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Joseph Fourier

frequency domain
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Harry Nyquist

sampling theorem

Claude Shannon

entropy, capacity

Richard Hamming

error correction codes



Four Fundamental Quantities

Entropy H

[ [ bits per source symbol

Source bandwidth
WS' source symbols per second
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We

Capacity C

information bits per coded
bit

Channel bandwidth

coded bits per second



End-to-End Communication

bits coded coded bits

bits bits
r nstruct
source
Source Channel
Entropy: H Capacity: C
Bandwidth: W_s Bandwidth: W_c

The Fundamental End-to-End Theorem

Reliable communication of the source through the channel
is possible if and only if

HWs <CWe
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