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by
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ABSTRACT

Passing information among processors with different interna l data
formatting schemes has proven to be a major complication to computer
networking efforts. Data format translation is necessary to support
information exchange in a heterogeneous network environment. Three
strategies for performing this translation for communications between
a message sender and receiver are : translation by the receiver ,
transl at ion by an in termed iate translator , and the use of a standard
intermediate format. The standard format is shown to be the most
responsive to a se t of general ne twork design princip les.

The implementation of an intermediate format based interprocess
connuunications scheme requires a mechanism for passing the semantic
description of each string of data bits. Two alternative mechanisms
for passing this information are discussed , and da ta “tagging” is
selec ted as the more flexible. Other imp lementa t ion considera tions
are examined , includ ing possible problems in performing translation
and the relationship formal translation has to other network message
handling functions .
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CHAPTER 1

Ht’tero~y nt ’oiis Comput er Networks

A recent t r e n d  in c o mp u t e r - s y s t ems  r esearc~i has been towards the

inve st iga t  ion  of  and e xp e r i m e n t a t i o n  w i t h  c o m p u t e r  n e t w o r k s . f ’s1t ~~o the

extensive work on AR~’ANF~T < F r a n k , H e a r t , M e t c i l f e l , Croc k e r , AR PA~ and

o t h e r  geographicall y distributed computer networks <Pou zini , Wood> ,

the possible imp lementations and app lications of local computer networks is

also being researched at an ever—increasing number of labor at o r ies

across the country <Fraserl , Farber !, Metralfe2 , M i l l s , Binder , MRG ,

H u t , Chen , Wu if , Swan> . Pass ing in formation among processors with

different internal data formats has proven to he a major comp lication

to these computer networking efforts <Fa rber2 , Millstein , VanDam2> .

1. 1 Networking

The defini tion of a computer network can be phrased in terms of a

network ’s form and function. One such d e f i n i t  ion a s s e r t s  t h a t

.a comput er network is defined to be a set of
a utonomous , independ ent computer systems (the form ]
interconnected so as to permit interactive resource
shar ing between any pair of systems (the function] .
(<Roberts> p. 543.J

_____ 
_______________ a

_____________ 
______ - .--. ~~~~~~~~~~~~~~~ -.-— —.-~~~~~~~~ .

~~~~~
. - - ‘ ______



Heterogeneous Computer Net ~~‘r ks

such a net  wor  k i s  embod ied as :

1) a c o l l e c t i o n  of  h o st s  ( c o m p u t e r s )  p r o v i d i n g  s e r v i c e  t o
a , i ser  ( e i t h e r  an end user or another host comput er), and

a s u h n et w o t k  prov i d i n g  c o m m u n i c a t i o n  among host
computers , use rs , or both. [<K imb leto n2 > p. 129.]

A typic a l network Is depict ed in Figur e 1—i. The suhnetwork is b u i l t  from

nodes and the communications links that serve as the data paths between

the n o d e s .  The nodes I n t e r  f a c e  t h e  n e t w o r k  h o s t s  to the  s u h n e t w o r  k

< Cr o w t h e r > . As shown , it may be possible for a single node to support the

n e t w o r k  demands  of more  than  one h o s t .

Stud y of techni ques for supporting general inter—c omputer

information exchange is motivated by the proposed uses of computer

networks . The most often cited rationale for comput er networking is

probab l y the facilitation of “resource sharing .” <Chen , F i r b e r l ,

Mills , Roberts , Thomas2> However , especi all y in the case of

geograp h ic a l l y local networks, much attention Is now b e i n g  focused  on

computer networks as the hardware/firmware base for distributed

systems <Kimbletoni , MRC , Rowe , Swan , Thomas1~~.

— 

- 

— —
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TYPICAL Ct~4PUTER NETWORK

FIGURE 1—1.

Resource  sha r  Ing networks are  those c o m p u r e r  commun f t at  i on s

sys tem s  t h a t  prov ide access  to r e m o t e  h a r d w a r e  and software servic es.

T h i s  may  i n c l u d e th e  use of st a n d a r d  per Ip h e r a l s , ~p c  i i i  h a r d w a r e

dev ices , i n f c  r m a t i o n  or s o f t w a r e  u t i l i t i e s  t h r o u g h  t h e  network. The

advan tages  a re  p r i m a r i l y e c o n o m i c . W i t h  the  cost  of  t h e  p r o c e s s i n g  u n i t

becoming a s m a l l e r  p e r c en t a g e  of t h e  t o t a l  s y s t e m  cost f o r  an

I n s t a l l a t i o n , c o n c e r n  has  s h i f t e d  to the cost  of prov i d i n g  sys t em

serv i c e s .  By i n c r e a s i n g  access  to  h i g h cost  s o f t w a r e , l a r g e  d a t - i

bases , or ex p e n s i v e  per  Ip h e r  a l  s , t h e  need f o r  r e d u n d a n t  f a c i l i t i e s  can he

m ini m I zed

A d i s t r  ibu ted  c o m p u t e r  n e t w o r k  has  been desc r ibed is a sys tem that

supports the  execut ion of a us er  t a s k  by  u s i n g  m u l t i p le c o m p o n e n t s

t h r  oug hout  the  n e t w o r k , each  c o m p o n e n t  per f o r m  Ing  Some par I ~‘f the  required

- 8 -
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— k ‘Viii Pam 1 , W - -  ker . The sub  t i.5 ku omrritin Ic at ’- iv r - n w- r ii

u - imp 1 ish the com p let e assignm ent. The pr inc Ip l e  d i s t i n c t  P -i n h e t w i - i n

th i s and a r e s o u r c e  sha r  inc  network is that -i Ii -~~ r l b u t - 1  - v - -a - ‘i

o ff er s t h e  end user an inter face to a sing le coher ent svs~~ -ci - i - i f vet

& .r n p l iv s  i ne t w o t k  of compute rs t i  pr oc~-ss his ri-q u est < E lo v l t z , En~~io~~

~ - works suppo rt ing d isti Ibuted system s can traii sp ar . - n r 1 v ~~~ ~ i t 1 ( S et

tue per forman - e advantages of load sPar ing a n t  p a r .iI Ic! p r o - - ssing IS

as t Ile r e l i abilit y feature of h a r d w i r e  m o d u l ; i r  i t y  r i - I

red undanc v.

i.2 Inte rprocess communi cation

T h -  transfer of informati on between computers in a -1et~~~ k can

-icc or ate 1 v he desc r ibed as dat a exchange bet ween d St i i c  t pro c .’ S seS

a ctive on different pr ocessors . This view is ci natural o n - ~ t n e t  wot~

based  di st r ibuted systems. One model of such a sy s t e m  r f l h l s ’. S t  5 of

S e v e r  a ! p r o c e d u r e s  f o r  each task , running on different p r  u - e s S n r  s

per f i r m  i ng  the r e q u i r e d  i n t e r  p r i ir  i- -~s conmun I it  - i n - s  i i - oss t h e

networ k . However , v i e wi n g  n e t w o r k  rn ess .- Ige  p a s sin g  is  i c.~se o f

in~ * -r process communications is also approp t j i t e  for resour ce s h i n  log

l i t W i - r  ~‘:~

It i s useful to t h i n k  o f  r i  s o ur  c e s as h ~‘ I
I s s oc  lated with processes and available onl y throug h
commuri Ic at t on  w i t h  th ese  pi oc i - u se s  . This Is a viewpoint
that ha s been s o -  i - s s f u l  I y app ! l i d  to t Ime— sti ar log systems
- m d  has been m o r e  r i-c t ’o t 1 v been sugges ted  t o  he an
a p p r  op t  i a t  v i e w  f o r  c o m p u t e r  n e t w o r k s . C o n s i s t e n t  w i t h  this
v iew , he fund.iment -i l pr ob l em of res oti r c~ sh i r tog
i s . . .  t i m e  p r o b l e m  i t  j nt et pr  n ess commun i c I t  i o n . . .  .Th e v i e w

— —

_ _ _- -
_  ~~~~~~~~~~~~ ~~~~~~~~~~~~
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He t i n  ogeni-ous C o m p u t e r  N i - I  wOn ~s

is i i  so h e l d  that Int er process com m u n ic it ion  o ve r  a n e t  w o r k
Is . i  su b c as e  o f  g e n e r a l  i n t e r  p r o c e s s  r o m m n u n l c a t  ion In
1 m u l t i  pm u~ r am nm i - d  env  i r o n m i n t  . (~~~W .i Id i n pp.
22 i —22 2 .]

Consider log tin- mess m~ es passed between network hosts to  be

i nc-c t - m n c e s  of inter process commun ication prov ides insight i ito the

rr~ec -hantsm s needed to suppo~~ int er—host nPtw (-~~ comnn unic - it i o ns.

p i e  i f  i c a l  l y ,  a n y  me ssage p a s s i n g  scheme mus t s u p p o r t  t h e  t t l n s ’et  ~~t t o -

k i n d s of  messages  t ha t  are the units of commn un icat in n ni- ~ ween

processes . Commun i c at  ing p rocesses  m ay  need to  e x c h a n g e  o n l y heel can

value s or entire data f i l e s .  The ALGOL—lik e languages allow the

I f l I  - r  p r o c e s s  e x c h a ng e  of  t he  primitive d a t a  types ( INTFPER , PHAI~A (TER) as

we ll as -n o t e  comp lex s t r u c t u r e s  ( S T R I ~~ ;S , A R R A Y S ) .  To f i c i l i t a t i -

t n t  i - n  — h o s t  commun ications , then , a network message pass ing St  t i t  i c  v m u s t

support t he  t r a n s f e r  o f  b o t h  simp le and -om posi ti- data types.

Thi- problem of passing information - ic ross  r n e t W i r k c an  he br o ken ~

t n t - c  two s tag e s .  F i r st , r e g a r d l e s s  o f  the inform ation hei n~ pissed , a

p r o t o c o l  mus t he  e st ab i  I shed  that i ss im r es the hit integr i t  y o f  e xch a n g e d

me ssages .  Schemes f o r  t h i s  l e v e l  a! l i a n d — s l i r k  ing i m s i m i l  l y emp l o y  i t h r e e

p a rt s t r u c t u r e , I n c l u d ing a header , t b -  l i t - i  h i t s  t o  h i- passed mud a

t r a i l e r  ( F i g u r i -  1 — 2 ) .

I h e a d e r  I d a t - i f i e l d  I t r a i l e r

F i g u l  i -  1 — 2 .

— I — —
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H i - t i - r o g e n i - o u s  C o mp u t e r  N i t w o r k s

The h e - i - l i t  c o n t a  ins  m des t  in — i t i on  f i e l d  as w e l l  as some , p o s s i b l y

- - om p l e x  , message C o f l t  t i i i  i n f o r m a t i o n  . The d - i t  a f i e l d  i s  usu a l I y

t r a n s pa r en t t o  t h e messa g e pass in g h a r d w ar e  and protoco ls. Thi

t r a i l e r  c o n t a i n s  t h e  e r r o r — c h e c k i n g  codes arid s t a t u s  i n f o r m a t i o n .

This leve l of interprocessor communication has b us -n e x am i n e d

e x t e n s i v e l y  in t he  l i t e r a t u r e  <Bhushan , Metca lfe2 , Wh iteC> and is not

ad d t e s s i - c In t h i s  s t u d y .

The second stage  of i n f o r m a t i o n  t r a n s f e r  over  a network is the

f n t i - r p r e t a t  ion of t he  b i t s  in t h e  d a t a  f i e l d . Because  r h -  i f l t i - t  nal

r e p r e s e n t a t i o n  of  d a t a  i t ;  d i f f e r ea t  ac ross  p r o d u c t s  o f  d i f f e r e n t

c om p u t er  m a n u f a c t u r e r s  and even c o m p u t e r  p r o d u c t s  f r o m  t h e  s-Pi e

m a n u f a c t u r e r , some r e f o r m a t t i n g  of t h e  i n f o r m a t i o n  i s  n e c e s s i r y  t o

s u p p o r t  i n f o r m a t i o n  t r a n s f e r  In n e t w o r k s .

1. 1 H e t e r o g e n e i t y

Lit t i e  has  emerged  in the  way of  t i - - h n  i qmi&’ s t on ml l o w i  n <

d i f f e r e n t  k i n d s  of p r o c e s so r s  in a h et e r o g e n e o u s  c o m p u t i n g  e n v i r o n m e n t  t o

exchange  i n f o r m a t i o n  in a g e n e r a l  w ay .  R~- i t h er  t h a n  c o n c e n r t r - i t i n g  en t he

s e m a n t i c  c o n t e n t  of  l n t m - r p r o c e s s o r m e s sag e s , m u c h  of  the e ffort h i s been

d i r in- ted t o w a r d s  s i m p l y ge l  t Ing O f l i -  h o s t  comput er in a n e t w o r k  t o

accept u n l - x a m  m e d  I, I n n  y data ft em mime t h e m  . To t h i s  end  , s i - v e t - i l

topo l ogies f o r  c o m p u t e r  I n t e r c o n n e c t  Ion  li i i-  a p p e a r e d , :113 w e l l  as sch e m . - s

f o r  i n su r  log  dc l  i vo ry  of  cm b i n a r y  p a c k m - I  f r o m  a send log h o s t  t o  I t s

— I i  —
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H e t i - n o g e n e o u s  C o m p u i t  en  ~~- t  w on ks

intend ed receiv er . Y e t  to he ad d r e s s e d  i s  t h e  p r o h l  cnn of i i  so

t r a n s m i t t i n g  t h e  s e m a n t i c  c o n t e n t  o r  “m e a n i n g ’’ of  t hit - hits in a y - n - r a l

wa~~. P a s s i n g  t i m i -  h i t s  t h e m s e l v e s  i s  o n l y t h e  f i r s t  s t -p  t a - ~~i c I s

i n t t - n  ~~~~~~~~~~~ c o m m u n i c a t i o n s . At t h i s  p o i n t , -i n u n - h a u l - s m  I ’i n e e d - - I t o

s u p p o r t  t h e  p a s s i n g  of I n f o r m a t i o n .

In s ur  ing t h e  i nt e g r  i t y  o f  a b i n a r y  s t r  in g  as i t  is  m o v e d
f r o m  the  m e m o r y  of  one p roces so r  to a n o t h e r  , has no t  h i - i - n
e a s y.  M a n y  complex  Issue s c o n c e r n i n g  e r r o r  d e t i - etion
and r e c o v e r y ,  message  r o u t i n g , s y s t e m  r e s p o n s e  m d
com ponent  l o a d i n g  have been faced , onl y to  u n c o v e r  t h e  n e x t
set  of  p r o b l em s , t h a t  of  prov i d i n g  a d e q u a t e  s e m a n t i c s  f o r  th i-
t r a n s f e r  red b i t  s t r l n g s . . . S u p p o se the t e x t  f l i t -  o f  o umi ’  s y s t e m
r e q u i r e s  a c a r t  lage r e t u r n  and 1 inc  feed -is a line
s e p a r a t o r , w h i l e  an o t h e r  sys t em r e q u i r e s  a c a r r i a g e  r e t u r n .
Who shou ld  be r e sp o n s i b l e  f o r  the  i n c l u s i o n  or e x c l u s i o n  of
the  l i n e  f eed?  W o r s e  yet , w h a t  do we do ih i t i t
i n c o m p a t i b l e  i n t eg e r s , c h a r a c t e r  se t s , and f l o a t ing p o i n t
data t yr e s ?  C ur r e n t  s o l u t i o n s  ar c  w o r k e d  ou t  b y -o l p i - r  i t  i ve
p r o g r a m m e r s , no t  p r o c e s s o r s , — m d  sever l y l i m I t  s o l u t i o n s  t o

d ynamic  r e c o n f i g u r a t i o n  and load sh a r  Ing among - i i n n & ’C ted
p r o c e s s o r s .  ( < G o r d o n >  p .  4]

These d a t a  f o r m a t t i n g  p r o b l e m s  have  been e s s e n t i a l l y a v o i de d  In  s u m -

n e tw o r k s  b y i n t e r — c o n n e c t i n g  s tr  i c t l y m a c h i n e s  t h a t  use s i m i l a r  i n t u - r o m i

d a t a  r e p r e s e nt a t i o n s  <F r e d e r i ck s e n , M i l l s , Thomas ! , Sw im , W u t ~~.

Processors  in suc h a homogeneous computing environment require no data

format transl ation to exchange information. They a re  a s s u r e d  by  ‘m on

hardware and software desi gn that the semantic c o n t e n t  of  t h e i r  passed

d a t i  w i l l  be c o r r e c t l y u n d e r s t o o d  b y t h e i r  i n t e n d e d  r e c e i v e r  i f  t h e

b t t  c o n t e n t  is  del ive red  c o r r e c t l y .

This approach to distributed computing , although attractive , Is  n o t

s u i l  f i r  t i - n t t o  suppe r I t h e  g r o w l  mn~ demand f o r  c o n n e c t e d  c o m p u t er  S .

S ~~~~~SS  - — S 
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He t i r  O ge r m i ’ oU s  Com p u t e r  N - t w o  r ks

C l e a r  I y ,  homogeneous  m i e  hi t oes  p r n v  I de  ci processing env J r onnn c ri t m o t e

h o s p i t a b l e  f o r  i n t u - r — c o m p u t e r  message  t r a n s f e r .  t h n f o r t u n a r i - l v , m a n y

- u r ~~a n I  z it  I O i S  have d i s cov &-r e d  too  l a t e  t h e  a d v t n i t ; i g u - s  o f

i n t e r — c o n n e c t i o n , h a v i n g  a l r e a d y am - q u i r e d  m a t - h i n e s  of  ‘ l i f f i r e n t

m a n u i f i c t u r e  f o r  s ep a r a t e  c o m p u t i n g  r e q u i r e m e n t s .  The c i p l t i I

i n v e s t m e n t  r e p r e s e n t e d  b y these  c o m p u t e r s , I n  b o t h  h a r d w a r e  and

s o f t w a m- u - , o f t e n  p roh i b i t s  t h e i r  r e p l a c e m e n t  w i t h  no ire  c o m n p - n t i h l e

c o u n t e r p a r t s .  Ig n o r i n g  the d a t a  t r a n s l a t i o n  p rob l em ben - a nise it  c an  he

- iv o i d e d  in homogeneous e n v i r o n m e n t s  i s  be log nun  e sponsi  Vt ’  t i  t he  t i - m i

m u d s  of a l a r g e  segment  of  t he  c o m p u t i n g  c o m m u n i t y .

Convey ing  m e a n i n g  of t r a n s m i t t e d  bits in ,m h e t e r o g e n e o u s

e n v i r o n m e n t Is n o t  as s imp le as I t  m a y  f i r s t  a p p e a r . The d i f f i c u l t y

ar i s e s  because of t h e  t o t a l  lac k of  an i n d u s t r y  s t a n d a r d  f o r  t I m e

i n t e r n ~-il r e p r e s e n t a t i o n  of i n f o r m a t i o n  In c o m p u t e r s .  The m a r k e t is

f i l l e d  w i t h  m a c h in e s  of ev e t y  d e s c r i p t i o n :  t h e y  s u p p o r t

si g n — m a g n i t u d e , or one ’s or  two’s comp lemen t  a r I t h m e t i c , 12 , 16 , 2~~, 12 ,

16 , 48 , or  60 b i t  w o r d  l e n g t h s , and u n i q u e  f l o a t i n g  p o i n t  n u m b e r

r e p r e s e n t a t i o n s .  At the  s o ft w a r e  leve l , t h e r e  a r e  d i f f e r e n t  ways  to

r e p r e s e n t  complex n u m b er s , v e c t o r s , a r r a y s  and o th e r  d a t a  s t r u c t u r e s .

D i s c r e p a n c i e s  e x i s t  even in the  case of c h a r a c t e r  d a t a .  A l t h o u g h the

A S C I I  c h a r a c t e r  set has  become an i n d u s t r y  s t a n d a r d , d i f f e r e n t

m a c h in e s  s t i l l  a s c r i b e  differen t contextua l meaning s to contr ol

char act e r s  suc h as f o r m  f eed , line feed , tab arid c i r n i a g e  return.
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Heterogeneous Com p um t u -r Ni -t w n u rks

1.4 Summar y

Ther e  a r e  severa l  methods  f o r  f a c i l i t a t i n g  g e n e r a l  I n f o r m a t I o n

exchange  be tween  two d i s s i m i l a r  p rocessors .  T h i s  r e p o r t  exam ines

these  me thods  In l ig ht  of a set of design c o n s i d e r a t i o n s  f o r  c o m p u t e r

n u - t w o r k s . There are problem s inherent to any scheme for presenting data

in different formats to processors with dif ferent requirements and

t h e se , too , a r e  examined . The r epor t  does n o t  c ia  tin to so lve  the  p r o b l e m

o f  i n h om n o g e n e i t y .  R a t h e r  i t s  i n t e n t  is to e x a m i n e  t h e

alternatives , and to offer an adaptable and extensible s : h i ’m u - f o ~

l i e  i l it a t i n g  Int erp rocessor  c o m m u n i c a t i o n  in h e t e r o g e n e o u s

coy ironxnents.

Chapter 1 has attempted to r e v i e w  c o m p u t e r  n e t w o r k i n g  an- i  The

relationship between host—to—host message passing and i n t e r p r  ~ce s c

c o m m u n i c a t i o n .  The problem of moving informatIon b e t w e e n

heterogeneous processors Is Introduced , and the Intent of the n i - s i - a r c h

s t a t ed .

Chap ter 11 pr oposes des ign considera tions for networks -mod

rit -t wor k supporting functions. Section 2.2 presents three m echanism s f o r

~~m t 1  translat ion that can facilitate data transfer in

heterogeneous environment. The sunmar y evaluates these strategI es with

u - s p + n - t to the s t a t e d  des ign  cons ide r  a t  t o n s .

The mechan i sm found  most r e s p o n s i v e  to the  d e s i g n  g o a l s  I n
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H e t e r o g en e o u s  C o m p u t e r  Ne t wo r ks

Ch -m p t  e r  11 is the  subj ec t of C h a p t e r  111 . The m e r h a n  i r s  o f  t i m e  s cheme  - I r e

presented and alternative desIgns argued .

C h a p t e r  IV d i s c u ss e s  p r o b l em s t h a t  a r e  inh erent to a n y  d - u t , u

t r a n s l a t  ion m e c h a n i s m , and suggests  p r a c t i c a l  wa ys t o  dea l  w i t h  t h u - s i -

p r o b l e m s .  C h ap t e r  V introduces I n p i e m e n t a t  ion c o n s i d e r  -it ions for

f o r m a t  t r a n sl a t o r s , and C h a p t e r  VI p r e s e n t s  - some a r e a s  f o r  f u t u r e

s t u d y .
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CHAPTER I I

Fi ll it — m t log Tnt&’t pr  ‘e i ’sso t  Commun i c at  ions

The development of an y  t e c hn i qi n - :tu - i - u - p n a h l  f o r  pr o v i d i n g

c o m m u n r c a t i o n s  I n  ~i h e t e r o g e ne o u s  n e t w o r k  e n v i r o n m e n t must hi- gu i l t ! b y

t h e  a n t i c i pa ted  open at  ing  r e q u i  r e m en t s  s u c h  a f a c  II it y nTi m y I t ’ - .

suc h scheme m u s t  bi -  f l e x i b l e , e x t u - n s  i h i e , p r o v  ide  u - n m u u g h

f u n c t i o n a l i t y  to  ompens at e  f o r  the  cost  and o v e r h e a d  I t  i n c u r s , a n d  a l s o

~~c easy to use . From i t s  beg i n n i n g , t h e  r e s e a r c h  r e p o r t e d  h e t e i n  h a s  used

a set of design principles as -i b a s i s  f o r  t he  e v a l u a t i o n  of s t ra t e g i e s  to

provide general interproces sor commun icatio ns . The foliowing sect ion

desc r Ibes those  des i gn pr Inc  I p i es.

2 . 1  Des ign  pr inc i p l es

Process  Addr ess ing  —— A l m o s t  a l l  of t h e  documen ted  c o m p u t e r  n e t w o r k s  in

ope r at  Ion today  s u p p o r t  node to node message t r  n o s f e r  . In t h e  h e a d e r

u ) f  t h e  message being sent , the transmitting node d i -si gn i tes a second node

on t h e  n e t w o r k  as t h e  target for t h at  m e s s a g e .  I m p l i c i t  in  t h i s  m e t h o d

~ rnformation exchange Is the binding of each c o n m u m n i c i t i n g  p r o c e s s

t -  a n e t w o r k  node.

To send da ta , a process at one  n e t w o r k  site builds a message and

addresses It to the network node that rep n -st-nrs the process receiving the
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F a c i l i t a t i n g  J n t e r p n u u - e s s o r C o m m u n l c ~i t i u n s

i t i t . m  . The send jog pr o c t - 5 5  t h en  passes  t h e -  m t - s s ; i g u -  t o  t i m e  n e t  w on k t

d e l  i v i - r e d  . Wimi -n it is ;m ccu- pted at  i t s  d i -~~t i n a t t u m ’ , t h e  messag - is piss~ d

t O  1 p r o cess  r u n n i n g  i n  a host m t  t h a t  s i t e  l o t  ~ iIc h n i t  i n i f u r r n . n r  l o i n  i n

t h u  - -ni -ss; ige was intende d . It h a s  been s u g g e s t e d  - F i r h c - r I , W i  I d e n >

t h i  i t  r -ithet than addr u s s  ing  messages to a receiving network node , th u -

t r a n s m l t t  tog p r o c c - s s  a d d r e s s  m e s s ag e s  d i r e c t l y to  t ime r i - c e i v i n g  pr m r i - s s

Thi- s u b net w o r k i n t e r  f o c i -  a t  each  node is t h e n  r e s p o n s i b l e  for fi n d in -m g

and a c c e p t i n g  messages  a d d r e s s e d  to a n y  p r o c e s s e s  c u r r e n t l y  a c t i v e  a t

i t s  no de .

Pr ocess a d d r e s s i n g  has several i n h e t ~~n t  a d v a n t a g e s  compa r ed to  t h e

mon standard techn i que of node or processor addressing .

The most attractive feature of this approach is t h a t  i t
allows a unifo tm conceptua l point of view. The
processo r oriented view requires a rather continua l
t r a n s l a t i o n  f r o m  pr ocess  name to the  p rocess  t h a t
s u p p l i e d  the  s e rv i ce.  Th i s  c o n t i n u a l  t r a n s l a t i o n  is
r e q u i r e d  f o r  r e l I a b i l i ty  and f l e x i b i l i t y .  [ < F a r b e r l >  p .  7 . 1

The added flex ibility offered by process addressing is a resu lt of

h a v i n g  t h e  ph y s i c a l  l o c a t i o n  of t he  r ece iv ing process be t r a n s p a r e n t  to

t h e  sender. This transparenc y fa cIlit ates t h e  d ynam ic r e l o c a t i o n  o f

running processes on a network for ~~Ut ~~~O S C S  of load l e v e l i n g  or  in tine

ev e n t  of p a r t i a l  node f a i l u r e .

Since  a message is n o r  d l t e c t e - d  t o  a p a r t i c ul a r  pr ocesso r It can
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Fac ii it ; i t log T n t u - n  processor C o m m u n i c i t  Ions

re - o-hi su v i r a l m n St ; ineu - n- ot - i process , each runnin g under t im - same

p r o c e s s  n a m e  -“ d i f f i - r e n t  n O t  w o r k  n o d e s . By - i l  l o w i n g  t i m e  d i m p i ic a r  ion of

n . m m u - s , t i m e  c o m m u u m m i c m t  lenin system f - m r I I  i t i t i - s  b r o a d c a s t

m o n o  uric emen t s t o  sev t i  a I u r a I I n i - t w o  r k n odes  . I t  f i r  n t i n e  r su p p e r  t S

i l -ni t i - a l p r o c i - s s e s  on d i f f e r e n t  p r o ce s s o r s  f o r  i n e r e ; m s ! r i - I i - i h l l i t v

threomg h parall e l redundancy.

Process  a d d r e s s i n g  is n ot  w i t h o u t  a s e r i o u s  t c - c hn i c a l  p r o b l e m .

Res ides  depend i ng on a n e t w o r k — w i d e  p rocess  n a m i n g  scheme , I n h e r e n t  i n  the

concep t  of  l o c a t i o n  t t a n s p a r e n c y  Is t h e  r e q u i r e m e n t  t h a t  e v e r y  node  be

allowe d to exam Inc every message. Each must compare the name of t h e

pr o ces s  b e i n g  addressed w i t h  t he  names of  t h e  processes  a c t i v e  a t  i t s

l o c a t i o n .  While reasonable f o r  some n e t w o r k  t o p o l o g i e s , s u c h  as a s i m p l e

bus < M e t c a l f e 2 > , r i n g  < F a r b e r l > , or s t a r , i t  i s o u t  of  t h e  q u e s t i o n  f o r

o t h e t s .  The a d v a n t ag e  of a t r e e  n e t w o r k  <MR G> , f o r  ex amp le , i s  i t s

a b i l i t y  to f avor  c om m u n i c a t i o n s  p a t h s  b e t w e e n  c e r t a i n  p r o c e s s o r s .  T h i S

a d v a n t a g e  is m e a n i n g less ~ ien e v e r y  message mus t  be c i r c u l a t e d  to  e v e r y

node. In t he  case of m u l t i p l y  c o n n e c t e d  s t o r e  and f o r w a r d  p a c k e t  s w i t c h i n g

ne t w o r k s  <ARPA , Frank , Hear t , Me t - i l  f t -I , P o u z i n > , a mechan i sm would hi-

necessary to Insure that e v e r y  p a c k e t t r a v e l l e d  t h r o u g h e v e r y  node .

However , because some network structures are suited to it .

s e n d i n g  messages by p r o c e s s  name i s  a leg i t i m a t e  o p e r a t i n g  f e a t u r e  f o n  i

m e c h a n i s m  t h a t  s u p p o r t s  i n t e r  pr n u - e s s o m  commun Ic ;i t i o n s .  Fac I I  i t  i t  in g

— 1 8 —
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R i -  i i  i t  - I t  ing Inter p n u i -  -
~ O u t  Commun I c - n t  i o n s

p r o - u - ss  a d d r e s s i n g  Is , t h e r e I n - , a design c o n s i l - r ; m t  ion for suit - h a

in u t - h  iii I sm

I- i s v  E xp a n s i o n  — — She r r of  spec i a l  pur r post- n e t  wo r k -n  u l e s i g n e d  w i t  ii

l u i r t i c u l ir  c o m p o n e n t s  m md a p p l i c a t i o n s  ~ - i m i n d , u x t i - n s i h l l  i t V  i s  u r n

i11 )or tant consider at ion i n  n e t w o r k  f a c i l i t y  d e s i g n .  In t h e . c - i s -  o f  a

g t n l n - r  a l  i n t e r  p r o c e s s o r  com nn u n i c a t  Ions  scheme , t he  i s s u e  t a k i - s  t w u ’

forms.

F i r s t  is t h e  e xp a n s i o n  of t he  n e t w o r k  i t s e l f .  The a b i l i t y  to  add

nodc~ to a n e t w o r k  w i t h  a m i n i m u m  of d i s r u p t i o n  to  t h e  o p e r a t i o n  of

; m I  r e a d y e x i s t i n g  n e t w o r k  nodes  has  been a d e s i gn co n s i d e ri t  ion  f o t  and been

achieved by many networking efforts <Binder , Far ber l , Frank , Fra se rl ,

M i l l s , M e t c a l f e 2 , P o u z i n l > . I t  i s  e q u a l l y e s s e n t i a l  t h a t  i n c r e m e n t a l

e xp a n s i o n  of  a n e t w o r k  s h o u l d  cause m i n i m a l  d i s r u p t i o n  to  i m e c h a n i s m  t h a t

p r o v i d e s  d a t a  r e p : e s e n t ; i t f o n  c o m p a t i b i l i t y  b e t w e e n  p r o c e s s o r s .

The second c o n c e r n  i s  f o r  the  a d d i t i o n  or  m o d i f i c a t i o n  of  d a t a

f o r m a t s  i n  use b y t h e  p r o c e s s o r s  a t  nodes  a l r e a d y p a r t  of  a n e t w o r k .  The

d e s I g n  of a n e t w o r k — w i d e  c om m u n i c a t i o n s  scheme m u s t  a n t I c i p a t e  t he  need f o r

‘ouch changes  and p r o v ide t ime means  f o r  hand 1 lug them w i t h  a m m imuni ot

i-  f i o r  t
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Fac il ita t l u n g  I n t e r  p r o c e s s o r  C o m m u n i r i t  i - o s

F u n c  t i ona 1 Sop h I s t  I c a t  ion  —— Gene  n - i l  In  t & - r  p r  ocess  I n f o  r m a  t ion  ox c h ;m  i i n ~e-

r e q u i r e s  t h e  su p p o r t  of  a c o m m u n i c a t  i o n s  f a c i l i t y  t h a t  a l l o w s  f o r  t i n e

t r i o s — n e t w o r k  m o v e m e n t  of  m wide r a n g e  o f  data t ypes . T h e -  s i z e  o f th i -

s u b s e t  o f d a t a  types  h a n d l e d  b y ;m m e c h a n i s m  and t h e -  f l e x i b i l i t y  w i t h

~ i i -h  t h e  suppor  ted d a t a  t y p e s  can he man i p u l a t e d  a r t -  I a u - 1 S u u T  , ~~ t h a t

- ‘ n u c h i u n t s n i ’s sop h i s t i c a t i o n .

S t r a t e g ie s  f o r  r e l a t  i v i - l y s t m p l e  I n f o r m a t i o n  e x c h a n g e  h - u - t w .- e n

p r o c e s s o r s  in a h e t u - r o g e n e o u s  e n v i r o n m e n t  h a v e  a l r e e l y a p p e  m i d .  Arm

exam p le of such  a s t r a t e g y  t h a t  h a n d l e s  a s i n g l e  d a t a  t y p e  i s  t h e

ARPANET TEL N ET <ARPA2 > desc r ibed in a l a t e r  s e c t i o n .  T E LN E T  p r o v i d e s  -i

‘r m t o c o l  f o r  send ing  t e x t  a c r o s s  t h e  ARPA n e t w o r k  h o t  w - h o s t

pr u c e s so r s .  Each p r o c e s s o r  may  s t o r e  t e x t  in — m y o f  t i n ’ s- - v e n a l

-~~ c~u e- r n - i a llv used i n t e r n a l  r e p r e s e n t a t io n s  f o r  c h a r a c r i - r s .

The s i n g i t -  d a t a  t yp e  p r o v i d e d  by  T E L N E t  does  n o t  o f f e r  t ine -

soph i s t  i n  i t  ion  r e q u i r e d  t o  s up p o r t  g e n e r a l  i n t i - r p r o c e s s

c n r n ~m n i u n I c . e t  I o n s .  A l t h o u g h c i u . r r i u t - r s  i r e  ‘ nc- m o s t  n i  t e n  c o n s i d e r e d  d a t a

t y p e , t h u ’y i r e -  e m i l y  . m v e r y  s m a l l  subse t o f  t ypes  used t i n  t r a n s f e r

ii r~~ar  ion  between processes. Textual [ r e f o r m a t  i o n  i s  m o r e  u - m s  i i  y

h m n d  led b . - m u m ~~u - o f  t h e - i n du s t r  y — w i d e  r i- n -o gniit ion of  t h e  t S A S I  I I

- h at  ac ti- ! set < R h u s h - m n ’  . Howv v~~y , pt oV Id in g  d a t a  t r i o s  f o r  In a

he t er o g e ne o u s  pr  ne essi  ng coy  I n  o m i m e r i t  r u - q u i l t  em pr  cv I s i  on s  f o r  h a n d L I n g  d - m t - m

t y p es w i t h o u t  - ì  st  e n d m r d  t u r r n hm t as  wel I

— 21 )  —

ii

rA~

_ _ _ _ _ _  

- ~- ---— -5- -5 .--  4 
— — .-—————----——- . - .. V.—.— ~~~~~~ -



F a c i l  i t - m t  l o g  l n t u - r p r o c u - s s o r  C u r n i n r i r i  i c - i t i o n s

~\ pp i i  c a t i o n —  h - v t - I T r a n sp a r e n c y  —— Remov l ug  t h n -  pr og r 1cc-non i t e m  t ie-

d - - t i  I I  s o f  m a c h i n e  ope r - i t  ion h a s  b e c o m e  - i g e n e r a l l y  a c c ep t e d  n o t  i o n

among m e m b e r s  of  t h e  c o m p u t e r  f i e l d .  An e x a m p l e  of  t h i s  kinn l o f

t h i n k i n g  is f o un d  in  < C o r h a t o > . In line with this philos op h y is t h e

log i~~ . ml s e p a r a t i o n  of t I n e  I n t e r n a l  and e x te r n a l  d a ta  f o r m a t s  U8 c1 in

o r d i n a r y  d a t a  p roces s ing . In t i - m i s  sense , i n t e r n — i l d a t a  f o r m a t s  a r e

h a r d w a r e  d ep e n d e n t  and e x t e r n a l  fo rm a t s  a r e  t h o s e  c o n cep t u a l i t t - m s  w~ t h

~~ i(- h the appl icat ions programmer and the human end—user must deal

The i m p o r t a n c e  of  t h i s  d i s t i n c t i o n  was n o t e d  as e a r l y as 1968 b y t h e

N a t i o n a l  Bureau  of  S t a n d a r d s .

. . .t h e  i n t e r n a l  r e p r e s e n t a t i o n  of  d a t a  is c o n c e r n e d  with
t h e  m a n n e r  In wh I c h  p a r t i c u l a r  c o m p u t e r s  and  o t h e r  h a r d w a r e
store and move the data around inside the system . T h I s  I s
not the user ’s province , and there should he no i m p o s i t i o n
on him as to  how it  is done . For exam p l e , i t  s h o u l d  he 01
n o c o n c e r n  to  h i m  w h e t h e r  t h e  h a r d w a r e  r e p r e s e n t s  h i s
da t a  b y means  of 6 — b i t , 8—bi t , or 6 4 — b i t  u n i t s  w i t h i n  ti -me
c o m p u t e r .  He shou ld  have  no c o n c e r n  w i t h  “ p a c k i n g ”
and “ unpack ing ” of c h a r a c t e r s  w i t h i n  the  c o m p u t e r  w o r d s .  He
should not be troub l ed with ph ysical file units. These are-
a l l  a spec t s  of th i-  s u p p o r t i n g  t e c h n o l o g y . . .  t < L i t t l e : -  p .
93)

A pp I I c at l o n s  of t h i s  v i e w  of d a t a  m a i n t e n a n c e  to  t h e  p r o b l e m s  of

ge -ne- n al pr oct-ss commun icat Ions In a l e t  weir k d e m a n d s  t h a t  t h e  f l e m e s s at  Y j u t  1

r e f o r m a t  t I ng be t r a n s p a r e n t  to  t h e -  app  I I n  at  t ons  pi og r arnme r  . He sheul  1
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Fac  i I i t a t  I rig I n  ‘ u - i  p r  n n - e - s s e r (:nn m ui n i c - it ions

l iv e  0 consi -~t e-n ) t v I e w  n u t  d a t . m  i t e m s  n i’ - n r - I I e - .s i - f  t i n e - I t  - i - - t i m - e l

r -  i i  i s i n i t i t  h ’ n r  i n  w i l u - r e -  ii m n m n - t w e n r k  t l i e - v  n i n n y  i i  l g i n . i t u .

M i n i m i l  h - -~~t n v e - r h e i n !  — —  l’ r o v i n h  i n g  -mn i n t e - r p r o i - u - s - -n ’ I n t  1 c im-i n mr ni r m t ions

-~~- r  v h i -  i inei -ng f r e t  u n n g u  n e - o i l s  p r o e u - s s o r  s r - q i m i  r i - s  some I - - v i - )  O~~ i i ’  - I

r u - t o r m i t  t i n g .  In  l a r g u - p r  t , t h e  a m o u n t  n i t  u v i - r h i - id r e q m i i  r i d  t o

~ u - r  f o r - i  f - n r a  t r a n s l a t i o n  d e p e n d s  on t h e  s t r a t - - g v  r i s e - I  t i n  m c t n H v - -

t i m  I t c emp a r t h u  i t v .  A gene r a l  s c h e me f i r  L ie  i i  i t - n t  i ng  su c h

c m m uj u r e a t  I on s  and - in a s s o c i a t e d  Imp l e m e n t - i t i o n , h n w i - v n r  , s f n o u f  J oo t

p r r - s i m m u -  on t h e -  sop h i s t  ic~~ i o n  of p r o c e s s o r s  connen -t i- d t o  t i r e  n e t W i r r ~~ - I s

f r o s t s  -

T h i s  c o n c e r n  i s  s l i g h t  1 m p n m r t  f r o m  tine develo pment - f  a data

i - o r n . n n n i n i c .- n t i nn s  sc h e m e - , i t S i t  i s  l o r e -  an  iss u e- i f . r  s c f o - a - ’ s

i m p l e m e n t a t I on .  The d l s t r  in n i tion of  o u t w o r k  n i - l a t e - n i  f u n c t i o n s , such  as

message f o r m a t t  i ng , b e t w e e n  t h e  subu i e two r k l - o m r n n m n  i c a t  ions - i m p o n u n t S mim i

m u i r  t s s en ~ i i t i - d  h o s t s  I s  no t  e s e t t  I i~d q ut -s t m u l l  f o r  n e t w u i r  k i n g  in  g e - r u e - r i )

The 1SSij t - s i r e -  d i s c u s s e d  i n  Sen - t i o n  5 . 2 .  None t h e l e s s , in  o r d e r  t i  he.-

r e  p - i n n s !  v i -  t o  t ln - - U e - e n l  s o f  th ose . -  n i t -  t w o r k  i -nv  i n  o n me nt  s t i n  a t  I n c  I ud e

heis t s  ~ I t i n  I I m i t e d  p r o c e s s I n g  powe r , n m e - i - l i - u r n  i s m  f i r  p r  ev i f  h n n ~

i n r - r p n i n m - e - s s n n r  c o m m u n I ca t i o n s  m u st  h i -  d e s i gned w i t h  t h e  d e m a n d s i t  p l i u - i - c

on - st  pr o c e s s o r s  In  m i n d .
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l O L l  I I t i t  l r i ~’ I n t e - r p r o c e - L s o r  Cn m m n i n l c n r  i o n s

~L. n i m . - n )  Me s n i g u -  O v e r h e ad — —  T h e -  l i m i t  l og  cnf  over hn e ni ! i l - f e - I  t i  ‘ h I

r n u t w i n r k  h - i t s  i s  r e q u i r e - i l  I i  i n i [ n p o r t  t h e  n l s n  o f  I e v i - i - r - n  v i  I t~~~ i u - I  o r

i i i  I - -x ib 1 e ~~t i l - s i ng  ca pab i l l  t I es as  h o s t  s - M i n  i-i I z I m g  - n r c - s i  . m n ~ - -

- ‘ i M i - n f  i s  a c o n s i  I c - r a t i o n  t h a t  addre -sscs t i n e -  t o t  1 c a s t  o f  mn ss n g .

p r - e . -ss  r a g . Tint - i-n e - t w n  d e s i g n  g o n i l  s c o m b i n e  t o  in i n  m l  ~ . - t i n - n n v n - r  n .  n — f

- i n s - i  l i v  mess mg e passing, and the-n force is n n u - i m  o f  t i n t -  r e i nn i nin g n v e ’ r i e - m d

as p i s s i b l e  i n t o  t i n e  n o d e - , t h a t  r c - r r r ;n i n s  i n t o  t i n t -  n e t w o r k  m u i s t  s .

T h i s  t o t ;m I o v e r h e a d  i n c l u d e - n - n  t h i n -  p r o i - - - s s i n g  n n - q u i r e - f i t  e a c h

n i e - t w o i k  S i t . -  ( h o s t , s u h n e t w . m r k  n o d e , or  s p t - c i r um i  n i e - I w i r k  p r e s s i n g

mod i ’ u - s )  and t r a f f i c  (in t h e -  e orri r n e . i n i c i t  i o n s  l i n k s . n l - & r } r - n - f  I S

represented n i t  e ach  n e t w o r k  s i t e -  b y t h e  r n i i n t e n a n i - i-  o f

s o f t w - m r - -  h a r d w a r e - h ise p l u s  t h e  p n n i - u - s s i r m g t i m e  t i n  pe r f o r m  t h e  m u m —  nt -

r e f - n r m a t t i n g  . At t h e  c o i n m u n l c a t  i o n s  l - - v e l  , messa ge o v e r h i - a d  ;I p p - - 1 :  s i - i

t h e  f o r m  of  l t i - ;~ h - n  - n o d  i n f o r n i a t i o n — i l e - s - r i h i n g  h i t s  t h a t  i n e r t - - I s - -  t I n -

I e r n g  t o ~ Ia ta mess ig i s be log  c - m r r i - d  - Red uc j og  t i n t -  o v e r  h e. - mci a t  t i r e .  ~Si~

l e v e l s  i n c re a s e s  t h e - e f f e c - t l ye  thrup ti t i f  - m m

r r a n s m ~~s s i on  anti  r e d uces tim e. - mess i g e . -  p n i n c - e - s s l n g  n t q u i i r e d  -“ u - h

ri t w - r e  n o d e .

Re l i a b i l i t y  —— The r e - l l - m b i l l t y  o f  a n e t w o r k  hj s u d  sy t - n t e r n  I s  i i n i m i c t i o n  e u f

e v e - r u d i f f e r- c -n t  - i sp e c t  o t  l e s i g n  m u d  l nnn p l r m e n t  n t  t o r n , f l i t -

— .i~ —
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Fnmc ii i t  n t  l o g  I n  t u - n  p r  Oi u ii i Comn i n n i r t  i . - m t  i o n s

- at i -gor i t s  n u t  a n n - u s  t h a t  m n m n ; t  h e  - o n s i d , - r e d  m d - m m - :  f a i l  i r e  l i t  i

n rc - r u n I n - n t  i o n s  l i n k , f a i l u r e  o f  t l n n -  n o d e  I i n m r d w n i u n -  s u p p o r t i n g  m e - n -oi lg n

r u t h  i ng  f u n c t i o n s , c u r  t i e - i n g  of  h a r n l w n r e / s o f t  v - n i - d e s i g n  - i  r o t s , I r e )

s\’stem L u n u l  t — t - l e - r n i f l - u - f o r  c in c h  of  t h e - s e -  c i t e - g o t  h - s . l i l i - s e -  i s s u e - i - n  n i n e -

i n v o l v e d , how n -vu r , n o t  a l l  of  t h em  a r e  r e l e v a n t  t o  - n f i s c cj s s h n n  o f

t i - i l  I t n t  j og  me a n i n g f u l  h o s t — t o — h o ~.t i n f o r m : n t i - n  e x c h i u n n g .  - J i n i s , :i

s i m p l i f i e d  v i . -w o f  t e l  i - u b l l i t v  I s  a d o p t u - n I  -

The i n t e r p r o c u -ss c o n m u n i c a t i o n  f ; m n ~ I I  i t y  con s ~~l n - r e d  n e - r e  i s  -m

u r ic  t I o n a l  i m p r o v e m e n t  t i  a r ud i r n u e n t a r y  b i t — p a s s i n g  o a m n u n  ic~m t  i o n s

— - r m e . Ho we v e r , i n c n - a s i n g  t he  f u n c t i o n a l i t y  of  a n e t w c u r k

- ir- ~~~i n r t c u r i o n s  sy s t e m  i n v o l ve . - s  i n c r e ; m s i r i g t h t -  n u m b e r  a n d / o r  c o m p l e x i t y  o f

r e q i i r e - I  sy s tem  rn odu l - s ;  b o t h  t i m e  s i z e -  an d  t h e  sop h i s t i c - i t  i - i n  o f  i

- n - - - h i n i s m  n i n e  d i r e c t l y  r u l a t e d  to f a i l u r e  t h r o u g h n i  r o t  i n  l u - s i g n .  I n

t i l l -w i , t h e r e f o r e - , t h a t  an Impo r t a n t  c o n s i d . r n i t ion  i n  t h u  d e s i g n  o f

~ t t I t e -g\ ’  t o  i n c r e - n i - n i -  s y s t e m  f u n c t  ion Is to  l i m i t  t h e -  n u n h e -~ en d

c o m p l e x i t y  u u f  a d d i t i o n u l I v  r e q u i r e d  h a r d w a r e  a n d  n-o nf tw ;m re n r n i l u l -s . it i s

wi th  t i i  I s  l i m i t e d  v j e W  o f  t e l  f i b  i l l  t ‘i i n  m i n d  t n u t  t h e - f o i l  u wi

- - I r a t  u ,’ i ue ;  ni n e- e v n m  1 i l n t  u - n i

2 . 2  P o s s i b l e -  s t r u r e g i e - s  

j i - n i l  s e i n e - t i n e - s  f r e r  f - i - - l i  f t - n t  l u m p ,  n - o m m i m n l n - a t  I n n s in  a

e l  ~‘ - i n - , n t i s  i -n v i r o n m e - u t  - m r  u pr e s e - m i t e d  I n  t h I s  n - n e - . - I o n .  f i r ’  c ommon
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F m c i h i t ; m t i n g  I n t e r j n n i c u - s n i i r  C o m m u m n i -  1 i o n s

F i t — i s  t o n  u- ne - In ‘1 r I n se.- s t r - n t e g l e s  i s  t i n t - i t  n - - n i  t . - t  - t  f o r m a t

r ; m n m s l a e t  j o i n  t n . n m  t h e  i n t u - n m n . - u l  h u t i f n n r m a t  l i i i b y t i m e  t r ; i n s m i t  t - - r  t o

n m s e - ,I b y  t~~n u -  l o t  e~~m i e - m i  n e n e - I v u r  —

I t I s  w i - l i  n u - - n g n i z e d  t h a t  h o s t s  i n  ~m h e . - t e - t i n g e - u i u - n n n i s
n e .- t ~~ n r  k use d i  f t c - i  cot  h i t  pa t t e r n s  f o r en cod i n g in f o n m u t  i n ) n  -

Da t ;m t r a n s l a t i o n  i s  t h e  b a s i c  c a p a b i l i ty  w h i c h  p n - r m i t s
t m r o s t s  t o  c n m r n n l n i c a t u - w i t h  u - : i e h  o t h e r  In sp i t n  (i f
t lie i n  d i f  f u r  e n C e ~s - I t  f o l l o w s  that a d a t - i  t r a n s  I i t  i o n
c a p a b i l i t y  is  c c m n t r . - n l  to a n y  e f f e c t i v e  - a p a h i l i t y  t i n
c o m m u n i c a t e  among h e t e r o g e n e o u s  c o mp u t e r s .  <K i m h l e t , n r i l p .
555- 1

i l t e -  d i f f e r  c m r c e s  in  t i m e  schemes d i s c u s sed  b e l o w  l i i - in t h e  st ep s  t h a t  .-;m ch

r e q u i r e s  to  p e r f o r m  t h a t  t r a n r - n l n m t i o m m .

2 . 2 .  1 L s e - r  t r  a n sl i t  i on

P a - -  s i m p l e s t , u n t i l  so ti nt- most of  t i - n  a d op t e d , i t t  i t  m i l e  v i  I s

p r o v i d i n g  f o r m a t t I n g  f o r  d a t a  t r - m nsmitte el u v e r a rr t w u n r ~ n r t e m l m t s  ~~ r

iv o i d  t h e  i s s ue  c o m p l e t e l y - In  s o n r u i -  ca s e s , rn ’t ~~ n ks c u i n s i s t  i f

t i i i  m i l y homogeneous  un 0 11 oc t  i o n  o f  pr  on - e~ sso r 5 - u n i t so f t  i t

e n v i r o n m e n t s , and  so n e - v t - n  r e q u i r e  a n y  t - m t m  t r m u n s l a t  i o n  < i i  - - - - i  m y , ~~i 1 I s ,

h w - i n  , Wu f - . 11(1 w e - - . u - , t I n - m a )  ot I t  y of  cut r e n t  I y en Pt~i at i r e  n - w- - -

t h a t  n a v e -  a d o p t e d  t h i s  ; i p p r n n n m c h  do not f a l l  I n t o  t h i s  - e l - g u T V .

N e t  ~~n r  ks s e m i - l i  i s  ARPANET , DCS . CY CI~~DE S , and ETHERNET - i n  u desi gned t - ,

- ; n u i n p , n r t  h e t  e r  n u g e - n e - e u n i - ;  p r  , ne - r - s s e n r  &-nv l n o n m t - i u t s , ye t l e a v e . -  t i n e  e . I u t a

r o u nd - i t te r n n e c - i s s u t  y t u e  t i n - I l  I t  I t u  ge - t n - u ~ u l  I m i t e t p r o e . - e . - s s u m t  c ou t i m i m n t c . t t  h - n c

— .
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m l  i t - u t  ini ;~ I n ’  - i  p m  - n  C e u m m e m r n  u l e n s

I i ’ i I  I v  t o  t h e  m p p l l e n t  i - e n s  pr i g r u - n m - r  s .  ( A X F - -d. ! d r - s  p t i i v l d e -  s o i u -  f . e n r  u t

- u r n s  l i t  i - u r n  f - n  s pu -- i t I - - t \ f i e  - i)  f pt  .) u 55 1 - u p m  - u , Sn ;  U - ni u m n F c - I j i  )fl

l I n e r-n e w i l l  fe d j ~~e usi - I l i t e r . )

f - n  o u t w o r k  u n-n e - n  c o m r n u m n n i t i e - s  f i n n  ~fuiç h t I n e -  c c e o r - i l n . i t - -f  i s -  ce 1 -  i n

t f m nn  one n i e t w i u r k  p r n n c e - s s o r  i s  an i n f r e q u e n t  n t - q n u i r u - n n i - - n t  , m m d i  i n g  - l i l a

t - - r r i i t  i n c om p a t i h i l  i t i e s  n i t  t i m e  app l i c a t i o n s  l e v i - I  en ii u i - r i  i f  c i s c -

b as is may be suffic ient - T h i s  se- i - m s  i n a p p r o p r  i u t e -  , n . w n v t r , f r

n e t  e - r . i g t - n e - o u s  n n e - t w o r k i n g  i f f o r t s  i n v e s t l g m t i n g  t i n - - i s s u e - s  r e - l , - v u n t  t o

d i - t t i b u t e d d at a  bases  and d i s t r i b u t e d  o p e r a t i n g  s y s t e m s .  Ii is these

f n n n - t i o n s  i - s p e c i a l  I v  t h a t  require a h i gh d u - g r u i -  o f  i n t u n p r o c e s - n u r

i a t e r p r - . - t- ss i n f o r m a t i o n  e . - x c h a n g e .

l) C in i s  an e . - x a m p l e  o f  such  a n e t w o r k  p r o j eu - t  . The I n s t  t h a t  i o n  n u t  i

d n s  r i h u t i - d  o p t - t I l t l o g  s y s t e m  on a f u l l y  h e - t u - r . - g e - n e -o us P C h — t  vp -

net wo rk has a im u -mnl ~ be- c -n discussed <Ro e we ’ - fl i t -  DCS pr .i i - i t e l f

og r e - u - n ,  tlm. it Ii d a t — n  r e f o r m n m t t  l ug  m e c h a n i s m  w . i u l d  he  an i : n j n - r  I - I t t

add it ion t . m  h i s  r e s e - a r  ch e f f o r t s , h o w e v e r  , t n t -  pt u i b  l en s t n t  gi-ner ml

f n n t n i t  t r a n s l a t i o n  a r t -  t o u u  comp l i c a t e d  t n  b e -  a d d r u - sse - I  b~ r I S

re~ e -e m~~henr- , ut this t ime <Farber 2> .

I

L - --
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-. 
~~~ 

5-



Far i i  I t  n u t  Ing lute - n pr u n - u - n - ~~~n r  (;enmm emn i - - e l  l u u e s

2.2.2 ku e - I v e m  t r . m r n ~~l a t  I on

(~ me appr m m c i i  to actua ll y facilitatin g d a t a  comm um n Icit l e n s  i n - n  1 - i

pr i v i . l e .  d a t - u  t n a n s l n m t o r s  a t  t - a ch  node  e l i g i b l e -  t i n  r e c e iv e. si I r m

network. In such a sc h em e , t h e  t r a n s m i t t e r  p e - r t i n t - r n s  i n ’ -  h e t i

r r f ’ r m i t t i n g  To send a message , a process onl y forms - u - l i i i  hlock ‘ e n be

t r - u:ns f e.- r r ed us i ng t h e  i n t e r n a l  f o r m n t  n a t i v e  tu n the- pr a e t - ss in on ~4 ich

i t  ~s r u n n i n g . The d a t a  t r ay e r s e s  t he  n e t w o r k  i n  I t s  or ig in~n I f - i  m a t

bat ci t ties with i t , in snntnc - netwo r k—with - ~o r - n a r  , m d c - s - - n  j t t  i o n

o f  th e. -  p r o c e s s o r  at  w h i c h  t he  message  o t l g l n a t e - d . The t r l n s m i t t i n g

pr ~ n~
5 tss can always know the nature of its supporting ho n-n t and  l n s e n r  t h i s

i n t i r m a t  i on  i n t o  t he  message  b e - ing  s e n t .

When i message is accepted a t  a n e t w o r k  node , t h e  r i - c e -  i v e r  t e ~~’ IS tse

ie s S ni g C  f i e l d  tha t  i d e n t i f i e s  the  t r a n s m i t t i n g  p r o c e s s o r  ty p e- . I 

p u t  h -  r m s  m y  c o n v e r s i o n  n e c e s s a ry  t o  t r a n s l a t e  t i n e  -u nde r ’ s i n t l n a l

- c-m at into time inte rnal format appr opt late to  t i me . -  r t - c e .~ I V i n g  h u t  - The

ide n t i t v  o f  t h e  t r a n s m i t t e r  n e e d s  to  ( a n d  c a n )  be knmn ~~ i t i n  the r i- c e .  I v e t

while the receiving node- rema ins unknowo to time t r a nsmitter. This

~ - n n d  i t  Ion  s u p p o r t s  t h e  node i n d e p e n d en t  ( o n  p r o c e s s )  a d d n e - - ~~l n g

n e v i o u s lv  d i s c ussed .

A major d Isoidvantage of SU(’h a sch em e  Es t h a t  for t’.ich p t O c C S s ( )  I t e ’

he able- to 1 n t e ~~ pr e t message s t m  ommi -v~-m v e i t h e r  , I t  must  h a ve  ~ii - n - e -SS t o -i

— 2 7  —
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F i n - i l  i t n i t i n i g I n t - r p r - u n - e - s s u n  C n u m m e m n i c u l  i o n s

t t m n s l n r o r  t h a t  c a i n  r n -s o l v e . -  e t c h  p o s s i b l e -  d i s s i m i l a r  p r o c e s s o r  p a i r  i n < .

At e.- ve. ’r v ri nd e. - t l i en  t- m u m  t be- a t a n s i  a t  c u r  t o  c onve  n t e . - n u u - h o f  t i n e  l o t  - - r m a  I

l n r r n ; m t s  r i s e - il oem t h e  o u t w o r k  to  t h e  i n t e r n a l  f o r m a t  ij ~~e -r l  n i t  t h u r  e i i u 1 - . In

t i l e -  C - i S O  o f  ‘ n ’ d i f f e r  i - n t  t y p e s  of  p r oct - s so  r , t h i s  m e t h o d  - m f  n i p e -  n - i t  i o n n

t i - q u i t e - s  t h a t  the  n e t w o r k  s up p o r t  ‘n ( n — l ) ’  t r a n s l a t o r s  t i n  h e .

comp le. - t e h y g e n e r a l  , s i n c e  each p r o c e s s or  m u s t  be-  a b l e  t e  c o nrmn n e m m n i c  O t e -

w i r b n  a l l  of  t he  o t h e r  t y p e s  of p rocesso r  on the  n e t w o r k .  For - i i v e ’ns e -

, - n v i r e m n m e n t s , t h i s  number  q u i c k l y  becomes p r o h i b i t i v e .

T h i s  t e c h n i que a lso  h a m p e r s  i n c r e m e n t a l  sys tem e x p a n s i o n . i n n

o r d e r  f o r  a new type  of p roces so r  to c o m m u n i c a t e  in t h e  s y s t e m

e.-nvi nonment , it must be supported by a t r a n s l a t o r  t h a t  t r - m n s l a r i - s f r o m

e v e - t v  e x i s t i n g  f o r m a t  I n t o  the  f o r m a t  of  the node.- beIng added .

(~- i n n v - r  SCI y ,  a t r a n s l a t o r  t h a t  t r a n s l at e s  t i m e  new m a c h i n e ’s f n n r r n a t  m~~- mt n-,~

il -lou to every node al  r ead y In t h e  system . To c o o t  l n n m e  t o  n u p p - i r  c . - - r  y

p - r i s i b l e  c o m m u n i c a t i o n  p a t h  i n  t h e  e n v i r o n m e n t , ev e. - r y h o s t  r -- ~~ n i  n e -s

some mod if icat ion when t h e  ‘n+l ‘ t i m  h o s t  is i n t ro d u c e d  i n t o  t i n e  s y s t  - r n .

‘ 2n ’ t r a n s l a t o r s  must  be deve loped —— ‘n’ to  r t ~s i d e  ni t  t h e ’  f l t - ~~ n o d e  t o

- c h ow i r s  n e i g hb o r s  c ommunica te  wi th i t , and one new t t m r u s ’n n t o r  f i r  each

l u st  a l r e a d y in  the e n v i r o n m e n t  to a l l o w  them to  r e c e . t v e C o m m n i n i c ~i t i o ns

f r  on t h e  added h o s t .

A s l igot  v a r i a n t  o f  t h i s  scheme is  to  have  e - n i c h  t r a n s m i t t e r

f o r m  a l l  o f  t h e  d i  t o  f o r m a t  t log f o r  i t  s in t e n d e d  r e.-c u~ lv er -

— .18 —
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F m - - I l  m i t  i n g  I n t e . - r p n i - e - s s n i r  C o m n m u n i i  i t  i m n n s

lI e n w~-v e . u  , t h i s  o f t  e~ r s no t e l  t e l  o t h e  need fun r ;m l a r g e -  n u m b e r i f

t n ~~n n s l n i t n m r s . F u r t h e r  , lt l a t e - i  f e t e s  w i t h  p t o c l - s u — t i i — p n icess  ‘ i t S S l p e .-

a n s f e -  r and wi ti m n e t w o r k — w i d e  messag e . -  b r o a d c a s t n  l o g  b y f o  T i  l o o t  t h e

s n - n d e r  o f  a m e s s a g e -  to n i n t  i c  i p a t e  t h e  i n t e r n a l  d a t  m f o r m a t

r l - q u m i n e m n - n t m  o f  i t s  t e c e i v e - m .

2 . 2 . ~~ I n t e r m e d i a t e — t r - n n s l a t o r

A t n t p o l o g i c a l l y d i f f e r e n t  m e c h a n i s m  p l a c e s  a r h i n i  p a r t y  b e t w e e n  t w o

ima nu mi  r - ~ m t  i ng  processes solel y t o  p e r  f o r m  a n y  r u e - i - I - i l  l o t  e

- o n - .’ e rs i n n s . An e x p e r i m e n t a l  pr o j ec t on the  AR P A n e t w o r k  p r o v i d e s

-m c c e s s  ten suc h n u n  i n t e - r n n e d l a t e  t r a n s la t o r  f o r  spec i f  ft i p p i  i c i t  i o n s .

7 r o ] e . - c t  i s  t h e  d a t a  r e c o n f i g u r a t i o n  s e r v i c e . -  ( D R S l  < A R P A 5 > .

The DR S o f f e t  s i s o lu t i o n  to  the  p rob l em of - l i l a  f o r m a t

l m i e u u ntm p~m t i b f l i t y  b e t w e en  a p a r t i c u l a r  a p p l i c a t i o n s  p r o g r am amid I t s

i n t e m m d e d  u s e r s .  Throug h a p r e d e f i n e d  t r  an s l a t i o n  m a p p i n g , t n i -  DRS cc t s

- i s  -in i n t e . - r p r e t e r  b e t w e en  t h e  p rog r am and i t s  u ser , p e r m i t t i n g  c o i h to

c o m t t m u m n j c a t e -  In  i t s  own f o r m a t .

There-  a r e  two  St a g e s  to  the ’  U SC of  D R S .  F i r s t  , t ime app i Ic i t  i o n s

pr og ramm em r must descr [be- a mapp ing i n e - t w e e n  the  d a t a  f o rm a t s  n n m t  E v e  t n  t h e

p m  ui - c -  - s i u n  h o s t  i ng ii I s  p rog r am a m m ol  t i m e -  cot  m a t s  n~1t ly e  to  t h e

pr oe - e - s s u u r m  r e p r e s e n t i n g  h i s  p r o g t ammm ’s r i s e r s . T h I s  r e q u I r e s  s p e c i f i c

— 2 q —
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F n c  i I I t a t i n g  I r u t e - t p n n i c e - s s o r  C e n m r n u m u i i i - n e t  1 - u n s

kn -n.- l e d g - o f  b o t h  o f  t h e  f i u r m a n s  involv ed and t h e -  1 / I . ) da r~i

r e -q iu i rt -m e -nits of  t i n e  ap p l  i c n n t i o n .  Onu ’e- n u m i h :1 m a p p i op is h u h  lv

- I t ~ t l n e - d , t l i ~ pr og r am rne.- r  p r e p a r e s  - u -I t - s c r i p t  i o n  o t  the i u n n v e - r s i n n  i - i  - n  hP - h

~n m j n l n n r n  l u - i l  l a n g u a g e  and c a t a l o g s  t h a t  d e s c r i p t i o n  h y a u n i q u e -  n i u n e -  ~~i t i n  ‘ h e-

When a user pt ocess w i shes  to  commun i c - a t e  wi. t i n  such  -no

ipp i  i c a t  ions  prog r am , i t  m a k e s  a c o n n e c t  ion wi th  t h e . -  hP - - -

r e q n i e . - st s , b y name , th e - -  use of t h e  a p p r o p r i a t e  f o r m a t  t r a n s l a t i o n

d e s c n i p t i o n  p r e p a r e d  b y t h e  a p p l i c a t i o n s  p r o g r a m m e r .  The DRS t h e n

make s a c o n n e c t i o n  t i n  t i ne . — d e s i r e d  p r o g r a m  and f r o m  t h e n  on t u e  p r o g r a m  and

i r s  u m s - r  c o m m u n i c a t e . -  t h r o ugh  t h e  DRS —— each d a t a  t r a n s f e r  b e i n g

r e - f o r m a t t e d  a c c o r d i n g  to t h e  sp e c i f i e d  r e c o n f i g u r m t i o n  scheme .

The r e s u l t  I s  t h a t  b o t h  t u e  app l i c m t  io n s p m og n —m m a n d  i t s  u S -  r s - u n i v

c o l ic messages  i n  t h e i r  own r e s p e o - t i v e -  f n i n m n u i t s .

The.- user process behav e -s as I f  I t  w e r e  c o n m n e c r t -d
d i r e c t l y to the  s e r v e r  p r o c e s s , and v i c e - v e r s a . The. - I)R S
a p p e a r s  t r a n s p a r e n t  to  bo t i i  p r o c e s s e -s ;  I t s  f u m m n e t i n n  i s  I ’
r e - e e n n f i g u r e  d a t a  t h a t  pass  in i i n ~h d i r e - e t i n i n  h e . - t w e . - e n
t h e m  i n t o  f o r m a t s  a m e n a b l e  to  each  of t h e i r  p i  n n o s s in g
r e q u i r e m e n t s .  [<Anderson >  p .  3. 1

The DRS i n-n e - f f e c t l v e l y t r a n s p a n e - n n t at  t he  m p p l l u ’ m t  I on  l eve l  and n t

e x n e - n c s i v e -  d a t a  t r a n s l a t i o n  m a y  be t a k i n g  p l a c e .

— _ ; ( ) —
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F e - - i l  l t ; m t log  I n t e - r p n u u c e r - su m C u r n m e i e n l c e t  i o n s

As [m p h  c - m e- n t  -d on ARPA ~~F~T , -mn l n t e - r m e d  I — u I t -  l i i i r d  p a r  t y f o r  d i t i

n e - f o r m m t t  log  l i i i  o n l y  l i m i t e d  u se . E a c h  app l i c a t i o n  r i q u i r  I n u i t  t i ne-

Se. i V  i c e -  m u n i n t c a t a l o g  t i m e  - m p p r o p r  i e t e -  f o r m a t  d e - s - r  i p t o r s  i t  t h e -

r e c o n f i g u r a t i o n  s e r v i c e -  site . Each  DRS mapp i ng d e n - u - r i p t i i u n  i s

sp i - n O t  Ic t o  an a p p l i c a t i o n , -m s w e - I l  as to t h e  f o r m a t s  o f  t rn-

.m s s n r c l a t e d  p r o c e s s o r s .  These ni e s c rip t o r s  p r o v i d e -  a s v n n t - m n t i c

st r u c t u r e  w h i c h  can  he app l ied to i n c o min g  b i t  s tr i n g s  to  d e l i m i t  t h i -

se -p a t it e  d a t . n  i t e m s for r e f o n m a t t  ing . Such a desc r i p t i o n  i s  e s s u n n ~ i i i  t -

t h e  r e f o r m a t t i n g  pr n n -ess .

2 . 2 . -i S t a n d a r d  f o r m a t

The most  o f t e n  c i t e d  n e t w o r k  c o m m u n i c a t i o n s  f a e ’ i l l t - . i s- - s  - o

s t a n d a r d  i n t e r m e d i a t e  f o r m a t  to exchange  d ;m t ;u h e t w i - n -n p o t e n ’  i m l i v

d i s s i m i l a r  hos t s .  T h i s  f a c i l i t y  i s  TELNET ( A R P A 3> . R u n u i n m i ng -n

ARPANET , TELNET and i t s  compan ion  p m o t u ) c o l  f o r  f i l e  t t - m n s f e r , FTP

( f i l e  t r a n s f e r  p r o t o c o l )  <ARPA4 > , s u p p o r t  t h e  t r a n s f e r  e n f  c h a r - m i - t i - i s  fm inm

one m l e t w n r r  k hos t  to a n o t t m e r  . These p t o t o c o l  s a r e - di n -u - in s—a - il b t-io r~n

The T E L N E F  p r o t o c o l  is in tended  to  c a r r y  c h a r a c t e r s  h e t w e . - en  ~

pr ic~ e 5 S  represent ing a human  u s e r  n u t  -n d a t a  t e . - r m l n a l  u r n  a pm oce’ss

expect ing to communicate- w i t h  a t e r m I n a l  - TELNET t i n t  c u -s

n - c t  ;u n d a r d  I z a t l o n  of  c - h a t  tic I c r  f o r m e t  m by  I n t e r  p o s i n g  t h e  not  Ion I

n e - t ~~ e r k  v i m  tu a l t e r m  m a t  ( N V F )  b e t we e n  t i m e  t w o  t’ o m m u n i c . m t i n g
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F - i - I i  I ;c I log  I n t e r  p r o  C u r  Commu ni I c  - - i - i r i s

p r r , - s s - s .  Ea ch  h on - n t m . m i n t - c i n n - n  n i  r e s i d e n t  t r i n n s l u t i r r  t i m u r  p e - n t - ’ n n u  nh -

n t . m  r u - f u n r i r a t t i - i p  b e - t w e . - & n t I n e  int er o ;m l n e - p n e - s e - n n t a t  f i n n  i t  i h a m u n c r  1

r u - - I  h v  t I c e -  h o st  and  t m a t  e n  I t h e -  N VT - A n y  h o s t — n -s 1 - l e u n t  i t  a n , - u s  n i t

- t i i u - t emu l u tom i n  r s e - i  v I c e - S  ;m m c- m o l e  - t e - m tim in n i i  me i s  I - -n :no e i n n  - - - - ‘ h m n - -

r i t w o ! K t h r o u g h an i n s t e n c e  i f  s u c h  a t r n i n s l n i t o r  -

Ti me s t a n d a r d  c h a t  in - t e t  f o r m a t  used by  TE L N I -  i i s sn-vu-r i— b it

t ’ SA~~C I I .  The d a t a  r e - p r  e s e n t n u t Ion  and c o n v e n t  l ou i s ad o p t e d  I u m  h V I  , as

i l t - s i - r i b e d  I n  t h e  T E l N E T  s p e c i f i c ; n t i o n s , we n t-

i n t en d e d  to  s t r  ike  a b a l a n c e  b e t w e e n  b e i n g  O v i l I y
r e s t  r Ic ted ( n o t  pr  ov i d  ing h o st s  a n l ch e -noug h voc nu b u l  - i n  y f i n n
ma pp lo g  i n  to  t h e i r  l o c a l  c h a r a c te r  n-u- t si  , and be ing  o v e n  1 y
inc l u s i v e  ( p e n a l  i z i o g  u s er s  w i t h  m o d e st  t e r m i n a l s ) .
[ < A R P A 2 >  p .  1 . )

T h i s  I s  the . -  or  l g i n u h  TELNET pr  ot o c o l  - Ho w c-ve- r , a sche -- on - i i

p r e v i d  ing e x t e n s i o n s  tin tine NVI’ t i m r o u g h  t h e  “ pr Inc  I p i e in i u < - i t  i i t e d

opt  Ion s ” has  been added . The p r i n c i p l e -  of  n e g o t i a t e d  o p t  i o n s  e l  lows two

c u n m m l m n  h a t i ng  processes  to  d i s c u s s  and a g r e e  t i n  t i n e -  use o~ ~~i h

available- extension to t he  standard NVT format . Since.- i - u t  o I l  i -e p t i o r n s w i l l

be- s u p p o r t e d  nu t  a l l  s i t e s , t h e  a b i l i t y  t e n  d e c l i n u  - u s  w e - I l  -us t u q U e n - n t

cod iu -cept t h e  use of opt Ions Is provided . By e m s  ing  t i m . - i r n i m n d — s h  m~

p r in t  u - e l  , t w o  pr  o c e - n - n s i - s  c - a n  I lad  the maximal set c i t  O p t  lor i s h a t  i s

- i n ; p r  op r  l a t e  f o r  t h e i r  use .

The op t i o n s  a v a i l  ab i  e o r . -  a l  I c -X  t e n s i o n s  and e n h a r u e ’e mn e n t s  I ) !  t i l e ’  NVT -

— — 
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Far I I  i t a t  log  E n t e r  p m u nu e - s s o r  ( ; r n n m i o n n  i i :  e l  j n n f l s

I n - v  i n n - l u d e - n — h ang i ng t h e  d i s p o s i t i o n  u f  - - n u m i t r o l  n h i n u r n u r t e - r s  ( c - u r n  i ; u p u -

i - - I  U t  ri , 1 i n c  fe ~ e d  . I o r m  f eed , t a b )  , ex t e n d  log t u e  c l n n i r - m c t e - r  S e t  - m id

i l  t e - t  ing t h e  m ess i~~e t u r r m n n i t  . As desc r ibed in  t i l e  T E L N E T  - n p t  ion

s1)e c it ( c i t  i o n s , t hese. ’ e . - x t e n s i o n s  i t t -  p r o v I d e d

to p e r m i t  s i t e s  to  o b t n u  In m o r e  e-Iegant so lot t o n s  t i  t h e -
p r o b l e m s  of c o m m u n i c a t i o n  h e t w - e n  d i s s i m i l a r  d e v i c e -s t i u a e i  i s
p o s s i b l e  w i t h i n  t i -u n  f r a m e w o r k  p r o v i d e d  b y t h e  N e t w o r k
V i r t u a l  T e r m i n a l .  [< A R P A 3 >  p .  1 . )

I t  is  t h r o u g h t he m e c h u n i s m  of n e g o t i a t i on  t h a t  us e  of  t h e s e  op t  i c n n s  i s

c o n t r o l l e d  ic y  the  c o m m u n i c a t i n g  h o s t s .

The f i l e  t r a n s f e r  p n o t o c o l  was d e s i g n e d  to p r o v i d e  a r n ’ -~ h m n i s t n  f i t

f i l e . -  m o v e m e n t  a c r o s s  A R P A N E T .  As w i t h  TELNET , the  c o m i n u n i c m t  lo g  F T P

proce.-sses ;m g rc-e- t h r o u g h  n e g o t i a t i o n  on the dat -u format f i r  t i e

m n t - r m a !  t on t r a n s f e r .  Ea t- h m o s t  pe r f o r m s  time ’ t r n i n s l n u t i u n  n e Ci s-S u r v  t i

cenve.- r t its I n t e r n a l  r e p r e - s - n i t a t i o n i n t o  and out  u t  t i n - -

i r i t u r m e d  b a t e  f o r m a t  b e i n g  used t o r  t ime  d a t a  e x c han g e .

The need f o r  d a t a  r e - t u i n m a t t i n g  in  the  h o s t s  is d i s c u s s e d  in  t h e

:~~c~~a n l  s p e c i f i c a t i o n s  fo i  FTP. W h i l e  c r o s s i n g  t i l e -  m m e t ~~i r k , m t e .— x t  f i l e

- - a l  m e  r u - p r  i - s - n t e d  I n  li nen d ine r - u u  t e ’r  s e - I  t i m ed b y t h e  TELNET NVT .

n u t e  is t r a n s f e r r e d  f r o m  a s t o r a ge  d e v i c e -  i n  t ime ’  ce -nd lag
t o r n - n t  t in a sto r a g e  d ev I c e -  In  I he - r c-c c i v  ing hos t  . O f t  e’n
I t  Is n e c e s s o u r y  t o  p er  f u e r m  l e t  r u i n  t r a n s f e i r m a t l o n s  on
t i n e -  d a t a  because ’ d a t a  - n t - m u l e  r e p r e s e m n t a t  i o n s  in  t i ne
two s y s t e ms  - i r e -  d i f  Ic l u - r e t  . Fu im exnumn p 1 e , N V r — A S C  I I  h a s

— 1 3  —
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F ; m c l l  i t ; e t  I m n i l  l o t  u - m  p n - - n - e - n - c s c i r  (~u m n r u r - n u i u i i c t i o n s

d i f f e r e n t  d a t a  s t o ra g e  r e p r ( - s e  m t ; m t I r n n s  lii  d l t f u r e n t
sy s t e m s .  P D P — l O ’s g e n e r a l l y s t o r e . -  N V T — A h ( l I  --us f i v i -
7—bit A S C I I  ch oi r ac t e r  s l e f t  j u s t  i l l  -d In  c 16—h I n  wo n -i

s s t o r e  NVT— A SC 11 as 8 — b i t  E P ( P I C  codes .  M l ’ i T I C S  S’ r 04

NVT — AS CII as f o u r  9 — b i t  c h a r a d e-n s In  a l b — h i t  w e t - I  . 1! i - n v
be d e s i r  ab le  to c o n v e r t  c h a r  ac t i - i s  l a t e )  t i n u - — - m o d a r  d
N V T — A S C I E  when t r a n s m i t t i n g  t ex t  h e t w e . e — o d i s s i m i l a r  s v - o t e m s .
The. - send ing  and r e c e i v i n g  s i t e s  wenu l l h o v e . -  t i n  p u ’r f i r m  t i n e -
n e c e s s a r y  t r a n s f o t - m a t i o n s  b e - t w e e o  t h e -  s t  u n d a r
r e . ’p r  e s e n ta t i o n s  and t im e i t  ex t e - r n a l  r e~~~ e s e nt o i t u r n s  -

[< A R P A 4 >  p .  9.J

For t e x t  f i l e s , t w o  s t a n d a r d  c h a r a c t e r  n e . ’ p r e s c - n n r - n t i o n s  ( N  — A S h l I  i i i

h i l C i ) I C )  a r e  su p p o r t e d  b y FTP. O p t i o n s  f o r  n - np - - - - i f y i  ng f u r m a n c n ~ r o l

i n f o r ma t i o n  i t  e~ al scn a v a i l a b l e .  The humun Eli’ us e r su ~ Is  ip

u p p r  opr j3t e- opt ions and t h e n  in i h a t  c s  t he  f i l e  t r  - i n s f e - r

N o n — t e x t  f i l e s  m ay  a l s o  be moved b y Fr!’ . These a r e -  t r a n s f ~~r r ’ - t  is

- :r e - x a m i nme d b l o c k s  of  b y t es  of a s p e c i f i e d  l e n g t h .  H ow e v e t , “Ve~i

- on in t e n  pr e ted b l o a t  y d o t on can c on c is e . -  -i pr obi u- rn i n  r u - p t  ( ‘S e n t  i t  i - in

be tween  h o s t  s y st e m s  w i t h  d i f f e r e n t  t r i t e - r e n a l  w o r d  l e n g t h s .

I t  is no t  a l w a y s  c l e a r  how t h e  sender  s h o u l d  st-nd d a n - i ,
and t he  r e c e i v e - n should  s t o r e  i t .  For exam p le , whe n
t r a n s r n l t t  log 3 2 — b i t  b y t e s  for - rn  nu 3 2 — b i t  w o r d — l e n g t h )  S y s t e m  to

- u 3 6 — b i t  w o r d — l e n g t h  sy s t e m s i t  may he  de s i r a b l e , ( l n t
r e a s o n s  of e f f i c i e n c y  and u s e f u m i n e s s )  to s t o r e  t i m e  3 2 — b i t
b yt es rig h t—justified In a Ifi—bit word in the l a tter
system . in any case , the user should h ave t ime o p t i o n  of
s p e c i f y i n g  da ta  r e p r e s e n t a t i o n  and t t a n s f o r m a t i o n  f u n c t i o n s .
It  s im o u l d  he mmoted  t h a t  FTP p r o v i d e s  f o r  v er y  l i m i t e d
da ta type re pr esen tn n t ians . Transf ormations d c- sited
bey ond t h i s  l i m i t e d  e - u p n m h i l i t y  sh o u l d  be p e r f o r m e d  by
tine user directl y or v i m  t h e  use of the dat - n
n e-e onfi gur iti u c n scmvie -e . [<ARI’A4 ’ p p .  9 — 1 0 . ]
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E u - l i  I t a n  i~ n~l I n t e - r p r o d u -t s u n t  u u i m n m n u m e u  i c e ’ i o m r n

Op t  on i s p m ov i~~l u n i  t ) - i i  I - r w t lie — h tim -urn c i s c - n  t o  ~ pu  - l i v  I ir e -

l r e~ i d a l l n v t  e s i z e  of  t i n e  d e l i be ing  n - n i - n i t . T t n r o u g h  t i n l s  m e c h a n i s m  t i n -  i s - n

c~ mn t o t e-  t ime r e c e i v e r  t i  b l o c k  and  j n i d  t i n e -  d o t - u  f o r  s t o r a g e - .

T hj n - n . . . i s  i n t u - n n d e d  f o r  tIn e.- t ransfer of  s t r c m i - t u r e d  d a t - u .  F u r
e x a m p l e .  mm us e r send log 3 6 — h i t  f l o a t  in g  p o i n t  r i n i n h i - t~~ t o  -u
h o s t  w i t h  nu 3 2 — b i t  w r u r d  c o u ld  se nd h i s  d a t a . .  . w i r h u  u
l o g i c u l  b yte.-  s i z e . -  o f  Il-i .  The t u - c e i v i n g  h o s t  v -m n 1 t h -n
he e - x p e .- m - t e - d  t m  s t - i t  e - t he.- l o n g  i c o l b y t e s  s u n  t h a t  t i n e - :  c o u l . I
be e n u s i  I y man i p u l a t e d ; i n  t h i s  e x a m n p l  - p u t t i n g  t i n e  i h — b  i t
log ical b y t e s  i n t e r  6 4 — h i t  d o u b l e  W i u t ~~i S  sh o u l  I
s t u t t i c u - . [ < A R P A 4  p .  13 ]

I t i s  n t - n l y t h r o u g h t h i s  op t i o n  t h a t  an y  i n f o r m a t I o n  on t i n e  i n t e n d e d

i n l e t  o r  else of  b i n a r y  d u t a  n - a n  he  pass i - d  a l o n g  w i t h  t h e  h ( m c  i n

0 0 0 — t - - x t  f i l e s . The prob l em of n o n — c h a r a c t e r  d a t — u  t y p e s  i s  o n l y

u u f l s r -i. e re d  in t h i s  w: n v  b y FTP.

i \ r n - t  o , - T  ARPANET pr o~ c-c t t h a t  h a s  h ad to  de al w i t h  t h n & -  ~- r ob l  0 -mi s o f

n - i t e m  pn n c e - - - i s u e r  c - ommun i - ~ u t  i o n  In i i u e t e r u i g e n e ot i s  n e t w e r  k i n g  eti~’ i r o n m e - - i t i s

• ~n t , - u t  i o n m l  Softwa r e’ Wo r ks (NSW) . The-  NS W p i n  e. - i t r c e u ngni i z - s  l ie

ex is t e - n e e- of  i - u r g e  s o t  t w a r e -  r-n y n -o t t ’rn s t h a t  c- n u l l  o r v e .  as t i - i s ’’ f o r

t - c r t i n e - n  sen t  t w n u r e . - d e v e l o p m e n t .  P r e s e n t l y these-  s u n f t w r u - -  s y s t e m s  - o r - -

so u t ‘ e - r  , - n ic r on - i s t h e  A R P A N E t .

. . . t he  N a t i o n a l  S o f t w a r e  W o r k s  w i l l  p r o v i d e -  t i s e r s  w i t h
access  t n  s o ft w a r e- c l i - v e l opm enn m t oo l s  (in w h i c h e v e r  m a - h t n e
t ile - t u n i s  im - ip p e n  to  h e .  U s e r ’s f i l e s  i r e -  men v e. -d t i e  t h e
t o o l s  ove r  t i me  N E r , so t i u u -  t u m o l s t o  flin t h ave  t i  be
e pr og r aeflm e- d f in r e.’nc ii n e w  r oni pu t c - u  . I’e.-o p 1 e b u i l d  log  t n O t  s

- n o v  ~ e l e u  t t ime-  m a c h i n e -  w h i c h  I s  be st  - . u l t e - i i  f o r  t i n e ’  t u e n l
t i m e -  y o u r  e- b u t  1 d l  eu g . . . 1’ I n  i i i  k e . r  p .  ‘) .
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F - m u l l  i t - u n  i n g  l n t e - r p r o u - e - s s i m n  C o m t m n u i n n i c n n  i - i r i s

- 
~~i l i 5 e ~~S ‘f  Nm ~~ o r -  s i r e - i t  i e n t  t n  u m l u l n e - - n c  t In e- d a t n  t r u n i I a t  i o n

I 55 Ic - n-n . f l i e  - - - u m - - i cit - - r i nn - u - - - sm i n  r~~ - e mu m I c - a t  I - - m r a n u l  t n e - [ I e - t r - m i s  I

s - - t m -- r n .

:~ - - t  ~m t  u c u s s  (- u i m m r m r -  I t - i t  i n n  i n - l u - n  N~- W  w u s  o r  i~~ i r u ~m l  I y I - ~i i

s u l i n p o n t e n t  by  m u ~v s r e m  i - a i l e d  t h e  u n i n c~t h l n e  (
~n o l  I P r o t o c o l  ( P C I n ~ ic ’n v -u s

l a t -  t . m n o g r n e - - r t e - d  and r e n a m e d  t h e  D i s t r i b u t e d  l’ m n u i m s s i n g  N - .u s t e m  ( D I ’ S ) .

lll ’N ~ os l e s i g n o d t n  snm pp n m r t i n f o r m u t  ion  t r a n s f e r  i n u - t w e e - n  d i s c i m i  I o n

n c- t wr nn k n - - s t  s .  The pr - t n n u o l  was t o  i n c l n i d e - i l a t n c o m m u n  i c - i t  i o n

t h r o u g h t h e  m i s c -  o f  s t a o d u - I  i t n t e - r m n n e d  l u t e -  r e h n r e s n - n i t m u t i r i s .

- j~~~h i u - t c u t ’  I , W h i t . - I -  T ine s c h e m e -  w: os t i  I u o m n d l e -  m n m s t  f e m n d i c n - - n n t  n i l  d a t a

t yp e s .

tin t I i  m i d — A e n g u s t  147 5 , NS W p l a n n e d  to  pm -v i d - -  n i t

ce immun i c a t  I o n  b e t  we- c -ri m o s t  o f  I t s  b u i l d  i n g  b l o c k s  m~ h r  oug h t h e
D i s t r  i b u t u - d  P r u i c - n - n s l n g  Sys t e m . In A u e g n o s t  , DI’ S w n s  f u u n m u !  I v
d r opped  f r o m  t he  NS ’W p l n n n  i n  f o u v o r  o f  01 m u c h  l ess
cc i m p l i c a t e d  s c h e m e -  u - a i l e d  ~~~~ [<K imbl e t unr i - 

~~. l~~~~. I

I n  J n u n u a r y  1976 , t h e  p r e . - l l m i ! 1 l r v  s p e c i f i c - u t i ons  l i n t  MS1 y u l e

t e - l e - o s e - u l . The report <~ M~~ i~~- n l e ; o l s  w i t h  t i n e -  n i n u t a  r c - t n u m n f l ; l t t i n i i t  i s s u e  i n  m v o y

~l If t e t ~ -mo f~ mm that of DPS

Message e xc h a n g e . .  . i s  expe  t ed  t - )  he t h e  n r i e u s t  c ommon
m od e of  commu mnl - a n Ion amoeng NSW p r n u c - e - s s e - s .  Tci s e - m n u l  a
me ss;lge - , a p r o ce ss  o m d d r  c s n , e - S  i t  by  s p e c i f y i n g  t i m e  a d d r e s s
of  t h e -  p rocess  t o  r e c e i v e -  t h . - mess u g e -  ar id t h e n  e x e - c e u t  e . s  n i m n
MS(; ‘‘ st-nil ’’ pr i m i t I v e . -  w h i c h  r e q u e s t s  MS~ t m  del  l y e - u  t i u c -
m e s sag e - . [< M S G> p .  1 — 8 . ]
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i- u i - i l  i t , i t I n g  l n m t - r p r n m u - u - - - u u r  ( n m n m i m n n n l m l i c  o n  - i n c

-\ r n l u -ss n g e  0 5  :1 - -n I t  I m i g  n t  b i t - n  o r e - a I d i’i n h 1  i n c a ~
m n , -- on - r v  u m ~ mid l n r g  - n  u c u ss;. - T : (  O - t i n i s t i n e -  ; n u - - n s n g i -  tm n e
r . -u - e - i v i m n g  p r I n c e - s o n  i m v  d u m h i l l u . n u t  l i i i , t i m . - b i t  u - n t r  i n n ~ i n
sp e . - c m n  i e - d  p o m o  I o n  m l  t h u  r i v i n g  p r o c e - m n s s I - u - e l

- r u e - m u i r  V . ~ISC I t  s - i  I n i t n p d m s e - s  Ou ~ n - u t  t i n u - m  Sti Ui - t i l t - - m c i
n n e - s s u g . - s , n o r  d o e - t n  V l o t - r p m  - n  l i i  c m n f l t e n t s  u m f  m n i - - n s u g u - s .
(~ ~~~ o - p .  — h

P1 u r i s  f o r  I o t a  f n m n - m n o t  st  o n - t a m - I  i z u t  i u n ~~ t o  s u i p p n n r  t i n i r p r i n r ss

- - n un rn i f l e lm i  i c u t  i - - n-u Wu - r ( t i n  en p p - - n i  I mu 1 ~—

f l o e -  I I  e- t r u r n s  f e - n  s ’ ’ - ; I i - m ;  w - — i t S  I g m n i I t o  P C - h u t  - i i  e ~ ri r mnr -i I

t t c m - -~1 u t i m m n s  m n  d a t - n  f i l m s  - i s  t l o u V S m  me n v c -u l  b y N~~W u ross A R P ~~N i

f l i t s  f a n — i l  i t y ,  t o o . b i o s  h i - u - ni r e - c u i u l s I o i e - m e - d

The f i l e  t r a n s f e r  s v ; t e - n n r  is o i - - i v l l v  r i e p e . - m i d e - n t  on DI~S.
S i nc e OPS h i s  b e e - n  i i  i s o u m n r  I n u e d  , t i r e  m i t  i ~~
0 rn~n 1 e r n e n  t a t  ion i s  gin  I ng to  use P I P  t o  m ov e  I i i  i-s . I~ i t
r e f  j o e - m e r i t s  r r n u v  p r o v i d e -  f n n t  t i n e -  r i o - u n _ P r i m  supp n ir t i - I
f - - o t u r & - s  of  t i n e  f i l e -  s y s t e m . [ < K i m n b l  m t  m l ’  p .  i — b - ’l

I n  sul r n n m n n i r y ,  t h e n , i i  t h o u g h t h e .m or i g i n - u l  N h W  l n - n n i g n  : i o I m u n I - -mI  l m t

e . n x a m i n a n  ion  of  th en  data l u m r a i t  t i m i g  i s su e - s , t i l e  c c i n m e r i t p r n ~~e~~t - f t - r t  i r i s ,

n u t  l e a s t  f o r  now , l a i d  1 1 m m - n i I s S u e s i s i d e .

I r l ~~ ET u o d F T P  o f f e - r  t w o  u - x im p le s  o f  t i m e -  m i s - n t  ii s’ u ! ~~I u r  - t  t i

‘ n t  n u t  t o  s u i p p o n t  i n f o r m o i t l o n  t r n u u n s f u - r  h e t w e - n - nr  d i s s i m i  I - n m  p m  u u - O , t  S 00 - -

• otm p u l t e - t  t I  ~~m r  ~
- — N , - ; ~~ u t  i - i t ed u m p t  i o n s  i r e -  in . x t  u - m i-i i - - m i  n i  I l i e ’

n e - - h i n  1cm l i m I t  u i  I n i W s  f i  c x  lb  l i l t  v I n  t h u . -  s e - I  i - i t l o f l  i f  t h e -  i m i t e - r e n e d  l i t -

r e - l i t  u t u t  i o n s  t e ~ i p r u u - e - s u u u r s  w i l l  e u ’ - l i i  a g i v e - c t  e - x c h i u i g u - .

— I ?  —



i- m n i l  i t u t  l o g  l o t  e - r p r u - o r  (~i l m m , m m m i c m t  i - m r s

R o t h  i E J N ! - T and  FTI ’ t u i t c u  e - . i n h t n ~ m n s m l s s t o u i  h - t ~~ - o n  - r s  t u m

c -of l~ m :tn I - a eu m i i v e r s a l Iv - u se r V u 1  i n t e - r m e - d  l a t e -  n i n u t a  ~n l r t m r . ’ ( r D F )  -

t t n n s ~~m - m  L i t  - o , e a c h  p n n n c e - s s or  r u - I m r m m n ; i n s  i t s  i n f o r r n n t  i n n  l o t -  t i r e -  l i n E , m n e l

t h m nl se- r i d s  t h e - I r u n s l a l  I - m n .  l~~n o ri r i - n - i - i p t  i f  - 1 l iu sS m g e  •

p m  ic -cson m o i s t  pc- r I o m r m  i f o r m a t  t n n l m m s l a t  i o n  I n m  ch a n g .— t h e -  T ; n F

t e - p r u - s e - m n t - n t  ion i n to  I t s  o~~~. m i s  r n e - I n u r m i sm p r o v i d e s  p r ; u o c s s u r

i n d e : n - i n d e n t  in t e - r p r on - e sn-n c ommunication , s l n c e - t 1 n - h r m m m n f n , i s t  il ei s s  io ~~ - -1 - n t - n

t n t  mm i t  it ;  t i m e  n a m u - f o r  e v e r v system h e i s t .  The n n i n h e - n  o f  r r 1u i 1  u_ - i

: r a n s l  n t o r s  i s  r ed uc- ed , is w e l l .  Two t r ; i n s l a t u i r s  f u r  u- i- - h  t v t n e  o t

;‘ m i n - e s s o r  I r e -  n e - q u i t e - i — —  one-  f cm r t r n i m i s l a t i o u i  i o n - and  ni l - f a t

t r o n s l u t o i m o  o m i t  o f  the . -  h n F .  A g a i n  l e t t i n g  ‘ n ’ hi- t h e  n u m b e r  o t

d i s s~~- ’ m i l m u t  m m u n i i in e s , t h e  n u m b er  o f  t r n n s l a r n n n s  n e - e I~~d l u r e  i s  m a l , -

- . :mm ’ . f i a t  i s , e n c h  p r o c e s s o r  i n  t i n  en~ i t n m m i m i - n ’ m u n s t  s o l [ n [ i - t  t - - 5  i t  I ‘ 
-

r i n c l u t t s .

Pe m m n i v u - r n - n n i l  f o r - m n a t  a l s u m  I n u c - i l  I t u t o - s  i t m n - r u - n m i e - n t i I  s v - n t u - r n  e X [ m . n n n ; I n n o .

S inin - ,- n u b  c l e W [ u r mu e - s s i n n nee d cm l v  be - u h i t e t -  dm t i~i m- m 5!

r u - I  n I t m i n-ot i p he- twi- -n t i n e -  T I l E  eLI i t s  -wa f o t i m u t  , i t s  u~I i l t i m n  I n  t O n

s : : _ n . r t m  - I - c - s  n o t  r e q u i r e  k m - w I - m y -  u m f  t i n e -  i - e l m t c n t  ennu I i g m u t  i t  i - n e .

F u r  • 1 ,-  - t m u -  P~ 
r n e-sso r s a l  r cad y 1 n t h e n  s vs t e n  w i  1 1 c cii i n- t - o m n m d i n  I c i t e - wi t i n

‘ I I ,  f l e - ~~ e : l t r  y in i t n u m m n i t t i m e - v  i l  m c c i v  k n ow .  ~ u r  n e i l i t  ie’ at l n m ri s c i !  a i d  i t  I n n s

t o  t P i e - m i  er e- r e - u h u i i  r isi . t~~n u - in c i r c l e - u i  I . e r ‘V S  I c -ee l u ’ S  1 n u  nun -c l ‘u m i s  s in  1, - I  V u u u  t h e e

pm e u -u- s- e r h i - Ing uiddeul , w h m t r i m  1—u 1 mm c l  s e - t v  w h e t  e I t  i n ,  oung s
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F.- m c l l  l t ; i t i n g  I m i t u r p r  s i  s n m r  ( u m r m n r n u l r i - i r  i n u i s

- . I Semrm nm e r v

f i r e  p r e y  I n m u u s  S e - i t i o n s  h ave  p r e - s e m i t e d  dc - s i gn  n i l  t e ’ r n u t  I v i - n n  l o t  - e

mm u r t n m o j s f l i  t u s up p o t t  t Ot  m t  i n i n e s son  c o m m u n i c a t i o n s  i n  a i n n  n - r m g u - r m - n n m l s

‘ r i p - i t  e r  n e - t~~~ n k .  Tine se lec t i - m n  of  a d e s i g n  f i n  i m p l e r n e n t ; u t i - i n  s in o u l  I bet -u

1 i t . ! r e - s n u l t  o f  mel u n u s n u r  i mi g  t i m e  p r op o s e d  m e c h a n i s m s  u p l i m i s t  u ! r - s i r . -d

l u - s  o~~n c h o i r - m o t e - i  l o t  i c s .  The d c - s i g n  c h n u r - u - - t i - r  1st  I n s  h e - m i t t  n i m m i s i f - r  1

n r c -  t i l e -  t m ~ I n w i n g

— —  p r o c e s s  a d d r e s s i n g
—_  e n l s V  expa n s i o n
—— e m o c t  i on a l  sop h i s t  I c - m t i o n
—— app  I teat l o i n — l eve l  t m un - i  s j i u r e n e m y
—— mi in  i m a l  i n u s t  o v e r  l ie -ad
—— in in m a  I me.-  s snug  c - n  u v  n - n  i n c - a d
—— m e - l i a b i l i t y

T h e s m - — i r e  -u p p l le-d to  t h e  t h r e e -  p r op o s e d  rmn c-ch anism s cl n :sn r Iheul mi

— n t  - n c -n i  i t I g  S e c t  ion:

—— r e c e i v e r  t r n u n s l  c t  i o n
— —  in tentmie d ic r  e i t  sr i -n i a t  n u t

—— n - I  a n u l n i r d  i n t e r m e - d  l u t e -  forma t

h m  e S S  A d d r e s s in g  — The I n t e r n a l  d a t - i  f o r m u t s  used h~ - u  r u i m n m i i m r ~t

3 m i~~eSS d e - 1 u i ’ n d  on t h e -  f n m r m n t  e ’mp l oye-d b y t i n e  m m  u - c - s c o t  on wh l u -h  t i m o t

p t . -ss  I s  i t  l y e - . U n i v  b y  u l e l n i y i n g  t i e-  b i n d i ng of u t a r g e t  l i t - i

b r - m ci  t n  c - n e e - i u  me ssage  u n t i l  l i m i t  m e - e s n u g e  1 ;  u r u ~~- p t e d  - it t h e  n i l e - i n n

~ i c - h  t i n e -  d e s i r .-ui pm ac - c-sn ; i s  u t  l v i -  n ou n ptm mu - . s s  u e i d r t - n n s i n g  he

t ir  I I  I t - e r  i - - I

— _ 39 —

- .,_ --~~~~~~
--—-- —-  - ----— - .-.-— 

~-~~~1~
•
~’— — --_.—----- - —



F u n - i l  f i a t  l n n t t  l ’ t t u - r  p n i m u - e - s s n n  C e i m m u u n i i c i t  l n n u

Ri m t n n  t r i r l s I a t I ( - mi) b y  n . - - n - i v e r  ;und  t i n u -  m i s c -  u u f  u n  i n n t c r m m n , - n l j e t - -

t u i m m i  n t  d c l i v  th e -  f i n a l  St u g u  o f  d a t a  r u - f o r m n t t  I : n n ’, u n t i l  m r n e - s s u g e

m c i - i n .  s I t - - n  e l e c t i n a t t o n .  The-se  m e c h a n i s m s  t u i  n o t  i n t e r  t e r u -  ~~: t h

; n d d r c - s s i n g  m e s sa g e s  t o  p r o c e s s e s .  An i n t e r m e - d i i i ’ -  t r r n s l  I t  i t , - i n  t i ne-

o t i s - n  h and - r e - q e l i  t e n s  t h e  spec i f i c u t i o n  n n f  t h e -  t i n  e et  fn r m n . e , -o ,d

t h e r e - l o r e -  t h e  r e c e i v i n g  pr u c e s s n u n  h a s  t n  h~~- I I - n t  I f i e - c i  h e f n t -  a

mn e ss u g c -  c - a n  he  t r a n s m u t e d  - m d  r e t r a n s m i t  n e f  t n  I t -

b a t  i~ i n .  A scheme based on s u c h  on t r m n n l u t - - r  , t h i n , - a m i m i n u t

n - n u l j n [ n n m t  p r o c e s s  a d d r e s s i n g , w h i l e t i l e  e e t h e n  t w o  s t r u ! e ~~~j u s  c o m m .

Easy Ex p a n s i o n  — E x p a n s i o n  i n c l u d e -s b ° t h  t b i e  a d d i t i o n  m I

p r n m n - e - s s n n n  type - s t n t  a n e t w o r k  a r i d  t i n e -  e x t e ’ n s i - i m n  e i f  t i l e -  f m r m r r n n s  m n - i  b y

p r o m - e - n ; s o r s  a l m e - a d y  s u p p m n r t e - n I . An i n r e . ’ r m e - d i i t e - t r i n s l a t - u m  i u t n - i  IS - I

u - e - m i t t u I  agenc y f n i m  a l l  d u t n i  r e - t o r m u t t  t r i g  - l t r I e - r  s u u i h . u  s l o ~ -ne , i n n -

c -v  i s i - i n s  r e q u i  r e d  f o r  s y s t e m  e - x p a n s l m n  u n . -  l o ca l  i z ed  1 t h e t

t r i n i s l i m i n t , and so t he  n i e u i i f i c n t  I - t r i s  (- urn he  macic e - n u s i l v . S i m i l a r l y ,

bec u u s e  an i n t e n m e - d i ; u t e  b u m n m o n t  d e m a n ds  t h a t  m -o m m e m m n i c l t  l o i n s i m r i l y  u p p o e r  in

t i n e -  nc- t~~ i r k s t a n d u r d  , e - x p ; m n s l n u o  o~ a sy s t e m  b used cnn  t h i n e t  n e o i u a m m i sm im~m u - t s

o n l y  t l n e -  t r a n m s l a t o r  i i i  t he - site ’ b e i n g  add . - n I  n u t  c ’h - m n ged .

Ho we- v t- n , as d e s c r i b e d , I n  i n e.- t~~ ’r k w i t h  ‘ mn p r n u i eSsen r t Y p e s , r i m e

m n o d i f  i c ; i t ions n e q u i i r e ’ d  fo~ t h o u -  r e c e i v e r  t m a n s l n u t Ion  m e c h a n i s m  i m n c r e i s e  u s
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F a c t !  t t u i  j i g  m I t  p m m n - u - s s m r  h m m r m r m u i n i i t  i n n s

‘ ii ’ . ( ‘ n — I ’  an d ‘ 2n ’ t r i o s !  el m s  - i r e -  i f  f e - c t - - I  i n :  I m y n n : m t  e - x t e n m ; i - n c i s - end

. n c i d l t  l i n i s  m u - s i n e - c t  h v e i v . ~ n o n m i p n m  c - i  w i t h  t i n e -  t w m m  n n t i u e r s u b - n - i , r u - r e l y - n

t r - e n t s l u t  l oin - u m r  i c - s ni h n l gin con-i t of u x p a n i s i o n .

F u n c t i o n o m i Sop h i s t  l e n t  i on  — Each S t r n u t e g v  i s  l e i g i u - a I  l v  s n ~ f i c i en t  t i

supp unr t - u f u l  I r a n g e  u m f  d a t  n u r e f o r m a t  n log fac it i t i c ’ s .

\ pp l i n i t i c ) n — l e v e l  Tr on n i s p a r e n e r y — In  l a r g e -  p n r  t , t h l e  i n p u t f e l t  b y

u - n h I — n t s e r s  o f  a ny  n e t w o r k  m e c h o u n i s m  de pend s on t I r e -  h i t  o r  n e t ~~~~r ~

i m p e m a t i n g  s n - s t e m  t n  ~~n i c h  mn - nc - n s o f t ~~ i r e  m u s t  I n t e r  f - i c e . F u r  u - x n u m p l e ,

I I - I~~~ET offers almost comp l n - n e n ’pp l i c - u t  i o n — ~~e - v e - l  t r - i r n m - n p u r c - n c v  W t n l i e  ~~~~-;

t e q u i r e s i c o n s i d er a b l e  amoun t of i n f o r m a t i n n  f r o m  t l u e  i pp l i - n t i c u n s

p r n g n a m m e r  . TELNET is  f u l l y s u p p o r t e d  b y sys t ems s o f t w a r e  a m i d  D R S  m s n i n t

Thu d i ffen en c c -  I i c’s in  t i m e  way t I n e  dc - sn -  r I pt  ion  c f  p i s s e d  1 . u  t n u  I s  h an d  I - - i  -

Tb is i s s u e  Is d i cc- m i s s e d  f u r  t lme.- r in C hap t er  I I I  . l m  a nsp a r  c -n i - y

n o t  t h e  a p p l i c a t i o n  l eve l  i s  less  a f uo c  t ion in f t h e  sch e ’nn - used t -  m i n d  I i -

n n e cs l g e - s  and m o r e  -u 1 one t i o n  of t h e  c h o s e n  s n - h u e - m e ’ s im p l e m e m u  t a t  i o n  . len

h i  c r c -g ar  d t oe- t hu r c - c - t m acm s i - u t m m  sc he ’mes u - i c  in o f f e r t me- s ill -

oppo n t e m m m i t y  f o r  o u p p i l c ; i m i o n — l e v e l  transparency.

~1l n l m a i  hl c n s t  (~~er inc-ad — R o t h  TE LNET and FTP i n t e n t  p r e - t  t i n e

- ; t i m n d a r i l  e l i t a  f o r m a t  h e. - l rn g emp loye d t i i m n u e g i u a n m n u e i s L i t o m  process t h u u l  t urn s

In  t h e  n u - i ~~ n m  ~ h n o , t  S 1%c ’u u e i s n  t i m e - ic I c m;m l d a t - i  t r n u e n s i  i t  I on  f u r  ,-mn
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F- i - l i l t - i t  log lmn t - - r  pr ic e - sc o t  Comn mun i c - i t  i cn s

0 e t i m m i  i n - I - - p - o d e - n t  i n t c - n m l n e - n I l u ’ e -  d o u t i f n m m : n ;u t w o u l d  bc  p e r  f o r m e d  is  a

pm c -pr u — b r i g - n  - p  f~i r  - e l i  me ssa g e s , and  h e e - u u i s c ’  t i n e -  n u m b e r  o f

t r i n s l u t n m t s  m e q u i i r - ; l  f i n  , - u c h  m o s t  i s  s m a l l , t r ; n n s l n t i o n  u i f  t he -

i m n ~~u - r  ‘ i . c l m u t e -  I - n t t m , u t  u - i m ef l  I h e -  w i t i u d r ;u~~i f ro c i c  t h e  h o s t  m d  p l u m e-cl - u t  ni

l w ,  r t w i t i - a u !  I - - v u - I  i n  mi ce - n o d e . Re-u - e - i v e - r t m n u n s l r m t I o n  u - n u l l a l s o  he-

p e r t - n m - m s - I u n  -e  n ode I c - v u ] h .  n w  t i m e  r e c e i v i n g  hos t , h u i t  t h e e - - l a r g e -  n i m b i - i

- f  t r e n s i  I n - n u n s  n e q e i t r e - d  cou~~- -l f o r c e -  an  e - x t r a  d e g r e e -  m t  n r m n n l e -  c o m I l n : u e n !

s u p b n i s t  i c i t  i o n .  An l n t e - n m i - d  i - n t . - t r a n s l a t o r  ci  I m l n a t i - s  m m d c -  r e  s i - i c - n t

r e - f  n n  m m r r u l  t j og o v e r -h e o u d  
* hut r e - q u l  ne-s one  or  m o n  e n u d e - i n  ( a n d  h o s t  s)

d e d i i i t e d  n - n i  l e t - i  recon fi gur;n t ion.

Mm m i i  Message  O v e r h e a d  — W h i l e  an i n t e - n m e d i a t u -  t n o u e m s l a t o r

e n ]  im m a t e s  t h c ~ need f o r  an y  d a t o m  i n  a n s i a t  i o n  a t  t h e  c o rm nr n nuu i  i - at  l o g

nodeS , t h u e  i n s t allation and m a i n t e na n c e  of  and  comnmun ic -a tioos tnn

- Lii pun pose- r e f o r m a t t  l o g  nodes  r e q u i r e  add i t  i o na i  n i v c - n h ead

E.- - e r  . u i  t r a n s l i t  ion  r e q u i r e s  e x a c t l y n i n e  d a t a  r e - f o r m a t t i n g  st  n g n -

( t h a t  it t he r e c e I v e - n )  , b u t  d e m a n d s t i n e  m an - m g c’ment o f  a l a m  ge nuicn he -r  m m I

t r a n s l a t o r s .  An I n t e r m e d i a t e  f o r m a t  r e q u i r  u -s  e x a c t l  ‘v’ t w o  d c t a

r e - f m r m a t t  Ing  sic-ps , b u t  g r e - a t  l y red uce-s  t h e  number  n i t  t r a n s l a t o r s  t h a t  m e m s t

h e -  m m m i  n t . i  m e d  over  t h a t  f o r  r u - - c e - i v e t  t r an s i  at Ion , —nnd sum Is tine.- most

p r e f e r a b l e  of  t he  t h r e e  s t r a t e g i c - s .

Ri- I l a b i l  i t y  — The c r i t e r i a  f o r  m -asur log  r e - I  t i b l i  i t v  o f  time

pr  opo 51 (1 m e c h a n  Ism s — i t  en n i n e -  n u i m hc- r  and  comp lex  i t  v c c !  e r  i t  i c , u  I
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F ; u c i i i t a t ng i o t e r p r o u - e s s o r  C n c m n m i u n i - u t  i o n s

c e n m p u m m e ~ e n t s . E e c h  o f  t h e n  three - i l  t e r n a t  i v u tO r e q u i r e s  t h e ’ i n t e g r i t y  m m !  t h ne

t w u m i c n I , - s  h u - t w e - e -n  wh ich data is be ing e x n - b i a n g u - d  . T i me n u n — - m l  - i r i

i m n t ,  i n n . - l i m t e -  t r : i m n n-n l : n t u n r  
* 

e l  sum r e q u i r e s  t h n o u t on t h i r d  u n i t  I t  v i - _n m r t e m n n - n  ‘ n n e

u l u t a  t r  u m n s l  at  m m l i  h i - f m n n c t b r i n g  . lii i s -n i - i nc-me it - m n-i t hu r c c  m c  i t  l c a l  ‘ i u m u i u u l  c s

s~n l i e  h u n t i m  c -n e - l y e - n  t r a n s l ; i t  l o in  amid t h u e -  u se- o f  a St und e r - I  i n t - - m r n . -d i a t i -

t m m m l t  h e y c  on l  v t w o

The ui o dcn s in  a r e m  e i v e r  t r  a n s i  a t  I c - e n  c -n v  I n  o n r mme n t m u st  ma  i n n - u  i n

t r o m n s l n i t m n s  f o r  c - v e r y  fo r -m on t m i n e d  in  t i m e -  n e t w o r k .  Th e r e - m i r e . - , t h e ’  s Lim - - m d

comp l e x i t y  of  t h e i r  n e t w o r k  s up p o r t  s o f t w at e  ami d h o i r d w ~n r e -  is  g m e a t e ’t

t h .un t i n t -  p ackage  r e q u i r e d  In an i n t e n m e d  i - i n - c -  f e i r m a t  u - e ly  i n  c i mnmen t

- t t m n e -  t t - t e u -  , t h u  i s  r ocig h m e a s u r e  of t e l  tab  I I  i t  y f a v or s  t h e  use o f  o

m i n d  ic  -I f - -e m - mat  -

F ’ i g u m r e -  n 1  s~~~m u m  m z c - s  t i n e  e v a l u m n u t i o n  o f  t h e  t h r e e  d e s i g n  st c g u - - n  w i t h - u

u - c l u e - c t  t o  t ime-  d e s i gn  c - o n s i d e r a t  iom n s d I s c i m s — n e - d  . TIn e f t g u i r c - I n c  I u i d e - n

- - x - -ic rm i nn a t  t on  of  b o t h  t h e  “ I d e a l ”  Imp l e m e n t - u t  I o n  ;nnd , w h e m r e  n n p p i  i c o i b l e - 
*

—i n e x i s t I n g  i m p l e m e n t a t i o n  i f  e a ch  s t r a t e g y .  The r a t  i t ig m l  t h e

s t r a teg ic-s  f o r  c o i n - h  u - o ns l u l e r a t b o n  I s  q e u a l  f i a t  ly e .  W h e r e  m stn u t e - b ’ ~ ’ I - n

nI t -c i d c - d ly  m o r e  r - s p o n slv e -  t c e  u d e s i g n  t- e i n r n l d e r a t  ion  t h a n  t h u

a]  t e r n a t l v c -s , I t  i s  m a r k e d  w i t h  u “ p l u s ” and t i m e -  o t i n e r s  a r e  m a r k e d  w i t h

“m i n u s e s ’ ( e . g .  r u - i  i a h l i  i t y )  . C o n v e - r n - n c - l y ,  when cm nne - st r a t e g y  Is d e n  i d e ’ d l v

worse t h a n  t h e  o t h e - m s  In - i  p o e t  i - u u l ; u t  u - a t e ’ g o t y ,  i t  i s  m n n k e n d  w i t h  - u

‘‘m i n u s ’’ and t i u - o t he r s  i n . -  m a r  ke- ni  ‘‘ p l e m s ’’ ( e . g .  p r o c e ss u d d r e ’ s s b n g l

— m~ ~ — 

———-- -~~~ - -s—-. -- -•



[‘ac I I  i t a t  l a g  l n t e - r p n m c e - s s u m r  P n m m u o m t I r ; i t  i n c u s

Fo r Sc mfl c -  ccncn id , t it ions , tIne.- spec ilL- imp lement at l n n c i  c i f  on - n i t  a n  n - p c  i s

r n - e r  k e - l “ m n i t n e m s ’’ and t i m e -  pc - m o e - c a l  else ci f ibn o u t  s,-n m e -  n n t r  u t e g y  i s  m a r  ke ’d w i t  in nu

“ p l u s .’’ T i l e - c c -  m a r k i n g s  I n d i c a t e -  n - u ni t wtu l I e .  thou- c u r  n e n t

imp~~c -rnt - n i t u t i o n  of tine strn m te - gv I s  cl ot  r e s p o n s i v e  t o  n - h u t

cs im c ms  i ml c i  a t  ion , --in e x ten  s i o n/ g e net  a i i  zon t ion  of  i t  w o u l d  m i t e - c - I  t Ice-

o I ’ s i grn a t ed  d e s i g n  goal  ( e . g .  sop h i s t i c a t i o n ) .
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CHA }~rER I I I

Atm 1 t I e r  rile 1 I i t e  1);i t o n  ‘ - m r mmcc

Th en e l i  sn m m c s i o n  in  I l i e -  p r r c e - d i nn g S c - c t  t o r n  m e l t  i v n i t e - S  t i n e -  n i c e -  m l  i t t

i n c t c - r r n e d j n n - i- d a t - i  f o r m a t  t i  n c i l  i n - o i l -  i n t e r  pr ice-s a n m omm ui n i ca r loin j im a

hi e - t u r i m g c - m l c - n n m u s  c o m p u t e r  n e t w o r k .  Tiuis s m c t i o n  ~- i  I I  c d l  n e - c s  t i n e -

m e - n - i u i m n i s m s n m - e n d e d  ten s up p o r t  n i t n  I D E  r ind  t h e  o n e - l u - - n -  G un nnf st om tid in I d n n - m

o . -~n r . rs en t ;n t l( if ls

Tine c m m n c e p t u a l v i e w  o f  l i n t  e - r  pm o f e S S o r  c omtm t tmu n i c u t  i m n s  i s  I - p  ~c u i  u t

F i g u r  . - 1—1

I H A ~~ I D F I  I D F I 
I I- - - -  I I

P A l  I I / I I TDF I I H R ! PB
I I I — — — — I  I 

I I I I

HOST TRANSLATOR SUB N E rWt )R }< S I TBN E TW O RK T R A N S l A T O R  HOS T
HA TA M O I )U LE MODULE rB FIB

F i g u r e -  1—1

‘ PA ’ and ‘PB ’  i t e -  p n or e- sin e-S r e s i d i n g  in p m oc e s s om  s HA ’ and ‘ bIB ’

u - s p e c t i cc - I y . Time t r an s i  a t or s  n- i re-  n e s p o m n s i b  i c  f o r  a ny  r e f o r m - i t t  I t ip

n o e n . -  s i n i r  ‘v be t wce . - c n  t h e  d a m  a r opt  e se in ta  t i - m c i  used b y t he  I n  c o r n  e . - s p om ud  in g  h u i s t

p m  i c e - s c m  m in a n n u l  t h e -  n et ~~~r k a t o u n d a r  d . Al I d a t  a f o r m a t t  b a g  is

I u n n p m n e u n t t e l  t i m e  s t i h rme ’t ~~~r k e ’ e n m e t m u i r u l c ; n t I on  m o d u l e s .  F~-ich d e L i  l i n k

i c e ’  W e- -ui t n  - inodul  en s  In  t ine s f t  g e i t  t- h e  in assoe ’ I i n t e n d  w i n - t m  i t  t i n e  d it  a

— !e b m —
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An I n t e - r m n e - n l i e l i  Don t ;u F - t i n t

I m m o n m _ n t  m n n _ , i j  t i u r mu i p lu t iu0 u t I t n k _

Fi n e r c- i t  m -  si~ s t e pr - I n n  I I n .  S u n  e - S St  iii i n s l e - n  n i t  -i , t n I t om  - i n n , -

m m  m n - e - s s  t e n  i l i u m !  c e - n

* t i c . -  n - e i d i n g  h o s t  1 m m s r n c S - f u n - n e  I - u  t i n  u s c - u n t e — d  t m  m n n s l n i t o n

* t i n e -  t r an sI  n u t  o r  t e - f a r m i  1 s t i m e -  f - i t  - i  l i t  con t i m  n to t - 0  t b u m  -

n e t w o r k  s t a n d a r d  r e - p r  u - s e n t  - t  i o n .

* t ine  t r ans i  a t o m  p a s s e - s  t il e ’ r e - f o n r n , i t  n - i ’d r i t e - - O S  c p u -  to t u e . ’
s u h ne t ~~~r k  t o  be.- n m  t i e - i l  i c m i m s m n  t h e n  u n e t w r u r ~’-

* t ine  s uh n e t w o r k m o d u l e  a t  t i m e -  r e - c e - t y i n g  n o d e -  p a s ses  t t u e
i ncom ing message t o n i t s  n I S S O c  i n t e n d  t r a n s l a t n m r

* t h e  r e u ’ e - i v i n g  t r u n i - F a t o r  r u - f n r r m a t s  t i n e  m e s s a g e -  m o m  t ° n e -  I D F
to  !i ie r ( - p r e s c - n t u t  iu mfl a p p r o p n  t a t e -  f u m r  i t s  ho -n t p r n m c u - s s n m r

* t i l e ’  r e - r e l y  ing  t r a n s l a t o r  passes t i n e  r e f o r - m o n t t  u -el me ssage t t n u

t h e  r e - c e - l y i n g  p r o c e s s .

To p u - n  f o r m  I t s  f u m n c t i o n , t h e  t r a n s l a t o r  is  passed i h u i f t c - t  i n  an

i n p u t  d i t ; u  f o r m a t  u u n n i  b u i l d s  a b u f f e r  c n m c n t a l n l m n g  t i m e  m , t u n c n i t r e d

i n f - u n m n o c t i o n .  The t r a n s l a t o r  can be h io k e . -n down c- o n c c - p t u a l l v  in t i n t -

f o l l o w i n g  way ( F l g u n en 3 — 2 ) .

T R A N s M I r  I HOST I I NETWORK REFORMATTED
B G F F E R — — — >  I I N T E R F A C E I I I N T E R F A C E  I — — > T R A N s M I T

I AND I TRANSLATION I AND I BUFFER
R E F o ) R M A T T l ~D I BUFFER I I BUFFER I
R E C E I V E F ~~— — — I HANDLER I I HAN D LER I < — — — R F ~CE 1V E

B U F F E R  I I BUFFER

A TRANSLATOR
F i g e i r e -  i — 2 .
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A m n I n l e n m u d l a m n E) ,n t c F m r m n e t

I~u e  s t - u m i - I - u r d j m u t i n m n  m m f  in  l n t e - r m e c l i o n t u  m e t m ~~ r k  f u r m a n -  i n  t r i m  u i  l o m ~- t i n-

o t m c n d a m d j 7 u t  i o cn  o f  t i n e -  m e t w e n i k  i n t i r f u c e  n e t  i on  m l  I n-

me n n— I  n i t o n m . Si -n  i I a t  1 v , t h e  p m  n t I n n  m m I t h e  m m  i ii  s l a t  i n n  s e C t  i - m n  I I c e  t i s

e i ine - d  t , m  t i n e  I D F  wi  I I h e  I n  ac n nn pcn r t a b l e -  a m o n g  t r a n i s !  I !  o n  s . h u e -  o n  -

i n ! e - n  f - i c , - acid i t s  h a l f  o f  t i m e -  t m a n s l - i t i o r n  sp e -m ’ i t  i c - i ’  i n n s  w~ I I

n o , - c e - - n s n r  I ly  be h n s t  - l u - p e n d e - n m

3 . 1  P ’ t - i  l e s t  o p t  i o n

e- n-ire n - w e -  u s p m - c t s  o f  d o t - i  n e - s r i p ti orn for a d u t a  I~~e - rn . Tin e

I ~ r s t  i s  t I l e ’ d e f i n i t i o n  of  n - Ice  d a n - - u  ‘ i n i s n n  m t  t y p e -  c m l  o u c h  i ’ e-r r c , - n nuc i n us

c o n - I r a - n - e r , i n n - u - -p u- i , or  I n s t r u c t i o n .  In g e n e - n d , oc s i r  i n g  u I  h i t s  ~
- t r I t on

no i n d m - - u m  i o n  c m l  t i m e -  kind of n i m t o u  I t e m  i t  i s  1n t e n d - ~-d t o n  r e p m . - s e nt  -

Th i s  i s  h , - c i u s e  t i n e -  ove - r~~ n c - I m n 1 n g  n r n n n l o t [ r y  e e l  n u i r r u m n t l v  i v u i l - u l m i e -

c n m p u t e r  sy s t e m s  i r e -  based on t h e  Von Ne u m a r m c u  ph i l o s o p h y f u r  St  u r  b o g

-I up i i i i  itn form n - it l on . These  sys t c - mn - n do ne - u t r e l y on on in iu e ’ rec n t

d r s t i n c t j o n  between t h e -  i n t e r n a l  s t o r u g e -  u n f  d l f f e - r e - m i t d o i t , e  t y p e - m n  t e n

m u m u l p u l a r e -  I n f o r m a t i o n .  R~i t i n u - r  , t in e s e -m a n t i c  m e - n n t n g  m t  i n t  t t o n g  of

h i t  on is c l e r  lv c-cl  so le l y f t  cnn t he -  c o n t e x t  I n  win I cli t h e  b I t  in n i t  used

The Von N e - u m a n n  for - rn  s t a t e n n  n - m i t  u I i t a  a c n d
p r o g r a m  a r e . -  i n d l s t l n g u i s i m a h l e . T h i s  f o r m  assumes t ixe d
~~l z e- b i n a r y  w o r d s  o r  c h i n  - I c -  L e t s  ( b y t e s ]  ~~ i [cii  , i I  l o w
p m og r a m s  to  be- n r e- , u I e’d - m s  n i - i t , u  . Then se.’ c-em pu t  it  In nh 1 un I t S

— ‘eR —
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An ! n t e - r m n e - d  i - i t ’ -  D a t - n  F o n t  n i n t

- in . - ma mn i p e i Iah ~ o b y  oe l m c g - , — ‘ - - n n u - m  aT p u u r pose- set n m f
- t o u t  i o n s  . “ I.- - no i ng is  n u n  t i n  h e r e - c i t  i y n e - p r  e - i n n  ~0 I en d i n  t i m e  -

- -- :mt e- n t s of n - i uesm ’ ciii i t s ;  r a n - li e-n it i n-n umn signc-d t o  t I m e -
n aml t e.’nts of  l i m o - s i -  n u m m i t s  b y  n - t i e . -  p m n n g n u nmn m m n n i p c c i ; n t  i n g  t h - - - m .
[ -  F e n usn - ; u1~~— p 1.)

H~ ’ e ’ x m n i p le , - i nn -~— i n i t  s t r  in g s e n t  to  - u  t e - l e - t y p e  m a y  r i n g  a h e - I l , w l m i l e-  t ° n n u t

s a m e  s i r  m g  m a y  b e -  m i m n u v e - nI t m i  mci  at in - l ime - tic unit m m  repr u-si -~i t a n  m l  u - g o - n

n - i l n i c - . ~l n - v i : 1 g  t i n e  same t b i t s  ten t i l e  I n s t r u r - t i o m i  r e - p i n t - - n  0! a ; u r n - i  -

rmn . i v  - - m o o n - n c V o n -  a n o t h e - t  e f f e c t .  I t  i s  n - he . -  mi sc -  ~f t i n e -  h i t s  t ° n n t  d e f i r i u t s

t i n e - i n  d a n - u r ype , ami d no t  t h e -  b i t s  t b u e r c n s e  I V I O O

Ten e  se- ond a sp e c t  of  l a t n u  n i e s c r i p t i o n  is  t h e n  s p e - i f i c n - u n- i on  o f  t h e

i n t e - r r n a i  - l m t i  fen r m n a t  used t u n  r e p r e s e n t  n - l i e -  v a l u e  if in  i n - e m i t  o f  u

;- n r t i c u l ur d -ut a t ype . Intege r ” i s  -u elan - ni t y p e . ‘~~~~o ’s c omp l e m e n t  ,“ on

t m . -  i n l I n e - I  n u n c i  , i s  1 d a t ; u  f o r m a t  used i n  r u n u n u V  p r n m n e - S i n O !  5 t O

o c r c  s e - n t  i n t e g e r  v a l u e - s . ( t n - h e r  f o r m a t s  usi-d I n n n i n t e g e r  in iricl uele

;I g n — m n i g m n o n u d e- , one ’s -nnmn pl e-ment and dcc m i n i  . S a y i n g  t i m a t  mm l u — _ h I t  do n — n

t i c - t n  I s i mi m t - - p m - n  spec t i l e - s  its t y p e , h u t  io n -  t he f n n r m n a t  m u s e d  t n u  n m- u n n - h

I l I e -  - ‘ i l i a c -  i t  n e p n e s e n t s , and ~o i s  in In c e i m p le t i -  m l c - n n m - n l p t  i n t l  u n !  n - l u . -  t t e r n .

~ -s - r I b i n g  th e- l t tmn cora p l e . - t e l  y r e q u i r e - r n  t h e  i n c l u i s  i m n  c m f  be n ’ in i l n e  - i n n - u

t ; : n - - and t i m e -  t o t e - m i n i  f n m r m a t  o f  t i n e -  d a t a  f t c - r n , i . e . t h u  S i x t e e n  h i r  i t - r n

i s  an t o t e - g e m  r e - p r  c - s e - n t  c -ni in two’s cmi mp l omcnenu t tu mrrna t

J u s t  u s  with tin e d i m - u  t v p e - , d c - t e - r c m n i c m o i t  I on  el f ti m e -  n I i t : u  f e n m n n i t  e r-m ed t o

e - n r m u n l e  t i m e -  v a l u e -  of  m e n  Item e u m u m n i m t  h e . -  m i l e - b y e - x a m m m l n l n g  t u e  m l i t o m  t i l t s

— e C i —



n ; t  I~~~I - - n m u - n i  I m - - 1 P m  I n F u r  m a~

I ~ - t a l o n  i t e — m s  i r e -  m I n i - n t  t u m g . I i o n r in n m p r - n n e - n n n n n n t  l i m i t  s u u p p m m r  1 5

1 - i t - - p t m i l i t  ion , t h e  ni p i t  u t  i o n  i d e - c n n - i f  i c - s  t h e . c m i  u n - n icy - I - t o n  - n - n n f  m u ’

u~~c i u i t . - e - n - c u r  m l  f e - s i g n  m l  n - l i e . ’  “ add ” l n s t m u u c t i o m n  l o t - i n n - l I t - s  t h e f t  I t - u r n - n ! .

P l )P~~ ! l ’ s - n o i p p n m r t  lw ’ s - n m r n i n l e m , mi t i~~~ - m n - n  a d d  i t  o n .  S/ f~~( ) s m u p p u m  t i n

u e t n t i l  i n i l  i—m o t h  c i i  n - w n - ’ s c ummn p i ernm n i - n n n -  a m i d  i n n  i c i t i t  l n m r m . n I  i c ) t - i m  s i n n

O n m  I m n u - h i n n e , i n n - i - p  r n-n m a y  b e -  n e - p r m - n . - n n n e -n l  i n  e i t h . - o  m f  n - f r i - s c ’  -

t n t  n - - n t  5 .

li n e t u r u r e ! n n r m m l t i n g  t tm ne t isc i r n - p l an  ‘-s th .- h i t s  t i c at r u - f

- n - c l  m o o -  - r ml ml m l  n t V i m - i o n  i n m i n -  r e - p n  m s  c - m i t - - C t  I on wi n -h  t i m e -  b i n - s  t b o u t  n i -n i l u  l i n e ’

5 m ’ m -  n - i~~- i , -  u r n  -i ne - - ond m u - p r i - s e m m t n e t t n n m n . ( Fon t a d i s m - u s s i  r i o  n! h ow

~~~~l ! 1 ~~~u i l  t i u i s  n i p p i n g  can  h - - , m t - n  t e n  Ctm u l n t i - r  I V . )  Ton ! e i t i n l u i i l v

0.-co n ! igu r e - an i n i p n m t  I - u n - a  s i r e - urn , n-u f o r m a t  t r a n s i  St i r must k n o w h c w

- m o  Sc - b I !  in we- n c- i n n -  - - m p m  e t c  - 1  i n  ‘ i n n  corn p u t  t ng s -n tu - i t  c-nv in mm m c - fi t f t  i nn

-
~~ i c h  t i n e - v  o r l g ina t - -d . T h i n -  i s , n - l i e -  t r c m n s l a t n n r  mi m n is t k n u m e -’ wl ne’ n - iuer t n

n - r e - u t  t i m e ’  i n r o m i n i g R — b l t  o v t  c ’s u r n  E B C D 1 C  u ’ f n o n ! a u ’ l e -O -n on - u- n - 1 n u u r m c - t  S 0!

12 —b i t  one ’ s com p l - - m e - m n t  [ n i t - g e - c s .  As t h e  d u t , n  h i t s  t b n e - m s o - I v , -s  c u t  v no

i n n !  l c d  l m m m m  c c l  t l u e n - i t  L y p n -  o r  f o r m m m t , t i n t -v  a l o n e -  m -in n e t o t  s l m e - o ’ i t v  w lu i m - i u  1 n i - n -

t r - i n s l a n  Ion  sn -h e n m n e.- ‘ n i u n t  he  o m p p l  i i i  t m  t i n t e m  l i m e - n  I h e ’m -\

d i c t n  ipt loin c f  n - l i e ’  t y p e -  o f  n i . u t n i  h e t n u n -  m cmvi i - it - m e l t n - u - m t  m - r c n , n l

m - ; - r  es- i nt el [on ,sche’me used f inn  - - c - i t  t v~ n n ’ m e i s t  h.’ av,e t l ;nh l c- t n  ti l e

I n 5fl s i - i t  o n  t m  f u n - I I  I t  n u t  m - t h e n  ~~t m I n t I ,  - I o r  m - i t  t i t-m g —

- i m n f o r  r n - u t  lo in  u - u - m i  , - u l  t i n  t n t  mm - O h  h e m l - s c  I i pt l e n i n  for u - i -  in

— —



\n  I n t c - t c n u s i l n t i -  i m n t n  F n r r n u I

n - n - m a I m - h I t t i n g se n l t O n r u s s  u n n , - t w e . r ~~ I on k m n n n w e n  m — x n ’ i u u s i y e - l v  n ,

t t a m i s m i t t  i n n - i l  p r o c e s s . m i o j i e -  n ine-  r u - n  , i v i r g ~ p nnu i ’ e-t m ; n i V  h e .  e x p e l i m p  c

nn n e - n n s u g e -  n m n n t o c o n i r n g  i c . m r  n - i n - u i ! o u r  d . i t n I t i n n i in , t t h e t r e  i s  f l u  u - n - n n u t  m m m c m - H r - i n n

i n c o r n i n n i l  n n c ~~~sl 1 ’ i c n m n ! n n  mo rn  t o  tb-i t - - \ ~ m . ( t I t in t l . l i - s t i p t  i o n  i f  - f m  -u

i n - u - m o o n  o n t i - ’ i p ; m t e - ol 1n v  t i n t - t c o e i v e - r  is i r m n p m n r t a n t  n - m m  e r r - n  ch c -~o~~~i mne t

n e c - m n; s V m n -  u n r u n n j , u t l o n  i i u n w c v etn , i n n - m u i r  i n g  a p r -n i n-. t r n u c n s ! o - n  c n O  f i n

u - -mn -~ Wi I - ‘ t n t -  i t  n u t  i p t o i l  v i i  tue. - s 0 c qui t e  - on t m m  - sol  c- n o n - - - !  n - f  n ‘ -i

l u -sc m i p n -  i o n n  su p p  ied b y  lien s e n d i n g  p m  nnin c - S i n  -

-\ s e m o n t  i -  desc r i p t  i n n m n -  o f  n - h o  o l a l o i , I n n - n o , -i s on- - I i  as r ! n e  l u t  1

h m - i n - i~ t r - i n s m m l  t e d  m n m n n t c r n m s o - n  n - I o t u C  n n n n r m m i u m m i c ; 1 t  i o n m n s  1 i o n — n - c : I l - u n i t  0 ,

m - m o d i ng p r n - e - o ; s  to i t s  t n a u n s l n - i t u n r , f r u r n  t i t a n -  l t i m n s I  n t r  ‘ nm ‘h~

t r c : o s i u t o n r  f o r  t i n e  r e - c e - l y i n g  p r o n e -ins , - m n n l  f t m i m  t i n e - m e -  I n  n - I r e -  l u  e 1 V I  0 ’

n O n ~ e s S  i n - s e - I f .  ‘f l n e ’s e l i n k s  cmi i i  be  b r o k e - m m  i f l t n m  I W n u - - u t u ’ g n m h ’ S  t i ’ ’

o u s t — I l  a n - - I  - u t m n r  c o n m n e n - t Ion  n -mud t i m e -  t r t m n s l o n t o n o — t  m n - u m n s i o m t o r  c c n n i o n , t i n  -

- l i s t  i n c o  I m m n  i s  m r n p n n r t u r c t  . Any p m  m n - i n n  m c i  n i ~~e ’ e l  I - - . 0 .  u m c -

i ! n ) l m o i n l  I on b e t w e e n  - u  i n n - n t  a n d  i t s  n i s o n o c l u t e d  t m a c n s i a t n r r  m u i s t  I t ’ ! 1, - c t  c-

‘ o n - I ’ S d a t a  ! m n m n c m t i n ~, I s ,  Sue - ic  mu p n n m t m m i - n u !  i s  ce t t i s t  m n i n e - i b y  t I n . -

i n  e - h ; u r a e ’ t e ’ r  i s t i c m n  o f  t n t  b uy -mt . ~ 0 n j I e  t i n t v ~ m -  ‘

m o 1 - I itn 0 o m mi t i m  h -  m - - u r n  le nt b y  - u t n o u n s I u t  - m~ — t - I n  i nn s  I a n  n O  ~~0 0 t nc  -

- - ;.. o d i n  . m m n - I ; .  -
- n~~~t on i n c l u i d e d  i u i  t i n , -  n e . - t w e n r  1< , t i m e - — l m m o n n  m m c l i  t v i m .’ i -

in n i s t  ‘ kr  I n  t h e  pr u t  m u - o l  i s t n m t i l  l v  i n d ’pe n i u l u - c n t  - i l  i l l  u - x l o n t  i f l g

. - r 1 n I p r n u - r u t . ~d r o i l e’g 1 . -s  I n c r  11  m u n j u n e n  m i m p  l i t  e - h i l n i r I  p t  - i n s  m i d s t  h e ’

‘ ‘ v i i  u u ~u I u - ~~ In 1 i p I t  o I b e n t  im o f  n I n m ‘ m enu  -r t i - n u n  u - i t  • -g - - r l e o n  . The ’ r e s t  m l !
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A n I n  I - r m n - i  i i ’  - I ) o m I ;u ~- m m  m

n - b u m s  s -i - I i n n  e i i s c n u n - si~ s t w n m  a l  t i - n o n - u t f y c -  o n !  r e t - g t e ’s f o r  p o ssing m t m i -

n i t n u s s a r  V i i i  n i t - n a t i o n .

1 . 1 . 1  P n s o n i m n p d , ’sn r i p t  i - m u m  b y  p r e a t  r n n n il e o m n ern t

m~Ine m m ! r . u t e g V  I n n  p a s m n i n g  t i t e -  s t - m n n n u n n t l c  d e - s o - r i p t i n u n  in !  sr u - i n - n p  o f  t a n - - i

h i ’  in i s  t n - u  n - i  y no  1 p u - c o u r t  m cm l g u - m c -m m t i n f t i n e  b i t  st  m u o n  -~ o m a n -  .

—
‘ r um n O srmi i s  b c - s t  e’o p l a i o n e - d  b y e x a m p l e .  Tw u n c o m n m u i n i n ; u t  i - n - p  m n i i n m i e - m  m c-

I l r e ’ i  n - t i n’ the ’ n - e x t  s t  r e a m  of h i t s  t r a n s m i t t e d  ~ i i i  f n n r m  I l - n _ h f !  O w ’ s

L n ’ n i b l , - r r m - m m t i n t e g e r s .  The  se-ridi n g module thetm m a n s m i n - s  s i x t y — f m m

I c r  • b i s . ~~n c  I c i v u t  b n n m k n - m  t in - - In coming - t e n - a  m o t r c - emmn i O n - i a  t n u n r

- — h ; ’ ow .  ‘ in - - m p h - n c -n t  i n t e g e r s , i s s e u m i n g  t i c - i t  t n  h e .  I b m -  t v p m  - u n i t

- II n e t  cY t i m e -  l u !  m h e - t u g  s e - n t .  I f  t h e  p m u n i t  r : u n o g i o n n , - n t  r n ’ - - ! m - i n i ’ ~1 h a s

- f l i t  m - i n c - n t  c c n t m - - t l y ,  t h e r e n I  [ ye n  hom s been  s u c c e s s f u l  l y t r - i n s r n : ’ n - - - ! -

n n e o y . - -.- t  -end - m n n f n s t u m i n - , - n I  n - l i e -  t o u c u m  t i n - a  f t c - m n - n . In 1 n o r

si r u.-r i o n , t w o  c - o m m u n l c a t [ r m g  m o d u l e s  non y handle- a b i t  -ml r a m  o h - n t

n. - p r - - s c - n t s e s p e c i f i c  mix of daLe items of  n - l i f t - - r e - n i t d a l i  t vp e s ( o . ~ n - h~

0 - 1  u- rn iS a ~n— tilt t w o ’ s r - urn p i e - m e - m m  t i t - n t o~~ c t  , tine ’ son - omn l it c - non i s  ~i

7—b ! t -n- P I T  d c i  r oh ‘ e m  , u t

P re- ,ir r c o m p e ’ n m e n u t  of  n - l u , - t y p e  u c i e l  f e n r m n a t  i f  m i m e - d i n - m u  i t e n n s  i n  on h i t

s n - i c - cnn can h e ’ b l o i f l ( l  I c - n i  i n  t W i n  Win~~ S .  F i t  si , t i u e u ’luem u i - tenr of the- o n t  n e - u rn  u c n n

he I I - ~ e- .1  in s -  t - m y s t e - c n  des i gn amid tmp le- m e - n t ;u t (on. Fc n t  ex- mm p le - , m i m i C  I c t n n

l e - r m m l n , e l  c m l  c m l v  e i u n e l e n n s t r m n d  7 — i n t l  A S C I I  c h u r a m  t e n s , wh i l e  ; i c i u u t i n t ’ r

— cm , ’ —
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An It - u t c - n m e d  i , u t e  - 
~

) u t - u F i n n - — n -  - m u

‘ .In i - ‘ u n i v  n n m n d e ’ r s n -  c o n ! S — h i t  i-~t~C f l I C  c h u ~~ : i c t m - u s .  A m n i — e r n c t u -h  i n  d e - s i g o n

p r e v e n t  s O r e -  I t ; u m n s m i s r - m i o n  m t  r n u - n c n n l n g f u l  i n f o r m ; m t  i o n  i - n oon e n c i e -  t m  t i n t  o n - I m e n

u~n r m n m m n m c n  t n m t  i n i p  m m u d u l  c s  c o m m  - m e - i c - n  1 mm I n n  r n - n - m m  f o r  t i m e  In i m t  r n - u r n

• t m ) U i lln f o t n n m c t  - l i t  i o n  n e - g o - n -  i : u t i o m .  The s e m m a n t  I n  e m n r m t e n t  n u f  t i m e -  p i n s - n n’d

b i t  s i n e - n m  is  s t i l l  o l e - s n - n  i h e ’m l  b y m t e - a t n a m g e m c - t l t  . Ho w c - - n - n - t  , 0 ° T O 0  h r

i c - eu u n i t i n - m n  c i  l n ~~~, bot ln tine- n - p e nn of data j t m ’n - l o n  b m - i n g  - n n n v n - i  , sin !

l o t - - .inI on in w’i~~Cbt t i n e - v  a r c -  i - m n n oded  10 e’ i n m i n g e  i v r n u n n n i n - ,t n l l v  m a  - n n t n d i t l o m i s

w m i  I m O O

A k I , \ ~~ i .  nmn p l i- m e- n il i t i m m n  of  t h e  l i - I N E F  und El i’ p t n t o c m l s  nrc -

- - ~~~m rr1 p ! e - s  e n !  t i n - p u - u - n o  r a n g e - m e - c i t t e c h n iq u e . F i n n - o r  ig i n - n n l : n - - : . -~m-

j u I f l i n  m c - q n u i n m ’ i l  m u - i n  i n t e r — h o s t  F o I N E !  t n m n s m i s s i - n n  I n  I o n  m o l t  d u ’ ;u

I n  - o ’ - ‘— h i t  I o-p\ :-~n I I  c h a r u m - t , - t  n — e l .  Fom t w n  c o m t n n u n i r u t i m ’ng I n - ; .~n : l

p o o m - e ’’m o n e o n , i d e ’ n n m r i pt ln m n of t i n - n - r n m n -- n — m n c - t w o r~ i i  i t - i  a t r r e ’ o  wa s

~~,
- m l  m c m l  C y  t i n  sy s t  i-mn  design. T lm nu t i s .  b y p r e l m  r m n - m o - - m u - n m , ‘ - n .  n a

‘ml r u - m n w i  1 s n - n .  i n - i  m l  I b u A h i l l  o - i n c m o u c m e - m  S .

F I n ’  n i e - n - m - l O i n m n n i 0 0 0  of n m n -p n m t  I - i t c - n t  u n p t i m n n s  o f f e r e d  m n n i t u u r m n h c - x t - m n c i o n  10

I n n ’ -  F I . E l  - t i t i l e on- r i p t  i n m i  s t r u t e m l y .  R i i t i u c - m  t i m m m r  f n u n c i O n i !  t~~ I~ ~~O

u-s s e ’ S t o n  c n u r n n - n u m n i n - , i t c -  t i e r  n n u i ’ fn  mu d c - - ; I g c i  J o t  c - m m i n c - n f  t a r n - n u t  , - n n - g n m t  i.i ’ l o u

i l l  -~n - - l  t i m , -  se- h -c t  m c m i  o f  mu d n m m o n t l e - i n m m  t u n r r n n t  t o  l i e ’ n i l  c d  u n t i l

j u n - t b e - f - n r c ’  en-w in u l c t , c  t r a t m s f & - r wm m n-m m m L u k e  pl um e- . Tiuls Wa -n in s t e p

t - u w u r d s  l n c n e o u s l n g  c o m m m l r u i c l t  I m n n s  I l c ’ x I b l l i t y .  f t m t : i  I r s m n i p r i - m n w m - -

s t i l l  i m m unm i c lu l I s i m m - d  b y i c r  u - m t  m o u n u m l u c l n e ’ m c m  b e t  wc-en t w o  1 i-H N !- T p1 c m - e m —  5
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An Jn t c - m m c ’ m h i mut c - Dint m

hm u t i ’ i m h u n p n -  i o n  ( m u -  c o m u h i n n i t  I n n  of  u 1 n t  lo on - -n i m c - p u i - n n - n n t e m l  a n f l f t c - m e i a i n-

c l o s e r  i p t  i o n  n - i n _ u t  u e n e u l d  be ap p l i e d  t n m  t I n e  d e n - a n  S n - r u - m n - n  b e i n g  t n u m m s r ’ m i t t  n - I .

- -  two  e’ - - m n n - n u n i c u n -  i n g  p r e n c e n n s e - s n l g n u e - ni on a set  of  u p t l o n s , - n h  n n m - i l d  i n c

c e r t a i n  O h i t  t h e  n . n u - i v i m g  T E L N E T  was app l y i ng I n a  u - n m  r u n t  I - o n - n i

ic-s e t l p n  i n n n  ~~m - - m m  i n t e r p r e t  mu g n - l i e -  d n - i t o u  h i t s  b e i ng  s e - m t .

T1ue 1 -  N E T  st  u - c t  c - s l y n u t  n - h e  k in t i m e  p u -  m n h l e m  of  c u r  r v i  mig mm m l t m

t c ’ s c r  o p t  i o n  , i c n m n s s  a n e t w o r k  f r o m  m i n i - h o s t  tn - u anmi t h e- r . Ti n - -  d - n t a  v~ m u - if

n - t ie  i t e m s  h e ’ i n g  p a s s e - m i  is fixed 10; c h n m u r a c n - e - r - s .  T h i s  p c ’ t n n c n m - n - n t

r - q u u i m e m e n t  o f  a s i ng l e  d a t - i  t y p e  r e p r e s e n t s  d a t - i  d c ’ s - n  l~~n t  ion

pt  co O n- m - m n n g m -- m t e - n i n -  b y  s y s t e m  d e s i g n .  Tine d a t a  f o r m a t  m t - i n n  e s e n t - u n -  ion  n i -  n - t i e -

c h u r a c  t n - t i n  b e i n g e x c h a ng e d  I s  o i l  so Ie ’s c r  ihed  t h o  - u n m p n

pm eom r r angeme -m n t . In s t e a d  of being fixed m t  d e s i g n  t i m e , h m ~~~i - , - t • o h .

t o - n  n u  o m l  t i n e  choi r inc t e - r s  bc -f ng n - u -  ~-un sm i t t e d  c n n  be m e - s p u n f l i e d  n - h r  oc op h

o p t  ion negot  b o o n - i o n .  Tine e ’ l n a r a c t e r  f n m r m a t n n  c - n un  r e n n - l y  u - : c H . u i - l e -  n s

F i n - I N n -. I  n e g o n -  l a b l e  o p t  I o n s  [ t i m ’ l u m d e s t n n m i d a u - d  I O SASC I I , e x n - e ’ n d n -mt -n-b-P I I  m d

b i n i u -  v . l inden TELNE ’l’ , n c - n e g o t  in -u t ion  is a l l o w e d i n . -  I - n i -  - ‘ --- c - n  y

• m m  an ne -t m i s s ion  u n d  so t i u e ~ f - n m r m n o i t m g r e - c - d  up on  m a y  ch a n g e  u s  e n f t c ’ n  i o n

. . ‘ e n v  o n e - n - n s c g . -

Pm c-m r r angem ent wi tim ni pn - tonal fo rm eu t n e n g o o  tat ion has 1nt t m v e ’n V t  I V

-, o n  - e s - n i oh for TELNET. l i e u  we - y e  r i t  sc-em mn unm t en ah  I e f o r  m m p - m n n

c omrmm m i n i c , e t  t o n s  s c h e m e  wh en  u ’ i t  I s  r u e - c u - s - n a r y  t u c  c o m m u n i ca t e  d a t a  o f  m m m i v

-h l f f e - r e - m n t  t y p e s .  Then r i g i d i t y  l m p u n m m e ’ n l  b y t o t a l  a g r e n e n m n e n t  n - i i t m n c i g h  n et  i p i c u n i
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Ar l o t . -  m cc me n - d f m  t - - b u  I m Fm - rn - mn at

n l e s i p n ~ 1mm c m i  m u n u n - e - e - p t i n h h e ’  b a se -  I n n  u g e - n - r o n ! i - c o i l  I t v . Ti n e -  n m r c i y f l e x I b l e ’

0 - - n - n  n u t  p u - i - m r  n u t g ~’m et n t e p p e - a r  s t u e  he  o p t  I O O  0 .- g o t  i - i t  i o n  m s  f n , n e-m cm n ’ i -I  f u u r

l i N e r .  T h i s , h o W e v e r  , w u n u l d  be  mu c ’u n s t l v  m o n c - n - h a n j nj m f i a t  g i - r m o t o u l

i n t u r p r o c . - ss n ’ n n m m n m m n i c m t i o n .  l i - l I N E F  i s  i l r e - n d y  c’ bc on r n u c t u - r  1 , - f  h i

p o n n l i t e r a t  m o o n  o f  op t  i c n n s  ‘ .- \ R l u \ . Ti n e:’ m n - n t r o d u e t i on  o f  n ’ n i r h  0 m w  d m t  c t . -

L e o  i n , -  e x p e - : L - u l  n - en  be u c n - n - n p n n  t e n !  h m V  i t s  m o wn set of opt I n n n n s .  i i a n l ~~*- d  , u n h

l i t  m ’ v; n - ~‘ - u u l - d  I t s e l t  n - p r e s e n t  an o p t i o n .  S up p o r t  f o r  me - n - ; s i g e - s

- n ’ m o p n .~ d of  i t e m s  m l  ‘ m n t x c ’ mt  c l - m t - u O v i n e - S  w u m u l - !  r e ’ q u i m c -  a f u r

- n ~~t ,  n - i s o  ~mn u f  H u t  n n - g m m t  i _ u t  I o n  s u - h e m e ’  t e n  i n o m i n f l e -  e n n o p m m s i t u  n o e - s s i g o s .

~ : i l. p r . - u r t a m n g e m e n t  o f  d a n - m u  type n n d  f o n t - m a t  i s  - n m o w ! . 1 - t n -  f - o r  u

s -~’ - - - O e - m  r - q u i r  Hop g e n e ra l i ty , i t  m a y  be a d a p t a b l e  t n  a m i n e -  f n n a l  i f l C e~ S o f

i ns !  — t r a n s l a t o r  c o n ne c t  i o n s .  An e x a m p le of  su ch a c - u s e  i s  u f l u - I  ~~~r

- - m n~~u - C t  m m  t o m  an u n i n t e l l i g e n t  pe r  i p h e r  a l  d e v i ce  s u c h  ,ns t P it a

‘ - u - n i  on - n  I . A I t - mn m i n i  t u n c  n e - i  t i n e r  t h e  m e a n s  n o r  t h e~ c n e m i  n - n w i n  f - n i t tmou O

t l  a X  [b II it y t i m n  m m u e p t n ( op t  i n n  n eg o t  m t  t o n  - It  m u s t  send n u n d  i c - i c ’ i v c  h in -

s t r e - - u r n s  n i t  conform to -u fixed data desc m i pt tor i . In t h i s  ex m n tu p l e -  , t i n ’ -

r n - a n s i  m l  a m  m u on-n t m . it c h  t i n e  d a n - o n  t ypi- ( r h a n m m n - - t e r t  and - l u — m m  f n m r m a t  ( A S C I I ,

Ei~Cr ) l ( : , - I c _ )  n - f  n -h e  t c - u - n n i n m m l a t  m u l l  t I m e s .  Such on b i n d i n g  i s  i n - u t u m a l

~ipp~ t e n t  ico n for u s i n g  p n e - a r r a r n g . -d d a n o m  d c - s u n Ip t  i o n  I n n  pass  t i ne -  sc -nn a nt  ic

- m i t - f l ~ o f  I u t ; m  b i t s .
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An - n  l m n t m - t m e - o l  t u e  Do n ? a f-’ni o r n u t

- . 2 P m - m s m n i p  d~~n - m n n i p t  u . n  b y d i n - m n  t m p g  i m m n n -

Tlu- - ses om i d i l t c - m u n H i n / u -  t o t  p a s si ng  t i n , -  n l e ’ o n n m o p t  i n n  c - u t  0 h i t

— i t  m c -  u - - n  i s  t i m  m n - n - i n - k  c - o u c h  el - c t - u  f l u - m n  Ici e r m n e ’ s s ; n g e -  nun - n  t i n  i t s  ~~_ 1 n n -  m m i i i

t - - r : n n m t  . In  m o n o - h  n-n s e i n e - m e . , - 0 u c h  d n - u t u m  in n-ui t r m m c n sm i n - t e l m e - s - n u n -p n m ,  - i

n--i t m i a - l u r d  f - n o n desc t i p t o r  m c s S e u c  i . i t e - d  ‘wi th  i t .  F~inhc f d i n n ~’ t h ’ s u ’

d e s - n -  i p t o r  S i n - u  n - m e  one t u m u l d a t a  sn  - r e- m u m  so t h a t  t h e y  p r  c - n e ed i t - - n on w1 I c h  t a c- c

i e i n m u - j b t -  : u l  l m m w t m  n - h e  O m - n e j V C ’ t t m - n  d e l i m i t  m i n d  d e t e r m i n e  n - b i e r  t y l n i  o f  n m - h  i t e m

se- pa n i n t c - I V  i-us i t  i s  d e l i v e - r e d . As l o n g  -us i t  i s  p a i r e d  w i t h n  i t s  d i n - n - u

d m - s - r i p t n n u- , n - - m m - h  p i e - c c -  c n f  d i n - m i  i s  a n - ot ;m 1 l y s e l f — n l e - m - m m ’ r i b i n g  i t m ’r n ,

f l u e -  s m i p p o n  t n n f  -ne- I f — d e s n - n lb  j o g  n- t a l o n  i n s u r e s  m n g m u i n s t  t h e  s e p o u r a t  j u n o  o f  a

m n c - s n - n ; u g e -  m n n d  i t  on c o O n - O X  0 • 
—

h c r e u i s i o n  in d m m t a  t r o m n s f e - r p e r m i t s  s e t mm , mnn n- ics  mn - m d
o st ! cur tur al ic n fm nrmat i o n win [cii  cx i n - m n - s  i n  t h e -  s e n d e r  ‘ in in s t i mn ce-

of  a d a n -u r n  t n  be n ep t odeucc-d in  the receive -n ’s Im age’ of
the- datum , even thoug h It mn - m y be represented in t h e
systems involved in entirel y d iff e-rec i t
fashions.. .flom ta of a given type s h o u l d  he m e -c ogni zabl e us
s u o c h  [ b y  a receiver) without the r iced f i n n  c o n t e x t . .  .A
particular n- e m -nv I n c  an ui - h  t e v e ’  d a t a  prec i sb n b y m emo i c u l o m m s
s p m - c l l i c a t  ion of t ime- p ne i n - e e col mm b y wh ich d a t a  i s  t r a n s f e r  r u - d .

Th I s need Is widespr cad e - m n o e u g in , hen we-von , t h a t  it is
onppr opr t out , - to cons Ide’r inn - l o in  Ion  c ) t  m m f i n e  11 i t  y t n  p r o v i d e
d a t - u p~~. -m - i s t o m u  w i t h i n  t h e -  mec h a n I s m  I t  i n c - I f .  [ < i l m u v e - r t v ~ p p .
8 — 9 . )
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in- mi I n m ,~ r — o c l i m T n n ’ - i— - m r m m n

Ti m e  - t m - n  hm i I n i u u O  m i t  u t  n - m e n - i n I r u n -  l c - n m - r I 1m t nc r  -m ‘ - - ml - m l  - e I n  ‘ - n - i - - t - n m - u - - t i n e - n - n

au - I  t — m l c - s - n  l i n i n g  h i s  h - - u - n m  n - c l l u - n o  ‘ n - - e g g  l u n g ’ ~~b - n - m i , t  i l l , b- n o ’ ’ 12 ,

I l l  i t

T o g g i n g  does n o t  t o n - - m i l y  e l i m i n a t e -  t i n e  need  f ot  o l - u t a  d - - - n -  i p o  ~ C-ufl n i

p r . - u r r m m m g e m e n n  ; i t  o n ly  m o v e s  t h e  o g n e c m e n t  t o  a d i f f e r e n t  l e v t I o f  I - u n - n

m i n d  I np  . In s t e a d  of r e q u i  u- ing  pr i - a r m  am i g e m e - n i  t in f t i n e - c u ) m n - c - n  i f  c n n  in d i o  a

s n - n  earn p a n s  i ng  b e t w e en  c omm um n i ca  n - in g  m n o d u l  cnn , - m So - m e - m e -  in u-ne d - n o  l inI a

O u g g i n g  a l  l n n ’ w 0 -  an y  c u e -  n - n s - u g e -  to  e m m m u t i n  i t i  a n y  m m - u 1  c omb  O m n O  i o n  - i t  l - u ~ m

o - sm - r i p n - o r s  ( t n m p n - n  and - l a n - u  b i t s .  ‘line I u p o n  I n n  t i m e -  m e s sag e  n t - - s - u -  ib .-

m l r u t u b e i n g  t r a n s m i n - t e d  m ii i  nc -u pr c— m e s s a g e  mg t n c n - n - i m ’ n n t o f  t o n e -  i t - - m s

~-i n - h e  m e -ss mm ge- is n e c e s s a r y .  R e q u i r e d , h o w e v e r  , i s  m n - t u e - n o n e n o f

n - n e -  m e a n i n g  and f o r m  of t i n e  d a t a  n a g s . Ev e - n y  - n m m n m n o m n i c - a t  t r i g

novmol u c-  n-m u s t  u n d e r  s t on n d  an n d  c o n f o r m  n - n m  t h e  use of  t u g s  to  d n SC’ ih e  d a n - n

h i t s .  4 o  n - b o u t  common ag r - e - m n e n t  a t  t h i s  l e v e l , m m - s s m g e s  b u u i l n -  ou t  m int

s c - I  f — d c - s e n  I b i n g  dat - i  w u n m i l d  be un i m i t e l l  ig i h i e - .

I - n  s e - u n d  I i n c u r  l b — h i t  t wo ’ s com p l emin en t  i n  n-e-ge m in , a t n muns on i t t  i ng

- n m n l u o l e  b u l l  I s  mu m n e - s s a g e  o u t  o f  t h e -  s i x t y — f o u r  P u m a  h i t s  m n d  n - t u e

1 ‘n — h I ’  ~~u ’ in m ’o m p l emen i ” t u g .  F om 8— b i t  t a g s , t i n t s  w o u l d  m e ’n m n  m

n o , - --n-- ~ m g -  I m g I  h of 96 h i t s . Then t ine  m o d u l e  t n  o m n s m i t s  t h e  m e s s a g e - . Tine ’

t e n  u - i v e - m f c - ~~ e - c t ’ -, tlm (- t u g  t i n i t  , t h r oug h p l c - m m  r a n g e -m e -n t , d e s I g n a t e ’ s  a l b — h i t

in rn c n-n p lem emu t I n t u - g e r  ,m nd h i s e ’ S  t i c ’ ’  s i x te en  h i t s  t h m t  f o l l o w  I t  I n c
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Ami T n t  e - r r n u ’cJ l o i r e ’  m u ?  o F cc ’  m i t

form t in u- n - n n o - n - m i u c ’ m . l , j ~~ e - w n - s u - , tine- o n - i n c - n -  n - i n n  e ’ u ’  u t - m t - n  m enu s a r e -  d i - ! i n t o - - I ,

u m n e l  t n - n m -  t t o m e - u n - n o n  i ss  Ion  ii f t i n e ’  f n n m t  i r u t  c i u n n -~ t i n  S u n  c o n s  o u t

‘- , - l t — d e s r r  o p t  l m ~u o  n - n o t e -  r e a d i l y  f i n c h l t a t . - n-n ge -cu e - r u ]  i m ? c u - _ n,m m n c e ssn n r

- o m o m n o l u m m i  i e , m t i n m n  b y  o i l  l m n - ,~- i n m g  d - c t  a i n t r e - un - o n s n I  m i x e - n I  t n t  ;i t n / t n - u n’S t o  h u m - m r  i n

n i c ss ige n--n . fl oe n i v e - n i n e -ad u s m n o e - l i n t e - d ‘ w i t h - u  scipp o r n - l o g  t h y  n e g o t  i n - i t i n n  p r o m - c - i n s

i s  n e p ! m u - ed w i t h  t i n e -  n ’v e r in e ;md o f  c ’n c n n d i n g , d c - m -od i ng amid - - m n - v i m - u p t i n -  c - t n - - i

h i t s  r e q u i r e d  t n t  n - h e ’ dc -s c n l p t o r s .

~-;~- l  t — c l e a n  ib t r i g  d a n - n i  i n v ol v e s  u c u m i n  op t  ion onf  t he  d a t ~i s O  n c - u n - n  v i  t n~

n- i n c I n - c - m o n  d e s c r i p t o r s .  W h I l e -  i t  p r o v i d e s  f u o l  I f l e x i h i l  i t  c o f  - o ne-sn-n -  hm ’, e

t n t n r n a t  - m n - n - f  c o n t e n t  oi mid is um’ u’e -p t ’ :mh l e  to t r i t e - l i  f e i n t  common  i c i n t  i ng

m i m n t n u l  e s , t i n e- s cheme - i s  m i n t  u t  n u l l  ;m ppn  op r i an - e  f o r - t i m e  d i n - n m  n e e - d s  c f  on

s i - n p m c -  pe r i p h er a l  in - n - j o g  mn o - m m h o s t . A l t h o u g h s p e c i u l  e qeu i pm e cn t c - c o u l d  he

b u i l t  , m n - m u s t  u n - i t  r e - t n t  1 ~ nm v ; n  i i  ab l e’ l u m n i o n - c - I l  igen  t d e v  i n ’ en - s  e ,nn o e n t t e n ] ~~t i I i  -

i ’om;o n u n i c m t  i n n s  s t r  m n - c - g t e - s  t h n u t  r e q u u i r e  cn n o d l f  i c - m r  I o n  u n f  t i n e -  n l n ’ m

h m m n d l  t r i g  pr e n t n c o l  - Tim i s  n - n e  I odes i n t e n t  pr en - [r ig  ox e - v c - n n  s i n n p l v

cl i sm ’ u r d  In g  d -sc r I p t o r s  embedded  in t i n e ’  dm i t on . For su mm i m m b - v i c e ’s , t a p i n g

Is  in u n o m c c e - p t a h l e  p r o p o s i t i o n .

R u - n  m i s c  d n - m t o u  t a g g i n g  a l l o w s  m n o r e  f i e x I h l l  I t y  t h a n  m n p t  I on

mn - got  I a n  i o n , t i m e -  us e- o f  P u m a  u l u ’ s n - r  i p t o r s  to  b u i l d  s e ’ i f — d e s c m I h i c u g  P i t  u I s

p r . - f e - r o m h l e  f - e r  t r a n s l n t o r — t o — t m a n s l a t o t  e- n c i m n t ’ c t l o n s .  W l n I i c  t h i s  he-me-

o f  f e - u - s  the same ~-m d v a n t a g ( -  wil e- n ap p ]  led to h o s t — t n  a n n - n i i t  n n t
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An I n n - o n  tu e -n i  I - u t  i - hoe t n - u  i- - n o  ‘n m m

- ‘n r i e m - t  h i t S , s m m m u -  l o o n - C o t  m l  h e i s t s  o m r e -  e u c n o i b l e  t o  pc - n f - u r n - n  t n - n - -  m ’ - m n s - c m n - ’

p r m n c c - s n - n i n - n g  nc ’u ’ m ’ s s ar y  t o  s u i p p o n t  I t .  T i m e  l o n e r  1 p m i o n  p - n - u s c - c n n -

s n - t u t u - m n - i c - s  mus e -e l in  e - u c h  m o s t — t r a n s l a t o r  l i n k , n - I n n - r u - f o r e , mt n c m - , m  h~-

s e l e c t  c m l  n - c m  m i m  n W  t ine  t r a n s l a t m u r  to s u p p or t  i n-s u sn ;oc  l o i n - r d  h on - n t i n - i  ‘ - - n- 0

r e - n - - u n - m m Ic f a s i m  t n n f l

3. 2 n - m m  in n - i n d a u - d  f i n n - m o n t

Arm t n t  - t m e d  i a t e -  d a t a  f o rm a t  ( I D F )  is i n te n d e d  n - n  pm nv  i n l e ~ t w--

mn r n u e - s so r s  u s i n g  d i s s i m i l o i r i n n - e n - n a l  d a t - i  r e - p r e s e n t - n t i o n s  wi nm - u

n m ommnn n gr ou n d f o r  i n f o r m a t i o n  e x c h a ng e .  The h , u s i s  f o r  t I m e - i n -

ehnmn - n - le l rn  t r o u t  i o n s  i s  t h e  s t a n d a r d  i n t e - r m e d  L a t e  c l in t - - u  f o r m a t  I n t e r  ~i t  en  - n i - i ’- o -

-i~~~ - - s t n e - a m  d e s c r i p t o r s .  T h i s  s e c t i o n  d i i n c c m s s e s  t h e -  s m - I c - r n - i o n  0 0  t h e

d . u t , n  f o r m a t s  to  a c t  — us t he ’  i n t e r m e d  l u t e  r r p r c - c n e n t  u t  i o n  n t  ea c h  t n !  in

O vpe~ n - - n  be moved among the t r a n s m ; m t m n s .

In  n - h e- I d e - al  sense , n - h e -  cho i c e ’  of  t o t e -r e t i e d  l a t e ’ f o r m a t s  m - n m n - m  he  mad e ’

i r h i t r o m r i l y .  Me ssages w i t h  d a n - - n  i t e m s  r e p r e ’ s e m n t e d  in  s t -i rndmi r.l f - - m o n - n - u t

pass o n l y be t w e e n  ne - n - w o r k  t r a n s l m u t o r n - m  d e s i g n e d  sp ec i f i e ~m I 1 v  n - - c h a n d l e

~~ ~:ev- -r  f e r o m u m u t  i s  p i c k e d . Onl y f a c t o r s  e f  e c o nom y  n m m i s t r a i m n -  h a o

1’-u: t n - o n
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in-cl I m i t e - r m c - m l l ;m ’ e -  1 )_ m n- u ~- n r ’ o a ’

u . - . I -n -a l l  r t n a r m n - n , - r  m e ’p r c - - n c - n t - c t i m u m n  -

Iw o  a l t u r u n u m n -  i v , -  f o r - n o u N i m n g  s - m n - - n - , - - , I c c -n- , - h e - u - n - n  p r o p - u s -  I - ‘n n - u  ~m S t

sn i n c - m , -  i n v o l v e - s  t n - n .  t m u n - n s n - m n l s s i m c n  c - f  - - i u ’t m I n ? . i  t e r m  I n - n  - m i  A - n - n~ J t

e b m n m r a c t e - m n e ’ p t r s e - n t c t  1 m f l  0~~ i t s  n i l u m i -  . V i n e c h l - - n m ’ c n 1 , 1 - -  m o o t  - . ‘ t r y

I n n - ir on h i s  a I u u n m u i c n  n e - n - t a b l e -  f - r o n  t i n - c ’ ( c c c b~ b u t  I t  . c n m  -c  c b n , m r m m - n - - - r

s o n -  i n - m g . f l n e -  s c i n c - m m e - n m  n p e m n - e~~ t h i s  ‘ u n r m n . r m a  1 ° - i n t - - o ~~n - m - t  f i r e -

- - a , - n t  a n - i o n  cc f n - c u e ’ i t  - -m . I - u  n . u c n  sn - on i t  m sn -m u m I I I o n ’  i no n -  I n n  i n  t

-n - nm _-n -her , f n n n -  ex am p l e - , a su n m i  n - n - n p  t y , u c n s l  n u t  - m  w u m n u l  I i n m m u , m m l -  s t  t L - - n - - 1]

cha r  in n - e r  in n c - p r  c -sent  ing  n - hue sign , u on - l i o o t  p m  p u t t  m l  m Iie ~ P u t - m i ’ - -, , u r n

-n - s ; i r  Iie -r m o d  I m u r  n - h o e  l e e  m m m l  p oint , cn - un t  I f o u l l y  n - h -  n-~- n : 1 i c h u r  m e t e - n - S

r - - ; n - r e s - n t i n - n g n - t o e -  f m ne t i n - n -n m ]  p u n t  o f  t b m , - c n - u n - n m h e - m  I n c - m u g  pi ssed .

Tim e  m o s t  c o n v i m t (  i ng  u r g u m c o n t  f o r  n-ine m i s c -  o f  - in i n n - u - r n - n - e d  1 - m n - c ’  d i r  i

n - m n - n u t  b ased  on t h e -  0\~~n l I  r h o n u - a m - t  u - n -  s e t  I s  t h e -  i i r e m n c i y W i - i n — s i m m  c- c - i  cisc i f

th i s fi mrn o n n ’ f o r  t n - n e -  I n t e r n a l  n e p N - s - n t a t i m m n  of  l m u m m n n m n  r u a I c h ! ,

i n - n f - n r n n 0 n t  n n . By per I n n r - m m  i n - n m - n- I n f m n t n c n n n t i o n  i n p u t / o u t p u t  f u c n e n -  i o n s  w i n - t n

A n - m n - I I  ch a r um t m - m s  t o  n - ’ - r m i n m l s  - m o d  l i n e -  pr i n t e - r s , p n o i e s n n o i n s  m i t t -

u l m u ’ u n l y r e - q u l r e - m 1  ten  s u p p o r t  t r a n s i c n t ion  he ’t wc ’e- n -n - n -~ : i i  c - l i a r - i n - c - n

- t m  in g s  m d  t h e  oru ,n e i n i n e— d e p e c n d c - n t  i n t e r n , u i r u - p r  c- s e - n t - u t  i o n s  [ n c r  c o t  n - n m - n  ml m t - i

o y p & - s .  ( n - f c o o n - - u i n g  u sn - - m m i e t m n n l  f u r m a n -  I n ~~ e~ u ic h  macn v p r n n e ’ e s s m u m s  m l  t e ’ n ci v

s e u p p o r  t s n - f  t w m m r e -/  f i ninware t m  m u n s b o n t i o n  r o m eo g m e - m i t l v  s i m p i i f  v t h e  [n i t  I n - u i

d u - - i e - l n p m u - m u t ; cr md t I m e -  n - n m m c t  inc i a l m m n l n t e n , m n u - o f  t i n e  ID F t r m u n s l m t m ’ m

m o d u l e -  m m s s c m e l . n t e d  w i t h  r i m - i n  c u e - n - w o r k  l i e u - n t .
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An l nn t u - r m m ’ d  f u n - c -  [) om t - i  i - r i  n n - n t

s t n i n t e g v  m o n - i n - np n - h ’ - u ’ i m m r . u n t u r — h u i s m - I  i n t m - r m u -  I b i t e  f r n h t

m n e s m n m n  t sr-i t n - e r  A P P - n - N i -  F h , u s  h , u n c  s c u c ’ n - ’ m s m ed t n  f a r  i i  j m  m n - u -  n - h e  N m n n n n l u - u -  m n - f

- - en I ~~t s  I - - - m n - n i l  r omit ci - u I 0 I 1 l u -  n- i . l ’n S n - r i t ,  -p v - i n - i S  e e r i e ’ n - i I i . ~ m in -

? n n n n - -  t i ~ c o t e n  l i e  s e i ppe n t n - u - n t  t o n  t i n e -  t m n u c n s f - - t  i n - f  n I , u t m - i i i  r e  - t l n n  f t  n-cm n - h - —

st ’ m m nn l o i t v  s t u c t m u p e - o f  o ne  n - y i n -em n - n m n - n - i t n u - r  , a mi d  n - i c o n -  i m i m h m l , i t  m t i l e ’ s  n r c

ass - i - i n - c - u t  w i t h  a d , n t u n i e n i e r i pn -  t i n  c n f  t i n e -  n c - c o r d s  ( t  v i m - - m d  I o n  n - n m ?  i f  t h e

1 1 - n - n - s  i i i  on r e - o r n h

Pm e d  i c - i n - c - m i  up o n  t i n e e x i s n - e’nn - c o f  a s c m i  n - n u b l e  l o g i c a l
- l a n - - u  n - t i - s c r i p t  i n m n  o f  t i n e  f i l e -  b e i n g  i c in - e s s ee l , n - i n c
f o l m n - i W i m o g  f e o u r  s t e p  ap p r o a c h  n-e) d a t a  t r a u n s m c t  i on  i n  ~- u
f l e t u,~ n r  c u i n g  e n r i V i t  - - n - i n - n - cu - n t  seems t e m m s o n a b l e .  . .Th cm f i n - u t  S n - -  p~
- m n - c :

— us i op t h e -  oe c e - s s  m e n - l u n d  or Ig inn -u i l y m u s e - e l  t m m  wr i n - c  t h e
f ile n - mu n - c - t m  ieve  t i - n c -  d c ’ s l m e d  u - c - c o r d  - i t  t h u  s o n u c e , -
s i t e - ,

— u s i n g  n - h u e  I a p i c a l  d a n - m m  d~~s c u -  i pn -  I o n  o f  t i n ,  r e c n i n n d
u p ~ t u ce n with know] e d g i  of  the  I / i )  t o  n un -I ne-

on  I g I mn - ui I y [used t o ]  wt i t t -  t i c e -  f i l e -  . . . n - e n  t m n o uns  f e c  m mii
t i m e  r u - c o r d  f r o m  t h e  f o r m  in w h i c h  I t  is  i n t e r n a l l y
s t i c r e d  to a r h a m n e n - u ’ m  n o n - m a ]  f o r m  nn n ; m l ogous  t i n  n - h - m n -
In  w h i c h  t h e  r e - c m - u - m I  w i n u i l  - l  be l i s t e d  b y - l  n - i n c
pm i c n rc- n

— u s i n g  v a r i a n t - n  of  e x i s t i n g  AR PANE l ’  p u - m c n - o e o l s  t n - n

t r a n s m i t  t he- r u - m i n d  f r m n m s o u r c e ’  t e n  de s t  m a t  i o n ,

— u s i n g  n u t  n - t u e  d c - s t  I n a t  ion , t h e -  n en ’o td  amid i t s  l o g i c a l
da t - n  d e s c r i p t i o n  to  r c ’ c e c c n v m - u - t  f r o m  t i n e ’ c h a r a c t e r
n o r m a l  f m n r m  1 m m  t i t a n -  used f o r  i n t e r  n a l  s t u i r n m g e  o f
info rma t ion (e ’cu m r e spocu d s to t ime m u s  nu n  1
t r  n m n s f o r n r m m t  Ions p e r f u m  r m c -m I 1 c m suppo r t log d a n - n m  e n m i t y  n - m m

go f r o m  t h e ’  m a n n e r  in  w i u l c i n  d i n n - n i  Is  e ’ t n t r c  c - mI  n - m m  t h a t
i n  wim i c h  i t  I s  s t o r e d ) . 1 - K  1mb !  c - t n n n l ; ’  p p .  1_ 7  n - n i
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in-cl I n ’  e - r u n ’ -J I u - - 1)-i t n 1- - u r n - n  - m l

i n - ci a , t b iim n  is on - - s - i - n - n p ! - -  m c I  m m s i t o u ; I n - i m n  w t m e r e -  m u l l  - l i n t  n i t e m s  o n e -

O n - n m -c l r e a l  i n - m n - u )  t i n e -  n-n u n - o n , -  f n m n n - i t  u n d  t u e  i n - n - n u n - u I  d ese m i p n - i n n  c c i  n - l o t  o

- v p - s ir - ~ p m n - u s n ’ t b y  p n t ’ o m r m m n - l n n - n- n - n m -n - n t . l-~i n i l n n u - ! v , i n  w e c m u i - I  h -  1 n n - , n - n i b l e  O m )  nu n - n -

t n n ~ - t - n n n -~- i n m p - n t I e t -pv , W f o - - t e -  t ° i t -  I _ m g  wu m e i l d  n i - - n - n m - n  t b ,  t h u  n u t  m m m l  t y l n  n i l  m m

- -rn h~’ i tug t r m n - n  s-n i t  t c - f  - m a  - i  - n I m 0 m ug  e) I n - h u m o r  an ’ t u - u - s

.~~~~~I - n m n t m , -i t n - ,  b o n n - n e d  on d n t n c  t n - i n c - s

The m l  t - - t r u m n t j v ,  t o  a n j n m r  n - m e t e r  h onie m l l mnn - e - r ‘ n e - - f  i n n - - - t n - m r - on n - n -  i s  t in e -

d c - f  m i n - i - - n  o f  u s e  t n m f  P u n - o n  r e p n e -se ’ n t a t i o n m - u  w n - n - h  t u e  f - m n n c c N - n -  - - .1

s e u i t e - mt to each t n - p c -  of  n - I n - n t - n  i t e m . ,n - mn i n te g e r  m i g i n t  b - n n - i n r n - n-n~ - n n ’ m - l  i n

1 2 — h i t  two ’ s c e m p l e m r ’ n t  I n  r r n m t  , n- m s  i n  - x c m m p l e . 11m m t ou r  t m - c  on s ‘ m o l d

po ‘h u h 1 y usc- t h e -  s t a nd a r d  ASP I t  c h a r  mi n t c ’t set

An n-md v mm n n - a g e  t n - u  c - s t a b  I I sb i ng a d I I  f e - u -  c - n t  i n n - c  - m m - d  i , o u t u  - I - - tma  t fin n

c - v e r y  l u — o n  r ’ cp e  i s n - l i m i t In  m a n y  m u s e s , t I m e ’  d a r n t n n m c i s l a t  I o n S  r u n - n  i i i

r e i n m t i v e l y s t r n - u i g h t f o r w n - u r d  . R e c i n t u s e’ n- n un - i t p c i  n - m r s  n - - I ) c m mm t i n n  t we c ’ s

c o m p i e ’mc ’nt n u m b e r s , f o r  e - x n nm p h- , n i n n e m s  i n g  a n we-n ’s moomp i - n c - n t

m n t c - n ’ m n e - d u c t i -  f e m r t n a t  f o r  l m n t e g c ~’c s  w i l l  c n c - c e - s s j t a t e  o n l y  t i n e  s i m p l e - s t  o f  n - L i o a

r u - t n - r n - n u t  r i ng  f o r  m a n y  o m n , u n - h in e s .

V i m . -  su - ]  u- n t  Ion of  one of  t i u c - s e -  two  m l  t . ’r  nou n- I ve s  f i n n  t h e  d c - m i e n  o f  n n

l r i r - - r n m n u - , l l , ’ i t u -  t i u t m a t o n l y t m p n - n c n - s  t i n e -  i m p l ec n enm u t  icon n t  t b u -  e u c ’ t w o e r l ~
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A m n T n ’ n - r - n e - - t  i - m n - u -  l I m i t - n  t n - m n - n r

, n m n  s l i t ’ o a m n - n - I  I c m -  un - i  - of  n - I c c ’ n n n c m t n m n u l c m  i n - a t  i n n - e m s  I in  ~ a n - i o n - u t  e o c n m n c - u  t t i n - u - r n  . The

i o n - n i  p a s s i o n - n o  S i t n - O~~ , n - n n -  m. - n f m t u ’ u - s  I m m u n s p : o u - e - n c y  c f t ) m - -  i o c t m - m n - o n - 1 I n !  I - r - - m m t

- m l  - m l  1 m O  I n - n  - t on ,- -; n - u - n i t  i i  -V m - I s - l ine  - t wu - Sm I n c - n - n - c  - - - n 0 a n t  , t i n n  - m - - I mm r c - , he ’

u v m l  u m u ’ ca i s- n - h  n - e - n 1 u - e t  t n -  m n c - s s m g u -  p n o ce s s l n g  m m v u - m h u - n n l  I n n - c u t  m n - f  u u  t P m

t o  m n n s l i n -  o r  ‘ o n - m u  e -  n n mi n l  t m m -  d , n t a  n - r m u n s m i s s  I o n  n y c - c  t i m - m i n i  r e - q u o  i r t ’m i I - c  n i T  ‘ V

i n - n l - - t  n o  i o n  n - m c r - ’SS n- c n c - n - w o n - k .

m i n c e - c - n  I ~‘ ( O V e t  i n - i - n i  a n -  t i n - n -  n-m - m mn n - n l a t o r  i s  on P i n - i - c t  f u u m i m i - i n  n m t  n- n c -

m n ’ n - m p i m - x  i n - v o f  n - l ie ’  r e q u i r e d  nl lta trans lations. In ge-n - n -u n - e l , ce ,n ve ’r  r i n g  I r o n - n

e n , -  mmu me hinc - n - m - m I a h l t -  t ot-n - n - n - i  a u - n o n - h e r  i s  s i m p l e - u- t h a n  m a n i p u l  u t  m m m l  - h n t  m c t m - r

t i n - n p  r c - p r c - s u - n t n - n - i o n s .  l u - a n s i - m t  i ng  a !~~— h i t  m m m c ’s e’omp l- -o’ m c - n - n t

n - n t m ge -n i o n t n - m  1 2 — b i t  t w u - ’s c o m p l n - n - n - n u - n - n n  - u - e p r c - s e n t u t  I n - n u n  I s  n c ’ r  t m i n i  v

- - u s i e r  t i n - u n  t r a n s l a t i n g  th in - i n - s m u m m c e -  i n n - c - p e r i n n - c m  i n-i m a n n - ’  : 0 - n  f m - ~ f - i t s  ( c - i n - m t

n i n n r u c t m n - S n  I n n  f i n t O t i  t i ne ’  ASP U s n - c  in g . T h i s  o v e r h e a d  I nn - i s ~c m m o ’ n - p t J t i m e

s u p u c m n - m  t m m f m  h i g h — I c - v u - I  l o u m c g m m o u g e  u p n -  I on  I i  ,‘n l l e n w  h i e m m o n i n  m i s e r  - n m m n t r o ]  l e d

sp i t  ic u t  i o n  o f  t i m e .- I a n - c - n - m I fc o t rtm , mt  n - m i  hi- used 1 m m  s n - m n - c  ap p 1 1 C ’ n t  c o o

I r n u c t n i m  I - n t  n . lin e- m n - n m - n  i s  r c - c o m r n e m n d c - n t  t e n  s n - m m  m m I e t - m  f t c - m s  p r e - n l u m mo c l u n u t n o l v

n - o s e n i  in e ; u l c n u l  n - c t  i c o n s  in  h I n m m v i n c  d e -o - i nn a i  I c u - m o n t .  I t e m s  t h i n -  - m r ,  r e - q u m i m  c n - I

- x t e - n i s i e - I y i n  human r u - mn t ih le I/O o peu - m u n - i m m n s  n - n o v  be n - , t n n t e ’ l  i n  ‘ p i n - c u r e ’

f o r - n i - u t  t r  f u c i l  I n - m i t e ’  the ’ i~ c o n v e - n s t a u n  I n n e i e c m im - t e ’ n  str jogs [ < P L T ~~ p .

2 2 2 .

Tb’ - m e -  I -n 00, qum- st I on h u t  t l i n t  t i n ,  - h u m o n m i  r e - n - m e l  i i c I u - f o r m  n i t  m o i s t  ml - i t  -

r c ’ c l m m l  r e - n - ,  u l i u m n n - - e  b i t  r e - I c r  e - n - n c - m n t . m t  I con  t h n o n n  c ’om cn (nn m r u c - h j n c e -  t e - - m m l - n h  h e t e n r m n t  n-c
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n - n - n  I n t  - l i - c t - -  l ) o m t m  h—m r -n - c on-

l n m r  t h e ’  s n - c o n e -  d o t e ,  l I n e -  I f l c r ,~~u m n n -  m i  n o n e - s s u i o e -  I c t n g t h m  o h m m m n i g n - n -  m - - m m c m -  c f

I ) i t — ~~ n- sc - j r i e ’t  f i r  i c - cu t m l , m m . c  f o r m u t a  i s  i n c l o u d u - c i  I n  r n m m f l f l u u t n i c n t  i -im m s n ucm i ne- r t i - u n

u n - e r  Ine m m l , I’m ’ ci sc - n u t  u n e f f  n -c i c - c n n -t n m n m t s  i n - n m - n  e ’ c a m - ~ c i e - t w - - r  ~ u - i ’-

- ‘ n - n- ’ m n - I n -  i on  m c i i i  n l c - u - m m a n s e - s  n- n - p oe  t i n t  u m p u t  m l  f e - c t  i ng  h i n t  P i S O  n o n - I

p c -n - f e n r m n e c e u -

~-,‘ 1 o I l e -  n - P c  e x i s t e n c e ’  o f  s c u p p o r n -  f m r  m n - S P I T  t o r n m n , i t t c a n s l o i t l e o n  i n - n  ~c m n - n y

p r O c -n -n O n -  S c ’ n c o u r m m g e s  use of  n - o e m  A SP  I l — h , m s n -d Se li e - rn , - , s - n - n - p

n - n -  m o n - n - n  I i ’  i n n s  and t h e  m m \ n m - m  h o e - ad i s sue s we- 1gb h e -a ’,’ l i v  i o n  0 - m v o t  n O

l - n n - m — o ype n - Ic-r n e ’ n - n n l e n t  i n n - e r n n e - d i ,-n te  f o r - m oo t ‘,. W c - r - - u  s ch c n i u -  t c ’ n 1 n u i  n - - o i l

smilel v to n - u - n m ns m i n -  f i l e -  r m - n - o n d s  f r o m  p r o c e s s or  n - co  p r o m  C s s n m n -  , n - h o e

c ’t u . m r i c t u - r  based f o r n m a t t  in g  ui m sm m Hoed m u b n u v e -  w o u l d  h u m -  c i t  r ; o n - ’ t i v e - .

T r c s t m - m n t  n u t  ° n n - u i I d i o n g  u d a n - n - i  d u sm r i p t n c u -  f n n n  c - o h - l u  r e - i - m d , t i n e  i n l n n r n  c l i  u rn

p - u - - n - s i n g  e m n - i I I t v  o : c i m u ’i l  m u m , ’  t i n e -  f i l e -  m i c n - ; m m i p t o n  a l r e - c m d v m s - n n c i a t m - nl w n -  t i n  i n n - m e n - u

c n e - m a c r i . 11c c- I t - -m s in n - m i’ d t a  m c - c u r l we - nu l l n - i c e - m n  i n n - n v , - n - c m  h e  1 1 c m ! t n

- m m n m f m c t - n - n  t o  t h e e  f o r m a t  i n n  c - s m - n i — c - P  i c  t i n e -  n e ’ e m n r d  dc-sc m i l ut mc , I . c - .

r .- m n s l n - u t e d  I n n - m n  n - l n e - i r  nn - SP I l — e d n : m r :u n t e r  m - q u i v m l c - m n n - s . m I n w , n - c r

i n t m - m — p r c u e -e s sor  n - o n nc cnui cn l n ’ u t  m mcm t c q m u i  r e  m o r e  g e ’ n c - t u l  n - n u - s s m e ~ic: r u o m n t e’n t  - F - e r

I n c - - c - , tb - ic-  c h m m r o u n t e r — b a s c ’ d  m m n ~~ o m t  b i n  more’ n m m a t  l v  t t n n - m n  , n -  s - h e m e  b oise ’d m on

s u - I e m r t r i p  an n - mpp l I c ah i en f o m m n - m t  lo t  u m n h t Vp e ’ c c i  d a t ~ n t o  he n-m u n n s m i n  -t ed -
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n- n i I n - n t e - y  m e -e l  i ; u n - e -  ) n - u ‘ n - u I n n  n-in e

1. 1 -\ ; n n s n jhl e- 11)1°

I n - n j  n-n- o - Ic mn i n n- c-c I m n n - n  o nbim c~~ n- n - I n c I n - i c c - m e i n t  c , - n s n n m m min I - -  m ’b co i- ’e- i cr

st u r n e m n - n n - d  t n - n o c - m  n c - i l - n t , -  - t u t u  t o r n - n - c n n  - i s  n u n , -  r i m i n ’ n m a o i s t - - u - s  - I n ’ e I ’

c o ,  n- n g ~n - - I  w i n - l u  ‘ h - i n  t v i c e -  m e m o - I  t m ’ m : n - n - n t  . F’cuc n - t c c - r  , t m m t  r e - u s n n n o ’ ;  - e

- I t  i - ’ u ~~- n im - v , c l u e- f - r m m t  n u n - n c - n - I  t n  t r a n s m i t  t i n e ’  v o l - m i - o r  m b  : 1 0 1  n n e m in

she - n  oi l I I i -  - mn~in - cur n - m b  n - m n  n - I n - n t  i t  em ’ in P - m t  n-c t v i u n  - . E v e n -  n- t e’m i n - i  n o  I D E  - - - 0 - n  i on

f u r - i n  hn , n s  ‘ w m -  p i n  t o n , n-i P - m n - n - u  t y p e  t u g  m m m i i  a n i u t n - o  -,n u I . c m c- . I - m r  a s i m p l e -

ci - m l  - n it u--n scum - In n - m s - in  I n n - c - g e - n  nu n- on n - l i n t  an ’ to -u - , t i o u  - “ V - u I u ie ~~’ pe ) n- n- i o n  0 0

t n - - i n - u r n - n  ca n m e - r e l y  he  t i n e ’  mum - t e e m ] n u m b e r  on -  - b n a u - u c n  - n -  - A n - I l i n t m e n -  I n - m n

n- n - m o s t  he- n-ri m - l u - , h o w e - - n - u t , hc ’ t wn -e ’n p r i m i t i v e  t o i t o m  t y p e ’ s om mid - e n - d u n - S i n - u  nl i t a

I Y p , - s .

E m - n - i r e -  1.- I el c p i n - - t s  - i n n  I I ) F  m m - p m  c - n - n m - c o t c t  i o n  of t i m e  U t  n - c - n  ~~~~ i’ m -  l t ’ t n -

l i m i t  n c f  t I n - c- l t m ’ n - n - n -  c o o t n - m i n s  t i m , - I 
~

‘
~~~

‘ -  n - - c n n -  f r r h a r u o - t u - c . : n r e ,  i s  C~~’n- 0 n n - I  v

one such 1 - o p fe o m c o n y  n I m t  a n- y ;n - • m m n d  ~~i n m - n - t b n e - i t  n u n - - - i -n  I In c i t t - c l  n - m i

‘ I n c  11W 1 r m m n s l n - n n - e u r s  t i m e -  u s s i g n e o t c e - c i t  o f  t a g  V m u i c o u n- t m u  n I n - i t m t V 1 n n ’S I S

H n - - u n - d I v  a r b i t r a r y .  T i n e -  o n - n -  V u ] o u e -  I n - n  n-n v r n h n n l i z e c e i  h e r e -  b y  “ n I i - \ l~~’ . T h e ’

t n - n - n - i n -  bo i l I o n f  t h o m ’ i t e m  m - m n n t u j n a  r i m , - m - O a r n n t - - r  l i n i n g  c m - p r e s e n t e d  i n

n - b c e -  I n n - c - c  - ‘ me-e l  i o I e  I n ,  n r c - o r

— Ci ‘ —

- - - - --



A n n  I n t - - m m e - n i i n t e- ) 0 ’ ;u

( h -I n - k  I n -c

h ’ r i c inin - ly e  f l a n - - m  I ’ -’ ; n , - i - - i n - m c I
F l g c u m c- 1— 3 .

Ke n - n - I l , - , i n n - - p u - m s  a n d  c h a t u - r - - r s , t I m e -  l i s n -  m c i  p r l m i ’  i - . - -  d a t n n  t n - n - m n - s

i n m ’ O m u e l n  on I l - - n - n - m s si u h  -ms d o u b l e -  1 n u - e c i s t  m m  I n - n t - - - ’ - n — n- , t n - m i t  i n g  n - c m - n ’

mn n L m h c - o  on , o n - u m l  h o c u n i  u - i n  n - ’ m  1 cu e ’ s .

l i i i -  0 u g g n - n - l n- m e - c ’ h a n i s n - o n  a l s o  s up p o r t s  t i n - -  t r - m n s f i - r  o f  - f i n - a

n - n - t n  n u o t u m r  c -on . A l  t h o u g h t i n - c -  set  of  c o m p o o m n d  l o t  n- t y~ m c s  t i n n - i n -  s in o u l  :1 be-

sc u p p n m r  n - c l  1 — , n o t  n - l e a r  l v d e f i n e d , (- c o m p o s i t e  d - i t a  t y p es  s u c h  u-n am r e v s  - m m

o n - c - n n ’ - t m I  J u n - n - u  s n - n - m i e n - u n - e s  c o u l d  be’ n m n c n n - - n - t r u u c t e d  f r o m  n - l u - n - n - c -  p r  i m i t i v - - I vt -n - - s .

i - 1? - n- r m  3—~ i s  a n  u xn -m m p ie ’  o f  u n  I D F  r e - p r  e~n - u - n - m t  n - u n - j o i n  t o n -  it o m m m  m~ - .

n - - m g  ‘ia l m m ,  f o r  imn a r r a y  i s  Spc u t l i e- P , o ien n l  t i n e ’  ‘‘ i n n - tm ’ ‘a - i  I c - w n -  n p  i t

in -n d [e n - e s  t h a n -  t I n - i s  i - ~ an arr a y c m l  l b — h i t  i n - m t e g e- r s  in  n-w ’s c n n c n - n p l n - - n m e - n - n t

f o r - n  - - - The n e x t  n - b c  en f i e l d s  d e s c r i b e ’  t h e  - n c o n - - n h e - r  m c I  n - I  im c - r n o n i a n - n s  n - i n c h  t i m e - n

n- t n - c  r n - m n g c -  o f  those- d i me n s i o n s ,  A l l  o f  n - l o i s  I s  f n l l o w e - I  l iv n - I c c ’  t a t - u

v u  I cues n - I n - c -rn - ne- lye-s

a r r a y  (mm 2 1 2 C m i r m t u - c n - c - m  v a l m u c ’ s

I x 2 am c o  -n- o t  i n - u t  e g em  in
Fl g u u  c -  1 — 4

— (~ C n —
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Am n l r n t - - m m u - d t m n - p  D a n -  u F n c n n m t

1 1 m m -  n -m u l e - n - n -  i n n c -u o f  n - h e ’  op t  inn ,— nl  i n t e r n - n - n c - l b  m n - u -  f u r - u - n - n -  n c —  c - - u r i c  P ‘ 0

i n - . -no n i — n -  a n - m i n i - - n - h o t  u - e u t n i r m n - ; f o u r  n - l i e n  j o v e - n - n t  i ga t  i - c n n . While the - c e ’  1 -  -n- u n-n c-

n u n - n -  i m n m  u s  t u i  t i m e -  m n u m m n b e - r  n f  b i t s  r e q u i r e - c l  i n  ‘ n - m b

‘,n c 1 m 44~~~~i~~~ j f l g  n - o n c e - ot  twe ’s com p l e m e n t n - i n  t t l n m c - t i c  i n  m - m m m n - im’ n n - m c f - i l

pr i c e - S - c u r s  i n - n d  t e n - u t - s  n - inn - i n- n - l i e n -  i n t e - r m e d  0 - o n - e ’  f n - n r m o u t s  f n n r  i n n - u n - u n- on n - n i n n n n - n ’d  1,, -

f n u s m - n I  ceO 0 m~~- in e ’omp i u - m u - n t  . Tine- n - u n - u r n , -  i s  t r u e -  c r  4 5 m j J  u n - n - I n - i o u -

i n n - u - n - n - n - n - e d  l u r e  n - e p r e ’ s - - n c t - c n -  i o n  o f  chci r n - m c t u - r s .
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( Oh - I A i ’TER I V

P n n c h l e n m n s o f  l ) u t o u  ‘ I n m u n s l a t  n - c n n

An ~l~ m n -  . c  t e c c m n , m t  I s  - u sn l n  e n - n - n - -  f o r  n e - j u t  ese ’nn - Ic og t h u  -,‘ c l u u u ’  o f I n n - a

i t  c -m on  n ’  on l i _ in t I e c u l o r  v j n e -  i n  a r o m n v e ’ c n  i c - m n - I  woo y .  F - r c x  mn - n - n u u - , h u n t  n- n t n - c  -

t n - mm i i  n . m  m Ar  In I c d ig i t  on m u m - m e l  R e n m a n  n un - ncr  n - nI  s m c  c - d - m l  m 1 m m  r - n - n u n -  on f i r

c u ’ p r e - - m c - n - m t o n g  t h e e -  v a l u e - s of  t h e -  c o u n t i n g  n e m m h c - r s _  i m . u c n s l  o n -  i o n  I s  t h u

p r m n e - u ’ sns  b y w u n -  i - -h  f n f o r r n c t  I o n  In  in i n p u t  P i t - u  f o n m m u t  I s  m ap p e d  I n n - n i t s

- n r e s p o n d i n g  r e p r e n - - i u - n t a t  i on  I n  n - nrc ou t  p u t  n - m r  t a r g e - n -- I - i t - m  I n n - m i t .  A

rn - u - - n - n - j ’ I e  c - x - m m p l i -  e n f  n - m i s  p r o c e s s  i s  t I n e  c o u n v e r s i o n  o f  ‘xxv ’ t nn  ‘2 5 ’ .

O m i t - c I n- u n s l a t  ion ca n  n - - m c i - p l a ce- a t  t wen d i f f e r e n t  l e v e l s .  F i n n - - n -  i - n

n- h , - n-i m j m p i n g  n u n -  u L i t  u i t e m  m n - i n n poo r t i n m o I n i r  t y p e -  on - i d t a r - m n - i t b - i n- en n-n

- l i f - n -~ - n - n - t  f o r m u t  f o r  t i m e ’  n - n - m n - n - c c -  t y p e . T h i s  is  n- h o e ’  e u n n e -  o f  t r m m m s l  m t  i o n

e n _ _ I  w .c one ’ s and 1 w - u ’ S n n o m p l e-c n e mi r i n t e ’ g e - t  s n c r  I n , t w - - At  - o h m i c  i n - i n !

kern -c nn num u ’r n - m i  c o u n t In g  n um b e r  ~s . The sm - e on d 1 e-Vc ’ I. cml n - n  cons l i t  b - u r n  i s

c n a p p i o i g  .m d a t a  I t - - r n  in  e n m i c -  r e p r c - s n - m i o n - u t t o n  ( O n - m m  m m c ’ p t c a c - n - n - t m t  l m n m i  101 ac (‘ c-n - to

n i  a P i t  I c - n e - c o t  d a n - o n  t y p e ’ . T h i s  p r o m - s o n  inc ’ i cud es  e ’ - c c n v e ’ n t i : n g t r i t e - g e t s

j n t n m  f l o a t t n g  p o i n t  v a l u o e - s , or cornv e ’ m t i n g nmmcm m u ’r I c  en - i u , i r m - n - u- t s  i n ’ o t i - o n - - n - h - m s .

i loth l ev e l s  of n i m m t n - i  n - r ; i m - o s l a t l o n  m e r e  n e - q i u m n e d  i n ’  - n i j m p u c r t  ge c n c ’ n - n l

I n t c - r p r o n e- ss  co omnmun l u — a t  Io n s  In  m h o u ’ n - e - m m n g c - n o m - n i u a  ‘cl v i n , m n c i n e ’ u m t • As .1 c t i t  u I! - -n - n m

is  r r o n m v u ’ d  f r o m  one p r o c e s s i n g  t ’ n v l u e c c n c n , ’ t n t t m  J T n o t i n ( ’ t  , i n s

r m ’ p r e - - n - e ’ m n - r  o u t  I on  m u st  n i m i m n g c -  t n - u  m eet  t i n e -  u l . u t  i c - I n n  c ’ o n e n i t  m i t  I o n  r o u st  n a i m - u t S m l

— 68 —
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I’ m i e h i , - m n - n - s  c f  l ) , u t - m  I r - u n n - o n l n - m t t o n

i ’  - - n - m e w b o o s t .  W i n e - t i n e - n  t h e m i n v o l v e - s  n u p p i n g  I n - m n - n m  , m d i l l - - m e - n t  f n r - - - n- ’

I n n -  n - h - -  Sn - en - ti e ’ - l . n t n - m  n - s  , i t  t m o n n n - n - l . c n -  i t - m g  i n t m )  ,i n - c - p t  n - - n - u - t o n - u t i o n  f - m r  i

c n o n p l c t c - l  V d i i  f e - c e n t  t ype , w i l l  d n p u - m m i t  on n - i o u -  d a t - u  n - v j n m - S  ,mnd  f . n m n n - n - . c t s

s c o p p o r  t m -n i in n - t i e ’  m n e ’ w  c- n - m v I n  n n m n n n l m ’ m t

A_s , u l m c ’ u u j v s t n - u t e d  in  t i n e  s e e n - l o i n  on t h i n - c  d e - s r r l p n - l - u m n  i n  Cbua ~~ r e - n -  l O I ,

n- I c e - c l a n - n - i  t y p e -  and f o r m a t  o f  an i t e m  r e p n -  c - sc- o n - ed b y u s n - r i n g  o n -  b i t s  i o n

c-st o h ]  I shi ed w h e n  the )  se b i t s  u n  c’ u ns ed - W h i t -  t i n e - i  t i n e ’  y , u pp e .’l r mis  an  op er  omi t

n - n  m one- ’ in comn p l e ’ n n c - m n  n -n -odd I n - i o n  i n n -  n - ms n - m n  n -o dd tess l o a d e d  i c i t o  L : u -  p r n - m p r a c r m

n - n n o : m n - c r , t i ne - s e  b i n - s  can lu s t  as w e l l  h e - s e-n i  to  u l i n e ’  p r i n t c - m  - i s  n - u

e-~n u n - . o  n - e r  in - i  t h e  n e x t  i n n -  1 n - u m n t  Tine cone  l u u s i o n  n - m i  b e -  d r a w n  f r - - n m  t i n  i s

i s  n- - m n -  t h e  s o f t w a r e -  n i u c n n i n g  on -n j nr  n m - c- s n - n - n c r  g i v e - on S e m a n t i c  n n e ’ : u n - m i n g  t i

t i m e ’  n - l a n -  c i t e m s .  I t  i s , t h e m  e - f o n e ’ , t i ne  s o f t wa r e , n ot  t i n e  h m o t d w n - i r e - , n- d n n t

l ,~n- e m it i n n - u - n - i  n - l i t ’  d a ta  r e - p r e s e t - u n - o u t i o n s  s u p p o r  n -ed  in - c a p r o c - - in s t  tog

- - ‘‘ - - — — ‘n-” , e - n - ’ ,

I~~c e -  po i n t  I s e a s i l y - m r g u e ’ d . A n - y p l c m m l m i n l e o m p u t e m  in n - m s 1 6 — b i n -

r e - i n -  n — n - e n - s  an d  -mn a s s e m b l y l a m n g e m m o g c -  I n s t  n eoc ’ t i m c n  t i c , m t p e r  I n n - r n - i ns t w o ’ n ;

c o mp l e m e n t add i t  I on  on l b — h  i t  ope n- o nn d s - B e u t  wi n- li t h e -  Pt cp u  r Sci f t  wo m r e ’ , t i n  i s

p r  ~-~- - r c n m n  he ’  m~m c l o  t o  per  f i n n - r n  1 8 — h i t  ‘ c u e - ’ s e’ ocmn p l eme-ci t o r  c - v t - mn n e _ l i l t

n l e - u  i m a l  I m m m l  l og  p o i n t  a d d i t I o n .  Tm cue , t i n e- i n c m r d w a r e ’  f u n - i i i  t o n - c - s

t h o u -  ‘n -na n l p u u l a t l m c n n  of  i f e — h i t  two ’s c.’ eomp i c ’ m m n e - n n t  I n t e g e r  d i n - n - u  i t e m s , b u u t  t in e ’

o n m c ( 1 w . e r ( ,  d o e - n - - u  n o t  ,m e c , ’ s s - m r  I l y m e - n - m t  t l et t i n e ’  t ype- mcm l f o r m  m l  l i l a  n - i n n - m t

r u n  bc I n n - c - n  p r e - t  u - n i  b y  .e om e S o n  log  ‘n V ’n t em f t  h o s t - n .
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t r e b l e - m s  c f  1 ) n - n t  n - n Tn - u n - m O m n -  i o c

n - \ l l  m t  l I n e  p m - P i l e-ms . u s s e c t  c r c - !  -~n n t h  d , c t . c  t c . i n — , 1 l i o n  m n - - -  t in e -

c - n - n i l  t c c l  i n  I - - m n - m m  - I n -  I on n - n - t i m ’.’ I mg i n c  - I we - - - n  i nn  - c e  ‘ S o n  I n - c n n  - - m m - .’ I n - n ’  n l n - ’ n e ‘ ‘ c m  - ‘ i _ i n

‘ n n u p ; m ’ n - t  d l i  l u - r u - u - m n- m l u n - m  t yp c ’n - ; and f - c m - c l  on . Ii - - m n - v l c - m n n - n u ’ r n n- nn - c r c -

—~f m o p . - iI fn ’n- — n n t t w a r c - , - m m m c l  n - m n -  s.iy n - I n - u t  - u p r oc - c’ scn -- r l i m e - o n  O m i t  s c u p p o r ’  co

o r  t Ic  u O  t n t - i n - i  t v pe - i c  - m n - n - n -  u n t i l  v n- i - m a n -  t i n e  - c u - i s  tin n - n - m n - ,  - 1  1 i g u -m n - - ’’ i n - n  p 1 en - e - n - m i

c .u m i l  1~ - m i n t  m i n - e m s  o f  t h i n - m t t - m r m

h e - n -  f i n m n m m n - i g  p m  c - - i o n , -  d n - i t ,’m t r m n m s f , - r  r e ’ q u m i n e - n - n  n- c m .  n - n - c o i n - m n - c  and

e m r n p l e ’ t e -  ‘ n - m o v e - m m - n t  of - i l l  c u t  n - b e ’  f n f o r m m n t i o n  i n  t h e  i t - - n - cn n-n - b e i n g

n - ra n - n - s t e - r n - e d. ‘,,‘lnen i t e m s  m o s t  be-  e - x i - h c n - u n g e - d  b y  p r o c e s s o rs  t h a t  s u p per  t

u l i f f en cot.  s e n - s o f  - 1 d m  t n -n -p c ’s mnnd t o n - m o n t s , t r n - c n s l a t i o n  p r o b l e m s  - - -men

0 m m  n c r  . ‘I n - c -  n c - S n -  nc I t mm i s  r l u m m p n - t - n  c ’x n nm m e - s  n - h r  c e -  of  t h e s e  p r o b l e m s , i n

p i n t  i c n o O u n - , p r e — c i s i n m n , f e n n n - n - m , m t  I n e ’ o m p n - m n - i h l i i t v , ami d d a t - u  t v ; m m -

I ‘ n - n m n n - m m 1 c , u n - l b  i i i  t y

-e  . 1 Pm c - c

The ’ p r e c i s i o n  of  a d a t a  t yp e ’ 1 n - c m m , ’nt I s  u me -asu re -  m c i  n - h e m a n g e - - n f

v , u 1  - n e - s  t l o i n -  c o n  be c e -pr e - sirn n - c- ml in th a t  f o r m a t  . For b i n a r y  d u n - i . t une

m n n m m i m i m n - n- o f  i n f o r m a t i o n  1m m - m u m  I t e m  I s  tine nu m b e r  of  s i g n i f i c a n t  b i t s  t h e

c u r r e ’ n n  ~‘, m i c u c  of  t i n a t  I t e m  r o n t - m i mn s . Pr e c i s i o n  p r o b l e m s  e x i s t  wi ue ’ un  t ine-

in p u t  n -mod n- - c r  get fo r -m ats fot mm i n -  an s i  m l  Ion l y e ’  f o m m , e t  —- fon tine ’ same-

- i - n m - i  t ype  , hut c’ i n n r epr c - s e - c n n- d I f f e - r  e um t rn-loge in of vem I ue- s m c i t ivi t d a n - n - i
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f’ r e c h l c n n s  n - c f  I ) o n t - u  T r n - u n s l  m l  i - m n

I I  cl - nt m l t e- nn - n s c m ’ p r c n - s m ’ n t m ’ n l  i n n  m h I gh p r a m  L S 0 0 0  t u r n - n - i - m t  n - u r n -

i n - m n - n -  m f o m - n m n -n n- c f I -w i t p n m - m ! s i - n u m , 0 l e n s s  m e t  i n l n n r m o 1 t i ~ m t m ‘ n- m n

m n - n ’ e ui

i t  n e m n n l n e u t u - r s  n - n c  e x m ’ h n a r o g c n - -  n l e t n - u  o f  on-i p n - n r n - i c - e u i n n -  - i u t  - m ‘ vp - - ,

n - r u n - n - n - I n - n -  i i n m n - n  ma ’.’ h ave  t n  he -pc- n- t n n r m c ’ d  i n c - I  w m - m - n - m  d a n - n - u  f o r m u t s  m u s e - - f  m n - f l

d l f t . - m  c - m n - n -  w , n r - .l l e - n - u g t i n s . Some v i i  m e - n - n -  t h m n t  u - n - m n  he ’  r e - p t  c - s u - ’m i t e ni in  ~i—h i t

mc c - r d o n . f i n n- c x m ; i m n ! c , i n u n ,’c - no r c - p r c ’ s - - m n t u t  i on  in  1 6 — h i t  w o r d s . I n - c - m s  i n  tim e

1 - u t - n - c r l o i n - n - n u n -  n - m i t  r e q o u i c c -  n - t o m - m e ’  n - f i n - i n n -  , s i x t u m - n  h i t s  of p r e - n n i s i  n n  ( - a n t o n ’

h e — n - d u p e - I  i n t o  t l m u -  s i x t c -i-m m h i t  t m u r m a t  in n-m -.‘- m v  n - l i - m t  r e ’ t ~ o j n s  n- n- c - i n -

‘ u i .

~~n e -  ; m - m h l m - n n  m n f  p r e c i s i o n  l c m s s  e mil man i f e s t  I t s e l f  n - i t  a n y  ç c , n i n n -  i n  n - i c e -

e’o m me mc n i - - o n -  n u n - n --n n-n y c-i t u n - n - n a n -  win i c h  f o t m o i t t r i r i s i c t  Ion  i s  m -~ i r t  l e n t  n u n - n -  . in  ‘i c c ’

c i s c  c c l  sV s t  e n - n - i n- - n t l m n - m t  o n e  b a sed  on an ! m i t c ’ c ’ m n c ’ l i : u t e  n - n - t i n d e r  I m l ,

- m n - c ’  l i c e - n-t a n s i - m t  Iofls ’ n m n - c  and en c u t  o f  t h e  I D F .

n - c ’ ’ m l s l c c n pt ob l e’mn s c a n  he- c i v u n ! i l , - n l as i t e m s  o m n e -  t r a n s m u t e - m t  i n t o )  n - i n , -

- ,n- r n — f u n - f  f o c n c m n t  b y s c ’ l e - m t  in - m g - t - n n d , u m - t  r e ’ p n  ‘se n - m n - n - un- i m c m n s t d m o t  - i r e  of  - i s  n n ~ n- n- n-

,-i i c c  c i s l - i n r  i s  t i m e ’  r m ’ p r c - s c ’ t i t m t l o n s  used i n  a n y  n e t  t i n e ’  I c o n - s t  p r  s s n - n - s

in  ‘‘ i c - n - u -  t w o r k ,  1) 1 p a r t  i c u l n - u r  m - u c m i m - m - r n  i r e ’  m m m u m e r  Ic i n - m n - i . T i n e - r e- i - n  no

sj - n-~’ 1  m , c n - m l , m t  o f  s u f f i m - i c - c u e  p m c - n - I s l o n  n - m u  m u - p m  u - n - -n e o n -  t ime  emi t i n - c ’  n a n ~~’
, ’ n i l

j r i t e ’ y , - r s  - m c  c c - u i  u n u i m h e ’n s , ho we- ve ’ r , I t  i s  c u u ’ m - e n n - s m c  v for nOn I n t e - r m e ’ d i i n - e ’

I n n r m n u n - - n  bt- abl e - to r u -pr esent cm ny m o o u m r o h e - t t h i n - m t m.’my m i s s  h - -t we ’an
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I’ c n b c  I c  - c-n - m - e l c , o  ‘ c I c  - e n - n - i c  - ‘ i ‘ci

- - - n m -n -c c m i i n ’ m t  i cng p m  m e  o u  - - -- n - s r on - By c - - c n n - -  n I - - r i n - n u n -  r n- u - - i n - n  t n - n  c 0 t - m n - n f l  m m  s u c s ’ - i c v

n- , n e ’ s n -  n--n n - c n n  .n - n - i t w i t  — e n - n  l 1 1 F  m n - f  s u n - n -  t i n  j e ’ n t l  -n- h o , n- i c j i m -  n- - — n-n - i  - ccc  n m -

- I c - n c - u  - n - n t i c  - c ’ - n ~ n - i t ,  i i to t o r e - 1 n c  - m - - n - c  5 m m  e -  - - - c v v e I - o.  ‘ - - u - I n ‘I u I m I n - j ’’ -

n- f u n -  ti n y n - o p p n - m n  i n  t i m e -  n - n - I  w , ’r  -

l ic e- n - n -  n - n - n. m t  c, - - I  - I c . - t , - e l y  o n - m g  n - n - S ’ S . uc m -,, m • e , n m n n n c n -  h -  e l  ‘ - - c - - n t  I n ’

n m n - ; n - n u - o n n - o t . m t f - c ’ m  I n n - c  e n - e m ’ . ’  u -  - m i m e - i ‘c 1 - n c  . 01 i ’ - n - r  t n t - i  f e i m m m i , n ’

p r e e n - n i - u n - n  Is  n - o x - I  b y  o u r  t , ~ t e  - i - u i !  - ,- - l t ~~~m n e -  n - t o i l  mp l c - cmn- - - n - r s

n s m  n o n  c f  c m ’  ! , , u n - c  - l u - f l - n - f l - - r ’ n m , i t m n . O c t  u m~ in s l  c ’ n n n - s  i ‘ h - m i s

S n -  n - _ n - .  n - n - - n -  - c , 1 - I c c - ’ - -~ I ~u n pe s s i h i  I m v  m c i  c - - - - i v d n - n g  n I m ’ i - I c - m n- - — cr1 t n m ~~’ h m

m I - -- 1 - c u ’ - I n- n - n~~- m , - - n ’ n ’ c - i I  i n - n  I n - n - c - I n- , m s s n - e n - o , n t e’d m i s t s .

f l n - _  r - - - -n p n - n - n -- n i l u i I i ’ v m e l n - h -  n I v i m i g  t r . n n - m s l m t m e t  i s  t i  - l i s t  i n n - t n - eu -d c

m i t  w d n - . u  i n -  c-n - in s t i n , m t  c ’ en - n  mod  c - l u m e n -  be n c - p r  c - s e - n i  c -il c - - rn pl c -n-c - I ’ .’ i n - n

a v a i l a b l e  t a r - - e n -  t u u m n - m n - , m r  - T ine - n - r u n - mn-d e n t - u t  c - no  r e - p o r t  l n c ’ i d e - n n - c - - t  p m  n - i ’ m - -n - S

in - u j ) t e ’ n- l s l n m n  t i n  n - f i n -  n c - n  - - i v l n g  m o s t  p r i m - u - S n - - n  t i m r - n n - c c n i m  _ i  p t m s t - ’ f  m c m l

p r  n t - n - n - n - I  . Mv n o n v e - l m n -  c n n , S m c m e -  u n - t e m p t  it r e -pr e ’ sm ’ n u t  tog n-ba’ o f  t n r i n t  ing d u n - - n

i t e m  u _ n - m o  he - m. n d e ’  . n h m n - n - no t i  f e d , i t  I s  n - I ou’ r e - s p o n s i b  i i  I t  V o f  t ime-

r ’ - - - ’ - n - n -  in g  p r m n - c e s s  t o  r c’spo m md t en  t h o u ’ p r o b ! c-rn t h c r o t u g h u ci I s m ’ e m s s  l i i i  w i t h

t i ne : - r O c c ’ s c - e ’. r . m n s m l n - n -  i n g  t h u  d a t u m .

s c e ’ r o m r  lo m y p t t  v i o g  t~~m u -  p m o h l e-rn m c i - n - h i n t s  t n t  ~m se-nd i c g  b e s t

p r n n e - e-’os ’ r n - m n s m i t t  tr i g 1 6 — h I t  I n n - c - g e m  n-n - t i n -  0 ~~~~~~~~~~~ n o s i n g  1 h — h i t

w o n  1’ ; . S I n e ’ -  l i m e ’  , l  i n d , o c m i  f m e r c c m , n t  u n u m i n t  h o  c m h l u ’  t , c  t m . u n n s t e r  n i l  

- -- - - - - - -‘ - - - - _~~~~~~~~~~~~~~~
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I ’ c - - i n  I c—m s e n -  1 ) - u t — u  In - m r  sl  - u I j o f l

p O S S I h n I e -  i n t e g e r  n ! m u t , c  v u l n u c - s , t i o c ’  i n n - c - n - n - n - nc - t i m ’ - f o r - r n - i t  f c m m  i n ’ - m n - m - r s  ‘ n o - n -

a qc i i  m - - n n- h i t  s - Re - - - - i n  m n - n - c - c c  I t n - m e  - I I )  F • n , c - I t  n ,  - n- c c  f~ t i c e  - n- we , - u nn n - n nn - c m o n o  i m - i ‘ i n - i

pm m c i - c - s n - n - n u n -  on m u - n -  k n n - - n - w l  c - n - t g  ~n f  n - i c e ’  i n n -  - n  c i i i  t - n r m , m t  u s - - I  b y  ‘ I n - , -  m c ’ i n - - n -

I’ m - - v  c - i c i n  sc - c ’ o n ly  n - b n e ’ i m  o wn-i f u n n m ; m t

I - n t ’ - g m - n - -n p - u n -n sed  t o  n - hu e - r e c e i v i n g  t n o i n s l n - m t n , n  o n - u ’  m - x n - i c n  i n - n - n - n t  n - m c i

n - h e i r  p n  ~
- -  i s i o n .  I t e m s  w i m o s e  v o l u m e ’  can  be- n - c - p r  e s e - n - n n - e d  Ici t h i n - l e n _ h i t

in n - n o n - n  - m I - u m n- o o m e r r an s i  a n - c d  and n - m u g g e d  a p p r o p t  I m n - c~’ I v i n  a n t  ic i p a t  m m c m  o f

m m n e’ e m e n n -  i n t o  n - i c e ’  h o s t  . I f  t i n e -  d a t a  v i i  m o e -  c an  he r e p r e s e n t e d  us  n-n - l o u h l c -

em - i o n  ( 3 2 — b i t  ) in - i t c -get  , t h e  t r a nsl  n - m t  t on  i s  per  f e  ~mc ’d and t n- u i t  c ’ ~to i n

t I m e -  n- o r g - - n -  f c r r n n - m t is m a r  k n - l  w i t  In in - s d c - s n - r i p t i o n .  When u . n - -n - n- n ! m n - n o ! n l u -

p c c n - i s i on  i s  c i ot  s u f f i c t c - o n t  t o  r e - p r e s e n t  t h n - i c i c o m in g  d a t -u  vn - n l uv ( i  . i t

- - m n - n  i - - s  m o t e -  t b o n - n m m 32 b i t - n  o f  p i n - c  i s i o n)  some i n f o r m o u t i o n  m u s t  b-

d i sc oin- n - I c - n i . Arm n l g o n  i n - h i m  can  be n - n p p I I c -n i to  t in e i n c o m i n g  d a n - n - i  t e n -  se - I c - c t

12 h i t s  I n n  f . n m n - n - m  n - i  d o u b l e  pr e - m - i s i - m n i  i t e - m . T h i s  i n - c - r n  i s  t i m e - n  t om g g e d  w i t  n- n- i t s

1, 5cc  i pn-  i o n  and - c m a r k  t o n  hid i n - mo te’ n - I n n - n t n - h e ’  t r n - m n -s l a t  ion caused  n I o n - o s n - n - f

i n - n t - m i m i , t i n n .

Tine ph i l o s o p in y  u n d e r l y i n g  t i m - -  se h e ’ m e -  to  h an d  I c ’  l o s t  pr  c’c i - n i _ i n  m u s t

i n , -  n i n e -  o f  “m i ke-  d o . ’’ F i r m w a r e -  c u t  s m c f t  w ; m r e ’ m n e - e i m a n l s m s to  s u p p m n n - t  m c i i  I i p i , -

ec m ’ , !on o - ,in o f f e r  arm ex te ’ndcd n- - I n  ge t  l u c y  n - t i n - in- f or  th e  ee c’ m y  m n g

ur ’, s I  ‘ o n .  in  g e - m o e - r o l l , t h o u g h , p m  i n c - c - s e ’ s  c onmmun l e n - - I  l o g  , i m ’ t u m n - Os u

n e t w e c n  v n i c e - n i  n - n m  n - i O n -  I C  l p a t c -  t i m e -  possib Ii [ties o f  s t - n d  log i n n  t e c ’ m ’ i v b og

n m m u - s - - - i g c ’ ’ i  WI t i m  v o l  ues  t i m c u t s u l l e n  j u t  u c  i s  Ion prob l ems and can no t  be’
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Pm ii lu-nfl - n 0 1 flo u t - n Tn - - ions 1 n - ct i - - n

n - c n n - I n - n  - - I  - ‘ m m m l  I n tn - t I 1 i i  I p r m c e - c - - ; s o n  on s m c j n p n m  r n- c - . u n h  d - u t  e n- vpe ’  wi  n- - n -  c ’q n u n - i  I

p t c n~ - i s  i n - c n n  , ‘ hit - p n  ch i c-cn n I on un iv - - I  I - c i i  I ,  -

- c i ?  h-’c c n - n - - u u t  i m n c o m n p n - i t i h i h i n - y

A n - c -  u n - I c e - n -  p n -  cii I em m ine-r em -u n- n - m i  d a t a  n - n - a n s i  it u n - n  i s  f n n - r ~~n -j~

i n n - c - i n - c - p u n -  n h  i i  i t  y . AS i s  t i n e  n -n n - l s e  w i n - i n  P t  e ’e ’ i s  i m i mi • I n - m n - m t

i n n - i - c t n - n p u t  i h i l  i n -  c- p r o b l e m s n e c u r  w h c - c n  e l a n - n - i  i n - e m s  o f  n- n I n e r t  i r u l a r  t c  and

I n - n  a p a r t  i c u l n - n r  I u r n - n - n u t  m u s t  be ’  n - r o u m n s l a t c ’ d  I n t o  cm o i i f f e r e - m n t f - n - n - c - - n’ n - c n n n-
j

n - c -

s n - n m -  n- vp - - . bie we’vc’r , t h i s  I n c o m p a t i h i l i t y  i s  s n - n  i c n - I v  a f o u r i e r  i ’n n o f

I n - n r~~n - , m t  t in - i t ’  ‘ c f n - u - - t i c -  , and is  n o t  m e l n - n t e - d te n  t h e  n n u r ’ n h c ’ c  o f  h i l t s  n - u i  1 w e - - I  f r

o ‘-‘ m l  - m c ’ s n c - p c  ‘ - s n - - o n - a t  Ion  -

Ph n n -  f r  n u n -  I on ,i  I v ,-il Lie’ S it is possible to r e - p m  c- se-m i t ‘‘ c x  ic t I v ’’ w i n - n -n-

- ; p e - c l f i c  nuu rnhe- r  o f  b i t s  d i f fe r  f n e n m  o n e -  f m - r n - m u t t  1 m m -  s c i c n - ’ m u ’ n - m m

un - n - mu t b c e - n -  - The- pn ob I em bias been descrIbed in -n w , n m to ing  n - h o n - n t n - mm ’u o m p o n cn h - i -n t h c

j sn - u s s i m i n  o f  the ’  , u m c t n c n n - o m n t h e  f o t m a t  c o n ve r s i o n s  n - b o u t  n i u c u n  i n  i’I -’I

Y n e -  r u l e s  f o r  - m m  i n - l i m e - t i e -  c o n v e r s i o n  s p e c i f y t I m e  way  in w i m i c h
‘.‘i !ue’ Is n - n - m n s m ’ orm ed f r o m  one a n -  l t h m e t i c  r e - p r e s m n - n t n m t i n c o o  n - m m

, n o o t h e m  - I n  c- a rm be ’ t i c a n -  , n- n o n  a r e - s u i t  c c l  t i m e  t t a n m - f c n t n o n n -  t i n - m i ,
t n - c u - v a l c m c -  w i l l  -h a ng e  . For  e x a m p l e , t i ne  mi umbe-r .2 , wIn i ch
c m n - n  be e ’ x n - i c t l  y t e p r e s e - roted n - ms - i dec imal  f i x e d  p o I n t
numbe r , c ,n imno t  he e’x m n - t  I y c e - p r  e s c n t e d  in  h i m n a r  y .  [<P 1.1’  p .
270 .
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P m m m l i i  c-r n S - c I Dc i n - n - n  1 n  - c r c  Si  - o n -  j n ) f l

l e n  o i l — n - - c n n - c -n- i - n i -  n - - m u -  p t m h l o m s t i m , i n -  - ; n n m  t e i m u n d  t i m e ’  m O s u ’ c c l  I n n - c u - n -  i c i m n a t  - t o n - n - i ,

K - - t n - n  m g t n -  m n - n -  - m n - n - I  P1 m m u u ’ u - n  s t . c ’ e - :

I n - c  n u- - i - n o n  i s on i nn- n j n I n ’  ‘‘ p . 1’’  is mio t n - no  e x a m -  n I n n - m m -  t n o n  i n
a h o  - n - u n - v  r n , n c - I o j n u -  ( i n  m u c h  t h e ’  s n - n m c -  w m y  t e m m u n- I / i  i s  n o t  n - m u m
ox c ‘ t m - n e t  n - - i  tn - i  n-i 1, -n ’ m u  w o r l d ) ;  i t s  c- o m - o n r c - n - - m t
c e - p m  , ‘s, ’ n - m n - .u n -  u - c m  i n - n  n - n - n - n - n c -n t  n- c m u m i o in e s  I o n - i p p i ’ rm s n - o n  h e  si i g i cn - I c- I - - n--a-n-
t n - m c i  0 .  1 . - K - - n -  n i l  , n - h n - m ’ n - - p .  ~ i .

n-n n - n - - ’ t ’ n c ’ r  e - x a m p l e -  i s  n - t n - c -  f o r m a t  in c o m p~u n -  i b i l  I n - v  t h i n -  c-n - -n - i - o n - s  c r w , , , n - n

- t n - f t c - c c -mi t t ’ - p t e - S c ’n t  o n -  i n n s  I - u n -  h i m - m n - m n - v  i r u t e ’ g a t  n - n - .  The ’ ‘ m i n n - u s  i n - r o ” v m t  u ’  I i

n- i n - ’ -  s I g n m — r n m c n - m c  n - I  u r i c -  mnnd  one ’ on com p l e m e n t  f m n n - n - n - n i t s  e ’ an c io t  he

n - - p r e - - e ’ n - n n - c - d  i n  n - w e u’s ri ) O mip l e ’ r n - n e - m n t . Ti o l s  Is not a pr on ’ isHn n m  - b l e m

sin c e  I n e t e - i s i n g  t h e -  m n - n - u n - n - n b c - n -  o f  h i t s  01 11 w - n i  f e c  t i n e ’  t n - u n - g e - n -  ( t n ~ n ’ s

- n - i m p~~e - n e - t n n - )  f o n m a t  w i l l  n - i n n -  ‘ n m m k~’ on d i f f e r e n c e .

To t n - n , - n - n  u m i s n -  a n - - m r  c n n - n o n e - i - t e-d n - n m  n-n i n n - I  e ’ r a g e - r n - i n c u s  n - n e - n - w e - n -  k •

n- n u in j  hog n - m nm j t r u n c a t i o n  n - m n - n - s i n e  i m t e - d  w i n - l u  r e - f m c m n n - n - , u t n -  I n - m c n -  I t  - I i o c n u l

n n - u n - c -~’n j c  m t c n - , n i s  u n , u v m j 1 n - i h I c’ . The- P L / 1  n - npprc n - c i m t - - f i n - n - n - mr

1—0 ’ - m n-n-n - j oi n - lb ii 1 r y I s m - p r  t n t  n-i wn - m n- n i n - o p  i n  t ine ’  t n - c n n - n - n - n o - c  n o  t a t~~~t e f l a  - -

n - n - u - n - - o , c l .  The ’  ‘ i V u ’ m ,u t ’ u ’  i p p i  m i t  f n - c c m  p rog t o m m nm ( p r c g r  in - n - c n n - n - c )  t n n t m t . u ’ , ’S

n - to-1~’ r n n - r n - m u les I n  r i c e ’  I c - i c - m t n--i i g e m i  I i - u nmn - dig it s ccl c -aicu l u t u ’ d r e s u j l t s , m n - n t

- n i /  -
~~~~~ n n -  e ’ x , i c n - mom-s on 18 r c ’q u lr e’ ci is t I n e -  t s s m u - r a i s e d . Tht ’ p r o b l em i - a f o o t

be c l t i u m v e n o t , - n l  , and m c u - n i n a p s  n - l u , - mos t  eason a b t e -  n - m i t e - i  n a n - t v c ’ I c i t ,n

tr n - mn sl , it - n - design ( S  I n - n  j n - o — c n m c -  ,i ml i s c  l , m  I m m ’ t  m m m i i  l u ’ t  t i n e  user -  h e w  r e -
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- n bc  1 cotu s c f  i n - n n- - u m - e o n - n - n -  I - m c i

— . I I) i i i  t i
~

c - - i n n n - n u n - -~n - m n~u n -  ih  i i  i n -  i c - c o

F ine ’ t h i r d  p n c n - h l c - m  o i l  — 1 - u t o n  n - n - m o m - i l  o t t - i  I s  m c -  m e - n - n - c - m u m  I - i n  i n - f  t - 1  -

i n - n c ’ - ~nn - p i t  n - b  i f  i n -  b e - s  . - - p c - n -  I - n r m  t n--n- I n - u n - o n  t b o n n  , t l m e ’  m n m  s i  i n - n i t

is ‘-0 c c i a n -  i ’ n t  w n - l u u - - c - - l u  n n e  - n- - r n - n -  k i n - n  n - n - n  m u m - n - n- I In - St d - - I c - n m  I n - n e -  n- h a  n- ‘,‘
~

m , ’ I c - e n - n

j f l n ’ n- n -n i n - n p  d n - c t u  f i n n - n - i .  T l c , u n -  i n l m n t n - n - n - n t  i o n  i s  t h e - m n  c u s u ’ d  I n n n - c nn - n p t n- n - - i - n p m n n

f - r n - c u t  r c ’ p r - - ~ n -n t i t  j a n n  t n t  nc n o u t p m u t  f o~~m o u t  r e - p m  n - n - n t f - m n - i  f f  t n - n i  s i ’ f i m - - l o t  c

n - vp - mind ‘.‘ ,u l u u c - . P r e c i s i o n  an - in - I h u m — t n - c t  l n c c n r n p o m l i h i l  i n - v  p r - n - h i - - m s  n-- 1 st  w h n - n - m

n - n - n - u  onput f m c n -  n - u p n - n r t i r u l n - u n -  d a t — u  t y p e  s n n p 1 n u r  t s  ~m b n i g h c ’ n  m n - n - c -n - i s  i o n  n I  - - u r n

n - c - p i e - s e n t  d i f f m - r e n n -  v c l n - n c - s  t l n n - m t n - li e - o n — p u t  I n n - m n - it I n n - n- n - loan - ‘-m u m - -  I u n - u

\ d u n - n - n  t y p e ’ I r n m - m - n r n p  on - i h i l  i m v , on t i n e ’  o n - h u e - c  h u a n d  , i s  n - i n , - c mc n - n - n -p l n - n - c -  c t - c — n ’ic ’,-

o f  n - i n  o m i t  pe lt  I n - n m~~, m ~ i c n t o  wto i c h  i t - - n - n e  n - c f  - n 1 n - i  ~m ’ - - t u e  lag  t i - n ’ , - i _ c t  c n n

be’ mapped . ~7m i1  c - n - i nn -xom m p l e - of .n pre ’m ’ i n - n - i-n - m i p t- u hi le- n - m n - i — n -  -- c m l i i i  i n - n t ’,

3 ’ — b i t c n t u g u ’nS n o n - -  1 1 ) — b i t  I n n - p c - c - n - , -mc i t n - n c o m p n - m t  i h i h i ’ v  i s  n - n - v  i n - n p  n - ’

--n o n - -.- .- 1 2 — b i t  I l o a n -  ing p oi nn - n ui m nnh - r s  to a t i - I c - n -  v i m n ’ . i i i  i n f o n m n n-m t i n c m

c u r  i c - e l  b y t h e  I l o a n -  in g  p o i n t  item is f m n -~ t n - c c  t H e -  n - o l e - t y p e  n - n - c - - u n i o n - ’ i t  h c , u --i

no w v  n - c  n c p r e - s e ’ n n -  m n m n v d a t — u  t y p e  b u t  C i O , c n - m n - t c ’ t s . I n n t i n e -  n n t i t c ’ n - I an -

i i m t n - O r ) U t u ’ m  ne-n- w e i r k  S u p p o r t  l og  a c h i v e ’ r n - e ’  O c t  c I t  [cr n - e e ’s si n - n - g

c - n v  i t  i n n - e n - i c - n - i t s , d a t - i  t ype i n c - o m p n o n- l b  i l i t  f e - s  C O i t o  at I n-a ’ he n- we - - n - n -  h m c n s t  co - n - n-

- i l t t c - n - e ’ r o t c a p a h i l i t i e - c ; . T h i s  i s  p n m t l n - u ? m r l v  t n u e  i n  t I n e -  c a s e -  ~:

p c c I ~’m l  I c - v  i c . - s  o r  u r m l n t e - I l i ge ’mn t n - t w e r k  h o s t s .

As w i t h  p t o b 1c-m ~ I n  p r c e ’ I s l o n , t h e ’  t r n - m n s l , n ? n m r  m u s t  i m l d n e c o c-m i i -  n n - v i c e -

i r n n ’ - c u n p n - m t i h i l  l t l e - s  on n-u C i s c ’  b y  (n - u s e ’  b a s i s .  In  on _ n- n - n , ’
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P r o b  u - n - n - i- , c c l  b ) ;u n- - m i n  c n n , s  I i t  I n

‘ n - n -  c c l n - m n--- t u n o , c - s  , n- n - n - , - v , m l  c m , -  o f  m i m i I n c - m n - n -  e n - f  n-n - h a t - c  t v 1) - mimi c s u p p o n -  1 m n - I  I n - -,-

iia c d - ,~- n c n n -  he  n c n i m p i n u I  I v  r e - I n c  e - s e c i t n - m l n i e ’  i n  t i m e ’  h i u r m m n a t  f o r  n- u - - n - a m n n n - n - I - t e n -

• V p e ’ - b in - m n i s  s n i p p i c n -  n- i’d . F l u - - m m  t o g  p o i n n -  c o u u m h c ’ r  s n n - u n - n  , m n n ; n c t i ’mn ’ - ’ o i n - c

c c - n - -n - m n , u h l v  t , n p n - t , n - e n - n - t ed i n  mn i n t e g e r  l o m m a t  . Bo c i lu - , o m n  v u l u u e - - - i  n - m n  i n - c ’

n - - - p m c - n - n - m.’n ’ c - d n - i s  n - n - n - n - c - g e - n -  i e ’r o s  n - ic - n d n - n - c c - s .  i n - i  cc t i n e - r  s i ’ u u . m ’ I n - m i s , c i i i

j f l t n - m n - t  i v , ’ u t  ‘ u - r n - n u t t y , -  d o n - n  n - v i c e  n - n - n o v  e x i s t .  A h n a r d w i r c -  u n i t  I - n  pc - n - n -  - r n-nc

‘ - i c - I i- n n t ~~ i c - n -  n - r n - m n s f m n n n - m mn--n - on  - n r t n - i v n--n- m n - f  I l o o t i n g  po i n t  n c n u m n - i b c - t  s mn -my n - n u n -  l i i  o b l u -

n - _ c n - - n m - e n - n -  m n - i g f i o t l y b o a n d l e  n - mn - n -  0 0 0 — n u r m m m e ’r I c ,-il m l u t - m  [ v i c e - S

I n !  i k ~’ pm u - n i s b n p r - - l n l e - m s , n-n -n - i n n - - n I i n s t a n c e s  n - n - f  i n n -  m vp-

n - n - - n m mpa n- i n - n i l  i n - v  m~n - t l  n e c -n i  n - u  b e’ In n - i n c h ed b y t I n e ’  t n - n - m o s l ,- n t o r . Th i s  i n - n

c - - n -  n- u n i v  t n - n - i , ’  i n  t I n . -  c m n - n - c ’  o f  n - c n u ’ n - n - o n c g u - s  b e i n g  Sec -m t n - n - n -  un-n i n - i n - c  i i n ’e nt

l o i n - s n - s  n i t  s p u - r ’ n - .  i i  p o u r  p - n o n e -  d c - v i c e ’ s  w i t h  I I m i t m - e I  processing 1 n n n W e ’ n -

Wh t’ti 00 n - u l t u ’ r n n , i t i n, c - b e n - mn - ut i S  n - u n r n - 1 i n -  u t i l e ’ , t i n t ’  t n - - m n - n  ~I n - u t n m n -  m u m s ’

i n i t i n - u t , -  n - h e ’  m p p n i p n  i l — u  I - m u m —  r c ’ e ’ mn - i ’ e ’ c  v p roc e dur e - n - -c. n- ’e~’, - c i m i , n ’ s I m e ’C i l l I v  ic - n

‘ I n c  - n ’ n- u s e  o f  un I n n - c - I  I i n- ’, u - m i t  dcv I ‘c-s , t lie r e - c e  lv lug ho-~n- n- r i co h  I he

s h i e - l d c - d  f r o m  , ‘ x t n - , m m c m n l  i n n - m n - v  c o n d i t i m m t s . Whe t h e r  t h e ’  n - i c - n e - s n - n - - m n  V u n -  i - n - r n  In- n -

d i s p a t c h  n - i s t m - n n d , m n n - 1  n n n e ’ o n s o o g e -  n - m n -  t I n t ’  t n a n s n t u i t t  Im ig  p r o c e s s  n - n t n t  rn- m n-n

i l  n i f  t i n e -  p m o b l u n m , on  b u n  ~i mst  i g n - n m i c e  n - h u e ’  o f f e n d i m i g n-n -n m ’ — n - s O g e , I t  I s n- n n - . u s ’u-~

t l e t  t t m c  I n n - , .  tn - n -m o slrm t u n
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P m m u h ! e m s  o f  O n - u c n -u Tm - m n - n  sI  n - u ’  I in - i

— - . -

I n c e -  m e n-~ t c -  c - mm ) c - I n — g a m i n- scn l o u t  I u c f i m-n- t i n  t n - n - i  - m n - n  rn -h i c - n - n - m s m c I  n - h m ‘ i ‘ - , n - n - u

1 n c  c i t  S i n - f l  c n - n - i r m n m n - n c , m t  m n - m e o m pn -n n- l b  I I  i c y .  A t r o m m i s l  i n - t m - n o  su f m e - n - n n - n - - n u n  - c m i ~ v

~n - , m  n - n ln - — h c~ u - n - n - v  i n  u - m n - n - n - c e n t  . li o n— I n - n a b  I I  i n - v  t a n  o v u t e n - n - n e -  o n n u n m n c ’  - - n - c n n - I  i n -  j m c m n s  o f

n u n -  - n- n y ~ mi - i t  v n c in s  . f l i C ’ - n - n - I n c  m b  I e - n - ns  i n - m n  un - mn l v  n u c  I n - u n - t i m - h  b y

j o t ,  H i , n - e ’ m n n - I ’,’ Wi j l t e ’ n - n  a pp l o n - . o n -  i 0mi ~~ s o f t w n - r m  r u i c i m i i c g  m n - n - n  t i n - u -  m p p m n n p m  i - i ’ ’-

n - i - - I  w ’ - r ~~ h o s t s .

-\n n - u p p l  I n - - m t  i o ns  p r - - i n - n- ann n - m ’ q e u i r  i n - n p  c u n u s c u , m l n - In - m n- o p m - e - n ’ i s i o n  i n n  n u n - n - l o g

n- n - ’ ’ ulin - i r - I c ’ t ype -s cnn -mci u n - ni l - a nni e- in - s n~ - q c u i n ’ ’ n - i c c - n n - t s  t o  i t s

c o m n - - - s p - m n - n n l e - n n - s .  D i f f i c u l t y  i n  r e s o l v i n g  r u ’ p n - e ’ s u - n t a t i - u n  p r n n b l e ’n - n - n n-n- - ‘ n - n v

~o c c - - n nn - m n n n u c n -  i - - m t  t o g  p r o c e s s e s n - m u  m e s m n r t  n - n m  n e -g o t  i - u t f o r —  n - n h  [F l ~~~~ i n- c_ _ n

comp f c ’ r c - - m b n - n - i c m d on m t ’ n-m t oh n - h u e ’  p n n m n - c - s n - -m i n g  n - - u s k  n - un -  boand . U t n h c - n - i s  - l

m ’ -  ‘ ‘ l y i n g  [ n - n m c e ’ o n s  c an  n - o n - n - n - h e - c  s t a n d  n - f c c -  t y p e  m n - i  d n -~ n- b e i n g  s e n t  t n  ~~~

st c n - n - - t , i m . j  i n t e - n - m e - n h i m n - e -  f o r m a t  ocu n d t m — n - m m —  t r a n s l a t o r s  - c c c -  i n - I  n - o , u  u5 e

n- b c e ’  Iv I nc - m c i  t i n e  d u n - n - n  i s  n - e ’ n ’ n u p n i zed , i n -  i s  s n - I  I I  i n - c - n - c ’ S c n - i n - V  n - n c

n - n c m o s i - I c - r  n - b c e ’  p o s s i b l e. - p t o h l em s  o h  i c c  , -n Ls I - m u o  . o c cn c l  t a r n - n - n - u n -

i ’l n n m p , u n -  i b I l  I t  y .
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I ’ !  b - k

I n -  u m i s t n n - n m  i ttu p i n - m n- n - I t  m cci  (~, n - m n s i n h u ’ m , m m  n - u n - n - n - - ,

n- y n - n - n i - n i - u n - n  n - i n -  1n - c n - s s f t i ’  s n - r m t m - g i m - s  t o n -  i m f l l n t - n n - m u - n - n ’ n - i t  i n n - n- m c I  h - u n - n - u

‘ r . m n - n s l n - n t - n n s  n - u  t h e ’S I 5~~ n - i e - - - n - h u n - n t - c m  c ’ t n - i m i s p n - O n - e n c  n - i c  n - H -  ~ c~ O n - u s c~ c~ i n n - n -

,~~ mn n- n - n n ’  i n - s e n - I f .  l i e n - n c  i o n n - n - u u c - n -~ i n n ’ I u n h u - n - l i e  i n n - c - m n - n a t  - n - e n i n n  n - -~- emn  nm -

n- n - a n s i - m n - m r  m d  m n - n -  li n n i s m s n - b i n - n t pc- n I n n - n m  m nn. - n - c s o o n - c - p r  -- - ‘ - n - n -  n- n-~ n - n - - I  ‘ f o e ’

- m d l i —  i m n m n , n l I n t - c  ri -sa n I n n- m c ’  f m u n n t i o n s  r e - q u i t - - n i  - n -  n- - i n - u ’ I n u n - s n -

e, • I I -H u n - rn - mt t c . m n s l  m l  i on  n - nc - m d c n n - I n c - n -  n - n - c c ’ s s n - m g e -  h i n d  I i c-mg n u c n c n -  i - i n s

n- c u - m n  5 . n - n - n ’ n n t  n I , mL m t o r i , c n -  t r a n s l m t  i n - ’ n , sun - n- c - s s f c m t  t I ~~n n n -~5~ n t ~~~5’ i . in  n - c f

o n - c f n- n - n , m n - ion  - u - t v - u - t n  n- n - n - n - u n --h  i n - i n ’ s  on - m c nm ’ t w o r k  m c q u i n - e - s  — n - n - m c i  m u - s s m p e -

- i ’ m - h f I n - u t ’  f u n m t i o n s .  P m - -  n c r - I c r i m i  w h i n - I m  th e S e -  f u u r n r t  i m c n n s m e l o n ’  h-

~m p p 1 i ’ h  t o  u i - i n -  n e - ’ ~s . m p c -  i - - i f i x - - I , n i m n n i  t b o i s  n c c I m - m  i o n  - h n - p i c e - -h n - n  F i g u n c - ‘c — f _

F ’ -  f - n I l n n - w m n - n i n -  m - m u h s u - c c  i n - i n s  h r  i c - f l y  m i e n - n - c c  m b a  c u b  e n i r m n t i - n - n  n - n n d  i t s

r e - I  n ’ t m c m n o n b m b p  t o  t I n e ’  m m p i - - n u e - o t  u t i o n  m c I  f o c m - u  n - r u i n - h i - n t  I e c c m . 



T r o m n s l - i n -  - n - n -  I t n p l e m n - m m n- m n - i n n  C n m m n - — f ~ t - - t  o ’ i - n - r n - s

h i 1~- [  l b  Ni -~ [WoK ~
T P \ \ H~ t I S S I -  C-; R E C E I ’ F

n, V
k U H n -- hAT F I . cW A N D  ERROR

P A N~~ L A T I i ) N  C ON [ROF ,

V V
N n- u~j Y I ’ 1 ’ h m n ~, M E S S A G E

R b - n-’e S S b n - I l i t i . Y

M I-H- SAC r. DECRYPT I n  n ’~
Dl ~Ak EM B LY

n, V
FLOW AN D ERROR F ORMAT

n~ ) N ’ I R O L  1 R n \ N N  LAT I n -  IN

V V
S. ItNI WORK b IcIS T
H n - \ N H M  I S S  I O N  RE CEPT I O N

A. M e ’ s s . n g e - t r a n s m i s s i o n  B . ‘~I c - s s . c g e  n - c - c e - p t  ion-i

F i g u r e  5 — 1 .

~e . l . f  n-’t - - s s . u g - -  p a c k c - t i z i - m g

Sine n - n r n m m n - n l c ; i n -  i o n n - n -  h i - n - w e - n - n  p r o c e s s or  n-n- m n-m v n - - o k , - t h e  I n - n - t i n  m n - f  v e ’c v

i n - u n - g e ’  mfl e ’ sn - - cage ’ c-n- ( u p  t n - n -  m i l l i o n s  o f  b i n - s  fc n - r f i l e  t r a m i s l m - n - )  , a g e m - m r  d o n - i l

of c o n _ s i d e - c . i t  I o n  h m u s  b _ n - c - n  it I v a n  to t i m e -  n - u n i v o m n n - n - u g e - s  o f  send  i n - m g l o n g  m e - s o n  m p e - s

u r i c  p o r t  i on  i t  on t ~‘tue - .  I n n -  d f o n t  i n g e i l s i m  h e n - w c ’~-o m e s sag e - n -- c m u d  p iec e s  n - n t

t tu u ’-n ’, m~’~-s , n- h u e ’  ‘ a r m  ‘‘ p a c k e t ’’ i s  u u n - , c ’ n i t o  n b c - s m ’ r i l - m e. - me s s a g e  f t  u p - c n n - n t  on

l i e ’  m e s s a g e - c ;  i r e -  t I n e  m m c m  o t  o f  o ’ o m m u m c ’m l c , n t  i n - n o h e n - w e - r n p 1 n - a e ’ s o n c’s , n - 1 n - c ’ s e ’

p.o r n -  n- i c e ’  l I m e -  em i t  ‘‘I n I , ~~ n - u t m n , m t  m o v e ’s  tin t . n u g lu n - l i e ’ c n i m m n m c o n i - - m n -  i m n

, c m b n u ~ t w - c
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r n - u n - n - s i n - i n - o n -  I m p  I n - m a n n - - u t  I o n  C o n - f d  n - n  n - n t  ions

The n - n o n -  l v . o I  log n- m i n i - c - n - n  n - m v e r p an ’ k e n -  n - n - i  z e -  i s  s u b n e ’  n - v  - n - n

pc - c fo r - n - n u n -- , - . The -tn n r c ’ n- n - a d - o tIs to be - e x . u n - n - n i mn e d .

i _ m n - g e -  p o c k e t s  b m . u v e -  n -i l owe- i p t o b , nb  I I  I t y  m c f  s m m m - c e - o n s f u l
t r a n s m i s s i o n  o v e r  an e r r o r — p r o n e -  t e l e p h o n e  l i n e -  ( and n - A i l s
d t ives  p~i ck e ’t  s i z e  down -n ) , win l i e  o v e r  I n - c - n i  c o n s id e r  a n - i o n s

i i n - mn - n- n-n p a c k e t s  h a v e  l o w e r p e r c e n t a g e  n i v m -rhe -ad i d r i v e -
p - u n - - k m - n -  S i z e ’  up .  [ ‘ C r o w n - h e n - n - >  p .  1 70 . 1

Cases  m n - - a n  h~- mn- id e  t n - n - n -  n - h e -  m n - p t  imum p ;u c k -  t s i  z - ’  i n  .m p a r t  ic c m l  i n -  - n - - ’ vu - r

an -n ,’ i r o nm e n n- t i m e ’  g o v e n - m l i n g  t n - m a n - n u n s  h av e  n - t i f f n - -n- - e n t  n- n - n . n n i f - - s n - ; m ’ i — n - n - n _s f - n -

l o ca l  n e tw o r k s  < F a r b e r ! , F r i s e r l  , Me’ n - c’alfc ’2 .’ thn - u n for -p e ’ np ’ r a p n - - i ,- u i  i v

n-I i st r  i hu t e d  n e - t w r c m  ~ n -- n < i ’l u - t c o l  f e  1 , Pou z  i n 2 >  . (An  u - s p e c  i i i  I v

- ‘x n - im i r m a t i n n  rn - f  t i m e -  i s n - n - c l c ’ S  t i n - n  packe t s w i n - c ’h i n g t i u ’t ~~~n - n - k s  ( i .e .

-‘n - r n A% }- - - c n - un - n  be lo u t - m d in < M u - n - c - a l  fi- I ‘ . ) I t  s eems  - vu - -- ‘-n -  , b u n -

n - g m r . .t l ess of  the  n e t w o r k , t he  I n -  -‘ig m e - o n - a t  tor i  o n - f  n - i t  l e n - n i - n - n- sun - r n - n e m e - s o n cg~ ’s i n- n - t n-)

j . m c k c ’ t  s i s  n e i n - e - n - s . n r  y .

F o g n u n - 5 — 1  i n d I c a t e - n - ,  t h n - i t o n l y  f u l l y n - e s s e m n h l e - n - l  n - n e - h _ s  m n n - ’~i Coi n

- o m n  h c ’ n - c ’ , n -  f n n - r m , u  t m a n s l a t i o n .  I n - ,  m n - i c - n -  n - m n -  make ’  n n - m c ’ s s m g e ’  f r n - n g m e n - ’ n t - c ’  1 m n - n  ‘ l n - c ’

S i n - n p f u - — r n i n i d . -nI  p o u r - i t  i - c u i n g  of  n - n - e n - n - s i g n ’s i n t o  c n - n - v c - c n i l I n - u c k i - t o n  o f  - 0  f l x - ~ l

i e ’n - n n - y ‘ n- , I n e -  Sem i - u t ft m m c m l  c - o n -  e n - f  t h o u ’  m e ’ n - c o n . u ; ’, e ’ ( C l n - m p t e ’ r 1 1 1 1  m u s t  r e’m .u i n

I r a n s p  i n - u - O n -  t o  n - b c e -  m i l sa s s e m b l y p r o c - u- n--on- . ‘rI-n e d e - s i c e -  t i n - n -  n-~ m i s

n - a n n - n - p a r c-c n n - - v  b m p m m s u ’ s  n - mn o r d e r  log on t h e  ~n- wn- m f u n c t i o n s  of  m e s s . n g e

p’~ic k - n -  I z n - m u g  m m mcl f o r m a t  t r i n n s !  n - u t  [ m e n .

- M I —



n- n - a n _ s i n - m n -n c r  I m i n i . n - n - c c n - m t a t  i o n  C o n s i - I ’ - m  e n - i o n s

n - m n  l i e - n -  t o n - n - i n  d i n - n - u  t r n i n s l n - m n -  i n - e n  c m  c n - e ’ s S n - c g i ’ f n - n g m c - n - m  -n- n - n m  he

n- r . l n n - n - n - ’ n - I t n - c c b  m ’ , cu se s  n - we ’ p r o b l e m s .  F t c - n - I , -1 n . m  r e I n - -n - n u t t i n g  n-,,n - f l l

l i k e ’ I v , h u t  e u n p r . -cl I c  tah i  v , c hange n - I m e ’ s ize ’ o n - I  n- Inn ’  I c c  - u I l - - n - m n -n- i n  , u

n - n -n e-n - -n - - i ’ ’ , l i m e  t i n i l y  m i — f e - m t  i n g  t i n e  p n - m u - k n ’ I j u n - p  mn ’n ’ i m o m o m i scn -n - n n n n - n d  l y ,  n - n o - h  a l s o  

l v , n - b i n  n - n - n - e sn--’ag a r~cn -~n-~ In- c split in t In e ’ n - n - m i d d l e’ n - I  - m - I n - u n - u  Item , o n i ’ ,n e ’ r e ’ l  n-

comp i i - m n - i n - u p  a ny  m e c h a n i s m  a t t e m p t i n g  to  n e - t n n n - n c n -  n - i n - a t  i t e ’ c n -  T h i s

n - i n n - n  n - n - n - i - i l f r a g m e n t a t i o n  of  d u n - i I n - c - n - m is n - m i _ s o  d i s c o u r - n g c ’s n- m u ,

n - c  - i n _ s la in- ion on - f  r n - i ’ m ’  ived i n f o t m u n - i t t o n  in -i an y  fci n- nn bun - i ’m t  1o y  u- n n- -n - s n - - ’ -n f n - l e d

n- nc -Ss :nge -s

5 . . _ ‘ Fl  - ,. and  - n - r n ’ n  n - i- n - c n n - n - e n -I

Si- n -pl y, flow n -n o n ’ n m n l  i s  n -h e  p m  n l m C55  n - c f  tn _ suiting n - l i n t  t i n - u

c ’ - n - m - i v ! o g  host  n - b i n - c ’ s  m u m u t i n n - s n ’  l n f m m m n - n - m , o t i o n  t n - m n - n - n - n -  I t _ s  u n - e ’ n d c ’ n-  - e n -  a n y  t i m - I n - m e ’

t o  t e n - o n -  h i g h  n- n r u n - c ’  e n - f  u b o n - n - m  t r a n s f e r .  M i s m n - m n - n - h e s  i n - I

s c - n n - m h e - r — n e ’ r e ’ i v e - t  p aui s ran resu lt i n  p a c k e t s  n o n - n -  i v i c i g  i t  t h c ’ m r

n - l a s t  i n - n - m t  t o n  f~~~s t e - t  than t I n u ’ y  i - n - i n -i I n - c  t n g e - n - n - n -ecI , n v n ’ n - w k o m ’ l m n i n g  n - O u -

t ’ -  . - i , ’ e ’ n  , and f o r c ing  p a c k e ’n - s  t i n -  be dl s c u m n h ed .

F ;n - c o l t  on-~~n t t o l  sni p e -nm c - m i e n--n - t in -c ’ n - ion - n - tn - n - n - i  e ’n - r ~t et vc n - inn-n- in n- n- in- .m ~ k~~- ’ s

i c - n -  w e - - n m  s u b n e t  vu r k mn -ode ’s , -such n - non p ;m n- I n -  y n - cnd  n - D e c ksum v a r  i f  [cat  m m m l  . f l u m ’se’

n--n- i n - p ie  t vpe s oc I c - n  n - u  r s - i n -  n- n - omm omon wI-u u - cm t i n - mn sm Itt trig en -v e’ r pen t en t t a l l  v tin - i i sn-

commun i c o n -  I on  I I m n e ’ s , -‘nod m u s t  he ’  h and  I n - e l  t o t , n l l y  n - i t  n - h u e -  s c m h u n e t w u r k I - ‘ n - c - I

I t - i n - l i e n  , u i  r e d  c o c c i  n - m I  de n -n - I s  w i n - h o  t i m e ’  p r o h l e - m s  - - I  I n - m o n t  un - n ~imip i I c — n t c
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t n - n - m n _ s i  n - c l i n t  lmn p I c ’ n - n m ’ m n ~~. m t  i n - n  ( ; m m m n n - , i d - - m  o n -  i - n - n n - n -

n - n - o n k c t s . P m ~~k -  n - s  n-n - n m v  m I u I n - m - . u n -  n u n -  d i s ’ - c o p p c - ’n n -  - - I n - h u e — n -  n - i s. a r ~~- s u n i  n-n - n u n  n - n - n c -

u c - n ’ k s n m n - ’ i  n - n m  P i t  it n m - n n - m ’ r s  ( d i s m - , m n n I m - n - I  b y t i m , ’ s u h n c - n  w n - n - n  k )  , n- m n -  ~n- :c n - n - m ’  r n i

1 k - n -  I c i , - m n n I e s m ’t  h u n - d y - c r c -  f n - u j l u u t c - .

lie n - n - I n -  - c n n - n c  . n c i o i  n - l e n -v  i n n - m i — n -  n- - I  m r  - - t n m o m c n -  I m m m c - , m e m u n u ’ n - n - u - n - I  ~~~
- 1 1 0

n - n n - n - , n - ’n n -~n - , n - n - n - I o f  n - 1 . m t o n  p . u kc ~ t s n - c n - ’ e n -  t h e ’  c n - ’ m n m u m c r  j m ’ n l u i m n n--n - - , n - n t n - nn c - I  *n - n - r ,~ - u s  - -

f n - i r m n - t i n n - m n - s  b u n d l e ‘ 1 n - e ’ F l o c k s  i n -f d ’ n t . m  - c u t  n - n - n - n - m m ’’ - i c , - t ~~ n ~ n m i , n - n - -  ‘

n - n - n u n - I c - S  — n - mod  mn - u n n - n - o n - i o n -  be ’  p c — n -  f n c r n n c - n I  n - m t  n - c l c , ’ n l  n - - t v , n- t i m e ’ i - t n - m - ,! t r u n - - _ t ’ ’ n -  mn - n ’

-n - n- -So i p e -  h i t s  mn - c o n s  t h e  s n i b n f l e - n- w u n n - i .’ - m m - m d  m m - - n - h u g e - p a -  kc ’ n- n - z i - n - p .

5 .  1.  1 F u n - - c  y p t  ~OO

As n - l i e ’  use n - c f  i n m m p c i n - - r s  t n - u i  t h e  - n - t o n - u p - - mod  n - n - m n - i n - n i p u l  i n -  i n - ~m n  - n -

c I : c - n - s i f i e d  ( m i l l t n - o r y )  , p r ) p r i e t . m c v  ( i n n - l i m o-n - n - n  i n - i l )  ;nnd - - i n - c i t I n - h - -n - n t i - m i

( p t ’ r s o n n - m l )  t n t - c n n - n - m n -  i o n  i m ’I c ’ n - c - ,u s e ’ s , t i m e  nc-e d fun me’n -ha nism n -n - f - n m  h m - n - u i t n - ’  n - I n t - c

fn ;m cid i 0 m g  - , l s o  l n - i c n - u - , u s c - s .  P a n t  i c e u l a n  l y  v m u i r n - c - n  m i n i ’ . ’ t o  b r ’ - m n- h es  - ‘I

i n f o r m a t i o n  S e - c o i n -  I n - y  n - i c e ’  n - t u e  c o m m u n i u - , m t  I o n s  pa n- hi s h e n - w e - e n  n - l i e n -  n - , n i l C ’ S  in- ’ -m

c o m p u t e r  n - n c - n - w o r k .  n - c t  t a n  n - h e - s e  pa n- I-m s mj-ny i c e - i n n - a n - — I n - t h i n -  o n - o n  v , m m c i  s- n- t h e m —

ph i - n - i c - i l  S e n d —  1 n - y  canno n h~ - n - o — c s u u r e ’ d . mm m c m  I - n o u n - n - z e n - I un - - a s - n -

t n t - - r n - a n - i o n  b e i n g  c u r —  i c - m i  In  m ’ o m m o i c n f i’ , m t  i n n s  l l m m k s  - , uc n be ’ n - h n w n - i r t c -n - I mn - -- ~~~~~~~~~

m - m n - m r y p n - I o n . Ti n e -  m n - m l e ’ n n -  o h  t h i s  sc a t  le o n is t m m  r e - l a t e ’  e n c r y p t i o n - n r n - n ‘nn-hen-

f l e ’ t i .~)n  n - n - u e - n - ,’ ,- i b t c ’  l n n - m n d l  I n - m g  f u n c ’ t t n n s , i n  p a n - n -  I c t u i n - m c  t n n t n - c m n t  n - t n - m o o n l i t  [ m n - n i .

i - i nn c yp t i o n  t e - u h n I q o i e - °  . m n c m l  o i n n - s n d c l n - m t ( ’ ( l  p r  . , t o e r o l  s n - m m ’ ni -m t n i b  sn - ’ c un- - m - - u e ’ n l , -‘mod I m u t

n - h o c - s e ’  n - I n , - c c- o u t e r  1’n - c a l u - r n -  aol t o  -1< - m t -
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T n- m u m n s i  c n - n - n - n Icn p l n - - m e - c i t - o n -  i o n - n  Pi n - m n - si n - ic -n - - n t irons

! ‘ l c - - -o-n - c g c -  c- n - n - - n- ypt m cm i coin he br oke-ri up i n n - n - c  n- vu- s e p o m r m ’  - -  c , i t n ’ c ’, n - m r i - - s .

F i r ~ - n - is n - h , - c - n - i n - m d  i mm g o f  n - I c - -  c l a n - n - n  f l c ’l cj ( F i p i m m e ’  i — )  o f  n - ,  m e - s - n - n - m n - n - - .

In - i n - o n  I l o l l  n n n n - . u  in - m s n - b u n - ’  t n f n u r m n - m t i o n  n - b o a  se nd ing p n r m n e - o i - n -  i s  n- r v m n - n n - n -  n - - n -

mn - c — i - - n - i n - n -- n- n - - n - c - r n n - n- - c - i v l n g  p r o c e s s .  Presum ably , n - h uts w- m - o i d  n - n - u -  t i n e ’

pn  i n n - m n - v  t n - m r -ge - n- f i n - n umi m u t i m o n  I zed  i cu e- ,ss. The on - he r c - a n - u - g o t  n , j_ s li e’

u - m n - c r y p t  i n - n - mi  o f  n - h e ’ p n - i r k e ’ n- a m n - n - i t n - o l  i n f n m n n - m n - m n -  i o n  n - b i . m n -  must - m cn ’omln- n n- n - ’ t i n - - -  d . m c

u s  i n -  t n - u n - c - n - s n - s  t i m e  n e t w , r u n - k .  I m c e . c j s c n -~l y w b o , i t  i n f o n - u n o u t i - n - n  i t l u i s t  h i -  p n - m s s c - d

-n- f  t i n  n - b c e -  t e x t  o f  a mess u g e  -‘mod h o w  i n -  mn -m v be em iu n - r y p t u -i l  t n - n -  a g i n - n e ~ . - t w - - t k

is  p a r t l y  de- p e n d e - m i n -  on -n t i m e -  l m p l m - n -n - n - m ’ n - m l m t  i o n  n u t  n - c f  n - I n c  n- n - n - n - n ’ n -n - m u n i m n - i o n s

su h o e ’ n - n -~ n - c r k .  The’ p r n - n t e - c r  i o n  o n - f  n - I n - - m n -  i c n - f n n - r m n - i n - i o n  i s  m n u n - n- m n n - f l n - - i I i ,n ’ m ’ n - t  ° i c ’ t m .

T h i s  s e - r n - i n - n - n  i s  n m n l v  n- - m m m n n - - e’tc ie n - d  w I t h  n - b u n -  c ’n c t v p t  io n  m n - f  t i n - n -  n - i ’ m  u i-il n - , - x n -  n - n - f

- - ‘n - n - c - s  s o i g n - ’

I’ t u , t u ’ n - t l o n  m o d u l e s  n - b i n - i t p n - - r i n u r n n - n -  d i n - - u  e ’ n a r v i c t i n n n / d m - n- - n y p n - i o n  i n c e s t  he ’

m r  n - h e -  h - v t - i  f o l l o w i n g  f o r m a t  t r n - m c m s i a t  i o n  I c o n  i n i l n m c m n - n t i o n  t r o i f l s n n -l -n- -n - I m n - n

and c o n v e r s e l y t i m e -  l u - v o l  h c ’ f c t e  f i n - r n - i n - m t  tn - a ns i n-o r ion I o n -  I n - i f m e t .n-n i t  i n n - o n

n - u  p t i O f l .

W i  t h u  r e sp e c t  n - m m  I u m n c n -  l c c o m n - i l  i t y ,  p t c m l o ’ u n -  l i o n -  cnodu l  CS O l e -

n - m n d u s n - r  o l i n - i c - n t  t n - n -  be h e - l o w  t i m e ’  p o r n -  b o n n o n - ti m e -  u— mn - u nim u m n io ’ - i t ju n - r n

sv- n- t n - -mn thin - i t e n g a g e - s  1mm syn t n - i n -  t in -  pt  m u m ’ e’ on- n--c I ng on - f n - n e - s n - n - n - u g e -
c or n -n- ‘ ‘ n - m n - u  - . .W i n - h  r e s p e c t  to n u n m i  pu n -  In - ru m t i m e ’  h os t  encr  ypt  i n - m o n
u a n  1 ’ , -  p m - i  f u n m u ’ n - l  onl y ; i f t u - r  s e m i - Fm r n - , g m n _ s f n m n - m n - mt i o n s  ms
dev o n  u — s p e c I t  I n ’ code -  c o n v e - c  n - n - i o n , vim i t  c- — s i n - n - m n - c ’
o pn- t m j z n n - t I o n  , and I n - ucn - ni ,i t t In g  . W i t h  m e - s p e c - n -  t o n -  I m i p r i n -  I n - -

th e n -  hos t  , messa ges m u _ s n -  F m . - n - i c ’c - l p b m c - m  c ’ i  h e - I n u r e  such-
r ,’n n s f o r r m n e t  j n c n s  n - mn - - c  n - , i m n e u c m  i n - u i  ti n - m t  l n - c m n , b m ‘ u k  c h , m r . m n - n - u ’ r

— n-~~• —
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Tn - u n - m n --, i n - u t m n - r  I m n p l - - n - n e ’ m m r u t l m n - n  P m m u o s I - I u ’ r n - i n -  i - c n n - s

o l I n - c n n - iOn , e ’r a sc’ — k i i l  p n o c u - s s i m u g , I n - a n s l m n -  i n u c i , ‘- sn - - u p - -
‘-n - n q m m e n - - n c e ’  p n - m n - m- e - s s ln g , ch,i n c n - t e u r c c - i n n i n g , n -mod l u i g he pc in - cr i n -,

rmn e ’ss-cg - t e c o g c l t  i n - n - m i can be’ per tin - tn - n e -cl . [<Re mi t - p. e n - 5~ i

A t n - m t m , i n -  t r n n s l n - n t n c n -  m u s t  n - C u e - i n - r n-’ o u n e m i c-odc ’d m e s sag e-  t e x t  i n - i  u n - N m - n -  I - n -

p c - n -  n - n - u n - n - n -  t i m e -  s e - m n - u n - m n - i c -  a n a l y s i s  n e - c e s s o u n - y  f u n -  d n - m n - - m  n - e n - I n - r n - n - n - t i - inn - .

m n - n w , - - ,- ‘ - n - , , i  n - n - n - c -- - h a n i sm  f u n -  massage pa rke -ti z in g  m con - n -t onl y b e’ ab I n - . - t o

- n - n - m or n - n -  and  p a t  t i n - i o n  t h e -  b i n - _ s  in  t I - i n - ’  d a n - a  f i e l d  o f  a m e s s - u g e - . I n -  n- n - u - e d  n o n -

n- n - m v , - - m n - -c  ess n- n - n -  n - h a n -  l i e - I d  i n  I t s  mi n e -nc  r Vp n - a d  f o r m  . Si rn i i  a r I y , I !  n - n - I

n - n -  n - n - n -  c - m n - o n - n - n - I  f c m r n c n -  i n - i n s  r e ’ q o u m r c -  , u c c e ’ss on l y n - on -  t h e  u n c -n c ’ o d e d  i c e -  c - I - - n -  i n n - h

n - n - c u e-n - f i e l d s  o h  p i c k e t s .  F i g u n - c - 5 — I  d e p i c t s  t b -  f e u n c t  n- m n - n - i !  h e - v o l

n - n - f -ne Ss .mcn- e~ I m a m m d l tr ig i p p n - o p ’  l a t e -  t ( n r  n - u n - ’  m n - m n - n - n -  y p t  i n - n - n - n - p r o c e s s .

5 .  I m p ! er— c o t m n - i o n  c f  m m n - s s n - n g m n -n- p r o c e s s i ng  f u n r n -  i n n - c i s

in - i c c  u ~m r  c . t w n c s c h o o l s  o f  t h c ug h t  on t h e  im p l n -n - n - n - n n- m n t  - o n -  i o m m  of  n - n c ’ s s n - n g e

h m mn di ung f u n c t i o n s . lion-tim pbi l m -si n - plile s v i c -w en --nc - lu m oe- n- work s i t e -  n - non b i n - n v  i n - n - u n -  ~-n

m o s t  p r o c e s s i o n -  m - n c m u c n e - c  n - c - n i  t i c  m s i u b n e t w o e n -  k m m e m d e _  S i m p l y o n n - a n - u’d , mc t n . on i d c-

i n - g n u ’ s  n - h it n - i l l  m c - s s n - m g c -  p m m e c - u ’ s s i m m g  s i m o u l n - l  h e’ n - n - o n - i o n i c  m n - u - c i t  I n - u  n - n - n i

n- c r n - m n - l I i c m  i c - m t  i o n s  s c l h n ( ’t ’,,’ o ) r k .  ‘Flue - o n - h e r  , u m p n - n n c ’ n - - m  n - m i t  - c l i  m e s s - e o n - , -

c t O m . ’S’-. t ’ m >’ s h m o m i i n-I i n , -  r m r m s p n - e n - e ’ c m n -  I n - n  n - I - m e ’  h c c s t _ s  . n-’\o -~ n - n n e’s mol t • n c - n -  w c m n -  k o -  h av e ’

n -mp p e ’n - i  n - - m l  n - I n n - n t n - u - t  i c - n - n -  l i m i t  I n -  p hu 0 1 oso p h in ’ s  - Mu - t n - m i t e ’  1 , Me- I c m  I f  a 2 , Ic on no , ’ in - n: ! -

l b ’ c -  pm In -nc I p l a  n n - t m.’ m m u l n - m g e  t o  cc - c  l o u t m i n g  i i  I m f l c ’ b m 4 , m g e ’  p m  n - n - c e - s n - n - t r i g

m m c m  n - m t  l o r i s i n  n - l u ’ ’  h o st  E s  h oc’ u; Inmm p i I t  i c - i t  1cm o f  t ime ’  semh m m e t w o r k  m n - i n - n - j o - .
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Tn - m n - m m - c l a n - m n - n  J r n I n I c - n n c ’ n t u n -  i n - m e n  u~n - n n c n- i - I - - n- n - u n -  i n n e i s

Rn n -n - co n - n- n  i n - m g  umn v h o s t — s p e c - i l  i n -  l e n i n - r n - i o n s  I n - e n - r n  t i m e - s u b - n - n - i - i  w m n n -~~: I c - n _- i - I  m n - n - m i t _ s  ‘ - m n - - h

o n n m h n e ’n - w n - n - r k  m i m n - n - i e ’  t i n -  Fm e ’ x , n c t F y  l i k e .’ u n - n i t  v i n n - i n - u - n - .  ‘ I ’ i n I s  i l e u p l i - i t  i n n - n

n - - nm n - i  i t O t m ’-O s n o i n n - n - m - n -  w n n n - k  m n - i i n t e - n ,- l c n c u - n- m u - m d  - - c n - i m n - u n n- m - n - n -m e ’ m i n- . P n m l m a p s  r u -

in - n i _ - n- n- u n - n -  t I v b i n -  ~ ‘u - . c - m , I~ inn - i t  i cig n - I n - u  - ui oh n e ’  n - w e n t  k I in - n -  - t i on  t i n -  n - l u - i  ‘ n - t i n m c n -  i n -  on

o n - i - n c r - m n - ’ - l v  t i n -  i l l - n - i n - n - s  n - b n e -  l o t c - n - n o n - n c n c - c t  in - n - mi o u t  l I m o  s u h m c u - n - w n - n -~~ s o c t  i N t e r n - - n - n-

ne ’t *’ n- n k s . TI-n e ’ i n c o r p o n - u n - i u n - o  o f  t i m - n - w o n - k  s p e c i f i c  p n - n - o t n - m c i c l  on i n n - - n -  n - i n n -

s u h m m a t w e m c  in - un - od e s  c n e c n - ’ s s a r i l v  cn n - m p i ic t n - - s t i n - a  me c h a n i s m  n- - u n -  n u n-n e o n

‘n - a s s - u n - n - n -  on h - n - v  n- n- s c n h r i e n -~~ ) n - k s , T h i s  n - c o i n - e i g h t  is ex p r e - s se ’c l  n - I  m n c n g l y i n

a p ap e r  - m b - n - n - n t  C l G A 1 ! -~, t ime soj b ri c’ t w n u r  -i fc n - n- I n - u n -  CYC L,A I)ES p a r k ~- t sn -- t c h  i n g

nc-n - wo n - , .

I n- i s  c - I c - - u t  n - n - c o n -  n - I c e -  C I u ; A I i - :  t r a n s p a n - e ’ n m -y i s  i t s  cn n -u j n - n -  t n - o n - c - np
t n - u  p r — mv id e  n-u 1- u ’mm ’n c imn -  [c a t  i on so n -v  ice  h u t  wc - u n- n - n -  cx i-n - n- i n - m g
onys n - c-no n . Au— v n-odd i t  l o n o m i w e -  I l — w i  s i t  i n g  fucic t i n n - n  t led  w i t h
t h e  c ’ x n - e r n - c u l  w c o r l d  is  l i k u - l y  n - n c  h e  i n c o m p . c t  i b l e ’  a n d

n - l e n - n  I n c - m i t - n i  t n - u c go -n d — c e - n - v i c e ’ , in  p o i n t  m u l c t
n- m n - r n n -n - m n c m u  t c  c t  Ion -n -s n e -n -wo n- ks  s t u d d e d  wi n - h at  I s o n - V t  S of  h a l  I s
- m d  c h i m e - s  w i l l  n - -nd up  ms  one  o f  -i k i n d  m n - c - n -  ~~o c ks , unable’ t n - n
c omm oi m m i c - a n -  c~ , un I n - s o n  n - mn n-n d hoc k 1 ud g c - h i c o n- c - n - p o s e - m i  s un -  n- n u
, t c c n - y  - i t  l a s t  e x c i n c in g e  p~’mc k e n - s .  [ < P ou z  I n 2 >  p .  1 5 9 . 1

n - \ n n - - n - n -  h u e - n  - m r g e i m an n t O n -  p an  f o r m i n g  a l l  m e s s a g e ’  bin - n -mid 1 i n g  t o m - n c - n -  I n n - n - O S  i n - u  n - n - m e-

n- n i - S n -  i — n -  h n -n - s e - d  m c ci d n - m t  - c  s n - -n - n - it  I t y .  l u - n -  f n o r m  i nn - n - n -  e ’c n c r  yp t  i cn - n n -n - nd o l e ’ o t  n -’ pt u n -mi  i n

- n - u - net wo n - in- t i en n--, t~ I s  t i e - c m - s u i t  y i on -  I n n - - c o m m  e’ t i n - a t  oem e m un - e ’ n e n n n l c - d  n - i n - m n- n - i m n - a c - u i

c n - v ’ - n -  c ’ , i V - l i n e -  h o s t .  Time - t m p c ) r t a o c e -  rut t h i s  m’ m ) m i s o-Iet:i t ion , I-m ow- - n n- • i s

m i n i - m n -  l i - n - I  I I  t i m e  1 n - a n - d w n - m r  e’ pc-c h u n - n - n i  u n - m g  n n e s s n - m g e  p r - m e s sin g  i s  c m c o n s i d e - c  c - n - I  ten-

lu ’ m u - r e l y  n - in  e - x l e ’n s i o o  n I  t i m e -  h o s t  p r i c e - s n - m r  , as  w ou l d  he n - u m m I / i n

c - h u a m n - n t ’ l  , f n - m c  u -x ;n rn p l e .  l i c e ’  c o m m i t  n - m d  t i n e  n - n - n - e - n c n - n - , u e - c’ p r - m u - u - s n - n - n c r  c , m e n  Fm-
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! m a n s i n - n - n - n - n - r  Im p l u n- n - n - m - n - m n - n - m n - i n - u n - n  Co on - -n - i I n - t o m  i n n s

p im v— n - i c - - u i  l v  n - I n n - s e - , - n i - m d  so n t i n e - v  i o n - i n - h o e comn n o n im c o i c - c t  i o n s  l i n k  c - - n -  w n- n - n - m e n - u

‘ - - on  e c m j i u v  t i m e  S n - m n - n - n e -  l a n ,’ e ’I n n f  p h y s i c~ n l  s m - n - n-o r i t y .

T i n e - n e  - u r e  n - u l s c u  two - o r g n - n c n e m n t s  I o n -  p en  I o n - n - n - n  i n - m g  t ine ’  me son i c y -  n - n - m n -m u l l log

t u n i c - n -  i n - n - n - n o n  n- n- t h e -  s r m h n e t w o r k  I c - v e t .  F i n - s t  i s  n - h o t  r e g a r d l e s s  i n - f t n - m m -  h e - sn-

involved , t h e  n n - n - c - s s n - i g c -  p r i n - c a s s l n g  o p e n - a t  I o n - o s  n - i r e  e- s seci l l i l l y t i n - u -  s - o n - n e -  f - u n -

u - o n - v  s i n - u ’  i n  a o n - n - t w o c k .  A p r o g r n - i m m n - u h l e  suh m i c n - w c c r k  c - m e n - n - Ic o n - a n  1 m m -  c o u s t n - n - m i , n - - - n - I

n - u n - i  c - - u n - h  host , wh o lit’ thi n-’ b u l k  c t  t I m e -  s o f t w a r e -  c a n  h e ’ ~~ i t t - n - n - n - u n - n -, n- [me

I n n -  a s i n g l e -  l a n g u i n - m i n - .- r n n - m p i l c - d  I n - c r  t i n e  n o d e - s .  T h i s  c i  1 m m - n - u n - e s  n- n- n - - -  n n - n - u I

n - o n  n - u - n - I ’  v - - I n - u p  f l u - n -n - S n - m g i -  b and  1 ing  c o u r t  i n - n - a s  n - u n -  u - n - - c r y  n - n - u - n -I . I t  n - n - I s o  n - n - n -  e n - O n- ly

-n i -n-m p l  i t ic ’s n- n - - - , m ! n - l  i n - j o n  n - n - f  n -u n ew  b i n - n - n - it to  t i n e  n e t w o n -  I-

Ti m e’ sen - - u n - n d - o m g u m e n ! i~~ t n - m n - m t  k m - u - j u ng n e - n - w o n - cc r n - l a n - o n - I  f o m n - n c t  i - n - c o o n  O e m —

n - n -  t h e  I - m o s t  m i n i m i z e - s  t i n e -  I m p - m n - - n -  i n c - l u _ si n - u n  i n  m m e n - c - n - v - n - k  m a ’ -- u o , m m , e n- n - n - n  ,n

s o : n - wn-n - n-~ - —n - v s n - c - n - r c . T h i s  f n - m c j l j t m t e ’ s  t i m e ’  use o f  t i m e -  n e ’ t w o t i ’  F m ’,’ m O m — o n - S  n-i n-

:n - - n - n - u l l c n - i o n s  w i t h  n - - i n - b c e - n -  l i m i t e d  s v s t e - m  u x 1 n - c n - n - i n-ce ~ , n- u n -  l i m i ’ .- n - I

p c n - n m - e ’ o n s i n g  l i v e  n - m r  f l e ’ x  l b  i i  i ty .

-~ I u n - n - n -  n u n - n -  S t b n  c n - m r  g e r n i e - m m  n - s  seem in - r e m  m m m c  11 n -n b N- , n-i c n m 1 i n -  urn I on e n - h a n -

‘-i c - u - n - n - m s I n - n -  h e -  n-n n , i t  uc  n - mi n-omen - u - lu_ stan n - c u n - i n - n - -  m u — c i t  t o c V e ’n  n-n- n-’ b n - , c s  i n - i - n - i l  -m m c c c ‘ - u- n - I -cl

- ‘ t e n - c n - n l n g ’ . Disc u s s i o n  n - n - n -  d u n - c -  I-i nn s n c’n - otc ’r &’ d en - mn t i n - c m m  n - j r  i o n - n - i - m g  n- n t

u m m n n - - t f n u f l -  b~ - t  we-e n a s u b n - i e ’ n -  w o r k  m oot ’ - m n m i  - m  i o m m s t  — r e ’ s  i n - i c - n - n - I  nn - ’ t ’~ c t k

n c - c i t r o I  p r - o n - n - t rim ( N t 1’ n- . P t c u v l n l t cmg ~u on e - p a I n - u n - c ’  k m o ~ m c t w n - u t e ’  l e ej e ’i en - x p t en --~~~l~~ 
en - n - i n -

n - n - o c ’S n - n -.mg ’’ pr  c c c ’ ss l n g  I s  i c - n - n - p o d _ s l y ’- t o n -  h o n - i n  s m n - i e s  o mf t i m e -  cc gmlrne -nt . F ’ i g u m  a

— I-t i  -
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l u i m m o n l n - t i m n  l m nn -i u l - n - n i u - n - c n -  - o n -  ic — c o Conn -- c i I c - e m i t  j e f i n S

n - _ ,C 
~‘p ~~c - n - _ s  n - n - min im .u n- ’ o m n - n - f i g n - u c . u t  i n - u n .  flue’ . i n - l n I i t i n - c n , u l  n- n- n n d w i c e -  c~~ - n - u I n - l  I - m o s t

- m f n m  - n - - i n -  I n - , m n - nn - -n -I n - n tm n -n , m e ’ s s n - i g e -  p o nu ’  - n - i - I  i zc ’r  . I I n - o w  u o i ol i - n - n - n u n  o n - u n - n t n - m e l

n-r n - ‘n - i c  i I i ’s - i c md , n-~ c - - mm n - c  - qu n r i’d , - m i n - n - n - n - n - c - c’ t i o n  n-n u n - n - l u j l  n- f c c

e ’F io ’ r  \ ‘ 1 i t  i - n- t i , n - l . n -  V p t  j o i n .

\ —— — — —— — —
\ I  I
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N O D E  ~1ESSAr,E HOST
PROCESSOR

I~Ei’mtC AT g1) Mi - i s~;M~g loCFssni~

FI GURE 5—2.

l i m n - -  i n - n - t n - o m o l m m n ’ n - i o n  o n !  m ‘‘ m e - n-n - s age’  p n u c o - n - - s s c n - t ’’ does  mi m i m e - n - n - - I n - c  I n- u . -

n - n - - n -  won ~ f u m n c t i o m m s  t n - n - t a l ly t r a o s p — i n - n - ’ n - it to )  n - i c c -  p m n - n - n c ’ — n - n - ; l n g  s v n - m r o m o n  n - O n -  n - i n - i ’

- - n- - n - w o r k  b o o n - s n - s .  Each hos t  m en - st  s n - i l l  ex m ’h e i n g e -  n-I n - m t - n -  - i , ’so r h j n - t  jon -n

l n f n - n - n - n - n , u t f n n - n  w i n - i n  i n - s  ; u n - - i s o c c l n - o t c - o l  t u c n - m n - u n- t r n - n o i s l a t n - m t  ( C b m n p t c - c  I I I ) . T h i s

i n - mo p -u - i n - m u  t h e  h o s t  sy s t em  c- m o t i o n -  be .’ n - m v o i d c ’ m l  . I-j o n-, . n - m- v m - r  , w i t i m m l  I - - n - i - u n

-n -n - o s s . m n - ’, u ’ p n n n - o - c’ s s ln g  b e - j o g  i n - c - n  I u n - n - c n e d  n - m t  m se -pa t m n - c -  le v el , t i n e ’  N S

r e q u i r e d  n - - m m he ’  r e l a t i v e l y  s m a l l .  An -u e m  r e - q u i t  l og  t u n  t i m e r

lo v e - s t  t g - n t i o n  i s  h o w  e l a n - n - u  c I t - n - - n - n - r i p t I o n  can  h e _ s t  be ’ supp o r n -ed  I n -v  n - in

e - x  i - - i l in - m g host  s y s tem . (~~ u ’ u -  s ect  ion 5. 1. )
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m a n s i , e n - n - n - n -  [m p l e ’meen - n- n - o t i c i n ( m u n - n - n - ; j - ! u - m  i t  I n - n u n - s

T h u  s n m t n - c m e - n - w c m n k nc d . ’ , - ‘ ci n -h i ’  i n - n - h i t - n- l m n - u n d  , r n - ui  he t ur n - un - t i - n - n a l  l v

I In i n - e d  n - u n -  s c u p p o c  t i n g  h i  n - — p a s s  in g  p r o t o c o l s .  Tim is  n- c - q o u i  n - n - - - n - n - n - u

m n - n - n - I  — S I n - e m i f  m c -  b I n - n - n - m i e n -  I o n  and  sic c - i c - in s n - c h n e t w n - n r k  node’ caon hn-’

n - mi ’ n - n -  c im .o ’ ccn- n - i n - n -  l e n -  wI l b  u - n - n - c - i  y o n - t h e n  • ~u mc - h n - i e i n n - d e ’  has  n - i l  n - u - n - c u t  y h u c u n-

-~- u , : n - . -~~n - c -m I  I n - n - n- n - n - n u n -n - m e ’  I n c - i l  r u e t w e c r k s  < M i n - c k~- m p e t r I s ~~.

Wn- n - I l e  r n - n - n - n -  a l l  i f  t h e  h a r d w n - m n - c -  and  s o f t w ar e  - u n -  t h e  a d d i n -  j n - n-~~ n i l

- “-‘ e n -  c - n - in  be s t a n d a r d iz e d  I n - n - n -  a l l  n n - e ’ t w o r k  h o s t s ,  i n -  rn -n y he  p o s s i b l e  t m

i n-rn- i n- Su n- s t — d e p e n d e n t  i n f o r m a t i o n  to t i n e -  d a t a  t n - a n _ s i a n - u t .  I n -  i s  t i n - - ’

i i f ~~c - r & - n c e s  i n  t h e  d a n - n - u  n - e r c - p n - e s i ’ n t ; m t I n n s  c-of t h c  h o s t s  t i u , m t t n - n - n - c -

n- n - u - n - n --n- m g . - I - m i n d  I i ng  f u n c t i o n s  to be spec  [ f i n - ’  n - u n -  t i m e  b m n n - s t  w~ n - h  wI-c i c - h  n - m n - u  v i n - c -

n - i o n --m n - c c  j u n - e d .  f lm e’se  u n - c  t i m e -  S i n - n - c c -  d i f f u ’ r c - c n c e - s  t h a t  o e - c - e ’ s s i t -~~~c - n- i

ne - I w e - n -  k — w i n - I c’ d a n - a  n- r an s I  u t  i on  s cheme  i n  t i m e  f i n - s t  p i n - m n - ~~~- . Tin -c

- b i s c u n o n s t o n s  on o l m t - u  des i - n - i pt  I n n  (C ’rn r m p n - u - r  I l l )  m n - o n - I  on d : m n -  u

p :t n - c i s i o m i  and i nc om p~i t i b i I t ty  ( c i u m~n - t  e n -  IV ) u n m d e ’ t s n - - n- n - t  c n - S i _ s  n - n , ’ ’ . t o r

n - n -  u m i s i  n - O r  C n - n m - , t - - n - n - l i m i t i o n .

S i m p l i f y i n g  n - i c c -  suh mn - e ’ n- wen t k n n d e -  b y sc -p a r  m l  t c ig  t i n e ’  n - n u - s s o c ’u ’

I - m a n n - !  I i ng f u n c  n- j u n - e m s  I n c - n - r n  i t  sa t  i s~~i es n - mn - i t  n - n - t i m e - n t t i n - n -  n -n ov F c c i ’, — ii  I

op e - e - c n -  I o ns  i n t o  t I - m n - n -  h o s t .  M uu v  l i -mg , m l  1 h o n -t  n-i c ’ n - i n - n l j m i e u m  of o p e n - m t  i n - m n _ s  n - n - u t  ‘ n - n -

- n- ‘ l i ’ ’ S t  rind i n t o  e a on - n o r  - i t  m n - n o d u l e  - r l i - u  n- u _ _ in n- hi’ n - n o n - S I  I V

sn - c n n - d u n - n b  l / e -i , i s  r e s p o n s i v e  t n - n -  t i m e  n - m r g m u m n - m - - n - c t s  f u n  m o v i n g  t i n e - s e ’

I u r n -  ‘ n -  j n - m~~s I n - n - n - n - n -  t i m e  - s u h e n e ’  n-cc - c k n o - c o l e -

— s n  —

- -  - 
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%~~~~
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T n - , a n s l  - i n -  o n -  im p l u - n - ’ n - u - m m l - o t  I n - n - n - n  C n n - n _ s i - i - - c  m n - i - n - e n -s

I Suppomni t n - n - mn - d a t  n- u d en - n - m r i pt j o-mn in t b m n -  I-mon -n -n-

It , n - n o n  s u o g g n ’ o n t  c - n - I  i n - n  — ‘ ‘ n - n -  i o n  5 . 2 , h u m  m a )  ccc  i t ~; of  n - b i n -  r n e ’ ’ n - n - - i . o g o -

i n - i n -n - oi l m n - n g  f u n c t i o n s  n - u n - c -  p er  n - m n - rn-n c-cl in  -n s e - p a n - - o n - n - -  on e ’n - -n - s og e - p m n - n c ’S n - i m i n -  , ‘ n - - n - n- - u

h o s t  ‘ n - c - u - n-i o n ly  b e ’ a b l e -  t n - n -  n- n i u n ’ ~ - m e ’ s _ s a g e _ s  in - i c - k  n -mcI f o r — i n  h i - n - v u - n- - u  n- n- ic-

n n - e - n -  v ’ n n -  k — u u s  i ng pr O c - c SSe-S it  su ppm t n - s  mind t i n - c -  n - n e s s - u n - n -c pn Ou - c’SSon - . In

p a n - t i c - m o l a r , a h os t— ne-si de ’nt n e - l y on - k c’ onn - n - o l pn-ogn -an i ( ‘-~u~~n-’ n- m u s t

o n - n - t e n -  f n - m n e- n n-m n - p l i c n - m n- i o n s  j n - r  n - n - g r ain s w i n - h o  t i nc -  f o r m a t  t r - c n n - - n - l n - i t o n -

~ c - -  t i o m n -  1. 1 d i s c u s s em i  m e t h o d s  of  p a s s i n g  m I - O n - n - i  d e sc  r i Pt  i o n  h . n -  we-e n-i

- - u n - rn - m n - n -un I c - n - n -  in g  n - rm o x l u n - n - e s .  n - n -rn - u ’ m n - f  t h e - - two m e c h a m i  i sm s  ol e_ sc - n- ih e d  i cn- v c - c t n - c - d  n-n-

p r o - m n - n -  m n - n - g e -cu e -n t  o f  t ine ’  sen-ce u n - t i c  m c ’ a m i i n g  of  u b i t  st n - e a r n  in -v  ‘ t n - l i n t

n n - , c - n n -  i n - m n- i on  o n - n -  b y s y s t e m  d e s i g n .  T im e mu t i n e - n -  was m d i n -  - c i n -  am n- m n - n - R i n g

n- , — n - n -  m m iii n - n - h i s  w i - n -  s n - i n - n - n - nm n-i t  i - u i  on - n -  t h e  m o n - n - e n -  f l e x i b l e ’  u n - f  t b co  n- nw’ i n  - n

g e - m n - u - n -  - m l  p u n -  j n - m m n - ; o ’  p n - O c c - s s  i n - c n n -  c ’ni V i n - n o n e - o n -

An m - n p o r t r i n t  n ’ c u e n s i d c - c . c I  i o n  i s  t t u m -  e f f ec t  t i u -  imi n - p l o r n u - n - c t a t  t on  o f  ;i n - I o n - n - n -

t a g g i n g  so - I n - c - rn - me-  v ’ n - n - u I - l  I - n a v e  on n - h ’ ’  l i o n - s n -  m m p a n a t  i o g  s y s t e m  and cos , n

n - n u rn-i n - n - o i n j t y .  n - ’ l b n m i m i / i n g  n - b u m -  I mp a c t on a c o n - n r n c m n i l t y  j n n - I n i n g  a u - c u - n - w o n - k

T n - , n~~ c S  t h e -  net~~ e r l ’  n - i o m m u n n e  a n - n  c n - i c t l v u -  r ( ’ _ s o U e n - c e ’ . In l i n e ’  w i n - i c  n - i n - i s

p h i  loso ph v , n -u m e - u - h - o n  I _ s m I o n - i s  b c e - e m  n- - n- e i n - c, g n - - s t  ‘ni n - n f i c  i i  i t  n t a  n - h e ’

n- nim~u I n - - m n n ’ c i t : m n -  l i n e n  c c !  n - i n - i n- n - i c b o ’ s n ’ r i pt  i - u n n - i c c  u c u g h t a g g  i n - n - n - n -  hc’ t w e - u - n  i m o c m - n - t c c c i i

f o r - c n n - u t  t r a n s i t n - n t .

— —

. , ~~~~~~~



Tn O m n S i  - c ’ c n n -  l c n p i m - n - - n - ’ - u u n - - c t  i o n - n  C c m i s l - l e -c n - i n -  i - - i c o n

I n t e r  i c e  n- uo ’OsS c onem n - ’ nn m n - n Ic- h on- i o n -un b u n -  c n n - n _ s i d e - n - - n i  - u  c - a s ’  n - n t  i - m t o i n - n - g u i !  - u n - n - n - I

n - n - t m — p o r n -  < Hn i , m n - e -  . TI- in-’ l e n - n - n -  i n n - m n - j u n - n  p r nn - c - s s  t n n - e n - l V m’S 1 1 m m -  n - n - n-i ’ n - u n - n -  n - m u m  - m

onc ’ m n . I  i n - i n - n - 1 n - c n - n - o ’ n-’ ss - n - i  n e s - i p o n m _ s e  n - m n -  —l en- i n p u t  n - e ’ q u e n - ; n -  - f l n - n -  t n - n - n - p I n - - n - n - n - u - n - n -! n - i l  n - n - n - n  m n - I

s u c j m  - u  n- -m e - h i n - i n i s m  c ’n u i d  be ’  m en- o le- i led  o t I  - n -  n - l i e  1/I ) O m O i t  i f l c  p ;uc ’k m n - ; . s

c n - m r  r e n n - l y  - o n - ’ m i l a b l e -  i n  s i n g l e  p c - n - c - c - n - n - s  e n v m n - o n m c n n - s  I o n  l n - i m n g u i c g e s  - - , n o n h n o n

- - b -  F R A N  I V , A 1, GUI. n - nd  PL/  I . TI-m r- scn- I n - ing  u e n - u g e n - n -n- p c - n -  f o r - n -  I / C m  - c n n -  ~~~~~~~~~~~

spec- i f  t e n - i  n - n -  an u s mi s s i on  l i s t  and w i  t in a m is e r  spec i f  ie d  t n - r n - m n - in- ( i • “ . ‘

i - - r ~n- -I n-\ T s t n n t e ’ m e - r u t in - n -  FORTRA N , n -n -nd t i n - c  E D I T  o p t  i - n - n  i n - n -  P L / l  ) . The  mis- -i

u n - n - n - i n - I  n - e q m i e s n -  I / O  m s  he  wou ld  fnn - r a l o c a l l y  r e s i d e n t  p r - n - c - c- n - -n - - n - y r  n - I n

i - n - - t n -  he’ w a r m — e d  t o  r o m m c i n i i c ’ , u n - e ’ . Wi n e -n  some l n l ghc’ r n - m u t h c n t i n - v  d e n - e n - m i n u s n - I -n - c n -

n - h e  n e ’ t e r c ’nc e’d I o n - n c - c - s on i s  a c t  i n - e n -  on  some- o n - h - m e n - n -  n - n - c - n -  w o n - k  l i e n - _ s n - , n - h e  ne t w e n - r ’~

n - / O c - e n - in n - n d  p r o g n a m  c o u l d  c o m b i n e ’  t h e  u s e r ’ s l u - s c - n i p t  i o n  n - n - I  t i n - u -  n - I S ’ -

~~n t i n -  n - ° m c - d - u I - u  m n - s e - I t  n - c m  f un - rn a n - n - c g — b n - m s e d  d ; n t ; u  s t r e a m - n - i . T h i s  n n - r t n u - - n n - u -  i c _ i o n

- ‘ ic  m n - i ’.’ e n - n - n - n - n g e-s co t b e i n g  f a m i l m n - m n -  t i n -  mi -n - s t  ap p l i c - m t  i o n  p n - a g n- n m n - m - - ’ - on m - n - 1

n- -n - n -  r - i n - c - l - ’ t n - m r w n - , n - n - !  n - , u n - l n - I _ o n
, t n - n -  e x i s t i ng s y s t e m s .

~
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Cc-nc - 1 n:n - , i o n - n _ s

The ’ i n t e n n -  o f  t i n - i s  t o - j i m - m t  w a s  I n n  e x am i n e ’  p o s s t h l u -  n - n - n - e - n --h an i sn s I un-

n - n - nu n - n - i n - n - m n - ~~i t u  t e - t w u n ’ u n - n  dj s s i m j l n - m n -  p n - - n - n - c s s m n - r s  r ind  to  i d c ’ n t [ f v  t h e  ~“ n- - n - n - n - I n - - n - n -

-n - n - n - n - s n -  r n - ’ s p o n i s i v e n- t on -  t i m e -  r e - q u i t  eoelents  of  -i n - c - t e e  m n - g e - n o u n - m i s n r o m p n - i t  i - n -  n u - t ~~’ n - - n -  -

r e m - d a n -  m f o r — u n-m t t n - a n _ s i n - nt i n - n - n  _ s n i m o ’ r n c - s  y e n - c - - c - n - n - l u -  w e - n - I , o n - i n - I  I n - n - n -n - mn n - S - - n - - n - , t i m e ’

u _ s m-  - n - f  ,m n i : n - t e ’ r - n o - n - I j . m t i -  d n - m t - - o f u n - m n - i t  was sc -I~~ct o- d . A l t - n - n a n -  i v n -s  f - n - - c Y n - n-

i n n -  I b u n - c -  f o n -~~n- m t s  W i - m e  a l s u n -  d l s c i i s~~u - n 1  and  i n - n c ’  w o n -  p r o p o sc-4 I n - m n -  -g~ - n n - n -  o n -

u se-

S, u n-mc u - ~n r  n - a b l e - m s n - i n - c ’  I e u i m e n  n - - n t  t o n -  m l n - i t n - j  n - r n - n - n _ s i  ; l t  ic - n - rn- m i i i !  c i  “ I r i o l e - ; - - - n - n - n - I ’ n- ’

n - n - n - c -  r i m - s l a t  I on  s c -h e - n -n i - . Se -n - n - u - c a l  o f  n - h o s e -  we-n - u’ d ion n - m o o n ~~c’nl i n c - i n - u n - I  i - n - _ n- n - - m n - .-

p~n s o n n ’ 1 g  n - i f  d - i t a  n -l e n -s c -n- i p t  i o n , d u n - u  I v 1 u n - -  m o d  t o n - n m - n i t  t n c o r n p i t  i h i l  i t i  - - n - n- n - n - m n - I

i n - n - s n - ,  n o t  d a t - n -  p n - e ’ n - i s l o n .

Al t h o u g h  Im p l e ’ m c - n n -  a t  i n - u n  c - u n - n _ s i - I c- n -  n- u t  b o e m s  w e - n - i -  p t  n- s e n - n !  c - n i , n - l o i n -  n t ’ sO n I n - -n - , c t

n-i ~ i m p l i -  m n p l n- n -n - f l e m o t , m t i n o o c  v u - n e ’  n ot  - fluc- u c m a v a l l a h  i i  i n - v  o f  o n c o l t i b l e ’ n-ne’ n-~~ - k

• ‘ n - n - n- m c l n-n o - l u -  s e e m - h  - i o u l n - n m n - I u ’ m e - m n n- n-u t i nn - t i I n f c ’ n - m s b h l n - ’ .

k
‘ u ’  u - I  f - - n t i n v m m l v c ’ d  i n  p r  c - l i e n -  l i o n - n -  t h u l s  c e - p e n - n t  w i l l  he j u m s t  I - f l u - ni  h i ’  m n - n

vu, p l c - n - n - n e - o n - m t  h u m  ci o n - f t i n c  n - m o e - n  - ha rm ! seem o l e - s i ’ c lb  act . W e he , pu ’ t i n  I on n - h m m m u m — i c - n - n t  y r  I I

on e n - V u -  n - m n ,  t I - l u -  f - c r e m i t - m t  I n - c o o  fuc r s imc ’ I i  I n -ni p l e ’en e n - n - t - i t  I - e e c  on on - n  he m n - i n  1 m e n — i l  m m i i

— c m i  — 
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C c c e m c - I n u n - ;  I n u n - i s

nn - ’ - n - ’ n - n - n - u i i h i c- , u l  I v n - I i s n - r  i h o u t  ~- n - I  c n m - t w o n - r~ - n n -  , u - v n - - m , - mi  t n - 5 i C 5 ’ n- n u n - n - e ’ q n o i r c -  1 m m  ! i , u - n -

i n - n - v u - - n - n -  n - m n - u t  i n - n - o n  - m n - c ’  d i s c - c m — n - s m - n - i i n  I _ n u n -  I n - u i m m n w n - n g  si - c - n -  i - n - m m .

en- 1 -‘n - n -  - m ’ -~ f i n - n- n - n i h  u r n - i- n--c t n - i c - t v

‘ n - i n -m v  n - n - f  t i n e -  p n - o b l e - n - —n - n - n - - c n-~ un m t O i O t O n - i I u n - u n -  t i n - ’ - n e s e n- n u t  - u n - n -  i n - i n - n -- n - n - n o -n - I i n - i n - n -  ui - i ’

- - n- rn - i n - n - n -  In- n - n - se n - I n e t  wn- n - n -  k n - -ommeit un i c - n - n -  jo n - mn - sc - I -n e- m im e - h ,u v  n- en - n - n - ’. in- e n - c - n - n -  s o n - i  n-n- u n - I  . f l m , - u s !

I n - n - n - ’ - c - I m n - m j m n - e - n - s  b r - y e n - p o i n t e d  m u o : t  a r c - m s  n - h a n -  t e n 1 i i t n - ’ ’  l o i n - n - n - u i - n -  i S v - s t  i g . m n -  i n - m e n - .

In - n e st i n c l u d e n- rn - c - c h a n i s m s t n - n - n -  ‘in - i t c d n - s c r i p l  i n - n - n  i n - u - n - w e - c~n n - u i _ s n - s  n - _ n - _ i  n - u - - n - n v  - n - n -’

t n - , u e n s l n - u t n - ’ r  s , t h e -  n- - l n - n - n - , o  f o r m a t  n e - p r e s e n t a t i o n  i n - n - - s n -  n - , e ii n - e - d n -- n -n - u n-n - -. - i n - n -  m n - n  I~~F ,

m : n - -~ - c n - n - a n - c - g i e s  f o r  d a n - n - i  f o r - - n - n - n -  ‘ n - r n - n - n  r c ’ u - u n - v , - n - \ - . ~~n - e ’ n e x t  ~ m o h s v n ’t  I c o n s

n - i n - c - n - n - s  n - h - n t  s t i l l  n u n - n - I  be -  :-,t  i u d i m ’ d .

I i n - O c ’  O o m e i t n ’ X t  n . m  li e n - n - ti log cut 1 . 0

le n  o n - ’  - r n - I  mm n - n  n - n - n -  - e - - n - s  i n - o n - n -  t O y  i n - n - n - n - i n - n m  n - n - n -  on , t i n e  n - n ppe’ - c n- - mon - n - - c - m m  f m m -  ‘ - - 1 n- -

H v - m l i o e - s  c- in - n  - ; n - o n - m i e - t  i n c - s  c - o n u m n - - -  . m spe c -  i i i  a f f e c t .  f i n - a n -  o n - I c - u t - 
-
~~ - 

-

h -i t i m e ’  - b u t  - n  I - ’  am , i on a pr c m l  ‘ ‘ t  en  men l n mn - c1  r ‘ m m  I i n -  0 c c  o u t  t b u ~ u n - n -n- I n -n -ur n - n-

V i i  o t t ’ . n - m m  n - i o u -  c - u s c ’  m c I  sn mc’ h i n -  - n - n - i s , p , n - o n n - i  t o g  n - i o u ’  ‘ -

n- n - u - p r  u - s n - - n t - u n -  b n c n  w l  I in n - h e -  n - i o n - n - i  h i t s  t o )  m s a c - e n - r i o t  m o m - ,’ !  r~ - c m ~-

s m u t  f l u - j , - n - i n -  . The ’ cue-  m u m  inig o f  t i m e ’ I n - i - n - t i  i c e  t i m ’ -  -

n - - n o v  j r o e n - m e n u - n - m t  m o i s t  m l  s o n h e -  - m e - O h  —
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Cone I us ions

Chapt er III discussed the problem of “passing the semanti c des c ription

of  s t r  ing  of d a t a  b i t s  .“ Mechanisms for desc r lb ing data for this pin pose

~~ r e  p r e s e n t e d  in S e ct i o n  3. 1. The con t e x t ua l m e a n i n g  of data is

i n d e p e n d en t f r o m  Issue s of da ta t ype  and f o r -m a t .  It i s  s e p a r a t e , too , f r o m

the formatting prob lems presented in C h a p t e r  IV. The ,ibi litv to mov e data

val ues across the barrier of heterogeneity onl y uncovers the probl em ~f

passing the effect those values have on a processing environment.

The diffi cult y encountered when moving lines of text from one computer

system to another is an exam ple of a p r o b l em  c o n v e y i n g  c o n tex t u a l m e a n i n g .

Two systems invariabl y disagree on the interpretation of format control

characters . A specific instance Is the use of the horizont al tab

character. One system may take its appearance to mean pad the cur rent line

w i t h  spaces u n t i l  the  line character coun t is the n e x t  m u l t i p l e  of eight.

Another system may space to the next multip le of f ive , while still a third

may attribute no special meaning to it at all. Characters causing similar

pr oblem s incl ude form feed , ver tical tab and carriage return.

The imp lementa t ion of TELNET recognizes the problem s of pass ing

contextua l meaning . The effect a special character has in the receiving

environment can be established by prearrangement , and a TELNET negotiable

option for the disposition of many such text formatting characters I s

desc r ibed in <ARFA > .

— 9 4 —
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Cone 1 us ions

I t  i s  i m p o r t a n t  to u n d e r s t a n d  that passing the tab character in itself

Is a d i f f e r e n t  prob l em . The concern  here  is a c cu r a t e l y  p a s s i n g  the t ’ f f i c t

the tab  had In the sys tem in wh ich  It  o r i ginated .

Spe c ial  t ex t  c h a r a ct e r s , however , are onl y a s m a l l  p a r t  of  t h e  set of

data  val ue s t h a t  c a r r y  contex t ua l meaning . Cruc ial to process coord t hat  ion

in d i s t r i b u t ed  systems wil l  be the meaning f u l  t r a n s m i s s i o n  of pr ocess

c o n t r o l  and s yn c h ro n i z a t i o n  p r i m i t i v e s .

S t a n d a r d i z a t i o n  of da ta  f o r m a t s  and c o n t r o l  se m a n t i c s  w i l l  be
essen t ia l  fo r  successful  c o m m u n i c a t i o n .  Whi le  we do have
s tandards  at  the very lowes t  levels of da ta c o m m u n ic a t i o n ,
such as convent ions  fo r  t r an spa ren t  b inary and c h a r a c t e r
codes , we do not  see simi la r  s tandard s even fo r  such
primitives as floating point numbers , much less f o r  r ecords ,
f’les , or objects. The s i t ua t i o n  fo r  con t ro l  p r i m i t i v e s  is
much werse. Descript ion of processes , interrup ts , and
rela ted mechan isms is presently very difficul t to communicate
across computer boundar ies excep t by spec ial ized , ad hoc
me thods. [<Levin> p. 16.]

Until a mechanism is prov ided to pass the contextua l meaning of

special da ta values , communication between cooperating processes will

continue to be supported only on a case by case basis. The requirements

for such a mechanism must be formally desc r ibed , and the possibility of

using an extension of an intermediate format based strategy investiga ted .
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6 . 1 . 2  Passing po in te r s

One of t he  da ta  types  e l ig ible f o r  exchange b e t w e e n  processes  is

add ress pointers . The use of po inters in certain data structures , such as

linked lists , is ind ispensab le, and a network data communications scheme

must support their movement.

If the c ommunica ting processe s share a s ing le addr ess spa ce , then

passing pointers engenders no special prob lems. This approach is onl y

appropr ia te for homogeneous computer netwo rks , and has been imp lemented at

Q~1U for local computer  n e t w o r k s  <Swan ,Wu l f> . Passing p o i n t e r s  does p r e s e n t

a problem , however , in a heterogeneous environment. When two c o m m u n i c a t i n g

processes exchange inform ation , a represen tation of the data being

transferred is moved from the address space of the sending process into the

address space of the receiver . The position in the address space of lata

items to be referenced with pointers is important. Between the relocati on

of the data in the virtua l memory of the receiving process and the

potential differences in the addressing schemes involved , any po inters that

move be tween processors will have to have their values adjusted . However ,

the necessary adjustment cannot merely be the calculation of a fixed offset

within the virtua l memory. Because different data types and formats are

differen t lengths in different processing environments , the adjustment of

the pointer value will depend on the kinds of items it references.
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There appear to be two approaches to this prob len . The send i ng

process  can pass entire data structures so that any po inter used woul d he

“local” to the structur e in a single tressage. By b ui lding p o i n t . r s  as

offsets from the beginning of the structure , the receiving transl ator could

map pointers into the values appropr iate for the reformatted dat;i .

A d i f feren t approach is necessary for passing pointers that reference

da ta structures too large to be feasible or practical to move. In this

case , messages may contain pointers into the sender ’s address space for use

by the receiver.

The pr inciple difficulty in supporting this kind of passed pointer is

the possible relocation of the sending process . The movement of absolute

memory addresses can be avoided by passing offsets into the address space

of the send ing process . This will allow the relocation of the of the

send ing process within a single processor. However , if that process

migrates to another processo r, the appearance of its address space (ie.

the length and format of the data items contained In it) will change.

Maintaining passed pointers as simple offsets in this case will not he

sufficien t.

6.1.3 Passing programs

One of the proposed uses for network based systems is reliability

through redundancy and increased performance throug h load sharing .

Real iz.ition of either of these goals In a general way requires a mechanism

to suppor t the movement of program code through the network.
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One strateg y is to pass the source tex t of a high level lang uage for

which each host has a compiler. Code transportability has been attempted

in this way by the specification of standard versions of FORTRAN and COBOL.

Another possibility is the use of an intermed iate programming language to

br idge the gap between compilers and the object code of different

processors. The app lica t ion of these techniques to program pass i ng needs

to be considered .

6.1.4 Negotiating the IDF

The intermediate format to be used to represent data items as they

move between IDF translators must be fully general , allowing any data

values represented in one host to be transferred to another. In some

cases , however , the use of general formats may be unnecessary and

inefficient, and an ability to select format opt ions for intermed iate data

formats may be useful .

Probably the most f r e q u e n t  use of such a m e c h a n i s m  would  be to

f a c i l i t a t e  da ta  t r a n s f e r  be tween  similar processors in a network. The TDF

is intended to serve as a common language fo r  data t r a n s f e r .  When m a c h i n e s

that use the same data formats f o r  i d e n t i c a l  sets of d a t a  t ype s wi sh to

exchange information , no intermed iate format translation need nor should

occur .
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One way to prov ide the additional flex ibility offered by Inte rmedi ate

format op tions is through the use of o p t i o n  n e g o t i a t i o n .  By u s i n g  a

predetermined pro tocol , two commun icating translators may agree to use a

non—standard intermediate format or possibly to pe r form no data

reformatting at all. The potential uses and Implementation strateg ies for

such a fac ility is yet one more area that requires further stud y.

V
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