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Interpreting Scenes, Words and Sentences from Natural Supervision
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Color Ereer Visual Question Answering Principle 1: Explicit visual grounding of concepts with neuro-symbolic reasoning. Prog Cmp. _. . Query Cmp.
Shape | Cube gi g/th’s the shape of the red object?  Principle 2: Joint learning of concepts and language with developmental curriculum. Model Anno, Overall Count \p o EXist v At
:Sphere. e :

Material | Metal Image Captioning Obiject . Visual Representation LBack—Propagation Human N/A 926 867 864 96.6 95.0 96.0
------------ There are a red sphere and a green cube. Detection | obj. 1 _ D 5 NMN 700K 72.1 525 7277 79.3 79.0 78.0
. > | ol 0 DR N2NMN 700K 88.8 68.5 849 857 90.0 888
Instance Retrieval: rubber sphere. Feature | > < o ] [EP 700K 969 927 987 97.1 98.1 98.9
Color  |Red P EXEraction - * DDRprog 700K 983 965 984 988 99.1 99.0
o~ oncept Embeddings : . TbD 700K 99.1 97.6 994 99.2 995 99.6

Shape Sphere ".1 - 8° KR = HEESS red B N B «_) Neuro-Symbolic
Material |Rubber a - ‘ 5 e 5 Reasoning RN 0 955 90.1 93.6 97.8 97.1 97.9
. oL | : | ; ; FiILM 0 976 945 938 992 992 99.0
............ : Semantic T T l MAC 0 98.9 972 994 995 993 995
| | | Q: What's the shape of Pars'”g) o[ Filter [ Query [-» Sphere NS-CL (10% data) 0 989 982 99.0 98.8 99.3 99.1
Overview of Visual Reasoning Methods the red object? ~ red  shape < CINFORCE NS-CL (fulldata) 0  99.6 99.3 99.6 99.7 99.8 99.6

Extra Labels 30k images, 90k questions,

Models Visual Features Semantics Inference _ _ _ Resu ItS on the V S D ataset
#Prog. Atr Visual-Semantic Embeddings for Shape Query Q 9 concepts [Gan et al. 2017]
FiLM (Perez et al., 2018) Convolutional ~ Implicit 0  No Feature Manipulation {77~ Vil Renrocan oo - — -
IEP (Johnson et al., 2017b) Convolutional  Explicit 700K No  Feature Manipulation i ISual kepresentation
MAC (Hudson & Manning, 2018)  Attentional Implicit 0 No  Feature Manipulation Obj 1 » B
Stack-NMN (Hu et al., 2018) Attentional Implicit 0 No Attention Manipulation | _
TbD (Mascharka et al., 2018) Attentional Explicit 700K No Attention Manipulation Obj 2 FEE B
NS-VQA (Yietal., 2018) Object-Based  Explicit 02K  Yes  Symbolic Execution oo
NS-CL Object-Based Explicit 0 No Symbolic Execution General R epres entation Sp 3 iR
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Lessonl: Object-based questions. Lesson3: complex scenes, complex questions

Q: What Is the shape of the
red object?
A: Sphere.

Combinatorial Generalization

B #objects < 6
. depth > 4

Concepts for Instance Retrieval
Horse

A #objects < 6
. depth < 4

C: #objects > 6
. depth < 4

D #objects > 6
. depth > 4

Person On a Skateboard

Test
Split A Split B Split C Split D

MAC 973 N/A 929 N/A
- IEP 96.1 92.1 915 909
TbD 988 945 943 919

Model

esson2: Relational questions.

Q: Is the green cube left to the

red sphere?
A: Yes

Q: Does the big matte object behind
the big sphere have the same color as
the cylinder left of the small brown
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the big yellow thing?

the cyan thing that is in
front of the big sphere?

the cyan thing that is in
front of the gray cube?

? | o " o NS-CL 989 989 987 98.8
cube: Q: What's the shape of Q: What size is the Q: What's the shape of Q: What size is the
A: No. cylinder that is left of the big yellow thing? cylinder that is left of

Training Set: Split A Only.




