TSG-SA4#64 meeting
Tdoc S4 (11)0479 
11-15 April, 2011, San Diego, USA

Source:
ORANGE SA
Title:
On Program ROM measurement for EVS standardization
Document for:
Discussion
Agenda Item:
6
1 Background
SA4 already agreed on using the STL2009 basic operator library to measure the complexity of fixed-point C code for EVS candidates. We discuss here how to measure (estimate) the program ROM.
The draft EVS permanent document on design constraints (EVS-P4) includes some provisional requirements for Program ROM in terms of number of (ETSI) basic operators. The Source believes that this measurement - that was used for instance in AMR-WB standardization - is outdated and proposes an alignment with the Program ROM tool included in STL2009 for the sake of consistency.

2 ITU-T Program ROM estimation tool for fixed-point C Code
An ITU-T tool estimating Program ROM is described in Chapter 18.6 of the STL2009 manual [1]. The full description is skipped here.
Note that the tool splits the program ROM estimation in three parts:

· Number of basic operators

· Number of user-defined function calls

· Black-list tokens (operators/functions that should not be counted, ex.: printf(..))

Therefore the tool extends the PROM measurement in terms of number of basic operators.
We consider that the Program ROM figure to be considered in EVS is the sum of the number of basic operators and the number of so-called 'user-defined function calls'. Taking into account the number of user-defined functions calls is important, otherwise it is easy to artificially reduce the Program ROM estimation, for instance by encapsulating basic operator functions (ex.: Word16 my_add (Word16 var1, Word16 var2) { return add(var1, var2);}
3 Examples for 3GPP AMR-WB fixed-point C Code
To illustrate and evaluate the ITU-T Program ROM tool, we present here measured Program ROM figures. Note that detailed reports can be found in Annex A and B of the present contribution.

Program ROM for Legacy AMR-WB instrumented with ETSI basic operators

The complexity verification report of the AMR-WB codec [3, Annex A.5] counted 3889 basic operators in the speech coder part while the user defined functions were not counted.
Using the ITU-T Program ROM estimating tool (with OLD_STL compiler switch) on AMR-WB (26.173) V5.0.0, very similar results were obtained with 3925 basic operators. Slight differences were found only in 5 files (bits.c 17 ( 14; cod_main 434 ( 429; dtx.c 363 ( 394; p_med_ol.c 87 ( 92; q_gain2.c 136 ( 126) and we found out that the 'homing.c' file (10 basic operators) was not included. In AMR-WB V5.0.0 the ITU-T Program ROM tool measured 728 user defined function calls; the final Program ROM value is 4653 instructions. 
Note that the AMR-WB codec V9.0.0 gives slightly different results for 10 source files, and the ITU-T Program ROM estimating tool measured 3979 basic operators and 735 user defined function, the corresponding Program ROM value is 4714 instructions.
Program ROM for Legacy AMR-WB instrumented with ITU-T STL 2009
The latest release 9 version of the AMR-WB codec was instrumented following the ITU-T STL 2009 rules – the version developed in [4,5] was reused. In this version the ITU-T Program ROM estimating tool (without OLD_STL compiler switch) measured 4691 basic operators and 735 user defined function, the corresponding Program ROM value is 5426 instructions. The main differences come from counting the “IF”, “ELSE”, “FOR”, “WHILE”, instructions in the STL2009 version.
4 Proposal
We propose to use the ITU-T Program ROM in ITU-T STL2009 in EVS standardization – this estimation extends the number of basic operators.
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Annex A: Program ROM report for 3GPP TS 26.173 V9.0.0 (ETSI basicops)
	Filename
	Basicops
	Functions calls
	Blacklist tokens
	PROM

	agc2.c
	29
	1
	5
	30

	autocorr.c
	20
	2
	7
	22

	az_isp.c
	87
	10
	15
	97

	bits.c
	17
	3
	107
	20

	c2t64fx.c
	114
	4
	21
	118

	c4t64fx.c
	376
	16
	78
	392

	cod_main.c
	429
	241
	105
	670

	convolve.c
	4
	0
	2
	4

	cor_h_x.c
	26
	0
	5
	26

	d2t64fx.c
	112
	10
	19
	122

	d4t64fx.c
	11
	0
	5
	11

	d_gain2.c
	35
	18
	20
	53

	dec_main.c
	395
	136
	105
	531

	decim54.c
	22
	12
	4
	34

	deemph.c
	34
	0
	3
	34

	dtx.c
	403
	48
	118
	451

	g_pitch.c
	15
	2
	5
	17

	gpclip.c
	26
	0
	7
	26

	hp400.c
	12
	12
	13
	24

	hp50.c
	47
	4
	3
	51

	hp6k.c
	29
	2
	1
	31

	hp7k.c
	30
	2
	1
	32

	homing.c
	6
	3
	3
	9

	hp_wsp.c
	5
	3
	3
	8

	int_lpc.c
	7
	2
	2
	9

	isfextrp.c
	76
	7
	18
	83

	isp_az.c
	88
	14
	14
	102

	isp_isf.c
	27
	0
	5
	27

	lag_wind.c
	0
	2
	1
	2

	lagconc.c
	119
	5
	31
	124

	levinson.c
	43
	22
	9
	65

	lp_dec2.c
	9
	0
	5
	9

	math_op.c
	44
	1
	6
	45

	p_med_ol.c
	92
	7
	19
	99

	ph_disp.c
	37
	2
	19
	39

	pit_shrp.c
	4
	0
	1
	4

	pitch_f4.c
	79
	5
	22
	84

	pred_lt4.c
	13
	0
	3
	13

	preemph.c
	22
	0
	2
	22

	q_gain2.c
	126
	12
	12
	138

	q_pulse.c
	370
	70
	63
	440

	qisf_ns.c
	14
	7
	7
	21

	qpisf_2s.c
	158
	16
	59
	174

	random.c
	5
	0
	1
	5

	residu.c
	5
	0
	2
	5

	scale.c
	4
	0
	1
	4

	syn_filt.c
	31
	0
	8
	31

	updt_tar.c
	5
	0
	1
	5

	util.c
	2
	0
	2
	2

	voicefac.c
	33
	2
	3
	35

	wb_vad.c
	272
	32
	78
	304

	weight_a.c
	10
	0
	1
	10

	Total
	3979
	735
	1050
	4714


Annex B: Program ROM report for AMR-WB instrumented with STL2009 
	Filename
	Basicops
	Functions calls
	Blacklist tokens
	PROM

	agc2.c
	32
	1
	3
	33

	autocorr.c
	27
	2
	2
	29

	az_isp.c
	93
	10
	5
	103

	bits.c
	102
	3
	54
	105

	c2t64fx.c
	105
	4
	2
	109

	c4t64fx.c
	420
	16
	6
	436

	cod_main.c
	490
	241
	15
	731

	convolve.c
	5
	0
	2
	5

	cor_h_x.c
	29
	0
	2
	29

	d2t64fx.c
	113
	10
	5
	123

	d4t64fx.c
	18
	0
	2
	18

	d_gain2.c
	63
	18
	4
	81

	dec_main.c
	470
	136
	14
	606

	decim54.c
	27
	12
	11
	39

	deemph.c
	31
	0
	6
	31

	dtx.c
	480
	48
	44
	528

	g_pitch.c
	16
	2
	6
	18

	gpclip.c
	28
	0
	7
	28

	hp400.c
	64
	12
	4
	76

	hp50.c
	48
	4
	4
	52

	hp6k.c
	29
	2
	2
	31

	hp7k.c
	30
	2
	2
	32

	homing.c
	8
	3
	2
	11

	hp_wsp.c
	7
	3
	2
	10

	int_lpc.c
	8
	2
	2
	10

	isfextrp.c
	90
	7
	3
	97

	isp_az.c
	96
	14
	6
	110

	isp_isf.c
	33
	0
	4
	33

	lag_wind.c
	1
	2
	2
	3

	lagconc.c
	147
	5
	8
	152

	levinson.c
	49
	22
	3
	71

	lp_dec2.c
	13
	0
	2
	13

	math_op.c
	45
	1
	12
	46

	p_med_ol.c
	92
	7
	8
	99

	ph_disp.c
	54
	2
	2
	56

	pit_shrp.c
	4
	0
	2
	4

	pitch_f4.c
	85
	5
	10
	90

	pred_lt4.c
	12
	0
	2
	12

	preemph.c
	22
	0
	4
	22

	q_gain2.c
	123
	12
	5
	135

	q_pulse.c
	438
	70
	38
	508

	qisf_ns.c
	21
	7
	4
	28

	qpisf_2s.c
	219
	16
	16
	235

	random.c
	4
	0
	1
	4

	residu.c
	6
	0
	2
	6

	scale.c
	4
	0
	2
	4

	syn_filt.c
	34
	0
	4
	34

	updt_tar.c
	5
	0
	2
	5

	util.c
	4
	0
	4
	4

	voicefac.c
	35
	2
	3
	37

	wb_vad.c
	303
	32
	36
	335

	weight_a.c
	9
	0
	2
	9

	Total
	4691
	735
	395
	5426
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