
MCDIARMID’S INEQUALITY

Let Z1, . . . ,Zn ∈ Z be a sequence of n random variables drawn iid from

a fixed distribution. Assume that � ∶ Zn � R is a function satisfying

the condition that: For any i ∈ [n], and any z1, . . . , zn ∈ Z and any z ′i ∈ Z ,

��(z1, . . . , zi, . . . , zn) −�(z1, . . . , z ′i , . . . , zn)� ≤ C
n

Then we have the following concentration result :

P (��(Z1, . . . ,Zn) −E [�(Z1, . . . ,Zn)]� > ✏) ≤ 2 exp(−2n✏2

C2
)

Eg: The function �((x1,y1), . . . , (xn,yn)) = maxf∈F �L̂S(f ) − LD(f )� satisfies the

condition with C = 2 when loss is bounded by 1



UNIFORM CONVERGENCE

Eg: The function �((x1,y1), . . . , (xn,yn)) = maxf∈F �L̂S(f ) − LD(f )�
satisfies the condition with C = 2 when loss is bounded by 1.

Hence we have that for any � > 0, with probability at least 1 − �,

max
f∈F �L̂S(f ) − LD(f )� ≤ 2 E �max

f∈F �L̂S(f ) − LD(f )�� +O
�
�
�

log(1��)
n

�
�

Complexity Measure



SYMMETRIZATION AND RADEMACHER COMPLEXITY

Let ✏1, . . . ,✏n ∈ {±1} be Rademacher random variables where each ✏i is+1 with probability 1�2 and −1 with probability 1�2.

We will see that:

E �max
f∈F �L̂S(f ) − LD(f )�� ≤ 2

n
ES �E✏ �max

f∈F �
n�

t=1
✏t`(f (xt),yt)���

Rademacher Complexity



RADEMACHER COMPLEXITY



Proof of Symmetrization



Why is moving to Rademacher 
Complexity useful?



RADEMACHER COMPLEXITY

<latexit sha1_base64="BF+pa8MYT0d4lUgLeY37QmUL6dg=">AAACVnicbVHfa9RAEN6k1tbzV9RHXwYP4Q6OI5GipSAUBfWxgtcWLkfYbCbt0t1N2J2UO2L+SX3RP8UXcXM9obYOLHzzfTOzs9/mtZKO4vhnEG7d2b67s3tvcP/Bw0ePoydPj13VWIEzUanKnubcoZIGZyRJ4Wltketc4Ul+8b7XTy7ROlmZL7SqcaH5mZGlFJw8lUU6JVyS1e1HeYkGHNe1wgkUWPqB0KWa07ngqv3QZe3XZZ ZMUlVU5CbLzHTwFtIWRuXI8+O/Qp+Z8RgOoIRUGrg2Ie2yaBhP43XAbZBswJBt4iiLvqVFJRqNhoTizs2TuKZFyy1JobAbpI3DmosLfoZzDw3X6Bbt2pYOXnqmgLKy/hiCNXu9o+XauZXOfWW/pLup9eT/tHlD5f6ilaZuCI24uqhsFFAFvcdQSIuC1MoDLqz0u4I455YL8j8x8CYkN598Gxy/miavp3uf94aH7zZ27LLn7AUbsYS9YYfsEztiMybYd/YrCIOt4EfwO9wOd65Kw2DT84z9E2H0Byygss0=</latexit>

Given sample, define F|x1,...,xn
= {(f(x1), . . . , f(xn)) : f 2 F}

<latexit sha1_base64="kGi6vqQaVVOhAIgSQi65CW3VCks="></latexit>
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max
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✏t`(f(xt), yt)

#
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"
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#



RADEMACHER COMPLEXITY
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For each f, this term is average of 0  
mean terms and hence concentrates 

Only cardinality of                      matters  



RADEMACHER COMPLEXITY

Eg. Thresholds, rectangle



GROWTH FUNCTION AND VC DIMENSION

<latexit sha1_base64="ijNEZOiQ07htgS7QZP7oIDdCGZg="></latexit>

⇧(F , n) = max
x1,...,xn

��F|x1,...,xn

��

Consider the case of binary classification:

Maximum number of  points that can be shattered.



GROWTH FUNCTION AND VC DIMENSION

If VC dimension is infinite then learning is not possible!

Think of a proof strategy



GROWTH FUNCTION AND VC DIMENSION

If VC is finite, growth function has a nice bound and hence we can learn!


