
IoU 0.09
ball pit

conv5 unit 207 (scene)

 

IoU 0.09
dotted

conv5 unit 251 (texture)

 

IoU 0.08
honeycombed

conv5 unit 130 (texture)

IoU 0.08
grid

conv5 unit 52 (texture)

 

IoU 0.07
wheel

conv5 unit 108 (part)

 

IoU 0.06
sprinkled

conv5 unit 39 (texture)
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Are	Individual	Units	Meaningful?

Quantifying	Interpretability

Comparing	Interpretable	Units Emergence	of	Interpretability

1.	Define	a	broad	dictionary	of	candidate	concepts.

2.	Test	each	internal	unit	on	segmentation	of	every	concept.

3.	Measure	segmentation	quality	and	match	units	to	concepts.

Internal	units	match	unknown	concepts.
Output	measured	by	performance.Peering	In	

What	is	learned	inside?
How	do	internals	compare?

Our	contributions:

conv1

conv2

conv3

conv4

conv5

fc6

fc7

fc8

conv1_1

conv1_2

conv2_1

conv2_2

conv3_1

conv3_2

conv3_3

conv4_1

conv4_2

conv4_3

fc6

fc7

fc8

conv5_1

conv5_2

conv5_3

conv1_1

conv1_2

conv2_1

conv 1X1

conv 3X3

conv 1X1

conv 5X5

conv 1X1

conv 1X1

conv 1X1

conv 3X3

conv 1X1

conv 5X5

conv 1X1

conv 1X1

conv 1X1

conv 3X3

conv 1X1

conv 5X5

conv 1X1

conv 1X1

conv 1X1

conv 3X3

conv 1X1

conv 5X5

conv 1X1

conv 1X1

conv 1X1

conv 3X3

conv 1X1

conv 5X5

conv 1X1

conv 1X1

conv 1X1

conv 3X3

conv 1X1

conv 5X5

conv 1X1

conv 1X1

conv 1X1

conv 3X3

conv 1X1

conv 5X5

conv 1X1

conv 1X1

conv 1X1

conv 3X3

conv 1X1

conv 5X5

conv 1X1

conv 1X1

conv 1X1

conv 3X3

conv 1X1

conv 5X5

conv 1X1

conv 1X1

fc

conv 7x7

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

fc

⁝

⁝
100 more layers

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

conv 3x3

AlexNet 2012
5	conv	layers

VGG-16	2014
13	conv	layers

GoogLeNet 2014
21	conv	layers

Resnet-152	2015
>150	conv	layers

Error:	15.3%

Error:	8.5%

Error:	7.8%

Error:	4.4%

3.	Verify	on	other	projections

Top	ranked	concept	
and	score	are	assigned	
to	each	unit.

The	Network	Dissection	Framework

2.	Dissect	256	other	projections	of	the	same	Alexnet conv5	units

1.	When	Training	from	Scratch

Units	under	a	changed	basis	are	less	interpretable

Representation	after	random	basis-change	has	identical	discriminative	power

Top activations of top IoU units

18 concepts with IoU > 0.04

1.	Dissect	256	units	of	Alexnet conv5 trained	on

Top activations of top IoU units under changed basis

Lamp Intersection	over	Union	(IoU)	=	0.12	=

Unit	2																															Top	activated	image	areas

Total	=	63,305 images
1,197 concepts

ADE20K Zhou	et	al,	CVPR	‘17
Pascal Context Mottaghi et	al,	CVPR ‘14
Pascal	Part Chen et	al,	CVPR ‘14
Open	Surfaces Bell et	al,	SIGGRAPH	‘14
Desc Textures Cimpoi et	al,	CVPR ‘14
Colors generated

red (color)

 

yellow (color)

 

wrinkled (texture)

 
meshed (texture)

 

wood (material)

 

fabric (material)

 
foot (part)

 

door (part)

 

airplane (object)

 
waterfall (object)

 

art studio (scene)

 

beach (scene)

 

Broden Dataset

Area	of	Overlap	

Area	of	Union

1.	Across	Layers	(Alexnet trained	on																							)
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red

unit 51

IoU 0.11

veined

unit 55

IoU 0.11

orange

unit 78

IoU 0.07

blue

unit 50

IoU 0.06

frilly

unit 81

IoU 0.06

banded

unit 37

IoU 0.25

sky

unit 165

IoU 0.10

grass

unit 232

IoU 0.08

ball pit

unit 222

IoU 0.07

hair

unit 173

IoU 0.04

grass

unit 20

IoU 0.13

tree

unit 42

IoU 0.10

car

unit 135

IoU 0.08

sky

unit 162
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painting

unit 115
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water

unit 54
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skyscraper
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tree
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road
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car
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IoU 0.06

road

unit 107
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car
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mountain
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grass
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water
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conv2

conv3
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3.	Across	Supervisions	and	Training	Sets	(Alexnet conv5)
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Video	
Tracking

Ambient	
Sound

X	Wang,	A	Gupta,	CVPR	2015,	
Unsupervised	Learning	of	Visual	
Representations	using	videos

A	Owens,	et	al,	ECCV	2016,
Ambient	sound	provides	
supervision	for	visual	learning

Puzzle	
Solving

M	Noroozi,	P	Favaro,	ECCV	2016	
Unsupervised	learning	of	visual	rep-
resentations by	solving	jigsaw	puzzles

D	Jayaraman,	K	Grauman,	ICCV	2016	
Learning	image	representations
tied	to	ego-motion

Ego	
Motion

As	expected,	more	high-level	
concepts	at	higher	layers
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Deeper	networks	represent	
more	high-level	concepts
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more	concepts

2.	When	Fine-Tuning
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Early	training	finds	concepts;	late	training	improves	them.

Representations	switch	units	to	new	concepts	during	fine-tuning.

top	conv	layer	in	each	net	shown

Individual	units	in	a	learned	basis	match	meaningful	conceptsIoU of	the	best-matched	concepts	quantify	interpretability Representations	can	be	compared	by	interpretability

1.	A	method	to	go	from	visualization
to	quantified	interpretations.

2.	Comparisons	of	interpretability	of
a	range	of	different	representations.
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Interpretations	better	
than	a	typical	basis.
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2.	Across	Architectures	(trained	on																								)
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conv5 unit 229 (texture)
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72 concepts with IoU > 0.04

Interpretability of a single unit during training

Network performance during training

Top	ranked	concept	
and	score	are	assigned	
to	each	unit.
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