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in activity commected with construction and implementation
of the programming languages based on set-theoretic dictions
Probably will take the form of a programming language of the
next generation. SETL project of New-York Univergity is the
firgt and very good example of such activity; it attracted ocur
attention thanks to the works and comminucationg of Prof,
Schwartz (e.g.L1]). Now it ig about 3 years that our sma§§m:grks
in this field, In particular one of the results of thig activity
is the experemental inplementation of the "Siberian version"
of SETL (ﬁ, which 3# a subject of this report. The input language
and implementation itself ars the attempts to adaptate the
Principleg of the ¢asnonical SETL to our computer and wmah~power
regources and the tastes as well, which have been formed rather
under AYF0L than PORTRAN influence, One of the points which was
in mind gt the beginning of our work wag to remain for user a

poggibility to lower a level of very high level lanhguage.

1. Brief specification of SETL ().

1.7+ The language primitives sre as follows: logical constants,
integers, strings, bitatrings and "undefined value" (denoted "77").
The usual arithmetics and relation operation are defined for
integers, Styrings and bitstringsz can be degeribed by denotations,
Y-

‘EXAMPLE + OF + A + SIRING®, 01101,

(# called SETL (O).
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or by statement, which degcribe string of lenghth T with
undefined components:
S = STRING (L), B = BSTRING (L).
SETL (C) is a langunage of expressions, so that L is any
expression producing pogitive value, €.Z.
STRING (PRINT (2 + X)).
Symbol "=" corregponds to usual asslignment and shows that
a naggfgjﬁ begins to denote value or process in the righi-hand
paxrt of the congtmiction. String components are accesgible by
meang of "[ 1" operation, so that SI[K] and BI[KJ are an onewsymboi
atring and a logical value corregpondingly. A part of g string
ig exbtracted by "+" operation, s.g., C [3+5Jis a string ‘B+C”,
if C is “4=B+CQ’. Assignments such as S[Kl= SYMBOL, B[K]= 10G,
S[¥+1)= 5IK,... are also used, For g string S,#S denotes its
lenghth, and by the way S[# $+X1 has "?" ag a value if k>0,
If S containa SYMBOL then SYMBOL €S is TRUE; if B containg IOG
than 10G€B is TRUE. Strings and bitstrings cah be concatenated
(by "+"); bitstrings are provided with bit operations (7, v,%, ®).

1+2. The SEFL(C) data aggregates are sets and tuples, The get
is gpecified by enumerating of its elements:
[142,°87 44 101., {73, {7,833 3

or by means of 'get-formerh

{x, xeM | P(X)} :
the set of all such elements from M, for which a loglcal
finetion P(X) has & value TRUE. "{ }" denotes an empty set.
If Mis an interval of integers ([A,BJy JABJyeassl14BI50es)
some other kinds of get~former are availasble:

{X, A¢X<B | PO}, {X,4<x<B | P(X)] ,eu0

{2, x¢B | P(X) §.
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All usual sef~theoretic operations (union (+), intersection (),
difference {=),.s. and relations £, £) are defined, If ¥ is a
get, M WITH A means MefA}, Y LESS B meens N-{BJ end AEY M
denotes an utipredictible elecment of I,

Memberghip (€ ) and might ( #) operations have the usual
gense:

{2+ 5)¢ {6,8-1] is TRUE, % {1,2,3F 1is 3,

2 3ig 0,#§1,1,2,2,2-1% 1is 2.

Tupleg can be considered as usual vectors, which in

particular are defined by enumeratiion of its components; e.g.
T = 14243, {1} ,4°, 17.

It mugt be, however, noticed that the above asaignment
defines not only the first 6 components of T: the value of T[KI,
k>6, 1ig "?", For exemple, T L1007 = {1,2% changes the value
of T'as 100th component from "?" to {1,275,

Setg of pairs (i.e, tupleg oflenghth 2) have the specigl

gtatug: they can be treated as graphics of functions; e.3.

P = [2B, 327, £B’, 38>, £C% 497
defines, by the way, a function ¢ , such that ¢ (‘A’) is equal
to 32,9 ('B’) - 34 etce P can be modified as a usual set by
meang of expression

P= (¢ IESS3 <X, P ()7 ) WITH < X, Y 2>
or by special kind of assignment: @ (X) = Y (means "let ¢ §x)
be equal to Y"). Por every X, @ (X) is always defined, for

example, as an undefined value,

1.3, Togical expressions can be composed with 7 ,v,& and

quontifiers ¥ and J:
V£ EM: P(X) means "for all X from M holds P(X)";
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dx €4  P(a) means "there exists X in M, such that
holds P(X)",
In the above expressions I is not only a set, but probably
a tuple, a string or a bitatring; P is sny expression, so that
complex quantifiered expregsions are admissible,
An important case ~ M iz gn interval of integers -~ has g
special syntactical form:
¥ X, A€ X<B : P(X),
Y X8 ¢ P(X).

Tadse Expression of the forn
(Xl | P(X)) or (A< x<B| B(X))
define some element X of M (or some integer from [4,B7) such
that P{X) holds,
Por example,
SCK+ (R¢T4#5) | sl17€¢ pu?
is a substring of 9, which begins with S[{KJ and ends with the

first occurence of element Ffrom DL,

145« A Program consists of sentences, connected with Meft o
a sentence is an agsignment, procedure specificatien,
macrodefinitien, operation specification, a procedure call,
a loop, a conditional of usual form, an object specification
or codes, writien in other lahguages (see below).
There are two forms of a loop: besldeg the usnal "while—

loop", SETL has "for « all - loop":

YXe M2 A(X) - for all £ from M perform gection ALx)
and itg modifications:

VIEM|P(X) 3 AK),

VX238 1 A(X) eto.
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Macrodefinition hag a form of

"newexpresgion™ MEANS "expression™,
where “newexpression ig any syntactically correct expression
and "expression" is any semantically correct expression,
probably, containing special functions to be execubted during
compilation,

An object specification looks like Algol type descrip-
tion, Tt conteins information which la suggested to be utilized
by the system to produce more effective code or to perform
computation in more effective way. Moreover, the system can be
asked to test every specified object in the given program to
found contradictions between its use snd specification, The
general form of a specification is

prop X = P(X),
where P is any logical expression, There are primitive
specificetors, e,g. "list": used In prop X = ligt X it makes
the system to choose list repressntation for a set X; another

exemple is prop X = dif X s+ it means that for every X=Y with A,

4 1s guaranteered not to be an element of X before the mentioned
aogignment is executed, "Prop M = 23€ ¥' is also an example of

object specification,

2, Two exemples of SETL(() programs.

2.1, Iet us consider a very simple data-~bage, which contains
questionnaires of employeers of the institution., Waturally,
they can be represented by a set of tuples, each tuple being
an image of a separate questionnair., 4 tuple has, for example,

the following structure:
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(surname, post, age,maritalstate,children,szalary,department).

/% Here the program begins : = /

Q = {£fivanov’, ‘director; 42, mar-d, 3, 550, ? 7,
4‘petrova’,‘engineer’, 28, mar-d, 1, 120, 5>,
;A e T T A TR T
< ‘gidorov’, ‘tumer’, 38, mar-d, 2, 200, 7> §:

/% several useful macrodefinitions : =/
surname mesns’ x(1J; post means =x[27; /# etc =/
deptmt means =x[7];
/% and now examples of ingquiries : =/
PRINT ¢‘engineers of the 5th department :°,
{ surname, x € Q[ post =‘engineer’ & deptmt = 5§ )3
PRINT (fthose, who can get pension and their salary’: ,
{< surname, salary>, x€Q | age 255\ deptmt = 7§ )3
PRINT (° average salary of turners :’,
(c = 03¥ xeq|post =“turner’:: exc + salary;;
#1xy x€Q | post ="turner’ § )
/% exgmple of discharge : %/

Q= Q legss < ‘somebody’, /% ...%/ >

2.2, Now we describe a method of object repregentation and
operation performance on the quotient of sets, generated by a
gyetem of subsets of some finite set A.

/% enumeration of A's elements : =/

k=O; n={ j;¥ecd s: ne) = (k= k+ 1);;

/% a scale of lenghth # A is prepared by : =/

scgle = betring (# A);
/% procedure, which codes any subset of A =/

code = proc (M);
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Yk < #scale :3 scale (k= O3
/# 1f M contains an ebment from i, which has a number equel to
N, then the N-th component of scale get a value ", 1." : %/
YedlM 1 geale[n(e)] = o1e3s

/# now we divide scale into D equsl parts, where D iz any
integer »1; suppoge D divides # A without rest and denote the
quontient by Q =/
intvl = { _7; H
Yk<Q ¢: intvl (k) = scale [D= (k-1)+ 1 = D= k]33
/% all the intervals with at least one .1. together with their
numbers (tags) describe M as a subzet of A %/

{ <tag, intvl (tag) >, tag< Q| .1.€ intvl (tag) § 33
/¥ of course, this method is effective if only # code {M<«<Q ®/
/% intersection of ‘tagged’ sets 1@/

intst = proc (M1, M2); M={7;

Vx| (Fyéeme | xl1I= y[1D) s

m=m¢ <x[J, xf21 & y[21 > ;;

{z, X€Em | 1e€x} 53
/® practically, the parameter D mugt be equal to the computer
wordsize, so that, for example, the BESK-6 comput er could

perform operations with intervals extremly fast. =/

3, Implementation.

The programming system works in the context of a special
monitoring system, which provides the user with the usual
pervice, including library, archive, editor and some other

facilities.
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SETL is implemetted in a semi-interpretative style, so that
the system itself consists of a compiler (which produce an
intermidiate code) and interpretating system, called SETIL-machine,
(which performs intermidiate code)., The system is oriented not
only to the SETL; it understends SETL, BAILM and the SETI-machine
input language {(MSETIL). It must be mentioned that both SETL and
BALY are available in two lexical versions : Russian and English,
The general scheme admitted for this implementation is quite
close to that of BALM system [2]. On the other hand, SETIB
implementation [ 1] considered SETT as an extention of BALM; while
SETL (C) and BALE are independent inputs of the system,

The compiler is a table-driven processor, which uses up to
the 8 passes t0 produce target programs. Following the user’'s
demand, the compiler reads the contence of tables from the tape
and tunes 1ts components to the concrete input language,

Texical Processors constructs lexical codes of input units and
takes into geccount descriptions of new operations. Decompoger
builds up an extended syntactical structure of the program,
while macroprocessor congtructs standart syntactical stmicture.
Semantic processor contains g number of semantic subprograms,
regpongible for separate syntactical constructions., Semantics
congidered as a correspondence between fragments of syntactical
gtructure and pieces of target céde also depends on the contence
of some tableg,

Tables can be changed both by manual rewriting of them and by
some metaprocessors, which translate information, given in
special form, into the components of some tables,

SEFL~-machine consists of about 250 operations, dealing with

registers, stach, heap snd other components of memory, In particu-
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lar, any component of memory (or of a codeword of internal
representation of BALM and SETL objects) is available by means
of certain operation, which can be mentioned by its mmemocode
in the MSETLL text.

The sygtem permits also t0 lnclude BALN and MSETIL
corponents into SETL programg and MSETLL fragments into BALW-
programs. The moght important case &f such including is a
definition of new operations by mesns of lower level facilities,
so that in the long run one czn redefine all 3ETL operstions
according to his own needs. Begides, some optimisation can be
formlated with terms of @ number of macrodefinitions, containing
MSETIL code in the right-hand side.

The gystem is written in EPSILON langusge for the BESK=6

computers its sige is about 27K words.

1+ Schwartz J.¥. On Programming, Installment I, An Imterim
Report on the SETL Project, New York University, 1972.
2. Haerrison M., BALM Reference Manugl, Version 4, New York

University, 1972,





