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1 Background

In the CABAC[2] of the H.264, all syntax elements are encoded by the M-coder[1]. In the proposal, a new arithmetic coder is proposed. It has the following advantages:

· Higher-precision interval-subdivision and lower storage
· Byte-based renormalization to ease kinds of software and hardware implementations.
· Table-based interval division similar to the M-coder
· Scaled probability estimation similar to the M-coder
· Byte-based output in the encoder and byte-based input in the decoder instead the bit-based input and output in the M-coder
· Probability estimation
Totally 40 LPS probability states are used in the coder and they are realize as a markov chain, which allows a table-driven implementation of probability estimation. We recursively define the following set of representative LPS probability states 
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So we have 
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. Let I denotes the current interval, MI(I) donotes the position of the most significant bit of I. We have the following relationships:
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The first property allows us to use much less table storage for the interval subdivision, the second and the third relationships allow us to estimate the position of the most significant bit of the current interval without loop.

	State
	Probability
	Next_State_LPS
	Next_State_MPS
	Switch_MPS

	0
	0.50000
	0
	1
	1

	1
	0.45850
	0
	2
	0

	2
	0.42045
	1
	3
	0

	3
	0.38555
	2
	4
	0

	4
	0.35355
	2
	5
	0

	5
	0.32421
	3
	6
	0

	6
	0.29730
	4
	7
	0

	7
	0.27263
	5
	8
	0

	8
	0.25000
	5
	9
	0

	9
	0.22925
	6
	10
	0

	10
	0.21022
	7
	11
	0

	11
	0.19278
	8
	12
	0

	12
	0.17678
	8
	13
	0

	13
	0.16210
	9
	14
	0

	14
	0.14865
	10
	15
	0

	15
	0.13631
	10
	16
	0

	16
	0.12500
	11
	17
	0

	17
	0.11463
	11
	18
	0

	18
	0.10511
	12
	19
	0

	19
	0.09639
	12
	20
	0

	20
	0.08839
	13
	21
	0

	21
	0.08105
	13
	22
	0

	22
	0.07433
	14
	23
	0

	23
	0.06816
	14
	24
	0

	24
	0.06250
	15
	25
	0

	25
	0.05731
	15
	26
	0

	26
	0.05256
	15
	27
	0

	27
	0.04819
	16
	28
	0

	28
	0.04419
	16
	29
	0

	29
	0.04053
	16
	30
	0

	30
	0.03716
	17
	31
	0

	31
	0.03408
	17
	32
	0

	32
	0.03125
	17
	33
	0

	33
	0.02866
	18
	34
	0

	34
	0.02628
	18
	35
	0

	35
	0.02410
	18
	36
	0

	36
	0.02210
	18
	37
	0

	37
	0.02026
	18
	38
	0

	38
	0.01858
	19
	39
	0

	39
	0.01704
	19
	39
	0


Table 1: Probability states and its transition rules for probability estimation
2 Table-based interval division
First the interval I is mapped to a quantized value Q, shown as following: 
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then the updated I is gotten as following (s denotes the current LPS state):
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and update the MI(I) lastly:
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	   Q

State
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	0
	132
	140
	148
	156
	164
	172
	180
	188
	196
	204
	212
	220
	228
	236
	244
	252

	1
	121
	128
	136
	143
	150
	158
	165
	172
	180
	187
	194
	202
	209
	216
	224
	231

	2
	111
	118
	124
	131
	138
	145
	151
	158
	165
	172
	178
	185
	192
	198
	205
	212

	3
	102
	108
	114
	120
	126
	133
	139
	145
	151
	157
	163
	170
	176
	182
	188
	194

	4
	93
	99
	105
	110
	116
	122
	127
	133
	139
	144
	150
	156
	161
	167
	173
	178

	5
	86
	91
	96
	101
	106
	112
	117
	122
	127
	132
	137
	143
	148
	153
	158
	163

	6
	78
	83
	88
	93
	98
	102
	107
	112
	117
	121
	126
	131
	136
	140
	145
	150

	7
	72
	76
	81
	85
	89
	94
	98
	103
	107
	111
	116
	120
	124
	129
	133
	137


Table 2: RTAB(Q, state)

only states from 0…7 is stored because others can be gotten by shift
3 Programs
Data Structure of the encoder:

Unsigned short low=0, range=0xffff;

Int pos=7;            //MI(range)-8

Int outstanding=0;    //used in the renormalization

Unsigned char store;  //store the byte 

Encoder: val denotes the input, Pseq denotes the current LPS state

Int temp=(Pseq>>3);

Int sel=(Pseq&7);

Int rLPS=(RTAB[sel][(range>>(pos+4))&15]<<(pos-temp));

Int sLow;

If( val== LPS )

{ 

Range=rLPS;

pos-=(temp+1);

if((range>>pos)<256)

pos--;

}

Else

{

Range-=rLPS;

sLow=low+rLPS;

if(sLow<low)

{

    outByte(store+1); //output a byte equal to store+1
    outByte(0, outstanding-1); //output outstanding-1 bytes equal to 0
    outstanding=0;

}

low=sLow;

If((range>>pos)<256)

    pos--;

}

If(range<256)

{

If( ( (low&255)+range ) > 256 )

{

If((low>>8)==255 )

    Outstanding++;

Else

{

If(outstanding)

{

outByte(store);

outByte(0xff, outstanding-1);

}
            outstanding=1;

    Store=low>>8;

}

}

Else

{
If(outstanding)

{

outByte(store);

    
outByte(0xff, outstanding-1);
}

    outByte(low>>8);

    outstanding=0;

}

Low<<=8;

Range<<=8;

}
Update the probability estimation

Data structure of the decoder:
Unsigned short sub=readByte(2);    //read two bytes from the bitstream
Unsigned short range=0xffff;
Int pos=7;            //MI(range)-8

Decoder: val denotes the output, Pseq denotes the current LPS states

Int temp=(Pseq>>3);

Int sel=(Pseq&7);

Int rLPS=(RTAB[sel][(range>>(pos+4))&15]<<(pos-temp));

If( rLPS>sub )

{ 

val=LPS;

range=rLPS;

pos-=(temp+1);

if((range>>pos)<256)

pos--;

}

Else

{

val=1-LPS;

range-=rLPS;

sub-=rLPS;

If((range>>pos)<256)

    pos--;

}

If(range<256)

{

sub<<=8;

range<<=8;

sub+=ReadByte(1); //read a byte as the low byte of sub

}
Update the probability estimation
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