- Vabid Karimipour,
S/mrzf University of lechnology




2001)

Claude Shannon (1916-

S

it
I
;

=




VOLUME XX V11 JULY, 1948 NO. 3

VOLUME XXVII OCTOBER, 1948 NO. 4

4 F A Tal .
OPATLY OF TR 3iEntLng \

o 1/ g tunt i
hJuuvdJ AMGLALUN oUGVaAvaA

THE BELL SYSTEM

| THE BELL SYSTEM
TECHNICAL JOURNAL | TECHNICAL JOURNAL

OF ELECTRICAL COMMUNICATION ' DEVOTED TO THE SCIENTIFIC AND ENGINEERING ASPECTS
OF ELECTRICAL COMMUNICATION

A Mathematical Theory of Communication. .C. E. Shannon 379
Equivalent Circuits of Linear Active Four-Terminal Net-

An Aspect of the Dialing Behavior of Subscribers and Its ’ WO S o S e T L. C. Peterson 593

Effecton the Trunk Plant. . ............ Charles Clos 424 ‘ ; A Mathematical Theory of Communication (Concluded)

C. E. Shannon 623
Spectra of Quantized Signals . ............ W. R. Bennelt 446 l
Transients in Mechanical Systems . ......... J. T. Muller 657
Analysis and Performance of Waveguide-Hybrid Rings , 3 SN ' o

for Microwaves. .................. H. T. Budenbom 473 | Maximally-Flat Filters in Wave Guide .. W. W. Mumford 684
Transient Response of an FM Receiver. ... ... M. K. Zinn 714

Transverse Fields in Traveling-Wave Tubes . .J. R. Pierce 732

1

:

Methods of Electromagnetic Field Analysis |
S. A. Schelkunofi 487 r

Abstracts of Technical Articles by Bell System Authors, .. 747
The Evolution of the Quartz Crystal Clock y y

Warren A. Marrison 510 I ContributorstothisIssue .................. ... ... Lo 52
Abstracts of Technical Articles by Bell System Authors.. 589

Contributors to this Issue .. .. ..........oneviieanaina. 591 I

CAN TELE D TELEGRAPH COMPANY
S LA B AMERICAN TELEPHONE AND TELEGRAPH COMPANY

NEW YORK , | S o
‘ % —
50¢ per copy $1.50 per Year

; 50¢ per copy $1.50 per Year i

O : Kuenzia Book




A /uiv\d/
at a’Dlay

How Clande Shannon
invented the

Information hge

JIMMY SONI
ROE CGOODMAN

READ BY JONATMAN YEN

The Bell System Technical Journal

Vol. XXVII July, 1948 No. 3

A Mathematical Theory of Communication
By C. E. SHANNON

INTRODUCTION

HE recent development of various methods of modulation such as PCM

and PPM which exchange bandwidth for signal-to-noise ratio has in-
tensified the interest in a general theory of communication. A basis for
such a theory is contained in the important papers of Nyquist' and Hartley*
on this subject. In the present paper we will extend the theory to include a
number of new factors, in particular the effect of noise in the channel, and
the savings possible due to the statistical structure of the original message
and due to the nature of the final destination of the information.

The fundamental problem of communication is that of reproducing at
one point either exactly or approximately a message selected at another
point. Frequently the messages have meaning; that is they refer to or are
correlated according to some system with certain physical or conceptual
entities. These semantic aspects of communication are irrelevant to the
engineering problem. The significant aspect is that the actual message is
one selected from a set of possible messages. The system must be designed
to operate for each possible selection, not just the one which will actually
be chosen since this is unknown at the time of design.

If the number of messages in the set is finite then this number or any
monotonic function of this number can be regarded as a measure of the in-
formation produced when one message is chosen from the set, all choices
being equally likely. As was pointed out by Hartley the most natural
choice is the logarithmic function. Although this definition must be gen-
eralized copsiderably when we consider the influence of the statistics of the
message and when we have a continuous range of messages, we will in all
cases use an essentially logarithmic measure.

The logarithmic measure is more convenient for various reasons:

1. It is practically more useful. Parameters of engineering importance

! Nyquist, H., ““Certain Factors Affecting Telegraph Speed,”” Bell System Technical Jour-

nal, April 1924, p. 324; “*Certain Topics in Telegraph Transmission Theory,” A. I. E. E.

Trans., v. 47, April 1928, p. 617.
* Hartley, R. V. L., *“Transmission of Information,”” Bell System Tecimical Journal, July

1928, p. 535.
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1000 billion Gigabyte

40,000 Searches /sec
~1000 Exabytes = ~

Google
20 Petabyte/day=20 million GigaBytes/day
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The current capacity of Google




Youtube: 4 Million hours of new clips each day




Black hole and information
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Entropy and Information
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John von Neumann

You should call it entropy, for two reasons:

In the first place your uncertainty function has been
used in statistical mechanics under that name, so it already has a name.

In the second place, and more important, nobody knows what entropy
really is, so in a debate you will always have the advantage.
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A Grand Example
Unigram Distribution
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