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PART ONE
 

Overview
 

Introduction 

Ollli' of lhf' most impOr1allt (](>n>lopments in colUputer srjpnre has hC'f_'1l 'Iult o[ ua1", 

ab~lract.iun. which lias f'llabkd IlH"' specinratioll of computN \ntems without reganl. to 
implementation detaiL ;il}() has r('sulted in thE' (I~Yelop1Tl(,1l1 ormany [ormiLllipe~~ifi(;ltioll 

ltwguages. fur example [lil [2K]. 

A formal specjfiralion will un don bredly provide fur a p;rl'aler unoer:'itanding of a computt'T 
system [22J. It should no1., however. he regarded ab an en<i iu itsf'lf: it lIlay be regarded 
as a contract between the customer and jnlplplw~ntor of a system, <wd Innst ultimately 
be judged on whether it I{'SUItS ill the pro(1url-ioIl of better qllality software or in tlte 
more efficient production of softW,Hl' [V'll. 

Conscqneutly, the process of tunsforming a formal specification ill to exeflltablli' code has 
attracted attention of mallY t.heoreticiaIls, and "<l.rly work [12], [3:11 has rnme recently 
been supplemented by thli' prodnctiun of refinement calculi ('ll, [5J, [7J, [1,1], [21], [23]. 

In lhf' litf'rature the E".xamples illustrating the [f'finemli'nt techniqm>s are, of nt"1:li'ssit,\". 
modest in ,,;cope and size; usually the specification i~ presentli'd in a single fiat df'velopment 
llpOll which the methud is then demoust,rated. 

Little investigation has beell dOllf' into pUllinp; such theoff'liral results into practic(' 
in realistically-sizeJ <l.pplicat.jo]l.~ (examples are surveyed below), The main purpose of 
our work is to demonstrate that a suitable formal basis [an be practically and usefnlly 
f'TIlployed in the uevelopment of "re<l.l" softwil,rp. 

The vehide for Ollt illustratio]l is a full srrft'JI text li'ditor. Whilst this may not bf' 
regarded as a commerdal-scale ueveloprnenL 11 l~ of a size (the specification comprises 
nli'arly ninety pages) sufficient t.o enable conrillSiolls to be made regdrdin~ the ",raling
up" of the method to much larger a,pplicat.ions. 

\\':li' had to develop a technique that would cope with 1he problem:, of si7.e. <LUU l!Ie key 
factor in the development mPlhod is its hierarchical n"lure. l'nabliu§!; thf' retinement to 
p.rocl"ed in manageahle part~, The abstract statf' i6 wmpospu of approximat.ely thirty 
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COillponents h;lving o\'(>r twent..y nv,-, invariaut rl'latjon~ltip~, with tlll~ implementation 
comprising approximately the ~ame. and ronsideration mu.~t be giw'n to ea<'h of these 

constitueut for cach of r.he ~ixlr operatiow; tlJil.t are specified and implemented. E~'en 

wit h a specificalion of modest size, l,he 7Hoblems of corn pkxity <lre {"ollsidC'fahk. 

\V{, propos\' a novel hierarchical approach to tlw Spt'cificat.ioll/I'eflll"men( process. We 
.~tilrt with a ~imple mal.hp[}1i\,ticil.1 1Il0dpl of the s~stelJ\ ;wd r>HlbeUi~h tllis moud in a 
~eril's of steps (a hierarchy of leveb.. l';lrh om' isulating "lid treiltill~ a particular ,cspect 
of the requif['nlenls) in such a way thaI earh Ill'\\ 1{'\-el"lllfwd~ the pH'\iol1~ one. This 
specificatioll slyle is illustrtttpd ill [8J. Noll' that \\e liSE' the term "hierMc!ly" to meav ,I 
.~illgle level as well as t,lw mare norma] l1l1~aniHg of a set of 1E'\"E'I.~ 

III wclt a :;pecifiGL!ion ouly the l()p.]pw'l hiCl"al'chy will ('omplf'l.f'\.v ul'fiJ\{' llie de:;ired ,~}S

tem. lIo\Vl'~PI' intP.ftnl'diall' level~ will also be of ~i.l;lljflra.II("(" ... jnre it is [Jos:,ible to ;tpply 

<l r('nllement calculus ill ;In,\" level Lo produrl' <I fldly dd<.'rmillistic auJ implerul'l\l.ahlP 
COILrrete datil type corrC'.'lponding 10 p<lr!J hif'farch.v (or ahslriu:t daLill ...."C') of the "'p,'d· 
/ic;ttiOIl. 1hf' lllDdulariry :;o·<l,.cllip\·E'd will make rC<lsoniJlll, aboul the deve]opmeut il Blor.,' 
mal\ag,f'able ta!>k. 

It. is, of course, possible dLal thi" approach mi)!;ht re:,ull ill all iIle.f!weLlt imple/lJl"lllaliOlI. 
since thE' ,tru(:ture of t.he de:;ign \\'iU nol nr>cps."arilv )Jl" compat,ibll' wit.h that of l,he 

specification. hul we feel that program l.rall ... forlljation 1.echniques [26J ra.n f{~med.v Ihl' 
situation (and, $C'E' OllT cont"1Il.',ion!; helow), 

A flirt her advantage of the ffi('t]lOd concerns prototyping. A {"fllci;j.l problem ill con

structing allY formal !>pecificatiDTl is to enSllre rorrespoudence with aI, initial (llSUa.ll.\· 
informal) sel, of requirl'mellts. One solution Ihat !La... beE'u proposed i,'i to writl' thp spe("
ificatioll ill all execlltabll' language [11J. [:H] ellablin.e; lhl' .~p('cificatioIt 1.0 bp tested as 
it is wrilten. TIll:' nature of such der:Jilf<l.tive forillulatiolls, hO\\e\er, lelLd to bE' make 
them Il10T(' dlfficuil to reau tJWIl those wriltpn in a 1I0lH'XcclltabJe specifi(·al.ion langLlog(' 
(since thr liltter lleellnof. pro~'ide the al.e;orithmi' solntion thaI Ihe f'Jf1lll'f, hy defillilion. 
require-sl dnu necessaril..,· colllp\'Omises t.hl' 0<1 Ii\. ahstraction qllalitie~ oJ the specifIcation 
proces~. 

\\'hilst we <;upport I.h" view th<l,t a fOrma) specihcatioll should contain a body of llleory 

10 h",lp hnild confldence tllat it doe~ indped describe thE' informal model that it is meant 

to, we also feel that a rapid prototyping facilit.y would considerdbly aid this task, 

ThE' refine-ment techllique thttl we nse providp~ for a complete implemenlal.ion of a spe," 
incation hleril.Tchy, and t)lj.'i serves the same purposl' as a rapid prot.ot,'I"pe, since we are 
able to lest tllE' specification against the requirernl'nls at eaell ~la.e;e ofthp d('velopmenl. 

The benefit of our approach is thol the code proollfed b not discarded: it forms an 
integral part of the final irup]em"nt.atioll. 

The ('mergeuc(' of daLa, abstraction is c1E'arly ad\'antageOlI'i ill man... respE'cls (for ('xample, 
aUowing attention to he fOCUSE'd Oil t hI' similarities of <lata \. ypes, rath.'r tllan contrastiJll1; 
thE'ir differpnres) but it is not without it.s problenls. When i\. spccifLC;jtion is implempn1cci 
it. will be on hardware that OOC'S not haTe an infiuite suppl;.' of JI'SOllTH'S, and a.lthongh we 
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00 not wish to colnpromise the ab$tr<LCtion process by the inclusion of snch cOllsider~,Lion:;, 

they are of paramonnt importa.nce in the implementation. 

It is the job of the rellnement calculus to bridge th{' gap b{'fween an abstract specification 
and its implementation: the calculns that we present extends the coucPpt of refinement to 
permit the i[Ltrodndion of resomce limit. considerations by cousjoera.tion of "acceptably" 
inadequate design decisions. 

Of necessity this is a lon?;, dl'tailed ano technical piece of work, which we prespnt in fan r 
main parts. In this pa.rt (Part t) we state our aims. concln:;iollS auo related comnunls. In 
Part"l we present the refinement ca.lcnlm which provides t h(' fornhll bd.:<is that underpins 
our development method. ""'e present. the abstract spE'ciflCdlioJl of 1he editor in Pa.rt J, 

;JIlO its refinement in Part..j. Appendices A and R snnlmarise [he hierarrhies of Parts:\ 
and 4 f'~spertively. The implementation is given in Appendix c:. 

Each part is, la.rgely, self-r,OTltaiJl(~o, with it,~ OWll iIltroduction and contents sediORS. Thp 
advice we would give to the reader wishing to mnsider OTlf' particnlar part would be to 
start with its introdUC'['ioIl. followed by the relevant appendix (in the case of Parts a or 
4, to give an overall picturp), before proceeding; with t]w detail. 

\Ve assume a knowledge of Z [27], ("llll. [:101 and the Schema CalflJlns [19], [20). The 
numbering of dl'finitions etc. is best explained by example: Lemma 3:1Ah re{~:n to the 
second lemma appearing Section 1.4 of Part:1. 

The &ize of the project has dirtated OIlT methodology and also affected om preselLtation. 
Although we are able to give the complete ahstract. speciflultion of the editor, in order 
to keep the thesis down to a reasonable size, we do not present the refinement in full. 
We have been honest, however: the entire refinement hi!.." been developed rigoronsly in 
the manner that we illustrate. 

The stimulus for the project was provided by [:J2] which closely followed the strncture 
of the specification on whith it was based [29}; lhe specification wa.s presented ina hi/'r
archy of three levels, alld the implementation was similarly wJl~lrutied with each level 
embedded in the next. Although the derivation of the implementalion was completely 
informaL it was felt that tue coutrol achieved by nsing that ~trUl'tur{' Wi!.." considerably 
grpatpr than would otherwise have been the case. 

V'/e (bose OIlT implementation la.nguagp, C [18J, mainly for its speed alld since it was 
readily available. Other high-level languages would have served the purpose eqnally well 
since the programming construct.'.' that our reflllement calculus requires (assignment, 
sequencing, "if" and "do" [5J, [7]) 'Ire aJways provided. It is worth noting th"t.langnag{'s 
more strongly t,yped than C would not pW\'ide a "'safer'" implementa.tion: we place no 
type-checking rl'quirpmeJlt, on the programming langnage. 

Conclusions And Further Work 
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The accent on onr approach throughout this vrojl',t is on rigour rather than formality: 
for example, WE' indicate which rules are avplicabJ., rather than proYin/!; that th(' rlll('~ 

apply. 'HowE'ver thof! developmcnt method dops pNlIlit a completel .... formaJ df'rivalioll b.v 
virtuf' of till" refinement calculus given ill Part L 

QlIr experience slll!,.gests that a le~5er dcgrpc of forma.lity could, where it w:..:> felt to bl' 
IH'Cl:'Ssary. bp adopted: ('arb ahstrOict d<l,la t~'pl' wi1ln~Il'llly rOlltain ma.ny ojJerations, 
wrne of which will be hroadly similar, and once one of a St't of silch 0Verations has hf'€'n 
rdined to codf'. that for the other opPraliollS lUily fl.."<'>ohabl.v safply he writt.en dO\\"1l 
without recrmISP to the reftm'ment ca.lculus, Of (('l1rSl'. ~n,h informality will f[·snJt ill 
code rof!quiring lhuro1Jgh teiitillg. 

Tin' <J.bst.rar.t :>pecilkalion played a (rulial r'lJe ill enSUrilll!, il dl'p» llndpI:>tanding of all 
a;;p('cts of the sy'stem. This hOi.s bpen tJ,e eKjiPfienrl' of milny 01 h(·r.~ (fur (·xamplp. [22]). 

TIl<' development of thl' six rlIOSl:'1l refinement hiC'rarchil's proc,~ded J('lllarkahly .~moolhl'y. 

the tran.~ition of tlte operatiuns from speciftcation 10 code presC'ntinl-; few prohlems. \Ye 
recogJlizl' lhat evell \l,:ork.illg within a completely formal fran\pwork of program dev('j
opmellt will 1101 automatically ensure hug-frpe codf:'. TIi" /'rrur.~ that OCfllTrl,d in OlH 

imp]etIlpntation, howe~'er, have heell of a lrivjaillal.ure (typillg f'ffOrS anc! Lhp. like) and 
there haw' hf'€'n no errors of a "serious" llatllrf' (rl'quiring t.hl' r('·writing of lar~e V<lrts of 
t h(' implementat.ion). Of cour~e \\,'" hal"..' r'>written parts of tl,e jmplelilPutation (there arc 
many pa;sible H'finement~ of (I ,giw'n ~[lecificalloll) in tile fjllf'St for irnprove!nC'nl. ano 
the modula,r structure Df th<;> impleITlerlt"tion ha:> maop this la.~k ('asier than it \~Oldd 

oth('l'wise have been. 

In order to simplify till:' dof!script.ioll of operatjou.~ iuvolving i/o, we includl'd a hrief s1lecifi
eatioll of OllT understanding of som" opera.ting ~ystelu and terminal hardwarp operation:> 
(orthogonal to the main model). All hough this formal statf'Tlwnt of tJlCSI' operal iOlls was 
of (onsiderabl(' use in the collstrllnion of the pditor illtedace, bolll in the specificat.iOlI 
ilnd rl:'finemeut phases, we estimate that interfacing thl' edHor took al least lifty peTcent. 
of th" tim(' spent on the implementation! 

\VltllBt some of this time may he ('J:plained by our progral1l1u..ing inex-perierrcl'. tht, illhl'r· 
ent problem of formal development witJlill an operating SySt('[D a.nd hardware I'nVlrou
Ilwnt that is almost. (~xdu,~jvely informal i~ comid{'fahle. and much investigation remains 
to h(! doue. 

Th(' facility t.o lest the splO'cifJration against. its rlO'qnireml'nt,~ proved [a hl" C'xtremely valu
ahle . Although it didn't llnCOYpr an ..... major dbparit ..... it did givl' ri~(' to i'iome fine-t.uning 
of onr requirements, the main onp concerniug cnrsor J1l0W'lIlpnt. and tbC' orthogonal 
devdopment of the QF stale (Part 3, Section 4). 

We did. in fact, partially implemellt the display of the editor (the Doc.9 hierarchy. Part :3. 
Section 8) at all early stage so that we conld view lower-lew! hierarchiei'i. This aPIHoa(h 
is made possible becausc of the indepeudeucp of implementation hierarchies due to the 
"'report-passing" style of programming adop\'('d (see Part 4, Sl'ction 0). 
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w~ ~ompletE'd the specification beforE' startin#!; ib rcfinE'mpnt.. a,nll in some cases the 
(minor) changes Illade a.s a H'SllH of t.estiu#!; did pprwlate lip throu,e;h the srt'('i~cation 

hierarchies, which leads us 10 bE'liE','e that for somE' pro~raml>, the si][)lIltall~ns d~'Velop" 

ment ofspecirlcation and implement.ation ml,e;ht hp a vpr;.' ll:-crul approacll - tltt' hiNarchy 
under current conslrnctioIJ will tht'n be buill. on lowpr Ip\eL~ ",IIi! h arc del\loJl~tlated to 
have met the informal requirements (Lhrou,e;h thpjr llllp]{'ull·nlaLio1\). lllinitTIi.~ing 'pecifi
cation change. 

.-\ further advantagE' in adopting a simul(aneou.~ df'vclopnlE'llt srrategy IS that tho devel
opment team wouJd, at regular intf'nals. hare somethin,e; concrptl-' ror rliscnS'Sioll ~ith the 
client, pprminjng pari?>, f{'{'aback whilst all>o demonstratill,e; Ihat progress is being madp! 

The consideration of sp",ci~caLion chan,e;e is imparl alit siu«·. althou#!;h WI' ('all demon
strate to the client that thE' specification matrhl's hisjht'r re(juire'nH'nh, lhe chall~l' may 
be f(JIcf'o by fal·tors outsld'! their imlllPdiatf' [olltrn!. 

\\'e wished 10 cleIllonstrate th .. impact. IIf sperification chan!!;" OJI Ibl' rdlllf'tllpnt nwthoJ 
by implementing a spedfici"l.tioll thilt we woul{1 thf'n ch<LJI#!;(' alld re.iIllplpl1lelJL. In fan 
the specification that we present is the ampmleu Olle; illitiall\' w/' Ilid Itot permit the 
use of re,e;ular expressions in t.be .'icarch operationl>, and did not IIlcludt' tJlI' TlI0\,t-to-line 
operation (Pa.rt 3, ~ections 7.2 and 6..1.6 r",sppdivPly). Span' l·ol\si(kJ'a.t.ioll.~ pn'l'pnt liS 

from pres~llLing tht' original spedlicatiOTI anu refinemf'nt. 

The introduction of regnlar expressions necessiLaleu the re-refin<:>mcnL of lh{' two search 
op",rations (rE'SultiIlg in the introduction of th{! ChurMul(:hed routine of ('0'11('/)0(9 (Ap
pendix C, pa,e;e xi). The addition of the move-to-line command nerl'~sit,alpd its refinl'mcnt 
in ConcDoc8 (Appendix C. pag'" xiii), hllt it wuld then be promotrd ill the sallie way 
as other operations on that st.ate, and rl'qnireu no further work. 

Further, after the implementation was cornpll'\.e WI?- rhan#!;('(l our noLion of a. line in thp 
lowesl-level hiera.rch.y {we initially modelerl a (lOrllmen( linl' IJoel dItd <\, display lilll' Doc3 
in the same way, and realised. at a very late sta!!:e, that they would he bettf'r modplled 
in a different way). The scope of this specification chan,e;e was limited lo the four line 
operations in Docl, and, accordingly, our only change in till' rp~tlem('nt concerned those, 
four operations. 

Clearly the hiNarchicat structurE' of the method limits th~ amollnt of work t.hat h.as to 
be done as a resull of specification change. consjderabl:-' simplirYlng the task of ~oftware 

maintenance. 

Another aspect of the modularity of the development mpt.hou that we werIC not. able 
to investigate, but feel that it would be worthwhile to UO so, is the re-usabilitj' of the 
specification. 

We f(,(·J it would be possible t.o adu anu refine specification hierarclJies, in exactly the 
same wa.y that we have done here. using the' existiDJ!: COUE'; aJ!:ain. thE' '"report-passing" 
implementation fa,cintates this approach. 
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One example of re-use wouJd bE' to regard the editor a~ Ihl' baliis on wldch, sa.y, a 
functional programming tool was to be buill: by remm'illg thE' rtisplay Duc9 hierarchy 
(Part 3, S~lion ~), adding lderarch..i(;'s to pro'Vide t.hl' llece~sary functionality (e.g. the 
a.ddition of "fold" and "unfold" operations), promotillp; existillg operatious to the new 
hif'rarchies, ilnJ putting the display modlllp back at t.he highest level would ena.hle exa,lly 
the same nwl]lOd of implementatlOJI that lIe ha\"e u~ell to he followed. The existing code 
would form an illtegral part of the ex!C'udC'd implemeuta.tion. 

CritiC!:; of formal methods will poinl to the irnpos::,il>l'y large llumber oj proof (,u\igations 
associated With any re'bollabl.v-sized program, ,1ud tllis has h('f'n the main [ea~Oli for our 
rigorous, rather th ...n formal. treatmeut. 

AJrhougb "III' fOllnd the PO\H'f of tbe Schema ('.1]ot!us to b" a con:;idC'rab](' asseL in 
thl' COll.~tfll(tion of tlle specification. but would \~ekolll(' II 1001 ror automatic ~("hema 

l';.:p,lIbion. lh(' relH'ated usp of Sdlf'llI<i inclusion ill the cOIl:-.trw"1.ion of the spetifiralioll 
means, particularly at higher levels, 1hat Ihl' problems a.ssocialed with the idpJltifil:ation 
of proof oblil';ations arf' severely wmpcl1lJ1dcd. 

Since the comph,tion of thi... th"si:-' WE' hav", employ('d a proof-its~is'ant [1], to identify 
and discharge the obligatiofls associated with the Dod sp('CinClllion hierarchy (Part :1. 
Section 1). O\l(;'r one hundred proof obIigatjon~ l'lllerg;p(l. It is dcar that any forma] 
development of a largo;> s~'sTem without the "id of lll<)dLiue assistancp would present 
mnsiderablr problern~ 

\Vp .~(roDgl'y feel that Lllerr is a dear IH'ed (or nlarhill" asshtaJH'e, both in the identi
ftcat.ion and disl:harge of proof ohlig.alions. P,-",rts of tIle refln<'ment can bl.' fillculalo;>(1 
and [lere, also, computer assif',t:mre wonld be mosl weIcolllr>. TIlE' pro'VisiOll (l( a support 
cllvironment, for example, a~ dE'scrihf'd in [4J, would rerlainl.\' make t.he ent.ire procc~s 

more manageable and would, we fel'!. ellable a more form'll and I"'.'is rigorous approil,ch 
10 be adopted. 

We ha,d ant.iripat.ed that the performallCf' of tll(' editor WOllIl1 he iIladequa!c. and, as 
indicated in the introdnctory section. thaI somc prugram transformation wonld be nec· 
essary. To ollr pleasant sllrprisf'. how('wr. w.. fOllnd that the rditors [f~sJlon.~e times 
certainly rnatdled that of tIle one that fornl('d thl' basis for its reqnirem .... llt~ PZJ. iI,nd 
consequently we have left t.h(' implementlltiou in;1 ~1.rlletU[e 1hat CX,lrtlv ma.tche;; that of 
its specification. We have 110 reasoll to believe thaL our cod(' is less effi,il'nt lhan would 
have bem produced by more traditional means. 

My design/programming inexpNienn' was a major ronlriblltion to thf' dura.tion of the 
project: correct re:finement does not necessa.rily imply a good design! It is arp;ued thaI 
intuition and experience an' a (amput",r sciellti:-;t's most vaLllabk tools, and any t.ech
nique~ used may, at best, be a supplemen1 to them [24J. We f"'eI. howevrr, that. thf>:rl' 
is con,iderable room for creativity in met.hodologies such as the one we present. alld 
indeed that a design team wonld welcome a basis that enabled the d(ltennination tha1 a 
particular implementation did exactly the job for wl1ich it was designed. 



Related Work 

As stated in our introdnctioll. thert' are very few examples of lan,;l'- and medium-scale 
formal development of software; this applied science is st.ill Vf>fY lUuch 1n lts mfancy. 
:'oiluch intNest has centered on "sarety-nitical" software (for example where peoples' 
lives may he endaIlgered by software failnre). bnt the nature of these projeds is snch 
that pnbJication is restricted. 

The Vienna Development )..Iethod. \"l)~l [17]. is the longest-pstablished of the rormal 
df'velopment methods. and has been used extensively in both academic and industrial 
cour~es. It is probalJ1y not lIOW a~ widf'ly Ilsed as other .~]Jl'ciri("aLion langnages (no
labl .... Zj, lmt it has been of fllndaIllf'ntal importance in ib irdlllPTIce of formal mcthod~ 

[(~l"lllliqll(,s. 

vnr-.'1 lias been applied most nota))l .... in the areas of systcm~ progrillTlmin!!;. wher!? thl' 
complexitj' or the (Ode is particularly suited to formalism. dIl\I )ll"Ol?;ramming lafll?;uage 
sen]ilntif5.most notahly the description ofPL/I. 

It is noted that the scaJe of sm;h developmenrs often reIJ(ler~ the work nnsuit~bJe for 
normal publication [lTJ. and jf sUTh work is to ~ain a wider alldjeul"e lhan at pre"enL it 
is an area thaI dearly needs ur!!;ent atlentiOlI. 

Sil\n~ 19~1.nn.'f have been using forma! methods in the de,-elopmrllf ofCICS (Cust.omer 
Information Cont.ml System) [HiJ. h is a large t ransactioll (lr{J(e,;~illg system (comprising 
over 800,l)OO lines of f.od~) ;l1ld li'x.isLed before the introductiou or formal development, 
t.llt> la.t{~r bpin~ nsed ill the prodm;Uon nf'w. rather than exhli[l!!;, modules. 

The method is lJaseu on Z and [11,-' j:!;uarded command lan!!;na!!;e: much empha.~is i,placed 
on the specification pha..~e. which is used as the vehicle for discussion between thE design 
team and the customer (the busill'~SS planni ng/ technical sections of the company I. Once 
the specification is all;reed ir, becomcs a reC()rd of commitment to be fullilled by the 
dev<;!lopment team. 

The refinement of the specification into code is informal a.nd ach1eved in two stages: 
a high-lev~l Z document is first produced stating how the (lesij:!;ll will be implenented, 
followf'd by it low-leyel Go(ument wrinen in tile guarded command language. The code 
is wriUen dire(tJy from the lath~r. 

Refinement takes t he form of -condensing out the simple parts immediat.ely into guarded 
command lan!!;nage. and specif.ving the more complicated as schf'mas to be refined fur
t.her"'. Exp<;!rienced programmers are used and mathematical tedllliques (e.ll;. the use of 
loop invariants) employ<;!d only wheJl the specification is complex. 

In general, code is prod need at a point. at which it is felt to be "safe". and p-xperi
enced programmers are found to be indispensable. Module tesling is th~n performed 
bdore handing over to other groups for system testiug. The s!wcifi(ation is fonnd to be 

x 



invaJnil.bl'O! a.s a. reference docnmenl at tlti_~ point. 

The main benelits deri~'ed from the approach arc felt to be thaL a greater undNstanding 
of the problem is achien·d. l:'uabling the team 10 "gel it righL" at. au early point in llw 
process. in[nao:ed product,lvil.Y, improved documelLlation. and LIle abijjL:; oC newcomerb 
to the projNt 10 come to terms with the problem ql\lCkl.v. Considerahlf' henefits haH., 
beell identi.lird in the area of specificatjoll dlange. il.risiug out of gn'ater understilnding, 
of the functiumJity of the appl.icatioll. Further, there is ~uollg evidence Lo suggest LhilL 
Iher~ are fewer bugs in the resulting codt, than those prl'Senl \Ising traditional methOlls. 

!\1uch effort has gonl" irLto training, with tin' l'srablishment of an ill-hou~e course. [t 
i~ generally fOlInd that it takes a few mOll1.Ir.~ for someone, in.itiil.ll,Y hal·jug Jl0 formal 
methods tra.inin~, to b,'come proficit'nt. 

Thp Slfl:CCS.I if the above project ha~ led to further studie.~ in Corntal dE'If'lopnwnt Deill,l-; 
pursued at IBM [:14}. The "pE'cifi'dtiOIl auc1 targe!. lallg\lages arc a~ain Z <Lnd that uf 
guarded commands. but !Ile Lr<l.n~ition from one 10 the oth!'!' is Oil a mDr~' furmal ba,~i~. 

Data. and operational refinement arc Ire;lIE'd .'iE'parately, alld \.Ill' corn'nll('';~ crileria sLern 
froln a retrieve relation, and the identifiratioll of obligations to he diodlar~ed ill a similar 
way to the VDM method (see above). 

Emphasi~ is placed on elle tabulation of particulM aspecls of the development (E'.g. prE'
<:ouditions of part.ial opNatiolls). both to minimis,,:, errors and Lo serve as cOllvenient 
summaries. The developer is also encouraged to reyiew informa.l rhE'rkIjsts at specific 
stages (e.g. whether or not sufficient usc lHl'> been made of prl'-existing da.ta types). The 
aim is to pro~'ide a standard development method thaI lla~ a formal hasi~_ 

SnlaU-scaIe applications have proved successful, with the oelLE'fits resulting largely par
alleling th.ose stated abovE' and it is noted that then' b d rlei'd for automated ao.<;i~ta.uce 

and stressed that the rreiltive role of the programmer is not remon'd. 

A formal Illl'thods approach has successfully DIo'€I! adopted to l1E'vE'lop a floating point 
arithmetic routine fOT the transputer [3]. The routines werE' abstractly spedfied in Z, 
aud tIle code formally derive(l with proofs of corrert,ness given to show that it met its 
specification. 

The significance of this project is not in I,he scale of lhe application, but in it.s complete 
forrnalHyand itii relation to the hardware aspE'ct of a computer system; it aUl?;urs well 
for th" futurE'. 
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-1.1 'X·Refinement .2 

o Introduction 

\\'e establish a set of rules <lnd proof oblig<ltioll~ which will PTI;jbl" the con!>trucUon of a 
formal proof that. a propos"d implP.mentatioll of an abstraCl .~p('citira.tion meE'ts (i.e. i~ 

corred with res pert 10) it!> sp{~citicatioJl. Wp follow thl' approadl of [17] iu separating 
refinement of data from that of op('ratiom. 

In Section 1 .....e consider data r(']-iJwn1l'nl on an abstract .~tate (the i1Ilplemeutation of 
a concrete data t.vpe for tIll' abstract tIata type of the' ~pedfication). \Ve refer to tbis 
process a,5 t.he Lakillg the "dt-sign decision" sinn' We' Me' d,,~i~JliJlg a data strllcLure that 
can be llllplemenLed in a programming laup;uaj!;(!. III fact. the chdup;e from a,bstra.et to 
concrete data t.ypes ne('d not b(' accomplishpd in oue ~tl'p. but [<a.d step ma,y be regarded 
as refining t.o a '"man'" conerf'tf' type. in the M'nse that th(' (lev. t..vpe is "l\('arer"" to beiup; 
able to be implemented in a programmin~ lanJ!;'Lal!.e; our rules permit such a stepwisE' 
approad, 

In Section 2 We consider tlw implications of the design decj~i()n on the refinement of in
dividual operatiom of the bpecilication, establishing <J method for calculating the spl'eifi
cation of the weakest (i.(>. most. !';eneral) concrete oper<l.tion rorresponding to an abstract 
operation. We also show how a rpconfigllra.tioll of the COl\netp .~tate rna}' be a.c~hieved 

once the design decision has been taken withoLlI. illl'urrinp; further proof ohligations. 

In Section 3, we establlsh a set of operation refinement fllles ba.~l'd Oil thp pre- and post
conditions inherent in the specifical,ion. \Ve may thf'n either ;wopt ,1 {r(ln.~/nrm(JlimUJI 

approarh to operational refml.'ment, since each result may be regarded as a COrrN"tUl'sS
pre~efl'ing transformation of the operation and may be applil'd (without proof) ill the 
refinement process. or we may. using our intuition amI expprient'e, product' what w(> ltd 
is a refinement of the operation and use the rule... 1.0 prove tha,t it is so. 
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The natnre of an (l.h~tract specificat.ion Ii; :;.uch that operational considerations mch as 
resonrce limitations are u~uany ignoJ1-'d, sinH' their indusion would detract from tne clar
ity and conciseness of the ~pecificaJion_ In Section 4, W~ show how resonrce comtraint.'l 
may be admitted into the rpfinement proce6S: existing theories of refinement do not al
low snch activity, anti we motivatp the nped for tue inclusion of such considerations, and 
extend our defillition of refinem~nt, establishing th(' proof obligations thereby incurred. 

vVe nse till' ~ymbol "~" to mean "i:;. refmed by" or "can bf' safely replaced witb" III both 
data and operational refinement. 

0.1 A Note Regarding Presentation 

In order to aid readability, we use the conwlllion that vertically aligned predicates imply 
their logical conjunrtion. Thns: 

pred1 
pred2 
pred3 V pred" 

will be equivalent to: 

predl A pred2 A (pred3 V pn:d4) 

and: 

pred1 
pred2 => pred3 

pred" 
prfOd5 

v 
pred6 

will be ('qllival~nl to: 

pn;dl 1\ «(pr'ed2 '* (pred3 A pr'cd4» A pred5) V pred6j 

Data Refinement On A General Abstract State 

Data refinement involves the implementation of a concrete data typP to rppn'_lent an 
abstract data t,ype. In this section we consider the impIemellt.at.ion of the concrelp stall<' 
for the abstract st?.te. vVf' assnme a fully au.o;truct stale, by which we mean lb<i.t ('ilch 

12 
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abstract r~~preseutatiOll is un.iqup jn the- U:!\Sf' Lhal ror any two state;; there exists d 

sequence or operations (defined on the abstract state) which euahlp thl' two states to 
he distinguished (in [17] thi~ property is Tprerr"d to a.~ "freedom from implementation 
bias"). 

1.1 The Concrete-Abstract Invariant Relation 

\\'e define a geueral itbstrdd state whidl cOlilvrisl'.'i the abstract object A-:<:, (a lis]. of 
ab~trart, vari<l,hle signalures) togetller witll <tIl inyariant prpdicit1.p absint,: 

4 bsS!nlr == [.fs I ab.<In!'] 

\\'(, wish to Jar .... refine ..tlJsStatf. and we a5~llme <t ul'sir;JI dE;>ei~i()]1 ill wldrh th(' con<:IC't,(' 
srat.p {"ompm;f~o- tI\f' coller"lp ohjecl (~ ( a ji".t of contrE;>I,E' "araihlp signdturl's) 109'l'thpr 
with an invariant pr",dic<'ltp eoneinv: 

('oneSiaU =- [(~, I ronnnlJ J 

\Ve r€'quire that each concH'Ie stat>;> has an ahstract conulerparf: b) doing so WI' fonsid
prahly simrlify proof obligations (obv\a,ting Ihe- m'f'd for pxistentia} quantification OW'[ 
abstract states), and nolp that this f(~qnirprrH'l\t doe.~ 1101 inlt.ihit our transformation 
from abstract spE;>cifiratiOll iut.o code (the refinC'ml'nt or the sppcifiratioll. Part 4.): s1nce 
we have a rnlly il)lstraet rppresenlation, ea,eh coucrete state will be O1..~sociated witll d 
nnique abslract state. 

In ~eIleral, We also require that ead ahstract. sta.t.e has at ka.~t ofte concrete counterpart. 
(i.e. that the design d>;>cision L'i adequate): without th..is requiremellt it is possibk \.0 admit 
a design decisiou which iJnlll('JIlenl.s only a vcr.v small pari of the absLract specification 
(the extreme case bioing an empty df'.sign dC'ri.~ion), wbirh. c1ea.tl~'. will lw of limit~d 

practical USE;> and is nnlikel}' to sat.isfy the' spf'fifier of the system. This requirement is. 
however, 100 sLrict sinre the us!;' of non-determinism in the specifIcation mayexplidl.ly 
allow stines for which no conen'te ('onnterpart is elr.... isaged, the svecifiC'r allowing the 
d€'signer the freedom of dlOice as to exactly which states <lIr' provided in tIl(' irnplernC']l' 
ta,tion. Since, whpll llsin,e; this teclwiqne. the spl'<:ifipr ma)' rommnnicate his/hf'r wishes 
only by informal mf'ans. we place proof ohligations Oil the implementor an d pur6lle tltis 
considera.tion in thr ncxt sectioIl. 

1.1.1 The "Rei" Schemas 

The invariant relationship between the a.hstract ilnd concrp\.e 5t.a.t.e~ may be conveniently 
captured in a. schema which is tile conjllnctiOlI of the abstract and concfl'le staks togethpr 
with apredica(.c, iruwel. describing thp relationship betwWII the two states: 

Rd [Ab.~Staie /I. COT/c.'ilak I 'I'n'l'1'cl] 
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We may express the requirement that each concrete state corresponds 1.0 a unj~ue ab
stract state nsing this schema: 

Definition [[;;; 2: 1.1.1a] 

V ConcS'tate , 31 AbsSlatt' , Rri 

• 

It is usefnl to consider two furthf'T schema:> ill which the diret'Lioll of the relationship is 
recognized (i.e. a.bstract to call crete, or concrett' to abstra,l): t I\(' /irst. DownRel. relates 
a uefore-abstract state to an after-concrete one. and the st'colld. L'pRe1. n-Iates the two 
states in the reverse dirertion: 

DOWTlRd /ldles'/6]
 
UpRel Re/[As' / AS']
 

The concrete representation for a partifular abslraCt state will Itol., in .e;'!lleral, be IJnique: 
in fact for each abstract state the design der.ision will defillt' an f'quivalence clasl; of 
concrete configurations, whkh ma.v be determined b.V calculating lfpNel (relating an 
arbitrary concrete state - through absinv willi the abstract st.ale that it represent6) 
composed with DownRel (relating that abstract state back to another connete state), 
and we define: 

ConcRel UpRel i DowrlReI 

which expands to give: 

ConeRe! ,
~j nm,S'at, 

: 3 AbsStateo ' 

Rd[ASo / AS]
 
Rd[AS" C:,'/ AS, CS]
 

__I 

from which we obtain: 

COrleRe! 
'~ 

.:1CotlcState 
,i 

::3 AS" •
 
ab...im:{ASo/ AS]
 
invre/[ASo/ A-5]
 

invrel[A-:"o, cst / As, c"s] 
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----- ---- ---------------

If [r;;;:; 2 : l.Ua] is 6atisfied, the unique existenre of £5 a ~atisfying absinv (t.he first 
predicate) is guaranteed, since t!le ~econd predirate associates ..{Sa with CS; through 

inlJrel. The fInal two predicates relate ASo to both CS aud C~.'. aud their simplificatiou 

will define the relation betwwll Cf:j and G~5' and, hellce. the tOll(",rete state equivalence 

c1a."s. 

For examp!('. if AbsState.ConcSlate a.nd Rei are as follows: 

AbsSlatf A:uqN ,I #A:£ XJ 

ConeS/ute (';1 .. "" ----;,. N;P:O .S] 

Rd ~th:".'italf 1\ COf/eState .-t -== C for P J 

where: 

r= ~=~-'--=-====...::.:-::::-:===== =c-::=--:=-1 
I "
 
\ _ for _: seq X X N -----7 .~fq X I
 
L _
 
I
 
I SforN ~ /.,J\' <l S
 

i 

We have: 

, CmlcRrI 
-----" 

I .:1 GoneSfate
l- _ 
I
 
I J Ao:seqN_
 
I # Ao :£ .'",'

' .4, C fo' P
 

A o == C' for I"

I 

and sine!? we may verify that [~2: 1.1.1a] holds. we elimiuate .1 0 to gt't: 

ConcRel =:: ! .J.CrJncSlaic I C' {or P (;' for pI J:::;0 

which d!?fines the eqnivaleno? dd.5~ (in which any two members must llave equal poiuters, 
their arrays must agree up to th.ose poinl('f<;, !lut can have an.y uatnra.l number values 
after their pointers). 

We ma.y rega.rd ConcRe/ as the weakest specificat.ion for a concrete state reorganising 
operation, and we pursue this in Section 2.2. 

\Ve now return to the que~tion of adequacy, and we may calcnlatt' the subset of the 
abstraction th.at the design decision implemenls by cousidering the abov~ composition in 
the rl'verse order: we cOlnpnte DownRcl (relating an arbitrary abstract statl:" - through 
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ab.'Jirlt' - with a concrete state) composed with [-pRd (rl'lating Lllat concrete .';tat~ back 
to an abstract state), and we definf': 

AbsRd e. DownReI; UpRcI 

which l,'xpands t.o give: 

A b.'J Rd
 

,j A b,.Slalr::
 

3 ContStatto •
 

Rel[ 6:,',/ G',]
 
Rd[A~5', C'S,/ AS, (51


l 
and we obtain: 

AbsRd
 

..lAbsState
 

3 CSo •
 

concinv[ c!30 1C5'J
 
invrel[CS'ol C~"-l
 

invrel[A-:'</, c··s,,/ As, (~S'l
 
-.J 

This time the second predicate indkates that CSo will exist only for those abstract stales 
which /Iave been implf'mented by the design decision. bnt if (:"·0 does exist the fiJlal two 
predicates relate both AS' and .'1.5' to C:<;J o throngh trll.'nl. and if [~ 2 : I.I.laJ aha holds 

(when the first predicate will b(' assured), is and AS-' mnst be l!J(' same. and so AbsRd 
is defined on a no-change state: 

AbsRf'1
 

~ 5A b,Slate ._- I
 

3 Cfi, •
 

I wneinv[CSol CS'j
 
invrel[C:50 1CS]
 

HencE' we may interpret Ab.'JRel as representing thE' identity opf'ration on the slbset of 
the abstract state for which concrete states exist; when the prf'dicate part of AbsRd is 
true we have an adequate design decision. 

Uliing the above example, we haw; 
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2 

·4hsRei
 

I
I

5'Abs5'tate
 
e-.------
I 3 . 
I Co: 1 .. ,\' -~ N i p~ : 0 .. N • A. ~ ('" for Po 
L._. . . 1 

th(> predica.te part of which is true. and so AIJ.5Rd is eqllh'alent to EAb,~Statf indic<l-1.ing 
a.n adequ<l-te design. 

\Vhen e<l-ch concrete SLaie corrf'sponds 10 a unique aDstra,rt state, and cach abstrart sto;l,t.e 
lla~ a revre~elltation ill the design. AbsSlatr can bE' safply rf'placed with ConeStat!:: 

Definition [I;;; 2: l.l.lb] 

Rcl =- [.4 b.~S'I(jl( /\ ConcSlalt I ab.~inlJ 

V ConcSlait • 31 .4 bsSI"/r • Rei 

Ab~Rd =- ~AbsSlale 

f-

AbsStale I;;; Cow'Slale 

• 
When the Jirst requirement is sal.i~fied but the sl'rond is not (A bsRel is not e'lnivalent to 
~AbsStatt), we require that the designer has good rf'ason for the parl,ia.l implementatiotl 
before we allow the concrete state to implement the abstra,ct; wc formalise the concept 
of ""good reason" ill Section 1. giving an <l.lternative formulation of tflf' above lemma. 

Data Refinement Of A General Abstract Operation 

In this section W<l consider the implementation of the conrrete operation for a general 
abstract operation. 

W<l first demonstrate (Section 2.1) that, once thl' design deejsion has been ta.ken, the 
weakes1 specification of the corresponding COl\crete operation may he ca.Jcnlaled; the 
before- and after-stat<l of the concrete operation will correspond to the before- and after
state of the abstract operation throngh the Rei schema. 

However. efficiency consideraLiom (for exa.mple) may dictaLe that the operation is hest 
effected on a particnlar conflgnration of the concrete state. WI" know (Section 1.1.1) 1h<l-t 
a concrete state coTIf'sponding to an abstract state will nol, ill gf'neraL he nnique, and 
it is therefore possible to transform the opera,tion suc.h that it. is defined on the requirEO'd 
concrete confignration. 
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While this may be tllOnght of a.:; a refinement of thE' <:oncrete operation, the ch()ice of 
the 6pecific concrete state may be ma.de from the coucretE' equivalence clil.'lEi defined by 
the ConRel schema, and we choose to regard th(· process as that of rf'configuration. We 
show how this may be achievE'd using ('oneRel in Section 2.2. 

2.1 The Weakest Specification Of The Concrete Operation 

The abstract operation AD}) links a before-statl' ..tbs5'lalt with an aft.er-~tate Abs'tale'. 
and Wl;' definE' a genecal operation whose before· and after, states are related Ihr01Jglt the 
predica.te ]Jrepo.~l; 

AD? == [LlAbsSl.alt I prepost] 

We assume a design decision with Rei. AbBRd arid COflcR(·[ as defined in Seclion 1. 

Assuming that the before- and after-states of ;lOP ha\'e a reprE'sentation in tho? dcsigll. 
we may represent the relationship by the following commuting- diagram [10]. [)2] 

AbsStole AbsSlate' 

o AD? o 
lJpRel DOl1'nRel UpReI DQU'nRe./ 

I I 
o o
COP
 
ConeState COr/cSta/t'
 

We label the operation linking the connet(' state~ COP, and ma." use the d.ia~ram to
 
calculate its weakest (i.e. most general) specification:
 

UpRel i AO? j DQwnHel 

which expands to give: 
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------------ ------- -- -----

--------

l'pRd; AO? i Dowrlllel __. _
 
oJ CowSlale - --I
 

3 .'tb5taleo, Ab.5Stail:/ • 
R'/[AS,I ~{,]
 

AOl'[AS,.A~\·,I AS. £\']
 
Rd[A~S·J' (=:.,,' 1AS'. 611
 

from which we get.: 

CpRrI; .40P j Doti'tlHd 

.JOmcStal( 

:J .4~S'o, AS'I •
 

(lb.~inv[.1S'ol A~S·J
 

ob.~iml[AS II A":'i']
 
inV7"t'{[A--:''iol AS]
 
invn,{[.f'I' C-:S.'I AS, [:')]
 
prcp08I[/CS-o, As! I As, .fs'J
 

As iu the simplification of ConcRd, [[;;; :2 : i.l.la] (-'lISljres tit!' unique eXistence of borb 
.·fs'Q and iS I (satisfying the first 1\\'0 predicates). Since A~S'o and ,{SI Me related to 

CS' and C--:s 
t 

throngh itlvrf'1 tl'spcctivdy (third and fonrth predicates), the final predicate 
indicates that the opcratioD Tllay be obtained by the snbstitlltioll of abstract varjable~ 

by their lfIvrel concrete eounterpa.rt~, nnd<t.shed conuetl' replacing un dashed abstrac.l, 
and da5b~d rone,rete replacing da.~hed abstract. 

Continuillg with the e.'XampJe int.roduced ill Section 1.J.l, if we ha ..e an abstract operatioll 
whjcll Jl'lurns the length of the sequence .4: 

AD? ----- --, 
.1ConcSlatto
 

: x!:N
 

i------- --
: A':::: A 
I x! :::: #,..1 
1 

we have: 
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UpRd ; A. OP; DownRd
 

I tJConcState
 

f 
, 3 .1 0 ,A 1 ; .5eqN ,
 

! #A Q S N
 
#.41 S;V
 
.4 0 = C (or P
 
AI = C'(orP'
 
.4 0 := .11
 

x! := # .1. 0
 

Since [[; 2 1.1.1a] holds, Wf' slOlplify to gel: 

UpRel; A OP; f)ownRf"I
 

tJ ConcState
 

!-
I CforP:= C'forP' 
,J:!::::"#(C(orP)
 

-- ---'
 

indicating that when absinv expresses each CC1mpollent of the abstract statf' €)plicitly 
in terms of thf' concrete state, Wf' m<l.Y obtain thf' weakest concrete rJperation from the 
abstract operation by textllal ("eplacement of t.he abstract compOllent for the concrete 
component, and provided that [~ 2 : 1.1.1«J holds, and the before- and afler-Jlhstract 
slates have a representation in the design, we incllr no further proof obligations 

We denotf' this weakest spedfication for the roncrete equivalent of AO? by AOPC, and 
it represents our starting point for the refinement of an operation: 

Lemma [~ 2: 2.1aJ 

Rei:::: [AbsSJate 1\ ConcStal.e I absinv J
 

'i ConeS/ate , 31 AbsS/ale , ReI
 

3 ConcState. ConeS/ate' , AOP 1\ Rd 1\ Ret'
 

f-

AOP ~ AOPC 

• 

2.2 Reconfiguring The Concrete State 

In this section we show how it is possible to pursllP refinement on the weakest con
crete specification for AOP that conforms to a particular before-~tate configuration. We 
achieve this by pre-sequential composition wi!.h an operation that produces th~ desired 
conftguration, 
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As discussed in Section 1.1.1, the weakest sp('dficatiOll for all opf'ration that reconfigures 
the concr('te sta.l.e is given by Condld. That operation is. in fact. all id(,lJlity for .!lOpe, 
and we couhL thprefore, take our starting point for operational r{'~nernent as: 

ConcRcI; AOPC 

amI. using t.hE' results WE' l'sta.bl.ish in Section ;J, rf"Hue COIl(·Rd so tllal il~ after·slat" 
confurDls to the speciiic ron crete configuration that v.e req Llire. HO\".('Yer. we could not 
refine AD? 50 t.hat it, o('fon;·statp wa,s that configuratlon SiIlH' we IYr,uld Iw viola,tin!?; thl.' 
})omain condition for rennemenL [~2: 3.2al that the prp-mlluition cautLot bf'llarrow('d. 
So if we want to pursue r('filleUll'Il! 011 a particular concrpte confi!?;UratioD_ our .~!arting 

point must already embody til!> (onfi,l!;urat.ioll ref]uirp,-J. 

Oltr approach IS 10 define an operation Jil,P Cond/d. bn1 onp prodllf:in,l!; the reljnirp,-J 
contiguration aB its after-sLate, anu tt) define anOlher OIH'ration like AOPC, but 011(' 
whose beforp·slak aJso has the d('sirt'u configuration; we IJwn ~how lhat thE' sequefllial 
rompo~ition of thp two is a refinement of AOPC, ihm pro.. idilt,l!; us with ;In alternative 
~laT1ing point for operatiOllal rdiu('Ulenl" 

These two operBtions can he caJcuJatpd in tIll' ~ame way a:, ("rJHCRf{ and ilOP, ,wd w(> 
start by dehnillg Lit", particular cOllnde [(JIlug;uri.llion by the additiOll of the predirflt.\' 
,~])t'Cific to the concrete state: 

CtJncSiate.•pw]i, [ConcS/nte I spuific) 

The relationship het\w'en th", abstract statl' and this cOllngural10n nfth{' cuncrete stale 
is given by: 

Rel,pmfi, =i;, [Rei I sperifir] 

\~'e follow the 5arnf': procedure as in Sf?rtiOll 1.1.1, and denn(' schemas giving ih(' rela
tionship rHredion: 

l/{lRd,p''''fi, RFf.pwfic[AS'/ A5,] 

DownRel,pfC'fic Hd,peclfic[CS'/ (75,] 

and defllle ConcRd. pwjic to be the tompo$ition of UpRd wit-It })oumRd.,pce'fir., anu so it 
relates ilJl arbitrary befoT('·conrreLI' state with an after ,~pfrijic concrf'tf:' stat(': 

ConcRd,pcc'fic UpRel; DOlrril(d.• r."ji,· 

which expands to give: 
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ConcRel,p~c,]ic , 
C(JfleStatl" 

COflcState~pecifi< 

~Abs;I~~_-

Rd[fis,/ .-lS]
 
flel,peco]ic[:fs' o ' C!// ..(5, CS]


'. 
\Ve now deriul:' .40PC,pwfio: 

AOPC.p<c,]i~ C':pRd,pwfi< ; ...lOP; Dou'riRrl 

and it expands to: 

UpRel,peo'!ic ; AO?; Down/leI 
1COrJeSlalc 

I ConcSlale~pwji, 
f--- - - --'.- _.
I 3 AbsSlq/{'Q, AbsSlatf;j _ 

Rel,p<Cl/lC[A:,O/ AS')
 
AO?[A:". AS'; £" A~"]
 
Rel[A-:S 1 , C--::;I/ AS, G's] 

L _.J 
We may lllterpre't this operation as being obta.ined from JiG? by the 5ubstitutio~ of the 
before-abstract state by the corresponding concrcte state defined by Rel,p,,"fic, MId the 
after-abstrad stiLte by tile corresponding concrete sta·te defined by lid 

We no\\' show that the sequential wmposition of ConcRel.p,c,[l< alld AGPC.pw{ic is equiv
alent to ADP. provided [~ 2 : 1.I.la] is met and the ab~t.racl-opera.tion i~ admitled by the 
design such that its before· state bas a representation lhrough Rel.pmfir and its after-stat.e 
a representation through Rel: 

Lemma [I:::; 2: 2.20.] 

Rel == (AbsState 1\ ConcState I ab.mn· ]
 

Rel,pecijic ~ I Rel I Bpecific ]
 

Y COflcStnte _ 31 AbsStalf.' _ Rel
 

3 COflcState, ConeStaie' • AD? 1\ Rel,p"'/ic 1\ Ref'
 

f-


AOPC == ConeRd,pm/i<; AOPC.p,c;ji, 

• 
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---------- -------

Proof 
Expanding the ,(hema of the right hand side. we obt.ain: 

ConcRel$pw}it; IOPC$po<.}ic 

l .1 ConeS/aft 

3 CUlIcState o •
 

3 A bsStatr 0 •
 

lidiA's,; A~']
 
ReI$puijic[A-So. (:8 0 1AS', CS'j
 
3 AbsStatej,AbsStalef •
 

Rel$pwfit[A~'lJ' C'iol .1-:~', (~~'] 

AOP[A5j , A--:'l,d As. .-fs'] 
Rd[£" , C:i; AS, (0;'1 

rr Con("Sl.alf o exist~, tbe]) by th~: third antP((·Jpnt of the lemma, ;;in(e both AbsSlatc" 

and AbsStale, are associaled with ConcStateo (lhe secoud ,lIlJ t.hird predicates). tlwy 
must be t he same. and we may simpli~y tlte predirate [JiHt to: 

3 ConcStale o • 

3 AbsStatel. Ab8Stafft • 

lIdIAS,;£5] 

Rd.ptciJic[.f,/, ()s'ol is', C5] 

AOP[,4~5,,,(,,; £,.£,'J 
R'/[.4'5,. C:S'; AS, CS] 

The first predicate relates AbsStatf'} to Coru:5iate tbrough Rei. and so tllf' lemma's third 
antf"cedent ensures the exhtence of AbsSta/e[, and (fourth predicatf") it corresponds to 
the before-state of ADP. Conc8tatc. o is related to Ab$SlafeJ through Rel~p<ci}ic (second 
predicate) and thereforf' thfl last antecedent of 1he lemma guarantees the existencf' of 
COricS/ateo, and we milJ further simplify to: 

3 AbsSfafe./, AbsState2 • 

Rd[.fs,; £,] 
AOP[AS" A-O''; AS. A!/I 
lid [AS, , C:S'; AS, C!i] 

which is the same as the left hand side . 

• 
Using this result, we may combine it with [~ 2 : 2.1aJ to get an ahemative starting point 
for operational refinement: 
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Lemma [I; 2: 2.2b]
 

Rel e. [ AbsState A ConeS/ate I abBinv]
 

Re/speclfic == [Rel I .sprcific J
 
V ConeState _ 31 A b.sSta/t~ _ Rei
 

3 ConcState. Com-Slate' _ AOP A Rd.~"'fic A Rtf' 

r 
AOP [;;;; ConeRel.~,,,jlC; AOPC.~wfic 

• 
ThereforE' if our COllrrete o[H>ration does n01 nf:'€d 10 be conducted on a spenal con
rret{' state configuralion. our starting poillt i~ AOI'C: if a parlicular r.oufiguration is 
reqwn'cL we may lise this lemma alterniltively to ~tart with the sequential nm.<;truc:t 
(Cc)'rJeRd.peoific j AOPC,pwfic) in which thE' former',; arter-state and thE' latter's bE'fore
stat(' COlIform to till' requirpd configuration: bOtll m<l.\' be calculated once th" design 
decision ha.~ been taken. 

3 Operational Refinement 

In this section we define exactly what we mean by refining an opeT<ltion wh..idl is ~pecified 

in Z using the Schema Calculus: we may then (perhaps using out iutuition) produce what 
we fed is a refinement of the operation, and prove that it is so. Wp also establish a series 
of refinement results allowing an alternative approach: each result may he regarded as 
a refinement.-preserving transformation of the operation. and may he applied (without 
proof) in the refineln{'nt process. 

3.1 The Logical Basis 

We use the laws of lo~ic preseuted in [9] in our proofs of the refinement theory, and alm 
use the following law6, thp first of which follows from COnBtmctive Dilemma.2 with d 
repJa.ced by c, a.nd the second from that same law with d replaced by a, Generalization 
and Antisymmetry: 

(a ~ b) ~ ((a A 'I'" (b A eJ) Constructive Dilemma.3 

(a ~ b) ~ ((a A b)': aJ AbsCJtplion.3 

We use two propert.ies of prp-conditions of operations. SincE' til(' pre-condit.ion is cal
cula.led by existentially quamifying aSter-variables. and existential quantification dis
tributes throngh disjunct, pre does likewise: 
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f- pre.l 

p"IV"J .• (.4.)] = V"I ..• (p"[,I.]J 

• 
In gcneral, lhp sanH' is not true of conjlLncLiou; howew't thE' existential quantificatioll 
of a conjunctIOn implies tllP conjunction of the exisLential qllautificaLions, and so, by 
definition of pre: 

f- pre.'l 

P"[A,,L .• (·4.J} '" A"J ..• (p,,[A.]) 

• 

3.2 Refinement Of One Operation By Another 

An opera.tion B T(..-fines an operation A if it satisfies two condition.'>: the Domain eondi
tion, which requires that n fiIlSl he applica.ble wIlen A is (although B II1ay be applicable 
for furtherstatl's as weill, (J,Jld the Saff'ty condition, which requires that when A is ap
plicable the resnlts allowed hy B arc also aJJowed by A (althongh B may do mon: than 
A). These requirements ha\-c bl'en presented in [17] and e],~('wh{'re 

Here, we translate the \wo requirements to a ZjSchema environmcut, presenting them 
in the form of a definition fTOm whirll all SUbsl'GllCnt results ill ttd~ ~ectiun are derived: 

Definition l~ 2: .3.2a] 

f
.4 <;; B
 

<>
 
pre[A] ~ pre(B] Domain
 

pre[A] II n ~ A Safety
 

• 
Thus DQmain coudition allows us to weaken the pre-condl1-iOIl and thc Su./t'ty condition 
allows llS to strengthen t.he post-conditio!L 

A corollary lo this definition follows from UniLI: a total operation may hp relined only 
by another total operation: 
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Corollary I!;; 2: 3.2b] 

pre[A]:= true 
f-

A ~ B 

¢> 

pre[R] :;;:= true Domain
 

B ~ A Sajdy
 

• 

The ordering is [rall~iti\'(.', ~uabling a st.ep'W'ist approach to ]'('lill€OH'nl to bl;' adopted: 

Lemma [~ 2: :L2c] 

(.1 ~ B) 1\ (11 !;; CJ
 
f-


A !; C 

• 
Proof 

Domain 

Follows from the tran~ilj\'jtr of"~" 

Safety: 

J. pre[B] A (' 0> B B~ C 

2. pre{B] A C 1\ pre[A] 0> B 1\ pre[A) \., Specialization 

3. pre[A] A B 0> A A[;;"B 

4. pre[B] 1\ C 1\ pre[A] 0> A 2.,3. 

5. pre[A] 0> ,"Illi A~ B 
6. pre[A] A pre[B] == pre[A] 5.. Absorption.a 

7. pre[A] 1\ C ~ A 4.. 6 . 

• 

The ordering is reflexive (recall that 11 == B if they are applicable for exactly the same 
set of states, and the resnlts produced by one imply, and are implied by, th~ results 
produced by the oth~r): 
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Lemma [~ 2: 3.2d] 

(,4 ~ HI A III ~\I 

f-

A " B 

•
 
Proof 

(pre[A] ;;:) pre[B]) 1\ (pre[B] ;0:> pre[A]) .=> An ti s:·nTlIlletry 

pre1.4] =- pre[ll] 

(pre[Aj A II '" ,II A (preIS} 1\ 4. '" 1i) '" p"pI c, ,,'I III 
(pre[E] A B '" A) A (pre[.4.] 1\ A '" 81 '" propt. Schelllil 

ID 0> .41 A 1.1 '" HI '" Antisyrume1r.'l 

...1 = n 

•
 
Since pre[A) is obtai[wd from tit!" srhl'llJa A by the "hiding" operator. pre!.4j conjoiu!;d 

with A is jllst A. 

We note that sinct' every operation trivially refilles its('lf. [r;;; 2: :~.2f] and [~ 2: 3.2d] 
imply that "[;;;" is a pitflial order. 

\'l/e establisll a reslilt. whidt will enabl(' rpfineruent. h.\i the addition of predicales: if A is 
the operation we wish to refine. and lJ <.Ill operation ~uc:.h that the pre"condilion of tli/!' 
cOIljoinedopcration (A. 1\ D) i~ the s<Jme ,l~ that of.4, then (A 1\ D) refinps A: 

Lemma I!;;; 2: 3.21'] 

pre[A A HJ ::: ptelAJ 

f-

A [;;; II 1\ B 

•
 
Proof 

Domain 

Follow6 diredl~' from the antecpdent. llSiul'!; j\tltisymmptr:--". 

Safety 

1. A.=> A Reflexive.1 

2. pre[A] A A 1\ H ;0:> A 1., Sperjal.ization 

•
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We give a result which will bp nseful when refining an operation which is proITloted 
from one abstract state t.o another by the lise of logical conjllllrtion. Suppose we wish 
to promote an operation A by logically conjoining it with a promot.ion schema P, and 
suppose B refines A. If we can show that B al,.;o TE'finE's P. thE'n B also rE'fim~ t.hp 

promoted oppra1.ion (A 1\ 1'); 

Lemma [!;; 2: 3.2/] 

A (;;; B 

P ~ B 
f-


A A P C; B
 

• 
Proof 

Domain 

1. pre[A A B] => prelA] 1\ pre[B] pre,2 

2. pre[A A B] => pre[B] , Specialilo1.tion 

Safety 

1. pre[A] 1\ B => A A ~ B 

2. pre[ PI /\ B => I' P ~ B 

3. pre[A] A pre[P] 1\ B => A A P L, 2" COllstruct.ivf' Dilemma"l 

4. pre[A A PJ => pre[A] 1\ pre[PI pre.2 

5. pre[A A PJ 1\ B pre[A] 1\ pre[P] 1\ B 4.. ('ollstructive Dilf'lTIma,3'" 
6. pre[A A P] 1\ B A 1\ P 3., 5,'" 

• 

3.3 A Disjunction Of Operations 

The following result will enable an operation to be split into;\ disjunct of smaller oper
ations (typically dictated by a, compositf' prp-condition): 

Lemma [I; 2: 3,3(1] 

,,,[A] => V", .• (,,,[B,]) Domain
 

Vi: 1 .. n _ (pre[A] 1\ B, => A1 Safdy
 

f-


A C; V,.,. (H,) 

• 
Proof 
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\\"cappeal to definition [~ 2: J.20j,witn (Vi 1 .n (B,)) repli).cill?; B, 

Domain 

Follows directly from tllf' Domain antecedl'nt ;lJId pre.! 

Safety 

Vi: 1 .. '1 • (pre[.4] II R, :::} A J :::> Con"l rurtive Dilemrna.2 

V"t "(prelA] II B, ) ~ .4 => Distribllti\·e.2. Idempot0!lt.2 

pre[A]AVi.t.,,(R,) => 4. 

• 
Having retilled all opcration into a disjUlJtl of operations. 'M' ma.v 'fish 10 pH'Sf.'I'VP 
the structurf' so-gained and. pursue refiuemenl on f'ach d.j~.iulI(1. I( an opera.tion A i." 
(ompospd ofdi.~ju!lets _·1,. and eadl A, is ndined by fl, ~Ildlln;d the prf'-condition i~ 111)1 

ehanged, thf'll A is reJilll'd hy the op"ratiOll composed of the di,.,jullnl> H,: 

Lemma [[;;; 2: :3.:~b] 

Vi: 1 .. n. • pre[A,] == pre[B,] Domain 

V I: 1 .. tl • A, C; H, Softly 

C 

V,., .. "IA,) C; V, , .IHi! 

• 
Proof 

We a.gain Ilse df'finilion [~2: 3.'20]. substituting V,. (. ,,(A,) and V" 1. ~(B;) [or A 
<\lld B rf'~pec,tjvely. 

Domain. 

,,,IV,, L .IA.)) - pre.l 

V"' .• I,,,[Adl -, pre[A;] 0= pretE,] 

V,., ..• I,,,[B.]) - pre.l 

,,,[V" . •IBil] 

Sofrly 

(,"IV", .IA,I)I A IV" _.IB,») - pre.1, Com1ructiv(' Dilem[Ila.3 

IV",_.I,"IA,i11 A lVi, .IB, )) - pre/A,I f': pre[Jl,J 

lVi,' ,.(.,,18,111 A IV" ,.IB,I) - propt. S,nema 

IV,., .I.,,[B,] A B, II - .,,[A,] ",«IH,] 
IV, ,.I,,,[A,j A B,) A, ~ B,. Constructive Dilemma.:j'" 
V"' .IA,) 

• 
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3.4 A Sequentially-Composed Operation 

We now consider the decompositiou of an operat.ion A iuto two opNalions Band C, 
whose sequeIltiaJ composition will produce a rf'nnement for A: each will, in gmeral, 
be a simpler operation than A, and will themselves he ca.nuidatcs for such rl:"fin~ment. 

ellabling an operation to be rl'finf'd into the ~1'qUPlltjal composition of seW"ral smaller 
OIlf~S. 

If we consider the sequentially composl:"d operation (--1; fJl, lite pre-condition {Dr thf' 
operat.ion must ,ertainly imply A's pre-condition (by definiijon of" j", and jf ead statf' 
output by .4 is applicable for B, the pre-condition for (--I.; B) is exactly that of A. As a 
~yntac.tic su!!;ar, we dc/iue A. "-" H to mean that all states ]Jraduced by A aT(' appllca.ble 
for B; 

Definition [r;:;; 2: JAil] 

c 
.4"","8 

<} 

pre[A] == pre[A; Bl 

• 
The first result we establiiih allows an opPfatioll A. to be refined by B; C provided that 
B is applicable everywllere that A is, aud under A's prc-condition, that all output from 
B is applica.ble for C and that the results produced by B; C must imply those pJ()uuced 
by A: 

Lemma [[;;;. 2: 3Ab] 

pre[A] :::} pre[E] Domainl
 

pre{A] :::} (B "-" C) Domain!!
 

pre[A] 1\ (B; C.') :::} A Safdy
 

C
 
A r;; (B; C)
 

• 
Proof
 

We appeaJ to definitiou [[;;;. 2: 3.2a], sub~titliling (D; C) for B.
 

The Safety couditian of [[;;;. 2: 3.2a] follows immediately from Lhe Safely ante(edetLt.
 

We now establish Domain of r~ 2: 3.2a]:
 

1. pre[A] :::} (pre[B] == pre[B i C]) Domain2, [~ 2: 3.4a] 

2. pre[A] ::::} pre[B; C] 1., Domainl, trans." :::} ~ 

•
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Ha.ving shown how an operation may be r('fined in10 a 5(·4u~ntia.l compo~i1ioll of ot.ber 
opera.tions, we now conf;id..'r refinement of sud! a ~eqnenLia.l composition: wp wish to 
refine au (A; C) by refining A to Band C 10 D snch ~hat (B; Dj retines (A j C). We 
~stablish two lemmas, the fLrst. of Wllich cOIlsidNs the retinement of A to B, the second 
one considering the refinement of C to D, and combiue tht,ltl to produce the required 
resull. 

III the proofs WI' use the shorthand tllat. far ('xitmple. 5';1 deuote~ the a.ftpr-stateproduced 
by an opp.rat.ioll A tllat corresponds t.O;l bl:'fore-~tate of S (where S must. of course. ue 
in the pn'-condition of A). 

Vie esta.blish tlLP first lemma: 

Lemma [[;; Z: :lAc-] 

A ~ B 
f

1,\; C) C;; (B; n
 

• 
Proof 

\-Ve discharge the proof by appealing \0 [(;;; 2: ;Ubj, snbstitlJtiIlg (A; C) for A. 

We fir.~1 (':itablish Domain) of [~ 2: ;l.4b}: 

1. pre[A j C] => pre[A] propt. -; 

2. pre[A] => pre[B] A(;;;D 

3. pre[:1 j C] => pre[B] 1.. 2., trans.., => .. 

\Ve now establish Dornoin2 of l[; 2: 3Ab] b.~- mnlr<lfliclioll: 

IJ. pre[A j C] => -, (pre[B] => pre[B j Cn Assumption 

5. :3 S: pre[A ; CJ • (5 => pre[B] 1\ -, (8 ~ pre[B j Cn) 4, 

6. :3 S:prej.1; C] • -,(Sfi=>pre{C]) 5., defn. SA 
7. (,"':::>pre[A]) => (SB =>S.~) A(;;;B 

Po. (S=>pre[A;C]) => (SB=>S~) 7., L 

9 (S:::> pre[A; Cn => (SA:::> pre[rj) 8., deCn. 5:4 
JD. (S=>pre[A; C'J) => (SH:::>pre[C]) .'l., 9., trans .., => ' 

11. pre[A; C) => (pre[B] => pre[B ; C'j) 4.,6.,10. 

12. pre[A j Cl => (B,.,.... C) ll.defn." ........ ,.
 

We fin<Jl.v establish Saftty of [~ 2: :IAb]: 

13. pre[A; G'J1\(Bj C) => pre[A]I\(lJ; C) . Constructive Oiiemma.3 

14. pre[A j C] 1\ {B; C) :::> A 13., Sofety 

• 
\\11' now establish f.lle sf'wnd lemma: 
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I.emma [I;;;;; 2: ;UdJ 

C ~ D 

"(A; C.') ~ (A; D) 

• 
Proo-{
 

We appeal to aefillition [I;;; 2: :1.2a] and f'stablish the Domllill condltiOll hy contradiction:
 
1. ..., (pre[A ; C]:::;. pre[A; DlJ	 AssuIIJplion 

2. ::3 S: .';'tate - (S':::} pre{A j C] A ...., (S =>- prelA j DJ)) 1. 

3. pre[A j C]:::} pre[ ..1]	 propt.-' j .. 

,1.	 3 S': pre[A] , (5:::} pre[A; ('] A ---, (5":::} pre[.l; Dj)) 

2.. :3.. Constructive DilerrL!!la. 

5. ::3 S: prelA] _ {S.4 =>- pre[e] A -, (S:4 :::} pre[j)]Jl defn. S~4 

6. "(p,,[ ('] =} p,,[DIl	 Ii. 

7. pre[C} =:;. pre[D]	 .1 I;;; 1) 

8. prelA j C] =? pre[A j DJ 1.. 0., 7. 

We also eHtablish Softly by contradiction: 
9. ...,(pre[AjC] A (.4;D):::} Ajr)	 Assumption 

10. ::3 5: pre[A; Cj - -,(S{il; D):::} 5/.4 ; C))	 8 .. 0. 

11. 3 5: prere) _ -, (.'1'b ::} Sr')	 T., 10., PI(\Pt.";·· 

12. ...,((S=?pre[C]) :::} (,Sb::}.s'~))	 lL 

13. "(p,.[C}'D => "J	 1:!. 

H. pre[C]I\D :::} C	 C ~ [) 
15. pre[A;C] 1\ (A;D) =>- AjC	 9.,13., 14 . 

• 
Combining the twolemmM.....e obtain thf' desired result: 

Lemma [~ 2: :IAe] 

A I;;; 8 

C ~ D 

"(A; C) ~ (ll; lJ) 

• 
Proof 

1. A; C I;;; B; C	 A ~ B, [I;;;; 2: 3.4rJ 

2. BjC i;;; B;D	 C~ IJ, [I;;; ?:3.4dJ 

3. A; ebB j D	 1.. 2., [~ :2 : 3.2c] 

•
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3.5 Refinement To Program Constructs 

\V€ now consider refinement of the specj-jic~tio([ A to the "if.. fi" and ~do_..od" construct:, 
pres€llt€d in [oj. [7] and to the a.,signml:'ot ~tatement. 

3.5.1 The Guarded Expression 

V'il:' ftrst coll~ider rl:'fiOl:'Ulent of A to the constrnct (G' ------:J> B). ill which tile .specification 
B will be {'xl'(uled only jf thf' ~uard G. a boole<lll pxpressioJl, holds. 

W<, may regard ((; ------:J> B) as thl:' sequeuti,,1 composition of two operations, the iirsl of 
which, G'~, j.' applicable only whcn G holus anu does not change the Slate, a.nd, IIndl:'r 
A's pr€-condition. is total with n,spect to the s('colld opcration, B. 

Thus the prNondiUoll for G~ is G: 

pre[ G.:- l =- (; G~.l 

Whl:'n G implies the pre·conditioll for B uuder A's prp-coIJditlon. r;~ must do likewise: 

,,,[Aj "" «G"" ,,,[llJ) "" (Ce ~ HI) G~.2 

and sinn~ under A's pre-condition G~ is total with r('sp€ct t.o B, and (;2 does not chan!!;" 
~nythil\g, G5: seqnent.ially composed with lJ i~ jllst B: 

pre[.J1] :=} (G5:; B =- B) G~.:] 

Thus, if;1 is rt'linpd by (G ------:J> BJ. we reqnire that it i.- t,01al with respect t(1 (;, aDd 
that under A's prt>-condilion. B is applicabll> whell r. holds and the rl'~([ILs prodllC<;!d hy 
B imply thost' prodlJ.n~d by A: 

Lemma [~ 2: :J.5.1a] 

,,,[.1J => G Domainl
 

,,,[AJ ,,,[]i) Domnm2
A G "" 
,,,[A] A B "" .1 Safety 

c 
A C; (G -0> HI 

• 
Proof 

To di~th.a.rge the proof we appeal to [~ 2: :Ub]. substituting (G.::: j B) for (B j C). 

We :fir~t establish DOT/win1 of [~ 2: :3.4&}: 
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1. pre [A] ::::? G Domain! 

2. pre[A] '* pre[G.:l 1.,G.:.1 

We now establish Domain2 of [~ 2: 3Ab]: 

3. pre[A] ::::? {G :::} pre[B]) Domam2. Importation 

4. pre[A] '* (C~ ......... B) 3., G.: .2, trans. ":::} .,
 

We finally establish SafelY of [I;;; '1: :Ub]: 

.5. pre[A] 1\ (G.:; B) ::::> .4 Safety. G.:.3 

• 

3.5.2 The Alternative Construct 

\\'e wish to refine A by the tlu' "if. -0" constrnfl, and may informally interpret the 

statellleut: 

if (G l -----7 Bd: J (G 2 -----;Jo- H2 ) I~I J (Gn -----;Jo- B,,) fi 

as" if guard C, is true carry oul Ei, and ifnof then if guard G) is true carryon! B). anll 
if not ".". Clearly the constrnct will be uon-det.PTministic if more than one of the ~llards 

holds, and we require that at lC'a.,,! one must hold when A is applicabl£'; we further require 
that ea.ch (G, ----:;.. H; J ~atisfies the Domain2 and Safety condit.iolls of [~2: 3.5.1a]: 

Lemma l~ 2: .1.5.2a] 

pre/Ai => V':l .. '! (G,) Domain! 

'r/ i : 1.. 11 _ (pre[A) f\ G, e> ,,,[B,1l Domain2 

'r/ i : 1 .. n _ (pre[A] f\ G, f\ H, e> AI Safety 

f-


A [; if 0 ;L .. (G, ~ B,) fi
 

• 
Proof 

As in the previous section, Wl' regard each (G, --;;:. H,) as (G,.: j Ed, and so may 
consider A as being refined to the disjunct of those n operations, and we discharge the 
proof of this lemma by appealing t.o [~ 2: 3.3aJ. 

We first esta.blish Domam of [~ 2: :Ua]: 
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1. 3 Ie: I .. n • pre[A] ~ (;'k	 Domaillf 

2. pre[A] /\ G} => pr~IDcJ	 Domain2 

J. pre[A~' ~ pre[B.l	 1 ,2., Absorption.3 

4. p,,[Aj => pre[G~~ ; B t ]	 3., G~.:J 

5. p,,[Aj => Vi, /. " pr~[G,:=; fl,]	 .1.. Generalization 

We now esf.abl:.;;h Safety of [~ 2: :L3aJ: 

6. V i.t .. n • (pre[.4) J\ G. /\ 8, ~ A)	 Saf(·ty 

7. V i:l .. n • fpre[A.] /\ G, /\ (G,::;; Il,) ~ .4) G., G~.3 

8. G, II GT~ =G,~	 G~.L propt. Schema 

9. Vi: 1 _, H • (pre[Al 1\ (GJ~; B;) => A)	 7., ,"' . 

• 
We may iurormally represent [I;;; 2: :l.5.2a] hy thE' following checklist: 

When the pre·ronclition for A is sati:-died: 

•	 at least one of the gna.rds mnsl hold 

•	 each body IJIust be applica,bl(' when its guard hold:

•	 the results allowed by each body Wb(,ll its glla.rd bolds must allow those results 
produced by A. 

\\-'e now consider tb(' same lemma, but when A i~ composed of a disjunct of n oper
atioll~ A, (as is freqnl'lltly the case in an incH·ment.ally-constructed lipeciflcation), and 
the pre-condition for t.'ach A, forms tlu> guard G,: if we ensure thaI fl, is applicable 
when G, bold~, and th ....n that the results producE:'d by 8 , impl,v those required by each 
corresponding Aj, we may T!'.finE:' to the "iL.fi" construct: 

Lemma I~ 2: 3,[i.2bj 

A=- V,,/ " (A,)
 

V 'i: l..n _ (pre[A,] :::: G,l Domain!
 

Vi:l,.n _ (G, => p"IB,I) DomQin.?
 

Vi: 1 .. n - (G, ,\ B, => .4, ) .'i'fljel1l
 

f-


A ~ if [] 1:1. neG, ~ B,l fi 

• 
Proof 
\\'.... appeal to [~ 2: 3.5.2a] and nrst e~tablish Domainl:
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Domain] . ConstructiveDilemma.21. V"' .. (p,,[A,]) = V"' " (G,) 
2. pre[V,: 1 .n (A,)] -= V';l ... (G,l 1., pre.! 

We now establish Domain2 of l~ 2: :LS.2a]: 

3. 'V i: . n _ (pre{A] 1\ G, => pre[B,]) Domain2, Absorption.::! 

We finally establish Safe.ty of [~ 2: 3.,'i.2a]: 

4. Vi: I .. Tl • (pre[A] 1\ G, 1\ il, => Ad Safety, Absorption.3 

5. Vi: 1 .. 1l • (pre[A] 1\ C;, 1\ H, => V], I. (11])) 4., Generalization 

• 
3.5.3 The Loop Construct 

\Ve wish to refiue A by thf' loop construct: 

do (G -----;;. B) ad 

which we may informally interpret as "if gllard G hohls carry out nand th{'.n start the 
coustruct again; if G does not hold then finish". 

Au important concept in the proof of loop correctness is that of an invaria.nt [.5]- a set 
of predicates wh..ich hold before the loop anivafes, aCter each iteration of th", loop, and 
aftf'r til(> loop has terminated, 

WI' denotf' the invari<lJlt b~" I. It will be defined on the same st.ate as that on wb.ich A is 
specified, Slate. and will usually employ thf' (fIxed) initial vahlCS of Lhe statf' variables. 
Since we wish to a.ceollplista A. and I musl hold after termination of the loop, I must 
form part of A's pre-coudition. 

Another important considNatiou concerning loops is that of dernonstratin,e; total <oneel
ness 151 - I.f'. showing that the loop does terminate after a finit(, numher of iteratiDns. In 
order to do this we introduce a variant fnnction which aS50dal,es ea.ch state (sali~fying 

A's pre-condition) with a natural number, and we require each iteration of the lllop to 
reduce its vallie. 

The loop represents a tOlal opf'tation: if G holds then B is executed and if G does nol 
hold then the operation is complete. Thus we may consider the loop construct as: 

DO =if (G --c> (B; DO)) D ("G --c> "State) Ii 

We have: 
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pre[DO] == true DO.] 

.,,[(B; DO)] " B DO.2 

Wb.en A is applicabl~, a.nd the loop guard C holds, we reqnire that the loop body. B. re
esta.blishes I, anJ when th(l loop gllard does not hold, we require that the state .satisfies 
A '8 post· condition. :;-{ote that in lhe formulation of the lemma. da.sh~d decorations ill the 
antecedents ref~r to thE' after-state after a single iteration of the loop: 

Lemma [~ :2: 3.5.3aJ 

pre[A] => Variant E Slnte ------? N 
pre[A] A GAB => Variant (.')lIIlf') < Variant (Sial-e) Y"m·jalll 

pre[Aj A ) A G => pre[B] DorrHlirl 

pre[A] => I Safelyl 

pre[A] A fAG A B => I' Safdy2 

prep) A l' A -, G' => A Safely3 

f

J1 i;; do (G ~ B) od
 

• 
Proof 

To discharge this proof we me 1(;;: '1.: 3..].2a] .....ith 11=2 and Gj , G2 , B I and lJi' equal to 
G,"'" G, (B; DO) and SS!llte respectively. 

We first establish Domain1 of [I;;; 2: :1.5.2a,]: 

1. G' v ---. G == true Euluded Middle 

2. prep] => G v --, C 1., UnlU 

We now e5tablish Domai'll2 of [[;. 2: 3.5.20]: 

3. pre[A] === pre[A] A I Safely1, Absorpl.ion.J 

4. ."rA] A G '" ."1ill .1., Domai1l 

5.•,,[Aj A G '" .,,[8; DO] 4., DO.2 

6. pre[A] A ---. G =-~ :=State pre[EState] =- true, Cnit.J 

<tcd Domain2 wHh 11 = 1 is e6tablished by.'}., aud 6. establi~hf's DQmain2 with'll = 2. 

Wi' finally ('stablish Safety of [~ 2: :I.5.2aJ: 

7. preorAl A GAB => I' 3., Safely2 

S. pre[A] A --, G' -=> A 3., Snfety8 

9. pre[A] A ---. G' A :=Slol" => .. 1 8., Specializa.tion 

and 9. establisb.es tb.e Safety rondition for n =:: i 

The Safety condition for n =:: 1 is established recurbively b.v 7.. since it guarante{'s tbat 
c3_ch it.eration starling ""itb. G holding I'.ill produce a state which satisfies f and so, nnder 
A's pre-condition, 7. will guarantee- thaI f is re-established if G still hold,;. and if G' does 
not. hold, 8. wiU f'D~Ure that A is satisfied. tf'rmination is guaranlN'd by \'anolll 
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•
 
We may informally interpret [[;;; 2: L':>.301 by the following checkli:;[: 

• identify an invariant that holds Wh<.:[l A is a.pplicable 

• identify a non-negatin' variant function 

And wheu the pre-coadition for A (and, hencE'. the illvariant) is satisfied: 

• the body of the loop must bf:> applicable wlum its guard hol(l~ 

• each iteration of the loop mU.\ot re-establish the im'ariant 

• each iteration of the loop must. decrease the vouiant function 

• when the gua.cd no longer holds, A must be sa.tisfied. 

In eacll refinement to a loop ronfitruct. we liSP {condition} to indicate that, at that 
particular point in the operation, condition llolds. FurthN, we identify the imariaut. 
guard (negation) condition, and bound function explicitly t.o aid the proof of comctne6,~ 

of the refmemeut. 

3.5.4 The Assignment Statement 

The a.ssignment statement has the form x :'= t' and the stakmen( is executed ~y eval
uating v and storing the resulting value in kJ\:a.tion x. Thus. assuming v evaluates. 
assignment <:<l.U be regarded .. 5 t.he s11bstitntioll of one valul" for ,mother, and we may 
arbieve substitution by renamillg. 

For example, to establish the Lrutll of the predicate: 

(;T > 1 A z:=c x + 1) =? x > :J 

we would establish the result of the equivalent predic<l.l,e: 

x>J =>- (... >2){2:+1/2:J 

\~"'e nse exactly the same technique in a SchenM environment.; if an operation A i~ defiued 
on a state S =- [x: N j, t.hen: 

pre(A] A X;= I' =? A 

is eqnivalent to: 

p"IAI => A[,,/ x1 

vrovided we <:an evalnate lJ whi(h. in this contcxt, Illeam that I; nuu,t evah1i\te to d 

natural numher. 
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""'hen the stat!? ronsists of va,riables Xj ,-c~, , xn: 

pre[AJ 1\ XI := VI j -Cf ::::0 VI; '; x" ;~ V n => .4 

is equivalent to: 

pre[A] ::> .4[Vl/ XmV2/ L~] ... !I:,J L~] 

provided that {'ii,ch v, evaluates 10 a valid COmpOnp.Ilt of th.~ state on which A is defined. 

As.;;uming that A is defmed on Slalc, we have: 

Lemma [I;;; 2: 3.5.4o.J 

pre[.-1} => 3 JlI' Yfl, .. , Un : .'itat.(' • YJ 1'1 A Y2 I';: A A ", '"" 
pre[A] A .4[1!1/ x;)[1'd x~] ..[Vn/.r~J 

c 
A J; Ll:= Ul j x:'! := V;2 ; .,. L n ;= v" 

• 
Proof
 

We use definition I);;:; 2 : 3.20.J and establish its lJomo.in condition by the first antecedent
 
since the pre-condition for the assignmli'nt sLatemeIll is the existence of the valnes 1',.
 
The Safety condition is estahlished sino" it is equivakllt to the second alltecedent .
 

• 

Admitting Resource Constraints Into The Refinement 

One of thf> most important developments in compn\.Pf st'i('ilce has heen that of dat;, 
abstraction ....... hich enables th(' specification of l:Omputl'T s,vsterns without the {leed t.o 
cOlisidN details of the irnpll'mentillion. 

An example of such d{'tail is a resourct' whid, is limited ill some way, and over which the 
systf!ID (and certainly the specifier of a system) has no control. In an abstract model we 
do not wish to include such factors since sneh con~id€'Ti\ljon~will detract from tbe dari1.y 
and conci6eness of the specification: for example. when we spcdfy an opl'fation which 
consumes a particular rcsourc{', we wish our attention to h~ (onlscd on what we requir... 
lht:' syst.em to do before and after that reSOllrce has been exiJan~ted. ra.t.her t.ha.n on its 
explicit identifIcation. 

To illustrate the consumption a limited resource. Wf' consider t ....·o specincatiom of an 
abstract 6t.al.e comprising a sequence of Ilumbers, and an operation which coucatenates 
a number on to the front of the sequenn·. 
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In the first we identify the maximum value of the limited resource, Mar: 

[Mar] 

AbsSlale_ 1 [ .9: Sf;Q N I # 5 S Max 

.1A.bs5tate_ A~s5tale_l /\ AbsState }' 

Add_l 

.:1AblState_J 
s?: N 
rep! : Report 
~------

I	 #5 < Max 
5' = < s'! > -s 
rep! = "OK" 

V 

#5' = Max 
5' = S-
Tep! = "FuJI" 

The operation specifies t11at. if the maximuin size of thf' sequence has not been rea.chf'd, 
sis r.oncatenated on to the front of 5, but once the ma.ximultl size of the sequence has 
been reached,S wlll not rhitnge. 

Suppose we choose to implement the mod"l usin~ a fixed size arra.y, togethN wilh a 
pointer. We l1lay represent. this design decision ilS: 

Conc5late_ J 

ArT:l .. Max -----;:. N 
ph' : 0 , . Max 

We show the concrete-inva.riant relation!ihip through the sthpma Rd. in whirh the con
tents of Arr up to plr are equated to S (Section 1.1): 

I Rei.l 
---~--

I AbsState_

I ConcStale _I
 
c------L5 = ~rr for~_ 

Note that. by definit.ion of for, a ptr valul' of 0 correspollds to S being t.lwempt.y 
sequence; further, since ptr may not excepn Max, for each concrete stat<, s<ltisfying 
thE' ConeSlate. 1 invariant, the schema identifies a. nniquE' a.bstract state satisfying the 
Abs5tatL 1 invariant. Thus the re1ittionship from concrete to abstract is functional a.nd 
tolal. 

40 



We calculate A/;I.~Rd (Section 1.1.1). which simplifies to gin': 

A/;I3RcL 1 == '=Ab35to{€-1 

and so Abs5/(Ile I;; Abs5fa,te (I;; 2; 1.1.1bJ. 

We now repeat (he spl'cifiration, but. this time withollt specific referE'nce to ."-fax: 

A.bs5tfllc ;2 [5: SetIN 

,1Ab.~Stalc 2 AbsStatf 2 1\ AbsSlaif' ;2' 

Add _;2
 

I ...:UbSS'tlltf _2
 

I s?: N
 
I rqJ!: Rfport
 

e----
51' =' < s': > ~ S
 
rtp! =' "OK"
 

v
 
5' =' S 
rep! =' "Full'" 

- __ I 

This time the operation nOll-det'E'Tministically specifies t.hat either s shonld ht, concat\,
nated on to the front of S, or 5 should tE'main llllchanged. 

We use I.hl' s<IJile design decision: 

ConeS-latr _2 Conc51ate_ 

and, as Lefore. the concrete-abstract relatioll is flHlctional and tot<lL 

We again calculate Ab.<;Rd, and, after simplification. get.: 

AbsRrL 2 [ ':=A b.~Stale I # 5 ::; Max] 

which indicates an inadequate design decisiou. since WP <l.re only <I,hie to implement that 
subset (If the abstraction for which the length of the ~eqll('nCf' does not exceed MaI, and 
we may not appeal to [I;; 2: LLlbJ. 

Of course the specifier would not f'xpect an adE'qllate impj('rnelltation in this case: it 
would have to provide for a sequence of infhlite length. sincE', c11O'arly. the spt'.ciiicatioll 
allow., for arbitrarily large sequences to ht' (·onstnlcted. How('w'r a design rllO'cision wllich 
implements 5 as an empty array :Lnd which llE'Ver allow~ 5 to chaug;e (i.\O'. the secoud 
disjunct of the operation i.~ always choserl) wOltld bE' unlik('ly Lo Tnet;>L with the specifier's 
appToval! 
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Hl're the specifier is simply avoidhl,l!; implelllentat.ion df"tail by use of llon-d"terrninhm 
in the specificalion. and is cummunicating his/her wishes iuformally through lhe report; 
we may interpret the specification as "whilst t.herf" i~ available capacity. coucat"llate s 
on to the frout of S. and when the available capacity is exhausted, do not change S'·. 
This style of writing Z specifications i~ conlmonpla.ce (for I'xample [8]). 

This first approach has two obvions disadvantages; it piaN's an ohligation on thE' specifier 
to considE'f details of the implementatiou [I'ven though he/she may have uo kuowledge 
of the proposed implementatiou) and it rl'~u1t5 in a morf' "clultNed" specification. \Ve 
therefore exteud our concept of refinement from [i;;; 2: LLlb] to t.:ope with specifications 
writtE'n in the secoud style. 

4.1 oo-Refinement. 

We tllereforc propose a process of refinement in which we take an abstract sppcifccation 
to a partial implementation. rontajniug a, set of resollrre constants, aud demonstrate 
that if snch constants could be made large enough, we would he able to effect a fllil 
implementation of the specifiration. In other words, tht' oilly reason that w(' have not 
heen able to fully implement the specification ih that we do /lot havE' compulers big 
enough, and if we inuease the size of the target romput~r W~, coaid a,ccordingly increasE' 
the subset of the specification that is implemented. 

For example, in the second specification above we would need 1.0 show that a snitahle 
uatnral number N can be found such that for every possihl" valuc oIthl' ahslr3ct ~l'quencc 

S, the predicate # S '$. Max is satisfied (or each value of Max ,l!;reatel' than or equal t.o 
N: 

v S : seq N • 3 .N : N • Max 2': N => # S '$. Mux 

Generalising this result to a predicat.e pf'ed, we need to ..... how that for cach resourre limit 
c, present in thf" desi!!;ll, we ca.n find a natural numbN;\ ~uch that pred is satisfied when 
every va.lue of c; is greater than or equal to the correspondin!!; ,V,; 

V	 CI. C2 • .__ , C" : ReSOTlT'lceLimit • 
3	 Nt, N1!, ... , Nn ; N •
 

C1 ~ N; 1\ ("p ?': Nt 1\ 1\ ('n 2':,vn :::} pred
 

for which we usc the syntactic sugar; 

3	 c/. (2 ••_., Cn : R('<~our('('LirJll'i • lime J .'2 .... On -"".00,.•.00 (pred) 

We accordingly extend our definition of w!1neruent aud nse the symbol "~""~, which 
is read "refines in the Iimif' (or "oo-refil\es~). \Ve assume the set of rp~OUHE' limits. 
RcsourceLimit (which would include. for example, maxmt or PaHal), and hay,,: 
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[ResourcrLimil] 

Definition l~ '2: .l.la] 

f-

A [;;;"" B 

" :J CI,r·!!, ... ,C,,: Rcsourrr/,lOut _ limel.t'!.' .r,,-,O'O.""' .... '''' (.4 c: B) 

• 
where c, do no! appear in A and will be frpe in 8 (sinfe Ihey will be "external" (Qn~tants). 

Hence we an' cono"rn.,d with thf' limiting hl'hilviollr of thf' pr..dicates of H tuntairling 
.~llch COJlst'lJlt~. 

WC' \lOW extend the result of [~ '2: l.l.Jb] !o deal with (acceptabl,r) in(\ueqnat,(> desigll 
de{i::.ions. \Vc require that. i 11 ~ilch decisions. ench COI]("[ef(> slale corresponds to a uniquf' 
abstract state, and that resource limit [Qnstant~ r, rall he identified such that, a.s WI· 

allow tht-m to increast- iuJdinitely, in the limit. 1.11(' preuicale part of .1bsRd will h" true: 

Lemma [l.; 2: 4.1b] 

Rei == l AbsSfate 1\ ConcS/ate I {jb.~mt'] 

V ConcSlate _ 31 Ab,~S/a/e _ Rei 

Cll C2, ... , Cn : Rfso1lrreLimii 

lim c]'c2.' ,',,-.c'<O.oc .... ,cc, (AbsRel == lrul') 

f-

AbsState 1;;;;00 CoueSfate 

• 
Proof 
We rli~charge the proof by a.ppealing to [~'2 1.1.1bl: the first two a.nt.ecedenl~ aT..
 
provided directly by those of this lemmd.
 

Thi~ lemma's other two a.ntec..dent~ togelh.,r with the definition of 5Ab,.,Stair give:
 

3 c1,c:, ... ,c,,; ResouraLimit _ ]jm(J'''2.'''C''~'X'''''-' ...<X (.1bsRel == .'1bsState) 

a.nd so by [r;;; 2 : 1.1.1b] and t!t(' distributivity or ~:r. w(' hil.\"e: 

3 Cj, 'f! . ... , f" : ResollrceLimit _ lim ej .,"! • ..•. ,,-':'O.'Xl • (AbsStCllf' r;;; C'oncSlot( ) .. ,00 

which. by definition [I;'; 2; 4.1aJ yields the d"siTed r..sult . 

• 
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We placE' an obligation on tbE' desiguer to E'llSUfE' that the rE'quirements or!~ 2: 1.1.1b] 
or tbosp of [I; 2 : 4.1b] are met wlwn data refining an abstract specification. Clearly, 
this obligation wHl not guaranteE' that a particular design for a specification will satisfy 
its specifier, since the latter requirement depends upon the identification of a.ppropria.te 
reSOllTce limits, and the contents of the set of llewurceLifllil an' llndefined. However, we 
feel that the obligation does force the dl.'slgner to consider the adequacy of the proposed 
implementation by givirrg due, rep;ard to informal {'omfllunica.l,ion of the specifier, and 
thi:> mip;ht not be the case were thl? obliga.tion (lot present. 
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o Introduction 

We pre-sent afoTmal specification of a SUl"l.'f1-oriented text editor, written in Z [19 [27]. 
PS] and nsing the Sckema Calculus [20]. 

The spel'ification is developed iu a hierarchical manner surl! that tlt\' abstract data rep
resentation being currently specifi.ed is an embellishment of th\' pr('vious one. Wf start 
with a simple abstrad representation of thE' editor, successivel)- curiching it until we 
finally have a complete mathematical modeL Each abstract data type (an abstrad data 
representation together with an initialisation and a family of opl'rations) is thus embed
ded in succeeding hierarchies. This technique ensures that {'ach sti>p isolates <l specific 
problem, enabling clear specification objectives, aud supportilll!; tIll' [Qucept of ~separa
tion of concerns" [1]. Thus al each hierarchy of the 5pecilicat.ion WI.' are able to ~p£'(ify 

additional operations (requiring the enriched state) and "promote" existing opera1.ionf' 
(i.e. re-fipecify e3-ch one OIl the embellished .~ldte, ~ueh tlJ11.1 its ori~inal characteristics 
are retained). 

Wilere possible we employ all orthogonal dcV('lopnwllt method: tllP orthogonallIlodel is 
constructed outside the main model. the two haviug no mIDlIIon state. The orthogonal 
lllod{'] is subsequently introduced into the main model t.hrough logical (schema) conjnnc
tion, with the possible addition of an invariant indicating the ,va.y ill which the t\\·o are 
related. This method leaves the main model uncluttered by, for example, t.he ll(',E':;Sary 
or desirable establishment of theory. 

Further, we use generic coustructions, in whi<:h families of concepts may be captured in 
a. single definition, enabling a. theory on the formal generic para.rnelC'r to be constructed. 
rather than having to d{'velop like tbeories for eacll actual generic p~ralJleter. 

Each operation specified is totaL Typically an operation i::. specified ill several stages us
ing schema iuclusion, conjunction and/or disj'.lllction, alld an opera.tion with all illherent 
pre-condition is made total by disjunction with au -error"" schema. ill a similar way to 
that presented in [81. 

This specification uses many of the ideas put forward in [251, which ill turn was heavily 
motivated by [29]; the latter was written iu Z but did not employ lIle Srhema Calculus 
(which hadn't then been fully developed) and employed "higller OHler" fllnctiom (func· 
t.ions that take other functions as arguments) to a.cbieve a hierarchical structure. \Ve 
gratefully arknowledgl' that paper as a .~ourc(" of inspiration for this sp{'c·ll1cation. 

V.'e summarize our requirements a:i the editor [32], together with the fa.l:ilit.v 10 HlO\·e 
the cursor around the quart{'r planlJ in which the documeut resides (r<l.th{'r thn just 
aronnd the document itself). and tIle provisos t.hat no line may end in white-spa.n (other 
than the current line when th{' rHrsor is a.t the righl hand eHd - ol,her..... ise it would be 
impossible to insert a space charact.er al t.he end of a lille) and that the document 1ll~.y 

!lot have trailing empty linef;; ul'ither can be deterted on the tf'Tminal screen. All. editor 
should iuspire the coufidenre of the user [6], and without t.hes{' laUer two requirl?mellis 
a move to the bottom of thp document or end of line, for example, <"auld have (litera.lly!) 
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nnfOrf'o5e€ll COl\wqtlf'nres, \\'e ext('ttl] 1111' quote operations {opera1ion,~ llOt effeClf'd by 
siugJe keyslrokes, but rf'oquiring tJle Inpul ()f text into <1. buffN) to illClnde tn(' writing <1)]() 

appending of markf'od text to a named fit", and excludE' tLp exdl<Hlgl' markt>d text with 
pa~t(' lmffer operation of thl' E'ditor [:32] (sinre llle lalter opE'r<lLiou may be accomplished 
by the fOrITH'I), 

0.1 Th't' Hierarchy Of Abstract States 

Onr first simple abstract reprpselLt<>.tioJl of tIlE' l'ditor is tlw Vorl mouel (Section l) ill 
which we \lSI' a pa.ir ofseqlli'UreS to cdpl.ure both the conte-nl and t.JH' cUTrE'nt po~ilj()J1 of 

a docullwnt. the li'lt1.£'t being the point al \\111Ch cha{l~"'" to lht, document may h., lIladl'. 
This mouel inrorpl)['ate~ E'qllivaJellt dl,nartl'[, \~ord ,wd line "views": we discus~ their 

relationship ilJlJ specify a change of Clllfent position and thp insf'rtion awl ut'lelion or 
text by usinp; the \'il"~ whirh is most appropriillf'. 

\VIC' mouel the documt'llt',; displa.y b,\" first tollsidf'riug a.u llnbrJlLlldpl! display :->pl..'cifical.ion. 
CD. ort.hogoual to t.hnt of thp rlQ(umenl. specilied in Dorl. which rllodf>],., thl' display a~ 

a. SNjUf'OCE' of display line~, incorporaling a cursor auu il n(nor Ime, \\'l' conjoin t.ht' 1wo 
mouels into Doc2 (Section 2), irt which WP !!,iw the J'plationship lwtween till' runteu1~ 

a,Hd current position of i'\. docuT!1('nt 10 itS UUbOlllidf'rl di"pl<1y and (uewr pOfiitiol). 

"'e t.hen -tidy~ the display of thl' dO('llJl1eTlt 1.0 tne lJ(){';j lllodpj (Section :l), h... requiring 

that tIlt' trailing whitefjpace!nuJllilH't' rpqnirclHP.I1ts arE' met. 

\Ve defiJle the QP statf' (Sf'ctio[l 4) in which cursor movement aro\!Ild thE' quarter pl<illf' 

is dE'vcJoped orthogonally to the main model. subsequclltl," ronjoinlnl! QP with Doc:J to 
giv"! thE' Doc4 model, in whidl we requirp that till' cur~ors of VI) and QP Cl,re eqllivalPnL 

Ful'tlwr Dol.' models introduce' tIl{' rpmalnjng pdi! oppr<ltions. In Sertiou!) we ~pp(if.... the 
text manipulation operations tollfPrJlpd with fllJ.rb.ing text (Dod). and ufting. rlltting 
and pasling text (Dor6). S('ctiolL (; i:,. roncerllpd with commanu,., which cannot be art i
va\.pr! by a :<;it\gle kt'y51 rokE' - for px;\]nplf' cornnJal\d~ H'quirillg textllill input - the Quote 
command,'; (DQc7l, In Section j we ~ppcif~' commllllds whid) p"rmit thf' i'iearchinp; for 
anu replacing of !.ext (Doc8), 

AftE'r all edit operalious have bpen spl."CifiPd, our last dE''-'eloJlJIlent is t.o introdnr(' <l 

movable window on to th" unuoundpd displ<l.\' of th., uocunwnl. Sect.ioTl ~. and we clefillt' 
thlC' lop-level hierarrhinJ state. lJodl, which TE'pn'5ents our rnmplE'tE' nl~t h"TJlatical model 
of 1 he E'ilitor, 

For conv€oience. WI" giYe <1 .~nnlInary of !.J\P ~p('ri [kat in]) ~t;;l(' hierarchic's ill Appendix A, 

0.2 A Note Regarding Specification Convention 

\Vl' cOlltifille to llSf' the rOllW'llt,iOll tlu'Ll vl'rlirally ali!!,llf'd prprlic<lt('~ imply their logical 
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conjunction (see Part 2, Section 0.1). 

AI50 we 1J5e the convention that, for example, 5 l nng" repft'sent~ thf> sequence of chouM 

acter.~ < ,~, I, r. i, 1L 9 >. 

The reader sbould refn to [28J for a full description of the Z notation: anything not 
provided by that. library will bf' defined a.~ it is required. 

0.3 Specification Proof Obligations 

We consider proof oblip;ations that ensurf> thaI d po~sibll' implf>ntcntalion for the specifi· 
catiun exists (thereby f'nsuring that ..... e hlj\·I' not specified an llnimplementahle s},ltf'm). 

Each specification representation will inrludp Ijn invariant on tlte state variables (in 
simple cases this will he the type of the \"ariaoles), a,nd om first proof ohligation i~ to 
show that the initialization operation establishe::. that invariant. D€f1ning our aL~tr<lct 

variables as ..1--::9, our state iuvariant as 'lbs. inv AS and denoting our iuitialisatioll as flli/. 

which has after-state variables AS'. we rna:-: formally define our first proor obli~;dion as: 

f- PO 0 

::3 AY • fllit A 'lblL inv AS' 

For examph·. if our abstract stale comprises two varia,bles 11 a,lId b, wit.h ~t.ate inva.ria,nt 
that bolll aT'.' natural nnmber6 together with tiLe rf'qwrement. that 0 must uot exceed b, 
and the initialisation ::.ets both to ZNO. onr proof ooligatioll is: 

f

3 o',b' • a' o A b' o A a' E N 1\ b' E N 1\ a' S b' 

simplifying to: 

OENA OSO 

Once the state invariant has been established by the initialization operation, we <Ire 
oblip;ed to show that each subseqnent operalion presences the invariant. as6nlJling the 
pre~condition of the operation: if operation Op has before-state variables IrS and after
state variables if;', we mnst show that: 

abs_ inv (:15) A pre[Op] 

~ POI 

3 As' • Op A abs. inv (.,(5/) 
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{T:-;ing the exa.mplE' given abovE', suppa:-'€' a.Tl uperation Up ha.~ t!:1(' prE'-condiJioll that. (J 

is nun-zero and decreii.'ies a by 1 jE'il.\in~ b unchanged, ollr proof oblig~l.ioll is: 

OENAbENAa.$VA(I¥O 

f

3 fl.!, b' • a' u-l 1\ // V /\ u' E N 1\ 1/ E N A It' .:; bl 

simpliIyiTlg (0 

a E NT :::} (j - 1 E N 

a. E N J AbE	 N A /J S IJ :::} (I ~ 1 :<; Ii 

?\oli((:, Lha.t .,iuce since holJI (I' '\lld Vi w('re~'\plicil1y ~l'( by l/tr ()pnation. Ill" \'xi~lential 

quantifier djsil,ppea,r~ (by the "OlIP-point"' rI11('). WhE'IJ 1 he 0IH'ratioll b non-JetPrnunisl ie. 
ho\V(~\"er, thi' is not tht- ca,s('. 

For E'xalOpl" by defining the opera.llon on t!l(' ., J" a,bstra("t ;;f«fe (Jor an examplE', seE' Sec· 
bon 1.:3) the before- and after·invariaul. i~ frolen ill Lo thE' specification oftli£' oppration, 
and any \·ariables nol explicill,\" set are thus allow('d to rhange 10 any value comi:,tent 
with thE' ~ta.te invariant. 

COJ\tinuing with tlu,' ;;antE' exampk, suppose another oper<l.tion i~ dpnned au .1.4/'MSlllt€ 

(.vhere AI!.IS/a/c il\\:orporatt-s the statE' invariant 1.11a1. (J anti b are Jli~l\lral nnmher., with 
a. not eX{l'eding b) which h,t~ the saInt' pn'-nmdition, d~cJ{'<L~,-S a hy 1, bilL Jean~.,; b 
non-detNrniuislic. Our proof ohli~a.tioll k 

aENAVENl\a:.$bAa¥1J
 

f-

f3 II'. b' • a a - 1 A (I' E N A 6' E N A {/ :<; b' 

which simplifies to: 

a E N 1 ~	 11- 1 EN
 

3b'. v'ENA b'~a-l
 

WE' employ an orthogonal D1I'tilOd of sp('ciflcatioll dE'velopmpnt., combining the orthogonal 
models using schema mnjunction with (usually) aTI jllva.rjan1. ("pmenting the relationship 
between the two stafE'.s (for all ('xample. see SE'("tjon 2.2). In order 10 id('ntify our proof 
obliga.tion w(' could ('x"j)a.nd tht' c.onjoined ~la.\p and the proof obligations outlined above 
would apply. HowevE'f, if WE' na,ve already disc.harg('d th", ohligations for each orthogon<l.l 
statl.', w(' may lighten our proof obliJ!;ation loa,d. 
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Suppose a state AbsStateA incorporates variables A~, with im'ariant. A_abs_inv, and 
another state AbsStateB has variables HS with invariant B_abs_ illV, and we schcma
conjoin the states to form AbsStateC, adding the invariant C abs_ inv. Thus tb.e conjoined 
state comprises both sets of variahles on which both iuvariants, as well as the addilional 
invariant, holds. 

If an operation Op, defined on AS and preserving A abs_ iny, i.~ promoted to AbsS!aleC 
thHllLgh logical conjunction with tdb.5StateC. WP mnsl ~how that Op does not Violate 
the invariant of the orthogonally specified state B_ abs_ iny, hy showing the existence of an 
after state of AbsStateB under Cabs ioy. a.ssuming tile pre-COlldit.ion ofttle operalion: 

A abs iny (AS') II A_abs iny ( ..C,') II pre[Op] 

f- PO 2 

385/ • OJ} II Cabs_ioY(A~J.IIs/) II B ab.s iny(H'/) 

For example, suppose we have: 

.'1bsSlatcA [ ,. b, N a ::; IJ ] 

Ab~StateB [ii,t: N S I] 

witlloperations: 

OpA [ dA bsState.1 al =llIb'=2] 

OpE [ dAbsS/atcB si-O II 8 
1 =s_1 II f'=s] 

Suppose we have discharged all proof ohligations, and we wish t.o specify a r.omposite 
state AbsSlateC, where: 

AbsStatcC [AbsSlateA II .1bsSlatcB I b = s] 

For OpA (which is totaL and so its pre-condition is therefol'p true), we must. show the 
existence of au a.fter-state of AbsStateB, under the imariant of AbsStateC: 

a E N 1\ bEN II a -::; b II a' E N II b' E N II a' -::; b' 

f

3 Sl, t' • a l 111b'=211b' s' II s' E Nile E N II tj' S I' 

which simplifies to: 

:3 t' • /.' E N II I' 2'. 2 

For OpB, we musl show the existence of an a.fter-st.ate of Ab.~,.,'t(jl('A. under thp invariant 
of A bsStateC: 
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sENfltENfI sS/fls'ENII I' E Nils'S I' II .~ ¥ () 
c 

3 0', bl •	 s'==.~-l II [' == 8 fI
 

6' == 8' II Il' E N II h' E N II (I' ~ b'
 

which simpljfif'~ to: 

8 E N j s - 1 E N~" 
:I al 

• u.' E N t\ a' ~ Ii-

Note that we may achieve the same ~pecjficalioll by renalllin~ s to b in .J,h.~StalfB, in 
whidl ca~" H8S-/olrC wonJd reqnir" no addition,ll ilivariaJll (and so C abs_ in" wou!(1 
jU1;t be tf'H( J. In thi~ Ul.'i(' tILe same proof o\;li~atloll applies. 

Often t.he di;:char~e of lllt·se proof ohligatioHs will be trivial (particularly type obli~a
fion::.); when this is nol the casf', WI.' !,!:ive a proof lhal the obligation is IJwt, or indicate 
now it ma.,·IJl' discharged. 

Of ("OUTM' we mas choose to do more than jusl meet th" ~pf'dneatiou proof obligaUoJl1;, 
and statl' (or prolle) furttler properties relatin~ to the sperirtratioll whirh. Wf' feel, ma.\' 

gi"e further insight into the syst.em, inrrease our confidellcl' in the model we ;tre bujldin~, 

or demollSlrate c.onforrnity Lo our initial (informal) requjrement~. 

I The Doel Model 

1.1 The Generic Document 

The two essential eharacterislics of the statE' of a document. being Mit<:'d a,re itli contents 
and current position: rhan~es made to the Willents of a docllmeut wit] takf' place a.t 
tnat position. These two charactf'ristics lllay bc captnrf'd by rf'prf'sentjn~ :'l. dOCUUlent. 
as a pair of sequences. one eOffE'sponding to the pa.rt of tht, document. preccdin~, aud 
the other to that part which follows the current position. ThE' contents will thus b(' l,he 
coneatpnation of the two sequences. 

A document ffi<ly thus be modelled a~ a fI<lir of sequClJrpf; of chomclers. However it is 
often convenient to rf'present the dOCUmf'Ilt as a pair of Scq1lence" of words or lines (for 
instanrf' when moving thp cursor by a word oT line at <l time, rather than a character 
a.t a ~jrne). Therefore our initial definitions will use the formal paramet('r X. which we: 
will instautiate by thE' sets of a.ctual !,!:f'neric para.llIett'fs of SCQueM('S of chara_ett'fs. words 
and lines to give t!Jrt'~ different. but equivalent., views of the dOCllmeut: 
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Pa'ir[Xj == [Lrfl, Right: X 1 

We use the symbol ... ..1" throughout thl:' specifiratioll to repTf'senl t.he conjunction of a 
bflfore-state (undashed) and an aHer-statp (dasht'd); 

dPair[X] Palr[X] /\ Pai"'IX] 

and the symbol" E" to represent a no change ..l-stal(~: 

'=Pair[X] =: [dPair/X] I Pair(X] = ['air'[X] J 

Finally, we use <" E ('~n/ to repre~el\t a b~forE;'- and aHer-doclllTlenl whose (:ontcnt hasn't 
changed (i,e. it a.llows for a rhang;f' of currenl po~itioll): 

'=ConjPair[Xj =:: [jPair[X] I L,fl- Right = Lrfl' .- Righi,' J 

1.1.1 The Generic Move And Delete Operations 

'\ip specify the basic operations move (left) and deletf' (IE;'ft): the former has thE' prf'
condition that Left. must not be empty, its last element heillg mowd to the beginning; of 
Right: 

Mv[X] ---- - -- - 1 

i S('o"jPair _ 
'----

I Ltftf:-<> 
Leftl = front Left 

1i _____ 

and the latter has the same pre-condition, but tills opera.tion discards the last el~ment 

of Left. leaving Right llllchang;ed: 

DdIXI 
I _ 1, 

L:_Palr _ 

I L'ft of < > 
Lf:ft' = front Lf:ft 
Right l = Right ,

L_ _ .J 

We also specify an operation which moves the current position to the end ofthe do~ument, 

witb. pre-condition that that must not already be the cnrrent position: 

54 



MvBot]X] 

=co~tPair 

Right", < > 
Righi' = < > 

1.2 The Character, Word and Line Views Of The Document 

A lVoJ'a' ma;; be defilled as a /lon-empty seqlleno' of characters w)lirb consisl enl.irel,v 
of whitespan' (space charad~rs) or nOlI_whitpspacc (no spaces or nl'wlines), or thp Iwit 
sequence whose clement is tile newlinE' character. A Lin( may be dennE'd as a (pohsi. 
hly pmpt.... ) -equellce of characters Dol collla.iniIlg the llPwlirw character. Wp [IINe-forp 
introdnce two special characters: 

"p. TIl: ('hOT" I I'}J # nf 

and deflDe: 

WhileSpaee {,p) 

NonWhiteSpace Char" - {sp. Ill} 

to gi\'e: 

W(lrd Seq1 WhileSpuu U .~eql NIJlllVhtleSpare U < nl > 
Lir/(; seq (Char - {nl} J 

\\'e wish to define a total hijective fnnction that converts a seqnE'DCe of cha.rartE'rs into a 
uniquE' Bequenc~ of words; if we consid{>r thC' seqm>ncE' of charaders: 

< I, fl, 10, sp, sp, r T a.1 > 

we want. the COTrC'sponding word sequence to be: 

«t,h,e,>,<sp,sp>.< c,a,I.» 

so that each member of the sequencf' satisfies the definition or Word, aud the spquence 
flattens (through di!'itributed concatpnation) into thC' character seqnence. However thE' 
following word sequence also satisfies those requirem",nts: 

«l,h,e >,< sp >,< sp >,< C,u >.< I» 

In order to obtwn the desired word viev, of the docnmC'nt, thererore, we must not allow 
two Whift"8]XlCe words or two Non WhilcSpacc words to be adjacent in that representa
tion. Cle<U"ly, this requirement will ensurE' a unique' word seqnenn' for each !'ie,quencC' of 
characters. W~ define: 
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II 

...~~=~=~~-~~~~-~-~~~-~~~~~r;:Doe WordSeq: P (srq Word) 
, 

W E Doc W ordSeq {o> 

'r/ 1.01, w2 : lVn/'d; u.'J, 1.02 : Word I < u'}.wi > infixW_ 
rng (wl) =- WhiteSpace ::} rng (11';,1 ) f- WhiteSpace 
rng (1.01) =- l'tion Whitf'Spacp ::} rng (u'J) i- Non WhiteSp~n 

where: 

F-~--=-"'"""=-----==..--=----=---=---:-----:- ---=-.--=---- -  -! 
_ infix _ : I>fq X X .seq X ~ B 

! X1 infix X¢;-3 X2,XJ:8eqX _ Xi' ~ Xl ~ X:J == Y 
1_- . _ 

As i1 direct consequencp of this definition, jf we have rwo Dar- Word.'l'tqllcnccs ~urh that 
llleir di~'ribILted cOllcat.enation j~ equa.!. tllC sequf'tlcf':\ themselveh an' equa.l: 

Corollary 3 : 1.2a 

WI, \oV2 UorWoniSt:q - / WI - / n'2 

f-


WI == Wz
 

• 
Since by defin.ition of" ~ /~. if two sequenc('s are equal. so is their diht.rib'ltl!d concate
nation. we noW defllle the required om'-to-one fundion. FW (FlattenWords): 

F _,=c--=-=---==.:....~--=_-==; 

I FW : /Joe WordSeq >-+ seq Chm' I 
I-~--

FW W = ~/ W 

...J 

The sequence of words corresponding to the empty sequence of rharMtcrs is the empty 
sequence of words: 

Lemma 3 : 1.2b 

c = < > 
f

FW- 1 C = < > 

• 
Proof 
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Follows directly from the dcfillitjon of FW, since -It < > ) ~ <:> 

• 
\V'" also ..... i~h (0 define an a.nalogous fllllctian that transforms tlll' lint' vie\~ of the dacu
ment into the chara.ct('r vic\\. for exalllpl",. we waul [lw Sl'<IUPllce of charac~ers: 

< C.(i.1l,fl.F,y > 

to correspond 10 thp linr sequPilce' 

«t.a,n.a.r,rj :» 

,Hid thr charactPr seql[l'nce: 

< I, h. t. nL c, a. n. n. T, 1). 1/1, nl.a,t. f :> 

tD correspDnd to the line sequcnu': 

«i,h.c >.< Til >.< c,a,n,a.r.y>,< nl >.< III >.< a.l.f» 

SD thai t~e line sequcm:p il<\tten" (throujl;n di~t.rib\lLed COflratPllation) to lhe charactC'r 
~rquence. In Drder tD rnsuw that cach lille vjo?w is ulliqnt', we defillP a DQ('Linf'f'icq, 
iUlalOgOU~ t.o DOT Wordseq. reqlLiring that two lIon-IlPwlinp wOTd~ lOa,.," nDt be adjaccnt iu 
the representation: 

DocLineScq: P (Sfq Lirle) 

'rt L: DocLinc.'ieq; 11.'2 : line I < {J ,12 > infix L •
 
11 1:- < nl > => /2 =: < nl >
 

As a direct consequencE' of Ibis definition, if \VC' ]lan' two DOI"LifleScqucnces such lnat 
thl,>ir distributed concatcnatioll is equal, the so?qnenco?s thems",!vps aTe equal: 

Corollary 3 : 1.2c 

LJ, L2 : DocLineS(-q ~ I [,J ~I £2 

c 
L1 '= L2 

• 
SinCe by definitiDn of" ~ I .." if I ',1,'0 sequence~ arc eql1aJ. ~o is their di:,;Lributed CDllcat(,,
natiDn. we now define the rcquired one-I.o,olle funrtiDtJ. Fl (FlattenLincs): 
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I Fl : DocLineSeq ~ H'q Char 

r-- 
L_FlL ~ _ ~~__ 

The sequence of HIles corre~pondjng to 1he ~mpty sequencf' of rll<lrarters is the empty 
sequencf' of lines: 

Lemma 3 1.2d 

c < > 

" Fl-1C=<>
 

•
 
Proof
 

Similar to Lemma ;{:L2b.
 

• 
1.2.1 The Instantiated Move And Delete Operations 

\\'e now instantiate the formal parameter X with thf' ::.ets of <tctUil[ l:!;elleric par,l1lleters 
SU} Chuf", Doc~l'o,.dSr:q and DocLiIlr:Sn{ to give sch('mas tha1 ~pecify movement alld 
delet.ioll by a rharacter. word or liue 

MllChr Mv[scq Churl
 

.lIJll W"r~ Mv[Doclt'ordSeq]
 

.lJll L,n< Ml'[DorLineseq]
 

Del ClLaT [)d[seq C'har]
 

DdW"rJ Dd[DocWordSeqJ
 

De/Lin, lJel[ DocLiTieseq]
 

MvBot ClLaT Mt'Bo/[seq Char] 

Expanding the Bchemas for Afl'L"", and DelwoTd' for example, we have: 

MVL .....
 

Left, Right. Lef(, Right' : DorLinr:Sflf
 

I 
) Left'-" Right == Left' ~ Hight'
 

Left #- <>
 
Left' = front Left 
~ . _.J 
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DdWonl 

Lt'ft, Right, uft', Right': Dod\/ordSeq 

Left t- < > 
Left' front Lefl::0 

Right l = RIghi 

1.2.2 Some Results Conrcerning Characters, Words And Lines 

Since mo\'(' <wd delet~ 0Pf'flltIOllS invol'H' tbe front and tail of ~equcnces. WE' give thl! 

foUow]rrg resnlts concern]n/!, lllo"e 0pC'rdt(lr~ applied to OlP word lind linE' vic" of Ilw 
Doel model in tC'rms of thE' character view. 

\Ve first wnsidpf the tail of a word ~('qu(,II(l' Suppo~(' (. is a llOu-empry ~equeIln' of 
characters. IV the corrf'.~pondillg word ~,·qU"llC(,. 1\-" HIP tail of IF and (" the rhilf<L( let" 
~{'q\H'nre wrwspondill/!, 10 lV'. \Ye considt'I tltt·"" (a.~e.~: the jl[1:o1 element of W being a 
T1ewJin<, wOld, a white~pace word and a non-whitesp;"c(' \~ord. 

For the' ~r5t ease, sillce tll(' newlinf' itself forms a word. c' i.~ o!:ltainl'd from C !:l.r (hp 

removal of the newlint'o for ~xarnple: 

C:::: < nl.l,h.cHp,c,a.l>
 
W :::: FW-1 C = «nl >,< I,h.c >,< sp >.< r.Il.I,»
 
1\/':::: tail W = «I,h,c >.< sp >.< c,a,t.»
 
C' =' FW1\/' = < I.h.f,sp,C,a,t>
 

For tht' second case, (" will post~x C starting at the ftr~t non-.~pace rharaner, for 
example; 

c = <:;;p,.~p.l.h., .."[J.('.u.l>
 
W = FW- 1 C ~ «~p.,,!».<t.ll.f >.<sp>.«.a.t.»
 
W' ==- tail lr :::: «l.h.e >.< .<p>.< ('.a.I.. »
 
C 1 

:::: FWW'::o < l,h.Lsp.t".a,1 > 

or ('I will be empty if no wrh nOn'~pa(c dlarac1cr f'xlstS. for example: 

c = < sp,sp, sp, sp >
 
W = FW- 1 C:::: «sp. Sp.Sp.bp»
 

W' :::: tail W = < >
 
C 1 

::: fWW' = < > 

SimiJarl:-' for the la.st ca.sc, C' wiH postfix C starting a1 lht' first uOll-non-wldtp.spac(' 
c:haracter (space or newhlle), Of be empty if no wrh rharacter {'xi~l",. 

We therefore haw: 
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Lemma 3 ; 1.2.2a 

C E seq, Chur 

C ' E seq Cha'r I C' FW{tail FW- l C) 

f-

C ' postfix (.' /\ 

head C' = n/ 

(;' == tail (' 

C(]l .. #C-#C'1i ~ {.,p}
 
(" 1:- < > .::::;> C (# c - # (" + t) 1:- __p
 

v 
C(]l··#('-#("il n {·~l).nn = 0
 
C ' f:- < > ~ C (# c - # (., + I ) E {.5p, Ill}
 

• 
Proof 

1. 'if s: .<;f'CI/ Char' - / (tail S) postflx- / S prop!. ~ / 

2. '~/(tajl FW- ' C) postfix ··/(FW-1 C) L 

3. FW(tail FW-l C) postfix FWIFW-l (') 2 .. deLFW 

1. C' postfix C 3., def.FW 

The t.hre_{' disjun,tialLS follow from the dp!lnit,ion of D()r WordSrq: the first follows since a 
uewline word hal'; lcn~lh one, il.lld thp remaining two siuce, hy definition, no two whites, 
pace words and no two lIon-whi1pspacp 'IHJrds call bp adja.cpnt in a D()cHlordSeq 

• 
lu a similar way, w{' now consider t.hE' front of a lill{, sequcllCP. Suppo~c C is a 1I0n-elllpt~· 

seqnence of characters. J, the corrcsponding liIle seqtleIlcC'. L' the front of J, aud ('f the 

charactf'r sequence COTH'sponiling to LI
, Y.le l:ansidN two cascs: thf' last. element of I, 

being a nf'.wline word, and being il. non-newlinc word. 

For the first Cil.se, C is obtainE'd from (' b.... the removal of thf' newlinE' charan.er, for' 
t'xample: 

C = < c,a,n.a.r.y.sp.a.Le.nl>
 
L = FL- 1 C = «c.a.n,a,r'.y,sp.a,t,e>,<nl»
 
L'=frontL= «c,a.n,a,r,y.sp.a./,e»
 
C' = FL LI = < c.a.n.,a,r.y.sp,a./,e >
 

and for the second CiL.Se, C' will prefix C up to t.he first Ilf'wline character, for t'xamplr:-: 
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C = <. c.a.n.u,f',y.8p,a,I,LHI.I.h.t >
 
L == FL- L C = <.< "a.IJ.a,r.y.8p,a,i,r>.<. IJ!>.<. Ch,t»
 
L' = front L == <<. c.a,n.a.l".y,sp.a.l.t >.<. nI»
 
C' = FL L'::= <. c.a.n.(LI",y,sp./I.I.(.nl>
 

or (" \\ill b{' empty if 110 such Hon-span' c11'l.rancr exisL~. for example: 

C:oc <. ('.((,71,11.1',.1»
 

L == FL- 1 c:;: <.<~ c.Il.'Il.a.r.V»
 

L' == front L == <. >
 
(" == FL L' = < >
 

Lemma 3 : 1.2.2b 

(' E Mql CIIIII" 

(" E .<' 1I ('}WI" I ('J FL(front FL -J C) 

c 
(." prefix r 1\ 

last C III0::: 

(" = front C
 

v
 

"' ~ ell # C" + J .. # C II
 
(" ¢ <. > =? (". (# C'l f- nl
 

• 
Proof 

1. 'r/ s: ow11 Chm' • - / (front S) prefix - / .':i propt. ~/ 

2. ~ / (tail FW- J C) postfix - / (FW-J C) L 

.J. FW(tail FW- 1 C) postfix FW(FW- J C) 2 .. deLFW 

4. C' postfix C :L, def.FW 

TIIP two disjullctions folJo\v from ta(' definition of lJ')f~'Lin(5tq: till! first follows sinc{' a 
newlint' word has length OTIP, and s('cond since. hy definition. no fWO nun-newline "':ords 
ca.n be adjacent in a VocLitltSr-l:[

• 

1.3 The Doc! State 

\\'e now wish 10 ddinp a docllml.'nl statt' wllich iIlcorporatP~~ lhl.' character, word and 
line views of the docllm{'nt, ct>-menting thE' C'quivfllf'nce of the thrN' vjf'WS through a sla.le 
invariant Il~ing the FW flnd FL fUllctions. 
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This C'llables ns to specify earh operation on the appropriate view of the docuffic!Ilt. and 
since we specify Oil a, ".:1"' !:\tate which incorporates the ~tale juvariant, the other lWo 
equivalent views will be "antomatically" updated, 

\Vc specify tht' three representations tha,t are provided by [J(Jll"nal" Pairword and ParrLlne 
which are schelnd-<; in~taJ\t.iaLing the generic Sf't X of the !}all" ~cllf'ma of Sf'ctioll 2.1 with 
the sets st'q Char, Docll'or·d.'iu] and DocLi"tSeq: 

PairChar Pair! Hq Char] 

Pairw,mi Pair[ Dac WardScq] 

PairLmt POIr-[UO( Llnrst'q] 

and for the sake of brevity, we define: 

L~flCAnr - PmrChar . Ltf/ 

Riyhtna-r ~ Pail'Ch.ar . Right 

IeII Word - Pairword . Ltft 

Rlyhtword - Pairword. Hight 

1,t:ftL",e - PairLm' " Lrfl 

RightLme - PairL,nf . Righi 

and incorporllte all jllvar'lant, relatiltg t.he three views to 1!;ive: 

Doel ----·-----1I 
Pairr;h.ar 

I PairWard 
I PairL,ne 

r-- 
I	 LtftChar = FW Lef/u'~'rl = FL Ltf/I,m, 

RightChar = FW RiyhtK">n1 = FL RighlLme 
'--------- _.- ---

For non content-changin1!; operations. Wf' define: 

SCan/Doc} == SCoJ>jPair[Char] 1\ .JDoct 

Initially the left and right character seqnenfes aTe f'mpty: 

lnitialiuvod [dDoc1 I Lt:f/char' = Righto,a/ < > J 

and .....e discharge PO O. since Lemmas ;J:1.2b and :l:1.2(\ give: 
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Lemma J ; 1.3a 

lnitlnli::CDuc! 

f-

LeftChor' "= RightChr' "= < >
 
LeftWord' "= FlighlwOT/ ;::; < > ;::; FW- 1 (lef/cAdr'! == FW- 1 (Rightn.r'J
 

Lf'ftL.n/ ;::; RightL",,' ::::: < > ;::; FL- 1 ( Leftehor') :::: FL -I (Right ('he')
 

• 
'vVe now promote the mo\'f' anf) dc!f'le operation~ to the Do("} ~til.t('; 

,HvChar - Jf1·(·!.dr A ..JDo("}
 

J/L'Wol'd - ;\f1:WoTd A ,JDf>c I
 

MpLiut - J1VL," , A .J Doc t
 

DdChnr - Df/n.ar A .J.Dor.l
 
IJe/Word - Ih/II'''rd A .JDoc1
 
DtiLint - Ddl,,,,e A .JDo.l
 

McBoll.ol1l JJvBotChar II .Jfloc/ 

\Ve nIllsl discharge PO 1 for eath of t hE'~e operations: for example, for /JdUl"ord w(' ha.ve: 

Lef/Chor =c FW Lf:ftword = FL LeftL'n'
 

RightChdr := FW RighlWord :::: Fl RightL",.
 

LfftWcr.l 1:- < >
 
f

3 Leftch4r', RightCh./, Leftward', Rightword', LeftL'.. ,'. Right"",/ • 

Leftwor/ := front (1,eftwo,-.I) 

Hightwocd' ::::: Righl Wurd 

LfftOIL/ ::::: FW Leftwor/ :::: Fl Le/tL,,,,' 

Rightrlr.r' := FW Riyhtwor/ = FL RightL,n/ 

which simplifies to: 

LeftC'lor = FW Leftword Fl LtflL,ne
 

Leftw'Td ¥- < >
 
f

3 uftC1tor', LeffL,,,.' •
 

Leftn..• r' =- FW front (Leflwordl
 

LeftL,,,.' := FL-1 (LeftChar')
 

Thus this and e~ch of the other PO 1 proof ohliga,r,ionll may be discharged since FW and 
Fl are bijective. 
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1.3.1 The Insert Operation 

\Ve specify the op~ration to insert a character all tile Doc} staw", distiugnishillg the 
insertion of tlle lab CnaTilctf'r from a non-tab charactn" We inLrodnce: 

tab: Char 

a(L(l first specify thp. operation 10 insert a non-tab character, :1:, aL the end of tile left 
character seqnence, the rigllt seqneme remajldng unchanged: 

Ini'JNonTab
 

t1Doc1


l or?: Char·
 

I x? t lab
 
Le.j/(,A4/ = LejtChaT < r? >


! Righ!c~,,/ = RighlChar

L _ 

The tab character itself is 1I0t inserted into tlle docump.l\t, but instead sufficienl span' 
characters are inserted at the end of the left char;lctf'T sequence to ensure that the 
current position is moved to the next (irnplcment.ation- dependent) tabstop, with the 
right character seqllenu' remaiuing unchanged: 

Ini'JTab -"--- -

jDoc1
 
i x"?; Char·
 

I-~-= tab
 

I LrItcAar prefix Leftckar'
 
rn~ (LeftC;kar' - .LeftChar) {,p}
 
RJghtCAar = RIghl Ch4r
 

I .__ .._------ - - -- J 
to give, as the insert operation: 

InsChar =- [mNonTab V IH.~Tab 

PO 1 may be discharged in the same way as in Section 1.3. 

1.4 Introducing Direction 

So far. the operations that we have defmed have been "left \' operations. alld we now 
consider their "right" connterparts" We are able to derive the latter operations rrom the 
former by using of the schema 
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MiJTor -------------- ---I 
LlDocl 

LejtcAa/ == rev RlyhtnqT 
Righj('lo~/ == rev Lej/naT 

and sinn' rev; rev is tlw identity on seqnpnce5, W(~ llin",: 

.\1Irro1' ; JfuTor ~Du(;j 

If we appL~' Mi!TOr followed b.\· th", left, operalion. followed hy "(i"ror ap;ain we have 

achieved the cOTfesponding rig!ll, operation. Tn aid reafJabilil,y, w", nsf' tlw foJJowin,E!; 
syntactic shorthand: 

Ri~t OP Min'or; Of> ; .Hin·or 
Loft OP OP 

<:Iml appl~' to the mow' am] deJctf' operatiollS defined in Section 1.2 to obtain: 

RlghtMvChar ~ Right Mt'Char 

LeftMt'Char - Left MvChar 

Ril)htMt· Word - Right Aft, Wurd 

LeftMv"",ol1"1 - left Mv Word 

Ril)htMllLine - Right Mt!Line 

LejtJfvLm( ~ left MvLiru· 

RightDelChar - Right De/Char 
~LfjtDdChn.r left DelC/,(If 

RightDelWord - Righi [)elW01'({ 

LejtDplWord - left De/Word 

RightDelJ,ine - Right De/Line. 

LcjtDdLinf - left DFfLinc 

MvToTop - Right MvBoliorn 

MvToRot - left MvBottom 

Partly expanding the Sc1lC1Oa. LcjtMvLine, for exampk, we obtaill the operation initially 
requiring that the left line ~equence does not comprise all empty lillI", witb tlte left line' 
sequence becoming equal to its front. and tile ri,E!;ht lille <ieqnenn' changil1~ in ~nch a way 
tha.t the couul~nationof t.he lefL and right linE' seqllen<:e'S does nol chil,nge: 
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LeftMuLine 

I LiDoc1 
~-----
j LeftLlTIf -I:- < > 
I LeftL,n<:. fr~nt Lfftpin, ~. 

i_L~ftL,n~ _ _ Rlght£lTI' = ~jt£,n,- ~9~LI~ 

and similarly expanding the &chema for RiyhtDellVord WI;' obtain an operatiOIl wilh the 
pre-condition that the right word Sf>qnence is nOIl-f>mpty, with tht' right word ~e<jllf>nce 

becoming equal to its tail. alld the left word ~eqnenCf> not changing: 

RightDeHVord __. _ 

1_.1DOC~_ 
I Rl:ghIWmi. #- < > 

RtyhlWorn' = tail Rlghll~'Qrd 
LCflWor/ = LEftWorJ 

L _ 

PO 1 for the "left" operatiollS are diM-harged in Section 1.3; thosf> for the "'right" opera
tions may be discharged in cxaclly the same wa.v. 

1.5 Error Messages 

The move and delete commands of Section 1.4 have pre-C"onditions that either thp right 
or left sequences must be non-empty_ In order to make the operations total. we pxtend 
the operation domains by the inclusion of the report or an appropria1.(' error message jf 
an attempt is made t.o execute the command outside its domain: such error messages are 
assumed to belong to the set Report. \Ve define: 

[Report] 

Success [ rep!: Report I rep!:::: '·Oh·' 1 
Doc1lJnchangEd [ ~Doc I j rep!: Repod J 

ErrorTopOfDoc
 
DocHJnchunged-- - - --,
 

r;------ 
I ~eftC/..ar = < >
 

rep! = "At top of documeIlt'·
 
I_~ - - _ 
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ElTOrBotOjDor _ _ . _
 

Docl Unchanged
 

RightCA Ac ::: < > 
rep! ::::" At bottom of docum{'nl-

Althougb we are not conc~rnt'd with operational detail irl lhi.~ austral:"[ ~pedficalion, w(' 

must rewgnize th<tl the editor will nav,' finite c<tpacit.v, and that the iw;ert operation 
may not always be succc~sful, \Ve dcfin{': 

Err-Q7'Full
 

Dor 1C7!(·hrwguJ
 

I rep!::::: "Editor fuJr 

'--

1.6 The Total Operations On The Doel State 

\0\'(, now hit.ve: 

RI[JhlMolJeChm'Dod - (Riglll,\fvChnr- 1\ HI/refS,') V r,'TToI-Bo/OjDoc 

LejOfolleCharDocl - (LeftMlJChar 1\ S1Jra..~8) v f~rrOl·T(jpOjJJoc 

Rlg/llMolW lVord Dod - (Rigll!.MvWord 1\ Surr.£$,~) V En'olBalOjVor 

LeftMol'e Word Dor.! ( LejiA/v Woni 1\ SUf"re.,>-~) V FrrorTopOjDoc~ 

~RightMol1eLme Dod (Ri9htMlILinf 1\ Sucres,~) V g'I'Tur'8atOjDor 

LeftMoveLine Doel - (J,e/IMvLinf: 1\ Sllrces..\) V ErrOloTopOjDo(" 

~RightDddfChar Doc! (RightDelChar 1\ Sur("f,~S) V ElTorBoIO/D()(' 

LejtDt{el~Cha7'D,'r.1 - (LeftDf:/r'har 1\ Suceess) v ErrurTopOjDor 
~Righ/Delelf' lroniDvcl (RightDelU'ord 1\ 51lcel.l's) V ErrorHotOjDoc 

LejtDdel.e Word Poci - (LejIDflWonl 1\ SUU'f:BS) v Er'TorTopOj1)oe 

RightDeleteLirleDor.1 - (Ri[JhtDeiLine A Sfl("cr·.~,<) V Errnr·HotOjlJoc 

L('jt.Ddel£Limo'Doc! 0 {LejtDflLine 1\ Suct"(ss) v F:rrorTopOjVoc 

InsertCharDvr.l - (In.srhar 1\ 87JCCfSb) V ErrorFul1 

MOl!eToToPLJvcl - (MuToIop 1\ S'llCCCiJb) V ErrorTopOfDoc 

MOl!(-ToBotDo<! - (MvToJjut 1\ Surcess) V ErrorBo!OjDoc 

Partly expanding lh(' schema for Lrjt,HoN:Linf1J?d ° for eXilmple, we obla.in an oper<Jtion 
which, if the left lin.. ~eqllellc{, t10e~ not ,'omprise all empt.... line performs LeJt.MvLirlf 
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and is~ues an "OK" reporL and if the left line sequence' is an empty line does nOlhing 
except issue the" A t top of docnment" report: 

LeftMoveL ineDo(} 

.1Doc1 
I up!: Report 
f---------

LeftL... / -- RighlLI .. .' =0 l-efiL'n' - Ri!lhtL.n, 
LeftL.n< 1- < > 
Lel/L.n.' :::: front LeftL'n' 
r(.p~ =. ·'OK" 

v
 
I.efLl. .... < :::: LeftL'''/ ::; < >
 
rep! =. ~At top of docnment"
 

and similarly expanding the schema, for Highl Odd" U'orrlo~<1 defines an operation \vhi'h. 
if the right word sequcm'c i!> non-empty perfor/lls UighlOelWof'(l and issues a [C'port of 
"OK". a,nd if the right word sequencC' is cmpty does notlling cxcPpt issuC' the' report ··At 
bottom of document": 

HightDelete Wotdoo<1 

.1Docl 
rep! : Report 

l~eflWor/ =.-LeflVt'ord 

I Right Word #- < > 
I RightVt'"r/ :::; tail Righll1'ord 
I rep! = "OK" 
I V 

RightW"rd == Rightword' ::; < > 
rep! =. "At bottom of documenl" 

_____ -J 

Lemma 3:1.3a.impliC's that the initialization operation will always succeed, and so we do 
not include a repOrl message with that operation. 

Since a SUCff"~S sch('ma dO('fi not a,lter the state, if we have discharged our invariant 
prcsC'rvatioll obligation for som(' operation OP. th('n we llave also discharged our obli
gation for the conjllllction of that operation with a Success schema. An Error" leaves 
the st.ate unchanged, and so there is no as/;ociated proof obligation. Each of the above 
operations comprises a di~jllnction of two other operations, both of which preserve the 
state invariant, a.nd thllS each operation itself lOust pT('serve the stale invariant. 
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2 Unbounded Display Of The Document 

2.1 An Unbounded Display Model 

In this !'€'clion we specif:' a model which displays a docnnlent in fnll, and theIJ (Section 8) 
USE' thi; llubounded model to develop a bOUIldE'd display model i1H::orporating ii, siugle 
mo\"able window on to the docullwnl. \Vc defiTiE' tll'_' llnhoulld"d dhplay in d manllCT 
orthogonal to that of Docl. 

All unbounded displtl,y milt be uniqnely ("hara[leri~ed in nl<l.ll.\' different Wit}'!;. We choo.~e 

a line lll()del becallse this ena.bles th{' display to he ver~' Jlalura.lly yj(>\\'ed as a SQQUl'llrl' 

of lines placed one ahove thl' other and ali,e:ued at Llw left. lh(' first at the top, the- next 
inllrLedialely below. and so all. 

For example. we waut the fouT iilLe display: 

the canary
 
ato
 

tho 

to correspond to the s('queTlc",: 

«l,h,t:,sp, c,a, II. a, r, y >. < a./.e >.<>. < 1.11, f » 

Note that each display line may be empty, but cannot contain a nQwline (unlike thf' line 
view incorporat('d in t.he Doel model). Tile empt~· display will correspond to the unit 
:;equence containing the empty display liue. 

\Ve therefon define a display line as a sequence of dlarad,("fs not containing a newline: 

DI;<pLine := seq (Char - {nt}) 

and we cban.cterize th{' display of all unbound{'J doclunent hy ['DLines. a. non-empty 
sequence of DispLint. 

\V", model thf> screen cmsor hy a pa.ir of natural numbers, \'.. it,h the top left band posi· 

tion correspollding to (1.1). and we reqllire the cursor 10 be inside the d:splay of the 
document. If FDCurXand TJDCurY represent the> horizoutal and vertkal displacement 
from tbe top ldt hand rorner of the sa~n. we therefore [('<Illire that the- latter caunot 
exceed the length of UDLines, 311d the former cannot be 0I1E' marc than the length of 
thE' UDCurYl1. line of UDLines (UDCurX a.tt.aining its greatf'~t vahw when it appe-ar5 
imlU('diately arter the last charader of that line). 

For ease of Tl'.ferl'nce, we also indnde lIDCurLine. the [,DCll1'YI~ line of UDLmes (th<' 
line in which the cursor resides) in the unbounded di~play model: 
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lID
 

FDLi7ln : Mq/ Di$pLinr
 
UDCur),:, UDCurY N l
 

UDCurLine: D1SpLine
 

UOCllrY :S # FOLmo
 
UVCllrLine = UOLi7l0i UUCurY
 
COCurX ::; # CUClirLine + 1
 

We not~ th~ following resnlt when the displa~' contain,~ a single empt)' line: 

Lemma 3 : 2,la 

UO I CDLines =< <> > 
f-


UDCurY = 1
 

UOCurLillf; = < >
 
L'OCllrX =
 

• 
Proof 

UDCurY E Nt II lJDCurY .:::; # < < > > :::} UDCllrY
 

UDCurLine = < < > > 1 = < >
 
UDCurX E N j 1\ llDCllrX .:::; # < > + I :::} r'DCllrX
 

• 

2.2 The Doc2 State 

The Doc1 stale is now extended to Doc2 by incorporating its unbonnded display: \Ve re· 
late the two through their respective character seqnences, such that the flattened display 
line sequence is the roncatenation of the left and right characler views of Doc1. 

To obtain thp rharacter sequenre corresponding to a sequence of display lines, we define 
a fnJlction FDl (FlattenDispla,vline:o;) that in6erts a newline character between adjacent 
displil.y lines before flattening the sequence. Clearly, we haye a fnnction which is bijeclive: 

'0
 



FDL : seq1 Di,~pLm~ ~ I'l'q Char 

'r:/ L1, L2: seq, DisJlLille j l : Di,~pJ,me •
 
FDL «l» = 1
 
FDL (LJ - 1.2) = (FDL £1) - < III > - (FDL L2)
 

\\'e establish three results rela.till,l; to thi~ definition. 

Firstly.an empty ~equ()nr:~ of rhar<lcters wrrespom]s to the di~plar cOlltillaing a single 
emply Jiti/': 

Lemrnllo 3 : 2.2a 

(' = < > 
L: ,~((jl Di:,;pTlTlf I [, FDL- 1 (' 

f

[,=«»
 

• 
Prool 

FDL- 1 < > < <> > 

• 
Sl."condly, if L is a non-empty sl'qlleuce of disp/a.\' lim's. thf' number of new[ines ill the 
c:orrespondiu)!; chara.cter sequence i,; one [e;,:-\ tha.n lhe length or L: 

Lemma 3 : 2.2b 

L: F-eqr DispLillf 

f

#((FDL L) [> {nl)l # L - J 

• 
Proal 

TL 



We nse lncludlon on the lcugth of the SE'tlUE'llce L
 

Base:L=<I>
 

1. # L ~ 0.". 
2. FDL L ~ , Base, defll. FDL 

3. #((FDL LI ~ {nl}1 ~ 0 2.. / E Di~pLinc 

1. #((FDL D) t> (n/) ~ #L-l :1..1. 

Step: L = L1 ~ < I> wherE' L1 :f:. < > 

5. #((FDL L1) ~ {n/)) ~ #Ll-l Step 

6. # L ~ # L1 + 1 Step 

7. FDL L = (FDL £1) --. < 'TIl > ~ I Stl'.p, defn, FDL 

8. #I(FDL L) t> (nl)1 = #((FDL LJ) ~ {nl)l+ 1 7., I E Di8J1Linf. 

9. #I(FDLD) t> (nl)l~ #L-l !'j, (lo, X. 

• 
Finally. the chara.ct.er SCqlJf'IlCf' correspoudinp; to a seqnence of displa.y lines of h~ll~lh at 
least. two and whose last. elemeut is the 1'1Ilpty litle hab a newlim' as it.s last elf'rIlcn1.: 

Lemma 3 : 2.2c 

L : $Fql DiBpLille #L~21\IastL==<> 

C : seq Char' C' = FDL L 

f-


last C = nl
 

• 
Proof 

1. Let L = L1 '""' < < > > 
2. LJ i < > 1., # I, 2". 2 

3. C = FDL(Ll--- «») 1. 

4. C = (FDL £1) --- < nl> --. <> 2.,3., dcf. FDL 

5. last C = nf 4 .. defs. -, < > 

• 
\Ve now define the Doc2 sta.tc as the conjunctioIl of the Dod a.nd L'D models, requiring 
that the two charader representa,tions a.n~ the same. Then UDCur-Line comprises the 
last ofthl' display line sequence corrf'sponding t.o Leftc!>.ar concatellat<>d with tlte first of 
the display line sequeIlce corresponding to Riyhtrhar; UDCur'l equals the length of t.he 
display line sequence <:orresponding to LeflrAan and eDCurX equals thl' length of the 
last element of that seqncuce: 
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00<:2 

D~l 

UD 
'--- 

UD/~in,s = FDL-1 (Leftn~T - Riglllr,'ha,') 
[iDCurLinf = last (FDl- 1 LroftCi'aT) - first (FDL- J 111ghtCharl 
UDCu.rY ~ #{FDl- 1 Lcf/.('harl 
UDCw'X = # (last FDL- l ],(j1n.,) + 1 

\YE' note lliat tilE' invariant of Doc! i~ ro/Isish'llt with ,Ilat of Dod. siu(;e the word 
and line \"iE'wS of thE' latlpI <lIE' not. Il~,'d ill LhE' specincation of tlH' former. \\'4' $IIOW 

that lIU"TC is no confiirt bctWPPll Illf' Doc! and CD ill\"'Hiant.s by ~-'~Ilming Tn::.t Ihe two 
,haracter repIE'Sentatjons are t)l(' ~an\(' (till' !lest predicate of Doc2) and slwwillg that 
tbe dcfinitiolls of lJDCllrLint. l'DCurX <I.)ld rOellI'}' nlPct thl' CO in\·ari<Lnt. 

In order to sho\l,' the hr~t oflhE'se. WE' ha .."e, denotillg FDl-1 I,(jtch.r by 1. FDl- 1 Rlgh/elior 
h:... R. UnLines by U. and r:VCuri" by n: 

1. Let]' = La ,- < I > and < r > ~ RO '--: R JC'fll, FDL 

2. # La =- n - 1 1., # I, = 11 

;3. FDl L FDl Rr' 

FDL La - < nl > ~ < I > ~ 

< r >- < nl > ~, FDL Ro 2 .. defT!. FDL 
4.	 FDL L ~ FDL R = 

FDL LO - < 11.1 > ~ < I, r > ~ < rtl > ~ FDL flO 3 .. defn. ~ 

5. FDl I. ~ FDL R = FDL (LO ~ < f.r > ~ NO) :1., ddn. FDL 
G. FDl- 1 {FDl L ~ FDL RJ = 1,0 < l,r> ~ 110 5., defn. FDLr' 

7. F == LO ~ < 1. r > ~ RO	 0 .. Doc2, defn. FDl 

8. C n = < l. r >	 2.,7., defn. ---, 

ThE' minimum value faT UDCurl' is given wbe([ Lejto.ur i~ minima.! ill the docIllOell1 
whE'n Lejfoor is empty: 

UDCurY = #FDl-l <> = #<. <».::: J 

and the maxillJum valuE' i~ gi"en wheu Lffte~ar is ma.ximal- whE'-n RighlChaT is empty: 

UDCurY = # FDL-I (L(JteliaT ~ Rightnarl == # UDLmc:; 

Finally, the minimum vahlc for UVCurX will be givell WbE'll the last of FDl-l LcftChdr 
is minimal in UDCurLine . when it is empt.y: 

UDCurX = # ( < > ) + 1 == 1 

ami its maximum value willoccuT whE'-n the last of FDL-I RighlChn is maxima.l when 
the first of FDL-J Rightcitor is empty: 
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7-'[JCurX	 # (last (FDL -I Ltflchar) -. first (FDL -1 RightChar)) + J 

# UDCurLim + J 

Hene.e there is no conflict between thp iTl\ariilnh of Do(,! aJld I'D. 

Initiall:\': 

fnitwh::f'.Doc:: fniliall::eDod A .JDoc! 

and as a diu,cl result of the definition of FDL and Ll'Olma.s .1:1..1a and 3:2.1b, WP IlO\\'P: 

Lemma 3 : 2.2d 

Initiall;;:tlhc~ 

t'DLhlCb' = < < > >
 
UfJC'u1'Line' ::::: < >
 

(rD(.'urX', f.'DCud") ( l. 1 )
 

• 
2.3 Promotion Of The Docl Operations To The Doc2 State 

Each of tIle opera.tions of Ihp Doel stat~ is promotpd h) t.ht> Do('2 stat~' ill t.he S<iJIl(' way. 

In order to ~a\'e llnnf'Ces.~ar.v repetition in thjs ano sllb~eqllC'nt promotion processes, we 
n.~c the following informal method: we denne the set of lIames: 

MoveOps { Rlght.HuFcChm', LeftMoveChar,
 
High/Move Word, Lt/tAloJ'!' Wo,.d.
 

RightMoL'eLirie. LeflMulwLine,
 
Move TopDoc, MOll( BotD()('
 

DdetcOps RightDdt-!cChar, LeftDelde('har,
 
llighlDelete H'/Jrd, LeJtDeirte Word.
 
RightDeleleLin(. Lf'JtlJelel~Line
 

fn.~el'tOp { fnserlChar } 

to give: 

EditOpsJ	 M(JveOps U Dele/fOps U InsulOp 

Then for each operation OP df'fined in S(>ction 1.6 Oil L]le Dod st.a.le and in thp set. 
EditOpsl, we have: 

'r/ OP: EditOv~l • OPDoc~ OPDoc! A .1 Doc2 
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---------

-------------- -----------------

The Doc;! invariant pnsrrres thaI each of l,he unbol]rtdNJ display contj.){l[lI![lts is unique}:,> 
d~fil\f:'d in terms of the Dod wmpollentb, arrd satisfy the UD ilI\"<lriant, which means 
thaI the introdrrction of the t'D \'Miables does not n'suh ill .Jdditional proof obli!!;aLiollS 
~iJlte they arc redundant - the:. Jllil,V be calnuated frolll the Dod a.nd we !laH' shown 
that they do not vio!.. le the slale invilfiallt. 

3 Invariants On The Unhounded Display Model 

3.1 The Doc3 State 

It is jmJ)os~ihle to idelltify tr,dJing \\hitf'~pafe (space c!litr<iCII'l"S at the f'nd of a liJll') 
pn il t"rminal scre/~n (f'xn'pt Will'}) the (ur.,or is at th(! eutl of a II1\e) and so we re(juire 
thai "'ach document lint' (l'xrep1 Llw cnr~lIr llJw) ha.s llO I\<lilinl!; whitf'~pace. \Vl'dI'Jinf' 
a display liIlc to be visible ir and only if it iH elTlpl,v or it>. I<lst crliHarll'l" is llot ,l ~rar" 

(.har<~d.er: 

visible _: Dl.~pLill(, -;» B 

VISIble I ~ (l ¥- <> :::',> last I i- sp 1 

For tln,' same rea."on. we reqnire that l.ht> uocument has no trailing; null llllf'b, and we 
sV('cify that a nOfi"Ntlvty sequence oJdi.~VL1~' )ill(,s is a visibleseq if and oul,v if it i~ Clnpt;.-' 
or jt~ last elpm"nt is norl-llull: 

,---'-------~-------=-::.::.-=---=--=----=--::. -- --,--- -_-_"C_=_----=-_-_-::.:...::.::.::.::.::. --: -_---= 1 
, , 

: visibleseq _: M'q DlspLme ----? B 
i----------
: visibleseq], ¢;> (L i- < < > > ::::} last L 1- < > ) 
, 

,-------- -- - ---

Exvressing t.he above definition in terms or tfw wIresvonrl.in~ ChilIi\cter sequence gives: 

Lemma 3 : 3.1a 

L: ~(ql DispLi1U 

C : Hq C!UH" I FDL], == C 
f

visibleseq L ¢<' (C ¥- < > :::',> last C i- lI/)


• 
Proof 

",,., 



Follows from Lemma.'; 3:2.2a a.nd 3:2.2c. 

•
 
In thf' DocS model we therf:'forf' require that evl'ry Hne ('xcept the cursor linf' is ~i5Ible, 

that the cursor line ilseH is visible following the cnrwr posit,iou, aud tJlal the b('.(lueIlCe 

of lines below the cUrsor }jIll' is a vislbleseq. \Ye dcfinc: 

DocS
 

Doc2
 

'rJ i: 1 .. # CDLint.~ - {I'D('urq • visible (f'DLi,u-., i)
 

visible (L'DCur},in( after ULJ('lIr."( - [)
 

visibleseq (CDLinu after U!J('urrl
 

wherf': 

_ after 'M:qX X N ----;:. M:qX 

S after N = sucN ; (1 .. N 4 S)
 

,--._-------- - 

Sine<' tIle Doc3 state introdnces no Tlew component.';, thf:' initial St.'ltl" of Doc3 ib eXiiCtly 
that of 1)oc2: 

lnil.ializr:Doc:1 fnitiahzf'LJodi 

We noll' that, after initializat,ion, and usiu!!; Lemma 3:2.:ltl, thl' first prf'dicatf' vf Doc,1 

is trivially true (since # ['DLmf'f; = UDCurl' ::: 1); the ~('coud predicale follows 
by definition of "after", noling that UDCurLillC is iniLially empty and that th~ empty 
seqll('nc(' is visible; the final predica.te hold., again by definitioll of '-aher" noting that, 
initially, UDLuu;s after UfJCurY is empty, and thns comprisl's a vi:s;ibleseq. Thus Wf' 
discharge PO D. 

3.2 Two Relations That Tidy The Display 

We now con6idE'c th~ pr~seFation of the two im,-ariaTlt requirements of the Dod model. 

\Ve fir~t consider (,he whitespace invariant, and define a. rela.tion between tW() display 
lines in which the first is visible alld is thl" longest such that it is a prefix the second: 

~~-~~-~~~~~~--~I 

L=-'::ble_ prefix - : DispLine x DzspLme ----;:. B

l L' v:ble_prefix L ¢ visible L' 1\ rng (L - V) c; {sp}
 

._-----.-----.--.- --- -------
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Note that, since £ aud £' are sequenc~'s: 

rng(L-L') ~ {~l'f ¢> £' prefix L 
LIi#L'+I .. #L!I <;: {.,p} 

and that visible prefix is reJ1exjw rOJ" all visible lines: 

Lemma 3 : 3.2a 

visible L 

c 
L visible 

• 
prefix [, 

Proof 

1. L prefix £ 

,. Lli #L+1.·#1.11 
:1. L visible prefix I. 

Ql ~ {,~p} 

ddll. prefix 

ddus... , ~ 

l..:l . 

• 
Wc now consider the pr(>sen'ation of tht~ )lullliucs ]twariant or th.f> Doc:] model by ddining 
an analogous relation on ~equeftces or di5pla,y liue~, ill wh..ich rhf' fir,,! sequencf> is a 
visibJeseq and is the longest such prefix of tlte :-econd: 

_ visibleseq. prefix _ : St'll Disp£HH X bU/l Disp£il;<' -----7 B 
~------

I! L' visibleseq_ prefix r ¢:;o	 visibleseq L' A rng ( [, - L') C- {< > } 

Relating thi~ resuit to the correspolldillg charader sequelH'CS ~j\'es: 

Lemma 3 : 3.2b 

L. L': 8fqJ Di$pLinf
 

C,C': Ii(;q rh«r I C FDL LAC' == FDL ['
 

f-

L' visibleseq prefix L ¢}	 C' prefix C 
(., =I- < > ¢> last (', =I- fJl 

C II # c' + I .. # C D <;: {nl)

• 
Proof 

The result follows diredly from t.hf> defiuitioll of FDl, a.nd the results or Lemrna.'3 3:2.'2c 
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and 3:3.1a. 

•
 
We not'" that ... isibleseq. prefix is also reflexi ...e ror <ill visibleseq: 

Lemma 3 : 3.2<: 

visibleseq L 

f-

L visibleseq_prefix r 

• 
Proof 

Similar 10 Lpnl ilia 3::~.2a" 

• 

3.3 Promotion of Doc2 Operations to the Doc3 State 

\\'hen snowing t.hat all operation preserves the in....ITJant of th", ~~at(' on which it is 
defined, we assume that tile state in...a.riant b tme before the opera.~JOll is in'ioked (PO 
1). Thu~ the only display lill'" that may conlain violating lr,liling whitespa£c af1.cr an 
op",ratioll has been perrormed is the previous cnrsor line (whif.h ma;-.:, or conrse, noL ha...e 
dlang",d)" 

\\"e therefore define an operation that [('mores violating trailing whit.espac", from Lhe 
pre... ious cursor line, taking th", previous valu", of the length of LejtCknr as the identifying 
input parameter, (since we will post-sequentially compos'" with lhis operation) lea... ing 
all other Doc2 components unchanged. 

If the cursor line has nut cnanged, there must be 1I0 trailing whilespace to the ri.i;lJt of th", 
new cursor positioll, aud so the cnrsor lim> after rrDC'urY -1 mnst llecorne a visible prefix 
of itself, with th(> Cllrsor line to tlle left of that po::;ition remaining unchanged, and if th", 

cursor line haB changed, the whole of the pre\"ioll~ cursor line must becom'" a visible prefix 
of itself: 

"
 



Hem Tn:IIIWS -, 
dUD 
prerCP?: N 

,---
UDCw....(', l./DCur yl == UDCurX, r(DC 'ur Y 
{prrrUDCllrY} -a UDLma' = {prt'vL"DCLwV] -a UDLine8 

prtllUDCurY :; UDC'urT 
[:'DCurLme' for UfJCIH'X - ! == UJCU1'Linf for CDCllrX - 1 

(UDCur'f,me' after ['DCw-.\" - ]) visible prefix (/)DClJrLinr after C1J('urX - I) 
v 

prfvUDC'url" -f:. UDCurY 
(CDLin('~' IH'crr'DC'lw'r') vIsible prefix ({:DJ,infB prtI'DDCud') 

wllerp 
pnvUDCud = #(FDL-I((Ltf!no, - UiyhlC!<o,) for pn:v('P?)) 

TJ,p fir~l two prpdiratl.-'s enSlJrP that ~11 ljne~ except the previoll~ cUrsor line and the 
Cllr~or position do not chan~p. l.hp first di~jullclion lreats the case WJIf'll the curwr line 
doe~ not ch,wge, and the second deal~ with a cl1an!!/' of tllrsor lille. In botll C<Vies, sin,e 
ilIllincs except the previolt.:> cursor line caHnot hav(' bad tr~iling whitespace, aud sin(:e 
visible prefix is TeJlf'xiH~ (Lemma :3:3.2c), the Dod lrailing whitcspace invariant is Oll't. 

\\le now define an opl;'ratioll that. removE'S trailing null lines from that. part of thE' docu
Illent following the lIew cursor lint' (oncE' again lpaving the' cnrsor position ullchaflg(~d): 

RfmTrmlNL 

: dUD 
r-
I VDCur),:', UDCurY' =- UDCurX, UDCllrY 

I U~Li~e$' for UD~'urY =- U.V.Lirles for ~rDCU1T _ . 
I (CDLlTles' after lJDCurY) vlslbleseq prefIx (UD/'me.~ after UDCur)' ) 
1 ~_J 

The first two predicates ensure that the cursor posilion and alilinf's above and including 
thl;' new cursor lin!' do not (hange. the 1<I.<;t predicate ensurE'.~ 110 lrailinp, nuillincli after 
the new cursor line, ...dlich meets the DocS lIulilines re'quir('ment. 

WI" promote the operations of Sl;'(tion 2,3, definetl on I.lw Docz stat.(', t.o the Doc3 state 
by sequl;'ntial composition with the first of tllf' above opf'rations (to reJllOVf' trailing 
whitespace), followed by sequential composition with the second (t.o rl:'move trailing null 
lines). We defme an operation 1.0 identify the previous cursor position: 

FlagPreliCursor == [Lf'.fIChaT: !Jeq Char; prevCP! ; N I prevCP! = # LefloaT 1 

For each operation OP identified with the set EditOps] (Section 2,3), we haY(': 

v OP: EditOps f • 

OPDor,~ "= FlagPret'Cursor; OPDo<2 j RouTmillVS; Rrmbui/NL 
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We uote that eac.h Rfm operation is total, and thereforf' may freely post-compose with 
both. 

4 Cursor Movement 

4.1 The QP State 

The eight move operations dE'flllPd 011 the Dod stall" (left and right, by charact.er. word 
ilnd lim'. and to the top aud bottom of t1lP dO[Umellt.) facilitilll' rursor Dlovpmellt aTOUllc! 
the docum~Ilt. but do not €uable positiom ··out.sid",'· ils Ilnbollndcll display Lo 1)(' rNrhl'rl. 

Tlw IlnbOlltldE'd display of the dOfument. defines a "qu<J.rl_cr pl~-ll{'''. d plaTl<' bOI1I1~~d lIy 
thE' t.op and left uand f'dgp,<; or the document. bUI \1lJboJJllul'd to I_he righL and bl'lu\\· and 
we now considl~r op€rations to move the cursor around tba.t qUMtl'r plane. 

\Ve sp<'cify a statl' comprising a coordiuate posil iOJJ within llJC quarter plan 1', orthol!;onal 
to thE' model developed so far: 

QF =- [qFCtn·X, QPCurl' : N l ] 

Vie wish to define cursor movemeut up, down, left and right, and rLrst define horilont.a.! 
and vettical moves (wheu, respectively, QFCur'r a.nd QPCurX du nut (hange); W~ define 
a. vertical move with thl' parameter y so tbal we may 5ubs(~qU€llt!y liSt' tbe definllion to 
specify vertical mOV€TneTlt by character or page: 

QPHori:;Mullr [jQP I QPCu,Y' ~ QPC"c\' ] 

QP Fn'U\1o I'F [dQP; y: N j I QPCtlrX I = QPCurX] 

where the para-meter y repre~ent~ thf' number of characters to t)P moved vertically (since 
we wj~h to spe("jfy vl'ftical movement by a page ii,S well as a character). v.,'e define: 

QPC!JrUp 

QPVertMove 

QPCurl-"" -y > 0 
QPCurl'l,= QPCurY - y 

QPCurDown , 

I QPV"'A_fo_,,_,~~_ 
,
I 

QPCm'Y'::: QPCurY + y i 
, 
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-----

I QPCurLef/. ---------. - - -- -- 

I QPHorizMovf::
l _ 

QPCurX > 1 
QPCurX' = QPCurX - 1 

QPCllrRighl __ 
-----j 

QP//Ori2.Hol't 

QPCW"X' := QPCllrX + 1 

/lut iug thal (he lUf'-conditions arf' npC:f'~Silry for leftward alHI Ilpwil,rd rnovPllleTI ( to l-'n~Ilf\' 

the jJrc.~rrvation of the QF' invari;mt. 

To totalise tlle operations (hy w}lic!l we uteAII transform each such lh...t it becomes totid) 
we denIlC' tlit' following error messages, the fi.1·~t when upward mon,InPlit \'olild causf' 
QPCu',.Y to become non-positive, and the seCOlld wllell till' cursor is at tl!C" top len hawl 
coruer of the planE' whpn any leftward lUove would sjllliLHI~' \'io/;l1.f' tlw invariant: 

ErrorA/Top Payp -------l 
=QP 
y'.N 
toep! : Report 

I
'lQPcurY-Y~O 

rep! := "At top pagf' of dowment" 

~--~-

ErrorQPA.ITop -----l 
=QP 

I rep!: Report 

~---------- -
I QPCurX:= QPCurY ::: 1
 

I rep!:= "At top of docniDent"
 

L 

Th'" remaining case to consider is when the cursor is at thf' left rdgc of the dowment 
but not in the top line. ]/1 tills case. rather lhan the left movf' operation failiug, and 
an appropriate error message being issued (which. we feel, would be frustrating for the 
user), we decrease QPCur}" by one without. specifyillji!; the value or qPCurX _ This HOU

dli'termini5ID mables the operation to miiDic the left lID rnrsor move (which will thus 
be to th(' end of the previo\lsline) when conjoined with the DQ(·:J state (which, we feel, 
would be wha( the user would actually exped or the ojJeration). \Ve define: 

"I
 



QPCllrToPrevLine 

LiQP 

QPCurX = 1 
QPCurY > 1 

QPlurY 1 = QPCur}'- 1 

\Ve now have tile total operations: 

CursorUp QPCIl,.Up /I ,<''-uC('t:ss 
v 

En'Ol'.1 t '!"opPaqf 

Clj/,sorDoll"n QPCurDoum /I STlITt">' 

ClIt'sorLt:lt QPCurLeft /I S'!H('f ,',' 

v 
QPCurToPrrl;LilJf /I SU("CO,' 

v 
ErrorQPTop 

CU1'sorRighl QPCurRight /I SUI'ces"~ 

('ach of which c1parly preserves the sta.te invariant. and ,~o WI' di~(harg(' PO 1. 

\\'e now comider cursor movement vertically b)' a pap;e: it is Jesirable tllat the paRI' 
hcigh.t should be !FSS than than that of the tl'fluiual screen ( Will(loll'Heiyht, introduced 
formally in Section 8). thereby eusuri.ng thal some information mnl<l.inl'(] iTI the ("urrcnt 
display is "'carried over" to the next Jisplay. WE' introdllce: 

PageHeight : N 1 l'ageHt:ighi < Wirldowllt:ighl 

and now define: 

CursorUpCharQP 

Cur'sorUpPageQp 

Cursor[)ownCharQP 

CursorDownPayeQP 

-
-

QPCursorC lp 

I QPCur'"WI'Up 

[ QPO'l'sorDown 

( QPCursorDown 

I 
I 

I 

I 

y 

y 

y 

y 

~ 

:::: 

== 

1 ] 

Pagt:Hr:ighl ] 

1 ] 

PagrHflght 

Cur'sorLe!tChar"QP - QPCursorLeft 

CursorRightCharQP - QPCursorRight 

4.2 The Doc4 State 

\\'1' mmbinf' the Doc3 and QP .states into thf' Doc" stalf' b,v IOF;ically conjoin.inglh(' t.wo, 
and requiring that the two (ursor positions coincid(': 
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Doc"; =- [Doc:.J 1\ QP I cDeurX QPCll'rX 1\ r;DCllrY QPCw'Y] 

We 5pecify the initialize 0pI>ratiOIl a.s: 

InlljalizeDoc~ IniliuiiZf D,,<' 1\ .Jf)or,[ 

which m{'all~ that. by definition or Doc";_ thf' QP cursor mU~1 ini(ially !w the same a..~ 

the of the UD cursor: 

Lemma 3 : 4.2a 

Tniliali;:( Doc4 , 
QP('urX' (JP('/frY I 

• 
and we discharge PO O. 

4.2.1 Promotion Of The Doe3 Operations To The Doc4 State 

Since the Dor4 5tate r"quires that thf' QP and UD curSlirH agref', we specify a total 
oper<l,tion to a.llf'T the value of the former to thE' 1attl'r: 

EqufileQPIt'ilhUO _ 

QP'
 

~~~~rX _unCurl' : N
 

1_QP(~rXl,~~~~},-:_~~',,~~r~)~I:r~_ 

\Vf' now define. for ('ach OP defined on the Dor3 stale and assoc:iated wilh the Sf't 

EditOpSl of Section 2.3: 

v Of: EditOp.51 • OPJ)oc4 == (OPDoc"~ i E'qualf:QPWitIJUO) 1\ LlJ)oc4 

post-sequential romvosition with the EquatE operation ensuring thaI. f'ach operat.ioll 
pre5erves thp Doc"; invariant. 

4.2.2 Promotion Of The QP Oper~tions To The 00c4 State 

In ord{'r to prescnte thli' Doc"; invariant for each of the QP cursor movement operations. 
we must sperify an operation to change tb.E' valnes of the /..'0 cursor, hut in BO doing 
we may violate the invariant of t.he Do("3 model. if the cursor position rema.ins insidli' 
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the ullbounded display. thf> tn>at[DfOnt of thfO operatiou is the SaIllfO as that (or a Doc3 
opertltion, but Wh(>D the rur~or position is moved outside, we must change the cont.ents 
of the docnmellt, ensuring that the whitespace/nnlllines requirement is mel. 

As with the liD operations, t.he only line that may colltain violating whitespace after the 
operat.ion is the pr(>\'ious cursor line. and ~o for each QP oper?otioll, we post-sfOquelliially 
compose with flemTmiln'S. To ensure that thfOre aIfO no tramng nullline~ artfOr t.he (Jew 
cursor line we aJso posl-sequentially compose with RcmTraiLr.,'L. In both cases the cursor 
position does not ch;\Il@;e,and ttlfO cOllsidcrations are exact.ly the same a~ those disrussed 
in Section 3.3. we now corl.'iider th(' two cases w!l('ll the cursor is movt"d outsiJe the 
nnbonnded display_ 

We first consider the case \~,hell t.he QP Cllrsor position is to the right of the unbullnded 
display, when the cnrsor line position will not have changfOd. We rna:,,' leave all lines 
unchanged except for this one (since we are. in effecL performing a left illsert operatiOlI, 
which affects only the cnrsor line), and we dwosp to "pad" this line with while:,pacc 
(since this is what the user wonld natnrally perceive on a (erminal screen). TLus tlw 
previons cursor line (the qPCllry th line of UDtiws) will be a vj~ible_ prefix OftJifO n('w 
(the QPCuryth line of liULille.~' - i.e. CDCllrLirll'). \ott> 11lal Sillrf> visible_pJ~fjx i!; 
reflexive (Lemma 3:3.2a) this relation will also hold WhCll it is not nerp.~sarv t.o rhallg,· 
the content!> of the line. 

We now consider the QP cursor being moved below the hott.om of thl:' llllbounded Ji~play. 

In this case we choose to pad the elld of the documelll with empty lines (again fitting 
ill with the nsers's perception of the display). Further, if the cursor i~ not at th", ldt 
hand edge of th(> document, we pad the l<lst of t1es(' linl's with space character~. In aU 
cases, all display lilies in the (possihly empt.y) rallge # UDLin{'.~ + 1 10 QPCurY - 1 
will be empty, and the rng of the last Hne (which in this case wilt b~ the cllrr~nt linfO 
UDCl,lrLine' ) will be a snbset of {,~p} (wh.id also holds, of COllfse, when that line is 
empty). 

We define the operation to equate the UD with thfO. QP cursor: 

EqualelJDVlifhQP 

QP
 
UDCurX', UDCurY': N


1------·-·-! VDCl,lrX ' , UDCurY'
 = QPCurX,QPCurV
 
. ----------- - ...-

a.nd the operation to pad the display with whit.espace!newlinfOs: 
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PadWSI'iL 

.1UD 
Equate UDWilhQ P 

QPCur Y ::; # UDLjne~'
 

{QPel'rY} <El L'V/,iws' == {CJPCllrY} "'iI CVI,illts
 
UDLme8 QP( 'ur} .... i:sible_ prefix r:DCur!,ille!
 

v 
QPCllr Y > # FDLines
 
# f'DLillts' ::::: QPCur}
 
(JDLines prefix UDLirus'
 
Vi: # UDLiw~ + 1 .. QPCUI'Y - I UDf.mel-' I <>
 
rng (FDCurJ.ifu',1 <;;.: {._p}
 

The first disjunction treats thl? ca!>l' ""Iiell tile CllfSOr doel> not mo\"<" helow the unhounded 
displtty: t.he !iecond preJieal e enSllre~ In<lt liD lines chang'" ('xcept thl' cnrsor linc. aud the 
"hird allows whitespac.f' padding of tllal line. Thf' serond di;,junrlion Jeall' with the cUrsor 

lleing nlOI""u below the unbounded displi\Y~ IhE' SC\'01J([ fHPflicate cxtpnJ" the number {)f 
display lines in the dOCUllH'nt to agree with CJPCurY. Ihc third predicate ensures thal 
existing display lines Jo not change, 1l1~ next ensures that all 1in~s (except the last) 
appenJpd to !lIe Jisplay are em pt.\', and t.he final predicat.e allows for whitespa((~ padJing 
of thf' hot (cursor) lim'. Thrc opl'lration is total, aml rlms post-,~equ('utial compositioll 
with this operation will cn.5UTC' that all newly "dded lines salisfy the Doc3 invariant. 

The CursoJ1.<,:!lChar operation is ldenlieaJ lo 1,<':!tMO!;cC'h(H'n"r~ (since the QP CllIsor 
\".,ill always remain im;idf' the Iluoounded Jislllay); 

CurwrLe!fChw'Doc4 Lf,ftMot'tC'!WfUo"j 1\ dDoc4 

"Ve now promote the remaining QP cnrsor operations b.~' defining the set of names: 

QPCUTSOTOpS Cur,~orLrJ!Char, CUf,~orDownCh.ar,
 

Curs01'UpPage. Cur,wrlJolI'nPage,
 
CursorLejtChar, CursorRighlChar
 

and have, rpwgnizinl!; that the editor's capacity llliloy be ('xr~E'dpd: 

v OF: QPCursorOp~ - {C1J".~orLeftChar} • 

OPOoc4 FlagPrel'CurSQr; 

SuceOPQP; PadWSNL; 
RemTmilll'S; RemTmi/:VI, II lJ,lJoc4 

v 
UnSuccOPQP II :=Doc4 

v 
ErrorFuU II .=D0(4 
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wherf> 

SuccOPqP OPqP t't})! = "OK" ]
 

UnSuccOPQP OPQp np! =1= "OK" ]
 

The la~t two disjunctions do not change the coutput of the operation. and for the lir:st. 
the Pad operation ensures that the two cursnr positioll~ agree ano, togetll€r with thE' 
two Rtm operation~, eusures that thl.' DfJc,'J in~'arjant is maintained (and as expla.inen 
in Section 3.3 we flag thE' cur~or lJositiou hefore the ~tart of each operation). Thus WC' 

di5charge PO 1. 

5 Text Manipulation Operations 

5.1 The Doc5 State And Marked Text 

It is sometimes necessary to identif,y a portion of text ill order that it may either be 
removed from the document (and, p05sih].~·, replaced elsewhere) or lifted (to be copied 
e]sew]l{'re). Such text is referred to as "marked". The operation to set the mark jd~JltifiE's 

a. pa.rt.icular chari'\,ct.er position in the dO("llIDent. and marked text i~ tIl at lying b~lween 

the mark aud the cursor; hence marked tE'xt can lie ahoye or helow the cursor. 

In thE' former case we define MarkScq to bE' ttlP ~E'qllence of char<i,cters starti ng at the top 
DC the document a.ud fmishing at this markE'd position. and thus marked tf'xt, which we 
define as MarkedSeq, will he thE' sequence of cbaractprs lying between the marked and 
current. positions. In the latter case MarkSeq wm start at the marked position (l.]ld end 
(l,t the hottom oC the document and MarkedSeq will lie between the cnrrent and marked 
positions. If the mark is not set, we define hoth :Hark5eq and MarkedSeq 1.0 be empty. 
Thus when the ma.rk is set. moviug t.he ("urwr increases or redllCl'S the amount of text 
that is marked. 

\Ve extend the documellt stale to incorporate mll_rked text: 

MarkedTaf
 

MarkSeq, MarkedSeq : seq Char
 
! Paircil.o.r
 

f-------- 
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------- --

Doc,) :;: Doc4 1\ MarkedTut 

Initially the docurneIlt doe~ lIOT contain marked tt'xt: 

In.itialiuDod =- 11I1itializev,'c.1 1\ .:.1lJoc5 I Mfllk(jeq Marh:d.'J'eq:=;; < > ] 

and tllus we dischargE' PO 0 since thE' first pTedicat~ of Ma'l'l.:rdTa"t is satisfied r~in('~ 

lmtiali;;fDd ensures thatLlftChar is empt;.:), 

The Operation To Set The Mark 

\Ve dpflll<' the opNation 10 ~{'t the mark at tilt' cllfrenl cnr~or pObition: 

SelMk
 

Marh·dTe:l"/'
 

PQirChor
 

.HarkSu/ = Leltchor 
JfarkedScq' = < > 

which leaves the Doc4 components of Doc5 unrllallg('d: 

.<,'etMarkvVd 0::: Sd·\Jk 1\ EDoc4 1\ :1Doc5 1\ Suro.~to 

5.1.1 Promotion or The Doc4 Operations To The Doc5 State 

It is desirable that cursor-challging operations should preserve Ill{' mark (set or un~('t) 

nut necessary that content-(hallgingoper<Hioll~rpset the mark (for instancE' if part of the 
document i;; deleted then lWark could poinl b(~yond the ('nd of the do,ument). However, 
sinre cursor·changing operations may themsel ....es change the wntent of thl;' document 
(through thE' Rem Trnil WS or RfmTrnilNL operatiolls of Section .]..1. or the PadWSNL 

operation of Section 4.2.2) we may not stipulate that the marked position does not 
change, because if whitespac('jnewline& are inserted/deleted at a point in thl;' document 
above the marked position, preserving the mark will. in fa,t. move It relative to thf' rest 
of the document. 

Thns our policy for promoting tht' Doc4 operations is to require Lhat all content-changing 
operations result in the mark heing rt'set. but to adopt a. non·Jt'termini!'.tic approach for 
cursor-changing operations whcu t.he mark is already set, allowiug the implementalioll 
policy to dictate when the ma.rk should be reset for surh operations; iu the latter casf'. 
when the mark is not set. it will remain so. 

We define: 

87 



RlosetMark [.1MarkedTexl I MarkSeq' = .~,Ia1,ktd""itqJ = < > I 

and use MoveOps, Ddett:Ops and fnSfr/Op (Section 2.3) and QPCfj,rsorOp.~ (Section ../.2.2) 
to define: 

I'loTiCursorOpb Deff/tOps U lnstrtOp 

CursorOps Alon Ops U QPCursorOps - NonCursorOp5 

CursorOps_ j\"oMarkSlol Ctll'SO/"Opb MarkStq' = .\farkcdSeq' = <> 
CursorOps_ MarkSf.t Om:orOfl., :\'larkSFq' - MarkcdSeq' #- < > 

to giw·: 

'rf OP: ,\'unCursfJr'Ops OPLJoc ; ~ OPn.". 1\ R(~,~etlfark• 
'rf OP: CunmrOp" 1',loM(Jf'k.(irt • OlJDoc5 == O/'f)o r4 1\ =MlIrkcdTul 

'rf OP: CursorOps_Mol'kSet OPnOc5 0:= O/>Dorj 1\ .1A{fJrk"dTrll• 

We note that there arlC' no associated proof obligations assoriatpd with thi;. promotion 
proce~s since Do('4 and MarkedTexl do not have variabllC'~ in rOlllmon, and ther~ is liD 

"cementing" invariant contained in DocS. 

5.2 The Doc6 State And The Lift, Cut And Paste Operations 

Marked text may be placed into a paste buft~r by a Lift or ('ul operation (thdormer 
leaving the marked text in t.he docullli'nt, the latt.er removing it) and sub5equentl~ copied 
from the buffer to a (new) flwwr position by the Pasle operatiorl. Text in the buffer is 
not changed nntil a new Lift or CuI. and consequently several ropilC's of the buffer may 
be made at different poirlts in the document. 

We ellTich the document state as follows: 

PasteHuffer [ PHuff : sell Char] 

DfJCO DocS 1\ Pa.~tt:Buffcr 

and in..itiaUy we set the buffer to be the empty sequence: 

IniiializeDoc5 ;= [ InitializeD or,'; 1\ ~Dodj I PBtlff' < > ] 

The Lift Operation 

We first define an operation in which non-empty marked t.exl i~ copied to the paste 
bnffer: 
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--------

CopyMTa.tPBtJif 

d.PasteBuffrr 

LeftchBT 
MarkedTeJ'/ 

PBuff' :: /IJarkf'dSeCj :f- < > 

In order to tota.lise thl' opPratioll W,-' denllt' the error schema: 

Error'.!lio TatM(lrk(:(1 

~Doc6 

rep! Re[KJr/ 
1------·----- -

I l(ar'kcdSeCj:: < > 
rep! :: ·-~o le.xt marked'" 

to giv(': 

LiJI/)~r6 CopyMTt':rIPUuf! II :=nor..) II ..1Uoc6 II "';TJ('('f.~" 

v 
E'ITorXoTeJ;tMarkrd 

The Cul Operation 

This operation is similar to Lift, except that the marked le.xt is actually removed from 
the document, and thus thp mark pointer must be reset. \\'e ddille a i,ot'll opnatlon 
which rem(lve~ marked text from tJle rlocnffiPnl and resets lh(' mark: 

RcmMText 

..J.PairChar 

.1MarkedTexl 

MarkStq' = Marked,~eq' = < > 
MarkScQ - MarkedScQ LeftC:hor => Lf'ft(,har' .:c; A/arkSeq 

RightChar' == RightChar 
II MarkedSeq ~ MarkSeq := Liftch.. ::} RightCh/ == MnrkSeq 

LeftCha.' = LeftrAa.L _ 
Since the content of fhe document is changed, we must ensure th.e prpS('rvation of the 
lJoc:3 invaria.nl, and have: 

CutDot~ FJagPITv('ursor' 

CopyMTeJ;t!'[Juff j RemJ:lTfx/ ; 

Rem TmilWS • RrmTroilNL II SI/f'('(',~.~ 

v 
ErrorNoTcxtMnrked 
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The Paste Operation 

The PasU operation concatena,tes the (non-empty) paMe buffer 011 to th(' ('nd of Llfto",H, 
with RightCAar and the paste buffl'r heing left llllchang('u: the pasted text hecoml.'s 
mark('d text. aud thus we set !he mark to the orjginallength of Leftc/"ar: 

p" 
I .1PairCI>4r
 

.1MarkedTexl
 
PasteBuffer
I 

1
FBuJJ -# < >
 
Lell.cAa,.' = J,eftnar PBufJ
 
RighlC~l1/ = R-lghlCAl1T
 
.\faTkS~q' = LeI/Char
 
AlarkedSeq' = < >
 

ErrorPBuffEmpty 

:=Doc6
 
rt'p~ : Report
 

FBlljf = < >
 
up! = "Paste buffer empt.r'·
 

\Ve acknowledge thaI. thl' paste operation may cause the rapacity of thl.' (>ditor to be 
t'Xceeded, and again ensure that the Doc3 invariant is met hy post-sequential composition 
with the Rem operalion~ of Section 3.3 to give: 

Pa.~teDl1c6 F/agPrevCIJ1'1l0f" ; 

P.~I; Rcm'l'millVS; RcmTmilIllL 1\ .jDoc6 1\ S~('cells 

v 
~/Joc6 /\ E1To,PlIll 

v 
Err01PBIJJJEmpty 

5.2.1 Promotion Of The Doc5 Oper1l..tions To The Doc6 State 

We use CUTsorOpt; and NonCursorOps (Section 5.1.1) to define the set of nam~s; 

EditOps2 CursorOps u NonCursorOpt; U {Mark} 

and stipulate that each operation OP in EdilOps2 leaws Ihp paste buff<.>r unchanged: 

\if OP: EdilOP82 • OPDl1~~ ~ OPDoc.~ /\ ~P~~lf8IJlJcr 
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-----

------- ---

------------

-

\V", again note that tber<:' ar<:, no proof obligations a~sociat<:,d with t.hi~ promotion process, 
for the same reasons as those discuss{'d in Sectiou 3,1.1. 

6 Quote Commands 

6.1 The Quote Buffer 

FnIik{' oth<:'r command~, 1I.1J0t<:,d ("ommand~ ,HP not lle(es~arily single-key (om mantis, and 
may req1llre entry of text; we inlrodllcl' a hufr"r. ql/oleHujfa, Hlto wj,icLt sllcb text ilia:.' 
be directl',' l.\'ped and <:'dited, which WE' specify as thl' COllcal PJlilljon of a pai t of seqllenCE',~ 

of Char<l.llf'fs_ thE'reby enablillg; (haritete! mOV('Jl!Plll dnrilig c"il,il\~; 

QuotfBuffo' _ _ _ _ __ __ 

Lf!tQ...ott" RighlQ»ol< : seq Char' 

QB1JIJ : Mq ChU7' 

QBuff = Le!tQuolf RighlQuCI< 

6.1.1 Operations To Edit The Quote Buffer 

III gen'C!ral, text typed into QuoleDuIJer will be ~b(>fl ,and so we provirle only the limited 
editing featnr<:'s of character movement. insertion il.Dd deletion. \\'e !.lefine the insert 
operation, noting that we exclude the illSNtion of the (il.b character (sinc\' this will resuh 
in a varying nllluber of spac{'s heing introduced into t}le burrer) and the other C)uote e!.lit 
operations In all all <l.logons ..... ay to those derinrd on Doc 1: 

QtelfisChw' - --I 

,1 QuoteB1Jfjrr
 
II
 x?: Char 

r---
I x'! -j:. lob
 
I LeftQ...ol.' = Le!tQ..I~ < x'! >
 
f Rj9IdQ~QI.' = R:ightQuote
 
I
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--------

Qie/.,l'ft·DelChar 
,jQuolfBuJJer --- ~, 

LCjtQ»ol' f- < >
 
LrjtQul' / = front !,f-jtQuol,
 
RzghtQuol,' = Highl Quol ,
 

,---------

QtcRightDtlChlJr 

Ll QuoteBuJJel' 
I---~- - --~ - 
, RightQ4ol' f- < >
 
I L"JIQ11ol/ = LcJtQu'Irt
 
I Ri,ghtQ1IOZ ' I == tail HightQuol,
 

Qlcl-cjtMvChlJl'
I - - - - - - -- - 

'	 .j QuoteBuJJcr
L-.------- 

I	 L(jtQ~ole:f < > 
I	 Ll'fiQ.ol<; --- Right q40l , I = !,ejtQu," High/ Quot' 

!·l'jtQuQlt = front LejtQuOl'
L ~ _~ ~	 ~ 

QteRightAfllChar 

I	 ,j Qlwte Buffer 
i 
r--~-~-- -- 
I Righl Quot ' -:f < > 
! LeJtQ.ote''-'· RigIzIQ1<ol/ = LeJ/Quot, ~ llighl Q"rl. 

RightQ'I<ot, I == tail RighlQ»ole 
L _ 

<Iud the error messages: 

ErmrQuote .= (:=QuoteBll./Jl'1'; r'l'p! ; Hepar't ] 

ErmrillegolCharoc I er 
I 
I	 ErrorQuole
 

x? : Char
 
, --_._---- - - -- 

x? == tab
 
I rep! = "Illegal quote character"
 

L 

L _ _ ----.J 
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-- -- - - -

£rrorQlJoteFull
 

ErrOrQUotf
 

;rep~ = "QUOlf' buffer full" 

ErrorTopQl.lolf
 

frt'OTQuolt
 
~ 

Lef/QUDt, = < >
 
'rep! = "AI top of quotf' huffer"
 

ffTOTBotQl1ote
 

EiTorQuok
 
1-- --'---.- ---- 

RlghtQ"ole = < >
 
rep! = "At bottom of (juote buffer"
 

;--- 

to giv,"= 

/nslriCltarQ'Iot, (Qltlll,.('hal' A S1JIW'<.'J Y FrrorQuolcFlJlI V 

L nor II legalClitlrurftr 

LfJtDrlfif" ChorQuolt (QtcLtjtDfICh(j" A SU(l'~s,<) Y Er·TOrTopQll.olt 

RightDrlr teCltoTQ"Olf (QleR.-lghtDrlChar A SIl(CI',<,~) Y /:.'rrorBotQuolc 

i.efilloverha /'Q',ol' (QlfLejlMvChor A Sl1(Wss) Y E1To-rTopQl1olt 

RilJhlMolleCharQllQI, (QteRighlMvChar A SllCCf'SS) Y l;rl'or'BotQuole 

To disdlarge PO 2, we not" thilt each opera.tion is a dlsjuuctioll, only the Iir51 of which 
cha.n~es thp buffer. Ea.ch (Jf tll" first disjunrtion~ of the first thref' operation:,. explit:itJ.v 
set L('ftQ""',' .t.nd RighlQ"Q','; ror the first disjundioll of t]le ]pft move operation, we llotc 
th<lt: 

LefIQuot,. RlghtQlJot , : $eq Chor A Lrf/O"OI' i < > 
f

:3 LcjlQuot/, Righl Quol .' • 

LejlQ"Ole', Righl Quol ,' : .~eq Cltar 

Lt:jt.Q,ole' ~ RightQ~oj/ = LeftQllOI< - RightQuol< 

LejtQuoJ,' = front Lefto~cl' 

simplifies to: 

LeJlQ.. ol" RightQuol' ~ Mq Char A Lef/tJuo(, f: < >
 
f

3 RightQvor.' • RightQuot/ = seq Chin
 
RlghtQ"otc' = (last LcjtQllot,) - HightQ"olt
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which is true. We may treal the right operation ill an anajogon~ way, anJ ~iIlC" QBuff 
is redundant (it may hf' calculatC'd from LtfIQ~~r, and R,ghtQ'o/' ), we discharge PO 2. 

6.2 Operating System I/O 

Althongh we are not COllCf'T1lC'd with implemelltalion d('1.ail in the ahstract specifiri<cioll" 
Wf' must makf' some high-If'\'(.'l a<;sumptions about tilli' operiiting ~Y5tem IIndf'r which tlt(· 
ediLor will run sinCe ".everal quoLe operation~ will require thf' fMijity to read from or 
write to file~ and. io order to simplify their specificat.ioll. we- il~~UllW th~ existencE' of 
three operating systt'rLl operalion~, stating our a:;sl1mplioll~ of l!l"W operations in th~ 

following '·specifica.tiom" 

'lh~ fir,;l" Sy.'CdPtT', rHurus a pOin1C'f 10 Ihe- rOJllpul('j""S ~lor('. from which readmg or 
writing is to COHlll1ellCe, and takes i"l Jile llaJIlI" (il ~eqll('llc{' of characters) <wd fjJ(> modf' 
( ""r" fOf reading, "w" for IP-IHithlg - CH~illillg a III'W filc. or t'mpTying all existing filr - and 
"1/" for appending to the end of an f''{i'itill.l':_ file) as input paramC'ters. H thl' Op'·fil.lioll 
is un~uCCeSSfll\ (for example the file might h<lYe read or write pro1N'tiOll). _YullPlr i" 
returned. "'f' assume the 5('t of such pointers PII"; 

[Pt,] 

Nl111Ptr : Ptr 

SysGetPtr
 

jilenCJme'? : seq Ch(J'/'
 

filemode?,jilemode!: f< t·>.<w >,< (j >}
 
Sy,~plr! : Ptr
 

1 _ 

i jilernode! = ji/emodr'?
i J 

and definE' 

SllccSysGt'tPlr [ Sy"~CetPlr Sysptr! -=f l'liulIPtr J
 

UnSuccS'y ..,CeIPlr [ SyHGetPlr SyHplr! ,tlll/Ptr J
 

The second opera.tion, SysWrite, takes th(' poinlpf r~t\lrned by SysGefPlr a.nd lfnIFS"f"r{. 
the sequence of characters to be written, a.nd returns lhf~ boolean variable NoWrrlr"Error 
indicating whether or not the operation was 6u('lessflll. 

Altbough we a,re naL collcefT}ed with the operational detail of how the computers filestorf' 
is changed by an opcratioll, we assume that the filestorl' is a mapping from Pir 10 Con.t 

[Con']
 
Store [ FSloTC : Plr -----3" Cant]
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and defilH' a fUIlctioIl that l'Ollwrts LlH' r01l1enls of a stored file into a. sequl'l\ce of char· 

aden: 
~-----=--~-=.-~~-....= -=-_e:.--_-:_-:_- -=- _-_-_-_=_ -_- _ _=_-7_-_-__

storedseq : (Ollt ~ MIJ Char 

\,'e now define tIl(' operation .1,;ysWl·;le: it ha~ tli,' input paraHlI'IN~ S·ysplf·. ll'ntc'':,eq'! 
and Jilcmade? and return~ llt(· fta~ _V(J~rritfFrrol" indiraliuf!; the success or otherwi~1:' 

of the operation. If thE' oper,tlioll was \Insucre,>s[,t1, FStan will not chan~t'. otherwise' 
if .fi/(-mode'~ indicalt'.'i <I write, ib SY~[JI/' E'l€llH'ut will [lOW be associated will} WriteS'Uf 
(throagJI th!.' storedseq flluction). and if fi-Iunl)d('~ illJicates an append. tha.t elenlent will 
nov.- be ~.~sorjat(-,d with the concatenation of its J)fl'vious a.swciation concatenated with 

H'rilf5'f Z: 

Sy~ IVl'ltr 

J5ll)1'e 

Sy~ptr? : Plr 
Write,S'u(? : 8fq Char 
filemod('!: {< u' >.< a >} 
.'Ii!} WnteErmr! : B 

1 -------- , 
I ..., YoW"it(E'rT(l1'! ::::} FSlo/'r = [,Store' 

:\'"u W",teEn'or! /I.. filFmode"? = < U' > ::::}
 
{Sysptr?} <EI FStore':::: {Sy.'>ptr':} <EI FSIOT(
 
storedseq(FStore' .'J'yspt'l""?) = Wrile~'J(q'!
 

SoWrilfI~'rn,r! /I.. jiff'mode"? :::: < (l > ::::} 
Sysptr': E dom FSlorf 

I {Sys]ltr':'} -a FSron/::: {'<;"y~'ptr'!} -a FSta'/"(

l s~~:~::~ ~~~(~~'_ '~~<~~:)_ ~_ :t~~~d:~~ ~"'~'~~~,~S~~~J~!~ _~ _~~r~~~':~'?_ 
SucrSyl' Write [ Sy.'>'Wnle ,Yol-VdleE'rror! ] 

UnSurcSysWrile [ Sy.~ ~fntf ... So H.'ritc'C"IT07·! ] 

The final operation that we a<.~Ullle . .<;iysRrod. is analogous t.o SY8 IVrdt. takes the param
eter file mode (which must eqllal "r" ) and tIlE' pointer returnE'd by Sy.~GdPtr. retnrning 
the. flag NaRMdEn'or indicarinf!; its SUC«'SS or otherwise, <I,no in thl' former ca.se. thl' 
scqnence of cnarar.ters RradSI'q. a.ssociat{'d with Sy,'pl; in Stare rthrough storedseq); in 
all cases StOTY. rt'rmains unchanged: 

SysRmd 

EStoTY. 
Sysptr? : Ptr 
ReadSeq! : seq Char 
fil,mOd" , {< , >} 

~NoReadError! : B 
-------- --

I .., NoRmdError!
L 

::::} RemlSeq! 
_ 

storedseq (['Ston Sy:;;pfr';) 
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SuccSysRwd [ SysRu),d .'YoHwdt'rm,"! ]
 

UrlSU('('Sy~~Rf_lld [ S'Y5/had --, ;'\ioReadErrw'! ]
 

To lotalise thp read alld write 0pl'fatiolls. we deline the error messages: 

ErrorCaTlllotOp' nFi/f - 1 Tl':p! : RfJH}f'i rr;p! = "Cannot open Iile") 

E,Tor H"ritil!qFilt - I nop! : RepOf'I rrp! = "Error writ.ing file"] 

Fr"l'llrReadi rJ,9Fil, ! rep! : Report rep! = "Error reading, file"] 

to give: 

loFr/teToStorc 

S'ucc8ysGctPI,r » S"uccSlj81'Vnf( A .S'll("u:.~"~ 

v 
SuccS"ysGffPII' » t'nS"u(',Sy"< Jrf'it, A r.rrorWl"itingFik 

v 
L'IISUC,.SysGefPlr A ErrorC'rJf'llo/OWn/-i/t 

Succ Write T oStore Writf ToStoIT' Np! ""Oh""
 

UnSucc loVr'itcToSto'rC Wrltr ToS'tofT: I'tp! 1- "Oh"
 

V·le note that WriteToSto'('(: contains thl' illjlut paraIlleter~ ji/ulU,mf? jilemmit"! alLd 

WrileSn(?, which will be providt'd by the {lilah' operation. We fer()~ni7"'" that t€~l fli'ad 
from store will be app('uded to the dor.mnrnt a.nd so must allow fOf t.he possil)ility that 
the editor's capa.cit.y will be exct'eded, a.lld drfill!.': 

ErrorReadFull := [rep!: Rf'port I f(TJ~ = "Edit.or fu[[" I 

ReadFromStore
 

Su('(:Sy.~GetFtr » SuccSysRmd A SIJ(TeS8
 

v 
."lIccSy5GdPtr » UnSurcSY8Rmd A ErrorRwdiflgFile 

v 
(!nSu('cSysGeIPtr A ErrorCullrJotOpenl",le 

v 
SllccGelSysPf'r A E,,'orRwriFull 

SurcReadFromStore [ RwdFromSlol'f rEp! = "OK" ]
 

UnSllCC HeadFromSloTl': [ RwdFmmStore It.,,! I- "01(" 1
 

\\'1" not.e that RtadFromStoTl': contains tlH' input parameters filename'; and jiforwrit'? 
(which wiU l)e provided by the quotC' operation) 'l.lld ret.urns t,he component Rear/Seq!. 
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------- ---

----------

6.3 The Doe7 State 

In order to enable text entt>r..d a1lhe keyboard 10 lw dire<:,teo either to the document or 
to the QuolrBulfer i1 is /l{'cessil,r} to iucorporaLe t\\O states into the' ('culor: a SlaliLJo,' 

for IlormaJ documellt editing aud a S/affQ,,,, for qllottBu[ffr €ditin~. Furdwr. sam\' 
quotf'd wmrnanos also reqllire Ille file n.l.llle (a sequellC(, of charac!('TS). altd we thcrdore 
extend the document ~tate as fnllow~; 

DocSI(J/( [ Stoff: { ..,·ltlleDoc. S'/aliQuot,} 

DocI\'Otnf [ Same . ,\eq Char] 

DfK'7 Doc6 /\ QUO/I BulTrT 1\ Doc'itale /\ U(J(',\'(Jm(~ 

,'VUlm j:i to be prodded by 1.h(' (opl'ra\ilLj!, \\'slernJ command 10 ~Iarl "oltin?;. ,,[](j i~ 

as,~urlled Lo b(' input 10 the editor Ihrongh Ih<lt command; QHlI/.T j,<; initia.lly sH 10 tIl(' 
empt,Y s"quence, v.ith l.ile editor i[l Slatf-D",,' p,iving: 

[mlializ<'Vor7 

htilj(Jh:fDn,,~ 

jDuc7


i jiJctlame?: scq Chat'
 
r------ ------
': QBuljl = < >
 

Slate l = Sia/cv,," 
Same' :::; filename? 

- __I 

6.4 Quoted Operations 

All operatiollS (with the excl'ptio[l of the seil,rch/l't'placl? (OllllH,lnds - SE'C Section 7) are 
be'gun and terminated by pressing a p<trticular key [Ille quote key}, unlike the other 
operatious specifi('u w far which require the implpmentation to "b1nd" each one l,u a 
oifferent key. \Vheu tile document is in Slat(Drr and the' quote commano (throu1!;h thp 

quote key) (hanges nothing exc('pt thE' slale {which is dl<\IIged to SlatcQuo!t,j and the 
quote buffer (which is emptieo ready \.0 H'CPjVC text): 

Quole~'j"l<v~c 
I 

I~~g:: 
n'p! : Rr;port 

Namf' :::; Name 

I State:::; SlateDoc 

l
State' = StatcQ"olc 

QBulP = < >
 
rep! = ""OK"
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After the appropriate text has been entered into QBuff. thf' quote key is pressed a.gain 
(now, of course, in SluteQtiole) and this acts a.s a reqnest for the operation - dictated by 
the QBuff text - to be carried out ("reqnest" since some of thesp commands will be 
concerned with the operating system, and may, for a variety of reasons not concerned wi th 
the editor, fail). Wf' are not concerned with t.hf' explicit specification of such operating 
system operations (althongh we do make limited assnmptions abont the input and output 
relating to each, Section 6.2). 

In order t.o sa,vf' unnecessary repetition in the specification of t.he quote operations, we de· 
fine two operations that perform a qnot.e rf'quest, distinguishing between a documeIlt. con· 
tent chan~e - QuoteRf'questContenlChange - aud no content change - QuoteRequeslNoChange. 

We first define the opf'ration Quott:Requc,~1which is execnted in S/u/eQuote and terminates 
in StateDoc with the docnment name, paste and qllotr bnffers nnchanged, allowing only 
t.he content of the dorumpnt and marked text to chau~e, and providing the filenume and 
jilcmodF input for operatiIl~ system i/o: 

QuoteRcqllest
 

.1Doc7
 
:=DocName
 
:=PasleBujJe.I'
 
:=Quott:Buffer
 

I filename! : seq Char
 

: filemode!: {< r >,< 1IJ >,< a >}
 

~tate == StuleQuQ/< 
l
 

L_8tate ::: StateD"c _. .~ _
 

If a qnote (request) operation does change thp content of the docnment, the ma.rk is 
reset: 

QuoteRcquestConientChangf' =- [QuolfRequf'st I .\farkSe.ql == MarkcdSeq == < > ] 

and we note that the operation defines all components of t.he Doc7 statf' except the 
content of the document, aud thereforf' when nsing it we ensnre that the whilespace 
and null lines invariant of Doc3 is maintained (using thp Rem opNations of Section 3.3) 
which therefore preserve the Doc7 invariant. 

We finally define a quote (request) operation that allows neither documput. content nor 
marked text to chaIlge: 

QuoteRequeslNoChan.qc QuoteRcqucsl. 1\ :=Doc5 

and we note that this operation defines all components of t.hp Doc7 state, and so when 
using this operation we ensure that the Doc7 invariant is preserwd. 
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Each qualp operalion, except abort a.nd eSrap(', will be idpillifled by its first letter. 
with optiona.l argum<!nts being separated by spare character,,; we require lhat. the abort 
operation is entered in full to preclude possibly di"a.slrons conseqnences, tbe escape 
operation being identified by the character "!". V.:P introdnce: 

a.b,i.o,q.T,S,i,U',!; Char 

6.4.1 The Abort Command 

This romma,nd relurIl.~ control to tit\' (lpera.tin~ "ystpm wit bOIl I s,Hing l.h~ content.s of the 
document to ba.cking store. \\.(' ds~ume t.11{' set SY80p of operil.{itl~ sy~teln instnlt·tions 
ann introdutP: 

[S•.'OI'I 

Sy.,UdumC'onfrvl: Sy.~Op 

Hot.ing that it has no associat\'d inpnt. \\'e def!lle 1he command for fI'C!uest.ing all ahorl. 
which is always snccessful: 

Rcque3tAbort _
 

i Quote Reque.~t fit'oCh(lnyf.
 
I 
r-------------- 

! < (I, b. o. T, t >:= QBlIJJ 

l__r:~ :~~~~ 
to give; 

AbodQtlolr ::: Rf'quc.~tAI)(H-I; SysHf/llTliCOnirol 

6.4.2 The Save Command 

The command writes the entire content of thE' document to store; we lIote that the 
content of th,= document might not have changed sinH' it W<I.S loaded from store, or sincE' 
it was last written, and so define the error message-: 

ErrorDocNotChanged =- [rep!: Report I rep~:= "Docnment not changed" ] 

This operation specifie-s the sequf'nc€> of charaders to be writen, W,-iteS('q, as t)lC' entire
document, provides jil£mode as "1/--' and jih'flome a.s the dOCllTtlent na.me (a.s inpnl to 
the WriteToSlore ope-ration of Section 6.2). and does not f.hange thf' content of the 
document: 
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--------

Requ€slSave _ 

QuoteRequeslNoChangt
 
WriteSeq! : 8eq Char
 

< s > = QBulJ
 
file mode ! = < u· >
 
WriteS~q! = f,eftCha1 ,.-. RlghlChar
 
filename! = Name
 

L _ 

and w~ have: 

St1\1eQUQ/,
 
Rtoque$ISat't. » Write ToSto1'f
 

v
 
RequesISt1l't. » £rrorDor.iVoICh(myed 

Our comments of Section 6.4 indicat{' that, since we are u~ing QlloleRr:questNoChanqF, 

there are no proof obligations a650ciated with the Save operation. 

6.4.3 The Write And Append Commands 

The~E' commands write or append lwn-{,IIlpt}' marked t{'xt to d, llamed file, and do not 
change the document. 'VI" define a "proper" prefix relation in wl!il:h S is a proper prefix 
of T if and only if S iH a prefix of T bnt nol {'qual to il: 

--~~~~~~·_~ 

r • i 
I _ prefix] _: seq X x seq X --:. B 

r~., prefix:-;' *> 5 prefix T II 5 Ie T 
iL--- -----_.-- 

aud now defin{' the operation to write marked text.. which .~pt'(ifies filcmodr ~s "w'-, 
WrileSeq as .\farkedSeq and provides filename as the contents of the quote bnff{'f follow
ing the first. I,wo character:> (since the:>e charafter~ indica,tf' the quoted operaliou rCljuirl:'d) 
as input 1.0 If"ritcToStore: 

Requeslltrrite MarkedText -, 
I 
, QuoleRequestNoChange
 

WriteSeq! : I'u/ Chnr
 

< W,8p > prefixt QBJJjJ
 
filemode! = < II' >
 
filename! = QBulJ after 2


I WrileSeq! = Marked8cq
 
~ 
L_. _ 
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and the analogous operation to append marked text, wllh ji/emollf: specified as "a": 

Requf:stApperldMfll'h,dTf:xl 

QualeReque.stfVoChange
 
WJ'ilf.'.~~€q! : seq Char
 

< fl. sp > prefixj QBuff
 
filemode! = < 1I >
 
filename! -== QBuJJ after :2
 

W,-iteSf''1~ =. MurkedSeq 

,----------- --- - -- - -- - - - 

\V..,. require tllat toe marked lext is non·elllpty. aud u~e toe FrTor.Yo]c-;rtilf(J7'kr:.d scnclIla 
of S~rtil)r, ;).2 to give: 

WriteQuvic = 

[Rf;qUf:SI Wrli(MurkulTfl't AfflrkFd5",/ -I- < >] » ~lrileToSlo"f 

v 
Rf:qursl W1'IIeMal'hdTexi /\ £'TOI".'1·0 h.rtMtll'k,d 

AppendQ..QIF 

[RequesIAppendMarkf:dTf"1'1 MarkedSeq i < > J » lV,-it( l'oStorr; 
v 

RequP',~tAppeTidMarkedTf;rt /\ ErTU7'lYoTexl.l!rJrked 

As in tlle previous section. the use of QuofrRe'Jutsl.'Yo('h(lnge ensnw!> that we haw no 
proof obliga.tions. 

6.4.4 The Quit Command 

This command ha.'i no a.rgument. and first performs a save operation (if n~res5aTY 
Le. if the dDcument's content has changed) ilUG if sl1ccessfuL issues an "OK- report. 
subsequently returning control to till"' operating system; if the sa.ve is necessary. uut 
unsuccessfuL editing continues with the docurnellt unrhanged. \\'e define: 

RequfstQuii __I . -- 
I	 QlJoteRequestNoCh,ange


Vritese9! : seq Char
 

W'i/eSf:q! =. MarkedSeq 
< q) = QBuJJ 

I jil""m, ' = Nam,
 
filemooe! = < w >
 

N
WrilcSeq! ~ LFftn'JT ,-- RightoQT 

I 
___.__ J 
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to give: 

QuiIQ"ol< -=
 

RequestQuil » SuccWnteToStorr:; SysReturnControl
 
v 

RequestQuit » ErrorDocl'ioIChanged; SysReturnControl 
v
 

Request Quil » llnSuccll',iteTo5·1OT~
 

6.4.5 The Input Command 

This command inserts text from a uamed file to the current cnrsor position, and we 
specify a reqnest operation to provide fi/emotle as "r" and jilwume as the contents of th~ 

quote buffer following the first two characters as input for ReadFromStore (Section 6.2): 

RequeslInpul - - --I 
I QuoteRequestCon;entChange 
c-~-~-_.. -_. 
j < i, sp > prefixj QBuff
 

fi1emOde! = < r>


Lfilename! = QBuff after 2
 

-------_.~-- --~ - 

the text from a successful input is the concatenated on to the end of the left character 
sequence: 

InputReadSeq ~ _ 

LlDocI
 
ReadSeq? : seq Char
 

Le[tCh/ = Lejt'CAar ~ ReadSeq?
 
Rightnor' = Rightoor
 

We note that the file might not exist, that it might be of au unsnitable type (e.g. not a 
text file) or that the input may cause the capa,city of the editor to be exceeded. and so 
define: 

EfTOrFileNot Exist 

ErrorUn.5uitable File 

[ rep! : Report 

[ rep! : Report 

rep! 

rep! 

= 

= 

··File does not exist" J 

"Unsuitable file" ] 

to give: 
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InputQ'Ool< 

FlagPrevCursor; 
(Requestlnput » SuaReadFromStore » InpuIReadScq); 
RemTmilWS; RemTrtuf.iH 

v 
Requf-stInput » Un8uccRwdFromStorr: 

v 
Rf-quesilnput /\ :=DocS /I, Er'rOrFilelVotE.ci,</ 

v 
Requesl1nplJt /\ EDoc5 /I, UHsuitablcFile 

v 
Requesilnput /I, :=Doc5 /I, ErTOrFllll 

Only the first disjunction will change the document. and in line the fomrnenls ma.de in 
Section 6,4 regarding QuoteRcquest('onfeniChange we <,usure t.hat thp Dor:7 invariant i;, 
maintained, 

6.4.6 The Move To Line Number Command 

This wmmand moves the cursor lo the beginning of the lille numhcr indicated by the 
QBllfJ text; if this number exceeds the nurnbt.>r of lilies ill the document, the cursor is 
positioned at the beginning of the last line. 

We a.ssume the set of numbers NumChar, a subset of Cha'/": 

NumChar C Char 

and iutroduce a total flmction that converts a, sequence of NllrnCha,' into a na.tural 
number: 

ConvNum ; M:.q NumChar -----;-.. N 

The command is a cursor movpmellt commaud and so all J)oc7 componf'nU, (except the 
cursor) remain unchanged. We defiue: 

Reques tMt,L tnt Numbt r 

UOkRequestcontentChange 

~-----------._-
nm QBufJ ~ NumChar
 

I ~ocCurXt = 1 

~~c:~~~~o~~um ~B~~,~~DLincs~ 

to give, noting that we must preSNve the DocS invariant: 
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,\1oveLl-neNurnberQuot. :=
 
(FlagPrcvCm·.mr; RequpslMvLineNumber ;
 
RemTrnilWS j RernTmil.VL) A Success
 

Similar comments to those made re!;arding the discharge of the proof obligation fOJ Input 
also apply here. 

6.4.7 The Escape Command 

Communication with the operating system from within the editor may he adtieved 
t.hrongh a. Quote operat.ion: QBuJf text commencing with the "!" chara.cter comlitntes 
a request for such a command, the test for the comma,nd itself being the quote huffer 
text following that character. We introduce an operating s.\'stem interpretive command, 
commandscq, which accepts a sequence of character,<" and performs tIl<' appropriate ac
tion: 

Sysfnterpret : SysOp 

We deflne: 

E.~cape. Provide Text -l
uoteRequest,VOChangc
 

commandseq! : seq Char
 
- ._---_.
 

# QBuff > 1 
< ! > prefixl QBufJK 

Lcommandseq! = tail QBuff 

--------._-- ----

ErrorNoCommandGiven --l 
QuoteReque.~tNoChange 

rep! : Repo7't 

< ! > == QBuff 
"ep! ="No command given" __I 

to give: 

E.~eapeQUOf'- -


EscapL Prot~deTcxt » Sysfnlerp7Y::[ A .'-'-ucccs.~
 

v
 
Errorl'ioCornmmandGit'cri 

Note that although the sysl.em command may not succeed, the Doc7 operatim itself is 
successful. 
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6.5 The Quote Command 

\V€ now express the effect of pressing the quot€ key, when the €d.itor is in Quot€ I\tat€, 
aii a disjunction of the abo....e operations. However, when QBulJ contains text other 
than t.hat defined in the previous sections describing the Quott operations, an eHor is 
reported, We define: 

ValidQBujJCon/€nl < a,b,fJ,r,1 >,< q >,< s >,<1 > } 

l'alidQBujJ!'r-ejix {<a,sp>,<i,sp>,<1JJ,sp>,<!> } 

ValidQBulJText 
---------------~ 

iI Quotf'BulJer 
r-------------
II 3 oS: ·ValidQBulJCont€n.t _ .~ = QBulJ
 

I V
 
i 3 s: ValidQBulJPrefix _ s prefixt QBuff

I 

I V rng QBujJ ~ NumChar 
I 

to give the l'Hor message: 

EnurQuoteEn'or
 
I QuoteRequestNoCha'flge-.--- 


I---., ValidQBulJTf'xt 
rep! : Report 

n:p! = "Quote error" 
__________~ J 

\Ve thereror~ have: 

QuottsM/,Q.ol< - AOOrfQ1<ole V Sav{'Q1<ole V WriteQlJ.OI. V 

Appe'fldQvol• V QUitQtJ.Ol< V [nputQ_ol< V 

EscapeQlJ.ot< V ErrorQuoteEr-ror 

a.nd we now eXpress the Quote operation as the disjunct.ion of fhe operations specified 
on the Doc and Quote states: 

QuoteVo<7 QlJ.oJ€Slal<Dor V Quotes/aleqtJ.olr 

Since we have demonstrated that each individual operation preserves the invariant on 
Doc7, the disjunction of those operations ({lust do likewise. 
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6.6 Promotion Of Quote Buffer Edit Operations To The Doc7 State 

We use tne same names for the quote buffer edit operatiutl& as those we specified OIl 

Doel; the former an' promo~ed to Doc7 by stipulating thal they do not affpct the DoeG 

components, and the latter by stipulating that they have no alTect on the quote buffer, 
documeut stale or documput name, We define th£' set of names 

QBuffEdltOp~ {	 lnseriChar, LeftMoveChar. RI{/hiAfoveChar, 

CursorLeftChar. Cur,_orRightCha1', 

LeftDdctr:Char, RightlJeleteChar } 

and: 

Promotf'ToDoc7 := ::=quQteBu.IJer 1\ :=DocStaff 1\ :::DocN(I.mf 

to give: 

v OF; QBu.ffEditOps • 

OPDoc7 [OPQ~al< 1\ 5Doe6 I State St.o.ICQ~()le ] 

v 
[OPDoc6 1\ Promote ToDIX'7 Stale = StateDoc ] 

and, clearly, WC' have no proof ohligations associated with this proll1otion. 

6.7 Promotion Of Remaining Doc6 Operations To The Doc7 State 

We note t.hat the remaining Doc6 oppratians may successfully be effected only in St.aleDo" 

aud they are promoted in the same way as those described <tbow', Wp use EdilOpsi 
(Section 5.2.1) to define the set of names: 

EditOps,'J =- f:ditOps2 U { Lift, CuI, f'(lste,ExchMTextPHuff } 

to gh:e: 

NonQBujJEdilOps =- EdllOps3 - QBuffEdiJOp~,. 

We define lhe error !>chema.: 

ErrorJ/legaIQBu.jJEditOp 

i EDoc7 I 

11 State --:-~~tateQ.Oj" 
~! = "lllegal edit operation" 

--- J 
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to give: 

v OP: NonQBufJEditOps • 

OPDoc1 =- [ OPDor6 II PromoteToD()(:7 I State Statenoc ] 
V 

Enorltlc9u1QHuffEditOp 

a.nd a.gaill we have no ~so[iat('d proof obli~atioJl_ 

7 The Search And Replace Operations 

We now (onsider tlle operations to search for a specific string of characters, and (possibly) 
to replace that string with another specified string of rharMters. Since we wish all 
documenl changes to take place at the cursor position we do lIot allow "'global" strillg 
replacement, and specify tlle repla.ce operation <LS having the pre-condition that the cursor 
must be <It the 6tart of text matrhing that specified in the searrh operation. 

7.1 The DocS State 

We enrich the documl'nt state by providing two buffers: 

ScarchBuffer - [ SBufJ : !Jeq Char] 

ReplaceBuffcr - [ RBufJ : seq Char 1 
Doc, - Doc7 II SearchBufffr II ReplaceHuffer 

and in.itiall~· each buffer is set to the empty sequence: 

InitializfDoc8 [ InitializeDoc1 II .JDoc8 I SBuff' :: RBufJ' ::: < > 1 

As described in Section 6.3 pressing the quote key - QlloteKey. change states_ Each 
time QuoteKey is pressed in .':;tateQ,.O!., the quote buffer is emptied reooy to accept new 
text. Pressing the search key SfarchHey - will then have three efferts: copying the 
contents of the quote buffer into the search buffer, carrying ont a search operation for 
that text, and returning the editor to Stalevoc_ The replace operation performs a similar 
function except that text immediat~ly following the rursor in the document must match 
that in SBuff (as it wonld immediately following a snccessful sf'arc!t operation) to enable 
a replace operation to start. 

For example, if we wanted to search for the striDg "foo~ alld replace it with the striug 
"'ba~", we would type the following at the kf·yboard (with the' docnment initially in 
Statenoc ); 
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QuotrKry 1 0 0 SrarchKEy Quotd..:ey b a z ReplaceA."cy 

Notice that both Scarchh:ey and ReplaceKeyarf> pressf>d in StaleQ"Qj., and afterwards 
the search buffer contains "100" and the r~plac~ buffer contains "'ba;;". To repeat the 
above search/replace operation we would type: 

ScafThKey RepJaeeKey 

the difference being t.hat. now both keys are pressed in SlaleQuol, which meam that the 
current contents of the ~earch and replac~ buffers are nsed. 

7.2 Regular Expressions 

\Ve wish to use a form of '·regula.r expression" wh~n sea.rching for a. string of chara.cters 
and introduce: 

RegEr-pression: P (seq Char) 

and define a reLation which holds when a regular expressioll matches a prefix of a sequenCf> 
of characters, and require tha.t an expression cannot match by a sequence that is shorter 
in length: 

i .--:
 
~~gexpmatChes. __ : RegExpression x seq Chm· ~ B
 

e regexpmatches ~ => # e ~ S I
 
_________.__ .__ ...J
 ~ 

Since we wish the document to be in a, matched stale when t~xt in the s~arch buffer 
matches text immediately following the cursor, we now define a relation b~tween se
quences of characters, the firsL of which may contain a bracket f>xpression: 

l-~~=~~~~~~-'i 

I - matches _ : seq Char X seq Char .-.:;.. B 

I V" R,gErp..",'on; .< 1••<2 E -", Cho, I ." 'l H,gf;rp",,,'on • 
p. malches s2 <:} e regexpmatches ,~ 

81 matches s2 ?} ,~1 prefi;l( ,.2 

. --------- 
We note that a sequence cannol be matched by one that is shorter in Jength. 

7.3 The Down Search Operation 

Search operations are cllrsor-changing operations and will starL only when the s~arch 

bnffer (which does not ch.ange) is non-~mpt ...-, and will terminate in S·talf'ooc. We define: 
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SearchOp _ 

=Co"tDOCl 
:=SwrchBufferI J.DocStalt: 

SBufJ l' <> 
Statt l = 8tateDoc 

""e need a mea,ns of determining the length of the rnatch<:'d string in the document. and 
so we define a partial function which takes two matched sequence~ (the first of wlJich, of 
COUrse. may be a. regular expression) and returns the leugth of the match (i.e. the lengt,h 
of the matching prefix of thl' serond sequence): 

,~--~~~.~~---~~~ 

i matl"hedlengtn : seq Chm' x seq Chm' ----t-;J. N 

1--- 
i (~1,S2)E dam matched length <=> sl matches ,~2 

L .. ' __,._J 

After a successful search, SBuff will match RighlChar and this will be the first such 
available match - Le. the text in SBuff must not match the content of the document 
from: 

# LeftCAar + 2 .. # Leftna/ + mat<:hedlength (SBuff, RightChQT ) -- 1 

since the search will have sta.rted from the second element of RightCAa"and the match is 
with the first matchedlength SBuff elements of RightC'h/' We define a .successful down 
!';earch in Statevoe, which has the pre-condition that thp. length of RighlCIL",r must h~ at 
least that of the l~ngth of the search buffer: 

SuccDoumSchvoo
 

StarchOp
 

State = Statevoo
 
# RightCAmr 2'. # SBuff
 
SBaff matches RightCiIO/
 
--, (3 S in n .. m ~ (Leftr,hor ~ RightChr) • SBuff matches 5)
 
where
 

n,m := (# Left-oor + 2), (# Leftcha.-' + matched length (SHuff, Rlghtna/) - 1) ___________________J 

The only difference between this and the corr('spondillg operation in Stateq"QI~ is that 
the quote b-Ilffer is first copied into tbe search buffer, with the operation t.erminaling in 
StateDoe. W", define: 
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--- -

------ ----------

Cop"QBtl.ffSDuff _
 

.1SearchBufJt'r
 

.1 DocStatf.
 

QuoteBtl.ffer
 

Staff. = StalFQut,
 

State l = StateDoc
 

SBufJ' = QDuJJ
 

to give: 

SuccDownSch Q...ote == CopyQDuJJSBuJ]; 5'ucrDoum5ichDoc 

An unsuccessful find in StaliQ ... ol, occurs ""hE'n thli' sli'arch hnffer is not in the tail of 
Rightchar (since thE' search will start from its second elE'ffi('nt): 

UI1.S·'ICCDOU'I1SchDo <: 

SearchOp
 
:=Doc1
 

State = StateDor:
 

SHuJJ i <> 
..., (3 S in (tail RightChar) • SBuJJ matches S) 

._---------_. 

and we have the corresponding operation in QuoteState: 

UI1SuceDownSchQ1J.ol, == CopyQBuJJSBuJJ; UnSuccDoumS('hoor: 

To totalise the operation, we d('fine the following report. and error message: 

RepStringNotFound == [rep!: Report I rep! = "String not found" I 

ErrorSBuffEmptYDr<: 

I EDoc8
 
I rep!: Report
 -
I Stat, ~ Sta;:;'-:-- .- 

I SBuJJ = < >
 , rip! = "Search huffer empty"
 I
ErrorSBuffEmptYQ1J.OI, CopyQBuJJSBuJJ j El'rorSBuDEmptYDvr 

To give: 
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SuccDownSearch SUCCDOll.'IlSchooc v SuccJ)otrnSchquote 

UnSuccDownSean::h UnSuccDolI'nS'chDu(" v U,lSuuDo1VnSchQuote 

ErrorSBuffEmpl!J Errm'SBtlffEmplYDo, v EI'rOf'SBujJEmptYQuOJc 

For each search operation, only the sea.n:h hnffer, document sl.ate and rnrsor position 
may change; however since a cbang(' of I:ursor position may re~ult. in a change of COli tent 
(it may necessitate the remova.! of while-space), we- also unmark marked text ill snch 
cases. \\'~ define the promotion schema: 

PromoteScarrh 
I 
I ".Doc8 

! ~~:j~;;~nf 
i 5PastcBuffer
 

! 5QuoteBuff{T
 

oDocNam,
 

~~~PlaceBUffer__I 

Promotf:Search UnMm,k [PromoteSealTh I MarkSeq:= MarkedScq' <> ] 
PromotlSearchLeaveMa,'k PmmoteSearch /I. 5"JfarkedTcxl 

10 give: 

DOll'nSearchDo<8 

FlagPrcvCursor j 

SIJccDown.'ieun::h j RemTIYlilWS; {lemTrailiYL /I. 

PromoieSeO!'chUnMark /I. Success 
v 

UnSuccDownSean::h II PromotrSeo.n::hLHlFeMark II RepSlriflglVotFoJJ.nd 
v 

En'OrSBuffEmpty 

The last two disjune.lions do not change thE' wnteflt of flit, document; for the- first, we 
ensure the preservation of the DocS invariallt b~' post-sequential compositioII wit,h the 
Rem operations of Section 3,3. 

7.4 The Up Search Operation 

We define ~earclle!i up the documenl in an entirely analogon~ way. The difference oeenrs 
in the'specification of the 'fir~t match': the search huffer must not match the con lent of 
the document from: 

# Leftch"'/ + 2 .. # LejtCh",r + matchedlength (SBuff, RlghtCh"") - I 
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since the sea.rch will haye started from the <!lement corresponding t.o the penult.imate 
character of the matched sequence of Righ/choT (or, if t.he search buffer is of unit l~ngth, 

from the last dement of Lel/chaT up 1.0 the seCOlltl C'lcmcnt of Riljhl(:A.r'). We de:ine: 

Suce UpSChDoc
 

SearchOp
 

State = S!-a/eD DC 

# Leftch<1T ~ # SHuff
 
SHuJJ matches RightCha.'
 

---, (3 5 in n .. m ~ (LejteA,," ~ RightChar) • SEuff matches 51
 
where
 

n,m = (# LC!tCh•.' + 2), (# LcftCAar + matched length (SBuff, RightChar') - 1 ) 

.. __1 

Succ(lpSCh(,J.Ol, CopyQBuffSHuff; SuccUpSch}!oc 

An nnsuccess[uillp find in StateQuoj, occurs when theY'arch buffer j~ not in the front of 
f.,e!tCh.o.r: 

UnSuccUpSchDoc ---- 

I 
~;~op__ 
Slate = StaleD" 

SEuff 1= < >
 
I ---, (3 S in (front Le!tenor) • SBuff matches 5)
 

UnSuccUpSChQ"ofe CopyQBllffSHltff; FtISuccUpSchD.~ 

We may now specify the up search operation: 

SuccUpSearch STJecl1pSrh vuC V SuccUpSchQ1Jotr
 

UnSucc(!p.s'£arch UnSTlccUpSch Doc V UnSuccUpS(;h QlJo /
p 

UpSear('hV{)r~· 

FlagPrevCursor ;
 
SucrUpSrarch; Rem TroilWS ; RemT'miUVL A
 

PromoteSearchUnMark 1\ Success
 

v 
UnSuccUpSmrch 1\ PromoleSeal'chLmveMark 1\ UepS/ringNolFound 

v 
ErrorSE1JffEmpty 

The comments made regarding proof obligations for the promotion of the down s~arch 

operation (S~ction 7.3) aho apply here. 
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7.5 The Replace Operation 

A Replace operatjou can only be succes.srlll when the document is in a "matched" state 
l.e. wh'On SBuff matches RightC'h~r. aftN which the document is left in SlateDoc' The 

op{'ralion can be carrlPd out in either Staff Doc or StllllQ.ryl< and we first consider the 
formpr: the text matched with that in the search burTer is first removed, the statE' 
remaining unchan~ed: 

RcrTiMalchedText -- -- _ -- -- --- -- I 

JDod 
;DfJcState
 
SC(J,rchBujJer


Ir---- -
1	 SBuff matches RlghtChar 

:	 RighICh~r' = llighlChar after matchedlength (SHuff, RiyfllC/WT)
 

Lr/tnar -= LrftCAar
 
Slate = SlateDoc
 

and then lhe text in the replace buffer is cOllcalen<l.ted on to the front of RightCh"r: 

TmRBuffTerl 

.JDocl 
R~placeB'Uffer r-------

I RilJhtChar' = RBuff ~ RightCh~r
 

l_L:!Ch_~ : _Left_cha~ _ _ ~_ . _
 

and we have: 

StiCcRplDor -"'- R!'TTlMatehedTexl; 11l!:>RBuJJTo:t 

Thl:' differl'IICl:' between this and the corrp~ponding operalioll in ,"'lal('Q~()jc is that the 
quote bnffer is fint copied int.o the replacE' bnffer, aftl:'r which the quot.e buffer is pmptied. 
In a similar sc.hema to CopyQBuffSBuff of Section 7.2. we defiue: 

CopyQBuffRBuff CopyQ8uffSHuff[RtplafeBujJer \ Sf'orchBujJer] 

to give: 

SuccRplQtjot, =- CopyQBuffRBujJ; SuccRp107C 

An unsucces,ful Replflef: operation in SlateDcc occurs when the nOflunenl is nol ill a 
matched stat.e, when neither the contenl nor the .state change. We dpfirle: 
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l."15'uecRpLLJ", 

~Docl
 

~DocSlate
 

S'earchHuffu' 

..., (SHuff matches RI!JliIch~T)
 

S/ulc = ,StattDoc
 

am] hay(' tIlt' forrespondiug operation in S/olr!;!""I': 

rnSllaRplQ~ol' "'- CopyQHuffRBufJ j F,,s,u,ccRpID,,,' 

Wf' l]pfillP the followin~ error message; 

Rt'pXoMalchSBufJ 
~ ~
 

rfp! : Repor/
 

np! = "No match with search uuffer" 

NaIf' that thf're is no repla,ce sr.hemaillJal(J~oll~tothesearchschema.Er.rorSHujJf1Jl]Jly 

~incf' WP wa.nt to make ii possible to replace 1.)1{' fonnd strin~ witI1 thf' null string - i.(·. 
to enahle a serif's of deletions to be madf', For lhf' rf'place operation, only thf' r"plac(' 
buffer, document [<tat,e and document COIl1.ClIllllilY change (and in th') latter ca.~e marked 
text. must be unmarkf'd), and \ve define: 

Promo/eHe.plaa 

.JDur'S 

~conlDocl 

d,\fllrkcdTexf 
~PasleBufffr 

;?QuoteBuffer
 
5:DocName.
 
ESeur('hBuifer
 

PrumoteReplace UnA-lark I P!'vmoleRepla('e I MarkSr·q = Markcd."eq' < >] 
PromoteRe.placeLeaveMark h'OluoteHeplace 1\ EMarh:dTu:t 

and, recognizing that the Replace operation may exceed the editor'!> capacity, we define: 

E-'rrorReplactAdlDoc 

~D(){~8 

Stale == State Doc
 
I rep! = "'Editor fnll
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Error R<,plac<'FullQuol< CopyQBujJRRuf! ; ErrorR<,!)[aO'FullDoc 

frrorReplac<'Full f-'rtOI'ReplaceF'ulllloc V EfTorRtplacf'FuIIQuol, 

to glve: 

Su,ccRtpw,c( Sucdlp1oo._ V SuC('Il]JIQ~of'
 

['nSuc('Rcplau' ('nSu(',Rpl{)or V l nSw"CRpl(j"oll
 

Rtplauooo8 
FlagPT-r-P('1jr~ar ;
 

Stlf"f"Rtpla.('( ; llnnTmiHVS'; HUI. Trm!,"l], 1\
 

Prnmold?<,p!Ur-f UnMark 1\ S(J(("u~
 

v 
'-I'l.'J'uecRrplacr 1\ Frnmo/<'Htp!u('f Leul'f.llud- 1\ Rtp.'Vo ... l/rl/rhSBIJfJ 

v 
Fr-mr Rrplru ,-Full 

The comments made fcgi\.rding proof oblig<ltion~ for the promotion of the down ~('arclt 

operation (Section 7.3) a]~o apply hen', 

7.6 Promot.ion Of The Doe7 Operations To The Doc8 St.ate 

We use EdiIOp,~3 (ScctjoJ) 6.7) to defil\P t]w set of n<J.ffif'S: 

Ed/tOps4 EdiiOps."J U { Quoit: } 

\\'e- fe-quire that each 0pl'falion in th", s('t EditOp-"4 dol'S not (hange the sparc!L or Jeplan> 
huff<'fs. to ~i\'e: 

v Of>: EdilOp.e;4 • 

OPOoo8 ~ OPD.)c7 1\ :=~"'earchHuffa 1\ :=U<,p!rweHlljJr:r 

Clparly thh promotion proces~ do('s not incur proof ohligi\.tion~. 

8 A Window On To the Display 

In Section 2 we incorporat(' an unbonnded display into tf1~ specification of th(' editor; in 
tltis section we specjfy a (mm'ab](~) window on to (hat display. W", first define a Wjndow 
state, orthogona.l to the Doc modeL 
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8.1 The Window State 

Tb", window is assumed to be rect.'l.llgular and of fixed widtll (I,ud lleight: 

Win l-Vidth. H'itlHnght : N 1 

\Ve ueed a means of moving the window. and we imrodurt" IwO valuE's that rqJn'5f'nt 
it~ horizoutal and vertical displacement from a. fixed origin (~O Ih,1.1 thE" winJow always 
appears to lhe right of and below the origin); 

ll'indowOffset =- [ OfJsetX, OOset Y : N ] 

"fhe window contaimi a non-empty sequence or display lint's ('ll,ction 2.1). the s"qUE"nce 
haVing a maximum length of WillHeighl. each liTle of the S('(lllPI1("P being of maximum 
length ll'inWidth. The lines are displa:wd ill the window IlIW ,dlOVP [hE' ollit"r. with the 
first. line at the top or the window, the ,;econd imrnediatf'I,\' lwiol\' it and so Oll. f'<Ich 
vert.ically aligned with its left hand end f1l1sh against tlw If'fl pd~,' of thE' winJo\\ 

\Ve iucorpora.te a cursor, a pair of positj.,'e na,Lura] nllmbNs, budt Lh~t till' lOJllert hand 

corner of nle window corresponds with cursor posit.ion (1,1), till" bottom right hann 
corner being (n"inWidth. WinHei.llht). and which we reqllire 10 a.lways be in llip \\jJI(Jow: 

WindOlJ)Cur,~or 

WinCurX, WinCurY: Nt 

S lVinCurX S Wl:n Width 
~ Win Cur Y S R"inHeighl 

and have: 

Wmdow
 

WindowLirlf's: seq! DispLinf'
 
WindowOfJset
 
Window Cursor
 

, 
I # WindowLine$ :::; WinHelghl
 
iVy: 1 _. # WinLines _ # (WirldowLi'le.~ y) :::; Will U'u!th
 

,------- 

B.2 The Doc9 State 

We define the Dod state by coujoining the Dm:S and Windou' stat.es. In order to ubtain 
the sequence of window lines from thl" sequence of unbounded di.~play lines we fmf. mask 
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ont that part of the unbonnded displa:\.' lying to the left aud right oflhe window position. 
to obtain the sequence WillMaskLmrs: 

'r/ y: 1 .. # UDLine.'> ,
 
WinMlI,~H,inc.> 1J = (L'DLinrs 1J after OffsrtXj for WmWidth
 

\Vp n(jt~ that the definition of for f'll~UreS that the l('n~[h of ('alh ~VinAfaskj,lw' dO"5 
not exceed Wm Width. 

\\'(' nm\.' lll;v;k out that parl of n;jmJf(13~'Linf8 lying a.bove and LJelow the window: 

ll'indowLnU8 (H'm.\faskUms after Off.q/}") for ~~I/lHI,ight 

and ~~ain, th(' definition of for ('nsurps that the lellglh or H'indoll'rillO does not ('~("epd 

WinHnghf. 

The window Cllrsor values will h(' the di!f('rcnce betw('('ll thE' dOClJrnellt ("11 rSOT valu('s and 
t.he offsets: 

Off.~el Y: 
UNIWt":'<IH'lJ Dlf'PLAY or THE DocrME:-,'T 

I 

[JDe,1TY 

°ffSftX 

I 
Win Cur} 

f'DCUTX 
-' 

WinCul'X 

I JWindow 
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We now define: 

Doe9 , 
DoeR
 
I-hndow
 

WillCurX. WinOurY:= lIDOurX - 0ffsetX, CDeur} , - OffsciY 
WindowLincs := (W£-nMa.~kLmH after 0ffsd n for Win Height 
where 

# l-'I-'i1li\!askLine5 := # VDLHH;., 
'V y : 1, # UDLmcs • 

WmMII.,kLincs') := (( CIJLl1!ts y) after Off,<;rlX) for n'inll/iJrh 

L" 
Vic notc that the WmdowLmes sequcncc is J'l'UlllJ(]aIlL ~inrp it may be calculatrd from 
UDLinL', the offsets and thl' winuow cursor: further, th., offset~ may be calculated from 
tbe window cursor. and virf'-versa, usin!!; DOl'8 and th" (iD cllrsor. Hf'ncf' J)r('" ilud 
eJthf'r tfLe offsets or the winuow cursor ulllquel:-.' Jefine IJor9. 

We show that the character at thf' ( Win Cur }', WinCurX) willdow position is tit" ~ame 

as that at the (UDC'1l'rX, UDC'ut}'j position of the nnboundl?d 11isplay of the docullient: 

Lemma 3 : 8.2a 

Doc9 

f

(n'jndowLincs It'mCuri) Wl:nCurX (FDLmes l'j)('urY J UIJCur.l 

• 
Proof 
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WindowLines WillCur Y =: 

(( WitlMa~'kLjnes after OffsetY) for WmHezghl) (UDCur}'-OffsctYj 

Doc.9 , S; WinCul' Y S; WinHeight	 IVindowCursor 

3. S; flDCur Y -OlJset Y S; WinHfight	 2., Doc9 

4. Wmdo1L'L!Tle.~ IVinCU1'Y =: 

( WinMflSkLitl(,s after ODsel Y) ( Fn('urY-OfJ.~tI Y) 1 .3., propt. for 

.\. WindowLm,es WinCutY == WmAfaskLme,<' Ul)Cur} 4., Doe!) 

6. (WindowLinf'S WiIlCu',' Y) WinC'urX == 
((( UDLmes UDem'y) after 0ffsctX) for Win Width) (UDCurX-OffstlX) 

5" DocY 

7. 1 S; WinCllrX S; Him Widlh	 WindowC'urMJr 

8. 1 S; VDCU7'X-OffsetX .-:; l-l'inHeighl	 7.. Duc9 

9.	 (WindowLino' WinG'll"'Y) IVinCurX == 
({ U/JLines UnCiI,.)· )after Off.~eIX) ( UDCurX-Offsct).;) 6 .. S.. prop!. for 

10.	 (WindowLint's Wir/em'Y) WinCurX == (UDLlTles FDCljrl') L'DClIrX 
k .. prop!, after 

• 
V\"e specif!' the initialization operation as: 

Iniiializevoc9 == Initja[l:fD')C~ A lJ.Doc9 

which implies t.hal initially bot.h offsl'ts af(' zero, and both window r.ursors tl.re set to 
unity: 

Lemma 3 ; 8.2b 

Initiali:cDoc.~ 

e 
0[fIff/X',OfjsrdY' = 0,0
 

Ihneu/-X', WinCurY' = 1, {
 

• 
Pr'oof 

L. ({DCw'X', UDCurY' == 1.1	 Lemma 3 : 2.:2d 

2. WinCurX': Nt /\ IVinCurY'; Nt D(),9' 

:1. 1 - Off~etXI 2:: 1 A 1 - OlJl>ttP 2:: 1., :2" Dor9' 
4. OffsetX': N /\ 0ffsdl"'; N	 Do('9' 

5. OffsetX', OffsetY' =: 0,0	 3.,4. 

6. WinCurX', WinCu7-yr == 1,1	 1., 5. 

•
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Lemma 3 : 8.2c 

lmlia!i:oe f)od 

f-

WiwlowLirles l «» 

• 
Proof 

l. UDLines' = < < > >	 Lemma ~: 2.2d 

2. # WinAI(]skLi7l(s' = I	 l.. Doc9' 

3.	 IFi,dfuskLml's' = < « < > > after 0) for Win Width> 
1.,2" Lernmil,:1 "2.'2b.Doc9' 

4. WinMaskLines' = < < > >	 3., Win Wid/Ii. : N 1 

Fl.	 ",'jndowLinEsJ = « < > > after 0) for lli"inlleighl 
'I., Lemma :I : "2:2b, Doc9' 

G. lVindowLines' = < < > >	 .5., Win W'flih : N 1 

• 
Thus we discharge PO O. 

8.2.1 An Operation To Centre The Window 

\\'e specify au operatiou to move t.bl' window vert.ically such that the current line appears 
in the centrl' or the window, dOCUTnf'llt length permitting. We introduce: 

HulfWinHeighl : N I Half~rillJf{'ight = WilllJe'ighl/i 

(where "r rl'presC'nts integer division. and so HalfWmllrlght has millimutll \·aluP I and 
maximum valul' U'inHEighl). 

We require that OjJBetY should be changed such that WirlCurY equals HalfWinHo:ghl
i.e. we set OffSEl Y to equal ( UDCttTY - HalfWinllrighl). In order to preserve the Docr) 
invariant that the offset bl' non-negative, we thus have the pre-condition: 

UDCuT Y ? HalfWinHrighl 

and so wC' define: 
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em WinI ~-"---------"--I 

I ~Doc9 

l~Doc~ _ 

UDCur}' 2. "al/Win/highl 
Dffse/X' OffsetX 
Dffst:! }'/ :::: CDCl.lr}' - IIal/Win/ltlghl 

tog~ther with the error llH'~Sa~p: 

Errol'TooNearFop _ __ _ _ _ _ _ _ 

~f)oc9 

IIp! : Rf:pori
.L _ 

,I f.'l)Cl.lI')" < lIa//WmIlrighi 
!NII! :::: "Too near top of doclInwnt" 
1 _ 

to give: 

Ceulre WiHdoU'LJ&.," =- (Cen Wm !\ 81.I(:C('5.,) V Er'1m-Toolli'earTop 

The seroTI,l disjuncLion doe,s not changp Doc!J, and tb~ tirst changes only Off!>dY. thf' 
pr('-rondition ensuring that thp invaria.nt j.o, preservpd, and noting onr comments in Sf'C

lioIl 8.2 that VocE together with the offsPlS uniquely defirlP Do('9. we wschargf' PO 1. 

8.2.2 Promotion Of Doc8 Operations To The Doc9 State 

Some of Lhl:' Do("8 operations will result in tlle cursor heing [llm,('d to a pOBition onto 
side the Clltrf'.nt window, and the Doc9 inva.riant requires that for such operations all 

appropriate window change is made in order to reposition the window to re~ain lhe 
Cllffior, 

ill general, if the operation lea.\'p.s the cursor in t.he rurrellt win (low , il i~ desinble thal 
there should be no window change, sinc\' a redisplay of the window in such c(l_"e~ would 
be hoth unnecessary, ilnd tiresome for the user, Howe\'l'r for some such operatiom 
thp user would expect a window chan!?;e (for example, Curso/'DownPnge). thereforE' 
our promotion policy for a DocS opNation leaving the cursor in t.he window is non
determinislic, allowing a window change to be madE'. 

We define <1.I:l operation with pre-condition that the cursor is cHrrl:'ntly in the window, 
in which all DocS components do not changp but which allows the window offsets to 
change, providing that the new window position contains the cursor: 
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Cur.oorln Windl'lll' 

.J ll/indowODsf't 

~DQc8 

IsDcur~-offselxE 1 . W.i.!I Wl~th 
,	 lJDC'urY - Offull E I. ~"HlJJngh.1
 

UDCurX ' - OffsetX' E 1. Wm n"'-idth
 
UDClp'Y ' - OffsetY' E 1. ~t'i'llHeigh.1
 

\Vhen iW operation moves the cursor (lUlsid" the current window. we change Ih€ 011'

sel.~ (and. necessa.rily, the wiudow Cllr.~or. Imt leaving ,lll other f"omponPllls of Drj('.9 

unchanged), but, clcarl\. for il ~;iven ILnhounded display there is n\l)Tp than OIlC window 
cha!l1!:e which will repnsition tll'! window to regdin a "lost" cursor. 

_\lthough we are not concerned with the implemenTatiou of the will dow-policy for DrH"8 

operations that h~ave the cursor ontside the winl!nw, w.: :-.lipnlate that if trw cursor ,an 
bc regained hy a SC7'01I (a changE' in the vertif.i'! offset only) or a Pan (a. tI'il.llge III til" 

horizontal o[fs"t only), thl'n that should be Ilit' ".,indo..... r€fJosiliou o]lf'ration \Jt\ljs~,1 (til ((~ 

pr"servinp; tile san:le sneen columns or lines respectively, el1abJing the U6('r Lo ]O(dte thf> 
screen cnrsor more easily). We define: 

SC7'01i 

Ll WindowOfJ~et 

ED(J("S -

Offset\' E WinH'idth1Z,~~lIrx - I.
 

UDCurY - ODsel y rt 1 WinHright
 

0Dsei.Y' = ODselX
 
UDCury l 

- Off.,e1 y' E 1 .. WiT1Height
 

Pan	 -----,
i ~~~~'dawOff'"
 
~8 ..
 

UDCurX - OffMIX rt 1 .. Win Width.
 
UDCur Y - Offset Y E 1 .. WinHeight
 

UDCurX ' - Off8dX' E 1 .. Wi'll Width
 
Offset Y' = Offut Y
 

~ 

It may not be possible to rega.in the clLrsor by either of these operations and so we define: 
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SrrollAndPan _ 

i j WtndowOffset 

=Uoc8
I,--_.. 

I UDCllrX - Of!Sf.tX rf- 1 .. Win Width 
UDCur Y - OffsEt Y rf- 1. ~'·iHJJfl.IJht 

UJ)CtlrX' - Of!u:tX' E 1 .. Winl,l/i(llh 

['DCurY' -- Of!sEt}" E 1. Wmntight 

to give a promotion operation which is th,· di~jmlCtion of the~e four window-cnangc 
operation,,;: 

J,l,'lndolJ,PoJicy 

(Cul"so'l'lnWind(Jt! V Srroll V P(lII V .'icro/f..1ndPan) /\ Do(;9 ' 

\Ve note Inat t.he pre-conditions or the four disjnnrliolls form a partition of the set of 
possible window stalf's. and so the proulQtion op<?fation is tota.l: it satisJlf's the DocY 
requirement that the cursor be in the window siucp each disjunction dews; furth('r, our 
comments of Section 8.2 indicate that WmdowLmo and tbe wimiow cursor can be cu
culated from the operation. Tnus Wi/ldolL'Polwy represents 0'1./1 oper<~tion ill which nOllP 
of tlll" Doell components may cnallge, hut allows thE' offsets (a1ld h"n,c Windo1l'Litlf,,~ 

and the window cursor) to r.hanp;e in line with Dor9. 311d so pOSL-se(-!'lential composilioll 
with thE' operation yields a state satisfying thc f)ocY invariant. 

"Ve usc th~ set EditOps1 of Scctioll 7.6 to define the ,<;~,t of nameH: 

EdcWpsS == EdltOp<;1 u {DoumSmrch, Fp.'iwrr·h, Rep/ou} 

to give, for each opcration OP iu Ine set FdilOps5: 

v OP: EdjLOp.~5 ()PD~d ()Plloc~ «'indo-wPolicy• 
We tnus dischargE'_ PO 1 for ea.rh J)oc)! opf'fation. 
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o Introduction 

In the abstract specification we make considerable use of redundancy. For example, 
we have equiv:Jent "views" of aJl abstract state, ancl to specify an operation defined 
on that "Ll" state we select the view which is most appropriate (the correct upda.te of 
the other views being ensnred by the state invariant). In Section 1 we discuss ab~tra.ct 

redundancy with respect to data refinement; WI' and also consider the implications of 
concrete rednndancy in that section. 

The specification is constructed in a hierarchical manner, each level of the hierarchy 
conforming Lo an abstra.ct data type (comprising a state, an initialisation and a family 
of operations). This structure provides well-defined points which, in it natunl way, 
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break the specifIcation into a number of smaller. mor~ manageable parts, enabliug the 
identification and discharge of proof obligations in a manuer that follows the ~separation 

of concerns" approach to software constructiou [ll. 

The goals of an abfitract bpecification are not usually compatihle with. the design rel.plir{'
mentf' of its implementation: th~ fOrrn\;,r seeh to express t,he relationship between th\;' 
before- a.nd after-states of a system rattler than defining th\;' algorithms unrlerlyjng thm,\;' 
relationships which thf' Iatl('r requires (the refinement calculus provirling thfO bridge be
tween the two). Vie can, however, nse the problcm·isolatiug structure of the lipecilication 
to advanlage in thf' refinement process. 

We propos~ a no..-el hierarchical approach to refiuement, in which we regard ~ach speci
firat,ion hierarchy as a canrlirlate fur relim'ment. The implementi\.tiun structure will thus 
he dosely related to that of the sperilicatioll. 

\Ve choooe six abstract hierarchies on ...... hil.:h to conduct rcfincrrteut: the lowest-level 
hierarchy is tlw lJocl state (Section 2), followed by the Duc:J state (Sectiou 3), lite 
lJoc4 state (Section 4), the Dor6 stat.e (Section 5), the Doc8 state (Sectiou 6), with the 
top-level hiera.rchy heing the Dod state (Sec.tion 7). \Ve give re<lsons for choosing these 
particular hierarchies at Lhe hel;inning of ead section. 

Bach hierarchical refinement is baserl the refinement calculus that we prel>~nt in Pa.rl,:t. 
We first ~ive th(' design decision, expressing the concrete-abstract relation through the 

/let schema. WheT<' nece~sary, we establish a theory relating to the design decision, 
enabling tne subseqnent refinement to proceed morc smoothly. We discharge the data 
refinement proof obligation by calculation of A bsRd, and con.'iider conne.te slate reCOll
figuration by calculating COTlcRel. Variables introduced in Ret form the global varia.bles 
of the implementation. 

We then turn to operational refin~mellt, our starting point for which is the ca.ku..latiOIL 
of the weakest concrete operation, possibly on a specific configuratiou of the concrete 
state. In the majority of cases we then apply the mIl's developed in the calculus in a 
stepwise manner to achieve the refinement (rather tha.n writing; down what we feel is th!;> 
refinement and proving that, it is so from our definition). 

On each level selected for refinement we refine sufficient operations to iudicate the method 
of refinement for all opeLltions specified on tha.t hierarchy. We then give the promotion 
meth.od for operation." that havf' aJready been refined ou lower-Ie\'el hiera.rchies, (and 
since each abstract operation is usnally promoted in the same way, we need only provide 
one promotion operation). 

For convenience we give a summary of the concrete stat.e hierarchies in Appeudix B. 

0.1 A Note On Refinement Convention 

We use the following steps in the data refinement of ea.ch. abstract data type (hierarchy): 
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The design decision 

A statement of the concrete representation of the abstract ~tate, logetlter with ~n expla
nation of why the representation Wa.,<; chosen. 

The concrete-abstract invariant 

we give the relationship bl!tween the abstracl and concrete sLate.~, /lei, together with the 
calculation of the schema.~ AbsRcl and COllcRel; we use the former to provl! that the 
design decision is adequate (or that we have an ~-jmplemcntation). and the la.t.ter to 
define the equivalence cla.ss of concretl! states correspondin~ to a single abstrlli! state. 
y.,'e may refine this latter schema to a concrele reorganisiug operation Rtl"wjiO. 

The following steps are used in the relin('menl of each operaljpll (sevf'ralillay Lw combined 
into a single step): 

Specification
 

For convenience we give t.h", ahstract specifIcation, given in Part :l.
 

Expansion
 

The expansion of the abstract specilication {usuall}' into vertical schema form).
 

Weakest concrete operation 

Using the result:-; established in Part 2, Section 2. we fI'placr thl." a.bstract state compo
nents by th('ir concreLe rounterparts (througll Rei). 

Weakest Standard concrete operation 

As a.bove, but specific concrete counterpart.s (through Rel.puijic) are used to obtain a 
particular concrete configuration. 

Simplification 

The weakest concrete operation is obtained by textual replacement. and can usua.lly be 
considerably simplified before refinement proceeds. We est.ablish a theory relating to the 
design decision to aid this process of simplification. 

Refinement 

We use the results established in Part 2, Section 3, iudicating which we USI! by,for ex
ample, [l; 2: 3.101. 
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Code 

\\'e use the resnlts established in Part 2, Section ;~,5. When refining to a loop we incor
porate the invariant predicatl.', variant function and guard negation as { a8sel·tions} to 
aid the discharge of the proof obligation. and use a subscript.ed ....0,. to indicate init.ial 
values. 

It will not be necessary to include eacli of t.be above st.,'ps in the rl'fillenlcnt of ever}' 
operation; many operations follow a similar de,,'eiopmellt pattern and we avoid repetition 
where possible by combining several steps lnto onE'. Whefl~ nece5SiHY WE' suppll'ment the 
refinement proCess with notes on one or more of the above steps (appearing after the last 

refinement st.ep. so as not t.o clntter the dE'velopment). 

Use of snorthand notation 

Because of the hiera.rchical nature of the refinemeut proce~s. oft ell components 1I0t 
relating ll) the cnrrent hiNarrhy will not chan!!;e (since, for ex-il.lnplc, many oper(l· 
tions arl.' promoted by tbe maintenance of a no-chan!!;e sta.te), and as tbe hierarchical 
level increa.ses, t.he number of unchanging lower-level compouent.s Illay be comiderable. 
When w~ar(> nsing a schema notation, we may, of COllrsc, employ t.he ".=;" no·dlan!!;e 
schema. During the latter stages of each rdinement we wi.~1t to avoid IH:..~dles" repeti. 
tion of the signature dech.l.Ta,tion, and we give only the predicaLe part of the scllem<!,. 
enclosed by a square bracket -[", and 10 avoid the "formal dILtt,er" [13] that would en
sue from along list of unchan!!;ed tompouenLs, we use the convention tha.t, for exampl", 
"NoChange( COrlcDocN \ comp1 ,campi r implies that each compolleat of ConcDocl'1' 
except campI and comp2 willno/, ch',l.llge dmiul!; that. refinemeut step, 

\Ve continue to use the convention of VNtlcal alignmpnt, of predicates to hnply logical 
conjunction (Part 2, Section 0.1). 

Further, we nse : 

at+ and a-

to mean, H"spedively: 

a ;0:: (at 1) and a ;= (a-I) 

and we again use, for example, '-string" to represent < Ii, t, r, i, rl, g >. 

Input and output conventions 

If, for example, operation A takes input parameters Xl 'r, Lr:? ... z,,?, we use: 

A(valuc}, valuer: ... t>aluen) 

to indicate that ea.ch x,? is set to value, by the operation with which A is pre-sequentially 
composed, when there is no possibi15t)' of confusion. 

U9 



Fnrther, if, for {'xample, an operation sets the valne of its (single) outpnt paramrter y! 
to value, we use retu7'TI.(vaJue) (typically, this will be used for the return of tlte report 
indicating the 6uccess or otherwise of the operation). 

0.2 Overview Of The Command Loop Structure 

The command loop can be regarded as the highest level hierarchy ofthp. implernenl<l.tion, 
immediately above Doc9, ilnd it acts as a filter mechanism to identify keys which Me not 
hound to specific editor operations. When a command is enterp.d at the keyboard, the 
keyboard interpret routine /"kbdinterpret.c". ApPli'ndix C) will set the global \'a.riahle 
OP to the name of onli' of the editor operations. or ,"t'ol/mp/emenled should the ley not 
be bound to an 0pl'ration (see "const~.c·', Appendix C); if the operation is IIII:uIChar, 
the global OPChar will be set to the charact{'r inserted. 

If OP is Notlmplcmenled. an a.ppropriille error message wi]] he displayp<j <loud control 
stays within tbe loop st.ructnre, otherwise control is passed to ConcDoc9. If the op!!ration 
is speci-fied on that level. it is effected, the display (if necessary) updated, and control 
passed back to the command loop. 

If the operation is not specified on that hierarcb.y, control passes down through the 

hierarchies until it reaches that on which it is specified (the filtering dnring the command 
loop ensuring that. a hierarchy will be found). The operation is effected and the report 
(r-ep - see "consts.c", Appendix C) pa$6ed back np through the hierarchical structnre 
(wit.h tbe "'promotioll~ mechanism~ being applied, details of which may be founrl in the 
relevil.nt refinemcnt,6, Sections 2 to 7). So, for example, if the nlil. hierarchy re(~ives a 
rep passed from OPn_ f and has promotion m{'chanism Promol.e", the code is; 

(rep ._ OPn_ I ); Promoten ; return(rep) 

When the report eventually reaches ConcDoc9, the display is (if necessary) u~da.ted, 

and if the operation was not snccessful an appropriil.te message displayed before control 
is passed back from ConcDoc9 to the command loop. In generaL unsnccc~sful opera
tions will require no amendment to the display but will necessitate the reporting of an 
appropriate error message (sec "prompt,c", Appendix C). 

A further global variable, OPType, is set (in the implementation of Doel) for li'arh oper~ 

ation, the dassification being LeftMove, High/Move, NoMove, LeftDelete, RightDelele, 
Leftlnsert or Hightlnserl., We do this since a group of operations (for example tb~ three 
left delete operations of Doel) are treated in exactly the same way by. for example, the 
re-display algorithm of ConeDoc.9, and it is more convenient to use the operalion type 
rather than the operation itseH. (This would also ket'p algorithmic changes down to a 
minimum should further operations be added to the ~pecification at a later dah.) 
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1 Specification And Concrete Redundancy Considerations 

Tht:> abstract state Dod comprise6 the components Pair-CA"" Pair-word atld PairLlnt 
t,ogether with an invariant relat.ionship which rellder~ any two of the' three cornponf'uts 
redundant, in t.hl;' sense that tliey may be computl'u from t.he third. 

We are at liberty to exclude such rednndant components from th.. design, since we may 
obtain complete representation without ihf'm. However, efficienc~' considerations may 
dictate that such items aIe hest included in the implementation (thereby, for e:<ample, 
obviating the lleed for the rontinual [e-calcnlation of a particnlar value). It is worLl1 
noting that a redundant component included in the desi~n at a particular stage in the 
developJnen1. and subsequently fouIId not to he required. lllay h", r",moved from the 
implementation by met.hods of program transforlllation [26J. 

Of count the inclusion of rednndant components will not violatE' onr cOllcepl of refinE'· 
IDf'nL since its S"a/dy a,spert [~ 2 ; J.La] explicitly allow~ u~ to '"do more" (i.e. to he 
more deterministit) than tlie specification reqnires. proVided we introduce no conflict 
with those requirements. and, therefore. WE' are at libprty to indade further concrete 
components havin~ uo ahstraCl counterpiUl. 

2 Refinement Of Docl 

The Dod hierarchy includes sixteen operations which Wf' may regard as relating to 
memory managerT\i>nt, and we cboose it as our lowest·level hierarchy on which to conduct 
refinenwnL 

2.1 The Design Decision 

\Ve need to represent only one Dod abstract view, and WE' choos.. to represent the 
PairCloar component by a chiUadcr array, ArT (a.ssumed to have a maximum length of 
"..faL, <l. ualural number Resourl'fLimit depelldent npon available memory size): 

Ma:I. : ReBouf'C'eLimit 

CharArray == [ Arr: 1 .' Max ~ CharJ 

together with the pointers LP (Lf'ft Pointer), RP (Right PointN), and CP (Cursor 
Pointer). The contents of the array from 1 to LP and from (RP +1) to Max represent 
the concatenation of the left and right chara.cter sequences. with CP providin~the current 
position. Thus w£' r~u..ire that LP ma.y not. exceed RP and that. CP must not exceed 
the length of the array contents: 
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Poinl.er.'J ------, 
[ LP,RP,CP: O.. Mar 

f---
; LP.::; RP 

L~~P ~ Max _+_ LP ~~ ~ _ 

to give the concrete state: 

ConeDoc 1 -= CharA Tray 1\ Poinler.5 

This general configuration will be used for t he refinement of cursor-movement operations, 
which may therefor\' be accomplished by a change of CP (si!lce thl' contents of the 
document and, hence, of thf> array will not change). thus avoiding unnecessary "array 
shllfflingr

. 

However, we also consider the particular configura.tion of the array in which the contents 
from 1 to LP correspond to the left cha.rader sequene.e (and thus CP will be eq'JaI to 
LP), and the arra.y contents from (RP + 1) to Afax correspond to the right character 
seqnence. Changes made to the document will take place at. thp t'\Hrent position, Grid so 
this confignration will be used for the refinement of operations (.hat c1lange the conlent 
of the document; for example the left insertion of cha.racters will commence at array 

position (LP + 1), with LP and CP being iucremented accordingly. 

We thus define the Standard concrete state: 

ConeDOc1Sj~~dard =- [Concf)ocl I CP:= LP I 

2.1.1 The Concrete-Abstract Invariant 

The content of the document is represented by the part of the array from 1 to If and 
(RP + 1) to Max, with CP equaJ to the length of the left charact.er sequence. We 
therefore ha ve: 

Arr for LP '""' Arr after RP LeftC!oIJ.r ---- RightCh~T
 

# LeftCloar = CP
 

For ease of reference, we define: 

.4rrCont == Arr for LP ---- ArT after RP 

and then an equivalent specificatiou. in which the left and right sequ('!\ces Me explicitly 
defined, is: 

LeftC~aT .4 ,.,.COrlt for CP
 

Right(,hr A rrConl. after CP
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to give: 

RelD~d 

! Doc!
 
I Conc.DfJc}
 

1--------
I LeftChar == ArrCont for CP
 

Ri!lhtC!~r = A1TConl after CP
 

'----------- ---- J
 

\Ve show t.hat Rd relates each concrete state Lo a valid a.bstract state; we have, by 
definition. 

Leltcha,. (AfT for rp ~ An' after RP) for CP
 

RlgIIlC"ar (Ardor LP -. Art after RP) after Cp
 

and the definitions of A1T. for. after and '"',.-." enSIlre that both arc valid character 
sequences. Clearly, for a given concrett' stat.e both character scqucllces will hc uniquc. 
and 50 we establish: 

Lemma 4 : 2.1.1a 

RelO~d 

.'
" 'if Conc.Doc1 • 31 Dod • RdD~d
 

We now ralculate AbsRei and ha.ve, after simplification: 

Ab~RelDoc1 =0 [:=Dod I #(LeftCh~r - RightCh.~r) ~ Max] 

and since: 

lim,ll:u_"", (#(Lejtcho,. -. Ri9htc~ar) =s Max) true 

we discharge our data refinement proof obligation by appealing to [I; 2: 4.1bj, bccausc 
Lemma 4:2.Lla together with tills r{'sult imply an oo-rl:'fincrncnt.: 

Lemma 4 : 2.1.1 b 

f-

Doel ~= ConcDocl 

• 
133 



We now establish "ome theory relating to the d{'sign. First\:'.'. if the a.rray conlent is 
empty, LP and CP are both zero a.nd RP is equal to AJax: 

Lemma 4: 2.1.1c 

CDncDoc1 I A".Cont == < > 
f-

LP o 1\ RP Mar 1\ CP == a 

• 
Proof 

1. A rT' for LP == A r"r after RP <> dei'n. ArrConl, Vropt." --. " 

2. LP =-~ () [ .. propt. "for" 

a. RP? Max 1.. Vropt. Mafler" 

4. RP = Max :1.. RP: a.. Max 

:i. CP:S () 2.,4., CP :S Max + LF - Ill' 

6. CP = 0 2., .S .. CP: 0 .. Max 

• 
SC'condly, we note that LP and RP a.re pointers to An', whereas CP is a. pointer to 
An'Cont, and we give t.h(' following lemma.s (the proofs of which follow imml'diatcly 
from the definitions of "for", "after~ and "U") which relate A rreon! to A rr: 

Lemma 4 : 2.1.1d 

ConcDoc1 

f-

V pfT: 0 .. Max _
 

plr .$ LP ¢> Arreonl ptr == Arr ptr 

ptr 'S LP ¢> Arreont for ptr == Arr for pir 

piT::; LP ¢> Arreanl after pir == (plr + 1 .. LP u RP + I . " Max) 1 A rr 

plr > LP ¢:> ArrConl plr = Arr (ptr + RP - LP) 

ptr > LP ¢:> ArrCant for ptr = (1 .. LP u RP + 1 . _plr) A o4rr 

ptr > LP ¢> ArrConl after plr = Arr after plr 

• 
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--------- -- - - - -

Lemma 4 : 2.1.1e 

ConcDoc1 

c 
V ptr1, ptr2 : 0 , . Max _ 

ptr2 .:0::: LP ¢} 

A'1'Cont 0 pfrl ., ptr2 D Arr 0 ptr1 .. ptr2 D 
plr1 .:0::: LP < pfr2 ¢} 

ArrCont 0 pi!'] .. plr2 D Arr a pirl .. LP u RP + J ., pfr2 +RP - LP D 

ptr1 > LP ¢} 

A'1,Coni a plrJ .. plr2 D AlTO ptr1 + RP- LP,.ptr2 + RP- LP D 

• 

2.2 Initialization 

Abstract specification: 

I I:~~:;'D'" -- - -- - _ ..
~ 
I LeftChar' == RlghtCh.ar' = < > 

Weakest ~oncrete operation: 

Ini!u:Ili;;eDOl; f C
 

I .1ConrDoc1
 r--·------ - 
LArr~~.r:r CP' = ArrCo~fter Cpr = <> __ .--J 

Simplification: 

LP', CP', RP' a,a,,\faz 

Code: 

InitializfDod 

LP 0; CP a j RP :== Mru 

Notes 

Simplification: 

The definition of for imp(i~s that either ArrConi' is empty or CP' i~ 0, and that for 
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-- --- ---

after implies that either AITCont' is empty or CP' has Yalue greater than the lellgt,h of 
ArrCont, which together imply that ArrCont' is empty_ The simplification then follows 
from [!: 4 ; 2.1.1c]. 

2.3 Content-Changing Operations And The Standard State 

As discussed in Section 2.1, operations which change the dornment"s content will be 
refuled on ConeDoclsr~"dard. \Ve llave; 

RelDod St ..... dartf =. I Re/Dod I CP = LP 1 

which expands to: 

R~~;';' 5<.nd." 

ConcDocl 

LeftCloar = .4 IT for LP
 

~ightrA.. r = Arr after RP
I 
, 

in which LeftCh.. r and RightChar are direct.ly related to Arr (ra.Ulln than indirect.ly tiS in 
ArrCont). 

We now calculate COTlcReI, and have, after simplifiration: 

COHeRe/Doc! 

I .:1 Cone Doc1 _ 

'l CP' ~ CP 
A rrCont' = A ITCOrJ,t 

-- -------- J 
and may informally interpret this eC]uivalence class as those concrpte states whos~ cursor 
pointers are the same, and whose arrays agree once the arra} positions not beinl!; used 
have been filt.ered out. Thus LP and RP will llot bf' uniquely defined, although thf'ir 
nnmeri"al difference must be t.he same for each cqui....alf'nce class (equal t.o the difference 
between Max and the length of ArrCont). 

Using the Standard configuration. we calculate Conr'Rdvod SJantf ..rd to get: 
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-- ---- -- ---

ConcHdDod S/4ftd4rd
II L1 ConcDoc1 

I CP' = CP
 
I LP' = CP
 
I ..trrCont' = ArrConl
 

By [~2; 2.2bJ we may choose (I,H starting point for refining a content-changing abstra,rt 
operation ADPD~<' a~; 

CQrlCRelDM J Sl4nd4.d j AOP!)o,! C81~nd4,.d 

where AOPDoo/CSI4f,d4rd is obtaillCd from thp ahst.ra,ct opf'ration by the substitution or 
the connete state confonning to RdDocl Sl"nd~,.d [or tnf' hefore-state. and tha.t conforming 
to RelDo,t for the after-sta.te variable:;;. 

In fact .....e choose to use the Standard concrelf' configuration for Ute after-variable ~ub
stitntiona.:; I'o'f'll, which Wf' denote by .40PDoclCSlc.nd~rd' lLotinp; that in so doing we aT£' 

not, changing the pre-condition, a.nd that the Stalldan] configuration implies the !lOn 
.'itandard, and so we ..an appea.l to [I;;;; 2: 3.4d] to obtain: 

COn(;RelDo~IS1"... Jard j AOPDoc!CSI~"d.rJ ~ Cond/elDor/Slc.ndaTd j AOPOodCSlllndc..JI 

2.3.1 The "Standardize" Reconfigure Operation 

We partition the concrete states into those where CP exceeds LP. those where LP 
exceeds CP and those where they arc the same. For tne firBt of tnese we must move the 
"gap'" (the portion of the array that is not. used) to the left to achieve a Standard sl,at.e: 

MoveGapLejt
I ---- - ----~- - --, 

I f!.ConcDoc1 
r------ 
I LP, > CP
 

I LP = cP' = CP
 
ArrCont' = ArrCont
 

For the secoud the gap must be moved to the right: 

MOL'e.GapRight -,
JCorlcDoc1 

r 
P< CP 

L£1' :::; CP' :::; CP
 
An-Cont' = A rrCont
~------_._- __ .J
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and for the third case there is nothing to do: 

StoTtdardized == [5Con<'.Doc1 I CP = LP I 

We now defiue: 

SlandardizeDor/ == MOt'eGapLefl v },[Ot'f:GapRl:ght v Standardlud 

To show that StandnrdizeDod refines ConcReiDocl Sja"da~d we appeal to [[;;; 2 . L3a], 
noting tllat the disjUllct of the pre· conditions of the former i~ true (dJld by pre.l 50 is 
the pre-coud.ition of the disjunct, and thus Domain is satisfied). and that each diSjUII[t 
contains the post-condition that AN"Conl and CP do not ch;l.nge (and thus Safely is
 
satisfied).
 

By now appealing to [[;;; 2 : J.2c), {[;;; 2 : 3.4c] a.nd [[;;; 2 2.2b] we est.ablish:
 

Lemma [l; '1 : 2.3.10J
 

f-


AOPDocl [;;; StandardiztDvd; AOPv"clCStanduTd' 

• 

2.3.2	 R.efinelllent Of "Standardize" 

Specification 

St.andardizcDoc1 == M01!cGapLejt v MOlJcGapRighl v Standardized 

Expansion: 

LP' = Cpt = CP 

liP' = RP - LP + CP 

AN"! for CP = AN" for CP 

AN"/ after RP = Arr after RP 

LP > CP
 

pred RP-LF j CP + 1 '. LP <I AfT RP'+l .. RP <I Arr'
 

v 
LP < CP 

succ RF-LP j RP + 1 .. Rr <I AN" = LP + 1 .. CP <I Arr' 
v 

LP ~ CP 

CP + 1 .. LP <I AN" CP+ I .. LP <I Arr' 

Refinement: 
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LP' = CP' = CP 
RP' = RP -- LP + CP 

LP> CP 

Arr' = ArT ~ pred RP-LP; C7'+ 1 .. LP <l ..11'/. 

v 
LP < CP 

Arr' = An -T succ RP-LP ; RP + 1 .. Rpi <l Arr 

'; 

LP = CP 

AIT' :::::: Arr 

Cod~ for Standardiztvocl 

if 

(LP > CP) -;> 

m 
(LP > CP) ---7 AfT RP := Arr LP; RP-- j LP-

{Invariant: ArrCont = An'Conl" } 
{Invariant: Arr =:: An'o (~ pred IIP-I.P i LP + 1 .. I,Po <l AfT") 

{ Variant; LJ> - CP}

I cd { Guard Negation: LP s: CP} 

[,
 

(LP < CP) ---3>'
 

m
 
(LP < CP) ---7 Arr(LP+ 1) := Arr(RP+ 1); RP++; I,P++ 

{ Invariant: A rrConl = A fTCant o } 

{Invariant: Arr:::::: AfTo EEl succ RP- LP ; np~+l .. HP <l Arro } 

{Variant: C'P - LP } 
{Guard Negat"lon: LP 2' CP} 

od 

fi 

Notes
 

We consider MoveGapLeJt: simih:l.r comments apply to .'vfovr.GapRight.
 

Expansion and Refinement:
 

We pursue refinement on each disjnnct. app~aling to [~2 :3.3bj, and noting thaI Wt'
 

do no~ change each pre-condition we satisfy Domain. Each array element mow'a will he
 
moved a distance equal to the array gap (i.e. RP - I~P), and the predica.te:
 

Arr! = Arr Ell pred RP-LP j (CP + 1) .. LJJ <l Arr 

implies the second predicate of th", disjunct in the I'xpall5iofJ, sine\' 
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pred RP-LP; lCP + 1) .. LP
 

(ep + 1 + RP - LP) .. (LP+ RP - LP)
 

R?!+1 .. RP
 

'0 

CP + 1 .. LP ~ AM' = RP' + 1 .. RP { AM" 

and since AM" does not ch.ange np to CP and after RP, A'TConl will r~main nncha.nged, 
and hence we satisfy Safety of [~ 2 : 3.3hJ. 

Code: 

The pre-condition for the loop body is tha,! both LP and RP must be non-zero: the 
former is implied by tb~ guard, since CP cannot be less than zero. and the latter by 
the requirement that RP must be at least as large as LP; tbn" the guard implies the 
pre-condilion for the loop body. 

The invaria<llt is initially Lrne since LP+1 . . LP is empty, a,nd tIle gnard negation Implies 
th~ post-condit.ion of the specifica,lion expansion. Ea,ch iteration of the body decr~m(>Jlts 

both pointers, which means that RP' + J .. RP is extended by one at its left. haJld end, 
and it copies the contents of location LP into locatiou RP before they are decre-ased. 
and tlmB invaria.nt is re-established. 

Finally we again appeal to [~2 3.5.2bJ to refine to tIle alternative command, and 
[~ 2 : 3.5.3nJ to ensure that the disjunct of the refinement can b~ safely replaced with 
the loop. 

2.3.3 Refinement Of "LeftDeleteChar" 

Specification: 

(LeftDelChar 1\ SUCCESS) V ErrorTopOfDoc 

Expansion: 

LeftDelete ChnrDocl 

I "Dod rRightclI<.r' = Rlghin... 
LeftCh... #- < > 

! Lr>ftCAor' = front Leftch'H 
"p' ~ "OK" 

I V Leftch,.' = Leftcllor = < > 
L_ rep!:::: "'At top of document'" 
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-----

'Veakesl Standard' concrete operation: 

LfftDeleleChaY'DocIeStandard' 

d ConcDocIStandard 

AtTl after RP' = A rr after RP 
ArT for LP -I <> ,i
AtT' for LP' == front (ATT for ~P) 

rep! == "OK'· 

I V 
AtT' for LP' == AtT for LP == <> 
rep! == '·At top of document"

I
R(dinement: 

IP. LP' == CP, CP' 
A,.r',RP', = AtT.RP 

LP i 0
 

LP',CP' ~ ILP-J),ICP-J)
 

J·ep! == "OK·' 

v 

LP == Lpi == CP' == CP = 0 

rep! == "At t.op of document" 

Code for LeftDeleleChar'Docl 

SlandardiuDocJ 

{LP ~ CP} 
if
 

I (LP -10) -----3> LP--; CP-- j rdtlt'tJ("'OK·)
 

o 
I (LP == 0) -----3> ntum('·At top of document") 

fi 

Notes 

Refinement:
 

We use [~ 2: 3.3b] which allows us to treat. th(' operation as a disjunct, noting that
 
the pre-condition of the two disjuncts does not chang!:' Domain; a1thou~h the operation
 
stipulates that the array up to (LP - 1) a.nd after RP does not change, we choose to
 
leave the entire array unclianged and appeal to [~ 2: 3.Ia] . we are strengthening the
 
post-condition - to estalliish Safety of [~ 2: 3.3b].
 

Code:
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\\'e use [4 : 2.:1.1aJ to give a Standard refinement, and appeal to [~ : 3.5.~bJ to produce 
tbe if ••• fi construct: we note that tbe guards shoultl, in fact, test both LP and CP, 
bnt since we are sure that the two pointers are equal bllfore the operation ~tarts (because 
of the post-condition of Standardize.), we choose to test for just one (and so in the first 
conjunct, the guard does imply the pre-condition of the body). 

2.3.4 Refinement Of "InsertChar" 

Specification; 

«( fnsNon Tab V fn$Tab) A Success) V ErrorFuli 

Expansion: 

fnse.rtCharDod
 

I ,1Doc1
 

! OPChar?: Char
 

1~9htCh4/ = Ri9hlCh~'
i	 OPChar? f:. tab
 

Le.ftCh4r' = LCftCkar ,.-.. < OPChar? >
 
V 

OPChar? = tab 

Le!tchr prefix Le.Pmar' 
rng (Le.jtCh4/ - Lf:f/Char) {,'p} 

rrp! = "OK" 
V 

LeJtCha.' == Lef/Char
 
rep! = "Editor full"
 

Weakest Standard concrete operation: 
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I InsertChaTDac1 C Slan,zara -.----

J L\ ConcDocl Slandara 

'I OPChaT?; Char 
._--- -~------

Arr' after Rpl = An' after RP 
OPChar': '" tail 
A,T' for I,P' := (,-11"7' for LP)'-' < OP('har"? > 

v 
OFChur? = lab
 

(AI"7' for LP) prefix (AfT' for LP')
 
rng (( A.fT' for Lpl) - (Arr for LP)) = {sp}
 

rep! = "OK"
 
v
 

A1"r' for LP' := An' for L1' 
up! = "'Editor full" 

RefineuH'nt. and sinlplificatioll: 

LP. !-pi = CP, CfJ/ 

RP' = RP 

LP	 -I RP 

OPCha'f'? f- tail 

Lpl = LP + I 
A1T' = AfT rt> {(LP + 1) 1---7 OPChar"?} 

v 
OPChar? = tab 

LP + 1 .. LP' ,g A 1"7" = LP + 1 .. Lpi ,g AfT 

AccG LP+1.·LJ"D ~ {.,p} 

rep! = "OK" 
v 

LP = RP = Lpi
 

AfT' = A.Tr
 

rep~ = "'Editor full"
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Code for [moot CharDod (OPChar) OPChar? : C~ha" 

ptr := CP: a .. Ma2 j
 

counl 0 : a. . Max;
 

StandardizeDocl
 

{LP = CP}
 
;r 
I (LP # RP /I OPChaT' # tab) ...........".. LP++; CP++ j 

Arr LP := OPChar; return("OK") 

o 
I' (LP # RP II OPChar = lob) ...........".. [meriSpaces; retum("OK")
 

o 
I (LP = RP) -----7 rrlurn("Editorfull") 

fi 

Code for [rlsertSpaces 

w 
(ptr # 0 /I Arr ptr # nl) ---:;.. count++; pt,.-


{Invariant: nl rt Arr aptr + J •. CP D}
 
{ Variant: plr}
 
{Guard Negation: pir = a v ATT pu· = nl)
 

od;
 
counl := labstop - (collnt%labstop);
 

{(LPo + count)%tabslop = a)
 
W
 

(count ¥ a II LP # RP) ---:;.. Arr(/,P +1) :=0: sp; 

CP++; LPH j couot-

{Invariant: LP# LPo ::::> ATT(!LPo +-l •. LPD = {sp}) 
{ Variant: count} 
{ Guard Negation: rount = a v LP = RP) 

01 

Notes 

Refinement: 

We again use [S; 4 : 2.3.1aJ to proceed on a ConcDoc1stan dard st.ate, and thus each 
disjunct iucludes the invariants: 

# ATrCont S Max
 

# ATrCont' ::; Max
 

whirh, for a successful insE'rt operation, imply: 
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# Ar1'Cont < J{ax 

and this is the pre-condition for thli' fir~t disjunct. In order to keep lite operation total 
we intrQdnce the pre-condition for the ~econd disjnnct: 

# ArrConl := Afax 

and app~al t.o [~ 2: .3.2b]. the two pre-collditions simplifying to: 

Lf i' RP
 
LP := RP
 

[n the rase of the lab dlil.rilcter. tIle abstract spc('iflcation, of course, does not. stipulate 
how mallY space characters ~ho:dd be illserted. \V'r take the desi!!;n decision thai after 
the operation. the number of cnaractcr.s bt,tween t!l(> Cnrsor and the prl'vious newline (or 
the start ()f the dOfllment, if no Sitch rharacter exists) if, an exar.t mnltiple of tab<~top; the 
eXt~ption to this is wnen the editor's caparity will not alloy,. aU such space characters to 
be inserted, jn which case a~ IIlalty spaces as possibk are iosNt'i'd (and th{' "OK" report 
iss ned ). 

Code: 

\Ve are able to refine to the aHprnate COflstrnct by virtue of [~ 2 : 3.5.2b], notiflg that 
if LP is 1I0t eqnal to RP then the ConcDoc1 invariant that LP does not exceed RP, 
together with thp signature of RP, implies that LP is less than Ma.z. further, since 
StandardIze sets LP to CP, the latter must also be less than .\(11;1":. Thus each guard 
ensures the pre-conrl.it.ion for its body. The loops follow from [I;;; 2 ~ 3.5.3n], and WE' are 
able to dewmposE' Inse'iSpacfB to the seqnenLia] composition of two loops uyappealing 
to [I; 2 : 3.4bjlloting tnat every loop represents a total opNation (and so t!l(> two DOtnnm 
conditions follow). Safely following from the second invariant and guard negation, noting 
that. the loop will iterate at least once (by df'li:nitio!l of "%" - the operator sud that 
(a%b) gi,'es the remainder when a is divided by b). 

2.3.5 Refinement Of "RightDeleteWord" 

Specification: 

(RiqhlDelWord 1\ SIlCCeSI» V EN'orBotOfDoC' 

Expansion: 
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--------

RightDelete WordD~<I 

Ll Doc 1 

Left w,,,/ = Left WDrd
 
Right.Word l' < >
 
Rightwor/ = tail Rirjhl\'iDrd
 
np! ::::: "OK"
 

v
 
RIghi. W,,~d := Right Wor/ = < >
 
rep~ ::::: "At bottom of docuillPnt-


Weakest Standard concrf>te operation: 

HighlDelele lVordvoc1 CSjaMlard 

.1 ConcDoc lS10n Jara 
r------- --- 

! FW-- 1(Arr' for LP')::::: FW-1(Arrfor LP) 
I FW-1(Arr after RPJ l' < > 

FW-1(Arr' after RP') = tail (FW- 1(A7"r after RP))
! rep! ::::: "OK" 

v 
FW- 1(Arr after RP} ::::: FW-I(Arf" after RP') < > 
rep! = ~ At bottom of document" 

Simplification and refinement: 

ArT = ArT' 
Lpl	 ::::: LP ::::: CP = CP' 

RP l' Max 
FW- 1(Arr' after Rf)' ::::: tail (FW-I(ArT after RP)) 

rep! ::::: "OK" 

v 
RP ::::: RP'::::: Max
 
rep! = "At bottom of document"
 

Further simplifica.!ion: 
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Arr = Arr'
 
LP' ::: LP = CP = CP'
 

RP	 f- Max
 

A1T(RP+l) = nl
 

RP' = RP+ 1
 

y 

,4"0 RP+l.,RP'O <;; (,p) 
RP' ::f- Max o:::? Arr(RP' + J) ::f- 8p 

y 

(IRP+l,.RP'p n {sp.IlI}=: 0 

RP' f- Max "* A rr( RP' + 1) E {sp, nl} 

Tf'p! = "OK'· 

v 
RP = RP' = },fax
 

rl"p~ = "'At bottom or docnment"
 

Code ror RightDeletc lrQrdf)~d 

S'landardizef)o<1 j 

{LP=CPJ 
if
 

'(RP::f- Max) ..........;.;.
 

if
 

I (ArT(RP +1) = nl) ~ RP++ 

o 
j (Arr(RP+ 1) = sp) ~ RDWSWor"d 

o 
I (Arr(RP + J)::f- nl /I. Arr( RP + J) ::f- "~p) ~> RDNWSWord 

fi; 
1"eturn("OK") 

[
 

I (RP - Max) ..........;.;. retum("At bottom of document")
 
fi 
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RDWSWord 

00 

(RP -I- Max 1\ Arr(RP+ 1) = sp) ~ RP++
 

{Invariant: An' nRPo + 1 .. RP D ~ {sp}}
 
{Variant: A/ax - RP}
 
{Guard Negation: RP -I- Max :::> Arr( RP + 1) -I- sp}
 

aI
 

RDNWSWord 

00 

(RP 1: Max 1\ Arr(RP+l)f-nll\ An'(RP+l) f- sp) -----;;.. RF++ 

{Invariant: A.n' (] RPo+1 .. UP I) n {sp, rll}:= ~ } 
{Variant: Max - RP }
 

I {Guard Negalion: HP 1: Ma. =--} .'i,·r(RP+l)E {sJJ.nl}}
 
aI
 

Notes
 

Simplification and refinement:
 

We apply FW to both sides of the first, second and fifth predicale~ of the weakest concrete
 
operation and choose to leave the array unchanged - [~ 2: 3.2a] Safety.
 

Further Simplification:
 

We use Lemma 3:1.2.2a to simplify the second predicat.e of the first disjunct, noting that
 
C and C' of tha.t lemma correspond to Arr after RP and .1rr after Rpl respertj~'e[y.
 

Code:
 
Again we nse tbe Standard confignration, by appealing to Lemma ·1:2.:~.la. We then use
 
[~ 2: 3.5.2b] twice to give the two alternate constrncts (the pre-condition of the dJsjunets
 
forming the guards in both cases). Finally, tlte two loopi:' are justified by appealing to
 
[~ 2: 3.5.3a). Note that the negation of the- loop guard is:
 

RP == Max V Arr(RP + 1) 1: sp 

which is logically equivalent to: 

RP 1: Max :::> Arr(RP+ 1) -I- Bp 

and we frequently n:;e this latter implicatioIl form to more pasHy demonstrate tha.l. t.he 
guard negalion is equivalent to a prpoicate of the refinemeIlI. 

2.4 Cursor-Changing Operations 

As discussed in Section 2.1, a cursor-changinf'!: operalion does uot require a reamfigura
tion of the concrete state: the design decision enablps such operations to be efIeclpd by 
a change of CP. 
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V.'hen specifying a. cursor-changing oper<ltion in t.he <lbstract ~pccifica.tion, we used 

~ContDocl ... __..._ -.1Docl 

1-;----
LLe!/ChOir ~Ri9htch"~_ (L('!fCh"r' - RightCha/l I 

a.nd IliLW, <IS the wf.'iLkest concrete sp(wincation 

~fon,DocJ C 

! jCo"'.Do~~_ 

l(A.rrCont for CP) - (.4 M·Conl after CP) =
 

_~_f'C~o1).t' ~r C~~~T('on( after CP'}
 

The predicate p<l,rt simplifies 10: 

[ JrrCont = A ,.rCont' 

which [!; 2: 3.2a.J is refined hy: 

A,,' = .4" 

RP' = RP 
[ 

LP' = LP 

a.nd thus 1'1{' may rep!;lc,e the former by lhe la.tter in the refinement process. 

When refining such operations, values of ArrCon/ wi]] be reqnired (r;,ther "han those of 
Arr when using a Standard conliguration), and we now specify i'lfi operation which will. 
for an input of pir, output the coutents ofth<l,t locatioll of ArrCont, r:: 

GelAn-Conl 
-I

C,mcDod
 

plr? : I .. Mar
 
c!: Ghar
 

c! = ArrGont. ptr? 

Code for GelArrGont(ptr) ptr? : J .. MaT 

if
 

I (ptr S LP) ---3>- rdurn(Arr plr)
 

o 
I (plr > LP) -----7 rettHTI(AM· (pir + RP - LP)) 

Ii 
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Note
 
The code follows from [!; '1: 3.5.2b] and Lemma 4:2.1.1d.
 

2.4.1 Refinement Of "LeftMoveLine" 

Specification: 

(LeftMvLine II Sucnss) v BrrorTopOfDoc 

Expamion: 

LeftMoveLinev~c1 --.__.--- --I 
~ro"IDocl 

LeftL.n~ :#«»
 
LeftL.ne' == front LeftLltlf
 
rep! = "OK"
 

v
 
LeftL",~ == LtftL"',' ==«»
 
rep! ="At top of document"
 

~'------ ---- 

Weakest concr~t~ opcraliOll: 

LeftMoveLinevocl C ----I 
I 'C,.","" 

FL-1(ArrConlfor CP) #«»
 
Fl -1 (Arreon!' for CP') == front FL-I (,4 rrCollt for CP)
 

rep! == "OK"
 

I V	 FL-] (ArrConl for CP) == FL-l(ArrCont' for CP' ) ==« » 
rep! ~ "At top of documenl" 

~-------

Simplification and refinement: 
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,1rr',LP',RP' = Arr,LP,RP 

CP' S. CP 

last lAt'I'Conl for CP) :::; 111 

CP' = CP-l 

v 
nl ¢ ArrContO CP'+ 1 .. CP D 

Cpi t- 0 => ArrConl( CP' ) oj:. nl 

rep! = "OK" 

v 

CP = CP' = 0 

np! = "At top of document." 

Code for LefiM01wLineDQd 

ir 
lep ~ 0) ---0> 

if 

I (GdArrConl.(CP) nl) --;;.. C:P:= CP- 1 

2 
(GetA -rr('ont (CP) '::f nlJ --;;.. 

rn 
(Cl' f- 0 1\ GeIArrConl(CP) ¥ nl) --;;.. CP-

{Invariant: n1 ¢ AITCUlIl (/ CP + 1 .. CPo D ) 
{Variant: CP} 
{ Guard Negation; CP #- 0 => A rTColll (CP) = n1 } 

<XI 

fi ; 
relu.rn("OK" ) 

'l 
~ 

I (CP = 0) --;;.. relu.rn("At lop of document") 

fi 

{CP 5 CP,} 

Notes
 

Simplification and .efinement:
 

We incorporate the pr<~dicate of :=ConIDoc1 C a,nd apply FL to t.he first. predicate of th£>
 
first di!;junct, and to the second disjnnct. \Ve simplify tne second predicate of thfO first 
disjnnct using Lemma 3:1.2.2b, noting tha.t C and C' correspond to A rrCont for CP 
and ArrCont for CP' res~ctively. 

Code;
 

We appeal to [~2 : 3.5.2b] for both alternate <".Ollstructs and r~ 2: 3.5.3a] for the loop.
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3 Refinement Of Doc3 

The Doc2 state introduces an unbounded display of thp ('rlitor, and the Dod slate 
imposes invariants on that model by ensuring th'll no linc (:an eod in whites pace (other 
than the current line. Wbl'll the mrsor is at its right hand end) and that the dOCUmelJl 

cannot end in nnlllines (except when th{' current line i" the last Ii lie). Since both absl.ract 
states are concNned with how the (>[}ited docnm"nt will look on the termiual SfTefn, we 
condur:t fpfinement in a sil\gll:' step, on the Doc3 state 

3.1 The Design Decision 

The Doc3 state docs not f'xt<',ud (i.e. (loe5 not intwdllfli' new variables on) tllp Dor2statf' 

and so wp first confiicler the concrete reprc.~cutaljon of l!l(· latter. It comprises t.\~ CD 
and Dor} statl'.';, and includes an invarian1 relation6hip b('lween UDLines, f i D{.'llrL,in('. 
UDCurX and UDCurY of lTD. and LefichT alld Righl(,h~r of DocI. 

The invariant renders the UDLmes and ['DCurLinf components f{~dundant ~in(\' both 
may be calcuJated from Doel USillJ!; FDC'urX and UDeurY (Part :1, Section 2.2); 
we choose not to represellt t.he UDLines sequence in the implementation. llQII'ever, 
since changes take place in the current line, we do wish to havp a representation for 
UDCurLine, which WI; proviJI; by including two poiuters, S/arlln and t'ndln, whieh 
point to the ArrCont location preceding the start of the curiior line, and the eud of the 
CorSOT line. respectively. Doth share the same signature, haviul!; a miniI1lI11O vabe of a 
and a maximnm valne of Max. 

Vi'e require a fepreselltation for both of th(' abstract variable" UlJCllrX and UDC~rY in 
the concrete state; we introdQ((' CUIX and Curl', the minimum value for each beiug 1 
(when the CorsOf is at th(' top left of the document) and the maximum value (Mar + 1) 
(provid(~d by the doc.nmelll containing no TIl'wline characters in tnc case of UDCurX, 
or containing only newline charactPfS in tbe CiLSe of UDCud'}. Thus C1lrX will always 
exceed the difference between CP and Stu'rtln by one, and Cud" will exu·ed thenllmber 
of newlines jq the ArrCont locations up Lo CP by 01l(', 

We also incorporate the variable DoeNL, representing the nllmbt'rof newline chanrters in 
the docnment (an d so being efjual to on(' less that the number of linf's in the domnent), 
principally for optimization of Moue ToBol - obviating the need for a newline count to set 
Cur Y , but also to identify more easily thosl' oc.casioU!; when a cursor movement( Dor.4) 
operation wonld rno... e t.he cursor bf'low the unbouuded displa:. of the documenl 

Finally, we include the two variables WSRem and IIiLRrm; sin<:e some cursor operations 
will resnlt in a change in the content of the document (when trailing whitespilCe/null 
lines are removed) these varia.bles will repref;ellt the amount of whitespace removed by 
Rem Trail WS and null lines removed by RemTmilNL, thT'reby enahling the repositioning 
of the Mark pointer (Section 5) so that its hame relative position in the document is 
maintained, 
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We Ihererore hav€, a~ our concrete represent.ation or Dact 

COfleDoc2
 

CaneDoe]
 
5tarlln.Endln, f)()('.\'L. WSUcm,SLRnn: 0 ...\fa:r
 
CurX, Cu.'r}· : 1 .. Ma:r + 1
 

Slarlln ::; CP ::; Enrlfn
 
NoN Lin (ArrCord, Siorl/n + I .. EnIJlII)
 

Stadln ::/:- U ~ A/'rConl Yitartln = III
 
indln ::/:- (.lfax + LP - HVI "* llrrCont( f;/I{llrl + ]) nl
 
Cll'r.\: = CT - Starlin + 1
 

rlld' = NumNLin (ArrCOf)I, 1 .. ('[') + I
 
f)o('SL = TotalNLm A,.,rOll!
 

where 

------::;
I -~~--~
 

I NumNLin: (1 .. -'flu ~ ('har) x P N -----">N
' TotalNLin: ({ ,. Max -----;.- Char) -----;.- N
 

LNoN Lin _: ( ] .. M(u: ~ elwr) x P N -'> B 

NumNLin (array,m, .. n) = #((m .. l1 <I army) t> {HI})
 
TotalNLin QlTay = NumNLin (an'ay.I .. # army)
 

NoN Lin (anny, m .. n) ¢} NumNLi[l ((Jf7'ay, m" n) = 0
 

For each cursor-changing operation 01' asso("jiltl'd with t he ~f't .\fot,t:Ops (Section :3:2.3). 

the document length will be changed only by the amount or whitespacp/number or null 
lines l'eInoy€d, and thf'rerore we wish the rollowing invariant to hold afl €r each such 
operation: ~ 

{LP - RP = LPo - RPo + WSRem + NLRoTl} 

The rollowing are a direC't ('esult or t.he Con('Doe2 inva.riant: 

Lemma 4 : 3.1.a 

ConeDoc2 

f-


CurY NumNLin (Ar'rCoTlI., I .. C'n + 1
 

CurY NumNLin (ArrConL 1,. StarOn) + 1
 

CurY NumNLin (ArrCont, 1 .. Endln) + 1
 

• 
Proof 
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Follows since tb.ere ar", no newlinefi. in tlIe ArrCont locations [IOilllStortlH+ () to End/n, 
and sinc(> CP mnfi.t lie bf'tween Starlln and End/n. 

• 
Corollary 4 : 3.1 b 

ConrDoc2 

f-
Cur}' #(FDL- 1 (ArrCont for CP))
 

CurY # (FDl- 1 (ArrConf for S"tartln))
 

CurY #(FDL-1lArrConl for Enrlln)}
 

• 
Proof
 

Folluws from thfl previous lemma and Lemma 3:2.2h.
 

• 
Lemma 4 : 3.1c 

COrlcDoc2 J CP _ 0 

f-

CurX C'urY Startln + 1 

• 
Proof 
Since Star/lrl may not exct'ed CP. Startln must also be zero. and so CUTX i~ unity (.~ince 

it exceeds the difference between CP and Sta.rlin by one), a.~ is C'urY (since it is One 
more than the number of newlines in the range (1 .. cr). which is empty). 

• 
Lemma 4 : 3.1d 

ConcDoc2 I CP = Max + LP - RP
 

f-

Endln _ .Vax + IF - RP 1\ CurY "" DocNL+ 1 

• 
Proof 

Since CF may not exceed Endln, (Max + LP - RP) is the ma..\'..imum valne of CP, and 
so Endln must also have tlIat valne. DocY is one more than the number of newlines np 
to CP - i.e. the number of newlines in ArrCant - and so cxce<'ds DocNL by one. 

• 
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Lemma 4 ; 3.1e 

OmcDoc2 I CP i- 0 A ArrCont (:P _ nl 

Startin CP A (:urX 

• 
Proof
 

SincE' CI1 ffin:>L be in the llOlHHupt) mnge (Startln .. l:ndln), and there aTE' no ncwljne~
 

in the ArrConl location;; (St(lrtln + 1 .. Endln), CP must equal 8IM·IIII, and CurX.
 
exceedin,:; their differt'nce bv OIle. mllst be unity.
 

• 
Lemma 4; 3.1f 

Cone-Dod I CP i- .\fax + LP - lW A :1 rrCollt (('fJ + 1) = n/ 

c 
End/n CP A CurX ErldlH - Starfln + 1 

• 
Proof
 

Similar Lo Lemma 4:3.1e.
 

• 
We llOW impos(' the whiteopacf' a.nd null line:; invariants on the ConcDoc2 model to give: 

COll-eDoe.'!
 

('arieDocI!
 

"J i: 1 .. DocNL+ 1- {Cur}'} • visible ((FDL- 1 ArrConl) i)
 

visible (CP + 1 .. f;ndin 1 A"TConl)
 
visibleseq (FDL -l(ArrCont after Endln))
 

--~ 
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3.1.1 The Concrete-Abstract Invariant 

RdDocJ 

Dod 
CuncDoc3 
RelvocJ 

\-;;~u~-;,--;]DCurY == CurX. {'lid'
 

I UDLineb = FDL-l At'rCoTJt
 

I UDCllrLine == S(art!H + 1 .. Endl" ~ ArrCont
 
# FDLines ~ Doc/·iL + 1l _ 

The followin~ are direct re~\llts of this schema: 

Lemma 4: 3.1.1a 

RelVOC3 

f-

CDCurLine < > ¢} 5;fort/n =-c CP Endln 

• 
Lemma 4 : 3.1.1b 

RdL)N"-~ 

f-

UDCm'Line fOr UDCurX - 1 Slarlln + 1. CP 1 An'Colll 

UDClJrLine after UDCurX --- CP + 1 .. Hndln { .1N'Cunl 

• 

Iu order to disch<'lrge our data rl'finemenL proof obligations we mllst ~how that the con
crete state d",fines a valid abstra.cl slate. RdDoc3 emures that each of the abstract 
components is of the correct type, and is uniquely defined. We must show that the 
abstract invariant is sa.tisfied. 

Firstly. the first rf'sult of Lemma '1:3.1b implies that (Cur}" :::: #FDL -I ArrCfmt), and 
so RdDocS ensures that (CDClJrJ' :S. # UDLlnts). 

The invariaut of ConcDoc2 ensures that AnConl in the range Storan + 1 .. Endln 
is a memher of the display line sequence wrresponding 1,0 ArrConl, FDL -I :IN'Con/; 
Lemma 4:3.1b emillres that it is the CurY" member of t.he sequenc(' and. byRe/D~cS. 
UDCurLine is the UDCur}'t' member of UDJ,ines. 

Finally, ConcDoc3 defines that CurX. and hence UIJCurX. cannot exc~d (Endln--
Startln + 1). which. by RdDoo.Y. is # UDCurLinf+J. 
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Finally, Con,Do,3 imposf's the whitespaee and null lilll'S invariant.s on ConeDoc2 in
 
exaftly lh.e same way the Doc,1 imposes them Oil Dor2, and Lemma 4.;:.t3 ..1b ensures
 
that the COllcrete sta.te in'-'dIiallt matches t.ha.t of tLe abstrarl ~lale.
 

Th\lil the Do,3 invariant is satisfied. and WE' rSlabli.'ih:
 

Lemma 4 : 3.1.1c 

RtI{)vc3 

C 

If ("utlr:J)urOi • 3\ Doc."! • Rel/)ocY 

•
 
\\"e 1I0W ca!rn[atf' Ab:>Rtln:c,. and have. aftE'r simplification: 

Ab,~R(fD"c~ .=. ~Doc,'j i\ Ab3RflDni 

aud. pursu.ing the same al'gllHwnl as jll SPI'IHln 2.L1. w(' obtain; 

Lemma 4 ; 3.1.1d 

c 
Doc3 ~oc COrlcDor.'J 

•
 
ConrDoc:! Teqllirl's no :o:pedfir configura.tion for t.h(' execlltion of its operations, bu t since 
we will be dealing with whi1f'space/newline removal for C:oncDoc3 operations, we defiTIf' 
the .S·t.andal·d conerl'l\" stat" as: 

CUl]cDor.1:-;la,,,14r<i ConrDoe:J i\ ('oncDoclsI4"dard 

<Ind since Doc] cOntains Dod and RdDoc3 contaill~ RdDod' we have: 

Re/Dod Siandard RriDocS i\ Rt/Dad Siandard 

and we calclJ1a.te ConcRelDrdSlalldard which simplifies t.o !!,ive; 

COflcRelDo c.3 St~ndanJ 

!1~CO"'DO'3 __ 
CP',LP' = CP.CJ> 

, ,4rrCont' = A rrCunl 

5,.art.in', Endln' = Startin, Etldin 
CurX', CurY' = Cud", Cud' 
DocNL' =: DacNL 

I 
I aSRem', NLRem' = WSRetll, ;VLR('m 

_I 
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-- -----

Hence d, concrete reorgdnizing operation mu~t. prr..wne the lIf,wl ..... -iutroduced compouent:;, 
of the Doc2 state; we may appeal to [!;;; ~ 3.:2aJ to show that S·folldoTdizcn.JC! re~l1<'S 

ConeUe/Doc,': 

ConcRdDor35ta1ldard ~ Standardi:;(Docl 

3.2 Initialization 

Spedfica,tion : 

rnihal1Zf:D"'l A L.1Dor:! 

CodefOT {nitiaiiu Doc:1 

{nitiali:;eD"Cl ; St(Jdln '= (); FlUiln 0;
 

CurX :::::: 1; Cm'Y ::::: 1; j)ocN[ := (I;
 

WS"Rrm := a j jllj' f,Rf!rn := ()
 

Note 

\Ve use lhe results or Lemma 3:2.2d, -t:3.1.1a a~\J -t:3.I.J r; we H,t WSRem anJ ;\'LUfC1lI 
to zero (although thE'y COtlld havf~ iJ.JlY valu<::'s). 

3.3 Operations To Set "Startln" And "Endln" 

for ('.ad content-changing operation, and cursor-changing opcra.tiotl in whkh th;> C"ursor 
line is chanf1;ed, it will be necessary to set new vaJues for Star-tin and/or End/n. 

We specify and refine an operation, SetEndin t.hat sets Endln u~ing the (new) cnrsor 
position: an aualogous operatiou, Sr'jStarlln may be similarly specifi!;'d and refLTIf'd, 

Specification: 

S'etEndln 
-~------

End/n' ; 0 . Max l
 
I C0l1cDoc2
 
1-------
I Endln l i= Max + {,P - RP -:::} .4rrCont (Endid + 1) "/
 

I NoNlin [A""C~~C:::_+~~~l1~l1~ ~ __ J 
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Code for .'idEnd/n 

Eodln := CP; 

W 

(Fndln < A/flx +LP - RP 1\ GelArrCoat(Fwlln + f) -f ni) ----7 Erul/n++ 

{Invariant: NoN Lin (ftrrCOl1t. CPe + 1 .. F;ll1l1nj} 

(Invariant; CP :S Endin) 
(Variant; Max + I,Po - RFo - EnrllTl) 

I (Guard Negation: Endln f. _lfn~· + LP 0 - RP0 ==> ArrC()f!I( Endln + 1) = ol} 

aI 

Note
 

The ~ecolld invariant or ('Ofll·LJoc2 may be ('quivakntj.~· ~t.atE'd:
 

NoN Lin (.4rrCoT/f.Slnl'lln+ 1 .. (,P)
 

NoN Lin (AnConl,CP+ 1" F;/lfllll)
 

The second is satisned by this operation. the first being ~atisfied by SdSt(jr"tln. Sino' w<' 

are not changing thl' document.'s content we do not need to ~tilndarrli;,;(' the array, and 
we use Gd!1,TConf 10 SE'arch ArrConl. W{~ appeal to [[;;: 3 : ~.3nJ [-0 reli ne to a loop. 

3.3.1 An Operation To Update The ConcDoc2 Components 

Each abstract operation OP dd'inE'd on the Dur-! srat.lO is promoted to 1he Doe2 state in 
the ~amE' way: 

OPf)~rf =- OPD,'<J 1\ c1Doe2 

to give, ilS the weakest. specificat.ion or the concrete operation: 

OPLJ"c!l C == OPDod C /\ ,j Cone Doc2 

An intwlive approach snggest.s that only tne III'W components of tlle lJoc2 state - Cw'X, 
CurY, Sln'rtln, Endfn and Doel'lL· need be considered. since the refinement on Dod 
will already have dealt with tile other cOmpOnE'lJ!s. This, in fact, is the way we proceed: 
we specify and refine a. concrete operation that upd<1tes the ConeDoc2 components. 
Updatr.I!>Fz, and show that post-sequential composition of the operalion with OPDo<1 

refines botll OPDod aIld the promotion schema .1DlJc2. and. using [[;;: 2: 3.2J]. OPDod: 

1.I'"j!) 



Lemma 4 : 3.3.1a 

OPDoci <;; GPJ)oc1 UpdaltI!oc2 

dDoc2 <;; GPOoc / Cpdat€lhc2 

f
 

OPf)oc2 OPD,_/ f\ L1Dur:2 <;; OPDoCi [·pd(jlrD~c2
 

• 
We nOH' that if tlip updMe operation is total and dO{\5 not. dlang;e an." of tn.e COllrDI}!: ( 

,0mpollE'nts, the first antecedent is alltomatiril.lly satisfied by appealing 10 [~ '1 : :Ub]. 
Therefore the above lemma will apply when the secOlld ant",cC'Jent is sati~fied I,inn' 
OPlJOC! will ensnre the after·state satisfies lhe invariant for Ood) - i.l'. when UpdO!fDo,·:! 
prodllcC5 an aftl'r-stitU.' sa.tisfying the Duct invariant. [~ 2 . JAr] ell~l1res that w~ may 
use tue refineml'nt5 of the Dur! operation~ deriH'J in Sectioll 1.. 

Wl' may npdate Star·tln and Emlln Ilsing the opNatlolls SrtS'tar'llll and SetFndlll, and 
t!le/1 update the \'alueof CurX using the Com-Voc.! invariant relation~h.ip that it exceeds 
the difference b('lween CP and S'lar-t111 by one. 

Changes in C'tJrY and/or J)or."iL will depend npon thp type of operation. and wr snnl_ 
marize the effect of f'ach operation type on CtJr Y and DocNL, where ea..h is inrre~lented 

(for Right operations) or decremented (for Lt.ft operations) by th'" nrullber or ufwliues 
in the ArrCoTlt or An- \ocaf.ions indicatE'd: 

Operation Comvonent lin-Cunl ';IT
 

TypE' Afl"etted 10catioIls loca.tions
 

Leftlnserl CurY. DocNL CPT 1 .. C/JI 

Righl/nu"f Dor·NL R pi + 1 .. LP' - LP + RP 

LeIWe/de Cur Y, Doc.VL CP/+ 1., CF 

RightDrlcte DocNL LP' - LP + liP .. liP' 

LeftMove CurY Cpl + 1 .. CP 

R!:ghtMolJf CurY C'P+ 1 .. CP' 

!':ote that sin..e insert and delete operations will have hf'en efl"encd on a 5landard config. 
uration by a ..hange of pointer. tne "deleted·' characterb st.ill reside in the array avaiJahle 
for inspection, In the case of a right insert or delete, how",ver. we calcula,te the previous 
standardized position of RP {rather than nsing pr'('IJRP/, sinfe we Ill"}' 1I0t assume a 
standardized ..oniiguralion before the commen..ement of the Doe} oper(\,tioIl, 

We now give the operation CpdateDoc2: 
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Code for CpdateDoo~(pr(l<'P. prrrLP. pl'frRP) prn:rp'! pred,P?, prn'RP?: 0" JlaI 

;\'umNL : 0 .. Max; 

{CurY = NumN Lin (.'lI'I'Cont. 1 ,. prtl'C}» + 1 } 

if 

I (OPTypc f- NoMoFr:;) ~ Set:"tarllu ~ SdFmltn; C'UI'X.:= (CP - .')'tMlllI + I); 

I W5Rem. NU~('?II := 0.0; Lpdate OPTypr 

[l 

I (OPTy[Jt '·o.lIOI'r) ~ S"kip 

fi 

Update OPType 

if 

I (OPT,IJfJt:-" Le]lfn.~f'1"1 ) -----'.)0 [Jpdale rrjlltiscrlvoc2 

C" 

I (OPTypt' Righl/us(rl) ~ epdat, _Hightlnsr-1'/ll" 

I (OPType l,c]IDrldr) -----'.)0 [:pd/llt _ Left nfl, It: [l..•.. ~ 

IJ 
I [OPTyp" RiyhtDddc) -----'.)0 Update UighWddfDorl: 

o 
i (OPTyP" LejtMove) -----'.)0 Update Lc!tMolJl flor;; 

r-: 

I (OPType Right.Hot,() ~ Fpdatf Rig!II.Hol"CVoc;; 

fi 

Upd(llt_ LejtlnserlDoce 

{LP = CP}
 

{Cur}! = NumNLin (ATTCanl.1., pl'Cl,n') + 1 }
 

{DocNL = NumN Lin (ArrCont. 1 , . prf:vCP) +NumN Lin (ArrCanl, CP + 1 .. "-.fax) }
 

,YTJmlfL := .vIJ~autltArrlprtl"CP.CP);
 

{YumNL = NumNLin (Arreonl.prerCP + 1 .. CPJ)
 

CurY := Curl-' + ..."ium,'liL; DocSL := IJod"L + SumSL
 

{Ct.l1'Y = NumNLin (ArrCont.l .. CP) + 1 }
 

{Dod'lL = NumNLin tArrCont, 1 ,. Max) = TotalNLln An-Cont}
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I 

NLCountArr(jirst, l/lst) first?I/l.~t?: U ..•\lax 

NumNL := 0: O.. Afax; 

d>
 
(first -f. la.<;[) ~
 

fir..., ++ ;
 
if 

I (Arr first = nl) ~ Sum.YL++ 

[j 

I (.1rr first -j; n/) -------7 Shp 

fi 
{Invariant: NumN[. = NumNlin (,4rr.jirsto+ 1 • • first) } 
{ Variant: last - jil'sf ) 
{GlJard Negation: first. = last)
 

od j
 

{lllumNL = NlJmNLin (Arr.firsl o + 1 .. last))
 

return(NumNL)
 

Notes 

We wish to show tha.t. UpdateJ)Gd~ refines dDoc2 by ellsuring that the CrmcDoc2 COIllpO

nents are set in line with th~ invariant. We usc jt;;; 2 : 3.5.2a] t.o ohtain the first alternate 
construct (noting that the pre--collditiou of the first body is dirtaV'd by UpdtJte_ OPTypF: 
which is the same as thl" guard, (Iud that ;,'kip is total). \Ve appeal to tiLe H'Sldt a~a.in to 
partition the Update operalions, and we give the code for one; the code for lhe remaining 
fi~'e is similar. Its pre-condition is dictated by lhat of NLCountArr which requiTPs that 
its second parameter is llot less than its first, and this is ensured by the guard. We use 
the results of Lemmas 4:3.4.1d and 4;,JA.le to save nnnecessary counling of newlines 
when the cnrsor is moved either to the top or to bottom of tIlE' document, and appeal to 
[!;;; 2 : 3.5.3al for the loop of NLCountArr. 

If an operation takes inpnt paramel,{'T6, we inclnde them in hrackpts after the operation 
name; we also list the parameters decorated with' p' and giving wlLeir signatnre~ so that 
they may be easily identified in the ea.rlier devC'1(}prnenL 

3.4 The Removal Of Trailing Whitespace 

Having refined the operation to the Dod state, our nC'xt lask is the removal of trail
ing whitespace, siuce the abstract promotion method to the Doc3 stat I" is b.\' pre se· 
quential composition with FlagPrettCursor ana then post sequential composition with 
Rem Tmil WS (followed by sequential composition with Rf'mInuINL). whpre 

FlayPrtt'CUrsOl' [ Lt}tCAar : seq CfHlr ; prevC'P!: N 1 prflrCP! == # Leftchar J 
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RrmTrnilWS 
I ._'-~dFD ---~------- -~--~ 

I pn:.-vCP?: N 
f-----~---

I' (.'DCurX ' , UDCU1'Y' = FDCurX, unCurl" 
{prevU1JCurY} <Ei UDLine~' = {p~d'LJCuI'Y} <El UD/,in€!'

I prevUDCurY = UDeur}' 
. UDCurLint:' for UDCurX - 1 = uncurUne for UIJCurX - J 

(UDCurLinE' after UDCllrX - J) visible_ prefix (UDCurLtru after unCutX - I) 

v 
prevUDCurY 1- UnCurY 
(UDLincs' prevUDCurY} visible prefix (UDLinc5 prevUDCu7'Y) 

where 

prevUDCurY = # (FDl-I((Lcftchor ~ Ilighl nor ) for prevGP'!))

'--- ---~-
ThE' we<lkP.st concrete operation for th\' latter is: 

CurX',CurY' = Cur'A·.Cur}" 

{pl'n'CurY} <EI (FDl- 1 ArrConl') = {prevCurY} <El (FDl-' ArrCont) 

pr('vCur Y = Cur Y 

(Star/ln' + 1 .. Endln' ~ Arreonl') for CfH'X - 1 

(StarOn + 1 .. F:ndln { A ti'Cont) for Cur.\ - 1 

«Slartln' + 1 .. Endln' { ArrCont') after CurX - 1) vis;ble_ prefix 

((StartIn + 1 .. End/n ~ ArrCont) after CW'X - 1) 

v 
prevCUl"Y # Cur}' 

((FDl-1 ArrConl') pn~vCurY) visible prefix (( FDl- 1 ArrCont) prelJCUr Y) 

when' 

pn.:uCurY = NumNlin (ArrConl.l .. prevCP?) + 1 

Simplifio,tion: 
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CurX',CurY' == CurX,CurY 

pret'Cur V == Cur)' 

ArrCont' for Starlin == ArrCont for Sla,'tln 

ArrConl' ..her Endln' == ArrL'onl after Endln 

(Startln + 1" CP ~ ArrCont') = (Startln + 1 ., CP ~ ArrConl) 

(CP + 1 .. Endln' I ArrCont') visible_ prefix (CP + 1 .. Endln ~ ArrCont) 

v 
prevCurY t- C1J,rY 

ArrCont' for prel'Stllrlln == ArrConl for prtli.',larlln 

,4rrConi' after nelrEndln = ArrCont after p,'evEndln 

{prevStartln + 1 " newEndln ~ Arr(:ont'j visible_ prefix 

(pr'evStarJln + 1 .. prevF:ndln I A1TCOTlt) 

where 

pretlStartin :; newEndln :; prel,Endln 

prevSiortln ~ prevCP? .:; prel'E'ndln 

NoN lin (ArrCont,prtuSlartln + 1 ., pr~vEndln) 

pret'Starlin ¥- 0 => ArrCont prevStartln :::: nl 

pf't'vEndln t- Max + LP - RP =:> An-Cont (pnvEndln + 1) _ nl 

pt'cvCurY == NumNLin (ArrConf,J .. preIJEndln) + 1 

Further simplification and refiIlement: 

CurX', CurY' = CurX, CurY 

prevCurY ~ Cu,'Y 

ArrCont' = Arr-Cont for Endln l 
--. An'Conl ..her Endln 

ArrCont {] Endln' + 1 .. Endln D ~ {sp I 
Endln' t- CP => ArrCont' Endln' ¥- sp 

v 
prevCur Y ¥- Cur Y 

ArrContl 
:::: ArrCofll for newEndln .-. ,1rrConl after prevEndlfl 

ArrCont 0 nel1'Endln + 1 . . prevEndln \l ~ {sp} 

newEndln ¥- a => A rr-Conl' nt'wEndln '" sp 

where 

TlewEndln :; prel:Endln 

prevCP? .:; preuEndln 

l
 prevEndln '" Max + LP - RP => ArrConl(pret'Endln + 1) "I
 
NoN lin (ArrCont,prevCP? + 1 .. preuEndln)
 

pN'vCurY = NumNlin (ArrConL 1 .. p,-etlEndln) +
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Code for Run TrnilWS(prevCP) prevCP? : 0 .. Ma:r 

IrmpCP := CP: 0 .. Ua:r j
 

l~mpEndln := EndIn: 0 .. AJax;
 

prevEndln : 0 .. Afax j
 

GetprevEndln j
 

;1 
(OPTljpe = LeftMovt V OPType = HightMoVf V 

OPType = Left/nsert V OPType = Rightlnsert) --7 

;! 

I lprevEndln = Endln) --7 RemTraiIWSUDCurL1:ne 

D 
I (prevEndln ::f. Endl'fl) --7 RemA.lIWSPrl:vUDCmLirlr 

fi 

D 
' (OPType = LeltMove V OPType = RightMovr V 

OPType = Lelllm;ert V OPType = Right/nse!"t) --7 Skip
I 

fi 

GetprfuEndln 

CP := pl'evCP j SetEnd/l1 i prevEndln := Endln;
 

CP := tf:mpCP; Endln := tempEndln
 

~ prrvCP :-:; pTt'vEndln}
 

~ Endln ::f. Max + LP - RP => ArrCont.(Endln + I) = n1}
 

~ NoN lin (AITCont, PTt'vCP + 1 '. prevEndln ]
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Rem T"rfZlIWSUDCurLinc 

if 
I (Endln f. CP /I GdA r,.Conl Endln = sp) -----0>

CP := Endln; Standar-dizcDod ; CP := tempep i 

{ArrCont = ArrConto /I CP = CPo /I I,P = Endlno } 

ID 

(Endln i:- CP II Ar,. End/n = !Jp) -----0>- Endln-- i LP--; WSRcm++; 

{Invariant: ArrCont' = Ar"CQnt for Endln - ArrConl aftfr Endlno } 
{ Invariant: A rrCont (J Hnuln + 1 .. Endln o D ~ {sp}} 
{Invariant: LP~ - RP6 = LP - RP + WSRrm} 
{Variant: CP - Endln} 

I { Guard Negation: Endln i:- CP ~ .1 rrCont Endln f- 5p I 
cd 

o 
I -, (Endin i CP II GetArrCont Endln = sp) -----0>- Skip 

fi 
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RemAllWSPn:vL'DCurLine 

if 

(pn:lJETldln #- 0 /I GetA,,..Conl prevEndln = sp) ~ 

CP := prevEndln; StandardiuvOCI i CP := tempep; 

{ArrCont =: A,,-Conto /I CP = CPo 1\ LP =: pret'Endln} 

<b 
(Lp t 0 /I At,.. Lp == sp) ~ LP--; WSRem++ 

{Invariant: ArrCont' :::: ArrCont for LP ~ A,.rConl after prevEndln} 
{ Invariant: ArrCont a LP + 1 .. pret'Endln D ~ {sp}} 
{Invariant: LPo - RPo :::: LP - Rp + WSRem}
 
{ Variant: Lp}
 
{Guard Negation: Lp #- 0 .=} ArrConl Lp t sp}
 

ad;
 

{newEnrlln :::: Lp}
 

if
 
(Cp > Lp) ---7	 CP:= (Cp - ~VSRem); 

Startln := (Starlin ~ lVSRem) j 

Endln :== (Endln - WS'Rem) 

o 
I ~ (CP > LP) --7 Shp 

Ii 

o 
I .(prelJEndln t 0 /I GetArrConl pn:vEndln r:;p) ~ Skip 

Ii 

Notes: 

Simplification and refinement of weakest concrete operation: 

\Ve use Lemma 4:3.1.1b to simplify the weakest concrete operation. Then in the fusl 
disjunct we use Lemma. 3:3.2a (which states that a visible sequence reflexively satisfies 
the visible_prefix relation) together with Lemma 4:3.1.1b to provide the simplification; 
the second is similarly simplified, except that we must st.at.e the relationship between 
preuC/JfY aud prevEndln (whereas they were part of the DocS invariant in the first 
disjunct), and we choose to refine the operation by introducing the second of these as au 
input variable (thereby avoiding the needless re·calcu]ation of the value prevEndln). 

Code:
 

The code for GetprevEndln sets the prel.'Endln of the where clause.
 

We DClte that a right delete operation cannot result in the need for the removal of trailing 
whHespace, since if the cursor is not currently at the end of the line, the cursor position 
becomes the end of line, wit.h the ConcDoc3 invariaut implyiug that tbere can be no 
trailing whitespace, and ir the cursor is currently at the end of the line, the character 
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that is moved to the end of the line as a result of the delete opera.tion must I:nrrentiy be 
at the end of a.nother document line. aud sin.e the ConcDac3 invariant holds hefore the 
operation it cannot be a space character. 

Similarly a left delete operation does not r~u.ire the removal of trailing whitespace since 
the charact€r currently at the end of the cursor line will remain there, and, for the same 
reason as above, cannot be a space character. 

If the previous cursor line is above the new cursor line, it is necessary to decrement 
CP. Slartln and Endin by WSRem to ensure that each points to the iH\.me posit.ion of 
ArrCont a.'3 it did before the operation. 

We re'finement to the first alternate construct by [~2: 3.3a]; one guard is the negation of 
thlO other which satisfies Domain. 'VI' similarly refine to the second alternate construct 
(to RemTmilWSUDCurLine and RemAllWSPrevUDCurLine). \V"" appeal t.o [l;; 2 

3.5.3a] for the loop refinements, to provide the Safety asPE'ct. 

Although the operation requires a Slandard configuration (for which we may use [~ 

,I : 2.3.1aJ), we push the Standardize operation through until jllst b("fore the loop is 
activated, otherwise the advantage of a nOll-Standard configuration for clusor-changing 
operations not requiring whitespace removal wmdd he lost. 

3.5 The Removal Of Trailing Null Lines 

Having removed trailing whitespa.ce, the 'final part of the abstract promotion method for 
Doe2 operations to the D(X3 state comprises seqnential composition with RI:mTrailNL, 
with specification: 

Rem TmilNL ------ --- - -- I
 

4 Doc2 I
 

Le/tL'''/ = LeftLi... 
RightL... .' yisibleseq_ prefix RighiLm' 

Weakest concrete operation: 

FDl-l(ArrCont'for Cpl 
):: FDl- 1 (ArrContfor CP) 

[ (FDl-1 (An-Cont' after Cpt)) yisibleseq. prefix (FDl-1(An'Cont after CP)J 

Simpli'fication and re'finement: 

CPI:: CP
 
An-Conti::: An-Cont for Maz + LP' - RP'
 
CP' :/- Max + LP' - RP' * An-Cont' (Maz + LP' - Rpl) :/- nl
 
rng (ArrConl after Maz + LP' - Rpt) ~ {nl}
 
An-I:: Arr 
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Code for RemTrai/NL 

tempCP ;= CP: O. . Max; 

if 

(OPType ::;; LeftMove Y OPType::;; RightFnsut) ---7 

;f 
(CP ~ Max + LP - RP 1\ G'dArrCont(Mnr + LP - RP ::;; nl)) --?
 

CP :=0 (Max + LP - CP); StllntfardizeDocJ j CP :== tnnpCP;
 

{ArrCorll == ArrConlo 1\ CP == CPo J 
<h 

(LP f- CP 1\ :1rr LP;::; Til) ---7 LP--; DocNL-- j NLRem++ 

{ Invariant: Lf' = Max + LP - RP J 
{Invariant; rng (ArrConto after LP) ~ {nl}} 
{Invariant: LPo - RPo == LP - RP + loiLRrm} 

'I {Variant: LP J 
{ Guard Negation: LP::;; CP Y A rrCont LP t ol} 

, 
<XiI 

,] 

I clep ~ ,.\fax + LP - RP 1\ GctArrCont(Mux + LP - RP nl)) .........-;)0 Skip
 

Ii 
n 
u

LeftMol'(: Y OPTYl* = Righllnsert) ---7 Skip
 

Ii
 
I ' (OPTyf'< 

Notes
 

Simplificati.on and refinement:
 

We appl~' FDL to both sides of the first predicate of the weakest cour.rete operation and
 
50 both CP and ArrCont up to CP will not change. We then use Lemma :l:3.2b: the
 
second predicate is il direct result of ArrCoot' after CP b('ing a prefix of ArrCont after
 
CP (and ArrCont' having length CP +LJ"- Hpl

). We choose to leave the entire array
 
unchanged.
 

Code:
 

We tlote that the onl;." operation types that can result in the need for the removal of
 
trailing null lines are a left move or right insert. Similar comment,'; to those made for
 
RcmTrailWS regarding thE' refinement to alternate and loop constructs also apply here.
 

3.6 Promotion or The Doc! Operations 

The a.bstraci promotiou methon for earn OP defined on the Doel sta.te to th{' Doc.'] 
statp is: 

FlagPrevCursol' i (OPDocJ 1\ L1 Doc2) i Rem 'TrtulWS i RcmTruilNL 
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We have shown (Lemma 4:3.3.1a) that 

OPVOCl 1\ L1Doc2 [;;; OPVorl ; Updatevod 

and we define: 

Updatevoc!J	 UpdatevQrt(prel'CP,prevLP, I'ITvRP);
 

RemTmilWS(prevCP); Rfmlmil,VL
 

and appf'a! to [[; 2 3Ar] to give. for each concretl:' ojlNation OF defined on thE" 
ConcDoc1 state: 

Code {or OPO o,!} 

rep: Report i
 

FlagCPLPRP j
 

(rep := OPDod ); [.'pdalevocs(prcvCP ,pITvLP. prel'RI') ; relurTI( rep)
 

4 Refinement Of Doc4 

The abstract QP enables cursor movement ontside the unbounded display or thr docu
ment, and because of th..is we chaosI:' to condnct refineIDl:'nt on thi~ state. 

4.1 The Design Decision 

The QP state comprises a cursor position represented by QPCurX and QFOlrY and 
the Doc4 invariant renders iI, rednndant (since it is the same as lhe Doc cursor). We 
therefore choose to exclude the QP (ursor components from thl:' design decision. 

However, {or the same reasons as those {or including WSRem and NLRem in CorlcDoc3, 
we here include the analogous WSlns and NLlns, representing the amount of whites
pace/number of newUnes introduced by Padl'r'SNL: 

ConcDoc4 2- ConcDoc3; WSlns, NLlns: 0 .. Max 

For each cursor-changing operation in the set EditOps} (Secr.ion 3:2.3) or the set QPCu,.sorOp.~ 

(Sl:'ction 3:4.2.2), therefore, we wish the following to hold 

{ LPo - RPo = LF - RP + WSRem + NLRcm - WSln..~ - NLlnsJ 

170 



4.1.1 The Concrete-Abstract Invariant 

RelDoe-4 
I 
I Do",
 

COrlcDoc4
 

I RelDoc3
 
I---·~------_· 
: Qpelll'X , QPCur Y CurX, CurY 

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

The same argument aclvanced in Section 2.J.1 may be ll~ed here to give: 

Lemma 4: 4.1.1a 

RelD,e4 

f-


V ConcDoc4 • 31 Dod • RelDoc-4
 

• 
We calculatr AbsRdD~<' and get, after Birnplification: 

A bsRelD~<-4 A b"RelDod 

Thus we may ruscharge our data refinement proof obligations in exactly the same way 
as in Section 3.1.1. to give: 

Lemma 4 : 4.1.1 b 

f

Doc4 1;;;00 COrlcDof:4 

• 
Finally, we calculate COrlcRelDoc4Slandl1T<I to give: 

COrlCRelD.C-4 Slo"d4Td ~~~__
 

! dConcDoc4
 

r----
I COrlcRelDoc.9 Sl4nd4Td

i WSlns l , NLlns' = WSlns. NLlrl"
 
I 

and may again appeal (Section 3.1.1) to [I;;; 2: 3.2a] to show that SlandardizeDocl refines 
this operation. 
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4.2 Initialisation 

Specification: 

Initialize DocS 1\ LiDoc4 

CodeforInitialize Doc-4 

InitiuliZCDod j WSIns :00:: 0; NLIns .- 0 

Note 

No new components are introduced by COflcDoc4; We set WSIn.s and NLIns to zero 
(although, as with WSRem and ,'VLRem they could haye any initial \·alu~s). 

4.3 Promotion Of The Doc3 Operations 

Each abstract OP defined on the Doc:l state is promoted to the Doci state in th~ saIne 
way: 

OPOo<t (OPO orS i EqualeQPToDoe) 1\ ..:iDor.4 

where 

EquateQPToDoc4 

QF'
 
I DocCurX,DocCurY:N

I
I QPCurX1,QPCurY' == DocCurX,DocCurY
L-- ~ J 

which has weakest concrete operation: 

[ CurX', CurY' == CurX, Cur'Y 

and thll$ represents an identity operation. The code for th(> Doc3 operation will t.herefore 
provide a refinement for Doc4, but we must ensure that the two ConcDoc4 components 
are correctly set. 

4.3.1 An Operation To Update The Doc4 Components 

Since each ConcDoc3 operation cannot result in the lIeed for the paddinp; of whites
pace{nulliines, both ConcDoc4 components mmit be set to zero. We I,hus have: 
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Updale.Doc.4 

WSlns ..""LIn;; := 0,0 

to give, as lhe concrete promotion mechalllsOi for each operation OP refined on Lbe 
ConcDoc3 stat€: 

OPDoc.4 

rep: report 

rep := OPDo".~; UpdatcDo,. ; retum(rep) 

4.4 Promotion Of The QP Operations 

The ahstract promotion method gives: 

Cl.lrsorLef/CharDoc4 = Le.[tMove.CharDoc.4 

and using tile set QPCl.lrsorOps of Section :1:5.1.1, \ve have 

VOP: QPClJr.~orOps - {CursorLe[tChar} •
 

OPDM.J :::; FlagPrcvCursor;
 

SuccOPQP; PadR'SNL;
 
RcmTmilWS; /lemTmilNL II LlDoc4
 

v 
UnSuccOPQP II :=Doc4 

v 
En'orFull II 5'Doc4 

where 

SuccOPQP OPQP ''lOp! = "OK"
 

l'nSuccOPQP OPQP "ep! :f- "OK"
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PadWSNL _ 

L1 UnboundedlJisplay 
EquatfDocToQP 

=QP 

QPClJrY S. # DoeLmes 
rng (CtJrLine'- DocLines QPCury) ~ {.~p} 

tQPCtJr}'} -EI lJorLines' -= {QPel/r-Y} -EI DorLi"u 
v 

QPCurY > # Dodine.~ 

# DocLmcs' ::::: QPClJrY 
DocLincf; prefix J)orLines' 
'1 i: # DoeLmes + 1 .. QP('url' - 1 • DocLi/lo'i = < > 
rng (last DorLinEs') ~ {sp} 

EqualelJocToQP _ 

QP 
lJocCurX', DocCurY' ~ N r-------- ---

I DOt'Cur-X'. DocCurY' = QPCurX, QP['urY 
_. J 

As before, the latter is ('qui valent to an identity operation. 

We refine lh{' C'lJrsorRightChar: the refinement of thf' remaining 0pt>ra.lions proceed along 
similar lines; in so doing, we utilise operations refil\f'd 011 the Dnc.] stale, and fD post
sequential composition with RemTrailWS and then RemTro'i/NL will be \JnnE.'{~~sary, 

sjll(~e the relevant invariants will have been maintained by tlLO~e Doc:) opf'r<ltions. Further 
we use a cumula.tive count of whitespace and nnlililles removed to ensure that ij.'SRfm 

and NLRnrl reflect the total a.mount of wWkspa.cejnnlll ber of llul! lines removed by the 
Dod operations. 

Promotion Of "CursorRightChar" 

Specification: 

FlagPrevCursor; CursorRightC'harQl' j PadlVSNL; 

Rem Trai/R'S ; RemTrailNL A .1DOt'4 A Suc{'('.~s 

v 
FlagPrevCursor; ErrorFuli A SDor4 

Expansion of specification of (CursorRigh/CharQP ; Padll'SNL): 
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------------------- --- - - - -- --- -- - - - - - - - --

------------, 

ILc.QP 
L3. UnbolJndedDisplay 

! --"---
QPCurX', QPCurl"' ::: QPClIrX + I. QPt-ud 
DocClJrX',DocCu.dTI = QPCurX t

• QPCurP 
mg(ClJrLine'-Cll'rLinr) f;; {sp} 
{QPC'TlrY'} -a D()cLine.~1 =- {QPC'w'P} -a Dor-Li'/iu, 

\Veakest concrete op<1ratioll: 

CurX', Curl" = CurX + J. Curl" 

CurX', CurY' :::: CurX + 1, C'Tl'r F 

rIlg (( S/urtlll' + 1 .. End/Il' ~ 11 ,.r( 'ufll')

(Sla.rtln + l .. EllJln A Ard'ord)) C;;; IS!)} 
{OlrY'} .EJ (Fl- 1 AI"I'CuTlf'j = {OuT) -a (Fl- ' :\fTCuntj 

Simplification and refinemellt: 

R P', Starlill', Cur}"', SL/us l == Rl', SlllrflrL CUI' L 0 

CurX' ::: CTlrX + 1 

CP'::: rp+ 1 

LP - RP = LP' - RP' + WSRem' + NLR('nl' - n".'·;lrl'-;' - ,'Iil,bls' 

CP 1:- Endln
 

LP'. Endlrl',Arr' ::: LP, Erldlrl, ArT
 

lVSlm-' = 0
 

v 

CP ::: Endin 1\ LP 1:- RP 

CP' ::: LP' ::: CP + 1 

End/n ' ::: Endln + 1 

Arr' = Arr (; {CP' f------;;o sp} 

WS]ns' = J 

Simplifica.tion and refinement of weakest concrete operation for EDoc4: 

NoChange( COflcDoc4) 

CP = Endln 1\ LP = RP 

CP\ ArrCont' = CP, ArrCont 

WSlns'.NLlnB' = 0,0 
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Code for ClJrsorRightCharvoc< 

rEp: Report;
 

WSlns ;::::: 0; NUns :== 0 i
 

if
 
OP := RightMoveCh(jr i rep := OPDod ;

I (CP " End!n) ---7 
{ WSUnll = .."",LRem == WSlrl.~ == NLllls == 0] 

{LPQ - RPo == LF - RP) 

o 
ICP Endlu) ---7	 OP :== Righl.MoFfClwr j O/'Char .~ 8p; 

rep := OPJ)"d i lVSIr,.<++ j 

( WSRem = NLUem == NUn.'- = o} 
{ LPo - RPn ::: /,/l - RP - W5RcTIl} 

fi 
OP :== Cm·sorRighICha.r; 1'r1.um{ '''1')
 

{ LPo - RP" = LP - RP + J.VS'Rcm + NLRem - 1"'SI"s - NUn.~)
 

Notes 

Spedfiea.tion:
 

We note th;J,t thf' QP opNation is always successful.
 

Expa.nsion of speciftca.tion of (ClJr,~orRi9htCh(J'I·QPj PlIdWSNL):
 

Since the cursor linf' does not change, (DocLines QJ>CU1' Y') will he the same 6-.<; CurLir/f.
 

Simplification and refinement:
 

"'(' choofie to introduce two pre-conditions, the first corresponding 10 lhe curSQr Hot
 

being at the end of the litle, and the second corresponding to the (ursor being <It (he <'tid
 
of the line and with capadt'y to insert a space character. thIlS splitting IILe fir~t parI of
 
the specification into two di5juncts. A third pre-condition (ensmi1Jg a total opeation).
 
corresponding with the cursor bein!2; at the end of the currell! lin(' but with the editor
 
being fnll, is introduced for the final pan of the refilll:ment. \\'(' appeal to [r;;; 2: :1.5.2bj
 
using each pre-conditiou a.<. the Ruard for the alternatl' C'ouslruct, Iloting that E'ach body
 
is total.
 

When the cursor resides at the end of the rnrrenl line, (CP is equal to Endln). since the
 
cursor line and hence 51.arlin do not cha.nge, we may refine the fourth predicate of the
 
weakest. concrete operation to:
 

5tartln + 1 .. Endln <J Arreorl!' Startln + 1 .. Endln <J ArrCont 

ArrCont' CP' = sp 

whirh. together with the final predit:a1.(' and a.%uming a ~tandardized array (ensured by 
ImerlChar) it is refined by: 

Arr' = Arr l' {('P' 1-----0. sp} 
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Note that iII this case it is necessa.ry to inuI'ment tlh". \·alue of Endln in order to maintain 
the ConcUQ(.-3 in,·ariant. 

Conversely, when the cursor is not at the end of the line, that s'l.rne im'ariant reqnires 
that Endln does not changl'. aud the same predicates of the wl'<tkest concrete operaUon 
are refined by leaving the entire array unchanged. 

Code: 

The requirements of the first disjunct are satisfied by tit!' Dor3 right character mo\'e: 
those for the second <tnd "no change" disjl\llcb are sati~fied by the Dot:3 insertion of a 
spacl' chManer, ttla,t op"r<ttioll providjng thl' check for <I full arra.y. Further, sincl' Ihe 
00r3 open[iolls do 1\01. uea'ssitatt' tiLl' removal of Trajljl1~ ""hitl'spa,e/Illl!] Jines. botll 
lVSRcm and l\'LRull a,re zero after thl' operation. 

5 Refinement Of Doc6 

The DocS state introduces marked tl'xt and the Stt.Hm·k operation: b.owI'ver we chaosI' 
to also include the paste bulTer and its operations in our uext. refinement step, siIlce we 

feel that the consideration uf marked text alone does not merit a refinement level. TlIUs 
we now collsider refinement Oll tILe Doc6 state. 

5.1 The Design Decision 

The 00c4 3tate is enlarged to the Ooc6 state by the inclusion of the abstra.ct components 
PEuff, MarkSeq and J,-JarkcdSHj. 

Our concrete representation for the Hrsl is t.he character aHa.,.' PArr of size MflX and 
pointer PP, a, natural numhl'r uot exceeding Max. \Ve introduce the poillter AfP.lying 
between -1 and JInx with - 1 indicates t.llat 110 text is marked. Otherwi,,(!, if AfT-' 
is less than CP MarkSeq and Mm·kulScq ue equal to the A'7Corli up to MP dnd the 
ArrConllying between AlP and CP respectively; if Atl' exceeds C1' they are eqnal to 
t.he ArrConl after MP and the ArrConllying bl'lween CP and MP respectively: 

ConcPast€EuJJer I 

PArr: 1 .. ,'.-lax --------). Char' I
 
PP: O .. Max
 

ConcMark All': -} .. .'1(11· 

ConcDoc6 ConrDoc4 1\ r01ilP(l.~teDufft:r 1\ Condlm·.k 
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5.1.1 The Concrete-Abstract Invariant 

RelDDt6 

Doc6
 
ConcDoc6'
 

RdDOCt
 

~fP :::: -1 MarkSrq = MurktdSeq = < >
 
.UP f:- -1 /I"" MP .$ CP MlIrkSefj = ArrCOfll for ,lfP
"" MarhdStfj = MP+ 1 . CP { An-ConI 

II MP> CP 0> lv!arkSr.q :::: 11n-Cont after AIPMP " -1 
Morktll.'iffj = CP + J . _AlP ! An-COld 

PHuJJ = PA,.r for PP 

In ordpf to sal isf.y the (-oncli tion thaf e,-erY COllerelp state rOlTl'spollds La a unique ab;;tract 
~lale [I;;;; l l.l.la]. we han' onl)' to ~how that t.he ronnli'te paste huffer define,~ a 
nnique ab~tract one. dnd .~i\llilarly fOf tlH' roncretp mark (tlte COHcDoc.f ohlip;i1tion was 
discharged in Section ·!.l.l): (!Parly both follow immediately from RclD"c6, t.o givr: 

Lemma 4 : 5_1.1a 

RelD()C~ 

f-

V ConeDoc6 , 31 f)oc6 , nrl(l~c~· 

• 
\Ve caienlate AbsRel. and h,n'f', after simplinration: 

AbsRclDDef: =- [EDoc6 II AbsRelDoc4 ) # PBlIiJ .$ Max 1 

Using the BarIle argnment as that in Sec1ion 2.1.1, since: 

limM=_= (#(PBuJJ.$ Max) = true) 

we discharge our data refinement proof ohligaf,ion by appealing l.O [~ 2: 4.1b] and the 
above lemma, implying an oo-refinement· 

Lemma 4 : 5.1.1b 

c 
Doc6 ~oo ConcDoc6 

• 
We now calcula.te' ConeRdDo~~Sla1!~oTd to gh-(': 
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('QnrRdo~"6 S!~ndard 

4C'owDoc6 

C'oflrRdDorf; .'ifa"dard
 

PA.rr/for PF' =:; F..infor fJ/'
 

JfP' ::::: ,'IF
 

and ma,!, again appeal (Sertion3.1.!) to![; '2: :1.2(1] to ~how lll<lt Slan(/(l/,dl::fD",./ relines 
(llis operation, 

5.2	 Refinement Of "SetMark" 

Specification: 

8cf.'l(k A ::2lJoc{ A ,J])oc5 1\ :=:Pfl,<lfHufJN' A ')'lI('('(-88 

where: 

,S'(-/J!k 

MU1'h,dTExt' 
l'uirchar 

L .__. _
 
,
 

Afa.rkSeq' = fA fino"
 
MflrkedSu}' =:: < >
 

'- ------_._---~-

SimplificatiOlI and refinement of weakest cuncrete 01.wration: 

Vo( '/wnge( COtlcDoe6 \ C'orlcA!ark)
 

l1P' = CP
 
[ rep! = -OK" 

Unrk[J,'c6 

.IfP := CP j 1'ctum("OK'") 

5.3 Refinement Of "Lift" 

Specification
 

CopyAJTezIPBuf[ A :=Doc,:; 1\ .J[Jo('6 1\ SIlCCf;8S
 

v 
ErrorNoTa:tMarked 
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where: 

CopyMJ't:xtPBuff
 

dPastt'BujJcr
 
LeflChar
 
Mad:edTExl
 

f-------------.--- 

l'HlljJ' MarhdSeq f:: < > 

Simplification of wf'akesl Ulnrr~(", operation for CopyJJh:rlPllujJ: 

l
CP # AlP # -1 

CP < .ttP -:=} PArI" for PIJI :::= ('/J + I _ ..'lIP ~ A.n('onl 

CP > JfP :::::;. PA'rt' for l'P' :::= .'I-Je+ 1 ,_ ('e I A I",/-('onl 

('OlJyMTe:rLPHujJ 

MPJlfr : 0 .. •\far j
 

{ e1' t- MP II MP f:: -1 )
 

pp ::0:: 0;
 

if
 

I (CP < AlP) -----;;. CopyMTrxtPHl1f/_ ('u'I'Abt)l'f
 

u 

I (ep > MP) -----;;. CopyMTcrlPBfljJ CurBdOlI' 

fi 

CopyAfTutPBuJJ_ CurAbol'f' 

.\fPptr := C1'; .., 
(MPpl'r t- ,UP) -----;;. MPpfr++; PP++ j PArr PP := (;ffA.r,.CnntfMPplr) 

{Invariant: PArr' {or PP == AIPpll' + 1 _. CP ~ .+rr-Conl} 
{Variant· ;~fP - MPptr) 
{Guard Negation: MPpt'r = MP} 

00 
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Code for LiftJhr~ 

FlagCPLPR P ;
 

rep: Rtporl ;
 

if
 

I (('P # M P 1\ ,,/P f- -1) -----';> lopy.\Ffl-xIPHIIJ]; nlum( '"OK")
 

I (('1' MP V AlP:=: -1) ---...-:;.. rt 11ll'Tl( "!'lo tpxl marK('d" ) 0:: 

fi; 
Upfla!tDocS(preFCp',prel'LP,prel'R1Jj; Cpd"f~J)ocj ; r'rlllrrl(rev) 

Note
 

Code
 

WE' appE'alto [I;;; 2.3.5.2bJ, the pre·coJl(lilioB fOJ l'::\ch ni~jIlJl(t prmid;llg tilE' p,uard; lilP
 

loop j~, of COllrse, total, aBel for which w(' use [~ 2.3,;),:10]. Thp rorl", fOJ lll" body of thE'
 
~t'rotld disjuncl, Copy,\] T'e:I'IPHuiJ CUfBdau', i~ ~ilnilar 10 that for ('opyA'1 Te:rtPBIlJ] Cill'.-t boa,
 

5.4 Refinement of "Paste" 

Specifica.tion 

1'lagPnTC:ur.-rn'
 

Psi; HCl1lTmdW.S'; R(mTrrnl.A,:L 1\ .JDol'6 1\ Sa('N:.ss
 

v 
SDoefj 1\ E'rToI'FIJII 

v 
ErrorPBlllJEmply 

where: 

Pst 
--------------1 

JPai"04r 
,
 

J !\f(~rkf'dTexl
 

I Pa:>leBlllJel' 
1----------- 
I 
I PBufJ ::/: < >
 
I
I LeftCha/ :=: Leftrltar PBuff
 
I
I 

Righ/Char' :=: Rightcltar
 
MarA:Seq' ::: LtJlchar
 
MarkedSeq' = < >
 

\Vc first coDf;ider PsI and ha.v~. a:; thE' sirnplification ann rcHllement of its wea.ke,~t 

StandI/ref concrete opNation: 
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pp i' 0
 

pp S RP - },P
 

[P.L?' = C/J,CP'
 

A 'T' for Lpl ::: A fl' for LF ~ PttrT for PP
 

.{TT' after LP' ::: ATr after LP
 

/\1/1" ::: LP 

PSl 

{LF = CP 1\ PP t- 0 !\ pp S liP-LP} 

if 

I .\lP :== CP; P.~11
 
fi
 

P."ll 

PPpt'r := 0 j 

do 

I (PPptr #- PP) ~ PPpir++ j LP++ j CP++; An- LP :== PArr PPpl," 

{Invariant: A 1'1' for LF ::: Arr" for LPo - PArr'" for PPplr}
 
{Variant: PP - PPplr}
 
{Guard Negation: PPpt,. ::: PP}
 

ai 

Code for PastcD"d 

FlagCPLPRP; 

PPptr : O . . Max; rep: Rept)f'/;
 

if
 

I (PP :::: 0) ~ rep:= "Paste buffpr empty"'
 

o 
I (PP t- a !\ pp > RP -- LP) --3> rep:= "Editor full"
 

11
 
I (PP f- 0 1\ pp S RP - LP) ------7 8tatidardiuDod; Psi; rep := "0[\"
 

fi;
 
Updaft'OQd(pl'€VCP,pn::vLP,p1'f't:RP) j Upd(JttD~c4 ; relum{rt'p)
 

No1e 

Weakest concrete operation: 

We appeal to [I;;; 2: 2.2b] to refine on a SfandQIt'l. contiguration, (1)IIshin~ thf' Stdlldanli:::e 
operation through to when' 1t is <!.ctnally required). 
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Code:
 
The pre· condition that. PP must not exceed the differellce hetween RP and LP for the
 
third conjunct is implied hy the ConcDoc1 invariant, aud Wf.> appeal to [~2 3.30.] 
(treating the first two disjuncts as a single operation) to renne to a disjullct noting th<lt 
one pre-conrlitioll is the negation of the other. We trren u",f' l~ 2 ;3.5.2b], with edch 
pre-condition providing tILl' guard, and appeal to [[;;: 2 : 2.:J.3(lJ for (,he rcfLnemelit of Pbl1 

to a loop. 

5.5 Promotion Of The Doc4 Operations 

Th(' abstracT promotion method for the Dor4 operations to thf' DocS statf.> Jl·quires that 
for fontent·chauging operatiOils the mark he l'e-set, but is non-deterministic for cursor
changing operations; the ",uhsequent promotion to DocO requires a nn-CnaIlge pa.ste 
buffer. Usjll~ the sets C1..l1'$O-r(Jps_ !VoMnrkSfI, C1..l'r.>orOps MarkSci aud ,'''onCiJrf,orOps 
(Part 3, Seclion !).1.]), WP have: 

v OF: "'VO!lClIf'SOl'OpS •
 

OPl)"r~ =. OP[lpc~ 1\ ReMIMal{ 1\ :=Pn..~kBtJffa
 

V OP: CljrsorOp.~_ .r-·':oMnrkSrl •
 
OPDo,~ == OPDL,r4 1\ :=JIt,rkrdTc:!"l 1\ :3Pasl(oBujJer
 

V OP: CursorOph .. .\fo.rk.'·icl •
 
OPDoc~ ,;::, OP[lQc4 1\ d.MarkedTexl 1\ ~PasleB1Jffer
 

Since it is desirable thaL rurwr-changillg op('rations ~hould presen'e the mark position, 
we choose to do that provided, after the oper<ltinn, the mark does not point beyond the 
bottoOl oftbe document (as it may do after the removal of trailing nll..lllines); if it does, 
the mark 1S re-set. 

\Ve thereforC' have: 

Code for ['pdaleDo"6( prevCP, prevLP. prel'RP) prevCP? p1'fULP'!, pnvRP? : 0 .. Max 

if 

I 
(( OPType -I NoMove 1\ OPType -I Lef/Move 1\ OPl'ype =I- RighlMove) V 

MP> Max+LP-RP) ~ ,lip :== -1 

C 
I (( OPType == NoMove V OPType == LeflMove v OPType == RiyhtMove) 1\ 

I MP ~ Max + LP - RP 1\ MP -I -1) ----3l- Adju81JJark 

~J 
(( OPType ::::: NoMove V OPType == LeftMot'l' v OPType = High/MoPf) 1\ 

MP :-; Max + LP - R 1\ .\IP == -1) ----3l- Skip
I 
fi 
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Adju$/_Mark 

if 

I (pret,CP ::s AlP 1\ CP :<; .MP) -;.. J1P := AlP - WS'Rem + WSlns 

" 
I (prfvCJ> S MP 1\ CP ~ .11 P) -;.. J1p := _\lP - W5'Rf'1fI 

[! 

I (flr-f;VCP ~ ...tP 1\ C? ~ MPj -~ },IP :=- ,VP + WSITls 

G 
I (pT'c!'C:'P ~ AlP 1\ CP 2: MP) -------7 Skip 

fi 

We now have the COIlrret(' promotion I1li'thou [or all operations OP uf'linf'd on tlw 
COflcDoc4 ~tate: 

O?/Jor6 

FJagCPLPRP; 

rep :==:: OPDot:J: Report;
 

Updat.eDoc!'i(prevCP); N'tum( rep)
 

Note 

If the cursor is originally above the marked positioll, the latt'n"s relative position will 
change by the amount of whitespace removed I.and thus we mnst reduce MP by WSRem), 
and is the final position of the cunor is auove the marked position, thE' latter'.~ relative 
position will ch<ulge by the amount of whitcspace inserted (and so WP nl-'ed 1.0 increase 
AlP by the WSIns). Tbe in~('ft.ion of Mwlines (by !JadWSNL Ci\.fl only take plan' ....·hen 
the cursor is moved bdow the bottom of the documeut {and so MP will be [('51; than CP. 
which requires no change in the former to mainta.in its relative position), and J,he only 
wa.l in which the removal of new]ines (by RemTmiLNL) can affect AlP is if it points to 
OnE' of those newlines, aIld so will ~nd up pointiug to a point beyond the bottom of tht, 
documen1, (a.nd tbus will be f(,SE't), 

\Ve use [I;;;; 2 3 ..":>.2bl for lhe Cpdtlte alternat.e ("Qn,~tr\lct, and [I;;;; 2 ; 3.:10.] for tha.t of 
Adjus/.Mark, uoting that t]le disjunct of thl-' pre-ronuitioI15 is tT1J(. 

Refinement Of Doc8 

The Doc7 slate introduc('~ !he quote huffer, together with an editor statE' (\0 enable 
switchiug between document and quoll' buffer E'diting), and a. document lile Tlaml', with 
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the quote commands specifi.ed au tbis state. The Doc8 state iutroduces search and 
replace buffers, enabling the specification of the search and rl'place operations. Since t.ll(· 
latter two operations may also be regarded as quot.e opeT<~tions (they Ulay be effected 
from either editor st'l.tt'). '1'(' choose not \.0 refine on the Dor;7 state, but to incorporat.E' 
all of the quolr opf>r<~tions in one single refinemeut ~tep, on the D()("!i state. 

6.1 The Design Decision 

\V{, represent l,he left and ri,l1;hl quote buffers by a sinll;le c.hararter array, QAr"r. together 
with the poiI1I.E'rs QP (Quote PointN) iLnd QCP (Quote Cllrso!" Fainter). QBu.f]. t.lw 
concat.enation of Ihf' JE'ft and right quote huffers, is rcdnndalil. alld we choosl:' to exdllue 
it from the concrete state. 

We ident.ify QMa..t a.~ a RCSO'UfCf'Limit. althoul;h, dearly, the specifier intended thl' im
pll'Dleutal.ioll to pro\·ide only a slllall buffer. 

It b l'n visaged that the quot.e buffer ""ill displayed on a singk line of the l.Nminal screen, 
and ib signa,ture (together witll those of the sea.rch and replace buffcrs) will reflect this. 
Although we use an array and pointl'rs as Wf' did with the Doc'] representa.tion, the qllOte 

buffer COlltf'nt will be represent.ed by the first QF locations of the array (a zero pointer 
mea.ning an empty <I,rray), with QCP representing t.he cursor position; thf' small size of 
the array will relld~~r array shnftling iupxpeJlsive. 

ThE' search and replace buffers wjlJ be represented by the Ch<if<iCfer arra.ys SArr and 
RpArr, together with t,hl'ir poiuters SF and RpP respectiv~ly, ha\-inli!; minimum valne 
o and maximum vaJu~ QMux aJso Re,~OUl"t:eLimils - with ;\/fltcnnlLenglh equal t.o thE' 
number of characters following t.he cursor that thl' search buffer corre~ponds to when 
the document is in a. matched state (since, because of the nse of n~li!;ular E'xpressions, 
we callnot lakE! the length of the buffer). The document filenamf' is f(-,pres.,nted by 
t.he striI1g FNa.me, the concrf't'_' editor state being £Slale, sharing the siKnature of its 
abstract wlUlterpart. 

\Ve also include the boolean DocCha.nged, indicating whether or not the document':" 
cDntent has chan&ed since the last read from/write to store. 

QMux: ResourceLimil 
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Cot1cDO£"S 

ConrDoe6
 
QAtT. SArr, HpArr: 1 ". QMaz ~ Char
 
QP. QCP. SP, RpP: 0"" QMrJz
 
FName : S'trmg
 
MalchedLength : 0 "" Q},fnz
 

EStatr: : { Slat~DoC' StatfQuOI<
 
DocChanged : B
 

:---------"- - ~ - - - -
QCP S QP
 
(SAtT for SP) matche~ (ArrConl after CP) ~
 

Matchr:dLrnglh:= matchedlength (SAn for SP.4rrL'ollt after CI') 

6.1.1 The Concrete-Abstract Invariant 

RelJl~c':' ~	 ~ 

DoeS
 
ConcDoc8
 
ReIDn<5 

',------- 
I	 Slate::::: EState 

I	 LejfQuolo = QA'IT for QCP 
. .	 II	 RtghlQuote ::::: QCP + 1 '. QP , QArT 

i	 SBuff = SArr for SP
 
RB'UjJ = RpAtT for RpP
 
QBuff .::; QArr for QP
 

I	 Fiit:Name. = FiYaml' 
I ~	 J 

Hence, for a given concrele state Rclvoc6 will uniquely define th(' abstract DIJc8 rDmpo
nents,a to give: 

Lemma 4 : 6.1.1a 

ReiDoca 

C
 

'r/ ConcDoe8 _ 31 Doe8 _ Re/Docs
 

• 
We calculate A.bsRel, and after simplification obtain: 

,so 



AbsRdDoclJ ---,I	 O:Doc8 --  i 

1 AbsRelDo<6 

r---------
1 SBllff::; QMaJ: 
I	 RB,U ~ QMax
 

QBuff:S QMrU'
 

\Ve procN'cl exactl,r as in Section f).lol t.o obt.ain: 

Lemma 4 6.1.1 b 

f-

Dor.'< ~C<J ('oflr})ocS 

• 
AbsRR1VoCI> -= ~Doc8 A .4b,~RelDad 

ConcRelDQclJ 

i .J.CollcDoc8
 
I ('uflcRelDoc6
 

I-~----------

I	 QArr ' for QPI = QArr for QJ> 
I	 SArr'forSP' = S'Arl'forST
 

RpArr' for RpP' :::: RpA/7' for RpP
 
FNamc' = FNarne
I 

:1	 QCP', EState!, DocChanged' = QCP, EStaie. DocChalIged, 
,~__. ~__"	 ._" J 

Similar comment.5 to tho::;': mad" in Section 6.1.1 also apply here. 

6.2 Refinement Of I/O Operations 

In the specification we make broad a~~ump\.ions concernin~ the operations to return a 
pointer to a file, GetSysPtr. and tllOse to read and write a file, ."iyi'Rclid and SysWrlte 
respectively, and specify t.lle operations RradFrvmSloll: alld WritcToStorc (ma.king USI;' 

of thos~ i/o operations) which incorporate the r{'turn of appropriate reports indicatillj:!; 
the success, or otherwise, of the i/o opNations. 

Refinement Of "ReadFromStore" 
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Specifica.tion ; 

StJCcS'ysGelPlr » Sl1.ce5'ysRc(Jd A. SUf:n'..~s 

v 
.'ju('CGdSysPtr » r'nSuf:CRfadFlle A. ErTfJr!lradirlgFj/r 

v 
l'nS1JccSy:>CeIPII' A. f,'r/'MCaTtflUrOpenFih· 

v 
Succ5'ysGdPl' A Errud-'v.li 

Sy:>Read _ 

L1Sture 
SysPtr'!.' N 
ReadSr;({! : Ij(fJ elllJr 
/lioReadError!.' B 

Code for ReadFromSlorr(filcname) filename'! . SITinrJ 

jildrngth : N ;
 

FLagPl'evDocI :
 

SY8Plr;= fopen (filenarlle, < r > ) .' N j
 

if 

I (Sy"Ptr -:j:. .\'u.llf'tr) ----? 

if 

(FileS1Jitabldfikname)) ----? 

fildength := SytJGetFilelrTlgl,h(jilcname); 

if 

I (filelength ~ RP - I,P) ----? Rr'adTuCl1.rrm!PoFilwrl 

o 
I (filell:lIgth > RP- LPl ------;. rrl.l1.m("8ditor full") 

fi 

[J 

1 (.., FiIeSuitabldjile'flame)) ----? rdurn("Unsliitable file- ) 

fi 

[J
 

I (SysPt,r NullPlr) -)0 rel-urn("Caunot Open filp")
 

fi 
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RmdToCUTTffllPosilion 

NoReadError :== true: B ; 

SlandardiuDoel j 

m 
(LP < RF 1\ NoRf'(;dError A. Xolnt(rnlpl A. jildtflgth > ()) ----7 

GetJ\'atNoflOdrIChD1· j At'r (LP + 1) :== J:; LP++ ; 

if 

I (x == rll) ~ S11·ipTmi1WS 

"' I (x i- nl) ~ Skip 

fi·, 
{Invariant: Read( {Po + 1 .. l,p I An)} 
{Invariant: V I:FL- 1 (C?.LP / ArT) • visiblel} 

{Variant: filfltrlgth} 
{Guard Negation: L? ~ liP V -, Nollr!adError V --, 1\'oTrll.t:'rrupt V jildengl1l 0 ) 

od; 
fclose (SysFtr) ; 

if 

I (l.? :::: RP) ~ LP:= pret'l.P j l'elurn(""'Edi1.or fll..lI") 

o 
I (..., NoReadErrm') ~ LP::::: prn:{P j rf'tu7'tl("Error reading file"') 

Ii 

I (filelenyth 0) ~ {ReadSeq = LPo + 1 .. LP ~ Arr} 

C? := l,P; rdum("OK")
 

fi
 

GdiVr;xlNonCntriChtJr 

entrlfnd : B ; 

:t:= getc (SysPtr) j file/myth -- ; clItdfnd := ConlralChar x ; 

d> 

(cntrl[nd A. filelength > 0 1\ NoTnten'upt) ~
 

x := getc (Sy.,Ptr) ; filelength -- j cntrl[nd := Contro/Char x
 

{Invariant: 'r/ c: Storr (I SysPlro" SysFtr - 1 D • ControlCfwr (;)
 
{Variant: filelenglh}
 

I {Guard Negation: -, cnlrl[nd V filelerlgth :::: 0 V -, NoTnt.errupt }
 
aI 

{filelength > 0 A. Nolntcmlpt :0} ..., (Contm/Char x) } 
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Slripl'railWS 

<h 

(LP> rp+l /\ .4rr(LP-J) = 8p)---7 LP--; Arr LP := n[ 

{Invariant: ArTo (j LP+ 1 .. LPo - 1 D ~ {,p) } 
{Invariant: AIT LP = nl} 
{Variant: LP - CP - 1 } 

I {Guard Negation: LP = CP+] V Arr(LP-J) 1- -~p} 

00 

{last (FL- 1 (CP .. LF' ~ .4'T)) = <> } 
{LP i- CP +] ~ visible ( last FL -1 (CP .. LP -] ~ Arr))} 

Note 

For thE' fir.~t disjuncl of Refj(IFrom~"·((Jr(:. we introdncE' thE' prf'-colldition that tlwn must 
he snfficil'nt editor capacity 10 <l,("(olllluoda.tl' the fill.' (i.f'. the file length must nllt. ~x('E'ed 

thl? differencE' betwe",n RP and IP); in ordN to pr{'s"rH~ the totality ofth", uperatiun, 
we nse the 1I1.'ga!.ion of till., prE'-conditiOlI (1.5 that for the last disjlJllct. and appeal to 
Ii;:;; 2: 3.:la] for the altemate construct. 

Sinc!' a.~uccessfu[ ReadFromSl0rt is a.lways piped into lrJplllRr-adSeq (Sf'P Spction 6.4.1). 
and the latter requires that the ~eqnence of charaders read is iuserted into th(' do<;u
menl at the currel)L pusilioll. we refine Ute formE'r su that thaL fpquirernent is satisfied. 
S'tr'ipTminI,'8 ensures that RwdSe:q satisfie~ the whitespacc illl;ariant of Dod, and the 
fma.l UprlatF opf'rations (Scrtioll 6..5) ensure that LIn' original cursor lille also ~atisfips 

that ilJ\'ariant, and tha,t trailing nnlllilles are remow'd. 

We nse the C function pute to return a chilrac1.cr from a mE'. and the informal boolean 
Read to indicate which part of RradSeq h<lii been read from ~tore and inserted into the 
array. The function SysGefFilde70gth is aBwm£'d to return t.he lengt.h of the' fil~ (using 
the C call nat) and we assume that ControlChar indicates whether or not a character is a 
"alid text character or nol. In the implementation we expand thE' TA B motrol ch~Iacter 

to an appropriate flumber of space~ {with a test to ('nsnre that the editor capaci1y is not 
exce~~ded); the' procednrp follows that for Ute insertion of a tllb character in the re~ne-ment 

of InsnlChar, Section 2.3.'!. 

We recognize that till" llser may interrupt thE' reading of a file, when, we <I.lillume that t.he
No/1ltcrT"upt flag is set to false, and in this casi' a read error message is reported, 

6.3 Refinem.ent Of The Quote Operations 

We refine the operations Input alld DoumSearch t.o indicate the method of rdinement 
for operations specified on the Doc? and DocS states. 
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6.3.1 Refinement Of "Input" 

Specification of InpulDoc7: 

FlagPrwCur,wr ; 
(Requn:;t1nput » SUCCRfUliFro"lSt07, » InpufReadS'(q); 

RemTmi/WS; RemTmilNL 
v 

Requotlll/Jut » l/nS'uccRfadFmn,8Im'r 

v 
Requ(:,~llnl'ut 1\ ':=Do(S 1\ £rrorFlIrSoIE::i.~·, 

v 
Reque"l1ll/Juf 1\ ~Dol·6 1\ Unsuiiablt Fik 

v 
Requf:l';f Input 1\ ~Do('5 1\ crrorFlIIf 

In]JUIIlor~ InpufDoc, 1\ ESearchBuffer 1\ ~Rt[Jla<t.'nll.fFr 

Expansion of (Request Inpul » SueeReadFrvtnStorr » InputReadSeq); 

lJDoc7 
~Doel\ramc 

EPasteBuf!iT 
EQuoteBuffer
 
ReadSeq'! ; seq {:har
 
filename! : String
 
filemQde!; {< l' >,< W >,< a >}
 

~---~--

State -=:: StakQIlot,

i State' = SfaleDor 
< j, ,~p > prefix QBuif
 

filename! = QBuD after ;2
 

filemode ~ = < r >
 
Mark' ::: -J
 

Leftch"r' == Lef! CAar ReudSeq'!
 
RightChar' = Rightc~ar
 

Weake~l concrete operation: 
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Slatf_ ConcDoc8 

NoChange( COrlcDoc8 \ ConcDoc2, JIP, EStalt)
 

EState ~ Staf-tQ"Olt
 

EState' = StalcDo~
 

<i,sp> prefixl (QAn-forQP)
 

MP' = -1
 

An'Corlt' for CP' == ArrConl for CP'- /{t;adSeq'?
 

A rrConl' after CP' == A rrConl after C'P
 

Simplification and refiuemf'nt: 

State_ COnf'lJocR 

NoChan!}e( ConcDoc?l \ Cow lJor2, A/I" F:Slalf'l 

# llcadSeq'; :0<::: RP - I,P 

t'Slale = SlaleQ".;[,
 

EStak' = StatC[loc
 

QP ~ :J
 

QAn for 2 == < i,8P >
 
MP' = -]
 

LP', CP', RP' == LP +# RwdSeq'?, CP + # ReadScr{? RP
 
ArrCont' = Ar-rCorll for CP - ReadSt;q? ~ Ar-rCorlf after CP 

Codf': 

Inpu[Du8 

{EState = SlateQ~oj.}
 

{QP~,'J 1\ QArTfor2 =<I,SP>}
 
r'cp : Report j filename: String;
 

EState := StateDa" j OPType := Lt;ftlnsert; CopyQHlljJTQString(filnHIme. 2) i
 

{filename = QBujJ after 2 }
 
rep := ReadFromStore(filename);
 

if
 

I (rep == "OK") ----3> DocChanged :== true; J/P :== -1
 

o 
f (rep # "OK") ----3> Skip
 

fi
 

Note
 

Since RwdFromStore ensmes the whitespace invari<l-nt (and the operation cannot violate
 
the nnlllines invariant), we can dispense with thf' Rem operations of the first disjunct.
 
We again use [I; 2: 3.3a] and [[;;; 2: 3.5.2bJ 1,0 refiue to the altf'rnatf' construct.
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Since we refined a succesful ReadFromStem tD concaf.eua.te the ~eqneuce Df character:; 
read Dn to thf'J'nd of the left character sequence. the last two predicates of the refinement 
aTe satisfied. The implementatiDn·dependent CopyQBuffToSlringcopies the quote hllffer 
conlf'nts from the third (one more than the valUE' of the second parameter) localioJl tD 
t.he QPJh location to the striJl1', filename (the value of the Hrst paranwter). In the 
implementation we split the "llIlsuitable file" disjUlld into two: Wt' check to see whether 
or not thf' file is a directory. and whether or not. the file ha.<; l'f'ad permission. ",itll 
appropriate reports rt'turned if eitllN Tf'quirement is not ~ati~fied. 

6.3.2 Refinement Of "DownSearch" 

Specification: 

FlagPrf.vCuri>or j
 

SUCCDOWT1SW1"ch i RcmTl'a:il'rfS; H(n!l-r-aiINL II
 

pr-ornoleScar'('h UnMflrk 1\ SUCCf.';.'
 

v 
rn.'iuccDo--wnScarch /I. PJ-on!oltStG1-chL(;(J.t;('Mark II RtpS'trirl!liYotFotmd 

v 
ErrorSBuffErnpty 

where 

SuccDOll'nSearch SlJccDownSchDoc V SllccDownSeh Q • o1 , 

(/nSuccDownSean·h UrlSucrj)ow1lSchvoc V UnSuccDollmSchQ"ol' 

SuccDownSearchQuot, CopyQHuffSBujJ ; SlIccDou.'tlSchDo~ 

UnSuccDownSwrdQ""I' COpyQB11.ff8BlIff; UnSlIccDotD'f}S('hDor 

Expansion of SuccDovmSearch: 

SuccDownS·e.arch 

JDocS
 
,- D
 
1 _"-Coo, -"'~_~ 

1
SBuff' = SBllff i- < >
 
State = State l = StateDoc
 
SBuff matches Righl ch4 / 

II ---, (3 Sin n .. m ~ (Leftrhac ~ R;g!ltclto,') _ SB"ff matches S) 
wnl!re 

n,m = (#LeftC'A~r+2).{#LeftCh4/+ matchedlength (SBujJ,RightCha/)-1) 

Simplification and rlOfinement of weakest concretl! opl![ation of first conjunct: 
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--- --

StateConcDorB 

NoChangeConcDoc8 \ ( ConcJ)oc2, EState, SP, SArT) 

SP' = SP ¥ 0 

SArT' = SAr, 

EState = ESlate ' = StatcDoc 

(SAn' for SP) matches (CP I + 1" CP' +Sf J ArTCont) 

..., (SAn- for SP matches (CP +2" CP' + SP - 1 ~ l1/TCont)) 

Expansion of UlISucclJol.l'nSlarch: 

l:lISucc DOWTlSf.CJ!y:h 

~Doc8 

SHlljJ f::- < >
 
Stale = StateDoc
 
..., (3 S in (tail RlghtChar) • SBu.ff matches H)
 

Simplification ~nd reHu€meut of wea.kest. ('OIlcfetl' operatiOIl fOf second conjunct: 

Stal~ConcD()C8 

NoChangeCoTlcDoc8 

SP i 0 

EState = StaleDoc 

..., (3 Sin (ArrConl after CP + ') • (SArT for SP) matches S) 

Code for Dou'nSwrchDocii 

matched : = fal:Se: B j preIlCP:= CP: 0 " Max; 

OPTYfH: := RightMol1€ j 

if 

I (EState =: SlaleQ1<OI.) ~ CopyQHuffSBuff j EState SlatcDoc 

o 
I (EState #- StateQuo I. J ~ Skip
 

fl·•
 
if 

I (SP f::- 0) ~ DownSearch 1 

o 
I (SP == 0) -----7 r~p :: "Seardl buffer empty'" 

fl 
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DownSearchDoci;_ 

00 

(CP < Ajax + LP - RP /\ ..., mlJ/chpd /\ NofnttrrlJpl) ----7 

CP++ j CheckForMaich
 
I
 

{Invariant: matched ~ 15.41'1' for SP) matches (Arr('on~ after CP)} 

{Invariant: ..., match(;d .::::;.. ..., (3 !:i in (('P~ + 2 .. CP + SP f .4rrCo71t) _ 

(SA,T for SP) matches 'iJ} 
{Valiant: Max + L P - RP - SP - CP} 
{Guard Negation: CP ::::; Mtl'!' + LP - RP - sp V matched V ..., /\'olnttrrupt} 

ad j 

if 

I (malrhed) ----;.- rep :== "OK"
 
c,
 

(--.maic!l("d) -----;.. 

{No/nlfrI'U[lt .::::;..

I CP + SP = Max + U' - RP
 

! --. (3 Sin (ArrConl after CPo + 1) _ (SAn' for 5'1') matches 5)}


i CP := prcvCP; rep := "Strlng not found"
 
fi 
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SP ;= a: 0 .. QMax ;
 

Docptr ;= 0: a , . iHar j
 

la8tmalchOK ;= true: B j
 

Q,
 

I (SP oF SP A CP +Docpt,. < Ma:r + I.P -- RJ' - SIJ A lastmatchOK) ~
 

In,~lmatr:hOf{ := ChurIYfntdlf:.d( Gf'tAIT('O'/l.t( CP + Docptr +1 )) j 

SP++; DlX'ptr++ 

{ Invariant: Docptr = matched length (SA rr for SP, Arr{ 'onl, after CP)} 
{ Invariant: lastmalchUh: => 

(5'.4 n' for SP) matches ( CP . . CP + Docptr - I ~ l~rrCont)} 
{Variant: SF - SP } 
{Guard Negation; !J'P=SPv CP+Docplr~MaJ'+I.P-Rl)-SPV-./a,"~tm(ltchOh·} 

od; 

if 

(8fJ = SP A lasimatchOJ() ----?o

{(SAlT for SP) matches (ArrColll after CP)}
 

malched := true j Matchedlength := Docptr
 

{Matchedl,englh = matchedlength (SA'TfOl SI>, ArTCon/ after CP)]
 

C' 
SP v ---, lustmatchOK) -----';J>I (SP " {..., ((5A.1T for SP) matches (ArrConl after CP))} 

Skip 
fi 

CharMatched( c. S'P) c'! ; Cha,'; SP : 0,. QMax 

if
 

I (SAn'(SP+ J) , ) ~ MatchAll(c,SP}
 

i]
 

I (SAn(SP+ J) \) -----';J> MotchE',~capc(c.SP)
 

I]
 

I (SAn(SP + J) = -) -----';J> MatchNot(c,SP)
 

o 
I (SAn(SP+ J) = [ ) ~ MatchRegExp(c,SP) 

[J 
' (SAIT(SP+J) oF !'I S'AIT(SP+ J) oF \ !'I 

[ SAn(SP+ J) " !'I SA n( SP + J) t- [ ) -----';J> MntchChar( c, SF) 
fi 
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MflkhNot( c, SF) c'? : Char; SF: 0 .. QMax: 

( SArr for SPo) matches (CP .. CP + Docptt· - 1 A .'l'/"I'Coni)}
 

(SArr(SP,+ 1) ~ '}
 

{c:::::: Ar'rf'on/{CP+Docptr)}
 

SP++; reium(SP f- SP /I. SArr(.S'P+ 1) f- c)
 

liSP f. SP /I. SArr(Sl' + I) f- rJ :::}
 
(SA t'1' for SP + 1 ) matches (('P , , CF + J)o('pit' ~ Anf '(111) } 

Notes 

DOllmSCot'ChDoc8:
 

The code for GopyQHujJSBujf is simila.r to tlwl for CopyMTrxtPIIuff (Section 5.1).
 

J)ownSefl'rchDor" _1 :
 

\\"e assume that. lh~ hoo]('aJI SoIrllft't'upl indirLlles whet,hl'r or not all iuterru]Jt has
 
occurred. The first loop i/lvar'lilnl holds in'lIi<:lJl~' sinr(' matched is inil,ialJy Het to false.
 

CheckForMalch:
 

The loop invariant initially holds sjl1ce SF is iDit,iaIJ.v lero. and we appeal to the definition
 
of "malcnes" <I,nu "matchedlength··.
 

AJatchNol: 

The final assertion follows directly from th definition of "matches", and the other four 
disjuncts of CharMatclu'd sinJilarly follow. 

7 Refinement Of Doc9 

7.1 The Design Decision 

The a.bst.ract Doc9 slate incorporates a single mO~'c<\'hle window onto the document, 
achiE>ved by embellishing Doc8 to include the sequcllCf> of lines U'indowLines, the window 
offsets OjJsetX and Ofr~ef Y, and the window curgor posifions Wj-nCm'X and WirlCur Y , 
In the concrete sta.te the first and last. arc rf'prcsc/lted by a window un thc terminal 
screen t.ogether with a cursor; bot.h are provided by thE> hardware' on wlJicb the editor is 
to run: 

TerminalCursor [ TermCllrX, T('7'mCur Y : N 1 

TerminalWindow 

Term WinLine,'/ : ;-.~Hri~Hei,;ht--~--0~~w7~Wi-;lt~--=;-~,~~~)l 
,---~~~~-~---~~~~------- I 

Note that we do not make the assumption that the terminal cursor mnst nec('ssa.rily 
reside in the terminal window (to enablc marc realistic assumptions of the operations 
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that the terminal prm'ides - S~ Section i.2.1). Howe..... !"r since the abstract state rf'IFllreS 
that the window ell rsor resides in the terminal window, th., CaneDoc!] state must include 
the invariant: 

TcrmCurX E J. Win Width 1\ 'I tr1ll( 'u.r Y E 1. WinHtight 

We represent the window offsets hy: 

C:oncWinOffsr:t =: [ Il'inOffX. WinODY : 0 ...\lax J 

We also iudnde the pointer WmS'tartln iu t]lC design: it points to the llPw!iIlC character 
immediately preceedin!!; the document line that provides tll(' t.op window line (or to zero 
if it is (he first document line) in a similar W,ly t<1 that in wbirh Startln identifies lilt' 

cnfsm line; then" will be WinGDY newlines up to WinStartln {and 50 when Win Off}" i~ 

zero. WinSlarlln will point to the lJe~illning of the docllment). and if plr points (0 lhe 
(newline prf><:eeding) th(' ylh window lim'7 we have: 

NumNLin (AI·reont. WinSlartln+J .. pl,.j+ I Y 

We iuclude l-i-'inStnrtln La obviate 1he neen fOf tlw contiulLal H'-estahlishment of the 

positiou in tile documeut which will provide the starting poillt for the window ~from 

scratd'\ which, for a lOll!!; Jocnment Wh(.'ll 1h(' wiuJow is beillg 1l1<1ved near the bottom. 
may be time-consuming. 

We require tha.t the terminal window corrf'rlly Jisplays the appropridtf' part of tl1f' 
documeut, and so we IH>f'J to define a relatioll whid! holds when a window line cOf[ettly 
displays a document line (with appropriate orrset..~). and thus we need t.o h(' ohle to 
extract a particula.r display liue from ArrCont. W+, first. define a function which ta.ke:,; 
a character arra.y and a positin' integer n as paraJIIl'ters, and returns tile s~quencp of 
characters corresponding: to th<:' nth line of the array: 

r:::--~~~~----~~--~~~
 

~lin~_: 1I .. Max ~ Char) x N 1 ~ DispLiTl('
 

ArrayLine (arTay, y) = startlnph' -+- 1 .. endlnptr ~ army 
wh<:'re 

Y .::::: TotalNLin (army) -+- 1 
Y = NumNlin (array, I .. ~tar·tlnptr) -+- 1 
slartlnptr .::::: endlnptr 
.<;/arl.lnptr f- 0 =:} array Martlnptr = nl 
endlnptr f- # array => arTay (f'ndlnptr + 1 ) "I 
NoN Lin (alTay, startlnptr' + J , . ['ndlnplr) 

L
v 

y > TotalNLin (array) -+- 1
 
startlnptr' = endlnpl.r
 

Thus star·tlnptr a.nd endlnptr identify the ylh line of (lrTay lh£ sam(' way that Starlin and
 
Endln identify the C'uryth linf'of ArTCont. Note that when the parameter y exceed6 the
 

19~ 



number of lines present, the emply lilie is re1.11rned (when Jitart.lnptr· equals endlnptr'); 
if the window displa.y extends beyond the bottom of thf' docliment we wj~h to display 
empty lines, and in snch cases we llti\ise this property of ArrayLine in displayin!!; lhE' 
window. 

\Ve have th€ following rcslilts: 

Lemma 4 : 7.1a 

ConcDoc2 

f-

V ;ij;l .. Doc."·iL+l , ArrayLine(An'('onl,y) (FDL- 1 An-Colli) y 

• 
Proof 

Follows directly from the definirioIlS of ArrayLine. FDL and Lemmas 3:1.211

• 
Lemma 4: 7.1b 

ConcDoc2 

f

Slar'tln +1 .. End!n ~ A r'rConl ArrayLine (ArTConl, CurY)
 

• 
Proof
 

Follows immediately from thE' ConcDor:2 invarialLt, Ivith y equal t.o Cur'}' . and start/npl'"
 
and endlnptr equal to Startln and Endlll respectively.
 

• 
\\'e now define a relation hetv,"('f;ll alilH' of ArrConl a,nd iL Tum WillL'iW:. such that the 
former is displayed by thf' latter; if the array line is not {·qua.l to the Win Width t,he 
window line is padded with an (invlsihlE') null rharader: 

nullchar' ; Char' 

=---=-=--==-==-=:=--=~==-==---===-=-=----~---=~-=-==-=:=-~~=-==i 

i _ isdisplayedas _ : Line x Linl.' -----7 B I 
,,------ 
: arTcontline isdisplayedas ternllomlint {:;> 

I (arTcontline for Win WIdth) prefix terrllwinlme 
rng (1ennwinline after # arrcontllTlt) S {nullch(lr} 

The horizonlal offset means that each document nIle will be displa.yed start.ing from 
the (WinO.ffX + 1 ).1 position. a.nd thc following are a direct result of the defirritious of 
"isdisplayedas" and "after"; 
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Lemma 4 ; 7.Ie 

arrconllme ; Lint I # afTconllmt ::;; lhnOffX
 

lermll,inIint. : Lint: I # [ulnfl,inliru == Win Width
 

rng If rmU'l1Ihnt := {nTlllchnr} 

(arrcontliu( after WinOffX) isdisplayedas tn'mll'inlw( 

• 
Lem.ma. 4 : 7.1d 

nfTcOTlllio(? : Lint' WinOl!A < # O1Twn[{illf < IV/flOirX + Win Ww'th 

f(rmll'iTlli,1f : Lin( # f('rmu'mliln = «.-'in ~l-"/(lth 

(wT('ontlitU after ll'iflOffX) == tf rmu'mline for # ul'l'('onflin ... - Win01T.\ 

rng (/rrmwmlmf' after # of'/wmtliflt - H/il/0!TXJ == {mdlchol'}
 

f
(arTContlint' after ~riIlOffX) isdi5playedas tfT'lnwinliw
 

• 
Lemma 4 : 7,le 

arrcoTitiin{ : Line # am'ontline ?:': Wif/OffX + ",'in Width 

tel'mll'lnUnc ; Lint # trrlllwin/inf = Wi" Wrdth 

«( arrcontlillf after ",'iTlOffX) for Rm Width) == terflilmrdillt

f
(arrcontJiTlf' after Win OffX ) isdisplayedas Icrmwi"li'l(
 

• 
We note that t.he (WinOffY + y)I" line of An'Co,,1 starling al po~itioll WiT/OffX, will 

corre~po.nd to the yl" window lin!" and we are now abk to delillf' <I rf'l<t.tion whid holds 
when an appropriat.r docnment line is correctly displayed Oll tllf' terminal window: 

r-:~~--~~.~--~~~-~~.~-~c_-~-----' 

, Displayed: (0 .. Max -----;. Chat-) x N x N X N -7 B 

]- Displ~yed(orrflY,y, GjfY, OjJX) ~ ' (Array line (array_ OffY + y) after OffX ) isdisplayedas (Trrm n;i"Uf1(.~ y)L ----_._._- _.__ . - -- - --- -- - 
~-~--=----o-;--==-=---=-=---=---=-=:----=--.=-_----=-__=_ I 

I D"pl.y,dR.ngO' (0 .. Max --7 Chm·) X P N x N X N --7 B ' 

DlsplayedRange (array.yt. _y2, Off}'. DffX) ~
 

V y: yl .. y2 • Displayed (orr(Jy, y, OjJY, OffX)
 

L....-.
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Nute Ihat we supply the array ali a parameter, sitLc~~ thb will llwn euabl(' us to make 
assertions about th(' uld and !lew ArrCorl/ \'alu('s ill the promution of DocS ojwTdtions: 

w{' use OffX and OjJY rather 1han OjJSf/X and OjJsU)' 1.0 ~'uahle m to Stalf', for 
example, that the first !J lillf'S of the window neeu srrolling up by oue lille: 

DisplayedRange (;1 r,.('o1/l. I , . y. Win Gff.\' , WinOffT - 1 ) 

\Ve inrorporat€ the booleau <:\.fray lrill[mt'Oh' of 1ell~l.h WinHtight in the uesign, in
dirating whet.her or llOt each window line mrrecl.ly displOlY~ llw approprialf' dOClllnent 
line, Ideally we require that after each operation tlw window dispay iii corrected, and so 
E'3cL (~ntr.y in WmdotJ'i.im;OK is true; how,'vcr Wf' ....i...h 1.0 iltlplf'meIlt the window display 
rou1ines such that !he display of tIle ",indnw Inil)' he llll.rrrupted (so that, for ~'xamplp, 

<t l"OIlirnaIHI rua.\ he effecl.('d immediat.f'ly. rathN lhaIl flavjn~ 1,) w<ljl for 1he window 

display to completp). alld so we do nol includ(' this f('(]llirelJlf~I", in tile f('presenalion of 
tlJ(' Dod') ~tale. hat. requirE' Ihat if a parlicular l-Find(Ju,LlllrOh' entry is true, lhp lhal 
wiuJow line lIl(lsl corrf'rtly displa)' the correspolldin~ dr,rllltleut line: 

ConrlJw9 

ConcDorH 
fcnninaWisp/(Jy 
COliC WinOjJsfl 
lVinS/miln : 0 .. AJru
 

I WmLineOK: 1 ,. l-Frn//cigh.t ------;J> B

i--- ----------~- 
i NumNlin (.4r"Co111,1 .. WinS/,art/n) ::::: WiT10ffY 
i WinStartln I- 0 '* ArrCont WinSlru·tln ~ nl 
I To"mt'1Jr.\' = CtJ'I,X - Wi/l()ffX E 1 .. Win Width 
i (ermCu,-}" = Cll" Y - a'mOffY E 1., WinHf ighl 

I 'if y : 1 , , WinHdf/hl 
! WinLiruOh· y ::> Displayed (ArrCont,y, lFirlOffX, WinOffY) 
, 

Note that. when y eXl"l'eds the nnmber of lines in ArrCont - whell the window display 
extends bryond the batt-om of the dorument thf' definition of Arr.ilyline ('fiSures that 
empty liars ar~ displayed (i,e. liTIl'!s of fwllchar). 

Tbe following results aT(' a conseqnence of the COflrD(Jc.'J invariant; firstly, sincp tb(' 
window must contain tIle cnrsor line. w(' show that the pointer to t.he window cannot, 

exceed the poillter (0 I,hp currellt line: 

Lemma 4: 7,lf 

ConcDoc9 

f-

WinStartln S Startln 

• 
Proof 
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1. WinLlne > S"ta.rtln assumption 

2. ArrCont JhnStarlln := n[ 1. ConeDoe.V 

3. NumNLin (.4.rrConl. Startlll + 1 .. lVmStorfln) > 0 1.• 2. 

4. NumNLin (ArrConl. J". WonSlarlln) := ""irIOffY ConeDnc9 

5. NumNLin (ArrCont, 1 .. Starlin) := CurY - I COrlcDuc2 

G. U'lnOffY - Cllr Y + 1 > 0 3.,4., .s, 
7. CmT - WinOffY ~ 1 ConcUoc9 

8. It'inStartln'::; Startlll 1., 6., 7. 

• 
Secondly. the ylA window line is provided by the (Wi"OffY + yllh dornlll~nl Ijn~: 

Lemma 4 : 7.1g 

ConrDoc9 

startlnplr : WinStortln, , Max + LP - R P 

s/arllnptr 1: 0 ~ A rrCon/ star/illptr == nl 

NumNLin (A.rreont, 1., .~I01·llnptr) + 1 = WinOffY + y 

f-

NumNLin (ArrGont, WinS/arlln + 1,. wlflstadlnplrl + 1 := y 

• 
Proof
 

Follow6 from the definition of WlnS·lartill .
 

• 
As a result, thl' cursor line must apppar in the (Cur' Y - Wirl0ffl· )lh window lim: 

Corollary 4: 7.1h 

ConcDoc9 

f-

NumNLin (ArrCont, WillS!arl/n + 1" Staran) + 1 CUlT - Win Off} 

• 
Further, jf the cursor is in the top window line, the pointN to the window a.nd that to 
the current }in{' must agree, a.nd vic{'-versa.: 
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Corollary 4: 7.1i 

ConcDoc9 

e 
(Cud' - WinOilT 1) ¢> (Wil1Stadln Slartln) 

• 
FinaJly, wherl Ille window extends bC')'ond the unbollnded display of thf' donlInent. aU 
window line~ Lflow th~' document a.re displayed as lil1e~ of n.ullchal': 

Lemma 4 : 7.1j 

COllcDoc9 I DOL,VL + J < «:-·inOUr + Wmf{t 19h1 

y: DorNI, + 1 - WinOffY .. Winfhi9hl 

e 
rng (TamWillLines y) :::::: ,nlll/char} 

• 
Proof' 

By definition of DocNL <l.lld Arrayline, we haH 

Arrayline (Ar"'Cont,y) = < > 

and so by the ConcDoc9 invaria.nt: 

<> isdisplayedas (Tcrn.! WinLiJlf;8 .lJ) 

The definition of isdisplayedas now pro,,·idf>s t.he result. 

• 
7.1.1 The Concrete-Abstract Invariant 

RelDo,.o
 

Doc9
 
CowDoc9
 
RelDacd
 

Offsel.X,Offsdt" =:: Wi110ffX, Win.OnT
 
WinCtld', ",'jnCllrl:' = CurX - WinOffX.CurY - WinOffY
 
WindowLint:.~ = Term WinLines
 

____I 

Clearly, thf' ~chema uniquely defines each abstract window c.omponellt foc a given con
eretl' statf', and we esta.blish: 
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RelD~c~ 

e
 
V ConcDoc9 _ ::h Doc9 _ Rflvoc'i
 

• 
We calculate: 

AbsRelvoo9 == 5Doc.9 1\ Ab!>RdDoctJ 

and, a~ in section 4.1.1, ohtain: 

Lemma 4 : 7.1.1b 

e
 
Doc9 !:"", C01lcDoe9
 

• 
We finally calculate coneRe!: 

ConcRelD<>c9 

I .1ConcDoc9
 
I COTicReJDociJ


I-WmOffX , ,WinDffY' Win0ffX, WinGffY 
l WinSlartin' = Wm.Startin 
I Term WinLine.~! = Term. WinLint"~ 
I TermCurX{. TermCurY' = TermCl1rX, J'ermC'urY 
_ . _ .. J 

SimiJar comments to those made in Section <1.1.1 also apply here, allowing usc to use 
SttmdardizeDorl as the COncrete reorganizing operation. 

7.2 Displaying The Document On The Terminal Window 

·We r('fine the Doc9 operations in such a way that the array WinLinF;OK correctly indi
cates wlIich window lines are currently correctly displayed (to conform t.o the COllcDoc9 
invariant), but do not re-display incorrectly displayed lines; such line.~ set to fals~ in 
the WindowLineOK array, and a.re displayed by the main program loop when there is 
currently no command to be processed and no U.~er inte-rrupt pending (see Section 6.3). 

However we do employ window scrolling when at least h<llf of the current window can 
be moved to its correct posilion (see Section 7.2.4), and a.<;sume that the lcrmin~ hard
ware is provided with scrolling and other basic window display operations; we stal€' onr 
a.<;sumptions of these operations in the next section. 
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7.2.1 Spedfications Of Operations Provided By The Terminal 

vVe assu m~ jmplementation-d~pendentoperations to dear the window (requiring no argu· 
ment, fiUing the window with nullchol' and boming the cursor). to set the cursor (takiJlg 
two intf!ger arguments), to display a character at the terminal cursor position (taking d 

single character argument and incremeuting the curwr as appropriat.e) aud to c!o:.'ar the 
terminal cur~or]jne from the cursor position (filling the [est of the line with nulIchur). 
The last two opera,tions re(juire that the cursor i~ positioned within the lNmilldl screen, 
and although we specif.v them as total operations, we do not specify what happens to 
th(' window displa,y when the cursor b incorrectly positioned, or to the cur~;or po~ition 

when the opera\.ion takes it outside the window. 

Th<' opNatiou to clear t.h!? scree}] is assumed [,0 fill the screen with tlullchm', and mov...:> 

the c.ur~CJr to the top left hand farner of the screen: 

CLS 

.d TrnninolDisphJY 

Ter-mCllrX', 1'cnllCurV' := 1,1
 
'r/ 1I;}. WinHe:iyhl _ fng ( TCMIl »'iIlLillc,~' y) := {llllllchar)
 

\Ve refine this ope[ation to addHionall,y sel each entry in thE' WinLineOf{ array 1.0 false 

Ii:; 2, 3.2'1' 

CLSAdjus! 

CLS; WinLinesBad( 1 , U'inHcight) 

WinLint>Blld first?, [llSI?; 1. R'inHfight 

;{ 

Iijil's/ < 1) ~ fir"t ."

C 
I(last> WinH6ght) -? [llsl WinHeighi 

L_' 

I(first 2: 1 /\ lasl .-:; WmHeiyht) ~ Skip 

ft·, 
00 

(first .-:; last) ~ WinLineOK first :::: false; first++
 

{ Invariant: 'r/ i; firsto ' . first - 1 _ ---, (WinLineOh' i)}
 
{Variant: illst - first}
 
{ Guard Negation: first - 1 := fast} 

ad 
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The operatiou to set the terminal cursor does not otherwise alter the displa)': 

SetT6rmCursor __ .__ 

d. TerminalDlsplay 
x?,y?:N

I· '
I TermCur.¥', TermCurT' = x?, y'! 
'LTer1Tl WinLines' = Te.rm WinLinr.~ 

---------_._-_. 

Provided the cnrsor is in the screen, the operd.tion 1.0 displd.y a character leavl?s thc scrcen 
otherwise unchangl"d, and moves the cursor 011(' position to the ri!;;hl: 

DisplayChar 

.1 TerminalDisplay
c': : Char 

TcrmCurX E I. Win Width 1\ Tn'mC'ur Y E 1 .. WinHeight 
{TermCurY} <EI TrrmWinLines' ::: {1ennCurY} <EI TermW1nL'7lfs 
Term WinLines' TnmCurY ::: 

Term WinLinf.'l Tr.rmCurY Eb {TermCurX f------7 l?} 
TermCurX', TermCIJrY' ::: 'l'eml('ul'X + I, TermCurY 

v 
TumCurX ¢ 1., Win Width V TermCm'Y r/. 1 .. WinHei.qh/ 

The operation to dear to the E'nd of the line fills the cursor lim' from thc cursor position 
with nul/char. The cursor liue must initially be within the winrlow range; we make no 
assumption about the final position of the cursor: 

ClearToEndOfLinl" __. __. ---------1 
I .4 TerminalDisplay 
~--_.-_._----

Tef'mCurY E 1 .. WinHeight 
{TermCt.lrY} <EI TermWinLine.'l'::: {TermellrY} <EI TermWlnLine.• 

I 
( Te77ll WinLines' TermCur Y) for TermCurX - 1) ::: 

I 

( Term WinLinf',~' lcrmCurY) for TennCurX  1) 
rng «( Tnm WinLincs l Termellr}') after TermCurX  1) <:.::. {nullchm'} 

I V 

1.__TermcurY ¢~ 1 .. Wi_~HCight . . _ 

We also assume the existence of operations to scroll the display up and down rl lines; the 
former scrolls the entire screen from the bottom line d.nd introdnces fl lincs of rwllchar at 
the bottom (typically d.crueved by continuffi rf'--positioning of the cursor a.t the start ofthe 
bOllom line and printing d. newline character), d.nd the ld.tter takes d. seconrl d.rgumcnt 
iudicd.ting from which line the scroll is to take plan>. with n lines of null char being 
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introduced from thal line (typically achieved by continued rt'-po~itioniIlg the cursor a,t 
the start of the parameter line and adding a blank line): 

Scroll Up 

,j, TtrminalWiTulow 

I n? : N 
~---~---------
, 

! n? E 1. WinH£I(lh/
 
I \;f y : 1 .. thnffeighl - n'? 
I TtrmWinLinn/ .11 = T"rrnliiinLinu,(y+ n?)
 
! ';f y : Wird!elght - n? + 1 .. WmHl,jghr •
 

rng (J'ermlf,·inl,iHf.,,1 .11) = {nul/cho/"}
 
v
 

n: rt 1 .. WinIItlyhi 

In order to preserve the ConcJ)or9 invarj;\lIL In' !11USt "'.n~llr(' the update of thE' lVmLilleOK 
array by setting each entry in the ran!,';!' I to (WinHeight - nl to tbat of the ylh en
try below it. and thal the fmal n enfrie.~ arc !:iN to false (sineI' the las1 11 sCTeen lines 
will consist of flullchar, irrespectiv(' of the document ront(,1\1). \Ve therefore refUlc the 

operatioll, to Sr:roliUpAdjusl, as follows: 

ScroliUpAdjU$I( n) n'! :N+ 

( n E 1 .. WinHeight } 

y :::::: (]: 1 .. WinHeiyht j 

m 
(J.I+Tl < WinHeighl) -----3> WinLirleOK(y+l) := WinLmfOh"(y+n+l)j Y++j 

{Invariant: ';f i: 1 .. Y • WinLintOK i = WinLi,wOh', (i + n) } 
{Variant: WiTlhtight - y - n } 

{ Guard Negation: .11 ::: Win/hight - 71 } 

od j 

{WinLintsDarl( lYinHright - n + 1. WlIlHeight)} 

Sc-rollDown 

I L1 TcrminalWindou;
 
In'!, winliTlt?: N
 

r------~-----
I winl~nc·? E .~ .. lI./nHeighf 1\ n'! S:" Win Height - win/me? +
 
I Vy.l .. wmlmf.-l.
 

I ., ,.. rcr":.W~nL;nfSl'I!) = TermWinLifles!)
 
V y. u,mimc . .. I£mlme. + n. - I •
 

rng (Ttrm WinLincl y) = {nultchar}
 
';f y: winlilJt + n? 0 lVmH£lyht •
0 

TermWinLinu/!) = J'trml""iIl1,itlr.~(y - n?)
 
v
 

wmlinf'? rt I .. WinHeight V nO! > WinHtighr - u;inlinf.? + 
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We refine this operation to ScrollDown.4djust in a. simila.r W<l,y to that in whkh we refine 
ScmllUp. 

7.2.2 An Operation To Set "WinStartln" 

We nse the resnlt of Lemma 4:7.1h that there are (Cm'Y - lfmOffY - 1) newlines in 
.·-boreont between the valm.'s of WinStartln and StarUn. 

Set WinStflr·tln 

numnl :='" Curl' - WinOfJY - J : 1. WinHnght;
 

WinStartln := SIflf'tln;
 

<h 

(nmnrll i- 0) ~ WinSlar·an := GetPrevStlil'tlnplr( WillStartlll) ; numnl-

{Invariant: WinStartln -f:. (J =:> AnLont WinStorlln = nl) 
{ Invariant: nlJmnl -f:. 0 =i' WinStartln -f:. 0 } 
{Invariant: NumNlin (ArrCont, WinStartln+ J •. StarUn) ='"I 

CurY - WinOffl' - 1 - nll'mnl } 
{Variant: numnl}
 

I {Guard Negation: numnl O}
 
00
 

Note 
The code for GetPrt:tlSlartlnptr is similar to that for Gel.l·hxtSlartlnptr·, given jn Sec
tion 7.2.3, and the second invariant is dne to Lemma 4:7.1h. 'I'\'{' appeal to [~"l.: J.5.3a] 
for the loop. 

7.2.3 An Operation To Display The Window 

Dillplaying A Window Line 

We first give an operation that displays the ( WmOffY + y)l~ line of the- document on the 
y!h window line:: the operation's parameter, ,~tarllnpll' points 10 the newliIle immeilialely 
preceeding the start of thf>- ( WinGfJY +y)IA document line (or to zero jf it is the finl doc
nment line). The first loop, MoveWir,OffX, moves the pointer WinOffX position, aJong 
the line (length pe-.rmitting), a.nd the !iecond loop, DisplayFrom WinOJJX, displays the 
next WiuWidth characters of th.{' line (ag<lin, length permitting); ir lVinWidth chaj<Jc
ters haw not been displayed, det.ermined by CiearToEndOfLine, (,he ClearToEndOfLine 
operation is effected. 
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Code for DisplayWindowLin( stortlnl,lr) startlnptr'!: 0 .. Max + LP - RP; 

:r := O:() .. Max; 

{ sl.arllnpl" t- Max + LP - RP ==> 

NumNLin (ArrCont, 1 .. sJartlnl)tr) + 1 = li'inOffY +.1J J 
{ 0 t- starl/nptr t- ,'v/a:r + LP - RP ==> A 1'1'Coni sta-rflnpt1' = nl} 

{ TermCurX, TermClJrY = 1, y} 
{arrcontline = ArrayLine{ArrCon.t, WinOffY + y) A temlu'inlirle == TermlV£flLm( y} 

Move WmOffX j 

{ n ~ ,} 

DisplayFrom WinOjj.TJ( ; 

{x < WinOffX + vI/in lVidth ::::;> # Mr('onlhnf :::: .r } 

{x :::: WinOjjX + Win Width ::::;- n::: Wi1l0jJX A # arnontlim 2. x J 
C1earTo~ndOfLtnf 

{Displayed (A1T('O!J!, y, lVinOffX. WinDily) J 

MOr'r: l-FinOffX 

d>
 

(~la1'tln1't1' + x t- Max + LP - RP A
 

(,'rtA rrCont( slartlnptr + x + 1) f- nl A x t- WinOjjX) ~ .r ++ 
{Inwariant: {start/rlptr + 1 .. slarllnptr + x ~ .'1 rreontl prefix f1rrconlline J 
{Variant: Max + LP - RP - x} 
{Guard Negation: (8iat'tlnpf'r + x = Max + LP - RP V 

Gr:tA rrCont( stm-tlfll,t,· + x + 1) = ni y .r = Wi1l0ffX) J 
aI 

Dispiayfrom WinOffX 

<h 

(startlnplr+:r t- Maz+LP-RP II 

GetArrCon/(starllnpt1' + x + 1) f- n1 A x f- Win OffX + Win Width) ---7 

I DisplayChar( (letA 7't"Cont( starllnptr + x + 1)) ; x ++ 
{ Invariant: (start1nptt' +1 , , starl1nptr + x ~ Arreont) prefix arrcontJme } 
{ Invariant: (( arrcont/ine after [/) for x - n) = lennwinlillf: for x - n } 
{Invariant: TermCurX:::: x - n + 1 J 
{ Variant: Max + LP - RP - z } 
{Guard Negation: (starl.inl,tr +.r :::: Maz + LP - RP y 

GetArrCont(starllnplr + r + 1) :::: nl Y r :::: WinOjJX + Wm Width) J 
aI 

Note 
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The ConcDoc9 invariant stipulateR that when tae terminal display e)[t~nd5 beyond the 
bottom of the document, 6uch lines should contain nullchar (Lemma 4:7.1j). Wh~n the 
pa.rameter p<\Ssed is (Max + LP - RP) (i.e. the bottom of the document will hav~ been 
reached), neither loop will sl;u-t. lithe parameter passed is not (."-'fax + LP - HPJ, tlIe 
definition of Arrayline stipulates that there must be (V..-inOIfY + y - 1) newlin~s up to 
the parameter (and hence the first assertion for tlIe opera~ioll) in order to ensure that 
the correct docurnenl line is displayed. 

The invariant for Move WinOOX and the flri;t for Dli1pIayFrom I-l·ITiOffX arc UlH' Lo the 
dp.finition of ArrContLine; the remaining two iuvariants for tile lattpr are proviJed by 
Di.5playChar. We are able to make the assertions immediately after Di,~playFromWmOffX 
from the guards of both loops. together with the definilion of Arrayline. OUf final <1.5

sertion that Ihe window line displays the array line is due to Lemmas 4:7.1c '1:7.11.1 and 
4;7.1e. 

Displaying The Cursor Line 

:\1an.v operations will necessilate the re·display of just Ihe cursor line (for f'xampk a 
ne ...... line insert), and in this caw the paralllPlcr for the oIJeration will be ,':!·(<Irt!n: 

Code for DlsplayCurLine 

{NumNlin (ArrCont,Startlll) = Cud? - I}
 

8dTemICur~or(I, CurY - WmOffY)
 

D,:splay W"indowLme( StartIn)
 

{Displayed (ArrConl, Tcr-mCur)', WinOffX, WinOffY)}
 

Displaying A Range or Window Lines 

We next wish to define an opNation thaI will display a range or window line~ hy r"peat
edly calling OisplayWmdoU'Line with appropriate startlllptr parameters; we first define 
an operation which incr~ments that parameter; the maximum value of the parameter is 
(Afax +LP - RPJ (when the display of tile document will he complete, but the ~ispla..r 
of the window hi not). and if that maximum value is given a~ the parameter, t.hat satne 
va.lue is returned: 
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Code for GeUVr.~15tartlnplr(plr) plr? : 0 .. Max; 

{ 0 t- plr f. Max + LP - R/J ;::> A rrCollt ptl' == nl) 

if 
(ptr f. ,Ifax + LP - RP) -----?> 

pir++ ; 

00 

(ptr f. Mar + LP - UP 1\ GetArrConl plr '# nl) -----?> pir++ 

{ Invariant: NoN Lin (AITConl. ptrQ + 1 .. plr - 1) ) 
{Variant: Max + LP - HP - ptr) 
{Guard Negation: plr f :\.far + LP - RP ::;.- A'rrConl ptr' == 1)[} 

00 

'_:
 
I (pi,!' == .\fox + LP - RP) -----?> Sbp
 

fl·,
 
return!pir)
 

{ pt.'" = Max + LP - RP ::;.- plr = .Ma,I + LP - R f' )
 

{plr f. Max + LP - SP =>
 

ArrConl pi,> == nl 

NumNLin (AI'1'Cont.l .. pll'):= NumNLin (An'Cont,l ,.Jllr~) + 1) 

\V(> now definE' the operation which dispJays il. rallgt' of Will dOl\" linos; 
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Code for Display WindowRange(first, last) firsf?, last? : 1 .. Winllflghl ; 

ptr := WinStartln: 0" Max; y := first: R'inHczght ;
 

{NumNlin (ArrCont, 1.,plr) = ij/jnOffY}
 

m 
(y 1- J) -----:;.. plr := GetNexIStarLln(ptr); y-

{Invariant: 0 f:: plr f:: Max + LP - RP => ArrCmd plr = nl} 
{Invariant: ptr f:: Max + LP - HP => 

NumNlin(ArrCont,l .. ptr) = WmDffY+]irsl-y} 
{ Variant: y} 

I {Guard Negation: y = 1 } 
od i 
m 

(first::; la,<;/ II .., CharAI'adaMf' 1\ Nolnten"Upl) -----7 

DispfayLinelfNecessary; ptr := Grl:'irxtStfJrlln(plr); fi1'st++ 

{Invariant: 0 f:: ptr 1- lda:r. + LP - UP ~ ArrConl p/!' = Ill} 
{Invariant: ptr 1- Max + L/> - llP ~ 

NumNlin (ArrConl, 1 ., pir) = If/inDffY +fir.~1 - J} 
{ Invariant: DisplayedRange (A I.,.C(mt,first o ' • first - ," WinDffX. WinOny) } 
{ Variant: last - first} 
{Guard Negation: (~CharAlImlablt: II Nolnlerrupt) => fil ..~l - J = last} 

uI 

DisplayLine IfNecessary 

;( 

1-' (WiIlLineOh.' first) -7 SetTermCllrsor(J ,firsl); Dlsplayij,'indowLine(ptr) i 

WinLi1IeDK(fi,'st) := true 

o 
I (ll'jnLineOK first) -----7 Skip 

fi 

Note 

If the range (first. ,last) is empty, the sl;'cond loop guard ensures that no windmr lines 
ar£' displayed. As discussed in Section 7.1, the display of a range of window lines ma.y 
he inlerrupted by a. command heing entl;'Ted at "he keyboard (in which case we assume 
CharAvailable to hold) or a user-interrupt being received (in which rase we aBsume thal 
Nolnterrupt is set to false - see Section 6.'l.2). 

Displaying The Window 

We may now give the operat.ion to display th" ent-ire window: 
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Disployl'he Window 

Disploy WmdowRuIlgc( 1, WinIIeight) 

( DisplayedRange (An-ConL 1 .. WinHeight. WmOffX. WmOffl') } 

7.2.4 An Operation To Move The Window Vertically 

Some Doe8 operations will cause thf' cursor to kave the curren I. window a.nd t,hus a 
chilll~e in either or both of[sN" will bE" necessary in order to regain the cursor. Vie 
consider the ca;E' whell the window needs to be moved y po,;ilions vertirally downwards 
to regain th.. mrsor; tJlis may be necessitated by ll. right move or l(~ft insert. ll.,nJ for 
the latter we (lS511me that ~he rangr of window Dnes after fi'rsl is incorret:t1y displayeJ 
by a factor nf y with respect to tIle current offset (hoth ratnes bf'jng parameters to 
the operation!. We defiDf' aD operation which proJuces a correct window dis[llay, wlth 
specification: 

Mol'f WindowDou1'll 

LlConcDoe9 
SDoc8 
y? :N1 

fir.,/? : 1 '. WinHeightI
!-----~--- -------------
, 

I OPTYJK = Leftlnsr.rt -:::>
 
I DisplayedRange(ArrCont.first?. WinHriqht, WinOfjX. WinOffY - y?)
 
: WinOffX'. WinOffY' ::: »'inOfjX, WinOff~' + y?
 
L.~______________________________ _ _ 

Code: 

AJove WmdowDlJum( y. first) y? : N I i firBt?: 1 .. WiflJfeighl 

{ {'llr,," - U·'inOffX E 1 .. U'in Wl:dth } 

(Curl' - WinOffl' + y E 1 .. ll'inHeight) 

IVinOffY :::::: ll"inOfjY + y; SetWiriStort/n; 

;f 

! (OPTy(.H: ::: RightMove) --Y MoveWindowDou'TI_RightMov( 

J 
I (OPTyJX -f:. RightMot·(~) --Y lvlot'e WiTldolJ'Doll'rJ_ Lejtlrl!;erl 

fi 
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Mow WindowDowrL RighlMovt 

if
 

I (y $ HaifWinHeight+ 1) ----3l> ScmllL'pAdjllstlYI
 

C' 
I (y > HalfWinHeight+ 1) ----:;:. WinLinuBad(l, WlnHcight) 

fi 

Note 

WI" could al ways w-display the entire window to prodm:e a carreft disphl.'y. hilt we take 
the ~'iew (for efficiency reasons) that ifal leil.';l half of t.he current window ran be scrolled 
into its corn"ct pO!'ition WI" do so. leaving Ill{' remaininp; part of thl' scrpf'n to be rp
displayed~ we enSlJr(' that the appropriate "/jllJ,jllrOh- t'ntries ,H'p set to false. forring 
the re-display of SlH-h Jines. 

'rVe may similarly specify the analogoll~ 0pf'ra1.ion Mov~ WindowUp, noting that th(! op
eration may be necessitated hy eithf'r a If'ft mOI' € or lcfL deletp opPratioll. 

7.3 Promotion Of The DocS Operations 

Each of the DocS operatiollS is promotpd to the Doc9 state by post-seqnential composi

tion wilh Windou,Policy. where: 

WindowPolicy == Cur$orln Wmdotll V Scroll v Pan V ScroliA miFfIn 

a.ftN which all ConcDoc9 invariants .....ilI hold. with the exceptioll t.ha.t the tf'rmlnalcurwr 
may be incorrectly set., and we rectify by post ~pque\ltial compo~ilion with: 

SetDocrunor 

St:tTermCwosor(CurX - WinOjJX. Cud' --:- lrinOffYj 

\Ve note that the specification stipnlates that if the DOI'S operation moves the cursor 
ont.side the cnrrent window both window offsets shonld be changl'd only when eil.hN a 
scroll or a pan will not regain the cursor: when the opNalion leaves the rllT.~or In the 
window the specification allows for a window change. 

1.3.1 Refinement Of "Scroll" 

Onr scrolling policy is that for a downward scroll, the window is rc-positio!l('d snch t.hat 
the cnrsor is a quarter of 1hf' screen height from the holtom. and for an npward scroll 
it is positioned th~ same distancp from the top (documen1 length permitting), aUlI WI" 

introduce: 
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Scr'ol1(fin;t, last) first'? iast? : N 1 

winy :"= Ourl' - WinOffY : Nt j
 

{ l"iny < 1 v !L'in)1 > WinHnght}
 

if
 

< 1 1\ Ctlrl' ~ QtrWmHeighl) -----;..

I (win, 

{ a :-:; Cur Y - Qlr WmHl'ighl }
 

_Movdt'indowUp( WmOffY - Curl' + QtrHinH('ighl.last)
 

{ WinOffY == Cur Y - Qt.r lVinHeighl }
 

{ a ::; WmOffY}
 

{ CurY - Win.OffY == qlrWinHcight < HinHeight}
 

C 
(winy < 1 1\ CUT Y < QIT WinIIeightl -----;.. 

:\fove H'irlrlowUp( WinOffY ,lll.,'I) 

{ WinOD}' == a} 
{ CUTl" - W1'nOjTV < Q1TWinHf"ighl < WinHet9ht} 

(winy> WinHnght) ----? 

{ ('UT Y > WinHfighl) 

MoveWinrlowDoll'rl(Ctlrl" - PageHeighl - WinOD\',fiTHtj 

{ WinOffT == CUT Y -, PageHlight } 

{ WinODY > QtdVinHu:ght ~ 1 ] 

{ Curl' - It'i,,ODY == PageHf'ight > f} 
fi 

Note 

The ConcDoc.9 invariant means that it is nec<'ssary to sho"" that Wi710ffY dOl's not 
become npgative and that, in the ca.se of Mo1.'( l-fmdowL'p, (Cur Y - WmOffV) does not 
exceed WinHeight, and in the ca.~e of Mm'eWinuowDowll. it exceeds l.E'rO. 

Ollr panning policy and, heno', the tefinement of Pun is similar (using QlrWm \·hdlh in 
an analogous way to Qtr WinHeight.), using thE' M01!f: Win.dowLrfi and Move Windo~'Ri9hl 

operAtions of Section 7.4, with the refi.nem~nt of ScrollAndPan being a combination of 
both pol.icies. 

If an operation leaves the cnrsor visible, the first disjunr.1 of WindowPolicy will apply: 
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em'soTIn" indow
 

..1 WindouDfJ.'ief
 

:=Doc8
 
~ 
t--~-----

,
 

I DocCurX - OffulX E I .. "H:in Width
 
! DocOut" - 0ff.~eIY E 1 .. WmHelght
 
I Dor:CurX' - OUst/X' E 1 .. IV'm Width
 

DocCurY' - Offsd )." E 1 .. Il'inffeight
 
,L _ 

'11'(" refine to the operation CO'lT('ClDj~plfly,which lias many similaritic~ with both of tne 
operations },fm'e WindowDown and .\lol.'c n-mdoIl'Cp. taking a.~ par<Lmetns fin,l and I(J~I 

(inuicating t!l\' rangC' of lines illcorrect.!y displaYl,d). hut not taking the pari\.mt'tN !J. 

since it will not be necessary to mon thl' win<"1llw. 

\VC' may nO\~ refine WmdowPoli,'Y as follows: 

WindowPolil'.1J(jil'st. last} fil·.~r? los(~ ; N j 

lL'1ru := CUJ-X Wi" OffX : J •• Win Width;
 

tIliny := CUT}" WinOffY : J .. lVinHeighi ;
 

if 
(1l'In.l ~ I 1\ win.l S WU"llVidth) ~ 

if 

I (winy 2: J II wirlY S W"inlIeighl) ~ CIlf"odnWindow(ji,.st,last) 

[I 

I (winy < t V winy> IFinHeighl) ~ Sr1"01I(ft:r.~t.I(j,st) 

fi 

l: 
(winx < 1 V winr> J.\.:inWldtli) ~ 

if 

I (wmy ~ 1 II winy S WinHeighl) ~ Pml 

IJ 
I (winy < J V winy > IV1:nIlcighl ) ~ 5icrollA ndPuTi 

i fi 
fi 

llllJS for each operation OP defined on the Doc8 slall' am] in tne set CW'SOl'Ops'? we
hav~. as the code for the corresponding Doc9 op('ration: 
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pret,Docl\iL ;= DocNL; 0 .. Mar;
 

TTl' ;= OPDodJ: Rlporl.;
 

first, last. temp: - lfar . AJax i
 

if
 

1 (I'('P::f:. "'OK") ----?- TTlurn(rel') , 
(rep = "'OK") -----7 

if 

I (EState StalfQ1i"t, J ----?- Dlsplay1'heQuoteBuDer; relurfi("'OK" I 

LJ 
StaleDoc) ~ SeLfirstl(J,~I; 

I IE8'.', 
WmdowPoliqj{firid. /(l_~I); 

.'ietD(wCuT'So'l'"; ''''llnJ( "OK") 
fl
 

fi
 

Set _first/fist 

first ;= prel.'Cur Y - WinOffY i 

last := firsl + DocNL- prevDocNL+ NLRem - NUlls; 

if 

I (first > last) -----7 temp first; fir!" i(lsl j Irlst :::: temp 

o 
1 (first ~ last) ----?- Shp 

fi 

Note 

We establish first and lasl using DocNL and prevDocNL (laking aecount of NLRem 

aIld NLlns), rather than CllrY and prcvCurY, since for right delete and right ini<ert 
operations, the latter method will fajl. The Dj!JplayTheQuoteRllffer operation is 9imilar 
to DisplayCur-Line (except that a pointer parame.ter is not IH'I:essary). 

7.3.2 Promotion Of Content~ChangingOperations 

We choose t.o promote eacn content"changing operation separately since each will require 
diffl'rent treatment, onr proof obllgation being to demonstrate that the new (possibly 
unchanged) window correctJ.v displays the document, that it contains the n('w cursor 
position and that both new window offsets are non-zero. We promote InsrrlChar to 
illustrate the method. 

ProIDotion Of '"InsertChar" 
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\Ve distingnish four cases: tbe cnr~or being visible aftn tile insert-ioIl of it uewune, the 
Cllrsor being visible after the iw;ertion of a character other than a newline, the cursor 
uot being visible after the insertion of a Ill'wline, and the cursor not beillg visible after 
a non-newline jmert. We note that after if. newline insert, the valne of Cur.\" will be 1, 

and the ConcDfJ('9 iuvariant dictate~ that the flllal vahle of li-'iuOffX h(' zero, 

For the fhst of thesp cases we U5e LeIIlI\la J:l,2a, together Witll tIl<' fa,cl lhat the yilt 

array Line will provide the (y - lVinG.oT)I~ window line. aJld, since the Doc8 operation 
will have illcremented (:urY by one, tJw Ter"lTl('u1,yth window line will correspond to 
tn(' (CurY - WinOffY -1 ),<1 document tille, the pre\'ious <:llrsor line. After the insertion 
of <l newline character into wjndow liut' TermCur\:", the .first (TrrmCurY - r) lilies v. ill 
rpmaln 'lmhauged. and the lIew window Jines from (TermCur}' + {) to H!in/l[ight will 
correspond to thosE' ill the CUTrent window rrom l'(;nn( 'ur Y to ( WmHei!j!Jl - 1) - i,e. 
these lines will be cnmmtly displayed by an offs(,t of (WinGffY +1) (sinc" the offset still 
has its origin~( valne). Since the ins~rtjon will ha\'~ been a.t 'l.';iudow posit.ion T('I"lrd 'urX, 
t]lP new TermCurylA window line will be t.he same as The nITrent aIle, bl.11 cut off arl~r 

(l'umCurX - I) c1lari\clers (since the 11orizontaJ windo..... offsel will not llan? changed 
and must thcrernre h<lve been zero), with the rest of that cunenl window line providing 
the new ( TamCuf Y + 1 )'1 window line. 

The op(!ration thus roflsists of clearin~ to the end of th,., TetmCuf"}"lh lint', hcroJIing 
down one frOID the (TermCurY + 1 )'1 line, and dif;playing the (TennCur)' + 1 )'1 - the 
new cursor - line. 

Cursor VisibleA ndNewliw 

{ TermCu"X E 1 .. Winll'jdth /\ l'ermCurY E 1,. Wiu/leighl J 
{Ter7TICm'Y = ('llrY - WinGffY - 1 /\ CurX = I} 
{ JVmOffX = a} 
{DisplayedRange (ArrConl, 1 .. T,ormCtfrY -- 1, WinOJJX, WmGffYJ} 

{DisplayedRange (ArrConf, TermC'urY + 1. ~Vm/leight, H'mOffX, WinOffY + 1)} 

{(AnayLine (ArrCofll, WmOff}' + rermCurY)) = 

(Term Win Lines l'ermCurYj for Tf;rmC'urX - 1 } 

ClearToEndOjLlfle ; 

{rog ((TermWinLmf.s Tet71lCurY) after TermCurX - 1) ~ {nuilchar} J 
{Displayed (kr'rCorlf. TermCurY, WinGffX. WmOffY)} 

ScrollDol1Jf1( 1, C'llr}" - WinGffY) ; DisplayPrompi ; 

{ DisplayedRatlge (An'Cont, Te177lCtl'r Y + 2 .. "'inffeight, WiflOffX, WmOffn) 

DisplayCurLine 

{Displ<lyedRange (ArrCont, { .. T,Finlleighl, Win Off.\" , W1TlOffY)} 

For the second cas~, the only line lha.t will change is the cursor lilll' from the previous 
cnrsor position; becanse We are nnsure how many chara,ters will have beell in:;erted 
(it may have been a tab insert) a.nd we don't assume a terminaJ operation fa "iupply 
thE' position of the Lerminal cursor. we require tbe previous value of Cw'); to be input 
(TermCurY not baving changed): 
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Cursor VisibleAndNotNewline(prevCurX ) preVlurX'! ; 1. Win Width 

lempCu.rX ;-== CurX: 1., WiT/Width; 

{ TennCurX E 1 .. Win Width A TermCur Y E 1" WmHcight) 

{ TrrmCurX = pfft'CurX A TcrmCurY = Cur}' ~ WinOffY) 

{Di$playedRange (Arreonl.1" TermCw'Y - 1, WinO/JX, WinOffY)} 

{DisplayedRange (An-Cont, TennCurY + 1" WinHeight. WinOffX, WinOffY)} 

{((ArrayLine (ArrCont, CllrY) after WinOffX) for TermCurX - 1) prefix 

(Ttrm WinLltwJ TermCu,'Y)} 

CUrX := prf'vCurX; DiljplayCu.rLrneFrotriCur; Cur.\' := tf'lTIpCurX 

{Displayed (AI'TCont. TermCurY, WinOffX. rV;nOffT) 

{ DlsplayedRange (it rrCont, 1 ,. WinIlnght, WwOffX, ~hnOff}') ) 

For the third case, either th~ newlin~ ill:i€rt will lH'cessitat.(' d. change in horizontal wiudow 
offset (in which ca.s~ a pan ..... ill be neceS:iary, and the wiudow completely re-di~pb~'t'd) 

or the newline insert was in the bottom window line. For the latter, if a pan is not 
nel'{'ssary. the bottom window linp is cleared from the pr('vious tNrrunal r.Ufi'or position 
(for the same rea.mns a.s those statl'd in thf' fint case): the displa,y wHi thf'!\ Of' COHect, 
and so we may use a scroll. We may re('ognizf' the casps when a pan is necessa.ry by 
lVinOJJX being non-z{'ro (since it must be zero after the promotion); in this c:a.~f' we 
employ WiudowPolicy which wi]] result in the window being complf'tely re-displ<l,yed: 

CursorNot Visible A lld1\'f'u,(jne.(prevCurX) 

{TennCurX E 1 _, WinWitUh 1\ TermCur}- E 1 .. 'Winlleight ]
 

{ l'e-rmCurY = Cud" - WinOffY - 1 A ('lJrX := 1 }
 

;f
 

(WinOffX ~ 0) --7 

{ Te.rmCur}' := WinHeighl) 

{ DisplayedRange (ArrConl, 1 .. WinHeight - 1, WinOffX, WinOffr)) 

{(Arrayline (ArrCont, WinOffY + WinIleight) after WinOffX, '= 

(TermWinLine,~ 'VinHc-ighl) for Tf;rmCurX - 1 } 

Clearl'oEndOjLine ; 

{Displayed (An·Cont. WinHeighl. WinOffX, WinOff}")} 

{ OisplayedRaonge (ATTeont, 1 .. WinHeight, WinOffX, lrinOffY)} 

I Scroll 

o 
I (WinOffX f 0) -'>	 {CurX - WinOffX < 1)
 

WindouJPoliey
 
fi 
{Displ.ayedRange (Arrlont, 1., WirlHeight. Win OffX, WinOffY)} 

For the last case, since the cursor linf' will not have changed, (CurX - WinOffX) must 
exceed Win Width after t.he Doc8 opertt.tion (since CurX will have increased), and so .....e 
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f'rnploy Pan, r~.sulting in a complf'te re-wspJa,Y ur the scr~en. 

\\'c now ha. ...e: 

]nsertCha'rDoc9( I') c'? : Cha'r 

prevCu'rX := rllrX I .. H/inWidth; 

rrp :== lrl!;erIChar((;)f)oo,: Report j 

if
 

I (rep f. "OK") -----7 rtfurn( r-ep)
 

(rep :::"OK") -----7 

if 

I (C1.fl'_~U'1' Vi.~jbit /\ " nl) -----;.. Clt"fio,,.\.(i.~iblc·1flrI,\'nl:Liflt 

I (n,,·sorVi!;iblt· 1\ (' f. ril) -----7 C'w'sorlli,<'ibll4.nd,"uIVelVLme 

I {Cu r sor1VoiVi"ible /\ (; = rtl) -----;.. Ctlrfior.,VuiVi.<Jl:bIcAndNru'Lme(praC'urX) 

C'cC
 

I (Clll'sor,Vollli.~iblf /\ c f. n/) -----7 Pan
 

fi; 
SdDocCursm': n:lllrrJ("Or;:") 

fi 
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Appendix A 

Summary Of Abstract State Hierarchies 

Docl ---, 
PairChar
 
Pail'wvrd
 
PflirLm,. 

LcftCho,. = FW LeftWard'::: FL LePLlnt
 
flightCJ,.H :::: FW Righ/Word ~ FL RightL,~'
 

UD
 
UDLi/lf'!; : seq/ DispUne
 
FDCurX. UnCurl' ; N]
 
UDCl.I.rLinc : DispLinf
 

ULJCurY ~ # CDLinf.s
 
UDCurL,:tl( = (JDLinu. UDellr}'
 
UDCurX ::; # UDCllrLirle + 1
 

-,,


Dod 

Dor.l 
DL _ - 

UDLiru.'l :::: FDL-1 (T-eftCAar '" RightChar) 
I CDCurLine:::: last (FDL-1 Lcftnorl ---- first (FDL- 1 Riqht Ch4r ) 

l UDCurY = #(FDL-l Lellchr) 
UDCurX .::: # (last FDl-l Lellchl1") + 1 

---- ._-. --- .J-~-- ,~_. 

Doc3 ----- --- I 
Dac2 

Vi; 1 .. # l:DLines - {UDCur}"} • visible I eDL1fle.~ i)
 
visible (UDCurLiTle after UDC'urX - J)
 

visibleseq (UDLines after CDCllr r)
 

,------- --- -- --- ----.--, 



QP =: [QPCurX, QPCurY : Nt ] 

Doc.j 
I; DocS 

QPI 
I-~ ------
I, UDCurX QPCurX 
I UD('urY QPCurY 

'------ -

A/arkrdTf.xl _ 

A!orbu/, .HtlrhdSl'q : seq Chat , 
, PUI1'Chor 
, 
c~ _ 

i .\forA-Seq = AJarkedSeq ::::: < > 
y 

Ma.rkSf:q ~ )~I(I,.h'dScq = Lef/Char 
y 

l\1arkedSf:q --- Mm'kSeq = High/nne 

Dod == Doc4 1\ Markfd1ht 

P(],~leBuffer [ PBuff: seq Char 1 

Do.:6 DoeS 1\ PasteBuffH 

QuoleBuJJu ~~ ------, 

I
Lei/Quot" Righl.Q"'l< : ifCq CharI 

QRuff : seq Char 

f-~--~------
! QBJJ!J = LeftQuo!c ~ llighIQu,'lr 

~-------------------- -------,---~ 

DocS/ate [State; {SfaleDo<,Slo/fQ"OI<} ] 

DocName [ Name: seq Clw,- ] 

Doc7 Doc6 1\ Q'UOtclJuffer 1\ DocStnte 1\ DocName 

SearchBuffer [ SHuff: seq Char] 

ReplaceBuffer [ RBuff : seq Char] 

DocS Doc7 1\ ScarchB'lJffer 1\ ReplaceBlIfJer 
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Appendix B 

Summary Of Concrete State Hierarchies 

COTlcDod _ 

AtT: 1 .. A/ax ~ Char 
LP,Rf,CP: D.. Max 

r---- ------
!	 T,P,:; RP
 

CP .'5 Alo:!' + LP - RJ>
 

A,TCOIlI ;;; {A'/" for !,Pj ~ (ArT after HPJ 

R(-fD~cl : 

Lcftrhar ArrCulif for CP
 

[ RightCha~ ArrCont after C'P
 

RdDoc/ Sl.n(~rd: 

Lejln<1r Arr for LP
 

[ RilJhIC~~r Arr after HI'
 

ConcDoc:2
 

CQnrDocl
 

Starlin, Endln. Doc/'lL, WSRtm. SLRall : 0 .. Mfa
 

I CurX, Cur Y : 1 .. Max + 1
 
r- ------"-~-------

Startln S CP S En'lItl 
NoNLin (A rrConl.Startln + 1 .. Endlrl) 
Star/til #- 0 => A rrCont S/ortln :=; 111 

Endln =I- (Max +LP - RP) ==> ATTCord( f;nri/n + I) :::::: nl 
C'urX = CP - Stm'tin + 1 

G'lJrY = NumNLin (ArrCont, 1 .. CPl + [ 
Doc/IlL = TotalNLin ArrCont 



RelDorJ 

UDCIJrX, UDCurY == CurX,CllrY 
UDLines == FDL-1 ArrCont 

UDCurLint; == Startln + 1 . . 1.'ntilll ~ ArrCollt 

# UDLin(:;~ == Docl''I'L + 1 

ConcDoc:'J
 

ConcDoc2
 
,~'---- --- 

v j: 1 .. DocNL+ 1 - {Curl?} • \lisible ((FDL- 1 ArrCont) i) 

\li~ible (CP + 1 .. Endln I A.rrCont) 
\lisible!iOeq (FDL- I (Ar'rCont after Endln)) 

Rt/o ars : 

RdOoo3 RdOoc2 

ConcDoc4
 
I COflcDoc3 -'---~ ~---~
 ~ 
I W51ns, NLfns: 0 .. Max
 

'--- ---- ~--, ,---J 
,
 

Rdoor4: 

Rdooc3 
[ QPCurX, QPCurY CurX, Cu'rY 



ConcDoc6 

ConcDoc4 
PArr: 1 .. Mar .........;J> Char 
PP:O .. M(jx 

AlP: -i .. Max 

J 
RelDoc6: 

RelDoc4 

MP :::: -1 ::::> MarkSeq = Mm·krrl.S'eq :::: < > 
MP 1- -1 A AIP .:$ CP ::::> }fUl'kSf;1j = An'Conl. for AtP 

Marked!,eq = M P + i . , CP ~ A rrC'on' 

AiP 1- -1 A,1;fP > CP => Mark.'·ieq = ArrCont after MP 

Mllrh;dSeq = ('P + 1 .. iIlP ~ ..tn'Col1I 

PBujJ PArr for PP 

C011cDoc8 

C0I1"Doc6
 
QArr. SArr. RpArr: 1 .. Q,\far .........;J> Chal'
 

QP, QCP.SP,RpP: 0 .. QAtar
 
FName : String
 
JfnlchedLmgth : 0 .. Q,lfM
 
Eli/ate: { StateD~(, StalrQ"Ol'
 

I DocChanged: B
 
1-------------

I QCP <: QP 
I (5Arr for SP) matches (ArrConl. after CP) ::::> 
: MalchedLrnglh:::: matchedlel1gth (SA rr for SP, Ar,'Cont after CP) 1 

L ~_~_. J 

RdV,'r~: 

RdDoc~ 

SI.ate = EState 

LeftQ"oJt = Q.4.rr for QCP 

RightQuot, = QCP + 1 .. QP ~ QArr 

SBll.ff = SAM"' for SP 

RBuff = RpA1T for RpP 

QBuff = Q.4.rr for QP 

FileName = FNarne 



I 

TerminalCursor ::0: TermCurX, TermCurY; N] 

Terminal Window 

Term Win Lines : J. WinHeight ---;. (1 .. Win Width ---;. Char) 

~ 

T~mlinalDisplay TtrmimdCursol' i\ Ttrmin/J/Wmdow 

Cone Win OlJ.set [ WinODX, Wi,10ffY ; 0 .. Max] 

ConeDoc9 

C01leDoc8 
TerminalDi.splay
 
Conl' Win Offset
 
WinS'tartln ; 0 .. Max
 
WinL-inroOf{: 1. WinHeighl ---;. B
 
-- --- --_. 
NumNLin (.4rrCont, 1. WinStarlln) == WlIlGffY
 
WinStarlIn to==> ArrCont H-'inSI_artln == n/
 
TermCurX = CurX - WinGD.\' E 1 .. WinWidlh
 
TermCurll = CurY - lVinGffY E 1." Winll(lght
 
'V y ; 1 .. WinHeighl _
 

WinLineGll." y ==> Displayed (A17Lont,y, WmOff.\, WmOffY) 
____________ J 

RelDoc9: 

RdD.,o 

Gffse/X, OffsetY == Win OffX , WinGD}"
 

WinCurX, WinCurY == CurX - WinGjJX, CurYWinGffY
[
 
WindowLines == Term WinLint,~
 



Appendix C 

Implementation Of The Editor Specification 

/* IKI'U'.ItEIITATIOII OF DOC1 _/ 
r. ==-/ 

'include "/ae/da""I1/ox/cI<:2/erternglob;ds. e" 

/. ----------------------- ---------------------- --------------------------------------- 0/ 
in1. OP_DoclO 

if (oP=L<!ttl'I01'eChar) { OPType"'Le:ftPlovl!; return(LdtJloveChar_DoclO); } 

ellJe if (OP_ll.ightPl<'ll'eChar) { DPType:Rightllovl! ~ rdur:n(R.J.ghtl'loveChar_J)ocl 0) ; 
else if (DP~-L<!ft"ol'"Vord) { DPTyp_Lettllove; return(LeftlloveVord_Docl 0); } 
else 11 (Or-RishtPlol'eVord) { DPTypecRightPlove; returnCRight1l:oveVord_Docl () ; 
else if (DP~",Lett"ol'eLin,,) { OPType=Le1t1'love; returnCLe:ftMoveLine_Docl (); } 
elae if (Op"'=RightPl:ol'eLine) { DPTypezRightPlove; returnCRightMoveLim!_Ooc 10): } 
else if (llP....LettDeleteChar) { DPTyp.....L('ftDelete; returnCLeftDeleteChar_Doc 1C)); } 

else if (OJ>"'-"'RightDeleteCbar) { DPType=RightDelete; returll CRightOeleteChar_Doc 1 ()) ; 

e1ae it (aP-LeftDelet"Vord) { DPType..LeftDelete; return(LeftDeleteVl;lrd_Doc 1 (»); } 

else if (OP-RightDeleteVord) { OPTyp_RlghtDelete; returnCRightDeleteVord_Doc1 0); 

dee if (OF=LeftDe1eteLine) { DPTypecLeftDelete; return(LeftDeleteLine_DaclO); } 
<!lee if (OP""'RightDeleteLine) { DPTyp_ll.ig.htDelete: return(RightDeleteLine_Docl 0); 

.. 18e 1f (OP="'InsertChar) { OPTyplIF"Leftllltlert; return(IllsertChar_Docl0); } 

else it (OP"''''P1oveToTop) { OPType:Le1tMove: returnCPloveToTop_Docl(»; } 
ell~e it (OP"'=P1oveToBot) { OPTypezRJ.ghtPlove; nturn(PloveToDot_Ooc 10); } 

) 

/* - -- - ------------ --- --------- ------------------------ -- - ------- ----- - ----------------- • / 
int Initialize_DodO 
( 

LPcO; CP:O; !U'''M;u; 
)
/oo ------------ - --- - __ - - -_ • / 

int GetJ.rrCont(ptr) tnt ptr; 
( 

it (p1r<"LP) returuC.ln:[ptr); } 
else return(Arr[ptr+!U'-LP) ; 

) 

/. ------------------------------------------------------------------------------------- -/ 
Standmize_DoclO 
(
 

if CLP)cp) while ClJ')CP) { Arr[RP)=Arr[LP); IU'--; LP--, } }
 
e lee if (LP<CP) wbile ClJ'<CP) { .In:[I.P+ll''.lrr[RP+l]; RP-H-; lJ'++; } }
 

) 

/ - ------ -- -- - -------------------- ----------------------------- -- - ---- - ----------------- oo/ 
int RigbtMoveCbar_OodO 
(
 

if (CP!=!'Iax+LP-RP) CP++; return«IJO;
 
else return(Bot); }
 

) 

/.. --------------------------------- --------------------------------------------------- ./ 
int LeftJllloveCbar_Doel () 
(
 

it CCP'_O) { CP--; returnCOX);
 
ehe { return(Top); }
 

) 

/. --- - - --- -- --- ----- -- --------------------------- -------- - --- - ---------- --- -- -- -------- * / 



iDt RigbtPlove'i/ord_DoclO 
{ 

1.f (cp'''Plu'''LP-RP) { 1.f (G"tlrrCont(cp 
else if (G"tA.rrCont(cp 
ellle 
return(DK) ; 

1)-nl) 
1)--=sp) 

Cp++; } 

RPl\IS'i/ordO; } 
RPlIVS'i/ordO; } 

ell1e 
) 

return(Bot) ; 

/. ----------------- ----- ----~ ---~----- -------------------- ----------------------- - ---- 0/ 
RlNSllord{) 
{ 

lihilB (CP<l'Iu+LP-RP tl: GeUrrCont(cp... l)=sp) { CPH; } 
) 

/. ---- -~-- ------------------------------------------------------------- -------------- 0/ 
RJOr.lSllord{) 
{ 

lihUe (CP<Plu+LP-RP I:t CetlrrCont(CP+l) !=lIp tl: GetArrCont(CF+ll'~nl) { CP++; ] 
) 

/. --------------- - ----------------------------------- - ------------------------------- 0/ 
iDt LeftPlove'i/orcl_Dod() 
( 

if (CP!"O) {	 i< (GetlrrCont (CP)=nl) CP--; }
 

elBe if «JetlrrCont{CP)=sp) [J{'i/S'i/ordO; }
 

el"e UDlIIS'i/ordO; }
 

return{OJO;
 
) 

ellle { return(Top); 
) 

/. ----------------------------- ----------------- - ------------------------------------- ./ 
LKVSWordO 
{ 

lihile (CP>O tI: (JetArrCont(CP)=lIp) { CP--; } 
) 

/.. --------------- --------------------------------------------- ----------------------- ./ 
UlI\IS'i/ord 0 
{ 

libile (CP>O 1:1: GetlrrCont(CP}''''''p 1:1: GetlrrCont(CF) '_0 { cp--; } 
) 

/.. ---------------- ----------------------------- -------------------------------------- ./ 
int IbghtlloveLiDe_Docl() 
{ 

if (CP!wl'lal:+LP-RP) { if (G"tlrrCont(CP+1}=:nl) 

CP++; 

ell1e 

libUe (CP!=Plax+{P-RP U (J"tA.rrCont(CP+l)!=nl) {CP++; } 
return(OJO; 

) 
ellle { return{Bot); 

) 

/.. --------------- ---------------------- --------------------- -------------------------- ./ 
iDt LefdloveLiDe_Docl() 
{ 

if (CP!",O) {	 if (GetlrrCont(CP)w=nl) CP-- ;
 

ellle lihile (CP!,..O 1:1: GetArrCont(CP)':nl) {CP--; )
 
return(OI) :
 

ebe { nturn(Top); 
) 

/. -----------------------------_.- -~ -- -----~------------------------- - ---- - ------------ ./ 
int RightDeleteChar_Docl 0 
( 

Standardi2.e_Docl();	 if (RP!=l'Iax} {RP++; return(Ol),
 

ollie { return(Bot}; }
 

ii 



} 

/. - - - - ----------------------------------- --------------- ---------------- - - ------ ------- */ 
l..nt LettO.. leteChar.DoclO 
{ 

St=dardu"'_DoclO; if (LP!"'O) { LP--: CP--; return(OX); 
else { return (Top) ; } 

} 

/. -- - ---- -- - ---------- ---------- - - ---------- -------------------------------------- ----- */ 
int RightDeletelicrd_Doc1 0 
{ 

Standardue_OaGl() : 

if (R,P!"Pl:a.x) {	 ~t (Arr[RP+l]"'=nl) RP+t-; 
,,!Be if (Arr[Rl'+l]",,,,sp) Ilhl.le (RP!""a:z: U A=[RP+l]-"p) { RP++; } 

",!Be 'IIhile (RP!="a:z: U: Arr[RP+1l!'"Jllll Arr[RP+1)' ..sp) 
{ RP++; } 

n1.urn(DK) ; 

} 

else t return(Bot); 
} 

/* --------------- ---------------- - -- ----- -- - -- ------ -- -- ----------- ------- - -- --- ------ ./ 
int LeftDelet.liord_Docl() 
{ 

Standardize.DodO; 
if (LP!",O) { if (Arr[CP]=,.nl) cp-- : 

else if (Arr[CP] ....sp) wb~le (CP!"O II ArdCP]""'ap) { CP--; } 
else wbile (CP!-O at In[CP]!~l at bT[CP]'-ap) {CP-~; } 
LP"'CP; nturn (OK) ; 

} 

e15e { returneTop): } 
} 

/* ----------------- ------- ---------- -------- ----- ------- --- ----------- ------ - ~ ~ ---- - -- -/ 
int R~gbtDeleteLine_Docl0 
{ 

Stav.daJ:dUe_Doc10: 
if (RP!z!'la..l:) {if (A=[RP+1)"'91l) RP++: 

else IIhil" (RP!"Mil;( U In[RP+1J!~) {RP+-..: } 
re"tur:o.(DK) : 

else re1.urn(Bot) : 
} 

/. --------------------------------------------------------------------- ---------------- -/ 
l.nt LeftD,,1e1.eLine_Docl0 
{ 

Standlrdize_Doc10; 
if (LP!"'O) {if (Arr[LP]=nl) LP~-; 

e16e while (LP!"O II Arr[iP] !:nl) { LP--; } 
CP"LP: return(OX); 

ehe { return(Top); } 
} 

/* ---------------~--------- -~------- ------- ------------------------------- - -------- ---- ./ 
1.nt lIlaertChar_Docl0 
{ 

int ptrcCP; int <;oun1."'O:
 
Standardue~Dod () ;
 
it (LP!=RP U OPChar!"TAB) l.F++: CP++; !rr[LP}zOPChar: return(OK): }
 
ehe it «.P'=1l.P U OPCh.ar~~nB) while (ptr!cO U Arr[ptr] !"'Ill) { count++; ptr--:
 

count"'"1.abetop- (colWt:ttabatop) : 
while (count""O at LPl"'RP) { Arr[LP+1]"'ap; 

CP++; LP++; <;o\Ul~--; 

return(OI);
 
}
 

else { ret=(F1.l11):
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} 
/.. ---------- -------------- ----------------- - - ---- -------- -- ---- - ----------------- -- -- '" I 
int l'IoveToTop.Docl() 

if (CP~-O) { CP-Oj return{OJl.); 

el... { return(Top); } 
} 

/* - - -- -- ----- -------- -------- - ----- -- ------------------------------ --_.------------ ./ 
int P'loveToBot.Doc 1 0 

if (CP'=I"a.I;+LP-HP) {GP~(PlaI+LP-Rf'); return(D10; } 

else { return(Bot); } 
} 

/* ------------- - ---. --- ------------- --- .------------------------------------------- ---- -/ 

/* IKPUJffiI'TATIOIi OF DOC] ./ 

/* ='"..-~-=--=--==~~ ....= ./ 

.include "/se/da'fFen/ox/c/c2/erte:rnglobalol. c" 

/. ---------------- ---- ------------------ --------------------- -. -----------.--------. ./ 
lnt OP_Doc3 0 

int prevCP=CP; int prevU':U'; int prevRP=RP; iDt rep="OP_Docl(); 
Update3loc3(prevCP .prevU' ,prevRP): return(rep); 

} 

/- -------------------------------------------------- "-------------------------- ------- -/ 
int Ini t iBlize_Onc3 () 
{ 

Initialize_DoclO: Startln"O: Endln..O; Curl=1; CurY=1: Do~IL=O; i'SRe_=O; ILRell"O: 
) 

/- ------------------- -- ------------- - - --------------- -- ----- ------------------------- -/ 
SetStartlnO 
{ 

StartlD."CP; II'hile (Startln)o.n Getl=Cont(Startln) !=nl) { Startln--; } 
} 

/- ------- ------------------------------- -- ---------------- --~------------------------- -/ 
SetEndl.D.[) 
{ 

Endln"'CP; lI'hile (Endl.n<M;,u+LP-RP tt GeUrrCont(Endln+l)!9l1) {EndlD.++; ) 
} 

/- ----------------------- - --------------------------------------------------- -- - ------ -/ 
Update_Doc3(prevCP,prevU',prevRP) mt preTCP: int prevI.P; int prevRP; 
{ 

int IlWLIIL; i'SRelllo:Q; JLRe.~O; 

if (OPType !=JoMove) 
{ SetStartln(J; SetEndlnO; Curl=CP~Startl.D.+l; 

if (OPType=Le1tlnsert) {ll1I.IlL"IILCountlrr(prevCP.CP); CurY"CurY+lunIIL: 
DocIL-DoclL+ItumJL; 

} 

e15e if (OPType=RightInsert) { DoclL"DocIL+ILCountlrr(1U' ,LP-prevLP+prevRP); } 
el"e 1.f (OPType=LeftDelete) {lhmlfL-IlLCoun'\.lrr(CP ,prevCP) ; DocIL=DocML-Iuam.; 

CurY=CurY-IUIIIl; 
} 

Bls" if (OPType=RigbtDelete) { Standardize_DodO: 
DocJL"DoclL-IILColUltlrr(LP-prevLP+prevR!' ,RF); 

} 
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e18e if (DPryp'l"''''LeftPIovlS) { it (CP-a) { CurT~l; } 
..1.... { CurY"'CurT-JLCountArrCont (CP ,prevCP) ;} 

} 

elISe if (OPType-Rlght!l.ove) {if (CP-Ma..+U'-RP) 
{ CurY"'o<>(NL+l; 

else 
{ CurY~CurY+NLCountlrrCont (prev{:P, CP) ; 

} 

ReaTrailWS(prevCP); ReaTral.lllLO; 

,. } 

---------------------~ --------------------------------------------------------------- -, 
int JlLCountArr(1iret,last) regl.ster lnt first; int h,..t; 
{ 

int 'haJiIL:oO; 
vhile (1irst!",jaat) { first++; if (.t.rr[hrBt}=nl) { 'hwJ[.1"+; } } 

return(JllJII!f[.) ; 
)/. ----------------------------------------------------------------------------------- *' 
lnt IlLCountA,rrCont(frrtrt,last) regJ.ster int hr..t; int last; 
{ 

int HUIII1IL"I1; 

Ilhile (HI.'lt'~last) { tint+.;-; it (GetArrCont(hrst)=nl) { JumlIL++; } } 

ret:urnOludL); 
) 

f. - -- ------------------------------- --------------- ------------- - -- -- --- - - - - ---- -- - -- -- ... , 
ReaTraiHIS(prevCP) int pre'iCP; 
{ 

int tellpCP",p; int telllpEndln"'Eudln: l.nt prevEndln;
 

CP~revCP; SetEndlnO; prevEndln"End.1.n; CP=teapCP; End.1.n..teapEndln;
 
i1 (DPTytll!=-LdtKove II OPType"'''RightMon II OPTYpe""'"LeftInBert Ii DPType....RightInlJert)
 

{ it (prevEnrlln=Endln) 
{ if (Endln!"'CP aa GetA=Cont(Endln)"''''5p) 

{ CP"'End.1.n; StaIldardi;o:e_l)oc 1(); CP"teapCP; 
vbil" (Endln!=CP U lrr[Endln}=sp) { Endln--: LP--; WSRelI-H-; } 

eLs" 
if (prevEndln!"-O U GHlrrCont(prevEndln)=..p) 

{	 CP=prevEndln; StaIldardulI!_OodO: CP,.t"lIIpCP; 
while (U'!"'O U Arr[LP}=-,;p) { LP--; \/SRell++: } 

11 (CP)LP) { CP"'CP-\/Sb.m; StartlnzStartln-WSRell.; 
Endln=Endln-IISR,," ; 

) 

~:.;::~;~~;----- -- - - - - - - ----- ---- --------------- -- - -- --------------- -- -- - ------------- ... f 

{ 

int t"",pCP..cp; 
it (oPType....LdtMov" II DPTypll!....RightIlllSlI!rt) 

{ i1 (CP!"'Max+LP-RP aa GetArrCont(Ku1"LP-RP)""'nl)
 
{ CP"-If.u;"'U'-RP; St<mdndin_DoclO; CP-=-t;,,"JlCP;
 

vblle (U'!"cP aa Arr[LPJ-n1) {LP--; DocJL--; IIlLRea+l-;}
 

) 

f... ------- -- ----- - - ------------- -- ---~------------ - - - - - ------ ------ - -------------- -- ..J 
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it (CP!"KP U KP'~(-l» {copylfl'ex'tPBurtO; retur:o(OJO; 
else { returtl(JoTertJlarlred); } 

) 

1* --------------------- ~---~ --- ----- ------- -------- ---------------- -------- -- -- - ---~-- ~ *1 
Copylfl'extPButf 0 
{ 

J.nt MPptr; PP"'O; 
if (CP<MP) {JU>ptr9:P; 

IIhile (KPptr! =KP) { KPptrH; PP++; PI.:n [PP] ~etArrCont(JIlPptr); } 
) 

else if (CP>KP) t KPptr-oKP; 
IIhile (KPptr!"'CP) { KPptr++; PPH; PArr[PF)""GetlrrCont (KPptr); } 

} 

1* ------------------------ -- ------ -- - ------------------------ --- - ---- ----- ------ -- ----- *1 
int CULDoc60 
{ 

it (KP!=(-l) II lIP !=CP) { copy,",extPBuH(); Hell!'lTextO; return(OJO; } 
else { return(liloTextl!ari:ed); } 

~. - -- -- -------- -- ---------------------------- -- - -- - - - -- ~ ~ ~ ----------- -- ---------- - -- -- *1 
He-men() 
{ 

Standardize_DocIO; if (KP<CP) { U'''KP; CP=KP; } 
elae if (MP>CP) { RPERP+KP-lJ'; } 

KPoo(-l) ; 

~ * -- -------.----------------------------- -- -------------- -------- ---- ---- ------ --- ----- *1 
int Paste_Docl;O 

int PPptr: 
it (PP=O) 

{ return(PBuffEm.pty); 
ebe it (PP!=O U PP>RP-lJ') 

{ return(Full); } 

"lse 
{	 Standardil;l,,_Docl0; KP=CP; Ppptr=O; 

IIhile (PPptr!=PP) { PPptr++; LP++; CP++: Arr[LP]""PArr(Ppptrl; } 
return (01); 

} 

fo ------------------------------------------------------------------------------------- ./ 

/* IKPI.F.JlIDlTATlOJ OF DacS ./ 
/* ======-- -==-~~ of 

'include "/se/daven/ox/clc2/extllrnglobals. c"
 
linclude <atdio.h>
 
linchde <ayaltypes.h>
 
'include <ayalatat .h>
 

i:t-~;=~::~~;---------- ------------------------- -------------------------------------- *1 

{ 

in! prevCP-CP; int prevIJ>..lJ'; int prevRP"'RI'; int rep; 
if (EStllte-State_Oocl 

{ it (OP-OovnSearch) { OPTypeo:Rightltove; rep='DollnSnrcb_DocSO; 

;x 



Update_Doc3 (prnCP ,prevU' ,prevRP) ; 
Update_Doc40; Update_Doc6(prevCP); 

} 

dse it (OP=-UpSearch) { OPTypeooLettKovl!; reP""llpSearch_OocS();
 
Update_Doc3(prevCP .prevU' ,prevRP) ;
 
Update_Doc40; Update_Doc6{prevCP);
 

else it (OP=Replaoce)	 OPType=RightDelete; 
rl!p=R1!place_DocB(iprevCP ,iprevU', iprevRP); 
OPlype=I.ettIDBert; Update_Doc3(prevCP .p:revLP ,JII"l!vRP); 
Update_Doc40; tlpdate_Doc6(prevCP); 

} 

elae it (OP--Ouote) { rep=Quote_StateDocO; Update_Doc3(prevCP,pr1lvIJI,prevRP); 
Update_Doc4(); Update_Doc6 (prevCP) ; 

}
 

else { r ..p-=OP_Doc60; Updat .._DocBO; }
 
return{rep) ;
 

el"e
 
H (OP=InsertChar) { rep-=InsertChar_QuoteO; }
 
elBe it (OP~Le:ftKoveChaz-) { rep-=LeftKoveChar_Quot.. O;
 
el"e it (OP=CursorLe:ftCha;r) { rep=LettKoveChar_QuoteO; }
 
elee if (OP==RigMMoveChar) { rep=RightKoveChaz-_QIloteO; } 
else it (OP=CursorRiglltChar) { rep-=RlghtKoveChac_Quot .. O; } 
else 1t (DP==Le:ftDeleteChar) { rep=Le:ftDeleteChar_Ouot<!O; } 
else 1t (OP=RightDel et I!Char) { rep-=RightDeI.,t ..Char_QuoteO; } 

else if (DP=DownSearch) { DPTyp1!~RightKove; rep-=Do.nSearch....Doca (); 
Update_Doc3(pr1!vCP ,prevLP .prevRP); 
Update_Doc4 (); Update_Doc6(prert:P); 

else if (OP==UpSe;uch) OPTypemLettllove; rep=UpSearch_DocSO; 
Update_Doc3(prevCP ,prevLP, prevRP) ; 
Update_Doc4 (); Update_Doc6 (prevCP); 

ebe if (OP=-Replace)	 OP=RightDelete; 
rep-=Rl!place_DocS (iprevCP. ~ ..vU', iprevRP): 
OPType"Le:ftInsert ; 
Update_Doc3(prevCP ,prevU' ,prevRF); 
Update_Doc40; Update_Doc6(prevCP); 

} 

else if (OP"'=Ouote) { rep=Ouote_StateQuoteO; 
Update_Doc3 (prevCP ,prevU' ,prevRP) ; 
lJpdate_Doc4(); Update_Doc6(prevCP}; 

} 

else { Update_DocJ(prevCP ,prnIJ> ,prevRP); Update_b~c40 ; 
update3loc6(prevCP); repzIllegaUditOp; 

return(rep) ; 

) 

/. ----------- ---------~-------------------- ----------------- -- ----- -- -----~------- ----- */ 
int Inltia.li1.e_Doc80 
( 

Initiali:z:e_Doc6(); SP-O; KatchedLe!l8thaO; RpP-O; EStat....State_Doc; DocChana;ed-FillE; 
) 

/* -----~------------- -------------------~~-- - -------------------- ---------------------- .. /
 
Update_DocS()
 
{
 

if (OPType!=lIIoJllove U OPType!-Le:ftl'love U DPType! ..Rightllo .... )
 
it (DocCha.uged=FiLSE) { PrO.ptD15plaJed"FiLSE; }
 
DocChanged4'RUE ;
 

} 

/. ------------------------------------------------------------------------------------ ./ 

, 



i t i t ! ! ! . , 

. ~~ 



ChectFor!tatc:h(.baatWed) ;
 
if (matched tI RpP-liIatcbedlAIlgth<-RP-LP)
 

{	 St.a.ndardize_Dcc10; CopySBu:f:tToString(schstring); 
CopyRBuffToString(rplstring); SetPro.pt]l{sg(schstrlllg); 
Pro-vtlleflsage(Replaced); SetPro-.ptKBg(rplstring); Pro_ptllessago(lIith); 
RP_RP+I'IatchedLength; Update_DocJ("PrnCP, *pr<!vLP, .prevRP); Update_Doc4(); 
Update_Dcc6(.prevGP ,.prevIl', *prellRP) ; 
.prevCPccp; .prevLP-LP; .prevRP-RP: 
"bl.l., (ptr! ..RpP) {LP++; ptrH; A=[LP]~RplrT[ptr]; 

CP"LP; DocChanged~T1lUE; return{O!O; 
)
 

else if (matched U RpP-SP>RP-lP)
 
{ return(full); }
 

eille
 
CopySBI.lffToString (schBtnngl; SetProllptllsg(schstr ing) ;
 
return(lotl'l.atched) ;
 

) 
/* -------------------------------------- ------------------------------- -------------- • / 
int Quote_StateDoc 0 
{ 

QP=Q; QCP=Q; ESt.ate~State_Quote; Pcomptllessage (ShoIi'QuotePrompt); return(OK); 

) 

/* ---------- ---------------- - - -- ------------------------------ ----------- ------------ .. / 
l.ut Quot,,_StateQuote() 
{ 

int rep; 
PromptCur'"1l trl.m (Quo teProllpt) +QP+l ; 
if (PromptCur>lIinWidth-t) { ProllptCur><lIi.nllidth-l; 

EState=State_Doc: ; 
if (QArrKa.tchedllith("abort") { Ahort_QuoteO; } 

elSIl if (QArrKat.chBdllith("q"J) { return(Quit_QuoteO); 

e1511 if (QArrKa."tcbedllith("II"» { return(Save_QuoteO); ) 

else if (QA=Preiixedfly("1i' "» { return{lIrite_QuoteO); ) 

else it (QArrPrefiJ:edfly("a "» { return(AppeDd_l:lucteO); } 

eille if (QArrPrefixedBy("i "» { return(lnput_QuoteO); } 

else if (QirrPrefixedBy{"!"» { return(Escape_QuoteO); ] 

else { return(KoveLt.neluJlber{lrError_Quote (» ; 
) 

/ * - - - - ---------- --------- ----- - -- --- --------------- -._-------------- ----- --- ------------ * / 
Abort_QuoteO 
{ 

Promptllessage(EditAbcz-tedl; SYBEJ:it(OJr.); 

) 

/.. --------------------------------------------------------- --------------------------- .. / 
Quit_QuoteO 
{ 

int rep; OP~Quit; 
if (DocChanged) (	 if CBackup=-TRUE) { IIriteBackupfileO; }
 

rep'" (IIriteToStore(fRalle, "Ii''' , 1,K~Il'-RP) ;
 
if (rep-=0I0 { SYIlEJ:it(rep); }
 
e15e ( return(rep); )
 

} 

els" ( PromptKellsage(DodfotChanged); SysEJ:it{OX); 
} 

l* -- - ------ ----- - ------- --------------------- - - - - - --- ------------- ------- ------------- */ 
Save_Quote() 
{ 

int rep; oP-Save; 
if (DocChanged) {	 if (Bacln>p--TRUE) { IInteBackupfileO; }
 

rep-(lIri teToStor<! (fllalle, ",,",1 ,1Iax+Il'-RPl); DocChanged-fALSE;
 
return(rep) ;
 

}
 

eille { return(DodfotChaIl8ed);
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}

/- ----------- -------------------------------------------------------------- - ---------- .( 

Write_QuoteD 
{ 

char t il.. lIame [Q!'\a.J:] ; OP"'Vrite; 
1.1	 (KP''''(-l) UKP!=CP} {CopyQl>uttToStrUlgCfil"llalle,2); SysTrUlSlate(filenam.e);
 

ProaptCUr=l;
 
it (!U'<CP) { returnCliriteToStors (filenallle, "v" ,l'IP+1,CP» ;
 
elf''' { return(liriteToStor.,(f i1"oaI", "11". CP+l ,JIIP» ;
 

} 

else { r et=(lIoT"rtXarked); } 
} 

/- ------------------------------------------------------- -- --- ------------------------- -/ 
iot Append_Quot.O 
{ 

char filenam.,[Ql'tlu:]; DP"'ippend, 
if (KP!c(-1) tllU'!=CP) { CopyQBuffToString(fileo3llle,2); SysTranslate(filea_e): 

ProllptCllr'"l ;
 
if (I'IP<CPJ re turn(Wrl.teToStore (1i1"naIIle, "a" ,KP+ I ,cP) 1 ;
 
else returu(WriteToStore (f:l.lename, "a", CP+l ,!U'» ;
 

else return(NoTe:atl'lu~ed); } 
} 

/. --- ---------------------------------------------------------- - ---------------------- ./ 
int loput_OUotl'.O 

struet Btat Btbl.lf; char fllenilJlle[Ql'lar]; int ctrltouo.d:FALSE; int rep;
 

OP21nput; OPType=Leftln&ert: CopyQSuffToString(f ilename, 2); S,.BTromslate (filename) ;
 
it (FileE.l:ist5 (tilenallle ,lcstbuf) )
 

{	 if (J\lotDuectory(htbuf)) 
{ it (ReadPe:naiBBion(fileOaole» 

rep"(ReadFrolll5tore(filename, lstbuf ,lcctrlfol.lIld») ; 
11 (ctrlfound) { Prollptlle15sage(CntrlFollJld); } 
if (rep"""OK) { DocChanged"'TRU£: } 
return(rep) ; 

eille 
{ SetProllptKag(fileoaIe); retur1lCNoReadPerllillsion); } 

eille
 
SetPronptMsg(filen3llle): return(Directory); }
 

elBe
 
{ SoetPrOlllptJIIBg(filenaJIe); ret1lltl(FileNotE.:ust); }
 

) 

/. ------------------------------------------------------------------------------------- ./ 
int EII(ape_QuoteO 

i 
chU <ollmand[QMax]; int c,,'\O';
 
OP"E"cape; CopyQBuffToStriIls{eoDlllland, 1);
 
11 ("trlen(eo_aud) ,,.0)
 

{	 PO!lbage(); SetSYIlCurllor(); CursorToIfertLine 0; ResetTerllinal () ; 
llYlltea(eo_and): GetTer1llCapAndSetWinO; Re"dTeI'll!'lJode(); SetTer1llinalO: 
ProlD.ptJlleB!lage(HitlteyToRes~e);while (e!"'D.l) { ezGetNertC.harO; } 

RefrellhDi"phy_Doe9(); return(OK); 

elso 
ret=(loCo_andGlven); } 

} 

/- -- ----------------------------------------------- ----------------------------------- -/ 
int J'JoYeLi.nellu..berOrError_Quote () 
{ 

ilIt nl1lllstring[QMa..J:]; int linel; iot prevCP:oCP; 
Cop,.QBu1fToString (n@f1tring.O) ; 
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i1' (CnvStringTollua(nuaatring .alind» 
{	 i1' (lineX>[)ocIL+1) { llneX-Do<:lL-+-l; } 

11' O_i.neI<CurY) { ImeI"CurY-lineX; DP"Leftl'l'oveL1ne; } 
ehe { lllleX~lineX-C\lTY; OP"'RightMoveLine; } 
wbile (liDel'"O) { OP_DodO; lirleX--; } 
OP.LefUtoveLine; DP_Docl(}; 
i1' (CP>pre1'CP) { DPType~R1&ht""ve; } else { OPType"'l..dtMove; } 
OP.i'loveLineNuaberOrError; ProaptD1eplayed..FAISE, PosIaage(); retur,,(mO, 

ehoe
 
OP"'''-oveLiDelhwberOrE!:Tor; return(ijuoteError); )
 

) 
/- ------------- - - -------------- ---~------------------------------------------- ------ -/ 
int IIlBertChar_QuoteO 
{ 

iIlt ptr=QP; 
i1' (QP!=QK;u) 

{ if (OPChar'=TAB) {..-hlle (ptr!=QCP) {	 Qlrr[ptr+ll'>QArr[ptrJ; ptr--;} 
Q1rr[QCP+ll~DPCiuor; QCP++; QP++; 
return(0I0; 

) 

else { returnOn"galQuoteCilar); } 

elee
 
{ retu.rn(FulUluote),
 

) 

/. -------------------- --- -----~--- ----~ -- - -------------------------------------------- ./ 
int LeftKoveCilar _Quote () 

i1' (QCP !"'1J) { QCP--; returneDll); }
 
elee { return(TopOuote); }
 

) 

/. ------------------------------------------ - ---------------------------------- - ----- ./ 
int RightMoveChar_Quote() 
{ 

it (QCP!=QP) { QCP-+-+; return(Dll); }
 
elee { returnCllotQnote): }
 

) 

/- ----------------------------------------~-------------- ---------------------- ------- -/ 
int Le1'tDelete!:haT_ll'uoteO 
{ 

=t ptr"'QCP; 
it (QCP!:>O) { while (ptr!=QP) {QArr[ptr]~Q1n[ptr+1]; ptr++; } 

QCP--; QP--; return(Dll); 

else return(TopQuot,,); } 
) 

/. -- ---------------------------------------- ----------------------- - ---------- --- ----- ./ 
int RightDeleteCbar _QuoteO 
{ 

int ptrcQCP+l; 
i1' (QCP!'"QP) while (ptr!ooQP) { QArr[ptr]~Arr[ptr+j]; ptr++; } 

QP--: ntum(Oll); 

elae return(llotQuote) ; 
) 

/. --------------------------------------------------------------------------- ------- ./ 
int QlrrPre1'il:edBy(target) char targetD; 
{ 

int pre1'ued; int ptr=O; int lellgth"'Btrlen(target); 
pre1'ixed=(QJ»-lengtil) ; 
while (pre1' i"ed aa ptr!"'leDgth] { prdixed"(Lolier (QArr [ptr+1] )-=target [ptrl); ptr++; }
 
rlPturn(pre1'ued) ;
 

) 
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/- ------------------------------------------------------------------------------------- ./ 
int QArr"atc.hedliith(tu-get) char target[]; 
{ 

J.nt .atched; iDt ptr-O; 
lIatched"(QP"""'Btrlon(tu-get» ; 
..hile (.atched II ptr I "'QP) { llIatched~(Loller(QA= [ptr+1])~"'target [ptr); ptr++; } 
return(lIatched) : 

} 

/. ------------------------------------------------ ------------------------------------ ./ 
Cop1QBuf fSButfO 
{ 

SP=O; ..hile (SPlcQP) { SP+-+: SA=[SP]-QA=[sr]; } 
} 

/. --------------------- -- ----------------- - ------------------ ------------------------- ./ 
CopyQBuffRplluHO 
{ 

R.pp ..o; IIhile (llpP!cQP) { RpP++: RpArr[R.pP]=QArr[R.pP]: } 
} 

/. --- - - -------------- ----- ------- - - - -- - ----- -- - -- - - --- - - -------- - ----- ---- - -- ---- -- - ---- *j 

CopyQBu1fToStTUlg(string,ptr) char *string; int ptc 
{ 

..hI-Ie (ptr'''QP) { .string=QA=[ptr+1]: string++; ptr"'+: .stn.llg='\O' : 

/. - ------------------ ----------------------------------------- - -- -------------------- -/ 
CopySBuffToString(strillg) char _string; 
{ 

int ptr"'O; .hile (ptrl ..SP) { *string"'SArr[ptr+t]: if (*strillg==nI) { _string"" I': } 
string++: ptr..... ; 

*string~'\Q' ; 
} 

/* -----------------------------------~--------------------------------------------------/ 
CopyRBu1fIoString(string) char .string: 
{ 

int ptr"O: lihUe (ptr'=RpP) _strillg..llpA=[ptr+t}; it (_lltring"...u) {.z;tring='I';} 
IItr.l-D.g+-+: ptr++; 

."trip,g"'\O'
 
}
 
/. ------------------------------------------------------------------------------------- -/ 
int GetSBuffNLO 

int Iftmll1."'O; int SPptr"O:
 
lihUe (Spptr!=SP) { SPptr++; it (SA=[Spptr]=nl) NumlL++; }
 
return(lfudL); }
 

/. ------ ~ ----------------------------- ---------------- -------------------------- ---- -/ 
int GelRpBuffRLO 
{
 

int JlllIIILzO; int IlpPptr=O;
 
vh].l. (Rppptr!"Rpp) { Rppptr+-+; tt (RpArr[Rppptr]=nI) IfUIIIfL++: }
 
retum(lhlJllL): } 

/. ---------------------------------------------------- ----------- - ---- ----------------- -/ 

/. IKPLDIfJITATIOIf OF DDC9 ./ 

/- -/ 
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aJ.nclude <5tdJ.o. b> 
hnclude "1"../daven/ox/c/c2/erternglobals c" 

1* ----------------------  ---------------- .; 
int OP_Dod 0 
{ 

int prevDoclIL=DodIL; int prevCPgCP; l.llt prewLP=LP; lilt prevRP=RP; int pn,QP"'QP; 

int prevCurY"'CurY, mt fir."lt; J.nt last; int tnp; iDt rep; 

if (OP=",NotI"'pleaented) 
{ re1;urn(oPlh,tI.plemented); 

elsl! if (DP=Centrellindov) 
{ return(Centrellmdov_Doc9(); 

else if (OP==RefreshDi..5play) 
{ return(flefre"bDuplay_Doc90); 

!!lse if (DP-Cur5orUppage) 
{ return(Sc:reen_UpPageO); } 

el ..;" lot (DP==Cur"l>rDo~age) 

{ retur:n(Screen_Do~age(»); 

elBe lot (OP==fleplac",) 
{ return(Screen_Repl1Oce(prevCUrY»; 

else it (OP=Sho1lDocSbtB) 
{ return(Screen_ShowDl>cStatsO); 

e15e 
{	 J.f «rep=OP_Doc8 0) 1=010 

{ return(rep); } 

els~ 

if (EState-KState_Quote) 
( it (prevQP!=QP) DUlplayQuoteBu11erO; 

else 
CheckFhshBrackets (), 
first -prevCurY-WinOff Y; 
1105t=f iret+DocliL-pr evDocllL+llLRem-NLln5 ; 
if (first>last) { teap=first; tir."lt=lut; laBt~e.p: } 
VindovPolicy (fl.rBt ,last) : 

} 

ret=(OI) ; 

} 

;* - ---------------------~ - ------------ - ----- -------- --- ----------------- -- *1 
iDt Initialize_Doc90 
{ 

U1t ptr=O; Initiali:o:e_Doc8(); 
CLS.dj=tO, ProlllptC~inVidtb; PoslmageO: VinDffX=O; i/inDffY-O, SetDocCursor(); 
vhJ.le (ptr!=VllIBeight) { VinLJ.neOK[ptr+l]=PUSE; ptr++; } 

} 
;- -------------------------------------------------------------- -~-------------------- ...; 
int CentreVindov_Doc9() 
{ 

if (EState=State_Doe) 
{ if (CurY-WinDftY>"'Ba1f1linHeight) 

{ DPTyp.....Right"ove; Rov eVindovDovn(CurY-WinOf f Y-Halfi/inHeight) ; 
SetDocCursorO, return(DI); 

} 

eltle It (CurY~WinO:ftY<Halfl/i.nHeightU CurY>".Hal1VinHeight) 
{ OPTyp.....Leftflove; "oveViodo.Up(H&l.tWinIleight-CurY+WiDOtfY); 

SetDocCursorO; return(OI); 

else 
{ return(ToolearTop), 

elee 
return(OP_Do<8(}); } 

xvi 



} 

/- ----------------_.---------------- --------------------------------------------------- -/ 
in"t Refre8hDi~pL.ly_~d() 

{ 

CLSAdjuetO: utll,rll(OIl.); 
} 

/- ----------- --------------------- -- ----- ---------------------------------------------- -/ 
Screen_UpP;,geO 
{ 

int reJ?DP_Doc80. 
J.1	 (rel?~OJO 

{if	 (VinDfty>5P~"Beight.) { !l.oveVindoIrUp(PageHeight}; 
.,IE;o" if (lIinDf-tY(P~"Heigbt II \li.nCltt'f'!=O) { f!:oveVindo"llUp(lIinOffY); } 

return(rep) ; 
} 

/- - --- -- ----- -- --- ------ --------- - - - --- - ~ -- --------- ------- - - -- - ----- - - --- - - - - - -- - ---- */ 
screen_DownPageD 
{ 

int rep"'OPJloc5():
 
rf (rep=>=OK) { "oveWindowDolln(Pagefleight);
 
re"turn(rep) ;
 

} 

/. ------------------------------------------------------------------------------------- -/ 
Scr.,en_R"pl"ce(prevCurY} llIt prevCurY; 
{ 

int SButU'L; int RpBu1fIlL; =t rep; 
it (repe'OP_DocB()---OK) 

{ SBut/!lL"'GetSBuffRLO; Rpllu1fIlL"'GetRpBuffIiLO; 
if (SBuitllL-=RpButtJrlL) 

{ VindovLi..o.eBBad(prevCurY-VllIDffY ,prevCurY-VinOffY.f-SBuifllL); 

elBe 
{ lIindoIlLiM>3Bad(prevCurY-VinDttY,VinHelght); } 

it (SP<RpP) { OPType"'RightMov.,; } else { OPTyp.,~LeftMove; 

VindollPolicyO; 
} 

return(rep) ; 
} 

/- -- ----------------------------------------------------------------------------------- -I 
iot Scre...,_ShoIlDocStatB() 

int ptr=O; 
it CEState-State_Doc) { Promptf'leBsag.,(ShoIlSt"tB); Pro.ptOisplayed"F1L5£; return(DK); } 
elBe { return(OP_00e80); } 

} 

/- --------------------------------------------------------------- --------- ------------- -/ 
Checll:F1a8hBracll:.,tB ()
 
{
 

int provCP"CP; int prevSt=trnsSt=tln; char closebraell:et"'OPChar; 1..rI-t eount=O; 
int lfudV"O; int no.atchcTRDE; char openbracll:et; char <UTehat-; 
int X; int y; 
i1 (oP=InBertChou U: 

(OPChaJ:2""}' II OPChar-']' 11 OPChar='), II OPChar=='>') 11 
lot (CharAvailahl.,O» 
{	 if (closebracll:et-'}') { openbracll:et:o'F; 

elB" if (closebracll:et-=']') { openbracll:et=' ['; 
elBe i1 (cloBebracll:et=:o') ') { openbracll:et=' ('; 

elB" { openhracll:et""('; 
vhile (CP>VinStartrn.f-VinOff!.f-l U: no."tcb) 

{ CP--; arrchil:t""GetJ,rrCont(CP); 
if (arrcbar""""Ill) 

{ luallLH; } 
elee if (arrchar----cloBebracll:et) 

{ count_; } 
elBe if (arrchiu"""·openbracll:et) 
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{ i' (COILDt)O) 

{ couut--; 

"III" 
{	 S"tStartln(); :I"'CP-Startlo+l-llinO:UI; 

y=CarY-IIU1111L-llmO:t:tY; nOlllatch"'FAl-'lE; 
1.1	 (:1-1>=1 U :>;-l<"'Il=IiJ.dtb U 

y>-1 at y<=WinHeight) 
{	 llindollLlnesBad (y+Jtu.lIL, y+lumllL); 

Dlsplay'ii'indowRange(y+ffUIIIIL, y+liudL) ; 
Ulnsh(stdout) ; 
S<!tTermCursor (:1-1, y); fflll$h(stdout); 
del ..y(); CP"'prevCP; Startln=prefStartln; 

CP"PrevCP; Staxtln"'Pr"vStaxtln; 

) 
/. ------------- -~---------- -- ------------------ -- ---------- - --. -- ------------- ---- -- - - ./ 
S..t llinStartln() 
{ 

r"gist"t- int numnl=C:urY-Ill.nOffY-l; 
liJ.nStartln"Startln; IIhl.l" (umanl!=O) { llinStartlll=G..tPrevStartln(Il1.ltStartln); E>abl--; 

) 

/. -------- ~--- --------------------------~- ----- ------------------------- --------- ---- .. / 
int G"tPr"vStartln(ptr) r"gista- int ptr; 

ptr--; whil" (pt r! =0 U: GetArTCont (ptr) '=0.1) ( ptr--; • r"turn(ptr); 
}

/. ---------------------------------------------~---- ----- - ---------- ----------------- ./ 
int Get/lntStartln(ptr) r"gist"r int ptr; 

it (ptri"'XU+1J>-RP) {	 ptr++;
 
IIbil" (pn!=I'I11.J:+I.P-RP II GetArrCont(pU) !=nl) { ptr++; }
 

r..turn(ptr) ; 
}

/. --------------------------------- ------------------------------------ --~-- --------- '"/ 
int Oisplayliindo'llLine(..tartlnptr) regl.ster int startlnptr: 
{ 

r ..gister int ",-0;
 
_hil" (atartlnptr+;t! =K;u:+U'-RP at GetAttCout (startlnptr+:c+1) !=nJ. U ;t !=llinOlfl)
 

{ :c++; }
 
while (startlIIPtr+:I!~I'IU+LP-RPIt GeUrrCol1t(atartlnptr+:I+O!=nl U :I !=llinOffI+lllnllidth)
 

( putch;u-(GetA=Cont(startlnptr+:I+l»; x++; }
 
11 (r!-llinOUI+Vinliidth) { ClearTotndO:lLineO; }
 

}

/. ------------------------------------------------------------- -~--------------~----- ./ 
Oillplayliindo_RiIl1ge (first ,l ..st) register int fin;t; register int last; 
{ 

regillter int ptro:VmStartln: register int y~fir5t;
 

While (y!"'O ( ptrooGetBextStartln(ptr); y--; }
 
IIhile (firet<=laBt U lot(CharAvailahleO) at lIoInterrupt)
 

{ if (Bot(llinLineOK[Hrst]»
 
( SetT"raCurBor( 1.hrst); DisplayliindowLine (ptr);
 

llinLineOK[f iTBt] :TRUE;
 

ptr""GetlextStartln(ptr), f int_; 

}

/. ---------~-----~----------~----------------- -- --------------------------~~-----._---./ 
llindOIlLinetll'lad(firBt.lut) int first; rnt last, 
( 
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else 
1.f (lIl.ny)"'l tt lIinY<""'i/UlHel.ght) { PanO; } 
elee { ScrollA..ndPll!IO; 

-~------- - --~--------------- ---------------- ------------------------------------.- -- *, 

eL!:\e 
{ l'IoveWindoIlDoIlIl(CurY-PageHeight-Il:lnOffY,hrat); 

},* --------------------------- ------------------------------ ------------------------ *,
 
PanO 
{ 

int ll1.nx""CurX-'ilinOffX; 
if (1li.nJ:<1 1:1: CurX)_QtrWin'il1.dth) { P!.o¥e'ill.IldoIilLeft(WinOfn-GurX-i-Qtrl/in\lidthJ, } 

else if (fli.nJ:<l 1:1: CurX<Qtr'ilm'ilidth) { P!.on\lindoIilLeft(VinOfn); } 

el"e { P!.ove'ilindovRight(CurX-PageVidth-VmOffl); } 

-------------------------- ---------------------------------------------------- *,
--~---

{ WinOtfY=CurY-Qtr'il1.nHei.pt; 
{ VinOffY=O; } 

{ \IrnOUY=CurY-PageHeight; } 

., 

else 
if (lsBt>Half'ilinHeight II laet)"OocIlL-i-J-'i/inOffY) 

{ 'ilmdoILinesBa.d(firllt, 'ilinRnl:\ht) ; 
Dieplay\lindollRange(first, 'i/iJiHel.ght); } 

else 
{ if (OPType=-LeftIlliIert \ I OPTrpe=Rightlneert) 

{ VindollLineBBad(f ll5t ,1aBt) ; 

ScrollOollllAdjllilt (laet-fl.rBt ,11U'lt -i-l); 
} 

eille if (OPTrpe-LeftDdete II OPTrpe="RightDelete) 
{ \/indoIlLineBBad(1 ,1a.eUlaBt-fu..t) ; 

ScrollUpAdj-wot Oast-f irst); 
} 

) 

~:s;;:~::~ :;:;;:~;------------------------------ ~----- ---------------------------- ./ 
{ 

register int ptr:oO; char c; 
SetlnitQnoteCurll.,r 0; 
vhile (ptr !-t:lP U ptr!=Vin'ilidth-Qu.otePr..-ptLeogth-l) 

{ c-QArr[ptr+l); 
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Appendix C 

Implementation Of The Editor Specification (Continued) 

,_ lIain.1: _/ 

/. ~~- ~=./ 

hnclude cstdic.h> 
'include <sl.gnB.1.h>
 
'include cBya/typeB.h>
 
'include (sJI$/stat.h.>
 
t:l.nclude <"131 ioctl.h>
 
'include (.IIye/tentl. h>
 
'include "1".. /daven!ox/c/c2fgl"balB c"
 
':LIIc1ude "/se/daven/oxlc/c J!r'l!ad. c"
 
'include "/se/daven/ox/clc l/write. c" 
'lIlclude "/se/di'!Jven/ox/cfc2/scr"en. c" 
'include "/Be/daveD/ox/clc2/te~.c" 

'include "!se/daven!ox!c!c2!sysentrynlt c" 
'include "/se/daven/ox/c/c2/lQeB9ages. c" 
'includ.. "/ae/daven/oxfch:2/utilities _c" 
;- - ~ ---------------------------------------------------------------------------------- -/ 
main(argB,argval) int <U"gll; char .argvalrJ: 

/. "args" is the 111ll1ber of arguments pl""!5.mt in 8yste. co..and line */
 
/. "&:q~val" is the arr"'J of =gument addresses in systell. cOIllJl<Uld line ./
 

int InitialLinezl; int cntrlfound=FllSE; int new:hle=FI.lSE; int rep;
 
llackup=FALSE; Ter.inaISet"FlLS£; ScreenCle=ed"FA1S£; Kbdptr"O; Nolnterrupt-TRtJr;
 
GetTermCapAiidSetWinO; ReadTerJIPI"deO; SetTerminal 0; SysEntry(args, argval,.tlnl t lalLine) ;
 

GetJrutCbarO; 

rep=(StartEditFile (Fla:.." lcntrlfound ,t.newtile»;
 
if (rep~"'OIO { Sys£Iit(rep,FJraJlle); }
 
ellse { OF=KoveToTop; OP_00c80;
 

IIhile (Ini tlalLine! "'0 { OP=RlghtMoveLine~ OP_00c8 0; Ini t ialLine--;}
 
if (CurY>WiJlJleight) { WinOHY"CurY-Pagel:!e1ght; SetliinStart In(); }
 

DilSplayThelii.ndovO;
 
if (nevfile) {ProllptKessa8e(EditingJleIlFile]; Pro.ptDisplayed=FALSE;}
 
Bise { ProllptKellsage(EditingFile); ProlllptDisplayed"''TRUE;}
 
if (cntrlfound) { ProaptKessage(CntrlFound); }
 
SetDocCursorO; tnuBh(lltdout);
 

}
 

while (TRUE) { DPType5loKove; £xecuteCo_andO;
 
it (EState"'-Stste_Doc)
 

{ if (Jrot(Cbs:rAvail",bleO» { Displ",yTheliindovO; }
 
if (Jrot(Iolnterrupt» { ProaptKesuge(Interrupted.).
 

ClearInterrupt ();
 

SetDocCurBorO. 

else
 
{ SetQl!oteCurBor(J;
 

ftlush(stdout) ;
 

} 

/.. ----------------------- ~----------------------------------------- ~------------------ ./ 
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EJ:ecuteCouandO 
{ 

int rep"OP_Ooc9(Ib<!ReadO);
 
3-f (EState=State Ooc)
 

{ 3-1 (rep="'OK)
 
{It (Bot«ProaptOu3played)) tt OP!~Quote tt OP!=UpSearch U' 

OP!"OonSearch tt OP!"'Rep1ace tt lJP!"'Input tt OP""Save U 

OP!='olrite tt OP!"'ShoIlOocStata) 
{ Prompt"esaage(Edit:tngFilel; } 

elae
 
{ J>rolllpt"e5aage(n,p);
 

I. S"tOocl:llr50rO; '1 

el"e 
{ if (rep!;<OK) { RlllgBell 0; ) ) 

I' :fUuilb(stdout); .1 
} 

I· ------------- - - ---- ---- ----- - -- - - - - - -- - ---- --- --- -- -------- -------- -- -------- ----- oj 

I' re",d.c .1
 
/. ",..,- ---== '1
 

I' --- -------------------- ------ -- - --- - --- ----------- -- ----------- -- ----- -------- --- ---- '1 
int StartEdltFile(filename,ctrltound,n"vtile) char 'fil"n;u,,; int 'ctrlfound; 

lnt 'n"1I1ile; 
I' "fileDaJlle" i8 a pointer to a hl,,_ l:hecks to a"e if edit pos13ibl" (if the fil" .1 
I' either doesn't eJ:iat and can he creat"d, or if it exists then it Jmst read .1 
I. peniasion and must not exceed the adltor's capacity). R..turns appropriate rep. '1 
I' and sets .cntrlfound to TRUE 1f a control character read (llhich is discarded) '1 

int rep: stnJct stat 13tbuf;
 
if (FlloExiats (f ilenaJlle •.lstbuf»)
 

{if (HotDirectory(tstbuf))
 
{ 11 (ReadPermission(fll"name))
 

{	 Initia1ue_Doc90; OP"'lnput; DYType"'LettInaert; 
rep"ReadFrollStoreCfilenaJlle. tstb,,1 ,ctrlt ound); 
Update_DocJ(O,O.Kax); Update_Doe'H); Update_Ooc6(O); 
returtl(rep) ; 

e1.. e
 
{ SysEl:it (RoReadPer-.iS51on): }
 

else
 
{ SyaExit (D=ectory);
 

else
 
if ('olritePeraiBs10n(filenaJlle)
 

{ Initialize_Doc90; Sereenl:!«ared"'TRUE; .nevfile=TRUE; return(Olt); }
 
elae
 

Sy"EIit(BoVrlteP"r-.ission); }
 

} 

1* --------------- --- --- --------------------------------------------- - ------- - ~-------- '1 
inl FileEJ:iat,,(1il"naJlle,stbufptr) char 'fil"nue; struct atat .atbufptr; 

1* "filtIJJlIIIe" pointa to the file. "atbufptr" ia a pointer to stbuf. A ""tat" call '1 
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/_ :is atte~1.ed, and, if 8ucce8sful, TRUE ret\U"11E'd, elae FALSE re1.\U"11ed. -, 
{ 

ret=n«stat(fUen_e ,stbllfptr) '=-1»; 

,-)	 -, 
lnt NotDuectorY(8thu..fptr) stIllct stat _!!thufptr; 

/* "filen:alle" points to the file. "8thufp1.r" i~ a pOInter 1;0 8thuf. If file not./ 
,_ a duectory. funct10ll retUIllS TRUE, elae retllrJl5 FALSE ., 

{ 

return( (stbu1ptr->st_.ade t S_IFDIR) • S_IFDIR); 
) 

/- ----- -. ---------- --------------------------- --------------- -~ ------------. -------- - -, 
ResdPe~is"ion(filenaJlle) char o.filenaJIe; 

/* "filella.e" a pointer to a file. If file has read per1ll1SS10n, function_' 
/* returne TRUE, else returne. FALSE _I 

{ 

FILE .fopenO ,_SY5Ptr; 
SysPtr-<fopen(filenaae,' r") ; 
If (Sy8Ptr!"'lIullPtr) {fcl08e(SysPtr); return(TRUE); 
else { return(FllSE); } 

) 

/. ---------------- --- - ------------------- - - ------------ - ~--- ------------------- ------- -, 
Vr11.'l!Permise10n(filenilJlle) cbar _filenaJI'l!; 

/_ "filenilJlle" is " point'l!r to a filen1l.lle. If fil'l! can he IlTlt1.en to */ 
/_ func1.10n returns TRUE, e},;e r'l!tlllnS FALSE _/ 

{ 

FlLE -fopenO ,_Sy8Ptr; 
if «SysPtr"'fop,m (filenaJIe, "II"» !"lIIullPtr ) /. If file <:an b'l! 0p'l!ned. ./ 

{ f dos'l! (SYIlPtrJ; unlini(fihnaJIe); retu..-n(TRUE) ; /_ clo>;'I! and deleh it _/ 
elBe /_ 'l!18e file can't be op~med _/ 

{ return(FAUiE); } 
) 

---~,. -------- ------------------------------------------------- ---------------------- *,
 
int Readrroll5toreCfilenllIe,stbufptr,ctrlfound)	 char *tilen;me: struct stat _othufptr; 

lnt _ctrlfound; 

/. If control character!! found, d1Scarded and .ctrltound set to TRUE _/ 
/. except for TAa control!!. Yhicb are expiUlded 1Il "ExpandTab!!". _/ 

int prevU'cLP; in1. linel:.Q; int JoReadErroI""TIWE; 1nl. cntrlfnd; l.-ll1. x;
 
FILE .topen() ••SyBPtr; int filelengthmFileLene:1.h(s1.bufptr);
 
SetPro.ptlleg(filen,.... ) ;
 
if (filell!llijth<=RP-LP)
 

{ it «SysPtr:fopen(filenaae. "r") !=JullPtr) 
{ ScreenCleared=TRlJE; Standardize_Doc!(); PronptPl..ssage(ReadingFih,): 

lIhile (LP<RP at Jr>ReadError aa filelength>O II "r>Inbrrupt) 
{	 x-getc(SY8Ptr); filelength--; 

cntrlfnd-ControlChar(J:) ; 
.hile (cntrlfnd U filell!llijth>O U lfoInterrupt) 

{	 *ctrlfound=TRUE; l=ge1.c(SY8P1.r); fildenglh--; 
cntrlfndooControlChar(x) ; 

) 

it (x.:=LF II p·-RJ:.T) { x=o1;
 
Arr[LP+1]=x; I.P++; linel++;
 
if (x~) {ll.-llel><O; StripTrailVSO;
 
else if (x"-TAB) {ExplllldTalh6(alinel);
 
loReadETror=(I''''EOF U IQInterrupt);
 

) 

f close (SysP1.r) ;
 
if (LP--RP) { LP=prevI.P; nturn(Full_Tab5);
 
else if (lot(loReadErrar) { 1J'~reYU': r<:,turn(ReadErTor);
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~l .... { CP"'U'; Fr0llJ'tPl..ssage(DoD~): return«(])C); } 

e1B.. 

( return(CannotOpenFile); 

else 
{ ret\lltl(Full); 

) 

/. -------------_.-------------------------------------------------------------------_.. ./ 
~nt FileLength(sthufptr) struet st"t .stbufptr; 

/. "stbufptr" is a pointe;r to "stbuf" m St=tEditFile ./ 
{ 

return(Btbufpt:r->et-sl:.ze) ; 
) 

l- ---------------------------------------------------_.- - ------------------------------ ./ 
int ControIChar(x) int x, 
{ 

return«x<' 'II x>'-') IU. x!=RET l.lll:!"'TAB.t..t. lI:'"Lf); 
) 

/. ------------------------- ~-- ------------------------ --------------------------------- ./ 
E~andTi!lb8(ptJll.neI) il1t .ptrlllleI; 
( 

Arr[LP]=8p; :.ptrlinel)=tabstop-( (~trlineI)ltabstop),
 

if ("ptrlin.I=8) { .ptrlineI=O; }
 
while ({.ptrlind)!=O.t.l: LP<RP) {Arr[LP+1l='BP, LP"'"+: (.ptrlmel)--;
 

) 

/- - ------_.------------------------------------------------------_. ~ ------------------ ./ 
StnptrailllS( ) 
{ 

IIhile(LP>C?+l aa A=[LP-1]-sp) { LP--: Arr[LP]'91I; } 
) 

/. ----------- - ---------------------------------------- ------- --_.- - --------. ---------- ./ 

/. IIrite.c ./
 
/ • ......_s"'~~ ..1
 

/. -------------- ~ -------------------------------------------------------------------_. ./ 
int IlnteToStore (1ilenaJIe. hl"lIIode, first, last) char filel1 ....e [] ; eb= fileJlodeD; 

int first; int l"st; 
{ 

FILE .top..oO , .SysPtr; int lfoli'riteError~TIUJE:; int ptr=first-t;
 
SyllTra,Dslate (fileo"",e); SysPtr'"fopen(filename, file.ode) ;
 
S.. tProJlpt1l:sg(filen"",e) ;
 
it (SYlIPtr!"JlullPtr)
 

{ Prollpt1l:esllage (lintillgFile) ; 
IIhile (lIoVriteErTor U: ptr!=last) 

{ lfoVriteError=(pute(GetArrCont(pt;r+1) ,S~Pt;r) !=EClF) 1:1: NoInteITUpt); 
ptr++; 

) 

it (lIoliriteError 1:1: GetlrrCont(ptr) !~) 

{ loVriteErroll:""'«putc(D.l.SJsPt;r) ''''EOF) u: loInterrupt); 
tcloBe(SJsPtr) ; 
if (JoVriteError) {ProJlpt1l:essage(Oone): return(C1ll:); 
1!111e { return(llrite£rI"or); } 

.lse 
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{ return(CannotDp<!'nFile); } 
} 

/- ------------------------------------------------------------------------- ------------ -/ 
void VriteBackupFihO 

/_ fliIue++ (flu.e !lith "++" appended) i .. first 11.ll1inked, and, it posBible, _/ 
/_ Flue++ is linked to fl..,.e . .l.o appropriate ProllptMes!la8e 1" "ent. _/ 

{ 

ch= baekupflaae [flu.eI'la:n:]; 
"trcpy(backupFlf_e, flu.e); streat (backupflilame. "++"); 

SetPro.pt"58(ba<::kupfJI-.e); PrOllptJlleeaa811(Updat in8Backup) ; 
UIllink(backupFIIl_e) ; 
if (1 ink(FBu.e. backupFlu.e) ''''-1) ,. nell link can be made _/ 

{ lilllink(FR~e); } 
elBe /. ne.. link can't be made _I 

{ Pre~t"e ..sage(CannotUpdate8ackup); 
} 

I· - -- ----- ---------- --- ---------~-- - ---- --- -- ------ ---- - -.- -------- ----- - --------- -- -I 

/- globals. c ., 
I- ....==.._~==-= "I 

'iDclude "conets. c" 
I- - ------ --------- --- ---------------------- - ---- ---- -
int 
char 

iDt 

int 

in, 

'hu 

'hu 
in' 
int 
,hu 
in, 
in, 

in, 
in, 
in, 
in, 
int 
in, 

'hu 
in, 
in, 
in, 
in, 
in, 
'hu 
in, 

LP.RP,CP; 
Arr ("~I] ; 

Curl, CurY • Startln ,Endln, OeelL ,~II_,IILRe.; 

IISI"B ,!LIns ,Pa8eVidth,Pap;..Hei8ht; 

KP,PP; 
Plrr[Ma=] ; 

lllrr [Illtux] • SArr(IlPlaxx], RpArr (Qtfa=] ;
 

llP,QCP,SP.RpP;
 
flatchedLength;
 
FIu.e[fBaJIlet"'n:] ;
 

'"EState; 

llinOffl, VinOffY;
 
lIinStartln;
 
VinLineOI tJla:a:VinHei8bt+2] ;
 
VinHeight ,Winllidth;
 
Hal1liinHeigh t ,HalfllinVidth;
 
Qt:rllinHeight ,lltrVinVidth;
 

IbdAn [kbdl'fa.D:] ;
 
Ibdptr;
 
tlo.ePatb;
 
Ie,.;
 
01',
 
DPTJpe;
 
OPChllr;
 
OPArr[kbdJ(a;n:] ;
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-- ----- - ----- ------------.------ -I 
I- CODcDoc1 -I 

I_ ConcOoc3 -/ 

/_ CODcDee4 _, 

1+ C01\cDec6 _/ 

I_ ConcDodl .1 

/_ CODcDoc9 ./ 

/_ kbdread.c _I 



in, li'oInterrupt; j. 8yllentrJel:it.c */ 

in, Backup; j. IilTlte.C */ 

=, ProaptDi8phyed; j- tor pro.pt display _/
 
in, OocChanged;
 
in, ProaptCur;
 

'b= ProllptK"g[HaaePlan:] ;
 

short oepeed; j_ tara.c ./
 

lnt Ter1llType;
 
stx-uct 5gtt,b Sg:t~Jb;
 

int fClltlFhg;
 
in, Tl!naiDalS~t;
 
lnt ScreenChared;
 

PC, j. termcap padding character */ 
ch= C"{cnbbue] ; j* te~cap cursor aotion */ 
ch= RC [cntruue]; I. terIcap carriage return */ 
,h= OD(cntrl"'iz.!l ; j* terIcap doVIl One line */ 
,h= SO[cntrJsuel; j* tenacap begin st;md-ont lIode */ 
ch= SE[cntr:lIue] ; j* t.n-.cap end Btand-ollt lIode -/ 
ch= CE[cntrLlI12e] ; j* tar.cap clear to end at 11ne */ 
,h= Bl[cntrls1.2e] ; 1* tar.cap ring bell */ 
ch= SR[cntrl"i:ze] ; j. teT1ll.cap reverse Bcroll */ 
ch= Cl[cnulsi2e] ; j* termcap clear entire screen ./ 

ch= BC[cntrlsize] ; j. t"rlIlcap backspace */ 
,h= UP[entrlsize] ; 1* terllcap cursor up _/ 

'b= 

/. ----------------------------------------------------------------------------------- */ 

/. terlll.e ./ 
/. :::==:"'==" ./ 

/ * - --------------------------- ------- --- -- --- --- ~ ~- 0' 
GetTerICapAndSet'ilin() 

/* LOllds "teEntry" bu.ffer from terlleap. Syshit it tenlinal not defined or ./ 
/. termeap not tOUDd, else terIeap valu.es inl.hall.zed Sets 'ill.D'ii'idth ...nd 'ilinHeight ./ 
/. U5i.ng "ioetl" call, else tel1llcap. else Default'ilin'ii'idt.h <l.Dd OefallltWinHeight; ./ 
/. if larger tb...n Ka.x'ilin'ii'idtb or "ax'ii'inHeight, tben SYIlE.J:it. ./ 

struet ttysl.ze ttysz; char .ptr[enulsize]; ebar teEntry[tcslZe];
 

char tem:p[entrlsize];
 
i1 «rerITypeoogetenv("TEJUl")-O) SysEI1t(loTERIl); }
 

slJi tcb<tgetent (tcEntrJ, TerIType») case 0 SyeE.J:it (Unlo1olJnTerainal);
 
cas", -J, SyaEJ:it(lfoTen.c"pfile); 

} 

.ptr-C"; if (tgetatr( "ell" ,ptr)"""'O) SysE:o:i t (InadeqTerICap, "CII") ; 

.ptr'"RC; if (tgetstr("er".ptr)~){ RC[O]"C!l; !lC[l]"O; } 

.ptroo{lO; it (tgetstr("do".ptr)-<l) ( OO[o]"LF; 00(1)"0; ) 
"l'tr"'SO; i1 (tgetstr("so" ,ptr)=cO) if (tgetstr("Bd" .ptr)-<l) SysExi tOuadeqTenCap, "so"); 
"l'tr=SE; i1 (tgetaU("se" ,ptr) ....O) if (tgststr("lIg" ,ptr)~) SysEIit(InadeqTerICap, "se"); 
.plr"'CE; i1 (tgetatr("ee" .ptr)~) SysE.x1t(lnadeqTerIiCap, "ee"); 
"l'tr'"'BL; 11 (tgetetr("bl",ptr)-<l) if (tgetaU("vb".ptrJ...-..Q) {BL[O)"'BEL; BL[1J ..O; } 
.ptrcoSR; if (tgetstr ("sr" ,ptr)"ooO) 11 (tgetstr ("al" .ptr) =-0) SYSEI1t (InadeqTerICap. "sr") ; 
.ptr-aCL; i1 (tgetstr("el" .ptr)~) SysEIit(InadeqT~ap,"el"); 
.ptr"'UP; if (tgetstr("up" .ptr)-=O) Sy&Exit(InadeqTerICap. "up") ; 
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Re[o) "SS; 8C[1]=0: 
.ptr-BC; it (tgettla8("bs")~) it (t8etstr("bc",ptr)"=0) SYIIEIit(InadeqTerllCap,"bs"):
 

PC"PAD:
 
.ptr.. tUlp; if (tgetstr("pc",ptr)!=O) {PC=te'"P[O); }
 
it (iodl(O.TIOCGSIZE,lttYllz)=-l ! I ttysz.ts_line.. <=O \1 ttysz.t8_c"ls<..o) 

{ ttyS:l.:. ts_cols=tgetou.("co") ; 
if (ttYllZ. ts_col&--=-l) 

{SetSysCur80r(): prinU("failed to get .coluans at tty ... lletting default"); 
t t.yn.. t8_cols-lJdaultVinVidth; 

ttysz. tII_1ines=t.getllllll("li"); 
it (ttY8Z. tll_liDe8--t> 

{ SetSYIlCurBorO; priDU("Failed to get lIines 01 tty .. llett1ng default") ; 
t t y8.%. ts_lines=De:faul tVinHeight; 

) 
1t (ttysz ts~<:"ls>"a:r.VinVidtb) (SysE:r.it(Too!'l.anyCols'ITT,ttysz.t"_colB);) 
it (ttys", tll_li.aes>Ma:r.llinHeigbt) { SysE:r.i t (TooPlanyRo"sTTT ,tty"'z. ts_hnell); } 

/ ---------------- 

11 (ttys", tll_cols<=O) { Set
prlo

SysCursorO; 
U{"Fai1ed to get 'colU!llllll in TTY 5ettlllg defaUlt"); 

VinVidth..ttyu. ts_cole; 
it (ttysz. tll_lines<"O) { Se

pr
tSysCurBor(); 
intH"Faibd to get Ilues in TTY eettmg def"ult"); 

VlIlFlelgbt..ttyIlZ. h;_lines; 
lIinHeight--; 
it (lIinileight<!l.inWiILth!ight) 
if (VinVidth<!tinWinVidth) 
SetlJtherVinHei,ghts{) ; 
return; 

) 

{ SysE:lit(lIindo"TooSbort); } 
{ Sy"E.nt(lIindo"Toollarro,,); } 

/. tor prompt line _/ 

-------------------------------------------------------------------- ./ 
SetOtherVinHeigbte () 
{ 

HIl1fVinHeight-(VinHeigbt/2); H;,1:fVinliidth=('iIinllidth/2); 
QtrVinHeight"{lIiDHeight./4); QtrVinVidth=(VinVidth/4): 
PS8eHei ght =Vinfleight-QtrlliDHeight; Pllgell idt.h"lIinVldth-Qtrll inllidtb ; 

} 

/- ~--------------- -.-------._---------------------------------------------------------- -/ 
ReadTex.Jtode() 
{ 

it (ioctl(O,TIOCGETP,tsgttyb)-=O) { o:r.peed=Sgtt.yb.sg_osP'!ed; } 

ell''' {SysEJ1t{Syst.e.E.rror.l."ReadTe~ode"): } 
) 

/- ------~-------------- ~------- ---------- -------------------------------------------- ./ 
void SettcntlFlags(} 
{ 

it ({tcnt1Flllg=:fcnt1 (O,F_GETl'L) )=-1) SysE:z:it (Sy"te.E.rror, I, "Settcnt1Flaa""); 
if (tentl (O,F_SETYL,tDlt.lF1ag I FIiDEUY)=-1) SysE:z:i t (Syst.e.E.rror,l, "Sett=tlF1ag~"); 

) 

/- ------------------------------------------~----------------------------------------/ 
void ReS"'Ucnt.1FlagsO 
{ 

it (fent1(0,F_SE'TFL, tcntlFh.g)--1) SysExit (SyBt...Error, 1. "ReS",tfentlF1aga"); 
} 
/.. ----------------------------------------------------- ~- --------------------------- ./ 
void SetTe..-inalO 
{ 

OItruet sgttyb Sgt t ybT...p; int Sgt tybl'tas.... - (IU.V+CJUllDI>+£Cilll+LC.lSE+CBRF..ll+TUDDI) ;
 
Sgt.tybTeIlp=Sgttyb;
 
SgttybTellP·sg_:f1"'8_«Sgttyb.Bg_:flag" ... SgttybLsk) I (CBRF..ll+CM:DD) • (-UABS));
 
it (iaetl (0, TIOCSETP,tsgttybT...p)"",,-l) Sy"E:J:it (Sy"te.E=or, 1. "SetTer.inal"):
 
Terlli.nel.Sllt..TIlUE ;
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el.", /+ no line nu..ber present ./ 
{ SysE:J:it (S"dCo_andSynt;u) ~ 

.. lee it (strc~(••av,"-")"'..(I)	 /. tileD","e flag recognized ./ 
it (."-5)1) /. another i1Igu..ent to ti'l.te ./ 

(.a.)++: C.ae)--; 
it (Btrlen( ••".»-FlfaaePlu:-2) { SysEl::itCFilen"",eToolong, •• 'lv): 

BtrcPJ(FJaae, •• 'l.); C.a.)-: (.as)--: {.t)++; 

else
 
SysExit (loFilenillleGivim); }
 

"lee 
{ SyeE:ut(UnknovnOptJ.t>n, •• ;u); 

} 
/. ------------- -- ----------------- -- -- ------------------------------------------------ 0/ 
LoadFr..dcapO 
{ 

etruct "tat stbuf; FILE .topenO,.Sy"Ptr; iJ!t;r; lnt nUll; lnt count;
 
chilI t ilellillle [YJIa.-eJl:u:J;] :
 
if «HomeP.tb-get en. ("HOKE") )"'~O) SysE;rit (NoHOKEset) :
 
Iltrcpy(tJ.leD1llIe, "-/fredcap/ifTERIiI"); SysTranslate(tilen1lfi!);
 
if {Not (FileE;ri"t s(tJ.lenillle,lstbut»)) { strcpyCf ilen"",e, Def"ul tFred,P"th);
 

SY6Tr;m"late(filename) :
 

it (Not (FileE;riBt B (f ilenillle ,lstbu.:f») { Sy"E;rit(NoFredcapfile); 
J.t	 «Sy"ptr=lopen Cfiletlaae, "r") )=~NullPtr) { strcpy (FlfiMIe,t ilenillle) ;
 

SYSETit (CannotOpenFredcap);
 
} 

!leyooO; while (Key!=l:bdll"aJ:) { OPArr(Key]=NotI1llple\llented: Xey++; }
 

h'y"'O: ~getc(SysPtr):
 

IIhile (;r!>=EOF) { ley++;
 
while (;r!='" U: ;r!~EOF) {x"'getc(SYIlPtr); J
 
J.t	 (1!-EDF) { ;r=getc(SysPtr); 

it (;r'=sp at ;r!-nl U; ;r!=EOF) 
{ n~..O: 

IIhils	 (IsD:tgitChar(x») { nUll=>(nua.IO)+(x-'O'): 
T=getc(SysPtr) ; 

OPbT[ley]"'Du..; 
} 

} 

/. ---------------- ------------------------- -------------------------------------------- ./ 
SyeE;rit(rep,ptr,a:Jg) int rep; Uit ptr;	 char .asg; 
{ 

it (rep!:.OK) { Abortl'les9age(rep,ptr); 
SetSyaCursorO: prinU("\n"); 
it (TeTIlinalS"t) { ResetTerw.inal 0: } 
Po,;IaageO; 
it (rep--Syst".Error) {puror(aag); pri.nt1C"\n"); nit(stde.rr); } 
el"e { e:rit(rep); } 

} 

/. ---- ~ -----------------------------------------------------------------------------.- ./ 
Interrupt() 
{ 

NoInterrupt"'FlLSE ; 
} 

/. ------------------------------------------------------------ .--------------------- ./ 
CleilIInterrupt () 
{ 

loInterrupt=TRlJE; 
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) ,. ---------------------------~~------------------------------ -------------------------- ./ 
SuspendO 
{ 

PoaIIIlil8"O; DisplarThelJi.ndovO; SetSy:sC!lt"8QrO; pn.ntf("\n"j; 

print! (uta EditinB \ "15\ "" ,EditorlOUle. Flaae); ftlu6b(atdout); 
it (TenainalSet) {R.eBetTernnalO ~ } 
sigeetaasll (0); eignal (SIGTSTP, SI<LDFL); kill (0 ,SlGTSlP) ; 

Bl-g:nal (SIGTSTP, Suspend); Clearlnte:rrupt (); SetTenlinlll 0; CLSAdj ust 0; DieplaJThelJindo'i' 0 ; 
it (EState-Stab_Doc) 

{ Prompt""saage(EditJ.ngFile); Proaptl'JeBBage(ResWled); SetDocCursorO; 
.,l"e 

{ From:ptll'''5age(SholiQuoteFroapt); DisplaylluoteBufter(); 
ffluah("tdout) ; 

) 

/. ------------------------------------------------------------------------------------- ., 
PanicExitO 
( 

char filename[FNaJlIeMan]; 
Btrcpy(filenue,"~'fred. 511'1e"); SysTranslate(filenAlle); 
if (DocChanged) { PaniclJriteToStore(filenue); 
SetSY5Cursor(}; printf("\n"); 
if (TeTIII.inalSet) { ReeetTerminal (); } 
PosIDiage ();
 
prl.ntf("Fatal interrupt received\n");
 
if (DocChanged) {printf("Tried to 511ve as \"'te\"\n",filenallle); }
 
prllltf("\nB); exit(etderr), 

) ,. -------------- ~ -~ --------~ ---- -~-------------------------------------------------- *,-
int PaniclJnt",ToStou(filell_e) che.r .filename; 

int ptrc<l; fILE "fopenO ,.Sysftr; SY.tIPtr=fopen(fl.len_e,"II");
 
if (SYI!Ptr~"'l'lullPtr>
 

{vhJ.le (ptr!=l'IaxHP-RP) {putc(GetArrCont(ptr+1),SysPtr); ptr++; }
 

if (G~t.lrrCont(ptr)!=nl) { putdnl,SysPtr); }
 
fclo5e(SY5Ptd;
 

),- --------------------- -------------~-------------------------------------------------- *, 
SetIn'terrupte () 
( 

5i~aHSIGHIJP ,PanicExit); 
Bigna}(SIGIJIT ,Interrupt);
 
Bl.~<ll(SlGQU1T .Panic£:ri t) ;
 
l5igllal(SrCTSTP, Suepend) ;
 

) ,.. ---,---------------------------------------- ------------------------------------- ~--- -, 
SyBT:r1lll51"tra,(filenaae) char -filename; 
( 

i.nt fileleugthzl!trlen(filenallle); char nelftl...e[FIiAllel'lau]; tnt fpt1""Q; iot nevptP'O;
 
char Yar[FJllillII.eMaxx]; int val;
 
IIhiJe (fptr<fileleIl8th U nevptr<Fl'lallleMa:l:-2)
 

{if (filena...[fptr]='\\') {fptr++; nelftllUlle{nelfptr]"'1ile.Q...e[fptd; 
fptr++; nevptr++; 

) 

elee if (filename[fptr]-'-') {fptr++; 
nevptr=lnsert (Ho.ePath, uellnaae ,nelrptr> ; 

) 

e15e if (filename[fptr] .... '$') {fptr++; 
fptr"StripEnv'iar{v;u:. filen.e,fptr); 
if «valcgetenv(var)) ! ..O) 

{ nevptI""'1nsert(v<ll,nellll~.nevp'tr); 
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el"e	 neun....e [nevptr] "':f llena.e [-fptr) ; 
fptr+-+; neuptr+-+; 

} 

neVb....e [nevptr] =' \0'; strcpy(filen....e .nun....e) ; 
} 

/. ------------------- ~.- ----- -------~---------------~-- ------------------- -- ----------- oj 
Ineert(uord.nevna.e,nevptr) char .vord; char .neVIl<l.lle; 1.D.t neuptr; 
( 

int ilordlength=strlen(lIord); int ptr=O;
 
IIhlle(ptr<lIo:rdlenlSth U neuptr<flamel'l;u-2) { nevname[nellptr)=vot"d[ptr]; ptr++; nevptr++; }
 
returnCnevptrl;
 

} 

/. ------------------------- -------------------------------------_. ----------- -------- -/ 
StripF.ll~Var(var.1ilen....e.1ptr)	 char .var; char .fllen....e; mt fptr; 
( 

int ptr=O; char c=f il"name [1ptr] ;
 
uhile (IISAlphaJl'ua(c)) { ~ar[ptr)=c; fptr .... ; ptr++; c=1ilen....e[1ptr); }
 
var[ptrJ='\O'; returnC1ptr);
 

}

/. --------------- - ----------- --------------------------------------------- ------------ ./ 

/. screen.c ./ 
/* =~======= ./ 

/. ------------- --------------------------- ----------------- ~- --------------------- -- ./ 
DlsplayChar(c) iat c; 
( 

/. it (c~sp) C c='_';} else it (c~.....l) C c='I';}./ 
putchar(c) ; 

} 

/* -------------------- ---------------------------------- -------~-------- ----------~--- ./ 
Scre"nOutput(cntrlstr,linell) relSister char .cntrlstr; int lines; 
{ tputs (cDtrl ..tr, lines ,DisplayChar); } 
/* ~------ -------- ----------- -- --- --~ ------------ ------- --- ---------------- ----- ------- •/ 
CLSAdjust 0 
{ Scre"nOutput (CL, VinHeight+t); VindollLinesBad( 1, lIillH"ight); 

ProllptCur~VinVidth; ProllptDispb.yed=FALSE; } 
/. --------------- - -- --- ---------------------------------------- ----------------------- ./ 
Setl'ermCursor(::r,y) llIt:l:; l-Ilt Yo 
( 

i1 (stn:lI.p(tlSotO( Cpt .:1:-1, y-l) ,"OOPS")-O) { SysE:nt CSystellErrnr.1 •"OOPS"); } 

ScreenOUtput(tlSoto(CM,:I:-l,y-1J, 1); } 

/. ----------- ~- --------------------------------- ------------------------------------- ./ 
SetDocCursorO 
{ SetTe~Cursor(~X-Vin011X,CurY-lIinOffY); } 
/- ---------- - ----------------------------------------- - ------------------------------ ./ 
SetProlipt Cursor ()
 
{ Set Terw.Cur1sor (ProliptCur. lIinHeight+l); }
 
/. ----------------------- - --------------------------- --------------------------------- ./ 
SetlnitQuoteCureor (}
 
{ SetTe~Cursor(Quot ePro1lptLe"8th-+1 ,VinHeight-+l); }
 
/. ---------------- ----------------------------------------------------------- - -------- ./ 
SetQuoteCursor() 
{ Setl'erw.Cureor(QCP+QuotePraaptLenlSthH, VinHeigbt+1): } 

/. ---------------------------------------------- ~ --- ------------------------------ -~--- ./ 
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SetSysCura<lr( ) 
{ 1.f (ScreeuCleared) {SetTenqCursor{1,'ilUlf!eight+1); } prio.U("\n");} 
/ * - - - -- ----------- - ------------------ -- - ------------ ------- -------- .{ 

ScroIIUpAdjust<n) regIster int n; 
( 

register int y~; 

it (n!'=O) {Er;u;eProlllptLl..ne(); ScreenOutput(tgoto(CIt,O,lIinHelght) ,1);
 

~hile (y'''O) { ScreenOutput(DD,lhnHeight+l+y-n); y--; }
 
"bile (y+n<'ilwllelght) { 'ilinLineOK[y+1]=lImLineOK[y+n+1J; y++;
 
Prolll.ptCu:r~1Iin'il idth; Pr omptD i spl a yed=FALSE;
 
ReD:l."playPromptLine (); lIindollLiceB8ad('iliDHe1ght-o.+ 1 ,lIinHught) ;
 

) 

/ * -- - - -- -------------_.. -- -------- -------- -- ------ --- -- - --- ---------- --- -- ---- -- --- ---- */
 
Scroll DotmAdJust(o., line) reg1ster int D; reg:l.ster int liue;
 
{
 

rEgister int '''";
 
if (nl=O) { ScreenOutput(tgoto(CJII,O,line-l) , t);
 

.111le (y\"O) {ScreenOutput(SR,lIinH.llght-hnc+l+y-n); J--; }
 
whlle (y+111\e+o.<..... inHel-gbt)
 

{ 1I1nt meOK [VinHelght-y] "'1Iuu.ineOK [VulJlelgbt-y-n]; y...... }
 
Prolllpteur"lIin II idth; ProlllptD ispl a Jed=fALSE;
 
R.D1splayPromptLine 0; Wind<JvLinesBad nine ,li:n.e+n-1) ;
 

) 

/* ------------------------------------ ----------------------------- --- --------------- */ 
R"D iBplayPr<JllptLine () 
( 

chu BchstnIlg{f'JiIMlePl;u]; chu rplBtring[FB<I.lIIePl;u];
 
if Olot<Chat"AvailableO»
 

{ PzaptCut=lIinW1dth;
 
it (EState....State_Doc)
 

{ if (OPz~trpSearch)
 

{ ProllptPles"age(SearchingUpFor); PromptPlellSage(Found); } 
el,;e if (OP"''''DoIltlSearch) 

{ ProlllptlteB5age(SearchUlgDoIltlFor); Prolllptltesliase(Found);} 
else if (OP.....Replace) 

{	 CopySBuffToString(schstnng); 
SetProlllptltsg(Ecbstring); ProllptJlt@sBage(Replaced): 
CopyRButfT<JString{rpIBtnng) ; 
SetProlllptPlr.g(rplstring); Prollptl'l<!Bl>age (IIith); 

) 

else it (OP=lnput) 
{ ProlllptPleB5age(ReadingFih); ProllptlteBsage(Done); 

elBe 
{ ProllptMesBage{E<:ht ingFlle); 

else 
P""lIIp1Jllessage CSho,;pQuotePrOlJpt); DisplayQuoteBuff erC) : 
SetQu."teCureorO; 

) 

/- ---~-~~-~------ -----~----~---------- - -- - - - -~----------- - - - - ---- - ------~---- ----- -- */ 
lleglu.geO
 
{ ScreeliOutput (SO, 1); }
 

/. ----- ------ --------------~---~---------- ------- -- - - ~ -- _._--- - ----~---------- -- -----~-- */
 
P09lugeO
 
{ screenOutput(SE,l);
 
/. ----------~------------------------------------------ ---~-------- --~~------------- -~ ./ 
CharToEndOtLineC)
 
{ 5creenOutput (cE., 1); }
 

/ * ---------- ----- ~ -------- -------------------- ----~------------- -- --- ------------------ */ 
RingBell0 
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el<tern int Backup; 

el<tern int PrO.ptDlllplayed; 
el<tern ipt Do,Changed; 
el<tern int Pro.ptCur; 
el<tern char Pr".ptltsg [FNamePfa=] ; 

el<tern llhort ospeed; 
e%tern int T<raType; 
el<tern Btruct 5~ttyh Sgttyb; 
el<tern int. !cntlFlag: 
el<tern int iermillalSet; 
el<1;ern i.IJ.t ScreenCleared: 

el<1;ern char pc; 
el<1;ern char (;!'I[c:ntrlsize] ; 
el<1;ern char RC[cntrls:Lze] ; 
el<tern char DDicntrlsize] ; 
Cl<tern char SO [cntrIBize] ; 
el<tern char SE [cntrlBH:e] ; 
el<tern char CE[cntrlBlzc] ; 
el<teru char BL[cntrlsll;e) , 
el<t.eru char Sll[=trls:ize) ; 
el<1;eru char CL[cntr)sizeJ; 
el<t.ern char BC [cntrlllizeJ; 
extern char UP [Cltrlaize] ; 

/- --- --- -~----- ----------- -- ----------------------------- ------------------------------ -, 

,_ Irbd1.lJhrpret. c *, 
,- """~~.."",-="",,===,,, *, 

.include "u,terngloballl.C" 

~:d;::~~;--------------~-------------------------------------------~--------------------*, 
{ 

if (lltrcmp(Tl!raType, "vt220" )....0) { vt220Tptl!rpret 0 ; 
else if (strcurp(TeraType, "sun" )=0) {SunInterpretO,} 

},- ------------------------------------------------------- -----------------------------
vt.220IDterprct{j	 ,~ Jreyboard rnterpret for .. t220 

*,*, 
{ 

char IcGoetlel<tCharO; 
if (l<>"" , AI; x("'-') [ OP"'lnsertChar; DPChar"'x; } 
else ~f (x....llET) { OP"'InllertChar; OPChar=nl, }
 
oelsl! lf (:~""TAII) { OP",TnllertChar; OPChar"'J:; }
 
else if (x-DEL) { OP"LeftDeleteCllar; }
 
else if (l<-ESC) {	 r<etle%tCharO:
 

lf (x_'[') { vt220InterpretCSIO;
 
elBe if (x='O') { vt220InterpretSSJO,
 
else { OP"'lotlllplem.ented; }
 

}
 

ehl { OP"lotapl...ented; }
 
},* ------------------------------- ~ ----------------------------------------------------- -, 
vt2:l0InterpretCSI()	 ,_ 1unctlon and editing bys _, 

xxxv 



{ 

chOU" c: char d; char e; =t i: J-nt j; 
c=GetlBltCharO; d-G",tll'ntGh.,rO; 
if (d='-') ,* editing keyB ./ 

811itch (c)
 

{
 

cao;e '1' brea.k; j .. Find ./ 

case '2' OP=JIIlark; break; ,* Inse:rt liere ./ 
C<lBe '3' breai; /. R".ove _/ 
case '4' breai; / .. 5el",t *' 
case '5' '* Pre' Screenbreak; _, 
case '6' breai; /. Il'ext Screen *, 

I
 
d"l! {
 

e"Getliert.Cb~O ; 
if (e='-') /. functlon keys _/ 

i= (10*(c- '0') )+d-'o';
 
BVltcb(l)
 

caee 17 break; 1* F6 0' 
case HI DP=Cu:r!.>orL'pPag<l; break: /. F7 0' 
caBe 19 Op..JII[ove1'oTop; break; f. F8 0' 
case 20 OP"'HoveToBot; break; '* F9 0' 
case 21 OP"CursorDovnPage; break; /* FlO 0' 
c;u;.. 23 bre1ll::; /* Fll 0' 
CilB" 24 break: /- F12 0' 
Case 25 breai; I- 1'13 0' 
ca..... 26 break; /* Fl4 0' 
case 28 brea}:; 1* Help -/ 
ca.Be 29 break; I_ Do 0' 
caBe 31 DP'-Cut; break; /* f'17 0' 
caBe 32 OP=L:dt; bredk; /* F18 0' 
case 33 OP"Pa.ste; break; I. F19 0' 
case 34 OP=ll'otlmplelllented: break; /* F20 0' 

else OP"Notllllple.ented; 

I 

/- ---------~-------------------------------~----------------------- - --------------
I 

0' 
vt220InterpretSS3 () /- arrov keys and au:J:illary keypad _/ 
{ 

.....itch (Get'ertCharO) 
{ 

ca"e '1' OP"'GursortJpLine; break; /_ up ;urOIl _/ 

<:"ss 'B' OP=C1Ul!orDovnLine; break; /- down UTO'" -/ 
calle 'G' oP=CUTIlorRightGhar; break; /- right atro... -/ 
caBe '0' OP-CUrBorLeftCbar; break; /- left orroll _/ 

caBe 'p' OP=.Leftll.oveL 1.Jle; break; /. PFI _/ 
caBe 'Q' OP"'RightlloveLine; break; 1* PF2 -/ 
caBe 'R' OpzLeftOeleteLinl>; break; /* PF3 _/ 
<:a"e 'S' OP~RightD<>leteLine; break; /* PF4 _/ 

caSe 'p' brea.ll:; /_0_/ 
c",..e 'q' brea.ll:; /_1_/ 
<: ..se 'r' lIrea.ll:; /_2_/ 
case 'e' break; ~3_/ 

CaBe 't' OP~Leftll.oveGb;u"; break; /_4_/ 
case 'u' OP-RightlloveChar; br"ak; /_5_/ 

xxx ...i 



caBe'v' DP:LeftDeleteChar; breai; /_ 6 ./ 

caSe ' .... ' OP:Leftl'love\lord; break; /. 7 _/ 

caSe ':1:' OP:Rigbtl'love\lord; break; /. 8 ./ 

case' y' OP"LettOelete\lord; break; /. 9 ./ 

case '1' OP:RigbtDeleteChar; break; /- ./ 
cillse'm' OP-RightDelete\lord; break; /. -/ 
case'D' breillk; /. ./ 
case'I'I' break; /_ Enter _/ 

}
 

}
 

/  ----------------------------------------------------------------------------------- ./ 
SunIllteryret () /. keyboard read for sun ./ 
{ 

<hM J:=\igtNBUCharO; 
(x>=' , tt :1:<='-') { OP=IDsertGhar; OPChar=I; }" if:x~RET) { OPChar=n1; }else OP=InsertChar;
 

else if (:I:==TAB) { OP=InsertChar; OPChar=:x; }
 
else if (x==DEL) { OP:LettDe1eteCbar; }
 
else if (x=8S) { OP=Leftl'loveChar; }
 
else 1.f {x==ESC) { x=GetNextChar() ;
 

1f (I~='[') SunFuoctl.onIllterpret() ; 

"l>,e OP:NotIllIpleJllented; } 

else	 DP=Not1lllplelllented; 
) 

/* ---------------------- ----------- --	 */--------------------~-~~------------------------

SunFunct ionInterpret () 
{ 

char co.GetNextChar(); char d=GetNertCh.u-(); char e-GetNextChar{); 
char f=G.. INextChar(); Key=O; 

J.t	 (1=='z') { Bllitch((IOO*(c-'O'»)+(lO*(d-'O'))+(e-'O')) { 

case 192 Key=Ll; break; CaBe 23'1 Key..L2; break; c'Ule 203 Key"LJ: break; 
ca.se 235 Key"L'I; break; case 204 Key..L5; break; case 236 hy=L6; break; 
Cillse 205 Key"'L7; break; caBe 237 Key-L8; break; Cillse 206 Key~L9; break; 
case 238 ley"'L10; break; caSe 202 ley:F1; break; Cillae 225 Key=1'2; break; 
cllSe 226 ltey"Y3; break; cIIse 227 Key"F'l.; break: case 228 Key:1'5; break; 
case 229 ley"Y6; breai; cllae 230 Key=F7; break: calle 231 J::ey=1'6: break: 
case 2]2 ley~Y9; breai; caSe 208 Key=Rl; break; Cilllle 209 J::erR2; break; 
case 210 Key"R3; breai; cue 211 Key",R'l.; br"ak; case 212 Key=R5; break; 
case 213 Key=-R6; breai; Ca"'e 2l'l. Key"'R1; break; Cilllle 215 Key=R8; break; 
case 216 KeycR9; break; CIISe 217 Key-RIO; breai; case 216 Key=RtI; break; 
case :.119 ltey"R12; brellk; case 220 Key=RI3; break; cillse 221 Key-Rl'!; break; 
case 212 ley~R15; break; } • 

OP=OP An- [lIY] : 
) 

/. ----------------------- -- --------------------------------- ------------ -/ 

/. utill.tua.c./

/. =c....,.__~_=-=./
 

/. -------------------------------- -----~------ ----------------------------------------- ./ 
chill-r GetJll'extCb.arO	 /. illlbutfered lIl.ngle cbaracter input, _/ 

{ /_ ret= nert key fro. keyboard _/ 
ch.ar c.,EOF; int ptr=O; 
it (KbdptrlcO) { c"KbdAn-[l]; Kbdptr--; 

....hile (ptr! ..Kbdptr) { KbdATr[ptr-+OzKbdArr(ptr-+2]; ptr-++; } 

x...uvii 
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/* consts.c */
 
/* ===",-=",==" */
 

/* --------------------- ~-------- -------------------- ------------------------------- */ 
LOOOO I'defllle "~. 
l'tax:r-1 /* array[O] not u.s ..d' */'define "~ 

.defl..n. 65 

-Mdin. '"= Ql'tax%-1
'"~ 

.ddin. fHa.el'l<l...:r:l 257 

'defl.n' FliaJII"l1.a.l: flllaJII..Ma.xx-l 

'deful l:bdMan: ,0> 
.ddl-lle l:bdJta% l:bdJta.xx-l 
.define tabstop , 
'defin.. l'tax'ilJ.n'ilidth / .. window lengths */'" 'define l'ta.x'ilinHeight 
'ddine l'tin'ilJ..n'ilidth ", 
'define l'tinllinHel-ght 8 

'define Default'ilinWidth 80 

.defin.. DefaultllJ.nHeight 24 

'def ine cntr1:lixe 32 /* for terlllc<lp */ 
'define tc.,ize 102<1 

/* IIpecl.-al characters .. / 

'define '" '\000 ' 
'define lEL '\007 ' 
'define BS '\010 ' 

'define 'AB '\011 ' 
'define Bl:T '\012 ' 
.define LF '\012 ' 

'define CR '\015' 

'define ~C '\033' 

'define DEL '\177 ' 

'define Ilullptr NULL 

'def l.ne lUI. '\000' 

'define 'p 
'define nl '\n' 

'define Lett 1 /* fax ConcDoc1 _/ 

'define Ri¥-t 2 

'define Curlbove 1 /* for ConcDoc6 _/ 

J(lefine CurBelo II 

'define State_Doc 0 /* for ConcDocB -/ 

'define State_Quote 

'define TRIlE 1 /* booleatIB */ 
'define FAL3~ 

.define 0 /* report lu.eeage9 */ 
#define "Syst.-.Error 2 
J(lefine 'oTE~ 3 
'def ine Un.mQvnTex-inal 4 
.define loT'!I1lcapFile 5 
.define InadeqTerw.Cap , 
'define TooMaIlyColsTTY 7 
-Mefi.n.e TooMallJRo.-eTTl 8 

-Mefine WindollTooShort 9 
J(lefine WindolToolaryo. 10 
J(lefine ReadError U 
J(lefine Writef.rTor 12 
'define loReadPeraueion 13 

xxxix 



.defin... CannotOpenFile 
'd",fl.n", BadT~LnalType 

Idefin'" .Dfilom......Gi'un 
'd",f in'" H..dLineli'UIIbE!r 
'define Tooll'UlyFl.len....eB 
.define BadCo_andSyntu 
'd",fine- llollritePer_isBl.on 
Idehne UninovnOphon 
'd",f in'" Full 
'd"f in'" Top 
Idef ine Bot 
'defin", TopLine 
'define LeftEdge 
'define IfQTertltarked 
.def ine PBuUE.pty 
'define TooharTop 
'defin'" OPllotIlIlplellented 
.dehne QuQteError 
'define Toplluote 
'define BQt!luote 
'define FullQuote 
'dehne lllegalEditOp 
'deh...,e lllegalQuoteChar 
.def ine BeURung 
,def Ul(! DocNotChanged 
'det ine ReadqFile 
'define II'ritJ.ll6:File 
'define EditJ.ll4l;File 
'defin", EditingNellFile 
'd",hne Done 
f.define Updating.Backup 
'def ine CannotUpdateBackup 
'de! ine Suspended 
.defUle Sboll!luotePro.pt 
'detin", EdiUborted 
,detine CntrlFound 
'd",fine fnlLTabs 
'd",fine FilelllotExist 
'define Directory 
'd",fine Hi tKeyToRellUlie 
'define BOColUlandGi'i'en 
'define SearchingUpFor 
f.define SearcbingDornFor 
'd",fine FQWld 
'define IfQtFound 
.define SHuUEllpty 
'define Replaced 
'deti"", lIith 
,det ine lot"atcbed 
'define ShovStats 
.define DBuUEapty 
'de:fine loFredcapFile 
'define CannotOpenFredcap 
'define ResWled 
'detine Interrupted 
Idet u,e loHOl!F.Bet 
'defille Filell1meTooLong 

'Jdefine lotI.plellented 
'Jd"'fine /'lo'i'eToTop 
'define l'lo'i'eToBot 
'Jdefine Letdl.o'i'eCha.r 
'defille Rigbt"onCbar 
f.define Leftll:o'i'ellord 
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/_ editor co_ands _/ 

xl 



'define 
.define 
#define 
'define 
'define 
.define 
'define 
'define 
.def1.ne 
.define 
#define 
#define 
'define 
'ddine 
'ddine 
'define 
'defl..ne 
'defllle 
'define 
~l:defll1e 

'defllle 
'define 
'define 
'define 
#def ine 
#define 

'd"tin" 
'define 

'd"fine 
'define 
'define 
'd"fine 
'define 
'define 
'def ine 

'define 
'define 
'define 
'd"fine 
'define 

Id"fin" 
'defin" 

'define 
'define 
'define 
'define 
'define 
'define 

'd"fin" 
#define 

'define 
#define 
'define 
'define 

'd"fine 
#define 
'def ine 

'defin" 
'define 
#define 
'define 
'define 

Ih.ghtPloveliord 
l..eftPloveLine 
flight"oveLine 
LeftDeleteChar 
!LightDdeteChar 
LeftDeleteliord 
UghtDdeteliord 
LdtDdeteLine 
hghtDdeteLl.De 
~ursorLO!ftChar 

Cun30rRightChar 
CursorUpLi..ne 
CursorDovnLine 
CursorUppaSe 
CursorDovnP"Se 
UpSearch 
~ovnSear(.b 

Replace 
lark 
Co< 

Lift 
Paste 
Quote 
Centrellindov 
RefrellhDisplay 
sh""OocStats 
A~ort 

Sa"e 
Write 
Append 
Out 
IDpllt 
N."eLineliumherOrError 
E,cape 
InsertChar 

Ltttlnsert 
RlghtInsert 
L,ftDdete 
RlghtOelete 
LotUlove 
RlghtPlove 
I,"o"e 

LI
 
L1
 
L1
 
1<
 
LS 

LI
 
LI
 
L8
 

L1
 

LlI
 

Fl 
F2 
F3 
F4 

" "F7 
FB 
F9 
Rl 
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37
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49
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1 /_ for OPTyp" _/
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'ddine R2 21 
'del ine R3 22 

'de1ll1e R4 23 

lde1Ln" R5 
.de1 ine R5 "25 

ade1 me R7 26 

'de1ine R8 
Ide1ine R3 " 
.dellDe "29.".define an 30 

'de1ine R12 2l 

'de1ine R13 32 
lde1ine R14 33 

.dehne ",5 J4 

.define Deh.ll1tTermPath ' /etc/termcap" 

'de1lne Dei aul tFredPath - /$TERI'I" 

.deflne EditorNaJlle "fred 0 0" 

.de1lne Q\lotePrompt "QUOTE 

'detine QuotePromptLI!Dgth 8 

'dehne usage "usage, fred [-b] [-1 nUlllberJ [-] tllenllJle" 
/. - -------------- ------~----- -- ----- --- ------- --- -- ----------------- -------------- ---- ./ 

/. lIes8ages.c _/
 
/. ,.~~""======,== ./
 

/. ---------------- -------------------------------- - ------------------- --------------- ./ 
AbortPleBsage(rep.ptr) int rep; int ptr; 
{ 

611itch(rep) 
{ 

ca"e UnknomTer-inal printH "\oUnknom tl!rJlinal type \ ""t;s\"", TI!rIIIType); l:>reak; 
caBe NoTerllcapfile print1("\nCan't flnd terJlcap file"); break; 
caEe If"HOl'lEse"t pr1ot1("\nEnvlronn:ent variable HOPlE not found"); break; 
caBe InadeqTermCap prinU ("\nInadequate te~lnal capabilineB - 't3". TenType) ; 

printt(" / l"" .ptr); break; 
Case TooPlanyColsTTY prmU("\nToo many colUlllnB 10 TTY colUILDBeXd",ptr); 

printt(" .ax col~"Xd",Il='ilrn'ilidth); break; 
case Tool'fanyRcnrsTTY printi ("\nToo many rOVB In TTY rows=td" ,ptr); 

print1C".u rO'is='1d",l'fu'ilrnIfe1ght); break; 
calle liindovTooShort pn_uU C"\nliindov too s.all lines='td" ,\linHe1gbt) ; 

prinU (" lIin 1 ineB='td". Plin'illnHeigbt): break; 
case 'ilindollTooRarroll pr intH"\n'ilindo'i too Bmall cols...'td", 'illJl'ilidtb); 

prllItl (" .in coI,,"'td" .Pl='ilin'ilidtb): break; 
case Full printt("\n\"Xa\" too big for edltor".TIllaJlle); 

printi ("\ots capacity: "l:d" ,Editorlla.e ."'u); break; 
case Full_Tab.. priot1(" too big tor editor \(tab". e:r:pand<!d\)"); 

PodllageO; printf ("\o\o'ts capacny: 'td" ,EditorlfaJlle ,"'all; 
break; 

calle Directory printt("\n\"'1&\" is a directory".FJaJlle); break; 
case NoResdPermissioo printt("\nRead perJIiSJlioo denied 10r \""l:s\"",Flfame); break; 
caBe CannotOpenl'lle prl.ntt("\nCannot "pen \"'ts\"",FJuel; break; 
caBe BadTe~inalType prinU ("\nfred; not avallOOle for "); 

printf("to!~inal type \"'tB\''''.F1fil.lle); break:
 
case FilenaaeToo[.ong priDU ("\nFilenaAe \'''t8\'' too long" ,ptr): break;
 

xlii 



ca". lfoFileD.a.lleGiveIl printf ("\nfre<!' 00 f ihna.lle glven "); printf (us~e); break; 
ca". BadLinellUllber printf("\n!re<!: bad line n\llllber \"18\". ",ptr); 

pn.ntt(u.r;.ag.); br"ak; 
case Too"anyFilen....es prl-ntf("\nfr"d, too .any 1il"0......s "); printf(u"age); 

breilli , 
CMe BadColllllandSyntax printf ("\nfred: bad lIyntax "); pr:lDtf(usage); breilli; 

case JloliritePerlllsslon printH"\nVrlte penitlsion denied for file \"1"\' ".FJla.lle); 
break; 

CaSe UnbolmDption prl-ntf("\nfre<!; UnknO'nl optl.on ls ",ptr); 
prl.ntt (usage); brui; 

case IfcFred<:capFile printf("\oCan't find fredcap till'''}, break; 

case CannotOpenFredcap printf("\oCan't open fredcap file \"ls\"",FNa.lle), break; 

} 

/. ---------- ------------- ------------------------------ --- -- -. -- - -- --- ----------------- oj 

Prompt"",sage (rep) int rep, 
{ 

1I1egIma8'O, lIiJl.tch(rep) 
{ 

case Top
 
Prompt(I,"H tcp of doc\llllent"), ""gEnd(); break;
 

case Bot
 
Prompt(1."At bottcm of dO<:UIl"nt"), 1'l1lgEod(); break;
 

Calle full
 
Prompt 0 ,"EdItor capacity ru.<:hed"); "sgEnd(): break,
 

catle Full_Tabs
 
Prompt(O,"Editor capacity ex<:"eded "xpandlng tabs"); "-"gEnd(); break;
 

case TopLine
 
Prollpt(l,"At top line of docUlllent"); ""gEud(}; break;
 

cass L.ttE~e
 

Prollpt (1," At lef t edge of docUlllent "), ""gEnd(); break,
 
Calle loText"arked
 

ProllptO, "No Text l'Iark"d"), "sgEnd{); br"al<,
 
caee ~B\lUE.pty
 

PrOllpt(1,"Paste buffer empty"); "sgEndO; br".. k;
 
caee ToolII'l3arTop
 

ProlDpt 0, "Too near top of doc\llllent"), MsgEod(); break;
 
case !locllotChanged
 

Prompt (1 ,"\ ""); Prompt (0 ,FlIye), Prolllpt (0, "\" ") ,
 
Prollpt(O," JIIoL <;hanged JIIot written"}, "sgEnd(); breall::
 

case QuoteError
 
Prollpt(1,"QUOTE; abort a i q B W !cmd n\llllber"), RlngBell():
 
"sgEnd(}; break;
 

case RudErTcr
 
Prcllpt(O,"Read <lTTOr"); !!"gEnd(); breall:;
 

case Wli teErrar
 
Prampt (0, "Write error"); !!"gEnd(), br"ak;
 

CaBe lIaCalllllalldGiven
 
FrolDptU,"1I10 cOlllland given"); M!lgEndO; breall:;
 

case OPlotIliple/iented
 
Pro.ptC1,"lIat llllplemented"); RingEdl0: !!lIgEndO, break;
 

CaBe SBuffEllpty
 
Prollpt(1, "Search buffer empty"); ""gEnd(); br"ak,
 

calle R.eadingFile 
Prollpt (1, "R.eading H); Pro-pt (0. '\" "J: Prompt (0, Prampdlsg), Prompt (0, "\" ") ; 
Pra_pt(O." "); break: 

case WrltiJlgFile
 
if (Bacmp) {Pro.pt(O,"l/riting "l;
 
eIs.. { Pro.pt (1, "Wri ting "); }
 
Prompt(O,"\""); Pro.pt(O,Pro.ptMsg), Pro.pt(O,"\"'); Pro-pt(O," •. ");
 
breu;
 

case EdltingFilo
 
Proapt(l,[(htorlfalle), PrOllpt(O," Editing "); Pro.pt(O,"\"");
 
Prc.pt (0, flIa.lle); Pro.pt (0. "\ "") ;
 



if (DocCb~ed) {Pra.pt(O," *"); };
 

Pro.ptDisplayed=TRUE, Poel.ageO; breaJi:;
 
case EditingJilevFile' 

Prompt (l,Editor'~e); Prolllpt(O," Editing "); Pro-pt(O, "\""); 
PrOID.pt(O,FVame); Pro.pt(O,"\""); Pro.pt(O." (nev file)"), 
ProlllptDisplayed=TRUE; Poar_age(); break; 

case Done 
Prolllpt(O,"Done"}; JIIsgEndO; break; 

case tfpdat ingBackup , 
Pro.lll.pt(l,"lTpdatiI18 "); PrOllpt(O, '\""); Prollpt(O,ProllptJIIsg); Pro.pt(O,"\""); 
Proapt(O," "); break; 

ca.,e CannotUpdateBackup 
Pro.pt(l,"C;;m't update "); Prollpt(O,"\""); Prollpt(O,Pr"lIptJIIsg); 
Prompt(O,"\""); Prollpt(O," "); RingBellO; break; 

case lfoReadPer1IIisslon 
Prompt(l, "Read perllisslon de.nied tor "); Prollpt(O,"\" '): 
Prollpt(O,PromptJIIsg); Prompt(O,"\""): JIIsgEndO; break; 

case Directory' 
Prompt (1, "\""); Prompt (0 ,PramptJIIsg); Prompt (0, "\""); 
Prolllpt(O," IS a directory"); JIIsgEnd(): brsak; 

Cilse FileSatExist 
Prompt (1, "\""); Prollpt (0 ,ProlllptJIIsg); Pro-pt (0, "\" ") ; 
Prollpt(O," does not !!;list"); !l5gE.ndO; br""k; 

case CannotOpenFile: 
Pro.pc 0, "Can't open "); Prollpt ro, '\" "); Prollpt (0, PTomptJIIsg) ; 
Prompt(O,"\""); JIIsgEndO; bre,,):; 

case 5hovQuo"tePro_pt 
Prompt(l,QuoteProllpt); break; 

':<.se Edl"t,lborted' 
Pro.lll.pt(1,"Edit aborted \''''); Prompt(O,FName); 
Prolllpt(O,"\" lot IIritten"); bra;».; 

CaBe CntrlFoWid 
Prolllpt (0," (Control chllTs discarded) "); Ringllell 0; JIIsgEndO; break; 

case HitleyToResUlle 
PosImage(); printf("\nHit <Return> to resUlle editing \"%s\" .. 

caae 5earcbingUpFor 
Prolllpt(1,"5earching (up) for \""); Prallpt(O,Prollpt!'lsg); 

ProlllpteO,"\" "); bred, 
case SearchingDolrllFor 

Prompt (1, "Searching (down) for \" '), PrODpt(O ,Pro-pt!lsg), 
Prompt(O,"\" "): break; 

case 1l0tFOUlld: 
Prolllpt (0, "lot found"); !'lsgEnd(); break; 

case Found 
Pro.ll.pt(O,"Found"); !'lsgEndO; break; 

case Replaced , 

",Fli'aae); break: 

Pro.pt(:l,"Replaced \""); Prollpt(O,PTo-ptl'tsg); Prollpt(O,"\' "); break; 
CIII,!! With 

Prompt(O," 'illth \""); PrOlllpt(O,Prallptl'tsg): ProllpteO,"\""); JllsgEnd(); break: 
case lfotJllatched: 

ProlllptO,"lIot lIatched .ith \""); Prollpt(O,ProllptJIIsg); Prollpt(O,"\""); 
JIIagEnd 0; break; 

c",se SboliStata: 
Pro.pt 0, "Chars: "): GetAsString(!'la:a:+LP-RP): Pro.pt(O ,PrOllptJIIsg); 
PrompteO," \("): GetbString{CP+l); Prollpt(O,ProlllptJIIsg); Prollpt(O,"\)"); 
Proapt(O," Lines: "); Get,ls5tring(DodL+1l; Prollpt(O,Pro-ptl'tsg); PrOlpt(O," \("); 
GlltAaStrillg(CurY); Pro-pt(O ,PrOllpt""g); PrOllpt(O, '\) "); IlsgEndO; break; 

case DBuUEllpty 
ProlllptCl,"Del ..te buffer ellpty"); I'tBgEnd(): br,,;».; 

caee lnterrup'ted: 
PrOllpt(O," \(lntO!TTUpted\)"); RingBell(); JII"gEnd(); break: 

ca"p' Rer;llDed, 
Pro.pt(O," \(ReeUllfld\)"); JllsgEnd(); bro...k; 

xliv 



fflush(itdout) ; 
} 

/ - ----~- --------~-------~ ------------------------------------------------ -------~------ ./ 
Prompt(curposn,lI.sg) int "urposn; char II.sgO; 
{ 

rnt pr"'ProlllptCur~PromptCur: J.nt ptr=O; rnt count; 
it (crrposn=t) { Pro.ptCur=l; } 
S",tProIptCursorO;
 
...hJ.le (fTo.ptCur<\linWidth U: Jillsg [pt.-] '= '\0') { prin~f("tc" ,lISg[ptr]); ptr++; PromptCur++; }
 
count=Pro.ptCur;
 
llhil" (count<prevProliptCur) {prinU("~c",sp); count++: }
 

SetProIptCursorO;
 
} 

/ ----------~------- -- --------------------- ------ - --- - -------------------------------- ./ 
HsgEndO 
( 

/_ fflu5~(std"ut); ./ Pr".ptDispl"yed=fALSE; Po81.ag.,(j; 
} 

/* -----~---------------------------- - -- --- --- ---------------------~------------~--{ 
SetProJillpUag(strl.JTg) char _string; 
{ 

strcpy (hollptPlsg, 5 trJ.ngl ; 
} 

/* -----_._------------------ --- --- --------- --------------------- -----------------/ 
int G"tAsString(num) int nUl"; 

char strmg[FNam"Hau:]; CnvHumToStr ing(num, str illg); SetPromptKBg (Btring) ; 
} 

/. ----------~--------------- ------------------ --- - ------------------------------------ ./ 

xl, 


