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Initialize DISTM to the largest number representable in the hardware
Nl=NG_128/2

For J=65,66,...,NCWD, do the following
J1=(J-1) *IDIM
COR=0.
For K=1,2,...,IDIM, do the next line
COR=COR+PN (K) *Y (J1+K) | compute inner product f}
If COR > 0, then do the next 3 lines
IDXG=N1
If COR < GB_128(1)*Y2(J), do the next line
IDXG=1 | Best positive gain found

If COR £ 0, then do the next 3 lines
IDXG=NG_128
If COR > GB 128(3)*Y2(J), do the next line

IDXG=3 | Best negative gain found
=—G2_ 128 (IDXG) *COR+GSQ 128 (IDXG) *Y2 (J) | Compute distortion D
If D < DISTM, do the next 3 lines
DISTM=D | Save the lowest distortion
IG=IDXG | and the best codebook indices
1s=J | so far.

Repeat the above indented section for the next J

IS1=IS-NCWD/2

ICHAN=(IS1-1) *NG 128+ (IG-1) | Concatenate shape and gain
| codebook indices.
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DISTM=2147483647

For J=65,66,...,NCWD, do the following

J1=(J-1) *IDIM

AA0=0

For K=1,2,...,IDIM, do the next 2 lines
P=PN (K) *Y (J1+K) | compute inner product f}
AAO=AAQO+P | NLS for AAQ is 7+11=18

If ARO < 0, set AAO=AA0 | take absolute value

IDXG=1

P=GB 128 (1) *Y2(J) | NLS for P is 13+5=18

If AAO =2 P, set IDXG=IDXG+1
AAQ=AA0 >> 14

If AAO > 32767, set AA0=32767
AA1=GSQ 128 (IDXG) *Y2 (J)

P=G2_ 128 (IDXG) *AAOQ

NLS for AA0=4

clip AAO; AAQ0 in saturation mode
NLSGSQ 128=11, NLSY2=5, so NLSAAl=16
NLSG2_ 128=12, NLSAAO=4, so NLSP=16

AA1=AA1-P
If AAl1 < DISTM, do the next 3 lines
DISTM=AAL | double precision DISTM
IG=IDXG
I1S=J
Repeat the above indented section for the next J
AA0=0 | Now find the sign bit
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J1=(IS-1)*IDIM

For K=1,2,...,IDIM, do the next 2 lines
P=PN (K) *Y (J1+K) | compute inner product
AAO=AAO+P

If AAO £ 0, set IG=IGH2

IS1=NCWD

IS1=IS1 >> 1

IS1=IS-IS1

ICHAN=(IS1-1) *NG_128+(IG-1)

s g, Y1 et ool 5, 570 5 el (3 Wlennl
AAO=AA0 >> 14 | NLS for AA0=4
If AAO > 32767, set AA0=32767 | clip AAO
AA1=GSQ 128 (IDXG) *Y2 (J) | NLSGSQ 128=11, NLSY2=5, so NLSAAl=16
P=G2_128 (IDXG) *AAO | NLSG2 128=12, NLSAAO=4, so NLSP=16
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AAQO=AA0 < 2
AAO0=CLIP (ARAO0) AAQ0 is in saturation mode

| NLS for AA0=20

|
AAO=AAQ >> 16 | take high word; NLS for AA0=4

|

|

AA1=GSQ 128 (IDXG) *Y2 (J) NLSGSQ 128=11, NLSY2=5, so NLSAAl=16
P=G2_ 128 (IDXG) *AAOQ NLSG2 128=12, NLSAAO=4, so NLSP=16
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NN=(IS—1) *IDIM
For K=1,2,...,IDIM, do the next line
YN (K) =GQ 128 (IG) *Y (NN+K)
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For K=1,2,...,IDIM, do the next line
ET (K) =GAIN*YN (K)
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AAO=GQ 128 (IG) *GAIN
AAO=AA0 << NNGQ 128 (IG)

| AAO has NNGQ 128 (IG) leading zeros

| left shift NNGQ 128(IG) bits to

| normalize AAO

TMP=RND (AAQ) | round to upper 16 bits and assign to TMP

NLSAAO0=13+NLSGAIN | Q format of the product GQ 128 (IG) *GAIN

NLSTMP=NLSAAO+NNGQ 128 (IG)-16 | Q format of TMP, because AAO0 left shift
| by NNGQ 128(IG) bits then round and take
| upper 16 bits
|

NN=(IS-1) *IDIM normalize selected shape

Call VSCALE (Y (NN+1), IDIM, IDIM, 14, TEMP, NLS) | codevector to 16 bits;
| put in TEMP
For K=1,2,...,IDIM, do the next 2 lines

AAO=TMP*TEMP (K)
ET (K) =RND (AAO)

TMP and TEMP both normalized to 16 bits,

| so the product has 1 leading zero.
| Directly rounding to high work gives us
| a 15-bit ET array.

NLSET=NLSTMP+11+NLS—-16 calculate the NLS for ET.
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ITMP=integer part of (ICHAN/NG 128)

IG=ICHAN-ITMP*NG 128+1

ITMP=ITMP+NCWD/2

NN=ITMP*IDIM

For K=1,2,...,IDIM, do the next line
YN(K)=GQ_128(IG)*Y(NN+K)

AL e 21 5, e WL B s ttall S S Beglie 3y (31 5,08 Gty
o) ol Aol a5l el s 5 5

o Ol Oliws GQ 1285 Y o ISy Loty daé (331529 ) et Ll Aol 2l 5 As) ke lan Led
o5 B (6 e a8l 332 =T ey NLSGAIN ety GAIN ae 0255 . Vs e Q135 Q11 W «Q Sl
L sles NNGQ_ 128(1) S5 .40V ;531» 160 Sl 4} o 95 13 2 320 Uidy GQ_128(IG)*GAIN 5l dulis
351 =1c>3=NNGQ 128(I) 13l «(Q13 GQ 128(I) duwglel s My jLucdl 1) 5 o sl ol 1 I sue + 1) )
tk LS aa A als” S WLy 452 = T & 2 = NNGQ_128(1) 5

IS=ICHAN >> 2

IG=ICHAN-IS*NG 128+1

IS1=NCWD

IS1=IS1 > 1

IS=IS+IS1+1

AAO=GQ 128 (IG)*GAIN | AAO has NNGQ 128 (IG) leading zeros
AAO=AA0 << NNGQ 128(IG) | left shift NNGQ 128(IG) bits to
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normalize AAQ0
TMP=RND (AAQ) round to upper 16 bits and assign to
TMP

Q format of the product GQ 128 (IG) *GAIN
Q format of TMP, because AAQ0 left

shift by NNGQ 128 (IG) bits then round
and take upper 16 bits

NN=(IS—-1) *IDIM normalize selected

Call VSCALE (Y (NN+1), IDIM, IDIM, 14 ,TEMP, NLS) | shape codevector to

| 16 bits;

| put in TEMP

NLSAAO0=13+NLSGAIN
NLSTMP=NLSAAO+NNGQ 128 (IG)-16

For K=1,2,...,IDIM, do the next 2 lines
AAO=TMP*TEMP (K) TMP and TEMP both normalized to 16 bits,

|
ET (K) =RND (AAO0) | so the product has 1 leading zero.

| Directly rounding to high work gives us
| a 15-bit ET array.
|

NLSET=NLSTMP+11+NLS-16 calculate the NLS for ET.

dB 32- L on )8 A S roredl Sodaas dug g a2 3413 — 97596 OUMYI 4.13.H

sda cJasy 1975 96 (il o) g A e Alolll dnldly dlolll wadlll o asdl slal e 4 ad e (3 s,
oy 3 ol 974 96 (ko NIEAPRH] J= < ol ==y L /ax ST 12,8 Jaas Gl Al g i e o) a2
.G.728/16.3.G 4l & Lb

fsh ST s Aol aadbl) e 4y

GSTATE (1) = LOGGAIN + GCBLG 128(IG) + SHAPELG(IS)
If GSTATE(l) < -32.0, set GSTATE(1) = -32.0

th LS o aloldl) aldl 6 andl 4

ARA0=LOGGAIN << 7 | Align decimal points at the
AAO=AA0 + (GCBLG 128 (IG) << 5) | boundary between the high and
AAO0=AAO0 + (SHAPELG(IS) << 5) | low words of the accumulator.
AAO=AA0 >> 7 | Right shift back to Q9 format
If AAO < -16384, set AA0=-16384 | Check lower limit

GSTATE (1) =AA0 | Lower 16 bit word saved
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3,124898— 1,051648— 3,124898 1,051648 G2 128
2,441247 0,276491 2,441247 0,276491 GSQ 128
3,8761170 5,5831919— 3,8761170 5,5831919- | GCBLG 128
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J=(K—1) *8+K1

J1=(J-1) *IDIM

COR=0.

For K2=1,2,...,IDIM, do the next line

COR=COR+PN (K2) *Y (J1+K2) | compute inner product [y

If COR > 0, then do the next 3 lines

IDXG=N1
If COR < GB_96(1)*Y2(J), do the next line
IDXG=1 | Best positive gain found
If COR £ 0, then do the next 3 lines
IDXG=NG 96

If COR > GB_96(3)*Y2(J), do the next line
IDXG=3 | Best negative gain found

(99/05) H 3lI/ITU-T G.728 i 53!

Initialize DISTM to the largest number representable in the hardware
N1=NG_96/2
For K=1,2,3,4, do the following

For K1=97,98,99,100, do the following



=—G2_ 96 (IDXG) *COR+GSQ_ 96 (IDXG) *Y2 (J) | Compute distortion D
If D < DISTM, do the next 3 lines

DISTM=D | Save the lowest distortion
IG=IDXG | and the best codebook
1s=J | indices so far

Repeat the above indented section for the next K1.
Repeat the above indented section for the next K.

IS1=IS— (NCWD/2+NCWD/4)

IS2= integer part of (IS1/8)
I1S2=IS2*4

IS3=IS1-IS2%*2

IS1=IS2+IS3

ICHAN=(IS1-1) *NG_96+(IG-1) | Concatenate shape and
| gain codebook indices.
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DISTM=2147483647
For K=1,2,3,4, do the following
For K1=97,98,99,100, do the following
J=(K—1) *8+K1
J1=(J-1) *IDIM

AA0=0
For K2=1,2,...,IDIM, do the next 2 lines
P=PN (K2) *Y (J14+K2) | compute inner product [v
AAO=AAQ+P | NLS for AAQ is 7+11=18
If AAO < 0, set AAO=AAO | take absolute value
IDXG=1
P=GB 96 (1) *Y2(J) | NLS for P is 13+5=18

If AAQO =2 P, set IDXG=IDXG+1l

ARO=AA0 >> 14 | NLS for AR0=4

If AAO > 32767, set AA0=32767 | clip AAO; AAQ in saturation mode
AA1=GSQ 96 (IDXG) *Y2 (J) | NLSGSQ 96=11, NLSY2=5, so NLSAAl=16
P=G2_96 (IDXG) *AA0 | NLSG2 96=12, NLSAAO=4, so NLSP=16

AA1=AA1-P

If AAl1 < DISTM, do the next 3 lines
DISTM=AAl | double precision DISTM
IG=IDXG
IS=J

Repeat the above indented section for the next K1.
Repeat the above indented section for the next K.

AA0=0 | Now find the sign bit

J1=(IS-1)*IDIM

For K=1,2,..., IDIM, do the next 2 lines
P=PN (K) *Y (J1+K) | compute inner product
AAO=AAQ0+P

If AAO £ 0, set IG=IGH2

IS2=NCWD

IS1=IS2 >> 1
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IS2=IS2 >> 2
IS1=IS—-(IS1+IS2)

IS2=IS1 >> 3

IS2=TIS2 < 2

IS3=IS2 <1

IS3=IS1-IS3

IS1=IS2+IS3
ICHAN=(IS1-1)*NG 96+ (IG-1)

s an Y1 pled) ool 5, 580 5 and (3 Llanzal

AAO=AAO >> 14 | NLS for AR0=4
If AAO > 32767, set AA0=32767 | clip AAO
AA1=GSQ 96 (IDXG) *Y2 (J) | NLSGSQ 96=11, NLSY2=5, so NLSAAl=16
P=G2_96 (IDXG) *AAQ | NLSG2 96=12, NLSAAO=4, so NLSP=16

B s e Jsmamdd AU 5 a2l el sde Jlizal SOds" dib y Lo ) DSP Akl cBG, ¢ Sh

a2l

AMO=AA0 << 2 | NLS for AR0=20
AAO=CLIP (AAO) | AA0 is in saturation mode
AAO=AA0 >> 16 | take high word; NLS for AA0=4
AA1=GSQ 96 (IDXG) *Y2 (J) | NLSGSQ 96=11, NLSY2=5, so NLSAAl=16
P=G2_96 (IDXG) *AAQ | NLSG2_ 96=12, NLSAAO=4, so NLSP=16

ides duis dis ol 5 oas 0L AAOJCLMJ\ pny el o gl 1) sl o shols (CLIP) Codd) ik y nid
ods 3 AAO uﬁj uxpy\ ufJ&\JW\@MJs dw ;wuwaAOA.w;.@ JMMU;L@@ <<2

-Armf)‘°jhd‘4r"g?bﬁig‘th
oS gl Bl 9 — 21 8yl 5 3 51 (VQ) Slgomas dneS piloed G A g — 198,41 2.14.H

OLls qJJ&j 21319 QGJJAU A}M 4";39 ahabﬂ\aauﬂj Lol aallall QJJAJJ\L@MS c;jﬂ\.qu\ib 3 op
S «w o qu 19 o)w\ JELPWA mw\ w* w\ s Lm}) .G.728/12.5 x.,J\ 3 L
19 5,0 5 ad i) alold) aadlall sl Vol 3 55 .5,6Y1 (VQ) wlgms

NN=(IS—1) *IDIM

For K=1,2,..., IDIM, do the next line
YN(K)ZGQ_96(IG)*Y(NN+K)

oS iglie 30 g 21 3,0l 5 ,as anid Alola)) aall)) dreal) obsl 5 5
For K=1,2,..., IDIM, do the next line
ET (K) =GAIN*YN (K)
19 du)J\.LU 4.1..9\.0.“ L..S\ u\.:J,a‘.M.”J.ioM il MU\ OI‘L\.MJ‘MJ.;) ol ol aloll) MU\ M\LAJJJ)
.G.728/10.3.G L) & o) ) koI 21
Ol Oliws GQ 965 Y oy Sy oty a3 215 19 o il madt Ll caloold) 2l 5,200 iy Glan L

o S 23 332 ol ey NLSGAIN ek GAIN 4 0 25y . U5l Je QI35 Q11 W* «Q Sl e
Sy W SV 160 ol Q) epw U3 A 320 Wy GQ 96(IG*GAIN ) awlis o5 (a3
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3 = NNGQ 96(T) 53} «(Q13 GQ_96(T) dmtlil an DU 5 el 1) 35 4 511 o o 1 3 + 1y J L slws NNGQ_96(T)
tk LS 8 and A als” (Sa(dWby 452 = T &> 2 = NNGQ 96(I)5 351 = T

AAO=GQ_ 96 (IG) *GAIN
AAO=AA0 << NNGQ_ 96 (IG)

AAO0 has NNGQ 96 (IG) leading zeros
left shift NNGQ 96 (IG) bits to normalize

AAQ
TMP=RND (AAQ) round to upper 16 bits and assign to TMP

NLSTMP=NLSAAO+NNGQ_ 96 (IG)-16 Q format of TMP, because AA0 left shift
by NNGQ 96 (IG) bits then round and take
16 upper bits
NN=(IS-1)*IDIM normalize selected shape
Call VSCALE(Y(NN+1), IDIM, IDIM, 14, TEMP, NLS) | codevector to 16 bits; put
| in TEMP

|
|
|
|
NLSAAO0=13+NLSGAIN | Q format of the product GQ 96 (IG) *GAIN
|
|
|
|

For K=1,2,..., IDIM, do the next 2 lines
AAQO=TMP*TEMP (K) | TMP and TEMP both normalized to 16 bits,
ET (K) =RND (AAO0) | so the product has 1 leading zero.
| Directly rounding to high work gives us
| a 15-bit ET array.
|

NLSET=NLSTMP+11+NLS—-16 calculate the NLS for ET.

By — 31 8yudlly pdsal) Sl 5 0Y1 (VQ) Slgrmss S diond r A1 Jgud! — 29 8,08l 3.1.4H
) USds oS Lglie

DBl sy 31529 ol et o dlolill Ay Aol aillll ou An)) s e d ) 1s 3 5
L 3 W o s B 29 ALY 5l 2 SE OF sy B5U[an kST 9,6 Juas ot Wl g 3dn L0 )
(VQ) wlgmas 1S Wi o I J gkl 29 5,041 5 40 «sd alold) i)l dall L Ldy .G728/145

il Sl 5Ly

o Sl 4y (18) S8l o U Jsad) e gh s e (1G) S ro 1 3ade) 8 Y1 3 p0dl) s alsns
il 219 19 il lan Lad Ll aed g Bhanll 0 a5 Lo Wl L0l 6 5 andznd o d)) ol gl o g
ITMP=integer part of (ICHAN/NG 96)
IG=ICHAN-ITMP*NG_ 96+1
ITMPl=integer part of (ITMP/4)
ITMP2=ITMP-ITMP1*4
ITMP1=ITMP1*8
ITMP=ITMP1+ITMP2
ITMP=ITMP+ (NCWD/2+NCWD/4 )
NN=ITMP*IDIM

For K=1,2,...,IDIM, do the next line
YN (K)=GQ_96 (IG) *Y (NN+K)

AL e 21 8l et LU ey il S S Blie sy (31 5,0 3k

ool O ALl Al dall Ls 5 3,

St Ol GQ 963 Y oo Sy ity Laf (3315 29 o i) aed W caloldl 2l 5 n)l aty Gl Wby
G Sien ol 332 T ey NLSGAIN ek GAIN aed O 25y . 150 e Q135 Q11 L2 (Q Sl e
Sy Y S ‘\J) 160 el Ul espn J3 % 320 Wy GQ 96IG)*GAIN ) awlis o5 (i
3 = NNGQ 96(I) 13} «(Q13 GQ 96(I) dumglal &s DUl g Ll 1) 85 g sl ol 1 5l sue + 1) ) | sles NNGQ_96(1)
tob LS5 am) s 1l S Wy 452 = T & 2 = NNGQ_96(I)5 351 = I &
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IS=ICHAN >> 2
IG=ICHAN-IS*NG 96+1
IS1=IS >> 2
IS2=IS-IS1*4
IS1=IS1 << 3
IS=IS1+IS2

IS2=NCWD

IS1=IS2 >> 1
IS2=IS2 >> 2
IS=IS+IS1+IS2+1
AAO=GQ 96 (IG) *GAIN
AAO=AA0 << NNGQ_ 96 (IG)

TMP=RND (AAO0)
NLSAAO=13+NLSGAIN
NLSTMP=NLSAAO+NNGQ 96 (IG)-16

NN=(IS-1)*IDIM

Call VSCALE (Y (NN+1), IDIM, IDIM,

14

AAQ has NNGQ 96 (IG) leading zeros
left shift NNGQ 96 (IG) bits to normalize
AAO
round to upper 16 bits and assign to TMP
Q format of the product GQ 96 (IG) *GAIN
Q format of TMP, because AAO0 left shift
by NNGQ 96 (IG) bits then round and take
upper 16 bits
normalize selected shape
,TEMP, NLS) | codevector to 16 bits;

| put in TEMP

For K=1,2,...,IDIM, do the next 2 lines

AAO=TMP*TEMP (K)
ET (K)=RND (AAO0)

NLSET=NLSTMP+11+NLS-16

TMP and TEMP both normalized to 16 bits,
so the product has 1 leading zero.
Directly rounding to high work gives us
a 15-bit ET array.

calculate the NLS for ET.

dB 32- & o yle gl S roredl Sodaas dug g a2 3413 — 97596 OUMYI 4.1.4H

ol :,_S.J&j .97) 96 Jy“)Jx.LU ;\j..u J LsL:« Lol Z.:.g\.':j\j Lol Z\M\ C.)\J.é.‘.iJ\ o\.?.&i L&‘GJ‘M .,\.;.:.S\ fda L} Sp
oy 3, ol 97596 koY) gyl 2 2 0T ay aUfan DS 9,6 Jdas udadl Al g 3 e o) il

GSTATE (1)

If GSTATE(1l) < -32.0,

AAO0=LOGGAIN << 7

AAO0=AAO0 + (GCBLG 96 (IG) << 5)
AAO0=AAO0 + (SHAPELG(IS) << 5)
AAQ0=AA0 >> 7

If AAO < -16384, set AAO=-16384

GSTATE (1) =AA0

= LOGGAIN + GCBLG 96 (IG)
set GSTATE (1) =

.G.728/16.3.G Al 3 Lo
tk LS s aloll aallall ol asd olal

+ SHAPELG(IS)
-32.0

FP VR TWE - T CH A A WA

Align decimal points at the
boundary between the high and
low words of the accumulator.
Right shift back to Q9 format
Check lower limit

Lower 16 bit word saved

LAY O S Busud) J gld

Bal) ) Yol a3y iU E LS0.6 Jhak el a2 L S o gk 8 o) ) Vs

11
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@3Sl B A1 gl ket Cilinal) o) Akl o )1 — G.728/4.H J 9!

4 3 2 1 bl g ,gd
1,937714— 0,564657— 1,937714 0,564657 | GQ 96

* 1,007492— * 1,007492 | GB_96
3,875428— 1,129314— 3,875428 1,129314 | G2 96
3,754736 0,318838 3,754736 0,318838 | GSQ 96
5,7457935 4,9643057— |  5,7457935 4,9643057— | GCBLG 96

SH bl sl alold 2 ) Gy s 5

5SS B A1 gl ihed) Ciidal) Aol Bl o)) — G.728/5.H J g

4 3 2 1 odall o ygd
15 874— 4 626— 15 874 4626 GQ 96(Q13)
* 8253— * 8253 GB_96(Q13)
15 874— 4 626— 15 874 4626 G2 96(Q12)
7 690 653 7690 653 GSQ 96(Q11)
2 3 2 3 NNGQ_96(Q0)
11767 10 167— 11767 10 167— GCBLG 96(Q11)

3.4.H

i) dodas Jodas

3 55, (8 Hask) NG aedall ool o aedall sds clus s NG 96 2y bl adall o ) wdl s ey
HH Jaad) Bl ity kS 9,6 Juask ekl Ul 345 LS G728 s 5l

LD-CELP i) Gwluw¥) Sldall — G.728/6.H J 53!

o gl Lol

!
NG 96
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