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1. Introduction

This document contains the Theoretical Worst Case wMOPS figures of the AMR channel encoder and channel decoder after the modification of the constraint length of the convolutional coding polynomials. It is a revision of the verification results presented in Tdoc 117/99 regarding channel coding.

The verification was performed on version 2.8 of the  ANSI-C fixed-point software delivered by Ericsson.

2.
Methodology

The methodology used for the complexity verification is described in AMR-9b permanent document, except for the program ROM evaluation. The program ROM evaluation was performed by scripts that search the C source files for the basic operators defined in AMR9b. Function calls are not counted. This estimation was found to be more independent from the way the C source code is written.

The Theoretical Worst Case wMOPS figures have been estimated by manual counting (STMicroelectronics) and the automatic procedure described in Annex B (Philips). The results of manual and automatic counting are almost identical.

3.
Results

Below is presented the summary of the complexity figures. A complete breakdown of these figures can be found in Annexe A.

3.1
Weighted MOPS (Theoretical Worst Case)

The constraint length K of the encoding polynomial is recalled for each mode. The theoretical worst case complexity results  for the encoder and decoder are (in wMOPS) :

Full Rate
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Channel encoder
0.34
0.36
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0.29
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Channel decoder
2.42
2.18
4.85
1.66
1.61
3.85
1.34
3.20
4.85

Total Channel FR
2.76
2.54
5.16
1.95
1.93
4.15
1.63
3.49
5.01

Half Rate


7.95
7.4
6.7
5.9
5.15
4.75
TWC

K
5
5
5
5
5
7
-

Channel encoder
0.19
0.19
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Channel decoder
1.38
1.35
1.25
1.18
1.14
2.66
2.66

Total Channel HR
1.57
1.54
1.43
1.35
1.32
2.83
2.85

In addition, the channel measurement and the mode control require:

1. Measurement FR:

0.048

2. Measurement HR:

0.025

3. Mode control FR/HR:

0.017

3.2
RAM


Static (16 bits words)
Dynamic (16 bits words)
Total (16 bits words)

Channel encoder FR
271
1843
2114

Channel decoder FR
280
1915
2195

Total channel FR
551
1915
2466

Channel encoder HR
385
1317
1702

Channel decoder HR
394
1420
1814

Total channel HR
779
1420
2199

Channel Meas & Control
107
66
173

3.3
ROM (Tables)


16 bits words

Channel
7384

Channel Meas & Control
187

Total
7571

3.4
Program ROM (source code size)


# of operators

Channel
1279

Channel Meas & Control
63

Total
1342

Annexe A :
Detailed Results

A.1
Weighted OPS (Theoretical Worst Case)

The channel codec calling trees are shown below. The trees contain the wOPF (weighted Operations Per Frame) of the functions. Function calls are excluded. The number of calls of a function by its parent function is given in the “#” column. The number of wOPS (20 ms frames) is reported at the bottom of each tree. A function which does not appear in a speech or DTX mode does not contain any wOPF figure.

A.1.1
Full Rate Channel encoder

Function
Function
#
Function
#
Function
#
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5.9
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Total wOPF






5789
5872
5934
6340
5878
6180
7233
6732
4044

Total wOPS






289450
293600
296700
317000
293900
309000
361650
336600
202200

A.1.2
Half Rate Channel encoder

Function
Function
#
Function
#
Function
#
4.75
5.15
5.9
6.7
7.4
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convEnc
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1
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1
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Total wOPF






3460
3670
3311
3479
3755
3844
2188

Total wOPS






173000
183500
165550
173950
187750
192200
109400

A.1.3
Full Rate Channel decoder

Function
Function
#
Function
#
4.75
5.15
5.9
6.7
7.4
7.95
10.2
12.2
DTX
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Channel_Decode
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bustDecode
1













deInterleave
1


685
685
685
685
685
685
685
685
685


FR_Classify_Frame
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8
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Total wOPF




64080
26889
77071
32156
33241
97047
43654
48341
16444

Total wOPS




3204000
1344450
3853550
1607800
1662050
4852350
2182700
2417050
822200

A.1.4
Half Rate Channel decoder
Function
Function
#
Function
#
4.75
5.15
5.9
6.7
7.4
7.95
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2016
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130
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53212
22736
23627
25083
26936
27494
14858

Total wOPS




2660600
1136800
1181350
1254150
1346800
1374700
742900

A.1.5
Channel Measurement and Mode Control








A.2 Static RAM
A.2.1
Channel encoder

Table 2.1: Channel_EncodeState struct in ch_enc.h for FR

Variable name
Length
Type
Size (Words)
Comment

ChMode
1
enum TchMode
1


Dtx
1
Flag
1


IntlvBuf
228
Word16
228


ComplexityCounter
1
int

Not counted

PrevIntlv
1
enum IntlvType
1


PrevFrame
1
enum TXFrameType
1


DelayedSID_UPDATE
1
Word16
1


SavedCNdata
35
Word16
35


SavedBursts
-
Word16
-
Not used in FR

PrevMUF
1
Word16
1


PrevModeInd
1
enum Mode
1


PrevModeReq
1
enum Mode
1


Total
271


Table 2.2: Channel_EncodeState struct in ch_enc.h for HR

Variable name
Length
Type
Size (Words)
Comment

ChMode
1
enum TchMode
1


Dtx
1
Flag
1


IntlvBuf
114
Word16
114


ComplexityCounter
1
int

Not counted

PrevIntlv
1
enum IntlvType
1


PrevFrame
1
enum TXFrameType
1


DelayedSID_UPDATE
1
Word16
1


SavedCNdata
35
Word16
35


SavedBursts
228
Word16
228


PrevMUF
1
Word16
1


PrevModeInd
1
enum Mode
1


PrevModeReq
1
enum Mode
1


Total
385


A.2.2
Channel decoder

Table 2.3: Channel_DecodeState struct in ch_dec.h for FR

Variable name
Length
Type
Size (Words)
Comment

ChMode
1
enum TchMode
1


Dtx
1
Flag
1


InDTX
1
Flag
1


IntlvBuf
228
Word16
228


InbDecSt
1
inbDecState
22
see table 4.1.1

ClassFrmSt
1
Classify_FrameState
2
see table 4.1.2

InitMode
1
enum Mode
1


PrevChBits
-
Word16
-
Not used in FR

ComplexityCounter
1
int

Not counted

Total
256


Table 2.4: Channel_DecodeState struct in ch_dec.h for HR

Variable name
Length
Type
Size (Words)
Comment

ChMode
1
enum TchMode
1


Dtx
1
Flag
1


InDTX
1
Flag
1


IntlvBuf
114
Word16
114


InbDecSt
1
inbDecState
22
see table 4.2.1

ClassFrmSt
1
Classify_FrameState
2
see table 4.2.2

InitMode
1
enum Mode
1


PrevChBits
228
Word16
228


ComplexityCounter
1
int

Not counted

Total
370


Table 2.5: inbDecState struct in inb_dec.h

Variable name
Length
Type
Size (Words)
Comment

TchMode
1
enum TchMode
1


UseAprioriModeInfo
1
Flag
1


NoModes
1
Word16
1


ModeTransPM
1
const Word16*

Not counted

ModeTransPM_SID
1
const Word16*

Not counted

GrossBits
1
Word16
1


ExpTableM
1
const Word16*

Not counted

ExpTableE
1
const Word16*

Not counted

CodeWord
1
const Word16*

Not counted

OldModeReqP
4
Word16
4


OldModeReqP_E
4
Word16
4


OldModeIndP
4
Word16
4


OldModeIndP_E
4
Word16
4


Cmi
1
Word16
1


Cmr
1
Word16
1


Total
22


Table 2.6: Classify_FrameState struct in classfrm.h

Variable name
Length
Type
Size (Words)
Comment

Dtx
1
Flag
1


PrevTx
1
Flag
1


Total
2


A.2.3
Codec Mode Control

Table 2.7: Codec_Mode_ControlState struct in cmc.h

Variable name
Length
Type
Size (Words)
Comment

PrevModeIndex
1
Word16
1


RqPhase
1
Flag
1


ComplexityCounter
1
int

Not counted

Total
2


Table 2.8: Measurement_ProcessingState struct in measure.h

Variable name
Length
Type
Size (Words)
Comment

TchMode
1
enum TchMode
1


MeasN
1
Word16
1


RegrPol
1
const Word16*

Not counted

Mean
1
Word16
1


WienLen
1
Word16
1


WienCoeff
1
const Word16*

Not counted

OutRegPol
1
const Word16*

Not counted

WienState
101
Word16
101


ComplexityCounter
1
int

Not counted

Total
105


A.3 Dynamic RAM
Directory
File name
Function name
Defined in
Type 1
Type2
Variable name
Size
Comment

chc
bl_deint.c
block_deintlv
interface
const
Word16
intlv
1





interface

Word16
deintLen
1





interface

Word16
input
1





interface

Word16
output
1





function

Word16
i
1





interface



4





function



1


chc
bl_intlv.c
block_intlv
interface
const
Word16
intlv
1





interface

Word16
intlvLen
1





interface

Word16
input
1





interface

Word16
output
1





function

Word16
i
1





interface



4





function



1


chc
burstgen.c
burstGen
interface
enum
TchMode
chMode
1





interface

Word16
chData
1





interface

Word8
burstData
1





function

Word16
i
1





function

Word16
j
1





function

Word16
in
1





function

Word16
out
1





interface



3





function



4




burstDecode
interface
enum
TchMode
chMode
1





interface

Word8
burstData
1





interface

Word16
chData
1





function

Word16
i
1





function

Word16
j
1





function

Word16
in
1





function

Word16
out
1





interface



3





function



4


chc
ch_dec.c
convEncRate1
interface

Word16
inout
1





interface

Word16
blocklength
1





interface

Word16
column
1





function

Word16
shiftReg
1





function

Word16
i
1





function

Word16
temp
1





interface



3





function



3




Channel_Decode_init
interface

Channel_DecodeState
**state
1





interface
enum
TchMode
chMode
1





interface

Flag
dtx
1





interface

Flag
useAprioriModeInfo
1





interface
enum
TchMode
chMode
1





interface

char
*id
1





function

Channel_DecodeState*
s
1





interface



6





function



1




Channel_Decode_reset
interface

Channel_DecodeState
*state
1





interfafe
const
modesetState
*modeset
1





interface
enum
TchMode
chMode
1





interface

Flag
dtx
1





function

Word16
i
1





interface



4





function



1




Channel_Decode_exit
interface

Channel_DecodeState
**state
1





interface



1





function



0




Channel_Decode
interface

Channel_DecodeState
*chdState
1





interface
const
modesetState
*modeset
1





interface

Flag
disableInbDec
1





interface

Flag
MUF
1





interface
enum
Mode
requestedMode
1





interface

Word8
channelData
464





interface

Flag
tx
1





interface
enum
Mode
*modeInd
1





interface
enum
Mode
*modeReq
1





interface

Word16
speechData
244





interface
enum
RXFrameType
*frameType
1





function

Word16
workMem
912
456 (HR)




function

Word16
recPol
1





function

Word16
*dM
1





function

Word16
*accMet
1





function

Word16
*deIntlvOut
1





function

Word16
*pathMem
1





function

Word16
*chBits
1





function

Word16
*class1Data
1





function

Word16
*dePuncOut
1





function

Word16
*viterbiOut
1





function
const
Word16
*reordTab
1





function

Word16
c1A
1





function

Word16
c1B
1





function

Word16
c2
1





function

Word16
crcPol
1





function

Word16
crcLen
1





function
const
Word16
*puncTab
1





function

Word16
puncLen
1





function

Word16
spSize
1





function

Word16
inbandBits
1





function
const
Word16
*intlvTab
1





function

Word16
intlvBits
1





function

viterbiFunc
*viterbi
1





function

dMFunc
*gen_dM
1





function

Word32
finalMetric
2





function

Word32
sumSoft
2





function

Word16
rErrW
1





function

Word16
bfi
1





function

Word16
PDFI_thr
1





function

Word16
PBFI_thr
1





function

Word16
pbfi
1





function

Word16
pdfi
1





function
enum
CHDECFrameType
detectedFtype
1





function
enum
Mode
spchMode
1





function

Word16
sidframe
1





interface



717





function



948
492 (HR)

chc
ch_enc.c
encodeSpeech_or_CN
interface
const
modesetState
*modeset
1





interface
enum
TchMode
chMode
1





interface

Word16
MUF
1





interface
enum
Mode
mode
1





interface
enum
Mode
reqMode
1





interface
enum
Mode
encMode
1





interface

Word16
sidframe
1





interface

Word16
inbandBits
1





interface

Word16
disableInband
1





interface

Word16
*speechData
1





interface

Word16
inSize
1





interface
const
Word16
*reordTab
1





interface

Word16
c1A
1





interface

Word16
c1B
1





interface

Word16
crcPol
1





interface

Word16
crcLen
1





interface

Word16
firstPol
1





interface

Word16
lastPol
1





interface

Word16
recPol
1





interface

Word16
tailBits
1





interface

Word16
puncLen
1





interface
const
Word16
*puncTab
1





interface

Word16
*inbandData
1





interface

Word16
*speechBits
1





interface

Word16
*crcBits
1





interface

Word16
*convOut
1





interface

Word16
*puncOut
1





function

Word16
i
1





interface



26





function



1




alternate
interface
const
Word16
*indata1
1





interface
const
Word16
*indata2
1





interface

Word16
len
1





interface

Word16
*outdata
1





function

Word16
i
1





interface



4





function



1




insertOnsetPattern
interface
const
modesetState
*modeset
1





interface
enum
TchMode
chMode
1





interface

Word16
*intlvBuf
1





interface
const
Word16
*intlvTab
1





interface

Word16
intlvBits
1





interface
enum
Mode
mode
1





interface

Word16
*patternData
1





interface

Word16
*groupData
1





function

Word16
n_inband_copies
1





function

Word16
rest_inband_bits
1





function

Word16
*pp
1





function

Word16
i
1





function

Word16
j
1
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function
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Channel_Encode_init
interface

Channel_EncodeState
**state
1





interface
enum
TchMode
chMode
1





interface

Flag
dtx
1





interface

char
*id
1





function

Channel_EncodeState*
s
1





interface



4





function



1




Channel_Encode_reset
interface

Channel_EncodeState
*state
1





interface
enum
TchMode
chMode
1





interface

Flag
dtx
1





function

Word16
i
1





interface



3





function



1




Channel_Encode_exit
interface

Channel_EncodeState
**state
1





interface



1





function



0




Channel_Encode
interface

Channel_EncodeState
*cheState
1





interface

modesetState
*modeset
1





interface
enum
TXFrameType
frameType
1





interface
enum
Mode
mode
1





interface
enum
Mode
reqMode
1





interface

Flag
disableInband
1





interface

Flag
MUF
1





interface

Word16
speechData
244





interface

Word8
channelData
464





interface

Flag
*tx
1





function

Word16
workMem
912
912 -1 for Guard Pattern




function

Word16
*cnData
1





function

Word16
*patternData
1





function

Word16
*group4Data
1





function

Word16
*crcBits
1





function

Word16
*convOut
1





function

Word16
*intlvOut
1





function

Word16
*speechBits
1





function
const
Word16
*reordTab
1





function

Word16
c1A
1





function

Word16
c1B
1





function

Word16
c2
1





function

Word16
crcPol
1





function

Word16
crcLen
1





function
const
Word16
*puncTab
1





function

Word16
puncLen
1





function

Word16
spSize
1





function

Word16
inSize
1





function

Word16
firstPol
1





function

Word16
lastPol
1





function

Word16
recPol
1





function

Word16
tailBits
1





function

Word16
inbandBits
1





function
const
Word16
*intlvTab
1





function

Word16
intlvBits
1





function

Word16
delayedSID_UPDATE
1





function

Word16
i
1





function

Word16
encMode
1
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chc
classfrm.c
Classify_Frame_init
interface

Classify_FrameState
**state
1





interface

Flag
dtxFlag
1





function

Classify_FrameState*
s
1





interface



2





function



1




Classify_Frame_reset
interface

Classify_FrameState
*state
1





interface



1





function



0




Classify_Frame_exit
interface

Classify_FrameState
**state
1





interface



1





function



0




HR_Classify_Frame
interface

Classify_FrameState
*st
1





interface
const
Word16
*indata
1





interface
enum
CHDECFrameType
prevType
1





interface

Flag
tx
1





interface
enum
CHDECFrameType
*type
1





function

Word16
partCorr0
1





function

Word16
partCorr1
1





function

Word16
tmp
1





function

Flag
prevTx
1





interface



5





function



4




FR_Classify_Frame
interface

Classify_FrameState
*st
1





interface
const
Word16
*indata
1





interface
enum
CHDECFrameType
prevType
1





interface

Flag
tx
1





interface
enum
CHDECFrameType
*type
1





function

Word16
partCorr
1





function

Flag
prevTx
1





interface



5





function



2


chc
conv_enc.c
convEnc
interface

Word16
input
1





interface

Word16
len1A
1





interface

Word16
len1B
1





interface

Word16
crc
1





interface

Word16
crcLen
1





interface

Word16
firstCol
1





interface

Word16
lastCol
1





interface

Word16
recCol
1





interface

Word16
n_Tail
1





interface

Word16
output
1





function

Word16
shiftReg
1





function

Word16
i
1





function

Word16
j
1





function

Word16
k
1





function

Word16
len1
1





function

Word16
temp
1
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function



6


chc
crc.c
crc
interface

Word16
input
1





interface

Word16
inpLen
1





interface

Word16
crcGen
1





interface

Word16
outLen
1





interface

Word16
crc
1





function

Word16
i
1





function

Word16
shiftReg
1





function

Word16
carry
1





interface



5





function



3




crcCmp
interface

Word16
crc
1





interface

Word16
crcRef
1





interface

Word16
crcLen
1





interface

Word16
*result
1





function

Word16
i
1





interface



4





function



1


chc
debug.c
dump
interface

Word16
inp
1





interface

Word16
len
1





function

int
i
1





interface



2





function



1




dump1Cnt
interface

Word16
inp
1





interface

Word16
len
1





function

int
i
1





function

int
ones
1





interface



2





function



2




dump1CntX
interface

Word16
inp
1





interface

Word16
len
1





function

int
i
1





function

int
ones
1





interface



2





function



2




dump8
interface

Word16
inp
1





interface

Word16
len
1





function

int
i
1





interface



2





function



1




dumpInt
interface

Word16
inp
1





interface

Word16
len
1





interface

Word16
cols
1





function

int
i
1





function

int
c
1





interface



3





function



2




dumpSoft
interface

Word16
inp
1





interface

Word16
len
1





interface

Word16
cols
1





function

int
i
1





function

int
c
1





interface



3





function



2


chc
dec_c2.c
decC2
interface

Word16
softInpC2
1





interface

Word16
c2Bits
1





interface

Word16
newClass2
1





function

Word16
i
1





interface



3





function



1


chc
deintlv.c
deInterleave
interface

Word16
buffer
1





interface
const
Word16
intlv
1





interface

Word16
intlvLen
1





interface

Word16
rcvFrame
1





interface

Word16
newData
1





function

Word16
i
1





function

Word16
j
1





function

Word16
n
1





interface
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function



3




flushDeInterleaveBuffer
interface

Word16
buffer
1





interface
const
Word16
intlv
1





interface

Word16
intlvLen
1





interface

Word16
newData
1





function

Word16
i
1





function

Word16
j
1





function

Word16
n
1





interface



4





function



3




inverseDeInterleave
interface

Word16
buffer
1





interface
const
Word16
intlv
1





interface

Word16
intlvLen
1





interface

Word16
rcvFrame
1





interface

Word16
newData
1





function

Word16
i
1





function

Word16
j
1





function

Word16
n
1





interface



5





function



3


chc
depunc.c
dePunc
interface

Word16
n_loops
1





interface

Word16
inSize
1





interface

Word16
outSize
1





interface
const
Word16
puncTable
1





interface

Word16
inArea
1





interface

Word16
outArea
1





function

Word16
i
1





function

Word16
j
1





function

Word16
k
1





function

Word16
l
1





function

Word16
temp
1
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function



5


chc
group.c
group
interface

Word16
input
1





interface

Word16
inpLen
1





interface
const
Word16
reordTab
1





interface

Word16
output
1





function

Word16
i
1





function

Word16
l
1





interface



4





function



2


chc
group4.c
degroup4
interface
const
Word16
*indata
1





interface

Word16
len
1





interface

Word16
*outdata
1





function

Word16
i
1





function

Word16
j
1





function

Word16
n
1





interface



3





function



3




group4
interface
const
Word16
*indata1
1





interface
const
Word16
*indata2
1





interface

Word16
len
1





interface

Word16
*outdata
1





function

Word16
i
1





function

Word16
j
1





function

Word16
n
1





interface



4





function



3


chc
inb_dec.c
inbDec_init
interface

inbDecState
**state
1





interface
const
modesetState
*modeset
1





interface
enum
TchMode
tchMode
1





interface

Flag
useAprioriModeInfo
1





function

inbDecState*
s
1





interface



4





function



1




inbDec_reset
interface

inbDecState
*state
1





interface
const
modesetState
*modeset
1





function

Word16
i
1





function

Word16
temp
1





interface



2





function



2




inbDec_exit
interface

inbDecState
**state
1





interface



1





function



0




inbDec
interface

inbDecState
*st
1





interface
const
modesetState
*modeset
1





interface

Word16
input
1





interface

Flag
modeRequestFlag
1





interface

Flag
sidframe
1





interface
enum
Mode
requestedMode
1





interface
enum
Mode
*codecModeIndication
1





interface
enum
Mode
*codecModeRequest
1





function

Word16
i
1





function

Word16
j
1





function

Word16
temp
1





function

Word16
tempM
1





function

Word16
tempE
1





function

Word16
maxM
1





function

Word16
maxE
1





function

Word16
shift
1





function

Word16
bitProb
1





function

Word16
bias
1





function

Word16
biasE
1





function

Word16
reqMP
1





function

Word32
L_temp
2





function

Word16
modeP_M
4





function

Word16
modeP_E
4





function

Word16
modeProbE
4





function

Word16
modeProbM
4





function

Word16
biasedModeTransPM
16





function

Word16
biasedModeTransPM_E
4





function
const
Word16
*trans
1





function
const
Word16
*p1
1





function

Word16
*p2
1
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function
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inbDecPrevious
interface

inbDecState
*st
1





interface
const
modesetState
*modeset
1





interface
enum
Mode
*codecModeIndication
1





interface
enum
Mode
*codecModeRequest
1





interface



4





function



0


chc
inb_enc.c
inbEnc
interface
enum
TchMode
tchMode
1





interface

Flag
dtx
1





interface

Flag
modeRequestFlag
1





interface
enum
Mode
modeind
1





interface
enum
Mode
modeReq
1





interface

Word16
output
1





function
enum
Mode
mode
1





function

Word16
index
1
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function



2


chc
intlv.c
interleave
interface

Word16
*buffer
1





interface
const
Word16
intlv
1





interface

Word16
intlvLen
1





interface

Word16
input1
1





interface

Word16
inp1Len
1





interface

Word16
input2
1





interface

Word16
inp2Len
1





interface

Word16
output
1





function

Word16
i
1





function

Word16
j
1





function

Word16
l
1





interface
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function



3




presetIntlvBuffer
interface

Word16
*buffer
1





interface
const
Word16
intlv
1





interface

Word16
intlvLen
1





interface

Word16
input1
1





function

Word16
i
1





function

Word16
j
1





function

Word16
l
1





interface



4





function



3


chc
order.c
order
interface

Word16
input
1





interface

Word16
inpLen
1





interface

Word16
c2Bits
1





interface

Word16
c2
1





interface

Word16
crcLoc
1





interface

Word16
crcLen
1





interface
const
Word16
reordTab
1





interface

Word16
output
1





function

Word16
i
1





function

Word16
j
1





function

Word16
k
1





function

Word16
l
1





function

Word16
c1b
1





interface



8





function



5


chc
partcorr.c
Partial_Correlation
interface
enum
corrOperation
op
1





interface
const
Word16
*indata
1





interface
const
Word16
*pattern
1





interface

Word16
*corr
1





function

Word16
i
1





function

Word16
j
1





function

Word16
sum
1





interface



4





function



3


chc
punc.c
punc
interface
const
Word16
n_loops
1





interface
const
Word16
puncTable
1





interface

Word16
inArea
1





interface

Word16
outArea
1





function

Word16
i
1





function

Word16
j
1





function

Word16
k
1





function

Word16
l
1





function

Word16
temp
1





interface



4





function



5


chc
vitrb_k5.c
viterbiK5
interface

Word16
n_outBits
1





interface

Word16
inArea
1





interface

dMFunc
*gen_dM
1





interface

Word16
pathMem
1





interface

Word16
accMet
1





interface

Word16
dM
1





interface

Word16
outArea
1





interface

Word32
*finalMetric
2





interface

Word32
*accSoft
2





interface

Word16
*rErrW
1





function

Word16
i
1





function

Word16
j
1





function

Word16
k
1





function

Word16
l
1





function

Word16
offset
1





function

Word16
diff
1





function

Word16
state
1





function

Word16
upperCand
1





function

Word16
lowerCand
1





function

Word16
*P_oldAccMet
1





function

Word16
*P_newAccMet
1





function

Word16
*P_Acc
1





function

Word16
acc
1





function

Word16
softSum
1





function

Word32
finMetL
2





function

Word32
softSumL
2





function

Word32
diffL
2





function

Word16
n_outTotal
1
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gen_dM_R12K5
interface

Word16
inArea
1





interface

Word16
*offset
1





interface

Word16
*softSum
1





interface

Word16
dM
1





function

Word16
samp1
1





function

Word16
samp2
1





function

Word16
acc
1
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4





function



3




gen_dM_R14K5
interface

Word16
inArea
1





interface

Word16
*offset
1





interface

Word16
*softSum
1





interface

Word16
dM
1





function

Word16
samp1
1





function

Word16
samp2
1





function

Word16
samp3
1





function

Word16
samp4
1





function

Word16
temp
1





function

Word16
acc
1
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4





function



6




gen_dM_R13K5
interface

Word16
inArea
1





interface

Word16
*offset
1





interface

Word16
*softSum
1





interface

Word16
dM
1





function

Word16
samp1
1





function

Word16
samp2
1





function

Word16
samp3
1





function

Word16
acc
1
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4





function



4




gen_dM_R15K5
interface

Word16
inArea
1





interface

Word16
*offset
1





interface

Word16
*softSum
1





interface

Word16
dM
1





function

Word16
samp1
1





function

Word16
samp2
1





function

Word16
samp3
1





function

Word16
samp4
1





function

Word16
samp5
1





function

Word16
temp
1





function

Word16
temp2
1





function

Word16
acc
1
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chc
vitrb_k7.c
viterbiK7
interface

Word16
n_outBits
1





interface

Word16
inArea
1





interface

dMFunc
*gen_dM
1





interface

Word16
pathMem
1





interface

Word16
accMet
1





interface

Word16
dM
1





interface

Word16
outArea
1





interface

Word32
*finalMetric
2





interface

Word32
*accSoft
2





interface

Word16
*rErrW
1





function

Word16
i
1





function

Word16
j
1





function

Word16
k
1





function

Word16
l
1





function

Word16
m
1





function

Word16
offset
1





function

Word16
diff
1





function

Word16
state
1





function

Word16
upperCand
1





function

Word16
lowerCand
1





function

Word16
*P_oldAccMet
1





function

Word16
*P_newAccMet
1





function

Word16
*P_Acc
1





function

Word16
acc
1





function

Word16
softSum
1





function

Word32
finMetL
2





function

Word32
softSumL
2





function

Word32
diffL
2





function
const
Word16
*j2dM
1





function

Word16
n_outTotal
1
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function
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gen_dM_R13GSMK7
interface

Word16
inArea
1





interface

Word16
*offset
1





interface

Word16
*softSum
1





interface

Word16
dM
1





function

Word16
samp1
1





function

Word16
samp2
1





function

Word16
samp3
1





function

Word16
acc
1





function

Word16
temp
1
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4





function



5




gen_dM_R14GSMK7
interface

Word16
inArea
1





interface

Word16
*offset
1





interface

Word16
*softSum
1





interface

Word16
dM
1





function

Word16
samp1
1





function

Word16
samp2
1





function

Word16
samp3
1





function

Word16
samp4
1





function

Word16
acc
1





function

Word16
temp
1
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6




gen_dM_R15GSMK7
interface

Word16
inArea
1





interface

Word16
*offset
1





interface

Word16
*softSum
1





interface

Word16
dM
1





function

Word16
samp0
1





function

Word16
samp1
1





function

Word16
samp2
1





function

Word16
samp3
1





function

Word16
samp4
1





function

Word16
acc
1





function

Word16
temp
1
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cmc
cmc.c
Codec_Mode_Control_init
interface

Codec_Mode_ControlState
**state
1





interface
const
modesetState
*modeset
1





interface

Flag
phase
1





interface

char
*id
1





function

Codec_Mode_ControlState*
s
1





interface



4





function



1




Codec_Mode_Control_reset
interface

Codec_Mode_ControlState
*state
1





interface
const
modesetState
*modeset
1





interface



2





function



0




Codec_Mode_Control_exit
interface

Codec_Mode_ControlState
**state
1





interface



1





function



0




Codec_Mode_Control
interface

Codec_Mode_ControlState
*cSt
1





interface
const
modesetState
*modeset
1





interface

Word16
filteredCi
1





interface

Flag
muf
1





interface
enum
Mode
*reqMode
1





function

Word16
currModeIndex
1





function

Word16
lowThresh
1





function

Word16
highThresh
1
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3


meas
measure.c
Measurement_Processing_init
interface

Measurement_ProcessingState
**state
1





interface
enum
TchMode
mode
1





interface

char
*id
1





function

Measurement_ProcessingState*
s
1





interface



3





function



1




Measurement_Processing_reset
interface

Measurement_ProcessingState
*state
1





function

Word16
i
1





interface



1





function



1




Measurement_Processing_exit
interface

Measurement_ProcessingState
**state
1





interface



1





function



0




Measurement_Processing
interface

Measurement_ProcessingState
*state
1





interface

Word32
Cval
2





interface

Word32
Ival
2





interface

Flag
rx
1





interface

Word16
*filteredCI
1





function

Word16
i
1





function

Word16
k
1





function

Word32
Ltemp
2





function

Word16
Ctemp
1





function

Word16
Itemp
1





function

Word16
CItemp
1





function

Word16
Cexp
1





function

Word16
Iexp
1





function

Word16
CIexp
1





function

Word16
exp
1





function

Word16
frac
1





function

Word16
temp
1





function

Word16
CIdBval
4
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function

Word16
regrCIdBval
4
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A.4 
ROM (Tables)

A.4.1
Channel Mode Control and Measurement

File
Table name
Length



FR
HR

Mode_thr.tab
HR_mode_thr

12

Mode_thr.tab
FR_mode_thr
9


Total

9
12

Total (HR and FR)
21




File
Table name
Length



FR
HR

Measure.tab
FRregrPol
3


Measure.tab
FRoutRegPol
4


Measure.tab
FRwienfiltCoeff
101


Measure.tab
HRregrPol

3

Measure.tab
HRoutRegPol

4

Measure.tab
HRwienfiltCoeff

51

Total

108
58

Total (HR and FR)
166

A.4.2
Channel Codec

File
Table name
Length


File
Table name
Length



FR
HR




FR
HR

Conv_enc.tab
convEncTab
1472
1472


mode_tab.tab
hrMR515Reorder

52

dtx_intl.tab
intlvTab
4
4


mode_tab.tab
hrMR59Reorder

59

inb_dec.tab
expTabM
255
255


mode_tab.tab
hrMR67Reorder

67

inb_dec.tab
expTabE
255
255


mode_tab.tab
hrMR795Reorder

80

inb_dec.tab
modeTransPM_1modes
16



mode_tab.tab
frMR59Reorder
59


inb_dec.tab
modeTransPM_2modes
16



mode_tab.tab
MR74Reorder
74
74

inb_dec.tab
modeTransPM_4modes
16



mode_tab.tab
frMR122Reorder
122


inb_dec.tab
modeTransPM_3modes
16



mode_tab.tab
frMR102Reorder
102


inb_dec.tab
modeTransPM
8



mode_tab.tab
MR475Reorder
48
48

inb_dec.tab
modeTransPM_DTX_2modes
16



mode_tab.tab
hrMR475Punc

19

inb_dec.tab
modeTransPM_DTX_3modes
16



mode_tab.tab
hrMR475PuncLen

1

inb_dec.tab
modeTransPM_DTX_4modes
16



mode_tab.tab
hrMR515Punc

20

inb_dec.tab
modeTransPM_DTX
8



mode_tab.tab
hrMR515PuncLen

1

inb_dec.tab
codeWordDTX
64
64


mode_tab.tab
hrMR59Punc

14

inb_dec.tab
codeWordFR
32



mode_tab.tab
hrMR59PuncLen

1

inb_dec.tab
codeWordHR

16


mode_tab.tab
hrMR67Punc

15

inb_enc.tab
codeWordDTX
64
64


mode_tab.tab
hrMR67PuncLen

1

inb_enc.tab
codeWordFR
32



mode_tab.tab
hrMR74Punc

17

inb_enc.tab
codeWordHR

16


mode_tab.tab
hrMR74PuncLen

1

intlv.tab
intlvHR

228


mode_tab.tab
hrMR795Punc

17

intlv.tab
intlvFR
456



mode_tab.tab
hrMR795PuncLen

1

Masks.tab
setMask
16
16


mode_tab.tab
frMR475Punc
34


Mode_prm.tab
hr1ASize

9


mode_tab.tab
frMR475PuncLen 
1


Mode_prm.tab
hr1BSize

9


mode_tab.tab
frMR515Punc
36


Mode_prm.tab
hr2Size

9


mode_tab.tab
frMR515PuncLen
1


Mode_prm.tab
hrCRCPol

9


mode_tab.tab
frMR59Punc
33


Mode_prm.tab
HrCRCBits

9


mode_tab.tab
frMR59PuncLen
1


Mode_prm.tab
HrFirstPol

9


mode_tab.tab
frMR67Punc
37


Mode_prm.tab
hrRecPol

9


mode_tab.tab
frMR67PuncLen
1


Mode_prm.tab
hrLastPol

9


mode_tab.tab
frMR74Punc
30


Mode_prm.tab
hrTrailZeroes

9


mode_tab.tab
frMR74PuncLen
1


Mode_prm.tab
hrPDFI_thr

9


mode_tab.tab
frMR795Punc
33


Mode_prm.tab
hrPBFI_thr

9


mode_tab.tab
frMR795PuncLen
1


Mode_prm.tab
fr1ASize
9



mode_tab.tab
frMR102Punc
41


Mode_prm.tab
fr1BSize
9



mode_tab.tab
frMR102PuncLen
1


Mode_prm.tab
frCRCPol
9



mode_tab.tab
frMR122Punc
32


Mode_prm.tab
frCRCBits
9



mode_tab.tab
frMR122PuncLen 
1


Mode_prm.tab
frFirstPol
9



Pattern.tab
HR_SIDPattern

228

Mode_prm.tab
frRecPol
9



Pattern.tab
HR_OrthogPattern

228

Mode_prm.tab
frLastPol
9



Pattern.tab
HR_ESCPattern

228

Mode_prm.tab
frTrailZeroes
9



viterbi.tab
maxState
6
6

Mode_prm.tab
frPDFI_thr
9



viterbi.tab
lStep
6
6

Mode_prm.tab
frPBFI_thr
9



viterbi.tab
kStep
6
6







viterbi.tab
*jStep
1
1







viterbi.tab
j2dM_R13GSMK7
32
32







viterbi.tab
j2dM_R14GSMK7
32
32







Total

3640
3744







Total (HR and FR)
7384



A.5 Program ROM (source code size)

List of source file, and the number of instructions : 
A.5.1
Channel coder / decoder

File
# of op.

bl_intlv.c
1

Burstgen.c
0

ch_dec.c
252

ch_enc.c
264

Classfrm.c
51

Conv_enc.c
24

crc.c
14

Debug.c
0

dec_c2.c
4

Deintlv.c
11

Depunc.c
8

Group.c
9

Group4.c
13

inb_dec.c
134

inb_enc.c
5

intlv.c
7

Order.c
35

Partcorr.c
29

Punc.c
5

Vitrb_k5.c
163

Vitrb_k7.c
238

Copy.c
1

modeset.c
10

set_zero.c
1

Total
1279

A.5.2
Channel Measurement and Mode Control

File
# of op.

cmc.c
15

Measure.c
48

Total
63

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

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 aborted 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, but 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);

}
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_1000856814.xls
Sheet1

		Function		Function		#		Function		#		Basic_OP		add		sub		abs_s		shl		shr		mult		L_mult		negate		extract_l		extract_h		round		L_mac		L_msu		L_macNs		L_msuNs		L_add		L_sub		L_add_c		L_sub_c		L_negate		Mult_r		L_shl		L_shr		shr_l		mac_r		msu_r		L_deposit_l		L_deposit_h		L_shr_r		L_abs		L_sat		morm_s		div_s		norm_l		move16		move32		logic16		logic32		test		All Rates		Comment, mode or branch

												Weight		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		2		2		2		2		2		2		2		2		2		2		2		2		2		3		3		4		15		18		30		1		2		1		2		2		wOPF

		Measurement_Processing   FR										x		1		17										10								28		105								10												42										15		4										4		8		113		1						5		740		rx=1

				Log2		1						x																																												1																								1												32		rx=1

								Log2_norm		1		x				3														1		2						1																				2										1														2				1				1		18		rx=1

				Log2		1						x																																												1																								1												32		rx=1

								Log2_norm		1		x				3														1		2						1																				2										1														2				1				1		18		rx=1

				Log2		1						x																																												1																								1												32		rx=1

								Log2_norm		1		x				3														1		2						1																				2										1														2				1				1		18		rx=1

				Log2		1						x																																												1																								1												32		rx=1

								Log2_norm		1		x				3														1		2						1																				2										1														2				1				1		18		rx=1

				Mpy_32_16								x												1		1										1																																																								3		rx=1

				Mpy_32_16								x												1		1										1																																																								3		rx=1

				Mpy_32_16								x												1		1										1																																																								3		rx=1

				Mpy_32_16								x												1		1										1																																																								3		rx=1

		Total wOPF																																																																																										952

		Total wOPS																																																																																										47600

		Measurement_Processing   HR										x		1		9										6								16		53								6												24										9		2										2		4		57		1						3		388		rx=1

				Log2		1						x																																												1																								1												32		rx=1

								Log2_norm		1		x				3														1		2						1																				2										1														2				1				1		18		rx=1

				Log2		1						x																																												1																								1												32		rx=1

								Log2_norm		1		x				3														1		2						1																				2										1														2				1				1		18		rx=1

				Mpy_32_16								x												1		1										1																																																								3		rx=1

				Mpy_32_16								x												1		1										1																																																								3		rx=1

		Total wOPF																																																																																										494

		Total wOPS																																																																																										24700






_1000856815.xls
Sheet1

		Function		Function		#		Function		#		Basic_OP		add		sub		abs_s		shl		shr		mult		L_mult		negate		extract_l		extract_h		round		L_mac		L_msu		L_macNs		L_msuNs		L_add		L_sub		L_add_c		L_sub_c		L_negate		Mult_r		L_shl		L_shr		shr_l		mac_r		msu_r		L_deposit_l		L_deposit_h		L_shr_r		L_abs		L_sat		morm_s		div_s		norm_l		move16		move32		logic16		logic32		test		All Rates		Comment, mode or branch

												Weight		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		2		2		2		2		2		2		2		2		2		2		2		2		2		3		3		4		15		18		30		1		2		1		2		2		wOPF

		Codec_Mode_Control  FR/HR										x		2		5																																																																		3								5		20		all

				modeset_get_thresholds		1						x				1																																																																		2								2		7		all

				modeset_nmodes		1						x																																																																																0		filteredCI>=highThresh

				modeset_index2mode		1						x				1																																																																		1								2		6		all

		Total wOPF																																																																																										33

		Total wOPS																																																																																										1650






