

 0 > 0

 0 > 0  0 > 0

<latexit sha1_base64="yMkqGmNAqT2hPkUL/F9ZxMIMU2w="></latexit>

�2x1 � x2 + 1

2x1 + x2 + 1
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Three possibilites for each neuron:

1. Inactive
2. Active
3. Part of the program

For N hidden neurons,  subprograms.3N

Neural Trees
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Two Effects of a Growing Library

❖ Problem becomes harder: more functions to learn how to use.

❖ Problem becomes easier: helpful functions make it easier.

❖ Select a subset of programs while minimizing the Levin loss 
(Alikhasi & Lelis, ICLR 2024) (Orseau, Lelis, Lattimore & Weber, Neurips 2018).

❖ Evaluates all programs. :-( 
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Orseau et al. (2018)
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❖ Iteratively select the option that minimizes the Levin loss.

❖ Stop when Levin loss goes up for the selected subset. 
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Dec-Options

❖ Learn policy to solve some problems.

❖ Decompose them into sub-programs. 

❖ Select a sub-set of them to use as options.

❖ Use options in downstream tasks.

Alikhasi & Lelis (2024)
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Learning Programs

❖ Libraries of programs can be used to approximate the 
semantic space of a language. 

❖ Libraries of programs can be learned by decomposing 
neural networks. 



We Are Hiring! University of Alberta, Canada.

❖ Several (10+) AI+X faculty positions across campus. 

❖ 3 CS Positions (Theory+ML, SE+ML, and Theory)

❖ Please spread the word! 


