1
d asuaiag Jaandusosy E
wmaludeyanoey po
Aaphiahiupy pue S¥usaiza g

pagpajmouspde Ajinye3es3 st (110-20 DLI/HV/4r1)
juedS [9AeJ] |euolleusdaiul ue Jspun JuudsuiSug jo Awspedy |ehoy YN J0 woddng

VSN ‘opueliQ ‘200z ‘LI-€T ABIN ‘200CdSSVDI 18 paiussaid

YN"2e Pa°93pMIII|N |\ d1uIdg
M'N 1M 6H3 Ysinquip3 ‘ysinquip3 jo Ausisniun
3ulPdUISUT [BD1I3D3[] PUE SOIUOJIO3[T JO JudwMedsq 4

¥N"0B U030S SO ¥N OB u030s°s29g)obs

M'N ‘T9T 210S uoidweyinog ‘uoidweyinog jo ALSISAIUN
90U312G J91ndwoY) pue S21u04109|F JO uswmneds( |

(0ZueH soefl] pue mai3|n|\ pJeussg ‘ usy) Susyg

uonje|npoyiy 2pnijdwyy-asind 104 uoijezijenby
anndepy ajey-10.13-joquig-1sea] d1iseydolsg

usyd § dnouo uoijesiunwwo’)



14
4 aoua g Jaandusosy
LRk E—l.—._u__gl.l-.—.u
Aaphiahiupy pue S¥usaiza g

34 pue Jazijenbs Jesui
10J uoIinjos YIS\ |ewirdo o1 spes| aunieu ueissneny-uou o031 Sundopy x

ueissner) aJam indino 3jos Jszijenbs j1 Ajuo wnwiido aq pjnom JSIN|N
wnwildo se papJe3as st uoiinjos JSNIN ‘Aleaissed

J19zijenba yoeqpasj uoisiDap pue Jazijenbs Jeaul| :9|qepJojjy e

x9|dw oD 0031 1012919p-|oqUAS uelsaheg 1o JV/|N USAT

x3|dwod 003 4019319p 2duanbas JSTIN/JVIN ‘Uollenpow [9A3|-y3iy 404 e

1LNg sisixa suolln|os jo A1oueA e pue ‘paydieasas ||om si o1dol uollezijenb3]

SUOI1BAIIO |\

usyd § dnouo uoijesiunwwo’)



€
.l aoua g Jaandusosy
[T LEyansg ps
Aapidakiu i pue S¥usaiza g

SOWBYDS |\Vd [9A9]-12|NW 40} ¥

100¢ burssaoosd [pubig ‘000 DOdSSY dwhs HAHI 'UdYD 79 MIIZ|N|N e
6661 SUOUDIUNWULOY) D04 HHT ‘MIISIN|N 79 udyd) e

000g SuonDUNWALOY) "SUDAT, FTHAT «86.001 ‘L6001 ‘fieg 73 Y\ e
8661 SUONDIUNWALLOY 04 HH] ‘96,00 "IV 12 UsY) e

7L.001 'OBA 73 Yseweys e

C)6T fiwooy [ uonypwiiofur Suvsy, ] ‘'OBA @

SHIOA\N SNOINAI{ DWOG

usyd § dnouo uoijesiunwwo’)



Communication Group S Chen

A Toy Example

S
s

;.4.*&*3%’
(F ’." \s*"i %3
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,{iig.ic" %5

Two-tap channel 1.0 + 0.5z 71 y .
. e = ’ i'i"' ’?’i”i R
with 4-PAM and SNR= 35 dB "¢ ..f~ ;ii i:"‘;%‘::"’!r'r'n"'lfn:.?’i ’éﬁifw’;}”

é‘\,

ii’ ’:if’

. . 0 ..¢#§.~
Two-tap m = 2 linear equaliser gz,, .,~; s -

with decision delay d = 0

Normalized MMSE:
w{/[MSE = [0.9285 — 0.3713]

MSER (a > 0):
Wispr = @[0.8957 — 0.4447]

e MSER solutions form a half line, origin is singular point
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Communication Group S Chen

Two Useful Properties
e Shifting: Vii1 =V + 2¢q4

e Symmetry: distribution of ) is symmetric around cys;.

qj(# -1) ca(ﬁ +1)

* For linear equaliser to work, V;, 1 <[ < L, must be linearly separable
This is not guaranteed

* In DFE, linear separability is guaranteed
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Communication Group

S Chen

An 8-PAM DFE Example

e Lower-Bound SER
Comparison

Channel:
0.34+1.0z71 —0.3272
with 8-PAM

log10(Symbol Error Rate)
A
N

AN
N

I
=
(@))

AN
o

20 25 30 35 40
SNR (dB)

45
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Communication Group S Chen

e Distribution of Subset Vs (s5 = 1), 64 points, SNR=34 dB

Weight vector has been normalized to a unit length, a point plotted as a unit impulse.

2

decision
threshold
1.5
c
(a) MMSE g
Qo 1
@
D ‘
0
0 0.5 1 15 2
y(k)
2
decision
/threshold —_
1.5
(b) MSER

0.5

Distribution
'—\
|
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Communication Group S Chen

e Conditional PDF given s(k — d) = 1, SNR=34 dB
normalized Wiy qp = [—0.0578 0.2085 0.9763], wiepr = [—0.2365 0.7946 0.5592]

3
2.5 | decision decision
g threshold / \ _threshold
(a) MMSE E 2 / \
2 15
5 [
o 1
° [
0.5
0
-0.5 0 0.5 1 15 2 2.5
y
! decision threshold—
/ \s
0.8 /
(b) MSER 0.6

\

conditional pdf

Electronics and l;‘r";'ur::':rmm
Computer Science |
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e Learning Curves of LSER Averaged Over 100 Runs, SNR=34 dB

Initial weight: (a) wywmse, (b) [—0.01 0.01 0.01]"

le-4

MMSE

le-5 &“'

Q 1
IS
x MW
o le-6 | WM)\MM
m
6 1e-7 WWWMWWWMMMVM&
Q0
=
>
D 1e-8
MSER
le-9

0 2000 4000 6000 8000 10000

Sample

(a)

Symbol Error Rate

Weight normalization applied

le+0
le-1
le-2
le-3
le-4
le-5
le-6
le-7
le-8
le-9

\ - decision direct
Ll ey ié
B L
/ uall Illg MMSE
H
MSER
200 400 600 800 1000
Sample
(b)

In (a) training and decision directed indistinguishable, in (b) dashed curve: after 200-sample
training, switched to decision-directed with §(k — d) substituting s(k — d)

Initial value is critical for convergence, MMSE not necessarily good initial choice

Electronics and
Computer Science
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Communication Group S Chen

e Learning Curves of ALSER Averaged Over 100 Runs, SNR=34 dB

Initial weight: (a) wamse, (b) [—0.01 0.01 0.01]7  Weight normalization not applied

le-4 le+0
M‘N MMSE le-1 \
o le-5 o le-2 decision direct
< © g
o4 Lot X le-3 5 |
§ €- W § le-4 | trainina
= = / training MMSE
i M%M u 1e-5 :
S le7 i S |
S g 1le-6 |
> > l !
D 1e-8 0 le-7 e
1e-8 S —
MSER MSER
le-9 le-9
0 2000 4000 6000 8000 10000 0 200 400 600 800 1000
Sample Sample
(a) (b)

In (a) training and decision directed indistinguishable, in (b) dashed curve: after 200-sample
training, switched to decision-directed with §(k — d) substituting s(k — d)

Compared with LSER, no performance degradation, much simpler

Electronics and l:;";'.:;.?m,.,m
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