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Communication Group S Chen

A Toy Example

Two-tap channel 1:0 + 0:5z�1

with 4-PAM and SNR= 35 dB

Two-tap m = 2 linear equaliser

with decision delay d = 0

Normalized MMSE:

w

T
MMSE = [0:9285 � 0:3713]

with log10(SER) = �2:7593

MSER (� > 0):

w

T
MSER = �[0:8957 � 0:4447]

with log10(SER) = �7:1566
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� MSER solutions form a half line, origin is singular point

4



C
o
m
m
u
n
ic
a
ti
o
n
G
ro
u
p

S
C
h
en

P
A
M

C
h
a
n
n
e
l
M
o
d
e
l

�
C
h
an
n
el
o
f
le
n
g
th
n
h

r
(k
)
=

n
h
�

1 X i=
0

h
is
(k
�
i
)
+
n
(k
)

s
(k
)
2
S

4 =
fs
l
=
2
l
�
L

�
1
;
1
�
l
�
L
g

�
L
in
ea
r
eq
u
al
is
er
o
f
or
d
er
m

y
(k
)
=
w

T
r
(k
)

r
(k
)
=
[r
(k
)
��
�r
(k
�
m

+
1
)]
T
,
w

=
[w
0
��
�w
m
�

1
]T
,
an
d
d
ec
is
io
n
d
el
ay
d

r
(k
)
=
� r
(k
)
+
n

(k
)
=
H

s
(k
)
+
n

(k
)

A
s
s
(k
)
2
fs
q
;
1
�
q
�
N
s
g
w
h
er
e
N
s
=
L
m
+
n
h
�

1
,

� r
(k
)
2
R

4 =
f� r
q
=
H

s
q
;
1
�
q
�
N
s
g

5



C
o
m
m
u
n
ic
a
ti
o
n
G
ro
u
p

S
C
h
en

�
E
xp
re
ss
eq
u
al
is
er
o
u
tp
u
t

y
(k
)
=
w

T
(� r
(k
)
+
n

(k
))
=

�y
(k
)
+
e
(k
)

?
e
(k
):
G
au
ss
ia
n
w
it
h
ze
ro
m
ea
n
an
d
va
ri
an
ce
w

T
w

�
2 n

?

�y
(k
)
2
Y

4 =
f�y
q
=
w

T
� r
q
;
1
�
q
�
N
s
g,
w
h
ic
h
ca
n
b
e
d
iv
id
ed
in
to
M

su
b
se
ts

Y
l

4 =
f�y
q
2
Y
js
(k
�
d
)
=
s
lg
;
1
�
l
�
L

�
L
et
co
m
b
in
ed
im
p
u
ls
e
re
sp
o
n
se
c
T

=
w

T
H

=
[c
0
c
1
��
�c
m
+
n
h
�

2
].
T
h
en

y
(k
)
=
c
d
s
(k
�
d
)
+

X i6=
d

c
is
(k
�
i
)
+
e
(k
)

�
O
p
ti
m
al
d
ec
is
io
n
m
ak
in
g

^s
(k
�
d
)
=

8 > > < > > :
s
1
;

if
y
(k
)
�
(s
1
+
1
)c
d
;

s
l;

if
(s
l
�
1
)c
d
<

y
(k
)
�
(s
l
+
1
)c
d

fo
r
l
=
2
;
��
�L
�
1
;

s
L
;

if
y
(k
)
>

(s
L

�
1
)c
d
:

6



Communication Group S Chen

Two Useful Properties

� Shifting: Yl+1 = Yl + 2cd

� Symmetry: distribution of Yl is symmetric around cdsl.

y......
c  sd l

dc (s −1)l

c  sdc  sd

c (s +1)ld

1 L

? For linear equaliser to work, Yl, 1 � l � L, must be linearly separable

This is not guaranteed

? In DFE, linear separability is guaranteed
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An 8-PAM DFE Example

� Lower-Bound SER

Comparison

Channel:

0:3 + 1:0z�1 � 0:3z�2

with 8-PAM

DFE:

m = 3, d = 2, nb = 2
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� Distribution of Subset ~Y5 (s5 = 1), 64 points, SNR=34 dB

Weight vector has been normalized to a unit length, a point plotted as a unit impulse.
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� Conditional PDF given s(k � d) = 1, SNR=34 dB

normalizedwT
MMSE = [�0:0578 0:2085 0:9763],wT
MSER = [�0:2365 0:7946 0:5592]
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� Learning Curves of LSER Averaged Over 100 Runs, SNR=34 dB

Initial weight: (a) wMMSE, (b) [�0:01 0:01 0:01]T Weight normalization applied
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In (a) training and decision directed indistinguishable, in (b) dashed curve: after 200-sample

training, switched to decision-directed with ^s(k � d) substituting s(k � d)

Initial value is critical for convergence, MMSE not necessarily good initial choice
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� Learning Curves of ALSER Averaged Over 100 Runs, SNR=34 dB

Initial weight: (a) wMMSE, (b) [�0:01 0:01 0:01]T Weight normalization not applied
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In (a) training and decision directed indistinguishable, in (b) dashed curve: after 200-sample

training, switched to decision-directed with ^s(k � d) substituting s(k � d)

Compared with LSER, no performance degradation, much simpler
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