Exercise I
Multimedia Coding
Due: May 1, 2009
1. (40%) Given the symbol probabilities {p(xi)} = {.36, .15, .13, .11, .09, .07, .05, .03, .01}, 
(a) Draw the corresponding Huffman tree and list the code ci for each symbol xi;

(b) Calculate the entropy H(X), the resulting bit rate RHuffman and the redundancy of the Huffman code (. 
(c) Show that the McMillian equality is true. (The equality holds for any prefix code.)
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, where ║ci║ is the length of ci.
(d) Show that 
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, and RHuffman < H(X) + 1. 
2. (24%) Generate a binary sequence of length L=5 with p(0) = 0.8, and use the  arithmetic coding algorithm to encode it. Plot the difference of the rate in bits/symbol and the entropy as a function of L=2, 3, 4 and 5.

3. (36 %) CAVLC is the method to encode residue, zig-zag 4(4 blocks of transform coefficients. Given a 4(4 block below, fill in the corresponding codes for the encoding process. 

	0
	3
	-1
	0

	0
	-1
	1
	0

	1
	0
	0
	0

	0
	0
	0
	0


Reordered 1-D sequence:                

TotalCoeffs =   ; Total_zeros =   ; TrailingOnes =   .

CAVLC works in five steps: TotalCoeff, TrailingOnes ( SignalTrail ( Levels ( TotalZeros ( Runs.

· Step 1: Jointly encode TotalCoeff (# of non-zero coeffs) and TrailingOnes (# of trailing ones, up to THREE T1) adaptively. The parameter NC depends on the average TotalCoeff of the top and left blocks. In this case we assume NC = 1.

From Table 9-5, select the coeff_token code =    for both TotalCoeff and TrailingOnes.

· Step 2: Encode the sign of three TrailingOnes, 0 for positive, 1 for negative.

Code:        
· Step 3: Encode the remaining levels in reverse order. Start form Level VLC 0 (Unary code), switch to Level VLC 1 (Golomb-Rice (2) code) in this case.

Code:     
· Step 4: Encode TotalZeros (# of all zeros preceding the last nonzero) by Table 9-7. 

Code:    
· Step 5: Finally we need to indicate the positions of all these zeros by Table 9-10. The number of zeros preceding each nonzero coefficient (run_before) is encode in reverse order. Initially, ZerosLeft = TotalZeros.

Code:           
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