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1. Introduction

In this document, the complexity verification phase results of the 3GPP AMR-WB codec are presented. This report is based on the delivered software version 1.1 (from 7. Nov. 2000). The complexity estimation comprises all 9 modes of the speech codec and the channel codec for TCH/WFS. A complexity estimation of the channel codecs for E-TCH/AFS and E-TCH/AHS was not made because currently only example solutions are available for both EDGE channel coding modes. Complexity figures have been evaluated for:

· Theoretical Worst Case wMOPS

· Data RAM size (static + scratch)

· Data ROM size

· Program ROM size

2. Methodology

The methodology used for the complexity verification is the same that was already applied to the AMR-NB codec:

· The Theoretical Worst Case wMOPS figures have been evaluated for the speech and the channel codec by an automatic count method. The automatic method has been proven as very fast and reliable, especially for large source codes. A brief description of this automatic count method can be found in the Annex B.

· The Program ROM evaluation was performed by script-files which count the number of basic operators, as defined in the permanent AMR-NB document 9b, and the counter functions (test, move16, move32, logic16, logic32) in the C source files. Note that function calls are not counted. This estimation was found to be relatively independent of the style of the C source code.

3. Results

A summary of the complexity figures is presented below. The complete breakdown of these figures can be found in the Annex A. The complexity of the VAD/DTX system is also included.

3.1. Weighted MOPS (Theoretical Worst Case)

The Theoretical Worst Case (TWC) complexity results are given in the following tables in wMOPS.

For additional information the complexity estimation figures based on Worst Observed Frame method, which were computed by Nokia (see Tdoc S4 (00) 0461), are given in the ”WOF est.” column.

Speech Codec:

wMOPS / Speech Codec + VAD + DTX

Mode
23.85
23.05
19.85
18.25
15.85
14.25
12.65
8.85
6.60
TWC
WOF est

Speech encoder
29.07
30.84
31.14
30.22
29.41
29.24
26.91
23.59
20.46
31.14
-

Speech decoder
6.90
6.89
6.83
6.82
6.79
6.76
6.73
7.47
7.83
7.83
-

Total Speech
35.97
37.73
37.97
37.04
36.20
36.00
33.64
31.06
28.29
38.97
36.13

According to the design constraints for the AMR-WB speech codec, up to 41.6 wMOPS were allowed including the VAD/DTX system (see permanent document WB-4). The measured TWC figure of 38.97 wMOPS is clearly below this limit.

Channel Codec for TCH/WFS:

The TWC wMOPS figures given in the table below were obtained for the following conditions:

· Channel Encoder: encoding of ONSET + SPEECH frames

· Channel Decoder: decoding of SPEECH frames

wMOPS / Channel Codec for TCH/WFS

Mode
23.85
23.05
19.85
18.25
15.85
14.25
12.65
8.85
6.60
TWC
WOF est

Channel encoder
-
-
0.39
0.58
0.51
0.48
0.45
0.42
0.39
0.58
-

Channel decoder
-
-
1.32
3.35
2.95
2.68
2.42
1.85
1.53
3.35
-

Total Channel
-
-
1.71
3.93
3.46
3.16
2.87
2.27
1.92
3.93
3.45

TWC wMOPS figures for SID_FRIST, SID_UPDATE, ONSET and NO_DATA frames can be found in the Annex A.

According to the design constraints for the AMR-WB codec up, to 5.7 wMOPS were allowed (see permanent document WB-4). Again, the measured TWC figure of 3.93 wMOPS is clearly below this limit.

Rate Adaptation Algorithm for TCH/WFS:

wMOPS / Rate Adaptation Algorithm

Mode
23.85
23.05
19.85
18.25
15.85
14.25
12.65
8.85
6.60
TWC
WOF est


0.06
0.06
-

Channel Codec for E-TCH/AHS and E-TCH/AFS:

In the case of the channel coding schemes E-TCH/AFS and E-TCH/AHS only general design constraints were checked since the current solutions are regarded as examples :

General Requirements for Channel Codec for E-TCH/AHS and E-TCH/AFS

Requirement
allowed
used
constraints met ?

Polynomials (from GSM 05.03)
G1...G7
G4...G7
Yes

Type of  Code
Recursive Systematic
Recursive Systematic
Yes

Constraint length
K=7
K=7
Yes

CRC bits
max. 16
6 (for SPEECH frames)
Yes

Inband bits for E-TCH/AHS
12
12
Yes

Inband bits for E-TCH/AFS
24
24
Yes

All general requirements listed in the table above were met.

3.2. Data RAM (static + scratch)

Data RAM (static + scratch)


static + scratch allowed
static used
scratch used

Speech Encoder + VAD+DTX
15000 + 149 Words
1381 Words
4389 Words

Speech Decoder + DTX

758 Words


Channel Encoder (TCH/WFS)
3000 Words
229 Words


Channel Decoder (TCH/WFS)

242 Words


Link Adaptation

102 Words


Total

2712 Words
4389 Words 



7101 Words

The total amount of static RAM required is 2712 Words. The maximum amount of dynamic or scratch RAM required is 4389 Words. The design constraints were met.

3.3. Data ROM (Tables)

Data ROM Tables


allowed
used

Speech Codec + VAD + DTX
18000 + 513 Words
9929 Words

Channel Codec (TCH/WFS)
4500 Words
3075 Words

Link Adaptation
-
105 Words 

Total
23013 Words
13109 Words 

The total amount of memory required is 13109 Words. The design constraints were met.

3.4. Program ROM (source code size)

Program ROM


allowed
used

Speech Codec + VAD + DTX
5821 + 491
3889 basic-ops

Channel Codec (TCH/WFS)
2013
418 basic-ops

Link Adaptation
-
48 basic-ops

Common (log2, oper32b)
-
35 basic-ops

Total
8571 basic-ops
4390 basic-ops

The total program size is 4390 basic-ops. The design constraints were met.

4. Conclusion

The speech codec and the channel codec for TCH/WFS met all requirements concerning:

· Theoretical Worst Case wMOPS figures

· Data RAM size (static + scratch)

· Data ROM size

· Program ROM size

Most of the evaluated complexity figures were clearly below the given limits.

In case of the channel codec schemes for E-TCH/AFS and E-TCH/AHS, only general requirements were checked since currently example solutions only are available for EDGE. These example solutions met the general requirements.

5. Change History

Document History

V 1.0
19-Jan-2001
S4#15: Initial Version









Annex A :
Detailed Results

A.1
Weighted MOPS (Theoretical Worst Case)

A.1.1
Speech encoder

Table 1: Theoretical Worst Case WMOPS Figure of the AMR-WB Speech Encoder (WMOPS)

Mode
23.85
23.05
19.85
18.25
15.85
14.25
12.65
8.85
6.60

DTX deactivated
29.07
30.84
31.14
30.22
29.41
29.24
26.91
23.59
20.46

DTX activated, VAD on
-
-
31.14
30.22
29.41
29.24
26.91
23.59
20.46

DTX activated, VAD off
-
-
10.41
10.41
10.41
10.41
10.41
10.41
10.41

A.1.1.1
Presentation

The delivered source code version 1.1 was already instrumented. With the exception of minor cases, we accepted the Nokia instrumentation of the worst observed case WMOPS on trust and we did not proceed to do any major change. We concentrated our work on the files located in the nwb_spfx directory. They contained more than 250 functions spread out over 13000 lines of C-code. 

In this analysis, we obtained an estimation of the theoretical WMOPS worst case in 4 steps: 

· For each frame, we traced the calling tree of the encoder algorithm. After having manually marked the beginning and the ending of every subroutine with a macro preprocessor command, the tracing process was done automatically at run-time. 

· We merged all calling trees into one single reference calling tree. The reference calling tree was assumed to be a good approximation to the theoretical worst path. The merging of the trees is not obvious since the calling tree structure may vary for each frame. However, the changes in the structure of the trees are minor and usually correspond to subroutine calls nested in a loop with a varying range. 

· We associated an estimation of its own theoretical worst case WMOPS figure to each subroutine of the reference calling tree.

1. If the number of weighted operations for the subroutine did not vary from frame to frame, we assumed that the number of operations in the subroutine did not depend on the speech data fed into the algorithm. This was assumed to be the theoretical worst case. 

2. If the number of weighted operations varied from frame to frame, then as first approximation, we evaluated the theoretical worst case for this subroutine as being the worst observed case for all frames. This could be done automatically. 

3. In a second approximation, we modified the code of the subroutine by balancing the weight of every branch. It is important to note at this step that we maintained the bit-exactness of the algorithm and we did not balance test instructions which influenced the scheduling of the algorithm. This process was done manually for each function. In most cases, this results in a constant number of weighted operations for the subroutine call observed from frame to frame. 

4. In problematic functions, we identified important tests and decisions made based on testing characteristics of the speech signal. In other words, the scheduling of the algorithm could be modified by a decision made on the signal, triggering different branches of the calling tree. For these functions, a detailed and manual study of the worst path was necessarily. Once identified, the automatic cycle counting was deactivated and replaced by the result of the aforementioned study. Of course when the automatic count was deactivated, the corresonding functions did not appear any more in the calling tree but their weight was substituted in the manual count that was included the theoretical worst case. 

· The estimated theoretical worst case WMOPS figure was obtained by adding the estimated theoretical worst case WMOPS for every subroutine in the calling tree. 

A.1.1.2
Calling trees

For the purpose of the complexity analysis, some functions have been split in different sub-sections. These sub-sections appear in the calling tree as if they were own subroutines. This sectioning process is symbolic and serves only the detailed complexity analysis. The Az_isp() function is split in 4 sub-sections, respectively 

· az_isp_search, 

· az_isp_dichotomy, 

· az_isp_interpolation and 

· az_isp_switch. 

The coder() function is split in 8 sub-sections, respectively: 

· coder_Start, 

· coder_Preemphasis, 

· coder_CallVAD, 

· coder_LPC_analysis, 

· coder_pitch_OL_analysis, 

· coder_ACELP, 

· coder_ISP and 

· coder_subframe. 

Each GSM frame defines 4 subframes. Thus, coder_subframe appears 4 times at each frame. The number of weighted operations allocated for each subframe is not necessarily identical. Each subframe defines 10 subsections, respectively: 

· subframe_start, 

· subframe_target, 

· subframe_fracpitch, 

· subframe_gain, 

· subframe_excitation, 

· subframe_prediction, 

· subframe_search, 

· subframe_quantize, 

· subframe_update and 

· subframe_postprocess. 

The following calling trees have been processed at run time for each GSM mode (6.60 kbit/s, 8.85 kbit/s, 12.65 kbit/s, 14.25 kbit/s, 15.85 kbit/s, 18.25 kbit/s and 19.85 kbit/s) with an instrumented version of the delivered software. Each element in this tree represents the call of a subroutine and follows the same syntax: 

fct_name[*][+] [(occurrence)] wop_total[/wop_partial]

fct_name 

The number of dots ('.') displayed in front of the name of the function is proportional to the depth of the function within the calling tree. 

[*] 

If present, this symbol indicates that the number of weighted operations is observed to vary for some frames. This does not take into account the variation of any called subfunctions. 

[+] 

If present, this symbol indicates that it was observed that this function is not called in every frame. 

(occurrence) 

If present, this number indicates that the function is called several times (with the same observed weighted operation allocated to it). 

wop_total 

Total cost for the weighted operations included in the function and all its subfunctions (if any). 

wop_partial 

Total cost for the weighted operations included in the function, excluding all of its subfunctions. 

A.1.1.2.1
Main branch for all modes

The costs of the WOP theoretical worst case allocated for each subsection and for each GSM mode are displayed in the following table. 

Table 2: WOP allocated for the Theoretical Worst Path

PRIVATE
<THEAD>
6.60 kbit/s
8.85 kbit/s
12.65 kbit/s
14.25 kbit/s
15.85 kbit/s
18.25 kbit/s
19.85 kbit/s
23.05 kbit/s
23.85 kbit/s</THEAD><TBODY>

Coder
409095/8
471726/8
538198/8
584850/8
588202/8
604398/8
622830/8
616722/8
581378/8

..coder_Start 
19524/7
19524/7
19524/7
19524/7
19524/7
19524/7
19524/7
19524/7
19524/7

..coder_Preemphasis 
6902/4592
6902/4592
6902/4592
6902/4592
6902/4592
6902/4592
6902/4592
6902/4592
6902/4592

..coder_CallVAD 
13554/13
13554/13
13554/13
13554/13
13554/13
13554/13
13554/13
13554/13
13546/5

..coder_LPC_analysis 
44361/0
44361/0
44361/0
44361/0
44361/0
44361/0
44361/0
44361/0
44361/0

..coder_pitch_OL_analysis 
32423/1330
35785/1339
35785/1339
35785/1339
35785/1339
35785/1339
35785/1339
35785/1339
35785/1339

..coder_ACELP 
50412/47
49548/47
49548/47
49548/47
49548/47
49548/47
49548/47
49548/47
49548/47

..coder_ISP* 
6242/788
6242/788
6242/788
6242/788
6242/788
6242/788
6242/788
6242/788
6242/788

..coder_subframe 
58819/0
73841/0
90462/0
102125/0
102963/0
107012/0
111620/0
110093/0
101257/0

....subframe_start 
6
6
6
6
6
6
6
6
6

....subframe_target 
9311/1443
9311/1443
9311/1443
9311/1443
9311/1443
9311/1443
9311/1443
9311/1443
9311/1443

....subframe_fracpitch 
13101/23
13101/23
13210/27
13210/27
13210/27
13210/27
13210/27
13210/27
13210/27

....subframe_gain 
2619/4
2619/4
5578/9
5578/9
5578/9
5578/9
5578/9
5578/9
5578/9

....subframe_excitation 
3278/324
3278/324
3278/324
3278/324
3278/324
3278/324
3278/324
3278/324
3278/324

....subframe_prediction 
139/7
139/7
280/140
280/140
280/140
280/140
280/140
280/140
280/140

....subframe_search 
24205/20
39227/21
52762/22
64425/23
65263/24
69312/25
73920/26
72393/26
44893/26

....subframe_quantize 
3053/7
3053/7
3318/7
3318/7
3318/7
3318/7
3318/7
3318/7
3318/7

....subframe_update 
3104/920
3104/920
2716/532
2716/532
2716/532
2716/532
2716/532
2716/532
2780/532

....subframe_postprocess 
3
3
3
3
3
3
3
3
18603/943

..coder_subframe(2) 
58786/0
73808/0
90423/0
102086/0
102924/0
106973/0
111581/0
110054/0
101218/0

....subframe_start 
6
6
6
6
6
6
6
6
6

....subframe_target 
9311/1443
9311/1443
9311/1443
9311/1443
9311/1443
9311/1443
9311/1443
9311/1443
9311/1443

....subframe_fracpitch 
13068/9
13068/9
13171/8
13171/8
13171/8
13171/8
13171/8
13171/8
13171/8

....subframe_gain 
2619/4
2619/4
5578/9
5578/9
5578/9
5578/9
5578/9
5578/9
5578/9

....subframe_excitation 
3278/324
3278/324
3278/324
3278/324
3278/324
3278/324
3278/324
3278/324
3278/324

....subframe_prediction 
139/7
139/7
280/140
280/140
280/140
280/140
280/140
280/140
280/140

....subframe_search 
24205/20
39227/21
52762/22
64425/23
65263/24
69312/25
73920/26
72393/26
44893/26

....subframe_quantize 
3053/7
3053/7
3318/7
3318/7
3318/7
3318/7
3318/7
3318/7
3318/7

....subframe_update 
3104/920
3104/920
2716/532
2716/532
2716/532
2716/532
2716/532
2716/532
2780/532

....subframe_postprocess 
3
3
3
3
3
3
3
3
18603/943

..coder_subframe 
58787/0
73854/0
90475/0
102138/0
102976/0
107025/0
111633/0
110106/0
101270/0

....subframe_start 
7
19
19
19
19
19
19
19
19

....subframe_target 
9311/1443
9311/1443
9311/1443
9311/1443
9311/1443
9311/1443
9311/1443
9311/1443
9311/1443

....subframe_fracpitch 
13068/9
13101/23
13210/27
13210/27
13210/27
13210/27
13210/27
13210/27
13210/27

....subframe_gain 
2619/4
2619/4
5578/9
5578/9
5578/9
5578/9
5578/9
5578/9
5578/9

....subframe_excitation 
3278/324
3278/324
3278/324
3278/324
3278/324
3278/324
3278/324
3278/324
3278/324

....subframe_prediction 
139/7
139/7
280/140
280/140
280/140
280/140
280/140
280/140
280/140

....subframe_search 
24205/20
39227/21
52762/22
64425/23
65263/24
69312/25
73920/26
72393/26
44893/26

....subframe_quantize 
3053/7
3053/7
3318/7
3318/7
3318/7
3318/7
3318/7
3318/7
3318/7

....subframe_update 
3104/920
3104/920
2716/532
2716/532
2716/532
2716/532
2716/532
2716/532
2780/532

....subframe_postprocess 
3
3
3
3
3
3
3
3
18603/943

..Copy 
128
128
128
128
128
128
128
128
128

..Copy 
115
115
115
115
115
115
115
115
115

..Copy 
248
248
248
248
248
248
248
248
248<TBODY>

A.1.1.2.2
6.60 kbit/s

The results of the WOP theoretical worst case analysis are detailed for each coder() and coder_subframe subsections. 

coder_Start
....coder_Start         19524/7

......Copy              128

......Copy              115

......Copy              248

......Decim_12k8        11134/1

........Copy(2)         30

........Copy            320

........Down_samp       10753/1281

..........Interpol(256) 37

......Copy              30

......Set_zero          15

......Decim_12k8        581/1

........Copy(2)         30

........Copy            15

........Down_samp       505/61

..........Interpol(12)  37

......HP50_12k8         6924

......Copy              6

......HP50_12k8         336

coder_Preemphasis
....coder_Preemphasis   6902/4592

......Scale_sig         696

......Scale_sig         1488

......Scale_sig         96

......Scale_sig         18

......Scale_sig(2)      6

coder_CallVAD
....coder_CallVAD               13554/13

......Copy                      256

......Scale_sig                 1536

......wb_vad                    11749/297

........filter_bank             9876/524

..........filter5(320)          22

..........filter3(96)           17

..........level_calculation     142

..........level_calculation(3)  78

..........level_calculation(4)  46

..........level_calculation(4)  30

........vad_decision            1523/535

..........ilog2(2)              62

..........noise_estimate_update 864/165

............update_cntrl*       699

........hangover_addition       11

........Estimate_Speech*        42

......Parm_serial               8

coder_LPC_analysis
....coder_LPC_analysis          44361/0

......Autocorr                  10836

......Lag_window                160

......Levinson                  5286

......Az_isp                    21208/74

........Chebps2                 132

........az_isp_search           14281

........az_isp_dichotomy(8)     280/16

..........Chebps2(2)            132

........az_isp_interpolation(15) 56

........az_isp_switch(8)        120/5

..........Chebps2               115

........az_isp_search(15)       0

........az_isp_dichotomy(7)     246/16

..........Chebps2(2)            115

........az_isp_switch(7)        137/5

..........Chebps2               132

......Int_isp                   5433/201

........Isp_Az(4)               1308/343

..........Get_isp_pol           548

..........Get_isp_pol           417

......Copy                      16

......Isp_isf                   1348

......Gp_clip_test_isf          74

coder_pitch_OL_analysis
....coder_pitch_OL_analysis     32423/1330

......Weight_a(4)       80

......Residu(4)         1344

......Deemph2           1025

......LP_Decim2         1543

......Scale_sig         768

......Scale_sig(2)      690

......scale_mem_Hp_wsp  48

......Pitch_med_ol      20570/16296

........Hp_wsp          4242

........Isqrt_n         32

......Med_olag          56/5

........median5         51

......wb_vad_tone_detection     7

coder_ACELP
....coder_ACELP         50412/47

......Qpisf_2s_36b      44498/324

........VQ_stage1       10253

........Sub_VQ(4)       2444

........Sub_VQ(4)       2187

........VQ_stage1       9229

........Sub_VQ(4)       1486

........Dpisf_2s_36b    224/148

..........Reorder_isf   76

......Parm_serial(2)    50

......Parm_serial(2)    44

......Parm_serial       38

......Copy(3)           16

......Isf_isp           160

......Int_isp           5433/201

........Isp_Az(4)       1308/343

..........Get_isp_pol   548

..........Get_isp_pol   417

coder_ISP
....coder_ISP*          6242/788

......Residu(4)         1344

......dtx_buffer+       78/62

........Copy+           16

subframe_target
......subframe_target   9311/1443

........Residu(2)       1344

........Syn_filt        1428

........Weight_a(3)     80

........Deemph2(2)      257

........Set_zero        16

........Copy(2)         32

........Preemph2        226

........Syn_filt        724

........Residu          672

........Set_zero        80

........Copy            64

........Scale_sig(3)    384

subframe_fracpitch
For the first subframe, the worst path is described by the following tree. 

......subframe_fracpitch  13101/23

........Pitch_fr4*      13028/116

..........Norm_Corr     12852/9748

............Convolve    2336

............Isqrt_n(24) 32

..........Interpol_4(3)+  20

........Parm_serial     50

For the second, third and fourth subframes, the worst path is described by the following tree. 

......subframe_fracpitch  13068/9

........Pitch_fr4*      13027/115

..........Norm_Corr     12852/9748

............Convolve    2336

............Isqrt_n(24) 32

..........Interpol_4(3) 20

........Parm_serial     32

subframe_gain
......subframe_gain     2619/4

........Gp_clip         8

........Pred_lt4        2607

subframe_excitation
......subframe_excitation  3278/324

........Convolve           2336

........G_pitch            234/34

..........Dot_product12(2) 100

........Updt_tar           384

subframe_prediction
......subframe_prediction  139/7

........Copy(2)            64

........Copy               4

subframe_search
......subframe_search   24205/20

........Updt_tar        384

........Scale_sig       384

........Preemph(2)      322

........Pit_shrp(2)*    150

........cor_h_x         3241

........ACELP_2t64_fx   19158/18894

..........Dot_product12(2)  100

..........Isqrt_n(2)    32

........Parm_serial     74

subframe_quantize
......subframe_quantize         3053/7

........Q_gain2                 3000/2586

..........Dot_product12(4)      100

..........Pow2                  14

........Parm_serial             38

........Gp_clip_test_gain_pit   8

subframe_update
......subframe_update   3104/920

........Copy            64

........Scale_sig       384

........voice_factor    292/92

..........Dot_product12(2)  100

........Syn_filt        1444

A.1.1.2.3
8.85 kbit/s

The detailed results of the WOP theoretical worst case analysis are the same than for the 6.60 kbit/s GSM mode, except for the following subsections. 

coder_pitch_OL_analysis
....coder_pitch_OL_analysis  35785/1339

......Weight_a(4)       80

......Residu(4)         1344

......Deemph2           1025

......LP_Decim2         1543

......Scale_sig         768

......Scale_sig(2)      690

......scale_mem_Hp_wsp  48

......Pitch_med_ol(2)   11930/9768

........Hp_wsp          2130

........Isqrt_n         32

......Med_olag(2)       56/5

........median5         51

......wb_vad_tone_detection(2)  7

coder_ACELP
....coder_ACELP         49548/47

......Qpisf_2s_46b      43570/348

........VQ_stage1       10253

........Sub_VQ(4)       970

........Sub_VQ(8)       1930

........VQ_stage1       9229

........Sub_VQ(4)       490

........Sub_VQ(4)       555

........Dpisf_2s_46b    240/164

..........Reorder_isf   76

......Parm_serial(2)    50

......Parm_serial       38

......Parm_serial(2)    44

......Parm_serial(2)    32

......Copy(3)           16

......Isf_isp           160

......Int_isp           5433/201

........Isp_Az(4)       1308/343

..........Get_isp_pol   548

..........Get_isp_pol   417

subframe_fracpitch
For the first and third subframes, the worst path is the same than for the first subframe at 6.60kbit/s. For the second and fourth subframes, the worst path is the same than for the second, third and fourth subframes at 6.60kbit/s. 

subframe_search
......subframe_search     39227/21

........Updt_tar          384

........Scale_sig         384

........Preemph(2)        322

........Pit_shrp(2)*      150

........cor_h_x           3241

........ACELP_4t64_fx     34125/12697

..........Dot_product12(2)  100

..........Isqrt_n(2)      32

..........cor_h_vec(4)    706

..........cor_h_vec(4)    690

..........search_ixiy(4)  882

..........cor_h_vec(4)    674

..........cor_h_vec(4)    658

..........search_ixiy(4)  1670

..........quant_1p_N1(4)  11

........Parm_serial(4)    32

A.1.1.2.4
12.65 kbit/s

The detailed results of the WOP theoretical worst case analysis are the same than for the 8.85 kbit/s GSM mode, except for the following subsections. 

subframe_fracpitch
For the first and third subframes, the worst path is described by the following tree. 

......subframe_fracpitch  13210/27

........Pitch_fr4*        13127/135

..........Norm_Corr       12852/9748

............Convolve      2336

............Isqrt_n(24)   32

..........Interpol_4(7)+  20

........Parm_serial       56

For the second and fourth subframes, the worst path is described by the following tree. 

......subframe_fracpitch  13171/8

........Pitch_fr4*        13125/133

..........Norm_Corr       12852/9748

............Convolve      2336

............Isqrt_n(24)   32

..........Interpol_4(7)   20

........Parm_serial       38

subframe_gain
......subframe_gain       5578/9

........Gp_clip           8

........Pred_lt4          2607

........Convolve          2336

........G_pitch           234/34

..........Dot_product12(2)  100

........Updt_tar          384

subframe_prediction
......subframe_prediction 280/140

........Parm_serial       8

........Copy(2)           64

........Copy+             4

subframe_search
......subframe_search     52762/22

........Updt_tar          384

........Scale_sig         384

........Preemph(2)        322

........Pit_shrp(2)*      150

........cor_h_x           3241

........ACELP_4t64_fx     47563/13943

..........Dot_product12(2)  100

..........Isqrt_n(2)      32

..........cor_h_vec(6)    674

..........cor_h_vec(6)    658

..........search_ixiy(4)  882

..........cor_h_vec(6)    690

..........search_ixiy(8)  1670

..........cor_h_vec(6)    706

..........quant_2p_2N1(4) 25

........Parm_serial(4)    56

subframe_quantize
......subframe_quantize      3318/7

........Q_gain2              3259/2845

..........Dot_product12(4)   100

..........Pow2               14

........Parm_serial          44

........Gp_clip_test_gain_pit 8

subframe_update
......subframe_update     2716/532

........Copy              64

........Scale_sig         384

........voice_factor      292/92

..........Dot_product12(2)  100

........Syn_filt          1444

A.1.1.2.5
14.25 kbit/s

The detailed results of the WOP theoretical worst case analysis are the same than for the 12.65 kbit/s GSM mode, except for the following subsection. 

subframe_search
......subframe_search       64425/23

........Updt_tar            384

........Scale_sig           384

........Preemph(2)          322

........Pit_shrp(2)*        150

........cor_h_x             3241

........ACELP_4t64_fx       59177/14801

..........Dot_product12(2)  100

..........Isqrt_n(2)        32

..........cor_h_vec(6)      674

..........cor_h_vec(6)      658

..........search_ixiy(4)    882

..........cor_h_vec(10)     690

..........search_ixiy(4)    1276

..........cor_h_vec(10)     706

..........search_ixiy(8)    1670

..........quant_3p_3N1(2)   59/23

............quant_2p_2N1    25

............quant_1p_N1     11

..........quant_2p_2N1(2)   25

........Parm_serial(2)      80

........Parm_serial(2)      56

A.1.1.2.6
15.85 kbit/s

The detailed results of the WOP theoretical worst case analysis are the same than for the 12.65 kbit/s GSM mode, except for the following subsection. 

subframe_search
......subframe_search       65263/24

........Updt_tar            384

........Scale_sig           384

........Preemph(2)          322

........Pit_shrp(2)*        150

........cor_h_x             3241

........ACELP_4t64_fx       59966/15650

..........Dot_product12(2)  100

..........Isqrt_n(2)        32

..........cor_h_vec(8)      690

..........cor_h_vec(8)      674

..........search_ixiy(4)    882

..........cor_h_vec(8)      658

..........cor_h_vec(8)      706

..........search_ixiy(4)    1276

..........search_ixiy(8)    1670

..........quant_3p_3N1(4)   59/23

............quant_2p_2N1    25

............quant_1p_N1     11

........Parm_serial(4)      80

A.1.1.2.7
18.25 kbit/s

The detailed results of the WOP theoretical worst case analysis are the same than for the 12.65 kbit/s GSM mode, except for the following subsection. 

subframe_search
......subframe_search       69312/25

........Updt_tar            384

........Scale_sig           384

........Preemph(2)          322

........Pit_shrp(2)*        150

........cor_h_x             3241

........ACELP_4t64_fx       63934/15710

..........Dot_product12(2)  100

..........Isqrt_n(2)        32

..........cor_h_vec(9)      690

..........cor_h_vec(9)      674

..........search_ixiy(6)    882

..........cor_h_vec(9)      658

..........cor_h_vec(9)      706

..........search_ixiy(6)    1276

..........search_ixiy(6)    1670

..........quant_4p_4N(4)    110

........Parm_serial(4)      14

........Parm_serial(4)      86

A.1.1.2.7
19.85 kbit/s

The detailed results of the WOP theoretical worst case analysis are the same than for the 12.65 kbit/s GSM mode, except for the following subsection. 

subframe_search
......subframe_search       73920/26

........Updt_tar            384

........Scale_sig           384

........Preemph(2)          322

........Pit_shrp(2)*        150

........cor_h_x             3241

........ACELP_4t64_fx       68493/16364

..........Dot_product12(2)  100

..........Isqrt_n(2)        32

..........cor_h_vec(12)     690

..........cor_h_vec(9)      674

..........search_ixiy(3)    488

..........cor_h_vec(9)      658

..........cor_h_vec(12)     706

..........search_ixiy(3)    685

..........search_ixiy(3)    882

..........search_ixiy(3)    1079

..........search_ixiy(3)    1276

..........search_ixiy(3)    1473

..........search_ixiy(3)    1670

..........quant_5p_5N(2)    123

..........quant_4p_4N(2)    110

........Parm_serial(4)      62

........Parm_serial(2)      14

........Parm_serial(2)      86

A.1.1.2.8
23.05 kbit/s

The detailled results of the WOP theoretical worst case analysis are the same than for the 12.65 kbit/s GSM mode, except for the following subsection. 

subframe_search
......subframe_search       72393/26

........Updt_tar            384

........Scale_sig           384

........Preemph(2)          322

........Pit_shrp(2)*        150

........cor_h_x             3241

........ACELP_4t64_fx       66870/15852

..........Dot_product12(2)  100

..........Isqrt_n(2)        32

..........cor_h_vec(10)     690

..........cor_h_vec(10)     674

..........search_ixiy(4)    488

..........cor_h_vec(10)     658

..........cor_h_vec(10)     706

..........search_ixiy(2)    685

..........search_ixiy(2)    882

..........search_ixiy(2)    1079

..........search_ixiy(2)    1276

..........search_ixiy(2)    1473

..........search_ixiy(6)    1670

..........quant_6p_6N_2(4)  178

........Parm_serial(8)      68

A.1.1.2.9
23.85 kbit/s

The detailled results of the WOP theoretical worst case analysis are the same than for the 12.65 kbit/s GSM mode, except for the following subsections. 

subframe_search
......subframe_search      44893/26

........Updt_tar           384

........Scale_sig          384

........Preemph(2)         322

........Pit_shrp(2)*       150

........cor_h_x            3241

........ACELP_4t64_fx      39370/13373

..........Dot_product12(2) 100

..........Isqrt_n(2)       32

..........cor_h_vec(5)     690

..........cor_h_vec(5)     674

..........search_ixiy(2)   488

..........cor_h_vec(5)     658

..........cor_h_vec(5)     706

..........search_ixiy      685

..........search_ixiy      882

..........search_ixiy      1079

..........search_ixiy      1276

..........search_ixiy      1473

..........search_ixiy(3)   1670

..........quant_6p_6N_2(4) 178

........Parm_serial(8)     68

coder_CallVAD
....coder_CallVAD               13546/5

......Copy                      256

......Scale_sig                 1536

......wb_vad                    11749/297

........filter_bank             9876/524

..........filter5(320)          22

..........filter3(96)           17

..........level_calculation     142

..........level_calculation(3)  78

..........level_calculation(4)  46

..........level_calculation(4)  30

........vad_decision            1523/535

..........ilog2(2)              62

..........noise_estimate_update
864/165

..........  update_cntrl*       699

........hangover_addition       11

........Estimate_Speech*        42

......Parm_serial               8

subframe_postprocess
......subframe_postprocess 18603/943

........synthesis          17634/778

..........Copy(4)          16

..........Syn_filt_32      2946

..........Deemph_32        642

..........HP50_12k8        1740

..........Random(80)       7

..........Scale_sig        384

..........Dot_product12    100

..........Dot_product12(3) 116

..........Isqrt_n(2)       32

..........HP400_12k8       1612

..........Weight_a         80

..........Syn_filt         1796

..........Filt_6k_7k(2)    3020/2960

............Copy(2)        30

..........Scale_sig        480

........Parm_serial        26

A.1.2
Speech decoder

------------------------------------------------------------------------------

Mode 6.60 kbit/s                 Routine   Calls/        WOPS/        WOPS/

                                           frame         call        frame

------------------------------------------------------------------------------

                                 Copy_16      21           16          336

                                 Copy_24       8           24          192

                                Copy_248       2          248          496

                                 Copy_30      16           30          480

                                 Copy_64      18           64         1152

                       DEC_ACELP_2t64_fx       4           76          304

                                 D_gain2       4          105          420

                            Deemph_32_64       4          642         2568

                        Dot_product12_64      16          100         1600

                        Dot_product12_80       4          116          464

                            Dpisf_2s_36b       1          438          438

                           Filt_6k_7k_80       4         2960        11840

                              Filt_7k_80       4         2880        11520

                    Get_isp_pol_16kHz_10       4          864         3456

                     Get_isp_pol_16kHz_9       4          697         2788

                           Get_isp_pol_7       4          417         1668

                           Get_isp_pol_8       4          548         2192

                           HP400_12k8_64       4         1612         6448

                            HP50_12k8_64       4         1740         6960

                                 Int_isp       1          201          201

                             Interpol_24     320           32        10240

                       Isf_Extrapolation       4          675         2700

                              Isf_isp_16       1          160          160

                              Isf_isp_20       4          200          800

                               Isp_Az_16       4          343         1372

                               Isp_Az_20       4          511         2044

                                   Isqrt       2           35           70

                                 Isqrt_n      10           35          350

                                    Log2       5           32          160

                               Log2_norm       5           18           90

                            Oversamp_16k       4            2            8

                      Phase_dispersion_2       1          828          828

                      Phase_dispersion_3       1         1086         1086

                      Phase_dispersion_6       1         1854         1854

                      Phase_dispersion_8       1         2366         2366

                          Pit_shrp_34_64       4          150          600

                                    Pow2       4           14           56

                             Pred_lt4_65       4         2607        10428

                              Preemph_64       4          322         1288

                                  Random     321            7         2247

                          Reorder_isf_16       1           76           76

                           Scale_sig_256       1         1536         1536

                           Scale_sig_312       4         1872         7488

                            Scale_sig_64       8          384         3072

                           Serial_parm_1       1            7            7

                          Serial_parm_12       4           73          292

                           Serial_parm_5       3           31           93

                           Serial_parm_6       5           37          185

                           Serial_parm_7       2           43           86

                           Serial_parm_8       3           49          147

                            Set_zero_128       4          128          512

                          Syn_filt_20_80       4         2124         8496

                       Syn_filt_32_16_64       4         2946        11784

                              Up_samp_80       4          481         1924

                             Weight_a_20       4          100          400

                                 agc2_64       2          675         1350

                             decoder_0_0       1        11382        11382

                 dtx_dec_activity_update       1          271          271

                                insert_0       1            1            1

                                insert_1       1            5            5

                                insert_2       1            5            5

                                insert_3       1            5            5

                                insert_4       1            5            5

                        insertion_sort_5       5            0            0

                                 lagconc       4          143          574

                          rx_dtx_handler       1           98           98

                         synthesis_80_64       4         3040        12160

                            voice_factor       4           92          368

------------------------------------------------------------------------------

                    Total   WOPS / frame                            156592

                    Total WMOPS / second                              7.83

------------------------------------------------------------------------------ 

------------------------------------------------------------------------------

Mode 8.85 kbit/s                 Routine   Calls/        WOPS/        WOPS/

                                           frame         call        frame

------------------------------------------------------------------------------

                                 Copy_16      21           16          336

                                 Copy_24       8           24          192

                                Copy_248       2          248          496

                                 Copy_30      16           30          480

                                 Copy_64      19           64         1216

                       DEC_ACELP_4t64_fx       4          101          404

                                 D_gain2       4          105          420

                            Deemph_32_64       4          642         2568

                        Dot_product12_64      16          100         1600

                        Dot_product12_80       4          116          464

                            Dpisf_2s_46b       1          388          388

                           Filt_6k_7k_80       4         2960        11840

                              Filt_7k_80       4         2880        11520

                           Get_isp_pol_7       4          417         1668

                           Get_isp_pol_8       4          548         2192

                           HP400_12k8_64       4         1612         6448

                            HP50_12k8_64       4         1740         6960

                                 Int_isp       1          201          201

                             Interpol_24     320           32        10240

                              Isf_isp_16       1          160          160

                               Isp_Az_16       4          343         1372

                                   Isqrt       3           35          105

                                 Isqrt_n      11           35          385

                                    Log2       5           32          160

                               Log2_norm       5           18           90

                            Oversamp_16k       4            2            8

                     Phase_dispersion_12       1         3390         3390

                     Phase_dispersion_14       1         3902         3902

                      Phase_dispersion_5       1         1596         1596

                      Phase_dispersion_6       1         1852         1852

                          Pit_shrp_34_64       4          150          600

                                    Pow2       4           14           56

                             Pred_lt4_65       4         2607        10428

                              Preemph_64       4          322         1288

                                  Random     321            7         2247

                          Reorder_isf_16       1           76           76

                           Scale_sig_256       1         1536         1536

                           Scale_sig_312       4         1872         7488

                            Scale_sig_64       8          384         3072

                           Serial_parm_1       1            7            7

                           Serial_parm_5      20           31          620

                           Serial_parm_6       5           37          185

                           Serial_parm_7       2           43           86

                           Serial_parm_8       4           49          196

                            Set_zero_128       4          128          512

                              Set_zero_4       4            4           16

                          Syn_filt_16_80       4         1796         7184

                       Syn_filt_32_16_64       4         2946        11784

                              Up_samp_80       4          481         1924

                             Weight_a_16       4           80          320

                            add_pulses_1      16            7          112

                                 agc2_64       3          675         2025

                               dec_1p_N1      16           14          224

                             decoder_1_0       1        11287        11287

                 dtx_dec_activity_update       1          271          271

                                insert_0       1            1            1

                                insert_1       1            5            5

                                insert_2       1            5            5

                                insert_3       1            5            5

                                insert_4       1            5            5

                        insertion_sort_5       5            0            0

                                 lagconc       4          143          574

                          rx_dtx_handler       1           98           98

                         synthesis_80_64       4         3040        12160

                            voice_factor       4           92          368

------------------------------------------------------------------------------

                    Total   WOPS / frame                            149418

                    Total WMOPS / second                              7.47

------------------------------------------------------------------------------ 

------------------------------------------------------------------------------

Mode 12.65 kbit/s                Routine   Calls/        WOPS/        WOPS/

                                           frame         call        frame

------------------------------------------------------------------------------

                                 Copy_16      21           16          336

                                 Copy_24       8           24          192

                                Copy_248       2          248          496

                                 Copy_30      16           30          480

                                 Copy_64      14           64          896

                       DEC_ACELP_4t64_fx       4          101          404

                                 D_gain2       4          105          420

                            Deemph_32_64       4          642         2568

                        Dot_product12_64      16          100         1600

                        Dot_product12_80       4          116          464

                            Dpisf_2s_46b       1          388          388

                           Filt_6k_7k_80       4         2960        11840

                              Filt_7k_80       4         2880        11520

                           Get_isp_pol_7       4          417         1668

                           Get_isp_pol_8       4          548         2192

                           HP400_12k8_64       4         1612         6448

                            HP50_12k8_64       4         1740         6960

                                 Int_isp       1          201          201

                             Interpol_24     320           32        10240

                              Isf_isp_16       1          160          160

                               Isp_Az_16       4          343         1372

                                 Isqrt_n       8           35          280

                                    Log2       5           32          160

                               Log2_norm       5           18           90

                            Oversamp_16k       4            2            8

                      Phase_dispersion_0       4           61          244

                          Pit_shrp_34_64       4          150          600

                                    Pow2       4           14           56

                             Pred_lt4_65       4         2607        10428

                              Preemph_64       4          322         1288

                                  Random     321            7         2247

                          Reorder_isf_16       1           76           76

                           Scale_sig_256       1         1536         1536

                           Scale_sig_312       4         1872         7488

                            Scale_sig_64       8          384         3072

                           Serial_parm_1       5            7           35

                           Serial_parm_5       2           31           62

                           Serial_parm_6       3           37          111

                           Serial_parm_7       6           43          258

                           Serial_parm_8       2           49           98

                           Serial_parm_9      18           55          990

                            Set_zero_128       4          128          512

                              Set_zero_4       4            4           16

                          Syn_filt_16_80       4         1796         7184

                       Syn_filt_32_16_64       4         2946        11784

                              Up_samp_80       4          481         1924

                             Weight_a_16       4           80          320

                            add_pulses_2      16           14          224

                              dec_2p_2N1      16           30          480

                             decoder_2_0       1         8738         8738

                 dtx_dec_activity_update       1          271          271

                                insert_0       1            1            1

                                insert_1       1            5            5

                                insert_2       1            5            5

                                insert_3       1            5            5

                                insert_4       1            5            5

                        insertion_sort_5       5            0            0

                                 lagconc       4          143          574

                          rx_dtx_handler       1           98           98

                         synthesis_80_64       4         3040        12160

                            voice_factor       4           92          368

------------------------------------------------------------------------------

                    Total   WOPS / frame                            134646

                    Total WMOPS / second                              6.73

------------------------------------------------------------------------------ 

------------------------------------------------------------------------------

Mode 14.25 kbit/s                Routine   Calls/        WOPS/        WOPS/

                                           frame         call        frame

------------------------------------------------------------------------------

                                 Copy_16      21           16          336

                                 Copy_24       8           24          192

                                Copy_248       2          248          496

                                 Copy_30      16           30          480

                                 Copy_64      14           64          896

                       DEC_ACELP_4t64_fx       4          101          404

                                 D_gain2       4          105          420

                            Deemph_32_64       4          642         2568

                        Dot_product12_64      16          100         1600

                        Dot_product12_80       4          116          464

                            Dpisf_2s_46b       1          388          388

                           Filt_6k_7k_80       4         2960        11840

                              Filt_7k_80       4         2880        11520

                           Get_isp_pol_7       4          417         1668

                           Get_isp_pol_8       4          548         2192

                           HP400_12k8_64       4         1612         6448

                            HP50_12k8_64       4         1740         6960

                                 Int_isp       1          201          201

                             Interpol_24     320           32        10240

                              Isf_isp_16       1          160          160

                               Isp_Az_16       4          343         1372

                                 Isqrt_n       8           35          280

                                    Log2       5           32          160

                               Log2_norm       5           18           90

                            Oversamp_16k       4            2            8

                      Phase_dispersion_0       4           61          244

                          Pit_shrp_34_64       4          150          600

                                    Pow2       4           14           56

                             Pred_lt4_65       4         2607        10428

                              Preemph_64       4          322         1288

                                  Random     321            7         2247

                          Reorder_isf_16       1           76           76

                           Scale_sig_256       1         1536         1536

                           Scale_sig_312       4         1872         7488

                            Scale_sig_64       8          384         3072

                           Serial_parm_1       5            7           35

                          Serial_parm_13       8           79          632

                           Serial_parm_5       2           31           62

                           Serial_parm_6       3           37          111

                           Serial_parm_7       6           43          258

                           Serial_parm_8       2           49           98

                           Serial_parm_9      10           55          550

                            Set_zero_128       4          128          512

                              Set_zero_4       4            4           16

                          Syn_filt_16_80       4         1796         7184

                       Syn_filt_32_16_64       4         2946        11784

                              Up_samp_80       4          481         1924

                             Weight_a_16       4           80          320

                            add_pulses_2       8           14          112

                            add_pulses_3       8           21          168

                               dec_1p_N1       8           14          112

                              dec_2p_2N1      16           30          480

                              dec_3p_3N1       8           24          192

                             decoder_3_0       1         8743         8743

                 dtx_dec_activity_update       1          271          271

                                insert_0       1            1            1

                                insert_1       1            5            5

                                insert_2       1            5            5

                                insert_3       1            5            5

                                insert_4       1            5            5

                        insertion_sort_5       5            0            0

                                 lagconc       4          144          579

                          rx_dtx_handler       1           98           98

                         synthesis_80_64       4         3040        12160

                            voice_factor       4           92          368

------------------------------------------------------------------------------

                    Total   WOPS / frame                            135208

                    Total WMOPS / second                              6.76

------------------------------------------------------------------------------ 

------------------------------------------------------------------------------

Mode 15.85 kbit/s                Routine   Calls/        WOPS/        WOPS/

                                           frame         call        frame

------------------------------------------------------------------------------

                                 Copy_16      21           16          336

                                 Copy_24       8           24          192

                                Copy_248       2          248          496

                                 Copy_30      16           30          480

                                 Copy_64      14           64          896

                       DEC_ACELP_4t64_fx       4          101          404

                                 D_gain2       4          105          420

                            Deemph_32_64       4          642         2568

                        Dot_product12_64      16          100         1600

                        Dot_product12_80       4          116          464

                            Dpisf_2s_46b       1          388          388

                           Filt_6k_7k_80       4         2960        11840

                              Filt_7k_80       4         2880        11520

                           Get_isp_pol_7       4          417         1668

                           Get_isp_pol_8       4          548         2192

                           HP400_12k8_64       4         1612         6448

                            HP50_12k8_64       4         1740         6960

                                 Int_isp       1          201          201

                             Interpol_24     320           32        10240

                              Isf_isp_16       1          160          160

                               Isp_Az_16       4          343         1372

                                 Isqrt_n       8           35          280

                                    Log2       5           32          160

                               Log2_norm       5           18           90

                            Oversamp_16k       4            2            8

                      Phase_dispersion_0       4           61          244

                          Pit_shrp_34_64       4          150          600

                                    Pow2       4           14           56

                             Pred_lt4_65       4         2607        10428

                              Preemph_64       4          322         1288

                                  Random     321            7         2247

                          Reorder_isf_16       1           76           76

                           Scale_sig_256       1         1536         1536

                           Scale_sig_312       4         1872         7488

                            Scale_sig_64       8          384         3072

                           Serial_parm_1       5            7           35

                          Serial_parm_13      16           79         1264

                           Serial_parm_5       2           31           62

                           Serial_parm_6       3           37          111

                           Serial_parm_7       6           43          258

                           Serial_parm_8       2           49           98

                           Serial_parm_9       2           55          110

                            Set_zero_128       4          128          512

                              Set_zero_4       4            4           16

                          Syn_filt_16_80       4         1796         7184

                       Syn_filt_32_16_64       4         2946        11784

                              Up_samp_80       4          481         1924

                             Weight_a_16       4           80          320

                            add_pulses_3      16           21          336

                               dec_1p_N1      16           14          224

                              dec_2p_2N1      16           30          480

                              dec_3p_3N1      16           24          384

                             decoder_4_0       1         8748         8748

                 dtx_dec_activity_update       1          271          271

                                insert_0       1            1            1

                                insert_1       1            5            5

                                insert_2       1            5            5

                                insert_3       1            5            5

                                insert_4       1            5            5

                        insertion_sort_5       5            0            0

                                 lagconc       4          143          574

                          rx_dtx_handler       1           98           98

                         synthesis_80_64       4         3040        12160

                            voice_factor       4           92          368

------------------------------------------------------------------------------

                    Total   WOPS / frame                            135760

                    Total WMOPS / second                              6.79

------------------------------------------------------------------------------ 

------------------------------------------------------------------------------

Mode 18.25 kbit/s                Routine   Calls/        WOPS/        WOPS/

                                           frame         call        frame

------------------------------------------------------------------------------

                                 Copy_16      21           16          336

                                 Copy_24       8           24          192

                                Copy_248       2          248          496

                                 Copy_30      16           30          480

                                 Copy_64      14           64          896

                       DEC_ACELP_4t64_fx       4          101          404

                                 D_gain2       4          105          420

                            Deemph_32_64       4          642         2568

                        Dot_product12_64      16          100         1600

                        Dot_product12_80       4          116          464

                            Dpisf_2s_46b       1          388          388

                           Filt_6k_7k_80       4         2960        11840

                              Filt_7k_80       4         2880        11520

                           Get_isp_pol_7       4          417         1668

                           Get_isp_pol_8       4          548         2192

                           HP400_12k8_64       4         1612         6448

                            HP50_12k8_64       4         1740         6960

                                 Int_isp       1          201          201

                             Interpol_24     320           32        10240

                              Isf_isp_16       1          160          160

                               Isp_Az_16       4          343         1372

                                 Isqrt_n       8           35          280

                                    Log2       5           32          160

                               Log2_norm       5           18           90

                            Oversamp_16k       4            2            8

                      Phase_dispersion_0       4           61          244

                          Pit_shrp_34_64       4          150          600

                                    Pow2       4           14           56

                             Pred_lt4_65       4         2607        10428

                              Preemph_64       4          322         1288

                                  Random     321            7         2247

                          Reorder_isf_16       1           76           76

                           Scale_sig_256       1         1536         1536

                           Scale_sig_312       4         1872         7488

                            Scale_sig_64       8          384         3072

                           Serial_parm_1       5            7           35

                          Serial_parm_14      16           85         1360

                           Serial_parm_2      16           13          208

                           Serial_parm_5       2           31           62

                           Serial_parm_6       3           37          111

                           Serial_parm_7       6           43          258

                           Serial_parm_8       2           49           98

                           Serial_parm_9       2           55          110

                            Set_zero_128       4          128          512

                              Set_zero_4       4            4           16

                          Syn_filt_16_80       4         1796         7184

                       Syn_filt_32_16_64       4         2946        11784

                              Up_samp_80       4          481         1924

                             Weight_a_16       4           80          320

                            add_pulses_4      16           28          448

                               dec_1p_N1      12           14          168

                              dec_2p_2N1      26           30          780

                              dec_3p_3N1       6           24          144

                               dec_4p_4N      16           17          273

                              dec_4p_4N1       1           28           28

                             decoder_5_0       1         8769         8769

                 dtx_dec_activity_update       1          271          271

                                insert_0       1            1            1

                                insert_1       1            5            5

                                insert_2       1            5            5

                                insert_3       1            5            5

                                insert_4       1            5            5

                        insertion_sort_5       5            0            0

                                 lagconc       4          142          569

                          rx_dtx_handler       1           98           98

                         synthesis_80_64       4         3040        12160

                            voice_factor       4           92          368

------------------------------------------------------------------------------

                    Total   WOPS / frame                            136497

                    Total WMOPS / second                              6.82

------------------------------------------------------------------------------ 

------------------------------------------------------------------------------

Mode 19.85 kbit/s                Routine   Calls/        WOPS/        WOPS/

                                           frame         call        frame

------------------------------------------------------------------------------ 

                                 Copy_16      21           16          336

                                 Copy_24       8           24          192

                                Copy_248       2          248          496

                                 Copy_30      16           30          480

                                 Copy_64      13           64          832

                       DEC_ACELP_4t64_fx       4          101          404

                                 D_gain2       4          105          420

                            Deemph_32_64       4          642         2568

                        Dot_product12_64      16          100         1600

                        Dot_product12_80       4          116          464

                            Dpisf_2s_46b       1          388          388

                           Filt_6k_7k_80       4         2960        11840

                              Filt_7k_80       4         2880        11520

                           Get_isp_pol_7       4          417         1668

                           Get_isp_pol_8       4          548         2192

                           HP400_12k8_64       4         1612         6448

                            HP50_12k8_64       4         1740         6960

                                 Int_isp       1          201          201

                             Interpol_24     320           32        10240

                              Isf_isp_16       1          160          160

                               Isp_Az_16       4          343         1372

                                 Isqrt_n       8           35          280

                                    Log2       5           32          160

                               Log2_norm       5           18           90

                            Oversamp_16k       4            2            8

                      Phase_dispersion_0       4           61          244

                          Pit_shrp_34_64       4          150          600

                                    Pow2       4           14           56

                             Pred_lt4_65       4         2607        10428

                              Preemph_64       4          322         1288

                                  Random     322            7         2254

                          Reorder_isf_16       1           76           76

                           Scale_sig_256       1         1536         1536

                           Scale_sig_312       4         1872         7488

                            Scale_sig_64       8          384         3072

                           Serial_parm_1       5            7           35

                          Serial_parm_10      16           61          976

                          Serial_parm_14       8           85          680

                           Serial_parm_2       8           13          104

                           Serial_parm_5       2           31           62

                           Serial_parm_6       3           37          111

                           Serial_parm_7       6           43          258

                           Serial_parm_8       2           49           98

                           Serial_parm_9       2           55          110

                            Set_zero_128       4          128          512

                              Set_zero_4       4            4           16

                          Syn_filt_16_80       4         1796         7184

                       Syn_filt_32_16_64       4         2946        11784

                              Up_samp_80       4          481         1924

                             Weight_a_16       4           80          320

                            add_pulses_4       8           28          224

                            add_pulses_5       8           35          280

                               dec_1p_N1      14           14          196

                              dec_2p_2N1      29           30          870

                              dec_3p_3N1      11           24          264

                               dec_4p_4N       8           17          136

                               dec_5p_5N       8           17          136

                             decoder_6_0       1         8453         8453

                 dtx_dec_activity_update       1          271          271

                                insert_0       2            1            2

                                insert_1       2            5           10

                                insert_2       2            5           10

                                insert_3       2            5           10

                                insert_4       2            5           10

                        insertion_sort_5      10            0            0

                                 lagconc       4          142          571

                          rx_dtx_handler       1           98           98

                         synthesis_80_64       4         3040        12160

                            voice_factor       4           92          368

------------------------------------------------------------------------------

                    Total   WOPS / frame                            136604

                    Total WMOPS / second                              6.83

------------------------------------------------------------------------------ 

------------------------------------------------------------------------------

Mode 23.05 kbit/s                Routine   Calls/        WOPS/        WOPS/

                                           frame         call        frame

------------------------------------------------------------------------------

                                 Copy_16      21           16          336

                                 Copy_24       8           24          192

                                Copy_248       2          248          496

                                 Copy_30      16           30          480

                                 Copy_64      13           64          832

                       DEC_ACELP_4t64_fx       4          101          404

                                 D_gain2       4          105          420

                            Deemph_32_64       4          642         2568

                        Dot_product12_64      16          100         1600

                        Dot_product12_80       4          116          464

                            Dpisf_2s_46b       1          388          388

                           Filt_6k_7k_80       4         2960        11840

                              Filt_7k_80       4         2880        11520

                           Get_isp_pol_7       4          417         1668

                           Get_isp_pol_8       4          548         2192

                           HP400_12k8_64       4         1612         6448

                            HP50_12k8_64       4         1740         6960

                                 Int_isp       1          201          201

                             Interpol_24     320           32        10240

                              Isf_isp_16       1          160          160

                               Isp_Az_16       4          343         1372

                                 Isqrt_n       8           35          280

                                    Log2       5           32          160

                               Log2_norm       5           18           90

                            Oversamp_16k       4            2            8

                      Phase_dispersion_0       4           61          246

                          Pit_shrp_34_64       4          150          600

                                    Pow2       4           14           56

                             Pred_lt4_65       4         2607        10428

                              Preemph_64       4          322         1288

                                  Random     321            7         2247

                          Reorder_isf_16       1           76           76

                           Scale_sig_256       1         1536         1536

                           Scale_sig_312       4         1872         7488

                            Scale_sig_64       8          384         3072

                           Serial_parm_1       5            7           35

                          Serial_parm_11      32           67         2144

                           Serial_parm_5       2           31           62

                           Serial_parm_6       3           37          111

                           Serial_parm_7       6           43          258

                           Serial_parm_8       2           49           98

                           Serial_parm_9       2           55          110

                            Set_zero_128       4          128          512

                              Set_zero_4       4            4           16

                          Syn_filt_16_80       4         1796         7184

                       Syn_filt_32_16_64       4         2946        11784

                              Up_samp_80       4          481         1924

                             Weight_a_16       4           80          320

                            add_pulses_6      16           42          672

                               dec_1p_N1      22           14          308

                              dec_2p_2N1      37           30         1110

                              dec_3p_3N1      17           24          408

                               dec_4p_4N       9           17          153

                               dec_5p_5N       1           17           17

                             dec_6p_6N_2      16           18          288

                             decoder_7_0       1         8455         8455

                 dtx_dec_activity_update       1          271          271

                                insert_0       1            1            1

                                insert_1       1            5            5

                                insert_2       1            5            5

                                insert_3       1            5            5

                                insert_4       1            5            5

                        insertion_sort_5       5            0            0

                                 lagconc       4          143          574

                          rx_dtx_handler       1           98           98

                         synthesis_80_64       4         3040        12160

                            voice_factor       4           92          368

------------------------------------------------------------------------------

                    Total   WOPS / frame                            137817

                    Total WMOPS / second                              6.89

------------------------------------------------------------------------------ 

------------------------------------------------------------------------------

Mode 23.85 kbit/s                Routine   Calls/        WOPS/        WOPS/

                                           frame         call        frame

------------------------------------------------------------------------------

                                 Copy_16      21           16          336

                                 Copy_24       8           24          192

                                Copy_248       2          248          496

                                 Copy_30      16           30          480

                                 Copy_64      13           64          832

                       DEC_ACELP_4t64_fx       4          101          404

                                 D_gain2       4          105          420

                            Deemph_32_64       4          642         2568

                        Dot_product12_64      16          100         1600

                        Dot_product12_80       4          116          464

                            Dpisf_2s_46b       1          388          388

                           Filt_6k_7k_80       4         2960        11840

                              Filt_7k_80       4         2880        11520

                           Get_isp_pol_7       4          417         1668

                           Get_isp_pol_8       4          548         2192

                           HP400_12k8_64       4         1612         6448

                            HP50_12k8_64       4         1740         6960

                                 Int_isp       1          201          201

                             Interpol_24     320           32        10240

                              Isf_isp_16       1          160          160

                               Isp_Az_16       4          343         1372

                                 Isqrt_n       8           35          280

                                    Log2       5           32          160

                               Log2_norm       5           18           90

                            Oversamp_16k       4            2            8

                      Phase_dispersion_0       4           61          246

                          Pit_shrp_34_64       4          150          600

                                    Pow2       4           14           56

                             Pred_lt4_65       4         2607        10428

                              Preemph_64       4          322         1288

                                  Random     321            7         2247

                          Reorder_isf_16       1           76           76

                           Scale_sig_256       1         1536         1536

                           Scale_sig_312       4         1872         7488

                            Scale_sig_64       8          384         3072

                           Serial_parm_1       5            7           35

                          Serial_parm_11      32           67         2144

                           Serial_parm_4       4           25          100

                           Serial_parm_5       2           31           62

                           Serial_parm_6       3           37          111

                           Serial_parm_7       6           43          258

                           Serial_parm_8       2           49           98

                           Serial_parm_9       2           55          110

                            Set_zero_128       4          128          512

                              Set_zero_4       4            4           16

                          Syn_filt_16_80       4         1796         7184

                       Syn_filt_32_16_64       4         2946        11784

                              Up_samp_80       4          481         1924

                             Weight_a_16       4           80          320

                            add_pulses_6      16           42          672

                               dec_1p_N1      22           14          308

                              dec_2p_2N1      37           30         1110

                              dec_3p_3N1      20           24          480

                               dec_4p_4N       5           17           86

                              dec_4p_4N1       1           28           28

                               dec_5p_5N       2           17           34

                             dec_6p_6N_2      16           18          288

                             decoder_8_0       1         8454         8454

                 dtx_dec_activity_update       1          271          271

                                insert_0       1            1            1

                                insert_1       1            5            5

                                insert_2       1            5            5

                                insert_3       1            5            5

                                insert_4       1            5            5

                        insertion_sort_5       5            0            0

                                 lagconc       4          143          574

                          rx_dtx_handler       1           98           98

                         synthesis_80_64       4         3040        12160

                            voice_factor       4           92          368

------------------------------------------------------------------------------

                    Total   WOPS / frame                            137966

                    Total WMOPS / second                              6.90

------------------------------------------------------------------------------ 

A.1.3
Channel encoder for TCH/WFS

Theoretical worst case WMOPS figures of the Channel Encoder for TCH/WFS (given in wMOPS)

wMOPS / Channel Encoder for TCH/WFS (Details)

Mode
6.60 kbit/s
8.85 kbit/s
12.65 kbit/s
14.25 kbit/s
15.85 kbit/s
18.25 kbit/s
19.85 kbit/s

Speech + ONSET
0.39
0.42
0.45
0.48
0.51
0.58
0.39

Speech
0.32
0.35
0.38
0.41
0.44
0.51
0.32

SID_FIRST
0.20

SID_UPDATE
0.28

NO_DATA
0.02

Channel Encoder / Speech+ONSET / 6.60 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        14 =          14

   FIX_AMR_WB_ChannelEncode                    1 *        28 =          28

   FIX_ExtractInnovation                       1 *        90 =          90

   FIX_InsertONSET                             1 *      1375 =        1375

   FIX_ConvolEncodeAndPuncture16               1 *      3477 =        3477

   FIX_CRC                                     1 *       244 =         244

   FIX_GSM_TCH_FS_Interleave                   1 *      1607 =        1607

   FIX_Hard2Soft                               1 *       456 =         456

   FIX_Soft2Hard                               1 *       396 =         396

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_ImportanceDeOrdering30                  1 *        30 =          30

   FIX_ImportanceDeOrdering48                  1 *        48 =          48

   FIX_ImportanceDeOrdering54                  1 *        54 =          54

   FIX_CopyVector8                             1 *         8 =           8

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             7845

   Total WMOPS per Second:                                            0.39

------------------------------------------------------------------------------ 

Channel Encoder / Speech+ONSET / 8.85 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        14 =          14

   FIX_AMR_WB_ChannelEncode                    1 *        28 =          28

   FIX_ExtractInnovation                       1 *       125 =         125

   FIX_InsertONSET                             1 *      1375 =        1375

   FIX_ConvolEncodeAndPuncture16               1 *      3691 =        3691

   FIX_CRC                                     1 *       278 =         278

   FIX_GSM_TCH_FS_Interleave                   1 *      1607 =        1607

   FIX_Hard2Soft                               1 *       456 =         456

   FIX_Soft2Hard                               1 *       531 =         531

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_ImportanceDeOrdering33                  1 *        33 =          33

   FIX_ImportanceDeOrdering64                  1 *        64 =          64

   FIX_ImportanceDeOrdering80                  1 *        80 =          80

   FIX_CopyVector8                             1 *         8 =           8

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             8308

   Total WMOPS per Second:                                            0.42

------------------------------------------------------------------------------ 

Channel Encoder / Speech+ONSET / 12.65 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        14 =          14

   FIX_AMR_WB_ChannelEncode                    1 *        28 =          28

   FIX_ExtractInnovation                       1 *       199 =         199

   FIX_InsertONSET                             1 *      1375 =        1375

   FIX_ConvolEncodeAndPuncture16               1 *      4043 =        4043

   FIX_CRC                                     1 *       310 =         310

   FIX_GSM_TCH_FS_Interleave                   1 *      1607 =        1607

   FIX_Hard2Soft                               1 *       456 =         456

   FIX_Soft2Hard                               1 *       759 =         759

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_ImportanceDeOrdering37                  1 *        37 =          37

   FIX_ImportanceDeOrdering72                  1 *        72 =          72

   FIX_ImportanceDeOrdering144                 1 *       144 =         144

   FIX_CopyVector8                             1 *         8 =           8

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             9070

   Total WMOPS per Second:                                            0.45

------------------------------------------------------------------------------ 

Channel Encoder / Speech+ONSET / 14.25 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        14 =          14

   FIX_AMR_WB_ChannelEncode                    1 *        28 =          28

   FIX_ExtractInnovation                       1 *       231 =         231

   FIX_InsertONSET                             1 *      1375 =        1375

   FIX_ConvolEncodeAndPuncture16               1 *      4427 =        4427

   FIX_CRC                                     1 *       310 =         310

   FIX_GSM_TCH_FS_Interleave                   1 *      1607 =        1607

   FIX_Hard2Soft                               1 *       456 =         456

   FIX_Soft2Hard                               1 *       855 =         855

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_ImportanceDeOrdering37                  1 *        37 =          37

   FIX_ImportanceDeOrdering72                  1 *        72 =          72

   FIX_ImportanceDeOrdering176                 1 *       176 =         176

   FIX_CopyVector8                             1 *         8 =           8

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             9614

   Total WMOPS per Second:                                            0.48

------------------------------------------------------------------------------ 

Channel Encoder / Speech+ONSET / 15.85 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        14 =          14

   FIX_AMR_WB_ChannelEncode                    1 *        28 =          28

   FIX_ExtractInnovation                       1 *       263 =         263

   FIX_InsertONSET                             1 *      1375 =        1375

   FIX_ConvolEncodeAndPuncture16               1 *      4811 =        4811

   FIX_CRC                                     1 *       310 =         310

   FIX_GSM_TCH_FS_Interleave                   1 *      1607 =        1607

   FIX_Hard2Soft                               1 *       456 =         456

   FIX_Soft2Hard                               1 *       951 =         951

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_ImportanceDeOrdering37                  1 *        37 =          37

   FIX_ImportanceDeOrdering72                  1 *        72 =          72

   FIX_ImportanceDeOrdering208                 1 *       208 =         208

   FIX_CopyVector8                             1 *         8 =           8

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                            10158

   Total WMOPS per Second:                                            0.51

------------------------------------------------------------------------------ 

Channel Encoder / Speech+ONSET / 18.25 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        14 =          14

   FIX_AMR_WB_ChannelEncode                    1 *        28 =          28

   FIX_ExtractInnovation                       1 *       311 =         311

   FIX_InsertONSET                             1 *      1375 =        1375

   FIX_ConvolEncodeAndPuncture16               1 *      5351 =        5351

   FIX_CRC                                     1 *       301 =         301

   FIX_GSM_TCH_FS_Interleave                   1 *      1607 =        1607

   FIX_Hard2Soft                               1 *       456 =         456

   FIX_Soft2Hard                               1 *      1095 =        1095

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_ImportanceDeOrdering37                  1 *        37 =          37

   FIX_ImportanceDeOrdering72                  1 *        72 =          72

   FIX_ImportanceDeOrdering256                 1 *       256 =         256

   FIX_ImportanceDeOrdering293                 1 *       293 =         293

   FIX_CopyVector8                             1 *         8 =           8

   FIX_CopyVector293                           1 *       293 =         293

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                            11515

   Total WMOPS per Second:                                            0.58

------------------------------------------------------------------------------ 

Channel Encoder / Speech+ONSET / 19.85 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        14 =          14

   FIX_AMR_WB_ChannelEncode                    1 *        28 =          28

   FIX_ExtractInnovation                       1 *       343 =         343

   FIX_InsertONSET                             1 *      1375 =        1375

   FIX_ConvolEncodeAndPuncture16               1 *      1703 =        1703

   FIX_CRC                                     1 *       301 =         301

   FIX_GSM_TCH_FS_Interleave                   1 *      1607 =        1607

   FIX_Hard2Soft                               1 *       456 =         456

   FIX_Soft2Hard                               1 *      1191 =        1191

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_ImportanceDeOrdering37                  1 *        37 =          37

   FIX_ImportanceDeOrdering72                  1 *        72 =          72

   FIX_ImportanceDeOrdering288                 2 *       288 =         576

   FIX_CopyVector8                             1 *         8 =           8

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             7729

   Total WMOPS per Second:                                            0.39

------------------------------------------------------------------------------ 

Channel Encoder / Speech / 6.60 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        14 =          14

   FIX_AMR_WB_ChannelEncode                    1 *        28 =          28

   FIX_ExtractInnovation                       1 *        90 =          90

   FIX_ConvolEncodeAndPuncture16               1 *      3477 =        3477

   FIX_CRC                                     1 *       244 =         244

   FIX_GSM_TCH_FS_Interleave                   1 *      1607 =        1607

   FIX_Hard2Soft                               1 *       456 =         456

   FIX_Soft2Hard                               1 *       396 =         396

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_ImportanceDeOrdering30                  1 *        30 =          30

   FIX_ImportanceDeOrdering48                  1 *        48 =          48

   FIX_ImportanceDeOrdering54                  1 *        54 =          54

   FIX_CopyVector8                             1 *         8 =           8

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             6470

   Total WMOPS per Second:                                            0.32

------------------------------------------------------------------------------ 

Channel Encoder / Speech / 8.85 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        14 =          14

   FIX_AMR_WB_ChannelEncode                    1 *        28 =          28

   FIX_ExtractInnovation                       1 *       125 =         125

   FIX_ConvolEncodeAndPuncture16               1 *      3691 =        3691

   FIX_CRC                                     1 *       278 =         278

   FIX_GSM_TCH_FS_Interleave                   1 *      1607 =        1607

   FIX_Hard2Soft                               1 *       456 =         456

   FIX_Soft2Hard                               1 *       531 =         531

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_ImportanceDeOrdering33                  1 *        33 =          33

   FIX_ImportanceDeOrdering64                  1 *        64 =          64

   FIX_ImportanceDeOrdering80                  1 *        80 =          80

   FIX_CopyVector8                             1 *         8 =           8

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             6933

   Total WMOPS per Second:                                            0.35

------------------------------------------------------------------------------ 

Channel Encoder / Speech / 12.65 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        14 =          14

   FIX_AMR_WB_ChannelEncode                    1 *        28 =          28

   FIX_ExtractInnovation                       1 *       199 =         199

   FIX_ConvolEncodeAndPuncture16               1 *      4043 =        4043

   FIX_CRC                                     1 *       310 =         310

   FIX_GSM_TCH_FS_Interleave                   1 *      1607 =        1607

   FIX_Hard2Soft                               1 *       456 =         456

   FIX_Soft2Hard                               1 *       759 =         759

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_ImportanceDeOrdering37                  1 *        37 =          37

   FIX_ImportanceDeOrdering72                  1 *        72 =          72

   FIX_ImportanceDeOrdering144                 1 *       144 =         144

   FIX_CopyVector8                             1 *         8 =           8

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             7695

   Total WMOPS per Second:                                            0.38

------------------------------------------------------------------------------ 

Channel Encoder / Speech / 14.25 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        14 =          14

   FIX_AMR_WB_ChannelEncode                    1 *        28 =          28

   FIX_ExtractInnovation                       1 *       231 =         231

   FIX_ConvolEncodeAndPuncture16               1 *      4427 =        4427

   FIX_CRC                                     1 *       310 =         310

   FIX_GSM_TCH_FS_Interleave                   1 *      1607 =        1607

   FIX_Hard2Soft                               1 *       456 =         456

   FIX_Soft2Hard                               1 *       855 =         855

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_ImportanceDeOrdering37                  1 *        37 =          37

   FIX_ImportanceDeOrdering72                  1 *        72 =          72

   FIX_ImportanceDeOrdering176                 1 *       176 =         176

   FIX_CopyVector8                             1 *         8 =           8

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             8239

   Total WMOPS per Second:                                            0.41

------------------------------------------------------------------------------ 

Channel Encoder / Speech / 15.85 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        14 =          14

   FIX_AMR_WB_ChannelEncode                    1 *        28 =          28

   FIX_ExtractInnovation                       1 *       263 =         263

   FIX_ConvolEncodeAndPuncture16               1 *      4811 =        4811

   FIX_CRC                                     1 *       310 =         310

   FIX_GSM_TCH_FS_Interleave                   1 *      1607 =        1607

   FIX_Hard2Soft                               1 *       456 =         456

   FIX_Soft2Hard                               1 *       951 =         951

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_ImportanceDeOrdering37                  1 *        37 =          37

   FIX_ImportanceDeOrdering72                  1 *        72 =          72

   FIX_ImportanceDeOrdering208                 1 *       208 =         208

   FIX_CopyVector8                             1 *         8 =           8

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             8783

   Total WMOPS per Second:                                            0.44

------------------------------------------------------------------------------ 

Channel Encoder / Speech / 18.25 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        14 =          14

   FIX_AMR_WB_ChannelEncode                    1 *        28 =          28

   FIX_ExtractInnovation                       1 *       311 =         311

   FIX_ConvolEncodeAndPuncture16               1 *      5351 =        5351

   FIX_CRC                                     1 *       301 =         301

   FIX_GSM_TCH_FS_Interleave                   1 *      1607 =        1607

   FIX_Hard2Soft                               1 *       456 =         456

   FIX_Soft2Hard                               1 *      1095 =        1095

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_ImportanceDeOrdering37                  1 *        37 =          37

   FIX_ImportanceDeOrdering72                  1 *        72 =          72

   FIX_ImportanceDeOrdering256                 1 *       256 =         256

   FIX_ImportanceDeOrdering293                 1 *       293 =         293

   FIX_CopyVector8                             1 *         8 =           8

   FIX_CopyVector293                           1 *       293 =         293

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                            10140

   Total WMOPS per Second:                                            0.51

------------------------------------------------------------------------------ 

Channel Encoder / Speech / 19.85 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        14 =          14

   FIX_AMR_WB_ChannelEncode                    1 *        28 =          28

   FIX_ExtractInnovation                       1 *       343 =         343

   FIX_ConvolEncodeAndPuncture16               1 *      1703 =        1703

   FIX_CRC                                     1 *       301 =         301

   FIX_GSM_TCH_FS_Interleave                   1 *      1607 =        1607

   FIX_Hard2Soft                               1 *       456 =         456

   FIX_Soft2Hard                               1 *      1191 =        1191

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_ImportanceDeOrdering37                  1 *        37 =          37

   FIX_ImportanceDeOrdering72                  1 *        72 =          72

   FIX_ImportanceDeOrdering288                 2 *       288 =         576

   FIX_CopyVector8                             1 *         8 =           8

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             6354

   Total WMOPS per Second:                                            0.32

------------------------------------------------------------------------------ 

Channel Encoder / SID_FIRST

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        10 =          10

   FIX_InserSID_FIRST                          1 *      1109 =        1109

   FIX_GenerateIdentificationMarker            1 *       212 =         212

   FIX_GSM_TCH_FS_Interleave                   1 *      1607 =        1607

   FIX_Hard2Soft                               1 *       456 =         456

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_BlockInterleaverForDTX16                1 *        37 =          37

   FIX_BlockInterleaverForDTX212               1 *       478 =         478

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             3927

   Total WMOPS per Second:                                            0.20

------------------------------------------------------------------------------ 

Channel Encoder / SID_UPDATE

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        10 =          10

   FIX_ChannelEncoder_For_SIDUpdate...         1 *         0 =           0

   FIX_ConvolEncodeAndPuncture16               1 *      1357 =        1357

   FIX_FindTheRightBlockCode                   2 *         6 =          12

   FIX_GenerateIdentificationMarker            1 *       212 =         212

   FIX_CRC                                     1 *       186 =         186

   FIX_Hard2Soft                               1 *       456 =         456

   FIX_Soft2Hard                               1 *       105 =         105

   FIX_GSM_TCH_FS_InterleaveForSACCH           1 *      2748 =        2748

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_CopyVector35                            1 *        35 =          35

   FIX_BlockInterleaverForDTX16                1 *        37 =          37

   FIX_BlockInterleaverForDTX212               1 *       478 =         478

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             5654

   Total WMOPS per Second:                                            0.28

------------------------------------------------------------------------------ 

Channel Encoder / NO_DATA

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Encoder                             1 *        18 =          18

   FIX_GSMTCHFS_AMRWB_ChannelEncoder           1 *        10 =          10

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_ResetVector456                          1 *       456 =         456

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                              484

   Total WMOPS per Second:                                            0.02

------------------------------------------------------------------------------ 

A.1.4
Channel decoder for TCH/WFS

Theoretical worst case WMOPS figures of the Channel Decoder for TCH/WFS (given in wMOPS)

wMOPS / Channel Decoder for TCH/WFS (Details)

Mode
6.60 kbit/s
8.85 kbit/s
12.65 kbit/s
14.25 kbit/s
15.85 kbit/s
18.25 kbit/s
19.85 kbit/s

Speech
1.53
1.85
2.42
2.68
2.95
3.35
1.32

ONSET
0.34

SID_FIRST
0.29

SID_UPDATE
0.99

NO_DATA
0.20

Channel Decoder / Speech / 6.60 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Decoder                             1 *        19 =          19

   FIX_GSMTCHFS_AMRWB_ChannelDecoder           1 *        12 =          12

   FIX_AMR_WB_ChannelDecode                    1 *        34 =          34

   FIX_InsertInnovation                        1 *       135 =         135

   FIX_BlockCodeDecoding                       1 *      1072 =        1072

   FIX_ModifyModeDetectionProbab...            1 *        24 =          24

   FIX_ModeDecoder                             1 *        13 =          13

   FIX_RX_FrameClassifier                      1 *         9 =           9

   FIX_GetProbabilityForID_Pattern             1 *       691 =         691

   FIX_GenerateIdentificationMarker            1 *       212 =         212

   FIX_ViterbiStateProcessing                140 *       129 =       18060

   FIX_InitialViterbiStateProcessing           4 *        33 =         132

   FIX_ViterbiDecode                           1 *      1709 =        1709

   FIX_CRC                                     1 *       244 =         244

   FIX_BFI                                     1 *        17 =          17

   FIX_GSM_TCH_FS_Deinterleave                 1 *      2517 =        2517

   FIX_Hard2Soft                               1 *       132 =         132

   FIX_ViterbiWeight_Rate_1_4                144 *        34 =        4896

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_CopyVector140                           1 *       140 =         140

   FIX_CopyVector456                           1 *       456 =         456

   FIX_ImportanceDeOrdering30                  1 *        30 =          30

   FIX_ImportanceDeOrdering48                  1 *        48 =          48

   FIX_ImportanceDeOrdering54                  1 *        54 =          54

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                            30656

   Total WMOPS per Second:                                            1.53

------------------------------------------------------------------------------ 

Channel Decoder / Speech / 8.85 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Decoder                             1 *        19 =          19

   FIX_GSMTCHFS_AMRWB_ChannelDecoder           1 *        12 =          12

   FIX_AMR_WB_ChannelDecode                    1 *        34 =          34

   FIX_InsertInnovation                        1 *       180 =         180

   FIX_BlockCodeDecoding                       1 *      1072 =        1072

   FIX_ModifyModeDetectionProbab...            1 *        24 =          24

   FIX_ModeDecoder                             1 *        13 =          13

   FIX_RX_FrameClassifier                      1 *         9 =           9

   FIX_GetProbabilityForID_Pattern             1 *       691 =         691

   FIX_GenerateIdentificationMarker            1 *       212 =         212

   FIX_ViterbiStateProcessing                183 *       129 =       23607

   FIX_InitialViterbiStateProcessing           4 *        33 =         132

   FIX_ViterbiDecode                           1 *      2226 =        2226

   FIX_CRC                                     1 *       278 =         278

   FIX_BFI                                     1 *        13 =          13

   FIX_GSM_TCH_FS_Deinterleave                 1 *      2517 =        2517

   FIX_Hard2Soft                               1 *       177 =         177

   FIX_ViterbiWeight_Rate_1_3                187 *        27 =        5049

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_CopyVector183                           1 *       183 =         183

   FIX_CopyVector456                           1 *       456 =         456

   FIX_ImportanceDeOrdering33                  1 *        33 =          33

   FIX_ImportanceDeOrdering64                  1 *        64 =          64

   FIX_ImportanceDeOrdering80                  1 *        80 =          80

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                            37081

   Total WMOPS per Second:                                            1.85

------------------------------------------------------------------------------ 

Channel Decoder / Speech / 12.65 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Decoder                             1 *        19 =          19

   FIX_GSMTCHFS_AMRWB_ChannelDecoder           1 *        12 =          12

   FIX_AMR_WB_ChannelDecode                    1 *        34 =          34

   FIX_InsertInnovation                        1 *       256 =         256

   FIX_BlockCodeDecoding                       1 *      1072 =        1072

   FIX_ModifyModeDetectionProbab...            1 *        24 =          24

   FIX_ModeDecoder                             1 *        13 =          13

   FIX_RX_FrameClassifier                      1 *         9 =           9

   FIX_GetProbabilityForID_Pattern             1 *       691 =         691

   FIX_GenerateIdentificationMarker            1 *       212 =         212

   FIX_ViterbiStateProcessing                259 *       129 =       33411

   FIX_InitialViterbiStateProcessing           4 *        33 =         132

   FIX_ViterbiDecode                           1 *      3138 =        3138

   FIX_CRC                                     1 *       310 =         310

   FIX_BFI                                     1 *        13 =          13

   FIX_GSM_TCH_FS_Deinterleave                 1 *      2517 =        2517

   FIX_Hard2Soft                               1 *       253 =         253

   FIX_ViterbiWeight_Rate_1_2                263 *        20 =        5260

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_CopyVector259                           1 *       259 =         259

   FIX_CopyVector456                           1 *       456 =         456

   FIX_ImportanceDeOrdering37                  1 *        37 =          37

   FIX_ImportanceDeOrdering72                  1 *        72 =          72

   FIX_ImportanceDeOrdering144                 1 *       144 =         144

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                            48344

   Total WMOPS per Second:                                            2.42

------------------------------------------------------------------------------ 

Channel Decoder / Speech / 14.25 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Decoder                             1 *        19 =          19

   FIX_GSMTCHFS_AMRWB_ChannelDecoder           1 *        12 =          12

   FIX_AMR_WB_ChannelDecode                    1 *        34 =          34

   FIX_InsertInnovation                        1 *       288 =         288

   FIX_BlockCodeDecoding                       1 *      1072 =        1072

   FIX_ModifyModeDetectionProbab...            1 *        24 =          24

   FIX_ModeDecoder                             1 *        13 =          13

   FIX_RX_FrameClassifier                      1 *         9 =           9

   FIX_GetProbabilityForID_Pattern             1 *       691 =         691

   FIX_GenerateIdentificationMarker            1 *       212 =         212

   FIX_ViterbiStateProcessing                291 *       129 =       37539

   FIX_InitialViterbiStateProcessing           4 *        33 =         132

   FIX_ViterbiDecode                           1 *      3522 =        3522

   FIX_CRC                                     1 *       310 =         310

   FIX_BFI                                     1 *        13 =          13

   FIX_GSM_TCH_FS_Deinterleave                 1 *      2517 =        2517

   FIX_Hard2Soft                               1 *       285 =         285

   FIX_ViterbiWeight_Rate_1_2                295 *        20 =        5900

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_CopyVector291                           1 *       291 =         291

   FIX_CopyVector456                           1 *       456 =         456

   FIX_ImportanceDeOrdering37                  1 *        37 =          37

   FIX_ImportanceDeOrdering72                  1 *        72 =          72

   FIX_ImportanceDeOrdering176                 1 *       176 =         176

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                            53624

   Total WMOPS per Second:                                            2.68

------------------------------------------------------------------------------ 

Channel Decoder / Speech / 15.85 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Decoder                             1 *        19 =          19

   FIX_GSMTCHFS_AMRWB_ChannelDecoder           1 *        12 =          12

   FIX_AMR_WB_ChannelDecode                    1 *        34 =          34

   FIX_InsertInnovation                        1 *       320 =         320

   FIX_BlockCodeDecoding                       1 *      1072 =        1072

   FIX_ModifyModeDetectionProbab...            1 *        24 =          24

   FIX_ModeDecoder                             1 *        13 =          13

   FIX_RX_FrameClassifier                      1 *         9 =           9

   FIX_GetProbabilityForID_Pattern             1 *       691 =         691

   FIX_GenerateIdentificationMarker            1 *       212 =         212

   FIX_ViterbiStateProcessing                323 *       129 =       41667

   FIX_InitialViterbiStateProcessing           4 *        33 =         132

   FIX_ViterbiDecode                           1 *      3906 =        3906

   FIX_CRC                                     1 *       310 =         310

   FIX_BFI                                     1 *        13 =          13

   FIX_GSM_TCH_FS_Deinterleave                 1 *      2517 =        2517

   FIX_Hard2Soft                               1 *       317 =         317

   FIX_ViterbiWeight_Rate_1_2                327 *        20 =        6540

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_CopyVector323                           1 *       323 =         323

   FIX_CopyVector456                           1 *       456 =         456

   FIX_ImportanceDeOrdering37                  1 *        37 =          37

   FIX_ImportanceDeOrdering72                  1 *        72 =          72

   FIX_ImportanceDeOrdering208                 1 *       208 =         208

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                            58904

   Total WMOPS per Second:                                            2.95

------------------------------------------------------------------------------ 

Channel Decoder / Speech / 18.25 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Decoder                             1 *        19 =          19

   FIX_GSMTCHFS_AMRWB_ChannelDecoder           1 *        12 =          12

   FIX_AMR_WB_ChannelDecode                    1 *        34 =          34

   FIX_InsertInnovation                        1 *       368 =         368

   FIX_BlockCodeDecoding                       1 *      1072 =        1072

   FIX_ModifyModeDetectionProbab...            1 *        24 =          24

   FIX_ModeDecoder                             1 *        13 =          13

   FIX_RX_FrameClassifier                      1 *         9 =           9

   FIX_GetProbabilityForID_Pattern             1 *       691 =         691

   FIX_GenerateIdentificationMarker            1 *       212 =         212

   FIX_ViterbiStateProcessing                368 *       129 =       47472

   FIX_InitialViterbiStateProcessing           4 *        33 =         132

   FIX_ViterbiDecode                           1 *      4445 =        4445

   FIX_CRC                                     1 *       301 =         301

   FIX_BFI                                     1 *         7 =           7

   FIX_GSM_TCH_FS_Deinterleave                 1 *      2517 =        2517

   FIX_Hard2Soft                               1 *       365 =         365

   FIX_ViterbiWeight_Rate_1_2                372 *        20 =        7440

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_CopyVector293                           1 *       293 =         293

   FIX_CopyVector368                           1 *       368 =         368

   FIX_CopyVector456                           1 *       456 =         456

   FIX_ImportanceDeOrdering37                  1 *        37 =          37

   FIX_ImportanceDeOrdering72                  1 *        72 =          72

   FIX_ImportanceDeOrdering256                 1 *       256 =         256

   FIX_ImportanceDeOrdering293                 1 *       293 =         293

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                            66908

   Total WMOPS per Second:                                            3.35

------------------------------------------------------------------------------

Channel Decoder / Speech / 19.85 kbit/s

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Decoder                             1 *        19 =          19

   FIX_GSMTCHFS_AMRWB_ChannelDecoder           1 *        12 =          12

   FIX_AMR_WB_ChannelDecode                    1 *        34 =          34

   FIX_InsertInnovation                        1 *       400 =         400

   FIX_BlockCodeDecoding                       1 *      1072 =        1072

   FIX_ModifyModeDetectionProbab...            1 *        24 =          24

   FIX_ModeDecoder                             1 *        13 =          13

   FIX_RX_FrameClassifier                      1 *         9 =           9

   FIX_GetProbabilityForID_Pattern             1 *       691 =         691

   FIX_GenerateIdentificationMarker            1 *       212 =         212

   FIX_ViterbiStateProcessing                112 *       129 =       14448

   FIX_InitialViterbiStateProcessing           4 *        33 =         132

   FIX_ViterbiDecode                           1 *      1373 =        1373

   FIX_CRC                                     1 *       301 =         301

   FIX_BFI                                     1 *         7 =           7

   FIX_GSM_TCH_FS_Deinterleave                 1 *      2517 =        2517

   FIX_Hard2Soft                               1 *       397 =         397

   FIX_Soft2Hard                               1 *       864 =         864

   FIX_ViterbiWeight_Rate_1_2                116 *        20 =        2320

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_CopyVector400                           1 *       400 =         400

   FIX_CopyVector456                           1 *       456 =         456

   FIX_ImportanceDeOrdering37                  1 *        37 =          37

   FIX_ImportanceDeOrdering72                  1 *        72 =          72

   FIX_ImportanceDeOrdering288                 2 *       288 =         576

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                            26386

   Total WMOPS per Second:                                            1.32

------------------------------------------------------------------------------ 

Channel Decoder / ONSET

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Decoder                             1 *        19 =          19

   FIX_GSMTCHFS_AMRWB_ChannelDecoder           1 *        14 =          14

   FIX_BlockCodeDecoding                       1 *      1808 =        1808

   FIX_ONSET_ModeExtractor                     1 *       568 =         568

   FIX_ModeDecoder                             1 *        13 =          13

   FIX_RX_FrameClassifier                      1 *         9 =           9

   FIX_GetProbabilityForID_Pattern             1 *       691 =         691

   FIX_GenerateIdentificationMarker            1 *       212 =         212

   FIX_GSM_TCH_FS_Deinterleave                 1 *      2517 =        2517

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_CopyVector456                           1 *       456 =         456

   FIX_BlockDeInterleaverForDTX228             1 *       514 =         514

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             6821

   Total WMOPS per Second:                                            0.34

------------------------------------------------------------------------------ 

Channel Decoder / SID_FIRST

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Decoder                             1 *        19 =          19

   FIX_GSMTCHFS_AMRWB_ChannelDecoder           1 *        13 =          13

   FIX_BlockCodeDecoding                       1 *      1808 =        1808

   FIX_ModeDecoder                             1 *        13 =          13

   FIX_RX_FrameClassifier                      1 *         8 =           8

   FIX_GetProbabilityForID_Pattern             1 *       691 =         691

   FIX_GenerateIdentificationMarker            1 *       212 =         212

   FIX_GSM_TCH_FS_Deinterleave                 1 *      2517 =        2517

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_CopyVector456                           1 *       456 =         456

   FIX_BlockDeInterleaverForDTX16              1 *        37 =          37

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             5774

   Total WMOPS per Second:                                            0.29

------------------------------------------------------------------------------ 

Channel Decoder / SID_UPDATE

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Decoder                             1 *        19 =          19

   FIX_GSMTCHFS_AMRWB_ChannelDecoder           1 *        13 =          13

   FIX_ChannelDecoder_For_SIDUpdate...         1 *         3 =           3

   FIX_BlockCodeDecoding                       2 *      1808 =        3616

   FIX_ModeDecoder                             2 *        13 =          26

   FIX_RX_FrameClassifier                      1 *         7 =           7

   FIX_GetProbabilityForID_Pattern             1 *       691 =         691

   FIX_GenerateIdentificationMarker            1 *       212 =         212

   FIX_ViterbiStateProcessing                 49 *       129 =        6321

   FIX_InitialViterbiStateProcessing           4 *        33 =         132

   FIX_ViterbiDecode                           1 *       618 =         618

   FIX_CRC                                     1 *       186 =         186

   FIX_BFI                                     1 *        29 =          29

   FIX_GSM_TCH_FS_Deinterleave                 2 *      2517 =        5034

   FIX_Hard2Soft                               1 *        35 =          35

   FIX_ViterbiWeight_Rate_1_4                 53 *        34 =        1802

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_CopyVector456                           1 *       456 =         456

   FIX_BlockDeInterleaverForDTX16              1 *        37 =          37

   FIX_BlockDeInterleaverForDTX212             1 *       478 =         478

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                            19715

   Total WMOPS per Second:                                            0.99

------------------------------------------------------------------------------ 

Channel Decoder / NO_DATA

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS   

                                          per Frame    per Call     per Frame

------------------------------------------------------------------------------ 

   Channel_Decoder                             1 *        19 =          19

   FIX_GSMTCHFS_AMRWB_ChannelDecoder           1 *        15 =          15

   FIX_RX_FrameClassifier                      1 *         8 =           8

   FIX_GetProbabilityForID_Pattern             1 *       691 =         691

   FIX_GenerateIdentificationMarker            1 *       212 =         212

   FIX_GSM_TCH_FS_Deinterleave                 1 *      2517 =        2517

   FIX_SaveForErrAnal                          1 *         0 =           0

   FIX_CopyVector456                           1 *       456 =         456

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             3918

   Total WMOPS per Second:                                            0.20

------------------------------------------------------------------------------ 

A.1.5
Rate Adaptation Algorithm for TCH/WFS

Theoretical worst case WMOPS figures of the Rate Adaptation Algorithm (given in wMOPS)

wMOPS / Rate Adaptation Algorithm

Mode
6.60 kbit/s
8.85 kbit/s
12.65 kbit/s
14.25 kbit/s
15.85 kbit/s
18.25 kbit/s
19.85 kbit/s

Rate Adaptation
0.06

------------------------------------------------------------------------------ 

   Routine                                  Calls        WOPS         WOPS     

                                          per Frame    per Call     per Frame  

------------------------------------------------------------------------------ 

   LA                                          1 *         2 =           2     

   LimitModeChange                             1 *        17 =          17     

   amr_wb_la_v1_0                              1 *       332 =         332     

   FIX_GSM_AMR_WB_CH_ModeRequestGen...         1 *        39 =          39     

   FIX_GSM_AMR_WB_CH_QualityMeasure...         1 *       629 =         629     

   Log2                                        4 *        32 =         128     

   Log2_norm                                   4 *        18 =          72     

------------------------------------------------------------------------------ 

   Total WOPS  per Frame:                                             1219     

   Total WMOPS per Second:                                            0.06     

------------------------------------------------------------------------------ 

A.2
Static RAM

Speech Encoder

Coder_State struct in cod_main.h
 
 
 

Variable name
Length
Type
Size (Words)

mem_decim
30
Word16
30

mem_sig_in
6
Word16
6

mem_preemph
1
Word16
1

old_speech
128
Word16
128

old_wsp
115
Word16
115

old_exc
248
Word16
248

mem_levinson
18
Word16
18

ispold
16
Word16
16

ispold_g
16
Word16
16

past_isfg
16
Word16
16

mem_wsp
1
Word16
1

mem_decim2
3
Word16
3

mem_w0
1
Word16
1

mem_syn
16
Word16
16

tilt_code
1
Word16
1

old_wsp_max
1
Word16
1

old_wsp_shift
1
Word16
1

Q_old
1
Word16
1

Q_max
2
Word16
2

gp_clip
2
Word16
2

qua_gain
4
Word16
4

old_T0_med
1
Word16
1

old_gain
1
Word16
1

ada_w
1
Word16
1

ol_wght_flg
1
Word16
1

old_ol_lag
5
Word16
5

hp_wsp_mem
9
Word16
9

old_hp_wsp
243
Word16
243

vadSt
1
VadVars
75

dtx_encSt
1
dtx_encState
213

first_frame
1
Word16
1

isfold
16
Word16
16

L_gc_thres
1
Word32
2

mem_syn_hi
16
Word16
16

mem_syn_lo
16
Word16
16

mem_deemph
1
Word16
1

mem_sig_out
6
Word16
6

mem_hp400
6
Word16
6

mem_oversamp
24
Word16
24

mem_syn_hf
16
Word16
16

mem_hf
30
Word16
30

mem_hf2
30
Word16
30

mem_hf3
30
Word16
30

seed2
1
Word16
1

disp_mem
8
Word16
8

vad_hist
1
Word16
1

gain_alpha
1
Word16
1

Total
 
 
1381

The structures VadVars and dtx_encState are as follows

VadVars struct in wb_vad.h
 
 
 

Variable name
Length
Type
Size (Words)

bckr_est
12
Word16
12

ave_level
12
Word16
12

old_level
12
Word16
12

sub_level
12
Word16
12

a_data5
10
Word16
10

a_data3
6
Word16
6

burst_count
1
Word16
1

hang_count
1
Word16
1

stat_count
1
Word16
1

vadreg
1
Word16
1

tone_flag
1
Word16
1

sp_est_cnt
1
Word16
1

sp_max
1
Word16
1

sp_max_cnt
1
Word16
1

speech_level
1
Word16
1

prev_pow_sum
1
Word32
2

Total
 
 
75

dtx_encState struct in dtx.h
 
 
 

Variable name
Length
Type
Size (Words)

isf_hist
128
Word16
128

log_en_hist
8
Word16
8

hist_ptr
1
Word16
1

log_en_index
1
Word16
1

cng_seed
1
Word16
1

dtxHangoverCount
1
Word16
1

decAnaElapsedCount
1
Word16
1

D
28
Word32
56

sumD
8
Word32
16

Total
 
 
213

Speech Decoder

Decoder_State struct in dec_main.h
 
 
 

Variable name
Length
Type
Size (Words)

old_exc
248
Word16
248

Ispold
16
Word16
16

Isfold
16
Word16
16

isf_buf
48
Word16
48

past_isfq
16
Word16
16

tilt_code
1
Word16
1

Q_old
1
Word16
1

Qsubfr
4
Word16
4

L_gc_thres
1
Word32
2

mem_syn_hi
16
Word16
16

mem_syn_lo
16
Word16
16

mem_deemph
1
Word16
1

mem_sig_out
6
Word16
6

mem_oversamp
24
Word16
24

mem_syn_hf
20
Word16
20

mem_hf
30
Word16
30

mem_hf2
30
Word16
30

mem_hf3
30
Word16
30

Seed
1
Word16
1

seed2
1
Word16
1

old_T0
1
Word16
1

old_T0_frac
1
Word16
1

lag_hist
5
Word16
5

dec_gain
23
Word16
23

seed3
1
Word16
1

disp_mem
8
Word16
8

mem_hp400
6
Word16
6

prev_bfi
1
Word16
1

State
1
Word16
1

first_frame
1
Word16
1

dtx_decSt
1
dtx_decState
182

vad_hist
1
Word16
1

Total
 
 
758

The structure dtx_decState is as follows

dtx_decState struct in dtx.h
 
 
 

Variable name
Length
Type
Size (Words)

since_last_sid
1
Word16
1

true_sid_preiod_inv
1
Word16
1

log_en
1
Word16
1

old_log_en
1
Word16
1

Level
1
Word16
1

Isf
16
Word16
16

isf_old
16
Word16
16

cng_seed
1
Word16
1

isf_hist
128
Word16
128

log_en_hist
8
Word16
8

hist_ptr
1
Word16
1

DtxHangoverCount
1
Word16
1

DecAnaElapsedCount
1
Word16
1

sid_frame
1
Word16
1

valid_data
1
Word16
1

DtxHangoverAdded
1
Word16
1

DtxGlobalState
1
Word16
1

data_updated
1
Word16
1

Total
 
 
182

Channel Encoder

CHE_STATICMEM struct in fix_cnst.h




Variable name
Length
Type
Size (Words)

InterleaveBuffer
228
Word16
228

PrevTX_FrameType
1
enum TX_FRAMETYPE
1

Total


229

Channel Decoder

CHD_STATICMEM struct in fix_cnst.h




Variable name
Length
Type
Size (Words)

First
1
Word16
1

InitialSpMode
1
Word16
1

PrevTx
1
Word16
1

DeInterleaveBuffer
228
Word16
228

PrevRX_FrameType
1
enum RX_FRAMETYPE
1

InbandDecoderState
1
INBAND_STAT
10

Total


242

The structure INBAND_STAT is as follows:
INBAND_STAT struct in fix_cnst.h
 
 
 

Variable name
5.1.1.1. 
Type
Size (Words)

PrevModeIndication
1
Word16
1

PrevModeRec2Com
1
Word16
1

PrevIndicationProb
4
Word16
4

PrevRequestProb
4
Word16
4

Total
 
 
10

Link Adaptation

WB_MEASUREMENT_STATE struct in amr_lawb.c




Variable name
Length
Type
Size (Words)

PrevMode
1

1

FilterState
101
Word16
101

Total


102

A.3
Scratch RAM

Speech Encoder: WORST CASE

Funtion Name
Variable Type
Variable name
Size (Words)

SPEECH ENCODER
 
 
 

void coder ( )
Coder_State
*st
1

 
Word16
old_speech
384

 
Word16
*new_speech, *speech, *p_window
3

 
Word16
old_wsp
371

 
Word16
*wsp
1

 
Word16
old_exc
505

 
Word16
*exc
1

 
Word16
r_h
17

 
Word16
r_l
17

 
Word16
rc
16

 
Word16
Ap
17

 
Word16
ispnew
16

 
Word16
ispnew_q
16

 
Word16
isf
16

 
Word16
*p_A, *p_Aq
2

 
Word16
A
68

 
Word16
Aq
68

 
Word16
xn
64

 
Word16
xn2
64

 
Word16
dn
64

 
Word16
cn
64

 
Word16
h1
64

 
Word16
h2
64

 
Word16
code
64

 
Word16
y1
64

 
Word16
y2
64

 
Word16
error
80

 
Word16
synth
64

 
Word16
exc2
256

 
Word16
i, j, i_subfr, select, pit_flag, clip_gain, vad_flag
7

 
Word16
codec_mode
1

 
Word16
T_op, T_op2, T0, T0_min, T0_max, T0_frac, index
7

 
Word16
gain_pit, gain_code
2

 
Word16
g_coeff
4

 
Word16
g_coeff2
4

 
Word16
tmp, gain1, gain2, exp, Q_new, mu, shift, max
8

 
Word16
voice_fac
1

 
Word16
indice
8

 
Word16
pit_sharp
1

 
Word16
excp
64

 
Word32
L_tmp, L_gain_code, L_max
6

 
Word16
code2
64

 
Word16
stab_fac, fac, gain_code_lo
3

 
Word16
corr_gain
1

sub-total
2676

void ACELP_4t64_fx ( )
Word16
i, j, k, st, ix, iy, pos, index, track, nb_pulse, nbiter
11

 
Word16
psk, ps, alpk, alp, val, k_cn, k_dn, exp
8

 
Word16
*p0, *p1, *p2, *p3, *psign
5

 
Word16
*h, *h_inv, *ptr_h1, *ptr_h2, *ptr_hf, h_shift
6

 
Word32
s, cor, L_tmp, L_index
8

 
Word16
dn2
64

 
Word16
sign
64

 
Word16
vec
64

 
Word16
ind
24

 
Word16
codevec
24

 
Word16
nbpos
10

 
Word16
cor_x
16

 
Word16
cor_y
16

 
Word16
pos_max
4

 
Word16
h_buf
256

 
Word16
rrixix
64

 
Word16
rrixiy
1024

 
Word16
ipos
24

sub-total
1692

void search_ixiy ( )
Word16
x, y, pos, thres_ix
4

 
Word16
ps1, ps2, sq, sqk
4

 
Word16
alp_16, alpk
2

 
Word16
*p0, *p1, *p2
3

 
Word32
s, alp0, alp1, alp2
8

sub-total
21

Total
4389

A.4
Data ROM

Sizes in the following table are given in number of 16-bit Words:

Speech
 
Channel
 
Link adapt.
 

cnst.h
39
fix_rom.c
3075
amr_lawb.c
105

grid100.tab
101





ham_wind.tab
384





isp_isf.tab
257





lag_wind.tab 
32





q_gain2.tab 
384





p_med_ol.tab
199





qisf_ns.tab
784





qpisf_2s.tab
6896





c4t64fx.c
36





cod_main.c
52





decim54.c
240





dec_main.c
52





dtx.c
8





d_gain2.c
32





hp400.c
6





hp50.c
6





hp6k.c
32





hp7k.c
31





hp_wsp.c
5





lp_dec2.c
7





math_op.c
82





ph_disp.c
128





pitch_f4.c
32





pred_lt4.c
128





q_gain2.c
4





bits.h
11





Module total
9929
 
3075
 
105

Overall
13109





A.5
Program ROM

Program ROM size is measured in number of basicops:

Speech
 
Channel
 
Link Adapt.
 
Common
 

agc2.c
29
fix_func.c
397
amr_lawb.c
48
log2.c
18

autocorr.c
20
fix_main.c
21
 
 
oper_32b.c 
17

az_isp.c
87
fix_rom.c
0
 
 
 
 

bits.c
17
 
 
 
 
 
 

c2t64fx.c
114
 
 
 
 
 
 

c4t64fx.c
375
 
 
 
 
 
 

cod_main.c
434
 
 
 
 
 
 

convolve.c
4
 
 
 
 
 
 

cor_h_x.c
18
 
 
 
 
 
 

d2t64fx.c
11
 
 
 
 
 
 

d4t64fx.c
35
 
 
 
 
 
 

d_gain2.c
112
 
 
 
 
 
 

dec_main.c
389
 
 
 
 
 
 

decim54.c
22
 
 
 
 
 
 

deemph.c
34
 
 
 
 
 
 

dtx.c
363
 
 
 
 
 
 

g_pitch.c
15
 
 
 
 
 
 

gpclip.c
26
 
 
 
 
 
 

hp400.c
29
 
 
 
 
 
 

hp50.c
30
 
 
 
 
 
 

hp6k.c
6
 
 
 
 
 
 

hp7k.c
5
 
 
 
 
 
 

hp_wsp.c
47
 
 
 
 
 
 

int_lpc.c
7
 
 
 
 
 
 

isfextrp.c
75
 
 
 
 
 
 

isp_az.c
62
 
 
 
 
 
 

isp_isf.c
27
 
 
 
 
 
 

lag_wind.c
0
 
 
 
 
 
 

lagconc.c
119
 
 
 
 
 
 

levinson.c
43
 
 
 
 
 
 

lp_dec2.c
9
 
 
 
 
 
 

math_op.c
44
 
 
 
 
 
 

p_med_ol.c
87
 
 
 
 
 
 

ph_disp.c
37
 
 
 
 
 
 

pit_shrp.c
4
 
 
 
 
 
 

pitch_f4.c
79
 
 
 
 
 
 

pred_lt4.c
13
 
 
 
 
 
 

preemph.c
22
 
 
 
 
 
 

q_gain2.c
136
 
 
 
 
 
 

q_pulse.c
370
 
 
 
 
 
 

qisf_ns.c
14
 
 
 
 
 
 

qpisf_2s.c
158
 
 
 
 
 
 

random.c
5
 
 
 
 
 
 

residu.c
5
 
 
 
 
 
 

scale.c
4
 
 
 
 
 
 

syn_filt.c
25
 
 
 
 
 
 

updt_tar.c
5
 
 
 
 
 
 

util.c
2
 
 
 
 
 
 

voicefac.c
33
 
 
 
 
 
 

wb_vad.c
272
 
 
 
 
 
 

weight_a.c
10
 
 
 
 
 
 

Module total
3889
 
418
 
48
 
35

Overall
4390







Annex B :
Procedure for automatic measurement of the theoretical worst case wMOPS figures

The following test was extracted form Tdoc SMG11 194/99:

For the automatic measurement of the theoretical worst case wMOPS figures, the same counting mechanism in principle has been used that is already implemented in the ETSI C reference program for the measurement of the average and observed worst case wMOPS figures. However, the following modifications have been made:

At least one identification number is assigned to every C subroutine.

If the run time of a subroutine depends on the input parameters, additional identification numbers are assigned to such subroutines (see example routine gmed_n). 

The cycle counting software has been modified in such a way that run time statistics can be performed for each subroutine independently (minimum/maximum number of weighted cycles per call, number of calls per frame).

At the beginning of each routine, a subroutine is called that performs the following tasks (context switch to the routine under investigation):

Storing the cycle counting status of the calling routine on a dedicated stack.

Initialisation of the cycle counting status of the routine under investigation.

At the end of each routine, a subroutine is called that performs the following tasks (context switch back to the calling routine):

Finish cycle counting and update of the cycle statistics of the routine under investigation.

Save cycle counting statistics of the routine under investigation to an array.

Restore status of cycle counting mechanism of the calling routine from the dedicated stack 

After the cycle counting mechanism has been modified as described, the source code of the subroutines has to be modified in such a way that the run time of each subroutine becomes independent of the input data. For this purpose, the following has to be done:

To if-statements an else-branch is added. This else-branch contains only dummy instructions. There will be exactly as many dummy instructions as there are instructions in the if-branch. With help of these dummy instructions, only the counters of the basic operators are increased, however, the return values of the dummy instructions are discarded.

To the shorter branches of if/else-statements, dummy instructions are added also to equalise the run time of all branches of such statements.

Conditional goto-statements: a jump to the branch with the highest number of cycles is forced.

As a consequence of all this modification, the C reference program will have the same run time for all frames independently from the input data. For each call exactly the theoretical worst case cycles are required. The bit-exactness can no longer be guaranteed for all routines, however an attempt has been made to keep as close to the original program as possible.

Examples

All modifications that have been made to allow the automatic measurement of the theoretical worst case wMOPS figures can be activated with the statement ”#define TWC” (TWC stands for: Theoretical Worst Case). When TWC is not defined then the modified C reference program is bit exact to the original program.

Subroutine ‘gmed_n’ (median filtering of gain values):

The run time of this routine depends on the input parameter n (number of gain values). Depending on n which is either equal to 5 or 9, the identification number ID_gmed_5 or ID_gmed_9 is assigned to this routine. Thus two different theoretical worst case figured will be calculated for this routine, one for n equal to 5 and one for n equal to 9. The if-statement inside the for-loop has an else-branch added which contains only two dummy move16( ) statements. Thus the run time becomes independent of the values of the array tmp2[j]. After these modifications, the routine will be still bit exact to the original routine but the run time always corresponds to the theoretical worst case number of cycles.

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

 *

 *  FUNCTION:   gmed_n

 *

 *  PURPOSE:    calculates N-point median.

 *

 *  DESCRIPTION:

 *             

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

Word16 gmed_n (          /* o : index of the median value (0...N-1)      */

    Word16 ind[],        /* i : Past gain values                         */

    Word16 n             /* i : The number of gains; this routine        */

                         /*     is only valid for a odd number of gains  */

                         /*     (n <= NMAX)                              */

)

{

    Word16 i, j, ix = 0;

    Word16 max;

    Word16 medianIndex;

    Word16 tmp[NMAX];

    Word16 tmp2[NMAX];

#ifdef TWC

    if      (n == 5)               /* assign ID numbers + context switch */ 

       WMOPS_StartCounter(ID_gmed_n_5);

    else if (n == 9)

       WMOPS_StartCounter(ID_gmed_n_9);

#endif

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

    {

        tmp2[i] = ind[i];                                        move16 (); 

    }

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

    {

        max = -32767;                                            move16 (); 

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

        {

            test (); 

            if (sub (tmp2[j], max) >= 0)

            {

                max = tmp2[j];                                   move16 (); 

                ix = j;                                          move16 (); 

            }

#ifdef TWC

            else                                    /* else branch added */ 

            {

                move16 ();                          /* dummy instruction */ 

                move16 ();                          /* dummy instruction */ 

            }

#endif

        }

        tmp2[ix] = -32768;                                       move16 (); 

        tmp[i] = ix;                                             move16 (); 

    }

    medianIndex=tmp[ shr(n,1) ];                                 move16 (); 

#ifdef TWC

    WMOPS_StopCounter();                               /* context switch */ 

#endif

    return (ind[medianIndex]);

}

Subroutine ‘Inv_sqrt’ (inverse value of a square root): 
This subroutine is exited if the input argument L_x is less or equal to 0. In this case, the run time of this subroutine will be very small. To avoid this, L_x is set to the value 1 when L_x is less or equal to 0. In addition to this modification, an else-branch is added to the if-statement that checks the LSB of the exponent exp. This else-branch contains only the statement L_shr(L_x,1) which is added as a dummy instruction. This dummy instruction is used to increase the counter of the basic operator L_shr. Its return value is discarded. Thus, the run time becomes independent from the variable exp. For the most cases, this subroutine is still bit-exact to the original routine. There are only discrepancies to the original routine for negative or zero input arguments L_x. However, for all possible L_x values, the run time corresponds always to the theoretical worst case.
/*******************************************************************************

*

*      File             : inv_sqrt.c

*      Purpose          : Computes 1/sqrt(L_x),  where  L_x is positive.

*                       : If L_x is negative or zero, 

*                       : the result is 1 (3fff ffff).

*      Description      :

*            The function 1/sqrt(L_x) is approximated by a table and linear

*            interpolation. The inverse square root is computed using the

*            following steps:

*                1- Normalization of L_x.

*                2- If (30-exponent) is even then shift right once.

*                3- exponent = (30-exponent)/2  +1

*                4- i = bit25-b31 of L_x;  16<=i<=63  because of normalization.

*                5- a = bit10-b24

*                6- i -=16

*                7- L_y = table[i]<<16 - (table[i] - table[i+1]) * a * 2

*                8- L_y >>= exponent

*

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

Word32 Inv_sqrt (                       /* (o) : output value   */

    Word32 L_x                          /* (i) : input value    */

)

{

    Word16 exp, i, a, tmp;

    Word32 L_y;

#ifdef TWC

    WMOPS_StartCounter(ID_Inv_sqrt);    /* assign ID number+context switch  */

    if (L_x <= 0L) L_x = 1L;            /* force L_x to be greater 0 to     */

#endif                                  /* avoid abortion of the subroutine */

    test (); 

    if (L_x <= (Word32) 0) {

#ifdef TWC

        WMOPS_StopCounter();            /* context switch */

#endif

        return ((Word32) 0x3fffffffL);  /* abort subroutine */

    }

    exp = norm_l (L_x);

    L_x = L_shl (L_x, exp);             /* L_x is normalized */

    exp = sub (30, exp);

    test (); logic16 (); 

    if ((exp & 1) == 0)                 /* If exponent even -> shift right */

    {

        L_x = L_shr (L_x, 1);

    }

#ifdef TWC

    else {                              /* else branch added */

        L_shr (L_x, 1);                 /* dummy instruction */

    }

#endif

    exp = shr (exp, 1);

    exp = add (exp, 1);

    L_x = L_shr (L_x, 9);

    i = extract_h (L_x);                /* Extract b25-b31 */

    L_x = L_shr (L_x, 1);

    a = extract_l (L_x);                /* Extract b10-b24 */

    a = a & (Word16) 0x7fff;            logic16 ();

    i = sub (i, 16);

    L_y = L_deposit_h (table[i]);       /* table[i] << 16          */

    tmp = sub (table[i], table[i + 1]); /* table[i] - table[i+1])  */

    L_y = L_msu (L_y, tmp, a);          /* L_y -=  tmp*a*2         */

    L_y = L_shr (L_y, exp);             /* denormalization */

#ifdef TWC

    WMOPS_StopCounter();                /* context switch */

#endif

    return (L_y);

}

* Contact:
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