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INTRODUCT ION CH. I

1.1 What is an Exception?

We cannot give a t e r s e  Lhn ’ n n , t i o n  of e x c ep t ion ’ that  would adequa te l y se rve
t he intent of this thesIs. To claim an e .~ - pin- n i  is a r a re l y oCcu !r ;f lq even ’ merely
begs and dIstorts the question. Frequency cr11/ t i ~ meaning in a r e l at i v e  S s - ’l SC ,

and the same event may occur rc ’ tc ’bvely -~t H- : -  s n ’ t c c n i ex t  and re lative ly  rare ly
in another.  As a simple example , consith r t Ine  operdlion that Ion~ s up a syrnh”sl  in a
comp iler ’s symb ol table. It has t~~

- ’ t ’v ious pnlnv - Lie outco mes  ‘ sy nn i  - ‘‘i ~ ‘ ‘ e ’ r ’ ’ ’t ‘

‘ symbol abs en t’ . A lthougi we t pn d  t a  o c - ,c- -. 5- e ~u ’ r s n ’ ’ r as ‘ norms and the la t t e r  an

‘e xcept ional’ , this is purely a psy r i io loc  at p rejud ice  P the ‘lo’nkuc ‘ nr’ c’r af  inn is

used to determine the i n t e r l I r u t a t , I i - , ~ f SI ny I n ’ n O I  in a prog ra m h-:dy (as opposed to
the d e c l a r a t ions), t hen ‘ symbol a b s r n s l  I i,roh)ahi y curt c~~s l ’ o r I : h s  S ‘

i dei it s f i er ’ — an e x c e r : t  oil ’ condit io n in most  cs:~~’ ;s . If , P , a w n~~
,i,’r 5

op era t i c~n is used during d e ct a r at ’o n  p ro s  e s s o s u  t t n ’ n n  ‘ n, mi,al absen t ’  in

the ‘ normal’ case  and ‘ syn n it - n i  ~~ I & - S P n ~ 
- ( i.e. ‘dupl icate dt f in tion ’) I ‘n c ’  xc nl~t ion.

What cons t i t u tes  an except ion  ‘ - v i r h c ’ ’ t I y c1’~pcnds on th~ context so wh~~h a n ;  ~~5 eI

o c r ir s.

Con tex t  is not the onl y f a c to’ — t r e  n lnc I I J ~~( 1 o/ s y s t c m  in ‘a.- h i  f ’  l , o T T r ’ l n t , I l.ionc

ar e ox pressed markedly i n f h t i ’ ’ ’ ; c r - n ,  t I :~ ~ , ‘ - . i ’ T ! - I  I n ,  of e c~~t ’ t  , in ’s  Suis- e

st ruct ures , notably prochic t un s ’ v s t  I’m’ - [1l~~ o h -  - 
- !‘ ‘ r (

~ 
- ] unrl S ~ s ~o ‘ s h i ’  ru dn’ d

commands [Di jks t ra  76], encourage the prs qn - ., ;’n:i’r ‘ a def in e l 1 i~~ i’ ‘ m , s t

and t h e  m x  ceptions with the sa me sy ntax .  551 :; i 5’ -im ’nt —dr iven ’ ‘0, 5  t - I T S  ‘ ‘ I i  . iI

have no nmn ’ . ’’ l for  s pe c  at ha n o ~i iann ’ . - cun’ . t r ; i s f n  to px r r n ’ c c  • -~~c~ ’’  I - . - h.ir ‘ I :

h e t s 4 , vior. Yet  they are r io t  ideal in s u s i e  r t ’ n ; b - I ’ l s t ’ . H 1 o  S I S I S P  t~I l  ‘~~ ‘ - n O n  , t rt ’

rr ’ ,~rene i i ! ’ - d  sim i la r l y, a rna , lcn r of a p r c - n s r s ’ ’ i  ‘O p ~ i : ~~. b s - r I , ’ I i c e  c l i f f i c ; i i t ’1 0 ( 5 5 , 1’ ,, ‘ - ‘U

the pr imar y  c ompu ta t i on  f inn’ the n-s p~ c ,ta l  ( a n e s  1 e ’ t y  t h e r e f u r i ’  ‘ ‘ a  Sc ’

s ac r f n c e d .  Even if It is not , j ’ r ( ’ ( I I i lion - y’P”ms ma r- no t pr ; ’ \ - ’ ’ r I i ’  the a;’pr ‘pn iat ~ ’
- , t r i i I t u r c n  f o r  m any prac: t cnl ta’J- ’. ,‘l’i.h o f t e n  r i’ ’~ij i i m ’  the ins u re ( ( 1 S T V , ’ r i t . i f l (u j

f~~c i l i t i i’ i - ,  of a procn ’d urr i l I - I I S Jn , I lO .  P r u ’ ~,p - i i l s i r ’ u ; u i - ~’ ’n , l s t ’ r ’  -d l v , li.i~ — , ’
prov ided  f ew c o n s t r u c t s  for  i : x c e p t ’ - s s n  - - m ’ J l  I J ~~ ( ‘ O P  u t a s t e r  2 )  , i ’ i n i  will
t heN’fcu e he the pr imary vcs ’ s~ Ic’ fi.’r the n i- -  0 I I1 IS ’ i l  p r ‘b ’osed in 0 ’ ’ ;  t b p ~~ i~-i

4
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Ex cep t i o n s  are  so ini ’t in ’c ’ ’ ;  s ii,h’’i ‘C r r s ’ ’ , h u t  i.e ‘ n ’ ~~ - C  t t i m ’  (Ol ’ I n ’ - - t - O  S i s  I

t hat t e r m  a r id  s t n n ’ n s i o t i s h y  avoid i ts  min e A ’ s  ‘ 4 n u n ’ is :; i f i ’ y u n  c ’v e n t  ~, fs:  - 5 4 ’ ~

occu r rence , t h e s u i t h  nut une~~pe c t ’d , is - o t  - c c I n i f ’ i i  the ‘ r ’ s ’ ’ : t  (;ufll r ’ ’ S fl 0!

t i re I ’ r i m ar y  c o m p u t a t i o n , and may in c l i ’ t r , i n ’ ’ n : t a i  tO ’’ ~‘ n t ’ S ’ ’  t O  t , l ~ 4 a br a d - c v- si.’
t hat includes St ~~- f t  ‘ e r r o r ’ ; ’ BS 0 Il s r pr ’ r  s t i l l 1) 1 1 * 1  ( - O i l  4 ’ , ’, s iI . r .~~~r ’q l r ~~- ; * n , - ~’ s ’ t ~~’ i

i nf r eq io - nt  ev ’ ’ n t s  t q m i a i i f ~ as c - ~~c m- ~- t i r , i s ’ . tin w i t . 1 I’: ‘ 10111 5 ‘ ;c ;  w ’ -  - s ’ ’ h i t ’ - - . r ~ 
- 

-

al low exce p t i ons ;  to spill t ier t I n  t 1 i r - I r a  f i- -n ’ m ut ” c ;a t an’ f a ’ : - : O n ’ , I - ,; ‘ ‘ ‘ r  I i ’

the indicat ion t ha t  an I /O  open i I i~ has r- 5 P ‘ t n  m i ,’ b’ - r - c i ’ ’ ’ ‘.n’J  ‘ i t t”

ex cep t io n  ( r l ’ l , i t iv c ’ lv  i n i f r s - i ; n s - n t t  e v i - i s t )  ( Sr  a CI ,T I1 I - s s c - I t s - a  51 , 1 ’ c i c ’ p~~’ ’ n ’ . ’ ’ ~~( ,

the misa l ly  c o n tex t .  ‘A- ’ t o r iS l I he r  t i ll  n-s .  i s t r i r n, ’ - ‘ ‘ ‘ i s  t o ,  : -  isoi ;” .i r ’ , 
~

- , “ ( ‘ 1 ( 1  •

r c ’ h i i nt r s r ss , r et  5 1 1 4 4 - n c ’ S , i s an n ’ ’ n i . ’  0 ~n ha . - h u - ~ n i t ’ ’  h a i l’ f l~ . A 55 . 1  5 5 1 1 ’  I I

c h m ’ i n i , , r c , u t n ’ t i  W (I iI ld l’~~~i -  ab l~ i n s t  the Iii ’ ~ I s P  I~~ ~~N’ ‘a nT s -5  , ‘ ‘ I i i ’ - ~ 5 4  .‘

~Nm ’ a’”  led , s P 1 , , , , , f ~~~5 -  5 ; ’ s -  ;vh - , t  1 : -  t l r l r s ’ ’. it .’n I ~, L ’ ’ ( ’ h r ’ !1 t l a l l - i i l r I I rs ’ : ; ’  t o

i h ’ n i ’ na I cL 1,nn l l n ic ; , l ’ i ’n l  I - -  t - ’~
. on pr o ’ s - t m  u S c  ~- - l 4 ” , - - a~~~ .5 li i - i v ’ s  p. ~~~~~

i a rinot on a r s s b ’  - n n ’  sn 1 5 , 1  ion. ‘~~r’ n1n  n i  t hy  - n ; - u s ”  t , f  a ’ ( ‘~~~ 
- ‘‘ ( t  Ofl I ,~~: , -

t n r ’c ; I i , in i in rrn is ; ‘ r c ’ f e r , , f P m ’  si, h ’ i ’ r i  ~ i t -  ~~ flhinp r - ‘ IShI’S t o  ‘ t ’ ki~ o- ’n.’~ i 0~ c 
~ 

(1(10 1 5

‘ r~~~~~i’’~ ’~~~oi is a ‘ u r t i r - u h s i r  o ‘ i tc ’~~t A n ‘ , l .t l ( l i i  ; ‘ i , - c ’  I .m ‘ ir’ , i , i h  5 ’ ’  u P ’ ’ t o  1 : 1

f i r m ’  v i ’, i b o l l v  Of SiR U ‘ c  ( ‘ s ’ ’ ~ - - - , i r ’ c  ~, i n ’ ’ r l ’ •~ ’ , i r , ’ i  t i l l  ~~~~t ’ l I 1  s i n  ‘~~ra o i’  - no t~ SI ’ t he

p n i r r r i r v  ( ( r r i ) i ’ I ’ ’ ,It i,’ II c a n  1 ’ -  s ’nc ’ ’ v  c i  It tn - r i P~~’ i  : h s - , t r i - - - 1  - - t hnn r o ’.~~s r ’ i t s : ’ ’ i

ml i i  I n t e n t ly tha n a I ’ I l l ’ n , I t  c;1, s n i l I J l 1 ’ c a n l ; , n  m l,, Ii ’ ,’ ‘ 1 ‘es  ~~~~~~~ t b ’  r . I ’ , ’c - r ’  ii , t t r

r - r  l i I ll Il i !U!iOllI i  01’ I I I ’ , 1; ‘ i /  ‘ 4  0 ‘ S I I S ’ ’ r  of 0 - - - ‘ ir , t n 5 I - i ( r ’ S t a ’ S ?

i I’0 ; I l iT i I r l ( of s ‘ ( ( 5 ’ ’  t i r u t  h r - I t ’  ‘mv~~e’ ‘ i1 i’~~~~I8 ’” fu lc ’ionl sO i t (  U’ i ’ t s e  I’ ( .  -S t

1 .2 Motivation and Bacl~ground

‘lilly o, - r ’ - ~ ; i h ’ i s ut I ’ x c - l ’ l ’t ion l  ~~~o ’ ’ - ~~~ t ‘ il~~P ‘ I ’  ili n I; , - , I c i er  t w It a larue

‘,e h t .’,, i r t ’  s y s te m  lIr t r S l ’ d  he \ c n i t l ’  a ‘ n ’ ’ t IPP ’ ‘ 1’ - 5 t . s ”i 1 rn t i b r i c l at ’ l I s t ’  problem . P -

‘ ‘ ‘I I I i ris ~ r ’ W  r n ‘ I i ’  S ç I n - U I , u i  c~~ n ’ s  a r i d  un i t -  o i l  i n c - t j i r i s t t i t ’ ; m ~~ I r e p  tip w i t h

1
~~ , -,.,p . ,j n ’ ’ , ’ , I 5 ~ - f t . - ~~~~~~~~~~ ,‘ p  • ‘ o ? ’ ,5 5 ’ ’e - ’ r ~~ - ) ~~~~~c p ( - f ~~~~. 0~~~~’ ’ l ’S S ’ l l r ( ~~~~~ , ’ 5 -

p 
~~ 

,
~ p ,- . -‘~~ ~

, - - ‘~~
- , , , - p  •. ‘ .- ; 0 - 

- 
,~~ ‘“l ,- , .‘ p  5~ r , l t~~~~ l - ~

- ‘ 1 9  ~‘d -r ’ 1- - ‘‘p-  I .i i:~ - , , ,QpS~ i

I 
~- 5 , - , ., •. .‘ ~~~~~~ ~, - ‘ c ’ , . i , c t ’ ,e I-’~ I- . ,~~ - ,rr’ S - ‘ - I  , ‘ - ~~ , - “ s  per-  ‘ “ y . ’. ’ Ore “5 ~~I 1 -  . 1

9 - ’’ “~~ ~~
- ‘- -a .- - ,, ‘ , j

- 
~~~~~~~~~~~~~~ 
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IN T R O D U C TI ON  CH. I

s ta r t ling rapidity. Even In modera te-s ized programs that per form seeming ly simp le

t a s k s , except ional  conditions abound. Consider a tape- to - tape  copy p ns lram. !~fl’j

reaso nable programmer will handle an end-of - f i le  condition , s luice it urni, ,~blv

indicates completion of the copying operat ion. But w nat about tape ~ u n c t r s ?  End-

o f - t ap e? Hung device? Record larger than expec ted?  We could enurn~ s a t e ‘ nL y r

possible e x c e p t io n s , but t he pocnt 5 clea r Except ions ex us t  ( ‘VOr ~ in f i l l -  n i np l m~s t

problem , and t he complexi ty t hey  induce icr large r rograms an b’’ mitsui  - -q~~lt ’5L

We contend that no mechanIsm has yet  been implemented or p r o p c — ; s . ; d  tha t ca r’

contro l tills complexi ty.  A look at the (dis )c n gan l7at i o n  Of O X i S t ’ ~~ ij  to ~e y ,~

should easi l y convince mis that suc h control  Is es s e n t i a l  if we ej en  hr~ “ to ’ : a k  ~r

t h es e  s y s t e m s  robust , re l iable , and und e rs tan idab le .  This t t s ~ ‘s p r o c i s c i e s  all

e x ce p t io n  mechanism equ al to that  t ask .

A lt hough it is o b ’ c / t c rSIS t h a t  s in -,’ ex e e~ t ional C unidI t iors  that  - . r c - -s mus~ ho

hanid le d if our programs are to be n i - L u s t  v~P n s ’ i t i t  ss- I; ‘ or wb ’nne r  wc ’ r i d  n

singl e , gen eral mechanism to do so. Why not s imp ly tes t  e~~pl:c i tI v f o r  an e .xco p t sr

at a ll possible points in the program where it can occur? If this is- pnot i ih t v e l -,’

e x p e n s ive  or inconvenient , wh y not t est only at a se lec ted  subs s t ~~f these points?

No spec ia l  mechanism is re c i r re d  here , and the code to d m ’ t uc t  these ex ( : 13 tto’ ls is

expl ici t  and under the programmer - s i- ;,n t ro l .

The o bjec t i o ns  to th is  ad hoc approach should t ie  c lear.  For .summ; c l asses  of

x t  - r i  t ions ( o ~ I/O co mplet ions),  the conld it ion may occur vir tual l y anywhere  in the

‘rogr~u m - Obvicn sl y,  it is Irnp r, l i :  t o n i  to include -un explicit  tes t  “at all posnib e

points ” where such e x c e p t ’ -~~ ’; can ar is e  Po lling at “selected”  po ints mn- 1-’ he
feas ib le  In pr i n i r : ip ie but in p ra c t r e  iIl -s t n y ~ s t he s t ruc tu ra l  coherence of the s a u c e

‘no u r u i rn B e c a us e  of t iming c o n s i - l ’ - r  1 nc . 1 o f t e n  becomes n m ’ - : ’  “- n a ry  (v,’i I i’  a

ynII;nq sc he me)  to i r i t i ( I (j c J c e  t i n t s  f r  ex~ c - i - t u r n s  into pieces of t I e  proq mc:n t 1r~~t

have r i o t i n g  to do with this condition being t es ted .  it is then Impossible to read  and

t i nr i ’ ’ ’  s i  BisSi  such a prog ram nc’g rneti t w ithout understanding the ent ire  s t r u c t u r e  o~
\S I t I l  in it is a ( u n  nha ps ~- c - r y  ‘arnall and I000 i I:. d) ~a r t .  U ~~~‘ l I , : l t  polling may S u i t f i C ~~ i n s

v e r y  li m it ed - ‘  plo i t  ions hut is c l e a r ly  inadequate for gunsc ’ ra i use. A t i schi i ,  ue

miss t  be found that  p reserves  s t ruc tu ra l  c lar i ty .

Once w e bernin to ‘-~~‘ a r c.h for  a more sui table exc e p t i on  handling t e rt s i iq ue . we

6
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find it useful to subdivide the problem. We may view the process of handling an
except ion as consisting of th ree  p ii,Ini ’ s -  J 1c ’ C  l i o n  of t he condition, t r a n s m i s s i o n  o~
the notif ication of its ex is tence , and d i a ’ ;n o c i .c and rec overy f rom the (insp h ed )

problem. Detect ion , diagnosis , a nd r e c Lv e r y  are e x c e p t i o n - s pe c i f i c , although
common tec hniques may be applied for r s s a n l y  cs~~cept ion s Indeed , t here  ‘~ x t s t

met hodologies that seek to address  ansi codif y t lu’se  t m - c l i n i r 1w ’ s  Pollack 77]
This topic is beyond the scope of thin t ic  s in , we will soncer r t ra~ o our nIt  ‘‘r ti ns c’n

tile t ransmiss ion  of except ion not i f i cat ions .  It will f e  our u -s i l l  to provide a qc’ i ,e ral
mec hanism to pass informat ion about - an except ion  between  th point of i t s
detect ion and the points at which it may be - r o ( : l - n sp d  u t ~~ili ; m s n t 1 y.

The histor ical motivation for this work should be br ief l y menl o n’’d For ma n ly

years  I have been annoyed wi th the i i lcons p l l ’ t rn im ’ss of t h e  s p e c i f ic t r t R ss of va r ious

(so f tware  and ha rdware )  fac i l i t i es  I have a t t r  m t pd  to use. l i s p  r - roh lems ar ise m e t

in understanding the ‘ norma l case ’ beha vior nf a T a c i l i t y  — that  is (nea r ly)  a iwa \— 5’

def ined clear ly.  Discovering the behavior under unusual c i r cums tances  is another
ma t te r , since the author of the specif ir : ,-utions has ra re ly  bo thered to ask in;i’ innlf:
“What if ... “. Consequently, t i ne spec i f ica t ions,  and o f ten  the fac i l i t y  as wel l , do t rot
a ddress except iona l  conditions. I becu me I)a n f u t I~y a w a r e  of the cM f ic ul ty of
defining except ional  behavior in a l arge  c i s t e r n  during t h i s  des ign and c o n s t rn sc ’ t i o n

of the Hydra kernel [Wu If 74]. Tile implementat ion language ava i lable ( BLI S S—
11 [DEC 74] )  did not provide su f f i c i en t l y ‘o- ,’ i m r f u l  tools for excep t ion  hamld l in l s4 ,
yet  a si gni f icant  f rac t ion of t i le oper a t i r rg  s y s t e m  ~~‘c i~~ was  devo ted  to  d c t m ’ I t n n c ~.

t ransmi t t ing,  a nd processing exce pt ions .  This expe r ience  convinced me that a
general mechanism was needed that could serve as the basis for the precise
speci f icat ion of except ions.  But what proper t ies should it have? In seeking to
answer that  question, I embarked upon the work reported in this thesis.

1 .3 Goals and Scope of the Thesis

For reasons  s u g g e s t e d  above , we will concen t ra te  on e x c e p t i o n  i lanidl ing

fa ci l i t ies in a generall y procedural  languaqe. The precise syntax and semant ics  of
such a mechanism will necessari ly be influenced by the language and syste m in

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.~~~L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~ - - -



IN TR OD UCT I ON CH. I

which it is embedd ed , Neverthe less , we ~ari identif y desirable p rope r t ies  that a
‘

~~ general mech anism should exhibit before  it can he considered ‘eli gible ’ for
impT m - m e n t a t i o n .  These p r n p e r t s n s  will s e r v e  us )oals to be a t ta i ned by our
proposed mechanism. We briefly pnese nt these cjuuln; here; they will be explored in
greater depth in chapter  3.

1.3.1 Verifiabi ’ ity

Any proposal for a new language s i c - H ’s n i s m  s 1 s-mid be c lose iy  scr :t ’ ~~,’m’d to
determine the e f f e c t  of the pro~’esed ~u s i L ty  on program t r u c :  tu ne b x o:t in~~
mechanisms frequently exhibit glar ing i r r ,~’ i c - 1 i s ~:ies ri this r e s p e c t ,  arid , as a r e s u l t

induc e complex and confusing p r o g ra m  st ruc - a r e s .  It is d i ff i cu l t  to require c la r i t y

and measure it qua nt i ta t ive ly, which c -n 1i - s a s  i - a  i n s t  s for much of t i re  current
debat e on language cons t ruc ts  to sup~oii 1 r ui~~l tin rid prc rq t  anrniing We ni iii it ~ i i l

t hat c lar i ty  in an except ional  c - uin s r i t i o n  n c o l u d n ’-s n is of the ut i i iu;st  i I i l l r o m t , u r r u c’ , for
t i m ’ fol lowing reason. If we consider ‘ robust ’ p r c~~r ants ( ie .  t bus. f I na l  I a ri fle most
of tile ox cept iona l conditions that  u i  sum - s i r  e x c - c - s , t ’ o n s  er~v iro n s n n i s u i t ) ,  we
find that a la rge f ract ion , if not an as  t i isajor ~ty ,  of the ir  r o d e ~5 l~~vot  ed to
except ional  condition handling 2 Rr s r - a ii i l , ci the o f t — q u o t e d  c’ b s c ’ r e a  lion tha t a
program spends 907. of its exec ut ia n t ime n 1O’,~ of its  code , we would expect  to
f ind exc r -nt iona l  condition handlin ci code c. ’ c e is ; r u l  I d Ins t t i c :  i : s f ’ c s qu ens t l y  execu ted
90% taf thEt p rog ram t e x t .  U~o t h  t l I I’  i i ’ : : ,  [nr- l - ’ s i t i I s i s  of - x O l ’ p t I I r i r u !  t o i i i h tio n  hu’idliiiq

(:0(10 and the in f requency of c s x ’ - c , j t i o r i  amutu ’  n t r s si fly for ui ,i~ i , a ,jm  inm’c l iac i isms that

st r ive for c larity. But since c la r i t y  ns i~ : -. h-ic to g ’uo ra i itee  in prac t ice , We
demand ins tea d verif iabil i ty, believIng that c - o n s t r u c ; t s  that  n ’e  easi ly  v u - n i f i e d  a re
general l y easIly understood.

We wi ll require that a gei c’ r il e :,~s(t 1 ’ i , , , al cot id t ; u i t s  n h m ’ ; ; t i m n i : - n,s he a in i :s , ,u l i l r

to formal ver i f ic a t ion at a level ( ; O n s n :— ,t ’ ’ n s f  -_& i l l s  the t s th e r  c o n s t ru c t s  in the

language. This implies that  the ec ’, - r s t i a l  (i is I s i - j o i n  u m i - h - p e n d m ’ n r t )  ‘ ‘ i s - u i s t u ~ S of

t he :nimschani ’ .,p must i i i i ,€ - r v e  l’ m o m r l s  ~ t m u i r  t 5 u i i t i .  ‘ n i u ’ l : i i ’ i m ’ s  t h a t  h ise -e i - e n  :;lrown
to fac i l i ta te  v t sn i f i ca t io n , e.g. l ot c O i t y  of t l : 4 u ’i u - n  en h- n data  s t ruc tu res  and l is . t spl ined

2 (1 ~~~~~~~ s ys5 ’ . . r~’ aru’ ‘‘ .hi~,c t1 ,~ m o st <- i , ’ - ”  ~ ~~~~~ ~ ‘ - rr

6
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tr ansfer  of control ,  if c u rse , t t s i ’  , j i (a n h a t s i s r s  ti f thifl rneshaii ism for a s p e c ! f s c
‘I’ irnplem e r l t a t l i a n s  mus also n i  ~pea t  l i s e s m s  f - r i n i c ’ ; - ~es \-‘u.rif iabu! l ty  will be an essent ial

proper t y of a w r ’ l l— s t r u i c t i i r e d  - x r ’ i - p t ca n hai d i n g  m- - ‘ - - i i -u is m.

1.3. 2 Uniform ity

A f i j i i n a s - i - i i t a  i r r h - ~~ .fl1 “; th f i g  n r  ‘ 
~~~~~~~~~~~ is U - i f  i lo’~ - pr - ,- ‘dn .

au - i  es’ l , ih i le  s e a s ’ ’ . 0’ f s r r r s s f l c n r q  (in i’y ls i s ’ i - ’ i  r l a s ’ , r - ’, n ’ n ” x ao m i , i’u- - V ,’hr m s a l n r — ~r-

s v ft c .i~ i r c ’  s y ’  t e n s  is - i nn . , i m c u r ’ l u r l I i 5 ( f 55  ‘- O’~’ ( ’ m ~ fl ~~~ au-~~- I a ’ - i ’ ,nfls , ‘ 5 ’ .  nf ,- n~~ar ’-
~ ’s

b e t ’ s - i - c n n  i i s f ~~e m i - n i t i - a r t s  !c - u :esr i ( ’  ~i - ’ .-~~v.- ,~ rd , j nc unm s i s ’ ’ ‘ it , I hcult t ,- - u - s i c - r s t ~~ - n . , , ‘~~~~‘

c ’ o n l ’ e i l s c ’ r i t l y  c r r o r - i - r - r’e A ç jene rsr i rns -u : l c ~ r - ,is i  p~~’r i n ’ s a ~- e u  ; i ’ q i u , n i I u s s s s ty  t : f

C X  - ‘ l ’ ’ - S i i ’ I s  at i t  le ve l s  of the cv ‘—1 ’ em ans I  ~~‘r  all ‘~~~~f2 ’  - m e ’ s , f a c i n i t a t s -

u i i d i- s  .t c n n r i inici 51 11 1 , i m s . , i d ~~s s t s i i i y ,  -amp i s f y s n c ;  s - t - r u I i c a n . in c , n ’ n t i n’ -~~~ ~V -  wa r n u-

~‘ x c s - t t i M f l, c i  L - ’i ’ i ’ t l o S i  b i ( I i i  I L - i  i f i , - r 5 u , , r - ! - ~qi f n bi ~u t ’ - l i ~’ .’ible at  all lnv ’ ’ is  in a

s’V- s t c s m, f rc im j s m - s  l - e ~~; - s m  to o pe r a ting  s y s ti ’ ’n / i s a r f v . n r e i ; n t r , f u -  e ( T i c s  ma~

force  a s i u h s t , i r m t ’ a l  ‘ - l s u s ’ - i c s  ml the wury we viin u~ per ip he r a l de’Hs r”~~, ‘ u t  if t p c ’ m n ’ ’ t s
a t i t i i f i s r m  a i - i roach , ‘t s v ’ ’ t i i w h i l c ’  ) V u -  s ’ ; - - -

‘ be - - i r- . 1 ’ ’ - t b r ’ d by the limi t at ( , r i - ~ f

ph y s ica l  m I’ 1 i ’ s i n ’ ’  iit,i ’ s c n , to  rr” i s S ’ ’ ’  i ’ ’ s t ,’ t h a t  u u k - u n ’ -  p n m c v s - : J~’ a ~;i f s ,’t  of Us e

c ie ns i - ra l  mechiui r’iism ’ s t~ s~ -~ t i c - n , Ii - ,- u ’  vi’ ’ , f b l s , ’ s i i I ’ ’-~~’t in t s , ’ b f  ~vi Il I re  -~c n n i s h c u , t w i th

t he other goals i- f ‘he ml’ , ~ r’ fl u’ r i c ’ l y  -
~ r ‘ f : ~~t L  y and adeq utnc s y

It u- - r n i p ’ ’ s t a n n t  0’ S c ’  S h u t  i ’ i f -  i i i i t y i s - ‘ ; ‘ r  s a~~s s ’ n  i t  the in ’ ’ , s ha i sss m does n
cor ls t ra in  us to  l v i ’  -w~tli , s i n i g l c -  i m - ; s l ’ - r n ’ - s l i  - ‘ c ’s  at  a ? leve ls  and for all - j i 5 i ~ h i t i - i - s .

Indeed, t ine imp iem r-n ’  t a t  ion of ( f b i -  5 :  b - s e t  o f )  t ine g”ner al mechanism ri ha rdwa re

will obviously hr hi t  te n  u-nt f s  ‘to I lii’- implement ~~f l u-f l  in s o f t w a r e , The ca me holds t - inc

for o l s e r a t n i s u  ‘~yc t r~m and i i s l - m : ‘ b - c ’  imp !’ r s s i - n t a t i : i n s  of a single conce ptual  l u - ! t t ’y

may , and pr i i l rah l y will , d i f f e r  It m a y even !‘~c ~‘ isss ihl in that seve ra l  i i i’ ;t ini s~
iniplementa tions wil l e nt w i th in  ri -- nc ~ I~ ( la rge)  S ir- c o  of the system (this is t rue ,

for example , In the kernel of Hydra [Wolf 14]). We will require uniformity OnIV

Ill t I re  f i m n l r . t ’  ii i ?  si c - ’ - ’  f - ’’~i t i  i of t b ’  r m i i ’ r - i i - s n i s , m .

We n -g b’ •~~t end s’ -~ a r - r - - e n ~~ ‘- -~ N - p -
~~ a -

~~~~,‘, ‘ - ‘-.ri c ,— ’ ~~. ,~~
-- - -‘ - “ - -- ‘ar nl’ c- s f o r  gerler~~l c - r n - c l  n - -v~

i r ’c l ”n r l , t h - ~ c c  ii- - - ‘ -  in r r - -’ ic on , , ,
, -a .. ’ r ,, s-  - 

- - . -  — - , c ’
~ ri ,- ‘ c - i c o n s  for r o t  ~i , - r - g  s j ’, ~~~ 1- c ~- - ’ - e d  in ~~~~~ f - c ’s’

ci 
~‘ /

0
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1.3.3 Adequacy

While we may define a mechanism t hat Is uniform at all sys te m m - v , , ! s  asud  t i iat

lends i tse l f  easily to forma l ver i f icat ion , we - t o  n-~’ thnreby h’cu’ i that It Is u~~et

To be worth imp lementing , the ns ec hani is m 111 51 h s  capable of ~ ot~~~si~~ a - - -
- - - of

- r e a l  world’ problems natural ly. This last  word , ‘ in - i t  ur al ly ”, is tile fl y in the oin ’ °—  
~~~

‘ -

s ince It implies an aesthetic judgment of a part icular pioblem frr r rn ,~t s :,r: ~~~~~~ :1cm - ‘ - a t

hope to pro v e that the proposed mechanism s l~ , ‘mp h - s e ’ , (tha t  i s t t : i t t ‘t ~ ‘ i i  ,- o tv- u.-’

all except iona l condition handling prc-hlems ,) I vu-n if we could do So , We co -a ld  “ ‘c

prove t hat it would do so “natur a N y - -  
- Acc or  U-c ’  j ly, w m - s e t t  o fu a rn(~t~ uj, -

‘ adequa cy ’ , far w e a k e r  than -: ‘ t i ’~~ . i u-ness, wbs in l s  mo m ny  shows that the fl U! S

is t ndee d good for s o m o t h i n s q .  We w ii l  demonst r ate  ‘ adequacy ’ Inductive ly I- ,->-
i -x r i mtip le r a t he r  than d n ’ ’ l tu i t u v m -- i~ ’ by Pu- ’0 f Iio’.vrver , as a ~~p c - ’ ; i f i ~~ Cond t u- ni ‘‘ ‘

a he i- m any,  we wil l  s i c - i na n n d  t h a t  the mu-s - u a n l s r r s  accommod ate pa rah~sh as we l l  as
sequent ia l  progs1i mm i ng,  for to res t r i c t  it to one or the ot her is to exclude a rn~~; - - :
c n u i r c -e  of rea l  w - 1r ld ’ c’ -

~cept i onal cond t cn handling problems.

1 .3.4 Pract ical i ty

It us not s f ’ I - -  c - .nt n n i , ’ n , ’ i - e to  f ’ ’ f i i i e  a nsi  a i r : isrf l  w l s o s m,  funct Ion a l i ty  m. ’k , ’s it
I t s  impleni’ m m l i i  g ‘,‘Vp nnis ’,t also be able to deliver that f u n c t i o n ai u t y  ~~~th

r r ’ a s ’ i r s , —,ble e f f u c i m - n i s y .  No p r o g r am m e r  will t ake  advantage of the mechanism if the
iiiip l C s s n m ’ r s t a t s  ii m’i,i ~ is ’. It too cos t t y t o USC. Wi- must supply the Intended fund finn at
8 (‘ ( 1 s t  that  is , i t t r i m c  t ;v e  ha f l - ’ p rogrammer , for o therwise he may employ other
lan g uage  c o n s t r u c t s  to  ac i ,i s s s p l m s h  the e x c i - l I l u n  handling funct ion .. , and s ac r i f i c e
c lar i ty  In the process ,  While the programmer need not , in general , be acquainted
with the Implementat ion of the except ion mechanism , he is ent i t led to know that  It
supplies the adv c - r Ii sm ’d function at a cost that  Is compet i t ive w n uih i-n  nate
language cons t ruc t s .

10
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1.3.5 Summ ary of P ro l-v r t ie ~

Thu -se l) !O Pi-s r t iC s , ~i t e m l . c h a r a -  n , - r12 - e t i e  fu r ic lanmen ta l  r eq ui r e m ciu t s  lu-c f a

ge nera l e x , i - t - t , ~j n,- u i con Idioms ti iiii l l s r i m s- - ’chan i ,s m.  ‘~‘.‘u- as .~ en t  that e m e c l s u i m , r , r

ex l i i t’ ut i ng  ‘iic’ s ur pr ; o m t c ’ s  m u  p r c - c r ’ s s t ~ an a d v , s - ; e -a ~he 5t~~1c of thr:  a r t , ~- i -C e  r s . ,
e x i s t i n g  mec:ts~i n - ‘ -a ’s ns s’ - ? s  t ! - s - s e  r’  i~ i - v ‘ :  ‘ T l -su ~ r usppo: I t ng ev ,doncf iS  ‘ 1,

cha~ s f  or U ) ‘-.‘~ ;,rr rv l ~ i r i n t q tha t  our m i-- i ;  ‘ , , ‘ i- ~,anssm he ai- i n lo so lve-  a
cot - c i s o n  of prue.~ s i i i t ro t h— ms t h a t  t s u - ’ e t o f c ’ r c a  f , ~~ c’ i t  Is is” n l s c ~t , -:fI~~d o ny  by ~n
of ,vi t’ i ’ u  t u  s ’ - , ; s , c ’s Eu ‘~~,‘ r r ’ iOr e , ‘.-v u: r u - l u re t h a t  t hi so not by a j :ut ” b l t~ Cf
loosel y — i n it e ’o i ? ’  d f , ic i ’ , t - u ’ c  ,i~ liv a sing le , un’i ’ ’ -m n s o ,  O c , 1s~~rn tha t  con h- -- fo rrn -~ bo,

prc) v c ’ c t  f i i  li~’ l ’ iuu - _ ’ ’ - i ’ ç ’  u-~s i s c ’ L~ ,it c’d ,‘.‘ , _ . , ,  t -u u ily ~i ass is t  he u:npfe rnu- ntnt ’ e
i~j i t t i  c~ -s- U1fl ’ i ( t l s  C o s t  to  i s  ç~f ‘ii t r o t  u t - H t y .

1.4 Synopsis of the T hes :s

-.‘;u- ( n - i  r U i -  t s n i s  ot v ,’ . c h - t - - i t~~~OC 1’ i  ‘.‘“ ‘ ;  in ? ‘ s ’ u r s f i c ; C S , which r o r n c s l lo m l d
t i c  l i ii -  l i - s m ’  m u - p  p m m 5 ~~ - f  S t b i c - ~~ is Per t  I m n l t ’ i ’ - - u - i s  ‘ - s  the t — ” p i c  in two c;h~~e te r s ,

T h is s l iaptu r  Ii us c - s t , t t u l i ’ U s c - d  s i nsu l s  for the r r s r r s , , i m s d e r  of the work , Chapter  2
s u r v e y s  p tcs v mnh in aç ’ - s —  ‘ - u - s  to c -  c c -u -  - a — pr u - u - u s i n g  and evaluates them In tc rms
u-f I Is ’ ’  goa ls iaf th is ’  p’i ‘c ’ ’d i n ia  s , -  f m ,  V~- n t i ’  t ic s  backqrour - u d establ ished , part  II
pimj is -m ’dS to a i r  , r - n t t a t i o ~ c- f a n i u - -~ m is i ’ u - t m r j ’ u ,s ,n ii r irst , inliapter 3 e la bordtes
the qoals d r l~ i x  plores ‘heir imp ti n a lions on t i n u -  s t r u c t u r e  of the mechan ism , then

c hapte r  4 p n r s m ’ n t  - I h i -  det a ; ic  of tha t  mechanism , conc u- m it rat in g  on a n
opr-~ a t i c m i a l  Sp r ’C . f is,lt u ’ s n s  i i i  lan ; i s - i q i - — i n s d ’ --p - r i d ’ - n t  u’ rms .

Part  Ut ‘f - ’ r n n , c t r m i t ’ - s  t ha t  the mss i ’ u : h s u i i s i n n i  of pa rt  Il meets  the goals laid down
in par t  I. Cl - s i I c - r s  f -i, f~, 7 . a nd 8 each address one goal in
deta i l , rot a  t ins ;  t he  cpu-  c~ f ii r, of hu- c’~ uspu r  cc~(I mu- u- hi  -niikm to the concerns emimbodics d
iii t h i s  q ’ ’ i i ’ ’ m a l  ‘ , t a t , - ’m: - - i ir; a l - vu- I o i L y, p - i r t  IV summ arizes the rontent of I t s
work and r m m n , s j r j e r s  l i m O  n i ’ s s , , ! n i s n i u l  i i r s n n u i v - c - d  t - n i h lems m m d  ~os ’~ib Io fu ture solutions.
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2
Survey of Existi ng Excep tion Handling Mechanisms

~~~ ~ ~~~~
- a t !  ‘.11 ) 5 i1’ic ’

I sh al l  ,i J,- u- vu- i n t i m e  —

To I - I  i / u  / c ’i.’ s / m n ’ -:it ( / 1 h1! ?  (n i n e  —

ihI? [ u i r i ’ ~~/ s i ~u i ’ / s t ( / 1  lImo r u- i n” .

— ~C
c
~V t~~. u,’Ult ,’ r t  1 1 , - t~~’ r ,cJ r ;

To su : i h u i r ’ ’  5 -11551 ’  ~- - r ~ - p ’ - u : t i v e  r i ’  t h u  - i i c t t - - o t — t t —~~r t  i c  ‘ c c p t~~~u u ~~i n on id t u rn

h u m s  5 i s i i ~~. -a ’ s -  -v- h C’ ’  i u s u i : i -  p155 I 1 O r 5 i ! i [ ’ I l  i m o n ’ j i ’ n s  u s - f  c- ~s t c - m  s i ’ - ( , t i O m c s c m s  t ha t  I , ,  -

l , i- i ’ r l  mu -— ed or t ’ t ’  i- i l  i s i s  t ’ uus  ; ‘ u : r ; s u o .  t 4 s u l m I r a l h y ,  i i t m r  s u i rv ’y ilu,ir ’s not u m i , l u’ n s ’

i - s i u - n~ l~u s ’ r t s i ~~’, ; ’ -  ‘am r - r i s i s t n i , c t f l o u t  l i s cs  a t l - - , m - n ’ - c l to s c d d n s - ~~s t i c ’ p r o i c l e m o , h in t  i t  ( i u - ( ’ S

~-n~ ~~~~ t h u -  1 ’ ’  ‘ s r i - - s  t i - u t  t i ;m -e 1 - -  - s i  n;- ; --~- ’sl ‘U. n s i r l ude mt - i our l is t  H - c

m s u - ’ u,t nm - - m a c t hat  h i v e  h r - o n  r s o p u - ’~~- ri hut n’~ t i is s ; lpm’ r iled

2. 1 Some E~~c o p t i o n  H a n d l i n g  I ssues

b u s f u s m r ’  n - i u u i - , u r ~~u i ’ i I  on a s s u r v n ’ ~- of , - ~~is t i u i - : ; n x C ’ - ; - I i n f l  h a m s , h i s n u s i  t u - s f s u s i q u u s s s , c’ ’-

I - r i - f l y  - n n ’ u r ; , r ’ r a t c -  s , , u - r i -  “ S I t S ’ S -  t hs , i t w i l t  a r i su -  fn i’~i r - ’ -  nn t l y in n i H  r u - u s - n i t  d s s c u ,s i i n us- ’ .

\ c - ’ p do m i t  a • Is  is ; i i - ‘ - - In ‘ ‘ H - r e  t i s ~ - ‘ c  s -  ‘, s u r-r - ‘s U- ’ - - p 15 , u s ’  - r i - i  ~ l is t  t h e m  -a s

(!i c ’ ’ _ t t h i s l S  to  hr s- ~r - - ’ ,~~ ’d 1) 1)11) by t h i s ’ r ‘S i ’ t n  i t , - c h i s u r n ’ ,r i S i bm s m i l ’ m ’ d  in thu s

c l m a p t u s r  ar i d  t i t u s  ; n ’ ; i s  —d i i ’ c s ’ . 5 I ,u n l i S t T l  n r s i c m i t c ’ d  iii c h s a p t i s r  4 ,

~ 1 , r - r i f j r , m t i ç n n — b - - s i  - i r e  e~~s ‘- ~ 
t i i ’~-s a l c , o m s c l , ’ i-: ns r t s ’ f t n  r30  A re

t I  i - s r ’ - ‘ i n s a n i t u s  f i ’ ’ i ’ s - s t l ~ ‘ ; ‘i ’ i : i f i ’ - d  ? ~ l h i , i t  is It ‘ s l’ ,cC ( i f

‘ - , i t ~ u , u t I i i ’ i ’ , t i  uc - i i , n hi  t h i c t y miia- 5’ a p;- ’ l~~?

/11 ‘ - l , e i i f ’e f l  - -s d I”r ’ - ; r i :n t’ f ’ i ; ’  S i t u- - blew n b - i u - s  t he  c ’ ~ u c - p l n o n

is . -n ,li,, ’ su ’  ni - s it ii , b - s t ’ -i ‘i ns ’? F-i c ’ s  it a id in Use c l ’ ’ ‘ - ~n ; - o s u i t i c - r s  fit

h _ n i ,  ; r , u s u s - ~ fli~~ u i ;  u u l - - d r , c ’ t ’ nm l - n~ n i d - c r i , ’ ’,? Is it ‘n - - i t - I s ’  to m ’ ’ c - e s s

clii ‘‘ ~ c-
~ 

- n ~~~ w i t  l i r i m m I k u ’  ‘~
cj m 5 u t  this m u - ;  r i -  -

~ u-nt at ion-is i” tss i’ i loyed by

the F c n i ’ p ; c m  thu i t d e l i - u - t n  i t ’ i

13
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SURVEY OF EXISTING EXCEPTION HANOLING MF. :!uA r ;ISMS CH. 2

a Shar ing — Does th~ moc l i u i nsnsm ‘ c i i  nivu- shared a t s s t r a u -  t u - n m: ; ? If

an abs t rac t i on  is sha me d m u imis is ig  s - co ra l  con tex t s , c-an exc us i - t i on

pmn cu-ssi ng r u- t a t e d  to th ‘it  ‘ s I r s  f r r u m , t i n u i  t~ us s hamed  as w ’ ’’ l?

P r o g r a m m i n g  Fle~a’b i l i t ’ 11 — To r \ - i sa t  u- xl e m it  CI~’PS ft e • cept ion

mechanism inf iuence non-ex’s :.’; t i s - n a l  p rocess ing ? Does it

restr ic t  the set of pi-irmissui lo i s i t s o l  u ’ s - I  - h i t s ’s s t r u c t u i re s ?

~ I ang uage — Wh at ‘ u - s t  iC t iO f l S  ~u-ssJ as s u m b s t m , ’ni, - m u’ r ’s  the ‘ ~ ce;: tun a

mechanism impose upon the  a m r - u i s , u q e  ri w t i n  a it is s m iae - r lu ics d ?

Are its requi rements  re 5 , t i - - ’ i’h~ ~~‘ ‘ ‘ ‘ u ’  ral or h i q h5 y Ias c n tt m —, t u - -

speci f ic? How closely is it Pu- m ud to c;iobal Ianr~m uu j qm-  prop! m - -

e.g. sequential pros r s S S i I i i l - ’

A V e r i f i cat i o n  — How cb s - s  the mc- ,‘ ,- s - - mn ,uf f ’ ’ r ’ t t i - i c ’  v u ’ r u l al , ’ i ,ty sf

Its embeUci i nr~ b m n m n ’ i a g e ?  in - - s  , s t  r-c a~-s u i - mu- - H i s ’  di’ s m u  f r

ver if i ca t ion  c o n s - f  ra i n  H ‘ s s ’ s r n a s t ’ u - s  - ‘ i f  ‘ “ ‘-  ( x c ( - p t ,  u-s !‘ is’s; ’ - i f l us ’a  ~

* Cost — What us t bs p .1 rut s unu l d  tb ’ ’  i 5 : ,’ ’ u - h i , I i S i i ’,iS i - s - - i c _ i ’

cost distributed~’ Is- t t i u -  m s l - m r ’ - - , - ’n c- i : i 1 ’ u ’ t - t s V O  -,es th  po les - t ally

a t t rac t i ve  aItern~m t s ,- c n i s s t r - s - - ts in t s r’ emhi ’ r s hdu n i q  l an -wage?

This list Is by rio means exha j s t ce ,  hut i n s:’ ; i s ; : 5 r - s the t iso st 5 ‘ i pe-m ta t i t  iS S U u - S ,

The questions are c ,il~s t , i r s t i - -i l ru - s ums ,  and mi re i,-~ H ri d i rect ly or -ou b’ b~’ nut  e r — r  u -- h a t e d.

In t i m e survey that fo l low s , ‘-sin will not a t t e m t - t  to exam ne ea ’ s l u  ‘-,sUe in t he bia ht of

( S lu r Ii mec t nai i i sn m ; ral lier , we v~- L  I sv  O ’ i y’ to si ’ , ,- , , - : - , u  t i n ’  p r mssu s n i i ’ ’ m t  , f ’ ~ iu ,~ t i v-, u-nd

wea knesses of eac h mr’c l ianusm in t o m i - - : s  s t  t h u .  l i s t

2.2 Sequential Mechanism s

By far the t i najor uty of u ’~~c n’’ ’ iiofl tO , , c j i i i ) ( l  m n u u - c . h s , i n u- - ’m s s address  i t - ~’ the

problem of s o q u r- n t l e il p r o_ i  s ’ m immnu n ’ : j , for  uubv i n : -  s ’ : - t i s r i C i l i  r u ’ ii’n mis,  V 5 . i -  \c ’’ l i  5 : c , t I S - u C I C ’ t

the de ve lop ,nusm nt u- f ~~i-’ q u i -  rit s i l  i r i - i Jn - c t i n s r p ” ‘ i i  r u -u  U ’ 1 ’ ~ 
c b - n , s n i o b m n i m u -a l  ,r i i us r

1 4
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2.2.1 Unusua l Return Value

Perha ps the most pr imi t ive  form of c ’ x C c ’ p f i m s a h co is ’ s f m t io im h l f tn rhbind us ; ’ s ,- s t , cnus m iS

the ‘unusu al return value ’ f rom a ‘-s ub m o ut in ie  r m v n s a t o n , i u s d s - u - u t i n g  t h idt  ,SO i’ u ’ ?

abnorma l event  has occurmed.  This  te c - bm n l iq u e -‘s f ls nhd as the  s ubrout ine  c c ’ s ’ r , ’ - p ~
i t se l f , and is p r - l ibby best  v i ewed  as a dc-c i e mn s m a t e  fo rm of i x  c -o p t i ona l  c r m m m d s t u o r i

mec t i s un ism .  I ts  obvious de f ic i e nc ies  inc luid u , u - c t  ( t b t ~ - conditi oni rsuui st his u - x p l ’ u - m t i ’
u - l i - c  ku- h u - r i c h  ‘ j ’ , uss ’ s r d  up ’ at all h i r ( i q r m r rn h i - v u - I -  ), poor m u b ) s t r H c t u u m i  c , hi ’ u n a c t u ’ r u s t , c - , f i t
f m - n i h’; t o  ‘ ‘ a d  to prn rus nsnning pu ns thu- i t ‘u s c ’  t a -  u-h on internal  da ta  St ruc tu re
m c - ; ’ n u - ’ s ~ ’ i m t ( u t u m u i s  w s t h m n  t t i ~’ ‘ ‘ ‘ , s i n s i ’ u i U’r), and j u n- mi s o r- s 1’~~’ ’ ’ f e  - u t io n W inks Hue

‘s i n r u m s u m a l  m u , - t n a n m s  v ahun ’  b ias  so m e u t i l i ty  mi s i - i ’ , ,- h ’ u - n t s - ,-d  u - u - r u t ’ ’  ‘ I s , in ; c - m i u - m a l  it is

h s c ’ a v i b y ‘ ‘ v u ’ r— t i s i ’ c l  u-nih is m r  a ” l i ca lh y si c l s u - b s € -  sm ”sanq ~~x c s s - t - t i o m i  handling r:onstruc ’t s .

2.2.2 Forced Branch

TIme s impk- -~t to rm of i x ‘ - p t i o r u  b~~u ; : i b - tsc i  inc’ . F s , u ’ i i ’ - , nm i t h at a c t u a l l y  invol ves a

rmor s — s-, l s u r n d , i m i t  c : o m m t r r j t  s t r u c t u r e  is the H u- u- -d ra nch,  li-i assembl y Ia rmg uaq e this
m n u - c hs rmn m s m f im ’qu c im it l y a p t ’ s - s i r s  as a ‘ s k i p  ru- tu rn ’ f rom a subrout ine, i.e. the
u m u - ,t r  m i s t ion imriiodia t ely fo i l :  -w ing the sub’ m r  i ” s u t  m nie call is or is riot skipped to indicate
t In’ p r u - s e n i r - e  (S r ab’ - e n i c - e  of mini I ’ X (  u ’ p t u n u i u i l  c ’ nn id i t n’ i i , In F Cub I kIN IV arid A L (

~OL HO
t h u s  m n s i - _ , i m , u mi i s - nm is qc - u i u ’ r s u h i . - - d lii l ’ - m m T s t 5 C~ i u-il ba ’s - i - i s  to bin pui~-~~u’cI as pa ra i s se te r s
to a ~ m u I r n u i t m n ’ s s , suc h labe ls b c - m ug t r e a t e d  as possible a l te r mt iu t e  re tu rn  points- The
c m - n t r a l  notion is tha t  the c a l k - e  d e t e c t s  an e x c e p t i o n a l  cond i t ion  and p e r f o r m s

‘,rnns u- f j c ~~’cj ujct i iat i  (e q. add one to this r c ’ t u r n  add r es s  and ex i t , or brsm nc:h to the

h n u - j u t i c , r i  ~- I - u - s - u f i -ci by f b i c ’  t h i r d  p - u r s m m s i s t ’ s - r ) .  w inch is u s e d  by th is u - ab le r  to  i i l i t i at i n  a
( , c ) u m ( l i t i u c n i  ti s ’ m n i ( J lo r ,  Suc- h i is c ’ c :hu ~unisn is ge ne ral ly  impose l i t t le  (Sr no ov uur l ic ’ad in the
‘ n i ’ m u n u i l  r e t u rn ’ c - c i s c , an d thus el iminate the ri - s t  of exp l ic it  c h m r s c k i r c q  i n herent  in the
m m n i m i ~~ij u - i  n c - t u r n  va lue, I t i u-c’pver , t hey  r a i s e  c u - n  linus Ic m n u r a m  c t r t m r . t t i t i m t  I S ’ S i l u - S

,iilume by a i u s s r  to I n s - s i de a R ’ i ; i t i n m ~~t u -  I i a n d h i - r  for ev u- r y  I nuid i l in f l  t h e  - u i l t u ’ u  c n n

r . i m h i m a I  may l ’ ’ su d  to uu i ’u p re ’ h u c t a b h e  or u u t a - t r o p hic r i - s u Its  at r u r i — t i n n m e .  (In some

lOH I IRAN IV lmphi - me r ita t ion s , for examp le , omission of a second label pai arnote r to a

15
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s u t u i o u t - - m e  t ha t  c’ x~- i - c t s  lhr r -e r l rmi _’s not u- cult in a co r np i k - — t im e  O rro r , a i d , at  s - t u r —

t ime , may lea d to t b e  t -an d i e  f - -n f lu- ’  H’ ‘rd &ter csa te re tu rn  being invr* ,c- ’~ v - u  - - n m  ‘- -

s u”-co nd w a s  u tu’ nded ,.. a r i d  ‘,~‘ , ‘ 5i i ,;t a n s - y  u- r ro r  mo s s a q e  ) t u isu -, f l u -’ u i - ,’- of s imple
l a bels  to  s t ’ u ’ c , i f ~ e-~c u- p t mor ia l  con:bs l :c,n ha i s - ’ f l e r s -  ( s m i s - t - ,- ud , fo r  e xa mp le , i f  s , - b :  ‘oii tu nie

names)  encnt,ra ges proqr a mnmn scr s to me rqe wI - ‘  ‘, s p c - s .  i l s !u~ th e r u n  Ii - i or ~~, u u  -
‘

ha m is l i e rs  w i th  the r n a i r m — i : n s ’ s ’  r ’ r s - s u r a m  a - s r I  o t t u c ’ m  hsm nd l r’ rs , in  a r n ;s t a~’ u - u u  at ~~i’rs- rpt us ’
‘ e l f i c s u u — n cy ’ . It then become s c’- x t r e m ’ I - V  s - H ; c u b t  to  d ,s~ s n r ’ - n c -  t ic- - ’, ‘‘u- ti ;  ‘, -‘lii -

~~~~ .s
r e f c - n e n c e  a par t icu la r  p iece of h andier cod~ sa id w h i t  ftc’ c s s s b - ie prr’ni sm t a s c s

can he 011 m - ; s t r y  to that t r n i i - i I s : r .  These u : s s l u c c p i ; t r c , l ‘ :anu-s f uss  c -~ - ‘ - t n  u- i r c - : f l p i- s’ u~~e
the task  of v s - r s f y c ’ -n t h e  r’ n r r u - r , ’ nr’ss of a ‘ - , , l  mr ’ u -~ uni- c i  ‘ ‘ s - h ttii’ ¶.~i’~~p ~5’i ’ ’  ~~S ‘ ‘ is

qen~~’ ra I - 1 -  , f n  jnp~

2.2.3 Non-local GoTo

A s is ; sm ia r  ( t t c , s s T h  cs5.c r h i ’ c s r a b s s c - )  r ç s m m s t s , ,  t , , s i 5 - m r  C P I - - a r s  i r s  AL 4 s ’ h  ~~ ii 0

s , ( i u s u-’ othe r  t ’s l ’,c. k- , f r s s s  f t i r , ’d I s m m - n s ’ t i s q , ’s is the i s ’ n - k ’ ( Su l ( u - t i m  H a ~t - ’ t u -  t i - a t
c I S c ’ s  i l I C S  a d ’s ’ s !  s a l m o n  c i cu t s u- t e  ‘he pnorod ur i :  in w h ich it a p p e a ’ s )  t h u s  ‘ l c -

~~’ i - c e i - a s
l i t t l e  to ru ’ s omni mend 1 on pu-- lu-i ’m ‘ s t r u c t u r i n g  r r ,’s m m s d c . fur i t  q m s i r - - - f i s O  L,u-~ ld ~~ 

-
‘ c ’ S  /

l i t t l e s - r r m n t r o l  ev e r  the rhi ’ s ,u c s u ’  üf Isa ns ’ Ib p r  and f ; u r t t s r - r  t s i ~~r s  t t i~ s f i sHr i c t uo r i  ( m m :  t b m o

(‘ , u l i l m S i t  p r u ’ - u ra r n )  t i - ’ ;~-e r ’ n  m a n - l i ne  ‘inch e x s - u ’ p t u n n a t  condit ion b , - n s 1 - - u s ~ code In
; u’ h l i t u r i n , , i t ’ u s - u qh  t he m u m - - i-i - local q o t o  I :” r iT -  i t s  the e~~m - ept ic - in - m i c ! i  c u t i r u - i  to u - a s s

‘ - - m ~~s i - lc ’  ! i ic ~ c in’ ! r’ct ing pr : i c : e rhuurr (a  rh - s i r - - c h I p  l ” s ’ i ’ u ’ r f ’ ,- ) ,  it ~ or’ s Ito’ i, ,, e r b c - r  C ‘

t i m e  t u m r c t ’ s - t  m u- u-e l)  H r i m - u i - a r  in a i - x u c a i i ~ r-n cl osm n ,, i  ‘i i’  k Such a u - I ’ m ,  t u n e  is; r a m u - y

a p h c r r i p r u n t e :  the c nMs ng b lock (which may not he t o x j c - shi ~ enc los inq) can su - u- r r - a i l y
s u p u - b y a mor e meanni n- u f  ml h , m n d s s - s  Fur thermo re ,  the u r n -  ci~~al  qoto may a buort  the
m . ; u I l’ nq  u roced iure  wi t i s ” - i nmt  g iv ’ i- ig it an c ’ r ’ po r t u m n ’ u u t y  t O  “c l e an—r i p ” i t s  d a t a  u- ’ r o t o r  ‘-n- s .

u s  u u r s d i s c i p t i c u i s d  Is i u m is t e r  of u s - u - t r o t  e~ , C - ’- I - i t i nd  by the ~j - ’ ’ - s n ra t  qcs to is a s i ’ u m r s  a~
many v ’ - r u u i c a t i i m n  r l i f f ’ u - s i i t i i r ’ s  ill l i u s u s u c - i g u ’ s  t ha t  ~

s o- s r - s s  ~t .
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2.2.4 Procedure Vari a bles

I minqcu , u i ~es th , m t  - s m n mi t  v s i m m , , l i l , - - , Is -  ‘ s - h u ’ r  t ,, , r i - ~~c ’ u l i m n c - s  c c o i t u s , ,  ‘t ic’  ,,sn-; i - f  a

p r m r s i m t i v ( ~n ex c e~s t m o ’ )  un e c l i 5 u u i m ’ ,m, f i l u j o l — b  f’t [van  ~v ’ - j ’ m s ~~- ua rd - ’ i u  7ti ] r’ ru ;’ ’ rsu s f l u , ’,

inm os t r ’ r s s m b s h c ’tCly d u ’ s i ’ ’ ’ u s -~’- s ’ s l  ‘ 1 5 5 5 1 , i  i f  It s rmp ~’ ’ u — a r ; t ’  u tui ,~ - 1 ~~~-8 , , s , - ’ : t , H s ’  c- i ’ ; ’~
m r u - , ; l u r s  on ‘ f s k -s ’ , w I u s b i  s , r s -  m r - l u , - s.~ - ; m t c - s u  u i - c - - a d a t a  u - t r i m s  s c -  t~ -,, ’ ‘ m n - m u g  - ‘ I c r

c l u u a n t u t i ’ s ”  s , co ntauns  a m i u un ib ’ - r  cut l n u - ’ c I s u r s ” -  v,’ m r ssm t i l u - - , I s uc h  s u s h i  v c - , r s a u - 4 p  us

,us ’~oc ia t i cI w i th  a I - r u s t i c  d5 5 ,~i -~~~- u ’ -p t ’ m i s u i  c- r i b , ’ ’ ‘ u s , c- c u .  kc : t rcu l  — ‘ r , - ; f - s ’ ,~~’ f s s m  V I t o - ’ run

plicol an s i ’s , f lu ” ’  u-i : - r o i - n i c ’u t m ’  ‘ r , s ; u ’ i h l u r u -  r ’ n u ’ i a u - i u ” s ’ -  u’~~- u- to s i r - r u t ’ s ’  ,m pr - -  is b u i r u -

i t  - - i t  m c , to  I s ’  u u v n~ i’d us - ~l -: r t c-i - s  - - - u - - - u s -  ‘ -- - u  O s -  - i ’ tm : o u  on f i r ,  - ( i ’ r ’ c ’ i  u - c - m n )

‘, — c i l us ’  n s s t i j n m u i ’ i ~ by t h e  p n c s c ; c ’ m i s i r e , t f i e  1 k m ’  m s u - u i m ; p u u i , u - - - c n e r l s m u e  t i ; ’ u t d i ’ l u - ’ ’ t e d  c ’ ,0

e • u- c-~ - t i c - - u i  - - i l l ’  - m ‘ u - u ’ s  p1~~- I , - ‘-. s ’ S  ‘ s - i c ’ s  ~- - - s r- sn’ ,, : - - ‘  m -  b - - c u ” -

I Is is , u S c i r r ; s , u t u i m n  of - i -  c- - i r s - - , ;c ’ t j i  c s l s j ; ’ n  ! -  ‘ u - s  I - -  - m n  c - s 5  -‘ ‘ - b c - I  S s c ~~u-, t . m u r i ,  ‘ i I ’ - ~ b

- ‘. mscn pt io n l u u m m u d i , m u s i ” [ G s i ’d’ ’ u u o m u , c - s m  , 
~

c J  u - m i  I us i u u - f  ‘ i ns u l in ’  bu -  A u -u - i l—O S (- - c  - e . - g

t - ~s , - ,s H i ] ) .  Ther e  u s e  a ~ew t , - s s l s .  : s  - / . -~ ‘- - C ’ ’ to t h us t ’- c - ’si Ht-( nmp b ’ ’ su - , r k ’, t t i , ,~
c - t u e  ;s - t - ’ th i  i u o t u m s q  . b ~ i n c - c ’  a f I r’ mi f . — ;  I— I - k  c , u  ‘ — ‘ m u , ’ ‘ s r i - s b si-c -’c h i : c r  b a  ‘ r c - o s r~ t ’  ins t s p

s-, m - n s m ’  of IIs~ s - i - V , ’ [Cl IP HI’s ]  nu mic b c-i s n : ’ ,  -f  c , t s i u ’ r  l ,’ c i : m u u u r , r ies )  c - s o  ‘ c s ’ l m t

c t  t ha t  a mi s - - er u- f a f i l m ’  c , coubct  a I im — s t n’  ‘‘ c ’ ;  u c - i - tu ini  h m u m u i d b n n s j  p m s - c m - - 1 , 0 1 ’ S ’’ l’s’

~ t s n s i i  s t e  t he  c - ’ l ’ p  ‘ i ’ r i c -’m te  f i n - - l’~ cit lIc e ‘ f i l i n’ i,’m ’ nm s t n u u u - t u j m c ’ , I-I ,- s i r  1, - u ’ - I -1k’-’.

c t - - S  r iot  p~ r mut : i m m c n c-,t u— ,c ’ ’  u s c : m s c ’ - ; ’A  ~~i -u f l , ” ’ , ‘ c ’ uc - b I~ r r - V ’ s t , s S mi - - b ’  , m r b  ‘ c - v t - n H  u ” cs ’ nun - S ’

t h u - i t  i ’ u : r f o r r n  s t o r m ’  S ’ u - u - l d i i u ” u . s i l o  H ’ s -  ~~ u-s u - s i - - - ’ l imos v e i l I , ’’, th’sus i r i s t i ’ r i - i  Ci

w r i t u n g

I n c — u  r ,i I - , ‘ ‘ - - r r -‘ rn- _ c - ‘ l - i ~ i - : ‘ ‘ I  I ’ ’ - - t I c - ’ ’

,vh u ’re ‘ ‘suof l u , i m i J l c - r ’ is a b ’ m  -mn ’s ’ u t : u n t ’  m u - musi c ’ m i s - b  ‘ i n c - t i c  c - il f s hc ’  ‘ m im i ’ i’s f b i ’ s ’  r c ’ i ’ s - s i - ,i’ i t  f ’ c s b  o f

‘ni ‘
~~ 

ml  c - u t  a f i b s ’ , ( s i n ’ s ’  ‘ ; , u m  - - t c’. n i l  u’

fl H - n -  si - ‘i t ’ ’~L1 ,;, ‘ .i H - f - - - i f

A i~~- - ~~ d ’ ‘ - ‘ s  fl ‘ ‘~~~ l i- n 5”-ni  ‘ i i ’ - , - - ’ n ~ ‘ ,, m-~~ ’ ; ‘ -c ’ ’  ‘ ‘ 5 ’ ” r ‘-, ,c ,~ ~ ‘‘ :, i c s ~~~ ih~ ~~ ‘r - ’  c .i i

c_ f  5 ’ , - c5 ” _~~~~r’ S i -  - ~1, -.—- - , - - c , , —’r, .‘.‘- _ -. ii :— ‘- - - , ‘~~— - - - - i - ” - ,li n ’ - - --  i ’~ - — - ~~~~ 5 - ( ~ ~ , - , , , -
~~~- ‘ c,, n s - ~ 

i , - , - - n ,,, , i , , -  ,— i — - i , ‘ f - 5  — -
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h e re the e v e n t  r o u t i n e  ‘on iu~j i i c - c i  t u b ’ s -  u-nd ’ - ‘ ‘ n f ’ , i ii& f l u e  d c - u - m m  sI ; u s ; s r n m - s u t mor ) ,  We
pre fe r  the l a t t e r  form as well , hut for s t r u m c : t u u r i ’ uq rim 4 lue r than e f f i c i ency  reasons. By

fo rc ing t b ’s ’  mus e of event rout er s , A l t i o h — O s S  is , s i  ‘ s f f e c t  p r ’ s ’ V u ’ ; s ’ i i ( u  d i rec t c ternal

mnni pu lat maui  of the ‘file ’ da ta  s t r uc tu re .  T h m e  r u - m - r u ’ ’ , u ’ n u lc - i t i n n  of a ‘ f i le ’ cu - n  then he

f r ee l y  changed wi thou t  n e c o s s i t a t u t u t ch;umiges iii 0 c c -  i u m ’ ’ q r r m n m r s  t i u , u t  mus e

Evidently, procedure c - c -~ruaLck ’ s are c - i nw m n r f ; u  i , unquj age  f c - u c i l m t y  t h u c - ’m t i an he

pressed into s e r v u c e  as an ex cep t i on  t m u - rmd lmm i q  u u i ’ ’ i , I u c - m m i m s r r n  h 1 , - w uv e r , cu - t t - r s ’ m i c - i , ’u t r - d

in A hq o l— 6 8 , th ey are not ideal  for t his ~‘ ui r i ’ ussa First , t h e  A I i~ - -~ f ’-~ f u - ( m ’ p ( ’  r i m l e s s

requ i re  t hat a procedure ’s sr - u- pu- I - ’  no smn , u i t ’ s ’ r  f t c - i r s  f l u , ,  s - s  s S b u ’,s f  t h e  ‘ u r - c r I~~~’’’

vu - ru ab l~ to which it is ass i q u s ’ ss d  In ‘ u - mm n us -; c-f u- s ir s ’ ,~ - ‘m s msp i u u - b - u - v u -, I 5 ~ , . s c - u - n o ’  - f  ‘ , - -

h i c - u i u d l ’ s - r’ must enconsp ass t I re  - : ; i u ~~u s s f ‘ snm y - l , u t , i  j u l ’ s ” ’ , V~~u uh-  ‘ t i c s  s t r u i s - .iurc t

r m - ’ q u u r ’ s - c ’ s - ’ ’ l t  huc ’ lps p revent  d a s s - n l m m u q  u c - ’ - , n t , ’ rs , it n r i - ’ , k ’ s ’u- pu-a ’ Ii’ u- I c - c c  m ’ t ’H  i s - f l

l S m O c - - O S S i ’ s u l  ra ther  in c - onv en iu - m , t . sinme ut I ’ m - - f  c- m i m i ’ s  s u t ’ k m t y  fu r  t’ c r ’ i u - t ’ u ic  t p u - c s  o d u u m c  ‘-,

t lu , ’ ,t wi l l I ss i n u - I l su  the exc e l ’ - t s u - u u  onl y in - ‘ ~
- -

~~~~ i - m ,,
~ ’;, - s t  u - - i  ‘ -  I ‘o- c - - s i d , r - u i ’ y a

single iirucedmire is ever invoked mis s e u - ; ’ c u m ’ ’- e  t o an S ’ S  0 s Imo n , though t h e r e  ‘ 55 i1 ~~ be

many c o n t e x t s  in w imie  Is r ( n c - u - v e r y  m m c s t  m u - nc mr ’ - s y  (shsomuld ) b’s~ a %% , ‘ n -nO ed , ’~ A ‘lieu - t h i  wrn

can build cor mupos ite s t r uc tu r u - - -, t hat luc Id rn ” ’-e t t u - ic i  on u ’ ’  ~cn n e ’ b , mr ~~ v u - r i u - b’ , iu- , cA,’~~ ‘sin

not h ave , m r A I I I ScI  fu - h, a d s ’ c l s n u t e  i u - f c , r n c u a t ’ c n ~ It) s - n , , ~ I , s ’ n c  l I e .  s t r c - u c t n u r ’ ’  cc ’ ’ I n  ‘ c - s t  an

mm d i i ’s ’  ar m outit of miser assus tm -u i i ce ,  lii 
~~~~

- ‘ -
~~ ‘ ‘ c l  t o  c - c ’ ’ q u - u T S  i l - i t  inf - m , : , ; i t u c s n s  (n ci t h e

c o n t ex t s  in w hich t ls ’ s ’  ‘ s i ’ su - r  is c - ’c m s c u t m n n  w he n  i l u c ’  ‘s, ’< r r ’ m - ’ mon is d u s t -  - ‘ ‘-d ’b vi ’’ a r e

again s ty n i su nd  by the rigid u- i c - I ’ m ’  r i s k s ’ s  II m c I , I - 5 0 c ’- s s i r r ’  v c - m n s a i s l c -s  nr ,c - u~ p it d :f i i cu : i t

to du:~~c o v er  ex imi t h y w i s a t  c - u i ’ t m u m  will b e  l iken ‘,si l in’p -i I s s m n t u r u l a ’  ‘‘‘  i ‘ f - s r i  no, , ij r”

h u m  body of u ’ x c ’ s ’ I c t i o n  u - u - ’ c - u - ’- ’ - i ’ c ’ ’ t c m i i , -  u’ rmny bm~ 1- ’ s m c ; , i I ~~- )  f ar r u - m i s c - s ’ s  ml f ’ ,,n !ht ’c

Invocation of a f u c - s s c t i o r i  f t c - u t  I n s - m - I , - r - , it (‘‘ si t y  is e-~s m n u t i a l  Hsu c ’ se ction 1.3) and

should he c - r 1 ’ s c - u s r i u - ~ c - d  irs an , -x c , -~ - !, s n  r’ , c ’ ;  ‘ a i r - u - mi

W e shint ild riot u - v u - r i s k l i i ’ s -  d - ’~~, r - u l m i s ’  ~‘ n u - r ’ s ’ t l ,,- S  m u !  I i;’ ’  “ ‘ q u - t ’ ( ’ k- ,’ip p r o - ~~r ii

ix c u ’ p t u m ; n s  Im a i i c l ’ ’ r s  ar m ’  prc c ’ o ’d u r ’s ’ s  ,u- i : l  ‘ i - U s  r u - t u r u ,  t i c  ho ir s u c s r k ’ s ’ r ’- . ‘ u ’  ‘ nu t t ing  tIi~

2 
~~ 

,~ , , - nc ,-,- r i ,, ‘ ‘ , , - ,- I, ’ at  - ‘  : ‘ ~. ~-,sS ~,F ( - c ’ V.’ - j ’ c u m , i ’ s i~~-’i , b ] ii, ’ ’  ~~ - - ~~ n ii-”,’ ; i - -  c 5 , u-rn

u- ’ ‘ - - c m  e l f  - ‘ - 1  c c i , ‘- - ‘ ‘ itc on of I - , u t (ii,. o r - I  - a - i~ scm [ ‘~_ii’ c ’,’ ,)’ - _ ; , ,scd ’~rr ‘ c ]  5 id f lØ r .h ‘ ,~
, f - o

e . - c i - i , c , r r  P
~,u rc d I, - , ,i I ’ ’ - ’ ,‘- I - - u c s u,’ ’~~ ,~‘ i’. 5 t~~ ‘sI- r u ’ - ’ ’ c s - ~~’ - ’ ’ - ’ i ) For  .5u, lures def npi lu- an ~- u ~ s ‘ 8  - , u - s , ¶ ic

~
c’ ,rr i po’S ’s-nc i  f i p i d s  - ,i ,r r-U ‘s-c , rrrad p ,, - - - ,‘s s. , t- - i n -  - ,  5 I f - s 5 ’ - . “-~~ - ‘ , s , i S - , ”s  mo a ’t u’ r I f - ”  f - , - ,cf ~ ‘ c- S- - sr I t ( ~ pns f - r ,

.1 V~’ q -  -.5 , im d c — i  , j
~

, ’, u - i c  , n  e ru r b i  - p 4 .
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- :— F i _, l ’ b  ‘, ‘ ‘ A L  5 5 ’  ‘ c t r , ’r - fl-S

t h ’ t u ’ c - t c - ’ n  ‘ sc - f  t h i f l  - oumci u t m o n 1 - -  n - - s - - n c - I  i s -  f t - u r ’ s ’ n  ‘ s v  m ’ , -e h i s s ,  ~~~~~~~~~ 
‘~ i l s m m i - l i u - r ~~, b c - i n m r ~

~i u ’ u n e r a l  p r - . c - ’ ’ d u r c - s , m m m c ’  l i m u n ; i ’ m ’ c ’m ‘ ‘ - m l, a m i  ,r s n c - ; , i 5 ,  , m ’ - 5 , u m t l n r m u z c l iu c - u l s i c - a l  v a r m f l h l c s
i t h u - - n  u - l o r e  t ur ims ~ - ,  ‘ ‘ - c - u n -n (in ‘s , s ” i P , u s t vi t bm l u / I  c-~N r- ‘ n c- is l ’ c ’ i - c ’ s . ’ ) ,  1 un i , s t l y ,
t u , , u i c J l m ’ r s s  c m i ’  ,m ’ sso i ’; m m t - - c l ‘,‘,- u t b s  f l ip  i’b’~ i c’  r , ’ , S t c ’ r  S c - s i n S  I’ i, ’ f l u - c - r a t s - m n  — s,ri iiru t ’ m ) r ’ nri t
s t c - p  i ns t l m m ’  ( i c - m s - s  t io rm of I- in c - i c r  c- il ‘- f r ,, -

- r n -  I t - - s c - -- s ¶ _ u s u r ’ , rri m c i  1 , - u - - u - s r  /1 S i c - i

P ‘ s u c h  d on all of I m s ’  -
~~~~‘ - cu ps - i  f u m - s -

2.2.5 PL/ l ON Condit ions

We m i s  - - .5’ (‘ c- c - m n ’s’ to  - ‘ S - - u - n - ’ ’ - sc - s ‘I m - ‘ m c  _ — i - b  a us c ’ - ‘‘ s ‘H ;-  c - i ’ , - ‘ — c -~ u- , c r  c - I  ~‘ ‘ u Pu ’,

f ’ t ’ s - c -iu-uii i  II’S ’ ’ ’ ’ , , J i c i ’  I L / I  (‘)~ m ‘ s ’ u i J t  s (s - c -  I c - i ;  ‘ r n  ~l u L’ u , c - j  y _ u - ,; 
~‘ c -  m , i~~’5 i I i ’ s

f i r s - s t c - i t t ’ s ’’ - 
‘~ 

1 Ii) ‘ r cn r j u c im  - c-i I s ,  u - - c - ’ ’ - -  ‘u- i ’ m h u - ‘r - ‘ I  - ‘ - ‘ ‘ , s s ’ - _ t i  -i lu - ‘-,‘mn ’, ,u c u ’ s  m~ p u i r ~ ’ ‘~‘‘5 . -

t i i u j i , - l c ’~ -’ c’l I - i ’ i~ u m m c - u , u ’ s  ( ‘ , - n i , h i t - - ’ - - ’ - ’ j i~ F’ - ‘ u -  - ‘ ‘ . t I - u ’  ‘ - , l’ v , ‘ - - , u ’ ’  c , i l c - c - 1

‘ s ’ v c - i r t s ’) ,  ,cu-,j i i O (  I - m s - - I  h~ ’ c- i , i i i  5 , ~~~ u - r u- c ’ ’ ’  u- ’ ,c~ r ~~~‘

s c - c - c  t i ed  a mi d us - - “ 0  c - u t - m i  c - ’ ;mth ‘ 5  m u - m r  ( n u m , ; I n i c - ’ n : ’ , 1, r i s m ’ t , ’ - r  C - f b -  c- u - - i l l  c i i  c- f - t i  ns

- m j , , u r ,  I c - u  m m c m  - l u ’ s ;  n~’ m 1’ -- .‘~ ‘ ‘ mcd  - - b - I r S ’ s ’  , i C ’ s : ’. , - ,  ‘~ - c - i n r  e m ’  m ) - u ’ , ’ - ’ - - i ll’  - d 1 y f l u ’ s ’
u r I n l m l , - s u , ’ r u t , u ’ ms , m . c - b  rm ; : j -~ h c - s  c - c - u - u - u - m d I -

~ c - i s ’s - ’  5 ’ , ‘ s - c  u- t s c - u i n d l , - r ’  ml m c m i i  Ii f i r ’ ’  u-n ’s-
- - - 0 - u~ . l m c- ~~ S u- li,ill i - - m c- - - - ‘ ‘ 

- - r i  c - u - - i - - m -- . ‘ m c u-, n c - m r  u - c ’  ‘.1 - 1 1 c r ’  u -  - - - r - ‘ c - s m - u s  t I

- i i c n u j m u t ’ s - r ’ s - d  b , m n ’ u l l - r  in t i m ’ s -  ‘ H m u ’ , s n , m ( ’  i m c ’ - , h c n r ’ I  mit  c r c - i - c r c - m m  5 -  ~ ‘s ( m u - - s  ~hi ’,’) n ’ s  c- is -eu -

t h u s  - - -- - t  - t s ’  f i n n s

/ ‘. I S , ’  - i c - i ’  f t c - c ’  l c - i  ‘s ic s ;  ‘ ion I i - i s i s ;  1 5 -P o n ,  I ¶ ‘ - ‘ - s  5 , - ssn mu r i b  i f rb ’ s ’ n - ‘ u ’ Is;’ u- h c - s - l i
,‘.‘ , t l i  u-thu- i f , u u c - ~ u s , u c , ’ lu - c  u - m I s  c - - c -  , i u s r b  s - - i - r n ’ s  ho l ’ c - - i -  1 - i t ’  ‘ c - - s i r ’ s  u ’ r - , u - ’ sl i , n , ~ ’ lv u-c a
m u m - c - m u - S  t o  a H ,c - c ’ i  p m u c m ~r , u u m u s  I ,- t n , m ~ - c-i m ’ c - b l c ’ , , t m r n c - u- i - s ’ ss t u - - m - ’ c l s ’ ( s n m s ’ c I  run -c - h u n ’ ’  e r r o r s .
W l i u h c -  i t  a t t e m p t s  t cs m m c m  u m n m u ’ m s c - r J ’ s t ’ s ’  c u - c - u s - u - s c s i - ’  m ’ d m - f i ’ i c - d  c- u - u u - i s ’ ‘ s m ’ , u- r id c ’ s - m n  I , ’ u r , c i l n ’ l

c - m ’ s u (  i - u - s i ’ c - q  (c - ’  , n c - u ’ - - i r s  m n r h i c - n ’ s - n H b , -  t i c - -  ‘ , u r ,  Pu - ii - m i - u  ‘ ‘ u - u -  u - I ’ s m  t , i ~~ - i , u f c - p  ‘u , u - ,  I u f s ’ r r s u -  , , r , ’

v,’i ’ ,,h’ ,uncl h i m m ’  m i s c - c b ’, , m m s m ’ , ums r u - n i  , - u r ’ ; ,- u ’ ,’j s - o i l ( ‘sir c - m u -  L’ . imt t Ime c’s i r - i s n u - l  ‘c- p~~ri,i
5 , , - u ’ r b

euu d u t m r s n m - s , S p e c - r u t s ’  s u l l y ,  ( ‘ N ( i r i m d i t m r c - u i u -  - - u - f I r f ru - mim r ’ - l ’ , u m i m ; m ’  m r-en  th ic ’ t i e r s - l i - s - a l  s i s ’ t o ,

c - i t r ~ , c , r r  p m m f  F n s u r , u m m u u ’ t c ’ r s  to  l m c - m m n c l i c ’ r ’ s , u - n i l n ( c - l u - n i - c r  - 4 ~ ~. of t i n i f om - r u i t y  in t he m , ’ t i c rm i s

h m . a u i m b l ’  m ’ s  - i r e  i~~’ n u s u - I f c - d to t u 4 u ’ , ‘ii-- hi m ’ ’ , -  u - h m i ’ , c H u , i c , u ’ s u i t c ’ r , ’ b  t i - c ’  s t i , i m t , - u , u m r i n i - m - s of

t I m ’ s ’  m o m  b u s - - m t  u~’’t o .  Ih in ,‘ u b - - - - - n r c  p o f , m , m c - n c - c - t , - n s  In l iar’  l u - n ’ s  f o r c u ’ s  t l m m - r s s  to

-‘ 5) ‘ cn , 50 - -  -i ’ - -  , ; - ~~~‘ ,  i - 9 , , ‘ r- ,’~ . c ,  5~ ’ (.s ,. -
~ u-- ’ - r r , 5 i — - ,‘-  - a ’ ,; m ,~ ‘ 5 w -  , - S ‘ ‘‘ S

~ 
, 0- , j r ~~ ‘‘ ‘ ‘ - ‘  , ‘ ‘ . 1 - - ’ - ’- ’  . ,‘~ ‘ ‘
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communicate with the signa ller through shared global variables. Thbs ur’dlscipl(ned
access to data eng enders many of the same veri f icat ion problems that the general
got o does, In short , the weaknesses  of the ON condition mechanism overshcudow its
desirable properties. The primary contribution of this f i rs t  at tempt at high-level
except ion  handling has  been its influence on subsequent sys tems (e.g. BLISS
[DEC 74], MPS [Lampson 74])  tha t  u - i c - c i t  on t h e  ON condition notion.

2.2.6 BLISS  Si gnal

The B LISS ‘si gn a l - c  nable ’ c m n nst r u i ; ; t  [DEC 74} is perhaps the “nrm ’plect
means of passing over dy n a m ic p r c ’ c -~ram leve l ’ s .5 Ih- ’c- iqh t i me a c u ~ l mechan ism is
slightly more genieral than d e s c i - b e d  here , s ignal-enable p r o v i - -I~~~ , In essence , an

exp licit means of defining arm ex ceptm o na l  rendition and supplying a handler to
respond to its c le t r ’ c ’ t mc s n the handler is def ined by an o m- ia bte dec la r a t i - i n , which
names the con dition and spec if i c --s a p s m - r e  of program t e x t  to be e x e c u t e d  when
the conditIon is ra ised via a si gn al s ta tement ,  Handlers a ie assoc ia ted  with a
lexical block (in the ALGOL sense), but are maintained at run- t ime c- n a LIFO stack ,
so that  the most r ecen t l y ,‘nr ’o c - u n t p r e d  handler (in the dynamic block nes t )  for a
signa lled condition will be invoked, A ham idle r  i tse l f  is a l lowed I’-’ si gna l, which
perm its propagatIon of the signal to a hic; bs e r - levrs l block No rmal ( i ,cm non-signalling)
te rminat ion  of a handler l u - n  m im ic - i  t m ’ s  the b m h r s ~ k i n’s w hich t I m e  handipr Is -j ef ined, There
is ar ) imp c irt ant  addit ional  f m - m n of enable that  defines a handler capable of
processing any srgnal led coridution. The signal-enable mechanism provides no
f aci l i t ies for parameter  pass ing ( f rom signaller to handier) and does not permit
resump tion of the si gna ller upon completion of the handler ’s actions, Fu r t he r m o r e,
no ‘ p , l ’S ’s~d over ’ i u i t e r m e d i a t e l mmr ) q r a m levels are informe d of the sugnalled
condition ’s occurrence;  these blocks must include appropriate enable declarat ions
for except iona l  conditions which may a f f e c t  the ir execut ion, In spite of these
w ea k mm r ’ sses , the expl ici t  definItion of handlers and special syntax for signalling
( (incl it m u - m i s  r m - i c n  u - s e n t  i m p o r t a n t  a d v a n c e s  over the mechanisms pr c’v lously
men t oiled.

4 ‘ - - - - ,  i’ s - , c - ’ n - i a ’  - “ ‘ -  n -  srrr , s  n l p s c ’ ’ t  “d u- [ P - o n  ,‘f’),
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The BE 155 niecha n i ’ ’ ,sn , V. c- mc - IL u - n b - q i c - i c t i c  b c - c  S r ,~“y , m t l’ ’ r( ; , , i m r  ‘ u s  b~~c - - some

shor tcom ings. ~hc- in c - c h r i s t y Ii I’ u-”- ’s - c - u t a ’ ’ c e t m - r ’ ~ l u - s c - n  5 , ’ i ’ n i u i ’ c ’ r  Is- h u - r i s b l e r  u - c - r I ’s  iii

a w k w a r d  global v a r m m u b i r ’  I c - u - c - si n , ssnrm c : h ins I - c - m u -  d e s t r oys  the p u - tm- - r u l e d ‘‘‘r s v & ’ i S —

modulare- ed p rog ra ms .  A lso , s ’ - c ; , m u s e  i t  (u-’ ;’’- n o t  F - m ’ ’ r n m t  a t ; , m r r c h l c - r to re l u r n  10 ‘b i n ’

p rog ram c c m n r t e x t  in w I ns is t he s i u ; n c , ’m i oc ;c i, u , c e cb . Ps i’s  s r i ’ ’ ’  b : , , s L ’ - ss ’ . m r only c - c - ’ , c - ’ l - c - i  f i r

‘ f u - t a l’ e r r o r s ;  t h at is , - o n m j u t i c - ’ins t h a t  c;a c - n - u -t he , n s m n c t r - d  by die b c - , , n d l u - ’  ,,~.~~ c- 5u - u- t

un v a l mc l u i tu m iq  tbm m m u t e r r u i ’ t i - d  crc ‘ s ; p s I , I - ’rn Us c ’  I? l” -- I~ m s s s ’ c h u - u s r - ; ns; , u ; u  . - u ’ r - i n i c ,; ’ e s t ’ s  t b ’ ’
pb ii lo r ,op hy of t h e  c - m n n t m r c - m q e , c - c  d ’ ’ - , m ; i ’ i u ’ i ’l In l’ - ru - ’~/ idcR ‘ s i s r’s ’ , u i ’ t c u - l f u r ic f u’ u- n  r u t  n c - s i r S :  ‘c l

co s t ,  bu t as t I u ’ s - ’ c - r~ I~’,- < c s u s s t , ~ t i c- ’ u ’ s  5 - -  q’.;S t , it ‘s not ‘ s c -, l i , . c ’~ I’’ fec  u- Il ex c - - - u - u - ’ ;’-
( s c r i u r h i t mon h i u - m ; c l l ; r s c - i  ‘, i t ’ m c - c t u u - r i u -  A ’-, u- f l  m, -~~ c - m r s ; j ’ s c ’ - ‘ u s - - - s i - ’ r  t I  l n s , 1 m c -,~n of u- p

s t o r c - m q e  c- m h l ocn t s ir in c - s (‘ - s - c - s s 5 - I - X  s~~c ’ c ’ c - m ; i f s t  is u - -  i t - p  1 ’ :  ‘c - c - m I s ’  f y  am; s ’ ’ sc  - m l  n

re c i u ie s t  u c - u - ’ i l c - J  c - I s  ‘- v , u r  r ’ - ’ - o s u m c : s ’s , it ,‘. ; I r  - u i - c -  t i s u -  ‘ u - c - c - ( — o I - r - t -j u-iue ’ ;cs ’ c - -, I I,;, ’ r ,

r eq ues t i ng  u- t I mer  -c - -,- - - t e m  n: ’ o c b u m ! u - s  In m e l r ’ u - ’ s e  - i - i s n c c -  t nn - s ~s~e. It cu- - s c - c o t  n;ikn I f ; 5 5

ro g u e - s t  via a B I d S s - u-~n c - a I s i m m ;  e I c - - - - c u - m m ’ s - m i t m t i v u - c ’ O c , u-; u-I f t i ~
- ‘ pc - ~~- s I s u m ai~-.,~’ c s - - c - t i c - i ”

ia — i l l lip t F ’ r m n u i n u c - u t c - c l , ,mn c l  ~he c - m l i ’ - ,  , , t ’ s m ~5 , i ,  I c - s - ri lm c - ive  no . ‘ ; - c i ,n t t U c i I i ,’i to — , u t ’ S f ’ s’ t c - - r ~

cu - g u m - s t  r iven if sonie ‘ c s ’ s i l — ; - 4 — ’ . 1 ’ ,:~ ,,ie ’ ; ; mm l ’ iS u s r ’ i  I - - c - cu- c - O s , m ’ i s ’ s c - m c - a t e  u - I - c - m i r e ,  i~o

s i I l r ’ c a t o r  is f o r e ’ s] t n  u - s m ’- c - m r s  m ’ ~~~’ h c -  1 ‘- u s l  ‘ ‘ ‘ s c - ’ m n ’ s ’  ca l l , u u n pt y i m m n  t hat  it k m e s v ~:; the

m l c - m m ’ s s s  of the r u - c - m t - s - s  ( n r c  e ’f ect , I u a m r ~H y r S )  ic - i  o th e r s ,’ r - u e m n u - c - l ’, ’ l i - ’s t l s ,~~ c- - c - i n

p o t ’ - m r t i ~ill y m c ’ I - ’ , u c c -  s f o m , r ;~~’ F i s t  f b i u ~ u - i m ’~ c- u - ’ s t S  n, , - m l  u ss - ’c ’ ry 1- r e  a r ’ - ’ - .v i r , c r ( h u j l p  f l u - u t

t he  rmI lc ’ u ’ ,u tor  is i n i I n ’ s d m j r i d u - s b  t h e  ‘c-~ ’ ’ b i ’ i cu , ar m - i - i u m t u s i i i - iE r c i u i t u m i p  c_ n i l  sle_’uld h ue

me buc ie d  fl l u - c —  a l l c - ( ’;u t m - m  I ’ -  m m i V c - ’~ e u s ’ s  ru-sw module ’s ‘t r y — f n i — f r n e — . s o m n e — s t o r u - qe ’
r o m u t u n e .  ‘,~~ m ‘ - m o  ‘- ‘ ha  v u s r i r s u r c e  th is dos -s  to t h e  - u - c - c c - b u m . u m s c n s  s - i  t b - c ’  ,- i l s o c a t o r  b~~

- ’

i n s t r r - - I i s m - u m n q  c - un  ,u- ss~~c - s’s i r ’ b  is n ;  i c - i - u r s t y .  It’ -,’ s c I I c - ’ ,’,- ; u C c  i r .~
; s ; s 1 s p t 5 . ) n i  ol t he ‘ s i c - t n r a t i i~ r upon

h n m n i ’ s h I c - r  h , - n u m u u i , , m t m n n  ii ’- u- an m ’ I i m n u n i s m t c ’  in ,mn~ u - i c - u - h  s t n c - j , , t i ; ’ i n u s t  r ’ r I c - i c - u m m S .  Th i s  I i ’ u - u h ’ s  to

tI m e MI’ S mechanism , which we ‘ s - v  amine n inxt ,

21

‘- ~~~~~~~~~~~~~~~~~~~~~~~ 
“ r ~~~~~~~ ~~ ,~~~~~~~~~~ ‘s , n _ _ _ k _



S 1 i HV EY  OF E X I S T I N G  ExCErTION H A N P L I N G  MEcHAn ISMS CH. 2

-
~
.

2.2.7 The MPS Mec hanism

MPS ~t ampson 74 16 solvris th is n u- l ’ 5 c ’ ms  j m i h c ’ r u - n t  in t I c -  RI. I SS

n i t - c  hanlsm 7 by t rea t ing  handler m ie m c - m m m ( ) n S u S  s uh’ s r c i t s - i e  c u- l i ’ s  made f rom the

signa ller ’ s c o n t e x t .  Ti me impo r ta n t  d c - ’ , t i u i c t i i i m i  f r o m  normal s m c - l ’ m i - - s b u n m i ’ ca lls Is t h at

f l i p  s ignial ic. r doe s not know what  ‘ c c c - h i m n i c - c - t i n o’ ~~ m u- m m - ~’n k m m c g .  In l a m - f ,  t~1i’ ?c - ,i u t ’ ( i f c - ’ s ’ S

that  an urd c sru,-d list of ha nid lers be consulted , w - t h  e m m - I m onus b u - i m s g  [- mu - u - ’ s ’ ’ l  t h i ~ ’s

~s m i n i c b i t i - i m i  nc- m nm e and an  c - u r c m ’ ; iec - t ‘ n-co r ’ b  ( 1 m m h i m  tuE dOL-W [ “ - ‘cc- r i ’ S ~ ] ‘.,‘s ’ ! s ’ s ( ’ )

coniposm .’d of ~‘c i ra met e r s S c m l ’ b - ’ ’ m - d  E l y ’ the s i c - u - s a i l s - n  II c - u s c - m s s d k ’ r  ‘ n s ’ J m - ’  us ’ t Im e ‘ c - m u - u - a l,

the nex t  h andler in the t i n t  is ‘ u m n ’ s c - m l t e c j  bu t t  u ’ ci b c - i ’ m - her - o r r e c t ’ , II’ - c . u : s d c - t  mci , it

u - r u - c- ;t ’Sunse in x ’ ’ i . u it i ij fl u-f f l u e  s igna l le r  I ‘
>

‘ a ‘ s s ’ ’ c u- ,’ s- cc - i u - i c - t i - c ’  r c - t s s ’ - :  ( i m i c l u d i n u c i  a

u - ’ f t , r n m  r e . ’ rnd , if desired ) l mnc - mi l y ,  t hu -’ s u - t u her nma ’~’ ru - us ,- ’  (t ie u- , ‘, f m ’ m  r-, i p m mal  u ru , ’.’ s n i d .

which mu ’ i - l i e s  t ’ ua t  t im e (on iq una l )  r s c i u i r - I s c r  anm.J c - c - u~ ‘p,m s s i ’ c - l  s - f o r ’ f - ’ -  - c- ‘ m  l u - v u - I s  ~r ’e

au- r o u t  Ii; m u - t e r m m m u n a t m ’ d ,  l~ uc;Ii Mmcli Ipe ’s’-: c ci’ ; mi ni  u- I ’ :  - - t I c - m i nt ,’ ho l u m r m c ;  ri ’ ;’, t ’ c - e  nun ’  ‘.‘ ‘o - ’i

s iunal (by f ’ r o ’~u - u i m n c  an s ; u s v i nuJ b m u - m u m i t , ~r ) ,  u- c - d r  wInc h the l t ’ v m ~ f is - ] , - c ’ ’ c ’ d .  I l , s u -

ni u- s’ m l ,m n i i S f l i  pe rmi ts  a more n u - t u c - r , i l  s t c - c - c - n’ s ’ ~~ f i r  IIi’s” s ’ - r c m m ~~,’ a c - s - n i to :  c. ’ -r ; m sm ’ p l’ssi, u- nc- u-
th at  e l i m inm at r ’ s ,  s ,s -,,- c ’ r a l  u- f t i m ’ -  d c - f : ’  s t i r - s  mc ’’ i m m i n n r ’ n i  c - c - b i n - v ’ ’  It ,iu-,o - s r I ’ s  snme

f , r’s : m l r t u m ’ s ;  t b m u - t  p e r u - u t  c- I ’ s f c n c - s t u ,  ‘s _ d ’ ~ i u -  c u - L u - t i  h a n - h i - s ’ s . u i ’  b u , m s ’ d lc — r ’ ;  l b  m l  a n , ’ c - s u s j r ’ k u - ’ i

nmi 1y c - f no hi çj h i e r —le ve l  handier r i ’ u - c r I V m - ’ s  ‘se s - i u ’ ’ s u l ’ s : l  condit ion.

In a u- r inse t he MPS m n - u - b a n e  cc’ rc ~p r ’ s i c c~nts th ip ‘‘ c s u - I m n c - m s a t ’ . mmc - ’ of I m u -  wor k in

‘ s c - c h t m , ’ m u S  c - u - I  i n c - u - r a m  ‘ ‘ X C ( n l ” t m -  ‘ r c - n s m , c _ h , c -  - s - s i c S s r s c u -  t , t ’ u m s  b i as  ‘ - p  done’ to e x t e n d  its

c - u i - I b m ’  ab i l i ty .  I f  ~c-,e nev i ew  u - m u m  u , -c - t  of u - u - t O ’ S -, ( ‘ s c - - r h  s - r n  2. 1) , x -u ’  f s m s c - i  t m c - c - i t I c u ’ c - c - I ’~ 
- s - u - s

in st - ‘ f  t hem quite well .  F ’  - m u - t n - c - i ’- m i s c -  s .~ u ’ lu - — c - t L, ds f , ’ s m ~ ’ ’ h T h e  u-n ,‘,‘ m n cd  m u - u - n  c - c - i sO

h i m - l i  ‘- b ’ m i ’ ’ - c ’ r v r i  a b s t r a c t i o n s  by ¶ c - i I d r u - ’ m m~’ u- m u -  t b m r i t  m m c m  ,t . c - u t i n , l  r i f e .  I w il l  I ’ m ’

i j n r r c - c ’ r  r c - ’ n , s . i s u - - t y  cm h u ’ e t c ~~ t ’ ’~ u - in  c ’~ ,t ’ m ’ p I u ’ i i s  T h u  m r - u - e r r  , m n n - ~m m m - - u - i n c - - c - ‘ ‘ s - U  s’.’ ‘h  u s ’ h i c - r

b c - u i r r c - , s , u  c - i ’  f m u m . u l u t : , - ’ c- ~ s i r I ‘-;i’ ’ s ’ m m n ’, c - , i ~~u ly t r a n , s ; i ’ . : u liiO f - c  r t m m r ’ _ k  m ’ c i n s - c ’ r , i i (  ,c l  n m ’ s m c - ’ c m ’ m n n l

l~u m r q c - s ; n ’ 4 ( n S , v,iith ac ceptable m irs I  W c - ’ y ,  Il- ui ’ ’ ’ , n’ , ml not ideal for e x n ’ s - p t u i m m c  h s , i r c r f l i n c c - ’?

6 r s n  .‘. . “ c - - I - c c ” ~~, ‘ - b  - c - c- - a ’ , b_ fl’ S ‘ - ,  a ’ u~ -5 ‘ ‘ c ’  - ‘ ic- ‘~1i~ S ISA ‘ - r  —c -: ’ ~C~c - ’  SIC ,’ “,‘
‘
~

/ I; ~~ ‘.‘ - - r i  ‘ ‘‘ ~t~ m n , ,rl , c _ r - ’, t r a ’ ’ ,r ii. fire~~ - ’ ’- ~‘s ’q- r- -c c - ‘ - ‘ c - - ~~- 5’ , i’ r’s ’ - c j , ’ .- :a l ’ on r  - ‘ lu - -a  - i c - .- , 5.- ‘ c - - ’,’- - - -

~- - ,1tc- c - e  - -~~0’ n t  c u - c s  cs  ‘ - c - , i i ’~ ~~~~~~ ‘-orn U ~ ~.nt ’ - - — -~- ,- - -— ~~, t’ - . -u-- ‘..‘ - , c m e a ‘‘- ‘ ‘ c - i ’ - -. n ’~ ~~~~ ‘ ‘ ‘  ‘A

- ‘ ‘ c - n - , , - ’

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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P ’ s - n  haps the u- nest  s ’ s’s r i cc - m s  “, I s s r r f s : r m mm unc ~ cub  t b s p  M i d  mech ar imsm ‘s i t s  lu- S t u n ’  t o

,nccnu i m i r m inc j c - m t u ’  s l i c - i ’ u - d  a l ’ s t m c u i’ tuo ns ,  t”,- ’ s u - - m c  c - in - u  ‘ ‘ x c , m s  t i c - n  is r u - i u - u - d  iii MPd , t h ue o nl y

i’u- ’- s u h b e  ‘source of h smc - r c l ! e rs  is tI m e c - i , c - c - c - uc - num c -‘ ‘ x - c - S r i  nest , i c  t ime p roces s ’ s s t a c k ,

Th i s  s t a c k  is ‘ s e c - i n c  i c - c - c l  c ’  1 1 1 Cm c i rc l e r tu n I c - I  c-n 5 -~c - - ’ us FO- u- i nch flint scu l l  ‘ ac- in c - I ’ lu- i’
r ix c c ’ p t i e n a l  mc- m s r i r c - h i t i o n ,  F l u - n i t  ‘s ’  t l n m ’ u  p is a b u i l t — i n  a : s m c - -n ’ c - , f  c-~ ’ ’i Ihic - i t t I c - - ’  c - c u  s i c - i  c ,~r n t c - ~ tsr

in which bc - u - m u l l - m s  c u- r i  ( u - i u r s m n i c - i )  t~~ I s -  - ‘ - c - i ( u s - c ; m m r in f m m s s c t u c j n m s  t ha t  b c - - ’ mc - i ri h;~~nn ‘ u ’ S - u - l e d

b unt  not c c s m p i u - t i’ - d . ye t  wi r,. u c - m c ! e ’ c h r f y c- ~ 
m e~~~~ s ’ s ,.e is , u h  t t i u -  m ’ ~~ r ’ p p t u n  m s ’ s - i c - - f  1 e

m m m t m ’ I l iq ’s - i i t ly  h n u - m m n l l m - d  but w i u i u - i s  ‘ ,ic -- u~
,
~ ’fi ic - t to  c - c - i c - u s  m r  ni the c m c - r r e n t  (‘ci i i  s I c - n r c - -.

( ‘ ‘ - c - u - u - s i c  u - , - ‘ a ’  m i - I c - s r i  t r c - , n ’, s i mu iss i~um c -  m c - M Id - c - c - ; - ’, ;r u- ll ’ c - c - m -  m l’;i~’ m ’  c - : c - - ’ cc - t s a c m - s r n ; :  mu - l u - r u - c --i to

f o I I - . -u-j t i m e  ‘‘~c - u - l - -~” f m u m ’ r , i r c,sbi ’ ,r H , , m ’ ’ - ,~ (41 .  y e t  nJs-:- ~ e 55 ci ; : : -  I r u - a - c - r im , f r, u - c - c - ; -  ‘Si n

l I m i t  u - t h c ’ r  I s - c - m u - m u  Iii ’s u- r e  a c - - i c - ’  - s - n ’ s - f m ’ c-u ’s c- i’ l l. s i c - i  ‘ c - u - I :t  mu - t b’s ’  ( . , ‘‘i l ’ - s ”c - t s ~~fl OS t I n ’ ;,
S t I n~’ u - m- ;  t hu- I  t l uc -  “ u - u - u - ” n c - l u-ni is c c - c - s -u I’- ’ c ’ x c -  : - t , , ’ u- lm: , r’ - - -u - and ¶ 1  c - mt  I t s  ‘ c. c- tm

ru- i m i t i o m n  ha- - h e ’ s - r i  ( r m u u ’ .t , u k e m m i v ,  a m - n - l i - - c l r u - t e a c h  , - ‘“ . m u n  c. t i c - c’s ~~~~ ‘ f r - ’ ; i :uu ’nt ty  c o m n i u c - t u - .

Wh en s , hr , m r m n u - 1  of a h , s t r , , c t -  - i i  i’ c - j r ’, I f s - e l I ’  ‘ mr  d m v c - ’ s c ’  a c - m c I  t b c ~c- f , - n ’ n : ’ s c r  ‘ ‘ ‘

i T l i r u -  - l c ’ ’ c - m s , cI’ l i ’  for ‘s’~ 
- c - ‘ s i - n  ç - r ’ ,-~ - ‘ -, ssn iu-  a\~c ’ - ‘ i l l  dc - - u - i c - c s  t i c - n  isn-eue of S ’ 5 c i ’ ~ liQ

f u i r t h i c ’ r  in s e c t i o n  3 , 1,3

2.2.8 Some Proposed Sequent ial  Mechanisms

Al l  of S i s m -  e~ c’ ,- t - t ion h i s m s s r c - i ; s u- - n s - ’ -c - - hmcin i i - ,- ns s  u t k c t n c u - c ’ r- h a b c - ny c  have h,” c s n
m m r s l c l u - s m n . ’ n t e d  in (It b r - c  - t  ic - n’ s - - IS’1’ s t c ’rn, “‘f ’ nm ’ -W c r - n i —  tm ’; ‘n c - f l y  ihn - ncs m n e r c - h i c - m m m ’ ’- c - u mis

t h a t , b i k e  f l u - ’ . t i c - r - ’ s r ’ -  u r e ‘ ‘ u - F ’c ’ s ’ m l u -  \ ‘ . s u c ’ c - r u -  i c - s i - I -  r c - ; m r ’ ,-c - c m Ce ’ r ;  s - f  t l u ~’u-e u - r c I ’ c m ’ c ’ i

f a n - i l u t i c ’ s  ex i s t , t hey  are u- O ic - f u i - s ’’l to  c ’ y 1  - c c - m i - ’ r m b a l  ‘ s y s t ’ s ’ n is ar id a r c -  not p r u ’ - c- ’ m i b  c - m s

qc’ ni c ’ ra lhy u ,vau l , i ldp  sy’ - f ’ s ’ mns or l a c - s s c - u i , , u ; c - s

2.2.8. 1 P r i m  us is ’ s Propo’ ,ah

Pa rmi c--u s l’~u-I~’ ’ ‘s a u m i , m i c - , u n u l ’sm!m [ P c - u r i c - m i s  (2 c , P u - m m ’ s  s’6] for & ‘ n m - . nr

i i - m ’ u d l mni g a ’, i~ar~ of h i s s  f m - n r n r r u i ‘ ‘ s c - t n - - i  r I  r r ’ , r c I m n f ’ s -  ‘~p ’ s ’ ’ c - it m c  . i t : cm n i’ u - m ’ s i m c 7~ b - ]  F I i ~.

I c - m Im n i q i m ’ s -  i ’s f r  in s — - ’ l.. ~~i c m s u , u l y- i c - f in -i c - c - m u i r  ‘ c m m t c r r ”r u u i - n c ” ’s , ic ’ l i s r  h i i’  \ - c - c - \ ~. ’s  .ms

m , i mi ’ i I u c i I o L J s  t o  b i n r c b w a r e  ‘ f - ps ’ , r I m ’ s  u - m u- li f um e I s - m u m  c - f  a ‘ r i r ’ c h u s l m ’  um i c i m c - r l c~S a’; p . c - r h , c f

m t ’ s  s p i ’ m c - i f m u  c - i t i c m m m — , mm l ist nc - f n c - m u s i c - ’ -, c - f  su i I , r c .m ut i ’ uc ’ s  ( s s - b u s ’ h  the  m i s c - n  of the module n ’ s i i ’~t

. 5 ’ ;, i- ’ ”

_ _ _  I 
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pnov i( l’s’ ) and d ef ines  the c o m n d i h i - c n s  under w ; i r c r l s  r iach such rou t ine will be m;aIIed ,

T h i s  ai p m o a u r l ’  a d m h m c - ’ , n , c ’ ’ s  ‘,, - v m ’ r u - !  of m r u u r  e x c i - I n b m c c - n ’ s  handling issues (sect ion 2.1)

nicel y. F x c ei  t i c - i n - c -  are  ox i c l i c i t l y  ,c - 1 i 1 l f - s t i r - a l l y spec i f ied  and are -_ t c c s e l y ‘su l i c - e d with

levels of abstract io n.  Bec , c u u s e  u ” ’ O ! S  (i ’ u rn inu s also uises the term “undesire d

ev e n t s ”) ar~ handled by c u m b r c c - s c t r n , r s , c’ o ’ s f r o l  uric - m y re turn  to the detecting module

a f t e r  er ror  pro cn ’ ’ s ’c - u i i u-  i c c - u ’. - - oc- i~ - I ’ s - f  u- c l  - ci d c - m m  able c s - pe r t  a ’ P r i s i - c u  qation of

ex c u ’ i - t i on i s ac ross  c - s .c - u  l’s is e~~; c u - u t , f c c - r ’ r s u ’ - ; ;  t i - c  i ’ m u - s u - S ’,’ u - I o n  of ,~h’s ’n c - i c t i o r n s at

e a c h  le v el . I lii’ mec.hie u s c - u - r n  m u - c b s - a  n y  language iu isb ’ s ’ p e ndent  and , I n c  u- m i ’s e of its

formal  s pec if i ca t i on , ls ~- e b y I, ’ he v u - n : f i u - t ’ l i~ a s w e l l .  Pu- ru- as  also m - n r r u q r c c ’ e n; the

v u- hue of the “uses ’’ h m c - r ~~rcl i~’ c- r i i c - r u s t  u - i  c- ’ nc e to t hin ” ‘‘ c a l l s ’’ h ic ’ raN-hy Indeed , m a n y

of his st uur iu’ rs luonS c - i r e  in t ine v.’ ’ t h  the  n re ch a rs m sm n —ia - u - m u- p u - S e  in chapter  4,

W hic’rn , l I e n , d o e s  Pam na ’ - ’ s p r n p u- c u - l  f a l l  dc sc -~ n’~ Primari ly in the absen ce of

s i m c ” c c - u I c C S .  Wh ibc’ , mu j ’ , m I s c - u p  f lu”’ ‘‘ i c - u - u ’ s ’’ h r ’ , ’ m c - m r u - bm ~ - f ’c -s r p x c u ’ i - t i s u - , n  t r af l c f l u m S S iO I l,

Pc- , rn ac  u- i - s c ’ s  ‘sin d m ’ m c - m m l s  u i - - m i t  t he  I s c - n i d u r m q  ‘ i t  h m m n i - l l n r  to  e’  c - - c p t r o n , w h m n s  u- crucially

,iu-’sum n mn ’ s  c-u d ’ s ’ f m s i m t i ’n of t b s e  “ m i s - s - s ’ m l c - u I c - - um l iu-  ,c iu - o  Ic - u - ms  to ‘s i.nr ~C r t ’y important

‘s l o t  ails c u t  control  h o w , e q  l i - ’~W t i re cc- lm ni :e is made , a l t ’ s - ’ ha mid ber co mp let ion ,

w h i m - I  l i e n  1’’ r ’ s ’ s i u m c -  the ‘- c - - i s s c - m H c - - r, abor t  t l m ~ - s ’ : ’ c - c - I i i r ’r , or r e t ry  t he  (fai l ing) operation.

It r u - , th ’ m e f ”~~, i nn i  c - t i c ”  t o  - m u - u - u - s c  f u l ly  t im e m n m ’ n c t s  (if i’ s r nu - s ’ -s proposa l, and we

must r n - y a r d  h is  e x c c - i - t iori ha m m d lm ng r m u c ’ c h c u m n u s m  as mu c m:em l i l c3 te ,  10

2.2.8.2 Goodenciui c - i l i ’ ’c - Pm c - s c -  ‘c - sa l

Gu-e r. l c c - n i c s c m q l u  [G o u uu i c . ’ r m o u i q hm 15] proposes a fac i l i ty  that in mu-any ways

closely p a r a l l e l s t h e  MPS me’ rhi ,’mnisn’i discussed abov e. Co n ditions are explicit ly

m h c ’ ’ s - I a r e c l I : m n i u i m u c - i cm n en t i l  - m ’ s  and ,‘ur ~ m , mi ’ scc -d by c c - s e of severa l  special  s ta temen ts .

T he se  s t c - m t r l n r ’ r m f s  cu - I n s ’ s ’  the r c ’ ’ - i s s : m i u t i ori m c - m i u i m r - ’ ’ n m ’ ’. ’ui tS of the signalling context  and

are di’ ‘s igned to Ii~’ c h s c - c , k c - m i r b e  a t  n c - u - u n p i l e  - t innie (iooclemmoug h also predefines severa l

spec i a l— i r ’ sm rpose  condit ;ons for ‘~s qmn a Iiing loop term inat ion , default handler invocation,

His  r - n I c - n r - c n fl , “ V.P ,e ! , ‘ - ‘ ‘ c -~~ ’ts ¶h,n t at “ r-’s s t  -‘ n c’ har ’c i ier  c~ bc- c c ’ d Ii’ “ c - c ’ h c ’ c ~~p 1c cc n . ~ re ~~t m c c t c O n  we ~iromn Uiy

‘-~~ ~‘~‘i’ - c ’ ’  l ,or’ ;  3 - 1 , 3  ~‘-‘ 1 ~ 5.

10 
~u-i ” r’ ’- ’~’”  in [‘Na’ ‘ - - - r at , 7 7)  c cc  . ‘-cl mb- ,’ rciP,i~ ~I Ic-c - - c ’ , a - - c )  i.rc~~ som ewhat ~, rn cma , to our ‘flow ’

~ c-,n ’ t - i , ’ r - s  ( r ’- - - nu- ’ c’r IT) , ~, ‘  ,,s “ a  ~-‘c5 ei y u-ri ‘ n - r,c , n, c ‘- n’

24
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imn~s’irid , ansi n m t t u c ’ r  c - ~~’ n m - I i s c ’ ’ 5 ;  t l i s f c - m : f u n a~ i’ I ,’ , t h e  ‘ S m - m a -  Pc- in i c - f  t i m c ’ ’ , ’ s ’- ’ , n s ’ ,-’

con d i t ions us d i f f icu l t  to c - i m i s i ’ s ’’’~t ,und u - l t l c - ’ ’ c - c - n ; t c -  f i - c ’ m r  u n i t e s  - b e s t  ‘ u - r i  c - u - p  mc I’  ‘u- I c - c- I

c o n t r o l  f l o w and ‘ s ’ n s i u u n c p  c ’ i ; u r c - t y .  ‘a\’~ - t ’ e l c ’ v u -  l i m i t  c - S o c - i c c - c  r u - c -m n ’ s n m c c c -~~m c , n m ’ , r m -  ‘,‘il , u l - c -

pnoperhy l im u tung  ump l u c u t  u - i c -  ‘ n c - c a t ion c— s c ( r i m ~u- ’c-, l a s s  to u s c - - u -  ‘‘ - r”

c o n s t r a i n t s  on the a c t i o n s  t i c - c - it i c - m n i c - l I u - c - ’- m ay  I c - k e , p a s t s c m m I ~~r , w I t s  r c ’ ’ , c - - c - ’

eun i t ro l f lew N - n u n s ’ s ’  it f o l l c - ’ c-’.-s t i c - ’  ~,II ~ a i i m - c - c - h  . ‘ f  c - - ic - -p t 1 1  th - mna ur i m , m - s l - 5 n -

s I c - i c - c - c  as  t I ne  u- u- l u -  s _ s c - u r n  c c -  of j s , m m s , c - P ’ m s ,  iS;i-u- u- c - - - ~’’ c- . c - n c-; - n  c - - ’ - u - c -  — ; c - I f - i ’,~ ic -e u - c - ’, C - t c - s m ’

‘- c - m ns ’s” c h i s a d v c - u r u t , i c - r u ’ s  v,’ m ’, b i  N ,t to ~h,j ne - - t u t u -  ~ l r c - c -  I c - m n - ’”, mc - ,, b d - t c c - n .

n ; m n u s n l ’ i n o tmqh i  i -c - i ns riot p , - m n m ; s t  t I c ’  p c - ’,’- c - c - : u ’ i i”~~ p c - u r c -~c - I ’ c - - t is to s a m Ple rs  l ’ s - ’ - ‘su -n’ m .u l I’s c--

v -~ ’ m ’ c- ’ ) .  t h c i u u c - t t i  t m ’ s ’  r 5 ’ r  m ’ c - ; i i l .— u - s  t i m - -  s i m - - u r c - u h i n i m ’y c - c - - f mJo ’ uc - ’ c- u-n c - c - r id  a ~~~‘-  s - 5’,c - I c ’ - I c - c - u -  n , 1

‘s l c f , u c m ’ u r c - , v  iii I r IS  s r . ’ s  I - ; m u i - ’ -.iri in I t s  r i - u - l i n t

;-‘.2,8.,~ Ru-ce - n-c ry I c - s o n  s

i c - m i , ’  u - t I i c ’ u  ç ’ m ’ - n ’ s ’ ’ - s ’ c i  n i c ’ c - ’ l c - ,i c- ; ’,’n n, h i ’ c - ’ , i s i  s - u - t m - i ,  t i - - c - ,; ~I -  r u- c - u , ’ ; c - is a m ’ -  - ‘ , t l c - - n r

i h m l f c ’ m c -- ’ i I  ~rnm t l s c - c - u - c -  c - u i  ‘ s i c ’  u u c - c - m .h , u c - s ’ irs’s - r m  ~ ‘ ;‘ S - ; c c - cm ’,u- c ’ c l  The ‘ r i - c n n - c - n y  hi lo r L

, c - ; ’ i ’ m u - ; i - , h  of P u n n i ng  m - t  u- i . [ c  - m c - ns c- 7 — c , R u - n c h e l l  / 5 ]  j i ’ s ’ r ’ m u m t s  the

‘;~ - c ” ~ - i l , r  , i i i Df l  -1 an ‘ c - icc -  i s ’ ;’ t a l c - i c ’  t m ’ ’’ l i- I  ,m b s m ’ r l ~ c - i t u - r u -c - c - - c -  t ‘ x t  it thu 1 ’ s - s t

s u i c c - - c ’ u ’ ’ I ’ - , s.”u ll a r c - m t - i t r c ’ r I , s u i t  mf i t  f , u l’ , - , a ’ s  ‘ ‘u P’  ‘ r u - u ! - - i f l u -~ 
- 5 i m i ’ c- - c - ’ k ” d u- m e l . n c - ; - u n  i l~-c-

m c - m c c m m i ’ i u - h m c r m l , f l u ’ ’  u ’  c c - ’ - c - - ( m u c - m s . e I c - u - f  u s ;  ; - c - u f c m m i m s i - d  c - m u - c - s c m  liii’- C c - -, - Ic ’  u s ’ n i t u m c - u m ’ ’ s  c - i n t t l

u ’ u t hpr the t r’s l  u- ne ‘ s c - i - I’ -, m r  - I I  , u i t ’ m n ’ - u t i ’ i - - u - i  u — s  hr-uvr f c u , l ’ ’ ! , mrs w imic i ;  c - a u - u -  t h e

‘ f c - , m l u m m m ’ ’ i- c c e , l u i i . ’’i us : - r s - u - c - s ’ u - u l  - t  ‘ o f l ip  c - s c - s  usu r e r  m p c ’.cmn ’ c ’ r ~ - ’ bloc. k u - s i p ’ ’ ’  ( u i c -~ key

~‘ i - m m n t ‘ s n t m u - t  b c .  i - t - u - i ’ ’ v r - c I , I- , c - r ’. , -~ ’ m ’r , m s l c  - - ~~~~ c. ‘k” c s  i r e  t ’ m c - t c ’ t n r i  v - s t i r  I s ’ ’  F m ~ ’ c - m ’ ,urn

u- I c - I c ’  i c l c - c n t m r  ,, I I s ’  I ’  -~ ,‘,u m u ,h - - . m u - f - ’ l  ,c-~ n r c t r ~ I - ‘ -  ; c m u m i i c . c r y  ( m r  i ’ n ’ ’ ’ .- i , - c - u s  c - c - l t p c - m u , i !i’ )

bIos t hus  u- lb m c ’ ’ s : c i r d  of c - i f , m s ! ’ m u i c -  i’~~uc~~~
’ S ‘ ‘ ,‘ - c -  s S , ’’’i m u - c i h l i f -  m - , l m ’ c l .  ( F i f s - . ‘ c - n t  ni c’ , m m r s

for ‘ b - u  .cc -u rn  ci c ’ , c c - - c - ’ , - - c - - h c - n [ i l u n u n ’ r s c ;  Ic-’.] . ) ,S’e ’ sc ’p i 5 ’ c - - m u iu-- e , t hat ;sl ’. , - r ’ - ,-,t e

P l c ’ . c c  u - r u ’  r u n t  ‘ i s , m r i ’ s I l c ’ n ’ .’ - i s  t I u u -  ‘ - ‘ ‘ m i s c ’  u - f  l ’ i ’ S  - n  fl II-~~- , u - m u s t s’ ‘ lie ; ‘ r ’. u ; m c - i n i  ~~~~~~ t l ’ a t

I c - i  f o  (lie I , , c - l c - s m c -  c i f  Ibni ’  ,i i c - n - c - -  t , c m n m - c -  t ’ ’ - ,t I s a ’ , bc - u - r i  l ist It m u - c l - c - m m , t l m u mi , t n - a t

n c - c c - u - v u - m y  hluu~ ‘5 , i m c - ’ n r s s t  m u - , m lly s m n f c - f l m h ’ s ’ c j  s ,s c - r i  p~~~,
- -’ ’ c - -  b c - u - m n  i , u mmdb inq  n u c ’ i i - , , m m m ’ , r c - ’ .

I n c h - c d , t I me F - m ’ ; ’ c - u u n . ’ i i t ’ s  of ( Is is u , m c - , t \  -~re p i insar i ly  c o m i c e r m u e d  w u t h  c a pt u r I nu~

‘ r ’  ‘ m c I - n - i l  c s , l t .’ ; , , n  ‘ - r n ’  i - , ( [ c - ’ ; ’ ; )  s c s I  ‘.‘,‘ t b i  li , m ’ u n i s n c ’ ; u m ’ c s ’ - ; n m a l  ‘ s , - ’ H u t - - - n ’ ;  tha ’ ‘ ‘ c - u ’

‘ .‘ i f t - ,’,, u n ’ s  m n -u ,- l e - m s t i m n m i t m s l y dc I t t

s- c - ”  ‘~ - - c ’ ’ y. p - c -  ~~0 - - n’5 , c 
~~~~~ ‘ “ - c -  ‘ .i~~ 

- ‘ . - ‘ - ‘ “'c-i t u- n a - , -c ’ nc -~ - ‘ c ’ ’ t  - - - -~ ~

I ‘ , - , - - l  ,, ,n , ~.v, 0’ - .. -  a . - r .c- ci

1’S
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‘Ii

2.3 Parallel Program Mechanisms

“Ne now tunis our a t ten t io n  In p,~, is t c - m im i  s , t ’ , m . t c - i r ’ s ’ u -  Ion hc - mn i cj linq u ’ x ’ ,- m’ i it ionui (

condit ions In a paral le l  program. PL/l his u - I s ’ s - u - u - y  born mentioned as one of the few

languages that  at tempts  to co mbirue s ’ s - q m i e n t m - c - b  and r ’ am- ib ie l  cc - u - ed i t ion  l i a r i s l u ; msp We

sha l l  see that paral lel am id sequent ia l  ‘ r u - g n u - c - n  r n c ’ C i m c - n n i ’- , i r u S  ha v e c- i s t o r m s - c - a l m y

a p i ’ c - - a r e d fundamental l y d i f f e r e n t , and  t i c - m i t  Ito N uI n i t t ’ a - ’p t  has yet  b et - n  niude to

combine them,

Wi ’  should recal l  t h e  reni i , u uks of c l~ c - u i  ‘ n 1 c - , l s O c - a t  t I n  d u f f  c - - n ’ s - c - c - - es 1n’s t w m c - ’ s i

cuo nn uc i l i m . I n n u p r o c e s s  c o r mi mu - m u i c . a tmo m i  r u ’ s - i  s .’ _c c u - ;  t i c - - c -s , m c -  s i s c - r b u - c , n m i s  T b m e  [ m u - I s - c - c -  t c - u s m u , - - c - s c - v

u - c - u - i n, is only a m a t t e r  of m b m - s rc c - ’ r . i n s a r s . i lilv ~r c - i r c - c - i b c ’ i  ‘-,y’~t nm c- - t b n  s c - u ’ i~’ u - n  ( , c - - u u - m’ , u s u i l

iic - t m ’ n r ’ m m i c e s ’, c o m m ’ n u n i m c a t m c - c - c - c -, c - c - el y s c - d c - l i  t r u i ’  -~~~~‘ Inc - mi m i c - t i u t  L im ’  r c c - - c - m ; u r ; l c - d c- u s

a im u r i c - nc - c - u - a l  event  On time m; ’Iior ‘ c - , u c - c -  c - c - m c - c - ’ - m,m ’ s i c a t i o n  mniay Ic e f r u - c~c- mei 1t w m t h  c mm sl y ci

small subset of t h~ inte n a s l m o n i s r u - I l m ’ c : I m n i ’ u -  c - m c - u c - m - u j a I  u - ve n ts  in , m ’ i ’ I n t i u - n , t 5 m c -

c - r m t c n r c - r c t m o i’is , thoug h fn pnuc ’ ’ n ’ t , c r a y c - - r ,~~~~ i ’ t c - ! s n  u s ’  no r n l c - c - ’ , u r j r ’ , ; - m ,  t o t he

c - c - c s n n i , t j t z u t u c - e s ( u - )  in i m r o c c r e ,s at  f t c - c . ’  i us ’ ; Pc ’ ut  - c c - s c - u c u ’ c - u t i r c c - u t m r n n  lc - m ’ ” c - , u i s~ ’ oh t o s e

v c - c - g c - m s r  d ist im ict ions , iduj r i t icu - l mr’nI’ r c - n m ; u - rm s s b - ru -i”’ Os ’! ‘ ‘ r c - ; Iby ii u - c -  us t i s s - s i  f ’ - r bot h  niu- rmu- i

u-nd except ional  i n l t e r p ronsun ! . C ( i ’ c - mm ’ m i m i m ( . n t c - c - c - n, ,u- u ct n c - mr  l r s s ’ ; c - i , m c - u s ’ ; ni will ic- u c - ’ q u i c - c -5 i v

app licable as well. 1 2 t,m:c c - - r d m n c - c -l~~, -,‘s’c’ u - n c - r n  “y c Ic -~ ma~ nr comm c - m s n c . a t io ’ - ’  mssob ia r i i sms

ii use , con c e n t r a t i n g  on their  t m  m c m v i om c - c - c -  c x c - e~ t i c - r u- i -~ s ;m s c i c - t - c - r i  men - s i -  - m s .

2 ,3 , 1  Polling

l” t i l l r m c g  is t ’ u - r l i c u i s ’ ~ u - m O s - - c - - i - i ’ s - S t  f l u - c - m i  , c 
~~~~~~~ c- u- ,~~c - u-  (- i , c - m , s r u c - u m u u ( c - ,~i c c - n . r ;  P i m u ’ : ’ s ’ c- ’ ’.’s’u-

n c - s i c - m u -  pol l-rug u - t i c - m m ’ s ’  a u l - i t a  s I m c - u  i c - o r ’ - i t s  nu.- f . i ,  ‘ I  , 
~ u - c t  ‘-. ‘ a t c i s  j n ic l m ’ u - c - l -  I -_ 1’ c- rr c ‘. 111cc - In;

f i n n ’s ’ , ~‘ t a t u s  m ’ n q u c - i r ’ u ’ s  a r e  m ’ ’ , i m b p  t~~ e x c - ’ u s  it t u - ’ , t n s  c - i t  t i c - m i  m ’ , ’ l m n - - mu t , - m s . su nd

l;~ffl (c - l ) ’ c - ’ u m / c u t m n i i  m ’ s nu ,b r l e ’~-u ’ c I  Ii’, I ’ m , ’;1 v,- c m t s i m q l ’ o U m . in u _ i r s  I -c ’  n c - ’ - m ’ c’! in - i ms y ‘s ’5 ’ ’ c - c - t c - nn in

~iliu- Ii ( ‘ u n u c e i t r m m i l l y )  i’ , u r ;u l l m ,’l l , mu - i ” s c - u m c l m— b , t r m ’ i ‘ s l a t ,,u - u m ~ ‘ ‘ c - i ’ m - i t ’  _ f a m i d t h m m u ’ ;  c - u -  ‘
- ,

12 m ,  n , ,  - .c c’ . -~ - ‘ c - p e t - - - c - c - .’ ii’- ’ n- ’j ‘, ,u- ~n-, , ’ - o i  ~c- - s~I s’ .’ - - ‘- ‘ s c c n , c c n r ’ r m i  - ‘  ‘ c r

a ’ . - ¶ i c c r m 9 2 ,’.

1’
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3 I t,nu-A ~~~~~~ il-c- - ,;-;, - .i n i t . ~~~~~ , t ,’s

to im i ’ l ’ s ’ m e n t , t hu c i t ug hi f m u ’ q c - i r ’ i i t l y u ’ x p i - m u ’ ~i - . - ’ s -  to  mu s e -  T i m e  m c h p ’ c t  c - u - i - c -  to  i s s i t i m n u p  ,m” ; a n

ext -o p t iona l condit ion r n u n s c - hs a u i r s n m a re  c - i n i a i n r p ’ ’ c - c - ’- to those ni - m i t  u - - c - mu - I  m u - c - c - i - - P  m m

su - m . t i o ns  2 2 . 1  and 2.? .?. No m - c p 1 c - c s t  s I r U c t s m n m ’  is u r ’ s - ’ ;e-u i, m ’ .c c - i  I tIn t m . r i s c - ,’ sd pc l  tu ~~

o Il ier la n iqc - c - agr  mecha n ’ ; c - m n s , so t i c -c -  i c - I t - c - c - I s I s ;  s i tmon  of c s , c - i ,l t u m n s s , u - m c - n i , i i i c ’ ’ S , and

l ua m i c i b e n s  is p u r e l y  ad hoc, l b - c ’  ‘ s c - m i n i ’ -  I i c - - 5 c - u ’ ~ f or u - s i c -  1 i - c- n u u i 1 L i 5’S m u - m i d  t o s - c - u - - s

p a r c m n i e t m ’c - rs h p t w ’ s ’ c ’ n  u - c p r i ’ s i l b u,’r ,u - i c - t bianid ler m u r u c c -  to m u- s c - i m p  c ’ x c ’ m ’ c - i f i c j n c- c- c- s s ’’ i l ; c - - n s c - m I c -~~)

upo n term iu ins i f iom i  of t i me b ’ am iu l l ’ m I c - n i l e  r m c s m c - ’ , t he i c - c - u- I~~c - i t  m ud ‘ ‘ ‘ u~c 1 ‘
~ 

m m i P c - ; ’ I c -

p n m n c c. ’ u - s e s  to  f l ue s h a m ’ s - c l  b c - t a  s l c - s m c - t u c - i - s  c ’ n i e c - m c - u c - c - u - l s’ m c - c -c - ’ n i n l - a l n ’ u-  c - un d, ’ r s t a n u j s r ’  c - c r c - i t

v u - m m f c - - ’ a t b m m i  of tb uc ’  b, - t - ,- m v uor of lu- c - ’  u - c - s t - m t  i n r c u c ; m  ‘ mm t c - n ia i I y ,  i m l u i , ’s s  t i c - ’  ~‘ ‘ - - ‘s ” c -  s ( ’s

l i e s - c - u - s and c - - b a r ’ s -  k r i - - - ,’ - l c ’ i h u m i  ~~~~~~ ~l - o  c - c - n - b c -  ‘ l~~urn~ u-’s l s e d m c - l - c - s q  pu - lu - , ‘ ‘ ‘s c 5’ -

s ys t e m , t I m c ~~’ w i n a lmost  c c - u - a u - u i ,  t u - s i s i c  - I c e S - - M r  t un ic  ‘ ;‘ , i c - s p  I - n c - u - -,- c - s - - i - c - c -  f - u

a c h ieve s y m u - c - h i m 5’- m m i , ’ m m t i o m i  of ‘-~s q c - c - c- uo i  ,c - n i d h , u n c - c - i m m ’ t , ri c - - i - m I t  pull ulf i m u - a c - m u o c - n - ~
c-

f I u - ’c - v ed  p x c ’ i d l u t u u - n m i a l  c c - i t - c - - l i o n  Ima u ~~Ilm nq t c ’ c s l c - r u n  t i c - c . ’

2.3 .2 Inter rupts

Pu- l i m it r I - - ; - c ’ n i d ’ ;  on u - s c ’  e -~ m ’ n u t , m,i l m m c - - c - ; - m e  ! 5 ~~- c - ’i - c - f  u - b - - c - - c - 1 ( l nc f l l  s In s - I c - n ’  -; to

u m u h u , m t c ’ c b i , c - n n c - c - c u- H i c - - s c - c - o h  I I’ — ,v An um b c u - r m m : u c c , c - m c - i S h-”d c - _ c -  1 , ’  f c - c c~~ m ’ t h e  u c - : , r c - c ; c I

nn’ , c - u r s  of u- r i i m i c - m r c - i ; n t , c i -  ‘ u c - m c - u f c ’ d ~m t l i ne  ‘ c - s u n ’ c - n I l  5 ci t - P u - n c - m u  ( ssn u ’ , t m c c - u l  us  c- I n f e ct e d .

t I n s  is t Im ’ s ”  t n c - , s i r t c - - - s s s c -l m m ,,  t I c - pd i c - u - e d  ru u c - c - r , f -, ’- ,-m r r - , a ; n s - m i ; - I c - - ’ n , u ’ , t pviC’ c: r iot if i ’ ’ u-  a

p r- i ’ c -‘;sor of c - c - m u  u - ’ -  ,-- ; - t m n r m c - m c ’ s -1- 151 c c - c - ri (c’ c - ; i / c )  n , ‘m in i i - l  c - - n , )  u - y  u - m u  u ’ .nl s d i  c - c -  ‘“ - i c c - u - c - I

bran’ Ii t i’  a j - n e d n ’ u ‘ r u- c- n m -c l  ‘i ,‘i~~’ ’ n  t h c - u -  dii f s ’ r ’  c- n’ ’  s a l l y  c - n - c - n  t h e  ‘ ur c ’ ’ ’  r] hir,ii’’ Ii of

u - c’ s Ic ’ u n i  25’ S ni t h u - tm l Im e I ’ m - - c -  -‘ - ‘ c - s r i  u- l i t - c - c t  ~~~~ I i c - r ’~ ’ of t h e  i m u t u - r r i ; c - ’ t  u s ’ - , uvc ’d c-IS si

u- lu ’’ ‘ ‘ f l u - c t  of tir e bu n , u w , l , u m i - c -  c - c - - l u - n i  mu , i , l m l i m i u m , i , s m-c - c - s t - u-f flint ‘ f i l m ’  m u - n c - ; - l . m ’ ’ c ’ ’b t~ i tI ;

m u ’w vc -mit ip s t -s ~ u-ui fri - i nn u -mi i n c - a  u- f i m u c ’ c - c - c - c s r ”s - i ’ - , ’  - c - b - n c ]  with t h e  i r ; t e n r u m n t  so ,c t i ~~uc-

‘/,‘ tm - - - n m  f l ue  s c - s i c - r u - c - - i  b c - - , i s ’ b l u’ sm i c - , n u -  c i s nn i n I - i ~ - r t  515 ‘,‘, c - i n~~ , I c - c - - -  say -cl state i , , s m ’,- [‘‘-

Ii u-u [‘‘i - , u - d  ( 1 m m ’  m i m i c  ‘ n c - u s mid ‘ n u- pu u - u ’  n - ‘ ‘- c - c - u n - c - h

I n r t u ’ r r c - i p f c- 1 ; m n ’m’ twn u m - v j n [ m - u ’ t  ; i c l v , m c - c - f c - m  u ’ s ’ ’ . - ‘ c - m m  ~
‘‘  ‘ u n it - r i rst , the hi andi  ‘ ‘ ‘‘ c - u n , ’

i” i, - ,ur l~ ‘ I c  i c - i c - I c -  i l - I ’ ’  , c u u ’ l  i n i i c - a i i ; c , ’i t~ i’ , ’ ( u m c c - l , t h e  i r c ’ u ~~l t n  I - - s f  - - c - u l c - u - u - i I ’~ I c - n m  I ‘ ‘ ‘

p n u ’ s , ’ m u m ’ ’ s ’  of 1 1 c c ’  i ’ ~~ ni ’~ - t m u u m n a l  , , n u sj~ f uc)n us c - l u a u - u s c - m I m i, ‘ ; m l u , l n m m t c - - i li y i c ’ , l i - c ’ I i s c - ;  s ’ \  ‘ s I ’ , - , m d

( ‘ c o s t .  l l ow ev m ’ n , ‘- , ‘ s ’ve rc i l  i ’ n o h h m n u m i s  r m ’ c - n n , m m m i  1 In c’ ’ ; h ; u n ’ ’  d d a t a  s t r n j c  t c i r p  t h at

c s i c u m m ; n h u r  i i t c n s  v ’ s ’ n m f m c  c - c - l u- mu a, n , I u l l  c - m c ( c - u ’ m - ; u - , u c - ’ y  - ‘-. 1 5 5 1  ‘ ‘  p - u m c - m u i m ” t ’ s ’ r s  a r c ’  , ‘ t  t u s i c - c - i’ly i c c - m ’~ ’ c - ’ d

- 
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with f lue interrupt. A lso, the possibility of arb i t rary interruption is intolerable to most
programs ; cr it i cal sections usuall y e x i s t  duning which a crucial property ( invar iant)
assumed by the Interrupt ha n d l e r  does not hold. This leads to the notion of
temporar i ly  disabling, or ma sking, interrup ts. In this way a program can prevent
i i it e r rup tc -o r i s  until it exp l ic i t ly  enables them. But the n what happen s If tw o
ini t c ’ i rupts ar r ive during a ma- ,ked period? Are they queued separate ly  or are they
merg ed Into one? If the la t te r  (mos t  common in ha rdware ) ,  how does the handler
eventual ly  discover that  fac t?  And If the form er , where are the queues
cons t ruc ted  and how are th ey mana g ed? Is it possible to mask each interr upt
indi viduall y or ar e they q’ouped into c lasses which are masked or enabled as a

whole? If the la t te r , is t he grouping s t a t i c  or dynamic? rhese desi gn issues and
ot h e r s  have  been e~~t en s iv eI y s t u d c - c - d , since in te r r up ts  have bc - - e n  present in nearly
u- sc - u - ny  computer dr-signed in the last 1 fi years, Some are appropriate for an

exc ’s ’ p t io r i ’ s ih conc- litcon handlmru~ mu-c s i cm n lu - u p  w ,th the pro p er t ie s  w e seek , others are
n o t ,  5,’-.’ cs n~. c - l l  close our d is cu n- -s io nu c - f  i n te r rupts  by ‘ s ” x a m i m n c - n  in o n e  useful extension to
the basic aotion.

I n t e r r u p t s  in the ir s implest  fisi ni cause fl ue f low of control t o be t r ansfer red to
a par t i cu la r  phys i ca l  location , without any regard to the executin g process. It is
f requent l y nc - o re useful to be able to force a t rans fe r  of control to a part icular
v i r t u c - - i l location within a speci f ic  process , That Is , the Interrupt is sent to a process
(which is presumably in terested In handling it), not to a processor . ThIs notion is
o f t ’ - n  available In s o f t w a r e , hut rarel y in hards ~& a r e , becau se of the absence (in
qeniu c- r al) of the notion of ‘ proce ss ’ at the hardware level, However , It Is obvious
that  an Interrupt of thIs sty le is a much truer form of Interprocess communic a tion
t han  the basic one pr eviously discussed, In fac t , It leads naturally int o mess ego-
bc - u s e d comnaun lca t iso - n

2.3.3 Message Sy s t ems

Message sys t c ’ ms  dispense with the notion of (physical) processors entirely,
and view communication as occurring between either processes or intermediate
obj c ’ n t s  c - a l l c ’ d  maIIbo~ cu s.  Mes ’ na ge sys tem f acil i t ies are quite diverse

_ _ _ _ _  _ _ _  ~~~~~~~~ 
1 . 

J



— -‘ ~ —.———. — 1•~’~ •
~
-‘—“ - 

~~~~~ 
— ——--——‘ ---- —a~ ’——- -

~

SEC ~-:.3 I J ’ - ,A I : . E L  i’ - ’ . , N A S i  ‘ .-iE- : i c - f c ’ . c - ’  S.i ,’c-

L P r m u i c c - b i  I h i u m s u - n u  ,“l , ~‘. c - c - f (8j  ~u mud ~i uc - n- ~~ h Iy ‘ pc - i  n , i c- ’I’ c- irs u - u  ‘ u- c  u ~- ‘ c - ’ um iu in n

f r o m  c - u s ’n ij ’ r alL’ed p c - u i l i u u c -, i to c - p - i n c - i  c - i I ; - l  - c - c -~~u .- r r c - c - ; - t u -. m c - -~u --,- -~ € - r , f t u - u ”  c - c - n e f - ,’c-o - c - m c - i c -~ .- r t ani t

a ’iu - l ’ ’ ’ u - t S  of ci’- c- u - p t - c - m i m i  - ‘ s c - i c - f in h a r m - c - c - c - i c - c -,’ n c - t i c - c - t m - p  mis  it c - r l~ c- nIl r i - - u - s c - c u p -  n-c-~~s i u - c - n i u - c -
ex p l i c i t  i ’ a r a m i i e t c - r  pc - u s s i u n c ;  I nc - s i ’  Su - c - i mc --PP r to nc - c - u r I c - e r, c - i n c - i  m u n c - - i u c i t  q ; u n - .c - im lq  ( i n c - c - i c - - rn -i of

r m m er~~unc i ) (if (J m s t uic - , .l 5- c- u i - u - mIS. F~y rc ’ n c - t m u c n s m u - ;  t i ’e  Pu-~’.’ of c l m t a  l m ’ - h v j u - 1 - r c -  [ c - r c s m. c - s n~ c - c - to

t he  w e l l — c - P - c - c - s d i : , h i c - mm - ,’ - b - , u-I t ’ i € c -  ‘ u ,  u-’;~c - ; , - - I - - - u - ’c - sii c I n - c - c -  l ’a r u u .sni c- s - i - i S - c - i c - c - i . ’ c’ - c - ny  c~~
f l u , ’  1 - u r r u o r u -  to  v e r n f m c - I c - c -  c- If c-’~mi , - - c - ’  c - i us~ ‘ c - ’ - - c - c ; u ’  s s , c - , u- - is’ s c - i ‘.‘,-i ’ u - ,i ’- I 5 u c - ~ c- c - i ’ ’ . s h c - - r

hlu-c~ 5 t n ‘‘ . u ’ c  ic- u- ni  s c - i u ~ m i c - i . ’. - c - c s i c - - c t  h~~ lip c n i i ’ c c -  nt ii nips’ - . c - - - u - ’  f u , c- - ‘ m u - u- c
i n i t c ’ m n m m i - t i ’ d  w I c - s - n  c- i nne - - ’- - , -~~’ u m ’ r i - ~ ,-u - , ‘- c - . t  i s - - s - f  n x i r ’ u c - m I ’ v  c - u ’-~ l b u u -  ‘- ,  ‘~ i u - m ’ u  m r  c - c - m m~ ’

m ’ u c - t ’ , t c - i r r .h , ’- i u n c - i ’ u- ’-,c - l c - c - ’ ’ ’- )  s.c c- t sn t i , -  ~ “ , mi, , c’ I c - S  vt uf- ~~c - r I m O f l  ‘ c - c - s c - - u ’
i mi c ,~ n b m m c u c -~ uoss m u- n r c - i n c - c - n c - u -’ i t c -~ s ’u h _ _ i  ‘ u - in u’-

~~~ : ’ ’ -  m n - u  s c - t n t ,- of ~~~~~~~ c - I  (c- I c- ’ ~ m ” t1  nm n c - - c - s c - i  c - s

,il’ -m ) h u c - I pu - u j ,  p r ~~ , ’,s r ’  Il u c - i l n c - i - ’ c - ’’ pcm - - u -  ‘- S  c~ 5 ‘ s nS m i m ,’,s c - m s p,,rS u - ,r .- - i c -  (5 s - h ’ c ’ - ’ ,

( u - - ’ - - c - . a  Ic ’ ‘~~~u - i - ’ c- 5 [ u i - u - I c - r ’ , c- c - r  i s  \ -  b ’ ’ - c - c - - - ” .i ‘ :~~~ ‘, ‘ , c - c - ’ l s - c - c - i u c ;’i of i” ’)i c- ’r l F - P

(‘\ m- -, h u u ’ p  s I - c c c l , ’ n c - ’ , r c - ’ s s )  ~, sn  ,m I c- ’ ’c c- - ‘ ‘ .~ r ‘ - c - c c - .  ‘ i c- , S i  uP t c- c- Ii ,n ’- u t b c - i u s i  ¶ , m n c - i c - ,’

I~ n ’ mu i ’ rI c - ’ f c - r i m h t m - - s  u - - r - - . - -
~~~~

- - ‘  ~.‘ , i ’  -. c - n - ,  - - - -l - - -
~ ‘- c - _ f - - n c - u- ; - ‘ C ~’~m n c c - — -  r , i c - I ’~

u u i u u - c - s r c ’ c- ’ t m c - s n s c - u I  u n u m ’ ’ c - ’ - c - c c - p ’ n ~~. , -c - ,  u- i  ‘ 0  - - ~sc - ‘ - I - ‘  ‘c r  nc - sc -~ - l u c m t  r c - ’ i ’ 1~ - ‘ c - u n - u  C. - - c - l i f l I c - - l n ’ ’ c - i  u- f

t i u c ’ h m , i m n u l i m ’ r ’ c ( r - - c u - m c -c - m - r ’ ’c-~ , ‘ c ‘5  1 - n c - -  II c c - s - u i  u m ~ r i - c c - c -  r , ~ l u - - u i  - f t ’ c - c ’ u - m s - c - Ic r

m n i m u - t  h - c -  Pu - mI t  r ’ t - i m c ’ u t l - , ~,- - i c - c -  cm sc - c - c  I ‘ n c - c - - u - c - .  P - P  
~~u i c - c -  -

~ c - c - - s - c - - ’  As -,u-- e h ic - ’ c - v~’
u - c - c - u s  ‘ c - s i c -c - I s  m c - ’ s - - m i ’ c - u - m  c - r i  lin t ‘, lr , ,  S n  e u - u - u ’ 1 , r ’ :~’c u-~ c - u r i c - c - -  s - - I ,, n s d c - c - ic - c - i v c - r s f y t h a n

n n u s ’ c  h u m u n i n u n m ’ ;  u - l u - i c - l i  m - n ’ u l - ’ n ” b - ,’ r ’ -  c - i n n - p c - u --c - i c c - i l~ c- n ’ i ’ m -  5 ‘ .1 u r c’- ’ - ‘c - u s ’- , tm -,- niu-s’- c - c c n mi
- I.  s u n s  - i r s u  f o c i ’ u ! m u - n u a b l y u -c c - f I - - u ’ - ’ ‘ ‘ c - ‘ i ’ c - ’ c ’ ; r c - i - p c - u - u i  I”’, t t m S c ’  S c - ’ c -  ‘ u - c - c - n c - ;  u-~~ c - t ’, , ’ , or

u -c nn c c- 5(i(nS, - - I c - m i , i l m i s ’ , ‘ I c - u - - ,- , , m ’ -  c- it -O, ’ nu u , ’ _ ’ I i’ , ic - ’is at n c - m c r  us ” - ° a 5’ i c  t u - m r c - 1 i , I r & ’

I - V , ’ I  u- ~. , l I s p i  t n - u ’  - ,, ‘,i ’ n n  l u - m t ,‘ h m n u u -  u -i- c -- u, u- ’ m - c - , hl u - l - ’ m m m m’ . c - n u - elV to I - , ’  ~ -

( j u f f m - r - - n i t  i c - n ’ l i c - m c -c h m m e  ur i c - n- I  b - c  c - t s r - i  ‘ ,‘,- I , -c - ’  P’ ’  n , u - I c - r n, mnm t r s u ’ I ; u p u m ; c - i  u- r i n m m n d c m s i r a b c - u m c non—

(initcii s r - f ’ ~ u ns th in m - ~~- c - ~ if c - c - - c - s , , 1  c(,m u i d l f  ‘ mn u-P c - ’ ‘ m c - ’ - -

6 . 4  .5c-~inrna ry

A~, liii’ i ’ n r ’ i , r s t ’i~ l n - c - c  I s - n - - - - - 1 - - - .’. , - -  u- u i - - c - ’ ,c - m c - s  I .  u ‘ - , m c - ’ - ! ’ ’ - c -  , - ~~c : u - i c t u ’ u n , u i

~— c ’ i i . I u l i c s n u ’, m u  u - ’ ’ i j u i -  ‘ I s , c - l  m n  I c- s r , c - i i , ’- l  i - 1 s n - ; ~ m c - - ’ -. ‘ i c - t i  ‘ c- ( - ‘ i ’ m - c - -  ‘ - I ’ ’ , ‘. \ - ‘ ‘  c ‘ ‘ - c r

u - c i ( i u - f ; c - m s f s , c b  cm ’, J c - n b , i hm ~ m t c -’i ~~’ “ ,i t ’ ;  u- m i )  P c ’ c r l t s u l . .1 c u d  r u - - n c - r i n - c c u i i ; m s u ; c - i u c , , it , T i , , c - m i c j

‘ m i m i c - -  (if t i c ’  ~‘~~ i~,I’ - - ; c - c - - c - i c - l u - i c - c - -  ,n r uc (‘ c -n u- i n c - c s c r e  h O c - u- , Ii’ - - ‘ n m  t I ta n t~~ 11mm ’ u - f l u , ’ ,  Th i n
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mec hanism proposed in cha pter  4 r o - n - i c - u.~r t ’ c -  t ‘ s i t  over lap while r euu-gnlz ing t hat

ce r ta in cc , iuc ~mssions must be nsade if f i m u -  c - c - - m u - I -, of sm -’c , t m c - u n i 1 .3 ar e to be at ta ined,
Now that  we have both those qon !s and c x  - r ’ pt i o i i  handling at tempts  in
m i n d , we can  p roceed  t o a s y n t h e s i s  t h a t  w u l l  ‘-~ s , ’ld - c - i r  iu ro ,c c c S e cI mechan ism ,

‘3 ( 1  
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3
E~~Lsur:itIon of the Cows

In c u c - c - c - p t e r  1 w e p r m s c - - : i c ’ c i  t i ’ ’ c ;c ; - , ln- , , -I b nmm ~ f c - c c - u - n S .  i I 1 - ’~ ’ Crc - i I m ’ c c  r - ~i,. c - f - m u  -

m m u u m lc ’  s e r i f  m ,- m u c e. ‘c- ’t O ’  . u-ç~~ ‘ cm c t - - I c - - c ’ c- u u- -u - - c u s n n  - l u - u  - c - ’ ,’s u uc -  I c - u  c - P t  ~ u : c - f pm m u - c -’ I

uni f o r m  h i ; m r m d h i r u m i  of c c - ’ ;  e I m t u c - c - r c -, m l  r ’ c , ’ i ’ 15 ’ 5 ( ’ n SS , c - s - nn - u r- - c- a i n i s ’  IC -  c r c - ; n -’ c u -  v , ’ ,I,  c - s t - - i , - , c - -~

n i , f c - i n , u h t ’ ~- a c c - c- ’s - n c u l ’ - - I c - I c - ’, a v a r i m c - t y  c-~ c- c - , , n ’ t c n c - c - uI ; c -  s c - c -  c - m ’ s , c c - c ’ - - n , , - n l  O i l ,-

c-’,-’ u ’  I u , m ,’ m -  n - c - c - i )  I ’ ’ ’  a,’ m’~~i s I u m i c - i  c - ’ c - s - u - b m , m ’ c - s ’, c - ns  b u s  to ‘ - u - I s - - I , ~~‘ -~~~~~~~~
- c - c -  c - c - c - uS ’  - - , c -  t i c - , , ’; ,~~ C

c c ’ s l s c - i r u ’ ’ b  n - u - u rn  u ’  c - i n  c- ” r ’ ., l u - ’ :  c - c - c -  t i c - u -  i c - s u i c ’ ’ L 5 ! c - c i ’ c - c.~ 5 - c - C u l - c S i t i ( ’ n -  c c - r u t - c - c - I ’ ’ ’ c m  n c - c  I

f c -~~c - m l i t i r ’ s ,  In th ins c c - u - i - I c - I  ~~- c ’  c - - ’ , t a l m l ’ s h  ‘ p u i n ’ m c - , ’ ,
~ h c -~’ s u ’ , t u . -

u s ’  ‘ - ,‘ sm ’  - . l u , t  s n u  - , un I b uu -  I u ic - - ‘u- I  ~ I t , ’ ’ s ’ u- ’ u- r I  m i s c - c - i s ,

T l u r o m m c - i I , ’ut f i n n s  s ; l , ~~p t m ’ r  t c -  - a  c - f m ” -  s , s r u o u c -  c-~ s ’’ I s - ’ - (c i (1 
~i~~n’ ’ ’ P i c - S i  ‘ c - m ’  ‘u- ,~~n u-~~5 i

p u - s Ips m u m u m n c -  - l u - l u - m R  m n - t - 1  n - c - u i — s - c - c -  ‘ ‘ n u t  C ‘ ‘ ‘ u 1 - t ’ 5 5  c-.’.’ c- S , , n i ’ c - c’ ’ ~ c- ; ’ I ~ 
- - - ,, I ,n , c c - - c - c  c- c--

t i ,, n - i t ch  c ’ n mc -  c - c - i f I, n u n s  ‘is  “ r i - m i t t ’  - 1 ” , “i”n ’ f ’ - c - r- ” , “ I c - c - c - -  - - ‘ u ’ , , m m - t ‘ c ‘ I  r~-pi . 5 ” u - -
,

ma c - i c ,‘ c - s ,s n i Ic- lb IC to c - c - -  I c - c ’ n - t i c - c - I c - c - I S ’  c - - i  c- c - a r  i c - i c -tm ,. m c - ; q c - , ,  - -  (c - i c a m - ’ t u - r  ~

p n c iv cb e c - is w c - t l n  ‘hat  n - i r c - i ’ p c - ’. r ’ , c - i n s t i l  P u u - c - i, -s,” uim m m c - - I 5 r , u c l c - S m l  c - c - c - r’- . s u l,’t ’S c - c - c - S i c -  ‘ i I ’ c - s S ’ t ’ m ’

m u ,  n ‘ ‘ m i s  c - c ri ch s r - m m ’ ’  - - u - i  - u t  \ j  , . u m ’  ‘ ‘ c - u r i s  n ’”’ i ’ i c -

3.1 U n if o r m i t y

I I  ~ i i [  t r J  ‘ ‘ ‘ - ‘ 1 - ’ ‘ c -  c - - - i s i s - I c - c - c - v p  - - - -  - - c - u - I n ’ u - c  c- n - c ’  , i  u b C ’ f l \  — ‘ -

, c - I l n l s m s l  ‘‘ c - l u - nc - i t l u - n i - c - n r c -  s t I u m c - Is c - c c - c - s c - ,  .‘~~ ‘ ~‘o- ’~~
- c - n ’  c - m m u i c t i ’ ’ ° P  c - m u m  u m ’ u m q  -~y u- ’ - c - - n ’ S  Ir ‘Ii ’ - ‘

n - u - u s c - I l  , i t j m c i l m c  r of h i r u u i i t u - ,c- ( c - C c - n r c , ’ i - t ’ ~ i c - m n  1’ i - I i P c ~ i~ c - ’ ; m t m - u - s - - ’ s ’u- ‘ ‘ u -- I  ! m n ~ T i ’ P

, u , i c - r , c u - t m n n l ) u -. M’ u ju ’ s n s  ml ’ ir l r c -  1 - r ,  ‘ - - c - - I c  ‘- I n c - - s  ‘ t c - e  i c - s c - u , u - I c  c - ’  n ” f  c - -  ‘ - u -  c-

- c - ’ Ic  m i n c - c - c - u c - I  c- u Ic ‘- ‘.‘ u - I m ’ n n u - - n -’ ,c - ’ c- m n - - I ’ m , -  ‘~~~ c - .- c - ’ - ~
-- ~ us c - I , , ’, , , r c  - , m r c - ’ f ’ u I I \  i- li ‘u-~ -

, c u u s t  i - m c - u ’ s c -~ m - l y ‘ b s - f s s u i ,’d, U c - s ’ ’ , t c -  r m ~u - m P - - i - s t c - u , - c - i  p n - - c - i t  nu s  t c ’

‘, h i m  c- - ‘ l i i  r i’s S c-u-’ ! 5 - uS ‘u u - u  - - ‘ s c ,  u- s n - u - c - t i  (‘ - ‘ i i  ‘ ~5 y 1’ c- ‘‘ - r u-I y ‘ I - - i  - c-c-

[ v i m  ‘- ,‘c- ’ c - l~ n ’ t ’ c ~ i ’ ’ l ’ ’ f l  / l i i  ‘Ir ’ c - c  r r m , p c - c r n  ‘- n - ’ ,’ m y  f c n i n i  I ’ ,, - - 
, Ic --P .’ c - - n -  c c - c - ,  I

r ,  - u i - l i Im ’ I m s m u ; c - c - : u m i r  di I c - - f , c ’ f l  ‘ ‘c- c- ‘ i , 5~ s n f i j c  - S u S ‘ ‘ n I  : , . 
-

‘; 1-’ ’ - t ’ - i uv c -  c i ’ , ’ ’ - i m s l s u - - d  f n i n r m u  n l u ’ ,i ’ , r n , ,t ( ’  i s n - I ’ s - - i ’  c - s c - _ c ’ - ‘ - ‘ c -  - ‘ n - ‘ ~

f ; i - t i u c - c - s I l ~ cia - hm ~~‘ ‘ c- M iO~1. l s s u  c - c - c c - t n - n r c - u ’  mum -~ t i c s I l - n - c - s u ’ - u ,~ , - , i , -  I c - s  t o ’  - c c - - ’

- - - I  u- ’  ‘, u - ’ r u , c - r , l i c ,  c ’ I ” ’ r n u r ’ r i t  t l  - c - c - r r n m r l u - n r u  ~- r , -  I~ , u u n s m s c - u ’ ) c - I  y , t ’ ’ m s ’  ; i i m ’ l  m r - c -  ‘ T  5 - ,
~~~ ’ ’ ~~ 

, u - u - c c

I 15 ‘ - t u P  It n t ’ s  t b srn r i s c - m i t  n - f  , . -n ” , , ’ xv ’,l c - i I ! , c s c - ’ : c - . c  ‘ - ‘c-

- P t
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c - c -  A It’ u - t A T  c - N  c ’ c- T H E  c- ’, c - sA  1,5 PH c-c

3 .1 .1  Cho ice of Langueigo

We were  ca re fu l  In the p i F ’ n - e d i r s r j  p a r a g r a l - I m  to usc ’ - ‘he t c ~rm “programming
sy c- - f u- r un s ” b e c a m m s c ’  we are d F n lmti C ’ ra tc ul y proposmnq a mechanism c - ha t  ~ i ~rc- rids , In
ninny w ay s , d i rect ly  to t he ha rdware  level, As was  sI ~ u u- ~i u- c I c - u - n 1 3 ,2~~ I ut

m n ip l c ’ mn iu - n fa t i o n  may var y wi t h  the sys tem level , but f t c - i s  cio~’s ‘‘u- c- o’ic;’~~ ’i US.

Con c e p t u a l  uni formity is c c -j r  qc rat , w i t h  i s fu - r m t c a l  s e m : u r i t m c c - s  N’ c-c- c- c - t i c - -  u - u -  ‘at
irnpl~ ’ m m me n 1ta t i on  le vel ,inid f s ’ r ’ i m u u c - c - l u n u -  i I i c - ’.u,n c - .s er , th c s p r c - n a r y’ cs p ; ’- h~~c - c - t m o n i  of i c - c - c - s
mu m’uc- ha nisn i  will ic- c ’ within pr vmu - m a nuumnuin ug languages t thouqli not - ‘a’ - - c- u- n- a nv  am np imc a t i on —

n ’vu- I  prog ramming  l a n i q c -j a q e s  ), and t h e - u - f o r e  t he n ’ uj I k  of $ hr’ c- -n c’ ~~‘ ‘  v u-a ‘~ n th c -  ‘;
t hesis w i ll be e x p r e s s e d  in programmin g language t c - e  n’s T n ,io~~~ - . o f c u - - c - r n - c, we

w c - t I  need a language cons istent with the I ’ r m ” cc ” pt s  m ’’nrs -’i m m’c - I c - m u-nv ~~~. Sc ’ c- e ’ a l
l , c - nc iua c - i , ’ u -  would be adequate for our i n c - c - n T s c - u - ’~ ’s this ’  I c - i n s ; , “r -u - n t - i l c,h~~rsi .— t u ’ .’ ’ c t i u  w e
r c ’ q c - u m r & s  is c u - m u  ,m ( ’ . 5 5 j u ’ i f u O f l ,  Thus pr  ‘ su c i mp u- , c - I so  known cci— /rm!’;,’m-ii c-o ,-’i h t -j ~~ ig

[ P u - r u - a s  72a1 or necessary access (“ ree d to kn~ w ”~ s t a k e s  that programs
r c ’ c c - u ’ u v e  only the minimum amount of in ’, n r u n s a tm ui u s n m e c c ’~c s m c - r ’c- to r- ’~’- r t o r - r  the i r  ‘s pec i fied

t i c - n  m u - t c - c - n r c - s .  rouinchod on this i - c -  Incsp l n u  c - nc - the proc i rc - i  s ic  s t r c - j c t  um r i r t uu- - s u i t I’orf mc-’ - kc-, j y  known
c - m s  mode/ar des n ’Tc -po,c I ( I O f l  [ Parna’ , 72(1], wh uc lu c c - i  u - s c - p s  a c c - s c - t a  s i rc ict  m i r e  arid the

func t ions  t ha t  manipu late  it i n c - t o  a s u ’ c - q l e  e n t i ty  c c - a I l e d  a ‘ ‘ s - s d , - .’ ,- The t cc m h av io r  of the
l n c - n i m c - t i o f l S  is p re c ’ m u - e i y  s pe c i f i e d  no fero i s of a l m s t r m u t c - t  ‘ - i - e n a t i o n i ~ cr1 c - he dat a
‘ s t r u c t u r e ;  rio in fo rmat ion  ~ hc- ni t  f lir’ um ph , - m i u u - m u t a t i o ’ c -  of I c - - se o p e r u - t u , - c - i s  c-i ’ the
n c ’ t n r e S c - ’ u m t n t , ( i n  of t h e  manip u lated  s t r u c t u r e  mu - mn v c ~r i c r c - u v u - i e d  to R ‘ c - - e r  of a n u u - u l m u h e ,
E3 ec a~;se we ar e  concerned wuth the sema n t ic  i n t e g r i t y  of our e x c e p t i o n a l  condition
m ec h a n i sm , we want to embed it in p cc uramm m n- m q aru c li lages I f l~~~ c t r e 9 s  abs t ra ct
c - - c’mant kc -c rather than rep r c— u - en la t nc in ,’c- I mu - sue s, I anq imaqes tha t  prevent  the spread
of r e p r u - ’- u - ’ n t a t m c in i n f o rma t i on  ( i c - r I t i - s - r u - b y  pu’ rm r t  considerable I n c u - m b  u l c - t ’y in the

c hoice of im i np lem ent at ion)  a re thus we l l—su i t ed  to ou- p c - m r  p - c c c ,

Given a c l in ic- mn of s c - v e n a l  ‘c - u  - - p t  i t s i c ’ languages , we see c- rD reason to
c - c - o n s t r m u c t a hyput i i c - t i c a l  ( u n - c l  m v c  i ’ r c - s s l y  for t Im e p n u n i ’ o ’ ,u-s if t his thes is ,  We wil l use
AIi’char d [Wa If  76a]  for severa l  r u - m i s c - i n c

1) it supports the  notion of e u s m  c i ; s u - u i l c - c - t m c n n  i l m r c ’ m ’ t ly (tt i r nimgh form s),
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n- i .3 i u c c - F  u-l .’ , ’l

2) it  nd c l r u - ’ ; s - ’ ’- the m u - ’ ,u c - c -  m c I  v u - n - t - , c - I ” ’ s ,  ( - ‘ c -  3 ,2 , 1 - 1  - s .c - i ) ,

3) u t  is riot v c - ’ t  m . u - ’ c - c - p l u t u ’ l y  - , c - - c ’ c m f , m - c i ,  I n -  ‘ c - i  e cm i , ‘ u ’j)~ - ’ ’ . , J I  mliv c - p  u- f

i - n , u- . t ica l  u - u - 1 c j c ’  I c - Is c- c - s m s t c - i i c - u m ”c - C b  i - v c - l c - , , l c s r i ’ - c - s l  -

1 1 m m ’ , u n - f  n m - c- u ’ - c - c - l m  l s iu- P u - - ’  c i m s t s u u c -  1 l c - i L u - t c - ,  I c - -, ( c - c - i c - c - P c - s  c - u r n  t u 1 r m t c c - c - ’~ c - c - i  u r n  t m ’  c- n u m l c - c >  t of

iii un u c on i i p l u ’ t e  I , u s c - c - I r - u c - R S , s’c - ( n  i f l c i V  c - c - u p - i - m u - S c - ;  c u ‘ - -  c ’ t , , m lc - ,  I , ,‘ , c -~~ u - -at - c-

lii i c u - n t  c - i c - m s  ci t i ’  oic - r  n i e c h u c u m u i ’ - m .  c, t I ’ c ’ ’ ‘ - “ k ’ I S i s ’ ’ c - .  c - - n ’ u , u - ’  S c -  - - c - ’  1 -
~ 

‘ - c- I c - u - ,  i u ‘ c - - u ’ - ’  I - - -s

t or P u r l - c - c - i c - c p u ’  c I , - c - r m c - n t n -  t lni t ‘;r I ’ c - u ’ - . u-  m c - u n i l - ’ f c -c - m -,” , f  c - u - u -  n -  - r , u 1’ - I m ’ ; c - i ’n ) .  i n n  c - - m , i c - n  ‘i- c- u ~~‘ ‘,‘ ‘ ( ‘

u s - p c ’ to  c - c - u s t c -  m h r u i t i ’ ’  t u-  t h u  c s c ’ c - : ’ ’- - ’~ u - I  i s - u - - c - m n -  c - u - ‘ - ,cc- - m n - - c - s c - - c -  , - - ‘ - s- ,n , c - c -

-, ‘.,‘ u l t u - - u i f  s I c - m u s i c- v m n h r ’ u m c r ’  t i c  c - i c - - c -  c - f  i fs ‘‘‘-n -c 1 . 1  c - c - ’

3.1.2 Pr op ag at i ny  E x c e p t i o n s

A I n c - i - i c .; c - c -  c - u - s c - s r i  I c - m r  I c - c - - -  cc - ,c , is t s ’ c - n c u -  u f  ‘ ‘ , ‘  r -  - i , u I  c’ n v I c - ’ r ,c- n i u -  us t i - c - -  r i - c - I s .’

f l int  f I r e  p r o c - p l u m s  r s ’ u u t m ’ ~~f ii c - A; Im , c’c- li c - c - n m  c - n n i u c - ” v u , s -  c - v  uI u c  c - c - in ’s cnn m u - d e l m - ’ t c ’l ‘ - ‘ v s c - - f

I’ ’  - f l i t ’  I ’ m - - f  u- s - n u t  ex  I iii c- n . c - u s ’  i s I - ‘ - u -u - f - n - c - n  u - c - c - u ’ ’  - - g u m ‘ -  ~u - ,’ , ‘ c - - - us  - - ‘ S ’ ’ -  c - - - c v  I - t i m - f l  in-

q u v m ’ u )  a ‘ i nc- i n - , c - i c - c -  n~~c- -~ - I m m u i u , c - m i d I c - u -  k u - u -  - ‘ - - i  , . ‘ s c - c - s t c - u  u s  I - -  m, ’ c - i  ( I s t r ’ n I r ’ , t  (‘ - C , S f -u -

f n c n i n i  t i m ’ ’  c ’ s ’ u u t u n ~~t t h a t  miic - c -~lc~ 1 1 m m ’  ~l m - c - m nv- -c - , ~c u  l u - c -  ,, c - s I ’ ,~ f ( u - )  t I c - m i t  i , m n c -  i ’ s ’ ’ - ’ c u s s —  i t .

5 ’ u ’ n i m - n ’ a l 1- c-’ , the I - u - s i c - I  of d , t e c m i o n i  , u r u c - i  t I - n  l - ’ ’ ’. s t ( s )  c- P uc - ro  n c -  n c - n - n i l e  in c - j u n - I - c - c -  I

n m c n ’ u l u u l m n n - , so f l i nt  t im  u- cc - I u- I • n r m u n - m c u c i  1 1 m m ,’ u .  ‘1 i ,~ ifl ” ( c - c - u ’- - ’ ’ - - i f s c - r n m s r u i c , ’ s c -  U’ I s  - -

I - I  ‘ u - c - u n  m ’ , c - I m c - l u - s .  In V u -u - ! of t l s - ’  u , c - m u r s v i c - - - r u ’ ’r n - 1 lu - -  n -  ‘ - c- l u mp s - - - I ’  i n , \ ‘, i
~ n s s m m u l

n c ’ q c - m m u c ’  t h a t  1 1 m m - - c - i i f s ’ n u n u - t c - - ’ i c -  Pm’ n.s u i c - ’ , s ’ 3 m ’ m , 1  -,‘, u I l u  t i n ’ I - c - - I n n -  ‘‘ -- c - c - ’- m c u V c ’ !  ru-I , f I r s t  ‘c - ,

It s , ’  u h u f m ’ m , t i n u )  n r u m c ’ , i m u l u ’  ~ lii’niIc - l  c - ~ i - n c - ’~n- t he ‘x c - m I t m o n u ; i I  m ’ c,,- v u s m c - c - s - - m i  inn t u ’ i i ’ m S  (‘I t i c - c ’

c - c - l , s t n  c c - c t m i c r i  t h ’ -  n n odc - m l c ’  d c - f u n - u - c - u -,

It i n c - c - n v  im o t  t i c ’  j n c i u - n- ,m i i Iu -  lu- mr t i c - u ’  n ’ ’  ‘ m’ ’ ’ - ~~ s f ‘m u- m ’ > , m : -  , ! n , , r i  10 n i ,  n ‘ ‘ n- n- t i t a ’

m c m i ’ s l  mu mu- ci u-u- m ph u- h e ly (if Ii - I u , t i s m s  u - c - c  c c - m m  ‘ c - n c - c S  n c - I  I ‘ c - - u - i  u ‘p I c - , c- u l  - ‘  - c- ,- I - c - m v  c- c- -ì c- u, r u  ‘m is

,‘f lc ’ s .f on u t ’ s  I c - I m u i v i o r , f o r  c u nu n  it I’, - n s m u r , u  -cii m ’~~c t I nc c - r  u - u -  u-ji ll l ’ s  n i ( c- , ’ i I d , i S i (  ci ~ c - i c -

t h u r ’  lin inl i’ i l i !u” ‘ — I  m n i , i i n i t c - u u u u m n i c l  ,‘ l’ ’ c - l n c - , u , t u u , m n c , I ’ s ’ s ’ - ’ ’  i n c - c - s i  m - x c  i’ ;’ ’ - m u  u s c - u - s t lu- ’  c - i - n ’ s ’ ’’

inn  n i - m i n i ’ ;  cu t  t I m e  n m ’ c . u ; - s - - u m t ’ ci u- P u - t r o t - c - n u n, if  m s c - u m c , ’ I - c - m r I’ ,- i i ’ u - C ,’c - t c ’  t I m e  s - r u s t  I n e m s  r , c u ’ ,- ’d

t iy 1 1 m m ’  m c m i m r i u u ; I I  d u - t i ’ n . t u m m n b  mo r l m ul e .  ! l u m m s . , , u ’ c - ;c - - c - c - s u i ( H i s c - S i  c o ’s - c - c - c - ;  m c i

l c c m u i u u l ; u r y ” ( i c r  a m o d ule), i t r u - c - c - s t  lnu -  t r , c - m c - ’- - t r - m v ’ s ’ ’c I to  r m - f l - - n c - f  t l u c ’  t ’ c -  t . ’ r c - c a l  ‘- u ,  m a u u t i ’  s

- -- ~~~~~~~~~~~~~~~~~~~~ ‘ -
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E L A n O H A T I r , ,u- OF’ T H E  GOALS CH. 3

arid s p e c - c - c - u f u u.ations of the module It us leav lmiq. In thIs way, representat ional
i i  f ’ - r m a tj o n  remains u- ap t ly , ’  w u t i u m n u  a m u - claim -

We c-an u- u- u’ an o huviomis c-m u - log y in the w e lb— kno wmi  problem of providing
u m i t c ’ I i i ( J i h l e ,’ r c - u n — I u , u u c ’ c h m m u - i n m c - s t u u c - s  ‘usc  a l u , c - i h i c ’ c -’c l  programming language. Hardware —
clef c - - t e s t  c x,n eç 1 u - s - m s  wu Il  t ic’  u-s I nc - - s - - s c -  ‘I s ri I m s i  ic - u -  of addresses (the abst rac t ion
p n c s v m d e d  l’y t I n e  t m ; i r d - ,AI a re) ,  cv u s c - t m  g - s s ’ .c - r a lly ha y - c- no meanin g to the high—level
l c - i l s q c -2(c - c - ie us e r ,  It is the n c - - ’ c- i c - s n s - - u I c c - i m t y c - f  f ’ ’ , I - ’u n ip u u - i c - ue  ‘‘ module ’’, which i rn pleni ients
( I  In ro tug hi a u-oiiipul u’r and run — f mi re s c- -c - I c - u n ’ )  tI cs ab s t rac t i on  inhere-n t in the language
S ‘ c - n ’~~u-~~j~~u- - to t r a i n - f a ’ un such cr cldr u - c - - c c -  ‘ c - u - t o  the c o n t r o l  and data s t r u c t u r e s  of the
p u - c - pra m l c - . u m s s h m - ’ , e c u t e c - j ,  M s - c- ,t n;sni s , , c ’ c - ,~~- c - c - i  S’c- n - t m - i n s  t r a n s f o r m  oni ly a s c -j b u - e t  of t he
m’s ’ s m - p f m c - mm s the l u c - u ’ i w , i r e  c u - m n  r i s c - s o  au-cl Iic ’ i rm d l u~ the ‘ c ’ ’m’a inche r by pr in t i n g  a c r y p t ic

n n c,ssc - s ag e  (iii t erms of the u b s t r - -c- - t mcn ’ i  ~
, l n p h ic n d  by the hardware)  and terminat in g

p -
~ crc - c - n t  mo m ’  Should t h e  t un  c- c - pr e n n u i - c- ,‘r he min Ion ’ (un ; It’ enough to rece ive such a

r n i m ’ cn - a q m u ( u - p  “F5c - ta l Run—t ime F c- u-’ , m ‘ M u - c - i c - c -  c r y  Pa r m i  c- Error at 472 1  06”), he cannot
assign any mu- u-f l ing to It , sinuc i’ it is ‘ - c - - I  c - c -  - ‘  .‘ssed in terms of the abs t rac t i on  ( the
la n i q u m c - m  c - j n  ) he perce ives,  F q i c - a I I~’ c r y p t -C i c - c - s c  -‘anqa’s can arise from s o f t w a r e —
c t m ’ t c - ’ s c - t c c d  O X c c - c ’ p t v I ) n S  w ell ; 1 in i c - u - t I m  - u - s u ’~ an a t i c - - I nac t i on  has not Peon
m a in I a in ed -

Th is r ’x  a mp l e  I l lustrates twa  c ’urr c’sr s c - r, the cl’ ’ c - c - ic - mn of the language module: i ts
t a m l c - u r e  to e x m - n r ’ss an e x c u - s p f , u i u i  m u- f c c - nm- s c-P c - l i e  pns p ’ e r  abs t rac t i on , an d i t s  un ila t e r a l
t i ec  c - - c - mu - n i  to t e r m n u i n m m t e  e xecu tion  r a t I u c - r  t han  i ’ r c i p n s l c - m f c - ’  a con dit ion, We have just
s m - c - mm l i -c - sw c - m ’ c - cs h’’c- S a Ir exc eptmom n c - ’~ ,~ - r u n c - , ’ ;u - c - d  u s c -  u m p r c - u r - u ’ r  t e rms  can be, but we should
t j um hers tend tha t  the fa i lure to c - u - - ‘ -a’ i r ’  cx c mn( c - tm m ) n i  at  all Is just as serious.

Sup ; us - ’ c - e that our  l r y p o t l n e t i c - c - a I  pm n j m ; j i m u u m - c - . c  has m n ti p lc ume ri ted a d a t a — b a s e
syc - ;  to rn  using th e g iven high— lu - v  ‘I lumnpuin ge , P c - ’  ;c -us ,~ he is concerned with high
r c n l m ~mbiI ity in hi ’, c-c - y s t c s n n , he ha- c- gon e to m .- r ’ -,m d & ’ r a b le lengths to orgeni;e his data
s t r c - j - ; t u jr es to permit re cove ry  from var io us fa i lu r r -s ,  However , he depends upon the
l a m c - m u m c - c - c - n ; c  to  provide hum wi th  c - u - c -  c ’ l c - t m c - s n c - -, ‘or all c o n s f i t u c - n r c -  that it cannot handle
m u - t i - u  i i i  i~ In t i me m - c - c n , m t e x f  of n c - m o p u -vu- , ’ i ’ x c - c - m u u j s l c ’ , we will ass ume that if the da ta—

c - -  ~~~~~~~~~~~ c - ’ i c u ’ n -~~’nt Ia h OC, ‘~~~~“,‘~~~~
‘ u - ’ a a ’ , c -~~’

,,m - , s c ~ c - -  - n ’ c -  - “ ~~~ i ~~‘ i - -
~~ ’ s - o n ~m( l ,/3 ,) , wh~ ne “ I” d~not.s

‘ c - I - - c - r n • c - - - v c -  • ,s - “
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bc- i —c - p  s y s t e m  is informed ( b y  u- ni c x i  c ’ p ’ o n n  u s c - v ’ , f u c -  c - u - m a n )  f t  c - c - I ‘ - c - r i m s  l u - n  d c - h u n  i c - c - ’ ’ ,

I c c — u - m i  d e st r o yed , it may be cu - c - i c -c - c - h I p  of r c - c c s s m - ; l r t u i  t u n i n n  t I - n c - i t  d ; c - Sc - , i ncn  c - ’ u I , u c - - i  l i - u- u

r e d u immu -lant u- lain or ru- comput a t ion ,  If it ru- mi dci ‘ c - t n , S I n ’ f i s t t I , c - t  a ( I c -m i s c - c - ri v ‘su-

t ( ’ mnpornr i ly )  ( i u- u -t r c )ye d  wil l  he ( c - o r r m i - s c ’ t ( c - ly l u c i u s ’ , mi .,‘ m f i c m n c -  t h us  c - f i n n -  l u - n - c m  - ‘  S c -  rim a ; c c i

ire e xc e p t i on  wil l  he t r a n s n i n i t t c - - d  t o  f l u - ’ m u - - c c -  c- c - I  t i n c - u t  c ’ c- n - Ic c - - c - mu I- I - u - I c - I  c - I c - c -  :1, - i l - c - - P u c - ’ - r-

s ys t u- n i  he in ica ic -c ib le  of re p c -’i i n c - n n c l  t I - i -  d ; ,u ’ s , ou - - c I  s I c - r n , 5 w Ill n c - i - c - l i t ,’ r ’ - l ’ ’ s r i  ‘ n— i t ’ —, c - i ’ -  en

s, ’nme e xc e p t i o n  in f i rms of the , u t u n - f n u u c -  Un - mm S h e  s u - c ’ r  ‘~ c - s ’c -’ ( 5 - c- i ‘ ‘ I~~~m i s - ,- , ’ ‘ c - s n  5 , ’

M m m c l i  lI”u- 191/1 , i n m c - r c l v e r t c - c - c - I I y  m l m ’ ’  t r - c - u c -, l’’l A l l  c -I  f t c - c - c  ( ‘ 5~ ,’c- ’ ! ,’ ,lu- u ’  ‘ c- - lu- t - m ’ I c - c -c - c - ’ S

( I c - ’ J ’ c ’ n~ I s-c c c - r w c - i m m l l y on t Ime l a m u u s c - c - m ’ u i ’  m u m - c - u - c - u -  n . - t I - -c - t i n i c m  al l r- - m c - u ’ i c t u i : m c ’, f , ~ , n - ‘ , c - ’ - u - ’ ( t i - c -

d u - f ,- i — b ; m sci s y c - s t c ’ u u i )  irs t m - m u —  1 1 c c - f  f l i t -  - , -~~c - t m - ’ r i  n m ’ c ’ n u t t ’ c - ,’ u’n-

3 .1 .3  Assoc ia t i ng  Detect ion and P r o c c s c - s i m n g  of Exc i~~’u l iorc - s

We lc - , ivm’ s a l r e a d y  c i u u u p i s , c - c u _’u c - c -t i I u , m t  a r m  m - ~~ c- : m ’  i c - i c - s i ’  ,‘.‘ l T ’ m - u ’ - - s , I I - , Lu - ’  ‘ I ’ 5 1 c - ” ’ ” ’ c - ’ ’ c - I

~ n i t c - m c h c ’  t Im e module f l i n t  r , c - u ’ - ’ s  i t ,  Pm inc - . c ’ I ’ u I c - ’  f i s , m I  n c - m u s s - n -  u - mi  ‘ - u - c -  m u  I u u c u s  wv c - I f I - c - ’ n c - ! u u r u ’

not p o s s’- ss  the k n u n w l e d u ; u -  f o  d e t m - n n u c - m u u u ’  c - n - c c -i I ’ i ’ s U U m c- i’ u i j n n t m ’ x t ( s c - ) ‘ ‘ s n - m u l l  5

m n o t c - I i u - ’ c - u t i c i n of I b m ’  c ’ x i ’ e p t u s - r s , m m c l  1 , c - c - s n - s i  c - i , c - I  m ’ ,’ c ’ n ’ , I c - c -  c- u ’ 1 ’ -  ‘ c - c  mm . ’ c c - m u m -  ‘ - u ic l ’n p

‘cui t m c -~~ts ,  Th u-s e \ c ’ u- i s t s - - u n ; ’ i  u c - i n u i ç l s t s c -- s n  - u ‘ - u ” b - s u m ’, ‘ c - u s  t u ’ m - n c ’ c - s c - n u ’ - n i - - , c - ’ s n i ’ ’ , u i  p t u m ~

t i c - I m i ’ ’c - m f l i t t i i i ( J  t hc ’  c - x i ’ c ’ p t i o n  to t l u ’ ’  1 c m - c - c - - c r  , u - I c  ‘- t ( s ) ,  I ’ m , u t c - , ’nu r c - u n c ’ , t i n t ’  s~- s ’ c - I c - i I u -

n i m n s ; i r u ~ f Ine c - u - n - u c - t , m c n u  n rc - my i ’ m - c l  I ’ -  u - v ’ -  ‘ ‘‘ s u n s , ,- - u - i - I c - u  1 m m ’  u n ’ u n t i c -~~ i(s )  p r c s c - c - c ’ ’- c - s  - m  i l - c r

- o n - i - f  ion m m or - c - n  - n I c - c -  du - I e m mu m m c - c - ’ - u - u -’ ’  mm mi i i ml f l u - c -  cii II i u : c - m l i  y I’ - i n -  n c -  m s m  N - c l ’ s , - ,],

( 5 l ’ v m u i m u ’ l y  t b -  nm- ’ i - I u , m u m u - , m uc - u r i c - m n - I  , u c - , c - c - c - s c - c  m m  i , l c m l m n ’ c - s t c m i c - t y l u - - c - ’ ’  c - c - ’ - s c -~c’rII , ‘ s i c - c -  ‘ - - t I c - c - n

de l i  - n - f r u g  n n m ( u d c - J l c s  c c - c -  m u - c i t  cc- u - I  Hi . m l i~ mi am i ’ ”  mr c - m i m i c - r u n - n c - u  t c -  f l u  in c - c u - s f - ~ (u -  c -V~ I t ,  - u - I c - c - c -’ Ii i t

lu- i n - I  S y i l u - l i r o m m n / t u -  T i n - ’  mimic - u - c - mi s i v  w l m i c c - P  t t v m  v~~c u - p t - c - - c - u  a r c - ’ l u a n i u s  m’ 1 - s ’ m f o n ’ n n s  t b - c c -

V i t a l  ‘, m- r v u ( - i - ’ c- c c - m m ’  ~j m’’ c - c - , r m I c - m s d  i n n  c h i a b ’ t n - m  -1 , c-c’ - ’ n c - - n i  ‘ - c - n i  u - c m ’  u’Ii ,n t’~ I n c - n t -  c - v u l t n

‘ - m ’ m ,c - u  ‘ n u-c- I mi i i  - l i i - c t ,  n c - u s; of oc- i r m u - n -  (c - ni c - c - c - s  - t mu ‘ l - - i c - - c -~ y c c i i  u - c - , -  I m c  - t s , ’ c c - m t ‘‘ s c - n -  mum - ‘‘ c - b c - c - u t  m - n - mn ) ,

In i f c r i r i a l l y,  ~c-,’ i c -  can ‘- ‘ n — c--- f i na l  I t l u ’  - u m u - c u - I c - ,  t l n c - c - t  i c - 5 1 c - m n’ cc- u ’ u u t c - c- uc ’~m ’ c - c nt c - ‘- ‘ i n c ’ nn iii

m ’ A ( , i ’ t ’) t m m n t i  a r m r c - i ’ s  in cm c l i v imn i  c - m I - ’ , t r c - c - u  l i on ’  c - m u m ’  n u c ’ c ’ i ’ ’ ’ y t m  m m - - u  ms - c - m l  f i u m u t  c - u I ’ s I s ,ju- ’ uu-r’i ,

7’, u - c - m m i’ f t j l  n l ’ - f m n m i t s ’ , m n  of ‘‘ m u ’ , c ’ r s  cc l ,-‘r m i  a l m s - s c- m a c  ‘ c c - i c - ’’ i i ’  I - in ch - . u i  i - - p ”  m f i r  S . e u - u — u - i c -

u ’ ” F - a ’ - - - -  I - ,,! t ’ c - e  ‘ , c ’ c - c - ’ ; , m v ; ’’ ’ n - c - ’ c - i ’  5 ,- - -  s ,’ s , ’ ”  c - n  1 cm ,‘‘ ‘ 1 s ~~- . , — : s , I  , , , rn c c- S c - n’ - c ’ s “ ‘ ‘,‘  ‘ c ~~‘ 

c , , , -. n n c q  c - ’  c . . ’- ; , m , — — n  (‘ c , , ’ ,, I I, ’ ,- ,  c - - i ‘‘ ‘ ‘‘ , c ’ ,c S • c - - s , ‘ C ,  ~‘ ‘ c - ’ , ’  ‘ n, ’. ‘ , 1 ‘ c- ’ ’ t -  ‘ ‘ c-, — - ‘ - , cc-

! c , c l I , c ’ , , ’ , n , n , ’ - - n u ’ I ’ - ,c - _ ,,- n ,- d m ,fl f l ¶ m , n c - , l ,c i , ,- c- ,_ l ~ - p c  5 , 5  - c- ‘ - 1
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F1 ,41u :’ c - c - c - t c - T i C c - s T ,  OF TI- I c - ,  c- ,C sA I ,S  CH. 3

c:onS In c-ic ts , I c c - u t  c-~ c- cc- c- u mm ‘i a’ mc - c- c - r u -  - - ‘ r  - c - c - I c - c - c - c u  t l c - ~~ S slep t ’ u mdc - ,  on m r m c - ’ l u  u c - c c l o i o q m c c -  c i

v i m - c - v - c- c - c - lone. ‘‘c-- c- c o c - ; s~ s i c s n  a context 1 u - - i c - s  c - us i n iq  u- r i ah n st mn’ c - t i on (or n odule) I f I t

p O S S c ’ ’ c - s t c - S  ( i n , ,  n i  c - I y l ’ s  i ; m ’ .’ -,,c - c -  c- I ;  a’ f c - c - n s n  c - c - c - n c - i s  ‘c - c - l u - c l  by t i - a t  c - i t c c t r a c t u o n ,  This

de f s c - s , I c - -,snn is ‘m u - f  na te  v :c - c c - m O c - 5 ;  1 i c - u - u - - c - l u -  m u ~o, c - l m ’ ’ t I - . he c - c - -c - c - c - c - q  a module i - v u - n

t l iu- ; c - i H t a t  u - c - c - c - i ’ d mu u ’ , c m  - I Is ”  c ’ c- c - ’ r ,  i c - U -, u > c - ’  u - i c - c - m i ,  “I c- -u - ” i n t ln m s 5 c c - c n n - c ’  t I m m u s  lies

b s c - s t l i  u- s i c - u i - , u - u s c - i  a - c- Iy i c -  c- - m m - c c - c -  c - a c - s c - - - - - c i i  mm - ‘ c - l u - A l  mm ci ,- 1-u - ’  a n n  e x , ’ c u u i m n s m  t s r c - ’ g r a i m i

t ha t  c,a ’ n y u - c c - , - -  f l u - c -  q u v m s ui n m- - c - I - m I , ’ c - - s  i t  n c - c - c -  - c’ a ‘ i , , t u -  s ’ rc - i c~~u c - m e  f l - m i t  ic - s i m p l e m n e n i t c ,u cl

in t t ’ r u c n c - - c- c - - f  1 1 c c - I  m ns ~ - - , i c - Ic -.~ I c - u ’ ~u m m ’ ; u - r  c ’ c - c - - - c- ’ ’ im ,.I - I c  t s n c ’ , c - h , sc - n nu t r u m l  t i c - m w ,  t I r e  l a t t e r

c-s one d c - ’ f c - u u m ’ U  hy ( h , c - t c - i  f m ’ .’, , c - c - i c - c - i  c ,f c - m ; c - c - c -~ c -  I c - - c - ’  I ,‘.‘o - c - n c ’  i c - i c - u s c  s l ed ,  In uimo re u - i c - r u - I c - c - I

a c u - c - c u t ’  ‘ I  -c - s c - s u m s ’ ;  mc - m i s , c b u , li~ ‘ -~ i ’u- ’ - ’ c - -  - ‘5- ’ , c - - c - p c - c : ’  lity [I c c - m i - s o n  ( - 9 ]

for  f l u -- c - i  u n i c - n s c - m u i e  I t s - i s , i c - u  c c r c - ! c - r  Ic - c - c- no ~~
- - - I c - c c m c  i c - s c - ’ ’  i’ ,c- i i isi ’ i  ‘Ci c - -c -  ‘a’ c- t Ine

ai’ p, ,~ c - ’ m - ,t u- , u m c - t i - x f - ;  u- I m m ’  ‘ - u - c -~ ’ t m c -  - m c -  c - - u s ’  - u - I u - y  s u n - c - c - c - c - f t  5- ’, it  u c - ’ c - c - n - f  t - c c -  u - P l c -  to  l~~ c- u - f e

all r’ c - c - p , c , u I ’ ac - OS f i r  mu -dc -u k’ M Ihi c  1; m s  n , , c - mi : ‘ y I i -  5 1 w s l s n r c - - s  ‘ - ‘ s - - c - c - r u -v m i s f i t - c t  f l u e

,‘ ‘ , - i - I ’  i t  t u -  c- l i r m u c - s t u  u - is; uc - c I c - I u r c - g  si c - li a - a s - c - I c - I -,’, c- c- ’ - i - p r - c  1 1 c - - s t  ~ ll n c - u - c - t i

s , c - u c m t m ’ x t s  wi l l  - ‘ c c - t i lu- ’  l c t ,s c c - o n us , ’ , ‘ c - n ‘ - u c - l u c - c i e

I t is thu s ; m i c - , t m u c - c - u  u - f  ‘‘ i sc -~~
- c- c -ssc - m - ~’ c - i  ( c - u , - u - m I  c - ’ y’ 

- 5 , 5 fm (s- c - s  f ’ - r  u- s i r  p m c - r p c - m u - c’c-s ,

t i c - u  “ c - m s - - c - u - c - ,” r c - s , , I u c - s m s  u ’ u u t ’ t on n - c - I  s i c -  u - m c i ’ - ’ - ,  c c- , c - u - v t ’ s - u - I  u - c - c  l u -  ‘ Is m i r o ‘-~5 m c - u r u nq du-

c - c - I ’ c - c - f r , n 5 , t m u, , , n m  ‘ I c - - c u - t m  ; n c - u u - u - u . n - -  ‘-‘ c - n cc - c - - c - u ’ ’  
~
‘ i , - , u ,‘,“ , ‘ ‘u- i c - l u , : ’  s t i m’s ‘‘ i c - c -- - ,  n- ’ s m - ; , ’ -m-

u-nt ttme ‘ca s ’ c - c - t , c - t u u m m i , c- is l t i c - ‘- u- u- I c - c- ‘ “ L S ¶ ‘ c -  l r c - - u , u - c - n u ’, ’ c - - , ,n ’ m b- c-’ our , c - i - - s ,t c - cm n c s n m n

1o c - , - ’ c -~c- t i ne  c - c - - f t m - ’ i ” u - ’  c s nm c- c- ‘ p - c - c - s t - c  i:’ ’ cu - i iP ’C , - a ’ s ’  , , c - c -  r lie l u - H - - c - c - m i m i  - , m t c - m , , t m o n  (c - m.- in ich

r c ’ m c - p p c - ’ c c - r ’, , t l i c - m n t y  t t i c - c - m : - c- ’ ’ - c ’d, c - c - f  n - i c - v t - c -  -‘ii p , -  ‘- - c - s c -  c - s u c -I ’ - - ’ - c - ; ’ c - c  “ml c c - m u - p t  m ’ ’n- ) .

U i m m - c - -  c c - c - u ’  w - -  I - c - m ’ ,’ c - ’ ’ u ’ , l m ’ - ’ c ~- l ’ ’  - - I c - s  ‘ ‘  c- c - I  i ’ ’ ’ ’ ’ i ’, s l s’s mul l  a l n s f n c - u s , t m ’ c - i s  c - i ll ’ ci si

c - c - i - u  - ‘ j u ” . I tim s pm - ‘ ul c-c- u - l u  ‘n c - i  - m l  I - ‘,‘ ,c - r u n  - sr l I  . c - , c - c -  - - s -,‘, c- - u- ic - u y or mu , a ‘c- m ‘ m U n - c- m - u - ic - nm e of

- c - i _ I s  s - t I m u ’ r ’ s - - ‘ u - u - r - ’  c - s  , , u u l ’ I - ,c - s ( ’  U c f  I c- 
c- c - n c ; - , f n (  de t u m c - i  ,u- c - m u u  r’ x~~,,’ ’ T c t i n - u - , “ 1)00 1—

I m c c - c - j  • ( c c - i l  n c - c - s  . ns ‘ ,c- , t ’ - ’ c - c -  ‘ ‘ - c m m I ’ c- ‘ s 4 ‘ - ‘ ‘ - ‘ u -  ‘ c - u - -  m u - c - U I - i l l ’ ’  t o  c - c - : m f m c - c - c -ly c - i c - n  al u uc - c s , u i i ofl

r ’ - ’ 1 - c - c - s t .  ‘ c- ’v ,  nnu u~I it  c- c - i c -  - -  1 , 1 , n ’ ’ ,; c - s  I - s m i - - c t ; i  c - ,  c- , u - ’ ’ c- s c , n u c - c- ’ s t - n c - p c ’  ~c i l i c ’ nc  t u m u-

poet ti c u - n - m t .  s th I c - c - i c  -m m ‘it I’ c - - I , t c -, , 1 ~~- - l  - n ‘ - i  u - u )  Iiy ,u ; ’ i ’ m m c - j ’ m u d i t i -  c - c - u c m n m l c - u l u - I c o n n

of i ts  I , r m ~~;c - u m il , c - t c - c -  ‘-,t t c - c - c ,t m c - c - i c - S  I hu m ’ , , u - m I  m u , , m s  c-c- I c c - c - c - ’  c - I t n , c - ve  c- in . c - i - i ’ s m r t c - m n i l t y ,  at i c - i n - I,

Ira’ i l  u c - s u i u , i f ’ ’  t I n t ’  - c - 0 I ’ ,’  i,- m i mP  ‘ c c - u  vii - - ‘ n ut n ’ , d c - l i ’ ,  ‘ - n ] .  Ye t  i n - c - I ’,- c c - n e  of I - ’ .’  u u- ’ ’ r s

‘ic - Il i c - v u ’  c - n ,  ‘ f - c u r s , - I S i n ’  ‘ - i l l s - n  - ‘ I c - ’ c - - m i t  I! c-u- c - c - i  i t , i c - n c - s  P c - I c ’ u 5 - - m u W c - ’ s i - u ’ , I b m - n i - f - c r c ’ ,

i c - c  a ‘ ‘‘ ‘ - c - c’ ,~~e ‘c - ‘  ,,.- — c - s c - ,’ ‘c- c- s e c - c - ’ ‘ ‘ ‘ ‘ ‘- ‘ ‘ ‘ ‘ - ~‘S C r .~ -u - ‘a ’’ c - c -~ u , - --,c- ‘ - - c -  - <c- i’, c- ’ c - - ) ’  -c- l i t’ - ) to  ‘ ‘ cc ’ ’ —

, , n ‘ c - n -c - -— - S ‘ ‘ ‘  ‘ ‘ c - i’ ‘I ‘ ‘  - ‘ , ‘ - 
- c -c l

- - 1 1

L :~~~
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tl i i it t Iu i ’  ‘‘ c c -~iIls ’’ r m - c - ,ut ion C m i i i  1 1 c c  ‘ ‘ i c - c - i - c-c- ’’ m m - l u - t m - u n  c - c - c - -  ‘c - - c t  c- c - S i c -  - c n c- , , i c - - s c -  i c c - F

c - - I m c - i r~~- ,l i i l ’ - c - t c - , c - c - ’ t u c - m m i c - ,, , u m m u n t t i c - i t  c m ’ , -  - , - c -c - ” c c - n c c , t ’ nu c - c - i m ’ i - i c - l ; - , , - - ! ~ c - u s - c - - - c - n c - c - n ’  - c c - - I t ’, ’ • c - I

I n c - c - s t  iii t h is- , c c - c - s e, tc i r  €ix c - c - c! l c - t c - o i i t m , u n m s m m -  ‘ - c - - i ’  su , -- I , c - I -  c - - i - ’, ¶ c - , n : c - ’ , , - ,-c - ’ t m  ~, t , ; m ! ,-

m c - I i a p t  c - - c  1, we will a c q u i r e  a d c - i m t u c - m m u a l  c - c - ;  c - c - c -lu-c- :11 ‘-c - u : c - -, , , -  S 1 - n  S I c - c -— ‘‘ c ’ - N

3.1.4 The Role of the Exc e p Uon Mu--rb- c - u - ic-rn

F r u c i n  f l u -  p u - c - c  m ’ c - l u u u c - u  d u n - c i m u - s c - - c - u m c -, it - ‘ c - - u ’ ’ ’ c - m n- t i c - : - c -’ I l c u u - n h -  ‘ Pti ‘ - - - - u ,  m

supply cm co l lec t io n  of c - c - m ” c - ’-j mc m ” s C l i nt p - - r n - c - I  ‘ m u , - ‘ s , to  c m - c - c - n c - c - n c - ’  - ‘ - I c - - c- ’ 1 - t m  ~~ 
-

, c - n t l  ~c - r o c u - c n - m m m q  s f  - c- - c- c -pt ’ - ;’; c - c - s i m s u ’ u c - c -  t I c -  ‘ s i r s . ’ ’  ‘ ‘, ; mns - c - i n t ’ ’ c ’ u . 5 1 c c  ‘c- ’i ‘ c c - ’  c - i ’ , c- -

j u - uu l c c - m r m l m : c - -  (an d m m ici c u c - ci u - t c - u ’ c - c - I c - l  t c - u u u , o n u r a  a’: m ’ s  c c - ’  c — c - v t ’, c c - i ’  of ,’ n c - c - - u- I I - s u c - a ’ -

t I n ’ -  n m n m n c h i j i i - c - c -  p i d n v i ( n e S ,  ~m ’ f  s m ,  c- , u m ’ t s u u t c ’ r . i - i c - s u m . ‘ c - s c u m ’ ’  r i ,-~~i” , m I , , c -  - , i i  - c- c - c -  I

no ‘ - c Iuc m n m s rim -

M - ’ m l c - m l c ’ s  t t u s c - 1  u s c - i c - n - n  , - , - ‘ c - c u te  m n - r u ’ - , S l y i nn  u - ; n - I c - , i  if c- c ’ p S , , c - m c - n l  H ‘ c - m s / s o  c- c - n - c - c ,

c - c - l n ” s t m c - i u - t i c n n m n -  t hey  ui - - c ’  c - - ,l~ mi c - c - 5 c- i t im c - m l ’ - s u m ; c - - - ’ c - i c - n - s i c - -  l i i i -  c - c - u - i c c -s i - I ’ ’ - ‘ I  “ u - c - c - - c -c - c - U  s - c -  - m ‘ ‘ 1

i S - - c -  I n m u c - ’ ’ c - Iu- r  c- ’?l l u - c - m i s c -’ c - u i  min i s  - , u m mcm l’ t ’, s5c - it ’ - -i , h u m’ ;  , c i m c ,  s i c k -  c ’- - ‘ i ij . ‘ c - i , ’ (

m n m ’, c ’ c - ; i c ’ t c - n q  n icc du i le ’ c -, V u - I c - I - i t t -  I c - m r  f , ’ r n s c - s  c - m t  c - it ’ ’ ’. Im , i ’ , ’ f  t c ’ ( ’ l ’ - ’ u , , t ’ c- , S c - ’ u - c c - ,  ‘ c - m ,’-.u, m , m - u ,  -

l mo’c -n -ibIe) c - l i , -  t r a n r s a c t u m - ’’, Pu - I c - c -c- n i -in f i m u c - i n u , N ‘ c - i n c - i c- v. m i m i c -  c - c n n ’ ’ ‘ I c - I c -  m u -  ,,u-p I ’ i s c - S  mU

In i c - u r - i l -  ‘ m m m ’ i s ,u ’ ’ r ’ -’ u l m f l n , c - - u - i ’m eric- ’ n~c - n n c -~ , c - l ,’ c c - c - i  c~, u t i y  u-a c - I c - ; s c - - c ’ - I I ’ c - r ,  ~~, f u - ’ ’ n- m u - u - c- i t ’ ’ - ’ ’-

, c - i c ; - I c c ’ s  iii p~~c , - - ; ’ t u r m c m  t r a r u r l l m c u n n  I i i  t c - c u , u - c - ;  - ‘ , i c - c c - - c - - c -  i c - u  c- c-, ,,i ’ H n c u m  i ’  m a c - s c - c ’ s  , - - ‘ u - t i m ’

s c u t h r  ~~n m i s f ’ s c - t ’  t ’ c c - c - f  c - i ’ m ’  m” : . m - c ’ ~~~~~~ ~~~ I - ‘ 5  ‘ ‘ m u  - 
- 

u m u  m ’ ‘ I  - , ‘ , ;c- ’ ’, m , - ‘ - c - m s ,u t s

u - m i m i  ( c -  m t a u m n  a r - t i c - r n ’-. u-in t m- I nc - i l l  OF m l n c -  : 5 I i - - ‘ - i  , u i n - , ,  c - ’ ~, ‘ ‘ c c c - n~ c - - , ’ - c - s ‘ - i c - i l  - ‘ c - ’ u - u c -’~~

s u - s i , mr u m n c - c - i ’ s  f m c - , n f m ’ -  ( i c - n m ’~~’~ S n -  !‘ ‘ - - ‘ ‘ , y m u ’ r  u- f l ’ - ‘ - - I c r - - u  - c - i , u , n ) f  i - r u - c - u - m i c - I  I u m c - , r c

ro - .u m c n m c - i  c ’~~p r ’ c - m t u r m s ’ , l i m i t n s f  - ‘ p ’ s  I’ , ‘ 1 - - c - c - c  ‘ c -  - r i m -  us t ’ ,- ci ’  ‘ d - F c - s c - ’ c -, c-~~ S . c - I ’  ¶ c - i S  -

- F r i  )l c h i t  m i r i s  n c . ,c-~~
, m - t c  t u nic - ~c i n S  - ‘ - - - ‘ m m - c -  ~~ 

m - - , - - ‘ c ’ ’  ‘ - m m  - - - - m u m ’ , - ‘ - I - - c - ’ - c- - c - - u  - ‘  ‘ ‘ c ,

r , - u  1’~ v t -  cu m u l u s  , i t u n m n  ‘ ‘ I  c c - n c - ’ . u - .  ‘ t i c - m i - ‘, , c n m t  ‘c - - m u , , -  c- ’ , t ’ ,u-~ m m _ n y  ‘ i l l  c - i c ’  c - ’ ’ I  m c -  ,“ c - ’ ,u - m

m-u - n tr ’ uI i f  f l u ’  c - - x u ’ u - p t m n n r  m’ s r u i n - i ’d , Vc- ’ - -  , ‘ m c m c m . l c - i c l c ’  I c- ,~~f c - I n - s  um u , - .,l, , i c n m ’, c - , u  “ , S c m  i ’ s - I

l i i i —  mim m c - t s m - c - ll y s _ n m — _ I c - mm n c ’u ,— u i ’ ’ ’ - s ’ i s s  ms t n m l t - r , m -  f s m c - i l  m c , c ’ c - m c - , m ,  c-c- c i m i c t  c - u n - c - f  - c~ ( - ‘ i c - u i n , , m c - c - ’— i ’  ‘c- i i

uI , ’’ ,ic ~ c u ,i t t I n ’ ’ ‘ ‘ ‘‘  i ’ ; - t i , ’ u m  I , c - n c ’ l l m r u s l  c - , c t c - m i  c i ’

lI n t’ mii c ’chia m c - m c m n m mnmm’ ,t min t  c- ’ n , i s c - , l u  s c m  t m ’ ’  5 -  ic - c - s of ‘I-i , n , ’- . t ’ c -u - t m - m c i - c- c-c-

,], - , u ’ u m m u r r  , Imn c ”u - -u - f c c  ~f i ’ t c n u i - , c c - ;  u s ’ s s ;  c c - ’. t Im -v u - ri m n n m i s i n - i n ’ ii t ‘ s c - I n  I’ ’’  c - i c

- ____
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s r c i - t u c c - s d u - l c - m l m u - ’ f l b  pr i n c i p le  ot uc i f o rm a  c - - u - c  hidin”’i W ’ , , ’ n t m o r  ~ ;m s c - ,c ~ c - - I c -’ Im u ( c - v c - S n e S  a
(‘c- i rr u pt ‘c - f l t i n i m n ; i i  or c c - s - c - -  I c c - c - c - rI a h s t r a c t c - , s n  mc c - c - ma t t i - c - r  for li ii- d es i gn er , n it ’ - -, l - , ; m , l cf not

I - i -  Im c u -  c - C l  ‘ c m  choose a l- , l r t ucu lar  one b ’ - n - ’~~uc - c - u - c -  - f  t hu- l’ u - c , l l -  c - ’ . i- ~~~~~m s m c - i  c - ’ y  t he

c-’~ u-c-~ ’ t morr  c - u m , - ( ’ t m i’m r m m c , m From t ’ um ~ nn r nc -n (c - n p c - e W e m m s f e r  t ha t  t F c u - ’  mc ’ i c c - s - c - c - n

s -c -ni ppo r t  w i th  equal co p v c - - ’ t - s ’ - u -  u- c s x C i ’ m , f  ic c - c- us ‘ , c - ( i t i ’ ; f  to ‘ c - c-c-c- - of d c - c - ta a r c - c - i  c o n i c - O f ,

c-c-\c- ’ ~~~ - ‘ c - I  f o  j u - ”. t - f ’ - ‘- ,  u prc ” m c - - e r ’ - c - n -  c - m t  u - i - - ’ ’ i - i  t - r m n m ’ ,rr’ in e’,~~ ” of t he

m m c f c - ) r n m n a t i o r c -  i c - s ’ l m n q  met hic ’ditcc-~~y. c-,-’~~ c- c - I$O C X c-~ ~
- . I I r e  m c - - ’ u-Il - n c - - s c - i  t i c  I “ ‘ u - 1 5 i’ - c - I ’ )  c - l i e

u-mhcc -d ’ Iun i ’ ;  Ia r c - q ua g m ’  ac - sc - n t o in p,r r c t  r e a n - n u c - a I c - : ’,- c,u-’ c - i h  (c -t u (’ ? l.-,i’ s u c - m c - m q e  p r m c - s i ’ m - m  t i es  Ic- i
p c - r I m -  Par , the r c - ’ p , , c -  m u - r n  c c - mu st  s- - u I  r O ( i t m s m e  I - c - , I~~n c - t c - c - m c - , ; r s  IC) i c - u - c - v - c - f e  s ;c - u - c - u t m c ,

f - i c ’ m h m t ’ i ’ s  ( e q  s y m is  F : c - c - u f l m.,’ :, S u - i c - )  f c - ) r  the m u m - c - u - c a m -, up c - i - - u ’ - ’ - 0 U ‘i c - t i c - c -  1 funs ,’ -nn

pnc- I 1 C I c - m t n l y  in t h c c -  p roc - o nce u-U such 1 c - c - c - c - mi ’ t c - c - c -’ . , I’ u m c - c c- ,‘ t  , roc c - c - ’ ; c - s ’ i g ,  i i namoo d c - c - t i c - i

c - c - t r m j c t : m ’ c ’~~, ~‘c- c -c - chronizattcni , and p r o ’ c ~c- t ’ ’ c - c - a c - c  all i c - ’  ~c - c - a ge s~~sc - p uc - s s c - n c - U , c - ’ s c - ’-: t h a t
i n m e v i t a b l y  j i l i e r a c t  -~~ s t h  e X u -  ;-t ,o rc - a i u ,n n ’c - ( t s l m ç , i s  S ‘ c - n c - s c -c - p  c - i c - c d  c -_ c-c- m i c - s i  c u i r n ro iuc t ra t e
t I m - a t the mc-,nc c - h c - c - r ’ c a r n  d oes urmdu - - -’ c - l r Ic - S c-’ ’ - .u c - c - c - t  r m c - ’ a c u - n c -’ii-’sty t sc -  ~s lc - , ‘ P  - sc - c - u  t ,i ch 1 5 ’ ’ S ,

l Im e  c - c - u - i c - c - c -’ ; n’,entmoned th i ns c- ar in t i c - m n -  c- ’: h i c c - n n t m u m  all :,Or’ -’e nr l the c f ,’c - iu -m rem ents

ru-posed on the u- ’xcns pt iona l  co rdu lmon ru- ic -; , t i c - u - s - c - s i c -  b - c-’ t i n t ’  I S S a : ; - ;  c - c --’ , t ha t  i t  c-c- to be

c-c-c- u m c - i c e d d p d  c- n a hanq t m a mj i -  c - c - c - i~ ’ u- u I nn; e m n( ’ a p ~,uu a t m c - c ., c - c - s a fmi n dampr - , ’al c - m m - n - i c - u n  princi p le.
liii” pu-nc ‘ c - c - c - mt  m u- u s of this c - u - r I  s c - u - s  ‘A u l l  he lu - c - f lu - l e t  i - c -I in chap te r  4 u - i to s p e c i f m c - s  in

t I c - i ’  con tex t  of A l ph a rd , and It o- reade r  w i l l  then be able to judge whether  the goal
of defining a uu f n c -’ rrc i y ap~’i,cabI’c- o x  i-p tm on rn~~c i)8f l is rn has cui u i i~ Pd bc-u u - c - ’ r i s u c-c - l u;cs d,

3.2 V9rifiabillty

Of the t i c - r o e  pr imary g o a ls c’s tab l : ’ ; sc -c c - d in section 1,3 , v t ’ s - i f  icatmon has p~crh a ps
t he m ost c s ’ ; m m n f c - u - an t  ef fec t  on the s tru ctur e of the ex cep t ~on mec hanism , The

~ hi l i t y  to v e r m f y  Pc -  n i j rarf l s c-i a part icula r language is enhanced by strong s t atements
about g’ c- ‘ ha t  I s r n ; c - c - r ’ c - u- s, Of th u - c - lan g uag e , c- p s t u ’ ’ -m e n t s  limiting the poss ible s ide—
u - f  f, u - c - t ’c- c f  d ) l u t — O f — I u m i t c -  - c - u - d p  Wh en we ‘- u - c c -k In e x t e n d  that  lanquaqe wuth  an

- 
~ i i - p t i o n  h m m r m m l t i m m q  u r c - c ’ r c - h ; c - n i s i r c -  we must h~ u - i c - r u - j u l  not to w i ’aken or inval idate any

of I t r c c - -~~ p mt ic~tc - c-i l  a5sert i on a Ir’m p ra c t i ce  I his u r c - c - ’ c - c -m’s s c - s t ah l m s ) uc - ng s t r I c t  ru l i c - c  for
a n c - c c ’ s s  to va r iab les  and t r r ’ n s l c - - r s  of co n tr o l It is o f ten  the case that two distinct
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d e c - - m i m i c - -  v.’ u l l  s u m ~ ’p i c -c- u s u - c ’ c - :t s , u I I ’ V  t hu ’  s c - m n ’ -  c - n i - ’  ‘ m i n im a l  f c - m u , m l m l y  ~‘ u ’ t  ( u m u e  \“d i~i hi-  m u - c u ’;’

to v e r i f y t hu- ri  t h e  u - t I c - e r .  T I n - i t  mc - -,, I s - i  f l i t ’  I u m m c l c c - u - i - ’- ol c - - u c - - s - ,u - - n c t - ’ d u c -  u - c - n c - i f  I o u- i  m c -  c i u - u c - c - ’,’

i f  nnic - c -y he I n c n n - t - c - i h i c - ’  b c - i  c h , m r u - ,  t i - c - u _ - u ’  l s - r m ’ c - n c - i t n’ i c - c c ’  S m ’ m i u c - u m t f u c ,5 1) 1 u - I c - i- ! m , m m , i c - m s _ i m n msf l i  iiu-’ ,’i’

easil y t h a n  f l i t ’  u - f I n e r ,  lii this i c c - c - u - c - c - ’  of ml ‘ s n - c - n c - u r i c - u  1 1 u i -  r n - - c -  l u c - u n n c - ;nm to I ’ m ’  n c - - a u - c - st - - c - I  c c-

c- c h i c - m i t e r  Li , - c - c - c -:hc - s I c - - c - m I s c - u - s  : - m ’ ,c - c c -  t n u - q u c - c - - s c -t m y  c - c - c s - c - c - c -ni, 5,”,c - c ’  c - ) , ,s u s m i n t - ?  c - m m  t h u ’ s  S m ’ ’  I s - c - c ’ )

t h u - c -  i r m u l c l c c c - c - i I i s c m c - s  c c - f  c - i n c -  u-i, ’ ’ s ! s s  ,‘ t u c - u n i  m m ’ t c - s , , l s ’ u c - s m ’ n i t  ( c m i  t i n t ’  c - c - c - c -’ ( ’ ! i , , ; s c - ’ , ,s c - , i c - u  ‘, i ’ -cp i ’ ’r ( -

we p u m r c - c - m u u -  t ime  c l u c - t c - l s i c - c -  of c-,’ s I c - c - c - c - u t - ’  cc  m u m  ‘ H-  ‘c- c- s i c - c - cl c o c - c ’ m m K t ,

3.2.1  Usin g Ex is t ing  Lanyuu-qc’ r r o pem t i es

Pu- c u - c - u n - i -  e f f u c c - c - I u c-a’ n - ,~ r m c- ,n ’ it u ( c - c - m v - s c - c - c -  c - ’ c- u c - t c - c - I I  t m - c  I c - c - m - , - ’- c - c y ,  m m  ‘ n c- - n -  hi c , ‘ c-~ - c - m ’

( c - u- n i i i ’ I et c ’  n i - ’ c - H c - - c - l c - ; m -  m s t  lIre m i s c - ’  n ci~~ t s c - s ui’ -s m c- , , i c -  i c - i m p ’  f , u s  5 5 1 5 c c - s . wu must c- l i  I s ) , ’u- S m u-,ut

v - r s t u r , m t u - s n c -  r m ’ l m c - u m u - n m m c ’ m c - (  i n s  c- i c - c - c -  c - c - s c - i c - I ’’ x c -  c- - I  i c-- c- - c - i c - C .  i c - c -  n - ‘ c - n c - , c-~ ‘- P u - u - I  V - ’ - ‘u-c- - - c - s , c - m

u-ill i n c - i - C I s - u - n m - r u  m s , t c - s  ‘ h ’  I - c ’ s  u - c - ’  u m ’  ~u ’ ~ L ’ s  iu ’’ : s c - c - -. :  ~i 5 c - ’ ‘ , c  m n m , , n u t i ;  c-, of m - ~~ m c - , I - i m - , c -  ‘ c -~~’ v ( ’  S u - c

t h u ’  l u - n c - i c - m i s c - c -  c - i n c - i  iii I i  , s i u m j  S c - ’  i c - c  S m ’ - m c -  I i - ’ c - un -  - c - - u -  ‘ t m ’  Is  - - c- - c - n c - u  ( c - i c - c - c ’ s  t m ’ ’ , i r o d u c c - u s

c - c -  m l  - ‘ ‘ - 5 ( 1 n ‘ m u  - 1 c- u - c - ’  c - i l  I -~ c - l i t  i - - n ’  - c - u t  I c -  - ~c- c - s c - mi mi  - t i m  c-i I mu- - - c-~’ t  c - ‘ ,iIvi - i c - n  Ii c - c  - c c - f  n - s - - u  a - u- c - (c-) f c-i

‘c - - u - ’ i l m cc - c -’ u t u s nn  n i - - i c - c - u n -  n r c - c - - I, I c c - c c -,

- 

u - c -  I c - - n --c f  c - n - , ic l ’ c i c - m , -m i e  1 , - c - s I m o n  r m - c - - s c - , f l c - -, t S m ,  c - m ; s p c -  s - c - i c - c - h

u - s c - c  c- c - dc -

S ; n u - u - u f o c - a h l y ,  c-s e I c -c s ’ s - ,’. ‘ - - u - v u ’ ,’ S - c - - n r c -  1 1 m m - n r i c - c - tu u n u-f f c - c - i i u - l s, nui S . I c - u u c c -~~ - (jmm d ctc - , ’ums

c- u ’ ’ ’  l u - I c - u - h - c - i  c c - c u d  i m r c - c - c ’ u - ’ ; m ’ s i  c u t  ‘ c c - p c - i ’ m c - -  mm s , n u l c - m i c - c - ,  s ’c - c ’ c - u - m u c s , t  c - c - - ’ c - i ’ ’ c - - i l I c -’ ‘‘vp - u t to

s a c - u - c- l o f t s  n l c - t c - c c - I , u u c - c  , m u u n i  h - c - u s - t I c - n i p  cc ’  “ ‘ c - u ; - c - i c - l ; i I ’ I c -  c- ‘ c - ; c - u u j ~~c- u- ’a u - i c - -c- c- c u t  Vu - c - c - I ’ , u - I - - c - tmnie-
-,c - c - c - v u - r u t ’ ,  a n m u c ’ c l u i t c - , ( ‘ c - c- u ’ , - Is  - i c-) c - u s- c - ’  - ‘ u u I V  c - c n c - c - , , m i , c c -  n - t i c --c - t i c - u i  liii t m ’ s - i c - u ”- c - m b

p m  u ’ d c c ’ c - c - t ’ ’ --,) of t I c - c  s c - s m - s c - s c - m u-s  c - mi  f i s t -  ( c ’ ,’ t u - m i m c - i l )  S u n ’ ’ I c - o u rs ar id n t - - t m  c - i c -  t i c - c - n u n -  c - t

u - m n - I c - n - c-c - n -  c-~I0 c c - s m ’  t i - c - - s c ’  i c c - c - c - I c - c c - c -I - ‘ ‘ s c - c - c - -c -  - c - - u -  ‘ “ i c - S c -  I v - - t u t u  a I , , s u s  c c - c - c - u , I u l i c - , n i s  tm u s r  the

n r c - / c u -  - i c - m u - i c - -, of b b u s t ’ c- c -  f c - c - u c m , ’ - , - c - c - c -c -  5 f f c - c - ’ ‘ c - b r  i m i s ’ c- - - j ’ ’ f u n m ’ ’ r j  ,,h’, I r , c - m , b c -  c - n c - ;  n c - i c - - u - -

‘ - c - c -c - i c -  ~c - r c -  c - n c - ’;, m l ‘ - ‘ ‘ c - i i i ’ S  c c - c - il~
, - - u t c - i r , u l  t~~ c c - — c -  - , -, I - i  c i s c - u - c - c -  t - - - u , ’ , u t ’ ’ m c - i  c c l  t t m t r  ‘-c- u ’ n ; c - , c - m n f c  S o f

‘ c - -  ( : ( i l u ( l i t  ‘ i n n ’ . c - is  i,,’li,

I i  \‘- u - c -  r n  ill ( t r a i n  c - c - c ’ ’  b u c c i i  ~, 1 - I i  t I m - m t c-_ h i m ’  ( ( ‘ s I n ’ t o  f c r u - c - c ’’ _ c - c -  ,m n l  (c - ,’-, ’ c- ‘ t i m - c - n  c - c --;

n c - p c - i c - n i  • ml ( m c  n ‘ -  ( n i l  ii t oni I ru-b to ( b u m ’  nc - umu - Iuml u - i c - u m u s t _ i  i c - i l )  m l ,  - I c u -  t i c - m u m  lie c , i - ~ - c - c - o u r , t i c s ’  i i  ‘ ‘ c- - i c -

a n r m c - t u m r u - l  ‘- m n i m m l , m r i f y  I m  I ’ , n - c - c - ’ m  i - - i c - u - I c - - - -  s i m s  c - c - r id  c- i I c - m u s I c - c - j u n  I- - n , hc-’. T hu-

t i i t I c - n  i - c - i n c - i ’ c - n-, t h a t  (Inc - u ‘ c , u U m ’ r ’’ ( m c ’  s u m ’  m u m n u c - h c - c - l i -  c - c - c  b - - i  1 s t - c - i  t h is  c - c - ’  c c - - i - b c  m m )  c - l c - ’ t c - c - n c ’ s

-‘ ,.
- --
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F , LA c - - ’c - uK/u - O~c- OF Ti ll. u-nt, c - S CH 3

w h a t  the  c- ’ c ahtm - ” (1 c- t i s s ’ m” - , It’ c - ’ ’ c - ) ( c -  c -c- c- - ‘  t he  u - c - ’  c c - c - u l c - t i u c -, )  r a y  u - c - s o m e  at e n t ry

and must t ’m isn re ‘ i t  c - v t ,  A s f t c - -  - i  c-c - -c - , ‘I u- m u - c - n , , ’ t t ’ r j , ’ - c m p  p c - c - -  ‘ -c cite s are a v a c - l m c - b l~ ma

bc- ’-, t u ’ - mo r lu- lc - ’s ,  “c- c - - ’  Ic- c-c u - ’  i c - n c -  - ‘ i ’ ,,,ic-~ 
- - ‘ , u - u r c - . c’ c - i p i  ‘c- - u- c - l u -  s s r ns l a i  In t h a t  for nc - nm a l

f t c - u - u - S c - c - c - c - m s .  Indetu - i, ~ c - ’ c - c ”  l - c - ’ ) Om ru les  ( i(c- j c - ’ l - ’ ; ’ c - c - c - t  c - c - c h u p ’er F c- c -i re , In u - s n - c - c - f i r e,

s l uq h it t v  ic - 5 j  - c c - i  c - ’ u - t ,- - , - - - c - u c  of i c - C c-- I’S ~~- c- c - ’ r c - u u - n f  ru m Pus is _j r t m m u s c- t mof l5 ,

Thu s ’ - t im e  c--c ” - c- ’i c c - ,m t mc , - n u r e - c- ’ u c -  , cc- c - c - ’, t i c -  s_ l m c - - c - s c - , € c -  ic - n e ’ - c e ; c - t i o n

r ,meo lsaniis ni t i c - c - - if m u - c - u - c - rumb l e’, c; ‘ l i t -  - ‘c - cc -  I I , n c - i i , , j c - m S i l t j ( j f l  me- I c -tu nis- s - u i n  s o

c I c c - m m ’ -c - i  u - c -’ c - i re  u - c - til ,u Ic - s ‘ u’ ; r c-- c-c- c- c--u ’ , ’ I - ‘ ‘ ‘ ‘ r m c~ 
- cc - i l ’ - -; w - l u - u ; c - u~ cJic-’ v cc - Iop mn c-j c- c s t i r e l ’ ,c-

nlt c -- w c - ; mn n , n - c - t c - m c - c , t , s  u- p u - - c - m i’ - m cscl u-I ’ ’ l - ’ ”s c-- j ’ ’ c - c - - -c-i u- c-rn, -,- s - , c r c - f i c e  some eff ur ; c- ’src - s ’y

m m ’  t i me  (mç m €c - 1u - t c - (c c - Sric- [ c - c - S - c c -v o n  c- I c -  cc- mc - ‘ n c - l i  sr c -s i ’  ‘ ‘ ‘ c - S c - c u ’; i n n - b c - c -c-c-i I ani c c - n i t n a r ~c c-c-c- d
a n u s - c - s i c - c -u- c’ f l u- i t  r ’ - n r u a u n c  ‘c- c- c- r j c - : , c - L s I ~~ c-c- , ,  I c- - s e  - t m ’  - - ‘ t c - , i s n p u -  c - c - c -  a m - u u - t m t a h-be u- nip

.2 Pr c c d i c c - nt, c - ’ s

\c-c ’ n ’ ’u c s i c -  c-~~’ ’  Ic-i c-, c- n r c  ‘ cc- ‘ m c  - 1 s , l c - c - m ; c t m ’ r S  4 cinrI 6 , c--,~~’

b ’’ (’’- ’ - i ’ S  i ‘ u - f l y t i c - - ” sm ’ s-, - - c- c -, - F , c -c ‘ c - m r s  I c - m i_ c  , i .c - - ,.’ u-f , ‘ c -~uc-c- ’ 1d m- i r s

p m u - i c - c -,’ c c - ’ c - -~~ A c - -  u - I c - c - t i c -c- ’ ‘u- u~~u - ,  -,‘, -, c- c- -~~~~~~~~ ‘ ‘ t v - s d a - c - c - c c -c - t i - i ’ - t c - m n c - t  s c - c - c - c - l u - n -

a i~ u c -- c-: c p c t o u c - ’. S h e  , i V c - i u t m’c- ’ ‘ ‘ c - c -’ (‘) c- p ,_ u- c- - ‘ , t ’ c- ,~~c- , c - i - r u - c  t ” u r u ,ce I c - c ’  a c t i o - c -  to u - cc -
- ‘  ‘ n  S i c - u - s f u - c - c - mc- ,; -,-c - r ’  ‘ n j s U  c - - c - ’  - - I’ - c c- - ‘ , - 1 ’c n ,  i c - S  i c - u -  - ‘c- c - c -i- -I CA ’’ - c - r i t ! y, end t i c - - i t

c- -n- i Frx m, m:’p ’uo c- ‘- n v - ’  c- mA/ c-, 5 - c - - c - ’  f t  “ ‘ c- ‘ I s ’  u- O - - ;  ‘ f c c - c - s c - c  i ‘ c-, d i -’ c- c- S ic- n- r i se p r o —  a ’ s - h

c - - ’ - -‘ c - I c - Ch u t m c - c m i S  c - n m ’ , ‘s c - s c - -  ~i t - ~ c - c - P m  1 r -  ‘ mc ; I ‘ - ‘ ‘ c  -~ c - c -  ‘‘- ‘ n c ’c - i~ t ’c - c -  on , 1 1 c - c - ; c- ‘c-c - , , l ’ f ’c-~ d c - f m  u i u ,

m i ’ S ; t ’ i ’ , ‘ ‘ ‘ - e l ’,’, n c - S  s t u - c- P t”e ’- c - ) ’ ’ -  d’ s ’ m t l - c - r I~ s~ c - u i , - c I I inc i  r u - r i - c -  li ’u~ bee n e x c - m c - u - c - t r - c c -

r u - c - m m  t Ime  v s m - ’~~c- - ‘ , s c -~ 
- - ‘ ( I - ’ ’  n c - c - ’ ’ ’’ t I n - u  c- ‘ c -  s l ’  nc- c - i c r -  ; c - x m c ’ - n a t r nn r , t i n e  ‘ r u - — c - c -  u - c - t c - t  I - m i  may

I - u -  -i’, c - -, i u rn mi , d c - u t c - - u - t r y  s c - c - u i  ‘! i’ m ’  c- ‘ c- c- -
~~ ‘ n c - n -c - i  - c -  s -c - i t  c-c- u- c - c - I  a t  r’ s c c t ,

~~, c - t u c - m e i t~, , c - l u ,  i c - u -, - - ‘ - ‘ s c - c - ;  ; c l m c -  - l i c -. c - l u -’! c - s c  LU I(’! c i ’ c - f m m m s c - m ; t i le

e m c - u u - b m c - j c - c - u , t u  cc- c - n m  nu i m ly  - • i ’ c - t u -ss  I ‘ - m  c - - c -  S u m ’ s   ‘ s u r c - m c , c - u - c - u - r  i m c - t~ sc - c - c - u , !  t i - c - u t ‘ u u - n m dlos

c - ’  m u - n c - n - n W i l l  l ’ a l c-’ u -  p r c - —  “ m u - u  I c - c t - c -  ‘ - ; m c - l c - c - n c i u c c --c- m c -  c - - c- c - l i , - c - c -  t t ’ , ’ s n ’  p’i c I c - u - i c -b c - ’ ’ — ,c’~
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n u c c c - l t u n l c - ’  m n i l i ’ n n r u a f m o u u  c - i c - n c - n c - i t  u - t i c - i ’’ c - u t c c -, n c - ,c m , m m c i u u s c c c -  c- c- - c - ’ c - n s ’ ’ - c - c - l c - ’~ f l c u -  c a n t -  d l  ti t u _ i s ’  i - - ,u I i ’ t - ~
c xc -  c - ’ l u t u u - n i  t i c - c - -  i - c - c - c - c- f i c - u i u - n -  c - u i  u - l c - c - c - i~ t e r  c-

_
S i m i - i c i S t ’  I ’ m m ’ n - C  c - s I u - ( 1 i C c - c - c - i ,’S t u - - ‘ - c - i - ; l n  - - c - I n - - i

to  u c - s t a b l i s b i  the f s c - u r i i c-c- l n c - c - r n i , c - u c - t m m’,s- , c~1 t i ’ - c - - c c - u - c - -c- - c - i t n , , i c - ’ , ’ m n i ’ c - c  c u - c - n  c - i ;  I pr o c ’ ’ n - s m I s c - m

Two  n- ide u n - cu r’s n - l n o c - u l u l  I c - c - c -  I n c - - I c y  u c - , s t m u - l, ~~~~ I , i c - c -  c - u ’ - ’ _ j c - s ’ c - -~ a pn . - ,t

i m n i - I li c-i c - l ’ c c - c - y  th in  t c - I c c - c - s  - - u- - s c - - c - u - c c - t h y  i n  ‘ i c -  i l - c - - c - n  c - c - a u c - u - i c c - i t m mc c- ic -~ ‘ II c - m i  I ic- c-; ’ - -  “c - -  n

‘Ic/u- ‘ I’’ n-cu [ r u - - c c - c - c - s c - c - c - c  Ac - i c - s c - s c - I  u l c - ’ uu - ’ s  c - c - c - c - s i  -,‘,‘u ’  n c r  u - c l  S c - i  i - c - -  c,  - c - u s c - ’  ‘,c~ - 1 c-c- c- - S i  ‘s h m c c -  c - i c  I ‘ ‘ u - -

u- I ‘ s l i t ’ n - i ’ m ’ c u f m c  u - s c - I - c - c - i d  m c - -~ s- i c - ; c - , ’ u - -  i s s ’ ~ c - i - ’ c -’ mc - ‘ u _ c - i n c - i , ,  i c - c - u - c -- c- - c - - s m , f i c- , i 5  ‘ c - I t - c - c -

t e c c - i m u i s p u i c u s a n ’ ’  c - m n i s u c - - t , i h l - ’ , i - c - l u ’ s - c - I , h l c - u ’ m r -  i c - s S y I’ m ’  I ‘ c - c -  ( . c - .’ r pif l t  c - o m c - ’ c -c - ’ ’, ’ is _ ‘ c-

m n m , u k c c -  v u - r c -l u c -  i c - t u m i c m n c -  un uv o bv mn m q m ’ x c t ’ p I  c _ -n c -  c - s c - s ’ I I I i : m ;  n c - c - - c - n c -  c- c - c c - r u - c - s c - c u - mt .  ‘d c - c -’ c - c - . ’ ‘ c t  r c

( b c - u - I  i ’ c - u s n - ’ c - t s m l m ty 1 m m - re , s c - c - I n n - Ic- m ’ c-~~ c _ c - - I  , t ’ I c - ’ c ’ n-  u - - u  v u - ic - uI mu c - c - r t , c , c - c -c - u r c-~~i- I I - ~ c - su -~ c- c- - - c - c - - u -

met hrcc lobo q ’ ,-  c - c - u - r i  he c - m n - c c - c - i  I c - n  c- c- ’ u - r - f y p u - i  - c - u ’ s  , , c - , q  i l ’  - c - s ic .u - c - h , i u - c - ’ ;nc- ,

1~c - m,- ’ so nic ’I, c - u - c c -  s c - s c - u s c - I c - I  m u c u s  u u c - c - c - c c -  c - i c - c -  c - I c - c - c -  “ c -I c _ C i c - c - c -  ( u - i c - c -- c - c -  ‘ c - ’ ’ , , ‘ c - c - c  cc - . ’ ’ n-c-

c - i s ’ ’ n u f n ; ’ m m m ’ c I  ~m I - u ”'vy  d - ’ i - c - ’ m m m i s  c - s c - s  c - m u - u ,  t c - n c -  - l s c - , i c - ; r -  c- , c - c c - n c ’ s  c- 0 I , i u c - i c - : ’ c ’ c - - ’ ~~
‘ u - c -  5 5 5 5

s r c - , u C I c - s - u c r r n -- c- - - ,‘~~p i m c - c - i t  ‘ I~~ ’ u ’  i c - I n ,, ’ ,,- l c - c - c -,’u- i c c i u c -  u- ‘ m c- c- d c - c - s P u n -, c c - s c - ,  c - c - n ’  - i c - c - c - t c - c - c c - ’ -  ‘ c - - c - u t

\ ‘ c c - r c -c-c- - c - k d , [SC m c -c - c -u -c-~ c - c - c - ’ , ’ ’  il c mi I c  n t iS ,  u - - c -  ‘ c - i c - i- c - I s  ‘ s i c - d c- S -
- i m m - r v , _j, c-i , t I c - c -  ‘ s t - d c-? mm t u - c - n c ’ s m c - s c ’ m l

c--’. c - l )  I m c -  u nn u i i l m cs m t l ’ , u s r c - ’ c c clc , ’ ul ‘ L  c- m c - 1, 1 ,u ‘- I c - n  ‘ ‘ ‘ ‘ i - c - c  m u ’ — ’ ’ r l  ( , c -  c u m u ~ - l c - c - r ’ ’ m c - i t  I l u ’ u -  c c - i n - I c -  c-c -c - Ic - c c - i n ,

c - ic - i d (ic - c - ‘ u m - u i u n ’ c - c - I i - s ’c- u - c - s I !  u - f l u  u- ’ c - u c - c - - ’,c - c- ’ ’ - I c c - u - ”- h I s -  c - , c -  m c  - I - - c - s c - c - ’ -  c- c - m i -  c- t , u u - u n i d i c j

c - m ’ n - , ’ a n c -, f c , - r - , r ’ c - q c - c - n c - i u i c - u -  t i n ’ -  v a l u n c c -  i c - I  u - c - ’ m  - -  n - c - u - l i ’  c - c - ! c - , i ’c - i .~ I u - r ; u -  c - t i c - m i s ’s- f t  u V , - c - s t m u c - - c - t iofl

I c - i c - c -  i ’ ’  ( c ; l~c-I t c -  d o  nc - t  i — u c - m  - c - c - u  - l~ - c - u 1  u ’ ,c-
~c - i c c -  t m ’  - r

3.3 ,1d~~qu acy

u - u r i c - c - c ’  - ‘ - c -  u , l , u m i n  ( h i t  (i c - c -’. c -u m u ’ u c - l I c - i dc c - n - nmm -i c- I - c u - h i -1  in- , , - t c - ’ c - ; ; - - ’ t c - m  i c - c r  c - P r ’

_ , c , l c - c - m s md i  c - I  l u -  ‘ ii c - u ’  5 ’  ‘ l c l c - c - n c -c- , ‘ c - , ’ ii ‘ ‘ c - I  a - n~~5 ’  ‘ ‘  c - c -  c - c -  o f i m -  • ‘ ‘ c - I d  u ‘c- c- - i - u  i c c - n  n _ _ c  ‘ c - l u - c - m u -

~- m c m I u b - m m c - s  to  c - c - s c ”  as  ‘ ‘ c - - u s c - u -  l c c - 5 ,  T h u - - c-c” u ‘ ‘c- u - l u - c  c- I - c - c - c -id d c - ’ u i u c - s u c , s c - s c - c - t n~ f b i  n-c~~
c - t n c -  c -f

( I s , ’  nru- I c - u r i s - c c - m u-, s w - - c -  i m m - h s h u m c - u u l u j  - ‘ c- c - c - c - c - -  n - - i c - u t ’  i - r e t u l ’ - u c - c - s  t i ’ , u f  ~~~~~~ I — n’ ‘ - c - ’ m c - c - m - c - t

i t’ - 1 , 1 ’,- u-i- I t -  f i n , ~ c ’x m n - t m d m c - i  c - c -  c - r ; t n , ’ c - c - u s n - u s u ’c- i i , ’ , ’ u . d mr c- ’ i r ’c - c - - t u - r  2. I ’ ’ . mis -

c - r r c - c ’  - ‘V t - u i  ‘ s c m  hi j ’ i n ~~l i ~ -m d- _c- , - il l c - f  ,c - j l - m m - c - , - u- p . c - c - i c c - c l  c - n d, - S , u m l  c - c u  c l u , i j ’ b - ’r

/

- 
, - “ c - n - d - - ‘ c - - ’  n ’ ’ • - ’ c- -~~~~~ S - - , - - - c- c- 

- c- - - i, c - u - c - c  c- - c - , ’ ’ c - ’,
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3.3.1 Memory Data Error

( , enic c - r , i I - pc- i rpose c c - c - - c - p u t c - n m q  sys tems r a r e l c -,c- ’ h a n d le  rnt~mor y I ’ m rcsr S In an

u i t e l l m c - i o ut m a n c - i c - ’ r ,  T y j ’ s c ~~I I v , a “s on m o r y  e r ro r  within a user program causes that

I c - n o - l i  c - c - n i I c - ’  be c - c - t o l c -~n i c - d  c - i i c - c - I  c - c - c -  c - ” u c-,c- u- a mc’ssaqe. A memory e r ror  wi t h in  the operating

s y s t m c - m  genera l ly  induces a crash ,  (We have a l read y d iscussed  the undes i rab i l i ty

of such Ic -cha v ior  in sect ion 3,12,) S r ’ c ’ c i ,”c - h - ’ m c - i rpo scs s ys tems  have de~~eIoped

par  t s c - - c - j lar iz u’d n ie c h iam i i ’ c - m s c -c f o r  ru- c s - - , - s ’ s - c c -  f r om rneniory n” rror s , but such mechanisms

rc - c - Iy (c-ri (he s trc - u ctc - s r e s - I  ‘ s l i m ’- o u ” I c - l i c c - u t - u - n, r iot  c-~c ’ ’ no ra I  pr i rc - cu I hca s of progr am

c - s r  m t s i n i i , ’u- t i o f l  sc - r i d  c - c - c - I c - c -c- u ’ u , c t l o c- ’i u - s w  \ ‘V c - ’  w a r m ’ s  f l ’ s ’  I uc -u i i t i e s  of the except ion

nic - c h i c - u r i i sm  to  e n c c - c - c - c - r  u-g e c - c - - u -~ ’ u -m aq ic -  of clet ect e c - c - errors (both hardware and

n - c - c - ft ware)’ Pe rhaps  ( t i c - - ‘ - m c -  n s f  an cic - lu - q ic - 3IC m ec - c -t ia nm sm has fostered the defeatist

cip p r c - ’ c’c- c- ’h t I i , c - t c—c - i ris h ‘ u - c - I c € ct  in i c - s c - m n - S  pt c’’- m’ i ’ f — c - I c - i c -  n - c - -,c-StPins .

3.3.2 Rc~sou rco A~to ca t io rc - Fu-~bum e

The ic - c --, ’c- tIes ru - Ia ’ s c-’d I c - c - c-c- xc-’ ‘ ‘c - c - c - on hianscli m ru q n o a r - - ’- c - sm c - u c - .e al loc ator ( e g .  a

p r s u u u , i r y  n m m c - s s m n u - r  v ~, l s ( i c a t c - ’m r )  c- s i  ~‘e been b ruc’ fb y m u - ’n ut ss ’u m c - ’d in s e c ti on  2,2, 6.  W e may

sum c - c - c - , u i  u ,’ c - - t i c - c :  c h i s c m n , n - s i c - c - s bc -  d t ’ s i t i f y ing t h ree d ic - c -c - t s u m c t  ex cep t i ons  (hat an allocator
muq i mt  r m - a s o n s u l c - h y r ,u i se nui d u - E - ’c - m ’ r vunq t h u - s r  d u f f c c - i m - c - m t  p m u ’- u u - - u t u i c - s

— In the cu - c - i r s - u - — of ‘c - c - l c - u c - Sf y u c - !q  an a l lo c a t ion  requ es t , the al locator

may clef u- c t  t Ic - at  i t s  n c c - n - eu - i  s - e s ,  w h u ln c - a d e q u a t e  t o m e e t  t h e

c u r u - ’ n t  r u - c -p c - u - c t, are r u u n r u u m i q  Icc - _c-i Suc h a cu ,r ndc - t ion shou ld

pro bably be u- ru - p u -  ,j - i t u - d  to c - c - l i  c o n t e x t ’ s  where r u -c o u rs e s  might

c o n c e i v a b l y  Ic - c- made c - c - v c - u lah le  to fbi ’ a l locator ,  Y et t here  is no

ri ’ , iSo fl to st is pon id  thin cur rent  a l locat ion request while the
c - u- m u l c t  ion is I n u - c - c - c - u -  handled; the t w o  ac t ions a re  log ically

in c - l d - l c - u ! m n d u c - n l t  ic- rid r ;bioc -j ld 1 um ~~c c - u - d  (n n s i m c c - m ’ j ) t u u - l I y ,  at least )  in
p a r c - I Ii u- I,

44
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- I s , -  c - i l l - i c - u - t s r  nm, t u n i c - I  ml m n m u l ’ u - ’ - - ,’ ’ ’, i m ‘su- n - c - c - f s’,l’c- c-I I c - ’ . c - - ’, r r , ’ -  I t ’  c- c - -  - t

c-i nch m c - i y r a i se  n c - c - c - c - c - c - c - I c - t i c - - c - i  c - -~’~~c - r u’’ , - , ’ ,, n , u rc - ,u - i c -’ n e c  - ‘S I c - c - c -  c l o n c - ’  c- c-

f ’ J , c - t u m r c - c - ! I c -c- ( bc - m - ,- q m u c - ’ . ’ s  c-c- - s I !  ‘ c - c - i ’ s - c -  c - - c - I  u r i c - c -  - - c-_ I - c u - c -  Id’ ’ ‘u-c- s - - l i t - u n  - c-c-

t n m ’ u r m c -  I c - c - 0 ’ t ’ c - c - S m ’ 1

— i b u e  , c - I l c - s i ’ , c - t c ’ sr , c - ’ ’ , - m ’ r s  c - f t c - c - n r i s c - c - u  i l  L I s P  u c - r c - c - / s c - s - c - c - ’, mc- m c - c - m d ’ ’ ’ o n u , m c - s- c- y m c -  u-

c- c- s u - - ’ ,n- c - c - u I m ’ m ~ m i c - u I d  r c  ‘ c - u ’ s - c- c - V ’ s  U - ‘ i s f ~ - ’ i c - s  t c - ’ I c - ’, c - ’ ’ S T ,  c - n t I c - i s  m~~’, s ,

it u c - - s - c - c - t  r u - u n - u,’ c - c - c  t I c - c - I s  n - i c -  n c - c - c - u s c - c c -  i c - n -  c - c , c - ’ i ”  I c - i -, I c -— c- ‘ ‘ n c - - c - ’ ’ c- -c ”.

r ,  ‘ c - c - c -c - c - n - I c - c -, ‘ c d c - c - c - t i c - m Is ,

,‘c - & ’  c - s c - - f ’,’ ( i t s  u - h u t  c- c - r u - u i  c-~~c- c- n ’ c - - c- c c - ’ c - i c - c - ,  c - c - c - - c - c -  c- - c - - f  - c n n ’ c c - c - c - ’ - ‘ c - - c - ’, - u  ‘ c - uc c , t c - s - c -

c c - m i s c - i c c - I  (b i n - c - c -  c - ’ f ) n i c -I u I u ’ ,’ c - l n- u- i c- I c - I c - i c - c - r  I c - s m -  - I - c - c u - r n -  [‘h -c - , I - u - - - - n - s  ,‘ - ‘ c- ” c - -~c - u r ’ c ”c- ’-o~~!n i c - c u S c -  sir

i ’ l , m m c - ’ c - ub l m -  i ‘ i c - c - - c - c - i n -  t h u - c - h I c - i s ’  - c - u C n C , i i u - r  c - n c - sc- c - I  c - c - c -  n - i c -  ‘, c - s d ’ - - i n ’ . c - c - - c c - I c -  ‘ i c I  c - I - I i i - r m c - -,c-

l n r m n u - m ’ . , c- . u l s , , m u m - c - c - c - I s ,  F c - u -  h - c - s c -  - ‘ c - ’ c- ’~~ t i O” s- , c - n s ! - - s c - c -  c - c - - s ’ c- h i c -  c - - i i c - T  c - i c - c -  c - - c -  I m i - c - c -u -c - . c - c - - c

f c - c - i u i m f  s i c - s  r c c - q c - u ’ r u’- c-i b-v t h u - c - c -u- Vc -I m ’ - - ’- n m ’ s  “ c s m u u , c - ln- - c - c - s , ‘ ‘ . - c -~ c - c - c - c- (I - ‘ ‘ - s u c - c - t r c - c - t i’ c - i l  c c -

cc- lu- c ’ s  ‘c - I c - c -  u - i c - - p o s e d  i s - , m ’ i c - i , c - i c - n c - ’-c - u nu “ ‘ - ‘ - u - u - c -s u - m u -  c - m i s , , n - u c - I m , r  p c - c - c - h - b c - r n  c- ’ c - , s n n n -  - c - c  c- -c- - c - c u d

m u ,  m t c - m r  a II -c- c-

3 .3 .3 I/O Comp let ion

r i m c - —  u - c - m ’ C u _ — ’ i u c - c - ( b  - c - ( i ’ c - c -c- — ’ s ’u- - ‘ c - m u !  - c - c -, ic - ’ s u, u u t u ’ c - s ’~ s ’ m - ‘_ ‘ b c - - c - ’ I ’  I c c - c -,—’ c - ’~ u - c -  t u c - - m u  b - i - c c - , s _~

n c - u ’ , c - (I ‘ c- c- - - - I - - I n c - s  - c - I I c - u u s c - c m  ‘ s c - c l m m  c - c t ;  ‘ i c - c - c  h - c  - c c - u ‘- - ‘ c - m n  - I ‘ - ,uI  s ml It n c - c -  c c - c - c -  c c - I  u - c -  in ‘u - ‘s c - u -

c r c  c - m u r c - t c - d, t t ’ s i -  p ro u m r a n’r c-c-,c - u - m u l u b  c c - c - - ’ c u : b t c -  c c - c - s t a - - - ,‘c- ’ - c - l  ( i ’ m - n c - i c - c -c- c-c- I c,- t f c - - r ’ ’ o s - s c - b  m c ’ r ; ’ s nn, ’s t e

mu ’ s  n m n c - c - I I y  1I cc -c- ’ u vu- i , ‘u - - i - (c - a r m  d c - - c - c - u - f ’,- c- s n i u u b u f m c - c - c - c c  ( I c - c - i t c r 1 ’  ( ‘ n - c -- c - c - c - ’  lu- i l  ~c - - m i n c - c - c -  m u

I - ’ n u u u u u s , i I s ’ u m u  ‘ c - u i  ( b u m ’  ~ n u s ’ -s’s I c - d c - - ’ I l - i c- c - c - - m m v i  i c - i l - ,- c - c -  ‘ ‘ c - c - h - c-I n / - i  r c 1 c t ’ c - . c l m s n r m  I n c - n -

c - ’ m m s c - - I c - f u ’ I  l~, c- i~~- - m ’ c - c - —c - c - n c- c - I n c - f  m c - m m r  c - c - c -  c ’ ’ , ’ S m m n u u  c i c - i - - b , , c - m c - u c - __ m n l c c - c - c v u c - b c - ’  i c - c - i c - c - c - s c - u  m m - — c - c- ,;

I r , c - m n c l l i u m m c -  c o m i c - I c - l u - s i c - s  I I’  u t  i c - m s - c -cc-c- n I c - c - c - u ’ u ’ m  m c , , u c ’ c - c - I  m - c - ’ n s  c’c - ’ c- c-— ’ s d c - J ,  c - c -  I c - c - c c -  t c ’ s ’ c ’ u l , i ~ ’t ’’ u u n ;

‘c - u ’n i m c ’ ’ c - c -,-Ii c-i f t i t u s  t i c - p  I c - c - c - u  of c - i c - - i c c - i c - i l s i ’ i ’ , ’ r — b c - r m c - ’ m r , c - r r l  c u - c - m u ’ s -  u , c- c - i s ’ ,’~t c - u i ’ i  ‘.‘c-’c- c - I c c -  u - s - c- I cc- c - c - c - c - r n
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(‘ c - , c c - , c - r s - m u c - u u cu - ?
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l , m n m u j s u c - u ’ c - c - ’  I u ’ u - t c - j r c ’ n -  r c - i t h m e r  t li;’u c - u  u- .c-c - c - c - u ; i c -  I c - m c - c - u I s t ’ - ,’ , c - - n -  ri u - s - c -- m ’ m t c c - m c- u c- I s u c - c - ’  of v;i ’ c - ,ic - u-
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c - c -  c - ic e m c -  - ‘c - c - c - c -  c - n - ,- c -— i ,- c , - -c- c - ’ c- - c - c - c l  c- I ~- ‘ or ’. .- -u - c-. s c - s  - c c - c , ’~~’ c - — n c - c -  c c - n  - .- 5 5 c - 1’, ’ ,‘ - ,- -  - , c- c- - ‘- c - i  c’~ / I n- - s

c - c - n ’ - -  5 u’ ’ ’ ’ , ’  - c- - I, c- - ‘ - c--c c-.— c - s ii ,c- ‘ ‘ - c - - c - n c -  c - c - -.‘ ‘ c - ’ ’ , , l c - , c -  m m c - c - ’  5 c - n  — _ c - c - c- c-’ 5 ’  m - c- c- c -  mm • ‘ - 5 - - m c -  - ‘‘ ‘ “‘. 5 ’ , 1,,, c- ,c ~

— - n” c - u i  i n c - c - c - c - ” ’  - - n c - , c -  - c - I  ‘‘ c c - c - ’
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,

c - i



I

E L A c - c - c -  I I A T T , ’N OF T’H~ , c-c - - c - c - _S CM, 3

Ic - c - pu i iu I l iuc ” n i c s - i t  S u h s c - c - i m m t i u - b ly by it s inc - tend e d  c - c - i c - t , I s c r c - t u o u i  to c ’xc c -e pt ion is ,  Thus , in
-
~ pr om - t i c - c e , sb nu c - q h t pm c-v p i c - c - i ’ m  e c o s f ly  tha n is r s u u - c c - c s ’ u r y  o r des i rab l e  in a

comm Lini ica t i c- r i  nc - cc - c - .  lu- u nc - sns - liii” c-I c - -c - c- c - n u -nc - mp lna s c - 2m”c -; the view t m’s c -c - t  uu - c -~ i’ uc -  wi l l ing to
pay a con s c- c- c - r uc -~ky qr c - ’c - ibe r c- c - c - S t t o  ( n c - c - c - m c i ’ s - I  arc - e x c c - r n t c - ’ inc - t han to 1-( - rf orm most
‘‘ n u n r r n i u - l  case ’’ c ’ ; m ~- r a t m c c - n s ,  Thu s  I c - s e  n - f c c’ c u l m C , c - t m o c - m s -  I c - s r  u-ne s c - ’m uic - i:’c - t u ’ sc c of r o us ing  an
rc - x c -~c ’ r ” l c u c u i  wi ll j s m c - c - t c - c - u c - c - l y  t i c - n c - c - c c -  ic-c- r ’ n is rm ’  cost -c-’ mis c -s I ’ m u ’ - s ’ t c - u t c - s ’ n c -  lu- u- ri t b u c -,c - t  of , c - c a y ,

func tion  nv o c a t u c m n .  A t  t In e  ‘ “ c - c - n c - ’  t i c - — i c-u- , t I ’ u-  d r - s c - c - In r - c c - - c - c - c j r m c - .’c ” s c - I c-u t i c - i c - c -  a c t i o n  of
‘‘ c- n c - c - I c - I c - c -u -’’ a h a n dle r  ( i , e ,  P r c i v s u i m s u r l  c- c- L u cc - l y o i p u - c - c - i c - rn  t p ’ s t c - c - m u - Ic- In a F c - a r t c - e u l a r

c n n i t c -,’~~t , c- s c- c-c-c- ’ c - h hun i q  to  pr o c cc - s - c - c- c- a c - i c - c - ic c - c - c- c - c -,. c-- l s t i ç s c - i  s f  c - c -  a c - n - i ’ s )  ‘-c- c- l’ , u ’ m I  a ‘‘ c - u o r c - c - u c - l  c c - i s e c - ’

m- ~c - i - r  n t i s - c - n, u-nd thus the n - p c -,- c i f c - c - c- ’it inns of u - c - -” i m i c - c luc - in i u ’ - m s ; - c - -  ‘ mit b l s i ’ c -  a c t u c - s r i  to be
i r n c - n I ,c -n hi’ c -n i leci r c - a c - c - c - s c - s c - u l - I y  i n c - c - ’ ”  j c - n ’ ’ n i s i V u c - iy.

A’; a f inni u - c - l c - s e r v c - u l - c u n  on t h e  s ’ c - I s j s c - c I  c- I  i c c - p c - c - c -  s c - u l , c - I c - r ’ c - c - c -  t c - I c - c -  , r - r n c y ,  WI” r e c a l l

t ha t  t i c - c  inip lr ’mc ” n i t ,c - c - t u o n c -  c - c -- f  t i c - u -  e” ’ e j c - t i o c - i  n c - u c - ’ c -. h m c - c - i c - s ’- n u ‘ c - c -  r’ c -ç~ no t  he ur i c - f irm a t  a ll
hi’vels c - n ’ s  c- i s y - s t e s m ’  ‘The n c - u - c -  u sc - n c -  i c - c -  ‘ u c - c - c - -’ c - ’ x t ”  i c - c - s i c - c -  l u - c - c -  o1’ -c - - ’ i c t m n c -~ s v - c - l c c -nic- n c - s , u ’~c- ~su ,~imit

c - c -  u - ic - cc - re c c - t h u -c - c - u - c - u t  r c - - , c - l u c -” o luo r ’ m c - m b I c - s c ’ n c - c - c r c - I c - o n’s c - rum - ‘c- I”m c - u s c - ’’ r’rm (Ii ‘c -c- i s ’ ’ - c - S  c - i ’ s ail’ -sf r u - r~,’ hig h —

leve l  c ’ m s u - c - m r a r’mi n’u n nic -c - l u - c - u - u - c - a c - u i ’  The ‘-i - c - n c -  c- ’ c - u - c - c - t c - s n m s c  of t I c - u ’  c - c - c - f lo ra l  behavior of

c ’ x - . m - t c - u - c - c - c - m c  c-c-c- - c - i l  he cc - c - r s s i s tu in t ;  t i c - c - c -  lc - u c - uq5 c - c - i( f c - _’— 5 . p c - -- c - -- i fu c - c - c - h c c - f ,, i c l n -  (c ’ ’ ’c - n c c - c - ”r~ n in q  i n i t e r a c t i o n

w s t f n  c - r b b u s c -  fau - cnc - i Iic - c - s ) wi ll  va ry  It c - s u - in - c - c - ccun ic - c - uv ah ’ I e u- c - a t  l Im o f ull s i m - i c - i c - r a h i t y  of the
m r c -ct ianc - u ,-sm nc -c-my not be c - ic - u - c - f m ’ s ]  c-c-. c -Jc - iru a j’ mn b u m - c - lIar bar ’c - u i c - s ,c - u - e (u ’ - (I c - i c - c ’  ab c - m l it v to  handle

r .xc- c -m c -t uons in an envu ro n mc ’c - c c - t  l c - s - ’ c- c- c - ; u c u c - j - s c - r l s  p,’m r , c - l I e l  5 1c - - ’c - c - c u ’ c - - c -c - c - c - lq ) , In such a case , a
m c - o u c - s i s t c c - n t  s u - i I - c - ; u ’ t  c - f  t i c - c c -  n s c s ’ c - - b c - , c - n s c --cr i ’ s f s c - ’’ l , t m c ’c - n -n c - u -c-’ Ic - c u u s - s j c - i i’ c - c - c - e r c - t p c-J, i’cc -it h ~
r - u c t r - n m t c - a l  ‘- - u- v i n (5  in Px c .- c u f u - c - ) c - l  c o s t ,  t i c - c ’  r , ’ u , u c m V c -  c - ’ m c - ’-,t - c - f  c - I s - i c -  mnc ’- hc-’c - ni~~m v,,~hI

t h i r - u  c - c - o r e  f u r y  u - I r p r c - n i dun i g  tc -1 c -o n th ie c c - t i c - e r  fa c m l u t i r - ~ c - u - c-, - u - Iu - lsic - ’ in the c - - c - s c -. m n c - u i s , rrc-ent ; the
design only c- s - n’ c - u c - r p s t ha t , for a I c - n  s c -c - s t  ‘ s i a n - s  of c- r u c - u - s o n c - m h l e” l , u s c - c c - tc - c - c - q c ” sc- the re la t iv e
cu - cc - - t is u - c - - c p p t u - l mhy l c - u w
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The Mech~n’srn

T i c - i s  c c - l u c m p t c - r  c o n c c - n i t n , m t c - c - c  c - , i c -  I t ’ s  c- p m - i ’  I c - c -  c-c- ‘ - c c - i n  c- c - c - - c - c - ’ -  c- c- ’ c - c - I c - c - ’, u - ; ’ t c - m s r u c - u

c - c - c - u n c u t  c-on t n a n c - c f l u i n s c -c- nc- c - c - c l  - ‘ini n c c - T c -  Vc-’ u’c- w m 1c - c - c - c - - m u ’ s - ’ -  - t I c - s c -  I ’  c 5 - ’, c - c - c- i ‘- c - c - - ’’, ’ , c u - ’ s n- nc-f b c - - c ” ’

niic - - c I ’ s , i u n u ’c-ni ar i d c - c c - l u - t i c -  t l ’n c - rnm Icc t c - c ’  ic - u - s I c - c - c - c ’ ’-, c - c c- c - u u ‘1 - -‘ - c- s c - - c - m m - c - c -  c-c- i’s-- c c - c - c - i ’ s  n u - s c - , : , i c - r ,

hut th in p c - p c - s -c- c- c-u - c - c - mu c-~ nev u ” rt h ic - ’i r ’-’c - s c - c - c - u - c - c - u - c - - c -,’ I , l s s c - c - c c - c -c - ( 1 c - u - c - , u S ( I ,c- c - , .c - u i i c - c  c- c - c - , c- c - u -  - ,~c c - -  5 c- nc- c-c-I

cu r i t i l c : i c - c - i p t c - - r  7 c - ’~~, u u i c - r ’ lm ” s  t h a t  r c ’ q c - s r n  ‘ c - f l  c- c - f m ’ ;  S ,  ‘ u - n > ’  t s r  c - I c - - c -  ; - r s ’c - c - c -  c- c - c - ’, c - c - c - sc - ml ,

4.1 Terminology

In i r s - - c ’ - u u u l i c - 5  u c l m c - c - c - ’ I c ’ c - ’- c- ’c - c  bc- c c - c - s  ‘ u - c - s i  a -,‘ c - , i ’ - - I - c- c - n  c- ‘ i c - u s ’: I n , u - c c - - c - - u  ‘ - s ’ s  (I

u I u I f c - ’r~~ n it n c - s c - t i c - s i c - ’ -  c - i s”, c - c c ” s s’ - t c - s d  c-n - c - Ic -  ‘ c - c - c- - i s - c - I c - c - u’ ( s - m s - b c - I c - - c c - c - c -  i c -  c c - c - c - t i c - u - ’ s  c-~~ I c - c c - c -  ~u - c - c - O ’ - ’’ i _ _ s c - I

to ,u c a r e i c - ul c l m - f c- c - c - - t u ’ u - n  of m u - m r  nm c ’ s ’ l i , s ’ s c - ’ ’ s c - c - , - ‘ s ’  m n u c - m ’ c - I c- - c - c - -  c’ c - ’ n n  ci c - c - c - - ’  c c - c - c -  c- - c- c- c- c - ic -~c-’ , c - 5

to  u d ’ c - u i t i f y  t hc ’  s c - s c - -  c ’ t c - t n -  c - ’ s ’c - ’  wil l c - I u s C ’ n n - c - c -  u s - r e  ‘c- u- c u c - I  c - c - f  t I c - u - ’  cc- t c - ’ r c - c - c - -, w i c - h  c - S u m - c - n

c - nt r_c - n c - c - l i ’  ci i c - s c - i c - n c - c - c - ti I c - c - c - u s -

C c - - c - s i c - i on  — ‘v’,’ c - ’  i c - ’c- ” c - b u ss t s - ’ ’’,c - I c - c -  s c - I c - - c - c - I c - f ’5’ u - - c -  c - - , r ” c - ’ c -  r ic -~- c - , m c -  t c - ”- ”’-

sc ’ n c - c -~’ -  oh c-s- c - c -, c - c c f s c - c - f l  1 , 1 - f c - n ’ r i c - m , u b i y, c c- ’ ’ u - c - ! u I c - c - c -n’s’ ; c-c- li l u - s c - c - c u -  i c - , ’ c - ’ c - ’ S

c- , c - m c - c - c - l n~~,c u ve c - s f  I c - c - c  c - c -  s - c - ’cc -r
~ ’ i i ’ c - c - c - ’ s I ’ s ,Ii c ‘ c- i ‘ u m c - ; ’ ” us c -,m r y - c Ic - c - t c-c- i - c - n o r ’ T c - ’ c - c -

ç c - u u - l s l c - ’u m ’, m m ’ s i _ _ c - c c - _ c - ’ m u - c - u I c - c - c t  c - c - c - c -~ L u ’ -  c - Ii c-’ c c - r ” ’’ c - ’ c - f  c - c - I c r  ( - c u - ‘ s c - s c - c - u  c- - ,  I ) ,

( c - s c-’ , , ’ , ’ c - s - s - c - c - c - i I ’s ,  l u - c - c -  ‘ c- ‘ c - mm u ’ ~~ c c ”j’- f u c - c - r c -  c - c - j i l l - c -  c - c - s c - - s i  s - c  c - c - c - ’ ’c- c - c - u s c- s i c -  ., t c - n

- (c - tic - /Ibm ‘c - c - i ,

Ss ;nc-’m / / c -  - A l - m u : S c - c - u - c - i u u  t i c - i ’ s - - c - s  a ‘ n i u n c - f , ( , n c -  ‘-c- c - c - -c - m m - - c - I  a

n - i ( J f c - i / I c c - f . 1 u - c - c - c r c - c - -  ,,  n- iS ‘, s c - i  ~- ‘ u -f i- n i c - c - - d y ni ,, c - t - ì  - i  v c ’- c - m  I - i c  c c - I c - nm

“ c- c - c - s r - s cc - C o m i s l u l u m n m s c -’ t h u - c m ( I c  - c - m y t i c - - i l  c - t  c- - c -  a ‘ , c - c - j u c -’ m l l s ’ r , I c - - I t  c - c - i ’  ,‘c-c - i h I

f m m ’ s i  i t  c , c - m c - c -n - c - - u u i u ’ f l f  to  I c - c - m n - p  a ‘ s im s - c -c - ic -’ ‘ , c - - c , c - ’ I  t c - s c - c I s c - c - m u ’ . ! , - , ‘ u - u  ‘ I - c - c u - - c - I c r ’

( - u - c - c -  bc - r ’ l o w )  ‘ f l , c - m ’c - u ’ r ’ , f u c - , - , s , s 1 m 5 c - c - c c - s c - c - b -  , , t , ‘- u ’ ’ ’ i c - m n -  b i u c ’  c - c - n - ,’ ’ ‘- ‘. c c - - i  to

c - c - c a r  I m c  c-~ m m c -  ‘ c - s f  r l’5 m ‘ c - m t  ‘ c -  i c - c -

c - c ’ -  ‘~~- -~~~ 
- - ~c - -~~~~

’ c - c - c - ’ 
~~c . ’ c-~~~ c- c - - V- •d ~~ c ’ ’ - c -c- r’ ‘ ,‘ c - ’ ’  - c- - ,, c - c - c - r  in- c - c - i - ’ n -c-

/ 2 , 5

-~~~~ —- c- ’~~~~~~~ - - -
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H i - n c - / / c - c - i  — A ~c - k - c - n  c - s f  ‘ c - s ’ - . lr a uc - m r c - x t  t h u- f  us i n c - t u n i c - c - s d  to s r u - c - (’ c - ’ s s  a
s~c - c ’ C c - c - f i C  cc- ic - s l u t  ion is c- ’ c - u l Ic-d a Inc- mu sH,’ ’ , As w c-  s m a l l  c - s oc - r i  d c - u- cove r,

b c - c - i n m d b e r s  i c - c - i c- ’ a l ’ s — e a r  c - r i  nc - c - c - ny c - c - i c - o s ’ s  w i th in  a u - m u - n c - t r i m, u-cu d the

sc. -ir _ ’ ct m c -’c-n of the c , i uu d lc -,- r ( s) t I c - a t  w i l i  c - m (’. t s -_ maII y r i - c - c -  c- c -ve ni oti fi uc - mi tio n

cc-I c-c- q iv c - ’ m i  c- - u - n c- h f  s c - mm (v c - c - s m - n  i t u s-c- r c - c i c - , c- ’ c - l )  ‘c- a c c - r u - u s c - i c - c - I  u - c n - m u o ,  A

i c - c - u n  t i c - c - c - c - c - c - c -  i c - c - c - n m c - l i c c - r  ‘c- ,c - ’ - c - c - s s ’ m , u f  u - d  ( c - s t c - ut c - c il hy) m,r imth a sir c-cc-le

c - , O i c - - l i I m c - c m’c- , a l t I c - s m c - m - c - I u c- i-c- c- c - s i c - u S  m c - u u u s c - c - c - c i - I c c -  t n c - ’ m , l u c - m c - c - c - n - u c - c - c - s -  I f l sc-1~~ be

u - u n i ~ i I c - c - ’y c c - d I - - n - I n c - i r e  c - I c - c - s t I r  ic-u c - e x t  s c - s c - nc - s i c - c - I  I c - s r c - c - l l c - - r s ,

I h g / I ’ m -  — u-,’ ’ c - - ’ r i  c-c-c-cu c - c -  t s r  1 - - 3 i s - n  c - n - c - i c - ’  r c - c - - c -  c - - / c s j u t  i - - , -c-c- cc- nn m ’ si fl that ,

c - f  t l m u c -  s c - s c -c - c - l u - s c - c - u i  ‘,‘,- s t h c -  c-’~ Ic - m c - cb ’ u  ( Ic - n c - u  c - n c - l u - c - n  c - s  , , s c - c o c s c - c - t p d  us r a ised  a t

t h mu s-; c - u i - I c - c - n u t, l Imp l u c - u m i c - i c -mu r  ,‘.c - - h I  I - c - ’ c - i ’ s - ’ ’ - ’  i c -  c - c - s c - c - - c -’,’ u - — c - s c - m s _ s c - I c c - n e d  f o r

u c - \ e C I c - t c - c - c - f l ,  c- ’,” i - - - c - b u c - - m  c - b us u u c - ’c t j, c - Il~ m m m c - —’ k ’ s ]  1 c’ ~’s ’m cçf s upon t h e

c - n / i c- ( iOf l  ~ c- c - ) c - / c -;~ t s r  b c - s  c - I c - I c - o n, a c - c - c - n c -  n - c - t~~
- c-c- f” will cover c-ri

n - i - c - u - i c c - n m  - i c -’ , - A I i , c - c - s - f u - r  t h , c - t  c - - c- nc - o f n c - s c - c - I - I c - ’  ( c - c - u r i c - c - s i !  1 c c -  Invo ked ,

n ’ ’ c - - m r d i c - ’ ’sc - ; of - u u - c u - i c - c - m i  pc- ii i’Y i b i s ’  5 c - r c - ’ c s c e  C m c -  m” c - u nc - i ’c- t c-c- m i c - c - c c - S  t I c - a t

‘ l ’ ’ f c - - n n c - m s c - c -  c - ’ l s c - n m ] n c - I s t y  r u -  s i c - n - ’  s c - c- c- c - c - i  s i c- ‘- , s . ’ c - c - t c - s’ uc -  lt ’c-

— i ’ s - n b c - s c - i  - - t i c - c ”  u m uc - ’s ’ c - t ‘ ‘ c - I - c - s  ‘ s k i - c- b c - c - r u n  ~‘,- m ’  -c - b c - c - i l l  n c - i - c c - m i  t o

m m - - c-c- us c ’ oc -’fl.’ c - ( .  F or I c - s m ’  ‘ - c - p c - s - c - P  cc -f ‘ ‘ c - c - c -m i - c - i c - c - f l  i , u u c - u l I u c - u q ,  m,c - c c -  s ic - a l l

c - m u - c - c - c - c - s ull y m-i~ -p I y ( c - s m ’  t i c - m i m i  - - ‘ s c - c - s i t  to  h i m ’  i - x ’ - c c - s u t i o n i  cu r c - v c - ro nu i ic c - , c - t of a

I c c - c u - c - I ’  s - f  5 c - r c - ’ c - i r c - u r r u  l c - ” x I  t i i c - i t  us u u u u d ’ ’ r  c - : c - c m c - c - c - i d c ’ c - c - u t c ’ , u c - i  c - b c - u - i s, f o r

c’ -r cu u rc -~ c - l e , c - c - c’ rm uc - u ’c- r n - f m - c -  10 b c - c c ’ ‘‘ i c - c - u s c - c -  “ c - I  c - s - u c-’ ,- i u ’ c - ’ c - i t i c - c ’ i i i c - ’ ’ i i s 5 l Y

c I c - i t , u - m - c - n u s r  h u , m m u s l l i - r  s - c -  s c - s c - c- - c -  s - c - I ” , m c ’  h u m -  c- c - m u u t r m j m l c - ’~ c - m - r a t c c - i n i s  u- r id

c - I , u t c - c -  an - c- c - c - c - c - s c ’ s  ~- c ’ r t m s s l ( c ’ m b  ‘,‘.I m c - s - n i  Iii u- c- - p c - i ’ s I - m ’c - d  f s - auu c - I l c ’ c - r c - x p c u -j t e s ,

I l - c ’  Ir’ rrui s “ c - I, - u c - u , u c - u u ” ,u u i s l  “ m’ m i c - ’ m m c - s s u i c -s c ’u ut c - ’ c- ir e m s s c - i c - i s u ly c - c - c - - u u c - c - u m~ n m m c - u m m s ,

u - t u b  n c - c -  n c - c - u c I l c-~ 
r b - n  to c- i i c - i c -  c - I ’ m , u s c - ’  ‘u - ic - ~ c- c- c c - I c - c - c - n c - c -n c-c - i n c - c - t ic - c c - i  ( c c -  c- c -

c- c - - i c - - f r - n  Is - - i c -  i c - ’ c - s s u , u c - u u’’) ( I — c - m n ‘ c- , c - c - u l c - c - x ( ’ ’ , c - c - c - I c - - s  h u c - c - s , I u - u ( l c -’c - s  t huu c - nrc -c-ri’?

I s c n -~~i ‘ c - c m u r s u n ( , m c - c o n c -  s c - f  ~~~~~~ ~n f  - u i i i t r c - i I  c - i c - s i c - c - c -  a ic- c-c- n t i c - u - c - I c - mr i s - c - c - t i c - ,  o r _ j r

c - r i o - c - I  f r u - s p c - m ’ i il c- - i c - i c - i c -c-n c - c - f  t t m c -  t i - m m  c.vill he t c -  t i c - i ’  e xc - c - c’u - i tu on

‘ ‘ ic - c - s i r , s u s  c - c - c - c - c - c - I  c - s f  c ’ s  c 5 ’ - c - n - } c ’ l u , u u s c - I I m ’r .

c’s c - s c u u - , s c l c - ’ r c - i l ,I c - ’  l i s m i ’ s I c - c - - r  m l  u c - ’ l c - b t c - i c n , c - i  l c - r u c - m c c - n - c - i l  a r m - c- c - c - c - ic - ( In c - c -  i c c - u s c - s e  of this

u c - i n c-~ s t c - - r , n ut  n c - n - - - I c - n ’ s  u- u i  nc-i I - c c - v u ’  nc - s c - f  ‘ u I ’ s - n c - - m i  ti c’ n c - c -  - - n t ’ c - i vp  F m i s t c - i m y  of var ied

L. ~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - c- 
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s-~~ s ” 4. c- c- P • c- c-
~ - ‘ - ‘ c - c- c- u

- c - j -~ ’ Im c c - i t c - c -~ c_ u i f b i , c - ’ , c - ’ above. c-
c-

c- V s  u-c-m u ll b c - c - c - c - - s c -c- , f r c  c- c- y f non c - ’c -  A c - c - c - l u - r d  b c - - n  c s - c - ’ i u ,’ c- c- c,c - Y  t e u - s i c - c - c c - I

n ’ r c - u - t u r c - (-c -c-c- v n - c - c - h uu la ry  t i c - c - n  c-c - s , u , c -  I c - f m
c-
Ic-

4.2 Relevant Language Notions

T b i r m c - u - i c -c -b i i c - u - c - t  t Iup n ’ ’ u n l m c - c - u ’ s m ( c  -u - c~L i c -~ s c - c - c -c- c - c - i c - I c - i -c- s c - c - c - c - - I c - c -  ,- ‘c-u- will c - - y c - c - c - c -c - s c -  - -

s i ’ - ( c - u u l u - c - j  s c - t r m m C t u r c _ -  of l I m p c ’ ’c-, s c c - i c - c - c - c -  n m u , ’ ’ - c - u c - c - ’c - c - c -u c - c -’ u c - ,  1- c - I ’ s - ’ ’  -~~~
‘ c - c - c - c - i  c - I c ’  c - c - c - c - -  - s c - c c - c -  n - l i ’  ‘ ‘ ‘ c-c-c-

A i i ’ i c - c - i r d  w l ic c-r u ’ r c - - f e r e r m c e  h i m  l n u s q c - ; u c i c — - u - c - c -- c -  ( m e n -  is c - - c - - - m ’ - ’ -, u r y ,  u-c-- p c c - c - i c -  c- ’i c ’ ’ ,’s

b - n n m u c c - m s f r , i t c ’ c- t Ic - c ’  l u c - n ( I c - c - , c - c c - c - c - - u u s s ! ( - l c - m - s i d -- c - u c - ’ u ’  s m ’ s  b c - s i -  c - s m c c - ’ s I u c i c - , s -c- c - c - i I - c- ‘ s _
_
i_ s - s - i ’ m  u - - c-k -r ,

A l l c l u c c - i c j  c - b c - f a i l s  c - c - ’; m c - i f c - c - s c - u c - c ’ r n t l -, c- is c - , ’ , n - ’ , c- I c - ! , n us  ( I c - s  ‘ s c - c - c - s c - c -, , ~,‘ 5 ’  i i c - t r n u - c - i c - c - : c ’  - c - s c - c ’

c - i n c - c - cc - u  , c - u r m r r u i n m c - c -  i c - i n c - s c - u - c - s c - c - c - c -  c - i c - c - b c - i n c - u -  t I c - c c - f c - c - -c c - c -  c - c s - I c - c - - c - cr 1 i i c - c - c - i c - , u - n u t c -c- i c - u  t Ime c - c - c - ’ c - 1 c - c - c - ,c - l  c - i , m , l  n c - F a t e ’

t ic - c - c -nrc - c- m n  s c - s - c - c - c -’ i t l C  A i pIc -a rd cc - s c - c - c - r u - i t  f - c-

- c-c- i l l  c - u  - - u- u ( c - m i ’  ( c, c- c - u s  j s - c - c - s c - I m~ / c c -  c - c - c - m u - b c -  - ( c — c- ( Inn - j c , - n  - s - c -  c - i l c - mnm ii ‘ - I c - c - c - s i c -

s t r u c - , c f u c - n c - r u c - t  A m nsmnib c - j l p  c- u m s c s ,c - m ” I c c - S  c - c - un  c - m i -  f r , c - s , t c - c- , l m ’ ( u i ’u c - ’ ’ b  c - ç t ’ ’ s s  c - c -  sr i u c - c - c - ’ l c - ’’ u c - c - m c - t s  ic- ic-
, c - i c - c I r , u c - c - t  l c o u m c c - c - c f , c - - r i , sc - i c - c - I c -el t c - u I ’ I c c -, ‘c - t a s k , on m c - - ’  t s i c - s - n m c - i u u m  u m s , m l r c - x  (c- Ic- d c - c - c - c - ’, c- ’c - r c ’ s u c - I c c-

, m b ’ ’ - ; c - c - , c ( - t  s i ’ c - ’ u , - i c - n c - , i b i c - n m c - ;  sc - f I l - c - m r  Is - I c - c - sc - s c - c -  c - c - c - mci s c - s i ,” Ii c- u c - u u ’ l c - n c - s ’ c - u n , m t s c - c - c - c -  of c - s c - c - u t

I ’ c ’ l n ; c - v c - c - m r ,  T Ic - c - i s  c - c - -u ’ c - c - c - c - c -  u - I c - r i  ‘ c - b k ’  li - u r i m ’ c - - s u q  I c - c c ’  b c - u - c - i  ‘ m i s c - c c - i c - c u - -  c - c - c - c - c c - c -  s c- c- c - n c - c - c -, c - s

~c - r m ’ v c s n u c - - ; I c - j  m i csu - I I - , sc - c - c - I  c - c - n  sc - c -nc - ti c - c - nc - 3 ,1 ,1 c-,1 - c - l i u I c - c - c - c -  , , r u -  - c - s c - u m - t i n c - i c - ’ c -s-c- s c - d c - c - u t  t~~5 ’ u - - - , c - .  pu- c-

n r n c - i l - , m l c - - c- , ton ic - c - c , n c - c - s c -b c - - u - , u - c - lu - i n - f e c - u -, c - c - ro t c c - I c - c - d  ‘c -u - I - ’-, c- - I c - n c - n - , c c - m u d  u c t b m c - c - r  I i ’ s r sc c - S , ,ul ti c - ou c- nF c -

t I c - n -c - i ’  ( c r c - c - ms  do nc -c - t a l l  c c - , c - r r n -  c - - n u-c - - c_ - k’ tic - c c - s c - c - c - i c -’- ( - c - - c - c - u sc - c - c - c - c - u s c - c - u s  I I c - - i ’c - m u r m c -i c c - i c - c -  c - c - i - c - c - l i  t i c - p

c - c - i c - u p I i cc - s u ’-; p l c - u s c - n c - I  c - n i l  i’;c- - ; c - m c ’ s  ‘c - u - i c - c - I c -  c - c - s c -  pc - s c - I c ’ c  ( c c - n c - u  b c - c - c - c - i c -c l  s c - c - i  s I c - c -’ c - u n , , c - c ’ r l f u u ’ c - u t i c - - m c -  c- s i c - c l

ic - i r c - r ; c - c - c b c - i u  s c - I  ‘ , ‘ r s u s t c - j r p  u - n c - c - c -  Of  I c  ‘ ‘ ‘ c - i c- t c ’ n m i m ’ , u c - ’ , i ’~ - c - c -  n c - i c - s c - c c -  c - m m ’ j - i - ’ p c - m c - i ’ s ( -  c - c - - c  u - i -  t c - - c - i u i c - ’,r

c I c - ’ c - m ’ u m s c -’s - i o n  th u- c - i  c i b b m c - ’ r ,n- We c-c-c-c - c - I l  n - k - r i ( I c - u - - c - c ’  c - - c - c ’ ’ u c c - c f l c - c - c  c- s i t f n-c- lIs by  u - c - n - c - r i g  p u i c - ) c - j m / , c -

c - ’ x c ’ I c - c - ’ ; i \,c - p Iy , c ’ s - — c- cc - pt c - c - s i c - c - u i  we n s f  s c -n -: c - ’ c - ’m c - u t m c a I l y (cc- t i c - n  (- (c - c - b c - cc - rd c- ’ s u c u c - - t niucc - t , whc -ic - bm u s

c - - c - c - I l -  ‘ ‘I  Sc- ( s c - c -  (Ti .

r , I -- s lss bi ’ s pr cc - v i d u - c -  u - c - c - c r  s - c - c c - n c - - c - c -c c -c - -c - f - c -  ( I c - c -  u r  s c - - c - - r n -  h l u u s s u u j lc- I n c - r i ’  t ’ c- m ( i , c- c- , i c - u  u - u - i u i c - , S’ S

t c - - r n m c s c - s s c i c -  n c - 5 -,f u-I c -Ic -c - vc - ,c- lI c - i c - I i ph t i c - c - c -  ( u s - n r c - c -  f u i c m c -  ( s c - s i c - , c - u I t I c - s s c - : u l l c -  wc ‘,‘,‘ c - c - s i t b c - n  ‘ , I c -  c c - c -  c - u c - c - ’ c - c -’~’ tl m c- -c -

n u n c - u t I c c - i m c - , i c - c c c - c - c - I  c - i u u c - u m s ’ t c - u t c - n c - n i ’, ( m c d  c - c - s c-” i u c - . u c - c - ; ’ u o ; i c - m a t r c -  f - - c -  l c - m s c - c - r , u c c - I u ’ c - s i u u - l  i c - c - n c - i c - t i c - i c - s  c - c - c - p

c- ’’ - ’,i ’ c - i c - c - , i J I v  s s c - c - l , c - s c s c - I u i n u ,s ,~
” vu- I s i s ’ , ’’ rm , c - urrm’ ~ c- c - r u -  nc - c - nc - vi m s s m ( ’ ; c - u l s ’ ( n c - c -  h o  ( I c - c - ’  c c - n - c - - r u -  u - it) a

I - ic- c- c - i l  ‘ sc -u ’ c-’ l - , c - x  - c -  c - c n c c - r , c -’ ’ c-, , ’ , ‘ c- ‘ S  ‘ ‘,‘ (‘ cc- cc- rn- - I  - - c - - ’  c- , c - ’ i c- ’ n- ,c c-’ i”~ c- c- - i c -  u’ c-,’ - -  - c - c - e s , or

- c- c c - n ’ ’ ’ ’ ’ ’  u- c c - c - s c - pc c - ’ ’ ç  C ’ c r c -c - ’  c - c -’ c-
~~~t s ic- ru
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

-
~~~~~~~~~~~~~ , - 

~~~~~~~~~~~~~~~
c- c-

~~~~~~~~~~



c- c- c- ’ - ~~~~~~- -

T H E  r -c - c- ’ c - - -’~
c- - 5 _ c - c -

‘Is
nc - c u - b c - c - l u - c -  I c - p e c m t c - c -’ c - i s s c-~ m u c c - q e s  inc - a c- - i r c - c - s j s u - b c -,c ( i c c - -  c - s c - c - I c - -  c - u ’-, mc - ! “ s - u i ! - ’ u c - ’ - u c - 5 ’ c-i nc - i  ‘ - ‘ c -  I ‘ - c - c - c - I c -

s c - c - h r  c - s c - c - c - c - ic - c s -  - (u ti ~ c - c - in c- i,’ I , s - c -  ‘ c- -c- c - n r c - s  ‘ u -c -  -c c- r i  ‘ f rs- u c- ” - ’,t c - k c - ’- i - c- ’ c - - - c - c - ’ , - - c- tt u - - r i I c - u - ’, c- - c- - - r , ic - c - c - c - c -  - ( - c - I S

j l ’ u - ’ n c - o r e  t i c - c - r i m  ~,i’ ’ f  .‘ x t c - - r n c -s’c - I k c -  V n c -, u b , i b c -  c- r _ c - c - ’ c c - m c - i h u i -  ç , I c - ’ r ‘ s i c - - s r  I - c- c c - i c- c - s c -  -~~ u - c - - s c - sc, ’ - ‘ c-

s pe c i f i e d I s  u -se  c - u - c- u-s r ‘in c - c - i c - c -S c - c - t he c - , i c - n - b c -~ j s  u, u cc - n ,mc- ’c l c c c - t  c - c - c - i u ’ - , c -  b c -c- ’ c - I c - c - i  m m m c - u c - l m u c- e

A lp l s c - c - r c - c -  ,c - m c - , ; _  u ic ;cc- ’c-c- t i c - c - ’ ?  te r s - u ’ m f t c - :ic - n o n  ‘so t I c - c - :, c- , c - u u - s c -, c c - r id c - u - c - u -c- c - c - s r s c - n - n c - e r i c - I  - c - c - - c - b

s c - s e c i f i c  I c - c - c - c c - ’  i c - c - c - - s  
~
y connc c - de ,

The co m ic -_ u - c - s t of s h a r i n g  is f c - u r c - d c - c - ’ c - c -, uit c-i I - (f ip I m e i c - m c - ’ s u c c -~ u - t  ,- u ’ u ’ s  I c - n c - c - c - c - i c-

c - c - c - s r c - c f s t c - s’c- c - c - c - c -  i ’ S i c - m~ u- ‘ o l a t e d  to s c - h a r c c - c - q  u-ruse c - c - u - n c - n c - c - n c - s l y  c -n I s ’  c - _ c - u n - -c - r u - c - u s - c - c- _ u- n - c -  c - - i c - c - u - n - c - c )

“c- c- - c - - c - c - - nc- f cc - u- ’ u i i ti es , for example , c-’,’ l c - - Ih c-_c - r  c - s r  mc - -j’ 1 c-jo m u - c - c - i r s - s  n c - u - c -- c - I - c - m r s a c - c - s o ’  c - i c - ’  I c-c-

h u m o , a ~
c- , u c c - u - -’, a v- s  n - u - i c - c - -ru- I) ,  I c - c - c - c - s c - c c - c u t  c - r i I c - c - S  u-c - s c - i s ’  ‘ is’s - s c - ’ - -, m c - s uS c - u p  c - _ c n n , ’ c - - c -  c - c - h  c - c - c - s - c -  c- ‘c - c

c - i c - c -- c - c -  c- s (S, i ’y’ )  a ‘siniqle no t ;oc - c - ‘ c - m i s - , I - u - i t  ‘ s - c , c - s c - ’c- i c - c - s i c - c - c - s c - , c - c -’-, s c - f  I - 5 c t  i uc - c - c -’ nu- nc - , ‘- c - i c - c - I c - ’  n c - c -  ‘c-’.’ b i  c - c

nc - c - c - c - c- c - m c - c - n t c -c- c - Ic -j ’ s - ,  c - c - c  - , l c - c - c - m c - - c l ,  f r , i s c - ’, I c - c t i c - c c :  c- i n _ n -  , c - c - I s c  c c - m s  r ’ r e_ - ’ c- ’ c- u u ’  c s ’ m , u - ’ m c s -  - I - c c - c - c -’ , i i ,

c - c - r u - s-c-- d c  S -‘c-n c - m u c - t r u - c t i o n  ~ihuch nc - ay  c - c - ’  c - c - u ’,L c - um ’c- s t - - mi c - c c -i c - c - ’, I c- ‘ - s - c - , I c - i c - c - b c -  I - b c - c - -  c- -

l c - c - ’  c- i nc-c c - c - s c- s c - c - I c c -  ( - c - c c -  c - - n - c u - c - b e )  in curie or sc - i c - c - ri- 5 ‘ - c - ’- I - ’ ’ t ,s c- c - u i ( Ii;- c - -  u ‘ ‘ c - - c -  c c - - -c -  - ]  1 -

m ’ x c - c - c c -c - u ’ ! p ,  u- f - u - c -  u - : c - n n c - t a c - n i r c -u- a c c - o unc - t uu c - q  c- lu - Ic - I i c - i c c - c - b u t  c - c ’  c-’u u - c - ce ’ - c - ’ c - s t c- c-- c - c - c - i c - -c- i c - u  c - c - c - - u ’ • ‘ ‘- c- c - s - n -

c - c - c - c - m u - I  c-,c - ’ s b h u c s  ( i - c ’  c - c - c - m c - c -’ lm i i c -  pc - c - s n - c - m i mi c - c-  i c - c c - i c - c - c - / i c - s c - - c - c - c - I c -  I c c - c - - c -  c - s c - s c - c - n - ,

c-c- v’ s c - c - c - p c -  c-c-_ c- ‘ n c - -I s i c - c - f  m u - t m ”  a nc -no c - I c - c - I n .  vie c - ’  u- i c-’ - c - i t  Sc - ’  5, ’ f  cc- c - c - r c c -’ c - c - c - b c - c - c -c - I - c- ‘c-i c- - ‘ p -

c - v , - r ’ c- - I t u ’ u q  i t C o c - c - t s m s c c - c - _, r h c _ c - c - ; mi l l  the t c - u c - i c - : t m c c - ’ c - c - ’’c - c - f c - rn-u-- c - Ic - c - c - c-’ u - I c - c - i  “u - c - i ‘ i c - c -  s c - c - c - - ’ m n - e u - ’ c - l u - c - -”

c-c t r c - j r t m u r  i c - c  ac e c - I c - i - c - s c - s it u - c l  a c cu - c - r d i , c - c c -  tic - a c - s c - l u - ’  c - s u - c - i ’ i i c ’ d  u-v I i , - ” c - c - c c - c - c - I c - i c ’  ‘ ‘ ‘ c- c - I f  3

n n n c - c - d i c - m c c - c _ - m uc- a b c - - c - c - u  I c - i c - i c-- cop-,’ u u m - : ~ a f m u m l c c - t c - c -’s l U c c - c - u c -  r u - c - s c- (ic - c - n- i c - u - t I c- c-cl r c - c - c - - c- c- 5(1 m m c - (  n - c -i

t I n i ’ c- ,i c-’ !c -’ime ss c- )f u - m a t  c - ’ m n c ( I o r c -c t i c - a t  c - s c- u - c - ’ ,  ‘u - u s c - c c -  t i c - c -  c u - d c - c -  5 ’ ;  c - m u - s c - u ’ ’ , ‘ c - n - b c - c - c - c - , i’ i ’ t ’ ’ ’ c- , -

s m r c - c- c- i s - c - s - i c -” c c - t c i l,c - u ’c - i c- c - - c - r u - n u t s  tu tu hi’ , — t u uc - c - I b c -c - c - c -s c-’ c c - ?  u - c - c  c- s c - c - s  I’ ,’ , ’ u - s  b c - s ’  ‘ u - - c -  c-,, , I  i ’ - _ -u -c - ’ - c - c - ,

c - c - i n m c ’ ’ i - n - t u c - ’ c - c- i’/ , c c - s c - d c -  n c - s t a n c e  p m u - m c -,i - c - b c - ’ s-, a c - i c - n - I n c - c - ct ,, u s ’ ’ i c - - c -  c - c -~ c - m u m ;  I c - c - c - c - i  c- u ’ ’  ‘c- c - - c - ’ , ’-,

I r c - ,s i c - d I c c -  - ‘ s c - c - i n c - c - i c c -  is (lip ic-i t i c - m u  c - c - 1  dc-i ( c - c -  - cc-c- I ,u c - c  - c i ?  c c - s - c - c -c- c - i ’ ’ ’ ’ ’  ‘, - c- cc - - 5 - - ,,c- - - s - c-

c - i i ’ c- ’ u - n r ’ , , I I y u - c - e u - c— c l I- r c-”ach u nc - u - !, c - n c -s’c - - s c - b  ( I - c _ c - c - -  n c - I c - s i - c -  -‘- , c - b ’ u - ’ a t m o c - s - u ’ - c - u  - - -

‘ c , f c - u ’ , k c -  n c - c - c - c - m u t e  is c c - c - ’- k c u - c - t s c - c - ( c~ u I , a Sc- [ c -, i r c - i l c - s -  b , s p ’ s c - f - s - s ( , c - c -’~ , i c - c o c -u f O f  c - c - i c c - b  ‘ . r c - n  c- c- - -

c - u r i c -  c r c - c - u - t e d ,  E ) ’ ’ c - t i i c - c t  s b s c - s : k c - - s  c - c - c - c - l u - c - r a l l y  b c - c - v u ’  d c - - ; c - ’ , - c - , t I c - c - I c - c - c -c- ’ r i — c - c - c - k ‘ i l u ’ c - S  ~ it

I u c s c - ’ c - s p v e r , t k i c - - t  c - s c - c - n yc - s c - c c -of c-I c - c - t u -  in ii a r c - - c - s m  c - c - ; - t l i c - j  j n e r c - c - c - s b c  u s i c - j s i c - ’ u c - t  m , - i c - - c  ‘c - n c -  - ‘c-

- - i c - c -  ‘c i r Ic -  f unun  cd - ‘s) u i ’ , y c-c- - c-i c- c - c - I  ‘c-i i nu c - pi y I c - s c - I - Ii ~c- c - c - c c - ,  t - ‘ - - c - s i c - s  - ‘ c- i - - m c -  c c - c - s  ‘c- ( m c -  - ‘ c - - u i ’ ( c- n -
‘ I c - c -

c - c -  ic - c - i c c - i c_ i c- c - I c - a r c - c l s t r u m  I c - c - s c - c - ,  Un i t  us , ‘- I c - c - i c - m i sc - c - c - I c - -  i’ - ( c - n c - n c - i  u - - u - c - c - c - ’  - p  • u -  s - - c - c - u  c- - c - c - u

s t r m c - ’ , t - u r ’ - c - c -. r u - t i c - e r  t I c - u - n  t i c - c - c -  s ( r c - c - i  tu r ns t I c  s i s - ’ I c - c - ’ ’~~,
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\AJ ,, should u - I n - c - c ru -c -n - u - c - c - u_ rn c - I c - nu t t I c - p  c- c r i m s  j n ,’u- , ’u - s  ‘,c- c - n u - c - -’ I c-c ’ c_ - c - -  c - c -In c - -sb t ic- b c-c-s t l s -  in c- c-c-

‘c-c t i c  -- c - c -c-- c - c - s c - u - I  c c - c - n i t  c - c c - I f leu -&,c- , \-“c-’ i c - c - - i c  c-vt ’ c - nc - ’, ta - b c - c - c- c ’ a f ul c - c -, vii - c - c- c - -  c c - I c - c -  c - c - ’c - c - u - iy ‘c- u- n c-, c- n c - c - c - c - c -
prt ’ ’ msel y , we In s t c - uc - c - ti a t p t I c - u - c - r n - - s i c - c - I c - ’  ‘ ( n c - c - ’ ’ )  Vc-’ c - ’ c- ’ , u  s,’j, uric--u- c - c - n I - - c - c - c - c -  mi ( s c - n c - c - c - i n c - r i, v - c - c

r c -  ‘ ‘ i - i n c- c - c -  ( ic - t ic - ; c - f two d i n - t i c - c - c - - I c - u - c - c - - u - s  su nc - c - c uI c-,a m u c -~ - - m u - I ,’ , ‘ , - c- ,p ( I c - c - c -  ‘ i c - c -’ c - c - c - c - - c -’ c - i c - n c - -  n c - u - n ,

c - n - c ’ n c - c - I c - i  ( c - u  t h u -nr c - - e c -  i c - c - c -- ,” us c- - I c - I i u - I - n m - c - ’ t  i c - u ’ c - b c c - r~ c - c - c - c- (c- c- bc - n c - c’, ‘ c - c - s - i s,’’ c- m c : i ,  ‘ - c  s c - c - u - c- , ,

uc - —. c - c -r is -s c - x c- c u - i tc - nnq b un s c- ’sc-,n c - “ s c - s i - -,’ ” c - u t c - Ic-c - - ( c - s c - u - t i m - m s  - ‘.u - ’ -’ ’ s c - t s r - - - c- c - c - c - c - cc - c -  c - i  ‘ i c - c - ’ ,I,c- ‘ c- c-

c- i ’ ’ , c - l ’ i ’  c - i c - c - c - i  c- c-) c - - u m r u f r o l f ’ ,c ’c-c-,’ h u m - r i ’  us n c - u ’  n c -i c - sc - cu c - c -  ‘ “ .i’r , c - u ’ ’ ’, ’ c -  - ‘c - c -  c - n - c - c -  c - c- c - s - i l ’ c- - c -  c ‘ ,~ ‘ S , ; c - f

s c - b c - c - c - t i c - c c - c -  c - f  s c - i c - c - c - u u c - c - t c - i c - c - r c - c _ s - n -  ‘c-c c - i s - s  rmc - uc - l tc - p ic - ’ c -:”c-fc- c - b ’ . c- ’5
~~

s ’ c- c- - ’ - ’ c- c - c - ”  c - c - - c-~~t y I -  c -c- cc-’ ; ‘c-

b u s ’  - c - i c - c - c -  d.c- t ic- u ; c ’ - c - t s c - c u c c - -  I c - s - ,’. c - ’ -c - ,c - ’ r , c- c- c-c- c ’ r ’ y’ ’ s ’ c - -  c - c c - c - u - -  c - i c r  i c - i  - c - c -  c - , , , s ( s - s c - c -  c-i t u- ’.’’ ’ y’ - n ’ I c - c - c -  -r

- c - I nc - c- c-u- - r c - ’ s ’ ’ c- c - c - , w c- 1u- ir c- ‘ c - c - i  c - c -- c - I , c s u u u -  t i c - n c - n c - c - c - c c - i  ‘ c - c - u - c - i c - m u - u  ( u - c -  m c -  c - c - ’  i~ c - c - : c - ) ,  c - c - c - u- c - b c - - c - c- ‘ I c - c - ’

S l u s i c - u n u c i  c - - c -  n - s c - c b s  ‘- r c - - c- ’, c - c - m s c - s -c’s u - - u s - c - u ’ , - - s c - c -I c  I c - c - s n -  - - - ‘ c m i i ’  c - c -  icy  us’ - ’ -  c - b y  u - u I c - I c - c -c- c - c - u - c - c - - c -  u - c - i ’ s - c -sc-

in c - s t - m i m i c - c - - u -  c - n - c - I l  I c - c ’  c - x c - ’ i s s r c - ’ d  f c c - c - t i c - c - u -c- c - c - u  ‘ - c - - c-_ c - r u - nc- - f c-

tc - I c - c t i a r d  I s - c - n -  c - i s  ‘- c - c - c - c -c - c - c - c - s c - c  t ; c - ’ s c - i m ’ m - - I c - s r y  f 5 . ,~ c- c - c -  c - I c- n t c c - c I  ‘- , ‘ ‘ ~~ m , c - - , b c - u u c : c c -  , c - c-~ c- I c- ’ c - - -,c- u - c - c - - u I ’ c - c - i c -

c - c - - c- c - , I ’  ‘ c- c- - c- c - c - c - c - n, t I c - a t  n - p c - - s  ‘s i c - c- c - _ - c - c - c - I c - c - i c - c  uI ’c -c - c - ’, c - c - , -, i  (c-c- -u - c -’ c r ; ;~~c- ’ n~ t i , c - c - c - u ”  c- ,’u m; c- s i t uofl

‘ ‘ c c - m ’, c c - u - S  I ’ -  - u s c -  c m i i i  c- - c- c - c - I  - m c -  - ‘ ‘ c - c -  - ( I c - i c  - ‘ c - i s ml c c - ’ c - u - c c  - ‘ c - ml I c -  ,c -~~- s c - c -  ) -.‘,‘c- c- -c - cc - cm t m - c - u ’ s -, i - , - c- - c - c

n b c - i t , c -  - c - c - c - c - c - i c- ( n c ’  c- I c - c s  s r i ’ s- c - r i d c - I c - c -c- c - ,  n - c - r u - m u - I  c - c c -  cc - f c - S m  c - c -  r c-c - c -~ ‘c- ‘ I -  - c- s f 1 5  b u- c - c -  u - c - n c - s c - I ’ s - c - c -  l i e

l c - u i v ,ib ,’) or ~~~
‘ - s - ’ -~~ ‘,‘. l u c ’ c - c -  b c - c -  f - n c - i c - c  n -  s i s - ’ , b c - i c - c - c - - c - ’ n I  c - c - - I - i c c - c - c -  H i ’ ’ i c - s - u - c h i c -  u- f ,‘ m c - ’  u- c - c u - c - cc-

u - I c - i t _ c- c - I ’ m - , - ’  ‘ ‘ c - ;  ‘,ii , i ’ c - ’ c b  c - ’ l i - u c - i u - ’ c - ( ’ , c - c - s - c ’  c- - c- c - n r c - c - s c - c - u  c - i c -  c - c - I  c - - c-c- c- c - c - c - i, c — c -, ‘ 1 I c - ,, c - c - , s-
~~~~c- ‘c- c-c-c- c - - be

m u m c - ’ , i c -c- ’c - nnc i  c - I c - _ s t  u- b. c - c - c - c - ‘ u c - c i ’ c -c- - c- ‘ 5 5 _ m i s c - i c - c -  c - i c - u - c - - c - - b  c - c - c - c - ,c - c -’ ’ ( s ’ - i  c - n , c - c - n - ,  u m c - n ’ f l u c -  c- c- , c - i l c - , s  c - i c - c- c - s

‘- u r i c - c - - n c - n t  d c - c - c - u  • y uc - ,- ’ - c - c - c- , , b I c - -  c c - c c - nc- - I c - c ’  c - I m - s u v c - - n I  b c - - c- c - c c - c-~~~~ c-c- c- t m ”  i , c - , c _ - u - s i c - c -  c- c -c -  u , , s - c - u n u ’ u c - l t i c - c - c-

i c - c -c - u - ’  - ‘ (  r u - f  v , u ’ c - - c - ! - lc c - ’ - c - P c - n - c ’ -  u - c -  c - c - u s c - n -  j c - c - ( ’  ‘ i c - s t  r -  I ,c- , c - u u c -  c - - c  -c-
c ‘ c - u  m ’ m s c - , c - , c - c -  s c- t I m e  c ’  . - c - - c- c- c-c - n o n

c s c c - ’ u - ; b n , c - u c - i -,ii c- ‘ , u s u c -  c- c - t n- c - I c - c - c - c -- c - i c - c - c - s c - c - I c - c- r I ” , ~i c - I c’ m su ’- - ’c- ’ ’ ’c- - - ‘ Iii, -, c - - c n n i ’ , c c - c - 5 c - c -nc- ( c - c - I c - c - I c -

c - I r m u - . t - m n c ’  c-f ic - c u .  ‘ ‘I i - u -  c - r u n s - c - c -c- , ! , c - lu - - c - c c - sb c m - - I  11c-c Ab c- u- c u - c - ’’ ( c - c ’ , c - I u t i i _ ’ ’c- ~u c c -  c (  (t i c - i t

c - -  ~m m cc - u— n c - c - c --u i ’

c - 3  /1 ( y tu-’( J t ( i ’c -  h i t  c-c- ‘c ’s d u j c - ’ f Ion

c- c- ‘ c - s s - ~~ i c - - c - v t -  c - c - ,  c i s c - s c - c - n j  f l - n - c - n - c - - c - c - c - c - c - c - c -  h i s s -  1 ’ u c - c - ’ c - c r c -  I t c -  - , I c - - . c - in - ,s I l - c - c -  c - i c - - c- i c - I n -  c c-c-

1 1 c c -  c - - c I c - ( c -’c- u ’ s b  n~~- c s - c -  ( s c - c - r c -  s c - n c - - i c - i c - u -  m u - i  ‘ - u c - c - s - n c -, I c - c -  - u I  c - ic - c - I c-,’  m , ’ c - c - i n c - c - ’c - f c - m m m c - fi i c - c - i  c - i f  t I ’c c - ’
- , I - - c - - i ’ u f i n — c- I c r c - . ’ . c - - c c - f c - c - d  lii c- c- s c - I c - ’. ‘ I c - c c - i c - I  c - c - c - - u - I c - c- rc - -c- c-’. m c -  c- c - c - s - ’,j ui’ b r -  b c - i - c - c - c -  a - c -  s c - c - i c -bc - u - ct t i c - c - ’  ‘ c - s c - c -ui

f c - - a t u u n c - - ’. ic - c - fl u ’  cc - ic -’ c i mn rc - c - sm, c-c-c - : i t li  f s i ” , c- u i u - j  r u - c - c - i c - - n c - -- c - c - s  Pu the c - bc - ’t c - u c- I ec S f c u x t ,

- 
~ , ~ c- - c- n c - c - c -  - -  c - c -  n- ’- - c -c -  c - c -c-- c- c- s - c- - c- -
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T H E  M E C E PA N IS M  CH 4

Refer  to fiqur e 4.1 , W e de c - c - nc - c  two rc - c - od u - c - l e s, T i  and T2 , wi th t i c - e  former
u - c - n - i n c - c c -  t i c - c -  a b s t r c - c - c - c - t i o c - i  c - c - r c - c -v usl c -, -d Is - v  t I c - c ’  l a t t e r ,  T h a t  is , for every ic - c - s tance  of Ti
t he re  us a d is t inc t  instance of 12 , w t c - c - ch  is r e f e r e n c e d  in c - su de  the bod y of T i b y the
ni a nc -ip ‘ s ,  T i re - c - c c -  semant ics  der ive from the  standard A i p tc - a r d  declarat ion on line 3,

1 uc- su ” c-rjc - , c- I c- T i

2 i - e u - c - n

3 iJni qude ‘c-c- : 12

- 4  1 c -n’ - t c- - — ‘p
u-c- b - c-u- c c - in

c-- c - I n - )

7 c c - c c - c - I  [ C :  h (v) I

rn - c - I c - c- I e  T c-”

I~
1 1 cons - I - 1 - u- c-n c l v :  s c - s t  c - - c - c - c - -

c-_ Il c - c - ’ c - u c -  ‘ i - s ’ s - c - I f
1 3  I c - c - - u - i n

i - c -  n c - c - - c -- s c -  c l i c -’I

iF “n_ i

I i -, c - c -

1 u c l u u r u ’ 4 , 1 :  A Sinn i c - le E x a m p l e

/ t I t ic-o uql i  t h i s  ‘c - iu c - np lu - c - c ’ ~~~~c - c - c- - i - l e  in c - c - c - )  way  c - I I u - c - s t r a t e s  the gu - c - u u c - c - - r a I  f l ex i b i l i t y  and
i - c i s c - c r ic - f c - u s ’  nnmc ’ch ani sm , by ‘ c - \c-c-c - c - c - ’ k u u u c - l  t Ic - rouuj h”  i t  w e cu-n acquc - ire a se n se of the
‘s c-,ssc- s - k u i c - c - c - ’, c - c - f  t i c - u ’ nc - c - c - - i- ic - cc - n c - s c -c -nc- , c-c- i c - c- c - c - c - u - c - c -, tic - c- n , t I c - a t  w i tbc - in  sonic- c i n c - s i c -- inc-c- u-c-f modu le TI ,

tc- ) 4
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f u m c - c c - t n o i c -  c - f c -  n - c -  nc ’e cut irc -g That u s - , , sound c- c - n - ’ ’’ c - c - c - i s - I c - - u - i c - c - c - c -S c-c- “ c- u - p s i  c - ’ ,, c - c - m ’ f c i y ’ u c - c - c -  ‘ c - c  - c - c -
s c -  c-~c - t u c - pc - c -se  t h a t c - f ’  h c - i ’ c- m n u c - , c - k c ’ c l  f - c - c - u i c - c - c - c - o c -i c- g ’ , u s c -  c - m m ’ c - f u u ie T2 c - c - f  t i c - c -  ‘ s s m c - s u u c - c - u u t  c - b - c - c -c- ‘- ‘ -u ,c-
t u c - nc- our u - f t c - c - c - u t - n c -  to the e x a c - ’sHci , ‘ Cc- ’ iS c - i c - - u - - c c -b to r c - x c c - - - c - j t ,,’ l u - n e  I “I

A c - m c - ’ X L c - c u - s t s c - s i s - c - i l  cc - u - ‘ Im c - noc - i  h c - n -  i c - - c - c - c - u  m’ i c - - t c c - r c - c - c - - : l  h; c-
f ) ’ , c - - c -  c - c - ’ c - c - u - ,c-n , c - b s - c - H  c - c - n i  l j r ’ c - c -  1

c - / c - ’! m i s c - c - s  U s - c - ’  c c - c - i c - ,  t i o n t n )  i , , i v c -  ~ r - s - c - a c - s - c - c - -  c- c- c- ( c - c - c- c - c - i c -n- s c - i  n- c c - I s - u - c -n T c-c-. )  I s - c - ’ - c - c - , m c - m c - c ’  c - s

n c - i c - u - i c - ’  c - c - c - ,’ c - c - c -S c - i I i cc- to t I c - c c -  u - m- . i - r s - c -  -c -  [ c - c- u- c - u s c - c - s  - c - , n- t m - - n ’c- ( u -~~r c - ,  ) c- n c - sc - c - - - c - , c - n c - c c - c -  - ,‘ , c - - c -  lu - c- c - - c - i c - c -- .

ic- c - c - i c - i c  - c-c- c-f t i c , - i;u mc - - c - c s  cc -  - c- c- ( c , - ‘ m c - ’ I c - un s , I I c - u  - s - I c - c - i c c - cc- - - ‘ s c- c- c - c - ’ ’  c- i ,‘ - c- - ,c-’-’c c - c - c -  u s ‘ii’ ‘ c - c -  c - u - , - ’ ’,
c- a c- w i m i m ic- i - si u - u n - c - c - c - c -  t i c - c ’  H- - i-n i c - f t i m  c- c-~~ , - s c - c - ’ c- c - c - ui f c c -  h i ,- ‘ c - n - f  - s - i c - c - f  c- I f u i ’ ,’ c - c - c -p c- c - i  c - u -  ‘c-c-- ncr u-nc-Ic-

us lu - c - I’ ,’ u- ’~ c - ecsu - c - f c - c - u - j  c - u - c - / u , c - ’ - - -’j / ’ ’  c - i c - i ’  5 - c - c -  c- c- c - c - c - c - u s c - i l  u - s s c - s -i F I u , m m  ‘ ‘c- - c  u - c -  c- c- c- ‘ - c - c - p

r e c - c - n c ’’c - c - - m c -tc - - mj Ic- ’,- c - h ’  c - c -  (c - c - uc - c - ’ c -c- , t i c - c - ’  c i -  I’ bc - - c - i c - c -  c - m ’~ - c- , x r ”  i s I s - c - c - i ‘ c - c - c - ’  wisb c - si c -  c-,- ,- c - u - s - c -

~~m I c l u t n o m u s u i  c - nc - I i s r i s - u c -c c - c - s c - c - c -  Ic - c -c- c - c u - u - - c - - c - c - J c - t m c - r  i c c - n - c - c - l u - -c- I c - c - c -  - c -- , s ’ ss c - c - c - c - c - s - u- c-” I l - c - u - c - b ’  a i’-n c- ’ sc - ’ c - c - c  c - u - - n
is c - b c - ’ f n u m u - j  i c - i  ( i c - c - -  u - c - c u d - t i c - i c - c -  - I ’ c - ’ i c u r cu m ,oni ~I c - c - c - c - -  i i )  t i c -  c - - c - i - n  c - ’u ’,m- c - c - - c - c -  ‘ c c- ’ , I t’- , c - b c - i , , !  V u - c - c - n c - -

a t  t h i s -  f c c - c - - c ’ i c - f  s I c - - I c - - c -  t m - c - c - s ( ! c - c - c - c - i - c - )  c - ’  - ‘ 7 - c r c - s - I s: ‘c- c - c -  u - cc - c-c - c - I c --c - c -  c-c-, c- _ c - i c - i ss c ’ u ’ c - c - i c -’ c - s nc-

u s c- c c - c - c - p  t i c -  c - I r e  h u c - i c - ’ c - I c - u”r u ( c - c - c - c - ’ ’  7 ) c -  c - n - i l ’ ’  5 s , ’ , c “ c - i ’ u - c - c - i m c - c - c -  i n - c -, c - - n c - c-c- c- - u - i c - c - c- c I ’ i i c - c- . 5

u - c - i - u -~c-,s Ic - e n p c - n - s c - f t c - c - c -  ‘J 1 -

I c - n c  ur ic-  - iI u t ’  ‘ I  c- , a ‘ - c - c - I ’  I c -  5 u - c - c  ‘ n - I s  i -mis, c - c - c -  c- , , c -, , c - u  — -- -c-.~ - c- c- - c - - c ’  c- c -he c - c u r  I c - i c c - ’

u s - I ’ - , c - ; n n c - s c - ’’ I c - c - t’c ’ s  b s c -~ l c - c - u m s i f l c ’ u  I cc - c - c- ‘ c - c u- u- c - - s c s i - c - - c - u i’5 
~~ cu - c - - c - c -’ c - u - s c - s c - c -  -1 c s  u ~‘ nu, c - c j  u c - i u ~ -r

In , c - c - i u - b b c - c - c - n -  I - ’ -  n c - s - c - - c  c - - i  i c - c - c -c - c - n - c c - c - I  - c - i  c - c - c -c- c - c - c - u - i l ?  (‘c - u ’ s  - c c - - c - s c - c - c - c -” I iu - i c ’c - ;  c - c -  c - c -  c - c - u - c l  ‘1,1

W h a t  m c u f c - c - r c - c - c - , cc u c - c c - c -  c - I s  4 ’ ’ , ‘ ( c - c- i c - c - c - i c - ’ c - c -~ ’ c - c - c - i  c - 1 1c - ’ c -u ‘I . i W ha t  c - u -  c - b c -, i ’xc -’ m ’ c - Itnoni

u - n u ; c - c - c -  ‘ u i n ’ , s - i c - ( ?  (c - i cc- c - ’ ’ , u - ’ ’ ; t c - c - s c - c - c - c -  4 I c -  - c - m ic - i -1 u- ) - c - c - c - ,  m i s c - u - s  ‘Ii ’ c - I c - c - c -r i ’ c - c  b ’ ,c-

- c - m m b ’ c-~ q u c - e n st Ic cu - hc - i v u i r r  c-f ‘ ii ’ c - c u d ‘ c - ’ ’ s -  ( u - c - - c -  n - s - - c- c c - c - c -. - c - c- c -  u - c - s i ‘ i c - i )  I i i  

s c - i c - c - - b  s - s c - c - c -c- - ic - u- u-I c - c - b c - c - cc - c -, W c - i l  u - lb I c - ’  - c - s c - u - i c -  s - c u -’ -ml c - c - c - c- c ’  c c - c - c - ’ ’,,’ c-c- t i - c - c 5 is - ‘ c - c -  ‘ I c - c -

P c - ’ I n m r m u s c - c c - c -  to  our c’~~c - c - c - ’ c - c - -I s ’- c - n - c -c c - I c - c - c - c- , - c c - c - i c - c - c -  11 c c -  c- ~~~, b m c - - c - i  ‘ u - , t - - t m - ’ h - c - n i u l b c - - i

‘h i ’ , l s ’ c - ; c - l h u c - - r  w i t b u  n-c - c - c - s c - ’  c - ’- , c - r s c - u i c - m - f m -’ u - c - c - c -  u c - c - u - u t - - c i u , c- ’ - ( u s  - 4 I b c’)  n-’ u ’ ” c - ’ , c - f c c - ’, c c - c - c - P t , ,  c c - l i - c - u i  cc - c-,

ci c - ; u u b i r c c - u u l c - n c - e  ( c - c - l i , t h u- I  c- c-’
, 

c-
cc-

’ m ’ , I c - ’ s c i ~ c- - - c - c- c - c - c - I~ c- c- c - u n - i  c - m u - u s c -  c- ,sIc - - I c - c -  ‘ in ’ c - A c - -u -  c - m ’ c - - s  ( c - c - c - ’ ’-

‘ c c - c -  f u n - r i  4 ~~,) ‘c - c - ’ ; ‘ u - n f u -c - r u c r - c -  s,c- ! u ’ c - t c c - ’,’ m c - r c - i i c - ’ c -,’ s ’ ’ c-’ i c - c  c - icn nc - s mc-  c c - c - u s c ’ ’  c - - s  i i  cr c - ’.,sc- u - c -u c - t c i t

i ’ i n s m m , ’ ,p , c - v ’ t l u  t he  u - c - - i c - i c - c - c - s c - i s  - ‘ of ‘b c - c - n u b ‘ u - . ’ c - )  c - u - s u b  l c - ’ u n - i c - m c - c - f u c - ’, ( ontnc,rt II c - n c -  r u - - t i c - c - n c - s  f i c -

m l ’ m m c - u r r c - c - ’s i c - , c - i  ‘ ‘ 1 ’ c-’ u - f l - - i  I c - r i s c -  1 - ’! I l - - n -  ‘ c - c ’ ’  I c - u - c - i c -  4 - i

c - c - i s - c- , ,‘ c r c - c - , , ,  c - - c- ’ ,,; “ t~ , c - ’ ,s ,-c- ’ ,c ’ nu - c- ‘c-’ s i ’ ” ç  l ’ c - c - - , ’ ’ , r - c - - ’ c- -c- - - c c - c - S ‘ -- ‘ii ~ r I-5 ’ p sc  ‘ c - - p  n~, - ’ ’ ” c  cc - ‘ c -c -

c-c- c- f t

c - c c - )

c-c- -~~~~__  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ,:: -“ ~~~~ ‘~~~~~
“ c-~~~~~t~ - -  c- c-
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~
- — ‘—c-c --- ‘-I.!__I.IuI.IuI_uu_.__ __u.~n,

T I c - b , r-~u- - : us ; c -r j c - c - c -c rc-1 C c - c-

Mar c- q iuc - ’ s t c -c-rc -s u -c -r i se , Must c - h ’  a l way s  ro t u r ic -  n c - c c - n f c - m i l  I c - c -  ‘ u - ?  ( c - i  c - - c - c - ’ , c - c - c -t u u - ’c - c - r~

‘1.1 n r c -d (I I t , )  Muist ‘g ’ a l w c - c c - y c - c -  wa i t  for  ‘In ’ 5 c - ’c- ( c - - c - c c - c - s i c - i c r ?  (Sec- c- u - u - c - c - c - u - c - n c -

‘ i c -’,) C c- c - ’ - ‘bc - c- ,c - c -te r t i c - c c -  cia t cc - or c ’ c- , c- c - c - tr oi t I c , c - ,  nc - c -  ‘ I ’?  (‘c- n - c s - c t c r r c - i  c - c-  c - i , )  P ”c-c-. c- c - c - i -

c - c - n e  s c - c - c - u - sc-c-c - i c - - r u- t u c -  t i c - s c - s - c e qu -c -cs t ionS a t f e c - c - t c -,sd b c - , ‘c - i ’ s - i r c - n u c -  ‘f ? s c -  d l s s t r u - C c- , c - ’ ’ c -c- n c - c - c - c - c - c - - c - n  s 1 c -~~s c - y

S5’ I ’ ,c - iü t (i sc - u - ,ts uuc - c c c - s ? (Su--e sc ’ c- ,tu o uc - s ‘1.5 arc - u- .1 “,) ~,~
c- u c - i t  , u c - s c - c - u j t  s - c - s - ’ ,l t c - i m s m ’ c - -’ ,s

i n c - i  u - u s - b  çc - , n - s - c - , c - i t i o n  of  ‘g’ by nc-ore tic - arc - c c - c - c - c-’ pr c - ’ i ’ ’ c- - ; s - c - ,c- r’c - c - s - - c - l i ’ - !  c-~ x , ’ (  s c - I c - s c - m i s  (c-c- ‘ c -  ?

( l ’ c - ’ v  c c - - c - c - tc - ou c - ’- ‘ i f s  ac - c - d  4 , 1 1 . )  VVo s c - c c - t ha t  11 ii’- are a cc c - ns - c -suci m ’ r l c - ! c - I i c -  c - c - c - n c - c - i n c - c r  ‘‘c - f

u” ’ ~ u - c m  t a r c - t  ms - , ’ c - c -c - c - ’ s  to  u - d c - I c - e n - s  mi d o f m c - c - u n c - g  c-c - n s - x c c u - ’ c - u c c - c - c  1 -  m . 5 ( b i u u u (  nc - c - s - c - c - h a c - c - c - ’-c ’ s- I t  mc -’ - t i s - s c -

c - n c - t c -’ c - ’ t of t I c - is  - - c -, e u c - c - c - p!c’ to rausc -’- t ic-c-se issues ;  it  u s - c- t i c - c - c -  t as - c - u”, -u-c-f c;i I ’S ’  u - c - c - c - nt ‘- ‘

c - p  i - c - c -  u - s  ‘ v thu - cm

- -~ .4 Cc-nc- i : tio:is

cc - I c - c -c-c- m c - c- c - n u b  c - c - u c - u  -‘ T u - a t  q m u - ; sc - f mouc - I s c - c -  - - c -i c-c - s I c - c - s - ,  - sm c -Fi - c - c - c - I  c- c-_ - c - c - c  - i c - c - - r u   c- - ‘. i - I - c-A

‘ c - m v ’ ’ i c - b c - c - -c-c- c- , c- - , c - ’ c - ’~’ c - ’ (~ ( ‘ c - c - C c-c- - c , tm c ’ s u s - 1 1), nc- Ic - c m’; n- ic- c- ‘c --c -  ‘c-: c-cc- c--c - c- - c - t c - ’ c - s - s c- c- c- c- c- i c - c,’

c- c- , c - c - c -~ ,, c - c - ’ ’~ c-~~, c - b c - c - ’-~ ’ c - ’ c ,t s  i c - f  c - i ’ - f r c - c - m n q  c o n i c - l i t m u s - c - s -  c-c-- - i c - i ’ m a ch osen pr ’ c- c-c- c - c - i r — s c - c -  ‘ s c -  c - c - c - ’ ’

4 ,4 1 Cond it ion fc-~ames

c- c- , - I c - c ’ l , c - r s ’  - ‘ c - - c - I n c - c - c - S  in m a c c - I c  t I ne S - m i s - - c -  c-n-’ - ’c ’ - ’ (c - n c - i c- c- ’. ’ ii’ u - ic - i’i_c- c - c - c -

‘ , f c - , c - c -  ‘ c - j r  c- c - c - c - c -u - c m u - c -n c - s In ~ c- p i c - c i s - , i  we ‘c - i iq l i t  ~c-” m IC

- c - c -
~ 

‘-u-c -“uc--’c - c - e - -  h e c - c -

f l u ’ ’ ’ ’ -  c- c-,-’ ul’ c - f m m i - m - c - j  ic - c - c -  p,~ c- ’, — i c - t c - m’ ic -c - , 1 - sc - - b c- a c - I s - s - c -, ’ c - i c - c - i cr) c - c - s - u ’ m i ’ J  c c - c -  c- 
, , r s c -  c - c -

‘‘ u -u i -cc - fc -, c - t s c - m i u -” c u n r t c - c - c - c - i  i c - f  a r c -  Ic!; i m m u r u l I c - - c - c - i, c - j Pu c - ’ ( c -  i c - n c - c - i c - s in S c - c - i f - ’ ’  c - c - c - c - ,  - - ‘ c- c- - !

c- ~ i c - c - c - I c - - c l  c - c ’ c - b c - ’  f c c - c - rn’s uu ’-c- cs r c - c -, (in later c - , c - c - c t , c - c - t c - S c-i I c - c - c - ’, ( - I c - , ’ u I , ’ t c - ’ c - , ,‘.- c r  W i _ i  U.\ c- c- s - , J I - s

c - b c - ’ I c - r u - c- ’ - c - s  to  c - c - c  -i c - m u - I r s  c - c - c I ’ $ u t i c - m c - u t c - b  i c - i ( m n i n n m c - f i o n  c - c - ’ - L c -- ’ c - c , c - r ’ ,c- f mcr b’ c - u - ’ i c- c-r r c - u i s u b c -c - c - m n c -  u - - n

c- ~ c c - c - ’~ ) t s - ’ ’ c - r c - ’c- , I

(‘Ti m uc - f Ij c , ’’c- I , m c - f w - c - s - n  u , c c - n u c - Iution c - i c - i c - c - - s  c - c - c -  c- p c - c - c - ’  c - c - i d c -  c - u  ‘c - c - s c u r s - c - I  c - c - c - - c - c - c - - - ‘ c - ; ’ ’ c - c -  c c -  c - c - c -
c-

s r c - u i c c - r  b c - c r c - c - c -’, a r c - - c- i c - u - c - c - s i b - i l  i s  t h i s —  ‘ s c - n c - m u - -  c-c~ c - c - y  I c - c - i c -f f u - c - c - u c t i u c - c - c -  c- c - - c - c c - c - c -- ’ , cc b c - m s -Ic -, c - c - - c m  c - c -  c-’- - I c - - u - r b

~~~~~~‘~~~~~~~~~ ‘ - ~~~~~~~~~~~~~~~~ lb~~~ — 
I , c- ,
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c - ,
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SEC. 4 4 ccn r J t , I c- cu - c - -

u-~V ls u , c - c -  u - I n c - b c - s c - R u s t y  c c - c - c - i s c - r u - cc- t i s s - -  I c - c - n c - t u t u - c - c - c - n  c - c - c - s c - s f  i ’ c - ’,i V i n i u - ’  c- “ ‘ c - ’ c - s i i c - I y in l u l ” nl mJ I c c - tiOnc - tu )

P u - - i nc - u t  the c - user  ( p r c n q r a i c - c - n c - m e r )  to c-’
u- c - -

~~~~
- c - y c - I c - u ’ u n ~ u ’ c - s - s i ’ - c -  I u n i t s - c c - c - c - i c - c -u- t i c - c - c - u- c - f ii s c - c c - c - i c - cL

The concept of f lu - c - n e  q u a l u f u c a t s s c-c - t m , c -” s c - c - -,~ c-’u- c- - c - s c- : t c - i c u c - s - c - t y  sc - c -  c - n - - e b b c - m c - ’ c c - b ’ c - r ’ - t c - ’ s m ’ s - uJ u- c- i” i  riot
r u - r c - c - ! s y  r c - k c -va c - c - t t o t h e  c i e u i c - c - m t c - c - c - c - ’  c - mt u - c - c - e~~ m ’ ; ’ c - s c - c u ’ c- u c - s ’ - c - ’ t ’ - c - c - m u : ’ .m’ c-’c- Sc- ,’fcce it to  “ i L - n - c r c - c - c -

c-h at w rc - c - c - t e ver I c c - c I s c - u - c u - c - c - u - c -  i c-c-c- un - s - I p 5 n - c - u - c -,- ’, , c ’  ‘e ‘c- c- u ‘ c - c - i c - c - c - c - c - u - s u m ’  u s - -u c- ‘ c - c - iv~~ cc- c-_ -u- ¶ I s c -c- c - t s  wilt
se rvo  for c - c - c c - nc - dub  c-on f l u - nc - s ’ s  u -S c-c- c - ’ l l

4 .4 .2 Pa r am e te r s

Fr o q u - is snc - t ly, c- c - H c - c - i c - h I m c - c -  n - - c - i c - s c - u - - n -  ( n - c - - n c -  I c - s f c - s u - c - sc- m ’ - i  - m b - c c - s c - I  a c - c - ’ r m u - u t u u n n  ‘ - c - a c - i  ‘- c - i m ; c - ’ ’.c-

i t s  ic - - ’ c- c- c- c- e, ti c - c ssc -, ; u c - c - m i i ; - r  c-c - say c - c - m u - l i  to  1 - c - s c -  ~ n m u c -  c--c- - i - ’ - m l  ic - i !,, - c - : r c - , c - tu - - u c - i t ic -’ a c - c -  c r u c - : u - c -~~, ‘c r c - c l

u u c - . u y  c - h o c -c -n ‘y i c - s - c - c - s -c-c- s u-f 1c-c- c- ’ , 5 c - ’ 7 c - c ’ I s ’(~~c- c- S c - c - c - u - c - c - c - c - S l i d  sc - n - -c -c- c- c - b c - s c -  c - c l  u , c - c -c -~ ic - c - t l s n s  c- u c - c - c r c - c- tIc -c-c- c-

u - i n c - c - i c - f - - ’ c - c - c - s c - c - c -  of a u - c - f l c - i c - t s s s i i  a r - i c - c - s u n s  c - c - c - c- - c- ‘-. c - i c - i , l u - ’ -  c -c - c - c- c - c - c - I  u -f f c - c - t c - s  t ’ c - r r c - c -  ‘c - s A l ; s l c - ,’ c - n d

c-n- c-u-c- rnu ci ht vc- rmt cc -

cc s nu- b ‘ c- nrc - , : l ’ - - c - ,-c - t  s i ’s- - c c - c - i  c- c ’ s - ’c- ’” c - 5 : s c - r  - c - c - c - I

T h u s - ;  r c - ot ,c - I s c - - c - c -  c - n c - c -h i s -  a t c - ’ s- c- c - c - - c - c - I  c - u i c - c - c - c - c c - I -  c- 1 , - c -  ‘ c - c - c - c - ri , ’ c - i c - c - c -  ‘ m m i p ; i c c - i c -  c c- n c - c - I ’  c - c - s c - u - c -’ c - c -  pe rt  a
s in u s - c - l u - c - c - n c - c - r m c - r u c - c - ’ t u - r  (of t c - j c-( ’  ‘ ‘ - i n n s ; 5

’ ’ ) ‘ -c-,c- I c - c - ’li ~c - c - c -,’’c - s c - i c - c - , u l s i~~~ 55 c - - ’ i u - ’c - ’, i u ’ I t , ,c- t I n c -  b c - c c - i u ’ t 1i c - c - fi

i c - f  f c - s c - ’  c - ;m ’nc - i u1 i tiu -~~, s~~, -,c-,c-ss- n - fc - c - c - il s ‘ - ~~~~~~ c-c- i u c - c - m ’, c - i I c - - ’ c - c - n v  n _ c c  c - c - c -~~~’
, c-,’ 5 ’ c - I c-c - c - .  c- c - i c - I c - nc - c - c -c - s c - ’

t I c - c it  c - c - c - i c - v s - u - - p c i  c- c-,’ - c- ’ c - c -  c--c- , m ’ c - m c ’ c - ; i i r  c ,s’ s c c - m I t i c - n c - c -  c - - c - c - c -’ - -  I n ’ s -  c - u - ’ c - c - c -c - c - ’  i c - b  t s c- ’ n c - , t c - c - c - c - i ’ I n f r u - ’

c - i s - I c - c - c - c -  m u c -  l u  ( l c ’ ’, ( c - n , b ’ ( ’  s c - r , u u m m c ’ t ’ - c -  i c - c-’. s-c- u - b c - I c - b c - c - c - c - c - s ic-c- ‘ - mc - i c - c -~~s-c- u-vc-

4.4.3 Con d it ion is u-nd ~c-~ s - c - I c - i c - u - ps

\mVI uu- ’ii c - c - c - i  u’~ , i u - u n I c s c - r c -  m - . n - c - c - —c- c - c l b c -  c - c -  5 c - c - m s c - ’ t j u - c - i c -  ‘ ,n - c - c t h i u c - c - mi i - n r c - s c -  c -m l c - n r c - c - c n , i i i b p c- t I c - c  u - c - c - c -” c- r

of t i n e  c - c - c - u n c l m u l c c -  nc - us t  kc - c - cu vc -c- c - b c - - t i c - u - - i  I c - c - c -  c- c- c - X C S ’ c - ’c - i i c - i c -  c - c - f c c - s - S  In ci c u c - c - i c - h u l u c - m c - c -  t i u c - c - c -’ nc - oc -~i
s c - c - i c -c - I s  c-n-- s c - u - s c - c -  t I c - u -  c - c - u c - ucb i u iu -’c- ’ n- i n t c - ’ ’ n a b  c- c- t r u c - c - ’ t c - u r~~ (m c -  a i - f l~ m s - ’  ( c - i c - c - c - c -’ to t i c - c  f n c - n c t m o n c -

u c - c - \ c - n c - c ’ , u t m i u n  i t u - c ’ h f , r h u c -  cIm’ , c - u c s c ; I m c c i r  is c - r ’ i c - ’~,t u s ’ c ; s - i s r c - c -’ u u s c - - c-s i - c - ’  in u c - c - c - c - i t n c - u - e  u n - c - c - r n  n - i c - , c - n s c -  f I r , ’

‘- c - n c -u s ’  c l’s- c- c- t r c - c - s  ( ion ( n i o chu ic - )  tic- c- , c - i c c -  ‘ x c - , nui’ - i c - c- , i’ m s u u c - - n c l ’ ’ r  a i c - c - cu b i c - s c - c -  t i c - s - c -I i u c - c - I c - h c - ’ m c - c - c - s n t r ,  a f i l e

, c - t c - ’, I r - c - u  b - c - c - c - c -  T ic - c  ‘ ( u i- - c - c -c- - c - s I c ’  f s s c - , ’ c - s c - i c - ’  n - c - c c - r i s c - n- two co c - s ’ huti c - sm c - ’c- ( c - 5 c c - c c - u p s -~ c - c - t une ,  s- s )  f t c - c -it i t

- ,. ,c - c - , c- 
~

, c - , , ’ 1 c- i s ,s c - c c - I  c-,c - c-

c - i l

_ _  
‘ ,~~~~~~_ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - .  ~~c--c- c-~~~, ’~~~~~~~~~~~~~~~~~~~~~ c - ” ”  c - c-
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c--c-~,c - ’ 4 ,4 c - c - c - c - r i  [ , c c - r J S

Wh en wet u - h s - f m i c - e  ac - i  c - - c -,- c - ’ c - - t ms - , s - c  mc - c- c- hp ii a rd , w c - cc-c u c - m c - t  u ’ x i c - i n  i c - b y  u-1 c - c ’ s - c b y c - s - s - c -  class

as a s t r u c t u r e  or u - m w  Cc- , c u r l s f c - u - c -u , 9 I n c - u - c - t n - s c - I, we c- c- c-i c - s - u -  c - c - c - s c -  c - c m s t c - c - u i u e ( s )  c - u ;  ‘ c - - i s - c- c - c -  1 1

condition nc - u-y be ms - c - u s - c - c - e d .  c - o r  s ’ x c - -u uc - r~ s ie , t l c - c- -’ ( u - n ”  c-cc- ’ c - c - ’ f u n c t i o s c -  ac - rove  ic- s c- c- Is - I  b c- r’ i s c - s

f an- ’ s or f c- I c-c- c - c - i  I c- c-’ I I

r c-sc- u “ c - c - - f u i i”  - I ic-c - ; c - mi s - c - c - -  u s - t~~~rc - t  cc- c-i

n c - m i f c I s- —r  - a c - s u m s- . r c -  i I c- c - c r - c- c-:-

T ic - is n in ta t i onc -  i nc - d ic u- Ins  t i c - a n  ‘ f u i e - c - n - ’ i ” s - u - c - ,i c ” c - c - t c -  S ’ s c - i ’ c- c- :s-l u-c -c- a n - t r c -c - t u c -c- c - m  u - c - u - t i c -c c- (u-  l u ’ ’)

cinch us t i c - o r e f c - i r e  cc- c-’- t n i c - r c - t c - n c - - c -  c u - u ’ s  u - a c - nd - c -m r s - c - c - c-c- b c - u n ‘u - i u - _ r s u c -c - d_ O , c -’ c-,’c - ss c - a c - c c - c l  on a

f u - c - c - c - c t~on i c - c - s t a n c - c c - c -  (c -c - u - — c - n - c - r u t  u- c - ) c - ic - c - cl u’ c - i c - c - c - c c - f  ‘ c - c - ’  c - u 1- c- u - I c - c - cr- s- ’ u - u ’ c h u ’ - c- I f  — c - - ’ ’ e t i c - ac - c-

one f i le  m c - qIc - t  bc - n- iub~ u ’ c ’ t to t i c - c c -  ‘ f u i s - - s u i u - n n n S c - ’ c - t n n l’ u - c - c - i c -it ’ s - i c - i, w c -  c - i r u t s - f ‘~c-,- r ncCc -
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To ifl:;CUSs a h ac - u c - l Ie r  by c - t s e l I  i s - c - i s i s - i - s - - c - -’ c b h e ;  c-c-c-s e nrc - c - s t  n e c - c- ,t c-’ c - c -  f ’ s- c - he co r i ’ i s tuOf l
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S [ C :  - I )

c-c - c - c - c - r e  ‘S is - c -  pc - m c - i r i m  u - c - I ec - c - c - c s - nc - t  ( s - - i  c-c - c - c - f c c - I - - i c - c - u - c - m t  c- r i c - i c - c - k ) ,  c- c- ‘ c - c -  u- u- c -c - c - c - i c - c c - c c - c -  c - c - , n ,’c - c - O
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‘- . i t  is u m u i c - o r t a n t  I c - c  - s I c - c ’’c- c-c- t I c - a t  S u c - uu u - t s ~ c - c- ’ ’  n c- c - u, m c - s ’ , , t n c - ’;ic- m c - s - v cs-c c - c - t m c -c - c - s - , a s c - , c - t e n c - c - ’ ’ c - s t

i n u v u c - l v c i c - q  s e n - c - c r a b  n c - - o r a t i o n s , or a c - n  s c - c - s I n e  c- Iu-u- k c - . ( m c - c - c - ,~ c- t u - i  c - n - c - i l )  cc -u - c - u i  c u r c - c ’ i nr c - u i  ( i n c - n - ,  I c - c -

s Ic - o r t , c-cc- m a y  be cc - ny e x - - c m c - t a c - c - i c -  s - c - s c - ; u c - , n c - s  u - c - s - c - c -  c - r u - i n  cc - 1 c c - u m i t i v e  0 1 c c - c - u - c - c u - c - I  (l u - c - c -c - i c - c - s - c - i

c - Ic - v u - c - a c - c  ‘ c - c -
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c- c c - c - c - I c -- c - n c - c -  - c - c - ’ c -c - i c - i 1 5 1 5 ’  c - , , s - c - i n - I r s c - ( c -c- n- c- bc - a t  m i m i c - c - I s - i  c c - r c c -~~ - c- c- c - I c - I c- ’ s - c - c - j n s - c - c - f c - c -r c- , s - c - s c - t m o i  c - c - ic- n - b , c - c - c -  c- S

c- i c - c - ; -  c - c - I  u- c rc -p ci , TI c - is c - c - - c - c - c - s  c - c - c - c - u s -  ‘ i c - c - c - v u - c -  ( c - c c - c - u  l u - nc -  c c  c - c - ’ . c - s s t u c - c -c c-n-i cc- c - c - I l l  c - p c - ; - c - u i e t  c-n c c - i ; -  - - ;c - sc-c- r

t m ’ r m i c - i a t u u s u~ t i c - n c - c ’  ac - c - c - I  will i c - c -  d s - ,c i i n - c c c - d  s - c - s c - - s - c - c - m u - m i  4 , c - 1, (‘I i o u - u r n - i ’, - c -  c-c-c- c- c- ’~ p c - c -  c - u - c - c - c - c - c -

f c - - c - m c t i o c - c -  sic - n - - - ’ c - c - , c - c - t n f l ”- c- hut c - i  c - c - i c - m y  c - not c - c - i c - i ~ i s c - u , ~c n c s - s - t c -y ’ I n n s - f r - n  c - c -~c - n~ c r  u- i ( i c - i t ’ -c - - Ue c- S

ic - -~~, m~~ c - ul (‘c - c - c -m i s - s c - h  c - n c - - c - ,  10 
~ c - in - nc - u c - ; ,c -~ ru - - I c - c - t c , ~ m c - u , I c - c - c -  c - s c - t u n i c -  m u-c- c -c -u c - i ; c - ’  ‘ c- s - c - ’~~ t c ; c - c - c -  u-

c-c-c - I c - c - bc -  c - I  c- c - c - s - c - I  S r c - c - - s s -’ bcu- 5 ’ - r c i u ’c - d , H ms - c - ( c - c - c -  c - I s i s - u- c- s ’ S t c - m ts- c r c - r t  c- c - c - ç s ’ c- c- , c-~c-- c - i c - u - c -  ~,c- c- c - u - I ’

n-c- c - c - i c - u - u - nc - i n s - c - ;, c - c S c - c - mu i c - c - ’  J u n - c u s s - c -c - ’  - I  i n) c l i c - u p t u - r  Is  I l c -c - - .c- ’ c -  - c- c- c - i c- S c -  r t c - s t r u c ’ c - u c - i s  W I

c - n c - c -  ic - i c - i f  r i a c- i ’~ u - c - m n -I n c - u s c - c -  I c - - c - ’ ic - c - t i c - n c - ’  c c - f  t i c - u -  i n c s - - I s - c - s’ u- f m u - u i S  H c - c - m u c- c - i c - - c - l i - c - c - c - u, u - _ u c - c - c- ‘‘ s - c ,’

‘c-~~ u c - l , c c -  b c - r u - c - c- - c - c - is t u - - ’ ’ c-- c- ;c-ay 6 - c - m s - c -- c -
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c - c - c - c -  i c - c- c - c - i y  c- c - c - m c - ’ m i b c - ’ ;  a n c - c - c - ’ c-’ l um- . ( c - i  i c - d ,I c - , u r u c - u i c - i i i c - u I c - u i u -  s - u - s c -  c- c- s c - n c - - s c - c -, c - - u- ,

c- c - s c - - c -  - ‘.~~~~~~~ c - s r - - - ‘ c- c - c - ’  c - c - s c -- ’ - ’ -  - c- c - sn , . c- c- c -c , ‘ -- ‘c- - - - r c-’ . c - c - , ‘ , c - c - - ‘  c- S ~~, - N, ’ ’ s c - c - c - - n c -  ‘ c - f l

c - ’ c - - c- ’~ ’ -, c- c- c- c - I  c - ’~~ S

-~~~~~~~~ 2 .~~~~~~~~~~~ c- c -  
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THE MECHANISM Cs . 4

c- c-— -— c -c - i n

pr c- v at c-c- I u--c- c-c -”  i i  I : f 5 h e

u- nc - i  [t e m p t s- I e. c- I e - 1 rc- ~ cc- mc- c-c- i ~ I u- n t  :

Ho W ev t ’ c - , i f  a s- -c f  ri , i c - t t i r P ’S l i ( c - c - m c -c-c-e u- ,~ c c - ’ ’ - ’ c -n -  a ‘c - crm ql c c - I u n ct c - ;c-c -c- i c - c - - i l ,  ‘ s- u - n - i c c -c -c- mu - c -c-

i i f c - ’ t i r n e , t I c - us  c - nc - t ic - u - c l  is i n a d e q u a t e -  Such s i r s - c - c - c - s - s - c -  c - c -, c - n r c  c - f  n c - ’ m ’ u - n - ’c - c - i~~ c - i c - c -  Ia ’ s - c l nc -i

t i c - i ’  ‘‘ o c - i t e r  b lock ” of a ms ” s - i s u i e , 13 For ( , n c - s ’ , i c - , c - ’ - c - -  c-c- , c - c - c - u ’  c - b locs,, a b c - c - s c - c -c r  I ’  b - c - -

associated with an c c - c - t i m  i n c - c -- c - - c - s c - I c c -  I c c - c - i ,’ , c- I c - e n / c - I c y  c - c - ! c - s c - c , I c - u ’ c - m c -  it to an m r ’ s - t a r , p lu-r c - I s - , -

c-i c - c - ’ c - i i c - l u -’ n- c - c - - i c - i c -  c c  i c - f e t i m c s , 1 ~ c’ ,q,

u- c m -  r’ c - cc u - - c- r i

lc - eQ~~

c- s. ‘i c - c -’ u - c c - c l :  f n c-- c -

c - n- u- l a cC ~, .  i c- b - u -  c - c - u - u - c -  - c- c- c - n c- s- c- c-l

A c - b  of our c - c - r c - - c e m l , m c - c - c -  ( s c -uc - s n u c-.s u i c - s - c  ~~I - - i i j t  n , ml’~’ is c-u- .c u - - c - - c - c - c - I c - i c - ’  w cc - t c - c - c - i ‘ c - c - c- c - c - n n,i f - c  ‘

fo rf l c -  ‘ Ic- c- m uc - ’ ; t  c - u - S c - i c - f lu- ‘ s t u m i  c-’c - c - i  c- , l c i c - V i(c -U’c- - ’,’ c- c- n c - c - ’  c - - n- c - c - c - i - ,s c - i~~ c - -  t i c -  c - i c - u - - ic- I i c -

at tI m e c - u c - s - c - t m uIc - — ho c i y c - u - ’ v c - l  a i c - a c- s i c - c - - c  S - c - r  c - i  c - s c - c - - c - .  c - s - u s - S  u - -n c - c -u - b  ‘ c - i c c - i , - - - c - I ,

c-c - I c c - c - d Un -S can pe rsc ’ ; t  s c - c r c - c - c -  ‘ c - n c - i i’s - I - -  - - mm -u - c - l c - j s c . c - i m ’ c

A t ina b comment a b o u t  m o d u l e - i c - - - k - ’ l c - ’c-~~ c - I  ‘ - c - c - c - u  i c - - - c c- , - T I c - c - ’  c c - s - s - - i - - c - ’ c-c - c - c - c - I c - ’  ~ -.c c - ’

Ic- cc - l ow)  w i b i  r eq u i re  t I c - a t , v c - c - c - h c - r c -  a n- - s c - c - c-c- c-” c - l c - a~ r u-c - s  c- nc - i - c- sun u c - c - s t c - n r i c u -, c c - s ’ r u c -  - n c - - . c - c - .  -

u- x i s t  at  I c - c - c - s t  one a t t a c I c - m ’ c i  b c - n - - l u - c - c -  I s ’  c c - v c ’ r~ . c - , c - s - n I  ~ c - c - c -’ c  - c - s c - c - I  c’~~fl i c-c- ‘ c - c - u n - u - c - I  r ( . c - , , n m y i ”

t o  t i c - a t  u c - ’ , I c - i u c - c - u -C V - c - c - ’  c - - s - c - c - c - - c  -c - t i c - i s  r r ’ i c - - i i r c - ’ n n c - c u - c - t  c - m v  u ‘ - s c - s -c - r i m - c -c -  I c - u - c - c -, i f c - c - cc  - i c - i c - H -c - n

c- - c- F , c - r - ’ ’ - c - ’ -  c-n -s - c - c - ’  ‘ ‘ ‘ c - S c- c- . r c - c - s  -‘4 ‘ - c - c -  c - s - c - c - - c -  , - .c -- c -_ , ., ’’ ’- - - ‘ p  c- c - c - ’  -‘ nc- , c- -c- a . c - c - l “~‘ c- ’ ‘ c- s - ’  c-- - c-c-, ’ ,,, , m c- ‘c- ’ s n - f l  c- c- 
~“ 0c-

c - f c - c -  c- ’ , c - n - on

14 c- -, ‘~ ,~~5 i - c-~ c c - c - ,’ ~
.,rc-Q ~~‘ ‘ c - fl ‘ n - I  “ , , i c -  ‘~~ - - c - , , - -  ‘ c- c - ’  ‘f i  ,.c- ’ ” c - ’  1’ , ,‘ - , , . c - - , c - s ’ c-’ ’ , c-, -~~ - ‘ ‘ ‘ c- nc- -

c - s - n ‘ c - - c - ’  - ‘ n _ -c- c - - c -  c- c - -c- ‘ - - c - ’ -  - c - -  c- c -c - i~~- , c - c - - c - c -~ 
- c- ‘ c - - -  ~~, u ’ - - - c- ’ , - -  - - - c- c - c - c - - , - .  c ’ - -  - - - ‘ - l ’

~~~
c- c- ’

c- I ,, c - , ‘ I ‘c- - i ’ c - c -c- ”’ c - c - c - c - c - s r’ s  c - c - - ’ ,- . u ’  P

- F c - r  ep c - sc-n c- c- c c - c - c -  ‘ - c - c -  - ‘‘ -n s~sc - c - I c-c -- c-c - r ,c c- c-s ’ r’ c - ” ‘ c - ’ ’ c- ’ c - c- ’ 0~~~; - rn c - - ’ c-c -I ‘ .~~ ~~c - s -~~. S c- c - c - h  ‘ .c - I  ‘‘ c--~~~~’ ’ ’’ c - - -  5’

- ‘c - c- ‘ c-S ,‘~~
c- • c - c -  ~~ ‘ m c- a c - ’, - 1, n c -a

/1
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u- c-’ - 4 1’ i i t c - - 1 ’ c-,fc - r- - ~
, : c -  c - u - c - i  c - c - c - J

u - c -  x c - s t s  fc - c - r a cc- c - - c- c-c - - n  cs - o c - c - c - ic - tmoc - i  c - c - i c - c l  i n c - s t , m c - u c e c- c - t i c ’  c- c - (s c - c - r m u c - c - nc - e r i c - n c - ’. ic -d~~u - c - I c - s  -c-c - c - c - s t e  c - n c - c-c - ’  c -w ith

c- i n u c - i l i  body ( c c -,- , a bc - c - id le r  I c - c - c - c -I s i c - c - c ’s r uc - stb c - i uiu - ) c- it t ic - u s c - i c -  c -u i c - c - s~~- — b -  - I ,’ R c - v c - ’ i , bt wi l l  he

co nc - v ec - c - i un t  to nc - u- ku’s t ile sa n s - s e  oss c - c - c - c - p t i on  c - c - I c - e c -~ v u - ’ n s f y c - r c - g  11c-c - c- i n c - I n c - c - u - ’  (see cha~,t c c - r

6).

4.6 Handler Eligi b i l i t y

c-/c-/ his- c- c - a c s - a r c - d c - l i o n  us r a i n - s - c l , s . c - c- s c - s c - c - c-’ s’c-s c-c - , b c -  c - u - u u m c - c - s u - k c ’  nc-on c c - f t c - a c - c  - ( s c - c - c - c -  ‘ c - c~ mc - I I c - - r  t u - )

~) f ( c - c - c - u - 5 iS c - c -  t h e  c c - c - u - c - c e  c c - c - s c - u r n - l u - - c ’ ;  to ii ’’ c c - c - c-c- c-u- c- -H  c - - s c- i c - n c -c- in I c - s c - u  ‘c- c- c - c - - c - ’ ’- . II c-, c - c -~ c - r u-

c /c - jib /u- ’ b c - c - c - c - c - c - t i e r s  is c - l i c t c - c - c - i c - c - s u s s c - c I, c- c- c-c- -c -u a u - i c - I c - n - ct C c - i  c - c - c - p  c - c - i s ” t s - b b’ ‘ ‘ c - c - u ,’ l c - c - r -c- c - i c c - I s - c -  s - c - c - u c - u c -~~

( m y  c- c- S c - - I c - - c -  ( ion / s o / / m v iS i t s - u - u - c - I, l b i u s n - s i t  - ‘ ,c - c- c - u - s - Ic- i - - u ’  r u - u - c - c-c -’ ’ tt c-e ‘ c - I c - -- c -c - t u c - s - u m t ,c- I,’)

‘ c - s c - c c - c c - - c - n -  t i c - u - -  c - c - o c - c - J u t c - u -~~. I c - c -  ‘ c - s I - s - - c - s  ‘T ~ 1 -,c- c- ’ -  dc - n - c - u - c - mc - s ’ c- -’ - i s - cc- l ’ - u s c - c - - c - c c - i c - c - ’,- t c - c-ss - , , c - c - c s - h n c - c - l

s c - c -  d c - c - c - c - lc d  Is- ( b c - c -  n c - u - s f c - n c -  c - c - f  c I u - c - t ’c - n I c - t ’, c-c-” . , ’ I ’ s - c - c -I c c - c - c - c -  ‘ u c - - c - m~~ I’c (‘c - c- n- c-u b is m ’ s - I c - c - c - I c -c -c -  c-ic - c - c - I i y ,  t b c - o n

c- c-r c - c - c c - c - c- “c-i lls c-c-c-u-ce c - s c - c - u -  m s - c - ’ c - Im c - f m c - iul c - uim c - ’ c-

h c u m c - c - ; c- m l ;  ‘ ; c - - c - ’ c - c -~ 
c - c - c - - c -  w c ”  u - i -  ‘ c- c - c - c - -  c m u , m u c u - l c - ’ ’ c - ’  c - c -  (u- Inc i - i - c r c - i c c - c ’  to c - , c - c - s c - I c - c - c -  c c - or c - d nt m c i c - i  C on

i c - i - c - I c - n c - c c -  I Ic -  i t  is c - s n - c - c - c c - u s c - b c - c - c - I  c-’. c- I fc -c-c- I c - u s c -p c - c - n c - c -  ( c - c - : c - c - i t e xc t i c - c - I  ms - c -c- cc c- c - c - c - ( cc -  c c - u - n - s-c--- s-c- I. By

‘ ,c c - -,c ‘-s --c-;’ we c- s c - c - c - cc )  i c - c - i ’  - c - I ’ , 5 ’ ,’ c- c -’ m c - , m c - ”  - Ic - ic ” c - c  -c- n c - c - r c - u -  I ,  lu-c-’ u - - c- c - ’ . c - I - - S  m s - n c - n ,, i c - Iic - ii c - u -, c- ic - s-n -

u - I c ’ f n c - u i t u u -,u c - c -  is c - n - s - c -c- - c I s c - M y  c- c - i v i c - c - I, s i c - s c - cc - c - i c c - -  c - u s c - c -;’ ~,- ‘ - , c - u - ’’ c - I c - a t  c c - i c - c  -‘ c c - c -  u - c c - s n - ’ a t w i n  Icon

n u c - v c - c - c - :- ’ c - t i u - c - n  ( c - c - c - n c - I n c - s i  i c - i c -,t - c - c -’c - n e )  is c- n- u - c - s c -Ic - c -s - T i c - m n -  I c - mn ‘ t - ’-w CI~~n- S c ’ u - ’ f i t u s c - n u - , t h ere

u- c - c - ’  i c - c - ’  c - i t  c c - m s  s - s t  c - c - nc - c - (‘s - u- ic-c -s ~ . I c - ui c- c-.’ I c - i i ; i c -  c - c - c  -- ‘ u s c - c - I c - I c ’  I m c i c - c - c - l c - u - ’ c ’  s - c - c _ c -  , 1 - u -  c - - c - c - c - n u m b

S t r c - c - c t u i r c -  i c- c - n - S  c- us c- c-t c- cc - n c - c - c ; c - c - c - c -  c - c - c - c - c -  c - c - c - c  -‘ s i c - s c - - c- ’ u- s - c  u - c- ’ c-c- of - i c - a r c - c c - c - c -  a s c - i c - c - c - l u - c

d c - c - t i  s t r u i c - : b l n r c -  nc-c- y I n s ’  n c - I c - - n c - - s c -  d b, c - - c - c - v u - c - c c -i c c - u - c - c - c - i c - n - c - ’ ;  i c - c -  s c - sc - c - s t  cc -c - c - sos - ,  we Ic - a- c- - u -  ic - c

c - c - p c - l u - c l  b c - fl ’.m n - usc - c - wb c - i c - c -.h to  c - i s c - - t i c - c -  i c - c - c s - c - l i  f c - c - c - n -,c - ’ c - , u - , uc- t u- ’ ’ c- s c- c - c - c - c - cl ~c - c - c ”  In c - c - a t  c - i c - s - c - c - n c - c - l i  s c - c - c -

u - bc - cc - m u - b e ,  ( t i c - u - c- H i t s ’ s - c - u - - n i l  ‘, c - c - c c c - s i n m , u i u f m c - c - I ‘ c - t i c - c - c -  I c - c- ’ )  T i c - us s c - s - c- l ies t i c - a t  - c -  s ,o ic - ’i’ xt n c - c - c -c-c - ’

c c  c ’ i c - c - n n - u i i s ’ r c ’ c - I  c - I c - c c - m I m i c - ’ u ’ v c - - c - m  c - c - ic- - sc -c - i c - c - i t nt i s - i s c - c - c - I  i m c - v c - k u -,c- c- I c - u - ”  f c c - n c - c s - I c - c - - n c  - f i n a l  c - c c - c - -c - c - c-c -i t i m e

u ; u c - n c - c -, i i tuc - c - c - m  r c - j r b b c - c - - c - u m i i n ’ c - ’, i f  t i c - ’  c-- v - - c - c - -n c - c -  I n ( c - f l c - it s -  I s c - m u - I c - i  p c s - r c - t i t s m s c - c -, t i c - a t  m ’ s - c - s t c - ’ x ’, n ay

m u  b ’ c c r f o n u c - m m c - c - m c -  s o n c - i c - c -  o t I s - e r  f u m c - c - c , c - u u n u c  -c -c - I tIne c - - i - c - c - c -c - c - ic - I c - c - s t  l ine i u - c - u u r l c - c - c - u - m c -  us - c - r , c - c - - ; s - c - 1, Vic-’e

c - A/ c - l I  s ’  c- c - c - c - I c - i c - c - u s -  I c - i c c -  ‘ - ‘ c- c - c - m i  I c - c - s - u s  , ‘i f c - i c c - c  - c c - c - c - i c - s  c - c - i  ‘c- - -c -c -t u s - i c - c - -~ 1 1 ; i c - s d c - i - u s c - c -  we c - sc - c - c - I  n c - nc - b y l ie

c- s.c-i c - r u - c -  l i n a c -  n c - c - c - b t m i m I c - ’  h; c - c - s u l c - ’ ’ c - ’c- c - c - c- a y i c-c-’ d c -c - sc -i c - I- sc - c c - c - c - c- c - c c -u - c - u - v p ftc - c c - c c - c -me ( ‘ c f r u i c ’ t c i r c -’s - l )

u s c - c - i  l i t  ion.

m c -’
- ,  •5 c - - ’ c - ’ ’ c - c - 5 — - ‘ - c -— s c - ’ ’’ ’ c- ‘ c-c- m c-  - ‘ c- c-~ 

— c-c- ‘ c - C I ‘-I’

c-u- ,1-c-
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T H E  M E C H A N I c - - crc-I P H .  4

‘cA’ u -’ r s I c - c - c - c ’ r v c- t i c - c - I  mc - c - i t ip Ie elig ible ic- and lc ’ rs c - c - may e x i s t  eve c - c -  if the programming
c-- -c-c- c-c t c - c - r n  d s c - c ’ s  c - i n c - I  c - m u - c - c -  c - T int  para l le l  ox  c c - c c - c - c - i o n ,  Su ppose , for  examp le , t i - c - a t  we have two
c-ic -c-c - d c -c- c - i cc - n -, A cc - c - id 13 , c -c - n i t  u-c-c a c - c - s c - c - q c - u - ’  u - Ic-c -c- a r c - c - ”  a i b o c c - c - t i o r c -  nc - cc - dc - c - Ic, S ’i 

~
“ Assume t ic - at  S

i c - rov u c -c - ies an c - abs t c -  c - c - u - c - t i c - n  c c - l i ed  c-c- ‘ s - -c - u - n c - c c -c ic-o at ’ , w I c-uc hc -is n- I c - c- c - c -  s d  by eli of its users
( i c - c -  c - c - c - c -c- t i c s - c c - I c - n, A c - c - c - c - c - c l  B). A s c -- c- c - c - c - c -e t i c - c - t i c - e r  t i c - sc -c- c-c-c- r l c - c - f m c - u c - u s  a s - c - t c - u c . t c - c - r c - c -  c c - c - c s - n - s  condition ,
‘ c- ’ c c - ’~c - I - l w ’ , c - in c - - i t is nc - tnc - ; pci s.c- i c - c - c  - m ~”’c-’ c - c - r  i ts  i c - - c - i c - n c - c - c - c - t  poo l has i c - i ; c - d c ’ m i c - c - , c - c - c ’  t r e e  space to
- c c - c - t i n -b c -,’ t i c - c ”  1 u - ’ c - b u c - u - ’ s’s c n i  , c - I I c - u c ’ , c - ( s c - s c - ’c- S i c - c - c_i” ‘- ‘c- u - ’ c - i - c - c - c - n c - u - c -  n c - n c - c - ar c - c - si c —I execujticc-r’n is

c - e ’ c - - u t c I c - ’ - , c - c - c - c -ly n c - c - - ’ cc - - c - dc - c - I c c - c- s c - - u uu- ’c - s-~ c’ ‘u - H -c - c - c c - c - f c c -’ c - t  c- ( c - m e ,  c- upc - ’s c-’us c - ”  A does. if
‘ c - c - I n c - r u - s c - t O’ n c - i c c - c - c - ’ ;  ‘ ;‘ c c - c - n l  c - c - c - ’ ’ , ‘ c - c - i - c - c - i c --f c-s c-? c-c-c-c- j c - ’ i o r i  di s c - v  13 t ime c c - c - p c - r I  unuty to hans- die the
c - ’ c - ’- rc - c,i u b i c - ’s c - i c - n c - c l  ‘n - c -  ‘ - u ’c- c- C’ ~, c - - _ 5 1 c-~~s n  C c - c - t a u n i ly c - n c - c - I  A c- c-c-c-d B s i c - a r c s -  c- Ic -c storc-c-qe pool

p c- c - c -v i c - - i l  ic-y c-u- , ac - c - c - I cc - u - mr c - c - - s ’ s ’ c - u c -’ c- nc - n s - c - c - c - ’- i s m ’s u m i c - l c - u sc - I c - s ill n c - nc - sic - ic c -r I c - tic - mu - c - c - d c - c - i c ’ s eli qibbe to

I c - c - s ic - c - l ie c c- ni c-c -i c- c - c -m n - r c - um s cc -cI i c - y c-S ‘ ‘ c - c c - c - c - m g ,  ‘ c - s t  p u - c - s c - c - l i ’ c - c - s n ’c-’c- , c - ’ c - i’c - c - l Us , u - ’n- c - c - c - c - i c - f - c - c - l u - c  -e l ig ib i l i ty .

ic - I c-c-s s - c - -s.’,- p c - c - c - r  eu-c-- ct to f l u - - c - li’ c - a i l s  of c ’ I u c j l b i i c - t c - y  d c - c - c - n c - c - c - c - c -  c - c - t i c - n ,  Since f low an d
sfr i mic - ? c-c - ru - ’  c - c - i c - sc - c - n - i - c - c - c - c - i, u i t c - n m c- ’ ; c - c - c - a c - I u - b r - - c - c - c - p c i  c i uc -a inqousl y, c-c-c-c rc- wil l f ocu s  our a t t e n t i o n

Oc-c- Ic - c -c - ’ i c - tb c - c - r c l a n - s . s u m u f l e  tic - c - ” n t i s - c - c - c - s c - c ’  cut c - - i c - s i c - i c - c - c c -  of c - c - ru - c - c - Ic - c - ’’, c - u sc -  a c - c - u - u - c - s  makes t h e

fo ruc - u - ’r c - I c - s n -  Ic’ s-c-c- s c - c - i c - - c - u - c - s t i n g ,

4 6 . 1  The Eli g i b i l i t y  Rule

Ic - c- i c - c - c - i c - c  c- u- n yu ’ c- c- c - cm ’ i - us c ’ ric - ’ c - mc - c - m h i o n c c - b u - ’ c - c - ( c - i b i l u c - y ,  s.’~’ c - ’ c - c - c - m i s t  i c - c - t n o c - f c - m c - c - e  n-cc-ale

¶ ‘ ‘ r n c - c - m c - c - m’c- i c c - c - c - c -- F i c - - I , u-c-jr c - i s - c - - m b  Ic - c -  c - u s - c - I c - c - - c - i  u - c - c - c - c c - u - c - c  s c - u s - c-i c - c - i c c - c c -  c - c - f  ‘ c - c - c - c - c - i c - p c -  t ’ ’ , C u - c c - s i c - I c r  c -n
c - c - .c- c - ’ ’ ’ m n l , c - t c - i c -  c - ’ c - c -  c - c - c c - a m  c - c - c - s - i t, t i c - s c - c- mc-- , c - c - ‘c - vc - ’ c - c - H c- - c - c - s ec - i  p iece  mu-f soc - c - c c - c -c’ code t Ic - a t  fo r m s a
s m u t - p a r t  c c - f  a f t c - c - u s - c- i c - c - c - u  l s c i m l y  ( c - n c - c - c -Ii,c- ’u c - c - s t ic - c - - c - -c - ut nc - c - c c -  u- c-urb ’,’), I f , c - I a given i c - c - s c - a n c - t, t h a t

n c - i c c -I c - ’  is h u - u u i q  u - ’ ,~ u - c -cs -u - c - t e d, t i c - c - i c  -c-s - c - c -  c - m s - s c - a c - c - c e  u - c - f  t i c - c - ”  t i c - c - c - c c - m u - c - c  -body must e x i s t .  ind eed ,
c- c- c- , c - . ; c - , u c - , c - c- c - ,  i c - c - - i c - c - c - c - C u -”' c - c - c -i c -  c - c - n c -c - c -  I m n c -  c - - c- i c - t i c - Ic - -c - I n c - c - c t  c - s c ’ c l c - f i o r c -  of b c - ic’ f uc - i s - cc - t i on ,
r , - ’ s - , s m u l b c c - ’c- ’c- c - c f  ‘-.c-c- c - l c c - ’ ( I c - s - c -  ‘ - u - i s - l i  c c - c -  c - c -c - ’ uhisins - s - c - c -c - cu - - n - s - c - i n c - c -  c - c - n t ’ i a r c - u l i c c - i ,  V~s t t i i c - c -  c c - c - d c -  i c - c - s t c - c - c - i ( ie ,

t i m - - c - c c -  c -A/ill I c - c - ’ ac - c - i,c - s t c -’c - r m c- c - c - c - vc - iu ic lc - our d c- cc - c- -c - c ’  c-c- p c - o s - c - c - c - r n  c - c - n i t  is ec -c-tc ’red ac-c-d anotic-er at
c-c- c c - m u - c - h  c - c - is i - c - c - u - u - - c - i ,  B c - - t v i c - e n  t i c - i c -- c- c-” twic - c - i c - s c - ac - c - Is, t i u c - c -  program u - c - c - c - i t  is said to be
- c -  t i s - c- ’ ( c - c - c - i c - c -c- c - c c - n - c - c c - c -c t  i c -  t I n -  c c - c-c - - c - c - c -  f m c - u c - ’  i c - c - c - c c -  i c - s I c - i c - c - c r ) .  In a ;c - u- rn l I p l  “ c -s ’n-~~c- ’fl c- , c- he same

1/ c- c - , , ~ ~~~~~ - ~ c - c -- ‘ ‘  c - c -  c-’~ ~ c- 5, ~ c- c s , ’ ,  I -  c - s ‘4 1 s-

i c - U n

c-
c- ~~~~~~~~~~~~ ,~~~~~~~~ -



~c - b~~C 4 - 6  H4c - -~: ’ c - , u .Fc - cc:  c - c c - i s c -, i T Y

p r s c c - c - r n c - n u  un it c- nay I c - c - ’  c - c c - c - i ’,’” ic - c- nc-a c- , c - l s f f c - c - s, c n i t  t s j c c - c t u s rc - - c c - c - c - c - c - c c -c- c- , c - t  u - - i c ’ 18

c-SVe c - c - e x t  r u - c - s t r i c t  o mc - r  c - c - t tc c -nc - t ic - ) c - c -  Ic’ ac t i v e  P c - s i c - c - c - i c - c -  n rc - c - c - s  tha t  arc s c- c - i - c - c - c - i c - c -  c - c - ) C

p a n I c - c c - c - I a n  c o c - c - c l i t i onc -  c - c - i c - I  u ri c - - I c - c - n ’ -, u - ’

[)ef. Sc - c - c - - c - -ic- c - c -c-” t h a t  u- , i c - c - c - c - i i (s , c n i  C i c - c - c - s  I c c - p c - c -  ‘ c - i c - -c - s ’ s-I u - c - c - c - c - SI - s -c-i c c’ I.

Con isu i le r  c - i l c - c - c -- f c-c-n c - ’  proc -iran s i c - s - i t s  I - u - c - b i n c - c,’ c - c - c - i c~s-c,,socc-mj c-, - c-d

t i c - i c - c - t i e r  for conc - c i n b, m s c - c - c -  C c - c - c - c - , ’  c-’s - c - c - c d to s n - - , t c - ’c - nce  I, (c -t  c - c-c- c-c- n c-- c c - , ‘s-c- u- nc-c

cc-f c - c - c -c - c - c -c - s  c - s - I  I -c - c -  c - s i c - u i - ’ ‘ c - y  rc-c-c-c-,tc-c-d, ic- c - c - c -  c-c-m u c - i n - c - b  c - c - - c - I c - u  t ic - s c - c- in a

nc - i n m, j c - c ” ,) \sc-/ p call c - ic - c - c - - c-c-- s c - I  cc - f a c - c t  c- i - c - c - - c - c a m  uc - n i t s  t i c - c-’ c - c r c - i c - c - - c -  ~c-c in

c - svtc - c - c I c -  C c- m i s c - s c - i  u s c - c -  i c- c-c-c-s- ju c - ’ I c - c - c - c - c - I c - c s -  - c - c -’,” - c-—c-- c - H say  t i c - _ c - i  c- f c c - m u - ic - c - c-r

i c --c- c -nc - ic - / c --il i t s , t i s - s - r  1)  i t  c-s - c -- &c-SS (’Cc-c - c - c -Od c -c  -c - l u (cc- c-c -ic-- i -ic - c - u - u - oi l  a

module i c - s c - c - i~~ ic - c - c-c - c - c - c - u -c - c -  i c - c c - r , - b e c - ” - c - c - c e c - l  ( u u c - c - m c - s c ’ c - I ) ,  or ( c - c , ) it c-s

c-’c- s c r c - ” c - ia t€” cl c-c- c - c - c - c - i c -  c-i c- ’, c-c-c - ’ c - i’ c - t i c-c- s.\i, c - n ” l c -  C cc - cc - mi hi’ c - a c - c -c - e d  c-c-c- I ,  ( c - i c - c -

c- c c - c - c -_ C r c - l u-  i n c - c - t i c -, c- c - ti’ - I c cc - b c - i c ’  c-c - c -c - c -  I of s c - c  c - c - c~c - c - c - -~ - 
‘un , c-s -c -’ c - s i ’,’,- -  n y c -- c c - s c - u s  c- c- c - i s

c-c-c-ociule - Lic ’c c-c-y is c -vc - c - i c - c - i c - c - i c - c - r n -  to I - c - -  u - i - u - c - c - id , )

‘c-’c-c- c- ’ c - ic - - ic -cl ic - nc - c - c -  c - u h f  c - c - c - i n c - u -  c-’ s - I ’  s i c - c - s c - c - a r c - ’  c- c--

I c - c f . S c - c -c - c -c - c u - s r H i  c c - nc - i l c - I ?  ar c - c - ti c -c - tic - c - cf c c - c - c - m i s c- c - c l  b c-c- c - c - ic - c - cr c -s sc - c - c - c -i c -- i l  ac-c-u S2

s c - c - ’ ’ r c - s c - c - n c f i cc-isH ’c -  c - i m p  l nn c c i r n nc - u c - c - itc - ;  c-c-c-m i ’ic- ‘ ‘- is - ic c-i II c-i ’~~ c - r e

c-i - , ’, i nc - ” c- c - ’ i t i ’ c i , ‘,~v’ i ’  n - ; c - c- ’ c - b c - c -c - c -  c - i l  , s - m , c - ’,1-~ ii~~ c - b  n c- c - c - b c - n ’ s -  ( 1 )  S~ c - S a

n c - o c i c c - c - u - ’  - ‘ s c - i > nc-v u - I c - i c - c -  c - v u - i c c - c -  S i  m s i c - i c c - c- c- c - c - u - S c - c -- i c- c-c- (2 )  n u u - ’ n t i c - c - c - n  Si

c - c - c r  82 n c - c- a i c - i c - c - - I c - c - I c ’  h od- c-c- , I c - u - m t  S i  c c -c-c- i c c - c- - c-liv c - c - e s t c ’d c - c - c - S2 c - c - nd t ic - c

CO c - l t c - c -  c-- c- S s c - s c c c - c - c - i 5 c -c c - c - c -  c-c-c - s i c - c- Hi c - nc - I  H? c - r e  c - c - c- ic c - c - c -a r c - c -, s-c-f t I c - c c -  s a m e

c - c -’ ‘ ,‘, c-. i’ ,’ c - e  - c - c - - c -  ii y c - i ’ , ‘ c - ’~ c c -~~ c~ t - ~~ s - c - - c - i ’  ‘ c - c - n  ~ c - o c - c” ? “  ,i c - c - ’ -  - c- - c - c - i c - - c - ” c- -.s i i c - r c -~ - ’ - o ~~s- c-c ’ ~~ c c s Q f l  ‘ 1 a ‘ - ; c - ” c c f c - C

n ’ ’ - , c c - s s c - ss ,c- in c - i  - ‘ , d s c ’ c - n c c s c s n  “ i c - c  -- c - i s  c - c - , 0  - ‘ c- c- i > ’ 5c-c - c- i ’ ’ ”  c - u ’ -  c- c - ’ c - ’ ( u - c - c -  ‘ ‘ ‘ c - c - i c- ’ S  c - a , c-’c- c-~~ - ~~‘ -

f ’ c- , i l  (c - ’ , , ’ ’ c - r c - g  c - c - c - c - i c -  c - s c - n c - c  c - c - c - , ’ ‘ ‘ s c - ’  c - - c - ,’ c - s c - c c - c - c -’ - -c-  c - c - c - c - c - i n s  c - - c  c - - c -  i c - p ,,s - n ’ p ‘ - , fl~~t s O n  c- ,0 c- - c-c - c - c  - c - c c -  , c - ’ , c -~

u- c-- - c -c’ - p,  i c--c- c- -c -- ‘, , 5 c- - ‘‘ ‘ c - f c- - s-a - - c - - c - c -  c-c- ,’” ws ui c - - c ’ ,, ’ ‘c-h  c- c-r- ’ --  i , c -’- ’c-’, I c - c -, n,c-~ in ’ ’ , s c -  -c -’’- c - ’ m - ”s~ c - c - ¶ c - -~ ic-n~ c- f l m 1cOml Of

c- ’ , , c- s -c- - _ c - c - c -  -,‘,- c - I l c - ,rc- c - - c - - ’ c - c -  - , n ’ c - ’ c ’, - -  - - c - u - c- -~c - c - ’ ’ c -  c - c - c -, c-c- c - I c - i  c - c - - c - c- ’ , — c -’ c-~ c-’ ’ - ’ - ’~~ c-s c-fl ,c-,c-s c - c - ’ c-’c- u p  c- c-c-

c-c- i - c - c -c-- ,-  c - c - c - c -  - s i d 1 ’ —  c-

c - - 7

L 
_,

~~~ 
- - 

~~~~~~~~~~~~~~~~~~~~~~~ 

. , , . . , .

~~~~~~~~~~~

,c 

-

_ _ _ _



__________________  -, ~~~~~~~~~~ _~~~~~~~~~~~~ “ _  -~~~~~~~

T H E  rc-i~ - H A N  — ‘ - ‘ C H 4

ic - c - c - c - c Inc - c - c -c - c - c - u - c- I c - c - c-c-cc ’ 1 ~ - - c- c - c - c - c - c -  c- h c - s c - c - c c - c c - i c - c r  H c - s s - s c - c d  to  he i nc -c , !- i-c -
m c -  t n er s- ’ c c -~ ’ s s t c - ;  c - c - - c - n c - c - c - c  - c - c - bc - ic- ’ u - c - i - c - c - c - c - e u -  c - c - c -c- - s - c - - c -  (Tc- c-c - c -c - c - c - s - b c -  t i c - a t  (‘~ n c - c - i — c -ic-, ’,

i i .

‘c- c-c-r c- , cs- u-c- c-i c -j i ve  c--c- c - c - c -  c ’ c m ” c c - c -  c- c- u - - f c c - c - s f  c - c - i c - c -  ic- 5 c i i ,j c - t c - c - i , ’ ‘c-c-

Pu-’ ! 5’- ‘ ‘ m u - k r i-; c- ( ) Q !t ’ i c - c  - ( c - i ’  c c - C ) i c - c - - c -c- ’c- c- c- u - s - c - c - c - c u - i f  m u - m u m  ic - c - s a s - c - s c - c - c - c - c - c - s c - , 3 c - , ( ’ 6 c -

I f  1 u s  c - c - c - - c - ti c (1 c - c - c - c - _ i  ‘ - s - c -  c - c - s c - c -- k -  s - c-

l’ s - c -  s - — c - - c c -  c-— ,c - i c - , c -~ c - i u c - s  ‘ ‘ c - c - c - n c - s  ‘ c - i c - s - c - ’  c-.c - ; - c- c-c- ’ ’ ’ c c - ’ t c -—s i y ,  ‘mc -  c- - II - c- c-c- c - - c - c - u -  ic-c- ’’ c- c - c - l i  c - c - c -,’ c - c - s -c - ,,, c- - c - -

c - _ c - c - c - c - _ c - _ i c c -  c- -c - t i c - m u - c c - c - c - - c -  -c- ,m u c - c - f  c - t n -  m m - - c - - i c A c-c - c - c -c  u c~ c- ‘ c- c - s c - u -’ c - c - ’ c - I  ‘ c - c - n - c - - i c -  I - I n c - c- ’ c - ’ - i c - ’

c c - c - - c - I c - c - c - c ’’; A s c - c - c - i H , c - 4 ’ ’ c - c - c -c - - c - c - t : ’c-c- c ’ c - ’ c-c- , c - c - c - c - c -t m ‘ I b - c c - c - c’ ‘ c - n c - c - - I i c -’ u- ’ c- , ‘c - c - c -c - c - c - i c - c - i  ‘ s - c - - s  c - I - n

t u - c - ’ l c - c - c -’ c -’i c c - c - -p c - c - mr ic - i c- m c - n c - c - c - c - -- , ‘~ 
- a c - s - c - b  -1 ‘ c- c- / c - Ic - c - s c - c - u - c - c -’’ is ,i c - : S c - 5 - ’ , c -  c i  c- c- c - s i c - c- ’ c - c - c -  u c- c- - c-

c-c c-i c- -, c - c - s  a ‘ c- c - m - n - k ’  cc - b S c- i c - c - -u s c - c - c -  c-c-- c-c - IS s- u- c-c-- c- I c - u - c -  ‘ c - c -  c - u - c - - c - i  c - c - c - s c - - I ‘ c-c -- i t  n i  - c - c - c - c - c - c - c -  - c- -

r c - c - - - c - c - s ‘ c - ’  ~~I c- , -c - k c - ’ c-fl c- c-
’ ic-c - c - i , ,‘c - l f c -- r  c - c - s c  -p c - u - i c - I c ’  c - c - c - c r m,H, - r s  c - c - a v e  rc ’ c - p  c-m c- c c -~~, i c - c - - c - -  c- ‘c- in 1”

i f  c - b c - c -  c - u - c - c - c - n c - c - c - c -  u - i c -  k - s c - - c - I c - c -  i n c - n -, m c -  ‘ c- c- c- - c - c - - i  ~~
c- c- c- ‘ ‘ c- c- c -c - S c - ’’ I n c - c - c - C  t c - c - ’n ‘c- c -Es-’ ‘~- u u c - ’ c - -c - : i c - I

t o  r u - c - i c - c -c - -  c c - c - c - v  c - ’ x c - : c p t ’  c - c c - c - ’  c - u s - c t - c- - c - c - c - s - s - c-

H c- s t . lu - c - c- c - c - c - c  c - s n - n c - n c - c - c -, ic - c - c -m t  cs -u- n c - c- c - c -  ,c-c- ’c- ‘c- c- i c - c - c -c - i c - c - t c -c-’ ’ i  ( i c - u - c  c- c-c- c- c - s - c - ç t j , c - ic- ’ , c- c - ’.

s c - c - n c - i c - u -  c - c - nc -- n c - c u - s c -c u - c - c - h to iuc - c n(IIc - ’ ic -c - , c - c - c - c - c -’ ’ ,u- c - ic - s c- c - ic - c - c - i c c - i c - n  c - v c -’ c - c - ’ , Ic - c-c-c- c - ’  c i ‘ ‘ c - ’ s : ’ ,s i ’ c -  c - c - c - c - c -  -c - c - ~~ cc -

c- c-c- A r C c - i c - iy c ’ u - c - c - . c -c- c c - - ’ , c - c -~ c - c -~~’ ’ - i c - c - c -  s c- s c - c -c - s - c-- nc- ’, c-~ c-c- ’ , ’ - ‘- c - c - , c- , c - c - a c e  . - c - - c - c - - ”’ S c -  c- - s- Sc-’ , ic-

I c -  c - c - n c -c- - c- c- ” Si  c - c - c - c - c -’ c-c- - ,-c-~~ c- c-c - , - c -~ c- ‘ c - ’ -’ - r c -c -nc- cc c-c- - ‘c - ’  - S i  -
~~ cc c - ’ -  c-c- m- - c- c-c- ’ c - - c - c - c -  c-- ,’ u - c - ’ - ’  - c- - ‘

‘r r i - I - c - i c - c -  c-c- c - ;  “ c - c  c- c-c- c - c - ’ ’~ c- c- - . ‘ c-c- - ‘  — c- c- n 0 c - ’ i c- ’ ’ ’ c - c - ., —  c- - “ ‘c- c- -’ - ’ c-~~~ c - V’  - ‘n-

.0  ‘ ‘ - c -A c- c-c - c -  ‘ c - i  c-c - c- c c- c- _c- c-c- c -c- c - i c-c- c-’ ’ ,.,l-’ ’,- ’ c- - -c- c- c- c-c- ‘- - ‘- - c- r c- ~c- c -- c’ - ‘ ‘

c- cc-c- , c -  c-c- c - c - c - . -  Ic - c - —c- c- c- c-~ - ‘c - c - s i c - c-- ‘ c - - c ’ —  c- c - - I c -  - c- i c - c - c - c - ’  c - c - sc -_c-c - n c - ’ , - : c  ‘, c - , c- c - n c -I c- ~~ . -c- c-- -c - c - c-i - c ‘‘

- ‘ ‘ c- c-c-, c r ”  c - m g  ~ -~~ - ‘c- c-’ c-~~- b c -  c- c-c- a - ’ - - ’,  - s c - — c - c - -  n c -c- c - c- c-i c - , Ø  - ‘ c-~
f c -  Pf l  - c-c- c- 5 c -a - ‘ --c- - r  - - — - c- c -c- -c-c- c-c-

- c - I c - c - c -  - - c-c-- s - - c -  — - ‘ ‘ ‘c - i  c-c-c -c- i c, to’  -~~,-c -’c-

A - c- ,i c - c- ,’, fl~~~’~ ’ - c- P - ‘ - ‘ “ c -  ‘ ‘  I - c - c -  ‘- - “ c - c - c - c - sc - ’  i - ‘ , c- - c - c - ’ i c - - c -  c - c - c - n c -  - ‘  c- c - ’  P

- ‘ ( 5 , -  r’ c-i s_ I - f l , ‘- c - c - c - c - i s’ ‘ c - c - u u- c- i — - -  c - - c - I c  ‘ c - c - - ‘ c - s c -  p ‘ c- - c - - ’ - ‘ c - c- ,,  c- , -c- c-’ c- ’ - s c - S r i ‘ c -  c c - c - ,c- c c - -  c -c -c- - - —c- r

c - c -  P P Q c-’c- ”c-cD l c- “ic- c-’ - 
c- c- - ‘

~~~
‘ , c - -n ’ ’ - ’  ‘ i - c - c - c - c - - i c -  - “ c ‘ - c - ,  cc- c c-’  -, c - ’ ’ , ’c- - - p  c- c-. ‘~~ c-c - ‘ c - n c - i ’  ‘c-, ~~c - .c- cc- - In

c - s  - c c- n r c- , c - - c- ‘ - c - c - ,c- c - 5 c -.~~ 
, , S. - Ic-i c- ‘ - - c -  - ‘, - - ,p ,. - c-c- i - ’ c’ c- i _ c- c-c “ c - - c -  - - ‘  c- ‘ -c- ‘ 5  ‘ c - P  - c- c- ‘ c -  - -

c - n c- I c- i i  - - P ‘ c - ’ ’ c - ”  c - ’  I - c - c - c -n c- c- - _ c- c- I c - c - c - — c - c - ,, nc - c - — c- ‘ ‘ c - I -c - c - ,
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SEC. 4.6 HANDLER ELIGIB I LITY

4 .6c - 2  Another View of ‘Cont exts ’
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c-pu c- v W c - c -  c- c - i s -  for c -n c - at c -c -’ ; d c - c - c - c - c - s  c- c- -c - c - c -n , 
~

- c - s r  Ic - k - - c -  - , ‘ c -cl c - c  c- ‘c- - s c - c - Ic - i V c - n c c - c - u  t c-c- c - i - ’ - i c - c - c -  c c - c - - c c -  c c - c -

ic - c - f c - s c - nc - c - c - c - lu - c - c -  c- c-c- i c - ’ c - s ,i c- c- ,i c - c - - i  c-c-cm-c c - Id c- c- c -i s - - i c - i c c -  - - - i s ’  -c- c -s u sc - c - c-- c - c - b c - - c - c - s If ‘-c- - u - b  i c - c - c - c - s i c ,  - c - c - i c - I s  - i c-c-

cc c- s - struct c - c - c - c - c - s c - u s - c - c- c - t i - - c - c -  c - c - c - c - c - i c - - ’ ic - s s c - n u -  sc - c -  I c - c - ’ ’ c - u I c-’, c ’ c - c - i c ’ c - s t t i c - i c -  c - c - c - s t c - s uc - c - i ’ c - c -, b c - u t , u - c - c - ii (c-c- S f l u e

c - c -c c - iIi ’ c - c -s c - i c - c -  n - - u - ry  s c - i c - c - c - i c - n , c - Ic - c ’ c- c-c- , , ’’ c - _ c - c - c - ’  lc-~ , s ’ ’ , c - c ’ I c - c - s  , s u - c-i - c - s c - c - c - i’ n c - i c - c - c - s c -  c l s i f u n s - c - u t.

c- c-? , 1 , , - ’ f ; c - c - s ’ u ’ i i c - c -  I c - - - i c - - c - ,t i c s c -  ~
c- c-~~5 c -  s c - c- c-;

V’c- c-c - b c -  t i c - c ’ c - u - ’  c - c c - n c - c - c m  c - s c ’ ’ ; c - c - c c - n m - c - i n- I , c s - I  c-c c c - ’ - f s u  c-c - ’ ‘ , m , c - c - c - m ’  c- , c -  - i c - - c - b c - c - - c - c -  s c - - ”, c - c’ -; , V/  - i c - c - s

i c - - ¶ c - n c - nc- c - - c -  c- ~ u - i , c - u c - u - i  i c - c c -  - ;‘ , c - n c - i  c - n c- c - c - c - c - c- - c - s i c - - c - - s - c - n c - s m - u -, [c - c - i t  t i c - c - - c - c - c -- s c- c - ’ ’ ’ ’ - n i c - u - c - - -

i c - i  . , c - l c - ’ , i , - c - ’ r -  c - cc  i c - i , - c - ’ , t c - ’ c - u  - - ii I c - - c c - c , c - c - c - c c -  c - c - c - - s c - c - ’  c - n c - c - u - n -  ~
c- c-c- c - , m n s l s c - c - ; ’ c - i l c c  - c - c - c - - c t  c - c - cc-

c - c - c - n i c - l c ’ c - c - n c ’ n c -t c - c - ’ s c - ‘ c -  cc - i s -c - c - f c- - m u - c c- i ‘ u c - i ’ c - , I s , s c - c - c - u - c - s - c  sc - m i m I c - i  ‘ c - u - c - c - - c - s c - ’ ,  ( u - c - c - s c - s c - c - f )  t i c - c -  ~ s c -  c - i c - - - s c  s m ’ ,

, c c - u c - i ; - c - r l u , c - c - ’ ’ , i - c - s c -  - u -  I -  - u -c - c - c c  --‘ I  ‘ s c - c- s - i c - - c -  ‘ ‘ ‘ - - c - s - c - c -u- c-c-’ , - i c- ’ c-c- u- c- ,
~ c - c -  c- i c - m u - v u -  t i c- c - ,c- c - - c -  c I

i i c - c ’  c - I c - ’ c- c - c c -  ‘ c-c-c-’ -
-

’ ’ ,~~~ c - ’  
c-
’ , c - c  c-c- _ i l l  - ‘ ‘ ‘ ‘ ‘ c - c -c- ’ - c - s c - s  c - c - n h c ’ c- ’ - . c ’

~_ i’  c - ic-’- ’ ’ - c-

5 - r c - /,c - c ’ c - ’- - , ’ c - l I  c- c- ‘ 
c- c- _ c- . .  (c-

c - , , 
~~~‘ c- - - , c - c c- 5 c- u- c - c - u - , c -~~c- ’ - i  c - u - - c -c- c - c - f  i i -  - c c- N c - i c - c -  c - - n c - c - c - c  -v ,  c- c - I c -  - - u s - s c - c - - I c ’

c - , , , i c - c - , - r  c- c- - -~ ‘ i i  c -5 - ~~c - ’ c-t~ c- c- 5 c - c - i i  c - - c- - - c - - ’ c - c -  c - ; m i c - c - t c - c - n i - ’ c - c - c - i n - c - ’  - ‘ ‘ c - c - - u - c - c - ’

c - ~ ‘ - n c - i c - I  s - - c - i  c- ‘ c - r i - ’ s i c - - u - c - c c - c - c - -  c- ‘ i c - I c -  c - - c - c -c - , c- I s - - - - c - r u  c-c-- i  ‘, c - r i t c ’ c - c - u s ’ f l c -  ! b m c c - ’ c- \ -‘c-- i c - c - ’, s c - i

c - -  c - c - i c - c - c -’ I c - s  c- c - c - - c - ’ , c- — c - - - - c- c - c - c -  ( c - - c c - c - c - c -  i ’ j c t c - c - ; c - I I ’c-m , c c - c -  c - i - _ s - _ i )  i c - d  c - c - ,u r ; c - Ic - r ’i , c - c - c c - ’  ‘ _ c -, c - um , c - c - , c-’c-

- -c - - - ‘ ‘ ‘ s i c -  - c - I c c - c - c - c - i  • i - c c- c - c - i c - c - i - - Ic-c-

Ac - c - c - - c - m n - - c -c - ic - u - ,,, ,i r ,c - c- !c - uc - c - c - i c -b  P m - - . i - c - c - i s c -  c- , ‘ ,, m c - -c - - c - I c - i ’ d  t s ’ c- , ’ c - t c  -, c - ’ , ( ,  c - c -  c - - c - c -  ‘ ‘ c- II

- c- c- c-c- - - c- ’ - -  I ‘ c - c -c-c- - c - c - c - c-c -5 si -c- ’ r i - - c- ’— c- - c - c- c - c - c c -  ,‘ ‘ ‘ s - c - c - - c -5’ c- - , 
‘ 

- - -  — -

c- c- c -- c - ’ , c- s , ’~ - , - , b c - c-c - ’ , - - ic - c - c - c - c - n  ‘s c - u - - c - -  - c- - ‘c- ’; c - i c - c - -  - - ‘  c - .  c- ‘ c - ’ ’ ’ - ’ c- ’ ‘ c- ’ - ‘ c- - - - C ’  ‘ - c -

— c-’ c- c- c- —, , c - c - . c - c - c - c - c - , ,  c- — c-—c - c -  - c -  - cc- c - - c - , , - c - c - - ’ ,c-. c-i n-c - r c- -‘ - n - - c -  c - c -c - u s c - c -  c - c - ,, — c- - - — — c - - c -  - c - s  ,c - c - c m c -  - - c- - c- ‘ ‘ c--c -  - c- ‘ c- — ‘ ~‘ - ‘ c- ‘ ‘s c - c- - cc-

c - ’  ‘ c - ’  d c - c - c-c- c - ’ I s  n’c - c- ; c- c - c - c - ’ r -, , ‘ - ‘c-c-

- -
- 

‘_ . ‘ ‘ ‘i ’ - c - c - c-c- c- c- - c- p i c - c - c -  c - - c- c - c - c - i  r c- - 5 i - c -  - c
~~

, 5 ,- ’ ! c- c - s -- c c , - c -  c- - ‘ - c -  c- c - , - ’ - , ‘ c , - 5 - 1  - s s  , -

c - c -  c- s - c - - c -- - c - c - s  c - c -  c - u - c - c -’ , c - n - c-c - c- c-, - , c- ‘ 5  - ‘ - -, - -  c - ‘ ~~~~~
- , - c - I  i - c- c - s , - - , — ‘ c- , - c - c - - - -- - -

c - s c - i c c- i - c - - )  - c- - s ’ , c - n c- , - ’ -  c c - - c - c -  u- , c-c - I c - _ _ c -
c-’ , c - -  c ’ n ’ - ’ ’  - ‘ 5 - c- - .- - - 5  c-~ -

- c- I ’ ’  - c- c - s  c-.c ,‘ , ‘ 5 - c- - c - ’  , c- m c - , c - i  r’ c - c - c - ’  - - ‘ - ‘ -
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sr_c , 4 , c-c- c - c - c - c - c -  c- N c - ,  c- c-- - n-  r - c - T c - c - r c c - -

c - c
-

c - i c - u c - c - i e t i o r s -  r c c - qu i remc - uc ’ n t .  A ll c I s c - c - ic- Ic ic - s i c - i c - ic - c c - s a re c - c - s s t c - t i t c - c - c - 1  c - c - c - n r c - c - c - i c c - I, b c - u t  t i’ue

I - i n c - c - s - a i l e r  does nc-c- f wa i t  b c - c r  s c - s - i c -’ of f t c - c - - c - s - c -  to c-_ c-c - m c c - c - c - s l c I c -  It n c - c c - c - c c - I,’ ~ c - c - c -c- c - c - c -c - c - c- c - n- c c - , c- cc - c’s - c u- c- u n q

fo llowing the r u-c-c- c c-c- s t a t e n c - c i’ ruu t ,  I b c - s c - s  c - i l  i s , c c - m c - [ I c- - r s c-c- c - c - id the  c-c - s - i c - r ’, i c - u - r c ,x e c c - c - t e  in

c - i c - c -  r c - i l  ci -

T i c - c - ’  L c - ’ c - t  c - no hcv  ‘c--c - c ’  c-c-m u  c - i c c - I c - c - c - c - c -  i c - c c - c - u -  c - s ‘c- - c - c - c - m i  c - c 1 s , i / ”- cs- c - c - ;sc - / i ! i c c - icc - i~, (1 I s i s  c - s - c - c c - c - ’,’ c- c-c- c- - c - c - s

c- c - s c - c - c - i  i b c - c - p I m c I t c - \  in c - c - c e  ‘ S i c - c - c - a c - c - c - c -  c - c - c - c - c - i ’  çc- x c-i c - c - ’ : ’ I c c -  c- s- Ic -c’c - v ,c -)  t,. - c c - c c - t i - c- i ‘ u - i c -  c - i - c ’  c- c-c - c - i c r

s tc -’s-tc-c-c- s-’c -o c- s-t c- s c-i c - - c - c- - c - I c- c - c - n e ,  Ihc- p c - c - c - I c - c - - c - i t e  c - s  c - ’vc - s Ic - j c - ’it cc-cI c - i c - c - s i, c - f  I c - c - c - c c -, - ‘x ( ’ C c - i t  c - c - c --i

c o i c - c - m n c - c - u c c - s  f s c - I i c -’ c - n - c -c- - i c - n c - j  c - i c - u - c -  c - c - c - c - u - c -  ‘c- t c - c - s s - c - c - c - c ’ c - s - I ,  I f  t i c ’  c - c - c - i ’ c - [ c - -,c- c - c - tc -’ c - u -  f c- ,c- - .,c- , c - - c  - c c - 5 ’  c- i c - c - e
ha c - i d I c - ’ r  us s c - c - c - c - c- pd c - i c - c -c-I c -c- 1 ’ r u t c -’’I u- c-c-’ c- , u - ’ i c -  - i c - c - u c - ’c- c-pi c -c - c ’ c - u - I c - c -c ’ i c - c c -  ~I c - c - c - c - t s - ’  c - c -c- ~c- i c c - c - f l

e v c - c - i i c - c - t c’ c- c - J ,  (W e c - n c - - c - c - i c c -  t i c c -’c- t c - c-c-c- Ic - t i c - c - c - -  c-u c - I c - c - c -s c - c - c -- c - c - c - c , s-c- cii u ’ r c- c u - m ’ I i - i ’ t p c - I  ) I I c - c - c  r ic - c -- P

s t a f u - ’ n c - u c ’ n t  t c ,’ c - i c - n s n i , u t  c-c - S  w c - c c u - s -  c - t i c - c - c - -c- c- c -cc - c c - i c - - c - i n c - c - c - c - I c,’ i c - c- - n c - c - c - u - c -’- Ic - m u - c - c- u’r Ic - ic - c -- c - P c -  - c i  c- c- i s c - c- I _ i c - ,

ic - c - c - c - c -  c - f Ic -  - c-~ i ’  p ~ c- s c - c - c-s c c - -c - I - 8

c-c- c- ’ ’ ’ 5 - “ c - u - c -  i c - c - c ’ ;  ‘ I c - u - c -  i c - ’ c-c - n - s d u c - c -  c - - i  ‘, s I - c i s c - c - c - c -  ‘ c- i ’ s _ c- c-c-s i -c - c- -c - c - c - s c - c - c -i t tc - c - ’ c - i’s c-n ‘ ‘ i n s - c - c - c - i t s  c - c - i

c - s - I c - n - c - c - c - u -  S i c - c - ce  t i m e  c - s - I c - iu-~ ( ‘ - I c - c - - c -  l u - c - c - c c -  u - s r  i c - - - ’ c-’c-’ ) of c-i c - c - n c - m c - I - t i c - ’ c - s -  c - l c - - t c ’ r r c - c - i c - s - c -,c-n- ‘ i c - c - c - c -c - c - ”  t of

c - - c - i c - c - i c - ic c - I c - c - c - c - c - i c - c - c - r u -, t i c - c  c ’ t f c ’ c - s - c -  c-c-f c - c - c ’  s c - h - c s - c - c - u - c - c -  c - ’ u 5 i c - c s -~~c- c - u - s l u - s’ ic - chnnsc-’ c-c- f c - ” c-c - nc t I c - c - f  n - c c - c-

u-ic - v u - u n - c - i - c- c - I c ’ c - c - ’ ’ cc - c -ns-ri c c-c-rc- thr’  c - i c - i c - c - c - t i c - -c - i  cc- I , c - ’-c - ’ c- i/c-I c--, nc - c c - c - t i ’  t i c - a t  t i m , ’  i f - ’ s c - c - c  c - c - - c l i n i c - c - ’ -’ ;c - r c-c-c-

c - c -c - c -c - c -Imc - ’s- c- ’c- hIp to e i ther  c - i c - s n -, c - c - c- I c - c - s c - c - c - c - I c -  i c - cr  c - c - c c -’ ‘ I c -  c--c- c-,’ ’ c- ’ i , i u - c - c -  ( c - -c -  f ; n n c - c  -c - I - s c - ’  c - i ’ r c - c c - c - c -,’s c-c-c- c-c - c - c - j r.

Sic - s - c - ’ c  t ic -c rc c - s - a c - i  be at c - c - n c - i c - c - t  c - cr c - c
_
c - c c - c - lu- i c - I c - I c ’ c c - c c - c -  Ii c - - r  for a ‘ I I , , ,’, s - I c - i c -c-u- “ ‘ c - c - c - c - c - c - c - s c - c - c - c -

i c - r o a c - l c a s t — a n c l — c - v a i t  n c - c - c - i  s c-c-qlc-c-’ s - c  -c - - c - c - I ’ s -  u i r ’ ’ l u t c - c c - i u a I  c - i c - c -  ( ic - c -  c - r c -c c - d ’ t ice)  nc - i c - c -  i v c - s I i ’ d c - t

T i c - c - s c- S c-c-c- c- c - c - c - l ’ - (  c - c - c c ’’ n c - c - I c -  c - c - c - - i  t i c - s.c- c - c l c - c -’c-s ( c - c - c - d c - c -I c - c- c - i c - c - c - - c  -c- cc- c- c - r u I c -c- c - c - i  , u c c - c - u r c c -  i c - c c - s - I

a’,I’c-’ s , .t c - i f ‘ c - c - I s - c s - c - s c - c - c -  c - s I c - i c - u P S  t i c - ” y  c-- i ’ s ’  s c - ’ - c ’ r ’c - r c - i l v  i ’ c - I c ’ r c - - u - t i c - i c - c -  b - c -  ‘ - i c - c - c - s  t ic - c - c - s -i (‘c - p c -c - c - i c - t i c - c - c - c - c

o t s - ly. T i c - c  c - c - s i c - c - c i t c - i l i t y  c - i c- c - c - i 5 c - ihc - ’c- l u - c -  c c - ’ i ( c - j h ic ~ c- c u - c - u u s l l c - c - - ;  c - c - c - u - c - c - c -  i c - u - i c -  u - I c - c - c - c - u - c - c l  ( c - I c - c - t a )

i n s t - c - c - c - c - s - c - u - -, it is f c - c - r ‘- , b c c - r c c - c - J  ‘-c- t r i j c -’: b s c - c c - ’ s  c - i n c - f  c - n c - s  c ’~~’ - r c - c - c - i r c - c - c -  iu c - c - ’ u c - i l c c c - sc- c- ic- c c - c -s - i c - c c - c - c -c -c - c - c - is - c - c - s

i c - c c - c -c - c  - c - i c - c -c- c - c - c - c - c c - ct Si c - c - u ”  c - s c - c - - u - i c - s c - c - ’5 c - i i ’ ’ m ’ I s - , , c - n c - ’,c- u c - c -- t m  c - i c - c  u c c - ’ p b c - c t c - c -  ic - s - c - c - c - v s ’  ‘ s c - c c - c - - c - i c - s  s c -n  n - c - t i c - c - c - i c -

(ic-y deI c - c - c - c - t i i ’s c - c - ) oc-s-f,~ c - cc - c - u - c - ru -ic- is lc - i n c - in c - cumu l i-c-r c~~ c- u - I n - , c - i c - c f  c- _ s c - n  in c - i c - c - c c - c- c - i s - n c - c - f c c -  I c - s c - c - c -i c - c c - i  u - c ’ I  s

u - i c - n c -  Ic-’ c - i n c - s - uc - s  t c - , c -  l Iy  i c - c - , ,  m l c c -  - c - i c - c - t i c -  I sir u - I s ,c - c - c--I c - i c - c c - c -  c - c - c - c - c - c - i  - t c - c - r u - c -s.

~~ c- c - h~ 5 n  c - o f - c- c- i n , c -  d o ’  c - i - c ?‘ ‘n c - s I i c - c - c - c - ’ c -u-c-~’ ’  , c-~ çc-~~,c- - c-c- c - c - ,; c- i c - c  c - c- nec -’ ’ ’ ’ -  r i - - c c - c - n  c-’~~
c- c- - n  ‘ c - c -  ‘c- - c , ’

cc - c- . c- c - c - -, ’ c- - I c -  cc - , ;c - n c- c-c- c-c- c- c- - c - c  - c - c-c - c - c -  - c - c - c - -  vc- s i c -i c c - c - n  S c - -c - ” c-~ c~~” c - i , ‘~- , c - c - n c - (I, 5 ‘ - c - - c-c- c-~ ’ c - .~~ , i c - , ‘ I  c - c -  c~~, c - u i  to

c- - ... c c - c - c - c -’ c - c -c- c - _ c -  - c - c -  c - i  c - c -  - -  c-c -c-c - c - n c -- u - - s  c - c - c -  c - c  ‘ ic- c - c -  c- c- c - - c- ~~~ — c - s c-c- c - c - c - - S c - c - n  ‘ , ‘ c - -  c-c- c - c -c- c -- c -c - -  - ‘ ‘ - c - c - - c- c-c-_ i c  c - s c - ’ ’  c-c- b ’ ’ ~

c- c - sc - c - c - b c -  c- -c -c - c - _ c - o c c - s- c - d c , c -  ,c - c - ’c- ” c - c - c c - ’ ’ c - r c -  n c - s - u - c c - c - c - ; r r  i c - c - c -- c -, c - c -  -c-’ - o  - ‘‘ - c - c - c -  “,‘ c - c - c - c- c- c- ‘ ‘ . c c - c - c-~ ‘ ,  ‘ - - -  c- ’ cc- 2

i i
,
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4.7 .2 The Ra ise  S t c - c - t~ cru ec - it

I c - s  - t e r m s  c - c - c c - s i c -c - r u - i  Pc - c - ’;’,’ c -c - p i c - c -, c -c - i t i i  ‘ c - I c - c - i c- ‘ 5 Sc ’  c - c - I i I .c - r c - n~~’ c - c - ! c - c - c - c-c - u- c- c - c - c - i c -  I u k c ’  a

f u - c - c - c - c - ’ t i o c - s  - c - c - c - c - I c - ,  n c - n c - c- c - s c - c - c - c -i c -  t i c - c c -  c-c-c- c-c- c-~~c - I I u - r  c - i’ c - c- ’’ ; nc - c-t c-r io ’.’) I - - c-c - ’~ c - c - c - c - c - i c - ’, I c - u - i c - c - c - i c -- c - n -  wili bc-c-

i i c - v i u k c - u - i, c- c- c - c - - s m - s  c - n u c - ”~ ’ t i u c - c -Ic- ~c - t  n - c - s c - s - -c-’ p c - s i c - c - c -c- c- 
c c - c -c- I c - c - c - i  ‘ic- ’ i ’ i  c - c - t i c - c - n c -  10 t i c - c -  c - c - N c - c - c - - i c - c - u - c - i l

c - i m m s s - c - c ’ s l i c - c f c - ’ iy t~~c- c - c - c -~ c-c-c-~~ c - c - c - c c - c - ’- c- c- s n -cc-, Us c -  u - c  i c - c - c- - ‘ n - c - s c - c - c - u -I c - s c - c - c - c - c - c - c - l  c - c - c - c-; y i c -c - s c - n - c - c ’  i t s

c - n c - c - s i c - Sc - c ’ f - s c - s c - i c - c - c - c - c - ” c ’ i c - c -’i t u- c - t u n i c - c c -  I ’ c - , c- c - c - c - c - I c - c -  ‘ ‘ c - i  c - c - s c - u-c - c - , - s m c - uI - c - ’ i  c c - s c - c -  c c - c - c -  ( ‘ c - t i c - c - c - I  c - c - i  ic - ,c - o p i c - s - q

c - c - c - c i c ’ 1 c - c - c - , i e h,- i  c- - c c - c - c -  c - c - r u - n -S c - c - c t c - c -  c - - t c - ” c -l f c c - c - c - c - c  c- c - c - c - c - c - - s c - s c - c -c- i~~ u - p  c u - c c - c - c- c - ’  c-i c- ’c ) T Is-c-’ c-c- c -u -nc -p c- s-t

of r u - c - t ic - i c - i  us - ; c - I s - c - c -  r c - s - c - c - s - m u - c -,,i c - n i  t i c - s c -  s u - i ,~
, ’ t u c - s c - c -  c - - c -  I

c- i ’ S ’ ac - c -  u ’ i rc i c - c - s - c - m c - y  f - c - c - c - c - b c - c - - c - c  -c- ~c - c - , c - ’ , ‘ , , i , ,  c- - . s ’ ’c- - I i ’ ’ ’l c - c -  s ‘ c - c - s c - c - c  u c - c- c - b c - - c - c -

c - c - c -c - - d c - c -- c- c - f e  c - s c - c - c - c - I c - c  -c - c- Ic - c - c-r I c - s c - c -  I c - c - c c -c- c - c -  c - c -  ‘ c- c - c - c - c - n i  ‘ c- c - c -  , c- ,,~ c - i c - c - ’ s t s ’  s ’  c - c - c - - c c - c ’ ’, s u -  c - - c- t i c - c

c- c - s ’ i ’ , c c - c - c - c - c - n I t c ’ r  u-I c - c - i c , ’  c- c- b c - c - c - n , s c - ’ I i i i c - c -, c- c - c - c-c -c- c -’ ,, t i c - c -  mc -  c - c - c - c -  ‘,‘, ‘ c -- i c - c -  c- c - ’  n - l i ’ ’ ’ c-~ c - c - u -c- i c - c -- c - c - I .

V,”I c - c - ’ c - c -  c - c - c - l u - c - i c - m i  c ’ x c s - c -  c - - p c - c - s. t i c - c - ’  u - c t c - c -~~c - i u - i c -  ,s c - c - -c -  ‘ I’ , ‘ c - c - , ’ -  II c- -  s - c - c - c - c -c- c - c -  c- ‘c- ‘ ‘ n c - I c -p c- i i i -’

, c - c -- , c-c-u c c - s s c , ’ t t c - c - t c-c-c- C s - c - I c - c - n  c - u - - c c - c - c - c - i c -’ i, c-- c ., c-c- ‘ c - - c -  c- I c - c - ’  i c - c - c r ’  ‘, c - c- c ! c ’ i c - c - n - ’ c - c - i  i i , c - ’- [n c - c c - c -

c ’ c-c-~~~u s - i i c - c ’ c -’i ‘c- c - c - c , - ic- ’ c - r , i c - d  c - i~ c- c - c - c - i c - c - s -c c- ’ ’ ’ ’  , ‘ , I ’ , ic- - c - I  c-- c- c - i  c - c - ’’ c- i c-~ s n - ’ c - j c - € ’ c - d c - c - )c- c- c-f c - I ’ s’ ’

, c i s ’ . t c - c - c c - c - t c - c - c - c - s, i c - u - c - c -  ‘ c - c -  I c - s c - n -  n c - c -’ o ,  c - - c - i  s i c -  c-n ‘
c- c - c  -‘ ‘ ‘ n - ’  A s - c - -  c - c - c- c - -  c - c - i ’ c - c - c c - c - c - c - c - s c -; ti c-c -

c- - c c - c-. - ‘ - I my c - I c c - I ic - c - , I c - c - ic - c -, i c - c - c - c c- m n -  - cm t u - c ’  ‘,. - - c-- ’  ,‘s c- c-c- c- n c - i  c c - u n - c - i  c - c - I c -  - c- ’ ‘ 1  ‘ c - i c  -- t i c - ’ ’ c - u -  - ‘ c- c - m  i t  c , -

c - , c - ’ c - c - n c - c ’I’c- c - i c - u - ”  I c - c - c c - n c - l i ,,’ r ’ c -  t c - c -  s i c - c c - c - c -  c - n - , , ,  e c - c -  c - I c - c - i t ’ ’  c- c - s - c -c -? 
u- c - c -  ‘/-k’ c-c - c - c - I  c - c - - , c - c- s c - u p  t i n c ,’

, s - s c - c - s ’ c - ’ c - i i c - ( ’ c c - n,c - c ’ S  c - c - c -  c- t i c - ’ , f i ’ ’ i c -  c - - c  - ‘ ‘ c - - c - c - i l  c - c - u - c - c  -- - c -  s c - -  c - c - b i c - c - c - ,  i c - c -  i c - c - s c - c- i c -c - ic - ,

c - c -  i c -  c- c - - s i c - c - u - c - c -  i i  n c - c - c - t i ’  ‘ i c - c - c-c -  f - - c -c-c-c - ,  i t  c - c - c - c - ,  c - c - c - ,  - ‘ ‘ c - c - c - c - c -  c- i c-c - ’ , c - i u - , c - c - s i i u c - c - d I  c - c - ’ c - ’ c - s - c - s , i i i c - c - . n c - c - c - c-

I c - i c - c - c -c-c’ - c - s - s i c - c - c - l u - i  b, c - r c ” i ’ c - r c - c -  c- c - ’  t i c - s  ‘, n - c - h s c - c - i ’ ’~ , : c - ’ r s  c - c - c -  c-u- I - - r  t i c - c - c - c -  s c - s c - c - I c - c - c - u s  ~c - c - ’~ c - c - c - ’ c - s - c - c- c-c - c - u - it ,

i c - u - c - I  c - i - c -  r us t c - c - c - i  - c -  - c c -  ‘ c -  i c - c -  c- c - c - c -  V ‘i i i c - c - c - i c - i c -c -c -‘c- c-c- c- c- - c - , m c -  I c c - c -  ‘ c - i c  -I c - s c - c - s  I I ’ m  c - c - c -  c c - c -  - -

c - c - u s- c - c - i c c - c - S i c - - i l  c- ,- , c - m n i - 1 c -  c - u  t i c - c - c - c -  c- s c - c - c - ’ 1 - ‘ c- c -‘ ‘ c - c - c s - - c  c - - m c - , ,  - c- ’, ‘ - i -  c - c - c - i ’  - ‘ - c - c - c- c- - - ’ n ’ c -  u c - i , s uic -c - c ’ ’

F I c - ’ ’ / i’ , c - v c - ’  c-c - c - c -  c - i c - ’ c - ; - s f c - c - c - c - c - ,  c c -~~~i - c - i ’ ’ , , - s ’i I  ‘ c -t ’ c- - 5 c - , I n  d c - c -  t n  c - I - c ‘ - i c - c - c - c - c - I c - c- , c - n - s c -  Ic - mi c -

u- i c - c - c - u s c -i c - c - c - i  will ,c- c-;’ , c - c - r n u -- c- , c - I c - n c - c -  c- c -c - c -c - nc - - c - -  c - - c - c - c -  c - c -  c- s - c - s c- - c - - , ‘ c- c - c - c- c - c c - c -  c - r I P c - c - i . s c - c - c - ’ ic- Ic- c - c ’ , i c c ’ s - s - c -

c- , , c - t c - - . f - c ’ d ,  I f  I c - r c - c - c - c - i i c ’ i c - ,  w c - - c - c ’  c - c - c - i c c -  ‘ - c - c  c - c - , m , c c - - s c - c - ’  c - i n c - c - i - - c - ’ ’  i, c - i c - c - ’ c c - x c c - r s - u - i t c , c - c - c  - c - ni t i c - c -

‘ c - s c - i c c - ic - c - c - , t i c - c c -  c- c- , , 5 ,  tc o c - n’ - m t  c - c - c - c -,’ ~, s c - c - i c , c -s - i  c-~c -- ‘-i c - u i c - c - c ’ -  un- - n- c- - i c - c - - c t  t - c  ‘ c - c -  i c - d c - c- c - s s i i ’ ’ c - J  its - cc-

2 c- ,c- c - -  c - c - c - c - m ’ c - Q  c - I c -  ~ , c - ’ c -, c - c- S u-’ n’ - - ,c - c - i c-s c- c - - c - - c - c -  c-c- c - c - c - c -

( c - c -  c- c - c -c -J r - ‘ c- - - c- “‘ - c- c- c - - c- - c - _ c -  ‘ c - - c - ’ ’ ’’ ’ - - - c .‘ ‘‘ c - c - c - ”,’ ’ ‘ 
-

“ ‘3
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SF _ C ,  c-- c- c-c- c- A c - c --c - c- i c - a Cc-. c - D 1 ’c c - c - c - c - S

sn c - c - ui l c - c - c- c -c - and t s - c - s - c - s - I I I c - c - c - c -  nc - s - o c - hc - ic-s si s- nu - c - lc - t be u- ic c -wed c-c-i s mc - c - tu n c - c - l Iy  c - us p i cc - c - o u s  u - u - c - i ) ‘-- y c -c- c - u - m s

[ S c - s - i s - r u - e t c - c - c -  7; ’] ; c - c - c - c - c - t i c - e r  c - c - I c - s c - c - I c - f  i c - c - ’  c - c - c - - i c - ’  to c n u l l t c - ” c - c - c -c-c - adV erS (c - Iy tic - c - c -  U/~~( r ’ c- iJt ic - ) f l

of lic-e o t i s - e r ,  For t i c - c - s  r eason , c-c-u-c-r e~ 
- - c - c - i c c - c - c -  c - n c - c - c - c - c - c - s c - c - c - c - s c - - cm r r’qui res t h a t  c - c - c - c - s - i c - c - c - rc--

r i - f - c - c - c - c -  m c - s i c - c - c -  u- I c - u t ic - ic - s s s c - n c - a I l c c - r ,  F’r m c -i c - s t i c - c - n - , c c - c - i c - c - i i c - c -r ’ c- ; c - c -s n c - t  of v u - n - c -c-’, a i’c c - r c - c c - i - r  in-

not i c - i c - c - q  nc -ore th ac - s -  an unc-s-an’n uc ’ c - i  I si c - c - i c - c - i c c - ,

A f i c - c - a I  d e c - c - c - i l  c - c - i n c - c  i c - i c - c - c - c - c -c- c- c - I s p  c - c - c - -c - c c  -c-c - I c -c - i c - i c - d c - c - c - c -  s i c - c - c - c - c - i d  be c - c - c - u - c - c - s t c - c - c - c - ’’ ’d ,  It r n c- y  bc-

f l u - c -  c -c - c - s ar y t~ ind icot i - ors - c - - c - c - c - a c -  i c - s - s t / c c - c-o t im e  c-- c - - c - i c - i c c -c - on c - c - c -  ise i is-q c - a c - s c - c - d, i n  fo r

exc-n s-pl e, t i c - c - c - u - ’  is  a I c - n c - c - c -  c - i c - - c c -  c- c - ’ c - i c - n - c - , u - c - c - c - c -f c -~i’~’ tIc - al c- c - c - c - s - c - p c - c - r u - c - c -  t i c - u - c -  c - c - c - c - i n c - c -  c c - c - c -. n- I t i c - c -u , I c - I c- s - c-;

pc -c - c-’~c-c-c-c’d as p c - c - a s c - i e t e r s , it c - c - c -u I c -  b c-c-c- c - n c - c -c ,c - c -s-c--- c - r ’,’ c- c - c - sp i -c - if y w In - c - i c - of t h u - c -  c- c-c-u- c- r m - c -c - c - anc - c - u - tc - ’ rs

is c - c - s-t c c - c - s-c - le d if ‘ f c - I c ’~ i r c - co r i s i s t c -c - n c - t  n r c - u_ c - -c - I  i c - u - -  r c - c - s ’c-~~c- I , “c- c-c c- nc - c - u s c - tnt u-c- r u t  c-c-

r c -s-s -I cc- c-’ c- c- - ,- i - c i c-c- - — 5 n c - c -c- - c- s c - u- c -c-, c - c - f l ’,

Ic -i c- c - v u - s c - c - i  c - c -  c - c - c - h c - c - i u c - s c - y. I~ c - c - c - c - c - c -  ( c - u - c - c - c - c - c - i  - - c - u c - c - c - s -  c- c - i  c- c- s i c -  c ‘ u - c - c - c - c - r  ‘c- c’cc - c - I y c- c-’. I c - c - c - s  -c - c - s c - n c - c  t i c - c - c - i

c - c - u _ c - n c - d c - c - c - c -c - a t -u - t n-c - c - - c -u-c- nc - nc - c - c - c - - ( c - I c - a )  i c - c - s c - a c - c - c - c ’ s  - c - i  f l u , -  c - c - ,,c - cc , c - c - ‘ t y c - s —  ‘ c - l u - c - c -c - c - c - c -c- cc- c - c - u i c - c - i i c , —  c— c - c - c - i ,  No

c - c - u - i c - c u - - n c - s  -c - s - u - c - cc - a r c c - c - c -c- , c- c - c - s c - c - c - u  c -c - cc  -c - i c - i c - s c - c  -c-c-f l i - c - - c-c- c - , c - c - u n -~ co c - c - dit i cnc -ms, ‘c - i c - c - c -’ ,- t i c - c c -  c - ur ic - c - c - c -c -s-t

‘c - c - c - c u _ c - t i c - c -U t ic-c-c-c- c-c-f cc - c - i  c - i n - - c c- c - c - n c - c - c -  is I c - u - c  -c - ) c - c - I5’ c - s c - n ’,u- ih Ic -’ c - i _ c - c ,  c-c-c- i c - c - c -  c - nc - c - c .

4.8 HandIer Invocation Sc’m,’c- nt ics

c-/u /cc - C s - n c - c - d i c -  a t  l,c - c f c - c - i  t i c - u - ’  c - c - u - - c - c - c - c - c - c - c - t i c - c - c  - c - c -I t h u - c - I c - c - c c - c -- I c - c - c - r u -, c-c-c- c-c- 5~ c-c - a c - c - ‘c-’mi c -n - \ ’ c - b c - c -  t a s k  cc-l a

I c - , c c - i d i u - c - r  a c -c- c cc-rs-c-, i s f s c - i c c -  of f - c-c-c-s c - c - ,’ c- r t ’ c- ’ c - s c - c - c -t c - i c - i c - n n m i c l  r i - c c - c - u - c c - nc-c -, c - c - , c - u c s c - s ’c- oc-s - i c - i c - i c - c - I f  of t ic - c

s i c - i c - s - c c - I c - c -, a c - c - c - i  a i t c - c - i c - c - cc- l imo kc c-c-c - c - I c c - s m c - t o x t  at t u e  hac -s-c iler s it i’  to r e f l e c t  c - I c - c

( m n c - c - ’ u - c - r c - c - ’ d m s, c -’ c - s t t i c - c  u c - - ’ c - n c - I c - t c - c ’ c -’ m ,  ( I’ m - c -  c - c - c - c -c- ’ c - s c - c - c - t i c -u - l iar  c - u - c - s - c - u S c - u - f l, c c - ’ t ic- pr of c - ic - en - c c - c - I n t I c - c - c - s

c - n c - c - s c -v I i c c -  c - c - i c - I l, ) T i c - c - n c  c - c - I c - c - i c - c - i c - - c -  r c ’ c - ; m c - s r c - s  , s c - t c - c - r m c c -c - u c - u c - m n c -  fc - c - c - c - c - c - c - i c - n  c - c - u i c - c - c - c - c - l I c c -r , s c - c - I c - c - c -bc - ut

c- s ’ n , c ’ i v u - ’ ;  c- i c - r n c - c - c - j i c -  t i c s ’  m u - c c - n i c - f m m n c - c -  c - c - c - c - c - c - c - c ’ c c - c - c - n h  c - c - u - c c - c - c - c - n - f - c - c - c  - ( - c - c - c - -  s c - c -us - l ion  ‘1 ‘1). ac - s-c - f ic - c - n c - n t i c - p

c - c - c - c - c - i c  c - , c t -d c - c - c - n - i c - c - c c - n c -  c- cc - c - c - f u - -~ ,t c- i,c-c-c - I c - u c i c -  c - c - c - c - n c - i c - c u - c ’ S  ic-y c - c - i c - c -  c - s-c -sic - c-c -al sn -nr c - c - c ’  i c - c - Ic c -c-c- c- of c - ic - c

l u - i c - i n c - i  u - c c-c” ,

t i c - c s - c - c - i l  I c - c - i c - i’s- ‘c- ’c-’( c- usc - rn ‘I u - s  c - I c c - b  ac-i s -I c - c- uul c - i c - c - Ic - c - c - d c - c - c -  , u c - c -’,c- i c-,,’ u - i c - - c - -c - u - c r c -  c - n - u - c - c - c -’ m c- l t c - (l

l)r n c - c - I r , c - r n c - ( c - i c - c - b, n-c_s imc , , I c- c - c - ia ’-, ic- c - - c - c - c -  c - c - c - u s c - c -  c c l  c - I c - c ’  n c - n c - c - I c - c - u t  i l u c ’  b c - c - n c - I I ’ ’ r  c-c - c - r c - cc-,’ n ’~. c - c I i f  c- c-o .
i~c- ,u-’ c - c - c - c -u - c - ’ c - i ’  c - i c - _ i t  I c - s c -  s c - x r - m  i c c- c - c - c c - n  m l  t l m c - c t  c - - c - u s c - c - c -c - c - c - c - (j rc - i c-c- ic -c’ ‘ c-c - n- c - s c - c - i c - d c - c -d  i lbit il the I c - , c - c - ’ c - d i c ’ r

ic-

— .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~ “~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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THE ic - c - F c- ’ i c - A c - ’~ c- c-c r’,c - Cli , 4

t c ’ r c - r n c - c - c - c - i t c c -,’c c- i n c - c t  c - c , t l s - uc - i c - a c - s - c - i c - e r  l f l t u - c - f~~t / f u tS i f s  c - c - ’ , u - O C i c - c - t P (i c - c - c - nc -c - c - an )  c c - c r c - t p x t  c- ,wi c-en

c-i, c - c u - c -ii’s f oc i  Ic-c-r c c - x c ’ cc - u - u t ic c - r c - ;  it dc -c-c ’s c - c - c - c - t ru - ic - s  -nc- ’,’cc - c - c - c  ic - c - c - c -m c-’ c-c - c - c - c -Iy c- c- c - i c -c- is ~c- c c - s c - c - c - c - il c - I c - u - t i c - c - c - s - c - c o n
ic - I c - c - c - l i t  of the i c -a c - id ler ’ s rc ’ ’ c - c - p c - s -nc - s c - l c - s l u t y  to  a i t o r  c - o c ni c o c - c - f c c - x t  to c - c - - f i t - c - c t  i c - c -  c - c c - u - c -u-ve ry

c- c c -  t i c - n c - c - s .  I f  t i c - c c -  bc -c-c - i n c - I c - c c - i  u - c - c - c u - c - c - t i c - p c - I  c - c - S Yc - d ’c - s c - c i c - c - ou’- c - c - -- wuth ct- c - c -  ac-- - , n c - c - i c - c - t p d  c-ont c - x t ,

cu -c - c - s - c - c - I c c -  a t i c - c - f  c-c- c-c-d c - o s  t i - c-- syc -s-u , Ic - ; u - n c - c -- c- c - I c - c - i c - c -  ‘,c-,’u c - c - c - I d  bc -c - c - c - c - c - c - c - d o d  b - c - s p c- c -v en t  uc s -c k’ sir able

c - c - c - f  c c - r I c - c - r e c - s - c s - e  ic - c - t i c - c c -  n c - a i c - b p t c - I a t mn ) c - i  c - nt loca l c - I c - c i a ,

i t  c - s m c - c - c - p cc - r c - a c - n t to u _ c - n c - i c - c - c - s c - a c i d  that t i c - c - c  -c -c - c- c- s c - c - c - ,  c - a c -ed context is in c - u - c -  i m p  I c-c-d
i c - i c - c - m u c - c - i c - c - c c - c - i y ,  Fy i-n t ic -ouqic -  t i c - c - ’  c - ’ c - ’ r ’ f c - ’ x t  c -nay bc - c -  r m c - n f o r m c n q  c - c - ( ’ i c - c - ( c -  f u - j i c - e t io r n  w hos e
c - c - i c - I c - I c - - c - c - i c c - c - c - c - c - I t  So c-i u -c - xi  cc- Is u - c - c - I  s c - c - i c - ’  t i c - u - c -  c-c - c n - c - c - c-c- ’  ‘ c c - t ic - fl current mcndtliE c-. c -nt c r c - u - c - p c - c - on  is
c - c - c - u m c - n i c - n c -i u c - i t c ’  c - c - nd sc - c - c - c - c - c - c - es  t ha t  f c - j r c - c ’, t i o r s- ’ c c ’ x c c - n ’ u t , u c - r n  I’’ ic - c ” ‘ c -c-c - c cp c c - c - s - d ed , F n i lu rc-  to do so
u - n - c - c c - n  c - c - - n -u - c - i t  ic - s -c - i s l c ’ cs- d I c - m c -’ k , 31 Vu/u- c- u - i c - c -  c - s c - u - I c - c - I c  the r ub - in a less 1orns-ei Ic- t l ioi ic -c -j i c - pe rhaps

c- c - i c -  c - c - c - c -  i c - c - c - u - i n t c - v c c -  way  i c - v  s a y c - c - c - c c -  t i c - a t  t i c - p  ‘ pc - c - s i  c - - c - ; ’-.’ i c - c - vihi - Ic  c-he proqc -c -c - m co nt ex t  is
i c - x u - c - ( s - I it i r c - q  c - s i c - c - t c - c - r r c - j c - ’c t c - - u f , c-c -c - nc - f  t i c - c - -  i c - c - c - c - s - c - i l r c - r  t i c - c c - c - c -  c - ’ x c - - i - u t c - c - c - - -  w i f i c - c - u c -  that  proc ess w ith
c - c - n , c -  r u-s  to c - ic - u - c -  i c - c - ’  ii u, , c - r m , c - c - ’ I c ’ ’ c -  u- c- tic - c - n r o c - c - t c ’ x t  c - c - s c - h  wi c - r c - h c - f ic -s a ss c - c - ) C iat pd ,  t i c - c

b c - c - c - c - I c -c - - c -  c - i c - c - p s  c - c - c - c- c - i c - c - c - v u -” c - u n  u - - s c - c -  t o  t i c - c  V c - c - t i c -”li u c - u ’ S  of tic - n n c - c - c - c - ’ c - c - c - l c - c t e l y  c - c - c - tp rr u l c-t v d

c- ’ s r c n t c c - x t  c - i c - c - I c - -sc it is , Ic-y c-cc-i c - s- c - - ic - lu - c -c - i c - u - , tic - c - c - i c - c - i c - I  rc -
~~~t w i t i c -  wi c- ics -h c - t ic ’  t c - and i c - c - r  is

u - c - ’ , c- , c - c - c - s - s c - c - t p r j, (I’~ecaI ic- I c - u c -’c - c - p ’c - m s’ c- c- , c- I c-c-c- I ‘c-c-c - p  c - - c -  s c - t i c - c -  c - u -  a v c - c - c - c - f  d p f c - c - c - c - b i c - c - i u -  t i c - c c - I  rel y on t ) c - e
i c - c - - c - s c - m i s  - s c - i  “ c - c- r c - i n - I - c - c - s , s c - c - c- c - c c -  c - i c - p  c - ’ c - c - I n c - - d c - l m b c - c - i  I c - c - c - c - s c - c - c - c - c - c c - c c -  c - c -c a y c - n m - c -  p c - c - c -- i c - c - n -  a c-s-y s i c - c - i s -

n . nc-c-u c - c - c - -f at  t i c - c  m ; ’ c -c c -c -  pc-c- s c - c - c- ,)

‘ c- c-c- 5 i’ i c l i ’ , c -’ r c -,’c - ’ tic - c- c - b c - c - c - I c -_ c - s i c - c - p c - c - c - - c - c - c - i  ‘ c - c - c- i c - - c-c- c -c - s-c -c u - - c - c - I n -  c - ’ ’  c - l i f f m s c - i c - I f c - ,’s vvus-cc-c -n ic-c-si c-c-

c 
- n  ‘ c - c - c - c - - c - s c - c -c - i  i c - , c - c - c - c - I i c - c - r ’c - c - c - n c - f  c - n r c - ’  u - c - c - c - c - s c - c -  s c - i c - c - - c - c -  ‘ c - c-- i c - i ,  n - c - c - c - s c - c c -  n s c - c - u b i n l u - ’  c - s c - c - i c - s - c - c -  i - : i c - ca c - I  t i c - c - rn

c - c - c c - f i n - c c -  ~~, f c  t i c - ac -  s tc - r ,h i c - c - c - c - n c - l I o n s  a c - I -  ~- c - c - c -c - s i -~c-- u-c-c - I c- ‘c- c- I c - c - c - i  c - c - n i c - c - c - i c -c - u - c - c - w c - t I c - c - c - s  - c - i c - c - c -  m c m c i c - c - i e

i c - c  ( b y  i c ,c -~ t i c - c ’  ( s - u - c - c - c l c - t c - o c - c -  u - - i s - c - c - i c - i c c - s- I ( r u - i c - c - c - c - v u ’, cc - c - c - s - u -u - i c - c - n - u - -, c - c - c  ‘c c - ’ mnu c -’ ‘ sir tic - c - c - i c - cr i ic - c-’- t a i s -~~n), In

uc - c- f s ’ c - c - c - ic - c - c - t i c - c - m s. t i c - i c - c - u - c -  is c-s-o activit y wc - t c - c -muc -  I l — c-c-c- i c - c - u - c - c - i c - s c - - u - c -  c - Ic - c - c - ‘ I c c - t a  u - c - c - c - ic c - i c - c - c - ”  ‘is no t

i s c - u m m c - j  c - c - m , c - c - i i c - ’ i c - c - c - c f c - c -  I, ic-~
c-

c-n~~
, n c - s c - r u st c - c - c - c- c - c - c - c - c - c - c - i ’c-’ (li -cc - b c - I c -’ c- c - ‘ ‘ c - s r c - c - s ’ s c - s s  t i c - c - i t  u - I c - c - c - n c - i c - f  ic-c-c-c-c-

i i n t c ’ c - r i , p t s c - s i  ic - c -  u - i c - i c - c -  to ic - s - v u - u - p c - l i p  p l c - i c - i c - i c c -’ i u , c - c - c - c - f i -’c -’ , -, ‘ - I  t I c - c t  In ns - c - c-c - c -c- - c - c - -c--’ n - i c - c - c - n c - i c - I  c - c -c - Pv c-c - c -t
c - i c -- c ’ s - s c - i c - I  c - c i c - n  i c - n c ’  c - I c - c - t a  to c - -c - ic - ic c - ic -  t i c - c - ’  i c - c - c - i c - f l u - - c -  ‘ - u s c - c - id c - s u n - s c - -  c - c - c - c - m ’ c ’ u - c - ;  is c-c-c- ’ s - l l — c - I c - c - f i c - s -c-d ic -y

i t ’ , l c - x i ’ ’ c - c - I  In i c c - c ’ c - c - c - c - c - c - c - fc- t i c - c -  c - ’ c - ’ c - n i c -t r c - n I  c- s i v u c - c - i i c c - n c - c - ’ c - it ’ c -  c c -- — c - c - c - c u - c - s c - ’ ,  s c - i t ’ d ,  Ic -c - c n l ) at )l y t i c - c

c - c - c - - c - c - c - c - - c - c  c- , c - r  c-- . , s ”n- p i c - c - p ~~~~~~~~~~~ crc c- c-c- ’ --  i- c c- c-, r’rs d c- ’ c -c - c- -d ’~~ c- c - ’  c-u-c- ’ , s ‘ sc-c -’ . c - c -~~i ,. c - ’ s i h  ic -c -p c - ‘ c - c - P c - i  c - hat
c - c - c -  c - - --,, ih.i t t a - s , n’u- t c - c -~ c - -s m - c - - -,- c - c -  wc ,‘. , c - c - c - c - c -  - ‘ c - c  -c- c - u-p c - c - ,~ c - , c -c - c - c-. - - d c l  c -‘ ‘ c - I - Cc- b c - e u - ’ p ’ c -~ c -c , ct& bev el ot

c - c -  c - c -  - c - c - s - c- c- -c-rc- p c - c - p p c - - p c -  ~ t ,-c-c - , , --r- c-u- , - - ‘ ,~c-oi1 c - c - s  c - rn c -c- ,c - sc -. b  c-c- w fcc -r c - c t ps), we c - c c -c--p ~ c-$pc-c- c-jlO(’k , *‘ScJ’I’WTlg tPi-.
c - c - c - .  c - s  ‘c- c- c- - c - c - c -  c-c - c-c- - c - s i ,, , c - *  c-’ _ .~ , c - c - c - s n ’ d  c-c-  c- - - - c - c - - c ’ - ’ ‘ ‘ ‘‘ - ‘ s c -

h o
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SF_ C-- 4.8 l c - A r ~D c- li-c- - c - ,  c - c c - ” A s - c - c- c-~J ,- i , T , 1 I ,c -j i I( ’~

ic - ic - p lementat ion w lii have to tic -c-d a c - c - c - c - c - c - i l ’ ’  p c - o c t - s c - c  - ic-c w i - c - s c - c c - s i  c - - x c - - s  c - i t s ’  c - I c - c  I c - c - i c - - c - b c - - i,

~ b u t  a t  t h e  lev el of l u- nc - t onal Ic - c - c - I c - a v ior  this de ta i l  ‘ b i n - i c - s  c - c- c - s c -  c - n - c - c - u s - c - - r n  c - c - c -  c - s ’c - c - c - on- l c - I S ,

VVo c - ic - u - c - r e l y  spec i fy  t i c - c  co c - s - t c c - xb  in c - c - - i n - n - i c -  I ts - cc - is -a ’ c - c - I c - sr nc - cisc - e,* c c - c c ; c - u - c -  c- ri d c - c - P in-c-i c - t i c -

im p i e m c - c - c - c - t a  t ion to real ize t i c - a  t s c - c - c - - i f ic a t icc-c - s -  any wc - c -y it c- , t 5 i c - c- - - u - ’  S

4 c -  9 HandIer Termination Seinantic~

‘Ic--u- c - s - o m c - c - l e t u - ’  Our e x c - - O S i t c - s s l’c- of i c - c - c ’  c- ” x r - s s s t m s s u  I c - c - c -s c - i l , ’ ‘ c- s - c - c -- c - ’  c - c , c n i s m  wcc -c - c - k  n c - cc - c -c -s

t i c - c ’  u - u - c - c - c - - c - c - c - t i c s  t i c - ac -  ~tppiy c-c--c- u- u - - c  -a ic- c - u s - c- c - c - er c - c - c - n c - c -c - c - -c - c - c -s ic - c-c- u- c - c-- c  c- c-,j t i c - c - c-s ,  ‘I i c - c -_ c - i ”  c-c c - c - -  c - ’ -,c-c-u-

01 c c - c - u n ’s- c - c - s  c - c - c - , c - c - c - ( - t S  to  c - c - u c - i c - c - i d e r c  - t i c - c ’  c - c - c - c -c - n - ’ ’  c - irs - c - I c -c ’  u - u c i n c - c - i i s ’ r  c - c - i c - - I  b~ c- c’ ’ cc - f u - i c-r,t (c-c- u- c - s c - u -

i r s - c - c - c - r u - c - c - c - c - c - c -I c , c - ) c - c - t c ’ x t ,

l,Jis-ul c -r  sc - nc- ’c -c- ’c- u- u- n - — c - c - u s c - c - s  c - - c c -~ i c - i s - c - c -, f u s c - ’ ’c - -  c- c - ’ m ; c - i i u - c - r  is i c - c - c - -c-h i c-c -to r c - - s c - c - c - s c - c c - i s ’  ex ’ c s - u - c -’ c- - c-c-

u _ i c - i t  c - i  f i c - e  c- c - c - c - s - c - I c - c - c - c - s  i sa v ic -  c - c - c - i c - c - c - c - i c - - c - cd, T i c - t c -  u - c c - c - i c - c - c - M u - - c -  ‘c- —c- - c - I c -  c - c - i c- - I to ; c - s - - , - - c-c - c - c - nd c c - c -, c- c- c- u r i c - n u - t  u - c - - i c -

c - c - s c ’ s, t i c - a l  mc - is m n c - s c - c o s ’c - c - i c - i c ’  Ic - c-ar c - c - s  c - c - c - c - n - c - ic-s O c - c- t o  I c- c - c - i c - i c c -  f c c - d c- fo r  t i c - c - -  u - c - i - ’ - c - r c - c c - f  s c - c - c - c -  (

n c - a c - i s - c - a c - c - s -s c - s ve ry  I n k s  c - - c- to  bc --c - c - u n  c - Ic - c -  ic - c -c - ac - c - - c - i c - c -  s - c - c -t s c - c - c - c - ’  a t  t h ic -  c - c - s c - ac - c - t  a - u - c - c-rc - c - c - P c -n us

c - a u - c - c c - i l  A s  icc-t c- rc- ’s - a t u -’c -d ic- c- c - c - u s -  c - ” c - c - ’ c - c - ’’ i i c-c - i c-’ c- sec t ions - , \c -.’ c -c - r u - ’ q u m c - c  c - i s - a t  a is - c - i c - c - chic- i ic-e

c - c - n i - c - c - i c - c - c - c - n c - c -  of Preve is - t ic - c - c i  t i c - c ’  c - c c - s c - c - c - c - c - c - - I c - s c - c - c  -c - c - f c - c - ’ , S c - c - c - c - s - i c - c - I c - c -  T i c - i c --c -is us - c-c - i c - n i p  c - c - - c r c - t i c - c --c-c - c - u -
c - c - nc - nc - u -f e x i s t  c - r c - q c ’ x c - c- c -’c - ,c - t  s n - c - c -  ic - ac - c- sc - ihn q m c - - c - ,I’ , c - c - c - u c -- c - c i s , c-c-c-c - i c - c c - c - h  e i t h c - c -  pe rm i t  u-c - ‘ c c- c - c - c c - c-rc - bc - c - c

c - c - i c - c - c - i c - s -at un - s c - c  -c-c-f t Ic - u - suqrs- al l er. Thu s  cc- bc - c- -c - soc - s -c- f t i c - e  s i q c - c - c -”c - i i c - c -  may Ic-e n- a t  c-c-Ic- c- c - t o r y  for

c c - c - - c - c - a c - c - c -  ‘oi c - c - i m t i u ’ i c - s, i c - c - c - b  ‘c- i c - c - c - c - I -- c c - c c - a c - c -  Ic-c - c - ‘‘- i c - c - c - i c - c - c - s c - c - c - u -  i c - c -  ‘,‘_ l c-c - c-” l c -  tic - c,’ ‘ c - i i c - c - c - i i c - - r  n-visi s- c-’ u- to

ac t  c - c - p c - n c - c -  t i c - u - ”  r n - c - - i c - I ts c- c -f t i c - c c -  i c - a c - c - d l c ’ c -  ( c c- i a Sc- c-c-rc- c - i c - c ’  c - i c - c - c - ’ c a t c - ’ c -  i b r a c - , c - c - I c - u - c -  m us ic - s - c- c- c-
c - c-’ c - c - - I ’ -

loc-v ’ , wais-t s to c - le t u r mcc - s -e  c - f it  ‘ ‘ c - c - c -c- - - has a c - f u - - c - c - u - c - a t c c -  rc ’’ - c - m u c - u c -  c - - u - c - s  to s a t u s f y a c - c - u - - c - c - c l u n g

req ues t) .  We r e j r c - c t  i t  as a ‘ c - c-c - c - c c - c - c - i rule. Under t ic - c  pc- u- posed m u- chac - c - u ’c - m , t he

s iq i c - a l l er c- s execu t i o ns  -a lways  i c - n - c - c - t i c - c - c - c - i c -c-c- m c - m i c - n ’ c - c - d u - i t c c - ly f o I I c - s w u c - c - g  t h e  ra ise  -c-t c- c- c - t on ic - c - n t ,’3”

A I t l c - c - c - i c - g h  a I c - a i c - dk c -c- c c - c - i c - s c - c - c -  , c - I c - c - c -  t i _ c ’  f i u ,w  n- u- c- o i c - t r o l in i t s  s i c c - c - c - c i I e r, i t  c c-s-n

c ic - c - ic -s -g c -’  t h c -  Ic c - un -a l f l u- c - c-c-, c - s f ic- - ic -c-t ru- I c- c-c-- c- t i c - n c - c  - i t s  c - s n - c c - c - i c - t e d  c o n t e x t ,  T i c - i s  n c - c - c - c - c - c - c - c - i  t i c - a t  this-

Ic - ,-’c c - s - d i e r  can i c - c - c - u - i ’ ; cc -  co c - s- t ro l  to r s - - s ; c c - c - c -  c - i t  a ‘ 5 c -c - d c - c -  o t i c -er  than t ls-n pc - c - i c - i t  of ic-s-t c - c - c - r i c - c - c - t i On ,
T i c - c c -  i c - r n ’ s  usc - c - ’ i c - i c- u n ’  i c - f  t i c - c ’  u , m c - s c - c - ’ u ’I c - c -  c -n - c - c - s c - s c - s c - c - c - c - c - c -  c - c - c - c - c - c - c - n c - c - t e d  us , cc-c- I c s - c - ’ s l r se , i , c - c - c - p c - c - c-c - c - c - u - c - _

c- i c - - c - c - c - c - c - c - I c - n c - f, I c - u - i t  Ic - c - i  c - c - c - c -  I ’ t c c - l s n , cn -~~n- - c - f  c - i c - i ’ ;  c -— u - c - c s - c - c - u - i c -c- c-c-i c’ a c - c- c - c - u _ c - c - T ue c - s - c - c - iy t i c - c - i c -  t i c - c - c -  i s c - c - i c - c iler

I c - - c - , t i c - c - c -  n c - c - t m s m c - c -  (c-f c - c - c - cc - sic - s- q s c - c - c - s c - c - c - c -I to I c - s c - c -c - u - ’  c - I c - c  c i ’ ,c-’ , c - c - ( ’ i u i b i ’ c-I c- n c - i c - t e x t ,  (In s c - I c - o s - I , t I c - is

c- c -c- -c  - c - ’  (,s c - c -” c - c -  c- c- — ’ ,, ,, c c - c - , c - c - c - - s  ‘ ‘ , c - , Ss c - c - c- s - c- c - c - c  - . - ‘ -, ‘ , , ‘ ‘  ‘ c- cc- c - ’ - c -c - sOn c -fl ‘ c ’ c - c -  c -— c - c -
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u- c - v u - s  us a kic - s - c - j  of ‘c - loca l  abc - c-c - f ”,) We c - c - c -cc - c - l i, in c-c- c-c- c-c - s c c - v e r , t i c - c - c -  t is-e hac - s -d l c - c -  nc- ny c-not
c - c -  , c - c - c - sf or c - n c - c - c - c - u - i  u-u - c - s i c - i c -  n c - s  c- wc -s -scope (sc - c -c - c  -sc - c c - mon  4 ,5), T ic - c ’  a c t u c - I  t r a r m c-;t er of
c- - u - c - s i c - r u - I  c - - c - c - c - u _ i r s  c- c-ot wis-c -c-c-c- t ic - c ic - a c - c - IIc c - r t c c - r c - c - c - i r c - c - c - t c - - c - c -, l c- u_ c - t  u -v / m u- c - rc - c c- c- rc - t ro /  r o t c - i c - nc - c  -to its

rc- ,S s-c- OCI c - c - t e d c- c c - s I c  - I a t  t i me po int  of / ‘ n ( u - r r  c c - p t / o n , S I c - i c -  c-, -d  c - c - c - i c -c - ic - er  w a y s -  t i c - c - c -  ha c-s- dlc r,
c - c -c - c-c -c - c - c -co,c - nns-pc - e c - i o r s-, ‘‘ post s c- t i c - cc -  l o ca t i on  c - c - c -  n-c -,-~ c - s c I c -  cc- x c-c- c- m i c - t i c - c - n  of c - t ’ c- c - s n - n c - s - i c - c c - c - c - c - I  c - c - n c - c - t e x t

is t o  ru - c -s i c - c - c -c - c c -, Nc-c-c-m c-c-I c- y ( n c - id  ic -y c - c - c - c -c-c-c- c - i t ) ,  t i c - u -  c - c - u - u - t e d  iocs - c -c-s-t ion is c-hi’ P c - c - ic - c - t  of

i c - c - I c c - r u _ c - c - c - t i c - c - u, i c - c c - I  if thu -c - b c - c - c - i c c -s - c - c-c- c) ‘ - c - _ s - s  u c - i u - S, i t  m a y  be t h e  t m ’c - x t u a i  c rc -cl of t he
I c - c - c - s c - r am tj c - s - u t ,’~ ’3 Thu - ’ I c - a c - c - c - f e c -  to c - i s ” -  c - ’ o s t ’ ’ c - i  locat ion s -  c - c - c c - c c - c - c - s  wh en control r e t u r n s  to
t i n ’ ’  c - c - i t  c c - c - c - i c - c - c - t e d  co c -s - t e x t ,

‘‘ -- n - c- c-c-rc- c - i S E~~ c- 1 c- c- c-c-

I : c - c - e n - :  c- c-c-

- c- s - c - ’ ” :1 . : E : c - c- I c c - c c’c-

c- I c- c-,’c- c-s-c- cj c- c - _ t~~c-~ c-~~

: 1— n i  I c - c -  
~c- , ‘ c -  c- c - c- ” c-” ‘c- c-

c - c - I  I c c - c c -  c - c -~~( c - -c- c- c-~~~~ ) I; n- cc-c- I - c c- “ c -~~~~~,c- c-c- ” ' ( z 1 l  -. c - c - ’ ‘ - c-c-c- I )

I I  c - n  ‘ :1’ c-s -c -c -’s s-~ ‘ :~7 ’
c - - c - - c - u n -  c - _ c- _ c- . ’ -  t r  , :1 s c - ”s c- c - c - c - ’  c- rn ..I’ i c- -c - I  [ i c - ” ”

~~ 
— I fl c- c-~ 3

- c - c - - c- 1: c - c - c- c -I i n c - - c - :  ~~c - c - -, -- c - c - :  p c - n c - ]

U i n c - c - c c -  c-I c-Ic - c -  I m c - - c - c s c- - od V u - r u - i c c - c - c -  c-c-f c- c c - u - c c - i c -c-

c-’ , c c - c -  ‘ c - c - c  - t i c - c -  i n c - i c - c - t v  cc - f l u - cc - cc -  c c - I f  c ’r ,s ti c - c - n c - c c - f  c - n,nr c - t c - o I  fIn c - c -w fc c - i  u- c - n c - c - c - i c c - i c - c - i c - u -  t i c - a t
c - c - c - i n c - u - c c - c - d c -  t i c - c ’  c - c c - c - i c - s c - s c - s c - - c - c - I  ¶ a c - i u _ c - c - c -  of s ic - n c - c c -  c - i c -  c - c - s c - c - c -  R p t u _ c - c - c - s - c -~~ c- to our ,c f l c c - ca c - o r  cc-x a mc- s- Ie

c - c - c c - c - c - c - c - c -. v s - c - c -  cc - c-i rs -c- - p u-  t i c - c c -  n j ’ c - c -c- ’ c - c - c - i s - c - i c -  r’ of Ic -u - n c-c-c-c- u - c - i c - Icc - to c - u - - a v e  thu -c - body of f c - c c - s- c ’s - t io n

‘ c - c - u - c - c c -  ( , s c -  c c - - c - i c - r u - ’  4 3) n-c- c- I c- c - c -c - c - c- i c - i c - c -c c - i c - c - c -’ is c- cc - i ” c - ’ c - l  as cc- r es u l t  cc-f the call to c- ec - il cc -cc- c--s-te’

( c c - c -  I c - i n c - c -  ;‘3 c-,c-
c- ’
~~ u - i c - i c -id c - c - s c - c - c -  s ’ I s n n i c - c - m ; c - t c - ’  c - n u - i c l c  nc - f  t i c - c,- t c - c - s u i l c - l c ’ u - i i c - n c -c-c-i c c - c - c - c - k  ic-s-q f c c - c -  ‘ c - c - i l ’  t i c - a t

c- i i c - t t c - r s  t i c - c c -  c-n c - c - nr c - —t i c - s- o - c - s i c - p  r c - t i ’ c - c - c I m c - c - r i  t h u -c  -n n t a t i cc - c - s  -of section 4,5, we c- rn ic - c - ?s -t  wr i te

S r r~ H c- Ti

c - c- c-’ ’ c - - c --’ ’ c -c - ” —, ‘,~~~
“ “ c- c-c -“ s c - c - c- ‘ c - c - S ‘ c - , c-c - ’  ,_ c- - ‘  - -  c-c - c - c - c - ’ c- c - i  c c - - c - -’ - -, c- c- c - c - - c - c - c - c - c - c -51 c - c -  c- _c- c- c - .  ,c-

8 ’

-, ~ ‘c- ,~~~~ ’ 
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SEC. 4.9 H A N D L E R  T E R M I N A I I ( ’ c - J  S E M A N T I C S

where T spec i f ies  the change of coc - s - tc - o i  1 m w  that  Is to be posted when H
tenc-s-s-inates .34 We c- u- ic - id t ic - c - c - c - ne c- u-c - ic- ‘ usetc- c- as si’ c -owc - c -in c - i n c - u - i c -  4 ,4 , c -35

4.10 An Informal Recapitulation

Ic - c -  c - i s - i s  c i s c - c - c - t i - n  c-c-i c- i c - a v e  cc x i c- ou _ uc - c - dec - I  t i n i c -  c - ic t a c - c - c -~ of a i c - i O c - ’ c - s c - c ’ c -i c - ’ x c c- u - c - t ’ t m c nu cc- i

c- cc - s -c - c - c - bc - i c - s - c - s  -ha c-c -dl inq ic-c-ei’ - 5 s1 c - nism, B e r n - c - c - c - n -p n, ’f o u - c - r  s t a t e d  ic - c - t c ’ c - nc - c -oc -s -to c-to c-c - c c -  nc - j t c i d c c -  t i c - c -

s - c - c - t i c - c - e s  of a p c - c - t i c - u - c - I c - c -  I n c - c - u - u s- c - c c - c - c - s syn c - c - c - c  -ac-c -m i u - c ’ c - ’c - c -,c-c -c-tnc”-c -~, c-hi’ i c -c - u- c-c-c-’ c - s - t a t i c - c - n  ma y

have u - u - - u - - n c - c - e d  v a c c - n c - c - ’  a c-c-d t ine f cc - c c -  c - i c - i de c - c - c - i l cc- c - c - u c -c -i v u - s  E t c - a c - s t  e rs 5 to 8
a t t i c - c - n c - p t  c - c - ’- j us t if y c- is - cc - c l u - ’ f I c - s i c - j c ” s - i s  of t i c - I c  c - c - c - c- c - c - c -t i c - c -  i c y  c - m’ — c- x cc - nc - ic - c -i c-c- u- c - hem c - n c - c - i c -  c - ic c - ic - c -  of
t i n c - c  - c - c - c - i c - I s  u - I c - f e c - I  in c _ c - s c - c c - c - c - c - c - c -  c- , ru-c- s c - c -c - c-c-sj c ’ c - c - i c c - ’c-c-s-t c - c - l u - - c - i c - c - c - c - c - c - -  c - i c - c - d  IC) hel p t i c - c -  r i - a c - c - e r

u _ c - c - c - c - I c - c - r s t c - c - c - c - d  c- is-o mot iva t ion for t i c - c p l c - c - I c c - c c - c - c - t o  c - i p f c - c - c - c - f i o c c - s  c-c-f c- Is-I s c - c - i c - c - c c - s c - c-n , we n c - - c - c - t a t e

I c - u - re  tic - i c - c - in c - i c - n c - c - a n t  c - i c - c - t i c - c - c - s n -  c ’ -c - c - c - i c-c - sc - l c - u - ’ri i c - s -c - c - si c - ic-c -u -c-c-u -sod c- c-c-’ c- i c -
_c - c c - i c --c - in

* Thi’ •c - xc c - c - c -t io is -c - sc - c-cis c - cc - c - usc - s-c - c - i _ c - c - n c - c - c - s  sc - c -c - u - - s c - c - i ’ s - s I c - I c -c- - - c -  c - c - c - cc - c- c -c - c - c - c - c ’  c - I c - c’

c - -ip l ic it iy  c s c - p i ’c nc - ts  t i c - c -  c - ” r u c c - ’ c - I c - i u - c -  of c - c - u f n n r r n i a t u o n  I s c - c - l i c - u r l ,  ~.- c - s ’ ’  c - c -

sc ’ p , c - r c -’c-f en- is-sc - n - vl c ’i’ic - c - c-’ c - c - f  f t c - c - s - c - c - sc - c - c - c - - c - l  l c - ’ ’ I s , ivnc -c-r ( c - c - i - c -  c - c -  c- c c -  c-c-nc -s-i ic - nc - ic - )

i c - c - i c - c - c - s -c - I w c c - c - k m n c - n c - c - c  - ( c - c - l c - r c, - u - e c - s c - u - c -t c - c - c -ni c-c-r u s c - c - c - c - I s - c - c - i c - - c - c - c - c - ’c- t c - n c - c - c - ) ,

* ‘ c’c- c - c -dc - ts i c - c - s - u -  are uicc - fmc -s-e d isy c - c - c - c - c -  c - n up i ( c - c- nn c - u -c - i c - u c - n n c - I  ac - c -  c- c- cc -,t r c - c - - t c - i c - c - c -, c - c - c - s -d

ti c -eir n c - nc - es a c-c-d u - c - I c - c t c - c -’c-c t nc - ears - ic - s -u n s  c - c r c  nc - c - c - d c c - c n - ’ c - i i l ,’c f s ’ c - c -c-ic-c - I l l s  - the

nc - c - c - ic - c - es a c - c - cl cu - i c - st  c - a c t  nc - ic c -c - c - c-s-ings n c - i  c - b c’ c -u _ c - nc - nc - Icon n-c- c- c - c - c - v u  led by a

module,

‘ Hc c c - c - c - h i u - c - r c - c -  a r e  c c - x c - c -s ’ i c - c - s - ci’s ic c -  c - c - c - c - c - c - c -c- c - nc - r n i c - - i c - c - s  ( r c - s m n s c i - i i I y  p rc ’ cu - - c lu res )

s uc -c -c -c -i u cc- c- h by the ti n - c - n c-c-f c - c - c - c -  c - c - i ’ c - ; t n s c c ’ t u c - n c - c -  c - a  c - c - c - c - ’ c -’ c ’ ’ - u-  cc - x c - u - ’ p t u o c - s - S

ci - s c - c - l u  t i n  c-c-s ) -

t i c - c - c -  not — c -s - t i c - a t  i c - c - c - c - d - c -  i c - a c - c - d i s c - c - ’. c- n c - s u r c c f - t u c - c - c c - ’, c - c -c- t i c - c  cc - c - - c - c - sc - c -c- c - c- c ’, (Dnly

a c - h c -~ c - n - ! a c - -- ‘ s c c - ’ ’  c- a u . , c - c- s C - - c-- ’ ’ c- c- - - ‘ c- - c - , ,  ‘ c- A

c - c -  
c - c - c- c - c- c- c - c -  c- c - c - c-c- ‘ c - c - c - c - s (’vpd v ’ - c - c - - - c- c - - ’ - s c-~ s c - f l , ’  “ c - c - ” ’’ c- c -’ -l c-c- -

~ c- i - c - ‘ -s c-~ s c - u  I h c - s f l c -  c - s s’- c - ’ ’ ,
~~s ’ ,-~~d ~1c- ‘fi ‘ c- c - f l

a c-

_ _ _- -. ‘ 
-

~~~~~
. c- — —---_

~~~~
. ‘ 

—
_______________ ‘- -‘--c-~~~~~~~ - ‘---‘ c-~~~~ ,.,,c-~~~’



_ - “ -- ‘_ _ - , - _ -‘ - -
_ - - - 
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t i c - s n u - c -,c- c s - c c - c - i t s - x i s  t i c - a l  c - c - u - c c -  u c- , c - r l u c s - t c - i , c - c -  i c c - c -c- i c - c - i c - c - c -  n c-c- n ‘c - c - i c - c - c - sI c -’ i i s c c - - c t l s rs

I c - s c -  t i c - c -  c - c - c - c - c - c - c - s t  ionc-c- tic - c - c - c - ,‘ c - c - c c - -~ c - c c - ’ ’ c - c -  sirs -t i c - u -  ic - c - s t c - c - c - i ce ,  P u _ c - I  s l i c - c - h t ly

c J c - f l i - r c - - r c - t l y c -  t i c - c c  -c - c - n c -c -’ c i c c - c - c - c - c - c- i c- t c - c -c -  c c - f c - c - c  -, u i n r c - l n cc- c c - t u u c - u  c c - c-c- c - c c - c-c-c- , c - c - c - mi c - c - c - u - s c - c - n -

c - - c - c r c - c -I c - I c - u - c - c - s  oc-s - c - c - s  ic - c-c -- c - c - ic - s-c - u- -c- c- t i c - c - c -  i c ’ , n ’ r  c-, c - s t  t ic - u-  c - c - c - - c - c - c - c -i c c - S  suc-c-p ly t i c - c -

b c - c - c -c - c - b c - c - c - s  c - c - c -c- c c - i ’ - cc - c - s - c - I  to t i c - i c c -, u - -  i ’ s c -c - c - c - I s  I c-— c-c - c - s -

* t~ - - t c - - r c i ’ , i c- ~ c-c-c- ‘ c - - c - n c - c - c -cc- -c- c ” s c - c c - c - c -  ‘‘ c - c - c - c - - s c - c - r b  c - c -  c-c- c- c c -  c- c- ‘ ‘ c - - i ’ u ’s- c - i c - c - c -~~ ,

c - u n c - c - ’ I u - ’ s c - i u - c - i i c -c-~ 
- u - ’-c - - u- ’c--, u fmu ’ i c - c -c - c - ’ ’ c - c  - c - i c - i t  c - lu - c c - c - c - c- f c - c - c - c c - c - c -  u I c - c - c c c - I y  i c-c-

t i c - c , ’ t r c - c - c - i ’c - i c - c - c - u - — s ’ c - c - m  c - c c- - c - c - s - p c - - t i c - c s - d c - c - I  ( , c - c - c - c - c - l ! t i Q c - c - c --c - c -c-u - c  c - c - b c - a c --c- u - ’  u - ic - n
d c - ’ f u s c - c - t c - , - ’ i ’ - - c - c - s c -  I c - i c c - u - i c - s c -c c- I — c - ’ c-~ c - i c - c c -  n - n - - i c - ic  - t i c - f l  v i c - -w  n c - c - c - c - I  t l uc - c - c - e

ex mu - I c - c - c- Siau c - c-’ c - - ’c- c - s t  c - c c - - I c c - c - c  c- c- c - c - c - i s -, c - c - c - i c - I c - c - c - c - n c  c - - f  c - l i - - c - p  m c - c - s t u - c -  c - s - c ’ s ,

T i c - c c -I c - lu - I c - c - - c - c -_ l u - c - c - c -C ,” c - u - - c - c - c -c - - c- c - c - c - c -, f c-c- c - c - c - c - c c - u -c- , r c ’ ”Ic - c - t i c - c - c - c -’’, c - c - k c -  ‘ ‘A ~~c - c - I I u -  B ’’
c - c - u _ c -  c- - i -c - c - ‘ c - c - c - I c c - c - -c-c-

• c- c - c i s c - c - sc- c - s c - c - s  c-c -s ’ c- ’ c - c - -” - c-c -u -’ c- I I cc- c - c - c - c - I - i  c- ’ c-s -c- c - u - c - c -  - c- c - n i ’  I c - u - i  s c - u - ’ , I , i c - i c - c - s~

( c - c - i c - c - c - c - c - c - i s c - c -  c - s c - s_ - c - s c  -c - i t s ’ s c - u n - , ) c - c -  n i - s c - n  u n c - ’ c - c - , c - c - c -c - u - - c-, ( c - I c - c - s c -  s ’ r c - j n ’ c - u j r  u - c - n - ) ,  Th i s

‘ c - ’ I s c - ’ c- c-- c-s-f tic - c ’ u_ c - c - c - c - u c - s c - icc - cli c - c - c - c - c - c - c -s m - n -  c-’ . Ic- , i t c - c - c -  n c - c - s c- c-t ( c - ’c- ’ c- c- c c - s c - c- c- cit

t i c - c c -  c c - c - u - I c - c - c - c - c - u ’  n c - c - n-n- c- us c- I s I c - c- u - -  n ” ( c u c -  c - _ c - - - c - c  -‘ c- c - s c - i c - u -c - I ,

* c- c-c - ic - c c - c -  c c - cc- - c - c - - c c - u - n c -  iu- ic-c- c - n - c ’ d , t n - c c -  c - c - i c - s c - n c -  c - c - s . f  u - ’ r c - ’ c - c-~ , s ’c- c - I c - c -’ - - i c - c - c - n c - d c - c c - c - s

t ic - a t  c - c - u - i l l  i c c ’  i c - c - c- c-c- c-u- c-c -I to I s c - o C u - ’ ’~n- m l’  t i c - c ’  e i c c c - u t c - u I i t~ c- c-c- l u - -  c-i c-c-c - I t ic - c-
u - u - I c c - c-c - c - u s c - n  c - c - c - i s c - v T i n e  c ’ I i c - c - i t i i i i t  c- c - u _ c - I n ’  dc - c - c- c - - c ’ s  t Im e c - - c - c - c - c - I cc- ‘- in- c-,c- ,c- , t t c - c c - c -

c - c - m s i r l c - m l c ’ s  c - c - si c - c - I c - i c - c - n  ic - c - _ i c - c - c - i c  - c c -  c - c u _ i c c - c -_ c - H  c- c-u- c - c r c - s ’- , i s l c ’ c -  c c - c - i  u ’ I u c - c - c - i c -c c -  to
i c - a v c - -  t i c - c - c - i c -  a n - n - n c c -c - c - t c - - d  i c - c - s c - n c - I c - ic - c -c - i c - c -c - , c - c c - kec- l I c - c -  s c - s - - c - s - c -  t ion pc-c-hcy
s l c - ’ f c - c - i c ’ c  t i c - c c -  ‘c-c- c - I c - c -_ d c -  c- _ c - c- i c - c - - c - ’ ic -~ c - c - l’u i c ’  I - , ’ c- r c - c -I ic ’ r ’n - tic - c - it n- c-c- c - l i  c - c - s  t u c c - c - i~ ic-e

sum n - c - c c - k  c - ci -

* ~~c- c - c - s  - cc- t i - u - ’  5 I - c - c - i c - c - I  y c - c - c - tm - ’  u - ic - ic - , c- , c-c - i c -nc - n c - c c - i s i s  i i ’, s c - s - c c - c -  - c - c - -c - c -nc - c -  c- c- c - c - c - c - i  u- I

c - m w, t i c - n  c c - - c -  c - c - i c I c - c - c - c - I c - I c - -  I c - i c - s c - I c r ’, t i c - c- a s c - c c - Ic- -c - c -  c- c - ’ s - I c - c - c - c - c - n c -  c - c - nd

c - c - n - - c -  c - c - s r  c- - v , c c - c - c - -’, n-c- c - c - t Ic -  c - c - us ’ u - I c - s - i c - ’  u-I t i c - p  m n - s i i i c - m l c - c - c -  s c - i c - c - c - c - I c -c - sc - s - c - c -  t i c - c - c - c -

i c - u s c - c - c - ic - c - u -  (‘lie c - u s c - - r u - ) ,  T i c - c - -  c- - c - -
~ - - c -  ‘ c - c - s c - c - c - c - s c - l u c y  c - s c - c - c - c - c c - s  d c - c - c - c - c - s c - s i c ’  ‘c-c- c - it o

c - s - b c - c - s i c - c - -’ ’ - ic - c -  t i c s  u i c - c - p i s - i c - c - c- ’ c - s t s c - i c - ’ c c -  c c i  c - c - i c c -  c - c - c - - c - s c - i - , c ( c - c - ‘ , c - c - i ’ ic - s m c -  I c - c - c - c - r i

I c - c -- c - s i  I c - c - - i  n - c - - c - c --, u u c - i c - c - c - s )  I c - c- - c - I f - -  I i c - i c - -  s c - c - c - c - c - c -  i im c - j i c - c- ’ s c - c - c - c - s c - c -  u s c - i c - , c - c - s - u - l l u - ’ c - s,

i n c - c - n -  i c - u s c - i c -  n c ’ s - c -  - u nc - m i  ic - nc -c -  c - I c c -  c - c - c - - u c - I c - c - c -  c - c c - i c - c -  i c - c c - I c - c - i c - n c - c —  c- t I c - u -  u - c - x c- - c c - c  -tc -oc -s -
Ii , c - i s s l I c - s i q  c - c - c - P c - c - - n- , ic - nu t  n - c - c - I -c-c -ic - c -  n-c - s s I t - c I c - c - f s c u c  - c - i n-c -, c i y u -
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SF~C, 4 , 1 0 AN c- c- t ‘ ‘ c - c - .  c - . c -c, L ii i-,- ‘ A c -  c- n - c - J L A~ c - ’ , c - r~

5,, * H a c - c - c - i I e n s  c - n - c - c - n o t  c - c - i t c -, ’ c -  t i c - c - c -  t i ’ s - c-c-c-i of c - n - c - c - ic- c- u- I  w ,,hin t i c - c - c -  s sq c - s - a I I e r, bc - i t
t is-e y a c - u -”  able to f o r cc - c -  lorc-a l b r c - c - c - c - c c - I c - c - c - c - q  ‘c-c- c- c - t h i n  their assoc ia ted

co i c - t  e x t s .  F u - i c - i c t i oc - i s  t i c - a t  c- c - c - m u - s c -  cu - c - c - i l l c - c - c-c - c- c-; nc-c y’ t i c - u - c - c - c - f o r e  assume

t hat t is-e ir e x e c u t i o c - c  - c c - c -  c- c - i c - c - c- ic-c-c- c - c c - c - s c - ic - c - -c - u - ted ic-y e x t e c - r c - l  m e a c - c c - ;

I c - c c - a l  c c - i c - i - c - i n c - c - s c - ’. i c - i  C - - - s c - c - c - I  lIoc-c~ ‘ nc - c - c- c - c - c - t ed ic - v  t c - a n ’ i I r c -  c- ac t u a lly

c- ’ c - c - c - n c - c - c - i u f y  t i c - i ’  c- c - c - c -n c - t i c - r e  c - c - f  t i c - c - c -sc- ’ :u c- c - ’ c -c - c - c -- c - a t p c - J  c o n s - t e x t s  by u - - i c - n c - i n u - c - t i c - s - g

tic - c - — c - c - u - - c c - d  f c c - c- u _ c - X p i i s c - i c -  c - c -c - c-c - Ic - c - c -c -c -  c - c - c -  c - c - c - — - - c - - t i - - c - c - c -,

4. 11 A Postscript: Synchronc-’ zatic- in Esoterica

c-,~c-/~ ’ c - i c - - c ’ i c - c - i - - c - - c - c - i - c - I t i u- -  i l - - c- c - c - i c - u -  c - - f  t c - c-~
, c - c - c-c-c- ’ s - i - i - - c - c -  h a c - c - d u c - c - c - . c -  rc - s - ,c-i;Ic-, s c - c - u c -c- ’ c - , ‘Ac- c- c - c - t i  ‘ c - ’ t

r c c v i i s u -  c - c - , u c -  I c - c -  c - I c - c - c -  - c - I c - c -  c - c - c - mu-c -c -c -u - c - c - c- n rctu u - s c -’c -‘ ‘ I  u - y c - c - c  c - ’ c - c- s c - d c - Zc - c - n l n - c - c - c -, cc- c- c- c - c - c-r c- f t c - n - s  c - c - c -i c- a t  se-i cc - c - c - I
I s i c - c - c - i c -c- n-c-c- c ’  c-c- t _ c - c - s ’ c - l  c - c -  c - i t  c - c - s - c  - I c - c - c - c - i  c - r i - c - c - c - c - c - c -  c - u r n c- c- c-Ac- ’i,c- iu Ic - i c - - x i - r i c - I i’ ’ ic - c - ‘ i c - c - c - c - c - i c - c c - I  ‘li_c-c-so

5’c-,c - s c i c - c - u i r c - c - c -c - - i i c - c - n c - u  u s c - c - c - c -  c - ’ , c- c- ’ s c  -- C s -  c - c - c-c - u- ’ c - c - i c - c - c - i c c - u -  to c- c-c- c- c- I c - c - c - s i c - i 7 c - ic- u i - c - c -  V1 ;Iis-c-c -t ic-e c - c  - c - c - ( ’ c - d t i O u c -

is - c - c - c - c - s I l ’ r ’c - c - c -  c - c - c - i c - s  l c - c - c - c - c -m u - n i s  - i c - u - c c - t I, t i c - c - c -  ‘ c - lu -c - ic - s -v u - c -vs’s c - i c - i ’  i c - s - I c - s c - c - c - I c - c - c c - c - c -  Ic - c - t c - v c - ’ c -- ’n t i c - c- c - u - c - c - c - c c - c - c - c - i c - c c -

inc- ec’, i u c ’c- c-s-n ’-c- nc- cc - n c - c - I  the - ‘c- c - c - c - l c - c - u - n c - uc- ’ c - c i c - c n i c  -i c - u - -  i!Ic -c - c - c -- , c - c - f  t i c - c c -  s ’ r c - s i s - i - c - i d i ’ c -  I c - c - c - c - c - c - i c - c - c c - c - ’, 5u-c’c-’cc- n-c_ - i l !

c c - c - c c - n _ c - c - i c - c - c -  t i c - u - c -  f - s c - s c - s c - - n  t i c — n c - , ’ ;  n- n- ’ c - c - i c - -c - c - i c - c - s c - c - c -  c - I c - c -’ i , i t t s ’ c -  u _ c - i c - c - i l  c - i c - a c - s c - c - - c -  5, F i c c - c -’ c - c - c - i ’- , c - ’  t i c - c - c -

c - s - c - a c - c c - c - s c - i c -  s c - f  t i i c - ’ c  - c c - - c -_ c - c - u - c - c  - c - c -c- r c - c - t m c c -- , c - c - c - c - i  c - n c - c - i,- t i c -  c - c - c - c - c -c- s - - c - c - ’ ’ c - c - i c - i c - c - c - c  -it Ic - c - c -c -s i c - i c - c - c - c - u - c c - c - - c - c r a t e d
f roc - i c -  t i c - c c  - d c - u - c c - c - n - c - c - i n c - c - c  -i-c - f  t i c - c- c f n u c - c - c - - t c -- ’c - c - c - - ic- i c - c - c - i c c - c -c- - ic - c-c - c - c - - c- i c - i c -  s ’ x c - - c ’ u - t i o n  nc - u - - c- ic- c- sc-- - c - c - c -,

T Ic - c c -  f i r s t  c c - l c - ’, c c c - v c - c - c - c - cc-i c - c - b c - s c - u i  s-,c- ic-n :i i c o c - c - i.’ c- ’u c - ’ c c c - i  I c c ’ i c - c -’c- vmor c - c - c - - c - c - i c - c - c - ;  c- c-c- c c - c - c - i c - c -t i - i c - c - i c - s - c -p cc-f
t I c - c c -  c - - i i qiIc- Ie l c - c - i c - c - n l l c - ’ c -  s i c - c -  I c - c - n  a u - c - n - -c- - c - n  c - c - c - st , m c - c - c - , c ’  c - c c - c - cl c- - - c - c - s i l - f c - r n s c -  T i c - u s  s c - ’ t  is c - i c - c - I c - n c - c - c - c l  c - u t

t ic - u - c -  ic-s-ons - c - — nt t i c - a t  t is-u - c- i , s c - c - m i l i c - i d n c c -  ic-. c - c -c - c u - p ci c - i c c -  t i c - c c -  i c - c - s c - c - c - s i c - p  1 — c - c - c -  ‘c - l i e  in’c- p l e ’ c - i s c ’ r c - t a c - u c -,c-c-c- vc - ’ c- iI

ns-c- ii is-tn i c - s  - i t over tins - c c-c-o thc-c- t c - c -  us c - c - c - - c - i c - I c - c - i c - I c ’  c - c - c - ic - c c - s c - c -c - I - c - c-s-t I c - c - u - s  ( u - c - nd i t c - nc - c - c  -is r a i s e d ,

T i c - c - ’  c f e t i r c - u t i o r c - ’, r i - c - c - c - c - i c - u - ’  t i c - c - i t  i c - s i ’  c - c - c -  c - c - u l , c - c -I~ l c - , c - r c - c l i c - c - -. c- c- c-~~ r u - c -nc - c - c - ic - c - uc - c - i ,t n cc- c - s-qc c- c- 1 ‘c - A c - c c -ic - ’ c - i n c
c- , c - m , c c -  s t a t p c - c - u i - n t  is h p i c - i r c -  s c - c - r c - c - c - t e d, i c - u _ c - c -  u - i c - s c - c - c - i  t i c - c - -  c - c - c t  ic -c - ( l s c - t ’ c - r c - c - i c - c - e d  I’y t i c - c - ”

c - c - c - s t s c - c - c -t c c - c - c - c - c - u s n c - n -  c c - u c - c - t c - o I  c - c - c - c - c -c- c- s of c - c - ’c - y c - ic - I c - c - s c - sc - c - ss c - s i y u - c - x e s c - c - J c - u n c - ’ l  c - r c - n s c - r s s c c - s, i t  c - c -—. i c - s i c - s- Ic ’  c - c c -

c - i c - c - c - c - n c - c - ’  c - t  c - c - ic-y nc - u - c - c - c - c c - c - c - c -  i t  is c - c - c - ’ c - s - c - ’ S ’, c - c - c - ’y’ , t i c - u - c - c - - i n c - c - c -, t ic- I c-c - c - — n - -c- - c - c - c -  c-c-t u - c - r f u - c - n i c - c - ’, c - rc-c -’ c- c-s-q ec

i c - s c -’ p ic - ’, i m c - i c - n c - c -  5 c - c - I c - s i c - i  nc - c - c - c- c - c - c - il u - c - c - c -  I c - i c - i c - c - f l ,  f — I c - - s  c - c - c - i  i c - Iy ,  c - i c - c -v c - c - t c - c - n l i c -t I c - c -  i l t c - ’ r c - c-r u - ” x a c - c - n c c - s - O

c - c - i c -  c - c - Iu c - u l c - c - c  I c - c - i c - - c - i rs s c-c-c- n c - c - i c - sc-c I i i -  c - s c - c - c -l O c - c - c - s s iI dc - c -c - c - c r i t i c - - c - ic- ~ c - c - s c- s s c c -  p rc - c - t c ’ i . t u - - d  [ c - v  a
i f l t c - I U c - i  c ’ x c - i m u ’ . s n m c c - c - c ’ m c - n u - j j c - ) u s c - c - c ’  ( ( c - c -  c - c - u m c - m i c -, c - r  ‘ , c -c - i c - i ; I i r m n c - u ’,’ , s t i c - c - s i  s c - c -s i n - t n  i s r c - t ) ,  c - c - i c - c - c - c - c -  s c - c - n  s c-c- u- es

i c c - c - c - c - s i n  in t h ree  c - c -i s c - c c - - c- c - c - n c - t r y  I c - c - a c - c - c l  c - c - m t  i n c - c - c - r n  cc- c - - c c - c - c - c - c - i c - c - s - c -  u _ i n c - c -  c-c-c-u- ills -i_c-c - c c - c - c c - c -Ic - a t n u - c - rs- nl Ic - ’ r  for
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c - c - - n c - c - h  tic - c - c - c- I c - s  c- c-u - ‘ - ‘ c- c- c - s c - c - c ‘ c- c- , ‘ ‘ ‘ ‘ - c - ’ ’ - c- ‘ ‘ c -  - 
c - c- ’ i  i - c  -5

i c - c - c - m c - s l I c - ’c- c - c - i c - c - c - t ic - u s c- c- c- c -’ - - - ‘ c- c- c- 5 c- ‘, ‘ c - I  c - H  s c - n -  c - - c

i c ’  ic - c - t i c - u - c t  c- - s c - - c - c - c- I c- - c- - c- 5 r ,‘ , ‘ - - c- - i - - c- c - c - - c - c  --‘l ~c- I i c - i c - s

i n c - c  -‘ , 3 c - c - - ( - c -c- i i  c - c - c- c -  i c - s c - c - c - - c - V  c - s  s c - u - - - ’  c- , I  - - c -  c - c - ,  - it  c - c -  - c - - c - c - i c- ’ c - c - i  i c - c - I c - s i ’ d r - I
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5
Unlf3r m it y

‘c- 14’hat ‘ S ( f c -c- u- of c - c c - c - s c -  / c - c - c - ’ u / s c - c - f  n - c - c - - u - / .s c - c  - - of a/I

peculiar cases of IL - - c- -- , c- ’ s c c- s - c -  c -J!c - c- i~ sort , ”
- c - ic - c -c - c - m u - - s  f l u - c - c -  i c - e r , The W h i te  Deer

This chapter  eval u a tes  t i c - c -  x c e p t i o n  mech c - u n ’ c - c -nc- of c -s - Ic -cc -p Ier /ll wi th res p u- c~ c- c--.

t ic - c goal of un i fonmity enc - c - c - c - c ia l ed  Ic - c - c - - i c - c - p t - c - c -  1 - Recal l  that ‘ c - u n i f o rnc - c - t yc- - c - c  -th is
co , i t ex t  r e f e r s  to consis tent  ap p l n ca c - i on  cc-l Ic - -c c-c- i c c - s - b c - n c - s ic- i w it ls- irc- m c - c - c - t i p i u - ’- c s c -c-c-~ 

c- c- 5 f  R

proc - c- ’ amminc --c- sys tem,  We can a c - c - c - c - c - u - a c - h  lic-e qsc - c - - s t i c inc- ic - s -two way ”  - C I ) bn-’
d c moc -s - s t r a t i r s -g  that  tis-e fac i l i t i es  prov ic - iu -’-d by c - c - - c’,c- m u - c - c - c - i c -ac - s -c - sm n-cc--c -,.ic - k effc -c- c c  - ively
tis-rouqhout a sy s t e m , and ( 2 )  by s i c - s c - n - c -ic - c - c -u- t i c - a t  the m c - c - c -_ u-~c - c - c - s c - c c - c - c  -is lar g el y i c - c - d e p e n d e n t
of langua ge— c-c-c - i c - e c i f c - c  s e c - c - i c - c - s c - f  c - c - c - c  From I c - nc - I on - c - c - - c - c -  c-c-s e  n - - c - s - c-- I c - c - c - f e  t c - c-e f th e mc - c ;h-c-c-c-nscrc-s -

is i c - s-c - Ic - - p d us c - f t c - I  for excep t ion  I c - c - c - c - s c  - I I s c - c - c c  - ; - r i c - [ c - l c --c - ms tic- c -t c - c - c - c - s n -’ a t  m a n y  s~- c-c-t u - -nc - levels;
frcc-m th e l a t t e r  we cc - ) c - ’ c - cc - u _ c - de  t i c - a t  t ine s e c - c-c -c - c - s c - t ics  “s f c- ic-e rnec Ic-a n is rs-c -c- ne c o c ’ - c - s c-c - i t c - hie

w c - t I s  -ia rc -qc - c - a ges used at those levels.  1 he c - c - t m l c - t  c-c -of the mec ;hanism is bc - sc -  i l lus t ra ted
by ex amples of ‘ t yp i ca i c -  e~ c-- c c - c - c - b c-c -hand ic-nq s i c - c - c - a c - i o n s, w t c -os e p r c c - c e n t c -’c - t i n r c -  w e
c- lu-c -c - lu - c -r unt il chapter  7. In t ic - i s  c - s - i c - c - pe r  we coc - c- c ec - c - tc - a t e on the ni c- iat i onship of the
exeep t i on  nc- u-ch a rc - Ism to ot i s -er  l a n q c - c - a g e  c - c - s i c - c c - c - u - c - c - i t s  c - i s - a t  c-c-s-ay a f f e c t  the c x c -  o pt ion

handling process ,

5.7 Interactions with the Embedding Language

~Ie c-c-c-i c-i c- s-t c - c - c - show c - i c - a t  i c-c - u n mu -c - c c - I c - c-c - c - c - c - m  is l a rge ly  i n d e ; c - i c - c - c - d c - c - - t  of u - t i c - c -  r ‘ - c - c c - -  -

s m n c - s c - r c - j c~ s ic- i ts u- c-c-’ c - c - i n c c - c - c - d j n c - i  I n c - s - c -c - c - c - cc - u - c ’- by c- lu- ic -s- c -c- so we will c ’ ’ c - c-i l i i i sPc -  I - _ c - -  (c - -

of i m p l e s c - c - u - -’ n c -c - i r c- c - c -a sing le set  c-s -f ‘- c c - m a n t i r - s  f c - c - c -  c r c -  c - - p c - i o n  c - ’ , c - c -~~c- c - c -~c-~ ‘ c - c - ’  -
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U N I F O R M I T Y  CH.  6

5.1.1 Variable Access and Scope Rules

T h e  permissible forms of access to data st rong ly influence the expressive
power of a language. As a direct c onseq uonr e , they m&er ially a f f e c t  verif iabi l i ty.
Natural ly,  la nguages used at d i f ferent  sys tem levels and with d if ferent  ver i f icat ion
requirements will spec ify d if ferent  access rules. Our mechanism should not
interfere with that language prerogative.

The primary interaction of scope rules and t h e  except ion mechanism occurs in
the handler bodies. A handler requ ires information from two sources: the s ignaller
that invokes it and the prog ram conte xt wi th which it is associated.  In order to
avoid the use of shared global var iables , t he m echanism permits a signal ler to pass
pa ramete rs  to hand lers.  Of c n : : r_ce , if t be omi eddmn ~i laiiqiia~;e pe rm it s  sb~ircd global
var iables , the excep t ion  IT) ‘ m . li~inism in no w a y  hamper s bi€’ ir use. H o w e v e r.
ver i f iabi l i ty  may be comp~ nm ’~r’ci (ir ( urni ‘~‘ca t  ed ri such lanquage~

,, h e n c e  t h e

mec hanism supp lies a c n t r i ~~, i ’ d , e ~, i  m i t  t r a n r~mw ~ ion f a ci l i ty  for languages that

proh ib i t  implicit , unre s l ra ined  c o m l l r m w l i c a t m c n t h ro u gh global var iab les.  The
pa r a m e t e r s  a rc not cure t r o ed by t i c  mechanism to he value~ onIy, though for some
select ion policies (e q. b ro a d c a s t )  va r  p~T l r a m c t e rs  have l i t t l e ut i l i ty.  Generally,

handlers for s t r u c t u r a l  c u c d t m n n s  co’~~: ’ ’ m l ’ ic~, t e  r c ’ ’ .i I t s  to the sinn~i u ’r by function
in v o c a t i o n s ( s e e , e.g., sec  t e n  ( il . 1). and ha nd le rs  icr f i nv~ conditions return
resu l ts  t hi rot l h var  p m i m n n e t r  ‘ S  ( ‘ ‘ n ’ , ~n’c t i on 1.3).  Of course , the precise
met hod of commu nication ‘~ J ‘I r m i r e d  P ~‘ t In’ ~.pec i f ica  I ens of the module that
defines the condition , and it r a y  mi t In. t we  t t ’  li iiq ticr s f reely . ’

T he inte rac t ion  of the h eidI ~ i i ’  I s  ,i’~se ” i a tpd  program co nttx t  t s less

expl ici t .  The mechanism sI pm
~ I~ ~Jv t i nt in a m m h i ’r has (implIcit) access to the

same data  that  its a s s o c i a t e d  i ‘ cu ~ t i i ’ . A t  I d  ~1~~nce , this might seem to

require comp le x m a i u i p u l c i t n c ’ ~ I .~ ~‘ n ; r i ’  ‘ : i ic : hi c e e c s . qow~ ver , t i re cost is

1 Handlpr~ do riot have ‘r~ ’ ?mi ~n v a n c e ; , .~ a~~~, ‘- ~ ‘,‘ .i r~ ‘~~~ ‘~~‘ ‘• ~~ ;ame r e~~ lt , a l low multiple

r~~1ut n va lues  roriv~ nientIy, requir e rio aid ’ ‘ r ~~ , ‘~~~~ ~ ‘ ‘~~~~
;- .i~~~’ or ‘~~4~~~~~ Ci a’. eq~j vaI r t  ri ver ification

d i f f i cu l t y .  ari d a I~~~~ ‘ , r t a ’ n  ru—c ~~R. ’ 0 c, 1 .i ‘ - ~ ( ‘ ~‘.r ~ ‘- “ ) 2)

go 

i~~~~~~. _ ..a..A - -  :~—i::~t~ ~~~~~~~~~~~~~ ~t . S.. - 
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dependent upon the nature of the normal case access  control. In B~ ISS , f o r

example , language restr ict ions or accessing el iminate the need for an Al GOL- like
display mechanism. The entire accessing context  of a handler carl he t is)
represented by a sing le pointer; loa dnq that pointer into a part icu lar le . i mc ter  gives
the handler access to the required data iii a single in st ruction. The same is true f r
BLISS subroutine entry. In full At GOL-60. howeve r , display management r~t funct ion
entry is more expensive , arid hand ie r cnit r y’ foh?ev ~s s i : t .  S c c i c e  handi’ r’; a rt ’  t r e a t e d

( a n d , in general , implemented) much hike proced urcs , we natura l ly  e ~.pe ct the c~’s I

of establishing the handler context to be comme ns urate with the ( c . ’ S t  0’

establishing a procedure contex t .  This per c t s  the language des ign to spec f~
access rules without worry ing about comp t e x i t i r  s that  might he in t r cdm ’ c .ed by the

presence of the exception handling mech anism.

5.1.2 Shared Data

This sect ion ari d the two that  follow t dea l w ith  close l y re i at ed topics. F r o m

earl ier comments we reca l l  that  the except ion handling mechan ism seeks to
accommodate shared data s t ruc t u res .  Ti re in terest ing case occ i l i s  when a sing le

structure (instance) is accessible from two or more contexts that are not lex ica l l y
nested. We have already considered examples of such si tuat i ons , e q. the s torage

allocator example of chapter 4. If a language permits this kind of sharing, t h e n

there are natura l  in teract ions be twe e n  the sharing contexts  which ra ise questions
al)out parallelism arid its control (synchronization ) . Thus if the except ion handling
mechanism interacts with sharing of d a t a , it must interact with paral lel ism and
synchronization as well. We will ex am ine these interact ions separate ly ,  insofar as
i t  i.s possible to do so.

A language may not permit  s ii~i r iu iq of th e kind j ust  desc rihed , or it may provi de

a res t r i c ted  form of it ( e q  A lp lma rd  — see sect ion 4.2). The eligibility rules of
sect ion 4 .0 are intended to enpe wit h wlrii l~~.. m ’r f c ’ r m  (11 s hared  da ta  the language
permits.  However , if no “j ut  ~rest i ng ” sharing 2 is possible , th e el ig ib i l i ty  rule simply

reduces to a rule that finds a single eligible handler for a particular conditIon and

2 . ,. 
~ e~ tiriq ” ni~~~~r ’  that rn ‘t p io non rip c ipd r ~ t p ’  e’cc e~ an e ct  -i
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U N I F O R MITY CH.  5

instance. The mechanism in no way r e qu ir es a language te accommodate shared
d a t a , it  m e r e l y provides suff icientl y general rules to deal with i t .

The principle underlying the eligibility rules is that of a us er .  The mechanism
does constra in the language to suppl y a su f f ic ien i~ly precise def inition of the ‘ use r

of an instance ” that the elig ibility de te rmina t ion  can he made. In chapter  4 we
spoke  of t h e  “ability to re fe rence ” an instance , and used it as the informal
defin it ion of “user ”. We have also used the term “capabi l i ty ” in a similar way.  The
essent ia l  requirement is that one be able to determine , in a g i v e n  c o n t e x t , w h a t

ins tan ces are access ib le .  The de t c rnc ina l  cmi  may be made part l y at con ip i le—time ,
par t ly  at run—t i me , w ith ef f i r . i€ ’nr .y  dehiend ,i i~ on t h e  degree of run—time checking
e quired. I anquj a ges that  m n  -p or t  infe r mat on hiding (a eq i.m reme nt for our

niec lianism) qone ra l ly  s lippor t s t r o n g typing as wel l , so t he additional rest r ic t ions
imposed by the p ‘Kcept ion hatch ing mechanism ’ s def in i t ion of ‘ user ’ a r e  m i n im a l  t o
non — ex i s t  e nt.

5.1.3 Parallelism

At severa l  points in the discussion of t h e  exc.ept imjn mechanism , we rioted that
cer ta in operat ions could proceed in paral le l .  (See especial ly sect ion 4 .7 .1) .
Na t u r a l ly, som e lang uages (Jo riot provide para l le l  processing,  and t hi. s e  t ha t  do m a y

provide it i i i  one of severa l  ‘,&‘ n~’c T he cx  c .e pt ion mec hianism never r i. ’q i l i r es  that
actions occur in pa ral le l ;  it merel y de f ines  t nu ’ se  points at wh ich cor icept i~ially
inirj opendent act ions are allo wed ( i f  the language and impleme irtat ion permit) to
procee d simultaneous ly. W h er e v e r  previous d i s c u ssions h a v e  used the words “in
i’a rai l  ci” , p ti rel y sc qurnt al ys t i c  ms ma y cubs t it ill i’ the words “in undef ined order ” .
As we have aIr ~‘a dy imot ed , ce r t  1111 ‘ el’  ‘ m t o n  puiic es nia y col lapse into a sing le one

in a seque n tial System.

Al t hough the mrcr (  h , i r r is i i i  can t , ike ur iv ,-i nt aq i ’  of paral le l ism if avai lable , it does
not d e f i n e  precisel y t he way ‘1 wInch its ac t  uris ,ir e to be ma pped onto t i re
execut ion units provided by the lairqtia o. Ti n s I ins been (Ionic de l i be ra te ly so that
severa l  distinct “sty les ” of pa ral le l ism can he accommodated. For example , some
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languaqes may expl ic i t ly provide a “proces s ” ab st rac t ion .  Oth’ rs may define

paral lel ism implicitly in terms of co l la tera l  evaluation. Still other for ms are possible

(e.g. Hibbard’ s ‘eventual ’  values in A IGOL-68 [Hihhard 76]). Since the

except ion mechanism definit ion s t a t e s  only the pnss ;bi l i ty,  not the necessit y ,  of

para l le l  execut ion , it does riot s t ipu la te  h o w , or ev en i t , tI re paral lel ism is to t ie

a chr ieve d by the eFiibPd(linq language.  In manly c as es  it is suf f ic ient  fnr the

programmer t o know that  lie must he pi epar pci for para l le l  execu t ion :  the rneuns by

which it is implemented o f ten  are i r re levant  and need riot be rela ted  to other

language construct s.

5.1 .4 Synchronization

Uirfo rt unatel y, we cannot dis m is s  sy nchrour i . - it ion as ea s i l y as we did para l le l

p i ocv~~sing. Because \ v ’  do not w an t  tic- ’ c ’ ’  ‘p t m~~n m  handling nrechai t ism to s pe c i f y

h~~t any par t icular syi mulu r  oiii~’at oil f a c i l i t i e s  I’e pren ’ ent in t in t ’  eml )ec idt ng lanigua go.

we def ine its synchroni~’at ioni beh av ior d i rect l y (see cc’ ,: finns 4 8 and 4. 1 1) .

Although t Iris does not cnn ‘5 t r a i n  t ire f orm of t i re lang uage f a c i l i t i e s , i t  does

in t roduce complex i t ies  in the j i lt e r  ac t ion  of those fac i l i t ies  will’ the excep t ion

mechan ism. Let  us consider two ex amp les.

1) Suppose a I unu lion w i t h in some module M can ra is e  a condit ion C
under a se lec t  ion policy tha t  ( all ’; cc the f i inct inn to wa i t  for the

h a n dler S to complete ( e q. hr n a d e a s t — a r i d — w a i t  ). If M e x p e c t s  to

ope rate  in a para l le l  environment , it will very li~~eI y provide some

mu tual exclusion (If i ts f unct ions.  Y et  if any h a n dler for C
at t c’mp Is to invoke a I j u ne : t ion (‘1 M t Ira t req u ire S iiitit iial eX c lus ion ,

a dna (Ilnck nray ntis ue.

2) Suppose that a m odule M has a function F that may ra ise

s t r u c t u r e -  c lass  c-nnil il  ion C Su ppose fur ther that , under n orma l

c i rcumstances  (i.e. w hen C is nnt raised), F ma y he ex ec u t e d  in

paral lel by an arb it ra ry  number of users.  However , suppose that ,

because some consisten cy tes t  within F fa i ls , C is raised.

- 
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‘
~~ Presumabl y the same tes t  wi ll fa i l  iii a l l  as y n c h ronous execut ions

of F that ar~ manipulat in ug the same (da ta )  instance.  This may

cause more than u i ’ m ~’ user to m achr the ra ise  s t a t e m e n t  for C.
Since ti re ( ‘X c i . p ’ t m ~) 1  mec ha nism imp lements i ts own mutual

exclusion requirc ’ r i ; m r m t s , onl y i c e  n u s i r  at  a t in ner will be pe rm i t t ed

to execute  t he mimIc - i N , ’ v m n t l : u ’ t ’ ss , as soon as ore’ co inm p let cn s it ,
anot her may inrmed~ i tc I y ra ise the c ,anm p cr.ir i r h i t  ion ~iqain.  I Iris

anrounts to nmii i t ip l~ n i o t i f i c a t i m c r s  of the satir e condit ion , a
c o m p l e x i ty t h a t  t he h~i ni dk ’ rs  rniui y nut 1mm ’  a Ide ( m ~ r w ill ing) to cope

with.  I l i t’  chvi ’ mis  d i f ’ ’ n tu l t ~ li re is t h a t  1 1 m m ’  rim j t m ~ iI exc lus ion  has

( m r : c : u u r r e d  too la te  — t l i~ c r~c c ’ n ’~t m . ic cy t ’ ’ ’ .t ‘a s  a l nead y been

e xec u t e d  Ft ’v e n fo rc in g  “ h I  mli i i  c~~ I u ismo n m c~~ t Ime t es t  (w i th  sonic

laii~~u mig e cons t r uct  I, we s~ ‘ : 1 , - i ’  int l  ‘ ,  ‘c an t in g  ir1 :—, t~u r c . r ’ c ~ of F

( o p e r a t m n m ’ i  on t t i ~’ ’ ~a nmrm ’  d a t ”  m ; m s t a n i c r ’ ) , hut t ha t  unf o r tuna te l y

d e f e a t s  the r ’ r h u m n a l l i i i .  c’ of t ‘ m m  u t r c m  s ui c ir u i c _ t a n c m S in
paralle l.

~~
‘ P r;,’uld (I c /c e ‘ t l m n r  , m . ’ r / u n i , , ’. r . i j l the p~~. ml  .s h m , i r I t 1 €  u l i a r  I n i t e r i uc t i o ns

l e’ tw e e n  sy n c h i r c i n m .’ i t m r i n  pn I c r  s i i  ~i r ~’ c~~ ,‘I i mc rp, m m m , r n l i s n r  ,i’ e subt le arid
comple x. Th ie re  aní rea l l y t ,s’o c l u j e s t i c i ,  r , i :’ ,nd by t t rc ’ s c ’  e x a n r p l e c . does the

ex c e p t i o n  niech rmnis nr conis tn miui i  t i m e  f o n nn i  of c y r r i  c r o n i . c , t c c m m c  pn i r ; m t m v e s , and what

laniqu. iaqe cons t ruc t ( s )  (in we n’ ’ (I in c r O c i  I~ , iVOi l t i c ’  i t f , u I t s  i l I u s t r , i t ed  by t i r e

v x a n n m p l € ’ s  above? T im e la t t e r  q ; r . ;~’ ro i r i ’ , i. , i n i l, r e ui ri c ’ ’  herr f i  2; we in rl c inriss

tI n ’ Ion iper here.

Note tha t  t ime  d i l f u m  m m i t a ’ s  t h a t  u i r c e  mm t t m m m - .e e~ , , m ;  idc~ ~t ’ ’ m fronr t ir e

ini t ’ r a c t i o n  of I b i c ’  c ’ ~~c~ ’I t , cm) n r m m ’ m. I i , i m i m c , c n i  n i t i ;  ‘ , ‘ m i n i , t e l y  ii f u r i ’ d  mu t u a l  exc lusion

n c ’ q u m n ie m e i i t s .  Nowhere wa s a r m , n i r m r m t i ’ c : c  m i n t ’ ’  c i  s p e c i f i c :  p m m m m t i v ~~s m u - .’ d  for m u t u al

e xclusion; it is t i re  co nce pt  t hat  t oads  to the d i f f i cu l t y .  Indeed , we could work

t h r o u g h t h e  detai l:; of t l m ’ ’ s c ’  ‘ x , i m n i j les m ’ . m i mq c t nru i j i l m n r m ’ S  f f l ij k s t r a  68].

n mo i nm t o rs  [li m i t ’  /4 ] ,  ‘. i i t i  , i t  r m cp ) ml ’, ~~i n i m r ch il~irrseni / ] .  pa th

e x p r e s s i ons [ . iu i r i i m belh  /4 1. or ~
-iniy ‘ t i m e r  s l ’ ( Cuf ic  t c ’ ( . l i n l i ( l m i e  for ~ic l i ievi i rq

nmuni tua l e xc l u s ion , amid we w o :m id  a r r i v e  ru t the c sui nn i ’  I ‘ o m i t ,  l i re  prot ileni is endennic

to I lie m t  era (;t ion of the I v.’ i mce:h r ;m ni’ ins. Out m ’ s lit leai) to ti le ( fo r t  mien I ely
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unj ustif iable) conclusion that the except ion mechanism m i t  e t c m r a h i y c: ;nnist ra ins t h e

use of mutual ex c i tu ’ .ion. As a par t ia l  re bu t ta l , f a i i u n e  fm . 1  i ’ n m n n i ’ i m t ’ ; an ’ (a r i rn i t t oc ihy
unat t rac t ive)  solution for the secomuci ex an ’ mpl e above , rising semaphores as the oniy
synchronization con st ruct .  (A solution to the f i r s t  ( ‘ X i n u i c j ’it’ appears in sect ion
7.4.1 .) We claim therefore that tIne nnm p c lma n u is m does not limit the forms of
syn ch r on i za t ion  p e r m i t t e d , b u t  ~‘x pcses  a riced for more s m r p i r m s t i c i rted comb inations
of synchronization and except  ion h~nnidl iri g pn i n m ut i v es , coma hina lions that avoid these

pittal ls. We are thus led to the second quest ion m mn s e d in the preceding paragra p h,
whose answer is the subject  of sect ion 5.2.

aodL~~e T

begin

c o n d i t i o n  struc fur .i i em ru’mr l~~
c ic ~ h~~orudr rs t - a n d- w a m

p r i v a t e  s i z e :  i n tege r
I1r LV~ 

c~ nm :rnim jt e~
< other data c, onm l- . m  us in u the fine structure of a

functi on len g kh (t :T ) retu rns s :int e~ne’-

!i~ t ~~~~~~~ structural — em ro t  on I

b~ cIILn
i f  riot cons st enk (t)

then

P ( t . ‘n’ . r u t
f n~. I c ori s i 5 t c m  t ( t

t ~~ I

r a ‘-e t . s I r ic t ,i~ a I —error
< r p s t o ~~e ‘~~~~‘ to a consistent state >

f u

V ( t . cemn i )
I i

S 4- t . s u z e
eni

other f uric t i sos . . .
e

Fi gure 5.1: Mutual F- -c lusion under I xcept ionn l Circumstances
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5. 1.5 Protection

Tile design presented in chap ter 4 has riot incorporated any spec if ic features
to control t he dissemination of informat ion , wi th  two except ions .  First , it re spects

the principle of encapsulation , and ther e fo re  per mitc no re present  ation inlurmation
to lie transmit ted via except io ns unless exp ir cu t l y sent by the s mqnal l er .  Second ,

the nnechanism respects  the principle of mutua l suspicion , au di therefore rest r ic ts
the flow of control during e xce pt  ion hanidlinq . these two pr inc ip les are consis tent
with t i re language proper t ies  a s s u j m m m r . d  in sr ’ c tmoni  3.1 .1 . Bm ’c ic lo s  these propert ies ,

the mechanism is intended to be neutral  w it  ii ri spec t to pm ‘ted in mi p r m  ii m iems , but we

can o f f e r  no demo nstrat ion that  s pec i f i c  pr c m l m ’ m  I mo n problems , e.g con finement , are
riot compl icated by its pres ence. It is qu i te pç mssi l i le  tha t  covert  channels for
leaking in format ion may exist  iii t i m e  cx i  ‘ i / t oni t r m c n i s m i c r i o u i  mec hna n iism , h u t  it should
also he noted that the potent ia l  recipients of an ex cf l l ) t $oul  a r e  the possessors  Of

capabi l i t ies for an ins tance .  l~y contro ll ing ( list r ihution of those capabi l i t ies , a user
worr ied about conf i n ement should h~ able to limit t h e  s p read  of in fo rmat ion t hrough

signalling of except ional  conditions. 3 In general , h o w e v e r , the nnechan ism does not
prete nd to address pro tec t ion issues other than e ncapsu la t ion and ( to a limited

extent )  mutual suspicion.

5.2 Simplifying the Use of the Mechanism

Although we have c laimed that  tI re except ion handling mechanism does not
impose  sign iuica u rt  semantic constraints on other constructs in the embeddiiig
lamn ouu age , we have observed (part i c ular ly  in sect ion 5.1 .4)) that interact ions
between constructs may give rise to cpi t a m  usage paradigms. We may look upon
such paradig ms as seeking to smooth over d i f f icu l t ies in tine use of the exception
mi ’c hra n i .snn and ot her language m’ Inn nc ’nt s . Let mis bmnnul y comisi rier the reasons such
di f f ic u lt ies arise.

if a ‘~r’ ’1, ,c ~ h,,c “ p y e ’  f ed , tSe”m ‘0 ,‘ .“~~ 1 t ’  1 ‘O , m. ‘n~ ,s (a im. ‘t ) c . r c 1 C / c c ’ 1~
.i V n1~~f’r’ed by it~ ~pecmt i ca t con$ .

T h  m.1~i f ,Oc Pr h~.m ,te r  ic ,nr ’ ’~ ‘
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SEC 5.2 s,r . .~p,5 f p,’ uf j ’., To n . m~~ 1 us 51 o

As i l lus t ra ted in sect lo un 5 .1.4 , a t t emp ts  to m; o m ml’ m n u e  a ;~
-
~ 01 :~ y b a um .: ’

F m r u mni tuv e s and tine except ion me,. iuani ism can e a c m i y  prod ’ m ’  e : n . c a ’  i n ~ r .d  . ‘ t i c

undesirable behavior. Tir e example of f igure 5.1 suggests that ( .c) mi ) u ,ru~ u n .m , 5

pr im it ive functions that y ield cor re c t  behavior may not he ‘i’ :mu ’d iat  ~~‘ P J ’ ;mmoc or

Inherently pleasing. Yet it seems rea:~onab ie it, hm~ . that ‘,~,m p ‘ a r m  mic : ’ il ‘! ; ~~u’ a:m u

common sit uations , such as those cLt e mi in sect ion h 1 4 , amid ‘i’ ui ’ ’ i ’ ’  - IC

oI)erat iO t lS that d i rect ly handle them. A f t e r  all . s uch’ sy ncto Oi a I. ar m ‘ ‘ i n  ‘ ,‘ n , , t i ’ . ., ‘‘ o r ,

monitors an d conditional c r i t ica l  rr c ) iorm s ex is t  ~
n ; p c  m S ( ~~~ P t - c : r ’.i.iSe the. ,’ n c c ., m c , , r(

d irectl y to pa r t icu u la m USage pa t te rns .  Just as we def iner n: . ; . n u r s  to m o  me cii

a ccess  control paradigm coninoctunc i synichi n; , ‘ ,~~~r ’j r r  and I a c t i o n  mnivoca t o n , so ‘i. e

ca n define control f low pa rad u ms conic ct cm s y u m c l o ’ . . ’;: a ’~m ’ ..iu o’~~’ OACI.r’ ticir’

handlinu it is beyond the 5( ~~~~ of l Inus t l m , - s m c  to ,‘x  i ! , r e  th.: ~~~~~~~~~ of ‘ pm :. m m i...

p~~~~u i ’ h i i i e s in detai l , but we can c : , m n m c ider the o x a r ~, ’ 1 e of :‘  m m . ’ . 5. ~~~i: 
“ : ‘ t ex

se u i r a t ’ i m n ’ r p  is intu mate I~ comin ec ;ted t o I m e  t m ’ ~~t m m 1 ’ u  ni (i t ’  c . c , s s i s t e m u ,  ~ ~u i ’ ’h , ,t i ,

which in t r i rt i  us int imately m . n m m n m c u ; t e d  to t i re r m m n i n m g  of ~c , - u ’ x c , m , , t ’ ,a i  (t  a ’ - ~ n r r .

( i t ’ c m n ~u iml e to bundle this ( i uvc ’ rse t . i ’ iu i ctioni of i . i i ’ i ; , m ( i t  i ’  ; m ’ ~ c . t s , i / c m  ‘I:’’ ~ -. iu co l

s t ruc tu re  that  links them , in to a simi le syn tac t i c  unit ‘-c tm mc ’ . ’ s - ’ n ’ ,, m s t C.s v o l t  ‘c

more irn nnc ’ iii ni t ‘ ‘ lv  umiderst om od. Such a unit might be implemr it ~~c l P s; at,’ ~ cm .~ 
‘
~~ cc

t h e  nniet irod is uni m por ta n t — but it should at least be km ; ’m v .’ni to t i c -  n -n ; m i ’ n n c ’ ut ~~ t n,i ;  i i i

suc ln a way  that i t’ ;  m m c m i  mi ’ :ed r c n u i r l a l n u l m t y m a y  be r m ’ f l c c t ’d in a no ne j . te i ; i  c r

convenient proof rule. We natur nil ,’ c. ’ x ic ’c t  that  um more ml mo t i ve  c’ m u s t  ri m e t  io,uft l

lit’ sm un up l er  to  ve r i f y, .umi d our aim nm uii(0 , m in J Oi t i i i  such parad igms ~h cn i i t u l  l’e to m ; ~ ’ ’1;iIiCC

hot hr c lar i t y and vii r if e HIlt ~

Paradoxical ly ,  d i r  des ir e to keep the ex cd - i t ioil rne m.: m n r c n r ’sm u c r u f ; , o t ; ’.’ h as , ur:

SC)fln e cas t ’ s , made its c m l ’ ’ r a t mu n i  k’~, .s r i a t ummal  and more c i m f f ~~~ij i t  to  i m m i ’ I c rs~~a;i’.i. I’ i

s u c h  s ’ t i , it i~~ri’ , we wis h to  i i n f n m ’ l i u ,’ ;’ ’ inon i c t r uuc t s  l i m i t  C ’ T ? ; t m m n t ( ’  4 - I ’ o i m i e  . ‘ . - m n c ’ : m ( S

b pt .a i u ’e  we mm i i’ t i  r i  . u i ~t~jre ‘m, m n i t y  ,‘~‘ m t I ~~’tj t s a m ; r i f m c m n i ’ l  V c ~ m ! 4 n c i m l t y  I’ m rh ,-1 l~s t i ’ ~

rirost gInn ing u’ ~ min i Iclo mc t Im e n m m ’ t ioir of an ahno rmn rul funct ion t c r n t n m m i m m t c c m o  P.s c m u i i ’ i m ’ ’ l

t ha t  ti n a l , i c ’ , , m y , u u l  cornph’i m ’ nr (u ’  g. nv prt l ow m i i u r m n m u  f loat eg i - c u l t a, m 1 I i ’  ) ~~. t i c  I c e

r c ’ f l c ’ n  led t i mr o uu mi t i  cuiu r e .~c c ’ p t m m n niPm. i i~~’ i i ’ m nm , we ha ve inn r: n a m. m iu m i m ’ r ~ a ’ ou r

but to ra ise  some condition. m c I ,  sunce r, i ice never  ; n i t . r s  c ’ n ’ t r c t  1lev~ i P  c m 10

s iqn n~i i l c ’ r , we must fo l low t I me  nur se w uth  a st’ pa r etm ’ return stm it t ’’nie nt to ach ieve Ihe

($(‘ci r c ’ nl effect. Ol c ’momich y, we ‘.:r ’ iu l ( i  def in e a tr iv u9 h laur ii ,~’i,ir’ t n im ’ , t r , i c t  I i iat

coml c u t l ( t S t ine r a i s e  and ret  urn , lait t u e  co n ceptua l  d i f f uc uu l t ’ c ’ s  mi t 11’e handler s it e  are

ii ,

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ . 
-

~~~~~~~
, -

~ - 
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less easil y r esolved. If we are ra is ing a f i iav  c lass  cone t i t io mn ( this us a lm ost

invariably the case  for n i nm n m a ru ua l  t c ’ rmin i a t ion) ,  U’ ’  ( mn ” ly eh i ru i hip) hur ridler is a t t a c h e d

to tire contex t  t ha t  invoked t im e  s i n i r m , m lhm n r c l  f :  , -~ t , n r ,  i t o  coder wi ll o f t e n  p re fe r  to

t h ink of the handier body a n  p ’ r  form ing S~,mi’ I m m a t t x — u I )  act ions , fo l lowed by a

tra nslen of c m ; tro l (per le,  i’s uni’, m l l m c ’ r  , h m m - : , m n m m m u i  t i - n n m , m n i , i t t o f l )  i iowc ver , t ine so n i man tucs

say tha t  f lue  h a n dIer t c ’ ! n n m imut i o n  f ’ , m i i s ( ’ c  ( ; C c u m t r m ; l  to re t u r n  fcc t ine ~ i c j n m m u l i ’ r , which then

per forms a r e t m .irri , l r , m n s f c ’ n r i n r q  c o ’ i f n c m l  t a c k t o  t i c -  ca l l i ng m ‘ , r m t e r . t  ; ‘ j l m u m p  any loca l

t r a n s fe r  of cou i tn c ’  pos ted  i’~ - lIm e l i , u r m ’ l I m ’ m  t l m n ’ m m  f n u~~’ ’ m ’ f f ’ r :t  l i n u s  is u i n u m ) c ’  c ’ s s u i r i y

cn unrbe rsonn c’ — im istead we i n t n c m n i c m o e  cmi i  c i  ; ‘ u m h ) r ’ ,’ u -  n o n ’ ,t , ’ , m t , de f ined in t c ’ i n n c ’ ;  of

t ine pr imi t i ves  ju st c ’ m m ; - i , ~~ ‘ ‘ c i . t h , m t  ! m ’ c ’ k s  I i ’  t hu  m~~
.,: r n m m n ; ! m o c  past l i ke  t i re  des i red

abnormal fuu r m : ; t i m u i  t r ’ r r m ’ i m i - a t m ’ ’ m o  Pu u ’ : l n  a mm -~u~up ( e r/ him sc ’ ’ c p m f i r o ~ m u o d m ’ c c t r i n m l i r i c i ,  yet

i ts fo rmat  d e t i o i t u r m m i  via the e:c is t in q m ’ m e c i n . m n i i n m f l  n r C . m m m i s  v m ’ m m t i n i t i h i t y .  in ’  f ac t , if such

a c o n s t r u c t  is in t i m a t e l y kmi,’ ;’:ri h~’ t In t ’  noo k t m ’ e i i t . i i m ( m n m  (as  c mp ; , , c n m ’ d  to a u u s e n — n ,’.m n i t t e n l

s y n t a x  macro ) , e f f i c m m,’ m m o ’ ’ ’ s  inn mit ’ 1 ’ ’ , t , m i l e  s ’ , cm m c m i i i ’ x u o - uJ l R m m m  s l t c m ’ m t  min i he

rea lized.

We may s tm m n n :c n k ’ e t i n e  l ir c .. m . m u mi ’l d c m :mmc - - u - F m  by  , ) I n ’ -nt - ‘°  i m m , n  t i re  need 10n

“h t m n n a l i e l y — e r m c i u u l c ’ c - r u ’ ( t ”  t ’ ~~ t c ’ u i ’ . u o ’ m c u  ‘o t i e  m u .  n.~~~ ‘ I -  m l  n n i r ’ l uu mie ’ . - ‘ m m  . ‘ . m u p ( m m / r n

handling i t i c i -  h~ n ; smum . ibm n ’ ’ m  ‘ii n m ’ ’ . 5 I c - - a ’ ’  ‘‘ ‘ c i  ‘ ‘ c m  m m ’ -. : i m n c ’  ‘a r a ‘ I i ’ ” c i ’ , I Ii at

comnihine n ( i ’ , m r a t t ’  l u u n m j n ; . m  m e c - i . ’ c n m c ~~m ’ ’n e~ i i i  ~i 
m : c - m s u s t ,  ‘ 1 “ c  ‘ ‘ ‘ m i t u m t i v c ’  c ’ i m s l n u u m : t

We have seen u x . i m n j ’ t c ’ s  t h a t  c o n u h m m n i r ’  c ’ i t l ’ r ’ r  r.~~i m m l i i ’i :ni t m i ’ n  or Sin I ’ m  i c ’ t t i n r n  yv ’ t l i

I ’  ~ C t ’ p t m ( m n m  ima m m i lm ’ riivi . a n m ’ i v.r m ould 4 ’,’isi l ’/ pr .m lc ’ i r - u t l ’ ’ ’ ’~ C ’ i m y c - c u ’  ( ‘ ‘ ‘~~~ m o o  and

f m m r t h i e r  m n m v i ’ s t F ’ 1 m i t m o m m  ‘,‘.‘W i - i c - c m m m c ”  ,‘ - ,~ l lai q. i m qm ’ ‘ ~t u ’ mm ’ .ic c ’ is .‘o’n i l -t; m , i ’ m ’:v ’,; n n ’ pl uf y

tine ta s k  of u ; m m i c . r s t a m cl m n i F m i c , u u r ~ m n 1 1 5  ~~‘ , it  I nrplo~ f m .  ‘ i~~’ ; - m . s c - m i  c ’ ~~~ , m - l m m , m r  h~ u n i , i m u r ’ q

niec hianism.

~ — ‘~~~~~~~~~~~~ ‘~~~~~~~~~~~~ ‘~~~~ 
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‘‘Huiinph’ i / o ’ . ’ - i ’  c ju inu t u u t s  ~, m m ; ! cJ i~~~f I,.’ ~‘,.- c ’’I .c , nJ f  I
can ’t help th i r i / ’~i ro; ( f u , i t ,  f t  t i m  - y .t ~ ‘‘  ‘ p t -. p - - - 

,

.s VII “q i e t i c  f o r m  f l , y ~y~c m ; !m1 ~~’( ‘m c I a- mm -’ . ”

- W - -~~ ‘~ ‘ I t n u ’ r t .  i’5 .~, . l , ~1 ’c re

In the discussi on uf pre c , ’ d m m m q  ( ‘ l n , u p t e ’ s  ~‘,e m cu -~ C’ i f ’ t ;’ i  r i o - m m - i  t i  c c O

pnOp c ’n tmc ~s of the e> eptioni h and lm n i u 1 m p c j ~ n m m m , ’ , im ~ s I-n rig ‘ c i ’ F ’  ‘i c’ ’l i~ y f ir’

for ve r i f i ab i l i t y .  In t ins cha p te r  -‘o ’ r .O n’o ; im ’ r  the p ’’ ta en m m l  ‘ .‘ :‘ : m t y , r ’ r r  u c m ’  io ns 0 a ’

use t ine  I m r c mPused m c ’ ’’ ‘anl isOl . Since we cani c mm’ ’ v i’ ’ e;- e i t  ~~~~ -J o ’ ’ ’ ’ m i t i m n u ’  i’S.

t In e c o m i t o x l  I a ‘, 1 m i ’ ’ ; f ; n ’  c u n n u i ’ a  (u ’  ~c;~~’ ‘,‘ i i~ m t ’ I~ m a - . ‘ y c c i  ‘Hc ‘.t ’ c ’ m O c ’

str imc ’t rre of A ip lmnm r c f , ,iur cli - ‘ - r n  c , m b m , ’c i m rn~ ( , c r ’ ;m naqo  (: °m’ ~~~~ ‘‘ ‘n ’;~~~~~~’
. ) m~

A lp l ien (j  ‘, ~~ i im’ i i t ion rn u ’ tu m o m l  m~ n~ iy :; n ’.ol l - ml ” ’ . umh ,i - ’ c  J u m m  ‘ - S ! ‘ i i l i  c ’ ’ - l I ‘ ‘ u - m r  i m P ‘ i i i  I c c

ex t e i nc i  it ‘1 a natura l  way ,  vi i’’ ,’, mI i  t i n t m - ,t , i i ’ h i s im  ‘cc,n ~c r,’ :~’, (, - m i ’ , ‘ m u d , m ;’~ m - c m ç ’ ’ m~~m n ’ .

t ha t , iii e f f e c t , c ’ m n m lmody f l int  m m m ’ ’ i h c o l ’ ” m m c y  m m i m m m l u i y.  V~ l , n c ,  ‘ ‘ c -  l ou ’ ’  n n . s - ’  - - ‘ -

c l i e n t — e m i t  i ’ ’ r m i ts  ii’-. to a’~-o id a i , . m , m s t m F m m m (  o~ 
c- - , - ,- t i - c l a m , ~~i? i i i ( ’ i i  m F , ’ f m n l e

t m r e d i c  a t e -s to c .har c im ;te r i.-’e the semant ics  f l a t  w ° ’ n- d’ sm , ’ n m ’ c ’’: ‘ ‘ / ‘ ‘ c i ; m c - n ,m ’ i ,  c m i

r.hiapt or 1. Using these  pr c ’ c l i c - a t e s , we develop proof rules t m ;  t i m i ’  ‘. m ~~m ’ .a ( m c m i ‘rod

h i i n c t l m m ~’l coui’ - , l r , m m  I s .  Final ly ,  w e  as s e s ’ . ‘ m u ’  va ltue of ti’ m s am mu-rar c ii am - ’ c f ’ mp - m ’ ’ m m ty  ~
t h t n  r c ’ n m i l t m m ’ i  r m u l u ’ s .

6. 1 Assumptions and Conven~ s’ons

m c c  v n m ( , n, n m c m u i  m n n I . l h 1 c ~m u l n - I y  of  A k — l . . m m m i  t i l t - S  I i ’ , u r u ’ ’~~ 
,, o , m i n O l o :  ‘ r ( m : m c c m

[ H- in . u P  I end w c ’  ~, I m , 4 i i c . m m , ’ , i r i j m . t ‘ m u i r  i.i r c ~~ f r ides  a c m  ‘ ; n n ! m ; m c u l ’ c . ( ‘ m c  t om ‘ i u ’ .c t , , c m

,nnnd t ’ i ’ -  n i l - m u l l ’ , t i ne  ~~~ - i ’ m  . u ’ u ’ ’ n c  ot f m ; m m u : t ’ ’ u c i ’ ;  mi s ru ’ , ’ ; u m m m m u c u i m . m ’ u m m ’  I N ’  - c m  - a ,  t a i m  mind

I ’ ’  ¶ m l i i c m ~ . ’ ’ m ~ si mm ’ ’ ’  I ’a s t - ~~nn1 d m l m o ’ ( i f  (‘ i u m u r $o m , m . 0 i . r -~ u ’ n , m m. , m l m u  nm m m m l i i  ‘ cm.  c i ’ ’  li~ c-m t \  I~~

“j ’ nnk a’ . v, uch i , e q  l ) u j k s l n , c ’ ’, c v u c i k m ’ ’ ; t p r r - o o m i d u t m m ’ m m  t u ’ c t m n i m ’ i , n e  [I  ~ 
s t m . c  (61. ‘ ‘ i i

l u l l ’  ~~m , . , n u t a t m m c n n  ,‘j il i u u s c ’  I l m ’ . , m t ’ ’ c; m m c , ’ t I l ( ’ c t

‘ ‘ c’ ç n ii .’ ‘. , , ‘ t c , c i  ..,, ‘- “  ‘ ‘  I - ‘ Qj  . : . ‘- ‘ / , r ’  ,~; u ‘‘ ~ . c B,

Ii 9
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We insist that rnro d t m l u ’ s  b e  m m m ’ i c ’ i m ’ n i c l c ’ n i t l y  v e r i f i a b l e ;  t h a t  is , to p rove  a

par t i cu la r  mnno dti he w e- requi r e  emil y i ts sour ce t ex t  (w i th  a c s e r t m ’ ’ n i ’ ,) arid the

s pec i f ica t io ns ( i mr e d ica S ’ s )  t i m ,il m t e f m m m ’ ’  t i m e  s p n n n , mml t i cs  of t i ne ncmn , lu i i i ’ s  it uses. Our
proof rules will make it possible to v t ’ rm f y t ine body of a ski m He r v. m t i m m m c j t  consultin g

t hen code of re la ted  i i cm n i c h i c ’ rs , iiIi m J  t O  v ’ ’ n f y  f l u m e  l , a m , ’ t h ’ n s  se pama t u’ i y  without

k n o wi ng  t h e  imp l cm m e r i t a t iou’u of t i r e  ,m ’ ~: i : l ier . Ti nt’ ‘ r , lC r ’ f l,’i ? a I - c t ’ h .::atmo n of v e r i f i ca t i on

to s y s te m s  ccump osu ’cJ of n im , a r ’ y  m m - - m i e n  (as  tho se  i m ’ . im i q t h e  e~~i ’ ’ ~ - t ’ o n c  n n m ’ ’ c  hc inns m

a re  l ike l y to he) du’ pt’nid’ ; m c n u u c , i l Iy  muir t h i s  ‘ cm- e m t ’ ~

We assume then e c a s t m n m p  A l~’ ima rd rules for , a c c e - S s m n q  v a n m a i m P ’ s .  T he  dent ai ls of

t Ine rules me d  out l.me p r u ’ s c m i t c ’ m i ;  it c i u f l m m es to  m c m ’ l m ’ r ’ n t , c n c ’ l  I l m e m r  muncut i v a t i on i . W h en

Wi ’  verit y a p rm ’ q r am r n , cc- ’’ mir ed to he al l’’ Ii ’- i m l o m r t ly , ulI m J , , t u i i c t  v ’ i n i a t c l e s  it

n iemnipuul ates. h u t lu a r , i m nm u ’ t ’ ’ ’ l ’ u m o l c m m i  ( f a r  F~ m , c , . d m m n m ’  ca l l’ ; ) am id of v c c n m m i i i l o s

( I io i n i t e rs )  m i k e  t i n ’ s  ,c m m . ’ m n - l ! i ’ ., m , l  l~isk , ‘, u i i m n e  P u - v  m m ’ l r ’ , u u . c m  t i m e  r ’ ’ s s i b u h u t y  of

a/u ,i:./nq. ’ I m i c m m n m , u u u  u ’ ’ , t i m - , t  m ain I ’  be v e r f - , m l ’ l c ’  (o  q. I i m c h m d  [ I  c n a j ’ cmon i  ( (] )
have he t ’n  f o r c e d  f m l  il c - ’ u ’ l c ’ ! i~ ~‘~‘t l i  t i m i ’  , m l i ,, ’ c m m m c i  I c r m ~ l m 1 m , , i m m ’ l  I l i c -  s c . m ,m~i u niq arid
p a ra n i et e r  p m i s s i n l C( r u i t . ’n of t o m - h u n t  d - ’  J us t  Pint

In , iddut ion i  to  liii’ t ’ . i s i F ’ c m j  i c e u ’ ’ c  n u l l ’ ’ . f A l i ’ t c ,a r d , \S’ c ’ impm’ ’ ; e sonn n e

res t r ic t i ons  or ’- t i c ’  :.~ nu t a c t i c  form of ha i id ! m ’ r  L u o d m m ’ c  V~’ e req u i r e  t h a t  the body of a

han dler consist of a simng le ( c . u m - ~~( hm .mne c -al l, N, ’ m t i — ,’ r t im e  p noc ed u u re  mio r t i ne cal l  has

any spec ia l s y n t a c t i c  c f r n u c t u i ’ e :  cnn 1 1 th e i r  c ’ x i ’ ,t ’ m m  n e m c ’ p ‘ ‘ ‘ ‘~e n m l ’ed , ’ The a tua l

~m e ~r ,c n~~’t c ’ n ’ , iii t i m c . ’ ç ’ m ’ ’  i ’ ’ l ’ m ; p  r ill r im. i ’ ,- i - i ’  q m u , u n l l  m mm ~ s ~i’ t , m r , ’ c ’ c , h n i ’ ’ v ; I t l ij r1  ibm , ’ h,in id len ’s

mr ’ m ’ .oc ia ted  local ( m ’ m m t t ’ x t  m m ‘ , ,‘ , i m n m c ’ t ’ r  ‘ ,i’ . ’. € ’ c i  to t i i c ’  hnc u idh ’r hv tire c imum m e l l e r  (see

s u ’ m: t i o n i  4 . 4 , 2 ) .  We do n c ’ q t u m r t ’ , m u ’ , -~s’ i t ln mi ll p r m m (  u ’ d mi n es , that  it lie possible to

I C  I.’. / ’  . c ,’ : - c ” r ’ t , ‘-I o r - -n c ’ ’ ii  ‘ °  ‘ a ’  ‘ - ‘ ‘ , . c  c ’ ’ ’ .’ ; ‘ . -c 
~“ s  “~~ 

. - ‘
~~ ‘ ~~~~~~ ‘ , n~~ ~~~~~~~~ 

- ‘‘,e
( O Q  n o  ;., “o ,’c i . .l ’ i, c ’ . . ” o ! c’ ’  .o’  ‘ c - ’ -ncf r m~- -~c r , ’ - - - “ , ‘ ç ’)

an ;, m ~~~~
‘ -  - - - - ~~~~~~~ ‘on ~

,‘J” r , ’ - ~~ l5 ,ui t h c s  ,~ ~niy a ;~ r m ,~’ m c  , C S I , , ,  n on , ,c~~; 
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de te rm i n e from the source t ex t  wh ich parameters  are read amid which a l u m

T u e  notation in subsequent sections presumes this property f o r  all t i m  lion’ . uc ru d

( internal) procedures , a s indeed is customary for ver i f icat ion ) p t u r p o s r ’ S .

Finally, we ignore the ver i f i ca t ion  issues raised by the i n i t r ; r a c t - :  ‘ ‘  of the

exce pt io n  mechamiism wit bu paral le l ism and synuchnc:u nization facu l i tm i ’s of I m e mnn ’ ’ nc I a r i ’ :

A l thou gh it might seem that in dciri ci so we are ‘‘ t l m n c m w m r n i  out the i ’d’-,’ ‘.‘i’t u m  f l i t ’  I ’

w m i t e r ” , we should obse rve t hat f i n al d is posi t ion of these  rI c o s t  ion~ c ‘ ‘q i mr OS  ‘1

to m rura l de f unit ion) of paral le l  prc uc e s .smmug co u is t r i uc  ts ,  w li iciu is riot y e t  f l y - u ,” . ’’ . ‘ r

cbn os c ’ m i  eniheddini g la n guage. Evc ’ mi wi t l n a p re C iS E’  def in i t ion , v n ’ m f m . . . , , l c o ’ i  0f - a r , c l l i ’

p rog r ams remains a d i f f icul t , incompletely solved problem m ccc l  is it ’  c ’ ’ - ’ t ~nc 
- c t

con siderable curreru t resea rch.  A detailed treatm ent of tin ’ s’’ i S S o u m S  ‘.‘‘‘~,ii ! . i c ’ c - ‘ ‘il

f lue scope of this t inesis.

6,2 Predicates

Wi ’ will def nne the sn rnau it ie ’u of our ( ‘A c ( ’ p t iof l  P n a m m ’ k m m m i l  I u . n u n t r m u c t c  t i~r c m u i g h

p n c ’ u i m m  mu tes .  In genera l , t h ese  p r r d m m . nit ’s ~‘,-ml i  c ’ x p r e s s  t ine s t a t e  of l i i i ’  c m i m ’. t u ~~c c ’ i - o n n

inup lon ne nr t ed  by a par t icu lar  modul,’ at sonu e i ns tan t , i’ ci j ust  l ’ u ~ f ( i r e ,m r , i f  f o r

invocat ion of some fumiction of the module. The user of t he ci h ’ ; t r a m  t ’ o r u  may

pros ume omil y I lie informa tion made available through t ‘ m e  sen  ur 0 Jo. , j ’ . s wi ‘ni

v e r i f y i n g  m i s  p n m c q r mimni .

T ine ex is t ing  A lphard nmet iuodo loqy uulnr ’ady c l e f m u i u m s  t ine l u c ’ h i a v i o r  - ‘ I  f u ; n ’ t m c ’ n u s  in

t c ’ n i n mn of p r o —  ain ’t  j i o s t — c o r i d i t m o n c  ( p n c ’ d i c n m n t e s  t ha t  hold hc ’ f i ’ r n  arid a f t e r  f u u n c n t i o n

e~’ m ’ (  u u t i o n , ro ’ .l ’ c ’ c t , i,.’ u ’ ly ) ,  We c x  h o d  l ime for n i r i u lat ionu in ii n c i l m , rn l  c’. ay  to na iad ’ ’

p r o —  a mid p i c s t — o n i n l i t i omn s for i ’ s , c i ’ p t m m m n m s  as well , Th us , a m c m n u m l m u t i ”  t h a t  m l m ’ i i n n u ’ s  a

pa r t i cu la r  excep t i o n al eo mu d it io m n on i t s  a hs t m  act ion  also  d u ’ f m ’ m t ’ s  two  i ’ n e c h i c m i t c - S  f lo u t

m old before mind a f t e r  tin’ cn imd it ion inns been brandi ed.  Sim ice w ’ ’  r c ’ m l a i i i  i m , u u c - ’ l l c - r .s i r s

si nn i ia r  to c ’ x t e r n n , iI l u n f l u u ’ u l u n t ’ ’P i t s u ’ c ’ m m i c  n n a t m u r a l  f m n  ~ 1~ c ’ i .’ i f ~ m i n t ’ —  a r i d 
~

‘ -  - s i — i u . m u m h t m o m n c ;

I t ’ . ’. is all O a t  ‘s ‘ . ‘a ’ l y nreded 1.” ,c’~ cI ,c 1’c’ r, ;e ,~.- n h  ihe reqm ic r p me nt  Il,at ‘ ,~‘ I’. ,, ’~~’ ’ .’ 1’ ‘ , t o  ~

F r ’ ’ ”  n o  ‘ , m i at m o  e ’ m - ” ’ -~ n of b.i - ‘ - ‘ ‘ Q  I . - m’’ ’ me r nn ,n e r” ’ ’ p  c , r c u c m - - - ; ~ n’ ue c a  ,ui ’ ’ o; 1 “ u ’ - ’ ’ ’ c u ’s  I~ - ,‘. , ‘- . o ’ - th~c

i ’ ’’ ’’ ‘~~‘ ‘ ~c i F  0 ’  ‘ o ’’ ’ ’ ’  o n ‘‘‘‘ ‘r’- I ’ m’ i . - c c . ’’~~. 
,,,.- i m  .~~; ~~~~~~~ 

m ,rc n m ci , ~u’~ t ‘ - ‘ n ’ - c . .~ c ’ - n - -  ‘ c o  ,c ’ ,‘, o i i
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t l i c r t  de f i n e what the h m u i m c l i , . ’ r ;. a re  to do. T l m m ’  c r uc i a l  d i f l e r e o c . m ,m i ’  tl i m nt flue

S I m I ’ c i f m c a t i o n  m c i  c urs ri tlue C c1!m’ iI,’ n] i i ncm, I im ’ - , t l mc ’ ’  m~. i qnm ~uhl or , not ti c ’  u n m i j ( t I i i ’ ’  t b m ’ u t  ; n ’ ’ ’mn( ’S

f l ue  I m a n m i l c ’ r  Th u’;~ .’u pc i  ‘ ‘m c c l ,’ I i - ’ ’ ’  u i ’ v c ’ m ’ ~m ’ o f  ~~m c ’  r u m  u P - m i  i~ j i m ’ , ’  ¶ . ‘ im i 5~~’ ’ ’ ’  ‘ ‘ c c  ‘i~~iO1’ ’

which t i re module t i m , i t , d ,;Lmre ;. t i m e f c a c ’ . . t a. m ,  a i m - c m  (“. u l - c i h m e ’ , P m ’ ’  r - ; u a .. l , - . . - c l c a s  io

ecc’.ommnioclate t hem dii I m ’ n L ’ n m c . ~ ’ i ’ m  s l m c m c i I m c a i t c m n l  c ’ - ’ a re f o r c e d  to , c l t m - r  f ii ’ prec ’ r m u ’ e

for  procu ’c lune co Ils c,,;ni o w i m , u t  n m m u : i m i j ; l ” m m i  i t  ( m m  l’ .i r ’ ’ h c ’ r s .  ‘ l i m~ d c - i , u m l ’ , m u ; ’ ’  in u ’ ~~’ ’ ’. m t i ’ d

in st mc t ion  6.5.

1 hus our ; - r mnma r ~ tool in v i - ; i f y i r m i ~ t l m i ’  no ’  . 1  t i e  c m~ n C u ’ j  t ’o i  mr ’c i’ , i r , m ’ , a i  c ’-, h i  ic E !

t i m e  ‘ c c ’ — and ~‘c m m . t - m  m u i m d tm ou is  ( c m l  c c ~~~ i’ ;;m m m m l m t ’ m ’ m i  i n l i n e ,  In  ‘ m i i i ’ ’ , ’ - m , i ’ ’ ’i I so’  tm ’ cun’ ; o.~~’

w n l l  use t h e se  ~u r ’ ’ c l m e a t n s  t m  ( m o r n - f a c t  I’’ ,m c u f r m c i , s  1 . r l ’ c - l i i  c 1 ~ m u - l u ’ ’ ’ ;  (l ”i’J I mm

s i t e s , mui lr  f l c ’l, ’ -  mI ,c to r ha rm ’ lion I - m e —  ,“,‘m i p r m ’ u t — n m u u ’ u ~ l u t m o c ’ s  m e l  m l ,  O m i t iHO .i~~~l mci

s i tes .  lii fo l lowing t i m i  I i m r m m ’ t ’ m ’ i m  v m ’ r i f i c  , i t m m u i i  1 , 1 1 - ’ , n- ~’~n , 1 m m ’.’,’ ’  v u ’ r , “‘c E’ u ‘ ic :c c ’ l ir” r I m ’ ~
p t i o n u m n n n t ’ n O n l  of i i ’ , m m ’ , i  mi s m m i ( I i c ’  I ’ r ’ ’ ’ l m e , i l U  f c ’ m  r uIn ‘ n  h ’ On t i me ; i i u c f c , ’,  I ~~m ’ ’ h ‘

~~~~~
‘ , ‘ o ‘

~~~~

miou n n m’ u i ur s ,  Hint c’ , c’, - h c O ’ u  ;5 ’ ’  l ’ i m m ’ .’ u -  t m u , u t -u ‘ e m .  ‘ ; c m ~ ‘- a l f m ’ ’. c i - ’ c i - - ‘ m c - i t -  u c m ’ ~ ,u ’ I s

p r i m ’  a n tI  1’ o s t —  r u q l u - i i c m n l ’ . , ~,‘ u ’  m e p r o - - c l  i i ’ ’, i - h ,m v u m ’ r  c . ’,’ ’ - i i I c m  - , m i (  m u  ‘ ‘ ‘ ‘ ‘ ‘ i n n

( i .e .  in t c ’ r m m ;  ~~i t i m e  r c - 1 ’ r ,  ca ’ m ’ c , i c o u  m c m ; m . c m \ m f ’ m m l  m l ’  j :, ) .  I ’ o~ ,’ ’ ’ ~~c n . t I  t I c ’  m i” ‘ . Ic ,

m i re  t i s i m u c i  the pr e i lue -it e’ - i i’  . c - f m n i ’  I l m i ’  i ,ç . ; m ~ - m  ‘ ‘ l J m t i l , l . l i , . ’ u ’ s r n , ’u m m t  m m m  m e n u  - a

onl’-,’ t ine m i t m n t r a c t i o m i  u~, r cv m u l , ui ’ le to i i i , ’ c c c  (ii ,‘ m m m m ’ , i t u l e .  I mr ‘ ‘ c ’  ‘ ‘ m m m i ’  I ’ ~ i ’  H O - I ,

th en ident ical  ; r c u t - . b c - n ’ u  u r c c f ’S nit , i , ’ - c , , m ~ cc t h i t ’  m c ’  - ‘ ‘ - ‘ ‘ . ‘ m  m , , u i L ’ n ’ ’  u ’

S l i E ! C i f i c a t l o n i S  ( d m ’ ; m , u s s r m m l  in t ime u u ’ c m c ’ ’ j ’ , : O  - c ’ c ,’ o n ,p~b) t h ,c~ ‘.‘ m u ’ i i  s o’ l i e

~~c ) c r ( : r c d i m  ( J ’ ) uOEuIuu i u m i ’  i” q u i rc md  I’ - v o m i t  / I ImC ‘ - ‘ - ; m r ~~i i m n m q  citc ’ ,um ’ d  m u ,’ sc i’ , a m m ’ ’  ‘ c - f ~‘m i ’

c ’ 1L) , s t r , m ’ : t  d’ m n ca n rupp ’~ u t  t h m ’ ,” 1 , u m m ’ l i ’ m n ~ I ‘~l~~u’ F , ‘ ‘  P i t h  f c c m c : ’ ,ac ’  m m ’ m . 1 . 1 1 ,  ‘0 i-

e ,’ c m c ’ p t m o r n  t n , c u i ’ ,n nms’oon c-y e ‘ m ’ ’ e  I t r ~ hi? mc ,~e m u ’  t n c u i , s f m ’ m m  i :  t In, ‘ f t  n .‘ j r m t t u p

~j i’~~ u ,r i l m u , m o m a n  ( l o r m m c u , c  so I m P  Il . , -
~~ m m  o m u i , u m , l m m  f i nn c ; ‘ j c ( i ’ m n -  Ii r’

“!p h , , c m d  Sn ’ vu ’ ’~ t i n i ~ ~‘ m m m l m I c ’rn u - ‘ c  f i n ’  c- in m n n ’ - m , c  c l ’  ‘ ‘ P u ’  n--

‘ r c ’ l ’ n , ’ s c n m m t , u t , , u m m  f , u r u m , l u m m n c ’ , ’ c - c t u m O l i  ~~~~~~~~~~~~~~~~ 
c c - , -  c. u . m n t ’ n i ’ u ,~~’ .u ’  ,‘ , (  . ~~~~~~ n ,

u ’ i c - m c ’ n n t s  n t  t l m c ’ m In,’,’,’ u! ’ , m i i , n m m i s ,  u(V’ c , c l i l ’ t ’ i l l  “~ 
t i , , , ~~ , m c ’  ‘ ‘ p  , ‘ u c 

‘~ d c c ’  - ‘ ‘ - ‘ - ‘s

c . xc ( n i t ic m n tr mmnnsn nm , , s ,n u n r ,  For ‘ n I m c m l - l m i ’ i t y  “- cm w m m l  <uni t ‘ ‘x n ’ I ’ c , i t u - ‘ u n ’  ri ce s ,  f n ’  l i m u n

n c , - .  urfu,, n ’ ,‘ ‘u n~ rIo’ - ~~ c , ‘c ‘ ‘ ‘ ‘c -a ’ ’ ’ - ‘ - : -  ‘ - ‘-r” ‘~~ u, - m . ,,m i cc - ‘ C,,, ‘ ‘ ‘ c - ’ ’ ’ ’ ’ .‘. ‘ n
so t ‘ m ’ . -~ m,m a ’~ u - , ’ ‘n ç - - ~~’ c ’ ’  ‘ ‘ ‘ I  ‘ ‘ . . , c ’ ,-:I i’ ” c ’ ‘~ ‘ ‘ , n - i  ‘ “ - -  , ‘ v, ‘i i ’. ‘ I ’ ’  ‘

/ 
‘ ‘ c , ’ , ‘ ‘0 . - I c ’ ’ ” ’  ‘ ‘~ ,‘ ‘ c ” ‘ r i , , ,  “‘,, , ‘ ‘ mcI r i  ‘- - ;“ ‘ ‘ ‘ ‘u,i ‘ I ,, - . 5  ,c~c n u

-‘ _ _ _ _ _  
. . . 
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‘~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- .  -

SE C . 6.2 I

re pr esen t at ion funiction whe n descnihling the proof r u l m ’ c  (e m t i m ’ .’ ‘ - p  t o n

nn,’c i’ ,uuius nn, We will assume that , whe re nu o c:c .?n s u r/ ,  t he pro nnrd r a t  ci d c i i -  ‘nr~.

have l i u u , m n ’r t r a nsfor ni n ed to expu u,’ss p rope r t i es  of the appi ‘.‘pn m i n t . ’  du., m; ’ , , - 
- ,  n ’ ’~ , t n t  Of

t he i m r  c c -en d ing d iscussion , it sh ould a lways be clear from com rt e x t  v.’ f m m c , r n  t i - i  ft .~~ ‘i

p a r t  i m ’ t u l a r  p red ica te  is requir ed.

6.3 Notation

In the remaining sect sons of this cinu t or , c-c’ , n cj em ,’c lcn i’  a ro o t  r l i lt- mi .; t~’. - I : -
, a

oxcept ion i  mechanism. T u e  no tat ionn is c o u u v m - m i i n ( n u ) a ! , lc mr  n u n f i ’ r u ’ni ’ ,c , p ‘- pu ‘no;: y~~c

br ie f l y define t hu basic s y n i t c u  i n used.

l i n t ’ im ,y,u c . r cas e, le t te rs  , y , z ,  ~~~, c- are all m u s e d  to ci , ’’~’ m t e  se tn ’~ t ’l V u r u i c t m i ’ - ’  ~
‘ ,

v. amid z a l w a y s  d , ’ m m c i f c ’  ti c’ f o r rn~~! pa r amo t . m s  of a f i m r m m : t m  t hat muna ~ I mi . ic” ’ ,. .m c - ; t  to,’

t i m e  e x e c u t i o n  of t i re  f um n c : t m c cm i .8 
;‘ c $ ’ ’ n m n t m ’ s  t hu formal  par nm no c ’ r s  v,— 1 m m m s O  5’;m , , m c  S f i r E ’

i n r s pe c t e r i  hut riot ch a n ic ;emf , a m t ’ ’ m m m i f c ’ s  a set  of ac tua l  i ’ c c ’ a n ’ u ” t e r n ’  dcmu i m u m ’  t i c !

le g al l y  s u b s t i tut ed  for . ~~ , or a , i r pc’i r m’u miu c ’ t e rs  whose v a i n  m u , ’ ’ , m c i - ,- i ’ m ’  u ’ i : , u , m c i u ’ c I

I ieunr u’ ni ls of a are tinus stm l n lu c  v a ’ m ’~hies , a c t  u ’xp ru ’s ’c ion u s. P u i u ’ r ~~d o”. ‘ ‘~‘ r ‘ ‘ c s .
t ha t  mn u n y ho S i1 t ) s t i t l i t p d  a’ ; a ctua l  v al u e ’  p a r m u m n m e t o r s ,  Any of t l m c ’ s u ’  s t  n ’ ‘ m c ’ ’  ic ’ i c ,

hr ‘.ubscri pt end. Since t h u  ‘ values of a may change across a tw i n ’  t i n n  c’ ’ I i ~c en wi l l

fol lo w th en ursuur i l conv r’ni th’ mmi ari d viril e a ’ to dr ’ n ’ ute the “prov iouu c ; ’~ ; — i e~~’’ . i e , ‘ h i ’

v a lues hef ~~r e  t ine call .  It 5 occa m-m o rial i y ne r c ’ 5 s ary fcc r e f e r  1, - c t - I s  cc1 V . i r ! , c i i i ~~’ 0

( l i m i t  (10 riot  p u r t i c m ’,’ a t c ’  nm amu o pc ’ ’a t ion,  W l m c ’ i r  t i re i’m u ’ imd a r n a c ’ s , c’,’ ’ c-s i t  d c ’ i u c ’ en a ‘o ’ ’

of t i i c ’~~tm “ c o n u s t a n i t ’ v a r imi l ’ i u ’ s  by A ,

F u n c t i on  ni nn ies a r c ’  m i m ’ n i ’ ’ ( c ’d by I ; u c m u j  n;, Ihus a fm r m n r , u l  f ; c n o t ’  ‘ u -  ‘ p c  - ~: ,  i f  - ‘

ni ght he f (x ;v ) ,  an a c t u a l  cal l  mn mi q in t  be [(a;e). In this n m m u t , j t i o n n  t I m e  ‘ -u - nn n j — ’ . mcae-m i

i ’ n ’ .t p ad  of t i re usua l c.’ cm n mu r a r nn nnmnncis ur s tha t  t Ine p a r a m e t e r c ~ m u ’~ ’ sets . By
imr’nption , moe mber s of a neve r a r u i c’ ar iii t 1ucm expe- ssic;nus of c in sum m a c a l l

C u i t u d i l i on  un a r m ’ s  ar c a lways  dei iot rd  h~’ e , mm ci i rmun udlers erie iii ’ ’ - ’ . t ‘ ‘ m l  by .h,

~, u u ice m ann l lc ’ r  ‘p try ac ’ s um p ( inn , are proc :encl ure calls , we will of ten wru t  en tn ( a. o) as a

s peel f ic tn a n dir ’ r  body. ‘T he procedure i t  s t t ( f  will naturally t ic ’ w r i t t e n  h( ~ CV) .

a r i o  ~~~ . ,,m o f . .c ,  1’’ ’ ,’’ u ’ i or c
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Pre- and pos t -cond i t io n s are du ’ n iotod by B~~ ° a n d  8p0St , respec t i ve l y .  These
will general l y be subscr ip ted  b y fuu ’u ct uo mi or cond it ion ‘lame to dist inguish them , e.g.
B1

p re  us f ’ s pre-condution . Other p r ed i c a t e s  ( ve r i f i ca tuon  condit ions) are d e no t e d  by
t i n e  upper case Roman l e t t e r s  P, 0, and  B .

6.4 Proof Rules for the Sigimiling Site

We can now present  t ime prom f rules fo r t i re  r s un - c c’ s t a t  ~‘ment.  For reasons
mu ot e d  in sec t ion  6, 1 , th e se rules do riot ax r~ ’ ’ ss t i re sequencing of h a n dler
invocat ionu excep t  as it r e l a t e s  to t i le ci a c h i e r ,  T i itis , synch ron iza t i on  i n t e rac t i ons

br ’twpeni huinidlors invoked ( p o t u ’ n u t mmu l m y )  in j c ’ u r m u l l e l  arc’ iqn uc n re d  in t luis t r ea tmen t ,  We
exerm inie eac h of tine s,~L ’ c t m o n n  pol i moc ’ s c u t  c , ,’ ’ c n t n , ’uu ~~i i i nn turn.

6.4.1 The Broadcast-and-Wait  Policy

This policy inn dr , c -c ’ ” m behavior  c ’ x i r r ’ r n p Iy - lo’.e I’’ a pnr ’c ’e c lu re  cell . All ehiqihle
lmainc l ’ e rs a m e n  in voked , ( h o  s i n l n c ,’n l i c ’ n  w a i ts  f m u r  mU of Puri ’nu to t c ’ r m u u u a t e , lInen execut ion
com ntunue s fol lowing tine ra i se  s t a t e n r e r u t  lmrde c ’ d , i f  onl y o m e n  handler us eli gible , the
e f f e ct is precisei y that  of a p rn cm e dur en cal l ,  line proof rule for b roadcas t -a r id -wa i t
is sli ghtly m ore connplnx than f ine  p r i m m:u ’ du r ”  rm nl l  rule because it must ensure the

“condit ion P e r c i c t O n i ( n c ’ ” l ’ no i ’c r t y  m i m s c u u ’ . c ,u ’ d  inn ‘ c ’  tmo n i  4 . 7 .1,~ lids is the only
var iat ion (for this policy) from flue procedure nile. Because then rules for the
remaining selection policies a re a ll u lo r i ved  f rom this on e, we wiil br ie f ly  examine its
intuitive meaning.

Refe r  to figure 0.1. mu t i m e  in u p h ic ;,itmoni cil ’nve the line (i.e. inn (lii’ premise) ,
the f i r s t  te rm of then cor usn ’qi ue nt merel y i egr u i r es that  the pro — c un cu t ion on c be

s a t i s f i e d  when t i re ra ise occurs , a con se quence of tine cot -  (ion pers is tence
pr incip le. Ti re ‘,om: nmid t e r m  In n s  t cs’ o l’ m n r ’ ’ e ,c ’s: w m: om ni p lc ’te t i ne ‘ c t m i t u ’ m n n e m n t  of

L 

co nn( Iut  ion p e r s i s t u  liCE-i mi nd to fo rce  t i r e  post—condi t i on on c to estab l ish  tine

i,ido ~ d , ~i u p o t  r mi. .~ c-, c u ~~ .~~ ~~~ o ’~~-~ ~~~~ p~-~1’ “ o  do ’ 5 0 .

104

_ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~

‘ __ I,~~
- 

‘~~~~~~
“- “ ~~~~~~~~~ —-



-- .-- - —-- --~~ ---- -.“ -- --.‘,-- - _‘_7__ ” -- --, - .—.- - —,—‘--- 
~
— —y-- ‘— - -  .- 

. 

_
~~~~~~~~

5 - Em 6 - 4  l ’ ROOF RULES FOh ‘I IL i. ’ ,r’c ucm i s ’ , ~ I

ne c ess a r y  s t a t e  a f t e r  the ruise, Let us cons imlc- n tI e ‘nH; ‘: c u c u O n’; se pui m ii t i’i~~

u~~~~~
°

~~~ (w , a ’ ,e~ ~ B~
Pre(W ,o ) es tab l ishes condition pe r ‘ ; i s t cmn c - ‘  t m y  c ’ mn s ucm u ~ ‘a ic’

order of handler execut ion is i r re levant .  Since no man ipulatnon of v e rm in t i es (~v~ t ha t

a handier can per form is pe r m i t t e d  to inval idate the p ie—condi t i on c r 1  C , m ,, c ,,~i .chler

will be Invoked by this raise c-’.’ It h i  a fa lse  irre - ‘ c m u r m , h i t i c .’ m m , V i i -  v.. m n  S - ‘ - ‘ ic  ~‘ ‘ m a -

d if fe ren t l y ,  t his implication s t a t e s  an invariance about t e e  F’ nr-m- um’ud a u c u n  P ,I ‘b’ ,

How ever , unote that (tie lmiva riance us cond it io n ed by the t ruth a’’ 10 ; 1 rn , R v mie

(probabiy will r iot) ho ld globally. Tfne other im;uu icc~tion, R~~
P0St ( . 4c , fi c .c ‘ - 

‘
. ‘, 

-.‘. ~‘ , e , k

scu ms to require that B~
P0St be s trong enough to c ’ nmcu :c ’  0, - i i ! I i ’ m  ii’ t~~- c . c ~~t lv

impos sible in general , since 0 makes s t a t e m e n t s  about v a r m a h m c ’ s  ( k )  ‘ , i t  ~~~ ‘ np

even appear in BC
POSt , Once agai n , we mu,jst recal l l ; e m t t t ’ ~i, i r p pm i c ~i t  mi  Is

coriclitionied on P, w h i c h , by t l’- c ’ de f i in it io un of k , makes the s a m e  s t a i e r n e i - ~ s a l- cu t

that  C) does. In this con tex t , t Ine req um in ennent is a rea sm im  ible ,nia. i -s t , m m  c i cm ‘ci

Obviously , we must he able f~ 
cc c a r r y  acro s s ” t in t ’ r a m ’ - 0 s t c i t  unm ; n ’n I y u~~ ! u,’ m f ’ m a n  a c m

about t ine signaller ’s contex t  that  can unot possibl y be ~mj f~ ’ is 4 ‘ci by t I c ’ ’  ha s  - lip r~

P(a . e ,k)  j  iBc
Pre ( a ,e) o’~~~~(~~~P05 t lu , a ,e) o. Q ( u ,a ’ ,p, K)  

~~Ba’
P
~~~

( u ; .~~
t H

P(a ,e ,k) ra ’ sc’ c <under t’ur o ad cas t- a nd .- aa i t , l  U (a ,a’ , c-’ , km

Fi qum ne 6,1 Proof f’c i tc’ f o r  ‘ B roadcas t—and  W cut ’

Sometimes the proc e d u re call eroof rule is wr i t ten  wi t h out ex n ’ l , r c t  r c m f c ’ r c m m u.me

to k , hut an  a x i o m  of t i r e  y e n  i f u m s a t i o n  s ys tem (caMel  “ada nt mntion ” Or ¶0 c n u u c  - t i m ’ s i c ’
‘ ‘ f r a m e ’’ ax iom)  ‘ u - m i n t s  i t  to I t ’  i ’ x t c ’ ’ m d , ’ .j  to t i re fo rm of f m ’ i u u r e  h, 1 “I~ cm u ’ n ~ t ’ n r  to

ren t  a im ’u the expanded form t mrc,  a use it em irph as iiu .;s what ca n be cu l t  ‘- ‘red dui;ng the
excep t i on— han dling process and what  ninuist remain constant ,  Of ( m m m l i  s i ’ , W Y  ( ‘ m m ( m b ( t ,

w u t i n m u u n t  lo ss of genera l i ty ,  e l i m i mnm , t cm the k’ s in our proof  nil ’s , hut c-s en f ’ ’ e n  that tI’e

ms o nn tn ,o l of var iable a c c e s s i ng  d , u n i n m - : , e xcep t im um i  hauid uimng is of c:c m m t m n i hc ’’~.c I t c m m ~rr~,~~~n r d

we prefer  to represent  It explicit ly.
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6.4.2 The Sequential-Conditional Polic y

A lt i rough f ronn ann m pu ’ r ,’n tu onia l  v iev ,-~ ’ m m m m n I  (P un c e q u i e i i t i m i — c o r u d m t m ’ u n m a l  ~‘ c ’ I ’ c ’,

appe a rs  q u u t e  d if f e r e n t f rom hroart c . a c t — a m r d — w a i t , hi ne ir proof rules mi n i m r a t t l e r  5 mm ’ ~ , u r .
ihis is not too sd l rp nu ’ -, u u n m n inn lig h t  of t m m u ’  cu i c s , ’r~ ’ , , 1 i , m , r s  a t  t ine s t a r t  of m , u ’ u  t m i o n r  ii. e 1

t hat the e f fect  of raising C u o d m t ’ Lu n iS (as dus t  unm . n , u r ’ ,hr’ d f rom t i ne l m c u n m i i ’ m m  sr I ’ ci m , crr

a lqorut ium) under t h ose two pol ic ies genera l ly  d m f f e m s  only s l i c h i n t l y .  i n ’ m l i m r .’d 1 t i m e

p red ica t e assoc ia ted wut in f ine ra is e  sta t ami n ie ru t  m m ’ n d c ’ r  t ine c i m c m n u ’ o t m , u ! ’  c . o u m ’ l  ~j on ia i
polucy is idcmnn t ica l l y  fa lse , then the e f f e c t  is pm~- ’ Hs u - c t v  fl in t cuf b r m ’ , cclmmns t ’ - m m d—

wait , 1° Natura l l y, thins co l lm i l c sm i ,ci of t m m c ’ c . i ,~ m i  is u n m m ’ ,  ‘ ‘ c i  i ’ m l Ime ‘ m a ’ - - !  r id ’s as w c - I L

Re f e r  to I c g n .u r c ’  6.:-’. B c~ t i n e  p m ’  t i m :  d c ’  t h at  n,~~pc . , u u ’ . ru f t  - . ‘ 5 ( ~ i m r ~~~ ’ l y

th en Su n m u m c l l , r u t l  I ’ ro c i ra rnn .  Note  h i : ,i! I ’  c c u i ’ t u - n m ’ : m c n u  t u u c c t 11 a. f . u j s u ,  i c m , ? m . m i l’ ..’ . ~
‘. u ’  c c m . -d

re lax  t i m e  s ( m n n , m n ( u c s  ~o i’ - ’ n m n u n t  B In h u c ’  t r u c e  u n t m . c l c y  a i d  d r ’ f m . ’ -  t i u c  u - u i ’ ,’ is~~- c t  u ? r l u ’ n  u ’

to  h a v e  no c m f f * m c t  u rn ( le n t  case  V,’ i m i i ~~ ‘ . t r , c - c I ’ t - - f ’ m c - s a r c j  t i m ’ - - m m c . ’ m i t , ’ n c - ’ ,’ i n r ~i c 0 - c -’

c luitor~ tine proof r ole amid , ‘ u ‘ ra is ( u ( ; c ’ u m e ’ v e ’ r  a n m m ~~’ - -c p(. c ; u r ’ ! m u ’  
~~~~

- . ‘. ‘.‘ ‘ u is~~~ ti t  ‘-

T i ne r e n u i , c u ’ m d u ’ ’  of t i m e ’  .: m m  u’ - . - ’  n m c u ’ m ~~ c n m r m u ’ ’ ~ d in ~ rf n .y  f r o m t i m e  p r i m ’ ’ o i l, tom’  i ’ m r ’ , m mP O c t

a m i d -w a i t , ( ‘ X C c ’ c t t hat  t i m e  -
~ ‘ r ’ d i t ’ - . c m m  c ‘- , mmC u ’ m ’ c P  m e ’ m u , m . ’ c ’ m n u m n t  S r~~’ l,i~ c ’ ~~ S . ‘ ‘ u~

Because s t . I c ’ c t i on i  m i n d  ( ixc ’ CUt uOi i  at ,m Ii , , i u , l ; - - u  (misc uris only ,! I n  c ’  f , u ’ r. ’ ‘is ’ ’ m . u~~ m ’

require CO m u u l m t , m n u  pu.’ r s c s t c .’m ice Ci c m i V  m u :  t ha t  r.,us e, in ctu ~ r’cl , t l r t  ina ra ’ i i c - r  I i ’ ,’ i t  c . c i u ’ ,c ’ s  0,

to  become true hu ~~s no t ably cm i i i  a’d (ho c - : c m m , u i h o h i  to u i u ’ , , u ; ’ p . ’ ,ir C- in c u ’  Iii’
c o m n d u t m m u r u  l r , u ~ l u c ’ o n  u,’ l m n n m ’ i r a t u ’ m i , i t m m , i , u r n m ’ ,u n - . c m ’ m ,lc ; u  ~~ ~~~~~~ ~3 p’’’ 

~~‘ 
h, , .

5’’ o’ ~ r o ’ i c y  c ’  . . I - ‘ . - ‘ 5 . -
~~ - - - ‘ n - m -  a’u’ . i mn n i - ‘ an. - ‘ ‘ ‘ r i mu c t m ’  . . u ’ o’~~ ,- ‘ .e.  ‘ ‘‘ ‘- .‘ . -

~ ‘ ‘ .ii
} 1 ’ - ., e . ’r , I’ ‘. ‘ ‘ ‘ 5  ‘ - r , u p ‘ S  ‘ ‘ .- - C  ‘ ‘ (‘ IC ” i ’ ‘ ~~~~~~ dl ’ ’ ’ ’ - ‘ .‘‘ ‘ ‘ ‘  ‘ ‘ ‘‘ ‘ ‘ ‘ a

in ‘ . , 
- I,, ‘ ‘ , ,, . . 

- - n , , m , - , i ,  , - .. , . - ~~~~~~~~~~ ~ c - ~ m . ~‘ ‘~~ ‘~~~~~~~‘

- 
~“ (‘ , -‘ , . -  ‘ .~ ic , n ‘. - ‘- ‘ ‘ ‘ ,u - p ,, ,. 

~~~~ - ‘  - , r n -~~- -
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SEC. 6.4 i’0c ( ’~ BIJLES roi l I HF. S iG NAl :.m n-j r~ ~an

P(a ,e ,k) o [—R (a ,e) A B c
m b o ( a ,e)r.

Vu 1B~
PoS ~ (a, a ’ ,e ) o. (I (a , a ’ , e, k I A -h (a , c l  

~~~~~~ 
pu a 

~ ~~

P( a ,e ,k)  l r a m m .-a c unt H R <uu udc ’ r n - c  
~~~

- c o n d ” }  O ( o , a ’ e ,

Fiq um r en 6.2: Pr Co  I Rule I or ‘Sc ’ qu o n~t al — Condit ional ’

6.4.3 The Broadcast Policy

T h e  i u r n c ’ f  rule for t i re  hnn , udcn ’~t (without w c .m m t , u n r j ) ; ‘ md uu s ’,’ a irs  m m ,  t i m ’ m m c u ’

6.3, T h is rule is quite u - i u m ~y I ’ . - m m u t e r p u ’ t , it ~t a t c ’ s  f l u e  d ; m m n u m i m t ’ u n , m i  ~‘ u  u ’ c ’ m - , t c - - m i . c -’

pr uici ple amid r e q u i r e s  t ha t . n m  r n i , i t t c ’ r  w h at t i n e  i n u m m d h m ” r s  urn’ ,’ do (inur.iiidinu i i m , i h m n u u d l ’t

P is s t ro n g enough to c s t a t ’ i u s h  C). Th is f nummnuu u ’ , u tu nn r m an y ‘-oem too r e s trictive , for it

requ i res  that s uu i n uatlu ’ r a imd t: , m r’ lic ’rs act mnea r l~ i m n n l u ’ i ’ c ’ r m c i r .’ nut ly .  i lan ,&- um~--or  I lm i ’ is e am ~a

p n c ’ c m i s c ”l y f lue s c n n n a i u t i c s  we dle,;ire i l i re  h m r o a - . t~ , mst  ~- n t m m n y  s m ’ a ’ r n ; ,-u i l y use d I, ‘ ‘ i c i i

to t lue use rs ( u f  an n a b s t r m c c . c m , . , rn a pure ly i iu fo n m r ’ a t uo nn ah  c our c l u tu o n.  As inn obv i ous
u’xa nnip l e , comi s i u lu ’ r  l Ine u C ’ u m r t ’ l u ’ t m r , r m  md ann i / o a ’ m u c. ’ m a t i o n n . The s iqnc--mll c mr (I r p c i uic ’m utl y

h m i r d c - ’ i , m n o )  m u t t ’ .’ ’ ,, t i r e  c : m , r i c j m t i o u u  I - n t  m c ’ t i u u n m ’ s  r io u’~~i’ l m c m t  u~’ t n , m r u  h~ t I m e ’  u c c ’n ( . s ) a u c c i

i~ n m u ~~r~~ m 1s  w i t hou t  v,- , m c Ui(J f i r  mm ,- ‘‘ m ’  H~’ ’’ A PP I’~’ u m , i  t i n , ’  t t j lc  I ’ m  bu ll t ’ n n m  s it l u , i ’ m .  ‘ n - ; ,

w e f m m i r i  f l a t  t i r m ’  s e t ’ ,  ci ,i” rI w a r c ’  n o r ”  , u t i c c ’ m p ty ,  a n d  t i n t  ‘ : c ’ u i m i c ’ i ’ I i ,’ B~,
1 m

~

This usually k ids t o iTh’~u u i s m n i q  P H , mm ci leave s  omi ly’ the t r i v i a l  proof t i u a t  I~
~ ~~~~~~ in th e c u t ’ s c ’ r u  p r u f  i n t e r - c ’  ( u i ’ S  t u ’ ’ t w c ’ u ’ r m  r c , r i m m a i l e r  and l n u m n u r f k ’ n , u - n r ’ i i t  ion

i ’ c n r c i s t u m n r n i ’  is eas i l y ; c s s u i r m ’ r l  1?

1 , 
~ n ins ’ - t ’e lo , m u . ,5.  m -

~~ p’- - ”’ c ’ ,  ‘ “ ,‘ .‘. Smut . i” m t ~‘cmu 1h ’n r , ’ .i., ‘. i ’ ’ t . m s ‘ ,h’- .c- n -- ‘ r S ~‘. 5’ p.5 ’ , ’ n - c

h r . . ’ ~‘ 1~~ ,’~~’ ~~~~~ ~- , j r - - ç ~~~ ~ w mu h,, - mu ‘0”  to ~vo ,d s uc h p ’ c ’ h m~~~ c we u - ’  ‘ cc to  c c - m , - r -  t i ,~ ‘ - “  ~~‘

1, 3 Ic ‘ n ’  ‘ c c ’ ’ - ’  ‘, , - ‘  c , - c ~~mubi y . , ‘ - ‘ - ‘ - - - n , c t m u  nt- ic 
~

,‘ ‘ ru ,,’ ~- app l cal’on a! ‘ ‘ ,~ I’’ cc ’ I ,  s d  pot ccy — n’ ’ ’ c my

~~~~ ,1 i c ,g ’  - c ’ s

10 ?

- -- — . -—~~~~~~= ________  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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which (Inc condition could be ra ised.  For flow class conditions ( t I m e  ex a mp le  i” ,eui t o
mu notuv at e t hus sb northiand), such points correspond only to invocat ion’ , of f m i u m u .. t m o n ’  -

that  can ra ise t i re condition , buit f o r struct urah conditions , li tera l l y evc’ y i i  - 0’

opera tion within the com i t rnx t  may be a poteunt ia l  point of nt ci- r m c t ” l  L ) ! i  - ‘

ve r i f i ca t ion  purposes we t ransform (conceptual ly)  tine so u m rce t e x t  sQ t c : . m t  eV~ r~’
p r i m i t i v e  open ation during which a cond i t ion  may be raised has the ‘ c ’ - ’ r - ~ i’, , - ‘~-i r ”j ’ c ’
dI~ c a , ‘, ‘, a :  / ,ited w i th  i t .  ~ i nn s  we ‘ ‘ cop y ” t I re huan~flc-:r to every point n ’ wi’ k t luli

condit ion it p rocesses  sar i ( n  r a i se d .  4 i n n  e f f e c t , we a pn ) Iy  f lup u a , ., : i I  y r Ic uf

sec t  ion 4.6 to deter  ur ine t i ne c m ’h’va r u t  handler for every u n c u t iüc i  a i0 I’’ ‘ n u m m

ob)e rat ionn appear ing in flue pro’~ra m to be v c ’ m l f i pd ,  The ex mst er r rme C~ ut b i r d  - 0 me
hamud ier for each condition is e m s a m m ’ e u l  by ~he assumptio n that  a “ d c m f n ~ i It ” m r i r ’ duiI ~~—

bod y level handler alwa ys ex is ts , even if the proqr am mc r fa i ls tnt ,.c1 r i t ~ , c - m m ,

expl ic i t ly  (see cnnu d of sect ion ‘~ - 5).

The s —‘cond synt  a n t ic  t r ans f c mr rn ’ a t i on  el iminates local Iran’ , f o r  ‘sf m..nntrol .
Assumurig t lnat we have &read y pe ’ I nrrnnpd the f c c  s t t ra nc ’n rm at ‘ -mf l  - d ii  iii,ii, ~Iprs ,~ m

now assocIated with primitive m ii-’ c c r a t i o n s , i.e. funct ion invo at ions. f i u u u .s  c-vr ’ t i0~,, e .

cunistr tjcts of the following for r’ ms

f ( x ;  v 1
) [c : h 1 ot ) j ( f r )

and

( x ; v j ) [ c :  h h c ; v — )  —‘ ‘ . . i .’ lab ]

Wh i e ru  ‘ l a b ’  cieno t,e s  ‘ o r ru c ’  la(uc’ l lnd lex ica l ly  enclosing con tex t  withi n the c rm r r  min t
F rm nc t  m mar u body ror t Ine purposes of our pr oo l n mi l e , t i n e l ut is t form is ,c r ~ ad  y
ac . r . e . m m t c u h l e .  We r c ’ ; ’ui ~~ce t ime s l ,’ i t c ’ r m O ’ ’ r t s  cut t he  se n,und form by th en u m - t i , - ’w i r r ml :

13 ~~ ~~~ ~~~~~~~~~~~~~~~~~~ ~~ mn~ t q enermu tm - ‘ ‘ mu r- wS ’ — h t,~~ i’” (’i ,ur ’ . J - i y ,~ ~~~~~ m In ~ p, ,r c m , s~~-~~. . ’ ’  mu d c - , ‘~~(‘rfl

only c ~~‘ a t ’ c ’ c . ’. mr - mu m -. . c  i t . ’  ‘- e ‘‘ ‘o t i . , -. ’ -  roo d I ou-u c i -’ b~ ~ - 1o- ic c- - - ‘ “ I ’ -  r I  r u ’ c i r ( , I ’-~5 . e~ r : ’ I:’’ ~~ ‘, - - ~~~~~~
- c - ’

01 i ’ -. ‘ ‘‘ ‘ 9 ‘ri , um , , :e 1 ml- ,’ imu ,, mu n I . , ’ - r l L m u c S ,  T i , ,’ s p ic j t n c r  u - u - - c  c u e , ,n is ‘-“‘i i m u ’ - r u m u i  - ~~~ nip ’ urn r,n r b -c i çc  ari d m e ’
C ,  I, ’ ~‘ 5 ’ ~ a s peu- ua i c - a ’e

c - - t V - c t r ,v , a i  prob le ms - ‘ . r -  - - ‘1 ,’ nut C- ,- c ’ ‘ - n c’ ‘ ‘ ‘ es  a c-ui re d ef ’ n ? ’ “ c ’  I ~a .aid~~s t m c c c  mu ’ e ~ a s c i y

‘ ‘ - ‘ c ’ ” - ’i ~~~~~d by c~ - ‘ “ ‘ r - .u n u c  i ,‘r~,i ‘ ‘ . - , ,~ v ,i.” i ~ r,c ’ m ’ s - .,~
- ,, ,

-1

.~ - ,,_ ,hT ‘ 
~-‘ -. ;E ,~. ~ ‘,— . n ’I ~~~~~~

--- - .  
-  
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VERIFIAB ILITY CH. 6

‘
~I ~cSfl fl

p r i va t e  b : boo lean
b .- f a l ’ i v
f ( x ;  v 1 ) (c:  h (a ~ v 2 ) ;  Li .- I
i f  b then I ’ av e  lab

end

(Purists may wish to extend tire set y with b and place the n ssi qmu nnent of tn nc .- t o  b
inside tine body of procedure in.) It should be obvuous that  this t m a r u s f t m r n ’ u c m t u o r r
preserves the intended operat iomial heluavior desc ru l ’o’d in s ec t  err “ 1.9. I m i n i ’  I’d , t I n e

re sult of thus t ransformat ion mi ght be vi ,’v ,’ c d  i t s  tir e def in i t ion of the nota t ion  in ( ‘

By nreans of thes e tra iue fo imn ua l u - mrm’ -.. we rh’i ’cl emil y writ e a i ’mn - ’ l nu i c - . i c r

statements of tire form 
~ 

1 ~ Tin s co m nsidc ’ maiu l y simp l i f ies t ine I t c ‘k of rim ‘‘ , c : r r b i n i m i  t~ m nt

for nnah se niam rt ics of hanudlc ’ rs, h u n t  i t  ‘ d i ’ ,i’i’-, (j u ’ ’ ’-, t m m u i l s  about f lue i u r a m ’ t i u .: nV ’ y of ( l it ’
approac h. V’~e defer  con sider a t i o mn of SLJ ( .~m m l u i c ’ ’ ; t r i rm ’ :  um m u t i l  s r -’ c . t i , u n u  ( ‘ 6

6.5.2 Proof Rule

R e f e r  to figure 6,4. l q n ro n um n cj tir e l i ., i ’ ’ r i un s f o r  t i m e  r ’ m i ’ m i m ’ ’ u n t  - v.- , nc . m u ’ ann
ins tance of t ine  p rocedure  cal l  rule. I ru e is nmic ’ r c’ly 11w pru ’ ’ f rule for  f l - t m  f u u r c . t m ’ m n

invocation f ( a 1 ‘ ;e 1 ) .  We also see t i re r c ’ u l c i , r e n memn t t hat tine han r n l l , ’ r H i i i f ~i l  t H e

obligat ions imposed h’~ the s i q m n aii i u r q nnc i , u l ’ u l m ’  T i u r n s e  are ‘ - x a m  t l~ v~l~a m  w o  e x t u ’ ’ ’ - t  f l u

h a v e to  p r o v e , but w e m u s t  a c l u l i t m c m m m , u l l ~ ’ m m  m : ( n i i f l t  for  t i re  I nt e r a c t i o n  u I  H w i th  t i re

surroui r idinng con tex t ,

W C  d o  riot know a pri or.’ w tie r iu ‘.‘1iH hm ~ m m v i  ~ ed , our p n e d ~m . ,it c ’  - ,- m ’ m i ~n~t
Inc w r i t t e n  to  accoun t  f o r  ( hu n t  p o s c u t ’ i h t y  Wi ’  a m -  o r r r l r l c s h )  th is  liv r , ’ u ~ m m c r r n u q  In In

suppl y an inv ariant , h’ tha t  holds fo r t i u c ’  u n u , u i m i i ’ c u l , c t i c u r m s  it i c - n f a m~~. c~ i ~c u m  t he ir t u e

constructed using the kn owled ge of th n ci t u u u - ’,’- , m r u m u o t ,  However , as i ’ . ev ub n ’ t  f m n t r ’ m  t hin

proof rule , the in varia n t c cnvc ’ r s  o m u iy a ‘ ; u u t - ’. ’ ’t  of f lue  v a r m , c t ’ t u ’ s  t h a t  ii (‘ ii’ u ni , c . , ( u i n I c ’
( /1 3, mint a 2 ). l e n t  us u- x c i n r i iuc ’  t i m ’ ’  r~ u i u m ’ f u i  , m t i Lmnin ,  of t i m ’, f u - r m n i ’ u I : m t i , , r u  m m (  t i n , ’ ns v c,r ’ , : c t

A c ’ . i , r nu ng, of r r i , m r e uh am - i s , ’- - - I ’ -~~c’ ’. V . ,  I’ ” ‘‘ o -  ‘‘ ‘ ‘ s in cu ‘ ‘u r - )  ‘ ‘ I - a , , - ’ • ~n I’ ;- I’ m’

i r a r u ( . f cu rm at ,00 . in i çmh u of lhc cor ,v m’ r i t  ‘ ‘ u n  ‘,,,t m e  m l  U ~‘ s m u  ~~~~~~~~~~~~ ¶ c , r n  ,u’’- ’ ’ - u - n ’ o ~ nt’’
’ ’ . ’ in ’ ’ - ’  5 - ‘ ‘ ‘ 0
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P0st 
‘
~ 
!h (’

~ ?’ ~~~~~

P ( , i , ~~~, c’. ) i f (a €m 1 ) In :  h ~a-’ : c-’’-, J )  I I’) f - c , a , p , ~
,)

a ‘-‘ ai U a — ’ - i  e.1 .~
I r : ’ - n r ’ L c ’ n  s o f  ‘a ’ cm r i m !  - a - I’ u’ , ,‘-

~~~~ ~~ 
‘ p

= --

i .e .  cu~ f l ’u c ’  v. - u ’ ‘ T h i e s  t~~’m m  ‘ ‘ c ’ luu’  p0 1  r ‘ c  rnt . u i : ,’

Fi~~m m r e  (3 .4: i’ t i ’ . .’t PumiC f u r  ii hi .’i’ ’ .U, ’t

T ine proo f  rule , in c~ f f - in I . so ( ‘ c i  m l  I hi n~ m c m j ’ , I ‘~‘f n~. ,‘ , - u~re- , 4 • 1 o i l  I’ e
( ‘X c ’ C L l t i . c mn ( i f  Il I ) r c - s u ’ r - ~ t ’s  hr f~’’. ’ u i  l1I ’r I - u u u r U ’ i r ’ t ’ ’ s , 1h will ‘- i , ; iu m bd , ,- n ~ i,’,-

‘ 155mm - imp if ’; t r u t h  m u ’  i . r ,- mv ’ ’ ’ , n  ‘ : T h i s ,  i m m i c  u ! ,  m~ .S i t  u ,.’fl ( f ~~’ r f c c  i ’ nt
tm n s rm m j ru d ), however , if b

~. n c - ’pr ’-, to a~~ ’ v~~n ; U ’ i m  t ho m I n m c a ,  a l t e r  i c c - ,’i ~i , ‘ ‘ c , i - ’  ‘1

il l), liii’ then J~, i n i m U i ’ t  t u c ’  t r u e  m u i t m a l u ,  but lie u n c v , , i ’ - t m m t , ’d i ’~ I I u i  i~~~’ ~

Simi lar ly,  l
~ 

n i i ’ n rm t  f~u u i i l ‘ f t c - i  i’. b uj i s c, n n m m ’ i u  be d , hut i t  ni , , ’ n t  I ” - -  u r - . ’  I ~‘ - ~e ml . , U l,
S m i b i s I ’ c~ uC! ‘ d u :~ u m u n n 5  ru t f 1 1 ,~ ‘~~ r c ’ e t ’ m ’ - ’ m’ , r  ‘ t i r e  ‘~ ‘t - ,  S -

~~ .‘‘.. c c m i ’ - ’
im r v a l i rj a t p  mt ( s u u r o f ’  c m ,  ,cnd ,c , , m

~~’ m i c s p m u . - ’ I’ - , d, t , , c i r u i c n m u iAe ’  c. t u , .. h O 1 ’ t ’  ‘

n m ’ m . % r c c . t i c ’ n m s  On’ t i f l’  “ s c / u i ’ ,’ ” . 1 I I ,  m i u V , c n i a ’  ‘ i ,~ 
- i i ’  n c i m f c i ’ , c c .  h i ’ s  I ‘ ‘u

n ’rforur ; m m c m !  c ’ ’ ’ f  m u 1 t i m i d  mi will h r i ’ u~ m u , ’ i u t , ‘ n 4  i ‘ m t . i ’ iul ‘ m  ‘ i i  ~- ‘ t . -r i  r , , , , 
~~

- ‘ m i t ’
V ~m I n El bu l  ri iii t ‘ - u u i t , - u - - u - - l i i  ‘ u ‘ t u t u ’ ’ ’  i i  , c ’ ’ l , . ,  ‘, I , , , i c c  i n  I ‘ ,‘.- ‘ - c - . -

, c , , , j i l , i i u l c ’  , , t I ’ - m f u . u ‘~~ ‘ - i . ’ i s  c S c ’ , u I’n~~ ~~~~~~~~~~~~~ 
, ‘ I  ‘ u  , i i i  I’ , , , ‘ c t  I I

v i i  , i l u i u ’ r ,  inn il l t l1 u o u ; t , c m i m s  n i t - r u ’  I ’ d i ul 1 - - ’ ’ ’~~~ ~~‘ u ’ . . , l  ‘ ti cm , 
, . i~~’ i ‘ c - L

o - ~ , all i u ( ’ u - c ’ ’ . ’~ ,m ry  m m n f r m u n u i  c t u u m i r  c” m m i , i m n , c t , , - i c c  c . , i m i ’ i  l ’e ,  ., • ‘ i
~~ 

an t i  a , c i .  , i c-

no ( ;Ci uf l c r  t u u i ( 4  m m i i i ,  u ’ i m m t i m ’ c n  - pr

Nm w I ‘I c i ’, U ‘ , m m niu m u ‘ l 5 ~ . . , . - I - , , , ‘ , P~ ~~‘ ~~. i , , c u $ ‘  ‘ I , ‘

~t I ()~n(~ I’ mnniI( l lr hu m ui simm t ’ i~, m mii n ‘ - ~u ~
- ~i t  i mmmc ‘ - , i ‘ ‘ c i  - .1 1114 1 ‘ 5 

~~ 

- ‘ -..- ‘ ‘‘ ‘‘ - ‘ , ‘ I

t h at tire mmmi i  r ’ . ’ m% u or n  of I i - c ’  c ’ il m u m u i c a ( r .  l l sm•  ‘~~c .
~ 

c , n un, cur i t , ,  - , , ‘ ‘ . n ,t ,  - .
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V F R I F I A B I L I T Y  CH 6

m ’ n r ’  r ’ d m i u m. i u l u ’ ., ume ’ - . c c ’ i m . 8 5  u ’ ’ ’ , , ,  , m i m i c ? ~~~~~~ c m i  h u m -  m m nm j cu i i t c m m n ’ -. c - u  l , u u i ,e ,’d by I a n h  in ,
t I m ~ ’ t r u t h  of ( ‘ u ’ f l ~ f ’ s i - i ’  t~~’ u ’ ’ ’ d c t u o r r  and i i ’ S ‘ n - ;  c ’ u , i’ ’iI ( ‘ c ro l  I’ , u c i u t n a H ~~ ) m r i r i ’ . t  be st rong
enni I qI m to  pni ’~ m a r  p i i i ’  - t n m m t  I m ‘ - , , j  l u , ’  si - m c i  ,, ‘ , 1 I I i , ’ l I d ’ cf  m i I, - e, ‘ m i t iniuig more
than t int’ htnt i i uj j i ‘- , t , c ’~~ ,Ini ’ i u1  I m m i t  ii i n ’ , ’ ,  r~ , ~lmt ’ m-.i’ ’ m l u d  t a l c  ‘ ‘ u - - ’ i - . i ’ u m ’ ’ ’ t  i - - ti n by the
i - m q m r , a I I , ’ r  ari d i t s  i nv uc ri tiri t flu ’ ’ vt’r ~

t , - c t ,  i i  .t , 1 c u t  ( ; ‘ - n , n ’  c ’ , m r u ~’ u i v c ’ another
dp phi(’ Fi t t ( ’ m i ! 01 ilu u ’  , . , u  m c i - , ,p 1 p1 c - - j i p  ‘ I  ‘~~~~~~‘ I I - c -  ‘ I ,  ri I’ m ’ ,l W V ’ ‘uj i cu c ’  uc’ii i t t rj d  t h e

) ‘ , m r , t m n n p l , ’ n ’ , u n ’  i ’ ’ ’  m, ’ , i  ~~~ ‘ , p c i  u r ’ l c - r i ’ ’~~ ~~H’  ( m m m i i i  me

6 .6 An ,4 nc c ( ’ c ‘. t , ) m ’ I c f

I m c ’ , ( U ’ - i ;  ‘ - I I , ,i ~ St lO t  ‘ - 1 ’ - , ’ .’ cn1~ ‘ r,, ‘ I  m c ’  is  - c u l l ~‘ I ,1’ ~ ’ ,- ‘ m m I or ma l
u,’ m ’ r i h m m  - d am n f , ,  S i m c u l u i , ’ . . ‘~~~ ‘ - c  , ‘ , ‘ u , i i u m -~ n ic ’ ç ’ . , s  i ’ l l  

~~
- - u 1 , u c c , .d m m ,  c i ’ ,a i ’ (e r  4.

A I s c  ‘ u , ’ m ’ ,  c I cmii i t ’ , cmi h i c i ’  ~‘nt , c - ’  - 8 , ,  t u ’ i ’ ’ ’ .’, ‘ ‘ v ’  , . v. r’ I — , , -, “ ‘ m e - u ’  - c i t  en I lb ~ut ‘r i~c in

5 ’ ’ ; - - ‘ c c  c l au s  S , . ,‘ t m - c r, ‘ r u t - f , ’  ( c m , . ’ ‘ u i ’ V ‘ d i m , ’ p , , ~~ 
¶ p p  t , m ’ i m c ’  ‘ ‘I I i i ,’  m ( ’ s ij l t  IS

i i - ’ n i t m i u i m ’ , i  - u - , ~, t ‘~ j ’ m ’ r h , , ; ’ ’ . ‘ O . i t t i n ,  -~.‘ m c i ’ I , ’  i ntl - , - u , c i s  t n ’ ’ u ’ i i  “ c c ’  5~Jfl i(~(j tiw tiy c .
I t , ’ . , - ,  ha ’,’ c r ’ c u ’ ,i’ i e ’ n~ , i l i , ’  c -  i ’ , ’ ’

i ’  I ii’, ci ‘. , , c f  , c r i c e , ’ ’ ,  ; - ,  I c - ’ !‘ i , ’  i i t , - , c ’ ’.t mit i I , c r u t , ’ I,~’ m ’  intc v e i r i i no red
t i u c ’ l ’ ! m i c’ u ’ ,i , u m u S  m l  ‘,, - ,  ¶ i ( m m n /t -~ .

‘ t ) i - n 1  i u ’ F i - ’ l i i i ( ’ i ’ c  r n u , u v  I r av c ’  ; m ~~ u . ’c n ’ r t r ’ r s .  I t  sin o ul d be
(:k - c ? , I;l r ’ ’ t r u ’ ’ .i c ’ u  i t m - a t  u u c t r , u ( t u c u u u .i u u . , ’ m u c - t p r s c i i u $ I c ’ m s  t i re notat ion slightly b u t
i m i r ( a r s  on n - t ! n -  ,~ t c ’ c  t’, ; - ’ ’ r  ‘ ‘ u a l ly  ~~~, m m ’  ‘ c u d  i 4~ 

‘‘‘‘~ ran hue px t e m nd r ’d  to include
h ’.le m)t V . , r ,, , u , . ’ , ( I m , m u u u ~ c ’ c1  , e u - t  in’ 

~
‘u t c - d , a r’m d mi nt - c - i t  in se c t l i ) n n  6 ,4 Wi ’ t n ave  done

s~~ . I i i , ’ ’ , , ’  l i s t , ,  ~u , ’ - r , ’ ‘ . u m u ’ ; u c c - s s , ’ , n in ‘ u ’ u t i o r i  1’ f’u i i u ’ u  dd l i ’ ; ’ ,  t Inny nlrsci .j re tI re
m a u s u g i m j l c u l m n m i s  nt f  t t ~ lo c al ‘ ‘ u n m t ’ ’ x t , w inich w e re  of ; ‘ r u mn r a ry  i n t m ’ n r ’ n , t in that discussion.

h i m ’ ~~nv,’r , m l  is e m ’ .,’ t in u t - u ;  m t  t i r e  l m ’ . t s  x u mn - in v in h(x:v)  as including the
i o n ,  , - i c ’ ’ç  ‘‘ Iu ,I’ ’, , ’ u l t i m m i m u c c u ’ ’  f io r in t in ,’  l u ; c u n ’ i i ’ ’ r  invocati on.

\f’,i m ’  ‘ - bnoui ld  r u u t c ’  t h a t , ,‘j l t i u i u ’ m m l u  f l i t ,  m ’ l u u ~u t u u i i t y rule of se c t i o n  4.6 is i’u~~r ln~il)S tine
n uo ct  c n nn ; ’ i im ’. a t e r j  i ’ a r t  of i h u , ” r u i - u , ’ r ,’l t m O m ) , i l r iu’f i ni i t ion of then except ion  mechar nism , it
d ’ ”’s  m u u m t  (unt il t u m )  ap~ ’ i - d r  m ’ i s p l a  t hy in t i c ’ ’  proof rules of thu s c h ic l I r t e r ,  T lnis is an
acI~ ’ .i nhiim~ m ’ r a t hu , ’ r  t ina mi  a de f i c i en i r cy .  Tine f i r s t  t r a ns f o mmat i o n  rule ( see  sect i c u n

6 .5 .  1)  p er  m n umt s a ver i f i c a t ion  s y s t e m  to  ‘ n c ’duce the sm cu t u p ’’ of hannd lers to a single
ope ra tm i )nn , and in n so dom nng it depen nds innp luc it ly upon th e el igibi l i ty rule. Th at is , tine
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s c ’ m n u a m r t l c s  of t i ne e l i q t i i b i i u t ’~ mi m IC ’ i i ’ ’ ’  c ’ m u t ’ u ’ m l u , ’ m t  Ui ‘ t u u ’  pu nm:c ’nlri re ‘,i’ ,i’ r t by the

y e ,  t i m  ,n t i m c n i  co nnd it io rn u’ , u u ’ r a t n ’ r to ; ‘ i u i i l ’ i c : c ’  t h a i ’  5 ’ ’ 8  ~‘ 1 e x p r c ’ s ’ . u o nus  ~ t 1 1 c c ’  f ’ u c s m

v 1 Ic : ii (uj ; v- -

t ha t  a re  to be v c ’ r i f i e d ,  ‘Thu s , in-i f a c t , o u r  i s I s  do rely c , i ’ n m n  t b ’  c ’ t u ~ l i i a~~i - t y ra P ’

im~ih ic i t I y, s m u r cm ’  t i re  a i - n r v e  s i m f  of ‘,‘ x p re ’ -u ’~u m c m n s  i ’  n i m ’ t c ’ i m n u u : ’ d in,~ th ,’mf rn,! ’

A p n t e n n t m a l i y se r i o u s o ( m j i - v t i n ’ n m  t oo t u : c u m ; ~u I I ,,’ l r ,vu ’ l ’ eci 1 o / i c -  v u - n m t ’ ’  a ’ ’ u . ’ m u

c a r ’ i ’ r , ’ ,i c in  u s i m p r a u t i c o l i t y .  I n c  nu , i nr ~ ‘~~ ‘s  m t : m -  t m n ’ m ’ ,f ; - r m , c i i s u m n ’ , c u c c i, tiom i 6 ti

u l u ’ .t n i h u t e  l l m c ;  s c m m n ’ c ’  hi,im~d l er  1’ ’ t n , c u m u i i r l’ , rim c ’ j c ’ u u  l t m i m i s ; i r m 1 ’ . o t popl in’  p o u n r t ’ ~ W u~
r n u , c y n i a t n, c ra l i y  quest ion  t i r e  p n a c . t u c ’ c r l t m t i i t y  of ‘ - m m - f ,  a t c - u : h u m rn l i  p m u m  t i n ’ ’ - ’ ra ( 

~ln ~’

i ’ r , ’ ’ , c ’ n n t  iii ’.’ c t u . a r ~i u a l v e m m f m u . o t i - ’ u m t i ’  I m ’ r m m ’ r’qy, I n i -~v ev , ’ r , w e  ~~ii . c c i .i m 1 - ’- , t ’ J p  ui ~.u U

c a n . c ’ s  t ha t  the s e t  ‘ l u  of v , i n m , m l ’ u l c ’ ’-u in i t c ’ m c ’ d  i i ~ t h e  i . , ’ ’ ’  h r  e- i~ - - l y  I c  c c - ’

I di m t l r e n n m u a r e , f u r  control  point s at -,‘.- i ’ u u : i i  a 1 c mi i i a ,  a r c ’  u j m - e - u n ’ ((1 Io~~ 1 c i  i ’ s u t ~ .

Sm r  m , a m rm jbe r ’ ;  u rs soc : i ,c ! ’ ’ d  w i t h  a l a m c i ’ ’  i- ui ope),  no ‘‘ e~~fm a ’’ c’ ,- i m n k  is i n d i u m  c ’ n !  h-~ t i m ’ ’

pm c ’ s e n f l c e  uf t i m ’ ’  ii,- c r m c t l e n m , it s h i o u m l u l  i’ c ’  p m c ’ c ~~ib lc ’ , t l i p r m~f n r c ’ , to  p r c - u ’..u ’ u i ’ m  t a m n n  t ! u  , m ‘ - ‘ m i S

( l t ’ r ’ i r na s )  r u n u p , ’  , , u c , f  (pm i c .~ l y apply f i r - u rn t u u  th en ma jor i t y  of - n s ’ - s . l n n t t i ’ t v u ’ r ’,’ , IS’.’

hr ’ ’ , c u t ’ ’ r  t In ’ ‘ ccci ’ , ” of cm i, , m m u , 1 1 u ’r , f L ’  in’’;’; i t  i” ; m t ’ l c ’  f u ’  n n c m n - i r u m I a l e  v . n r n c i t - ’ i’s ;m ii i

u inup ~ i u : i t y  at  m m m i  m a r t ’ m t r , a ’ y  m m u ’ : t a n t ,  I l i uus  t i u r ’ n a ’  , i r e f e w “hard” t l u i ’ - ; r c  mnu s  t o  I.e t’n m ’ ,’r’d

ar id  ex t c ’ n m’ -’ e use u c t  lu ’ r n iu l r c’Ss cc uu e i i n nunat c ’  c on i tu n i ma l  ‘‘ r ’ ’ pm r i vm in q ’’ of t i r e  S/ i l / V  t ’ m m ,i ’a l

r~ n eS ,  We Ch ‘ t h a t  if t i re  c u u r c ’ u u t  v e m u t m n n u i t i nu n  t c ’ i s h n u m ’ f t niy d nn ’ ’~ flint I ‘ v P  t ! p’  ,‘d c i n t V

t o  , u v u ’ u m d  scm ch ;ui u ”c tn a ’ nccn al triv inl tt o’ s by n ! l 5 c o u , ’ p m m u i c ;  a rid n i I m i ; ~~u n m c !  ,-mnins , t I ’ ” u -  ~i , c ’

m n u u p r u i c t i c n c u m t y  li es in l m n ( ’ , , u ’ n u t - I u iy ‘.- ‘ , ‘ r ’  h u m s  ,mncl mint our s e r n , r m n f ’ ’ - s~i m ’ c m f m n a t u r ’ r rc .

An n , , d m m n , t m n r l  u l c ’ I m u i c ’ n n c y  of t i m , ,  ; i r i u u m f  n u n s  is their ~, m , ! u u n p  t~ - c a ç ’ t t m n e  c’ m t a ; r m

~~ n u i . f u n u c r i : a t’ u ’ n  ‘ , c - n n r , i u ; t u m : ’  of ‘ c - i c ’ c : t u o m i  ‘ m m i m m , m c ’ ’ , Sc ,ctmo ni (3 1 r m c u t e r i  f i n e  r , .cs o n for

ti ,’ - tu r n i’ ; - m ’ - . i m  ~~t i , ’ 1 - c u m i , I , . m n i  pf -, c ’ m i t , ’ m u u m l  p a r c c i ! e I  u r u i u i m ,mrnl s is a c l i f f i n i i it  em ’,’’ a n d

d i s t i m i p i  f n m u m m m  t i m e  ,‘~~ m ’ ’ ; u t c U n n  Innnd l inrq is s m i , ’ s  of t inis t ln c ’ ’ -c i s ,  We ‘ ; i isp ~~ r_ t , ‘ u u ’ ,u,- , ’ - j c ’ r

t l i c m l 00 c m ’ t I r e  i , rit ’ ie m n n is .s ’ ’ u I ’..’ c ’ u i. t i m , ’  rnn’ ’suniq f ( ’ n r n n l  s r ’ nu an r t ucs  for s c !, ’’ I ’ ’’ ‘ m m l i ’ ,  S

m m m c ’  c ’ i ’ c ’;y t i n  .S t i~~’ ; ’i y,  ‘ i n n’ ,’ t h i c ’ m r  i n l u ’ u i r c r m l t’c , ’ , u i n i u u t u ’ ’, a re  ( 10dm ’ m n r m r m m , c m t f ’ r  i m a m  ‘ c l i c ’ i

l d m m u . c ’ ’ i ’ , u r m ( i  V, k, d e ’ i ’ c ’ n u c l , t ! i i - e ’ f o r , ’ , cnn t l m c -m ‘- m e - n - u’ ’ , ’ of ol in ’, , m u d’ ~‘ ‘ n u ’ i, ’o t  m ’ ’  ;‘ - ic r-In

t u  i ’ nov id , ’  h i m , ’  t u u n t s  in e c : c ’ ’ ; ’ a i r y  t i m  (- i ’ u r u i ’ l ’ ’ t C  t ine  f u r m n a l  ( l p f i l n m t u u i i r  r ut  r m r u r  c ’ x c r ’ ’ t e u m n

r n m c - m : l r c i i i ’ ,mn . Inn this - c ’  r r ’ - c ’ , t h u - u i , iv,’ do not r r ’qa rd  t i n , ’  a l u ’, ’nce o f s- ,r m u  I nn ’ ’’ - t o r i

s c ’ u i m . c n u t i  c - s  l e a ’ - , ’  runu P- u ‘ i ; u ’ n t c ’ u i um iu t r q ,
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V’1/e believe , t l u c m r e f o n c r , t ha t  we hav e iP un i mo mi s t r a t ed 1 1 m m ’  l u ’ ’ ’ . ’ . u i u m ! u t y  of
co mn st r uc t m nn g ann excep tmon r a l  couid mtm o n i  ha nin lh inv i mn ’ m- r hur o ism t h a t  is , m r n c u ’ u r a l c l c ’  t o  m , ’ ’ i
nre clia nical veru f ic  a t m o m n. V~e consider this mmm e ci m annu s mn n to S c ’  ann m u  ‘or t a nil cont r ; a ’ ion
t o la nn q uaq e desig n bec a use it e n h a n c e s  the e x ! n r P S S i V e  power p 1 a l , c r u u m u u ’ d c m
vant bnout cc ) ninp ro mn m isi n i g ve r i f i a lm i im t y .
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Adequacy

“I u m m m - P m / y a t -n . ’im 1’ ’ M it ’ ’ . a, ‘ c t ’ , a f f i r m .  m n , s n . ” L ’c ’ r . a t ’ - ,

,‘ r u , n i u n t a i n , c o n f u - .ss , ~- ‘ ‘ ~~i a ’m , / m n c - r , - s n , , a ’ ; , , u i ; n n u , , ’ ,

‘ ‘ 1  ~~~~ ( /ra!  t /  ‘re a ’c ”  f i r  c ’ , . n ’ ’’!~ ’ f ’ ’ ’~

,cmi ~~h t , m / u ’ .s in a / I , - ‘ u i  na- /u and c ‘ r ~ of lp

c/ ~/ / ’ / u c ~i t c ’ .~ , ‘, c , ’ / ’ ’ ,
~ u u n t m , u ! u  ‘. , c u ’r, cm/ ’~u a(’’c . ,o’ - ‘

‘ c m  /1 a - u i ! L I ’ ’  ~ c u t / m u - , . ”

— , la rr c ’ ’ .s i l m r i r l m ’ .’r , T~,1c Vv’h, i p [1 u ’ , ’ r

ilui v iu m n i seen t lu”  m ; i s t n f i m  ,m ’ , ’ ’ m n  m i t  11 c r .’ e’~ c ’ c . ! ’ l m u ’ u . , ’  - .ann d c t r ’ c c i  m c n , ’ p ’ - ,, ’ n n u ’~. ui ~ on,

m n u c ’ t i u u u d c d u u u m - , , c I  and ~~~~~~~~~~~~~~~~~~~~~~ - ‘, ‘ ~w J ’ m r e ’ u n ’  t mca t m ’ ml’; ; r c ’.c, n ’ ..;i i

u i l m l u t m u  a b i l i t y ,  ~
-‘,‘

‘,‘ ivu i t  p 1 ,  
~‘ u ,  u - ’ i m n a ’ i ’ -  t i u , i t  1 1 m m ’  ii - ’ ’ ! , ,  : u ’ ’ ; u n  i m u . c r u m  i ’ m - c  j , u t u  s in n

ur , c t t m n , c l  w a y  ~.‘ ‘u,~~’i, i i  ‘ - x c c ” i i t u omi  I u u u ” d l u n u q  ‘ m O b - m u m ’ , t h c c t  ,i n ts ’ I ’ m  “ n , ’ u m ! - - . ’j cu r !d”  ~;‘,‘:~ t ’ n n ’ ’ ,

and tb mn t are um ot ~u cnrc ’ssfiml! , I u a m c n l l , ’ c i  0’.’ e x i ’ - , t u r i n i  in ! , ’ ’  m ; i n i su n c s -

I n n s ’ ’s  t i e r )  :~ - , tii i ~~‘~~ ‘ -  (.  - ‘ t i n ’ ’ )  i - ,u ‘ ‘ i i’  : i  lu n c h u m  ‘m u~ W c- r p 
~ ‘ ( ( ‘ ‘~~‘ ‘ u i  u ‘ , ~( luS

, m ,x . c n i p les of “ r ’ ’ ; u l - \ ’ ,- o r I d ”  si t ’ , , a l u u i u i ,c ¶ 5a1 t in , ’ u m u ’ - p i n n m u m ’ ~~n ‘ - m I c ’ , c u : i he ahdr  t o so!v , ’ in ;

t h u s  ‘- u r ’ r ’ t ,o n  W V ’  ,‘ x a n u u l n n , ’  r ’ a c ’ i m  of t ine ’ - ’ ’  p rnhi ’nns in turn , as w e l l  a s ‘ ; m ’umi ) e o t t u c u m s  tii~~’.

u l i c i ’ - c t n ; m t e  ‘;m ’ c ’ m : i f m u n  f , ’ ; m t u m r p ’ , of t iu c’ m m m c n .l u cin i s m. Fine p u u ’ ’ .€ ’ n m t a t u o m i  f u ’ r  r’ ;ur ’ h m ’

mu um u i  Ui - a p r os e  d u ’ ’~ ’ r m~ ‘ I on  ~ f ~1’ ’ ’  pmsi  c Oc ci , 0 c m uI ’  ui p nltit P uo c i ’ - u r n  cm 1 m u ’  c - ~ c c  - m on

l i , m n u n i l i c u c i  mnm , c m - , im iu s rn , , mnn n i a c o m rum n ’ -:Ita r c l i m i t  u l m s c i i ’ ,’.c ’ s  a m i u u ’, o f iii,” in , n ’ ’

- c  ‘ p Pm I ~, m c f  m i i i ,  ‘~ n I u i t u m u u i ,

h i m , ’  p n m u l u l ’ ’ u r m s  c- i ’, i ’ ’ ’ - ’ ci i m u ’ m ~ ’ ,i r c ’ , iii ‘-, u ’ rnu c’ poe m’ ’ ’ , e l i u i h i t c- . m r m u ; - I c f i ’ : ; c t i ’ ’ r i ’.

i~~’ , c i i ’ ,c ’  u n u , U m - -/ m u n t ’ m n ’ ’ ’ - t i n i q  ‘‘  . - u - , ’ i u i m m r ; r l  c ’ o mm d c l , u u m s  hc i vc ’  f n r - u c ’ a c h n i n q  ‘ ‘ h one, ;‘,u ’ i i un i  ,c

e - , ‘ ‘ I c ’ u n n , v p  n o v ,  hi em r n l u i m q ’ ’ d  to  .,n c ’ ’ i ’ ’ ~~’ mu t I n , ’  c - x , m u r ’ i ’ lcns iii on r ! c ’ r  to , ‘ r r u n - I i ,, - ,‘ t ip

r’ c ’ m r t r a l  ‘ ‘ c l i p s  t i i ’ ’ - ~’ u m u i m i r u ’ ’ ; ’ , . inn im p m ien’ , i i m c w c ’v n r , In as , c nn  p - u  nmp i~ ’ (
~ i u - ’ c ; v u u r c n l v )

l m c - u ’ m n n c ’ ’ . t r m p t ’ ’ u i  i u ” m . , u i  p t i m ’ ’  r ’ ’ ~~;’ ’  ‘O ur m ’ ’ - u  i n c u r u i ’~m is u u u u , i r ’ , m l ’in’ of I m , u ’ ’ ! I u u u ’ ~ ~c “ ‘ - m c ’

( ; ( ‘ u u / i ‘ In :~ c c c - c m .
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Ar mE ou,nA cy CH. 7

7.1 Example 1: Symbol Table

For our f i rst  exa mple we present  a st m igh t — P r rw , c  rd vmbol t able mod i e , wit  Ii
a f e w  mnn mn nor t w i s t s .  ‘T he symbol I abhr m mc u - s s e n n t i o l l y  a cord e r u t  - a dd rc ’  ‘~s ed
a s s o c i a t io n  s t r u c tu r e  of bounded sm ~’e. wi t i r  f u m n n c t u c m n r s  t h a t  arid ci K no me ,va luc > pair
am i d re t r i e ve  a previous ly e n r t e r r ’ d  i u u m m r , W e m , u ’ r u ’ - u c d e r  t i m u s  x ar n ,p ie i , u ’ c  ause it is

s c ’ l f — c o m n t a i n i e d  and i l l us t ra tes  Some i ’ c i ’~ic as p e c t s  of h i m ’ ’ n ’ x c ’ ! c t i O n l  I n~- mmi d h ini g
i i m t ’ c ’ iiu’mniisfl ’i .

7 .1.1 The Symbol Table Prob ’em

I te f t ’r t , u  f i q u me  7,1 . T i re ; - u ! ’ , ’ p m f r . n u t u o u m s  f cmr  mc f c umm ‘ ‘-u~~u ru h ,o l ~~t , ,t , l ~ ’ ’ ,u c ’ c ’ n ’ a r  it)

a s t y le close to tha t  used for A l p b m a m d ,  ri f a c t ,  our ymbol t a b ’ ! ’ ’  e x a m ple mc an
,“ n it p red  vers ion- i  of t ine on-i c in [London i ’ S] ,  w i t h  the b l o c k — s t m u c t u u u c ’ d  a s p e c t s
nt ’ nmoved a mr cJ t i r e  ex .r ’ p t i n ’u n r a l  (‘ c u r n c t , t n u u u n ’-u iid u h u ’ J .  f~r , ’ ’ f  I ’,, the ‘ ; i u a ’ c m ’ ica l  ‘ u s  clc ’ f i m ie  a
‘ s ym hoi-’ t uitj le ’ to be a c en t  of i a i r s  K s ,v) , w l u e m e  th i n Or~~t u’ !~ ’ u’r . u - i t s  of 1 him- ’ of t I ne
rua rs a re all d m s  t un c t .  Fur ther , thp sr i  r n b u r n a u m t y  of t i ne sot  is l im i ted  to at  most ‘ rn .
No te  t h a t both cor ic i it ion ari d i mumic t ion  s p e c if i c a t i o n s  are  Included , wi th  l i r e— and
i u ( c ” t — c , o m i d m t u o n s  ex p n rms s p d  on t i ne , n i u ’ - u t r a r - t  c ionnm ,’i i r n . W h i m  p r t ’ — ’ - u ’ u u r I u t i o n ~~ are
omi t te d, t Inny are assumed t o h e  id em t i cmmhi y ‘ t rue ’ , o,’i u--n po s t — c o n ’ l t ions  a m p o m i t t e d ,
tIn ny a r e  a s s u med to s t a t e  that  all p c c n i m m r ’ t c m r s  r m ’ u m u c m m n  m u n u . h a n m n c ’ d

By i n n t m ’ r p r c ’ t i n i q t i m c ’  i - i re— and p (uc t — c on c h i t mo n ns  in o pc ’ r a tm uunr i~ te rms , we c l ms cov e r
f u n d t ine ‘ boo k um p ’ funct ion I ’ ’ cun ’ e ’ c  it s  a r q i m m c ’ u n i s  t m n t ’ u m e ’ tnpd , but f r a y  t f l i S C  t i t he r

‘ c c l c s , ’ m n t ’  or ‘ p r ’ ’ ’~c ’ m n t ’ , ru t i re  f u u r : u m , ’ r  ( m c ’ ,,’ m m c m  ; ‘ , m m r  ‘,‘:ith t h u c ’  c l ps i r , ’d  f i r s t  c ’ l en m inn i t
m ’ -’ i ’ -, t s  inn f l i t - u  t a b l e .  In f l u e  la t t e r  c - use,  hi c ic ’.’ c ’ v - ,’ r , ‘ m mc ii a pa ir m’ i cc p c  e m e t , o mi t S t i ne
par  umun re t c j r  to ‘ i i m c ’ s e n m t ’  is t i n c ’  p a i r ’ s secon u cl el i ’ nunc - int. T hus ‘hookup ’ a lways  rouses a
m o u m r c i u t u u m n i  Coun t ,  a s t i m n c 1  t l m u ’ ;  ‘d’i’, ’ m f m c  c i t i ou i  W i th )  t l up more ust m ~~l f c m r r i n  of ‘ lookt ip ’ (a s  a
v a c i t i e — r c ’ t r u n n i n i q  tmm n c tO nun ) ,  W c ’  see 1 S t  what  would c m t I u c ’ r ; ’ ,- m e c ’  a ;’p ’ ,i r  ; is a p a r t  of
i u ’ u ’ k m i p ’s l u u ’ . t — c o m n n lit lon shu ’u ws tip i ns t e a d  as ‘ l u m r ’ s e n t ’ s i ’ n , ’ — c o n n d i t , m n .  This is
i m m t u u t m vp amid  c om nn f o mt m n nq .  Th in  su tu , i t i onn  fur ‘ u nu se r t ’ , howeve r ,  is ~. uuune w t u ~~t d i f fe re n t .
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SF. C ’ 7 1 E” : .A ’, 1r L E ~ 
‘, 5’ u ’ m . ’ i ’ . ’

~L A b S  r~

i i,’  mu ; c ; c u n u h ’ o l — t a b l e ( n :  ntes ur r ,~~: ~~~~~~~~~~~~~~~~~~~~~~~~~
i , c - 1 in~~ou- rn

i f  c a t !  im rc p

u Pr l u ir r ” S n “ 1;
i c~ + ‘ u~ ’ c -o ‘ — t cub = as soc c- . 1’ , v
u r iva l ’  m t

LI u n n t n  (a  sc’ s I n

cc- t 1 , t~ ’ cir isc uc , ( I n  , c- i
~~’ . ~‘ ~~ ~ 1’ v = 4 -~ .

fl - - p r - i ’ ,’ I - - t , c i -  It -  = I

I s ’  - I C’flS
Ioo L, um m - u ( c t : ’.pr u h , r:, I t , ’ mc ’ l s’ , ’ r ’ u  n T)

r a m  s, . , r

ccb ~~ ’r’u’ ,r  L i  ic i c’~ ;up 00± I ‘ . u n m c ’ .- n~~t

i’m ’ 5’ r ~ st  n . “~~~ ‘

I ’  r’ cc nt  Iv : “-‘ I  r ’ ’r ‘ n c - u p  ~~~~ c~~ h;r oa n i c , ms t

= 4 t s ’, ‘ ‘ . 5 — 5 ’ ” i- I. ,’

u fl ’d ’ r I ( S t  : ‘- “ut ‘ 1 - ’ I ‘mb I c” , t r : T , va I : “
- a

f t c !  I p-  , ‘ c S c ’ ’ S t  1- , ’ i l  c .j fi r d c i i i  a~~t
- = C -.,‘ - 1  i r m a  i t ‘,i I ~ t I mi A I t st a  I . - t r

c u r  c -cs -

p i n . !  ruu ” .r ma t = ‘ f  ]‘ u c i  “ t t . s = s t r
1 5,- n st c -’ st ’~~ i 1 i U I<E - tr , va l>I

o ’~~ t’ s t = s t ’ U l ’ - s!r ,v c r l > }

rc  f u l l  =

l i n i u m i p  7. 1 S~ ’ ’ u ’ i ’ r ’ I  Table S p e c ; i f i c a t u u m u i s

hl ’ ro t i r e  n e m n m , m !  p m e - - c m u i u h u t m n n , ‘,-‘,‘ h u u c h  u’ .’oiild ! ‘ mn- ’ v em nt  ‘ i n se r t ’  f r o m  Pu - drug iu v u k m ’ c l  u . ’. ’ b u i ’

t Sr- u symnnh oi—’~c luI ’ ’ is fu ll , is ru’ cc m ~~ed to pr ’nmmt unr u ’strict ed calls , Tine (trimm er i ’rc ”

c - c u u m u h t i o n u  for ‘ in’ .’ - r t ’  no w  I c ’ - ,  ‘ m u , ’ ’ ;  t i e -  ‘ n c ’ - c o m u u i u t i o n  fo r  ‘ fu l l ’  u n’ m c n l m ’ arl , s imq u’ - . h unnq

h I u , ~ t cm ‘, I ; m l c ’  t h a t  l’~ .c ’; F u m ’ v i i u m u s l Y  , c ’ - ’ ,m , m p d iuy a v n u m ~ ’ u ;,t i u u n u  u - u i m u u h i t u r u u i  r~ ’ u ii c ) o W  (3p

, u ’ . p i m u c ’ d  by m c m i  -~ 1 1 ( 1  t c ’ ’ ,t w , f h i i m i  t h i n  f u m u u m . t i o r m ,  We m c  o qn r iz c ’  t hu s  “ nue Ia i~ inn t I re

i m c m m n l m u c u i ” u lu ,  um n mnm ’ ,mns  m t  u ’ m ’ . ’ c r ’ u c t  r u / ~i ’ ,c u u i ~m u , , i / ~’ ( . c ’ n n c ’ p t he inav ui r w m t ln o u t  m ; a u ; n m t  mc urn

( u r i n a l  r u n n ’ ’ c ’ t n i e ’ ns  I n t r o ( I u m c i m i ( j  u ’ ~~m : c ’ p t i c u n i i I  ion um di t ionns t l n a t  r m ’ t l c ’ c : t  c m i  nnnv ’ ,c l i r l  s t a t e
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~
‘ ‘ .0 7

“ fl ’ 1 ’ ‘ c m i

c ’’ ‘

cr ,,” - m v , -  ~~~~ ‘ ( T , j , n ) ,

v ..m I mj c,.n : v ’c c t o ’  IS . I , n )

l a s t :  m n t c - - - r p r

m i t  I as t .~~:
r- el,~ 

( I ‘us t , oas es , ;‘a I ues )  = I’_ m ’ ,..r- m s E u  J , I ut - s t  ) > I I I I , a c t

m u ~ , r m - in  t
h oc I c c  [(i , n) rc- ( i i  , (1 , las t ),~ i j I i u - a m e s  m ) z r ’ .  - r n ”  j I )

nup I ‘- mu u’s a I m c  u - u

i ’ ’ l i t c I  I ’
’~~~~~~Ii~ =

f !n lC- .i j :u n- u r o (1 , I ac -- t ) cu’- ’ , ’ a t  c i ’ - - , -  ~~I j ) - ~- t r

I t  n c r  c ’ i i ” - ’~ I - r ’  p u’ ’ n i  ( ‘,‘ , u i j ’  h ; ~ I
c- ra i so , u i ’ c ’ ’ n  I

bc , ii,1 j r ,  ,~ ‘ I
p i c m  u nuc r nnl a ! = ~~u [ i , h . .m~~t J  “ - t  ( c ’ , ’ - - ’ - s 1 m ~~ = m - ’ u - 

‘
- v a l u r s t i ]  ~~~~~ ‘ r,

( I , I ,.r~ ‘ 
‘ I n’ c ( 1 . I ac

fl’j I ~ u m H  ! r i s t ’ ’-u ’” ~
‘ ‘n u [ l , u - ‘ ‘ 1

P m ; ’ ’ ;
+ ~

- - c j : ul’ ~ ~‘m ( ~ , I ,j c ‘i ~~~~~~~~ ‘ ‘- ‘ . ‘i ’ ’ i ’ - ’.. [ i I — s  I r

~ ~ .1 I j . . n  [ j ) .-v ,’m I
e l s ” - f  I rnmc ’ , ’r

I ’ ’ - ’ ’  I , ’,’ — t ~~ I. ’-, ’ c 1~ c u . - ’r’ c~’--u ] i . u s ’ ) . s t c ;  ‘,- :m l c p _ ’ s [ , ,,, s t J .

r~~~m~~’- f u l l

end

f m ’ ~~m u c ’ ,‘ ~~
‘ P ~‘ c r u i , i b  m d l , ’ l u u m l u l c . i u i c . u u t , c m , c i u u

at  fm i nc t i on r  m n r v o c c c t u o n r  n u u u n ’ n u c m l l y  s l m u f t s  (~ i n u t  m i t )  t in t ’ t o n i u ’ t u u u n i ’ s ‘ i c c ’ — ,  i ’ m - I t - -n m u  $ ! ‘ u ’

( n x c , , ’ i u t i o n m ’s ~ur ~u — i . , u u u u l i t m i , u n ,

~~~~~~~ r m u i t O  t h a t  tni~- ,u ‘ m u -  t — u ; i u n i ( i m t u u , m  m ’ ; ,m~’m~’ ’ -  ~m r f i ’ m  f u m i ’  t i ’ n n  ‘ i m u ’ , u ’ r f ’  I n m ’ , u m , , t , m t i i m n n

n n i c ’ ncnly m , c ’ l c a r n t r ’ s  f l i t ’  t o r t  of t O e  l’’’’~t - r u  r t m o m n  f l u , c t  , l ’ i ’ ! i c ’ s  u u n t h i m ’  ‘‘ n ’ -  mm m i i ’ ’  ‘ - i ’ m ’

1 1~~
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I s > A r a F’L F , I -  F’ ,’ t .lh- ’ t .  A~~ , ~.

I rum t l n m ’  pa r ts  that apply when n’x mu ’ p t  ions have b c ’ m ’ m n  ra is ed .  The ac tua h 1)051—

co u md u t ion is a di e J un e flon of I I n c ’ s  e t er flm S , i -

r a  u sect I (a I I I A P05  t num ’ “n~I I I v u s c - r i  ( i ui I I ,‘ psc t - i I

w i r e r t ’  ‘ m m u i s ccm d is ,c p r c ’ d u c  a te  f ina l  ‘-u t r u e  m ’ an rd onl y if i t s  an u lu un t ’ m i t  cm ~r t , .

r c i u ’ , c ’d by t f u i ’  f c i r r c tmon  ‘ m n i s c ’ m u ’  lc
~ 

m~i ’ r ’ , c r c m t m n r q  t ine t , ’ r u n u n —  Urus ~c’ ,my ~.‘ p ’ - u ’ ’ ’ ’  i ne rt ’

eas i l y wt in i t  id i  t i m — i nc occur ur- ider v a r i o u s  m ’ x u ’ c ’ p t m o n c m l  eases  wi t h out I i mi v m n m i  ‘ ‘u ic-. ,, ‘ i u ’

t i u n i ’ u i i r h  l u u u m q ,  ( i u S J t m n r c t u v l ’  ~i i c , f i c , u i c ’ m ;

Now re t - u r  t ’ u  f m m i - m m t ’  / , ,5 , l i m e  r u s c ,  ,I’ i u c c f at tin, ’ A!1 h ard I’ n u m m t ’ c - n u ’ t O t um ‘ ‘ i c ’

r m ’ p r c ’ e c ’ m n t , m t m o n  m n t l - .u u - m u ~~tio u au- id c nn ,  u rn ;” i n t a f i oni ,,t I l n~ ‘;‘~nm ;I u o I t u m b l e  f - ri’ c c ” ’- I r ’ ’

o in1 ’ ,- , u m t c ’ r u ’ s t i ” u l  u u ’ - i ’ t c . t s  of r I - ~~”. ’ -  l u c i r t s  ce o t i m e  m is t ’  -ci i h ut’ ra n ’ s ’ c . t a t , - r ! ’ m  u i  - i n  I t ’ - ’

m m m i i’ ’ ’ ’  dnscru i’ i  h ’ ’1 h u e  i . d + , ; , n ’c i t m~
m , r i  t m i ~~ i r m ’ ( .1 a c id  t t u c  ,Ic ~~u ,hu ’ d  u i r t t I ’ : t  a ’ , ’ u - r i , ’ n

fo r  t i ne  h - m n ! - , c u t  f~ s c c  I - , d u  ‘ m ’ r s e ’ t ’  Uuc ’  Icc -_ r i  o r t i ( , f l s  r u t  t i  , i S s c ’ r t i o r )  ~ ‘ ‘ m m  ‘. p’ ’e”  rn

the  ohvioui’ . way t rc I’ ’ ’  p c c r t ’ ;  ccf f l u . ’ ; ‘o’~t — m  r ’ u u c l , l i ( uui  rn the ~~~~~~~ ‘ u c c u  I ‘~~s’( i ’ i~ .r, ’ iOfl

T in e  m o - I t ’  f ’ a u m u ’ ’  - i ’ ’ ‘I f i n n s , , ’  3 m I ’ m u ’ - t r ~c t ~~ i r u ss u i le  I s i u r -  of ‘ ‘ k  i u ~ 
‘ c c - u

‘ u n i c , ’r t ’ . l i u u ’ v  , m n i h m , ’ r u ’  r u n ! , ’ I c - - - - ’- ’ ’ hy I~ dc c ’  ~- ‘ ; ‘ u ’ c i n i h  s ,’nI ci , s~’u ’ c u fucriuI ~’ , the n- . c ’ ~ ’ , i m e(~ m

v , , t h m u m  ‘ : l , m , c r c ’  t ’ m ’ ac’ ’ ~. c 5 , , c  - r u m , , , , ’  u - f  f l u , ’  Usu c c i l  h m n u m u i m u i r i  s e r r u a n i t m u  S c i nc h  us it ’d  on~~’

I’’ sn ’~’ a r a t ’ ’  l int’  c m u u n c p ’~n ut ;m n t p a r t s  r u t  cm haurc l le r . T ine invocat ion of ‘ ku0ki ;~ u ’ ‘ e t c - c v to

t h in ’  vo n’ , m ’ -,s m ’ u i a t c ’ ’,t w i t ! u  c , if a r m y . or z i nc  if ‘ s ’ does ‘at  a i ’ t ’ ’ - c u r  rn ‘I’ . T in t ’

u n i , j u ’ c : u d t u r ) r n  ‘ f  ‘ in se rt’ n ~m ’ ’ ’C i5  t o  ‘ ‘ m i t e r  t I c’ i - a m  <n W>  r i te t
c
, n p u t  c - c -m i !  nave l i ’c .’

b lock ,~ i - e i ! c ’ c m  ‘ I ’  if tire t , m t u ! c ’  is fu l l ,

1 l ’ i
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‘h

uc i i , u u’ c ’ r i 1 : s. u~~rt ci h . t a h t e i c ~~’ , s t r u c  ; , r u - f ’  ‘ ‘- ‘

urn I c’ue r , s : S I r I n’~ , ‘~ • on I n I c- :;~
,r ’

L u e c j j n

< se t  ‘ s ’
l occrkup lt , s) E i u u c ’s ’e nt (x )  : v• x I t ’ u ’ c ’ u u t :  - . ‘

c use ‘ v ’ >

< se t  ‘r ’ and ‘a ’ >

i n s e r t  I t ,r’ , ~-~) [ f i l l : I

Fiqure 7. d -. .‘—‘ cm u nipIe l is t ’  - I c ‘‘~ 
- -~ I I m t m l ( ’  I urns

7.1 .2 A ssessment

T ini~ um X aum n P Ie c i e n n n on s t r a t u ’ s  t ’ n c ’  mu ’ ’ ’ - ’ 1-’ - ci ~ 5 ’ - ’ ’  (if (‘ ‘ 
- c ’ p t m i r i i i i , : f lm i ( i im u5 ’ . ’ciL

— in  spec .i fy  unu su al r e t u i r n n s  f r om  a t u n c u e m m u , “ I  ‘ n u m u ) ’  vim’ h ,cso  a I I , ’ r ’ ’ ui  1’ ’’’ m ’ l ’ u ,,- ’ c m

s i - in ’ c —. iu icat io u”u s l i c t hn t ly  t i n r o u m u n f u  t m , ’ m r r t n c m m i u n  m u i r  c~~i i , , , cc m n i i ’ i n u ’ r r  c t  ‘ ‘ c ’ m i t ’ , h u e  ‘- m ’ i m , t i u ’ m n

r t ’ m m n a , n s , ur n m ’ s s t ’ u u c c ’ , a f i u ’ u i u  n — c  , . u ’ r c . m r , ,’ “ ‘ - I  - t  -u ’  ,‘ c . , t c - s  cm 1 u s t  r , , m c  m ’ c S  cur  ‘ - ‘ ‘ ‘ un

1.1 , Imamnm c ’ i y, t in a t c~,Iu ,it c c u u u n c t , t c m t , ’ ’c our ~~~~~~, ‘ ‘ ;  u r n  , m ’ c  ( - . u ’ , u . m id) n ’~ c c l c ’ t ’ ’ u u m r ’ m c ’ u l by t l i c u

t I ’ - ; n ’ r of ai r r i hs t r a u  I m m m c i , mint i t’ ; i u n u 1 n l c n ’ i c ’ r u u , r

I n nic,n,t m c f  t l c ’  r t ’ m u m m c u u u u u u u l  c ’  ‘ , i u u ’ j c ! , ’ c -. ‘ ‘ ~‘ li , 
~ l’+ ’ \~ ‘ i f I n  c m  l i m O  I ’ m - -,’ - , A - ,  -

f m ’ n  run . ~~ lnu ,’ i i  Ii, i. c , m n ’ t ’ c ta im i  ‘ ‘ u ’ - ’  , ‘~~c u c I ’ ,’ vc r -m , I ’ m  ,‘ u , u  i ’ m m n ’ ’ L u s c ’ c , a m i d  c ’d ’ ç a ‘ m m m i ’ ’

m : c c m r u v c ’ u u t m ’ u m , i m l  ‘ ‘~~‘ u t m c x  f i r m - u , , ’  u i , ’  m t  I I ’ ’ ’  i n m u  r ’  c ’ ’  i u i i m ’ t ’ ’ . ~“~
‘ ,‘ c i , ’  ‘- c m ’  f u n  ‘ u u ; ’ t i ( l i , t  1 n c ~

PY ( : ( ’ p t n t u i i  h u . m m m u h l u c r q  n s l ’ d ’ i n ( s  c f  t i c ’  ‘ - u . i O n ’  I (3 m ‘ I . ’ .- mI ’ ’ i v m c  n i ~~s n - u u I c i~ m m u m f , em m - c m

Is , u f  [ u h i m h m , i u r i  t h n , m t  c m ’ ’ m u s t  c ‘ . - , m m i i i ’  ‘ ‘ -  ‘ • -- I i i i i  u c c ’ I l um i u i

I ‘( -
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7.2 Example 2: Inconsistent Data Structures

S n mct uom i  3 .3 , 1  s t m q c j e s t e d  11mm - i t the nm - u m . m ’ i u t ’ . : i u c  n , n c , i m c i r n i’;mn ‘ - u c u - i , , mm d ir,- nn ’’i:o c ’ r r  rç

f l r m - - , m n i i i  ( m c c i i i memory f a i m u rt  We can n j e n n o r ; i l m ,’ii m I ne no tms n t o  1 -  ‘ c c up u-i l  t ,i t i u € ’u ’ , ,.ri~ c
w h m u c l n  air u l i c o u m s ic c i e n cy  anna’s ui II,,: i n t c ’ n n u , m l  d a t u m  c t m u c t i , r c ’  ‘f  j m n i n m ’ J t , ’’,’ ,‘ ‘ u . n  ~u m c ’
c o n c c l i t u ’un cannot he rc’ p cm u mn ’ d by uui ~n , ’rp~fl r c - , I c m u i , t , c c u i ; ~ C, ’ m t a m u u i’,’ a pa u i ’~~ n c - r u m  -

t l nu s  c i c m s a m f u c a t i o u i 1 , s u u m u : , u  I t m e  hi! i’ ,i t t c - u m m  mm a ru t ,  cu ’ . - r y  (‘ m c c l  IS i ’ ’ - . , ’ u u u u - - , t - , ~ i ’ m ’ , , ’ -
Sm , ’. t i ne  c : c m u c ’ u c t  i c ’ ,t t nd ,- urj  r n , ~~Ipr !n  is u , r , k m , c c wn :  P’, t ime r f l c ”un,or ’1 ,‘ .‘ t ’ ,’i’r .  ‘,‘

~~
‘ - w iP c ii

t m p c cm n the ‘ - y’niboh I able e xan’tu - ic ’ ciI’~’cv 5’ to IhIu~~t r u t o  this rnla s s of - ‘ m c  ‘)r -
~ -

7 .2.1 The Inconsistent String Prob~orn

We ‘ ; ; m p p c ’ ’ - c ’  I m u af . as r un 1 - i ’ - pr’ ’ ’ . / u m ‘ u ~ nx c m n n ’ ; c i p . iNC hc .j ~~ a ‘,~ ‘‘n; I - c - -’, I 1 , 1 - I c  t ’ .a~
m d ’ , s ( n c u a t e s  s t r u m ’  ‘ i ’~ c m i i ’  I m u n t m ’ ; i m m m ’ ,. P ti lu l ’ o sc ’ , Is - - t h a t  cv hi ’ i - , ’ ,. ‘ t i c c ’ ., r n ’ i c i i t  of ,i

s l r m n q  u~ r t ’ t r i c ’ v c ’ d , but  ‘ s t m i u m p ’ unc- ichibe u - l u u - u u - - k c -c  ‘I~ m u ’ p r n ’ s c ’ u u ! i t m .c ’- i  f u m u  s i t - - n - n y .  1
‘ . t r a i q  us mnv -m j u c h  ( p u p  m l ’ - ‘ - ‘ i ’ d’ I - m ; ci us c - u . ’ c  cml i v , ’ ) ,  Ins-  s t n u u c c n  n c , c u ’ m u i i r  c ’ s - -s  c’
con d it i o n ‘ b u ci , i-s t runt i ’ , ~c-,’ !cuc ! m us t r , i t ’ i u . m I I v  f i~~k icc i u l  b , tine ‘-c’,’ u m - t ’oI lai- u ’’ c u m - ’ nd t i be Vc- w i I
alter tIre t’reviot; ’c v’’rsjon of t i c s  m m - m i l e  1 mm m a in nt cm in  a d cc m pl ic .a t e  u, c ’ c f ,  n , ‘ c t ’ ,c i r n ,~~s ’ , c f

t I n e  I lOnneS inn t i re  t u l i P’  We c - a l l  t l c c ’ n  umoc i  i u , , u m c t i n ’ r S  f - u ;  i~ c - r f r u  t ’ it’ m r ’  c c c
m c ’ ,  u u v c ’ r y .  f l i ’ f c ’~ to f i q t u c , m  c

T he s t n m m n q  min odi m le c c c ’ f n m u , ’ s  a t c i ;u c c t i on  tb~~1 c (d im ’ s  s t n u ’ u ,~ —, ( ‘ ‘ .— ‘‘ m u - r i  a ‘ n i t’ - i i  n
thci t trm ’- ;ts two str m u mus fo r c ’ q u i u i u f  v ( ; i h i c ’ r  f t ,n c t n ; i m ; -. m ,t liii’ nm”icl,i!p , w f m e  ii w ’ u u ’ n rt

unn , mn u ç ’ ui h , u t c - ~Imp c m r c t i i c i h  c- nu n t ’ ’mr fs ~if e t r i u u m ~ ’-u a n u - ’  r u u u f  c-, c ’ ; ,”m r i f  II, - d : d r m n n l i . m r c -  u l i o n ;  t he rm
“

~~~~
“ d c - 1 c ’r ,t s  i~~ i mi c .ocis i ’~t i-ni c y, ut r cmcsor ~ ‘ I m c c d - , S t m m m - n i ’ e r r  t i m e  m u u c ~~u n- -.is t , ’ c n t ( i c i c ’ O . n  “

no s t r m n rj .  Siui .e ‘h a c i — s t c u m ; q ’ is s t r u c t u r a l , it usues to t I ne  us e ~if tifl, pn r tu - - r.iIc ~r
s trmr i q (in tin ’; raise, f lu , ’  “y rnt ’cu l l iS P ’  niod tm lr ,n I f , umpo rl re turn  f mr ’ m  t I m ’ ’  1 ’ a m u u l l . - r , t ine

m r n u u u w V - m I m i , “ c ” ( ( “ u h u u n i m e ’ ; ; m ’ t I n u ’ r v , - -- - - , ’ , the ‘ ; l n , r c c j  ir, ‘ , ‘ m u ’ j t u c m l i ,pm i an I f t c ’
e i i m u ’ u m t m u u n  ‘ r c ’ ’.i~ t - .s t m i n q ’ us r m m c ’ , m ’ r l .  ‘

~~~~
‘ i ’ n ’ m ! u m r u n u s i , I c ’ c m t i c , m I  a ’ t i m m u i ~ fun ‘ i ( ; i i  cu f ,t~;

,~r n u m un e n n Is.

i c ,  c ,,. ,y I n , , ,  ~ of e’’or - ‘ ‘ ‘ ‘ c - ’  - ‘ - m j i - ‘ “ - - c ’ , ‘ - u u ’ ’ t ’  t i c - - - - ”  m ’ - ,nr c - u ’ ,’ c - c - - ’ c - n i ’ s  c - i , c - n  u , u  .~~~ a i m ’ - , ’ m  ‘ ,‘~~
,c

c m - n  i -i’ d mr - ‘ ‘ u - c- ’- ’ c - l i ,,

1; ’  1

- — —c’~~~ r:, c5c ~~~c;c :-
~~~~~~~~~~~~ 
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n c t cc ‘ - ‘ - ‘‘
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r ’u”l ’ 
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V E T  ~‘.2 F,xAr.li’LF. 2 Nc 1m~~~! :-d f l i T  n - 4 T ~ V ~ u c’ ’1 n n — f ’

N’~~,’ cs mm nsm de r tine a l te red  vems inn of ‘ l i’ ,~~ m m p ’ t h u t a p r ’ ’ c i r s in h c i - c c  ~
(We have used a less t e r s e  s y n t a x  to sinew t ine ‘roper  p ic m cc ’ mnun ’ u - i t  of i m , n c j ’ ’  rn ; . )

Note e’ ,c ic ~m cmmm Ib y t he ‘ f i x ta h lc ’ ’ r o u j t m u ne ,  which mcu mc ’ ’c - e s  t he  c lobHer u~d cc unt r ’y f r . m t m ’

tabl e arid n o t i f i e s  tine use rs  of thin ’  synm uhol  t ab le  t hat  an c ’ n t v  l u c u s been Ic r - u t  To

, m m , c c , m i cnn n nucc i , r te  liii’ , m imb u h u t i o na l  conidut on , t ire pe t— co ndi t ion of ‘ l n -d, ’,ip cu omil’.I m a - J . - t r .

Li, ,  C X I  , ‘ u u h c ’ u ’J We omm i lt t i le c l c c ’ t u ’ ! , ,  c u bn,e r m,’ m m u u j  emil y t I - a t  li e  m m m ’ ,’ n m r u c i n ’ ’; ~ s 1 . ‘ ‘y

mi pd ’ , ai r nun ( ‘ u n i t ’ s (. 1 ari d 7 2  ar ,’  s I m i l  v auu d  d c ’ ’ ,p . t i ’  t he uTrani pu i c it ions of ‘ f ; k t , c l - c ’ ’

c ‘ , u r u h ‘ c m  I os ¶ i n ’ ‘— u_i p’ I i C ~ 1 ‘ u _ i l ; . .i ’r t - ‘m m cl maa I
c i u i  r ‘ I rn  I c’~~ 

- , ‘ ~ - 
( = + , s

~m ’ c -t - u~m l c ,’st c - ’ c ’ r~~ c-n 9~
n , ! ; ’ t s , — , h ’ ’ ’ r ’.! Ofl ‘ 

r~~~m~~’ - ’ - r c ’ - , - m { - s ’ c i i 5 ’ , - * ’ i l ”

c c ’  I : ’ ;  ru - i  I~ , I c - i s  t )  c l - n

= ( n - s c - c s  [ 3 , ~
) [ n . m r ” s  I n ] ,  i I S I r ’  m n : n ( s t r l  st” ’ (iflci5P~ [ i J  I

u l m e n  c-a ” :o prn’- c - ’ n ’ ( v c i u u c r s l i )  re ’ - - r ’

f i
n e’ mu ~ [ i i  , r , , - ~ t c- i ng f ‘ I c-rib cc’ 1~ t , I ) —

~ 
r r * u rn  )

r - ’n m ’ - c .iu ‘ .inI

r m u  • i n ’ m . I t j  I e 1 t : ’ — ’ ,r ’ u t - I - - lab I c - -  i , ‘it ~~~‘ n c r

h i m - i
un .  r u ’ ’ -  ‘c-u I i l — n ,  m”’  S f  I c - , ” ‘ I

[ I )  c1 c ’ ,ri u r ’ c -~c [ i,i s i ]

Vu U ’ S  I m I * c a l  ~ ‘ ‘5  [ I  u~ I)

,~ * I— — I ac-c ’ I
r . i m ’ - ’~ s ’ ’ Ins ’ p ’ m ’ r

, ‘ c c i ’j

Iuq u m ’ir ‘
‘ ‘) :  l~ ’’ ‘ u n m c h u I c . m m n , u i t ( l t , of l  of ‘l uokup ’

1 , 1
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7.2.2 As~ p s s u i i cc ’ u , t

Inn t l u m ’ ;  nn c m m n u i ’ h m  ‘ - .‘~‘ ‘ ‘ ‘ c - ’  a mu - : m ’ t  ‘~ i I - - ‘ , ‘ ‘. ci I ’  n .* c . c  , i t  
~~~

, u c , , u n m n , n m i  m u ’  -
~~

p n , ‘c ~ r u t iii t h tr  ‘ p Un n ’;,- nun I nI c i  u-  - , - ‘ mm - - ‘ 
•, - c-

~ ‘; - - n m t i  r i c t  ~, - u 1’ c cm ’ ’ , m u ‘ m u , , ’ c li un - u

t ’ c ’ t v ,’ m ’ n nn s u c j m , , , l l c ’ r  au nt  I . , u m c ’ f l u ’ r  f ; - r  ‘ t a  - ‘ m c c i ’ , wa - l i  c l i c u s r r c ,l c ,S a ( m e n u s - u i  s t ,,.,’ ‘ , 1
t ’ r y  N’’ ’e Ili -i t  f t c ’  ‘ t • u l  ,.. - ‘

>
‘ m m c . t c u u u i ’ -u u i i c i ’ I ’c- ’ 0 ,  u i , u n  l i m e s ’ c u . c mm m 5 1 m m _ i  - ‘ ‘ ‘  m m c i i , ’ ;

n f the st  r m u ’  .1 n m n n u i n u l m ’ n d  is i ’S a - - ‘ u n - m i ‘ cm ; c m u m  5 t ’  u ‘ -  ‘ ,‘ 
~ - c I -- . - n  s ii ‘ mu ‘ ‘~~ im p ’ ,, t o

c ’ I u m ~m I u h c ’  line , m l l ~~r ~m I i ’  . u ~~ u ; ’ ’ ‘ ii ‘ . ‘ t’n n u f  n~ ’ ‘, i u ,c e  i i ’ m  ‘- m d i’ - ‘ - ‘ I  - t  r i ’  ~ I u .;’” ”;~ te r
‘ lemok up ’ r (’ic u s m u m m u i r ’ , - I~~ c - ’ t ’  t mn n n . n c t , c n ru ’ . ., ccc I_ i  i n .  i p ( l - m n c i ’ ’ ’  ‘ O c -. ( ’ , c- ’ ri 1 uai ’S 0 ’

t u t u ( c u l l ’ ’ . ,  n u u e i u u i s u s t , ’ ’ i t .

Th i ~ ol-i,s c ’ c r v , u u c m c - c ’ ,:d - ‘  ~~~ lu - m’j i-~ mum ‘ - ‘. .  u - t  u i  
~~ ‘~~~~~

‘ -
‘ - u c i , , t ‘..‘ ( u t  l i D

r , t r i c u c - r  m n m u u , i m u l ’ )  r i m ’ ~’ s ‘ n c .o ; - u u : u ; c ’ , ; u ’ ; n m r  - -  m . ,  c - n  - u  - - u i , ’~~ ’ I , b h t s;,;- ~~~’ d u c -.

ui u i ~ ’ i ( ’ u1 i f ’ u i i , i tmou n  c~~ S t ’ s u c i :’, m u u u i . c ; ’ _ , cc ‘‘ inn  ~~~ 
- n m  - ‘ c - - n  ‘ ‘ u  t m ’ - ’  I, ’ ’ ’  ‘ - V ,’ - ‘ ; ,  ‘ ‘

c f  p r u i d e n n t  to a v u m ;d  f i u c O  n m ;  l : t u m ; u n , m !  c m l , , , . - - c ’  ‘ I ’ ’ -  ‘ c - - n , .  ‘ - I  r’ .. ; . . ç  - a m ,

h’ ,‘cm I ii’’ -c - s a ,‘ - , ‘ i n  m l i i V i m  o ur a r , I - - ‘  r - - , I c m ,  - ‘ , ,‘ i ,  - ‘ i~ - - , c - 
ii -

m u ;  - ru b u ’  mat t n u , ‘~ 
mo m ‘ ml  u. ‘, u u i c i u  t -nm ’’ ; , a n i . u ‘ ‘ u ’  I ‘ ‘ ‘ ‘  n~n ’, . 1 , ’ I - 5,’ ‘ ‘ ‘  c -c c ; ni • - I, ‘5

s t u u i u n t u c r c ’ )  ‘ -‘, c H  u . i c t  c f u ’ ~’,’ ; ’  ii i, ’ ;. t ; c ’ ’ ; - 
c- - i p c u j ’ (’ “‘ m c i ,  ‘ - - i i i  -

o il h i ’ ’ u - c l u c c -  a m n n r c - u t m m l m .  I n , ~t ‘s c ’ - u s . u I  ‘ r , t u b ,’ ‘ ‘ c i ’  icr  I mn , m s c -  PI ad , ’ ’ ~ m l , , - ,  r u ’ -  u P-

would b c t t t c ’ n - u c - n  c - n m  - I -  m a ’’ ,—, t ’ ’~ mm cm - nr c- ‘, n~’~~’ - i ,‘ - c -or r u _ a t  mr ’ ’ ’ ,’.m ’ ,‘.;‘ ‘ ; n i i - - c ’ u ’ ’i u - I
c - i r b i t r m r~

. u ’ m n q t  I’ s~ r u i r c : a

7.3 Ex amp l e  3: ,l ’ it ,’ , c rm . ’ l c  ( ‘

T I n ; ,  c ’ ’ c ’ m  c ’ i ! i , i m i  ‘ ‘ u c m u - l ’ ’ n ’  ; - u i ’ .’ I ’  ‘ . - i  * u ’ -  - c c  I ‘ - ‘ ‘ u - c c  i ; l i ’ r i

t i m n In ,m i ’ m ;  ‘ - ‘Ui c m n t  r ‘ u  mr ~~, ’ u -~ , m  - I ,, i - 0’ c - ‘‘ c-V n - ‘ ‘ I  - i i n  - - ‘ ‘ S I  I ‘ . ‘ ‘ -  i ’ m ’

t i m i u u r r l u m n r c , t c I y .  t i ’ c ’  c c , ’ m m c , n - , u u i u  rmhc ’ nu  ; - ; r ’ t i - ’ nm i n n  ‘ . n ;‘,~ c~~ 1 c - t c n , u  mm c ml by d c ’  ‘ i ’ ’ t , m m ic m l
t i m -  r u ’c n ~~i ’ r y  , c s I n ’ m m u ’ ;  mm t I c -  ‘ ‘ ‘ i ;  - c  - ‘ ‘ t ’  - v . , , - ‘ m u  ,, t 

~~, . , . - 
- ‘ .~~~

‘

I c ’  c ’ f f c ’ i ,f ~~ t h a i  , c n u ’  f u c ’ n j ’ u ~ n I h ’  ( ( ‘ ‘ n i -  ,,, m c u d ’  n ‘ - ‘  ‘ c m , ’ c c ‘u- I , , , - ’  I ;  , ‘ , -  cm ’ ( I n ’

cc m m c c m o m u m n ’  , i t , i r m m  h i c c u P ,  ‘c - Vc ’  i. c ’ n - s n a ,  r .i n i - c - - c  0, ‘ ‘ , ‘ !  ‘ ‘ ‘ ‘ ‘ ‘ ‘i ‘ ‘  ‘ ‘ I ’  - ‘ , c ’ I r i ’ i t  ci

%/ , m n u c ’ t ~’ of i c  . u ’ ’ ’ - - ,  I i ’ ’  n ’  ( u u ’ c ’ r~ . u’ t m ’ u u n ’ , -,‘ n i , I , -  r ,  i, ,~ i n , ’  t i ’  , ‘ , i - m m ’ - . , ’ ~~‘ , ‘
~~ 

, - u u ’ u ’ , u ’ , c l

m i u t c - r n u m i h ‘ , t e i t c ’  T i m e  I l u - u , , ’  I - a I i , ‘ c  ‘ i i  I li - n  a t u , . i ’ ;  - ‘ ‘~~~~t u , - ‘ ‘ ‘ u - c ’  / ‘ ‘ , !
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SP IT 7.3 ~~~~~~~~ 3 A S S  t I M I . T IC  c >s’E p r i m ur ,r ;

7 .3.1 Floatin g -Point Underf low

We enuit t i n  cc ’ i rm it m le nn ie n i ta t ion of tIne f lo a t i n q— p o i nt  ar i thuuiet ic  form , r n r c - c - ’ ’  mcI no

o n l y  i t s  (j nncoinp l n t  n’ ) s i ’c ’c i f e  ru t ions in fiqure 7.b. The comp lete speu ul  cut c (  ci fur

t i ns c n c - ; , ( i i c l ( c -  wo uuid natura l l y mnin - h u , c i e  addi t ional  e x c e p t ions and fu n ct ions.  I ; m m c  ‘he

‘, i u n ’ c ’ u f i c ’ m m t ; ’ m u i s  c u i ven  w m l l  s u f f i c e  Ic ur th i s  ex ii nip lO, Let us b r ie f ly  i t ’ t u ’ r h m ’ d ’ I  t h u ”

speu i f u cam i t i omns  inn o pe r at t o n ia l  I u ’ m n n n s ,

I c ur  “‘ ~ 
p

I ‘ ‘ c - - .~~’ ni ‘ , m r ’ ‘ml
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m u ‘C i C ’ f l S
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‘ - n - - ’ ‘i’ ‘ ‘ c ’ ~
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d i t . t Lu I ’ 5 m ’ m c ’ r . .
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‘ a

d i m  1u , i :  t i ’ )  u ‘ - : ‘  C ‘T”
r ,~i cc ‘ -

m m ’ ” j c ’ - ’ r u I m . m ~ ~ n ’ r ’ l  — “u r i u v  r n 1 i ’ a  h r - u - n  . i~~~’ — , m ’ n u l  u a it

0 , m /  i I ‘ “ i ‘u  ‘ ( , c - , 
~ I’

‘ - r  c - I c  r u m ’  c - ”

~~~
‘ , c -- I c c c i  n’ t’u I cc - ‘-i/ i”

l u * ; 1 u , ’ i r i m — r f l r’ ,_, -‘ c~~v ,
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A P E O U A C Y  ‘-H ‘7

Two con s t a n t — v a l u e d  ) ; m n , , n t u i ’ u m ’ ; , ‘rn axfp ’ m m m d ‘ m mi ’ n p c u ” t i ’ ’ , ‘ i - f c u m i n  r ,  - ;~ i ’ ’ , t u v ’ I y

tine la r qu st  ;innd suun~~i lm ’ ’ - t  pos i t s ’’  c- -’ a l c m t  c-,, i I . ;u~ I I  Ic ‘ ((JOin con  u u n a n m n i ’ u n i , i t c .  T h e s e

se nu a u i t i cs  a r e  c l e a r l y q i v m ’n ’u i c y  I i. , ’ po’ ,t - r c n m c m i , I i ’  c , n , i l;~ fu n c t i o n s ,  ~~~ um ~~mn t b ’ s ,,

f u n c t i ons in bot h t in e s~ c - n ’ u _ c u f u ‘u t on S of m , ’ ’ c m ’ n  ( u r ic - I c - - c s  c c - f  t a n ’  ‘ l u _ c ’ f o r m  (e .g .  ‘ a cid’

and  ‘d i v ’) and no tI n ’ ni u ctni c ’ s i u - , , t  m u s u ’  Ii,,’ ‘ i ’ ’ m c I  ‘ I ra ,  i - o r  ( a c e I m o r e  ( .7)  In

Ib m’ ‘ aci d’ li m o t , , ~~~’ ’; 5 p,- , , f , m , n n i o n u s . ‘ m m c c x i i - ’ ‘ m u - I c - n  m r -  mu t I u i ’  ‘. h c ’ t r u n m t i o n n  0 1 t i m e

‘ over f low ’ eX ( ’ e p t c ( m u l , m~ l ic - ’ u _ c r i t , - -  - c i -  ! u m c u c  ‘, m r m ’ c c r ’ ;  un i a t ‘ o v c ’ m l k c c -’c-’ ‘-c r m c u ’ - . c ’ d 1 f l u , ’

( real)  sunn of liii’ ~m r c i n m n , m ’ u d c .  to  ‘ mmn l’, u m ’ ~~~u_P ’ (c < i”  ~~- m n un ,’ , I r ” n u ’ r ’ . t ’ ’i rau q ’ m ( c t m ’ f n n e n t  -y

‘m a x ti ’ ’ ), c-S im nu u ha r iy ,  the ho c - — n r ’ ’ ’ ,c : n t m m ’ u ’  mOli . i u , n . I m , c l , i ~~~~ ( t i m  du~~ mis ’ ’ f u u n c t - ’ ’ c ) s t i ’~nj ’ c

t inat  t h e  e x c e l u t i .mnu cs  u ai.s’ ’ -n ’ ml  l I n e  u n , c , c ; m  c m l  iS , - ; - ‘ - u ’ i t m c , ‘ ‘ ‘c-’ ~~m ’ i ’ i  hi,mt u~ tOO ~ iiu”’ i t r r

be rep resen ted , i cc mc i m- usu, f b n ., mn u . i c r r p u m r , ii’ ’ Ii - m l - ’ ‘0 ,1”

pm i ’ ,a t e x ,u, z :  F~

~ dd (x  , d) (over  c cmi  I -u_I v ‘ - “~~~~c- ‘ i

z~~d iv( x ,y) Ir .nm ~~Is r I o w ( ’ ~’ )  n ‘ s d :;n {
~~’ c- s c  n - I

c- ’ ’  c-’.  a m m . 1 n c ’ s ’ m r  ,, I - ’ c - c  -,, ,- ‘rr n , c  :- f p I

z .— c h i v ( x , y ) E ’ .m ’ i m i n f h c ’ c ( s ’ I

u q u l r e  / ‘
‘ , ft c ’  of I c c  m u ‘ I a ’

Now let us c ” ’m , u i u m ’ i ’ m ’ ’  t i n ’  i ’ r lu u r u r n ! u n j i n  - ‘ I ’ m  - - ‘ u  c . pt ’ o i mn ;  c - ’,- i t i ’  t b - t - . nr i , I ,  ‘ m c t r i a l

ra ise tine ’’’ . P u i l u  ‘ au- Id’ n i c c r i ‘d iV i-i~~ ’u ’ ‘ m u m ’  ‘— , -i u’ue li ’ n ( i , ’. t ; r ’ m i n this r m -’ .; c- ’’,h , m~~p (ii ’ ‘d’’i

‘ add’ s p r c u m t i e c c m ) y ,  f )y  r i c .’ I m n i t u u ; n , ‘~~u - t d  au ’,,o,\ ’s r, t c , u r ’ , fl \,- , i ; m r  , C - - 0

ccmni~ii mt a t ion of ‘ c ’ d c ’ p * m n d ’ -u ( j  ‘‘~ s ; L i .- y )  c ’ ;  d c i  r a m n , ; mo mcI ‘ - c ’  ‘~~‘c - - c ’ m ’b c- ’~ f c ’ f l ’ i. ’’  , I f

‘overflow ’ dim e s cm ii in ,  ni p . O i m c m m  C c i ’ ‘‘ m n ’ - ’ i i :  , ‘ r m ice ” n uns ?  - , n - r ’ u m n c l t  ‘ c - c  , c m - ~ ‘ ‘5 , c- , n a m , i c u _ i

that ‘ c ’ is i n u t ’ u i ’ h 5’ t i c , ,  c l u ’ n - ; m r c ’ ’ 1  s m m u l n  o f liii I m i r B ; n  “ I ’ m ’  t o ‘ ci i r l ’ Ii ,~~ u -  - c r , if  ‘ r ’ u _ i ’ r f lo~~

does occur , t hu pn.si m u nn ’ i i l ’ m min  ie l I ’c  mis t i n - I ’ m - ’ u ’ s ci.’t I - ’  m’., 1 u u c I ’ - ’V r r  v n’ub i u ‘ V

s ee  f r o m  the d e f i u n , t u ’ u u n  of ‘ ‘ ‘ ,,‘ u n i I ’ ’ ’ ,~~’ l i n t  ‘ v iS ci ( v , m r )  ;u ,u ’ , ,n’  , o r ’  ~- a a s -  I t~ c t ’ ’ ( ’

inam ndle r of l i i ’  ‘~~V p ’ n l , ’ ’w  cc ’ - 1 1 m m - n i .  T h us , ‘ u n  I bm ’  c ’ ,u u ’ u n t  m c i  ,.n v , - r t i m m m c~, t b -  I - ,,’ , m lc ’ r I cs

t ine ( u l n i u c u m f u l i c t y  ( r i m i t ~~ ) lii dc ’ ’ , m r m u i u u u n ’  t i n -  ~‘~,l’ i c l  m l  n -  p ( ‘ i i , ’ n lt i o  i ‘ a, m r f ’  ‘ n - ‘ c -

examp les uf I u u ’ s ’ , i i - , c ’  h n c - c m m o l ,’i m m , C c - nun S , ‘ p ’ f r ’ i  I c ’  ¶ ‘ ‘ b c u r m  1 7
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,c pc- .~, ci c c , Y A u _ l r ’ l , c ,  rn . i . R : H m . i s ’ u r :  ~ .‘ ‘T F , m - T l c - r . S  —

7.3.2 Assessment

We must niot fo rget  that  t ine o p e r a t u o m n s p u m r f c n r nied by t ine i naun dim - m n in o rde r  to

‘ omu m l r i ,ite  t ine des i red  re tu rn  value occur ni t ine m r hs t r 3 c t  domain, it mC ç ” a r t i v  fo r  t i m - s

m ’ ’ ; c m - , ’ ’ u n  t ha t  tine fuuic ctu o cu s ‘uu naxi l ’  a mi d ‘ nimm ui po ’~fp ’ e x m s t , for  t t m u e t u c m n , ’ l I c ’ n  r e q u m ’ c ’ m ;  a

n m ’ i ’ u n - s m ’ u i l a t i o n — i n i m h m m p m ’ m nd en t w ay  In;- ol ’ l c m n u ,  Ii’;’ lmm r qm ’ c t  ari d ~ ‘ n c ; , II,.’ c t  r’c’- ’. u t m s ’P

t i ’ u , c m f m i n q — r’oir n t n’uunnbe rs , E ven t i ne ;‘ r io  ; m J c ~~ec~ri u n q in- i t he ~ n ’ ccu mn r l  i m n m c i , - ’ f n - ’ u u r , ;,, ‘ucl i r ’ r , ‘~

inn f a c t  ann a I ’ s t r u u . t vers ion mat t u e  t i O a t u ’ i m ( — T i O i nt zero ,  In A I i , u i a n c b  q m m r m r n t c t u e s  I lu i t  c - u re

m r a ’ n i s t a u n t — v a i u e d  f u u n c c t : c , u i s  r u n n y  be d i o f i m i d  by ‘-u c ’ i mu ’2 a hh rec ,’ m, ’* t u .’ c-J n i u ’ t , m m u c c m r m , l ’ c : l  0, mc

time enun inept that t i ne ’, a rc  e u m m u ’ - , t c i n t m - u  v-,u m th - i / c ( 1 , i t l p r n i l c - r r l u c ’ S  d c l  m m U c ’ ’ m - c

We ro te  l i m i t  f l u , ’  ~u ; t u ni s I ,, k mr u i by t h u  i u , c m n <  1 c m ’ ’ ’ , in f i nn ma ~~~. ,ci u ci c o i l  ‘ ‘ t

coni v *-oI i m m c m i  I t  u m m , r ~ I c t  i i i ’  umu , m u -  n - ‘ m ’ , ’ u ’ u m u ’ ’ o t  m l t i n  ‘ - ~j n c ’ ’  u f r u  . i l u i u m u ’  of Ic - - u r n ‘ t p ’ u . - t i C m - l c c ’ ; i

in f n , ’ q t u e u r l l ’ ,- i b u ’ ’ - , n r , c l - i m -  ‘ d c - f , m i I I ’  ‘ , ‘ i u , m v u u ’ n , ~~r i t h a t  I m ; , c m n l h m ’ r ’ -’ m m m l i  H’ m u u u i ’ t f c ’ t i  c~ t i n ’ ’

‘ c i ’ ’ r m u m i t ’  m m c t i o u n s  is m c c c  i ’ T m t C m t u k ’  to  t h i n ’ ni ’~m.’r . i un ‘ ‘ “. c m i u ’ l  I i ’ , t o n u n , c ~’’. ’ t ine n ’ c ’ I i iu,ih t  im ( t n u ufl

~m p i  mmn dc ’ r I low lu,~ ‘ re s u l t  ‘ c u t to ~‘ ‘ ‘ ro ’ , w e m u m  ml i u nul ’ ,- ,c t ld  ~ d orm to ill,— r p _ c c - u m u u i m t m o m n

.c t , c i m n i r (  ‘ v O ’ , c- t J m ics -  t ine l ; m m r n u h l e r  is m n ’ l m r v n ’ ; i  of t i ’ ’ r i o t s  of ‘- c - t f i r n -; m v t~~ / r n n  ( ‘ c i  f / c r ’

t i m m n d  c ’ A m u u m i l m l m ’ i d  Inmjm iri ’ ~
‘

. i’) , T I n ’ i i c m u m n l h m ’ r  I u ~~, Iy ’ of t j m c , f ( .-u. annn l n ic ’  n ’~ t ho rn m m m l i  c- m n r ’ i  the

i ua I i h m u m q  con’- u t r m i c  I

[ ‘ u n i - i u - ’ r 4 i o i , ( v t  : )

ili, ic ’,’ ho’ o m n ’u nt f nd r ’ n m t m r c m l y .  I ‘ i u ’ c- ’ ’ i i n u ’ c i ,’ , , , 1 c - p m  n ’ I ’ r ; a t , ’  c le f  mim mi t  va lues  may ui’ n u n t r n ’ i u i c  ‘ ‘c i

( m u m  rn t l n c ’ r  c m ’ r n d u t u i c c n m c  mis  well, Vc - l mn lc’ t h i s  us not a c - n ’ ’ n - i r r a l  d r ’(ai, u l t iung minc c iu ,ann is imi , it cci i

n ’ u i p m r m V i ”  n ‘ c u c I ~ii ,n I i t y  (ii th ’ ’  ‘~u u i m r c  c ’  t e x t  by ( ‘ u t t i u o (  u lcm wn n c - inn t l n c ’  i m n m m n i i r p r  of I i , i m n r h i ’ ’ r s

t h u c i t  mmmi  m ‘.1 hi,’ n c ;  h u m  Ii’ ii -

I i ; i u m ~ l I c - m ’ , c ru mm y ms - i - l u  Ii — c ’ n l n j c i e ’ ,- i i ’ c ’ n i ’  c ’ I ,-n immu r , i i n ’  r c m u . c u - , ‘ r ’ y ‘ - t r ~’it rq c e r~ I m n m n nn t l n , - ’ ’,pm

m l l u m u ; t n  , m t c ’d inn t I m ’ , m ’ c ~ , u uu n p lm ’ . c i , , ) , ’ r f I o c v inn a p i m m i m u  i i l m m r  1 ion Iu i mq— ~’c inn l dmv ,sion nn uin i i n t

i p c ’ m , ’ ’ ’ , ’ , n I , , t m ’  n c ’ c n ’ c ’ m c ; ’ u u t - , t s ’ ’ u u  m i n i - I  , , n m t l u m n c c ’ f i c c  t h a t  n i t  f u r ’ ,, c -c a y , m m c s - c ’ h ’ r  0 c m ’ ,’  c u t

r 1,~ u i ra ’ - ’ ,- m r ‘ “ ‘“m ’- ” ’’’ - ’ ,l’ ~ ‘c t m ’ ’  “‘ * ‘‘~~ 
t m’ . -,‘, ,‘ ‘ m ’ -~~u , ~ I - -~~ “c -~. c !  - c m 5.,’ ’ - I c- - un d v  mM , i ’ c - - c -’’ , ‘ ‘ ,., , n ’ v ’  cc - p m c t

c - i ,’ ’ ,’  ‘ -  ‘- ‘ c i - ’ . ’’ ci ‘ ‘ ‘ ~~
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A P~ O U A C Y  CH 2

r cnp r c i s eu i t r ih i e  re a l  n nmm n ul n i’~’c -’, To p er f o r n n  ‘ t I n s  u u u c m m m ’  m i m ’ c _ m m n , u I ’ , c r i f l r i n n ’ r mc , , ,rc t h ner  ( m urr mn

w imuld bc -u used riun d ut vc- ,cuuld hm,s - ü I - ’ ’ S u i F ’ n c - I  ~ l rmmu n ’ , 1 c ’ r  f i r m i ’ m ’ ’ -, IC ) ~~‘ ‘ n iv i ’ i t  i m c ’i t d ’ i ( ’ i n fl

r e c l u m i a r  t I ( a t i n q — ~ ’ n m m m u t  u i u m n nbc ’ ns amid i t s  inure m n ’ m r c u i , i c n m l m -’d r m ’ ; - n i ’ u ~’’ rn t m c f u n c m n  ‘/c-b ’ i m m m v e

oun n i t tec i  exam ples  of ~ i mm ; h  (150(10 p rec i s e l y  i)ec .  ,‘ cuJs€ ’  t In e uj u j d i t i u m n i m i l c-, t ~~t e  mu m n i u p n j l l n f i o n

blurs tIme cc’~c’i m tial features of the con n muum i c ,m i u u n n n  i m u ’ l - ~,- n ’ c ’ u n  f u ’ ’ r u m ‘ f p ’ mind t I m e

ha ndlers of its ‘ m,uund ,’ r fho w ’ c c u _ u m m u j n t j o n n .

We nnot e urn p a ss m n g that  t h e  nc :om n c ’ t ’ l t t  ‘ o v c u m f i c ’ w ’ u n u c u y  i - c ’  m m c - r ” 1 1 ’  , m ? I c ~ m m  n n , , ’ r u

t h om one f umi c t io n i , e . g .  ‘ o d d ’ cum n cl  ‘d iv . k m- ’ — c la ’ ; s  u n c u u u c j - tnru n ms w u l i m  nj - n i t  c u - u I  n - a u r a ’ s

m a y  hem s P mc - n c i f i e d  for d i f f e r e n t f ; m u ; u ; t u ’ u un— of t m  co n ic c m n u ’ u I ; m I c ’  v u n t l i m m u i t  ,‘ u m c - , c Y ; u u u l  t i , m v ’ m c n

w i t h  v c u rn fm n c i t i o n i  at the hand ler cit e Ti u , ’ c y n n t a c t u c  I m , c n ; ’ ; f o r u r ’ , , t , ’ r m c ’ c  c f  s , ’ c t m u n m n  I’  1 1

wil l  e h i m n n i m n a t e  a m y  POSS u1uI P a m i i i g umty ,  t l n o u u m u u  f t m ’ n -.y Inca ’ , ’  c - c ’, . ,  r,’ ’ ,i:Il , rs’ - , r , m, u , , t c n

identical handler t e x t  w ith c h , i ( ,m renit m u p , ’ n m i l i u m u n s  As ionq a s the I n , m u u d b ’ m  ‘ a I - r e —

coundit ion is w ea k enoulh in t i n mi t it iS m n mn l tln e ’l m y  t i c ’ ’  e x c c ’ ; u t i c u u i ’ s F~ n c ’ — L i n u m m u 1 u o m n , u u m ,

iue.eu ns is te m ncy  a r b - u m ’ c .  W l m m i e  ,c ’ i s i i  a “ t u i c k ”  rn i- i ln t c - c - m o r n  to c ç ’ c m m ~ ’ r ’ u n T u m u _ 4 ’  c n i~~r u t ’ , ,  u r n

p r c n c t i c e  it ca n,  reduce tIne u u n n u n u l u u r  ‘‘I s rf u  , ra t e  c ;o uu ’ i u tu o r i s d i ’ f u n u c ’ d  by a r n m c ’ i i n n i n - ,

t f ne r c ’ hy t ’ rod tm c inn g a nnore c c c m n n c i c -- e .’~c u”c.u ’uc.a ’iccfl,

7.4 Example 4; Resource A!Ioc.~tion

In s e c c l m n m n  3. 3.? we br~~’Ii~ r ; c ’ r i t s m a c m n m l some of t i m e  1 ucns ~~m b i c ’ m’~~u ‘ I u l m u , n i s  I’ tm nmi t

nn iqhn t  I ce  m h c ’ f u n m ’ d  by a r ru~otu ’ce  rulloc -c f i r  W e r,l’~cc Iu _u ’,’p d w i t h  su.m r— . 1i m ’ ’  Cp, I . I i  u r n S in

s ,’v t ion  4 (‘u . p ruc i nn s c u i ~ t o  m l  i c on w i t h  -i f m m i l u ’ r  I r u ’ ,ilm m u ucmn t .  l e t  us now c co ’ m; ’ , , ; l e r  the

exc n c ’p t m i - m u  l n a n d l u u n q i ’ E,~i n u n v i u c n  of an n a ih ,c - n mi tm r c m i  u i n ’ t ,il ,

7 .4 .1 The Storage A l locat ion Problem

F or dc ’fjiii t ,tniess , we suppose wm ’ a re *- u i i c - c i f y in r j  a pninni ci ry mi i c ’ nmo ry , u i lm ’o -a t o r ,

T I m e  m i i h u u u n itor (, t ( ’ c - ( t i ’ S  mi ni < i € ’ l m ’ ’,’ ’~~~’, t i -  na q e  ‘ c ’ j u m u ’ m n t s  ‘- p n ’ m  m I - c u ln ’~ ,Ir ’ c -c ,’ u i h u t u n r c , We

ic j n m u i r c !  t i n c  m I c ’ l , u u l ’ -u of d c ’ s c n u i ’ l ’ ’ r .s , n m c c t m u u u i  e l y t h a t  t ’ a ’ y  i u u u ; i , m ri a s m / u ’  f I c m , I  t h a t  i n f l

he ma ni ipu i laterh by tine a l k ic a f  ir (h r’ c o l u m n  t i me ‘ ii ,’ ’  c . r ’ i ’ t O ( ’ i u m u ru l m m i ’ ’ , (if ( n ’ ’ m c r s ci).

1 H
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a E” ,iui,’nr Si. 4 t cs r - - m , ’ . - S A , t . c i - , ~,n m o r ~

‘liii’ m m l l c n a c m t u a c ‘ n m u v u n i u ’ ’ , ur n ; u l u ’ c n r n u , t m o n n  i ; n l l n ’ d  a ‘ [‘nnj i ’ , w inos ,’  f l l c , X n n f l u u n m n  n u c m m . j c - ,, it , ’

mc i ’s t , dmh u s i i n m c l  a t  m n n s t o i c t ; , m t n u u u c  t m m m c m n .  ( l i n u s  us ‘ r u t a c r c u  ~ p’ c .pmcr ty ,  d m0 ,  ‘I ‘c nn p / i l m m m ’ -u

t i ne  e \ J ’ i u ’ . i f i oun,~ i t  c m l ’ , c ’  b ’ r s u v : u i P c  t w o  f uun c ntu o n - i s , ‘ a l l o c a t e ’ m inu d ‘ r n c r - c r - ’ i t
~u h i c,C i n t ,c

cm 1)001 m n i s t c m u n c c m- u and a m ’ i u n t e ~ m a r  si ,’r’ mmm ~. l u n m r a m m m m ’ t e r s  amid c m ’ ’ m i t o ’ ’  a d sc’nip ’r’ur

f m - i c  a s pqmmnc ’ n nt r u t  t i ne di’ ’ c n n n - u c l s m ,’ uc’ , d m ’ d h t m o t m u n c m  r c o - u m m c , r  n c ’ s  l m ’ m m n  t in , ’ s m ’ c ’ c c m ! ’ n d  P c - c c ; ,  1

i i u m ’ ’ c i i m a l e  c c  ‘ ;o urc - ,’ ’ ;  u_ ire r-io t ~ s’cuiI -mble IC) c r ’ , u t i ’  the ‘, c ’ i t n ; ’ , ’”i , f l n u _ ’  s u ’ i , i , n i c c m n  m ’ ; u u _ ’ I —

l ii ’s’,’ ’ m c  r ,c i i ’ ~ ’. - u f .  A l te r  t im , ’  n ’ . c n u i,t l , ’ rs  for thus coui n n t n n n c  i m a m a c ’  t r r ’  ch ms bn ci t r n c m ’ m m ’ ’ r’S 11 me v

- - m n, , c i i - . c ns ; m t moi n is a l u m ’ ’  c n t t c ’ m n u l c - I u  I mm m ii i , m l u m u n ’ a i ; n u _ , m ’s s f iml , t ime  d c m a u c d i t m c c u t c  ‘ p , c - r l — m ’ u n m i ,~ y ’ m ccc

m , c ’ ’ - c ’ , n  , m u r u i  t Ine c m i l o c c a t m m ’ n u  n n ’ q  mu s t  m a i l s  line ‘ m , ’ l c ’ O S c ’ ’ f u u , c l i ; u u u  t im ’ s  m u  c - ’ .’ 5 ( ’ i -  m m i m u m i n l

h m c - i n , n ~ - m u u r  - it n m n m - c r m ’ I ~ m u ’ t u r n s  r n ’ s d m i m r c m ’ s  f r o m  m, s i - q m u u m ’ m i t  to  t i m e  I m m a a i , 3

~b’ ’ -  a ’t ’ - , i i m nn i ’  t i n n i  t i m ’ o l l oc a ! - ’r c c t o  Pc  m i m I c ’  n r c  a t i n i ly  c~r r n hl r ’ - i m ’ m , ’ ,,’ ,r, - r n - u , ’ ’ ’ I a n m a

uunm ms t  t i n e’e f ’i ’e ,us ’vmd e t n - c - - ‘,- u n u m t m u n n c m i  s c-- c  - n , ’ m n ’ ,i : c c t ’ ’ ’ n s  W i U S E r  c c n u t n,u u_, ’ ( ‘X (  ‘ m s  c~-ufl

s i ’ n n ; m m i  h i o rec c f . ’ t i m e - u  p l i r lu , , ’,cc b ’ 4 ,’’ I p I n q u i r e  ~
‘ 3 n - - t h e  u - m d ’ ,‘uf ( 1 c c  a l lo n m n t u , u m c

u m n c ’ c n u , I u ’ , ~~ m u c - i f  l c r  c c - a r m ,-’ m a n . t m ’ ’ . ml  - i n - c - m m ’  n ’s I n ,  - c ’ ,’ l a c s i , lnul - ,’c - m ’ ’ ’ .-er , u c t  ii~ ( ( c - m n ’  I n t e r

f m u u i r c - u  ,~ 9, w ln i c i -  e m c n u t c m m n ~
, mm u , , i c  ‘ i n ’  ‘ - i ’ m m ’  m c ut t i n - - 1mi lD dc ,~t

line r ’ ma c l u i ’’ ‘ or b’ is m m n t n ’ u n u l , ’ ct t u - ’ l I ’ - ’ - , I r mi t n ’  ii - c- ’’ - ’ - t in’ m m cm ’ ‘1 ~
tm u ’  c d h ’ n ; c c m t o u  a m id

p ,- ,  l’ ” mnn s ‘no u u ’ t i m i t i v o ’ l y  u n t c - ’ r c - uc ; l n n u c  n~ r ’ r a l c m ’ m n ’ , A c a l n ’ ’ r  ml ‘ I ’  i c - Iii’ s ~m e u ’ s nc - f
m n n t , ’ r n n u , i t i d . nmi t n h(’ .n~ t m - r eu l  mm a d m 1 ,  j u ,i’ , m -  u _ mt  ‘ , ‘ n ’ ’ ’  , u ’ r t .  T I n , ’ f i j i  - ¶ , , c - n u  f c c ; m I ’ u c - ’ - ;  ‘ i n * — m , e

r . m m n u t s  u i - l u -  ~u cc ’ cc j n n c ” m nt , cc ’ ’ i u i c i n  It  m l ’ l , m n n u ~ f ’ n rmn 1 ’ ’  a h l u - i c c m t i n r , I I u c ’ u ( m p a i , .s ,ci c - c - c - c- u c - i , c l

‘, c ’ n i m m i m ’ m n t m u c t o  ‘~‘,‘ I mGh f l ’ , ’- , m u m n u , m l ’ ’ m i  t c - I n c - u ’ ’ . cc u n u f c m r ’ c ’ ; c ? , ,  ‘ ( ‘ - ‘ ‘ - n  i n t c ’ m j  m u ’ ,  0 ’ )  mc s t i u c ’ n m

H c t I u ‘ c ’ c l m n m m ’ n n t ’ , , m r c n  t l m n ’ m n  ‘ ‘ n ’ c - r ’ ’ c I  , ‘ -~n a ( mmm i i i ,’ ’ , i S ’ , cc ’ , - , u uu u ;n ‘ i m u i c  un ’ - , r n , n , n m , ’ i ~ ‘ u rn ’
I), l i i i ’ m i m n ’ ~i ’ ’ - c ; u f u , ’ d  u ’ r u n ’ ’ u ’ m m c  ‘ Im d u l — t O ’ ~m m , -  ‘ ,‘ nrl u 1 , c - u~~ ~‘, - u m c u ’ u ’ , mml l ’ ,’ ‘ n m t u m m i  o t E ’ ’ ’ r

f m u c n c t n m ; r n s i c c ’ ’ ; u u l , s f — wi’  m O v e  m i n n u i t f ’ ’ ’ f  t n , , n n  I’ - ’  i.m ,o’ ?

A ’ ’ u m i c r o s t i m  I c ’  i n , ’ : ’ - , n r m d  m u  b n c , u - ’ l  , ‘ ‘ b - I’ ’ ,.,’ ‘i ’ c ’ , m m u ’ c t , m ’ , t  ‘ ‘ ‘ c ’ ( i ,

‘ ‘ ‘ , ‘ ‘ ; ‘ t  ‘ 1 m m ,  m m i i i  t i ’ ’  t , m n u ( u  \ ‘ ,Ii i ’ u u ’ , u ’ , c n ’ - , ’ - u - ’ - . m ’ -  i ’ ’ , - - i t t ’ . m  ‘ , ,, ‘ ‘ , ,)i ‘ ‘i ’ ~- I ,  n u ’ m ! I r”d

t i c - u  au  pie i’,’ ’ ’ ’ ro c n m ’ u i c  m m ’ ’ , -, c ’ I c u c !  n I c I t  n c - i n ” , ‘ ‘n ~m s ( ‘ m l ’  f r , t i m ’ ’  ‘ m m  - . m c ’

u , ’ t , ’ - , s * ’ ’ , u m n m m r c ’ u  c ’ ’~s nry ‘‘ I~ ’ unn, ’ n u t ’ c  Hn 1u iuc ) !  ‘ p ‘ ‘  - ‘ m’ ’ ~~, i s m u  c ‘ m l  ~ r m c t m ’ u c u  In,” ’ ’
- ‘ - , n n u u m ’ u  mu ;  h_ m i ’ ‘ - ‘ i t c ’ r c ’ d  ‘ i to  ‘ nfl ’ iu - cu l u m i ’ a i l ’ ’ . ,u,- t h m  m c ’ s  ‘ ,  ‘ t ’ u c- c m m m m  c i  ‘ o ur i ’ m ’ - ’ ’ t I c , ’

u n i m ,, id (  m I m i c  c - u i  ‘ ‘ c - I ’  ‘ u - r n ’ us u u n I n r l c n t ’ ’ ’ i  ( I - , - m  u” ,’~ ’ ,~ - i ’ m - c m ’ ’  1er ‘ i ’ m ~~ ii - ‘i t i - I  i t , ’ c - u s

.5 ‘ , , * -  - -n,, ’ ’ ”c- l nm ,o c - , c ~‘0 ’  ‘ ,1 i’ ‘ ‘ - ‘ ‘ ‘ 5 - c ’  ,,,i - .‘c-~~,c-4 u ‘c - m’ - “  ‘ ‘ -  - .‘. n’ “‘id I ~~ c - j -  ‘ m ’~ ~ , i ‘~~ ~~~~~~

, i c u  r ’ c - ,j c , - ,. ., ,-u 1, ’ . - c - , ’ ’ , ri~~ c ’ ’ ’ ’, , ‘ , , I ’ ‘ ‘~ ‘‘ ~~~~~~~~~~~~~~~~~~~~~ - ,  ‘
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m o d u l e  poo l  (n)
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f uri c’ I i  ma n lii i t j a i l  ze ip: p o o l )  =

~b - ’ • f ree .— n; ‘- m m t  a l  iz e  I nm: c- t r u c  f u r c ” )
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.u ’ lc c c ,itc l l - , ’ t 4 c ’ 7 1  [ m o o !  - ‘ m ; ’ ’ un u r,c c a l ( m j m , m r . ,H r e l u r r c -  3
I I r ~Ii ~,‘ “ c I  ‘ i : ’  c-j ’c ‘ ‘ c .; ‘_ u u ‘ ci ;’ >

1 - ’
:nmlrl - b lur , n I l ) ;  . m t , t - ’ n i r n . m S l

I n  ~~~ I c m i :

ad

- - i , - ‘‘ c - c -~~ c - c -  c - ’ ’~~”

~- ‘ c’” ’ c- ’ f l c  cc,cr c-’u u i ’’ ; - ’ -  ‘ m c - ’ , n ’i ’ c c ’ ” ;  c — - n i  c m - , ~m i  ‘ m m ’ , uc- m u — ;

r - ‘ ‘ - m i’ i n- , d i ’  ‘ o r u ’ I 2 , O c C - ‘ “ - c  e T  ‘ r ’ ” - nt s  ‘ ci ’ rn’ ”-c’v c- -sI

m c - ;  c - n ’ - ,,. I c r 0  ‘ flu ’

‘c- n i - ’ ) l ( i C u O ’  c i ; ’ , ‘. o c -,J ’c- ’ ’:~ i i )

F i q i  r ‘ - 7 u, 1: Us (‘ mm 4 I u mr iii ‘pool’

in’ t i u u u n q )  ~v lnuIr  t lm ’y  mm c c -  h e m m n m ~ enu f ’ u p d. TIne I, ,’c u u u l l ’ ’ r s  for ‘ r ’ o o b — c - - uq ” tv ’ u _ c n r  S t r ’ l u n l l i i—

f m i n w m c n u i  - t i n y m n n u ’ r u  t y  t r a m ’ ’  i rm ~ c ’  11 m m ’ ‘ ‘ u u c u , t m o n i  m mc ml i ’  to t , nu r ’  op1~ r m ~I~ r c , c t u ’  In t i m e  h i n t ’ ’

, c l i ’ -.t r m j u : m u c i u m  iu l ( h  I m m c - c l ’ , c s b u i t c ’ i t  to  1 m ’  i n , u i i , ’ n o f f .
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A PEQIJACY CH, 7

7.4 . 2  Asse ssment

Ti ne code in f igures 7,8 ~m nd 7,9 i i l m m s t r a t o s  tiu-’ i n t e r m i m a t m o n n  h iotw oen i  the

e xc ep t i c n n n imn - lm ; mn mms unn  a mi d u.m’mmnapi nor es for sy u n . i i ro m ni ; ’a t i omi . W i m p  it mint  fo r  t i n e

ex iS tem i Ce  of i n m umid i t m ou m ‘ i ’ oo l—Inw ’ , a s m n u u m i t ’  s m ’ m n n m n ç ’ u u c ) t e  w onmi d m’ i t f c c n i ’  to  c ’ u u S u i r o  m m m t u i c m l

exc lusion of i m iv c mca t i oun s  of ‘ m l l o c m c l e ’ am id ‘ m e i e a s c ’ ’ cu mn the s.c - m u m ’  i n n - m i  I-~ ( ’ m c m i i m ’ c - p  VJ (, -u

must pc- u t n u i t  ‘ re Iec c ’~m ’ ’ to h _ m i ’  i m u v m u k e d  us a r , - ’ , m m i t  of  r a , s u u i q  ‘ ç u o c m l - l u iw ’ . 0c m ’  ‘ i - m m u ; m p l u m u m e s

a re  m n e c e s s ~mry ,  ( i n n ’ to d o t u e  m n o rum na b u u n u t u m n m l  e x c , I u i ’ , mu ’ mu  ( c - u n m i i - ’ r ’ )  t i m , -  ~‘ t i m n ’ r  t u,m ç m r m ’ ’ ~~’ r i t

r e — o m n t r y  to i inII~,)p , mt p c ( ‘ cn t mt c ’r ’ )  T i m ’ naive , , n - I ’ u - c - m m c in , vc- - n t l ’  ,c  ‘, im i c i l n  ‘c - c ’ m m n , m I - I n m ’ m ( ’

p r o t c ’ c c t i iq t i m e  t u m ,m ( lu’s ( c - f  t i m e t w o  f u , m m n c ’ t u ’ i m m s , ii’ , ic bs to c-i dm 0 - t i ’ ’ , w h om ‘ p- ’’ — l uw ’ is

r a m n - .ed amid ‘ t e l , ’ c m ’ ,e ’ is i n u v ’ - k i ’ d  f n m ’ m n m  ml i c , n ’ c - - c  u - n  i t  n.’ i ’ i i b i  ‘v m l m ’ ’ -, m n , c h l i - ’ i f  i m m u r e

s l u p i nu s t i c at e c l  c: c uon~t r i - m c t s  c n n - m m ’  ~m ’ ,c- , , u l , , l , l u ’  i c - u  r m - r u m ’ i t  m m m n i c - i m c ’  n n , , t m m r , i I  , ‘ A ; ’ n c ’ ’ -u ’c - u ( u ’ i  m c i  I l i u m ,

i i i l m m r m r c t i o n n ,  ( R c ’ c n , c t l  1 1 m m ’  m c - I c ’ ,m - r v , m t m o m u s  m i ~ 
c, - d c - u n  0;’

We s i n im uld , u u m t c c -  t l na t , m m l t l n c - n u i q i m  1 1 m m ’  ‘ I ’ m m u l ’  n u b i l e  u - u  i t , ’ p c m n m ’ d i’ l imi und ie c- , , u f m i I O l

a P t u v i t y ,  ‘ ar b’ us ulot ,  M u l t i p le  i u i ’ ,l , m u i n ’ c ’ , cml  ‘ , m m l u  u m m \ - m m n ( l  u l i ’ . f u m m ’ t ‘ i m ; i u r y - I m n ~ t —

s t u u r , t u r e’ s wc.nuj id  r~ u n r m m t n ’  c o r r e c t l y  u i - m t  m m u m m l t q u l e  c~ ‘ c m c l t , m u u ’ ’ u m i m - ;  m u u ’ . t m m m c c ’ ’ , of ‘ f ’

~mpp f ie (/  to f / nn ’  n c - u r n ’ ’ inst m ,o ,‘ of ‘c - c u b ’  would i c - c t  f m i u u u ; t  n c - u r n  p rup e r l y l i ne  n ’ h u q u l c u l i t y  ruic~’

ni suc h a rose would a t n i l  pe rmi t  ‘ s q u i c ’ c ’ : m ’ ’ to I c - c t u u q  u n ’ ’ - ’ mi pine m u m ’ -,t a i lu c c ’ u of ‘V

wh ile aun ot h i er was mmtti’m r ;~’ t mmmq to 
~~~~~ 

foru m t i m ’  c- . i J ( ’ b u ( m s e d i , i n ndmv is i h i I c - u  m n o m i u p a n t i o m i  of

‘m’ . T o  e l iminat e t h i s  ( h f  f i c u m h t y ,  c n n n ’ c p n u c u t  ‘ m i p c l a t m m n c l ’ f l ag  a nnd ,c l up r o l )r iir t n ’ u nurtimal

ex c h m c i c n i i  w c num ld have t o  ire j i m t r r ’ ’ h u m . c ’ c h , 1 m m  q n ’ m n c ’ ra i , r m ’ ; ’ I a ’ ilidi t ine imi up l ic i t  s t a t e

e im co c h ; mi q o em , t In t ’  m uma ’ c - k u u m c ; c it  ‘ uc ’ ~ m m n ’ c ’ c-’mtm ’ )  u c ’ ~ ’ n ’ ’ u c - ’ m i t ’  (1 m u m  a n n  i uu ’ - u t , c n n t , c m u ’ ’ U t i S  1 kw  i u m c t i l

by ann r - u x p l i m c i t  t ’ u i cod iunu i  ( i t ’  a f l m m c i )  n m - i  c-~~m - ’ n -  u n f c ’ ,i I y mi ni , - l , ’ uaen t of t i n e  u f i n t a

s t m u c t u m r e  I n ’ ,m~ h~ to a n I m ’ m i r c ’ r , if ‘, I m c - h i i t l , um n i u m c ’  v , - u I , i c ’,e , I u n n u l m , m m m m , W m ’ in ,iv ’ - u s impl y

k lmme ne d  t h in; ( n u m t l i u - m  c u i u m u u m u u u n p l m m  t ’ )  ( I f  f i n - m u t t ,’ Im y ,c ’ . c m m nmimn ( l t i m , ’  ‘ , u t m m , m t u u m u m c  t ha t  requ ire

ci i  ~c h i  (li l t a ‘. t r  i - i m l i i i ,  - 5  (10 mum t a r m ’ ,,’ i!) ( u i - mr  I’ ‘ ,c i i  I m I i -~
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7.5 F’ x c a mple 5: I / O  Complction

An ; cc c’ i l c u , n n m m s u - c m ” c h  cnn  ‘-ou h our c- 4 3  “
~ r - b u u m t / u ’ - m ’ ; m t ‘ ‘ c i  i n ’O v i i  mn c a ~ b - c ’  r u - u l c n m n i e c l as

a nn  P \ ( ’ ( ’ b ’ t l O miai  m a c - m u d - l i o n  A i m i m a n m ’ m ! m  t h i ns  , -
~~~ ,nfl i’ Ie m c - , u r i c , m c - ’c ‘ ‘ r c - u ’ ; ’ C . u , m f  un to  t i u t ’  a r c ’ u ” ,

of m m r t , c l . i ’ n u n u c c ’ s S  ( , ( u m m u m u n c j n u m ,  a t io r i  c , ’ m - l  sy u rc i n i ” m n .’;i t u i m u i , it  u i l m m ~; t n i , n ,’5 t in m l  t ’ ’ y  C~~~(, u ’ ’ , i u  n c

, m m , ’ m - l ; , , u n m o n n n  i mnr ,y  a i ’ m k’ nii t t m n , , I n m  t o  s m t m c , , t m c , m n ’  m u m  ‘A ’ I m iC h i  in c c ;  ‘u  I c - u  ‘ ‘i’ ot - o r  a ’

i ’ I , i t i v ’ ’ l  m m n t r e c ; u i -  ‘ ilk

7 . 5 . 1  The Real -Time Up date Pr t ’-b lemn n

~~~~ r e m  ; c i  t n ’ - c c ’ ’  m u n u c u ’ l € ’  m i t  s n ’ C t i O m i  ,k3 b S i i p j ’ u m s i ’  c’~ u,’ i ’ a~~m ’ a m c ’ i i c c ’ u m ’ m n  oi

,,‘ .‘,‘ m m c  ! . n , n u u n c - m ; ’c - m c  ,‘ c - c ’ c c ’ ~ o u u ’ ’  of ‘,‘. i r - -  h n c - u  n n ” u m n ! m m Iu,~ CI , , t ; m  l uc i a  p n , ’ m ’ r m m , , tm s i c - ’  rs no

ai m , , ; np l ; m i u n ’ , 1 1 m m ’ r ’ ’ n r m , n m m m c m  (I t ’ m m u i ’c~ ;’ c P s p ( ’ n i u u n  cm) t , u - ’ ’ n n i , u t t u u i c s  t t n cmt O u r  p r u c c - m i l \ ’  - r ’ t m , b c ’ r n ’ n i ,

‘ n  t ha t  if m : c  ~c s - m ac - or  h,t~ i m n m m c - n ’s . m r - c , n r c  t o  b u ’ c i c - n m  m m m i ’ ’ ’ ’ , ,ri;t l , t I c - i ’  l imo n t ’ ‘ f ’ - , c c c l

i u l p m n %  r a t i m n ’ r  t l u , m u m  i i ’s ’  .0~ 
n u c - , . u ~ (‘ c - d c c - i !~~t ’ u ’ m m n c -  nrc f u n , ,  cci ii da ta ,  in  t i m - u  ‘ cc - n f l , t i re ‘mc cc !

m u n i ; c - , ’ m t c - m u u l  ( 1 u u , m n u t  t i c ’ s  c - m n , ’  u , m i ’  u n i r m ’ , ’ m I  m ’ . c- ma” ii’ s - - - ‘c - m i le w f m n ’ m ’  I t; ’  m O - i  “ F ’  ‘ a~~tu on  n ”

m , ’ p , ’ u v m - c l  i c c ’  m : c c m m m ;  - c m l i ’  n m c , , 1 1 c ’ t t m .  c-, l i c j $ n t O  I u ’ - .c i - ,’ ’ ’ , conner m a l i  c i l , l c ’ c u n a , ounce ‘ c u m i n ,

m ini s t m i - u n  n to i’ m m m m i ;  - ‘ ‘ t o rn i i i  a t ’  r ,c c c l i i ’ ,, I c- m m  I c cc i m cmli 1 1 m m  n - c mi i  cc i ’ m ’  ; t  --c ma m u m ’ , ’  d t c m

c ’ u i s m , m n ’  ‘ c - c t  mm ‘ n ’ 1  (u ‘cc- u I - u n ’ ’ , K” -  c-, ,’> r c - ; ’ m c - ’ .(’in ’, i tnc l f I n n ’  m ’ c - u r m m p u n t u ’ u i  ‘ m c - ’  c - l m - r  u t  n t m c ’

r u m u c r c c t t  m ’ . r ,m l ~ ,i I ,,t ’ ’ t  - ‘c - c - u n  , ,  sc u m ’  I - c - m t  c p u  cmi - I c - m I , , I’ c ’ m f l l ’ t t n n m ’ l  f l u ,  c o l c ’ u c , m ? ’ c m m  m l  t i n t s

p c - s t u n ’ ;  to  h u t ’  m m u l ’ ’ u m m , c  I c ’ u l  i i u u , i u i  n c - m I t  t i m  i m i u . ( c - ; m ’ . i c t ,’ ’ ) t  , c- ’ - ’ ’ r duu i , , t ’ ’  v o l um es ,

Rei n O m m u i r ,  1. 10 . Hu m ’  f u n c u c -  t u i mum ‘ c - t n c m , m i l ’  N . i . m u ’ ’ , u ’ n r t ’ c  ‘ ‘ ne  of t u u c

m m ’ n r p ’ m m l , u t m  ‘ m i d  u ’ r m u u ’ u ’ c - , ’,* ’ ’ ,, ‘ c ’ ’ I , m m - t n  i ll ‘ i n c u r , ’  ‘ , n u  , ‘ m ’ , t a m i c n ’ ’  ‘ I - m d ’  (i f f i n n ’  d c - ’  ‘ ‘ m l , -  u m ,

‘ s c u m - c - c m  - h _ m i n i  f r ’ 1 1 m m ’ , , , h c - ’,t n , i m m c m ii u ’ m m m l ’ ’ ’  n c ’ u ’ m m ’ ,’d m ’ I ’ - ,’’v ,’ I , m o c ’ , il l  I c c - u t  u - , ’,; n ’ n r u c .  ii’- i i .

t i n i c ;  ,‘‘ ,, m u i m ’ ’ ’ is t t m c ’  ‘s I c - c ’  I ’ m r ,il u ’ m ’ m m n h u t m c - c - u i  ‘ i c - c - ”,~’ - , I . u t ~~ ’ , wlnmi ’ h  t s r , m m ’ ,,’ cc f e,’ imen miew

v,, i m i ’ ’ ’ -; I u mi v’’ f ’ , ’ u ’ m u  j ’ l , , u  ‘ ‘ m l  inn f h , ‘ , ‘ m m ’ .nr t m n f f ,-’r, T ine m c c ’ n d c t ’ c - i ’ i  mc.  b r i a m m u l ,  a- i

m m ’ , y n m n  i m r o n u ’ u i u n , iy I n n  m m li u m ’ ~’ - m ’ c- mi t ‘ h u t ’  ( i i ’  t uu ’ sC mu c ’ l i n , n  ;‘- u ’ I m c : ~ ’ is I u m n m m c b c a s t  i As

‘ m - ’ ,m u i t s  , , n c ’  ( m m m i i ;  i t o h , t m i i P ~~ , , m , ’  ‘ l u  , ‘I inn t in , ’  output  ‘ i r o n  t m m n c ”  ‘ u l c - . ; ’ l , m y ’ , c m n c ’ t i m m ’ m

, ‘ x t ’ ’ n m i m i t y - u i - h u m  ml c h ’ ,t n  m c c i  ‘ ‘ i n  - ‘ H  In ill t i c - n ’  ‘~j r m u , u I’ t m u u m n t u m n u n u ;  ~ i m , n m e .  l i r e ’ ,,’ r c ’ ’ , u m i t s

u i rO I n m i n ’ ’  c c - i t  h u h  b y  t I n , ’  ‘ ‘, n , m c - ’ ’ m l ’ u c n ’ u u l i m l , ’  to  ii ~‘iiy’~m n ,m I iuuitput m m n n I u u m n n n
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I module c run  he re
2 beç in

3 c’hnrc’cb  buf :  ‘-u c ’ncn”u’ t ; f  ‘ c - ’

Li- ~~~~~~~~~~~~~~~~~~~~~~~~~~
Ec- f u n i : 1 I -

~ -; 
gr ncIl

sdc- m I c -  ‘ r u n ”  do

7
8 t - r  ‘ ‘ , ‘, t c - c -  r ” - ~~1 , ’ru ‘ : t - c- ,,o ’ ”-

9 ~~~~~ c-- ’~~~~~ ‘ •

1 ~ m c c - ’ ‘ n ” r ’  ~ umn m ,j lO  ru

11 i - ’ ~~” ’ ’ c r ~~’ ~~- - m ” ; .~~’ c - , ’ ‘ ‘ € .  d - u 1 ’ ~ , Pc ’ ., ” l’- H- - .,-’ )

12 - r e cc -~~mur ’ ‘ u ,  ,,, ,,,c - ,  c

13 ‘ - ‘ c  mm ’ - co n- u m~ 
* ,~, I ‘ ‘ 

- ‘

14
15 c - - nd [ S E - ,- . ‘ c . ’ n - ‘ - ,

1 [“ ~ m c c ) - - - c , -
~~~

17 ~~‘“ i I ,nr- I ,,, ‘ , u’,, ’- -‘

18
19

m gi - mr - n  7 10 ,  i ’ *  - - i - - t m ” ’’ ‘ ‘  - p - ,t  “ c tm o n M nd tm l t ’

V

We i(l, ‘ n i t  1 
~ 

t ii - ‘, I I’ - - I en nu i m i t a ‘ ic r) c - u( - ,,r rum ;  ;~ ,‘ , i l l  mc i i  I tn t ’  ‘ - ~~m m u m  F ’  f - m i t  ‘ - 1 ,u u n ~5 ,

l Im e  f i r s t ,  t y p i f ’ ’ ’ c - I  l’~ m mm c 1() i- ,mi’ u t ’  u n u ~~rI ,  d i c ’ n ’ , w i m e n i ’  Not,’  f m c - a t  if ‘ r i e w — c i o t , m ’ is

ra i s ed  w h e t m  r n c u n t r u m l  m c mit ii ’ ’  ~0 ( or 1 ,4 ) ,  t n - c ’  m , , n i ’ n h l , ’ r  m cml  m o e  10 w i l l  h ue  mmn ’ c.-uk m ’cl min d

will c ; am , ” ~’ ’ m ‘ m u c ~ r , ,n t o  F r , ’ - ‘ ‘ ‘ m ’ ’  ¶ 0  l ’ iu ‘ .0 ,0 - ‘ f n i , c -  u u m ) p  J Fi~ - c cconnc i  s t v ie  of

c cm n npc , t ~ it i m u m ’ , , i ’’ lI(’(I t m ’ ~- - ’ -  ‘ ‘ 1 ; ,, ni 1? , , , n i i m ( m r t u b - r a t e  abortion, A c c c - i r d m u n n l c ’, a
h i m l m l ( l l c ’ r  5 ‘-‘ c - n  m i ’ c J  omm Iitn ~ 1 1 ( m c i . , ’  ‘ ‘ m m m l  r i m , ’ m m m i ’’ 0 mm uri c 15) t h at  i ’ re v e n ts  t r m m n i s t or  u_ m i

control ,  h iow r ’vc ,’r , m F  ‘, ,‘ ts  ,m i i ’’ c - ! ’ ’ m i r n  v , , ’ mj I t  c , ‘,‘ii u ’ - n m is I c - - led a f ter  the u ’ ( u n ; c pm j t m i t i c j f l

is f m u ; i c iii’d, In t h is  w c y ,  r ’ m c , H ’ ; n ,  m c ’ ,i t u - d  - f - i f ‘ c - m m ’s may 1.- u t  c u n i m p i i f  n c -c t wi thou t
li ar of inter rupt ion  a c i d  cuu b’ . c - n ~m nc n m n t  - c - -  c - ’ n S u ’ ,~~~~ m I ; ’ I u I a y .
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7 .5 .2 A ssessment

We have iqu mo r ech t h i n ’  I n u m , ’ c , t m u m ’ m c m n m m  of t h e  c o m i c ; n , , m t ’ m n m n s  t n i - u ’ m m , n s r  c !  in’; l mi - - m y

m r u m ’ i e van t  to tin e c- ’~~~c- m - - mn t u ofl iia rn d lt u nq c m ’ I ui ’ c t s  of tine e~~uu’ n’ pIe b l u , - ’ c - m ’ ’ !em , ‘ S i m m  c c ’  - ‘ . n m

c - i r e  m c c i ’’ ;u I lie nn rc ’ c , i um c n ib - mum for ci t i - n  - m u  s ’ ess  c o ; n m rm l u u lmm ,ii ion , “. - c- - i n -n . I c  ‘ c m , .- cii iON  mc i’.

e l ’ - ’  o mi t n ’ c c c i m c ’  amid t i m e  f u n n y  ‘, l ’ n c c  t ;c r ’ ’ m c -~ ’C e s s , m r u I ’ / imivolv ’ ’s  ‘ ,on u u c ‘ - ‘v m u m  , c u c - , m ,

~~m c m ’ , . i f m ’  ,iIi~ , erich cou i i p u mt a t m c u u i  wi l l  r q ’ m i r c ’  , , ,n c c ’ ’ c c - n , ”u, t m  m m m l ’  0’ , , r ’ ’ ’  , i , m m  f

m l a t , i  T i m  ‘se  a c c c c ’ s s m c - s  will u r i c , ’  to he “ ‘~ m :i . l n c - c c - m n ’ : c ’ b  ,‘~c ! , , n c -  I i - ’ ’  ‘ ‘o c c - ’ - -. r — h  ‘ l o t ’

u m m u n u l u m l u ’  to  ; u r e v e m i t  P m ’ ’  , ;‘ ,‘, m m (  ‘ m m c c ’ s ’ s  c - i ’ ’ m~~m n l c - n t  s , ’ m n ’ - ,c uc i m n , c t  f u n  n’ t ,’ r c - c u c ! - i ’ ‘ c i

i m i m n m n m m s i s t c u n t  v o l u m n u s ,  t - - ’ n c - u c - c- n r q  t hus  d u f f u m n i m l t s  to  be i c -  s i ’ I v c - ’l , f t p  ‘ a r ,  ‘ c ,

, o u u i p t i t , i t i c m m i s  may a s s u m e t i n e . ’ re’ ( n m ’ u v c ’  proper  ‘ I m 1 - i  ‘ a nn - t tm n c ’  h m ; m ’ f - - ’ n  ~~( u u f l i’i~~t l~~,’ i c - i , i 5

1 1 c c - n  ruis ume m m ” c n n : l  t I m e  raw i m n p m m t .  ‘f  a ll rn’ Ia len l  n e ’ c c m - t s  ~ir~ - ‘ - c m u ~ - L ; t ’ ’ C t , ‘ ‘ : , . r c ’ nr, c c - i , ’

0 . 1 ;  m I , t i n e  ‘n new - d a t a ’ c~~m n d i t m o m r  n ) m ’ ( ’ m c  h i’ mn”~kc c -ch ( a s  r i . l ine 1 1 ,- omili w In ’  mc m l m - u c K ’.

( ! ‘ r cc cm i hy  s t ’ c - r c c ’ d )  rm ’ s u m 1 l s  a r”  ,, n f c - c m ’ y  I m m ’ u o ; I  t r , m m u s m m n r t t c ’ d  I t i n - n h i ’ -, l ’ if i ’u-’ ’ . t h i n ’ , U m ’

m ’ I m c - p h I ~~ l i f e — t i m e  ccl  t h i n ’  m a n lIer umn ~i’y inn p m m u c t m c c o be v e r y  s i m o n t  - t i c - c.’ c h ; m c - , , l u c ’ u c -  ‘,f n ’ ’ o

‘ ou t p u t ’  pIi,~ic- - i - - ’ of a ( o m p c m t c i t n o u n

T b  n’ ‘ x ;  - I, - ‘ t  m m m c m  ~ k c u m q c uf  ,i mu as ’, m m c l  c - n m  ‘ u n c n m n s ’ ( ‘ m u f , c -  ‘ mm c, um ~j i m ‘c-c  ~ f ~u Iii - ‘ I’  - i nn t o

r u ’ c c n lh i t s  r ’ n : c c n r r u c ’ m n , c ’ n c c - m m i i n ds mc- ; of c m ” m v e m n t n c n m i a l  m n c l , ’ ’ r i m p t  p rnc - , u c ~s m m c c u  c-,’- ’ t m c ’ n c -  s u n

i n i t e u m u m n u !  m m n s t  b c - i ’  h e l d  p n m m i d n n n c t  i t s m n ~nl ly this is c l - c - n c ’  ma y ‘ t , ’ ’ l ’ . u , t m i u c n  c - n p - i’ e c c - f

t c , u ’ c c l w a r i ’  to  a i m ; m I l m f l c l  I . ’ k , pc uhl im nq f o r  t i n e u m n m~~c~ m um c ! the m u t , - ’ ; c - m m  H ’ - u , ’  ~~~~ ‘ire

, b c u m m m q  t i m e  s - m i n e  t l n m m i : i  ur n ‘c - m m f t - ’.- ,v n ’  w i t h  an n e x p n m n m t  t i c - s t  I’ll s ’ c c - f t m’. i r e  - c , m c k - c m  c n.s

m i ’ ’ r f c - c - r m m m , ’ c c I  t In es ‘c’ ioy , l v  c l i u ’ n - k c m m c - l  u l  “ m m m u n m i a c c k u u o t  t nmu ne ” F ; ,  .~~c ’ ~ ’ i f  t b - - ‘ u n ’ m u o n ’

m n c  c c m m r r ’ ’ d  d i unm ng  th em m a s k e d  m c m t v i v m i i .  T ine f r n ’ q u m u - r c c c y  w i th  ‘‘. i- , i~ c bi t i u u s  i - r o o m  ‘c n’, ’lm m n m u i

( i n m n ’ ,t r i i c n t  O u l p c ’ a n s  5 t J ( l m i ’ ’ S f S  t ho m i t nmncj iit cccni , s t u t m m t t n  ii us,~.mi’ iu a r ,, di a r Tm c m  t S n  ,,c - ’ n u s c c -

‘ , t ’ m ’ t iOf i  0,2 , It - , ‘,-c u c m l m l  be d m ’ ’ ; i i c m h m l e  to p n m ” c c - ; c - b e  . : m i ’ p to p nu i t , ’  c - ,’ m u t a x  to  ~~~~~ m u ’

m m  m m u m m u u u f l i  s u l t m a t i o n .

1 a 5
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A D E Q U A C Y  CH. 7

7.6 Summary

Tine preceding examples demonst ra te  the ‘Iex ib ii i ly of tine proposed e ,i’ceptmor ,
hami di m mi g mechanism as a p rac t i ca l  tool in sc ’i vinn cj u m re al _ ’ c .% , u) r ldii pro1~hem s. Al t hough
the s ituations presented have been , inn most c, mm ’-,u ’cc , s m m n p l i f r c ’ d  ve rsk uns  of a u_’ tua i

problems th at  an s i - ’  Inn c ’ pe ra tmn g  s y s t e m s  um ’ “b r ,p ic - I i ca t ion  p r m .i ; I m imms , t i m e  i r m m , c - ’ , — c - d mj a l

“ assessment ”  su bsect ions inav e i nd i c a ted  w i nat s n m n p l m f ; c a ’ , c- .m m n s  w e re  made am id how .
in practice , t hey  m i ght be ov en cu n cru e We hoc-ic-: not a t t e m r ) t e d  to f l e s h cnm .mt t h e

d eta i ls  of ever y  case , but ra t her to illus !’ oil : t ine pow is u mmm d scope of I in ’O

m e ch an i sm b y r e p r e s e n t a t i v e  exan m np ie s.  We tIi ”m cb y sc ;’~’c u:t tin e c laim thal  the
uniform app lication of the pa r t i n,cuinr s em a nnt i c 5 ‘ ccc-  have c m a c c n n  b r  ‘ m m r cx c”op tu unn

handling mechanism has prac t ica l  value throughout a p n o g r a m r m m m r n g s y s t ’ u m .
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8
Pract icaht y

As t b m e  f inal ‘-,t o 0 e  in our j u c ; t m f i c m i t m O m n  of t he l~ u , , 1 u m d c , c - d  ; m u u - r c hmi j ’ n i s i i i  c c - f  (~ i , , i i c -~~er “1

‘cs- e m m c h d r t ’ s s  t i m e p n m i m ’ l n ’ m  of i nnui ’ bm . u m n emi ta t ion ,  A ubt ’t au I mJ ~I d c * ’ , u : r c lnl aim m t ~m n m

i;n1du ’ i m n c ’ n u t ; m t n i u v,-’ ’ c - cikl m a c i m m u r e  us to c - t n ’ I v t ’  m i u t o  t i ne  s c : ’ m v , m n n ’ u ’ s  ~ f ii ~~~ ‘ ‘P lO

u n r o~ ira n m m m m n m i u i  h a m m q m i a q m : ’  , m u ic i  .‘. c ’ , c a c o n  c - y  Ut, r,iIii ’ ’ m f u r  1 r p m . ;  1 m m ’  c- m u u ~,; ’ / t m , l n c - P

lIt’ - ‘ c - l i -cs , 1 1 m m ’ i ’b~v ious c n a n m d u d a t u ’  i , , im uua m lc: ’ , A l l - h n ; c - m c c n , m h ’ m c n ,  u _ - c - ; mim ;,-( ’  c - n ; ,  m m m c l , ‘ - u  n l t , i t m - i , ’

I , .  d a t e ,  To c c - m i h ; ’ ,t m m u m l m , , t e  m I n t  i cci i i  of m i n m , C t i c i u l u n y ,  c c c  sa v e r , t i  uic ’;I ‘, I , m u v  n l u ~~r n m u , i

, m t ‘ ‘ ; m s t  f lait a r e a n c , m m a u m l , .’ iuii l m l e m m i m u u t m t n ( ’ m ’  u ’~ - u ’ ’ -  I n ”  In t i c - i s  - c h a p t t - :  -,‘~ cm ‘ , “ ‘ u i ’ i ,

i c - m u ’ ’  c - m i  t m ’ u m n u ’ - , , t i m e  nmn a i r n f € ’ a t u m r , u s  ~ f ,c n i  un ; m P h , ;m 1~.u i t , , i c c ) m m .

8. 1 Handier  Bodies

Mui~~t at I F , , ’  ,- lem, ’ n u t s (in t u e  n m mu ’ c c h n c u m n m s r f l  I c , m ’ c ’ c c -  ci ‘ c ’ u u m m n m -, innu i m ’ ’ - c - . - n m t , , ’ . - . im n’ -c

I l c m n c - d i e m  - u ’ d m c c - c .  , l rc ’  compi led m n i m u c c , b m  t ine c — -  - ,- pr oc c c - I m m c c  a r e  ( c u r , ‘ I  c’ , ; n c -  ~ - I - , ‘ n u  cc ‘ u. m ‘ Se

~ - ‘,- m n t ,~~c I i m ’ , r e d , t r i l c m n i , m m n ,  of ( , l n ( b ’ t r ’r I’ , f i ne  ‘c’-J r i ,c- i ’ ro c c d i - P - - Cd -ilk 5(0 1  h ’ ;r’ amit y

I ; i ( i m u i f i c - ., i r nt , i n n  s c - P . C  i - c -c s  to t ; d ’ c -  i ’ m - a l  v n m n m m l m i m ’ S  of l I m o  c u l t - n  rop ’,ed ( m , ’, - .’ u c : c - : ’ t o ’)

( n m u u n t c - ’ .x t ,  1 m m  a un Al. ,mI) i — l i k e  l m n ; - , i u j m m u t m  cc- c - t I m  ~i r u i n — i m m u n e  n l m s p l a y ,  t ins i ’ m ’  c c - I - m m  i n ’ .  c c - r i - i n c -c- ’

- th u ’ i i o u , r b I c r t , c -  c-~
-
~ c u ’ I n av , ’, mu ch I m v . c ’  mini m n mi ’ ’ r  i c - ’ - ,c~~ mi !’ i h t i n y  - 1 c -~~l my . n h ~

oI lier t h a n  f lu’ ‘ nn ~’ ( m O m ’  c m c ~~’ id - c - t n c  ii t a t i n i e r  of the i,n’ , u - - ’ m I t - c l  mc ‘ n i t ,  X l. 1-nc’ It c ’

( I ’ .i c hiv u n e l l 
~

c- m u d s  t o  t h m ’  - “ i i  i’ c u u ; ’ mcx t of t i me i m a u n c - I m er , if , m m n ’ , ~ ;c m u m - 0~~~ ’ c t m ’ , if l c - i l

‘c - f  m n u u i m , r i t  ( h j ’ . b u i . i ’ t’ u uu , u m u u n ’ n m l , , t m m n n u s  mc m v u - ’  r t u l u m n m ~~b a ’ b p m n u ’ I i -  r i m n v c , e , m t i o f l ,  c m ’ ’ t I m ’’ ’ ’ ’  ~m r n ’

m m m c ’  m u i r  n i l ’  t c m i i ’ s  I f  t i n t ’  Im , c - ( i m i  c m i i , ’  ( I- “ ‘S  i mo l  i- i  ‘c - p a iii ‘- -p lc iy  (e ct HI I ~ 
‘
~ 

) 1 m m m l  , , m u i c i ’  t i  - “ c - u ii

I b m , ’  bc , c c , m t , c m m n  of a l l  V c - u n  , L i n ’ c  r ’  , n t i V C  ii) f l u , ’  f u i i c  m i t  t ime  r u m m n - t u m m i t ’  ~ 1 ,’ m - ’v i t’”  a ( n e i ’ m ’. S i u c ( 4

i - m t  mmc ml omi t uc ‘I i p f , ’ n m c u m i t m n u m l  t c ç n l f l  ,c’ m t ! m u n m  t h i n  m ,od lu ’ n  i u , ’ c n m c m m m c - c - ’ , ma in c - h m f f u r i ,ri ~
- , - c ’  f - c - ’

u i n ’ c h u mn if  “ m m ’  k r cc ’ q n onm . cc  m m n i m ’ ,f  t a  c - m r ; c m ’ ’ , ’ s i u ( i , in m : f f , ’ n n t a t ’ ,m i c ’ l tc - v i ’ l  ( m u ’ 1 u- c ii

‘ m m m c c c ’  t I m - n  i u ’ ’ n m b c u r  I ’ -  f I t ’  m m - - m u ’  c - , c ( ’ - c I  n ‘ ‘ m n t , ’ > t  ‘ c c - i nt l  hu e - m ’ c ,au i a h le  tm t i , a m m u h i c ’ u  u m n m t m i u I c ~~, , t ’ u ’ m ’c-

( ‘ i ’ .  u ’ ’ ’ ’ ’  ‘ i n n  8 ?  1)  ml m ’ ; c s f i c m u u ; h t - b u ’ r c ’ ~, m : d  I ’ m  cnmn~m m l ~ imn u nch i i ’~r c ’ ’ ,~lc th. m t a m c r c - c - s i ’ s

t i n ’ ’  , , c c s c - c- t Ied  , m - c c t ’ c - x t  n i ’ l r m l u ’ c u e to  f i n a l  i u e u u i t e r  , m u i u j  i t ’ , 0-v :  but ml v ; u m u , u i ’ b ’ s  m c t , u t iv ,

I ’ m  f l it ’  f , 1 c - - ’ O f — I , f m -  i m m u m i i f l ’ r .  mm f a c t , if t ine l i , m n n n j l , ’ r  l c c m ly mc u ’ o i m c , t m ; m n m c ’ ’ d  t o  hr  a

p n u m m . c m n i ’ m m r ’  c u l l , t hu  f u n n u n m m ’ n  ; ‘ n c - n u l , - r  will lie u m c ’ u n ’ c s , i i ~ on ly f m  au - - m ’ ~~s !lu~’ ‘,-‘ , r u , , m ’ I ’ c - s
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needed as pcirnrnetn irs  to the u m , 1 i 1 This n c - p u n - c s  t h at t I u n ’  c’~~’ ’ c - c , b  p r uc e d c - m r e  c’i n he

connpded normally — a r c m u n n ’ c - m b ’ ’ ra t i Iu c -  s i mu 1u d m f u c  n it  on,

loca l  t r a t m ’ f e r  üf m ‘ m m t n o i  mc ~miso q u m u l c u  c ’c m a , , n f m t - l  ‘ rwu nr d  V~c n want to  n c c ! n m e ve

them e f f e c t  of a gu t ; ’  t n  ar  app m - - ~ c c e m t ’’  io c . cm c  a n f u ’ m ’ ~~s - n u n - c - n  m m c m ’ f ronu m l i t ’ f u i m u t i cmu ’ ;

in vo c a tio n  f l int  has E ne i c -un  m n i t m ~n m u m p t c c c c t b c - u,’ the b , r i r , c l n m  r , If f und - u f l \ ’ ( - C c m ’ ’ m ’ ’ c - S  are

innnpienientr’d a”; su h mn - u t i rm r ccnl is , this ri m ’ i c - p lc  to ,“ml t m ,’ uu u uc~ Im cc s I c - i c- ‘ ‘ m l ret uj , r i

ac l dr i ’s s .  Thus t im ’ ’  uu mm F nc ~mn e n i t , , t u c - i~c ‘ m o t h  cunnI ~ as s ure t m - - if t bm’ I - . m ? u r , r i  mp f fin ml  r i ’ n m t r n

a d d r e s s  i s o I ) t , m m c m , m b I e  when tine b m ; m n i i m i - ’ r  m c ’ , e x e c u t m n n m ,n , us n c - cu;’  ; ‘ m u m c u n t  ! t u u m l c c - , c’a n’-c i i y

sa t i s f i ed . 2 We m m h m c , m ve  f i na l  f t c - ’  r u n m m i ’ u l m .’r c an dc - f ~ ’ um ine en t ’ u c f m  f ; - u ’ ’ : t m o n m  u i ,v m , n a t c u i n S

c a n  pc m ’ . ’5 b ’ iy  be i m i t , ’ m r u c m - t n ’ d  m y a i u c t n ’ u i t , ’ r  sp e c -  ‘ , n’~ ci k m  , , m t r,’, n m s l’ ‘ ~~‘ n c c , u n t ’ c’ t . ari d

any a dd mt io m na i  i- ode r c ’ m l u u u r n  ml to : n s m k c c c  t he r c ’ c ; n ’ m ad - ~ u ‘ ‘ ‘ , ‘ , ti ‘ 1 , 1 i~ 11 ’ m icc ’prh he

q en ie ra t i n c i  onl y f , u n  t lmmos in  m m m v i i ,  c - , t n c - n , m s ,’~

8.2 Eligible Handlers Set

Tine only s iqni Iicani l  impl i- ’ rn i’ u m r i u n a m  c- I m f f , m : u i u l  c- us t I c ’ ’  e l i c mth lc u  ‘ì a n c - I I  n r c  c , c ’ t ,  I--i em,re

the goal is to mm nniu in izm ’ f l u , ’  c c - m c I  m t  n m u f m m m m l m m i m u m c - c i  l i m e  ‘~°t , ‘ c -  n t n . ’n~ with so ’ m nc ’  m i ’ q i n r r

cost at sear c h  t in i nt ’  t h u r ’  a re  r a l ly  tw is  i m a r t ’ , i c- i t i m , ’’ p r m ’ I c - l t - m :  r r .a iun fcuuui i ng the

‘ enable d hanic ile rs s o t ’  (en t i m e  f , ’ r m m ; i r l o l u u u l  y of se (  tuo n i 4 6), , m n m , )  c i ’ ’ f ,’c- r ’ m u i m m i r m q  a t  a

g i ven i n s t a n t  w ln icin of tine ‘ ,‘n i . ’i i m i t c - , ’ h ’  l na m ic l i r r s  a re i c - u m p m , u n h i t t i c  u m ’ r , s ; m b c ” r t’ar,h of

t h ese problems in t u rn ,

1 An n) 1c-ç’ u t c - ,,çc- ; to ant ,- ’ ’ a c r ’ n , ,  , ,c - m- n - c-~ c m  ,c -n m - n m c - , . ,,’ ‘ ac -c- ’ ’ ,., “ F u’ ’ ’ ’ ’ oL  c- ,,c- ,. ‘ - “ U  ,- an ,, l;ub

2 1 — i ” ’ - , ’ c -n - ’ , tm , ,, i , c - c  . 1 - ’ . ’ -  d i ’ ,  ‘‘ in ,, ‘ ‘ “‘ i c ’ c -  ‘ u ‘ - c-’ a ’ t ,c - .- , m t i ’ ’ ’ m  c ’  o mm i n , t m .,c- , n ’ ’ ’
,
~ t ,  ‘ - c - - ’ ’  a , (c- ’  t o

th ,’iI i t ’ .,’u I ’ ’ c - ’ ,  ro c- ‘nl c - c c - c - u s’ ht ’ a ,n u - i - c - -c - c - c -  n c - c -  ~~ P c - ’ ’  ‘ m l u ng ‘‘ ‘c ’ - ’’ P’ cm ,-~‘c-a~~, Im ’,c~ ! t ’ c m ’ - ’.’c’u c’ — m ’ ~’~i m s ~ as ’ i y

p f f p c t c ~d,

in’ c - , r n,” , , , 1 c - :  c - c - ,~ ,. u ,.y. c- ” mc ‘ u “ - p  ‘ u  “ cc- un, a’ t~~’ ’ - ,i ’ m ’ ” c t  ru c - c ;  k - - i  m c - - ’ c - ,~~- ”  . -.,1c~ - - u t - c - ’
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8.2.1 Enabled Handlers

Tin e ennabled handlers s et  can be partit ioned into two subsets: those handlers

declared a t  the module level amid those that appear within f umi c - lion lut id ios ,  ‘The

former are enabled whern t h ei r  associated nmodules are in nst ar mt ia ted , the kit ter are

enabled wh ile control res ides  w itinin their assoc ia ted con tex ts .  We will rep resen t

t h ese se ts  by l ists, Each list e le m en t on these lists will represent an enabled

ha niciler and will contain at least:

- a l i , mk field (to point to the next list element),4

- a context  p o in (e~ t hat identi f ies tine assoc ia ted  conn t ex t  (e.g.

po ints to an a c t i va t i on  record - see discuss ion inn sectioni 8,1),

- a handler pointer that ident i f ies tin e code of tine ha ndler body,

and

- a un iqu e  name ,

T ine umn n iq ul e name field is , in  e f f e c t , a tok en  t h a t  r e u i r r s p r d t c  a u u ’m rc- r , as w e ~ hmil l  net ’

t h y .

New we c an  ( l i kt iunquis i l  t w o  c m is ’ ’ c  ‘ f low ’ mid ‘ ‘m Ini- id - m e ’ c Iac.s comn d mt io n ic - ’

Fi m n mv conditions conistif ute a r i i u n u : ia i  case  aund ca n he eas ily dismissed . E m r c t ,

fli m m ( i um l  e - bod y level handlers for f l ow  class com ich u t ionic c a ni a l wa y s  be “ m lu ‘ ml u ; but ccl ” t a

f i m i m n - t i e u l — l n ) d y  leve l , by v i r t u e  of t i m ’ ’  s l uo r t i m m i mnd notat t on i  (see s ec t io nn 4 ,5) . T hus

I m m u m i m n a  I cc  1 1 m m needl for a nuoc h i,m le —bod y le ve l list for f low c lass con iditno nis - S te  mn n ci,

nil e m m c m  lnli’d h , in id h le rcc - for a given ccnnidit ion and  f u m mc lion inst a nice mumst  aPl ut n ’ am in th~~

rue pro uc ctm c- c- ”; s t a c k , b y r le f i rm mt i on .  T m i s  s u i q u i i ’ s t s  a smnip le imp lemenn t at iou f or  al l

f l ’ ’w  i ; m ’ c ’ -; m ou n u h i t i u n m i s , w h i c h  is c ’ s s e i i t m a l l y  s munnu la r  to ti n e anne use d inn RI ISS. Wit  Ii

o “c’m~ c- ‘c ’ t ’ i a l i y f - p  P c - c - - c -  ,nk l i p i d s  ‘ c - c - t t u o  PvPi’ mt tha t  a deu.ib i y ’ i ’ k  pc-f mus t  i t  dpempci ci ’c-t,, ,’mc c - ’ P ~~~~~~ 
,c-. c - , c - ,1. pc-i t

r i - ’— ” u m ’ c - ’. - c c - c - - I t ’ ’  t ’ u , p ’ ‘ - i i ’ s  ‘ c - c - c - ’ m i , t ,r’r,t
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e a c h  process , w n c -  asso c ia te  a ~, ui ; c ~le , ‘ c l m ’ c - t c - i ’ ; i u n n  - b i n d , “ mnlI I.I m it \‘c- ’ I  a c t  as t I e  list

h n p a d & ’ r  for f lo w cmn m i c h i t ion n s ,  V~’ ’ t t m m m i  p r im in l ’ r u u c -  s c -c ‘ n b c , ’ ~; , -
~;n ’  n u m u p ,  al! e n a t c - ; c ’ m J  ha m nd te r

list rhi m mi m e nnts toqetf’,’r (fo r ‘ t m , , ’ , i conn du t , cu ’ns onnI~~’ )  in ‘- ‘ ac k o n - e r . f m ~ t i u ,,n , i i ; i c m n c - i

name f ie ld of each  l ist  t ’ I n - ’ m m m ’ ’ m u t , ~~~~,‘ i n n s c ’ r t  a valu’ ’  tha t  unn m q u - c-c -nl y i d e ’ c f u f , n c - s  u ine

condit ion nn a nie.5 As we wi ll ‘ c - r e  bi’be,c-i , i t  is now a s inu m~mie ui’ ’a t t e r  to i n ~ r mcni ’,’

e ligibi l i ty for any f low C l a s s  uc n id i tm onn

‘~ ‘ t r u n ’ - t u m r e ’ c l ass  co n i d ; I m cmis  c - m n ’ i c ’, m ( ’  d;~~ m n c m .m lt — t ’ c , n u . c - -  - c c -  a ’ list a r e

to nmai nn t a i , n  the enahl u - ’ nI i n c u s - I ’ - ’  n ’ ;  si c- ’, i n n  ‘— f r , ’ f i l m  c tm ‘‘ m c - u u , ’ t , c ’ r S , I c - - c  t c - ’ - a c l c r - s  Inn

these l u s t s  a i m pe a r  m m :  t i c - n ’  m m ’ - t , , u i c’ ’’ to ‘ ‘ il - m p h  I I ,,
~ b , : ;Il , ’ n c -c- c- inc c u m I n -  u u ’ j  ( h l y c , a i h  ‘ ra in

sec t i onn  c-1 ,1 1 t i n r i t  a C t  es s  t c ’ f I c c - ’ ’c-~~ lis ’,,’c- uS c o i m t r o m c i i ,’ ,~ mi m i - b c - u --i l c ’ s .  , :m c -u m u ’ cm ’

s e n n n , m p l non t c -  or c~n mn m i c - m r  ‘- :y n icc h m n u i n c - , ’ mn nu ’ i c n u u ’ c - t r n , m ’ t  ) ~~ i c - c n u q u i c -  i - c - m u m ; ’ ’  ‘c - ” ’ . 01 cac ti ~~
t c - , i t c - u m u c ’ n n t  ‘ t n i u t c i n , c ’  8 V ’ i l . ’ c ’  t i u , m t  i d , ’ m u c c f ’ u m s  t~ a -  i u m ’ , i , m c - ., - o f  me ::’ ’ ’  c t u m  ( ; m u m ’ t , j c- m 1 m i , u ~ I - t m

l ian nclbe r , 6 N n ’ - ,c-~ t i m , ’  uumod ul c - I n ’ ’  c - I - ;  ievu ”l l n ; i n n h ’ u ’ n s f o r  a - : n ’ v u ’ r u  n. m u i u b ; t l u ’ ,1 , i um c i  ( ‘ lain)

i ns tance  are  all l i tn ~ i - c l  t o c m o l ’ u c ’ r  in n~m j - - m m  t m n u : t c m (  c ’ n u i’ c i  , , c - i i n c- l u s t  c-c-, u n i ’ i l , ’ ; t m - m b

whe m nov e r  mu r e f n ’ n n - n m ’ i m n q  u m m m c l , n n ’ , ‘‘  ( c -  ,‘ n c - m i t ’  c , m~l, mm c m m n , l  a i ’ r i : m : l l m  u )  ,‘~ . n i ;  a m ’ i - ,c I , , i r ’ - j  m c

leve l  Ina nmd len  is c m ’ c -~~ t c d  or d c ’ ’ - t n o , c ’ ,! cur - , c c - m d l - ’’- - ‘ c u ; ’ I ! c - - i -  ‘. n : m m ’ l u : ’ n l  1 m o ( i , u ’ m ~ , l n c - c ’~s e v c r ,

t ine l ist  mai n — m su n i m .e occ um n m u e c - r  f n , - - p , c- ’ ’ c - t t ’ , - 11 .  l is t  s t r u i r c t i n ’ c - m  cc - ’ i’ ’- i id’ - I c - u  ‘ m a n n ’

d i c -m~nee  oni t I m, ’  n umber of p n i -  , ‘ ‘c ’ ,c ’ ’ , c- c c- ’ c c i  c . m u m n ’ , m d u ’ n  a - : m n - n u c - n , m l -  c c - c  c’ c - c u m p lpc - i , ,m u u i t u m t i c - ,mi

t ha t , t m m i d i ’ n  i c - , , r t u n ’ uh,r l c m n m j u , m c - m c ’  n t ’ n c - t r c u , t ; i ’ n m s , ‘ ‘ m m l i i t c - ,~ u ’ j - ~ ’ nm n uc - ’ ’ - d c - m u m  m a n u m It .,

A secon d tn s t e x i s t s  ( c - n  a ll u m m m m m — n i odu,mle - c c - c - i- ,’ lm ~~,c - u c c- t i~~mid ieus ( l u ,  a q u c -c-’ , — m’ m da ta

i n s t a n n c e  ann d c o m n d u t i , ’n n m )  Call l i nu s t ine PCI — l ) c -’ ’ m un m i c ( u m m n t n - x t  I c - s t .  W Im , ’ m, c-i u c u u n s t n ’ x t

is e n u t e r c ’ m i  t ha t  h am-c - such a tc ,’i u m u j l u ’ r  , n ‘ ‘ - I  ~~ ‘ s m u t mc allo t s led c - n i  t I m , ’  p r u c u ,n , ’ ’ ,s s t ,- c - m c k

an d f i l led in wut h i  t ine a bove in i f on ruma t i oum ,  Omie u’o l u l u t m ’ c c m m i u l ‘c Ia ’ c - m um us ,miu ,c l~~dt- d , -i u n i q u e

value idi ’nntif y inq the f u m m m c c f ’ c - m c i n u s t a u u c - - , ’  in ‘c’,f i c c -  u t h e  c m - n I l , - x f  e x i s t s .  ( T h i s  is inn

mI d(Iltioni to t ine  unique v a l u e  ‘~I’ ’ mi t i f 5 ’ u m m c )  Iii,’ m m i m c - i t n k, - ’ in n ‘cm; l - i ~~li it c x i u c - t s ,  t i m ’  \. ~~l c i ,’ of

t i m e  s t ac ; k j n i m ’ i I , ’r a t  thin ‘ ion c u m In,- c-c-,; u m c r ’ n \ c - e  as ,i m mn i cq u m e i c l u ’ n f ’ I m e r . )  T bnp e ! ’ :mc c- ni t is

t h en linked u m m u t m ’  t i m e  f r o n t  of t i m e  fl( I .  r J c - ’ t t m  h unt t Ine u - I f - m d  mc to  l : n u v c  ‘.ever nl

T h , s  c c  P c m , c-~ . 
~~~~ ~~~~~~ 

,~~c - -  - c - ’ c 1 ’ i - c - ’ - c - d  H , ~ - ‘ ,-~ d P,/ l~ m p m  - - - ~ : ,ii - 
- “ c - c - u u -  ‘ -~~ ~uc - - - - ,~n ,~ n ,~ c - ,

6 C,’c rc m mc -p u - i u y , we  pc m” - f ’ c - ’  c a  c , ’c - , , ’a  o ‘ ‘ - p , - u p , ’  ~ ,‘s ’e ’y - - c - —  a cc-c- , ’ ” m c-, a ‘ c- ’ . , ‘ ,u ’ ,c- c-t in i-, ,- c  ~.ul v.’~~
c c  i~ m m ru ~qu:~ c- ‘—“ - p m  0 I.’Pp f c- , c-  c-- f c c - c c - i . , .  at  “ c--c- c T h , c  r c c - , ” - m - p ’  he - ,~~~‘ ~ ,m~ ”d -‘n a nc-,i - - , ‘ c - p c - c - p a m

c a t , c t  cm f~~’~~- c-~~,1~ - s , a n’ ,,’ I, ” i i u ,i’u ., c - c - - c - --~~, c - ’ - , c - - - - i  ‘. ,‘ ‘c-o ’ i  c c  -.- - : ; ‘ ‘  ‘- ‘c u ‘‘ ,‘ ‘ - ~‘ c - n  c ’  t ,om’m .
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sep’nrate  s t a c k s  (on e for each proc m ’s S )  all ‘‘ w n m v e m n ’’ t cj c iu ’ t h t ’ r  W bnens a c j u l~ x

h i c - i v m n q  suc h a h c -u n i d j l e r  is e x i t ed , t i ne ( u l eu m ne t i t  Is u un i inm k t .’d f r om the DCI. m m ; c d d c - s u n  um y c i

(popp ed from t h e  pu t uc  r ’s s s t a c c k ) .  Ncmt e  that  if tine list is S m c u ( t I y -’ Im n ’ c k p d  t I n ; ’ , w t l l , in

qomne ra l , r c’quire a - c m  c ar  ch , However , by add luig a second l m n i k  luc Id  and un num m m  c- t a m u u m m m q  c - i

doubly —lin ked list , bot h entr y and exi t  t imes become f i xed  arid nim b I - u ‘ m i m i c  - m u t  ‘ - I t I n , ’

i n te r l eav in g  in t i me l ist.  Of course , e n t r y  tunic becomes s lug int ly I1 1 e a t e n  (2 , ,d c t ; t  m a n i c - u i

f ield s to chaniqc’ ), but this sac r i f i ce  us probably wo n tin t ine i c - n r c - f i t  (of f i x  ud , kuno’c’.’n

cos t)  reape d The two lists now nm icu iun t a i n ’m t Ine n,’n n c - m t ii e d t nan nd he rs  set  fo r a s t r u c t u ra l

condition,

8.2.2 Elig ible Handlers

Givem i t he  enabled lnaund ; r r  h m s t ’ c  as th’ ln,ned above at nc- m u m ’ ’  m m - c - t a u n t , wi cani

detu’rni iune t l m c ’  u ’ l i q n l m i p  lia n c i le m s s t  l a n  f l t nw m m n m m l m t , c u m i ’ - , t h in  t u m s k  ‘-c- s i c  c - , i m n l u t ” f e u \ ’ ’ m , r d i :

vve si m pl y fol low f i n ,’  h u n k s  h- ma -  s t lnrooghi I l u c ’  n ’ u iu  r n - m i t l u n tnC ~~’,’ c- ’ F eu ah l m ’ b  i n , , m ’ell ’ rs  ‘ u , t

f o r  f l o w ~ pn diIuons i - m m i t i l  we f i nd  t ine f i r s t  ei c ’ unn c nnl w i iu ms e um u n i qu m e  n m an mco I n - Id  m a t c he s

lie ccon d it ionn h iei mn c l ra ised ,  T inn s n ’ lm  ‘ m m m c -  ‘ n u t  is the emil- ,’ cu d ,! ‘Ic handier ,  undo ccl , we c a n

ln e  c e r t a in c- t ha t  t l u u ’ . l ist i’li~~m u u i ’ u i t  c - c - c - n i l  c p u~~c - e a r  j un t he  ‘ c c - ’ - t n n i ’ ’ n m t  c c - I  t i ne ‘ r a c ’ ’ ’ --.s s t ac k

a l l ocated  to t he im 1v c-~ m r  c - c f  t I n t ’  c - u c i u i a i i m f l c l  f tmm u c c tmon , and if f l int  ‘n ’ d m u n c ’ u m t  is r ,’ .’,d i lV

ident i f iab le , w e m a y  hound  the  ‘c-pa rch, In any case , the a l c lo n mt ln m is obvious-

For st rm imc t um r e c la s s  c oun ch i tn o n is  t l n r ’  t a s k  is n o n e  i cunnnpl ~~ x .  t he  a I ’ c p c - n m t l n n t

ap iu i’c l rs  inn fi qui re 81 - SCI stands f u n  ‘ c-S t a l i n ’  C,’ u t i t e x t  L ust ’ , i c ,  t i ne  h~’~iibcr  for

liii’ uii od uh u’ —b o d y h n am n d le r s  l i s t .  l)C( _ , as prev iously r n u e n t u ’ ’ n u i ’ t J .  s t n n n m i s  f i n n  ‘[c-
, ; m u , c - t n m C

Cant e xt  I c t ’  annd is the header  for the , nauncI l ~~rs appc ’arinnq urn I u nct ion bodies t h e

re levant  In n ’ ic h s  a re :

— t i n e  ( f n m r w a r d )  ink to t h m i ’  n u e x t  lu s t  c ’ i i ’nnui ’ nt ,

ml — t i n , -  u m n n i q u m e  m u , m u u m n ’  i n b m ’ u i t u b  i i u m ; t  h i m , ’  mn c - - ’ u I c - i l i ’  m n i s t , m u n u  ‘ ‘  m t , i , t , , u i i m n n c - i

t i m e  I m c mi  i n hit’ r

, ‘n-t in ( “ ‘ t i c - ’  i , m u m c- ,i ,O i i c~~c- f ’ c- c- ’,’ -c c - m”  ,~ 
i - ~~~~~ ‘ ,,‘,c~~ ‘c  m - , c - ’ ” m i  ,i,c a ;- . u ’ c m  - c - ’  ‘ p S c m  ,,ti ,‘c ’ -m’ cc,~ ’’~ ‘‘ .‘rn’t

t i c - ,
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H — ti n e unique minnie u u l c - ’ m u t u f c- mmn g t t m ~~
- funn c tion i m ms t a n i co  c c u u u h m m u m n u m n g

the handier ( m e a n m nq l e - s s  for eln ’meunts of the SC1 ), ari d

,nark — a boolean f l ag (lO in c-i I ly false) use-i bunt t .’rru cn c - I y  by  the

a i q o  r it him,

L e t  US Lm r ie f iy  c c -  - ‘min e t Inc ’  i c - i  m ’ r c - m l ; c - ’ i i  - c - I  m i m e  cu i ,jnr ~ i i - ~ui n-i - c — c - m t  t h a t , by

a s m - c -u m m n p t i ’ c n n n , t ine SCL annd P C i  a r m c -  P , ‘ c t m ’ ’ : t c ’ d  ‘ ‘ c ’ , u unn u m tn ,;c - u ’ exc ’ u , c c - c - m c  5’  c i c m l m m ; u m r e ,  1 h i u S

tI ne l is ts  can n m no t  be cu l t ~~m m ’ d c h m c m m m n q  Ii’ ’ ’ u - ’. - c r : m , ’ t n m ) m u  nf 1 1 c m ’  ci i i- i c- t i c - c - s  i,c - c - i~ c-c - m u  qc ’unerate

tine ninemhrrs of t Ine e l b q l c - i e  I m a u u m l i m - r ’  ‘c - n t  o m n p - a t - a - t ; m n c , c  ui c-i c c -  m um - . p” m: : ’ ‘ - ‘I order ,

‘T h e  S p u u r u : b i  for el i~~m b i c c  i uan m i i e r s  n ’ .’ t e n  i t S  f m o m n u  c- ,’’; 1 to  .30 c - a u ’ :  r . c - c - u u c - i : c - t s  of

t w o  pa’ c- s. [ runes 3 I’.’ 2;’ i c c - ’  a m . ’ n - i ’ ; u l ’ n e  m u , I m m c h l i n m S  ‘c c -mn I n ’ ’. ’ DC L; m u m ’ ’’ ,‘‘ ‘,~ to  Pc_u l o c a te

eli g i b le hn cmn d k’ rs  on lb’  S C L ,  I l m o  ‘
“ . c - u n  ‘c . ,~ i c - n ’ , - u s c -  ‘ t m ’ s  t i n t -it t 1 - - i t - c - i  el’,c - n ; n r ’ i t

co rnespomids  to a u i , u i c L  rc-d c m i i  I I , ’ ~ um thu ‘ c - u - i ; ’ - ’ -  ‘ if ‘ , c ’ c . b m o , m  ‘
~ 

( c - ) ,  i , ’ . ~ u m i u m t ’ I c - q i b i e ,

enabled handier, i n i t n m m t m y ,  all ‘ nn ’ c- u ’~ 
‘ f m u ’ l m l s  u n ’  1,,is,’ , c m m ’ ’ f  t i n c - ’ c - m t - m u . m n t i m m n l  m c  ‘ u t u u m ’c m c -; t h a t

s t a t e  upon rrm ni np lcm tioni ,

[he s e a r c h  of the DCI . un i v m~ lv ,’ ’; f - u u u l u c m q  t ine l e x u c , a h I y n n n n u c - ’ n rncns t  h a n m c h i c c - r w i t b n m n
cc - i c - l i  t h i s t i n i c t  n iod uml e ari d f u m u m n  t m o i n  m u c - ’ . t c , m m t ’d c -  Hun - c- c - o m u n t n ’ r  P is u n - c - i ’ d  ti’ c- k u l ’ c nu n e  the

n ’ Ic c -mu n en it s of tIn ’’ PCI c-c-~ - c - l l u , ’ u i t u u , c - l - , lii,’ t n ’ s t  on in n,’ fm  w i l l f~~m l t he  f i rs t t : u c - ’ , si nce al l
‘ inc-a r k ’  tm c ’ l ds  a re  p n c ’ m - a m u n m ’ ’ t h  i c - d c -c - n ’  i n n i t m a h h . , .  ‘T h u - c- P c ‘ m n r  ,‘‘ , t ’ u ’ , nm ci- ; to c - mn c ’ I m u i m h l e  handier ,
a c - c -  t I ne in o t c - m i i on i  orn l ine 8 ‘c - n u q ’. i c ’ ’ f s. ( c -c- ’c’ (- ,oc- ’’ m , nmm ~

. Hna t f t m me l- , Im’ i , t i , ’ r  i c --c- m u n m t c - , u tn ”ch at t h is

po in t  and l the s ’ l , ’ c -’; tinn I ’ c u I m i y , m : c h u u - m m t n ’ s  w l ic ’ t h i i ’ n  ‘inan e I m c - , u m d i ’ c - r s  m m m i ”  r , ’ n j m m i n i ’ d .  ~
—c - t ’ e

line 33.) We must now n ’ I m u n m m n n m m t e  ( i i . ’ nnn a n~n) c u l l  i m n m n i i l i - r : ,  on i’ m , ’  PC i  t h a t  P nmnas ks ,

which i s liii,’ c’c - f f i ’ u ,t p c f  h i u n m - n c  ‘ 1  Ins 13 A n I P , ’  f t c - n un  I t  n n ’ v m ’ c - i ls t i n - a t  s m o im f ’ a u ’ m l h i ’ r m - ;  a re

msuum nu p l e le ly  t. l m n r , u m  ¶ c u n i . ’pd us .,- t i n e  l u s t  ann mn ’ 10 c-en d t I e  f a ’ , l I f - i t  t i n c - ’ u v  , s m m u n e , m n

“drepiur ” m m ;  t h e  ~~O[ t b n c - u un  P d u u i ’ c ,8 i I m v m m ; : l  , ‘ h n u n u ; u m , m t i c - d  nil munic h n u u a c - ; k c - ’ c i  I m a n i c i l u  rs , we

now n nn m ms t c l imun in i c - i t i ’  liii’ ‘- . i i n ’ m le  l u a n n ’ b i t ’ r  c - u n m  l ine SC- I I l ua t  P ma s k s .  h u e s  11 f u n  18 do

f l u

( inn ‘c - i i b’c - c ’ q u i m ’ n m t  u l ’ ’ r , , l u i u n u ’ c -  u t  I t ’ ’ -  nnn , m n u n  DCI iii’ ( t n , ’ m ,m n u m u u m m n c i  on i nine 3) , t h i c ~ t es t

r c- c - au u’ ,~: ‘ c-’ r iCO ,c c c - ‘ ,c ’ -, c r  ,. c .  c-, c- - - I  ‘ c m - i ’ , ‘ c -’ . c- c ,
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- 8 ,2 ELI’;IIB L F, H A t  c- i - j ,~~FfS I ’L l

1 sea rch:  Ic - c -~1 i n  “ sea r c- I’, ”

P.-~~ft ’t . nex t ;  R’-SCL .nnc-’x t :
3 H~i! 

l~~ P�ni I do
4 [j c- p , - -

m l  “ 
. mm- n ’  c-

I I ’ -’’, ~~~. nm- ,j ’ k ‘ a I c c - c-

7
c- I g i f ’ c I e (F’ )

I c c c- , ’  ~~c- Q c- c -’ c - c -  c- cisc -
1 0 c- ‘

~ , mmi u - P . nan c- i u c ’i ~~

11 ‘ i-’npn d. c- - i rk ’ — t r c - j~~
1._ c - c - ’

13
1’ i c - ; 1 i I ~ - ,

c i

1 [~ c l - c - - c - c -  
~~, c-” m c -  ‘ ‘ s - c - ’ ’ ;

1- 7 ‘ l ’~s I c , m’. m i u c - ,ut

I ’  ‘‘-ci ;
19 p c - . s~ u

20 I I ;
21 ‘ c- id

i ’d;

u ,L_’~ 
b ~ . c - - 113

- I C , uuc- c- - mr ~<,

n u c -~c - ”  R . nnu c-in ’ • ci I
“Cc “ I’  r - ’ l , 5 c - n - i e I P )

- c -

P.R . u - , : .

~- i i  c ’ r u ” t  “ ‘ n’ m c  c l i ” ;
c m l ;  I ’ .- [ c -~~ u u , I c- Ic, I;, n c -c - a u  ‘ i a I s e ;  m ; , - ; ,  ~~~~ t Lc -,

hi  I i:- b ,c-’’i m I c - I — -  c- , n c - . j n’ c - .  c- a b c e r ,R . c - , , c-- i  cud
if ut ’- r n”

“
~~~ c ’ l ç ~ n h ’ , h ’ ’ ( ) c- . m f l y c -’ ’~c - c - ’  ‘ ‘ ç u ,c n d l n c ” ;

i f  m m  i n c -c - c - c - i 0 m c - t l e r c  c - i ’  prIed ¶ f - m

~

u, l~~~iv r  ‘- “ ,‘ir ,h f ;

I n u n  n i n e  I-I - 1 1 I,’ i l e l i t  1) n ‘I ‘ ‘ m m m i i  i c - i t  (inn At c - i on  it hin

L - 
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on l ine  5 m om- m y be s , mtu sf m i ’ d , if ‘- ma , ‘c-c-c-’” h a v e  - - -c ~ c - n n u n t c ,,’r od c-u m i ’ ’ u i l c -  r p~ c -’ v u c - m m SE y

d ho t erm i f l e d  to be masked.  lii such a c c - n s i c  we mer rc - i y  r ese t  i ts ‘ mark ’ I m o ld  to he

fa l se au nd p r c ’a ee c l  to the next  DCL element , O b isn ’ rv ucn t i n at  whemi c x ,  ‘ c o t i o n m  pas s eS

to line 23 , a ll e leme m it s of t in e DCI w ill ana in i have t h c ’ u u  ‘ nmar ~c- fte ,lds sm ’t to false and

0 will have the value ‘ ni l ,

TIne search ot t i n e  SCI c c - nn hu m ,” ’; , c- ,3 to ,‘9 us ,s t u , m n c - ’,f m f — f u u :  ! ic - nu ci A c ’ m a r k e d

e lements  ha ve their ‘n n a n k ’  ¶n n .cl u lr , cc-c - cu t to Intm ’ ; ” , amid all u n n c - m m m r k c c h  , ‘ b ’ m n u n  u t ’ - , c- ire

consid lerec i e l igible. Note t h m m t , by v i r tue  c - - f  l im o’ s 14 in 18 , a m:  r,’ i ’ ’ ru c- - ’ F i t cif t hc u SCL

can be e hiquh de ( uj n i mmu rk c - ’ c - l )  if c - a nd only 1 m u m -  i ’ l m - m n u c m m n t  c - c f  the DCL naS cm nm t - 1 I c -  m c i : ’  mi’

i c c - i d ,  This mc prcc - rc i sc ’ h,’ t hnu dc’ I mmn t i o n i  ‘ci c ’ : i c - i m h i~n ’y f ’ ’u ntiud lle i c -  id~~ 1ev’ ’ 1 h , m n u - m i ~~n5 , i c ’

t ine h a n d l e r s  c o r n e s l c - c c - m n m i , m u c i  t o  , i ’ ’ m i m n c - u i t S  m c i i  I nn ’  ~c - C t  c- ’n l n s m ’ r v c - ’ t i n t  ui- f l u ’ ! ;  c - ’ ~~

passes t o  i u m i c ~ 30 , c - m II  c’l~ ’ u m u c - ’ t s uf  l i m e  ~ C1 c-s - i in ,,v ’ ’  i m , ’ ’ m n  , - , un k ’  f u ’  m ,1~c- s o t  to

and R will I nave tin e vu c ic - ‘ miii’ ,

If c o n i t r c - c - I  n m  m m  h ’ ’  lu m p 31 f m u n m n m  1 m m ’ , - -’ ‘10 , ‘ u n , ’ ’ 3 ”  c - m n u m u , ,1 I ; . m c - o  i nns c - c - f f k ’ c - , t ,  s luice

C~~f l~ nii l , T I n i c - s e  i c - i c - i l l s  c c - s t  omil ,’ tm .n “ r b m ’ ; i n u  l i i i ” t l i c u  h i ”  1- a n ’ l ‘-c- I 1 the si c-Ic ctmo ui

policy caums n ’s p n c ’ u n m c - m t u n e  t , ’ n m m - i m c - c - a t u c c - i m  c - f  u n , - l m n I m ~~ 
c- ., ,’ ~~‘ m  - ‘  ‘ ‘s c c - asml ~ v , ’ m , f m e d

t h a t  if p r i u u m i a t u m r e  t € ’ i n u n i ’ c - i t i ’ u u c -  ( n c - c - i c - r a n, nul l  I , ’c - t  i - l u  m c u - u s  t - ’ 
c- ,, c - , c-~~ t~~~

c- f c c - c d  c~ f t ine DCL

(SC L) and Q ( R)  c - m I ’ u ’ c - i i I y  hju c-,i n c -  t i i en r  ‘ min ,n uk ’ 4 - c - - I l l s  c- ’ ’ ’ t  t u m  m is c ’ T I n u n s  ~s i i c ’ m m  control

passes  f rom 1 m m ’ 32 , c- ill list o ic ’ mnients have i c -  ‘ c - n m  m u , u m n : c - m ’ c -  c c- c - f

We d , l O S e  t h i s  m c I ; ; , ~ ’ I n ’ r  by brum ’ l i y  a s s c ’ -s s i n n c n  t i m e  m ’ n m s t ol t In ; ’ -, c - , I c - m -. ‘ i c - t I c - i l l , At  f i r s t

g lance , it s t ’ n m u s q unte  e x r c c n u ’ , m v , ’ I l m c n , evc’ r , w ’ - should iilac- u ‘ c - n , .  t i n , , f tIne Iii ( is

likely to h u e ul u i te  short ,  u m m n l , ’ ’ ; s t l m ’ n t ’  is c m l i n n l n  ‘ l m ’~~
r n - O  n - f  s u u c u n ’ t a u n , ’ ( - m m s  a c c e s s  by

I n c - m n  a l l e l  pnocc’ss r’s I ’ m  t h i n ’  sc -a i m- cInt ,c ‘c - t n  m c ’ t m c n  c ’ W i th  a s l m c - c r l  Pm : I, t h i n ’  m i r ’ n u n m n i a n i t  co s t

of t I n e a i m u ’ ’ n m i f n m n u  l n i ’ c : , i ’ n u , ’ s  t in , ’  ‘,‘ - u n c - I u  o f the ~ C h  i n c - c - m i m i c - m i  I c - m m  c - O ’ ’li u m m n u n m ,ir~ c m l eln ’ u n i , ! m i t

of t in e DCI ( l irn ’ ’s  1/1 to 18). A c lever  ‘ n c - c -  i c - c - I n c - c c - i  mu c-c c -c-- u ’ v u u r , can  m ’ b nn iumim ’ u t ct tIne ‘- cc - i n c h

u ’ n t u r n ’ l y ,  h O c - c -  ill t i n c - i l  t h in ’  ‘ m m m i ’  Ii ‘ i c - i  i c - c d , ’ f m n m c c - d  u m i m c - n v u c -  a c -  a un iqu e ’ u d n c - i ; t n i  m m - u  I c - c - n  the

i m u ’ , t , m n c- i’  of i i ’ ’ -  m n m ’ u , i m j i , ’  c- c - ’ n m l a i m m i n n m i  t i c - ’ ’  l u ,mn dl t ’ r  c f , ’ m - c c r u hu t ’ d  c - v  t In t ’  le .t  i ’ i i c - i f l e f l t .  ~~m n m ’e

~~k’ m i n c ’ n u t ’ , cit ti c - c ’ Si I , m r n m  in u n n e - I c u - n i n ’ ’  ( c m u n n , ’ c c - i c - m ; u i d c ’ u u c e w m t l n  s m c - ’, .li u r n c c - t , m t l ;  , ‘ , t i ne  mi’

t i m id can  hn t a k e n  a’c- I l u c  c - m m h d u u ’s .s of t I m e a I ’ l c - m n l - n n a t u c  ~ l m ’ u n u c - nt c -nil  liii’ ~~CL~ ~l n m s

c e l d n ’ ’ ; s  is hound c - mt  n imo d muIc -  n m ’ , t c - m c , ’ n , m l c c - ’ n u l imun e ,  1 c- c- c- , t l u n r m ’  i s  no nu’ , ’d  to c c c - ,c u ch i  ~1’ e

Sd . ( inn  t I n , ’  (In s u r e d  , - I , ’ i m u c - ’ c n t , ,i tnd  We  ca n rep lace iim ne ~ 14 to  18 b y .

~ c - t  i’ i - -~’~ - ’ ,, ., , ,. . n - cc- p _ I -  “,- i ”,’
~~

- ,
~

’ ‘ ‘ c - I f ‘ ‘ ‘ i c- , u’ -~~c- ‘ ‘ f c - o c - c -  ‘ p I’ -’- ’ ‘ - c- i t m ~c-~ ‘ u - ’ c-’ ~ S e t .
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s:~tm~~t mt’ : ,‘ ‘ I c - c -  ‘ :rL ~~c-.s ~ E -r

P F’ cm u
R .nc-ar~ .‘- t r u e

We now mnen ’cl to 
~‘xnrn imie n c - a cm i ’i( ’m fl e n n f m t  t h u  S(’ t on; iv ( ‘ c - c u t -  t ’  d , ’ t e r u n , u m n ~ , c - i l l  u t se ligible h m - u m u m l l m ’ r ,’, - We c - : c m , c - l~~f r n ’t  ‘ A p c c t  to d o  l m u m m( in l ’ n ’ t t c ’ r  li i f ’ c - l t i u u  c - I c -  d i ’  mu Cc - i  S c - n ’processing of a i n c h  c u t  le nm gt h n ‘ni cnnn st i l i  r e c l u m n n c ’  C m ( nm 2

~ in ~c - t m ’ l c - c - ’ u ne nt  a rc  ‘ ‘S” .I’s hu t
m ic ’ n n e r a h i y  W E”  e X i ’-ec l ‘fl to be nm’ m a t n v u -c - i c -’ s m a l l , p a r t c ’ , uj l a n l ’ ,c- ‘ ; m ’ m m p , ’ , r , - c f Ic i u p  n n- ; t i ’ .
t in ,’  SCL, W e alson i,’~~p , c - m ’ t n n e ucc - kmnn q  t o  r c ’ c - J m m c e  t ine 1 c - n m u c : m - ’ ’ c - n r ’ m t  i u n ’ c - i ’  ~ ; i hn ’ Ic - i ’ ‘ i~~~

u
~~
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Summary

- -  n c - ,  n r c ’  c c - d u n i ’ t  hnc - i l i t e rs  we , ‘s1nb ~u s ii ,’d a cc l ( c i  - ic - n ’c ls f mOl ‘ - ‘ . u n ’ ~ ’ t m  md

c c - n ,  c - m i  l n , m u i u u i m c - l c - 1  m , c - c ; l n a n n ; ’ c - m, t I , ’ u n i  c - n s ’fi n” c- ‘ I a F ’ c - ir t ;htl i c - m t u’-~ ’ L ’ m a n i i ’  n ’ u i c - S f  \ ! PI c ‘ c - i  ~ ‘ ‘~~ m

i t  ‘ n c - I ’  a - c - f  “ - u t f l u p  c - l ’ c - + i ’ c  ~
‘
~ C’ i n c - iVE?  c - a u u l - , :,’U ‘‘ -m t ml ‘c - u - i ’  t , u n u l t I m ’ ’ ’ , ,  ( Im c - ,’,is i 1 c - ’

mi m i - I’ , m’ c c - ’, m n ’ ‘ m g i n , f c - ’ ’ a m m n t l y ~ m l s ’ c u m u ’ m ’ ’: t hu s t a t u  cif t i c- u ’  - c c - I  in ;  c - ’ x ,~~ i ’ t c - ’ , n u ;  i,,’i t I c - u  u ‘ - i - ’

m a r t ’  nt i~ b a i - n  c i ’ - ” ~-r al n m  ni’ u r a i ’ m ’ n , c - I m m i u  ‘,‘c-”’ rn-p u ’  f — u - u i  1 s~~t is c- c- n ’ c - - n  m c- , ~~~‘ 
c - c -

~~55

t b n i ’  c - e l m  ln mu nn ,cm in t e r m s  n1 - c - t h o r , nmmu ~ri — ’ c - I c - c -  cdii: c - , n ,~ ’ c - i ’ ,  c - i  a ~ c n~~~ rc- , - u c - c 1n c - i n ,

“ , i u u l i ’ ; u( ’ i lc i , ’ I i t  ,u ’ -.si’ ’- ,m . n u u c ’ n n t ”  i ’” m ’ , f m r c - c - - ’, f m ,,t t I c - c  p m c - i u C ~~~
r l ‘ n un ’ :  la c - if l iSImi ~P u ”i’  c- c C  c - i t s  c-~

m~~c ’ f m m 1  c t ’ - i ’  f - - ’ - ,c- ca r d  i b i m s  ç chi  ,iu t c c - r  C ; O n i C l c - I -, I”'~ t i e  t I ’ i c -~~ ic In’, I - r -  ~~m 1 ;m mq t i c - a l

mi ’ -, s t ’ ’ c- s n in , ’ r u t m m c m l d i ’ , i t i f c -- c u i q  ,s - ’ c- n u c - ’ r u v n , c - n m , c - e s  f o r  f u t u r e  u m u ’ ~u e u c - t m u c n t m n f l

9 .1 Contribution of this Wo rk

To c c - l u t a i u n  c-~ n I ’ f t , ” r m ’ u n i  1i i ’ : ’-,~~’ u ’  d ive omn Our  i c - r , ip(’m s i c - - i  e x c e pt - - c m  h a u ; d i i n - ’ i

m i ’ n ’ I n c u m n u ’ c - m n m  n t  ‘ is  r i - l ’ c - n u i  t o  t he I n s t  c c - f  n u - s u c c - s  pups - i c - I ’d - m m  s e c  I ‘ c - ’  1~ [ c - v

arninimiq f l ip  behavio r of c-ui m ; n , - c , t n c - i n ; s m  v,- , th - c ’  t m ’ s i  l f l  f i  u ’  c p c c -  ‘c - I c - c c - n m ’ -, p c - c - ’ -  ‘‘~ I I’i r ’ r rc -

and reca l l ing  t ine oh c -s c~ r’~ c - m t u c n u i c  of c l t a m ’ I e n  ~~~. ~
c-.’c ‘c- - i l  S m ’ ’’ ~ Ip , ,m iv  ~lmi ” c ;o mi t r m t i c ; f . : ’ ’ u  o ’

our nnech i u m u ’ -c - , n , T In ,’ c- , u ’ u ’ l u ’ c - n u -  i c - c - I sa- c- r ’ - ’ -c- ; ’ n c m n l  d c - c - c ’ ’  by  1~ m I c - c - ’  p m : ” 1’ ‘ c - S ;“t ‘ - r u  t i c - c u

2 . 1  -

9.1.1 Speci f icat ion

Our m e n h a ’  c c -  c -u ’ I c - n O V i - f i s i c r  c - c -  p l u i n t  m a c c c - c - c u  e f  C c - i  
~‘ u a m u c c ” nc - , t u l n c - ”  i i ’c ’ i r

sn ’ n ia n t ic S  ar e  n n e c - i ’c - t l - c-’ de t i u ne d  f c - y  l m n e u l m i , c - , t e c  t h a t  te l l  a h n a m i c - h i c ’ :  ‘ c - i , ii I ,~ u m

e x p e c t and what i t  must dci , These ‘c -l~ p i : u t u c a t u o m n c i~’,nna r m c - 1~~i’ m u m  n u b - ’ ’ ~tm c - n t

d n ’ f u n n c c s t i u i c -  n ’ c -  n c - i c l i n n n a l  c o u n u l i t i ’ c n m  , m i c - u l  m i re  c \ ; n i u m t ~ ’d to  1 1 c m ’ ,,- m1 : c m i i ; u u i~~c- c- t l n ,1 c- m ; ’ - e  c i

l int” m i c ’ m n i u r , i l m t y  of l i nu s  ‘~ pe c - ’ ( n c - c - m O o n  I’ ’ ’ I m n c u p m c m ’  i u n nm ~m m i c ;  II;,:: apl u l ’ ,i 1 u c - m n  c - i 1 tf ’~

u n u c ’ c h n a m m n ’ , m nn to  mm w ide n a i c - c - l n c  of ‘ , ‘ t u m c - m l ” ’ I 1 5 , u i m h hmdimi d u-a n nie t i c - n t , t m m u ’ b - n  t r , ” c - i it i ’ u m , ’

i l u ’ f l i i i t b i u m ’ c- , do riot inVo 1 Ve , c- x u , c ’ I n l m i ’ m i  in ,’ a n n d i u i u c m  Our n u i ’ c - : I m m m n c - m ’c - c - m u  c - f  c- - c ’ s - c  mu ’ i m - ,ii of i ts

a t t r n r . t i v i ’ n i r ’ ’,s mind u c - ’ v i u ’ r  f n o u n tbni s  broad  app l i c c a b u i n t y ,  nunc i c’ u, m n t n a u - I ’ - ‘ i n c - a n ; i l y  w i th
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m m m , , m u ’ c-’ ~. m ’ -, t , n n m j  m n c - , u  f ’, d ’ ’ , ’ , u ’ , ”, t n t  l i i ’  ; l’ ;’ c- m ’ t m ~ t m c ’ c I  l i m  ,; ; m r t u c , n n n a r  I a m i q t m ~c - c~i_ ’ C u ’  s’~’cc - trn rru

construct s

9.1 .2 Ab s t r , ,’ t ion

Our u - c - n ,  f , c - , i u i ’c-nn ms ( ‘ m a I n ’ ’ • ( c - mu ‘ - n - n c - h  c - c - - c c - i  ‘ n c - , -  i - u c - ’ mc - ’ n v nt iuni  c u t  :~c- 5~ , c - c -~~,0flç

( u c ” c aI I  ‘ i n ’ ’  ‘ l c - ’-, c ” u j ’c- c- m m m l  u t ‘c - u ’ u t u m m n c -  1)  [
~, c c - n ’ i u m n u u u c c -  l u ’ ’  sn m s - - c - t i c - c s  sf n un - x i : c pt ion c - n

t m - ’ U i S  of f , c ’  c-h i  , n r , ,rt  , ‘ ‘ u , i m m o c -  n c - c ’ -  I in ,’ a u u ; c - m u i  m c - , ~i~u’ - ,~- ‘ c  c f c - c , m 1u ,m i t m ’ C i c - u i ’ c~,ie
‘-c - L , n ’ I c - i ’ n t s  ‘ i i’  s u - , , r - a t  - - I u i i u s f n a ’  I c - m i c - ’ I  i , u m u n c - r n ’ t O  oL ’~ c - p l ~ m u d  d i ’ - ; t u u i p u i s m u c c - s

t o ’  - l io n inc - m imi  ‘ mu m ‘ m m m i  ‘ ‘ - u t ’  ‘ u ’  A m c - c - I c - n c - m n )  f , m n , i u u c - i  ‘ ‘I - ‘ n s t i n n c -~ m~
- u ’ c -  I c - c -’un ’i n uc - :us ’, c-c- t l i ç ’ i n

to  ‘ - n c - ‘ -  r m n q n c - m f l m u n n~ - ’ s  t m  m ’ -~e n c - m m i , i t , -  m t ’ s ’ ’ ’,’ ,I u n c - I c - e r i u c ’ S  ‘~~ ‘ c- c- - I n c - i c -  and

m q m l m ) r n ’  i t ’ - ;  r n ’ p m u ’ ’ -, m ’ m n t - , ’ mn ni l i i i ’ , a.’ , c -  c - a c - s  - n u , ~ , u , , u m m m ’ ,t ’ ’ , t u ne  i c - u t m ’ u i r i t c -’ rm f u l u c - u ; m - i ’ ’ ’ c -  i c y

‘ m i l n v ’ ’ u t m u u ’ u  t iu’ m ’’ n c -  u i - c - i ’  ‘ ‘ ‘ ‘ c -  ‘ tm u’ ’ ”  m i l , , b ; ’ ’ n i  ‘ ‘ n m  n c - c - c -  u u , u ; c - c-i c - m u d s  c - , I - ’;Ir a ( ’ t m o m i  by

‘ l , u c ’ ii m ’,i t ’ n , ’  ml , - ’  - - ‘ n r c - n  t a c - u ’  ‘ ‘ i  ‘ c - u n m s  i - -n c - m in u.’,’ u t i I - ‘ li ~- c - m c - ’, c- ’ u m n  c - c - f  t l l n u c - t : c - i n c - ’ c -, uu c - ,,,c- ‘ c - c - i
m l  po’ c - s u b l n ’  f u u r  t h i r ’  m m ’ , ’ - r  m 1 I m c i c - ’ , t i , i c -  t n - nm IC) m i n i m a l ’ ’  - m l l  ‘re - , ‘ m - ’ :u t rmn ic - m I ‘ - ‘ c - m i p s, i y’

f o rc m un g pro c - j r a c - uu : ’- u ’ r ’ , Ic ’  ml ’ ’ t  -U ’  c c - ’  n; i ’ c i m t m O n S  mum a b s t r a c t  l t c - n i i m ’ c- , (c - i m ’  i n ; - c - c - c - t n, m n m u srn c - c - I ’~o
p u i c  o u m n c a m’c-, rebu t umm o th m ii c - ( l i - c - c - c - I c ;  ‘ mai n E’ t i uc - ’  ‘ a c - n c - ’ -  ; ‘ r c -  (‘ ;‘ ,m Ofl  iS i c - ’ , c - i , r ’ ’ J  to ‘ : i u eC u f y
e x r : , - l u t m c - c - n m c - il mid , i u u r r n , i i  c a c -c- n ’  t ’ ’ ’ u m , m v i c c - r ,

9 .1.3 Shar ing

We ha- -,’,’ c hi c - c - c - i ’ ll a t  si unu n ’  I c c - n c - - d I n  ( i c - , m r t c - -, c u I ,nn1 ’~’ iii s t ’ ’ , t ion :+ 1 3)  on t ime
u m m , m n b u ’ u l n m c - j c y  of t I c - u ’  “ c- a i ls ” I u , u ’ r , m u ;  I c y  I c - c - n  i ’’ - , i’ p t ’ c - i c - t  t r , i u m ’ , n n u i ’ , ’- , io i u , II m ’ ; n c - ’ m i c - c - u r k c - u i ’ i n , c -

t lns i l the c c ’ u O r a i  u c - c - , f , ’ n m  i f  s i u c - i m c ’ c i  c - n h s t n -’i c t u u ’u u n s Inn ’, i c c - u n  c-d c - c - - s t  t c c - t c - u i m -~’ c - i ’  c ” n c d  by

I c - c- i’ c - t m n ’ i q n ’ X r c t c l n t i o nn  n u n - u  i m , m n n m ’ , n nn ’ c - , l m i ’ I n ’ t ’ n I , c i i i , -  of t in e  m u m - c - c t  ‘ - n c - i c - m i t ; -  ~i u c - f ma ’  - i - c -  I,~~c- of
m n i m r  l u ro h i mc ’ , , ’ u h  n a n c -n i n c - a u n u s u u n  is i t s  c u i c n l ; t y  I -  c - ’ , i i l i ’ m u n t  ‘ , I m , i n ’ ’ d .‘m l i’ c - t r c - ur _ t u , - nc - ’ c -c  ni ,‘~ 

c- u , m l u c ’ c - u l

~~~~ ( n u i re  u.c-,’ n ’  r i ’ , m l u , ’ c c - t l m a t u - Iicmn imn ij ‘ c- of n n n m m : u a l  i i n n l u u u n l , i n c - m  n ’ , ‘‘c- - c ’  u ’ ’ c -n t l m , m t  i m a r t u n  u i l ,’ir
n n m m i’ , dm 1 ‘ c - I m a r m m i q, c ’  c-i nc- y i m c - . I u n - c - c c - m - ’u’c- , b m , ruu lk ’ I  m a n - n n - ’ c - c - - , can  un , ’  c- a m ,i ’ c - u u n ’ u m i i c u I , c t ~~~ct a ’

m n m n r ’ n n m  ( c - u n i t c - t i h u c : n c - c ’ s, T h u s  ic--i ,” u~ , m n ~n f i n e  c - u i u u l i t y  In) l n , u u ; u i l c ’  m ’ \ m  ~~i - t u i ’ m n ~ in l’ ) () t hn

‘ m ’ q i m c - i u t m , -il a m t m ( I  j n m - m r c - m l le l  ( n m m m u i r u u u m ; n m n m n q i - n c - v u -  n i n u m i - u ’ t ’ , W m t i u u u i m t  ‘ u n i u u ’ , I u c -  n n ’ c l ’c - u ’ e - : ’ ic- i l

f u m u c - m i m l i r u s  ( n u n  ‘ ‘ u t i i u c - r  one , Fl y r u - n  n c - i u m m i , ’ l i i c l ‘ m m m i i i  m u ” , f lue  f u m u i c l a n i m ’ n ’ t a l  i ’ m ; c - i c - , ’ r t y ,

Iiar IIL’l s l u c - m n i m m q  ‘‘fai ls out ’ ’  c - a ’-, a sl u s c - u m m l  i c - a s e , ~cc-cf p ~~l ’ c - i i  i’levat n,’ :i c - m u m u ’ c - ’ p t  l o n m q
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r ecognized as i nnporta nt in oper ating sys tems to the leve l  ml  d”u~’ r ’ ~es in
programming languages .

ma

9.1.4 Programming Flexibil ity

is no q u c - ’si ncm nm tIc- il m u i r  specu f ucat iom i  t e c h n m q ’ m i c -  t u n i c - c  -c- t i m , ’: i -n ’ tn’ c - u m ,umer ‘In

consider tine ‘‘ c x c  c - p t  moun d I - a c-~e ‘‘ be 1 ; c-i vior of his program i n c - i c c -h nio ~-c c a rc -  I u~iy  - i t  I

wishes to Ii r (~d h ( i C ( ’  a ro ht ms t  p nCiqmc - am , t i ne mec hanuism Ca in aid l u n , i ’ m m m  c r ~, u u ; - ’ , c - ; i , ; c -~

ex r u ’ i ’ t i o n n  l ’ n o c - c - i s s n n q  r E ’ q t l i u c - ,’ m m n e m n l s .  However , it nmny a l s c - ’  c o u ms t r a i n  the n o d es of

e xpression t n t ’  c am use for re la ted , but m n o m c - e x c e p f i o u c - ”m ’ cas e p r o c - c s s ’ m c j ,  ~
c - c - c - c-

believe I lint sc - ic in r es t r i c t  m u c i m s , ral lier t i nan l i rn i t inc -~ f e x ’ t n m c -~ y’ , c - c - i d ’c - a ’n c- e ci,, c - i t  m i i i

c o i l t n u l i t u f u ’  to u : o m r p c t u u t ’ u c s , jus t as disciplined t r , a c , c - ; f p r~ of c o m c - l r , u i  ,‘ ,m (Pita

s t n i m m ’ t u m r i n q  t E ’ ( iinn iq ( ies do it us t ru e  t ha t  our nm c ’ cb i a r n i s c -m i  ‘dues riot mes in c - c c - ’ t~ Vc-’ , t m ~

saline f a m i l i a r  prog naniuuum nn c ~ m c - m n i s t n u u ,ts (s u ch as t i ne  non-- lu i, ,~~l go to ) ,  am id w n bi,s’,,’ t’ n o

qu c- m in is about imposing n c ’ ’ c - t n m c t io m ns orn such  cou is t rm ar , ts  w ’ c- n t hey a t t i c - c - c t  pru rarn

cl a r i ty anid coh erent c c - x c - ; c - - i - t n u u u n  p r m scc c s s i i ig ,  T h e  examp lc - - s  of c t n a pte r  j ’ i l l m m ’ c - i r ra tn ’
t hat a considerable va r i e t y  of a i ’ p l n c a t m o n s  car l  st i l l  be pro na nm rned in a nat ura l w a y

while uti l izi ng tine f~~c ; i i n t i c _ ms ( c - f  our c -’ x c ,’ i ’t ionn mm’c hna nism ,

9.1.5 Language

In s ect ion 5 ,1 we n - ~~nninuni ed t h e  rn” Icu t m oun simi p b pt wo un c -  o it € u X u , i - r ’ ! m c -  ii

mne chnamu isn un 00(1 i ts  c - ’ i n i h c c - i h a n n n g  langiunge . c c iea l iy ,  of cc-nurse , t hic ” a d lc h u t ’ Omu of c - a nn

cx ce pt iomi h andl ing f a c ’ i l i t y sh ou ld not pert  mrh t in p I,, nu g uma qe at  all. Our nmnro Iu a nmis n n is

Ian c i n ’ I  I a u uqc - m cu mj - — in idn ’ i c - ’ n m d n ’ ’ m t  mi m ic - h imposes ve ry  f e w m c c - u c - t n i c t i o c n s  on t I c - c -  c ’ m ; l b e d I n i ’ m n ’ f

l a u n q u ua g r ,  No S i ’ i ’ c : u f i c  p r o p n ’ m t u c ,’s , oIlier t lnan t I n e c - ,h i in t ,- to support a b s t n ~i c l i onn bY
encapsu lation , one r equim c - md ,  ‘Mimic sev e ra l  ; im ; p im a qp  f t ’ ; m t m , m r n ’ s , c. ‘ c- :~~ ‘ c - ’  r ;m 1 uc ’ c ,

mna t u ra l l y i n te ra c ,t wi th t in t ’  c ’ x c t c - p t i c i n  ha n nc - i i in i - _ i u mm t ’ r c lmann m ’ --, n m , nunn , i e is i m n , ’ c- tm n , m u n u t  d to

c-i c c - s h one a p c - m r t i c - u m l c -’a r f o rm (inn m u m i i n c - m s t  to n i m oy ‘ ‘ x i s t u m n q  ic- icc t u , , m i c ~, c mn s )  hi ,’  rn u i ,m s t

s m gunm f icant e f f e c t  on t i ne iumui guc - i q~ induced by t i n , ’ c x c -  c -’ c - t, u m m n i  nip Iic - uui uc - i i i  np~’ c - ’ i m c - c -

t i n e s y in c In r ouu i ~’ a t m o i n  f a c - : u i i t m es ( i f  anny) , Here , t Ime r e q u i n c ’ m n u c - ’ m i t s  of t i ne n , n t ’ ( , i i m n i i S l T t ,

wh i le  def ined  s e p a r a t e ly from t ine la un qu m a g e fac i l i t y ,  i n t e r a c t  w ith  It in m m m i i i  obvious

1 t m l
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ways. Sect ioun 5,2 s ln ows h o w  t I m e  comp i m ’ x i t i e s  c c - f  th is u n u ’ ,’ n m c - c t i o u n  nn ac -c- b’ n ’ d m a c ’ m ’ d

and t h ic - ’  c - :c - mmnh i i mno t i o n of t h e  tw o  m m i u - m c - l m a n i ’c - nn m s t i c - m u d t u c -  t i ne pro ,u namn nne n ’ s u m d v , m n m t an ; c -’ ,

9.1.6 Ver i f icat ion

C h i c - m i t e r  (3 n b e u m n o n m s l r i t n ’ s  I i i - ’  m,c-~~ r n t n i I c - c - in ~~~ cut t i c - c c -  r r : : c c ’ s u ’c-n i c - uc - ’ ’ c - ” I - ; m m m u c r s  u.’.mu t h n I i ’ , lii’’

cou i t ex t  of a l m a r t i c t m l c - m n ml m c - c - l n ’ r u u  ç c - r o c - n m c - m m i u u m i c - mIi I,mc ’ c , ; c - t c - i , c -  \,c-V m ’  v,’ ’ c - r c’c- 1 c-’m c i ’ f u m l  t uc , -,m u ’ I inme

t ine se u in i ’um n tu c - s of t ine c~~ n - p t n n m u  nn ,’c- c , I n a cu ’ su m m t ic - ic - nit  c s  ,- ‘ f e c t  m cml  It m ’ ,’ ’~ ;’ n i t i , c - i u u i i t ’ ,, of

t ine host I , u n m q i m a g c c  S i c - e c n f m c ’a i y  I s  c - c ’ r i man t k ’ s  i’ m - c ’ ’ I o n I c - c - n t - c l  to  f i t e s o c - I n c - n c - n  p l c - c - c - u  c - c - Ffl

stru u ct umn n ’ s , i u a r t i c u m , m n I y c - i f c r c - I c -  a n t  t i c - - ’ b c - c - n ’c- A lb u m c - c - b  liii - ’ c - I  ‘‘ c- n r ~~c- ton v e c - m i  d c - n u t  I n n s

a f f e c t e d  t in , ’  f inn e c - i ’ d’ - of t i e  mc nr ’ c ” i n , u : l n s m n , t I ne i - m n u . ’,’ c - ’ r c - - f  I t m , ’  t - a u c - ’~~,’, I c - s i c - c c - I  been

r,onmnp rom nni ’ c - e d by t i c - c - it dh’”c - u r e  t in ,  e c -  , nnn l c - i r ’ s  of i n c - c - c - ’ ’  
‘c-

, ,‘ m c - ’ n n l i l c t cm w i th  i - r e —  a m ’ d

po c t — c o ~n d i f u u c - n i c - , c - m c i - c - c - c - nt t h a t  - ‘ u m c - ’ i c - ; ’ - ioun V~’ i c - i ’ ,’ ‘I c - c - ’ d - l ou i s  c’f v , ’ n m f ; c - , c - , t u ’ifl w i i l

m n r ’ - c c - ’ - : ’ ,an i iy va r ’,, f non un I , , i u - ;  - uq c ’  t o  c - m n r - u u l ; m c i c - - , t i c  mui c -’u 1 nn - 1 ’ t , c - c - c- l , c c c - m t m n m u n  m c - ;  c c  , m t m c -,c - u u i c - /

o e m n ’ ’ n a l  c - m n m d slnr ic - mi c - I  c - a c - i ( I c- I ‘n ’;i ly  Un - m m m m ’ - ,t in ‘ ‘ c - t i c-c - m a ’  , “ ‘ ‘ ‘ n h m c n m ; — I n a c - r ’ d  u t - c - c c - f

nn i ‘ t h i n  c - u  h i m  i n ’  g i p s -

9 .1.7 Cost

T I i u ’  a l ’ i m c - r n t h m m n i s  
~ ‘ r u ~~ m a ’ m ’ ,~ - I n c - i  c - ’ t m c - , i c - f ’ - r  8 ‘ I n c - a . - 1 I ua t  ii u ’ ’ c - ’c - t ” d”,~~f i , ’ c - ’ l i \ 1 ( ’

umui h u i n ’ ; l m E ’ u I , i t i o n i  i c - I  t h in ’  p n n u u - c ’ c - c u ’ n I  “ ‘ ‘c  i c - m ’ n ; ”-f l l  c - I d n u ’ s  ‘ c -  c - s t I c u i t i u n ’ n , l i n t ’  ( c - c - n s f ’ ;  m in i ’

( I i ’ c - t n u h c - m m l t c d  Sn n n i m u n i u m c - ,’I’ ( ‘ c- c - c - n I ’ , c - a d  n i c i - , -  n m c - ’ m n - ’ ’~~ c- m ’ i t i~~c ’ al ra’ -~ ’ V-I c bnn~~ - c - m 1s ’ sc - ’ t u nn

t i n a t  if t ine n n e c i i c - i n ’, n ’ ,nu us I ’ m  - n  I n ’  ‘ ‘ c - i  nnnorc ’c - I c - c - u  n r , n u c - c - c - ’ - n u i c -  c- I n c - m u  t l i c - u m i  , - X C n ’ i - t m c c - n

( : n ’ ’ c - s u , n n i .  t i n t ’  m ’ ; t c  n c - inn I n , -  , a I , n m ’ ’ ’ n h  ‘ , c - f l c  \ u _ I~~,]~ n u ’ c - c - u , ’  t~ c- 1 n u i t , m t c - I Y  ‘ c ’ t v ; c ’ nmu l I n c-

m m u , , u , i t m ’ m u c m n n n c - n ’  c m l  t i n , ’  u ’~u - i u I c - iu ’  I ,, uid flu ’t’ -c- c’c- c’t -‘m ind t i n t ’ c-c-u c’c - t u u a l  t r c - a u c - ’, u u m i ~, ’ _ u m c 1  of c - in
( ‘ x ( ’, t ’ l m t u u ) u u c - u l  u’ ’ u n m n h u t c c m n n ,  i~ m c - ’ ‘i ‘ ‘ m r - m i l l  l u  ,i’ ,s ,’s , l i i i’  ( c - i ’’,I c - ’ f f c - ’ c c -t n ’ c- ’ t - m i c ’ ’ ,c - c - i f  l I nu s

u m m c ’ u ~hani i’ c -in \ c - J i f h  n ’ s h i ( ’ ( c - t  t o  j ’ m c - i i ’ n n t ’ c l i ’,- , , t l c - , , c - t i V , ’  c , i t i ’ n m m c - u t u v c - ’ c- , c- , ,~~’~ (’ i~ t c - ’ i ’  ., t t c ~ r o n e

m ’Ie,’irl y h a u u n ~ i m n q , c - — c - ;~c - e c - uf u u c -  i n  u ” c - p l c u r d  t i c - n o  ‘ m c -  i n ’ ,  m c - t c - v m n ’~ u c - - , ( -,c - u ) t u ’ l u d l c ’ l S ,  Iii

l c - u m m c - i u i m i i c ’’, t h a t  S i m l c - i ’ O r h  - i m m c - c - i ’ u I c - ’ ’ v m m n n , u i ’ i u ’ ’ - ml  u ’  i ’ v u m i c -  ml ( ‘ c- c ’ ’ ,,’ m c - t u u u m n  ‘ ,‘ ,l) t I n - n t

f o r  ,“ i p i ’ m n c x i m u n ,’it e l y  ,‘ ! m al  n n c -,c - ’ ’ n h i u  , m c - i  c- - ‘ c - I  ‘ ‘ ‘ c ’ c i c ’ t  u u - c - c - ’~n m I u ’ r c i ’n iy ( l ’ n ’ u t t ? n f l u ’ ’. m l c - l m t ’,’ t m u ’ , c - u

(‘)uur P~~ Pc-’ ,Pd u u m m ’ u  i n c - a n n i ”c - m nn , t ,~u ” t  of t im e  ( i t i m u ’ l  n u u r ’ r ’ i u , , m u m ’ , m nn cc - ( c - I  d c-u - t i c - n  ‘ u i c -,c- umm d t  prov ide

~ ti f t m m , u i ’ i i t  f u u m n c t u o n  Id ) 1)0 n’ m n m i ’ , n u j , ’ r c ’ ( i ‘‘ , u i t r c - u c- I n c - i ’  ,‘ l , t , - r m l , i l n v ( ’ ’ ,’’ tn i  r’u u u r  prc - mpn ’~al

1 o;’
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9.2 Remaining Issues

At c-i n iuum nu l n c ’ r of pou ts  inn tine p mt c - ucc’mI n n~ ~~ii u p t e r s , c-c-c- - c -  tm amm c ’  m m f e u i t : f ’ m 3 ri i’ c - S n i O ’-c-
t hat  m u o n t, f i m r t h n e n  i n i v n c - s t n c - ; a t n - u u n  In th ins f ina l  sc tu ’ i un we i c - c - i t ’ m i~ r c c - c ’ ;,’ . - t i u l c - y u c -  t i c -  c - c

iss ues c - a n d  ;ippt ’ n i c i  a f e c - c -c- c n t i n u - n ’ c -  f i na l  log ic ally f ; c - l l cu w fnor n n t i -  ‘ ‘ c - c - ’ ’ I” , -‘c - c - i  i u c ,_di~~ iT’

t hat  the s u m n c - ., c - n c - c - ;s f n ,u i  N’ ,c- ’- l ic i i o u i  c - i  u - a c m  c - - I  I l c - u ’ ’ ,u ’  q c l n ’ s t ; u m n c - - c- ‘,c-j Ii ~‘ a m u u , , m  i ’

m e c lnmin i i sm u i ’ s c - u i c - i ’ n u n ’c - a i c - i h , t - c-- c - , u u c i u - n u t ’ its  v c - m i c - n c - ’  c - m s  mu i c m n u c - I r m a u u n  ~ 1 c - ; m  t u i r i m - c , t ‘ c - m i .

9.2.1 Selectio n Policy Primitives

I n n c- c - t ’ r : t ionn 4 ,1, 1 mi, n’ m ’ -  ~tc - , l - m i ’- i m c ’ c - i 1 ’ n m n n  c - - i - I ’ - ’- - t i n c -,iI ‘ , m - i , c - u i u , u i i  j c - ”im c ’ c - i c - c -~~ c - c - li c - m - ~~h

exh ib i t  a n d gem \,’e h int  ‘ic- ’- - I c -n ’ c c - . n f u c l I r m ’ c - t c - m a l n u m u n c --c- , VVc ’  cc - u n ; mmsk u,,,- l c - , f m ‘ c - c -  c-’~
slucsuid , i nn buc ’ c - m cc-n t u u I n n  c - c - ’- ‘ i c c - i nc- c- us , _‘c - I n i - i i I ~ ’ i u n m u c - c ; i i J u ’ ’, !i c - m t  : ‘ r m u t  I r c - ’ u ; r , , u l ’ ; ; m ’  c-

d e fnn c - c  t heir own . Sui c -  in i c - n m r n m l t i - a , ’ , c - c - c - cc - , i l c l  - i c ’ m i - c - ’ c - c - a ’ m ly 1 m m ’  t - n u m i u m u c - ’nr ’ - n i  i i i iy IO c - c - -  - c - t i m ’ - ’

pol ici es t h m u t  s m m t m c -c - f y  f i n n —  ‘ - - n ’ -, t n u l a t m ’ n l  c - r c - c m I c ( ’ n t u e s  t u’ ~Ic ’  ,c - c ’ I i ’ i c - u n c - m’ j  s i t :  1 l c n u m m l n i ’ v  i c - c a m _c-
co rn gain insight u n m t o  t i m e  r a m ’ c - c e  ni m i n l , ’ n c - u c i u , m n i s  i’’’l~ j u - u ’ c- “ c - u c - 1 n c -,i i l c - ’ ;  aim n mi u ’ i m b i m ’ r s , , m c - ’ h

we may i d e n n t m f y  ~ dc- b u t n i i iai or , m i t c ’ ’ n n , i t p  i m r o l n n - u t c - - ’ , t i c - n t  noire lit ’’ ‘~c - dy  - - c - i n c - I t I m ’ ’
s p a c e of t i l m i s ic- i n t t ’ n c - m c t i o n s ,

9. 2.2 Ver i f icat ion of S y nch i ’ o uni z at ion

In c i n c - m i m t c - ’ r  I’ wi mg i - c - c - c - i  c - i n , ’ c b m b f m c u i t c - ’ - ’c- inn c - c - n - c -  n i m m , , m l m u m n  m c - n i ;~~n ’ u b  h u y  t i c ’
( ‘ X i ’ c - t m ’ l i ( , i ’  c- I i ’ a r c - m II,’ Im s mn c-’, - I h m n l u n d - - i c -  , i m n ms  11 ,1 m n ’ , c - , v  us, ’  t he  ~~~~ ‘ ‘ b - h u ’ u m u  ‘ m u e c- c - n c - ’ u ) i c m u ,
T Ine  f i ’ ’ i u l  of V c c - ’ i i u ’  - u h m c u u n  ~ f I :m ’ , m i c - m ’ i u m u p t m , c - m m ’ ;  n c - c - ama ’  u t  r ‘ n n - ‘ i - n i- - F m- n i l  c - l i t  m c  - ‘ ‘ , u n m ’ 1 m
un i t  i ’ m ’ ’ ’  ,t , c - a u d i  ~ifl’ , d m c - ’’ ’ c - - n h ’ , ii t h u s  , c u , ’ ,n \ ‘,‘ c - - ; m i ’ l  c - ’ u ’ , u l m t i ’  us i cc - ( c - c - ’ u ’ , , t m ’ t i n i ’  b n , m m u c c - u l

~, l ’ i ’ m  i t i c-~ I~~m c - n c - m t o m n  nu t i  “ I n c - c - u ’  ~ m nm ’ ’c ‘.‘ - m n m ,, ’ m f m n c - ’ , iii a n t i n c - u m l m , , h u m  s ’ , ’ m c -  I u n ( , c c i c j t m o n u
n ’ n l u i c - m  ‘ c - c - , -  n t ’ , n n f  ‘ , i ’ I i ’ n  ‘ m( i~n b , u ’ 1 m u c -  ‘, r c - c - , t u l d  t ! , , ’ u ,  I m c -  u - n c  i c - n c - i c - I -,, m ’ _ i - u  u ’ ’ ’ . - m

c - t ’ , s m c - tm n nc l  inn i b m ’  dc - ’ v , ’ 1 c - c - 1 , u n i , ’ m d  c - f  , i c - i , c - l i u c - m i ~~ i c bn, ’m u , , c  1 , - u n - f i n  no ‘ c - i c c - n t ; ’  ‘c- (u , , , ’  m m ’ ’ - ’ .,
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9.2.3 Usage Paradigms

Sect i on 5,2 d iscusses  tine pr obl em of cumbinning harmqua qe b ) r ; n u u t i v e c ;  in

coln e r em nt ways.  Al thoug h tine p n i n icipie of “ or t in o q oni a l  design ” ic - ’ ; i c - c i u i s , ’ d  try A iq o l— 6 3

[ y a m W ij nnqaa rdemn 75] is a l a t u da ble om n e , lun l ) ra c t i c ~ f ew  hc - n ncii, i c - m c - i ’ ’s oc hmnve

cou m np lete on t hno q oni ah i ty .  The s ubu t un ”  ( c - m ind  c - , uma nn e t i m nn c ’ s  umid ies c ra in le )  nu t t ’ r m u ’ i - m i ; u s  c - u t  our

e x c e p t i O n  nnnechanism wi t h  sy m nc l nronu c --’ c - u t i c n n l u f i nu n i t iy O S ( see  su~c ,t ionn 5.1 11) is c-t in

e xample ,  The d i f f i cu l t i es  can hue c ’ i unn i i u u ,’a led , in large par t , by ‘- m m p p i ymnn g a s t i t f i c i p u n t l y

ric h co l lect ion of ‘‘ c- :ou nnposit e op c ’ nc - ’m t i c - m i s ’’ , c-s- i c - c - c - i n  respound to c - c ; uu rn on ni ~ an c c - m,irr mn n g

~) r ( i g r c -’m n1 n nn i In g s i t t i a t i o m n s .  S ec t iou n 5 ?  i l i t u s t i  m u tes  a f e w  such ‘‘usage p a r a d ig m u n s ’’ , bc- i t

doubt less nna un ’ ,,’ o t i ne rs  c c - a n h u t ’  f r u tm i nd ,  by c - a c - i  t i rn u m h c a t n u ’uq a c o I I c ’ c ’ t u i ’ c n  c-ic u’ , u ’ f n u l

“ Ini cj i no r— Iev e h”  ope ra tionns , we r - nco u i naqe t ime use c- if t ine l’ x c - c - c - c i n t i ’ c - l i  mc ic i iacn ~smui , s ince

t ine cnnnposite ac t io n s are , inn e f f e c t . “p r o — t i c - c c - t e d ’ ’  ap p l icatnon i s of thie c u c - n c - c j n , m n n c s m ,

9.2.4 Protect ion

If w tu  o m m s m c - i n m r  o u mn  n m i € u c - c h a m i i s m  in a ‘c-y’ ,l u’ mi n n c - , t t u i ’ r  t h a n  a i a n n u j c m a i i n c -  cdc nni t e  s t , we

I)econnne awa re  of a niunnnber of ic - ro t  er’, t man i c c - s i n e s ,  Inn se c -.t i o n 5, 1 .5 we brm e thy

n nn e ntm om n n u d t i ne  p n c - c- c - c m b u n i m t y  t h a t  oun m u m u - r , b m a n i s n u n  r ’ c ’ m i t a u n u s  c - ’ov prt  d n a  n l n c t ’ i c c -  f i n  I , n c - c k u ; n g

i n f o r m a t i on n  f rom a : on u f in io h ( hcm mn nd m nn .  T b n u ’ r ( ’  m u t e  c- t i n n ’ r  c - i m t ’ s t n c - m ; s  as  wc’li , c ’  q - s h ou ld

n a ’ s t n i d ; t m m n q  t ine r ights  inn a C: m i i c - m i m i l i l y  c - m i S c - i  r e s t n i c t  tIne t ’ x c c - n c - p t m u m a n i s  t i n a l  may h e

handled by the en nvir on inuu e mnt l m n c - ’ ; c c - ’ c c - s i m u g tha t  c apa b i l i t y ? Ihe ‘c - r n ht .i t m c - i n u s  to t I n e s O

( ; u nst i oml s  wi ll e un l n a un ce t ine a i’ plcc ’,i t m onn o f tIne exc e hm tiou n nn echnan iism to systems in

w i u i c - i n  I ) r ( n t l m n t i o i n  is a S n ’ r m O t m S  c d ) m m c c ’ m i n .

9.2.5 Enforcement

A r e i c -u t e d u’ ,’~m i t ’  c- -c- nu l c - n m m  ‘ m u m - n u t  We nc ’i y l u n - - iv u ly  on i’m c o m n n l ’ i k ’ r / v e n i f n m ’n  t u

( ‘ i i  ‘ c - h i t  in t h a t  n n n n m c - i u l p ’ c- m um ’  c - u t  n c - i ’ m  I , u iun of the ir ‘ .
~~‘ c  ‘ n ‘In c u t  o nus - Man y open ,‘ut inig Sc -nc- I (‘IllS

I c - i k u ’  c - i m n n n i m i . ’ ( c - m m n i ’ , t ’ r V i l t i V ( ’  c - m ; ’ i ’ u u - a n i n  c - m i n d  u ’ n n l i u n m , : ‘ s i - , ’ n c u t i c a t n m n i s  at m i m i - t i u n m ( ’ , i nn Iluis
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wa y they e insure that  m o  Ini gb n e m - Ic-’v c - i  (iii t h e  s w ise of tine ‘‘ ii se c - c - ” n c l a i m ’  c - r u )  ‘ - r ‘ or

inadver tent  or de l ibera te , ca un r c-~~ij ht in a v c - c i lm ut ionn  of s i m t ’ c u i m c a t  d i m , s ,  Ci ( , u ) l m rs 0 ,

t here is a cer t a i n cost incurred by do iu g all checks dynam ic a l ly,  omnd Sir some of t i n t ’

f e a t u r e s  of the excep t ion  nnechiannis m (e .cj - en isu n im ig that  a h a n d l e r  c a i n nnot  cc a c isC Is

assoc ia te d cond it iocn to be siqunalled anew),  t l na t  cc - d us t  may be s u j i m c - t~n ,t  c - a l it is ann

open quest ion w h e t h er our e x c e pt i o n  nin ’ ,c - c i ia n m m s nn corn  ho imnn p leu une n t ed  w i t h

reasomnable e f f i c i ency  in a s y s t e m  tha ’ en fo r ces  all spec iS” :  c -mt c c - nc - c -  at  ru, m i m — t i m r n . -

9,2 .6  Hardware App licabilit y

T h e r e  a c e  at  Ic ’as t  ~v~’o m u n i l c - n d n t c - m u l t  d ) l n t ’ m m  11 ’’c ’,m o ins c n n a c _ ’ - ’ - ; u r ; q  t i n u ”  j u t  ‘ ‘‘ c- c- ‘ - i ’ m  m m ’

our nunec hanisnn ami d ha r c - hw c - un e  iI ,’ ’ , n c j n u  I n m c - t , I u i ’ ~’, i c - c - i nn  n u n m u  nu n i , i ’ c - h i -  1)1 ’ m n ’ c - c -  ci t o  r u ’ u h n ’ - c - ’ ’

t ine i n ip le un n em nt a t m on n cos ts  i_if b ’ c- n i i t ’ c i n , m u c - i s unn?  Is it f e a s u ’ — i,c- , f o r  , ‘x ,c- ,c - c - c I c - c c -  I ’ m  c - c - c - i c - -  t i na

eli g ible m ar C h e r  set  n u u c - m i i i l m ’- m i , a m ; c e  m i n t  f i r ; n n - ,c-~c - un - c ? ~c - ( ’ c - ,’ i nnc - I , ‘,- in c-ul us t i f l’  , ‘ b t & ’ n ,t c - c - f  U cc-

ex c e p t i on u n n , c c - ; I n a u n u s n n  ( m m ?  c- c- ‘ tenn c - i n  c- , ’ c - m t n u c ’ t une ? Do we have to r e v i c - e  our  v c - ’ ’ w  Of

p roc icc - c - s o r—c l na i nnne l - ’dev ic i -  co nn ’ rn un mic a t u on ’? is t ine nn i tcc - ; hanic - rui s n,m l l u c - c m c - c - m n t i ’-,- g e n i c - u r m u l t o

accommodate  sh a rm m ng at  liii’ i r ; ’ c - f r n c - n’ f n q c c -  on i’ u c - ’ rn nc - t y’ cycle t c c v e i 7  inc’cau sn flit ra t i o

of h a r d w a r e  to s o f t w a r e  cost  m c -  s i c - n c - i l l  inn ma n -i m n u n - i l e r m i  s v c - c - t i ’ m u u s, y e  c - c - n ay  m m c - c- t c ” h  to re-

eva lua te  t Inc c c - u,n n m u n n u m n u c -  a t ionn ‘c - chi c - m ines we  m ayo u t - c- c m a j  to ( late auuc I  mnnu n , m Fa u na Ic new

ones t i nat are mont’ in line w it in  tin e i c - n u u ~c - n c - t m d  mec - : inam n ism . if the gcna l of umn nmf o rnn i t y  is

to  Inc c c - n u n i c -~ c - I c i n~ Iy c - a c h i u e v e d h , vj e  n u m iu st exp lo re  t i c - i ’  p c m ’ . c , m h t F , t,c -’  c-c f u n ’ , c k m n m g

i i a r d wa r e/ s nc - f l m ij a r e  t imid ‘ - c i f f c -~ c , u c - ’ / ’  nu b t w a n i ’  ; m c - t c ’ n f a c r - .s n c - c - un n c - i ’ nit.

9.2. 7 Uniform Control Structure

f l u e n t ’  us a c - u c - m n c c -t a m i t  t , ’ m n c - i n ,unn h ’ - t w n ’ i c - u m  t i m e  1 c c- n , ’ ’ . f c c - n  u - n c - c - n c - m i n i  c - c - m u m  i ’ t ’ l c - m c - i i

uun n i f cun mummty ann (i .c-~~c i ’ t  m mml  m ac -a c -  i ’ f l n n  n ’ ’ u , n y .  At  ‘ , i - v t c - r m il b c - I c - i c - c - i ’ s  c-V hn ,-’uvc c m ’ ’ n i i , m r t ’ ’~l t i c - c - u I

otir p r m u l u c - n ’ c - c - u I ( - c - u r n  ‘ c - t u m v i ’  c - i ’-. m u m o ! m u u l u m n n i c - u  m u o n  too l , ye t  c-c-, u’  l ’ m ’ n ’~n ’ -c- t inn e , u i i u c - n n i  it c - i f l

t ’ x ( c - I ’ f n t R ) f l  l n , u u n c h I i n n n i  n n n m ’ i c - i u c - u m m i ’c - n m n , ic - c - t i n m ’ u c m  m u n m u c - c - u c ’  n u u ’ m u , ’ n a l  c - n w  t u f  u m m n t r o i  I Ic -  - -c- ’c- c-

s t r uc t u r e  tha t  h m n m n n u i ’ , a - c -  u c ’ p t i iuu i ,mI  , , ; im l  u inu ni na l cc - icc - i- t umag€ ’ l l n u ’ n  urn a s m u m u ~Ii’ , , , u n m ’ ,i’c- t t ’ n ’ t

f , u ’ c - l n i omn? Of m’ ’ u i r c c - c — ç c - n u . u h i m i , t ion s-~ - h u m u s  , m r e  mmmi c~~c - m m m u p I e, Y e t  we t ime  m c - r i o i n c - u n c c , i c - - n u f~
I)ut )bic lm , iv t -t nn m ,( n l c - a n u c h , n m n i ’ n I  c-a r d :ou nv e nn tn cmn u u u i  /Iiu jo l—l ik e I a m u q u m i i , i u c - s  urn f c -’mvor “ m l t iu is
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more unified view , This Is due in par t  to th t c - i  (p otent ia l )  loss of e f f i c i ency  inn spec i a l

cases - ef f ic iency we deeply c l ner ish , W~, st ick to pr ogrammi ng wi th a set  of

const ruc ts  each ta i lored to a par t icu lar  t ask  pre c is e l y becau se we are unwil l ing to

i gu nore ef f ic iency to gain umn ifor mi ty.  If a way  we m c m k,’nowrn to eli mi n a te  t ine te un s io n

be tween  these two f u ndannen t a l  concerns , t h is ti ’m e sms  would n ever  have been

wr i t t en .  ,
~,s it is , we knnow of no w ay to “ h ave our cak e and eat it too ” , SO W O

c o n ’ ut i nn ue to look for lan g uage p r im i t i ves  t iuu’u t st ipl il-v specia l  case  s e n n a n c - t i c s  c - it low

cc - ns f ,  There is ann obvious avenue of inves t iqa t  ionn open no ne; rio doubt i ’ m  ~l m y
l uuuiqu u c - iq e designner s hu eh i ov e they are  walk in g down it. Clea r l y,  a comp let e so lc n t i omu

to this problem would make tIne m echann i snn wi’ propose obsolete

9.2.8 Self Applicabilit y

L e t  us close by looking i nward  i nns t ead of om,utw and , T ine  pm’ nposer l  n u e c - ’ i n m u n n i ’ c - mmn F

inu p le me r nts  an abs t r a c tm onn  of i ts  own , j us t  as t ine lm nnc i um a p mum c - c - i iuui ; h ut us c m i  m ( ’ c - i d i O ( h

does ,  Except ions in  tine language abs t rac t i ons  may be e x p r e s s e d  using t i c - c

t” xc e pt i o nn mechanism (e.g .  i u n a hm l u ty  to Pe r fo rm sonic lan nq ua ge— st ip p l ned  p r i n u n i t m v n

because of a c a t a s t r o p h ic e r ro r  of some obscure sort) .  Co n f a i l u m n e c  of t ine

e xcep t ion  mechanism he so e x l n n e s c c c -dI? Ca un we appl y the c o m uc ep ts  of o x c c - - I c - t u u u n n

ha rndh ing explored inn t lnis t lne sis to t ine mecha n ism i tse l f?  Obviousl y, the mechnc - un n is n i

s h ou ld ho roh i us t , a mid it can ennuploy vunnini  is red u mmi c la n c y  t e chn m n i n l u i r ’  s Sc- c - l i p  i- k I s  o wn

c ip c ’ ’ n a t i o n n , y e t  t lnt ’ re  is hound to  n - c - min t ’ a l nounn t at which tine n n nec l m m uu u m sm u s f o n ’ ’ u i  t i

i ’ ndnn i t f a i l u re  to  i ts  inc-ens , T l n i s  c m n c - c - u. i i a r i t y  loomi s us to t h e  .c f m — i , t i lli’(l ‘ ‘ In to i _ I— - c c - c r c ’

n i c - h i~ibihity p m u m b i n ’ r m n ’’ . ttnat is , t In e nnc u e d to c- u cccc - m,m nnn c t h a t  l i n t — n e  is c-i ‘ ‘ i n , i m m t — co rv ’’ n n i m i c - l m ’ t i s

of s o f t w a r e  w b nose oper a t m c - ) m n w e t rus t  i f l n l ) h ic i t l y .  S y s t e m  dc - s i ( m n ie n s  at mIn o r su im ; h i

‘ ‘ i u a r d — c - c - c n r r ’,’’ , h n e c c - u i i c - e  they r ( ’ I ’ m ( ’ c-a ’ unt c - u u n q m u l a r m t i e s  tn t he  s ’,’ s t e u n u  ( c - unn c - l  h e r o ic- ic - a ’

t hey  too c-u ter i  p rove  to he “s o f t - e c - m u c’s ” !). Must ~vo mes iq nn  m u u r s c ’ I v t ’ c  to  t n u a ’ . tm u iq  t in e

(in m np le n n n emnt a tiou n of t ine)  cx c-c- c c - p  tion i h n am n c lh in q  n unc l um mm nism , or ca in we c - I n c - u  c - c - v o n  w in c-c - s  t ic-

mnn ,cu ke t ine nnec hicumu is nn se l f -  appl icable? Tine inupact of a scn lut ionn to this a (Inn utt edly

( l u f f  i (c - tilt problem \WOi mi d ex t  e nnd l I c - oyoi id t i ne c xc  el it ion nn cc- cc-ha nnisn u a und cci i c - t c -  t us to
rev i s e  ou r  pmr ~ c - , - n n t ap i nm o a c l n  to re l iab le  c ;ys ie m ( i c c -s ig n .
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A ppendix A
A More Flexible Handier Definition

“It ’ s f a r  too clear ,” hi ’ said.  “ It should be w r i t  in

such a way u m m ’  i t  yo u ever changed your mind ,

the point  could he dm ,c- .ow;- ic -d,  denied , and

di s , - m voc t - c ’d . ”

— J u u c n iec ,  T l n u n m u u ’ n . t ine ‘ c-
, - c , [ m , ’ c ’ ~

In s ’ ’c t ion  4.9 we c l e l m n m € - d  a s y n tax t i c - n t  i ’ c - r m i t S  cm In na ~ ’di e In o f t - c- t ci i o ,~m ,

t r a uns fe r  of control , There ar e  l : r n c - n u n a r c - u n m i m n m i  ~ u t : c - c t i c - ’ f l S  in c c - c - j h i mc l c -  t I - n ’  ii i’ ~ u - c - i t c - u’ c c - n r u i

post ing of a t r a n s f e r  c m i  c ‘ - n t n o l  ( inn  the te rmi uuc- n ioqy of t ha t  s c c - c - t ’ ’ c - ’ ’ i  is inn c omc - v  - c - c - i ’ -

~ nnore flexible clymnc - imu c ci c ’ l c - r u c - :n na ti n u i may he p r m f  r . u b l i c -  F , u r  a ’~~~, n c - n~ c - n c -c- r, i ua ’ c ’ be r

nnic i im t win’,hn to r e t r y  a t , c n I c - i i ’ l  0c c ’  n c - l i o n  t h u i - n ’  t u m m i e s  h c - m - 1 nre ii i  1 ’ ~~ ’ : t c - ’ y h iv in g c- p

O I v ’ic c - i_ ushy, Ic- l i e  a c t m u ’ m n s  ‘ m n ’ t c - y ’ m a n i c - i  c r c - c - v _ c - m i ,  c - c - c u r ’  ‘ c - i c - i  u n ~ c- i c t i c . m e m u c- c u - u t r c u  F ’ ’ ’ n n t ’ —  nun

t he a ,s s c - uc - ’ i ,n t e d c - c o n n I e -c t ,  TIne c - -c- - n u t c - n x cc- t c t m n n n n  4 9  i c- a m - n - c - ’, ‘~t ucIn c- n i : ’u u n d l c c - r r c - n t l c - - ’ r

awkwa rd  to w n m t c - c -  In t h is a i - i ’ c -  nn c l c - c - c -  we sium ~g u ’ s t  a c i m m n u i : c ’  t o  the c’xc - c - e pt urun

me c l n a n ism nn of chapter 4 t ha I  u - n n r m m t s  c - n u n’ in h na m u dle r to tu e c - c - b m n ’ n  , t u m c - c - 1  w - n ’ i u i c - u m t

connpro nnionnq vuc- m u f m a l n n l u t y .

A nnuore u i e n n n ’ r a l  form of h n, c nnc - l i t ’ n  spc’’ c - f c - i,; , , t u ( u c i  c-,’ u ’ u j ? c - l i n n . -  t a c - c - c - rnnpii ”b - I c-

dymna nn ic c te t c ’ rn m in ia t ion  u - f  t h e  poin t inn t h u r  a s s o c i a t e d  c c - o n nt ’~~t a! v - i n c - in c - c - ’ ’ - -  ‘mUon

will resume,  Fur ’ ; t , we r r ’ ta~ t ine r e c p i n n n ’ m , ’ c u t t ln it  t i c - c -  h a u n i f i ’  i I c - c - c - d c be a s um iq l n ”'
procedure n c -v o c a t i o n , u r it iu t t m n u g  inc - c- I c - c - n c - I  , unn  m i m i c - c - I r o n y  c - ’ - - - . k ~c - , ’~~~’ mmd . ~ ‘ - n ’  t ’ c - u d n - : t ’  a

lan g uag e co mn s t r i i ’  t ‘
~~m m c - ’,i I’ , n.c - j l m c - n , -  ‘I’ us mc I, u i c - i ’ i  T h us c - ’ u i c - - t r w c - t  ruc- uj y a i c - i i n ’ c-’c r  c- nil )-

\A/ it lui t n a hanch lci r u’u nnd ‘I’ m m m c i  n u  t r c - n ’ ’ m n c - c - m ’  a i , i l n i- l  v,i i t h n c - i m  t i n t -  ‘ c - m u d  l n u ’ c - u ’ n c i  I n c - u  t i u n u  h n c c - c -~ ’y

\c”V l nemi ‘ h o c -- c t  I’ i c - c- i - c - ’- ’ c u m t c c - d, ‘I’ us 1i0’ , i n ’ d  ci S t in e ioc c - in t c - cni t ’  v.- i n m u ’ hn c - c ’ n c - t n o i  5 t o  I c - p

t r a u r n c c - t e m n u ’ d  w lne n u n’~~ n ’ u  uu i , u u m n  r ’ ’ c - , n n n n c - c ’ s  nun I i i’ ’  O c - c - S ( ’ (  n, i i i ’(l u ‘ nu5’~~ l. 1 I x i c - c - n m t m u m m m  of t i n e

hiandliir m c - , t ln e m u I c ’ r m n n m n m c - u I  ed, 2

1 Sc- c - c - c c - ’ “ d , .n- ’ u ,m , c - n c - - ’ , -, c - c c - - m m ,‘j, ,,c , c- c- - , c - ’, i ,  I i 5~’ c-c-, n c- c-. i ,‘c n — ’,c - , i c -  c - c - - I  a - - ‘ c-

2 
~~~ ~~‘ c -~~~c-~~~

- n~ c t  ~ 
c - i  ‘ c  u t  ~c’,’ - u - ,,’ i - u  c - ’~~c n t o ~ - - - f  c - c  - c
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A r~~c - n g~ . F . E c -X l i ’ -~~,F,  H A c - c - ,~- , .E P [ ‘~~H c - . i 1 .  - c m  A r c - P  A

It should be evid o nu t t ina t  ‘ post I’ has tine e f fec t  of (d y n am i c a lly ) insert ing a
‘go to  I’ at  the point of m i t  u’ i n c - c - i c - t i c -mu of the assoc ia t ed  con tex t .  Ihe us iuinl Proof t ile
for  ‘ qoto I’ [C l in t  12] requ i res  a nn asser t ion to be supplied a t  ‘I’ , and we make a
similar mc - qu,uirement f or ‘ pc- nc - I  I’ . It is t h em a simp le mat te r  to extend the handler

proof ru le in se c t ion  6,5 to i n ic - ’ Iuu de t ine proof rule for the goto . We o m i t  the (In’ t o i l s
lu c r e , not i mng only tha t  wi n n i e the ext e un si om n is conceptua l ly  s t r a i g h t f o r w a r d , i t m a y

induce conns mi tema ble  (a l bc ’  i t  unn e n -Ina m nic al ) effort in the ve r i f i ca  t ion p roc es r ; -
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Appendix B
The Aiph3l J V e ficat ion Me ’ft~odu~cgy

[ N u c - t i ’ 1hm ~ ~~i l’ t ’ r i u h i A  is I in~ en f r - - inn  H on ndcm ru ic] ~ u t u i  ‘,I i ; ’ c - t  n ’ mncl i ’ i m c S i  c -s .]

t t - i i n c - c , r m b ’ cc- - c - r~~! i c -  a l ien n i c ’ t C , i ’ ’~~’Ingy ng ( i e c - n ’ c i g ’ c - l  Ic - n n’ ic ’ ’ c - c r r r i , m c - m ’  \c -,c - : - E t l i ( - - c-c-i f~~~m c c -

~A,Ill mu ’  t ua c - ’ , t u e t n i n v i ’  t ic --, n umunc - c- u ’ c - l - , c - u c -  a t - - t ’  t c- , c  c m t ; r 2 - u t n c - , u , s  l i u c -  n”-m~ c-c-

d , ’ i’ i ’n u m l ’ c- 0cc- ‘ - x m l  - ! I y  c- ’~~~ m un a ! i i m c - 3  t ’ u t ’  ‘I ‘“ . c - c - n c - b d n c f l  c - I  i c - - nv, ’ u p  (‘) i ) l a c - ( c -t l u” I ic - , c-j c-c-~ n t r c - c - n n u  t m ,c-

c - c - c - l i’ t ’ c- , a t  ru n a n n u i c - u f a t i - s  t I m e  r c ’ n n n c ’ ” r , u t c - u t c - c - m i  i n’  on - c -  to  iu r- h’ u i p ’~ n’ ~~ ‘ml  hei’cv c r -  I c -  us
de r i v ed t r c - , m  il i ,,m r t ~ ’ S I c - - i  - ti e I n n  ‘, f ’ ’ c - - u u  c - j  c - c - c - n r c -  i n - - ‘c -s of d a t u m  n c -~~’r ’ rn ,:’n~~~m r c - c - n c - f l

[Hocirc i  i i ’ ] .

T in t’ ah~~trc , I ci p c - —  u ’ - I  ~5 l u h i n i ~ / , ”nr c c - n c -  , t . - ’ - . T i ’ i - , c - !  i ten m” s cc - f ‘ .i -c - c - c -

m , i I I ’ n ’ u u n , u h i c -  c- i c- ’ i l m t ’ ’ c -  u c - c n i , n ’ , , I In S i c -  c - n - c - t e l ’  c - c - i  ‘ i c - - c - ’  c - m i n i  ( I -  c-~ i n c - c  c- c - S  , s r ’ r h i m n c - c c - c,.s ) ,  , \c

mg ’ ; c - u ’ c - i l t n  I ’ m ’ s ’ - n i ’ ” c- I ’ c -  m nc-

— ,m i t I c - , -  ‘ i , i c - O i l  c- cu c- c c  e x i t - m i l l s  t I c - c - e l  i nn  m n n s t n ’ u i - t ’ , c - t u c u r n  I h i ’ ’ ’  f -  n p

m c - m~ I -  - -~c - ’ r - ’ a ’  1 a ’, 1’ - c - t u l c ’ (  ‘ -~~! c - c - ’ ’  ,, l cs ~ n u m c - I  t \ c c - ’ l’n ,c-~t in- - u - c - ’ ,

m c -  ‘ I c -  t : c - t u s

— m m f l u , ’  - ! , u - ’~~ c- t t c - u s i ’ , .., 1 , . - u e  ci ic - m m  l rc - m tm n ’ mr ,u t ’ ’ S t n c - (  I ‘i n c - - e l  is
‘c - u  - I c - ,  -~ i’d c - a ’

- c - m m  t i m ’ i - r e  u n c u l  c i t  c m c n u m l c - t i o n u s  f - - n  ‘ c - c - a u _ lu Ic - in c - t i c - u i, W h m - c -  I, c- n r ’ s c - - r c - t c - C

Ii i’ i ’ t t t ’ m ,.t t h e  fumu c ’ c i r c has on c- ni , a n c ’ c t m m m c-,. t c c - i n j e c t  t h a t  sc- i ’ m ’c - f n e s
I n , ,’ inn ’ , - m c

T i nt ’  f um nrn n (; i ’ I , m i m i ’ , c m c-~~n , ~ I I c ’ j  ‘ - m t  nit ic scrupt iou ns c-f t lnP c- , u m u m c - r c ’ t c -  o5i i ’ c - c - t c - i n c - - u

m o w  it l u t ’ i u i n v n ’ s .  Inn muu, — u u c -~ r;a ’c-c - t ’ c -  t i m e ,  mmm u~ c- s  t i m e  ef t e nt  i i! a I u mnc — t ic - c - m n  u n - m e c - t u  c - i c - c - c - e r  (0

s i ’ ’ - i fy  a n d  v c ’ c  Iy t i n , m n n  w i - c - m u d  t I c - u ’  c - m i m i c - t m  , u , ,t n i c c - ’ ,c - n c - p t m o n n  a u n u m u c ’

Niu w , , u l t i i i c u j c - j h i  i t  m c -— i j ’ , ’ ’ f n c - l  t i m  ( j m ’ , t i u u m ~ t j m ’ c - i m  l u c t w c - e n  1 1 m m ’  I c - ~~’ii , , c - c- ’ m ’ u ~ 
- .c - j , - m. s , , n c - m t a m u ~

li ne n a t o  s t r i m c - t u n c c -s u,AJ e c - g u t ’ m c c t i ’  d unn , c-if ’ c - i l - - u ’  u r i c - ti to  c - I c u c - c -’i ,u m c ’ l m i t i c - c - i c -- , l u u m c -  t l i t u l b c - m I m i c -

1 ‘ i~~l

‘

- 
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TIlE ALF’ F I A n c - [ -  l J E a c ~~u c - . rc- ’ i I c - , c l  1 ’ ~~, i i l c - c - t c - c -  c - i c - c - ,’, e F c - P .  13

h ut w c - ’ e n i  t i m e  l w c - c -  I l - c - c - ,  is a-  I c - i t  c - i t ’d  w u t ~~i i l , t c - nn - ’ I c - r m ’ s c ’ n i t a t i c - ’ m i  !uuic t kmun nc - c  - x ) ,  c--v hich
c - j u c -,’Ec-t s a m a l ) i m m m i l  fnu c - n u tim e ( c - n c - c - i c - i c - f c c -  i~m, c - p i~Oc --c- c ’ c - ’ ~t c - m t ’ c - c - i i  tO t he a b s t r a c t  dn- ’~u- nu pt ion.  The
purpose of a fo nrn  c - - c - u  i c - c c - a t  n c - n m  is to c - n n s u j m v  I n c - u t tine two inva ” ncmn t s am_ id the rep( x )
re l at ionn h n ’ t c - ’,c - n - c ’cni t l n i n n u  c c - c - c -  pu ‘ ‘ s c - i c -  c - - c l

Inn order to c - / c c - m i S,’ a f om nn c - c - i t ’  mnua st t ’ m e n e f i c - r m c -  p ie c e  n c - n c - c -  t l i i im c - i s .  1wo re la te  to
t i n e N ’ i c - u t ’c- ’ - m i t a t i o c n  u S c - u - i f  c nnc - 1 ~c - c --’ iu n u u m m s t  bc c - i n c - c c -Ac - u f ’ c - r  unme t ’  f t u ’ i c - - c - t c -oni , l n f n n c m ,uul lyc - tine
f c c - t i n  requ i m ed s t eps  are  1 .

F or f l u ’ ’  f o r m

1 - F-~ c-’ u c - e S  in n i t , , t  iDi c m c - - mIn t ‘
>~

2. I n c - i t ,t i l , ’ c-c - t t c - -  c - u

r e q u m n n c - c - ” c  ( u n i t  m t i c - c - ’  init iall y t r c ’ l c - ( x ) )  A 1 ( x)

F or c - c- c m Ic- f ijii, - I / en

. . (
~ o u n c - : r c ’ I c ’ o h i u - r a t n o n n

iul(c - ’ ec - ) ~ ( x )  ~ ( c - - c - c - I - c - r i  t y ’c- i,c- ) c - i c - c - ( x ) c-c-
- I

c-
,c- ( x )

-t F i r ’ i , m t m c - u m  b c - f - . ’ ‘ i  c - n  c - u i u c - , n m ,a i c - ( c - c - nc - h t c - on u c r u t t -
‘hi , l

~~
(x )  A p n c ’ 5 m ’ ~~m ( c-c-J ) -- ) i n (  ~

)

~‘2h. 10(x  ) A  p n ( r n ’ i n ( x ’ )) A o u m t ( x )  ) c c c - c -. I( r r i , (X ’i)

SIt —c- p 1 ‘,l - - ‘ c - - ’ l u n m i t m u mm y I c c - g u i c - I c - i c c -  of S ic ’ c c n m n cc - r e t v  n i ’ i ’ r t ’ l - c - t c - n l t i n l u u n m n  i n ns  a
cc - cnm r uus; m n unm ch i u nq o u n c - t n , u c - c - t  ob j c ’ c - t c - I c - i c ’  c - : o n n v i ’ n s c ’  ic - d c ’ c - i t j c - ; u h n t i ’  t m u n m n n  m c mi ,  o t l n c ’ n  s t e p s ) ,
bt e t ’ u 2 s l i m - c- - c -  Sno t ‘In n u m u u l m , c i  - ,t , u t c ’  t c - u c ’ n ’ nd b y l i i i -  n m ’ p n m ’ ’ - c c ’ m ’ t ,’i t u c ’ n i  s c - c - t i c - i n  is legal.
Ste in 3 mc - fl ue ~c - t , a c - i c - t O t m I  v c - n u tm c - rnt m oun tonumntu (o Ic-f the c .mimc - u - n o t c-’c- c ) pu ’ r f l t iOfl  as a ‘ m n n~l) ic’

c-c- ~ w i n  - ‘ ~~ ( c-’ c - c - ) )  Ic, ilc”c- tp c - c - ,~ . “ ‘ ‘ ‘~~ ‘ c - c - c -  - c - - ’ - ‘ c- - n - .  ‘ v- ’ c - -~~ e - - - e i e  c c c - -  o ’ ~~
c - ’ - I a ’ i - c - ~~- -  c ~~, i ( ~~~ )

m c -— ‘ Ic - c - c- - n c-” n c , 0 c-’- c - c c - , ’ c - u - - c~~ t , ’ -g a c ’ r ,~ , ‘ c - ,, ,~c- , c - -  c - i c - , .‘,~!,r c ‘ ‘ c - ’ ,- I c - ’ ’~~ ~~“ c -~
- c-

~~’c - c - c  c -j ’-c ç ~j n ’  - ~~~~~~~~ “ f  c-
~~~~’c - ,

c- i ,’c - ’ , c -..’ c- c- ,~~‘ci c- c - - i , , , .. c- c --  c-,, f c- , - -
~~~~~~c - - 1~, ‘ c - c -  ,c- , - , ) ) “ c-~~n~’ c- c Ic - ’  ni u~ c - c -  -

~~ of ~ ic - t ’ ’,’ c - n

c-c- . ’ ’  ‘ c rc - r i  - f I c - c - .  ‘ , c - , c - n ,,,, ~ u-- c - c - c c-, c- u , -  ~c - i  
~ ‘ - r  ‘ - c-c - ‘ ‘ c - ’  , - ‘ r i ’ u-c- ri ‘-c— c-c- in’ - - ‘ ‘ c - i c -c- c-I ,’ .c-r - i - . ’~~c - ., ‘u I ~‘, m c - i t  ‘ ‘“ c-c- ,

t i c - )

i n n )

- - - - ‘~~~~~~ L~~_-___ - —c-c-- - ~~~~~~c- 
- “ ‘ c -  -

~~~
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Ar m ’, B T H E  A L m ’ HA R~ V E R I F I C A T I O N  METH000L c - , , y

progra m; note tha t  it en forces  t ine p r e s e r v a t i o n  of I C. S tep 4 g u a ra r , t e r ’ c - ;  ( a )  t hat
t ine concrete operation is applicable w lneruever t ine abs t rac t  pro co nndi tmon holds and
(b) that if tine operat ion is per f ornined , tine resul t  co r res ponds  prop n r ly to t he
abs t rac t  speci f ic at ions.
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