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1. INTRODUCTION

Programe co’m"‘dvud' Berne ane a/:)ncgto nous progerams
<n FRe aéyle °f fune ces cocthout value fMécnj CMi1d,
/Iccozal.uvfj s Mo frontiion. culft be madr_ fer semubbaneous
acbions / eurents-, taken ..uwéead as a tanic fhenomecnon
<n Aynchtonoun caleull suek an S§CCS [M2] . 7Two
subseds of furne cCcS, -nar}.aﬁ Fhe "fracke " and the
“1abcional Au.eaeéa , Rauve already Leen sbudeed 45, the
- aubhor with Fhe cntend of fending out comylebe finoof
| Ay-sbema for Fie obrcrvabional cguivalence amol congzuence
of frograms . S‘ucf studies dnvolue sevenal calbesorien of
o blermos |
1. Row to obtrewrve the -6;!?0..«;;‘0@'9[ o fuv.ojr.a.m. , and what |
telabions Hhoubd be @ci fo comfane 4reRavournns
2 . Kow to encode nebs of obnervations nbo a dornacn
3 - £ouw fo construct a model n whAichR two fregra mna
are «denbified ff <n mo conbexé bhey can be obsarved
deffenent |
4 — Row to obtarn sound and comypfetle froof AJJécM
for ruck “fuly abrtact " models «n the sense of L[Mi3],
Problemn I and 4 —rny abro Yre -za.c.f;cd. e a ook
at obrecrvabiomal fu;c.ozdm <'nobead of 'C?‘“‘dd'{‘ncw , a0

wao ;c‘mé a.étcm/réed ‘nn [LHP ]



For penite beRavnoun ,/uwj;am, Hhe diffeenblbien fay
<n o blem 1 . once amswers Rave been densed , a
complebe froof AJAéem. may be pound «n LA form of
a fondbe /arm‘ﬁ of Cin o) cyuaéc‘onaﬁ axiom Ackeman ,
whase snitial model aolues problemn % ana's LHMI.
If Fhe obrwvational egusvalence 5 chosen zecursive
w.r.b. e wunwolling bree of a branecbion ayabem , &
“n .¢‘m/&.‘c.&‘£‘§r ansomecd tRalk an obrecrver . atl cqcf hAme
able to obtasn copren of the otrrved agatem <n tbs cun -
tené atabe ot bo command LacKéracRing . Thus, fro-
grame are mot obrerved Ln bheir ot.d.c.‘nﬁ mv.ﬂ.-no, ,
condibions and the equuvalence i boo durcniminative
CHhat cubicsm may e addressed an well bo the
bisimubalion equivalences of SCCS and MEITE [AB 1),
Mote approfnate 4o bhe concepb of an “on Line " obhearven
ohicR wnéeracts with the obrerved fuogram Lencarn
twne from FRe <nictial stabe . Fincte debenmincsh'c ol -
servens of that bype Kave Leen nuggented <n LHBRI. Tn
that workR , the meaning of a fregram i a act of
faclburer <p, B> , whare pE Actiora™ i a seguence
of anberactions with e obrenverr , and B € Acktionn
b a tefunal , that o am cnberackiom abtempt Dhick
™may temada foreven wmsalbuficd afban g« In o
liffencat sebbenga, Hhe tesutling cgurvalence Kaso been

4::"»-«.&3._‘}:.& <wn [Da ] and cn CRre ] . Mote /mcu‘bcﬁ,



bRe lanrt A.éudj geues a ,ouma&;ja.éam o,} éAe 7«.‘4;“44 =3
obtacned -f7 :euw«ry éﬁc 4n¢€u4¢cr'n. of farbure Acéb 7o
'Mm exéent, ke above froof ayabemas agree wni He
a&sma&éaécm “Mémcétdﬁ chneaj and: de Necobal
for thecn besbing  preorders [ HNY . There, the on {ma
obrerveno .'é'ccome. mord vaned and .mote Auﬁ:éa'ryé!«.'aﬁ :
My ane cdentified with fposwbly mendiborminishc ov
fanaltel programs which rcalije bnbs <n bhe nemne of
Kenn asay C K 1. The Linary zcoubé of a bert ato -
L‘zacéa a maximal computbabion of the /:]Aécm
(tu;tee. | tenben ) . Program h < Am/v'l.onJ'Cd -éy
frogram q  ff fer any bt &' whick may (m‘u.‘sl:) -'
e ,{u.=;¢ 4 P ,'c, may ¢ must ) atbso fam E .

Thi preorden <5 b fack gencrabed Ly Fhe puboct of
bhe deberminishc obrwvens , and £ 4 tecovared when
may «» ebleébeal CBrZJ . Assoecaled fFo FARe 4.‘m/‘w.‘oucb-
mené fweozduz.' «» tRe domacn of mode brees (NT }-':
studicd .cn [He1 ] . Jeven a close node é;ee, tA e
langoage attacked bo cbs fabks may be ncen an a ack
a,c. facms <p, B > ., where bhe acceptance scé & ndicaben
wome fecbibious sbabe reachable {7 P (b opem
bzecr ana atso avaclable Fou Tepresenting 7‘4“’"“{2 e -
f.'ngd. fregraman ). No mttu/na&'nj domau'n exusés For
bhe <impbernenbation ;fu;cozdai. : p amplements q-
CHE for any bt b ik may Cmust) be fasecd



6} 'L(q) ;) QCpD may Cmust ) abse fans t .

Leb wo mowd burn mote /:/cc.;‘ﬁ.‘ca£’9 éo zgmmc‘ur.g
defined programs. Scnce the ayntactic appros mabion
agrees wibh Fhe precrdens comridereel no far , standand
comf(C£c0n tccRniques -may e afpbied fo cofe WwHFR He
P .méi/y case , webhon zefusal aeés o accepbance
bteer anc fmfm.ud Uscng thee complebion techniquen,
whick ansume e wi- c.onécnwcéj of He operaleione o
processen , TeCurolire frograme anc supploed wn'tA
Acmanéics goven an wngencbe nebs of {‘c‘m‘éan/v sbrucbures.
ThRo featburnc <nuoluen .c‘nf«'m‘éaﬁf wleo of <noluction
<n the ansoccabed proof ayatemn [HN I1[Rr2I Lok
mmote seuenely , <t abso entails the facR of fartness
[DK21 . Ia the ccr;éc:cé of €CS , the slrong falrnmess
avsumpbion which makes nense should be expresscd an
“mo agent wheo —¢'nfa‘nt°f;c9 ofben Kan o/-/potbunt'ét‘w. o com-
"

munccabe with othnn ajenla reman'ns fotecrur. <nacécve P

whick abrongy defonts from the clasaical fencbe delay
froperty explict «n LMiL1  and ‘mpbeect < LS .
Not cveny faaa.f&.ﬁ frecens Lao a /ar.qucnh'a.ﬁ nondeclen —
minchc cgusvalent ! A fc‘ué aééem,‘-é wae made n
[DK2] éo emﬂ-og /'a;)tn;/aa <nto an otbsawvahmat
model of wyncﬁmnaq ceS . Seceking «n that work for
the greabent aubnek of CCS whick pnescrves d:u‘da&‘&br



of tRe fawr obrenvaliom equivalence, we fownd Lhal ERS
"‘e‘i!--«‘ument £Fts exacééy with FRe zméu‘céca{a of doundedl
faratleliim. We then defined a medel velating cack
program M a ralional {4njua:j¢_ of bupben <85,p,d>,
Whick fook Lhe exbended cefumals . The informal
Meandng 4 as followrs P € Actionn ¥ Ackionn® 45 o
fonibe o cnpenibe sequence of intractions W' a pacbe

/

famcly of communicabing obreavers , B € Actiens i He
Ael uniew of the obnervers ' failunes , and d € Ackionn <o
bhe net af Ehen “nfinibely ofber refcated offenn . (Mo -
bice bRatb Fhe olmenvaldion <« ﬂ,&“’, {x > comts mo moT e
bime han the obruvatbion <lab €, @ > ). Hee, He
demanhies of ‘a frogram s am Lnfncbe et of 4‘nf«'nc'é¢-9
Alwcbures Oa-.'h'rcl_j bt +e cc—nﬁ"ncmefvt wn'Hin za,tamaaé.
lamguages , amd depite bhe weak cominuily | the fea -
bure allowrs for a e-am/.fc.ég. proaf ayabem wnflouwt |
<nduction unéq , ke o brervation cguvalence of
[DKA] wan ot d;,e.-.-.;_.t < a néu‘cg o/ua.é.'}na.t way .
No huch Limctabian affcans on the émé;'y ﬂbd:é VENT
constucted 4y Henneoay for aynckronous CCS a.m(;

a ucafﬁ Fan defay ofenals [He2 ] . TRene, the se -
manéiecn of ,/m.ojr.a@ ane gducn -ﬁ Leanrt fexed poinis
of -monolonic ¢ wca@ conéinvous ) Lun cécon/) TR
obects of He model ane Anﬁru.éy acce/-éancc breen
en'H ada&‘cma.L “limek focnbs . Among éﬁwc/



close breen may alio be neen an acts of finclany accepé o
ance facts < p, ® > logelhn wibR inpinctany lracen

p € Actions® . But smce motre, ofem Lieen ane aboo avacl.
atlbe . Futt abotiactness of the model Kan becn catablihed
oo beorme without frec variaklss , (.. for frsgrams
Ak mo swck preprenty Koldo foe ERe ofem Eermn .

The ./m.r.ocné woth draws bs A\M/Ll:taéclm from all
the abose : wuning an a semantic domatn the <afenibany
Languagee of bwples <8,p,d > af:caﬁ called foe 4'n
LDk1 1, we éy to oblacn fot Mjncfwry and .stz.oncy
farctacss am amalogue of the zeoubls erbablished Ln
CHez 1l foz nyackzony and weak Lastncss. For a-
fmé«.‘a...ean. subpeb of CCS , we wnil cornbwuct a /‘u£9
aboliacd model of the folbowdiny frncorden C Jo 1 :

- Cemplements q  f. for euey context B and pfor
evey program T, the computations of T A
CB(p) 1T ) oo mob allow to Tecog nige tRat q
Ran been zeploced by . ThRe wmpravement otdering
of chnm—-zj and de Nicola. Kaon mo counbenfant Kae ,
duc bo bhe nfinibe oturaliom of the obrervralbions 1 (f
p doer ‘n;é ~mplement q , bhen for Jome T therne
exusés some computalion whick o possible n

("l-l"L) and molt < (ql"l’.) | Remank thaé <n

éRe cane of tents |, ma.a and munsnlt ane aboo d«./’fc -



tenélated ‘@ Ccm/-u.éa-éc'om o cth 4.'nf¢'n¢'éc dunalion

To maﬁt_'éﬁ;‘va gute learn , we Kave fo ‘fuud‘:e.
hich subnet of CCS b deall with . For the «untesn -
lwebed vennion of pune CCS , we aL‘aL fﬁot succeed «n
fending out a model whese full .e..fr;é;acé(m:/uo/-ué/.'
“r val'd for cocn ofem berman . Albhouh we are mel
able éo wnjlavn the exact rcanem of that faslure , we
feel thal & o -c'al;’cﬁcnt ée" éf.r. cermnidwnalion of fort -
mess. Bob oun snibical snlend wan o reack .“r\;t'/o'tnn_
Fulc abrubractness, and we bAnicfore ablemplcd o burr

fune c¢Cs ot at Leart a mon brvial Lubneb of ut

.
«née a conventional Z . alycbra - ThAe {angvage
wtudied bebowd o bhe renwtt of thu attemplt . TAe
full fowen of Turing mackines a teached ﬁ mecano
of wdimentany mebwork <tmalors . Mote ¢(¢&;;465_

1

otms o0f <ébecraboro om be worbh conncdaeralion .'n
f F ay

éhe Future .

The cemainden of bhe bext i orsancied an folloss .
Secbion % sntroduces He Language and chr ofcnatiomal
defoncbion . Secbion 3 1 devobed to bhe consbructian of
an o/uma.éc'anq.L v;vtoja(.ef . Secbion 4 derdver from éﬁc.__.v
above a fufly obswirabional —modeé . Secbion § gives
funther odebails foe the taéional _au&cé . Secbion G dradds

nome concluniono .



2. THE LANGUAGE

2.4 THE SYNTACTIC DEFINITION

The €anguage sbudied Rene , catl <t CS , evolued from
tRe fune Tomion of tRe Mjncﬁlwnam ccs C 1. 7Ae maca
albrations ane an follows . Pobyadic JuMaLs'nJ O/\U‘I..a..éot/.a
vefface the sum opuctaloz , ARence no confunion exists 4re -
tweern Ajnc@wnom and Mjncﬁzonom abtnnatbioen . Recurn o
alve defincbiono Rave Lreen oblibtcrnatbed : «n €S, evuny
term of the Language < a fully defined progeam . The
.&'mc‘éabt‘om duc £o the fatbéen feabure anc talanced ﬁ tRe.
Au/uf of Lbnalore fLow dc,fcﬂcnj ?‘&‘ j:né: and wun -
bounded /oéu'nja of ccmmun;catth ajcnéa P d&cf m ay
be wned <n tRe name Doy ams n furc €CS éo srmuéale

'T'wu.'r:j mackines .

In the Acquce we ansdume Jc'dtn— m‘d‘ocné seés of

corn/fcmcnéa;y acéicon -names H and A ’ zaJcaL—

ouJgen @ K zeoh . oC , owck tﬁa.é éﬂm:. e 3é zeu/uwca.l.
@‘ccéc‘om X "y e Ty, . We feb REn. |, zanged
oTt -6 ™, denote tAe ncé o,( domasn fc'nc'tc .«.‘nj'ecééom

oo A mn AUVA wwck thatk

CYMICTUN) defined =b TIXN) = TN &

CImdCVYNICTIT ™ CN) .und.eﬁs'ned— ) .



€S s lhe free term a(jcﬁ&za. "!"z fot the /u_‘jna.écuzc
= uzﬂ_,n;O Js'u'cn.-{rJ

o = INLY U laehmp Ms Ny e, Mas N o> AN N €A ]

"

s =2 (<APINEAIUVIITIITTE Ren J U ilADTI | NEA, TER}

2= UYWL, N> I X, €A}

MM MMM

n=L<h i, Aa> I N;EA} for n>2 .
T &, [og.,“Méancc', <Xy, Ny > denoter a ﬁ‘nay Juandang

eprator and | o lhe g_{a}ncﬂn_onobm composihon . Leé T

be the tenaming function wobh domain o,V suck that
T(x)= (3 , then ploapml inbuitivety the un -
{voundcc(._/aéu‘ney ey PR ™ s N el of copien
of o cack of whick , once wtanted from the Left 4y an
X, may fartheor communccate «;s'tﬁ «bs Lefb m::‘jé’&oun.
-6;-) X'as Cor & 'h ) fn.m.cu‘u-cd. an G'A (ot é ’.A) .
Thus , p LA DT I meghke e apecifred 4y He tecurncve
atatement X = <> CpIXIWIY |, Lut bRS 4 mob
a E_tam. Due bo tRe definition of Rerc , the posscble
<nfluence of an agent <n LA DT ] ...;. lcon,ﬁ'ncd within

an <atenvral of maximal Ac‘éc. 2 4‘/ ™ i Fhe wm-

defined /’u&céc‘on. . Hence, Aéu'nJ éanrators [ D'ﬁ‘ J

taRen afone do mot previde suffiecent meann /abz. fno -
- Jrammedng <nfindbe ifrcfam‘aww o[ foniée auwtomakta .

Gpporbunakecly , ruck beRanours my--&c_unddei -ﬁ

fendbe cor;v/-c.h'ﬁ'm of {Qcaé’ benaborn <N =p {.Xi : \';_ } C > .

A docal céeratloz -m:.'jﬁé e apccfied '{'/ bhe Tecumniue



abatement Xgm <A>CCh,, s An> LA IX), L, <N > (X)),
4wt ocnce more , ks s mob a . - étanm . The fowen of
CS comeo ft.om Aéu'ﬂJ Jbernaborn a./f&‘cd éo ,[c'ru‘éc.. compo -

Actlons of Local Jétcnabows .

Our programs are endowed cocth gouts , whick anc
wymmebc subsebs of N . The <nBewctance of sorés s
deberminece Ly the foltowing nufer , chene we €eé
Aym L) = LWL for any aubset L of A
Aotk (NIL) = &

potk Ca<Xh=> N, N, ;e Na: N> =
Asmc{x,x,,x',,...,\,‘,x‘n}b
sotk (<KX e, Aa>C by, br)d) =
sy m CIN, Jeesdn ) v ( \iJ.AO‘Lt Ck:))
sotk CE 1 b)) = a0tk (b, )V notk (k)
401& CELmMIY = T aotkCEd)
sork CELADTI) = ™ ({X,-X..}U W(Aot‘h(t)))
wheae WH(E) 45 defincd an = T "CEY, n3z0 .
We aRall sce Latecn tRat the notdt S of an agent < o
- Aupenel of the neb of nameo by wAhiek the agent -may

<néwrnacé w«.’é‘ <¢s enntoament. Now, thce nauction o

bRe abrucburc of tarrmn altow s awns to Htalc ¢hRe ...

lemma 2.1 . Fou any t < TZ , notb (L) ,(c‘ru'éc. o




2.2. THE OPERATIONAL DEFINITION

Tn otder o AU/./.9 TZ bR an c/xuzaé:.‘onaf defencéion,

1y

e mafc; ,[cvat a iaujf,ccnfmc‘m Lrebween fmo.ft’ce fM—

grame and é:.a.mc‘tc'on; '/_:jaécm/: wibhowt Méc'ﬂJu—d':ﬁeaL—

sbates. The efe mcnéazy lransdébilonn ane defa'nea axioma -

éc‘cafﬁ an Cabelled reducddornse of bacrmn. Scnce the above

confunton s wndue, a/uca.'aé cenbncbilons ane bken taRern

bo tube owlt E¢hose Deguences o[ branscbilonn w&‘c‘f are not

tAe accounés of 49 fa.u\. com/\.u.baéc.‘m .

A com/uuta.écm “~ a negucnce of commeunicabionn

6céwccn ERe c:jené.s of an .4M¢¢£¢t¢d— aystem Dhose
- 9tobal sbabe .o duwfvcd. -ﬁ @ /uwjr.am <'n TZ.'. A
communication may be tepreecnbed 4y an assocatecd
ézarnucéon oy _e;;_) r..‘." Lebwcen progtam statben ,
whore €. . a far of wiscble acbions LN, X}
ot a pan of Lnwnsible actconns {T,., Tg }. Suﬁr:&u‘/.ts
of actionn wdenbify sequentcal procensen . ﬁ?ov the
compubalbion , frenRh denbifienn M&JCﬁﬁattd for new
jnocessen eack bime a newd wnguarded occutcnce of the
composibion opmatorn Ajﬁwﬁof | appeare «n the progzam
state , whAeR i thc canc a.é‘ cack exfansiom of an
benabor . Process af,dcnéc',(«'@ ane oéﬁm«..:«'de.‘inﬁcu‘écd.

along the dnrvvalbion. of termns nbo subébrman .



Processeos anc éhun ,[t'ru'tc necquences c[ aclticonn . ITnr ao

Aé:onvqﬁ'q _[a.c'z. com/xu&'aéc'a'n— ), @ fvwcw/.s wfo c'n/’c‘nc'fcg

often fhan o/-/.or-éun.«.‘éc‘m to commuanicate bR obhen
frocesses ‘necmom'e does o . Told otharwiic , a far
.com/nué'atc‘m o[ a program ,1.° o a ,[c‘n.c‘éc. ot c‘n[«'nt'éc,

Aéqucncc o/’ communicalbilons < P’C—t ﬁi..> ,‘L; > leT

swck that (VRI3CVRZ LD Cphyp r"‘//*‘~‘*> ) .

Communicabions and actiens of fuogramn / processes
may tre apcccfied éojeéﬁc/t. <y the axiomatic /)stécrn.
{ =5 3 Jc’ccn “betow , wning the foffou.‘u‘v cee

 Coenuenéionn

- A Tanges cre. A 7 T = T ﬁ N =« tﬂ_c ,ande,&‘nci.
acécon mame , thus TT(AN) =T <f IS ﬂ dom ¢TT) anmd
MTCT Y =T /oz. any T n I’?Erl../- p zanges overn I\\J{'C}.
- L_P__ = { «— , —> }*_ o bhe et of /un.ocess -A'dentc'fc'ul/é,
tavcd o {7 R,S . Artrocws KAave a fwu‘écrnaﬁ.
-mcalu‘v wibA ten/-GCé bo the Mjncfwnom com/;osc‘tc.'m
o/tow.a.éot. |

- E , zanjcd over {'J e , «» the wunion E, W/ E o

of the acts with respective elerments {XR} ot {'.LR ‘FS }/.
for TE iD, T(e) denoben accoth.'njfy tRe et

{XTR_} ot éﬁ_e. JAcé {""'rl'z » F’T’S }
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‘ The acbcon tulesr C —_— ]

<A e Na>Chy i, kY N ks Ceidn} T
vt.__e-_.__,t'A | E_¢ ¢t I
CEluw) =<2 (t'iu ) (wik) 2282 culb'y
tf_i_“_,l:' , w_rs 4! o
Celw) Aer,2os iy
t x‘!_ tl : )
——a Cf MCNIE T T
Efmwd _ TN e g
bcmwy TP TCHEDSs | pipgrg
ECx oI 2 ., ¢tlECXNDTID) L] Avas
GFoE= <h = NN, L, NN > bhen - XN

E o2y CNIL L < h e, N> (N> CE), oon, <N 5 CEDY)

T/-’; nexé two Lemman siale cany /u.a/zméc'm of éhe

above /.)]4écm .

Lemma 2.2, Fou any bzanscbiomn B E, k' |, sotb (') .o

a aubset oL )soz'l: (E) and cverny acbcono <n € Kave

bher -rnames cn porb (EX U { T} o

femma 2.3 For any t € TZ , thene exst a fFinibe number

of étansilions Lt ._e__> ' wih otcgin t . o



The o/ama.l‘c‘c’na.ﬂ Actéc'nJ ‘rny mow e Aumma/u'éed.

{rj fwo dg,t’;‘nc'tc‘om.

defincbion 2.1 Foz EET}: and REID , ¢the et

Exk CE) zenp. InER(t) of t'.s externad teap

R
<néennal R-actionn «» bhe el 1 pl3udct -':-2:.-) w)}
for _P-_R.> = ..ri:, Tesh . .:=r:=> = \§J f.‘.'.‘.fi., . Sc'mc'faagl

we feb Exb (b)) = U Ext _(E) , IntlE) =\ Int g, (&)
. rR R

e foncbcom 2.% Feoz e <n 'T‘z: , the ansocvatbed act

fact (hod of closecd Laun c.om'/u.cfa.éc'm w» bRe AC£>
of Aequences C o€ ) fEw /.}ucg that tAe foffcwc'nj

conaliécons anc Ao.év':fc'gd.- , (cééc‘n; E, = {ﬂ }

1~ (Ve €EE, & p; =Ly pipedV(e =g & pr=hyy,)
2o cCed, ., € CE,Y v ETESD

3. cvaea'nuaopcvﬂn’, Y Ink Chpd) =@ )

Henceforbh , we call a closed compulalion euvery

neguence (¢ T'-a , €L ) whick /aa.éu‘a,[“m 14 and 2 .

vE W
Tle cumnent densiorn ecnds OCER a Hersien of Lemman

cwhck 4(’46; 4c‘m/fc. facb; wned «<n bRe .ocqu.e£ .

Cemma 2.4 ru_x_f_,lt & prr— I'I- & R#S =>

Ma A

r _._XS_> q fot nome q -
/bl.ocf -@ e ..uyecéu.n o/ zcnarncv ,Puncécoru; a

lemma 2.5 r..__e_._.,q £ Eac.tR Cpd PR =

Ext o (q) = Exbo (p) V (Ip)(pg € ed o




Cemma 2.6 Fot any cfo.‘r;‘d.. oorr;/ﬁufa.ét'm ¢ ""C P ) €W
and foe any frwccoa <denbifren. RE D , tLhere exunt ao
fencte numbw of sndex values U aveh that ke é e.';

,fot. Abmg ,,L. . Q

{cnjma 2.7 Four any closcd compucbalion .( oo €0 ) cew ¢

15

UL N Exb(ppr tcew} = ML U ExkC(pg) ltew }.

| ka2t | Rl
v/u-zoo s <f .Exh« < MmOoW ze/fa.ced —9 E:ch R bhen Fthe

';7ua&5v muné be calbsficd for :u-ub, =R -& ‘femmaco

2.5 ana 2.6 D

“lemma 2.8 . Folr. ary ,1.; “<n TZ

, fa Chod <o mot the
empby el . | ' |
/u_E_a,c Let < &; the ordern velaliom on 1D .such tRatb
w.s w' g « ejtﬁ;l(w> < -iatﬁ(w‘)) oz
(W=UeV & W'zU_L V' & Lgth (v) = £gth (v'))) .
Then c& 4.‘;;.';“ éo consbruct (p., €;).(, accorading &o
bRe Lo €owsing wle |

/‘zam h‘. R chose a teannibion r.‘.' e

> Pivs “)[a"j'l

} /or. R wsome minimalbs

bR &.a cyu.af éo {\)R ’.35
clement cn the neé L REID | (ARI(p € TnECh, ) ) .
Té «»» clean frem Lemmas .3 and G éhat Lthe

ccm/-uéaéc‘m 66’0::6 obéacned -musé be fawrn a

Next subnecbcon exébcnds the d;/’c'nit('om Jc‘ucn’/ao

fan bto the cane o/‘ opcn 4}4éem.«o



2.3. OPEN COMPUTATIONS

We <'nétoduce ohen cem,\uéaédom as a Rend o[

/u‘aj‘ccéc‘om of closea fmaffcﬁ ca-rn/luéaéc'om.

defencbcon 2.3 jc’uw a cboscal fa/ta.ft’ee computbabiorn

6 = ((‘\qu;), e£> CEw et eeand ‘@,; be the

zespecéive veguencer Ch,, (€. /¢ ))Cew  Cq., (e /s )) CEw

whare €/ S cquabs {P'R. | FSRC e }..‘Foz S <
{Qe{,\gw_},av; 3'=('Cc,e.-)

(. CE€w ?
'

181 = Uicler ) =, &

~neé odown.

> T } and de,fc'nc comh(S’ )

Cat
an the ceguence oblarned from S ﬁ crasing 7(@&1/:
('C‘: ’ E"-. ) /or. eu-ay L< ISl owck éRat e'; = ¢
Now , comh C ‘é’a ) and comh C "@,,_) arne tARe Le fpt

Teop . u‘g_ﬁé ,&oj‘ecétcm g@‘_ and ‘e__’ of | .

deéfincbion 2.4 For ke =<n TZ the ansoccabed set

4

FAIR(Roe) of ojen faar compubalions 5 bRe wcé of

fefé /a?/'ccéc'orm ‘6‘_ of bhe closed ccm/uuéaéc'orm A &
<n the net / -fﬁi"-(hol‘], Pl , q°€T= . Feor ay
suck closed computbalbion. € , tAe u'jft /m.o/'ecéc'm

"@_> e called a co-com!«.ubat‘dom of '-\.° .

zf£ é € {@L(‘t,lqc) , tAen fot obinowus reasrono of
/A‘Jmmcéy ) "6__9 and f‘_ ane aloo ar. ofen )Ca.uz. teap

a co-computbabion °f qo - A few A('m/&. fm.a/:mét‘m of

4 €
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ofen fain computalions ane ~tabed bebow aften compte -
" mentany mobabiens ame given . The froofs of the
froporhione anc deferned and will affcarn in sub -

.

necllon 2.4

Convenéionn

- name .., the 4“6'5""‘-'/'4‘_4“"’3 /’uncéc‘m Rk nenan

acéions to acbreom mameo ( €9 AN\ = name ¢ = )), and

names . ¢Ac natural .scé exbenodom '-a»/' narme.

- E = E,vE,UE, T whae E, =18}
- 7_ —o".tfg fom_omor./f:'..lm WwhacK nenaa Dequencco
(é;) lew OF acblonn /blccmmunvcaéc'czv.b frem '_Ew to
A® = AT U A© a.ccczd.a.'ry to

7(3;).—.‘X L €;={XR'}€ E.1 ,_- '

7 (ed=€ o e, =Llp., kgt € E, .
- Fot :u‘y word (DE:I\“ , Act (f) t“/-‘ U.El:(f)
Aenoébe évﬁc. wubnet of names NE A whkichR occun ) Temp

7(2;)'.—,&."/ €-€ E ,

-¢'n’f¢'n¢'é¢9 o’(écn occwe .<'n f .

/tn.ov/;e:s‘éc'a"n. 2. 1. ja‘d’én _""o ;c’n. TZ:

+ equal to thRe et o[‘/.acvyuencmv C ) e'; P <

» FAVR Ch )
€w 7/
bk f¢ € TZ. and e';e E , for whieR Hle .{a([owc'f:j
condibions 1 fo 4 anc sabofied : _

',
1. (Vi')(('\.i._g__‘:_.,'xa‘._q) A\ (e';:.;b_& "\;:,‘L':_._,l J)

2. e, € CE,VEY UV (E,wvE DT E Y



1%
3_ (VREIDI(I (VR ICInb g Chg) =2
4= CIRDIJI(YR2 ICNE Exty Cpgd =b
g uehc7cce';>“‘_,)) a |

( //cnccfazéf, e call an ofen com_/-utaéc‘m c(rcy

nequence (t-.;, e';_) LEW kel ./.m.éu'a/'n'w 4 and 2 J .‘

"°"°££ff7 1 For any pregram Frea€ Tz » bRe neé

fale (rl.o) of closed faur com/»utaé:.‘om of po -
he subsct of FAIR (l\.) made oul of He com/wtaé(‘orw
Che, e ) CEw fot whaek vy €., «» céhen a fa.ut

of acbions n E.,' oz <5 éhe trn/.é; nel e/ acllornn .

cozofeaﬁ 2 Evey fondte prefix of an ofen comjuta -
bcon , nay Cfpo, €0 0 0 , may be exbended Lnto
an ofen fair computabion Ly chosing Ch:, €0 (am
<n bhe neb fain Chpm) - whick <5 mob empty Ly

lemma 2.8 -

leb «wn conduct a Cbtle furthen ERe A’n«rwé:’yaé core of
the relations bebween ofen amd closed faun compuvbalions,
jcucn fregrams h, and q, , an ~mjotéant <ssve 5 1O
debenmine wnden whick condibirons a fan of ofer
compuvtabionn &', &" of po resp. qo ane the tesfecbive
fw.o_j:cédom of wome closed faun comjubabion of l'p.ol 9o -
Scnce defincbion .3 aytics ae well fo ofen fanalict

carnfuﬁa.é(.‘orm ’ ££6 qumh'm *mg abro te M‘G% fob



ohen compviabionn of ,-Lo ! 9o - By the fdv:t co;off@'
a.goc.re/ an answer éo éﬁg fatten fumﬁ(em .wt‘ft’ abso /utou‘l'dc

an anower bo éhe formen. T‘f; cozzw/ondz'r‘nj srdalbemenés [o/fod-

/tnqluoac‘z“on 2.2 Let G ¢ FAI'R(’\.IC') He an ofem fa.u&

computatbion , then € _ € FAIRCh) and '“6_9 € FAIR(q).

/E_o/uoac‘ét'ou 2.3 ek 't“ 7(.a.u't. of ojfpen )[aui com/wéaét‘orva

and é"= (q‘, “c)‘eu

| .
€ =« f‘c P ) CEw
There exusts B n FAIR ( Pol Qo) cOCER /w.o‘/ ecécoM
e‘_= 'é. and "e = & " 1/’[ 4m/&caécom 1 and 2
tebows ane ';aéuﬁccd. fot c«ruy NEA and Ré ' D s

1. M€ Wi O EuchR(p&)lteu} =.>a& b

24

ajdr \ g uEt(?(ce"-)‘.eq bp

b> X\ ¢ Mn{ -/ namen (Exb(qa))l €W}

>\.
2 - xeuf.n Ext (qﬁ_)lu‘eu} = a'a b'
o >\-
a'y \ & uet(7ue ) 1w V)
b') )\¢ n{ -/ namm(Ext(p&))ltéw} o

2L

b 7 fa.cé the proof of fv:.o/m.nécm 2.3 aflowds lo atate

a mote /u‘tea.Jc terw bl , wniag ERe /‘off’owuy e

defindbion 2.5  Lleb bhe open compuvbalbionn

_»E'=(ru.._,e and E":(q‘.,e"-);

< ) t€w | ¢t T LE W ,
of wespeclive 2 3en €'l and 1E"l a- «<n defin'hon

2.3 . A fa.uu. (‘C,g) of mmonofonoun onto /untél.‘on/.\.‘



2

frem o W 45 a acfcdu.&'v of (E',E“.) cLE Ve o

0 - fLId# fLE+1) v gLi) # gLesn)

1 - fLIY21E'] = fuie) = LD+

2 - glive: VE" = gccu):acnn

3 - LD E fLiea) € 1 €'1) & (3(&)#3(&+4)5I5"|)

= ((e'f(c)={x })&(.cé( )_{_XS}) , nome N ,R,S ) .>
Then , the {xg -/u.aaLu.cb of E' and E“ «» the opom

4 n

computabion E‘ 3 = (C""F":’| qg(i))’ c. ).:6'_, whae
€. = f g fLir1D & 3(&‘)#3(6-&-1).

then e C€'p ) —>‘e"3u‘>)

ot eboc £ i) g (L) tAcn é_(e'*.“.,)

ot eboc f g # 3(C+4) then '_>(e“a‘,_~,)

froponhon 2.4 . Undew bhe condibions of paspesihon 2.3,

cack 4cfcdu.£«.‘r:j C§,9) of (€', E") aebermines an open
{a.ui compuvéalion 6 = E'Fxg " wikk M‘cc&c‘om

<€ = &' and "6_, =" . Conu-mcg ) evoy ofen fa.m.

&«
corn/-ul:a.tc‘m G itk fvuojcctc‘m ”@‘_ = &' and f_> =&
7"5' e Lwtbcn 'E“Fxg r /‘ot. Aome 4cfe.atu&‘n°9

Cf,9> of CE'L,E"). @

c.o:.offag 3 ﬂcam a ){M of ohen /’m ccm/\uéatc.‘om

? E " a” a.erodc P

€' and 'E." ane &hAe am/.ecéc‘ae. /uw-,
“Jeclkconn of .some cfoseAd—— awi comhvtabion ¢ +tA
J ¢ £ r fh Hhey

44[@/’} the condibionn of /nM/u.oJ.éc.m 2.3 éojcéﬁm w CHR

¢he zcycutcmcné 3 - Z ce' s ‘: IZ ccet ) .



To aum wp our curncnt reaulls , we Rave »hown that
cfoscd.}?a»i_ colm/xufé-éc'on/\a | mv ﬁ-; J”""“&J°d A'néo ohem
far com/.ul.-ahom amenable to éA':. fw.nu;& of composc-
tlom Mozcou’m we Kave Jasnead some _.M:jfé ~<nto the
/uéé:c‘ﬂ-(e o@ ccl> of fully abrlract -modebn, since propeschon
2.3 belbls wun whick fropabien of a com,«wéaé“m may |
A‘nfﬁucf;cc he .M»ao'u'a.éc;d. enm'ionmcné . From the
Ajmmcéy Lebween open ccm/.u(:a.éc‘om and. co-‘CQm/u.ll'a._
tions , tRus zcmmﬂ Kofdn both [fon o/uma.écona.f modc&
wheek abséract open faur com/wéaécorm, and /’or_ obsen .

vational modebs , hichk abstract co- compvtatbionn.

2.4 PROOFS OF PROPOSITIONS

[oof of /uto/:.os[éc'o.n. 2.1

We sRall content ounnclucs with ahowing bhat bhe sct
of the open computatbions of p, whieR satify the com -
dibconn of the proposclian s ncluded <n FAu're c‘fx, > s
by bemman 2.4 bo 2.6 , the converre <nclunion ia
sbzaighé forwand . Se, suppese that condebions 3 and 4
ane oabificd for neme €' cqual bo Chy, €'t ¢y -
Seb down p o= g (L €' Vien ) and ULE (p) =1, M b
Abse define m = min f,J:;o I Cp>jde€ cueu‘o)-)” } ,
whene (p>4) < bhe quobicnt of P by cbs Lepé

21



factor with lenjéﬁ J' . MNow conscder Ehe /'offau.u'n‘_j Ac'en

of programn Cqed¢igem wheane P(J’_) s the J"_ﬁ

occuvtence <'n e :

I m_ R = <pPtm-k+13>C...(cplmd> CqQem ) -,
Gm = NiL ¥ 4 'Pl<u3 oz ebe

Gm = (L1 AXLMT  whae

T s éﬁ;/uwjzam. <Cs=>&-4:@,...,§,,,:c>,

A Atﬁc./majzam. <5=¢5:C5>,

T = a zcnaming funcbion cohick Acna@ ol éo N
for 1§¢ s n and < «ndepfined for (B .

For R<m , definc e..ﬂ={m€}"
Cleanty, therc exist a wnigue seguence (qi) 5 ,m of

. W)
/uwjzam and a wualgue Acgucnce C e"; )C;m ‘n E

suck that (q‘-,e"-)ce“ “«n» an ojen com/!uéaéc'm E“

(9

whaick nabofies

€' mesie3j-2 = {pme3iefd _(_,, 3y}
<f P «» an infincbe acqguence .

That computalion 4» obwousty fair : ane Ran sndeed
A{Int, (qpdlhkzf}t =g for cvery R and 4
Alro clearty , tRenec exirbs vome acRedubing (f,9) of
(Z',8") awck tRat the ey product of 'V E¢" v a
closed cempuvtabion , say & . We claim that B i fan .
To prove bhe claim , avpposc tRat condibion B of defini -
bcon 2.2 b mot satified for E . Then one among the

fot‘foau‘r:] Canen musé e found f‘or- aome SEID

2L



- (Y (3R> ‘})c:rnt (qgcﬂ_)).f $
—un/.oss‘&&-. /‘zom the coMfUACétOn_ o/ the qL
B TRIE I T FRE L1 Chpchy) #9)
(mposscble Ly condibion 3 un bRe proposcbion
- YR L CExE CPpcky? O I, .2 b 20
bhen there cxinln ome A wn WEE Cp) ouck that
VIR 3 ONEExb S Cpyp (g, , whi o cmposseble

9 candcécen. q «n the /uw/ic.s"ft.'d‘n .

froof of proposibion 2.2 : Atza.ujé’tfcauud. from

/y!@/zaé«.'é(on. 2.1 ¢\xnd Cernman 2.4 bo 2.6 —9 tRe /offouc'nj
temarkh fex R #S , X\E€ Ext L O and

('\lq) > ("l'lq') éo_jcégm A‘rnfg

N€ Ink _ o Cplg)d . ‘

Mes , i—.-r

/uu.o.o[ of '/m.o'/uobc.‘éc'm .3 .

onfty c[ /.an.é Aooumc E' = ~G‘_ and E".-.- ‘6_>

for nome o/neﬁ' com/tvéaéc'on. -8 «n FAIR ( fPel qo >
et C = ((rclilq';_'),el')

. v€w

C‘fecmg, thene exints

Aome /.mfeda.&‘v (f,g) of ¢ E', ") auch tRat

g = ‘a.*_ Xé E " Z'é“v) encayf éo /‘VLOU‘L é‘aé conditiomn 1
<n the obalbecment of the fw.a/;os"tc'm < Aa.éo'o[“ed for. evcfy
R , «Adnce a a«'mc‘fan. Mju‘m‘cnt -mv then bre jc‘d’tn to

ertatbliah condiléien 2 .

3



So, conndden some procesns «dentifien RE {D , and

assome XNE€E UL M Extgp (ppd ! L€ew } o e
. 7hen 3 Koldn : ko

3 - M e € Ut Oa Ext Chycgy ! c‘gdgn) | (€wl,
and since B i am open faun computabion , propescbion
2.4 mow ~Ahows :

4 - R (VR2EI(Int o ¢ r\“ﬁ,l q gcﬁ.)) =P )

s - 2\f utt(zccep“g)) :

Feom 3,4 and —é\« <emma 2;4:

(38 LVR3EICYSIC N ¢ Ext(q 4030

ckhence b 5 natufied . '

T7here temasnn Eo entbalblnh &

Fiom S, one can find L ouck that
(Yh22)I(VSd(ep gixgh).

Hence, ecbhen. & 5 nabofied. , ot
(vid(akzid(aTrce' p = I,

for { and 3 ane monotonowus oméo funclione.

Now, ‘6 7\1&0/105«.'&(.'6'»\. 2.4 , éhe necond canc cannoé occvz

ascnce &' € FAIR (pod) , and From the Movm/oécfm on A

[E hautb Assome that condiéionn 1 and 2 are sabs -
/‘“ed. for eu-c)y REID . Conndden 3 eyuaf éo 8};&3 "
for »omec Acﬁcdu&.‘nj (.F,a) of ce',e"y, then cfem%
"@(_.-.-'E' and ﬁq:'&" . We clacm ERat G afa.fn—

computation . To prove the clacm. , suppose /oz a moment
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L] ﬁ FAIR (I‘-o‘ qo) and .cch /or. @ contrackctdion .
Yy - .
:édp..m.‘é_cc,p.““lqga)),e,_)'._eu .
B‘v /mﬁ.ou‘tc‘cn <.1, one arnOn.J the f“o(ﬁow«'na arzsosnéilonn
. c
3 ot 4 must e brue ,(or. some NEA and REID :
3. (vjc3kz2 ) (r;.tR CRecky! ‘lgcﬁ.a) #z PO
“ - CIIVRZ[ICNE Exk , Cf feko ! 99k ))
& <va)caﬁ;c)(ase(b)ceﬁ={xs})'.
Fot tﬁ ' ¢ | ¢ <
° ¢ reason of Aymme r.;, P 9; anc f"r.ec e ansum
R = T [ot. nAnome T € 1D .
Su/u/nos.c 3. From 'E'é FA('@ (f"o) and ﬁw /in.o/oéac‘tc‘m
2.1, he golbowring anserbion must tec bwue ¢
. 2 A

ch')caﬁ;)‘)cancase ID)

A, € Ext'('-u{(ﬁ)) & Xs € Exh(qgtfi))

ﬂcncc,ﬁ-y femma 2.7 2 Ne WU M Eaet (‘\g’).l Cewl
- . 2c
and N\ € M ¢ \—/ namer (Ext (‘]g_)) lce w0} ,
_ >0

and a contradicbion of condibiem 1 Kas been teacked .
Su/-/-eae. 4 , then -&) 1. :

(vj)(3k 3 £OCVS)C e"g‘ch # ihghd .

Scnce f 4 a moncbonous onto function , the following

assenbion must fre brue ‘ |

(VYR gOCasdCe'y = iN 1)L

From E'e FAiﬁ(r..,) and &y pfuopescbion 2.1, ¢ follows

bhal conaibion 1 _o G_.J‘m‘n conéraaokcbed .



. AN OPERATIONAL MODEL

The Sfrunposc of the seclbian «» éo /ur.oc.n‘dc TZ et h
a fanjuajc theoreéie -model, cohose o@'ecés PY TR
Aé&mjﬁ’é{azwmd. abntracbionn of the o/‘maééonaﬁ. ‘e -

Kanouro of pregrams , (.e. of ther ofen fauor compubalions,

3.1, COMPUTATION HISTORIE S

defeacdcon 3.1 . Let €& = Ch: , €D ew e an open ,[a.un.

computabion , the Riator als (T of E o bhe
bripbe <$,p,d> coith clements : |
S = namer (U { M Ext(p;d> |l kewl)
sz R ¢ |
P = 7((2;);5“,) .
d = Nn{ M na.mmczxt<m>)l&ew} \ &
J.B

Seme comments fottow Kere . Geven E < FAIR (o),
abs CE) capburce bhose features of the computatbion
whick may Kave snflucnce om the wnknown eantonment
qo «n the courne of nome closed ,(4.);. computabion of
Pol qo « Zet alrs C8) be cgual o <B,p,d > ,
lhen i veflecks bhe neguence of the effective cntor -
actions becéween éRe pfrogram ho and the enwrronment,

b :effec.éa the ,u.fuau.cccss[u.ﬁ <nternaction atée.rn/né.s of the

/Ul-ojtdm, and d 4'd_ené¢‘,(¢'¢/b the snlteracéionn c'n/a.’m.'f¢9
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ofben offcred to the eawmtonment . We <asisb om LRe
fact that the withdrawn debaits of the ofen compulabion
E exert no snflucnce on the cnintonment mnder oun
genwal asoumplion of far anynchrony , which fact <
made clean Ly e [t cozo't’fa.rj of proposibion 2.3

Our ctnbend 5 to construct a -model of TZ: <n Wwhieh a

/yﬁojzam r\. > ;e/m.mcnécd -9 a neé AGS C t\) of
com/u;ba.éa.‘m Koséowen accozdc'r:j to tAe ,[o{t’owc‘:j cee

defiactian 3'.2" Alrs (,\.) = { GE’.S (E) | € € FAI'R('\.)} .

Thene Hed @'ntm/mcéaéc‘m vny He ewed as fan -
_guagen : by femman 2.1 and 2.2, Abs(p) can
a&ay«: ‘e vuu‘tém a» a /«'nc'éc Aum % <S£ ,-C.: / d.; >

'wfmg éRe oC .

. anc «<a .'nc‘éuy €angvages dg,f‘.‘neaL on o
fincte nubsect of A . ThAwe acks mighé aboo e ncen
an the motfhic <mageo of othen €anguages , defined on
an alfhabet whose {ebbenn , called f«';éay .lc‘tcnw, ane

becpben <%,p,d > '/aucﬁ that ré Avie} .

Now, act bheorebie and ¢n /ymtc‘ca&m_ -fcnjuajc.
bheorebic modelo can be consbwucted cwilhoul caning
about the continuily of operabors , for (b > welfl
Rnown that ~Leart and gteatent [ixpoints of monolonous
- epecrators afq’aya cxusrt <n completle -.-(a.étc‘c.m.. Before
we take advantage of tAis fact, the éccvﬁru'caf feame -

wotR v made mote ¢x/&'u‘t cn bhe next aubosectiom .



Ea

2.2. THE DOMAIN OF THE MODEL

Th all the oequel , L denoben a findée subset of A
ouck bhat L= aym (L) , anad Soilts <5 éhe neb made
out of the ~o.called sozés L . The domain of the
/‘ottfcorm‘nJ model & the ./uowuwcb 5 CH6 ) of HE
the et of Aosborcen given 4y the /‘oteouc'njf..

defioncbion 3.3 . HE the neé of L_sotéed Acséow'es ,

e 7/

<o the cobbecbion of the triplen <8, p,d > cohick satnfy :
SeL & pEL™ & (UE(pIEdel)d & (dO(BUTI=p).
HE , Lhe et of Riutorwen , <» the vnvon \J G, L € Sotts .
<%,<{,d> and {<8,p,d> | p€L ]} are equivalent

moéaébionns [Ot. aubreb o,C Eunbowen .

Hoborien ane /uow.‘ded. bk /wefc‘xc'nj , zenamc'v and

c.o:-ﬁ/;o;c‘éc‘on. o/umaéom an folfows .

defencbion 3.4 To cach acliom mame NE AV e}, we

associate the o/-.uzo.éot. h K ,[zorn. HE to D (HE) wuch
éRat )s:<s,f,d.> n &ARe /u‘nj?eéon./ub <S,Xf,d- > .

definiéion 3.5 To cachk /’uncécm Tr € Reno , e associate

LRe fvncéL‘On. i ftorn HE bo T(FE) wuch tLhat
gl (<8, P d>) & bAe em/»t} subsct of RS of
Cp=p 2p" & TODaT) for some NEA ,

ot ebre «» thAe /u'njfctm wcé < TfS,‘lTr, wd > .



<J

dgft'nc'tc'on. 3.6 5:.'0’:_11 Restow'en 4! and A" <n 'a"eo',
let¢ R'= <¥%, p', d'> ana R"= < 3", F", d" > , éthesc

Aorbor'er anc corn!:a.éi.'fr(:. ¢ h' #R") CEE

1. 8'O Utb(p") =9 = 3"N Utk(p")
2. 3AA"UD") =g = 5"Nn(d U

The /.a.n.a.ffeﬁ com!:osc‘ft‘m 'R of ﬁ‘, B" o efthan bRe

cm/-éj agﬁ-acé of HG c‘,( - (ﬁ'# E") o1 eboc «» the et
of Resboreen < B'w 8", plip", (d'\N8") vV (d"\N%') >

for N thc operalor on words glvemn febowd

defincélon 5.7  Leé wordno F', P" n L™ , éﬁw‘:..

paraltel composibion " ua he nct of the woras
P = PapPa-- Pirer for whick thre exist corresponding
facboryationn p, f"ev"'P'i oo tempn Pl PUy e P e of
ploreape pUoem (LU LE) auek bhat for every

- CpirE R P €D = (pi= P & po= €D

- Cph=€ vp'i=€) = pi=piplc -

Sct extéenscons of the opwmmalors N:i , Il and 1 |
witl bre [‘:ce9 ;aaed- dowin Kene cockh T(HE) an then
co.-adomadsn . For cnotance , L« {ﬁ,‘, ﬁa. }) amounts

<mptiectly o LWICR)) v LWDCR,)D

,3'3 . THE MODEL

" Te ecack /uwjzdm ‘e TZ: ;) *Y R, ‘we annociaée

/.4,-;. o/-mdétonaﬁ mcanc'nJ M (r.) cn tke fotrn. o,{; a



wcé of Acséotcen . More /‘mec;‘:cé , Cf L & bhe ot of ;.
then J’L(,\-) < a subset of '3+G|_.

defLincbion 3.8 . The opcrabional 'rncant'nJ fvnetiom

Mo T 5 TR <nductised, dek.'ncat 4y He
folowing cguabione , where we feé u, = M\ ,
L=z up*, L, - O (Lud® fon Teltny,
and wne the addilive molatbiom for el wuniono
MINLY = <g,€,9> |
MUK, oo ) Aa>CE, e, b)) = |

<t ..d b, €, 2>+ F.:‘ Chg ¢t ML),
MU IE) = Mk )N M, |,
MCELTI) a OEWI (ML) |,
MELNDTI) = YUF) , the grcabest fixpoint of

FIX) = <X E, B>+ (N:LTWD (MLEYUXD ,
MC<hN=d N2, L, N N >) =

<iN}, L, B>+ <in,hn), LN, 25 +:z:.1<{x';},Cxx;,¢>
+Iz#:.¢ <g,<L, IOV iN A Put N tieT } > .

Zé nhkould e clearn that for any X € P, FIXR) & o
wubsct of 'HG Loz L egual bo {X, 2} U T(A) , a
fincbe nuboeé of A "'_J HRe definition of Ren . Howeven,
bhv fact docs not Lmply the cnclusien. M (L) € HE
for L equal bo the v0tb of b, whick sbrongen fact will
e proven Caber om . Aboo nobice that function F »

monotonec foz the cnclundon of Auboets whence Lhe

7/



‘jteaémb ,[a‘x/:oc'nt Y(F) of F exunlr and mv bre witten

) (HS) for X oeme 40;,C¢'u‘cn69 ﬁgﬁ otd.c‘naf‘.

ThAe temailnden of secbion 3 néendn €o Aﬁod, that

M G oa baaminal model of the cjmaéc‘emaﬁ egw‘wafcncc

Cndaps T T ot bau, b g Abs(E) = Abs ()

TAo /vto/lué) < also known an /ufﬂ a&:tza.ctc'&’n_ wndeon

éhe /.otmu(ctcm

ME) = ML) off (VB (Abs (ECE) = Al (€ (E))
whare G tanges over bhe ock of I _ conbexés .
By the obious imilicalbion | |
M) = MU = HMEEN = MG |,
bhe full abotiactness of the model M worb. v, o
Wil follow an an rmmediatle cou(fwt) from the fropenty

M(t) AE:'S () . Before we proceed bo entablu i

Lo ¢“d¢~nl:s‘t) , mexéb din'sdone snbroducees a new aerilen
of defcnctionn cobhick €nkR cém/wl’aé«.‘om to obyeccts o f

the model and wnce - Terra .

3.4. THE FuLL APPARATUS OF THE MODEL.

defencbeon 3.9 J L/ the seb of L. sorted furstowy ckemn,

4 the coltection of the buplen <5,p,d > whick sabisfy
SeL & peElLVle}) & CAct(pled e L),
Rent : eack céem ze/uzvunéa an efemenéan.) abep of

com/\uéaéc'on, P 4» an action ( a product of actions ) ,

31



d atui/faj/.a CHhe vniom of ) he caum/wndc‘ry altecrnative (A) ,
) du'.affy» the acbconnsn Y AT ,Cucée. at the connidenedl

<nabant Jn Edme .

defeniécomn 3.10 . We fet brace denote the /uncéc‘m

,(zcm FAIR (‘T’z_) éo \f (3._“’ ) hiek .“ndﬁ c:acf o/-en.

’(a.u\. wm/wta.éc‘m , Py € = Cpe € ew 2 bo tAe
c‘n/.‘nc‘ée. word Lrace CE) jc‘u'en -‘y C ﬁ.:_ ) Lew ) with
ﬁ.:_ eyuaf o < Sc, Peos d..: > an ,(o(t'au.)s 3

- d:= namesn ( UV Eacl:.R(p.:_) | R acks ak ¢ )
R

cwhae R acks ak ¢ Jff l’LR € e, )[91. nome Qe

- &, = names C LnJ E::-.I:R(lm:)‘l R frec3en at L)
whaae R freczen ab © £

= men L[ _Extn(‘\.*')f¢ & (Ractsat k = f< ()}

( demman 2.4 and 2.2 wRow lfaé tzace » a wefl

defined /'uncéc'm p

é_sfc'nic'éc'on. .14 . G.P: (\d th) —_— (\LJ 9"6'_) M the

woté presercing funcbion cwhick acndo cach ¢nfindte
seguence of Aistoryy <lema, feb A= <8;,Pc.,. i teew
éo the ﬁc‘séey P (A) given €y the foltewing séabements,
wheare o g 36 dcr'ucéa) the wndefrned ‘ﬂc‘sbozj
W(Ad=a f B:NT; g@ [for mome CEE

ot cboc {’céh‘nj

- 8§ = UJI{®; 1 €wl}
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- F.—.- P‘ P"U.P‘: vee
- d=ant{l\d | jEw}

L2 _ :
WAY =0 £ (dNB g g v UE(P)NE £ P ), oz cloc

w (A)

<3,p,d\% >

Rcné : the aundcfined fv‘atogr Y ) z:acfcd whcneoen
complementany actcons N and N freeze ab diffencnt
<nstants in bime or mome ackion cafalbrlily N b feft
inbact <n apite of an cafincte mumben of concurrent

c/.maéc.‘orva A\ ot wca/nm ,(zom -): ‘o

/ur.o/;osa.‘é"a-n_ 3.1. For cuoy € n FAIR (T‘z-,) ’

p (tzace ¢ £)) = abs CE)

froof . Seé down abs(&) = <B,p,d >, and tet
trace ( E) = (R CEw WA Ehe k. an <n a(e/‘.'na‘é“ni.
3.10 , then p =p,py-. P - 0biownly , and
§=WLI{%;1 tew} 4L Aemmas 2.5 and 2.6 .

By éﬁwe_‘-r”emvman ajé,c‘n, €eé N € namen ( Ext ([1.4:))

for neme |, then there exiobs RETD auck that

cithen & s b 4 sabisfied :

& - RF:::J?A abk ¢ anad X\ € Ext , (h;) fotr Some Cs},
b - R acts at ¢ and XGEDCER('\;)/o;Ach Cz 4 -
Therepore , d = ( n{\, d. l,;e...:})\S.

L2

7hecre temasns to prove ERat kf(t?.ace (E))A >y de,&'n:d/
‘caboelncc- Lf(tz.ace(z)) =<%,p,d> € FHE .

Suppese B, N g} # P for L#J_ , ot
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406‘( scbtuatbtions ane c‘m/ao.sac.‘wc -
Condibion ¢ «n the namc ,/m.o/;ou'h‘m <ndicalter atnro

that (LLE!’:(‘?) N &) must e Cmpl'} s

(e 1 . Let € T , ¢f L o ¢tA ‘ncmal sork
coto a;q e r = c.f “» e mdrrem o

ouck that Abs(p) ¢ ¥, then L o alrso the minimal

sotét ouck tRat f>€ L for eveny <9, prd> ¢n Ats (pd e
— from the definitions of trace and Ext, , and {5

the second cor.o[fa/j of /w.o,;osiét‘m 2.1 -

{4 2. y = ¢é
corollany let P €T, , ¢f L = »ott (p) then

Af:s(p.) w» a ~nubset of '3"‘@‘_ .
-ﬁ femma 2.2 o

/uzo/zo:c‘éc‘m 3.2 6 = tf ( trace ( FATR (Tz: .

/uwof. ‘960::1. nome ﬂc‘séoy < S,F, d > <n I , seb down
WEECF) = {X,, 0, Ko}, dVULEC(F) = Lp, copm}, and

S=0V,,..., Vgl . Let program q, and tet computabion
E"= (q.,e") CEw Ge replicabed from the proof .1 .
Define h, = <\),,...,\>£ > CNiL,..-, N'L) , and

To= (<ot paAial, B :¥,c, Plm:¥> <X mpx: X >) [T
whare W' KI)=T and W'(R'e) = p for ¢ en t4...m} .
Now define €'y as the O-aijed compubalion [from fo,

and E‘L an Ehe 44n¢'7u¢.~ closcd - :n_‘Sed— ccrn/luéaéc‘m
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frtom w _ . Ow“nj to the assvmplron <$,F,d.> € HS

and Gy proposcéion 2.3 , lherc exusés aome vcom/:vba.h'dﬁ
E n FAIR (( Polodl Q.0 with (bs Lefe. €efe
Lefé . twghé and right freecéions. zm/.ecétacg' eyuaﬁ
o &', , 8', anad E" . Clearnt,, 4y the consbruction
oL &, t.f(.‘:r.ace('E)) =<%,p,d> . o

The zema.a‘m‘ncy sbaltements Bow EARal c.f s <ndeed.
a »noté /mwmu‘c‘nj /au/_l.j‘ccéc‘crc. ﬂnoyfa‘.tm /'z.om.

w
\LJDL o \LJ'}‘GL

, ©once gl-w Aan been ceqguipped
WA /xﬁe[c‘xt'hd J zcnama‘nj and com/:csc‘é'c_‘m o/-nmaéow .
Natural candi'daten for the fewné and necond [émc‘&‘u of

a/umaéc‘oem arc an folfows .

defo‘n‘c‘h‘én. 3.2 . 7o ca.cﬂ a € 'Jl_, , we ansoctate é‘_c.

funcbion from I Y fo T (I ®) ouck that a:i A &
the em/-:é) Seé L Lf’(dA):IO‘ , ot ebre » tAe

~inplebon écé {a.A_ i

defencbion 3.143 . To cach T € Ren, we arsocabe bhe

funcéc‘on. /r.orn 'Jl_“"> o L._J 9> ( '3‘_“) ouvck éﬁaé, {céh'ﬁj

A=<8£,P:,d;> Lmwl A .oifgc.em/,éijct l',(

CEw 7

"P(A>=°— ozt 'lT'(fc)='L.- for nsome e , ot ebre <»

bhe nenpbebon net { <Td, WP, , TTd; > . }.

/ LE w

A» tegarndns the composcbion ocpcralor, we meecd

two a.ux«a.‘&a.y de,&'nc'l'c‘erv:.



defincbion 3.4 . Led the ﬁu';éoy cbemns a'= <9, P" d' >

and a' = <$u' P"/ d"s <n '3'_ , then f_’yncfzanom 'ﬁnoda.cé

a'x a" « depened Cff

(8'n %" = B & (p'=¢€ v p'=p" v p"= €

and <» then egual bo <B8'US", p,d'ud"> wdith

p=€ if p'= P ot eoc p=p'pt. The product operalion

(%)

-naéwt.a.(’ﬁ/ exéendn /;of;n '3._ to 'JL

defincbion 3.15 . leb A= <By, po,di> e, <n 9.7 .
jc‘cem f. a monotonowun énéo /‘unctc‘on. {tOrﬂ. w éo W,
Aof bhe enfencte coord <$'; , Fl"- ,d.';_ > lEew s.t.
eboe B,

[ 3

- B = (f (=0 Vv fLDE L)) éhen 8““
= PlL= CF CFLIE LR then Pgeos ebre € ,
]

- d: = Cfee) # fLiva)d) véﬂen. d.."_‘(;_) cbre ¢ .

8

defindéion 3.16 . jc'«.rcn wotdnr A and B c¢n g‘_u ; then

gynchamw composcéion AllB <5 bAe neé made oul of

tRe wordns C € V.Y whiek natfy $(C) g T and
C=(AQF)X(BD§) ’('qtoocmc/na.c"z. (F,a) of
monotbonoun ontoe funCé;.‘Orpo' from w to W such that

CLCEd # fLivr1d) Vv (guid g gLisadd for eveny (&

/n.o'/u.o:c.‘éa.‘on. 3.%5. For eackh /ta.ata.‘cufm so0té L, the et

extension of : I 5 6 may Le considened an
a motfRism wn the following acnee

$ (<8, p,d>:ADdE P (f(A) S (<, p,d>: A,
PUTIAY = LD W(A) , (AR = p(AINp(R) o



3.5. FULL ABSTRACTNESS OF THE MODEL

Before we wobtablish the cdentily M = Abs , some
immediabe conseguences ane woréh noting . For cnntance,
he cotoftances of propesition 3.1 remain walid once
M fas been subobitubed for Als , and M (b)) differn
from & ,(oi ecry EE€ T becaune Abs (t) Kas Geem
aﬁown.‘ non empty 4y Lemma 2.8 . j&'wen. <$,p,d> ¢n
ML), 1t abse appeans 4y the second coroflany of pro-
frovcéeon. 2.1 bRaé some ﬁ.‘:toy <8’ p,d'> occvrs L
ML) for cack propen prefix p'of p . The seckiom endo

with the /m.ooﬁ o f the foffowc'v ces

theotem 3.1 U"(: = A{?S
proof obwtows /tom /uv.c/.o:“éc'om 3.4 and 3.5 Gelow D

fropesibion 3.4 VEE T, , Abs(b) ¢ M (D)

[reOf . By propescéion 3.1, bhete «ou/f«'cw bo show Ethat
(p Ctrace ( TI) Lefongs bo ML) for cvary E € FAIR(E)
Uning «<mpleetly the ..~.-.4ucé¢'u§._ on T_trms , we wta -
ClisR tRis fack Ly cane analysis according bo bhe Read
aymbol of tam t . | |

;Nl'L. : <mmeddalbe .

E= <X ,ii,Na> (b, oo, ER) . Now, FAIR (k) & éhe net

{ce, g%} v () {(t;{x;}),'&;-l E‘i € FATR CED Y .
C .

bzace CCE, #)%) = <ciN N} €, 8> .<9,€,85>% ,
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tzace (Ct,IX:}) e &) = <&, N, {INyge X} > o brace (€D .
':rﬁtc deocred teoulbt foltows -6} /uto/;o:c‘éc‘m 3.3 and /zom,

bhe cnduclion ‘J/loéﬁww .
t = h." hz_ . ﬁt‘dén— mome & «n FAI‘R(t), Let t‘

anad. E" denote Ehe f’c/’é Teop. tgfé /vuy'ecéa.‘onn of E .
Ry /mo/..ou‘éc'd-n. 2.4 , thene exunts .some ,ocfed.u'&‘y

(.F,a) of (ELE") suck that & =€’ E" . Now, it

x
f 3
ws» not d«.‘/./c‘cufé to see that trace (€ ) . the Ajncﬁtonom
product  ( tzace CE'Y o ) x ¢ tzace CE") o 3 l) and
thene fote 4:.{6’5: to (tzace CE') N trace (E")) . 7The

descred teow bé fo(tou:s an above .

t=4t'(wd . Séta.‘:;ft/‘ozua.nd. /t.cm the termarR ¢

Tnk o, (R'ITI) =P gf Tk (ph) =¢
t = <\.=¢\,:X',, 2o » X,‘: \‘-

n > : <mmecdiaée .

t = t! CND W 1 . Conndden some com/luéafc'm E i

Che B e w o éR h.:t. We

/u.ocecd. —@ case anagm.'b .

A - e, =@ , then trace (E) a <AL e, p>e<g €, 857

FATRC(E), ¢t &

and p(trace (€Y = <ir} €, B> .

2 - e g B , bthen e =iV} ana p,=CEIEdCTI.
Let E'= (p;,e:). o then : |

trace CED) =< A,i{N}> ¢ btzace CE') .

But &' i bhe Tr_image of neme farr compuéatbiorn
€ € FAIR (L'IL) , oo that mow

tzace CE') € Owl ( trace (B D Lzac;('@__z,)).



By propesibion 2.2 and the <nduction hypothenco
Lf.(:ttaczcﬁe_))é(/%(t') |

Hence, -6.-1 Sfropesibions 3.3 amd 2.2 agadn :
$wCtrace CENND € (N LTI CMCE)NX

fer X =  (trace (FAIRCED)) . |

Jeiniag canen 1 and 2, ome obtainns X € F(X) and thun

XSY(F) ’(ot funcéc'm F an <n defindbion 3.8 o

fzopesibion 3.5, VEE T, M(t) € Abs(t).

/uu:o/( By /ut.o/:o:c‘éc.‘m '.";.1, <é < ecnougk to sfow

ML) € ¢ (trace (FAIR CE) ., Uning “mpticitly He
<nductéion en_ Z_éun-rw., we mta&tv'a_}f bR <nelunion
-&rj canec ana_ﬁa&a a.ccor.dc'nji to LA ﬁcaci /_:ymfrof o/.t .

E=NIL : «mmecdiate.

E= <X, e, Ma>Ck,,.., b ) —oér.a.:'jfé’ozwaad ﬁ
/uzo/uo:c‘éc‘c'n. 3.3 . :

E= wl v . (960:/1 RI: ‘n c/%(t), ome can Lfrnd Kistow'en

fuu_ € d%(u.) and 'ﬁ..u. € M(U) ouck that ﬁkﬁ ﬁ'u"ﬂ'u'

By /mo/uo:u’éc‘cm 3.1 and 3.3 éo_setﬁm. bR bhe <naluction
'gjﬁoéﬁwv’a , -Rt = c,p(‘r’) ,[or. neme T € UV wherne

U and V ane tAe tw/necé«.‘uc tzacen of moemec OShern. compu -
tatcono E' € FAIR (u) and B"€ FAIR(VU) , Let

U=<5.£/P';,d.'.>

" " " :
R CEw and-V=<8c,f>c,d-':>

BJ defincbion 3.16 , T = (C(U o f > x CV 03)) [ot some
/aa)l. o,{ monmotoncwus onto /uncég‘cM F,g ,(tom w o W

suck thal (LU F L(+1) v g x 3(&'-&4)) for cvery ¢

v €W’
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4 q

Scnee for R>o0, ULIE'N+R) and VCIE"I+R) anre
Lrobh equal bo <@, €,P> when (Rene notalions maoke
sense, we can freely annume that [ and g nalify
CFCO21E'L = fliead = fL) 1) and |

4 3(6); | E"l =p 3(64-'1) = g(d)+4 ).

Nevanthebess, Cf,9) «» mot necesswu'9 a acfcd—u&'nj- of
CE', ") witk rerpect to depencbion 2.5 . Leb ([, ")

‘re élfe,&a.&\. of /vn(tt'om /'r.om W éo W uck ERat

| f‘(J) = ¢"£ (J‘= L'-l-ﬁ(t‘)) [or. semc ¢ then ‘F(t") cboe F'(J#‘l),
g'(J') = f (J'g C+§(C)) fot some ¢ then S(C)e/:c g'(i+1),
whene f and 3 anc. the dcfaj_/'uncéc'om geven Gy

Feir = cand djce | (FGIIES & Cg¢I<IE ) &
CECY # o) & (gl £ g rad) & (f'F‘j)=€ v fugcjﬁe >},
gy = cm¢{é'si | CF(ICIE T & Cgejd<c 1z &
EEITRE RATRLRY 4(3(,‘)#3(‘]‘”))&(f'“j)-;e v F“S‘J’= €)}.
Now, ({',3') “w a Acfedu&.‘nj of (E','E") , and &

Teorulés from ocurn conrbrwcbion. thaé ¥ (T) «» cguaf éo
¢ ((Ua f') x(Vag'd, dself easily sRown egual to

P ( tzace ( E.' £ % 3. E ")) . 7he descred- concluncieon

R, € p(trace C(FAIR (L) follows by proposibion 24 .

t=¢t'Cmw] : Aézmjf&/’otdaﬁd. .

k = < N=p N, : X', geee » Npt ) S : ¢mmeddiate .

t‘a k! [XD w1 . Leé funcéc‘m F a» <n dcfa'nc'éc‘m 3.8,

and conscder R ocn Y(F) , é‘e_}zeaémé [a‘x/m:‘nt of ¥,

onc Aan éo exhAibnt ome compubation € <n FAIR(E)
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/Ju..cf that % = ¢ (trace ¢ S ).

- Svprosc that R $cbongs to thc Yeant fexpocnt of F.

Scnce F s wndon conbinuvowns af(’i&’cg){ € o net continvown

,
frem aboue | the fcant [ixpoinl y (F) of F may G
welbben. FY (@) ot yet gya_c.mfentfj \..J FC(g).
e ¢ be bhe Leant cntegen wuck that R €FE(P), ana
for that ( , definc fregtams p and p':
h'= <X>, (CE'Tan>, « E'ean>  CE IS (NODIT D)) . IrID [T ),
R, T O (s ch >y, (CEIED [TIN .. LTI .
By cbcraled aylicalion of thc anguments devetopped fou
¢Re Lient three caneo alrecad, dealb witkh , ¢ may e
okown that there exusts wome compubabion. E' in FAIR (p'),
nay E'a (""j'e.j diew o Puck tRal
R= pltrace (&) and (V)" out of eli )
where we € R oubt of E ff Yp,¥S : p _ge
Owing ba bhe obuntows /;n‘ma‘[a/u'é)/ 4ebween p'and h,
bhere atoo exu'sés nome computabiom & n FAIR Cpd,
AﬁE:(FJ-,eJ-')J:ég , wouckh ¢tRat : |
Rz ¢ (trace CEN anad (Vi) — " out of e ).
By the wuler of hc axiomatic aysbem [ 2y JJ(‘Jcn..
«n snecbion X, the opcratiomal Lehanours of
Eand <Xx> CHIEYLITI) ane ~cdentical vp bo bhe
cdentificabion of ntaben .
Ao a comscgucnce, E and h are <n a ~brong Lrsimo ba
beon

, whence btrace (E) = krace C G ) fot Some

G € FAIR (t) and R= ¢ (ktrace (G)) .
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- Suppese ﬁﬁ’_)(F). Then R fetongs éo Y(F"),
é‘c)zeeéwé fexpoiné o,( Flex) s (AsEmI CMEDNX)D,
conocdened an an cquabion ouwr P(He ). Scé ﬁ,:
From YC(F') &€ Y(F) , bhare exwnt ”‘7“‘"‘M<(ﬁi)fém
and (R.); o of Aestorcen Rp€M(b) , R'e € M(ED
Huck éhat for suy L »0

-
Re, € Cx: IWDCR R .
{_S/V Ehe dnauecbion ﬁ);/not"mé / ,for. eu'uy L_'>O H
R'. = ¢ (krace (&':)) for meme 2. € FAIR ( E').
The temaindern of the proof for that cane <« Aevclopped
a)o A ae/-maéc_ ¢m..o/.c._{¢‘é¢'a-n. ¢ ~cc 3.6 Gelowd ) [

/uo/tost'éc'm 3.6. 54‘0:& t'e T and 'E": «n FAIR (t'),

P2
leé (ﬁ';)c>° 4rec a neguence of Lesborden suck that Vi

_ 'R.':_ = o.f(t;a.ce_CE';n . 1'/' '(ﬁ;)¢£w s a neguence of

Kestor'en nuckh bhat Yi>0 @ ﬁ.é_‘ € CA:LTICR': 1l h:)),

lhcn ‘ﬂ., = sp(l:zace.('é)) for nmome € € FAIR cky,
Cebbing b=t LAoT1.

freef . Seé R, =<%;,p;.de > and ﬁ';:{S'C,P';,d'i> p
bhen p._, € CXNTCp' Il prd) for eveny >0 . Leb
.= “"ci,e'
ASETR ACNIRIE 7“":&) eee _cwitR Rg 1B L.
Depine Z‘ : CE, W E,) ey Avwill

Z’ce) = f CEE, lhen m(e) clre .,

and et (AVEE)T 5 A® denote the o craning

-mot./fc'.lm -

u.'i) JEW ¢ ERen f": may be /’acéo:cd ‘nto



(Vou, P'f: ‘P(éé J ’Cor_ f.>¢ <9ua£ éo _

z"c e' o) z' (e'c,) ... 7 (e':p) oo _with R s 1T - ’
and (f';" Pi) = \1) ( {D‘: Il F: ) - C/". dc’fc'nc'tt.ou 3.7 .
Hence Pe_a =» cgual éo >~('rr(\|; ( FC M) ,(cr. aqmé—

P:: <n f:C " P ) , and thure exest ‘nfenite ‘/ccéotga&'OM

Pe = Fia Foa - Pek - ;) Pik € AV, .}
f;ca é",‘ é._-,. "'f.’iﬁ o s , é‘:&é /\U{é,o}'
Pe = Pea Pea -or Pek - ;) Pik € Au{e}.f |

for whALcA :

CPik 7€ & Pipm€) = ((fgefpd& (Fig=e»
CPiR =€V pip=€)m (Fig = Pik PoR D -

Fot (>0 , these cnformabionns may Gc cncoded fnéo W, ,
the word cn (143 Ule, e», —5 10 with occutcnces
W:(R), oskg SRR (‘S;i.;a € v P"j#e)}’ as follows :
Wi lk) = f kzo then U o cloc

Cf P p EV& (pip # €I) hecn p oc eloc

b CPik = €D éhen - ot eboe __ .

Now de/.“o;n; P, the neé of paies S 4> for whick
W, (f) <« a defincd occutcnce, ordened -y
<, j> % <k,L> CEE (-f:ﬂ& Jjs€d |
Cleanly, €A otden s compabible with nu , lhe teant
c,'u'aafrﬁcc.~ coecr P j:n&taéed ’(‘;am <¢',J'>~<&,E> L
(fi=‘i+4> & (W, Gre{, e}) & (w.g_(f) £ e & |
¢ cand {n | nsj & W;(T‘L)‘ei—p,(—-y}} =

cand { n | ng t QW&(E) # > })



Motcouven, (f m < Cthe Leant cnleger fou DAich ™"

<5 a é-éa.t’& wndefined founcbion , then eu-uy ~ - class

of P Kao at moat m+d elements . Thunr, (P\ o) <

wr a countabte /JCH;lc'- fatéice Huck Ehat coeny node n
the ansociabed Hanne diagtarm. kas ¢S (n/out de_;‘aee.o‘
boundec -é:, M+ . Té o thenefore possible bo Gustd
an enumenalion envm (P) e/ P\ v afc:j a tefrnement
of the quotient orden € . Henceforth , e take Re con -
venbion thRat an ecqguivalence class of P ,” ~ay |
{(C‘,J,>,...',<L',,,J:n>} Wwiéh (< ...<p , =» denoled
Gy the éwo- clement net {<i,,§a>, <0 /)',,_>} Yy, :

ch(j,“) = e ©Ot eloc é {(t‘“,}u>} .

Let enum CP) = 'X_4X,z ,..'X_ﬁ cee, ohene bhe X_ﬁ'

ane aenoltalilonn of o = clannen accotdc‘v to the above

convention . If we nel f"i = Pp .:4,3‘ then Po ™oy

Ce facbored <néo p, p, ... |,..J. cer QICEA the PJ an follows :
f"}’ “;(X,J:={<ﬁ,o>}) bhemn TU =71 (X)) ot el

Cf ('&J.‘= {<k, (>} whre (>0) tAen 'IT&(p'ﬁ_;_)

oz eboe € for ca.n.d.(x_j)=2. .

Now, enum (P) may be wsed bo consbruct from

te=t a 'corn/luéaéc'm E =cCt ', eJ-) an /'cffoo-’.r .

jew
-ﬁc'den. tj , dc,&'nc tJ."‘" ao éAe [regram obltasned
_-6); a//9c'nj éhRe /of’touc'nj wulbrséibublon Sg_ : ,(oz.

eucy clement <fi,(.> in X_J-_H e



4°

f L =0 {lhen oubstitube (E'IE)YLT] foz t ¢n ¢he

fescéion sndicatbed -{7 __)g"t , ot c¢boc nubsbibvée
-t',‘,’“.' foz !:',& g wn /u:obc‘éémz. .._;g"'i'@_ , '
- Aefine €] an lhe wnien of the fotlowring nutnets

g o F°r <& (> “""‘k—}'ﬂo-z :

e'pi = f (i=0) then {TRT (Y _ Roa}

oz ¢bre | __*ﬁ_q‘— (Trﬁ C e'& S oa )) .
Then Cf:M& ’ ro = 7 CC ej)jé “J) . |
We »Ball now /vn.ou"g tLhat E _o a /a-ul. ‘com/iuta.ét'm .

) e‘ll

Svppose -Zﬁaé condiéilon 4 .<n propescbion 21 o
noé aaeg,r¢‘gd_ for &, and neeh far a conbradicbion .
New, for mome R, | and ¥ : | |
(¥ e ulk ¢, Clerdie,, 0 & (VR2[I(¥EExt (tp» .
By the constiuction of & and the annumpbion
P (trace (E':)) = <8'; ,p', ,d'; >
R=(C I 8 ane ¥=7F(a) for nome o € A
and [>0 auck that x €8 . |
By the conntuwclion of & and bhe fact that M™ .
totally wundepined : |
Y=T3(3) sfor semc q <uck that ¢ € Utk p' ) .
lel wn nefarale bhe varncowus casesr whick arse From
lhe comfanson. bebween p and q -
=9 . 7Acn <$'r, P.f‘" d‘f‘ >  docs mot betong o UG

{'J the c'vy'ectc‘m'é)« of zcnarm'c:j_: - ccr_:tzadich'm -



qS R From the Aypothenss Ry , € (N:DWI (R k.
a.nd-@fﬁe ;'denéc'é)« ﬁ£=<8¢,f>‘~,d.;> ’ G=‘|"|"“.q ()

| cmplien @ € sq , whence = (f\"i # ﬁq) - conbeadicbion .
p<q. &céhen T(E) € UBk(pg_,) ot (A€ UbE(p)
and éAcn 'IT{Q,E} < d'q-‘l . 3y 4:/’4':14'4"6%. 3.6 ,

the fo((cwc'v- anscrébion .o vgablld ,{’or. € ey (< q :
(réeEy € WRE(pg DV (Tt 3 g dqy .

IThn fMés'GufM/ é v valbld fo& ¢ = q-p- ,“ wKence

- ( ﬁ'h # ﬁ,‘ ) - conbradkcbion . .

Svppose now tRatb condibiam 3 Ln prsposibion 2.1 © not

waloficd por & and week for a conlradiction.

B3y the ansumption :

(3;0CVR24DCTnb CEgd g B for neme R.

By the construction of & , the Kypolhiescs T € FAIR(E')
and the facté that T éaéat’9 wndefrncd , Lherne
musb exré &, 3 €N and ategern h,q ~uch ERat
(p<q < h+m ) & (xE S'PB & (= Tl‘q_"" (Cs)) &
(Ged b,
q-1 °
If € d.',l then TTL‘C;) € d g 4 wnbess C-s € Sq and

If GPEB, then T(R)E D

Rence W(E)é 81_,.

9 defrncbiomn 3.6 , ¢ARe FeC€oding anscnbion <« Jabrd
for Icw:y L<q: Trclé ) € (d"q-i \qu_i) vit}.
Ta‘g'y L'..-:q_ru., onc oblainn ﬂ(ﬁ'h#ﬁr)

- conbradiction _ .



7o end the /uoo,c of /ma/:osct‘om 3.6 , {ARe zemacns
to shouw f, = ¢ (trace (€D . Since E€ FAIR (L),
the amounts to nkaw R, = abs CEDY. 'Now, by He
construction of E ana waing the ,Eact- tLhat ™™ &

Z‘f- undefined [foncbion alrs (&) = < 5,_ Po ~ d> wék

M4
- 8= w*cs')
- d= (_\_Jiﬂ'*(d.'in\s.

Sdace SJ-“‘ :. 11'(5‘&'\.} SJ) /‘o.z cuay J'>° , ene gebs
So= W T4 (%) = O W (%) =5.

J2° P j=1* P
' v
Now, d-J"’" =W((dJ-\$J)V(dJ\SJ))
= T . ', ', <,
. ((ddud.J)\(‘ééuSJ))
=I1T'( dJ‘Ud'J‘}\ Tl'('&'a‘ Vga') -t‘ly'CCét'm‘fj oF ™ -

Trca'-ud.h)\ L

?J the obin'ows <nduction , gncJ:é.s
d, o (no‘(d'J-)\s, -urr*(d')\S-.-d.

J>° | J’°

end of éhe pnoof .
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4. A FULLY ORBRSERVATIONAL MODEL .

We nbend fnwcnéﬁ« bo turn the matenial of secbion B

<néo a /::‘Ja:‘,fs‘can‘éf/ Less advmeniminalive moalef. k/tmem
the o/umaéc'cnaﬁ -model tc/’fccés the compubaéion Keséowen

of programns, tke obrscruvatbional model r.c,ffecé: thece

ca-com'/tuéaéc‘on/a. OM f‘c'wt tark <> bo make LR

comnneclion »/mcc.g'.te. .

4.1. THE OMBSERVATIONAL SETTING

> /
obsecrcabions ORS ( RY of s LAe ,t’offoc.)c'ncj

defincblon 4.4 . Leé r;éi'l' the Cange neé o'[

subreé o f HE
ORS (p) = { abs (B_,) 1 B¢ {.‘ai.z(plq)/u Some q} .

Before we /m.oceed. wcbh the bechnical dcu‘cfo/:mcrlé,

we argue -&ucffj on ¢KRe /‘a.cé that the term "obswrvatbionns

b -not misused . (We Ceave <t bo Latern aégw bo HRow

that the ansocialed CQr;ce/vé «s ERe qué one /oL Mjhtﬁtov)‘

Now, the ﬁ.«'.séoy of an open com/auéaéc‘m Cn FAIR (q)
doen enly depend o a derncvabion sequence such an
Cq; e Qiaqd iex - Thus, for a closed computalion
€ <n faiz Cplqg)d, abrs (G_, ) does not encompass

any foerm of c'nyu‘vj <nto bhe ntalen ot nlatle c‘aryw



°f - Nc-vméﬁefeab, the observatbional abstraction of '\.
dependn <n a precsc way wupon cés o/:maét'onaf abstzaction ,

an nhown -GJ the foff’cwc'nj e e

proposcbion 4.1. OBS (p) b the et made out of the
hcsborcen < 8, p,d > <n 'HG which ane comjpatbible WD CER
seme Aistory <8, p', d'> <a Abs (p) wuek hat p=p'.
froef Té o a atracghéforwarnd conseguence of proho -

#dédonns 2.2, .3 and 3.1,3.2 taRen évctﬁw o

Not aOM/UH'b"nij , 0SS (ro.) contains a {oé of tedvn -
dant clements whick can be dropped withowt any £oss
of ¢‘n,£’oz-maé'¢.'on. . Panf of tLhem m oy Are ebeminated -(b '

cgoSc‘nj <nntecad of ORS ¢fe f’oft’oug'v vaniané OtLs .

defincbion 4.2 . Led r_é TZ. bhen O&bo1.l: (rd o, the

ebsunuatle noté of ~ . > b minimal oté L. asuckh

tRat ':é L* fer eveny <%, F,ot> ‘n ORS (h) , and
Obs (p) , the pmall net of cbsanvatbions of h, o=

the 4'ntwccfc’m oS (,’() N HS L ‘7(01. L = O&SOIE ('\) .

fropesiéion 4.2 . If L o the obsecrvable soté of p, tRen
oBS(p) = {<B,p,d>€H6 | <BNL,p,dNOL> € Of:sqn.)}.
proof . ObsSCp) € OBS (p) eburvously . Now, Abs (p)
< cncluded in W6 | by the frat cotollany of proposibien
3.1 and the abouve froposcbion 4 . Therefore, for any
<8,p,d'> wa Abs(p) and for cvery <8,p,d> ¢ HEG :
<$,p,d># és‘,f‘,d» ff <daL,p,d0L> # <%, pl,d'> O



3y /uw/-ou'l'c‘on- 4.2, Obrs (p) 45 a fm‘éf/‘ufﬁ Tepnenen o
é;éc‘on of oBS Cph). Neoctk rubrecbion Avjmb: a /’a.c'éﬁ,’ufﬁ
te/m.vacnéaéc‘m c/‘ Oers cn tenman a/‘ AQPS .

4e2. A CONNECTi'ON RETWEEN Oero and Afyb .

| Recatling £k firwé cotoflany of propescbion 3.1, it &
clear from defincbionn 3.3 and 3.6 Lhat small neés
of otrwrvationn v,-&e_ cfmacécu‘éed ar foflows :
teé L= obrsort Cpd éhen Obs (p) u the act of the
ﬁ;';tou'v_é <SS, pr k> for whicK one can find nome
Restory <8, p',d!> <n Alrs (p) suck bhat
Cp=F'da& (B¢ LnCd'u D' & (CduBdg L\NE').
TR remank wvggents éo makRe HEC (nto an otderecdl

:Aér.vuc.éune. an follows .

d¢£c'nc'éc'ou bheD . 3 » the order relalion on HE

suck tLRat <%,p,d> g <%, p',d'> ff

(p=p'd) & (B cB'D) & (CAdUB) g (d' WD) .

wWe €eb N Cresp. ™) denote the ohernators vpon
PCWC) whick acnd parés of He lo bher greatest

subsets of mmasximatl Czu/..‘mc‘m‘maf ) elements.

‘ O&m'om& , »nmall nch of obswvalions anc doun -
. —
. wards closed w.r.b. g , wﬁmc.&-) O¥s (p) « a

/a.iéf,lu(( tc/utmenta.bc‘m ‘o,{' OQJ‘S (lr\.) . ITn adalbion ,
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Obts (r\.) s /‘ut’fj debermcned -6-] Abs ( h) : endence
of T fact -«)ajc‘dcrb ‘é’)’ he remank aboue . Aféern
ADorme vnoéaéc'o-M ane <néroduced, we Atale the exact

dependance of Otrs «pon Als .

decfindblon 4.4 . For L € Sorks , et Io : 9’6._..,?(9*‘6'_):

IO, (<& p',d'>) = {<B,p,d >€ ¥ |

(pP=P Y& (BESLNCI'UT'D & ((dUS) g LNE') } .

7o cack soté L we ansowatle the opmrabors IO, and
Ol from T (HE ) bo T(HE ) ouck tRat :

IO, (h) ,{e P

€, | (VR'ETO_ (RN (IR"ePIC(R'gR") } .

I0, (P) = \V
+
R

O _¢P> = {

/mo/zosc‘éc'on. 4.3 . Givea [ dn Ty . Leé L e éhe

' .
mincmal noté whick watbnfien Atrs (pd) € '3“'6'_ , then
— N\ -~ A% '

Obs (h) = I0_ (Abs(pd)=10_ (Abs (pM.

fRoof . ¢mmediate -{7 Coto(fa/lj 1 of /:.n.a/zosc'éc"on. 3.1 0O

We ane now «n a pesibion whne we may ark owrsreluen
weébhen Als (R) < <n bunn ,[u.ft’). debenmined Ly
O?S (p) .. As mighé be guesned, A v» not the canse .
Tn order lo wndewstand what Kappens, conndden for cnntance
the Bestorcen R'= ;p,«“’, “-> and R"z ¢, 4%, X > wnder
lhe anoumpbion L =i, x} , then 8;‘_ <IoLt{R"})) =1{R'}.
Aloe conncdern the Kiestorcens ‘ﬁ‘ = <X,E P>, Ry = <y5,€ s>

and ﬁ3v-‘<¢,€,x§> , éRen SIIEL.(IOL({ﬁ‘,-gs})) ={ﬁ2,}‘



An adeguale netmalijalion of parts of HE | colll cope
c.:c,"éf thene bwo calejories of confunion cases . Some
diageame may Kebp o apprehend lhe principbe of the
ﬂoamaﬁ’jaé“m. Figore 1 Jever tﬁe.jza/f. of 1/5,_
for -L = {x,x} , and fosare 2 o lhe Hasse diagram
of € on PG . zn Lotk /‘9«-4% P.P'ays P“‘ ;P2
denobe any words «n LT wilk respective sels of uléi-

male Lebtens P,{a}, {x}, {,} .

- Figuze. 1 -

<¢’P'~"/°(>\

<¢;P'1t“;>——-———'> <¢IF'11°‘°‘>

<CB,Pr , XKX> 5 <P, P, , xX>

<¢/ P"Q I“;> —_— <¢t Fnd ,°(°C>

<¢,p“.,2>/'

<XX, p, B > —0 5 <&,
<X ,p, & > —mm s <o

<¢,p,°<><

<P, p, AKX > 5 <P, p,AxX>

<¢rPl°—(>< |

<X, p, &> — <«,f,¢>

< 2, P/ g> —o <°"‘1_FI¢>

5 Z



- ﬁ'jute,l -

<P, py, (K> <#,p"s, xX>
T <P, P, x> ' T
<B,p's, x> <B.p",, x>

<X,p, P> <¢,P,°“<> <°_‘rff¢>
<P, ,p,x> <_¢,P,§>
<g.p.B>

defincbion 4.5. For K € N , we define —no':moc .

G 5, PCHE ) notm

oC (<S,F,d.>) =

7 (U.EE(r)ﬁ {fet, &}t B) Lhen 1<8,p,dvic,«}>} or el
f ({a,x}cd Vi, &tNd=g) hen 1<8,p,d>} o2 cloc
‘f (ed) thecn {<Bulal p, d\Tx}>, <8,p,dUia}>} or cloc
Cf (X €D ¢hen {<$u{;<},F,d.\f;}),(S,p,aLU{«}>} .
7heoe operabors anc exéended éo otk on ncé\ ateo!da'v éo
notm  (P) = iJ nozm. cR) , ReP

For L€ Sorks, we #cé mowm | : P(HE ), TCHG O

no‘Lnj.h = -no'zm“‘o...o notm“m fa0L = tex,...ox, )},



dcf«‘ru'é«.‘on a.S_conéc'nued. gcnma&'éc‘nj the afrou‘c,

morm <> Ehc o/uma.toz. o \.:J 5’(5’6‘_) ouch thRat

notm (P) = motm  (P) for P A . A subneé P of Ho

wr» noemablizedl (4L P =notm «CrPY . A wubsct P o;‘?fe
(&4

s wnambriguowun AL <€ w natma&“jcaL and does mot

contain ’a‘n/y fwo d,g‘/'/utené camfmaﬁ-(c Kesborden - Jé

an bhe act of R -«namfnjuom /:gﬁ':céx of \L/ g’(%l__) .

Clearnty , for any P S WG IS, (P)Y & wnambrjucun
and motcover cqual &o I/O\‘_ C noxm CP)) - see Aeguee 1 ..
Tn fot'cufa, fet any progeam | Wtk obscuvable a0t L,
| 68?3 (pY) = r/g‘_ C nexrrm C Abrs CRI)) . We ane willing fo
whow that for h wanging ovearn Ty noTm o A{!’S(rl.)

v a falbhfutl tepnencnbalbion of O/Q'r\s C(p)Y ot of oe’S("l)
er of OBS(p) . For that purpose € o cnoujﬁ to prove
OBSC(R) € OBS(Qd ¢ noime Abs(pd € ¢ notm e Abs(q

whane T4 o éhe order en Ko jc‘ucn. cn the /’o(t’awc‘nj .o

depfinibion 4.6 C L =~ éAec /uteo'r.dm_ on \'_/ ?(%‘_)

suck that P, _Q off (VREPICIR EQIC R'lghd ,

~ T

and € <> the preoctdern on \J TCHE D such tRat
[

o

PE @ ff (MREPI(IR'€EQDICRsR'Y. £ and C o

ane the testi'cbiono on J‘é of 'E'.l: Tenfr. S o

berrrma. 4.1 For P, Q tanjc‘nj oren K ﬂ?(%,_) y

~ )
I0_ (P> &=, I0_(Q) oy P L. Q.

/ucoo,[ K ea/.u‘g checRed from feju/;u 4 and < a



/‘tro/loac.‘éa.'an. & . &4 . Fo‘r. r,9 zanjc‘nj owren TZ. :

ORS(R) € OBS (q) ¢ff notma.Abs(p) . netmaAbs(q) .
/ch@of. Refore we entablsA bhe reciprocal cmypbecabions,
we weé down L.' = obrsott Cp) , L = otrsott (9) , and
Va (VLYY U UNL).

=b. Assumc OBS(p) &€ ORS(q). |

- . A —A
Then 'S L anda OBSL (rn.) - OBSI_(q) ’ {cééc'ncj

~ O
OBS (k)= OoRS(EY N FC | . By propescéion 4.2 :
N N
ors (p) =1<dvuwvw,p,d> | <s,f,d.>eo,{mcp)},
N ' .
Hut Obrs ¢ k) = faLn 4 n.c?:m. ¢ Abs (pdN ()J/mqso:c'éc'm
. -
4.3, whence OBS | (p) = IO, (noim ¢ Abs (pd))
«» clean from dc,ﬁ‘na'fc'oﬁ 4.4 . /3} /uv.o/.on‘éc"on. 4.3 agasn :

LS
Io,_cnS’r.m, (A&s(p))) c .

- v ' '
.I0, (notm (A{rs»(q Y,
and bhc Teoulbé foltows —6} l(emma. 4.1.
¢ . Assume no\':mer:s () E4 notm o Abrs (q).
TAen L'C L. bj /ur.o/\osc‘tt'o-n. 4.4 . /.:9'-} Lemma 4.4
I0, (ndim (Abs(pd) £, I0, (ndfm C(Abs(q)) .

. - -
MHence CD"SSL (r\) E«o onls (9 Witk the name
notaéionn M'Q&OJG. , and /’.‘nat’f); onsS (phY€ ORS (cl,)

-6-_, /w.o/ao:c‘éc‘on. .2 N =]

4.3. TOWARDS AN OBSERVATIONAL MODEL

Let the obrsecrnvational fprecrden ‘6 on "T'z: :

b £ qQ fF OBRS(RIES OBS (q). The cnétuibion

Crehind ERcn dcfc'nc'éc'm o G /offow3 :



r cmplements q Cff for any program T , no cam/wéah‘m
of T (n Cpled allows Eo tcco.?ru“jc that 9 Rao becn
teflaced Ly o . (By /n.n.o/;osc't;‘qn 2.3, Ru cntarprelalion

<» conrwméant wibh definctlonn 3.1 and 4-1).

Our cntend o to oblavn a foully abstracé model of
T~ w.r.b. the obswvatbional prcorder L . Ffrom
/ma/.o:.‘l'c‘a-n. 4.4 , @an cconomical way bo get Auch o
model «» éo dercue ¢ feom Mo , fot M ~and Als
Rave brecen /utoccu ~dentccal <n Aeééc‘m 3. More

/uec:‘:efj , -(r.é_ N = nc\:rr\. o M , éhen 6-, /m.p/mn'h'm 4.4
RS q ff N e Nig).

Now , atl the problem > bo wRoo that N may 4o
characberised 4y cquations dercwed from the
defining equatbions of Mo . Ia neckion 3.3 , M
Ran been depined Ly aix cquabions of he genernie

form. M Cop (?;)) = OP (M (E) , whae
opeE and the OP ane oprabors en T°C F6)
wcth cortenpondcing ancéien - We'wc‘(ﬁ nhow that N
may atee be cRaracbnised Ly aix eguatbions of he
form N Cop(ELd) = OF ¢ NCED) , whare the
OPF anc éhe opnrabors on K geven -dy :

OF (@) = noim o OP(Q) . (WNotice LRe cdentily
Adim = Yenotm = notme ¥ ). The proofs of éhe

/mo/nosc‘.éc.‘om ane e:u‘fed o dcin'siomn 4.5 .

5¢



/uzo/zosa.écon, 4.5 Fouz: any ohe}:u , >0 , and fO?-

eveny ~ebs of Restorcen P. € l. C% ) :

Aot g
OP (P, ,..., Ppn) = oP ¢ P,,...,P,,,). =

froposcbion 4.6 For any of € =,, >0, and Fez
coeny weés of Aeséowen P: ¢ NS T ( HG L)t

notme«OP (P, ,..., Pa) = OP( notm (P,) see y0Tm (PL)) O
Essenéial fo the /uzoo/' o[ the above /w.o/uo.s“éc'on LS oo

f’erhma. 4.2 For eu'ur.) X EN and '/'oz cccy ﬁ'lﬁ.u € 6

norm ¢ R'NR"Y = netm CR'S> I nozm.‘_( ") o

Séza.‘,jfé/’czumd. ccmcyuencm of proposiéionn
4.5 and 4.6 anrc éAc /eefoumj demman 4.3 and 4.4
AR show Row éhe eguatbionn o/ N ™ ay be deived
from éhec cyuaécom of A6 .

-(emma 4,3' Foze anj orv.é. Z:,.‘_ 2 n >0 , and /’ot eduy

/uéa of Aesbotden P ¢ L (9‘6‘_) :

-

v v v
notm o OP(P, ,...,Pnd) = OP Cnotm (P,),..., nezm (P,)) .
‘ \A
fpreef . notm « OF (Py,.., Pad = netmeoP (P, ,...,P,)
: A v g v v g
= nOeTmMeOP (P, ,...,Pr) = Yenotm 0P (P, ,..., P, )
v : e g
orf Cnetm (P, ) ,..., notm ( P, ))

-
—

v o~ v
= OP Cnoxm (P,) ,..., netm (PRL)) O

lemma 4.4 Fou any oh ¢n Z ., >0 :

N (o c—t':n = OoPC M(ED)
r




5%

[

OF o notm ( (/'l.(t,.‘ N

freef oV’(ot\(_(:—z))__ = notm o(/%(orc. (?7 »

= notm o OPC M (E; )

—_— _—_
=OVP(noY¢m(U~L(E¢)))._ OVP(CM(E.:)) o

Additiemal cnformabions Mc‘jc'd’cn £7 the '(’cft’owc‘ncj

variant of /M.o/ao.u'écfm. 4.5 :

femma 4.5 . Foru any Op e, ,n>0, the anwociabed

chcralor oP : K™ 5 X + monoctonous w.r.k. cL -
freef . Notice Af‘g‘u;.b bhat the a(io&c obatemecnt maRen
~sense , acnce P : KY 5 J¢ M el defened -9 Yemm a
4.3 . ThAc temadnder of the proof i a 'aéza‘.‘jﬁtfot«?anat

ada/-éafc'on. of the Mjurncnés geuen foz /uzc/:o:a'éc‘cn 4.9 0O

4.4. THE ORSERVATIONAL MODEL

Let [ M (°hj (—E’; M = OP}' (U"L(l‘.i )) ]J:..-n...c-? denoée

bhe dcfc'na'nJ eyuaéc.'om of éhe mcanc'nJ ,funcl.‘c'on. C/‘(: .

Ftom now on , we fcé N : Ty — JC aenoctbe tAe

o&-:mu'a.éc'ong.ﬁ. frneann‘nj /uncéc'm ¢'nd.u.cé¢‘d'¢‘9 j('dcn -9

ECN‘(O'\;(K)S: Sf;‘(c)/’(t;))] ‘24 .6 whene
oF N4 ' g = d thenwdise
P}‘ =2 noTrm o OPJ 4,6. or.} € o ©t OPJ. P cra’se

theotem 4.1. N o oa /ufﬁy abstzact -modcl of T',__

w.r.t. tBc obsecrvational freorden ,6 : &/’(E) CIC)('U:')
c/'( Cons(€(L)) comds(BLYY) HKotdo /’ot cU ey -
context G ) . Morecowen the /‘offou:‘n_f <9«.u.‘d'al.°¢.n ce |
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Roblas : N (L) =L W(tf') CffE OBS (k) e orns (k") .
fRoofL . ThRe fattern cqguivalence rerwtds from froposclion
4.4 and theorem 3.1 . Oweing éo the nauckion on
Z -contexts , Lhe fetmenr cguivalence fo{fou.u frem

the Latéen -—_éy lemman 4.4 and 4.5 D

Teld cn other wordn , N (p) &y N Q) ff for
cverny ;‘- ccné‘cxé; G ana foc € eny Z-/w.yzam T,
Me compuvtbalion of T «n (C(p)lT) aflowds éo
tecognige thal q ﬁaa Geen ze./-faccd -&) b Te
compbetbe bhc abouvc bhcorem , <& may Ce vaufled. for
~natance ¢that c)\/’((<a<><p) l <X >(NILY) L/7ex 3 ) |
cguabs N (h) for every R € T and < g sotk (p)
- we €cave éAds cxencese bo bhe teader — . Hemce, we

can claurn that N o a fally abséract modeé o f

fan a/.)’ynCﬁl-Oﬂ)/. Notice tRat some of the properbien

of M are Arectly snhencted by N . For cnotance,
N (L) deffers fzom @& for cony LET, , an‘d £ <B,p,d>
&cfonj: bo N (L) then /a.omc. ﬁc‘séozj <8,p,d'> eccuvzo (n
N (k) for cach propen Lefé factor p'of P -

We Rauve »bc€l bo duscuss «n what exbent thu model
5 of /uza.c.tc’caﬁ ~nécrert for frovng bhe nemantic
cqguivalence of L. pregramn - In that respect, Lhe
/m;m'3¢‘€n °f noemec cfnduction wule appears cubical .
Wext theotern boldn wn btfak gtcatent [fixpolné lnauc o

tcore o wvalla.



theovemn 4.2 . N o a geealent [:'S'ﬁoc'né sAemantien .

fnoef We Fave o nhow (Rat N (LINDTI) i dhe
_grealest fixpoint Cw.r b.C 1) of neme cqualion over X
«n whick N (L) appears an a connbant . So, Leé @ = A (L)
and define F: P(IC)_y FP(HE) .

FUX) =2 <N, €,85> + (ACITICQ N X)), By bemma 4. 4 :
NPT I) = Y (YR . Mw, YCF) = FY(HE) ﬁ“-
any avfficiently AgR ocrainal o, ey & >3 .

By proposibion 4.5, F(F (PN = F (¥, F¥(W)).
Hemee , N (EINBT D) = FCF(F* (PN = F (M (LLNbTIY)
and N (LIAPT 1) & a foxpoint of F e X XK

To nhow bhat 't & a grealest fixpornt , comnaiden Z in
JC and auppose Z =FCZ) . Since F(2)g FIF(Z)),
F(Z) & a pre- fixpoint of Z and thus F(Z)E YLF) .

Cleanty, bR cmpbies n bunn F(Z) C, A(EINeT]). O

Thes lheorem taken afon;. does not cndicale cleanty
a proof ayatem for (Tp , &), 4ecame the major dif-
frewbbics anc mow concentrabed om. lhe faui composibion
°f ‘nfinitany Languages . However, Let E' be the
<ifnalure o Glained frem Z: when dc(:é;‘nj benalors
LNDT 1, ¢then a deci'seon frocedune o avadfalble for
(T‘Zi ¢ X&), for in tRal tesbricledd cane AN (L) v an
<ffectively given tational fangvage . More delarén

YN 44 a/l/tédﬁ. trnn acecbidon S .



N\

G4

Toe avm vh , we f’:'naff} <nclude the chkarnacteri'séic

cgualbions of N .

C/Vl(N'l'L.)_ = <,¢,e,¢'>

W(<X,,...,xﬂ>( k,,...,tni) =
<IN, AL} E, B> 4 V(cé Xt M(ED)

Nl ) =2 VNN M(E))

N CEITMI) = ¥ (4md N (E))

N (EINDGTI) = Y(F) whene |
FAUX) = <2, €,p5+ (NI CA (L) Il X))

NN Ayt N, o, AN ) =

notm (M (<n =0 LRI AR YIS S O

4.5. PROOFS OF PROPOSITIONS

Jrreef of proposcéion 4.5 . '

let & denobe lhe precrden om J TP | ) wuch tRat
PER ¢ (P  Q & RE_PY, e c«y«.u‘u-a(’entg :
«vher,3R'eq :Rgb')g (vﬁ'e@,aﬁ\epg gk .
For aome of éhe aperakors op € T, bhe rerbrvebion of OP
bo A ‘T(%L) <» -monclonowns w.r. bt e . Tﬁd._/u.o,smt)
o cleanly bwue of lhe opuratborn assowalbed with symbolas
SMyrsXp > and LTI, bub <t does not Rold for

/;Md.f&f composcbion | and Jécrnaborn CADTT ).



As teganadn foralbel compesition, o€ u enoush €o frove
CLR'IINERED £ CHRLA"INTRY) for h's k", ana ches
f.’act v olrun'oun ’[Lcm Aegfinitions 3.6 ana 4.3 .:

- Ah"g R the Ewo members anc cqguatl |,

- L (ﬁ"# R) ¢hen nccwaw‘t;y ' wh and éhe Aescre ol

conclunit'on. rfot’(ouJ.S .

let wn now turn éo Cétcrabors suck a» [ N ol

Seé OP(®R) = Y_ (F) /'or. [unctdon ch‘c.rcn {v) :

R
FLR, X0 = <X €, 2>+ (N:ITMICQIX)) |, and also
defene GUQA, XD = (XN EMICQNUXD) . Recaftf éhat
YX(F) v the «wniom )x(F)V Yx (@) of the €eanc
fexpornt of F and fthe Jreatent fLixporné of G f we tet
F'<Q>=)xu-> and G’(Q):YXCG) éhen e man,

nabcafy owmelures with froving

v . ' b -
F‘(Q).E' F (Q) and G'(Q)E\J("(Q).

" < .
Now , F'(Q) = C\;JO (CF Q) (@) for funcliom

F'Q (P = FGQ,P)Y , anat (F'v ' (p) FIPONT S

’ Q ~
{yéﬁc t‘nduclien on i,wfencg F'(C\Q’) EJ F'(Q)
v .

We finally frove G'(Q) 5 G'(Q) . gc'uen mome
Kesto F's «n G'(Q) s we ofafl exhAcbrl a cortempondine

= r e

v

Rle «n G'(Q) suck that 4', g R"y . So, €cé m e the
Ceart Cnbefen for wﬁ.c‘é{ T™™ O éhe wndefined funcéion .

By éRe defindédion °of ,G", thecne exesrt a ~neguence (ﬁ"i)iéw



0[ Reséorden ¢n HE and a neguence C ﬁ‘-v) {so of Arstordlen

‘n Q suck thae VWi R". € (N OTMDCR,,  NR": )

[

, chose 'ﬁ.; = <8¢ JPe,dl > «n Q auek ERat

Fot eveny v

'eL“ K3 ‘e\; , and de/f'c'nc. f\'i = <%'-|.'/ P"i / d"s' > Witk

r";. taken from ﬁ";_ and 8'.: , '; an ,{'at‘t’ow.r :
' me4 J‘. : m-A4 & i
3=~ m (§j+i)' dii= (o W (c_tJ.“))\SL.

Cleanty , k', € (N: L] (g“,n el ) for eveny ¢,

and Kence ﬁ' € G"(a) . MNow, sck ‘ﬁ'=<s“,f", R

m-4

6%

then 5"0 = \J Tr"' ¢ . and d." (U TT‘ (d. ))\‘b”,,

J J-O-t.
whenee R'g s k", fottows Gy ¢he assumption ke,

hrroof of pnoposcéion 4.6 .

.‘rﬁe. fropernty Co be demornntratbed s cleanty Liue of the
cpwralots assecialed wWith ,Lqmc"ro&a KAq4.eeXp > ana [Trj .
For oOh = i ;) 4¢ » a Atzm;cﬁé[ozwaad. Conscguence oOf
€emma 4.2 sproven Gelow. So, bhene tematns €o consdalen

éhe cane of ctwrabors Cxowl.

Define F,G,F' G’ F"Q an ¢n EAc ook of the above
froposiéion 4.5 . We Kave €o ahow the equa&‘c)‘(n’tuem
seés notm (F'(Q)) v notm (G'(Q)) on one acde and
F'¢netm (Q)) v G ( notm (Q D)) om Fhe obhan wdde . 3y
the cnduction m L : notm ((F"Q)‘(¢ ) = F"no.‘m(Q,z CEg)d,
whence c&an.9 notm (F'(A)) = F'(notm (@)) . We
proceed W bA pronag notm (G'(Q@)) = G'(notm (Q)) &

tec;‘/‘mocaﬁ anclunidonns .
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notrm CG'(R)I) € G'Crotm (Q ) .

tet R'y € notm (G'(Q)) , éAen ', € noxm CR".)
for mome R'"s ¢n G'(Q) . Leé cguecncen (ﬁ";) €W

and (ﬁ ) . e debermined from ﬁ“o an (n /uto/ucsc'én.'m

v >0

4.‘5 . Owtv to the af:ca.d.}r ewnéablished c'dcntc't}
notm (A2 LTI CA'NA") = (A:LITD (notm (AN noem (R™M))),

éhcre exunt cottepending -requences CR'; )‘: € w and
CR D).,o -uch thaé Vi s

(R, énotméﬁ”-))&(f_i_-_._.énotm(ﬁ(*,,)) &
Ch': € ex:Lmwd Cch, ., HR QI

Now, (VL)(ﬁH,“éQ) emplien (VL)(ﬁ' € G'(notm (Q)))
by the definition of G', Rence R'y € G' Choem (Q) .

€ notm (G'(Q)) .

-

G'(nroxm (Q

Let R'y, € G'( notm Q). 3y the de findtion of G',

éhcne cxunb neguecncesn (f\"") CEw <n WY and

(ﬁ )L>° cn (notm (AR NY sucek éhaé Vi ¢
wh'. .M

Rl € (x:amwd (&,
Foz atu‘cég 10::‘6;\:; <, chose ﬁ; ‘n Q suck éRat

L4 =4

R: € notm (ﬁ;) , bhen ‘P\; s he -9 éhe defrniélom of

notma&;sdtt'h . Scé dowrn :

[

Ry = < S;I Py dy o>, ﬁ\’, =< §;'1P('Ié-';' > R.i ='<S.s'tp.c'ld’i>
Now define R": = <8":, oy, d": > , whe 3" ana d";

ane expncssed an /oft‘ow: for ™M™ =T
’ ma41 -t
8", = , wF (S , " S (W T cd cMN B
i- " J=* 4

v =



$ we ofow Efat the ﬂ'i.c‘ %’;cfonj bo '3"6 .

Suppose d”j, ('\E"C;f @ for.-z_.;ome ’L" , then one can

-f’;’nd. &, EN, J‘ €W and R<m ouck éhat O(:TT'&(G)
and. ((x€B; & dedy pOVixed xF €80 .
From ﬁ. 4 ‘ﬁt , one Kan acco;d«'anu

.((xes )&xé(d'u%’ ))vtxechvS ).9<°<€8' ),

o a conttadccéton o,: f_\:} 7 ﬁ'} -

50/»/»63:. U.et(f?",:) g d“‘ .[o: semc L . From ‘ﬁ"v e HE

and h, g R, : uit(‘o' Yy N ( u e (B0 =g .

y=A

Hence, onc can fend some X ocn WEL (f'._-) suck that

o & 'CJ‘ e cdé ) . But e ULL(p':) impblien «:wﬁ(cn
é=1 | | o
for neme R<m ana e ¢ uet (P':"'ﬁ- Y, and the rtenult

a contradicbion of R“_-Q_ €E Q € HE .

§ Wwe okow R B"; for éucﬂj { >0 :
cv£>cﬁ_£ € 5{) = R" sR',
Chys R, & R" %' & hogp k') =0 Ry # R";

§ From the abouve fa.“ct:, hec et ZN:lml (ﬁ“q N AY. .
A" .

fot e)m_y ¢, whence cé’can% ﬁ", € G'(QR) . 7o end c.;m'l-ﬁ,

ah Well defrned , and ‘ﬁ”i € N:Amwld(Ch.

C+a

‘we »Kall prove R, € nozm(ﬁ"o) from zefabionns \

S'o = .r-\n:;: Tl'.a:( §J:) , d'yg = (C \_/“ Tl"(d. ))\S.° a-nrd '
J - d " '

<3, pPe,d¢> € notm (<S‘,p‘,d..,>>.»Wc an <

b di 9

c(em&'[zec,tomaume. (Vizam)d)(8Bi=@8 =d .> ..



Under tLhs ansvmpbion, notm (R" )= (A" _y=18&'_ Y},
‘6) the <“naduction onn. m bhe dencted reonullé «» mow

a at:meftfoawafld. corvu.qucncc oL the 4dcn(’¢9

notm (A: KD CR'NI ﬂ“)) = (N: B D C notm (RN notm (R™)))

[ROOL of Cermma 4.2 T¢ o enoujﬁ o conncden ERe

acmypbefied ibvalbion wheare £, 6" —»6_¢(on‘j bo IS L fev
L egual éo {«,} . Tn the nequel, R € ML. s nald
notmal .4‘[[ notm chY={R}. we futo:ceed é canc

ana‘fyam'a .

§ R'ana £" are noemal: the ternubé o <mmediate .

§ nectber R noe R" i noemal. ITE o c.no«.gf ito Aeal

it canenr 1 and 2 below .

case 1 . ﬁ'=<¢,f‘,°(> , R"= <¢,F",o-(>
Then , tRenc exisEs a Acnple fao of com,(aéc'ﬁ(c fc‘féoz;‘m
baRen from vbnctm(ﬁ') Tenp. netm (") , namef),

(<2, p', *AX >, < P, p", Xk > ) , whence Lhe rerulbl .

cane 2 . A!' = <¢,p',«;> , R"= <@, pt.x >
we d—c)aé;‘nju"xi Lrebween nubcasen o € UL (f’») - ot

« € UBECP") - anad « & CUBECP) v UBECP"I) .

X € uft(f') . Sihce «eu.ﬁl:c‘o) for ei.rmj P
p'iUp", nortem CR'NA") = <g, p'l plxk > . Now,

¢he Aa‘njfc. f“""’ o/ cam/a.é(f'rfc. Kistow'en taRen ftcm



nerem CR') Tesp. notm CR") .o a.ja.«'n tLhe —fa..uz.

(<p,f>',a(;(>, <¢,P",o(;2>).

o« & WEE ¢ p') & ‘f‘ 4 wet cg"') L Cenéainly, ocg"'uet (f)
for pE pp" , and norm C(R'NR") s thaefore egual

o (<, p'lip", P> + <@, f"IIIP",IO(; >2 . Accozd"njflg, ‘

one obswives c.acacéé. Ewo /cu'/v: of com/aéc'@lc Erstowen
taken from norm (R'). teap . nexm CA") , namedy

(<, f‘, B>, <, P",p> ) and (<¢,f>',o(o? >, < ¢,P";xc? >).

$ R'=z < #,p/ %X > and A" w5 nozmal . WwWe decaf nejarnately

rd

wth ibualbionns K € ULE (f{'.‘) and g utt cp' .

Cane 1. K € U.ek(f')-
TAen notm (R') = < @, P',"(&? . Scé R" = (5", P", a" > ,
/{osu‘&fc wubcecacesr ance an [‘af‘fcu:.s .

o« € B" U B"

T7hen R'U R' = P = noem ¢ B9l notem (R") .

X £ 8" w %" U ULE(F")

Scnce X & 8" U D", h'ana R" anc compalible Kistowen
and R'UNR" < <@g, plp", d"uix}> . But K be-
fongas éo UL (p) for cu-mj p ~<n p' hp" , and thAuws
'no1.m. CR'NR") & cgual bo <@, p'Ip", xx > . The
terutt 5 clean frem < B, p', XX > F <P, pr,d" > .

X g 8"\ B", x € Ukt (p") .

Obwnows from the c‘denéc‘t)/ R = < &, [ S >



cane 2 . a(/Q/U.ﬂt ey
7ben noxm (R') = {<x, f', @ >, <¢,‘:>',xo-< >}.

Seé ﬁ" = < 5"; f‘",d." > ., /laébt'gfc wubcases ane an /’cffod.\‘
- ChR'x# R")

Then € 5" and noxm (R A" =g .

ol
gi# ﬁu

s s

Scace A" o nowmal, eléhenn &,b 02 e rmusté ¢ found .
ad Rz <@, p", B> : then VWpeE plip" , X g UBL(p),
and notm (R'I R") amounés lhwcfore €o bhe acé

<k, PP, B > ¢ < B, pUP, X > .

b)Y "= < &, P, XX > 1 then <«,p', P> and R" are noé
compatitte, whcnce notm (R') Il neim ( B") amounts

bo <@, p'lp", XX > .

¢) R"= <x,p", @8> : then <®,p',xX > and R" anc not
compatible , whence notm (R Il nowm (R") amounés

bo <x,ptiup", &> .

end of hroofsS



S. REMARKS ON THE RATIONAL SURBRSET .

= =
lhe benm af’jr.@ta. or \Z.', éhe adgnature obléained from

defencécon S.1. The raéilonal 4«.6’::& T PN

' O’[T

L hen temoutng the networh Lbtwrnalows LCADT I .

An c’m/mr.éané /u:o/aad) of Tz' P to;enmaée. . /’or.
ed"ty Z-/vn.o_jr.em '1,, bhe cnécire seé OBS('&) o f [1'4

observalbionns , @n e néale /‘o‘;ma(ﬁg <n the ...

z .
3q€ T, 3€ € fair (plg>d :ﬁ.:aers('é_a)

/mo/zoac'é"on. S5.4. Vl-.€'T' R R € OBS('\)-

P
jRoof The arnguments whick Rave been wned éo pnrove
/u.o/uo.u'éc.'en.. .2 may -&-c. wned an Dell ébo caéa.&&é&

Ho = tf) (trace (FAIR ('l'z:" X)) . 7The /vxo/nné)/ 4o fr;
demonnéralbed » éfen cfca.n. ’(t.cam /uto/;oh'éc’an 2.3

’

dr.,ﬁ‘rn‘éc'on. 3.1 and /m.o/:a.h‘éc‘c-n. 3.1 (o]

Let OBS' and .S' Aenobe lhe tevhecéive é:am/;é.h'tc'arv;
of OBS and .S o Tz. ) (.e. oms' (r\) =
{abs(€_ >1 €€ fain (pl1q) for veme qeT '}
and fg'q ff OmS'(p) ¢ oms'(q) . Ip N
s bhe tenbcclion o f W o T bhecn e can sbatle

cocbhowt /m.oof the [offou.‘h'nJ vandané of bheorem 4.1

éheotem 5. 1 N' o oa fuf9 abséract model of

T ! w.r. b, lhe obscrvalbionald frecralen ..5'



MNUEY £ N D) g for cvery E'_context G'
orS'CB'(EX € ons'(E€' (L") . Moreovwn, éhc
fottowing c,.;'ua&nec. foldo : N'(ED e M
G oms'(k) € Oms' (k') O

The rabional subrect ab;au;r'c'éb 7&Jtac6¢'ca£ <nterent
from éFe fo&’owc'rg coe

¢thReotem 5.2 TAhene exenbn an ef;ecfc'.vc. frrocedune

for decvding MN'(p) =g HN'(q) .

freef. Leé Rak (M%) denote Ehe aet of bhe cnfinclany
taélonal Languvages oven bhe fenibe wubrels of A, and
feé Nl denote bhe exbennion to Languagen of Lhe opra -
tion defined ¢n 3.7, then Il & an cntecrnal opaualion
on Rak (A% ) , ana A opcralion <5 cffccéive [ SL ]
LDK2] . Hence, from the [initeness of program soeés
ana &y Hhe induction on Z'ibanmas , N (p) may be
compubed <n bhe form of a fiadée aum i: <s, L., d;:>
whene éRe L, ane «n Rabt (A% D . Now, lhAe cnclusion
“ a dewdable pnopamnly for f?“& (A®) . nee pfor

<rnntance. [ EC ] o

A weaber ferm of tLhoo theorerm wan éhe cenébzall
zesull of [Dx1] | whene éhe zabional sulbrcéd wan
_géven a more aétzaclive -Ajﬂ bax cwilh recurrve

nbyte declanationo . Roth ofcn and closed éernrm~n

7



71
wWere fronnded dn tRat Ajnéa.:c, ,;g S. 7The o/en‘éwnw ane

conol raccled K eom rani'a Efen x. and f&om closcal benman
‘_‘:_y bhec exclunivre aunc of éhe n - ans ‘yuma&'fa o/.maéom .
NiL &« a clesed tenrm. The obhern chlosed benms are conn —
bracée ff.om clesed Eecrmns An, He afpCcalion of He
) _ -
'n-ay ;’l“va-"ﬁJ ;) farattel cOmfcrhtne and tcharr_n'h&q
opcralors , ort bhey anc cvencralbed from open tcrmn L~ A
/ -

-

“nC o/.’ the tecwandon comtinmalor Rec ’ 6.3. <’

Reec (x, bk, , ., xn e=tna) .

P:_o_]r.anw M wedbben ¢n S ‘rny -6:.: bransftalécel

cnéo CS acgc:dc’n; o the ;offomc'nd' ./‘ur.cceﬁé. :

:a__-  an -(o:j an lRere occues m b —meme bennrm

E = Rec_’(ec,(..h, 2o ) Xne=bad ouck that some of

éRe b, ~ay k, , Ras form <-X,,...,xm> Cu, ,..., w

where nome of éhe u.J'_ “s» mellhen a vardalrfe mor oo

closca term |, teflace (d _{y E' a» /’offows

]
t A Reccx“_- <x1,...,xm>(xn+1,...,xn.‘_m),

x"‘— ta- =, xn‘—h“ ’ mn‘_“@—u“ FAXRN) xh+m (—-um)/c
&
b . an ,-(onj as thene occwer n '1. Mmome Telnrdv

defincéion. D = Rec (X, - t,,..., X pe—tn A) ’ cRose

’[:u‘ ‘denbifeens A, ,... , X n N ana tefface D -&cy

D' = (C<a, > (NILY | P )f\?])[&‘)]
coRene :.

- ¥ and ¢ are tcn;mc'nJ /uncét'er@ ~suck hat ¥4 o



andepined fou the X and pop acks as bhe cdentiy on
\;-.J sot&f‘.t; ) , | |

e P2(R 1P | ... Pa)) with

P. = < > (tt;) b v a clesed trm |, o b

P = <X =p X;‘ : .‘J'4 PRSI \gn: “J'n. >  for k. cgual

éo <>\£4,...,ch>.(3¢;.,...,ﬁcé-n)

The propentics cobablishRed ¢n [DKLI for Lincan
ayabemn wpon Rat (2% nhow éhat lhe S_acmantces
of b & precaved by bransformabion R . RBwides,
¢he opcnators ﬁ!’l., h and [ 1 arnc given eqguivalent
memantics <n S and CS. A caneful comjarron of the
compvbationn of lhe above programs D and D' may
be wused lo prove thal the nemanbic cguivalence e -
been S and CS ﬁwjzém -~ MI’VG;\/B% vabilol -
tRrough the propesed bramstabion . The Feant of the
froef <« be demonstrate tRat for any L -seréed bxiple
<%,p,d> walbisfying
(CdNS =@ & (deduBdd & (UbE(p) s d)),

(f O denotes bhe brzans formabion given Ly
<%, p,d> _9__> <CLu'E)\(%.vu$), p, &k > ,
bhenn A ‘._Q_, B Roloe for océs A and B
A= T 1 he e ! R <S,P,aL> Y,

B = Yo notm o @ (<§,p,d>)

72



6. SOME CONCLUSIONS .

The face composcbion of cnfinctany wordnr munt
e accounted for some way o cbhere <'n any Rend
f model of [fau a/a_jncﬁtoy : we do nob cee Lhe
tearaon “’é’f éRenc e decle okoubd nel be constructed

73

arounal thatb central conecpl , and fhus <'n éRe frame -

cwork of .4‘n,£.'m‘£-9 ~anfoages » ZIn R Lafer, e
Kave nhkown ERat Fuely cbscrvatiomal modecls -may
re obbarsncal Ao ) asy for communc'cafl'nj' /myzénvo.
7¢ wan clean from a- Lony Ame tRat convenbiona £
braces oo nob pronde an adeguale semantice of fno-
nmome cnditcal o

gtamn : besdde fhe cffecbive brace

’/

mMus b -beJc‘crm alrowt ¢he allernabeve aclions wﬂ'ci

n

P ot

ane avolded . ThAL s a‘) caur " f«’:éo/ty cbernn
elcmecnbary action dewsedpflozs , anc briflee hosc midate
elemcnt 3 an cffective acliom . Hibowes <3,p,d >
are exfracled from foncbe or Cnfradbe nequences o/
acfion teccorale 4y ayl ing et lesma baslore d dourn
bo gathen exactl, whab i mecded. Hene, Lhe _olele
clements 3 and ol arc ecxbracéecd accora'ny fo
deffernent cnbenia. kel tcflccé weak Fas'tncss zeoh.
wérons fadnessi. The fact tRat oun model N Ras
been Srneren /u% abolraclt wirbk. e wmosé odes -

creminabive. ol senvalbiemal consrvence <nau'calben



wibhoul any doull ERat Lrzanching fme logie i ' -
adeguaébe to xeanon. aboib o bsawvatle 4beRanours .
Tn oun senne, programs h and q ane ofv:m.ra.é«'on.at’9,
cpus'valené c‘f/ fer creny T, éRe ~eb of HRe frosse ble
compubalbiana of = <n 'tl"L. ws a'dlenbical bo bRe acé
of £Re _fiesscble compubatldons a/'. z .4‘nl c,l\‘t. » We con _
Jecbune ERat tRe precvoun cgutvalence A‘Aéu'cé_g
wneludedd -cnto lhe besbing eqguivatenee of Henncssy and
e Nicolan , vt me obffrence apfecars for lhe zaébilmal
wubrel . More —necnscble tRam ¢(he cKorce belweesn ‘[«.'nc.'éc.
and ‘nfincbe obsevalilonn s fRe eKodee rebween

fjncnfxon) aw X ?jncfteey. Ccm/a.n.cd o H‘""‘;fj "_:_

aiuﬁ of fau dc{;, o/ua.ém /‘ez. he :fjnc{tenouﬁ
canc , ou. work fellows a %Ma(fcﬁ wj fer l‘fg_

a:ajncftanam canc . Bub we feel tRatb ne o/'dnbc_ﬁ"avn...e’x«.‘:é:
Cebveen He éuo way 5. (‘fc.mgz ?jnt&ry canact e
Acmolalecl :6) ayﬁ:_(toy.»rn e offer di'tecleon , ane
obsnvaline confruence auited %o /a.u. a:jncfto_nj ey
fﬁfa/. Ge derdlved fFrom a A"fyncf‘t«ono“ " camsruence,
Goé He dervved telabisn cannot colne'de M He
"afjacfzonom“ confruence whicl o obtatacd when

cc@c‘dw‘y ?Jncftoneu.g o OSeves nj .
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