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Human intelligence can decompose data into independent factors
and recombine them, allowing compositional generalization.
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Is factorization sufficient for

compositional generalization??

Experimental Setup

We probed a bunch of factorized encoding forms on the CNN/
MLP decoder only architecture on a Gaussian bump image

generation task!
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How to fix?
Plan A: Architectural Constraint

Disentangled

Comp Gen Sucks Naively

Despite disentangled input representations (regardless of the
form), the compositional generalization performance sucks :(

Disentangled processing
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What Happened?

Apparently disentangled input representations get “warped” &
“re-entangled” over the layer depth, leading to comp gen failure!

How to fix? Plan B: Data Curation

Jacobian Metric Tensor Augmented Dataset

Data Efficiency Scaling

Layer 2 Layer 3 Layer 4 Layer 5 Layer 6
-05 1 ! i i — i i — —_
g = - | I . 0 o < N NXxN Vertical Stripe (x=14) Horizontal Stripe (y =14 9 e oumps oy
o _6 -5 -10 ) O 1 === Cubic Reference (N?3)
e 3 -16 -1 o -1 e = T o —e— Stripes + Bumps
5 O i -17 -15 . . 5 5 8 :OOD : i-___ ___: ;- _________ : 8 103 - Linear Reference (N)
Lﬁ - -2.0 -3 : : : : L : €
o Layer 2 Layers  Layerd Layer 5 Layer 6 | i i | EE—
1.1 E 1 1 O |
= | 5 ! . ' ' ' | s e
! e 2 NP e N I S © 1 —_—
] ) : e_((_/_/«
g 3 * 2 : = - - -
oC 8 0D 0 : 3 x 101 4% 10! 5 x 101
NXN L = 0 * N Grid Size N (log scale)
_________ Factorization Metri Few-shot Comp Gen Neural Tuning Curves
looD I actorizaton etric 10 Bumps 50 Bumps 100 Bumps
| 1 Layer 0 Mean overy Mean over x
: ; Input: Bump Encoding Input: Ramp Encoding S — L U — Neuron (c=1h=2,w=4) .
I i i 1 1 1
| : 1.00 Depth=2 1.00 | i | y 5o
| | 1S) —e— Depth=3 ) :.'. = B ! ! o 903
------ :j- : 48 0.991 —o— Depth=4 509 LR L!_____I Li_____l < < o2
AT s —e— Depth=5 Z 0.90 i o
. c ] _ c
: S 0.98 —e— Depth=6 S i Layer 3 : , :
: ﬁ ﬁ 0.85 - —— Depth=2 ayer Neuron (c=0,h=13,w=11) 0.61 0.61
' 0.97 1 = —o— Depth=3 051
X N S 90.80 —e— Depth=4 02 = 0.4
et et 3 < =031
L 0.96- £ g 75 —e— Depth=5 > g S
—e— Depth=6 0.0 & 0‘1-
mput 0 1 2 3 4 5 6 mput 0 1 2 3 a4 5 6 oolsewed el
Layer Index Layer Index y



mailto:qiyao@mit.edu

