Information Entropy

We are going to count the frequency of letter occurrence in English.  Claude Shannon introduced the notion of entropy to the field of Information Science (also known as Communication Theory).  Information entropy measures the rate at which information is transmitted.  Using an alphabet of 26 letters suggests at first that one conveys log2(26)= 4.7 bits per letter (ignoring spaces and punctuation).  However, the calculation of entropy suggests that the alphabet’s capacity to convey information is not actually met because some letters are used frequently and some quite infrequently. In this lab you will calculate the entropy of a text and perform a frequency analyses and do an entropy calculation.  

Open a new Word document and paste in some text (at least a long paragraph).  The longer it is, the better the statistics.  Open an Excel spreadsheet and in the first column place the header “Letters” followed by each letter as shown below. 
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by Edgar Allan Poe
1849

I

Hear the sledges with the bells-

Silver bells!

What a world of merriment their melody foretells!
How they tinkle, tinkle, tinkle,

In the icy air of night!

While the stars that oversprinkle

All the heavens, seem to twinkle

Witha crystalline delight;

Keeping time, time, time,

Inasort of Runic rhyme,

To the tintinnabulation that so musically wells
From the bells, bells, bells, bells,

Bells, bells, bells-

From the iincling and the tinkling of the hells
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Use Word’s Find and Replace dialog box found under Edit/Replace.  Enter an “a” in the Find What textbox and enter nothing in the Replace with textbox.  Click on the Replace All button and enter the number of replacement reported into your Excel spreadsheet next to the letter a (Cell B2). 
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Hear the sledges with the bells-
Silver bells!

What a world of merriment their melody foretells!
How they tinkle, tinkle, tinkle,
In the icy air of night!
(= While the stars that oversprinkle
& All the heavens, seem to twinkle
Witha crystalline delight;
Keeping time, time, time,
s In a sort of Runic rhyme,
To the tintinnabulation that so musically wells
From the bells, bells, bells, bells, v
Bells, bells, bells- o
l From the iincling and the tinkling of the hells
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Continue with the other letters. 
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Strictly speaking we should count the spaces and various punctuation marks as well, but we will stop with the letters.  Place a header “Frequencies” at the top of this column and then take the sum of the frequencies (highlight the cell at the bottom, B28 and either double click the ( button or enter the formula =SUM(B2:B27).)     

Place a header “Probabilities” in the third column.  Calculate the probabilities by dividing the frequency by the sum.  For example, enter in C2 the formula =B2/B$28. (You can check your calculations by summing this column; you should get 1.)
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Make a histogram (column chart) of the letters and their probabilities. Right click on a column; choose Format Data Series; then on the Options tab, set the Gap Width to 0. 
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Next, we will calculate the entropy from the frequency distribution.  In a column labeled “Entropy”, enter the formula = - C2*LOG(C2,2). If you have any frequencies that are zero, you may want to enter the more complicated formula =IF(C2=0, 0, -C2*LOG(C2,2)). Finally sum the entropy column to determine the entropy per letter as shown below.  
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Name of Your Text:

Paste Letter Frequency Distribution for Your Text here. 

Information per letter for Your Text :  
_1236709473.xls
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		Letters		Frequencies		Probabilities		Entropy

		A		150		0.0580270793		0.238324751

		B		80		0.0309477756		0.1551727805

		C		28		0.0108317215		0.0707159079

		D		57		0.0220502901		0.1213440377

		E		344		0.1330754352		0.3872074394

		F		66		0.0255319149		0.1351035178

		G		69		0.0266924565		0.1395327905

		H		198		0.0765957447		0.2839091703

		I		162		0.0626692456		0.2504324824

		J		2		0.0007736944		0.0079968654

		K		20		0.0077369439		0.0542670829

		L		269		0.1040618956		0.3397086222

		M		59		0.0228239845		0.1244661607

		N		170		0.0657640232		0.2582262271

		O		185		0.0715667311		0.2722804311

		P		34		0.0131528046		0.082185112

		Q		1		0.0003868472		0.0043852799

		R		131		0.0506769826		0.2180390131

		S		157		0.0607350097		0.245450084

		T		253		0.0978723404		0.3281615523

		U		43		0.0166344294		0.0983042181

		V		10		0.003868472		0.0310020134

		W		53		0.0205029014		0.1149808471

		X		1		0.0003868472		0.0043852799

		Y		42		0.0162475822		0.0965696356

		Z		1		0.0003868472		0.0043852799
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