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1. Introduction 

In recent years . the correttneii· Of coi1tpbter ~·i\tas' ~· a topic bf gr~ing 

interest. One apProath taken ·t<J enhancmt'c.t~'bwm ,'ts ihi' "farmutatton :dr design' .and 

programming ~tes. 'IOs'hoped tft'lt'tib~~·tie lchtevtld by ustttg appropriate 

structure ~nd dl~tnthe progra~ prob!U.4!:1'W~Or:.i&strad' tl4la.t7f1'st ls:ohe or 

the techniques being developed .. Abstract ;dCti''ijpls .,..,; ~litiftg · fOr 'sunplifytng · pi:oof s 

of program conecttwsi.· and'·$eem tO be ~ffor p.tfli\ef tie Jn progrl.~tng and. In 

cornmunlcattng among themselves abtJUt. prbgrami :,,, . 
.. ,.;, 

I.I. Motivation 

. ; 

T~ date only two progr.amrnlng langu.a'es !'•v~.·~ ·~~~' that,.pr~~ic!~ and 

enforce the a~trac~ da~ type' diS(lPI!~ --~~ly kl ~.;. .. ;~.J~e::,£LU. C~~k,Pr77Jh and 

extensions to Sim.._ta .CDah~l. !t~~J.;;~; :;.~~ .~~~m~tre ~c:ting,. g~~age 
collection. The main difficulty wit~ gafbage collectiCJn Is the· •embarrassing pause· which 

occt,1rs whene_ver t.h·e garbage. collector is •nvolr.ed. ·Such a pause ls tntole_., tn 1reaf..time 

systems such as operating systems, process control progra,ms, etc. One way to eliminate the 

pause is to me 9arat1tVts•'51' <»a'. · aric:h'riiitaf'· tia\im. 'tfeUbch'6: '·iarttt771 garbage 

collection tee1mtques. These methods ha.Yit1ti. 'i"tea''br'~ the 'pause e>Uf ·~'nir'i.rmly 
OV6 the ribr!'"*' ptotesstng time. .UnfortUnatety, ~ ".4Wt p:r~ge c~llectlon pr~ably 
requil'es spectat hardware, and·:; ii thmrcri · twf}iuittl>re 'tbi-1i~~..,lbttorls: .!:s~iany those 

ttlymg. ori ex'bfittg ~ ... ·. ·1~c~itai ...,., ecitJe~tcNf~rs. ' 1be' lm>re. p~Omtsing. 

but both parallel and incremental techniques for ObjeCts of different sizes <we say vartalil• stz• 

objects> copy from one object space to another. Each space ta·one half of the total free memory; 
. - . . 

thus the maximum amottnt of memory usable with the parallel or incremental •hntqueJ is half 

of the actual memory provldfd. This seYetely .......,.,.,...ipp1ttatto11s· poulble ·on most 
'' •• ; .. - ': < ' d·-,' ··. ./-::', ·':.~.! i"'~~ ·.~-.:;,7 _;:~ ~:fli~ ;~~-l .... ~ if~ . ' 

machines, parrlcularfy rrilnl-.··a1'!4 "*~ ... ~h~ ~ •' ~ess .spaces to lM:gln 
(• 

I. We assume the reader is famlltar with a~ data types.. For those lest.,.,.u -.aecl- en the 
retent literature the following papers may be ltelpfu1: CLtslr.ov'1. Wulf76a. Liskov75, G~tag'JSJ. 
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with. Another d,...._ to garbage col:•:t*""K that the· •1m1r7 -• ... •·•~em might be 
.-~·~ .· - ' ,,,,·; ,,,. 

a p.-tme candidatecfar UIAag ablb'act·:rlata lJlllL Cl111tr ... : .• et1p c:1111-. u part of the 

~1 manag~~ ,,.._ Jf the . lltllff\IC ..,..,-!lllJ u\ w _,,._.~ · data types 

req~ires gar~ge cltlte~ then.-~ ...... e111n11·-•;•.,...~,_: ..-.,.:~or.1 

. ~e mtght hope· Jttal "~~1-,.:.caf~-'i'f••i~._-~.,. .. GGlectton 

-~~ be u5ed to wr._ titJe.-.r•P......,· ·.1....,,-.._.,,_.,,.,. .i1.-. 'f~ or 

~i~ula: thex.~.~Ofl.~-~--dJ~ · 
' ' • '+ -. 

We feel ttt,at·.~-"l~ ... -. • .-.prlaw;~•Tn• •- n••~·p~ralle1 

garbage coUection mto CGlftf)Uter hmlware#., Al .-,_~ff:r.•~·--..,_ •ctrop.-<Mtd the 

colt of of softwarepredeminatel. tt'maJpaf·18 d111llble·tllen1u1NJ . ......,.SIO't.·veparallel or 

in~r~tal garbap collection, and t.IMll . ..._ anlllrtl1"d.p11tact.pa•*'."'f·:pmlramming­

laAguages ·that eate toftwar.e·dnelapm:•, :1-...ftlf, a·-:t11•n•..-l far·~ whl!re 

.cdife·addfd bardwar:e·colt canNthe~ ...... ~,~-~I ; 1-;_fedanother 
. . . ' . ,, ·,,. . . . ; . .; . :..·. : ... d .. 

soiutton i$ Jn order. 1n tft!s ffteNi .. w.e :.~ a MW --e•~ ' ... f 1 fC. ~· ~ting 
~ .. \, ·; , . ;~JiiJ ~;',·. ;·:.~·-; J.~'.:"".:{~· >, - 'i.H'.i::~.:~ · ·· 

.ablltact data typn tn.a R'llftlter thiat._~,. .... ; ..... 811dlll. 

·· i ,J.2. The 6-1. 

We t4ave d.....- •·tt"1' la~.-...,a .... .-.~tb# - ~n with ~ a 

_,~.un-ti~ stack. ThiJ.1ta4_t~.limUar.to~·-J11~,..1t-~~..W..N·AJiol, 

. " P~scal. and PL/1.2 RatMr . .t~~: ~~.-.·~.-------~~1'11ff-"-.d ~LU 
as a basis and hav.e,.~~ •--~"~'ff•lfllbPl .• : ... ;gu,..iblt· ·To 

undttstattd wh~ we·ha~dottelJ~- .._ ... .-....,.:tf .. ,...,,l\t.:!C. ; • ..,,.,...,.,J\Y in 

~LU. . 

.. 
1. Without special .tncks, that Is .. We feef.,that trieu.·ef ;thts ..i .. ~ -.·Pok;led. and an 
~nt5otuttenfGunll'fhM1ifes•"in..-;~tf''t·~-~~; '·· .. ; ' 
2. For .some applk:aUont .static • ....._ mtpt tte • .,......, w did :Mt tnwaugate that 

approach. Mowewar, aee the ...--. fer furtlllr ·1.liii;..- it .~. iut. '."t'f-.r .r~r more 
cromnwftts about It. : · ·· · · · '' · · . · ·· ·· · · ·-. 
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1.3. CLU and Garbage Collection · 

The cotn~idence of several parts of the semantics of CLU makes garbage collection a 

necessity. The baste unit of information in CLU Is an ob)ld; Every object has a type. and may 

be manipulated only by ·the operations of tts type: thts Is the key to abstract data types. 

Conceptually. objects exist °"~ly,olJftC~anfl,ClftC».,..teclare ne'Yer destroyed. A 

variable is simply a. ref,,._ to ~· objl.lct. dial Is.~•,.,.._ for tt.; ··It ,js important to ·realize that 

var~bles do .not ~in d,).:Ji*,· but<,...t.otUed,:;:Mf,...._,..,.._.ed by pointers or 

capabilities.. Tw0; .. var .... may mer- to· U.. ,~ ilbject ~>we ,,say ·they sAan that object. 
. . 

Objects may .. refer,,to other object$. JQ•GOjectl·aa be J..,_ bt obje(t'S u well as by variables. 

This is useful in:~uilding·b..,chkat •. grapa..~WMlU.,.-iltnKttl-. :fvrthel;more. cyclic data 

unwed storag~. ··~~· .v,;aratJi. .. 41~~:·--~·fil8'•\li111·1•.-.·~·ts·needed 

to prevent.friag~ ~, .. .,.. '· ,. ,, ·: 

.lfl ~u. 1.f!itPflM!At. ~P...-•PIM._#td ~)...,.._.,. reaub ·are au acc:ompti&hed 

b,y tian'fflitUog ~jectJtf~~._.,.,._,,~ F•~ ill · 

x :• y; ,· ·"1 

the variable xis made to refer to the same object as that referred to by,: The object referred 

to by 'J is not affected in any way .. In the c:ate of argumerat puling a almtlar thing happens. 

The called rouUne is g'v~, r.e(~rences to the arg~,,~~, to, it , !hts is .not the same 

as call by reference: the called routine does not have aa:eu &o the variables of its caller. 
• ' o , .• ·.! --.; ,; -;~ '~ l) ' , .. .: :· r· .. , ' . ·.,. 

However, the objects passed are shared .betwan the caller ancl tl,M! called procedure .. Therefore 
r -;.;. _'. _.~ ~-~·;' (.' .'. ,·yf~'f •·"'","'"-J'~ •. ~'.:f'""<,7•; .,. ... • ' 

any modifications to the objects will be vistble to the caller. 

·Any procedure c~n· create new ob~ at ;l~I. and t"'5e ,objects are stored in rhe heap.1 
• "' _,,.,,. __ ··::- ,< ' 

References to objects can be stored tn other objects and alto returned to the caller directly. We 

will call the object semantics of CLU the objld"f't#nl«l ~A. 
. -· - - .... ; . ~ ' \ . . -

In sum, CLU objects must. be a11oc:ated .~ a .heap ~use Ca> they can be of 

unpredictable size, Cb> their size ca.n grqw o•er ·time without bcMmd• and (c) thelr ltf eume is 
. . , ' . , l \ - ~ 

1. A heap is a global, garbage collected storage area, like that of Algol 68 CWijngaard.en771 
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indefinite. Garbace: ~is tequiAld"bmau•·cyclic. muctura can: be-·tMIUt. Compacting 
"~~t.. .! ~. :~~ ·-~· ;,; .·,./.O i· • ·.: ,:; ~ ~ - _. ,; ;. :· 

g~rbage · collection, rnult. be used· to prevent frap 11 sr II• vi· n •• DWJF beraull· variabte sli.e, 

objects. ar~ used. ,. (~ 

•~•· Our Approach 

CUYs m.j9t:~ieili·t1·t!M~"iti·~Mlflt.-not~lt\ei~ttented 

vtew .... It appea:rs·111at:t .. _.~.,.W.~•'.tW~ arr&~l\Mar:for1 pFtiage 

cOtlfttton;· as··011111.aw...,,>i:.....,.·~dlf1: .. ~-<f'illlfllib'"Wlt....,. the 

~~rienb!d vtew." As wtll-be41llkll•ut--..a·~~~;andd~·arrtve 

a~·i•'a,1yncKmt14f:~t11e,u.-...;.,..-.,~t~'b'ajllltlt SliM"ing of 

objem Js··ettMtfta..a, .->ttte'4..._1'*"etlJ• al.-~&Jtltliilll~-- bf··'.stdrtng 

•JlcU' in; ~Q!f.._4llllfllllli41•il ••••18'r.tllll'r Jf'Tli•lir..,_~.ili:._;W.W...ttates· 
··~~y·.be<•:mawtpa--~;:o.f,p1.,•••••··•W1iHllil•llllli.r ... 'ltct1111iilill·~~·tfd.-.,.· .. as 

possible. We all our: ,.......,....,"A:~Pn11•1,M• I• i!C.1Mt1uli.-'iiiW'"'*·to::1t·as: .. 

~ w.e·~t.a-..-. •' r ...... ,.,.,..,,.,.iJmH1•·wz 'Jllf'*IU~W 1,.._ U.·bltt .. haff·· 

concnu:amt .. on·t11111t0•·• t1•"'·Ta.-1)11U-..-..1 11111•,,.....ltdblJ.?IMtii:jWfli~f&ulct be 

*'!'proved· fer ·a pr'llducta..•1••1t;ib•ua..,.-... ilt.s llAllnflpJ n~lna''.' · c 

. . . 
' -~ ;\ '• •' ·,,,,:~ ;:~~:' ,.l ',·· .•• • ... ~·~;, •• f.t.-t·~·~·~··~·~.~· ... · ·~- ~ .... ,"- ~-3~'. ,'J.; r.~~~ . .:.f:1' ~.,:,_~~N_ .. ;,,,.,,.,.,,~,~ ·:;,~,i. ; 

The goals of the Alp"1rd ......... ~'Cletp grollpl~app.r. to be very stmHar 
· • , _:·:·r.·::-~-<-t>·- '··" -· . ~-~ ~ .. s, ... ~rl ..,":~ .. f~_~:}I~,~ .. :_. -_-,p~-i~'itl'i: L~~a.;:J·,:.)4jJ .. J;::"~-- J::>~. ·',,·-! ,;~_: _ _. .. 

:::~:~~7li~~~J""~and~l;;;:!:.a~;~l:.: 
' ' ;,, ~-' :J; '"" ",ki •. '. ( e;.~· ,atl-l z~~l·;c ;).;{~£;)).fl,\;,;,,; ... , ~''· ;: " 

there will be siptftcant dttfenmces Niia•, of out'••- ·tit 1f ll'IOIW ·object--oriented 
; · .. ·'t __ ·-~ "f, -·.""'"}:•tS(J. :~·~·=r~1 _._;1~·;..,,. .. };~.~ ., ·r~:~'.'.::..: '..!:_~-:n )~! .. :<:.ir..:..: -~-~, .'.:. :_~-~L3~A.r!··1 :~/\ 

approach. Furthermo..-, Alphan:I ..,. to· caiCllltaate ,.... ..•. ~ <see tWulf.16a, 
.. .· -:· "·"· ,,. ~ <-~" i ·:·7·n::!~-~ --: :· -~· ~-~'..'·\ .. ) .. .; '1'.;.Jti"~~ ni t~':Y,\!-.l.:.i. ~~-~ ~*r·· t.lJt>; 1-: .... -,;} .. ;,~ · .. ,-;; 
Widf'6b, Wult76cl>. . . . . 

. • ::~:.: .... ;~,-~ ':.,. ,,\.i>~.~-.-.:~-.• ~ .•.•. ,-.\,:~! :; .. \~;i, .: .. ;,\..~~-,; tti.~·~l·~t~i/14..' .. ·1::"t~:). :~ 
The language Euclkl CLampson77J Is ·allO saMu!hat ~ to our:, work. We are 

. , . ·: ·'"'' ... :"'9. ,,,·;p':." ,, ,,;:.;s""' ii.,, :~('. .. J~µsr~.,,4))'~'~"' ·uJ:J , ... , .... ,. · . . 
especia"y indebted to EucNd for ti., CGllCllpll of .. •llrll f*rat.lan· and cellectlons. Like 

Alphard~ E~ctid is'~1Pc:G;Kt~..-~rti~~rt..;_~i~·! :: .. :t~:~df:~8'' d~~;. to 
~ ·, . 

provide abstract da~ types, although they can be mlllll•••E•lll• •:•t..Untertt---&lclid 
.., · -:. .. ,".·"'>r/l-· i ~~)~· ,; .~t f_, · /·. ~ 
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places more emphasis on provability than we do. and on ~ fmpti!l'rientaUori features. 

Euc.lid is a more complete language than ASBAt.. b~t our· intentl.on w.•• not to design a 
• , ' t • ., 

complete ready-to-use.language. 
. . 

The language Simula ts also somewhat re~.ted to t\SB"-L· s~m,ula ~Id be described 

as CLU's ancestor, and CLU is A~BAL's an,~. so the·':~~ionsht,p, is ~~ of progressive 

development. No specific feature was consdous1J taken directly from Simula in the design of 
. ':._ . ;I\ ; ' . 

AS BAL, but much was taken from CLU. 

The language most c~sely related to ASBAL ls of course CLU. since lt was the 

~tarting point of our design. 

1.6. Outline 

This introductory chapter is followed bJ five chapters. Chapter 2 .introduces· the basic 
. . . . ;. . , ··•: f~~-~ ~ ~--~~ $ .. · :~n;_;. ~ ., . , . '·'" ._ .. 

semantics of AS BAL; laying the phllosophtcal and semantic foundations for the rest of the 
' .;~ . ~:"'~':;:· -:-:,• ~-~:~::': ·-~·.;··~~:->).;'..,. ·/.,::, •• .. ~-;.~··.-.. l; 

design. The third chapter extends the bask features with tWo mechanisms taken from CLU: 
• '-. < •i.'< ." I'. ~ ~:' ,1{".--\~t~'· ... ·, ', ~~:~ .,,-; ',"..' .. ) ~,_. ~~· ~,·.~< 

iterators and exception handling. Chapter <f furt~ extend,• ASBAL by addln,g parameters to 
> • 

abstractions. The parameter mechantlm of CLU is copi~. but a significant new feature is 
< '··- -;.~'."~ :-: ," ~ • ••• - '.. ; ·' ;. ~·-;.r~~!· ·- ~ ~·~~t~~· _, 1 ·": •· : «?° ,\ · ~ 

added - size parameters. The f~fth chapter investigates a topic foreign to CLU:. dynamic 
•• • \". • • ••• 1 __ •• ;~.:: ij",·t_·~r::, ·:~·;;;,"~·{'.:'r~.-.. ·· ··:I 

allocation of objects without requiring garbage colfectlon. In Chapter 6 we summarize our 
• . . ··.f :.• ' . ~ :i 1 ·' :, ' ' - - ·:- i " --~ ' 1~ -·' - :~. ' - . '" \ 

research, draw conclusions, .and make suggestions on how Our work can be extended. 

mentioning other approaches. to our prci,1em ~~vi~g_,~v~tPtion. 
" .. -;_, - +:r~~: ,, ': , . .,· ~; . ·:•-... ""i'~ :·: .--:. 

There are two appendices, which more ~letely define our· AS BAL. The first 
• : '-- ; ' -~ '. i . :.,: - __ .... ,.,f: -~·- -~·.:-::·);i'•.'"'i-' ~-- ~.. : ; ' 

appendix gives a context-free grammar with exp1ana~s of the various productions. The 
. ,. 1 1 ~ .... ~ • : 4', •. '. c • • . ', 

second appendix outlines the basic data types and their operations. 
' . . ', :,~ '. ':'""' .; - '\ ; ' 
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. This . chapter presents many fund&menlaf tcleu .of AsBAL. W~ begin with a 
' . • - : ' ~· l : ' • -.. ~ ; ' ·~ • ~11 =j 1 ~ ' 

discussion of the,.pbtao.aphy behn.I objlctl ·...i varta.,_ -~~ ~ages, point ;out 
· ;'.; - ~- ·t'.~ ·:·~;.,.'. · • '.° .. -. ~ · , ,-.·_,f> .:: 0-t.2·.~.. -.L.cr~ -: "":i:'c;f~~.:·./!'t_..;. IJ·, 1. 

particular ~ or·thtl;ph~l\y t~~rdi~lfi~,"~~~~~,~:~ ~~ °': ASBAL, 
and arrive at the basic ..m.ntta of .,....la for AS'.IAL • .P~ dm ~ (levelQp, t•. semantics 

- , ." · ::I · -~" ~-:v!2u0:..':" ... -'.". ~. ~';-~:~·- .. _:-.. ~:·:··'·.:·~,.,."-".-::··f)~,·: ~~'-!'"<> ... -,,:·-~ -

of procedure invOQttoil, asatgnment,:and ..._ af a111~·0f.Gb~ A(tel'a ~tscu11ion 
' . '? f~) ~"'~f~·<~ -~~·l£1 t~~/·~ r~-.~~r.- ~·tu·~ _ · · ~ fi. 

of implement&tton.t~hntques. ~ P~ . .,_~te}JP.!n~~~' !~te the material 
introduced. · · · · · · · 

2.1. Philosophy of Objects and Vart.hla 

Vartatlles in tn:dttional 'pfegMWiiRtlltg ........... ,_... two ••jDr rfunctions: they 
• .-u; , _ .• ', , •.. .., ·' ! ·~·-~( · .. > ;.._'.;· ~ ~' . .·;' . 

provide a namtng·capabftity, ·and thef'pte¥kW•ClefilldMlss•M·lfif'!J'~ <t1e., StOra'e space> . 
. . · .. : • .. '-'~ -... :i~,,:\:-" .·.. ' ' . ·(~·;, ~·--.. -.;:;,.;~ .. "- -··:";; __ ·. -~~~; -r.t- ... _-:-~::·.'."-' ,· : .. '. . 

CLU, with Its objed"'Oftented 'View, 1eparaea '~ futid~ ~~jeds ·"~ the tnfonmition 
;·; .• ·· :_ . - /.!.:· . ':1·> ·_·~;~.- ~. ',.~ ' ... ·f __ ;;\· .i~---·~~: .. ~·.:.\ '~·:··~---"'!'~·:/-~'.-,, ,'!?·:- -):l-. ·:,·; ,.·· ~·t ··~.:.; . ' ' 

. .-·c-:on~tners ~r, ~LtJ. ~.CL~ Ya~~'~··~~~:~·~ 't~~ pne~lly sa•y the 

variable dtnotts or rtfns to the object.) Objects_ hiaw an tndeftn~ lif«Jme, and may be 
';i :- ~n::i" -- '· r·· ~f-.. .• <~·"'~,=-~r·• .' ~·: -';~~;}·;,i:l£.."ft:;(~ 3r1 ;. -~' ">.'~ : > ' ' 

referred ~by·manyw,.btesat~. ~-~~~•lllld•~·•Jlec:ated In a 
, ..i -,~~ _:.->~ , ... , ,. · ,:""n, ~.~;.;, ~-:;t"l '•:.~ _,. .~:~~ .. ~C}ff'i:'.;··. :'·' :~... ·' ' 

heap, with variabln'"beirrg pointers to.,t~ dt>jlct ·tlMif:':~~~· ·~.,_l refer to other 
, • •, : • " _,.., -.. . ~ '·- .'_ : . . -! ... ' ' ~ . ' :.:. ' - . 

· obJetts, and·general graph strucl1rra,of·abjeds'.'Uw!alfow.!d. .. · . 
. .. . . : ) . - .,~ .... ~ ,..;~ :·: i '., j ... '. . .. . ,.; ~. ' . 0 0 - ' • • 

'Some'ob'j«ts have tirne-:ftrytllf~,,.ftles; Wf•JWdl oltjectntJW autalil1. The stat1 
. ·.' ,. -rf~~:~·:''.. ·--~·:L:•t.Q ~.:'1{)~ ·-~~ .... r~.';; .. ..__: ~-:.- : i' ·, , .. 

of a mutable ob Jett ts the set· of ·properttea It ltu _.._.. ·.,.,mt"Jft •mt.~' ;for example, ·the 
• ~' • :· J-' ···~" ._,, ~-, _ .~: 0 ~·-: .·)'/~ 1t .1~ • -,~J.~'~> >•<: .~t, ~1-: ·!,f .. ,·""'!S .-

'libstraCt" tti'Je steel ts1'1Ut&bte. "Tiit state1'0f' ·a:stait -. -~Miiii mqu••'of"·.,._ tn it. A 
· ;_. ·· ·· -. ~,·=· _. ~,~· ~- · _- -~·:~;·~~~ ~ - ,-,~·1':-:.T': ::. "_,_. _ · ·--

ptJsh or a pap1111uretl1 t·tbatk, tL, gwa'lt'&·tMW ..e .. :oa·-.4dllf f....s,'•'test'for~iness 
. A 

~- . :~~~j-. , ' • ~ ' ~ ·~ ' .. 

will· not"chatYge the·scate.Of-. stack. 

Immutable <llbjlat .we 'those whole properties do not vary over time. Most 

~thematical values are Jmmutlble, as are their mmputer language .. .,~. <The valrus not 

the variable' in .which they aie atoredt> For eumf>te, integ«.1, ~l numben, cb..,~cters, strings, 

and boolean 'ftlues are ·all tmmutable. 'The btttpt''T ·ts a:,~bllj'objlrct. '~ ts '2' no 

matter how you slice tt, and ~·.can never be chanpd co.-, .odtlw .umger: . 
The separation of the naming . and smnp ~unctioni of varla~les achieved ·by the 
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";,. ~ ..._, - ' . ,- . . 

ob ject-orlented view leads to a clean semanttcs. . But probably th,· most Important rea5on CLU's 
·, , , .. -. t '-·'·"].! (;_., • '~ • : ·~., .< '!" 1 tlil'::.!E":;'l_;. ·-~·- -, 't\'. L ·.' i\ 

object-oriented semantics is attractive· ls that peopte· seem to think ·tn· terms of objects. The 
', . . '·. - . ~- ~·\ ·"' ' '·' . . ('::, ~."-:- .. -~~ >~· ', .. _ .'~. ~; --{. ~·-;--... i - :· ' .1 ' < "·!' . 

very structu.re. of language~ ·with :,~ou~~- <.":~~ .. •es>: ~~~~~,<~.~~~~~1~f,,:the ~~rttes 
of objects>, and ·v~rbs (delcribing the 'use of ob ;acts or their beha•ior> seems based on this view 

-~ ~--· . . ->-1k'.. :~· ,~.-.<·~--;.\~-· '.' .. t _. ~~-~-"-c""'~ ir: .. ·, b·· -~-~ 'i- e ~:u· . .._-,. ... ~·:: 
of the world. If it is indeed, true"that '~.t· think tn termS 'or .objeds,. then. linguistk forms 

< - •' ~ .! • '- - ~ _- <. ::-~ , ; x·: ;.;.i.u ·' •,. ',, .. :zf.<~ -~··(; };'.: ~i-· ~;_, "l: !< ·°}'-'; i '
1

.. '. ' ;~, 
that enable people· to program directly in ttrms of objeCts coukl lead tb better software design 

,·:,, ·. ' ' . :-,,:_;' '... j:,.}' .:~·:r.-~P!~~:; ~.~ti! :·~,.~~:.'.i~~-;~'/'•,o"' ~'~·\ { ;J'_.:~·~·: ·: .. · .,. ._· "' 
and "implementation by being more natural f'Or people to use. 

,, . . ~ - -·:. . ~ , ::,. !.,.;~<;':'~:· :> f:; '.).~ ;. ·;~~::·\~~~,,.:,t,. .~;rlt --.,\ '-t- ·~ '··: < • 

. · Of course, the kind of Objects to be fOUnd in programming concepts are highly 

abstract. often _matt1einai1ca1 in ri·t~te. ·~.~litre ~ui!0..Kh:i~~;t~ ~bunt\~ modt!I 
.-:--~·· ;· .. ~:··~ '·.· .,'.;:,.,~_::~; ·.-.:.,~~-ii;•:,·:.-~ . . · ?r··~;:,t) :: __ ·-!. ~"·'~{l-:~ ~~<·":~c.;_:. ')'(: .. ,..,·· '(~' : 

real world Objects .and systems. ihis. tick of ~re allows t"' 'f~~ necessary ln a 
. , . . '., . ·.c,,_-,.· • · .,.-/; -~~-~·"' _·r.--:,~- ;"'·~· .:; ~..::~ · ';-i·!i ;'{:;-<~\C'.~l"-,- L~·· ' 

general-purposi language. For domain spedfk systems Ce.g.,.medical diagnosis>, more structure 
. ~ . . :: ' :-: ,_ ... ; - ·:··,';·~ti·! ' .. "_·: f;.ii:Ji~:~·-jj ~: !i ~~<.·:;·;~~ ~:'.'<':'· __ .:;~. . ··.··.1, 

may be desirable because it -efnbc:)d~ useful auumpttons aftd prev~ts -i-emventing t~e wheel"" 
,· :; ''2. :·., :;ff~~.'" ··~.:./·~·;:~i:· '·~'t~~::~.:Jt.~<7\l ':~ ':.i{ ~-'.-,-ff~":·~~·::-~-~~~:.,:' ~> i' ~ ·~ ''<) ~·~ 

for every ~fti~ ~sl .. Ho~v~,·-;~S.B~L,: u ~;~~;~·,, T~? ~~ra~ ,d,•~ type 

faciUties allOw one to buikl specialized systems by accumulating a library of type definitions 
, . · ~- ~>::· ' ,_1: ,~,~~ ·· 1:: ~s·f;-;l'·::: ··;;_~ ->rl~ ··~,;_- ."i.~~:-: \<tJ~,;·~ ·:.: ··._,' : ~-~-· !,'; ·. /: t' 

and procedures relevant to the application. Odr n\odeling of objects ·must extend to abstract 
•• • '> :-

data types to be useful. For this reason ASBAL is designed from a very, general point of vtew 

with respect to ty~. t'hts may make our'~ oi'~mk ~ts~ very vague . 
· . .~·:.{. - fl ~ .;~ .:>~<'!~ '"»>'~·":~·~!£.-..,,,, ;~·:-t~ n~.r~t~<:l ":o;·-;i~~'·.~· ·_n-~, ·.; .!, · 

It ts hoped that the nliny small examples we gtve wiD help offset the abstract descrlptloos. 
- ~·-·.'. · ·,,-.: .. / ~ ;,. : '.3f~tn ·-. ; ·. · , ~ , ·. 

2.2. VBiables in ASBAt.. 
. '.·;"';·:it; 

As w_.s.,d~~u~ II\ the first c..,_..,,, bJ* ~ ... Jn~~ .c,,A&,a.AL Is to. 
'. - ' . .... '<,,· i 

~bviate, the need,_ for . Ql'bage."~ ,,T.._·i;ft,,.-.,;-il'Qft\W ,••r~,--1"" or 

. stack.-all~tion ~'~ We~ ._t,~~ltt11!"....,_ff>,...._ ••ck ._.lion. 
CLU-style objects. cannot be stack-allocated in .~~1.waJt -."" .. l,hey ar•· very 

genera I structures. We have d~dded that the best approach fof"·A&Bld;-is to-store objects . in 

variables jtmllar to ttadtttonal Ya.rf*ll~.,~;H~!fijj l~,,~1'jd ~i~#.~~-~~i~'. AH 

.. other,mechamsms we ~ldtred .were intr....,..amplllliiii....,.. .Wjlett'in'variables is not 

a:!>·· nice as the rutt~~1>1>~;.or1~~ appry¥a~~!f'ci:2~~~,~~,·'a:~r~~~.1 1J!· tti~'~st we 
,.., ! < " - '"' ". - o, • ~ . • • . ~ 

can do. The assignment, procedure .call, a....,fUllpll•t' •ilalon MIChafttlms W'el'e' clftfgned 

very carefully to help offset the limitations imposed by working In a stack. Here is a summary 
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of the object interpretation. 
!{: • T !'1 

A var-iable contains an object. An .Qb~ hu ·• c,,.. ~ ;~ ~ a vyiable; .a v.,riable 
.., , • ~; · ..J.,.-,., · . :..trt ~ ' ,1 .'·ri,. · ., , Ji·' '.,.1'1-r:; · 

may only contain an object whose ~ype ii the same~ its ~· ,~ ~IJ .~ ~sed onl' to 
,. 1 ·:'~~: '' . .. . ' ' -'; -. ~!"';-, ' - .,. _, '\':-~f~"i~·._'jt..... - : '. ' \ . 

c~iange w~ich ~~t ·is-~ itn a vartat>~ ~~o~~t,eff~m .~.,,,, wha.~~v,er e>bJect 

previous,•y.e~isted __ ~ a, vart~b~·•fld cr~,a.1~~~·~:~~· .;r~c~thestat~ of 

an ob~t. rhe, o,t>rc~ m~st •. ·~ p~u,ed <u~, the ~re, ~!~'~·.,~~nism~ to an 

opera ti~ ~r its ~y~.rAn ~ti~:th~~ c~ ~ .. alJ~ -~. ~ ·~· ~ ~- ~f! ~rct.2 
. ' -t~7 .t: : ' • ;··\ : Ii • ' I. . ' • - ' -~ • 

We emphasize that autgntng to a. ¥artable ' • the ......,,&. l'Mdattnl the object it 
' ; : } •, ··-"!; • • : '" ( ~ ' e ;. ,' (:; .r . ,· • .•-; ·:~ :~. ' ' . ' " 

contains. This i1 becaUR·~~le Ob~ ~1 havt .'11:~ :~~ti"J thetf·:~nratiort. which 

.. may .. ~e~er b~ c~a~pt lat!:, ... F~r, ~ample~~'"~"~~~ tt.at .~.~~~lies. 
At creation the ma~e. model. and serial .number ,.,. tpedfted; tbele.~ of a car may 

. . ; , . , - , ;; , - ' - ·; : :, • ·-. . . - , , , ·: :'. • • ~. • , -.., • , , ' , ;,r ' "'-..!> -· ' •• ' • _. '--> , , , 

never be changed. after it is created. On :t"' otM,r ~tad' tlte -~:of .P,&~er.s in a car 
· , - ··:·t' • . .. ;!"-* ~f:.~...: _ 'f: ,- ".'-U : ·~--~.H . ._! 1;·,. ·: :~t.t:_1{h,;:~:-- , ·. ;,,• 

and locatio_n. of a car _ca~)tihange ~tte ·rr~"tly. ~::~-,~~ ~; ~r are pan. 
of its state, only some of these propertjes can .,. e~~ "'.-uan. ~~!er. jf a car 

. • ,___ . - , - .,,' . _ ... ,(· :.;~ _.., • __ ..:·_ ,- -i. .. --~ <ti;n, . ~ . , .' 

varia~le:js asst~ a new~~· ~l·:the~~:~'w~.1~~;~·of lhe•prevtous 
. ' ~ . . ' - . " ' . .· . . . - \ 

car. 

Objects may have. other objects u ~ts. Cta;nti.-..of an ~Ject are stored 
.• · . .-' ·' '.;..~:;. •:r· - - ..... -~·.i ·:· .. ' . --· ,·_ ·::;. ~:-- _,:·· :-··- ~ · .. ~'-·: _.· 

within it, and hence within. the variable contain~ it. Thil ts ~ -.dtff«811t from CLU, 
_,d -> ·. .-:."~< •f_~~~ ':'.~!r_;fll.I'- ::; ·.z.- ·.,::,·---~':~ ~:-- . 

where only references to·amponenuare stond In an111bject. 

Several c:onsequencesof thlsobjlct~'9f' .ffflR ...... ~. In 

CLU. assignment Is sy.stem-.defjned: it ta .an ·intplidt ., n••· "f.ldl -ti .._. ;a CLU 

a••tl•M'Mftt •••tts enly..p:Jtitg • atij11cf~ .......... :t;,,P.•* or ~pabtlity. 
Oft' t'he-«her ..._ ._-. • ..,.... .tft .....,."liliject •:._... aratg~- .\1ds;....W &jlct 

. '~8'tfre--'~--. tft't•,...,.... •llflllllf. '111e~•·-···--·thiS1

fact wttl 

1. Recall th~~ th~ abstrac,tda' ~D';:metftod~J ,~,Qllty teJft'.~1~0f a ~)'pe to access 
or. update the tep..-ntatton « Ob jiCta at ·that ·type. · 
·'.'2. The•tr,_, ...... ...,._ ........ LC!dl ... d.:--JllR ......... Afllmuttltion 
is accomp)is~ by·~,Qf·~.Ql'·arrani ~"Jl~,~..-e.;J9Fcal .. ,si"" the 
mutating · operattoM are .,atomic.' that ts, the ·t~t -.-.... ... ·~ cannot be 
ltNken'"Ciown·..intoOtMl',..e-..1p1.....,... ,.;:y · ~· ,·. -
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. Another cansequence of the object lntetpretatkift 'b' that. sharing of components is 
, :_. . ..~ ' . ': _;,p,: ".;~ . '1:~ ••• ::1-· 3>, b- '. ,.?·~,- ,'· ',. -'!;·~.: <~ ' .. 

disallowed, because componentS are dlredly c:ofttained In their •parent• objectS, rath·er than 

being referred to <pc)intid to> as in CLU.~'For exampie. trii~tt:J ~~ts of the ;~ ·~r~ay 
may be the same exact object, and any mOdlfkation to~'~,~~·~~-ob~t vta one 

access path will be.vls~le via t"' ()ther~path. <>;~ 91'•.puu-.~ sb...;e CGP'ponents in 

this way .. <The addiU!Jn of potn~ers ~ A$~AL ~,th!'!~~llt~J .. to Mla~• so wear~ not 

giving sharing up completely.> 

A rather obvious result of oor semantics ls rhatthe ltfettme of an object is tx>unded by 

the lifetime of the variable contaJn~g tt, flther JhN',-~~~Jld.~ ~ tn CLU .. TJ,e major 
,.,. . --. . "' 

. implication of this is that ASBAL routines will not be able to MFMrn ~ in t~ sense that 
,·,- ..... ·,,. - " 

CLU proc~ures. do .. _ In ct,µ .. p~~ ~YJ'f' r(1r.~s tP,,~ ta~p~~vt~sly existing 

objects may be r~umed by ju.st ~Yi'11 r,ef~,~; ~ dJn-.~B#-" ""- ar,e restricted to 
- - • ' -1 • • ,, ~ - ' .~ : \ ~ ._.. ' ' •.• ' " . • • ,._ ·£ - - . .. . 

constructing new objects to be returned. · 

The bindin,g of an !»ject's Ufeti• lq,J"-l '(,~~.~~- Y, . .,:Aable. a~g witl\t:the 
~ ' . - ~ 

storing of components wit~re <>'?~ J•d'Jer).,,,~ ~~,,l'fJIM~ ~ ;ne""5 "*i.n!S!TJ for 

selecting components. In CLU, components. can be selected by just returning them since only a 

reference is returned.. On the other hand, our returns always ..-irleW, ob jectl, sO' teturhtng a 

component. cannot be done in the same sense as tn CLU: we can only construct a con of the 
. --.,, . : 

. -· , __ ,,,·· :·,".£,"'~,,L ·"~,·~ -·~;.~.~-'."S'<\ .. ·", - . 

component. Therefore, wtthotlt a new ~ component objects may never be mutated, 
· • I.: "" • -1." . -. " •• :"'.·::~ · > ','> > 1"'·-:~;. rt• . , . ' 

atthough new component ob jlect$ may be ;subltttuted by operations on the. containing object. 
. . '.·' . ' ;.: ::·,,-.:: ' -.,,;,,<~~\.';-.,it "t)~" ~":'":d :>:· :_:'.. . d.:: •:_ . 

Since we should be;able to do anything with ·component objects that we can do wtth entire 
. . r'_·~· :. ,.,.....,_, •. ·i: '~.·. ,._, · .-:. _:: Y?~":.·:.--:. ~ :. ,,_ .- ,·;. . · · ·· .. : . 

objects, a new meehantsm Is reqalred· to ilfOw mutatton of -a>mponeR~. A new kind of module, 

the se,lector, is introduced for this purpose; tt 7,itit bi ~rt~ in' a·:~~; section of this chapter. 

A last consequence of our semantic model is that objects cannot grow dynamically, at 
-·"' .. - · .t~-~" • ..,:·. , ~~ :··:t;{,:+.c·r:.:. z... _ ~~*·~ , -:-.:; '} · -

least not without bound, because they are "restricted to the'srOl'age a:ltoca~ for the variable 

containing them. This leads to c:Uftlailt~-- w.,.;., ttrme'':~ ·l~t abstractions -~h~t are 
. · . . . • {;, ,.· ,; .i:-.·'!li <.;.:{}._-~p ·:;}.-' :_,, .ir~ti"~ ~·Y.~,::-~ ',..',·-'· · .. 

conceptuatly unbOunded. The parameter arid atea rriechanams to be. presented later are largely 
devoted to solving this prOblem. . . . ..... ,,, . ..:'. . .·, . . ... ·· . ··. 

To sum. up, variables in ASBAL are containers for objects. Objects have a type. 

which indicates how they may be manipulated, I.e., what operations are allowed on them. 
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Variables are also Jlven a tjpe; indkatin( what,. al.·~ thlf .~· ...... n,. Variables 
_, ' ·• • _t,· ., ., " . .• ... . i 

~II be implemmt4'd ·~.-... ~·!".a: ~;·~··~·'~!~ .. ,ii~~·~.~~~ ~ty .. ' -:.: \.' ,. . ~ . -. - ' ··' . . ... ~ , " . . . - ' 

putS: limttattons on· how that ~·may:be·1nil.,..t,.,~ ... , •• ..,..:"'-.n our 
- - : ~ - : " .-., .. · ' ; . ·-: • . • ,' ' "f ' . .. ' ' ' . ', ~ ·' "' ' . ;~' 

objects and heap affDcated: aijectl .~ 
.j ~ : . • . • \ "_;: ...... . 1~ .., 

' ' (f) our ott;ettr·m -..~wtdttn ~SO ....... fi.difftNM: - tlte okf\ object, In· 

the·vartabll·~.\\t·ta delt1·¥.wcra.-'-cllijd,.e.tiflj.t1troti·~s ~ 
~_,,.··:?'«···,,.. J- ·.~:· •. -~t ~.r., .. - ;'.··. 

<2> because objects are stored .•If· V&rtab1et, an .. , ...... ., .... .,.~ ....... creating an 

ot>je(t; 

~~· there· can' be:110 dm111g'Cr a,,,. .... , ··~'..w ~--of •Jectt .•monc 
· · abjects; and' val'tltires; ~ .. · _. · . . ' ' 

tofl the lffetm.f# an· Objld ts ~at.~·dft--_.....mllatniftf it; 
<~l and; ttte ~et 11W:dtJ.Jltif1'1: iroun&1.1~&f·•1:iiMl~.~-·~ *'•'•i •t. .. 

·>'·C' \".' •\,1 '•/ • ~'< '• ~,.~-~ ~.°'.." ," 

T'ht! nekt few· sfcttons,.Gf' dMf:dtapw ..... ·tfie.· ai:n .... eJ: Gt)'ftae: dtrl.r.nces tn• more 

·d•t1,·al\d:p1fte'ltt .Uat'1::., ... ,..;.MJttatJ~lli.?riiii~··,,. '·:':' \. 

Programs• mu1t_ 1Jet:~ kt refer to}"~,in~ tffi~~·~ ~·<some> 

varia~.tes.".tn .~~BAL~ttl ":,~,v'1 ~;~;~~J't•~!!'f"',~: . ..-.~~' ~pru 
. ta disttngllilh them rrom··n~,uaed' r~·}~•'J''Jm~~ . ..,.·•~""1P~:p..~atres. 
It t..p;•!fiallJ"C8ff'l~tent ,~~-~ •.~.~·~1:'~-,~-···:~l/*·li....,-,._,•~ 
time. In As·&AL Iii ct«tllr ......... : ... ;u . 

; .. , ~~ ~ ; <" ... - ~ • 1 f 

' ' 

·: is usectro do thts:"_l~.the.·~11~:·~~;.~~,~~"~til~ the name~ 

A.' newly _createcf var~~ ~S' ~ ~tw ~~· """~~ .,,.t..,.,,,,Jti ·~~-~ error to 
• ..._, , - ' •• ' .- ' • - it . • ~ . . . . •. - ·•' - . . •• · 

attempt t.o u~ tt. <we- ha.9. mare- to sa.t: ai.teat'tM:~. !( .-...r~JJ()M ~n e-.lily· 
·-.· ·· - -~- ~-- .!/~":";-~; . J~t(! :- -. ., -,;.~'-·· '·:;~frf~'f~~f. c:: };'·~~-_,,.'F·; h .. ·.· ' , 

ex-tend .the form·of the<dec......_ltaWft .... ....._.._..,.,., . .,.. .. ~at.an~ 
. • - ' ' .,.; , :.1 q .-. . -~ :) . . ;::~.7 ~ : .· • ' 

i i 
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var x; int, y: boctl; 
or. 

var x,y: int; 

2.2.2. Variable Initialization 

We ~ef i.'1e ou.r declarations to ~ q~,. ,.,.., .. ~at ts. or,aes. ne¥er hef ore known or 

used. This definition prevents confu$ton over whether a ·~·,;~Al'.iab,k~Jn5, an~kl:Object. 
It does raise two problems, however. The fint ts that memory allocation Js required - this is 

discussed in the secuon·on Jmplementation later'W~1titl'dtapter;' The .ecGetcl·~robteriris that the 

bits initially in the storage allocated for the variable may not represent a legal CJb ject of the 
, - "-. . . - - ·, \.;. , ': ~ /','··:·. / , i ·: - .~} r . 

type of the variable. There are two soluttons to this problem. One II to store a def au It object 

of the·declared type in the variable as pal't J the'a-tak~ fM t~ declarat~. ··'This can 

be done for user defined types as welt 'u •J~•ldecl 'Ol1~ by requiring each type 
. . . :,·-;, ·.·.. '· 

definition to have a routine of a particular name Ur&lt, say> which wlH stor~ an initial object in 
" - ,. ··~ '·-') ·. ·' '· .. . :.:::.i- .~·-' _; ... #;' '»:1:,-·'· ~ ; .: • 

a variable given to it by the system .. Th& solution. guarantees that variables a,lways cont•tn 

legal objects <assuming users do n~ write crazy lnU ~- Bu~· u~fortunately: it ca~not 
- . ;'' ': ~·· '. ~)1~~~,.c,~·-~·-.' -·, .... -. ·'• ".'. < "' •• < ' 

guarantee that the objects ar~ s1nslbl1, Since lensibihty depends 0n how a variable ls used. 
-. ~ .. ; - ~ ,.,, '.:. - . ,-. , -~ ~- )j .,~· ' " l ' 

The better solution ls to consider attempts to use an uninitialized variable as illega I, 

and to detect such attempts with ·a ~~ or· ~ile~me a~ ~~-time ~~ks.· Exactly . . . ' . - . - . -

what checks are required ts discussed in the-~ on impiementatton later tn this chapter. 
- •. , ., . 

2.2.3. Constants 

It is son:t,etirnes COf.!Venitnt to hav~;a.~er:l:fl' .lff;.ol;a~ t~t ~ be aS$igMd to 

after initiali~atiOIJ, and that dQIS ,r,pt a~*"'~j!Kt .... t-e~O.c:l .. ,,We ~II ,1114h holders 

constants to contra..tt them with> var~-~,.,_. sl .. h •. i ..... ,..jecta, ta CLU. 

However, we allow constants o{ mutable types. such u constant arrays. Since a constant 

physically contain·s the object stored in it, modlftcattons can easily be preventecl by disallowing 
"'. . "" . 

any write operations to· the storage allocated to. a con~nt We. will.tee •ter th,.•~ w~ .~n"pass a 
: ,. ~- • ~ '• : - . . .. • 1 ' :- , . . /. ·'. , ' - - ' .' ' 

variatJle to a. procedure but· have the procedure consider it to btt a canltltnt. · Th11·ll the'real 

motivation for constants - prevention of undesired modtflcatton to objects. 
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A constawt dtftnlttMt ts limt1ar·to a val'lllbfe"....._. ex:cepr:,ttawt the o9ject to be 

stored in the ·COftstant must be spedftet; Thus.. kl a c:m111Mt · dlft11 ..... wr pw the desi·red 

name, type, and the. object to be stored m dte mnataM: 

ecmat n: htt • ··M;· 
cen.t i: int • j * k; 
ccm1t a: ura,flwtl • urayScrtate«»; 

tn an impternenratton mere ts·lkt1e' ~.,.,,••ra'~-'llnd: a ~.a -corutant ts 

essentla 111' ~ wr~e< \'a'l'faMe-; 

2.2.4. 

To gain an understanding of th! ampe at varllltJte-·. Md ·mn•nt names. we must 

consider the general form. of modules ht MHML. n. _,,,.._, f;llldll'!D el .• &Al. .are the 
- . ' -, ' •' -~ ' 

cluster-, which implementl a daa abstraction, and. ,th.~---~,. )Rl!l•a•Hr •· 'rocedurat 

abstraction. 

A cluster defines a ct.ta abltndtan~ tJy: gi\ling a rep a~ z-.n· <~• ....,._.. to "/» . . - - . . ; . 
for the abltracttoft beil1J' clefiMd, and lmple..,..... f'/I: ._ ~ The operation 

• ;-, ~-1 ' .,,,. ' ,' " ; •, • 

implementations take the form of procedu~ but ~ ~,....,. ~-tu c:mri'.,-t ob~ of 

the abstract type to and from the rep type. Internal oper•l•lil . .., be ~ ... duster lists 

which of the operations may be used outaide_the ch11t9r. 

A f"oc~dur# has a header and a bocly, the boc1J: -...: •· ltlti of, ........ ..,. The header 
• N • < .:,• ,.· • • •, 1;•,\: 

gives the types, and names. of the argllftllMI, ·the en-· of •J ....,. 1~ and other 

information to be•described' later~ 

. Each abstractton is i~ bl ·ttrnu··ol lower ·1ew1:atrseac:tten1. The overalf. 

structure ts a· trtetan:t.tot~~- wltfitffe· ..... 1...,......._.;:at lfte·top; and the 

~r Jeivel abstracrtens ....... f'lpll lftll&l:·~·--"•dilf .......... : ·A mllfufe l$ aft 

t~rten .Of'•an ~·•••R'iln _..._ ......... .....,,•free stllftdlng 

I. A module may tmptement a dfJSs of related abstractiGnl; Rthlr than· •·stngJ'8:•awt-rac:t1an· <see 
th~· chapter" on parameten>. 



• 

21 

mathematical object, modules a.-e conc.ually ~rate and lnd~~t.2 ~o~ example, there 
,. . -.~: -·, . ~-· . ~ "'i• •.· ·-\ ",' ',,. ~i» •. ;1~-:·. 

are no free variables in ASBAL modules, because this would represent a. dependence on 
' . ··.· . ~_...: ;~::t.:-~,l,, . ·-:::.'.· ·· .. ;:··-·.: i,:.:,t>(! -~ ~:.·:~l-~~·,. 

another module to supply those variables. 
"" · ' , '· ., l · ' ·~ . .' I i 

This model ts somewhat contrary to the more ~ bloc~-structured view of 

programs in .at least two ways. . first, t~· b~k:-~~'. vt~w . ~s ,~, ~rge monolithic 
~ ··:, >-~ :c·1 "'>··: ·~· ~ J'·. "' .t~ I '·'·• ,'_1 } 

programs, and the whole goal of rnod'°!larity ~ ~ .. prevent. ~h i,rge progra~s. Second, we 
:. . . .., . '~ l::;">' .,.. . · .. :!' ·~d •. 

allow only local variables, .not g~I variab~·ri!~ts ~~ ~ularttJ ~y making module 
, , • -~-' -~ .. \ ·-1 .V1 · , . -:s,. • .,, 

relationships more explrcit: any data that a. module wtlhes to ,access must be. passed as 
. .~:-~·' __ ,,,. .~~).~~-..; Jj·/·".:3.::.,.1}. d~~·-,,.,:_.:;·· -4~ ·~n:· .>1.., 

arguments to that module. Since each procedure defines a distinct abstraction, and every 

abstraction Is imp'lemented ·by distinct· modules, nothing. ts p•wt bf· ""AIHlll'l,.pnxcdures 

within procedur-es. In the interest of slmpltctty procedure· definitions In procedures are 

forbidden. - However, ~I' nestmg-;•Gt" ~; 1tmt*1wftltift '*•;procedure is quite 

desirable, so tt is allOwed ~nd ~~;. · u; ,,. '· ' · · ..... 

What sc0pmg or· 'nilftd is·''Pfoper~::ror thts'"ttUh!t•r +tewpoirit? W'tthout' local 

procedures there is li~tle rea1011 to allow variable names and constant names to be obscured 

<reused in nested blocks), es~ally since p.:omd~r~~/.~ ~-, n~~, t~ be
1 

very: large. 

However, it is often h~ful ~P r.-1ct,tht-,19P' f!f•i.._.J........,,(er.CJJRstal\t) names to an 

inner block, such as a loop, rather t~.a~ . .ure ~~ JteWrtadkiltte th• pul',.se of 

the varia.ble. 
:;•. 

· Our no-global-variables . pPlky ma--!' i'n>gra,.. ,~ r ~...... b\lt makB. some 

prog_rams a little mos:F awk)Vard. whep glob~ld•• ~:,The maff\.;MIY~-global 

data is not having ~o explicWy pa,ss lUo_«""'J proceclPte.:~~~ii!pt ~ 4t. An ex.ample of an 

object normally made glob~I .ls the. symbf;tL.~te of a, .complier. , ~ w~ muat lmplelnent a 

compil.er in a language forbidding global; 4atf. _ l,.et ~,Mf t~ iC01'.11Piler pat-aeJ by r~rsive 

descent. 0Afy a few r~ttpes dir~ ~ t,H~-~~lto•~r,,ia,e~~ •1t1fft\.1St be 

. created at the high~ level.an4.,passed ~ltlJ ~f'CIUlh ma9'J ~that a,ev•·,lffe it•t all. 

These intermediace r~tlnes.oolyput_~a~:-ll/Wc_..._ 1'¥ell-.to,~· We 

2. This has nothing to do with separate compilattOn, however~ ~Qdu~ may w may not be 
separately compiled: we do not wish to pin this aspect down. 
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feel the modularity gained by forbidc:Ung global data more than effJeta, the, incon\fenience of 
. ' . ,, ·. .. ', 

requiring extra writing rc:>r some_ progfams.' R ...... ~-· 8- ii esa~1t~I to eliminating 

implicit ~ule mterd~ alOdc. struchm! f..a. w, 9 W; .... tdata Is. However, 
·~ '. ;_ 1 ~ " 

once a II data· is local, tbere' t• httle point to Wodt structunt for medulir dettntttuns. 

E~en t~h alt data ~~Jd be ioca~ ~ .,P. ~:~ ~, lhould be global 
T • > ~ • ; , •• '..: ' • :, o ~ ,: '-_ • l i_ J ~' ".'< ,' • ; ". o" 

It is not useful to restrict the scope of rnadulu. and' In fact_ tt cm be~ - it may 

force abstrad~s to.be ~~kn.,ten • .k;d nt-;''n...,. • ..;._.~. ~ule,names 
• • • '· · .. ',; ' .:·~ .•. ~ :"·! ,~ .·· ;··, .-'/-. :~il~:- ·. . 

are global We neither re'f'ltre nor prohM ether tnfau_.. ,,.mtnr die Nlattonships of 
~ -:; ' ~ : ht ~~ r~ · ' ~, ·. ~-: -~ ' : ; ~ . : ~·.. ·' 

modules - such module "'*'tomlection tnformaduit ts ..,_d: t1W·~a1p•u1f: ttta thesis. 
' .. '' -. ·~ ' '· . ._• ,. ''. . : ' ' ~· . . : -;."~ -;_ 

The. pre~iOU$ ~-- div111.i var.la~>-, CPPJ••••' -. ............ ~er ~Ing 

and holding· objects~ We now continue.With pra .· '1fMMi,fafP1'1l,l1$c ...... ,.,.._.cnralion of 

n~w _o~;jltcts.a,pd.tM,maa.,.ti9ft:fl(·old;,"*" ... ~~,--•d•_.alligllMent. 

2.5.1. The Different C1llUU ef Arg......U 

; The' w.ttofe pen. tif ~m liiO'g91ft .._..,.,~...._, It 11t or· acttona that 

f!orm a: logtal WhGll!·· 11 ~ toiether llftCf cv.fit111ct *:* ....... abltract· acttan. The- basic 

actions. are mutation of objtcts and assignment to variabta S_.. all data ii b:a1' tn ARAL, 

tM~ k~ to p~l'dllrat1Ctft:·Wlf·,1*;6e'itj'ittil:ul P'••il"' • .._.""'; that is, tM 

m«hamnby'·WIH~h ~.,,.._ ...... , .. ,,_ ... at ' 
We can, tnta&hW aS'tHiny tt foar ilrNrentdiiihr :.rlljit ... lit MBAL. The firu 

· ctiu ts C<11tstatit arpMnts: A-·~ ·a.qlllf.Vfio a~l-...; Waft' lhp1at' WMch cannot be 

dlrtttfy modified by •ftte' fct.tftne: 'W• •.•lltd·M a.·,.l:Jrilt\laiw ~- dliUnt on an 

·constant 'Gt1]ett'i·ftot··~ **' beaa ·~...., a..w~-..~·,atll'f:tom· Scime other 

·argument ~ the 08jec:t thaf<~·1:a, ~ M9twlll''· .. dii~ ......... of pOanters. a 

~st.ant a~·CllM8tbl!·r~·1.,,._ifiifarllii*,Wl ¥1illS:W~ ...... ~. tf atl 

1. We reserve the· word ttmzNtn for a ft,ltufe ..,- •; ~Uly clt ..... lsh between 
M'IJDmelfts and ,.~,. •;. 
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arguments to a procedure are constant arguments or result argument$ <lee ~low), then the 

proc~ure is functional; that is, it does not mcxlifJ _.,,of itl arguments . 

. The sec:ond class~ arguments is ~~t,s~ll'~s~ ·An.~ject argument g,ive~ ~~cess to 
. ., . . ~ .. . . ' . . . ' . . ~ . 

a particular object, allowing, observ.ation and mutatlol:l· ~,,It. -~v~,Jhe variable, ~.tainlng 
' . ·, . ·" ,., ~ '. - ' ~ . ' , 

the object may n~ be accessed, arid th~or• ~I not ~ ~~~. to. 
- .· . 1 • ', .- · .. , ; ~ t~. ';, " . -·: ~ ~ "'· ~ . ' 

The third class of arguments is ~rltlb!ct· tp"pffW71l.s~ A variable arg':'ment ts a !.a.riable 
' . .. ; .; ,., ; ~ ~- ·:. : : ' ~ - , . . . . •' 

pass~ by reference. Therefore, assign~t ~.it~~,~~~-~ 1'fll as a~ss to <and,.m,utation 

of> the object it contains. The difference~ v~r.la~~.~~ ~nd ~~,~f&~~ts ts 
, " _ ·r . .-... . ·' . - .- ·· .-.·, ' •·· · - , .. · ·· · ' 

_exactly the difference between asstg~ment to~ !~ria~ ~nd ~~or,: ~'-1e object it cc:mtains .. 
. • .. -~ .• ·- :..: r:_,} ·,i;.. , :: . . ,, .. -- ·. ! ' . , ., . 

The last class of ar~uments ts risult •TP~: . A resu:,.,~rgu~t ~,a v~r~able. which 

may onl1 be assigned to. The purpose !Jf ~It ~~ i~ "t~ ~~~~ .of ne~ objects in 
'. . •• ': -:. ·,--::,•" .. ~~.::.· ,._ ... ,'~! .. - •. ; • : ~ . " 

variables, that is, assignment. This tnch.tdes l~li,~~-·_,~ ~ "''s ~:nment. 
• • : ' i "•{)' ' " ,. '•.,,.,.; ,._ 

Object and variable arguments (the $tCOftd and t~i~ ~lasses d~ibed) ~re not very 
• ·- • < -,: - ;.,: :.- ·;1 -. ' ! ', '~·;. ., .. "" :,_ .. ., . 

· much different from each other in implementation~ Both would be Implemented bl ,P,a.s~~g by 

reference. The only difference is that a variable argument may be ~"~eel ty. and· an object 

argument may not be. This slight d~tlnct~ ",not worth t".e comp~Jity of t""p ,~arate 
' • ,' L 0 •' • 0 • , .' • • ' ! • • ,, • : \ 0. " ~ /• 

argument passing mooes. Therefore, we ~ ti) dispen~ .~i,th one ar,ct keep, th~ other: we 

retained object arguments, and eliminated variable arguments, for two reasons. First, this!s the 

more conservative choice in that less access ·IS given to argumentL Second, ob.ject arguments 

more like CLU's argument passing mechanllftl. Ill CLU,ob-ject·f'~ai'e·'Plssed, by' value. 

The effect is as if im~table objects were passed by value, and mutable ones by reference; 
... t . '~~. ~ ,'. i.'"~: -'~ - .· . -·~ ;.;· ,, ·.' . 

except, the variables of dte ·catttng ptocedt:1re cannot bffa~ by the Ci11ed procedure in any 

way. However, the object passed is sltared b«ween tfie pro&dul-d: a~ hence· mutations of it 

perform~ by the cafted proteclutt~wm be visible' to tht'. taHtng prdtecture. The :dectsi0n of 

which class of arguments: to keep is not alf"thal (Wnpodint't.1 the long run, but has affected 
- • • '. • < ~ *'l' ~· . ''. : . : !I' ·~ -. ' . ... 'i. . . .. . ·: . :' ,. ' ~ ' " 

later deci~ions such as the sel«tor M«hanlsrii' bd a11uing detectiOn. 

Now that we ha.,e· settk!d on fh~ classG.:cif'a.~ts ;_ mnstant, object, and result - we 

neoo to devise a syntax for expressing procedure def.lnWons .and invocations. .Let us first 

describe ... simple acheme which we wtM l"'f"• tlp!lt. in· a Molftent~ 
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2.s.2 .. A Simple Sdteme 

The. stmptest approach to. dd'tnmg proc:redutes ts te hllft a .hader itt each definition, 

much like the procedUTe headers of Pascal ·JR dte .. ..., M llall .._ local ~· tjpe, and 

ct~lss of each argument. For example: 

p • proc <cemt w.x: lwt, •ar r- ....,C•tl. ,.. z: ....,, 

The above header says that procedure{' cakes taur u,......u: two c.•• arguments,"' and 

x; one objeet argument. t. attcl one.result 11guwllftLIThe ........ , ts Ml alotred to mutate 

0r assign to ru and x Onteprs ue nat nMlible ob)IUI anywa,+. , MaJ ..,.. 7 .. but not Hsign 

· to it; and fJ must assign to z, but may not Ka!SI It w.-..... Cd fJy ;er~ is used to 

implem~t ail three kinds of arguments; •·dfttlftlflG!. ~Hn .thelR· ts Ill What the caned 

pt()(edure may do with an argument -nat..., the --~·ts,.ued. 
Procedure' tnvocattoi.s take the_. t-omt. ~·.-fl· dll procedwe follow«l by a 

parenthesized list of arguments. For ex&fnPle, a adi Of tM ·,...,.._ ' .... ~e might look 
J. • 

like this: 

p <1, i+S,·a, b>; 

The· types or the arguments must match ttae dCllnd by ,. Panhelmote, accesl constraints 

may not be vtotated. Th11s constants may Mt be 1•••fu;nr ...... ea,.w ~s as res 

arguments. 

2;t.S. 

The simple 5cMme .. tned aboft ts ptrftctlf wrbMI, ~ Gil 1MftJ be tmproved 

~pon. The main thing to nouce ts that lhere is ..-.· eaptldt •• .._._ Ml ...,nmenu ate 

.. accomplis~ by passtng a vartabte by rn. <Prew:•tplr *·......,. IJpll MM operaU.ons to 

assign to a variable of tftetr tJPe. In a .-se 1M9t ~ .,,. ~- stnce al other 

assignments rely on thfmJ H"'"~· the .p~te .. ...,._ ~•FJ for •ch assignment 

are tedt0t~s to write out tn the simple scheme. and~.._,,. .whit. ts hlf....., since result 

1. We admit the use of YM' f'er object·...,.... ...... .._..., .... Nt.,. ·used .to perallel 
Pascal. Anyway~ we do nut wtsh to fet tnvotffd m ,....., s,._.ac --. 
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arguments do not stand out. 

It js po~sible to . separate result argu~ts by wrltktg them qn the lef't-ha.nd side of a 

':•' symbol, to signify 11stpment For exa;n.,..: ~ would ~~ltf: 
}\" 

var .b: foo, c: bari 
b :• q {x, y>; 
c :• r <i>; · 
a :• p (b, c>; 

where in the simple scheme we would.haYe ~~Jtten: ... 

var b: foq. c: bar; 
q <x. y, b>; 
r <z, d; 
p <b, c, a>; 

assuri'ting these to f>e. the types of' '" q. and r: 

p~·proetypl Crir foo, bar, f8, 'r9 
q: proc;tJpe ~var T2. T!. reJ f oo) 
r: ·proctype <var T'f, res bar> . 

The u.se of ':•' shows, !flQl'.e clearly what bi~~ .. 

We can make a further improvement, however. If we had to declare .a variable for 

every tempc;>rary resu.J1, .our programs WOIJlcl .~ ·'JllJ#·dq~ ~~th exttan~s variables 

and declarations. W~ tafl get ar:ound this P.""'lelq.bJ h4:rq t~ ~· .. allQcate t~ary 
' " '-4, :., ' ,,, ,•i '•' .. .,. .,·: • . ' ''•', ,,, .. · 

variables: Adding t,-.iJ f-1UA !ll~J.IP .to"·~W.ite the ~~· .-.~le and .~~l?,ate the 

tempor~'.)' variab~b and ·c: 

a :•. p < q<x.fl. r~> >; 
· Furth~r. if .some ,pr~re. ret11a:ns a result '"'.·~tr use. ~· .~ not ~P,IJn the :resuk to a 

variable; the compiler will allocate a temporary ··~·k. tqr ~.Jlf,. p~~fe t~ ~ri~. i~t~, and 

then the tempor~ry will be thrown away U.e., never accased aptn>. So, If the variable a were 

never used again in the example, we could ehmlnate it, giving: ' 

p < q<x,y>, r<r.> ); 

The end result of putting m argumeftt$ an the Wt, and having the compiler allocate 

temporaries, ts syntax q~lte similar in aP.,.ranee to ·CLO. ·· In raCt, we entoorage the 

progr~m~r to think ot procedures as retu~hlf Obj!ctS tn*Ad or betng passed v~Hat>1es to 

write into. The o¥entf picture of this fina,'sehe.ne fl :that tfte- catririg p~ure 'getl' the effect 



of objects betng retumed, and the called procedure sees var.labia whkh must be assigned to. 
. - ~ ~~ 5... - • 

This is a good compromise between abstractto11 and effk~. ~.-°"~ .const~tnt. is that the 
- : i - ·. ·. ·•· • ,- • . • 

size <or at .1east an. upper bound on id of all objects to be returned rmnt be known before the 

call, s.o that the actual variable used ca~ be created. H~ wl-1'. ;ith th~ constraint wm 
:."'" 

become dear later. 

To encourage thinking in terms of returning objects. we put the description of what a 
' -- • . ~:~ :~!-· ;~ 'f ~ ' .-~ 

procedure returns in a separate part of the procedure ~. as In 

p • proc (~nst w,x: int, vary: artayctadfret~;.lz;·-.:: · · 1" 

The objects to be returned are given names because the procedure"beiilg. defined views them as 

variables. Therefore, we now call the result arpm81ts oft pnadure r~ •taW11 . . Notice 
. . . 

t~at effectively all we have done is segrept!.the ra arguments.· 
. . '. _, ..... ·- . ·. ,·'· ·., 

Now let us c0nsider how to express "'1e ~ ~1ob;ects in ~L. ,m pr;ntiple 

we cou1d use a return statement like CLU's, which·pv. a ;lb&Apf'·.~;kJ ,RllUm. Thb would 

be implemented by implicitly doing ~mems ·lb t'itt ri!ftlnt <·.+~ However, the~e 
. . ~_,. - ·: ·-tTl-_·y 'f'~~'if::;.-:ir: ! -·...":i-.. ~, .. 

implicit assignments might involve the copying of large ol>jl!dl intO the return variables. 

Instead, we al1ow objects to be b~ilt inCren*1ta1tt In the~ Ylttabtes, and simply say 
' ' . •,' ." 

return; 
' . . : . - .. : ' ,· ·'. . : ' . ·( .· l -~ +: • . • 

to return from a procedure. We view the return variables as btftfir·tmtnttlaltftd 0n procedure 

... ·~n'try. ~nd ariy return statement in the prod!dute ts'~ tcr be a ... or at1 the return 

variables. ihts''iltows us to use whattver .mechahbft't. •1rfd'r eltilts ;for detecting the use of 

uninitia1ized variables to handle return variables as weft. ·iw sam · tMtt, 1he ul1dl!r1ytng 
. . . . 

mechanism of returning ts the passing or variables Cw....,,-.,.~,,. • .., cl«tared. or 

' compiler'. createcd'. ':H~-~. • tftlijp".ithe''IJN'x'IYIJW~-..-"~ 1ir· Mfflming 

2.3.4. Multiple Return~ 

. In ~ost Jil~~uilg,es., 1.~~~oced~T,~ ~1. ~~~~j-~1,t ~~. ~:~· t~.!?~~,:;'.'.~~ remove this 

restriction .becau~ i.t is arb4ra,ry and sometimes ~nterptyctUCU¥e, In that,.~ proCedures 

most naturally return .ntOJ't.~ one.abject. Of cwnt.-• p~ .. ~ ~~c formi for 

iusing this f ea tu re. The re~orn si.tement itself need ..Gt be ex~ since._. are depending on 
' • , . •' ' ~ g,' ; c 
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assignments to get the .return objects into the retum Yartables, as previ0us1y e~p1ained .. 

However, some syntactic f«m is necessary to designate the variables to receive. the return 

objects. The multtfH' asslprnmt statement, which wt11 be dtlemled In. detatl ttl the section on 

assignment, ts used for this purpose. Its general form is 

var 1, var 2, :··· var n :• Invocation; 

The header for a procedure nM'nlng l1Mri than 'Cine abjlct'woafd have• retdtris dause of the 

form 

returns (var f t7fU I• ... , var n: t7fH,,,> 
where the typ.es may be ~actored. For example: 

returfil <x,y: int, 1: char> ·. · · · 

The order or the Yartablet dft "' left tide Vt the 'fnultlple auigntnent statemfnt is the 

same as in the return• . clause of the procedure header.. Thu paralMr · thtr ·standard 

cerrespondence of •ct•I and format arpMlnts to ,......,.1YTM· .....,., clause may be 

omitted for a .procedure returning. no db .feds, or 

· returns<> 

may be used. 

2.3.5. Aliasing· 

We have not dealt with the problem that arises when the same object ts ,P•ssttfi to a 

pr~edure in two different var positions, or in both.• con1t and ·a Yar position. The problem 

:·, is ·that not athpnx:edure are p~·to1 deat Wtdt,OY .. lfpflaf: vartibln. "Fhe problem is 

compounded· by the fact :that .there .are1<vuil.bla"that Wfedt"'J)' haw subva'ftab1ft. (e.g., 

records and'at"Ap)• and onrlapptng lubwartabtei pr111•'CM •Me 4tf'fkUlty. ;trurtherm<>re, 

the fact that each argu111111t hu a.dtffeentmMt·1n theqled p*'Clure·tends to,,..., people 

forget that two names might refer to the same object <or over..,,...,)ebjects>. · We call the 
. . 

problem alla$£rtf <~fter Budid N.:.ampsanTIJk W•~• llhal_,.1., :IMald· w 11tegat .. ! ·One 

very good nason fo1vprohiblatng, ........ ti2 .tr.5•Gft<..,. ltt"dgUfMM to ~«erlausly 

change into an entirely different object from that passed. COflslCle(thefollowing procedure: 
< ~~ 
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p • proc(a: an.,00, x:'t); 

aUOl :• ... ; 

end·p; 

It is reasonable tQ thmk Cllat (;a) , m ... .,,. ....... ; • .,.._. . ...,._, .... m ,._ body, 

and (t~) that after the ataJnd UJtptnlltt. ad ...... Ille MIU- paMI. In.· HoweNr •. OM 

could call fl .in this w1y: 

p <b, bUOO>; 

Assuming that both &flum.ntl are puHd by ref_., ~--~-.••••• tt IV fll'.JOJ in 

the '1ody .of /I ~ ........ #6. $ea~ C. "'"''11SLJllP• ••• ,., ... Hnc .should 

be .prohibited.I . 

Most ·~ of. al--.~ .... IM ··~·- , .. ,, ........... .._. ·- 11.,tN Mmp1e 

run-time. checta, e.g., that two array ........ ,...,,..... --- f . 

f <a(il, a{jl>; 

and so on. We wt.ft explain what mutt be._ ID,._. ...... in :the IClt• on 

ttnplementatton, amt Wil ....,ad the nda • __. 11•1•· .... iwnput en •llMiltt as ~ 

encounJer ·them.-

Hite w ~..._••• wldlk'••Jl•av.fl;__.._. _..... -~··trMion 
~ · caHecl, •Ml•-- · 8 .•11111 · il.·Alt •IM •• 1111 8'11 d • t11Jlf11• p••dftl• and 

·fM'OCedutl! m.,...,.Nllft1t:nrillllilt f•l•H•-1111111 tt ..- r.pu_..,.11M onty· 

..... , ... ," ............. a.---,.-........ .-.. 11uru 11111•1•·._._... 
Ht :-OWOM~ , .. 

that ts. vartaMta . ..._...._. •. ..., ....... ID r ·•--•••:fl:•lrl•--~ 

procedure caUed. ·~;-- •·•-•••lllil61t ••tr1,.az8'llt£M11 _...,~1. 
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even if they are not explicitly written out For example; 

x + y 

really means 

TSadd <x, y> · 

where T is the type of x.> What about assignments of the for".' 

var1 :• var2; ? 
... ~ i ,· 

There is no invocation there .to pass '""I to! This problem .~n be han~led in th_ree ways. 
·.~ : :: - , · -· : " :.. · - : ~ :i · ~-! ri -- : i~ :::~ -"~ ~:~ ·-,, · .. ; · ,_ · , ·: ~ :·.. : ·1 . 1 > .: r:. : ·· 

29, 

First, there could be a system-defined, automatic copy c;1peration performed. This is 
. :'.~ .. : ~·-' nl :-_; .-· --~---' ~:-~; .. c; ···~ - ·,4 J. ~.:~;. :U~ 

what happens in most languages. Ignoring· differing storap formats, etc.. the implicit copy 
·: ··~~ . ' . '.:: . ·:(°.:·.-·<.;~- ~-\~~~;·,i--:~:~ ·~~·:o; r~ .. _'"-~ ?'.~ ·' .1 

performed is e5$entlally a bit-for-bit copy of the~ or_the ~C>"age.a1~ted t!' ~.~z into 
- ·" ·.;::-~ > · e- ;~ , :.·~]!,U\/'!t{t) ':··:::;,{;_- f;- ~-~ • ·-:~;· .. · • -·~ ·-··"· .. 

the storage of V4r1. We call this operation a IM-co/J1. A bii:-eopy_~rks flne in the absence or 
,c • ·, -~- : . •'-!~_:-\·-~ -~:r~:,:,~}":-;~~ :~~1 Z?. ·~-- ·.· ~ ·-~ _,,,_ ;· ·.r· •3. -::. ,1f~, :2 .,_.. 

abstract data types, but wit~ their introdtl(tion,l1'4'~ ~!'.1~: .. ,,A~y,a~~t, cr~.!,~s .~ new 
, . . . . - .,:._ ';~~i· ~-\~" "·'"" .. ~-~"'·'·--f-;«... ·'' _,.. "· k,. -.·~' 

object; a ~it-copy creates one with the same state as. the one In the right-h.~nd variable. The 
: " ·· ·. . .. ~ :;;;~s: ·~<~·-3·,i'l n:H:v .,s.Ju_~,~_,r·'f.,, .~ · --: ,··-H~~ \ ... ·;.~ ,:··:.>'\: 

problem is that not all types should be ~~'~' !e:~~W,~!,~,iF;°!".~~x~~~· ~},Y~ ~~!/equire 
all the existing ob~s of the type to have dtrf9reftt states, so that eacfi object is detectably 

· , · - · -{ -.-"". ,;.~ :< -~' , __ ,_(~Jtt!"i<>"l -~-) .ni.a~Jx.~ _.: Y.{~ !~() t·,. /~,~ ,~ -,-: .r:-;: 
unique. In the presence or pointers, it is not cleitr w~ a pointer which Is a component or 

· .. ~r;., .. · " , !..... . _"t, , .- - ,;._~ ·r··; ~: · -~:-:·,;··~- ·!:~ -~~('<~'""!'··· -..:; ·,. i:~ -.~1">-~f ' 

an object to be copied should Itself be c:opled, or whether the object pointed to should be 

copied.1 Thus, an automatic copy primitive ts not reaalble. . . ' 
- ·\_ ·:-) .. ".· -.-~ ., .. j ,-~~~-~· .t~~- .... 

The second solution is to have aH assignments 
-:~ j"' {__~-·"' ~ 

var:• txf'; 

mean 

var :• TScopy<txf'); 

<where T Is the type of both tXf' and oar),;w~ lrfl ts a variable or an invocation. This 
. ;·.,~r:-~ ,;- .·.ii:; ·. ,,~ ,~ ,¢ t_· -..; ; ~: ',. -~ 

· has the .unf.ortunate effect or doing a red~t copJ whenever ix/I. is not ~ variable . 
. .. .. ··: .~ "'·-.r . · .~"·:'~~r· -:" t ---<:·~·.-.·~--~:';;~-.~- ;:_"'.. :::·~ ··~; "~<Jf;: .. t ~~.~H"· ---;. ···1 ~ ,;' f-.:~ · . 

Furthermor:e, the redundant copy opei:ation ~ hard ~~lie alfay ·beca~se u~rs write the 
~· , , ., ·· ~ : -·r~~·~/~ ,._., ··:rf:·- ,;?'"i. 0 ~··~ .f>;;,°t:;~;~· '.-:;).~-'f' ~·-- t ·: . '.~ .;: "·. ; 

copy operations, and ~re not constrained to ~e them ·,,silJ optlmtzed. 
; ·~ . -- ... :?t~.: /t ~-"'. ;:-.""'~t"i "-::rJ.;, :- ·::01 t·~i.'"~<"~'~-$;;: .i.~- ~'. ti~ ~·_, ·<· . .. . . 

W~ feel the best ·solution ls to insert no ~era copJ In ampments qf th~ form 
• • CJ~_;.;!;>-'.::>. ,_.,,.~";~"ii~'-_;: q", ',&";;~ :-:c:,;_ -:.l.•'c~:'.{•" ~ ':" • 

1. This is called the co117 roblm and will be further dllcuased when. pointers are added to 
AS BAL. 



and to take 

to mean 

var r :• TScopy hm· .i>; 
The 'type of TICOfl'J ts assumed to be 

proctype (.~ T> rettll'tls (T); 
'; ~{~ ,· •i ' .~r:- ·~; I •; 

If an assignment of one vartahlie te 1&Mldter ts wr• ua. wl the .. , 1llpliate ClllpJ operation does 
·; -~c· .·:~ ... - _,.·· ·."' ;~.: , ,_ -.. _,.-...:~ "~ ,:t_-, -:~ .. ~" ._....,.,· • 

not 6ist, then the progrun·ts m error. 

Let us pomt Giit ~'few m1-..lu11 vi Cite. 1 I llH we haw adt:ipad. Ftnt. every 

operation mu~ p~ a·copy·~·Wwflcla'.f ... We~~ tae •1.,...d from one 
.. ·- ~ : . ,. : , '~ ' ' -.~ ~ ::., ' .-'"~. -- ::r, :'' ~ .... '~- •' ? - • . '.; 

variable to aDOt)ter. There ts no g«lillg ••••Id tWI; die 19:11 • tolutilan had a allo, and we 
-··, \~ -~ "-.? - '~, ,1· •• ·:-''4,"[" }_ -~· · .• -_·1·· 

demonstrated t~ fint solud8n to be l.r.,n.~ Sec•d~ ~··=-' ,...._. llial a nan-uniform 
;. . ' .. -,_~ ; :< '\'~i "J:-'. '~~- ~}:· ,, ----~b ''·:i ''/;.•'_ .:-- .:~ ~---- : , . ! 

meaning. While we •ympaddze wtth dae that lllllne ., ..... a1lclU1&I Mw dearly defined. 
• '1 ".'· ,.. ·.' ' - : ~- ' . '.·- , ~- - ,. " a.«·) : " -~ ,'. ." . ·. ) ,. ~- ' - ; ~ - .. . • . 

. ·· ~1rtique ~ntftg;, wi feel we mu~ ·a..,r---d.t P,aK:t,:te ill ·ddi me. What ls pined ts a 
•;;: ;_ • }· •" ·. ·'~ ', ~) ~-- .• : , ·lol ';' .: ';"1•:t •, ~ ~ ~. . o..; . j . . :·t -. , . ~ . . • 

savings in effort at ~.or tm11pa•er dine .tap•••• ....... 
. ( i: ~ { '.~) ' • ·'~ ~ . ~ • •, ··~ ; ~' < '' ', l:•, • L ... 

There 11 .one maR psab.lem wnh 11etcmhllllil: mn11•11 dMt tta••-t 
. . - . . ... - ~- ~ ' 

x =·.P Cx, y>; , , . . ,, ' "-·~ '.;. ' '· ' ' 
..- ,' . - I . , "~ · .. 

Here f' receives x as aft &t'(Umertt tn two ,p111t181., _w a ,...., and ene' ls wnte-onty. 
• ~: - :.'' ~ ;,f ·~: , .. ,. .-~·.· 

T·hingi could get· reatly mesled "P when ~ lta1'tl • wrtlll-. Ill ...... ........_ One way to 
"· '\ ' 

solve this problem ts to translate tt to 

x :• TScopy <p <x, y»; 

similar to the solu~ of die prntoua problem. .__, a -.r t.e. ta. a .faad jdea, though, 
i. --~ . . . . - ' . . - . ""~"' ; , :· " ; : '~. 

because it is nowhere near as obvtoui as Ww-e wMn aa extra ~C!IPJ wilt tie --led and when 
:. ·• .. --.t ~n ~ . · _ .J· ~ _;:·· ,-P-;-~;:f ~--: i'>~ ~:» ·· .... · · · 

it wm not. The better ~ ta tD &'lucate a a.-.11ary ......... ad,.. tt tD ,. Theft after 
· ~~ -- 1..;n • ,.. • ·~ '· ;- _-:--11:·:.~ --~.::: L.~., · · , .. 

p returns, a. bit-copy ts perf1'mled f1Wt the eeu p mry .... x. A btl__,, W'll because the 
,- - . .. ~' .. "· .::s <:' ~·-~.1d.,.:. ''.;:.·:J_:;, .-:.~,/· ·;·"·.J ,'«·'~· .. . ' 

state of the object in f1 II exactly the aue d11kal f• the .-~id ta s; 'furthermore, the 
• ', : '.• ' ' • -:: -.:.. -. • > •.. • ~ :-; :i 1 ~..:_.. !' ·: '' K '«~ • ";;. _-;. ' ::.r-; , 

object tn the tempwary Js"""" aue1Md· .... 
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2.4.1. Multiple Assignments 

In a previous section we Introduced th' idea of returrtlft( more than one objeet from a 
,' • < • ' • '' • ( • ~ ' • • •• ·, ·' • • ' 

procedure. We need to be able to assign those objectl to variables. The form of •;Uign~t 
' ,< ' •. •• ~ ' ' 'o ' 

statement for this Is 

var I• var 2• .... Hr n :• tnvocotton; 

To .extend this to Its logical <and useful> conclusion; We atlo attbw stmultarteous mukiple 

assignments of the form 

var1, 'var2, ... , vtirn ;• aJ1i- ~'12· ... , IXi'tt:. ·.· 

Each variable va.r1 is to be assigned the corresponding expreulqn. '"i't• and all these 

assignments are to take place simultaneously. To prevent confuskin · we requtre that each 

expression either be a variable or return only one object. .Jn:,~of:••....,I• the~samc-,trkk of 

using temporaries works fine.· For example, tn 

· x, y :• q <z, r<y>, x>: 

a temporary would be allocated for the result destined for x. On the other .hand, one is not 

needed for ,, because ' Is not an argumenfto f· 

One partictt1arly i'Yt<:e constrUCt the nNltipte asngnmeat statement •11ows ts 

X, y·:• y, X; 

It is hard to decide if this should just swap the bits of the objects stored in x and 1· using 
: . . ... '- ~ ~ ~' 

. bit-copies, which is both efficient and semantically correct, or whether it should invoke tlcof11 

twice,1 which is more con1istent with our .abo¥e pile abotU ~'J. ~'!'~ ,Viariables. We 

.. believe it is better, to be consiste;nt U.e. to t,allllc;~. A:~ OiJF!'°r.~ld be used.tq 1,wap 

the object~ in variabl~ but we wtll not ~xplore .l\lth.~ ;here. 

1. For "x, y :• y, x:." two tempo~~ries might be "Aufred• ttowe~e,r, it is not c:Ufficult to have a 
compiler notice that one of them ts not needed. 



32 

One last useful assignment statement is a declaration with. laitialhatltM (ar amgnment 
. . : -·~-~ , _ _ _ . · -, ~-.:: '.j:~,: r-ct~ ·:},:, ".~~1·:.~ ·--·.- ~.: r, · 

with declaration>. This fot.m·of statement allowt ane·to dldare atld> aMipt taa vartable in one 
' .,,1,-... . . . •. . . ,· . ,, ; ··. . . . '•·. ' . 
step. Here·are two examples:· · · · ·· 

var x: roo :• p (z); 

var x: f.oo, y; 1'ar :-,qh>., .r<W..; 

A declaration with initlaliwten is effectf\'elJ1 •· shortliand'. far a{~ ftiftb~: by an· · 

assignm~t. Thus the second declaratlaft,....,ta,..,.,U' tO 

var x: roo; 'y: &t; 
x._y :• q(t>, rhu; 

Wfttdt is"in•thts caleequtftflftt'to 

var x: roo, y: bar; 
x !• q<t>; 
y :• r(u); 

•! 

Constantdeflntttons, which were t~Je;a.,.. t .. ; .... , .... ttl,le..,.. effect 

as decfaratJ011swJta..tft1UaMr._. Tl\e,..,.dtff~-'1•.~fMH'-8'1ftl' be.asstcned 

to again. 

,. 

2.5. Access to Component• of Ob~ta 

TM· pre\ftotts' S«ttans of thts chapter· ha¥e·dalt wlth:mlthallisml'. tor manipulating 

Ob jeets as a wflole; here-· we '(fbaul.1 .... Mldttaatud ............ , ...... ...,,,. mampufattng 

components of objects. ~_..,tffNi .. actteMthat·mr~plllttw•iaat·abjlds:. alJjectS may 

be created. they may be observed <read>, and they may be mutated. W• .._to be: able to do 

all three to components of objects u well n; to eattre oltjlctl. Cnatlon ts no problem. A 

component of an object is either created when· the abject II created. or ls created by a 

1. In Chapter i we wiH ·see that there can be an Important dtffwenca betw•t a declara.tlon 
wtth tnttta Uzation and one wtthout. HoweYer, for "°"; --~·· tM declaration with 
tnttlaltiiltftNtto beiMfUivatlnttwta cMtt&Mt•·folliWllfWfW' ............ 

" ; ~ ' 
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<mutating> operation on the object. Records are an example of objects whose components are 
,; . . . ~ 

created . with the objects 'them~lves.-' Arrays ·~~~lbU tfle ~he~ ~ha~io~: the ~ddla and. addl 
. . . . :. . :·.: ... : .. · ··,f .· . ; . . ·. .. . . ... ' 

operations allow new array elements to be created dynamically. <Records and arrays will be 
. ·1 . . • .·,<·· ' ..... ·.:rt , .. . . ~., 

described ln more detail in a moment.) Abstract data types may display either or both 
, ' - ... ",' ~ i- .. ' . 

component creation behaviors; they may always possess some components, but create <and 

possibly destroy> other componen'ts dyriamicalty.' , ·". · .. , ,. 

R~ding Components is al~eady taken care of as well. Since all objects _having 

components ate builffrom records and arrays, and i-ecords and arrays have operati~s to read 
: ' ' . '. '; ... •. . . - :~); . \ ~ '• 

their components, any twe can provide operations, to read any components It may have. Of 

cours~ a type may not make all romponents availa~ exm:nani: .fui· ma_y return inf o~~atlon 
derived from the components' rather than th/ CompOnents themselves. However, reading 

· componet'its. is alw.ays dooe by returning objects..· T~ls is u~t~unate, because returned objects 
. ' . 

are always copies :... always new objects~ <Remember 'that return vart~bles must always be 

assigned to.> Thus, returning does not allow compoftents of objects to be ~u,tated; on'1~ '~/!''s of 
~ : - '. .:,r :'. .,: '; ;:.· .. ,. , 

the components may be manipulated: · 

It. may seem that storing a mutat~ copy baclt Into a data str11cture is equivalent to 

mutating a component of the data structure, and this is often true. · However, many data 
. . . - ~ 

. '.:··11 ,·:,A~ :~~:··:. 

structures do not allow components to be replaced at will in this fashion. As an example, 

consider queues; perhaps we can observe the ~:at t~ front of th~ qu~e~ but we can only 

. insert new members at the end or th~ queue: A~ ever;"~~ exa"!pJe J~Jt~ that must be 

mutated atomically rather than by separate reading then writinp·~..,.,..ptt.ares and other 

synchronizing data types fall intO thls: ca\•f·. ;<?wt~ .. are_ syffident for observing 

components, but a special mec.hanisT is n~~,to "JM ~-~·~_of c:qmp°"'11ts. 

In a prelious section of this chapter we indicated t1'~t .~' qperaUons of a,n abstract 

data type are procedures. We now design a new. kind of mod\I~. th-=. .s1l"tar., .. which is also 
' '·'•; - ' 

allowed as an operation. of a type'. Here ts ~ .. ~t,a ~~.,d •. ~A ~~tor .if.gl~eD _,. ..,ject 
•( .\' . ' "' ' . ... ' .. ~ 

from. which to select a CC>!'lponen!, Jnd .poptbty .-~ •t1.~t(41&r.~}~~pmmt~. to describe whlch 

component is desired. The selector then proceeds to calculate whatev• ~f,1"9,Jndexes •. etc., are 

required, and eventually exec~tes a s,lw statement.. :Ttte se~. statement ,indicates the . - ~ . . - . - - . ·. - . . . . 

component object to be made available for use. What is returned to the caller of a selector Is 



not a new object. but. radler a desu ... ·qi tt-, ..,,...~; ~ .tThat. ii •. an ~ject 

reference is r-etumect:> The ...... came-- ..., ~. ~ ~. ~ .... na.,i,,te • pror;e<ture, 
',• , •: o ' > T • '. • o" • ~' " > i:; ..i:.:-tt,:.:::::'1'~f ,,< ,) '"'.!~ " • > 

and can thereby be mutatecL HoWffer, what ta • ...,, ti • ..,..,, ...... a..n-:. ntaJ' not M 
~ , • •. • • , ~·-· ·"'".::-_::-,··~· ·: ._~ ,_:: ~11 r::.'t..1~-,.-· ~: ,1', ·, • , " 

assigned· to; only variaWn may~ ars'ptell to. 
. ' ~ ·,' - . - ' ' . ~' 
Since a reference te ~ af> an alljlllct_~ ~·at~~~ ....... we .mt.lat guard 

,• • ;-.,. •' ,',I:' ~·····:f( ~ ,~t,•.<•;~f... ~ • ·•. 

against any dangllng rderenca 'hti.tiaB.fr a. Ill~. 1~. ~: .. ., ..... variables 

rathttr than a ~·of ~ abject it .. 1upp111d'. -~ r~~ .. ,... - a dangling 

reference when the •. ~ ..... "'. ~··.~·.-·~~~~~"·~--~s.never 
~ .· ;: " -~ . ~- ' . , ' ,__ ~ . ' . 

select any of their lacal variables <or~·-•~~ ......... ~ e•.-t~ mturns 
0. .. • ;' ._ ""~ -~ • Ir ' • : .· ' , ' ,. •·: . • • ' ' .• ·• ; . , ' ., ' . , , ' 

cannot create d~lillg ref~.~:· ttm wt.. A I''~'~""~.~ a...,. ab~ in tts. 

; return variables; rrocec1ui:- can. never. ~~i. ~~ ··~· ~· 

There a.-e two Minar r** tt.t- ~;.~""·"~~ fint.,.~nts. 
• - - ,! ' . .! .• - ~- - ,. ". ' 

selected from var's should}'•••. l:e .. .....,.. •. ~ ~U.f.~~ .r ~"I- should be cen•t. 

Therefore, a selector dees net datpaw ~· iU ~~.18.1 ~ fl!OIR ts.~ or ••r. that 

. property is aut~ticalfyin~f~llw~;:~;;:~~"~·~·,~ may not 

mutate rhe object being. setected from;. hence ,the ..,_p:t te 111 . !Id .. • ! ~ Hllide the selector 
- - - ..... - '. '.·f,;;,. ··.~· ' 1 ~;~· ;; l; • .~. .. ;-· : .: ~.· • 

for checking pvr~. The MCORd paint II dtM a •a.c•,"¥111111' nat' ~ any_auxifiary 
' ·~ ._ • ~ , • ' ' .. • ': _;:. \ .1, : • ~ - ., :{' :- : . • • . . 3 - : . . 

argument. Therefore-, aft: aaxtlary argmu"* ._ ~· •lllit ...._ 
- . ' ,~ • . ,,;· ,.,. ."(~~ >· ,! ~ -~ :., ' • 

The form of a Hl«tor tkflnilln ts:· 
~ ' . ; j -. •. '< ' - ' • • , ~.., ~ - 1 

na~ • seleet!f' fnwz: '1JllJ• ~;a: ,,,_1: ;":'# .~ ~) ~ ._. ,,... ,...,9'" lJ/JI~ 
. stau'ln#liJ; · · · · · ' · · · · . . .,.'....... . .. , ... ,, ;· •"· 

T~ nCPM, for ' >()'are the •ntati a .............. ,...,.. ...... fNm.. The "of 

''flt' part iftcfk:afes th. typtt' .,. .• e&jl. _,:tie:.ietiz •WJ~ 'A~~'8t 
1

:i.~~;t twMclt a only. legal 

·Sefeoet · wfwesstrili;. ,:.., · · . 

Ttte~pms~ armet ~·a fliafftdabll • ....... , .. ~el:._~. 
It .n 1ta"'1ief •f~·- ., _.i,.,.j:''at a·;a .. 111~ ··~-- tt.t maes a 

Hlfector .. We iCb\ati· use · 
: .. -..... ,' 
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to be· like procedure Invocation, but we feel 'tt ts better to vtrlte 

ohJ1ct.s1l1ctor~narru<swcal4r, arpmntt.s> ,, ' 
to be anatopls to records. 'T'he latter ·rOnri aha hli the .,advant&gf or making the object being 

select~ 'from stand out.· If ~e $elector 'takes M> autlliarJ';t~b, the pat:entheses may be 

omitted~ .lt"a\'ing 
.i:. -.) 

oh fact .s1ltctoi_11aJM 

which is jUst Hite a record a>mponent S'e1ectl0ft. 

In many cases ·computing •· sele.cttad' can ',be etpenstve. Therefore, we provide a 

mechaft'tsm for savmg a se~;· tt ts 't1tt:·*ftlt~~t: .. , · 

with class namt •• 1xf1do 
stat1m1nts 
end with; 

'• 

where class is const or var. If the class is.var, then the selection must be from a var. The 

namt · starid's ·for the selected obje(t wttMlli'ttie btldJ ar·,r..e· wld"aat.ihent. and is treated 

according to the dec;lared class. A .scope tS taWW'i* ~ daeCktnt"" nMI. ~:done fol' safety. 

To prev~ mutattOns 'of the contttntrag· objl!ct 'ff0ttf'~fug the setettect objeCt, all 

arguments to invocations in the body or the-·.witlt,'lti~are chtckid for oVerlap'with the 

selection. ' . ., 

For example, say<boun'cted> qutt* are trnpfefnenred a·•mys. If lhe frant member of 

a queue is held in a iaved aelectiGn, then the .quwt lnafi.ot' bi Hloetlrl«l until th~ scof>e of the 

wi"th statement is exited. T~is is because an element of an array (the front member> overlaps 

wit., the array tt~lf <the ·queue>. The checking to pre\tfint'tlUs' a1iastnf ts done using the 

normal aliasing detection techniques. <The checlc.ing may be difficult to 'acc0mp1tsh· at 

compile-time, however.> The with statemenfts;s~kt tt'th.~ttori In Euclid. 
'• 

Now that we have descttbtid the essentWfnabire of .eled0r1·Mc1 selection, let u's discuss 

where selectors are·'apptoprtate ahd.whtirt' tbey''art ft«' -~ite to be u~' to mutate 

objects stored in a surrouddtng data stritctlJ~· ~ftol.tf''chitUtBlng Wia( StnKture. The types 

. having ~electors win mtl.:1iy ~ an4!s'that Jtote~aAla:~~·.~·re1'at1Citas'htps bet:Weelt.them, but 

do not ma.nlpulate the data items directly. Oood exa"-'P,les •re JUD. $Cl"J. que\lei, trees •. graphs. 

·etc. Selectors shoulcl defm.-,,nat IMr ulllt -CG~acc81i_.,, ... 111~uwnot· ., -thaUtd not be 
... 



mutated. Furthermor~ selectors sh~ net be-~ M"'1 • .-........ ~ efftctent.l for 

this can lead ~ <~f.f'«tiftly) expoatng ttfe. f9f•"*• -.: ·-..*'it the range of 

implementations of a data trpe. For ex.a .. ...._ tM:J•c:tt~• rMZ. -..,• and Uf on 

Complex numbers.. lmpternenl"" HJ of these f~ •. ~.a.....,, f~,..... component of' 

compl~x numbers to be repment«I expUctdJ in the .._,,.HntMlon. ~ .. ~ threaten 

the uniform referen~ principle CGeschke'5, Rosa69l. Thus. ttae . .,..atw.ot a type must use 

ca·utton when deciding whether parttattar -~ Jheul4 -~ff' er ~rs. 

We now describe .reconts •net arap. Ji .ii ........... to ........ ·Jl!t* isemantics, for 

they are the principal types ul«l)n clef_..·~ .Ill ~ .. ~. A record 

· . type has named fields, each 'spldfyiftg a type. For ~ 

recordCa: int, 
b: bool, 
c: ralptl1 

~ach field narM, defifles a selector with tbe ~ifi1$1 fla"- the tJpl! of the~ is 
~ .. . ' . . . " ' . 

stlty.pe 0 of f'Jr Pf fl.•ld fl'Ofll. rtctrd tJll 
' . ·. ' . '·'· . ' 

Record. c~ may be ~MDJed. T,he opera~, ~...-·. n,uMCI to ~e the 

named.field of the record. ~he .tr~ of', 'put.JWd.•••' 14 

proctype <var rttortLf'JfH, constf"ld_t7f1tt); 

. The· new object is COft~ructed using the ./ffl~f'Afl. ~"°fl. ~hich must. exist for 

fltld_t'1f>t to be Qsable ift a rtC()rd. F• c;ony~ ,.U._.,..pationl;hf•e • 1t4gu; one 
may write 

t:tp1fi,1l<J_narru :• txp2; 

instead of 

rtcord_t,ptSput..fttld..n4mt <~xp1, tx/>2.); 

Notice that rec~r4 put oper.tttons are.-.gar l~IR\IJ&*C .,..,_... R.-rds also have 

cof1'1 and tqual ~ations; r~~ are~ f~tfy .~ ._ ~~~ II .. 

The onty .Qther opera*'1 on ~s ts"~· Tl\ll ....,_·be. wdtten out. without 
; ,, - • • • • 0 ~ > ,: ' ,. < ' • ' ' ' L 

giving an order to the fietdl. W~ ft;'l jt .jS .... t9.-- CJf • fMldft., .,.....,.~and 
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t - .•• '. .... ;_:,.· •. <'./'t .;/~~:·'·t· ,",.~~ '_ .~·~ . ~ . ;. °'<.: . ·~-·., .,, 
so the user may not Invoke the record create opetatton directly. Instead there. i~ .~·special. form 

· ·. .- .. ' . · ·.~ ... _";:~_-.. ·, .·. -·u-- ·,~- .. :r, ~-. ·; ,::,~~:·:;,r:r-~~-i!1 ~t~1 ,~;.;s}";Lf1:: .. ·._,:\·j.-'~· 7 ,.·' ~"'t r'.:~f-'~-- :;-f~ r. .. :.~ :\ 
called a record constr~or wldcfi allows c._tlon of r«ord abjects. in an order-lnd~ent way. 
A record constr\Jctot ta~~ ttlisfoim: - ·- . ,~-;: : :' · · • .. u,-, : ••. ,, ··:· ... ' 

. r1corcLt*JfHS{jl.1ld_narru f IX/JI• 
fl1ld_narru2: .xfJ2, 

. : ; ,,_. - :. ' <. :fo. • • -~ .~. .':f!'"· '• 

. . The fiel~.~a""s .fllP# .. ,, .~,pr~~~~-~-. ... ~ ~· -~~ In 

the order listed}.~~~~~~Y,~ ........... 5~)-~.,.._,t,y WQUDI''. 

ftel<Lrianu_. A•''f~·•.,,,,.., ~/If#:?\~~,,;~ ', -. , · . . . ... 
The rec:ord C:QJllt~ ~fl*OMJ t\18,1.....,,. WJ ....--~ f.er-·-'1 .4XPft'lllM:.Whidt ts a 

vart~b_le, and f~r '98tl\i~~ ~Jlr:MIW~\'lflll•ffidtlP,..~·- · · -.,.,, ·, '" 
An array obj«t Is a sequence of objectl. of a tingle type, indexed sequentMllyi. The 

sequence may be empty, and can grow and 1htlnlt In me dyitamkally. Arrays have a selector to 

.index them; it is called f•ttlt, but there ls a ~ for. ~iftl at..lyS:' ~t'"tit. e1e.rient · with 

index· t currently ex•sts In. the array·"· then aUJ aelecta· that~~ does the f:JIJ_sugared form 
•• '.. /. - , ·"-'-- • .• :~( ~_,,,...f -)tr-,:~·~-. J;:i,_,~ ~, -~;: .:_ .. ,~~r~ ,_. ;dJ._"·:·, -· 

afttd W. . . .. 
. ·•.· ,. ' :f.S ·~ .·:~-': '"'_;:···}>·~- ,·. ' •• ~ ,, 

_ . _ . _ An array vartabl• ~~.·.h~ ~only ~tn,,~rraJ ol>~ qr itl";tf~· .ftf~ ~1,(~Hy, 
each array vartable has ass.odated with It an interval of the integerl. and only ar':~Yf, .. ~hose 

indexes are all in that interval ~J be storec;l. ,,., ~~. a""'l -!~r~blf , ~We_ ~~-~size that the 
. . .,, .. ~ " ~. ~ ' ' , - . _, .. ~ . 

i~dexes of an .uray ~~an~ th~ a~p~ ~1~J-.~~ ~~--~~;sets ~~~:~tive 
inte~ers.> .The a~lo~ ~r~~-~ for a,n ~r~·'··=~~~.,ar:i~~· ,~~t(,~Jo;_ts ~~~r~~1~nd.J•ever 
change thereafter. Thus, an array variable of. ~,t!"-~J*•"J'J~, ~-~.a. ~~~IJ.f,!~. any 

array objec~ whose elements are foo's. and whose indexes :~~i-•~ ~~' ~"'~:;~ equal to low 

and less than or ~ual to ltlflt. The type of the array object ts ~J~f~l1. ,<Thi' dl~~!T~~e tn 

the- number of parameters and the';' notation _Y'!~i·"'-~A'l:H''"S~~~~.•;farameters.> 

!here are.operatk?ft,•.~~.•f"•Y,~ t~~~:.r,Pr'·~~"~ ,~!f"' '~- rr,qp the 

h~gh or to,w end Ci.e.'. growtn~.~r sh~ktng ._,!f!,!1,~-~ at' t~. •t.elt~ ,end> Caddli 

' ~ ' .. - . ,:'.£ - . ..~.~.; .. ~ \.~-. - . ' ':_:.···~ .. 'J .,, . -.> ~ : , .. 
l. For ASBAL to be wen-defined, the order Of evaluaUon Is always specified. Unless explicitly 

0 mentioned._that order ta left-•~ , ;h :-1 ,,;: :c .. , ._, , ', · · " · ·' 
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and addl>. trimming to ;a parttcuar ·rar;e ef tndeKe <~.~ ~ J'd&e (slz1), low index 
• - ' • '·.:; • - > ": ' -~ ,- \' : ' • • • • .. • : • • 

<.tC1ru>, and high tnda <M:fM• stnft ... tlte ._ttl ~. ~ ~ ~ elernentJ <store>. 
' • · . .-; . .~ "'·,1 .... ,': :,-;~ ·.~ 1~ '.~.(i'.·'< "~!~ ~.,,; - .,. .· ' 

ThJs last operation, stor1. hu a sugar similar to dmt f~ ·-.~ /1111.~ We maJ 
, ' ' , • ,·, )>7;' -. ) ,· I 

write 

txp1C11cp21 :• 1x;.;: 

in place of 

arra1-t1,,.Sstore <n/J1, 1x/J2• "'" ,>; 
hd1 fetms m8ft •repta¢e'the atr.purtent :at utttex· ~ •'2 :in ~ ·arraj #,1 With a copy 

o(-;exftJ"· Sttt~~xfer·a...,..ttsrdamry.-S~'eper~s .. , 

Arrays were designed in this (tomiJiWhaf·'-ntrr ·.ar•·• ml•"*"t for use as 

fiept'flentationt-of Dstra<t data tft*, .- liD'rptbat,..tD ..... 'dltd item.Its. ·However, 

tl)ey are a b1t mores~'mtfs.'8iilfdZlft ""* ptfAtiid · *•~ ·trt space. aml 

in Ume. · 

2.5.1. Examples of Selector• 

Suppose' we had an abstract :type assoddlw_1fUf110f7. ·,whtdl auodates pairs of integers. 

We represent an assodati'Ye memory as an arra7 of .reconb; -each na:wd ·has two components, 
. . .. ' . . . ' . .. . . 'l-, ·. . •. • ·' . . . 

one for each integer. of the pair. Thtla the ~ type Gf ,the astaciatiff_;lftemOTJ 

cluster is · 
~ ~' '. t ' } • 

arrayCrecerdCfirst. second: int]; 1. lOOl 

assuming a maximum of 100 eemenu js allowed. ·,-be a11Gddve memotJ ta to have an 

operation upilat4 wbkh. wm ch&np •ttae. ~ elament J a-~.·~ - .the first" element. 

anndexJ.secoAd :- new; 
~ttkh is a sugared form.of 

R TSput~ond'<a.fekhOmlex), new>; 

where. RT is ''reconilf irst, secend: hitl'. Thus, we ha¥e shOwn ·11ow a ~ may be uled. 

Let us noYi comider .,.·ex~ er a type ~- • ae111?ctm bear: a bank account 

record· f,i1e. · It is convenient to desip ~ stryldUA! .._ '!. ~ ~ ~i,v~,~ records 

of a bank independent of designing the recants tis r:n1 •*•'-"' Of Clallne• .·Ille two· ·deligns 
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interface in the area of the keys used to search' 'ror the ~s; but except f o~ the keys <and .the 
"1 ·~. . ; " . '" ' ~ ~ '' ' • • " . 

s.ize of the r«ords>, no properties qt the r«ords af1'ct-,the c:&stp· of the accels structure. · 

Likewise. t.he .access structure hai no real effect_. UMJ ~ of the IJCOl'4-.. Let us suppose 

the file of !lh account records is a <rather_-large) objlclaf tJpe ~-,and that the type of 

the indtvkluat ·'tetords ts 8Cdftt...:r_.,,,~ ·:s~ ~';.f*itlrds are mutable. we ·destgn 

accoant...JU1. Widt' t Mfeelor of. type .. , · · · · 

· sett,,e <U, ... ~ of auoum~ ,.._ UQJllfttJ'lle 

This allows us to realze the Mparatton or·_,. fronti'Uje; 'Thts separat~ ci:Jntributes to 

abstraction by reducing deptnelettch!S ah'Mlg dtfffiw-t1iMi ·in me· dsence ·or selectors, we 

would· :be for~.w totptlJ""'t· d(-upchlttt~•-·*f1~taiiM l*Ords_ as operaUC>ns on account 

files, and pmee:K the appropriate ley 'nWf time.~ nrihWl-more; the ta:ess·-..ld have to be 

Fecomputed uevery ttme. ThUs ndt onlJ ;aft ~ ttpetltepetldtncles created <by making all 

record updates go through nte, operatlonll~ ~ ~-~fs 'rtduced ·as nll. '(Remember, 

though, that:ptrfer'miance arpnM!ftu· aloftt c16'not"JGliWf t..tftg·•·•1ector~> 
On the other hand, if a selector ts used to acam·ttfe'ACOl'd' then a restrtctton ts ~Ing . .' . 

pta• on-'e\fer)i•implen•tatton, _namelf, that iccoiaM ~i~l,.tt''."* repretented explicitly in 

account.fifes, •ml that'lt muSt be ~for'ifillams'·ti·~ attount·rilC:Ofds' dtreetly once 

the ~onts have been selected.I· ·· 

We have presented a new moclule; the s1{1etor, deslgned specifically for ASBAL's 
. ~ ... ~,.~":·.rt,:, re::::'.-.:~:~- .'"'-..;'" ;;,._< -,~ ~~'~-·:. 

object interpretation semantics .. Selectors ~How ~ts of objects to be selected dynamically 
- · · ··-" :- . ,-.,,_. ,~tn/ !~ ,...,:e: ·) ·: ,, 

and passed to procedures to be mutat~. A type hu the ultimate eontrot over U~e components 
- .. , . . . ·"': . ·,~ .'. .. ;.r;~~~ ~· - ·r.rt·:;- . ..,,., ,_ .. --:.rt , ·-1~ ,.r··"'- ~ --~ . , 

of· its objects, and need not allow them to be Mlected. FurthtlnlOl'e. only the object can _change ,.:..,- .... ·, : :~· ;< ·--~-i'_,·":.; ... ·,. ~, :~P-~~ ,·:-l -~.-·-:o:·,,.~--- ._.·1.~ ;. ; ·.~';·,~: ·"<:>:::·",, -·-

the idtntit7 of its components, since selected compGIMftts ~J not. be •'5lgned to .. _(Selections 
' ' ; ·. ·: ,·i"';.,~ ,. -~ '¥~-;--~-~~ ···""'~t_- "!~ _;,·.·· - .-·· 

produce objects, not variables.> Records and arrays were introducecl as prime examp~ of types 

1. Notice th~t selectors dq.,,not.l!CJlvi·any cat the~ ~tecl .. •lth aaietStng objKJs on 
external s.torage; ASBAL assumes all objects exist tn;~~ .... t~~-·~le atldress 
space. 



providing selectors. We a,... that Hl1aeanwe.111nu-.•·..-.-. .• .- a,paringlJ so as 

to avoid having types depend on-1ta~'a ~ ... i1~1Uftllli. . 
• · • • •· · · 'f r . : . ~ • -- ',' ' . -

Now we come:to #M ..--. of._ c. ••••at e11J41f .._.,,...,.~1 Fust, we are 

going to allow recursive <and· mutaaly ftCtJl'liff) .promd•fll. • alllllak .t 1,.1...._ac:dfttion 

records is required. These~ tN .,. ... _. *·'••k tM• ""••••··• ;ftr'J much lik~ 
those u.sed. to ~...,.aement:1a,...__. .... _. .... P41L.'.r.a.1,... ........ the•storage .. 
fqr the <local) ''ltaA&41a ~nd :~• t11,.,. .__. • .._,•tt•l•'•_... lit COl'NSpOfldS. 

Since a finite <and ulRIJ.ama.N)"-'''*'4•...,.iMe-'·•-•--••tti'l penil»le to 

give each :variable.., fiMd off•l.rom • ••t121 .. ,9f.._._.,!111*1uan·~....-y.elficient 
on many. macjUries. As ler~~rs,,..s,... ~•ta ... 1w.tll·h\~-· 9>J address. 

Ttle slots f~r tbe$e addrases,ap ~be at,f*'9dJ9usrr.-..·~ • fhett«~,_.. tbe.;•rt of 

the frame, since die q~~~-.V-·""4'.'•r*··•''•"...a t>y lhe:cal1ing 

procedure before the f~..me#Q~ 

Using fixed off~.Jn;*'1is W&JfadsCltlJ'-1~·,_.WI._,.,. . ..........,_ whose 

size is .not kn.<?wn .at.~~:· (~1dt1~·..._:l,_ ,..., to'ithose41>arts 

of a variable that are altecattd at run-ttme. can ltlll tle~.IWfit-•..f.,... ltte 'ICart of 

the frame.> Most types .have a fixed stJe. and we wHt flClt d~ 0te: ...._isms for using 
. 'j f ,.,_ ' - . ·~ 

types of varying size. :Ufttit the, Ghapter on ~ Oa. the ether t.Mld, "*t ·pt'fSltft the 

implementation now since tt af(ectl other parts .of die: ·clettp ~ MBAL. 
• ... ., '· •• ~. <. "'! ·-. ·,.,,l.jf"~)=-.-·-·\:·1 ' 

Most cases can be ha.-... by stmplJ atlomttnc the.• 11utNd ,..,..... of stor8:ge on the 

top of the stack as soon as the 'lize.k knGWn. <1im ~ Jl,~dtnJUg:h,• potnte! at a 

fixed offset in the fnme.l Thert! are ontj.O ~'.:..._*'~ .. -·~It ~fectty: 
\ • ,··; '; ,; ' '. ""·~ .~ ; ~-";, f''il~·~i; Yi~'~~,''• _'.'tJn~.~~.:-,·~ ;·~ 'L -~/·., ;.:, ,•:.r~;. ; '•, • f 

declarations with inittaltzattan. ad~ ~. the lllliAt lfil ~· As we will see 
. · •. 1 .: ,.:· -----<: .. , ... :4~-~-- ,· ·"';;' < ·.':· .. ' '.':_'"':>- . \~ 

later, the size of these ••......_may not te known ad jlHt ~ die pnadure which is to 
. ' -.. ~-, ~"~·:«2 :'-- _; ~ ~:·:\ . ' - . 

. 1. We assume the reader' u fairly famlltar with ........-eltiori .......... ,tor stack. based 
programming • .....,. ... .,.._ .,_'f1Da.1Mr .._.., .. _.,,..,..,.. &W do not present 
~Rttfff~ Ofi 11.laLYllftllltll!M. . . . . . 
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initialize them is invo\ec[ .tinr6rtunately_ tllts)s'af1'r itl.&~ arguments to the invocation have 
. , - ., . , ,·{y;,,· i. . .. ·~i .. ~ ~::\--Pt~~~.,:~!'. ':'t 

been computed; if any of those arguments are themletves temporaries, then allocating the space 

for 'the ret~rn variab;t~t the top of the stack, wtllf result 111-r.,....· when the· tefDporary ls 
''\ ·'. ; . i. . . . ' • . ~ . ;~~· ~~-.--«'• -·· ~ "· """' • • 

f rttd. Let 1:1s present a_ simple ~an_tple t!' d.~· the cratton Of thae holes ln the stack: 
.' ~: · •• :~ ! • ' ,· 1~.~: . .-~ L 1 ·· / "'·/ ' _.,,.,,..;.s ,,,~~-" ·~ " •• 

var x: f oo :• p <q<y>, r<z>l; · 

where the size of the Joo ls not known until just before ,, is called. 

<O The stack Starts as in part (a) of Figure;l, w•,.....t-rttnhe current stack frame. 

f2> A temporary variable Lq is allocated,:ali f b called <?w~ 
(3) Another temporary Lr is allocated and r is~~~ 

< -t> Space for x is atlocated and p is called Ud>. 

<5> The stack. is left as In part <e> of Figufe I, w.ldt.1 -~ ~een x and the rest of the 

variables. 

Thus we ·~ee that the simple scheme will leave holes.:m_~,~~· ··There are three solutions to 

this problem. The first is to ign<ire it; this ls not• lood idea for more and more holes could 

accumulate <e.g., in recurst.ve caHs> and cause C:onsklerable waste of $b>fage. Still, It is not clear 

just how much •toraceJ~ wast~, ~d it may ftot P.~7 ·t.P~lr!.!~t ;this partkular waste. The 

second solution is to bit-copy the new variable afJer It ts crated, mqvtng it to the beg•nning of 
\,,. '" ~ .,.,_,,...., . ., ... ~ ........... .., ~, . 

the hole, a"d thus eliminate the hole. This ·need ~ ~~*!!~f~ In terms of code becauJe 

many machines have a suitable block transfer inltrdalin~er~ the copying might use up 

consider.able processor time and memory cycles. . . .. 

The third solution is to use two stacks rather than one. The basic idea is to allocate 

temporary variables on one or the other of the two<~~~~ ~c(!~t neither ends up with holes. 

Let us call the stack. #ith the usual frames and !kal qJialtl. .&M •rtabl• stadt, and the other 

one the auxiltary stacl.l It is .. clear that in order.>to ... ~ith..ao~h~les on the v;ariable stack 

the temporaries used for a call muit be on the auxiliary stack. A .,,.tetrk. argument leads to 

I. The auxiliary stack will have to be set up into frama-.weU,1but its frame pointen and 
stack pointer can be saved In the variable stack. Thus ~II hOusekeeplng information is kept ir, 
the variable stack with the auxiliary stack used only for atwtng temporary variables. 
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tJ:te converse fact: that to avoid holes on the auittltary stadt, tempor:aries. needed during the 

computation of intermediate temporary values. must ,.be Put ~ .;he variable s~ck. What 

happens is that we alternate between the stacks· according to the nesting depth of a particular 

temporary in an expression. Let us examine another scenario to illustrate tf1js scheme. We will 

. go through the execution of 

var a: foo :• p < q<rO, s<tO», u<vO> >; 
The evaluatic;ni is strictly ~ft to right. Figure 2 shoWs a sequence of relevant snapshots of the 

stacks: It. is not ,!lt all hard to figure out which temp0raries s~ld be put on which stack if one 

works bacJC,.wards from the desired final conffintlan. Note alM ebat,U.e~ of the two stacks 

is purely for the ev.aluation of expressions within a procedure. Any p~ure that is called 

during the expression evaluation can put its local variables and· temporaries on top of either 

stack so ldng ·as it "cuts both stacks ba'ck. to iheif p"vious state ¥~:r.-Umng ... Notice also . 
. . . 

that bath ~th~ one-stack and two-stack sichemes-..._le multiple returns ~sily, by allocating 

more than one variable at once. 

It is n<>t too hard tp see how to imefement __ two stacks on a computer: one starts at low 

addresses and grows. upward, and 'the Other ... -Hi high addressel amt gtow's down. There is 
-- '"'" ' ·~ ,...~ . 

· some time and spaa! overhead involved in keeping two stack pointers and frame pointers 

instead of one each, but there are no severe technical problems. So, we have $C!el1 that two 

stacks are better than one.I 

2.6.l. Variables 

In either scheme <one stack or tw0 stadSJ; a variable" Is a am,ttg~~ b'°'~ of sto~age, 

at least canceptua.ny .. For v~riabtes whote size is blown, storage ts allocated at fixed off sets 

from the bqinning of the frame On the variable stack>. For those whose size ls not known, 

1. Implementations of Algol 68 have many of the, same difficulties found in AS BAL. (See 
CBranquart70l for a description of the problems and their solution.> Fpr example, some space 
reserved by loc generators in Algol 68 is more easily put in the heap than on the stack. It is 
possible to put all space from loc g~ors in tha stack, but in ASBAL we mutt resort to a 
heap, second -stack, or copyirJg the space. However, ASBAL does have an advantage over Algol 
in that it does not need a display, since it lias no·~ procedures. . 



Figure 2. ~rio flf die Two~ M.chod 
Execution of 'yar a: foo :• p< q<rO, s(t0)}, u(y()) );' 

~ ·. . 

v A 

(a) Initial Stacks empty empty 

(b} Just before call of r empty 

(c) Just befOl"e coU of t 

( d) Just before' can of s PR! 
( e) Just before call of q 

(f) Just before call of v 

(g) Just before call of u 

( h) Just before call of p b=R! · .. ~! 
,, .. 

( i) Final Stacks empty 
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· space is . reserved at a fixed offset for whatever fnfomalton ls .:.eca..ry once the variable ls 
. . . . 

crea.ted. 1'111s can all the variable's fixed size parts. ·a~:~ for the SI~ and addresses of Its 
. . . . . ~ "r ·~ . . - ·. ,, - , . ' ~ . ... i, f .,. ' . ', ·. '·' . , ·- ' . 

variabte Size parts, whtCh are rmed fn when ttte variable Ii -~·'The figure at the end of 
l 

this section shows a ptmlble .f&,OOt for ltlClt rrUna. . 

2.6.2~ S.elections 

A selection can be implemented u a. potncer to ·c. detct'lptor of) the object tt denotes. 

Slots for these poittters ar~ euity·•tlocated at< ......... .._.;.tMJ·have-,·fjxed siie and 
. . . . ' . 

are of finite number. Even better, the number of selectiolll is apparent from the text of the 

program. .Thus, atlocatton f« seleGf':ians ls no:;pn»IJtlnt. 

Checking tha~.Mtectors do no&,..._• local lllin, ele}·f&. mure <hallengtng. ·A compiler 
. . 

can perform the, c .... s by. •nalyab of the exprellk>ll··fiYM;.ift; .the Hlelt . statement of the 

selector. T:htt exprttSSiQfl f1ltlll be dte.~objece to selalt fmm1« (Moi'e usually> a· mectlon. from 

that object. The ether .ehtc.ks <e.g., that ttt. aUlltftalJ'·•I•_. ·•• not muta.tedhate :handled 

by other: .. checkmg ~.._with.:no-..-:c;a1..,.:; Safflt·..tuea.s,~ ~ith•tement> 

present no~ probletM .dim replar·Olltl,·and••..,...._•Uhe same way. 

2.6.3. Nested Blocks 

Instead of using a full frame f0r nested b~ .ui• probabfy'~siest to append their 

fixed s.tze space to that of the enclosing bkdi'rriatang:~lirge fixed stle bk.ck. Of.course 

blocks at the sas:ne nesting depth can use the storage in different ways sine~ °'Jy °"e 9.f> them 

can be active at once. The pan of thelr storage that Is Ul\known tn size can be managed In 

stack fashion;~al~toed b,yend the:lp!Q f«1the'•l•I•· bloct" ._'GJt back when the nested 

block is exited. T~ ar• w«ll·kQQMJ tec:hmw• 

'·- -:~ -

2.6.4. Cl,ecldng if V1ri1bla are l•ltlalized 
' ~-. ' .,~ ~: ' . " ' 

Now • describe the .. cMcks necessary far lnturl..i' ·./aatiab1es are always initlaiized 

before use. fkJt. let us see how much a compiler c:an chec:lt. It .ts clear that truly sophisticated 

checking '~' lnvotve complicated analyst' of ;~ •trot; Flow Of a· p~~m~ However. we 
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would like to k~.the ~~;to~.....,.....~~·•.:• ~:q~ •str'1~Ured 

pr~rammin( ~o81- ~~ J~ .. ...,.... .~~ • .ti;"~ ~I. feaUll'e of 
• ',' . '! ' • ·• ., • ,. . • . ••..•. ·. • • , .• , - . . • 

such stat~ts t~ t~at ~·,~ ttf' ~,th~ '~ ~~,!·~' ~~ stze. 

The compiler can keep a record cf which ~~~, • .-!t!r~,·· Fr0m•ts It 

<I> those deftnttely lnttlali~ at efffJ uae; 

(2) t~def__, .......... ltc-99; 

The first. class is all right; the wmtd . ..,l11 •,.. il11111t1Ct fD•s•c.-·&M·IUt dns reqvires 

the fnRrt69't of' NO ••..._ ,,_ - · 1•t:illtr.r:•11 t•tlllti* ~11fJitf1'.allacata one 

· btt of memory tn ~ .,..._1*Ck·'f-• •--••tn• Ur~· ...._..1fiaf mtable 
' ' ' 

· has been intlillttlld. Thlle irita·al ~ ta•·•~ .\M1la1 ... flflllll·plaml on the 

~tioftable pdll.codewtlt.11n11111t1••*•t1•'9--••t.t-1t. E•en tr a 
•-rtat..le t1::UM11 _... ........... ,_..,,f'lt · .,. ... ....,. .... .,. Mllf~·tlt'oirly a few. 

This, along· ,nth the tea.._ ·tH;!Cllidll'.;ts ............ ~ tA.-tllt•t •· lR8St m.dttnes>, 

means that there ts lttde ....-time ovttttlM'I. We ·r.t tlaat die ........ II well worth It, 

particularly when debutltnc programa. Nattce that Chia w ~ d.lct. 1;.. lnlttattzation 

of returnvula~~;all.1feftal!d_do.~.~'-'~·-~,~ld,and view 
~ - , .. ' - ' . -· ... . ) ' ,_,_ ., . . . . 

the return' 1taterq9ftt ••• ' ... Of an cf - .............. 
• - ' , ; • ' ' " • ' ~ < • ' • ~~ •• 

inducttve principle: tf theN ii no • .......,, .._ ,.,. ..... ,,., ......... •fte., none· of tu 

arguments or return varlabla Oftrfap>, lftd all lacal .Yll'tabflll Of , U. •JDlnt (ftOne of them 
. " : " ' " ... , ' .. ., ; ' 

overlap>, then we Can. ,.,.,,.,&hat ~ lntrciiduCiei ft9 ......... ti.. die 'llt..C. ... It mKes. ihe 
I . . . . . . . 

C:OfT)~tler does thtt b7 ~ktnc·-.. that no~ ... ~,.,~_,...._. la the .calls I> 
makes. 

To lmpleme'1t ••--.-~~we Mid a ~ ...... of which.·~ of 
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varial;)les overlap~ and which do; not. The Eudkt report CLa~sonm gives a very detailed 

deflnitioo of which variables ov~rlap in that language.· We will be content ·with a less formal, 

more intuitive description. First, it ls obvious that a variable overlaps with Itself. It is also 

clear that a record overlaps with any of Its components, and an array with. any of its elements. 
. . 

This carries down th~g~ all levels .. to.•O.J.rl'Q.9f .r~ overlaps with any component of 
1\ 

any of its element rec;ords. On the other hanct, ·If two vad,l~btes do not overlap, such as two 

local variables with different names, then none of thetr ~ts overlap either. When 

two variables overlap, one musl mntaln the "Other; "&!nee. iJhen two variables do not overlap, 

.they are completely disjoint~ : 

1-f..ow ~o we .. exf~~ .. ~li!sin_g .detect~J~_g~L~ions? · first of ~11. any .selection 

comes from a partlc,u~r ~~ • ~ ea1;tiQl~,~rJalJle ... ~ ~- °",!1 c~eck select-ions. fr!"" the 
. . ~q:·~·.~y<,,. :~· ', ~ ... . 

same object. An object ~..U•"f ~ion from lt are considerct to overla~. Selections from the 

same object generany require a rUh~··diiel. Thb ·~k ascertains whether the two 
' ' • • e • ,J '- ' ,.. ' • • ~-· ,; 

selections overlap physictl1y' tn storage: The' starttftg ad4ress for each selection is always 
• I . 

available at run~time, ~lit the lenf!~. of ~c~ .. IYMI~ .be.prynided in· addition to the starting 

addresses. 

In a later chapter we will extend aliasing preventic:Jll to cover. the use of pointers. Our· 
. . ~ ' 

.al~aSiflg detection mtthodrve based Cll"I thOlf. Of ~t~m. 

2.6.6. Summary 

ASBAL requires one stack to be maintained by Its run~lme system <but may do better 

with two>. The stack frame for a procedure actl.vation contains the local variables references to 

the arguments and resuk variables, and housekeeping Information <return address, old frame 

pointer, etc.>. For most variables, fixed .offsets Into the current frame can be used. Some 

variables require a c;ertaln amount of descriptive Information. (descriptors or dope vectors>, 

mainly those whose size is not known at·comptle-time. figure S shows a possible layout for . 
sta·ck frames. 

Arg.ument passing ls by reference, t.e .. the addressa <or descriptors> of arguments are 

passed to a procedure when It is Invoked. Returned ,_Its are simply extra argument 

variables; the addresses of the variables are passed. MOit of the checking for aliasing and 



.,;· 

'• 

Start of frame --~·_..,Mli~-· 
" ' .• Jo ! f'4flra~ .. q • 

. ,StrJ±ic; .;~~t~91·. ~~'.;~;ri~ .• ~' ... . . ~8-ies : 
. ~ · -:-~~r1··,I f)d1 .:r~-::~ ··-f:·r· ;.·· 

.·-, :: 

DynamK: Pert of Temporaries 
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Top of Stack_..,.. ________________ ..,. 

. , ~ . 
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µninltialized variables Is handled easily, .,t,p>n,tpt~~ ar¥t tile ,run-time .. checks do not 

amount to much code. We conclude that our scheme ls about as effkient as pou.ible given the 
. • . . ··, ,:. ~.;•y'.':' ~ .. ;·<.·fl\:•'.·. r"'-"'? 

level of safety we require·a~ tbe ('1ltunJr•''"~~ 'I!~~ 

2. 7, Programming E?Cample 

In this section . we will pr~t a prqgr,a~ ; ~qrpp~ to help illustrate the 

fundamental ideas introduced~· tn.idtit ckpter.-,,.,,n.· eJC_,.'li' a' type definition, but since 

clusters <the form of type definlU~ bav' .,,. .. ,.~~ N111cq11, cWlnltiGIJI IP1ide them, all 
• . "" .·., , _, •• "·..jr • 

three module types will be ·IRdltramMI. Las.·w Witt see'lfftaf!Uilng' more advanced features 

allows us to write better definltton~, fpr t~ 'flt ·!e: no'I,: Af'l'O~. J;>ut at thja ,point we are 

restricted to the most bask or features. : 

There are.t"o. essential p~rts ~ a,t~~ ~'n.l,tMJn;t":~SBAL: tt,e JI/I <representation> 

t'jpt, and definitions for the operations. As In CLU,' we group these together in a single 

module called the dusttr. The syntactic form ls: · • ' · ' 

t1f11_nam1 • cluster is nam1s_of..Dflnatloru...n/JtWt«l; 
' ... ,,.;__.,,,,., 

o;.rati.o71r-na•r11 • proc ... ; . 
.. . ~· ! ·. 

end t1pt!...lia11&1; 

The procedures and selef_tors may ~ .i!'l,~ec!~ T.b~, •l:ffl~ ... ~J be .. internal prqcedures and 

selectors; an Internal operation i~ one that can be called._.,,,friJrn wtdltn tW type definition. 

'Internal operation~ aredlstingu.tstied by the fact that te.el''.~ ii'clt appear in the list of exported 
. ~' . , 

operations. 

2.7.1. Bounded Qµeue1 of Integers 

In ~his first example. the task is to define and implement a new data type, a bounded 

queue of integers. The operations of this type and their functionality are listed be~w. 



.. 

create: ,proe'typt i) r:etunu <queue> 
.··<creater •· ·fttW, -..y·queue> · 

insert: proctype (var queue, .cast hit> 
Unatt~·trnege1 at1•1'hd ef'·ttie....,' 

remove: proctype (var queue> rtt11m1 (lat) 

(r«ncm!J the .front member of the~ 

is_empty: prectype brtst...,. f!lttll'lll (bOol) 

<re&urNU.tf.Mtd¥01ttrMMe;p111• ••trl , 
isJUft: pt'ec;type''~eotut qUeue) ........... 

. <retuma-.e#w mtJ.ilfiithe ........ 

Si~: proctype' (cettJt queUilt· nhfftl '(lat) 
<rerums the numbertlf _._, • .._ ,.,_, . 

. These queues wttlbe~tn~'aftlltfle1rftdttnum"ltaewtn"91GO. 

It is easy to decide what r-epresentatton to use for this..._ An '•IRJ of 100 integers 
' \ • ~ ~ .... ) . ' :"t ":" . 

will hold the members of the queue, and wffl iM! .......... 91 df.mlar' ._,,., fashton. One 

index wiU be maintained.: the position of the firat.naeml• fll 1W••& 'Tlte'tnembers wlll be 

stored in order of tncrasmg ind~es kt the array, module lOO. n. Ji• wtD be kept explicitly. 

Thus our type d.efinttion will begin: 

queue • dater is clute, insert, remove, &~. taJul1. Ifie; 
..,, • .....,.,tftrst:Jat~ "' 

stze: l11tt 
q: at'.J;' 

at •array Chtt; 0, 991; 

end queu~ 
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2.7.5. The OperaUoas. 
' ·'' 

We will write the. create 1p1t.-. ftrilt.' ;;W..t dlit·Jlrif.••••iell'lt Clf•tfte rep to be 

1~ro, the si~e to be 1ero, aftd rm the ~htW. ~1:.•'~; Jif~~~~,,~ ror errkiencr. 
- - ~ <. ' •• ·- _ _. ~ • '. - • ";" • 

it does not matter what it ls filled with ln this cueJ n. _...,<reaa<:t..,...,., Is presented 

below: 

create·. proc 0 fttlll'ns <q: c•t>; 
, . .,;.·-.,.If.--~·'' ··~· >> .•.. 

~-· · ;~~~5 ... ~rm co,'o, lex11, 
:~nd<t~' . ' '":' " ;;~ '· "::1 , .. c-: ,. 

The notation cvt <from con.,,.t> indbtes a vaf~Me· or 'diftlt'.Jnt whole' type is ~tewed' as the 
. ;V•{,,;..::~· ,>;- ,,,·, \l",;o•.•. < ,·; 1<>'"''1; Dt<"•'" "11,( ·' ._, ... ,. '.' '•:; \ .. · 

abstract type <t.e., the type"Deing'CleHMdf'oUt.kie···u.t•.mldU-. and the rep tjpe Inside. Of 

course it is only allowed In a ·mociJ'' ~; a·~:N'l:~R~ &h~t~tYPe by context. 

The expression atSJUl<lJOel,ru1.rlt) denotes an..,.., obj1et.tll•-~•1111:•d•et1 are copies of l 

<made by using t$'°1"J), for all tndexes ln the ranp.~ i.} ""'~~~y~ provided """' 
. . . , 

is not negative. <catting otSJUl with a neptlft thtnl .,._. ..... .,. • .-_what h-i>pen• 

. ~~'.!-~ _ex,,,i'm9;<~~ ~~Ji.~,ptet~~i~~ ~~~·~ tP,;~tae~ure 
abOve; for conventence. the end St.tetMnt of a procedure doll an Imp~ relNrJI. 

. . . 
Let us move on ·to .dzt, ts..na/117,. and "-ftlll., 

sJze • proc <coa1t q:, c•t> returns <s: lat>; 
s :• q.size; .. . , 
. ,nd size; . 

is_enipty • proc <eo111t q: cvt> ~ Ce: "81); 

.. 

e :• <q.stie - O>; · .· ' -
end is..:.empty; · 

isJun • proc (const q: cvt) rmna m,~i. 
f :• <q.sb:e • 100>; · · ' · · 

. end isJull; . 

·Our integers and booleans are Hite those of any otlter ......,_ detalla are in the appendix on · 

data types. The use of '•' In 9.stu • 0 actually lndkatel a cal ol 1atSequal <q.stze, O>'. This 

use of_ syntactic sugar allows us to extend symbols IUCh u '•', '+', '-','•','I'. etc., to abstract types. 
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FuU tnformation en ttleR 111pn am also tlief••U111tle lff•fl 111 

Now let us ·Wfite'·rhe tnmit ape1..._. · 
' . 

;ntert,•;,...c.t..., ..... , ....... , .... :· 
if q.nme • ...... .,..._fl; ·. · ....... ~ .... ,_~-· ........ 11-. 
,.,;;-.. .. a,:--.. 
q.stze :• q.IUe + :t; 
end imert; 

The '//' is a sugar for fJjfdmod, that ts, tM mdult W 1• 1P 'J dlJ' IS I 9'•n ef the type. 

NOUc:e the use of sugued array and ....S •ap2 J '.'n ~,qf( rilg• q 1 n ti •1. The MKt 

chapttt will present a mechutHM f• •r•l••atllll1J II. s\••Wll114J-lll1fm",, ..... wan . . ' . 

writ~ ~rror to ~~cue-~t.a~Ja&e~:-t:,~'l~~~1~p ~;., .. 
' \ ' ' ~ ' 

The·~~~~1:11u~"'~~'l;~;~::rM,,•~~:· 
remove• ~~·t. ; .~ ·"~.~~fnJI. * m,, ... ... , , . 
· if tf.Sla! .;.·v ·~·fill.( ' ?' · · ._, · • ...... :,....,: ..... ·.· .· 

q:fir• :• (f.ftnl·• fl/ IGQ;· 
q.stte :• q.it~-- tr· · 

'. .•' 

' .... .I!..... " I 
' ' ' 

·Finally, heh!.~ aampte all ot·the .,._, ... ,. <Tlle.lpi .. 81~·~i't..~ •.•.,..,for 
t1fHSnot <n"1r».' ·~ · ·· '• 'i ": .. ~ 

' . ~; . ' 

var q: queue:• ..,.screate<>; .. ' 

if ,.., queueltsJ:UU ~<41> then qu•••111 (4). ,_.. .... ;W; 

if ~ queueSis".""empty (q) UM!ll bar :- qt1m.ltt11 u•..,._.Ci 

, .. '. ,-;-,·. 

·" 
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.2.8. Conclusions 

This chaptft',,,.haa dealt with t¥,fppd_.Q_.?;,_.otta.ef ASBAL. a. language 

intended t.9 prew,rve .. H.rnaftl1 q{.,_~ at,~\,,....::d QW-u ts·poa•le under the . . . . " ~ . - - . . ·. 

con~traint of ~.~c~ . ..orle:,q~ ~~4-1".•••• LW•:·~"9d wtdt•11W'nottons or . -. . . , . . 
variables ~nd ob~t'~ We theq,:Mf't.*'1to,.~~ w,dll51,.... ~er;·;,,.-ure caU and 

returr.i. ·. Aliasing was discussed. and· rules formed to prevent! Atl ,ocm1nacei A·' satlsf actory 

solution to the problem of untntttal•aed .vartablea ...as presented, a~ an lmp~tatton 

outlined. Next, the mechamsm or usignmll_tt was explained, roHcniie(i''by ~ discussion or 

component selection. Arter dlscuutng ~lion.--~~ !-'?.~ample to illustrate 
.... .-~";._'":'>v·"·''·'"-~'~t -·:··-·'.~-':~1~ ~, ~ ~t·J~ ···· --'• 

these
1 ~~cepts. ·The groumhv~k Jw.2~·-~ld for_~·~ adya~ features of 

•· • .i _. ;,.'";~': c _ . ·:~~ ;'..?,t"';, .f .. •.•. ,,. _·:·.,;; ·,l.,\ .'.,:?.!jr~-~-

ASBAL. The next ~-~1~r- will tntrod.!K' two !':9! f~~ ~~~~ 81[.~l~. handling. 

'; 



. 3~ ·Two......-... 

111 thts chapter we extend ASBAL by the ~ fll two new f ~res - lter~tors and 

excaptU.hmd"'t;·· ,.., ... ,. .• ,..._-.:_. t.W.if·~anct.,. Implemented by a 

new lttnd of MOchde. On tfle'tllthet-eiuFf6•(hiril at .............. ~ ,miOusty ~ 
moclules; tt ...... ._ . ...,.ft¥1M Mw:ttlWll"-t'ilw'tt~iik4· t"I tlMmt' to spectf'J and· 

datwWt·exctftl_.~ W•'•·,,.linc1!1diflaliinult ts W.C'f:.U~ and then modlfy it as 

S.I. Iterator• •,:· 

A major 'goal of abst~ tn ~ts to ~ve the programmer ~way from 
, - . .· ,, ~ =,- J. c. -, --\ -. -~c ,_~, . > ;. ;-~ . • . 

details and 1nto #orltmg. at a high . ~~,,,tnet. ... ~ ,,.,,.,ide ... ~~~· <or 

· proCedarall a~. and ·cm... ··~ .... --~. Aftather useful kind of 

abstractJon has .,_ Jdentjf'led, the 'amtrot ......_. tl.Jllte9T1,. Wutr'PlbJ. The only sort of 

. control .atistractton we Wiii fllfer a.a ,._.1md11 fl lllft• ca1W an Umllfw. based on the 

tterators. of CLU. ·A loop hu tfta'W bMlc pattl: 

<t> genemton or the~ or dala .. to._.,..... on •. 

<2> operating on the data, and 

<~> tt!lttng for completion. 

Iterators provide a m9dular way of pnera*J the n1p1aece ef objects tct be.~ on. Jn 

CLU, an iterator generaces a sequence of objectl dtat ue ,..,d to tfte bod.J of .a loop. The 

crucial poiat is that an 'tteramr ,._... dte Htuenr:e f/I .._~Ir. w object at a 

time. This wtft be easter to unclerstnd by follr»1¥ ... thmup u ....... 
' . . . ' 

Let us say we haw an abltract type ...,_,ra Further suppme that many of our 

programs that u~ hlnc,,_,,.,·, need to s ..... all.U. leave el a tne In left to right order. If 

we are given aperadortl to fetch the Jett and rtcilt ...,._.,a tree. we can loot at t.he leaves. 

tn the destr.ed order bf. keeping a ttad .of a.a. ·A laap to de dtll ·fllleht 1llOk Ike <tn CLU> 



. ~: 

... ~ ,·; ·:,~_.,'.:~·:.'"~·;:~~~,· ..... ~~.·· ,:-·~~'f-~-.,_~$:-'e~; ~·~:{~il!£9.,.:'.!='}~'*' ~1'':iW."'!t-"W·!f::~~;.....~··~·,.~~:;«;"' ··".'"' ... ~.:'u;'·: ~,:k"'"""":i>, ::·""Z~-t.'.•: 
., "' - "\:'.' ~-. 

t: tree :-.. tru of lntn1st;. 
st: treestack :• · treatackScreate <>; 
more: beOI; :•; k8e 
whi.le mof: dO . · 

If t ls a l1a.f 
ta..a 

loo/J bodf. 
If treatacUemptj <st> 

thn more :• raise; 
· ebe t :• tr~Spap (st); 

eDCI; · 

'., 

Thus, the. st~ck of tr~ is u5':'. to ~1~}fi~··· ~, ""tda. have' not been 
.•. ~ :y. • . . " '+. "' ' . 

generated. Writing this~ out.for ev.-y IGGfl 11 ~~~~,~·1many 

details. Jf the type 61na,,__,,,, offered an tteratar ca1led '*'9a, w muld write the above· loop 

this way: 

for I: leaf In binary_......_ <thW,, ,. 
· loo/J bod7 

~~··: ·'etftf:·. ~" 

The variab~' ~ ~cal~.~·'~!""~'~ ~~1~ :·~~l~·~..,,J~ -.~ ,.,~,. · 
The for loop is more to the potn~r~,~~ 1'1!)r,~U~1~~ the .,.tie loop. 

In short, iterators prov.tde· better abstracdan. I..., can also be.more efflctent than loops 

. written ·out,_ -~r5e.,, t~ can be -~~~1 ~,,,, t." .. 1 ~~~!•, a~: .. .- the 

. repr~s~tatton of~~,·-~ the.~,,.·;.~;,~:!'~~ ~J"·mtPl.~li~,thl1: 

') 



leaves • ttwr (fr: ·biMIJ_.,., .,_. ...,., 

If 6 '' c lHf 
tlttft ,.... Cb); ' .... . " ' ' 

for I: leaf I• btitary_.,.aa.~ CNft Mlf• l/t\ • . 
1MJd Cl>; . ·.; 
ad; 

fer ldeaf hi bnry..JW....ma <tffW •dJ1• fl*' • 
end; 

end leaves; 

yleW<D; ' ',' .... 
The recursive tterater mates eur tfttelft-. ~..,. .~ -~\IJl.iwutrv •the pneratiOn 

algorithm that was olnc:ureCI M the ............ ~ ..... ,.I._ tlN ...... .,. .• .,.-. . 

is fess effident than' the ltenttlve ....... a .. - •• t1rllllilJ. o&;··~}-· may depend 

upon tmplementatton datll. 

Ut Ut tutta w .---._.. 1111;*·•..-. till ........ ftl lMllc aatGns inVolffd tn 
.. ~· 

Uifilg' a'fflttf*ttW·tft·'a·fft,.,·Wti: · · ·" ;. 

<t> the for loop tall1 t~ lteratat:; . 

<2> the tt~rator """' ·•JlcCt to the ~•llr:ef' ....,.,.,...,_ · . . . 

()) the loop ~y IS ft'«Utld Wltet die .......... tit ... lhl ~· yielded by the 

iterator; 
. •, .J. 

< 4) the. Iterator ls mftflltfcl, .Wewp• It ..W aen•b•d• Jllllll ....,... !' .. 
(5) theltfr.., rmrtfls.~·)~ .. ' '' ;;' •, : /1 d ~ )' : 

. . . ~ . 
·i· !.;..,, 

. Nbte. tffat the~ body ft~ .. per ·,t.w,•11 ........... .-..._..,..·.to Imply .. Also • 
. .. ~ - \ . -· , '} - -~r .. -.- ,_ _-•', "~--~- t: ~ ~, ,t' ">--~- '~ ·'. ·~ ·:::Jii.} :;;-. ;/\ ~-~ . .'. , ~ . 

. . thtrftett1or. ti atwiy• ~,.. an.r·• • • .......... ~ ........ , ..... intact. 

Thus tterators are a form flf •••""" OWrat ...... ,..,. ... - act per coruuttne to 

run, but iterators are Nfttdelldy restrtcted ._...., ... .,. . .,..,._.....,a Angle stack. 

<lt~rators run .in a tingle 8ck fNcaUle et the p111111tuw ,..." fll i ••• .... thq uaeJ Let us 

detail the transforma ... mlde to dM ..a. M -".fll tht llatc 1181111 lllted .-Ve. 

'.,. 
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... '. 

<~> · lter!ltor caU-- the argumentJ atepusat·•nd,-• rre.rrametts •·:vpfbrlthe iterator, just 

a.s in a procedure call; ·· ·' 1 
, • • 

<2> Yield - the~ vartables, which are created at tttaa ,.-. U..._.tthey are of fixed si.ze, 
' ,,, , .• ' '1··· ' ' ,\~ 

are set to the ob~ being yielded, the·lterator'fmume address and frame pointer are 

pustMd-'• th•*-' -.,d~.the:"8n..-.~._,_,,_..,, .. enVtt~ reHt to 

iNt of ta..Jt~111Herd.-at "-1·.._•••rw1ratl•even tMMil't yteldmg ts 

se~nticafty &he ~u r_..mg).;' · ·.· ' 1t · · "; ·· ' ,,, · 

<3> Loop body ... ,M,.Jaop.IMldf-e~i~••dtMg· ·anJ tempotary·tnf0r•rmn on 

the top of the stack., bey:ond thei•••"-,_• ' ;; 
<i> Re~~me - the sta~k, ~·pop~,.~~~,,,~ ... ~wr;• f~· and. execution of the 

iterator begins again at its resume addrea, With itt environment. rdOA!d; 
. . . ·'~·- .. ~t~- · l 1 ~tq,-~ :~·:, ft.;--"i{.~<l~ ·: !I 

<5> Iterator return - the Iterator returristo 'ks ~lief; execution continues after the for loop. 

·Thus, a yield .ts a .kind et cafl.wl a ,..... ... • kind Of ftlUtn; bot.h •re 1 spectal: case of 

coroutine f~surnptioo. · 

As the example demonstrates, iterators may contain fer ~ even «111 that can the 

iterator reeursively. This is useful for walldnw rdrli•t Cllili atMt&t~ ·tAkhough we did not . ' . . ~ 

' , ·i· ~" ~. ~" ~ ' :: ~ \< " :' ·"i :" ·, ~.~ ·. 

show it, it should be clear t.ha,t for 'cxm• can, ~.~"°"'~11.:t dlfflG\lflJ .. 
~.' \, ·" ' ' ..... i;;.. •· ,. ' ~ ·; ..... - . "' ! ,., ~" ~ .'- - .- ' ~ " 

Another featur.e we did not mention is that a for~ can be termlnat~ in other '."•YS 
. -.. ··- ~--·~'i:_:-J·.·. *· < ·~t,~:. J, ', • '.. .. ; 

than by ·the iterator returning. The Jcq; body can'··~xecuce a speeial ·statement called break, 
'~ ;;;.~i ,, ~:! . 

which terminates both the body and the Iterator, conttnutnc execution after. the for loop. The 

body may also execute a return statement, whkh terminates the body, the Iterator, and the 

routine with the for loop, all at once. 

s.u. Implementing Iterators for ASBAL 

The ctescriptlbl\ above;h.as been or lteratctn ~ they appear In CLU; h~re we will see 

what ~amtfterators take In AsBAL. flrait;f ait our'·C.if~~.~can ~ trivt~ny'ext~ded 
,. ·:·: . ~~~. , .. ~. '.·;,.,;:>· - ,;( ~~- .. : .. ~'. lo~< ' ... !1if!'l·· -~'~t''. '• 

to tndude calling Iterators. Iterator' mums are also· trl.ttal, being the same as procedure returns. 

Yielding ts a little more cc>mplicated. Seman~llJ~· yteld 1i""uu ·a·'~·~. H~we~er. I; cannot 

be implemented as a return in ASBAL because returning In ASBAL always create new objects; 



ana-y .. This...- dtat.,a yilld mlln••'ll Jlld ..... ,._., -tltiHIMl,'1'Mda will be 

evaluated to objectS: as ts dOM for selec:tiant: i "· 

yield:~ 
. yield (~~I' nfJ2, ... , n/1,}i 

We also n,eed a ytqta....,.,_~M--Al•dli~t!lst18f dlit1tMllh1 ._.._,...same form 

as procedure;h ....... wfttd14tft11nta....,.r,.._ .. tlLltt t~>.,...._ lt'W11Sef'ul for the 

iterator to control whether the objectl tt ,.... .. _.,._.ltHWftr fft6e'lilp body, s0 the 
' 

JMtda.claUH ........ tt.at ... , ........................ . . 
t • tter <comt a, b: ftltt.,._1._ ... ..., , 

or 
t • iter <coast f: roo. •• b: bad 7teldi f~~ to.bar.~ cltar>; 

·or e¥ett· - ' . ~. ;· ,, ' " '-·· 

l • iter (eoatt count: itlt) ,......,O; ... 
- , ~ i: ·, ' - .· ., : . . . 

Now, let us consider the. form of the for laop ittllf. The g......a '*"' may as well follow 

CLU's. Th~ em,.~,..-t·*"- ~tollle4 ... fftaQIJU • ··*'dlildllt 6f ttie 11oop 

variables; the declaration will state whether rite laap ...... the J!lel••l•Ji!lili as 4'0lllt's or 

var's. Here a,r,,1CJ91e~. 

' ,.,,,..,., ll! Hit· Ha·- ....... . 
for Yar x,y: lat lti ... do ... ·tlMI fe.r; 
fot eoait·x,f.1tat, • ., z: ....... ·~·ii"'. ... I-. 

\ ·~ ("~ ' . ' ; . ; '.·~.~:. . 

The forms of the break and tehtr• ltat'emllitl an: . . . ~ ''" 

and \ 
return 

3.1.2. Summary 

We introduced the notion of an· teerator ~. tt ~ :kt ~11 ..... ·~ foOked ·at the 
' • ' , :. - • ,.._. ,_- > ·- - • 

__ ;.~nttcs of c~µ ~~on ~,help ~·cl~ .... f.~,, ~ .. ~~;a form 

fot tterator defin~it~s •n<! fer b1ps tn ,AS~. ~·"¥'a,.~ ........... .,._ '1f.Jterator 

def lnttton and use at the end ,of ehe ~'. 
·~r., • 

'. 
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!J.2. Exception Ha~dltnr -

In our earli~r discussion at p~u~ we omttmt '"1• lmportal'll ·apect or procedural 

abstractions. A procedure, iterator, or ~;htllfif~r &b-~~:or an unusua.1 or error 
. ', '<: .~ ,:-~·:i !' ,\' C· ' ', .-.. ~'·' ·- '· ·: .. •, <. ' • , .~ •• ". ' 

condit•on. We untfy the te_rms unusual and '""Jn the term IXcl/lflon <<»: n1:1/ltttmal>. after 

Goodenough CGoodenough"l5l. In this --~ . .,., ffrte.-..,tne CLt.J's exception handling 

mechanism,1 and then proceed to modi(J It for ASBAL. In much the ~~ sptrlt as we did with 

. '~~~ators in ti•• f r~Y-OQI ..Ui.,. 

~.2.1~ Exception HandHn1 In CLU 

A~y procedure or iterator <we ay roial,.; f'Ot ihort> In CLU may Jlpal exceptional 

conditions to its callef: 'nit' Ctti ¥1~ ori. tti
0

i;mea~ of aueh stptlls Is this: a module 

signals to tndlcate that It cannot perform IU duty u a goad abltractton. ThJs might be due to 

an inconsistent state of an object. becau~ of}•"--~~;~-ol; a.hard,vare~fatlure, or 

because of a system limitation <e.g., out of memory>. ,Qf ~.Jt .,.,,less odioUllJ indicate an 

unusual but_ pred~ble situ~tton, sue" as ~""1'-~ The ... leJJ ~ vtew _of what a 

procedure dOes when It slgnalS an exceptton b that It returns a different apeJ. distinguishable 

kind of object to its caller. Each, ex~ t~.p~gf4f ~P•atnuo ..... naJ.~ \e gtven a 

different name, ·and a list of~~ ca" ~· ~ .b.g ~~h#t• .•• ,,,,. •. to further describe the 
. ~ , . ,. .. L· - .. _ -' : - ., . . ~ 3-1:') • . .. ~.. . • -.• 

condition. 

The procedure's ca~ler .. ~·~. t~e ~t,~ .or. ~rll ~~tiQl1s stgnalled by the 
I ~ .f: ' . • ~ , , • 

procedure. If the caller has a handler for the ex~~ l"m. It: I~ ~•eQJml •. ~' ~eai;tlon 
- .- ,• ' • ~ , ·~ • .f .• ;' . .. . - "~ ,,, ;. . , 

.continues after the statemen! to wh~h. t~. ha~~~ .• ~,·~·; ~~~.~~.ca Um", d~ not .h• ve a 
' '· '· ' • • ., • •, ~ ;-l< ~ .; ' ' ' • .• • • • - ' • 

handler. for the exception, then the ~lier ~\t.• ffl.!Ctfl -'°'~tic•Lca11ed. /-'1111~. ""(illng 
• ~ • • • . , ~ - ~· "1'• .• , ~ '. . . •• '. ·:. ' . • - ' ' 

along the string 

1. We note thaltJtts·~ of ~LU!-5~.~~~.~·~·~9}'~COf!J,i~~~ w._at "''·say 
here tobedefmttive•lfoUt:CLU. ffowever, \M'l!SS~.'6-t,~,~Pbm .. eJC~~~tJc>.mnatn 
the same. We trust that any further work wtttr\4~'~·· adOpt any Improvements made 
by the designers of cqJ. 
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•uncaught exception: U'lltfJ/..Jwtft""'-""-l""M• I 
Her~ is the format. c»r a stattment wtth a haaclfer black ..... : ·. 

S(atlntntt; 

.except 
When IXU/1fln.JUl'fWf ./ta""1~ 

wheR nu~.n.~: NnuU•2;. 

whea ,..,.,,._....-.,,: ....... ; 

end; 

A handJer bloCk handles only exceptions arutng from in- tft tt*·a•-.t to whkh it 

is attached.. Handler blocks may be nested, Mnc» a .......;.. wttlt a ........ ~. b CGR$idered 
- . ._: ;,- ; . . . " • tr / ~" , 

t~ be a statement. If more than one handler b ...... 111er·a1ft ...... wtaM Mnctler blocks 

are nested, the innermost one takes ~ , 

· Th1s·ex·ton~lttg~~-chf~~~,~Alf\rJ!lUUflQJt1u1everal 
- - ' '·,' ·- . ··. ... . ·.· . . ' 

ways: 

<l> Handlers are tnmatty alladlted _. blacb. « ........ ....., than lletng enabled by 
. • •. . '. ~ . I ~ ~ ~-~ ·~ - ~ . - • 

~· ·ttte···an .a·6tem11!ftt · · · . 

(2) ExecatttJg a . stgnat .•tement 41""1' exits. ~· cumtte pnadure, and It may not be 
_- • - ;( - ••• ; • < 

ttsumed . . 
(~) Thtt enttre alt Stael is not searehed for ~ ........... rather. a pf11C8dure. mu!~ be 

• _', ;"' ,- ,• > ). . . ',, ' i··· _•-, ·,- ,<'f( ,, ~ ·. ~ ~-" .. . . " 

. " prepared to ltaft<llt ·a111tgft.k tlfat ........ «;.. ,,.. .., ,;-.. .... It ,. .. dtr4!,dfy.2 
, ' , ... ' ' :··,' 

'• ._; . 
. . ' . ~ J ·-' . "' . ~ . .. •· _,. . -

Havtng handtm statkaly auaciatetl ·.-' blackt et _.. wu cha111\ over dynamk: 
.. ··.· . _ ·' E,,it-·: .. ;:-r; "' -·., ·.~f~ :: 

, mechanisms beclv$e tt· ta c1t1per·· lltld ...... -,...-. ._..,~ ~":IUf'~~t, in atl 
~ ,.·. ·... :· • l:; J" ··,. i: '.: ~ ~··~ ·,>-' <~ . ~ ''~.' ;.:·:·-. ·.· .1 . ..::.;,- '-. , .·I, ··.1 , ... , 

cases. SignaHft'lg always exit& the current ,.....,. ...._ ti* II die .... dltn& canststent 

With CLtfs vleWpol~ that a aipal ~kat. .;,"Wilt{.;, .-.-;..; ;. ~~ !I asked. 
' 

I. To help in debuftlng, If a pioceclur.e dell A8l hancllt}IUw-. m.1t ..... j'ldhlr•, Hftdtng 
the same string as It received, tuteacl of '\mc:aupt •llfllllL laltlN" ·· · 
a.1t ts sat-r -~• ........ ~"··',,_A!~-·--.-~.,._..,.,..,_.~ 

wm ·not r•tltntt&t •apton. ,.,, ~, .... ,, .......... ~-·•11•11M.t'91n'IGt 
te~ltat"tdte'the exc.paon For •••Y. mo. · · · · 

.. 
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Thus. a procedure is saying •1 give up!· when It 'dgnafl: 

Let us go through an example. Suppose we have a type qiutu With an operation 

called n1xt which return1 the member at the ,front of the queue and ren10•es it at the same 

time. Clearly, qulUISnm cannot work when appW to an emptJ qireue.1'£« us say qruu1Sn1xt 
~ . "~ .·" ,, , -. . .: ... ..~ -· , ~ · .... · ~:,('1 L .. ; ft.:- ..,:? . _ ... 

can signal an exceptiOn '""""· 'T'1e d'efmttlo1(0f ft'llUSUxi mtg_ht look ltke Un CLU> 

next • proc <q: queue) returns <element> llJ•ll (emptJ>i. 
tf q is ·,m,,, then •lrn•I empty; nd; 

jJ.x ""' f; " .. · 
return (old lalflt/. of q>; ·end next; '. .. 

' ' 
Thus, we see that a 1i1!'a.9'. cl&Jlse Is 1'C1Pli:erl Ht; • ~· hea.der. . H_,._ •re. ·some 

f'!. . , ; . ·' ' ~ . 

exa!"'pies of such clauses: 

. signals <foo, bar <Int» 
stgnals (bletch Ont, tnt, boom 

·Th~ first one stat~ that the procedure4tt.,_ltWo~fao, with no objeets, and kr 

with an integer. <Factoring Is disallowed here because it leads to ~tt1.> To send objects 

alo~g with a signal, they are listed as In the yield statement: . ~- ,: ' ·;·, 

signal b
0

ar <'7>; 
••rwFoo u + 1, z • t, x > &>; 

A can of qu1u1$n1xt and handling of the exception ncfll'J mtght look Hke t~ls <agJln in. CLU>: 

begin 

x :• queueSnext <q>; 

end; 
except 

when foo: ... ; 
·when empty: ... ; 
when· bar: ... ; 
end· 

•\ .. 

1. We are not considering parallel processing sltUattona where IUCh a request might hang untU 
another process puts· an Item into the queue .. 
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.If a signal sends objem, tfle handler .·dec1uea ~at1111J11 '"f _.... ...... ._ 'attjec.ts.1 The 

f olk;>wtng example Jhows hew tMa •"-t. 
lwgln 

..td; 
u..,.t 

when ot.Jaoi1:,,:. z:--:~we.'f'hl1'~;~--
' ' '·'' . . .,,. · .. 

encl; 

In CLU, the semantics of~ objem wtlh·a·tipaH• a. ..... .._.,,.....,. objectS. 

If an iteratO.. ·stcna11. the fer ... that ••illiit.,~'.j, ·~i~h(n~fl. and • _handler 

executed just as if a procedure mVGCiatlGll W 1t111 .. ed. •11Mu1 ... • IDCilll flt the atpal is 
' . . . : . 

-tlte'talf·Ofthe·'fter'$t•ttwetllp:at 1M'9fj•11 11(·'R,·~--.. '':· 
for ... in tterace <x> do 

. - ;',. ,.~,'. ' 

ettd; 
· exeept . 

1w-..~f.;~: . .Jln1•1,,_ 

'ad; 

If a signal statemen~ is executed in tM fer ... ·bedy. tlle4'1dy • .,_ ~ •. MJd the routine 
. ;'-' .. :·,· . . 

cqn~tning the for loop·~ Jmninated aft.at .ace. t.•--~•': ... ;ja.,..ilM ftWft the becty's 

catching an exception, as tn ' 
~ ' • I 

'°' ... c1o 

sta.t4tMnt; 
e*ept 

wltn oh.Joa: ... ; 

end; · 

end; 

If oh...foo is signalled by some routine invoked tn ,,,.,...,,., ·then the handler wJl1 be executed 

I. Actually, the . handfer may choose to ·tgrloR the,.~ ~ the ~-- ;....,. can 
peruse the syntax in the appendix. 
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and the executior:t of the body wm continue. Assuming we ·have shown all handlers. if olt....bar 

· is signalled by some routine called in .rtatnwnt, the body and the lteramr wllM>e exited, and a 

more global handler executed <tf there ls GM> . 
• - -· . ; J • . -~ \ "", f . .· 

j.2.2. Exception Handling in ASBAL. 

To ~ransfer CLU's exception handling features to ASBAL, we need forms and 

semantics for signals clau~ of rotitines' headers, stlftat 1taiemen~ and han~lers. Signalling is 

basically like. returning, but the items sent along with the· 11paJ w•H probably not be handled 

the same way 'as· return va.rtables. For on~ dttng, it. is ~steful to ata=,ate space· for objects that 

might only be signalled once In a while. Another point II that these objects are al_..ys the 
' .. ' ' ~- . ,.._ 

initial vilues of some new variables and constanu; t~ declared for the handler of the signal. 

The best approach to sending the objects appean 10 be to a.ve them on the top of the stack. 

· . ·.Unforfuflatefy, the spa~ at the tap or the stadt,overlaps .wtth t~~ va•iables of the 
·.' ' ' . - . ' . '' .,.. ~.:::. j., i.;., .. ·· -~ ,·,; .',:· \ .,'·:.~·;/ ~1-:· - ~ ,, > 

stgnalling routine. The objects will hav~ t9 be campuced ftnt and then copied to that area. 
• 7 ~.. ' ·'. ~ ' ' ~ ' . . . ;;; ·,, -

Unlike th.e case Of' retUming, We will probRbly be WtHing to .pay the price of copying Items 
• . ' ;. - . ~ • 'J.- _': .. - .: ; ;~ ; L-''» f }}r.·· < • ' • 

down onto the trip or the ·catter's frame when they are to be signalled, IAnce ex~tons are 
- , ' . •t: .. ' -, ' ;"' -':' -- '; '.·:. ' - . . . 

generally rare compared to returns. This leads ua_ to a •lc•I ata~ U~e C,LU's. except that 
' ,,..__ -~~ II ' , ; , : 

ours always creates new ob.ject$, Just as our retumi' do. T• we wrtte: 

signal foo <10, b(S))~ 

signal bar; 

The signals clatise In procedure and .Iterator 'headers gives ,a' list of types, with no names, just 

as In CL;U: 

signals (f oo, bar Hnt, array[boolJ)) 

s•gnals (bletch <int, int, boo))) 

Once the calling routine has the signalled objects at the top of the stack, the transfer to the 

handler is semantically a .Jump, but objects are sent to plug lllto the handler's Y•':lables. The 
• •• • • : < < • • • •••• ' < • • ' < 

handlers variable Use will, take the same. f.~,~,,lhat af-• p,a;u.._. header'• •'l"ment 1~st 

pat't. For Hample: 

• 



:. .-. ~; 

n•• .. 
Thus·- the sequence: all ~farra,,.._...;,.,..w1Ma.k:ftatllta: 

<O 
' • • • • -~l;~:.t. ;·• ... : .. -"· :·~~~ft~' ,,_,'- I > f 

the api--sr tw tk np.a .. stat-11; <if! lill;>' n cm « 11•fll~ lllliftt( mpcu· in 

,. t~ponl'"':•V~~-ot~;~-r.117~l.I~"- ··:- .. , . 
<2> a run-time' ..,._.ralt!f-·•~~~-~~~,,i, tl\e-QJUng 

.. ' ";, t • ' ; ', ,t .t . t ' , ~·· ,, . ,,, ' - ' . -~· . ' 

. routine; 
·,.,j ,. 

'·~ 
., 

(!J) 

"'."1t 

<in! 

it pr~. tci .,.. .ttre· ~-- ""·~~~~'.!JJ(~~; ~itf\e· ........ altjects. 
<uang:IHt_.;.tM-·' "_. . · · · 

' .• . . . . 'i\ . '(j ... ,.j ·" . . 

.it ~kathe "··~~ .. ~~-~·;~.~!tr~s~~,~~1 
. . 

Thts i~-~.bk,....CD'ft-.,,-..... -·~·~·the, rm .. ~,sr;.·~~1'~Wi~:. .. .._so it·ts not 

t~ painful.: ·T:he-·ift~tl.~~t~--~t'!,..P;~.-J !'a1F~!'!f'r~-""i~~n~.Hy It. 
c ' ,-·~ y ,-;<· .\ot~<. »"••' .• ~-··i'-··.t.,: .. ·-, i 1: .. :,,.,..;;~~,_+J, ·-i.",' -..,;,. • .,'t ~J -~~."1¥ .i,,..,:,, .. 1 .... '-,( ·. . . -· ,, 

, _ const~ of~. ~at:~wih ~:um,;~ ~Jr!;', t~"r?1"'3~,,~·!;i~JfH•l~f~7_~'' list 

'1. of ·tf1~ ex~s ,_had~<~~~'. ~-:~f:,t~~· 'l!\ft~~~rN'i)f ., .. ~ iao 

ofdmd·corNctt!•1~.~~'.-~~'9''{~~~"'}1:~;:t~~~~;~\of a 

tatile. The mpymg tit· .._.~,~ ..,:·~-~ ft~!~t;~•!f~,~'j,\lt.!.f'"":•·~;~ .. at 
fixed: offset slots for tt. ob~ or space· at'._ f'bllll~ am.; ~~{J•f~>-;.;11J11ter. The 

ob J_ect~; that: reatly ID on tt11f1 or ttte· stack C. be: tam._ .-.-.a•:---·~·.,.., refen-ed 
. · · · · · ·H,u ·•;u,: . · 

to·throttgh ~~-wt:~~· ~~.~_,~~"•~'.~~:!f~~~r~·· ~~~;·~Ult 
there ~ ne ~ .. ; 1t1211tunmt111en ,._. .. .,, Ns _. 1111111~0 

.. • •lfl!,1!"" Mndltng: 

mechatfilm• lfieugtl it'. ... _,.....,,_...,.,.d: . 
. . . ,, ':·;: )-.,. /· ~ ·~ ," . ,. jf' 

't ; 
·.,.: 

----~--·-·-· -----~--
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S.2.3. .Summary 

We have examined CLU's exception handllnC mech"111m in detail. Ba~ on this 

examtn.attoni··'we detfgnid parts Of ASlit: tO i ~~.·ate ?~ funct~: the structur.ecl 

notlf'ication a:nd haM1tttrf'''8r: ~~Ida.:: Jl'~!·'te. 'cfti.niei·''were. n~ect' i~" the 

mectim'fSM' ~ed rrum.CLU, »1~fi1ttWi~tneeha~:·~· ~ui~~ Again we feel 

we .ft•ve been nicmsrut tn iriK1terttnl argixt· t•~1l~ ct.u t0 As~Ai~h~ . -

3.3. An Example· Sorted Bae• of Strine• · 

This section presents another data tJpe definition:_ a sorteid. bag of strings. This data 

t~pe mtg.ht be uaed ffM',...,.a .. -tMfftiqUlll!ff'.Gf ocaial"*'°'dff,._,.,.., In a lart)f>le . . 

of t~t. and1.,fll'nutnc. th1t1t.·out in:· atpt11a.1.rf9ldel\t!l<_..,,..,._... .• ,· 1Juedc"8ft the 

egamt*.m C~vm>". 1Netc t&&Jl~t~--· 

create: proct7peO returns<bag>; 
·<create a new empty bag> 

insert: .proe:type<var bag, coilst strtnrti20if~ (tuli> · · 
Unsert the string Into the:-,. llpal rut it ttiere ts no more room> 

count: proctype<const ·bag> return1.Unt> · 
, - •"· ,' 

· <total number of items in the .•. ~~. 
> - .~ l·' j' ,. - ' . 

size: proctype<const. bag> ret11n1a<tlit~ · , . . . 
<total number of distinct tteml In .,;,~~~.not coqnting repetitions> 

increasing: itertype(conit bag) 7leldlC......,fttrJ•~.~, ... 
<generate each distinct string ... f:~:,1'J. with Its repetition count, In 
alphabetical ord"> · · 
. .. • ,_ ~ . , . , •... ': ·, _,,, .. -. ,.- ·. , · .. - . : . • r \ 

The t·ype string ·1n ASS.At fi a sequence of ch&raC:ten: Of coUrli. ming variables must put a 

Umtt on the ~xtmuri\'~•auritrtrlg tfiey'can~;~· ;·-ft.at~ii·,~ nil~ r~ th~ 'f-ra~ ~ to 

the itrtng types' above. <The';' ·fn \t~Atc.i6J1 •• 6.; uPil1l11r·• the nat ~-~ A.Strtnt ts 
.' . • . :···· •. . .. ,_ . '."'('·'':>t::. r~ ... ~ .. ~ 9··,; ,.,,. ··~ ,', . ~ .. · .·. /;<!':,. .. ~ ,"'!'.; :! ;,,-;·'\ 

different from an· arra'r or ·characters. lif that 'its'' c:afttenii caMGt be thaftged, I.e., strings are 

immutable:. Strttlgs·ate 'WMle varuiits eYen thaiilfi tW~ ·""·~~· d.rattera<~~ibe ;a~~. 
The usual operations on strings, such u substrin( and incla, are provided In ASBAL. A full . 
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Ust of string operaU~J ia Jn Appemttx II. · 

The_. r.epmentat~ ~ will- use1 for baJJ.:. lt. a,btftur tret, ~ ..,._ ~l-~n a 
._ :~ 'i'" ' • 

string with 11 count of the number of ttmes::dlat·~--·~ .... ttJ,;;~·~ -~J-noda·. 

to left of.a gl~en n~e~-~·~·•lf'9'"*"1lt"'cc8-tt.-... 1~•·•--·-wtth 
the given node. ~f. course we ftl«l:~Ju1•-. ~~llle:n#,t•r'5£ el ..... iJJ~ ~ in 

order to compute site: and CoUnt eff'Jciendy,; nm "rap. ...... ~- il;dml\1 ........... ,Hke thl_s: 

record (count: int, 
size: . .int; 
t: . treel 

• > 

We wiU-~m-•tree:in,:a&.•n'ay. U1i9i:saway 0tad-i~~~to·the•l\lbtrees- tn the 

-··. nodeJ, <We m•1"Jt·a·llwtittOll!th~~«ll11L11 tt1 .. •••--..·-we.-._'988ttl:thtS 
· example.> Thts acids stuff tct:tlw ... ~tp (1io-~~-~---· .,.._,tht1:ree 

p~lrt as- anothfr type, but· we;dmttat•to'kelp~,,_,,mlr:ta: 

~ • recont (count Int, 
site: int; 
root: mbranchJ 
h'tJe · a-nl; 

an - array [node; l. 500); 

node • recont·b: atrint(;20J, 
left: mbranch,. 
·right: . ~raftdt~ 
l1Ut'fllier. . Intl; 

mbraMh • OMGf E~ . ntllt .. 
branct\: tatl; 

The type mbranei\ fs short for....,._ ... ,..~: tt·iti~~•dn'••·S;brwh. bf Mt' 

index tnto t~r array. ·A· oneef-'11P' Is a::dlsart11lndlll• .. 1 ~-· UM;•··ftl'iapt .records 
• ·~ ' ~ • ·' • " • < ' ' ' ~ " •• 

of Pascal. CWlrth7D. A oaeef·obj!ct Is -tac'<..,. or tlte. (~_........,,,..an~~ of· 
' '~ - - ' :~ • - • • .~ • • • r ", • • '> ! ': ~ . -. . . 

the corresp~lng type. <There are operattans that ~- 1;11 wjft ,r-.,,.. tp to a 011eef. 

ol>ject wU.h an appropriate tag~ They ~·.-the· ..... lfllltl.IJllll!lt' .... 9,: 91••...-~below.) 
. 1; · .. ', ' ' ' 

I 

'•' 
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;\, 

; '. " 

various possible types In Its fields. plus room for the tag. 

~ts.2. The Operation• 

Let us start wtth the create'.op~ftir ...... CT•
1Mu1tset all the ca.1nt1 to 0, and 

i ,.,: ... t.":·'T·-~f ·' ·~1'f~ 'J-:_ ".:-

tnttialize the array. · · · · ' · ·~) >'-'~ · · 

create • proc () retul'ltl (b: CYt); 

none: rnbranch :• rnbranch.make_lll'lpty .(null); 
n: node :• nqdetb: -. 1fi,·· -~- ,;-

left: ' none, . 
right: none 

.~.·~ .. ~1n:11.-ee;· 
b :• repS{count: 0, 

size:· 0, 
root: none, 
tree: anSf 111 ·t .. ~ 1- !18Jf 

::;, , j, < 

'I 

The "" mnn1 the empty <or null> string. n.·cr•1 .......... shoWa e.o,.. to make a oneof 
: . r:t; '. -~·; ;~n . ' 

valu~ from a non-tagged value of the right ~--·~Mlffl~.,...-1n,:MI thil cate the 
- • ' • ;~4. ~ • ; >" f'_ .,,_,.. '( ~ , ' • mal1_,,,.,,,, operation. <Thu operation calla the fll/11..,..... fll· -~· · 

Here Is t~~J~~J!Pf~'';~GIJ~"'' "' .1; .. , • 1 ,'." . , ' ·• " , ; . . ' ,, . " '··. ~ - ' ' ' .. 

insert • P~. <Y,•r b: c;y~ ~.,t,f\~~-·,v•~: i ~ ,, , _-.. 

· · b:root :· lnsertl Cb,~ b.root> except_~ '~-~~ J,~~ ~ .. _. -
·-~ ,·,' ·: ... 1 .• ··->5 c·""' ·•· ;

1
'- - ·~i·Ui \. ,., -.~'!:!· '··'"'·, 



taa branch <coast t:. lat>: 
m :• reot; 

lfJ•IU ·f· 

tllen 
........ :a ........ + I; 
IJ.caunt :- ..... + I;, 

....,. <ft.S ·. 

; d~ ......... ;. .... d~ 
·et. n.rtlJtt :-~ -.~~· 
.-11; 

end wttla; 
end tapaH; ' •i . 

except .wlien ful: ..,_. rua.ead; 
md imertl; : .. 

·.i 

.. ,, 

'·', 

add_node • proc <•ar b: np. ~ s: lkll1sf;lllly11• 1 •Ur. .....__. Ms•la <full>; 
if b.stze • 500tltea sitMlf .. _.lf;. · .,.,,, · =~ 1· 

b.uze :"'! b~ + l; • 
b.count :• b.-nt + I; 
AOM: mbruch :-~---(aah . : ·:·'' ·' 
IJ.tree<lt.Jize>.,. _..(a: 1, 

'llllJftber: I, 
;.:;;~ fl;tt; ' ....... 

rtght: IDie};, 
br ,... ... , .. clltmah'.lln .. ._;. ·' '. · ·' 

end~~:.',.··'. ,. 

This operation Illustrates the·use of trtternal praitli1•--·t1,; .. ~U.1nMt~po1lect by a 

duster>; lt also ~·.~-·~i:~·~.!Jft.~;~~~~J,;~~\!'!iijrt~ a __, 

ob Ject. ~ch case arts ..... \ti IC/ wt ..W. a.- tot. ..-:•t1t11·4'J11ct • that. the 

name has d.e·dtlcrlmtfta&ed ~· ·T~a:~:~""'~-,.-1fJ!t,•i~~:.Jfe......-. 
·' """"-1'-•" ·>'-" ~ ~ ,·~. ·., .".,. '.···'°l•~k-:~-1~. °''·':.i,.;.11 .. ~1,;: ,' . <.:_"'1'-1".'"•::.~_.; . .';, ,.'.{,L~- .-· ·-·· (),,. .,tl. 
• · · · :we also lft a real use of exapUoft .........., ...... ........,. ......... ..,rfuq ene. 

. ' 



count • proc <b: cvt> return• (c: Int>; 
c :• b.count; 
end count; 

size • proc (b: cYt> retarn1 <s: Int>; 
s :• b.size; 
end size; 

· The last operation to write is the Iterator •naMStJlf! 

increaJing • iter <const b: CYt) yields (C9ftlt atrt.,, Int>; 
. for const s: stri~I· i: int in tncreulnel Cb, b.raot> do 

y,..W (s., I); · ; 
end for; 

end increasing; 

tn~reasingl • tter'(conlt b~~; br: ~nchJ07 ... t~ atrlng~·lnt>; 
tagcase br in 

tag empty: . 
tar branch <t: int>: 

wita. conat node • .;.. b.tree<i> do . 

for const s: ltftnc. l.tit <tit ·~·~ nod&~t> do 
yield <s. J>; · · · 
end for; 

yield <node.s, node.number>; 
for const s: strlns, j lat In tncreutngl (b, node.rtg9"t> do 

yield (s, j); · 
end for; 

end·witlJ; 
end tagcase; 

end tncreastngl; 
J' 
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Again we see a recursive internal operation and u~ of~-~ ~~!r At ,tfle .~ ~vel 
: . . . - . . ""-~ ' . - ~ 

our entire type d~initjon loob like this: " 



bag • c .. lter 11 cnate, iftmt. c.mM. .a-. tr.cl•• ... 
ftP. ·-·· 

create• ... ; 
insert• ... ; 
tnsettl • ... ; 

· . add,JM>de • ... ; . 
count •... ; 
Sile• •.. ; 

increaatng • ... ; 
tncreastngl •... ; 
end bac; 

,, 

Here are some example .. of tlte .. •• lttSCllDJL Cdlf P/.!tiln di¥.._,: 
· ff~"'t t:n:: 

b: bag :• bag$cNate O; 

bagStn~ (b, •• ~'-··~~~·:~ ~.-. ... ~~ " 
• . #·.._.,~ .. • ' . ". 

< ; •• 

Thts chapter ~s .,,....... 1tetw•1 -' ....... 11'11JMlll· ter ASBAL .. These two 

ffttures were. berrowtct wllh - ct.,.. f.- CW, Miii ... ;~~','•;:~L was ... 

Ml«ftlfut. Al dte ~ f9'&19 .r ASML Mfll _..._ .. II 1111, 11 1114 ...a, fnn 

~ ~"tt'i:I'-"'•~ 1r.-:1n1\t~1li 'lifr .r~··_.:a?imt;r"~~-'9.:'llTh.P~~ two 
-' .. ,f"?> -J.H ~:. ~)~ , .. ~..tJfJJr.:i.t·j_l·· :::~rr: ·~,·_:~ .. '; -... 

ctsapten censtder two tcNtdaM • U.. IMll••, 1'i nr. la ,._a 111111n t/111 abltraatans. 

Wt! """ exptore addtng CLU\ .... 1111111 ....._ ... , 1ID ARM.. a.II .. ad • ........... . . 
tt wtth an ongma,t ,__.., f• . .._. ... .,,_-. •Jllll ff/I e; !LH ta .. .....,.... ••· . The 

foftowtng Chapter ............... la .. d ...... u 111 ClfliTl•I • lo "'9 ....... The 

ffttufts destped ..... die can•...,. f/I psaat ..... a au 11• 12• •• ,.., •• c•ec.ttDR 

... tfl·the stadt. 

;;.·. 
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4. il?arametera 

This chapt~r presents the ASBAL ~Ism f.Qf' .. prametel'IJi-C abltracUON. We 

begin with an. ·ex1unlnatton. of p~ra"'*f'~ ~ Q..U. W4 t.,... ,~row and 4JJCtfKKl·. CLU's 

mechanism, modifying tt to. suit our ne,dl. ra... ""'P:. ·~~.made •• for ..-rameters 

relating to t.he siz~s. of ob~ In ASJAL We ~ve ~<--"'In. ex~•nc CLU's 

mechanism for ASBAL: 

• r • • ' 

. <I> to make programs as ·1ndepend«1t of the 11~ of their data objectS u posslb", and to 

allow sizes to be determined at run-time; 

<2> to relieve the programmer of the burden of ~lqek ct' the sizes of variables, and 

to transfer this burden to the compiler and run~ IJjtem; but, 

<3> to allow the programmer ukimate control over the sizes of variables. 

After pr.esenting our parameter mechanism, we give· an extended ·aamp1e using It. We close 

the chap~er with a discussion of posalble lmplementaUGn technJques. 

4.l. Parameters in CLU 

Here we discuss the parameter mechanism used -In CLU. ··We start with the simplest 

and most strongly motivated case - pararpeten to clusters. We present a full example of a 

parameteriz~ cluster, and then move on _to paritheterldlg dt1*r,.bltrkdohi. 
. . \ .-> ~ • 

4 .. 1.1. P~rameters to Type Definlti.on1 

Let us say we have written a cluster to Implement.,..... of integers. A while later we 

find a need tor.queues of strings~ so we wrtte a new'ctu~ to lmp,...._t t~. borrowing from 
"" "·.:.--:., 

the previous cluster. Some more time paues, and we. find we. need queues of cust~rs for a 
• t ' ' . • : :: .; ' ; • • - i , ' ~ ~ : . '~ :i .• . .';> •'. • . 

simulation program. so we again adapt the ~-~•. clµltef. Tttl$ copytng and 

modifi~ti~ cpukf go or•. forever. What ts Wtl'Mt tf ... _...:bug u feand In the:orlglnal 

cluster, a lot of effort is necessary to find and coma all th9 0ttMr clusters that;~ Its; 'cocte . 

. one might imagtne using a fancy text editor or macro proceuor to help in th ls 



corr«tion and updatmg ~· lfowe1'11!t. we •CM ................. trlea ef aft 

abs~ ~:a fl&AltMt11bed uldule paocHt• ..... lttnP fllr'•d P.••al&en. 
·for sa~ we.._.. ae •.,..a dlf'lnlli11 .... t• .... a •~1: 2 r - r.. the 'Jr. 

'i ......... ~ ............. •-*•cc•11111'4''•'1ifi Jliji11ia. '~en••• die 

; · w......_, , 1'lr •V""~ rft fil · 41 lEl!!i, .......-~ · • · iwrl fiY - .• r; +a'laua. *C A 
: •• ' - . . • . ., ~ ,, ' 't, • ' • • . ' _ ... ~ .,_ «.---( . 

.......... - typelNN lllai''•~-'I: ft! ntit11 '.wt •.. Ii ti 'riMti'8¥1 L 'btu '.caW •. """ 

·· ·· .p ........ :-.w:a "*'d•t•mtlbhs ..-..-. _.'lj·ie W "9111t·~.lit.iihl' l'li!'1eu~t1cs 
with an aample <tn CLUt: 

. - : :_ kc·~ ,_ ~ •. 

queue • clmte1 {t: ~ fl •create. ...... · I lf'Ji 
•. " ·- ' ; - . -' ;·:!- . •·.. : ' ~ ' ' -

·GWte·•,._D .... .. 
... ••. , ..... 1.m;. 
'elMl creall; ' 
"·" l ' ' 

'eftCI • pne. <• ·cft. x: O; 
,,........'-I.at; 
... -.r·· 

deq •pine (q: cf.t> ..n .. Ct> ..... Cu 9e,t; 
w . ..,smec• -o 

. - ..,.... empty; 
. ·ee ••• _,. ...... ,. --i ~ .< 

etMtdeq; 

empll,~ ... ~R:~ , ... ,~~ --· ,, ... ...,. ... 
'ed-.pty; 

~ jl q >. ,"",, '(~> " I 

.. ~ ';_, 

The first thmg io mu.'u dte tt: t,,.r after ·cl ••· wWda atplf!ll tllat ~....,. .- •. ~ 
, __ : i " ·, -,_ -". 1 ;, ~ -,,~ _:r-< .,l'~ : ... _ >1. -~r·--- :·· _:<., t~-: '..-~,-:. :_ · -'.·: .-.- """'~ .. . : ~ ~ · ·· ··' 

panamem; eatk!d't,, HCl'tt.t dte .... ,. ... a.i w.ea·· ..,.....,~.., tftM! v-. 
·.:, ~-·~.-~·; .-· , .·.. r·-,_. , ..... ~'j~~! ,,\· ~·,_c ,'~"K,"'."'.£\,f ~·:·:·q:~; ~'"~:.-,-e-~ ut~:-.~,:-. 1 ~·~.':.:,~:") .. =.·_-:" .. -..• _ ~ · 

sayl there ex*!" a . ..-e of that type <w111Mt pr~·rB·. ~ p1r~1~P,•H,~IM;Dl ts 
"' ' .·'.-_, ·, ":::·" ·~ f··:· .;:•. -1',.'l-' ,--~~ ·~j;l;_.~~ ~h;,- -,~ ';':\.'~ ,c ""-· .-~'.~'\'~-~ :~·..J .·. .'', -~ . 

. •· T•.._....,.••em••111t•Jlll•tlb ....__.1111•·-. u J I Rllll••.•111 W'ui.Se11 a 
·ten:'f)la~ <forrnaD~ &M.. aa ~--·~ ~· . . . ~ .~ • ·;i;, - ' . ' ' ,, - - ' "'' ,, 



., 

-.- .<:.: ~- -. - . - -
,_··; -·'...;_,>;/-·: .• :• 

legal because qutruClntl la a type, so It la a legal paramemr to f1"1"• etc. The............,.. Is 

.chosen tQ be,-rrayttl .. - tt.., ......... .,..,, .. ...,.....,_,tf',tt:~;in actual 'type 

,sp~ifJ~tiQJ;JI Jnalde, the.W.#tlt .... TfttuN• ............. , . .., ... :aa·.,~arra1 
<.repr~~~tn& an ~p&J ..;,. ,J"h•:lnf. a,..11._...~ 1111 •••~the htp.end''Of the 

ar.ra1-: N~ t~ t,~y '°" ta.~ ._U.t~•-•8'•ilfrd,&he.Gf.,...~: It 

is also leg~ to .~e. •¥--iW "''-':~I. ~IJF1'1nt11 ;..,.•• • -..to drive ltome 

the pqln~. "~t. i.J"AUy, ~;~•·•·-·--~M11· .,-.l"')the~cltftn~-or ,._,; ·The 
d.tq operation is symmea:AllaJto "'f• ........ ~ .. ;~·~--.:that· lb; caller 

tried to remove. an· ~lement .fl'Qm an empty ...,... T•.-,.; ., 11a11-.·;.· a ·eat to see ·w a 
queue has no memberi; : ·~· · 

-· ~•\ !'~, ... -:i ~-r.~·,1A ·,, __ _,. 

4.1.2. Restrictions 
! ••• • 

· In order •d~lurther,f•...._• di llM:._. .-:~••to tMfWW 

cluster. One nice operation to have Is tOfl'I. We wauld like.""" to ~II ~£0/l'I on· -*It' den~t 
of the queue. Of course. t"ls means that ~ "" onlJ .aJP1 . ...-tl. Ir' t .has a eo;, orratton 
<which tt need not have>. Forthlsrea-.r~~~t9;tl.u:·;A~rkt~~ef .. 
a se~ or type~ possessi~ ~.•n opera~loft· ~~~~~r r~~ '~ are used 

to limit the ~•l.·actua~.!~.~~~~!'4.:;~i~~~~~l.~1p,p~ has 

the sp~tfied ~rations: ~.~s. ~at~~ ·'~>:~l);:~"l,!I=. . . , ,1[: 

copy • proc <q: cvt> ret•rn• <CYt>; 
where t hu copy: prect7pe(t> ret...Ct> ad; 

return <repScapy<q>>; 
end copy; 

The call or arra;ci~sto,, Ompltcit In repSeo/11) results an calla of ·tSeofl'1t since arra7CtJSeo1'7 

requires a -co;, operation .or t. we mu• ,........ that ..,.uan of our caller. Restrlcttons · 

complicate type.: checking, but •re neceuary. The whlre c1aGa can also require a parameter to 
' ' ' , ......... ,..,~,.,..~"'"'~-·-'~-n ;; • ,_•, .. >O•'-• ·~ -·••• .,,.--.,,~.• f 

hav~ several ~ration~":~.~~.~.,~ \'r;PJ1·~'U'Pf~f"·:• ~· The 
Jc.eyworc;p pMCtfpei~ ........ llMt•tlltJper•....,,• tuMrFia••..._.;~;~"!f.''lllictar 

:, •• }. 

1 

.·,.,, 1'.• • ; ~ • • '_-.~·}·~ ~ •; •->~,.~, ~~' _,'_ ~~~;~" .'!'~<-~;::, i( .. _ ?: ~~ 1~~,f; !•,;·~:: :; ~ 

I. A type specification is the syntactic dacriptlan of ~ ~ 

------------------------------ --- .-
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types .. <The ·keywords prec, lter, and ....._ are nal um for thta pm,_ b9came syntactic 

The·Hc:!Yeuwnplt•putt.a ~-·~.......,·~ 111tldt•. 11tffdlils nor have a 

., up,oper;atten,u.ratt...,.....,uzt••titfllfllM-.w.-..;;...tilullt·~._,,. In 

seme. casa· it· ts, 1iatsalll1 • ptlt ain••••·•··•·lle 11111-...: ~w.r ........ ·~ 
"~t:aur.SOl!ledi._,, llJtracctlft,:fllt ........ ; ..... ,._.,.,·.,,.. I••:·· Tliat Js. we 

· · ctefiM a type ..-.uatu;r,~ ··"'*""~••1zaalillliil*w .... ~ •w 1rags· ot any 

·•·ordered t.ype:; ln:·termsofr•n•Ua j.__.,.,..,. .. , I •·t.:1fiFt'itllttalk••• a·at.rr.an <lt> 

Ind an--iual~ .,_.,._J,ludl,a HdtHt••••. •l·ffdir·' ., · 

. JOited.+,.,. .,.,, , ...... tit .. .,,... .. .;;. ~· 
where t lta1 ft, equal:~ retulll(_. ....... 

end sorted...bag; 

We can s~m. put further restrtdtonl· an the type .,......... ....._ ladW..._I operations If 

needed. "thVti·•,_,,, 1p1ml• firt~.1--'llllf"I*'_,.,...t'i.•1•'t·•;haff a· eon 
operation. ~.' . ; . 

Just as.dusters can be paramettrind, ao.'~ ·~and ......... ~er a 
'f°*•_ - ._ '.' _' (i:..'· . . - ,'_·f ·;' ' '. -,·-::;·-,_'.·-~4 ·.,:y1:·:; :: "":~ .:,:<·:;. ~,' 

bobble sort' routtne.~tftat t.:&s an ~J or~ ....... ~ .. ,,,., ........ ~ ~ The same 
~.,,,.,,._ - . ,., . -~h .. "'.- . ' ' .--~'!·-·--/"'I",;_.:. _fl' ~!'.-"' ;c .... • < -. 

reaaoning that lead to ... ,....--..11•.rt..._.._ .._ .. ._,.1111iure hacler for the 
. , . . . ., f~ " it: . 

sort routine: 
\ ~ .. 

1. W~'~ r.a, lk• "' ay that It attd lfl"'1 or119r. dte abjeda 'or tP· t. but all we can 
.tequtr,,J~~ f-11!1tmo:• . .,, • .,. '111 .... '"' , ..... ...,, ................ * ab'jects 
would be inc~ tn the splleifkattans fl. die_... t.g ..., .. ._ llut we de not expect a 

· compiler to chect $1ach tpedflmtt:mll. and • dO nat .._.di• ... .._...._...... " 



' 

end sott; 
}~- ~ ;::-·~ . 

' .. . . 
?perations .of !~}YfM! ~.Y ~,~~, i'f:~,,~,~- 'M•:.~l•:~•···to the 

f ollowi,~g gener~I r,C>r~,f~:'1'~~t~l!I~· , ,:;•. .-_, " .. :w 

''JH-nci~.l!M.~~~.to:'r!!f'Rf~~flf,,tlJ'::~ 

4.1.4. Other Kindl of P1rameter1 

In CLU, most compi.._ ,__. •. .,..:,aue•~' .. ramee•rl .. · This: ihcfudes 

integers, ~acters, strings, .reals, ~aU~'*P....._~_.. ...... ;df wry·u~ua<·tfiere as 

®ly one v.aue of, ·•P '"'IL;: ••d, lsi ••lllf u'a1 ,......•••"typt). "E~ dtltlriet Wt or 

parameters to a parameterized a~:1...,lf~·•lllil ....... ~;·1'hti'meaWS that 
qucruaintl is diffe~ from ~bGllJ.«c; ·Alllt. •••Ctiliiithi ~ 

· fao ~.ca,•:lX."Jtilttl ... ~i' ·•. 

then fod.l,21 Is different f~ /otl.2,21 In Ith;,.......... .,,...._ Mtl tJI patameten .to 

procedures an~ twr~-. ,....,.,rm,...,._ldvlllllPtMI;~ · · ·· 
Th~•.J• a .,_.f(~t,,.dMMl I tf}•;t]Ml••llMlhati~~llllC Whtch ·requires 

instantiation. to, .. ~:""' ....... ti• '1'*••••~pa•u•••!ftlll'' ntlt le .~.at 
run-time. Howe""',. it»·.,_,·•· ...... .-..,-:ft,·a&;~-r•·t.._: jCOftipllf ttme kftOWable, · 

. instaotia~ .JI. not .i~ PP•ll* '*"•flll..,111--. ,~.._....., ... n~be·w. ..... 'tn'' the 

Jectton. on -imp~.~ .......... ••lllflll•r•¥t 111111~ .. -· .. •u•-••,_...., •. 
.f.2. Parameters for ASBAL' 

\/" ~ jt- ~ ; ... -. ~ , . 

A.SBAL tan' borrow aft ot·cLtrl pl~'~num'wtth M ~lflcant changes. 

However. even theulh:that·'nWc6Mt1nfwofb'fW..'fi".-:~;~~---t for'~ win be the. 

most widespread list tir'ttata~'ih''AftAL:~ls~1.0+.,~';li~~~~IJ '.,;;,'must ~Wlow · 
size panfneteri tO"fie ~ ·iit ~~· 11.iJ'.&~.:r~ be ,;.cie·~it~ too much 

tr~lei but n ts not alitr1<.Wnt. "Ustng citri0~irit' ,.~~-i-'f;i({~n'·a,.; ~¥~tent 

-------- --~-- -
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because every stze must be spectfted exptkltly, and each Ill f/I ltle paratM&lr• .wlft reaul.t in a 

.distinct type. Thb .......... ~ a dtatmct llt.,ef c1u1t11r -~--J11.,)Jlr.~;)tle ~h most ef 
. "'" . :.n;" .-.- .~, -, ~':'', ;. ,.,,, .... ~~ ~ ··'·'- .. '•· • 

t\te pt.ys~I code for the operations can be ......... al ii 111J1'•1>tf1M tJP1 generator>. 

i:he major dtfftculty b that btMry (and ...,_ Oftlet) .,.1u1a1 • ~,.r dtlfsent sizes 

•ome hard to exprea; because a dultlr may cmftlt enlJ •jlcll cf tts awft apedfk tJpe ao 

amt fr0m tlte--1w,,..-.ttot1. ,,_..,.,.., there ts •. ~,ID~....; 1~i1~~lstk; of obJICIS 
. . . . ' ' ·.. .: i - .-~. .. ~ ' -. : i "'.. - .; ;-... ' ~: f -·.:>: :· .; 

or d•fferent sizes stmultaneously, IM!Caue •Jldl.af ..,9Nnt .. .,. of ..,,..... typa. 

With the p~ .r:~•'a1iiM·•f·j;; ..... ~IL'.l.W. Consider 

s~rings a-s an example. We c:aald .not Write 

, . s ;• s II t; 

. , Yfhe 1' i• a upr. for """41) W..would .lllletOld.to·.,. 

s.:~~..,:--n,,.._,~lc• 111•--
~,pt the t1f*.(o ....... , ........ ; ... t ..... ! ..... ' ... ; .................... this 

stamftent .weukl,laok .. lf.__. . ._ . .._ ........ · . 
s =r aN,, .. 1.,...,U,:4,f·I ~.Itk· i .. , : 

Of course tt ts. possible to extend .the ftOtl.dml f• .tlda ••11tii·ttfc .. ' •let.IOJ>, but the 

. ,Jnfonnation ···{-~- ~tflUlltlea. · •}'i: , Ii 'c 

Havtng each •·af' ._,.,........_ •• r..,.•1t• ..,,,..._..._ ete.> sepatates 

. t,ypes lOo fmely., .. E-~ •IL tt·,conflell--im*ll I 1U11Jt<1'lliillllf .If__,.,,. come tn ·a 

·vutecy ,of liZ-.·l~J.•ftf--*tf~nNt'laWlf1...._flnd,...~•·••<thef·1:D11.,.nd to 

' ..... .__.,. tNt~:•.~l'aN1~ ~·:•iitled•itlit c,., __,lit. there 

, art! ....,.el.,.y; ...... ~11111rr•*'*' • ...... •--:.._. .... w llert•Mi·lflfilliat1,,. 

ot ~- ..... ,;--.1n,...:•hrlleali•'p1•¥11Hilif 1Mi-.1lill• .. iforY.rlilblea. 
If we require every. abstraction to be baunded, ... .,.,..... an-.uW.-~ on the 

.>:. -~~~~.\ O[l;. -,~.'l:"'J ." , 

abstractM>ns just to make the .............. work wt. Ont way • "'°'"·this conflict ts to 

c~sider. ob~ts, ~~ ~-""~· ~,,~m~'°""'·..._.,.,_,..._.. ltf, *•Jects they_ 

contain. T4h!s tea~s ,,attr~,llle.~,~~.~~;1TAtt_..~#A._ •dlbles 

. caynnot hold ~~· -~ .~. t .... ,tJrt·~: .. -~~...,,. ... " .. ,~., .......... ·, 
I':' i~·'I'' uze_wtll be ~Nd . ...., .for-~ ?f'C~Jl#~·-v"'*e.llt wa1 

to state the lize Information ii ~part~. ~i ... ...,._...-.;t9J1C1~ if-.._... ... ()ur 
: • - ,. - • '·~ - - '< - • 



• 
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task Is to dest.gn convenient syntactic forms for exprm&ng . size Information· where It is 

appropriate, and to allow such ,t11r~tJ911 ··~~...-~ jt ~ • ~1ary. The exact 

t~hnlque Is to.introc:h1ce a new class of pa~ •. tQ,~,f'Zf llM"""'"'· .Tbcstt·para,..era 

are disUng~tshed frorn.<?.~1t,J-s~fle.parameteniWh~1'J.~~·r,~.·~,,,,tns).IJJ·betag,Msted 
after a ';' in the parameter Hit_ ~IJe pa~~~,,- QllJJ ~ ,,,,.. ~ &ab anly 

r~ular parametets. Abo, size pa~melell. a,re· ~•Ji ~ no othet t~· seem useful 
,:.·-- ' - t.• . - . ·-

enough to jUstify· ,!he add~al ~h-.nlsm. t~)~. wou~ r~ 

.. Two examples of siz~ parameters ~~ve.fffl~,.~:t~' ~-·~'~ cha.pters. Array 

takes two size parameters, l~k;atlng Ute rnuu.,m~ ~.~·~lll;\'Rptr b9t1nd of 
• •• ' ~~- • ' - • J • • ~ - '· ~ -

ob~ts storable in an array,v~~le;.•trl•~PGRe.Je.~ ..... I~ th~ 1maximum 
length object a string variable can hold. Afl'IJl.f. ltl'ing\~;U.-e.only l>a~ ~ypes or varying 

,, '., ,. ' ,,_., - ·- . 

s~ze; all other types of. varying_ st~ t~ .~Jf' ~.·~Cton. -'thoqt-. possibly 

thro~gh many le~els of data abstra~X:r~ ~~-or ~~,...11,.and.Jtrjngs 
" . . ., . .-' , __ .,., .,./, ..... -.. '· . ,.. 

insure th~.t 'objects too large for;
1
a varla.ble ~ ,~C'-lJpt ~ ...... ""' qpt,~ssjg""'}o, the 

variable: Attempts t~ ma~e .such . illepL~ ca~ an". #Xf4&ion, faUvr.c•,,.r1aW* 

over.flow">. to .be signalled. Furthermore, t1te·~·;~,81'1'Jft An.,--. "'--t the objects 

in array variables are .not grown beyond the 1lmlts of their containing variables; If such an 
,., ..... " ' ·'=- • 

attempt. is made, the variable ov.erflow ex.cepttan ii sign&lled. To make such excepUons 

a vo_idable, we will provide a mechanism for querying the u.- parameters or a varlab.e. This 

mechanism ca~ be used to check sizes before .,...mets or I~ ~ 2 

4.!. The Size Parameter Meehan lam . . 

Having introduced some of the baste· concepts and f atures of slze pa.-ameters. wt now 

go into detail about their use. This is more easily done by Colnc thnJUSh the SJ"tadk f onns 

used for specifying size tn typespecs, and the ratrktaons ~on .which forms may be used 

with typespecs in different positions. 

1. That arrays and Strings are the only sources ot objects of dlffennt sizes Is similar to the fact 
that a II mutation ts accomplished via records and arran. . 
2. Of course, one can JUtt ~~ t...,,'.~,~· ~;~le the ex ..... but I~, t,s often 

better style to prevent the 8l:eplton•i «Curtence~ . 



18 

.f.S.I. S.ize Specifffl'a 

A·'* s~p.rcuulf*) ts the lJf\tatUc form ri.,.n1Ad8c a-pa~r. There 

•-re 'three forms .i Jtiiriit' • ·f'• .. .-.-.. ....,,:-.Giftt.4:w1 'idii'tl-.;f,l:i'J ;1,·•:1lr~·~'9.ttnc 
--~·· -~. "'~ ·••·• 1fie apr1111in 11r.._",111iili1itlt ~.•:ti*·~ 
· ·it..-..tllltt-tt •Mu :llj tiif·•rlasi •ull':Diif;ilti/f.;:il'~~1i:~f·"11i0Hl•1 ~,)' "' . ~ ~"·l 1 

;)·· 'Ale'~-.._..,,.:•1Jllt:it'u"1J•,·tih.r'lf'~a·i11.1·i:~ . .-..;:?'A-~ Js:.~ as a 
. '. • . ,,_.:' .- ,-,f~. ·:i·· '."·:.·j~.o<.~:_.<~>:·: ~:~; '/ ~ .. ~:· .:; •-'" _·,i;·~:··l 

.slzespec to illd'1Me ._._,,,....JI &lott .. \1'• ._ • fll•t •11~; ·• tt.llt dw ·au ts 
: .· - . . . . . .•. - .. _ .. ~_·-~ '. . ·lf..~.(-ii :.~, ~: :· ;-. :~·:i.-·-:.:;. ... .:<·, r . 'tmt•tutat; ,_._..,.._a..._ 1ftaY tile a..., ai • a9a111111s •lat 11t ........ to know 

er ftStrftlt9"!.:6f'~~,·~·•":ii11~'t";';r;~:~·;..·· • ., fact. 
·- -~.w ... .,..,..,,..,., • ..,.. • .,w~~tr.i111t.·t£ 1··,; ;·j;.: "! 4

;·. ;;,.+· · ·': · 

· 'lihe~~r ... «iluyo: .,..,._._,. •. a,. ... ~,,..~ n.;_ ••• rlca~·~ffecl 
P-st~nfl«i. T4'i ?~•••fr.ftt o .,.._·~'1-', ... dat•·2

i...li1;J'•~ p.aimtts the st~ of 
' ... . ., .: .... -.. . . . .• ~.·~~· .t~~'"·~'>I--~'"'·....,,_.-...... ·· • ·- :~~~ ,·~~·,::_:';1"1 rt~-~,:;;:"'"'f~, 

' 1l ·~ular varWtile tit ii;.;;ij*«iil: 1ir a1mptl,'a ,p1IW•iu, -.y· ._ ,wi.._ tD take one 

M1"***~ u''.,,_.y.' T1i'WflMM!.· , wat ~ • anWJ iOfi 'ii.{~l11W ~1t"tt ·~ ··k~ the 

Ille S9"al'llOt , ......... __._· M.&ftiWlltiW~-.~ •-*"' j:,..J 11~0ake ,,·,< 
;, . ·; i ~J ~~·· ~ - - - "., . ' ' ~ ~ 

tf x > a?htptllell ... 

end .. ,, 

. . '' . . . , - ·'. ' ' 1.;.~.i ' - ' ' ' )"'~ ·, 

The exprenten ·flflrfi ....._ to the.-... -·~...- 1i11 cf dlt-.1 ~·to fl at 

·run-Mme. <.The NtUlt of·~· ts not ---ttr --~i~A~ --~~'* Hr.st Is 
the size 'Of ~ .......... _. the .wcj ti the C111191t ,...,.. •1..S ., die amay Gbject In the 

varJableJ "' 
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4.S.2. The K Inda of Typapeca 

There are three f9rms of typespecs tn ASBAL. T• fl,r# form· is c,alled .the Nrlablt 

t1ptspec <v~typ~> because it Is used mainly In variable declarationl. All the sizespecs of a 

v-t.ypeSf* 'lmtlt·. be· ft.t't stzespecs. JO ··thaf ffte ;ic:tiial ·.a ·'"f.qut~ . for a variable can ·be 

computed and.allocated. We will detatl.aU p~~ W~ ~ fia'm.~·lJl*fll!C: is Used below. 

Here are examples of v-typespea: 

str1•(;15l, 
strlngCiu<x>+v<x>J 

· ·am1Ulft; I, JOO] 
arrayCfnli 1, 10.j+5l 
arrayClnt; f(x), SJ 
artayU11t; foo<x·, y>,· barly, z>+2l · 

The second form of typespec aHowl ·exact or •-lizaPea to be used, and is called a 

·'ll"r!PJ/#•1* (f°"""'•rtable> ••'~ tOlt;dlort.·i rtll uMd where any sl~ Is aUowed 0r size ts 
. . . - -·· . . - ,· ·{/ , -, .. '. ··~ f ·; > '/j ~ ''. .• ; ·-' . . . ·. . .; _. _· 

tr~--. but:•hn .. ...,... ls'not attowed. v~ anr a sublet of ff-typespeCI; here 

.• UlMIOme ,'ff•t1pespecs that •re nat'\i~ 
-: 1tri11gC ;.J 

ars:•ytln4 •, IOJ 
arrayCint; •, vCx)] 
arrayCint; .1. •l 
arrayUnt; u<x>, tl 
arrayCf nt; •, •l 

. We allow an ~bbreviation for typapecs aU of whole slzespecs are· '•': the size 

,panttneter part of ·~e· parameter Hat may be omlited, 1nct.ki1ng the•;•. 

Ollliutori res~b·fn tl'• tlfe. brackets can IN! dropped, u *it Renee 
. arnwyllnt; ••• 1 ·~ •ttftllf;•J 

btaJl'l'M!: . 
•rrayUntJ and 1trtng· 

resp~ti.vely. 

The third form of-~ ii the- .. era~ MJ'ef''tfle three snesp.a mar be used 

in it. This form ts called the 1'ift?·ryr,sJ1« ff°': ~Ylf~Wc. ~ .... '1;N,.....-. VHJpelpecl are a 

su~set of n?-typespecs <and~ v-typapa are no a ...... of~; here are 



;Jome v•?..,.typespecs ·tbat-;mlmot'\t41~: 

.Stt'ingC~l 

arrayUnt; I~ ~l 
•11'.'•)'Clflt; ?lcnv;,. •l 

·....-ayCittt; 918#-,~J 

·.<There are many more:~~· of-~ 1'~ ~~~ .. --l~aifll_,.,.J·.·, 
,;. . - . ' 

Now we discuu,whtch form of .tJPllPIC ll uaed··ltt~:'.lfl*Ctk pasiUon, and die 
'i -,, >:' '.#, ;~ '. .~ ~.:'- : .. ;· J: 

. meaning attached .to it:·ffliithat·-.......... ·.We· ·will··do:;..._1, ,9',.:ilor1';dfi~ ·peups;fM 

. $.Jftlacttc :positions. 

,. '; ' ~· 

The typespecs~~·~~MllltJ.to;·:~~l"'$f ''""'iil!IJ;Mttl1•t1• .... tt~ 
:·.ol:pjects ... of. any·si~c~Oft~;. lf. .• -~lll;IJ!.;oJjft'Wt_,,,....,..,.HtlirEhex_, 

.(and·•iRt~i~ e.se ~ .......... ~~~-~·~• J!Mt~-f'!UltlJ •t11A41tll'r1.131•11 ••...., 

. that .of, the· actual· a•...-.t·euctly~ ·Ill 'tfte, case .. or ....... , .... ~1.•••~•1-:aue ·panmetert.\is 

·•ccept~bte. :The u• o1~.al••l*··al.wa.:t1tat,.,.11iltit•i~f~1d.~·Letusa.1•rr1a11 
• • ' - _· ~ ': • '.; --; ~ !" •• 

.. e1'ample: ,, 

· p • proc·<~ar.a. bi .. Mra7Unt; 11...,.l>; 

· end p; 

. In .this cue,· :both· .a and b "'!'~ be.:~,:,9.f·~ ,...,.lj ....... d>:of; b~"-u.tf:~..,.er 
. . ~- ' . . ') ' l ! - > • _,; • • • ' • 

·bounds are·nOI: ttstricted..and R~;~ft.t~~t'~-flfstU,.,,~a11'111&tned 

vialbe :~reulons··d"'6'·_.6fMfA.~.Aa~~ .... .,,tJUiW..-~~S;' ~ 
t1le fotlowtng ... program~.addsJM•.-oi"_....,.~---~;._,~: 

'· · ''t:-;?··~<·;.Ylf: ~'f,'.'}"'w' ::;::'~; ·~?.-~;. · 1:"' 

1.· However,.stde,-ef.fect ~.,,_...··iaYOl\tJng\".......,.,:a>.~ ~'d .. 'ustgg, only 
.buil~-:lp~..-e·cen•••,_., ..... ,,..) •• 31 ••• 'i c::r, '''"·. ,, ·. . 

'2~ These bounds•are ttte: ...... ~;ttt.:~~~4'~"'t~~-~'~'rot:• ~ ""Jlds. 
:· 3.··~~._,kl f>e~ht·Of-~'•~~·•p•iitif~ltl'iaifilir,., 'J;a.alml'IRs. 

' ~ ~>~ ~-·-:;,+~ •. :r ·..:L:-~i: t. .~,_~tj:ti>·'· ,· '! ,. ,. .. 



• 

P •;·pt'ocCt:tfpelWar ,ai:i'tt&C98•t at:;·•~>; 

.. ·.·-.-~~th~fOl?J,:, •. ,~~~,,...~-·~-.-
at • li'tsj .. t; *• rnlghT;' ;P' · ·· · ·. _ • . 

if <l.l~tgft-: ... atafdlh<al» • < .a11ieea2> · · 
the.n · ~~r~af~fJ•'!flo.W; , · 
end·~1r; · . " · · ' 

.f~.cout·• t·;laallllllnints<dt tlil · .. -. · 
at$addf\<al, x); 
ellil'hr;·, 1 

. emlp; 
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The test in the ff statement is: ~ 'd have ...,h ~ tor a ~1 .~ each e~t of az1• 
. . . - o.. . • " .•• ~·-·: ,., -rt· .. (!.:.~. ~~- ,·-~; . ~- ·..:·.>·· " 

The elnimh tteratM f0r arrays prOdllces •ch element In te.. arra7 f""".' t.~ lowat to the 
' - . . -.)_j'.";··-~·~ ~ ; ~ - .·:· :· t._·--:-,_"·,. : ·~ •' } '/ ·" / -. ' . 

highest. · · · 

__ ;-
··~ ' 

A~gume_nts ·are the_ nqt.;~Ytofll -.t~i . .-,,.-.'..u• for atze-~• 
- . " ! ~ - ' . . ·' 

because size para~r,Jn ~U:.-~·: .lil,..,rW•ilO ,..._.le obJICCS·ef any size 
> ' ' '• - ·- ' ' -· 

conveniently. However, there are also some .....,.., .... :(~ibWtJ in$the:,.ue _:of objects 
. . 

~turn~d by a _pr~,;e -~ .hflpfu,l : Fpr till\~>•·:.,.~ Ike puallldef.1 of return 

variables to be Aet'il11~ fi:Y9Jf1!1c;aUJ.,.~~i~; ..... ,.... ... n may be·.cpmputed 

we;. require t!?a~ any al~ ~~ r.-h-..~~ • mutate' upmentll ;of the 

procedU.re b~t~&~c.aJ~~;>T~~· 1-~Jt~ IWJJ_t.__.,_...._.., tlle::arpM•W"ln these 
. . . - . 

size expressions. 

~sk!~r)t _ll{~.~~ ~ ¥P\IN . ._~.,.,.,_ • .....,. . ....., ~fenn a new 

array: _If it is know~, t~ ~ ""-' ~f,: ... ,..._ • ...,..., it.U·0re11~ble·t0'~ tt' 
·~~a.nest .~~ib~ .. ~rr~Y--~"·~~ ••Hi~,~A-Mll .....,,,_..,. a•okl •111 ·wa~ ,.,.p. 
Here.is _the s~.•tetq!'I of such 'R~Ul'f! · .. • .. _. 

. . 
q .;. proc <coast al, a2: alnt> ret.,.1 <d: ana,Jl,... ....... aD+alMtmMd>J); 

aint • arrayct•tl; · 

e11d q; 

Determining the size of retum variables on the r1y has tome compltcatlons. however. 
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Reca II that retum v•dlblilt.-are really sptetfkattcm fer»artlllltll;patlld ,u.:t.y the caller. If the 

variable passed tn· aa,·~J• If nv,y",._ *"'it,•4'11'5h1a :11:•••~ presented 

tn·Chapter 2 ataow·rer d~1r•......,lff'11.e~,,.,,:~,I~- arguments to·the 

Jnvocation 11creating11 the'temporaTies. ··kt fld,;tlllt,1i9a1Jlht1m~._ ........ wtth flexjflle 

.return variables in mind. On the other hand.If ... ~~•P..i•fd.:i..;the:Ntutn variable·t5 
' . . ',.,, .,,.,.,. ' . 

·not·• temporary ~ m•J''ftaw<a ~'lllf'1tlt; •1t1lilll1!i ri~.Uiae;._ at ·tun~ime/m 
. . ·.· '.: .' ~<·.·'.:~.·· ... ,,,.·-:f·,f . 

compare th~ sizedthe-.r.trrbkhetng passed .tn dhttttlbe"~~the·pr.ecedure header. 

At th ts juftctuR·;wec have an option: we·may requtte'.tiat.ttw~ exactly. er jaSt 

.that the vartable·paued m·uat teut as htg ~die.~-~"'-" t~t~ ~·'ftriattle 

specification. We have dtaaen &o· he fexible ..,d :~,•-~:.~,.pf ~t. iiJe. We 

.dftly discussion of 'be ~·.for this·~~~·--·--~~-~ ~ 
bftn presented. 

·Two quesUona ...m: what do we doJf .the"'8ellf•;;•;.._.,, •• Mi fells t-he 

run-time check .outlina:t••~? Our aoluttan to,dds_,,.hm •·'•·••the tnvac:ation beRtc 
atteft'lpted atgnaf faU.~~~. ~· ..... -~fa: ·-..t·tlo.we:do if a retum 

?1ariablestzecomp.ta~··1'a•1,,....n~;W.. .• ,,lair~· .... •.ch9:0ne·at>O.e. 
" .. stgnalfatbt1ti!. ... 1.__,..,..n,,._.,,.,,,. . ·· ·· :,.,,. . . . . 

· ~ .r t1le _.. .... •diedts 'Oftln req..-'~ te'4eB ·*•ri.bta may be 
. ,., . ~ :"' . °"-\ . " ' ; :.-.i ~ :" 't) '>, ,· < • : ; •' ' • • 

elfpetmft .. Howenr •. .,. ..... -.t._. .. ...-.~~-«;flWWAe·~.v,riables·wtll be 

handled ·at·contp....,,.. ,~,,_.., ,...,._ .• 'lil~'Mkl·-. ••· .1tra=e\1s that most 
typn·'takmg size·~•w:um'1'hKfiurt.4ff'\1t.·-...~~:IUCh.;a•·tJPe weR 

· ~.tiCteld'.estag tibe;:tntnt1••·~::•11-.eyJ.tt~-ji .... ~. T~ore. we 

believ~ .it wut be more c:omcnon .for the uaer to ~1 tfte We:Oif·uie ..... to'bt!. 'reb.rnec1 :._y 

.. ,pa-,g •Ml VfUtMlll. 6or ..... la.__. ... ;io tlit,j;jjjtj. :~ t ..... having die 

.. ~ .. - ~e.tbe;,-·a.tf:•:w..,,,,..e.,Mt.llil\lQ:i•*1dt•1b, .... •·~the •iff 
1nr.,.."°" ma,·" .....-; .... ,._.,..~•.-iw*•&•,·~·-..:is,·it ;;., be 

poutble to. perfQrm the che$1 eYm if ,:dwe.$be.Ja:l;:pliii:rioij .il-'-~t d the ~ure 
' , ' 

ma;kitlgthe·.GlL :H1ft;,SM1.•1111Jfllt. ,, 
cl'. 2 :··. ~, ~· - ".' ,/ 

:,.,,·,' 
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p • proc <const n: int, ... ) ... ; 

var x: fool;;nJ; 

x :• q <n, ... >; 

ea4 p; 

q • proc (con.st i: int, ... ) returns (a: f oaC;I]>; 

. end q; 

We grant that it may not be at aH easy to daign a complier ·~~ ~Jh,,to perfqrm ,this sort 
. . ~f\ ,: , ;._' I/::>-': ... • • . '. 

of optimization - we are merely polntinJ out that the optimization. may be possilJle in many 

cases. 

4.~.ia. Dec:larations 

There are two JOrts· Of declanttons:· thOle,·1fittt•tnlttaHzatlon and those· without. A 

dedara*"t wtthouNnfttall.._ IWst'utifa y;.typesp•t'io·thit *>rap: can be allocated for the 
variab•betng decland. AnyapresStOlnn'ata&dng h:f:att .lf'ttt(er is allowed far computing the 

size paarametw&. 

Declarations with initialization are more comptlcated. because we ·have the Qpportunity 

to reduce st~rage requtrements: we can pern11t the·varlible to be th~ exact size returned by the 

prO(edure · being invdled to infttaltze the ~itrtibfe. · Thus we allow •- and ?-sizespecs in the 

typespecs for declarations wfth' inttla1izatloft. • Any parameter specified by a •- o; ?-sizespec 
. . . 

takes the value computed by the tnvotatlOft ttlr Its return ~arll.bte; any exad sizespecs in the 

decluatton wtth ..... zatton are kept as·ts. ner.tore. the nOm.1 check necessary rO.. flexible 

return· •~rtables· tn asstgriment may ha.W to 'be pertonl\ld in declarations with initialization as 

welt:- the ch'eek can ·IJe omlttecflf a11 stmpllcs ate•';... or 'r~11-.p.a. ~stant definltt~s follow 

the same scheme as declarations with Initialization.· 

Here are .me ex..nptes of ·dectaratlorii and c0nicant detinlttOns: 



var n: tat ta·18; 

var a: ana,7"-t:t,:•l; 
.vu·b: •.,fl'all·•-JHlltJtt• fO.J.». 

· varc:~;j..:111.,.il•~ 
conlt d: UM,uat)•ir. 
-.C«Nm i!: .,.,tint; t. 1m1 • c; 

The 1ow and ··high b1_.wll ,4.·w.lfietl.4llld .• ll 11 .t.4;1 .......... l1ow·t1n. Ml df die 

array .returned by foo ~'.Wene,~~~;~~~·~ ,..,~·9!a"' ~JW~ ~ ~ tte perted hy 

~rititlg tPlrtg!i. The bauadJ ef tl wlll lie 1 lllld 9). :;. tire~ ·~ .M .... an ef f _.. fail 

The typeapec for dw repr.......,tp(ftp·.,,.>9f •:....,.wbea ·v-typiipec • 

variables or· the t.ype being .def ..... an Ille aU1rnt 1t Q11dJid ~~~Jl¥'i:Jt ,.die Np 

typespec muat be deaan...._. 1t¥en ·al :pa., II•• to •·••••• :_.. :JJoweYer, arlNtrat'f 

•Kpre~si~s,~·re, ·~ ~-~!flK'flJ~,..iMIHd.•J •t111 iw •1:,_.-.,parameten 
- ,o ,, ·,,.1 ,, " - > ,' - ', •• ,-'·· 

of ~he ... r~ct !~~-·~~ -~,,~.~~·~··~·-Mdllll•••IP~._J,~t...,,_: f.-, 
·~~.they·~~--e~,ll:0'P,9.J1fMlf.*""!flt'~'lli "4Bn7l·i-·JI 

.. Ued to-~~ Creatc)r !{.~~fa!~:. ,.. 
' ' . ' .· ' ,. - , ~ .. . . . -

', . 
,, ~ 

The fwader f~,, •. ~ ;,,_~~"'*.PffJ._. .• Mtf. ta·· 

klo,~ ~""( ;~,~~"~,..~- .. , .• 

JI 

The idt for t > 0 are the --.J•f..,._ .• ~TJ.llpp,. r~••htip'tlef.tning .. . ·. ., " . . 

the. rep trpe. a~ Clt~.~~.~:~,~.llf 4.,,1.,. ......... le•r~clmter 
~peratioru .. ~~S,,!fMCif~. ·~· ~.Y~ ·-.., .• ~ fJJllfNIJ.._1 ._ ,_....:.- net . 

available to the o,pet .... < T. ... f .... : ...... ~ •• ,. ..... rm"'~'--- ..... ;;: ...... me 

. , ~rameter·:~~,are1;1•~~~·~.-,~'!Ml».., """''"''A-ll'ii,_'l .... ._'4DUe 
-, '· ... • > ', • ~ ' • ~ • • • .,, ' • • 

senw to use thole names tn dl11ttr·a,•11•• . i; , 'l .•· ·, ,: .. ~· • '·· 

Let ~I kt~;"''~ •. ..,.~ .. JJft\iMfl dl!Jl-"11 4'f'•;111tameters 
~nd rep ·types.· Anw fer the ITNM1 11 l that .Ma& ca.a 1-.._ ......... aad we .med to 

i-.plement them using arrays of characters. Here a a altdrt 1 n .r ;flllt flt the ltlillg duater: 



• 

' ~ :· · .. ·. "~· -,. -

string • ~lu1ttrC;lenl is ... ; 

rep -<~~J~)'{~t~l,. ·•lt , . . 
size • pr® (const 1:· eve> return1.<n: lat>; · ' 

'•~,.. repta1i<la1;,:: r • , ::· .-. . 

em~ •lir,, 

',~.ltriftg; ·i'l '(; ,;. 

t f : ; 
. ,: ;: } . 

'" 

Notice that the sti~ operation .~r~i:~~~;lize.qf -~'-'!· _,,~.aqe ~ ,t~j~ble. 
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Now w_~ c~.,~to.,t.~~. ~'5ti~ . . f!f:, what f:; .. ~.!~1-4~-meaa.nwhen written •in 

typespecs for the abstract type, .For ~x~-~~at,.,41~ ~--or ~Ptl .~~. ·iThey 

merely mean that those abstract .size pa~,~·~·..,:. 9"K'4· :4AA) .. the case of 

?-si_~~p.ec_s, tha\· t~~\;a~J"l~ ~.,~p&~:~bf5qu"ltt., ~-i ~·-if 1~ JMR1.4ecJ!rfed as 

strtng{1tl. In every case where the size of the np mutt be known. all abstract 1i&e parameters 

will be available, so the ~ size parameten _. ........ .,,lldcab!d. 
The only potential confusion left is the mean .. of_ the typespeca rep and cvt. Rep 

takes 'the 1tie paril~ers of 'tf.e abstrad ir~· the ~~a;-;·,,·~ t~ obtained from 
. .- ... ,, -.. ".I_ ... _. . _.·. _ _ ~. :·~.,:-. .. .. .- '~}~ / ~°'.1;34-. _·;: ~ :r:.~ ',"..:.~r~i~ 1 ~-~" ~ -1 ~"tpr~ ~,rt · ~·-- .::-. 

gtvlng the abstract type '·those stie parameters•. Al in CLU, c'ft ii just a •h_orthan~ for the 
' ' . ;~ ·" , .. : .; ' .,··-;:.T '• L.11(:":·.'.~ :·~·-~ .-, .. , ·f '';': ~,,., ~·J: ' _,, 
'abstract or rep typespec at the interface or a routine, With a con.version : aeplied at the 

:", • '. • \·.~: .' ~"-:), :,J. • • < • L!FJ ::?" • .: ~u• ,·, ":··~ : ... {•";::·\.~(;·~-t'J; <·ff~~~;..-;,•~, ". :":.:{!. ti••,':- ' • ··;i._'. .. ~O::t~ ' i • 

· . appropriate tlmedlown for 'iric:omlng objects. and 'up for OQtgolng ones. Therefore, cvt takes 
. .'.",,,,· }. __ '--; . . -.. ,.r- .:.·-,· .. --~~·-;--; ,~,.':· .. :. --~.<~~- ,::~~: ...... '? ... >-""; e; ~·~- · .. ·d·; ~ , ~- .· ~~---< 

the same size parameters as the abltract and. rep typeapecs do. Notice that. neither rep ~or cvt 
•. ,_ . - .~; ;· :· ., ··~· :.~~- .:~? , : ~-::. :Ht~ ' ?.~ ~-:·nt-. ; . .. ·.··._brl'~; ~ -- , ·-.. ·~::" 

requires statement' of regular type parameters; the regular type ~ra,,._. are implklt ,in the 
'H">-_: ~--~"'"f ,,_J.;Ji.L>· f-.. -~ • . '~ ~ • 

tnstantiatto'n of tf~e cluster. The conver.stona up Md . .n•• ·have· the aame. semantics and 
~l'·' :i., '. 'c ~ ~;·· .. t ~"~:lf]v~'1-~~; < '·_, 

implementation as in CLU - they cause tiitfe or.Afit.~, ·~ but ne used merely to 

change .the compiler's •p0int of view• on the type of an objec:t. 
' i ~ ·,· . t 

To illustrate the use of cvt, consider the procedure tt••~P'r&:of alar example string 

cluster: 

concat ~ proc <conat sl, 12: cvt> return• <is: cvtt;npllii.e<tll+.repSii~s2>J>; 

end concat; 

Notice that the arguments (sl and i2> have bem dew1'ed before the computation of the 1t&e of 

sJ. If we had occasion to create a temporary variable ot type rep. In the string clust,.-, we 

might write 

var x: repC;nl ... i 



which would beequivaient•· 
' ' 

var x: arraJCda•r;J,.nl; 

.except that the latter anMtbeup•ed. It ~tt.~'~ ~~d~~··involves iJtftrslon 

of arbitrary functions in the.general~ thb ls• ._._lit •1't1·tl!llf:lltrictton• on the ~J 

in which the rep type depends on tite alntract. type'• Da ........... ? .• ,~11enr. any ana,icharl 

can be asstgMd to a rep variable (p'°"ided die: aa. ~ ..._..-..,..,_...to ap a 

copy·of.Wobjl!Ct1tttft~·~1~..e·~.wi ... :··•b:i;.. ' .. j, 

"ff•'ttfe stzes :Ofi N string· viittailli . ...p..r·atiM ~~- ............ · ~ed m the 
;~ratk)MJl~uttbdd'f.·ttli .-aef.&iwaii~ .r~~{:tYJ;'!" lir> ··~:,! ., •. · ,:.·' , 

"'~~. 'tohdt -'p~··teo11t~i.:a?~;"itMf::\ ~·: 1 ~·ni.l";<.t!c ·?: .r .. 

1'Atto:fengffft or d!ind· ·1-1 JlWf~tNWWJ'~\iff·(·~;fy. 

-~. ';1 .. :.~~ i. ,. - ·~ .,«.:;.-:J -.~f:li~~~() '.~· :~~},J\?~.:} --.·.~rr' ~-n 

.,,,~. . .. _.The~:.are a ~ew.~~~~~ ~/~~'~l~J...,.• First..there 

a~e the tyP.~~o~ .,.~~· ty ~~~A~~r·~= ~.,~~,~~~'~: a$, .. ~r1char • 
.. ·~ ,\ - ~ . : ' ,..,,, '"" .fl,· : :· i ' ' - ~ ··' c 4 . . . . ' ' , '. . . . . .i " i . . - . . . ·: .' 

~~·· and .. t~~·. ~~~~~w ~. ~~. pa~;,~i~i ta;,•~~,~~,.,~ t~ ro.. 
' ob~t~'.y~e~~; "':·an. a:~,·~>r·;~~'.'.~1~·,~:~~~,~·- ~ ~~· ,91" any 
.s~~e.i~ allo~~· but ther,e,,.ts:~·use f()f ~~~~,;!'a·,.,,~·~.rort~lypes 
c>r.Ob.;eCts .. stlnailtd.bi~A;.. •net ii. ;.t-t).,e1'ln ....-~.-~~~Hm .... ~ ~al,'Rp• 

Jt.:. 1_.{~·c"i">f;~- -·1·~~'4-_~:,':_--:'.'. . ., ~.•·.-'·~ : ·-.-;' '·,;> ~ Y'" ~·f'!:~ . .'~ ;f.:·- '1"-\:~or·~ "'.}.' .. ~.-, ·;·:·.:,; '-;~,~,io ·.'.~ ;~:-•··.. .- "', - , 

or dau\es from routine headers: . ' 
-~·, ~·i'.ij~ :t-:'iUl_- __ L· ~~... '\~i.:' ~~-\-, 

... signab Cfoo<ana,C~at;l,.J>, !'B<ttrhlf» -- .. 
;: .·.:; ~1-$t~llt'ilJt4'.ilw.feii>-~ ' . ''-! ; ' . 

... of string· ... · ., . · .,; · .,i·, 

bletch • prorc[x: tntl ... 
ralpltt .i..ftetet:~M•.s ". 
edgar • selectorCf1ac: lloell ... 

. J 

' -.. ~ 



' . 

87 

4.3.5.6. Typea of Routines 

. A situatlons~i~htl.y_diff~~ ~~ ~ ~~~'~·~'of.J~ for 

the. arguments, etc., in the .. typespec$ of routines O~ prect1pe'a. tt.t7pe'1, and teltJn~~f r: The 

typespecs for roudne types should allow fuU type checking. IO typ111ua for arguments, retunu, · 

yields, etc., must all be gtven. The argument typespea are .. .....,,..,.., .... ....,.,.110111e f,or 

?-sizespecs in ·that po1ltion. <A rouUne ac:cepts either a puUcu~r .Ille, or any atzeJ LlkewlM, 

·'ntturn vartabla~are;·gt9eil ••~1Mit ••Nl'tilii•N'11Wh jt •'$; not expressions: 

only· C:ompi.~m.·etepi 111hiM are a1killfCd>ad';ttdd; -' dacff"WPe4cMdttng can be d0ne. at 

compte.tm..Htplll... ,,,.... the tftwoP''ltllljsmilcat1 ...... r.. . li 

·9f0Cl)'pe <"""*"S\rbtfi·1*tltf)1rtftlril•:W.V ·:: ·• ' 1 • 

whkh·i• lh«>*lor 

.: ; • proetfpe Cconat ltftlli{;d,•iltlfjl£1'9r'*u~JJ '.~ · 

Yields, signals, and of- t1f*1*1 an aff haadlld jut Ike,..... ft~~· Tha'.tiak. 
care of all the special 1tlms in typespac1 ut rouun.. "- .,11:c~f , .. ; .Jcjmp1e routtne 

- . c-"''~( * . ; _ ' . ~ _. ,· , 

typespecs: 

proctype<var arrayCbool;l,eJ, cwlt ltri.,C;IOJ> 
ltertype<cout arraf(tnt)) 71eW1 C~~> 
..itjpellof._..,,,.._ . ..., .. ·;. ~: . 

4.3.5.7. Actual Type Para111eter1 

,_ ... .... , ';_.: 

Now we come to the writing of t~}~ ~,! t~ .~~· ~ abstractions. 

e.g., the t in arrayCtJ. These are always v~ <~. _. ~~>.,~~at variables or 
.::·.· ~. ! . ·:·t·;.,, _·,.~ ~·f:" ... · .J~).~\F ."~;,)~1f ... ;:qt~£.~ :.n ~~q-~: ~ ~' i-:-· ,,.::-.. · · · 

the type can be declared. The ex~ Js t~ ~ ~ . ...,_. to ptr .. The type ptr has to do 
. _,,.:. - "·,1:1.; ,. •< .. ' ~: -.· .. - .. .:. --~r~!.! .; "1 - • ~ * ~tt~ . A~--Y~ i . 

with pointers, wtllch af'~-.~~.:~-~·~~'~t ~ic~l,.f" ·~·~'lain here how ptr 11. 
''!!'.'~· . 1. • "•' ·•· - - . • . . 

. different. The type generator ptr ts used for t,,,..s palMellf ¥.(It~!'! ~~ ;&, R!1'~~· the 
_-.,,,:;·" . __ _ l •• · _ _ j,-

1
_.·1-. :.-"~~-.-?_-,, ~~~·i;:./·,o;._;~-:~,rr~,:lrfi~~:::-.~rl' -:~-- -~,.~~:~; .·'( ... _-. t.'I~;-:-_h.•:- _~-

. type of 'object pointed to. Since t~.~ ~ .. a e.,•~r·~~~ oft~~~ ot;,;tl'.l~ "1Ject 
potht~ to, *.:. and ?-slze1pecs are al~ I~. t~ u~i ~:~ ~-""''· .Ar~ ~cling 

. ;v-.. . . .· - ~, . . 
Chapter 5 it .should be clear· why this wtH work, 

Here are some examples of typespea used u parametln: 
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4.1.3.8 .. ~ratten. ......_, 

There. ts Ol)e last position .. w. &Jpl•.-·• •lllltA·i.Rt";da'M- of. '"'"er 
<>perations. In tfl~ ,~·,aft ~~-et ... ·fJIJf11"1 • •lllllllLi._• .... ,.,.,,.., are 

completely trrelitvant. .. f-J~.,,,., ii.~,,~._. .. .._ --~Ml. _P•'m,'Cluster 
operations, . omitting tm Jt• ,.,_,.Jl;el , . .-.,.-... t•:rfJ~, ~1u., --{fUOpllfftJ a nicer 

appea~ance, but ts not esaenctaJ. It ii alto c:emman- to use· a lllorl:. ~~- .......... to a 

v•?-typespec; fol' exa.mp~t~~1,.,.,td. At,l_,,__.,....,_.l'-\1........_ operatloR 

on _strings:. 

strincC;~lS~cal, .. , 
· ·1fr1n1c :•1tc0rtcat ·· 
strtnrt;?"'1lScGncat 
strtnrSconcat ' . 

<Thts operat10n afso has. an infix form: I'} In ._..~••,.._ •. .;.type for formtng 

operation names. 

4.4. An Examp-le Cluster ·Sat•ncea 

..... 

· The hea~r tor the seqUence dUtter ts·. 
• . - - . :> ,.~:···;~ --·; - - , ._;~.-r:{·::.~::-·-~ .. 1·-. ·. -~,-; '· :; ; ,., .. .\ .' ·: .( -

seq •. cluster Ct: type; nl ,, nutt, addft, addl; concat, ..... reml; ~. ' 
. - ' -~ _- - ": ~ " ~ ;- ~ >>:+t~~:j,i",;:.~.~.- ~(~_~;. _;-'.-~· -~-. .; ·. ~ ' . ~ « 

fir~.~ f~.~·~~ Hpi~~ t~~,I~,~ 
where t. ha• copy: pradype (C18111t o ,..,.. Q>· • · 

• • ~ ~~ ''b $} ! : '<; ' ~ .. > 

Sequ~nces· have IMft1, Of d.e .,. c¥1'•W.a .-- .n.,.. ···~ ,.. .• •••n•a.,_ "9t mutat>le 
-i~ ,·.y ~ -.. , -, ····~i··t ... :'•-,_;':·<:t'..·'''. ;''•-6~ ,_ ;-. ·:-.::::~!'i'~J>~~~;:·~· ;..· ~'- <"·-,-<- .. '.• . 

(thefr stat~ ·ca11nor ~·cl....,. It ts ....-... to apflia i. ntl~!Lg& ,.... lif· .......... tlw >· :· . ·- . . ·. . :· i~~- ""f. _ .c,'·:. ,-,. .. ;:>: ·:;-l'' - fp""'·,.p. • ·· · · ' ·,: 

0peratl0ns a f ~ at a time; flut rtnt, tM r.;eea~ 
- .. -

rep • arrayCt; I, nl; · 



• 

Tllus, sequences will J>e modelled by a~ya. Ta.~J.,t ~~, b.,..¥.'8 dleJ are 1imila~, In 
.. ' ·.· . 

many respeets. 

null·• proc 0 returns <s: c~tC;OJ>; 
s :• repScreate <l>; 
end null; 

<;' 
~ 

' " 

The atray .create operation returns an mtptJ aooay; Its argummt apectflel the low bound of the 

ar~ay 9~ ~t r•lfJ~eA~ H~ ..,_. It t.,fl.l•W!ilr;aqt _,., . .,. 

var x: seqCtJ :• seqCtJSnulK>: 

because '-,ll~ cou~.e~er .~ ._ ~""PlJ Hlli'IPC& (Alf...., . ....- are·t0et·bag to fit in x.> 
':· ' . ' ' ' .~i..~:j:':t'· ' ' 

addh • proc <coatt s: ut, e: t> rett11111 (new: CYt[;riiftilietO+ll); 
new:• repScreate·<I>: 
for conat x: t .In "Phlements W do 

repSaddh Cnew, x>; 
end.for; 

repSaddh <new, e>; 
end addh; 

The add/a op~ratton returns a new sequence with one'mOr. elirntlpt:.• the end than the one 

passed Jn, therefore the siie of the returned object ii,.. bigger than fhemual size Of the 

argu~nt. seq~ce. <~otk:e that this~. not ~r,i~,,~,,~:~}'l?q + l'J The_,.....,.,, 
operation 'is an it.etator that generates the.._.. of an .-,,ti ....,;r.ro.t\ the firll to the 

' ' ' 

last. The addl and toncat operations are •lmilu IO .UIL 
. '·~~· ~ ~ , > . 

addl • proc <const s: cvt, e: t> ret..,.. (new: cYtc;npSttzeft>+ID; 
new ~· repScreate <1>; · <:·~q "• ; .. 

repSaddh <new, e>; ·, · 
for con1t x: t In r.epSellments <a> do 

repSaddh. Cnew, x>; 
end for; 

end addl; 



conart • ·PJOC·(Cc;ut•r; ·~ _..1119_._._....,, .... ,~l>; 

and trim. 

new :• neScrea&e <P1 . . .. ,, . . ,·,-i h·~·;.,. '""''' · · · ·• · · · 
""fw dd~x!~Pli;firlttit:Wi:C. <rt de · 

repSaddh <new, x>; 
end fOI:; · 

for const x: t la repSelerMntl. <a> 4' 
· repSaddh <new, x>; 

ea ,.., . , 
en~conat; 

,"; , 

~ ' .,. ' 
I' . "" 

remh • proc ~tit;•t>·nt._...._ ......... ...,, ..,...., Ctmpty>; 
n: int :~ repill~!>; · . , .f· 

if n < l · ~- · '.• · 

thentltllllf:~ 
tfH 

~ :• MpSqeate <Jl; 
. J1Mler.. tilt' =-· t; 
wtttte~· < ndo 

,.s.ctdh <new. atndftl>: 
..... De; ,. 

ead.iiP,i" ~-~ ; ;':" . ·•· 

'8cl~t; , '·"· 

remt • ptoc <~·s: cvO nt.,.1 <new: CYtl~~-:fW)t)l~a,1~-~y> ""'·'-t ···-··t........ ·'''/'";'·;~ . "•: ;.·; .,, .. ·. "'"'" "( -~· 'l ~",.. ~-· .•• ..,.....,.......... '. 

if n <I 
then sipal. empty; 
elae: -:»:!·"'·~ .·.- _ 

.··-''. 

new :• repSaate <U; · 
tndex: Int :• 2; 
while index <• n • · :~'.' '• ·' · 

end If; 
end reml;. 

,.S.clcth <new. atndelt»; 
..-..w1e; 

<Max ts used to prevent.a •-r from . ....,:...,."I.._~,_....,.....-• pa1HCI to . ·' .· -· . 

· r1mi.> Trim ls gt"- bouftdJ betwnn whtclt ....... a tlle,,.Jlf t •·"."W•• aie to be 

retained. Trtm returns w_hatner portton ef the *'P~OM"'1.• .•.. dies.., hetweefl the. 

bounds. 



• 
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j. .t. ,' 

trim • ptoc <s: ~t. law,~111t> ...... (QeW:fft[~lgh...OW+ltl>; 
start: Int :• max·'<I, low>; · · '· · · · 
n: int :• repSsize <s>; 
end: int :• mtn <n, high>; 
MW ;~; ... ~'tU; . " ' · ,-;iz;- . .,, 

f o~ con~t j. ~.•t l~)ntSf.l'Ol1'\)0...bJ(MJt. •· p 4lcp , 
·'. · iiPSildh Utew, sCJJ>; · . 

end.for; 
end trim; 

• . ,_· - . . . :· . .· ~- ;!<-t· ~ 1-~f~·:it, '.~-\::· '•' 

The frOr1L.to_bJ itetltor 'lenetites the intelen· rrom Jts.rlr.· ·~ tlnugh to Its secund 

argument incrementing by the third argument; It ls ll~e an Alpl for~- .. · .. 
. . . ,; '!~" -~ ~ -: ;. { ," 

Here are the selection opetattolu: jtrlt;, ltlsl,/ltdt, ud ._.,,, · 

first • ~or 0, otil~• k:ftl~ ._,.,.f · · 
if repSslze <s> • o . · . 

'oteh ......... ~ 
else aelect all; 
end If; 

. end· f Jrst; 

~ .... 

last• selector 0 of1 t-~a:~l<tlcnnf11•p•Pi·· · ' 
n: Int :• repSstze <s>; · 
if n • 0 

then tJrnal empty; 
else .elect ICnl; 
end If; 

end·last; 

fetch • proc (i: Int> of t from a: cYt ....... <range>;; , , . 
if <t < U I 0 > rep$stze<s>> 

then 1t1nal range; 
else aelect sCtl; 
end If; 

end fetch; 

Th~. vertiQll.l>ar if.;• SU,1ar f• the-•~..,.ttanJ•tll ......,_ •t1tor•. 
F~mtntJ • ~~J.,.a •:·atl,.... <-...,;,· ,., ·.· 
· · for coast ~ t ta nplele~a> • .·. , " . 

, '•dyftltf (ef, . 

enfl;,_.i 
·ende~ 

Notice the use of the array.Iterator llntlftts to ....... 'It our own Iterator. ·It would be nice to 
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be able to assign sequenco, •we defjne a •••d• 

~Y,~~JJ~,~~Jf,;f'~•~l~.....,...,_ aeltu·t~•1hDt1 , 
· new:•S; ·' 

end copy; 

The con operation wtll·often be thts simple. but dMre .eta1,f#~.,,. .'9tiere men must IM 

dene. We. a.bo provide ....... '~ .., •. llf•z~t•• ·~,r :::~&~··c; ._ ~ needs • 

extra restriction on t. 

Notice that we use the undedJk\ltMRJ ......................... ~ ...... of '·to 

compare the arrays· e~ment by ·e1emem. Now we wrle ~--It•••· 
length • ~ <eoaat ·s: eYt) ......... H: hdJ; 

I :~ rep$size(a>~ · 
end: leAgth; 

· . · It· will be helpful to see ~·- t I -.i'Gf ·u•••m 
. ,- . -. ' (. {{ 

first we define a few·types: 
silOO • seqUnt;. lOOlt" 
st_ • seqC tnt; d; 
silen - Seqclnt; 1t't1Yl; 

Now some declarations: 
a:· silOO; 
b.: sUOO :• sUOOSnull O; 
c: st_:• b; 

·d: siten :• c; 
if d?len • O then; ... 

-~ . 

I •.II: 

First, e is untntttaltzed, amt Ml roam.for sequences•••'......,. long. Tt.e next variable, 

b, is the same s-ize,.but haft,_. • .,_. .. _..,auqu•IE~ IM••.wror{t,,...'~ 

dynamically, it cu ~ on1y't•nultn&fl 1 n'' t-n. W:W •9't ..,. _ at~ ""'' size 
• • • /·0 :r-· . , <·~r< .. ·~:-:·i!~~~~i"~~:Lf}~ : :~ l~.,l~}·_: ~ ·. . .. 

shoukt normally be specified in ~·TW_.-lf,,.'9!4i•~ner tts lbe'can be 

queried by using tlnt1t u shown in the· if~ ffare,-.a.,_.., ... ...,._ 



a :•a fl d; . 
b :• si_Saddh <a, 5) 
if si_Slaat (b) .• 5 then ... 
var ·j:· int :• O; . . 
for conat i: int in si_SelementaCb> do 

j :• j + I;' 
end for; 

Not~ce that the fil'st line caHs the silOOSc°*'" operation. 

· We have defined a complete type generator for~· This example is atypical in 

that it has no mutating OfHratioM. We~ ttll•;o•er a·;w.,.ta~:m,. because it demonstrates 

more of the parameter mechanism, since it· returns more things, and tends to allocate ·the 
. ' .. ' . ' ' '. ., .. '. ,·-~- ' ' ' , 

minimum storage possible. <Allocatiog the mintmum'for ~~((typij Is not always desirable, 
- . ,_ ' --·'" 

sin~e they may need to grow later. FurthermoR, even if the objects"are immutable, larger ones 

may. be assigned to a vartab~ later. Of cour~ the style of u~ ~ up to the p~rammer.> 

4.5. lmpletnentation 

Here we discuss how to implement ASBAL's pa.ramem" ~taanism. W.e fJrat explore 
' "" -. ,,·, . 

techniques for the regular parameters; these methods are bor~. c;lts:~ly from. CµJ. ·we 
, f : T ;· -c - - • ' , : 

then consider the additions necessary for size parameters. 
. . ~ 

4.5.l. Regular Parutet«a . 

The most straig~tf orward ideJ: is to pus ;.,..n.n.aa extra arguments in ~ns. Thb 
' . 

works fairly well, except Whtfl·procec:l-..ra and i,.,._,. •. ,....uound u•objects. When an 

instance of a parameterized P~IU'e or 1..- ls. f>Mlell .. ..,,..., tta parameters most 'r 
stored In the object, s.ince they ~re not •!~·Hable •""8 it at calllCI .. Ltkewbe, an operatton of a 

par.a~~terized type must carry the parameters of the type around. 

This difficulty suggests what we call the ~o 1.mp....,tatlon of parameters.· This 

implementation a~Jfy AU .. utes the ·actutf 1pa•--s}tt 'aftd comes up' With ~rate 
. . 

procedures: (tterators, wlectors, dusters> fbr .eacf! dliti~ set 4( . .-~....-s ... Th!s would. seem to 
' . . - ' 

be inefficient. in t~rms.of memory use, but can be good in IOIM situations. Its main advantages 

are simplkity, and the ability to do better optimization of code once the substttuttons have been 



madt!. Of coune. .. _.. ..,. .... ---•••·te,.,.llttJ. OM en 'haft a lf'MI 

parameter .,_d• ll&U• .._. m:lalllt 1111 tlllJMll!"'l\''l!~~·.,.)•••m•na. and• 

potnt~ to a llltp p!ll'lllf•JJ lld1p•d•nt •t1111. 11111,lltB:.•: 1•ulftlWba. that of'_.. 
• ' • • < • • .t ,,.~ 1. ~ '·, ~ ,!, • • 

linkage~ te llltd,.. fl HUI._ tn,1~.l~i~:l'il~''·~t~,. ... 4, ••11•.vf .......... 
. puree~. · · · · 

There.tsst11t .. p1alawlwwHM1. 1tapn .. 11•.-p1 .... -.....-.. 

. unbounded number of Mfa•1t:~41 .... 1tt.i~J ..... U1 •llflll•I••·• CLUJ . . ' 
·:,that has that PfOf*tJ: 

_nasty".'"~;~~ ... J ~.~en:.~-~~-· ?UUtfl ... _·:. 

···~ . . Jl,n ... o · · ··· · 
thew ~,t:..Mdt; , . ' 
el1e rallt'lt• ........ :Atd C. ... D>; 
.... 'i . . ' 

Md Mltf; 

na1ty _'b • ,,ec Ct: tJpel Cn: tat>; · 

end nasty; 
- \ ·' ' ' . 

: ... , ' 

· k sbautd'"be en~ to • ·*-~ ~··•~• ~,;•~, ~·: ..,t,,~' .. .,_ _...,. bit 

~ ·ar ria:..Jtme. -- Miid ot l'Uft *!" ·~ ~>"'-~rt ~(--~~P•-.•~• l•. c,,.. 
-·:,~ ':"" .. , !' ;, . ... . -~ ·. . - . -· .· ' ' . ~· . 

Maintai.Ung the data.....,... ti---....~·· tt •. , .. ••fta .. Ille -.e "-'•GM 

useful,' Thet'efore we avotd· the pr•bm tty .... ,. • 1tt AlaA\.. ••11111t1aena In aa. 
_· ~ ......... 11 , ............ ,.11ue111••lli~ala11.a.;, •. ~.> 

. Thel'•sta,.•,1ilt 11111'-'fll•ll fif-_,. i.M1Wiil1'1Jllilliij ~ill'll.~··,~·-··~~ ·_. tie ·· 

~ll'Mttell. --------~;-·, ..... idifJJlfi;'fjqli-'.Ni·~-:-IW, 
--~ttw1:tnffedcw11 .. t11i .............. : '•:.•:;, ;·:, ;•'• ; .. , ' 

'' -~'""' 



• 

95 

4.5.2. Implementing Size Parameter• 

Now .we turn to the question of tmp~lting ASB~J}s size para~rs. First or an, 

they are not true parameters to the type,.·al'\Ct.~P, ."91r u dummies, or In positions to allow 

allocauo.., of memory .·ror va.riables. The baste technique for handling size pa~ameters Is to 
• • ,• c"",: ~ • 

store the size information tn the .. variables. .This method leads to a ntce implementation of ~.,. 

ju~,,,f,thtn'a ·~·•·•·f!Xed,offsetlJ'Ofttehe beptrhftt Of' ~.·~ery··s1mltar to recol'ds. 

Because the sizes are stored wtth. the vartattles there are Aq.~-. t.Jf.allacating ·space for 
• '. ' , ": . ~ ' .::-.,.y; ',_ c . ., '. ' - . ; 

size paramet~rs dyn~lJ ~ the,.1ptce, has alr•dJ .,_. ,_~~ fl'I .-~JI ;vat~~le. <The next 
' • ::.. • ~. g < • ' 

section wm -discuss storJP. f().rfnats for varta~ size objttts tn ~ d•JU.ln the ~se of 

abstract ~ata types def.~::~ ~~rs,. the underlyipg II~ of arraJJ an~ strttlp must bf kept for 

the use of procedures .recetving the, com.ponents as arprnlenta, etc. However, the 1tbstract size 

. para meters· must also be kept, for" querying· ,a.J1d (WY. t•:.:.uz.e a.eek~ required In ,_sstng 
• • '";:-'".> I . 

. pre-existing variables as return variables ·<Jee .t~~faectton ,and Section. f.S.S.2> . 

4~6. An.alysis of Costs of SJze Parameter• 

There are two major costs associated ~ith size P'rameters: storage over~d and 

proce$sor time, a:nd ' both are somewhat dependent· Git the' actual storage .representation used. 

Therefore, ·let. ll' consider the $torage efflclehq of'',_. Poatble repr"81ttattons, : and . the extra 

processor dme requtred by size para~. Pwt' (J» of Fipre ·f s"°'!s t~e most general 

storage format, one using pointers. This format is simple to use since items are always at 

compile-time known offsets within sub~'. altllough considerable Jndexlng and · 

indirection may be required to acce» a deeply nested ttem. M°" efflc~t forms such as the 
·~ 

linear format of part <c> of the fJgure .- ,.,..... Ht .:Many caseJ. Such .a ltnftt format sa~•• 

memory and cuts a,cess 'time because the poirtSirl 'dp not have ·to ~·· ~or~ or f'ollowed. . . . . . . . ~ 

Ho~e.ver, the linear represenaation ti not auf'ftdeftt tw ilt 'caMS. It I' IJette~ to adopt a general 

reprtlsentatton using poin•rs - we believe thJt a single atorage format a"9uld be used 

throughout the system. Having mukiple formata tn the aystlm would be bad for the following 

reasons: 



•.: 

;' '" ,-:.,--· <:·f ~~~·';?: 

a> Let this be part of ttwl'/flo dbster: 

end foo; 

c> An optimized. repre11ntatton for s and· 7 ii ~ 

'';.' 

~ : "'.. 
'.• 

y 

,,, T.a.t~,•t~•, ... --~ · 
2ndo~tract .~u w.~ ... 1 

.·.~ · 1 Mci~1~~1~t\~:1 'a ~"·' ·:- · ,.,1 ... ...., ......... .., 

.J ·~ ·~;~· ,•{,, .,::.: •• 

tMUiMllm,.., •.• '' 

f\~ctHW, I~ ·~tPT:,J 

'·' 

-
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(1) code ~eratlon _..kl be made.,,._.....,,.. 
<2> if mu~Je-~ or •• ..,......, ..,..,..." w'arortP'tormat. moduladty 

wQilld b.e threatened; · 

(3) if. on the 'other hand ........ could ........... ,, ..... ·forftaat, the cod.' ~Id' be 

larger. or .. ln~ffexautioft.~a.,.pr.a1...,ftl~' · 
<4> the eqtil'e ;ru~1wout.t• ,.. -..,...>itfhtifttle payoff might be small. 

•' ~· 

Thus, the optimization to a·format more.comp111;.~NlfMtllf·polnterfannat may not.be .Orth the 

c~r1plic;at'9ns:.tt tn~u~ · · · 

Given that w Wi~Ute the polnlm" .....,.~tomtat.''tet tit examine the cost of size 

. parameters· in detail. First, .let us see-.,,._..;.....,_ wetlaiic:l-:t. ~- by having ·nze_ 
parameter.S. The storai•overhead for uae ,...,. • .,, Of"'1e Integer P.r abstract size 

paramet'1'. _per obie¢ or" ._ ·abJtractc::clata typit;•plm!GM pottiOlr ·tort.ch array or string 

compQrient. 'k is .ha(-d to· ..... Just ttow. --~··It overhead wftf fttvetbecauae tt 

entireJy. depend1 .Qll. ho• often Yaria_l*'~;*Jldl)lre uted~ ..na: whether the arrays and 

strings in them tend to be large or small. Dope veccckt:...,.;..., acetPted In rnany :'8nguages. 

and s~e paameter-1 .are, •IJ .a ..,...,. ....... _,,,:-elope . .-..L·· We··belteft that the storage 

over~d for stze~metcrt ttacieptat>~ ...,itfitJ:~<ts•unaYOktable because size 

parameters can be ·det••lnft4,at nm~-.'· T.-.,ere, ,_,.._. tfrit . .,...e. ~rirhead ·u. less 

of a pr.oblem th•n _prQCe$SOT time. 

In examining processing overhead, we...., the 9*-capy operation first. For fixed 

. size types a bit-copy can b&acmmplbhed ·Witt. a blltt mcwe.: pnwlded pomter. to components 

are represented ~·.relati\fe off•.._, d cempo1M11tts 0ar8-pu&if toPther hne-&rly. <Both 
' . 

. provisos are pouiWe; and the .offSlll.· can ;1Mt-·t11Se...rMd at' "*•..._tame;) With care. the 

components or· Ill •Ject of a variable Ii• type- c:Mt·tlle' paaiiid ~hef In a simtlar way. 

a It hough the off sets wiN geaeratty be~ 1n•MIMe; ilWI 't._ order of the parts accessed 
. . 

through· pointers U.e., offsets> may not alwaJI be the •me,. The time when "" muit be 

exerci$t!d is .in the tnttial copstr~lon of the .--...-.... the·~ wtll never be 

moved later. The only i~f ormation that ~Id be stored at a ftxed offset tn the stack frame 

for var.tables of a variable size type ts a pointer to the object tuelf In the d111amic part of the 



,- . - - " .. ' -~ - ·-···!i:-.:f,.<-- ·~" " 
- • "'· :-":''~~'1-'°'.I<',-,., 

R~ .. ttme stit chtck•:JGat .... ,.._,•nit ... '-""lrfild\; •fit\- llilMt; t.s· ·tr. made a 

.. dectuan .r~N~'-'!f d•111t• ,....,. . ,.••lltllll'r•• .... llbli) ll\Wt'Wtaift 'tf.e ttta of 

· pre--exuung vartabtn; "*"""• w ctlddtd tO"atllw111t,._•1Rtfftft.,...._._ .... • '°"I 
, 1,s eaC4h ~titl ar~"··•"4i:-.....,..«t.._. •. Wpell•1r1lyNil'ld~~..ttm. vartablit. 
~ ·t - ' . - . 

Thus If :it: were a pre-ettt•••~·-••1*1••~··..,.·•it-.t..t• for a 
,return ,varla~le. ,,...,_..,_.,..._'""':*-.•..aiiwu•_..,..,.__.,~,,...Jtietauae the 
. . 

abstraet. stze p1nmeten C<IO, 20) lftd (20; - --~ ... , ...... O.• .......... of # II 

,: ,.!~~-•ma'!. ln~•••Pt•••u•••••-• '., ....... _..'tft!W.Wtor the 
return variable spect~katkWt wt the ,,.... .......... ._ ...,._,..,.. . ....,.~ must 

. ,,.. .~e com~1~ .. ~~1 •~••"99'•'"" mtr11•"9•tM•-•11iiiitP'iWc··ce1• .. •• 
~ha ~...-I ~~,~ ...... ~r .. ,~ .... ., ••• , ·~.. ,1~1i~ - ~~-?·'i~t '.~.'C :?"::-:.:<·•·····,_,~··: 

;:(•. ' . .,,.. ~ .. ~-..~~··"~~· .< ~ l '''} 

tl~Jag ~-t ... Ml.,_:._1_..;.,...,;iae1111 •••c:-W' pt•1'•f•" ttme ··~ 

,,dQ!!'g, S~&e C~~,~~-··----· •IP. •• , ......... Mlllflw~--n.tch • . - . . 
"~ .. !~! ·'° the~ ._ •-'lle·--:·j•,...d'•11t1u1•• ta•• 1irn1

•••.,~...r,.. to 

,·,;--.· ~~v~~' •~;.,.'r.~.4••~..,..... t1••nx1 ·•' 11im,gfflilt~~'• die· 

·~;,,~tf'l:(~~·Jt~'"·'-'-'"Mtf>'.l;:;•i' . ..;.t( ;,: '~j~S! . ' ·~ ·' 

.~. ,ff! ~i~he"••'J_.flf,:-railti.pa1riu .. •t•:••••11ttflil9'd'.'Wld: -~ m. 
,c;Jt«k+: T'tt:1 ... "!~---.... A ........ q I t .... •.tlllf/fl .. ifaft"alinil' tO ·-.. 

9 .. t~~~~,~·~•i_, .............. u 1¢116'.ltrll••it'llllit•·~-....,, 
on •·•"""""'ts ...suces .. the10Nrftlad ~.Jaw•u•r•1t1fifiilliif.'•......, . . . . 

. <>r .npn-..'q,"~~1••1t-.;,..••••?t:h~ ,~ .wi~;' ,. :·tr:1 . · . ,,., 

.1.1 . .,_~ ~·.AJl\t'··••·••;;,,..1•1.1·.••1w--(1• Mdl...,ltlr.iufl' wlin ••1• 
.~ope,.~ •J~~·-••"8Jlll t-•··n11nu-.1s•n••~•...-•, an · 

.... prac;1t~1 .,.0~1~:)c(t lfM•~•••~t*''·PI ~~ •1•111:: fMt wtl be 

... \l~~~r,-1e;.,1~?~ _. •• , _.,. ;•11••$1,t~LJ•••• •+•nu*Y! '-.. 
)· ~uc.'lt~~p."~ ..... ,, • ..,,,,,,~ ........ ~ii••JllP.· . . ,.!' ,:;.:···. 

· ... ·l•:~1•• ......... ,. ..... ,; ... _..,,. ..... J.11p ...... , •• ~-
.. t(t ar,r~ya ~. '~1'4~ L".' ., ~.' ·:; ·; ~:;,;·· "::t .:F'"··~> ,,,.,.!- : :t • • .,..m; F . , , :: ,· -~:' :; t ... , -r 

! ' , .... . .... ,_ !· 
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4,7. Summary 

The flexibility gained with si~ , ~ra~ ~ . be expemiv4J.., How~ver, stie 

parameters are really ,tust·-a g~ali~~ ~ J~ .~,P! .. ~~~cand ~ny.9f_ the pme 

imp~~tat~ tee~~ ;,P,,1,.' . ".'otke ~t f ..... ~,:~-required to ~h exactlJ 
• • " •• ~ "'" ' ' • ' • • • ' ~ \ •: + • - ' • 

in assign~t~.we have .. a Kheme v~ c~ t9 ~h":,..Atlf,;i• .,-~pf the type. However, 
. . ~ " - . . ' 

' we have a voided several ~tffku~_assoda~ <~~ ,hav- ""'~pit '()f "" 'IPI, of ob jecta: 
. •' ' - ' ·'. •. . ' . ' - : ' '· ~i ·- - .•' - ' • - . . ·- '.. . ·-

U> We do not have different opmtklnl for mjlctl 0t ditf~t sizes; . 

<2> ~nd ttiOs we ·h•~e prettentfd an ~or·~· to oPer-tions. 

<S> We know dptkttly whlth parameietlilnult be~~ k~ow~. a~ whJch may be 

··computed at run:..itme; 

(.of) and because types <as oppoaed tO sizes> must be compjle-ttme known, we avoJd having 

run-time type objects <i.e., objects of type type) at run-tiqM. alt~f\· we do require 

run-time size informat•; 

<5> and, ag~ beaMIM tp are compile u.ne u..n,:we can perform an the dtff.kuk type 

checking at ~..,.me. 

Although it ts a rnaiter of eplniorl, we feel thalleparattftf die Information mutts In a cleaner 

notiqn or type and h.,,_ to....,_ Mltlact ~fldllt1npl111'lllttathlft deratls. · Overall, we 

are cer~n Qf the wefulness ef ........ paratll llllfiti and ....... that· liM 'f*nlmlterl are also 

helpful in progr~~· · 
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&. Area• .......... 

In this chapter we present a qJeehantam for dynamic ~ aHocall~. It allows 
- __ '· _ ., , -'. ;"., .. :, : ... ~ : .. -:., _ ·~ v~iit<,·. , ·-; · ~ 

:programs to buttd pnerat rr•pft-lttediia ....................... p~p collectton or 
-'. : : - ,_ - . :. . . _·. - \'1. . 'i'fi-' ·y·· _:, 

much run-tttne' overtr.tt' Forthermore •. ttW:.,·~=:c..~ tetWenc:eS ~n be prevented at 
· . ·. ·· ... __ .. -.. ·» .. _,.--; · _ _:;>· {!)if'ii:}n~· ... ~ ,. ·.·. ;·. 

· mmptte-.ttme. our prntMin...··begms Wfth aicu, the: ittjiii that perfomt storage allocation . 
•. ~ - ,f..', -"~ .:~'{:"'·. ,;; ~ , -'~' -.... : "' : - • 

The dtscusston ·of a~s :fs fofloWed by a deCripaon. rl jiJlalm, rhe abjlCU used to name 
~ ._, > --~--.- __ ,, ~--.. · ·,.·1;; --i. :"/,1.-·p .. "' i:.~·'!:; ~~ .. ,,.1 ,,~-..,,,~ .\_·. -~-:- . ·3' ob.;ecr. ll11ocated In' areas. Werhetl ~ Cletatta-ot· ... U.a and petnten; it Is here that 

the technique! used to.preYent d ...... """~ ..... ~~· 
After pre..;.t~ ~hear.~ - _,.,.,.._,.,.~II &he Impact of the 

' - . ':" \; - . .. ~ ~ - ' - ~ 

mecha~isms on alias~"Cf ,<:_,.u~t Ott .flJI. ~.-•wi•~~:~ ......., fll' methods that 

might be used to implement areas. Ludy we bDe ~~.,,....,;_.; ..... the use of the • 

mechanisms. 

·' 
5.1. Areas 

· . .,_: 

. An ara; tn 4CI · 1tntpl11ti tntpla1Rtllflltlt111;~ ._;1: ""*'f-tlP1 ..... • ''tft a stack frame, 

somewhat ltke an array. The ldea 11 that the llriilF' .... .r1·11tt 1M&. dy.namkaHy, on 
' . . . 

request. Areas are l;>a... on the coltecttOns ot EUdacl tLampsan11J, b\at there are seven I 

important_, ___ ne .... ,. .. if .... ··--··•u··~-"~· Or a .stngle 
type, wt.ereu·ob~Wf,.ilffel'IM'.,,_;_. . .,..~..,_.,. • .-: TtNt·il'lfarea bounds 

onlythe,tlQ.lam1•1·tf1...,tpU111tvtdl1•"-*'.,... •.• ~ fit ~jetts /if 'each type 

separately, as cotlections would. Thb can leafl to belter sterl~~ 

The simplest altocatton method ii to atlocate •Jldl Unarly from one end of the area 

to the other. No ·recla~tlon ls d~ beclu• anu are a.t lhe· act. the space for an entire area 

can be rectaimed when the frame tt Is in ta rela•atd.2 W.. die size ot a nquested allocat~ Is 

larger than the remammc apace, the allac;atiolt........, d .ratt. Thtt .. allocattoft techntque 

brings. out the stmttarlty blcween anu ad arr&JI! _,. C*ft . .,.. d,.......Uy ustng the tUldla 

t We wtn discuss more sopftbticated ttnpllmenelttan set... t0r areas later· an this chapter. 
However, the' ~at·.preperdel of .,...wtff··helilltlill I•_, ••11••....,.· 
2. Again, we will outlille tn•llt•wnta•....,.. • • .... tec ... rectamattan> later. 
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or IUl4l operations; areas. allocate new ·compoMlitl dfl'Mnktlr flt· like fuhtOn. The · slmUat'lty 

ends there, however, ~·arr•~ ....... ....., a~•nd'treu ·are h•rog"*90Us. 

Potnttrs are uaed· to'ac:ceaa .,._ ..._.... ift .._ ,folfOWtt\g a pcffnter IS nOt unUke 

indexing an arraf, but a pointer's type Includes the area In Which the.object pointed to resides, 

and the type of the object~ for iafety .. Thus the type generator ptr (for Pot~t~ takes tw.o 

parameters: an area and· a .type;. p~r<a,tJ meatl~ •: ~"- ··~ ~#pf. type -t in the ·area a . . 
<The type generator ptt ~ndJhe use of a~,"';ara,9~•l;,wAl~;~}liJGUISed ,in ,.... •. detail 

' ·, . ' . . ' - ·~ - ., ' . 

below.> The allocation of ob~ In areas. ts""~ ,bJ ~IM.,~lon ptd,a.tlS-11•. It takes . . . .. . . ' ' ' . ~ . . . ' ' .. ~ - -· ~ . 

one ~rgument, an object that ts copied to prod• the'.newly<allocamd object. The new object ts 

cr~ted uli~g · tScon·· The typtcof ptr{qJhltlo •. ' 

pr~ype<cout,~:m.• <pttCa1n 

where ci 11• an -~ artd 14Jif;'typt.· .AU« stpaaf..,..C'••• Old If-.....,"'> •hen there Is not 
' . 

enough ,.._ry aer.t tn &tw . .,_ to allclalte;• oltjld or tta• .. &111l9d 1Jpe. If • ·11 .,. area, then 

.. ~·' .,; p;trl~J"tJi, • ...,;.-..n.<1>; ' ";. : ' . ' . 
is a legal ~r~\·J¥tth,jmctaU.tion. lt1dff11t;t111D:alecate•:mt8pr'1n the area a, and set 

t~e pointer variable p to point to that newly allocated integer. In thb aae lhe new integer Is '· 

Corr~spondtng to 4lloc, there _Is a sitector, dn~ ~· to access ob jec:ts allocated tn 

areas; the type of ptna,tJUn-ta. 

seltype 0 of ~.fra1.ptria,d tlcltHI <bW~> '· 

where a .ts an area.. and t b a lJPt. Dlref ~II ~,.,.,,,, WhtR gtven a; null ·potftter to 

follow.. <The null pointer will be discussed belowJ An unsup~ use or d111/ is 

ptrCa,intJSderef<p> 

The stan~ard s.election suiar allo~s this to be wr,~en as 

~~ [ 
However, there ts ~ special sugar. for d.lrlf. w~t,ch . •~ more con~ven•t tl~an ,.atbe{ pf the 

·previous forms: 

pt 

There is no frtt operation to release. previously .allocated st~ge. Fri; would be unsafe, or If . . ,.. . ~ __,, ~ ·, ' - . ' . 

safe, prohibitively expensive. Havi;ng fr11 a~ J'efl\lklttg _.,-_, would .mount. to. ~iring 
- ~ ~ - . - ' 

o~ jects to be reference counted, and still one could not truly free cydk: structures without first 
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breakjng the1:ycla. We·f.el·lhat·nf~'°*"'"'I ta:•• mll••JuatifY requiring tt tor 

.au aras. Howev.,-,~~,_.. .. : .• LMIHllJH ,nm-..-...,..;Wl•tafl• from the 

.compUer:; there would atlU :be no•.plid&Jtw~flPllat•.-~•11111:a.p1tnOll':~t6'-....... might 

cause the.obJ!ct previoUtly--- •'br··:dtt pal•• ae•fwlll 

5.2. Poh1ters 

. . 

For .each area ·• and each tJpe t t~e ts a ,.._ ~~,-~~l- .The ob~ of that 

pointer type are potMers .w Ob.jilcts· «f type t' in.Uta... .n..t ue .fne ~·of the type 
< - ' i ' ' .. _-, ; •~! ... ~ ,-- ' • ' . ' :: :' 

ptrCa.tl: .tri addition tO .tt«.imct dnef, wltkh .,_. ~"ttltldu.0, we MYe: 
', ,, '• 

<3> equal: proctype(colllt ptrCa,tl, p~ ...._.i1...., • 1tetuU1s tale tf· arid mt, if the 

two pointers potnt to the same object ~,·etae--ttdlkllMNit _. .. -•"'8>; 
<•> topy:.pnet7pe< ... atptti4J»•....,...._,»1~~1D~'tthe~, not 

lM object:p.-...id; ptdci,fll'9dp,c....., .. ,,. ... ~-~' 
' ' .. · . 

<5> null: proct7pe () ret•.U <ptda.t» h .. _,,illll#M ...,.,,.. ·palntiel,-1 pointer which 

poklts to nct Gl>jlllt. 'ill.emembtr elaat 'fG1111_,~.-~)fllMe1 faftj Md stgRals an 

exception.> 

There is a sugar for ptrC4,tJ$nullO;· It .ts 1tHptr. Nottce that··tt Carries no destgnatlon of 

· poin~er type ,.. the correct type •Clft·~ .olltatlild .1.-. t9Md.t·•cept trt·;tt.e tase of nllptrt, 

whkh will always sitttaJ '*L..#*at..-~· Ttllt -~-~ .. ..., .-... ant illll1t: and aHptr. 

5.!J. Using Pointers anCI Areas 

Up to this point we. have deicribed ane ~eatmW 'Of areas and pointers, but have 

omitted several crucial points. A. pal in the cl.eslgn ot. die area mechanism ts safety. In 

patticutar, we desire t~ ~em: cbnfllhl. rettleldi --~~Ill-time. Checks. P~tton 
. . 

of dangling references~· .. Jly Oft snerat -~ . ..,.. ... of thedesip:' it is the 

synthesis of these parts that achieves our pal of safety. aRd net die ~lvklual parts. 

The technique used to prevent dangling ref.:,.a. ts truk:a11y the follow.tng. ~e use 
' ' ~ • ~ < • - • ' :; 'c ' ··. ,, ' :. . i; 't'/' ' \ . . 

the syntactic set>pe of' eacft ate& obJKt to dettrie ' •. Cfyftalrtic, ...... ICGf>e ot "the area ·object at 
-, .,. 
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rnn-time. j.~e., we ar,ulge thing• such .that - .. - ..., nameable where it wnt ·exist when 

the prograrrt is run. We a~ arrange for any ob~ that mtg~t contain (or try. to construct) 
' ,, ' . ~ ,' ;: . . ' '.{ 

references to. objects in an area, to have the arq.'1 name as p.n ~ its type. This "trick.·· allows 

standard type check_ing to preve1,1~-~.~~l,;f'f~ .~~-.~~- "{ ... 1 •. we· use the 

standard type checking ~icti9fts of the .... ~ p ~.~.'( .""' cta,ck~..,~ ~n. ' 
• ) ... ,. • F ' ' H ~ • • '•' ,• • • ' .~ ' ~ 0 ' '- , • <• 0 

5.S.J. Arn Creation 

Area is.a type,.and·N"eu are.Qbjecb.#•the .,,....._ ~bes9"fY eperatlort Of the type 

area is area~nfW.,_ ~~~~ .tS:'QllCI &o.Cftl!ltl .. : ... l~'f'tttt ..... ttoft.·llke ... atgUments:.a 
string <describing what ·sort of ara n.napment;·Jdl• ta~tc»' .,_ .. ...,,I ·•;• '\tmple• or 

•ref ~counted"l, .• nd an integer td...abmg: ... atze•.:of.~.,., .... ·to be created. e.g.,· in . words, pr . 

bytes. or so~ otber sta.JJCtatct Unk ~uch:M thett•Gf • :WvTfRB tM-·tJ1R;of area$11• Is 

proctype<cqnst strt.ng, IQ&) •retwa1 ~lf.(flad~.C'itrfftg)l' ·· 

The exact ~ing ot.bot\l.of tt.·•~<w..,_.·~·the ttUmber: ind kinds of . . . 

~rea manag~ent-·scfl .... and.·*- •ma are ........... ·"1'tffe tutguap;tmp1ei1 .. tatlan; 
. ' . 

the unit storage' sit.t Is determintd~»bf ttw•.....,...._ ...... tfte;mearitftg of. die stze 

ar~ument .~ay d.4!pend OR lhe a,_ ......... .-. ictn1•en11 at' Wit 'Of cOlltse' ._Snnr 

may signal If its arguments are improper <e.g., the stze ts negative>. 
. . 

:AlthQugh area ••• :l;Jpt, we de not;aU.. ftftBlll fJti t,._.,_; tn ·tact,. only two things 

can be done wlt.h areas: ihey may be created, _. ttaer•Y .,.,.._.,as ·~t parameters. Area 

variables are a ~~d idea ·because area assignment is danger-..r.,.. ~me,lt cou~ resuk In 
' ' . 

dangling references to the area written over by U.atallOmetiat:< · · , 

Since there are no area variables, a special ltl.tefneftt b.u .... to er.- new" areas, 1.,e 

new st_atement. For example, 

· ·new a: area .. areaSnew <"slmple", !IOO>; 

cr.eates a new a~ea a; of me 9ilmpte• variety and (Jr size 500 units. ·The new statement Is 

intended to ·parallel constant definitions, and the scope of the area introduced In a new 

statement is the same as the Scope an Identifier in a constant definition wotikl have In the same 
. . . 

1. See Section 5.6, which Is about implementing aras, for several area .management schemes. 



. position: HOwtf'ffr, th.· ..,......_.. 11911r, 4llf ,._ W w· .,._ 1111 uu• ... be • catl flll 

,,,, .. ,,, ~"·~~· li'.•~•·•••·9'Wt•--.t1tM'eJbly1 • dllllllilflil•u~•·· 
~:-, L 

5.1.2: Pointers 1nd Artft ht •ee• 
; ~; - ,. .- ' -.:.·~ - :-~ ~>·' :- :- t., •: -': 

-~.; -

.·, 

., '.' ,_.,' ft ts dft~'- •"°" JOtittm in tfW'tlPf a•f.ldlilll J --~ ch.. ~- Havtng 

"' ,;,_tets2Ht iept' ,.Iii .. cfJllldftc M ifl .... •' --~lii~lti.:r.t.Nd' .... ·-~ fJf ~·pm. of 
. . 

the ar~a mechanjsm. Ho••er, any type ..... p11t1•z• tn ttl i Q .4Hl•11• a.u1,1r1 • the . , \ . 

area whtc._ contatm the alJjldl pointed eo. Let• _..11pl'* • aclMct flt a·"' ---r-tnc- OR . 

~f' •~ea1 ~ . .-11"_,._;19 ..,.,.~---~&MANW: .... 'frli·11a,fltl"1WlirNd *•jlm· 
,, ·i,·Qf:,J~·JP. 1; ........ --.c ..... ..-: ............... ~1ut•fli.lc...ct the 

v; -~ tp c19 • .,.., .... ••1fMH.:;~ . : ·~ . :Jo'' 

• 
1 

,, . we ~ ~~·i'lllluit et· pre•:••: ..,..11r-.·1uu 'i a...; we make tJpeS 

. d~inl C>fl'.,~·M··~·~raMrtJI ~~--!';-llilii\fiil----~· 
by requil~WM'IM.-•• ... ·•·•--•--1tM1F.-1111.•fMllttlH'. ,....., areas are 

tQOt g~al~ dWnftttqt' ... 1dmt;-:M1·.,. •ti........,(. CluilH(tt; a''tyfll .b that 
. . . 

. . Y~~~ .. tf'··•fl'!u•• ·~••n e• .._ •-.·111i1 illtlili'11• n lli8Ht~••tt•"•·~ .,.,,,,. ..• ~1•.,,tlle:_.·•-•• tJUJn w..--.-.·.w1i1~11 liid:··•·-*c·w . . . . ' . ' . . . 

'.1 •. ,,..,._mt~<• •••.1l:11acrt ut:••••;u• ••1J·t1uu111i1-1'•t•v~.-. ....... 
,' ~·. ~ . 

: "•. · ·\'~,,~ ...... ..-.... ~ 111l•r••••••s '11111 Int I' ·t11t1 .. liit'l 1tu•. 
,, ,~llf...,.f't;'_Zl ___ .. .,...i •. ~if:: !';:'.'<.·;.· ~:·. w., ... ; ;, ' ' 

... 
, ..e;~~ptf£17't"'1'1; ,, ,, . ' 
node '!">.ftcoillfllfli'; iW~:t,..,_, ':l ':,, ~0 f~;i-:Pi;. · '< '· 

... 
. ._.-btftaij .]fee; 

,,·· 

Notice that the type notf~,h.ncuntve. ~t~--·· . •tntttoltS. 

~i i···~<~·'*':1 ~·""!~-"' ~9'lfi"llt~.1-"··~~"""'··•;•••'1 



temporary data structure might look like this: 

foo • proc ... 

begin 
· conat a: ·~· .; arasnew<•s1mp1e•. n>; 

bintree • btnary~.ii•fle:"'qf······; " 
... btntred_ .. ~ · 

end; 
end foo; 
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The other thing to notice about bl714,,_ir11 ii that lt tak• a 11. a t*ranMterr'lt mll$t do M, to tne 

a ·in Us representation. 
. . 

Why are no other uaea of-~ .... ;~ •. ~.,..,. .... ? ·Ai was argued 

. before, area variables are da~gerous '*-u• ~ of weas Is an 1~roHable source of 

dangling references. Other uses or' ...... such u .......... them·· in data ;~ ·- passtng 
. . ·,'. ' '. ·. . . . . ,, . 

them as. arguments, tend to destroy the static~ .......... 10 that the compi"7'1me (hecks 
.. . . . . ·: . . .._~·' '-~~:~-· ;·:.~h .:·;· .. ~1:~~.,::1 ··£-~~~f<· :~:"·.;_(·~L:· ... ii:'',~~ ;:·".:: ;~-~'"',;_-'· ··: . 

to prevent dangrtng ~eferences wtn WOl'k. Bealdet. 1iftce such d,,.,mtc positions ~1 not be 
. ·--.-· ' . •_.•. ' -':· ... :.\: . ' \.} .-~~·,~i:~.<;~,?·t: .. --~~ t''+·).-~-i~:i~'/" _-:" <----~ "'·· ._·~'.· ~ ·.', ~ 1~·· '.· : 

·used as parameters,' and ptr takes the area pointed thtv a1 ,•.~~ t~ .. ~~~"1·~ t.lr' of 
. ·· .. -, .... L':', 'l .. ·~ -. !. -.. j:;: .. ··s.~ ... ~i-~'" ',-.,_;,_~-, ' ~ ,:>: .!l ·'''-'·:Si.'(:} «'•'f.t} - ""-·''-·~· . - ,, ... '\ 

areas woatd nbt -1>e'1tf'lpru1: 'the u.efulness of areas deptmds on potnter ty~ ·~ If. an some 
• •. _. . ' ,.' ~ ~ '~ : ~c ', -,;- '..· •:,.) ·~· :."J""j .,~~-~ ~ .'{; .~.-.~, ·~k~f.J'.f"''. ·_J:.\'f,. < ."',.f. '; ~ -. ~· • •,~--.. •·-, · \' '' <"', 

context the type of pointell into.an area ~nnot·be expressed •. ~tftf-~n.~ .. d~ wJth the 
• __ •• :- + • ·.-,./( - ' • - .~. «t;,~ ~",;-~-~!~ ,.-::,~~ :".J \:: '[.. r._, ~- :.:-:~·:. . t. -< - , 

. area. In sum~ there fs no way for dangftftg fer~ to ~ f~ da~. ~~~ because the 
H ~--t~ .l~ - ~}, ,:~~v~ ~.z'.\i·"-~'1 !. :., ; -~.-:·?· -: ~-- --~..-'°-{ -'. · .. · ,.:, \' ~~ 

type of the data structure depending on an area cannot be ex~ .anX".'!~, ~~ .•~ does 
-·. ,.,,,,,, . ,: . -. 

not exist. 

5.3.3. CJosing the Loopltohs 

As de1Tl9fls~ratf,d abov~.· d .. w.-.• .• ,_,:~rise from data stnadures. 

However,.there are 1n9re ~'*~,.~!(14f-'\\'li•~ l'w• ...... the pt'CIOldure 

ptrCa,tlSalloc is clearly bound to the area a, aftd we would nat lt-,&hlt procedure lG 1M usable 

1. Thi.s rule is the· same ·at; that;·~ kt· Alpl R S.,fWttdjdtden'Tf.I tat arl a1g0rtthm for 
checking type <mode) equivalence. 
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where a don not exaat. O.·Nllllll IMnl.'!,J;fle .._ • lt•tud M wtlltlla out ptllc.tJSGlloc. so 

. there ts no d•nrtr~· H-...ftft~·~•.1•'1IPJil""1'flJ..-·,~Hlfll•·*'fsl !t .. ·pracedaft 
·: \ • '~ :...:, J." .. ".- ;· ;._ • " - .- -·' ' • ..... ., • . - - . ' ' 

def lnltton: . , , 4. · • · ·· 

roo • proda: analecoaat t: ~nt> ,..., (hit>; 

end foo; · 
:,/..,'·' 

!he assignment statemertt below l• ,,........t.,_.,, .. 
p :• fooCal; 

where a ts an area, and the type of /I ts 

proct;ype<coa•t lat> ret~ Ont> 

."'J ~ ~lhe(~~N--,~;ca'!.,~J~ ' ,,,; 
var p: proct7pt<ceut Int> ,........ Oat>; 
begin . 

, \ .... i ......... , ......... ,.,.../. 

" ; .,p. ;.!" .. foatal;, . 
- .,;v~t-!·~ a-. enil;·-· 

·pc--... tJ'Ti -.:~ 

' ''T~''cotie'.pktured ··~ m,-'1Jo,ttow. a ~•"l"!!g ~~· •;~ ~. c; ~· r.ef'erence ts 
" - ~ ...-. : ,• -.,'; < ;- '·~ ';,~t.~.:~ ,· ~ .. ,>~-~ ;::,> -,;~ .. -·- -- .- ~ - t .· . 

· htdden In the proceduN•~ ~mt· w. .• , . ..__,.,,,,.u._ ~~·an 
t , ,~~~,Tl~,J.fds" ~· ch&i~'lr~ '~:'.~· ... '~-~ •; •. :·~~,;. :->~.,~.; . .._ Just .. 

C-'" +:: :~ F: '-~~ ', . .,._ .- t ," '_t ', __ -~<_,;:,_ :;.,:..·.-··i- . ·~"-·5-· ift-:.; .' .. ·;,(,,_, ~- ,»· ~ ... -~ ' 

~~~h.ot'7 ·~· ;~'~ ~~,.~": ~r~r!~~~,.,:~:!4'·.,.,, '-... ~ .... areas. 
MOit rotittnes" typfl do rel• co-~,.....,~ f• •Wt~,·;-~·~-··~ ,ts .,, i. \\:. ·'_. :,.~· .~ ·. ' '' ~ ·~·':·~·~: ~--~ ?~:.~;·· . _,.:c":: ···t ',. ,_' •; ' ."'· .~ .. ; •·' .,. ' . • 

. proct1'P-Cc.elt• ,. ~ 
a"nd'tti~t C.f~trf~lt~•its ·.· . . ,. '<;'i 

"j i. 

HltypeC> of t ,,.. ptr[GJ) ,.a.w~~, . 
and. both types refer to a. To prnent·...-.. ,.,._.Gf.llt1c_..atld1llilld,.., J-altoff, 
we prohtbtt routt~ from &aklng an w u a ,. ...... wt•a• ._._ tllllt ... u par:t of 

itheir ,,,_;,Thus ·the~~•/a'·-tf.i•ptt~ -.ii ••a\Ma.t ·-· .,... asa 

.·i•• 1.~ ..__.._.._,1t;-.·1•••ii,~Wi'tif··•'iri1t1ia•:lwept accw 

We are not rvltRg out anythtng uaefut by p~•-•• llra~.Jl . ..._.,._ of a·. 

r,~Ull~!tJ .. fM,llt --l·~hff ~.t- .i .... dlfait ... , ..... ,_,, .... paa..t 
~ ~. • • - • • •· • • ~ ".: ,. f • -, ' •• '· 

',.' 
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. .~ .. 

through the routine's interface, A.,d if no objectl depencUnc on an area are ~ through a 
. " 

routine's Interface, then there is no potpt.ln.~ftlllu.e'• t111a-,,tt.:arel •*'' parameter in the 
• - ,-· ·, ''. ~ :· : ' , !:\t _•'4l 

first place: if ~he ar~ is to be ~sed only .localy, the ~ ~J ~'"!"It ~te ~n area for Its 

own private use. · : r ,. ""\ 

Another _loophole is. the use of ara(as an 'a'tUal ~p&r.~ in .a Posttion requiring a 

type. For example, if an abstraction has a type parameter t, tt may decla-. variables or type t, 

arrays of type arrayCtJ, etc. Previous restrictions we have made prohtbit the use or areas •• 

var'iables ,an:d their storage ift data' ......_. T~<.:<We :t'flUlt ,._.. 'lta ''1.Cidtttona1 

restriction that:are&A•f.-· lie UW~;M' ..... 'Jfllt,...-eft, '· 

5.J.4. Summary 
f • 

" . 

<U areas, onte created, "'-Y only be used IJ actual parameters; · 
: • "" '" '!' ~ /· .t ,;·, "i : ', ~ . ~--

(2) if a routine. takes an area as a parameter, then that area mu• appear In the type of &he 

routine. 

.--.. ,: 

In· addition, pointers may.~~ b,e used ~,.,pa~~ ;t~, ~ -~Jf':'l,rf'J8'J, .,.H Thus 

array[ptr!a,tjl. is a legitl ~)'Pe, 'but 6art'-J ~-~Ji .. -~,~~~,,., .~1\-, ...... ,, wttat. 

meaning. c~n be ·~~hed to poi~~~~.,•~--~~'"':~Y~i~; 

, With the restrictions., stated,~!•: ~~,\'-J\'p'°""'"'·'~·~ ~plloWilJ& a ,#lggUng 

reference in ASBAL,'. H"."'ever, It ts ~~:~·~-•~,.dft• ..,r,,._.,_~ cu "ver ~ 
followed. Consider this fragment of' code: .. . . t,, . ,., '' 

··' ' 



. I .. 

108 

•' 
1i,, ·' 

~b,<P:Hi\f1'r~~blldc.~·...a.ttaepiM1f,~·-·.,-·~fiffwil 
remain. That pointer wftliJe';•lr ct QC •t 11 t4tjt:il11'.,...illl, • ..., ... .._ ... , ... 

However that pointer :can _,... J.Je a<"UJllid a.a ..... _.'• r dJ ..-,_,... ~ _?"8Gt 
~ ·~rttten .outstcte the ...... talld (the 1Cept Ill•·: ~.tr ............ ..,. j. ·.~ 1oqp. 

there is no way t~,.~~-f~ ,.,~Al~ll--\0,Jllldlf!A--.~-.. Jt W9Ukl lie 

ia:valid. 

·~ ·' .. 

With the addtien of pamten. we·al'l'M at• _. ... ., •J• n1 wry 111...._. to CLU's. 

We gatn many advantages: ~/~6ltltj li~la1~'1{f '11'uaa~-*-: tMlt we pm 

the same dtud-vantages ptaent .ift CLU. for me thtag, ........ ·ts a·~ tword. W-e 

i!• 'mdilJ ~ht 1f\kt--~ pdinW1-~y4~'..t.,,t ... , .• ,.,,~~ •• ~ .... ~. k 

. 'v· , -+~~, ··wtdt''irf' ••lmiiit·-* iii~.~ ... t.r~;'-'--~l ; ....... or the 

same type. What k.tnd or atta~d~<·~··t,e~~Je'lir~ ~ ·o..r )~h ts 

,. '·~6i*6 .wtr.~ ~?~-l,ta~fiitis·~1.teitc; P.•~ .,.,. ....... ~all 
'shrfhf. IJrft~·ifta11nJ "6•ilMi!'wMW~"a ... ;JelW4.~tl.tfi .• .ii.£ .. to ... ~petted. SO 

. · .f(!·~r. -:·.":•::1:1 j:!•:'f'·i .l·· .. :. '· .. : .. ' ' 
no checks are made MCell&t'J at a dereferendnc.' .. ....,,.,. • 11.lu:.1.nts d cana1t OY•lap. 

so if two dtrtfn-tmftl ,_.tten are,.._.. u ........... .._.._,a,. a ruil---.~ taut no. 

checks ~re necenary if the potnten· th1m1 .. • fHUt. ..._ that _., C .. tftietteed> 

pointers of .the-~ tJPl.Mld.·be dtOed;·.JIO ...... •,ll•dlts ......., •. ,Tb« lbartng 
. . . . . ' 

poui~ thr0,ugh .,.,.nters ts :not quJtea.s bad u the ....., .f•U•ll •llr ,. ... in 111ectms· an 

object tn an area ts.never cleatro,.a·by ha.mg........_ •Jld·•••m .O\fS ••Jettl ,in ·ara.s . . , 



may only ~ mutatlQ. <TJUI .ta '*-• 1tt ii a: aellctiratud camt*Jl k dliped lb.> 

. Another prob ..... •htdi; •• -•l•1'8d~,._>nhdllril· and aflalittg were first 

discus~ in Chap~ 2, Ja .. th~ ~ving·•n·~·ua_..-...notpearitW that,tt#.i'Jbject's 

State Will not C"•"J'· 0

f,ld1 JS ....... tbe abjld ....,,.,. ...... •la ·anotffer path as a Yar, 

for ex a nap le, by foQQ,wjfJC a ~~·· of •. p•••a ............ ...,.. ........ , be muiated 

under some conditiom, tMl'e il a simple coed1ttoa_., _......ilt lCtlh W 'g\Mranteed not to be 

mutated: the object .is not'allocated tn an ata.. Testa for a~•twayf mtdt cwerlapptng 

objects re.Hc:Ung. in .~ ._, Y•nPM.· .J(>· If:• GbJllct<dal:u1,..,._lly.'f)art ·of a variabte Js 

.. ac~ssible. as a ~''-_then we CUl'. IM:..,re -it wtliADC be ......... ' Thea.......- det«ttGn· checkl 

perform~ b~fore p~, 9111:' ......... dliL: ........... had, It the object rn question . 

i~ in an area, i! rpigbt .be ~ vta ,.... ... , ..... ~'.-.,. usel to access at. but tts 

jdentity C.l.!1 never _c~,. ~If tffl!, .... , .... -_.. -~-- -~ ne¥el' h'~ t9. 

This is an acfvan,~J' of ~ef~---------.r-::• ••• 
.~O\e.that if_an-~_ject_haJ~•llt\ttaat·ue;--ia,u area1·t11en.tts cbmpOnents 

can alwitys be r.;p~ by, 19~··• ,_ ... ,r.,._.,_1 111e no UMf•t'abtllty'through 

derefer~nci~g pointers to ~,PcU-in_.d Df·«l:·~" J'-hemajDr dtsad¥Qtapof Shartng 

i~ ASBAL is ,the same M .its,,•Jc>r d&*'6n-..1m CW:,-.rang fn8k4IS verification and 
. . _j . 

Pr<>Jf~ ~.b®.t progratJ1l #~fflcult. by """'f:IGJ _,.,....,.. ...... MCI .proof rutes. The 

comptt~t9n ~f proof~ ~uttN_.from:lha"""~\:ta,;_... at 'J'lt:~ pt ... cotftmon .to all 
-< ' '·. ·- , • • •• '. • .• ' • ' • : ·, 

tanguages having pointers or sharing. 

5.5. The Copy Problem 

When presented with an objec;t t.o ~t ..... cmtalfts petaters. ~Id w copy just the 

pointer.s~ or .the_, ob ~s pomted • ~ w#. TM.,,,..r.lilll Jathtt,_.. ~ require topftnl the 

objects · pointed to, and Other ·l.~ .fcnffl?jL;, At ,d4tm11el1 : tit ,th• ~ ctfapter~ t~' only 

solution to the pr~ is to h~q each • , prov.-, a ~ ,.,..tton, whk:h does the 

appro~ria~e thing .rw ~~auy~ 

In C.LU. a Ctt/11 oper~ will uspally capy the objlcts referred to ·instead or the 

references, but both sorts·(*! copJ•u .•A ~ in manJ cue: ·For exatnplt~ CLU· tnas two 
. . 

copy operations for ·arrays, called con and co/IJI; con does a full, rgursive copy w.hile t:0/1'11 



copies onty objetr'~ HcJwmrr, Nfilawwme:.....,1;)131pltJt:la CLO~ ...._, they ar~ 

ahnys . .,.~'la;·AI....,. ~-··.,,M•••••·- llridi;_......., ~~can 
, · pJ;arst~ .. ~ •uif a•._ -.,:•up u••• ;* ~)litritf)'·itr+itlsr ...t, wttat is 

, ·: 1:t'hJfl~·~. -~ 1ia11•1c;1p1·q 1111·••# ;ill'MrlfW,i'7di~..,., •. i. 1s. or 
-· ·. 

,,,·: ,rt,~,~ ·*"*cw•~•i...,.,.., Ja; 1 t·ta1wdWtc1111fJ11dl'U1;1i1f8t Md~Md'anays: 
' ,,' ~~·· ,, ·- • - .! .... _ 

,:,>f-ct.Qlll•..-. •-.lMI: .......... ;~ pu _lit tt•~"'4 ·•·••M·AftllJt'Gf"dttaJUrt 
.. is UJUatlf!,..,.. , .. , ... 1111 ... l ll 11 ••a::~-·Glfl .. lt IJ)Wtth1;:'• ....... _ .• COf'1 

.·!·:,aper••°"·~...... '. ? • • ', ' , 
I, 

."1 . Thtf:·~fll ltllt ••lli ..,;.arSPJW• •wllfc.ni: .... ,..,cd'·dle'19't,_naw 
' . 

: . Jir;41bl~f!.. · l,n:..,..,~:tc•iMdfJ.t~a••• •• • •1ntc •••)liiai8'at11JPf. and it . . ·• ,_. . ,'• 

...... ,~:~ •t·1_. . ..., ... , ............... .,.r• 1i••~••·11a1i.W·ot,.-.-a 
"tvMpt>~",.•1~--.• jlJlllflTU'a('*4tllllilJiiJf.jJl MPJ.:,ii;, ... 'WIJtbt, ... ._ 

~ .• ~.--- • ~·ellilif•·-.r~.•·•tt1,.1111.tf11nl .. '~\._., ... ~ 
equtvalenceof ~--Allf•t1•·•·-~lf-~1t ..... ~··•1L:a4l)~"·.;w ..... in• . 

··. ··~~· .... _,.; ..... ~·~ u1u1tr·••••J'8!,u•••; ~Jlililf\f<,.,,J\ti"·~tj •f ..,. .. 1ence · 

.:.·~·~••·•• •-r111111t~1•s•••••~••uJ.l•W'.htllAi _,,~
1

tJ'P;'j.t .1'1 

.Yc:fAP~,.-:JMlx.· ,. .... ~ 1 t•t•P ..... '1":~:-·'~•rtsJ•:'¥1t1aiUl.r ilit "T .. sets •~ ; ~-· ~ ..... ., .. ...,i.;;ae,11-••i--~Q·'~~- ... -.... ~-ia the 

'·' • ...- .. ~-'--· /hi1._ ... ., ....... :ww ... ,,2...,.. ....... tence 
-~·.f«•:Mtit;·tt·w'a:--.; Ma4fe•~ . ....,,::W#Jtlili•411illl:~'"~ data 

.. ,,••;·\ 

5.&. hnpleme.nttnc Area•·..._ Poiaten 

. Q,ur: orjgtnaf mlltmn". w~.,.;Wli;a lloilllfl *"'*:1'MtlM~ltf a: stack frame, and 

.. ·. ~.'-of •Poittt•·Wlll:'•rwl llis:adtlti•41W,_ .•• trllf ... ..,tli ........ '.W't,...'*r•>: 
However11,•nJ'.':•r< •"•"' bu111 u~.r .,..1•¥•••10 ~iiallf'liifMd.,·~~ 
~en frOM ........... ~ •••rw::;rf..W .. ~t! ftir lijfitfilflliMtt'~: more 
run-Ut:ne support code,· but· ha MOre t1n:lbillcJ• Por·exae1 ... ¥tlttihii\tr~:~·~s of 

$COfapau~·lf...,.,... aititt111n ---;··~IM .~itlliu would ·be 

, . ~ .... ~ .-,tlteobtecb11111C1 ......... j .. , .... ~.*'fnllt~"~ the 
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area was destroyed. Thus. very efficient 1tOr1fe ..........-U would be· p0sslble.. One could 
. ,. ·- ... ,;.-;~%~:.',~·~ •. _,: -'.,,·"~.·~-·: "t?[·· __ ;<; '~ .. -~'.i,:~ .;}~!: _: ... t:·:~~--~-~<:.- .,'-4'_·:-;·~. ".'~ 

·eve".' go so· far 'is ta··copy cU'rremfj lMmiililMi~aniil·out .0 ......._.~ ltOrap devkea to 1• 
•. . • . ... ,_ • - ... ··. '. .• ~~- ~ "'"!_ .~,~£ :·~- . . ···.:: ')->.~ _J·1-:1~~----.- )'."i>>::.·>< ~ - ....,·' . 

an et:r«ttve "1'creali :in "'•ddreu· .pace.; An" ....... d.,,... ~h ts to,···~~ a 
. . • - . . _··· .. ·~.-.£1j,:.J;·~?:~·--<-·o: y.'.~r::~ .:.·~- 1:~-"~~·T::ti:i ~1.:~:;s~_.:i-. /' · · ~;~·:i·. 

sil"!gle heap tn whkh aB areu attocate •'9"jita The el>~of ~ ara could be chained 
. . • -~ •'· ·: - -,, '; 1 ";" -. ;- J:'' -. ,;,_ ·-

together ·tc;t be freed when the area ts datroyed. . · · ' · ·. · · 

S.omewhat orthogonal to the source ol the Mitlei#W.·~t. The simplest 
:·-i '- -4~ ~~~ s:i 

sch~e has been mentioned J)ef om linear aUol:aUon with afo redlmattcJn. However, areas could 
reference count· their o& jedl; all«· and the pointer. capf .......... ·i:ditld Mff code· to. maintain 

the counts. <The compiler ~~ have to ~1¥1 ~~~~'~roJ.ed. however.> 

With more sophtittcated run-time support. n~:.-.ace c:olllctton schemes: could be 

imp,1emenrect.1 ou~ .,J~.' ~~J. . .,_ "?,,,_Y~~ ~ ~~~,,....,,_~ . .._ U.t 4qe1 not 

me~~ th~~ w~,,~an~oi, ~~!6'1~ it w~ ~·ed. · . .·: r i~, , . ,, • . 

. One merit of,,,•~ ,ta ,~--~:.!h'J,~'"''~~:~!ff~~~ ~t .~ to 

coexist, if. ~re,,~s ~ken. ,~,.~,..-.,,~t,,,.1 ~ .J:l!e '*'~:JO the 

progra~me~·~. needs ·a~, ~ch pf'.Ob~·,!Y~- ~-~~f.f~-!f~~ ... _p...,am. 
· We be~ieve areas are '-f~i~J-!,. ·~ ~lft,'1{1~ ,f~~~.,,,g~,,or-.,e. 

coHecti.on. Pointers can be as effident as mlcMRe acid.-.., and aAcQtton wtthln'areas ftllld 
. not be slow - are• 

0

roUtlne$ will .mc>Jt likely be hand coded :In ......., la8guap .· Argumenu' to . . 
the ~utjnes. will be in terrnt of machine addreatea. offlltl, and numbers rather than types. etc., 

because they will be called by object code .and not cltrectly by uier.a. The ability to tailor storage 

·management to the ta1k I~ probably the btgeat ad¥aftlale Of areas over 'a g~I s«nge 

management scheme. 

I. The main difficulty is supplying the Information ....,tred for tracing. See Bishop 
C Bishop77J for applicable partial ,.,.,... collecttoft ~..... Perhaps these techniques could 
be co111bined with Baker's ideu · M .... _., ......... mt1ICtten C8aker77J. or with the 
transaction file methods· CDeutlch,., llafdt77l ID pnwlde anu that do local, incremental 
garbage collection. 
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S.7. 
: ,.·.iF 

'oi.1 ·.I,, ··~'.,.~,.,' •• ~~·- ., 

~ •.. 1• ~e-~~)~';~ .. ~: .. ~.:{~ .. ~.~t,f~~.,~fl~lP_.~.,~- .,...._ 
''.': m~;:~we_ -~~i~=:~ ~·-~~~Ji~i,J,IJ.~l'!f·!l'·pc;~~.~•-•;~ • Mft 

.... ~re~ ~-;·~~. ~~,~·:'\"' ,~,._.J1> 1~M1!.,,z,*I t.: r:,1>:' t " · '1 ' 
I',•, .. ,. ' _. Clf'!J ,_ . ., ·•l'.~·.V....,<t: .S"'"'i' ~~'-' ·'::0,.. . -, 

queue -~ r. ... e:.,.... •.:, ~- . . ' iJ . . . 

.. -i 

..,war;..'r11-.1,u·~,.; .·..,... ,__ ~ .• ' ... - • ! .:~~· •. 

':·• "· ,, .· ,,,~Hnl••:;a . · ·~ 

"' ., ... ,ite ~11oi!iWiil •••• ,....,. iif-" ij1l~i fief ;iii!'':~· io ·,,;,;.: ~t. ~--~ If 

the queue ts .,.,,.,.~ ~ ,-.~~.~:cf .. ~ ~~t';ifiJ~:;., :1~.if(~~~~,~~~-· .. 
"' ..... ~<.'Wlih: f'lliliblii'ih t 1lit iilld ,! " • 

1 i :~ 11i:::· • - w-. ' 
-t~ ~1·~···· Mal --~--\i;·~~~,~~}\Wii '·t ~ 'f~~\:~:.-:. to 

welti'--~ ~~·~·~·i~~J'.fit".,'iiii'l'Jt~j1~i':Z. we 
,~;'8*ii•ti18llf'fjN6 W~r)j.iiW11biii1' il4ff;ji~s ~1> ."7 '~ '.ld~ ·•. . . , . . . 

~fL''•1 !>'- ·:;~·~··:~~-:~ ·~· i<·~- :·',~!t; t_·,"• ;-··~·· :'·J ~ :\J;:r·· ~;>\ ;\·:;t1~-;~)l·) ~t--:' •";i;~) ~·. ' . -. 

_; ' J• 
-··<" ' 
'""•"' .. .. "'"", ' - . ~ ... "· ~ 

. . J.. : .'J 

.-.;,; 

.,. 

'i 

;ft . .- .. ' 



Figure 5. T~ Qpeue Cluster 
·,' .. t" 

· · · · quelle • dusteriar;arita, t i,ptJ·~~·...,..e; melltbett; 
.Whfl? t·h~ tOpJ:.~,..... f .... ~,.. ·· ' 

r.ep •. recordCfirst, last: ptypel; 

ptype • • ptr Ca, eJemtf'ltl; 

element • recoftlnext: ptype. member. tl; 

create • proc 0 ..-ur111 <q: CTt); 
q :• rep${ first, fa¢ nllptd; 
end crec1te; 

insert • proc <var q: cvt, const x: t>; 
, ..... v~.p:_pty.- .. :.,.1*(~~.._ .... _.~~;~:·~d>: 
. .If q.fint • n~IPtr . · · . .· .. : . , ~· ·: . · . 

. / l tWI ~.·'·...-•. :~>.'.. '.) ,• . ' . ...... ....... :• p; 
. . eise,:q.'81l~t :•· p; 

end if; · 
. q;1ast :• p; ' 

end insert; 

remove• proc <var q: cvt> returns bt: t> lignals (empty); 
if q'.f irst • nilptr · 

then. 1tgnal empty; 
ebe 

x :• qJlrstt.rnember; 
q.f trst :~ q.ftrstt .next; 

end if; 
end remove;. 

members- • iter <const q: cvt> yields <eout t>; 
var p: ptype :• q.first; 
while p N• nUptr. do 

11,1c1 <pt.member>; 
p ·:·pf.next; · 
end While; 

end members; 

end queue; 

us 
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5.8. £xa.,.1e Twe • S••• ... 

Tht~ ex~ ;ta a _,,.......,,,,i,.- JIM •1l • CIMJI• '~ ,,. ..,,. • .,.we haw 

tmproved bara by ,.,.. • ., •. , . .._,.,,_ilitfijisu\iiif;l.~41ija, d ta 

rep ....... .-..: ... 
teat 

pnode • ptf'ta, Mite); 

count:. 

' . ·.~ i .'' l.'I''· 

~ ~. 

Thts repr~;~·~••• ..... •-'••ifUOli••wa•.Mtif , • .__. bj. an 
. . ~ ,,:,:,···;~~.f ; ... , .. :·1 ·~ -: _·r. • . 

area, and array md4tw ,... ..... ~ ~._... ,,... ·~•V·~~ ... ••••~· w..rtt1.the 
new~ a.._...-. .............. l•Hlllil1M.;r ... ·P.••*8Ua .-... the 

array contatntng the·....;. Mel a. IMt ..... ti ..;•· •••**• ;-.::-·' .. ,.-.11tt~ dl•12, 
wffetas here die -,.-.· .t the ita It ltllpllCIL ·., 

· ... 



• 

• 

Figure 6. The'Sorted Bag~,, · 

bag • clusterCa: area, t: typel N create, tmert, count. Ille. lncl"asinli 
.where t tau copy: prect7~cotalt d ...,...~, · 

' equal. It: p.., ... ~tf~~ ~. 
~p • recorclcount: Int, 

size: Int, 
root: pftedf]; 

pnode • ptr(a,.noc1,1; 
node • reconl[e.,.,t: t, 

count: 
left: 
right: 

int, 
pnode, 
pnodel; 

create • pl'Oe 0 ret•r111 (b: cYt>; 
b :• repS.{count; o, si&E~O. r.t :Ii""" · 
end cr~te; 

'·-,. 

,( 

insert• proc <var b: cYt, conlt x: t); ' ·'· .· •. • 

b .. cou~t :• b.count + I~ ~ .~_ , 
const Rew ..ptr: pnode, allocated: .... • ln.U (b.root, ~); 
b.root :• new_ptr; . ' · 
if allocateCI tltu b.size :• b.size + I; nd If; 
end insert; 

in~rtl • proc <con1t p: pnod~ x: t) ret111111 <q: pnode, allocated:baoD; 
If p • nilptr ' 

then 
q :• ptrCa, · nodelSallodnode$(element: x, ~t: 1, left, right: nilptr)); 
allocated :• tnae; · 

elseif pt.element • x. 
then pt .count :• pt .count + I; 

elseif pt .element < x . 
'then q, ~llocated :• tnsertl <pt.left, x>; 
else q, allocated :• lnsertl <ptrtght. x); 
end If; 

end insertl; 

115 



.~- ' ~ ,. ~ 

:~n _,'·, <~ 

figulte'&.<--.aadt 
size • proc <e_U_,: ot> 1 lllM:~illd; 

s :• b.tke; ' 
end size; 

count • p~ (.,,...11: CYt> .. ..-•. <c: .. U.U;, . 
c :• b.cOUM; ~. ' '' ' 
end count; 

increasing .. liar ECGMt b: CYt) Jieldt <~t.t-* 
for eontt e: t, .c: • ita tncna*'&l (It..,,• 

yiekt._·d; 
etMl·filr; 

end increasJag; 

increasingl. • itw Ccemt p:,,..... ,_.. c..&:t. llltl; 
if p. • nilptr .._ ...._._,if,; . .. · 
'·~·e:tc:MtiJttMfi.• ...... ~··: yiellf te,.. ' '' ' ' ' 

' eml fer; 
yield fp1.element, pt .count>; , ; (. . 
fer eottete:.t;c:a.tfa·~.,...., .• , ······· 

!!:'t:..·~,\J;; ; . •f" " it;:" ,, .. : ... ~;\;; .. <;)•• ' '' 

'·. 
end~t . 

end bag; 

.. -_.: 
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· 5.9~ t;xample Three • S7mbol Table 

· .. :. ,' 

Our last example is. a new one. T•'·Wilt#.._<~ft·'litift· f'rorft·tW.ulf76cl. and is 

p.resented to al~·corripartlan 1"'th Alfiltard. A:~--~-~·~ from atrlnp 
' ~ ' \ . ! • . . • . . ' ~. ' 

<repreaenting identifiers). to attribute objldl tn ...._......., ......W:' ·Here •·the cluster 
' • • . ..l> ""' ;,, :, "';;. 

header: 

. symtab ... clulterCa: area, attr: type) It ~~ta,;:dtli'tritd. · " · · · 
· ·· · · ·. '•£fili"9al(~iliOltU,C 
when attr·ld1 copy: pfOctfpel*" atrr>:.........,, elld; · 

and a descriptton of the open.ttona: · "<..y.;·1,.;•~-ito~ :n · " tr • 

create: p..-Jpe O retanu <s~) . 
creates a""''.~··~~ •fl , , . 

. :·":i - :-1'!/··f~J~{s·~~' • .-

insert: proct7pe <•• ~, ....... .far> ....... tdeftned> · in_. a_,.._.,,...,. ........ ,~ .. '*11; ....... ~.··.•f t~~ 
.a.~,.~ ... ~Jll,;._,~'ID '. · ·· ·· · · 

' . ~ ' . '· .. ·•. ' -~ . ' 

is_defined:- ,.,_,,e ..... ~.,.tlffH~'Hl!*lf~~ · ·.. .. . · ·.· 
. returns tnae If. and anly.if die.,....,. ·la .,.._1Jt.·llti1; . ..,.,tefft 

enter _t>,tock:. Pl'.'OClfpe <••r ,,...> . . . .. . · : · .. · . . . ·. . . · .· 
performs whatever hGuateplftf 'rt•~atfar •:Mi 'block Jrffel 

· · ·:-.. . ~ .. ;:1~_;{ -~:-.. 1;,~::;-~:ffe'. _, -.. _, ~~ri :; -~ ,.~ -.'.~ ~.., 

... ,,.t...,}fll·~·~,~~-~- . 
selects the attributri!Jijllf f'W-tW(t~;ftf ,~ ...... -~/"ISlr&t 1r 
there the,,.... Wdll IPIM .... 'd".i.\y.;"1 · .. · · · • · · 

lookup: 

A h•sh table will be uaed; to IOdl ·up the .,,._.Wi~1able. · We win use a linked ff st 
· · . _.,:_-i< .,, ts J:···f,"1~:}~·~ ~~t'l:: ~>:; · - .. { . 

for symbols hashing to the same ~~Wt:IMIMtf" ... Jthf.lteh such a Ust. Each 

entry in one of these· lists will be a pqtnter to the. dUa .....,. for one 1Jmbol Thia data 
· ~~;~·:r5~',tni~J:<t-·,.· ~·~:-~.,.::,}t:;-~: .. J·f. J~:u&~·::· ·; -~; ';:t~~':~-- .:~:·, · , 

stnxture consists of the name 91 ~''"""' ,.,,,_ tM .. ..,.,ilf,centrlel made 'for that 

symbol. Each block is represented by the list of ·tt.e .,..... cMrlMd; in it, and the ~kl are 

stored in a stack.· An actual sta~ of the repr11•1itill_,....,1rii1tt diaS:tnbre cteaf. . 
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. j' ; 

..., .. ~ ..• ....... ~ . .................... ]; 
blk_stk .. stacU-.. btclCkJ; 

... ·~.!" •11Jt19'MJ'9 .... 

. -~~~··~-'hf~~-·;~ ' 
, ... •' . . .... " -

.~, .,.•·~~~-...... -. 
ft•lellU~ 

I· 
.•• '. ;<; :-: /• " 

.~i)~,""# -o··t_t~_.·,~;~_1!'-~Jj~tfl ·\;t.J;, ';;*:-~~-:":_H:~::~ :·~,.:...,<~~ ;-;:'' 

·•ynt..llCFJ :• ........ ..,....,,....,, 
.lta,Ck:. ·~ 

. f.,.,;:~ iff'1\ .: ; ·~.q .. 

attt .,stk ·• s&a~kl~,;.atta:~.tJ: -· '' '' . 
aur,...,1 .. ~· ,......,.I: . ·i•t.. 

(js•J); ;:;.- :'i ;'!11'9Jftll~ti'I~·" ,.. ' .-, . . <c 
•·O.i.f'". ~ _ _; ·:' ': .··: . ..,~ €' ., ''. •·;'..1u '";~1'0 :.<; '";· .'"' .. t ·:.. . . 

See•Ftgure 1for anex_,...of~l·i}nilcii1'*81,i""'itl'lii~..-.......... ha•e been . ' . ' ' . . 

perfor.med. Here are::~JJlll~.,_ntUtbttt• '' u•1tllt'-f$c · i 
o~<ef<~r:-·' "" ·"r!~l .•;:; ··t su-.'t ctn•' 1 

•:,<~ .:~f~~·~l~~f; 
,' .. ~~ .... , ... . . . '"·: -~; ' ' 

' ·iiit~&f;i~·'' '.. ' ; ~ . 
.. (2) pua: p.,,,,....~~..-r> . 

', .-~,, ... .-•.• ,. .. 
<S>. pop; .. :;1..P~~fJilM\>IMl!.W-J:ll,.t••ttf) 

··· ·It·.~ r~~ .. ~J.'lt•t ....... l"/"'bii•:· '.-°">t1 '.1:J:;:~ ~ .· ~ .... ....__ ... , •• ...,~il: ''1: :;;1<:;;1; 

;:::~-- ;.-~, . -:·-' :·, ."'\. -:..;,,. · .. ·-···· •,: s?.. ··i ·. r/f ~~- · 1 ·'·~. , ."'i ,· ·!. i., 
<:5> · empty~proct,,.Cc•••t ltlek{a,tl) ,..lllO:HD 

If,'). ·1·:" ;: '. '.:•if ........ ~ ......... ~......, ,c,, -". 

.'. .. ' '. :·~ 

. ~· : 

. •' ~ . ,_ 
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Figure 7. A Snapshot Or a1s1mb01 Table 
Below is a drawing of the represen~tion of ~~,11'?~.•f•·~"'J~ing qperations have 
been performed on it: · · . ., . · · · ·· . . . · . 

create 
insert: a, xl 
insert: b, x2 · 
insert: d, x3 
enter _block 
enter _block 
insert: a, x4 
insert: c, x5 

. enter _block 
insert: f, x6 
lea ve_bloCk 

v~- . , : ·: - .. -- -· . 
<Assume that a, c, and/ ha$h .to the same,~,•od #1(,aft41t-'l are implemented with 
linked lists.> · ·· · · · -. ·· · · · · 

: --·:... 
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(I) Clellte ,..,,l(f, 5 ti l ... llllfll' ·• 
~-~ .. ,~,)~ ' .,. 

.. ~~;t. ~ 1tet1.:• C..a.tJJ· .' . . , ; . ". ' . ' 
retums a MW lta ~· al ..... )lftt ,..,,..,; .• }:,.,., Jit' the front 

of -- .. ,t • 
the·newrelen1911t ii made watt ,,.,, 

<3> members: 1twtneUl..Ca.tD ytelill.<t> 
,.. ......... ttl "tht lbt ...... 

N0w we present the...-- et tM ~..-.-•a ... 
create • prec () llWlar• <1: CYU; 

• ~·.rep${1evel: l, 

::a :.:~!'i1ili.Ji:11'b,t,,I.~ :·· 
btkJtkS~l~d,Cl)ault1la.t;1I l1•a 11ta0Jt; 
nduea&e; · 

Thus cr«1U retUma a aymMI. table It black ~· i, the ...._,. Mick. wtth an einptJ h&sh 
• < ',. • • • ' ' '·-. • '. • • 

table, and a •ln(te block with no ·~ · · 

The.t-.i~ &1 ..... , ....... :a11i11 --...at.lllllpll·cues. It 

works· as .foltawa: 

<D . the·tnput 1tdnC 11 lluttecl aa4 the bucket.eliirdlt.11,.ID lltlf It.;,,_~. 
<2> If the syiftbol .. ts· pn.nt a.t·ifi.ot difl.t. lltdr. C.am~_...~ .. ~ ttt.!ft a new 

ttrtr....natPJ la crattct w1.p1l.a ..., . ._ ~-· .. J11 f« F'1.'.IJ1tltlol; 
(3} tf tM .~ta., .... ~ ... ..;~ ......... 1.M • .,.. .. ; 

' • ',' ~'J:. ,,· .. ' ' ' ' ~ ' "• ' ' '• ' ·. • ' ' '., • • • '"•u • • ' ' 

<+> tr. ttte '""'* tt • ••··~ n.w .,,_,.,..•a 111111 t• •-•i , ... a "l"f..A'drJ 
. • . .. ., : ' l . " ~'~ . ;. . ... ;'· '~-. ·:- -, ~ '~. . ' , 1< ... ~ 

ls eot..._.. rorlii~....,..-11 •• ••-eu._111; 
<5> lasttJ, the 1ymbel-w1n~~l_d 'OR*f lilt". Jli,;..· ·Rt~Ll" ,il.f ~ 1"J.-~· 

. . . '• ·~ - ' ... .,:,.~ -·~ I . • 



t 

end if; 
end for; 

· · if p • nilptr 
then 

ltrea•~ . 
el.e •igHI defined; 
atlif; 

·}r =-• pt.ca,· ~entry~auod , . 
syn( .. entrySbymbol; 1ym, 

stack:·' attr...ltk~t< . . 
attr..JtkSpuah<pt .ata4. aur......,.l1"el: ·· · . · a.level~ · 

. . . . . ... ., ' . , •/ , .. , •.. ,~b .• . 
· .. · '7~11~~~~;,·~· w•~fh'4*~m])); '· .. • e· .. ~·a11t. ••· . « . • • • . . . • • • .... .. . . . . . . ., . 

11a JI •'; •;;Y•_,.' 

const. newl>lk: symlist • aymltdcaftt(p, blkAS~.aymbols>; 
blkJtkStop(s.blockab,..,.. :,• ......,,~; ... ); · . 
end Insert; · · .. ,,. . · 
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The operator cor <for t:ondttlO'ftal orJ evaluatG: lb ~ Up""9ftt only If the first argument ts 
. . . . 

false; it$ value As the logical or or Its arguments. Tht!re ls also a edd operator: COflc:Utional """· 
. . './:":[ ·'''· . . 

and ·it evaluates its second argument 0nly If the first arpm~ ~ ~·, T,,.__,.ular and and or 

operators .are sugars for calb, and therefore atwayi evaluate tofl-'•~is. The cor used 

above. pr~vents our following a nuU pointer. 

The rest of the operationi, ts.MflfJfd, nunJl«l, · l1a"'-6lot:1, aild . loolul/I. are 
stratghtf orward. Notice that llOC..Ji«l mwt thNW away d JJJftbo1 deftnittons ror the block · 

. being exited. However, it does not thl'OW away an ·.""PIJ ,,.._,,A; tn, thU ..... a symbol. once 

entered, Is .never deleted. 
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enter _1'1dc;k • prOe #ar·:S: CYt); 

'11l2Mt .... lfMcts1,. IJIRUb,n•ll•:tt!'!fllllcr••IDl); 
s.lev•I :• s.lnel + I; . 

. '. i '\ i ~ ~ ;_ .. Ill<?, . '< .. i ~ 
end enter _block; · · · · 

~_;~i~ . ' .. , .. · 

lea ve_b10c:k • pnie <••·I! CYt) ........ .......,....., 

· 1t s.level • 1 ·thta ..... ~ ... .,; 
s.levet :• s.lnel - l; · · 

for •:ru~~-;""..-.::~12~~··~~ .... lff•cLa>..,..._, .• · 
' ;iiyt ':·-'· . .. ., , . .., .. "'· ; " ;<. :: "t' ' 

encl fw; . ·' · ·· · 
end leave_btOtt; · ·. · 

\ (; ~--
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·s.10. Comparison of Area- and Stadt-Baled Procraamln1 
·\: 

Tfl~re an~ .. ~,. diffe ..... :~.jfl'lftillctu_..s,,. objedl1n the stack 

and.~eJ. for,.~~~~~·~ in areas.. ~4!ftllftlttly tli9:;~ must plan dead because 

abstra.cti~SJ:lesigR~Jor ~one ........ JIPIJ ra .... M.ceMelt .. le ll:t .. ate m the other. 

Th~ reason is ~bat ~-. anci ~-'- ..._......,. a.ke .. dtff•~•itt.,.rameten:. ~ck-based 
. . 

abstractions wtll use size parameter~.,.cl;~.•.,S ............ -~atieut'OM area•• a 
. . 

parameter, but not usually any size parametefL .,11.aw....-,if~tlte,. ..... ttm is examined .more 

closety, it appears tha~ stack- and area-bued abstractton ":11 ·always be dt~_rerent abstractions. 

so lntetehangeabitttf' or ~·1' nOt reatlJ'dea.-. (tor]~~ -~~"abstractions wtll 

always be R>und«t:. wherlu area~~ t"6 ~1f .usuafty ~\lft~ed. Often just this 

.dlf'ferehoe is enough to·cune· die to~- cf~~·~·~ ........ dUrer:m,tlJ for 
4 .i-•. ¥!./ .• _,._, .• ~ .... ~'P :" ~ •• '·.·<;: ~ ... ,,'·:·'~} 

stacks ,s opposed. to aros. Artother ~itft,,..'JQfli"3ttlll arr.P'',lll'be . ...m.· to rep,...nt lista In 

stack-+b8-l 'atiat~~.tittt trut1trtt«t<1tsti~,Mli~·,pol\terfW.1t'"t~ 1" a~ Thu matter 

of bounded vs. unbounded atntradtOnj'ftilla.rriik ·•ii: . . . 

5.11. S.u•m~ry 

We have presented areas and pointers, features t~t~,~~ Jl,Jtt~mtc ;~~r~ge allocation 
-. ; .- ~... ,,.. ' ,· '" , .t~~ • . _, - .. - ' , .. •, . .... . - . . ' 

and list processing capabilities to AS~A~ w~f10iat ~\~,, pr~ -~lecUon . or great 

run-time overhead. Our pointers are sa/1:. they ~1 11ever ~.t ·~ 1art,ag~ .. J~oj~t•r safety is 
. , ,, ~'.iii.';:~~:. ..~: . ':f' ;,~-<. ;_• .. ,_,, •' ~. - 1··- ; 

guaranteed by co,mplie-;.~I~ checktnr. which prev~_l!/°'~: ~~~""d'~~g,,r~{•~•· We 

extended our allulng detection and parameter ~nbms rw !~~-~nd.,~~ a variety of 
• • . ·- ' 'ii -" ' ; •. • ' • -~ ·' •') f ., "~. '. • 

possible fmp1einentati0ns for areas.. Lastly, we pr,~hfd, th~ -Pl9J~~ examples; two 
.. -· ·: . . . . .·· . ' . .. . ... ,. . ' . p 

were new implementations of prevtous examples, and one was a new cluster, We b~Jteve tl\at 
--·. <.: .'.· • ~-. , .. ~,t'- ·. ,-· ~ '•': .: - ~::' ":;:,,_. 

/ 
: -,*- ·7::':;,:z.K •:.· ~ - · · · ... · \; 

the concepts behind,~r areas may be useful~~ other ... ~,.~~ ~~AL. · 
: " - ; .- ,' : - ··.' ·.. . .. ~ ' . ·: 
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8. Summary .... C_..._ 

We have d ...... a pragrammUtg ........ ~ abstract data types that 

.. · ·does net. ,...n·.-...11•~,,.~tlf•UUit'••~L'O'ai1itJms and change or 

e1tttmd: iJ .. "Q:-i..e..•;; Ttte··.-jar ctMlgil'':~11'#;;dlllj' .... fit.Uf ·~;·moc1e1 or 
J• ·~ ,:wtJJf_ ........ -'j;.,..1 ••. ,, .. 1_1i•·-j··~ 1-, of the 

object~ __,..<,_,, Ct.Uj ...... td:a 'tMlt· iillit 'fU ;~ (Mnges. were 

' ; ~ '• 

.}O._Selectors-~.~.ror~.ab"'"•lffM..,9'--~i~ 

~~) s,•,~ ~-~~;- ··~~ __ , ... ~.,.,-.. ttf~,- handltng . s.·~~i';·~~' -~ ~-)".! .. -~1'\~; ~-- ... ~._ ...... , where 
,ob~si,~~!:8~,~~·'."2~;.. )~··· .c· 

<~>, .. A~,J~ .. :.~'· )· a..~.!p:~ ·,PJ9,_.,,. _, nu;t..,.latlan of 

list str~":' wttMtl:;~-,.,.'!~,'.~~~ _·:i~t1 ., .. 

or the three extensions, ·two are just seneraHa.ttmt1 411 ClllllMftlJ -.1!fi4d···klea~ from. their 

present use to the realm of abstract data types. .. Sell cmrs ~ r.-.1 af1d anay component 
- · · ._,- ~ .. ·.~h ~·-~~.:.:' .1! .1' _;:_;}: t~~i~: .. :-~~/·~.: :-:-~id ~-~~~ 1 s t)::"~···~i·'.':·· - - · · 

· acces~. and sin! parameters generalize- array bounds and ·dtp YKtefl. 
"·' _ •· -··.,;,;~·-.4·i· ... _:._. i)1·r · ·. ··: . ,'\$ .:stt;.~· - ,· ·- ~r .. '· 

Arm exrind''tfle lanpage tn ·quite a cHffeNlll ~- T~ a~ an orthogonal 
·• . ·"-t .. , .. ,·- -·: •; ' '-~-- '• ' \•. J ... 

addition to"the ba'nc.ASll~ pt~ted • b.pa1nft9,il'l .. e••··a.nU . ....e added so easHJ 
-... - . ..-,--i· -~ ~-~':;1¢":,.. ' ~-; ·.:..;_., .... -: .. :;:~: ', . ::'.~;' "'~.;~·;}·~; '.~) ~~~tt~ ~;i~-~''.: - '.·'':' _:;·~1t·~'. '. " .. 
b~auw dler~~~- ~. 8f .._ eill'llW' dllf•• w .. ....,... .~u.g anu tnto 

,, 'account. i:o.. eialnple. rrw wn1~ .... ~'.,-·,~-~·,.;~,~'·~ riot 
, - . . ..,_- - -· - . .. - '.j :. ~' '. ;;_ ~ " : •. , , : ' ~· ,-..; :" :' )_ ~: ' . , • • ( ~ ~: ~, < ~ '" • I· 

an&e. WfthoUt th.e'c0pr ,,.._-_.. lftigM t.,9'*' tit._!" a ~ ~~ GJt11 f.ar an types. 
• ~ -.,_ .. • -). .• _<,·_., -:-.~-:-- '·-_ ~:·t,':~o\r-:._~~-ltj lo l="1'"1.,~~~-·~)f--~t;t:~~- --n?. - -. ~.: · 

1n the ab~~,;~~·~-.... ~~~\~~;.~~~,_,,,~~- The area 
mechamlftlW.s . ..,,.., ........ .., the_.l••Gf .ltlcld tLi .. 11n17J. · 
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... . ';. 

6.1. Su11utioa1..., . ..,...., • ...,..: · 

11'': ~ ' . ~ . - " ... 

Ther.e are . .;_ny a...-.~·~. f~~)·~~1~~·~·-~·4•tcn of 
.. "~ ....... ')' .• . " . . . . .. 

languag~~. sup~lng .. abstract da~,}~;.,,~~ .~1~t.~,,· (~~.~ming ASBAL 

dlrectl~. c)ne ·~toiis ex.'!"~ d' °'r. ~,.~.,}l't~P;~t"" ~··"·~,d...,ned. 
An. i~pt~~t~)~~ ~'~',.~~~~~~:e(~~J~"·~ ar~i~ roll1 are 

worth'Vht~~~nd effk~ ~~1~.,p~ .. ~e0~e~;~.,~·~~ ... :for, ~tng 
and size pi;amet~··~ the.mos_t_~1,~.i~~the;"'~ to 

design, __ and•~~~ ,•tUI ;~ot ~letejt~~~·,.; ~;.J!ltfi,.:~ -.. """· .,,,pthsi ~hers 
.. might be- worthwhile. . . . 

. ··A. ·!"°re. •mt)it~~-, u.~r~;·:."'14 .. ~,.::-.'9J.~ ~i AOAL·, r..- 4ptems 

programml,;g. alt~h ~J ~-·~·~·~ .. )~~ ...... ;..-,.1Hm 

are.~~ sy~~·J>~"""'~ f.~ . ..._ ~t ,.,._.t'J~~~:: ,. . 
.. - • :'. ~- < ~ ~ ' " ' ' "·' ' .- -· - • f [. ' ; . ·- ,. 

constructs; 

< 1> user-written · storage management 

tmplementattdlD·oF llw .- type;· 

.. 

... 

in the rorm or new 
., . 

. Another suggestion for further~-tt"Mtdlpoiaftmt of oar· area and pOthter 

mechanism in other languages. We believe our Kheme ~~-~~.!I.It !f ~$1.AL._,and 
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lt,.iwatitd be. inti!restiftg to .. if tt flld .._ 111h•tt•u 1111 d nu. ~el our area 

mechanism wkh tts parent l.ucld's c•e1t1n ftleCl •11-~ • ..... II'? Thi ~ze 
parameter ~heme co\ild allo be med tn alhlli' -.u.. 1NW-. ,..._ ! ii a ratrly 

( \~ft·nftenera--.·Ot'h'--~l~ u;'.'ff~ l/P;;.•~ 'Y~~ ~i:'.\('' .. 

· · · ~'"diffe1Mt tlney'iiWttl{as ti.7'..P'i·;..qi #~~-' ~ a~il ·as AsJAL, 
,._;.uttng~ ~-n.w ifiidnB&Fiit&ai.A1V ir.t.; r~'~f.-''11i.ts''~(j.;,. ·• 

· .,~ v: tt.i:'et\J ·c....r:'aw' o.e;•••~t·4iiit~~ .• ~t"'1~·~ ;~ type 

'frilmager wtiftf·smttany·f,diiilis"Mriie~~ ._.1~'~:td:'.l·~~t·~ ~i.tt~" that 

·da~.'· T~''osers' t~~WJ tW~Jact':~3aii1ti.n1~~~ ·~ r;f~~ 'which 

· weatl}btHftltitpnb!tfi cMlfbJtlfilt·~-·-~~~!iti ~!~.i;~''tfp: ~~~c WCN1d 
· . · !)ftrtwrH· ''"" ~:11.1 ·: · · · i · 

dlstrtbute ·only references tu itl -~ the abjldl ..... "8 uft tit ib'~ ........ 
. ... ·~ t~ ~ ...-lif1tM1~i•~'it-bijp1.Wih~;"•1i1;a·.-.-. tlteJ 
.. ;t.t...,, ........ .,..,trtr'-.1'ft·aiiii\f'.'~1'.'/"!"lt f:'f'.. d~~i.··.·<'+1;.r\i"·,··.·· i .. ~, . 

. A stattc: al1.1*•i'.W.~r ... ,Wlill;·NJ~ .... ~f.i-'~-·~~ 
languges. a~.~~~1~.i~•~)~/~,~ ... ! "'.,'n~;,~~~"~"0~1~ ... abject 

~~ •re. u·sec1. ~: ~~·~,,~:~~'4~ ~~,~·~fftJMJ~P r..,. the 

::z ~~age_ ~ ~J , ·~~~,~ ~~, ~'.\•~~JM~~~ f:ft~'B''' .. I tJpe 

d~ .~~na~s:t. St~n, ,we,.~~5 ~f~,.~ ~)~,,~~ ..wpt be 

-;,, ~·~~·~·~-~.~~--·,~~~~[: .• f 

&.2. Conclusion• 
,.·) 

I , 

does not ~tre prbap · ulfs.u•. Aftct w · •••• tr.e •••• ·'11 t.ll .. ·a firm 

<~H~~:Q·~~-~ .... -1.~TJltl•flll_d~fri:, ,. _,3 · '.~•· ,.. 

~:~ . -· ~__..." ......__..__·...,.: -.... ~.~1.-·------·---' --·. __ _ 
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ASBA~. d~ ~have .~,~~~~"'~Llf~ ;~·~,~~t~.~P!ff lt would. There 

appears to be •,,,~~~~. ~ .. IJ'.•.-.,-~~.~~~~~ ,J,ff~tfP" .the other. 

~LU's semantks achieve eJepnce through the 1111 ol a llmpll and ~ul __.Uc. model. 

which unfoi:tunately requtnt fairlf anpla · ...... P'llP*lfl W• .... ~eel;; &W&J IOIM of . 
~ . · .. _,· ~;,_ ' .... :<. ·-~~ )!'; · . .;1.:~~ J~i (;»;.;•.'t.,) ·c: .·:;-: <~·. ! . i . . 

that elegance ror a more efftdent nm-time ~· .Hew•er, ........ tAed not to 

comw,ca.,,::~· .... --....... t:~ ot,~u. o.-~iNMI• ~ .,_. cowa.rc1 a· 
.. ~ 

c0mpletely tm-s.r~ .,~ ..... ;t12':~!., ·"-f-.. ~ ... ,~~~ ~ typl ~hodology. 
' ....... . . ,_· . ' ·" , ~ . ' • ·• --~ ; ..•. • ' ' ' j . - ~ ,'"' '" '>1 ,,. ~ • • • . • 

If ASBAL does not have CLU'1 etlpnce. ....._.doll It have pa., atmplidty of 
• - •"' :·." ·} ··~-".~ :• '.1c· '- ·{~i~~;; ;·;.:~•:", '°·t -,.'1, /,~jo;~ ~ . .-··.:_ :: • • 

traditional languages. for 'example ·Pascal 1.n fact. CLU. la more ~ than Paacal <and 
•t··,, ·._-.. ? .. ',' ~ , . ·. ··~ '"F"~:.~. ~- ~' 1-:yl~;·.·.f''.;_<::'·.~ r.'fi~ ~--~· '.'·· . ~· 

similar languagn>. bQt more becauae It~-.-~ f.'~)~?~~~;~~. ~u• of abstract 
data types.I Yet AS.AL ·a more ·c:omptex than CLU. We believe the ~rce of ASBAL's 

heap. ln a sense, we ha .. built ASBAL .,.,.., ....... ,.. ... ._...,.._,n.ted on u~ 

by our requtrementl. 

AS BAL reptesenta· a 1ynthesb ·of kleU from· MYeral ........... arid several semantic · 

models. We feel the iyntheab wu profitable, and ..... that our work ma.J suggest and 

encourage more tnveatlgation In the area. 

I. Pa~al ·has been crltktzed on the 1rot1nd1 that It II "" simple In thll respea; no ·Pascal 
program can deal with arraJl·of' any 1ize. · 
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. , . . }. '.,: - .. ,,. . .i;.t~~-:· _;· , ~, ; /: ·:ic: 

He1'9 W9 Pf"9Hllt·U. fult, c~.,..._.- ..... n. ..... Ulp used ls an 
extension of.the._...._~ th ,;it'~"~#jp~·cfit~~at., . .t..., . ._na Is as 

. ': . . ' ',. . 

·~·= 
[ l 
{ } 
I 
( ) 

- ent._'M..._ whtctMnayllt';-tilll•9d••••·1t·of t...._ ...._ l#fOi 
i 

-Mf)era•~ ~' 'fflt·· .~ .. ~ca'':;:*b 'a'·. 
":~:. ,_·\' . ''" .·' 

- are UMd t•·aroup,,ftw.endelfMIN(e-~•-lpftvJ _., _ 
- ; ' ··:·l . ·~-.. ·~.'f'1)-.'.1"·:~'-,.'. '"":.. - :~·:. -

-·used to ..-• the . ..,........,. .- ol.-..... ~ (a Mftt~lfttnaf) from t .. 
. ' ' .': "'' .,, .•'.:'·' " ' . . . .h .. , ",' ~'.· '.; " ,·0,~ ,.- . .. . . ,' ' ' " ' rfahf..t..'1d akle.(thettri"c ff..,.,.._).,· · · · · · · · · · 

~..-..i~,.,._.,..,,. .. ,...., ,,,__,,.._ .. .,..,,,; ,.....,....~~- .,. termln8' 

(~,..,.,._ ...... ) ..... ,,,.., ......... '~-1 .. , 

l,1. 
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J.I .. Formal Syntax 

I.I.I. Mocta.ln 
. . :~ r -

program· 

module 

cluster 

cfustermodute 

procdef 

iterdef 

s~ldef 

fparms 

feparms 

fparmitem 

-> fttoduht ; . mocw. J 
. . { .. . . } .'"·'····' :-'·•·:. ;, . 

. .· • . ~ 'L • '., 

•>~httl~1'1t•4'f ..tdet ·. 

-> id - chaster [ tc~IM~f ia-.. ;l*tili~ '5") .. 
f equat• ~} ·~ .,~·•tf W<i}}. .. ..:;·. · : 

c•us"''~ { c.uil,, .... a.a., '.wt w 1~ : }} 
•>.Procdefliterdef 11.iJt''·wii,;;: ·•' ; < 

->.fJ-...e(fP••l--t\~:tt•·»1<·a. 
. . 

[ 1'9ttrk ..... l ~ -t fdi'': • .; . ''''.~> . . 

•> id • lter'[f '~'* }~ (1.,,._~·] { fifli ) • 
( res~ict.-·rJW. ~f~"}f , ' " . : 

-> id • select• ·s. ,,....I~ f ... ~,,.w·t ;.· .... = qtype } I > 

. of .stype from id s~f •• I ·rf.rt.i~ 1 ) body ead f hi } I 

." ,·. , 

~> [ fpermftem{ , fptr..._. } ') . 

•.> ( [ ff)Wmftem { 1 f~~:J l~ I ~J} 
~ ! • 

•> •• :. (int lbool f cltar j t1P1 f lfel ),,." .· ,, 

The above thrM produdfons ... ·for forMll ,.....,..,.,. ~to ; "t'l•'inittons 
except clusters), forlMI per.....,• to ....,.., ,end t.he it•• ~n for8 

. .. -.~t" r ~. :·. . . 

. perameter tl1t1. 
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aparms -~ [ [ •JHIMI { ...... ~} ll ·• { .... J 11· 

aparm 

i': ·'. ,, 

The product~ for 4fJtlt'JtU end ..,_. •• • •tual pl.r:...ters, which may 

be ex.,.....,.. or type IJ!ld!~!\~:nt~~;tlO·•;*" in~' .i,,.-

restrictions •> wlteft·NSt~~. {,~,!;~~}•*--) 

restriction •> Id ha• r~trict .{ ~r4(ltrlc\.} ·; · 

restrict •> tds: (.Pt~J•t1•l~o)1 · 
1.1.S.. Arguments. Ret.,... ....... •.,S ""'"-· ": . :·' . , ,~ 

• - - ", ;. f ' •• ·• 

fargs •> ( ( fatt~ {. , faitem t:11· 
•>'.(*~~,I~) •'.;*fe_{,,_. ,-.:}· 

~- ' • ;S 

· faitem 

frets •> return~ ( ( ~:-;, .,..,{ t(~ :•-.,·f i}t 
. " . ~. - -

fylds ~· : 

fylditem •> ( v•r I c9n~~}>ftt" {•.,.] ·: . . . 

' ' ~ 

and ~ Hsts. They •• UMCI .....,-••1•11111 ..... 111111 
.f ,-:-:.~i!rn-;\~-~~- ~ ~,'l ~~.:- ... ~ ... ~·: 1_1t -1 ·, -

1.1.4. Statements 

body -> { ..... :j{ ~at~·'.} -,, -~~'if;.· 
~~-- ·., . ~~~~;,; ,{ -, ' 

equate •>Id• •xs»'I 

.·ttaht~nt · O:»:&.c1 
,,,,_ __ _ 

. I ~•it"·. ' -- . . . 



decl 

• 

assign 

. if 

while 

tot 

. ~ l··: ,., '·;·._.··,- ,:~ ... ,. :··t~. ~"~'. '.~~ ·, :,·., 

I it 
I ~hite 
I tor 

lwith 
1

f ~x~t 
be1in 

return 

yield 

••l•ct :·, ·;"" 

'st&nal 

Invoke 

~"~~-
b.reak 

new 

• ' ·"!- :..;' :.,, ~ 

-> var Ids : qtype { , Ids ; ;,,. } ,_ ~ f ~I' } 
. . ·~ t •":';·~ , '1 , .'• ;: , ''." • • ;- '· ;; '.( 

I Hr Ids : tyDe { ,,,. __ J twe ,J, 
J conft ids : qty~ {, ids·: qtype } ,. ~ { • .;.,,.} 

131 

In the first and third produCtionl for did, -~._,. of identmeri on the left 

must equal the .,..,... of ex...-.., .... ritht· 
.- ." 1.:-···. ;· } ·:.-,r-~G '. ~ 

. ' 

There muat be e~htr one 91'Pf'enlon, or • .,...Y expressions as t,~;'• •• 
identifiers. · " . . · · . ' 

•> tf exp then body { _...., ~Xp tllel tio4' }.'( ebe .~ ]. end (If J 
' •> ~htle"hp. bOdY ... , ...... ) : . ,~.: 

•> fer tofdtct { , fora.1 }t't. ~ ~tiOctYldI :for ) 
~ ,, ;,· ·_:; ~ .. ! -'~ ·:'.:-..'.' 

I for ( ids ) tn Invoke do body end [ for ) 
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.fc:>rdecl 

bt;sin 

~ ~~ ~ J•tMrn •-'t 

ytefd 

setect 

-~· 
i~ 

taccase 

t••'" ·' 

.. ( ... f--J'kk:.,,. 

... --c --•-- l ........ ~ .. , .... J. 
·:~; .:hv" 

................. ,. f •hi•••• } t ·~ 111 •. ~ i-
n.. . ..- t. • twt: .. wt111• •• R i 1m1 a is 11 l 

. • ,t··,~,..~~-y'·~~ 

....... ( .... J=•••11• 
l ..... i.a(•):st .... . 

Jn the fftat ~.ii.._,_ 1,n1 e ............ .;.... . ..;.ll)r ~ -
·ty,.. of ebjech. ift -. ..- ....... ~itLI .. ,..,, •• '- ....t • 
tJWowll• ..., U. 1iif11IS ......... _..,IS 11 · ....... f/Jf ... 

ob;edswd·ar.._ ..... il!111 .;,W'lti,i1.. . 

_.....,.(-·W: ..... )HllihtEsl 

'adlb~··.): -~11111nt" 

~~:~~··~ 

' ' 

i"'..,: '} •' ~ ,,;; ,·":. ~ ~-. ,t'' :.:. ., ,,·.·~ .·., •. ·-~ f 

:.: ~· ' . . ~, ' ' ' 

.......................... ~ ... , ... ..,,. ............. 111>. 
. . r . . • . . . . 
.,.,. ............ itt•• ,, .... ~~,;·a"-:···. . . 

, ..... =······· ,,; ;; .. i' •· . 



bre•k 

new 

There m•y be only one otlall'I Mnt per ~ ttat.Ment. ~I t .. s must be 

Kcounted for in Heh ...... ~ .~ ~· ftllRed on the .·~ arm. 

~t be for the,.,. type, and the type of ttte"';canv ~ered.tdentlfJer must 

rHtch thet type. 

•> brealc 

· •> new Id : area • exp 

The expression must be an invocaHon of ....... · 

~• C>f; t.,_,;..,._ •••11111• .. -lll•••d_, in particular contexts. The 
~Pl';,...,_.'..,._,.._;_. hllNIG••••--hr•torSJ yleld_is·te1al only 

. ""' 1&¥ ....... _._~)-- .,. ... 1lt1.i11., .......... ls allowed only in. for . . . 

. and wltlk.-.... , 

· I.t.5. Exprenlona 

e"Xp 

selexp 

•> exp·.,... exp 

I uop exp 

l< exp) . 

·I II.tent 

·I setexp 

·I tnv0ke 

· I q1ype t id f ._ms ) 
·' '-, ' 

I up 
••• ', i , .... 

The l•st f~ pr~t~ of. nl', ~ ~·~~,.f"' they •• for routines. The 
special . routl;._s ·up .net .o.rn •• ~,. oniY in cluatera Md convert 

· betweeft the ..,_tr11ct and rep t~ · " ····' 

•> Id 

' I exp .· Id [ ( •.XP { , exp } ) 1 
I exp (exp] 

J exp t 

;, 
~ ' 
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uop 

. bootfft 

ptrlit 

ThMe -- .,. Cin ..,)I • m U • ·ulo 1M1n, -nr lndolli .. d ,....~.,. 

.,.·· ·-·~ ,, , .. ~,,. .,-•;:;_""" 

-> 1 ., .. 
1•11111 

. I.• t -I I 
.. · f < I <· I ·• I >- I» I -< J ....c. I ~.I .... I -> 

I • 1 ·cawd .,, ,,,_ 
T .......... ,. • .-.,._..-,.._ .... -·••nee The ............ in the 

' ... "-.............................. ~ ... -..... ... 
... ,...'.._.11

• lllifi:1t1,••••t119tiijl\•.._ .. ._ . .., .. cepl -.. 

'w °'yep z• - 'ex ep y) op·n·"t.:,Wr.1t•1I~ 'IC• Cr .a zr. 
•> _, ... 

-ii- tntllt 1-chertit I urttt j booltt I ,.,. f tl1lftlt . 

lctfype 1(-.:np{ · .... } J. 
\ 

· I qtype i c •• -n, : .., 1 , ...... : .. { .~: .. }• 

The second 9"d third hi~~!~;..-•~· _wl*h .,_ t~ forms. 
The '[ -.ae :--•.t ,~ .~ .... , ........ M ._,. .witft low bound 

8Wf»Ot Md ". ...... ••1 .... ~' In lftCN:•htll ....... The 
t•xP()" "Pt =~••fr font ..... • wrif"illr. ..._. __, .. ~_....., 
bound.-~ ~·1.,.,.-,,,,.·~,t·:~ ._ ... Ill••~ •. ~ . .,.. ., -~ Thi ., .... 
prOdudiM is for NC:Old .......... 

.; ... ' • ~ -· -~~" ~ ?. . 

-> 1tlJ . 

. • ;. •lfptr 



1.1.6. Typo 

type 

ptype 

I type 

settype 

fparas. 

• fpargitem 

fprets · 

Ids 

,.,_, 1 - 'ii ;,-:·~·-:·:•,'-,'-· · .:;.;_o-:;"W.,,;!;·-t~~~~~.:·- · - ' .. -,. 

. •>Int 

I"°'·. I char 

f null· 
I area 
I stri111 [ ; exp ] 
, .,..., [ typ11 , .•• p., ..... J. 

·'record(~: typeJ '~-= typ.} J 

I oneef [,.,. :~t,~r [~ ldf : I~ ll 
' ·. - ' .. 

11dr ........ 1 _· 
f ptype 
1'1type . 

f •lty~ 
I cvt [ a ewp ] 

I ptr c 1d , qty'* 1 

-> ltmype fper11 fyldt [ fttaa J' · 

-> ~rt1,. [ tp1r1• J.f .1yp;'I~ qty;_ { .~. ] 

• :ii ( ( fpar1item {, !S>•1tt~m .J l> . 
•> { var I conat } qtype 

•> retQrn1 ( ( atype { , stype } J ) 
•>id{ ,idJ 

• 

.... ' 

IS5 

·~ ... 

The productions of '1/# •• for t._. .,G.tt~ wt.re a. v-type.p.c ls 

required. 
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I.I. 7. S• T>ypes 

stype 

spar ms 

sparm 

qtype 

:~ .· 

, ..... , ... 
I ••••. 
l•rn 
1mi111[c1...-m1] 
1-~·1 [ st),,e [ ; .,.._,,.,.. .. ~ . 

I neont c 1. ;d~•{ ,fla:;:~)1 ,-.,, .. 

1..or .. c..t.·~9t~{,i.,,J-.l't~~,,;,;: 

lid[.-•] 
I PbtPe I,,,,,. 
, .... ype 

~··. ' . 

l ~t [ [ ·' ..... } , ...... { 1J~ ' !: 

I ,. .{ ei _.. ~ .... f .~Jj- · :;'. · , · )~ '·i 
I ptr c id , qt~· t : ,· , ;"· .. ~ . .. . ., , h , .• 

~ ( l c-{ ; .. ~iJrl!.~t·~l ] J 
. . 

->·•1· 

f bool 

I char 

fnuU 

Iara 

f ' 



~., , 

qparms 

qparm 

•··· •.. ·;·' 

f· • . •· . . 
I 1trl•1. [e's ~·m J J . 
1.•rr117 c qty,,_··r, ..,. ~ ... ~~Ji 
I record [ Ids : qtyS)e { , ids : qt~ l J 

I Qlleof c ids t --{~ , ~· : qtype } J 

I i4 ( ••• J ... · 
I ptype , . 

I nvJ>9 
., .... ype .. ·'" 

I cvt ( [ ; qptrM {H1Mrm } ] ) 

fnp(C1~h~m}l) 
lptr(id,qtypt],, 

··, .. \ 

•> [ ( apermf .~J] [ 1qpM'm{ ,..,_} J] 

;i 

'· 
'-';... ,. 

137 

-; ) 

p ·.· 
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1.2. Syntactic S.,an. 

There ere..._ • .__.... forMl _....,.,. ....,. •. ..,,.,mel Jmrec...._. These 
• ; , .. 'f~{(f 1 : ' '. . ' . : 

forms are catnaelll..._. .,,,. and z we ............. •• •r,.-1'il: the syfttatic: 

type of " (i.e., its tvtae - dKl9red if\' ~r ~1~~.,..~~,.~ .,~ ,, , ... .,). 

and 
area 
wray 
beain 
boot. 
break 
tend. 

Suaar ~ 

x.n 
x.n :• z 
x{y] 
x[y) :• z 
x ** y 
x•y 
x/y 
x 11 y 
x+y 
x-y 
x ft y 
)f < y 
)( <• y 
)( - y 
x >• y 
)( > y 
)(' N<: y 
)( N<• y 
IC...,. y 
)( N>• y 
x •> y 
)( & y 
X l·Y 
-x 
"" )( 

char 
cluster 
const 
cor 
cvt 
do 
down 

.... 
etseif 
end 
exeept 
fatse 
tor 

trow, it er of recerd' 
ha ltertype ~. NP 
tf new -....· ·retwft 
in 
tat 
is 

nil pPOC' ,..,.. 

~ ...,,... ....... 
nult ptr · ·iatutar 

,,',' 

..... thin .... .. ... ". .... .... ...... ... .. -- .,,,., 

when 
where 
white 
with 
yield 
yields 
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1 .. 4. Terminal S7mboll 

Jd 

alpha 
:: .• 1t.' 

·letter· 

lntlit 

· .trtit 

char~rep 

ptinUng 

special 

octal 

t .~ . ;. ._./ 

~,..,.{ ..... 1 .... }" 

.. -> l~tter I .... 
. ~.... . . . . ' : . . .., 

•>Af"-lzf•l-f·z 

•>Of-It. 

•> dtaH { dtalt } · 

•>. ( ~harJ•~J~) :; 
.• ,. ·{.ct.M_i~pJ···1,~· 

..... {'·· ' 1' )" 

•.:> • !' 

•>. I repre~nta' 
I repr...nta • 

._·, \1 

I .. 
I ~ 
I" 
I t 

I repr ... nta \ ,. 

·IP 
f b 

fr 
I v 
I octal octal octal 

I ':,,.. .. ,.,.M.,( ...... ) 

-~,:~~f't ~a.,t.t;ua,J. 
I reprHent1 ff (font feed) 

;~f·~~ .. ~ 
I repraents CR (c•rhlp retwn) . 
I repr._.ts VT (vertical tlb) 

IS9 

i. 

i ., 



HO 

u. . ..... ·Data ...... ··-··· 

Hlwe we 4eteit ._ .,_,._ .. of h ·a.le ....... 9' - L tel UI first ~- .the 
. spedal · not•tions used. TM .......... t~ t1•ilh l•a.;...._ 8'jeda, not the '.)syntatk . , __ - -~ . . 

expressions) are caHed 'war, 'ara2', etc., or )mt. 'h ...,..11a:d" lf hre ls enty OM.· If an 
. . _; . . ~ "h~~t:~! <""'~· .· <" "' .~~ 

operatton sianats 'too', we say tltat feo occurs. Tihe 'trfll« jiiit' . .t ap1r.eion ,..... is drOpt11ed 

where there is no Rlliipity. Arilh111Hc.-. .. ~.~lfl~t, .. lll ••l8il*9-ift . ._~ n to 

be cOMpUted owr the •1 1in-ef .etint11ra,•iU.ta.•112•., .. tw-fat. · 
Some de#Wtions hwetw NStridl8ns. If a Mtlliakta.-. ...... ~ ft '19 ·itifher a 

standard wltere ctauee, or of h ,.,. 

whereeada Ti huaper-*cft 

Size(<a.1,~'1tn~>• . .P·~'-" ·' ,, ;.,., 
A • B iff (Size(A) • Si8(8)) A (¥IU ~ I ~ nl8f • ~­
<a,· .. ., b> U <c, • .., d> •·•<a. ..., b,_ c.. ~ •' ;q' 

~ront(<a, .. ., b, c>) •.<a,..., b> dn•,,;.,p···•:i' 

Tait(<~, .b, .• ., c>) • ..... ..., c> , ··,\ , 

Tatt<>(A) • A llNf. TflM.,,..•"1~' . 
Occurs<A. e, i) -~:tJJW .. et•WflfA1Waco> • i - UJ 

,., ... 

. . 
' .,., '.-ii; 

lastly, w• say tuple A . .._. •. .._ .• f'MW.piW'wlf troanCA,11,1> ...... · 
'"· '., ,, ' '."' 1 - ~. ',€; . ~ '-lt·· . .... . , ~ 

II.I. NaJll ·~: 

equai: 

The obvious copy. 
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· 11.2. Boolean1· 

There are two, lmmuteble object• of ·type boot, denoted by ....... ;falM. l'My repreMnt the 

logical truth vatun. 
). , . ·: _•\ 

amt: 

or: 

not: 

proctypi(con•t bool, beol) returat (.,_.) 

proe~pe<_,r,...,, . ...,, n1~·&~~·~--
,roc~1~coi.t· ~ ~~"'«h~i r· "' 

!"; .i .. 

The' ·•tM1.rcr.O.te~tw.ctlOM: ~~-
: ' . ;, ~,,. ...,}:. ',': -

equat: ptoctype(cOftat 1loo1. hoei> rttU.1 <boot> 
•: ' 'f .. . .. · .. , )(" . 

copy: proctype(~n•t bool) rtt•r•• (IMMllt'; 
. t' 

eo·py simply coplei its ar1ument. 

. :;' 

11.S. Integers ·' 

· Object~ of the type int are Immutable •·re~'.a_.ubf ... ot.t'he mathetutical 

.inteiers. The subr•na• (which maY. differ · ~~·:,, ~~)'"'lt~l\'l!M~.-~;.,~•'.,cloNd:· ~-val 
. [lnt_Min, lnt_Max]. where lntJMJ'I ~ -215+1 ,a Im~ ~ 2••-1. An Mrttow exceptioq is 

signalled by an Operation if the retuft ~ He 9Utalde•-~··,_, ·· < •• • 

add:· 

sub:· 

tnu1: 

proctype(const int, in~) retur111 Ont) ........ (OYerflow) 

proctype(con~t Int, Int) return• (int) tlfaall (overflow) 

~,,.... •• , lnt)Wl•ntl'ff•8~<oJitffow). 

T'-' standard Jn~r 0"1;•ti•. 

minus: proetfpe<con1t Int) returns (Int) •ls•ll (overflow) 
-i.-. 

. . . . . .. . ,.~.- .. 
Minus returns the ne1atlve ·of Its lf'.-nt. 

div: pree~ype<c0n1t tnt, Int) ntut_n~'(tnt> ·~~.<zvo~, overflow) 
- . ·.. , - . ';,. 

Div computes the quotient of ar11 Ind •12. iA., . the inteler q auch ttt.t 

qrlO s r < l•rs21> [aral • q • lf'l2 + rl Zero_dMde '*'"If ata2 • O. 



H2 

»;' ·; ,,:, :· 

This ~ .qt raiaed to h -a2 .__... 
,occur\ ,W,,•r'2; <.O .. . 

'.: v, ,: .. '. ,, . f : '.'~t~~.: ._:'7·~ .11
.' )''; •• 

This computes tt. irtlepr r~~ of .. ..,,,~~ ;~,.:~~ !~., tM fMUff is 

argl - •r&2*div( ... 1, •12>· z-O~JI}~~~.~~ ·~·''"1 "' 

from_to.J>y: ttertype(cout •t. tat, Int) yield9 ~.~~.~all·:~> .. 

This iterator yteldl, ln auccwion,,~~~"'1 .,t~~\,;1;~'·'•~:~ unlit~ ftftt. 
value to be y.feldM, x, ~...... fK > 8'12 A .... > 0) Y (x < •c2 A •&3 < 0). 

ZeroJt.p occurs if q3. • O. . .. . ' ' . .._. ·. . ,. 

It: prectype(con•t tat, iat) ret...u..,t) 
le: · prectyf'e(~ hd.. ~) .......... , 
equal: prectype(~lt Int, ittt) retartaa ._., 

p: proctype(~ - tat) .......... , ' 

at: pt\9C:t7pe(eea1t t.t, tlif).,...,...~ 

T:~ ~t~~J,...,.,.,....,. ... 
··~y: · :proctyf'«-.i tatfnttilou Ciltt) 

· 11 . .f. Characters 
f ,>. 

The objects of ,,,. .. ·elf• -. ..._....,.,, ·•:;,.;11•nt. , .......... ··[very 
imptement.tion l•· nsumed t~· ~· ~ .... , 128 dw..,., bul • ..,,. . .._ 512. et.rater 

.-re numbered from 0 to.._ 0.-_Top, and h1ftU1......,._....._ .......... ~ tt. chmr.ter 

type. The firsf 128 char«ten ~·. t~·~ .. ·~ ~,~;~,~~: 

•Zc: proctyp.CcOut hat)---~) .......... .;;,ehllr) 
. • :· .• ~~.1;i.;;;_ ,. '.. '·;.:;.. ;-

12c·retvrns h dwacter·~r«f ••l tn.ttw ........ rtM8".~ . ..,. . .....,_cher 
• .,.. ., -: . ..· . , , , , ' . ', ,, ;. ·: .' ;, ;r.: 1~1..4 ~; ~ '.. ' '• ~ " '• :• ~-

'occur$ iff ttMt arau...t 18 '..Gt tri1t9 , ... (O,·Clllr-~ . . . . 



~-, ;. . '· 

HS 

c2i: proctype(con1t char) ret_urn1 (in_t) 
·~· ':- f._ . '. 

Returns the number correspo~na .to its lf'l~L 

It.: proetype<con1t clpar, char) ·ret.,... ("'1) . . .. 
. . '"'"''f:.t ' "1 ··'.'. .?. . ""' . '.·· 1-1 

le: proctype<contt char, char>'retuma·~ · · ·· 
. . ' ' 

eq~at: · proctype<oot1t1.cita~dw)-....... ~ ; " 
. . . =~ . ' ' . 

ge: . proctype(con1t char, char) r.d•r•• (bool) 

gt: proctype(coalt' ... dllit1Mtmtl CIMifiti;· 

The ordef'irti ...... ~ ~-'•tent .... tha ~-of ctttlrt1tters. 

copy: proctyP.e<con•t ~ar) ret•rn1 (char) 

The obvious copy. 

St~in1s are immutable objects. E1eh strlna represents t tuple of. cheracters. The 1th 

character of the st.ri"I la. ~ l~.1~;-~U.: .... . ·fl*;c8ii!eJS • ,.,.,.. must be • te1at 

integer; if it is not, then a f aiture exception ft lisftllted. fwther..,e, a vwieble declared 

string(Jri),.t .... be ... to store-strfnp whoiiii~-~. w··~ "'' .. Ny' ponibty store 

larger strings. 

size: proctype<contt 1trlllf) .retu1111 (lftt) 
" ' .. : ,. t! . "::'' . 

RefUC'N ttit'ftiii Of the tuf)te repr•nU.,- 1ts iradWnf.t. 
;:}~--;, ·, . ~- •: "- '. 

indexs: proctype(conat string, 1trl111> nt•l'lll (Int) 

The operetion returns the tent index .t wNch •&2 occurs in aral. (Notice that this 

-means l fl"'fMUi'"6'd~f· 9'at. l•_ttfi·fr~) tfttaf.&i 'not oecur in1~l1 then 0 is . . . ·. . 

).~ 

indexc: proctype<conat 1trlng, char) return1 (lat) 
!' ~ .\ • '. ' 

. lndexc returns the lent Index 1t which tt. 1-tuple <ar~ occurs tn •al. If <ar12> 

does not occur fn arll• then 0 Is r•tomed.'" 

c2s: · pt'octype(const char) return• (ltrlllJ) 

·" '' 
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concat: 
· . .· .. ·.· ':nu:·;·· 

proctype(~ atfttlc, atri91) nhltM <*f.,) 

Coneat. returns the strma fOfwhich 11r11 l1 .. 2 is·tt.t'~••m.tion.· 
• "• ' .: •.• ". ~ ~. ' • '': •• 1-- ..... '$ .- -_).· -~ ~ .· , . 

append: proctype(COIUt aldftl, char)~'~ (~,H~•i > .. ·, • . •. } 

This operation retums the strillfnl•• trdll.ilfWiilrff~t._... · 

Fetch r~turiW tbe --~··· .~ .. ~ -~··;·--• illllft · Jtf (11r12 .. < l) v 
(ara2 > size<aral)). 

Sutntr returns. the $trinc. . repr-.1rthld IJy the ,.,. of size 

min(ara3, siu(.,.l) - •12 + ·!) which occurs at ..... .,a in· -.1. · ..... OccUrs if 

(arg2 < l) v (•a2 > *94ata0 + l) ............ OCCt.ft ff ... • O. 
•. · · . , ·-_,: f - . ~uo ~r!·~.-··;~ J · '> 

'Equiv.tent .to .. tr(.,.1l,,•1~ •~>\~._ .... ,..1'82~,M.1ll• · 
s2.ac: proctypeEco1tJt.1tri11f) rm..-1.,.,(...,J) 

. . . 
. -~ ~ ,._""f~ ::. 0 .. - --~- ~ •• - ' .; 

This OJ:'8r.tion creates a ,.. ln"•S'J ·the ......... of which ... the cheracten of the 

argument. Tt. lo~r;~ :~ ~.~ff>'· .. }•~: ... •'-' •t~•.-C•al). the 
1th element of the wrmy is the tfb ..,..., of._ . ..,._ · 

ac2s: proctype(cuat arnJ{cltarJ) retunu <ltrlar> 

chars: 

.-.-.,le 
.' '!; '"" .... .,,,. 

. Ac2s is ..... mv~. C>I s2~ 'fha:~~:~~~·:ftAhe '""'8·order 

as In tts ar1ument TIM the tfh dW~ of h ...... la -~:4\•-.Caral) - nth 

eleme~t of tt1e arsument. 

itertype (eo911t •trills> yWdl (ceut cltar) 
'. ~ ' f""" • ....~" ; 

This iterator ytefds, In order, HGh ~IOter ef tt., ....... 



copy: 

' :, ' 

operetion is equtv•nt to the followtns ~- · 
• ~,~1:.'i~_t!.~'~r~~· ...... "' ·;·;: 

It .• proc<coaat x, y: atrt91> ,..,.... (lea: IMlitD; . 
·-~.,~,.-.·· .~ .... , ........ ~ ....... ,,,, 
. var min: Int; 

if stze_x <• st&e_y 
the1t mtn :• atn_x; 
elae ...... ··=- .... _,. 
end If; 

for contt I: int in. intSfromJo.J>J U, •. I> ,_ 
if xUl < yftJ . · > 

tlaea ... :•tnle;nt .... ;. . :~;~ ,,··':'··"''' 
end If; 

endfcw;. 
less :• <slze..)l < slae_y>; 
end k; · . .. 

proctype(~•t atii8'~ ret .... ~'(atri.,) :' .. 

The obvious copy. 

11.8~ Arrays 

H5 

The anay type·aenerator..,...·Mi .. "._.;~ FO....v.y tyP. T there I•• 

type artay[T]. Arny object~: _are MUt~ -~· ~t' 4>f t' ~~~~ ~ ... ,,qt~ 
• : l ''-',i~·-.• . •_,,,_-... ,. ..... ," . ' <- • - ' • 

.. 
1. an inteaer Low, celled the low bouncf, end .... 
""\ ': ·': •', ,J, '''.·£•"1• ··~:·" ·>"•'.: i;• ;~;_.•,/,,~'";_;,..Jr. lut.4~·;·\~ 

2. a tupf8 ms of Ot)j8Ct.I oi tYP. ·t. c.w .... ••Ments. 
":"! ",'~~·:· ,:. ' •• ._<'{;.,::;<:-·- ... ;~~- ".:7' ,-

'I!• atsoii•H,.<·Sia9•1i1118t•>Ji-..·tllh•UW''•·liii""" f«~:•·wa to think of the COMpOnent• 
·of Elt•-n -~,....red'~ t.owi!se w.~·1"e'.'.fr'.ptjWl' ..... :rth' ~nt to be 
(i - Low + 1). Each arr1y object fl of bot.l'•d - ·1n two ...., Flrat, ... -.'Low, and Miah 

must etl be te1al inteprs. Secondt)', Low Md '*th ... '*"'•d by tt. sin of ,._ veri ... 

containing the array object. 'Any att•MPI• to vtoliw-H:Ule~ res~f In • faiture 

exception: failure(''itteCal~lft~tfft fl-if c•'.W~ ~"") lri ttti ot:~. 'A 

variable (or object c~nt) ~ lyp9 maJITJ t, h) ........ Ible .to contllin err~ objects wfth 
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Low C!!. I and High ~ hi it may be able to cont.an latter errtys. :ff aftl.~¥._'..._Md;to • varfflble, 

grown with addh or addl,"or shtfted~w~. aUow,_..m.·u..t·~~:ft_f.·U.·~ wOllfd be 
'y;:·.:.; ::;~ ~.i:.:. ·' ~ ·-~~i:~·~~.;: ,;_·~'·if-~ ;i!);\') ... : -_ -~ ' 

eKceeded, then failureC"v•table overflow") i1 .........,~~·--fl·•ill•~ ., · · .. '. f.5 -.~ .... · . ..£,.,-!'\(-;.'.:<· ,J.:_;·~:. ~» ~:·,1;$.~·- . '1, ·- •. • .• 

For en err•y ·A. -we .Wufd ;.~ ~~;, ~~~;~ ~W.r ~~-·· ~t :that ot>;e,t, but . 
subscrJpts wilt be dropped wt'9re t._ •lodaffOn Is.... . _ __ . _ . , 

• ' ·- ...... : . :,_'i~~4if'·"; - ~-·<-.--'_i_1~~. _,,~i::_.-i --~:i.\~~_; .. ;,J~~~'f-1·-~-.:' ' 

· No·t• thft for 111 9'1'8Y ..... ~~~ ~~~;~-~-•!' t .. (..-•>, the" the 
states of 1he ··erpments ... ah•d':t~~ih.::~.,~~%\"::it,;~rt;~·r"' ,. ' ·. 

~uuth8,~:4T.tor--;JW'ti..,m ,_:. · 

create: proctype(eoeat<tlft)~ (AT)··. 

This returns en~f!IW'.~1~::*11 .... ,k . ._~:: 
ft1.· .. :,..:1 

new: pMCt7peO retuma 4AT) 
"'•\ .... 1 

E~ivatent to create(l). 

low;. proctype(cout Attftttn-1.1 (tnt) 

high: pNetJfM(ceMt AT) ..... ftat) 

sin: pNCtype(cellat AT) rehHU (tllt) 

set_low: .proct1pe(U1' AT, ONalt int) 

. trim: . 

Set_tow makes· Low equal. to llf'I~· This· operation . may_ ·hwelve ·-,.hys~; •htf.ti9f the 
e~nts of the .,.,.ay in .tor .... ·How...-, ·fiOok .-.. ........ .,..,Me on Many 

~---..-~;\D<Mlp ...... t~ 
" ' ~·:,-... . ' ' . . . 

. ...... ~· •,' 

This operation make~. low ~ to .~!: ~ ~~\!ff :.,,.~'-.'~ U. tuple of si1e 

min(ara3, .-.h' .. arl2·+ tfwhith occurs ift:Ettt'·•f iftdtK .--1-' + 1.I That ts, every 

e!emen_t. with •rr • ..-x fe¥r~ .. .a..-.~ ..... u-~ .... •!•.Z:• ._, Is 
r ......... d~ -Bounds JICCUll ft.c..z;~ ~,.( .. , ...... ~~Q,.~lOCC.S If 
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. fi't: . proct7pe(c:o111t Int, lat. T>ntw• (AT) ....... (N&tllw_.., .. 
w._,. T.ltu copy: pnct7peC11•1t TI flt ... m 

Fm returns "' erray for whfdt Low is .,.1, and ate Is • (IMX(O, •&2))-:tuple . In which 

· ·•vwY·'•:•..erif~tt ·•~~.,.,.._"', n e•·,.._, ••r~"tt-. to a•t the . ' \ ' .· . ·.. ' 

••....-ntC:• .,....,/"'jlU8---tcdfill IF._< Cl"'"~ •· 

fetch: seltype(iwO of T front. AT •lc•ll <bour*> 

bottom: 
·~' 

't~:. 

Fetch selects the. element. of •11 ·with •rey.Jnd9• ... 2. Bounds occurs if 

;C.1a< Lowfv(~·>-Ma,.). · · ·, '1i · • · 

~,.t1P.~0of,T,t1J!• ~t 1~atJt~) .. ·. ; 
,~lt1~J,!';f,T f.""':~I~ ...... !~l.,;,,. 

Thete operetions Mlect the ~ Wf#l .~'•"L-.,. -h, r..,.Uwly. 
9o.unds occurs If Siie • ·O. 

·, . .•)!·. .·•· 

store: proctype(Yar AT, cOn.t tnt, T) •lcnll·~) 
where T ha• copy: prc.tetJt•C•••t·•J>,..._:Ol · 
~n ',:;f ~· • "·~. ~ ' ' • "~ i J -·;:: ' .•<; ~: ;' -'t..' 

S~0re makes Elts • new. tuple which Cltfw.t front the' old In t'-1 •13 is t~ etement with 

· ,. · . .,.ll)'Lln6tlc •12•· . l~i is ··~·•cte · c:ppt,'1* occurs if 

· ·· •••aa ·~., <~2-» ,..,. '·· ,~ . ·'\> ·. .. . 

•ddh: proctype(Yar AT, conat T) 

when T h11 copya prect7pt(elilit lt*""'U> 

This oper•tion IMke• Eff• the new tuple Elt1' •<.-al>• Tlcopy Is Uled to cre.te the 
,{ . 

addl: proctype(Y•r AT, eoat T) 

· when T hu copy: proctype(eoaat T) ret1ll'U (T) 

This oper•tion makes Low equal to .I.ow' -1, end Eltt the tuplt ~a2> • Elt1'. Tkopy is 

·.· wed.to --.t• .._,.,._ OOff.PU,,.... • ....._.._._,,~fhit;•r8':.Jnc1ex~s of the 

remh: _proctype(Yar AT> ret11m1(T)1lraall (bounds) 



.. 
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·,,.• 

.· 

--- ................ .-.,.1& 'iii• .... 171 

.·. 
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' , . , , 

permuted.)• Records are mutable obj~tL Ttw at• of 1 record of type ncord(ld1: Tl•_,, ldn: T nl 

is .,. n-4~····'Tt.·~h,c111POMl\t'.t ...,_;._..,. . .,;'"'*''" ,,._ ......... nt~ le also celled the 

klrtoMPOMnt W.:~··tt•PC1cttl'":t':f1-'~1'i1,Y,J-.,.""'W..~ , · ~ ', . . 
' , ' .. · ' .. ' . 

'·~ ·.· ,·,. 

cre~Je: P~!l""~ TJ.·~~.:rn>,~~ , ,.:; , .. " '• ... ~;,; »:·. 

,,. . ;~ •• Tt ~ll;~~~; .... PfMl~Jt) ...... ;(Ttl 
. . . . '.· . ·' ,•'' ' 

, , 
. . -. - - •.. -~- ' -:": l -: ' 

This c>pe;.tion ret~ns 1 new record wtth th9 tUPte <.rat~ ..., qN> •·it• 1taie. It uses . , 

J'1ko~y to copy •It· Cr•~• 11 not w~,·-~v.W,'f•;IM .. fl.HnPlkltt·in the, 
' ' , ·. ·.. . 

. , 
Put_,~;: Pi'Ot!lJ,pe(t.,; llJ:• .t T1); .,,,. · :;' ''· · 

..... ~lttfeT/1tu,~Y: ...... ,T ...... ~J~. 

equ1I: 

This operation m-. the etp ·"*"~· '-'~"'•JIJ-~ clttfe• ~,_. tbtlt .,.in that 
tts ld1-component ii ·a copy ·of ara2 ..... """I ·T~. T._. ii 1 putJdf operetlon 

for, --. &.:, .. W., • :.• "•', ' . : ' : r , . , ,•-' <,· 0 "· :'.,. '.'<.. , • , < • JlllJ9'f"' ·~ ~1:'.:·" I . ,., ,,0'f.. • e,'.' ·.,, 

' . , 

proctype(eea1t RT, RT) ntafllt (liool) 

where each. Ti ltu ..,.a: prlitJPICCOlllt ~It T1) rett1ra1 (boot) 
'~t·:t~Ys·.~J.; -~~ - .. · · -1~·: ; l ~---(_? -~·! .'·r. · "'!, .... - ~ ~.-

Thfs .OPfHlfoft 1~~.t~~~ lf,,.&s_W'lct - 111..-nent by COMpOMnt wins 
T1lequ1J f.or'. the ld1-eom,onent. If tit the~ return retur:n true. the result is 
·:~~ .... ...,~··j,.._\"" .. n ·{<'1-"vl'·'·~''' :;-:; '.~· ·'·· " 

copy: proc:type(con1t' RT> retun1 (RT) _ 

where act. J1 Ital eopy: pnct~'Tjt'fttNrU (t~ • , 
· r-~ tr. .. • ; 

Thfs operation returns 1 record. whose ttlte 11 a copy of the state of the arsument . 
.,._,,ClOP¥ .......... ~·~ "i~·-•.-1?' ... ~ -_' 

.. >' 
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11.8. Oneof 1 

pairs <(ld1, T 1>, ... , (ld,p.TtJ>,·'.-. tff the ~-~--_...,l•ld•~1--19U.e is • 

type oneof{ld1: T 1, .. ., ldn: TnJ. O'hi uler NY wrh IHt .fytae Wm. the .,..... permuted.) ()neof 

objects are hmnutable. Each ~f ob,iect. is'r~l'liMe\icb,"W~'IJ'~e )( is'dffyp. T;. 

The ld1 pert of ., .... ,,,_. '.;Js ':e.W'tN''~fai:=iiW~,r11"'~ ..... . .. llbbttwiate 

oneof[ld 1: T 1, ~ •• ldn: T nl to OT betow. .. 
_,_'. ; ' ·· .. ·-"':. , ·.~~ .. . ;~"';¥,..: ~f'.:-o; ~:.~ .:·"' ~ · .; t;h,,.•' r.-r~:-.:i ,.,,.·{,· 

Mttk9'.:.;;1djt'pHlit~~)····,.,, ' "' . 

where T1 .... co,y: ,._,,._.. T1) flll!t81t1¥':",. 

This operation returns the Oft80f oJ>iect for the pW'~ "1>. ........ fjlcoPy. ·~ is 

. a m.•ke~ld1 operat~ ~ ·~.lc:Ji., . . 
'. . . . - ~~ ' " . . ~.~ . ' - ' 

is_l~j: . proctype<con•t on nt•f'lll (IMol) 

This operation returns tnae lff the taa ot .,I fl ldj. nt .-e 19:~1 ln'lhe tajcue 

statement. TM,..lt., 6aJ"1'~i~fof .. ._.t,l"f.' 
. ·' .,.... ') ' ... ~ . 

If the argume.nt has t11 lcft, this Mtect1 the vlllue s-t of ;.._:.,.tn9nt. Wrona_ta1 

occurs I! 'the tag Is not ld1; · . This °'8ration Is UMd· ••dlly by the tap.ate statement. 
There Is a valueJdf for eech Jd

1
• ;• «t> '. ":!' :.; i' 1 ~}~> ' • ' • 

e.qual: proctype(con1t OT, OT) retU1111 (beol) 

· .,...-... TJ-llal._.at: .W-t~:.Y~''i>'MHWt ..... > . 
.if. , • t. ,l 

. If the t .. s of the •1uments are diff--~ta..n,..., ............. Jff;ttle tea• are both 
Id;, then the resutt 1- r1a.qu.a ~ to the yelue pwt1 of the .,.umenta. 

copy: proctype(CQQ~PT>ftW.rtt,t-lOT) ..;' . > ' ·· 

'where ead. T1 hu copy: plectype<..;. .Tt> retwu· <Tt> 

Thls oper.tlons rehff'Rt ·Aro~ ~ ·~..., -~;~--•1nt, and • value 
part a copy of the vtfull part of the ........-. If ·U. t11 ti w,.· t~ the CC»PY it mecte 
using T11copy. 



• 
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11..9. Pointers 

The pointer type 1ener1tor defines 1n Infinite cl111 of typ81. -For eech 1re1 A,. a.,ct #'Kh 
. . . . . . . . . . . '· ,. . . . . ; .· 

type T, ptr[A, Tl is 1 type. The repre1ent.tlon of ~I ~'riot atliMd explicitly, but Implicitly 

t_hrough the .behavior of pointer objects. Pointer object• _,., ~-· . W. ~.-tat• ptr[A, T] 
.. ' • ' " ._!. ' .} , ") ·-· ·.... ' ~ 

·; to PT betow. . ~ .J 

nilptr: 

. alloc: 

proctypeO retar• wn 

This ope_r~~i~!1. rt.tvrns • "9i~Jfl-t-,1i9aa., t~no objeet. ·Tt.retore, t:t fs equ1I only to 
. · o.ther null ~i~ter~ of the same type, and ...,. ..• ,.,...,enc:M. ''. ' 

proctype(const T) returns (PT) 1ignaa. (falture(nrlftt)) 
where T hH copy: proctype(conat T) r:et•f'll• (T) 

This !>peratio!' creates a copy of 1r1l In are1 A, returnina. • pointer to the newty 

t:reated object.· The copy ts made '*nc Ttcopy •. Feikn occur• tf the are• cannot 

contain the new obje~t; the atrina stcMlled Is "area out of IMtftOfY". · 

deref: seltype<> of T from PT llrn•ll (bad_pqtnter) 

equal: 

This operatiort "follows" 1 poi"ter .to the •Ject pointed at. Bad_pointer occurs if the 

null pointer· Is dereferenced. 

proctype<const PT, PT) return• (bool) 

This operation returns false uni••.• aral and ara2 point to the same object, or ar1l and 

ar12 ere both null pointers. 

copy: proctype<con1t PT) returns (PT) 
j 

" 
This ~peratiort returns 1 polnte.r equal to lt1 ·araument. That Is, the resutt points to the 

same object as the ar1ument. 

11.10. A.re11 

An ·area object Is used for the dynamic allocation of other objects. 

new: proctype('con1t string, Int) returns (area) lignall (b~_....uments) 
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This operation retums • new area. Afial ft. ..,.... to, d•• u ilte: _,... sort of are• 

manage1Mt1t sdw·ls ~and q2 t.. for size. n.1111 'na...,.......,... is 

implementation cMplndllint. 

' U.U. Pi'Oced~ Jterater1t pct~. 

. . 

'' Ft:if'ftctt' p~ iterator; a.t.1etedor tytl8 ffweB_.,...__flllaFallli:t.WJ:eCM•_,,,,, 

and equaJ. Create is not ..,...'. to-.tt•- user; its use t.. 1........-: flt· ttwn• 111H•r Mid rUft..time 

system. Copy prffUmllbly.-. not copy the objed code0 9t•• •11.llllftlli!fllilP a ~or. 

Equ~ does not '""" "~- ..,w-.t•. ,._.,......, dld•rtrewr, ...... .._ ftlOdule 

.t .. ,~.the s~ P#Ml.,. (ff;,_,.,..,c,...•11id1..-;t1r•.ai"i~·l1 :Maia .. ;_...._ ot • 
.,'. ·; 

• :: , ll1-~ 1 '. ,_ 

'~ . ' 
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