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Abstract As a criterion of information theoretic learning, the Euclidean distance (ED) of two error probability
distribution functions (minimum ED of error, MEDE) has been adopted in nonlinear (decision feedback, DF)
supervised equalizer algorithms and has shown significantly improved performance in severe channel distortion and
impulsive noise environments. However, the MEDE-DF algorithm has the problem of heavy computational
complexity. In this paper, the recursive ED for MEDE-DF algorithm is derived first, and then the feed-forward and
feedback section gradients for weight update are estimated recursively. To prove the effectiveness of the recursive
gradient estimation for the MEDE-DF algorithm, the number of multiplications are compared and MSE performance
in impulsive noise and underwater communication environments is compared through computer simulation. The ratio
of the number of multiplications between the proposed DF and the conventional MEDE-DF algorithm is revealed to

be 29N +4):23N* +3N) for the sample size N with the same MSE learning performance in the impulsive noise and
underwater channel environment.

Key Words : Decision feedback, Computational complexity, Error distribution, Euclidean distance, Recursive
Gradient, Impulsive noise.

1. M= v 4 eudEe Fu dud AwE]
(performance criterion)= # )8} L= #4388l 4
/H_]’HL]' '}l:/\\_lﬂoﬂ ’3‘019_}15 /‘\li"f ‘—H7H QH'TT% /‘\li ﬂ j’,]-Xégi 13}%0-];‘(1\:}[2]

olmz g dHE A5 d=olut FEE AASH Wo QA Zo] 5B (MSE)E 2 FS

201495 st shedF2Adu R A8 (HE M E-220140076)
*Corresponding Author : Namyong Kim(kangwon National Univ.)

Tel: +82-10-7188-5872 email: namyong@kangwon.ac.kr

Received February 11, 2015 Revised March 24, 2015
Accepted May 7, 2015 Published May 31, 2015

3434



SAZEAT Y HHEA A4do] o ARAE dauE

=
o

=
Aé*o‘v:

8t JeolA
A

=
=

ED

=

=

83+ MEDE-DF &1.8]5o] /jdso] &
gk otk S4dek Ald o] SN T
AAse BAUTL.

Ty A gE oy
Pt Algto]l a5 o] AEde]
oﬂ H HFEA ED H}FA]

w1

%4

T

i

-

of
c

- =
L

+74

M

o Qoo

2. MEDE-DF &112|§2| ED

O3 =
x~—l]’_o"'(i‘

AT kA 719 2SN 2, ¥4

g Nz dp B3 e, o A ¢ =d — Y,
2 A, 7bd g AL MSE A5 EAE U
7 2t [3].

o))

it

ZE

Sol M HEREE

N 9

rl

AN

on AF

=

a 71 Afol= O o] 7}

Aot ALS Aelste] FERE f:(0) & F3hd vt
2 [9].
_1 3 1 —(e—¢)
Sfe(e)= N,»:AZ/:VH oo exp[ = ] @)

3435

Az

MEDE 855
ZEER bR

AL file) 9 6(e) rlole] fEFel=

ED[f;(e),6(e)] = j [f:(e)=0(e) de

= [ f2(e)de+c=21,(0) 3

L
L

oA7IM ¢ = A8 Fadwe] A AAel Fadk &

olth. )= (3)°ll thdstar Aefshd A7 kel A ED 9]

F e OE @ 5= 2
[ fi(@da
_L k k _(ej _e[)Z
% i=k=N+1 j=k-N+1 20\/; ol 40’ ]
=4, (4)
_i S 1 7(61)2
Sei(0)= ij};ﬂ Yy exp[ Py ] ®)
uh2hA]
ED[fy(e),0(e)], = 4 +c =2 f;,(0) (6)
AENDTI<SkSN & Z7)4deta st
ofF k>N & aeiet Helshd, ED o F &
zolgeel AL Jea(0) o gapeye A
S2x(0) 2 el thest o] els) & 5 ek,
1 & & 1 _( ‘_e‘)Z
AI - J i
s Z; 207 e v
; 1& 1 —e’
fE’k(O)_EgameXp[Zoj] (8)
1 & k —(e;—e)
L J_ i
‘ NZ i:l;/ﬂj:k—NH 20—\/; exp[ 40_2 ] (9)
s 1w 1 —e’
Sex(0) = N,-=/§+la o eXp[zaz] (10)
WA, 271 EAA AP k+19] ED gk
ED[f(e),6()), & 37 9@ A 9}

fean(0) = e p.



BH=Arely| &8t sl= A A6 A53, 2015

1 = k? — (e _ei)z
Aen = (k+1) A+ (k+1)2 ZZU\F xpl 407 ]
L] 1
(k+1)* 207 (1D
oA 2,
1 k+1 _eiz
fEk+1( ) = k+1;(7r 51

2
~ G

1
k+1 +1 oN27m exp( 202 7 (12)

fEk( )+

Aol A A7 krte]l Al 3 fira(0) =g

& At (152 & F Yk
2 < 1 —(e.—e,,)
AS; :AS +— ex i k+1
! N? ‘,:,;m 201 pl 4c° ]
2 S 1 _(er - ekaJrl)z
-—— ex]
N? ,-:1;/” 20 pl 40? ]
2 1 — (€ _elc—’\/ﬂ)z 2 1
- ex : +—=
N? 20+n ol 4c° ] N? 207
(14)
s 1 k+1 2
S (0)=
Jea(0) N, kzmar ]
k+1
=50 Tyl q exp(
_ 1 k N+l
oA2n p( ]
(15)

DF 53p7k= i e /1A vfomlionlavenli) 2
F _
g8 We st $371535

B )
T We A 2y geel adE oY g

B
{WA oawk 15Wk 2o Wepa) B

T —~
Xl OE3 ol AA ABE

eidiandipat 2 748 AR 98 D, = 74

o5& MOR DF

o] gtk ol d 7FEAET A

o ad =4

Ve O (16)7 2ol HEHET [10].

Al B-1 N
F B
Y= zwk,axk—a + z Wi d kbt
a=0 b=0 (16)

lo,

7Vsx] WME Q] 7YAlell= steepest descent HH Ol

3 AsEAe) T e /ey Vio9 Vi aem oo
ARZ 93 fugs M 2 Agdle] g} o]
A,
W, =W —u-V; amn
Wi =W —u-Vi (18)

ods) 7)&7)E

v = OEDLf¢(€).0()) _ 04, ,Uri(0)
oW”" oW" T oW’
(19)
v = OEDLf;(€),0(0)), _ 04, _,Uri(0)
oW’ owW”? T oW’
(20)

04, I & ¢
(e;-¢)
6WF 2N2 21 A;H/ kZNHj

exp[_(e;' ;f") ]-(X,-X,)

1
20\/;

(21

PesO 1 <
eX.
OW"  o’N . kz[;“ow/ 27 Xp(z 2) e

(22)

3436



SAEEAT Y HHEH Aol 2% ARG =

0A 1 k L
6VVkB =2N20'2 Z Z(e‘f_et)

i=k—N+1, j=k—N+1

1 e
Py exp[ 4o’ 1-(D, 1)

(23)

Pes(0) _ 1 ’z 1

oW’ o N! —in1 OV 2 .

(24)
2)21) - (24) £ 71229 MEDE-DF ¢125S %
1 o]z kel ofst B ANES 8Fst T I

sidsty] s A5 v1ev1e 74 AR

o4, . (0)

o] TAE

U4 (0)

2 s W

el e

oW . oW’ . oW’ = ubEHe
qoksit), WHEAl Z=A o)

g 7 -
wejsto] Asor sh, WA 2]

04l 04l U0
g2 7171 OW" . oW® . aw!
afb{,kﬂ(o)
ow?  HE o o] s
oAl _ K o4
oW (k+1)* oW"
—(e— ei)z
(k+l)2 Zzof xpl 40° ]
(e —e)(Xp — X))
o’ (25)
oA, _ K o4
OW®  (k+1)” OW*
— (& 761‘)2
(k+1)2 Z 20'\/7 ]
(e _ei)(ﬁk - ﬁi—l)
o (26)
8fb{,k+l(0) — k . aflz{,k (0) 1 ex p(_ek+l)
OW” k+1 oW" k+1 0'«/ T
. X
&’ 27)

3437

o, El,k+1(0) ko (01 exp ( ,fﬂ
oW? k + 1 OW? k + 1 o2
. ek+lﬁk
o’ (28)

PRI R, 7 dEel tial A shshd

oas, _ o
oW’ oW”
2 N 1 —(e _ek+l)2
iy €X
NZ j:gﬂ 20_\/; p[ 402 ]
2(6[ —€ +] )
’ 4O_zk : X, —X,.1)
2 5 —(g ek N 1)
2 Jj= IZ\/H 20_\/7 O-
Z(ei —€ -N+ )
‘ﬁ(xi =X va)
2 1 —(e — ekﬂv+1)2
ey €X
N? 20_\/; pl 40 1
2(e1 — € ni1)
’%(le = Xi vi)
(29)
6fES.k+1(O) afEk(O) [ 1 0 xp(—ezu
owW" W' N'ovar ow' TP g
1 a A ’\/+l
- ex
oN2z OWF P Seyasl
af”(()) [ 1 xp( ek+1) X
ow”" N o2 7z o’
ek v+1 (T, T
€X
oF p( ) o’ ]
(30)
o5, _ oA
OW?  ow?
2 < 1 —(e.—¢ 1)2
+— ex ! L
N2 j:kZNH 26\/; pl 4o 1
2(e;—e,,
%(D, 1 k)



A &eB =R A6d A5E, 2015

2 & 1 —(e 76/:4/“)2
-— ex ‘
N? J=k—N+1 20'\/; p[ 40° ]
) 2(e,

i €Ny ) N N
ﬁ(Di—l _Dk—N)

2 1 exp[_ (€ — ek—NH)z ]

_W Zo'\/; 4o

.z(ekﬂ “C i) A P
o), b, ) an

s (0) _ O, © .,

Dk
ow” oW’ N[ o2r

ex ( ek+l) ek+1

ek N+l) € _yD

€
ol =

kN]

4. AIZ2o|¥ Zut | dsH|m

WA, 9EA 7]187] 4 9]¢k MEDE-DF ¢11g]
59 58S U198 w4 AN vlal £49519

1
Woolz & A P52 ATS 7 AEAR v}
/)
o, AwEE 999 awh % owr |, 1Ea
o4, )
W gE 999 ows S ows o ARl #4

4=& ww3th 7]¥ MEDE-DFE 4(21) - 24)2 H¢

23N’ +3N) o] g2 uggg 32 o 4= 9)u}. uk

2l o1 4152 ¥ SRS o 209 4
= 40127}

< Akl Hl}l" A FaAE Ae & it

obe] 717 12 AE Afol= N o] AR ) 34 A
of Ael7t BASA S F melFa grk.

5000 T—————T T T T T T T T T T

—— Block processing gradient MEDE-DF
—O— Recursive gradient MEDE-DF

4000 4

3000 -

2000 4

number of multiplications

1000 4

T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
N

Fig. 1. Number of multiplications with respect to
sample size N.
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