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A.  INTRODUCTORY CONCEPTS

Transform coding was invented in the late 1960s. It has been close to

ten years since various formulations of transform coding algorithms have

been utilized; however , practical implementations only recently have been

considered.

The p r i m a r y  purpose  of this  chapter is to review the p rog re s s  to

date on t r a n s fo rm image coding.  The discussion , in pa r t , att empt s to

presen t  the p rogres s  in the t r a n s f o r m  coding t h roug h an h is tor ica l  review.

In addi t ion , a c r i t i ca l  rev iew of t his f ield is provided.  A t r a n s f o r m  coding

al gor i t hm requ i re s  a re la t ive l y compl ica ted  imp lementat ion.  Thus , impact

on h a r d w a r e  des ign  also must  be cons idered .  In addition to rev iewing  the

field as it exists , an attempt is made to extrapolate into the future regard-

ing potential implementations. By necessity, the opinion presented here is

a personal hypothesis.

Because of the complicated nature of transform coding, it is necessar y

to demonstrate that potential implementations are likely to be of significant

advantage. In this introductory section , theoretical background appropriate

to transform coding is reviewed. The formalism is also dev€doped which

permits the analysis and critical review of this technology.

I. IMAGE CODING MOTIVATIONS

When a complex procedure such as transform technique is con sider ed

for data compression and, specifically, for image coding , it is important to

trade off hardware complexity with potential benefits.

7
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Transform techni ques are more complex than other conventional and

classical data compression algorithms. One should expect excellent perfor-

mance  g iven t he comp lexi ty  of t r a n s f o r m  al gor i thms.  It wi l l  be demons t ra ted

that , for nonadaptive transform technique imp lementations , only small future

advances a r e  expected.  Fu r the r  addit ional  advances  a r e  expected p r i m a r i ly

in adaptive techni ques.

2. THEORETICAL BACKGROUNDS

Since several exceller:t reviews on transform coding concepts are

available (Huang, 1972 ; Huang and Tretak, 1972; Huang, et al, 1971;

Pearson, 1975; Schreiber , 1967; Wintz , 1972), only a short discussion is

given here. In particular , Wirt tz  provides concise explanation on the rele-

vant theoretical back grounds.

First , a definition of transform coding is given. The data corn-

pression technique transform or block coding is a procedure where a set of

source elements is coded as a unit. The term “transform ” indicates that

the original set of element s is f i r st proce ssed by an invertible transforma-

tion prior to encoding. Motivation for this procedure is provided by the

statistical characterization of typical pictures.

Several recent papers have analyzed the theoretical concepts associated

with transform coding (Jam , 1976). However , the ori ginal pape r by Huang

and Schuitheiss (1963 )  is still an excellent basic re ference  for  a desc r i pt ion

of the advantages of certain t ransformat ions  pr ior  to encoding. The authors

demonstrate that ,  f o r a cor r ela t ed Gaussian source , optimum encoding

8 
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In s r ( I e r  t o  e s t a b l i s h  a f r am e w o r k  w i t h i n  w h i c h  se~~, r a l  d iCe  r e n t  and

: o s s i d l v  5 n n t t 1 t 1 ~ d e s u ~~u u s  s u n  he c t i t , i r e d . it I S  I i e C e S S o r V  t o  d e f in e

~ e r t , u t u  e v a l t u i t s u t u  t. r i t e r i . . it is  . t t t e u l s ; t e d  h e r e  to  n r s s e n t  ,s S u i i C \ V b l d t

s u u u s p h i f i s ~d n i t  n r a c t i c , t l d e n i - u u u s t r a t u o n  i t  v u r t o u s  t h e o r e t i c a l  i r l f s r n i t t i on

c . n c s ; t s .  t h e  c u l c s -~~t s  o r e  s r e s e : it e d  I s  s u b s e q u e n t  s u d s  i r  t r u d e o l l

. t : l , u i v s e s  - 0  v a r i o u s  d e s ig n s .  t o e  f o U o w i n g  t h r ee  p r i m a r y  qu a n t i t i e s  or

o. u r . u t l i s t e r s  ar e  c o n s i d e r e d :  c o st  I C 1 , u h i s t o r t i n ( I ) ~ , and  r a t s  ( R h .

o r  i x an i o l e ,  in F i g u r e  1 s s v r a l  c ur v e s  a r t ’ sh own wh i c h  a rt  r s ’p r e s s ’n —

t . t t t v e  ~ t h e  t v o i s . a l  f t i u i c t i o u i a l  r e l a t i o n s h i t S am o n g  t h e  t h r e e  n i r a t t i e t e r s .

Of t h e s ’  qu a  it  it i t’s . o n l y  t i lt  r i te u s w e l l  ((d i n e d ;  it ~~- u l  1 a l v. i s  r et e  r t o

t h e  .t s n r ~0 r l , t t e  e t i an n e l  ne r . t t u ul r it e .

t h e  ‘ c n n  d i s t o r t i o n  is som e w h a t  ambi g u o u s .  Fr s ’ qu en t lv . t h i s

ni r a t :  s t e  r is  d e f i n e d  is  t u e  u u t e a u i  s q u a r e  e r r o r .  In s ub s eq ue n t  d i s c u s s i o n s

in  t h i s  c h a n t e r ,  this . ’  d i s t o r t i o n  1) a r s t n e t c r  p r o v i d e s  t h e  n i e c t i a n i sn l  by  w h i ch

t h e  r a t e  is con t  r o l l e d .

The cos t  is d i f f i c u l t  t o  d e f i n e . It  i a n  be d ef i n e d  in ss vs’ral  d i f f e r e n t .

a l t h o u g h  r e l a t e s ! , w i  v s .  Cost  m a y  i m p ly I u n a n c i a  1 inve  s t i t i e n t  Its t h e des i go

a n d  h a r d w a r e  c o u i u p l e x i t y.  I t i  m a ny  C i  ses • in  a d a p t i v e  t e c h n i q u e  b~ u t s e  i t

th ai not be too c o m i s p l i c a te d .  I loweve r . t he  r e q u i r e d  cit s nn e l  p r o t e c t i o n

n e c e s s i t a t e s  added comp l e x i t y  w h i c h  m us t  be f a c t o r e d  in to  the  o v e r a l l  des i gn.

F ;v e n  wi thou t  t he  c l e a r  d e f i n i t i o n  of t h i s ’ d i s t o r t on and the  cost  pa r an t e t e r s

the behavior shown  in  Fi g u re  1 s ch c n i a t i c a i lv  i n d i c a t e s  ti lt ’  p o t e n t i al
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Figure  1 . “ T y pical’ 1 Di s tor t ion  ( D )  vs Rate ( R )  Curves
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Is s i t r u e r s  as to what  is r e a sonab l e  to compute  in a p r a c t i c a l  dev ice . It was

onl y a few y e a r s  ago that  imp lemen ta t i on  of a s inuso ida l  type  of t r a n s f o r m  f o r

a p r a c t i c a l  d e v i c e  was total l y unacceptable , p r i m a r i ly on the  basis  of cost,

But, based on current technology, the same computation may represent only

a fraction of the cost associated with comp licated coding equipment. The

complexity associated with reformatting is probabl y more demanding for

large size image formats.

4. IMPLE MENTATION CONCEPTS

Up to this point , the design constraints  introduced were in t e r m s  of

basic parameters of the coding process. It is important also to conside r

building blocks of the coding device from the standpoint of both general

availability and hardware complexity. In general, the following device con-

siderations apply: memory, arithmetic operations , control units , and

auxi l iary  operations, Superficially, these concepts also would be utilized

for the design of a compute r.

The similarity is not really surprising . An image coding algorithm

implemented in the digital domain is functionally a special purpose computer.

However , fundamental laws of information theory also explicitly apply for a

data compression device. The previous schematic curves of Figure 1 are

the result of the appropriate constraints of information theory. Thus,

desp ite the willingness to apply high-speed arithmetical operations, the poten-

tial performance gain in additional compression may r, ot be too significant .

On the other hand , basic concepts associated with the compression device
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pr o c  edu t  rs. ’ 1 ( s t  t u  a st  he u i - i s  pta! ) Ic to i t’ea l i s t  Ic s o t i l u l  iu t i  1 c a t io t t s  C IS V i i’Ott —

t i u s ’ u l t  t S h a n no n , I 0 I ~~; Sh an n o n  and  \V s ’av s ’ r , 10 - I~~) .  1 bess. ’ c o n s i d e r a t io n s

u u ’ e l i k e l y  t o  ho ’ s o t i t e  i t l i h i t ) t ’ t , i t i t  b r Sps s l t i C  i t l i 1 ) l C h l i s ’t i t i i t i o t i s .  \ u r t u a l l y ii i

u l l  o u ~~~t ’ s,  t h I s ’ e o t i t p t ’essed  da ta  i t - i l l  he ~ r u n s n i i t t s ’ cl t h ro u g h a f ixed  c a p a c i t y

~ h a i i i i s ’ I .  I i i ’  a tl . ) t L i d . i } ) t i i  s. d a t a  c o t - u l p r s ’ ss i i l n  s \ - s t e u l l , no u n u s u al  p r ob l e m

e x i s t s,  I t o w u v s r . f or  . i  v . I r i ~s l ) I e  r a t e  c o t i i p r e s s i o n  s y s te t i i . .1  l l l a t t ) r  ( O t t ~

st t ’ . i t i t  i s  i t i t i’ t d u c s .’d . I i i  Ss’ s t i t n 1) , t h i s  p r o b lem  is  a n a l y z e d  i t t  ds ’ t a i l ,

:\ not  it ci’  p r oWs ’  i i i  a l’ s ’ a i uvol  yeS i’ s’a l — t i n  is.’ i l i h a g  s’ s odi h g  ap p i ic at i t in

j o i n t l y  w i t h  \ i i i e s  t l ’ a u l S t l l i s S i O t i .  .- \ t t  o b v iou s  e x at l i l ) i e  is t he  p i c t u r s / p h one

t y p~ 
.5 1) 1) 1 i c , s t  i ’l l . 11cr  s , t h e  s-ou s t  r a 1 I t  15  t h a t  not o n ly  the  c o u l l t i l u n u c a t i on

Si  S to ’ t i i  i i u st  opt ’ r a t e  in r e al  t it  i l e  . but t int ’  ca s otto b be de I ,u y s rs.’I a t  ii e t o  i - i  ice
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RasiealLv. t i i s ’ t u i l b o t t ’ i u s g  ph l i l u i s u s p h y  i s  o lt cu ’ s ’d. I i r s t . u t i s ’ sh o u t E d  d e s i g n

.iui u s p t i l s l s i l l l  sout ’  s e  • ‘ l ic s ) ( ! i h lg  p r t s s s ’t h i i r e ’ . N e x t ,  hi t s ’  h ’ o  e lop ed  sb’s t g t l  S h i t s i l b i l

he ’ .11) 1)0’ l leIt ’( ! 01’ n sod it  it’d to  hi s ’ o i S iS  i s t  cu l t  it- thu th i s ’  net ’s! Is  i’ ci i i h i u i t ’ I t ’I ’ t’ t r

p r s t s’ct ion Ut’ sid e’ s . t  ion pr oc  s’dui re ’s ,  l i ~ is ph i t o s o j i h i y  ss l ik e ’  lv  t o  he r ca  St i l l  —

,thlt ’  f o r  t t u t s t  S s s u t ’U s .’ c o dit i g .  po t ’ t i c u l . s r l v  t ss t’ t r a u i s f s i r u n  c os l iu ig  p r s s’ s’e l t t t ’ s’ s.

I t ’
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l t ’ a t i s f u i u ’ t i i  c o d i n g  t e c hn i qu e s  a r s  u l u o r s ’  s-o i i ip is’ x t h a n  most  c l a s s ic a l

S ii u r  s e ’  cod i t i g  p r o c e d u r e s  opt’ l’, s t u  ug i ’l l  i n d i vi d u a l p ic tu  e ci  c i i  t e n t s .  I b u s ,

a b t h o u g hi add it iot ia 1 h Id rdii-a r t ’ is i t i v o l v s ’d . t h e  i t i c s )  I ’ I ) O r a t u O t t  of d i a nn e  I

c u !  i t i g i t i c  rs.’ases the iv ~’ r o l l  ha rdwa l’s.’ ( 5 ) 1 ) 1  p ls ’x ity  onl y s l ig hit l y .  Ss’v e’ra l

stuc! i s.’ s ~s r i a ly i . e d  t h s .~ i n her e n t  n ou s s ’  i u s u t n u n i t y  of set  o r a l  source coding

tc ch i n  i qoi s. ’ s i his.  I uc! in g  t r a u i s f o  r t ~i so d i t i g .  I hiese cons  ide r a t ion s  .s re b a s i c a l ly

l i t u u  i t e ( i  to t ion ac !apt iv s . ’  , fixed ra ts ’  t e c h i n u q u s .’s ( 1  1r a t t  • e’t al. , 1 i 17 f l ,

F’or  adap t  it ’ s.’ , v a r i a b l s ’ t’~u t o t s ’chn i qus.’s , a d d i t i o n a l  c o n s i der a t i o n s  should

be f i  I lu iwe d  ivhs. ’ n .111 a c t ua l  c O l l i  I l l  un ica t  i i  in s y s t et i i  is de si g ned .  One a pproa  c h

is to )  t ’l i t l i  m a te  bi t  s.’ r r s) r 5 v i a  t he  app  ro l l  r i ots. ’  ch a t i n c  I c od!ing i u l l p ls’ t li en t at  io n .

- 
- 1 h ue  ss . ’sond a p p r oa c h  o n ly  s- o t l s i de r s  s . u t a S t t ’ s) I ) h i i C  s ’r r or s .  :\ g a u t i . the  p r i —

nsa u’i - r e l e vat i c e  is to a d a p t i ve  s v St s ’h i l S  . .\ s~~~ta st r oph ic  s r  r or  t l s a y  p r e v en t

t u e  d e c o d in g  of a l l  s u b s e q uen t l y t t ’ a n s l l li t t s ’ ( i  i n f o r u i i a t i o n .

‘I he avo idanc  s ’ of s a t  as t’oph is - t i ’  ro I’S t a n  be as hi i s ’ t ’ e’d t h r o u g h  s~-n  —

c h r o n iz a t i o n  p r o c e d u r e s .  1 1115  p r o c e dur e ’  1)0’ r iodica 1l~- r e i n i t i a l i z e s  the

t i’a r i s tm s si o n . If ths s ’ , st i t  i s.  i pat ed bit  s.’ r rot’ r a t s .’ is b it - t h i s  p r o c e dur e  is

p e r f e c t l y a ccep t ab l e . ‘T ’his sy n c h r o n i z a t i o n  isiss clue to c a t a s t r o phic  e r r o r

can  onl y a f f e c t  a l i s i i  its’d s e c t i o n  of the  i m a g e .  Ex c ep t  f o r  oc c . us i on al

cons t i i en t s  re t o t i n g  to s p e c i f i c  desi g n s .  th i s ’  r e i t t a  i n i n g  p o r t i o n  of t h i s  c h a p t e r

i g n o r e s  the  c h a n n e l  cod ing  p r o b l e m .

An a d d i t i o n a l  rs. ’asoui f o r  ds ’l s . ’gat  ing th is ’ c h an n e l  s ’ r m r  s t ’n s i t i v i t v  p i ’ob—

1cm to a n o t h e r  f i e l d  is the  c o u s s ta nt  r e s e a r c h  f o r  root ’s’ e f f i c i e n t  c o t i ip r c s s  ion

t e c h n i ques .  Since  t h e s e  t e c h n ique s w i l l  be the adap t ive  and v a r i a b l e  ra te

17
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typeS , it is unrealistic to p r oces s  the output of these  a l gor it h t i i s  t h r o u g h

u t i pr ot e c t e d  n o i s y  c h a tin e l s .  So , c o n s e q ue n t l y .  otice a decision is made to

u t i l i z e  a v a r i a b l e  ra te tec h ni que , it is necessary to s’litiiinate or at least

m i n i m i z e  channe l e r r o r s .  F a i l u r e  to )  do so p r e v e n t s  the  u t i l i z a t io n  of

v a r i a b l e  ra te  t e c h n i ques .

U .  I M AG E  MODELS

1. G E N E R A L I Z E I )  IMA GING S Y S T E M

l’he ou tpu t  to thc source s’ncodin g procedurs  is an auialog f u n c t i o n  for

i u i i a g c  coding. At the destination , the i m a g e  is v iewed in ana log  for t -n .

I ransforni coding siunila r to other data compression systems utilizes dig ital

t echni ques. Yet , the bas ic  in f o r m a t i o n , the  i m a g e ,  in i ts o r i g i n a l  f o r m  is

a ii a log.

In g e n e r a l , t h e  digitized image is considered as the original input to

the  coding  p r ocedure .  Thus , the  o r i gina l ana log  na tu re  of the image is

ig n o r e d .  As it will bs’ shown in th is  sect ion , the compression —introdu ced (IC —

S 
g radat ions  n~~ y be of this’ sahiie o rde r of magni tude  as the s’ r ro r s i n t r o d u c e d

by the  i l l la g ing.

A gen e ra l i ze d  imag ing  s y s t e m  is i l l u st r a t e d  in F i g u r e  ~~ . It should be

emp has ized  that the imag ing system in t roduces  an addit ional  problem in the

sense that it supe r it i iposes  its own c h a r a c t e r i s t i c s  on the  source .  It is

stated tha t ,  in th e image , it is not the natural redunda ncy associated with  the

o r ig ina l scene , but r a the r  the impact  of the pa r t i cu la r  i ma g i n g  system which

dominates,

18
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The’ image rs’duuidanei is quantified through its correlation model.

1 ra nst oirun as well is o t h e r  data c o u l i p r e s s i o n  t e c h n i que s ach ieve  the appro -

p r i a t e  b a n d w i d t h r educ t i on  because  the  source  (e, g. , i m a g e)  is c o r r e l a t e d,

A r e a s o n a b l e  q u e s t i o n  m a y  a t t e m p t  to separ ate the co r re la t ion  p ro p er t ies

be tween  the  scene  and its s amp led ‘~q uiv a l en t . R e a s o n a b l e  a s s u m p t i o n  can

be made about  scene  c o r r e l a t i o n .  It can be easil y demonstrated that the

e f f e c t i v e  c o r r e l a t i o n  in t h e  s amp led di g i t al  image  is to a high d e g r e e  induced

by the i’ery process ivhichi  produced the dig ital equivale nt of the ori ginal

sce ne.  W h i l e  t h i s  s t a t e m e n t  u n sy sound r e a so n a b l y n o n c o n t r o v er s i a l , it is

f u n dam e n t a l l y different for the two-dimensiona l case , u n l i k e , for ex a m p le ,

V oice  c o m p r e s s i o n.

It is appropr ia te  to rev ieiv the s teps  t h r o u g h which image correlation

is i n t r o d u c e d .  :\ p r i m a r y  o b s e r v a t i o n  is that  all  image f o r m i n g  sys t ems

act as tws)-ditiwnsional low pass filters ~Goodman , 101 68), h owever, these

lo)tv paSS f i l t e r s  c a n n o t  h i a ve  s h a r p  c u t o f f s .

A l t h o u g h t h e  bas i c  t h e o ry  has  been available for  sonic t i m e , t h e  prope r

cons ide ra t ion of t h i s  low pass f i l t e r i n g  e f fec t,  inc lud ing  the  p e rt l l is s i bl e

c lasses  of [ow pass f i l t e r s ,  has not been made. A c c o r d i n g  to Luko sz ( 1 9 b ~~) .

the low pass f i l te r  associa ted wi t h  an imag ing systeuii is constrained accord-

ing to ,u specif ic  functio t i .  This  c o n s t r a i n t  is the resul t  of t h e phys ic a l

n a t u r e  of th -‘ i niag  ing sy stem. Ih e  impulse response ’ of thie ap p r o p iate

l i n e a r  sys tem t i -h ich  r ep re sen t s the imaging system is r e s t r i c t e d  to be

11011 t ie ga t iv e.
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\ s t i l t  a t  . t l  t I  1 s t ’  u - I s  s ’s h5 ’ t i t -  u s ’ t i  O t i s ’ - sl u t i  u s ’ t i s  t o u t  .u I l~~ u t s  hu a S V i i i  s ’ 1 a lI st
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i n  i . s t i ’ s ~u .i  ~-p  I ~~~ ~.u ss  t i l t  ci’ s ~ . s i  a t  Ia i ts’  i i ’ I Lived iy  t h i s ’ ~ L u l l  ‘1 u t i g  ~ ‘ t’ i ’ s s ’s ~

is i t h  ,i u . s  u n t o  i t e r t u r s ’ t o i u t o t i o ’ t t .  I t t s ’ l . t t ( s ’n  o l , i s s ’I i  . s t i : ’ t ’ , ’ x i t u u . u t s ~~ t h u s ’ !i u u ’ u s

~h’tt .i ~O S i o t S i ’ S , ~— i n n l a r ~~\ , 101’ \ a le s ’ r e t  0~~S u l  s u c t u o n ,  t h e ’ ~ ,t t ~~~’L’ sl st . u t . u  s a n

~~~ u ’ t ’ a 5  c s s s ’ t i  . s g a u u u  h i  .ui ‘~~S s ’ u 1 t 1 . s l l \  1is ’i ’ t e ’ct l~ i~t ‘.t s s t u l t s . ’i ’ n e ’ s u l t u t i g  it u t ~ u s t u
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1 0 ’t ’  .tn u l i .t~~ s o i i t i pt ’ s ’ s S i o t i  s t~~~t s ’ t l S . ps ’ n l s e t  t’ s ’c i ’ t i s t r u o t ui t i  i s  t l . ’t

u ’ o ’s~~ t h l e ’ . I he  ‘ n i t l i . i r v  d i t t i o u l t i  i s  t h i s ’ ~i u t . u t , t i I , i l s u l u t t  at  t h e  r e q u i r e ’s! t e n t s ’ s
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t t ( l i t ’  e a li t c t ’ s i  t ’t t  p ro c  ,‘ss  t r o i t l i  t i ts’  ,i no l u g  — Is  — d i g i t  .i t ols s t i i a i i i  .1 us! . S i  t I l t  b . c  i ’ l  i
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t r o u u t  t h e  d s g i t a l — t t ’ — a n a  log ds u i t o s u i  tn .5 ’s, Is  e t h i s.’ s o i t i c s . ’ pt i t  r s.’ s b i .’ .c b t l i t v
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I l l  .L V s ’ o i u 1 t ~~~it t  ,j t l  .cpp nec  iobl e ’ au i s  i i u u l t  o t  Is i gii  f rs ’que ’ns -y i n f o  i’u ii  at ion . U n i t ’ s S

t u e  di sp i0t i- d e v i s s ’ is  ca 1iah lt ’  of i ’ ec s) l i st t ’ u c t i ng  t h e  hig ii t i s ! s .’ l i t y  u t i t o i r u i l a t i o t i ,

it s h o u l d  he t r a u s s u i s i t t s ’d. A g a i n  t ’ e f e r r i t i g  to  Fi g u r e  ~~. i t  t i s a t -  bs’ u i o i t s . ’d
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I h i i s  t s .’ch uii que (s iu i i i. Ia r to  .1 C lass  s i t ’ S o— ca l  led diths’  t’ techtiique s I .idds t is 1~~ss’

to ’ this’ t una  ge. :\ Ithoug ii the inia ge ry is f u r t h e r  d egr a d e d .  the  e l i t s i i n a t i o u t  s i t

t h e  n o t i c e a b l e  at i d u t ip lea sant  c o n t o u r i n g  r e s u l t s  in iu i ip r o v e d  sub i oct  ivs’

i is’wtng .
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Ii t i u ’ t - .~a u : l O  S t t t S S i o ~ 1 i 55 p t ’O \ ’ i ( I s ’S a S h u it ’ t rs ’V i s ’ii a t  gs ’ u u s ’ u ’ a l u , ’ s ’sl it i .ts~i tuu ~

Si  St i ’ S ’ - , \0ldi t iim ,ul u-.:lc s i t s  s at i s i d s ’ t ’ , i t i o i u i s  O pp li ’ t o  t i s i s ’O.  l i t ’ g s ’t s s ’ u ’ , s l i ~ ’t ’ o:

s i  ~ t u ’ u u t  i l l i s t  r .it t ’ oi iii I i~~s ir s . ’  ~ i l i o l t I u l u ’S i - id e a . h i s i - s v s ’t ’ s ’r , ti l l’ ‘‘! ‘ t i s i , i ti --

a u u l p t t ’ss la ti ‘raids - ta’s . t i s ’ q i i . c b u t  \ o t t  t h I s . ’ i l i t i L i t  t o )  t h i s ’ o o u i u l i r s . .s s s ii’ is

io- s ’ I l  r s ’~~t i l , t t s ’sl iv  o O R  i t t  L o t I .  His ’ h i ss ’ s’i ’tl ts ’ ti t . t t i cl l i t it s’ . i s s  t’ u l t s . ’ t ’ i u i g

. t S S i ’ O t . t t e o t  t i t t h i  v t o l u i i’ s ’ s ~‘u’ ol uti g a i d  s ! is p l . u t  at ’ s’ s’a sub v u i ~ s t d s - I s ’si ,u i sl .t i’ s ’

L i l : u s o u t t u i ’s u t l t  , O t i s 1  t i t t i t  S a u l i s ’ j i i s t i t l s .t i i l t i . i’~~’ s 5 ’ . t t ’ 5 - h 5 - u ’ s i t t  I l l s  ~- i o ! ’ 5 t

o o a l a i’ t ’ S S m s ) t \  us ’ I o t  u s u . u l l i  t g l iu irs ’ tilt ’ i t i i .t g t u i u . ~ .t s : i s ’ s t  s i t  t ’ u u l s ’a ,, o i t h l t h i S t : u u s . i t  it ’ll ,

l a s s s ’ t ’ s S s ’ .i t o u t ’ u - s  . 5  r s -  ti- s i n k i n g in .tui i ui d iu st t’v i t s .’ 1 1  o a O s t  i’ . i t t i s ’sl i t y  e s ’t i V s ’ t i —

t i a s u s  , .t t sol t h e  t s i u l ~~st rv  i s  n at  b m k ’ I v  t o  e h i a t i g s ’ u t s  1t t ’ i s ’ s ’d~i n s ’s i v u t i s a s i t  st  i’ o t t i g

i i  o r  t ’ u o . i i : i g  r & ’ .t s , t u u s  I - u u i k . 1 ’~ ’~ - ’t . bu s . ts! s ! it i s i t l  t o ’  lot s r o ss  t i l t s ’ t ’ t t u g  ~~uu1 tiOlSs ’

. t u l u i u t i o t u , il l t l u s t ’ u’ s ’ 0 a u ’ sb u u i g .  c o i b o i r . s t i o l  I t o ’  ~ t . s t u s t  i s ’s issos i u t e u h  it it hi int e l’ —

L’ . i t i i o ’ t at  r s ’o l i i s ’ s ’ . i d s l t t i s ’ u .i  I t i u asl s ’ l i t i g  5 , u u s u ohs ’n .i ti sttl s . I- i t ’  the I , i t t e ’t’ c a t s ’ —

gi ’u ’ u s ’s . i u l s i i t t  i o i t ’t i t  l’ s’ss’a r o t s  h i.i s h i e’s ’u\ }ts ’i’ t sit ’ l t i t ’s! t o t  slat o ’ t r u i n s  t h e  s t , t n s l t i s u u t

~~~ t i l’ ,u 5 t i o . t I i l t l t ~ L ’ U ls ’t i t . t t i , t u l .  l ’h5 ’ I m r s t h b t .l l i  s i t  co t t on i u i t s ’i ’ t t’ . i t l t o ’ s i ’ s h u t i g h i s

‘ ‘1 h t e ’e ’t i o i ’ u u s u o l s ’t ’ s’o! t i l t ’  t l’ ,l l l S t i ’t ’tli t t ’ o ’ l l t l i s l i l s ’ s.  
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I t’ . t t t s t t - u u t  o 0 i s h u u i g  u s  a t t t ’ a o  iv e  t o ’  i’id~ ’~’ 5 V s t u ’ I i s .  Ouo ’ r t ’ ,u s i i t i  l i i i ’

t h i s  i s  th is ’  r e l c t i v s ’ l i  l i t  0 u t , s l u t v  s i t ~ t idea . I k ’r e , t h u  t s ’ t s ’ re ’: us s’ t u i  ql1~s l t t v  I s

t l i , i i i t ’ i t i  t h e  r e ’ l . u t u v s .’ u- s ’ u l s s ’ , I h i s . ’ o s ) m l u ; ) ,s r l s u i u i  i s  is ~~h i , : t u s , i l  Pr0 ,I~~~s t i a11 or

w u t h i  t u l u u -~ : i ss. ’d s v s t s ’ u u i s ,  1 h~us . q L i ~s l i t v  l t i l t u t . s t i ~~i u u at  t h i s . ’ v u d s ’ o i  si s t o ’ u l i

t ’s ’ t ’ t t t  a s ’a’u r t h ’ - t ’  i tt ’~~~l’.t(!0tti ’i 5  t o ’ i t ’ uti tr u ’d sio s.’d by  th t t’ c od e r .

l h i e  ‘ b u t t ’ s u u u ~~t u I  i t -  a s p i ’ i t  o i l  t b ~~ i’isit’o Si s t i l l  i s  t h e  t a i r l v  s t i s a l l  t o r n - t i

1: 5 5 0 0 5 ’ s i ’ s’ . I hie t y p o s  a t  o r sl s.’r at  :.ug n it Lul s ’ 1 t  ‘ O O  ‘O O  15 h u t  l u k s .’ i v  t o

s’ h a t i g s ’ . L ’ oi u l S s ’L 1t i o ’ O t l V  . t l s s .’ a p p r o i l i t ’ l i t t s ’  l I u s .’tlt orV l’ t’qumr u ’ u l u s ’lit s . such as

: ) - , u : t s ’ r i : u g .  i r s . ’  t ’ s.’l , .t t u \  s l y  s~~r a u g l t t t 0 ’r w . s r d .  to o nt r a s t ,  a ‘o i t s ’ u ’ t i . k l l V  h i g h s

q t . u l t t v  t r a : t s : s  i u s s u a u l  s v s t s .’t i i  a s t s l l  i l u o t u g i ’ ,is ih s s \t~ ’uto i  i u i i  u ’ I V s . ’ i l u s , i g s . ’ 51. ’ s.’S

sc vs ’ ra l  i ’r d s .’ u ’ s 1 i t  t u a ’ug ti ut ud s.’ Ia r ’ g ’ r  t h i a t i  csi t ’r s .’ti t fom ’tui ,st s t i ’S ’  \ t ( lt ,’o ’,

\V i } s i t i  h ,  t’ r a t i s u ’is’ u ’ n k  of  .c c r i t i c a l  i t O s ’l ’\ ’l s ’ii’ , So ’ t l S s ’ es il u i i s . ’l i t S pt ’ r t a t u u i u u g

t o )  v u U s ’ a sy s t em s  a r t ’ u s t n r o p t ’ t . l t s ’ . I h is .’ g e n e r a l  a s s u u i i ; ’ t i i ’n s h i u t u l d  u i o ’t l ’ s ’

t o a d s ’ t h a t  is h a t  is  . s u ,’os ’ : ’ t~ i h ’ 1 s .’ I q t t . t l i f v  t u t u ’  t id s ’ u i s  e q u a l l y  , i u s s ~i t t a b I s .’ t a r

h u ~~i t s . ’ r q s t . u l u t v  d u s t t b a v  si  St s ’ u i l s  . ; \ t i i t t h s s .’r l , s s ’r v a t u o i t i  n s .’l . ct s’s t o ’ I l l s ’ ds .’v s .’l~ i~~ —

l i t s ’Ot a t  nets t s .’ l s.’v u s ion s , t t n s .’r a s .  S s . : t o s’ u’e f e r e u i c c  i s  t O a d s .’ t o  s-h a n g s - —

eo oq i led dcv i os’ (( ‘C l ) )  t v i’s ’ i l l - s O  g i h g .  iv he r s’ t h e  qu a  v st t i’ s.’ co t’d ed i n fo  r u t  :.t —

t i s)l i  l i h t i t s i g t - s i f t s . s t i t b v  i u ’t i p r ov s .’ . ‘. u ’u i s t ’q t i s . ’t i t l v ,  i t  i u s ls ’o ’ sy s t s ’t ’t i s  m u i s l t r u i v s ’

is i t h i  t h i s.’ a t ’ a i b a l ) i l u t \ ’  i, i f  i h i i i i t ’ t ) t ’ s’(l e’qu ip u l ’u o ’l i t  sLi s’hi  05  so l i s I  st a t s ’ s 0 t 1 5’ t ’ t S .

I h lc  pe n u l l  tS s ib I s .’ a iii o ut i t  of (!s.’ g ra da t  is i t i  it i t  i’ od Lit 5’d liv this . ’  i t  ua ge s o u i i  })r s ’  SS ion

sy s t e m  ii’ili h ay s ’ t o )  l) t ’  dt’c rs.’ased.

~~. S i , -\ I ’ 1O\~\ R I  ,.\ N l i  N (~~ ’~S I’ :\ I ’I O N , -\ RI \tODI’ LS

I” i i h l i h i . 5 - i n g  t h i s ’ ds ’ s o i ’ i pt 1 0 111 ot  I l l s ’ ph i - s i s a l  m ode l ot ’ i i i s o g s .’ fu ~~i ’ u i i l t i i t . i t

is  i t n p o r t . t t i t  t o  l ’ s’V i s ’\\ t h i s ’  a p 1t i’ u i 1 i m ’ i a t s . ’ .i’~’~u i l ~ib i s .’ t i i . t t b i s .’u i i , t t ’ t s ’ . i l  t i l s ” Ol s.’I t - i .

‘s’s’ -tm u-cs -sr -a”- ‘-a.- -. ~~~~~~~~~~~~~~~ 
‘[“ “
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1h s .’ i om mon  s t a t i s t i c a l  models a r e  l imi ted , a l t h o u g h t h e y  a r e  u se fu l  f o r

t h e  anal y s i s  of i m a g e  c o m p r e s s i o n  s y s t e m s .  Howeve r , t h€ - se  models  a r e

i n s u f f i c i e n t  to a c h i e v e  maximum c o m p r e s s i o n .

\ f~a’,ç’ gs -n c r a l  c o r n nu e nt s  r e l a t i v e  to model ing  are appropr i a t e  pr ior  to

the  a n a l y si s  of t h e  a c t u a l  m a t h em a t i c a l  s t r u c t u r e s .  The  imp lementa t ion  of

a m a t h e m a t i c a l  mode l  f o r  an i m a g e  c o m p r e s s i on  sy st e m  is the m e c h a n i s m

b y which  the  a p r i o r i  i n f o r m a t i o n  is i nco rpo ra t ed  in the image coding

p roces s  ( Jones ,  1976) .  B y a ma thema t i ca l  model , one r e f e r s  to i n f o r m a ti o n

equal l y ava i l ab le  to both  the t r a n s m i t t e r  and the r e c e i v e r .  Most  c u r r e n t

m a t h e m a t i c a l  models a r e  based on s t a t i ona ry  s ta t i s ti cs  as evidenced by

imp lementa t ions .  In c o n t r a s t,  n o n s t a t i o n a r y  s ta t is t ics  ac tual l y imply the

lack of a useful  model.

Genera l ly, modeling r e f e r s  to a p a r a me t e r i z a t i o n  procedure  with in  the

coding  technique .  In t e r m s  of n o n s t a t i o n a r y  model ing ,  a “ l e a r n i n g ” pro-

cedure  can be ut il ized.  The l e a r n i n g  funct ion  in t roduces  a h i er a r c hy of

p r o c e d u r e s .  This l e a r n i n g  p r o c e d u re  may be based on the or ig inal source

in which case the appropr i a t e  model also must be t r a n s m i t t e d .  The model

could also be der ived  f r o m  i n f o r m a t i o n  a l read y t r ansmi t ted  to the r e c e i v e r .

In th i s  casc , the model gene ra ti on  is without any overhead,

The conceptual  schemat ic  diagram of this t ype of modeling approach

is shown in F igure  3. An essen t ia l ly r ecurs ive  approach to image model-

ing is introduced. In subsequent  sections this concept  is p laced on a more

concre te  basis  and re la ted to specific al gori thm development .

25

~~~~~~~~~~~~~~~~~~~~~~~~~
-- - -

‘ -~~~~~~~~~~~-p.=~~ 
p.- 

__ __ - - -- p.4



- - - - - -.‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ p.’~~~~~~ ’~~~~~~~~~ ’- ’ -.- - - - - -- - - -
~~~~~~

t o i  tj ’~iS ~i ~ ,s’
I ~~

t~ i —1,
-~~

1-S - I
S - i

*

1
i~-su _i tii’

— t , ’t i

I -:

-~~~~ H - 5 -

L I

-
- Cl a

-

- 1
l s t  S i t ’

- -
s2) o ,

~~~ ‘. 1 1
i t i

-. 5 )

u_i
-~~~

- ‘
-

— 
- ~~- I

5 -i u/ i

- ‘~~~~~~ —— ‘  ‘ -



t h i s ’  ‘ ‘u i v i ’t st i ’ it t a l t tua flu , mtc , ti t e a t  , m s o d s ’ l h it ’ i i t u a g t ’  u t ) d i n g  is t h ì e  so -s us l l s ’d

\ t  - it’ it s  I i ’  u t u o u t  c i  I ha b i t t  i a to!  ~\ a ’u (  , - , I ‘
~ 7o ) ,  i t t  f l i t s  s O S  0 , t hit ’  t hi tO go t s

51 , 55 t ’ i i i , t l ’ i s ’  ‘v ~i s ~it ’ t m ’ l a t i o ’ u i  f s t u t s - t m o t i  i t 1 u t s ~h i  t s  th is . ’  j sm ’ osls i s t i t t t ’x j i o n e t t i a l s .

t h u s  i u i , i i h s ’ I is  t’ s ’st u ’ i o  t t - u l  f o ’ t t o ’  i i i  t ts- 5i i i  i’ ,i m i t s ’ts’ t’ s sl ’a ss ’ m ’ i b i t i g  t h is.’ t i v u l

o i t ’ t h t a ~~, i t t , i l  ‘ l i r e ’ s t i s i t i s  it s t h i s ’  I t t t o g s ’  l ” l ,sn o .  \ t s  , s i t t ’ t ’ t i a t i t ’ t ’ t ot ’ i i i  . tS s t i t t l s .’s

t’ i i t , s t i o u l s b  s t i u t t t t e ’ t n y  t i i u  t h t t ’  s s i t ’ t ’ t ’ , i t i o u i .  I ) s ’sp i t s ’ i t s s i l u t p t i s i l v .  th u s . ’  \ 1 . s r k s i v

w as t e !  h a s  i t  h u f l - s  s - i l  u ’ s ’ , s s ’ ’ t t , i h I l t ’ s i t s  o e ’ s s  t o f l ’  t t u , s u t t ’  t r t t p k ’ t t t s’ t t t a t i i i t i s .  I t i  f , i s t ,

i i i  m’ s ’ s ‘ ‘ u t  I t i t u s ’ S  t in - \l.i u’k~’i uto ~ it ’I h i t s  h ’s ’i ’ti e.\ t s~ t i ( ! s o ( !  I i i  t h i s ’  t t t i i s . ’  t a  i ’ i ah ) l e ’

i t s t e ’ t’ t t ’ . i t t t s ’ 5 s i d i t i g  t R u e s t  ‘to !  I ‘ t ’~t t t  . I ~~ 7t t ~~, i l l s ’ ~t o p s i l a i ’ it v o i l  t h i s ’  ~‘0i . i i’ Loi ’

t t l u i t i t ’ i is t h u s ’ 1 , 1 s t  t h a t  i t  l e ’t i s !s  i t s s ’ I I  t o t  s s ) t u t ’ e t l t s ’ tit  , t t i . m l v s i s .  In s i t h e t ’  ivo i’sls ,

t i u ~s i o i t u g  t i l e ’ ,issi i t t u 1 ’ t : i ’ t i  t h a t  t h i s ’  i u u t . s u z t ’ i s .s \ t , i t ’ L t t v  i i i ’ si c e ss  p s ’ r m u ’ t i t s  .s s- s.’ t ’ t a i t i

~m t n s i u m ~ t at ’ h ) s ’ m ’ ( s t t ’ l t t a t u c s ’ s ’ v . t  I s i ,~t i s t t i .

l h” i t ’ s’i’-ei’ . f l i t ’ si~~ t i ) l s ’ \1, , m ’ k i t v t l i s t ( l s ’l h a s  t \Vtt  l) , i Sj s  l i t i u i t a t i s i t i s .  ( 1 )  I t

, t s t - u u u t i e ’ u-u t h a t  t h i s ’  s u u u . t g e ’ s- o u ’ r s ’ I . m t i o t i  , t s !  s’q s t i v . s b o ’t u t  po\v e u’ sps ’ s’t t ’ u t u u  c an  h i s ’

~,i s ’ h I  t u u i i u l s ’le ’d l i i  t h e ’ i b ) h ) t ’ o ) i t I ’ i . I t s . ’  s’Xpi ’ s . ’S Si o li s .  ‘ott ii h i \  s h i o t u b s !  .i ss ’ h l . i l ’ J i t l s.’

s , i t ’ t’e’ t , l t i ’Il  t u i u s!s’ ! l i e ’ h i s ’ m ’ t i t ’ io ’ h u t  I i i  ui i t u u ~lgs’
’ h u t ’ 1)0 t ’ t i s . ’ t i l , i t’ s v t u i t i i s .’t t ’ \ ’ 111, 1 .5

hi s.’ i t t t t’s i d i t s s’d t h i t ’ o u i i g hi  t h i s ’ ,m ’ o s ’ s’ t-i s t ’ t  s s ) t u \ ’ s.’ i ’ t i t l g  th i s. ’ i t u t ~t gs.’ ot t o  t h i s ’  d i g i t a l

t’s i t ’ t u i . c , ’) t h i s . ’ \ l~~ t ’ k u i t  s u i t ’  r e ’ I , I t j s i t t  t l u i ’ ( ! e ’ l  (h o l e ’s t t o t  t , i k s ’ L t l t O )  . 5  s 5 ’ t i d l I ) t  t l u s ’

p t ’ u ’ i ) a h ’ h e ’ sin s - u ’  t ’ m ’ s . ’ I , t t  i ’ !  s i t u u u p o i t i s ’ t it  t h a t  is  m ’ e’ p t ’ e s s ’ t i t at i v s .’ of i l u s , I g s ’ 00055’.

l i s t ,  t h i s ’ b a s i s - t j t t i i t , ~ t j , i t i  o i l ’ t h i s’ M , t  i’koi’ m u i o s b e l  is t u o t  i t s  u’ e’b a t i ~~s.’ i t i O s s l l I ’ , i s ’ V

b u t t  I h t 5 i t  i t  t g t u u h l ’ s’s i l t i , t g e ’ t i u ’ i S s ’  e ’ t t s ’ s . t s .

I b i s ’  . t s s i i u u u p t  i t ) ti ~‘f t h i t ’ ~i l . s r k s t v  t i i u ) ( ! s ’l i’ . i l j d i t i  I t ’ , l’ , ’ s i s i t t u a I ) I e ’ ( s it ’  t h u s ’

u i i ’ t g i t i , t I ,t , i a l , ig  l - O s t ’ t i t ’ . h i t ’ , I ( i ( !I t  t u ’t l , l j  t l o i i 5 s ’ s.’ t i m i i p s i t i s .’t ’it i i i  this’ ( h i g i t  t : e ~o t

i l u t ~ sgt ’  . j l .1 t ’ t t s.’ t i l ,i n i t -  ~t t  bt sg ht o m ’  t’u 1 i , t t s , t I I r s ’q u s ’ t u s t t ’s . s i g t i i l i s ’ a t i t l i  d s ’gi’ aets ’s

f i t s ’  i u t O t I t ’ l
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( ‘ o m i si s l s ’ i ’ a t i o i i  a t  t i t l i s t ’  ~t i  i l i l a g s ’ o u s t i ng s o i g g i - s I  ~ f h t , t i  au  e l t i s  b u t t  s t ’ ( h t u t i , t

P n t t o s’t !t i m’ s’ is t i k s ’ t v  to u t i l i . ’s ’ , t  h i t ’ t ’ t i l t o  r p m ’ i s i t ’  t s  s u s h i n g ,  ‘. it  o t ’ u i n s i - • s

t i l t t ’t ’ p t ’ i s i r  t o  t h i s ’  o - u t t l u p t ’ s ’ s s i o i I i  pt’o o ’ i ’ u-u s ,t l t s ’ i ’ u-u t h i s ’  a c t u a l t u i o ’ i l s - ! . I i t t s

. , tsm t hiot ’  is  s i t  t h i s ’  ‘ ‘ p i t t i o l m i  t h a t  s ’t t t s ’ i s ’ mi t O ’ s i t i l ! i t ’ O S S i s i t i  t i ’ s i i t t i s 1 u t s ’ r, a l ’ s ’ , i s I~t p t  i t  ‘ .

t ’ h s s ’ r t . f o i t’ s’ , s t t i t i , ’ a t i i ’ t i  u ’ t  t h i s ’ s i m i t p to \tat’ I~oii’ u t t s i s l s ’t , ts b t i l ’  t i t ’u t ’ i i i l  t m ’  . s t t . s l t  s it - ,

~~~~~~~~~~~~~ rt ’p i’ t ’ s o u u t s  ~i li l t- l it I i t t t i t , i t l u i t t  t i l t  t h i o  o , i t h i b i t ’ i ’ s si i i u t  i-’\ t-, t t ’ u i t ,

l u t t a g s ’ m i u i u u 5 l O t i s i t t , t t ’ t t i -  o ’ at i  h i s ’ t l t ’ t t t i i u i ~~t l’ 51 1 s ’ t I  t ) .5  t i S t l t l t t ’ i ’ i t S  s ’ \ a t l u h ) I ’ u-t -

I it t ) s ps’ s’ i t i s  t , i s s ’ s  .1 1’ s’ u t  ia t ’t t ~ - i i l , t  i ’ i t i t e ’ i’ e ’s t :  t h i s ’ t s o i t i ~~t ,~ t t u ’ h t , t  n i t i  to i t l u i t t  t h i s ’

u, ig  it i a  I so Ot i s ’  ,i t i e !  t Its’ t u s ti t-s t .~ t i t  ‘t i . i  r i t  t - I it m ’ tid sic e ’ sl a mis t  s i i u  is ’ l ’ i t t  t po~~ s’ si i i i -  t I t  e

i m i u a g i u t g  ~o’os’t ’ss . I h u e  f i r s t  s,tse i s  , s t m t u , ist ~‘hi - i~ i i i s,  t ) m i e  h a s  s i t u -,, ts ’ l o o k
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I h i t s  t w , i — s i i t t i t ’ t t s i s i t t , t h  t ’ s ’ h t i ’ s ’ss ’ t l t a t i s i t u  i s  g e m i e ’ r , s t s ’si I r o o t  t h t s ’ u ’ t ’ i g i u u , s I t h t t ’ s ’ s ’ —

S s h i m u i s ’ t i s i e i m i a l scs ’ t u s’ ,

h ’’om ’ti w i t h t i t i t  ~k t t s ’t t u p t i u i g  f i t  o i i t ’ s’m ’ i m l u a g s ’ f i t t ’ t u t a t i u i t i  i i i  gt ’ t ’at d e t a t i , i t  ts

oh’s ions  t h a t ,  i m i  gs ’u ie ’ t ’a h , t i m i t i -  h i ’s rt  of t b ~~’ s s 0 0 5 ’  i i ~ t t t t i o’t~~ui t I v  t n t  t i i o ’ i t S  is h i ’s l s ’
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q s i a u i t i t i e ’ s :  this ’  t ’ a u i ( ! s l t i i  i ,1 t0 , lh ) Ie ’ s t h ~~1’ t l i t ’ s.’ s’ l e i t t s’t u t s ’t . i t t s !  t h i s ’ t’ s ’l s ’t u , i t i t
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.t t w o — t o t - e l  ~i r u u s- e s s i u s g  is pi’op siss. ’ci . t h e ’  t ’ st ( l i u i g  of h i i s - t u n s ’ s’I e ’ t t t s . ’ ti t s  i s
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data  s m h t u i p  r o s s  i s u l i  wh i i s ,’h , t l s u ’  i l l s ’ I~idt ’ s i s i g h i l v  t s a m u s t 5 s t i s u t i a  t’v I s ’ s h u t i  op ts ’s
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and t iso det s’oded i t  i ua gs.’ . 1_I tifo t’tutiat s’1v • i ll Li gs.’ qua lit i- is  t i o u t  is s’ 11 ds’ f iu i s ’d i t s

t o rt  t u s  oil m u u o t h e  moat is.’,t 1 t o  r ms ’sa  I iso i . ‘I ’ his’ h~ 
t’ su b t e t i s  at  e~u,i m it i t i ’  it ig  t lit ’ t’ t’fect  ~

of t he s.’s i m l i p r e s s i o n , as w e l l  as  a n y  sith ’st-’r prsict’ssimig step. i s  s’ s t ’ s i u i i o u ’ s  to
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seve r al tec hn ique s and not to t r a n s f o r m  coding alone. It is necessa ry  to

cons ider the image qual i ty  problem; otherwise , th e discussed resu lt s ar e

not mea ning ful .

Resear c hers  have general l y utilized the mean squar e e r ror  as the

qunatity representa t ive  of the image quality. While mean square e r ro r

techniques have been used successful ly in many areas  of optimization

prob lems , the same evaluation procedures  have been of limited use in the

app lica tion of image coding. The mean square e r r o r  is appropriate to the

ana l ysis of a s ta t ionary  process.  However , the concept of nonstat ionari t y

reduces  th e useful ness  of th e classical  quality measu re  in ima ge codin g

app lication.

The mean square e r ro r  measure  has been modified for image coding

app lica t io n s , a s well as for  genera l  image quality anal ysis , to include an

essential ly prewhitening f i l te r .  The improvement al thoug h real  is limited.

In fac t , the “ eye ’ model in ima ge coding modifies the mean square e r r o r

f o r m a l i s m  b y providing a shaping factor  for the image power spectral

dens i ty.

It is necessar y to quantif y the ef f ic iency,  at least in a relative sense ,

of var ious  t r a n s f o r m  coding procedures .  One could also compare the

various technique s irs a common simulation. However,  in most cases this

is not practical , The comparison of d i f feren t  technique s at a sing le facility

is a significant effor t ;  fu r the rmore , many compression technique s have

be en desi gned for part icular  image types,
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I h s i w e ’ t ’ s ’ r , t h s ’r s ’ a r t ’ s o u m u l e  f u t u r e  ( I i  r ed ions s pec i f i c a l l y fo r  i n ’sags ’

u uid itig . i  pp 111 . it  1011. ‘1 his. ’ ru is ’ am ’s sq nit re e’ r rs) r ~~~ n t i ty  is somewiiat  S up s.’ r —

l i e  ~il 1 . bo s ause  it is a g i s u b a l  t t u s ’a s u r e  m d  does not i nd ica t e  t he  d is t  r i b u t i u i u i

of t h e  e ’ r n o r  st - i ths  i t s  t h e ’ i m u s a g e  . \ ‘ i sua I c ! ct i i o t ’s s t  r a t i o i n  suf t h e  s’ r ro t ’  c!ist r i b u —

t i s in  ( hie r s.’ . t u e  ~.‘ r r t )  r is  ths ’ ~~i xs ’ I — b y — p ixe l  d i f f e r s . ’  tics’ be tween  the  o r i g i t i a  I

a mid th is ’  ds.’s.’os.!ed i u u i ~ig s .’ I cam ’s y i e ld  a t s i e a n i ti g f ul  e v a l u a t i on s  u l i c a s u r e .  It is

r e a s o m i a l ) I s ’ t u t  dSS (h u t s ’ t i - sat  the  r e s i d u a l e r r o r  be tween  this’  p r o c e s s e d  , smid t h i s .’

or  i g it ia 1 i t t  u a g s . ’  s hou l d  have sm ’ s _ i a  11 spa t ia l  s t r u c t u r e  and Si’ts . )Ubd be u t i c o r  r e —

l . t t t ’( !  ss-~~t h this.’ i t i i a g e .

(‘on s eq u s ’n t l v ,  a sue cc s s f u l t’ v ’a lua t ion  r ’s i c a s u r s’ , ivhich also s u ggt ’st  s

~i do h)t ive  t e c h n iques  , shou ld  l’ s’s ult not onl y it ’m a S m a l l  tot’ an sq u a r e  s’ t’ i’o r

f o r  a - ‘ good ’’  do c suds. ’(l i m u u a  gs’ but  a l so  am ’ s  s.’ u ’ r s u  r Eli lit gs’ th a t  ss’ould 0 1) 1) 00  r .is

hi  i t s ’  tiojso . \‘ isua 1 p r s ’sen ta t iot i  of ti -i c a p p r o p r i a t e  or r or  i m u i a g e  15 11( 1 le a  —

t i v t ’  u u f  this ’  I ) e t i e f i t s  of a da j u t k- s.’ t e c h n i ques.  .‘\s shown it - s 1” i g u r s .’ 4 , a

t i o n a d a p t i v e  t s ’ c h ’ s u’t i que gs.’t ’se r a t c s  a loca l  s’ r r ( i r  s t r u ct u re  t ha t  is hi g hl y

i t ’  r e b a ted  t i - ith t h i s . ’  a r t  g itia I image

‘I’ R AN S F OR  N-I ( ‘ODING

u s e  has  is - b l u t u ,-k  d i a g r a m  r e p r e s e n t a t i o t i  of a t r a n s f o r i ’ s i  s- o d i n g — d s’s’o d i t ig

s y s t eu n  is sh io wu ’s  it ’s Fi g u r e  F’. The  coding system consists s)f a rcfortiu~ttt it’sg

t l _ i s.’ t i ’ iO ry  fo l lowed b y the  t r an s f o r t ’s ’ s a t i o n  and , f i n a l l y ,  this. ’ a c tua l coding

p r o s -c ss. ‘I ’ ho roe e ivo  r is  the  l i i  ii’ ro r image cii ( he ’ s’ ode t’

I t t ’cause  of ti se , i v a i l a b i l i t y  o i l  p u b l i s h e d  m a t e r i a l  (‘l ’ s.’sc ht o ’ r , I 97~’

11) 76 , l i ) 7 7 ;  \~‘j t ’s t ’ i ,, i u 7 ~~) ,  i n c lud i t-i g t u t o r i a l  a r t i c l e s , t h is sec t i o n  is
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l t m t u i t s ’ d t o ’ ,t  ~, n i t  i s O l  t ’cvLs . ’\v i’ o t t i t s.’ i’  t i i a t i  .i s u ’ t t t p l ’ e i i s . ’ ti s i i ’ t’ (!tSs ’uSS is’tl at  , s b l

I t - u  i u j  t t ’ ~t i u s t s u r t u i  s sis. !t,tig . l ’h i s ’  t i l ’ i t l t ~t t ’ V s u l u i e s  t s  , i skt i’ s.’ss s’s! , s r e  t h i s . ’

, s s  t t , s I  t t’ , t t s ~~ f s i t ’ t t s  , m t s s l  th is ’  c s u d i t i g  o i l th i s . ’  I t’u t l l s l s i r t i l  s s i e t t L s t s ’ t i t S ,  1 _ h t i t s i i ’ t ( l —

t , m t s ’ l t  t t i ’S t  u ’t  t h i s ’ t’ s ’ soot ’ s’ h t  t s u i t ’ k h i a s  s . ! i r s ’c t l v  t’ e’ lots ’d t o ’ t i ’~t t u s t o u t ’ t l i

a l gs i t ’ i t h m t u i s  , , i tu d b i t  t o m  ii hat  sh i s i u l d  h is ’  o!u ’ l l s .’ s u m _ i s ’ s ’ t h i s ’ t 1’Ot iSt s ) I ’t i t , s t i s ) t i  IS , i s ’ s’ O t t t —

‘t m , ’-~b~~’~ l ,  I m i  t h i s ’ s i 1 u t t i m s u t t  s i t  t h u s a u t t i s i r  , t h i s ’ s’ m i i h u i i a s t s  ou l i  t i s o  t r a h i s t u i t ’ t u t

, m I~~u ’i ’ m t h t u t t . s ’s~~~’t i t i~~l 1 t  a t  h u e  e ’x h i s ’t i ss’ a t t h i s .’ s - s ’ d u t i g  p r o c s . ’d u r~~s , has  t’ s’su lt e sl

i t S  . s u - i t t t ’ i ’ : i t  m i t t u u u t  i s ’\ t ’l 0 i (  } u l o i g i ’ s.’ss t o i l ’  I I ’ O t i s t s l r u l s  s’os! i m s g .

I ,  i t ,:\ S lt ’ ( (~ N i, ’E 1 ’  l ’~”

\ t l m t t s ’i’ i ’ i i S  t’ u i r m t t a l  j i ,i~ is ’t ’ s in t h i e ’  l i t s .’i’ a t t u i’ s’ de ’t sio m ’m s t t ’ a t s ’ t h ~ p r i m i s - i pal

5 5 1 5  a t s t ,~ s~s’s , i t  t t ’ a t i s l o r m i i  s-~’sdimig . i h e r s ’ , an  at t e l l i lu t  is toads.’  t su ,i u s t i t v  t r a t s —

t o ’ r m u i  s-o d i t i g  l’ , t s e ’d s i l l  f i r s t  p l , L n o ’ q ’L s’ . I I o l is ’ s.’s’s’ r . this ’  m u s o t h s o t s i a t i c s  i s  k e p t

t’ ,m t i i t ’ r s L t i s ~i l e ’

I bis.’ b a s i c  j u s t  i f i s a t i s i n  of t t ’ a t u s f o r i ’ s i  s- s ’ ssh i t ig  was t i f f s ’  red by 1 lu at i g  a m i d

Ss’ hiult lit’ is s ( l it o . t h i s.’ v do t u s o m i s t  r 0u t tot that t l ie  opt i u ii uu ii s ot! i tsg pr siC od ot  i’ s.’

to u r a s t i r  re ’ latt’d i, ,i us s us ti S su u t ’ t ’ s.’ con St  St S of t ’si’su steps. l”se cot ’  r c lo t  ion

t’t’s o i l t s  it i  an  mnd eh i s!l ’msb e ’mit S O u t s ’ s’ wh ich_ i is s )pt itli0ll’s cods.’d b~’ ,u u ui t ’t uss ui’~’l e’ss

c oslo r , ‘1’ ii is has  ic s- o t i s ’ e pt . ,ind t h e  a r oi~u r  iate ’ m o a t  h ie t ’ s ’sa t  i s’a 1 (s i  t’miiO list it

is so t I  is’ i e ’m _ i t to j ut  rod us’s.’ the N — 1 t i’a mis f o r t s ’ s ,  I’ his ’ s ou i. s.~s.~ Sin s’ s ’n t ’ e tat ion

prsudus’t’s u n c or  rs’ bated quam_ itit is’s that  I s u r t i l  t he  input  to  t i so s’ i ’s!s ’ t’ . h-a nl~
-

w o rk  in  t t ’ a t i s f s i r t ’ s i  cod ing  r e sult ed  in as ’t u .u t u t i l i , ’ a t i s i t i  a t t h i s ’ h \ —  I ,  t r , i t u s l s i r m u i

a t l (l h 1 r ow ided it o i~ re’ s S is’ s.’ re stilts (1 lab ib i at ’sd W u t i t  ~ 
s) TI
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t o ’ t h e  , t s - t t t , u l  N — I ,  I l ’ au i s t o r t i i . \t _ i~’thiei ’ 1 t i i } i o t ’ t ~l t u t  s’ s i t _ i ce pt is .uda ~’t tt i t v .
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( ‘ o m i t b i u i a t i o t ’ s  s _ i t  t h e ’ (l5 ’s - o’s t’ t’s’la t i t ) t i  t m ’ a n s f o r m u ’ s  w i t h ’ s  a d a p t iv e  o’od itig is a

‘s i o i s i - s.’ r f u b  u~ u s.’ t h i o d  sit c ! a t ,u  s’ i l t ’ s ’ s pr o s s i s u u _ i .  h h u s ’ s ! i s o u s s i u u u i  oi f s ’ s ’s’ c l f  ic a l g u ’ r i t ’ u i i s

is ds’t s ’ r re d  t o ’  s u b s t ’qus.’t _ i t ss.’c t i u ) u i s ,
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t r a u i s f u u r m i t  a l t , ~i ’r i t l i u ) i s .  b u s . ’ l’’ o u r u o ’r t r , t t i s f o t ’ t i i  ~s- , t s  f o n t_ i d  to) h i s . ’ d gosu s!

,t P ’s lt ’Oxihula ti ot ’s to t h i s ’ N — I ,  t t ’at i st i ’l’tt i .  ! hs ’ws.’v s.’r ,  t he  e a r ly  p r o i h i l s ’t u t  is i t h _ i

1 - u i U l ’ b s ’t ’  t e c h ’ s t _ i iquos  i t ’m v o l v s .’d a t s o th i e i ’  class is’al ius .’h a v i ot’ o ’l 1- ’ out ’ ’us . ’i ’ a n ak - s i s

ti l ’ s  Is h_ i h a  s bus. ’e m ’s no ’ te  r t ’ed to , u s t i _ is . ’  (~ i l ib  s p u s . ’ r i o ts _ i c  t _ i s ) l l  I I  nO 5’ t’Vi’s.’ [~~~, ~~ t~ ‘~‘
‘
~~.

h h i s  t o r u i i  rs.’, u l l v  t ’efs. ’ i’ s to ’  a p~i t ’ t i cu l a r  b e h i ov i su r  of this . ’  Fsi u r j s .’i’ I r , i t i s l i - t ’ t t i

.us ,u t u ’ s t’t I’sos.! t i i  r t h i s ’ a ~u i i  t’ s iX  i t u i a t  toil’s out fu u _ i c tist _ is i i ’j th s  oh is s’ su m ’ s t i t _ i u i t  is.’ s . h ’ h us ’

l ’ ~~’ o u n i s ’ m ’  t m ’ a t ’ s s f o t ’ m u u , si- h e m _ i  us ed f o r  , t h i h l i ’ t u X i h i i , t t i s _ i l _ i  ( t t i t s ’ I ’j i s _ i l~i t I s ) l _ i h . t’s.’h ibao ’5’S

H , - ( h i S s .’ s) t i t  t m ’ s u i i t v  w i t h  th i s ’ a s s ’ r a g s .’ V a  Rio of t h i s ’ mis.’ i g h ’sb or  h i s i s~ l o ’t I h _ is’ s h i s s ’ sill—

t t u ’ s u t t  V .  h i s . ’ (! i so ’ u’ s.’t i ,‘ so! i t ’ s ’s p l s’ m i ’ s e m _ i t a t  i o m _ i  a t  th i s ’ 1’ ’ o ’stit ’ I t ’r t ra mis  Is’s n t ’ s  i ~, r o ot s ’ s

( Ii  f f i ~’u i t  is ’s r c I a t e ’ d t o  this ’ Ii ibbs  p h_ is. ’uom u i 0 f l s O l .

_, ‘I
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I l_ it ’ 1 o u u i ’j o ’ r inte gral is ds’ t i t i s .’d u i \ ’ s’r t h i s ’ e n t i r e ’ real axis , 1!ows’vs ’i ’ ,

t h i s . ’  (l ist ’ rs. ’ts.’ 1’ ou r i tp.’t ’ Set - Is ’ s is s.l e l i i _ i e d  s ’s’ e r a f i m _ i i t e  i t _ i t s .’r s - a l . l’!is’ a d d i t i s i t i a l

pro h’ s ’ l’tv of this ’ l’’s’ u r i s .’r s s . ’r i e s  is t i -sat it ~t ssu,tiis.’s this . ’ f t i t ’ s s’ t i u i u i it opp r~u x i —

toot  es is a p e r iod  i s  fu n c  t i s _ i t ’ s .  ‘l bs.’ ha S i t ’ ps’ r is)d c or r e s j u s u t i d  s t i ’ t h i s . ’ t i ts  i t s . ’

in t e r v a l  o v e r  i s ’h t t c l i  t i - s e  I’ s_ inn er  s e r i e s  is ds. ’l tt ied . l ’hi s. ’ p r a c t i s a l  L t u i b u b t s ’ a —

ii ) f l  is t h at  t h e  m i s i t s ’ s  s ’ t’ i s ’ . u b 1- ’oiu n i t ’ t’ t r an s  I i i  r l i i  it S 5 m,Lt ’ s i s .’ 5 t h i s .’ I i i ’s  t t i _ i d  l i s t ’

la s t  pi ’ii u i t  s i l l  t h i s ’ h ,i s i0 ’ i t _ i t s ’ i’s’ al - i r s .’ t ’ ss’ i g h i b o  r s . ‘I ’hi c (,
‘
~ i h i i  s 1) 1-se’ u _ i s i t _ i i  s.’mloti is

a pp 1 tea  b h o to  t he ’ l o u  r is.’ r so r is.’ s.  l ’hus , the  th i s  coot i m _ i t i  it v botws. ’s’n b og  i m i m ’ s  t r i g

am _ id  s’ mid oil t h i s . ’ I ‘a Si s ’ P~ 
r i o ’s! is a pp t’ o x it i i a t o ’d h i y  thi s.’ 1- ’ on r i o t’ so ’ r is’s ‘,v it Ii t h i s ’

a pp r o p r i a t e  ~i s’ c r a g s ’ s’aho ies

It s t h i s ’ pras - t  i s  a t  5 s ’ t l S s ’ . t h 5 ’ d i s c o t ’s t i m i u i t v  p rc ib l s . ’m ’s_ i  si f  t i _ i s’ d i s s’t ’ e’ t s .’

1- t in ’ t s r  t t ’ a u t s t ’s ir u ’ s t  i u i  s.’o I ’ i v  , t h ) p h I c , u t s O n S  o u t ’ t t ’ , t t i S ( u j r t h i  s’ s m d i u i g  h as  boon

si g u u t f i c . u  t ,  t his ’ i- ’ o ’u t ’ i s .’r t I ’ , u u i s t o ’ r t ’ s _ i  , s p h u r o x i l s i a t i o t _ i  w h o m _ i  used s ’V O t ’  st ii ,sll

h i  Lie k s ‘s ’ r  sidu s’ es um ids .’ si ra b i e  b l o s -k  tu g  o f t ’s.’ ct s , ~-~s.’ i’ s’ t’ ,u I , s t t e i _ i - s  pt s ha vs.’ h o ’ s.’ n

u u t o d o  t u ’ t t t t m s i m i i i , ’s.’ t h u i s  b t o s’ k i m _ i g  pt ’oh~l e m ’ s s  t , \ t d e r s o m ’s , s m _ i d l lu a t i g .  I i t T i l ,

i t s  m’ s ’s ’ s’ h _ i t  S s’,u i’s , i t  w a s  l’ s ’ al i .~5’d I hi at S i  gm _ i t t i  ca  i i i  i x _ i ’t p r  5’s ’s’t ’ti u o ’l ’s t  s a n  bs.’

alit a stied it_ i s’ lthui it_at il-ig t h i s ’ b l o i s ’k 1 t i g  ~i ro i l )  Is’ ui ’ s  l iv I u t  t ’odt ic ing  f t _ i r e  ed st - m o  —

tuso ’t t’ y . I ’ hu e  h a  Si c  soi l ut is~ ’i is r ,it i_ is ’ r s t t ’ s - s pI t ’ . ‘I ’ he sir  i g i t_ ia 1 s u 1’sli h o s t s  is

r 0 pl,u s’s’d l’s- i t s  ss- t i so ’s  s.’t r i ,‘ ed i’s’ t’ s i o u _ i  ,s s s h i o isv n ii 1- ’ i gut’ s.’ I’ , I i ’ s  s ’ 1- ’ on I’ is ’ I’

t t ’a ti s Itu t ’m is  a 1i 1i  i i t ’d to ’s t h i s  new ha rgs.’ r s ubt ) l o c k . Si m _ i c s ’  s_ i t _i tt this ’ s’v s.’ U I s ’ n u l l s

,s r s’ nto m _ i  ,‘ cr o , t i _ i c  t su t ob s ’ r of hisOs ic ro out Put s.’ ls ’ui ’s s.’ml t s  is tds. ’t ’st i s ’ a l  to  th i s ’

t i u t u h i e  r s- if i npu t  o le  t u e  mi t s . N I i i t ~ s’ s ’v e’ i’ . this Ia r go’ r subb lock  h t a  s no s i t s  s’ s ’t i  —

t i t in it is’ s hus ’tti ’ s’s’t’i th is ’ a i ipr  0) 1) 1’ i a te  bou t _ id a  m’ v ps -sit_ its. C s ’smls s’que’ 1_ it lv . th is ’

~t)
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1”i~~o t r e  I ’ . ~) s ’ t ’ s i a ’ s ’ ot u ’ ,t t j o ’ u ’s ~‘f S s ’ t u ’ s u u ’ s s’t r v  i ’t’

( ‘s ’s i l l s .’ I’ u ’ a t i s t o ’ m ’ t u i .  ( l ’ho b~sr’ gs’t’
h u b s _ i c k  is t h e  ‘ s v t ’ s u ’s ’ s ’ s s .’t t’i,’s’d’

s.’ m’s ion o t t b _ i s ’ s u I’ ig 1 nsa I 1)1 5_i t’ k .



t u t o d i u t s - s i i i l o i u , ’k st t ’u s ’t ut ’ s’ docs  t ot  s.’ I t u t i u , u t o ’ t h s ’ G i b b s  l ’ h i e u i i , u t t s ’ u t i ’ t ~ but

r , s t h i s ’ r t I l e  o r i g i n a l  d i s~~s u u i t t t i o t t t t ’  t h a t  u, rs’ , i t o s  t h i s ’  G ibbs  p h u s.’ti o t u ’ s s .’ i u o t ’i .

I t  is s u rp t ’ i s i n g  t h a t  t h i s  s \ u t ~ u l , - t t ’ i ; i ’ i !  dp p t ’ ’d s  i_ i ou !- ‘ o ’~i r i o ’ r  e u u c h i t _ i g on ly

r s .’ u,’ o’ot lv si-as d i s s - o v s ’ rs.’sl . ~t i ,s s s e m i  <j s .’ u u ’ s o : u s t u ’ 0s t ’ - d  t h a t  t h i s - s v t i i u u i s . ’t r i , ’s’ d

i” ou r i s - r t r a n s t o o ’ H i . i v l u o ’ h t  hi ~is  bs.’e ti ds.’ s t g u u , u t s ’d ,u s  t i ’e  e o ’s i t i c t u ’ , u ’ s ’ s s f o r u u i  in

t i - se  l i t e r a t a r e , o’ I ’ ’s s ’b v  a p p r o u u , i u e s  t h ~ - i - ~ — I ,  t r a ~~s I o i n i ~~ t o r  u i t a u i v  p r 4 u s t t e ~ u l

. t pp 1ie ~o t i - ’ n s  ( A h i t n ~ ’cl , i t  ,s l .  . b ° i T - h . R s.’s’ s.’ u _ i t s t u di e s  f u r t h e r  d e u i _ i u n s t  r a t s’s

t h at  th i s.’ cositis’ trat i s to ’u’ ’s is i r tu d l v  ~d~ - t u t i ~~ o b  t o  t i _ i s ’  1K — I , t u - a t _ i s f o t ’ u u i  f or

m,t u i i e r o ’ ,ts  pr ao ’ t i s ’ a l  co mi d i t i ou s  J s i t _ i . 1 o7~~i

Th s ’ si’s it _is.’ t r a m _ i s t ’ r ’ t t t . ~in 1 i k o ’ t h _ i~ I K — L  t I ’ a t ’ s s t a r m n , s- a u _ i ho ’ i u ’ s p b o ’n ~o ’ u _ i t s . ’d

u ’ i u t u ’ s s .’r i c a f l v  t h r o ug h a ‘ ‘ f a s t  t t ’ , u i i s t o t ’ u t ’ s .  \ h - ,) r e  i t ’ s u ’o r t a u t l v  , t h i s ’ S i ’ s  i t u s’

t r a u _ i s f o r t i u  v i r t u a l ly  a~ ip r o as ’h es  t i - s e  1 K — I .  t t ’ a u ’ s s t o i r t t o  p e n t i ’ r m _ i i a _ i e s’ is - i t h ’ s  t _ i e i t l o - r

ut ib j, ’,s t ii ~ i tisi r kuuosvIo ’di,~s’ s t  the source co rr elat iom _ i . i-~~’t’  t i - s o’ N — i .  t i ’ a t _ i s f o n u u i ,

t l t s .’ s o u r c e  0 -os -a n i a t _ i c s’ m _ i o u d e l  m u i u s t  be a s -a t l a b i s ’  t o ’ d e r i v e  t i _ i c  a c t u a l

t r a t i s f om n  ‘ s h u t  r i x .

‘[‘ hi, ’ o’o s i u i s ’ t r a t _ i s 1 o r u i~ is a s tx ’ i s ’t ls- ds. ’ts’ r t u ’ s i t _ i i s t i c  t i ’ a m _ i s f o r ’ r _ i _ i .  ,, o n —

s ’ e r so ’l v .  t h e  K —  1 t r a t _ i s f o r u ’ s ’ s  i s  a s- l ass  of t t ’ a h i s f o r t l l a t l o t ’ s . at _ i d . t o i l ’  s’, t c h i

a 1)p li c a t i o n ,  it  is a f u t _ i s- t i o n  at  t i i s .~ ~ PP i’~~’s p~ 
i0i ts. ’ 5 i 15 d l ’  1 0 t 1 _ i C s .’ t i i . t t  r I X .  It is a

s i g t ’ s u f i c a r i t  practical b e m i e f i t  t h a t  th e  s Lu _ ig is’ dots ’  r n _ i i n i s t o c  t I ’ a u _ i s f o r h _ i u a t i o u l _ i

c los el y a pp r oa cl_ ic 5 i t _ i  h~ ’ r f o r t ’ s  t i t mice  t h - se c t - s t  Li ’ s.’ c la s s  of t he  o u ’ s’t i e,i l i, i pt swu m _ i _ i

t r a m ’ s  S f0  ru ’ s  i at  t on .

The cot’ssidorable ar i ’so u u ’ s t  ~‘f p a s t  r s’so ’ar s ’ l_ i e f f t ’i i’t iu iv s_ i l v i m ’ug t h i s ’ various

t v  D O S  of t r a m ’ is for n i s  ap iu ea  rs  to hue  of s o t ’ s ’ s cw h i a t  quest sou_ iabhs.’ v a l u e . h -: a t ’hs -
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~~~~~~~~~~~ ~~~~-° rX~~~~
_
~ -~~~~~ :‘ ,_. , , ,  -- ~~~~~~~~~~~~ 

“‘ A



t e c h n i ques  i n c l u d e d  u t i l i z a t i o t i  ot s e v e r a l  t r a n s f o rn i s  i n c l u d ing  the s l a n t ,

h ! a d at ’s i a r d, and a l a rg e  c l a s s  of t r a n s f o r m s  w h i c h  can  Lie d e r i v e d  I r o n _ i  the

f i r s t  tw o  t r a r u s f o r n_ i s  ( l)ail , 19 7b ;  I~ra t t , et  al. , 1974 ; A n i d r ew s  , 1975 ) .

The  t r a n s f o r m  r e s ’- ’ ar ch  m a y  be sumn -i a r i zcd  in  two c o n c l u s io n s :  ( 1 )  No

determ inistic t r a n s f o r m  has  equaled the  p e rf o r m a n c e  of t h e  c o s i n e  t r a n s -

f o rt ui , and (2 )  no t h e o r e t i c a l  j u s t i f i c a t i o n  was  o f f e r e d  in t h e  f i r s t  p lace as to

wh y t h e  ‘ o the r ” t r a n s f o r m s  should be b e n e f i c i a l .

When  t h i s  a u t h o r  a t t e m p t e d, at an ea r l i er da te , iO produce a jus t i f i ca -

t i o n  fo r  the  \ V a l sh  f u n c t i o n s , the onl y r e a s o n  he could fi nd was  t ha t  t h e s e

f u n c t i o n s  s i-c rc  s i m i l a r  to t he  F o u r i e r  ba s i c  f u n c t i o ns (‘I e s c h e r , 19 7 3 ) .

‘I hus , t i _ i c  l la d am a r d /  W a l s h  t e c h n i que s succeed  as e s s e n t i a l ly ad hoc

approximations to ti_ ic 1”ourien/cosine techniques. A further fut_idamental

, t ) s e rv a t i o n  is t h a t ,  u n l i k e  ti _ i c F o u r i e r  t r a n s f o r m , the v a r i o u s  othe r t rans-

f o r m s  w i l l  not a s y n_ ip t o t i c a l l y a p p ro a c h  the  K-  L t r a n s f o r m  p e r fo r m a n c e  with

i n c r e a s i n g  t r a n s f o r r u _ i  s i ze s .

Two o ther  c o n s i d e r a t i o n s  of t r a n s f o r m  al g o r it h m s  ars-  the appropr ia to-

c o n_ ip u t a b i l i t y  and the  s i ze .  (Jnder c o ru_ i pu t a b i l i ty ,  t i_ ic  c omp lexi ty  of the

p o t e n t i a l  dev i ce  f o r  i m p l em e t_ it a t i o n  of the  t r a n s f o r m  is d e f i n e d .  For tu-

na te l y ,  o the r  t i - ian the g e n e r a l  1K- L t r a n _ i s f o r n i , most  of th is ’  u s e f u l  t r a n s f o r —

n i a t i o n s  a r e  imp len_ i en t a b l e  via  f a s t  al gor i t h n ’s s  (Cooley  and T u k ey ,  196 ~’i .

The  s u b o p t i t i_ i a l  E h a d a t _ i ’ s a r d  and E !aar  can be in _ ip l e t _ i_ i e n t e d  w i th i ou t  u _ i ’s u l t i p lica-

t i o n .  For  s p e c i al i z e d  app l i ca t ions , a c o mi ip u t a t t o n a l l y t i - s o r e  e f f i c i e t i t  t r ans -

f o r m , even at the expense  of i°’ r f o r m an c e  loss , u ’ s t a y be p r e f e  r r e d . 1” or

e x at i ’ sple , a s p e c i f i c  t r a d e o f f  may  invo lve  the  E l aa r  t r a t - i s f o r ni  which  has  a

39
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f a s t  a l gou r ithus ’s iv itbiout an y is ’suht i pile at iso_i. (Jmi t h i s . ’  oth is ’ r ha mid , Va r ion s

h y b r i d  it _ i sp leuiiontatioti s for th_ ie o’ suS i t _ ic  t ramis t o ’  i ’ m t u  • o’ . g . . thi roug h_ i C ( : 1) t e c h i  —

t i o lo g y  , t ’ s _ i i n i t s i i  is’ t i_ ic  a d v a n t a g e s  o f  t h i s ’  su b o h u t  i t - s - s d  I t r a t s  s f u i  r t u u  ( W i ’ s  i teh i o u s  e

s’t al. . I 97 ’~) .

T r a n sf n r u _ i - s  s i r s ’ i s  at- i  i r _ i i p s_ i r t a t i t  pt ’as’t i e - al o o s t i s i d e r a l i u u u ’ s , ‘h its ’ a t ’gu i i ’ts ’m _ i t

is often made thaL m_ io bet -i s.’ fit is u u l ) t a i n e d  I u ~’ s’h _ i oOs  t u g  t r a m _ i  s f s. _ i t’ t ’ sss  Ia r gem’  t i i a u _ i

t u e  in-sags.’ o’ o r r s . ’ l a t i o m _ i  d i s t a n o ’e , a s s u u l u i n g  th i s ’  b a t t e r  q u a m _ i t i t y  is as- .sihab le .

l’ i s i s  a pp r o . I  cii is a r t i f i c i al  atid igmiors.’ s tI_ic f ac t  that this’ t m’0tti s foi ’mu i Ut’ss’o) t’ l’ 1’—

h ats’s sinlv  ftc p ixe ls  w i t h i i t _ i  t I _ i c  s u b blo c k .  It will mu ot uuis ’orrohate t h e  p ixs ’ ts

-
- a t _ i s o t i g  s u b b l o c k s .  -\ t y p i c a l  subb l o s ’k s’o i f l s i S t s  s i t  S S o u r  I t ’  x I b p i x s ’l s .

‘l ’h ’s o ’ a p p r o p r i a t e  r s’a sor - s iu i g  is t h _ i a t  this ’  i u ’s l a g s ’  c t) r r s ’la t i o t i  is m _ i t u t  l i k e ly  to

s’xo’s.’ed S or l b  p i X s . ’ b S  , r e sp s . ’c t iv e l y .

A l t i _ io _ iu gi’s t i _ i s  ro ’a s o n iu ’s g  h a s  m i s _ i t  bs ’o’t i c h al lt ’nge’d , i t  is  t’iot v a l i d .  Eve ’t i

i f  , i l l  P iXt ’lS  ss- it i i in t i _ ic  t r a m _ i s f o r t ’ s _ i  b l o c k  b e c o u ’ s_ i e  ds ’cor rs . ’lats ’d s k i  tius. ’ t r a m i s —

t o  r m i  s a t i omi  , t i_ io p ixs’ Is s in  ti _ is. ’ h o  toic r m’ems  a st _ i s o r r e l  ,its ’d it- it h -i r s’s poet ts )

on ti ’se b o r d e r s  of a dj a c et _ i t  s u b b l o c k s .  C o t i s s ’ q u o ’ m_ i t h y .  this. ’ . s t ’ g u u s u e u ’ s t

a g a i t _ i  st u s ing  l a r g e  subb hoc Is 5 to as’ Ii it’ s’ s.’ imsu p roved i t ’s  u i  gs.’ ds.’ con r s.’ I i t  i s _ i i ’ s

I 

is t_ i o) t  p n s u h ) e  r as it is based sin t u e  0- si r  r e l a t i o n  distamice. Rs.’ceiit wsii’hs

w i t h u  r e l a t i v e ly to  rge  s ize  (2  ~~~ ~( 2 °~b1 t rau ’ssfor ii_ is detisonstt’ated

— s ic  ‘ i t  ic a n t  per fo  r m u ’ s a t ’ s c  e ga El i  S ol~ ’ s.’ r s t ’s i  a 11 s i r e  i i i ’ s  p l s ’u s ’sc u i ta t  t o l l s  ( ‘l ’ s.’ sc his ’ t’

I ?7 ~~; 
‘I’eschier .im_id Auidrews , I 9 7 4 )  1 ho\s’s.’vs.’l’ . tot’ practic al l’s.’, t S Ot i S  j~ i s

ad v an t a  gs ’ tuu s  t_ iot to exceed  l b  ~~-, l b  sir \ s ,’. S i f s ’.

A n  a d d it  i om _ i ah ai ’guuii s ’u i t  a g a i t _ i s t  th i s ’  l ar g e r  s i / C ’ is  ti _ is ’ s’o ns’e’ pt i l l

a o t a h u t i v i t v ,  It is  s t i l l  i i i  uuii’ e’ t-~ u lvs ’d  q sis ’ s t i o u u u  i i u u t s  t o) s l h ) t i l u t i , ’s’ t u e  t t ’ , i m u s f o ) t ’ u u t

~I t ~)
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s i ’ i ’ t i , ’ t i u  t i  . i ~ i t o’s 5’ u l l , i \ i t l t o i l l t  u k ’ s ~i m ’ t’~’ I , s t s ~~t i  s o u l  t e l  i n 5  l O u i s ’ ,u !,i 1 i t i t  i t t

e, i t t , - i i s ! t ’ t ’ ,i t  ion  s i s ’ h i s ’ t i o ! s ’ i l t  an  Iiie.iI L l l l a e , - ~,t  t ’ i i o t o i t ’ t ’ , I i t s ’s s’ t t t  0 0 s i l l s  e j i t ~ , t t ’ s ’

~ o it  u’ - o hs  t o r y  , i u  i s i  t i t s ’  ~~a l  o i l  i i ’ ii is ia l  i t  - i l l  , ‘ l ’ t  l i i i  t s , I , ‘ s ibt .1111 II tO \ It l i i i  l i t

o h ’ s u i t ’ u ’ , ’ I , i t i s i t i . i u t e r s ’ . s s s l i g t h i s ’  s i : s ’ is is ’ t t e N u  i , i I , 0 ’ ’ l t \ s ’t ’~ ’s ’ l V .  l i i  , u , h , i ~ u t  t o  t h i s ’

i s i s  i i  i u u , s g i - ~- t  u ’ i i s ’ t s i t ’ s’ . ,s s t u i . s l I t ’ t ’  t i I s i s b ~ s i c  is  1 i t ’ c t s ’ t ’ t ’ c d .

\ h t h i ’ ’ o i g h u  i t  s s , s s  s ’ a t ’ I I s ’t ’  ,i t ’ c l t s ’ i I  l i t  \\ n it , ’ I t ’ ’  ‘
-
‘
~~ t h t , s t  o i t i l i , ’ i u i g  s t t i , s h l s ’ t ’

l i l a 0  k~~ h i s . r t u t t t ~~ i t u s l u h s ’ u l u s ’ t t t . i t i s i t t  u t  , , t ! , s 1 ’ t i t  s ’ t u u ’ u i s - h s .  i t i ~ s s i g g s ’s t s u ’ i t s  i L t v s ’

no t  bu ’,’t i t u i l l s i s v s .’t !. V h s ’ ,i t i e c 1 i t u t  ,td ,t 1 i t i v s t v  1, 15 i i i ’ s s u t t a l l  s i i h u h i h o i s’ k s.  ( its ’

s , i t l l s ’  t i  ‘ M s  s i t  i t t  ros !u s - 0 ‘so c i i i  i s  l o i s ’ t’ .i t t i n t  u t  5 i y  s - r h  ,s ’ a s i  i lit o r u l  i , i t  t i ’M - h t i  gs ’l us ’ n o  I

I l l s ’ i i y s ’ t ’ b i t ’ , i s L  , i s s o ’o t a t s ’ u t  si i t h i  , t t i  . t o i . l h ’ t i v s - t t’ , L l l s t u i l ’ t l t  . i I g u ’ L ’ i t h I t t l  I ’s-i I i k s ’ I t  t o ’

t O ’ s ‘‘ t i lt ’ u t i s i t ’ s ’ t t l t h i i i i ’ t , i t t t  ‘,s slI t ds ’ s r s ’~o s i t u g  t t ’ a t s s t u i r t t i  h i l s i s ’ Is s i ,  s - s .

h u s  ~~l t t l i t i l , l  m ’ v ,  t h t ’ s’~ h ’ i t t h ~~’v s i ’ t t ~~i s !t ’ m ’ , s t t i ’ t u s  l’ s ’ i , l t s ’ t o  t m ’ , i i s s t i ’ r u u t s i . ’ s.’ ,

I u t t e r  s i ,~~’s l i t t t i t t i t , ’ s’ i u l u u t ’k t o ’  h i L ’ s I t  s - u ’t ’ r s ’ I , t t i u ’ m , ‘\s! a p t i s  s ’ i~~r s ’cs ’ s ! t i u ’ t ’s

a r i ’ h i k ~ ’ 1s t o  t , t s  am’ s i u t , , t h o ’ r s i , ’ s ’s ,  h - i t i . i I ! v .  ( h i s ’ i t  s ’ u ’ h l t ’ , i s i  i u i t i ’ t ’ t t t , i t i u ’ u u  b i e r

s u i l ~ h i  h i ’ s l~ s h t ~ ’o i I t !  u u u ’ t  cx  s es’s! .i 1’~~- a S s i t i . t  hI  e t t’ ,t e t t s i lt s i t  t h i s ’ i s  a s  I . i l u h  s ’ I ’ ,t t ls! \ t  to l l  i t ,

\ u u u i (  h i s ’ t ’ 1i s , t t ’ t i t i , i I s tu d y t’ s ’ I . i t e s  t o  t h e  k s i i ,i t  i l l )  s i t i t t  s , s  t ’ i , l l l o ’ s ’ i t t u j i , i i ,  t s i t

t i t s ’ t t - , i t t s t u s r u u t . I t s i f l ’ t t s ’l ’ . i h  . t t’ .t u l s t u i l ’ t u i  s.’ u iti i u t g  is ,s s i - s i l t  t .i t ’ i , i t i t  1 i t ’ s , c s ’ s i u i i ’ t ’ .

h i ss ’ s h s ’gt ’ s’s ’ i ’~ s b t i t t  t , i  u - i a t t s ’ e is .1 t o s t s s  t i s i t u  at  t h i s ’ I r . t t t s t s ’ r t t t  S i ’ s ’ i S  ~~~‘ i h  , i s  t h i s ’

l ’ i s . t l i t t i . t i f l ’ ’ ’ u ’  i g i u s .  o ’ u i u i s i s ! s ’t’ . t t i u i t u i ’t t h u s ’ s h t i t t  t o  t ’ I , s u i i , ’e , u ’ , i h i k ’ u t i  Iu . i ’s~ ‘s ’ s’ t u

~~u it ’ i’,i I I t  i i~ mis ’ r t ’ s h

\ it ,‘‘~, i t i t 1uh’ at  ,s si m t u h u l s ’  ~h t i t t s , t t ’ i . i t t t  t i l l t ’ t - i u i g  i s  t h ~~’ t ’ s ’ i u i u ’V . i i a t  t h i s ’

t i s u i . s h t y  t i u u l s ’ s i m ’ ,i h i t s ’ h i l s u s  h s i ms g  t u s t  t’ i i s l t t e t ’ u (  .s t  e x t  u ’ s’ l i O ’  c i i t u l ~ i r t ’ s ’ s o i s ’t t  r a t e s .  I bi t ’

l’ t ’t~ i i i  t’ ’th t i l t t ’  t ’ is I I I  s i m i h v  s t i t s u t i t h t  h i l u i t ’ Iu  h i s i i i t i s i , t  I’ l L ’s s t - i t  ( i t o h  l O i s  hi h ’t ’ °~ 
s ’S S  i m i g

is i t h s i u i  l i h i s .  k s
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l ’h t s . ’  gs. ’t ss ’ r a l  t ’ t t s ’s’t s i t  ( 1 1 1 1 1 1 1  i . ’ i t  t i l l  u i t  t h i s ’  S s i t i t ’ s e i ’s-i i I )  t ’ L l u t ~ i I’ S’

s- o t s s i o ! s ’r , st i s i t i  f s u t ’  , s l l  s t i U t ’ s s’ c o d i t i g  h i t ’ s i s ’ s.’clut ’s.’s , O i i 0 t t i t t i , , s t i o ’ i i  is  this’ us it ’s

i m s v e ’ r t i b b o  t i i ~sp p i i i g  f r i _ it o  th is . ’  a t t . t l o i g  s o u r s ’ s.’ Li i i t s  o i i s c r e ti i , e o !  s’q u s v . s  t o m - s t .

I h ’ i s t s ,  th i s ’  s i t ’ i~~i t ’ s s i t l t ’  t ’ s i t s t i t s s i s u 0 t S  Pd i’ , t i s t s.’t s.’t’ s w i l l  h i s ’ t’ s ’h u l ’ s.’Ss ’t i tt ’( !  b y i t i t s .’ge rs .

l i i  gs ’i i s ’r a l . t h i s ’ q l i . s t t t i . ’ s’t’ is t h i s ’ t i t a i o u i ’  er t ’ or  so u s i r c e  i i i  i l u l a g s ’ s ’ o i d i t s g .  I i i

t i l t )  st s d  s o’s . qua mi t i ,,,st i u u i  Ct’ r s u  r is this . ’  sa i l  y o l i s t s i  t’t ion p i’ es s.’mit i t ’ s  t hu e (Is’ c ui , 1  c~i

i t t t ~t g o .  A l l  s i th i s ’ t’ s.’ t’ r u i r  s on n e t ’ s,  su d s  as  t u u u u l s . ’ r L s’a l t’ su t i t i d t u l t ’ , a t ’ s.’ m ’ s e g t i g i b l s .’

i l ’ s  t u u ’ u s t  i t s s t d t i s ’ s.’s , If  n o t ,  t h t~’t’ t O t - s  l i e  t i i l m i i m ’s ’ s i / e c (  o r  s ’V On s’l s u m ti u iated by

i m i c r s . ’a s i t i g  rs.’g ists. ’t’ s i ts’S amid  l i y  u s i n g  i m i t e g s ’t’ a i’i t ! ’ s t i s s ’ t i c .  I I s u ’u t s . ’v s ’i’ , t h i s ’

q 01 . 1 l i t  i r a t  i on i s  , s t n t _ i o t a  m i  is .’ u t  a t  cl i st t i  ml i ot ’s ,t tic ! i l _ i  l i l t _ i  st sa s s ’S it is u n a v o u  idab  Is’ ,

.\ s sh out s - t i  i t s  b’ ’i g s i r s ’ 7 , t h i s ’ qu . t t i t i ~’s.’t ’ i s  ~u i s i a p , u i u _ i g  f r o u m i s  t h i s ’ o’ su u i t i t i u o i u s

s’ a m ’ i . u I i t s.’ dt ut u t~~lmi si t  t t ’ 0 s u l s ( t u t ’ t i u  s.-os ’ E ’t’ ici s . ’nt s  t u i t si  the c h oj m a t u i  oil’ zn te’ i,’t’z’~~.

- I ’ h i s ’ so ’ u t -steg s. ’ r S h i s ’ s ’o t u  is’ t h i s ’  o’ sid e is- 0u t’d s t i sat  .s ro t i ’ati s i ’ s - s i l t e d  t i _ i  t’ su u g i i  t he

s ’ h i a t _ i u i c b  (0 ’ N o . t t . t ° ) 7 I  I ,  ,- \ u i  , u l t s . ’ r m i a t i v s ’  s u h u s .’t ’ t o t’ .u h u h u l ’ o , u s ’h Is it tvu ’ t ) — h ) h i . I s s .’

o sic! in g  to ’ c l _ i t _ i  iqus.’ irs ss ’h i i c h _ i  th ~s.~ i mi t t ’  go’ r s a no’ t i -se S O s ’ olis.!a i’ y i n~iut it ’s to  an

s.’s ti t r o ~u v o ’ suo ! i i ’ s I Z j u t ’od s ’sSoi’ . l ’ h i s . ’ o s i t h us i t  s f  t i _ i t s  coder  gs’ t’so r . i t s.’s t h e  f i m _ i a l s od s .’

\i’ti t’( ! s to ) his. ’ t no u u s t i i  itts. ’d t h u  m ’ ous i g is t h i s ’ o’hi ai’ in _ io 1. ‘ 1’ h _ is ’  t i~u 0 —  P~’si5 Ss.’ 5’ ool i t i g  a Pi~ t’
o l a o ’i i .

excep t  fo r  ‘l ’ a s to i  ,t m icl \~‘ i t s t z  (1  ‘) 7 1 1. h o t s  mint  Ius. ’ s. ’m i pu r sus ’d .  Pt ,o o ’ t i s - a t  d i f t i —

e t i l t y  is’ i l l s  c u t  t’ u )  p t  cod i m ig is t h a t  it i s  .t u s s i h i s ’t i b tu o  p P1’ tu d  0( 151 1’ s’ .

I ’ hi s. ’ qu ~o mi t i ’ s ’  i’ out h u n t  is , u t i  i i t s ’ g’ ’ m’ st -h is ’ hi is ,sI S s u  this . ’  o’ oido ss’out’d f o u t ’  tin s. ’ —

sto p 1,’oi( !i ng .  ‘ I’ hi s ’ t ’ s.’ Is ’s ’ ,i t i t  si 1u t i l i i [ . ’ 0it I o i l  h ’s r o o ’s.’d u i’e is th’i s’ t o  ii i  ij i s  i i-at i s~ lu t u f

m i t  s’ ,i m ’ s squ a r e  o r  r o n  bs. ’t ss-e s.’ us s i r  i g ina I a ii cl  qua mi t  i /,s’OI 0 00’ i f i  c i t’  mit s . Si n o’s.’ , t t t

p r 0t s’ t ie  ,u I t t ’at is  fo  t ’m u u  cod t i g st’ s t s’ i ’ s s s  ott I h is’ ui ’s ita ry t m’a m i s Lou r t u  us  , tI _ is. ’ t i s . ’a m ’ s
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sqi ta  t ’ s ’ s ’t’ t’ s’ r u ’s-u ‘m ’ o s s ’r s ’c d  stisds. ’ t’ ths. ’  t i ’ a m i s t u i i ’ t i s , i t t s s u i .  I l i s t s , o 1 o t a m t t i , ’ s’t ’

si h i t i t t i i , ’ ,t t  l u l l  115 t u e  t t ’ d m s s t s i i — l t i  t ! t i u i t a i l i  gt sa  t ’ a m i t s ’ s ’~ u i h i t t t t t t i t i t  sh i a t t . t l d s u i i u j s u i

h it ’ r t t i m ’ m i u s t l i s ’ s’ i t s  t h i s ’  t i u t i i t t i i o i i t i  t i i t ’d li  Sdb t i . t  l’ s’ s’ i’ t’ ’ ’ l ’  t-4s ’t i i - l t ’ ,

i’’sut’  ,u i,~t \ - s’us I t’ , i i u s t i ’ l ’ u i i  s ! o ) u u u , u  i t s  m t t s i d s ’ h  , t h i s ’ s b o i . u t i t i . ’ .u t i s i t i  h i , t  t’ 0 u i t i s ’ t s ’ t ’ ’s-i a t’ s’

s’ , t i o i t t ’ u u i u t s i s t i s ’ o !  s i.u t h u s ’  \ t , s x  I I ’ ) i ’ O ’t o 1s i c i t i t i - ’ot ’  . u i g s i m ’ i t h i u u i . I \ u s o u s s ’ h s ’sl gs ’ sit  t h i s . ’

1u r s u t u a h i i l i t s  s h ’ u u s i t i ’  t u i m i s  t i , ’ti sit t h i s . ’  t’ 0u t i o h s i t t i  s . u  t ’i ,~i i I s ’  liii’ .1 t i h i s ’ o’i t i s ’oI t i t i t i i l is ’ i’

s i t ’ qi t a t i t u ’~t t i s i u i  I u u i s  ~~~~~~~~~ 
o ’ u i t l u p o i t a t s u i i u  ‘‘I t h i s . ’  i’ ( ’ob os s l’ s ’s! t h t m ’ s’s~t s i t d s , s t so l

t’s’ s’o u i st r i io ’t is u t i  loi ’ s’h s  t h i t ’ s u ih g it t his ’ \ I , u x  . u l g u i r i t h s u t i  u ’ t ’  , t 1 ) 1 i 1 ’ s u x t t i t , u t l s i l l s

I ‘a lit it o  r’ .u mist  I ) u t  s’ , t ’~ ~ I i ,

l ’ i~~’ , u s ’tua l s u ’ s ’ t t  i s  t s ’ u o t  s 1 i i a u u t i , ’ , u t u s i m i  u s  h i s ’ l ’ t t i r u t u s ’s l i t s  t sv oi sts ’ ji s : ( I )  l ’ h i s ’

s’ s i s ’ f f t s ’is’ mi t i~i i’is ii’ t i ’ i ,t t u i s ’s! iv i t s  s ’ s t i t i i , u t s ’t! t O  t ’ i , i t i s ’ s ’ , s tu d  ( . ‘ t  t h i s ’ u i s i r t i i a l i , -s ’d

t - ,s r la b  to is i u r  ti5’ (‘55 s’sh h i~ t h i s ’ ii h i t  i l l  t i l t  i i  sj t i . t t i t  i .‘ or  t i .u ss’! iou t h i s ’  ii uool s’ ls’d

pr ~~i~ t t u t I t t s  sls’ t ’ s s u t ~ - t i t m i s ’ t i so i  of u n i t  v ,st’ j ,ut st ’e. t hus ’  u i s i t i u b s ’t ’ u t  h i t s  t o i l ’  .1

q u a m s t i  ‘ C ’ s !  o’ o i e f f i o’i s’t it  is  ds’ts ’ t ’ t u u u m u s ’ d 1i m- s’ t . s t u t s g  th i s ’  a s s u i u i i o d  h u r s ’ q u a t i t i . ’ s.’sl

t ’~ u t ’ t , s . i i s’e I s i  s h i s t i i l ’ t l u i l i ,  I ’ h i s ’  t ’css i lt  o’. i I u h i s ’  s l s ’i’ ’ss’ e s! t h t t ’ siu gi u ss ’t’ s’t ’al o h i l l s . ’t ’ s ’m i t

ss’a~’s i u i ~~h s i s ! i m s g  i i ’ u ’ t u t a !  t ’ iu ts . ’  d i s t u ’t ’ t i s i t s t i t e s u t’ v t i h o u h i i b i . t ’ ) 7 ’ ’t i ’t .  ‘I’ su ii s , t i i ’st . t i i s

s’s lu l a t s ( i s t u u t ’ t ’ts i i s  to t ’  s’,is It qsi a ui ti -s ’sh o’ s i s ’ f t i s ’ is ’ t s t  , t h u s ’ t’ s ’qtii ns ’d u u i s u i s h u s ’ t’ a t

q o m a m i t  I ,‘. , t t  isiru t u i u s s  s h s o u i l s !  lit ’ h ) t’ si h us i t ’ t is u mi , t  I t si this’ st .u t o ld i’d do’s’ Li t l o u t s  sit  th i s ’

q u a u u t  I t s ’  to In’ o 1i i u i t t  i - - s ’s !. ‘I ’ h sus  , t h i s ’ , u h i h u i ’ u~ h u 1 ’ i , u t s ’ h i t  , i s s  i g m i t u - s s ’ t i t  p t ’o t ’ s’dut ’ s’

t’,i l l i i t s - ’s, d it’ s’s’ t h y  t ’ t’ u ’ t u u  t i ’s is  , t r g s u l s _ i s ’mi t . I ’ bt ~’ s’us s ’ f t ’io ’i s ’tu t s  i t ’ s ’ cs ’ u t s ’l’ , s l l s ’  i ’ s - u s u i m u i s ’sl

to  h i s ’ I, ’, , t u i ’ s - u ’ s j , ( ml i’ , i _ i i s h u i i u i  s’ ,i i’j ,t t u I s ’~ , I tu  t’ s ’s ’ s’t i t  s ’X l i s’ l ’ i u ’ s l s ’ t i t S , t h i s ’ s ’x p s i n s ’ i i t i ~ib

s h s ’ t u ’ s - i i t y  t’s t m s s ’t  j u i t u  h i , t s  i i s ’ s ’u i  f , u i u u s , h  i i i u ’ l ’ s ’ ~tpp l’ iup i’i~t t c  ( h ’ e s s ’ h u s ’r , t u u s h  ( ‘ ax . l u l 7 n ’( ,
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i t  s h i u u t ik !  s u i o t s ’d t h i , , t  I b i s - \ t , s x  qsi~u u i t i ~’ s.’r  i u u i l l t l i l l , ’ t ’s t h i s ’  c l o b 5 u l s ’i ’ u’ i ’r

h i , ’t ’ ~t’ s ’s ’t i  i u u 1 i s i t  , s u t d  s i t i t h ) t l t  . sisu. uII ’, t l i s’ ,t l i  sqo i a l’s’ s’t ’ i’ slI ’ . -\ l l I u ’ i ’ s’ o h t t t  I s t i l t

b i m ’ u l b i l s ’ t l l  t S  a o ’ s’ t i l ’ ,i tc  de ts .’ i ’ t u i ~~t i a t t s i t i  s i t  t h i s . ’ h i l ’ s’( l U _ t t i t i ’ t’t ’ t u , i t ’ u u i , i I i , ’ , i t t u ’ u i  t , i s t o ’ i ’ ,

h i s  p r i i h i l s ’t u i  is t h i s ’ u h s ’ t e r t t u j i i , u t i u u , u  if  l i i , ’  t u ’ , u i u s t ’u u m ’ t u u  s h , u u t i , t i u t  t i o ~~i~ ’ h .  h ’h ~ ’ l i , s s i s

q t i s .’ s t u i i u i  u s  h u s vi ’ I n  u ’ s o i r u u i , u h i ,’ s.’ s’ , u o ’iu  u t ’ t in ’  t i ’ a m _ i s t ’ ’ i ’ t uu  o t i s ’ t f , s i , ’ u t t s  i’ i ’ s~ ’ m ’  t t l

q u a u u t i . ’ u t i o ’t i .

N i s i s t  i u s v s ’s t i g , i t o ’t ’ s .u s s u t u i s ’  this’ N t , u  t ’ k u l v  s’ o r m ’ t’ I , , t i s ’ t u  t t l i ’s is ’ I I sO ’  h i s ’ 5 l t l , i ~~~~t ’

f m ’ su t i i  ss ’ h i i o ’ii t h i s . ’ g s ’ t u s ’ r 0 1 1 1 ’ t ’ol pow’ s ’r sps ’ s t i ’ , i l  o I s.’t ’u~~i tt -  i s  s!t ’ i ’ l t ’ s’s!.  I its t u i s u o i s ’l

i s  c u i u u v e u i i s .’u st  . u m _ i c !  o i l i l y  l’ s.’ q u l m ’ s’s silO’ sIr two 
~

1’~ 
t’a u u t s ’ t s ’ r s ,  I’ ’ s r  I b i s ’ l o t t e  I’ s , i S s ’ ,

t h e  i u u u . u g s ’ cu ’t ’ r s.’ t . s t i o u i  i u o t ’ t h i s u g o t s a h  s!il’ s ’c t i o ’m u s  u s  , , s s u m i i s ’u l tsi h i s ’ s j i f t o ’t ’ s’ u u t ,

I bis ’ r s ’qu it’ s.’d i_ i o r uuiah i ,’ ,iI i o M u  t a s ’t o _ i m ’ s , u h s s ’  o , u l i  hu e  s u l u t , u i t u o ’ o i  d i r s ’c t l s -  t r s i t t l  a

o’ I ,u s s  o ’ f  i t u l a g e s  t h i r o u u g hi .i I s ’ai ’ m _ i t t i g  i u t ’ oi cs ’ci ul ’ s.’ i t’s ss b u i o ’ bi  I b i s . ’ .u ~ i~i u ’o p I ’ l 0 u t s ’ I m ’ .ii u s —

t o r m ’ s l  cs_ i s’t f i c i e u i t s  of Otis ’ ou t’ ss.’s’ s’r a l  t u u I . u g s . ’s i i ’ s.’ ivu ’t’ .sgs’d in t h i s . ’ rs ’ u ’t ‘ l I s ’ ,s uu

sq I t ~s rs ’ s e t u s s ’ , I bus  , u l u h u r s i , io ’h i  is fouu ’s s ! t o  l ’s ’ s o ip s ’ i ’I i ~~l’ t s i  t u e  \ t u r k s u v  t i u ~oIs.’I

i to! it  h u i ’ ouduos ’ s t h i s .’ i’ s’q u i r s ’d t s o u i ’ u i i a l o ’a t i s i t i  I~~ i ’ a u t l s .’t s ’r s  t i i  t’ e c t l ’, .

A disas!s’~ u u u t ~o g s ’ su f  t h is . ’ Ss’ s’ s ’t i ( ! ~u 1 u ~u m ’ o a c h u  is t h a t  t i ’ .u t u s t i ’ , i s s i o ’ t l  s i t  t h i s ’

u s t u r m u t , i h i ~’a t i s u u i  p . u r a m i u s ’ts ’i- s m i t , i v  s i g u u t i t ’~s t i t l v  t . u x t h e  . u v . t i l . u l i l s ’ Ii , i t ~~!w i o l t I u ,  1- so’

ss’ p’u ra to ’  t m’ . s i n i t u g  se ’t ,  , u t u u i s u i u , i t s ’hi u u i . u s - ol s’vs ’h o p I us ’t st - s.’ s ’u i  t i - s o  t i’ , u i l s i m i g  s e t

, , t i , I  t his ’  i t i t , t g t ’  t o  h i ’  csicls ’d . h iss’ I u ’ g s s l  is ’s s i t  ~!s.’ts .’t ’ u u u i t i i u s g  this ’ u is i t ’t u i , u li ,’otu s ’ii

pa r a u i u i ’t o r s  t i m  t l i l t s ’ r e t u t  u m u u . i g s . ’ s ’ I , u s s s ’s m u i a v  h u e c u l u l i s ’ s u lu s t , i t u t  t , s I

u ’ s , u I t e  r t u , u t i v s ’  t s ’ c h t u u t q i u ’  h i 5 -  I s’sdiis’ r ‘17 1 u ’eq ii i  r s ’s u s ’  .1 1 m r i s u r l

s i t ’ s  s ’ i i i b ’ t t i s ’ l i t  oh u i tu t ’ u i t , u h  i , ’ . t t i t u u i  h ’~ t ’ a i u i s ’ts ’ i ’s.  t h i s .’ u us ’ s s ’ s s .u r t ’  i’ .’ i ’au t i s ’ts ’ i’s a m ’s.’

si h i t , ,  i t s s ’s . l  rs ’ s i i r u - u i v s ’ I v  I r o i u i u  h i u ’ s’ t t s u t l s h t ’  qu , t u i t t . ’s’ol t t’a ts sts ’i’m u t s’ s _ i s ’ t t t s .’ i s ’ u i t s  , i t i ol

u t i , u s  l ’t ’  s I , ’ t s ’ r u u u i u i , ’s! iii t’t’,it I i m t u s ’ , \ I t h i u m o m o ~h i t h us ’ s’ ,u u - l i  t t u ’ t’ l ’ s s , u s  ~u m’ u~ u t i u s i t s g .



_ _ _ _  - -

it h a s  riot been p u r s u e d  b y su th ie  r l’ s’s s’a n o  lie r s  pt’ i t i u a  r i l y bs.’ca i i s s” s i t ’ i t s

c silO p tc x i t  v.  ‘Vhs.’ In _ i  p b e t u i  s ’t itat is _ i t ’ s  is-as ouv or Ia rge  t nit t _ i s f o n t s u  s. It was  , i l s o _ i

a m _ i  oup eli  loop p r o o c du r s ’; t h u s ,  t h e  ao ’t u al  c o u s - s p r s . ’ s s i o t - s  r a t s .’ e ou i i ld h u t  tu e

s p e c i f i e d  it _ i a d v a n c e .  ‘I’ his ’ so s.’a r ly  p i’ o_ i t , l e i ’ s s s  i i ,u s ’  s’ bs. ’o ’t _ i  l’ o’st ul  s on! at_ i d t h i t ”

p ro_ i s’o’durs’ is  d i s c u s s s’d  it _ i Ss’ s ’ t  isi 1’i ( ‘ 
- 4 ,

S i m i c s.S this ’s i’s.’ s-ur s it’ e t s u s _ i d s’ I is ott  t’ ,uo t i t -  0’ I sir  u i - s  .i go’ s O I l  I h~ 
l’ s’s S i0u t i  , i t s

t h eo  rs’tioa I advantage s should  be d i s c u s s  cc! . ‘I ’li e p r ev  io_ ius  t si’o qua u - st ii ,ot i oils

u si o d o ’b s  ( t I_ i e  N t a r k o ’m v at id this. ’ t t ’ a i m _ i i t _ i g  set muuo d e ’ I ’) a r t ’  iit i l i , ’s ’(t i t _ i  ds.’ t s . ’ r t u u i m _ i u ,° i t u o ’

Ia shs i o t _ i . Eli cs_ it - st ra St .  t i_ i c  ns.’ cun s it - s.’ ~_ i i o d o’ 1 o’o_ il ss ide r S tilt’ no r t u i a  I i  ~‘ .ut L o l l

pa r a t ’ s - s e t s’ r 5 t o u be a set oil hi ghl y c o r n s . ’  hated t’amid oiru u va i’ nib lo s .  ‘l’ hs’ nec  ii r —

sL v e  u _ i t _ i d e  I got -is ’ ra ts ’s this ’ u _ i o r m _ i i a  h i , ’ at  j o _ i n pa ~‘a t i u  ott ’ i’s f i ’ o tu i  t hit ’s a 1 u’ o’ao lv

do coded va lues .  ‘l ’hus , t h e  i’s’o si rs  is’ s’ a h ) h i  r o b  oh ’s to t t’a t i s Ii i’m u m u i a  go s’ omd lu g

a llows an i m ’ supr s _ i s ’s.’c! u t i h i i  a t i t ) m i  oi l  t h i s ’  tr.i t _ i s f s s r m t u  do i u ’sa  it ’s ss-it i ’souut a t _ i v  os’s.’ riis.’0sd

and p r i o r  ti - sods. ’  I . t s s i i t u _ i p t i u _ i t s s

Ss.’s’ e ra I add i t io it i a  1 s.’ olns ide r a t  b u m _ i s  s i ’soutd  be’ 015 ’ t _ i t i  o u t i s . ’d. ( ‘t e a n It - . t h u s ’

t _ i _ i a t i ’seu i a t i c a  1 c ou t ’ s ’ splex it s-  iua s i t _ i c  m’ s’a ss.’d. Pu o th i  t i u c  s.’ s t i t i u a t  i o u m _ i  p~ 
o_is’s.’s!si r o’ ,u mid

t he  dete r n _ i L f l a t  0)1_i ~m f t hus ’s u _ iu m _ i i b e  r of b i t s  Is’ r s’d s’ i’s o’o) s ’ l f i d  is ’ti t  r s ’s.101i l’ s’ rca h —

t i m u - s o ” cot i sp u ta t  ion .  I bis ” s a t _ i -so ’ u.s  rd sva no t i iu s t  ~i Iso bus.’ it s5 ’ huds. ’d iii this ’  ole o’ t )ds.’ i’

since it pe’ r io r t u i s  t h e  s a u u  us. ’ roo st  rs L i’ s’ s’O )ut l p t i t a t i o i u i .  ‘I h is ’ t’&’su It s  sif t h i s ’

c on_ i p u t a t ion  it_ i t i _ i t ’  d ecoder  t ’s i u s t  I_ is’ ids ’t_ it ica I t o m  t h i a t  ouf t h e  oouds. ’ r titu s’ n i s - i s s ’

synch r o i l- i  i z at i on  loss ms ’ say do’i’s.’ t o m  u u , ‘I’his rs’qui t’ e ’i m ss ’t ’s t  u _ i  h u h it’ s u -soil i ’ l l  l~

perf ormusance of t h e identica l e s t i l ’ s u a t s )  r pr oc  s.’dsi r s ’ s hu n t  , t h s s ’  i o u  p ls ’ i su s ’m ’ s t at  i t i m - s

of the ,up l i r opn i i s t s”  ah g e b r a i o - sts’1is t i _ i  th is . ’ ide n t i c a l  u ’rds’ r , u c s ’s l l’ . s s v ,
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I h i s . ’ ‘i t s ’  m i t  t , u l  ‘~ - o i h ’  cm li u s t h o t  t h i s ’  m’ u i l l  i ou  ~~~ 0 u ’ i’ u m m ’  t i  - i t ’  ~, m’ i is! u s e  oh i l l s ’ m C I  It I ‘ i t

,u 551 gui Ills ’ ui t  s l o t  ss s’s ’ms I b u s ’  s o n !  s - u ’ , u u - sot ohs ’ s o i d s ’ t’ . ‘t i ns  t s’ s hi u i i q u s .’ . h i l t s ’  i l l

s- , u t ’ i a t u l s ’  t ’a t s ’  , , o l . u M t  i v s ’ t s ’ c b i u t i q u s ’ s . i s ss ’ t i s t t i s  e t o ’  s h a u u u n ’ I s’i ’ r l’s, I h t u s ,

‘ u ’ l s ’ l i t u d h  p t ’ u 1 m I u , ~aI  l u l l a t  ~ , s t , u s t  m ’ u i i u h u t s ’ s ’ r r o m r s  t t i u t s t  h i s . ’  c i  i o i c ~~ ’s I l i v  ‘i ’ r i o m d i o ’

r t ’ s v t u o ’h t ’ s ’ u i i  , ‘ , i t  iou ’ s.
I lois t o l ’  iti I l l s ’ oh is- , i ts S i s i l , u • l i i i  ,utt._’ut t p t  bu. s s h i s ’s.’ n , , u i h ’ I ’ ’ s i ’ s ’ o i l y  t h i s ’

t t ’ d T i S L o l l ’ t i l s t t u i l t i ,  h 00 s’vs’r • u l l i s . ’  s O S i I ( l  a i ’gois ’ t h a t  t b t s .’ si t i . u t l t  i , - , , t i u i t u  I l i u b o ls ’I , i t i d

t t s  su i u s e ’qu s’ m ’ st s t t i l i , ’ , i t i u ’ i i  , u t ’ s’ . tt  ls ’.ss t u s  i t u i ; i u ’ u ’ t , u l u t  , u s  t h i s ’ t r a u l s l i ’r l i i  t~~ s ’ I t ,

I b i s . ’ V,i l ’Iu ’llS q t l , t t l t l ’ l t l s ’ l i  u i ~ , ’ s l s ’I s  , t r t ’ i ’o l u t , t h I V  , u h i h u l l s , t h i l t ’ t o ’  i l l  I t ’ , u t i S t s ’ l ’ t l l . t t l u ’l i S ,

I in ’ i t t  ‘ u ’ ’ s ’ t , O l o’ s’ ‘1 t h i s ’ 1u ri per s~ 
u i,u lit u - - u t  t i l t ’ s  in - u s  ed~ i no ’  s , i t i  t u i ’t h ’~’ u i  C ’ I’ —

o.tl l b l h I , o s i ’ t ’ u h . h i t s . ’ s o ’s i m i s ’ I r , t t i s t u ’ t ’ u t l  s !s.’ s’ s’ r t ’ s ’ I , u t s ’s m u i u ’s t ‘ r , u s t l o ’a l  ~t ’ ’ ~ ’ ~

i ’ I I , I g s ’ r s  - P u , ’ t b u  u h n ’ u ’ r s ’ t u s . u h I \  , u u i o !  ~~~~~ t i 0  c h I t ,  t h i s ’ s u m s i t i e  I l’ , i t t ~~~t O t ’ l i l  u l u ’ s s ’ b s

, u : ’ ll t’ u ’ x l t l I , I N ’ s t h i s ’ j~~ - I , I u’ , , , i s t ’ r u i u  ps u’t ’u u r t i s . s u t s  u ’ I ’ m ’  r s - . u s u ’ u t , , h l o ’ h i Isis ’k 5 1 : 0 5  a t

S \ S 1 mi xs ’ls u ’t ’  g t ’ e I l o’ u’ , 1 h i u t s . I t i t l o ’ . i t  a t i y ,  ,IiIi ! ut i ,i u i , u l ~‘ .u Il l s ill h~’ u m b mt  , u j i ’ us . ’ u i

i u t  t h u s ’ i ’ 1 i l u t t l t 5 ’ , u t  t ’t u  ‘I  t h i s ’ I I’ ,ut t~~t u ’ r m lu i t s e l f ,  I b i s . ’ u ’ e , u I  ~ a i t u  i s  u u m  t h u s ’ t t l u i o h s ’ b l u u g

, u l t i !  I b i s ’ , u 1 m p n u m 1 m m ’ i . u l s ’ u j u i . u t i t i s ’ i t i u m m s  s t t ’ , i t s ’gs  i R o ’ . u o b s ’ r , Iiu 7~~; R s ’ i ~~ , s ’t , I I , ,

b u t t  I ’ u~~l m \  eoo!iiug itOI i l l ’  s , i t ’ s’ t o i b h s  o ! u ’ s i g i ’ s e ’ o I  t 1 O i , l l i t  i i i  l o l l - s  sI l’ , u l o ’ t,fl ,I t o ’ t O O l ’ s ’

i l l  u p u m  n t ’ s  l i t  I iu . t i i  ‘ ‘ i ’ l l  I t  I i , ’ - u l  i ou  o i l  t no m u s l i m  r t i t s  ( i i  iii t u u i , u u t ,  1~~ -~ .~ 1 , \ 
~ 

m’ .~ e l i  s ,
~ I

u ! i t t i . i ti lt s ’ it o h ’s o u ’tO s ’ u t t i u m u u , s h  s ’ i t t  l’s up s  s u ’u i l l I t ’ is t , h i , u t  i t  dos ’s m s s i t  s ’ u , u  m’ , u i u t s ’ s.’ 5

si ’~’~ i f i t  u ’ , u l e , It I l l _ u t  l i i i  s ’v s ’i i  i s  h u s ’s s ’ t , u tu o ! s t  oIth s’ o m t u u p t ’ o ’ s s i u m t i ,  I lk’ i,~s ’ l i s ’ r ,th

s. ’ s’ iI  , i o t , u p t i s  s ’ c u i u i t m i i ,,~ S h l ’ , i t s ’ g t  is  , u l S s i  . ipp I i ~ ’ .i b u i s ’ t i m  o’ t l t  u’ u cp \  i ’ u h i t i g .  ( ‘ i ’t t i  s I t —

t i o i m i . i h  sm h i s ’u i  l s u s ) b )  0 l i t  l’ i l I m s  o s)tI itig . t t i  ho ’ s ,n n  o ’ t ’t s ’tI  i n  I i ’ , u  s b o i~~s’sI h s l s ’ } i  s\  s t s ’ l i i

th u u- suig hi thus ’ Ms ’mie u’ ,uh I / o ’s! . t sI ~u p t  is’ s’ t i i o m s l s ’l
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F’o r c oi r ’ s i i u l s . ’ t o ’  ru e ss . t in ’  8 5 1 — s  a l Ieu _i t h  ro’s ‘so h old s’ suoi i t _ i g ‘so b i o u u l d  bs ’ i i i  s ’uit tons ’d

,-\ t ide r s ot_ i a t d  i Isi ang , 0 7 1 ) .  l I e  m’ s.’ • o’ oo’lt to ’ tcm _ its ,u r o ’ qua lit ~~.‘ s’o l sviii o h  s’ ‘is’ s’ ed

.s l ix s. ’d t i_ it t ’s ho ld .  ‘l’ h no s i’sold c ool i ri g sit ul i .’ s’S al l  t h i s ’ um ide  si  r a h u l  s.’ leat  ur  s’s om t 
‘ -

the s’a rio)s.us quant i ,‘,ut ion  t uus ud s.’  I s .  It u s  o m h u e u i  l o m s , 1 ,  . h i g h -st  v s.’r r s l  r S s.’u is it 15 0’

Its do ’e t t t o , ’ is ’ mi t i s ’uodc I imi g  is poor  s i l t s ’ s’ s’ ,t si’s dos.’ i i i  i, i s.’mit  u s  1m root ’ ‘-u s s.d h5’ thus.’

sais se q u a m i t i z e r  if it is .u b o s ’  s’ t h e ’ t}’s n o sh i o u l d  , Spo’s’ ilio’at usi t _ i i l l  the o’os.’t ’ t i c is .’t ’it s

to) be t r a m _ i  s m _ i - s  itted requt l’ s’s C o)tis Loi s.’ r u b  ts .’ sit’ s’ r h iead . l’hr S’s hold c o_ id in g

a p p r s ix t u u - s a t e  s s’m ’st no b 1’ s’ omol i t i g  i l _ i  O’ s) t i i  p b s ’ x it v ss’it ii siut I) s ” t i o ” l i t  s_i f  t h i s ’ h , st t s .’ t’

to’ s’h - s i _ i iq us.’

~~. I \ 1 A G I ’  Q 1J A 1  11’ 1 l ) h ’ GRAI )A ’I ’lON

or  u i ’ s - s a g e  s’ u ’Oi i u i g  , tm _ i  go’ mi s.’ r , s 1. ~u t i ( 1 t r at i s  fo  I ’ l l - s  0’s_ id ! i m ’sg , in pa ill s’ uI.i r

im ’u,i go ’ qual  i t t -  l i ’ s s’as u n o’s is-li iou quamit itat is’elt- s’ol r re  hots ’  is s.’ 11  ii’ th u t i _ i s .’ ~,e t’c o’ iv s.’oi

i t _ i _ i a  go’ qua h i t s ’ am - sd ds.’ g r ada t i s _ i t_ i  dS  i l_ i t t’ o_i ducs.’d by  t h i s ’ c side r , ~u m t’ um_ ias- a i 1 , 11 )  I s . ’ ,

I h i s  is trots . ’  s’t’ s’li t i _ i o ) u g h’s o’ot iv  s.’ mi t iona  I l ’ s i s’a s u n s . ’  s , such ’s as t h i s . ’ t i - s o’ ant squa no ’s

e r r o r  , uu _ id  i ts  o!s.’ r i s - a t i v s ’s ( s . ’ . g . . ti-se ss’s.’ighiteoi m u - s e a n  squd i’ s.’ e n r o l  r 1 , a r s ’

he l p f u l  f o r  cs_ imu pa  r i s o m i  p u n p o_ i s s.’s. h hOst ’ev s.’l’ , tiis.’se tsieasuros a no l i m u u  ited ,

it’s an  abso  hu t s . ’  ss . ’nS s.’ , b r  s’ s ) u u ’ s b u , u  r is  i i m i  bs.’tss’ s’eti t i _ i s’ s i r  ig it ua l  ,u tisi t l’ s ’s ’ 0’s s sn!

i t nags ’  s . i - v  em - i is i t h ’is ’ut i i s s . ’ f s u  I q u a ti t  t t a t  is- s.’ i t  t s ’O s t i r s ’ , s!s.’ g no do t iou ’s s  as so’s’ tats.”d

is’ it h t n a m u s b o  t ’usu  cO_it! it g 0,11_i he otis cuss ed.

I l _ i  n ec o’ l a s ses  s_ if dt ’g r a d ,i t  i o n s  c a t - s  be i s i s ’ m ’ u t i f i e d ,  1)  Th i s . ’  s’ s ’s.’ I t is’i s.’tst s

a r t ’  re  ~ hit o’ed h~ - this. ’ ii ’ quam ’st ii s’d s.’qu is- s let -st . ,! 1 So m ui s . ’ ~‘l this.’ o’as ’ t tic iem’st ‘so ,t m ’ s’

rs’p l~s s
- sn! by .‘s.’ro. It_ i effs.’ct, ,u g m’ s- at deal 01  t h i s ’ bamio l ss -io lth s’ u ’ t i u p n s ’ s s i o ’u - s is

thi s ’  r s ’ s u i l t  of th u s lsisi ’ pass  l i l t o ’ r u m s g .  ( YI I bs s .’ t m ’ . i t i~~t u ’t ’ t u u  cs ’u l i t i g  h ) t’ s m s’ s.~5!ii1 ’ 5’ is

-I ~“
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t i i ’t 5!i t t t  i u i v , o n i , u l u t ,  1 b u s . ’ 1u r u o o - s s t t ’ s g  i s  1cs. ’ t ’ t o m ’u n s ’d s’s’ s ’r  .to ! i , u o ’ s.’t i t  h > l u _ u ~ ’ i ~s.

I t  ,u :to ’is g b o ’ h i u l  u i u ’ i g t m  5 l S s ’ h i  t u it ’  t h i s . ’ p r o s  055 , t h i s ’  u ’ s ’ s I i I t s  a n s ’ s h i t f s ’ m ’ s’ u u t ,

\ iS~ t t h l V .  t t i s ’ S o -  s’ t t o ’s ’t s  o , i l i  i 0  ss.’ 1’ ,~ t- , u ts ’d O h  t l l i l s t  i l i S t , l ! I o o ’S ,  ( ‘ s i s . ’ I t L —

s ’ t s . ’ l l t  s 1 ’ t , e I t l ,’ , u t i o i t s  t I l t  m ’ u i s i u t o ’es , u t ’ I ’ ,t ns’ u u t  a c ! o l t t i o u t i , u h  t t u u . s g e  f l oj 5 o ’ , R e p L u c s ’u i i s ’ u i t

o ’t ~~~~~~~~~~~~~~~~~~ it  ‘ s’l ’ sl I t i  t h I s ’ o i s ’ o’Ode I’ i s  ,u lo h sy 
~~~~~ 

t i l t o ’ I ’ i l iL  s’t I o ’ o’ t.  I t

s l h i Ss ’ n y , t h , h s ’ , t h i s ’ t l t I , u ~~ o ’ is - tI I I : 1 !~ o ’ , u n  s.’x a c t l v  ,o s  s s t o h l .  I b is ’ do ’c o i d e c l  i l u l u g s ’

~ s i t _ i - s p . m n o ’u _ i sv i t h I b i s ’ u i n j c~iut ,s l c I t ~ .u g s ’ n ay  l o o ’s s ’ s s i u l l e  s i t  i t s  d e t a il s ,  t o w  p ,u s s

t i l t s ’ n i t _ i g  is n , u t b _ i s . ’ u ’ l - s ( I t t s S ’ u O l i I t ’ , u t  b u s ’  o l , u t , u  t ’ a t s .’s , -\ h t b _ i o n i i,~h u t h i s  e t t o ’et  i s

t i ’ t u ’ s s t u ’  n i t _ i  ds ’: ’s ’ t i o i s.’u i t  s’t’ s’u t i l l ’  t b i o ’ s’ o l S i l - s 5’ t u ’ ~ o t _ i s t o ’ r l 1 I  a t  i s i s y  r,ots’s , tN t , ’ v i s u . u i

h i h s i o ,’ k i m i i ,  ,u t t b i o ’ t n - ,tu i s ts ’m’ lt t !iootnd l:s r io ’s is s’Ie ,u r’I~ ituds’s ir uobls. ’. I bis .’ l u _ - r n _ i

‘ h s 55’ ‘ i t  n a t o’ ’ ’  i u i d t s , u t e s  t b t . u t s , m d v  ,u smut , uII t r , i s , ’ t j s i m i  i l l  s ’o,, ’ t f i o i o ’m i t s .  s ,u y  10 , ,

si - i l l  h 0 ’ t r , o n s u u u t t s ’u b .  t ’ h u t ’ s , i m u - s o ’ pm ’u i h Ils ’uui is I i i  n t h i s ’r  u i u s g u _ i i t i s ’d it’ i t h  so ibs ’p l i m u ’ s . i l

I I’-t t ’ss t i l’tuu s

1- o r  Ibis ’ I s iu rit _’n t I ’ ui t _ i S t s l i ’ t i l . t b i o ’ ( ‘u j b h i s  p bic m - s o m u i e u _ i o ) u i  is  O h i S o ’ l _ l S S s .’sb  s’.t u ’ I t s ’i’

i m ’ s  t h u s ’ o’bi~sptt ’ r. I bis ’ s’ o~~’~ i t _ i o ’ I t- ,t u i s  f~i n t n  is I s’s s s otis j l l ’,’ s’ t o  t h u  is bl~’ ’  k i m i c ~ s.’ I f s - s t

h l o i s v o’s’ s ’n , u m ’ s  th is ’  l i m u s i t ,  tt ,u i s o  t t ’ s t n o o h u~~o’ s h _ i b o o’ k i u _ i g .

:\ I tb us m ug h_ i rs ’ 1 i ,ubl o’ mo uth _ is’ u _ ii ,u t ic.s 1 1 1 1 0 , 1  s u n s .’ s , u i’s’ t_ i o t ,us -o  i l t t b l t  . ts.’ch - st l o q u s’ ii

Ii~~t it-so! bo ats.’ imu 1,0 go qua l i t  V dog  raci al  iou _ i inc t i _ i s .’ do cods.’oi i t  i - so  gs ’ s a l t ’ s  ~ 0 r s.’d ‘u S u t  ii

t i -to u ’ n i g i t t ~o h  a t ’ s.’ , u v , u i l . o b l s ’ , I bis’ ‘ s.’ r r s _ i r  i t u l , u g o ’ ’ ’  is u s u a l ly  his. ’ b b m I u I . I b is.’

I i  so) l ot t e  s- ,u lu _ i t ’ of t h u o ’ o! I l l s . ’ r t ’u ’ s o’ s’ b u s ’ tws ’em i  t ue sl i ’  b~ l u _ i a  1 t m u u , u g  e us miii t h i s ~ dos ’ o ds. ’ci

i m u u a  go ’ ds’ l i t - so s  t i  is qua m it i t y  . 1 o ’n  o t i s  p la  pitt ’ po so’ 5 , this:’ o’ r no ’ I’ i l l i , i  gs ’ 15

usualls- soals.’c! l i v  ,u f oo t o r  of t r o t ’ s u  10 t o l  .10, If t i - s e  i m i f o ~ r t u ’ s a t i o u t u  loss  is sm a l l ,

thus.’ i m - i form i - s atioms h uns.’ss’m_ it i t ’ s  this. ’ s.’ r n o _ ir i t u i a g e ’  shn _ iu ld  , u h s s ’  hI s ’ su u _ i a I l .  h ’ s_ i n .t

hi gh qu.s l i t v  c o i d i t _ i g  sy s t o ’m u t . th i e s ’ n r o m r  i u u ’ s a g s . ’  w i l l  app ei i r to ho’ u i_ i t s .’ t’so) iss’ .

- h o ’ s

~~~~~



‘‘ l

‘ I .  l ’ I ~~-’( I ’s1, (,, ) l l- ’ u i :  ~
‘
~~v i ; u ~;~~ l N l : \ G l N( ’

~ i ) l :sI ( ’~N A N t )
( ‘ CP’, l l m l - i b - ’SSION 515 1 h~~\l

I n c  u u l o ’ st  c a ss .’s .  t h e  s ’ l u s . ’ w i _ i s ) i t t u p l e t i i s’ m u t s ,u m _ i o l  Ibis ” u ’ m ’ s s . ’ s  si b - s o o !o ’ s s g u _ i s  .I m ’ s

l n l ,u g s ’ o- o u u l l i r ( ’ s s i o m t i  s t - s h e ’ l l - s  u t i l i , ’ o’ I b i s ’ o u tp u t  sI s~~t u i e  i u u t a g i u _ i g  d o s - i c e  u s - i t b i o u t

. s ’ s l v  i t ’ c t s .’n a c t i o t i  s ’r o i ’ u u s t o ! e r a t i o n t  o ’t  i t s  o ’ n i g i t i a l  ds.’ s l g m ’ s .  i h i s t o r l o ’ a b l v ,  t h u s

‘ s ) r s ) d e’d u r s .’ b i , u s l) s ’ s.’hi  s’ s i t i i t i i t _ i I _ i . i’ s. ’ls.’s i s i s u u , ,ss ,u m_ i o’x u t m u ’ s p h e , ss’as  d s ’ s t gt i s”d

‘s r i uuia rib v tar a ~~ nt is li la I ’ i u i i , u  go ’ qua l i ty  o)p s”  r a t I o n _ i . ‘I’ he dos’s.’ lops’ r of t h _ i o

s’ t c!es ’ o’ O t u ’ s  : n s . ’s sio _ i u ’i  a l g o  r i t i ’ s l ) ’ s  t a  m i m i o t  t u i ts ’ r oo t  st i l l s  t h e ”  do’s i 5 l l  of tb-so’ t~~t u _ ’t’ is i O ) t _ i

s s’St s ’  n u ,  lu ’s p rim - sc l p ls ’ , s i l l s’ w ou l d  do ,’ si r o ’ ,u ci t m _ i t o  ra Ct  l o t _ i  bet ss- s.’e ci this. ’ t st ’ oI .

I ’ r ,u mis for ti _ i cod im _ ig ,u 1 go r i t h i m - ti uS c h i t ’ s o ’s i t s  1)0 t id s v l dt b ’u r e d u c t i or _ i  , i t _ i  p a r t .

)~ u _ i sm t  I n a t i s u - s u  it t  lu - s c  t b_ is ’ s’u _ i t  i r s .’ t u ’ ,o u i s f o r t u i  b u bo l it ’ . b’ b_ ius  , a u _ i o ’ u _ i : u d a  1iti ’u’ 0 t r5ii_is —

Is’ r t u u  ~t l gs_ i r i t h i t ’ s _ i  pu t  r t  i c ub a  m ’Iv  ,ot loss’ r a t e s ,  , 0 o ’ts ,u S a 10)55 ’ ‘sass  Ii I t e m ’ . :\

co ’~u o ’r a l  i u t t o g i u i g  s y s t e m i c  .o lso  c l o t s  ,us  a loisv p as s  f i l t e r .  ‘l b_ in s , t I _ i c  r e q u i r e s !

I~’us’ p a s s  It  i t s .’ r i  u i g  o u t  t lit’ o’o n i lp  i ’s’s s ii__ im _ i pr os ’o dure  c u __ i t t  Id buo ’ a cli is’s’ ed s”qua  11 v

u v e l l  i t _ i  t h is’  ,n ’salog d o m u u , i i t i .  I f t i ’ie lu _ l i t -  ~ d S S  f i l t s ’n i u - s g  os  p s’ r t o r t u u s’d h~~- t i ’us. ’

ituua g im _ i g sit ’s id s . ’. t h e  t’s.’ qu t r e ’d so m u i ~i I i t _ i g t ’ate’ , u l so ’ c o_ iu l d  be i ’eduoed,  T h e

equis’a Is.’ u -ct rats’ Vs.”Ohi ls ’t i s ) l i  t s  u i  s’b i is ’s’ ed b y i’cduc i m_ ig t bus ’ u _ i u t u u b o’ i’ a t  p i c t u  n o

s’ I s . ’ m _ i u e u ’ s t  s r s’pno’ ss.’ m _ it  in i g t i t s .’ sir i uz i t - s o  I , i l i a  hog  t m _ iua go’ s ouu ’ c s’s.

I ’ h i s. ’ a t _ i a  l og  lois ’ p .t ss t i l t s .’ r imig is u_ i t _ it s’qutv a Iou _ it to loss’ p a s s  lb I t s ’ r tm _ ig

P~
’ r I o  n m s ’ s e’oi buy th is . ’  I m’a uus form _ i - s a I go n i t  h im.  IT m _ i l  ik s .’ t he t n. l i s t s ’ nt - si s’ o_ id i t _ ig

oh gi m r it h - s m - s i . t i - s e  i~_ iia g imi g dcvi  o s ’ is ,s ppr  c _ i x i u u u a t e  I v  a s , ’s ,’s t to II~ ’ i t _ i s a  r i . i u _ i t  f l I t s .’ t’ ,

1’ i_ is. ’ so’ s’ o t u ’ s m u ’us ’nt S r s.’pr s’s s ’t_ it a u _ i  u _ i 5 ’ 5’ n s i u i u p li It o  at i o ’ s m i .  lu _ i  p r i t _ i s’ i 1i ls.’ , t i _ i 0’

al g s m r i t h _ i t u i  i n p u t  should  be pro _ ij s.’o-ts . ’d t uas -k I u ’ s t u _ _ i  t i _ i c  o m i a b s i g  d o u u ’ c ,’i l mi .  l b _ is.’

d i g i ta l  i u ’ s_ i a  go ’ f o r m _ i - s a t  is am _ i  i t _ i t s .’ r u u ’ u ed i. ’sts’ ste’ ‘- (‘o t i s  s.’q uemit  Is- . s o  n b its

as po’ s’t s s i t  ths ’ I r at ’cs f o r m _ i - s  cu __ id i m i g  a I g o r i t h i t i  t s  t ’ sl U l d  bs’ ps’ i’ t o )  I ’l l  t s’d ins t i - s o’

~
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i i ’ s ’ ,i~~~ t i i ~~ i t s ’S i i s ’ t~~ u - b t . 5~~~u l~~I’b~ , I t  t h 1 O ~ i~~u , c ~~t u ’ s g  i t ~~’i ’ I s s ’ , c s  ,u b o ss c u s s  t u l t s ’ l ’

I S  t l t t S l 1 , i t o  I i ,  d t o ’ t in ’  s o t , t ; , l ~~t~ r o i L  s.’ d u t i ’ o’ . s’ , • u m ’ s  t b i o ’ s a ss.’ ,t  o , s s’ u ’ s , u i i i t d j t i ~~ .

t o  , o - ’ ’ s ’,c i’e ii t s ~u_ - 5’~ - s s f c i b  h m a u l d s s b~t h u  u _ u ’  l u l h m r s ’ S S i O l l  is t b i s -  m’ e s o t l t  o u t ’ bosv i , u , u l t t \

i ’ s ’ i~~e ~ s ’ ! u o ’I’ , u t  i~~ im t h e  o I t - ~ t t , u 1  ( b s ’ l l l , 1 t 1 1  011(1 ‘ o u t  l t e o ’ o’ s s , o r i l y  s ’s’ i d e t i o  e s i t

o t t  t o O ’  u t  cod I

F l ’N u , - \ \ u - : N l , \ b ,  I , l \ ’ t l ’ :\ I ION S  i ’i -  N c - s N ,,\ I ) ,, \ h r l b \

I R - \ N51~ OP\ ~ u_ 11’ l\ i

\ ‘ , s n u ~ ’u t s  o : o -~~~’,’ , t o : , o t u o ’ u i s  , u s 5 a o  i , u t s ’ u t  i \ l t t l  I t ’ , i ’ 1~~~~~~u ’ i’ ’ i i  o u S t i n g  on e  i I s ’~~~~ L I ’ l l ’ s ’

On u ’n o \ ’ L o ’ns  ss ’ s’ t i O l _ i S  . I o u r  ,i  ‘u s ’ t u , u u i , i  ~t I V O ’ t e o  b l u u t u _ j i t s ’ is t o  a SI 1S ’ u _ u t i o’d r’ , u t o ’ . t h e

o i s - c r , o o i , o t  i on s  , i n o ’ e s s o ’ u t t ~~b I s  u i t u , o \  , i d , i l i l s ’ , u_~~~~i l o ’ l ~ t h a i _ i  h , i t l g l i t g  t h e  h i t  ‘ i t , ’ ,

t h e s s ’ do ’~~t ’ a o l , u t u s ’ u l s .0 1’ s o t s  t s - r l t u l l _ i L s t t s  , , -\ ‘t ’ t i , u o b , t : t  is’ s’ , i l g o ’ n i c h u ’ ’ - I s  ds ’ s t g n s ’d

t o ’ T i e  ,u t i ~~ s ’d c , ’ t ’i u i ~~ , u 1c o ’ n i t b u u ~ i u u t u s I~ , 0 t l l i ~~ l u _ b o lt  i~~, c l 1 s  L o l l ’  a l l  L l l I , l ~~o’ 5 , u i u d  . u b l

1111.1 ‘, ‘ t ’ s.’ t l o ’ l ’ s S

I i i , ’ ( l u t o ’ st  l u ’ t l  u s :  \ V b u i t  is o c t i n u , u b : t t  - h - o n  u u ’ u u , c s l , n ’ t t v e  t s ’ c t l u l n b u o ’ . t h u

t u u , u ~~ s t o ’ ‘ u ’ s u i o : o ’d I S  , 1 5 5 1 t 1 1 1 e i 1  t o ~ t i e  ,u ~~t , i t l u ’ lic 1 l’V S u ’t t l’ o’ s.’ , \\ ‘ s’r o ’ t h e  st , l —

10 l , 0  l t  V ,u S S i t l l l  - t 0 0 ’ 1 5 ,u I is i  , ,u Os ’  l ’s , t  o 1 ‘1 1\  0 C u  ‘ i i  0 ’ 1’ 0 111 u _ i i~~ ’ ,u l ’s a ‘t i n ’  ,u 1 u ui  nu go’

O o ’ o o ’ r ,  [u  -~ e Oo ’ n , u I , 1 0 ’ s t , t t  i s ’ u , c i’ i t  v 5 0 S S 1 1 1 1 1  ‘t I i ’ I is _ i -  I u g O  i ‘u _ I u_on ’ .

I u ’ - . t ~~ s ’s i s u t i l l s  i L u v o ’ u _ h u : l ’ t ’ o’ : lt  , - t , s t t s t t s : , u b  s t u ’ i l s L I : ’ o’S , u u 1 t h  110 11 l f l 1 ,0~~o’

t o ’ i u l u u l c o ’ ,u s t i c11  , u s  s s - i t i i i u  ui t u i o u g e ,  l u i i ~ i~ ’ s ’ i u ’ l u S t , l t L o ’ u , u n i t v  r e s ul t s  nat  ‘ ‘ s u i t

‘ n a t O  S o t ’ m ’ se  : t s , r _ i s t , u t l u ’ : l , u  t ’ i t v  ‘ u t , u l s o ’ t r o ’ i u l  I h o ’ l u i l , o g i l u g  O t i s  s’s s  i t s o ’ l t ,  - \ l i

i u i ’ s , o g i : i g  o T o ’ t ’ i s  c : ‘ t ’ o ’ i s ’ s I s  ,u t i u i - e o ’ — u _ b u ’no ’t ’s s i i ’ m - s , t l S C o ’ l l t ’ t O o ’ , u t w o — s l t t t u u ’ u l s t s ’ i u , u l

:, 1,o :u o ’ , ( ‘ u u u _ i s s ’q l t o ’OI l v .  t h o s e  ‘s  u’ ts  o u t ’ tb n ’  t i t l . u g s .’ In  t a c u t s  n u ’ o b u l n s ’ b ’ s l~~ i l

h d s ’ I i t t  ,u : i o l , e u _ p u s a l s .’ i u t l y  , , o s s t b u s t , u u t  u , u b  t ’ u ’t ’ t  i o n  o u t  t b s  , u s  , u i l , t l i l s ’ t ’ , o i u u _ h s o  o l l h i .
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Those segment s that are out of locus (say, ti_ ic back ground ) appear to be

blurred , thus re quir im _ ig onl y ~o sui ia ll fr i ction of the h a n d sv i d t h,

‘F h i s  q u a l i t a t i v e  d i s c u s s i o n  s u g g e s t s  tha t  the  s t a t i o n a r i t y  m _ i _ i o d e l  f o r

im a g e  c o d i n g  r _ i _ i i g ht be a s e v e r e  d e si gu_ i l i m i t a t i o n .  In his reviesv ,

\\ ‘int z ( 1 9 7 2)  i n d i c a t e d  tha t  non a d ap t i i -o  t r a n s f o r m - s _ i  coding  is of l i t t le , if a n y .

hs.’r _ i e l i t  o v e r  otb_ is. ’ r coru v c’m _ i t i n ” t a l  but s i t _ i _ i ple r  i n - s a g e  cod ing  t e c h n iques

( i h a b i b i , l °1711 , The  r ea l  ga i u_ i is it _ i  a d a p t i v i ty .  U n f o r t ut _ i a t e l y .  r e s e a r cl_ i

a d v a n c e s  o b t a i t_ i e d  to  d a t e  ,ir e  l i t _ i _ i  i t ed .

I n the  nex t  s e c t i o u _ i . p r i t _ i i a r y  con ce n t r a t i o u _ i  is on nu __ iu _ i s t a t i on a r y  t i _ i o d e l s ,

al gu _ ’u r i t h m _ i _ i  i r i_ i p leni e n t a t i o n s. and r e l e v a n t  c o n c e p t s .

U
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I T . \ I ) ,-\ I “ F I \ [  I I ( ‘ ( )N (  1-~ h ~ 1 S

S i- i  or a l  s’ s - u t ’ s :s i,~O , \\‘i u_ it i, ( 1 0 7 u ~ ) u r~~ecl  t h e  i t u i j i l u _ ’ t u u s ’ u _ i t u - s t t u i u i a t  a t l a n t i s ,

I s - s u t _ i i qu ,u s ’s , I t -s t h _ i i s  u’ u - ’- ’ i , ’w , u ’ s s u ’ t _ i t i a l l y  a l _ i a l h ’ 
~I s ’ u  ads ’ l a l u -t ’ , u i l l u ’ \t’ u t b d  h , s ’

p lt ’a s t ’c l  to  ch i s u _ ’ ti s s  t h _ i o ’  t _ i u r _ i _ i e r n c us al go r i t h t u u s  at_ ic!  i t _ i _ i pl e u i o ’ i _ i t a t i u i u _ i s  d s ’ a h i n c

iv i t h  a c ! a pt i s ’ i l s ’ . ( ‘ u _ i t’o i r t u n a t s ’ I y ,  t I ’u i s  s i t u a h i u u r i  1_ias nab d - \ n ’b u p e d .  , \ h u u s l  h - u _ i ’ --

u_ i j c 1u e  s I_ i as’ s ’  iou [ l u  its’ s -c!  p r i n_ i a r  i lv t u )  t _ i a d a  p1 i v i ’  p n u u s .  ~ du r e s

‘ l’ his. ’ u _ i n i ~, ui ,~ I s u g g e s t iu u _ i s  to t ’  u t d u i p t j V i t y i t _ i  t r a n s l o i n i t i  c o d t u _ i g  ,o r o’ 0u l i d

toclas’ , In I l _ i s  s o ’ o t i n t _ i , ti_is.’ p r i m _ iu _’i p les  i t ’ ada p t i v ’ i t v  at ’ s’ t ’e s’ i s ’’,s’ s ’d ,  F’ui’ t i u u ’ m ’  —

l _ i _ i i, )t ’ u_ ’ , s- us r i o u s  i t i t p l e t u i o t _ i t a t i e u n u n e t h o ds  a r e  d i s c u s s e d,  I T t _ i f o r t u n a t s_’l y •

t N t ’ ai ’ai I a b t s ’ l i t s - n a t u r e ’ i l l’s wi_i  i d _ i  to bass . ’  t h i s  a n at y s is is i ’ a t i _ i o ’  i’ 1ju l11 on! , a u_ i d

i i , - f u i [ t u _ i s v i t _ i g  ( l i s s ’u s s i u u f l  is } _ i e a v i h v  based on ti_ is ’ a u t h _ i o r ’ s own i’ s’ s e a u ’ t ’T ’ u ,

1 , \ ‘ONS’l’A I ’ I ON A R  Y I \ I A ( ; 1- :  \ IO DE  1.. C O N SI D F R A 1 ’I ON S

I b - u n ’ , t h i s ’  , s s s u m l _ i I u t i o u _ i  is u u u u o d o  t h at i t u i u g s . ’ r y  as a s o u r c e  s h o u l d  be t _ i i o d —

ci ‘d o a i i  i l l  Ii tat jot-i a rt- l’ s ’ pr o ’ sen t  at i _ i  ri . (‘ s_ i n ss”c 1sicn t l  y ,  s.’odi  m_ i g prc’uc s ’du re s

‘ ‘ - h _ i  is  i_ i ‘ a o l~s r ,~. ’ , \ t ~ h _ i t  f n u ’ . ’i ,t ’  t h e  al g u _ i r i t l _ i r _ i _ i, a r t ’  no t  app i ’opr i a t u _ ’ . In ths.’

t ’ u l l u u ss ’i l l c  ( h i s s ’ ln’, S i ( i m i s . t i _ i s ’  i l l - a c t  co d i n g  n_ i ocl s ’ I is pa r t  of t i _ i c  i t _ i f o l ’ l _ i l a t i u _ i m _ i  I i ’

u i b i , r t ’d h ) 5 t ! , - ( 1( ’o ’ u i d or ,  I h i s  l a s t  ( l i l t ’s no t  u _ io ’o - o ’s s a r il y i t _ i d t o ’a tc  t h a t  t _ is ”ss’

u ur ad di t iu o ’sab r : ui du ’ l i t u c jnfu ’u rm ui atiu un n ’u s m s t  be t r a n s r _ i _ i i t t c d  In  t i _ i s . ’  d e s’ods.’r ,  i o n

u i n i  s l i t s  i s ’ u u t  s y s l o ’ t i i ,  this . ’ t u l s ) ( l t ’ l l t t g  t m ’ s , f o r m u _ i a t i o m’s s , 5 l ’ I  ,si _ icl s b l c u o i b d  Nt ’ ‘It ’ i’js - ,ub u ls. ’

t u ’ o i t i t  P t’( ’ V i s . ) s I S b ’,’ ( !s.’s.’ sXlCOI u u i l u i u ’ t ’ u i , i t  i on .

‘I’ h _ i c  h a s  i s, u s  ss i t s  pt ion u s  m ’ s i , s d o ’  t h _ ia t  tiit ’ i t _ i _ i a  go’ cu__ id im_ i g Pr ois’s.’du r t’ is the

t r a n s r _ i _ i i s s t o n  of  I lu ct u a t i o m _ i  i n f o r t _ i u a t i o m _ i  ah ) o ut  ~s ~_ i r e a s s ig ni s.’d m_ i ’ s ods ’l . i !o”s’evt ’ u’

t h i s  n_iodel is p a r t  o f  t h e  i n f o  r n _ i a t  s_ in  u_ i bs ’ I ra t _ i  sn_ u I (‘d . Idea l  i v ,  I l - s o ’  n i u _ i cis ’l

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-
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sv u i l l h ( l  h 0  i ’ t s l  i t I s s .’al s hsatuge i-u t hi t ’ u u t m g h u pa ram ’s us’t s’ r i za t  b - s m ’ s , Mu __ i i’s.’ i m ’s _ i p or t a n t I

it is’oujlsl ,l S Si St i t S  I i  i(~,5 l i t  mug  i t s  I I’ ( ‘( l is t  t ’i b u t t  u ) t _ i  u ) t  this. ’ ,15’ iS i lab - s Is ’ ha rudss’idth_i ut i s song

~~~~ 
I’t it iu , u ms s  5) 1 this. ’ u t i - s a g s . ’.

I hs uss’s.’v s’ r , be lot’ s’ pr  o)o ’ s’ s’oi i t s g ii’ it i  v ,s i’ l o m u _ i s  ,sda -st iv s. ’  a b  gs.u r i t h i m  n s , it is

FR ’ (‘ s ’ s  i-i a l’s’ I u )  i’s’s’ i 5’s’,’ t h i s ’  j m ’s s p a s’ t u m t  .1 1’ t~j l i s l i t ’ o ’ o n i i i i u m - i i s ’ at i on St’ S t s ’i_ ii  m odel

.iS a e u i t i s t  r a i m _ i t

.i . (‘- O N I N I U N [ C ,-’s ’I ’l ()N \ l O I) l ’  !~ ,-\S A l u R A ( : I ’ E c A b ,  CONS”I ’ I (AIN ’F

A l t h o u g h - s i u u ’ ca go ’ cod imig I S ,I 1) 1) 1 i o ’ ,t h > b s ’  fou r u - s o t - s  r c a ! —  t i tu s ’  us pp l i i ’ , u t  l o t_ i s  such

as s t s i i ’ i m u g  p i e t u i u ’ u o l  i t i f s u m ’ m u u a t i o r _ i  on li u agm ’ss’tic tap s’, thu s’ p rim _ i- sat’s- applis’atioui

i S I t ~ib1 — t j Ut us ’ i n  l a gs ’ t m ’ati s  i _ i t  i s  sio t_ i . ‘I l_ i t s , t h u s ’  i l_ i u a g o ’  s’od s’r mirn st be sn_ in si S —

t s .’ t u t  s t i l l _ i  this ’ c u i m _ i s t r a i m i t s  of  a rs ” a l i s t i e  s.’u i n u m u - s u t _ i i o’ at i on n_ i o d s ’E .  Ti_ is ’  a p pr s - s —

p r i a t s ’ l i n u i t a t i u i m ’ s  is i-i t r a i g h t f o u ’ svai’d .

‘j \V i th  i t - s c  t’s.’asi m i g a d a p t i v i t y ,  th _ i t ’  s’odcr  output w ill f l u c t u a t e  in ra t s ’  i f

t h e  adap t i s - i t s -  pu’ m m l i  i t  s a vai’ i ab l s ’ i’ a lt ’ t ’ s i n u p m ’ s.” s sti r . ‘h i_ i c r s’ I swan I pr s_ ibI s . ’n - s

i s i _ i t _ i w  t u m  i n t s ’l’ f a s ’e t i _ i c  s’arlabl(’ n a t o ’ s’ s _ i u ’ s u p r o’ss or  ss’i lh t h u s’ iixs ’d r a t s ’  c i _ i a n m _ i s ’ l .

i” su m ’ .s v~t rs , s bhs ’  r . i I s .’ o - s ) n u j ) t ’ s’ s s s m  t ’ , ot) tufl _ i~5fli ic,tt 10 ) 1_ i S u_ i-sO (!s.’I s’ o ) m _ i  S t m’ ,o i m _ i t s  bs.’o s u t ’sss.’

.5 t i s . ’ o ’ t ’S S , i  ny e o u i s i u h s ’ r a t  l o u t ’ s ,

lu - s pi’ it-sc i hu Is.’, this.’ s su l u t i on  is s i n ’s  p lc’. ‘l i_is. ’ o s m _ i ’c h 1 m’o s s sir (s t )U r s e  sn_ is’ ode r

u _ i _ i s i s  t b e i m _ i t  s ’ r fat’  ccl svm i l ’s  ( 1-se  e s _ i u ’ s u _ i u u n i s’ at i on o’ hu a n m ’s s ’ l  I 1_ irs _ iug i_ i a ra ts ’  s’ qual i  z ing

bu lb r . ‘ I b i s  bit t Is’ r p e n t _ i ’ s  i t s  t i - s o ’  dcv  i o t i o t _ i  il’s h i ts  f r s s m  t i - se  ,s s e  t ’age r a t e  ,s s

r s’qu it’ oi l .  I loss-es ’ ci’ . the  p i’.i ot ioa I So) hu t  i t _ i t ’ s  i s  Some’ sm,- h u o t  i u u v  u Iv s.’d.

,‘\t m o t } s o ’ r I i t ’ , ss ’t i c , s l  o’o ui~~id & ’r . s t t s uru  of ~s s.’ o m i l r s u u n l o ’ at i s ) i i  o ’ h u a t u m i t ’ I r e l , st s ’ s t u u

o l u a i i t ’ s c I  s’ r m’ s) m ’ s’ ‘I ’ h i e  s’a n ious  i pp l ica bl e  chi a  n t _ i d  c s R h i m - s g  t e c h n iqu es cat_ i  he

c i  ,i si-i l f ie d  im ’ s to i  tsv o g t’s uu p s  : I n one s’as  e , ti - i m’ oug hs .sl ge l) t’a i s ’ o ‘m d  lu g .  chua  n oe l
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s ’ m ’ n o t ’ S I n s ’ i ’ s s s ’ u u t i , u l l s  u ’ I i t u s i , ~, s i o ’ & i ,  I l l  l i i i ’ ‘‘ l i n t’ o , u o s ’ . a t i ~~ t - u i , u u s m u i u u e c l i g m l u i t ’

‘ i t s ’ ‘ m l  o l u , i u u u u s ’l s’ n l’ u ’ u ’ u~ . i i u ~ I usl i u sg  s , s t , u s t  t ’ t m l m b u u s  s ’ t ’ m ’ s ’ t ’ S , u s  j ’ t ’ u ’ u u i i t t c u l .  i h , u s s  —

s’v s ’ m ’ . h i ’ t ’ i u m u l i s  u ’ s - i u u i t s , t l u ,  , s t u s m u u  sO t h i s ’ ~u I g u ’ i ’ i I b l l l u  i u ~ l~I ’ n t u m n t t 1 t ’ s I .

I u u  u T s ’ u l s ’ m ’ , i I , it u s u i i t t i s ’ s i l t t u ’ s’s.slii , s t s ’ t it s ’ i u u i ; u .u t ’t u i t  s h l , u t t ! n ’ I  s ’ l ’ i’ u ’ l ’ S l o u ’

, s u b , u } m l  u s ’ s ’ ç u u ’ u u o ’ e d i u n e s .  h- m’ m’ o u u e u u u s  h u b  t u i ~sv i i i ’ u i t g u i i l u s , s i s l h s  t m u t p u u t ’ t ~~u t u I , pa l - I l

s - I ll us t ’ h v  i’s ’s r ‘v en  H s tub I t u t u ’ t’ t t i . s t l u i u l  - Ous I h u s~ i i i  h u e  n h i, sl us! , s ’ n n ‘ t i t a ns  i i i  u s  I l u , s l

n s ’ s l i h l  u ’ l ’ s I \  m u u  iIiu ’ u ’l ’ l’ s’ o I r c s ’ u i t ui - . I i ’ t i s t t u ’ t i  ‘ ‘ I ,u s t i l l s ’ I n . I I l t , l u u l ’ u m u  s o. ’ i l  I ,  R I O  u u , s s

n ’ s u t I t  i n  n s ’ I , s i i s ’ s ’l s  t i u u u i u ’ I ’  u u u n s u T s -  , h u -~ ’ i - , t , h , s t u u m u u , t u ~~t l S u o I I i u  t i l l s , l i i , ’ 1 u 1 ’ i u u ,sn s

i t u u i m , l s t  u ’ t  ,u s ’ u m l ) l t i , l i t i l s ’ , I I i u m t )  55 Si, ’ t I l  us tI n ’ i t ’ s ’ s1 I , ’ i u l i u - n t , u u  ,‘ i i ,  i u h i u ’ n s ’ u u t l s

l I \ , ’ s h  m’ ,l l u ’ I u - , s i u s m i t i s s u , ’ u i  i-~ s s t u ’ u u t  ss u i h u  a h s u s ’ , t h l t  H u t s  t t l , O l t t t ’ t’ , t t o ’ Su sh i e s ’ u u

u u d i t u g  st  S I s O l i ,  h u t ’ a I m p m ’ u~ p n u , s I u ’ h m u’ u i t u l , ’ u u i  u s  i i ’ s l s ’ t ’ i g i u  1 I T I u ’ I O S h  l i \ s ’ s h  n , u l s ’

s v s t t ’ m u u  l u s t  i s  l l u c l l l v  m u t e  , u o h u b ’ t u t ’e l u ’ s , i l h s -

~ I~~h - ’S t~~ i - \ H \ h ’ h ’ I \  I l ’ ’ -s

\ u h . u ’ t s s  i t s  ‘u ’ s , ‘ u i l u t’ s ’ uo s , l u u  ‘u ’ s ’ I , i t - 5 l t l s ’u i  l i l t ’ ’ I i i  u m  h ’ m ’ u ’ , s u !  o , u l u - , u ’ n u s ’s. I - u ’ l ’

I l  s ’ I u n s u  , t h i s ’ i-i i i i  n u s ’ u ads ’ n n ,it ,‘ u s  u ’ o t u t u  I ,u i t  - I l a ss  s ’s ’ t - I ’  - 5 , 5  n u u ’s iS  ‘I 1 i~ ’n , ‘ sh ~’

m ,s u ’ , u m u  n O u n  i-u ,u l u ’ u l i i  u s.~ u u u u ~ - l u l l ’  t h e  u ’ s u ‘ u u s l , t o  ii I slu I t , ’ uu I , ’ u ’ t l i  ~ ‘ n p a n  ~i I t  l - I u - u ’ i ,

t h u s ’ l u ’ s I  u ’ t u u p l ’ u ’ s s u u ’ u u 1’ . i t , ’ u s  , I l u u , ’ v , t t ’ i , s i ’ l u - I l l  e ’O s ’ S u  ‘ i t , 1  , u u l , s l m t u v u t s  ,i:s ’ u~ u ’ m ’ t

j t i v u ’ h  5’ S ’ I I t  i l ’ l  i ’ l l , ’ u u t  a t  u s ’ t u  s l i t  i s  i t l t  h , ’~ , u i u s o ’ i i i  t I n -  sos r s u u i c  u ’

I n  , I u h o h i t t u ’ t l  I s ’ o ’ I , u t , s i t i s . u t  ‘ i i  I s  u, ’ u ’ u ’ o ! i u u g  I s ’ n , t t s ’ , , ‘ l b i s ’n  u ’u i s t u i s ’l ’ , s t i u i l t u; l u ’ , ’

, s h u i m m ’ u l P t ’ u , l t s ’ , h ’ u ’n  ,s t u i i ’ l i h t  , n h , s i m i i v u ’ u . s  s k ’ u u i . t h u s ’  s i t - ST t ’ s O ’  u ’i  ,s~ l s p t i v i t s  u ’t ’  t i l t ,

t i u u m u i h m u ’ n s u t ’ oh  t i l t ’ m’ ,’uu l ss , t s  ii I h i , ’ u u i d e 1’ o ,i u t of’s,’ t’ ,s t u ’ 1 1 1 5 5  l i t ’ c i t l u , ’ u ’ , t  t , s t ’  cs  u u s i t u i

h o - n o r  s ’~~~ u ’uiI u , i l h t  ,~ 
, - , u r m  m l u u , u u u u ;  j m i i ’ . l l t t ’ t u ’n  I t s  t i u i u ;  s - u se , b I t s ’ ,m s ’ , ’ i ’ i u s ’ , ss l  u u ~

i’s ’  n l u s t  i ons  u u . ’t ’ i i , ’ t I  l i v  I t u e  s h o t  ,~~I s ’ n I i ’ i i , ’ t . ’ n  m u i l u i ”  I h i s ’ o pt ’ n .i  I t u u u  t t t u  ‘ s h e S l i u ’t t  Id l ’s ’ 
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(Ic s ’ sis l abls ’ t’ i’s i i u u  [u l ’ s’s ’i s_ i u sIt ’ dt ’o ’ sisl s ’d oI~it a , o h _ i s ’  i’ss’i so , t i l t , I m’am ’s suu i i t t  s’d ‘s~~’r —

lie aol svu ’utld m’ s’qu i l’ s ’ a g me’ a to ’ u’ m a c  I i o u u  o u t  I N s ’ av a i l a h l  e ba t i s l sv idt  h _ i .

A s si m u ss.’ss’I’u , i t  si m u i p l ilis ’d as!,s hut 15’ it V h~~’ sis ’s ’durs.’ l i i  1 y . i l l s us s ’  a t s.’is - s u l m e  r ,t t  t o m t i , 5  1

m l l i m o l s ’s , s_ i s ,  t o u r , a m i d  st - ill _ i t t_ i s’as’I_ i u_’la ss t i _ i t ’ appu ’ u m p r i a t s ’  s- o m d u i - s g  al g u m r m t l u r u i

mu , is- ho ’ s’u u m s  s Id s ’  red t o m  i,s~ a ui om _ i a d a p t  is’ s’ pr os ’ s’dsi nu ’ - ‘ I ’ i u i  s I s - ps’ s’sl appt’ u _ i a t ’h h a s

s,- s u ’m’al advamut ags ’s ds’spitt ’ i t s  l j i _ i u i t u ’ sl i s _ i u i s ,  B a s i c , i l h s . l’u u r  a s m u i a [ I  m u u m u i b o m ’  u m t ’

,i I gu ’  r it  h l t u  1 h u l u ) ( l s ’  S . u ’ u s s ’ dos  ig u ’u u Ss ’Vo ’ l’al i t_ i cls ’ 1_ i t ’m ’sds ’ I _ i t  s’ u m d i  tug al gs ’ir  u t h u u i s  u_ ’ su r  l’ s’

s p u u u sl i u ig I u m  t h i s ’ s! j I f s ’r s ’u ’u I  o h  s~~s ’s , ‘i ’ l u t s , o I l i e r  t l u a m ’i u_ I s ’ t s ’ n l u i i m u i u i g  i s - i l l - s i t s  ss ’l ’sio’ h u

s- l a s s  t h u s ’ .il g o m ’ i t i u m u i  s ’ si m’ i’ s’ m i t l s  i l h ) s ’l ’a l t ’S , I N s ’ do’o’um ds ’n us t’ss s’ms t iu i ll’ , ti omu aol a pti v s ’ .

l ’hu s ’  ap lu i ’ , m h i t i l t s ’  i t i s m d s . ’ l i t ’ug u s s i t u u i l _ ’u r  t o m  ,s F t t u s t ’ko ’ s’ s- b _ i a  u u u ,  1- o u t ’  s’, u c l _ i  s u b —

ii h u m o It, , I l l s ’ S u l O l l’ s ’ ,’ ,‘ ,) t ’  l’ s’s po u i ( h  S t o )  u _ i t_ i s ’ u _ i t  t h i s ’ St.OIu ’S i i i  I N s ’  N t ,  m ’k u m s ’  s- i - s  as n • a mush

t h u  o ’ u m s i s ’m ’  pI ’u u s ’ s ’s su ’s t h i s ’  s l i t  ,i at ’ t ’ u ) l ’ o h i r i g I s )  t h i s ’ s a ru i s ’ s t a t s ’ o ’I , i s  s i t  t o ’a tt u i u i .  i’’umm’

t i _ i s .’ t u t u ’ — s.’b a s s  u ’X a m u i p l t ’ , I ii’s) b i t s  t u t s i s t  b ’ , u l h u ’ s ’ , i t s ’d 15, 1’ u ’ s ’ u ’ l’i l s’ .t ( I  ps’i ’ s u b l i l o ’o k ,

(‘ u m t i ss ’qm uis ’ u u t i s  , l i i i ’  ,u s’ ,u i t a b l s ’ I i a t - s d s s ’ i d t b i  i s  p t ’ i u t i . i u ’ i t v  u it i  i , ’,s ’sI to t’ t h i s ’  I t’.’suis -

su u i s s i u ’i u - s 5 _ i t  t u ’ a u u s t u ~ t ’ m u u  o ’ u _ i s ’f t t t ’j s ’ t u t s  h it’ auss - m ’ c a S u i u _ i~s I ) I s ’ 5 1/ , 5’ 1 l ’ a l u S t u l i ’ l i u  b i 0 i s ’k ,

s ay  S \ S u u n  l a r g s ’n ,

t ’~s’ t u i l ’ s ’ ~u t ’ iu u_ n 5 ’ u i i t u g ,  us s h u o n t  sit’ s’ i’s’ us ’ss sO us S~ m s ’s.’ l t ’is ’ t l’ , t t - s S I i ’ i ’ l t l  s’ s t ( i l t sg

s s’ s t s ’ m ’ s u  t h a t  iu a s  hs ’s’u i  sh o ’s’ s’lcu ps ’d is i u _ i  u u r o l t ’t ’ . ,-\ s v s t s ’ m ’ s u  h u u i l t  ,st ,‘~ ,-\S:\ li t ’

K t u a s h s ’l’ ( I  i I 7 ’ 1 )  , s t t o l  h i s  o ’ u ’ss ’ u t n k o ’r s  ~ S I l l s ’ I l ’s I ’e t ’ — d i h i u s ’ t i s t s u t u . s I i m l l p l u ’ l u us ’ t i l _ i u u i u u l

s i b  lb s  t ’ s ’I a t  i v t ’iy s i i u u p ls ’ al g u m t ’ i i h u i i u  ol’ i g i t u 0 s l l s -  p1’ s l p s m s s ’oh l i t - L a m i u i a t m  , i u u d  S h o ’p u ~u u u

( I  ~
l’

u
’ I l , ‘F li t ’  N A S ,’\ i u u u u d s ’l is at i  ut5h ~i~~t i V t ’  i u u t o ’ m’ t  l ’ a t u u s ’ u_ ’ su s l s ’l’ u l i l i - u t u g  t h i s ’

-I ‘- ‘I “ ‘1 l l a d a m u i a m ’ d r u u i - s t i ’ i o’ s’s ,  Hut ’ S \ S t s ’ l u i  s lp s ’i ’ . i t s ’s a t  ,i s ’ u l t l s t , l t I t  t o i l s ’ , ‘I ’I uu ’

,sp ’I’u u l )l ’ta t s ’ t ’ s s u r l ’ s u a h i ,’ ,O is -u t ’ s  i _ i i s i d s ’l ( i . e. , t hus ’ q u a t i t  i , ’ s ’I ’  1 5’ ,i t ’ l s ’ i-i ~io ’ u, ’ s u t ’ 5 l t t 5 g I~ ’
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l s u s ’a b  ,ss - u i i ’ i u s , I ’ l us ’ i l u i p i s ’ l l u u ’ i i t a t u i u u l  i s  S t  i’ . u u u ~h t bo t’is’ . s r u h  s u b s ’  1115 n u l u ’ i s  t u \ s ’ Sb.

- \ I i ’ , i t i ~ u ’ S I u ’ i ’ , u c s ’ I S  n s ’q t u i n o ’(! f o u r  t ou t’ n a tn e s , F l i t ’ .t p P n , m p i ’ 1 , s i s ’ I n , u i u s t ’u u m ’ m u u

t h i n s ’ s ’ u l i t u , s ’ u i s i o ’ u i a l  I t t i I ~ u u i l d l ’ ( ! , I \ \ u ’ - l ) i t  u u s’ s ’ u ’ b i s ’ , us l  t t t s h i c a l e s  u I u ~ e I , u~~s i f u s  I I

I u ’ s l o t ’  i i  ,s I i  o u u  t u l  I I t o ’ s h o t ’ , ‘u s’ r , I 15 ’ 5 5  S l u ~ u I  u u  ~n ’ n u t s -s . o u m u i s ’ h i t  ~n ’  n p 1 \ s i  st -i t h u

~‘xu ~~- ll ~’u uu i t - , ,u ’~s’ q s t a h i l v  u_’il mu l h ians-d ss’ it bi Ibi s ’ u u n t ~ uuu ,u l  s’t uh ’ u u u m u - ,uu, ’ s ’ , H i s ’ , u u  b si , s l

iu u ~ pI s’mu io ’tt l a l i u ’ u - s  oh this.’ a1 g s r i tbi u i ~ b u S S  b o ’s ’n I m e n l u u m ’ u u s’si ut u - u ’ t~s uI ,u n I V n , i l u ’u ’ -

l u - s  l’ ’i~~u t ns ’ S . , i  ss ’h u o t u u . u t i u _ ’ u i e  s d u ’ i h u t i u u t u  s u f  th u s ,tI~~s u n t t b i u t t  is shiu ’ss n, i i i ’

u i - u u t i v a t i o i u i  I s ’  , u s s i g u ’ s  d i t t o ’n t ’i’su o I , u S S s ’S is  t ) , i S s ’ sb  u i u i  I s ’ m i u 1 m , u u ’ , u h  , u i  t i s ’ i t s  t u u  t I lt’

j I t l , i ’,~e , I ’ h u u s , I b i s ’ , u i , i o u a m s l  i~~t ’ i t i au,~s’ , , u u t n ’ i u  ss i t b i i i ’ s  l’ s ’s i n t h ’ , L t i u o ’s i i , ’ t e n i i i i , i u ’ u-i

t h u s ’ a i l u ’ o ’ , ot i o ui s_ i l  h u e  , o s ’a i t a h l s ’ b ’ u I ~ i i i  I l l s ’ t s ’ u u u p o n~ u l  d i  r u - s t i u u u u .  H i u u e s ’ t h u r  , u s ’ u ’ l ’-

, _ i I I  n a t o ’ is f i ” u s’d , I l l s ’  total u u ,tm i i hs ’m’ oh h j t ~ i u u t ’  t ’ u~~~b i ‘I \ I \ - I  l r , s l l s t u ’ l ’ u l u  I I ’ , k

i s  u_ ’ u m r u s I a u s t

l b - se ’ d i s u _ ’t usss ’sh  ~u b g o i t ’ u t h u t u i  u t  i n s .’ hi l t ‘or ImtXs’ I is 1 u n s ’ h u s b u l v  c h o i s t ’  I s ’  Ibis ’

l u m s vs.’s t r a t s ’ . o l  ts’lu i c l l  t h u s . ’ s s s t s ’ m i u  cou ld  opo ’n a l s ’ t t ’ithi u i s u u ’ l u t a h t o ’ i tu u ,i c s’ H , u h i t t  -

i Ns ’  i u u u ~~ i o  S t u t o i i u  L i u u u i L i i u u i i u  j~ t i o ’,t  ~~~~~~ t h u ’ u ’ u ’ d i t t o ’ t t s i e ’ t t a !  I i ’ , 1 t l s I ~ ’ :  I n

i t t  i l i  / s ’s  au_ i  j s !s’ t u t  I s a t  It’ ,st ’t i s _ i l l  of  I l l s ’ .5\’ , s I  I ~i h l o ’ h , s u ’ s s h t v i s h t l t  - i’ s ’s’ a t ’ s  i t i t  s I ’  t I’ , i l  l u ’

es i d i m - s~T p r o ht s .’ t _ i i . h i s ’ ls e . t I  s ’ u ’ s n i a b i l i t s  , l u u _ i I h i  s p a l i a l t s  u s n s h  t s ’u t ipu u r ~u h h t  , u s  l i i s u ’ h t

t o  h o’ , u i c u u i f i e a t s l , I bis .’ c u m r r s .u u l t  N - \ S-\  t a l u s  s’pt is the o ’uuh y s’\ i st t ulu, T r e s t —

t i t u s ’ t r a u u s f u m n u u u  c o n h i u i g  s v s l o ’ I t i  ~‘i tb is ’m’ Ion’ i u u t r a h t’ , s m u u s ’ u ’ n  u u u t s ’ n l n a m l s ’ i u i 5 h i f l ~~ ,

l ’lus ’  N ,-\ S;\ ds ’s i s T t i  i t _ i s .- o r h m u _ m n , s t s ’ s so’s’ s’n,s l d u a g t ’ s o s t u o  u u i s ’ol s’s , s’ b u L o h l  , u I S u ’

se nt ’s ’ a t _ i  s’s lu i s ’ a t i u ’ u u a l  p s i r p u i s s ’ bt ’ s . h i - t l l u - u t u s t  u’~ u t i I - s g  5’ ,s t’ I u ’ i t s  m u t u m t u o i u  I s  1us ’~ s s ’ i l i t i t i

, om i l _ l a g s ’ . It i s  a l so  hu s ’ l p liul t o  o h s ’s i g u u  s~u , u t ’ s I i , ’ o ’i’ 1i~i n , t t l t s ’ t s ’ r s  . s s s ’ i o  u,Sts ’sI ts’ u t h i

va t ’  l u l l s  s_ hi ss St’s. OIl’s.,’ t’ t h i a m i  t N t ’ t’ s ’sh i  j m c m l  u t ’ m ’u t  l o u t ’  t h i s ’ I s - u n t’ t t ’ , t t l i s ’ t l u s ’ t u l s ’  I ’ S ,

t h i s ’  s V s t s ’t i i  cis ’s i c t - s  i s  st  r~’s ig h u t I u n ’ sv~s t ’d ,  l t u q u h s ’ h i l s ’ t u l u t t i u ’ u i  t b u t ’ u ’ s ug l u t h i s ’ h I , s s i , s t n , s m ’ o!

151 ,51 u - j e t ’s s ’ h i t i i i t i a t s’s t u u u i t i pl i o s h  i ons ,
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I ,  l ; I 1 . ’l :I h I l \ i  ( ‘ ( ‘~- :t ’ l - : I ’ I’S

\ , u  m ’ u . s t u l s’ ‘ i t s’ s , u u n u _  s ’ s u _ u d i n g  t s . ’ c h ’ s u u i q u s ’ s  m ’ e ’ q u t i m ’ e ‘ i t s ’ s u _ 1 u a l i , ’ s’ m’ h u s i t t s , ’ r s ,

I u s  r u ’q i t i t ’ s - i i - s ’ t u t  5 , 5 5 5  t o  sht ’ u t , o i u i s t  m ’ a I , ’ , S i t - c s ’ l h , - u ’ u m u u l t i l s i t u l s a t u o m n  t ’ I _ i a t u i u t ’ h

, u 1 i , ’t ’ , l t s ’S i t  ~u t ’
~ ”~~- u h  l’ us t 5 ’ , I l l s ’ s l u r s ’ s ’ cu_ ids ’r r a t s .’ f l s t s’t u a l i i ’ u i  1_ i t u s i  h o ’ , u t , s u u u ’  b o t h

hu t t b i ~ ’ , u i h u h i t  u i _ u I  I ) i l t l u ’ l ’  , 1 h i s ’ I u s i l ’ h’s ’ r i u _ i g ds ’s igu _ i is i m u u p s u m ’ t ~ ’ s u i t

F b i s .’ g s’iis ’ u’ , s l  i i  ‘ u s ’ t  u t  u s v , l n i d b l s ’ r , st s ’  u - u v s t s ’ i u u  u s  i-u h i o ) t s ’ l u  i t  I” t ,,Tun s.’ 1

‘ I l _ is ’  u ’ a l s ’ s ’ , 1 i u a I i , ’ i t i g  b t t t ’ h ’u ’t ’  I s  i m l l p l s ’ t u l s ’ u i t t ’d h t ’tss ’ s ’ u ’ i u  ( h i , ’ SO u l’ s ’ u_ - m I s - n  .o tui b thus. ’

s -h a u ’ s i u s ’I ,  ‘ I N s ’ i I l l b ) u s h ’ I a i l t  e u u l l s i d s . ’l’ a h i u i u i  l u-u t u i s v  t h i s ’ s u l u n e s ’ u,’ u i s l i i i g  s v S l s ’ l i l

o ’ , i h i t l ’ O E S  g u ’ u ’ s s  pa t ’ a u t l s ’I s ’l ’ s u t  t h i s ’ c h s ’s ’ u ms !s ’i’ , I i ’ s  .u i’ o ’.’s l l u - u t i o ’ s v s ts ’ u i l , IN c  s a t i n s  e

s , ’ s l u ’ r  ~~i i t - s l l u O i’ps’rats ’ at s’a t ’i a l u l u ’ n a t u ’s s s ’ it l , ou u  s o m u l s ’ o~~~h s ~t i l ~u I l 5  t ’ u ’ u u t  r o l l s ’s.!

u u l s ’u _ ’ h t a n i s u l u  . , - \ i - s  o ’ p u ’ i u  h u i a p  s u u t l ’ o ’ u ’ u ’ u h j l u c  s v s t t ’ t i i  i s  u - s o - u t a e o ’ s ’ p l a h u l s ’ . I h i s

s t , s h u ’n i s ’ tu t  is e , ’t s i s l o ’ i u I  ss’ i l h _ i  t h i s ’ u i S s s t u i i s ’sh p tt u E u ~ s i u p h u s  u ’i  u u o u u s t a I i u i u ’ s . s n i t v ,  i- s’ s ’ u u

t o n  a v a u ’ i a l ,_ i t s’ m a l t -  u - u s  s t s ’ u u l , i t l i a c s ’ i i u u i s t a t i , ’ii ~ s t ’ i t V  I u i u u s  N ’  I i l u ’ l ’ s ’ e \t I ’ u ’ l i l s ’ I h , t l t

is- l i n t  I i i ’ ’ i’ , t t s ’  s ’qi ~u a I i  ‘01’ h t u i t ’
~ ’ m ’  o- o l I I d a l l o w  s s ’ i l h t u m i i t  a u u  , s s h s h i t  u u ’ u u , s I  s s ’ i i t  t’ u m l l u u u g

l i l t ’s’ Ii dii i s  t i - i

t r , u u i s t s i m ’ u t i  c o d i u i i ,~ 1 m m ’ o ’u _ ’s’ d s i r s .’ ( i - i ~~u r s ’ ‘~l ,s ‘ b ul ’ o’ h u t i i t o ’r ’ is n o ’ q ui n s ’ o h .

fiji-u h t u f f s ’r  h _ i s ’ m ’ t ’u t ’ t i l s I i i , ’ i u i l , u t e  r o ’t ’u u n t u i . u t t i i u g  i n t o  s t t h h i h o u s ’ks . l” u ’ r  , u i’ , n i , u I ’ I u ’

u’ ,st s ’ si’sls ’uui , t h u s ’ ,u u h u b i t i ’ l i , u l h u n l ’ t’u -u ’  I i-’ t ’ s ’ q u l u  r u - i l  t o - u  I s u , s ’ i ’t t l t ’u i u ’ u i , i t s ’ t h i s ~ — ‘ I l l s ’ s ’

s ’ u ’ss h s ’r  f h l i s t l i , u t i s _ i u i s . h i t s ’ ‘ i s i s  1 u i’ , ’I ’Iu ’ms u I S  Ii i s h s ’ I s ’ n u u u i t i u ’ blow I i )  u u m u u t n u ’ I  Ills ’

, ‘s- s ’r u i l l  o ’ u u h i l l u t  ‘. u r , u u i l u ’ t s ’ m ’ s i i i  t , ’r u tis u m i  u h i u h i , ’, ,u ti s mn o ’t ’ h i ,  s- ,, r i~ ’ t s  hm u i t ’t ’s ’ u ’ s , h ’ w o m

- u - n i - I ’ l l  S O l u i t l u ~ i ’sS  d t ’ s’ , ss ’ . u i h , i h m l , ’ ,

h hls ~ II u’st ij ip l ’ u ’ 5 t ’ b i  l u S t ’S l I t . ,’ m’ s ’ h u ’ i ’ t u i s t t i t i g  h m i , s t t s ’r I t ’  s’ u,n u t r o i l  I l l s .’ t ’ o u ! u u ’ s u _~

1) ,u l’ a u u t t ’ t . , ’t’ s , His ’ S, ’ i u ’ t i t l  u u l t F r u i , u u i l  t i s t ’S I l i s ’ n a t , ’ s ’ o b u u , s l  ‘ u - n  t u i t I o n  i u i  a h u s h

h i _-so -k l u ’ u u I ’ , I I i . ,’ l i s a I s ’ , h l u i o i i t s ’s s u’ s ’ i - so - ut s’quii s’~s Is ’uu t , I ’ h is ’ I t u ’ s l  s ’ s’h t t u io h sis ’ I S
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h c t u a l I v  s a s s ’  t s u  st t_ i d , - m ’ i - u t _ i i - s d :  h u ’ s v u ’ \ - s ’m’ , I t  is  l o s s  , ‘ t ’ l i o  io u _ i t  - I t ,  u ’ s’ , III, - u’ u ’ l t ’

l - - ,d h l u i i c  I ,t , u l l u ’ t ’  S s ’l’s ’ s ’s a s  a c- i _ i t_ i t  u - u ! l , - , u -o ’ b l a u i is tl j , ,- \ I l t u ,  ‘ s i g h s  i~i ’~i o - u ’ ,u l s b s - s t g t u s  dl’ s ’

m h o ’ f u - u ’ r s ’d to  tb s.’ Ss ’ u _ t i o u _ i  I ) . ~, t hus . ’  ~~~~~~~~~~~~~ u ’S ‘ s u i t o r s,’ s’ii t l’o u h 5 i ’ i t i ’ u~~u i c t o  s - s i

h o’ l’ s ’ .

( i~is’ , i s s u t u l u ’s that thus’ _ u d i p t i v t t v  1)r ’cs ’d uu u’ s’ sl~ i u ’S~~u u ’t t’ s’t t ’ r t o u t hu  t u t o r s . ’

i u _ i u a u,ze buu is l’ s’S i  r i s’Is ’d t o  nu N -  t h a I  p u _ i r t i o u _ i  ~t t l u s ’  l t , u a c , ’ si’hiui N u’s’sudo’s , at

au_ i s- s_i u_is.’ ( 11115’ , i t _ i  t h u s ’  i’s’fon’liia lt iu ig b u t f s ’r . C O - u t _ i s o -I 15’ t i u l - , , u - a t - I ’s i t n , u g u _ ’  so - g n u - n t

s- u m rrs ’spotudiu -sg t o  l l_ i s~ pr o b u fi s ’t’ i s  t r a u _ i s u i i i l t s’d al ci I xu’cI na t , - u_ - u_ i u’nes~~ ut iul uts g

l u _ i  I l ’ s s ’ i’ s.’quii ’ s’d u,’ b _ i a t _ i u_i s.’l t ’ a h s ’ ,

I,, u u’gs. ’r reto rt ii,i tt iu_ ig h i,iffe u’ s m’ s’s uI t  iuu u i - s o t ’ s.’ ,~s i , s l i t i i ,’e u ’ s sit - i n s ,  I r u _ i ’ l l —

i’s ’u it  iu t ia l r a s t s ’r t ip s ’  im_ i_ ia gs’ stt’uu_’tuns’, t h i s ’ i r a i _ i s f o r u u l  b l i s s  ks  ,u i’ s ’ u-s “- u_i

subblu ’o’ks, ‘th us , I l _ is .’ l _ i u i u _ i I t i i u t u l  p r s .’bu ffs ’ u ’ sn’ s ’ i s  n l i n u s ,  I ‘ii’ a i .~ ~

it s l ags ’ . svit h I i  \ i t - u  Im’  au - s i-u L u  r u n  subb l s s’k s . t h s .’ au_ I a ph iv i t  v is  u m u l p t s ’m u i s ’u u l  u_ ’ol

‘s -er  3_ ~ sub blos’ks Ti_ i s.’ ns ’sulI  is a s i g i _ i i f i u _’ at_i l m’ s ’dI s t  i ’ i b u t t i ’ s t i  of I l_ i s ’ a s ’a i t a b l s ’

b at _ id is—i dtl _ i  os- s r  a r s ’ass_ inab l s .’ im _ i i ags ’ si~,u ’ , If u -as-It i u _ ilag s’ ss ’ gt l l s ’u_ i t ‘ u ‘ri’ s’ sp i n_ id  -

I nu,~ ( u i  I lie p r s ’buf f s ’r is ccmd s’d at  Il _ i s’ u_ - I t a t u i u o ’l r a t e , t i n’ s- si d i n g  Si,’ sI u ’n u  cu ps ’l ’at s ’s

at  t h e  a p p rop r i a t s ’  channe l  r a t e .

‘r h _ is.’ l o u g i  s.’ , u I u ps ’ u’ ,i I j o u — i ,u  1 ~u p p  roa t ’ l’s i s  t o m  s ’ su d s’ I b i s ’  s ’ i t l  u t ’ s.’ I 1 t’ s’h si ifs’  r a u~ I t i i

p laco ’ I b i s . ’ o m u l pul in to _ i  t b _ i s ’ ‘ ‘ p o s t bu f fer .  ‘ I _ i s ,  dos i gu _ i . tb i s ’ psu ~th su t t s ’ r us  h i l ls ’s! of

th s ’ r a t  is_ i of  T l _ i o’ n_ i Or  s- s i - s’s i s oqual  to li_ is ’ a p p r u - u p r  lab ’ r a t  in a s s u O ’ I d t  ccl 5s’il Ii

t h e  in- sags ’  c u_ i n ip r e s  s i o n,  ‘I ’hs.’ con-upr s’ sso’cl data r_ iia~’ bo’ I r a u i s l _ i u j t l  s’cI di r ou g h _ i

I hs ’ o’ha m _ ins ’I a t  i t s  f ix s’d ra hs ’. , -\ sl_ ior l do’ Las’ s t - i t t  c!s’\ ’ s’ls ’s p t’ u ni ’ s.’sp o u _ i d u u i g  10

o - u_) dit ’sg b t i o ’ inuags ’ s e g r _ i u s ’n I  (hat f i l l s  t h , ’ prs ’b u f t i - r .  1” u i r  ~u ps ’ao’ t i t ’al i t u i p it ’ —

m - r i o u u t a t i u ’ i l , h ss’o n i s . ’f l ’ ss_ i r i s ’s  cosm lci bo’ uso’d , \~‘h i I s ’ u_ - oi t l l p r s ’ s scsi chat  a is

JJlIui-s u - - - - ,-# ~~~~~~~~~~~u’ ‘ ~~~~ ~~iI~~~~ *- ~~~4.~u,~~ual ~~~~S
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I r ans  m u l l  I ‘d f n u u u u  t h i s ’ s -qua l i ze’r bu lh o ’r , amn_ i l l _ i s ’ u’ c s i l _ i lp r e’ S sor ops.’ I’ al es s)u l

a t i u -s u i u s’ r ids’u_ it is-al pro’buffs’ r . ‘l’ I u s ’ de ’L ay  is also -u  a r s ’sult  u-ut - the funit o’ t h - i t s’

r o ’qu i r s ’d I i ’  r s- l a s  si lls - al  ic _ i t ’ s ,  ‘l’hs.’ r s ’fo rrs uat  t h u g  opt ’ r at  j o _ i n t i n _ i s .’ can be’

ti -s~ t 5it _ i l i , s ’s! , l’ ac l’s l i n e ’ ss’gu _ i ’ so t _ i t  u - a m _ i bs.’ p lac s.’c i in  the ’ pi’cm ps’ m’ l s u _’ a t i o m _ i  s f  th _ i s .~

prs’butfs’ r its  ro’al t b ’ s - us’ - ‘I ’l - sus  , alto’ r ti_is.’ l a s t  s cgiuieum ’st is ava i l ab le , th i s ’ s.’ods’ r

s’an I t u i t u b t ’dj a t o ’I v bs’ g i t i  i t s  s_ ip o r a l i u _ in .

I loss’ s’s’ o’ r ,  t he  c o t _ i t  ro l l s ’  r tu ’uu s t  look cut t I_ ie s.’t _ i t i rs’ i n- s a g e  r eg ioli  r es  id log

in  t i l s~ r s ’ f u m  r m u a  t t i  ng buffs ’  r it_ i  u _ _ i r d s ’  r Is_ i ~s r r u t ’ s’ .ut th it ’  c o u rt’ s’ t c o n t r o l  pa r a n _ i s ’t t ’ r .

i i  s ’i i s ’ s’ , t h i s .’ s’usg i  m’ to ’s.’r ing do’ s i g  t_ i n un s  I take i t_ i t o  s. o) m _ isid s’r a t  h-_ in (is u t i -pt ’s u _ i f

d e l a y s ,  One de l ay  is assoc ia ted  wi lh  in-sage limit ’  r o f o _ i r n _ i a t t i s _ ig i t_ i to  su b b lo c k s ,

‘T he add i t i o_ ina l  ds.’lav s are ’ rc ’quir e ’d b y t h u s ’ s’ont rolls .’ r , T h u s , t i u s. ’ c u _ u n t  r o l l s .’ r

shou ld  be f a s t . b eu _’ause  du ring  the s_ i p o r a t i o m ’s  add i t iu __ ina l  buf f o ’r i t _ ig  ar rau _ i ge’m _ i is .’nt

mus t  be rniads. ’ ( s _ i  a ccep t  inc on h i l_ ig  d a t a ,

Inc  r e a s i m _ i g  t he  rs.’g i o u u  over  it-hid ’s t l ’sc ~sl g o n i t i _ i u ’ s ’ s  is a dap t i v e  ca l - s  t ie’ , s c c u ’ u l l —

p11 sh’us.’d s_ it_ ilv by ins .’ r s . ’as  in5 t i _ i s’ r e’ fu _’ i rn t a t t  i ng buffs’ r . Fo_i r e x a u _ i i p t s ’ , t o - u  d sub l s ’

t l_ i e adap t iv i ty  a rea , t h o ~ prebuffs ’ r s r,,o inSist  also) bc’ d s mu b l o d ,  It should be

f lou t e d t h a t  t h u s . ’ pr o ’buffs. ’r u _ n O t  a i t i s  t h e ’  in _ i a g o’ it_ i ful l  rs .’so lu t i ou _ i . Am ’ s i t _ is’ r oa s e ’

in  p r e b u f f o r  s ize  r s ’fe ’rs  to t h e  o r i g inal  i n - s a g s’ r e p r e s o ’m _ i t a t i o _ i n .  ‘ h u t ’ s u s u a l l s ’st

p reb u f fe r  s ize  is de le’rn ’siu_ ied b y the nu in in - su _ inu  ns’eds.’d fo r  rs ’fs r t _ i u a t t i i i g , I t  is

n l ines  for  an n ‘~ n t r a n s f o r m _ u  coder .

‘I he g e n e r a l  concept  of p r eb u f f e r it u g nu a y  be u n d e r st o o d  b y r e f e r r i ng  t o ’

F i g t u  rs ’ t O ,  Ss’ve rzd t _ i o n s v s ’r l . spp it - sg  in _ i a g s’ ss’gn _ i s’t _ i t s  , ss’l’ui s-i ’s r u ’s i s i s ’ s f l s’ a t

a t i n _ i C  in the pr ebuf f e ’ r . art ’ sh_ iow i’s ti-jIb t h I s ’  ap p r o_ ip r i a l e  1) vs 1-I f i g u r e’s.

Fs_i r each in_ iage  segm _ i _ i em ’s t, a di s t s _ i r t i s ’sn m _ i u e a s u r e  is as so c i a t s ’d  si’ith t i _ i s’

t uZ
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CONT R O L~~R T R A I N I N G  PROCEDURES 1
PREBUFFER CODER POSTBUFF E R f CHANNEL

REFORMAT ii FIXED RATE INPU T —4. PASSIVE -“4 FIXED RATE
AND MEASURE VAR IAB II RA1’E INPUT

S T A T I S T I C S  
L 

OUTPUT

(C)

[ CHANNEL f PREBUFFER r DECODER POST BUFFE R

FIXED RATE PA SS IVI I.._.L ED RATE INPU T M
__

RE F ORMAT

( u _ h)

1-’i gure 10. \ . s  u ’iab l ’ l~ ,u is ’ C u m i h i t t g  I l u  t’s_ iug i’s Pt’,-lmi i t ’fi -t ’iui c I ( ‘~ ‘ut I i u i s l o ’ i h ) .

[TNt ’ s’ od it ’sg  -ui ’ u - u t u ’ t u i  i s  s h ’ s o - u y u ’t _ i  i t _ i  (~‘ b , l’hu, ’  u l , ’u ,’u u l u , i g  5 —
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Otis ’  m u  u a v  as  s u m s ’ s e’ th at  t i se ’ a h ’ h r o u l u  t ’t ,o t s ’  s.1 is I 0 r t i  o i l _ i  h u u t  m’a i i  u e ’ te ’  m’ t s  ~t i’ ,i u La l u  Is ’

I ’ u ’r  ss ’ g u u u s ’ m i t  A .  \ \ ‘ i t i _ i i m _ i  t i - s a t  ss ’ g i u u e ’t ’ s t , utili zat i s - u t - s  s u f  t h u s ’ a p p t ’ op l ’ t i l t o’ 1) p a t ’ a —

m u u s ’ l s ’ r _ i i s ’ lt l s  this’ t’ s’q u i r e ’d r a t s ’ . Not .,’ t h at li_ is. ’  l s ’ s al t’l ss o - I s j 5 ’ s t i s s t ’ s  i s  u i , - u t  s ’ s - u t -s

sI  r a i m s e ’d . ( ) u u s ’ a t  t s ’ m u i p t  S to - u hiavs ’ a g l s u i u a l  s’ s - u t - s t  r o i l  p a r a i _ i u s ’t s ’i ’ s fun ’  s s ’ g t u i s ’ m s t  ,-\ ,

sv h u i e ’ i u  omi t i _ i s ’  av e ra g e  v i s ’lds t i - s e ’  s’t ) l ’ l’ s ’ t ’t r a t s ’ . Fo ur  ss ’ g i i u s.’ u - s t  i~~, i t  u s  t’ s’ a s o m s  —

ablt ’ t o _ i  t i t i l  I ‘ s thus. ’ i-talus’ s hiu-i t u ir ti s ’ su ’ s p a r a l ’ s ’ s s’t s ’i ’ . I ’ l _ i e ’ l’ s ’f s u l ’ e’. b _ i -  ( lo ’S i g mi . t h i s ’

s’ s u ~~t t’ o ’ s L l s ’r s.- h sos u s t ’ s t h a t  d i s l u n ’ t i s - u I _ i  t e ’i’i’si for  ss’giu it ’m ’sI IL ‘l’his ’ cs ) s . l s .’l’ i t ’i ll  Pl ’ u l  —

e’ s’ ss t h u s ’ it spu t t o t ’  a sm u t a l l  f i ’as .’ t i s - u i ’ s  of t i - s a t  ss ’ g r u u s ’ m _ i t .

-\ t the  5’ t l t ’ s s .’ l u_ is t t ) t _ i  s.)t c s u s l j t _ i  g of this ’  l ,s st s m u u a l l  so’ gt i i  e ’ m _ it  . t he ’  ~u v e’ r a g s ’ r a t e ’

u l V s ’l’ thi s ’ p a s t  i t u u a g s ’ s s ’ g i _ i _ i s ’ m ’ s I  w i l l  d i f f s ’ r f m ’ u ’ i u ’ s  this ’ de’s ii’ s’d m’ats.’ , ‘I ’i ’s s i s . t h u s ’

r a t s ’ eqn a li ~~s ’r bu f f s ’i ’  as’qu i l ’ s ’s a s m u i a l l  b i a s .  ( ‘s _ i t _ i s s’qus ’m i t l v ,  t h i s ’ o h i s t o t ’ t l u ’l i

p a i ’ a m u u s ’t s ’r m i m i - i t b ’  m _ i u o _ i d j f i s ’ d  t i _ i  adjust this ’ r a t s ’ pi’op s ’r l v  . f’ ’u r l h ’ s s’ m ’ t ’ s t s u t ’ s ’. t h u s ’

t o u sle r mi - i nst , ‘sl su-u 1)0 ’ a d j t m s t s ’d t o c s - s u m _ i l  s’t’as ’t I l _ i c  b i a s  t m s  ti _ is ’ rat s’ s’shtt at i~’s’r b ut ’ t s ’t’

Ope~ r a t i s) m ’ s~’s I l _ i -  , ot ’s~’ d o - u o ’~~ t i o ) t  I i , u i ’  e’ t h i s ,’ I )  v s  i~ c u r v e’ . I Is)iv e’v s’ r , i t  s i s - u s.’ ,s I

i _ i i s t u ’u r v  i S  o l ) l a i t _ i s ’(l i t i  t e ’ l ’ l l l S  s u f  s a m u ’ s pl s ’s s u m s  t N t ’ e’S l l ’v s .’ , ‘I ’ i i l ’ su t i g h u t l ’ s s s . ,’ s a i u u p l t ’ s ,

this. ’ s’ s-uds ’ r , ba S 0(1 s- ut ’ s this ’ past , s.’am ’s s’ shim - s tats’ ti - so ’ (is’ si I’ s’d 1) v a i im e’ b~’ l i m i t ’  am’

i mi t ( ‘r I )ol  at is ’ Ii u t  i i i , ’ i u i u , ~ this ’ I usvs h)t’ s’ V i o - u S l S  s ’ t s .’ i i t s’ t ’ s t  S s - u t - s  t h i s ’ I)  ‘s’S R e’S l l ’v s ’ , I 115 ’

s’t-i t i m u u a t  j o m i  s ’ s- st u d  a l s o - u  I _ i s .’ e’xt s’t _ i ds ’d to  I Nt’ ( i i t f s ’t’ e’t uI i a i  u l t  t i l t S  t ’ L l  t’t — o’ . ‘ I N s ’ g i v o ’ u i

ap p r o u  as-i ’s ~- ouI d bs’ i m u i p i sn_ i u s ’t ’s I od by i _ u s ’ I hod s u - u t  Naim ’s ‘san ti lts ’ ri ms g hu o w e v s ’ r

t i _ i  i s h a s  t ’sot  v t ’l I - u s ’s ’t s  at  t s ’n s pt  e’d

I his ’ C s t i m u  ‘sat  i s u t ’ s  h - u I’ oc edu r e  . i t _ i  gene’ r a l  , i’s. ’qsu i t’ s’s a I s u  e’ ,o I o ’ s t i m u  ‘s ate ’  of hot  Is

I h u e  d i s I s _ i  r I jo t ’s  par  a n t  s ’t c t’ a mud u t  s oh aug r s _ i f  r a t s ’ ‘sv i his t•s~ sps ’o ’h I s ’ s  R . Si l i t ’ s ’ , I s - u i ’

a p r a e ’ t i s ’al s ’ u u r ’ s u t ’ s ’ s o i m ’ s i s’a l i s n ’s  s u s - s t o ’ m ’ s u  ti - so ’ d i f f s ’ m ’ o ’t s t i a l  it- u i 1  h as’ s ’ t h us ’ s a m l l s ’ si g i s , a

S i l l  i~~I i fi ed s ’s t i m - s i a l  or  s’ su iu ld  he ’ t u t  d i  ‘ u ‘ s I  -

70
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‘ 1 1 w i t u o h i s  i t s ’s1 u u m t ’ s u, ’ t ’ l ’ s t uu l , I I  p m ’oe o s h u u t ’ o ’ i s  a h i t f t ’ s ’t ’ i t i i ~ ts ’s’hu m u u q (ls ’ that uu t i l u ’ , ,~-s

t I I e ~ i t i i j m u i m ’ t ~ t t i t  h p ’’ i’~ t t l i s ’h ’i ’S , . 5 ’ . , t l u u ’ b u u f I o r s t z s ’  .u i s l  i t s  pu’ s u i e s ’ I i s m ’ s s  ~t t t u -u t h u s ’

i l _ i ’ s u t ’,,5 s ’ , h ’ h u l s  I o ’ o ’ l u t u i q u u s ’ i s  s t a i d , ’ I m s ’ e a u u s s ’  v , u n u a t i u u r ’ s s i t - s  I u i u f f u - n  s t a t i u s  . o r s ’

i l i ’ s I - s u t ’ ( I i a t s ’ i v  I t ’d has h i m i ts ” t his ’ s’ s _ u t  rs ul u up s ’l’aI j o t s .

i - u s ’ f s m m ’ s’ s ; ’s - o ’ i f i o ’ i l s - s I u h e ’ t s ’ s s ’ t s t i l t t t u u u s  , l  l’ s’ t ’ t u l i S  i u_ ls. ’ r e’tI , I bi s ’  ge ’ uio ’  i’a l  uss’f u l t s S _’Ss

s u f  t h i s ’ ( l t S o ’ t l S S s ’(i app t ’ o u a s . ’ h ’ s  o ’a l s  be’ o ’ oi m s ’spal’s’(I w ith - s ti - se ’ st in t ru il l u g  u _ i p s ’r a t u s ’u ’s

t h _ i t’ i u u u g }_i p m ’ s ’t n u f f s ’ i ’ i u u u _ t  t h i s ’  s’od itug iluo ’s ’h u au sism u i via p omst btu ff s ’u ’im sg is i ui gbul v

f l s ’ x i i u I s ’ . O t h u s ’r  t h a t _ i  thus ’ t’ s’fsu u’ i u u a l t  m m s g  b u f f s . ’t’ , t h us ’ s_ i sts ’t uu is s’eu m - u - s pis.’to’ i _i’

fo  t’ m i  t a t i t s ( lo ’p e ’mi ds ’m ’ s t  . I ’ b’i s.’ t’c Is-sr m a t t i u ’sg bu f f s ’  r ps’ m ’ Io t’u u i s  m ’ s s s.’ s u m ’ s t  r o d E  i m_ i g

u u p s ’r a t i u _ i u ’ s. ( ‘ uu m ’ s s s’q sts . ’u _ i t I _ i  . t h u s ’ t ’ u i s h o ’r s- a m ’ s be ’ o u t i l i z s ’ s l  t i l l ’  d i i I ’ i ’ ’ m u t  i t t l ~ tge f o u r  —

I t - s a l s i,)V  t u l u m ( l i f v i t ’ s g  t h i s ’ r s ’ f o m r ’ m ’ s _ i a t t e’ m ’

‘h ’h i s  s’s - u t _ i s ’ids’ r a t i o t  t u u j v  hu t ’  i t u ’u l u o r t a u i t  i f  ,s genie’ m ’ aI  , u d , t 1 u t t v e ’ t m ’ a t i s t ’o m ’ u u u

s’u _ i ( h s ’t ’ i s I s _ i  be ’ ds ’vs ’ E u _ i p s ’d . S i t - s o’ s’ t h u i s  sv~~ t o ’ t u i  w i l l  be’ o f  s ’ u n u s i d e ’m ’ai u t s ’ t ’ u ’ l u ’ s —

p1 s’xi I _ i , i t SV (_il,ui (I be ’ tls ’si i’abls ’ t o _ i 5 1 5 5 ’ t i _ i s ’ s a m - s - i s’ (Is’s ig m _ i f~~ t’ v ar i o u s  a p p i u t - a t  i s - u l u s

j t u t ’ludi l u u ,~ cli ffe’ t’t’m _ it j l ’ s l . u u 2 , s ’ ¶ us ps’s and f s u n m s at s

‘( ‘lie ’ u o i l e ’t ’ ope’ rat e ’ s w i t h ’ s  one  l m l u _ _ i s .’k of oI . i t ~i , u t  u _ m i t e’ t i t l i s ’  t h e’ rs ’ t t u i’t’ , t i - s e’

psi s t buifs’r i m_ ig s’nt’ss’e’ pt s. ami [is ’ e’x t  s’t uds ’d t o - u  i l _ i s’ [ tide ’ S s ’i’ s ’ r a t  cu t t u l  I i  p L s.’xs ’d e ode’ u’s

that ut il i z s ’ a s i m _ i g is ’ ps’s s t l u e i f f s ’r .  I l l s ’ ps i - u t b t m f f e r  s’ s - u t - s t  rs ’u l s  s ’a o ’ h u  o - o d s ’ m ’ , l-~at ’h i

I u ’artsl ’u m r r u i  bl s_ it ’k i s  I t ’ s ’a ts ’d i t ’ s d s ’po ’ u u d s ’ i i h l v  by t h u s ’ s ’ , ’ds ’t’ ,

S i m u ’ u i  Ia r h ’ s ’ . t i - s e’ t ’ u _ - u u _ [ s .’ r  I i ’ s , ’u \  ° b - u~
’ m’ , o t e ’ s-ut ’ s  ~~uI u b I u u s ’I ~~ i t ’s  , i  t i u _ u n s s’qus ’ m’ st i ~i I  su t ’ d e’ t’ ,

‘I Ns ’ t’ , u t s ’ f i t m s t u t , i I i o i t i  f r ’ s~~u t  bh oi o’k I s - u  h l s u s .’k ‘s’s’i l I . u _ i f  c s ” s lr s s ’ , su I t o r  t s u l ’  a u _ i  a l t s ’r -

msa t s ’ o _ i r ( l s ’r i m _ i g :  h u awo ’vs ’r . I h _ i ’  s’u ’ s l l m u g  o ’ f f i s ’ is ’m ’ss’v s h o u l d  r s ’ m t l a u m ’s t h u s ’ s a t t l e ’ ,

‘t h u s c s u m ’ s s i o l s n ’ , o t  l o u t S  15 ‘sot e ’m i t i r e’l ’s’ ,s r t i l i s ’ u , s l . ‘l ’ r a t u s t ’, m r u u u  ~,‘ sudt t i g r e q u i m ’ e’s

u s  ~ ,m tt sids ’r , uhuIe ’ m s sumu ub s ’r of , s  t ’j  t l u t t u s ’ h  u s  , u  I , u j i e ’  u - a f t  o m i t s , , - \ t  v I  W - u u r ,tI s ’s • l i i i
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r s’qui r s ’n-ie’ i_ i t  t _ i _ i a y  be ’ qtu i t s . ’ d(’ u’m uam -idi ug . Its o rds’ 1’ t o  rs.’s.Iu e,’ e’ I h u e ’ s ’ t l s ’ s ’ t  it ’ s ’

s’ om ’s ’ sp t u t  a t i  c _ i t - s  r a t e ’ , ss’v s’ ra l  cods ’ r s u _ i ia _ i ’  mu l l  i p[s ’x t i _ i s ’ i i ’  s - u c i t  pou t i mit o a s i t s  g I o ’

rats ’ buife’r

:\ m _ is .u th ’ se  r sub s e’ r v a t i o m ’ s  is t h a t .  u _ mm _ i l ik e t i -se s,’ as  o u _ uf  I - u  I’ s.’bul j e’ r u_ - o u t - s t  i’ s, l  , u u o

di sc’ u n t  i n u l l  v l U  in sa go ’ quali t v am on g  di i f s ’ t ’ s ’ u ’ s t  in  l a g s ’ i’ o’gions ds’vs ’lu u ps as a

i’s’ sc m It of ~t d5cpt i  _i~s~ C od it ’sg  . ‘ I ’h ’s e’ ( l i s t s )  i’t i s uu i  i ’a l -s ’se’ ts.’ ~ I) j 5 tup ( l~Lt e’cl

s’ s _ i t _ i t  im ’s uou s  i _ i - . I wo_ i si i u u i l a  r adjas- o ’t s t  subb l s_ i s’ks are ’ mis -u t  1 iko ’ iv l o s bo’ u_ ’ode ’d

( I i f l s ’ re ’m ’ s I E v  bs’o’a u ss ’ o i l  d i s e ’o i t ’ s t i m _ i u i t v  i t ’s  t h u s ’ I )  p a r a i u i s ’t o ’I’ . I ’ s ’s l u l i u l u l u u j , ’ s ’ th is ’

pr u b l o ’m u u  s m f u i - s a g s’ qua l  u t v  di s s u m  m i t  i i u u m t v  , t h i s ’ pt- u sI b u f f s ’ 1’ s bu s tulu _ I be’ stuffi s.’je’ts t IV

l arg s.’, s d ’s , h i ’,’u m  u ’ r  u t ’ s u i r o ’ . i l l u a g s ’ S t l ’ i I ) S .

\ l t ’ i u u u u r _ i ’ l i t  tli. ’,tt t o i l ’ s  I S  I u s s 1 u m ’ o i v s ’oi  t b ’u m ’ o u g h j-uostbuffer s’omntrsd s’ oui u - s~
),l L’s.’(i

iv i t h ’ s  p r o ’bi u f l e ’ u ’ u t ’ s g .  I l i i - j ) u u S t l l i l . I u ’l’ s ‘ru t t’ u ’i ssps ’ m ’ a l s ’ s t h u r s _ i u g hi t h i s . ’ c o - u u u lp l ’ t ’s se ’.lI

i m l a g o - . u n l i k e ’  t h i s ’  pu ’ * ’ t u t l l u - I ’  u ’ t i t  t’& i t .  1’ ’ in u p r sw e’ a (Iaptivitv w i t h u  p o - u s t b c m f f e’r

t - m I l l  i’o u l  ~~ h i s s  oJ t ’j u i , t ’ u u I l t i s , ~, s u I t e - , ’ tNt’ u m e ’s’ o ’ssal’ v buf l ’e’i’ m t ’ s s ’l’ s ’a s t ’ I S  i i i  t s ’ i ’f l i s

s m t  d e u u i t t ~~I’ s ’55s ’(I l l l I , l L ~(’.

,-\ m_ i ot  1w r ,t o i ’s’ a n t a  go’  of l uo u st  b u f f s ’  m’ s-o m it r ol i S  pa r a I l s .’ 1 s. s ’ m _ it t ’ _ i u is ’  i’ o ’~~u e ’ t’~ t t l u ’ S .

do si  g mu , t h i s  f c u m ’ s e’ t i s - u t s  m u - s  a_ i -  be ’ si ms uu l  t a t ’ s e’s_ iu s ir  ps’r Is_ i r i s ’ s e’d wi  t i ’s I l_ is ’ s o d  i t ’ s  g

u l u s ’r a t  is _ i l ’ s . ( u i m u s s ’e l m , i s ’ t ’s t  i v ,  ( h _ is ’  I’ e’qi,l i t . s ’ t i 5 5 ~ t _ i I  f o r  addi t is - ut - sal bulfs’r i t i g  I s ’  ps ’r i u t  I t

th us ’ s s ’t s t  u’ o u l l s ’r to (le’te ’ r i u ui t ’ ss’ t h ’ s ’ appu ’ s - u p r i a t e ’  d i s t o r t i o n ’ s  p a r a i _ i ’s e’t e ’ r i s  t ’ s s u t

i - s  5 ’ e’ 0’ s s a 1’ V

I i i , ’ e’t ’t s t t ’ s ’ ih Is ’ u’ t m p d~it s ’ s  thi s ’ s h i s i o - u m ’ t i s n ’ s  1), l 1’ s l t _ i u s ’ t s ’ u ’  i i i  I u ,t l’ , t h l o ’l s i g t s i f i s , t m ’ s t l _ i -

h s ’ u’u u-u l’ i’t ’q i t s ’t ’ s t I _ i ’  t i - s a m _ i  t i u ~ , t s ’ h u , t l  ,u m ’ u t i u s ’ r t _ i , t t  i s ’ u - u l u s ’ t ’ , i t  u s -u i - s  m’ , t t s ’ m ’ s ’ sp u i  t ’ ’ oh t ’ u ’t’ t i s s ’

s’,i(I(’ l’ , ‘t hus , 1 N ’  e ’ u ’n u p c m t a l  i t - u i - s a l  r s ’qu it ’ t ’i ns ’us t t u i I ~ t hi s ’ o ’~~o i ’s t  i’ s _ i u h i t ’ sg S \ ’ S t o ’t i u  i s

l l m ’ u u i I c d . II  sh u o n u l d  a l s t - u  be m ’ s o t o’d t h u a t  f l u e ’ b u f f e ’i’ s’um n t m’ o ’l us St  t’ i~ ’ t I ’ s  I m a s s ’oI ‘ m u
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buf fs’i’ bs’I i a t ’ t u ’r , ,,t t ’ s c l  t h u s ’  r s ’q t u i r s ’d i t -s f o u r m n a t i s m m u  i s  b~~ i-i u ’ s I  o i l  pI ’ s ’ t ’ l u u s l s i ’u I m ’ a m u s

m i t t  (‘(1 (Iat a , S in e ’ s ’ t h i s ’ (Is ’ s I < 10 ’ 1’ pe ’ t ’ t o) r t u i s  1 l ie  s d l i  i t ’  l u _ m i t t  t 1 5 1 1 1 , t i l t  s ’ t ~ t 1  5’ s ’ u - u I t )

I u’ u u i  o u p s.’ r a t  is - s m ’ s s a r i be’ p e ’ i ’ I s u r l u l s ’(l iv i t h u  Is o _ i  sui ’ e ’i’ h u e ’a(I

S I , I - : , - \ R ’-’-~I \ s ;  l i R u, _ i ( ’ i , . l ) h R l , S

I u _ i n } l r e ’ S s i O m _ i  ~u l g s i r i t b i u u u s  ss i t i ’u ss ’pa m ’a t e ’ , u d , t i u t i _ i  u t _ i  s’ l a s i -~o ’s r c ’q s u i l ’ s ’ ‘ r i ’ —

I t ’ a i t ’ s i t i g  p r i s ’ u ’  t o m  as ’ t s l a l  e’ s d i n g .  l’ ’ o u r  t b u e ’s s ’ at g u ’ m ’ i t b u u ’ u : - i - u . a p at ’~ u m i i e ’ t s ’ m ’ u . ’ a t i u ’ m ’ .

is  r e ’qui i ’ e’(I i t i  om ’( Is ’i’ t o )  I’ s ’ I  . l t o ’  I s’s I o i 0 , u h  u l m i a g s ’ S t  r u o ’ I u  u’ s ’ . i t t  s u si e ’ I’ t o ’  l ) e ’ t ’ t u  I t t

the ’ ~s sl~tp ti ’s’s’ tou sl in g , it is u is ’Cs ’ss,u n_i Ii ’  s i e ’v e b o i p  t o ’ s b u t t i s 1 u m t ’s \s - i u s  I i  t t us ’ , t t u i t u u , ~t I t I i \

~t s s i g m u  t i _ i c ’ t h u _ h I s .’ o m f  t i - s o ’ 1 u u l , u ’ ~ s ’ s o u t l e t ’  t i l l s )  su ns of , u v . t t I u h i h ~ ’ o l , u s s s ’s ,

Ii ’s ge ’ lit ’ u’a 1 , it u s  m i s ’ s- s’s u-i a n _ i  t o ’i c h e s s ’ l u l 1 t t’u i  i l l S  l - s 5 4  
~ 

i’ s ’s ’ e’ol U I’ S’S that S i s ’ Id t h e’

a p p r u _ _ i p r i a t s ’  s’ s - s d i n g  t ’I a s ss - u-u . ‘ I ’ h i t i s . p m ’ io r  t o ’  t h _ i 5  ac t u a l  s o d i n g ,  a t t ’ a i m _ i i t ig

p r o us ’ e ’d_ iurs ’ r t ’sus l  N5’ i l u u p l e t t i e ’I l t s ’ ( l .  Ilus ’ r s ’ s i t l l  s f  t h i s  Im’d imiim g s_ it ti _ is ’ s’sude ’i’

u _ i _ i u s  I al se_ i b 5 ’ a v a i l  ab I s ’ h o ’, I l i e ’ s-Ic’ s’ su ~is ’ r as We ’ll . I t t’ o ’o b 1 i r s . ’ u-t s’ s-uriS 1(10’ r able’

s_ iv s’rl_ ie’ad t o_i t r ansn -sit t h ’ s i s  i m ’ s f o r r _ i u a t i o m t ’ s. ( ‘ o m t s s s ’ q u e ’ l ’ s t I _ i , t h u s . ’  t i ’ a i m ’ s i u _ i g  p r u _ - u s’ e’dur s.’

is  not l i kel  V 1u  be’ pe’rto l’ lsie ’( I t r  e’q cl e ’l i t  i _ i

A l t e r m ’ u a t i vs’I v .  s & ’v e’r al  tvp e ’ s of tr ,e im _ i um _ i g i tu _ i. tgs -’s 111 .1’s ’  I ) s .’ ,t~ ’a i 1 a b L s .’ to - u  1)0t h

cu__ide’ r and de’t,’ode’ r .  \ V h u e ’m ’ s  s’o sd in g a s ps’o’ i f i  s’ i l _ i - s a g s’ ~~ 1’ is-s i’ lo u t r a t u  s u _ u ss lo u t_ i o ’uf

t h e  cs_ iu_ iipr e’ SSL’d in-sage’, ti _ is ’ rs’qu ii’ od p ar a x u e ’t s ’ rs  are’ s ps.’e i h e ’d l i _ i  j m ’ s d i s’ a t i m s g

t N t ’ a p p rop r i at e ’  I rai m _ iim _ i g im ’s_ ia g e’

I e rts) ni t  s i t - s o’s.’ va n a t  ion o ) f  ,s m ’ s .s oI ,u  1t  i re  t 5’ ciitii que’ ha ss’d s-s m_ i u_ -las s i f c c  a t  lao_ i

pr o s’ e dm ,u m’ e’ s , w i_ i l s.’h _ i , i m u  fur m’s, a no ’ bas ~‘d u m m s  ‘ ‘ t V p ie ’ at’ ’ i l - s  I d  go isi s ’ l i t  i t  is ’ at is - ut ’ s,

n_ iak es  s’va l t i a t t u ti of t i _ ic ’  a d a p t iv e ’ al g o u r i t l ’ s t u - s  ~I i f f i o ’t i I t  , l’ ’i i ’st . s i l l s’ m s i m,i st  o ’’s ’ , h

cua t e  t I_ is.~ s’ apabi t  1 (y amid pe’ l’ f s - u  r u _ i ’ s a n s’ e’ s-s f  I l _ i s ’ a i gt u r i  t h u  i . Ss ’ s’ s u n t d  , t i - s e ’ .ui g s- s m’ i t  h u m u
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so’ I_ is i t i v i t  v to tb_ is’ s ps’s’ i f i s ’ a t  io u ’s  o ut t_ i’ plo-al u _ t ags ’ Se ’ Is sh is _ itul d be’ s’u’ ns ids.’ r od.

‘I ’iis is . am ’ s o f f i s ’ i~~t _ it  co u m ’ su  pre ’ ss is_ in al g o r i t h m _ i _ i  ca m’s be ’s- onu s ’ su hu  p t u m n a l .  Thu s. ’ ii ’su —

pis ’m n e ’t _ i t  at j o _ mi s’ant be s i g t _ i i f i s ’ a n t i  v dog r ade ’d if  a m _ i u i s t i i a l u _- N dove lops b ot w o ’e ’u ’s

t h 5 - i l _ i - s a g s’ to _ i  be coded am_id  t i _ i c  i n_ i a g s . ’  w l u i c i _ i  was  uss’d fo r  t r a i n i n g .

,- \ d a h ) t i v e  t e c h u _ i i qusi s ius’ ith a f ixed  i_ i u t u i b c r  of o p e r a t i u _ i g  t u _ i o d e s  ,t r e  a t t r a c —

l i v’ s ’ . ‘T’i us.’ o_i vt ’r al l  S’i’ S I  en_i_i s- o i _ i u p is ’xi I v  x _ i u u s t  it _ is.’ lude’ t h i s . ’ I i’ai t_ iim _ i g proc e’dui’ e’ s

au _ id . cu__ inss ’que ’ i_ it l y .  i t  bos’ s_i m _ i u s’ s r a t l _ i o r  imuvo lv ’ s.’d . Au - s s’quivals.’i_ i t adapt ui’ s ’

t ec h_ i t_ ii qus.’ t i - sa t  e ’ i i i _ i _ i u i _ i a t  s.’s t i _ i c  t r a i m _ i i t _ i g  p r o_ i c s’durs.’ is d i s u _-u s s  s’d i t _ i  Ss’ u_ ’ t i o u n u 4 .

,- \ l t iu s_ iug i_ i t i _ i s’ s o _ i u r u _’ s ’ cs_ ido ’r co n_ i p ls.’xit v inc r s ’ass.’ s , ti _ i s’ s-uv or  all  s’, s to ’ mu _ i  u_ - s _ i l_ i - s  —

p1 s’xi I _ i -  is reasu __ it_ iab le ’ . l~s.’ side’s a i_i ig i_ i s’r dog rs. ’s’ of c s_ ide’r adapt  ivi lv . I l _ is ’ m _ is’s’d

fu __ i r I r  a i m _ i i u _ i g  p roc  odure’ s is e l i n _ i i t _ i a t  ed

s . .  C LASSIFIER S

In t h i s  ss’ct ion , ti_ ic d i s c u s s i o i_ i  is l i t ’ s _ i  it ed to adapt ivs ’  t e c h n i q u e’s st-h i ich

m,u t i l i z o  a f i n i t e ’ num _ i_ ib e r  s_ if c l a s s e s .  Fu__ i r oa c iu  c lass , a d i f f u _ ’r o m _ i t  c s_ id in g  m _ i u u __ id s. ’

is u l  h u e d .  Ths. ’ ccmi_ i o ’eptua l  d i f f o r o m u c s ’ should be noted bs’ t_ is ’s’t ’t _ i a c l a s s i f i c a t i o i_ i

p rocess , wh ich _ i  is a r e s p o n s e’  to local  i l _ i - s a g s’ s t r uct u r s ’ f lu c t u a t i o_i n over s u b -

b lock size , and bu f f e r  con t r s _ i l .  i ’l_ ie ’ l a t t e r  f u n c t i o n  o_ ipe ’r a t e s  over  n_ iuc l_ i largs’r

i n_ i a g o  r eg i s_ ins .  It it _ it  roduces a sn_ ial l pe r t u r b a t i o n  it_ i ti - so’ c u _ _ id iu _ i g  p r u _ _ i c o s s  Is i

a c h_ i i e v e  the n s ’ c e s s a r y  f i x e d  r a t e ’  out put averaged ove’r iu a t _ i v stubb l o_ ick s .

To p e r f o r m _ i _ i  the c la s s i f i c a t i o n , th e s.-od ing  ai g o r i t i _ i m ’ s u  p e r f o r m _ i _ i s  so t ’ s_ i~

n iu e a s u r e n_ i e n t  and . t i_ i rou g i_i an appr _ ip r i a t c  de t s . ’rn _ i i t _ i i s t i c  procedure , each_ i

subblock is a s s igned  to ot _ is .’ of the ’ f i n i t e  t _ iu i _ i_ ib e r  of c l a s sos.  The’ c om_ i s i d e r a b i s’

an_ iount  of ress’a rc l_ i  in path  em rs ’c o g m _ i i t i s ’u n  per forx’su ed t o  date ’  h a s  h _ iad  l itt l o ’

cur  nt_ i i n_ ipac t  01-s t r a n s f o r n u  i l m u a g s ’ cocl i l_ ig a l g o _ i r i t h m _ i _ i s  
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I” sv ua t yp e s  of s i r _ i_ i ple c las si f i t ’  r s I ’sav s- be ’e’m ’s oh e ’ve loped . s. ’)n lv  one’ bua s boon

U s ~d s ’X l  s’t _ i s i v e ’t v  . ‘I l_is.’ firs t u_-lass ‘this ’ ation p romo - s’s s h a s  t i t  u l i z o ’d t he ’ subblsus’k

s’u is ’ r u ~v as p r i m a ry  i u ’ spu _ i t  to  t N t ’  c l a s s i f i e r al g u u r i l l _ i n u .  ‘l a s t s - u  and W i u ’ , t ~’ i l ’ ) 7 1 1

as we’11 as Cl - scm_ i at-sd Si_ iui th ( l ” u 7 0, ) su t i l i z e ’ d t i _ i s  lou _ al s.’mue ’ i’ g v c u _ i t _ i c s’p t to _ i p e r f o r m

t h u s . ’ s’1, sss i fts~~tion p r os’ e’ s s.  Lu ’s Iju _ uth u s’as~~ s .  ti - se’ lu _ u s si A ( s.’Ft e’m’gv t o ’ . g. . p i x e l

s , s m’ i a l uc e ’  s u b b l os ’ks ) is u _ l o t s ’ r l l u t u i s t i u _ -d l t \  tu hoppe ’s I  o u n t o  a sun ,ill ss ’ I o ’t  t t - s t e’gs ’

u’ s.’ pr s ’se ’ m u t i t u ~ t hus. ’  f i t u i t o ’ n u _ o n - sb s’r  of s’ I aSSs ’s ,

l’hs.- s ’ : is ’r cs’  cou u c s ’pt apps.’ars  r s .’a sa u u al ,u le ’ . It is i n ( h i c a t i v s - o it’ so u t u b l o c k

N u s i u i s ’s s . F” s r  a e u t _ i i t a r v  I r a n s f s ’s r l_ i i a t  i s - i t _ i , the ’ e’ns.’u’gv us  at - s  im u i ’ a r i a t s t  p a ra

nit ’1 e” r . I Iu’ss’s’vs’ r • s’ ns’ r g v  iii th ue ’ t i ’am ss fo miii d s_ i u u u aii _ i us pr in - s a r  it ’ s -  re ’pre ’ s o mi t  t e l

bus - a lost’ I r au _ i s f o ’r n u  lu_is’ ords.’ r s’u_ is.’ffio. is~_it s only , C o m _ i s s ’ q u s ’m _ i t ly . an 0 155 ’ r gv  —

base ’d u_ - l a s s  i f i c a t i o t _ i  p ros’ o’dure ’  do_ i c’ s ri ot p r op e ’r lv  ass  i g m _ i  thus ’  as’ailabls’ ba t _ i d  —

widt  N a m_ i i o n g  t i - se ’ s’ar io u _ us  s- l a s  se’ s • s i l _ is’s’ t i _ i s ’ rs.’ le ’v ai _ i t  do ’s - i s is _ i i ’s  is r u i a g n i t t u sle ’

nut ’ a fo ’iS’ lo w u _ _ i r ( l o’r s’ o s ’ f f i s ’ i e ’n t s .

.-\ re’cou_ itly p ru __ ip os  ed clas  s i f i s .’ a t i u _ _ i t u  p roc  e’dsirt ’ u i t i l i ,~s’s the ’ s u m _ i _ i  of t h _ i~’

l o u  u_ so rith l_ i ’us  u f  cs_iefficicnt mu_iagn &tstdes (Mel’z.c r, j i ) 7 7  1. This  o I c ia i _ i t i t y  s,’ . e u u  be’

j ruts’ rpr o’ t s ’d t i - u  be in u a g  V eu _ i I r cupv  . ‘l ’h _ i u s , t h e ~ c l a s s  i l l s - a t  i s- ut - u  do ’s’ u s u u ’ u i  is unad s ’

or_ i local  t ’ ru t  ropv

It  s h s . _ i u u l < l  be mi cu t e d  t h a t  z e r o  cu rds ’  r s’ m _ i t  ru _ _ i t_ i’s’ l u _ i t b _ i e  I ra iu s fu ’  r u u _ i  u _ hs ’u t i - s , t i t i

s’ l u u s  s - t v  app r ox  i n t a t  s’s i n ags ’ s ’ru t rem ps . s iu _ ic t ’  the ’ c u ’ e ’ff u s ’ h e m _ i t  u-u , l’ s ’ mis ’a r I  v s ic ’ —

s o ’  ru ’ e’l a t s ’d ,  F’or  t h i s  ~ s.’s ’ u i i ~d pro i t ’ e’dtu i ’ o’. t h i s ’ c l a s s i f i e i ’  Sps ’ o u t i s ’s s- l a s s o ’s lu ’s

ac s’su rdam _ ic s ’ with local s.’u t rs-upv.

( ‘l ,t s S j f i u _ ’at  i on i u t t ’ l i u chc ’ s m i t  a l l o c a t i s_ i u ’ s  as  ‘s i t ’ 1 1 ,  l ’ h u s ’ ~‘I , t s s i f i t ’ t’ sps ’ s’ i i  I s ’S

I t s’s’ se ’I S  cd m i u a l  r i s ’ s ’s . t’ s ’pr s ’ s s ’ l _ i t i t _ i g  t h U  m i , i r i u u a l i i , a t i o u i u  I . u u ’ lo ’m ’s t s ’ I ’  s ’ , ’u ’ t t  i s  i s ’t i l s

75;

_ _ _ _ _ _-
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a rid ti _ is’ appro_ip r hats ’ b i t as si g u’st’ne’m’i t ‘li st. ’ 1 ac ts.’ r t st’u qu a n t  i t  ic ’s can  No ’ ds.’ts ’ r -

tn  i ise ’d i t _ i d c’pe nds.’t ’ s t  Is’ t }’s rsnug }u I i ’  a i t u i n g  prs _ i u_ ’ s’dur o ”s . l” s_ ir au -s ‘ ‘ n’ clas s class i —

f i o r . n s _ i r i u u a l i , a l i u ’ m _ i  Iu ,u t  r io - s’s , o n t h  t _ i b i t  d s s i g t i u _ i u e n t  m_ i at i ’u s ’ o ’s a r s .’ r s .’quui ’ u_ ’d.

,-\lts.’ r t _ i a t  ii ’ s ’lv . f i r s t  t h s .’ n o _ i r m _ i l a l  i z a t i o _ i n  m _ i u a t r i u _’o ’ s a r t ’ o _ i b t a i u _ i s’d. ‘i ’hs ’ b i t  a ss  i gu i  -

i ’s ’ sot i t  i _ i - s a t  r i s ’ s’s a r t ’ ds ’r ivo ’d f r u i t ’ s _ i  t i - is ’ nor mnu a liz atiom _ i inat r is ’ s.’s as ’ s.’o _ i r d i u -ig to INs ’

s t a m ’s d a r d  r u l s ’ ( I h a b i b i  atud  \ V i m _ i t , ’, .  f 517 1) .  Th s .’ d i s t u _ i r t i u m t s  p a r a u u i e ’ l e ’t ’ ( I ) )  u s

ohs ’ te ’r n u u i t _ i s ’d s u c h - u  tb a t  t i _ i t ’ r s.’qoi i  u’ u_ ’d t _ i u _ u i n b s .’ r of  b i t s  is  ~ c’h is’s’ ool . S ps’ c t i l t ’

i i i i p ls ’ 11101_ i t  a t i o u _ i s  a r s ’ c om _ i s  i ( I s.’ i’t’d i i i  St ’s I  t o i l - s  l”, , ,~ -

.‘\ I t i to _ i l l Ol l t i_ it ’ 5 ’ u u i i s-opts cli ss’iu S ss ’oI .5 r c u l i l !s ’h - u s ’ ts sh s ’m - st Iv s I n , s i ,,~ h l 1  f o _ i  civ a i’d , t h i s

i ’au’ i os . us  q u a m _ i t i t i s ’ s m n t t u s t  be ’ r e l a t e d  Is - u s ’au _’i’s o t l i e ’t’ , ‘I N s ’ s’ l a s s i f i o ’ a t i o m m ’ s  t u i u s l

t - u o ’ o _ i i n t l v  co t ’ s s id s .’ rod w i t h  d i t  fs’ r s’nt bu ,u f f e ’r i t _ i g  p r u -u s ’ e ’dur s ’ s

(‘las s I lie’ at i so ’s with _ i subblo_ ick s u _ i s ’ i’ gv c at -i be ’ ps t’ t o ’  rn  is.’u _ h pm’ 10 m m ’  t~ t i ’auu s —

f , u r t ’u u a t i , m ’ s . ( ‘ s _ i u ’ s s t’qtus ’ m s t l s ’ . i t  s- a m _ i  No ’ pe ’ rf s r m _ i s’cl as  p a r t  of t h u s ’ s’ u ’ I l  r o h i l u l u g

f t m r i u _’t is - u n for b u f f s ’ u’ s’ s_ i l _ i t  ro_ i l u s i n g  l i - i s ’ p r t ’but  I s ’r i  t t g  t ’sh m’i s’ s ’pI

P ar  s. l ,t s  s i f ’ic at j o uu  lu - u  t h i t ’  tra Il u-i fs r u - u - u  c b u ’ , m t  i i i  Ft I tS  I l l  ii l u ’u t ’ - oh  o u s t  rap s’ , t h u s ’  s at n i s’

p r u ’o ’ s’dti ’t ’ bs’s.’onu s ’s t’ a l t u s ’ I’ j l \ ’u ’ I s ’ u ’i i  w i u h u t i _ i s ’ pi’s’luut ts ’ t ’ i t ’ s o~ s’ s m l u s ’ s ’pt , h i _ i c ’ p r i  —

u m u a r s -  p r o h l s ’t ui  i S  t o - u  ps’i ’ f u ’ t’ t _ i t  btu ffs ’t’ s.’o mi t roh - I t  i s  l _ i s ’ s ’ s ’ SS d l ’ ’, t ’  ‘‘pt ’ r , s t s ’ s u i l i s u l  -

I a i _ i e’sm u s l s ’ , ‘ uu  a l l  b i u ’ s .’k ~ ro ’ s i d l i - i u g  imu l i - s i ’ p r s’h u u l l u - r .  l ’s s ’ t , ’r e ’ I N s ’ s.’ uu n t r s , i l i u i g

fcumis ’ t j u n  s -an  bs ’ i m - u i p l t ’ i _ i - i s’ m u l s ’d , .ol l  s i u h b l u - u o ’k ~ m - i u t u s l  I_ is~ I ,‘ , t t i s t u ’ r t u i e ’sl . l ’i ’s s’I’ o ’ t , ’u ’ s ’.

t i - s s.’ t’ s ’qcu ir s ’ rtis’ u_ it d0 ’ s’ s ’ l u m p s  t’u l  r a m u o t b i s - I’ lal’ s,~s ’ b ot I t s ’ r u m  w h u t ’h t h u s ’ I r a n  s b - u  t’ mu

b l u ’ c k s s_ i l’ t N t ’  pn s ’ b u f fu ’r m mt ~ l~~t bs ’ s i u ’r s ’d ,

I loin s-vt ’ r , if  rate ’ c s— nut  r a l  is  ach i s ’  s’ ’d I - u ’s ’ I I - s o’ ~~~~~ I built ’s ’ n I t  sZ I e’o’ huui i op us ’. I bu s’

rt’qtu irs ’t ui o ’m i t fo_i r tb _ i s’ ad ditiouua l b a r g e  b u u i s ’l’ du ’s ’~~ m’t , ’l e x I s t - b ‘o s t b u t t s ’t ’ s ’ o m u t  i’ol

e’ am ’s bs ’ t ’qua l l  v it’s’11 i t u t p ie ’i ’s_ i et ’sIs ’d t i _ i  r s ”ug hi s p a t i a l  a isol I n  a t i s t  ‘ r i s u  ols ’tn  a i m - s  

,L - ~~~~~~~
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t - I , u s s i f i s ’a t i u u t i , l” u, ” r t h _ i s~ p r s ’ s o u _ i t  d i s s ’ u _ u s s i o t _ i . I t _ i s ’ s’ i_ i u p h u a s i s  is mi o l  s_ i l_i  a r i t h i _ i ’ o ’ u u s ’

s o  i np l s ’x i l  v . but r a l  I _ is .’r u - its rs.’ ql i i  r s .’d bu ffe’ r S i  / s ’ .

I- ’ . I M PL F M F ’N ’F , -\ TI ON S  OF :\D,’\PTIV I” T R .- \NSF ’ORM C O DIN G  SY S l ’F M S

l’ u’ e’v ious  subs e ’u _’t lu __ i ri s rs ’s-i s ’ss’ s ’d ba s i c conc o’pt s r o l e ’ s - a t _ i t t o  t r at_ i s f o r m _ i _ i

in-iags.- o’odi l_ i5~ , Spe ’ u,’ i f i s’ail  i, , tb _ i s’ cc’ quirs’d c u _ _ i l _ i s .’ opts for adapt i’s’s’ trans fs h r m u

s’u__ idi u_ ig ‘se’s’ r s .’ u,’on side’ red. It shs_iuld bs’ rs ’oi_i_ ipha si,. e’d t !_ iat adapt is’i l v  iS I_ it’s’ O S —

sari’  to  j u s t i f y  the’ adslitis ”u’sal co r_ i_ ip ls’xi ty u __ if  t rat _ is fu_ rm _ iu cu_ idiu _ ig . I l _ iwe’’s’s’r . to

da I s ’. o n ly  a ii i_ i_ it ‘d nun-ubs’r u _ i f  t r a u _ i s f or n _ i  c u _~d ing  s vs  t s ’ m _ i u S  h_ i a s’ s’ bs.’e’m _ i s t u d m  s . d

In i-ia rti csula r , u _ is _ i  va m’i al_ il e rate I r a t _ i  sf s ,_i rm _ i _ i  c u__ i di m_ i g do’ si g u _ i  I_ ia u-u I-is-sn ds ’vo ’ 1o 1’sd

to’ the’ h a rdss-a r s’ s t ao s’. F lost’ e v e r  • sos’ s’ ra I c s t _ i p o t  is ’ r s i r _ i - s i t  Ls I t ’d ss’ S ts ’flt S b lat ’ s ’

bs.’s’m_ i st ud i s ’d .

In t i _ i s  Ss ’ Ct i u_) n , the ’se d e s i g n s  a r s .’ r e ’vis”sv s’d. Sp e c i f i c a l ly . fi,u t l v

a d a p t  i re t r a n s  fo r~_ iu c o d i t_ i g  p r o - u s’ s’dure’ s wi t l_ i  a r as - equal i  s’ r buf f s ’ r a r e ’

d i ss .’ssssed  . ‘T hus’ e rm _ ipi_ i a s i s  is u_ - sn i r _ i _ i plo’r _ i_ ie ’  n t a t i o u ’ s  cu __ inc  e’pt s . 1 h_ i t diss’oi s  S i  ‘Fl .

Nt ’ m e’ , r e l a t  S’s to t r a n s  h o r n - i  te chni qsue’ s . I u -iu - s’s’ s-r , i t  should  bs ’ pt -ui n I  e’d out

t h a t  t i _ ic  san -us’ s’Oi us ’ opts are’ ge l_ ic  ral at-sd ar c also _ i app licable ’ t u _ ’s u l t  h _ i s.~ r s’od u h g

t e u_’hniques.

Pr i o r  to _ i  the discus sic_i n s - u I  m _ i _ iat h _ ie m _ i_ iat ic al iu_ ioc l s’ Is fo’r ad apt Is ’ s ’ t r a n  u-~ I
’s-u r i vi

coding, s po’c i f i u _ ’ ds’ f i n i t  ions  of i I_ l a g s ’ s s’gniental iu_ )n art ’ rs’q’sui re’d.

Fou_ir it _ i - sage re’ g ion t s-ps’ s ar s’ c u_ i m _ i s i d e’ rs’d. ‘Ib is. ’ s’ m u t i r e ’ i iu’ i aiz s’ is ro ’ t o ’  r t’ s ’d

to _ i as Iho’ ‘‘f ran_ is’, ‘ ‘rh_ i s’ sm ’n a l l e  St  g roup i mug of puxe ’ Is u_ ms e ’d is a ‘‘1’ l~’~’ k . ‘ ‘  I h i s ’

b lock  i s  t i_ ie ha si u ’ i m _ i p u i  I t o  ti _ is’ t m’at _ i s fot’ rm _i s.’ u - u d i  mug  a leo r i t l _ i t ’u _ i . I t  s ’ a r rs’ s p ot_ i s i s

I - ’ t i _ i 5~ p i xs ’l s~~t Ot’ u ’ r st’l _ii o’iu t h u s ’ I r a m _ i s f u _ i r n _ i a t i  s - u t - i  i s  p5 ’ r f o r m u u t ’d . ‘ l i l t ’ ‘ st ri b ’

_ _ _  - - ‘:— - - - , ~~~ ‘--•--“ - - -‘ — --
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r s ’ f o ’r s  1 ’  a u - s s ’l  h I  l s l , ’ s ’ks , ‘s s ’ h u i u _ ’i_ i . in  g s ’ l l u ’ i ’al , u.’ s ’ m’ l’ s ’ Sp O l u ( l S  I s ’  Ii i l n i a gs’ l i n t -s

fa t’ i’s ‘ m’s b t u us ’k i i . ’ s ’ , l ’ i’a u i s t u ’ u ’ u t i  s’ u d i i i g  s - a u - s  b s.’ i u u i p ls ’ m _ i i s ’ n t o ’ sl  ‘ s t - i l l - s  m u u _ i l u s s 1 u , s r s’

b l s ’c k s , I i u ’u w s ’’,’o ’i’ , t o  s i t _ u p l i f t  t t _ i s~ d i s s ’u s s i c u n . s - u t - s l y  s q u a r e ’ t u l , ’c ’k s  a r o ’

co m _ i s i d s .’ cs - c l ,  I N s ’ s t u ’ i p al so - i  c s u r r s ’sp ou ’ssls  to t i _ i s .’ I u u i u u i u u i u _ i u _ i l  u i u u u b t ’r soi sub-

b ls _ i u ,’k s  rs .’q tu i i ’ s.’d I s i  ps ’r t s - u r t n  t i _ i s ’ r s ’ t a r i i - i a t l i r u g  f u u _ i s’t i s ’ s n ,

‘l’i-se ‘ c o’~ i s - i t t ’ - c ou r r o ’ sp an d  s to ,t rs.’Letivs ’ lv s m u s h  j u u  ag o ’ ,e re’,o an s.’i’ ‘sv h i u ,’ I

t his .’ adap t  i ’ - o ’ s.’ sm ds ’ m’ u - u p s’ i’ at s ’ ii -us - it I i ouu acldi I l u  u - sa l  u_ ’ u - u u ’st u’aI  u u _ i f s ’  u’ u i  a 11 , 11’s 1 I’u l I i  I l b - s o ’

buffe’r co_ it ’stro l a1 go~rith i_ ii . ‘ t h e ’ r s ’g i t _ i m _ i  s i , ’ e ’ s- au _ i bs.’ a blo s ’k s_ i c  s cv u ’r a t  blsu.’ks ,

‘l ’hs ’sc L u l u ~ogs. ’ soibs ’Is ’u u s .’n t s  ,s l’s.’ u t i l i ~’- s ’ u _ I  t s ’r  . s s l a h - u t i ’ s ’ i t \  - sd a p t o ’o i l v s 0111 ro il ,

.e iud  I u , ~ al t r ,, o u ’, s t o ,  i’ t u a t i o u u ,

I .  M E \ I O R Y  A R C E h l TP C ’1 ’ V b~ l’~S

A t r a,x_i s f u_ i i’lu_i cu__ io h it_ ig algs_i i’iti_i m _ i ’ s ops’ rats’s ‘v o ’ r t r,u’su-u fo u i ’m - s ’ s  b l o c k s .  Thus ,

t h ’  u,’OIus ’ s ’ml t i u l n a t  ima ge ’ ca s t  s ’n f u rmn ut  u’ s ’ q l u l  i’ s’S m’ s ’ f u ’ m ’ m n a t  t i m u g i r i t u ’  b los’ks . F o r

ra riabls’ r a I s ’ ,oui a p I t ’ s - i t~ , iou ,sd u _ l j t  i s muu  t o ’ ,o rs’fo rI_u .s I t  l u t g  b U t t s .’ n .5 1’ ,1I s.’ s.’ qo i al  i _ ‘s.’u ’

bu t t s - n  i s  i u - s 5 ’ lud 5 ’d .

N b ’  tu ’ sc cv a re l s i t  o’c tu  re ,tS soc iat s’d ‘sviti ’s ti-se i m _ i o l i c a t e o h  b u f f s’ rs is s i l uup le’

F ar  app l i c a t i s ’_ i i _ i  ss’i t bu t a n g o ’ 5 1 / , 5 ’ i i u - i a g s’s. Ih_ is’ ss’ b u f f s .’r s  i ’ s _ i a n  t - i s~c a i _ i _ i s .~ it _ i_ ip o’ru am _ it .

I l -n a g s .’ t ’ o _ i i _ iu prs ’ ss is_ I_ i i s - i l l _ i  I a r g o ’ t o r m _ i i a t  s a l s o  r o ’qu i  ro ’ l a r ge ’ s i . 5 ’ b u _ u f f o ’ t’s -

W h i l e ’ a p s ’r at  is _ i t _ i  s’ s - u r u i p l t ’x i tv  r e ’u i _ i a i u ’ s s  s i m i u p l o ’, thus.’ l a r g s ’ b t t f f s ’ n s  r t ’q u i n s ’ u, ’ u ’ m u ~~i s h —

o ’ r a l i  s u n  of s’xpo ’uu 5 e’ and r e ’l iab it i t ’s - .

R e l iab i l i t y itt pa r t i cu l ,o  n y  i t _ i ’sp o_ i r t an t  Is_ i r il ’s0’ e qu a l i - .’.o r bu _ i f f o’ r t h at c o m u t s . iu ’ss

s ods ’ se’o rds  , , ‘\ n s’ i’ i’or ss’i th in  t I _ i s ’ c a l  o ’ t’qual  i”  or  bulls’m ’ i s  s’quit’als’u_ it 10

c h _ i a m _ i n e’I s’r r o ’n

75
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h i ’  I l l s  m ’ ~i , s l  t u s ’ r f o ’ r u u i s  I b i s ’  ‘ s t I r , , , s l t j ’ i ~~ t I ’ l o t i , !i , s I ’  l e N  : 1 1  I c i l y

n o  is I ‘n i  a s ’ s - ss . r ’ - t~~n s ’ s II  ~o I I  s-n  on \ i i  i t  ,ool _i~ i ’ pu t  ,u , 1 n i - S  s i  l~~ ii ’ )u - n

I ’ l l ’ ’ ‘I u h t ’ a ’ : ’ u ’t -s ’ t s  - h i i u ’ l’ a t o  s ’ ’ t n a h i -  o ’u’  b t t H s  i’ I d i  l ’ s ’  ‘ l l S l l l u ’ l ’ u ’ i l  So  t l i ’ 1 1

o ai m as ,s ‘s l so l d 1 : 1  c u _ i  , u r  v , ,\ ‘. t h u  ! ‘ s r s v a ru  s o l i ’ , 1 1 0  - ‘ i i  r s s’ ’r  l l l ~ )~l ’ s

- ‘ o h ’ it ’ u i  - S , I ’ I’ I ’ u t  I I I I , ’  ‘1  ‘ ‘ I ’  5 ‘ I u  , s o ’ l O l l  i - i s - i  ,~~~~~~~ ‘ I 1 ’ , s ’ c h  I l l  I n ‘11 s - , r o n  1 , ’s’ s’S

o ‘ u _ h o ’  \V ’ ’ nd s -

‘ ‘I  - s I - L i l I l i  i t y I n n h i  i l l s ’ ’ ’ ’  i t i o l t i , , 0  s O l O n I “ ‘ I l l ’  ‘~~ ‘ I  I S  , O ~~~~~, l o ’ l d l i

‘ - i , ’ ,~~ t b -  i t O  h u i l l s ’ n s ,  1 1 1 1 ’ j l l l ’ ’l ’ ii ~ Oi~~u ’i i  n o - ’ l u i n u -o i ‘ ‘1’ .0 . _ i D t i ’,’ i i  on

~s s ’x I u  r r _ i , o I  ~- t o ’ b u i l o ’ t ’ S .  1- ’s ’r  u ’ X d i _ i , j ’ l o ’ , ‘ I i ’ ,‘i’ s’ I i , i i ’ o ’ l ’ ’ l l O  s _ i s o  ol

‘ ‘ n  , l d lp t h \ ’ I ! \  o , ’’ ’ l ’ ’  I t o ’s- n i- u s  h i ’ s  k s ’ i l u ’r g v , ~~~~~~~ 
I 

~~ h0 ’ d,  ‘ ‘‘ 1  1 1 1 1 1 1 0 ’ :  - ‘ 1 1

‘ ‘0 ’,: ’ t o ’  t h i s ’ 10,11 01’ S , 5. , ‘ ! l S s ’ ’ I _ i , i o ’ l l ’j \ , 151 1 ’ ’ o ’ I I I O ’ l ’ ’s ’ as ’ s,’ s ’ss  ,s  1 , - i  , ‘ 0 ’d

‘- b r a  n i  a ’ , ’ i ,  , ,I 1_ i - I  s - u i  Os  0 0 1  I i i ’ s-i I l l  1 5 h S I l  I s

~-‘u n j t , u n l v ,  f c r  n ‘ i — t i u s t f t ’c i ,’ ~‘ - ‘l ’ l t  t’- ’ I ‘is)  I’ o ’ ,”,, t l i I ’ s,’ t i_ i e l i t  u_ ’i’~~ St  S 1 - _ i  d s ’ Co ’S S  01 s t - u

‘ 1 u, I i i t t t s ’ r . I i s ’ ‘u l i u _ ’ l’ o , ‘ t u t n , i h  n o s : l i t n c ’s I h ’ u ’ I ) , : l l u ’ t ’

- is - , s e , _ i t u i , 15 ( l u ’ l u ’ I ’ l i ’ l i I u ’(] s ’\ ’ o ’t ’ u a h I v t , ’ _ i h , ’ b u t t o n . I I t ~ ’ l ’ l i ’ t s ’ I ’ I , I ’, I l I s ’SS

1 ‘ I I , s l l l s ’(I I l l  n ’ L I O ~ I 0 l _ i l~ I r I I i q t h , u ’ n ’ ,I  t i _ i h o ’ n 01 b i t  S i l _ i l l ’  i l l s ’ b u t t !, ’ ’ al- sd j i l t s ’  t h i s ’

o l l d I ’ I l s ’l . 1 1 , , ’ di t t s ’ n s ’ i i s  e l ,clu ’ i u ’,-s I l l s i \\’ ’ ~s I N ’  b u f f e t ’  f u l I - i s ’ s s  t’ o ’~~u t i r e ’d

a d a p l  I V I  5 u, ‘ ‘11  ‘ ‘ 1 ,

SF!  C [l ” lu ’ I _ i 1 S L~ ’~~

Iii tou— 5, ’ , l u - u t _ i , 55 ’’,’s ’t’ ,uI lp p t ’ u l s o ’ h l c s  1. ’ .0 1 1 i p t u ’ s  u I n  l O s t  ‘ “i l l  0 0 0 1 1 1 0  I

d : ’_ i c i u s s s ’ u I  l’ . m  1 1 1 0 1_ i  t i ’ s ’S , ’ ‘ s ’ o’ h u ’ u t q i i u ’s , l u ’ ! l i d I  I l ’ ’ ~~~I o ’ t ’ i s ’ l l ’ l i ’ u ’i  no - I i ’ s - s i  I s _ i

i b ’ s i l ’ l , , L , , ’ i ’  I ’~~~i ,, i , ‘ o, ous i ohs ’s s. 1 0 l  ~h e ’ ( ! ,

I- ’ i r O t  , 1 ., ‘ l l I I S i , ” l  i tt ‘‘I - I t ’ s  0 1 ‘ -  ‘~~ I O s ’ ? l l i  L u l l s ’s - \ ‘ 1  ‘~ O’ h ’ up 1 1 1:  ‘n o t

I i i t ’ g p m’ - ’  ( i o u ’ ,’ 5 ._s s i I l .  , s u I a p t i s ’ u - o l q u u t H s  S S I I I I  i l s u r’
~~~ s i i i i i ’

-~
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s’ s - i t l S t t ’  . u u _ i u  t b _ i 0 - h i t thjo 1 1 1 5 0 1 j u - u f l  ‘ss’ t ’ i _ i l t ’s a l l  s ’ u i 0 l 5 o l t 5 ~s ’ r  b u l b - u ’ , (‘ s i I l S s ’ l l _ i : o ’ ! l i [ V , t ’ s , u

s ! s ’ ’ 0 - r I _ i ’ : t I l s t i L ’ n u ’ - ’ ~ s & i u u ~ c ! l _ i d i l i t a l l _ i S  I i : ~~’ , l i 0 u ’ t ’ i t h l l l i  a t  a sp o ’ c i b i u ’d bi t I’aIs ’.

Iwo I t o ’ b _ it _ ii q ois -s 1 , 0  \ 5’ i s - s t ’s o t s ’i e l ’  t s~ i h  n t’ so’ j o _ i t s  ii ’ - Su r i c s .’ t h c ’ s s.’ t c ’ o 1 t _ i~ qu _ i c  s

am_ not s’ a s t l v  ~‘~~U ’  u’ at s - u u  .o s t a n d ar d  u ’ o ’ l l l l t ’ l t l u i c a t i u ’f l S  ~‘ u ’ s t ’i i ’ o t - s r - i ’, u _ ’ t _ i t  t i _ i , u ’, ro ’ s _ i’ ou ir o ’s

t I \ s’d r~ o t s .’ t ! - u ’ ’ _ i i O b l p u t t . t h a i  am’ s.’ it _ i , oi ti lv o h ’ i u i t s - r s ’ s t  f~~ m ’ h i s t ’ r i s  :sl t ’ o - r sp e o ’ t i vu ’ ,

l b o _ i i v o’vs ’ t ’ , t h s .’se o ’ s ’ h u i i c 1u s .’s ,u l s o  S u n s ’ s ’ . 0 5  , t t _ i ’ , I t i v : i Ii , ’ t - s  t o  ds.’ i s .’l o ’ i p  t h i s .’ r s ’q u t i o ’ s’ch

n i ’ u - u d l  t i C a t i s - u l _iS  w h i c h  si’siitld ~~- u ’~-s~~’ b u ’ t _ i I s )  s ’ sp o ’ u ’ a t u ’ at t - sxs.’d r a t s ’ ,

‘I ’he f i r s t  sq_ i t ’ ll I l - ’ t_ i t s ’ s ’ 1 1_ i l t q u s ’ . t h i s ’ ,t l g~ u t ’ i t l u l u _ i  of  L o s t - ’ ,~ t - i d  \ \ ‘j t t ,t ( 1 0 1 7 1  ~ ,

l : t i I i . ’ e ’d t h u s ’ l’~ - L  ¶ i ’ a t i S t 0 ’ t ’ u - i _ i ,  Subh l o s ’k s  i\’s.’t ’ s’ 1i 5 o u ’ t i l i . ’ u _ i s .’d i s  I 5 i s s t f i s ’(I b ao ’ o ’ ’r ( i-

I t i 5 ~ 1 , 1 s ’ t I o ’ n u 2 v .  l’ s ’I I I’ o ’ ia s s o ’S , s~ , 0s b1 1’ u ’ ( t t i t l ’ t l _ i i ,~ a t ’ ,v, ’ - b i t  s ’\ ’ s’ i ’ ! t s ’ 5 u s h , ii’ u_ ’ r u _ ’ ~~t t o ’d .

His ’ i 1 t ’ O i i ’Iilo ’ l i t o ’d ( i S i O l _ i t i , ’ d i i o I ’ s  St  u ’ o t s ’ g - s s ’S in c l u u _ l t ’cl .1 o ’ 0 t _ i _ i l,’ i u ’ s~ i I i o _ i t _ i  ‘1 .1 t i f l it l O i ’ i _ i _ i

c, u t a t t t i . ’ e t  i v t t i _ i  1 l ’ : t l u t  am  s ’ u ’ d i ’ t q ,  H _ i o ’ p a pe r  by ‘l’ ,t s lo  a n d  W iu_ it :’, s tro n gl y

11101 i \ ’ . t t s .’(l t i_ i s  ~ u t i _ i a i ’  1 ’  s t u dy  t h _ i u _’ t ’ t - .oo ’t i c a l  i u t ’ t , I o ’ u i ’ s.’ u _ i t a l i o m _ is of l l u i t i _ i ’ a u _ i

s ’ s b C I : i _ i O  i t _ i  I l _ i s ’ I r a t u s t ’  r I ’  d i l l - a i m _ i , ,“5 . I g ’ i ’ i t h _ i m _ i i  s i u ’i’ s ’l o p t _ i _ i s’ u _ i t  i_ ia s not ~ s- u u - s si u _ !~- - s ’~’d

i t -h a t  ‘st’a s s ’ ,s u ’ h i s ’r r u ’ t s - r r o ’d ts_ i as tl ’aim ut _ i g pu’u ’o’ odtui’ s.’s . F, ’t } t  t r a i u ’ s i u l i , :  01101

o ’ ooh iu _ ig v /o r 5 ’ tju’’,’t0 ’ t ’ t _ i _ i u _’d s l _ i  t b s  S O u l _ i s’ i l _ i _ i a u~ s ’ , 5. s ) l _ i 5 o ’ u t l , ls ’ f l t l \ ’ . t b _ i s’ 1 ’ t ’ ’ ’b l t ’ I _ i ’

a s s , ’ s ’ i a t o ’d i’u ’ l ! h  i u u o i t t t a i r _ i i n g  o ’ ! _ i a t i u u o ’l I’~ 5 l o ’ I l’s b l t ’  0 1 1_ is ’ l u l t a g o ’ I s _i O t i u ’ t } _ i t ’ I ’  a t l d  t h _ i s ~

r l ’ i s t _ i - a t s ’ b t  ~~1’ u _ i l u l s ’I _ i ’  i’,’ s ’I’ s.’ 5us ’ ’ i j d t’d Ths ’ t’s’S~ t i I s  s l o ’ u _ i _ i u’n s t r  a’~~o1 t h5 - s t aob ai ,- iu ii’ i tv

s a us ’ I , 0 !i l s ~ s O _ b  s’ ‘01 . I h o ’ I ~5 ~ to _ i  .11_ic! \ \‘  j u _ i t  :-i ,l
~

-u o ’ I’ is’:os t b _ i s ~ t’i i’ s t  s’, s l o t ’ , ‘a t  j o

5 ’ l O ! \  o u t  a n  ,u da n t i v o ’ I’ , i t I S t ’ i ’ u _ i _ i  s ‘sling nt’ ,’o’t’dtur e’.

- \o  ‘ t i - s e’ r l p e i t  i -sap t o ’ c i ’ s u _ i i cj e u s ’ vs’as u b s . ’vs ’i ’ns ’o b lu ’ s ’  l ’ o ’s c ho ’ r 1° ) T , ~~b . Hi s’

, u d , u ; - u ’ j t ’ u ’ u_ ’ O d I r i u.~ n i l ” ’ s ’ s ’ ( l ’ , I l ’ e ’ s ’ l l l t t i ’ l a ’ o ’d ‘ ‘ ‘o _ i i o - ,’d ‘a l ’  s I a s~~ i t t ~ a l l a n.  I ’ h ’ o ’ a l go l

m ’ i ’ h u t -  _i~ t i I : . ’s.’d l ar ~~ o ’ t u ’ a l t s l s ’ m ’ l u b io s ku -i i , ’ i ‘~, . “ i ’ l . l i _ i s ’ t ’ s o”s’s’ s O _ i I s ’ u ’ t l t  ivas  ‘ -u
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c l s ’ r i ’ ,’ s ’ l’ s’o - a r s i s ’ s . ’ l s ’ , b a s c ’d on p r s ’v i s u u s l v  d i ’ s  I r l s ’d  - i i _ i i’ , , r i ,’ ,- it i ’ i n , b o t h  tb-

as I t ’ l l ~~f i  ,_ ia t , s 1 i  t o ’  i ’ iris and li _ is’ h i t  as sig  u i , u - u u t .

Si 5 t _ i e r f i 5 _ i i d l l y ,  t i_ i s  t e c h u _ i j l I l I s  is S i l u u i l a t ’  to C o f l v e u’o t i ’ ” t ) - cl , t \ i ’ u — d i I t l ( - r _ i S L ’ s l b , l l

d i l f 5 . ’ r c ’ n I , i a [  p u l s e  - c o ds’ n o u d o i i a t i o n  (I) i ’( Ni  F l i l \ v  i - v s ’ s ~ ‘ t i _ i h i j o s -  D b ’ (  ~—: , r a t h c ’ r

an t h 5 ’ a c t u a l  q u a n t i t y .  i t s  v a r  i a u _ i c u - is v s t i r u i a l  ‘d - ‘I ’hus , t I _ i c ap p rnp r  ~ it  u ,

i - s t t n u : t t i o n  p r o o - u ’ d ~ ut ’ u ’ u L t a ~ n s h o ’  s t a u_ i d a r d  d o n a t i o n  oh  t i _ i c  f r a t _ i s I ’  - t m  coc ffi-

c i c f lt  t o h _ i s ’ c - , , d -d - Since only prs~’~’ious 1v coded v a l ue s  a r o ’ u s o ’d  in  t i_ ic  - sti —

I- t , a s i o t l . t h e  p r o c o - i h i r e  is l u l l s  d i ’s  i _ i d a b l o - . ‘I ~~~
- d u ’ ’ ’ ’ d o ’r repea ts t h - c s a r i b u ’

St i ’p S  of  t I - c  0 , 1 ( 1 1 I _ i c  pi’ u b ’ ( ’S S .

Th e de s C  ri _ i t -  ~1 t e ch  t u b  ‘ is.’ is full y ~d,~p~- iv i -  - It oh , u _~_ i t s to t h e  t rot’ s 1 ’ rt _ i _ i

d on :a i” u s ’ r l R ’t u r s ’  , ‘I ’h s,’ c o n - t : - i ’ o ’s s i o n  r a t s ’ is d t - t o ’ r n ’_ i i n e d  on ac t u a l  i n- o g ’ ’

:t’ ,’ t i V i t V ,  ‘Th e do’’.a’l~sp u -d t o - ’ . ’h n i q l n ’  IS  ‘ s e ’) i - - t r u t i c a l i n ,g ,  ‘ When t i _ i s . ’  p ro e d i i : t ’ - s - ’

i , i _ i t n i- n u _ _ f  b : ts  f o r  a u o ’ t f j u ’j s ’n ~ f a l ,[s bel u~v u n i t y .  n _ i  t~ i r t h t ’’ r  in f o r t i  S t !  I l _ i  u _ S

r a n s n _ i i t  t 5 ’d In 1 h a l  [a sh _j o n , at ha 5 poi n t , and I’ - r t b_ iat appropriate i t _ i _ i  a~~e

lin e in t h u  t r a n s  I o r n t  d o m a i n , t h e  s odi  ng is to rn_iina~ s d  i t s  ~~p c n  loop

, ‘c hn ’ici i, i s ’ f ~~r l a n e s ’ t r a n s  t u r m  S i/ s ’S 1 : _ i S  bu s - n  s u c s  cssfu [ f o r  v a r i o u s  app l i c a —

t i o n s  inc lu d in ~ n t o n o c h ru u n ~ s ’ c o l o r  J0 i l  i n t s ’ r  f r a I l -
’’ cod ng

The t v _ i  fundan ’tental I_ ie\ ’,’ c o i u c ’pt ~ s.’st,sblished , : n s u ’ r i o  to h _ ic  e t-_i_ ip hiasi ,~,d.

‘T’hu fir st nesul’ is hat a s uu _ : c s - ’s s t ’ i l  a d a p t i v s .’ I rans foru_ i coding n _ i a —.’ be ds ’-

i- s l o p s  d w i t h o _ i~ t a p r i o r i  a s s un i ed  f i x e d  u _ i _ i d o l , such as t h u  N!,srkcs’ u~ ,~sd I. - ‘

~“.t ’  r u ’  i n_ i p o r t an t l y ,  a c_i r o edo rs ’  i_ ia s  b e e n  d e v e l o pe d  t o - l u F N ps ’r ri  115 r u - _ i l  - t I l l

r , u u l c ’ l i d e n t i fj c , u t  jon l i t  n i n e ! .  ‘ s b ’  1 0 1 5 the appropriat s.- b i t  ass  i g i ’ s f l o ’’ l t  p r ~~c s . ’durs .’

an  a l so  be L x _ i ) p le  I _ i  ‘‘n t  i ’d T h r  ieh  ti_ i s : s u _ - c u i n d  u_ , s u n s : s.’ pt , .5t s al gu_ i r ith i_ i t was
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o l s ’ \ ’ o ’ l s ’ } b u ’ s h  t b i , t t i i t j l j , ’ s ’s l I t , ’ . s t ’ , ’ s j i , u b u l o ’ h , S I I s t \ i ’j d t b l  .~~‘~~‘ u i t ’ s I u n g  I ,i I l u ’ t ’ ( I ,  F m u I u ’ i ’ t t u i l ~ I I s ’ h \ ,

t h u s ’  s h s s  I I s S e ’( I  at g u ’ n i t h i t u l  i s  itil I )l’as I L O O I ,  - b  I i ’  i u l i l i ? , , l l i u u t l  s u E  lane s ’ I m ’ a i i s t s ’ r t t

S I t ’ s i t s h  u ’  ~ s’ l i  100 P I s ’ s h i m _ i  j ( i l l s ’s I S t l l a ~ ip t ’ , ‘p  Fit u ’ - ‘t h u s ’ 1 15 ’ \ ! s I  o p  5V O S  I s ’  do -

\ ‘ i ’ l u l p  ,i m i l u l l I u l s ’ I i l t ’ m i t , I I i u - u l i  ‘ s s ’ b i u o ’ h i  i s h i l l y  : i o b , t ~ i t  i v s ’ , V s ’t  l I t  i h j , ’. s ’t t  s r u i a h l  t u ’ , t l i s t u u l ’ l l t s ,

I t ’ ’ , t  ut  h i s ,  I ’ s ’ x l  ~~ oI ~ ’ o b  I hut ’ s ’ , u  m ’ I s  , u o  l , u  P t  I i ’ s’ o ’ u i t e  s ’ p 1 s 1 0 1 1 1 , 1 1 0 ’ 0 , 1 1 5 ’ s O !  i s  u u a l  I i .  i s

l s ’ t ’ t i I  5 1 : 5 - S .

b a s i s’ I ’ u_ ’ , o t t t r s ’s of t b e ’ , s I t ’ , u i ’ ’t t i i t u i  ,t rt ’ i_ i m’ sSse ’n t o ’s I  i l - s  l”i u t r s - 1 F ,-\ t’ ’ u, ’ l t r  —

si v s ’ I _ i r u b o ’ t ’ o h t u t’ s ’ is t i tihi :t s’d. St;i m’ t i t i ~ 
,,‘j t h i  t h u e  h . s m ’ g u ’s t  s ’ u i s ’ t l l s  i o ’ m l t . I b i s ’ , ilg ’ ’ ri l b ii ut

t’ s ’ o I i ’ S j t ’ s ’ l \  i m r - s h i o ’ !s  t b i ~ ’ l t s ’ \I  s ’ , e ’ b t t s ’j s ’ m t  s! ,t u u c h , i m ’ s h  s h s ’ t ’ i a l u u ’ li  I u - s~ n u  ii ’b u i -  I t  t b 1

, u p ~ ) I ’ o p i ’ i d I s ’ t u c t n u l b s ’ l ’  u t  h -s i t s  i s  s b u ’ t s ’ t ’ n t i m _ i t ’ o b .  ,-\ S t m u l p l s ’ pi ’ s ’ s ’ s ’o I s ul ’ s ’ n aps l b s

I iv, ’ - O h l f l  l u l l  S ~0 t , i  I b b o ’  o k  u t - s  I , ’  u ’ u o ’ d u n  1s t _i s i  u i l , -\ s j I h i u s t  I ’ l l  e s . !  I b i s ’ ~ l’ s ’ l’ u ’ ~~l u ’ I _ i

s m m  ‘ .s p 1_i ’d i l l  .5 .~~i LI — - ‘ .ug I , u ~~ l u i s  I ,  ‘ is ’ I o h i s  s - st - s e’ -oh i l l  1, 0 15  io l i , l l  I c i m u e  I j a n ,  I b i t ’ s t i h  -

O I j , i 0 s ’ I t ! l l  O l s ’ t I ’ u ’ l _ i t  ~ h-save ,t Ib Pl ’ ob X i l i l , S I ( ’IV I l l s ’ S O l t i s ’ t’s’ lali s’ s ’ il t ’ i ’ u l’Ist m - su _’ s ’ , 1 1 1 1 5 ,

t h u ’ t u sp~ - u i u - s g  r s ’ s u l t s  H a t u l , s l i u _ i t u , m - s i s- a I l s  d~ -~’ r o ’ , t s i m u g s et  of s.’l s ’ii ~ s ’ u t s ,  St’s’ s ’i ’ otI

s ’x , o l l ’ s p lu ’s .t l ’ e ’ s b - s o s ’ s - t m  i u  b ” i~ ’o i r e ’ I . I h o rs ’ . t h 5 ’ .ibs ’l i t to ’ o’s e ’t ’ t i s ’io ’ i t

‘s’ . i h i t u ’t t  Ofl .1 Iu o , ’, 5’s n i t b _ i t u t i t ’ Ss.’ O I s ’ a t ’ s ’ g u s t _ i ,

I b i s ’ de ’ i u u , -s u s t  r a t s .’sI  p n ~~ o ’ s ’ s I o i u ’ s ’ is t’ei iI ’ s ’ ,id,~1_ itivs ’. ‘l’hs - n , i uu n , ul t , ‘, , s t j ’ t I

e’ u ’ e ’ t t i e ’j e ’ l i t s , I N s ’ b i t  . o s s i i ’ , i u m u u ’ m u l . a s  ss’ s ’ I I  as  I N 4 ’ t s ’ t a l  l l l u l m i h s ’n  s 1  h i t s  p er

b l u i s h , i r s ’ ad a l - s I i s’ u ’l s o t s ’ t e ’t ’ m n i i i u ’d , I N s ’ .il g s ’ m ’ i l h _ i m u i  15 s s ’ l t — t s ’ I ’ l f l l T I ~I t i I l ~~ . 
-

\~,‘ h us ’ mi  thu ~’ h i ns ’(h i e tt ’d u u~u mu uhs ’ m’ i t  b i t t ’  t ’u h t’ ,i s ’ s ’ s ’ t t i o ’ u s ’ I i l  f : s I I s  lbs ’ I u vs ,t I f l i s ’(b 5 , 5 1 1 1 5 ’ ,

so’s  I W O , t h I s ’ o ’ u ( I i t i g i s  !s ’ m ’ t u i i u u a t u ’ u l  I s b n  t h t , i t  L i i i ,  ii . S u l l i l a r l y . I b i s ’ l’ t ’ o ’ u ’i \ ’ s ’ I ’

di u p i j s ’ , k t s ’s t b - u s ’ l’ u ’ c i I r S i s ’ s ’ pns u o ’ s ’ thi t t’ u ’ ;  I N c u s , I b i s ’ h ) r u l u ’ s ’S S  i s d 5 ’ 5 s s s b a h i l s ’

I b i s ’ s u ~ t t l i t i s . ’ s I  p r u o s ’ u h o l r t ’ . tpp s ’. L i ’ t ; t i  l~~’ p t ’o u i i i i _ i u i u i g .  h b s s ~i t ”s’ s ’u’ . i t s  u m o b s ’ -

s i r a b u t s ’ I s - i t  U r s I t h u s ’ ‘ ‘ i ’~
’ I t I u b s F  Oh  is ’ n , t I  I s t ’s , I !~~ - e u - s (  t i m  it ’, a I O u ’ t’  I I I I  - p r o  ps ’ u’h
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The  i n i t i a l  con d i t i o n  m u s t  be s e p a r a t e ly s p e c i f i e d .  F’or the  f i r s t  s ubb lock

to he co ded , an a s s um e d  d i s t o r t i o n  ( D )  is s pec i f ied  w h i c h  co r r e s p o n d s  to

the  d e s i r e d  a v e r ag e  r a t e .  1 he i n d i c a t e d  a l g or i t h m  is s t a b l e .  E v en  fo r  un-

r e a son a b l e  i n i t i a l  c o n d i t i o n s , t h e  co n t r o l l e r  r a p idl y s t a b i l i z e s  at an e f f e c  -

i vt  lv  S t  eadv  s t a t  c o n d i t i o n .

Concep tuaUy.  the con t ro l l e r  at tempts to main ta in  the buf fe r bias ( B )

w i t h i n  the  a v a i l a b le  b u f f e r .  C o n s e q u e n t ly ,  t h e  m a x i m um  dev i a t i on  f r o m  a

s p e c i f i e d  r a t e  is neg l i g i b l e  f o r  image  s izes  much l a r g e r  t h a n  the  p o s t b u f f e r

S i z e .

The p o s t b u f fcr  con t ro l  s ize has  a limited impact on p er f o r m a n c e,

a l f t o o.~~ i t  is  s m a l l . C ~n p i i t c r  s i m u l a t i o n s  have i n d i c a ted  a sma l l  i m a ge

c
~~

a l i t v  d c c  r a d a t i o n  in  t e r m s  of m ean s q u a r e  e r r o r  as the p o s t b t i f f t ’r  s i z e  was

d~ ( C d  1r >n ~ t w o —  im~t c  s t r i ps to one — f o u rt h  of an image  s t r i p.

:\S d i s C u S sed  in Section D. 4 , this techni que can uti l ize parallel corn-

p u t a t  i n .  and i t  is  f l e N i b l e  in  image  f o r m a t .  Var iou s examples ,  i nc lud ing

b u f f e r  p e r f o rm a n ce  b eh a v i o r . a re  shown in F igure  17. It shoul d be noted

t h a t  t h e  v a r io u s  p a r am e t e r s  behave  r e a s o n a b ly ,  and no s ign of an u n s t a b l e

b u f f e r  behav io r  dev e l o p s .  The i n ter m e d i a t e  c o n t r o l l e r  p a r a m e t e r s  are  also

shown.  T h ey  a re  t h e  d.e s ir ed ~ local  r a t e  and the e s t i m a t e d  and r equ i red  D

p ar a t i l e t e  r s .  The e s tim a te d  p a r a m e t e r s  r ep r e s e n t  q u an t i t i e s  a v e r a g e d  ove r

l i r g e  im a g e  se g m e n t s .  These  p a r a m e t e r s  change  onl y s lowl y.  The instan-

t aneous  r a t e  a s soc i a t ed  wi th  ind iv idual  subblocks  f luc tuates  si g n i f i c a n t l y .  At

two bits p e r  p ixel , f o r  examp le , the in s t an taneous  rate v a r i a t i o n  is like l y to

e x c e ed  a f a c t o r  of f o u r .

95

Li



1. 0

0.2

A I I
1t ’~) .~tX1 ~X) 4X ) 5(’) ~ X) 700 StX~ Q X )  UX~1

(‘‘) ~ O ’ ) ~ NI)Mt ~ R

(~t t ~~\ 1tI~ ~t~t J  I~ I R411
1)1 ¼

~I I ~ Ii !~A 1t

1) 100 2(X) ~00 400 500 ~00 100 S00 Q00 RXX ~(h ) BIOC I~.. N UMBI R

l•’ig~ II~t ’ I . ~~~~~~~~~~~~~~~~ ~1 1’~~I~ic . t l ’ ’  1~ utIe r 1’ et ’ I I ~.t t ’h
t ” ( I.~~ ’~~t ) I .  [ ( . i~~ No r I n , % 1 i . ~~’4I h n f l ’e r  s f , i f t o ~ ,
I l e r t ’ . ‘tode r i low .uul ~ ve  r t h ~~ ~ ouhl  o~~ ’u r  .~t
0 .u~d I. e~ipet ’t i v e Iy .  ( h )  I’ht ’ c t i n t u 1 ~~t i vt ’
. tud de~;i red ’ r. tte~ the ~.ec ~’niI p . t r . i i n t ’t ~’r j~;
f l1~) ( I i  l i ed  I o c~mII )en , .~ t l e f~~r I lu’ developi  t i i ~

C ’

_ __ __ __ __ __ __ _  A



I I ‘ it I

~s 
~0 ~00 ~‘t~ t ~(X) .100 ‘OO ~(X) 100 S(Xt Q00 RXX)

RI 01K N IIMBI R

I.)

I ‘~1 l \ t A I I

2 ~~~~~. 

-

4 I~~$ ’ ( I  \~( \~H () ~ 41 ( t t

I 0 100 200 400 ~~~ “00 I~00 RX) S00
I t 0 . K NL IMI4I R

I 0 C C ’ .  I i .  I~~. n t ’ i t ~~.t  I C I I . . ’ I C  ‘ C ‘‘ i v p i s iI It t i t h i , f t~~•L
I i’Ii .i~ t . ’ I’ ~~~~~ 

i t  I f l I t ’ .1 t . ~ ~~upt ’ c i i i  ip ~ i ‘ii

I t i .  ~ i&r ~ ~~~~ iii ~~~‘ t h i’ • i c t i l , t l  l.’c .CI ~.ii t~t.l.~ c L
i it . . ~~~ I l i e  ~~~~ .t t s t . t ’ t t o i i  . t L i ’ ~ i’~~ i.’pr.’
‘ .t ’ i i t  I i. 1. .~ ~l .‘ .t ii i i , ~~t .‘ iii.! I ~~~ ~~~~ i C ic v .t lii. ’

A t t ’dt ’ t (  I.  p t . ’d i i . .’ Iii,’ Ie . i I  .i C’ . i t . ’  ~u (1 .1 . I



l h . ’ di’s.. t ’ tt . . ’.I j ) I . .. e ( L L I L ’ e is h i g h l y .td~t p t i v t ’ to l ... .it t ! i i . t g ’ St  l ’ I iCt l i l ’ t

i .  ~. t t  t , ’ t C i i i t i a t i i i i  \ . ‘t , t I i t ’ p ro. .  et hic. ’ t~~I i t ~~,’ s i t t  .. t i i a i i i i t r

~ l i i i  .1 I ’ i i L ! ~~~i i I I ~~’ .t t O i i l  ~ i i , L i H i . ’1 t i l ’  p i ’ a t t t t a l  lse t ’ .C ! i
~~~

ii. l’~ ’t’ a l ’ \~’t’l’ ~t~’er C g . ’

h1 ’ t’ ,ee . ~ h i t . ’ l i to t ’ .’ i l n a g .’ s u l t l t l o t k s  op er a t e  at a low er  i t i s t a n t a n . ’. i u s  I’a te ,

‘d. c s t t t t  , i s .~i g n s  a i’ . ’ ta t i v . . ’t~ l a r g e  n u m b e r  i t t  b i t s  t o a s e l e c t e d  sm a l l  s . t .

t h i s  t e c t i n i qtie is  p ar t t . .’uht  n y  b e ne f i ci a l  for  hi g h qua li ty  in~~t ge ’ cv wit  Ii

I n ch  s i c u a l  t o  n o i se  pC’ ope ’ r t i e ’ s . l o r  t h i s  .. ,ese , t h e ’  v a r i ou s  im a g e  r e g i o n s

Ci ’ . t l i spe t ’ s . ’ il iii a u n i t  i l n a g .’ Mt t ’ u t t t i t ’ e ’ . I i i . ’ a l g o i ’ i t h i i i  I’ ’qu i i ’ ,’s m n i n t i t t a l

‘\ t ’ t ’ l u t ’ cC(t . t h e  ‘d. ’ r adapt s t O  eat  h s u h b Ii I~ i f l ( l t ’j )t ’fl dt ’i t t l \  . S ince poss il)le ’

‘in h i t i a t  I n s  t i ’  c l i  t i e  t’ t t t  s e i b l i t o ck  s ar c  ‘ss. ’ mi t  i a l l ’  i t i t m u i t  t ’ , t h i s  pr oc  t ’(l~1 i’ t ’

et i, ’..ti ~~.’l~ u t i t i . ’ t ’s a n j n t i i i i t . ’ m n h i n h i e ’!’ ‘1 c la s s e s ,

l ’ l m. ’ al g r i t h i  it  c an hi’ ex t  t’iitlt ’el t i  ut iii .~ e a two — di i i i t ’n  S tot ia l  pi’e(l i eto i’

H ’ u . v . r , t h e  pm’ .’th l i ii n e l i a t t i s m n  h a s  to he inoi’e co m p lex t o t o l l ow e a t I t

I c  au s t .  c i  I in . ’ I i’ a pitt I ii. .C\  t ug t I’ a n s i  ‘1’ in o.’tti e ie mi . t a m n p l it ude’ s

.\ i n n .  i’ r~ 
r ,t . .’t i..’ at ~id~’ . tnt a g t ’ ‘I t he  self  — a d ap t i v e  t r a n s fo m’ni c o i l in g  algo —

i ’ t  C t in  i i s  i t  S aj ta l. i t  A t \  t • op. ’ F at  e w i t  li , ’ut a n y  p r i o r  t r a m u g  . t hus , t l i t ’ s amn e

. t t c r i t h i i i  a i m  1.. ‘q t i a l l ~ . t p j t l i . a l t l . ’ t n ’  s i g i t i t  i t  . t i i t l v  d i t t t ’ i ’ .’nt  i m n a g i ’ t y p e s

4 . I I  .\ N N I ’  1. I :  R R ) R C ON SI 1) ER \ 1’ IONS

\V h i  I.’ con s tde ’ i’ .it ion of t h e  t’hani ie  I e r r or  p rob lem is  t in p o rt  , tnt  , it ~5 .1

sep t c i i .  t n’o l t t t ’ut I x  ,‘ 1t t ( o r  he ’n . iud Sun i t i t  ( I~ ‘ id. s t u d i e s  .i . e e l ap l  i~ e

l’ , i i t s t . r tn t . ’ h n u 1i i . ’s ha~ e I i . ’t  ons id , ’  i t ’d t t a u t i n ’ l .n’ i c  t i o u  p i .  e ’dti i.’s

( Ii.’ Ii C l i ’  I ,~~(t  C It  Ii P ’  c t ’  i ’ i t ,t ’ .l S ( ’ V  t ’ r i )  t ’ 
~ I ’  cm ufle ’ u i t  ~

. I’  .l.~ it t o u t  s t  i’ .i I ‘ , n ot  un

t . ’e l t ’. . t h a t  . u I i l i t  i t i t i a t  t I i , i i t u i . ’t i ousie l , ’  ca C l o u t  t .iu t ’ t t t ’  I i~~e’l~ u t l i i i i l t t I , ’ t ’

t he’ t It.t IIUI’ I t ’ I I  ‘ i  P l’ i. ) t )I t ’ l i t



c r 1 0 .e f l , i I i \  i t \  tisii,, i ly  is h r . ’ .. t t ~ p u . p , , r t i o i i . t l  t o  iii. lt ’ g i . c

ot .t.Iip ti ~ i t ~~ l i i  ‘ r u t . .  ip le , h i g h  s t ’ i t ~~ i t i \  i t ~~ i t ~ .. I i .tuiui.’l n o i s e  i i t a ~ In ’  t . I l s t ’ l i

n i i i . ’ ,.‘t i — ,til , ti.it ~~, tr . t i i : ’ t ’ r z u i  * ~‘ i i u t g  .i l g i . u ’ i t l i u i i .  l t i i ~, .. an  he

i t  .. • u i i p i i st i e d a s  t .tl ~~ t s .\ s i u i g le  .. l i , i u i i i c ’l t ’ i t o  m .. . t i i s ’ s .‘. i i . .  Ii u ’ i i i , . , i t  ni

l o ss . l I i i i ~~. S t i t ) s t t I i ( i i t  t i a u i s t o u i i i  ‘. , t h i i t s ‘ t t ’ t t l  t ’ u u . . . i n oe n t i a u i . ’, t , r u i i  ‘, ,i l’i

. L i i . .  (‘ . .st i u n . t t . ’s . S i i i . . t ’ i i i . ’ .~~ t L u i i , t t e t l  ~ ,t h t i e s  t u i i i i i e l i . t t t l ~ in’ ....’utie th v t.. tii sI~

i t i s  r , t . i t i v e t ~ e ,t s \  t i  i t e ’ i i t i t ~~ i i i  , ‘ r u • u . \ s t u i i p le .il gori t liun

i i , i ~~ t n o i i i t r i i i . .’ e s t t u i i . i t c . . l  ~~ .. c c i i i  e i t h e  p i ’ , d i . .  t e d  tnt ,n.s igiiu iit ’uit to In’ .. h

i t t i n ’  , i t c . r i t h u n  i s  ~~o u ’ k t m i g  P i 0 t ~
( c l .

r . t  t vp it ’ .il s ci l iblo ’ k , t i t i ’  ‘st  u n  ~t t  ed h i t  . 1 5 5  i g u t  u i t e i i t  ~‘ ah t i e s  o v e r  s u n  .tl 1

¶ r . t i s t ’ r u ’ i  d n n a i u i  u ’ e g j o i t s  ,t i’ t .. ‘ u i s m a i i t  i d.’c r e . t s i u t g ~ oi i l~ ot~~ ,ts iou t . I I I \

C l ’ . S a S l i  ciii ~ut e t’~ a s .  ~ i~~ ’ ii I In’ ,il 1 a I ~‘d m i i i  i he  t’ 01 h i t  s to  r t he i t , ’ x

. . . t t  i . i e i i t  . ~. . ‘ u t s t ’ 1t ieu i t t~ , i t  t h e  pm’ c ’ l i t  t e d  u i c i i i i h n ’ i’ ot bits t ’e gtuis to i m n i ’eas . ’ .

a . . t i , e n u n ’ t  . t’ i ’or  i s  i u u i j . . a t ,’d . Out..,’ t h e ’ t m ’r ’r is dete ’..t,’d. i t t , ’  d. . n l e r  u u i . i ’ ,

s i n  p i~ i g u i .  u’ . t I n ’  r . ’i n a i u l i u i g  pa t’ o t  t i l t , st iithtl o k , S in e iii. ’ ,‘ r r o u u ’o t i s  h i t

i s  . . I o se t v  t t n . t h i ~’ed , ‘ u t . ’ m ay  a t t e m p t  t o  .. m ’ i e . . t  t h e  e u r o ’  t~ t u ’ i a t  and er r o l ’

.i ni! m’e. . ove ’r t h i , ’ u’ i’~~ t , i i t h e  s,.i h . h lo . . L 1 t o w e v e m ’ , t h i s  i s  ,e t i O  .‘ pt u a t  a p p ro a c h

vi ’ t t o  In’ i u i i  p l ,‘ i t  ien t e d

4 .  Al~ P l . I ( ’ A l [ t J  l ’Y 01’ (‘ONCEVI’S 10 0 litER I’1’~~’tlN (Q(l’S

\V l i i  I , ’ it is not app cop m ’j , t t t ’ f o r  t h is  .t t i t ho  r to con si dci’ ii i  t ag  e

p r i  . dci u’ .’ s ot hn~ r t h a i m  I r ,t is tot’  i i i  t c c l i i i  ~ i~~ ’ s , i t  is ~ 0 t ’t  t t ~~ Iii l ,~ to  p ’  I t i t  . oit

1 )



t h a t  sonic  of t he  di  s.. us  st ’d . . o n . . . .’ 1) t S  of t his Si’ i t  ion a cc di r ec C I y d I ) I ) l ic . t I ) l i ’

w i t h  l i t t l e  or no t i t o d i f i c  a t ion s  to o the  i’ coding  t i ’ .. I tm ì  iqu es  ‘l’e s.. lie r ~end C ox

1 ) 7 7 )  c. g. , t h e  s e l l  — .u I . c p t i v e  p r o c t ’ d u i ’ i ’ is  app l i . .  , cb l t ’  t o  t i t . ’ h y b r id  t r ’ a u i s t o r l i l /

I) I ‘( NI c o d i n g) ,  The ge tic r a l i  zed b t i fj e  r fe i’d bat k p rO.. c(I U ci ’ is  ~t h ) j ) l  i . .  a u )  t’ 1 i)  .t U

image  cod j u t s  t yp e s as wet  I a s t o gen e r . i t  d a t  .1 c oi t  ip ri’ s s i o t t  p r o . . c d t t  c i ’s .  lii

part i . .  t i l e r , t h e  s.c inc fe i ’t lba ck  log i.. is us. .’ ful tot ’ cu lt copy .. od i i ig  a s w e l l  ~t s to

pr oc ed u re s  wit . . ’  re cu t  copy  cod ing  is  u t i l i z e d  o in ( l y  w i t h  , i u t u t l t i ’ r .. o d i i i c

tee  h u t  i que

F’ . ( 0~~( ’ I . l S[(.)N5

‘t h is  i’cp ou’ t h i t s  ~t t t e i i i p t e d  t o  c l . . ’ u n o f l s t  m ’ a t e  t h a t  t u’.cutsiou’u n t o d i u t e  is  a

va lii~t bl i’ and c i i i . .  j i ’nt t ee  h it  i q ete to r i t t  t , i 5*~’ t o  t t t p  ci ’ 5 5  i O n .  I IO\Vi ’ \ i’ r . ‘~ a i’i o t i s

colt sj ~! c r ,c I i  ou t s  a r t ’ ne ci ’s sa ry  he to re hi ’ t r a n  sb r u t  ..‘ . .n l i t t  g p i’o.. edet  ri ’ .. a ii t t ,~

used i i i  a p r a . .  I i . .  d l  t’ 1W i l’Oit m i t e  i t t ,  l i i  15 !‘t’ p... ) i’t cc ’ \ i i ’~ \ s . t t i . t  pt L \  i t  V c o u t  ci ’ p1 ~

f u l l , u e d  b~ . .ou t s t ( l i ’ m ’ ,L t i u n s  of v , i u ’ i a b l i ’ r a t e  .c l g o r i t h t i n ~ w i t h  t h e  ..‘ons t  t ’a in t

of h i t ’ t ix ed r a t ,  c ha n ni ’l

Sc ~~i ’ i’a 1 solu t i . u t s  a cc ide it t  i f i i ’d ,  Sonic of t Iii’ si ’ s i t l ut  I . . )  I t s  .1 ci ’ . t l s o

.cpp l  i . .  a h) l ..‘ t o  ut he r d a t a  . . o n ip  i’es 5 ion at go r u  h u ts  A d a p t i v e  I t ’a i i st o  u ’ u t t  od t u g

p ro  ..‘ h ir e  s a ci ’ p r ou t  is ing . These  (cc  h n tqu i ’ 5 .111 and s htotil d h.’ i t t i p  h’ i t  t e n t  ci!

Ii ro  u g h a Ic edb,e..’k i i i  i .e ban is in to  . . u  nt rot  th e  r a t e .  Tb, ’ nec es s,e cv ha rd~t a i.e

~t i l l  l i k e )  v i x  ct’~~d wit a t  i s  nee(h ’( l lo u’ .t non adapt  l vi’ tee  hu’i i t i t l i ’  1 (owe \ i ’ r . t i l i ’

I) ( ’flc’ f i  I s  w i l l  mu ci ’ th ,irt otfsi.’t t h e  b.c rdwa u’ .’ pen.L I t  v

‘rhi ’ r e ( l i i i  red t ee  h itol ogy u s  i t t  ex i s t  cite i’ , Tb i’ d i s c  ci s sed .. h a  nn. ’ I .‘ r ro u’

c ur  r i’ .. t j u  ii  p r o c e d u re , i’ .i s i ’d  Oil (i t , ’ (I,t *t i’c t iou of .. ~tt  a ~ ( i’t ’ip l t i .. Ia i l t i  ci’ to ..  ~et t on ,

i s  in  h i t  i’ ri’ s t i n g  p r o l t t i ’ in that would  p cuba 1)1 y be tt o ct  h i w l t i t  i’ to pci r sue.
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I

I ’  , i d  t o  a ca rt . ‘ u pLa~.i’ .’d t I a ~ t h e  m i s t  p r i i . i s ~ nc p rob l em  ar eas  Ioi’

A n . p r  \ ‘ , ( i  , - t t i . . u . -~~ .. ~ ~. i ’ - ~~ t i i i  i~~~. d e v i ’ l u p x i . ’ i i t  t i t  new t x ’ a u s i n r m m i  al g o r i t h m s

in t h e  p r o  . ‘ d t : r c s  t h a t  t o l l o w  i i i , ’  t r a n s l u r i i a t i u i i ,

S e v e ra l  ‘t i t e r  e m s  idt ’r at ions  as so c i a t e d  w i t h  t r a n s for m  imace  coding

~iee d t ,  be r , ’\ ’ ii ’wed , A l t h o u g h  t’ i n ~~ c \p l i . . i t l v  s t a t e d , t r a n s fo r m  co d i n g  is a

St  a t i s  i i  al pr e du r .  bas t ’d u~~ t h e  dcc or r e l a t i o n  p r op e r t y  of t h~ t r a n s fo r n i a t io n

.- \ i i  .t l t e  r u t , t t i ~ ..‘ 1)h1 i loSo I ) i i ~ t ’a~~i’d O t t  .01 d l i i )  u’ ( . X i u u i d t i t l r i  t h i t ’ o r y  l ids  been p r o —

p c,.. ! i’ , . .  i ’ u t t k  . I iu t . .ge r i g i o l o ,  cc .. ,ui~,i (l i ’r . . ’d to lie t w u — d j u t t e n s i o m i a l  scg  -

1 ’ t i lt  ~ t }i , t  t t hu. ’ data ut  t i p  re SS1011 a l go r i t h t n  app r oxi n t a t e  s b y son it ’ known

f u n . .  l i o n S i t

‘r ite r ef ore , me could claim tha t  an app r ox ima t ion  wi th  s i nuso ida l  f u n c  —

t u ’ n s  z i i a \  be s u t a p t i u t u a l .  I hi,’ r ek’va nt  q u e s t i o n  is  w h e t h e r o t t . .  ~~‘ - “ ‘  ‘ i onal

a p p r o x i u i  at ion s  of  iT - n a g .  s egmen t s  nt a~ ’ c o n ve r ge  f a s t e r  t h a n  the  s i n u s o i d a l

si t .  I h i s  q u e s t i o n  i s  d i s c u s s i’d  w i t h  r e f e r e n c e I t h e  s i n g u l a r  value d e c o m—

:. s i t  i on  i i ’ .. h u t i qu i’ i f  imag e scg n i t ’ n t s  w h i c h , i i i  t h e  l e a s t  sq ua r i ’  Sense , is

) p t l i u ’ ~ 2 i 1~ A l b e r t , I

U n f o r t u n a t e ly,  what  may be opt imum or  attractive in app r oxint ation

t h i ’ o rv  does not a l w a y s  result in an e f f i c  j i ’nt cod ing  s vst e n i  . The leas t

s q u a r es  approach  r e q u i r es  t h e  I r a n s n h i s s i o n  of t h e  t r a n s f o r m a t i o n  p a r a m e t e r s

as we l l  as of the  a p p r o p r i a t e  e o c f t i c ie n t s  . t b . . ’  r e q u i r e d  band~~’idth is l i ke ly

to become ’ c o n s i d e r a b le .  E nr a sp e c i f i c  t y p e  ot  i ma g e r y ,  such as a r t i f i c i a l ly

gi ’n t ’ r a t ed  Scenes , an appr o x i m a t i o n  t h e o r y  m a y  be a p p r o p r i a t e  (Andr ew s and

}‘ a t f i - r s o n .  J Q 7 ,  . \ b  ( aug het . I t ’ i ) .  !Io~ v.’v cr . most  i l i i a c i ’ r y  can be charac —

i t ’ r i  i .‘d onl  v in  a S t a t i s t i c  at  sen  si . t h e  re in i-c , an app rox ima t i o n  t h e o ry  wil l

not ~ i, ’td i n t p r o v t ’ i u  . i ’nt s ov er s t a t i s t i c a l  t r a n s f o r m  t e ’ch n i qu .’s

I i .) I
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Fit r couit p let en i’s S , .tua.l o g t ra i l  sb  c i i i  ir t i p  l c m t t e n t  at iun  s ho old hi’ u i t e n t t o n c d

I h.  - I I i’c h r t i t l o g y  a l l o w s  a n a l o g  in tp li ’m i i e mt t  at ion .. t vat ’  i ous  I c ans  b u r n t  I v  pt ’s

P . t i s s , et d l , ,  I ‘Y ’~~ )~ T h i s  i n t e r e s t i n g  de vi ’l op I l l t ’r t t  is  benefi cial t t i  d a t a  p u ’ o —

t ’ i ’ s s ln g  ~t p p I i . .  ~~t j o r t s  i nv o l v i n g  l a r g i ’ s i ,~,’ t x ’ a n s f o r r i i s . l ox’ r e a l i s t i c  t r a n s

t’o r u t t  c o d i n g  a l g . i i ’ i t i t i t i s , t i t i ’  bi ’n , ’f i t s  at ’ .’ u i i a r g i n . c l . s i n . .’ ,’ t au’gi ’ t r a n s f o r m

~ 1 , - i ’s and t h i i ’  a s s o c i a t e d  h i g h n u m i i h i ’r c i t  ar i thematic opt’i’ at t o u t s  ar t ’  flee t

j u s t  i l i e d .  For  s pe ’c i at i .‘ , ‘d i n ip t  e r t i e n t  at i o n s  \vi l i t  St r I ulg cut pow,’ r and  w ei g ht

i’e q t i i  r i ’ m t t i ’ n t  s , art anal og a p p r o a ch  m i gh t be apprupr iat

r a t~e .t wh ich  needs  f u r t h e r  st t id y and could be p o ten t i al ly us clot

t o t’ t i’.cu i st ’ot’mtt coding is a h,’t t i ’ r u n d e r s t a n d i n g  ot in i a g e  q u a l i t y  .. c i t t ’ r i a ,

l’Iii ’ s .~l t  adap t  iv i ’ I i ’ cii n i qu e  a p pr ox ima l ~‘l v p..’ rIo t’ in s c l a s s  i l ie at ion ac.... cdi rig

t o  t r a u t s t e e r m  domain e n t r o p y , w h i c h  i s  a l so  a i t i c a su r i ’ 01 i l i i , t g t ’ ent  i’opv.

l o u ’  L a r g e  hi , e n d w u l t h i  c o l t l p r i ’ s s i o u t . t r a n s l o m ’ t n  h i l o . .  k . . l a s s i f i c a t t o i t  , i t ’ .. . .r . l in g

to sou tti ’ gen e  r , i h i . ’ i ’cl .. u ’ i t , ’ u ’ ia  u t - t , t y  l it ’ t’ ,t l t i , t t> l . . ’ t ’v . . ’u i  at  t h e  e x p e n s e  of i t t

rt ’ , i s i ’t I  d i s t o r t  l i n t , i l o w ev e  u’ , i t  l u t i s t  he t’i’ttt , ’ttth ..’ red t h a t  bo t h  t i t t ’ori ’t t t ’ .cl

c u d  pl’ a.. t i . . a t  l i m i t s  b i t t ’  a l t  i i i t ~ig i ’ t ’ o t t t p u ’ e s s t o t i  . i l g o m ’ i t i t u t t  w i t h  u t e g l i g ib t i ’

t l t s t o u ’ t  iou art ’ l i t . .’ r u i i i i t t ’ d  by  t in ’  cu t  rop~ - t t t i ’ . c S t i l ’ i’ . .‘\ h i g h l y  ,cddj)t i t . .’ t V . 1 1 1 5 —

i t )  t i l l  c . .) d i i lg  Ii’ .. 1111 i . .j tic i I i i  si’ I V .11) 1) l’ i ) X i I t  t . t  t i ’s t i l t ’ .1.. I cia I i u t t , t g e  i ’ m i t  C’ ..) ) )  V -

l’ t i t u i ’ t’ .c t go t’i t h t t t t  ( l . .’ V t ’ 1 0 1) l t t t ’u l t s  i i i  .. t e I t l p l ’ t ’ s si t ) lt r a t . .’ m’edti..’t wit a r c  not

I iki ’ I to be d r,i r i t a t  Ic . N lost i r t i p  ri it ’ ..’ i i i . .’ i t t  s m a  be . i . . . . . .  111 1) 11 sIted b y t h. ’

iittp leutien t .et t o u t  ot t e c h n i ques d i s . . i i s s e d  in t h is  r e p o r t , (‘ o t t s i di ’ i’ , i l t lc t ’ f t o r t

is s t i l l  ri ’qu i red to ..‘ u i su  i-c that l i i i ’ y~~ r tous t i e s  igu s  .c r e iittp li’inent ..‘d t h i  roug h

p r a t t i . .  al ha rdwa  i-c .

I O.~
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In t h i s  chap t t’ r , t l ie  pr j u n  ,c cv a Igo cit  l i m i t  ..‘ oi u p.. ot t ’  i t t  s t i t  a t  d cc ’ T ie . . ’ i’s s ..r y

om ’ u t  - p L i ’ m u  i ’ itt at t O i l  dl’ e idc ’ti i i  i i  ccl , l it add i t i  ‘it , i t  \Vd s a i t , , i t  ip t  i’d to  i i t t . ’ r t a c i ’

a t  l e a s t  . . , ‘ i t c i ’t q~. : . c l l y , so n u t ’ ot t i i t ’s i ’ i.~i~ pO ut. ’!u ’ s . \ V h t a t  ar e  t h t t ’ s c ’ .. o it ~~~s ’ u t t ’ T u t s

1’’or  t r a i t s t o m ’ x t i  . ‘ i h t i . .~, .1 t i ’ . t i t s t ’ i ’ i t i  a l~~o r t t h m  u s  i t . ’ i ’( i. ’d. i’ i’ ioi’ t . ~ t I t i ’  t m ’ a u t s

~t’ i i i  • a r i ’ t u ’ m ’  i i i  .0 C i i i  g b u t t  ..‘u ’  I S  I’ ( ‘0011 ’  i ’(l . ‘\ i i  i i i  ‘i’ t d u i t  it . ’ \v ..‘ ‘ i l l  p.. ‘ i t  c u t  I was

t h e  b u f t i ’r  c o u t i  rot  a lu .~or  ~t i u i u ~~,

I ( a r dw a r i ’ i u t l p lc ’ i t l t ’ c t . c t i o u l  l i i ’  t i t i’  d i s c u s s e d  t e . .’i t i t i q u i t ’s ..‘oii l d h , ’mtc ’f i t

m r .. i t t  .t n~ ‘ s s u h l e  d~ s~~~t t at  u s  as . ’ ci .‘ut md. p..’ u n i t ’  i t t  i. o t t  p..’ ru t ’ it t  s . l i i t ’si ’

‘I l  ~pI . u i , ~ i t t  s i a n  I i ’  i i i . . ! . . ’  pc ri de itt  l v  d, ’v.. ’ lo pt’d and a ppi’.. ~p c i a  C i ’ It 1 1 1 C c ’ t’ i a.. i ’d to t ’

.t ua i ’t i . . u l a r  t t ’ a i i s t ’ r i u  ..‘oct ui ’ uc , t l g o r i t i t m t i .  t h i s  u i i o d t i l ~~i’ d i ’ s i g u i . iii a t i d i i i o i t

to I r d n s t o i ’ n~ .. i . d i t i g ,  u s  d i S O  atip l u..- alilt’ t o  o t i i i ’t’ d a t a  .. o I l i p r t ’ s s i o i t  t e . . h i i t i . . 1 u i ’s

sot - lu as t ’ t i t  copy . . od i u i g  t i i t ’ou g i l  a b u t t e r  t i ’e db . . t i k  i u ~..’..’ h u j c t t i s m i i .

l’ !t is . t c i t h to  r b e l i e v e s  t h at  a wi’ ii - i ie  s i g u t e c t  .u lapt  i v ’  t r a u t s  t’o r u t  c oili it~~

a l g o r i t h i t ~ r ep r i ’s i ’ n t s  t i l t ’ i t t o s t  e t i i c i , ’i i t  i i u a gt ’ c o m u p r e s s i . . ’ut  t e c h u t i q t i i ’  b c

h i g h  c i u a l i t v  d a t a ,  A l t i t o c i g h  c o u t . . e p t u . i t  d e s i g u t  t o i t t i g u r a t t . . ’ i i s  c i u s . . u s s .’d i i i

t h t ~ .. i t a p t e r  a r e  pt ’ . . i m t i i s i u i g .  t h i ’y a r e  s t i l l  only i i i  t i t i ’ s i m u l a t i o n  s t ag e  auid

t h e  a c t u a l  ha i’ d t v a r , ’ d e s u g u t  i s  v e t  T o  be p u r s u e d ,

I 0
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