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ABSTKAS$ON IN ITIE INTE, !AT')C.432I

PROIOTTPE $TYTEINS ruPI,EldESTTAfl ON IAI.IGUAGE

B, J, Maclennan

Cornputer Seiense Department

Navai Post graduate Sch.r:oI

Monterey. CA 93940

1. IIlrf,T['UtrrIOtT

This report describes the abstraction mechanrsm ct a prol:otype systemr implemea-

taiion languageri for intel's rAl4(-43? micrcprocessor, Tbe ianguElge tras iesigaed i.n

19?" Bilt Browa and nyseU (at latel) and rras im,pleuented Lr Simula in, 1978 and i979.

Irtel has kindly deelared this rork non-proprietary. sr: its l ublicatioa is now possible

[ 3rora.83].. *" introduetion to the tnnguage speejJl,catior [PSIL?B] describes the

project's goals:

1. "To provide an adequate toot for prograrnmrng ti:e ,iAID(-+32].

2, "To provide e:<perience in the implementatioa of languages and systerus for the

iiArD(-4321.

3. "To provide a flrst cr.d, at ad.dressing the pi:llosophical language d.esiga issues asso-

ciated with concr:rreacy, modularity, and proteeticn-

"I'he prototype language is e:rplicitty desigaed. as a learaiag tool to estabiish the real

requrrements for roeeting the above goals.',

Although. lhe prototyps ]angrage is norir fve years old. I think that it ha.s a ar:mber of

unique cbaracteristics tha,t justrfy its description- Fuil e:nploitation of the 43p,s facili-

ties places meny demands 6p 4 language intended for systems implementatlon- Tbe

432 is a eapability-based machine, rlth hardvare-enforced. tlprng of ,large, objects.

dynamicaily instantiated dornains (i.e., packages), hardware-eaforced inforuatton hid-

.9-
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ing (seais), as.d hard-rare-zupported. softrare-dettned accegs-rights (trademarks). The

proLotype lar:guage'sr support lor tlrese lacilitiEs is described belo* Ibe 432 also pro-

vides a very dynanric, message-baged model of coaeurrEnt exeeutioa; prototype

tangrrage lacriilies :o support t}is model are described in a companion report

[Macl83].

Tbe resl cl this report esseatially reprodr:ces Section 3. i and Chapter 4 of the proto-

type lnnguage speciflcation [PSIL?8]. To piace this material ia context it shouid be

sr:fiicient to hrow rhat [he prototype language is an ertensible data-abstraction

language iri the trzutibion of Alphard CLU and MESA- Horevar, [o meel tJre require-

raents of the +82, it i,s geaerally rnore dyramic than these iangrrages.

E VdIJESAUS OBIECTII

liatnral !.airgrrages distinguish betreea co;n rwn Bounrt and proper nouu ' Proper

tro&ns (or nanaes) <ieaote specife eatities thai erst (presumabiy), Corn"non trouns

denete eoacepts or abstractioEs, i,e., classes of entities, or classes of elasses, ete.

.dbsft"acfrons aad aniztrles are compared and eontrasted below.

Both ec,.tiiies and, abstractions irave attributes, For instance, iJ 'Caesar' is a aalae

for a spec:flr etrtiLy, re can speai< of vanor:s attributes of this eatity, sueh as ihe age of

Caesar or ilre fathe:r of Caesar. $irnihvly, il the word z refers to the complex nu::ober

1.+3i (which :s aa abstraction), then re can speak of various attributes of this abstrac-

tion. such as the real part ol a, or the uaagtaary part of z.

Abstractions and entlties can be contrasted as follows, Entities are thtngs that

exist as such" they c^n eoru.e into evistence or go out of existeace. They have attri-

butes tbat can be ehenged in time vi.thor:t alteriag the basic identity of [he entity,

That is, an entity ls6aains that sarne entity even though arry or all of its attributes may

have been shanged Tbis inciudes the 'internal. attributes,' or state, oi the entity,

Since entities have an ideatity which is distinct from the attributes possessed at any

given point in l'qne, it is possible that there can be two eatities which have lhe same

I
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attributes, yet are di:Eerent entiLtes. Strch entittes are called difierent 'rr-sJcsrces af

each other.

The coocept ol existanca is not appiicable to absLractions. Abstractions are Eirnat

less. i.e., il is ssnningless to speak ol thea s6rning into existeace or going out of

existence. Siace an abstraction is corapletely defned by its attnbrrtes, qhangilg iLE

attributes causes i.t [o be a difierent abstracllon ln tJris seEse abstraclions a,re

rrnnodiflabte. (It is. ol course. possible to redeflne Lhe name of aa abstraction. For

instance, tbe vord 'pi' rnight be redefined to refer to tbe abstraction l.?, but this

alterabion does not alter that number rhich is the raUo oI a circlg's crrcudereace lo

its diarne[er.) The fact that an abstractioa is compietely deterrnined by ii,s ablri.bules

also inplies tbal tJre eoncepts ol ideslity an'd instance are aoi applicabl,: [o abstr.ac-

tions.

Like natural languages, the prototype lAhguage distingulshes betvreen entities,, wbrcir

it ealls obiects, and abstractioas, which it caiis ualues. 'lh.e prr.gramrr:er generaily

deals with values (such as nurrbers or eharacters), except where uodatiag:, state infor-

rnation, or sharing are involrre{ ia which cases objects are recured. Ttre naudag oi

objects anri values is discr:ssed ia Sectioo 3.

3, gECIMdtrOITS AT{DBIIVDING;

As lras discr:ssed ia Section p, tJre prototy-oe language is capable of d.escribir:g both

va}:es (abstractions) and, objects (entities). To facilitate such d.escription, ,alues and

objects can be denoted by rords (or naraes). These correspond to tJre comm.on aad

proper Borrnr of natural langr:ages, Thls chapter describes how these word.s are

dettned, a proeess 6altgd bindng. Yalues qnn ats6 be d,escribed. by ,d.enotations,, which
are self-defining nanes for mlues. For e:rample. ,p, is a denotation for 3; it d.oes not
have to be expticitty deflned- This chapter discusses the d.enotations lor non-pri:nitive
values.
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It hae beeu shora that both objects and values have attributes. Tbese attributes ars

usually naned. bui can be deao[ed by inde:res, as i8 the case ritJr arrays. (Uttimately

all names are coasid.ered attribr.te traaes, siace the unmos of mriables, procedures,

Etc,, ar€ attributes of lhe eavironment.) This chapter dlscussee the ways in which

Eanes are associated, vith values aad obiects ('brading'). the rrays in rrrhich one cAn

restrict the elass ol values or objects to rhich a nEIErc rill iater be bound

('specifioaLion'), tlre rays of specilying ctasses o( values and objects ('types'), tbe ways

i:r rhich values can be constructed from more primiiive values ared objects ('conpo-

site'values), and. tire rules governing tbe coutext il'which ner'res are knowB ('scoping'),

specifcalioa: bind-mode spec.

qpec: fnarne]
id,-list : Ws

-spac
I
)

)

I saecifiaorimtr- I
bindin o : lotna lnaai umna -pgrtl .- t lohel-bittdin4' )

b't td'-wt: [ne'n6] Wn:;;g:k#fi
aind.-tnod.e iffi1 uob.titity .

uotatititE: tgl
sp: speeifinatian
bd: bittdittg ; .

ngure 1. Speciff,catioa and Birrding Syntax

Speci.tiso,timr.:
varx rerrl
poc fac(n: irt) -> int

Einding:
varx: real = 0:
pi = 3.14159:
poc fac(n: ilf,) -> int is
if n=0 tlren rrtura 1;
else retura. a'fac(n-l) ;

endif;
end fac;

Egure 2. Specif.catioa and Bisriing Examples

I'lre concept of a Ahding is of eentral importance in the prolotype ianguage. A bind- I
+
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irg is ths foru,alization of the natural-laDguage process of de0aing a vord cr aame. Io

thir process a cotntnoa aoun is associated rith a particular concepL or a proper net;tg

lr arsociated rtth a particular eatty. in tbe EaEne ray a biading associatas a lulEte

vLtJr a particular vatua or object (the tanguags does aot Cistinguish between corlrlron

trouDB end proper names). The name is said to be bouttd, to t.he value of objecL For

instance.

coast pi: rcal = 3,1*159;

bi.trds the aaroe 'pi' to tlre value denoted'3.i4159.' The biuding caa be paraphrased "pi

is deEned to be the real nunber 8.14159." The rcrd cosB EleaJE [haL rhis deffnitioa is

eonstant, or perrEareat. ritbin tbe scope ol i:he d.edaition

It is oltea r:setul to bave a ![ame that at, vrtnorur lirnes ean refer to difierent

ro.embers ol a elaqs of values or objects. An exarnple of sr:l:h a'variable' binding is:

varx: real = 3.i4159;

This eould be paraphrased "x cr:reutly staetis i*r :5e real nr:mber 8.141Sg.,, The bind-

tng is variable beeause the name 'x' cao be reboupd to arother vaiue of the same irce

(i.e.. reai) anyrhere within tJre scope of 'r' -ihis .s accor:rplished nrith an assignment

operatlon Formaily, vanabies are just changeriiie ur-bibutes of afonnoUject (Section

5) representiag the cunrcnt environu,ent. A.s a matter of convenience, the type caa be

oaitted rhen it ean be deduced from the bouad value. Also. eonst is assu.Eed, if it is

ooitted.

For the fo[oring discussion an understanding of Algol. scope n:les will srrfice. It \dtl
usually be the case, as in Algoi, that the current etrvironaent of brorn names is com_

posed of those de0ned ia the cureat (local) progrerr r:nit together with ilrose eon-

lainsd ia outer (non-tocal) progrern uDits. Ia Algol, if the curent progrAm r:nlt, defines

a nar!,e tbat already is defiaed in the non-local environraent. thea the ner aame super-

sedes the oid. Such iraplicit redeflnition is iilegal in the prototype language, sinee it is

a trequent source of errors. An narqe ccrz be red.eflned. in an irrner scope. but the

-5-



prograEBer Eunt qa.ke his intenton e:pllcit. by rrittng lsdailrnq For e:rarnple:
Ietvtrr rat

Ietrudaltnc61.:q int= 1;

anrl'

Itr the prototype [anguage, all biadings established. wlthin a given scope are lnter-preted to be nsd,rrally recursivre. This rrleens [foqt rhc bod.ies oa the right oi ihe bind-ings 'see' the narnps on th. ieft. This altoa6 sittrpiy recursive fi:nctions to be .ieEned. iathe obviorrs ray, e.g.,

1re fac(a:iat) = (n=0 => 1 larfac(n-i)):
this n:le also ailors seis of mutuaily recursive pr.ocedrrres to be d.efined. e.g,,

Pnicf=...g...;

Ptlcg=,..f...;
Sometimes is is useful to redeflne a rutEte in lerus of its previorrs (more global) rnearl-ing, For this purpose the rnutuaily recrrrsivre interpretation carr be suppressed by writ_rng rrqrrec. Tbis raeans that Ure right_haa4-side of the bind.ing will ,see, cnJy the aon_local environru.ent. For iastanee. it if rere desired to rededne ,Sin, so rhat it worked. interros of radians rather than dggress, fhis could. be d,one by:

troDrlqc ptte Sin( the ta:real) = Sin( theta/ 1 g 0 +pr) 
;

A binding deflnes the nnrns on the left to be the c.u,r.twztvalue or object d.escribed bythe e:rpressioa onits right. Thrrs, the blnding ,coastrr 
= Sam.car.weight;, caq be para_phraaed "deflne r b be the curreat reight of Sam,3 s6r..,, The fact that the car,sreight may later change will aot efiect tbe value of w. Occasionally it is d.esirable tointroduce a name to staad, for an attribrrte,s value at ail times. Thus, it might be desir-able to deffne 'c'lv' to Elean the reight of Sam,s c&r, at any time. This can be d.one with

)
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tJre biatitng:

I$rns cr = SaE"car.reighl

Tbis is an exarnpie of a 'narne deflaitior.' Alter this d,efnlton 'crl/ can be used any-

rhere 'S*n car,weight' eould lave been r:sed. For example" the reigb.L of the car ctn

6u ghanged by'cw:= 4015;'.

A qpecz.ltccfion. ,s egsr:ntially a binding rithout an initial value. Ib is trsed Lo restriet

the set oI ral,ues to which tJre narte rill be later bor:ad (say by extension).

Speciflcatlons usr:aliy occur ir, cl,ass-denotations (sectioa 4), E:ramples of

speeifi.eatlons will be found thruughout tJrls report.

class -dezrtzccrd
t:ttistz
tn:,.afl

-4en
-.dstl
-'&tt

"ny [ia

class 'rlan: slasg igr-.T us I :b' end [clasa] ,

gstvttsi f:f,qe mth.

recard-tgpa -den: recornl Edr etd, [record] .

uwisr,--fupe-&n: union fp, end iunion] . ,

eniltrl-tvpe -chn: erru, 
{ry;,* 

1..1 
}

Egure 3. liynta:r of Types

lL TYPES

The eoncept of a fupe ia the prototype language is very simitar. to a pascal type or

an Algcl 68 mode. Tbe difierences vill be diseussed later. The tylpe d.enotations (tWe-

dn) are the primitives rhich, witJr the type operators. are r:sed. to coastruct t)De-

expressions. throughout i.his docum,ent, tb.e ncn-teprninet tgpe Ls used. to d.enote such

a type-e:rpressioo- As in Pascal anrr A[ol 68 a llpe denotes a set of values or objects

that sbare gsrtain attributes and operators. Ihe specifc sets are d.escribed. beiow.

Perhaps tbe most familiar type denotation is ilre record-bype denotation A record.

(n-tupi, stnectr:re) denotes a unord.ered. heterogeneous data stnr.cture. See the exam-

l

type -tut :
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record,-tgFte -&r?.i
lrecoldre: rtaL irn: reat eBd

u*im-tnpe&n:
rrlio|l lb-inq RLraaL ad

emun-typ -furt:
€auE, [masc. lernn. neutf
c.nuE. (violet, indigo. biue, greeo"

yeilow, 6pange, red)

cIgr'.s-danl
elas tsoc Erore -> Bmle'n:

prcc reset;
lroc next -> ehar

end.

ngrEe 4. gyamples of Types

pie in Figr:re 4. Records i-o' Lhe protocype iailguags provide facilities now qurLe con-

n:on such as iD,itial (default) values lor flelds and posi[ion-indepeodeat iniUalizaLion of

flelds. These facilitres are justi.fed and described rn [MaeL?5], Chapter 6.

Since there are tro 'references' ia the prototype language, records can be directly

recur=ive in deffnition. For exetrlple, the following is a definition of USP-style lists:

cell = unim. atom: string;

nonnr:Mist:

nuil [J;

eB.C

list = record car: cell, cdr: ce& end;

if L is of type cell. then rro can digcriminate its variants by expressions like 'L is atorn'

or by a uwimtt cose stolemanl (see [HoareZS]),

in natural. lenguages, a class (concept, abstraction) is defrned by staring the genus

to which the m,embers of the ciass beioag and the attributes, attribute rnnges or attn-

bute values that dlstinguish the raembers of the class frorn lhe other members of the

gemis. '[his method of deflnition is captured by the clcss construct in Lhe orototype

Ienguage. Readers acquainled with the Simula or Smalltalk class sb.orrd be on familiar

^)
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grouEd. Coasider the class binding

s= ctrrg rlitlrd cnlit

lbe class berag defaed is 'tL' tJre gerrus is g aud lhe d{fleresrfia are d. The binding can

be paraphrased, "def,aa 'n' to be tha class of all g slsh that d." The efiect of lhe

de{lnttion is to attach a lrane to all values or objects v&ich are in the genus and satisfy

tlrs diflerentia (whtcb are speci8catioas). Eaeh specifleaticn associa[ee a sel of possl-

ble values witlr an attribute Darre. U thE altribute aLready oxists as an attribute ol t&e

genulr. then Ure rcspeciflcation must be coupatibte witb the old speciflca[io4 i.e., Lb.e

uer set of values mr:st be compatible rith (Le., be a subse'. of) the old set. An altri-

bute is required to have a particular mlue by specifying a singleton set of valrre.

Aa exanple rn'I etartfy these ideas. Suppose eiass 'anirtai' had already beea

defingd. l1re foiloring additional classes are defned:

bird = t lrr! aniwral ilth wingSparu i.A* ead:

parrct = class bird rit.h

color: enur[ {green blue, grey, brorr:. mixed};

name: striDg:

enC

greeu+arrot = etara parrot ilth
color: lgreeal;

enc

large.4anot = cl,ass parot rith
ringspau: [50 to 10001;

end:

These bindings deflne a hierarehy ol abstractions, each being a refinematt of a

preceeding abstractioa '[hus, a'bird, is d.efined to be any anima[ with a rnng span, a

-9-



parrot is deflaed to be a bird witb one of ihe speci8ed colors and a name' a green par-

rot is d.afinad to b,: a parrot ritb. color gree& asd a large parrot ia deflned to be a par

rat rtth a rrlsgspa:r greater than 50 cm'

A nr.ore useful ctass than parrots is deflned by the binding;

file = clw
y:m reS-'t:

p.re Eo:e -> Bodeaq

Pfe nelt -> ahrr;

pre put, (c:cbar):

on'i fllel

Thi:s defiaes a 'flI:' to be any object or value tbat has 'reset,' 'rBore' 'next' and 'put'

attributeg ;s specifled. A procedure lo copy one fl,le to another corrld be defined:

protr copy (11:fle, ('to ') f2:flle) i8

l1.re:et:

rhile fl.more rePat

I2.--rut (l1,aext);

en"d:

endcoPY;

Ttris procedrrre will work oa any values or obiects that have the specif'ed attributes.

For instance, they might be disk or tape files or arrays or sequeEees of characters in

I]lerlIOry.

Sometimes tJre only attributes tro or more lypes share is lhe lael that they partici-

pate in a collection of operations or relations. To allor this the prototype langr:age

provides for the denotation of types which are t.b.e discrirninated r:nion of olher t1pes.

(See the precedilg deffnition of 'ceil.')

f
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torudea f*u [exteasion] form-body end [Iaa] .

extensioc e:rp riti.
forn-bodp t tpuiel Bd J'.

ngErs n Syetar ol Forns
a Fmt

Forras provide a raecbanism for directly constrtrcting values by deffning their attri-

butes in tenos of o[her values and objects. A fonn ig a colleetioa oI biadings, rrhicb

eoraprise the a[tributes of t&e value. The altributes rnay be procedtral data, type, or

otber values or objects. lJnliks classes. Lhe attributes of a fora. are divtded into two

groups, tire pnvate ar,rnbuies aad ihe publie attributes, T'he pubiic aii:lbs'r.::s :le

signi.0.ed by lhe rorC public proceerling the biadings. These attributes can be nade

visible outside the loma thraugh :he iltt, stateoenl (described later). The names and

tlpes ol the prrbiic attibutes deto:mine t:he type of the form.

Aa object can be coustruJttd aecord.i::g to a Iorm by preceedlng the form witb. r:b.i.

lbis is the primary mechanrsm foi. direci:ly constmcting objects from other values aarl

objects. Exarnples'*vill be seen, beicw.

On'e cornrnon usre of forru values is tc deflne 'libraries, of related procedures, eon-

stants and types. !'6r inclance. a iibrary lor compiex arithmetic could be d.efned. as in
Ftgure 7. Wben srrch a library has beea deflned it can be used. as follows:

rith CompAritb do

let, var z: comple:c

let, rar o. b, c: complex:

iIz = ithenz:= a rb / c; enC

ea*



I
laa,

pHic mr r reaL
publicmry real
lruHre 1re rho = (* + y9)r(lt?l;
putlie proc tJreta = aretaa(y/x);

end

Hgure6. Exanpte of Form
Since a Library is jr:st a set of bindings betreen tuunes and oblects or valuee, and ag

such has ao 'rrertrory' (i.e., stale informaUoa) it is appropriate lhat it be defned as a

tora, uahn (as opposed to a form ob3ecf). Aa exarnpie ol a structure vhieh does have

Erernory, and thus sbor:Id be irapiemented as a fonr,-obiect, is a stack. A partieular

Emssage stack. 'Msgstk' can be defned by a brnding zuch as hhaf, js Frgrrre B (tbe

scquace operatioas are buill itr and Lhe type rzuaacgs i3 3gsrrmsd to bave beea

defrned), It is now possible io pr.rsh rnessages oato and pop sressages of! of Msgst&:

letvarm"n: trrcssage;

Msgstk.push (m);

if not Msgstkempty tJeen a ;= Msgstkpop; en4

The combined porers of classes and lons,s provide a vetY rrseful facility, nemelv, lhe

ability to have multiple implem.eutations o1 3 single abstracl lype. As an example, Lhe

abstract tlpe 'message stack' rill be defrned. One lorm will use lhe sequence im.pie-

mentation used in the prernous e:cample, the other will use ffnite ar:'avs. The abstract

concept of a message stack is deflaed by the folloring class:

Etressaga atack = mstk ot{ect

rrhere rns{,[ = qlSgg

pnoc push (m: message):

proc pop -> Elessage;

pnoc empty -> Booleaa:

end:

^)
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CompArttJr = to@
grHic coraplex = ttcotd,re: ruat iou rcal enf,
nrbfic eclti = comptex (0.1);
pnblic puc 6 (x eonplex) + (y: coo,plex) =

eomplex (x,re r. y.re, x.in + I.im):
puilfa 1roc 6 (* complex) ' (y: complex) =- conplex (rre - Y.r'e. rim - Y.i-h
pUfc p'oc ? (* complex) r (p co"'Flex) =

complex (x.re t y.re - &ila t y-irrr.
lsre . y.in + x.iro . y,re):

endl*a;

ngure ?. Forr,lor Coa,plex -Arithm,etic

A procedr:re 'set "rrstack' (for 'sequeacF type' Etessage stack) ts aow deflned rrhich

retur:ns a Ber sequeace-based stack objeet. The actual dgflniti6n of Urese objects is

t-he sane as ltrsgstk. see Figure 9.

Aa alterrraLive irnplenentation of 'nessage stack' rs provtded by the procedure

'ar-mstack' (for 'aray-l1pe' message stack) wirica retiu.n-s a nerr arry-based staek

object of a givea size. See Ftgr:re 10. Note that a iorro-retr.iraitg proc( dure has been

used to get the efieet of 'geaerie' forrns; unliks ia Ada, a separ?.te generic mechanism

is not required in the prototype l^nguage. Note also that ,arr_.rostack,s have an addi-

tional attribute, 'fr:11' which inquires whether lhe stack is lr:IL Thi: attrrbute makes no

sease for 'seq-.nnstack's since lhey are r:nbor:nde<i ;.n srze. Regardless of thrs extra

attribute. both'set mstack's aud 'ar--urstacgs are of type 'message-stack., This is

because they both satisfy the deftnitioa of 'message-stack,, Le., tb.ey have ihe required.

attributes with tJ:e given specifl,cations.

I'he folloving progrrn fragment declares several stacks r:sing these proced.ures

(inctuding Msgstk) and declar.es a ,stack variable,' CurrentStack. which at various

tines rill reler to either segueace or a.rray based. stacks,

-18.



I
tr[sgstk = obJ form

varst: Eressage requsoce = i];pblic pc prxh (m; message) i.r
s1;= i6n] + st; eBC

public 1r'oc pop -) message lr
lct, toP = st.flr€t;
g[, ;= gt.final;
retum, top;
ell*

puHic prc em.ptY = (st = []);
end.loru

Egure & A Message Stack Form-Object

Iet MsgstJ< = se*nstack;

atEoAnsstk = arrstack (50):

allo var CurreatS[ack rnessage qtacki

Cr:rrentStack : = Hsgstk;

Currentstack := arrs,stack (1.00); '% A new array stack

Il CurrentStack has fu]l t"b.en

Il not Cr:rrentStack.fuil then

Cu:r enlstack. push (m) ;

eart

ea*

The iast statement uses the bas operation to determine jJ the stack now referred to by

Cr::rentStaEg has a'full' attribute.

\\e esterwistt, part of a form allows oae form to be created vhich is an extension of

another !oru- That is, a Ber fons. ean be created by adaing or respeeifyrag attributes

of an exlsting forra, whieh is sirniJar to the Siroula and Smalltalk subclass m.eehanismg.

It is here illustrated by aa example adapted from the DEC-10 Simula rnanual. Consider

a lorao that marripulates vectors (Figure i1). Note tbat the procedure'Dorrn' rs not

bound, it is oniy specifl.ed, even though it is used in the 'aorraalize' procedure. A

I
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I,firc seq-Estack =
ob! tau-tar*, 

trressag€ *gsoca = ii:
pHic Poc Push (m:-mesrage) ir

st:= in] * sU ead:
publlc Poc PoP is

let top = st.{lrit:
st:= st,fnal:
rcfrrta,topl
.nrt

puHic Proc EEPTY = (st=l]):
endforn:

Egure l). Seqrrence,iyle !fiessage Stacks

speciflc 'tr')rn' proced.ure ean be borrad in aa extersion of 'row'' To coBtiaue t'he exam-

ple. two e:<tensioos of 'ro.tr,' witJr d'if,erent 'aonn' procedures' are definedl see Figure

L2, Tbrrs 'rorl.normarizs;' vill, aorr:ralize its array rrsing lhe flrst 'aoma' and

'rotP.aprrralize;' rill ncrraaiize iLs aray using the second 'aornl'

6. AEETETU ffiPEEIIOlt

The attribute corzposiUon olrcrators allow f,[g rnanipulation ol the attributes of

vaLr.'.u:s and objects. Th€ expression

c exchrding {iduide,, ', ' i.4)

is ihe sanre object or value as E, except that the attributes id1, 'id2, ,.., zr{ are no

Ieng*r avarilable: they have essentially been rnade private. For instenee, if it were

desired to pass SyaTab lc a procedtrre P in such a way that P could no! enter anything

into SymTab, then an approapriate inrrocation rorrld be:

P(SymTab excfuding (enter) );

Sometimes it is easier to state the attributes that are to be kept than to state those

that are to be deleted. This the purpose of tJre incfuding operator. the expressioc

r includng (idr,'id", . . . , id.,')

is the same object or value er z, except tbat ail attributes other thcn idy idz, ..., i4
are Eo longer availabie; i.e., the only prrbLic attributes are id1, id,p, ..., ;.4. f'or

instance, if center is a twodimenstonai position (vitn UotL Cartesian and polar

-15-
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5

IfE ar?4staek (size: int) =
obi fm

rrrrst: E'essage ara"ay [1 to sizaj;
rar k [0 to sizef = 6;
public Aroe pwh (ru: nassage) ig

it fuIl then error: a't
t:=t*1:
st[t] := m;
enC

puHic Frc pop -) message is
if empty tien eror: eud:
[:=t-i;
rehrla' st[t + i];
enC

pHie poc empty = (t = 0);
plrltc poc fuil = (1 = size);
cn'l lOtU,;

II$re 10. Array-t1pe Messaga Stacks

coordinates), ttrea a strictly polar versioa of the value is:

ceater iaclrrdir:g (rb,c, t.b.eta)

The last attribute composition operator is merge. If z and y are objects or vaiues,

theag Betgeg is avalue with all cf the attributes of boths antl y. More precisely, for

every attribute of either a or V, there is an attribute in, Eerge y with the same niiEre

as tbat attribute in r or g, Of course, r Erergey is defned only if the identifi.ers for

the attributes of a and y are disjoint. 'ihs Ererg€ operalor is usually used in conjunc-

tion with Lhe rith, statemeat. For exampie, iI Math I'ib and Flotlib are two forms con-

taining libraries of procedr:res, then ai! tJre attributes of boti eaa be made available

by:

rithMat.bJib mertePl6t I.i! fle

end.ritlu

It ibe only proced.ures aeed.ed, hom Math l.ib are Sin ^nd. Cos, then the follornng wor:Id.

be better:

rithPIoL-Lib

merge MatLLib inetuding (Sia. Cos) do

-)
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,t

rrntr = ob! lc:m
pHic varlL red arzY-
hutcxrocDorE -> rgali
fubttc P'oc nonoalize ir

letvrr t=aona:
ift<>0tb€o

t:= 1/t:
fornams ai ilAr€Peat

ai := ai 't:
etsrd:

ead;
endnorraalize:

and fcri

Hgure 11. Forn Obiect to Maaipulate Yectort

alr.r rith;

?. IBAIEIIESiA!{DSGAIS

?.1 ftadcoarfu

A.s discussed, in section 4, a set oI na-aed (or aumbered) attributes and tire set af

values or objects to whieh Lhey may be bound determtne a class' Io' that seetior Lhe

class file was dettned:

flIe = class

1ru reset:

IEoc EBore -> Bodean:

pre ne:c! -> chac

proc put (c: char);

and r.lnru;

Tlrts defines a'flle' to be aay object or value with attributes 'reset,' 'Eore,' 'next' and

'put' of tJre types specif,ed. fhts is a powerfuI and flexible facility. It, allows the

defnition of procedrrres such as Copy (deflned ia Section 4) that copies aay 'flle' to any

other 'flIe,' There may be Enany implemeatatlons of files, e.g., disk-flIes, character

sequences. and character generators, as long as Urey deflne the stated attnbutes.

'lXrere is. of course, no gr:arantee that the attributes of a particular flIe irnpiement the

-17-
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rorl = obi f*t rorrith
prlHic 1ru nonaic

leturrt: red = S
lorai inArqnal

t:= t * ai;
eml:

retuta t ? .5;
endnorm:

errdfof:n;

rofa = obi fu:E. row ilth.
pblic luoc norm is

let vrr s: real = 0;
letvru t: real
for a. inA repeal

L := abs aI:
if Ll's thern s;=tl end;
end:

retrrr:n s;
eadtrorm;

eadlorn;

?lgure 12. 'lxiensions ol Ror

functicr,s irapl,.ed by tbeir nnglisfu Eulres; iL is oaly required t]at the lypes maich. This

is esmetimes Esatislactory. tn partlcrrlar tb.ere will be c:rcr:mstances i-o' wbich a fiIe

(for exa:r.pie) is required rhich has beea fqrnally or informally verifed lo satisfy cer-

iAin propeltiers. For instance, re worrld e4pect that'rriting a fiIe, resetting it, and then

pssrting it would produce the originnl dala. Siace the prototype language includes no

dire*t support,lor veriflcation* some other means mr:st be provided for this protection.

Thjs 13 r-be trodansk ]t is essentially the sa.''e as tJre transpwent seal described in

IMorris?3].

Anyoce cen coastJtr:ct'flles.' The rtFnger is that. althcugh lhey rnust satisfy the

ciass definitioa, Lhe flIes may be defective in some subtle ray (e.g., are write-only) or

are otherrri.se rrnacceptable. Ia tbe real world the eonsumer c^n protect htmsell by

sltdning his flles t?om a'reliable source,' i.e., a souree that he is confldent will provide

hirn vil[ an aceeptable 'flIe.' ]n the real rorld there are lwo ways a consurner cFrt

ensure that a given'flle' comes from this reliabie source:

L. Request it directly form t}re reliable source.

-1&
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s,tnta:t
od;tr <ryrussiorB : altr -tqrn trer3e

,*,*fiHffiinltr-tsrttt: (id,,..)

EramPles.
ldathl,ib m€ryP Ptotlib
SyuTab erchlaiag ( enter)
cinter ircfudiDg (rho, tb'eta)

Itgure 1& Syatax of Attribute Com'position

2. Require that it bear lhe 'traderaark' of the reliable souree'

Case (1) is straight-fortard' and requires rro firrtb.er discr:ssion' The Erademark whrch

an cbject or value bears is an altibute. jr:st 'rs, for instance Lhat objects's or value's

color. The difference is that tJre genera[ioa aa6[ aff,ashing of trarienarks is stnctilz

conlrolled. iB the real rorld this is a fr.pction of tbs governneat (sinee a trademark is

private property); in a cornputer syst.:n it is a'tninistered by the progranrrung

Language "nd Snforced by the operating'gy'stenr and bardware,

la the prototype langr:age, tradena"'k: are rieclared only i:r forms and classes' Such

a declaratioa takes the forca:

i:rademark.\esre;

which declares the lrademark 'Acne.' This has Lro efiects: rvrthin tlre form in whjelr

the declaration appearsrr atl e:rpression srrcb. as x {ua Acme returns a version of x with

the tradenark Acne. Outside of tbe form of declaratlon the trademark's aame can be

seen (like other pr:blics of tlre form), but aot rrsed for applying trademarks. An expres-

sion such as

il y is Acme thrn'...

will detenuine whether y has the Acme tradernark. A fiLe bearing the Acme traderqark

is denoted by 'Aene & fiIe,' using &, the tlpe-intersection operator. Thr:s, if it were

desired that Copy onlywork onAcme files. its procedure head could be writtea

p.oc Copy ( f1: Acme & fite, f2: Acme & file) is ...

-19-



Syntax
l&el -binniaq : l&el<twbty id,-ti,st,

l&el<twiaty

&ramples.
tra&mart standard:
seal atonr, null:

Plgure 14. Syatax for Tlademarks and Seals

Ot eorrrse rt is possrble fo bave ruore than one trademark on a value or objeel, or to use

t&e same trademark on several classes of rralues or objects. (Acme roay also ma}:e

very fLre stacksl)

TIre exaraple in Figure 15. rhich alloss ib.e r:se ol both degrees 1a{ i1{jnnr, is a

npn-traditi6nal 1:ss oI trademarks (r.e., rrnr[s,;. Note that we have also ov€rloaded ihe

assigr.uent operaLion: this defines coercioo,g between 13fians and degrees.

DoubleTrig = fotu,
tm&mar{c deg:
tra&mar{< ra4
pi = 3.14i59 2853589;
publie tn- degrees = deg & real:
prblic t1rtrr radians = rad & reat
puHic const nght-angle = 90 qua degrees:
public Dourec poc Sin (Theta: degrees) = Sin (fheta);
public aoar?c prc Sia (Tbeta: radia.") = Sia (Theta I pil180);
pullicpr.oc (mmeTheta].: radians) ;= (Theta2: degrees) is

Thetal ;= (Theta2 r pil180) quarad:
eod

prHic poc (aame th.etal; degrees) ;= (Thetal: radians) is
Thetal :- (Ib.eta2 r 180/pt) .lFrr deg;
enc

puhlie proc ('Ibetal: degrees) + (Ttreta2: degrees) =
((Thetal + Theta2) \ 360) qrra deg:

.u.til:

Itgure 15, Iaplementrag UDits vtth Trademarks

These declaratlons allov lhe rrse of angles Eeastrred in elther radlaEa or degrees.

Ibrther, tbey ensure tiat the appropriate Sin routine is r:sed for each r:-ait.

f.t Snrh

'[f1s rtrnin pur?ose of a trademark is lhe protection of the user of a value or object.

["*-"rrli** I
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T.hts is accornplished by ualorgeably ideattfying tbe eource of a valrre or object to its

potstrtiat ultent (rhich tsens aay ioctude the obiecUs or valu6'g creatorg). A related

eoutnrct is thp sgor, thich can toorely be described as a tradeuarked box l$orrigitsJ.

Tiat is, tha obJect'E on valus's origioator is rroambiguorrsly ideatified as with a trade-

nrark, but all other attribrrtes ol t&e value or object are hiddea outside of the form in

which, it is declared. That is. tb,e object or calue appeam atomic outside tlre form in

rhich the seal is declared,, Insid.e this tor:n t.he seal acts jr:st iike a irad.emark, i.e., all

tbe attributes aftr visible. For erample, the foru, in Figure 16 provides a coUection of

procedures for creating as6[ rnaniprrtatlog 'particle' values. Outside lhe form, 'parti-

cleg' arg atomic.

ParticleJib = loru,
seal particle;
part = recad

spin [+1, -1f;
charge: l-3to3l:
strangeuess: [+1, 0, -]"lt
ehan:rf, [-1, 0. +1f;
ernd;

1xrhlic u-.quark - part
puhfic d-4uark = part
ptrHic s-4uark = part
public e--qr:ark = part
publicproccharge (p:
pub[ie proion = part (

(+1. +2, 0, 0) quaparticle:
(-1, -?, 0, 0) quaparticle;
(*1. -t. +1, 0) qua particle;
(;L, +2,0, -1) quaparticle:
particle & part) -> real = p.charge/B;

+1, +3, 0, 0) q]lra partrcle:

puHic poc (p: particle & part) + (q: particle & part)
= part (p.spra + Q..spia

p,charge + q.charge
p.strangsaess .F q.strangen.ess,
p,charm + q.charm) qrapartlcle:

endfau
flgunE 16. Exarr ple of Seals

It will tlren be possible to rrrite statemeats sr:ch as:

ilth PartlcleJib do

if proton = r:-qr:ark + uquark + d_.quark then...

The 'quantr:m aum.bers, (such as spia aad. charge) are hiddea outside the Iorm except

-2L-



rhere e:rplicitly rnade available (as is doae ritJr charge, above).

In summary it cnn be seen that seals provide anot&er level of secr.inty beyond.

trademarks. $6als, Iike tradaElarks. guarantee tJ:at only the orner of tae sea. carr

ereate the sealed objects or values. Seals enlorce tJ:e further restrietioa lhat only the

owaer of tJre seal carr inrpect the attributes of the sealed objects or mlues.

& rmilE[Irr, orilrsEPAlro Etr*-r[st(f,t

IIre prototype languags distinguishes betlreen the scope of a variable and the ur,silzJ-

,Jy of a mriabie. The scope of a binding is d.eteraiaed by the type of the binding aod

the static oesting ol progr"rn components, Geaerally, a biading can be seen orl;r

within its scope, although tbere are circu.ostances in wbich it is utsrle outsicie tts

seope. For inntance. the rith construet provides access to [he publies of a iorm: in

otber rordg, rith makes the pubiies vistbie tbroughout the body ol the ritlt

The environraeat in which . b;irg is mad.e is defned to be tb.e oltnErcf that biad-

ing, arrd any object or vah:e created in tb.at eaviroumeal is likerise owned by tha!

euvironm.ent. The ovaer of bindings, objects and values has special prrviieges noi pos-

sessed by otJeer ervironrnents to whieh l[s narnes, vdues and objects may be vi.sibie'

lbese special privileges are, horevsp, inhsriled by any emnron:s.eats in Lhe scope of

the binrrings,

Ttre above narngd privileges hinge around the ability to see the private bindings of a

lorm- Ia particrrlar, ia the scope of a fomn creation lhe private bindings wril be accessi-

ble just like the pubiics. th,is is especially importaat to tlre extension operalion, since

aa exteasion to a form rill 'see' th.e private bindings of tbat forn only if the exiension

is rnnde in the environrnent of the forr.'s creation- 1rr gxarnple may clarily these

ideas. Recall the defnition of 'seq-anstack' (sequence-based message stacks) in sec-

lion 5. Assr:,me Lhat this is a public binding in sorae form F. Further, assr:me that

someone aot in environsreat F wants to extead sen mstacks with a D.ew operation,

'pruhFll,' such that

-D9-
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S.pustrall [X1, ](z, "', XD']

viII prrsh all of Xl, )8, .'., Xa oato S' lte tiffr construct mtrst be used to m'ake tJre

EaE€ sat mrtack visibie. 'Ihs lorm c'eaotation is t&€n used to perrorm the extension'

Note, horever, that since oaty the publics are visibte in the extEn'sion' only tJrey can be

r:sed to implemement'prrshall' fEigrrre 17).

rithf e
let Pc rorrlti-etrnsLaeE =

obi fotu, se+'nstack titlr-prtlic proeprrshall (ms: mtrssage mqrreace) is
lan inrns rBIEat

prrsb 6;
enretai

andpushall;
eadfcu:

eud ritlu

Flgure 17. Ertending a Forrn

II, however, Lbe extersioa 'vere made ia the owti:rg eE'.dn)l:ul1enl, F, then Ure private

bindings of the sel ftstaek would be available, [hui perrullt;ng a simpler implementa-

ttou:

pre multi-seq-nstack =

obi foru. seq-srstack vith

puHlc proe pushali (ras: mess^ge seqtrence) is

St:= St + .nR:

endPushell:

endform;

la this case pr:shaIl is irnplemeated by directiy manipuiating the private d.ata-

structure, St,
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