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Coding Efficiency

* Huffman Encoding
— Minimum length binary message

 “To know that we know what we know,
and to know that we do not know what

we do not know, that is true wisdom. -
Confusious”

 How many bits do | need to send this?



Coding Efficiency

« “To know that we know what we know, and to know that we do not
know what we do not know, that is true wisdom. -Confusious”

* What are the probabillities?

— 102 letters 1016 bits (ascii)

— P(a)=.078, c=.01, d=.049, e=.088, f=.01,
h=.069, i=.029, k=.06, m=.01, n=.098,
0=.147, r=.01, s=.039, t=.147, u=.029,
w=.157

* Entropy of message = 3.13 bits

— Encodes ideally in 319 bits



How do we encode?

* Give the most frequent char, shortest
“‘word”
-w-> (0)
—0->(10)
—t->(110)
 Encodes in 515 bits
* |f we used 4bit words: 408 bits???



Some Linear Algebra

* “Change of Basis”
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Change of Basis

« \What is V' in standard basis?
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Change of Basis

« What is v’ in standard basis?
V V =:|bl+ 2b
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Similarity Transforms

 Given tranform A In standard basis
 \What is that transform in a different basis?
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* Could just apply A in std. basis and go back
A.v, =B 'ABv,



Similarity Transforms

 Given tranform A In standard basis
 \What is that transform in a different basis?

* Could just apply A in std. basis and go back
AV, =B'ABv, A, =BAB



Diagonalization of Sym. Mat.

* Use eigen vectors as a basis for A
— Works when A is symmetric
Av=X"X"v
—" is a diagonal matrix, diag = eigenvalues
— X Is a matrix, columns = eigenvectors
— X' *t=X" since eigen vectors are unit..

 But what does it mean? ... about
symmetric matrices?



What is the “Action” of...

* A diagonal matrix?

A matrix that has: inv. == trans.

* A symmetric matrix?



Spectral Factorization

* Factor a n*n Symmetric transform:

A= A1 + A2 +...+ An
— So A; has one eigen value/vector
A = XiXiT "

* Note:
— XX is a nxn matrix
- X % =1L X x; =0li" ]



Non Symmetric Matrices

* Consider basis rep:
Av=X"Y'"v
* Right eigen values:
Ax, = Ax,
 Left eigen values:
Y =Y A



Properties

* Orthogonallity of left/right eigenvectors
(XY"); =1, (XYT)ij =0[i" )
yiTXi =1

* Inverse/Transpose relationship
XTt=Y"



Spectral Factorization

* Any n*n matrix can be factored as:
A=A +A +L +A
— With a single eigen value per A

A =Xyl



Stochastic Matrices

« Definition: tOA =]
— Rows sum to 1

* \We know one eigenvector...



