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Empirical	observation:	

A	generalization	bound	that	

Current	complexity	measures with	over-parametrization	L

with	over-parametrization?	J

CIFAR-10 CIFAR-10

Over-parametrization	helps generalization

unit	capacityunit	impact

Generalization	Bound

Why	is	this	important	and	useful?
• One	of	the	key	mysteries behind	success	of	deep	learning
• Understanding	the	real	cause	of	generalization	can	be	used	to	

design	better	models	and	optimization	algorithms

CIFAR-10 SVHN MNIST

Matching	Lower	Bound

Code	available	at	https://github.com/bneyshabur/over-parametrization
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Consider

ü Matches	both	terms in	the	upper	bound.

ü First lower	bound	that	is	higher	than	Lipschitz	of	the	network.

ü Improves	by	a	factor	of	 ℎ� over	Bartlett	et	al.	2017.

ü ℎ� gap	between	linear	vs	non-linear	networks.

S = {xi}mi=1 ⇢ Rd
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For	any

Distance:	Euclidean	distance	from	initialization.

Comparing	generalization	measures:

Behavior	of	different	norms	with	over-parametrization:

Comparing	capacity	bounds:

# Reference Measure

(1) Harvey et al. 2017 Õ(dh)
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Rademacher complexity	bound:

For	any	𝑚,	w.p.	>	1- δ over	the	training	set:

Generalization	bound:

• U0 is	the	initialization	/	any	fixed	matrix.

• Rademacher complexity:

• Margin	ramp	loss:

Properties	of	learned	two	layer	ReLU networks:

d:	input	dimc:	#classes h:	#hidden	units m:	#samples 𝛾:	margin
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