Reverse Engineering the
Neural Tangent Kernel
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Wide neural networks are described by two kernels
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Example FCN kernels AH’XZ
C = COS
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Main result: kernels -> networks

Theorem 3.1 (Kernel reverse engineering). Any desired
dot product kernel K (c) = 1=, arc’ can be achieved
as

» the NNGP kernel of a single-hidden-layer FCN with

ow=1,0p=0and p(z) = 7, :I:a,lg/2hk(z),
* the NTK of a single-hidden-layer FCN with o,, =
- 1/2
Loy=0and ¢(z) = 1, ﬂ:(ﬁ—kk) hi(2),

where we use * to indicate that the sign of each term
is arbitrary. These are the complete set of activation
functions that give this kernel in a single-hidden-layer
FCNwitho,, = 1,0, = 0.

any dot-product kernel
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Shallowification of a deep FCN
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Reverse-engineering for neural architecture design

NO PRINCIPLED METHODS
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Summary: any dot-product kernel can be realized as a shallow FCN.

Implications:

e Depth may not benefit FCNs (!!)

e Potential for principled neural architecture design
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