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SUMMARY

Implementors' Guide for Recommendation G.722.1

This document contains the Implementers' Guide for the software C-code of ITU-T Recommendation G.722.1 and its Annex B that corrects defects reported at SG 16’s meeting on 15-25 October 2002.
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Implementers' Guide for G.722.1 and G.722.1 Annex B.

1.0 Summary

This document is the Implementers' Guide for the software C-code of ITU-T Recommendation G.722.1 and its Annex B.

2.0
Correction to fixed-point C source code of G.722.1
In the fixed-point C source code of G.722.1, two files are changed:

· defs.h

· decoder.c

As described in COM16-D237, these changes correct a serious problem where bit errors in the coded stream were not being detected in the decoder.

2.1
Change to defs.h

In file “defs.h”, in line 175, the variable frame_error_flag is defined as a pointer instead of an automatic variable, as shown below:

Comparing files defs.h.old and DEFS.H

***** defs.h.old

  174:  void test_4_frame_errors(Bit_Obj *bitobj,

  175:                           Word16 frame_error_flag,

  176:                           Word16 categorization_control,

***** DEFS.H

  174:  void test_4_frame_errors(Bit_Obj *bitobj,

  175:                           Word16 *frame_error_flag,

  176:                           Word16 categorization_control,

*****

2.2
Changes to decoder.c

In file “decoder.c”, the same change involving the variable frame_error_flag is made in six places, in lines 129, 742, 771, 792, 806, and 824, as shown below:

Comparing files decoder.c.old and DECODER.C

***** decoder.c.old

  128:          test_4_frame_errors(bitobj,

  129:                              frame_error_flag,

  130:                              categorization_control,

***** DECODER.C

  128:          test_4_frame_errors(bitobj,

  129:                              &frame_error_flag,

  130:                              categorization_control,

*****

***** decoder.c.old

  741:   Syntax:       void test_4_frame_errors(Bit_Obj *bitobj,                        

  742:                                          Word16 frame_error_flag,                

  743:                                          Word16 categorization_control,          

***** DECODER.C

  741:   Syntax:       void test_4_frame_errors(Bit_Obj *bitobj,                        

  742:                                          Word16 *frame_error_flag,                

  743:                                          Word16 categorization_control,          

*****

***** decoder.c.old

  770:  void test_4_frame_errors(Bit_Obj *bitobj,

  771:                           Word16 frame_error_flag,

  772:                           Word16 categorization_control,

***** DECODER.C

  770:  void test_4_frame_errors(Bit_Obj *bitobj,

  771:                           Word16 *frame_error_flag,

  772:                           Word16 categorization_control,

*****

***** decoder.c.old

  791:              {

  792:                  frame_error_flag = 1;

  793:                  move16();

***** DECODER.C

  791:              {

  792:                  *frame_error_flag = 1;

  793:                  move16();

*****

***** decoder.c.old

  805:              {

  806:                  frame_error_flag |= 2;

  807:                  logic16();

***** DECODER.C

  805:              {

  806:                  *frame_error_flag |= 2;

  807:                  logic16();

*****

***** decoder.c.old

  823:          {

  824:              frame_error_flag |= 4;

  825:              logic16();

***** DECODER.C

  823:          {

  824:              *frame_error_flag |= 4;

  825:              logic16();

*****

3.0
Correction to floating-point C source code of G.722.1 Annex B

In the floating-point C source code of G.722.1 Annex B, one file is changed:

· decoder.c

As described in COM16-D237, these changes correct two problems:

a) The noise fill energy was 26.8 dB too weak on the floating-point decoder, compared to the fixed-point source code.  This has been corrected by defining a constant NOISE_SCALE_FACTOR, with the value of 22.0, and using this to scale the background noise.

b) As described in COM16-D219 (France Telecom, 2002-02), there was potential for an array overflow in certain circumstances.  This has been corrected in the way suggested in sections 3.2.2 and 3.2.3 of COM16-D219.

3.1
Changes to decoder.c

The changes to decoder.c are shown below.

Comparing files decoder.c.old and DECODER.C

***** decoder.c.old

   54:  

   55:  #define GET_NEXT_BIT \

***** DECODER.C

   54:  

   55:  #define NOISE_SCALE_FACTOR 22.0F

   56:  

   57:  #define GET_NEXT_BIT \

*****

***** decoder.c.old

  541:              n++;

  542:              if (fabs(*decoder_mlt_ptr) > 2.0*standard_deviation) {

  543:                n += 3;

***** DECODER.C

  543:              n++;

  544:              if (fabs(*decoder_mlt_ptr) > 44.0F*standard_deviation) {

  545:                n += 3;

*****

***** decoder.c.old

  547:          }

  548:          temp1 = noise_fill_factor_cat5[n];

***** DECODER.C

  549:          }

  550:          if(n>19)n=19;

  551:          temp1 = noise_fill_factor_cat5[n];

*****

***** decoder.c.old

  562:              if ((random_word & 1) == 0) temp1 = noifillneg;

  563:              *decoder_mlt_ptr = temp1;

  564:              random_word >>= 1;

***** DECODER.C

  565:              if ((random_word & 1) == 0) temp1 = noifillneg;

  566:              *decoder_mlt_ptr = temp1*NOISE_SCALE_FACTOR;

  567:              random_word >>= 1;

*****

***** decoder.c.old

  572:              if ((random_word & 1) == 0) temp1 = noifillneg;

  573:              *decoder_mlt_ptr = temp1;

  574:              random_word >>= 1;

***** DECODER.C

  575:              if ((random_word & 1) == 0) temp1 = noifillneg;

  576:              *decoder_mlt_ptr = temp1*NOISE_SCALE_FACTOR;

  577:              random_word >>= 1;

*****

***** decoder.c.old

  604:              if ((random_word & 1) == 0) temp1 = noifillneg;

  605:              *decoder_mlt_ptr = temp1;

  606:              random_word >>= 1;

***** DECODER.C

  607:              if ((random_word & 1) == 0) temp1 = noifillneg;

  608:              *decoder_mlt_ptr = temp1*NOISE_SCALE_FACTOR;

  609:              random_word >>= 1;

*****

***** decoder.c.old

  614:              if ((random_word & 1) == 0) temp1 = noifillneg;

  615:              *decoder_mlt_ptr = temp1;

  616:              random_word >>= 1;

***** DECODER.C

  617:              if ((random_word & 1) == 0) temp1 = noifillneg;

  618:              *decoder_mlt_ptr = temp1*NOISE_SCALE_FACTOR ;

  619:              random_word >>= 1;

*****

***** decoder.c.old

  634:            if ((random_word & 1) == 0) temp1 = noifillneg;

  635:            *decoder_mlt_ptr++ = temp1;

  636:            random_word >>= 1;

***** DECODER.C

  637:            if ((random_word & 1) == 0) temp1 = noifillneg;

  638:            *decoder_mlt_ptr++ = temp1*NOISE_SCALE_FACTOR;

  639:            random_word >>= 1;

*****

***** decoder.c.old

  641:            if ((random_word & 1) == 0) temp1 = noifillneg;

  642:            *decoder_mlt_ptr++ = temp1;

  643:            random_word >>= 1;

***** DECODER.C

  644:            if ((random_word & 1) == 0) temp1 = noifillneg;

  645:            *decoder_mlt_ptr++ = temp1*NOISE_SCALE_FACTOR;

  646:            random_word >>= 1;

*****

Annex A
C-code attachment with corrections
The following electronic attachment contains the corrected files
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G.722.1 Corrections/G.722.1 - Fixed Point/decoder.c

/*****************************************************************

******************************************************************

**

**   ITU-T Wideband Coder Candidate (G.WB) Source Code

**

**   © 1999 PictureTel Coporation

**          Andover, MA, USA  

**

**	    All rights reserved.

**

******************************************************************

*****************************************************************/

/*****************************************************************

  Filename:   decoder.c    

  Original Author:

  Creation Date:

  Purpose:         Contains files used to implement

                   the G.722.1 decoder

		

  Design Notes:

  



******************************************************************/

/******************************************************************

 Include files                                                           

*******************************************************************/

#include "defs.h"

#include "tables.h"

#include "huff_def.h"

#include "count.h"





/***************************************************************************

 Procedure/Function:  decoder



 Syntax:      void decoder(Bit_Obj *bitobj,                   

                           Rand_Obj *randobj,             

                           Word16 *decoder_mlt_coefs,     

                           Word16 *p_mag_shift,           

                           Word16 *p_old_mag_shift,       

                           Word16 *old_decoder_mlt_coefs,    

                           Word16 frame_error_flag)      

              

              inputs:    Bit_Obj *bitobj

                         Rand_Obj *randobj

                         Word16 *p_old_mag_shift

                         Word16 *old_decoder_mlt_coefs

                         Word16 frame_error_flag

              

              outputs:   Word16 *decoder_mlt_coefs,    

                         Word16 *p_mag_shift,          

                  

                  



 Description:  



 Design Notes:

 

 WMOPS:          |   24kbit    |    32kbit

          -------|-------------|----------------

            AVG  |    0.82     |    0.93

          -------|-------------|----------------  

            MAX  |    0.88     |    0.97

          -------|-------------|---------------- 

				

				

***************************************************************************/

void decoder(Bit_Obj *bitobj,

             Rand_Obj *randobj,

	         Word16 *decoder_mlt_coefs,

	         Word16 *p_mag_shift,

             Word16 *p_old_mag_shift,

             Word16 *old_decoder_mlt_coefs,

             Word16 frame_error_flag)

{





    Word16  absolute_region_power_index[NUMBER_OF_REGIONS];

    Word16  decoder_power_categories[NUMBER_OF_REGIONS];

    Word16  decoder_category_balances[MAX_NUM_CATEGORIZATION_CONTROL_POSSIBILITIES-1];

    UWord16 categorization_control;

    Word16  decoder_region_standard_deviation[NUMBER_OF_REGIONS];

    Word16  i;

    

    

    test();

    if (frame_error_flag == 0) 

    {



        /* convert the bits to absolute region power index and decoder_region_standard_deviation */

        

        decode_envelope(bitobj,

                        decoder_region_standard_deviation,

		                absolute_region_power_index,

		                p_mag_shift);



        /* fill the categorization_control with NUM_CATEGORIZATION_CONTROL_BITS */

        categorization_control = 0;

        for (i=0; i<NUM_CATEGORIZATION_CONTROL_BITS; i++) 

        {

        	get_next_bit(bitobj);

        	categorization_control = shl(categorization_control,1);

        	categorization_control = add(categorization_control,bitobj->next_bit);

        }

        

        bitobj->number_of_bits_left = sub(bitobj->number_of_bits_left,NUM_CATEGORIZATION_CONTROL_BITS);



        /* obtain decoder power categories and category balances */

        /* based on the absolute region power index              */

        categorize(bitobj->number_of_bits_left,

	               absolute_region_power_index,

	               decoder_power_categories,

	               decoder_category_balances);



        /* perform adjustmaents to the power categories and category balances based on the cat control */

        rate_adjust_categories(categorization_control,

			                   decoder_power_categories,

			                   decoder_category_balances);



        /* decode the quantized bits into mlt coefs */

        decode_vector_quantized_mlt_indices(bitobj,

                                            randobj,

                                            decoder_region_standard_deviation,

					                        decoder_power_categories,

					                        decoder_mlt_coefs);



        /* test for frame errors */

        test_4_frame_errors(bitobj,

                            &frame_error_flag,

                            categorization_control,

                            absolute_region_power_index);

    }



    /* perform error handling operations */

    error_handling(&frame_error_flag,

                   decoder_mlt_coefs,

                   old_decoder_mlt_coefs,

                   p_mag_shift,

                   p_old_mag_shift);



}



/***************************************************************************

 Procedure/Function:  decode_envelope



 Syntax:      void decode_envelope(Bit_Obj *bitobj,                              

                                   Word16  *decoder_region_standard_deviation,   

                                   Word16  *absolute_region_power_index,         

                                   Word16  *p_mag_shift)                         

              

              inputs:   Bit_Obj *bitobj

                        

                        

              outputs:  Word16  *decoder_region_standard_deviation

                        Word16  *absolute_region_power_index

                        Word16  *p_mag_shift

              

 

 Description:  Recover differential_region_power_index from code bits



 Design Notes:

 

 WMOPS:          |    24kbit    |    32kbit

          -------|--------------|----------------

            AVG  |     0.04     |    0.04

          -------|--------------|----------------  

            MAX  |     0.05     |    0.05

          -------|--------------|---------------- 

				

				

***************************************************************************/

void decode_envelope(Bit_Obj *bitobj,

                     Word16  *decoder_region_standard_deviation,

		             Word16  *absolute_region_power_index,

		             Word16  *p_mag_shift)

     

{

    Word16 region;

    Word16 i;

    Word16 index;

    Word16 differential_region_power_index[NUMBER_OF_REGIONS];

    Word16 max_index;

    

    Word16 temp;

    Word16 temp1;

    Word16 temp2;

    Word32 acca;



    index = 0;

    move16();



    /* get 5 bits from the current code word */

    for (i=0; i<5; i++) 

    {

        get_next_bit(bitobj);

        index = shl(index,1);

        index = add(index,bitobj->next_bit);

    }

    bitobj->number_of_bits_left = sub(bitobj->number_of_bits_left,5);



    /* ESF_ADJUSTMENT_TO_RMS_INDEX compensates for the current (9/30/96)

        IMLT being scaled to high by the ninth power of sqrt(2). */

    differential_region_power_index[0] = sub(index,ESF_ADJUSTMENT_TO_RMS_INDEX);

    move16();



    /* obtain differential_region_power_index */

    for (region=1; region<NUMBER_OF_REGIONS; region++) 

    {

        index = 0;

        move16();

        do 

        {

            get_next_bit(bitobj);

            test();

            if (bitobj->next_bit == 0)

            {

	            index = differential_region_power_decoder_tree[region][index][0];

                move16();

            }

            else

            {

	            index = differential_region_power_decoder_tree[region][index][1];

                move16();

            }

            bitobj->number_of_bits_left = sub(bitobj->number_of_bits_left,1);

            test();

        } while (index > 0);

        

        differential_region_power_index[region] = negate(index);

        move16();

    }



    /* Reconstruct absolute_region_power_index[] from differential_region_power_index[]. */

    absolute_region_power_index[0] = differential_region_power_index[0];

    move16();

    for (region=1; region<NUMBER_OF_REGIONS; region++) 

    {

        acca = L_add(absolute_region_power_index[region-1],differential_region_power_index[region]);

        acca = L_add(acca,DRP_DIFF_MIN);

        absolute_region_power_index[region] = extract_l(acca);        

    }



    /* Reconstruct decoder_region_standard_deviation[] from absolute_region_power_index[]. */

    /* DEBUG!!!! - This integer method jointly computes the mag_shift

       and the standard deviations already mag_shift compensated. It

       relies on REGION_POWER_STEPSIZE_DB being exactly 3.010299957 db

       or a square root of 2 chnage in standard deviation. If

       REGION_POWER_STEPSIZE_DB changes, this software must be

       reworked. */



    temp = 0;

    move16();

    max_index = 0;

    move16();

    for (region=0; region<NUMBER_OF_REGIONS; region++) 

    {

        acca = L_add(absolute_region_power_index[region],REGION_POWER_TABLE_NUM_NEGATIVES);

        i = extract_l(acca);

        

        temp1 = sub(i,max_index);

        test();

        if (temp1 > 0) 

        {

            max_index = i;

            move16();

        }

        temp = add(temp,int_region_standard_deviation_table[i]);

    }

    i = 9;

    move16();



    temp1 = sub(temp,8);

    temp2 = sub(max_index,28);

    test();

    test();

    logic16();

    test();

    logic16();

    while ((i >= 0) && ((temp1 >= 0) || (temp2 > 0))) 

    {

        i = sub(i,1);

        temp = shr(temp,1);

        max_index = sub(max_index,2);

        temp1 = sub(temp,8);

        temp2 = sub(max_index,28);

        test();

        test();

        logic16();

        test();

        logic16();

    }

    

    *p_mag_shift = i;

    move16();

    

    /* pointer arithmetic */

    temp = (Word16 )(REGION_POWER_TABLE_NUM_NEGATIVES + (*p_mag_shift * 2));

    

    for (region=0; region<NUMBER_OF_REGIONS; region++) 

    {

        acca = L_add(absolute_region_power_index[region],temp);

        i = extract_l(acca);

        decoder_region_standard_deviation[region] = int_region_standard_deviation_table[i];

        move16();

    }



}



/***************************************************************************

 Procedure/Function:  rate_adjust_categories



 Syntax:       void rate_adjust_categories(Word16 categorization_control,            

                                           Word16 *decoder_power_categories,         

                                           Word16 *decoder_category_balances)        

               

               inputs:    Word16 categorization_control,   

                          Word16 *decoder_power_categories,

                          Word16 *decoder_category_balances

                          

               outputs:   Word16 categorization_control,   

                          Word16 *decoder_power_categories,

 

 Description:     Adjust the power categories based on the categorization control



 Design Notes:

 

 WMOPS:          |    24kbit    |    32kbit

          -------|--------------|----------------

            AVG  |    0.00      |    0.00

          -------|--------------|----------------  

            MAX  |    0.00      |    0.00

          -------|--------------|---------------- 

				

				

***************************************************************************/

void rate_adjust_categories(Word16 categorization_control,

			                Word16 *decoder_power_categories,

			                Word16 *decoder_category_balances)

{

    Word16 i;

    Word16 region;

    

    i = 0;

    move16();



    test();

    while (categorization_control > 0) 

    {

        region = decoder_category_balances[i++];

        move16();

        decoder_power_categories[region] = add(decoder_power_categories[region],1);

        move16();

        categorization_control = sub(categorization_control,1);

    }



}



/***************************************************************************

 Procedure/Function:   decode_vector_quantized_mlt_indices



 Syntax:    void decode_vector_quantized_mlt_indices(Bit_Obj  *bitobj,                                      

                                                     Rand_Obj *randobj,                           

                                                     Word16   *decoder_region_standard_deviation, 

                                                     Word16   *decoder_power_categories,          

                                                     Word16   *decoder_mlt_coefs)                 

            inputs:    Bit_Obj  *bitobj                           

                       Rand_Obj *randobj

                       Word16   *decoder_region_standard_deviation

                       Word16   *decoder_power_categories

            

            

            outputs:   Word16   *decoder_mlt_coefs

             



 Description:  



 Design Notes:

 

 WMOPS:          |    24kbit    |    32kbit

          -------|--------------|----------------

            AVG  |    0.60      |    0.72

          -------|--------------|----------------  

            MAX  |    0.67      |    0.76

          -------|--------------|---------------- 

				

				

***************************************************************************/

void decode_vector_quantized_mlt_indices(Bit_Obj  *bitobj,

                                         Rand_Obj *randobj,

                                         Word16   *decoder_region_standard_deviation,

					                     Word16   *decoder_power_categories,

					                     Word16   *decoder_mlt_coefs)

{

    Word16 standard_deviation;

    Word16 *decoder_mlt_ptr;

    Word16 decoder_mlt_value;

    Word16 noifillpos;

    Word16 noifillneg;

    Word16 noise_fill_factor[3] = {5793,8192,23170};

    Word16 region;

    Word16 category;

    Word16 j,n;

    Word16 k[MAX_VECTOR_DIMENSION];

    Word16 vec_dim;

    Word16 num_vecs;

    Word16 index;

    Word16 signs_index;

    Word16 bit;

    Word16 num_sign_bits;

    Word16 ran_out_of_bits_flag;

    Word16 *decoder_table_ptr;

    Word16 random_word;

    

    Word16 temp1;

    Word16 temp;

    Word32 acca;



    ran_out_of_bits_flag = 0;

    move16();



    for (region=0; region<NUMBER_OF_REGIONS; region++) 

    {

        category = (Word16)decoder_power_categories[region];

        move16();

        acca = Q0_mult(region,REGION_SIZE);

        index = extract_l(acca);

        decoder_mlt_ptr = &decoder_mlt_coefs[index];

        move16();

        standard_deviation = decoder_region_standard_deviation[region];

        move16();

        

        temp = sub(category,7);

        test();

        if (temp < 0)

        {

            /* Get the proper table of decoder tables, vec_dim, and num_vecs for the cat */

            decoder_table_ptr = (Word16 *) table_of_decoder_tables[category];

            move16();

            vec_dim = vector_dimension[category];

            move16();

            num_vecs = number_of_vectors[category];

            move16();

            

            for (n=0; n<num_vecs; n++) 

            {

                index = 0;

                move16();

                

                /* get index */

                do 

                {

                    test();

                    if (bitobj->number_of_bits_left <= 0) 

                    {

                        ran_out_of_bits_flag = 1;

                        move16();

    	                break;

    	            }

    

    	            get_next_bit(bitobj);

	                

                    test();

                    if (bitobj->next_bit == 0)

	                {

                        temp = shl(index,1);

                        index = (Word16)*(decoder_table_ptr + temp);

                        move16();

                    }

	                else

	                {

                        temp = shl(index,1);

                        index = (Word16)*(decoder_table_ptr + temp + 1);

                        move16();

                    }

	                bitobj->number_of_bits_left = sub(bitobj->number_of_bits_left,1);

                    test();

	            

                } while (index > 0);

	  

                test();

                if (ran_out_of_bits_flag != 0)

	                break;

	  

                index = negate(index);

	            

                /* convert index into array used to access the centroid table */

                /* get the number of sign bits in the index */

                num_sign_bits = index_to_array(index,k,category);



	            temp = sub(bitobj->number_of_bits_left,num_sign_bits);

                test();

                if (temp >= 0) 

                {

	                test();

                    if (num_sign_bits != 0) 

                    {

	                    signs_index = 0;

	                    move16();

                        for (j=0; j<num_sign_bits; j++) 

                        {

		                    get_next_bit(bitobj);

       		                signs_index = shl(signs_index,1);

		                    signs_index = add(signs_index,bitobj->next_bit);

		                    bitobj->number_of_bits_left = sub(bitobj->number_of_bits_left,1);

	                    }

	                    temp = sub(num_sign_bits,1);

                        bit = shl(1,(temp));

	                }

	                

                    for (j=0; j<vec_dim; j++) 

                    {

	                    acca = Q0_mult(standard_deviation,mlt_quant_centroid[category][k[j]]);

                        acca = L_shr(acca,12);

                        decoder_mlt_value = extract_l(acca);

	                    

                        test();

                        if (decoder_mlt_value != 0) 

                        {

		                    test();

                            if ((signs_index & bit) == 0)

		                        decoder_mlt_value = negate(decoder_mlt_value);

		                    bit = shr(bit,1);

	                    }

                        *decoder_mlt_ptr++ = decoder_mlt_value;

                        move16();

	                }

	            }

	            else 

                {

	                ran_out_of_bits_flag = 1;

                    move16();

	                break;

	            }

	        }

            /* If ran out of bits during decoding do noise fill for remaining regions. */

            /* DEBUG!! - For now also redo all of last region with all noise fill. */

        	test();

            if (ran_out_of_bits_flag != 0) 

            {

        	    temp = add(region,1);

                for (j=temp; j<NUMBER_OF_REGIONS; j++)

                {

                    decoder_power_categories[j] = 7;

                    move16();

                }

        	    category = 7;

                move16();

        	    decoder_mlt_ptr = &decoder_mlt_coefs[region*REGION_SIZE];

                move16();

        	}

        }



        temp = sub(category,5);

        temp1 = sub(category,6);

        test();

        test();

        logic16();

        if ((temp == 0) || (temp1 == 0))

        {

 

	        decoder_mlt_ptr = &decoder_mlt_coefs[region*REGION_SIZE];

	        move16();

            noifillpos = mult(standard_deviation,noise_fill_factor[category - 5]);

            noifillneg = negate(noifillpos);



	        random_word = get_rand(randobj);



	        for (j=0; j<10; j++) 

            {

	            test();

                if (*decoder_mlt_ptr == 0) 

                {

	                logic16();

                    test();

                    if ((random_word & 1) == 0) 

                    {

                        temp1 = noifillneg;

                        move16();

                    }

	                else

                    {

                        temp1 = noifillpos;

                        move16();

                    }

	                *decoder_mlt_ptr = temp1;

                    move16();

	                random_word = shr(random_word,1);

	            }

	            /* pointer arithmetic */

                decoder_mlt_ptr++;

	        }

	        random_word = get_rand(randobj);

	        for (j=0; j<10; j++) 

            {

	            test();

                if (*decoder_mlt_ptr == 0) 

                {

	                logic16();

                    test();

                    if ((random_word & 1) == 0) 

                    {

                        temp1 = noifillneg;

                        move16();

                    }

	                else

                    {

                        temp1 = noifillpos;

                        move16();

                    }

	                *decoder_mlt_ptr = temp1;

                    move16();

	                random_word  = shr(random_word,1);

	            }

	            /* pointer arithmetic */

                decoder_mlt_ptr++;

	        }

        }



        /* if (category == 7) */

        temp1 = sub(category,7);

        test();

        if (temp1 == 0)

        {

	        index = sub(category,5);

            noifillpos = mult(standard_deviation,noise_fill_factor[index]);

	        noifillneg = negate(noifillpos);



            random_word = get_rand(randobj);

            for (j=0; j<10; j++) 

            {

                logic16();

                test();

                if ((random_word & 1) == 0) 

                {

                    temp1 = noifillneg;

                    move16();

                }

                else

                {

                    temp1 = noifillpos;

                    move16();

                }

                *decoder_mlt_ptr++ = temp1;

                move16();

                random_word = shr(random_word,1);

            }

            random_word = get_rand(randobj);

            for (j=0; j<10; j++) 

            {

                logic16();

                test();

                if ((random_word & 1) == 0) 

                {

                    temp1 = noifillneg;

                    move16();

                }

                else

                {

                    temp1 = noifillpos;

                    move16();

                }

                

                *decoder_mlt_ptr++ = temp1;

                move16();

                random_word = shr(random_word,1);

            }

        }

    }



    test();

    if (ran_out_of_bits_flag)

        bitobj->number_of_bits_left = sub(bitobj->number_of_bits_left,1);

}

/****************************************************************************************

 Procedure/Function:  index_to_array 



 Syntax:   number_of_non_zero = index_to_array(Word16 index, 

                                               Word16 array[MAX_VECTOR_DIMENSION],

                                               Word16 category)



                inputs:  Word16 index

                         Word16 category                     

                       

                outputs: Word16 array[MAX_VECTOR_DIMENSION] - used in decoder to access

                                                             mlt_quant_centroid table

                        

                         Word16 number_of_non_zero          - number of non zero elements

                                                             in the array

 

 Description:   Computes an array of sign bits with the length of the category vector

                Returns the number of sign bits and the array



 WMOPS:          |    24kbit    |    32kbit

          -------|--------------|----------------

            AVG  |     0.00     |     0.00

          -------|--------------|----------------  

            MAX  |     0.00     |     0.00

          -------|--------------|---------------- 



****************************************************************************************/

Word16 index_to_array(Word16 index,Word16 *array,Word16 category)

{

    Word16 j,q,p;

    Word16 number_of_non_zero;

    Word16 max_bin_plus_one;

    Word16 inverse_of_max_bin_plus_one;

    Word16 temp;



    number_of_non_zero = 0;

    move16();



    p = index;

    move16();



    max_bin_plus_one = add(max_bin[category],1);

    inverse_of_max_bin_plus_one = max_bin_plus_one_inverse[category];

    move16();



    temp = sub(vector_dimension[category],1);

    for (j=temp; j>=0; j--) 

    {

        q = mult(p,inverse_of_max_bin_plus_one);

		temp = extract_l(Q0_mult(q,max_bin_plus_one));

        array[j] = sub(p,temp);

        move16();



        p = q;

        move16();



        temp = array[j];

        move16();

        test();

        if (temp != 0) 

            number_of_non_zero = add(number_of_non_zero,1);

    }

    return(number_of_non_zero);

}

/***************************************************************************

 Procedure/Function:  test_4_frame_errors



 Syntax:       void test_4_frame_errors(Bit_Obj *bitobj,                        

                                        Word16 *frame_error_flag,                

                                        Word16 categorization_control,          

                                        Word16 *absolute_region_power_index)    

        

               inputs:   bit_obj

                         frame_error_flag

                         categorization_control

                         absolute_region_power_index

               

               

               outputs:  frame_error_flag

               

               

               

        

 Description:    Tests for error conditions and sets the frame_error_flag accordingly 



 Design Notes:

 

 WMOPS:          |    24kbit    |    32kbit

          -------|--------------|----------------

            AVG  |    0.01      |     0.01

          -------|--------------|----------------  

            MAX  |    0.03      |     0.06

          -------|--------------|---------------- 

				

				

***************************************************************************/

void test_4_frame_errors(Bit_Obj *bitobj,

                         Word16 *frame_error_flag,

                         Word16 categorization_control,

                         Word16 *absolute_region_power_index)

{

    Word16 region;

    Word16 i;

    Word16 temp;

    Word32 acca;

    Word32 accb;

    

    /* Test for bit stream errors. */



    test();

    if (bitobj->number_of_bits_left > 0) 

    {

        for (i=0; i<bitobj->number_of_bits_left; i++) 

        {

            get_next_bit(bitobj);

            test();

            if (bitobj->next_bit == 0) 

            {

                *frame_error_flag = 1;

                move16();

            }

        }	

    }

    else 

    {

        temp = sub(categorization_control,(NUM_CATEGORIZATION_CONTROL_POSSIBILITIES-1));

        test();

        if (temp < 0) 

        {

            test();

            if (bitobj->number_of_bits_left < 0)

            {

                *frame_error_flag |= 2;

                logic16();

            }

        }

    }



    /* checks to ensure that abs_region_power_index is within range */

    /* the error flag is set if it is out of range */

    for (region=0; region<NUMBER_OF_REGIONS; region++) 

    {

        /*  if ((absolute_region_power_index[region] > 33) ||

            (absolute_region_power_index[region] < -6)) */

        acca = L_add(absolute_region_power_index[region],ESF_ADJUSTMENT_TO_RMS_INDEX);

        accb = L_sub(acca,31);

        acca = L_add(acca,8);

        test();

        if ((accb > 0) || (accb > 0))

        {

            *frame_error_flag |= 4;

            logic16();

        }

    }



}

/***************************************************************************

 Procedure/Function:  error_handling



 Syntax:      void error_handling(Word16 *frame_error_flag,     

                                  Word16 *decoder_mlt_coefs,    

                                  Word16 *old_decoder_mlt_coefs,

                                  Word16 *p_mag_shift,          

                                  Word16 *p_old_mag_shift)      

              

              inputs:  frame_error_flag

                       old_decoder_mlt_coefs

                       p_old_mag_shift

              

              

              outputs: decoder_mlt_coefs

                       old_decoder_mlt_coefs

                       p_mag_shift

                       p_old_mag_shift

 

       



 Description:  If both the current and previous frames are errored,             

               set the mlt coefficients to 0. If only the current frame         

               is errored, then repeat the previous frame's mlt coefficients.   

    

 Design Notes:

 

 WMOPS:          |    24kbit    |    32kbit

          -------|--------------|----------------

            AVG  |    0.02      |     0.02

          -------|--------------|----------------  

            MAX  |    0.03      |     0.03

          -------|--------------|---------------- 

				

				

***************************************************************************/

void error_handling(Word16 *frame_error_flag,

                    Word16 *decoder_mlt_coefs,

                    Word16 *old_decoder_mlt_coefs,

                    Word16 *p_mag_shift,

                    Word16 *p_old_mag_shift)

{

    Word16 i;



    test();

    if (*frame_error_flag != 0) 

    {



        for (i = 0; i < NUMBER_OF_VALID_COEFS; i++)

        {

            decoder_mlt_coefs[i] = old_decoder_mlt_coefs[i];

            move16();

        }



        for (i = 0; i < NUMBER_OF_VALID_COEFS; i++)

        {

            old_decoder_mlt_coefs[i] = 0;

            move16();

        }

        

        *p_mag_shift = *p_old_mag_shift;

        move16();



        *p_old_mag_shift = 0;

        move16();

    }

    else 

    {

        /* Store in case next frame is errored. */

        for (i = 0; i < NUMBER_OF_VALID_COEFS; i++)

        {

            old_decoder_mlt_coefs[i] = decoder_mlt_coefs[i];

            move16();

        }

  

        *p_old_mag_shift = *p_mag_shift;

        move16();

    }





    /* Zero out the upper 1/8 of the spectrum. */

    for (i = NUMBER_OF_VALID_COEFS; i < DCT_LENGTH; i++)

    {

        decoder_mlt_coefs[i] = 0;

        move16();

    }



}

/****************************************************************************************

 Procedure/Function:  get_next_bit



 Syntax:      void get_next_bit(Bit_Obj *bitobj)

 

 Description:   Returns the next bit in the current word inside the bit object

 

 WMOPS:          |    24kbit    |    32kbit

          -------|--------------|----------------

            AVG  |    0.00      |    0.00

          -------|--------------|----------------  

            MAX  |    0.00      |    0.00

          -------|--------------|---------------- 



****************************************************************************************/

void get_next_bit(Bit_Obj *bitobj)

{

    Word16 temp;



    test();

    if (bitobj->code_bit_count == 0)

    {                        

        bitobj->current_word = *bitobj->code_word_ptr++; 

        move16();

        bitobj->code_bit_count = 16;           

        move16();

    }

    bitobj->code_bit_count = sub(bitobj->code_bit_count,1);

    temp = shr(bitobj->current_word,bitobj->code_bit_count);

    logic16();

    bitobj->next_bit = (Word16 )(temp & 1);



}

/****************************************************************************************

 Procedure/Function:  get_rand



 Syntax:              Word16 get_rand(Rand_Obj *randobj)

 

 Description: Returns a random Word16 based on the seeds inside the rand object  

 

 WMOPS:          |    24kbit    |    32kbit

          -------|--------------|----------------

            AVG  |    0.00      |    0.00

          -------|--------------|----------------  

            MAX  |    0.00      |    0.00

          -------|--------------|---------------- 



****************************************************************************************/

Word16 get_rand(Rand_Obj *randobj)

{

    Word16 random_word;

    Word32 acca;



    acca = L_add(randobj->seed0,randobj->seed3); 

    random_word = extract_l(acca);

    

    logic16();

    test();

	if ((random_word & 32768L) != 0)

        random_word = add(random_word,1);

    

    randobj->seed3 = randobj->seed2;

    move16();

    randobj->seed2 = randobj->seed1;

    move16();

    randobj->seed1 = randobj->seed0;

    move16();

    randobj->seed0 = random_word;

    move16();



    return(random_word);

}








G.722.1 Corrections/G.722.1 - Fixed Point/defs.h

/*****************************************************************

******************************************************************

**

**   ITU-T Wideband Coder Candidate (G.WB) Source Code

**

**   © 1999 PictureTel Coporation

**          Andover, MA, USA  

**

**	    All rights reserved.

**

******************************************************************

*****************************************************************/



#include <stdio.h>

#include <math.h>

#include <stdlib.h>

#include "typedefs.h"

#include "basic_op.h"



#define  PI             3.141592653589793238462

#define DCT_LENGTH          320
#define DCT_LENGTH_DIV_2    160

#define DCT_LENGTH_DIV_4     80

#define DCT_LENGTH_DIV_8     40

#define DCT_LENGTH_DIV_16    20

#define DCT_LENGTH_DIV_32    10

#define DCT_LENGTH_DIV_64     5




#define MAX(a,b) (a > b ? a : b)
#define MIN(a,b) (a < b ? a : b)

#define NUM_CATEGORIES                  8

#define NUM_CATEGORIZATION_CONTROL_BITS           4

#define NUM_CATEGORIZATION_CONTROL_POSSIBILITIES  16

#define CORE_SIZE       10

#define DCT_LENGTH_LOG  6


/*  region_size = (BLOCK_SIZE * 0.875)/NUM_REGIONS; */

#define NUMBER_OF_REGIONS       14

#define REGION_SIZE             20

#define NUMBER_OF_VALID_COEFS   (NUMBER_OF_REGIONS * REGION_SIZE)



#define REGION_POWER_TABLE_SIZE 64
#define REGION_POWER_TABLE_NUM_NEGATIVES 24

#define MAX_NUM_CATEGORIZATION_CONTROL_BITS 5
#define MAX_NUM_CATEGORIZATION_CONTROL_POSSIBILITIES 32

#define ENCODER_SCALE_FACTOR 18318.0

/* The MLT output is incorrectly scaled by the factor
   product of ENCODER_SCALE_FACTOR and sqrt(160.)
   This is now (9/30/96) 1.0/2^(4.5) or 1/22.627.
   In the current implementation this  
   must be an integer power of sqrt(2). The
   integer power is ESF_ADJUSTMENT_TO_RMS_INDEX.
   The -2 is to conform with the range defined in the spec. */

 
#define ESF_ADJUSTMENT_TO_RMS_INDEX (9-2)
 

#define INTERMEDIATE_FILES_FLAG 0

/* Max bit rate is 32000 bits/sec. */
#define MAX_BITS_PER_FRAME 640



/***************************************************************************/

/* Type definitions                                                        */

/***************************************************************************/

typedef struct

{

    Word16 code_bit_count;      /* bit count of the current word */

    Word16 current_word;        /* current word in the bitstream being processed */

    Word16 *code_word_ptr;      /* pointer to the bitstream */

    Word16 number_of_bits_left; /* number of bits left in the current word */

    Word16 next_bit;            /* next bit in the current word */

}Bit_Obj;



typedef struct

{

    Word16 seed0;

    Word16 seed1;

    Word16 seed2;

    Word16 seed3;

}Rand_Obj;



/***************************************************************************/

/* Function definitions                                                    */

/***************************************************************************/

extern Word16  compute_region_powers(Word16  *mlt_coefs,

                             Word16  mag_shift,

                             Word16  *drp_num_bits,

                             UWord16 *drp_code_bits,

                             Word16  *absolute_region_power_index);



void    vector_quantize_mlts(Word16 number_of_available_bits,

                          Word16 *mlt_coefs,

                          Word16 *absolute_region_power_index,

                          Word16 *power_categories,

                          Word16 *category_balances,

                          Word16 *p_categorization_control,

                          Word16 *region_mlt_bit_counts,

                          UWord32 *region_mlt_bits);



Word16  vector_huffman(Word16 category,

                      Word16 power_index,

                      Word16 *raw_mlt_ptr,

                      UWord32 *word_ptr);





void    adjust_abs_region_power_index(Word16 *absolute_region_power_index,Word16 *mlt_coefs);



void    bits_to_words(UWord32 *region_mlt_bits,Word16 *region_mlt_bit_counts,

                      Word16 *drp_num_bits,UWord16 *drp_code_bits,Word16 *out_words,

                      Word16 categorization_control, Word16 number_of_bits_per_frame);



void    encoder(Word16  number_of_available_bits,

                Word16  *mlt_coefs,

                Word16  mag_shift,

                Word16  *out_words);



void decoder(Bit_Obj *bitobj,

    	     Rand_Obj *randobj,

             Word16 *decoder_mlt_coefs,

	         Word16 *p_mag_shift,

	         Word16 *p_old_mag_shift,

	         Word16 *old_decoder_mlt_coefs,

	         Word16 frame_error_flag);



Word16  samples_to_rmlt_coefs(Word16 *new_samples,Word16 *history,Word16 *coefs);

void rmlt_coefs_to_samples(Word16 *coefs,     

                           Word16 *old_samples,           

                           Word16 *out_samples,           

                           Word16 mag_shift);



Word16  index_to_array(Word16 index,Word16 *array,Word16 category);

void    categorize(Word16 number_of_available_bits,

		           Word16 *rms_index,

		           Word16 *power_categories,

		           Word16 *category_balances);



Word16 calc_offset(Word16 *rms_index,Word16 available_bits);    

void   compute_raw_pow_categories(Word16 *power_categories,Word16 *rms_index,Word16 offset);

void   comp_powercat_and_catbalance(Word16 *power_categories,

                                    Word16 *category_balances,

                                    Word16 *rms_index,

                                    Word16 number_of_available_bits,

                                    Word16 offset);

 
void dct_type_iv_a (Word16 *input,Word16 *output);

void dct_type_iv_s(Word16 *input,Word16 *output);

void decode_envelope(Bit_Obj *bitobj,

                     Word16  *decoder_region_standard_deviation,

		             Word16  *absolute_region_power_index,

		             Word16  *p_mag_shift);



void decode_vector_quantized_mlt_indices(Bit_Obj  *bitobj,

                                         Rand_Obj *randobj,

                                         Word16   *decoder_region_standard_deviation,

					                     Word16   *dedecoder_power_categories,

					                     Word16   *dedecoder_mlt_coefs);



void rate_adjust_categories(Word16 categorization_control,

			                Word16 *decoder_power_categories,

			                Word16 *decoder_category_balances);



void get_next_bit(Bit_Obj *bitobj);

Word16 get_rand(Rand_Obj *randobj);



void test_4_frame_errors(Bit_Obj *bitobj,

                         Word16 *frame_error_flag,

                         Word16 categorization_control,

                         Word16 *absolute_region_power_index);



void error_handling(Word16 *frame_error_flag,

                    Word16 *decoder_mlt_coefs,

                    Word16 *old_decoder_mlt_coefs,

                    Word16 *p_mag_shift,

                    Word16 *p_old_mag_shift);











G.722.1 Corrections/G.722.1 Annex B - Floating Point/decoder.c

/*****************************************************************

******************************************************************

**

**   ITU-T Wideband Coder Candidate (G.WB) Source Code

**

**	   File  Name : decoder.c

**

**   © 2000 PictureTel Coporation

**          Andover, MA, USA  

**

**	    All rights reserved.

**

******************************************************************

*****************************************************************/

/*****************************************************************

  Filename:   decoder.c    

  Original Author:

  Creation Date:  

  

  Purpose:         Contains files used to implement

                   the G.722.1 decoder

******************************************************************/



/******************************************************************

 Include files                                                           

*******************************************************************/



#include <stdio.h>

#include <math.h>

#include "defs.h"

#include "huff_defs.h"



/* decalaration of external functions and variables */

extern float mlt_quant_centroid[NUM_CATEGORIES-1][MAX_NUM_BINS];

extern float region_standard_deviation_table[REGION_POWER_TABLE_SIZE];

extern int index_to_array(int, int[], int);



extern int region_size;

extern int differential_region_power_decoder_tree[MAX_NUM_REGIONS][DIFF_REGION_POWER_LEVELS-1][2];

extern int vector_dimension[NUM_CATEGORIES];

extern int number_of_vectors[NUM_CATEGORIES];

extern int table_of_decoder_tables[NUM_CATEGORIES-1];



/* decalaration of local functions and variables */

void rate_adjust_categories(int, int [], int []);

void decode_envelope(int, float[], int[]);

void decode_vector_quantized_mlt_indices(int, float [], int [], float []);



static int number_of_bits_left;

static int next_bit;

static int code_word;

static int code_bit_count;

static short int *code_word_ptr;



#define NOISE_SCALE_FACTOR 22.0F



#define GET_NEXT_BIT \

if (code_bit_count == 0) { \

  code_word = *code_word_ptr++; \

  code_bit_count = 16; \

} \

code_bit_count--; \

next_bit = (code_word >> code_bit_count) & 1;



/***************************************************************************

 Procedure/Function:  decoder



 Syntax:     void decoder(  number_of_regions,

							number_of_bits_per_frame,

							bitstream,

							decoder_mlt_coefs,

							frame_error_flag)



							int number_of_regions;

							int number_of_bits_per_frame;

							short int bitstream[];

							float decoder_mlt_coefs[MAX_DCT_SIZE];

							int frame_error_flag;

      

              inputs:    int number_of_regions

                         int number_of_bits_per_frame

						 int frame_error_flag

              

              outputs:   float *decoder_mlt_coefs[],    

                         short int bitstream[]          

                  

 Description:  

				

***************************************************************************/



void decoder(number_of_regions,

	     number_of_bits_per_frame,

	     bitstream,

	     decoder_mlt_coefs,

	     frame_error_flag)

     int number_of_regions;

     int number_of_bits_per_frame;

     short int bitstream[];

     float decoder_mlt_coefs[MAX_DCT_SIZE];

     int frame_error_flag;



{



  extern void categorize(int, int, int[], int[], int[]);

  static float old_decoder_mlt_coefs[MAX_DCT_SIZE];

  int absolute_region_power_index[MAX_NUM_REGIONS];

  int decoder_power_categories[MAX_NUM_REGIONS];

  int decoder_category_balances[MAX_NUM_RATE_CONTROL_POSSIBILITIES-1];

  int rate_control;

  int num_rate_control_bits;

  int num_rate_control_possibilities;

  float decoder_region_standard_deviation[MAX_NUM_REGIONS];

  int number_of_coefs;

  int number_of_valid_coefs;





  number_of_valid_coefs = number_of_regions * region_size;



  if (number_of_regions <= 14)

    number_of_coefs = 320;



  if (frame_error_flag == 0) {



    code_word_ptr = bitstream;

    code_bit_count = 0;





    if (number_of_regions <= 14) {

      num_rate_control_bits = 4;

      num_rate_control_possibilities = 16;





    }



    number_of_bits_left = number_of_bits_per_frame;



    decode_envelope(number_of_regions,

		    decoder_region_standard_deviation,

		    absolute_region_power_index);



    {

      int i;

      rate_control = 0;

      for (i=0; i<num_rate_control_bits; i++) {

	GET_NEXT_BIT;

	rate_control <<= 1;

	rate_control += next_bit;

      }

    }

    number_of_bits_left -= num_rate_control_bits;



    categorize(number_of_regions,

	       number_of_bits_left,

	       absolute_region_power_index,

	       decoder_power_categories,

	       decoder_category_balances);



    rate_adjust_categories(rate_control,

			   decoder_power_categories,

			   decoder_category_balances);



    decode_vector_quantized_mlt_indices(number_of_regions,

					decoder_region_standard_deviation,

					decoder_power_categories,

					decoder_mlt_coefs);



/* Test for bit stream errors. */



    if (number_of_bits_left > 0) {

      {

	int i;

	for (i=0; i<number_of_bits_left; i++) {

	  GET_NEXT_BIT;

	  if (next_bit == 0) frame_error_flag = 1;

	}	

      }

    }

    else {

      if (rate_control < num_rate_control_possibilities-1) {

	if (number_of_bits_left < 0)

	  frame_error_flag |= 2;

      }

    }

    {

      int region;

      for (region=0; region<number_of_regions; region++) {



	if ((absolute_region_power_index[region]+ESF_ADJUSTMENT_TO_RMS_INDEX > 31) ||

	    (absolute_region_power_index[region]+ESF_ADJUSTMENT_TO_RMS_INDEX < -8))

	  frame_error_flag |= 4;

      }

    }



  }





/* If both the current and previous frames are errored,

   set the mlt coefficients to 0. If only the current frame

   is errored, then repeat the previous frame's mlt coefficients. */

  {

    int i;



    if (frame_error_flag != 0) {



      for (i = 0; i < number_of_valid_coefs; i++)

	decoder_mlt_coefs[i] = old_decoder_mlt_coefs[i];



      for (i = 0; i < number_of_valid_coefs; i++)

	old_decoder_mlt_coefs[i] = 0;



    }



    else {



		/* Store in case next frame is errored. */

      

		for (i = 0; i < number_of_valid_coefs; i++)

	old_decoder_mlt_coefs[i] = decoder_mlt_coefs[i];



    }

  }





/* Zero out the upper 1/8 of the spectrum. */

  

  {

    int i;

    for (i = number_of_valid_coefs; i < number_of_coefs; i++)

      decoder_mlt_coefs[i] = 0;

  }





}



/***************************************************************************

 Procedure/Function:  decode_envelope



 Syntax:   void decode_envelope(number_of_regions,

								decoder_region_standard_deviation,

								absolute_region_power_index)

								int number_of_regions;

								float decoder_region_standard_deviation[MAX_NUM_REGIONS];

								int absolute_region_power_index[MAX_NUM_REGIONS];

																					   

              

              inputs:   int int number_of_regions

                                                

              outputs:  float decoder_region_standard_deviation[MAX_NUM_REGIONS];

						int absolute_region_power_index[MAX_NUM_REGIONS];

						

 Description:  Recover differential_region_power_index from code bits



 Design Notes:

 				

***************************************************************************/



void decode_envelope(number_of_regions,

		     decoder_region_standard_deviation,

		     absolute_region_power_index)

     int number_of_regions;

     float decoder_region_standard_deviation[MAX_NUM_REGIONS];

     int absolute_region_power_index[MAX_NUM_REGIONS];





{

  int region;

  int i;

  int index;

  int differential_region_power_index[MAX_NUM_REGIONS];



/* Recover differential_region_power_index[] from code_bits[]. */

  

  index = 0;

  for (i=0; i<5; i++) {

    GET_NEXT_BIT;

    index <<= 1;

    index += next_bit;

  }



/* ESF_ADJUSTMENT_TO_RMS_INDEX compensates for the current (9/30/96)

   IMLT being scaled to high by the ninth power of sqrt(2). */

  

  differential_region_power_index[0] = index-ESF_ADJUSTMENT_TO_RMS_INDEX;

  number_of_bits_left -= 5;



  for (region=1; region<number_of_regions; region++) {

    index = 0;

    do {

      GET_NEXT_BIT;

      if (next_bit == 0)

	index = differential_region_power_decoder_tree[region][index][0];

      else

	index = differential_region_power_decoder_tree[region][index][1];

      number_of_bits_left--;

    } while (index > 0);

    differential_region_power_index[region] = -index;

  }



/* Reconstruct absolute_region_power_index[] from differential_region_power_index[]. */

  

  absolute_region_power_index[0] = differential_region_power_index[0];

  

  for (region=1; region<number_of_regions; region++) {

    absolute_region_power_index[region] = absolute_region_power_index[region-1] +

      differential_region_power_index[region] + DRP_DIFF_MIN;

  }



/* Reconstruct decoder_region_standard_deviation[] from absolute_region_power_index[]. */



  for (region=0; region<number_of_regions; region++) {

    i = absolute_region_power_index[region]+REGION_POWER_TABLE_NUM_NEGATIVES;

    decoder_region_standard_deviation[region] = region_standard_deviation_table[i];

  }



}



/***************************************************************************

 Procedure/Function:  rate_adjust_categories



 Syntax:			void rate_adjust_categories(rate_control,

												decoder_power_categories,

												decoder_category_balances)

												int rate_control;

												int decoder_power_categories[MAX_NUM_REGIONS];

												int decoder_category_balances[MAX_NUM_RATE_CONTROL_POSSIBILITIES-1];     

 

   

               inputs:    int rate_control,   

                          int *decoder_power_categories,

                          int *decoder_category_balances

                          

               outputs:   int rate_control,   

                          int *decoder_power_categories,

 

 Description:     Adjust the power categories based on the categorization control

				

***************************************************************************/



void rate_adjust_categories(rate_control,

			    decoder_power_categories,

			    decoder_category_balances)

     int rate_control;

     int decoder_power_categories[MAX_NUM_REGIONS];

     int decoder_category_balances[MAX_NUM_RATE_CONTROL_POSSIBILITIES-1];

{

  int i;

  int region;



  i = 0;

  while (rate_control > 0) {

    region = decoder_category_balances[i++];

    decoder_power_categories[region]++;

    rate_control--;

  }



}



/* ************************************************************************************ */

/* ************************************************************************************ */



#define get_rand() \

random_word = b0+b3; \

if ((random_word & 32768) != 0) random_word++; \

b3 = b2; \

b2 = b1; \

b1 = b0; \

b0 = random_word;





/***************************************************************************

 Procedure/Function:   decode_vector_quantized_mlt_indices



 Syntax:  void decode_vector_quantized_mlt_indices(number_of_regions,

							decoder_region_standard_deviation,

							decoder_power_categories,

							decoder_mlt_coefs)



							int number_of_regions;

							float decoder_region_standard_deviation[MAX_NUM_REGIONS];

							int decoder_power_categories[MAX_NUM_REGIONS];

							float decoder_mlt_coefs[MAX_DCT_SIZE];



			 inputs:   int    number_of_regions

                       float  *decoder_region_standard_deviation

                       int    *decoder_power_categories

            

             outputs:  float  decoder_mlt_coefs[MAX_DCT_SIZE]

             



 Description:  

				

***************************************************************************/



void decode_vector_quantized_mlt_indices(number_of_regions,

					 decoder_region_standard_deviation,

					 decoder_power_categories,

					 decoder_mlt_coefs)



     int number_of_regions;

     float decoder_region_standard_deviation[MAX_NUM_REGIONS];

     int decoder_power_categories[MAX_NUM_REGIONS];

     float decoder_mlt_coefs[MAX_DCT_SIZE];



{



  float standard_deviation;

  float *decoder_mlt_ptr;

  float decoder_mlt_value;

  float temp1;

  float noifillpos;

  float noifillneg;



  static float noise_fill_factor_cat5[20] = {0.70711, 0.6179, 0.5005, 0.3220,

					       0.17678, 0.17678, 0.17678, 0.17678,

					       0.17678, 0.17678, 0.17678, 0.17678,

					       0.17678, 0.17678, 0.17678, 0.17678,

					       0.17678, 0.17678, 0.17678, 0.17678};



  static float noise_fill_factor_cat6[20] = {0.70711, 0.5686, 0.3563, 0.25,

					       0.25, 0.25, 0.25, 0.25,

					       0.25, 0.25, 0.25, 0.25,

					       0.25, 0.25, 0.25, 0.25,

					       0.25, 0.25, 0.25, 0.25};





  int region;

  int category;

  int j,n;

  int k[MAX_VECTOR_DIMENSION];

  int vec_dim;

  int num_vecs;

  int index,signs_index;

  int bit;

  int num_sign_bits;

  int num_bits;

  int ran_out_of_bits_flag;

  int *decoder_table_ptr;



  static int here_before = 0;

  static int b0,b1,b2,b3;

  int random_word;



  if (here_before == 0) {

    here_before = 1;

    b0 = 1;

    b1 = 1;

    b2 = 1;

    b3 = 1;

  }         



  ran_out_of_bits_flag = 0;

  for (region=0; region<number_of_regions; region++) {

    category = decoder_power_categories[region];

    decoder_mlt_ptr = &decoder_mlt_coefs[region*region_size];

    standard_deviation = decoder_region_standard_deviation[region];

    if (category < NUM_CATEGORIES-1)

      {

	decoder_table_ptr = (int *) table_of_decoder_tables[category];

 	vec_dim = vector_dimension[category];

	num_vecs = number_of_vectors[category];



	for (n=0; n<num_vecs; n++) {

	  num_bits = 0;



	  index = 0;

	  do {

	    if (number_of_bits_left <= 0) {

	      ran_out_of_bits_flag = 1;



	      break;

	    }



	    GET_NEXT_BIT;

	    if (next_bit == 0)

	      index = *(decoder_table_ptr + 2*index);

	    else

	      index = *(decoder_table_ptr + 2*index + 1);





	    number_of_bits_left--;

	  } while (index > 0);

	  if (ran_out_of_bits_flag == 1)

	    break;

	  index = -index;

	  num_sign_bits = index_to_array(index,k,category);



	  if (number_of_bits_left >= num_sign_bits) {

	    if (num_sign_bits != 0) {

	      signs_index = 0;

	      for (j=0; j<num_sign_bits; j++) {

		GET_NEXT_BIT;

       		signs_index <<= 1;

		signs_index += next_bit;

		number_of_bits_left--;

	      }

	      bit = 1 << (num_sign_bits-1);

	    }

	    for (j=0; j<vec_dim; j++) {



		  /*

		  ** This was changed to for fixed point interop

		  ** A scale factor of 22.0 is used to adjust the decoded mlt value. 

		  */

	      decoder_mlt_value = standard_deviation * mlt_quant_centroid[category][k[j]]*22.0f;



	      if (decoder_mlt_value != 0) {

		if ( (signs_index & bit) == 0)

		  decoder_mlt_value *= -1;

		bit >>= 1;

	      }



	      *decoder_mlt_ptr++ = decoder_mlt_value;

	    }

	  }

	  else {

	    ran_out_of_bits_flag = 1;



	    break;

	  }

	}



	/* If ran out of bits during decoding do noise fill for remaining regions. */



	if (ran_out_of_bits_flag == 1) {

	  for (j=region+1; j<number_of_regions; j++)

	    decoder_power_categories[j] = NUM_CATEGORIES-1;

	  category = NUM_CATEGORIES-1;

	  decoder_mlt_ptr = &decoder_mlt_coefs[region*region_size];

	}

      }





    if (category == NUM_CATEGORIES-3)

      {



	decoder_mlt_ptr = &decoder_mlt_coefs[region*region_size];

	n = 0;

	for (j=0; j<region_size; j++) {

	  if (*decoder_mlt_ptr != 0) {

	    n++;

	    if (fabs(*decoder_mlt_ptr) > 44.0F*standard_deviation) {

	      n += 3;

	    }

	  }

	  decoder_mlt_ptr++;

	}

	if(n>19)n=19;

	temp1 = noise_fill_factor_cat5[n];



	decoder_mlt_ptr = &decoder_mlt_coefs[region*region_size];



/*	noifillpos = standard_deviation * 0.17678; */

	noifillpos = standard_deviation * temp1;



	noifillneg = -noifillpos;



/* This assumes region_size = 20 */

	get_rand();

	for (j=0; j<10; j++) {

	  if (*decoder_mlt_ptr == 0) {

	    temp1 = noifillpos;

	    if ((random_word & 1) == 0) temp1 = noifillneg;

	    *decoder_mlt_ptr = temp1*NOISE_SCALE_FACTOR;

	    random_word >>= 1;

	  }

	  decoder_mlt_ptr++;

	}

	get_rand();

	for (j=0; j<10; j++) {

	  if (*decoder_mlt_ptr == 0) {

	    temp1 = noifillpos;

	    if ((random_word & 1) == 0) temp1 = noifillneg;

	    *decoder_mlt_ptr = temp1*NOISE_SCALE_FACTOR;

	    random_word >>= 1;

	  }

	  decoder_mlt_ptr++;

	}



      }



    if (category == NUM_CATEGORIES-2)

      {

	

	decoder_mlt_ptr = &decoder_mlt_coefs[region*region_size];

	n = 0;

	for (j=0; j<region_size; j++) {

	  if (*decoder_mlt_ptr++ != 0)

	    n++;

	}

	temp1 = noise_fill_factor_cat6[n];



	decoder_mlt_ptr = &decoder_mlt_coefs[region*region_size];



	noifillpos = standard_deviation * temp1;



	noifillneg = -noifillpos;



/* This assumes region_size = 20 */

	

	get_rand();

	for (j=0; j<10; j++) {

	  if (*decoder_mlt_ptr == 0) {

	    temp1 = noifillpos;

	    if ((random_word & 1) == 0) temp1 = noifillneg;

	    *decoder_mlt_ptr = temp1*NOISE_SCALE_FACTOR;

	    random_word >>= 1;

	  }

	  decoder_mlt_ptr++;

	}

	get_rand();

	for (j=0; j<10; j++) {

	  if (*decoder_mlt_ptr == 0) {

	    temp1 = noifillpos;

	    if ((random_word & 1) == 0) temp1 = noifillneg;

	    *decoder_mlt_ptr = temp1*NOISE_SCALE_FACTOR ;

	    random_word >>= 1;

	  }

	  decoder_mlt_ptr++;

	}

      }



    if (category == NUM_CATEGORIES-1)

      {



	noifillpos =  (float)( standard_deviation * 0.70711) ;



	noifillneg = -noifillpos;



/* This assumes region_size = 20 */

	

	get_rand();

	for (j=0; j<10; j++) {

	  temp1 = noifillpos;

	  if ((random_word & 1) == 0) temp1 = noifillneg;

	  *decoder_mlt_ptr++ = temp1*NOISE_SCALE_FACTOR;

	  random_word >>= 1;

	}

	get_rand();

	for (j=0; j<10; j++) {

	  temp1 = noifillpos;

	  if ((random_word & 1) == 0) temp1 = noifillneg;

	  *decoder_mlt_ptr++ = temp1*NOISE_SCALE_FACTOR;

	  random_word >>= 1;

	}

      }



  }



  if (ran_out_of_bits_flag)

    number_of_bits_left = -1;



}







