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We coxmnent briefly on a recent article by Jay Earley 
whose contents will be of interest to these familiar with 
the SETL project. Earley describes some of the feature~ 
of a very. high-level ;.anguage, VERS2 (impleraented on the ~Ll 

extensible system of ~gbreit at al.)whose overall design 
has a number of points of con-tac'.: with SETL, and which ... 

includes some very powerful pri.~itives not provided by SETL. 
We wJ.ll see in the course of their description that most of 

these can be realized in SETL without undue effort as 
syntactic extensions. However, the VEP$2 pattern-matching 
operations specified by Earley are a set of semantic faciliti~s 

whose realization in SETL would be non-trivial a11d worth 

~tudying. We discuss first the composite data.-types of VEF.S2. 

We will then describe iterators and related operations, ~nd 

finally examine pattern matching. 

· !!ata .. ~es 

The motlvation behind VE:RS2 is very sw.lar tt, that whj.ch 

gave cr.igin to SETL: the need for a pcwerf1.1.). 11m.g11age f ,::r: 

algorithm design and dt!scription, where matters of efficiency 
are £Ju..'lordinate to expreRsivene:.;s. .A.s a :r.e:sult, VERS2 uses 

sE:~ts, mappings'" and some of the notations vf. mat!1ema.tical 

set theo.ry., In add.i.tio:r..1 1 data-types that have proven usefu,1 

in a !Hlrr.ber of progra,mn.ing s:!J::.•iations, namely :ai.st.s and 

structures wi tn. named fields! a:ce also pri:.wided. The fo1 low:Lng 

list describes each type briefly: 

a) :!.,.ets are ui,ordered collect:.ion.s o-r- hom.og~J?,eoue Va,lu'=.'3. .. 

Eg . { 1,2,3,4} 



b) -~_{;.fUC-!.nces_ are ort".ered oollactJ.orH4 of ~:amoger~•'WUU 

"ITalues. They corre~pond to thet Sl!;TL tuple, and are not;ad 

[ a,b •.. ] 

c) !!!21es correspond to the ·struct.ur~~ of ALC-OL or PL/l. 

They have a fixed number of named componentn. 

.. - .. 

d} Re~at}.:~~! are sets of tuple~ describing mappi.11gm 

between values,, They correspond to SETL t.abular function;-:;~ 

e} ~~ like relations ars mappings, but they 

are required to be total, so that the value of a function 
is defined for every point in its d0111aln. '!'ha domain i.tsoJ.f 
haa to be static and c~"'Ulot be redefined. A 

f) Ordered-sets are linked lists,., constructed b~{ pre-· 

senting some ordering relation on tJt~ ele.~er.;,ts of a. set o 

Onc:?e constructed they are accessed li.ke sequences, but they 
are modified like sets, 11sing ·the p1~imit.i.v~s ADD and DEU?TE 

{similar to SETL operator~ ·!!!_ ·and -~).. Conceivably t.he 

pri:mi t.i v~ ADD when applied to an ordered E!!et, will 1;1rike \.me 

of the ordering defined on th:i.a ~et t.t1 inae:rt a new el~ment 

in its approprate position. 
g) Bags, i.e. sets with repe3ated . .!!1&'1len.t1.1: art: *J.so 

pro,.v"i.ded., 

'Iterntoxo 

The quantif:~ers : a and 

SETL,. An ini:;;:resting se .. mentic dist:tnctJ_(,r\ is macl.e bet:wer:-?i1 

itF.·l.·atr..n~s and it.e:'::a.tive O'l::~rat:ions., Ir. the e.:-q,··n:-1,;~;;,.si.<:-i:;;'l' ----~,..,.__,.....:i ____ .....,,_J!'r---.~--------·------
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Tht:! itoratlve op,irationa :a:·· :i.n~:i Y yield. l:ioclaan ..... ~.lue;;::;. 

To express an iterative loop that performs a bJ.ock of c0{1e, 

the iterative operation FOR is used (where in SETL V would d,::i,~ .• 

Iterators without iterative operations appe~ in.the usual 
set former: ·{ x£s I C(x)·} and also in a shdlar sequence 
former: [ xes j C(x) ] • Notice- that the same iterat<lr 

is used in both cases, bypassing the explicit mention of 
an index U3ed in SETL to iterate over tuples. 

ror numerical iterations, the following fora is provided: 

A -E-4.r n(A), f 

equivalent to the SETL dictions: 

A • i 1 uutil A 5 f doing A • n (A) J •••• 

.... 

A converge iterator useful in connection with real.sis provtdedr 
which iterates until the same values are ge:nerated fc1r tit~ 

~teration variable~ 

A~i, n(A), e 

This would be expressed in SETL as follmve: 

new • i1 while (old ~ new) doing [old • new~ new = n (new} t J. ~ ~ ,, 
when using real variables, !_ will. be an epsilo2A defininCJ 

coftvergence, i.e~ the argt.1ment of the whits clause above will 
be ((old - new) it e) 
otherwise e is rnnitted., 

Iterators appear in the defini tio:n of c@.posi te r.lpaz·atox-$, 

s.s in SETL. WHil,.:JJ and UNTIL operators axe proirided. Pi:na.lly, 

a simple algeb,:·a of .iterat.o.rs is defined~ 'l.'1-le, eiequ~mce 

i ter ntor 1 1 tera. -.:.or 

sequence 



The parallel combination 

iterator ! I. it~rator 

generates the first value of one sequence, then of the oth.nr. r, 
and so on. The para.llel combi11ation can only be applied 

to sequenceg, and its advantages seem slight. Seve~al 
additional i teratbre operations deserve :mention: TlfB G FJ·RS'f F 

and LAST return the only value generated, the first or the 

last, respectively. The action of FIRST is clearly identi;;al 
to that of the existential quarltifier: 

truthval • a xes I p(x); 
first • x s 

when. i teratbiri o·,;;-er. :gets, tl".ie action of LAST cr.n be G=,r,-p:'i.'.•".:~;,g.*a, 

by the code block: 

(: \' (xe:s) if p {x) . then last. = x;.r 1 return last1] 

tbe action of. TF..E requirefZ a slightly lengthier e:>cpr1:1HHt:;.0r, ~ 

[: i m 01 \'(xE!:i) if p{x) then the~•::::; i=l+I;;;; 
.. 

rat.urn if t ~q_ l then th~ else £!!.f ] 

Not:ice howevtn: th;1l: the pnir.rn.· c:, f thet'H3 i t'i-'1ratt•.re .-:,pf:D':si.:'..::J.c:t s 

is gr'<:"la ter th£-.,n t.h~t of the sr;TX., e.~rpr(,G f.ionu: · a:be:-v,?.., In 

pa:rticulaz·f a d'iff.e~:sr~,nt fc,rn, wot1ld h~.Ya t:Q be •tofr.if:t:::n i.n 

SB'l'L :::o:r: -each ty1;1z,, of i tr;,1rat,.,-:n:- :· while in ;,-:~a~si one ca...-1 wri. l::f:; 

.. - ,. 



DEL (delete) and REPL(replace) can be applied to iterator~ 
with obvious results. For e,ca.mple 

REPL x£e I (x ~ 5) WITH(x//5) 

would correspond to the following ·sETL code: 

· !.! = s; <V xesl) if (x ~ s) then x ~ s1 C-~//5) in !Jn 

We mention finally that an iterator is 

all members of the power set.of a set, 

of 3 sequence: A ~ s 

provided. to genera·b~ 

or all subsequences 
(Notice that 

. . . 

in the current SETI, implementation, it~rations over the 
power set of a set are carried out without explicitly 
constructing the power se·t, set rather by_ genera.ting each 

element of it in some arbitrary order. The same intent is 
apparent in VERS2). 

VERS2 is intended to have pattern-matching facilities 

simlar to, but more powerful t.han thc>se of SNOBOL. In 

particular, matchings <::an be attempted on any dai:a-type -0 

Tt..> support these facilities, VF.F.52 makes use of a prhni t:i.ve 

MA'l'CB 'operation, and a r.leW da.ta-typ~, the ~xt12,~s:toz •1ari~ele, 
--

An extractor varie.ble is sinrl.lar to an imm3diat.e essigrl.Ill(';n,t 

in SNOBOL r and it pro-;,"'id6s t},,,:;:!:C(!fox·e the eq-1.d valHnt of th<E': 

SNOBO~ ~luated ':?!E!e~~-!.~n·~ facility, As a sug~r,e-stive. 

example, consider the following "JERS2 statenient ~ 

(where p has been de:::lared t.c, be an ex'l:.X-3.CWJ;') " 'l'hi.s Cl;.t'r.1. 

be exi:·ressed :i.n SETY. il6 tol:tows: 

< e..etl f ~1e.t2 > '.Id a ; 

mat.eh s• :i.'. p£ r1etl, ge: ~mt2 ! (p ~ g } 



'--

It is claar t.h~t at!j the f1t.1t.te.1::n. t{J be matched gx•cMtJ 

in c0tt1plic:at.ion, the SETL t:1004~ nooaes~ry . to describe the 
t- h:l 11'1 b ,. .... ~. t· ~ . .ri....,.,.i:~ .11 ....... ma ~C . ng w _ ecome more o.oac.1.1re,·.~ n1.~a . ..~ ~t-~.,.e,.. s..;y .. ,i-u, 

MATCH primitive is a fairly t.t.la.borat-a pa:rsi.r.i.g £-,lg-ori t.hm 

capmle of building arbitraey trees. 

The fc~llowing detail~ conc~rn.inq pat.te1.-n-m,tchin9 i.n 

VERS2 deserve mentiont 

a) A simple set of pse~o~patte:ms simi.lar to tf.1.os~ of 
SNOBOL, is provided: RF...P(p&tt.ern, nU'illher) (~ivale.n.t t.o_DtTJ?L} 

REP (pattern) (equivalEint to AllBNO) , and AR.Do {Not.ice that 

in the example above, ARB matches a subset .,fa set) 

b) The names of data-types are v~lid patterns. 

c) Patterns can. be used in con.j net.ion v,.1:L th i te:t·~tors , 

thus implying any number of m&t.chin.g o~rstitma.. Fer e~ample 

rat\trns th.a ~umber ilf set?. in. S wb.:l.ch ccnt.aln twt:1 clt:.u:.ents ~ 

a tu.ple a11d a sequex-we c:f".ln::-,i.et.ing 1.-;,f s a:i::-bltx-a.1.y· i:?: lem011.►.:g. 

It is cle~r that a:.1 i.."'O.pressi.,,,r::~ econoffl'I.J of n,;)tation hl.;;;~ 

been. ~phie•;_re.<l by this con:ihin~.t:ion c,f p:d.mi.t.:i:ves. irh,~1 

a~:vantag,~e of such econ.o:my i.n dr?-s~ri.bing cc1mplic~t.Nl 

algori.t;.,.-rt~1 nsied n•:t be. l:'.mphami:ted tn t.ho·1i,;r fi.ilmili.~ .. :i·: ~-:J.th S.k~'i'!,. 

lla:ley; ,1. a, Nol-!At:t.rm .. 0;l l;rv-.~.I dat~a stn;.ch,"ll:f!i:' it, 
l7.7:t."'g~'r'Ulroti.ng· · Im~<Jttaqtrn J>j , C01ripi1t er Scit~nr.-:i\ , 

'r,ni:v·e1::,d,t-3.r o::' C~liio:..~·r..:i..t.',, BeJ•.;~.~t~!Y I li,n:: 

C 


