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ABSTRACT

This  thesis  p resen t s  a model  of a d i s t r i b u t e d  sys tem where  t he

un iverse of objects in the distributed system is divided into m u t u a l l y

exclusive sets , each set corresponding to a context. T h i s  model  a l l ows

naming beyond the context, boundaries , but limits comrnunicaLio ns ac’r~~~

such boundaries to message passing only. Copying of complex data

structures is investigated in this model , and semantics , al gorithms , and

sam p le implementations are pre~;ented for three candidate copy

operations. Of particular Interest Is a new operation ~j9~p j — i u l I - - 1 o ( a 1

wh ich cop ies a comp lex data s t r u c t u r e  to the  b o u n d a r i e s  f t h e  context

containing the object.

Thesis Supe rvisor: Liba Svobodova
Title: Assistant Professor of Electrical 1~ng Ineering

and Computer  S c i e n c e

~ words and phrases: copy ing, sharing, distributed system , message

cis’ Ing ,  st r ong ly  typed oh i e ct s .
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Chapter One

Introduclion

Many aspects  of c om p u t i n g  a re  based on the  a b i l i t y  to copy

information . The foremost of these is parameter passing by value ; in

d istributed systems , it is the only way to pass parameters hetweon

pr ogram modules e x e c u t i n g  at  d i f f e r e n t  nodes . Since these  p a r a m e t e r s

may be abstract objects whose a c t u a l  r e p r e s e n t a t i o n s  are  complex d a t a

s t r u c t u r e s , copy ing  in t h i s  k i n d  of e n v i r o n m e n t  is a n o n — t r i v i a l  m a t _ e r .

The second area is a mo re general sharing where copies of some objects

will be ma intained at several nodes . Finall y, copy ing is needed to move

an object from one location to another ; this is different from the

previous , in that after an object is moved , there is still onl y one

instance of the object in the system . Each of these and possibl y other

areas require the ability to copy objects. Each also requires other

-~echanisms , which  have , in g e n e r a l , been top ics of research . The

research reported here has concentrated only on copy ing, in particular

copy ing  comp lex da t a  s t r u c t u r e s .

In a d d i t i o n  to the  prob l ems f o r  which copying is a part of the

so lu t ion , the re  are a number  of i n t e r e s t i n g  prob l ems t h a t  must  be

addressed in dev elop ing semantics and al gorithms for copy ing . For

1. For examp le , i f sev e r a l  cop ies of a mutable oblect exist in a
system , a requirement may be that these copies he maintained in mutuall y
eonsistent states.
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examp le , consider the situation in which a structured objec t is being

copied. Of interest here are those components that arc c o n t a i n e d  b y

naming in more than one other component , in other words shared by other

component objects. A decision must be made as to whether or not those

shared components are copied only once , once for each containing object ,

or once for each pointer to the object. Another question that must be

answered is whether or not mo re than one kind of copy operation is

needed , and , i f so , what the semantics of the different operations are.

In order t o  address these p r o b l e m s , a model is necessary. This c hap t e r

will introduce the model of a distributed system used in this research.

Using the model , a discussion of the problem to be solved and an

introduction to the solution will follow. Research related to this work

wilt then be surveyed , concluding with the p lan for the thesis .

1 .1 Medcl of a distributed ~ystern

flie model of a distributed system used in this research mssumes the

ia rJw t re of the  sys tem to be a network of computers , each computer

li ving its Own private memo ry or namespace b r  objects. Since a sing le

namespace in a computer provides neither enough flexibility in naming

objects nor enough protection in accessing objects , this work first

c1t~velops a model of a context that facilitates finer partitioning of the

i lanieS pace.

Li ch Cni fl~i l I t e r  ~t node in the distributed system supports one or

mo re r o n t a x t  s. The universe of objects on a node form disjoint sets ,

each set corresponding to a s ing le c o n t e x t . Thus  t he  e o nt ~~xt d e f i n e s

- 10 —
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t he  local  p r i v a t e  memo ry or  n am e s pa c e .  in o r d e r  to  p r o v i d e  1 l e x i b l e

control of sharing and to limit error propagation , tile only means of

communicatio n between contexts is by passing messages. rh i~ constrain t

allows enforcement of orb itrary degrees of protection at  t h e  c o n t e x t

boundar irs . It does not e Liin i nate the possibil i t y  of sharing an obj e c t

across context boundar irs , but does limit t i l e  m e a n s  of acces s  to that

object; it an object is know” beyond the boundary of its local conte xt

the onl y means of operating on t h e  o bj e c t  is b y  p a s s i n g  t i l e  name of such

.i f o r e i gn o b j e c t  in  a messag e  r e q u e s t i n g  t h a t  some o p e r a t i o n  he

p e r t o r m e d  on t h e  o b j e c t  iii t h e  c o n ta i n i n g  c o n t e x t . T u e  u se r  w i l l  see i

c o l l e c t ion of c o nt e x t s  w i t h  messages  f l o w i n g  b e t w e e n  t h e m  as in F i g u r e

1 . 1 .

C o n t e x t  A Can t ’ x t 13 C i i  ex t  C

~~~~

Fi g u r e  1 . 1  C o n t e x t s  c o n t a i n i n g  ob j e c t s  and  c e n ~ i i i i i i c a t  i n g  b~’ m e s s a ge
p a s s i n g

T h i s  model  of a c o n t e x t  p r o v i d e s  p r ) L e c  t ion it  a l e v e l  n o t

g e n e r a l l y p r o v i d e d  in c o m p u t e r  system s . It is common f o r  a system t o

e n f o r c e  p r o t e c t i o n  of t h e  s y s tem  as whole; the r e q u i r e m e n t  of

pas swo rds is one such m e c h a n i s m .  At t h e  o t h e r  t rose , m d i  v i d i i al

o bj e c t s  a re  I r e qu e n i  l y p r o t e c t e d ;  I w o  c u i n m n i l  m e c h a n  isms t i , hi  i e v e  I i i  I s

are capabilities and ~ic o ’ o’ss coot rol Ii ~~f . C o n t e x t s  ,il low I or

- 1 1  - 
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pr o t oct ion of groups ot objects where •i group is a subset of th e set of

all objects on a particular machine .

The sys t em model r e c o g n i z e s  two k i n d s  of e n t i t i e s , a c t i v e  and

p a s s i v e . The a c t i v e  e n t i t i e s  are  c a l l e d  processes , and can be e x e c u t i n g

in no more than one context at a time . Since processes are not of

primar y interest in this research , no further assumptions are made about

t h e m .  The passive entities are objects. All objects hav e three

attributes , value or state , name , and type. Every object has a value

isso - i at e l  w i t h  i t  . An object will have the  v a l u e  of eri~,j~tv  assoc ia t e d

w i t h  i t  when i t  i s  c r e a t e d .  O b j e c t  v a l u e s  are  of one of Lw o degrees  of

pe rmanence , making t he  c o r r e s p o n d i n g  o b j e c t s  m u t a b l e  or i m m u t a b l e .  An

i m m i l t a b  Ic o b j e c t  c i i ’  be a s s i g n e d  a v a l u e  a t  most once , whereas a n o t a b le

o b j e c t  can  he i s s i g i i e d  a value mo re than once. T h i s  is not  m e a n t  to

imp l v that c i t  h e r  ‘I  t i l l - s e  n e c e s s a r i l y happens , onl y t h a t  t h e

j o b  s i  h i  l i t ’ ~’ cx i st s . At t h i s -  I eve l of con t e x t s , every  o b j e c t  w i l  1 have  a t

l e a st  one l i n e  • atid w i l l  have exact i v  one in i t s  hose c o n t e x t .  (As

sent iono’d p r o v i n i a l y, an obje ct SOV be na m eab l e corn a foreign context ,

, i a ~ i i i  o t d r  t o  do this the fore ign on  t ext must assign to t i e  obj  e c t a

il,lme that is I ‘cii to t h e  foreign context.)

I-

The  third attribute of au o b j e c t  is i t s  t y p e ;  eve ry  objec t is  of

o x o ’t l y one type for its whole life. Type is a description of those

: h . i t c t c t ~~r ist ic s t h . I t  a col lection of o b j e c t s  have in ‘oiiim ’n , a s t  of

n i  es i ’y  ~~i ich the ‘i’ jec Is and t h e  u s e rs  of t h e  o b j e c t s  must  a b i d e .

[‘h e r o  i x i  ~t s a t y p o  manager or s sno ’ ‘t h or  iiechiin i sm t or cich l  t vj ’ e  (there

m i ~ be o~n i I Ist in I h i t  ion  ‘i f  t u e  t y p e  manage r per  o b j e c t  t h a t  may b e

— 12  —
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considered an integral part of the object , or there may be an o v e r  s t i r

of a p a r t i c u l a r  t y p e )  t h a t  i n s u r e s  t h a t  on l y c e r t a i n  operations can he

j e r f o r m e d  on the  o b j e c t s  b e i n g  m a i n t a i n e d  b y i t .  In t h i s  w - r k , we ire

iss u m i i i g  a s i n g le o v e r s e e r  or typ e manage r f o r  i l l  t u e  o b j e c t s  of .i

it -i p articular physical node . Except for the most primitive types

ci L ied base  t y p e s ,  wh ic h i  are p r o v i d e d  by t he  s y s tem  t o  each  context

every type is d e f i n e d  in terms ot other t y p e s ;  t h e  r e p r e s e i it o t i o i l  i t

s u c h  a t y p e  i s  in  terms of the repr esen tatio ns ot  o t h  r t v p t s , a i d  L i i i

ope r at  ions provided by a t Vp  a r t  d~’ f i nod i i  It ’  rms ~t ope rat i OIlS iti the

component types. Tho types that ire t o i l  base  t y p e s  ~i re known is

extended types. An ex t ended  t y p e  o b j e c t  c o n t a in s  a l i s t  of the  names  ot

its component object. Such on objt’c t c o nt a i n s  itoth ing but names local

to t h e  cont ext in  wti i ‘ h i  i t  r e s i de s . F O e  de l i  n i t  ions  of e x t e n d e d  t~~p es

form a n e t w o r k  o f d o t  in  i t  ions that m u s t  be based in the t ina l anal ys is

on the dot m i t  ions of the base types provided by the svst em.

Severa l  s u p p o r t  ing m e c han  i sms for this model ot  c o n t e x t s  ir e

n e c e s s a r y .  These m e c h a n i s m s  f o r m  t h e  k e r n e l . For t h e  p iirpos ’ s of Li i  i s

r esea r ch , cn l y the message h a n d l e r  an d  s t o rage  n an ige r are of  c on c e r n .

Fi g u r e  1 . 2  d e p i c t s  t h i s  si  t u O t  ion . The i’iessige handler must be ab le  t i

( 1)  pass messages be tween  c o n t e x t s  l o ca l  to a s i n g le  computer , ( 2 )  pass

messages front a local c o n t e x t  out i n t o  t h e  n e t w o r k , a n d  ( 3 )  receive

:Pt’ss,uges and see that they art’ del ivered to  t h e  c o r r e c t  local  c o n t e x t .

F~ e message handler transt orms iii’ ssages passed between contexts into the

k i n d s  of messages  t h a t  c u u i  l ie  p i s s i ’ I  throug h t i e  network hardware. Flic

— 
mcss ; I p, ’ h t n d l ’ r  c o n t a i ns  i n b o r i u t  j o t  ibiou t low level pr ctocols . I t i s

— 1 3 —

-~~~~~ -



- ‘— -‘-‘-“_ --- - - —‘— - - -_ - — -‘-‘- — -_

——  

1

+ -F +
_ _

4- --:--
kernel 

_______ 
k e r n e l

node 1 node 2

Fi&ure 1.2 A mode l of the commun ication wi thin and between nodes of the
distributed system .

q u i t e  p o s s i b l e  tha t  the  low level  message s of th e  ne tw i ’~~ do not

co r respond  to t h e  b i g ht l evel  message o b j e c t s  or im i ~~es w h i c h  will he

d i scussed  l a t e r  in t h e  t h e s i s .  These h i g h level  messages may be

b u f f e r e d  and sent in groups , or sp lit Initi s m a l l e r  p a c k e t s .  W h at e v e r  i s

done by  the  message h a n d l e r  at  such ,i low level is h i d d e n  f rom the

c o n t e x t s  and use r s .  The s to rage  m a n a g e r , as  i t s  name In d i c a t e s ,

o v er  se es storage ot objects . Fo r ea i ’h i  o b j e c t  s tor e d  in t he  node , i t

p r ov i d e s  i u n i que  n a m e  i i i  order that the ph t y s  i c i  I rib j o e l  may be accessed

lht r ’ gu the st o r age  m a n a g e r )  . Each storage name is kn own to a s i n g le

ci)nt (’\t, tad associated wi th the local name assi giti l to that ob jec t hiy

t hin t ci ’ Ic ~< t
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1.~ Th e pr ob lem

The prob lem tha t this thesis investigates is copy ing comp lex

structures w i t h i n  the model that has been sketched. The comp lex

s t r u c t u r e s  in t i l l s  case are ob j ec t s  of e x t e n d e d  t y p e , a n d t he  c opy i n g  01

particu lar interest here is copying across context boundaries. As was

Se nt ioned , c o p y i n g  is needed f o r  a n u m b e r  of r ea sons .  Tb is  r e s e , l r c I l  is

a s t u d y of how to p r o v i d e  such c o p y i n g :  wha t  t h e  s, ’:n i ut  i c s  ot c o p y i n g

sho ul d be , and how to ac h i e v e  t h e m .  In orde r  to i n v e s t  i g i t e  c o p y  ing

f u r t h e r , we have set o u r s e l v e s  f o u r  goals:  ( 1 )  m v  s h t r  ing  t h a t  e x i s t  a

in  t h e  o r i g ina l s t r u c t u r e  mus t  be m a i n t a i n e d ;  ( 2 )  economy 01 m e c h a n i s m

b y u s i n g  a s ing le  app roach  in  i l l  copy  o p e r a t i o n s  d e f i n e d  ( t h e r e  w i l l  be

t h r e e )  is d e s i r a b l e ;  ( 3 )  s i n c e  i l l  c o m m u n i c a t i o n  b e t w e e n  c o n t e x t s  is by

message p a s s i n g ,  th e amo un t of me ssage  p a s s i n g  shou ld  be l i m i t e d ;  (- i i i t

should be possible to send uid r e t ’e i ye component  images sepa r~i t c l ~‘ .

Each of tho se  is d i s c u s se d  b e l o w .

rhe I- i n st goal t~ be di si ’tisscd is t h e  retention ( ‘ i i  sh iii iflg among

compo n en t s  when c o p y i n g  an objects. A l t h o u g h a mo re COmntO f l  e’ O t l C e r l i s

shir in g  a m o n g  p r o ce s s e s  o r users , t h i s  r e se a r c h  c o n c e i t  r a t e s  on s i t ar  ing

w i t h i n an ob j & c t  . i n  the mod e l  assumed f o r  this research , objects can

have a r b i t r a r y  s t r u c t u r e , i n c l u d i n g  r e c u r s i v e  c o n t a i n m e n t . The s i m p l e s t

jiiestion is whether ma intenance of sha r i n g would he necessary in copying

o b j e c t s  i f  r e c u r s i o n  we re n ot  i i  lawe d , but sharing components were , as

i n  F i g o u r e  I . 1 ( u )  . I f  s it ar  I ng does not occur  in a copy  where it does in

the or i g i n i  1 , t lii ’ h ehav  i or of t h e’ c ‘p v m a y  be di  1 f t  r en t  I roe t lie

b e h a v i o r  01 the  o r i g i n a l ob j e c t  und er t h e  same c o n d i t i o n s .  NOW , 

-~~
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( a )  N o n — r e c u r s i v e  s h a r i n g  ( b )  R e c u r s i v e  s h a r i n g

(C)  R e c u r s i v e  s i - o ar  ing  t ress context boundaries.

F~~~~,r e  1 . 1  Examp les o t  s i r  i n g  ot c o m p o n e n t s  w i t h i n  a d it i  st  r i c t u r e .

c o n s i d e r i n g  the  more  comp lex  s t r u c t u r e  t h a t  i n c l u d e s  l e i ’u r s u v e

c i t  i i flflW i t t  of  c ompo non ts such u s t l ie  s t r t ic L itre i i  Figure 1 . 3(b) , i t

bec omes even  c 1t ’ u r e r  t h a t  such  s I t a r  I n g  m u s t  h0 ’  c o p i e d  in o r der  to

t e r m i n a t e  a copy  upe rat ion wh ich cop ies tlu. comp h e tc  structure. Sharing

across  c o n t e x t  b o u n d a r i e s , is in F i g u r e  [ . 3 ( c ) ,  adds a new d i m e n s i o n  to

the  p rob lem of copy ing .  I t  doe s not  i nt r o d u c e  any new reason f o r

ina in ta itu in g sharing, however , recursive structures are muc h more

‘h i [fic u lt to detect across eantexi boundaries. Thus , there is even a

gr e at e r  uteed for i mechanism t h a t  d e t e c t s  such s h a r i n g .
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‘th e oI l i e r t h r e e  goals  are  s i m p l e r  to exp l a i n . Economy of m e c h a n i sm

describes the cross—section ot two goals: abstraction of m e c h a n i s m  as

proposed in CLIT [lO ] , and provision of a single , and th ere lor e sim p ler ,

approach i- o r copy ing . Both  ot  these  are i n t e n d e d  to)  mik e the tasks o h

b o t h  th e  imp lementer of t he  sy s t e m  and the  i m p l e m e n t e r  o t  a new t y p e

n i l a g e r e a s i e r .  The goa l of limitin g the amount of message p a s s i n g  i s

based on the assumption that message passing is time consuming , and time

In our world is always expensive . A certain amount of message passing

is necessary, but it should be kept as low as possible. Finall y, tile

ihili l y to send and reccive images ot the components of an object

independentl y of each other is p art of the solution to t ime  prob l em i t

arbitraril y structured ob jects In the model ; this include s arbitrary

silo . Since objects can  he very large , it aay be impossible to create

an image of time comp i etc St ructur e 01 an object before s e n d i n g t h e

pieces t i  time receiver. The r i c e  iver may have s i m i l a r  space

limitations. Therefore it should he possible to process the images oh

components separatel y.

Considering these goals , the question of exactl y what the semantics

of copying are to ho ’ moist be examined. The standard mean ing of copying

i . s  to c ret te ut mother loc u t I ot another version of the ob eeL being

cop ied , the copy having the same behavior as the  original. Now the

q u e s t i o n  is wha t  is meant by “t h e s, ime behavior ” . CLLI[l O, ll j  provides

two answers to this: ~~~~ and 
~~~~~~ 

operations on arrays and records.

lim e copy operation copies Ihe complel e structure , althoug h sharing

relations are not ma intained. The copvl operation copies only the iop

- 1 7  -
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level of time structure , copying pointers to all the components of the

original. In lad , the ~~~~ operation is defined by ca l l ing ~~~~~ on

t ue origina l object, nod then ca l ling ~~i~~1 for each component , moving

t h r ou gh the structure unt i I all the components have  i)eeul cop ied. c22~
provides the standard semantics for copy by copying all of the object ,

and copyl allows for creation of specially tailored copying, in whic h

not all the components need to be cop ied. In this research the

operations similar to copy l and ~~py~ are ~~~y,—one and copy—full.

Time model of the system presented in this paper is much mo re

com plex th an that of CLU , allow ing data structures to cross context

boundaries. As a result , this research has led to a third kind of copy

- 
operation: the copy— ful l—local. The copy— full—local operation copies to

the bound m ry of the context containing the ori gina l object. Figure 1 .4

is an examp le of this. Onl y those components directl y connected to the

origina l copy

F~~ ure 1.4 An example of the COpy—fu ll— loc al operation . The object
label led with * is copied into the object labelled with ** , and the
component labelled 1 is copied into) I ’. The components labelled 2 and 3
art’ no?. copied .

— 18 —
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top level (directly or through other local components) of t h e  s t r i c t u r e

and in the  o r i g i n a l c o n t e x t  are copied. This copy op erit ion o ’ i i p l o -; n, ’n t ~ ,

th e  o the r  two in such a way that the th ree prov ide t he (ISet wi t h i a groit

deal of flexibility in copying compl ex data structur es across c oi n t o ’xt

boundaries.

1.3 Related work

The model of a d i s t r i b u t e d  sy s t  eon used i n  t h is r e’se ,m rc i  h a ;  b e e i i

t nt luenced strongly b y time work of S i l t e o r [  18] , I ,j sk o v  et  a l  . 1 1 ( 1 , 1 1 1 ,

and Svobodova et  a t .  [191 li i S a lt/er ’s work ,v e u v  oh’ jis t i s  , i s - ; i c i , u i ’ I

w i t h  0 c o n t e x t  or ima mi n g env iro L un ( nt ; il I ti~ li mo ’s or point rs i t  em

object are resolved wi lb r e s p e c t  t o  the context s p e c  i f  j ed  I o r  t h a t

object. The purpose of contexts i n  S i l Li er ’s work is to , o ’ h i o ’~ ’ o wh i t  h e

ter m s modular shoring. A number oh ide is t r o m  t h e  w o r k  i n  C l .P  ~~t

e t a 1 . (1 U, 11]  hav e iu i f I n o t  oat  t i i i  ~s w r k. F j r i  , t lie work on ~LtJ

presents a St rong just it icat i i  I o r  ,ubst r it t i o ns  o r  s t  r i g I  v t y p e d

objects md type ext ens Ion . Se c~ tui d • t i e CLII s ~n .t x t  0~1 op p r o l c l i  t o

modularit y in programmin g h ut s m ~ v i d e d  u basis for im i l emeit tat i i i  i i i  a

number of the most import lot pr o c e d u r e s  f o r  Lb is r o se o r c h i  . CLII a l s o

provides approaches to the sem.Int i cs  of  copy i i g ,  the c~~~~~ 1 and c~ j~

operations for arrays and r e c o r d s , -is mont ionod prey ieuslv . Roth m r r ivs

and records can be comp lex structures . Inc third strong influ ence on

this research is the work on distributed systems it Svobodova et ml. [191

The model of a distributed System in that work 155am ”; ~~~rdians

coinmun icat i ng onl y by message t ossIn g. Th e un I vo ’ rse ‘ f  (nt it les i n  l i i  is

m ode 1 is of i vided into twi t kinds of cut I t i o s , ic Live , which or’’ c u l l e d
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arocosses , and static , called ob~~~c ts . A g u a r d i a n  i s  composed of one or

inu re processes  and the loca l  address  spat e (the directl y mcces sible

oh t oots) of those processes. The local address spaces of g u a r d i a n s  are

t h u  u u l  l y  e x c l u s i v e  se t s  of o b j e c t s .  A process or object can refer

d m u e c t l y  onl y to ob ]ects within the same g u a r d i a n . Ac ross g u a r d i a n

b ,m iu ’mih , o r i e s u n i v  processes may be named directly ; objects can be named

i u d l r oi ’ll y b~’ using tokens , external miam es f o r  objects , passed to other

ci ium te xts b y the context containing the object. The model used in this

r e s e a r c h  is Vt’ ry similar to that of Svobodova et al. , except  t h a t  t h i s

work i s  c o l m o ’ o r  ned o n l y  w i t h  objects , no t  w i t h  processes.

It must he pointed out that a variety of copying al gorithms l ave

been d e v e  loped by o t h e r  p oop l o . These  inc lu d e  those  developed simply as

o’’p . lag al gorithms ( f o r  example b o t h  C l a r k  3) and  Fishier [5)) and those

vi tim j i t t  i c u l ar  f u u n c t  Ions  in m i n d  such is garbage collec t ion ( f o r

ex ample Mc(~arth y (I .~~, 1 3) and B a k e r  [1) . Althoug h these works must he

i t H s  od e  r o i l  In  a deve 1 opme m i t  0! y et  n it ’  t h o r  c o p y i n g  a 1 go r i t  hun , t h e y

pr~’s. ’n t  .1 c Ommon  p roh i em . They ii I m i s t ’  t h e  cop y  t h i  it  I s  b e i n g  c r e a t e d

is pat  t 1) 1 t i m e  ~~~r k sp a c e  nec do ’o l  t o  g o ’ t m e r i t e  t h e  copy . If copying is t i )

h o  p e r f o r m e d  ac m s s  con t o  xt  b o u nd a r  l os  • such use of t ho’ copy imp lies

increased message puss ing. i t e c a u us e  i ’t  th ~ cost  in  t i m e  and  greater

i i i  h i  I i  t y  of f a i l  t u r ~ dote ’ t o  t ho ’ need  t i m  r cuaope r u t ion h o t  ween context s ,

I m r  t i l t ’  p u t r h t i s o ’s  i i i  t i t  i s  r e s e ar c h  in .al i - i  i l l  ly e appr oa ch was  chosen

L i i  i i  - o v O i  i t O  t h e s e  p r o b  [ems .

— 20 —
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The external marked database developed b y Bis lmop [2 ) provides n o t c h ;

of the mechanism in his copying garbage collection for areas that our

message—contexts provide here. (Message—contexts will be discussed it

l e n g t h  in C h a p t e r s  3 and 4.) In our case t h e  s e n d i n g  m e s s a g e — c o nt e x t  is

t h e  repository of the name s of objects that have been cop ied  ( i t  , o t s o

has  o t h e r  f u n c t i o n s )  and t h e  receiving message—context h ol d s  t h e  n am e s

of t i m e  new o b j e c t s  c o n t a i n i n g  the  c o p i e s  of t he  v a r i o u s  c o m p o n e n t s , in

copying from the o r i g i n a l o b j e c t  i n t o  an image  and f r o m  a n  image  i n t i m

the copy in the receiving context. Bishop ach ieves this in one phase

because  he is no t  copy ing  ac ross  l a m i n g  b o u n d a r i e s .

L~ ~L~a t2.~ ~~

T~ e rema inder of t h i s  t h e s i s  ca n  he divided into t w o  parts. The

first is a f u r t h e r  a m p l i f i c a t io n  01 the model o i l  t i l t ?  d i s t r i b u t e d  sy s t em :

this is encompassed in Chapter ~~~. ‘Cite second c o n ta i n s  time di scmuas i om m ‘it

the  copy operations proposed as u solut Ion to t he probl em of  cop y i n g

comp lex structures; Chapters 3 and ~+ present this material.

Chapter .~ discusses  in g r e a t e r  d e t a i l  the  n a t u r e  of c o n t e x t s .

Three comp lementary views of contexts are p r e s e n t e d :  ( 1 )  t h e  c o n t e x t  is

a nam ing  env i ronment , (2) the context as a node in an abstract ie t wi irk ,

am -md (3) the context as an object. All three views are used throughout

the rest of the thesis.

Chapter 3 lot roduc en ti)o’ th reo ’  copy operat i o n s .  The m e c h a u m  i sms  to t r

the copy operations meet  i n g  t i m e  g o a l s  d i s c u s s e d  earl ic r are p r e s e n t  i d

t im is chapter. rh is Is then t u l  Iowcd b y a d e s c r i p t i o n  i m  f t h e  u l g o r  i t  h i nt s

— 21 —
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t o o  st’ m mol i img and  r e c e i v i n g  in  the contexts b eiw o- euu whm l i i i  t h e  copying is

be h u g  i I o ) n c

Cimap t or 4 invest iga t( ’S in grea icr dot u i  I t w o t  O I O W  t V t ’ ; o f  o bj  i c  t s

p r o p o s e d  in  o r d e r  to a ch i e v e  the  co p y i n g  d i sc u s s e d  in Chapter 3. It is

th en r e c o g n i z e d  t h a t  the  si m p lest  a p p r o a c h  to p r o v i d i n g  c o p y i n g  f o r

typed  o b j e c t s  is to  p rov ide  g e n e r i c  o p e r a t i o n s  or p rocedures  t h a t  can be

invoked b y indi vidu ,m l type managers. Possible imp lementations of the

imnpo rtaum t operations are then presented. On e co n c lus io n to be dr awum

from ti -m is work is that most of t h e  mechanisms needed far copying can be

prov  ided by the system to tile i n d i v i d u a l c o n t e x t s , in t i m e  f o rm of the

gone r Ic operai ions , and t h a t  t h e r e f o r e  it -m c i t i d i n g  t h e  t y p e  s p e c i f i c  copy

op e r a t i o n s  in p a r t i c u l a r  t y p e  m a n a g e r s  is not  v e r y  di f f i c u l t .

C h a p t e r  5 is the c o n c l u d i n g  c h a p t e r  of t h e  t h e s i s .  it  smnnmar izes

t h e  t h e s i s , and t h e n  d i s cus ses  p o s s i b l e  d i r e c t i o n s  f o r  f u r t h e r  research

r e l a t e d  to t h i s  work ,
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C o n t e x t s

C o n t e x t s  can be v i e w e d  as s e v e r a l  d i f f e r e n t , h u t  comp l e m e n t a r y ,

classes of entit ics . As they were first presented , they appear t o  t i m e

us e r to be namespace s .  A c o n t e x t  is  an env i ro n :n en t  in whm I ci) loca l

o b j e c t s  e x i s t  and  can name each o t h e r  u s i n g  om i l y  names local to t;ie

co n t e x t  In  w h i c h  t h ey  r e s ide . An e x t e n s i o n  of t h i s  ~‘i1’v leads to

c l a s s i f y i ng cont ext s  as nodes i~~ an a b s t r a c t  n e t w o r k .  The n odes  c t ; ;

commun ica te  onl y by s e n d i n g  mes s ;mg c s .  I t  is a l so  possible to

e x t r a p o l a t e  f r o m  the b r i e f d i s c u s s i o n  in C i m a p t e r  I to t he  p o i n t  w h e r e

con t e x t s  a re  c o n s i d e r e d  to be ty p e d  o b j e c t s  t h e m s e l v e s .  T h e i r  b e h av i o r

s h o u l d  be st rict lv c i r c u m s c r i b e d ;  t i m e  i r  s t r u c t u re  and  t ime  o p e r a t i o n s

def m e d  on t h e m  m o i s t  be car  f i t ]  lv spec ii i ed

Ti m is t i t o p t i ’ r w i l l  d i sc  as s  s e p a r u t e  l v  these th  roe aspt ’c ts  oh

c o n t e x t s .  lt  w i l l  c o n c l u d e  w i t h  , m b r i e f  d i s c us s i o n  if  fl ow cont exts wi l l

be viewe d t h r o u g h o u t  t h e  r e m a i n d e r  of t I m e  t h e s i s .

2 . 1  N a m i~~~ e n v i r o n m e n t

Name s are  f u n d a m e n t a l  t o  r o - h t ’ r r i n g  to e n t i t l e s  in a c o m p u t e r

sys tem . The re  are  s i t m u ~m t i o n s  i n  w h i c h  the v a l u e  of an e n t i ty  is  u s e d

f i m r  i d c n t  i f i c i t  Ion , siuc im is in Ii) ;uss ,’t ’ h i t i v o ’  nmemorv; h o w e v e r , t h i s  h i , m s

t o t  he sh own t m m  he p i l i t  l i i i  whi t - m i th~ v i  l o u t ’  i t  t h m o ’ t i l t  i L v  m i s  , m

— 2 3  —
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s t r u c t i u c e .  ‘[‘h us , we w i l l  assume t h a t  each  e n t i t y  mus t  i u m ve a nam e in

ad d l t i o m m  to  i t s  v t m i u e  or s t a te .

A n a m i n g  m e c h a n i s m , i f i t  is designed and  i m p l e m en t e d  p r op e r l y ,  can

p r o v i d e  f i e x i b  i l i t v  i n  two d i r e c t i o n s , modu l a r i t y  an d  s h a r i n g ,  as

d i sc u ssed by S ; u l t z e r [ l 8 1  . T u e  a c h i e v e m e n t  of m o d u l a r i t y  i n  a n a m i n g

m u e c h a n  Ism moan s t h a t  ou t  i t  ies can h o ’ u ’ma med ( c o n t , ’m m cd )  b y oth e r e n t i t i e s

w i t h o u t  c o n c e r n  f o r  wha t names  are  c h o s e n  w i t h i n  each e n t i ty .  In

pa r t i cu l o r , i f  two obj  e c t s  1 and 2 use the  same l , 1:n e \ t o imp l y

d i t  t e r e n t  o b j e c t s , 3 and  -~ r e s p e c t i vel y ,  t hen ob j e c t ,  1 should a l so  h e

ab le  to n ,umu ’ o b j e c t  2 wi t i m out  caul s  ing a p r o b i  em wi t i m t i m e  t~ ’t  e r en c e  A 1 m m

o b j e c t  2 ;  t h e  r e f e r e n c e  A in  o b j e c t  I w i l l  s t i l l  i n d i c a t e  o b j e c t  3 , and

the r e f e r e n c e  A in o b j e c t  2 w i l l  s t i l l  i n d i c a t e  ob j ec t u .  As m e n t i o n e d

i n  Ch a p t e r  1 , Sa i t z e r ’s co nt e x t s [ 1 8 )  p r o v i d e  t h i s  f a c i l i t y . Our

c o n t ” x t s  are  m o d e l l e d  a t  t e r  h i s  i n  t h i s  r e s p e c t .

The o t h e r  i m p o r t a n t  goal  i t  I n m m i ; m g  m e c h a n i s m  is s ha r i n g .  S h a r i n g

imp li e s t to , mt ti -mere is more t h a n  mmti ’  t i c c m m r r m ’ n c e  of  t h e  n ,,’mne f o r  an o b j e c t

o r  t o u t  L i m o - r e  is m o r e  t h a n  one  imaiflo ’ t a r  t i -me o b j e i ’ t .  I n  o t her  words

t h e r e  is m o r e  t h a n  t i tle object n;um n i mmg t ime sh ;,ured oh f e e t and t h e r e f o r e

h,iv ing some term ‘f ;ici ’ o ’SS t o  i t .  h i  see we prey i om us l y de t e r m i n e d  t h a t

o b j e c t s  are identified by name s, i f  s e v e r a l  I i t f e m t ’ n t  names i r e  u sed  f o r

a ‘b a r e d  o b j e c t , t h e y  mois t  in  t o e  f i n a l  a n a l y s i s  r e so l v e  to t h e  same

n i n e .  I i i  us a t  t h m c  t ime ,~ refer tee is made u s i n g  a p a r t i c u l a r  name , the

name m m m m u s t  be r e so l v a b l e  u n i que l y ,  b u t  d i t  f e r en t  m e c h an  ism s e m it be used

t m  i t  o vi d e  Iii is u n t t j m u o - ;o -’ss of  name r e s o l u t  i o n .  ‘\I ‘no’ end of t ime  range ,

t o re i s  ,i ; i i m - c i m a n i s m  such as L i i i ’ o ’~,’ t e r e u m c e  t r e e  devel ejit ’d i v

‘~~~~~~.— - ‘- ~~~~~~~—— * . ‘
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1 ’ l a ls i ea d [ô ]  . R e f e r e n c e  t r e e s  p r o v i d e  a b a s i s  f o r  r e l a t i v e  n a m i n g .  A

reference tree f o r  an ob j ec t  can be c on s i d e r e d  to be a connecte d  , i c v c l  i c

g r a p h The nodes  of such a g r a p h r e p r e s en t  those  c u t  i t i e s  t h , u t  k f l o w

a b o u t  t i m e  oblect i n  q u e s t i o n .  A g i ven  node kn ows  f o r  ea c h  o b j e c t  whi  i c C

of i t s  im m e d i a t e  n e i gh b o r s  i-a ;t ’w a b o u t  t h e  ob j e c t  . Us i ~h a g r . i p ii

t h e  o b j e c t  cou ld have  a d i f f e r e n t  saut e f o r  each arc in lh me graph os l o n g

is each end of each arc m a i n t a i n s  the n e c e s s a ry  i n f o r m a t i o n .  I t  
~~ l et

c lea r t h a t  ti m is is a use f l u 1 : i p p r e i c i m  to  take , but . it is m i l l S  l b  l e . At

ti me o t h e r  e x t r e m e , i t is possibl e t i m  h a v e  n a m e s  t h a t  ;ir e u n i que f i r  a I I

t ime . An examp le  of such  a ;mt e cim ~m il i smit is a c a p a b i l i t y  s y s t e n m [ ; u ]

r- ap ab I l it i ,es  are names th ; m t ir e  uu i que  i or  a I l t inc and on f a r g e ab  I e.

F i n a l l y ,  i t  is s u f f i c i e n t  t o  p r o v i d e  names  that ar e  a l l  u n i que it an y

sp e c i f i c  t ine , b u t  are not , u n i que f o r  , ml  I t ime . The st a n d a r d  use of

p hy s i c a l  a d d r e s s e s  is an e x a m p l e  i t  t h i s . At in one time rio n r c  t h a n

one o b j e c t  can have  ;u spec if j c a d d r e s s  in m e m o r y , b u t  Lime same a d d r e s s

1. Some c a p a b i l i t y  s y s t e m s , l a ce  bee n p r o p o s e d  in w h i c l m  t ime o b j e c t
name w i t h i n  a capab  i l i l y  is a v i r t u a l  a d d r e s s  and th u s  i s  not u n i j u e  f a r
a l l  t. inu e . F or  e x a m p le , B i s h o p u se s  t h u s ip p r o a c h i  [ 2 J

— 
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c a m m  ‘c uis~ d b y  dl t f e m ’ omu t t m bj cc ts u t  d l i  , ‘ r c m l  t t jutes . ‘ibm Is last

m ; m t i r i m u c i u  I s  .i ~~ ,’, m ummim ’d 1 m m u m u r  m o d e l ;  m l  I I i i ’ - oh j e c t s  o um a n o d e  w i l l  h i ’

g i vi’ mm name ’s  tim it are on i quo at any  g i v e  ii time . TI-me ma mmagemem ut .mud

re s o l u t i o n  of n a m e s  w i l l  be p r o v i d e d  b y  the  k e r n e l  of t h e  node .

W i t h i n  a node , even if  t h e  node is a p e r s o n a l  c o m p u t e r , used by

oim ~ y one person a t  a t i m e , i t  may be u s e f u l  1cm he  ab le  to d i v i d e  t ime

w o r l d  of  o b j e c t s  i n t o  s ma l l e r  worlds. This may be simp ly for

c ’ m i v e n i e n c e , or  t he r e  m i my be more p r e s s i n g  re ,lsimlms for it such as

s e c u r i t y  or  c o n t a i n r u m o n t  f o r  v en t i c a t  ion . Titus in a d d i t i o n  to  t i m e

o v e r a l l  n m m m  t u g  en v  i romume� nt In the  node , we can h y p o t h e s i z e  smal ic r

env i r o n m e n t s  c a l l e d  c o n t e x t s .  Basical l y, a context will provide a name

r e so l, v iro g abi  1, 1 t y  t or names known  i n  t u e  local  c m i v ironment into those

mma n m e s u n i que t o  t i m e  whole node . The w h o l e  of a node w i l l  be d i v i d e d

i nt o  co n te x t s , such t h a t  e v e r y  o bj e c t  w i l l  be in e x a c t l y one c o n t e x t .

- As a ‘ m m  t t er  of  f a c t , in the ~h ii i t  i c s  sy s t e m , t i u m e  i r e  n a m e s  o f  all
t l i r e  degrees  of u n i q u e n e s s .  A s e g m e n t  t h a t  i s  si’ua ro ’d b y t w o  or  m or e
p r o c e s s e s , p r o b ab  L v w i l l  t ie  known b y  . u d i  f f e m e n  t segment m )murmlb e r in the
KS~ o r  Known St’g;r;ent Tab l e  o f  each p r o c e s s ;  t h m u s  t h e r e  w i l  1 be d h terent.
name,c f o r  t he  same s eg m e n t .  At ‘i d i f f e r e n t  l eve l  in n ’ l m i n g  t i c  s egment ,
wi t e :m  u page if it is in primary memory, i f  t wit processes want  to access
t h a t  p age  • h e i r  d i i  f e r en t  n ames  f o r  t i m e  t n t  r ; n , i t  lout  t l l t ’ v  W a n t
( A  i f  t o  r e n t , hei’ m i m i ’ . t ’ of tim e d i f f e r e n t  segment  n u m b e r s  ) m ist re ‘lye to the
; , m m t ’ p i m y s i c a l  a d m ir e s ’ ; . )n t he  o t h e r  i m a n d , if t ir e segment is not used
fur a period ot t ,j ’ n ,  i t  may be moved  t r u m  p r i m n i r v  m e m o r y , - m o d  t h e
m i l y s i c i l  s p a ce  used  f o r  s o m e t h i n g  c i  s i ’ ;  t h e  p h y s i c a l addres s now may be

an add re s s  of  a pa ge m t  a d i i  f e r e o m t s e g m e n t .  F i n a l l y ,  each segmen t  has
. 1  n m i q i m e  n m n m m ’  by wim i i i  it cau m be re ’o c ; i j z e d  . [‘hose la s ’ t o me ’ s  a r m ’
cap ~oh j i l t  I s ;  t h e y  a r e  u n i que  f o r  m i l l  t irne  , ‘m o d  u n f o rgeah le . The~’ are

m: m r i t  t i l t ’  i n f o r m a t i o n  a b o u t  a segment in an e n t r y  in a KST.  (Such  a
‘ up th i l l  ty e., i ii ~s i n  add i l i o n  t , m  t h m e f u l  ~ p a t h  name i i  the  segmen t  wit i ch

I i  1 r em ms: mb le name .) For i d e t a i l e d  i h i s c i i s s l o n  i m f  t he  M o l t  in s  sy s t e m
t o e  O r ’ , i l l  I ck  1 15]
2. S i r m m - e  t h i s  w o rk  is to a l a r g e  e x t e n t  b ased  on Sa l t z e r ’ s w c m r k  on

n .inm i r m m ’, (  18] , t ime term ‘‘ context ’’ w,-~ .; i i t i i p t i o ’ d .

~~~~~ — -~~ ---— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~



W~u e t i  i n  o b j e c t  i s  c r e a t e d , ~m a r t  i t t  t i m e  c r e at i o n  o p e rat i o n  is  t i m e

a s s i g n m e n t  o t a name l~ m c a I tt t i m e  c o n t e x t  i n  wi m i ch thm e o b j e c t  is be i mu g

c r c , i t e d  i t ’ t h a t  oh l e d  . th e  C t m m l L ~’x t  i s  t h e  r o - p i m s i t t u  v i i  t h o ’  k i m o w i

m i m m o i t  w h e t h e r  ci  not  m u p a r t i c u l a r  o o ] e e t  e x i s t s  ~~j t i u i u u  i t s  o b o m m m a j m m . As

1 a m m g  as  t h u  e ci ’ r i t e  x t knows t hu e 1 t i c ,  u I i ’mamn e , u um d t h e  Sit r uge it l i mit ’  t h u  t I

a s u i c i a t e d  w i t h  i t , t h e  o b j e c t e x i s t s .  S i n c e  i t  i s  t i t i ’ l o c a l  i l , e r m m t ’  l i m i t

J e t e r u i t r e s  w h u e t i u e r  or u c t  an o b j e c t  e x i s t s , and s i u m c e t i m e  l t i ~~ u I  name has

no m e .u n  i n g  out  s i d e  o f t h e  c t ’nt ext hotundar Ic s , di j e c  t s c , i m m m i o t  muo ye I r~mm rm

cm me eon t ext t m  m l i i i  t i m e r  . A i m oh j c c  t can he  c o p  i ,‘d ji m t o  o f t ’  t i m e r  ‘ o m i t  e x t

but t i e  re su 1 t l u g  copy i s , m d u t t t ’r e i i  t ob j iS’ I (eve m i i t  L i m e  a r I g I imm m I

object is dest r o v e d )

Th ere ire a number ot  r t ’ a s i m u m s  t o r  u s in g  l o c a l  n a m e s  in  c i m r t , ’ xt s .

t i m e  i r u t  is t h a t  a u t o n o m y  i n  n a m i n g  i s  des i t a b l e , a m i d  o h  t e n  m i e c i - s - m , m r v

i f  t h e  d i s t  r i b u t e d  sy s t e m  c olt  ime p a r t i t i o n e d  om ,i n ode  c m i i i  be d e ’ t m i e i t o ’ il

r em t h e  s \ ’ s t e m l i  ~~u i l e  ct m i m t i u m m l i m m g  op0 ’ r i t  i o n .  I f  mu c e m m t r a l i zed um~i m l m m g

u e c m m , l i i i s m  w e r e  u s e d , i t  w o u l d  have  to be a c c e s se d e vor ~’ t i m e ’  a m e w

h i c  t weri ’ cr eate d . I t , ‘ml t O t ’  ‘ t i m e r  h i , i m i d , t i m e  a y e i I ,i li l i ’  namesp ice or

t u b  c t  s we’ t e  div tiled , i n  , m r t i t - m u  I i i  , a l u g  c o n t e x t  h t m u u i d m m r  les , i t c h

con ’ t ’xt c t ’ m m i d  , i s s ig i ’u t o c u l  Iv  t i m e .’ lame t t u  ~ u ie w l y c r e , u t e d  o b j e c t .  By

comb In  t u g  t i m  i s  w i t i m  ml g I o b m i  I I v  ii n i  que  C o m m  text imame , g loh a 11 y on i ~u m ’

naming t i m  he  a c h i e v e d  m i r  t ’h jec t s. time sei ’ t m n d  r e , u s ’ n  f o r  u s i n g  lot ’ l l

m u , u m n e s t ‘r ‘ it , c t  i s  i n  t ’u ’ , l ’ r  t o m  s i ve  s p a c e .  d i n c e  L i m e  m o d e l  m l  t h m e

d i - I  r i b i u t e ’ i  s v m ; t  em t ’ t i i u ( m i  i r m ~; t i l e  u s s u m p t i o n  t h a t  t h e r e  w i l l  ho imu , iir ~

— ,) i  —
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contexts al least one per node mm md probably more • time u mmespace for

ob j e c t s  will be part i t  i on ed  a n d  timer e ’t art ’ time names  can  be sim , :m l I cr

As mentioned i i i  Chapter 1 , i ll objects are typed. An objec t of

base type can be considered to contain its values , w h i l e  one of e x t e n d e d

ty pe , any extended type , can be viewed as a list of name s of the

component objects. Since an object will reside in the same context for

i t s  w h o l e  l i f e t i m e , t i m e ’ names used f o r  t he  c o m p o n e n t s  can  and , b y

ussi ump t io n , will he names t h a t  a r e  local to that context. Permitting

o b j e c t s  o h  e x t e n d e d  t y p e  to c o n t a i n  o n l y l oca l  names  p r o v i d e s  a s i m p l e r

and  mm,re elegant model t h a n  a l l o w i n g  tw o  d i f f e r e n t  k i n d s  of nam es ,

t e j i e i m d i n g  on w h e t h e r  or not  t ime  named c o m pon e n t is local or foreign .

tim e simp l it i cu  ion is m ’ on ce p t  u a l  as w e l l  as in implementat i o m m  . I n

, i i i o i j t  i on , m u t in g  onl y l o c a l  names  a l l o w s  1 ‘c time possibility cml u s i n g

capabilities provided by the l o c m l  c o m i t e x t  as a d d i t i o n a l  p r o t e c t i o n

bey o nd wh at  m i g h t  be pr iv i d e d  b y p r m ’ t e c t  j i m  c o n s t r a i n t s  imposed  on

m e s s m g o ’ f I t i w at  t i t t ’ c i m i m t e ’ x t  b o u n d u m ’ y . T l m e ’ r c  t o r e , a im o b jec t  of e x t e n d e d

type contains onl y i l i st  o f l o e m i l uma mmie s .

[‘he f u o m c t  I m u m  of the c u ’ i m t e x t  i s  to r e s o l v e  the  i-manes used by the

u m b  l e . c t s  of extended ty p e .  In those  c ises w h e r e  I t  i s  d e s i r a b l e ,

C o n t u i m i m ie i i t b y naming foreign components s h o u l d  be a v a i l i h i e ’ , t h a t  is ,

‘l ’jecl s t h u  r e . ’s i  ole  i n  an o t h e r  c o n t e x t .  it f c ou r s e ’ , s i m m c e . as was st ;mt ed

tim i.tm upl er I , c o ) m m t m m m  [cat t o n  b e t w e e n  c o n t ( ’x t s  c a mm on l y be d t m m i e ’ u s i n g

‘ r s ’ ’ s i g ’  ~‘m m s s I n g ,  t h e  names  a t  f o r e  i gn components can o m m l v  be received In

i c  ;S, 1 1 ’, e s , 11 is a l s o  t ime case ti -mat such toreign components can be

u cm : e s s e d  0)0 ly b y scatting mu message  to  t i m e  C o r r e ’ I c o n t e x t  c o n t a i n i n g  a

— 2 M  —
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request to perform a single operation on the object. If names of

objects can be passed outside the h o u n d s  of a c o n t e x t , ob jec t s  can be

shared across context boundmi r ies.

Now , it was stated that names wit h in objects are onl y local ,

r e so lvab l e  b y ti -m e loca l  c o n t e x t .  Ti -m is  means  t h a t  c o im t e x t s  m u s t  be a b l e

t o  c o n t a i n  ( m ap  f r orm m local names into)) two form s of um amn es . One form , as

a i r ead y s t a t e d , is the n o d e — w i d e  name t o  be r e s o l v e d  by t h e  ke r n e l  o

the local node. We will call L u l l s  a s t o rj ~~~ name . The im thmer is the

f i r e ign name t i m a t  needs  I u r t i m e r  r e s” l  o u t  ion; time C u r r e n t  c o n t e x t  is m IO t

ca p a b l e .’ of s uch name r e s o l u t i o n . T i m i s  k i n d  of e n t r y  w i l l  cons i s t  of l ime

name of the foreign context and a i-mane that is local to that foreign

c o m m t e x t  . The i m p l t e a t  i ons  of  t h i s  t o r m  u t  c o i m t m i m m m e n t  t a r  s ha r i n g  h a v e

been m e n t i o n e d  in  C h a p t e r  1 a n d  wi 11 he exp l o r ed I u r t h er l a t e m’

2 . 2  Abstrac t networks

w i  now have arrived It the to llow ing situation . We.’ h a v e  ,i node

wi t h i n  a d i s t r i b u t e d  sys tem . The n a m i n g  env i r o n m e n t  t h a t i t  d e f i n e s

c o n t a i n s  o b j e c t s  th a t  are a l l  u n i q u e l y  n amed . From the point of v i e w  i t

the user this world of objects is composed of partitions which we call

contexts. An object exists in e~ ac t ly one context . Each c o n t e x t  h i s

t h e  ability to name the objects it contains tnd ependem m tlv of all other

contexts. All commun ication among contexts i s  e x c l u s i v e l y b y means  of

message  p a s s i n g .  T h u s  o u r  c o n t e x ts  a r e  t a k i n g  on t i m e ’  m m p p e a r a i m c e  of

n o d e-s  in  a n e t w o r k , r e r o e n m i i  l i n g  t i m e  m u b s t r a m ’t n e t  w o r k  pos t  m u l , i t e ’ i l  I n  t i m e ’

re cent wo’rt done by Svoh odova at  0 I . 1 ) 9 )

— 2~b —
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Contexts allow for two types of p r o t e c t  ion . F i r s t , t h e y  p r o v i d e

a s i un p i e  means  of l i m i t i n g  er r o r  p r o p a g a t i o n .  Second , they allow

l i n p l ementa t  ion of arb i t r a r y  p r o t e c t i o u m  co im st  r a i m i t s  on the  c o n t e x t ;

a u th o r i z a t i o n  to have  message processed and op e r a t i o n s  p e r f or m e d  in

oume ’s behalf within a context can be c o n s t r a i n e d  to any desi red d e g r e e .

The second type of protecti oum makes the first possible . As long as

messages  are  not  sent ou t s ide  a c o n t e x t , any  e r r o r s  t i m it  rromi ~ ’ occur

i n s ide  the  c o n t e x t  w i l l  rema in c t in t a l mm e d w i t h i n  i t .  If e r r o r s  cause

messa ges  to  he sent , p r o v i d i n g  c o n t e x t s  wi  Iii the ahil i i v  I i  p r o t e c t

t h e m s e l v e s  to  a ny  d e s i r e d  degree  means t h i a t  t h e y  can p r o t e c t  t h e m se lv e s

t u ’t ’m e x t e r n a l  e r r o r s .

P r .u wm, ng on the comparison of contexts and nodes of ml network , if

Iwi ’ p rocesses  mus t  commun i ca t e , i t  is necessary to  c o n s i d e r  wh e t h e r  or

no t  t h e y  mire  r u n n i n g  w i t h i n  the  same c o n t e x t . A p rocess  e x e c u t e s

procedures , mu nd since all procedures are objects and exist wit h in some

c o m m t e , < t , the process must be by definition execu t ium g a p r o c e d u r e  f r o m

wi th i n  a context . (We will avoid a discussion about whether or not t h e

, u ’m i t e x t  in w h i c h  a pr o c ess  r u n s i s  f i x e d  f o r  t h e  l i i  e of time process or

not.) Now It two processes mi re executing within time same context , they

can cma m mmmn umm i c a t e ’m  t h r o u g h  a s h a r e d  d a t a  o b je c t .  T i - m i s  is  no t  to  say that

this is the most desirable for um of c o m m u n i c a t i o n , bu t  t h a t  i t  is

a v m m i l a h l e .  On the o t h e r  hand , i f  two processes in separate contexts

wish to communicate , they have to do It by message pomssing. We mire

v i ewi m u g t ’ tui text s as  abstract Ions fl nodes , and have p o s t u l a t e d  t h a t

pt’ ec ‘l i s t S c o snu nui m l i - at e between nodes by sending me ssag e ’s timro tugtm the

— 30 —
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e.’~~nmu um i c a t  ton umed jun. Tl mu s  s i m a r  t r i g  an ob j e c t  ut ’ ross c o n t e x t  bm u n o l ; m r  ie~

e xa g g e t u t e s  tIme d i f f e r e n c e s  i m c l w e . e li t h e  two kinds o f  s u m e r i u m g ;  i t  mo m

a c t  j u m m i  i S  t o  he p e r  [ m m  m e d  on ob j e c  t 1 , wit ich  is loc i I to  coim t e x t  ‘\ • I u s i mm i

c ‘ mm t . x t  t~ , 1 1 a r eques t  c ,un  h e  se.’ um t t o )  c o n t e x t  A I o r  t i m e ’  m e t  i C eul  t o t  h e .’

t a ken at  c o n t e x t  A or  ( 2 )  a r o ’ i o i e st o u t  h e  st i l t  t c r  a c t m p v  , i t  o b j e t 1

10 h e sent  to  c o n t e x t  ii iii ode. ’ r t h a t  t i m e . ’ ~u c t  j u e m i  h e . ’ t , i k e m m  mu m t i m e . ’ o ’ m,) p y

These two ha rms of sharing h ive ox isted 10 s i  t e . u a t  i ons  w h e r e  d i r e c t

ic -~’ess was possible t r i o  h o t s  s i t ~~s , b u t  m e s sag e  p a s s i n g  m i c c e m i t e u u t e r - ~i i e

d i m  t e r e n ce s .

~~~ ~~~~~~~ 
as ol~j~~c i s

As m e r i t  ion ed  p r ey  i ou s l  v , t u e c o n t e x t s  m u s t  he n ameab le  by each

o l d e r .  I t  w , u s  s t a t e d  t im C h a p t e r  1 t h m , m t  c i i  ‘h joel h i s  t i m r e e  a t t r i b u t e s ,

n ine , t y p e , an d  v u l u e . ’  i i  s t i t i ’ . I i i  I i gi m t  o i l  t h is  d e f i n i t i o n  it us

po s s i b l e  t o  c o i m s i o i e . ’r tim it c o n t e x t s  i r e  o b j e c t s , i n  tim e same w mi v  t i u ~it

o t t  imer t y p e s  of d a t a  a r e ’ o h j  e el s , lu c r e  i s  s o m e t h u  I n g  i mi i i c rem m t I v

d i f f e r e n t  ;mbout  c o m m t e x t s  t i m o c i g i m t i m e  doma in of  t i m e  n a m e s  t h e y  can

c o n t a i n  is d i i  t e r e m i t in u m a t u r e  t torn th o s e  c on t a  m e d  in  ,1 m t i or p r e c e d eu r e

o b j e c t s . T ime l a t  1cr Iwo C o i l m t ii ri ou t I y f lames t h a t  a r e  l o c a l  to) t i m e

‘o m u e x t  t i m wit 1 d m  t i m e  o b j e c t s  e x i s t . A c o n t e x t , on tim e o t h e r  h an d

com itain s storage name s [or  those ob j e c t s  t h a t  e x i s t  w i t h i n  it , and p a i r s

of i m m o u n e s  ( im m un e of a no t u e r  c o n t e x t  and  name to  be r e s o l v e d  w i t h i n  t h a t

o t i i e ’i  c o n t e x t )  f o r  those o b j e c t s  t h a t  ar e  known t o  ob j e c t s  i t  c o n ta i n s ,

b u t  o r e  n ot  loca l  to  tim e c o n t e x t . Thmus  , c o n t e x t  I s  i spec lii i t ’t’pe of

o b j e c t .  I t  mois t  be m b a s i c  t y p e  s i n c e  i t  p r o v i d e s  one of  the i i m t e r t  i c e ’s

be tweeu i  t h e  u se r  and t h e  k e r n e l .  We w i l l  see l i t e r  t h a t  p a r t s  of  t i m e
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kernel must be able to access par ts of the  con t ex t  type m a n a g e r .  In

Chapter 4 we w i l l  d i s cuss  those o p e r a t i o n s  fo r  time t ype  c o n t e x t  t ha t  we

w i l l  need to ach i eve  the  copying discussed in C h a p t e r s  3 and 4 .

• 2.4 Sunmmo~,~~

Th is c h a p t e r  has d i scussed  t h r e e  d i s t i n c t ly d i f f e r e n t  p o s s i b l e

views of contexts. As will become clear in Chapters 3 and 4 , we wi l l

use o i l  t h r e e  s i m u l t a n e o u s ly .  A con t e x t  c o n t a i n s  t h e  o b j e c t  we wi sh to

sha re  by  copy in g .  I n  o rde r  to a c h i e v e  t u e  c o p y i n g ,  i t  is  n e c e s s a r y  to

p e r f o r m  some opera t  ions on c o n te x t s  as  o b j e c t s  and some t imes  r eq u e s t

t ha t  c o n t e x t s  send messages to each o t h e r  to acqu i r e  f o r e i g n  components

as part of copying. Thus , we wi l l  s l ip  among the  d i f f e r e n t  v i ews  of

contexts without being explicit about it.
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~~~~~Ler Three

The Copy t~~~~~ t ions

In C lm a p t e r  2 we deve loped  a b e t t e r  idea of what  a c o u m t e .’xt is. l u -i

pa r t  i c u l , u r  we can i m a g i n e  c o n t e x t s  to be nodes in a i m  m i b s t r m m c t  n L t w o ) r k .

I n s i d e  each suc im node is a n m e m e s p a c e  c ou t a  i n i n g  o b j e c t s .  As m e m m t  io imo u I

i i i  Ch a p t e r  2 coomtainm ent and  s u o u r  imi g ‘ f  c o n m p o n e r m t s  c o n  o c c u r  m o o toss

c o n t e x t  b o u n d a r i e s .  Ii. is also th e.’ case  t h a t  p r o c e d u r e s  can he lnvo~~ed ,

r e q u i r i n g  pa ramete r  p a s s i n g ,  ac r o s s  c o m m t e x t  b o u n d a r i e s .  F i n a l l y ,

m u l t i p l e  copies  of an o b j e c t  t o m  r e l i a b i l i t y  mi nd a c c e s s i b i l i t y  m o us t  be. ’

i o i m i s j d e red .  In a l l  th ese  C i l O m s C m i p y  j og  m o i s t  occur  when c o n t e x t

boundar ies  are crossed .  T h e r e t  o r e ’ , ti -me s e m a nt i c s  of ct ip y i n g  needs

in vest i g a t i o n .

C o p y i n g  m u s t  be c l a r  i f  ied  ; i f  ~m o ’ u m p v  o f  a n ob jec t i s  t o  he ’ creat t O

it moist be indicated p r e c  I sel y in wit i c h  w o o s  t u e .’ ti r i g ina l and t i i~ copy

are the same and in wtm icii ways they mire d i t t e r e n t .  Clearly, the value s

should  be the  same . But a lso , the  b e h a v i o r  shou ld  be as s i m i l a r  as

possible .  In o the r  words , i f  an o b j e c t  and  its cc~ y are in tim e same

state and the same sequenc e of operations is performed on both , they

sho uld he in the same state afterwards . Thi s means th at any sharing

that occurs in the structure at t h e  o r i g i n a l should  also occ eur  in the

ce)py.

1. As we will see later C L L t ( i l )  c u r r e n t l y does not do t h i s .
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As mt ’nt io emed p r e v i o u s l y ,  we w I  1 1 pr mv ide severa l d i i  I e ’ r e n t c o py i n g

[md l i li e s , in a sense , the most basic copy opera ti oo m I s  w i m , m t  we w i l l

c i i i  Copy—on e .  l i i  is cop ies j  oui- t t i m e  t o p  l e v e l  m t aim oh ~ m ’i ’ t of extended

t y p e .  Time c i t i me r  copy o p e r a t i o o m s cou ld  in  essence ’  be b u i l t  up out  o f

copy—one operatIons , by exp i ic ill y r e m l o m e s t  i i i g  c o p y — o n e  I or each

componen t ob ~ect . T ime seco n d i s  tim e m m s t  e u m c o m p a s s i n g ,  c~~py— f o il ;  i t

in v o l v e s  copy io mg the  w i m o l e  o b j e c t , t ite comp le t e  s t r u c t u r e .  The t h i r d  is

someth ing  between the  two , £~~~ — f u l I - 1 o c a 1 .  i t  i n v o l v e s  c o p y i n g  j u s t

that part of the object that is local to the context c m n ti ln ln g the

object itself. There operations will be discussed i n  d e t a i l  f u r t h e r  on

i u m t h i  i s  c ha p t e r  and 1 m m Chap te r  d . C o ns i d e r a t  iom - m of  the’ m p p a r e n t

r e.’ I , i t Lye o u s i ’ f m u l m i o ’ s s  o t  t h e  t h i r e e  o m p o r i t i o m u i s  i s  i i ~~t 1’ i t i i o ’d u m m t  i i  C i map t  o r

5.

rh~~re a r e  a i m m i m b e r  of goals to kt ’e1 i n  m i n d , w h i l e ’  exp l o r i n g

c o p y i n g  m e c h a u m  i sums . F i r s t , s i nc e t i m e r e  wi l l  he m o r e .’ t h a n  one t v i o -  of

C mij iv  ope r o t  ion , we ~h ou Id  cc ononi u i e ’  ou t  mec han i s mim , and mitt empt  to  prov  i d e

a s i n g le  m e c h a n i s m  to a c h i e v e’ mi l l  t u e  copy  o p e r i t i o u m s .  Second , s i n c e

a l l  p e m s s i m m g  of  I n f o r m n a t i o m m  f r o m  one c o n tex t  to) t i m o t h i t ’ r  on l y o c c u r s

t h r u u g lm mnes s - iges , t i m e  mec h an ism s sh ou l d keep  down t h i e  q u a n t  i t  v t o t

s e ’ h m ~m r m m t e ’  p i e -es o~~f i n f o r m m m t i o n  t i m a t  m u s t  move b etw e en  the  two m ’ t m u t e x t s

l e t  or i c r  i t ’ keep  t h e  o m o u rnh er  at  oness’tges u i m & h e r  coot  r o l  . Th i m i s  , tI me

r~’ 0 ’ u e se oot u t  l oom of  sev er a l compon e ’ m t s  can  he p~i ck ~ d t o~ - o ’ t  l i i i i n  ii s i u i g le

me s O,i i ’ e ’ . tIn the o t imer  t m a i m d  , I t seems t u s e .’ t u I t a c o t l ’ \’ an 0m b lee I,

p i e c e m e a l .  T i mere  are  t h r e e  r easons  f o r  this. First , this will hel p

r . ’ e i o u o ’ e t i m e  a m o u n t  of  b u f f e r  spare  needed ,it b u i l t  ends 01 t h e  message

— h - c  —



~ 
-
~~~

-
~‘ ~~

-
~~

- 
- . -

~~~~~~~~

pass ing  f a c i l i t y .  Second , it will m ol lo w processing at time receiving end

to o v e r l a p  w i t h  s e n d i n g .  T h i r d , i t  may reduc e the  amo un t of i n t o r m a t i o n

that nmay need t o  be r e t r a n s m i t t e d , s i nce  the  b i gger the  message , time

higher the poss Ibility of an error. Both of timese become inportant when

a l a rge  amount of i n f o rm a t i o n  mt us t  be passed d u r i n g  a copy o p e r a t i o n .

I t  mo us t  l)e r emembered  t h a t  s i imc e we are  a s suming  t i m a t  - i l l  o b j e c t s

, m r c  t yped , m n obj  ed t  can on l y b e maum i p u l a t e d  t h r o u g h us e .  a t  ape rat i out s

de l  m e d  t o r i t s  t v u e .  lbe re h t i r e ’ t i m e  c o p y  om per a t lo om s m o i s t  he del i n e o h  t i r

each t y p e  of  o b j e c t  t Li ii nay  e.- v e . r need to be cop ied; on t o e  o t t  h O t  i m m o i m d

a d i f f e r e n t  k i nd  of copy , an i n t e rn a l  one ( c r e a t e — i m a g e )  wit i c i o  v i i i  be

d i scussed  l a t e r , is s u f f i c i e n t  f o r  t ypes  t h a t  are  aimd w i l l  be o n l y

c o m p o n e n t s .

l i m e ’ c l i a p L e . ’i  h a s  time. ’  t e l  l t m w i n g  ji l uim . Sec t  i ’ m  I pr ’v i d o ’s  .i b r i e .’t

d e . ’ s c r i p t  ion  a t  t i m e c o p y  ‘ p m  i t  l i m o s  t h a t  exist f o m r  t h e  b a s i c  t y p e ’ s  01

i~~C O R h )  m i n d  ARRA Y in C L U [ 1  11 s L h l c m ’  our  c o p y — o n e  mind c o p y — h  u li mi r e.’ h u ~~e ’d

‘in t h m e n . I t  ml  so) discusses ‘t h e r  c o p y  i r ig  al  gor  i thins. S e c t loom

i n t r t ) d U C e .~ the m m l g o r i t h m s  deve l o pe d i n  t h i s  r e ’s ’ . u r t d . Sect j m ns I u mm ol

d e v e l o p  t h e  d e t a i l s  of  t h e  i i  gor i t h u m s  f o r  t h o u ’ s, ’ o i d  i ng  ,end  r o e . ’ l v i  ng

co m m t e x t s  i n vo l v e d  In  a c o p y .  A d e t , u i i e d  e x a m p l e  is p r e s e n t e d  i n  l b o , - s e ’

tw sections.

1 .1  E x 1 s~~~~~ o~~~~~ n~~ al gorithms

.\s -~~ have rn emmt toned pm- t v  j , m u i S I  y , CIA I L I  i i  Pi 0w j o l t ’ s  a go omd base. ’ I m u

o i i s o ’ m i s s i m i g ( e e p y  e l e t r m r  l o m m m s  l e e r  e x t t ’ u i o i e ’ e i  t y p e ’ : - . . ( 1,11 i s  1 s t e  ‘ i m - ~~l ~ t v i o o ’ th

I i o m g m u u g e ’ . T i m i s  h r  logs wi tim i t  h i , - t m 1 ’ i  l r , m t I on  i t m i t  i l l  t m p o ’ r a t  i m m i s  ire
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type specific. Tim is means t ha t  t h e re  a r t ’  mu generic op ermi t l oims that can

he used on an o b j e c t .  On the other hand , copy o 1 m&r , i t l a m e ,  o r e  de t  m e d

for mu ie.msi of the basic types of abstractions rind t y p e  g e n e r a t o r s .  I l i e

t w o  t ypes  t h a t  have  in t e r e s t i n g  copy o p e r a t i o o m s  are  m r r a y s  and r e c o r d s .

h o e se - i re  a c t u a l l y  g e n e r a t o r s  of i n f i n i t e  c l as s e s  c m i  m u t a b l e  types  of

o b e ’c t s .  ( T h i s  me ans  t h a t  t hey  can he ems e d to g e n e r a t e  types  based  on

au~’ atimer types.) For each , array and record , there m i r e  t wo d i s t i n c t

copy operations , copyl and copy . The se”n a n t  ics ( a n d  Imp lement atio ’u ) of

t h e  o r r a y S c o p yl  a r e  the same is  t h o s e  o t t  time r e.’cm )rd$c opyl . The same is

t r u e  t a r  a r r a y $ c o p v  and r e c o r d $ c o p v .  Th ou s  It  s u f  f i c - e . s  f o r  t ime  r e m a i n d e r

a t  t t m i s  d i s c u s s i o n  to use the terms copy I mind  c o py .

T u e  simplest way to describe’ t h e  b e h a v i o r  of  t i m e  l v ’  copy

m pe. ’r :it i o ns  is to g i v e  an examp l e .  F i g u r e  3 . 1  dep i c t s o m u t a b l e  o b j e c t

i i i  Li ii . The. ’ ob j e c t  c o nt a i n s  t w o  p a r t s , t h e  h e a d e r , c ’m1 t ~i i n i n g  t i m e

o I e ’:’~ ’ i l p L t e i i i  o h  wh a t  i s  t o )  f o l l o w  ( s p e ’ c i f i ’ ~m I  l v , t i m e  r ep t vj t e , w h i c h

i r m d i  m t e , t o o -  [ t i m - m o m  ‘1 t ime  r e . ’p r e s e n t m t  ion 1 t i m e . ’ obje ct , mu d t h e ’ I m -omg t hm ~

a mi d r tm oe.’ i’ - t : u , t I  m t ’p r t ’se ’i i l t t i a i i  o f  t h e  ob c t  . T h i s  ig u r e . ’  d e p i c t s  an

-d’ ject t l m ,i t is - u 1 i - -t of r e t  e i e n o ’e ,  t o m  o i i L i e ’r o b j e c t  ~~. A r e t  e - i e r o c e  is

c e m i o o ~ ’e ’’.e’d - 0  cove r - el  I l u g  h its , so m e ’ t b o i n ) ~ t i n d e r 1( 3 b i t s  L i  de’scr it ’ ’ the

t v l m e  m t  f l o e ’  oh ) e c ’ t ‘ u m i m ’d by the r . t u ’ i  t : i t ’ e ’  ( t h i s  i t  ‘ : - u ~ Iv is m iii i n c i m  x

i r m t m  a I mo le of p o i o m t e - r s  to  t e a r  i p t  i o n s  ‘ i t  t y p e - s t . and the  a d d i e s s  of

t h e  object. The d m ) p V I  I c ’  r , u l  ion  c r e- i  tes m m new e lm ) ect oh the same type

hi u v i m m g  i l l  t he ’  ~, i a t ’  r e f e r e im c e s .  In  o t i m e r  w a r d s , wha t  i s  ret urimed by the

We ’ , c r o ’ li r e l i t i s i m o g  in  t h i s  t h e s i s  t h r e e ’ a d d i t i o n i l  m u t a b l e ’ b a s i c
I Y 1’° ’ ’ • C o m m i t e ’  X t  5 , lOW ssag e — c o n t t ’x is , a nd i m a g e s .  Time. ’ lm ttte ’r t v ’ w i l l  he

o h ~ ‘.t - ’ m s ’ l e ’  I 1mm oie. ’ t~~~I 1 1 m m  t im 1 m m  m m m d  l i m o  n ex t  c im a p t e . ’r o
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CLU object

r e p t y p e  l e n g t h

r 
f l u  type ~~~~~ ress

r e - f  e re olces

lIEU II
Gl obal table

T ype do se  r i p t  l e o

3 . 1  A nmu tmob icr CLU o b j e c t o f  cxtend e ’ol t y p e . l i t ’ h ea d e r  c e n t  i l m i : ,
t h e  r e p t y p e  , in tIm is case re.’feren ,e ’c , and  t i m e  l e r m g t i m , in t h i s  case  t h e
number cm i r e f e r e n c e s .  ‘The r e ’ p i  ~‘5c ’ n t a t i o r m  a t  th~ o b j e c t  is  t h e  l i s t  cit

references t h ,m t  f o l l o w  t O e ’  ime ’ - m d e r . The  on l ~ ’ p l ice. ’  i i i  w h i c h  th ic type at

an ob j ec t  i s  st o r ed  Is  i n  .i r e f e . r e n t - i m a m i m i n g  t h e  o,h~~o’ct

cop y l o p e r a t i o n  is ‘o new r e t  c r e n c e ’ i m m i v i n g  t h e  s ine t y p e’ as t i m e  ‘i i gi mm. - m l

b u t  o d i f f e r e n t  a d d r e s s , m u d  t i e ’ abject m e t  t h i s  ad d r e s s  i m m o s  t o o t  s am e

~t t t ’o 1 t s  as the or igina i ob j o ’ o ~ t , i . e. t ime new o b j e c t  p a in i s  to  a l l  t i m e

same o b j e ct s  t he i i  i g i m ma l does.  T i m e . ’ c o p y  works as f o i l  v . F i r s t , a

copyl i s  p erfor m e d  on t h e  oHect  to  be cop i ed .  l t i e. ’a c a c t i  r e ’ t e . ’ r e m m c e  is

p i ke d imp f m - o n  t h m e  new o b j e o ’t , - i r md i c o p y  om per c i t ion is  p e r t  m irmt ’J m o m  t h m i~~
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c e u m l m o c r i c u i t c m l i  j e c t .  For eri ch compon en t , as I t  is cop i e d , time mew

r e f u ’ r e u m e . : e  is used to rep lmmce t h e  o ld  one 1 mm t ime c o p y  of its c ont a  1 n i n g

ob j ec t .  T h i s  process of copy imig com ponents continues until co p ies have

been made of a l l  t ime lowest  level  bas ic  t y p e  o b j e c t s .

- 
T h e r e  m i r e  s e v e r a l  problems w i t h  tIme copy operation . The first one

Is me s e m a n t i c  prob lem . I f  s ha r i n g  e x i s t s  w i t h i n  a r e c o r d  and the

r e c o r d $ c o p y  o p e r at i o n  is used , t h i s  sh a r i n g  will not be present in the

newly created object; an object that is shared b y two componen t s  w i l l  be

copied t w i c e .  Thus the  b e h a v i o r  of t ime copy may n ot  he th e  same as

t h at  of tim e o r i g i n a l  objem : t. unde r  m i l l  o p e r a t io n s  f o r  t he  p a r t i c u l a r

t y p e .  In order  to  ach i eve  s h a r i n g  t h a t  w i l l  be cop ied , a d i f f e r e n t  copy

op e r at  ion  m e us t  be imp lemen ted  t h a t  t a k e s  c e i g o -o i  z ance  of where  sitar ing  is

to o c c u r . Time s econd  p r o b l e m  a m - i c e s  f r o m  t h e  i mp l e m e n t a t i o n  of the CLU

e n v i r o n m e n t  in general. The lifetime of am-i object is no longer  t han  the

I i f “ i 115 0 o f  time ’ process th at  c r e m  ted  i t .  A copy of t ime  ob jec t can he

-;ev ed 1mm some f o i r : o i  i n  s e c o u m d m o r y  s t o r a g e , b u t  i f t h e p r ocess  t im a t  cr e a t e d

t h e  ab j e c t  d i e s  mi nd  mi n ew p r oces s w a n t s  to :  r e t r i e v e  t ime  i~i f o r m n a t i o n  • it

w i l  1 by  dc i  m i t  ion he in m new oh] c o t .  The ’ ‘ t 1 f f l~~’ used to i den t  i f y  an

e ) b ) e ’ct  is u n i q o m e at  m g iven  t ime  b y v i r t u e  of i t s  c o n t a i n l a g  an a d d r e s s .

~k ,’n t he s t a te  or v a l  oie of an ob oct i s  s t o r e d  or saved , all the

a d d r e s s e s  o r e  m o d i f i e d  so is to he r e l i t  ly e  to some base address

attached to t he  e n t i t y  b e i n g  s t o r e d .  Thus t h e  names  used b y a process

f o r  ml , j e c t s  (‘ -on n e v er  get  i n t o  s e c o m m d a r y  s t a r i g e ’  . When an ob j ec t  is

I t o  is l e ’  s c r ip t  i on  c o n f o r m s  t o o  t i m e  i m p l e m e n t a t i o n  of  CLU oum t h e ’  l ) E C2 0
S v s t  em m o ,iI [ b o o ’ La bo r e l  c r y  t a r  C o m n i m m u t e r  Sc ienre , ‘ITT .
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r - t r ie v e d  from s e c o n d a r y  s t o r a g e , i t wil  i be g i v e n  a new name or

‘ c’ference (address) based on its new position jut primary memory. Nov

t ime  o b j e c t  r e a l l y bias beco m e a new ob j ect  Im avi r i g the  same s t r uc t u r e  as

t o o  old one au- i d w h i c h  m i g h t  b.c considered to be a comp le te  copy a t  the :

o r i g i n a l .  In t im i s  t h e s i s , t i m e  m os s u m npt  io n Imas been made that an o b j e c t

ca n h a v e  an e x i s t e r m m c e  beyond  t h a t  of  t i l e ’  p r o ce s s  that ommay i i  we c r e a t e d

i t .  T i m e r e t o r e  , t i me o b j e c t  m u s t  have  , e name that is ’mot t ieeh to t ime

c r e a t i n g  process , such as in add i -ess  in the p r i o o r v  m emory  al  l o c i t  e l  to

tha t  p rocess.  I f  the  nam e is not  t i e d  to a ph y s i c a l  a d d r e s s , we can

a r r a n g e  the  n a m i n g  m e c h a n i s m  omnd i t s  i n t e r f a c e  to t h e  s t o r o g e . ’  m e c h a n i s m

so th a t  the  ph y s i c a l  l o c ,m t ~on of  an object can  ‘( m a n g e : ’ w i t h o u t  i m n o i u m g

t ime  v a lue  ,,r c o n t e n t  of t he  o b j e c t .

1m m 0 i d e l i t i o ’ im to t i m e  co p y i n g  p r o v i d e d  j i m CLII , oLh o ’i c o i p y i n g

o i g o r i t h m s  one ust  he.’ e x a m n i n e d  b e t  m m - o r d cv  i s i m m g OOC t o )  f i t  t h e  p i r t  I ce d a r

l e e ds  of  t h i s  r e s e m r c i i  . O n e ’ a p p r o i - h  t h a t  mo ist be c o n s i d e r e d  i s  t h e . ’

c op y I ng do n e b y v o r ious  g-m rhage  c o l l e c t i n g  m e c h a n i s m s .  An imnp o r t an t

such a l g o r i t i m m  is t i m a t  sug~ e. ’ sLe d  b y ~I c L i r t  lmv [ 12 ]  and t h en l i t e r  used in

LISP  1. 5 [ 1 3 1  , MACL L S P ( l 4 1  , and O t i l , ’r l i s t  p r o c e s s i n g  systems.  ‘~i ii s

al gorithm passes over the information timre. -e t i n e s , firs t mark mg a l l

cells situ accessible , second compacting or moving all the m cessible

cells in to contiguous storage , tiooo ~ omm i ding all t h e ’ inac oe ssibl e cells to

the free list of ava ilable sto rmigo , and ti n a l l y up d a timmg all the

p o i n t e r s , so t h e y  P C) m t  c o i r r e ’c i i  y to the ’ c e l l s  t h m m t  hmm mv e i i e ’ e ’ n m o v e d .

l i m e re i r e ’ two p r o b l e ’n m s  w i t h  t h i s  m i p p m ’ o m ’ h m . I - i  1s t . he c , eo i s e .’ t h e ’ . e l g o r  i t hm

r e q u i r e ’s th u  r e - c ’ ~o o ’ c e s s i v e  commu p i c - f e -  i m i s s o ’ s  over t i m e r  St r o u c t e u r e ’  , ‘m O ’  In  t h e

— 00 0 —
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old loc ation , one to move time da ta , amid t o n e ’  1m m t h e e .  new l o c a t i o n , we

w oee e  I d  umo  t he.’ able to ac ii E e ’ve m nuc h m ny c ’  r I 
~~
p l i m b’- of pr000 c-os I ng  . Second ,

t I m i  s a l g i r i t t mni r e q eu ire ’ s in a um y more  m f l e s s i g e ’s t h u m e u m Ic ’ceso m i r v  m i s  w i l l  be

S C e i m  l a t e r . A m o ti ie. ’r a p p r o a c h m  t o )  g a r b a g e  col l ec t ion h a s  h e e o m  deve loped

b y Baker  [1]: r e a l — t i m e  garbage collection . Ag a i n , as w i t h  t h e

al go r i t h m s  m e n t i o ne d  abo v e , t ime o r i ginal objec t and components are used

to  S t o o r e  t h e  na me o f th e c op ies . If we were tee use an approach such as

this , a dd i t i onol message passing would be necessary.

On time other Imand , Bis lm op imas developed a mechanism s i m i l a r  to

oours(2] for his compacting garbage collector. h- or simp licity lie does

n o t  iiod if y t b o ’ or igi i i i  oh j ec t  be ing cop led , hut rather ma i n t a  ins  an

ext e ’m o o , ul marked datab use t i m - m t  maps time ’  n ames  ‘f o b j e c t s  i n to  the  new

cop ies if these objects. An en L ry in t buIs data base f o r  a particular

object indicates that i t  has been c o p i e d  and  pr o v i d e s  t h e  n ame o f time

copy. I n  our mechanism , t he m e s sa g e ’— c o n ° e x t  prov ides 1 similar

I m i m i c  t jon • al though i t -i iso: m a i n  i m i  I n s  the~ list of those ob] ects to be.’

c 0 0 1 ) i , ’ o i .  h o e ’  m - e ’OSofl  t a r  t h i s  is t h a t  B i shop  f o l l o w s  eac h p a t h  t 0 ,  i t s

“mm d , [ h u e ’  rm ’h- ~- cop y ing t h e  lowest  l eve l  c o m p o n e n t s  I i r s t  , in [ m c i , and

- o u t i n g  v i  t im the. ’ t o p  l e v e l  o b j e c t .  In t h i s  t h e s i s  one o f  t he  goals  is t o ’

co ’ i id  images  is ~ m u i c k l y  -i s  p o s s i b l e , not i n v o k i n g  the  c o p y i n g  r e ’c u r s i v e l v

on c om p o n e n t s ;  t h e r e f o r e - t Ime  me ssag er — ’ o m u m t o : x t  i s  the  rme a n s of r et a  i n i n g

t i m e  i n f o r : n -t t i o n  ab out w h i c h  c o m p o n e n t s  need copy ing.

t i t h e r  u l g o r l  t h m s  f o r  c o p y i n g  l i s t  St r o o f u r o s  have been d e v e l o p e d  b y

Fi sh ie ’r [~ 1 e a t  C l  i r k  1 3 1  . l i m e ’ purpose of these  a ig o r i t  h mn - c i s  to c a p \  an

mb j o e L  u m f  e m - h i  t r , u r v  s iz e ’  i n  mm w or k sp a c ’ of b m s u u -m ded S j , ’ e ’ . In  b o t h  cases

— - e l )  — 
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i i i  o r d e r  to . ic i m iev e  such a goa l b o t h  t i m e  o r i g i n a l o b j e c t  and t h e  e t o p v

a r e  u t i l i z e d  b y ch a n g i n g  t h e  v a l u e s  in eac im m i u l t  I p le  t i m e s .  Timese

a l g o r i t h m s  have , f r o m  our  p o i n t  of view , pr ob le mmm s similar to those of

t h e  g ,o r b ag e  col lec t ion  i l g~or 1t h i m s .  I’h iu s  , we’ f ouo m d i t  nece ssa r y t o o

J e v e l o m p  our  owim me chiani sirm for copyl um g in  t h e  s i t  u a t  ion  in wit [cii  m m l i

e.’om n n m ieo m i - u t  i i i  t i  kes p toe ’ cc t h r o u g h  mness _ Iges  , and where it is do’s roil) ii- 0 -mr

e V e .’rm ume. ’c e.’ s s i r  to send  p i e c e s  o m f  time c o py  se par atel y i i i  s ep a r ite ’

uimesS ,i00~e.’s

3.2 Proposed ~~~~~ e.~~~1,~it  ion s

T im is t h m e s i s  w i l l  p r ov ide t h ree v a r i e t i e s  o f  c o p y  o p e r a t i o n s .  I W O

o f t imem a re  v e r y  s im s  i l m o r  to  t u e  t w o >  proc ided b y C LU m i s  d i scussed  j ut  t h e

pr ec ed ing sec t j o i n .  -l w o e  p r ob  1 e ’m um s were ’ broug hmt U~~ i m m  r e  l o t  I t om t o  CLU

first , t h a t  CL U does  u m o t  uorc agu ize m u m m y s i m a r i n g  w i t h i n  in objec t , - i m m , h ,

s econd , t h a t , as cam - i  h e  s e e n  i n  t ime n a m i n g  mechan  isis used in CLU , an

0o b e ’ct  l ime s umo e x i s t en c e ’ w i t h o u t  t i m e ’ p r o c e s s  t h m a t  e re c t ed it. We me r e

assum i ng tha t in o b j e c t  h i s  men  e x i s t e m m c e ’ t i e d  to ) i t s context inst t ,id.

I t  is t ime  c o u m t e x t  t h o t  et e.’te rm i o m e . ’s w h e t h er or not  an e ) h j e ’c t  e.’ X i s L S

As we h a v e  d I sc u sse d pm - cv lo cus 1 y ,  pa i red vi th  each 1 eec oi l  name  i n  a

‘an t e x t  w i l l  be mm um ame of  one of  iv ’ k i omits: a f u l l  ul am im o’ p a i r  of the  f o r m s

(~~ o t n t e ’x t , local  n a m e ) ,  or a s t o r i g e  name timat uum lque lv ide n titie s t h e

ob c C  t to time storage m a n a g e r In  o r d e r t h m i t t h e  01) j c e ’t can mdc tual lv hei

acc es sed .  Also , as m e m i t  i m m e d  p r e y  l o c u s t  v , when  an o b j e c t  i s  s h a r e d  ( b y

c . m m i n g )  b y two  c o m p o n e u m t s  of  m n o t m m e ’ r  obj ec t vim j o b  i s  b e i n g  c o p i e d  t h a t

t ime s h e a r  b i g  s h i o u l  d m m o ’ t  he last i m  m u i a k i n g  t he  c o p y .

— 1 —
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We will call the two copy o i 1 o e ’ r , e t i i ’m n s  t h a t  are m o d e l l e d  on CLII

oij V o ) o i t ~ ,eo md ce~p y — 1 u t I .  ‘ l ime t i m Ire! u ’upy ge rat m o m  i , s  t i m e

e’cu Jm I— fuil—lo .e,mI . T h i s  o p e r a t  t o t e  I i ;  t i m e . ’  s ,mme ’ mo ; t h e  c e e i m y — f u l  I except

I t t  0 ) 01  iv th ee Or ig i na I obj cci and t imo se ’ ce n mm pou e ’n  t c m l i t  I n  t h e  same

con tex t as the  o r i g i n a l ob jec t  w i l l  be cop ied . while for the foreign

components onl y the names w i l t  be s e n t .  Again , the  best  way to exp la in

the details of these operations is to consider an examp le.

l e t  us first consider Figur e 3.2(a). Througlmout the remainder of

t h i s  t h e s i s  t h e  a b b r ev i a t  iou -i “ L — N ’ w i l l  be used f o r  “ l o c m e l— n a m e ” and

“ S — N ” w i l l  he used f o r  c c  sto rage—name ” in nam imig  ob] is thur ing tim e

discussion of examp les and figures . We wish to copy the object in

c o u m t e x t  1 he av ing  a local  name of  L — N 18 to c o n t e x t  5. F i g u r e  3 .2 ( b )

shows l ime s t r u c tu r e  of the  objec t L—N 18 as i b loc k d i a g r a m . Now , in

o r d e r  to perform a copy—one operation aim 1, — N 18 , to c r e a t e  a copy in

c o n t e x t  ‘m , four umames local to context S m u s t  he chosen (h e r e  L—N

3 1 — 0 0 - 4 )  . Fi g u r e  3 .3  dep i c t s  what w i l t  be in c o n t e x t  5 after the copy—one

t e p e r m o t i o n ;  t h e r e  wi l l  be a copy  of 1 — N  18 of c o n t e x t  I and f o r  each

lo c a l  na m e used in t h e  copy in c o n t e x t  5 t h e r e  w i l l  be a r e f e r e n c e ’  back

t o  t h e  origina l component. Thtus the first name , when followed timr ough ,

p o i n t s  to I — N  8 in con t ex t  1 , t he  second , to h —N 12 in c o n t e x t  1 , and

the.’ t h i r d  to L—N 9 in c o n t e x t  3. The f i r s t  two can he resolved to

storage names in context I , beet  the t h i r d  can onl y in c o n t e x t  3. F i g u r e

1.4 presents the copy—full on L—N 18 of c o n t e x t  1. I n  t h is  case a l l  t he

c o m p o n e n t s  i m a v e  also b een cop ied , and f i v e  local  names  i r e  needed in

co n te x t ‘,. Now , there are no referen ce-mo hack to the  t m ’  I g in a l  ob j ec t s ,

— 4 2  —



- -. ‘~~~~~~~~~~~ “ “ ‘_ ‘  ~ - ‘ ‘— -‘ — ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~ -

coumte ,oxt l 
1 

coo e x t  3

L_ N t~~J~~~~~~~1 I 1
1. —N 8 S — N  2 L—N ~ 5—N 5
L—N 12  5—N 3
I — N  17 c on l e xt  3 , h-N

h — N 18 L—N 8 L—N 9
1. -N 8
1. —N 12
,L:N 1 7 J

I — N 12  1, —N 7
1, -N 81
1, —N 7 j

( u )  l i m e  name s in an nb~~ect  , i t s  c o m p a m m e ’ o i t s  • and t h e  r e l e v a n t  C o m o i t ’ x t  mm
t h e con t e x t s  co n t a i n  m a p p i n gs b e t w e en  loca l n ames  an d stou  i~~e ’ am -  f u l l
names is wel 1 as oh j  cc is. “ I — N ’ and “ S — N ’’ a r e  , u h h  rev iat U’s tom r
“local—naum ie ” mmumd ‘ st ore gc ’~ m m oom o °°  r e -s 1me ’ e  t i v e l v .

( c e o m f  e’x t 1)

fl7 ~ ~~~~~~~~ ( c o m m i t  ext ‘3)

Li L
( h )  B lock  d i a g r a m  of [J oe stru cio ur e of the object L—N 18 a t  ( a )

F’ 1, ‘u ~~.. ° Aim e’x i m mi i ch e ’ ot c o o  e e b  ~ e ’ o ’
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context 5

L—N iT f’~~N 6 1
L—N 32 c o n t e x t  1 , L—N 8

o L—N 33 cou t e x t  1 , L—N 12
-
~ h—N 34 context 3, L—N ,,_

~J
L—N 31

L—N 32
L—N 33
L—N 34

Fi gur e 3.3 The results in context N of o copy—one  on { c o n t e x tl , L—N 18)
of Figure 3.2 to context 5. T ime c o n t e x t  c o n t a i n s  o b je c t s  as wel l  as a
muap p in g between local name s and storage or ful l names. “L—N ’ and ‘ S—N ”
ire abbreviations for “local—name ” and “storage—name ” respectivel y.

- 
but ml so we have lost time f a c t  t h a t  not e of  the c om p o n e n t s  wmis  in  a

context separate from the rest . Oum the’ oi l ier  b au d s i m m m r i n g  has been

ma in t a  [nod .  F igu re ’  3 . 5  dep i c t s  t l o c c  copy— f ul I — l o c a l  on 1, —N 18 of c o n t e x t

l ie r e ’ m g i  lu m I ly e .’ I n c - i l  names are mmee de.’d i i i  e o m i t e x t  5, but the

com po n ent  t t oat  was in context 3 , s i m me ’ e.’ L i m i t  i s  n o t  t ime  c o u m t e x t  t h a t

c o m i t o i ned the  o b j e c t  o r i g i n a l l y  b e i n g c op i e d , was n o t  c op ied .  Onl y lIme

name of t h a t  o b j e c t  ima s be oum p m m s s e d  t o ’  t h e  r e c e i v i n g  c o n t e x t .

At o ’ o c l m  p h y s i c a l  node  in t h e  s y s t e m s , the re m e us t  he iii a d d i t i o n  to

ti mo ’ set - m l  c e ’ m o l e ’ x t s  re .’si d i  ng t h e r e  a k e r m e e l  t h a t  s e u p p o r t s  soi c i  b a s i c

u u t c t  l i m o -  es o n e s ’ o i g o ’ p a s s i n g  b et wee ’m i  c o n t e xt  • com mne um i i c a t  j o - mn wi t i e  t he

h m m r d w , m r e  n e t w o r k  u n d e r l y i n g  t i m e  s y st e m , s t o o r a g e m a n a g e m e n t , and

al b o ’ c m i t  ion a t  o t h e r ph y s i c a l  r e sources  th at  a re  sha red  among the

processe s  rui n i n g  in  d i f f e r e n t  c o n t e x t s  on t Im e s m m ’ n o d e . A k e rnel  w i l l

— /~4 
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CoLl ie  xi  5

- i~~ iTT s~~~1H L— N 32 S— N 7
! L — N 33 S—N 8 j

1, —N 34 S—N 9

~~~~~ ~-~~i&~J I

I~-N 11 I - N  32
h -N 12 1 V , i~~e 1 -
I . -N 33  -

J~T~ J’t
1. — N  3

1.— N 33 ‘o h i o ’]

~~~~N 3 ~~~ 1. — N 35
LvalueIl

F’i~~~re t,3 Tim e re soul ts In  Comi t e’~~t S of a c a p v — t u l I  on {context 1, 1. —N
18)  of F i gu r e 1 . 2  te. ) co ’i it e ’xi N . l o o t ’ e a m i i o ’ x t  c i n t m i  i n s  o bj e c t s  mis  w e l l  mis

- I  m n m i p p i n g  b e t ween l o c a l  nu o n m o ’ o-o m u d  s t o m  age or f u l l  mm ao ioe s . ‘‘ l _ — N ’’ m ind
m i r e ’ .mbb rev i mt  i on s f o r  ‘‘ I oc mm 1 —nm m m e ’ ’’ am- id ‘‘ sin rage ’— n 0omm m e ’’

rcsp e ’c i ive I y.

a l s o  p r o v i d e  m e ’ i o , m n i s m s  f o r  e ’ r m t a r c i ng  s e c u r i t y  c o i i s t  r a i n t s  co t the

c ’S t e x t  S it ‘seippo rts

In c o p y i n g  an o b j e c t  ron one c m i i  t e x t  to a n o t l o o ’r , i o i o m i g e ’s o r e

c r e a t e d  w i t h i n  t he  s e n d i n g  c o m m t e x t  m m S p r e y  i ou s  l y desc  r [bed . IlmOy I r e

t i m e n  passed to the  k e r n e l  t o t  t i m e . ’ se mi 1 i n g  c’ e . i m m t e x t  . We w i l l  p o s t u l a t e ’ a

message ba r - id l e r  t h a t  deals  wi ii ui I t h ~ i m  0 ’b l em s of p a s s i n g  mes sag e s

among c o n t e x t s  on the local node au - i d  i m m t o and ou t  c o t  t i ’ t ’  u m e t w o r k  f u m  t h e ’
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context 5

L—N 3 1 f  S—N
h—N 32 J S—N 7
h —N 33 I S—N 8
h —N 3-c context 3 , h—N 9
L~~~~~L~~~ l O

h—N 31 h—N 32
h — N  32 ~~~~~l~~~J

h—N 33 L—N 35

f L-N 32 1 L~~~~e
- [j~-N 35J

F~~ t r e  3 . 5  The r e s u l t s  in c o n t e x t  5 of a c o p y — f u l l — l o c a l  on ( co n t e x t  1 ,
1,—N 19) of Figure 3.2 to context S. Ti -me c o n t e x t  c o n t a i n s  ob j ec t s  as
w e l l  os , u m a p p ing  b e t w e e n  l o c a l  names and ~~orage or fu l  n a m e s .  “ L—N ’
and  “ S— N ’ a re  ah b r e v i  m t  ions f o r  “ l o c a l — n a m e ’’ and “ s t o m r , I o h c ’ — o o m l o n o ’ ’’
r e’spec i iv ~’l v

le mo ,m l contexts. The message handler must determim m e how to f i n d  time

r e c e i v i n g  c o n t e x t ,  I f  t h e  r e c e i v i n g  c o u m i e x t , I s  on t h o c ’ same n ode , the

n e t w o r k  need not  be In v o l v e d  m t  m i l l . T i m e ’ n i e s s - e g o o m P i s s e d  ou t  of  t ime

s e n d i n g  coomiex i will simp l y be’ passed directl y to  the  r e c e i v i n g  c o n t e x t

I t  t h e ’ r ecctv  i n g  C o n t e x t  I s  not  on t h e ’ m c i i  u n t I e ’ , t i m e  message h a n d l e r

I - W~ - e m - c- issium ing not (‘ii i y t i m a t  t he  , m r c h  i t e et u r e s  of  a l l  t h e  nodes
ire h o e ’ O i , o ; l o e ’  , hut me Iso  t h at  t i m e  sp e c i f  i c a t i o n  and i mn p l e m e n t a t i o u i  o f  time

e’x t& ’mielt’ oi c u d  base types c i t  o b j ec t s  t l m . i t  can he cop i ed  ‘ire the samn e oem
i l l  rn,u c i u m n p s . By t h i s  we m e mee m t i m a t  t ime  r e p r e s e n t a t i o n  of an object of

e x t  eumdi,o d type will hi’ com posed of time same compommen t types on ill nodes
t o e t w c ’ e ’m m wit ide t h e  o b j e c t  can be cop ied . Time prob lems caused and avoided
‘v sue -ti - i  r e s t r i c t  ion w i l l  he d i scr esse d  in C hap t e r  5.
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u e mu si p r epa re  each message for trausmissioum through the network to ti me ’
I

correct node.

o 3 . 3  The copy 1n~ al gor i thms

The procedure  that will be followed will be similar for all three

types  of copy o p e r a t i o n s,  When it has been decided that an o b j e c t  is to

be cop ied , t ime first step w i l l  be to c rea te  a m e s s a g e — c o n t e x t .  A

message—con tex t  is  an e n t i t y  t h a t  is grow~m b l e  and w i l l  h ave on l y a s h o r t

lit et im e . It is a map p ing b e t w e e n  the  index of an e n t r y  and  t he  v a l o m e ’

of that entry. An en t r y  is c rea t ed  as fo l lows : each name in  t he

o r i g i n a l ob jec t  w i l l  be examined  to f i n d  the full name , {coniext name ,

local name) pair , for it. T h i s  w i l l  become an entr’~ in the

m e s s a g e — c o n t e x t  i f  it is not there already. The entry associated with

i n d e x  0 w I l l  be t h e  f u l l  um ame of  the  t o p  level  ob jec t  be ing  c o p i e d .

~1eanwh [Ic  a r m ima~~e of th e  o b j e c t  w i l l  be c rea ted  h a v i n g  in p lace  of

each name i n  the  o b j e c t  t h e  i n d ex  i t  t h e  en t r y  i n  t he  m e s s a g e — c o n t e x t

c o n t a i n i n g  the  f u l l  name of  t i l e. ’ c o m p o n e n t  o b j e c t .  The  i m a g e  at  e m i c h

compo nent  w i l l  have a t t a c h - m e d  l ime index used in the  :oie ’ s s m e g e — c o n t e x t

Each object will also have the  t y p e  a t t a c h e d .  When an image at  t he

o r i g i n a l has  thus  been c r ea t ed  au - m d an e n t r y  fo r  i t  has  beem i made in t i c s

message—context , it is ready to send . At this point an image of the

next object named in the message—context is c rea t ed  in the  same manner

• This work does n o t  dea l  with the counmun teat ion protoo -ols o f t h e e
om etwork , aithoug im of course the’ message handler must know limem. The
copy opera l b um s can ~aow nothing ahocu t these p r o t o c o l s  n o r  a b o m u t  t h e
degree ’  of r e m  l a b i l i t y  t h e y p r o v i d e .  We will discuss reliabilit y at a
later point.

— 4 7  —
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~s time ’ t ap  l eve l  ob jec t  u s ing  the same m e s s a g c— c o u m t e x t , t. loot S adding

cot r t e .’s t o  t h e ’ end ot the  m e s s a g e — c o n t e x t  when n e c e s s a r y .  Tim is is

repeated contil aim image has been c r e a t e d  and  s e n t  f o r  e v o ’r y  ob ject named

i n  time message—context that is to be cop ied . Time message—context will

p r o v i d e  the  names at those objects to be cop ied as comporments. For a

co p y — o n e  o p e r a t i o n , t h e  c o p y i n g  is o u m l y  p e r f o r m e d  on t u e  top  l ev e l

object. Oumce the image of the objec t has  bee n sen t , an image of t h e

message—context must also be sent , in o r d e r  to c r e a t e  the  c o r r e c t

e’n t r i e s  in the  r e c e i v i n g  c o n t e x t  f o r  t he  names in the ’ ob jec t b e i n g

cop ied .  For a c o p y — f u l l , once images f o r  a l l  the  componen t s  have  been

e’ re ,i  t ed  , ou i d  sent , o m o t h l t m g more needs to  he s c m - m t .  The m e s s a g e — c o n t e x t  is

o h  no imuo re u se .  F i n a l l y , f o r  m m c o p y — f u l l — l o c a l  ope ra tion , a l l  time

compooments ti e.it are  i n  t he  s e n d i n g  c o n t e x t  w i l l  he cop ie d , and me p a r t i a l

i mn m m ge of l i m e ’  m e s s - l g e — c a n t e x t  c o n t m u  in  log t h e  i nd ices  and  e n t r i e s  f o r  t h e

f o r e.’ ig u l  r e t e r e n c e ’ s  m oi s t  be sent.

l i m e  i o n , mg e  c rca t e.’d for cacti oh j o ’s t cop  i e .’d will immmve ‘e two p a r t

hea~ler . One i o : m r t  is t i m e  Index oil t i m e ’  oh j e ’ o - l ’ s um m e mm ee ’  ii i  t h e e

m e ’ss ,-mge — c ’ ’ mo h e x t  . Tim is would o m i t  l o t ’ i e ’ ( ’ e S sm r y  i t  we c o u l d  g u a r a n t e e  t h a t

a I I nc ’s’~,i 1’,es w oo I d be’ r e’c e j v e ’ oh i i i  t h e  sa me’ ar d e r  t h e y  were sent ,

o c 4 e ’ v e ’ r  • sucim iii m i s s o i m p t i o u m  w o u l d  be t o o  restrict lye . Tue other part

at t i m e ’ h o - o i l e r  i s  t h e  type at  t i m e . ’ p a r L i r u u l m m r object to  w h i c i m  t ime h eade r

is i t  I a c h e d .  A g.c 1mm t i m i s  shou ld  not  be i, ’ o ’eso -o , m r v  in m o s t  cases~~-os~sumin ~

t m , m t  0 0 0 e s s o g e s  m e r e  r e c e i v e d  in t ime  o r d e r  sent . The  remosou ’m f o r  t h i s  i s

1.  T h i s  assumption would put  a d d i t i o n a l  b u r d e n  on the  lower level
pr e t a e a l s , a n d  s i n c e  t ime  o v e rh e a d  of s e n d i n g  t ime i n d e x  is low , such an
- i s s t u m p t  i o ’ m m  Is umo t c o n s i d e r e d  n e c e s sar y .

— —
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t h a t  i t  t he  o r d e r  a t  a r r i v a l  is p r e d i c t a b l e  and the  t y p e s  of t ime

co enp on e .’ o i  t s  i r e  .o l r e ’, m e h v  kno~~ , mis t h e  i m a g e ’s a r r i v e  t h i c i  r I y~oe s  wi 1 1 he

m m swi m . hle we ’\ e’ m , i t  ti me ’ r o o t ’ i ye r 1 ~ e xpec t [r i g  an eTh j e c  t em f t y p o  t o o y , the

o lmj  e.’ct b e i n g  r ece ived  m o u s t  h i v e ’ its type , i t  t c c h e .’d to it • i i i  or d ~’r t b o,et

Ut , ’ r e c e i v e r  ea im h i n d  I t  to t i m e  corr e ’ c I t ype m m m a m m a g e  r . I i i  any  c iso , o ’V emi m

i f  we ’ c o u l d  i g imore ’ t ime  r eason  i n g  j u s t  f o l  lowed t a r  iu mc l u d i n g  l o o t  hi  pa r ts

of the  h e a d e r , t h e y  c am-i be j u s t i t  ied on the  g r o u n d s  t h m a t  t t m e y  p r o v i d e

re ’d u u i d a u c y t h a t  c ,on be used i t ’  r re 1 lab i I i  t y .

We wil l umow e x , e m i n e ’ s , ’ m m m e ’ e ’x oon p les  f o r  me b e t t e r  u u m d € ’ r s t i o m d i n g  at  t h e

a l go r i t h i n s . Time o b j e c t  to b e cop ied a g a i n  w i l l  be h —N 18 of F i g u r e  ~~. 2 -

Fi gur e 3. 6 dep i c t s  t ime c o p y — o n e  ope rmtion . Time m e s s a g e — c o n t e x t  is s e m i

f l i t  m5i~j~’ — C Cu te ’  X l
0 con text 1 , I-N i~~J
I co n t ex t  I , i — N  8 -
2 c o i n  t e X t  1 , L — N  12

C an t e’ x l  I , h —N 9

type T O

F igur e 3 .6  For  t ime c o p y — o n e  o p e r a t i o n , t im e images  of  o b j e c t  0 and t h e
m e s s a g e — c o n t e x t  ( w i t h o u t  i t s  t i r s t  en t r y )  will he seul t in c op y i n g
{ con t e x t l , L—N 18) of Fi geor e 3 . 2 .  The a b b r e v i a t i o n  “ L — N ” is used f o r

l oca l — nam im e”

up w i t h  t h e ’ entry for time object being cop ied. In context I, h—N 8 is

first looked up and found to be local to timat context. Heumce i t s  l u l l

name is (cmue tc xt I , h—N 8). This entry is put m b  the’ message—conte x t

— :, o~ —
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cml sinc e it has  In d e x  I , a I is put I n t o ,  I b ee t I r st  pos it  i l i um i n  l o t ’

I l m i , i ~’(’ cit  1, —N 18 b e i n g  cr e .-mu tr ’ d h e i r  -, c ’ u ~d iumg. b c - u t ime full el , emne. ’ i s  f o u n d

f o r  i — N  12 [ m i  0 0 0 t e X t  1 , uioe l , S t o t e s  i t  i S  fle )i m ilro ’tmel y i n t i m e

me5s,1,~e’— cc ’mm lext ml second entry Is m m i i ’  , e nd c o s t l i e r  u i c , i ex  I s p u t  m t  -

the image . Now , when I — N  1) is f o l l o w e d , i t  is d i s co c v e r e ’ oI timat r ; c t s e r

timan a st o ro h e.’ name in t h e  c ont e x t , there is m i n O t  h oe r  ( c o u m t e x t  name ,

local name) pair. This , t ime- u i , is used as the full name to put tuct o It o , ’

mess age—context in t h e  same way ,m s the at her tu l 1 names. itoe header fo Ot

- the  image oh o b j e c t  h —N 18 co umt m min s both time t v p ”  m n d  a . m o - u ~ o . No w , t i m e ’

image ,end thee neessmcge—con text can he s c Ot  ( 1 m m s e p a r a t e  m o o ’’ t s , o gr ’ s , i f

des i r ed , as long ~es t her e. ’  i s  soni c me ans  of t e l l  i n g  t h e ’ r e c e i v e r  that the

two r e a l l y be lon g t o g e t h e r ) .

The c o p y — L u l l  o p e r a t i o n  is  t he  mos t e u u c o m p a s s l m m g  of t he  t ieree copy

ape r a t  iou - i s , and as such uncove r s  p r o b l e m s  roo t e n c o u n t e r e d  wi t i m t ime o t h e r

t w i o . F i r s t , t h e  p rob l emns a s s o c i a t e d  w i t h  sh o r e d  c o m p o n en t s  appear.

( r i m  is wmm s not  - m  prob lem imm t h e  c o h o y — t m o i e . ’ , a l t h o u g h  we w u  I i  See ° it also In

l i c e . ’ e o p y — t  t e l l — l o c a l  ape ’ r e t  i o n . )  We w ;e o l t it ’ he sur ’ t h m , i t  ,ell s ’e c b m

sim i c i n g  is m a i n t a i n e d  i f t h a t  f m-i d c -sired. Tn e m o o - o m m o 0~O— o o o i t e x t  w i l l  do

th is b r  u m o . Seco nd , we m u s t  co n s i de r ti m e prob l em s of h a n d l i n g  i t ’ r e i g i m

compo nents. (Timis is not a problem ic -i eit h er tot thm e other operations.)

1. Some’ o p t i m i z a t i o n  could  be done h e r e ’ . F i r s t , s i n c e , onl y one
obj et Is being cop ied the zero in  t ime h e a d e r  is u n n e c e s s a r y .  Second ,
i t  no componen t  name s the  o r i g i na l o b j e ct ,  the  e n t r y  f o r  it in time

ummo m s . o g o ’ — ’ o m m t e x t  n e ed  not  be s e n t .  T h i r d , we r e a l l y  do ) not  need to s c m d
L i c e ’ m m m e s s a g e — c o n t e x t  s e p a r a t e l y .  I n s t e a d , we cou ld  use t h e ’  full names
f o r  time re f e r e n c t - s  , t h u s  Inc  I t i d i n g  t i m e  m e s s m m g e — c o m i l e x t  Int l ‘ r : m o , e t  i on  in
t b ’  m o n a e ~e of the object.
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I n  t i i i s  o ’ ,iii C , in ad oi i - i o n  to t i l e ’ p r o b l e m s  a s s o c i a t e d  w i t h  a c q u i t  h u g  - ì

c cop s~ ~o t  1 t ere i gn componen t , we - i lso mus t  be c , m r e f u l  to m m i i n t m i o m  s h e a r i n g

cc ’ m m m p o m m e ’uc t s  a c r o s s  con t e x t  b o j o i m m d m m r  i es .  ln  o r d e r  to do t i m i s , ml c o p y — t u b e ’

c~ pe’ l i t  [ore simo n l h  be pe rIo rmned on ii i  ~ foreign c , 0 0 0 0 1 O c i  m m c m i i  . I i i  I S l i e  - C m i  s t h a t

on l y the  t o p  l e ’ V e . ’ t of J u m v  t o o r ’ i g n  compo nen t  p lus  the n anme s it mo ses cii 1

he a c q u i r e d .  by t ie  is  me an -i t ime  m e s s a g e — c e n t  e x t  w i l l  d i s c o v e r  , e I  I

s m o , I r i n g ,  e v e n  t h , c t  irmv o l v i  r i g t o r e  ig i m c c m m o m p o n e n t s

Tt it ’ copy—full upe r~mt l e i u i  is  e’X e ’mfl p h i t  i t ’d in F i g u r e  1 . 7 .  -\ g o i n , u-u

- -ro [ con i t ’x t  1 , I - — N  1 8
I c c ’ i o l  e x t  1 , l — N  ?1

k 2~~~~c o n t ” x t  1 , l - - -N L’
3 c o n t e x t  1 , h— N 9
t C O n t e X t  I , — N

_ t~ii~’ii[i~iELI V ,W t-

l \~j~e

v o l  l O t ’ i

- - 
-
~~ - Lv1 ’ -

va 1 ue 
-

F i ~~ure  L i  I - u  l i e  c o p y — l u l l  ope l i t  I o n  i m ag e s  a t  o b l e o c ts  ii , 1 , 2 , 3 , a nd
w i l l  be. ’  ‘~ ‘i t , ‘ i t t  no l m m i , m o y , e ’ u t  t i m e ’ mess age—context need  he a u - m i t  i n

o ‘~t v 1 l m g ,  l c o c n t e ’ x t l  
* 

I — N  I ’ M )  ‘t  F i g o o r e ’ 1 .2. Fl oe ,obbre ’ v i e t i o m m  i_ N  is
o t - ‘ti t or  “ b c e  1 —  u m a mm ie ”

i n  t m ’  c apv — om o & ’ , t i i ’  me ’ u s a g e — c ’ aim text is em tea ted  wi t im mu m en t r y  I o ) r

{ c t m l t e x t  I , I — N  1 8) .  A l s o m , - m g - i t o , e l m i - u m m e g e  is cre ’ , e t ed of 1~~N 18. O ) t i o e

t i l l s  m o , m s  b e en  I e ’ m m ’ , ,e nd ti m e h e a d e r at  t y p e  and  index I) have be - c e o

— 
ru —

— : -~~ - -—



attached to this image , it can be seom t off. Now , the next entry in tim e

- 
message—context , (contex t 1 , L—N 8), is picked up and an im m ;o of timat

- object is created as with the first. I t is of a base type , and

t h e r e f o r e  i t s  v a l u e  w i l l  be copie d . Aga in , time header will be attached

to it , timis time containing ti-me type of this objec t and an index of I

( w h i c h  is the index c o t  i t s  e n t r y  in t he m m m e s s a g e — c o n t e x t )  . Now this

- imag e ’ can be shi pped. Once an image oil 1, - N  8 has  been  c r e a t e d , we can

p ick  up L ice  n e x t  e n t r y  in the mesSage—Co umtext. Timis is (context 1 , h—N

12), wh i c h  is an object of an extended typo . It contains a l i st o f two

names . The f i r s t  is L—N 8. ~E m en t he  f u l l  name is foun d f o r  t h i s ,

(context 1 , i,— N 8), and it is compared with the entries already made in

t i l e ’ u m m e s s a g e — c o n t e x t , i t  w i l l  be d i s c o v e r e d  t h a t  there alread y is an

e m c t r y  f a r  t a i l  object. Its index is picked up for the image of h—N 12 ,

b u t  ia new e n t r y  is made  in t h e  message—context. Now t i-me ui~ x t  name in

1, —N 12 is h a n d l e d .  I t  is L out - m d to o h a v e  a f u l l  name of ( c o n t e x t  1 , L— N

7} vim ic im is not vet -mn entry in the me’ss~oge—c ontext , so an entry is

c r e . ’ - o t e d  and the index of c is u sed . Once  t im e  heade r  c o u n t e i n i n g  t ime  t y p e

i t  h— N 12 and  e l m index at 2 l ive l ie - m i  - o t  t , m t ’ l o ~’d to  l ic e ’  i m age t e l  h — N  12 ,

th i s step oh th~’ op ermi t i o u f l  is m m t u o u o p i e ’ t t ’  - The m m e x t  oh j e s t  t o ,  be ct up ie d is

lcontext 3 , L—N 9 ) ;  - i c opy  c u t  t h i s  m u s t  be e o q u i r e d  ron c o n t e x t  3.

Once  t l o , m t  h a s  been domme , an image ‘ mo m h e  c r o e  ted for tim is o b j e c t  h a v i n g

i i i  I t s  h e m o l e r t h e  name of t h e  type ou t &context 3, 1,—N 9) and itt index ‘f

I . [moe. ’ e ’ o e p v  ‘pe . ’ rat ion I rou n C o n t e x t  3 mus t  be a capy—on e  
* m l  though for

m u m  c e b  e ’ m ’t  ‘1 b ose type au -i i n t h is  case , it makes no-i d ii ference .

— 
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Ihe re are sever,ui issues that riced m m m e omt ico mm 1 m m ’, h e r e .  F i r s t  , t ime

~ ‘ t 0j ) V  m e t  ( c c e i o t u ’x t  ~~, I — N  4) wi L l  not be kept  in c o n t e x t  1. i t  S i o o  I I

cops ’ we’ re kep t  imm I l i e ’ s e n d i n g  coui t ext  , we w o u ld have a s i t u a t i o n  1m m

vii ich  t h e ’ ‘ o i u v — t u i  I operat  ion w o u l d  have  s i d e — c t  f e c t s  on t ime  set ed i n g

c o n t e x t ;  t h i s  i s  c l e a r l y  u m m d e s i r a h i e .  Second , t h en ’ nay  be p t h l e u n s

w i t h  acq eo i r i n g  Li m at  copy t r a m  a b u u r o ’i gn  c o n t e x t .  It  w i l l , a t  l e m i ~~t

i’ , mm i ~~.’ sonic de l ay ;  i t  w c i r s t  , it l u m l y  be  imposs i bl e , c ; l o i m - i i n g  t h e  o r i g i n a l

c o p y — l u l l t e l  t , o i l .  I t  is t e r  this re ,ms uo m o , and we ’ w i l l  d i s c u s s  i t

f u r t  i c r  l a t e r , t i i , o t  we h a v e  added  t i m e  copy—full—local operat Icori

F ’  r e s u m n b o l  o u r  e x a m p l e , We w i l l  a s su m e that t h e  copy— eri e cmi (context

3 , h-- N 9 )  i m m t o c o i m t e x t  1 has  b e t - it  comp l e t e d  su ccess f u l l y .  We n ow c a i c

pr tc c ’ e I  t o  ( c o n t e x t  I , L— ’~ 7 ) .  T h i s is an o t h e r ob j~~t ’t of  - m base i- h o e ’ .

‘F l i t ’ v a l u e  w i l l  be c o p i e d  m o s  c i  t I m  L— ~ S . and the  he Olu l i a t  t - 3 c h b , ’d .

when we look i t  t h e  m e s sag e ’— c o nt _ e x t  c’ s t e  t h a i  a ll  t i l e  o b j e c t s  ~~ m :t ’d

i n  i t  h a v e  been  cop ied cu -m d t hmei r l i i i i C e ’ o~ a t t a c hed L o u  them in t h e  i

h e a d e r s .  T h e r e f o r e  we do ro o t  ui - t i t o ’  s e n d  onv part o ’ the

n e ’ m - m s a g e — c o n t - ’ ’t  to t h e  r e c ’ ’ i v e r  at  t i m e ’ c op y ,  and t i m e  mess i g e — c t i m o t  ext. m a

e x p e n d a b l e .

‘ \_ -u c i x  “tnt i t i n e d  before , the t I n a l  ( ) ~~V - ‘p~
-
~~ 

i t i u u u l  is

copy— h i i  h — i  ,oo ’ a l .  T h i s  seems t o - i  he p a r t  I c u i m r l v  useful u.4 u e uo ‘ 10’ i m o m m o t

o r does u m m I  w a m i t  La involve c-tim e r c o n t e x t s .  u o o  e’xamp le iii the

cop y — t u l t — l o c - m I .  u p e.’ r o t  h u m  is dep i c t e d  i i i  F i g u r e ’ L8. o t  Is quite ’

s i m n u l e r  t o ’  t i m e ’ c o p y — t o o l  I u p e r i t i o e m m . Fi r st , t ime m & m s s m e g i - - o ) n t  e x t  is

1. 01 c our se ’ , c o p y — h u l l  o p e r a t i o u m s will alw ays leave t e - l o m i o o m - m v
S i  I t  - - - t  f~’c~ s .

— ‘ c i  —
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message—context
0 context 1 , L—N 18
1 context 1 , L—N 8
2 co n t e x t  1 , h — N  12
3 context 3, L—N 9
4 co n te x t 1 L L—N Li

type~~ 2

- [type ~~~
L va l ue

Figure 3.8 For the copy—full—local operation images m of oh~ ects 0, 1 , 2,
and 4, and a partial image of the message—Context containing the fourth
entry 13, (context 3 , L—N 9)], will be sent in copying (context 1 , h—N
H }  ~f F i g u r e  3 . 2 .  The a b b r e v i a ti on  “ I — N ” is used f o r “ l o c a l — n a m e ’ .

created. l Im e images of L—N 18 , h — N  8 , and h—N 12 mire created. When it

is d i s c o v e re d t h a t the next entry in t h e  m e s s a g e — c o n tex t  ( c o n t e x t  3 , h—N

9) name s an object in a foreign context , the Image tor this object Is

root created , but the entry in the message—context is marked for future

re’terence. Finall y, the image a t  1, —N 7 is c reated . Any t ine after each

image has been created , it may be sent. Aim image of a partial

rness me g e — c o im t e x t  mus t  also be sen t  co umt a  in Ing  a l l  those e n t i  i t ’s in t he

mncss age—context t h a t  were marked is not cop ied. Once ,‘mll this h a s  been

‘ce n t , t l o t  i n e s m u . u g c ’ — c u u u t e x t  can be d~~i u ’t t ’d and the sender l o , o s  I in i s u i e d  h - mis

part in the operation .

— 0 - c  —
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3 . c Iric r o se iv er

As merit iomme d urevio ma slv , time i o ’ss ige c u - i d l e r  t e ) r  t h e -  s c ’ m m d  ing

o c t 0 1  ex t  w i l l  be pa ssed  i inam ’ ,e ’s t rain t he  sending c o n t e x t , aumd heas s ih e ’ omm t o

t i ~ rec ’ei v i  i l l  c o u - m t e ’ x t  . i t  t h u ’ , r e e o ’ i v  i n m g c o m m t e x t  i s  on th~- , , i u 1 0 5  S u i t - I i i

t i m e ’ i i  -,t  tm i b et t e d  m v - l e n  a tim e 5t~~Uc i l u - m m ’ ,  can  text , I b o ~ t w a  C o m m I t ’ x t  s v i i  1

us , ’ - ‘ I  t h e  S l o t h ’  m t ’s5J1’,t’ l u m m i d l e r  . I t  t i m e  rt ’c ’ e - i v  i m e g ; ‘ em i t  e x t  i s  o o i

mIca  t o o t u m a d o ’ , t I l e ’ se nd j u g  u u i e x s l g e  i o , e m m d  I t ’r w~ 1 1 pass  t m c ’ i u u lge ’ o m o o t  i um ( -

t o o ’ oce ’ t w o m r k ;  , m t o u r s  i gn m e s s a g e ’ h c u i l c l l e ’ r w i l l  t o -  c o t -s  c u t  t l u e u n . s L o e - i t o ’  m

‘ 1  t o o ’  1 the’ t o , - c r k W c  - - o~sed , i t  i s  b oo t u e  rece.’ iv i l l ’  s o l u t e ’  xt t t o  i t  t h e e

m o o  ego ’s c r o o t e d  by  t ime ’ s e - l o t t i n g  c o n t e x t  mtm o ; t l’s i - - e d  t m - i  c r e o L e ’ t b i ~~ , co t o u m m l

I c ’S c o t  o h )  e C t s  W~ wi  1 1 p m  , - s e ’ u m ~ t O t e ’ m e ~-c iv ing 1 i r c u e ’ e ’ c h u r e ’s as ml set  o u t

c t~ ss c c c i  t c ’ I’, ’ h a n d l e d  d i t  b e r e ’ i x t  lv , m s t h o r ’ - er ,’ so ‘ I ) , I O \ \ ’  p o s s i b l e ’

o m , l s r i o m 0 ’,s 01 t I l e ’  , m u ’ r i v , m l s  c m l  t i l t -  1 u i r t m - m  o t t  - e ~‘te pv , :mm mol We W m i m u l  p m o oo - i - s s i n g

t o  bc ’ot , I u i  is soon I - ;  ,m r e , ’ e’l V t ’ u ’ee o - u :l uo u mc t ‘ m i s  been iss ooe ’o.I - ioicl at  I ‘, ‘ ,l -m t one

i n  C ~e’ i c e s  m r r i ve il

- i , I h, - ib I o ’ I - o i d e t i  t i t ~.‘ e’ mu h p i t ’ 5’,’ ci  m e m o ’  v - u ‘~ ° i t  I t o t  t i m i t

o - , u i e v . r~i ctm l o t t e  w i l l  ‘c ’ l : m h u e i l e ’ i l  w i t i m  I t s  own 1 1 ° c a n d  i t s  m o b - u ,  i i  m t

i s  e c o p y  of .m m ’ m e m ; l o c u t m e ’ m m t o r  ti -me l o s t  t o t ii is ,e o i e - s - - . o g s — c o e t o t e ’x t  ‘i I  c

p a r t  t b e e ’ r e o t  , i i  time’ c o u b o \ ’  w o~ - i  o ’ o u p V — i m m l e  e r  - e  5 0 1 0 : _ i  ul  1 — l o R d . The

p r o c - m i t r e  is ms i ~u l  l o e w s

W h o ’m i  t h e  t i r m - ,t i m 0 m s c ’  ( c t m n m p t e e u o a o t  o u r  m - ss  i o I e ’ — c o o n t e ’x t  i m a g e )  i l l
m o o d y  t e ’ he p r c w ’~~ ’ - ~~’d , m 1 o -~ e I o . - o ’~ ’ I - ~’ i oi ~ mess lgt- —c omm t ‘ ‘ tm
is c r e - a t c ’ o l . I t  w i l l  o ’ e ) n t , m i u m , o n , m o h o l i t j o n  t o o  t h e  in d e x  t o r
,‘, m c io t ’h  1’ ’~~t , t i m e  l o ’ s m i  c o l i c .’ t , o m  I t  m , eb ’e t e d  t l c ’oe ,’ e ’ ‘ h o t  ui ; i i i ’ e ’

h o  i ’  be en d e ’ t  ‘ i  mi ine ’d

.1.. ~ ;ton I l l  e ’ n o - s s , m g t ’ — e o m - m t c -  ~ t b R I gs i i i  Ives • i t s  e ’ n t  1 , -s  .m r e
- i - c ’ ;  t o m - u t  ‘ e ’ op  m e n !  u a l I y . \ o~ ‘ e tm e m um t r i 5 p i  cri’ c ’5 s, ml , t i u & i

‘ ‘ -c  h y i n g  0 0 0 0 m ’ s u - l g t ’  e ’ , ’ u i ! t ’~ t is I 1 St e’ l m , ’ o k t ’ e h ,  I t  t h m e ’ r e . -  i s  e

— u N  —
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1 ’oc’~~i immOne’ th ere asso cl ,mte ’oi wi t i m t i et ’ ip de’ x c m i  that ~ n t  r v ,
Li d s I c t e  ,~ 1 u m auum e is u sed to I j f l c j  t i m e  i t o - , u l  I ‘ e l m  j im th e’ l o o t  i i
con text to p lace  t h e ’ let ! 1 name’ c u r r i ed b y  t h ~e
ucess o g e — c o n t e x t  I m a g e .  I t  t h e r e  is  u -me -i I c e , e l  nam im e i n  time
r ect ’ iv it-mg n e e s s a g e — c o i m t e x t  t o u r  t h e . i t  emi t r v  • t i l t ’  coot e’xt must
h i n d  a l o c a l  name to refer to tioc ’ foreign ab ject , this
eum t ry  i s  c r e a t e d  i n  t i m e ’  l a c , e l C o u m t e ’x t  , arm d an en tr y i s
c r e ’ o mt r’d i n t ime r e c e i v i im g  m m m e s s m e g e ’ —omo u m t e x t ,  f o r  t h e ,

appropr ic t e  Iocm l namu c e h a v i n g  t h e ’  i p u o r o o l t j o t ,  I ~ c l e ’x .

. ~~i en ,c Component image a r r lv i-  a , t Ice r e’ o civ im cg mc’s so ge— c on text
Is cimecked f a r  a l o c a l — n a m e  t m  be used t a r  t i m e  mew o)hjeo’ t
I f  a r e f e r e e - m o-c  t o - i  t h e  a r r i v i n g  c c ) m p o m e n t  hu ms i t  r e - m d ,  been
r e -se i ved in o m n o t i c e r  image , me l o c a l  name c i i  1 heave  been
a s s i g n e d .  I t  n o t , one’ m u s t  he’ r e q u e s t e d  t r e e o n  t i e ~’ C o e r i t e X t

Us ing t h e  m ippr opr Late local notice , t ime im~m ge i s  t r a n s f o r m e d
I n t o  mm ceupy of the’ o r i gin ;c l ob j e ’e’ t .  I t  t i o t ’ o b j e c t  i s  of 1

base  t y p e , i t s  v a l ue  is t , i k e ’n h rom t i o e  i o n , m g - I t  i t  is of
extended type , eac h um , i u n e i s  p i tH-i t ’d up  ou t  t e f  t he  i n o m o g e .
lbs im ig this name 0es art i m m o i i ’ x i i m t a  t h e  m nem - m - ~ l l ’ ’ , - — c c o u i t t ’ x t  

* 
mc

look cup i s  d a o o e  . If cit iio’r t h u , m  t oh ec t_ ‘ s I Im a g e  i t  sell limes
or r i v e d  p r e v i o u s l y , or , i m m o t i u e r  r e t  , ‘re ’ r mce - to  t h a t  o b j e c t
h a s  mrr l ved in vet mmo o ’ tt ce ’r in o m c g e ’ , thuen t h e r e ’  m e l  r ead y w i l l
be an Cu t  r V i n  t u e  re -ce iv  i m o g  m e s s ; m g e ’— s o i m  I ox  I c o n t a i n i n g  a
l o c a l  i i , i m c ’ boa r th e r e f e r e n c e .  T h i s  will he used In the
so u py  of tim e ’ compoumen t he ’ i rm g c r e a t e d , I f  t h o , ’ t e ’ i s  no l o c a l
u m m mi ’ f o r  t i m e ’ r c f e t ’ em - uo ’ o ’ y e ’ I , t i l e ’ c ’ o ’ f l t e ’ X t  o n i s t  m- i r ov ide cane
i - i c 0104 arm cue I r~- WI I I be ,- re , o t m c ci in t i m e ’ ms ’ o e - i V 1 0 0 1 1

un c ’s s e g e ’ — c o u u e t  ‘‘x i , O t , u v  l u g  tim e u 1 e g r  o u 1 o r  i i  t o ’  i u m d o ’x end  L ice ’
l c e c . i l  u amt u e p r o v i d e d  b y t u e  i ’ t i l O l e x t .  A h uotu aim entry niust he ’
nm;meI e’ t i c  t i m e ’  con Ic x t  , cl  t im ug l m um o tab c-s t cii 1 b, - ass I g u m ed

u s  v e t ;  i . e . ,  t h o t ’r t - wi l l  be a I c u c O l  m ia o oc e in t ime  c o n t e X t

u t i v i n g  uco c ’ t i o e’r e, ime ( e l  tim er o - o t a r e g e ’ or f u l l  n , m o n e )
, i 5 t - O m o ’ , ’  0 .it e d with i t

- i .  l u o o m o ’ , e ’s ir e’ r o - o ’ c ’ i v c 0 1  u u i t j l  t i m e ’ r e ’  m i - c’ r i cu e u m t r i e a  i n  t h e  e o o m t o ’ x t
that do m001  I I i  i V e ’ st o  r ige ii So me ’s or  t u I 1 a , o m n o ’ m-m - essoc i~~te ’oi
w h i l e  t h em . -\ t  t h e i s  p o u h t m m t  , t o em c t c p v  l i i ’ , been  c om mt p l c ’t e d  , Om ’ld
t i l e  I ‘ i c ’ I v  b u g  muce . c ,~~~l g e c_ o r o t  o u t  m 5 I c C  I oumger m m e ’ e - d ~~el

W h u e ’e e t i m e ’  i l i e ’ S S c g e — c t m i t t e ’X t  de p i c t e d i i i  F i g u r e ’ 1.9 (mc ) is added te ~ b i t I i l t e ’ t m ,

1. 3 . ,iiid ‘om ’s o - u m m g e — c i u m m t o ’ x t  i n  F i g m m r e ’ 3, (o ( b )  l o u  Figures 1 . - c cu d  3. -i , we

5 1 m m se ’ c~ t i m e ’  r e ’ c ’ i v i n g  e ’ o n t e x t s  t a t  t h e e  o ’ o u p v — o i o c ’  , c o e p v — t  u l l  , ant i

o ’ o m b o v _ t  m l  1— b c - m i  e m p e - r i t i o u n s  m t t e -’r all time imago -n do ’ 1 - i j t ’ t m ’ cl in F i o - , e m r e ’ t ;  1 .6,

1. 1 , l o u d  I . R r e -  o c ’s t ive ly imave’ be com re ’es h Ve ’tl

‘06 —
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ifl C~~aa~~e—C o f l tex t
0 L — N  31
1 L—N 32
1 I — N  31

LL l~— N  3- +

( a )  The mn essage—co umtext t ha t  I cr ies t  be added  ta  Figure 3.3 in  o r d e r  t h a t
it dep ict the receiving cont e x t a fter it has received the Information
sent in Figur e 3.6 , time copy—o ume .

i c e e S s a g e— c o i m t e x t
I,) 1, — N 3 1
1 L—N 32
2 1, — N  33
3 L — N  j t m ~
4 L — N 35

( b )  Time ’ m e s s a g e — c o n t e x t  t h a t  m o i s t  be added to F i g u r e s  3 .4  mad 3.5 in
order that t h e y  dep i c t  tim e receiving cou text o t ter i t  has  r e c e i v e d
r e s p e c t i v e l y the  i n f o r m a t i o n  acid  j I m  F i g u r e s  3 . 7  and 3.ft , time c o p y — f u l l
aim d cop y — f u l l — l o c a l .

F i g u r e  L Y  ‘0lo ’ sm- - m d g e — c ’ o o m c t e ’x t  j i m  t i m e ’ re ’ce ’ i v i m e g  o : c u u m t e x t  . t i c ’ ,ehhre’vi,et j o t
~‘l ’~’~ is used f o r  “ I oc m e l — r o us e ’ ’ .

Ch a p t e r 0
4 w i l l  e x p l o u r e in g r e - u t  er mle ’ t  - i i i  t h e  s u p p e u  r t  t h a t  mois t  he’

p r o v i d e d  to ) , i c i c l e v e ’  w h a t  o , i s  hee ’ ri d i s c u s s e d  t h is f a r .  In  p a r t  i c o I l o i r , i t

w i l l i n v e s t  i ga te  t he t ypes  m e s s a g e — c o n t e x t  and i rucoeg e i r i c h  imow t h e ’S c a n  he

used to p r o v i d e  those t u c i l i t i e s  t he  u s e r  needs w h i l e  h i d i n g  wha t  t he

use r does n ot n ee d to  kn ow . Chap t e r  5 vi 11 compare  t he  t h r e e  copy

o i 1 ot ’ r e t  F O u L S  and  p o i n t  ou t  p r o b l e m s  and some ’ i n t e r e s t i n g  p o s s i b i l i t i e s  f o u r

f u r t h e r  r e s e a r c h  in s i m i l m c r d i r e ’s t i o n s

L - ~~~~~~~~~~~~~~~~~~~ 
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Additiona l ~‘1eciiartism f or Coj~~,iom~

In  C h a p t e r  3 , we d i s c u s s O ~d ,ul go r i t h m s  f o r  c o p y i n g  to be used in  an

cmiv i r o n o tce mm t  o f  C o n t e x t s  as d e s c r i b e d  in C h a p t e r  2 .  We u n u s t  now e x p lo re

t i m e  imp l ic m c t ions of t h e s e ’  m c l g o r i t h m n s in t e r m s  oa f w ha t  new h~i s i ”  t y p e s

ar e  n e e d e d  i mm c o m m t e ’  x I s , w h a t  mn0 - c h i a i m i sms or e ’ n ee ded as s u p p o r t s  b e low t i e ’

l e v e l  , O t  t i O c ’ C o n t e x t s  in 0 c r d e r  t o m  , c s t o i e v e  such c o p y in g  b c t w c ’ e m o  i -o n t e x t s

end t i m e  i m i t e rdep e ’ um d e nc  Ic a amon g  t h o ~ se emi t i t h e ’S . We w i l l  -c I -so e x t e n d  t h e e ’

copy operation s to include local copying.

-..1 “k ’ssasz~ -c o n tex t s  and imag~,s

Iwo spec j a l  t v p~ ’s of o bj c ’c t s  we - r e  used  in C b i p t er  3 tue des n b c  t u e

c o p y in g  o p e r a t  c o n s  tim mm t mois t  be t e l  m e d  WI  t b  i n  t h e  0 ‘ i i i  e x t

in e s s - c gc .’—C o n t e x t s  and  i m a g e s .  Itmie se two t y p e s  i r c . ’  b a s i c  t V p o 5  alc d

t ice r e t  ore  p r o v i d e  - in i n t e r l a c e  w i t h  t ime  I c o w o m r level or k e r m e e b  - t  1 1 c c -

o c u o h e ’ suppo r t i n g  I h o c ’  C c l i c t i o x t  . T h i s  s e c t i o n  c l a r  i t  l e s  t t u c ’i r

c h a r a c t e r i s t i c s  b y c t o ’ s m ’  r i b  i m g  t ime ’  ope r a t  iou - ms d e t l n e u i  I - o r  these t y p e , .

i , c u m g u , m g e  c , e n ’ - , t r e , c t s  s i m i l a r  Ia l 0 1 0 0 s e c o h  C L I I [ 1 l ]  w i l l  he used f o r  t h i s

pe~ r pose

As m e n t i o n e d  p r e v i o u s l y ,  iness a~ e — c o n t e x t s  a re  s i m i l a r  in m a n y  w ay s

to c o n t e ’ x t s .  Ear l e  j o  - e  r - ! m~c r u n g  I ro on to e  k i n d  of mm anees , l o c a l  to an d

t i n  I h i t ’  cl iii i m m  t i m e ’ o r i o l e ’ xt • t i e  o t t c e - r  k I m i e l s o f  e c mo - m e ’ - ~. el,~:;mo,mge ~~so o m et o ’~~ I i-i

i r e  oir$ e d sp e - o - I f  i c ’ m I l v  b r  p r e 1 e u r  nm i o m r m g e s  when copyi m g ,m n oh t e e - I .  A

~~~ ~~~~~~
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message—context , as used in Chapter 3 , is a m a p p i n g  between the indices

for entries In the message—context an d t h e ’  s o n t e m l  ts of tbc cc se c ’n t  r i t ’ s ,

t i m a t is , t he f r i l l  um oen c ea s f or  o b j e c t s .  We ’ will m o ) d l t y t h i s  d r ’ t i o c i t i o n

s l i gh t l y l a t e r  In t i m i s  c i u a p t e r  wt meu m d isceess h u g  a r m o p t  i m i z m m t ion  f o r  loca l

copy i ng w i t h i n  one c o n t e x t .  A m e s s a g e — c o ) m l t e x t  no t  onl y must  keep t r a c k

o f t h e  com po n e n t  o b j e c ts , b ut  a lso mus t  do some o th e r  b o o k k e e p ing .

First , it must remember how many indices have ’ been used. Second , it

also should rem ember w h i c h  co m p o n e n t s  h a v e  been cop ied  and  w h i c h  h a v e

not . We w i l l depend  on t he  m n c . ’ s s o g e — c c t u d t e’st to p r ay  ide t h e  n ame o f t h e

next o b j e c t  t o  be cop ied . In o r d e r  to  do -i t i m is , the  o-l e oos .’ m g e — c o m t € - x t  I n c e s t

r e o n e m n b e r  w h i c h  t y p e  o f  c o p y  o p e r a t io n  i t  i s  h e a n d l  l u g .  rhe

me s s a g e— c o r m t e x t  unm is t  a l so  o v e r s e e  t h e e  sending c o t  0 L  image ~ f a p a r t  t a l

‘no o ’ m - e s i g e ’— c o i m t e x t  i n  the  cases  of  t h e  c e u ~u ’ m — o e o d o ’ m c d  c t o p ’ — f t u l l — b c c , u l

o p e r a t i o m m s . F i n a l l y  I t  m u s t  se’ I  f — d e s t r i o s

Ten operations ire o needed f o r  t h e  m u e e s s i g e — c o n t c x t .  Some 01 these

a re used on l y f c r  l o c a l  c o p y i m c g ,  ar mo l t i c e r e - t o r e  w i l l  not  be used u u til

Im i ter in tim e ch apter. [ m e  u n e s s c g e ’ — c o r m t o ’ x l  o j ° t ’ r a t c o n s  ar e  ,t s  t o o l  i c o w o - Z

c r e a t e  ( o b j o ’ c t — u u - m o - ie - , ‘ p — o c , u m e ’ ~ r e te ir n s  (m e s s m m ’. c — ‘ o n t e x m — m n o m e ’)
ta kes as ar g m i o n c en t s  mm l o ca l  O t i f l e  0 0 1  0 1  I i r , e l  010 j e ’ c : t h I d  t h e ’ umame
of - o cooj cape r m e t  i t oic ( Cop v — o m e 

* 
c eu 1 t  y— lii i I • co o l- is _ I u l b — I  ( d o - i l  

*
r e c e t m  l y e ’ I 

* c re it  c ’ s c m e s i - i - c g e ’— c o u l t e ’x I , anot ret oorns I h e  b c e  1 name
o ° r t h e  t time SSa ,~e ’ s  c o i l  t ext

2 .  de l e t e - ( me s so cg a — c c e l l  I e’x t— n axn e ) : t ,’cke’ S O S :1(1 m r  go ‘no . - i i  0 1  I n c - i l  0 0 , 0 0 0 ( 0

f o r  a l oca l  m e s s m g e — C o n t e ’ x t  , d eb t .  s i t  i r otc t i m e ’ c c e m l t e x t , and
r e t u r n s  n o e t h i n g .

I . nem xt ~~seiiJ ( m e s s a g e — c o n t e x t — n a m e )  ‘, l e l d s  ( c o b j e c t _ m i a m e ,
c o n t e x t — n a m e  

* 
jndexl , o b j e c t —  loc , i l  ) : is - c L L b I ~~l ike it c m i  c r .  0mm

c’, e o ’ I c  l m m v o c , e t  ion w i t h  time ‘o m i c e ’  m e s s . eg o ’ — o c e m m t  e - x t — n , e mone  i t o r , o d m e c e s
a m - m o t h e r  o b j  ed —nam e franc I l ie ’ rn- u -mac ge—context cunt 11 It tm om s
exl m a u s t e ~d i t s  supp l y ,  So n t I m m i t  hoe ’ n ame o m f  e a c h  ~ehu j oct t o o  he

— 60 —
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cop l e d  he ms b e -en g i v o ’ um t o  th ee ’ invoke r e x a c t l y o n c e .  R u m  e c h o

abj  edt mm ,mm e prod oit ’ tl i t  a Iso r e t  u r u m s  the om amec e t m t  t i m e  c o ) i l t C  x t
-
‘ 

con Ire  t m c  i n g  t h e e  o b j e t ’ t • time index at t it ’ tab c o t  in the
m l e e ’ s s , l g c ’— c ’ c o r o t e ’x t  , o mm e e l  , i  b o o l e ’ , c i o  vi m i t h o  i s  t r o ue i t  time o b j e c t  is
i t u c ’ i l  amid t c l s ~’ i t  t i o c ’ ob j e c t  i s  t o u r e l g u .  I f  o o o j e v — o m c e ’  is b e i n g

~‘x~’e’uted , onl y time u m , c e u u e ’ c u t  i_ t o e ’ 1 jrst c o i l  m y  i n  t I n ’
u i e e s s . e g e — c o o d t e ’x t  w i l l  be u e ’t u r m m e d .  i t  c c o p v — t u l  I is b e i o u g
exec ut ee i  , e l i  t i m e  u -maine - s  wi  I I be ret turmm ed . I f  c o u 1 u v —  t c.il 1 — l o c a l  u
being executed , the names of a l l  t n 0 0 0 l o c a l  o b j e c t s  w i l l  be ’

i.e t ui  r i l e d

• -4 .  c r e a t e ’ — i t ~,~~e ( m e s s , m g e ’— c o m m t e x t — n a m e )  rc. ’t u rn s  ( i m m i g e — m m m i r i o c  ) : t , e k e ’~~
t i m e ° name a t  i m e s s m c g o ’ — o ’ c u o c t e ’ x t  amid  o ’ r e o , c t e s  aim im a g e  01 [t 1 0 °  be

scu l l to l i u c c t i i o ’ r  c c u n d t e ’ x l  . T h i s  t r a n s t o r r n o m t l o m m  e i s o ~S t o t e ’
iim t o r u n , o t  i o n  ,u b ~out  t h e e ’ c ’  oh c a p v  p e r o t  i an  h e ’ in ; ’. t h t e n e ’ us lug
t i m i s  m e — o s , m g e ’ — c ’o n t  ‘ :-m t , m i d  t i r e ’ o e am ce e c u t  the ’ Local S a n t e ’ ~ t . T i m e ’
image c r e m c t e ’t i  w ill have i t s  type s p e c  i t  h o d  mi - s  r n c u s s o g e ’ — o ’ o o n m t t - x t

TI-m e i n d e x  t h o ’ I d c iou b o o  v u0 a m y  vo l  ro t ’ s i n s e ’ it i s nt )  I r i -s c a l  t o )  r tic j a
k I n d  at  i m i e ’ . I t  t h e’ C c)py oper ct ion i s  C o p y — t u l l e ’ , ci  1 c m  f t h e e ’

‘t O t r i c .’s in time m e s s i g e — c o d m m t e x t  e x c ept t h e e  f i r s t  w i l l  bc. c o u p l e d
iu m t c o  I h u e ’ image . I t  t i l e ’  a p e r m m t i o n  i s  i ’ c u p v — i  ul 1 * 

t h i s  is an
e r r o r , b e o ,’ , o m i s e  i-mo m e s s a g e — c o n t e x t  image  is seu m t , and t h i s  s hou l d
have be mum d i s c o v e r e d  bef o r e ’  lb is  e ) p e r m i t  i on  com a l i i y c r k e ’c l .

0 _ F i n m . c l L y ,  i t  t i l c ’ ope r~i t i o m m  is  s t o p s — f  u l 1 — l c , c , m i • on l y  t l c t u n m o ’ e n t r i s o ,
t a r wh i i c h i  t i m e  e’e o e m t c ’x t  i s  i- me -i t t i l e  lot - i l  t - aumt , ’xt w i l l  ie~ ’ c c , 1 n i e t i

i l i t e d  t i l e ’ image  m h l c o l c g  w i t h  I i o e ’ i r  i n d i c e s .  T h i s  t h i & ’ I d  I i i  t i d e ’ j u l 5 0 ’
t i - mat  i s  sen t  c i  t h e e  r e c e i v e r .

5. send (message—c om i t e x  t— mc mu lne , rece iver—naimme ) t a k e s  .o a  u r g u o o m e o c t s
me m e s s , o u ’ e ’ — c - o u m o l  e x t  n c , o ; n u c ’  ,cm md thee name’ of ,m re- ce i ve ’r , t o ’ r e c e i v e -
the c o u p s . The is  c o l i c ’ r i t  i o um nmm.m nages  t i l e ’ cops  m g ;  I o f t u e s  l i n e ’

o l l i u wir i g I t o  r c i t - h i  cc u ot o i 0 0 0 n o n t t o  be o - c o p i e d  m o e  h i d i n g  t i - me  , e r  i g i r n e l
o b j e c t .  i b o c ’  i n d e x  in  t h e  n i e s s m e g e — c o n t e x t  c o f  t t c e  e m h u j e c t  is
f o u n d  . I f  the ’ c o t - i  cc .’ t, i a a r e i g n , a c o p y  r e f  i t  is a b l e  m e d
N o e w , r e g a r d l e s s  ot  w h e t i m e r  lice ob j ec t is  t o r c ’ i gum , i t s  ty p e ’  i s
f o u u - m d  , c r e a t e —  image i i i  i n v o k e d  f o r  t i c at  I v p e ’ . Then t i c e  in de x
c m e i e f o e ’ ,m dded  t o  t i m e  imag e t~e’~id~ r , time name’ a i cu t h e  image
t r a n s  1 u s d  j m m l o  i um d t o t ’s us i ng  t h e  m e s s m m g e — c o l i l i ’ x t  * 

,incl th e ’ imuc ,mge
o s e m t .  I t  t i m e ’  e - ib je e- t  w o o  I o r t ’ i g n , the  c o p y  e u f  it cre ’mote d local l y

wi l l he d e l e t e d .  Once ’ ill t u t u - u  Imas been done f o r  o - , o c i i  o b j e c t ,
a im image  ot  H u e  message — c o i m t , e x t  can b e ’ c m e - i t e ’d au -m d seimt if l im m e t
Is m m p p r o p r  j , o  t o ’  . Set’ t i m e - l i t ’ r sec I b u s  oh t i -m i s  c h a p t e r  t o u r  ceo m e ’
d ot  c i i  S c t I t ie  i S 0) pc’ ri I i c o l d

6. l o c a l — s e n d  (m e ’as e ge ’ _ .c o n t  t o x t — r u m m m e  , r e ’ c e ’ I v e m — n c m e r n n c ’ l : t , i l - m e s  is
a r g u m e n t s  local seumd  i cg ,mnd rece i v i r m g m e s s , m g e o — c o o o m t t r x t  . It
geumer .etes t ime  m l p p r o p r  i . e  to’ kind of copy t e l  t h e  t u l t j e c  t named in
t i m e  h i  r a t  entry c o t  t i m e ’  s e ’ im d h icg me’ss age—co °ntc ’xl . It is in vo ’ked
v i m e m - m t h e ’  r e o e ’ive r is loc ,’l to t i o e ’  sending context • and  ach  i c - v u ’s
t o u r  local C o u 1 ~ \ 1 ng wh it t i n , ’ comIc i n t l  t o m e  m i t  n - oe ’rm d in t l  u- e ’c e i v e

— C o t
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m m c h c l c u v c .u h u r  d i s t a n t  i - e m j e y l i t g.  A s i o r r 1 c l e ’ i c m o p l . - o010 - m m t . o t  i o ~~u a t  i t  i s
p r e s e m m t e ’ d  l a t e r .

7 . i i in m c o ’ ( omi t ’ a s.mge’—c ou m t e ’x 1— u m ainc ’  , i m m d cxl ret l o u m o t o  ( t e h m  eo ’ t — t e a n u e ) : t mik e ’s

as ar  gec mm m e u i l s  m mn i ndex , ami d a oum e ss ag e— c o m e t e x t  c I t e , - m m md r e t  a r m s
tb ie i  name i ssue  i , i t e d  w i t h  tieoe t i n d e x  i i i  h o c . - un e s s a g e — c o t m t e \ t  . If
t h e r e ~ S 010 ouch  n ame , t i me c o n t ex t  i s  r eques t ed  to prov ide a
loca l  name wh ich l i t e r  w i l l  have u s ’ c 0 u c i a i e d  w i t h  i t  m i n i  o b j e c t .
H i s  operation is used in receiving

8. r e c e i v e  ( unes sag e—c o n t e x t ~-name , sende r — n a m e ) :  t a k e s  -is a r g n o n ’ m o ’ n l s
a r e ’c e i v  i i c o ~ rn e ’ s s r e ge ’— c o nt ex t  a m - m d  in  id c ,on t  i t  i cr  t a r  t h e  - i r r i v i n g
c op s  (sender—name ) . T h i s  o p e r a t i o n  i-s  t h e  r e v e r s e  01 se n d ;  i t
re (‘ c_ i yes images and m m  n u p e  a t h e  cm e u  t I an o f  L i i  to comn p o m i en Is cml
t h e  copy  u s i n g  t h e  images .  I I  m m p p e u r s  in  c u e  e x a m p le I c t  er in
time chapter.

q . r e c e o i v v e — i m n aj~ ’ I, r , 0 ’—fl m mmne ’ , nin e ss .ege ’— c  t u n t e x t  — m u C ou s ‘I I oke ’ s as
a r g u m e n t  u- mute image of c se~ ’i t n t - m u ( ’ s t c u g e — c t ) i u t e x t  c i n ch a re°ce iv i ng
cc nt o ’x t and updates the red - co i v  •mg n i c . - s sa ge~~c o °n t e ’x t  a m i d  t h e e
c c u m m t c ’ x t  wh im t h e  c’ o d m l t e ’ m d t s  a t  t i m e  I~ o ege ~ . T h i s  i s  used t m e l y  In
t h e  r ece i v ing u’e c f l t e X t .

10. fle x t—u o - c el V e (n ioe s s~e g e — c o n t e x t  , s e ’ m l d e r — u o lone ’ ) y i e l d s  ( irnage - — n mm ’tc e ,
t v ; o t ’ l  , i u md e x l ) : t a k e s  as i r g u e m c _ ’ d t  s t h e ’  o m o m o m e ’  e l  i m e ’ o e i v i n g

r15 ’~a e g e — c o n t ex t  , u o m i l  ~ sender , fr o m whom ,e o’O I iV  is  C o m e c t O m b ’ . I t  i s
,- emt I t  er , I t o e r  t i i , u t  y i e l d s  t o m e  name o f an j rn ept ’  t o e  l e e ’ r e c e i v e d , and

l ot - type and i n d e x  t h a t  lc , iv e been e x t  r , m t ’t e ’ ih  t r a m  t i n e  i m1O;1i ~ e ’

h e s t c . r .  I t  p r o v i d e ’s  t I l e ’ r e v e r s e ’  t u n c t i o u i  f r - o t t  n e x t — s e n d .

A c  1 0 0 m g ,  es mu le - , --, m ge ’ — c o e r m t e x t s  mire  eo seo i o n l y  t a r  , e u m d i u m g  m n d  r e e - co i v i n g

c e u p t o ’s t e l  o m b  j e t _- I s , Iheso’ op e r i t l o u m s  i r e -  s o i l  t j d m c i i l

The o t h e r  r o w  I v i d e ’ in , irna~~e . We l e av e  d iscusse~t I t o some e x t e n t  t i c e

a c e ’ t o d  I t u r m  of - c m c I n o cg e ’ • h u t  f l u e - on e i s t  hee s~i Hf . o \ t t  l l i , I g c ’  l o . e s  a t o e m o l o r

- mt - mel  I a c ‘ t v ar I oh Ic a i Ze ’ . It ho c a I so ’ [ V t ’  e e p e ’ i _ c t  i on a ole  t m ole ’ d on i t  i s

[ l o W -  0

1 . d i  o ‘a t e ’  ( t u - j e t,’ )  r e - t o m r ims  ( i n O p e ’— 0 i - t o e - )  t m~ e I ;  110 .1 r g e i r n e im t  time ’
I O’ I O e ’ I I  h u e  o bj e c t  t o o t  wit t r i m  m o o  i t  o p t -  i s  be’Hmg t’reate’d. The
op e_ u i c t  i o n  i - r e l I e s  I b u e ’  image . w t o i c l m  w i l l  p u s’ is Io c ,ml names . c o d o m
‘‘ c l u e ’S u r c . ’ s t o r e d  i n t o t i m e - l i e g e ’ . T i m i s  t u p e r t I  i on  m- t ’ t m m r t m s  t h e
b e d  ul ,’i o e -  o f  the I m e p e ’  t O o l  i o u-i b een  o ’ i t ’ , m ’ , ‘ h .
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2 .  ~, t c c r t . ’ — m o , o n i e  ( image —ima m e , i ndex . m m e x t — n a m n e t ) :  t akes  as a r g u m n e n t s
t i m e uu ,lone of an incage 

* 
am ) i ndex  I n t o )  t ime  im age , aumd a l o c a l  n c m e m r r t ’

f o r  an o b j e c t  to) be stored t h e r e ’ . These mi anmes will he
t r . c o c s t c t r u mme d I c I e r . T h i s  o p e r a t i o n  r e t u r n s  n o t h i n g .  11 is used
o i m l v  i n  the  s e n d in g  c o n t e x t .

3.  s t o r e — v a  l ouc ( iu n c i g eo_ n a l uc e 
* 

i n d e x , v a l u e ) : t ake ’ s u s  m it  p o t o m o t - m i t s  t h u e ’
n , u011e o) I ,u m m im age 

* 
aim i mi de x into t i m e  image , m e mmd - m v a l  etc t a be’

s t o ) red t h e r e ’ . Such  ,i v a l u e  w i l l  0 0) 1  be I r e n a l  or m u m ed b e f o r e ’
acted  ing  t i m e  image . T im i s  o u p e r a t  Ion  r e t u r n s  n c m t h  i m g .  I t  is  m i s e ’d
om ml y i n  t h e  s e n d i n g  c o n t e xt , b u t .  ito h i n t h c e o e ’x ~ u - o t p le’s i ) r e ’s o nt e’~ I
h e r e ’

4 .  -, L o r e — i n m c l e x  ( i m age — n a m e , m e s s . c p e — c c a u m t e x t — i n d e x )  t m c k e u - o  as
c r g n u t t o c . ’ u m t s  t h e’ nu ~ i tnc . ’ c f  in i i m l , 1 1 -, e ’ and  aim i n d e x  cii i c h  L i e  Op e r I L i o u

will St  c o re ’  i o u  t ime ’  i u e ’ e d e ’ r o u t  t i m e ’ image . H u t s  o p e r e t  j o t )  r c ’ t o m r n n - u
n o t i m i n g .  I t  is u s e d  oum l y 1 mm t i l e  s e u m d i m i g  C e ) n t e ’’m I

5. t r a n s l a t e — o u t — n am e  ( i m a g e — n m i u n c  , muo o ’ s s i j ’ e ’  — - o n t e x t — u i . i m m t e )  : t c k e - - -~ as

m r g u m e u m t s  an image a n d  ,u scm -m d ing m e s s a g e — c o at  ex t  , and e l s e ’ s  t h e e
me a s 0 c g e — c o n t e x t  and set - m d ing  coat e x t  t o o  t r a n s t  m u r t u  m i t - m v  uiclmdues
s tor e d  in  l ice  image b y t h e  s t c o r e ’ — m c , c m r u o ’  eu p e r - i t i o n  imi t o indices
, u o l c h i  ng e n t r i e s  to  t im e m e S S a g t ’ — c o n t e x t  wtm c ’n n e c e s s m m r v . ‘Ibi s

c l u e 0 r u t  ion r et  uc rums  m m o u t i c  in g .  I t  is r i o t e d  o n l y  in t h e  send ing
context .

a . t - o e n u d  ( u m . 0 u g o ’— n a m o -  
* 

r e t - c - i v c r — t o e0010 ’) t , e k e - s  .es , m r p u i m t i o - : m t  s t im e n,m unm i’s
a t  aim im e p e ’ a n d  e i s o - r i v e r  t o ’r t h e  im. e g e ’  ,mnd passes  t h i c ’ m m  t o  t h e ’
me ss .cge  hcm n d  let . Tim is i m , m ’ o t ime  i l  t c ’ct  c c l  c l u t c h i n g  l i c e  i r e t . e g e  I ron
t ime c o n t e x t  . Tim I a ope _’ r a t  i.m re’tt,mm n s me ath j u g .  i i  is used  oru l y i o u
time’ send i rug cant o ’  x i

7. r e ct o i v et : is the reverse o u t  S C u )d .  I t  i s  i i o ) t l t n v c e k , ’eI in  any  of
ti -me samp l e r p m  ut -c . b utt i s  i n t ~ la d e d  imere  I ’ m  conm p l e t e n & c s s . I t
w c e c m  I d be I n v o k c ’d  by me ’ s a c  ge ’ — r - o i m t e x t $ n e x t — r e ’c e lye .

8. t r a m s I i t e ’~~in — n cmmi e e ( j m i c e ’— n a nm c’ , nn c ’ s s a g e — c o u m t c x t — m -m a m e )  : t ak e s  as
c r S 0 0 0 e ’ t t  I s t i m e ’ n m , e : t o e ’s of aim i image’ and a re’cc.’iv I ng rum e’ssomge—con t e ’ X t
t o t  I r m o n s i m l e ’ s  ,m 11 t h e  im i d  ic c.’s pu t  i n t o  thee  im em age b y
t r t n c [ m m l e ’ — e e i t — n m e l n m c ’ j n t - ° l o c , m l  name ’ s In t i m e  r e c c .- i v l ng c o u u m t e ’x t
m u s l i m 0 ’ t h i s  mi e ’ s s u g e ’ — c a u d t x l  and  r e c e i v i ng  t ’ t e i u l e x t  . l ’im is  op e r a t  i c e m o
ret urns nothing. It Is used oui ly in the re’cem v Ing s a o l t e  xl .

• ~~e ’ t - - m i ’ x t — n i m t a  ( immmg o~~namice) y i e ’ l oi s ( next—nam e , i n d e x )  : t ,cke  S om s
.cn ar  - ‘ m o m e n t  t m c -  n omm e of an image in  the  r e c e i v i n g  c o ) n l t e ’ X t  * 

for
cic I cii I r in  s l , t  t ,‘— i n — n a m e  i i  a h e - e u  i n v o k e d  and  ret I urns a m b ’  c t  ,u
t i m e  t h e  t o o - e l  m b - l o n e ’ s  i n c  t i m e  i m a g e , each  w o t i r  i t s  i n d e x  in  t i m e ’
image . T lo H, o p t - u  i t  h o o m i  Is in i t e r o t c r .  It is  u u - e ’ o t  onl y in the’
r e c e i v i ng  c o n t e x t .

— C ,  I — 
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10. ~et—nexi—value ( i m a g e — n a m e) y i e l d s  ( v a l u e , i n d e x ) :  t a k e s  as an
ar gum en t  t h e  name of an i m a g e  and  r e t u r n s  one a t  a L i m e  each
v a l u e  in  th e  image ci t im I t s  i n d e x  i o u  t iu c image . f l - m i s  op e ra t  ion
is aim i t e r a t o r .  It  is used onl y in t im e  co -e e l  v in g  ca n t  e x t . , b u t
not in t h e  examp les g i v e n  i n  t h m i s  t l u c ’ s i s .

11 .  t r a n s f o r m — n a m e s ( in m age—na uc m e 
* 

m e s s a g e — c o n t e x t — n a m e ,
r e c e i v e r — n a m e ) :  t akes  as a rgumumen t s  t he  names of arm image , a
sending n e s s a g e — c o n t ex t  and a r e c e i v i n g  m e s s a g e — c o n t e x t  in  the
same c o n t e x t .  This  o p e r a t i o n  t r a n s l a t e s  the local  names in the
image into the muppropriate local names for a local copy
o p e r a t i o n . Th i s  operation returns nothing . It is used only for
local  c o p y i n g .

1 2 .  delete (image—name): takes as an argument t he  name of atm image ,
and d e l e t e s  the  image f rom time l oca l  c o n t e x t .  The o p e r a t i o n
r e t u r n s  n o t h i n g .  I t  is used cicero r e c e i v i n g  a copy .

Ticese are  the  o p e r a tio n s  needed f o r  s end ing  and  r e c e i v i n g  images of

eu b j e c t s .  loom o u ge S  a r e  t i me  onl y b ase t y p e  ob j ec ts  I l u a t  h , m v e  ti -m e send

oper 0m t ion defined for them.

4 . 2  i_u~ y~~r~~~~ in ,i node

Now that we have m e be t  t e ’r  idea of Lime t wo, new bas ic  types  t h e t  a re

t i m e  bas is  of the  im m t e r [ a c e  b e t w e e n  C ou t e x t s  am - m d t ime  sy s t em , we can

exp l or e t h e  l a y e r i n g  aga in In mo re d e p t h .  Al the system level , we need

to c l a r i f y t h e  f u n c t i o n  of two e n t i t i e s :  ti - me sLa~~~~~ maq~,~ er au - md t i m e

me s sa~ e h a n d l e r .  In the  k e rn e l  of ci node , o b j e c t s  ir e ’  named b y t h e i r

‘-o t o r e g e  n m u o n e s .  S to rage names  cr c  used b y t ime s to r age m a n a g e r  It) u u m t 0 0 0 e ’

un i q u u e l y e v er y  o b j e c t  t h , c t  the storage m nub m gc r m oi st handle. It is mm cl

c l e a r  t h a t  s t o m r a g e  names  have 10 be on i que over a l l  I In to ’ * - ml t i m o u g h t h e y

obviously should be uum ique at  any one’ lime . A storage uc,ime must not

-eppe ar In rare ti-man one context. at a t i m e , b ec a u s e  t h a t  w o u l d  im um p i v

direct sh 4mring of the o b j e c t ;  two c o t m t c o x t s  w o u l d  have  an a l t e ’ r m m 0 i t [ v e

form ‘f c ommun icat ion to message p a s s i n g .  D e p e n d h u e g  on c i m e ’ t  i c r  or m m c u t

— 64 —
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t u r m m g e  names are l o u  h c z u v e  o I l i e r  f u m t c c t i o m n  s u c h  m a  p r o v i d i n g  s , o t n o ,  - a t  l i m o

5CC ur ity wanted , they mme y be capabilities , boil tlmev al aim may be joi st

physical addresses (if objects ole ’ ni -mt phcysicall y m o v e d ) ,  or possibl y

um , mol t e ’ a t h a t  i m i d e  lice phy sic a l I t ee’ t e t i o m o s  c m f  time oh u je ’c Is , b o i l p r o v i c h e ’  no

C’o ’e’mt r ity (tom other words t h ey are f o u r g e ’ a b l e ’ i  . N u t o n e ’s Ihal cr c  l e c o c l t o o

t ’ e n t e x t  h e 0 u v e  nt.-c m e a n  im mg i t  t i m i a h o v e l ;  t h e y i r e  o n l y  sI r l og s  or  t e n m - o t b e r s

eer very sim p le entities t h a t  i o o u p * ’ t u l l y w i l l  n o t  he ’ o n i u c i p u i l a t e d  I n c  - b c

we ’,’ t h a t  is J , cn m a g j u g  t o m  I h u t . ’ rub j c c ’ t i - i  m m m c d  co o o - m t o ’ x I s .

h o e ’ a t o ~~,ige ’ nu , bm c a g e  r i s  l i m e ’ i m u t e r  l a c e  b e t w e c i c  p h e y s  I c  uI st o u r e g e ’  a t m o l

m l  I the rest at  t i m e  sy s t e m . I ’lme re  is no r e a s o u m  t h a t  o i l  t h e  mmodes  in , m

distributed system meted to imave toot’ s u ns imp lementa l jan o u t  L i c e  m ’ t o u r a g e

u nanmage r . Th u s stoerage m o c n i m g e r s  w i l l  he p r o t e c t e d  I r e nt each o t h e r  b y t h c e ’

a c e s s e p t ’ h a n d l e r s  and t y p e  mme m -migi ’rs on tht.’ various node’s. I I  is t b l e ’~~e

tha t moist egr et ’ and cooperate , m u c e l  ti ’.e a t c o t u g o  m an a g e r s  • The si. o u r . e t ’e ’

m om u-eager no ,m ’,’ be  qu i I c ’  ci eve  r I v written to l ik e  i o h v m u r n t c g e  c o t  i l l  so rls O f

o p t  i m n i z e t i o ns , sucic m is s h a r in g  i m m i m u t a b l e  o b j e c t s  b c t *’e ’ o ’ i o  c o n t e x t s  b y

pray i d  I up  separate storage names t ha t  map  i n t o  t i m e ’  same’ ‘h ee l  . I t  may

use the  t y p e s  of objects to hel p in m i t  i l i z i m ’ug s p m u c  s to  g re .-e t e ’r a d v a m m t a ge

or r educ e t i m e  r e q u i r e m e n t s  t o u r  m o v i n g  o bj e c t s  b et w e e n  d i f f e r e n t l e v e l s

at ‘le ’ i o l t u  r y .  The I m p lem enta  t i  on of time st  a r cge n a i m a g e r  , h owe ’ve r * i s  ~e o u  I

of c o n c e r n  in t h i s  t h e s i s .

1 . These optimi za lions , bmow ever , lead t o ’  ci c y c l i c  d e ’ p en t i e u m c y  l i - m a t  i s
u t m m d c s l r a h l e  f r o m  ti - me p o i n t  o ) t  sy stcuu m verifi e ’,mti ,un , So the  develope r c o t
s r i c h  u s t e m  r igs m ’ m i u , i ~’eo r w rou m 1 d have  to  1 m m ke e x t  r i  p r e u ’ a u t  i o n s .  See
Jauis oum [o)] * 

C h i - t p t o ’ r  I , s e c t i o n  1 b r  , m t h e ’t  u i l e d  d i a c r i s s i o u u c  t i E  c v c h  I c
d e op e n d e n c  l es  a n d  ma n y u I  t i m e  p rob l ems r e l ; m t e d  t o  them .

— (, ‘u —
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l i e s  o t h e r  I m n i s e r t  t n t  s u e t  it v i n ;  u m m i c , ; - , oge ’ h o u n d i c r  - A n ;  o t o e i c t i e u u c c o l

ab ove , I d o - m e s s i g o ’ h m , i om d l e ’r s  tm tus t  c a e p e r m t  e ’ . I ’ ho m- Um e ’5S~m jmc ’ t r a i l e r  w i l l

t, also ’ L ; n e ’  sb rage n au m m e of  en i oece g e , m m c l t i m e  nam e at  l i n t ’  r er - e ’iv c  r , and  see

( l c d t i m e  o u m e s s i g e  h a n d l e r  f o r  t h e  r e c e i v e r  r e c e i v e s  t h e ’ image . Assuming

l ice  r e t c e  i vt  r is at  m m r c t o  t i m e r  node * t he  seumd i i m g  t nie-so ~ opo ’ hamm d I or cii 1

pr pare and send time image t h r o u g h  t he  netwemrk . i’ n o e u m t h e  m n e s s m c g t ’ h i

n n m m e o i l e r  w i l l  hj v e’ t o  know rme’tw ork i dd oe ’st-,e’s of il l  rei° ,- v u t m t  cou t exls cu ed

t h e  n e t w o r k  p r o t o c o l s  f t o r  s e n d i n g  i m ag e s .  As t o u r  u s  t b t e - i n t a r m i t i o n

, o h nm ’ i n t locations oI  conlext s i s  c o n ce ’r t m e ’ d , t h i - - i m m t c o un m i , I t i o u o o  can tie kept 
—

i n  a t a b l e ’ t h a t  i s  i n e , ’r r a l  to t i m e  mes sage  i c ; c n d I e r ~ it i s  h : o f t . u r m c m t  i o n

o O o m e l O t  w~ r j , - h n o t h i n g  e’l s e ’  in time node abm iu ld t t o ’e ’ol t r o  k n o o w .

-c ’ A h t e r r o i o  iv e l y ,  a p r o t o ’col such as ti - m e’ t o m - m e  ‘ieogge ’t~Led 1ev Ree ’u [lh ] t . c ° o u i d  be

u m s c ’ d  I t o  f i n d  t h e  rece ’ i e’ t.’r  u u ; cmtn o ’  by in te ’rroga ti nm g d i m t ’ c t r r r i o n s m l  d i f f e r e n t

t o c o e l o S  . h o e  m o ~ t w o r b  p u ~ n t o c c o l ;  w i l l  he d i s c o m a a c ’ o l  no f m u r  t i m e r  t h an  t o o say

l i m i t  Ih e  v a r i t ) u s  mes s -u ps  h a n d l e r s  m o i s t  ag ree  u m p eu n he m .

i f  v t  w e ’ r e  t o m  paral le.’l time m a c t o o l i n g  m o o d  r ° ’ce ’ ivin g i i i  t i r t . - c a se  1mm

WtO m hi the tWtu contexts mer t.- on os o mc m e node , t im e - a - b a t . ’ m m o ’ s n ;age ba u m o i l e r

w, eu m l ,1 bs  i o , o ’ oi b o o r  t i m e  t wo , b u t  i t  w r o o l d  c i i  I c l o t  thu e im nmmge ‘ - p t . ’ n u r o o c a p t ’m -

in  l i m e ’  r e e ’ e ’i v  I ,ig c o 0 0 0 L e ’ X t  to  c r c - m e t e ’  .e meow i - ro u g e ’ in tnu ’ r e ceiving c ’ o ’ o b t e ’ X t

[‘ ‘ m e  m t  o ge ’ abj ect t l c m i l  wa s  cr e ;e t t~~l i n  t o m e ’ se ’ o c d i t o r, c o o o o t e x t  s h o c e n u i d  be

d a l e - n ~‘ h , I t u e ’  i r leage s ho u l d  rce Ve ’r m p p o ’ m !  t o o  be i u m two p l a c e ’ s  i l  once.

( I n t op  o t t  t I m e ’  k c o o u e l  e’e u n c t m m  t o e i n g  t h e  s t o r a g e  : r o , O m o . t b o ’r  and  t h e  m’R ’ssipe

r t n o l l i ’ i ’ - m i t ’  t im e c a n t o - x I s .  r\5 d i s 0  n b ,e ’ o i  [mc  ( h o i p l e r  2 , c t u n t  e x t  s m u m  e

u u . m - n u e ’ s h l m o’ e ’eo , t he  on I~ ’ to t t t m e , l c i o e s  m v i i  h u h  I c  t o ’ t o m e ’  e o e’r o ’t  s m m r h a system .

I ’ i ~ ’ o m m  o e .  I olep i - I s t e o m o -  v i e w  of  t h u  I ’, a r m t - c g o ’ ulu o ’ o u m  . o~b oe’to ,i o ’ c o i o t e x t  i s

— (oh  — 
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n u e o c t

~e’ r u m e l  ~ ~TIrJ;e ::~~~ :t.~~; 
-rJ:

~~~~:[::
F i g u r e 4 . 1  Layers in t h i s sy s t e m  (o i l  one node’)

c r e a t e d , i t  w i l l  t c . m v e  a c e r t a i n  nuruu t e’r ‘ c i  l oc c e l n ame ’s  p r e ° . b s s i i m t u o ’ - i  t

i n p o r l  i n t l  objects , S U c h t i t - h  t h u ,  t y p e  m b r o e g e ’ rh  o t  a l l  t u e  b~~st’  t y p e s

i n c l u d i n g  t i m e ’  c o n t e x t  t y p o ’ m a n a g e r , and i l l  o t h u t . ’r m , ’ s c c m r c e ’s t h  t t  * m u [ t o , -

o m m c m l a n a l y s i s , m o i s t  he sh ea r ed aunong [ m e ’ c e n t  axIs ( t a r  example t I O C

kerc ce ’I aicd a l l  t i m e  o , i r d w e r e  t i m - i t  is to bt . ’ o is o ’d t o y  m o r e ’ Lo o cu o e o l e ’

(‘ e e i l t e ’ X L )  . II is el s a  p o s s i b le ’  t h a t  mt c o n t e x t  w i l l  m o e - c - c l t o  c a v e  ,i L en - a l

0 . 0 c c -  . is sl gn o - cl t o o  I t s e ’ l t  , t c e  do soon -c f o r m s  c u t  t o u r s ’ I u m e m m a l o c t u a n , - n c

r e - c e -  i C c  ne - -c p t t r c s e ’ s Iron t y p e ’ mme ucage ’  r i-c , f o u r  e’x a n n p l e - .

.3 F l e e ’ t i c - t a i l s  of samj~l e  -o~~ - ‘jr e ’r c i t  ions

In t im i S  sect i e u n c  W o ’ cii I pr e ’se’ m t t i m e  d e t m e  i i  s 0 0  I h u e -  co p y  °N rat i, u o s

cr - u t v[n e m nen o m p e r at e spec it i c e xtended l y l m e ’  . We w i l l  d e mon st  r e m  e

t~o i ~ on min t e’x ,et t b u l e  of c h y p o u l h i e - t  i c a l t y p e ’ , 1; we i s ’ ; r o t m m  l i u , t t  ob e c t s  c m l

t y p e ’ F are s o t a h i c  end  C c i t  be 510 ’ ted with ,e v a l u e  c c i  n i l .  [ t r o u t ’ t o ’

~c - v o - r , m 1  u t  h o e r a s s u m p t i c u t o s  we c ut e- o h La una k e  ;ibau t  o bj c - o : t s  c~~t I ~~~ T.

— —
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F i r s t , w e n e e d  to be a b l e ’ t o  e : r C ;i t e o  oh j e t s  a t  t y p e -  ‘I ’ . Soc cend , we’ w i l l

e l s a  I i m m u i  , o u m e e d  t o ’ de le ’t t ’  o u b j t ’c t s  o f  t~~’ l m o  ‘r l i  o e o m l o ’ r  t e e  , i v o i ci s i - J o ’

‘i  i c e - i s  i m e  t ics se’ i m d i u m g  o ’ o l c t e ’ x t  w u o t . - n i  o ’ t u p v h u g  un d e ’r  c o _ i  t c l i t m  0 ’ i t e  u rn - I o m u e c e ’ s .

l’h~~s is a s p ec i al  f o r t  of d e l e t e ’ , as  i s  d i s o :s.se ’oJ h u e - l ow i n  t i o e ’

h es s  r i pt  iceic 01 t h e  operat 10mm . Thu Ird , we w i l l  n e e d  to hi ’ a b l e  to  get  t i c s

n :uune s of  t i m e  c o m p o n e n t s  of  aim ob j e s t  of  t y p e  ‘1 au oa  a t  on t i n t s . Fa r t  to ,

we w i l l  need  to be a b l e  to c r e c t e  i n t i g ’ - S  base -h e r i c o b j e c t s  o u l  t ” ~~c’ 1, and

r e c e i v e  i on ~iges a u m d t r a u c s l m m t  e’ t h e m  t u b  oh~~ec o t  t y p e  I . i -it tn m * we’

w i l l  need  t o  be i s l e  t o )  a s s i g un  c o m p o n e n t s  o f  m i n t  o b j e c t  o u t  t y pe ’ h r u e  a t

mc to ni0 - . he is means  t i n _ c t  i t  lu t i s t  be’ p o s s i b l e  L o u  c r c - o l e  un  o b j e c t  o f  L y l e

-r wi th a v , o  lice c o f  n i l , and i n o s e ’r t i u t o  i t  c o e o n p o m t e ’ n o t s  0ObS o i l  a t i m e

Tim hm . imn p l Ic ’S U need  f o r  s t a r i n g  a c o m p o n e n t  i o c t o  m o m  ab j e c t  r e f  t y p e  1.

Ic ’  , cc hl e v e  t i m e  c o y  ape r - , t 1005 time- c c l  l o w i ng  s n u p h u o r r i . j u m p  u p e t a t i o u l S

w i l l  hi’ ,is~~u oo o oe ’ c I f o r  t yp e  T. (Th e  c u p e r o t i o n s  c op ° - —c ° o u e ’ . co p y — f u l l ,

C o n p ° ? — t  o i l  i — I  0) 501 1 
* ~u ol r e c e i v e — c o p y  w i l t  be d i s c u s s e d  a n n c h  exempli lied

l u  t em .

s t e - m i t e  ( )  r -  t u r n s  ( o b j e c t — o u n m e b  l u k e - s  n c r  e r g m o ’ t n u - n u i  s , b o u t  c u e ’ m o t e s
tim t i ,  j e s t  c -e l  t y p e  I a r i d r c ’ t u r a s  ,e ‘ e u s u l  l i m e ’ fu r it.

2 . dele’l~’—cyju ( obj ei’ o ’ — O em , ’) d,s~~ s t t u t ’ n on - no ’ c l i  0 01 e e l e j  ccl  a t  I v g a
~
‘
, s i l l s  en t h e  c o u n t e x t  t o  c i e - I e ’t , t.’ L I I I  h o e d m u - t a o ’ a m ci a l l  t h e n

I e m e , c ! name ’ s c o n ta i n e d  in t b ’  o b j ee l  t i S o  t i m e ’ c e m m u l , ’ X t ,  arid

r e t  r t r t l S  m e O t i o  i ng .

~~ • els L _ t e x t _ t 0 u m n t  ( o b j e c t — n a m e )  v i  0 ’ I d s C n e x t — f l - m o n o ’ , index) : takes as
ca m r p o o o , ’ rmt t he nam e e f  mm om b j e S t  t e L  I V p , ’ ‘I a i d r e t u r n s  one m i t  a

l i t t l e ’  t i m , ’  fl mt n o e’S and  i n d i o ’es w i t h i m u  t S e ’  o h j e ’ m t of  each of i t s
c am pa t l e o n t s  . T h i s  o p e r . m t  j a n  Is arm [ t a r - c t  or.

e re ;e t — mo u e ~~e (o b j  e e l — n a m e )  n - b  ti m u -m s ( i u n e o g ’ — o n  o ’ t e ’ ’i t u l s a  s ,es 3fl
o r g u m e m t t i m e ’  u - m cu ne ’ o i l  o u r  o bj ~~ct of  t\’ I e e  T m t i - i r e t o i r n s  cmii i o l o , u g c  ci

( 0 0 d b t h j e c t  coo t u l n i i n g  l o ca l  C l I m e ’ s  [ m o O  v i i i  h o ’  I r , t m c a l - u t o ’ i
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l , i l e r - ‘fbi’ i o n o m o g e  may  a l s o ’  c o u i t 0 mj n  v a l u e s  t h a t  wi  I I n o r  0 l I e ’

t r , u t o s l a t o - d .  —

5 . r e c e i - C e — 1 o n u p~~e ( it nm ugt .’— cc on n n , ’ , olu j  act —name) : L i ke s oes am gto nu u t m-m t a

i :lo u~ ;c ’ m c c t o ~ t c ’ - lO c h a im o t i t  1 o t  v obj  cc I o i ’ .hme t yp e  m m m v . T h e r e  m u m u m s  I he ’
o n ly  n ,on no e a l o c a l  Ia t i m e  r e ° c o e ’ i v i r g  c o u i t e x t  or v a l  noe ’ i c t ime
it mcage ’ . F l o e  s t u t e  t o t  t h u e ’  i m -  m g e ’ w i l l  be p u t  i n t o )  t i m e ’ c ’ bj . ’~~~~L .

ho i s  opun r c l t i on  r e t u r n s  n o t h i n g .

b .  s t o r e — i e a n c e t o b j  cc I — n i ne - , i n d e x , n e x l — o o m m m n e u  : take s as an a r g u m e n t
t h e  nam e o f a m c o b j e c t  , i n  i rides La - u  c om p o r c e ’ou I o f  t i - u , ’ e c t ) j  Cen t a med
t h e  name of  th,- u’ c o m p o n e n t  to be i o u s t m e h l e d .  Tb is o b u e ’ r u t i o uo
re - t u r n s  n o t h i n g .

T h i s  i s  a l i s t  o f  o m c l v  t i - m o s t ’  l i n e r o t  ion c it ’ e- g - o h  in  type I in a u - h e r  t o

a c h u  i e V e ’  t ime  c’ ap y i n g .  I t  s - u y s  m u o t i m i n u g  ah o u t  w n n u L  O t i n o ’r  c m 1 e , ’ r , u t  i c o n s  l I n t - r e ’

i i i , ’ h O e  It i  ~~~~ ~~.

A n e m o n n i m e r  Ci a d d i t i o n al  do ’ t u i l s  m u s t  he  spe c i i  l o ch . We w i l l  , u s s t o ~~ ’

emi l y Iw o o p e r m t  i o m m s  c o n  c o n t e x t  a :

1 .  r c uo s t — c o ~~~ ( o b j e c t — a ~e :tot ’ , Ca rol , ‘ t - o t — m m , O t n o ’ )  r e t u r n s  ( n e w — n a m e ) :
t a k e s  es , i r g t m n o e n t s  t t u e ’ t w o  c n o t n l o o u m e n l a  o f  t r u e  f u l  I n a m e  o u t

t o r e i g n  o b j ec t , c l o t  a i r e s  ,u 0 0 0 n p v  ( c o p - c — c r o n e ’ , to w e l d  am - m v l oss  i i i
s ic u r i n g )  of t i m e o b j e c t , t i e d  r e t n u r m n ’ o t h e  i r o ’a [  n o o n s  b o r  t i n e  UtO ~~c

c r c - i t c h  l o ca l  o b j 0 ’c t , w i c i c i o  is .0 C ’ ) ~~V o t t  t i l e ’ t o l t ’ m g n  o b j e c t .  i t
g u d m r - 0 : 1  t e e ’ t ; I n - c i  mm m e ’ -

~~ hoc .e I n o5n en o s isa i 
~

‘ m u , ’  oh  or e d o  0 i io mu— I c, i  1
sub cu m n o c ~oo m o e  ‘ n o  L m u d m 0 -  .

2 .  I c  o h  ( n ’ h j u ’c t — n a o u e e ) u ’ - t u r m o s  ( b e ’ o i e m c n c i  : I s  mc I i ’ sI c u p e ’ m i t i c r n s  L i m i t

t m u k ’ -a  i t o  o b j e c t  m o i ’m e - m s an m o r g t m m e m c t  - m u d  r e t c u r m m s  I I f  h o e ’ oh ) j e t ’t
n roroe ’ o i  i s  b c - u i  t o  t i n e ’ c o n I c - s t  

* 
d i f l c i  F o t O u ~’r - ~’ m  ‘it .

I re  n u r , l e ’ r  t o ’ irn p l e ’ ot m o - u t t i m e  ‘u r o c e d r o r e ’ ou 0[~’anor ibed he le iw , —~~~r or s ’  mod b i l e - c t  c m i

,c r e  n e c - t o - rb t o  r t h e  ih , hI t y p e  i t ’ ’ . Th i s  wo r m  k , m s s u u r n c ’s I w o ’ - p t ’ r a t  i , o c s  t o l d

t toe -;p~’ anj: (I t t v pc  * c~ i I d c  p r o e d u c e ’s li -m e a c t u a l  t y~ r e -  t o t  t i m e  oh j  ccl mm

duro ’ o b j e ct , and ( 2 )  b eret ’ , w i cj c h  f a r c e s  t i m e  ~~~ 
cebj ’o - t ( o r t i n , - tu b l e s t

i n s i d e  [ O m e n  in ’,’ . (I l _ It pr ey i o l e - s  m o o  ape  n i t  i on s f o r  t i m e ’ I v p t ’ _ nm~y_ , , m l t h m c ’ r m i r

I d o t .  j o r o o v  h o l e ’  m f o c r o e~ b c e  l b  t — i i i  I m u l c t  t h o e o t . A m - m c I  i m e m t vj ’ t ’ t l o i O  m m .  0 - a c o m o c i c  - i

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



t o e  t u b  w o r k  i s  t v j ~e .  No o u p c ’ r u m t  j a m i s i r e  ne ’eeic ’ d t o u r  i i  i o u  t h a n  o c o n o n i u l e

i - m i l l  t ’ O00o _ ’01 ( ~,i I l o o m i s  i i i  l e t s  w o ’ i ’k .

N o w  t h e  m l  w e - h a v e  m b e t  ter u m m c i e ’ r n m t  m u c h i m m t t  c i i  tl~s i ’ ’ I O v . I t i I  t , 1o , ’ t t no o f

e’ t ’u O I e ’ X t S , and t h e  f u l l comp l em e n t  o c t  Opr’ i ut louis i ’,’ m u j l  e l - l a  tar i no r , n o ’ d  e u ’ )

i 1 t ’’- t i i o ~~ ’ 1 ’ o) m u t  e x t  s , We ’ can coimsid e r the deL tills of a pso~ a i b l e

irn p l e ’m e n t a l i c ’u l  n o l the t h m r e t ’ f c rnc s of copy ing ci j ’ icnms~ c’d in (r n o I l e r  i . ~~,‘

w i l l  he i r  b y u c o t i c i n g  t i m e  s i m i l a r  i t i e~- among t hea  ou pe - r o t l o i m s .  1mm

p e r t  i c u l a r , L iu e n no ~ss,i~~e c — c c r u u t e x l  I p p o ° u r s  t o  be mm h o o e : , u l  po i n t .  b i n c e  t i m e

m n a - ’- i n l o  - c ‘ n t e x t  c e n i m b : u  im i s t h e  l Ou Se ’ a t  t m o e  Cop y  o h o c e r o t  b e o u i  bc- b ug  p e r f o u : : e d

( C t u p v — o n e , c a l c y —  t ul 1 
* 

- - c i [ r c’~~~i ul 1 ic id m e l )  m cu i d  t ine  i d e m t i  t ~ o f  t u e  t t i p  le v e l

‘bj ee’t hoe i n g  o ’ o - 1 t i ~~ d , i t  ‘ o o u t a b n s  e ’ n u o u t i g ( n i n t n e r u n . m t i o n  to - c  he ,et t i m e ’ co ne of

a I I h o r s e ’ - o °p y  ap e ’ r , m t  i , ’ mu 0 00  o m n e - s - ; ,- e c ’ e -~~c o e o m t e x t i’ ;e ’ m c ]  o c l o e r a t  ion  
~~~~~~~~~ 

i c i t ’ S  -
‘

t i m  I s  ‘ c u l t  u n  I h um - mon t i - o u m  m i m e  t i m e  tne ’S ’r a ) ’c ’ — n  c r50 1 , ‘ x t  - l i n e ’  r: t e n s s , u o c - — c o f l t e x t  i s

c r e - m t  end m o n e t  i i n i m m g ,  t w o  p i e c e s  o c t  j t l t t : n , m l i o n , t h e  m n i ; , ,  ‘ ‘I  t h e  or i s i n a I

‘ u i - c  j e e - L  b e i n g  o ’ n ’p  i o ’ n h  a n o l  t h e  t y p o ’ c i t h e ’ c o p y  t u 1 o c ’ r , u L  ( 00 1 . ( L a t e r

f l eSSS i 10 ’— c ’ o n O t e ’x [ S  w i l l  t l s c  be 0 r e ’ m o t , ’d w i t h  ‘‘ r e c ’ , - j v e n ’ , m s  i l - me  u . i u n n o ’  cut t ime

r 4 i e ’r ; I t  h o c o m  c o o i n g  t h e n . )  ~l - - s s , u o t e — o ’ o n o  c x l  $ n o e o u e i  m ov , ’~~- - . h o t ’  c o r e - u L o o_  l : T o , d t o ’

o p e r e t  [ c o n  o c t  h u e  t v j o o _ ’ t u c e n a g e r  tar each co m p o e oro ’tot ~~~~° b , o c 1 o j ’ J .  ~° o ’ ’o r ml I

ema n n u l c c ’ m o c  ‘ m l  a l i m i t  s h e o o m l  d he se n d 1 m ev ,  h nt ’ e’t o t ’r ’tmt • c r 0  m m u g c ’ ‘1 ~~~s g i r t  u t

t t i c ’fl e S ~~i ‘ ‘ c - - C ’  00 1 ’ -  x l  o u t s  i rig L o u s e  c o mno p om n e m ’m 1 m m t o  I ae ’ m m  t i s C r , ’ . u end m u n c h

s e m i  I . A t  b o ’ u  ‘ , , ‘u u oe  cl  0 ’, m mu h o c  i m p  l i c e ’ n ’ op y  ir c g i s  r ’ t r n m o [ o  1 on -

It Is i eec 1oo r u L i m i t I c e  k e e p  j im mim ic i  t i m m m t t i m e  t a c o l S  ‘i ‘V i 0 i c d  t o m r  t h e

so ,’n-o t e ’ m n  u s e r s  o c t o r e m m i c h  he m m ’  a i ’ t r p l e  as  p o s s i b l e -  cr ud S k d c u O l i  oh n o t  c 0 0 0 0 l e i n  i n c

m ’ ’ ’ ’ t i . i o u i n ’ o _ m ( t o o  wh i c h  t h e r e  Is m u m  a , 0 ; o , O u t o n t  fle c e~ mi e~ fl t i d e ’ ‘ 0 0  t I c  Jar level o f

m b ; t  m o o - :  m ‘ m m .  ~!t - - ’ - - o c 1 e ’ — C o m i t e x t s  r e v  w e ’ l l  I - o i l  m n t ,e  l i d s C b t ’ i m , c m v . b u t
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L 0 e V  t ’ ,mn be hIdden f r o o m m  t i o e ’  c r c ’, m t o r  c u t  aim ,-x j ended type mei m u e o g e  r

C l u m s t o ’i A m e t h o d  of  , m c h i e v i i m g  t h i s  i s  t o o  make  , u v a i h -i h l e  t h i e c  gc ’ n u o ’ i  I I ’

open r u t  j a m - m s  o r  p r o c e d u r e s  um om mt ee d j~r_L~c— c o p y — o n e ’ , j~~~c e o _ c c j o v _ t  n o ) ) ,  , m o m d

proc—c~ p1—f oil I — l o c a l .  These p r o - e s  e n d u r e s  w i l l  s i m p l y see t h c a t

m e s s a g e — c c - c o o t  ex t  s m i r e  p r e ope  n y  c r o u t e d  a m d  s e n t .  Ti -mere  is  o m e  c o t  h e r

p lace  u t  ~ m I ch  t ime ’  p rogramu r me er  m i g i o t  come i n t o  o ’ c i n u t m i c t  w i t h

me ssoIgc ’ — C c m t ‘XL ; wloe ’ n n t i m e ’ im ages i r e  s oni mt  * tieey c a n t o in o n]  v n o  t r o u t - S

gc’uc e r o i l e d  b y I m e ’ t no ’s s o g e — c o i c t  c x l  , yet the crea t ion ‘ ‘ 0  t i m e ’ i l m lo c ge ’  , o t  iii

o b j e c t of  e x t e n ded  t y p e ’ s t u o u l d  he ’ c m l  r o l l e d  by h o , ’ e x t t ’ o e c i e ’ , I  t y i o o

m 0 m n c e g t ’r .  ‘fb i’ r e’ , u s a n o  t a r  iuo m omge c r e , u t i o n  b e i n g  i n  t h e  t y p e  tnu i e c o g o ’ r  i s

L i m a t  w O t , i t  : m c t e i . m l b v  i s  s e n t  s l i t - c o l d  he  t y p e  s i u c c i f  I c .  I b o e m  c’ n o v  b~

j o d le o r n o  0 1  l o on w h o i c l - m  is  n o d e  slu ,’c it ic , t h , m t  t ime r e c e i v i n g  t v p m ’ m , m m u n ’ t - r  w i l l

t d , i V e ’ to icn p mi r c ’ lo ite r. I’ho ’ m e ’ s l y  b e c o m p o ne nt s  s i u t ’ I u  as t e ’nump o u c d r v

~~c o  r s a p  0 c c  t l c o t  i t  w e n m h d  be u w a s t e ’  t o o  s e n d , i nn ,) p c r loo 0 n s fa t so ’o ’ o i r e t  v

r e ’ m s c n m u s  s t u t ’~m h m t  md t ’ v o ’ r  be  s c - n I .  s 9 n , u t e - e ’ e’ r t I n e -  i e , m s c o n , m r n o , ug t ’ c r e ’, o [  1cm

s h o u l d  he t m m d e  r t i m e  e’to n t m o o  I c u t  h o c ’  I ~‘i~e t n o m m n o , m s t o ° r . F or  t i e  i s  p o n ’  5 ’  , L b ic’

I o r m t r m n n l c ’i - w i l l  be ’ m - c ’ o l u l i - ec l 1 0 0  W I  i t o  . 1 c r s a t e — 1 n m L ~~~ ° d e e m i t  C o l i c , who i d e

0 1 1 -i i’ 0 ’ t i m m e t  t m o e ’ i meio m ge ’  ~~i to i t ’d  t e d  , i m u d  wr  i t  e v a Lu e s a O d d  o u m d  1 v uo u - n u t s I ,r c ,e 1

too  l i c e  c t e o t e ’X t  i n t o  t h e  t o n n a g e ’  n u s i r m g t ic , ’ i m . m g t ’ ~o s t n r e n — v i l  ole ’ m i n d

m cu c odge’ m e S t  °r o — n a r n e c e p e r m t  i on s .  The - nne ’ s s i g c ’— c o i n t e x t $ a e ’ i m d  c e p e r o i t I o e m i  w i l l

h a t  o r , n m o m h e k u e  t w m t - ,t  t o e  I t o , -  p r o o g r ~mmue e c ’r * 
i n v o k e  j u r n m i g e ’ S t u m n u s l ; e t e — e e o m ( — - n c o out ’ :u ,

u s i n g  t i m , ’ i p p r c n l r  j u t e ’ m e s s o e g e — c o ’n t  , - x l  . Thus  t h e  p m  r o g r i o n : t n e r  r o e -v ar  c o o  o W : ,

cot t im e e x i s t  o ’ n c c c ’ o t  L i i  e ’ a e ’ a s . o g e ’— c t u n t e ’x t
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t h e  on l y o t her  p i eces  a t  code_ ’ t i m e  p r o g r au n m e e  m I e u r o t  w r  i t t ’  a re

den t [ m i t  l o m m a a t  w i m 1 d m  C o d ( o Y  o p e r a l i o u m u s  t i e  t o )  be d c l  l i c e - c ) ( o c r  t h e e -  t y p e .

1 l u t ’se ’ c o l oe ’ r , m t  I ons  w i l l  do n o t i m i n g  b o i l  j imve ,) kc’ t I l e ’  , i ; o i u i c l l u r  i l l  g c ’ o m e ’ i  i t ’ o o u p ’ c

c o i e c . r m t  i o n  ~e , m s s i n g  a l o n g  h O e ’ p c m r n m n u m e n t  c r 5 . F i g u m r e ’a - , i o m c b  e . 3  p m  , ec ’  ide ’ a

c o t s  :;ib  l en  c co d i r m g  t the t u r o b ’  e ’d c i r e u i  be n - c r  ibe ’ d n o  I t o  is 5 c c ’ L c o m m  f c e r  o bj  c c  Is

m s L i c e -  L o p  l, ’vc ’i  cob t e c t  m O S t - c O i n  t i m e  t’ x m n ’ n p l e ’s i n  ( ( l o g i e r  3 .  T hey

l i e  S T  i t t e ’ i e  im c ,m suhse’ t c o t  m l m m u c g e o - u g e ’ h , m s e ’ti on t i m e ’  c 0 0 0 v o - n o l  [ c o o n s  c m i  ~ l , L .

c o p y — o n e  = p~~~ oc ’ ( ob~ cc i — I d  , t :r n e ’ : r , io ’ t ’ S j ve  r — n  u mo o t ’ : i n e v
p r o c — c o o p ’ .’— o u o e s  ( o u b j  c o t  — r ed on e’ * re ’s’’ iv e r—ne ro , )

end copy— colic ’;

c o o g ; — t  oh I = j~ i o ~ c ( o b j e o - t — m m , e n o m e ’ :  I * r e ’ c e t \ ’ e m — n , i m : a - :  i m ~ m )  ~
~or oc~~co ’p : — t  u l  1 ( o b j e ’ o l — u u i o n ie ’ * r e ’  e l v e ’ r — n o imno e-
e’m id c e ’ I r v — -  t o i l  1;

o c e 1 , y - - t  o m l  I — l o c a l  = p r - s  ( o b j c ’ o t — n m r ’ n e ’;  1 , i e o - e ’j v c’ i — n e : m e - : I c c ’ ) ;
p r c u t ’— c o ç u v — t  u l  I— l c o c , i b  (ob~~ec~~— n , em - ne  

* l o ’ c , ’~~v o  r-- m u , i - ’ ~t ’ )

~‘mud c o p y — t l u l l — l c o c  i i ;

e n s - i  tm — I m a g e  = joro s ( o h j t n c t — i o u : m n o - :  T )  0 , t c i u r n s  ( i nc;m gt’)
i n o n , u c n e — n , u t t n o ’ :  .i~_&e :=  j 000 Oge  $ c re ’ , i t e ’  ~~~~~

t a r  (flex t—n .dune : u i ’ , , i m d c x  i n t o  m o m  g e m  — t u , - ~~t —rh u ome-
( o b j o ’ c t — m e o emne l c I a

i m , o g u $ s t , r r e - — n , i j u e e  ( O t t  — i i ioTe e , in o l e x , u m e ’~~t — u c , I r n e ’ i
e u r o ) ;

C e ’’ ni r mi ( I tor og ’ - - m m  - - - n e I

end c’ n e , i l r ’ — i t o n O m ’ - ;

- 
m -~~ ‘ om , - 

- (t ee ’ r a t  j o - c o d  5 In t i c , ’ 1 1.’ t oe n 0 , 0  u ’ ’-

F l t ’, m m r e ’ e . - e p r e - u u c ’ m m t s  iii • o m ~p l . ’ m ’ u e - r n t . i L i o ~ u o 01 ‘o o , - s , n , i ~~e - c ’ c u o i t t ’’i t S s e i m d ;

s i n c e - c’ ne ss ogt ’ — e o i c L o ’ x t  s a r e  ho e s , ’  t y p e  toh~~ec’ l s , t i n e ’  i : m e ’ ’ c - , i c ’, l ’— o o r o e t , ’ x t  [ c l o t ’

e n e . t g e r  wi I n c  , m l l  i t s  ope r _ m h i c r u e s  i o n  i u r o ’ v  i , t d i n  ‘ ‘\ ‘ c ’ m v  c o n t e x t .

Mc ’ S ° d O O’ e ’ — C U f l I  ‘ X l  $ o-o e ’ rm d I s  s r c u n e ’ w h o  1. i n v o l v e d  . It i t Ci i i  e s  - c o s t  c l  1 t o e ’
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pr co c — c o p y — o m d e  = j~y o c  ( o bj  c - c m t —rm ame : ~~m , r ece  l y e ’ r — m m a m e : i t o - ,

uim c ’ s s o i g e n — c o n t e x t — n c n n u t ’  : ndess~i & e— c o n t ex t
one s sa g e — c o nt e x t $ c  r e , m t e  ( o b j  ec’ t—nan o e , “ c c u p v — c m i m e ” ) ;

mute s s , e g e — c o o m m t c ’ x t S s t ’ m u c i  ( m c ’ s s e g e — c o i m t e x t — n a m e  
* 

r e ’ce o v c r — ’ u o : m , o - )

oo cessu g e— c o nt e x t $ d e l e t e  ( m e s s a g e — c o n t e x t — m c a m n c - )
end p r o c — c o p y — c o n e ;

pr o c — c o p y —  f u l l  = ~~~oe ( o bj  c-c 1—nom um m en ~~~~~~~~~ re s t ’  ov e r—iioemu c c? 1 0 0 ’ / )
m e s s t g e ’ — c o o n o t t ’x t — u a u n e u  :ti o ’ t-o s~o <,jo e — c o m c l e ’ X t  :

iemess~m g e — c c i m o h e x t ~ ’c’r e 0 t . ’ ( c t h j c’o ’t name * 
‘‘ c o u i u V — i  o i l  I ’  0

no e s  s o e g e —  d O f i t e ’ x t $ sc u d ( neu c ’ 550 ge ’— c o n t e x t  —n ou uuo e 
* 

r , ’c e m  V e ’ I — b  li ce ’
me s s u g e ° — c o n t c -x l $ d c  i t t , ’ ( u n e n s s a g e — c o n t e n x t — r c a i u e e )
end p r , u c — c o p v — t u l l ;

p r o c — c o p y — t u h l — l t o e m , m l = j~ r c o  ( o b j e c t — i m a r n e : l u c y , r e t - c - h - e u - n u  m e :  c : o ~ I ;
to n e ’ sai go- —c el m t e ’x I — i i  ,i nnd ,’ : n ou&’ ss i~j e — c a n t e x t  : = )i

one ssagc ’ — c o o c t e ’x h $ c r c - a t e ’ ( o h ) e c  t — o m , o t m u c’ * 
‘ c o u i u y — t  c u l l —  l ’ ee . i l ’’ 00

me ssige—c ontex I ~‘ So ’ l d c I  ( mmc c s s e g e — c o n t  cmx t— na on c ’  , r , -  - [ C c -  0 — o m , i m r nc ’ I
me s a m  ge -— i’  , - c o l t  e x t  ~ ole ’ i S l e ’ (o n e sm-i a ge—c  out  c’ x t — o  mi ne )

end p r o c — c  t o t e ’,’— f u l l — ]  ~o o - , i l

F~~c; o m r e ’ - o . I  The  gener is  c o p y  c - c p c r e t  ion s  c - cr  p r o c e d u r e s  p r ay  j d e ’ c t  t o o  e t c h
e a m m l t ’ x t  b y  t i c s  k e r r i e ° L .

o o , m m t o c s  i n  thec -  o u u e s s a g e n — c e o m c t e x t  . ~ t n  l i e  t h i s  i s  h e c p p e m m i o m g ,  i d o h i t  j , m m m l

e’ u d l r i e ’s o r e ’  made  j r i L 0 u  t h e’ m e s s m g e — c n u u t c - x t  by  t h e

i i ogo ’~ et r o b s)  m l  c — c oo t — n a m e s op e ’r ~ot  hen . For  e a c h  o b j e c t , l i t ’- ’

o m o c ’ s s , i g e ’ — c o n t e x t °~ t ;e ood  o u p e m ot  i c o n  r e e j o m e - . t s a copy  , i t  the ’  oh J e c t  i t  u n i t

o bj e c t  is m o o t  l n e c ’ , i l  t oo h o e  se ’n d ln g  c o n t e x t .  Once t iu e ’r e  i s  i l o c a l  c c u [ u c

c ot  l ice ’ oth l e s t  (if the oh l est was i c o c oi l no , e c l 0 i i l i o n , -dl ccopy w i l l  m a v e n  h e e i m

c re , m t e d )  
* 

t i n t - [ c-pc of the o b j e ct  cam u be de ’t e r :t ’ i r m e d  and  t ime a p p r o p r ia t e

create— l o n o i g e ’ op e r at  Ion  c m ou h e ’  I n v o k e d  . T h i s  oper oct  i o im w i l l  c rc -oc t e ’ a m o

h m 100g t ’ c ’ o r m d t o l r i i n g  1 u c u s s I h 1 ~~- , m s o u h o s e t  ( t h i s  w i l l  he  discussed h~~te ’r ) r f  L I n e ’

, m m f l t  b c  i i  00 m m - m e - S  t b o m c t  we ’r e ’  i n  t h e e  oh I c ’s I 11 se’ I f . f iu e ’r e ’t  c o m e ’ , t l o e e

p r o g r - m m o n c ’ r does imo t roe - e e l  t e e  know - oh e u t  one s s m g e ’ — c o n t  ‘‘x l  s m o m  a r d e ’  r I c e

wt i t e ’  t i m e  e r e ’ , i I  o ’ — i n t o u g e ’ c u p - r o t  i o n . ( ( f l e e t i m e  l o u e , i e t ’  h i n t  b e ’ e ’ ne c i - t - , t t e d , l i m e
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send ~~~~~ ( m e s s a g e — c o n t e x t — n a m e : n n e s s aj~e— c o n t ex i . r ed ’ ,’ i v er— n a rume :

f o r  ( o b j e c t—name : ~~~y ,  c o i m t e x t — u i a i u c e :  c o n t e xt ,  i n d e x :  h u t ,
ci )  j O e  I— local : b o o l e e n )  in next—s cud (mesm- oge—contoxt—teamn e)

do
i i  (ob~ e e l — l o c a l  equal i-) then

new—name ; a ny  := c o n t e x t $ r i - cj u e st — c op y  ( o bj e c t — ; ’oame ,
c o n t e x t — n a m e )

o b j e c t — n a m e  := new—name ’ ;
end ;

t y p e l :  ~j~ e :~~ any $ t y p e  ( o b j e c l _ r i e u n n r t n o ;
i n m o c g e ’— na nm e : ~~~ := t y p e l $ c r e a t e — i m 0 e g e n  ( a n y s t o r c e

( o b j e c t — n an e e )  ) ;
i n m a g e $ s t o r e — i n d e x  ( i m a g e — n a m e , i n d e x ) ;
i : o o , u g c’~ o t r a n s l a t e — o u t — n a m e  ( image—name  *

tIn t ’ s s e g e n _  c oat ex  t — n a m e )
image$send  ( imai, ‘ — f l O m o c ’ 

* r e cc ’ i v e r — o m a m ne )
i f  ( o b j  c - e t — l u e o o l  “ - ;aa  I F )  t i L e n o

typtnl$deiete. opy (ou uv S f on rce (obje ct— n-on :nc t );

c m - m d ;
e’ mid ;

i t  ( c o p — c  ode ( m e s s ag e— c  o n l e x t — o - m , c n m e )  ne -c t ec lu e 1 ‘‘ c e e p v —  (cml l b  then
b udge—me ssage—c con text: Imc

~,&e : c ren a t o—  image
( nod ,’ t AS c- ~ e ’—c on tex t—ne 0 0 0 t r e - )  ;

image$ send  ( im ag e—mes s e g e — c o r m t e x t , re ’e c- i v e r — u a u m c e ) ;
en d;

end s end ;

F o g u r e  -~ . 4 T h e n  send a p e r e t  iou -c of  t h e  m m e e s s o g e ’ — c o n t e ’xt  h y p e  m a n ag e r .

I u i o t c ’x j o m t o o e  u ne ’ m - o s i g e — c o n t e x  I of  t i c , ’ ob j e c  t. I rom e o W0 o ich i t  w’ s c r ’ ’ o  t e ’d C~~ it

he  p l i e d  o n  the ome o d e r  a t  t O me i nto ~o h , ’ . Al~~oo 
* th e  n -c or ne a iu i  t h e ’  image  m u st

h o n  t r  o n m - ’ i a t e ’ d  f r o n r o  l e c t i l  m m m 0 0 0 d e s  t o  i n d i c t ’s i n  1 ) 0 0  tio o ’S so lge ’ — t ’ t O l e X t  . l ’h ls

u n o - e v  i n v o l v o ’ c ’ rt ’ , m t  i ng  n ew  e ’u t  i - l e n s  i n  L i i i ’  :om e ’u m-~ o g o ’ — c o n t ’ - ~~l * - e n ’ )  t h t n r e f , u r , -

a l s o  mon ey i n v olv e  the  c t e o c t e ’ x L  . A l t e r  I t o  is  t, r a u - m s l a t i ’ e o u  h i s  b een  c amp ) o ’t e d

t h e ’  i r n : e o ’,e c , 00i  he Sent  . i t  a c o py  of t h e  cu b j ‘ccl w u s  e n p m  i r ed  l i o n

t O l e ’ i gn  c o n t e x t  
* 

h u e - c op y  w i l l  now be  c t o ’ 1 ~~ t c ’ m h , - m e n )  l i - m e ’  w t u o u l c ’  p r o c e d u r e

cai m ‘ ‘ g i n  t o ’ r  t 0 t om€ ’Xt  compei m le n t  . W i o t - o i  l i i  d g o ’ S  h i v e  h t ’ e ’ n I  s en t  f or  a l l

t im e ’ c o m p o o o c ’ m o Is t o n  be~ c c l l u i  o t t , i i  t h e  ro p e ’ r o t  i coo was mo - m t a c t ’p c - — t  o i l  I 
*
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image at  t h e  o n e s s a g e — c o e m c t e x t  m u s t  be Se ’m dt  . T h i s  c’ e ) mflp l e t en s t h e ’

m e s s a g e— c on t e x t $ s en d  ape ra t  ion .

4.4 Pr e s er v a t i o n  t o t  shar inj~

An i nt e r e s t i n g  s i t u a t ion mco w e x ist s  w i t h  respec t to t h e  c o p y i n g  o u t

t oo ’ r e ig n  c o m p o n ent s .  At the  c o n t e x t  l e v e l , we can c o n t r o l  how much

sim u r i a g  w i t h i n  -mn o b j e c t  we wi sim to  w o r ry  a b o u t  ac ross  c o n t e x t

b o u n d a r i e s .  I f  we w i s h  to  m a i n t , e i n  a l l  s h a r i n g  r e g a r d l e s s  of c o n t e x t

b o u n d a r i e s , the  c o n t e x t  w i l l  r e q u e s t  a c o p y — o n e  of t h e  t o r e i g n

com p o n e n t .  We w i l l  use F i g m l r c ’  -~ . ~ as t h e  b a s i s  of f u r t h e r  d l s n ’ u o n -n s i o i m  

I

-
~~~~~~~ 

~~~~~~~~~k

F i g~ r e  4 . 5  An ex auuep l e  c of  s i m m i r  m e g  . m e  r u s s  c o n l cx t  b o o i n d , m r  ic ’s. T O m e ’ n n o : o r Io e - r s
i n  t i - m e  h - c o x e s  r e t o r e s e m e t  v a l u e s  t o t  0)h j e c t S .

~~n t o m  a context requests onl y copy— tune ’ t o o  r enao - i i  t o n r e i g n  e’co o oe p c o n e n  I

exac t b y  one o b j e c t  image m u d  00 r n t o s s , m g e_ s o n t e x t  i o n - m g ”  w i l l  be a c q u i r e d

( o c r  s, m o ’ b u  t - re i gn c o m p o n e n t .  T h o i s  t h e  m es soege ’- c on t c x t  t o ) m t h e  w h o l e  CO~~~
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op en r a t i o n  w i l l  keep t r a c k  o u t  m c l i  pa.s s lh  to sim oe r l o c g eveom C c r o sS  C o u n u t  e x t

b o u n da r i e s  ( b c ’e’aoise  f o o t  eve i - y c o m l e e m m e n t  [ l i e ’ g l c t b a l  I c -  c o m m  m o l d , ’ nam e i s

f o u n d ) .  ‘rom e r e s u l t  I to  t h a I  t h e  at  r u c t u m e  L o u  t t c ~~- r t -’e ’ e i v i n e g  c o n t C x t  w i l l

be e x u e ’ t ly  t h a t  i mc Fi gure ‘c .5 c ’x c t ’p t  t h a t  i t i l l  w i l l  h In  c o m e ’ c o n l eX t

t i m e ’ p r o b l e m  wi t im t h i s  is t h i o i t  .1 re l i c - o h  ‘ooc m sL be Sen t  out  t o t  .m C c ) p y  c f

e v e r y  f o o r e ’ i gum su b c o mp on e n t  of t h e  o r i g i n a l t o e  re - i  gu c o m p o i c en t  named  in

l ice  ab j e c t  b e i n g  cop ied. It instead i t  is cli s i d e o l  t o u t  we c e r e ’  oh ,  U t

0 0 0 o o S t  s h a r i n g  h u t  i r e  w il  l i n g  to t r a d e  l o s in g  s- en , ’ I n  re - t u r n  f o r  the

sa v i n g  tom t Ime end  message s , a c o p y — I  u l  1— l o c , u l  c m u n  be ’ u o a c ’ d  Lostead . In

l i m i s  case , we w i l l  lose t im e i d e n t i t y  at  s u i h c a m p o n e :o l s  c o~ i t o r e l gme

o o mp O  nen 1 t o , i L  e r e’ b c  al  to th a t .  f o r e  ig m i  c o u n t  t. ,- ct  . Tim mis r e - - b o l e ’ st  j u g  a

c o p y — t  oi l  b — l o i c e i  of t im e f o r e i gn c o m n p o n e u m t s  wou l cO l e , cm i t o  .m imm om i

s t r u c t u r e ’ o f t h e  t c o r m n  c i e ’ p i o - t e d  i n  Fi g u o m ,  4 . 6 .  t i m l o u i s  c o s t - , m o e t y  t o w e r

- 

• /~*-~

!“i g n i r e  ~ , Oo I’he r e s u l t I n g  s t r u c t u r e ’  o h  a c o p y  c- cf  t i n . ’ oh j~~~t ’ t  shown i n
i’ o c~ m t r c’ -~ . o when  c o p y — f u l  1 — l o c a l  i s  used a c u c u s S  con t - x l  i e c o n u ’ i c ) . u u  i c ’s . t i m e
o m c m m m c h e r s  in h u e ’  b , xes r e t o r e s e o u t v a l u e s .  l’ I o c o s  so’ can see c I c ’ , e r l y  w h e r e
‘st  r u  c opy  I u mg has  t a k e n  p l i c e ’ .
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message s w i l l  be r t - o 1 0 0 i r e o j  it  t h e  f o r e i gn c o mp an em it s  a re  l a r g e  ( t h a t  i s ,

ti m v c -  . m o i m e v  subc c oon ponen t s )  * 
b u t  i t  t h e r e  is much sha r  l ug  as r c u s s  come t e x t

t o , 0 0 m n o c l u r  i eS , h o c - C e’ w i l l  be ~m g re at e r  expense  in t e r m s  o f  s p i c e n c t ’eded t a r

h iic - ,m d d i  I t o o i c , i  I cop ies a t  th e  subcoonpo i me o - m I s .  it  t im e r e  i s  no imm t er e st  i n

m o o u j u t e  i t o i n g  s t u , c r tri g , me r e e s s  c ’ c ’ n o t c ’ x t  b o u i m d a r i c - s , t i m e - L’ c e b o v ~~ t U i i  ap e r . e t i o m

‘ m n  h e n  t o y ’  o k eh  . 1 m m t i m  i s  case , c o n l y  s i c a r  lug  t h o t  c s I oc .o 1 to a c o u m t e  xl

a r o m o  wlo i c h  I w o  b a t ’ . o )  c o m p o n e n t s  uaome e t h e same 0 o e r e  i gn c o m i l o m c t -o l I wi  11 he

p r e s e rv e d . F i g u r e -c . 7  p r o v i d e - s o n u  ex a m p lc ’ oh  L i n e ’ s l r u c t u r c ’ in  t h e t

r~’c c - l~ ’i n g  c o n t e x t  f o r  t ime  c’ , u a t ’ i n  w O o i c i e  c o p v — t o i l l  i s  u sed  to  r e ’ c b n m c ’st

c o u p le ’s , o t  t a r e  igo l c’ompa : t e o c t n o  b e  o r , I , ’r t o e p r e p a r e ’ l m u m . O g t ’s . I T s  in g  t i m e

s o u p y — t u b  I may he ave  s e r i o u s  d r a w h . m c k ~ i l  t u o c t u g ie i n  m a n Y  cases  I I  may a , o V e

‘

~~~

‘ 

—

~~~
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F m L o m r e  ~ ./  T he r e s u l t .  In g  a t  r u o c ’t u r c -  of - e c o p y  of t i m e  ob ) e ’c ’l shown j i m
o g n m r e ’ o .  u wh en  copy— f ti l l  is c i s c - cl . l cros s  context h o c m o u c l u r i e s .  T ime ’

ml e i t n l o  c’ r a In ti l e’ boxes rep r e -se ’ lit Va I n t e ’ a . Tie us w’ - c o l I c  Se’ e ’ c I em - c r Ic -  wime r e

e-~~t I - u  c c e p y i m m g  n e m o  L m k o ’ o p l . e coe ’
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o oum i i’ l e  in t i m e  and unomny  messages .  The prob l e m e m is ‘ h a t  t i me  f o r e i g n

c o m pon e n t  may c o u m t o m  in  f o r e i g n  co m p o n eu l t s , w h i c h  may c om t n e i n  0 o c r e i g n

con ompo m u e u u t s . if  such ~o s t r u c t u r e  imas  loops ne -ct o n l y  os ross c o n t e x t

bou n da r ies , b u t  moo -r o s s  node b o un d a r i e s , the  i n f i n i t e  r e c u r s i o n  mi gh t  be

v e r y  d i f f i c ’ c m l t  to d i s c o v e r , ammd even m o r e -  d i f f i c u l t  to l o a o m d l e .  T h n m s ,

ii t i u t e m m g hc t h i s  may be on v e r y  t e m p t i t u g a p p r o a c h  b e c a cu s en of  i t s  s imp l i c i ly ,

i t  is p robab l y s o m e t h m i n g  t h a t  oug h t  t o  be a v o i d e d .

t h e r e -  i a o e me issue ti - moot imas not y e t  been m o c i d r e s s e d , a l t b o o ’ u g io i t  was

con s i d e r e d  i n  c h e t e r u o c i n i u g  t i m e ’  op er a t  i a i m s  e a r l  icr  in t h i s  c h a p t e r .  ~b oe ’nt

,1 l c e c , u l copy  is made of a f o r e i g r m  c o m p o n e n t , in  o r d e r  he - c c r e a t e  aim i omuong e

t i m a t  w i l l  be p a r t  o f  mu c o p y — f  111. 1 opt ’ r at  b e n , sucic a l o c a l  copy  m o i s t  mo t

b o u v e- . c o m ’ ,’ s i d e— c - ’ f t e ’s ts  , e o c  l i c e  I o e c m m i o ’m n m ’m t e x t  . In  t e t h e r  words , omat  on1~ ’

m 0 0 0 0 s t  t i m e  c op y i t s e lf  be ’ den l e t cd  
* 

b o o t  ml l ,~o u 11cc- l o u 0’ a )  names used to

i m l t ’oc t i i  v amy 0 c u r e  ig n c om p o u l e n t s  of l i - me  copy  m o m o - o L be dc l  ci e d .  I t  is t o - c r

t o  i s  m e ’ , m s o fl t h a t  t i m e  d e l o ’ t e — c o p y  o p e r a l i c n m m  f o r  t h e  t ’.’p . ’ T was  d e f i n e d  to

1u ~ l e t  e ’ n u t  t en  I ~‘ t o , ’  ob j t ’c t  i t s , ’  I f , h u t  on Iso - i l l  t n o t -  i c o r e  ign c o m p o n e n t s

0 1  1 t o e ’ C o o p y  , f r o m  thc ’  b e e ’ a 1 c o n c  t o ’ x t  . U s i n g  t h e  o r t i o c ’r t y p e ’t ; o o f  c o u p s  l ug

w t u , ’n m e ’ c i n m e - n - . l  i ng  cop ie s  t e l  loi re i gn t - t eooo p o o m e n t  5 solves l i m c n s e  p roh l ems , l Ice-

o - 0 e 1 o y — I u  I 1— 1 at - m l  t o  n i n o u 0 0 0 ext e’m t , m m m cci  t h o e ’  o :o 1u v — t u l  I c a m p  I e t cc I y . T i m e

r et e s - c o o  l o o m  t h i s  i s  t l o o t  b y u s  l u g  t h e s e ’ , f e w e r cot  no loc u I m inc e s w i l l  be

t o e  j o t  c c c i  w i  lb t o i l  I n i , i o u e t ’ s  o u t  I o u r e i g n  sc i h c t o o r m p o n e n t s  b e f o r e ’  cop i e s  of

t i m e n t i  i r e  c c - p i l o t  c i .  A ;  v, i m , m v c  se- c n n  l I t r e  are other t o -  o o i e’ c c t  I s .  l’ e r h m p ’ - o

t i m e ’ f e c  1 st an  e s  0 0 wh ic im ‘ room of c o o p v i n g  is e m s e d  i n  r e q u e s t  i n g  cop ies of

r e I ~ t u sompu m ie n I a s io t .m u l d  be l e f t  to t h e ’  p e r  s u n  on whose hc ) eo e  I t  tim e

i- - n o t  ‘ ‘ X I  ( S  C i e ’ ,m h e c l .
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The rece iv lug  en mcd

l I c e ’  o p e n r u t  i o n s  need~’d t o t  r 0 ’c , ’i ve  ,iu o b j e c t  o h  t y p e  I m i r e ’ s i m i l a r  t o

those  f o u r  s e n d in g  e x c e p t  t h a t r a t h e r  Ih a n  t h r e e  k i n d s  a o p e r e t  i ons

the r e ’ is  j u s I  one . When t he  b i t s  r e p r e s e n l i n g  th e  s c - m I t  imo e ge .’s a r r i v e ’

OV e F t he  n e t w o r k , t h e  o u o e s s m g t ’ i c a n d l c c r r e c e i v e s  I l uem and p iac ° ’s lh e ’ nn n ium

some - t n  i ’u g  c c l  I t ’d .0 p s e u d t e —  i m u n . u o~,’ . Ti-ce o u o e s s u g , ’ f m a m m d l e r  n o u s t  e x t r~ec I t ruin

i n c o m i n g  onm e ’ss. m g t ’s I d e mo i f  i cc  r s  t o O  be used  i o  .ossemb 1 h o g  t ‘s Ir oooug e ’s

be l o 0 1 0 g  b i g  to t b u t n  s o o m n e ’ ob j  e’5 I . Wl o en t h e  r o s e - Ly e  r e’q c o e s t  has  been  i s s o o e o t

b y t ime , m b o b c r o p r  j u t e  t y p e  m n a u m a g e r , i n  o u r  C-3Se t y p e ’ 1 , h o c ’ p r o c es s c o t

c r e ’ , u t  i o g  t h e  ce op y in  t i u e  . i j e p r o u t o t  j u t ’ c ’ , n n t e x t  can begin . iii , ’

i m o o p l e ’: o n e - ; m l o i t i o 0 10 of  r e o ’ e i v i n u g  i s  s i m i l - i r  t o  s e n d i n g ;  a g a i m l , a g e u i m e r i c

ape r u t  icon  is p r o v i d e d  to be i m - m v o k c c l  by t im e ’  r e o ’e i v e ’ — c o t u v  c e l n o  r o t  i ‘ ‘ o t t -  of

1-cou r t  i cu l a r  t vpe s  . Aga in m o s t  o f  Lim e’ c t ) u l r o l  is in t o e ’ m e s ’ - n m g e — c o o n t  e x t

i u  l i - m i s  case-  in m e s s a g e — c o n t e x t  ~ rec,’lv e  , N o u w , t i m e  i t e r o e t o r  used  t o e

d r i v e  tim e w h o l e -  a p e r . o t i o 0 0 1  of  r e ’ c e ’ : v i n g  i s  m c e x h — r e ’ c e i v e  wO e i c i c  y i e l d s

1: o n . i g c ’ S u n ’ q o m i r e n d I r c ’ mon l i r i ’  nce ’ os, m g e  S u o e t l l e’r . I n c  c ’  o u b u e - r .  0 1  c o o n u m .  at t n t  , ‘ r - -a

t o u r  t h i s  t i u e s i s  m m r e  r o ’ m ’ e i v e — I r n . m g e  o : n o i  re ’c e ’ i v e ’ — m ’ c u 1 ,v  h o e r - t c ’b c c ’  T. t h ~-

ge n e r i c  r ece ive  p r o c — r e c e i v e ’ , m i d  m n n , ’ s s . m g e — c o n t e x t $ r o ’e e i v e n  . E r  an

irn p l e ’nrl e ’ u m t . m t i o n  m e t  t h e -ce ’ see I i g o o r o c a  4 . 8 , -~ . °4 , and - 4 . 1 0 .

I t  is in  t t o e  c r e ’ , e t cc — image am -c d rece 0 ‘ c — iru . cge o p c r - m  t i o n s  ~o ~ v p ’  I

o u t  t hee  dc ’s i s  la im . i o - o  i c e  w h i t  is c e u p i  ed and  imow I I is made .  Timese t s’ -

As mm check t n e t  l i c e ’  copy  s- o s  p e . r t o o r m u n c ’ t I  c ’ c e r r e ’ o ’ t  l v , pe ’r i c m p s  t c - t u e ’
C o l e ’  k o n g  n o m g b i t  t o o  h i ’  t h 0 0 0 0 ’  c~t1 t i e , ’  c omp l e t e  a t  r u e ’I u m  e ’ . l i c e ’
‘ no t ’ ss u o ; e ’ — o ’ o t m t t ’ x t  c o o l  b e  t i s e c i  I t e m  t h i s  0 0 0  , m v o u j , i  , u u o c ’  l o o m e i t - , . T u o l s  i s  s i m 1 o l c’
. 0  0 01 ,0  t I o - u e m !  c l u e , k 1 m m  cc I h i t  - i  I 1 t b u t  - t o  t e c e  mi me t i-c o c t  e ‘ I t  be  cc o t o o o ’t o  mmCio  I - 0 0 1 ’  c u t

O t e e n  o ’ oo ~ I c ’ , 0 1 v i u e ’ o -,
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r e c e i v e — c o p y  = ~~~oc ( s e m der— naou ce : m~~y )  re . n t u r o m s  (T) ;
object— naume : I := cr e ;e t e O ;
p r o u c — r e c e i v e  ( o b j e c t — n a m e , send er— n a m e ) ;
return (object—nam e)
end receive ;

r e c e i v e — i m a g e  =ar oc  ( i n u u a g e — n o c o o u c ’ : i m~~ e , oh~~ec t —na m ne ’ : T ) ;
objec t—name :=  c r e a t e  0;
for (next—name : ~~~~ 

index: Lcd ) in  i m t o . c g e ’Sge ’ l~-next—name
( image— name)  do

s t o r e — n a m e ( o b ) e c t — n a n u e , i n d e x , oc e ’ x t — n i a n u e ) ;
co -md ;

end r ens e l  y e— im age

Ft ~~~~e 4 .8 The r e c e i v a — c a p y  amu d r e c ’ e i v c ’— i m a g e  o p e r e t  ion s of t h e  T ty p e
manage r .

p r o c — r e c e i v e  2~~~c ( o b j e c t :  ~~~~~~~~~ se n d e r — n a m e :  
~~~

) ;
m e s s o c g c - — c o o n o t e x t — n a m e : ooo essa ~~e— c ’ o u t e x t

mess m g t ’— c an t  , ‘x t  $c r e . it e  ( o b j  cc h — n a m e , “ r eceiv e ” ) ;
as,m~’o .— c ou n t.ext~

o receive (me ssage—cc nm olc-’ xt— naon e * 
s e n d e r — n , o m e - ~

me s s a g e — c c c m o t e x t $ d o ’  i d e  ( m e s s a g e ’— c o r c l e x t — n a n t e c ) ;
end p r o c — r e  e’ i v e ;

Fi ,’i m r ’  ~ . s 11cc go ’n t ’ r i c  r e c e i ve  o p e r u t  ion or p r o c e d u r e ’ .

c o l t o ’ r m t  i o n s  h o g e t m m e r  p r o v ide t h e m  t y p o ’ spec it  1 -  q u i n e l i t i c ’ s  of c o o p v i m m g .  I t

i s  h e r e ’ I t o  o t  we~’ c0-m n dec i d e  nc -c t  t o  cop y  s o o m e  c t ’m p o n e n l s  w l t b o o u e i t  c a m i s i n g

t o m e  w O m o m  I cc c op s  ape ’ r ,m t  I on t o  0 m m  11 . i ’ m  r in a t ; cm coc e 
* 

i f  set t e e comp one ’oi  t r of  an

ob j e -~~t is c o n t e x t  s p m -c i f  I c , t t o e ’ ’r  e l l e n — i m a g e  p c ’ r . i t i c u n  m i g ) o t  g e n e r a t e  a

at ~~’o ’ i m l  ‘ l g n m l  or v o m b i m e n  I ’ ’ Ih e  r e c c ’ i v , ’ ro -i t h e r  t h i n  the  om ni umm e 01  a

o ’ c n r o pe o u o e - u m h ‘ V i i i i n  a cop y— I u o l I. rhe s i g n - m i  m u s t  he i n t e r p r e t e d  h~’ t i m ’

r c ’ o - e - i v c c — i m n m , m p e -  
* l O u  t n o . t t  i t  w i l l  be ’ a b l e  toe I i l l  in t i - me  m p 1 e r o n p r i a t c ’

C o m c m n j , 0 0 0 c e - u e t  . This is j o i s t  3mm e x a m p le ’ of  l i c e ’ r ’ . cn -o uu m i n g  t h a t  m i g ic t  c o c c u r
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rece ive = PE9,~ 
( m e s s a g e — s  o not c ’x t no ion e : mess~~ j e — o c o u o o t t ’x t . s e n d e r— nomune :

for ( imo lge— lumm itne ’ : j~j o e , L\’ n e ’ 1: ~~pe , b nob  c x l  : In t )  i n
- 

‘

- 
n lc ’x t  — r e ’ce ’iv e ’ (m e ss o e g e — c u o i t e x t — n a m n e  , s e n d o - r — n a m e ) 

~~~~
i f  ( t y p e  1 0101 e’o l o m o o  1 ‘‘ message—context ’) t h e n

o on o , ogc ’ ~ t r a n s  lo l l en— i n — n a m e  ( i o n a g e — t c a o u u e ’ *

m e s s a g e — c c 0 0 0 t e ’x t — n a n c e )  ;
ob j  cc’ L — n o e o o n c ’ : a m m y  : = name ( u n t o  s s o m g e - — c o u t o ’x  t—n 000cc e

l o m d e x l ) ;
t y pe l $ r e c e ’ i v e — i o l m a g e  ( i tnage — m amne , ; mny ~’ f c m r c e

( o b j e c t — i m a m e ) )
e’ l m - o e r e c e i v e — i ma g e  ( i m a g e — m l o m m e ,

me S 53 g e—c co t d t ex  t — n  ame
e mmd ;

i n - m m age$d e l e l e  ( i m n o o g e - — n u . i n n o e )
end ;

end r e ce iv e ;

l- o g n m r e t~~IU T u e  r e ce ive  opc ’ r o i t  10 ) 0 0  o f  l i c e  t t ; c ’ s s u g e — c u o u t  e x t  ty p e  oel o d n a g e ’r
11 is s i t u  i l . o r  t o  t h e  m e s s a g e — c o n t e x t  sseml d - o 1 n e - r a t i on

T h i s  c amem p l e t e s  h o e  d i s c u s si , e n  of  cop ying acr o s s C.’ nm t o - X t  h c u m m d a r  be ’s ,

b u t  tooe ’r eu is a t  i l l  ou ue ’  mo re t e e t- m m a t  c o p v i m g  I l o u t  t u t o s t  be d i s t -u s s c ’o I .

- 4 . 6  T~~~’ loc ou l. coJ~~ i o m ~ o n j u ’r . e t l o o t s

The l o s t  s i t u - c t  j o e l  t h u t  ulm iest he  c t o n s i d e r e d  is S’In ~~ m 0 t h e  c o p y ing  is

done w i t i e l u  a s i n g l e  c c o n m t e o x t .  Fo r  t h i s  we w i l l  USe? m u c h  of t he

m e c i i , m m o  i s - u n  o i l  r e a d y  icc p Lie’ e’ * m ood it vi ng i t  where  nec c-s s m  m v  . The sem ;en t i r s

of the copy— aim e , o ’o 1u V — f t o l l , ao -cd - c o py- - I u l  1— l ocal f o r  t b c C  l oca l  s i t u o m t  i o u m

sh o u l d  be t ime s ame .  As a m a t t e r  of I , u o ’t t i m e  o p e r a t  i cons  can  he i re vooked

by u s i n g  t h e  same ape ra t  ion n a m e s .  T im e o n l y c h , m i i g c ’to c c een d e d i c e ’ c h a n g e s

to -c p ic -ce ’ ’, o o f  code t h a t  t h e  p r o g r~m m n n n e r  um e ’ver seeto , in  p a r t  i c u l , c r  t h e

g e ’ u o c ’ u  b e  o p c ’ r u t j e l l ) ;  c o m e !  m , ’a r ; m l l t ’ —e ’ e m e t e x l $ s o ’ u e d .  j o o  m i k e ’ t h m e - s o  t o i o e r . o l  l o o m S

w e ’ r k  t o t i  .m o ’ c C p V  w i t  t i m e  a~~’l i lm ~’, 1 e ’  o o 0 0 0 i c ’ X i • m l  i ’, l ie ’ S ’ , ’— - t o y  t e e u ; o ’ m o e i l . i t e ’  t i m e
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immop o r t a n t  1 -c a r t s  of  b o t h  t h e  send and t h e  r e ce i v e  -c i d i - s  o t t  a copy

o p e ’r 0 m t .  i o uoc  
* 

candled in  a s i n g le o p e r a t i o n , me o - o s o g t ’ — c c o n t o x t  ~ l o c a l — s e n d .

For l i - m i s  we ’ w i l l  use two m o m e s s a g e — c o n t c ’x t s . a l t i e o u g h we ~ i 1l  see l t e r

t h a t  U c l a  i s  root a l w ay s  n e c e s s 0 c r y  . ~ l o o ’oi t h e  c o j u v  o p e r a t i o t m  i s  i n v n u k ’ - d ,

t he  r ece ive  r—na nc c wi 11 be the lo c a l  n . i m e  of t i m e  c o p y  t h a t  is to be

c r e a t e d,  Fl u e f i r s t  m e s s a g e — c o n t e x t  w i l l  r e m a i n  th e  same os p r e v i o u s ly ,

-o ssos  i a t  i n g  w i t h  t h e  i n d e x  used f o r  a componen t th e  f u l l  n , emec of I t o , ’

c o m p on e n t .  The second  m e s s a g e — c o n t e x t  w i l l  be used  hr  a s s o c i a t e , f o r

each componen t , t h e  index  t i -cat  i t  had  i n  t h e  f i r s t  mes~~, u g e — c o u m n t c x t  w i t o m

the  local  name t o r  the  c o p y ,  i t  L i m o i t  is a p p r o p r i a t e .  ‘thus t o m e  t i r si

eic t ry will be th me ’ olau ni e pa ssed as t h e  r e c e i v e r — n a m e S A t  t h i s  p o i n t , the

r e ’ccc i ve’ r — c c a m e  w i l l  be  r e o u s s i g m o c ’ n l  to c o n t a i n  t i l e  u lame o u f  tb - c e second

m e s o c . m g c . — c n o t u t  e.’.m t .  Fo r  a n y  c o m p o n en t  t h a t  w i l l  no t  he c e u p ied  ( a s  w i t h

seuni s o ’annp o nen Is ic -c c o p y — o m l o c  and ~ ‘ ‘ i ’  v — i  ul  1— I n ’c  . 0 1 )  , L i n e loca I l o n e ’ of t h e

- c r i g i m m a l s - I l l  a p p e a r  in L ice second mess age—c ontex l.

S i n c e , u s  W e -  s ,u id  b e f o r e ’ , t i m e  se-nd i ng  n e ’ a s m m ge ’ — c o m t t  e x t  c o o l  be

F t h e e u g i c t  o f  as r ep r e s o ’n t i n g  s e n d i n g  a t  t o e  c o ps , h o n e  r e - o e l v u n t o ~

t o t  S s o l g e — c  c l ue t o x  1, o u r  Lu te lb o s case I n o , ’ St ’S o m d  o n e ’  a a , , o °, c ’ — co oi  Ic ’  x l  * can  be ’

t i m o n o g t n t e u f  m s  r e n p r e s c’ o c t i n u g  t i re  r e c e p t i o n  o u f  tim e o t o o p \ ’ . T n o e c r e o t o r e , m a K i n g

t h e ’  s e ’ c c m c e t n n t ’ s a . m g e - — c o n t e x t  tie ’.’ re ’so- iver— :l,m r u e ’ 0 0 0 0 1  p l o  i ng  101 m t t he  l o o e : O l

mm - m ore l,’ ~m t  t o m e ’  odes  o h j , c c u  o r e ’ r e e s o i t a b l e m ’. m o e  p r o c o  - , n m o i es t l c , m t  oIl i est  be ’

c S m , i m e  g e - c l  h ’  mc ho i cy  e’ the  i a i r e  t i m e  ge e r i c  c cop v o c p e ’  u - - i t  I elli s ‘ m u d
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e r - c c  - c o p y — b u m !  I ~ r c e c  ( o b j e ’ c t — u u ~ence : o u o u v , rc-c c ’ i v c - r — m l , e t e o e ’ :  nec ) ;

ocd e S a c  g e — c  c o o l  e x t  ~~ f l o 0 t n l c ’  : mes ~ o~~o — c o n t e x L  : =
time s s .ege— c o n t e x t  So ’ re - u t  e ’ (ob j  c c  t — n o u 100? , “ cop v — f  00!  I ” )

r ec’ e’i v c — l c m c . o l  : b o o l e a n  :~~ co ’ o n t c - x t $ I c e c o l  ( r e o : e i v e r - - o ame ’)  ;
i t  r e ’c e j ye—I ,co ’ i t

- ‘ m d — m o e -  Sa . iI ’ e ’ — C e lm - c t , - - - t : o c m e a a , u ’ o — e o n i i  ~- x  : =
n n e s s - o ~~e n — c o i m t c ’x t $ c r e -oe le  ( r e c e o v e r — o o o ,e , ‘ c e ’ p v — t u i l l ’ ) ;

r c c ’ .’ l v e c — o o , i t o o e ’  Se ’c c c m O c l — t i o o t-ot- mgt ’ — c e t l t o x t
m e s s ag e ’— , ’ o n t e : ’ x t S l o e u l _ s e . ~nd l m e s s . i g e — c a e m t t’x t — n a t o n e

r c - , 0 0 1  ‘,‘e r — m c . m m e  )
e l s e  n u n e ’ s a u g e ’— c o r c t - -m n  $sc ’ m d  ( uuoc - ’ms ; u g e — c o u u t e x t — m l oo u cc ’ *

r ec e i v e  c— - n o - n o ’ )
end;

messagc ’ . —: o te n t e x l $ d e  i d e  ( m e s a . m g e — c o n t e x t — u t t - - i-
i t  r e c c ’ i v e — l , u c , u l t i u e o ’ o

mice sS .og e— c Om i t - S t  $o l c ’  i c  t c ( F e c  c? i v e ?  r —  u - m im e ’)

c o o t 1 ;
tunom o l  p r  , c c ’ — c  t o p  \‘— t n u l l ;

m e s s c g e — c a o u  te ’Xt  $ 1  ac. m 1 — s e n d  -S p r  005  (m e s s . u  c — c o u n t  O X  t — f l , 0 m C
noeoss -i&e_ ccmta\L, rm ’ee iv er : c l v  I

t c ° r ( o h j  e c t — r o am e :  n o v . c o n t e x t — n a m e : c o n t e x t , i n d e x !  : b i t ,

~o bj  cc l— 1 c c i i :  b c o c d i c a n )  in n ex t  (mi m e ssap, c ’—c am o t . e x  1—m iame )  ~l c ’
i t ( u b j  c c l —  l o u n c a i  c o p o u t  F)  t h e n

~n o ~ := , 0 0 t n  c ’ x t $ o c ’ q o m e s l — o - o c p v  ( 0 oh ) e - l — m o , c - 0 *
Co n ’  ‘‘ ‘01 — : u m m t f l c ’

eli j cc t — t o  - o : t . e -  n o W — fl nOc ’
end ;

I ‘ 0)e! 1 1 
~~

j oo : = .m o u v  $ t s  pe’ ( o b j e ct  — o c , m u o o ~-
1; m n u g o ’ - ’ n u : n u , ’ : i: t nme ~~i’ := type ’ lSc re-at e-— 0 t i n - c o le ’ ( a o m ~’ St o r s e

( a b j e c t — r o . o o i u e ’ ) ) ;
i m a g e  St ralu s t o  rm— ic anc o ’ 5 1 image—n - o t t o - , m en s a mc g e — c a n t e  x L — o o , l t t m e - 

*

r ’ ° c - e i v e r — n , u t n u t ’)  ;
o l c ’W d i O  j~ ’c t :  L y l e ’! :~~ , e n v $ f e r , ’ c c (  n n o o - o c -  ( r c 0 o c c i v e . o _ n o o m c ~~,

I t t c I o ’ x i  I I ;

t ’e’~~e l S r o ’ce ’ 1vo ~— o t’o o g t ’  ( u m a g O  — m u , o u u n o  , n ew — e i - c j c c l)
u - l e t  e ( o m o p e  — n e , c m e ’  I

co i l ;
crud [ c o c a  I — - ‘ - - t i :

Fi gure c . 1  I l I n e ’ ; c r a c — c c u ~e y — l  o i l  I o ro , uo i  I I l c d  ~~~ ‘ t , o k e  m l - ’ , m c c c u c c c n  I los e I
c o p y i n g  0en d t i t e  on c a -o u , ~e — - - o u l t e ’x i  m’ l o c a l — s e nd ;° r a c e ’d u r € ’ . F’ r o c — c e c p v _ c o o e ’ m u o e i
p r c c — n - o p v — f u l  1 — la s  P1 o r e ’  i d e n t i c a l  I , toot’ [ ‘ r o e —  ‘1’ y—fu lI except t a r  t i m e’
cr c ’ . m l i - ) o  , t f  h o e ’ ‘ m i c ’ O s O g c — o : o ’t o t ‘515 W1 1c ’r  e t h e e  . o j u p r o n p r i m i l e o  apc ’r ot m u o n  mlol :oo t ’
o r cu o s t  be u s e d .
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mess m g e ’ —t ’ o e m o t e x t $  l o t ’ . m i — n -nt ’n d oeiust  he ’  c ’ r e ’. o l , ’t I . ( t h i s o ’ o e o m l d  l o t ’  i n c l u t i e ’ c-l i n

ui m e ’ s - o m g e ’— r o o n l t ’ x t  $ s e o m o h  , h t m L  l e e r  e ’ ,O Ce’ im e o cmo ci ’ -o s t . oucd i t ug to u en p r u p r umoo s lemm a

n ‘ I , )  1- m o o r e ’ - c . t  I d t’ 1 oi o ’ts these ’ re - v i s i o n - m s .

II 0 cr c ’ is .m gr c i t  d e ’ m u  1 of une c i e an  i soot lee re t e e  o le  I c i eve soon em- lh  ° ag

,ep~oa r entl y s i m p l e .  Ti - mere  mere  seve ra l  r e , m s o u o u s  f o r  t h i s .  ~~i r s l  t o f  i l l ,

oo~e’ o f the primary g o d s  ot this work was to  r e t a i n  , e uu y s i o a r l m g i n  t i c , ’

s t r u c t u r e ;  m e s s i g e — c o n t e ’x l s  o r e ’ omeed ed  t o  do t i e m e t .  Second * u s i n g  l i m e

me ’c n o , e o l  i sm s  , c l r e ’oe d y iou p lo u c e ’ t o  p e r f o o r n ’  d ist. em u t copy ing economizes on

‘ o o e , ; o mom i s t uo . Tim c r d , as meo t c o u u o o ’ ,t p r e v i o u s ly , tn t ’st ~ u g e - — c c ’n t c ’x l s  can m e n d

s u m o c o o ld h c ’  h - m i d , I~’n f r o m  the  p r 0 u g r a u e c o i e e r  i n  0 - r e e l I n g  , - c t ~~os  o p e r m o t  1 0 0 0 0 5 .  We ’

c i sc ’  images  , m pa i n  o m n d  i n m o v e  , c o o  1 y mod if Led r o u t  u~cc a ~ic.ot will be jer S I led

‘V t O n e- o v s t e m  f o r  t h e  p r o g r a m m e r .  l i e -’ o n l y  u eeds  t o  t i - m i n k  , u i u o u u l  cc ’o u c ’ i n g .

[‘he m s , a! t i m o o ogi e  t i m e ’  0 0 0 e ’c t d a n i s m  m c p p e ’~m r s  com p l e x  f r o m  t i l e ’ n ;v sten u o ‘t i n t  o u f

v i  w , t ice  p r t o g r a m m e ’r ’ s j t u h  c e o  b e ’em s i n o p l i t o  ccl .

As tu n a i c e c e e d t o !  I I c r  * t i o e r o ’ ore sc e n e ’  pos sible Op hi m leizu t 0 115 . One

h , u o o  u l r c ’ - u o l ’ ,’ oeerc i nc l ud ed i n  F i g o o r e ’  4 . 1 1 .  l I  we ’ were- t 0 e  d o m p l i c m m t e c

at  n c ’  l v  y b _ I t  i s  don e  i t  m m d i s t cnu c’ e’ , s- c w t e u t d  l o m i V o ’ tw o .’ e t n : m t l c ’S , o~) i i t’ t n t

sa id t a g  m o n t o n f o o r  r e ’ c e i v i n g .  We h a v e  ci  i - o c ’ d  t i m e se’ t v -  i n t o  one’ . A

seco n d i s  l tn,o t i t  should he ’ u p p o m e t c l  t n o . e t  I c r  t h . ’ s o o p v — c m n e  op e ’r n c t ion lice

n y  m ’- s - -. o o l e ’_ c o c n t t e X t s  w i l l  he  t i i o ’n tir ,i I e ’ x o e ’ 1 c t  n o r  t o , - c c l  i g i n , m l e n t r y .

l b c ’ m uco. ’ , u m ’ml y 0 0 0 c c ’ m et -m s . m g c ’ — c o n t e ’x t  i n-u nesess .rv . ooo c l o m , u l l v , t o u r  c o u p s — c l u e  we

c o m e t !  d p e t  : i w : m v  w i  t i m neon e * 
,u rml a i~~ I V  p e r t  o e r , n a ‘it by b i t  e’o o p y  I romeo the

o c r  i g l o o I tc) time ’ o o c ~~e y  of  the’ ,uh  j e s t .

— S O  —
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* . 7 A d d i t i o n a l j a s m o e s

T l c o s  m- o e , ’ c t i o c o o  o m c l d r e ’ s — .c -s : -e ’ve ’ ra l , i d d j t i a o - m a I  u -o n-n o t ’s t h e , t t  - e r u n - , e -  i i i  t i m e ’

icn p !e ’ omo ~ ’ o m t e t  i c - m u m  c c )  tim e c o e n O t e ’ X t  n-n o n i d  coo n mu to  m o - _ u t  i c o n  b e t w c ’ o ’n C e ) f l b , -0 1 no .

1 , o i o , u  i n an -m i ng f o r  c a o c  t e x t  n o , m n d  t v p o . ’ -~ o h oh c ’ Is .

-\ p r c - c b l e m n  w i t h  g i c u t o m i l l v  u n i q o o c ’ i m m une ’s 0 1 omn ’ s n e r l  i s  t i n  0 0  0 l ce ’a- i r o n i c !  V

a t h’ , e l  c-’ o o c op er a t  l o n t o  omme coicg  t he ,’ e ’ a t j t  ies n e e d i n c  t o  make  u o s e c  e n !  rm mmo ru e

ge’ n oe ’r o m t  ion and  1u c u s s i h l v  mm l o o t s of . m m c t , u t n , u t n v  f o u r t l o se ’ c u t  i t  I c - no . n n e n , ’

o p p r o u o o ’ t m  t o ’  g e n e r a t i n g  g l o h , m l l v  c m r m i c l n o e ’ n , U n o , ’s 15 I t o  p r o c o .  O l e ’ 0 5 0  O g l e ’ n ,t u ’r c

—m0 - r v e ’ i  . Tic is ce’rl.- e o n o l y said be l o c h , ’ t o  n c , u r a n n e ’c Um e i q e m e  n O . O t t n e ’S .

I t u ! e r l u m u m m m t e l v , no c - m e w  rm , i o n e ’ s  c- - m o o  b e ’ uo ’ q u i  r ed  b y .e n anon o ’ c l  I e ’cc t w i n - n  b oo ’  i s

,ie ’ t m m c i m e d  I ram thee ’ c utout- ,e ’ r v e ’r .  -\ ~ a l  I t t  ion  10 this is t o  ‘ I [st r i h e mte

name  s’’r v c ’  r * b y p u r  l i t  0 0000  i c - mg t l e e ’  m t o t ’ t c ’ Sp a o ’ e’ tim i d p r o e v  n d l o o p  e n e o b c  p c I  c -to ’ I a t

cl ieod t wi t o o  e p i e ’ cc - ’ r  s u b s e t  ‘f  lic e wi ce o l e’ u m e o n e s p . i c e ’ . i o n  i s  i s  w h o t  b o , t n

been than ’- I e r  ob je sts in ti c k ’ m om cm d e ’l o cr- c ’ 1  o n tim i_ s  r , - t - m e ’ , m r c i m . [ ‘ m e m o  - - a u  t e x t

i o , m ~~ .m p o r t  o u t  t h e ’ o c a in e ’ s i o m e e ’  t e l  t h e e  w h o l e  o h i s t r i h u t e d  s e n t  onc . liv

c onch to m i n n ;  t ice - l o u c , m I  l v  t i n  i q em e 000d me ’ o u t  an oh e’c t w ( t n  t h e ’ g i o h m  I l v  m o n  I

can t o’x I na m e ’ , obj 0 ’c r s c a n  t o , ’ m s s i p n u e ’d I’ !oba l  l v  u n i . 1 0 0 c ’ , O , o m o - s . B u t  l i m o s

i s  ‘ u s e d com e t h e  u s s m m c p l  i c n o  t ha t  e , 0 0 l l e ’ X t  have  p l o b , c l l v  ur i i g n o e ’ n o n e ’s .

f l o e c  -u , t m e ’ p r  c o e - u i - o o e ’  c f  p m r l  i t  t o n  I m c g  t i m e ’  C m o l l t e ’ X t  na m e ’ s p o ~’ e- b y iuac i , ’s e u f  t h o . ’

d i - - m t  n i h e c t e - ci ‘l a - s t em c o u l o l  b e  i m s e d , So) t i o , t t  1 node c o m m m l d  IC t ’  i c - I  - i c i m e ’ uj f r o e r u t

t h e  sy s t e m  mud s t i l l  he a h i , ’ l o o  c r e e l ’ -  new c c e m o t e x t s .  \ ‘ s . t h 0 ’ iu o d c - o

n e e d t o  b e ’ g lo ba l  l v  c m i m i i r ue ’ I  c e n t r e ’ ! .  o’t l  soni c p o i n t  l i t ,  c r t , o e’’- ,. t o t

d v i d i  ng t h e  n I t n e s p eo t ’ m e d a l  a t  Op m o o c h  t l o c c r .’ m e l _ s t  In ct - j oe - o l e l e n  e ’ 0 110 1

‘ e n d  r - m l  no e me ’  e ’ F V e ’ t  - I t  i s  c ; u o h e ’ r e ’ , t a c e n n o h l e  to  e xj o o ’ n  t t r i m s  o i l  t h 0 ’ l e ’ v 0 - I
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~u t  m e mm i mc g h o e  icodes , htc’ , m o m s e ’ l i m i t - i  o mo cy v e ry  w i l l  be ’ c ’n ec ’ , o e d  m Ice h u e

ha r d w t m r e  l c u t e r f ; d c e ’ t o o  t i m e ’ coitc c l i ci ud u’ . tt  l c e u u  i m e L ’ ,- J c ’ i k  s u p p o r t i n g  t i c e

dl ct rib imted system .

ib ee ussu uou p l  ion c u t  g i c oba l  names  t o u t  mu i s o  ‘co ol made  f o r  t y p e s . The

s i t  m m , m t  io n i -mere  is a I i It Ic d i f f e r e n t  t i c c o u g ie . T b n e r e ’  is a ce ’r t ; o  i n ,  o c m o em m m l

of n ep a l  [a l l an  t ha t  mus t  occur  in c m r d e r  I - m r  t w o m  c o n t e x t s  101 ag ree  t h a t

110ev b a I i m  c a v e  con r c c  I ye r s i o m u s  o f  L i c e ’ I vpe  m a m a g e r .  -
~ t o o ’ r c’ i s  no r e aso u m o

t i m m m t  p a n t  e) f t h i s  a gr e ement  c a n n o t  be t o  t g r e o ’  on mcii c - x t e ’r c m a l  name f o r

t i m e t a p e - . N o ’ j l i o c r  c o e n t e x t  needs t e n  cisc t i o o ’ c ’ x t o ’ r m e o e l  n , u u n u o -  i n t c ’r n a l l v ,

bcm t bo tb u must k c o w  it in or d e r  t o o  t r o l l s  late i t  i n t o  t i n e  l oc m c l n a m e s .  i t

i s  s t i l l  p s s i h l e  th , e l a c e n t r . u l  i~n e d rcoml’o c serv er nay be O u c , e ’ S s 0 i V

2 .  Un i t o  on i lv  among m a c l i L t - m e _ s  in de ’ f i n i n g  t y p e ’ s  c ot o  j o _ n i  h o t  we ’ e ’ m o  m a sh  L a o ’s

We h eve ’  a s sumed  l i - m a t  when  an o b j e c t  i s  c a p i e’ c i f r o cume one  o ’ o c n e t e x l  101

anc o t l o e ’r , m i n t  o n ly  w i l l  I l ce ’re ’ be t l o c  r ig h t  set  of  t y l n e ’ m a n a g e rs  c - o r

c l o o s L c ’ rs  ou t LI ce  r e c e i v i ng  C e e n c t e ~~~t t o ’  re c-- o.- ive h u e  co~i i e s  t o !  t im e o bj e c t

ot oo l I t s  c oieopo ’ ou e ’ i d t s , b u t  a i s c u  t i n c t  t i l e ’  t y p ~ ’ t u u : m l o i g e ’r $ w i l l  b e  d c i  m e d  ire

i - r u n s of t l u o ’ s c o ne c o m p o n e n t  t y p e ’ s .  In  o t h e r  wc r r d s  t im e n ‘ ‘ 1 ’ r e - s c ’ t t - -i l i o n  01

0m o o y  t v i m c ’ th m t  i s  t o  be c c p ied v i  I t  be t h e  same ’ in  o ’ ron s en ! i t s  c c u u n p o l n e n m o t

t - ’ j - c -s  in  t b - m e  C o n t e x t s  b e t w e e n  vim i s h  I t  w i l l  h o.’ cop i e d .  I t  un av u - m t - m t  ha v e

I c c - c o o  e c ~ i t l i l l e ’t e ’ !V  . tp p o o r e n t  t h a t  l i - m i s  a s s n o n n u p t i o u n  W I S  i~ , i d c ’ , c o o t  as  i cing  m s

p e n n 1 t t i - c e  p a r t i a l ly  c o p y i n g  c o p e - r u t  i c ) mi S , o c u j m V — o ’ t l e ’ 0 0 ( 0

C O o 1 O \ ~~~~ t m i l l — l e e - m i , c o m p o n e n t  t n - p c ’S m o i s t  h o ’  t im e s , ou mee ’. I t  u s  r e n c n o o~~i d er

t im e - a b c j e - c t  I — N  18 o c t  F i c [ n u r e  1 . 2 .  I t t I — N  I S  i c e ’ u it  I C - I t o ’  T i .  In c o n t e X t

t e n  i t s  t b  i re! e o m p o 0 0 0 o ’ n o t l ’s o u t  t v i c e  T 2 .  I! i n  c c ’ u m t e ’ X t  5 ( t b t t ’
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r c c e ’ i v i o m g  t ’ ’c m t t e ’xt )  en ol e  ~ eo ’t  of  type T i  is i oio p l e m e u c t e d  as h o ev i om g h o e ’

t t o i r o i  c o 0 0 0 m p o u e o m t at type Ti , we,’ hLiv e ~m p roh l emn . For t h e e  c o t p y — c c 1 0 0 ’ m o d

c r  p v —  0 u I I  — l o -mc , m I ape r , u  t ions t i c en copy sh~~u I d l c ,u v e  t he  t i c  I ret C oe c tm pa i n n  I

pa t o m  I i ng 10 an ob cc-- t 0 1  1 e’ T 1 , b u m t ,  t m , m  s a en om me pe i n emu I t o t  I V p , ’ i~ -
t 

.

omoe ’re d i f f i o ’em l t  c e c ’c-’u r o  in  o ’aSt3 S i o u wit j c o o l i m e ’ ro ’ 1 c r t ’ n-o c - t o t , e t j o ’ o o  t O t  t ’ , 1 u ’ h o m e r - ,

- l u  f t e ’r an t n u m b e r s  t o t  C 0 0 0 d p o u e ’ t o t r - n  j o - c  d i t  t , ’ r e ’n t  co m m t c - ’ — o t s .  l ’ b u u m o -n yb , i o n  0 0

u e l t  - o c ’ ompo cc ’n d I ( o r  Se’ y e ,’ r i  I co onr o  p o c  i-men t a)  oue ’ e ’d 1e i° c ’ ceo ny c’ r t o ’ ci m o e  a

d i  f t e u o ’ o u t  h y j c e ’ c - moo i-ce d e t e r m i o u e d  o o n l v  b y  ex o m o n i n g  ot i e er  c o m p on e n t a . i’ce

s on l v e  t im i s  .m d i l l  c r c -oi l a p p r e n i c ’h t o e  c ’ ap y i u u p  w o u l d  i o m i v e  t o e  n m : o o - d , ‘ c O o -  Ci  t b

i o o m c i o  l e s s  a v o n  l i p

tb crc i , , u Iso mm ma re sub t I c ’ p rob 1 em wim en on r c ,e t i  cig t h , ’ c ’ o e p  ‘,‘ oct 1 io~’

r e ’ c e i v e ’r ( i r e  t i m , ’ c .u s e s  w in t ’re  so ’ v c r m u i  i m a g e s  ,ere n u sn ; c ’d , co n p v — t o i l  c r u el

c ’ o e 1 o y — t U l  l — l o c o m l ) i f  l i ce  v o l r i 0 0 0 s  r t ’ p o c - t o ’ n t a l i o u n : - n  o t  :0 t V j e - i r e ’ c h i t  t c t ~~’ O t

i l i  t e , ’r c f l . s  u i  t Y P e ’ o f  e c i n e p o m - m e n t s  in  d i t  i e r c u i t t n a r e t e x t s . Som u mt ’ t i t u oe ’a W i O e ’t t  , m

c’ otnpa n e n t  o t a spe’c iii c t y b u e  e . p .  T2  , i h c ’v c ’ , i s  rco ’e,’ t v e ,’d i t vii I ne~

t r i m e s f o ~~~cd i n t o  aim ob j o ’ c t  o f , u n o e t i o e ’ r  t y p e ’  e . g .  T I  u s  a h o u v e ’  me nd  ‘ t I m e r

t i m e - s  n o t .  W h c e t h e r  o r  c u t  t l o i s  n o h m o r o m l d  be d , e o o o ’ uom eno r m e u t  b e - ~c c o e w l O  o m i o t  i i

e l  1 t h e ’ i t r o m p e ’s h a v e  been r e ’c e i  v t -cl a m m o !  p r o n n e a s e d .  ~‘ I , o c i o  r o - p r oo ’ e s s i m o g m ay

n e e - o l  i c  be done . -‘c - c v i  t i c  l i c e ’  ; o re ’ y ~c o  e m s  p0 m r e t  m .’edc’ :on ove ’  , some oi * ’g re e ° t e l

, I t u t c u O t c o ; o I ’o’ i n - c mt 51 o~~~’ i f  t y p e  m o ’ j c r t ’ nc c o o o  i t  i o n s  m u s t  o ’ o u m o t  ‘ rime l e o  t ’ : i o h  e t h e r

1. Si c m r t o g  , - o~1e ‘‘ ‘ t  w e ’ e o m  ‘ c e n t  c - ~~~ t s on t o t ’ soern e n a o h n ’

rh i a p r  oh I emit 0 - c c c  h o e ’ b i c e  ~ o ’ m m j u t  - e I wo prob 1 ems de pe m - mo h i ng  om when l i t  o r

oc r n o u n  t e e n  c~t - o l e  - 001 ~m m e - s t  u 110 I n ;  p u t  r e  c c  ‘ o l e ’ c - m r  c o o t  . It ti n ’ C e o c l e ’  c— - e t c  b c.’

I - p u r e , eac h c on t . ’x t  m u s t  i m , e v c ’ ( I S  ‘owi o o ’ O 1 c V  at o’very p i o ’ce’  e e f  ~~o e c f , ’ , m o 0
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p a r t i c u l a r  t y p e  t um emuagers . i t  t im i s  we ’r e ’ flab , time c,i,so ’ , there w o u l d  he

-10’e o t  c e - i  o u o e ’ . O o m S  of comm nu n icat  0 , 0 0 0  h e t w c ’c ’u m c o o , n t e x t s  b e s i d e s  me ss mgel ’ ~n m s s i o c g ,

m o d  I t o e t  b e , 0  s b e et o  en xc I uded t rum o d o u r  nec - c o l e ’  I . I f  , ‘ m m  t oe’ o t h e r  ie ,-mn d , code

5,0w be ’ ~~tlli r an  tee -oh to be p u r e , ‘v e t o  t h o u g im t v u  c o e n  t e x t s  mn ney i n  f a c t i c - i v e n

ci if t c t r e L d t s t o r a g e  maine _s L c r  . 1  p i e c e ’ 0! code , tb - c e s to r a g e ’ manage r may

, m r ’ t u , e i l v  m e l )  t hese ’  d i f f e r e n t  naummes  i n t o  t i - m e  s,n on e ob ) ec t  r e p r e s o ’o u t i n g  t h e , ’

p i ece  of c o d e .  In  p c r t i c ul a r , at t i - me b o t t o m  c - o f  t he  t t c - t w c u r k  of t y p e

n o m m o c o m g e ’ r s , t i m e  t y p e  m am m a g e r s  of  the  base  types ( e . g .  t o o l _ s C  t h a t  t o o :cv be

inn ~o I enme ’ m t en d  in  h ome r c - l w -  0 re ’l w i l l  be p u r e , au -c d t her e  t o ’  r e  c oto be - it o - o re- c - ! . A,s

m e m o m t t e ’r oil f o o l , I loose  In h , e r d w a r o ’ mois t  he ’ sh o r e d , u n l e s s  t t o e ’ r e  I s  mc

se p a r u t e n  p r c - o c e s s c o r  l u - c r  each c o n t e x t , w h i c h  seems I ik e  on  o m o e n e n a s o n a b l v

s e v e re ’ l in te l i c o n .  L o o k i n g  a t  t i m i s  p r e m h l e o n  si ig h u t  i y  d i  f f e r e o m t l v , we

o n o m s h  cons!  d en  w h e e t h e r  or  co t  im c n u t a b l e  nb jccts c o n  h o ’ a m t c r e o d .  W c - - c a m

o ’ e e 0 0 0 0 I n t o i c ’  t h a t  t i n i s  I c ’ r o u e  ee l  s ha r i n g  is i n v i s i b l e .

‘e .  ~ v o m c h m r c e n 1 z , d l i o m

( - o e o d c t ’ p t  ceil ly  t i n e ’ s i m p l e s t  and mos t  s t r ; o i g h h f o c o w u r d  0 0 0 0 ’ , - S i u - l n i sm  t o o

m o o  i r - u o m t c’ en C 0 0 1 0 S j  s t e ,’ru r v  i s  locking. T h e r e -  o re  s e v e r m u l p r o b l e m s  w i t h  t i c  is .

I-’i r a t , i t  r e - c j e m l  r e ’s I n n  ,mdditio mi,’ul pass over hi-me c o h j e’c t t ome eordeor t~~

t l f o , n uo v e , u 0ure d l c o ~~k t i l l  t he  c o m p o n e n t s .  Second , t h e r e  I s  o is-crc ser I c - c u _ s

‘ r e t h b o ’oo wtm e - oo o - t n n n p o t e n t s  o r e ’  f o r e i g n . Ire t h i s  case ‘ouat iy co ’n p l i c a l lo n s

- e r i s e ’ . T h e r e  is  a prob l em of res p o n s i b i l i t y  o a r  f o r e i gn locks if t h ey

c o n  b~’ i o e ’ I I  by  f o - c r e l gner o-c . i f  t i n t s  i s  m e l l o w e d , t i l e ’t l  o u t s i d e ’  f o r c ’ e’ n-n to m m y

t - u o ; u ! t O g e ’ comm t h e ’ am i t o n o m y  of e context . T h u s , t c o r  pr me ’t Ici I t ea  wel l as

;eo ’ o m n i t y  r o .’ , m n - m e o m c s , l a c k i n g  may flee t be 1 0 0 , 0 o ’ o u r r C o ’t  s e n l m m t i o n .  “ coo -e p p r o o , c h

l e ’ ’’ ’ - l e c 1 n , ’ , i  b y R c e c l ( 1 7 J  e p p e ar s  to p r o o v i d e ’  ‘1 he ’l t e ’ r  ~c o u l c i t i c o r e  t o  t i m i s
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p r o b l e m . Reed p r o p o se s  t b - m a t  w h - m e u - m  o o u o m t : m h l e  o b j e c t s  a re  o n o d i t  i o  1 , n e , - -~

ye  rs i o n to  o f  them m i r e  c r e a t e d  co ed I im e—s l ’u ro eped  . Thus , as l o n g  men  t i t e

c o l d e r  v e r s i o n s  m i r e  s ,ev c ’ci , i t  i s  p o o s s i b l e  to  r e f e r  1cm o em d ecse - e

consistent versi imm at the~ objec t. This ,c l so so lve ’s lic e p r o b i e m  c - u t

I ‘0 ’ k i m m g  fo re I ~‘, i e cn omp a teen Is .

‘o . l i m e  si  z0 ’ of m e n - n s , i p e — c o r u t e x t  s

I’iue s i z e  c u t  m e s s o e g e ’— o o u o o t , ’ X L  i S  - 0  n o t c o u l t  c a l  pr ob l o c :nc . On e 01  t i m e ’

r e q u i r e u o m e n l s  t i m , i t  F i  siu e ’r [5]  i t - md ;Lmrk [ 3 ]  p u t  on t b c c - i r  c o p yl  omg a l g o r i t h e o n s

was b o c u ; u o ! e ’d b u f f e r  sp a c e  t o e  - m o ’ b m i e v e ti -c e 0 0 0 0 j c v  . We hav e  l r , m , I e ’ m I l u o , o t .  1, o r a

s m a l l e r  number  c u t  neo o o s , m g e s  m u - c d  the ~m b i i i t y  t o  p r o c - eisa in  , or; m ll p l

a l t i m o u g h  we h a v e  c , e n o n ’ . i  der e d  t it e , ’  p r o b l  eric c - of  t i -me s i z e  c - o f  me ’ s s m m g  c - - c c ’ n - c t  e’xt

j i m  d e v e l o p i n g  t i ’ e,r u l g a r i t h e m s  :r e - s o ’ n t c ’ c ! o r e .  F i r s t  o o f  m d l , we ’  have ’

ci im treated , ,cs  m u c h  o u s  p o s s i b l e , ac ’ t o m , i  I is c apv  log  t h e ’ mnc ’ to s . o p c ’ — C c c o n  t e x t

m~een ond , we e ix j u e ’ c - n t  t h - c t  t h e  s y s t e u u e  w i l l  s u p p o r t  a l a r g e r  q u m a n m t i  I -- of l u n d

-t o- ’re ’ u m s e f u l  b o s e ’ t y p e ’s th o rn CI , l i [ 1 1 ] ,  sonm ei of wic i e ~ O w i l l  he i e r g e ’r in

o u r ,j e ’ r  o o i  om y o ri d o o . i v i r i g  t m  ‘r e e k  e v e r ~ ’ o b j e o ’t i n t o  t i m -  i m o u o u t - o h l e  I -ca se

t y p e ’s of  CLI I .  E a r  j o e _ s t a n c e , it may be c m s e i u l  to c o o n s l ! c - r  i r r , u v u ,  an d

r e , ’c or d s  of  b e s o t  t y p e s  to he b ’ ,e se’  t y p e ’s. ~\s otoc o o t  i u n i t - I i n  e ar l  i c r

c t o m p t e r s , we c o n s i d e r  c c e n t e - x t s  oond n o o c s s m m g c ’ — c a n t c ’x t  s to he ’ base ’  t y p e s .

Tbc i s  on eans  t h a t  when ,e m e s s a g e — c : 0 0 0 t  o ’ X t  i s  sen t  as p a r t  of , m c o p y — o n e  or

- o o p y —  f u l l — i  ‘0 ,0 I , i t  n e e d  l o o t  h e ’  b r o k e n  o m p r o r t  l n t o o  sma l  I c r  p i e c e s .  M c  re ’

resc erc lm needs to he dec re e ’  t o  c l , ’ t e r u m e  ( ome n - i o I o l i t l o n a l  h m o s r ’ t y p e ’s.

— ‘ e l  —
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t o . T yp e s  a t  c 0 0 0 m b 0 0 0 0 m e m m t e b j e ’c’t s  i l m , i t  s i m o u l d  t O e d h o e ’ o ’0~~~t O ’ oi

An c o b  ~ e ’c ’ t a t  a p ar t  i e t i l a r  t y p e  may jo in o mcl ~ c c o t e o p a n e m m t s  t h at  s h o u l d

no t be copied , ,ui t bc eough the ob Cc- I it s e ’ i  I ume um y c a v e  -o o copy oper -i t i on

de f m e d  e)n i t .  The r e a s o n _ s  f o r  t h i s  nimo y be n m u n e e r e e c m s . For examp l e ,  one

of ti -m e c o mp ot - c en t s  at  ,e p r o c e d u r e  m a y  be i t s  worksp ;e ce .  Tb I c e r t a  i n l y

sh om , uI  ci no t  be c o p i e d .  Or , a t a b l e  t h a t  is t o  he c u s t o m i z e d  f a r  the

l u c , m l  c on t e x t  i s  10 be cop ied . Some o f  h o e  com p o n e n t s  s h o u l d  be cop ied ,

h u t  i n p lace o u t  t e t h e r s  f l a g s  s hou l d  be s e n t , so-c h o o t t o n e ’ t y p e  r ee m eu me ag e r  i n

t h e  re c c c i c ~c - r  w i l l  i u m S e r t  t h e  c or r e c t  c o r u n p o u o m n n - c t in  l i c e ’s ’  s po i l s .  W e hove ’

p r 0 u v  Ide’ d t o e ’ ime w ks  f o r  h ea nd  I i  ug t im is  p r o b l e m , in l i c e ’  f o c u n e  o u t  t h e

c r e ’, c I e —  O t n l i g e ’ ape r e t  l o o m t i m a l  t i me ’ imp l em e’n ler  c - c f  t u e  Iy p e  nooe n cger m u s t

p r o v i d e ’. Tim is u u e e , u m o s  t i e d  t y p e  spec i i  Ic Imag e ’ cr e ,me t iouu i s  u c ’ rt o r n e e d  , and

t h e r e f o r e ’  e’ , m o m  i -ce w r i t  t e ’mm t n - c  p r o v  ide  ti-c e de s i  red i i  exib I I  i t v

-~_ ._8_ S ommm ~~~

T hi s  ch:upt  ‘ ‘ 0  ! o , u s  pr e ’ n - o ’ n t e ’ d  i n  g r o ’o l e r  d e b i t  I the sending mmm d

r c ’c e ’ i v o c m g  ope r m m l  i 0 o o o s  o m ce d e ,’d L o u  c o py  am o o b ] o ’ c t  . T t i m i s  o - t o d  we ’ def  t r e e d

v I v o - m e’~ at  o u b  j e o ’t ~; , t i d e ’ i m c l m m g o ’ cmi i  t ime , ’  m f l e t o s m i g t o _ e 0 0 0 0 t e n x t  . The ’ Im age  is

t h e  vc - n u i c l e  by  wi’u io ’im we ’ pass t i o e n  y ou  d u e -  , o i  st I t o ’  o f t i l e ’ ob ~e’ct  f r o m  t i m e ’

‘~e n n d e r  t o o  t h e  r e c e i v e r .  O t h e r  v o u r k [  1 1 1  n o s e’s h o e ’ t e rm s  c ’n ccodei  m m d  decode

Leo descri be tide ’ operations ‘1 c r e a l in g  f r o m m  t i - me  cr  Ig i n,’ml mom image  in

o r d e r  to o  c r , - , o t e n  m o  c 1o y . The m e n - s s a g e — c o u o t e ’x n  i s  t h e  moc e ,’ores by  wh 1dm we

r e ’ t a i u  o o o s i m m r i n g  i n  the ’  o r i g i na l ,s t  r o o o - t u r e ’  I n  t i n e ’ c o p v .  I t o  a d d i t i o m m ,

I t  i n ;  I t o  - r n ’-en s b y  wim i el m we ’  - ivo  Id l ooping  li -c f I t o  i h e  i ~
‘ whei o ’m ‘o u p v  I up cy c l i c

n o t  u - c o o - I  i i i - ’’; .
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t h e n  rena m d c ’ r a t  t h e ’ c i m m e  p 1 er  d e l  - m I led h o w  - m c c i ’  m i g i o  I i ucm p l. o ’ o u t e  ‘a t  t b o o ’

c c o p v i m m g  co u k i n g  i l  b o u w o m u c e s  f o r  t o u r e i g u m  c o m p o n e n t s  e n d  f o r  b c u c , e l c o p y i n g .

In  c o r d e r  t o  do t h i s , m m umom u eub e ’r 0 1  O I u e ’ t , o t i e o o n ;  w c - - c c  assumed to e x i s t  to n i

c u t  h he  c oule  Xl ,i 0 0 1  t i n e t  h yp o t h e t  i c a l  ex t  e , e ou d e’ ci t v pe’ 1 - o r  wie i cb c o o p  v — 0 0 0 m e ’

c c e p v — f u l  I , a n d  c o p y — t  u l  t — l a c ’ ,i I w o - r o -  t oem de l  [ m o o d .  Aim i n u p e o r t m u o m t  r o ’su I  1

of  tic i s  c i m a p t  er  is t b e m m t  w h o , i t  c o e d s  t o  bet w r i t  t euo  !u I lee ’ i - n p l d’nflo ’ n t ‘ O  ‘ 0

t O t  t X  t e ’nd ed t y p e , in  o r de r  to 1or ’v 0 den t h e se copy i le g  t oc I t i t l e ’s , i s

m m o i n i m u o , m l

s— — - ------ -~~~~ --~~~~~~~-- -- - — - - --~~~~~- - --—“ --~~~~~~ 
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L~~~a~ eo ~ F i v e

Sum n eu n or 1  ju ic - 1 Cone_l usions

I Swtnmn oo 1

We ar e ’ now e l  a p o i n t  I o n  r e v i e w  wh a t  has be en cc o ’ o n n u u p  11 S i d e ’ -~! i t o  I t o  i s

I b o o ’s i s .  We began w i b i m  a mode l u t  a d i s t r i h e u t e d  sy s t e m . i t  im as  - i n  me

t m a r c - I w m e r e  base  ,i network of  c o m p u t e r s .  E ach foib l e,’ in t h i s  i m e i t w e o m k

s c m p p o e r t s  a k e r n e l , the loca l  s y s t o c t n n  s o f t w a r e . On t c - o 1 0  of t h i s  we

pos tulate one or m o r e ’ c o n t e x t s  a t  each n o d e .  A c o n t e x t  c a mm he  v i  ~~ - c-- I on

-
‘ 

~~‘v er - i l  way t - : iS 0 n a m e s pa c e  i o u  wic ich p r o c ess et ;  can e x e c u t e , ;u s  a m ode

ire , eo i  , um ) n o t r a c t  n e t w o r k  ( w i  t i m  c o o mc mu uc [ca t  I of among such , eh t o t  r a e  I c ) c ) d i e ’-S

o n l y b y  m e s s a ge  p a s si n g )  , and t i n a l l y  is ob j e c t s  in ,i w , o r l c b  or  t v p o e d

oh j ec h _ s . We ’ a l s o - c  ,m s some ’ t h c  t I t i t ’  t y p e d  o b j e c t s  c e u m e  t c i  le d ! i n  c c u u n  L t ’ st  S

0115 fib )  I -n ig  r , u  I c  e m ’  rug con t  o’ x t  a .  G i v e n  t i m is model  c m i  t h e  5 V n ’ d 1, - t i n ,

i n v e s l i g , u t e ’ o !  s ha r i n g .  S i n c e  w o ’ c i  , m l I o o w  n a m i t o g  ac r c -’ss c o n t e x t  0

h o u n d - c r i e s , sbmar  i ng  is p o s s i b l e .  I l awever  , s h a r i n g  c - c t  t ‘r e  i gn c u n n t I ’ d o o c - ’ t o t S

i s  I. i m i  t e d  t o e  I t o , ’ f o l l o w i n g  t ~~ o w a y s :  p a s s i ng  ece es seg e s  r e q u e s t  i l - m g

0 0 0 C C e L  i u m m u ~ to  be done  on t h e ’ o b j e c t  tm - c  l ice  f o r e ’ ign co u ou t e ’x l  , or t ’v

— m ~ q c m i r i n g  mm l oca l  copy mend p e r f o r m i n g  ape r u t  i c o l d s  lac e l i v  ore h o e  c o py .

Ire t ime f i r s t  o ’,ose , t h e  pl uy s  i - - a l  obj e c t  i s  shored , and any ‘ u o c t t  a t oms c 1

t h e ’ ohj e c L  caused  b y o~o o ’  o f  t I l e ’  sl u m m r c r s  w i l  I he v i s i b l e , ’  I c  t h e e ’  ‘ t b ’

l i e  t uo e : ’ second c,m se , -, 0 1-ce’ e -  - C  c c o p ’~ o t  l i m o ’  e l m  l c ’ I I S  p . i s n ; o - c i , al  t i o d o o g i d  t h e -

— 
i m o t o r t i c u t i o r m o  c on t e n t  o o l  t i m e ’ c ob f e d  ou t the time a copy Is uuo m de is shared .

t he - p ay s  i o , o l oh ]eet l i s  n e l l  and t t o o ’ u e ’ t o r o ’  a n y  c i d a n 0 ~o m a d e  b y one  of t i t e ’

— t j 3  —
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s i t , m r t ’ r ’o w i l l  ioe,o1 h en  V j _ s i h l e ’ to  t ime ’  e u t i c o - r , I c e  sp i n c - ’  si  c~ o j s , s i n -o ce  m I t

e o m 0 0 0 0 0 1 e i o m  l o ’,- m t  i , 0 0 n  ‘ m o m n o t  he done  by  o n e ’ s n t O t e ’ poes s i m p , , s i e , e r  i t o g  m y  c ’op o’ i fl o t t , O i; hoe ,’

t I m e  otuo re d es i r a b l e  :eppre ach I o r  o n c u m b ~’r c o t  I’e ’ , I n ; c o oun ,  . Ft t m ; t , me ’s ,, i ~~’ o ’

pea s bi g is likely to be e x p e n s i v e  in 10 ’ r d u o n d  c m i  b o t h  t i n o m e  m e n - m c i  s~o , ec e’ .

Sec ond , i t  the  two co n t e x t s  b e t w e en wh o i , ’ in  on e e ss - o g e ’ s - i r e  p o s s i i - m g a r e  don

d i !  f e r e n l c o m p u t e r s , s i n c e  we h a v e  a s su n m e d  as m u c i c  a u t o t u o m y  as poss ib le

tcer t h e  o m o nj es , co od  c a n n o t  p r e d i c t f a i l t m r e ’ of  e i t h e r  t i m e  nodes  or  t h e

cou em m e m i o ica I ion  om en I w c n rk  , we h a v e  f i b )  gu ;1 r an  t e e n  t hat  t lu c  n O d e ’ d o d  n t - i  i ou i ru g t h e

o b j e c t  w i l l  o c t  r cv ,m i Lab Ic it  any  p a r t i c u l a r  t i m e . l i o n 0 ’- , ‘o i o , m r  i n g  b y

m a k i n g  a copy m ay  be li-c e o n l y  r e a s o o t m o h i e  a l I o ’ c n , o t  i y e ’ . In  m y  case , it

c e r t a i n l y  i s  0 m m  alternative ti -mat should he p r ov i de ’d .

In o r d e r  t o )  , e , h  ieve t h i s  s lm m m r  i m p  by  c o n p y i n o g ,  w e ’  h o  e v e  d e t  m e d  t i t r e e ’

c a p y c r m g o p e r u t  i c o n s  t ° d I t  We’  t im i n k  oug h t  l c d  h u e n  c on s t d e r e e l . l’~o o ’ f t  not  is

tiu n ~~~~~~~~~~~~~~ c o p y i n g  j o u s t  t h e  t ap  l e v e l  of  th en oh f e e t ’ s s t ru c t  m i r e - .

:-o c ’ c o o r m d , we -’ c o n_ s i d e  r e d  t i -c e  o ’ o~j~~ — f u ~ 1 I , wic i c i m  cop i en s  n o t ’ ’ c On~up i o l e  51 r u n  t or e

of  t t o e ’ o b j ec t  i n c l o i d i n d  an y  c o uu o p o n e n t s  l i m i t  r e n i d ’  i n  m o n c , o t n n ” r  c o nt e x t .

c i  I , ’ , we i m o u v e  1,u ok o d me t  a novel  a p p r c e o c h m  1 - ’  c - m ’ p v  imp , t h e

~~~~~~~~~~~~~~~~~~~~~~~ .~~~t ic i’m C o l p i o ’n-° I c onto p l e ’x data  oh l e ct  t o  th eet  l o o c o o n n t l , t r y  u t

O i d e t  c on t e x t  o ’ o ’ o o L o i n i n g  t lm a t  o b j e c t , b u t  no f , m ’ t h e t .  I n  d e v i ~~[ i o u ’ a

roeee’ Ioj n  t sin t a r  t u t u i cy  ing  t i t e ’  se,’ c o p y  ope r et , i on ’; , n - o c n v e ’ t , u l  ~‘ o u , m  I s  omo r e t  So

F t  r st  n o d  m o s t  i m p o r l a n t l y ,  we w a n t  to  n .e  i n t a i n  m uo v s h , m r  ing t te at,  e x i s t  s

tom t i n e  e n r  i g i n a l s t r e o c ’ o  o c r , ’ , b e ’ c e t m ’ o e ’ wo ’ h e l  i ev o c th is  I n c  u s  :0 mm i n n p o r t e n t

p o u t  c o t  t h e ’ i n f o r m m m t ion c o c o n t c e i n e d  b y  t im e c u b j - c t  . -o e c o u O e h . W e w a n o t  t oo

o c ~ c o n o c i z d ’  eon 0 0 0 e ’ c h c m m n  i_ sm by t in -c [ r e p  . m s in g l e a p p r o a c i o  j o - c  c i i  t h m r e ’ e ’

e b e s u e l  I e o n s . T h i r d , s i n c e ’  ci I d a e ” nu t n  t o i l  i ‘ n o  h o t  Wo ’e t t m  d o u i t e  x t  S i S  h ’c

— °b- ~e —
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message pass i ng ,  we w a n t  t , u  l i m i t  t i m e  a inou om t c - n i  u n e s s ag e  p o m s s i i m g

fle ’c e ’t- , S e r v ;  ti -m a t  is , cop y i n g  s h o u l d  r e q u i r e  as l i t t l e  c - , : - t t 0 0 0 0 t i  i c - e l t o u t  h :mck

,u e u d foe  r h i m  h e t w e e c o  l i O c -’ two c o e u - m t e - x t s  as p o s s i b l e .  F i n a l l y ,  we w o n t  t o

m e l l o w  f o r p a r a l  id p r o c e s s in g  m t  t i - ce se im d i n g  am - m d re ,’ o ’ e- iv i n g  coeds  of  t i m e n - m o ’

copy ape r a t i o n s .  The m e c h a n i s m  d i s c u s s e d  i n  Chapt  e r s  3 and  me n h [eves

t i o e ’se goals. [ii orde r  t o  do t h i s , ~e hm ave p o s b u l a l e d  t w o  im ew ty p es  f

objec ts, time image and the mes~~~~~e — c e n t e n x t .  N o w  c o p y i n g  s c o n u p l y r e q e m i r e i s

en r e n , o  t i u u g  a me ssage- — i ’e i o t  ext to be used to re c ’ , t o u n t  r u c l  l i c e  s h e e r  ire g w i t h - m i n

t h e n  SI r u c t u r e  and d e t e r m i n e  wh ich  eob j e c t s  m e r e ’ t o  I’ m ’ c c e p l e d l  as

C c - °nt o p on en  t s  . f l u e  t y p e ’ i t t d m t g c  is t i m e  t yp e  c o t  ohj  e ’ :1 t h , o l  oc t u a l  lv  c ri c o he

sen t  in ,u message . Thus  b r  each  o b j e c t  t i -cat  the  m ess ug e -—con tonx t

d e t c e n i c o c s  mus t  he c o p ied , moon ,, o g e ’ Is cre o ted , eu u d S e o u l  - A t  t i - m e ’

r e c e i v e r , l ice  r e v e r s e  is d a m n . Time o e c e s s a g e — c on l e x t  oc ’, ot h  i s  t i l e  t o e - l o s

0 1  n o , u o m d i  ing s h m , m r ing w i t h i u m  then  at  r u c t o m r e  and images i r e ’  th e  c ob  j e c t s  t h a n

a re  c -c c i vend anti th,et o d o r  l ime  j im ! eo rm , m l i o n  that i s  m u s e d  t o  - c r  , o  t en  L I O C

c o o p  y •

The ’ p r o n e  ed oor  ens t i u m u t ho o v e  been d o v e  l o op e d  in C h o m p t o r 4 m d  ic at  e t b u a t

c- u p y  o p e r a t i o n s  c- ’ , m o o  be  imp l e m e n t e d  in such a w ay t i - ca t  the  c r e a t o r  of

ne w e , n x t eu i d e d  t y p e  m o i s t  do ve ’ry  l i t t l e  in c c o r d e r  t o  p r o v i d e  h u e s , ’ t t t r e e n

r o u t ions  [ c - o r t o  ~s t v p e . F i r s t  , he uo mumst d el  [ o m e n  t i m e  o p e r i l  i a u n t ;  n-i imee ji l y ,u t ;

iu u v o c at i o n s o f ,~o ’ n o e ’r i c  p r o c e d u r e ’t -; of  s i m M or names.  The- ’se p r o c e o l u m r e ’ s

,ure to be prov ided in each c o n t e x t  b y  t t m e ’ ke r u o e ’ l .  Ti-c e o t i e e r  c l - c o r e -  1 ~‘f l

f o r  l o n e ’ programmer is t , o d e l  in c  i t c o w  un  l ocoe ge  i s  c r c a  led r o u m n u  an o bj e c t

o f  h i s  t y p e , b y  i m i o i e - m e ’ t t t  l o g  t i m e ’ cr e ,i tc ’ —trna ~ e oper m m t b e e m c  f e e l i e i s  t

li n d e, t i m e  ad o - i  I c 0 0 0 o u o t s  e ) t  t h e  i m n u g e ’  , , m m o  h o ’ l Y l e e  S l O e - c - i t  i c , y e t  t i m e

- 0 ; 0 ~ —
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l tou p l e’unc’ t m t e r  need  omc’ver k n o w ab o u t  du m e ’ n ; n - , , o 1’ , — c o n o L e . ~ t - e c u !  - 1  h o e r  o b o ’ h , m j  [a o f

t i m e ’  e :op v o p e r a t i t e m o s  m t  t e l l . Lo u o r d e ’o t o  0 o c e ’ ly e  o ’e o J u j e ’ n o , s i m o o t I o n

o u 1 o e , ’ r , o l t a n s  umo t us l  be w r i t t e n  b y t i m e ’  p r c e d r o o t u n o u o ’r ;  r e ’ c c - n o v e - , w h o  i c i m  i o o v o m t , e s  t h o e t

5, e’ n’u e’r ic reo ’ e’ lV d  ope’ r~lt,ion , at-cd r e c e i v e , ’— i m o i ; e O ~e , W i t  it O t t r u  c i  a r m s  ar e i ruoag c-

i i m t c o  c -ec u o b j e c t  o t h e  t y p e  b e i n g  imp le m e o - c l o - d  b y t i m e  p r o g r . u 0 0 0 t o c- ’r  . ~‘en have

[ n - o ct S t i o e W f l  t o  O W l i ce  nuee c iman i sm c . u n  be e x te r e d e c i  to p r e s i d e ’  L t o e - - t i o r e e  copy

o p e r e t  i ons  w i  h i m  i n  a s i n g le c o n t e x t  ( in a d d i l i o m i  h a  c0 1ev t o g  an ro ss

c c o t - m 1’ ’ X t  b e m u n d a r c e ’s) w i t h o u t  r e q u i r i o c g  t he  imp le inet te r to  d i s t i n g u i s h

b e t w e e n t h o -~~e ’ c a l l s .

r i m l u s  , o s s m m m i n g  our  p a r t i c u la r  noode ’ t of a d i s t r i b c m t  e d  n-- ’ :st cm , t i - m i s

t h e s i s  de v e l o l o e d i solut iet i  to  t h e  p r o h u l  e’m at  cc opvi o mg. J o e  1 a l l o w i n g

° omm wi l l  us sess  t o o , ’ r e l a t i v e -  u t  [ I  I t v  c - u t  t i - m e  t h r e e , ’  o p e r o t  t o n s  - o n d

oco e’ ’ i u o ni i smom d e v e l o p e d .

‘) , e , t o o t - I a n t i  ‘c , oh a u t  t t u ~’ research

N o w  t h a t  s” have , ’  deve lope d me m e c i c o e n  i_ s m  to So ’l vs t i n e ’  p rob ic - rn

or c o o - t i l e d  e n  C h a p t e r  1 , we ’ m o o s t  e x a m i n e ’  w h u , - c t  h a s  t o e ’ O t t  mc: ’ u i e v e ’ d  . r t~ i s

ul m oo n u s s i o n o  w i l l  D e n  d i v i d e d im il o t w o  p o u r t s .  F i r s t  w e -  w i l l  c o m u s i d e ’r  t b ’

i e, l , o t  m v e  o t s e ’ i o o i m e e s s  c d l  t i d e - t h r e e ’  cop y  Ope ’ r tt  i o n s .  Se c o nd , we w i l l

c u o u e s u Ie nr  b o o w teo u t  w , t ’,’s the  otmechan i souo m i p, i d t  he  sloo p ! o l i e d  it We ’ W e n r c -’ to

r d  mx o m i t ,  gc-c ,e is os i n i t i a l l y s t a t e d  ic - c C h a p t e r  1.

Ao ~ St e t . d  o ’ ml r 1 [ e r  in  h oc’ t im e - s I _ s . then  co i o y — o u - c e -  um eot y h o en ,t c - e n_ s i d e  r~~c-l t i i e -~

mea n t i ,e~ to ’ c e f  t h e  h itree c o e 0 ’y op e l  e l  ions we t u O v e -  i u r e n o e ’ o d t e ’c h .  l i i  t h e o r y

l i en o t, b o e ’ r t We e . e i ) o ’ r , i t i o ) m m S  oug h t  t o o  he ’ ,m c l i j , ’ v , m i o l e  i o y  a r e p  t O t !

ep~’ I i~’ c t  o c ee o u t  c o p y — o n e . 1m m p r e e I ic e , i n r ord o ’e ’ t e e  m a i o o i 0 1 0 m  ‘ i d e ’ d c o i ’ j f l~~,

— 0) 1-0 — 
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O me i o r d e g r a u n m e r  ‘w’ c o m j l d  b c c - m v e ’ to take amo t h e  t u t i c -’t i o ’n  of  d l s c ,n ’ c- - r  o o e g  mo s t  o t t

t ° o c - ’ si c a r  in g  from t i m e  u m o e a s u g c ’ — c o n t a x t  . i n n e  omcessag e —commt e ’ n-m t w i l l  e o mo I y

d i s c - t c- o v e r  S i o m e r i n p aoiuong c o m p o n e n t s  ceO a s i n g le o b j e c t .  S j , u o o t l m c t  i o 0 g  l i ce ’

cop ’— f u l  I anti  c o p y _ I  ul  l - ’ l o c m u l  u s i n g  l i m e  c o p y — o n e  woui l ’i al  n O o n i u i e t u l  V t - f l tU e t o

f la re  tnen ~s m o g e n  passing thu a o o we’ ioave f c -e u m u d  u - c e’ce ’ssar y  I t  i s  m o a t  c l c ’ - u r  I - m e o w

n o e n i u l  t i m e ,  c o p y — o n e  o p e r a t i c - i o u  i s ;  i t  h o e  o b j e c t  to  be c op i e ’ol i s  c o t  u m i

ex t e n d e d  t~ p e ’ , t i n c - ’ t u  e’ o py i u c g  0 0 0 u L y t he  t c m p  l e v e l  dos s noel app e - o r  t o o  b e ’

v e t ;  u s e t e o l , -us  Li - me , i c t cu o l n ; t , e t e  01 ti n e abject is s t i l l  o u m i ’ d m c e ’ S S O b i e n

by  o O S S i ’ ug m m - c r c  O O O C 5 ~~~~~~~e ° S  cc  r o s s  c e n O u h e c x t  b c u n o o o o h ; r r  i c - u s .  (01 d’ t c u r s e , t i o c t e t

nm ‘V i~’~’ l l  b e?  $1 0 t t , i I i c ° n u s  i o u  t.~t j c i m  i t  i s  d e s i r a b l e  t o  t e l  l o w  t n ~~’ r o , o no i , -s  oi l

c cnumu p c c lc e- n ls t c - ’ h e  p a s s e d  a r c - uemumd w’ i t i c c e u l , i c t u o , o l l v  c o n p v  l o o p  H u e ’ - ‘t : o p o o o ’ ’o u t s  .)

On t i m e  c-o t h e r  t e n d , i f  t h e  O b j e c t  is a base  t y p e  a bj e c t  , 1 u e r e ’ i s  m e

d i f f e r e n c e  m oln oo n ou g H o e  V m i r i c n u s  r o p \ ’  c u p e r  o h j o i n s ;  :u i  I h h u r o ’ e s i n e - c o l d  ! e t n v e  t O e ’

a m u n o u c -  et  I i’’ I l i c e  c u u u  l y  d i  I ! et r e t  C i 00 t im is  c a _ s c -’ j -i wI n e -  h o e  r o c r  i o u  ~

e n y t , t t o i e ’ i  I V J o e n s  os [ I m p  I O n e ’  b e s e t  t y p e s  as c e n u n p o e m c e ’ m o t s  C iii  d o v e ’ de ’f i n u e d  e o n

L e 0 0 0 1 nu 0 , _ c , - o r  n o o n o t i n e r o f  r h o ’  c c p - ’ o p e ’ r , m tj o n s .  \n .  w i i  I u t ’ 01 i _ s c ’  n u m o c c i

I i i r t h , ’ r I a I c’r , t o o  0 0 1  c - h e ’ r t o ’ d e n t  h o m e ’  en C e )  p , ’ — o i t  1~ I o m o m o l  c ’ ’  i ’Y — t c- i — 1  oc t3 1

c? o e ’ r , e t  L o i V e S  i c r  mo m o ’~~ l e ’o o d e ’ i  t y p e ’ , i t  u tmo s t  he d l ’ ’ m u O  t~~t i t  t ho e  c c  t e ’ v - o o ’ c-

u u p e n r m m t H o m e  [mm o l t ’ f i i o c’d t a r  c m l ,  c ’ c un n c po -e o o e o t t ;~ n e -’~. I i i  i n - ,  e l I  I l e e  c t e m e n - , t  c - l e o _ c c

u u h i e e ’r t o o  t h e  disc m m s si eoou s at v e n r t f i c , n t i , o u u  m i n e d !  e x c e ’p h c c m r o  J n i u o d l  i n u ’~ .

N O W , wt me ’ii c o n s i d e r i u g t i m e ’  Co p y — i n t l  I o n - o e n r u u t i o ’ i , We ’ i u m c - h  l b S  t i~~

st 0 I s mos t  I r e q e ~c- ’ m c t 1 v  C O f l S j h e ’ m e ’ d  t o o  b e  t h e ’ s t , u o o d ; i u e l  coj ov  c - e p e’ r e o  11

I n  - o m u r  t i ,  o l e -I , set ye r e ‘ n e u o c p  I i C o i l  t o  ‘n u n  u n i v  m m  i to e’ to en .i t m _ s e ’  1’ ‘ n O t e ’ X t 00 -

n - o u p p o n u r t  c e r h o l o m r y  e , t r i o o o r o , o : m h i c o o o  c o u n t m , e i i c t s , uo c eies  too c. di’ ,te s

tim e’ neis e ’ Iv ’ at I i  y I, t o n e ’  I r c e r n  I h o e ’ t o y  . 0  c oon , m e m i c l  0 l i e ’ C i o r c m n o n  , - I -

— ‘ 0 1  —
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well as the ind ividual nodes may not be reliable. (We are not

c onsider ing the reliability issue rela ted to whether or not an

indiv idua l message is lost or scrambled , but rather how useful the

copy—full operation is if the network has a high probab ility of being

unavailable at any given time.) The copy—full also requires the extra

comm itment in time and space to acquire cop ies of all foreign componen ts

in order to create images. Thus we are led to conclude that perhaps the

copy—full is too general.

The copy—f ull—local is a new operation developed in this thesis

that, appears to strike a middle ground . It approache s a solution to the

above criticisms of the other two operations. Assuming some or most of

the components of an object are in the same context , most t ’f  the state

of the ob f ect can be copied . In add ition , if the full state of the

object is the objective , there is a savin gs in number of me ssages (copy

requests) and message—contexts (one returned for each copy request) over

those needed if only copy—one operations are executed. At the same time

if the foreign components are unava ilable for whatever reason the

copy—full-- local operation does not tail where the copy—full would. Of

course , if Instead we have the situation in which  most or ~li the

componen t objects are in other contexts , perh aps on other nodes , then

t he  copy— full—local may not represent much of a saving to the receiver

of the copy. Since the other components must also be requested in this

case , it will he necessary to access the fore ign components anyway. It

~1so means that some sharing in the structure may be lost , beca use once

images 1~ave been crea ted , the globally unique identities of their

— 98 —
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or iginals are no longer attached to them . On the other side , in this

case of w idely dispersed componen t. objects , the copy—full may be more

expens ive in terms of use of resources and time, since each of the

f ore ign componen ts really will be copied twice. We suspect t ’~is is an

unusual situation , but the only true test is experience. Thus we

recommend that all three operations should be availab le in a system

similar to the one we have modelled , although we suspec t that the

copy—full—local will be the most useful.

The mechanism presented appears to be fairl y comp licated. It is

wo rth considering whether it could he simp lified if we relaxed S m .  ~~t

our goals for the copy operations. Our goals or constraints no the ~~O~~y

operations were listed in Chapter 3 and again earlier in this chap te r .

The mos t important one was to m aintai n sharing among com p on en t s .  We

have already discussed relaxing this in acquiring fo reign c om p o n en t s  t o

create the appropriate images for i copy—fu ll. If we were to el ial n i t e

considera t ion of any shar ing, we mus t  cons ider  w h e t h e r  we c o u l d

eliminate message—contexts. The answer is that we could not en t irel y .

It. would still be necessary to pass to the receiver the names of

com ponents not copied in the copy—one and copy—full—local operations 3nd

these would have to be collected somewhere. The prob lem is that object’

onl y con tain names local to their containing context for a number of

reasons discussed in Chapters 3 and 4. If only names local to the

send ing contex t are sen t in images , the nam ing ne twork would become mu ch

mo re comp lex . Fore i gn components of an objec t mig ht become ln;w ces :-ihle

because one of t he  Interned late contexts was unav., I ~aI) I n , when , In  l u I

— 9 9 —



the context containing the component was available. On the other hand ,

us ing only the globally unique names would solve this probem . Instead

this would cause a waste of space . Using either local names or globally

un ique names causes another problem; it allows the local names for the

components within the sending context outside the bounds of that

contex t. For secur ity reasons, this may be undesirable. There is also

the prob lem of circular lists or recursive containment . If that were

not to be handled by message—contexts , there would have to be some other

mechanism . It. is possible that if locking were used as the

synchroniz ing mechanism , it could also be used to detect circularity.

Unfor tunately, as we have ment ioned, there are other problems with

locking. Thus it is quite likely that , even if we were not to consider

V sharing, message—contexts would provide the s imp les t appr oach to solving

these other prob lems. A relaxation of the second and third goals of

economizing on mechanism and limiting the number of messages needed to

copy a component would only lead to a more comp lex mechan ism because of

the nature of the model with which we are working. The final goal of

allowing images of c omponents to be sent , rece ived , and processed

separately, i f  re laxed , m ight allow for some simplif ica tion, al though

not at the sending context . A simplification would occur in type

checking the structure as i t  is created rather than needing to wait

uni t I i ll the components have been created. (This type checking was not

I nc l uded to the procedures presented in Chapter 4, s ince it is necessary

onl y for reliability, an issue not addressed in this thesis.) The

mechanism we have presented would still need images and

message—contexts. At the receiver , the components could be processed in

- 100 -
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the most  convenient  order , which is probab ly the order  in w h i c h  they

we re sen t .  This would simplify those functions provided by the system .

V 
On the other hand, the message handler  m ight have to be more comp lex and

cer tainly would need more buffer space , s ince it would hav e to collec t

and order all the appropriate pseudo—images before the execution of the

receive command could start. This approach would simp lif y rec eiv ing a

complete copy (copy—full) in those cases in which the representations of

the type are differen t. in the sending and receiving contexts. It would

not be of much help in the case in which the representations are

d i f feren t , but only a partial copy is occurring. The tradeoffs are such

that it is not clear there is any benef it to be had from relaxing this

goal. Thus we are led to conclude that the copy operations as defined

in this thesis solve the problem presented within the realm of the model

postulated.

5.3 Suggestions for further research

Since we have used CLU as a bas is f o r  much of our work , it is

reasonable to consider the possibility of including the proposed

operations in CLU. As CLU stands currentl y, it is based on a different

V 
model from ours. It assumes a user environment in which there is a

s ing le process and a single namespace (address space). However , work is

currently progressing in the direction of extending CLU for a

d istributed environment . Operations similar to the proposed copy

1 . This work Is taking p lace it  the Laboratory f or Computer Science ,
M.I.T., Cambridge , Mass, under the direction of  R. Liskuv and I). Reed ,
however , there is as yet no pub 1 i shed  work .
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operations of this thesis need to be considered to facilitate sending

values of abstract objects between processed in such environments.

This thesis has dealt with some parts of the copying problem in a

distributed system . There are related areas that need research;

generalizations of the work presented here are also possible. In

.1 accordance with this , we have a number of euggestions. They fall into

three categories: items 1 , 2, and 3 address additional details that have

to be solved when imp lement ing the scheme presen ted in this thesis ,

items 4 , 5, and 6 are ex tensions to the work , and item 7 is a

generalization .

1. Th is research has addressed only the prob lem of sending typed p ieces

of inforruatton . It is clear that there are other entities that can be

in message s names , commands or reques ts , additi onal control information ,

type information , to name a few. Further research into what kinds of

messages , other than Images , is needed . This must be done in the

context of i mo re detailed model of the distributed system .

2. We have ment ioned very little about verification. Much verification

~iiould take p lace a t comp ilation time of type managers . The receiving

context should be able to verify that all received components are of

appropriate type , possibly even check val ue ranges . In the environment

of autonomous nodes , it is important to do some run—time checking. As

mentioned , if a copy—ful l or copy—full—local Is defined for a type , it

bail a l so better be defined for its components. This can be checked at

compilat ion t ime for the local type managers. Now , there are two
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oossible interpretations of a type being the same in two different

contexts. In the first case, in addition to the type being compo sed of

the same component types , all the same operations are defined, in this

case , even for a copy—ful l wh ich allows foreign components , type

check ing  can all be done at compile—time . In the second case , two types

be ing  considered the same means that  they  have the same r ep r e s e n t a t  Ion

in t e rms  of componen t types , and the  opera t ions  of one are a subse t  of

the opera t ions  of the o t h e r .  In o ther  words , f o r  those o p e r a t i o n s  th a t

are defined on bo th, the operations have the same effect , but not all

operations need be supported in every context. The effec t of this is

that dur ing a copy—full operation , run—time type checking for the

a v a i l a b i l i t y  of opera t ions  mus t  be done in the  f o r e i g n  c o n t e x t s .

A l t h o u g h , as previous ly d i scussed , a type should be composed of t he  same

component types at each site between which copying is to o c c u r , t h i s

does not guarantee that copying is defined for a specific type at each

node on which on the type occurs. Regardless of the d e f i n i t i o n  of two

ve r s ions  of a type manager  b e i n g  the same , pe r m i s s i o n  to copy a

par ticular objec t must he checked. This can only b e checked a t

run— time. Work must also he done on gua r a n t e e i n g  t h a t  Iwo type managers

at differen t nodes really are imp lementing the same type if they claim

to be , regardless of which definition of being equivalent is used. VflVI I S

is easy if type managers are written In a hig h level language and are

simply distributed to and installed (compiled) at ind ividua l nodes.

This is a grea t imposition on nodes and directly threatens their

autonomy and abi lity to operate whil e disassociated from the disirihu led

sy s t em . ~t is clear that work must be done in  t h i s  a rea .
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3. We have not addressed any issues of except ion handling, except

obl ique ly .  We have pointed out several p laces at which exceptions might.

occu r:  the con tex t  boundary ( i n s u f f i c ient a u t h o r i za t i o n ) , unavailable

ope rations (discovery that  a p a r t i c u l a r  operat ion is not defined for a

component. type in a foreign context) , an unavailable node ( the node has

been detached from the system) , an unre l iab le  netwo rk . It may be

d i f f i c u l t  to dis t inguish some of these , but thoug ht  must  be put into

what to do when except ions occur .

4. It might be quite useful to be able to pass images to a context

wi thout requi r ing  that  the context use them to c rea te copies , bu t ra ther

be able simp ly to assemb le a collec t ion o f images f o r  storage or passing

on to a th i r d context. I n t h i s  case what may be needed in addi t ion to

the receive command at the receiving site is a command that would imp ly

lUSt collec ting images. Possible uses for such a facility might be to

s u p p o r t  a f i l e  s e rve r  or back up s torage .

~~~. This IL ’s is has explicitl y excluded the issue of moving objects. We

have assumed tha t. au objec t resides permanently within one context . If

it is nece ssary to crea te the appearance tha t an objec t has moved , this

should be handled at a higher level by creating a copy of the objec t at

the new location , dele ting the o r ig ina l , and using a higher level name

to point , first , to the origina l object and then , af ter the “mov e” to

the new object. There are problems associated with moving objects. One

is the question of resolving names of objects. Since in our model the

name contains the name of the context , there wou ld have to be some

poJ z (y and mechanism for how to resolve outstanding references to the
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moved ob jec t .  Fur ther  quest ions relate to securi ty polic ies , such as i f

there is an out8tanding reference to the object before it moved , sho u ld

tha t reference be up da ted , who has the righ t  to up da te it , wh en sho u ld

this occur , and the list goes on. This is an area for much mo re

research.

6. It might be interesting to extend the approach used in this thesis as

follows . Each time a new entry is made in the sending message—context a

new process is created to copy tha t  new component. The processes alt

would use the same message—context , so no shar ing would be lost. There

would be a master process associated wi th the message—context , and one

f o r each com ponen t to be cop ied. In this way, much more parallelism

might be achieved if the ha rdware  could  suppor t  it. If pr oce sses are

not expensive , not much has been lost in overhead , wuile allowing for as

much parallel processing as possible. Of course , activities involving

the message—context would have to be synchronized , but that could be

managed by the process associated wi th the message—context. This

approach is an extension in the direction pursued by Atkinson , Hewitt ,

and Baker t7 ,8~~.

7. The approach we have taken in this thesis to copy ing is to translate

every object into an image . Images are the only objects that can be

sent in messages. This approach can be generalized so that we have ,

instead of images , message— images, disp lay— images , printer—images , etc.

in other words, f o r  each ph ys ical dev ice there  is a fonn  in w h i ch it

expec ts information . This can be used to create the appropriate

a~,stractions as we have dome for the network by c reating our images.
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This should simplif y the task of t r a n s f e r r i n g  objects  to other devices .

The programme r must spec if y which opera t ions  are to be def ined fo r  his

t ype and wri te  the ope rat ion to transfo rm one of his objects into the

image appropriate fo r  the device. At this  point the programmer s

responsibi l i t ies  should hal t  and the system should take over . This puts

responsibilities where they belong.

On e of the most important considerations in looking to the future

will be to learn more about how this kind of model would be used (how it

relates to the characteristics of real distributed app lications) and to

assess the costs (performances) of the operations proposed in this

thesis. It is possible that experience will indicate that different

operations or even a different model is needed. The research presented

in this thesis must be tested by expe rience and the proposal of

alternatives.

V 
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