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INTROI)UCTION

I lie I)robleIIi of eq t ia l i t i t t g a channel whose c lianiic - I— c orr c Iatiun matr ix  has a large
c igenva ltie sI)l’ea d is well-known. Adaptive grad ielit algt>r it l i i i is -— are among t h e  siinp lc~ t Ii)

implement. hut the rat e of convergence (RO(’ ) of ’ t h ese a lgor ithitt i s is det e rt i t ined l;i r~’~’!~ h~
t he lain) II t h e  niaxiiitt ii~i to minimum eigeiivaliies of ’ t he chian nel— co rretat iot i  l ihit r Ix
Al te rnat ve algurit Iims have been proposed wl i ic li ortliogollahi/e t lie above mat r i x .  In pa r t i —

~ii Iar , ( ~odard 4 t hrou gh app lication of Kalnian f i l ter  theory . has derived au adap t i5 ’ l self—
ort hogonahi, ing algor it Iirii which has e xtren ielv rapid o invergeitce properties. A s dIsL ussed
in Rete relo .e 5 . t he ( ,odard algoritliiii involves est im ating t h e  inver se of ’ t h e  c l ia t t i t e l—
co rre lation matr i x t h roug h all i terat ive mat r i x  equation. l’.ver i t hough the (Iod:Ird a lgorithm
converges rapid ly , t h e  number of operations per update for t i tus algorithm depends ( I I I  t h e
sq tua re of the tiumber of ’ equal iter taps . wInch c’reii l c-s imp lementation dii f ien lt ues f o r  large
lengl Ii eqtual izers . ( ;ithn and Magee 5 have proposed an adaptive self ’-ort hiogo italu,ing
aI~orit hiit ~s i i i c li provides a CI)nupromise between c’olllpuitati () lla l co ntpIexu t ~ an d sI)ec ’d of

coil~ erge lice . ‘I’his algorit h m 011151515 III approximating t h e  i tu ~ erse of ’ t h e  channel—correl ation
Iula tr i x h)\ a loeplit ,. niatr ix and i nsoh \c ’s Oll l~y’ one unat nx m ultip lication. Refer e nce 5
presell ts a compar ison l)etwee ll SUIilc of the d i f f e ren t  adaptive ortliogonal iiing algorithms.

A rc-l:iI ivc - ly new class of adapt ive algor it l iuti s also provides selt ’—ort Iiogonali,ung
capa bilit ies and only requires a n timber of operat ions per ii pdate that depends linearly on
t he length of the f ’i lte r .~~-7’8 ’ 9- 10 ,1 I ‘Fhues e algorit h ms are called adaptive lat t ice (AL )
a lgorithms a!id generate a s et  1) 1 o rt lu~>go uta l signal conipunents which carl be used as it i puts
to equa lizer gain controls. ‘Fliese components arc - generated t hrough a Grauii—Sc lin iidt type
of ort liogonaliiation.9’ 10. I I ‘[ho-se AL algorithms have heet i proposed for use in suc h areas
as speec h, sonar s ignal processing, noise cancelling atiul parameter estimation 7 ,~ ,9, 10 ,11

and Maklioul iii References J O and I I has suggested they be used also in adaptive equialii.a-
lion. ‘I’liis report eXaifl iules. via computer simulation , t he performance of AL algorul Inns
as a pp hied to chia ii nd eq ualization

A I)APTIVE LATTICE EQUALIZATION

A s pointed out in Re ference 5 , t h e  main component iii the majority of adaptive
equa liiation a lgorith m s is the est imated gradient tap adjustment algorithm, This is true
also fur t h e  AL algorithms examined in this report and , t llerekre. we Present a brief ’ rev iew
of ’ I lie i-st mated grad lent algorithm.

ISTIMATLI) GRADIENT ALGORITHM

i’he estimated gradient tap adjustment algorithm is given by:

~~n+l 
(

n ’~~n e n X~ . ( I )

In Eq uation I , (‘~ is the N-length vector representing the n—t b iteration estimate of the
optimum (minimum mean square error) N-tap equalizer: a~ is a posit ive parameter denoted
as the step site ; e~ is t h e  instantaneotis difference between the cqt ializer output (y

11 
) and the

value of ’ t he t rarismit ted data symbol (a 11
); amid X~ is t he N—length vector i~f rece ived data

r - 
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samp les ir the equalizer delay line at the n—t b iteration. * T u e  components of ’ X~ will be
denoted as 

~
X

~1 l 
~< 

= x ml_ k+ l where k = I, . . ., N. I’he received data saunp les X n are given as

t he superposition of a corruptive white noise sequence w n and t he outp um t of a linear ch annel
filter h1 operating upon t he transmitted data sy m bols:

~~ ~~ 
an_ i h~ + w ~ - (2 )

Iii I.quatmon 2 , the h
~ 

represent the channel impulse response auid the mioise sequence w
11 

is
defined to have a variance

The convergence properties of Equation I have been st udied by a number (If
aut hors 2 ’3’’ 2 under different assumptions concerning the dependence of ’ c~1~ upomi ii . In
many applications of Equation I to digital adaptive equalization , ~~ is held constant 3 and
Equation I becomes the familiar least- m ean—squares (LMS) algurithini. As ru ~~~ . t u e  iII e~uii
we ight vector conve rges to t he opt imal tap vector given by

limn E(C~1) = C~~ . (3)
Ii -*

w here I’( ) denotes expectation arid 
~
‘opt is the optimum weight vector given by the dis’

crete Wiener matrix equation

Copt A
~~ B . (4 )

In Equation 4 , A us the N X N positive—definite Toeplitt channel correlation matrix

A = l.(X 1~
X ,~ 

) ‘ - 
( 5 )

ari d B is t h e  N-length vector

B I ’ a 11
X 1~

) , (6 )

As tl ue fill) vector evo lves according to l’qnat iou i I - t he nle ;mrl square error t t n t  es o lses  as

e(n) - + 
~~~~~~ 

- (‘ ) T A(Copt - ~~~~~~~~

w here is t he m it i u i u m urn mean sq uare error ( M MSE) and is lit ve~i by

~OJ )t I - B I C0~~ - (8)

It us a ssc muu rc ’ d the data symbol seq t men ce is tuncorre luteuh a mid has uni ty  power.
As disctisse~i in Refercu ices 3 and 5 . t he convergence of ~ n is strongl y dependemit

ti~~Ufl the ratm o R of the largest-to-smallest eigenva lues of (he A matrix; i.e.. R X uiiax, ’A mii imi .
I hicrefore , large values of R (heavy clh,mlrlel distortion) cart head to excessively long eoulver-

ge rl ce t imi ies when I’q umatior i I is used to update tIme 
~

‘n’ Basically this is because the
com ponents ~)f X 11 

generally are not orthogonal. This implies t h at preniultiplying (lie
estimate d gradient 1 ‘~ X~,) un Equat ion I by A (or an est imate of A 1 ) potentiall y will

• In thus report we will conside r only the tr a Inin g part ot eql m ahu/ar toll when til e t ra misnui t  ted data symbols
are know n at t lie ((a_ r iver,

4
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o f f e r  a su g r i u f o  aur t  t u t u :  umi i prov l tuent in the ~ollsc ’ rgc’nce of Lquut ioui I - ‘F i l m s ap pmoac h i us
(‘ r ui p loyeul ri the algorit hiuiis (if ( •odard 4 ami d ( ; mt ~u i ari d Ma~o-e 5 ari d ( ‘b iamtg 13 has suiggc ’ste cf
(rauis for mning X n to a new s ec to r  wi t h  ort luom uom ’uiia l counpom le m uts . t u ifor tun ately .  t hiesc-

~iIgorithmns hi , msi c’o m iipu m t atm ona l and/or storagu- re q u l reuuu enu ts  which grow as tIme squa ru- ~if t Ime
mi umber of CCI uali,er Ia P~

AI)APT IV L LATT ICE ALGORITHMS

As an a l t ernat ive to f lue self - ort hiogonalutatioui a lg o r ut lu r i i s discussed i r c ~ ioius I~
Makho uil I (J. I I h a s  suggested (lie use of AL algo rithiuiis for adaptive eq uia l i ia tu o tu ( .us ~’ uu al

equa huier in put sCq14c ~ricc X~1. ( lie AL algormth ms generate aui o rthogonal su- t o f s ug u a h s  w hi uc ’ f i
wi ll he du’uiotc -d as h1~ (n i. w hierc- iii = I , . , . . N , A lth mot igh a mi l l ur iber of A l .  alg u r u t l i t mis hi.i~
been propose d 10 .1 I f u  perfor i iu mru g t hus orthiogoi ia liiatior i . co nc em itra l iom i will In h ir ~ I~ d to
t he basic la t t ice structure shown in Figures I arid 2. This part icu i far  la t t ice str io lire ss i
or igiu ’ua f ly proposed h’~ Itak uu r ;u and Sa utu l ~ fo r perfor m ing speech ,iuhiks is , I lie ,rthiu ’
iona hmtatio i i  of X 0 Is (lom ie in t I tu s  la t t ic e through the rc’c nrs iouls .

b 1 (ni = 
1

( n 1 ) = X ui (9~i )

~mn+ l (n) = f ’
111

( mi ) — K 1~ h ( n  I) (~)h, )

~
K uii ni~~~ 

+ h) mii (fl — I (9c)

w h ere iii = I . . , . ,  N— I  . I hic t mn t m l )  arid b1~ t i i )  m u ~‘quuatnIul  ~ are CalIC (h (lie tot ’wa rd and
backward error r’c-s i duual s ~if t he l a t t i c e  If ) .  I I . 14 res pcctuve h~ - a l l ( h  t h t e i m  p r l l p e l t i c s  will bc
discussed l) res c-l it IY . ‘I hme K imt m u Equation 9 arc- ku iowmi as ti me re f lc c ’ t iomi  cod I ic ients a mid
may be determined by ii u umriher of ’ iriet hiods 14 w h ic h produce md - ui to ah res u lts when 

~~ 
us

s ta t istuca l l y s ta fu o u ia ry sequence ‘ I lie me t hod  used for cl ioos iuig t u e  K ,~ in th u s report wa s
ormguna lly proposeul by Burg 1(1 au i d 0) 1151515 of t u l u u i l i l i m / u m i g  t b ’  sum of tIme v a r l a r i c  es of ( hue
bac kward am id f o rward residuals, denoted as I ~ ~m+ ( I i ) )  + L( bj~~ i~ 

l i i ) .  wut hi respe c t  1(1 k 1~‘l’hie result for (lie is giveu t by ‘~~:

2 I’.( f (nt h) ( iii — I ) )
= ~~~~~~~ . 

~~ ri~~ ~~~~ ( I f ) )
I ’ ( f ~ 1(n)) + L(b

~~
(n —l 1)

As duscusse d iui Refere n ces 6 t hmr o ug hu I I a u d  14 amid I 5 . w hie mi X mi Is stat ionary (lie
resu diials 1) 111+ 1 ( ru )  and 

~jI1+ I (r i ) im i Equat ion 1) are equivalent to flue l)ackwa rd and forward
error rcs u du;ifs of ami mn—point I -step limiear prediction f i l ter ,  ‘l’hat is .

in
(ii = — 

~ 
w~

m) x~ _,11÷~ , I ~ m ~ N — I I II a
j = I
iii

E W~’~ ’ X n j  , I mn N — I 
( J I b ) 5
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bl(n

~~

)

? 

b2
(
n ) J  

~ 
.. __ti i~J 

~-i 
b~~~l

(o bN(fl )
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(ni 
+ l

2
(n) 1 N— 1 ~~

h~ugure 1 . Basic latt ice structure ,

~~[Z I—”- ~~~~~~~~~

~~ ~m+i

I’ igiti t ’ 2. I In’ m n i u h  s l a t _ C ’  of ub ic  hisi b aT Ik  Sl i  i t , i l i ic ’

Ii ‘ u  • It o’ ~ I n )  are I tic 1 -step predictor coef f ic ients  obtain ed front the normal equal mou ls

In
c>( p — j )  = ~d p )  , I ~

‘‘ p ’  nm - ( 1 2 k

In I q iud luolu 12 A
1~1 ~~~ — J I is the p. j — th  ele unet it  of ’ t h e  c h iam i mue l corre latiou i uuiatri\  (

~u seuu
the bas ic o m Ih iogonuahu l  ~ pnopcr t ~ ol MMSI. residuals. nan iie ly,

l’.(x
~i~ 

b~ 14~~0I))~~ O , 0 
~~

‘. ( r n — I  . ( h 3 ~

it Is Cas u ly 5(’ c’li fro n t Equation II a that

( 0 , j  �ni
I’~

(h i m u t f l )  h1
(n)) = ) €

~~ , j = nit = 2 ,3, . - N ( 14 )
( E(x ~~ 1 = nfl = I

w lieru mm i ’ s ’ represe n ts (he MMSI , of an rn-point I-step line-ar prediction f i l ter. ‘[herelore .
the hnn( ni t represent a set of ’ N orthogonal signals which cam i f lOW be used as the inputs to
t’qualuier gain co nf ro ls . * h owever , it rem ains to be s c em i how the latt ice algorit limit of ’

l’.quationi 1 am uh I qua t iom i It )  iii l)e n uu ip lc’mi ierit e il ad~mp Iu ve hy.

‘It slt ’ ,uhd he roiled t h u  ant add utioni a l sri of N ut l i tuug omia l suglu a ls t Iii (f l  4 r u t — N~ , where iii = I N —

is a lso available Iruln nbc l’annm ce a hg uinulh nm i , is iii bc s ’ c l u  by usi m ug a si uuu ml a r ulgl m nmnc l l l  as t h a n  which led
• 1 . 1  i 4
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IMl1l,I.%I I N I A I ION

• i ll its ,,’ u l ie t ie  m ’ ut un i t  belov. , l) r~~P~ sed I~~ M ik  In u I ,  I f ) , I I in Ii is 1 iii o ld i~a
of t In ’ \ l  ah g i i m u t h nu u Ic ’s~’ ni tc , h  hs (

~~r m f f i f I i s .~ .S l n ’ • u f t c . i i l ~ . K~ n i I qil a t i l m I s  ) .tio l
If )  is i’ep l u ~ • ‘ uh i~ Ix~~I nu a mid n lola te t h  ;lc ’ L um ’t f lug to I lie f t  dl )\S J l i t _ !  ~id~i1) t S i ’ algi r i m

(1
K uti f mm I )  I” uuI ( u~ + ~ ~ ~

‘
uit ’s 1 ( m l )  bm ui (fl — I )  4 1’

iii~ 
ii) b

~11+ l~ 
n )

I;~~1 ( m i  ) I

1 (~ m i l  - N ~ l , ( l 5 ~

Iii t ’ q u a t m o i u  I ~~, o is t he umoruiia l mte d s i ll) si/ c of the ada ptive algor it l imui and us rest r ic te c h t o
0 ‘ ‘ 2 fo r  s tahol u i~ 

I (J , I I Also , u
~ i( u i )  is ( lie n- ( lm mier a tiom i est i i uiate of (lie sum ii l.i i~~1( u i ) )

l’(h j~i
(Il — I )) . I lie (J j11( mi ) ill ’ ul I) llated as fo l lows

m u )  = ( I  — w ) mi — I ) s 1
f — ( ~~ + f)

~~
( m i — I ) -

I ii N - I ( l o t

u t iom is  I) 
~~ , a nd H Ii i  f hi c - ,\ i a lgo m’ u th i i i u  SSII i L ’ h i l uosn i t ’s f l i t ,’ ( ) F t h l t l g o m m a l  si; iRIl c’ ( Imu l h)o’

ne u l ts  h
111

( I i )  ( , i o’n thue hac k w u i d  ;u uìd lou w a u d mes id i mals i t  the lu—n hi ( u l tu l a  Ic ’ . K~~
( ui ’ s

i s c I ) u l I l ) t I l  II m ont  i t h l l a t i u l m u s  IS ( l u l l  H I lie i a ~ kss , im’ d :mr n f t uss ; ir’ d m’ ’ s tu hu i a ls  at  t u e  ( 1 c  I I —s t
u m l o laul ’ m l ’ t h o u  c’ o mmu l ) u i Ie t f  110111  I qIu ;i u n o mu ‘) i l s i l l t _ ’  t huc  um ~oL n tc ’ tb i e f l e c t uoui c’) Ie f l i c i em i t s
K m l I I I a id ~u i u 01

l’q nat mom is I 5 and 16 provide noisy est imates of the opt mm ii a l K values as givem u by
l (h n~m tluun I (J, ‘I lie va rmail ce of ’ these e s t i m ates  is red um c ’ed as o —. (,i w liic ’ Ii also results iii an
mn icrc ’ as c ’ uni I lie convergence (mine of Lquaf iomis I 5 arid 16),  I lowever , due to the successive
om’I hogunahi iafm om i whiuch is intrinsic to the latt ice stru c ture,  it is expected that t u e  c iu miver-
gc’uice ra te un f I’.q uu a iouis I ~ and 1(1 will riot be limited by t h e  ratio R , as is t i -  case ss i i  Ii
I q i ma t mo n i I I Ins us mm ide u’ d dusplayed i)y simnulatiou s presemited um i I ho- mo’ \ I sc ’ III 01 .
St iun ulat ion R -s u h Is

I ct is c’Xau uiin ie two spec i fuc adaptive algorithms f ’or est iuliati nig t h e  NI “d SI e iiu.ah ite r
Lii) coe f f i c i e n t s  ‘I lie f ’irst algoril llrn , i l lustrated im i Figuire 3. has re cemit hy I) ec l l  p m J I lt tsi ’t l  h)~( iriI’f ’it Iis~ au i d us given by

I ~~~~~ an — (ni l 1)
1

) 11) , ( 1 7 a )

V mii ( m l ) =  V mi ,_ I(fl - (.
111

(ui ) buii ( m
~ . 2 rut <N  ( 1 7 b )

‘I hue lap net f ’mcm u’ n Is , ( (ml ) - are updated according to:

(, ( i u + I )  = ml) + __
~~
— V m u i ( ml) bmii ( ii) . I in ~~ N . ( I  8a)
ii I

i t t  ( I  - cx ) ~y~ 1
( mi - I ) + cxb~ 1(n) , I ‘~ in ‘ , N 1181,)

7
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l’~~ lt le t Ad aptive latt ice alg or u t h i r i i I ( ; r m f f i u l i s . 9

As discussed in Reference I) , the seque nce V
111

( I i )  represeiit s t h e  oc if put em mo r s c ’

(plC -ni c e of an u i - ta l l  equa hi/er . ‘I lier c ’forc ’ ,

V m ui f tU = a 1~ 
— 

( iii ) I I “ j

~ I r r  ~~lll ~~ t he out Put Sc-( luence of the,nn-(a P equalizer , Note that the value mi i is I lie
I ii If i ’ r ,t t io l i  est imate of (lie power. Uh~,( m i fl. of ’ t h e  ort hogomial signal co m ponent h

~~
( l i t

‘ l i i i’ -, cu unyonient is ted fmre c t ly  into tI me mn—t b equalizer tap, U
111

, as shown in I’ igurc- 3
,r if t i ths points n u t  that tIme com ivergem ice rate of the overall AL algorit h m I re l) rc.c ’l iled Ii~

l ’quat iomi s 9 and 15 thirough 18 )  should be relatively insensitive to t h e  e igcmi ’+a hu i c rat io l~ -
c’sp ’cia hl~ w hl em I c o i r i pa re u h  to Equat iomi I - ‘Ibis obse rvatiom i is valid , ev idemuced h~ ( lie results
ol t u e  s mmm u u la( iouis u ui the miext sec(iom l,

A s c ’ c o i i u h  adapt ive alg uri (hm m ii for acfj usti nig the eqc la l mtc r ta ps . ~iiggc ’s Ic d by
Mak lun im l , ‘ ‘ Is i l f i  t r af e ( f  itt l’igure 4, ‘I his algorithm us given by

N
V \ i mi s a

11 
- E ~‘nii ( m m )  1

~mn f l i t  ,

iui = I

~t , i i~ ’ i i ’ t hu r I : i j  • c’ f  f i t , h u t s  l u ’  i u ; h:u f c ’ l ii c i m i h u i g t

ru ’ s  I = 
~~~~~ ~~ + - - IV \ ( I i )  1

~n ui ~ 
t u j l  ( 2 1 . 1 )

mu j  f I ‘- ‘i ~~~~~ I m u - I l  I o h~ 1
( ni- I )  , ( 2 I h i

I ru m - N

As • i i i  t ic seen f ’m nu u u I’,quatmotis 20 and 21 and I’ m gc mre 4 , V~~( m u ) represent s the error output

~~ 
lucilLe f ron aim N ta p eq ualizer -

8

____  ,— .— -- —
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l it_at e 4 Adaptive la lt uce algo rtiliiut ol Makhiuu l, 1) 1 . 1 1

mc’ Al. a lgorithm ni. I c y - c i t e d l~ t ’.i.j uatio mls () and IS thrnugh I 8. wi ll he re t e r red  to
as A LI and the Al , :u lgur ithim i i rep mesem ifed by Equat mo mis C) I ~ through I o, 20 tuid 21 , will
In’ referre d to as A L2 . ‘[lie umain d i f fe ren ce betwee ui the tw o  a lgor it hii ius is that in A I I e ; iehu
iui dmv idua l error scquem lce I V 1~

( ru t  fur 111= 1 N) is available , w hereas A I,2 ouily prov udc -s
the N— tap equal izer ou(l)t lt error seque n ce ‘I’h i ts I)ropert~ of A LI - as uiof ed in Refe rence 9 ,
m a kes it pofe nit i all ~ uselui l for purposes of deternu i in mug the nptirli Uuii m u umuiber of tails for usc’
in a t uu i tc - -var ~ tug env iroiiui’me m u t - Specif ical ly.  sm i Le  (he (mme en u is t an t  (If the i)s erall ~idapt i~~ ’

latt ice config u ratio n is proportional to the number of stages .5 later stages will have lan ge r
time •Muust anf s ami d, I I i ’ i e i o r c ’ . wi ll not I c ’ ah le to l r: ici ’ , a Inglilv c i s t i a u u u m c  input. I hins . t In’
seq uem ice (i t error cxpe ctati on)5. F { V~ 1 t n t  } f or rn= I N, will have a minimum for
so n i c  in.

A nuruiher of other properties of adaptive amid f ixed- s t ructure la t t ice algorithms
a le  presente d mui References 8 through I I,

SIMULATION RESULTS

Results of A l ,  I and A l_ 2 co m p uter s imm t u l a t i o u i s  are presented in this sectioni for two
e hu an h iel s repre s e n t i n g hieav~ distortion ( R = I I ,2 I ) . In all s uim uu lat ion s I l — t a p  equa lu ic ’rs
Sc crc use d ~iu ud f lit,’ sy m bol seque n ce a 1~ 

was a ran dom sequence (if bipolar signals f a n = I

‘ i i u ta h ly dc ’ ia ’ , ’ h  S I)  l i t  Ih ic ’ I) p( Iu l aI taps f t _ u s c - u h~ I • l u m a t m o u i  -41  w e re s s n n t m u i e f r i c  abo ut ) t h e
cc ’ m i t ’ t  t i f  h i t , ’ (‘ l t I u ! i / c ’ r •\ I r , t h e  cht ai i u i e l  iu u ip n ls :  res po l ise m u all ist ,’s sc a s t hi c ’ raised—cosine

~ti lsc ’ , - I ’  i u i c t l  l~-

~ Y 2 ( I + c O s { 2 7 r ( i — N - l )~~~ ) ) .  l~~ u~ 2N 1, + I (2 2a

m 
~ otherwise ( 2 T h t

w ht- re V~ imi I i la t i t ut 22 a  c c t —  s u m i c - d  to pr~~ idc ’ • i i t t ’ t i i t  s a h i u i ’ s  f l i t  flit, ’ e i t _ ’ ’ u iomluc ’  r a t m l )  H.

I he I c - s i l i u s  ~;f t h e  s u m i i u i i , i t m o u t s  f o r  f I l l ’ t~~. C l u f f c ’ re l i t  c h i : u i m i e ls  arc ’ I t e s e m i t e d  mu i ’mgu res
S ari d 1 All plots were generated by emiseu iible av e r agi m 1~ t he squared error ouutpu ’ ‘>1 the
equ a l i zer over 200 individual learning curv es For purposes (If comfl piirusonl . the gradient
algorithm Id Eq nat ion I was also su m ulated , I- Ir the gradient algorithun - (tie 5(d ) smt e 

was 9
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• bu i i s ’i u to  in’ ~ = 00 , 1 lo u f htu ’ l ; i t t u . ’ a lgom ’ ulb in u us cx w as • ho - u 1(1 lie U U2~ I xp e m uu mm emi t a t m ou i
h a s  sh m owmu that  lii ’’ ’ v ; ih iies of ~ provided a good tm’ au le o f f  he twe c ’ mu ip m uck c i i u i v & - n g ’ u i  ‘ amid
s t a h u m l i t y  ‘I In’ u m i u t m a l  e i juiahii .c ’ u tap values fo r each s l u l l u h a t o l m i  wa s the /c - r I) vec to r  m i
ru hul i tmo u i , t u e  min im a l v al uc- s for  t h e  K ( n i l  t,~~ t ,’ f In c u l t s  u i I I h i a t inil S w e l l ’ I c -m o , an i i f  th emum
‘‘ ( mi t  ;iiiil t i l l -  ‘y ’~1(ui  cv c ’ ue t u i i f i ~ihiti.’d t u t  u u m it  y

I hi , ’ s m m n mui la ( iuuui n c - - t i l t ’ , for A l, chi am i m ic - l e ( It ta l l / ; i t uou i  f i i i t _ ’ iu uhi st i r tm ,mi • ( lu i i i i i u i i l t i  i t i i iu i
It a m i m ic ’ls art ’  shiuwui un I - i t _un ’ s  S ;mni d 0. .Su -vera l h oi i ut ’~ and ’ of nm ii inie di ; mhe I n u t t ’ n - s t F irst , t h e

m m i i f i ; i l o l iv l’ t ; ’c ’ I I  i’ hu ’ ltav u i i rs A l . l  a mid A I ,2 i n ’  la stc - r f h m a n i  fo r  f l ue g,a d ucnui c’ s t i m l l a t l o u m
eqt m ; i hu , . c- m . .it~ l i t t ’ 1111 a m , m a t h - n  t h i a t u  Lo miv i ’ s  S ’cotul , l Io n’ i’ a t l l t i d . ’ahl l l ’ t h i f f , - n t ’ mu i’ i l l
Il i’  ‘ t a l c -  ‘ ,l:ii ’ MS I- i - v - f ’  he iw i’ i ’ i i  A l  I f w h u i i h i  u i l ) I ha hes t i  ( ,

1 I i i )  i i i  i m d l l i ~’ t c i  t i f l -  - - h a l ’
w i ’ , ’ i - i  r i m ’ s V f u l l )  i t o h  A l . .1 I cc hi Ii ( ih u ( l ; i ic ’s I lie ( ,

1
f t i  t I t s i t ig I t t i l y  i i i  I uui ; ml  I t  m i l l  V s~( i i ) )

I i i - ’ - , ’ u i - s i l l s  i f o  mi nt t ie i- ’~s i r u f y ‘‘ ,t ;iIi I iS b I I h i d —  ‘ I I p l ’ m l l i l l t y  oh A h . I  S i t  ..\ I. , tom equ ; lhu/ I ’ t  i i i

J l i ’ t u l ’ I l t . t i l u l r i s  s i l l ’ v t - m y  1111 11 ’  :unu ~ihys is hi ; ms hec’ m i ihon ie iui I~lt i l i I u / i u l ~’ t h u  i . i I I i  i ’ i i i  ‘ t h u i ah i / t ’t
l1~ir~iuui e fc - rs .  Iii cvc ’ver , sev i ’r~iI di l l enc ’ r i f  cx va lues v+’c’ me usc-cl m n addi t i umi 1(1 thic ’ nun- used lou
I glu t— s S im m l 0 • t nu l a sim m iml ~im n l ’ d lu lL ’ d  \IS l v , i h i i ’  i ‘ i  l i d  iii ~ii A l I A t t i  II hut i i l u i l l t  II l a t h
n - sut lt us sei.’Ii f r i ;mn i o mm i p am i i i g  th ur  Al .  I • i ns ’ ’’ iii I ig,luies S im~ l (i ‘I lie Al .  I i’qui a lmit ’ m I l i u m

v ’ n g t - s  l u r  hunt ii t Ime  H :1 1 ;imnl H - 2 1 chi , mu iu ut ’ l s m m  appmn x m n uia t c -l y c ’qui a l t u n I s  m iu d Ihills c’~ I iu I i i I s
t h u  i ’ i puu i v , i h u i t -  m u i s e n i s u t i v u t y  whit  Ii ih l i’ l m y sii) ’g ’’~I’ I h i ’  g r m l u e m i t  e s t u i l i ; m t e  e h( ia I i / ’i , iiui Ihi i ’
l , t h l ’ l hi m m i t h ,  m l - ( h l i u r t ’ i l  ; m mm mnu& .u ea simi g t i i in mi iieu (II u I ( ’ r a t u i ) l i s  1(1 n ’ac hi c .o mmv e u t _ ’ c ’ t i  i ’ is lhu i ’
I ig - u l v a l h i e  r a t i o  was u u m c r t ’ i s c ’ d

(‘ON( ‘L(JSIONS

In t h u s  id-port , t u e  ;iI)I( l ic ;mtio n l of adaptive l a t t i c e  a lg i t r i t h i m u is I I )  I h ia n ut i e l  u ’ q i im hui i t io i i
h a s  ht ’ en i  comism u lered . l i mm l uke t h e  numaj or i ty  of propose d se lf— ort luu punm a li , ing al gor i lh i umis . f lit’
Al , ;ilpl r u t h i m i u s  i u mi y  reql li re a r u u m t u t b e r  of ohlerat io l is  per uIl)( l~ilc’ wh ich is I i i i u -m r  w i t h  ul’ ’ ,h ll ’ I
II) I hue mu nmm ih)e r ,f -q u u ; ih i te r  I i~ is I - in t h ie rm i u t  im (‘ , I lit,’ rat  I.’ (If ( m i  Vt,’ rp( ’ t I (  C’ (If A l .  ulg irmi hi mmis
i I l ’ t l ’  i l ) ’ hu l y  uuIS&’ u l ’ , i t i v ’ IJ i  t h e  ‘ u i n -u i v i i t i ’ i h u ’ - j t ; i m u t y  u I  t h e  h i ; uu i uu e h • l u u ’ l ; h f u o m l  u u . i t u i ’ - ,
0 f li t ’  tw o  A l ,  al go rut l umm is u m ivc ’ st ig . i fe uj , f lit’ a lgor i t h i mm i A l  I w i m u c h u  tm iu imimimi icd  t h e  s t ag e —
wise errors of liii’ i’ q ut ; i h u , i ’ n  possesses a m mm c l i  h i w ’ n  sh ady—st ile \‘ISI t h i a t i  t h e
A l ,,1 w i m ic h u l i im mnmn m ,t ’d (lilly the f in a l ei~t i i lm/c ’ r  error 1 ins e xu  ess ln uea u i squa mc ’ t ’ rror in
S h r i l ly s ta te  may Iii’ a t t t i h i u t e d  to the fac t  thuat  t h e  equi i l m ien’  tap ui ’ f t i i  li mi t s  t I l l S  Ill ’

when um i u ln um l i l / i l i g  only l Int ’  f i n a l - n mo l .  I lo w e v ’ m  , a t presu ’ mut t h u s re la t iom m s hi i p  us mio l well
umn u ( ln ’rst u) u,( l 111(1 is a r m ; imu ’a foi f l i r t  huc ’ r invest igat ion.
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