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Abstract

The telecommunication is of necessary nowsaday where electronic devices are applicated
various. One device that popular is Modem. And now we will refer to V.34 modem that update to
33.6 kb/s and description of TMS 320C50 DSP to design V.34 modem on DSP chip.

Recommendation of this project describes practice, calculate of V.34 modem and describe
spec of TMS 320C50 DSP. Operations of V.34 modem are separated in various sections. A result of
time in operate this project that won’t do then we clarified convolution encode, differential encode
section and viterbi decode section. These are important sections of V.34 modem already. The

results and studies achieved are of beneficial background in future implementing a V.34 modem

uses DSP chip.
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Tuvaa 1fu1un1sﬁﬂ¢iamau1?'uﬁ'mfu initial startup 11 bandwidth 118 bit rate e U150
T udomuld (U V.serie 81 )

2 o 4 PRy a 1 o o
FINAYOIMINBOAUUY V.34 modem umsAnuinlunisfivefiade SUF bit rate

1 4
w

4 I «
99 9 (szana 28.8 kbis) e Taondnnisvia luves v.34 Sdail
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1.10.1 Adaptive Bandwidth
.4 { A { 1 ; Q ) =

V.34 imsyfuiddou Bit rate 16 44 Bit Rate ftaoulihium Syse dninmlums
dadioy aﬁﬂwqﬂhmsmﬂan‘u modem 81 9 $amsiintsuunidou Bit Rate 187 1T
1oy Band width fiafiqafiense swdnso’ld

<4 1Y, . R 4 ¢ ¢

%4 V.34 9219 Quadratore amplitude modulation (QAM) #10381)52n0 2 8a8Us2nBY
VY99 2-dimensional symbol fo Amphtude-modulate 1Y in-phase {Q¢ quadrature sinusoidal carrier
“Vl common carrier frequahcy °1N Nominal Nyquist bandwidth 93 mmmJ symbol rate LLAZ LA

band ‘V! carrier frequency

‘lumﬂsgm modem iuﬁauvﬁu V.32 bis %zf{ nominal band width (symbol rate) ﬂﬂﬁt’)g‘iﬁ
2400 Hz Tﬂuﬁﬁmaﬁum frequency carrier if11 1800 Hz Y 1 TKav0q mominal transmittion
band 1 600-3000 Hz uAly V.34 11 Band width (182 carrier frequency v ansodiudenld
1nuAgeqAYeY Band width Tif16ie 3429 Hz

H10E19% T rate 8 b/s/Hz (8 bits per QAM symbol) symbol rate 3A11 2400 Hz (1A bit
rate {01 19,200 b/s TwvaiziTunsela symbol rate 7 3429 Hz v 18R bit rate 27.429 bs 34
Tun15A e bit rate '?im 9 M3 1% Band width ﬂ“é’faqﬁﬂs:ﬁﬂﬁmwmﬂmﬂﬂﬁ'ﬁu

11 6 symbol rate (Faiil spec Tu v.34) fidina qmu 2400, 2743, 2800, 3000, 3200,
tag 3429 Hz 7140w uagdn 3 symbol rate 7 1413y f1® 2400, 3000 1AL 3200

14 symbol rate uag carrier frequency uuxﬂuqmsumuiuﬂﬁﬁﬂda e ludada
(Transzmtter) 9279 “line probing” sequence #1327 117 14F tone wm‘h’ﬂﬂmmamm band A4
uu SNR sz 115030 18 1ag function 'ummnm °IN symbol rate LIQY carrier frequency vituea
Ml ldmiiangafivsimsaasesuidly symbol rate iwenTufURa 2 Fhe '

1.10.2 Adaptive Bit rate ’

V.34 11150 support bit rate 7 2.4 kb/s 59 28.8 kb/s UATDI9GIDT 33.6 kb/s (Juns
Naruae 1) bit rate ﬁh’f’amﬁ'uan"hiﬁ‘]umuﬁmmﬂ?ﬂunﬁ'm bit/symbol (A20819%U  33.6
kb/s symbol rate fifi1 3429 G992 18 8.4 blsymbol) Feezdealdinaiialunis mapping w“lmu
“Super frame” Faito oz 1AMz AUY84 bit rate (agsymbol rate

bit rate 9zgmiAen Tao inS05y Faseana |Rifus QYA bit rate Feensa

support 11 law bit error prob"ability 1wy 10° - 10°
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i Symbol Rate, § a :
2400 1 1
2743 8 7
2800 7 6
3000 5 4
3200 4 3
‘ 3429 10 7

miN‘?} 1.1 Symbol rate

1.10.3 Trellis Coding

wilalundnmsiizu15indus v.32 9.6 kbis modem standard (1984) 319 Treltis
Code Modulation (TCM) Faluvazriu TCM Wumdnmsiilusioguoz 1819%8nms  Simple
eight-state two-Dimentional (2 - D) trellis code c&B\%Code ﬁﬂzﬁﬂﬁ"lﬁ' effective coding gain
Uszanat 3.6 dB LA Trellis Code ﬁ‘la’ﬁu V.34 (Fuiuy four-dimentional (4-D) code "éﬁd 4-D code
224} constellation expansion AANNT1 F39TI1 Gain code HALN 9 Uszua 4.2 dB w30 Anh
V3204 0.6 dB Salums decode 11z 1dManmsiiioatu Fardng 9] Y891 encode TUITOY
TAsnswazidoalu v.34

1.10.3.1 Equalization a codi

14 modem ﬁﬁﬂ'nm%"zquu V.32 bis w14 adaptive Linear equalizen T reciever “71
combat ISI ﬁ modem ‘Bﬁﬂéﬁﬁﬂ‘li 4 band width ﬂzﬁvmmmﬁ' “sweet spot” UBY 2400 Hz N30
ﬁﬂﬂﬂ’i‘ﬁdlﬂﬂé qﬁi’ﬁu’luﬁ'm channel attenuation will not be too severe

ey vasa dudluitesdesld  bandwiden AfldszAninmanndian Seiuiiudoems

ﬂ’Jméﬁ%ﬁJ bandedge «‘f?wxﬁm attenuation 10-20 dB ﬁ'ﬂfuédﬁﬂ’li fﬁ’t‘l Decision-Feedback
equalizer (DFE) ot lsfinmuudsliamisafies combine code 426 DFE I Faduiuilymlu
n13thd9u Feed back 84 DFE flozunlu transmitter SaseunlgnfinduTay Tomlinson wias

. & ' N .
Harathima %5071 “equalization via precoding”

4 Transmitte
nansdefeyaluszniuniely vi4 TRuaad¥lugit 3105w s1wasiden

3/ . i . : 1 [ a 1
HAZYDYQYD bit rate (1AL symbol rate (28.8 kb/s N 3200 Hz) uazm?mﬁmzﬁ'mmmu'Ju'uma
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QAM symbol §1M1ABN shaping 1187 QAM Constellation 3zveeiilu 75 wofidu Feezifani
Constellation fidpamstirlsesiumsdaunn it uazeeldifios 5o wodishiluseni
M5 I trellis coding U0z 25 Wefidu 71 shaping 71 9 b/symbol Fa061a 13 dyanu
896 point signal constelllation 1ABINTINANT 512 point Constellation ﬁﬁ'mms Aums ladh
U

dwiulunsdives shell mapping 929110151114 signal constellution voMTLFYRIRT
{ludnyaizaanay (Concentric ring) Tattnaz13ssil 64 point uazutadiu 14 viafinh q fiu
Tumsidhser 9i1n155905 90 wser bits 131u nsouiifiunna 72 S0 Aifiuntt 8 symbol periods.
Ui 28 user bits 2219 Ta shell mapper Frazvmnidon 1 T 14 4 (ring) vosUARY 8
QAM symbols 1UNTBUYDA user bits. 1ABNGUYBIN (rings) vzgAiADARIY 16-dimensional signal
uazviufiufenay 16-D region. 1oz ludnfimie 44 user bits gL 4 coded Tay trellis
encoder LazvInuez 1arlumsiden 1 Tu 64 9 dyans um) lumsidionuaaz (ring) lu
user bits UNAIUiElY diffemtially encoded finldiniloszuy finsvinuedeadiavely
precode (10% trellis encoder &uﬂzgm‘?am\'a‘luﬁnymzuuu feedback Faieraslugid 2 Tae
ﬂi:llﬁlﬂ‘lﬁﬂﬂﬂm trellis encoder 9EAMUAIYAVDY 4-D signal point pairs ’J"I‘E]’l‘D%&’QﬂlﬁﬂﬂTﬂu
precoder Tauf precoder szfludadon 1 14 4-D pair 1A% encoder ﬁmﬁdﬂﬁ'ﬁaﬂﬂé’mﬁuﬁxfu

ar : <2 ° 1
q fariu Sadumstimuaves state de

Y =

Tunrssans szunleszoemedidesiiqa (“dither”) Tau dn) = x@-u@) Tdesms
Whufagnsaufudyann um) Tas precode szduiiadyananisds xm) 100 dither sequonce 9
enifonndsninmsdedhusiedaygin Faiufifdnludoves tinear distortion Hazie 1NN
sequence ILVIAY valid trellis code sequence mﬂﬁuﬁ'numﬁmmmu (noise) lag ldﬂd%‘]ﬂ
AUWT0YNBATVA ALNIATITIU trellis decoder ﬂ'm?{uﬁﬁamsdﬁﬁ’auﬁqwm précoder 93
5200gAw uazuilei iput data aIvAEgAITAIEBNINIIAAITRBAsHadoyalunsoeiy Tae
N7 feed-back free ﬁ'ﬁlfu erTor propagation ‘U&'gﬂ‘ﬁ‘lﬁﬂ

NAINIMS precoding udn sequence x(n) ﬂSQﬂ‘lﬁuﬂi\mf’ﬂ\lTﬂU a nonlinear encoder
x(n) 92N filter 1AY pulse-shaping fitter. céﬁqifue;jf'funmﬁan Taainoedu n?ammﬂummswm
square-root-of Nyquist filter il no spectral shaping N30 filter ’AN ifuagjr"i’n ﬁre-emphasis a1 1y
5 spectral shapes ﬁﬁmu‘lu‘v.m oy liJTVTYjYI'U‘EJ»I pulse-shaping filter 9¢QN modulate ﬁmmﬁ'

o &

WIMeNgnaen uazszaumasvesnisaanaio Insdwn
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0 RT-UP AND OPERAT EDUPI

° ° - <
MUANIUZT YD V.34 dulex startup Usznoudas 4 e 3UA 1.7 uans 84 seguence

75+5ms
""""" b
modem _ ChCl... oM, M, |- INFog,

Answer
Answer '— ANSam IM, M, ... INFO,,
_,l k_ _,' k__ T1400750-94/d15
> 200ms 75+5ms

gllﬁ 1.7 Network interaction with a CM/JM exchange
v - . 4 1 4 b
S.1a¥ 1 The network interaction e Failusugiu Tumsuugziiwes v 8 Tag
azﬁi’aqﬂszmﬁ Wy disable network echo suppressors Iag concellers INBIASHLAMIY 18R
/a o A ' : & o o
mestines TUMTANIENIN modem fax video text 110 text telephone omToumsyiuly
uh v “automoding” uazautywﬂﬁ’ network circuit multiplication equipment (CME) 1811197y

l'ﬂu demodulation/remodulation (demod/remod)

75+5ms 10ms <670ms ‘l‘g}‘%
- > [ele— > o )
Cal ., CM 'CJHINFOOC' B IE]“{ 8 [8[u] o IINFO“:I—“
40:1ms 40:1ms

s0sims |10 e

e T W] K o] @ A A o

-ﬂk——»lk—-»fkﬂ*lk—k—»l > fe

50 ms < 67 -
75+ 5ms 250ms msms Oms 70t 5ms

T1400760-94/d16

U# 1.8 Probing/Ranging
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11052 aft 2 the ranging LAY probing phase FUSIUFINUTLABUYEY initial
information exchange (INFO.) , ranging 1182 probing sequence 8% mmamﬂﬁuu%gm}nmi
Adedt 2 (INFO,) ﬂmﬂﬁ'uu%gaﬂinms 9219 600 bit/s Frequency-division multiplexed (FDM)
differential phase shift keying (DPSK) modulation 'ﬁﬂ’ﬂllalwmz 1200Hz tiae 2400 Hz

INFO. vzgnldlumsdeninuguetnams 9y symbol rates ﬁqnsm%”‘u regulatory
bandwidth restrictions uazmsaqtquamﬂumsa’qua:%"‘u U84 symbol rates.

Ranging 3¢ 19iMafindulusenie Inunisdafisimun te round-trip delay ¥94A15150%
AB YDITZUL echo canceller taps Y94 11ifw

Probing ﬂzgﬂi%’xﬁaﬁmuﬂ dnYUTIRMIEAYeweIdya I 11 probing signal vz
Usznovday mm'umTwuﬁﬁ‘ﬁwuauwﬁgﬂﬁmﬁu 150 Hz 14 3750 Hz ‘luﬁflumgmﬁymngﬂ‘z’ﬁu
MIIATIUIUYDY Amplitude distortion across the band the SNR across the band uazmu{?i
poWiadmSunsialdvesdannn Inufifinnud 900, 1200, 1800 uaz 2400 Lz wgndwlu
A5 IAYBITTAVYDY intermodulation distortion . a1 probing usngmfn"’i 6 dB 110N
nominal power level uazﬁ nominal power level 3¥dYQIANTS IAUBY nonlinearity ﬁ"’qnuﬂ

INFO gnl#lumsdenavesnisauea probing Tuirl5uueq projected maximum bit rate

A o = 1 o o P 9
1AL [aonN symbol rate, ANUONINEG pre-emphasis filter uaz'xmuamwaﬂﬂ’law1quﬂ1ﬂﬂa

Taidiy
[T
<50ms 16T 16T s 51T
. PR TS P PN |
Cal jlj|§| MDI s]§| PP' TRN ] g J'ITRN
> |e
128T 1287
128T 16T 16T
> | e o | - 1287
Answer |NF0H[§|MD| s|§| PP | TRN e } s [5| ®N
» e e e
70:5ms 1267 s 5127 : <500ms 16T
|
o7
T1400790-94/d19

Eﬂﬁ 1.9 Equalizer and Echo Conceller Training

039143
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. 4
1.10.53 W& 3 The equalizer (0% echo-canceller half-duplex training phase, %39
Usznoudaoyausnuesdoygnadids Tay answer modem ag Call modem sy luudazsn
b4

swwisznoudin manufactorer-defined echo canceller training signal, periodic sequence qU 9

dmsy equalizer training sequence U994 scramble luutd 1s msumsdSuaziBeaves equalizer

14 b4
1182, echo canceller 11A¥N13 scrambled sequnce 16-bit F19ANT

Start of
Superframe
_| 106 Enable
I Unclamp 104
107 109
1Data
> 512T Frame ‘
Call J &) RN |MP{MP{MPIMP{E| B1 Data
modem
1287
Answer = A
modem S |S{ TRN |[MP|IMP|MP'IMP|E| B1 Data
16T 2 512T 1 Data
! Frame
107 | 109
IUnclamp104
106 Enable
Start of
Superframe T1400800-94/d20 4

U 1.10 Final Training

1 . . < o .
1.10.5.4 1lai 4 1ﬂu final duplex training phase, #lszneudan sequence UDY scramble
. P 3 a & o n’: v
binary 1s wazmsuan/asuneqadu wisniines FuzdendnyuznIsuegaty  ludau

b d
. Yy o . .
sequence Y03 scramble binary 1s vz ldvia 4 nie 16-point QAM constellation uazgni%"lu train

precoder coefficient lazN15UiVazibuAvDY equalizer 11Q% echo canceller
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UNN 2 TMS320C50

TMS320C5X 11y CPU Tuqua Digital Signal Processors (DSPs) IﬂUﬂi:fJ"d ™

v . 14 0

32005X TdlSulgedunin ‘c1x’ uaz ‘cax’ Tavamauiialaseadeiuginuss CPU CsX
Tezadeiy cPU u c25 udldTimsiiuaniilaunssu enhancements o5 uiiumaly

a o ° dy a o dv '
ﬂizﬁ’ﬂ‘ﬁﬂ'lWﬂ'lin'NTu‘Uﬂﬂ CPU C5X umnmmxswuﬁ‘]uﬂs:mm 21Mm

Data bus
4 A AL
A\ 4 A 4 A 4
Memory
Programr Data/Program
ROM SARAM ) Peripherals
f 'Cs0 2K 'C50 9K 6
'C51 8K 'C51 1K <> Serial port 1 >
'C52 4K 'c52  — Data DARAM f
'C53 16K 'C53 3K Data/Program .
'LCS6 32K 'LC56 6K DARAM 6
' 'C57S 2K 'C57S 6K SEDA A Serial port 2 A
LC57 32K 'LC57 6K BO(512X16) || B1 (512 X 16) =
% £ TOM N
i i I\ l serial port !
I Program bus Y A 7 Y > 6
— - - : - 1 L PN Buffered —
i 1 ) serial port
i
i ' !
o i Timer e
i Program £
{ controller
1
3
Proaram Memory- P4 I_-lost_pon i
‘;LMemory controi . cofnt o mapped Y Y interface
13
! Multi . registers CALU >
g—processing Status/control Parallel . » 7
_ Interrupts R registers logic "> Test/emutation e
— >  Multiplier unit
Initialization - Hardware stack | ® Accumulator | | (PLU) T
> uxilia 3
_ Oscillator/timer E re;ilste?’ P | © ACC Buffer %
% 1~ Address generation | - | | @ Shifters -
logic mhmetlic | | o Arithmetic
unit logic unit (ALU) R
Instruction register (ARAU) .
CPU
3 A A
Dcta bus Y 14
1
[

A15199 2.1 The’ C5X gonceralion of static CMOS DSPs conists of the following devics
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T Tdaszga senovludae cso, €51, €52, €53, €535, €6, €57 wag €575 Tavin
y
msldinalulad cMos uazaarilasassuiugmnuuiu c25 swiidianudalumsiam

¢§ ‘ ° o'/ I a <1
qaun Faszana 50 Mudidaneduni (50 MIP’S)

-

2.1 aaauiinlagnalives TMS 320C50

aad e [ . a ::, [
2.1.1 ARUUWNATIAR (Compatibilily) ¥oa 1A (Source code) IzABUIUWNTIT AN

JU C1X, C2X, C2XX
2.1.2 721132 (Speed) 20 19anusarlumsyhauusaziidafio 20 oS uaze
vy
deaz 191Ai0e 1 Cycle iy

2.1.3 128N

2.1.3.1 244 k-word x 16-bit mascimem addressable external menory space
2.1.3.2 1056-word x 16 bit dual-accen on-chip data RAM

2.1.3.3 9k-word x 16-bit single-accen on-chip program / 2ate RAM
2.1.3.4 2k-word x 16-bit single-accen on-chip boot ROM

2.2 Inssasalaesialylues T™M $320C50 DSP

& 4 0 :

aoilaenssuves T 320050 afredunuieanuiEalumsiinuues Taseatred

o yy = a J 4'! 9y o s 14” ! o 24 Y o
o lddedianmmnnsefiqeiu uazieldmsvnuvestalifusesy Fauen Ta @ 5
a vesldsunsuinziinvesdoyasensiiu Tanfaveslusunsuszdlumadhoonsiamdauias
Oper and Y9314 dawavesdoynvzigouds Taonsaaasmsiiaunisyssulana iy CALU
(Central Arithmetic Logic Unit) 1ta% Register uifu File Yoyatos ARO-AR7 uasdall ARAU
(Auniliary Register Arithmetic Unit)

4

2.3 wiwlszanananals (CPU)

CPU ¥84 TM S$320C50 DSP 221senaudie

- MigUszuananadiamanas lazaedn (CALU)
- MUganInYuIU (PLU)

- Auxiliary register arithmetic unit (ARAU)

- Memory-mapped registers

- vy Tdsunsy
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Senal Port 1

-~ Sonware
om0 PROGRAM 8US wan-s1ates
i — PowsR

IS+
iy 3 ; 16 IOWSR
Pl e—oa 35 v
H cwisAars)
wd i L =]
STRE e ¢ — cLxouT!
ASADY-——1 3 [ xacuaN
BAee— = - cuxng \AEG
"C‘E‘;-——H * AMAR
5
AODA +—— T0
X0 +—p 3T
i = PMST
=3 f—w W . i
jreerd —e— RN v L v 2pTC
Lo 44 Adaress Stacx ”'_'"-
72'7.'14»—.’4—1 T FA
GREG
3ACA
gt TREG1S)
| —— !
$15-20 z | TPEGN
A15=4 Z
Instruction ;
H +
AT — ' ‘ i
l okl ! >ROGARAM BUS
g |
o] f=} H
500 £ } I
, l l DATA 8US
4 ! .i l 1 k)1
! v LA B! &
> , :
[ ARG i
= ] o !
H STOlAAP! | AR T0 (0P i % :
! AR2 e
| | | T (=
. A0 . H AR3 Ty i , l
) 3 ARe pe A i
9 ! i i
ARS Lo '[ ! er—'
= ; i TREGO Srux 7
AR7 r
CECR(8) s b4 MuLTIPLIERF
SCALER
((::::m > SPUC-15) PREGI32!
’ = . - ! 432 y v
r § caza1 5 i v v 5
BER ! P-SCALER
w7 SoER T (-6.0.1.4)
INOX < =
: l , a2
Q Pens ARCAR “' )
1 [
PAO I vy v v
: 4
1 y l ; 7
12
. ARAU MUX ’
[Ee] &7 — 3 |
i
: r T ie \mm/ |
Daty/Program T y + 7 i 3
7 MUX i sTig 1 %
SARAM 1 z 1 } ) g
O o | [AceA T sccL ACCaa2)] z
80 82 | 1 22 g
i i a1 v ]
CL\ POSTSCALER I
MUX MUX o
L
1 { 1 1 1 J

gﬂ‘?l 2.1 Block Diagram of ‘C5x DSP-Central Processing Unit (CPU)

Senai Port 2

Time-Division
Mutuolexeq
Senai Port

Butierea
Senat
Port

Timer

Host Port
Intertace
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2.3.1 whelszaananaamendingiansiayasdn (CALU)

- 4
molu cPU 219 cALU Tumsuansmanendiasna@s 1wy 25-complement 49 CALU

¥
winuaulanail

- 29039 X 16 1N X 16 1n

- mihslszuananuatinfmaasiazaodn 32 in

a L4 a
- LBARNNAIABT (Acc) 32 1

s 4 ) [4 a
- UtMesuengiiuames (AccB) 32 1n

v
- MmssIeniymuseafyanes 114 2 10z TREG

Data Bus
| ]
Y v 3
MUX 3
v I
TREGO i
4 =
v Multiplier [— E
PRESCALER S
SFLI0-16) | 4 PREG(32) !
i 3
K Y % i :
MUX P-SCALER
) }a L (~6.0,1,4)
PRESCALER 1) 534
SFR(0-16) l + l
A
\ MUX 7
)
NS Peo I %
Y v
La ; ALU(32) ; L
132
ST1|l Ccy |1 32
A { v r'y
[ACCH | _AcctL Jesfaccs(az)]
1 32
\d
POSTSCALER
-7
A 4
4

Program Bus

T

I=}
JUN

2.2 Central Arithmetic Logic Unit
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2.3.2 MILanNYUIY
-1

'Q 1 o A o ) ~y
awlu CPU szdl PLU fiddrszaefiu 49 PLU s2uaAIns@uiiun1s Boolean N3piiniidl
L) d Y [
AmABINS IFuesdInIuguATIEIGe PLU 92011130 Set, clear, test 30 toggle TmA1e 9 u
¥V
status register control register NIDNAIVDY data memory AN 9 18 pLU WMMSIASINMSA NI

NUNNA0IN TaunsaNa1 data memory TaUIAINHANTZNUYDY Acc MT® PREG

Program Bus

UM 2.3 Parallel Logic Unit Block Diagram
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2 xiliary Regi rithmetic Unit
] a 4 a a 24
meolu cpu ﬂzfmuwﬂixu'Janamaﬂmﬂmﬁmuazaaim 16 UN LYY unsigned ¥992
° o y Ya g . . .
mmsmmmuaﬂmmmaaaﬂﬂumﬂwauvgmm auxiliary registers (Ars), index register

o &
(INDX) Uag auxiliary register compare register (ARAU). 14 ARAU @10130 autoindex #1 AR ¥4

1 4
data memory location 92nA1UITULEAATY tazeNIT019% 1A 30 +1 Tau INDX

l—————  To

A15-A0 «»—lg Program
x | Controf
|
: - \\c
SR LZIN )
| i v v
[N /e HIRET
l ! AR1
i i AR2
ST0 [ARP(EI |5+ ok
; ; AR5
TV ARB
ST1!ARB(3) (O AR7
dib : CBCR(8)
3 ; CBSR1
r_—,° CBSR2
v 4 ' CBER1
WX/ CBER2
INDX ORB
, ARCR
2]
o | l | \_‘ 1s+ @
@ v v v s
g __ARA \Mux/ S
a | ] a« ’
< A J |
1 3
T 7 \f Y
_J M v 4
LSARAM j LDARAM 80 I DARAM B2 [ -

B1

gﬂﬁ 2.4 Auxiliary Register Arithmetic Unit



’

-

L ]

27

2.3.4 Memory-Mapped Register
TMS 320C50 DSP 923 96 registers mapped ﬁﬁuﬂum‘x}mﬁw data memory °éﬁs1 T™S
320C50 DSP 9% 28 CPU registers 1Az 16 SUWMABINNN WO registers LAvziANUIANATS
YOITIUIUYON register ?iag'sauuaﬂ IO register (@31 &9 memory-mapped register (1171
152NOUVBIHDIT1 data memory FIA W OUNALE NN data memory location. 14 memory-
mapped registers ilzgﬂel‘ff“luﬂ‘li“f;data address '/1‘1\1563J, temporary storage, CPU status and control

, 15eMsUsTIIaNaN NANIAMAAS 1ABHIY ARAU

2.3.5 mnuaulusunsy

Tusmuguldsunsueziszneudioesasinivimsaeasionialnseadie,  vhms
va CPU, inwiarotusnisauiiuaiuyes CPU, uazooastavesdoulvnisaiuamy. Iuginiy
auTusunsudulszneuday

I'4 4
- Tdsupsuavines
- status and control register
L4 s
- FITASIEAR
- Address generation logic

- Instruction register
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CLKMD 11— Program Address Bus
CLKMDZ—’_ R T et D
CLKMD3—>—
1S +—
DS+—
PS+— _
AW+ 2 | x;
STRB*+*>| 2 |— CLKOUT!
READY—+ 5§ [+ X2/CLKIN IR
ERe>4 O < CLKIN2 tmux IREG
__ XFe+— C BMAR |4
ey . F [Comms] A
HOLDA+—} Y Y
A<+ _ MCS [ rc] PASR | ST1__ >
BIC—— — A0 i PMST _|-+>—
_ RS— —> WE 1
TACK+— <~ NMi } o > ’T;;C
MP/MC A4 Address —1_Stack FR
INT(1—4 — Program AOM 8x16
(- 9 — GREG |+
Instruction BRCR |—e+—
TREG2(4) f—++—1
A15-A0 g
J+— ToaRAU
RBIT J
'
D15-00 g
x -y -
1 Data Bus
9 A
DP(9) | STO
= > .
3 Un 24 Program Control Functional Block Diagram
4 On-Chip Memo

Tuaarlaunssuves T™MS 32050 fmsRorsansuiuves on-chip memory #1998y

¥
szuvsenaudae

- Program read-only memory (ROM)

- Data/program dual - access RAM (DARAM)

- Data/program single - access RAM (SARAM)

Tu ™S 32050 Trasamveasaimsaeglugaa 224k word X 16 o Tuges1eveq

ndwmm*ﬁwanuﬂ«ﬂu 4 949 : 64 k-word program memory space, 64k-word locat data

-

memory space, 64 k-word input/output ports, U 32 k-word global data memory space.
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2.4,1 Program ROM
=t v o é t o
Tu TMS 320C50 921 boot loader code p1/5¢8111 On-Chip ROM. FIMUWANUTIUZ

s [ . d o v 4 4 4
gn19d MU booting program code 91 (BAMBIA ROM M30 EPROM 901997 9 Hai U
o o o
On-Chip #3010MIMB31a RAM
R oA A t a9 Y 12 ' d .
The on-chip ROM 9199330 laill boot loader code A'lA usinavt1e13An1Y On-Chip

=t 9 o o
ROM gninson Pidmsulsunsuemse

2.4.2 Data/Program Dual-Access RAM
- 4
14 TMS 320C50 924 1056-word 16 bit on-chip dual-accress RAM (DARAM). %4

DARAM zgautianen’ld 3 62 : 512-word data 130 program DARAM block BO, 512-wrod data
DARAM block B1, 1fag 32-word data DARAM bolck B2. Tu DARAM finthitlunsidusnauia
veadoya uanmnsognlilumsinmisunsudis DARAM bolcks B1 uay B2 9zgninw

] < °
data memory 17u® 8819157A M DARAM block B0 musagafmualagwevtiiag data w3

program memory

4.3 Data / Pro ingle-Access RA
1w TMS 320C50 9231 16-bit on-chip single-access RAM (SARAM). Tu SARAM a11350
gndmua Taswerind 18 1 Tu 3 ma
- SARAM vfwuﬂgﬂﬁmuﬂTﬂu data memory
- SARAM ﬁywuﬂqﬂﬁmuﬂﬂu program memory
- SARAM Qﬂﬁ‘muﬂTﬂUﬁ,:d data memory LIQ¥ program memory
SARAM vzgaunialdifiu 1k uay 2k-word block soriosluneansafiiligosinees

3
MU 1 SARAM @msaviinis mapped e program (0¥ data memory space
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Sitvalues  rom SARAM DARAM B0
CNF RAM MP/MC  (2K-words) (9K-words) (512-words) Off-Chip

0 0 0 0000-07FF Off-chip Off-chip 0800-FFFF
0 0 1 Cff-chip Off-chip Off-chip 0000—-FFFF
0 1 0 0000—07FF 0800-2BFF Off-chip 2C00-FFFF
0 1 1 Off-chip 0800-2BFF Off-chip 0000—Q7FF,

2C00-FFFF
1 0 0 0000-07FF Off-chip FEQO-FFFF 0800-FDFF
1 0 1 Off-chip Oft-chip FEQO-FFFF 0000-FDFF
1 1 0 0000—07FF 0800-2BFF FEOO-FFFF 2C00-FDFF
1 1 1 Off-chip 0800~-2BFF FEO0-FFFF 0000—-07FF,

2C00-FDFF

mmﬁ 2.2 ‘C50 Program Memory Configuration
~Chip Periphera ’

1w TMS 320C50 DSP on-chip periperalss Usznovday

- At uladyaa Uik

4 I'd L4
- 015y Inded

- Soffware-programmable wait-state generators.

a 14
- Wﬂ{ﬂUU'lﬂﬂuw'ﬂ/lU'lﬂan

- NesnBYATY

- Time-division multiplexed (TDM) serial port

- User-maskable interrupts
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2,5.1 AIRNUUATUANUUITAT

s

¥ s a a o o ]
lusduiiadyanauinmlszneudis seadiameinluias wesmladongl (PLL).

u'Q

CLKMD1 CLKMD2 Clock Mode

0 0 External divide-by-2 option with internal osciilator
disabled.

0 1 Reserved for test purposes.

1 0 PLL clock generator option.

1 For'C30, 'C51, 'C33, and 'C53S: multinly-5y-1 ooticn
P

1 For'C52: multiply-by-2 option

1 1 External divide-by-2 option or internal divide-by-2 option
with an external crystal.

15799 2.3 Standard Clock Option
2.5.2 Hard ware Timer,
o dy ¥ a [y a 2 a4 1 v 1
1u Hard ware Time 3214 16-1n AL 4-UN prescaler FIITUITNVYITUIN /, 1IAT Y84
a v < & q"y o o AU < L4 v ' 4
wm¥nlaAn (CLKOUTL) #9azdunyfusam divide-down voa'lnmiwed Taolmiwesfaunsa

o 3 ¥ a " A ) -
gnilvinga, 3uln, Sivm v3egnoyanalay specific status bits

- 1° (00 & &
{_C(: | SRESET
1
|
]
|

TRB
i
PRD TDDR
! i -
A4 Y '
TIM < . PSC b { CLKOUT1
\__Jo—rss
Borrow Borrow
]
* »TINT
: {> »TOUT

4

U7 2.6 Timer Block Diagram
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) te o 9/ 4 I'd .

Tu T™S 320050 vzoY A 1H wait-state generation TaolisuTudesdiorsmniniousn
t 4 o . a ¢ 4 (Y 1

WADIFOuNY slower off-chip memory uarguUnssiduwwieiyn Fufudrvazvesdiy

. . 1 ¥ [ a
USLNBUYDINITTINIAT wait-state generation Tﬂmmaz'msp}% programmable ¥IUITNAUUU

. , 4 .
13 TUAITUANAIIYBY wait states 11D off-chip memory

2.5.4 woinunaduvnieiriyn

o a ¢ o s
WasITanNA 64k wosn Suwnaenivm wgniunld Tau 16 wosn auiily memory-
1 s a I3 '3 9 ' o
mapped 14 data memory space Tasuawsinyes DUNNIDINAUN mmsngﬂmwuﬂmlmmTﬂum
o a s 4 o o v 1t ]
d3 IN ¥39 OUT 4 memory-mapped PUNNADIMHNNBIN MIUITDATTMIA AR ) e

SIUMTONYUIIN data memory Taw IS sztiauonieinzsuniodon Tasiumianodn UNW

[s
DIMTM

YO | Port 0
Port 1
. = Y Porta.
G2A Y2 o
= Port 3
@28 Y3 —P———
ort 4
M Port 5 =&
A Y5 CS .
Y6 Port 6
B Port 7 Input i
c Y7 Device :
AS138
OE
WE
Qutput
Yo -——§°—gg— Device
o —
Gi Y1 CsS
TMS320CS5x . §2A Y2 Eggg
—d G2B Y3p—=—"+
. Port C ’
- Y4 m— =
Pont D :
A YSt—Fmr
B vg |—FPotE
G Y7 | __PortF
AS138

z‘ﬂﬁ 2.7 VO Port Ingerface Circuitry
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4 : o ° 9§t o o dv
WOISNI 3 yBanaIneynsuazgmitnldnie q Audail
i o . o A4 ¢
: wosneynsui 1 luannia 1y, wesnoynsy TDM, uasiivieswesn BsP) Tuwodn

BUATUAIAWAZAITUILYN double-buffered AzIEgNAUIAYTASTYY I maskable extermal

interrupt

2.5.6 WaiNOYNIY TDM

. 2
wesnoynsy TDM sxgnldlu 50, Cs1 uaz 53 Faffu full-duplexed synsIWETY

o (
aunsofmua TavyesHiaTveavuIuns synchronous ¥38UUINNTT TDM

2. er-Maskable Interrupt
a 7o 4 a Y
z1sznoudln 4 BumesSrinnnisuen (INTIINT4) wag 5 duimes Svvininniely, 1
o o do 1 o a do (& % ) P
Tnilwesdunes sy uaz 4 BumosSNnnwesneynsy Fuilu User-maskable. 1ijp interrupt

. ° a wa -] {
service roution (ISR) Qﬂ‘ll'lﬂ‘liﬂ{]ﬂﬂ program counter ﬂzqmﬂu"l"fﬁ 8-level hardware stack.
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uni 3 V.34 Transmitter

T4 V.34 Transmitter v2lsznovlufan 4 daudaeiu dueaa¥amgdit 3.1 Fudy
Block Diagram Taowa11/ves V.34 Transmitter Wanusmiuiiuduiifidot parse Taodquil
225 input 1314 Binary Data 1187921115 Scramble TnoluaIUYBIMS Scramble H9zfe A
nguvesdeyamaq JeezithuBunnvesndudaly Tasdfiaeaiuiidod point - Select Tnsne
111 Data bits 7981191 Parse wmsiien Signal point MNAGUYSIYDYA 2 - dimensional
@D) Fuilugauanildly v winiu denntfuiiudiud 3 $a3un91 Precode Taudauitasin
NMIFAFITINTY noise - whitening filter céﬁaatﬁumﬂ Reciever c?ad'mﬁ 3 frﬂzﬁ Trellis Encoder

9y 1

A [ { ) 3 1 { 'A \
Uszaouily feed back Faszrhlinisdedoyn’ldmaiimiveniu uwazludwnaFaiudauga
109037 Transmitter (HudnfifiFondan Modulate 15192 18ifnasg i lves Modem
: . 39 B . .
A9M3 14 Quadrature Amplitude Modulation (QAM) §492¥1715 Modulate Signal Point Hifu

Wave from

[201:0 1) 3

k10 k29553, » Qjicg

s S0, Bik) Shell imijx )

MAP

1

v ¥
N
=
=1
4

T U

......................................

Phone Une

UAUAUAU TIPS

4 o
U7 3.1 ydenlezunsuves v.34 Transmitter
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pa1mall
y '
Taonanmsuda V.34 transmitter 49291015 Map binary input data e1MiTu output

sequence 2D point 1321113 Modulate Tne1d QAM Ninduwne aufdmua Blumnasgiums
[ [ as -] i o ' . v

darurosdayauemasn Tasanuanieonainlulay @e output point ¥59 Symbol 9215007

- ' a 4 o (Y =1 [ | ar [}

Symbol rate Iauswwaziduaszegluumi 1 Fuduanusr lumsdedeyaiiusasdiualngig
: 4 , , ;

wu lums map data Tuihumitalu 16 different 2D point Tauld symbol rate 11 2400 symbol / sec
b d 1 & .

17 Modem vziinnndaluntsds 9600 bit / sec Fa9z8 1414 Modem (Y high speed modem 1Ay

V.34 modem 3¢ lamdnmsuiemaiinfiay lumsidion 2D point IinsAanmatiosigauny

yalwldid e sdaaannniiqaiteyinin Reciever decode 14gndsfiqa

L9199 V.34 modem 1 output sequence 2D point 92y IMIIIseRMT A LB
19 8- point 58071 mapping frame Tao mapping frame 5%3“6@@?\5‘!051] 4D point %30 16D
point Tasdauiesaz1fifudenlvluns$ans encode UL trellis encoder Fazlszuaanad
4D point (/a2 shell mapper azlszunawadl 16D point Taoludtd mapping frame 228198470 time
indexm @3 m=4i+; G =0,1,2,3) 4ag 2D point 928198108 time index n 1A n = 2mr+k ; (k

=0,1) Tasanuduiusaenalauaas 13lugui 3.2

Dutput Strenm
..... 2 | = i |L]\mL: d | oaa--
160: AT & [\ps /)

AD: k=

3 3.2 Mapping Frame Conventionns

mapping frame vziumitsfiioofiqaves output ¥R Transmitter 31U data YDA
encode 14 1 mapping frame 991N s¥noVBY U data Transmitter rate 1Az Symbol rate
#19071U¥UN Maximum data transmittion rate 7 28800 bit / sec LaZ symbol rate 1 3200 Symbol /

sec V.34 modem 92111015 encode 72 bits ¥4 data 1u 1 mapping frame (28800 / 3200 / 8 = 72)



- e

= g

ol T T L S,

- e o e W

= e, e

36

(AZABIAIN 2400 Symbol / sec 14ATRINITA data transmittion rate 11 9600 , 14400 LAz 19200 bits
/ sec ISV rate N transmitter 911015 encode 32 , 48 , 64 bits A® mapping frame uia1$
< { ° . o o

v831AT921INT encode / mapping frame vzfiunsofa Ny 1H1uns map data Ty
y o i 4 & 1

signal point iazimiiouq fu141u Symbol rate Uz data transmittion rate NN AT Faudaz

d o 3 W P v W
AN ldvanmsimeatuiume

o o . o o & ,

vann1sAlFlu V.34 transmitter 11M5 encode block 499 data Ty wite mapping

frame 92 Tdhmsiiaueenidudiun uasnquindnmslumssnnaniuredludinvesnin

AUIN N

3.2 Prase
U dy =} ° [ & °
Tudauves Parse 1 sziimsiinundng 2 dseaisiie Usenisusn 1915 Scramble
. H Y U é o & C; . .
input data duBunnidunluneunsndou Fave i lddyanafiidumy (Periodic output
sicnal) INOf19A loss ¥84 Symbol clock ioitlunafly Adaptive filter 499 V.34 110 Reciever

szmsiiaes iunduuss Scramble bit My discrete fvzrir Iy input Tuduveanta

point select oy
tnput ain)
Dy ] Oy jemee—m D4 — Dyg (erecan—p! D9
Outpas y(n} -
7U3.3 Scramble diagram
3.2.1 Scramble

data scrambler MUNIATFIUYBY V.34 1wz 1¥Mdnn15 linear - shift - clock feedback

. ] y .
register Fulsznouludae Genrating Polynomial (GP)

(GP) =1+x *+x® e (3.1)
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21031 diagram 484 scramble data 9z1/52noulURIIMONYOI 23 - tap delay line Hatierag
izl 3.3 Taondnnns scramble nunilor 19 umseeniuy modem Wudanlng msrziiigu
Yufn deRsntsemenitaneans seramble LUVEERD vy self - synchronizing 1la
ae1¥ GP fimuqegaii 22 1
3.2.2 Parser
Tud2UvD4 Parser block 04 binary data @15V 1 mapping frame 91AAGNA ) 482 T
wounlszaailduenesnilludiu q lumsdsldnindely (Point Select) Tavsurudangy
ita9z Ui shell mapper dausmandadn 4 nquitmeszidh luiusunmues Differential
encoder kaznquBL q 118NN encode 92 T1/dadmv04 Point Select Tasnguyeesuiu

i 4
~t

o Ay s } 4 o
Tiafiezgnia1Aiflunwan q fail

(81,1812 8%}

(14i,01121.0:131.01(Qi,0,0,1:01,0.0,2:.D;,0.0,0{25,0,1,1:55,0,1,2 P40 1.0}
i, 1:021,1130 140Q51,0,1595,1,0,20000 Q0 1.0, @01,1,1:R0 1, 1,20 Gi 1, 1,0)
(i 2il2 2.5 2035 20,1192 0,20 Qi 2,0,0{Qi2.1,1,:Qi2,1 20 Bii2. 1 .gh
(i zd2i 203 80Q5.8.0,1:Qi8,0,20- 0 3.6,94Ci8,1,1:Ci8, 1 28,1 )

Tau subscript fiaz1und19Baroufis i 295 time index V04 mapping frame 1a¢ K Uag
S 11111 label ¥84 input Y84 shell mapper TABn 4 nqu FaT label I wifluBuymues differential
encoder 1tazdn 8 NGuves Q U 92'lign encode TnuA s k Uz q szilfounas Tamr data
transmittion rate TASATAT 4 tHa1fi9 11 1891AYUIAYEA block YoeTa YBINTS mapping frame
Tnoswazidoadn q wlduaas3lumsied 3.1 dmuf 9600 bits/see k=20 1az =20 Falu
Wil mapping frame v21)5znou s 20+12=32 §n dwsuT 14400 wilsznouludae k=28
uaz g=1 (28+12+8 = 48 bit/mapping frame) uazﬁ 19200 bits/sce k=28 1 q=3 (28+12+24 = 64
bit/mapping frame)



38
]
:
|
Symbol Data K
¥ Rate, Rate, R Minimum Expanded Minimum Expanded
F 2400 0 1 ! 4 4
2600 0 ! I 4 4
4800 4 2 2 8 8
: 5000 5 2 2 3 8
| 7200 12 3 4 12 16
i 7400 13 4 4 16 16
i 9600 20 6 7 24 28
i 9800 21 7 8 28 32
2400 . 12000 28 12 14 48 56
' 12200 29 13 1 52 60
! 14400 28 12 14 96 12
' 14600 29 13 s 104 120
\ 16 800 28 12 14 192 224
N 17000 29 13 15 208 240
i 19200 28 12 14 384 ARH
i 19400 29 13 15 416 480
; 21600 28 12 14 768 896
! 21800 29 13 15 832 960
4800 2 2 2 8 %
: 5000 3 2 2 8 8
; 7200 9 3 ) 12 12
: 7400 10 3 3 12 12
| 9600 16 4 5 16 20
E 9800 17 5 5 O\ 20 20
i 12000 23 8 9 32 36
12200 24 8 10 2 40
' 2743 14400 30 14 17 56 68
. 14.600 31 15 18 60 72
16 800 29 13 15 104 120
' 17000 Riig 14 17 112 136
. 19200 28 12 14 192 224
i 19400 29 i3 15 . 208 240
E 21600 27 ¥ 13 352 s
i 21800 28 12 14 384 448
: 24000 26 10 12 640 768
' 24200 27 " 3 704 832

-

e B
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Symbol Data K

! Rate, § Rate, R Minimum Expanded Mintinun Expanded
4800 2 2 2 8 8
5000 3 2 2 8 8
7200 9 3 3 12 12
7400 10 3 3 12 12
9600 16 4 5 16 20
9800 16 4 5 16 20
12000 23 8 9 kY] 36
12 200 23 8 D 32 36
1 2800 14400 30 14 17 56 68
5 " 14600 30 14 17 56 68
] 16 800 28 12 14 96 12
% 17000 29 13 15 104 120
: 19200 27 I 13 176 208
, 19400 28 12 14 192 224
; 21600 26 10 12 320 384
: 21800 27 1 13 352 416
: 24000 25 9 1 576 704
: 24200 26 10 12 640 768
; 4800 I 2 2 8 8
5000 2 2 2 8 8
b 7200 8 2 3 $ 12
jg 7400 8 2 3 R 12
' 19600 14 4 4 16 16
| 9800 i5 4 5 16 20
E 12000 20 6 7 24 28
E 12200 21 7 8 28 32
E 14 400 27 1 13 44 52
{ 14600 27 1 13 a4 52
i 3000 16 800 25 9 H 72 8
¢ 17 0600 26 10 12 80 0
19200 24 8 10 124 160
d 19400 24 8 10 128 160
' 21600 30 14 17 224 P¥))
21800 3 IS 13 240 28%
l 24000 28 12 14 384 4
' 24200 29 13 15 416 480
' 26400 27 g 13 704 832
2% 600, 27 ¥ 13 704 832

-

-
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E Symbol ‘Data K

i Rate, S Rate. R Minimum Expanded Minimuin Expinded

i 4800 0 I ! 4 4

5000 ! 2 2 3 8

7200 6 2 2 8 8

: 7400 7 2 2 8 8

' 9600 12 3 4 12 16

) 9800 13 4 4 16 16

12000 18 5 6 20 24

12200 19 6 6 X! 24

‘ 14400 24 8 10 32 40

' 14600 25 9 " 36 44

J 3200 16 800 30 14 17 36 68

17000 31 15 18 60 7

19200 28 12 14 9 112

i 19400 29 13 15 104 120

¢ 21600 26 10 12 160 192

i 21 800 27 7 13 176 208

| 24000 24 3 10 256 320

: 24200 25 9 I 288 352

i 26,400 30 14 17 ANT Sl

! 26600 31 15 18 480 576

! 28800 28 12 14 768 896

' 29000 29 13 15 832 960)

4800 0 ! i 4 4

) 5000 0 ] [ 4 4

\ 7200 5 2 2 8 8

, 7400 6 2 2 8 8

g 9600 1 3 3 12 12

9800 1 3 3 12 12

i 12000 16 4 5 16 20

' 12 200 17 5 5 20 20

' 14 400 22 7 8 28 1

14 600 23 8 9 32 36

3429 16 800 28 12 14 48 56

17000 28 12 14 48 56

19200 25 9 1 72 R

b 19400 26 10 12 80 96

) 21600 31 15 18 120 ed

. 21800 31 5 18 120 [

i 24000 28 12 14 192 224

o 24200 29 13 15 208 240

i 26400 26 10 12 320 38

: 26600 27 1 13 352 416

28 800 24 8 10 512 610

29000 24 8 10 512 G

- ey e m




—— — T s .

P o — oy T BEW W mW

L

41

UW syads

743 syavs BU0 wyava 87 TRVTININ TAU wyuve ALY syuda
P2 Peiz Pe4 [T P-6 Pt
Deta
Hata, R .
8 swe b SWP 1 AP b Wl 1. aWp t WE
U0 8 7FF - - 2 o > - - - - -
200 [ 603 - - - - . - & - - .
200 16 FEF 1" FFF 14 1892 13 J0EF 12 FFFE 12 V3]
810 7 608 16 R 8 1489 14 1449 W 855 12 RECY
00 U FFF u FFF 2 16Al 0 (273 i8 FFEF 7 KV
7400 6 508 2 SR n st o] amn it 5580 Y oy
o800 n FFF 28 PFF 28 0A9S /] ol A FFFT Pa] 1AL
00 kel 508 bl 568 -] JFFF Y24 (81 5 5350 2] FoYh
1200 0 1133 B FFf B 0409 2 7_FFF kY FFFF i) IFFY
120 4\ [(1#:°] * %68 3 182F fee] YL¥ Y] 3l 3563 @ 1583
14 400 48 FFF 2 FFF 42 L)) J] 14Ab %6 FEFF ] Lk
14600 49 608 43 50 42 1887 N SFFF 37 5036 36 na
16 X0 &8 FFF 49 1333 48 JFFF 45 Hi R 4 FFEF A0 42y
1700 87 60B & 568 4y 15AB 46 (P23 43 5059 4« K]
VX0 ] 114 5 FFF % 1787 82 ma 48 FFEF 4n SHEF
10 &0 % nug 67 ol u ns he wn 4 fand a (11 17]
2100 n liz3 & FFF 62 1687 1] acy A FFFF 3] 14AL
pAR: ¢4} n 608 64 668 o] R [27] gl K, bk 8} 1+ ¢

A15719% 3.1 Mapping Parameter K , M and L at difference data rate and symbol rate
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3.3 Point - Selcet

Wundnmsfiuanmaein v - seres fou q lunsiden 2D - point (109991 data
transmittion rate Y84 V.34 modem ﬁufmnsmJ%”uulﬁuu“lﬁ’mmsnﬁwiaﬁ"udaﬁ'n modem V.serie
A vy
au q 18dw

A8 V.34 Transmitter 921117151890 2D point 1INFUIEAYOS 2 Z2+(1,1) lattice Tatdue
a’ L= * 4 . . ar { '
U930 superconstellation #1sznouludan 960 point 1Az 240 point Tagduiaiiogly

L] é o d‘
superconstellation 3BYUU 4 ZZ+(1,1) lattice muﬁmmgﬂ*n 3.4 1au full constellation 3£ U5 3]
m1lAnnduaaivguly 6 96 186 uag 270 Tumsdszneufues symbol rate 1AL data rate 92

5 1waziduanne 9 veeduiwalu superconstellation

e e m wm e em w m % v A m e w w om o=

| L] 3 i ! i
¥ 1 | i T L) i 1 T L { T i T 1 1 1
- an e et ww
- L -+ s fjr T T a4 -
R - - L4 g s - LA
L= * * r™ - 2 - - * [] -t W
B T S X
w J K S S I e S | o
e me we me @ el om mm me e e e
= L - T w2 = 1T W - - -
- m w e w e Jw 4w et ke am e e
- 1 0 @ @« ®« a 3 [a = = = -« = o -
e em wm em w e e e | e w e e e wm
= J T s ¢ 2 9T TR 2 =2 zx OO o
” s o m m w = o= o w m wm we wm wm owm e
4 - « = = e = & e s ¢ e = T4 .
- - - - - - L] 1 * = » - L] e wm e
t Lo - . = e o |la s« & = % > = Lo
“w ww ew e m e m x . P I
B R T T T i - v -
W e W W W om o om vy ow m oW o e e
- L S T - T T I ) (T [ S
B T T e S S v el
- 4 T s v e * v sy v TN ITL.
oW e W M ¥ W oW (M W om W ow oW oW oW W
-l - ¢ ¢ 2 2 % % « 2 ° 12 v TN T e
e mm e w oW w e e W e w we mw es e
- L 0 4 e F e s T e s T Y YN S - -
L. - L - - - el - - - s m =R W
- . « 4 & 4 atsa T3 %W ¢ = = - -
= am ew e e ew e ma wm ae wm e w
-4 = « m & o |e @ @ & - - -
-~
-l TET R M oy, i I
- mm we ew hew e em
- v v v 35 T KT -t -
=
-4 - - -
1 l 1 L 1 i 1 1 i i 1 ] i 1 1 1 [l 1
LANENS B Sneen mu ettt
- - -~ - - -~ - L] - L L3 - - -~ » - - -

zﬂﬁ 3.4 240 Piont Quarter Constellation

° . . &~ o ' L. o C1 4 4

Y1HIU point YOI constellation ﬂxtfluaﬂumznm"lﬂq concentricring NUISYTUIUNUYU

9IN9A origin 1AGLADE ring wTiAIAUSIUIUYBY consteletion point TAUszoeY1aaNg o2
v ] &t o o . 4 )

annsanldnn Squared norm Fvziludaduveatidaves point Hiounnszormaiiviag

]
v

.. ° " o4 o S, 4 e o
vlﬂaaeﬂ"lﬂinm]ﬂ original seiimdsnuinnm PINANNTTUDI V.34 UITMMSINAYNI1aIvDY
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foyanasiicts W iiawleuiign Fedandriiozinli19lunn point - selection 49411 13iH0N
point 11 ring Aewfiezifien point 91180 ring

Taolu V.34 point - selection Haeiidautszneudaedy 3 dou Aoluduusnily shel
mapper $3140a K. Foue W R dyaasinu g ring A0 NGUYDY uncode q 1Azl
Q wlddmiumsiden point TuuAa ring MAMIlIAIBIRE VB superconstellation @gﬂ‘ﬁ 34

o Y v $ ] a 1 P 13 .
wazdmivdui 3 Tudwveada 1 (Jaedanmiaiiumamnnoniyn Uo 910 trellis encoder)

LA 1‘%’ Ny differenial encoder

3.3.1 Shell mapper

Shell mapping Lﬂunmﬁﬂﬁﬁuysnﬁmu“lums%ﬂmsﬁu shaping gain 1uszﬂ'iwmﬁ'1qﬂ
vourAsveIdyg eI TaundnnIsues shell mapping ﬁy%zﬁmmﬁan%xmuﬁvm 8
ring 113U 8 2D -point 114111‘?»3 mapping frame

Tsn1sd contellation Yanuaszims i M ring Tagil Label fauid 0 84 M1 Tng
usazezhmiisaie oz 1WA Ry Label voutuies Tao unils mapping frame il
iy M+8® Taoyszanaiues M ring taznmsfiszdes map Uon K Saldiihy X Snouduss
8 ring ﬁ'wwﬁ'aﬁﬁauﬁqﬂ Taowdauveaudon 9 nilawes ring wwinlumenvewasuves
dAuanudrgudazuden Tudaulseneuves rng Fednaus M ve ring 9211915
Youfiqanatw q ade Fudazdinudoss Label sus M'£1 #9 1u shell mapping 9eSinIUA
AN 9 wlidwuanudiRami q fu wsa"lﬂamuqﬂuTﬂu‘luauﬂuusnmmuﬂwummmﬂmw
WeufiqnazqnifonTay shell mapper Tnoaowiioz Wiy K - bi Whidunnlundnns shel
mapper 1B NvBaUIIuFIA I U0S ring Fatis 01Ty label

o i v ° s . o w Y
Aedutu THmmdinausiues ring {0,0,0,0,0,0,0,0,) Tﬂuwﬁmﬂummmﬂﬂuxmn 0

uazimua label 1 o c?a1u’v‘iﬁyﬂz'lﬁﬁﬁﬁummﬁw‘fwﬁﬁauﬁqﬂ luffieerinmsif Bunn
0 shell mapper mmmsé’aunaummun {0,0,0,0,0,0,0,0,} dmFuaNudRyniaezd 8 Ty
fuful18 Taofianniana 9 umu {0000000 ,1,}, {0,0,0,0,0,0,1,0,}, ...... {1,0,0,0,0,0,0,0,}
&ail label 1 12,....8 Rofy mwuﬂumnmmmﬂmaq shell mappiing 1 ¥ label 1uBuwn
shell mapper iden cmmu‘n ring nummnmumuauﬂu ffﬂ‘mtl cmmu'n {5,5,5,5,5,5,5,5}
aud iy 40 ud hishmsidenidosninaumdnns 25< M il Sinusts label 11NATY 251

Taonquimsdauunsieduaunsog denassed o,
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3.3.2 Mapper

Y : L
A5 Mapping Viaudasaves Q da 1l ldvhmsihsdaszidh ludaduves Mapper Tnw
P ' ° . < & ﬂ ° o v o
A3 1Y point g7 3.4 Tuusaz label Y0391 ring 910 0 83 239 Fuduswruvesdngadi
a ‘3 ° dy 0 . d'cly &4 . 3
WY azdauiiesziiiusmanea point 13lums1e msiden point T shell MIA0msIHR

14 qQin={Q, Q,-.Q,} wiFaumsdail
point index = Q, +2'Q, + .., 27'Q, + 2q, (3.2)

Taondn 9 uda Q davzilszneuludredmauvesluTuazmsuansuvessiuuly

Y Y. "

wisHioesziiu point index 404 point 11501y shell BzMAYDINITUINAUYDS point Higeazitiugs
1 4 y

¥ point TuAIBIABIUBY superconstellation 1A8 point #19 q marilszannsog lAnnaisega

auinveg Differential encoder

3.3.3 Differential encoder

mﬂqﬂﬁ'nﬁuvmﬂ'gamai'%m superconstellation ‘%Q‘fl‘lmilﬁﬂﬂiﬂﬂ shell mapper (lag
AUUBY mapper UAZIINNIA point-select ﬂzﬁaaﬁddwm Differential encoder tﬁmﬂummsw
Muniueud1 Sinauriues symbol Wumsmyly 90° edreminawe 1AtBUNAYDA differential
encoder auiiluszisznouludae 4 fin Fudhumialuangavos 1 Ga uaziemyaiia U, 91
trellis encoder °‘§mznszﬁ1uu 4D symbol (2 984 2D point) ﬁwﬁq‘hmm ﬁ'a‘tfu‘lu 1 mapping
frame 92n33IMTTEITANATANYA 4 F29781 TaomsSvufiou i shell mapper QN
Font wnilsde mapping frame (0% 1 mapper 3214 8 Furan Favdenlaosunsures

-

Differential encoder mmmq"lﬁ'mngﬂﬁ 3.5

.+ Modulo-4 addition
I(m)

F'y
____._-..,G)__.,.

AL}

2T 1<
Z(m-1) S T1400660.94/d06

4

21]“71 3.5 Block Diagram of Differential Encoder
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' g ° y [ { o " -
YAYINUIWYDA Differential encoder NABMINTEHINFIAIUTIUDY symbol Tnsdariy
fimsnyuTalyn 9 90° ed1easiuerue ms1z31nn Reciever 93 liiernsa detect phase 7'l 14 90°
. a . . 4
Tuduvesduynyes differential encoder Fatlsznouldan (1, 1, 1, u} uazlums
' 14
encode &1ifve3 point (FuAU (131 4D symbol 1 8u) 1M encode AU Tavmisfivisan gia
& ° i an . . o ° °
(1, 1) Gutlusrwanluus 2 A% differential encoder 321115 A0 TAETIN1S5 modulo - 4
v
Ay

Z,=[1,L,)+z_ ] mod4 ...(3.3)

4 1 d‘ 1 o o\ Q’I’ r é =t 1
e Z,, (ludwes z_ MnfAeu ninsauiaiae z,, 988 (0, 1, 2, 3) Faazdlamn
o o =1 = . 1 1
9 manyuly 90° (Z, + 90%) anmudanniint Tae point usnNYeaq 4D sevyulasAives Z_ uag

a v 1 1 LY o é 4 . °
point fizrealug 4D szmyu Tagrunit ) fu (A 9 90°) FaA1 rotation factor aNTOF LI 14010

W, =[Z, + {1, Uy)] mod4 wn(3.4)
é a o d’ as dy 3 t:{ dv 3
Y3 (Il, Uo) %zwmmmmmmu‘lumi 2 AR Tﬂumswu pomnt 1 2 Y %$ﬂ1ﬂ’lﬂ11.lu

1 W™ * 90° muduuina

3.4 Precode

14U precode 921/52n0UAI nonlinear precoder 1AL trellis encode Tunsulfeunlas
mssamfuveai 2 udnuazdunizues V.34 Tudy 1ABN1559U52U trellis encoder 1971 11ge
N153UNAY (%zuﬁmﬁ'qgﬂﬁ 3.6) FI9TINTTATY noise whitening prediction-error filter 494

T v.34 #maiulasysienmsitaegunse shaping gain 1ao9z 14 shell mapper.

u(n) y(n) * x(n) '

)
w

Quantize Filter

A

p(n) q(n)
Round <

T1400670-94/1407

zﬂ‘ﬁ 3.6 Block Diagram of Precoder
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4, inear Precod

ar g I . . é Y é“ .
TunnfuvesTumy V.34 92iin1A 4-tap prediction error filter 391911509 noise-

whitening 1A¢HIFUYDY finite impulse response (FIR) 32152n01A0
H(Z)=1+hZ, +hZ  +hZ’ ...(3.4)

Ty va4  sefluuusoesvesiameylasduneia  vosiamosiziun 1
precode ﬁﬂgtymﬁgndam Tun1s precode ﬂyﬂzﬁwaﬂs:wumn pre-emphasizing c?agﬂ%y,asshq q
sARUANTAluNT decode # precode UDINIATUNAIINATENT noise-whitening TuAua19v0q
precode 21T trellis Findou c‘iﬁwzmmuffagavmﬂﬁda 1umsuﬁ’"lﬂ1ﬂngmﬁy V.34 2zmsud
lufinfiez19lumsdanulag nonlinear precoder ieilunsinut welis  F1adouluntsudly
fiu Co vshimsfiuaainn 9 4D symbol Falun1sfmneies iy exclusive-OR 1 101N Yo

P =Y & é a =Y R .
¥4 trellis encode 71 109 1A1in U, mti‘luﬂuﬂuauwﬂumm differential encoder

3.4.2 Trellis Encoder

add o a -: t
114 trellis  encoding ﬂznflm%ﬁﬂzﬂszmﬂmwuwvmuﬂuuazmmnmuuuvm

[l

. & 4 o a4 ' P
constellation ‘]N931ﬂU5ﬂ1‘J']53837ﬂ\1ﬂﬁu‘ﬂqﬂizﬁ')‘mi}ﬂﬂlﬂuﬂu

Tu trellis encode 923} 4D trellis encode ag' 31U Aip 16-state code, 32-state code, 64-state

o o

4 P "2 o
code B luntazldifive 16-state 4D code V09 LF Wei 111y lnoNgadInguea trellis encode

q

[ [} ¥
flo 16-state convolutional encode ﬁu’dﬂﬂugﬂﬁ 3.7 %‘lﬂzﬂWU’Jﬂu convolutional encode 33 2

2 i . . . ' d ) a
SUWNN1AU191n differentail encode T bit. 8814 sl v.34 msdivan aunnez 1den
¥ ¥
s a o

: . & ¢
(BIMWNYB nonlinear precoding %4 IAueaslunianuan n. Haveandnasel UMY 3 ¥

-

o ' ' ] [l
encoder 93710314 state table ‘xgﬂ‘lﬂmﬁmﬂﬁuu convolutional encoder

V() Ya(m) Yyim)

Yo(m)
l—n o2 + bz + b2 | + ne >

zﬂﬁ 3.7 16-state convolutional encoder
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ﬁxmv‘fvm Y, Y03 convolutional encoder %Qﬂﬁm’lmﬁnﬂ 9 4D symbol MAI9IAMIAS
YilgaTaomsudly vit C, wdawaves bit U, szgnldifieidan 4D point gane'ld duiiduna

3 J (XY -y v q,:
’]‘Ili)‘l‘ﬁ?jﬂ‘llm convolutional encoder 32 YUBYNY 4D symbol YBIYANLAUNTUY

3.5 Modulate

Tuluay v.34 wldmsueaganuuy QAM Tasiimsulag digital-to-analog (D/A) 92
ﬁnﬁumﬂugﬂuuu 9600 samples per second UaZ symbol rate Y89 2400 symbols/sec. 1AUITUIU
‘qﬂv{a 8 U84 483 2D symbol wgmAu3nn q nilstanm ﬁq&ummoﬂ@mmﬂ‘x’f' baseband-
shaping filter fiAMUATIY 32-sample lagoMvMezgANDAgIaN Sy passband 30U 9A7MA
YWMEH 1800 H, i shaping filter gn19 Wil cosine filter 1y bandwidth factor ifuanSeGdy
0.12 8619 I5fimura9INMIR I passband-shaping filter 2 ArazgAFy IS dmIulszmsusnld
Tu in-phase component tiazlsznis ﬁﬁaﬂ‘ﬁu Quadrate component Tﬂuﬁ,{‘i 2 Uszmsvziiu pre-
modulate ¥9IAWENME T 2D symbol ﬁuﬂuﬁnzgn modulate 9 passband foufisgyims filter
WI1eTIdMsEABYAD symbol rate HATAWANINE (2400 symbol/sec 11T 1800 H,) Hams

modulate Y94 symbol Tavna ltvgnseviins modulate HYUNAN ) 90°
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‘lm"?l 4 V.34 Receiver

ludwudenlassunsudaiuves v.34 Wiaas3lusald 4.1 Taofigasuesdsznoy &

a a & ~ @ o da Iz @ o’: o o =3 A - -
yansn 2 gun qfq‘n:ummmwuﬁﬂuﬁm‘nuwaﬂm 2 ‘ummswaﬂumu Tﬂﬂﬂguﬂlliﬂﬂﬂ

s

é o as g =3 o L4
“demodulate” FaihmssugUndudyanaezinasnnnBuIei Mg demodulate doyyn

] 1
oS a A

[ 4 @ o [ i
NANTAUUUA  QAM “lﬁ'li‘lu‘gﬂﬁmmmmmmuﬂﬁxfluaﬂymzaqniu awhglian 2 Ao

v v

4 ° 4 o a 4 s Yy <2 o .
“decode” mﬂzmtmm*gﬂmﬂ 2D Y9ddemodulate UA FISUANUANUANINY trellis sequence

Y03 Constellation point 11Az32%11M15 decode 1ULADY mapping frame unsEHaTuTNSIAT oL

1y
Demodulate
Signal i
. ' Passband xn) Prediction wwy
R T Gimgd i Ettor Filter T
Decode
: | Output
: vised | ¥m Tnverse Wt | pverse | ¢ BB
¢ Decoder Rracoder Map ' "
[} 1

gﬂ‘?l 4.1 Block Diagram 994 Receiver. -
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1 o
4.1 pa1I
' @ o . ° o 4 o

Tudm09I5U V.34 transmitter. stazazyinsdunesamadoulumsitiswaveanis
[} é ar L} dy = o o ey 4 1 .74 0‘/’
4 mwaﬂmsmamﬂ:tnﬂmu"th’ﬁﬂxmmﬂgumﬁ'aamﬂ‘lumsmﬁmmmuuu QAM U
qQns umuTﬂuammmmq 9 wamnslusegniamssudedaann m‘lumwaﬂmﬂuﬁmmm
sunuiiey 1191010 TnsANYLaE switching stations.,

Q as o o . o LYY o 1 &

dnSuTudnlugaund receiver iimsiudyanuewiaeniigndauuily Symbol rate
{ L} é o ] dy I3 ar =t (%3 L
fuduou Femisnseiusuilszilddyana symbols Fndouves 2D asadndauinldeeg

L4 ~t 1 & . o o t o ar
anysel Tagseliflymiog 2 Usems e Usznisusn Sampling rate voaiasueI99e lailmady
Symbol rate Y0384 Liaz Yszmsiiaes dyanafidaiuereziylie imdoutudygraian
] 2 a’l‘ ﬂ a o s 1 0 Y t @
a3 g ludlymidsemsusmivaz uilyminaesdify uassildnnumined q yoadeyana
YsRIFAaTAsTUlANLANA TR Y

Tuduv09 demodulate U499 V.34 receiver vegnesnuuuuieinisud lvilamidenia
WAIAAIY 9 YedryeInl Sampling signal points Tastlgmidsemsusnazviimsud lvlaenia

& ¥ ° o 5 v o [y
symbol clock recovery 34¥UMA5H19271IMIUSY sampling rate 405U ¥ATINY sybol rate

]
=4

vosdryanaifi 145y TaoUnAuds sympling rate voud2§uiian 7200 Hz, vievseaia 3 sample 719
sybol. 1u symbol clock recovery 3x%1m13UA Y sampling rate TaomsdmLdoRawaIn lngns
, ) P4 {
Uszutar Tun1n 144 - tap adaptive equalizer Wumsud lviloymiluslsemsdi 2 Futhilymiifa
Turoedayain
! L o o . =& v
ludIuv89 decoder YB3 V.34 recevier vsmmiﬂszmaﬁiytym 2D points AIWLYNANY
ar ] & [ e v 2
nduTaud U demodulate 34 InonwsanudrIudaudioziiuduuoe Viterbi decoder &4 Viterbi
o ~ 9 t 9/ P y E . .
decoder lﬂﬂﬂaﬂﬂ’lﬂ’ﬂ‘ﬂuﬂ’liﬂ‘lﬂ”lili)d‘llﬂgﬁ‘ngﬂﬂﬂdﬂf{ﬂ Inverse - mapping A% unshell -

mapping szhimsudasdeyaldnduuuiumiouny

4.2 Demodulate

s

uty mamaaﬂmmmmman demodulate “Iumuuma“ln"'lmj‘auammuawmms

&
decoder ¥IN1T decoder unz"lﬂwaaanmxflu 2 uum)u 1u11uﬂauusnmu demodulate 9211015

= °

‘mmumunNﬂwmmmmytymmmm Fufuiient symbol clock recovery Faluduiigii

M3USULAS sampling rate veadayay 1ot analog interface chip (AIC) o114 sample AU UDUIND

v o
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L] - . é o L] d' L} d' é o 4

111111911719 analog - to - digital (A/D) Favg Iddumisiuiueu Jamdszmsti 2 Fuiady
o 1 . . 1 d” ° o 1w

luysadanuae anuﬁ'"lvﬂmwﬂﬂumwm adaptive equalizer lua@IuvzMIMITAUAIFNY

J ar o

1 13] viy mmmaan'nmm 1lﬁwﬂ53ﬂ1ﬂ'ﬁﬂ’lilﬂ’dﬂlﬂﬂfuiUﬂ’JuVllﬂﬂi)']ﬂ‘]fUQﬂiUﬂﬂm

4.2.1 Symbol Colck Recovery

970 Sybol rate 1 2400 Symbol / sec 1{Q¢ sampling rate N3 sample Ao symbol 1ag AIC 32

=X

Fain sample 137n908 7200 Hz, s IW13m 0019w Sampling A9 1 /7200 t tije t 5y
clock phase. Tauaaziouur/asninst offset 53919 transmitter (a2 receiver 1Ay symbol
clock recovery qﬂﬁyﬂzﬁmﬁﬂ? YU AIC sampling frequency-lﬁﬂﬁllﬁ%’h clock phase (t) finuilu
gud lunn q dyana clock recovery ﬁﬁﬂwmmmi‘lummaiﬁmwfn smsideusumia

s 9/ a o =t ¢ & 0 9 v a Y a
ﬂiytymmqawmfguaﬂmwammﬂaw %QlﬂUNﬁ‘nﬂﬂ MITUAYUIUNAYDNANAIA

AC & DC
Filtey £ Hard -
LimHer
i - T v(n}
Thrashakit p
1 + b 1 Basd|
D otay { b

gﬂﬁ 4.2 Symbol Clock Recovery Block Diagram
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4 e - Splitting Fractionally - d lizer
1 4
o g . o a . .
’mqﬂixﬁdﬂ\lﬂ\l Equalizer ﬁﬂzmmwm‘wmauauwagﬂ uaz phase distortion U949
o é ¢§ 1] o o ] y.& Q’ °
you WaNuaveIrssdyguuazdygusunu uaunsansv ldsadudessudulunsg
\ , 4 y
Equalizer 9219711 least - mean - square (LMS) adaptive - tap- adjustment 9vu2umMsHaziaasly
i 43 Tughasn diawamvesdyanauuaiued szdimnuTaonFoudioy wniynen
demodulate filter fiU ideal constellation point. Ingndnmsudanziinanszmuntosigaves
s o [ a t ]
TYIURANAIA LWALVUA 9INNISIRUAT complex tap hm,n) = hr 1(m,n) + j* hi 1(m,n) Tngeglu

i 4
U gradient TauNerunisaail

aB _ df

B, j‘ad% = -2~E‘[e(n7) * inptutter (nT-m%}}
1o e(nT) ﬁlu passband error.
inpbuffer Iy 144 - word buffer (19 |75 U‘i’l"i)gﬂ sample data yufy 13
n Lﬂu f11 time constant
T tflu MU 1 baud rate

L} Q’: 1
m iy A1eaua 0 - 143

(]
Input 144:Tap :
—] NW '
Equakser .
144 eaet 10111
Real (RN

...............

2 U 4.3 Equalizer Adaptation - Loop Block Diagram
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4.2.3 Fast Equalizer,

11 Fast Equnlizer 3yiimsifuussyadeyalavudonlaszunsy vinguit 44 Taoty

v a a ¢ & o o o a
‘lf'NuiﬂﬂmﬁJTmﬂu‘v‘!ﬂ“‘]ﬂalﬂfﬂaﬂ cﬁqvlfsl’ll'li]']ﬂﬂ‘]suuwlu’]uﬂﬂ@ Baud ¥1a3910AINA WINZYD9

1 4
H <t o o '

a Q’ ] s e Q’:
doyanalagaduivzimssanmdulsens Equalizer Tnomsudemilnady ndaoiniiugy

4 y o

Y] a o Yo 4 4 n:ly [ . . R a
vlﬂﬂ'lﬂn‘l_,53?1’1’1‘5116\1‘[1011?171',[@]?]114'1“111 cm“lumuu%zmms Cyclic equalization Ay

U

d" ~ 1 o . a L4
Tﬂumuuﬂznmmunmmu equalizer matﬂa*n

npbutfar lr -
————— 144 Point i I %]  Specirsl
ceeeeceop] ComplexFFr [ M, ] Unorwwbler |y | o eion
t '
L}
Real Equalizer
Coeffici v b d
— 144-point
[ C bl
ey reudar Copy N Unacramble2 e--1 ComptexiFrT
{meginary Equatizer
Costficionts

] 1 4.4 Fast Equalizer Block Diagram

74 t ]
nnuden laezunsy input buffer seiuAdIN  real part veadoyauazludinyes
. . 4 [ 4 o . H
immaginavy part 32Qnizalfidusuduua na9miuing fast fourer transform Yoyanain'ld
[} atr 1 { y 1 { LY ~ Q’
o IUdaduveq descramble Tavauniss 4.2 1 willuswesndvesduling equalizer C (

i)

ol = Bl mod 48) " {X)*
DX/ mod 48)2 + £X48 + / mod 48)2 + X986 + i mod 48)2

P , L
e i T daud 0 - 143

. Qs d 1
B(i) duFrFT YoITYIUAIY ¥ TANI9AINITF D4 transmitter
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U o . & V' qs
LINTIUYDY FFT 9:1‘171umimmu Inverse fourier transform (IFT) 484 C cmi‘lumaml

ans equalizer U time domain luef IUYBN Unscramble FFT output ‘ngﬂﬁﬂﬂ’j‘l unscramble 2 ( fr.

3
o < [

) . . Y '+ A o
) TﬂUlﬂ‘]ﬁﬂﬂﬂ:QﬂllﬂUIﬂu £r WIWHANINIIAAADNN hr 1 clu circular fashiun {QAUNUAIMUINN

9

]
=

o L] v [ 4
qA91N gr EAIEUINAYDA hrl MeTiqa unscramble 2 woniSonlmidly fi uaz wadne gr vz

9

o . 4 o ° A 1w
gnfimasnidiuasnaudiu hi 1 Fafussmpudhdadiohu

4.3 Decoder
v
(9 1WNY8ITIU domodaulate WiIuFIATEUTOS noise - corrupted 2D - points TUIuUADY
HsAYBIAIU decoder axiumsdndulonuiurdostuves constellation point Tugaundy

dyausunIu

4.3.1 Viterbi Decoder

£ . Yo @ a P S P Y 4 o '
YUIUNITYDY  Viterbi %:Qﬂ1$ﬁ1HiU65U1U HIAWUNUANUATIUARINUUDINITEY

ar & v o o a 5 . g4 o et a IO o
dyna Feilododwiglumsdudumsves Vieni Ao Sindoulugaunives willis Sifus

AUAYDINITAIUDN trellis encoder
Tumsiaengadygaludidwsgniuguludunisduiumsves 16-state

. & 2 - a a 4 g <2
convolutional encoder %41y convolutional encoder 9¥ATEZNUNYY 2 DUWNUN BINHUIUAIIUNY

a

UAANYOINITAIVBIUAAS AAN Tasanseadauuuiiass I8 hfiauuandeveswsamm Tu

S A ¢ oa ¢ & 4 a . a o 4 ]
10 9 wwuladezilioninmitos 1 eniynrinfufildlunsiden 4D point s1nBuwms 2 Samdn

4
t 4

=Y a oy Is =Y & 1Y a LY -

fifie 3 dn 2 Buyniin uaz 1 YN Faduduayluudves Fumaves eight different 4D
4
Tasdurailvzidudnyazmnizues tellis encode, dmnnfsumuseRnsanammveg
. c!y o o W 1 4'! o A o Q2 w
trellis encoder UTuIsOMTATUITAYDIYAATN 9 WotuiiFndoufindondeiuy
. . aadq ¥ o v ' 4 o o ' °

Viterbi tflm%'ﬁ‘lﬂumsmvﬂqﬂmo 9 YINUINY large table IUMUIANMUST way
a v s 1 e w a wva
worsanarisziiuveunansaives 4D symbols ae19818A Taonadfifezifudeyaves 16

{ ar d 5 { (v

4D symbols wazfiudaz 4D symbols JuAY 16 entdes RaonndoslUie: 16 mamly
Yy

. 1 P 9/ o dyc:d & ' o ]
convolutinal code. llﬂﬂzﬁ(ﬂﬂﬂl‘"'lll'mz‘Ui'iQﬂ']'!ﬂ'li]ﬂ')'mﬂg’lﬂﬂﬁ\ﬂlf)\iﬁlﬂﬂﬂ']\? N IUNTENI AN

[] 1 4
4D constellation Tuganndldasandestudumaficianiu q
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1u Viterbi algorithm 3211M15150912UMIYA 9 F2ARITUIMS demodulate two noise -
a 'l e o ﬂ' ° . . o [ '
corrupte 2D symbol TagazauyAd25ulalimsisuriauias Viterbi table nezimsladeya
: < . . { ~ t 1Y
vl Tudumeuusneszifiumsniouladues noise - corrupt point neglndiigaveunasduira
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Y

! . @ 1 1 1 -3 b f Te
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UUNUNVI IW‘J"I::’J’IlmileﬂmﬂﬂTﬂU pomnt - select YDINITY 1“ trellis SHINWUVIN Viterbi
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5.1 TRELLIS (CONVOLUTIONAL) ENCODING

511 g4

o 7 ° a a o g a
nouggiuen 1n dufladduveasnauBunniin (V) ias e seminmimm
4 o ) Y 7o 9/ L4
taz constant length (K) 3vam1sntinwes N, M, K siwnadaflandu 18 Tnoauysal Tuns

9 L o 3 @ ﬂ . 9/ v 4 4 o o a
fTi'N'WQﬂ‘h'u‘JﬂQﬂ'ﬁW'liﬂﬁﬁzl U impulse response YOINITIUITHAFUNDRIAVUDIUNTN

-

} 4
Bunmiiu 1 wazawde 0 daiy aumsvesmsitrsiasunsodoy 18y

V =U*G ....(5.1)
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V A9 181NN

U flo duUnm

9

G A9 WUIBISInDS 1WA Tuiliva
c'l ] : Iy Y Yy 9 YY) s
Tunsnouggduien IRATUIII redundant T 113 d e udUY LI YDY wanude
, ! - . 2 2 _ 4 .
YA (signal data stream) demssamdnvesdayanaiionidlumsin BER Giterrorrate)  @avialsl

a

o LY s a 1 a a ' o w { o 4 ' Y & v
dudsiadeniymindesunninlumsdadifdundonisy deofusui MIansRs 1Ty
Y a 4 P Yo o ¥ ) o a
ABTIYRIWTUAIU (SNR) szinadulioiIimdaesdyenudotinanas uazdudumsiiy BER
- ' -1 4 o o [ 1Y a EY & a
040819 15finu dievh aeujguiow RS NAY redundant Tn yoavumdeya dazitlunisimy

o o 1Y o o o dy
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Coding Gain = 10 log,, dzmiE/Pav)encoded(dzmin/Pav)unencocie ...(5.2)
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5.2 VITERBI DECODIN

5,21 NG
Tumsaeasfauuy VITERBI wld31uuuves rellis tay doyanaduwn wiiow
o $ . @ @ 1 y
AAWAUNN trellis TnoTiiaue1inm (to) vziivauninmseenuvin Tnsfaeasiaidoyavesns
I . . o t a J o d &g 1 a 4 =t 9 w T a
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: o . :
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3. nsdumAndman Auszozueadaniidosiiqe uas ¥298903U N time Tunis

] 3 &4 14 o ot . . :
svesasdumsaan Faezidiu 1innveadd 1Raves time perod 1y

v v ¢ .
Tuzi 5.5 uraudumeAmdaan 010 ¥93 V.34 trellis uazszoznadufigayea 010 fign

Yanniduniedn q

4 a :: 4 1 < 4 o a o t
Weidumavesszozneiduiiqafiny lusezfndman Tasvzgminnnn fadmand
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=3

a

< ° o ' <4 ' o a v o
e gezgnit lidy (9 001 Tugd 5.5 unudao ¢ + r Fadludufidosfign ) faiulu N time

o / & . 4 4 4 '
period vua’m'rmmuﬁﬂﬂ‘lﬁ’f%mgﬂﬁuqﬂ'uaqLf’r'umwmizuzmmﬁqum to+ N Tmﬂ:tﬁ‘um

» v v
-Jmlﬁ'ummus:&zmeﬁquﬂ (YOn, Y1n, Y2n) luudazfadaean uazdadaan (S1,52,S3)

OLD
ACCUMULATED
DISTANCE

A

T O mMm m O O o

PAST STATE PRESENT STATE
(S1, 52, S3) (St, 52, 83)
000
001
010 ;/,M///‘ NEW ACCUMULATED DISTANGE
! e 011 TOO010IS MINIMUM OF:
100 ® ® 100 g
01 o ® 101 e
C+y
110 ® ® 110
D+&
1 e o 11

NOTE: a,B,v, 5 are path distances.

5.2.2 Initialization

zﬂﬁ 5.5 Possible Path to State 010

a 4 1 S
lumsiSudu Xuaz v wflumuﬂsvnewamﬂiu constellation vzgniAiy 13 lunoly

nmummm 'Nﬂﬁ'TUﬂTﬂﬂ“ﬂ?ﬂ']il‘ﬁﬂvhl')‘lﬂﬂ’liTﬂﬂﬂﬂﬂlﬂﬂ"lﬁﬂﬂ“ TﬂU distance table "Il"lﬂJ
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Gou'lvvesdimdlududhsivadiu 000 “lumnczms:uz‘nwuaﬂmglaﬂmﬂuﬂﬁﬁmmmzﬁﬂﬁuﬁ
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5.2.2.1 msmszasmefiduiiga

[
[l

-:lv 0 a o . . a0
1u routine Hivghmsiinsrzvitedoyadunn uaz Euclidean distance fingindyafiqaves

Q
i d

AL 8 IAUNYBIMAN (18 Euclidean distance lai10108931

~ Vixexi) + (Yo-vi)? ..(5.4)

o Xcuaz Yo fio Tneedium X uaz Y YBIIAVY constellation
Xiunz Yi fin Inoeamnvesdoyaduyn
c'f?q“lumsﬁmqmﬁymmmnaﬂﬁa Euclidean distance ¥8aufiaz3a lundaziduniaveasaian
uag szozmadifesiiqaiinsfnnaieiu B ludumevosian luglii 5.6 Lﬂuﬁé}wmgﬂ
VUFUNNUBIAN (YOn, Yin, Y2n) 110 Taevouivaezyisunisien 4 qw?iuﬁm"l%’“lu dashed
Jines Tug1/fi 5.6 ueAsfagaveudumvsasianiingdasuduwni 19 luvoniva Tugii 5.7l 8
yafinglndfuerndowiiu 00010, 00101, 01010, 01101, 10011, 10101, 11000, AE11111

Q

5.2:2.2 MIMIzgzMenfyanusnayan
a i 4 3 1 e
TumsAnsied V34 trellis Anarinudadhunfosweaas iy nauveadunsvesss
a o 4 . . 1 o P=3 o as 4 8 d
1 (4) NUABTARITIANIIN time period AN q A15197 3-1 LaAIDIMIINIS WA UYOUAAs Rate
{ ° 1 o { 'y . J 2 Y o [
i wazdun et inss AL AREMANT time period A3 Fametiaginssadeya
1 o v , ( i 1
vealAnfideamisunszdulmnzauidosfiqauesiindman Srwsuiiy Even Aadmanszy 14n
1 L4 { ° ar
000, 001, 010, 011 uAduilu 0dd Aadeanazqy 147 100, 101, 110, 111 TuviueuRsrtuEUmMa
¥ o o 1g '
YoaANUAAL Even Atadia Insinazidii 000, 001, 010, 011 naziduniavessammnusas Odd fiaf
o (-1 10
falminezdiu 100, 101, 110, 111 Tunsdives Even dudumavesaangaldai 000, 010, 011, 001
4: o d’ é 1 (-]
Taonstiuman 0 uazaian 4 uazyimsaafiawn 2 uas dan 6 Fasdumsielumssiuan
a [ ¢ o v o4 4; o 4 A& ¥
miszuzmaueaiyan luudasfiadman dmsudmdaand 2 010) AIBITQAITUAUN locate 2
3 d { s y :; {
(FuMmIvedsaAnN 010) mnmmiaﬂﬁmuﬁmwﬁ 4 A%z UAUT locate 3 (1f’f'umwmﬁmw

011) ﬂ'l'H']ﬂYl"lﬂ'lﬂWﬂJ‘Vl ﬂlﬂUﬂ'lﬂYl 6 m‘vwnuﬂuw locate 4 (mumwmmﬂw 001) GN'IJ‘N 114 P)
aaumumwms uumquaﬂmmamuuﬁm"lﬂmu

dp =P dold+(1-B) dpath ...(5.5)

e o<< B <1 smoothing parameter
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s ] e ' . 9 24 dy 2 [ -3 a
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3..2.2.4 Differential Decoding
lumsnens iaues differential encoding gAnszvhlay 2 finusnyes Viterbi A THn e1iym
fueraaldadt
Qln =YIn V Yin-1 . 5.7)
Qu  =@Qln AYin-1) VY2, VY2 . (5.8)
(30 Y1n 1oz Y2n fio MSB v8e Viterbi AlAmoniyn
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UNN 6 VUADUNSNARDILBZHANITNARD

6.1 Encoder Implementation
Tueuweslusunsy Encoder aeUszneu'lidry  differential encoder 1A% con

& ¢ o v Y -
volutional encoder %3 TU/5UN33 s 3915083715 encode TAueraadazfl 6.1

Dilfererdiaily Enceda DIFF
Two input Bits Q1, Q2

INT Initiniize 4
Variables Convaetionally Encods

| ‘ the Output of the Differentiaf | encoDE
Encotier

oo [ ey ¢
l | Pack s Output Bite PACK

LnPACK rah 2

NE A

‘l.lﬁ 6.1 Encode Flowchart

1 4
o e 1 o~ P < d
Taslunouusndugiiu INIT agviinisaas auxiliary register °lﬁ'1i‘_luauvm azemium

wazhnsTndsdiann (50,51,52) Wi o e ld@anduusadiadidmuald mee iy
. an o
15 decode point ABUITAITNA Sieran 1 0

1 4
1um3 encoder BuwM symbol szgriftum113lumiste PCK-IP Tasudaseilusaiios

) . 4 ° o ¥ y o ]
Usznowlldaw 4bitsymbol  Tasmsfiisminisisaataneg TWiugdamsaiefies i
AeMs LYY Real-time uAtidoyaiildlunisidrswaanen ADC 1519¢A031d Buffer
Uszanet 2 Butfer Tnoezdifes muazilszanafladduniey ¥eems encode uozdndunilen
Wiodumsdumesine  Tasmsdszananalunsdivesns encoder Fadoyanzdos

synchronous AU ﬂaga'lﬁﬁnfluv’fasfl‘l’f Buffer
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e é o 'Q U L) L} 1
lundnms encode Fe9z1)szuranady luuisdunn TaoA1Bunn symbol usazsiing

v
° 1 v o a o @
AAUIBBNNIVIN 4 words (Tﬂu"lmmaz word n:ﬂsxﬂau"lﬂmumuauuw) TﬂUﬂﬁﬂﬂﬁﬂ‘N‘u%z

Y

oy 1y dugNu UNPACK

UMFRCY: LACC LOCATE
RPMT® LOOPL
SACL ¢
APL -
LOCPL SFR

Display Fill: Load Help'eXe Quit Modify Break Init Hqtch Reset‘§gge Copg Pc :

Oabe 100a - - LACC. 008ah,0 - : LEACC coff:vE:-1
0a6f 3026 SUB - 0026h,0 No watches _--ACCB:00000000 OV:0
0a70 beBO .- ABS. - - defined .~ PRG :00000000--. PM:1 -
0a7l bele SACB : + - TRGO:0000 TRG1:0000
0a72 100b LACC  000bh,0 Use following TRG2:0000 DP: . 9300
08a73 3027 SUB - 0027h.0 *: ‘commands to ST0:- 0686 ST1: 23fd
0a74 belO ABS ‘define new PC : 0a70 ARD: Be4d
0aiS bel8 SBB , watches: St0: 0ab8 AR1: 15d8
-0a76 304 0a82 BCNDD #a82h,GT.UNC Stl: 0000 AR2: 0a00
0a78 166b LACC 000bh.0 HA: Add a watch St2: 0000 AR3: 00OO
0al9 3026 SUB - 0026h.0 : WD: Del a watch St3: 0000 AR4: 00BO -
Oala £344 0a9f BCNDD #a9fh.NEQ.UNC WF: Def format St4: 0000 ARS: 0000
Oa7c bf08 OecO LAR  AROD.#HOecOh WM: Mod address  St5: 0000 ARG: 0000
Oa’e 7d86 0a9f BD 0a9fh, = : St6: 0000 AR7: 0380
' A : DRR :fff8 -DXR : 0000
bl e 4 e o TIM :0000 PRD : 0001
1000: 0700 d839 60c0 3403 f24ia 0208 5406 9.4 IMR :0002 IFR : 001a
1007: -8600 ffdd 7ce6 6dff 9773 dlal 6083 |u.<aa PMST:0834 INDX: Ofb8 -
'100e: b880 8015 beff b70f def? 8dbf 0316 C(S.&xy. DBMR:0001 BMAR: 0000
1015: 3163 0316 3162 0316 3165 0316 3163 cubeewc CYSR:0000: GRG : ff00
101c: 0856 dédé 13cl 0188 68fa fdff 77bc VY -ia- 4 G SPCR:2fc8 TCR: 0400

INPUT COMMAND :

Pl 19 6.2 Program Debugger Y83 UNPACK .

[l & . 1 o = 4 a a a <&
ludauveq Differential encode vwoyludugiiu DIFF $aez198unnin 2 DUNN 9

4
veitlu Tauaunisaail

Yig=Qla@ Y1y
Y2, 2Qlgs Yl,_n@ Y2, ® 02,

ADU1IUTINYDY  convolution encoder wimslszuanaemiyniniiesnuioin

A ! é o Y] da
Differential encoder #1911 1A3AUUANYTIN Yo  wazluveanis encoder (@AM (50,51.52)
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6.2 Viterbi Decoder Implementation
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VII Constellation Sharping by Shell Mapping

Selected excerpts from Dr. Steven A. Tretter's *Fundamentals of Trellis
Shaping and Precoding” on the subject of shell mapping. Used with
permission.

A technique known as shell mapping or SVQ shaping has recently been
proposed for constellation shaping in V.fast modems. It achieves higher
shaping gains with comparabla or less computational complexity than trellis
shaping or precading. Shell mapping can be easily combined with trellis
channel coding. Constraints on constellation expansion ratio {CERg) and
peak-to-average ratio (PARp) are easily included. Shell mapping achieves
shaping gains close to that of N-sphere shapingifthere are no PARg or CERg
constraints. Also, LTF precoders can be cascaded with shell mapped
constellations to perform channel equalization at the transmitter without
destroying shaping gain.



The initial use of shell mapping appears to be in a commercial modem
manufactured by ESE? of Canada o map data blocks to 24-dimensional
consteliation points selected from the Leech fattice. This mapping methad
was also suggested in a Ph. D. thesis by Frank Rabert Kschischang? of the
University of Toronto and he also thoroughly analyzed the problem of CERg
and PAR2 constraints using multidimensional truncated polydisks.
Khandani and Kabai34. also independently studied the propertties of
truncated polydisks but did not give them a name and they discuss some
constellation addressing schemes that are not the same as the shell
mapping method proposed for V.fast. Also independently, Laroia, Farvardin,
and Tretters at the University of Maryland discovered the same shell
mapping and truncated polydisk ideas of Kschischang which they called
structured vector quantizer (SVQ) shaping. In addition, they suggest
grouping the shells into rings as suggested by Calderbank and Ozarow® to
simplify the mapping complexity yet retain most of the possible shapinggain.
In May 1992 Motorola Information Systems? (Codex) presented a paper to
the CCITT V.fast committee also proposing the use of shell mapping and
fings to achleve shaping gain relatively easily. and stated that “Trellis
shaping is no longer required.”

1. G. Lang and F. Longstaft, "A Leech Latlice Modem,” Journal on Selecled Areas in

Communications, Aug. 1989. (
2. Frank Robert Kschischang, “Shaping and Coding Gain Criteria in Signat Constellation

Design,” Ph.0. Thesls, Universlty of Toronto, Canada, Department of Elecirical
Engineering, Communications Group Technical Report, June 1991,

3. AK. Knandani and P. Kabal, “Shaping Multi-dimensional Signal Spaces - Part I
Optimurn Shaping Shell Mapping,” Submitled to IEEE Trans. Infarmation Theory. July
5,.1091, Revised April 1, 1692, Presented in part al the IEEE Int. Symp. inform. Theory,
June 24-28, 1991,

4. AK. Khandani and P. Kabal, "Shaping Multi-dimensional Signal Spaces — Part II;
Shell-addressed Constellations,” Submitted to /EEE Trans. Information Theory, July 5,
1991, Revised April 1, 1692,

6. Rallv Larola, Nariman Farvardin, and Steven A. Tretter *On SVQ Shaping of
Mullidimensional Constellations — High-Rate Large-Dimensional Consteliations,”
Proceedings of the Princeton Conference on Information Sciences and Systems, March
1892, Also submilied to the JEEE Tians. on informalion Theoty, January 1992,

8. AR, Calerbank and L.H., Ozarow. "Nonequiprobabla Signaling on the GAusslan
Channel.," [EEE Transactions on Information Theory, Vol. 36, No. 4, July 1990,
pp. T26-740.

7. Motorola Information Systems, “Signal mapping and shaping for V.fast." CCITT working
paper, Question XVIL WP XVII/1, May 1092,



=

wpxg o ter

™ s e wmy e

A. System Discription

The block diagram of the transmitter for a system using shell mapping for
constellation shaping is shown in Figure Viii-1. The diagram shows the Weli
16-state 4D channel code but can easily be generalized to use any channel
code, As described in Section IV, the transmitted 2D constellation is a subset
of z2+{11.1) and this constellation is partitioned into four 20 subsets A, B,
C, and D. The Wei encoder takes in 3 bits every 4D symbol and generates
4 output bits per 4D symbol. The first and second pairs of output bits specify
the pair of 2D symbols that form the 4D subset selected by the Wei encoder.

K Bits per Blocks of N
Shaping Biock of Ring indices
N2D symbo!s‘ Shell Mapping Ring Fge?2e.rs ruz
h Seqguance Algorithin v
u Uncoded Bits ' ‘sélact Polnt Withia
per 2D Symbol Ring and Subn: 2D Symibol ,
T Selector
K¢ = 3 Bits por ng = 4 Bits per
4D Symbol | wey 4D Encoder With the 40 Symbol
v Differantial Encoding Sequences of
2D Subsets

Figure VIli-1. Constellstion Shaping With Sheil Mapping

The 2D constellation is partitioned into M “rings” so that each ring contains
the same number of points according to the approach of Calderbank and
Qzarow. Furthermore, if the transmitter accepts u uncoded bits per 2D
symbol, each ring must contain 2U points from each of the four 2D subsets.
Thus the total number of points in the 2D consteliation is

L.4M2Y__ pMou+e (Vill-1)

The ring closest to the origin should contain the 2U+2 constellation points of
least energy. The next ring should contain the next 24+2 points in order of

energy, elc.



The sequence of 2D rings is determined on a block basis by the sheli
mapping algorithm. The transmitter takes in K bits every N 2D symbols to
select a block of N rings. The shell mapping algorithm for selecting the ring
sequences will be described in detail in the following sections. Basically, the
algorithm maps blocks of K bits to the 2K least energy blocks of N rings out
of the MN possible ring blocks. The algorithm requires a reasonable amount
of computation and memory for tables.

A relationship between the number of rings M and the number of shaping
bits K will now be determined. The K shaping bits specify 2K blocks of
N rings. Each 2D constellation is partitioned into M rings, so there are
MmN possible ring blocks. Therafore, it is necessary that

2K MV or 26N < (Vii-2)
To achieve shaping gain, the constellation size must be expanded. Forney
and Wei8 show that most of the available shaping gain can be obtained with
a constellation expansion ratio of CERg = 1.5. Each shaping block the
transmitter accepls Nu uncoded bits, K shaping bits, and 3(N/2) coded bits
which the Wei encoder converts to 4(N/2) bits. Thus the totat number of bits
for consteliation point selection per block is

Bw Nud K4 AN2) = Niu+2) + K {Vili-3)

in an unshaped system this requires a 2D consteliation of size

EQMU+3)+%I”” - SUTZHIGN (Vii-4)

According to (VIi-1), the number of points in the 2D constelation for the
shell mapped system is L = M 2U+2 gp the constellation expansion ratio is

CERg = M 24T2fou+2+KIN = po—KIN (Vili-5)
If CERg is requited to be no greater than 1.5, this upper bounds M by

M= 1.5 2K (Viii-6)
Combining (Vill-2) and (VI1i-6), we see that M must be limitad to the renge.

2NN < M 1.5 2N (VIIi~7)

8. G.D. Fomey and L-F. Wei, “Multidimensional Constellations, Part L* JEEE /. 8AC,
Val, 7, No. 6, August 1989, p. 887.
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The selection of the number of rings M allows a tradeoft between
constellation expansion and shaping gain. Using the smallest M gives the
smallest constellation expansion and smallest shaping gain, while the
largest M gives the largest constellation expansion and shaping gain.

The Motorola CCITT paper” on page 7 has some additional formulas
relating M, L, and K. We will now see where they come from. First, the
number of shaping bits K can be divided by the shaping block length N to
give a quotient p and remainder k. Thus K can be expressed as

K..Np+kfor 0= k= N1 (Vill-8)
Substituting this form for K into (VIli-3) gives

Bem Mut+2)+ K= Mu+2)+(Np+ K= Mu+2+p) +k (VIlI-9)
=N+ kwhere n=u+2+poru+2=p-p

According to (VIIi-1) the number of points in the 2D constellation is
L= M3aut2 . pa onp (VHI~10)
The number of uncoded bits must be positive, so from (VHI-9) we find that
Umpnp=2=p20
or0 L pg np (Vl-11)

andn a2

For & fixed 2D constefiation size L, increasing p forces the number of rings
M to increase and results in greater complexity. For a block size of N=8,
Motorola recommends using p < 3.

B. Weights of Ring Block, The Basic Concepts of Shell Mapping, and Some
-Data Table Required for Efficient Implementations

Suppose that the rings are labelled from 0 to M—1 with ring 0 being closest
toand ring M-1 furthest from the origin. Leta block of ring indicaes ba denoted

by
r - [rjs rzl e nrN] . (V"‘—“?‘)



with r; € {0, 1,..., M1} fori=1, ..., N. Eachring mustbe assigned an integer
weight W; () where the subscript 1 indicates that the argument is a
one-dimensional vector. For example, assuming that the constellation point
coordinates are integers, the ring weight could be the average squared
distance of points in the ring from the origin. Motorola? suggests using the
weight function wq(i} = i for i = 0, ... , M~1. Justification is given in
Appendix VIll-A. The ring weights must form a nondacraasing sequence,
that is,

w,{0) < w,(1) S+ -- = w,(M-1) (VIl1-13)

The weight of a sequence will be defined as the sum of the component
weights, that is

R
Wikt = Y wy(r) : (VIll=14)

fm

The basic idea behind shell mapping is that the MN possible ring blocks are
arranged In an ordered list with lower weight blocks appearing closer to the
beginning of the list. There may be many blocks with the same weight and
these are called ashell. We will see how tolexicographically order the blocks
in a shell. The block at the beginning of the list will be labelled or indexed by
0 and the one at the end by MN - 1, The 2K blocks closest to the beginning
of the list which are also the 2K lowest welght blocks are used as the shell
sequences. Encoding is performed by using the binary K-tuples of shaping
bits as the indexes of the list elements. Decoding is performed, basically, by
observing that given a ring block, its index is the number of blocks below it
on the list. We will see how to achieve reasonable table storage
requirements by a “divide and conquer® approach where the N dimengional
problem is divided into two N/2 dimensional problems, etc. The problem,
then, is to efficiently assign shaping K-tuples to ring blocks and vice versa.

To perform shell mapping, the number of vectors with a given weight must
be known. LetMy(j) be the number of p-tuples of ring indices r = [rf_‘... , rp}

with total weight | = w, ) + .. + w, {r}. The weight generating
function is defined to be

Gp (2= M, (K) 2* (Vil-15)
X

For example, with the Motorola weight function wy(i)=i, the number of
1-tuples of weight j is Mq(j) = 1 forj =0, ..., M—1 and is 0 otherwise. The
corresponding generating function is



ey

Mo _ Vill-16
6 (49— 3 =12 o
kmO

The number of (2p)-tuples of weight j can be computed from the number of
p-tuples of each weight in the following way. Each 2p-tuple can be
considered to be the concatenation of a pair of p-tuples. The weight of the
2p-tuple is the sum of the weights of the two p-tuples. If the first p-tuple has
weight k, then the second p-tuple must have weight j-k to make the total
weight equal fo j. Thus the number of 2p-tuples of weight j must be

My, () = i MAK) Mgj-K) (Viti-17)

=y

This sum is just a convolution so the corresponding generating function is
Gy (2 = GE (2 (Vill-18)

If the shaping block length N is a power of 2, Mn() can be found by
successively applying (Vill-17} for 2p =2, 4, ..., N since the initial sequence
My(j) is easily determined. The shell mapping encoding and decoding
algorithms assume that the intermediate results My(j) have been stored in
memory fork=1,2,4,..,20 ..., N/2 and all relevant .

Another sequence that will be used in she!l mapping is the number of ring
blocks with weight less than or equal to j. This will be designated by Cy(j)
and can be computed from My(j) by

i
Cy () = 3 My (VIll-19)
k=0
These values should also be stored in a table. ?

The number of ring blocks required is 2K. Thus, the maximum value, J,
required for j is the smallest  such that Cn(j) = 2K. Then 2K blocks can be
selected from the Cp(J) blocks. J is called the SVQ threshold.
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C. The Decoding Algorithm

The shell mapping technique can be best understood by first looking at the
decoding algorithm, which is the method for mapping a received block of
N rings back into the original input block of K shaping bits. In the receiver,
the received signal is demodulated and Viterbi decodad to give a maximum
likelihood estimate of the transmitted sequence of constellation points. Then
blocks of N estimated 2D constellation points are quantized into blocks of
ring indexes.

Given a received block r of N ring indexes, the decoding function Dp(r}
computes the index of r in the list. The decoding function can also be
expressed as

D, (n — {number of blocks below r on the list} (VIl-20)

Binary shaping K-tuples ¢an be assigned to ring blocks in many ways. The
method we will examine is based on a splitting algorithm that successively
divides blocks into pairs of half the length until blocks of length 1 are
reached. Therefore, we will assume that the original block lengthis a power
of 2, thatis, N = 24,

Al each step, the i+tuples of rings will be ordered according to rules which
will be given shortly. The decoding, ordering, or indexing function on i-tuples
will be called Dy{-).

The ordeting of 1-tuples Is easy. According to (V1i-13), the ting weights
must form a nondecreasing sequence. Therefore, 1-tuples will be listed in
numerical order. That is, the one-dimensional decoding function is

D) —rfor r—0,.... M-1 (Vili-21)
This is the starting point for building higher dimensional decoding functions.
As a matter of notation, fet an i-tuple of ring indexes be

Ay 1] (VIIi~22)

The first and second halves of li] will be designated by

r[;} = [V e '&*21 and rg] = [r,.._‘.2 wqreefil {Vili-23)

-

We will now see how to define a decoding function for i-tuples in terms of one
for i/2-tuples. Assume Dyo(-} is known. First, order i-tuples of rings according
to the following rules for the three possible cases:
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Case 1: Different Weight i-tuples

An i-tuple ufl is fisted below vI1 if w(u) < w{vl) where w(-) is the
i-dimensional weight function.

Case 2: Equal Weight ituples, but First Halves have Different
if2-dimensional indexes

When w[ull) = wv7), then ullis tisted below vt i

Dyo (u(;}) < Dy, (v[;})

Case 3: Equal Weight i-tuples. Indexes of 1st Halves are the same

When w(ull) = w{W) and v, = v, then list o below W if

Di_,.2 (ug]) < 0,’(2 (vg})'

The i-dimensional decoding function can also be expressed in terms of the
following function:

~

N{W) = {number of i-tuples Ll with w{ut®) = w(ulh) (Viii-24)
and (8 below W)

This quantity will be called the offset into the shell. Then, the i-dimensional
decoding function can be expressed as

D{v{@] = {number of ituples below Vit
= {number of iHuples (! with wiutl) < w(vit)
+ {number of i-tuples ¢ with w(tdl) = w(ut (VHI-25)
and o below v}

= G [w; () - 1] + w(w1)

The quantities Dy(-) fori < N do nothave to be computed. Also, Ci(-}is needed

only for i=N. Finally, we will see In the next paragraph how to recursively.
compute Ni(-) fori=2, 4, ..., N using Nyo(-) and Mya(-). Then Dy(-) can be

computed by (VIlI-25} for i=N.

The vectors counted in Nivlll) can be partitioned into the following three
types:



Type 1: 1st Halves Differ in Weight

Consider the set
{ ol I w, (uf) = w{vh) N Wy (uga) < Wy (vga)} (VIlI-26)
The number of elements in this setis
WW{J“I) A fVi-27
a = > My (1) My [w; (W) )
kw0

Type 2: 1st Halves Differ but Have the Same Weight
Consider the set

{w] Wi () = w, () [} i ) = e 08 (Y 0, 0 <, (v‘ﬂ)} (VIIl-28)

According to (Vll!-ztf), the number of choices for u4filis Nim(v4i}). The total
weight must be wi{vli}), so the number of choices for ugﬁzis Myolw;(v{i) —
wira(v4)]. Thus the number of type 2 vectors is

!

8 = Ny (vy) My, [w; (vm)-w,ﬂ (vlf)} (VII}-29)

Type 3: 1t Halves ldentical
The number of vaclors in the sat

{({:} | w (U = w{v) uga = v[;] M Op (ug}) < Dyp (vg})} (VII-30)

is

A, = N (Vm) (VHI-31)
3 2 | Vo

Notice, also, that the weight of vgf is ’

Wy, (vg]) = w, (W) — w,, (v?) (ViI--32)



Adding the numbers for the three cases gives

Wi ("{10?“‘
N ()= S Mgy 00 M [ )

+ Ni.& (v[;]) M_,_,z [WW ( vg])] + foa (v[zé)

The decoding operation is performed iteratively. First, r = vIN}is divided into
N/2 pairs of ring indexes and Na(-} is computed for each of the pairs using
(VIlI-33). Adjacent pairs are then combined into N/4 4-tuples and Ng(-} is
computed for each. The doubling procedure is repeated until NN(nD is
computed. Then the index Dy(r) is computed by (VII-25) with i=N.

(Vili-33)

Example Viii-1. N =2 and Motorola Weight Function

Let the one-dimensional weight function be

w,(d =rforr=0o,M=1 (VII-34)

and designate 2-tuples by V¥ = [, 12]. The number of 1-tuples of each
weight is

For this example,
v, P = r] and v, B =[]
Then, according to (VHI-33), the shell offsat is
wylr) =1
% ()= 2 M0 M, [ () - 4] (VI1-36)

-

+ N, (n) My [Wa (V) - w, ("1)] + M (r)



Since thers is a single 1-tuple of each weight, N1(r} = 0, so the last line of
(Vili-36) is zero and

4 =1 t =1
N, (v4) = ?;, M KM+ -k = Z M (n+6 - K (VIII-37)
-

From Figure VIII-2 it can be seen that this sum is

n for 0sr+r,sM-1 .
Na ([r‘v ra]) = [M- T=0n for Ms 1, + LErn+M=2 (Vilt-38)

Example of Shell Sequence Ordering forN=4 and M =3
Dy(n) ¢

¢ 0 M0} =1
2 2 Mi(2}=1
D2t r
¢] (<1} Ma(0} =1
1 of Mo{1} = 2
2 10
3 02 Ma(2) = 3
4 11 L
5 20
6 12 Mo(8) = 2
7 21
8 Q2 Moai{d) =1
Dy} 4
¢] 0000 Mg{0} = ¢ .
1 oo Mg{1)=4 Cg{0) =1
2 00190
3 0100
4 1000
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5 0002
6 oot
7 0020
8 0101
g 0110
10 1001
11 1010
12 (200
13 1100
14 2000
15 w12
H g2t
17 0102
18 om
19 0120
20 1002
21 1013
22 1020
23 0201
24 Dg1o
25 ot
28 1110
7 2001
28 2010
28 1200
30 2100
31 02
32 oz
33 o1
a4 1012
1] 1021
36 o202
ar 0214
3@ 0220
36 102
40 1111

Ma2) = 10

Mg(3) = 16

Ma(d)= 19

Call}=5

Cq(2y= 15

Ca(8) = 31
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41 H20
42 2002
43 200

44 2020
45 1201
48 1210
47 2101
48 2110
49 2200
50 0122
51 1022
§2 o212
53 ozt
54 2
55 Hat
56 2012
87 2021
88 1202
58 121
60 1220
61 2102
62 2111

83 2120
64 220%

65 2219
68 0222
67 1122
1] 2022
89 1212
70 1221
71 2112
72 212t
73 2202
74 a2

75 220
76 1222

M4(5} =6

M4(8) = 0

Ma(7) = 4

Cah) = 50

CylB) =66

C4(B) = 76



a w w=ow

o

77 2122
78 2
79 2221
80 2222 M4(B) « 1
My(ri+r2-K)
11
faea
ty4ra~(M~1) 0 =1 {4
k
(M0<ry4rasM=1
My(rien-k
+ 1
eed
]
0 rierp~(M-1) ty-1 g4y
k

DIMsryerpseg+M-2

Cal7) =80

C4(8) = 81
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D. The Encoding Algorithm

The encoding algorithm maps binary K-tuples of shaping bits into N-tuples,
of ring indexes. The mapping is based on the ordering of ring blocks
described in the previous section. Let the shaping bit K-tuple be the binary
representation for the index D(viN]), The problem is to find vINl: According
to (VIlIi-25) '

D (M) = Cofwy (V™) - 1]+ Ny (W) (VHI-39)
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Remember that Ny (viN]) is the number of blocks with the same weight as vIN]
that are below it on the fist. Also, Mp(wy(vIND) is the number of blocks with
the weight of vIN]. Therefore,

0 < Ny (V™) < My [wy (V)] (VII1—40)
Also,

[ (4] = 4o (49 1) o () 41
Thus,

Cu [wn (W) 1] = Dy (¥ < C [wy (W] (VIli-42)

This shows that the index Dy will always fallin an interval bracketed by a pair
of successive Cy's.

Encoding Step 1: Compute the Weight of UM
Based on {Vill-42), the weight of UM is

wy (W) = "[n ] oy (n- 1) s D ()] (Vill-43)

Encoding Step 2: Compute the Offset
Once the weight is known, we can compute the offset as

Ny (W) = Dy (W) - ¢ [wy (W) - 1] (Vill-44)
Agcording to (VII-33),
s ()1
N = D0 My (K My [y (W) = 4] (Vit-45)
k=0

-

+ t"’m("ﬁ'ﬂ)MNﬂ[Wm(‘m)]l

+ [ ()}
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Of the weight w(vIN)) N-tuples, the number with the same weight as vIN]in
the first half, that is, wy, J|r2(1.;21“‘1) = Wy, ﬁ(.,(‘ll), is

My, [wm ( vﬂm)] My [WNR (vg"i)] (VHI-46)

where Wy, (VM) = wyg(WNM)-w,,, (¥M). Thus, the sum of the second and

third terms in the curly braces in (Vt!l—45%, which is the number of N-tuples
below vINl with the same total weight as vIN] and the same weightin the first

half as v,M, must satisfy,

02 N (1) Mo [sz (,,ram)] + Nz (1) < My [Wm ("‘1”)] My [W~ ("‘;’)] (Vi=47)

Rearranging this last inequality gives

[ (49) M [ (] Mo () = M [ (9] My o (2] (VI8

wm.%’“‘ -1
=4 Ny (4M) - > Myps (6 My, [y (V) = 4]

My [wm (ng)] My [w,,‘,2 (»g‘ﬂ)] <0
Encoding Step 3: Finding the Welghts of v4[N] and v,{N]

From the inequality (V111-48), we see that the weight of the first hatf of vIN] .
must be

L

Wigs (W) = " {"l 2. M [ Muge [Wogy () — ] = 1, (vw]] (Vill-49)
k=g

The weight of the second hatf can then be computed as .

Wigfo (.,IZM) = wy, (VM) - Wiga (.,{1!\«1) ‘ (VHlI-50)
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Encoding Step 4: Compute the Partial Offset
Now the following partial offset d can be computed:

@ — Nz () Mgz [ ()] + Mo (129)

wmgn —1 (ViI-51)
= Ny () - 2 My (R) My, [ (1) = ]

Encoding Step 5: Compute the Offsets of the 1st and 2nd Halves

Remember that Ny, (VM) is the number of weight Wyypo (VM) N/2-tuples
below M. The total number of N/2-tuples with welight Wy (VM) is
sz [Wf\yz_ ("E_,M)L S0

0 = Ny (vg‘f) < MNfz[WN',Q {vg“*)] (VH!—52)_

Using the same reasoning, we see that the following inequality must also be
true:

0= Ny, (W) < MN&[WN,Q (vgﬂf)] (VIIi-53)

Using the Euclidean division algorithm, Ny, (%) and N, (4) can be
found by dividing d by My, [Waga (\g"l)]. Nugo (vi"’l) is the remainder and
Nugz (VM) is the quotient,

Thus, to complete step 5, compute the following:

-

Nyysz (,,I1Nl) - int {d/MN,Z [wwz (VEZNJ)]} (VIIl-54)

Nup (vg\a) = d— My, [WNI:! (vgvi)] Nsa (VSM) (VIII-55)
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Encoding Step 8: lterate the Procedure

Steps 3, 4, and 5 can now be applied to the two N/2-tuples to find the weights
and offsets of four N/4-tuples, and the procedure can be repeated until
1-tuples are reached. Then the ring index for a 1-tuple will be cbvious from

its weight w() and offset N¢{-).
Example 1. (Continued)

For the Motorola ring welght assignment, it is not necessary to decompose
2-tuplesinto 1-tuples since the results have baen analytically computed and
c¢an be found from (VIIi-38). Let v =[ry,] 50 Wa(v) = ry + rp. Then from the

first part of Example 1, it follows that

N, (v) for w, (V) s M—1
MW, M+ N, M= M=1) for M=1< W,V

rp = Wy (V}— 1
Encoding Example forN=4and M= 3

Suppose D, (M) = 13
Step 1

From the ordered list of 4-tuples, we see that

C,(M =5 =13 < ¢, (@ =15
Thus, according to Step 1, w, (A4) = 2,
Step 2
The offsetis D, () — C, (1) =13 -5 =8
Step 3 Find Weights of 1st and 2nd Halves

MyO) My @ + Mo ()M (1) m 1 X3 4+2x%2m7 <8

< My (0) My (2) + My (1) My (1) + M, (2) M, (0) = 10

Thus

w, (#1) = 2 and w, (1) = w, (1) —w, (9] =2 - 2 =

Step 4
The partial offsetisd =8~ 7 = 1

0

(vili-56)



Step §
Find Offsets of 1st and 2nd Halves

M, (w, (@) = M, @ = 1
N, ("1 M) = int{d/ M, (W2 (’a iﬂ)) =1

Np () = d = My (wy () N (M) =1 - 1x1 =0
Using (Vi1-56) we find that

fp= Ny () =1, r, - Wy (nt) =y =2 =1 =y
=N () =0 1, = w(p®)-rn=0-0=0

So the encoded ring block is 4 =[ 1100
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A. Program Convolution Encode

.mmregs
Jong 55
.word 120
STATMEM .set 60h

OUTPUT .set 63h
INPUT .set 64h
YPAST set 68h
LOCATE .set 6ah
PCKD_IP .set 1000h

PCKD_OP .set 3000h

COUNT set 48
* .data
*PCKD_IP
* .nclude "d:\matlab\viterbi\enc_inp.dat"

text

INIT LAR ARIL#PCKD IP
LAR AR2#PCKD _OP
LAR AR3#COUNT-1
LDP #0

LAR ARO#STATMEM
MAR *,ARO

LACL #0

RPT  #20h

SACL *+
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START MAR *ARI
LACC *+,0,AR0
SACL LOCATE
LAR AROM#INPUT+3
LACL #3
SAMM BRCR
LACL #l1
SAMM DBMR

UNPACK LACC LOCATE
RPTB LOOPI-1
SACL *

APL  *-
SFR

LOOP1
CALL DIFF
CALL ENCODE

PACK LAR ARO#OUTPUT
MAR *AR0O
LACL #3
SAMM BRCR
LACC *+

RPTB LOOP2-1
SFL

NOP

LOOP2
MAR *AR2
SACL *+,0,AR3
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BANZ START
RET

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

DIFF LACC YPAST
AND INPUT
XOR INPUT+1
XOR  YPAST+1
SACL INPUT+1
SACL YPAST+1
LACC YPAST
XOR INPUT
RETD
SACL INPUT
' SACL YPAST

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

ENCODE LACC STATMEM
SACL OUTPUT
LACC INPUT+1
XOR STATMEM+1
SACB
LACC OUTPUT
AND INPUT
XORB
SACL STATMEM
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LACC
ANDB
SACB
LACC
XOR

XOR

XORB
SACL
RETD
LACC
SACL

OUTPUT

INPUT
INPUT+1
STATMEM+2

STATMEM+1

OUTPUT
STATMEM+2



kmthree
kmfour

regionl

region2

region3

region4

B. Program Vitebi Decoder

kfour
kthree
ktwo
kone
kzero
kmone

set 02000h
.set  01800h
.set  01000h
.set 00800h
.set  00000h
.set OF800h

.set  OFO00Ch

.set  OE800h

.set  OEOOOh

.data

.word 02h,06h,0bh,0dh,13h,15h,1ah,leh
-word 02h,06h,09h,0fh,13h,15h,1ah,1eh
-word 02h,06h,09h,0th,11h,17h,1ah,1eh
-word 02h,06h,0bh,0dh,11h,17h,1ah,1eh

-word 02h,06h,0bh,0dh,13h,14h,1ah,1dh
-word 02h,06h,09h,0th,12h,15h,19h,1eh
-word 02h,06h,09h,0fh,10h,17h,09h,1¢h
-word 02h,06h,0bh,0dh,11h,16h,1ah,1dh

.word 03h,04h,0bh,0dh,13h,14h,1ah,1dh
.word 00h,07h,09h,0fh,12h,15h,19h,1eh
.word 00h,07h,09h,0fh,10h,17h,19h, 1eh
.word 03h,04h,0bh,0dh,11h,16h,1ah,1dh

.word 02h,05h,0ah,0dh,13h,15h,1ah,1eh

;1st quadrant (+,+)
;2nd quadrant (-,+)
;3rd quadrant (-,-)

;4th quadrant (+,-)



region5

region6

region7

region8

region9

regionl0

.word 02h,05h,08h,0fh,13h,15h,1ah,1leh
.word 01h,06h,09h,0eh,11h,17h,1ah,leh
.word 01h,06h,0bh,0ch,11h,17h,1ah,1eh

.word 02h,05h,0ah,0dh,13h,14h,1ah,1dh

.word 02h,05h,08h,0th,12h,15h,19h,1eh
.word 01h,06h,09h,0eh,10h,17h,1%h,1eh
.word 01h,06h,0bh,0ch,11h,16h,1ah,1dh

.word 02h,05h,0ah,0dh,13h,15h,18h,1fh

.word 02h,05h,08h,0fh,13h,15h,18h,1fh
.word 01h,06h,09h,0¢eh,11h,17h,1bh,1ch
.word 01h,06h,0bh,0ch,11h,17h,1bh,1ch

.word 03h,04h,0ah,0dh,13h,14h,1ah,1dh

.word 00h,07h,08h,0fh,12h,15h,19h,1eh
.word 00h,07h,09h,0eh,10h,17h,19h,1eh
.word 03h,04h,0bh,0ch,11h,16h,1ah,1dh

-word 02h,05h,0ah,0dh,13h,14h,18h,1fh
-word 02h,05h,08h,0fh,12h,15h,18h,1fh
-word 01h,06h,09h,0eh,10h,17h,1bh,1ch
-word 01h,06h,0bh,0ch,11h,16h,1bh,1ch

-word 03h,05h,0ah,0dh,13h,14h,18h,1dh
-word 00h,05h,08h,0fh,12h,15h,19h,1fh

-word 01h,07h,09h,0eh,10h,17h,19h,1ch
-word 01h,04h,0bh,0ch,11h,16h,1bh,1dh

-word 02h,05h,0ah,0dh,13h,14h,18h,1dh
-word 02h,05h,08h,0fh,12h,15h,19h, 1fh



Lal.t o

o s e, e

regionl1

regioni2

regionl3

scrmb_tbl

dly ptr
pth_ptr
data_ptr
tmploc

count

past_dly

past_pth

oldx

.word 01h,06h,09h,0eh,10h,17h,19h,1ch
.word 01h,06h,0bh,0ch,11h,16h,1bh,1dh

.word 03h,05h,0ah,0dh,13h,14h,1ah,1dh
.word 00h,05h,08h,0fh,12h,15h,19h,1eh
.word 01h,07h,09h,0eh,10h,17h,19h,1eh
.word 01h,04h,0bh,0ch,11h,16h,1ah,1dh

.word 03h,04h,0ah,0dh,13h,14h,18h,1dh
.word 00h,07h,08h,0th,12h,15h,19h,1fh
.word 00h,07h,09h,0eh,10h,17h,19h,1ch
.word 03h,04h,0bh,0ch,11h,16h,1bh,1dh

.word 03h,05h,0ah,0dh,13h,14h,18h,1fh
.word 00h,05h,08h,0fh,12h,15h,18h,1fh
.word 01h,07h,09h,0eh,10h,17h,1bh,1ch
.word 01h,04h,0bh,0ch,11h,16h,1bh,1ch

.word 0,2,3,1,4,7,6,5
.set  0066h
.set  0067h

.set 0068h

.set  0069h

.set  006Ch

.set 0200h
.set 0280h

.set 0300h
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oldy
odiffx
odiffy
output
prv_ip
curr_x
curr_y
diff x
diff y
abs x
abs y
small
large
accdist
dist
temp
two

one

diff tbl

.set

.set

.set

.set

.set

.set

.set

.set

.set

.set

.set

.set

.set

.set

.set

.set

.set

.set

0301h
0302h
0303h
0304h
0305h
0306h
0307h
0308h
0309h
030ah
030bh
030ch
030dh
030eh

0316h

031leh
0326h
0327h

.sect "diff"

word 0

word 1

word 2
word 3

word 1
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xloc

yloc

path_tbl

tst_inp

.word
.word
.word
.word
.word
.word
.word
.word
.word
.word

.word

W NN = o N

.word kmfour, kzero, kzero, kfour, kfour, kzero, kzero, kmfour
-word kmtwo, kmtwo, ktwo, ktwo, ktwo, ktwo, kmtwo, kmtwo
-word kmthree, kone, kmthree, kone, kthree, kmone, kthree, kmone
.word kone, kmthree, kone, kone, kmone, kthree, kmone, kmone

-word kone, kmthree, kone, kone, kmone, kthree, kmone, kmone
.word kthree, kmone, kthree, kmone, kmthree, kone, kmthree, kone
.word kmtwo, kmtwo, ktwo, ktwo, ktwo, ktwo, kmtwo, kmtwo
.word kfour, kzero, kzero, kmfour, kmfour, kzero, kzero, kfour

.set 0380h

.set  03000h

text
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main CALL init,*,AR0
LAR -+ ARO,#30h

SPLK #0,IMR
SPLK #20H,TCR

top SAR ARO,count
CALL rd data,*, ARO
CALL get rgn* AR0O
CALL get_path,* ARO
CALL diff,*, AR0
LAR ARO,count
MAR *AR0O

LACC tim

BANZ top
RET

init LDP #6
CLRC cnf
SPM 1
SPLK #ktwo,two
SPLK #kone,one
SPLK #00CCCh,small
SPLK #07333h,large
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rd_data

LAR  ARO,#accdist
LACL #0

SACL *+

LACC #04000h

RPT #6
SACL *+
LDP #0
OPL #4,pmst

SPLK #path tbl,AR7
SPLK #past_dly,dly ptr
SPLK #past_pth,pth ptr
SPLK #1,dbmr

RETD

SPLK #tst_inp,data_ptr

DP=0
LAR ARO,data ptr
SPLK #xloc,indx
LAR ARI*+ARI1
SAR ARO0,data_ptr
MAR *0+
LACC *

ADRK #32

LDP #6

SACL curr x
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get_rgn

xgtl

LACC *

SACL curr_y
RET

;DP=6
LACC curr y
ABS
SACL abs y
LACC curr x
ABS
SACL abs x
SUB one
BCND xgtl,gt
LACC abs y
SUB one
BCNDD go ,it

LAR ARO,#regionl

4
LACC™ abs_y

SUB two
BCNDD go ,It

LAR ARO#regiond

BD go *

LAR  ARO#region6

LACC abs x
SUB two
BCNDD xgt2,gt

LACC abs y
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abovl

SUB one

BCNDD go It
LAR ARO,#regionl
LACC abs y

SUB two

BCNDD go ,lt
LAR ARO,#region5
LACC abs y

SUB one

BCNDD go ,It
LAR  ARO,#region3

LACC abs x
SUB two
ABS

SACB
LACC abs y
SUB one
ABS

SBB

BCNDD abovl,gt
LACC abs y

SUB two

BCNDD go It

LAR ARO#region7
BD go

LAR ARO,#regionl2

ABS
SACB
LACC abs x
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abov2

go

xIt0

ygto

xylt0

SUB one

ABS

SBB

BCNDD abov2,leq |
LACC abs x

SUB two

BCNDD go It

LAR ARO,#regionl0
LACC abs y

SUB two

BCNDD go It

LAR ARO,#regionll
BD go

LAR ARO,#region9

LAR ARO,#region8
XC 2,geq
LAR ARO,#regionl3

LACC curr x

BCND xIt0,1t

LACC curry

xygt0 BD  get cur dist
XC lleq

ADRK #24

LACC curry

ADRK #8

XC LIt

ADRK #8
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get_cur_dist

stateQ

statel

;DP=6
LACL #8
SAMM indx
LACC #xloc
MAR * AR7

SAR  ARO,*BRO+,AR0

SAMM indx
NOP

LAR AR2*+AR2
MAR *0+
LACC *

SUB curr x
SACL diff x
SQRA diff x
ADRK #32
LACC *,0,AR0
SUB curr_y
SACL diff y
LACL #0
SQRA diff y
L’fA small
SACH dist4
MPY  dist
SPH dist

LAR AR2*+AR2
MAR *0+
LACC *
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state2

SUB curr x
SACL diff x
SQRA diff x
ADRK #32
LACC *,0,AR0
SUB curr y
SACL diff y
LACL #0
SQRA diff y
LTA small
SACH dist+34
MPY dist+3
SPH dist+3

LAR AR2,*+AR2

MAR *0+
LACC *

SUB curr x
SACL diff x
SQRA diff x
ADRK #32
LACC *,0,AR0
SUB curr y
SACL diff y
LACL #0
SQRA diff y
LTA small
SACH dist+1,4
MPY dist+1
SPH dist+ 1



AWIE R

e n

state3

state4

LAR AR2*+AR2
MAR *0+
LACC *

SUB curr x
SACL diff x
SQRA diff x
ADRK #32
LACC *,0,AR0
SUB curry
SACL diff y
LACL #0
SQRA diff y
LTA small
SACH dist+24
MPY dist+2
SPH dist+2

LAR AR2,*+AR2
MAR *0+
LACC *

SUB curr_x
SACL diff x
SQRA  diff x
ADRK #32
LACC *,0,AR0
SUB curr_y
SACL diff y
LACL #0
SQRA diff y
LTA small



T

v e om

state5

state6

SACH dist+44
MPY dist+4
SPH dist+4

LAR AR2*+AR2
MAR *0+
LACC *

SUB curr_x
SACL diff x
SQRA diff x
ADRK #32
LACC *,0,AR0
SUB curr_y
SACL diff y
LACL #0
SQRA diff y
LTA small
SACH dist+74
MPY dist+7
SPH dist+7

LAR AR2*+AR2
MAR *0+

LACC *

SUB curr x
SACL diff x
SQRA diff x
ADRK #32

LACC *,0,AR0O
SUB curr_y
SACL diff y



LR S

state7

get_acc_dist

LACL #0

SQRA diff y
LTA small
SACH dist+6,4
MPY dist+6
SPH dist+6

LAR AR2*+AR2
MAR *0+
LACC *

SUB curr x
SACL diff x
SQRA diff x
ADRK #32
LACC *,0,AR1
SUB cury
SACL diff y
LACL #0
SQRA diff y
LTA small
SACH dist+54
MPY dist+35
SPH dist+5

;DP=0

LDP #0

LAR ARI, #accdist
LAR AR3#temp
LAR AR2i#dist



s W e

%* %k

*%

%*

*

stat0

endb0

LAR ARSdly ptr

LAR AR6,pth _ptr

SPLK
SPLK
SPLK
SPLK
SPLK
SPLK
SPLK
LACC
SACB

#4,indx
ffaccdist,cbsrl
#accdist + 3,cberl
#dist,cbsr2

#dist + 3,cber2
#0A9h,cber
#3,brer

#07FFFh

DELAY STATES: 0123

PATH STATES: 0231

RPTB
LACC

CRLT
NOP
XC
SAR
SAR

MAR
MAR

MAR

endb0 - 1
*0,AR2
*+.0,ARS

2,C

ARL,* AR6
AR2 * AR1
*ARI

*+, AR2
*+,AR1

*,AR3



= mmmoam wes

X

%*

*

stat4

endb4

SACL
MAR
MAR

*+,0,ARS5
*0+,AR6
*0+,AR2

DELAY STATES: 0123

PATH STATES:

ADRK
SPLK
LACC
SACB
MAR

RPTB
LACC

CRLT
NOP
XC
SAR
SAR
MAR
MAR
MAR

MAR
MAR
SACL

LACC
LMMR

3102

#2
#3,brer
#07FFFh

*,AR1

endb4 - 1
* 0,AR2
*+,0,AR5

2,C
AR1,*,AR6
AR2,* AR1
* ARI1

*+ AR2
*+,AR1

*,AR3
*+

*-0,AR2

cbsr2
cbsr2,cbsr2



.

*

*

stat2

endb2

SACL

MAR
SBRK
MAR
SBRK

cber2

*- ARS
2
*,AR6
2

DELAY STATES: 0123

PATH STATES: 2013

SPLK
LACC
SACB
MAR

RPTB
LACC

CRLT
NOP
XC
SAR
SAR
MAR

MAR

MAR
SACL
MAR
MAR

#3,brer
#07FFFh

*,AR1

endb2 - 1
* 0,AR2
*+ 0,ARS5

2,C

AR1,* ARG
AR2* AR1
*AR1

*+ AR2
*-,AR1

*,AR3

*+,0,ARS
*0+,AR6
*0+,AR2

ADRK 2



*

%*

stat6

endb6

MAR

* AR1

DELAY STATES: 0123

PATH STATES: 1320

SPLK
LACC
SACB

RPTB
LACC

CRLT
NOP
XC
SAR
SAR
MAR
MAR
MAR

.~ MAR
MAR
SACL

#3,brer
#07FFFh

endb6 - 1
*0,AR2
*+.0,ARS5

2,C
AR1,*,AR6
AR2* ARl
*,AR1
*+,AR2

*: ARl

*,AR3
-+

*+,0,ARS

LACC #accdist,4

SAMM

cbsrl

SAMM ARl

ADD

SAMM

#3
cberl



B L.

i

*

*

statl

endbl

LACC #dist,4
SAMM cbsr2
SAMM AR2
ADD #3
SAMM cber2

LAR ARSdly ptr
MAR *+ AR6
LAR AR6pth ptr
MAR *+,ARI1

DELAY STATES: 4567
PATH STATES: 4765

SPLK #3,brer
LACC #07FFFh
SACB

RPTB endbl -1
LACC *,0,AR2
ADD *+0,ARS
CRLT

NOP

XC 2,C

SAR ARl,*,AR.6
SAR AR2,*ARI
MAR *ARI
MAR *+AR2
MAR *+,AR1



%*

*

stat7

endb?7

MAR
SACL

* AR3
*+,0,AR2

DELAY STATES:4567

PATH STATES: 6547

ADRK
MAR
ADRK
MAR
ADRK

SPLK
LACC
SACB
MAR

RPTB
LACC

CRLT
NOP
XC
SAR
SAR
MAR
MAR
MAR

MAR
ADRK
SACL

2
*,ARS
6
*,AR6
6

#3,brer
#07FFFh

*AR1

endb7 - 1
* 0,AR2
*+,0,AR5

2,C

AR1,* AR6
AR2* AR1
* AR1

*+ AR2
*+,AR1

*,AR3

*-,0,AR2



i

ey

*

*

stat3

endb3

MAR
MAR
MAR

LACC
LMMR
SACL

*- ARS
*0-,AR6
*0-,AR1

cbsr2
cbsr2,cber2
cber2

DELAY STATES: 4567

PATH STATES: 7456

SPLK
LACC
SACB
RPTB
LACC

CRLT
NOP
XC
SAR
SAR
MAR
MAR
MAR

SPLK
MAR
MAR

#3,brcr
#07FFFh

endb3 - 1
*0,AR2
*+.0,AR5

2,C

AR1,* AR6
AR2 * AR1
*,AR1
*+,AR2

*- AR1

#2,indx
*,AR3

*,,



T e s

%

*

stat5

endb5

SACL
MAR
MAR
MAR

*+,0,ARS
*0+,AR6
*0+,AR2
*0+,AR1

DELAY STATES:4567

PATH STATES: 5674

SPLK
LACC
SACB

RPTB
LACC

CRLT
NOP
XC
SAR
SAR

MAR

#3,brer
#07FFFh

endb5 - 1
*0,AR2
*+0,AR5

2,C

AR1,* AR6
AR2* AR1
*AR1

*+ AR2
*-,AR1

*,AR3

SACL *,0,AR0

SPLK

LMMR

SPLK
LAR
LAR

#0,cber
treg0,large
#2,indx
ARO,#temp
ARI1 #accdist



- e

s

- e

min_acc_dist

endtbl1

SPLK #2brer

LACC #07FFFh,15

SFL
SACB

MPY
PAC
SACH
RPTB
CRLT
MPY
XC
SAR
PAC
SACH

CRLT
SPLK
XC
SAR
LAR
MPY
PAC
SACH
RPTB
CRLT

*+,AR1

*+.0,AR0
endtbll - 1

*+,AR1
1,C
AR1,AR2

*+,0,AR0

#2 brer

1,C

ARI1,AR2

AR1 #acedist + 1

*+,AR1

*+.0,AR0
endtbi2 - 1



L]

-

S e oo o

T

endtbl2

get path

MPY *+,ARI

XC 1,C
SAR  ARI1,AR2
PAC

SACH *+,0,AR0

CRLT

MAR *AR2
XC 1,C

SAR AR1,AR2

RETD
MAR *0-
LAMM AR2

;DP=0

LAR AROdly ptr

LAMM AR2

SUB #accdist

SAMM indx

SPLK #14,brcr

SPLK #past_dly + 120,cbsrl
SPLK #past_dly - 7,cberl
SPLK #08h,cber

RPTB tloop-1
MAR *0+
LACC *0-
SUB #accdist
SAMM indx



o —

P

-

tloop

get sym

diff

SBRK 7
SBRK 1

; back (circular addressing)

SPLK #0,cber
SAR AROQdly ptr
ADRK 128

SAR ARO,pth ptr
MAR *0+

LACC *

SUB  #dist

ADD #scrmb_tbl
SACL tmploc
LAR ARO,tmploc
LACC *,0,AR7

ADD *0,AR0
SAMM ARO
RETD

LACL #3
SAMM brer

LDP #6
LACC *
AND #OFh



S e R N W hewm

SACL output

BSAR 2

ADD prv_ip

BLDD #output,prv_ip
APL  #0Ch,prv_ip
ADD #diff tbl
SAMM ARO

LACC output

AND #03h

ADD *2

SACL output
LDP #0
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ISO 2110:1989, Information technology — Data communications — 25-pole DTE/DCE
interface connector and contact number assignments.

ISO/IEC 11569:1993, Information technology — Telecommunications and information
exchange between systems — 26-pole interface connector mateability and contact number
assignments.

ITU-T (CCITT) Recommendation T.30 (1988) (Amended, March-1991), Procedures for
document facsimile transmission in the general switched telephone network.

ITU-T Recommendation V.8 (1994), Procedures Jor starting and ending sessions of data
transmission over the general switched telephone network.

ITU-T (CCITT) Recommendation V.10 (1993), Electrical characteristics Jfor unbalanced
double-current interchange circuits operating at data signalling rates nominally up to 100
kbit/s.

ITU-T (CCITT) Recommendation V.11 (1993), Electrical characteristics for balanced
double-current interchange circuits operating at data signalling rates up to 100 kbit/s.

ITU-T (CCITT) Recommendation V.14 (1988), Transmission of start-stop characters over
synchronous bearer channels,

ITU-T (CCITT) Recommendation V.21 (1988), 300 bit per second duplex modem
standardized for use in the general switched telephone networtk.

ITU-T (CCITT) Recommendation V.24 (1988), List of definitions for interchange circuits
between data terminal equipment (DTE) and data circuit-terminating equipment (DCE).

ITU-T (CCITT) Recommendation V.25 (1984), Automatic answering equipment and/or
parallel automatic calling equipment on the general switched telephone network including
procedures for disabling of echo control devices Jor both manually and automatically
established calls.

ITU-T (CCITT) Recommendation V.28 (1993), Electrical characteristics Jor unbalanced
double-current interchange circuits.

ITU-T (CCITT) Recommendation V.32 (1988), 4 family of 2-wire, duplex modems
operating at data signailing rates of up to 9600 bit/s Jor use on the general switched
telephone network and on leased telephone-type circuits.

ITU-T (CCITT) Recommendation V.32 bis (1991), A duplex modem operating at data
signalling rates of up to 14 400 bit/s for use on the general switched telephone network
and on leased point-to-point 2-wire telephone-type circuits.

ITU-T (CCITT) Recommendation V.42 (1993), Error-correcting procedures Jor DCEs
using asynchronous-to-synchronous conversion.

ITU-T (CCITT) Recommendation V.54 (1988), Loop test devices Jfor modems.





