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SE'rL Ne,·rnlctter Number 12 Janunrj 12, 1911 
Jack Sch\'.'artz 

IIC. ~capi tula ti~n of the basic par!-_:>_ of the SETL lan9uage. 

In the present section, we recapitulate, ip capsule 

~orm,. the principal basic features of the SE'I'L language. 

While this _merely repeats information given in considerably 

more detail in the preceding section, it may be hoped that 

such a p~eci/2 may serve as a useful biief reference for 

the reader. 

Basic objects: S e.:t.1.> and a..tom-6; sets may have a toms or sets 

·as m~mbers. Atoms may .be 

Intege~. ex~mples: O, 2, -3 

Boolean strings. examples: "lb, Ob, 7'1o, · OObTri 
. . 

·Cha.racter strings exampi0;s: 'aei6u', 'spaces~ 

. ··Label. (of statemen·t} · ~xampJe:5: lab2J.: , [label: J 

Blank. · (created by function newat) . 

Note·: Special undefined blank c1.tcr:1 is rt. 

Subroutine. Function. 

Basic o~erati~ns for atoms: 

IntNyers: ari thmctic: +, --~- .. ··---

other: 

Examples: 5//2 is l; 

· Boolca.ns: 

..... 

, *, /, // (remainder) 

is 3 · { abs"-2 is 7-. 

not (or n) 
i j 

lo~ricc1l cons t2m t.s t (or trl~~.:.r or lb) i 

J.. (or E~~J:..~:<:_::_, 01" Ob) 



Character strings: conversion: dee, 9ct 

Examples: dee 1 12' is 12; oct 1 12 1 is 10. 

Strings (character or boolean) : 

+ (catenation), * (repetition), first, last, e.l t (extraction) 

1~22_ (size), nul, nulc (empty strings). 

Examples: ·'a' + 'b' is • ab •; 2 * lOB is 101013; 

2 * 1 ab 1 is 'abab', 2 first 'abc' is 'ab', 

2 last 'abc' is 'be', 2 elt 1 abc 1 is I b I , 

len · 1 abc ,· is 3, len nul is . 0. .-- --

General:· Any two· a toms. may b~ ·compared .using 

aton\ a tests if a· is an atom . 

.. 
Baiic operatioris for sets. 

ne; .-

• £ (rriernbcrship test); rit · (empty· set)_; 3_ (afbi trary ele.rnerit) 1 

ff. (~umb<=;r of e_ler;1ents); eg:, -~ (eq~ality tests); . 

i~ (inclu_sio1:. test) i VJith I ~ess (addition and deletion 

of element); lesf (ordered pair deletion). 

pow (a) . (set of all subsets of a) ; 

. npow (k ;aJ (set of all subsets of a having exactly k element!';) . 

Examplc~s: 

···3 {a,b}·is either a orb, n·{a,b} is 2, ir nt·is O, 

{bJ- with a is {a,b}, {a,b}· 'l'c::ss. a is· {b}·, 

{a,b1 ·1.ess c is {a,b}, 
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Ordered pairs: <a ,b> first and second component cxJTactors are 

hd_t.t; n-tuples <a<b,c, ••• ,d>> - <a,b,c, ... ,cl> 

Examples: hd< a ,b> is a, t.t< a ,b> is b, 

Note that <a,b> is identicalwith.{{a}~{a,b}}, so that 

for example · {a} E: <a ,b> is t while a E: <a ,b> is generally f. 

See also: extraction operators, generalized extraction 

operators, replacement operators, and multi-assignment 

p ta terne1:_ ts • 

Set-definition: by enumer~tion "{a,b,~ .. ,c} 

Set .farmer: 

. f e ( x 1 , · ... ' xn) , x 1 

C ( x
1
·, ~ •• ,·x . ) } .• 

. n .. 

min (y) < x < max (y) 

when a(y} ~s an interval of .integers. 

Optional fo1~ms include { x c a C (x)} 

equivcJ.lent to { x, x c a C (x)} ; and· 

·{~(x), x c a}, ~quivalent to ·{e(xJ, x Ea I t} . 

(of a set·of 6rdered pairs~ or a 

programmed, value-returning function) 

is the set of all x such that <a ,x> E: f 

f(a) is : if ~f f{a} cq 1 then 3 {{a} else n, 

i. c. , is -the unique e J f:"'11tcn t of f. fo} , or is unclef inC'c1. 

·f[aJ if;'{u, p, pc f. I· C!~i p)·c a},ic.,t-he _irnn~Je of<'. uncle:,~ f. 

•-3-- . 
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More generally, 

f(a,b) is g(b) and f{a,b} is ~{b}, where g is t{a}; 

f [a ,b] is· { tl tl g, g£f I (hdq) £a and ( (hd tl q) £b)} 

Constructions like f{a, [b] ,c}, etc. are also provided. 

Co~pound operator: 

[op: x£s]e(x) is e(x 1 ) op e(x 2 ) op ... op e(xn), 

.wh_er_e ~ is{x 1 , .. _.,xn}. 
. . . 

'.!;his co1_1structiori is also provide.d in ttJ.e: .g0neral form 

. [op:. xl Eel ,x2£e2 (xl), ... ,xn£en (xl, .. ~ '~n--1> IC (xl .. · __ xn)) { 
. 

··where· the rang~ restricti6ns may also ·havi the alternate 

numerical form. 

" . 
Examples: [max: · x c { l, 3 r 2}) (x+ 1) is 4 , 

·t-~=· xE{l,3,2}).(x+l) is 9,. 

_ general form is 

n 
is· SETL form of i':. c1

1
. 

i :_ l 

where the range restr ict.i.ons may al so have the al t.er.na tc! 

numerical form. 
' 
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Search with assignment: 

has same value as 3xca IC (x), 

but sets x to first value found such that C(x) eg t. 

If no such value, x becomes n. 

Any number ~ variables attached to initial 3 

quantifiers may be placed in square brackets. 

Alternate forms 

min< [x]< max, 
-.. 

max> [x1~min,· ma~~ [x)> rnin, etc. 

of range restrictions ~ay be used to· bontrol order of search. 

,.. 
Conditional expressions: 

Generalized extraction and rep1acernent 01_~~~at~rs; <J~!1cra} iz0:d 

!f!Ul tiassignrnents ·. . , 

(1) 

•rhe ex:Ui.ac.:t.ion OJJC?-'Wf:.oJL has the form 

~part 1 , ... ,pa~tn~ 

where each .P,,aht has one of the forri1s 

name, nan2 z cxpn, z expn, * * ~ expn, -, n-, or 

exop or exop ~ expn, where exop if, itself an extraction 
' i 

operator. , Ncoile. may be a simple name or may be an i11dc.xc.d 
i ! . 
' '. 

nanic. of one of tbe forms 

-5-
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name (e>q~,)\:'·;:_~fue.{exp}, name (exp
1

,exp
2

), etc. 
•._ •.-~-:•••i,.,. r 

.. -
. I-• 

Each expn has ah·~-tuple of non-negative integers as a value. 

S~ch an operator associates a sequence of integers, called a 

1>t1t11.c.:tu.1w.t··2!Z!d:z/;:.6, with each name which occurs within it. .. . ... - . ·--.... 

Example: in the operator 
·- ,., 

<<a z 3, b> z <1,2>, *> 

the.sequence 1,2,3 is associated 1•1ith a; -1,2,2 ..;:ith.b; and 

2 with *. _., .. /'.':n:' tif.::i.:e;Lisk * may be used as a name at most 

once in an extracti6n ciperator. The structural address 
- . 

·n 1 , ... ,nk~associa~ec1 with a name (or with the "special name"*) 

. by an _extra~t-ion "'op·~rator (1) detqrrnines t;.he·. CJl?-<'rntity · tl1u.t will 

be ~ssigned to the name ~hen (1) is_u$ec1 either -in the form 

<part), ... ;part> expr 
- n 

(if* i$ used once as a nam~). 

or in the'form 

(if* is not used as a n~mc). 

Examples: 

· x . =-= <-;~, - , i~ <2 , l > , w> <a, <b, c, d > , e, f ~ g > 

results in the assignmdnts 



x-a,f=b,w=<f,g>; 

x=<*,-,iz<2,l>,w,-><a,<b,c,d>,e,f,g> 

results in the assignments x=a,v=b,w=f. 

The neplaeement opehaton has the form (1), where each 

part has one of the forms 

exp r expn, exp~, exp, -, n-, 

1 1 or is.itself a replacement ooerator. At least one occurrence 
' 

I 

of r is required. Each expn has an m-tuple of non-negitive 

integers as a value. Such an operator associates a struct~ral 

addres~ with each exp which occurs within. it; the rules for 

calculating this address are the same a.s those applying to 
. . . 

. ~xtracition:op~rators .. When a repl~cement op~rator is applied 

to a stnicture built_ .up in nested fa.shion out of n···tuple?,. any . . . . 

element of the structure adc1rcssec1 by a structural address 

Ai~ replaced by the ~xp to whibh A belongs. 

<x,y r 3,-><a,~,<c,d>,e> has the value <x,b,y,e>; 

<x,y r 3><a,b,<c,<l>,e> has the value <x,b,y>; 
-, 

<x,y r<3,l>><a,b,<c,d>,e> has the value <x,b 1<y1<l>,e>_ 

Statements: are punctuated with semicolons. 

· l 
• I 
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f{exp} <.::,~xpn; is same as 

f ~{pEfj (hd p)ne exp}u{<exp 1x>1xEexpn}; 

f (cxr)_·:~~ expn; is same as f{exp}={expn}; 

f (a,b~:-;-~ expn; f{a,b}= expn; etc. also are provided. 

· <a,b>= expn; is same as a=hd expn; b==tl expn; 

<a,b;-~-~~-,c>= e~pn;<a,<b 1 c>, ... d>= expn; etc. aie also 

provided . 
. •,· :~ :,;·_:1_ 

<£ (:{~\;ff:;} >=-=expn; is same as 

· f (a). = ~~ expn; g{b}= t.f. expn; 

generalized forms ,,. 

<{(a), g{b,c} 1 ... ,h(d)>=.expn~ 

< f (a) ' < g { b' C} ' h (a) > ' ••• I k ( e )_ > == ex pn ; 
. ' 

etc. are also provided:· 

Control statements: 

_go to lab~l; 
, 

if conc11 then block 2 else if conc1
2 

then block 2 ... else block
11

; 

if cone\ then block 1 else ... else if conc1
11 

then blockri; 

Xterat!-~ headers: 

(while cond) block; 

(while cond doing brocka)· block; 

{ Vx] Ea 
1 

, x 
2 

c ~1
2 

( x 
1 

) , .• ·• , _x c a ( x 
1
· , ••• , x ___ J ).! C ( x J _, ••• , x ) ) bloc j; ; . , . . n. n ll . . n 



in this last, the range restrictions may have sucl1 alternate 

, numerical forms as 

·. 

min< x. <max, max> x> min, min< x< max, etc., 

.which control the iteration order. 

~c~pes: 

The scope of an iteration or of an elhe or ~hen block 

may be indicated either with a semicolon, with parentheses, 

or in ·one of the following forms: 

end V; end while; end else; end if; etc.; 

or: end Vx; end while x; end. if x; etc. 

or: (VxEa) til done;.block done: ... 

(while cond) til done; bl°ock done: ... etc. 

Loop control: 

quit; quit Vx; quit while; quit while x; 

and 

continue; continue Vx; ~ohtinuc ~hile; continue while x; 

Subroutines and functions (arc always recursive) 

To cdll subroutine: 

~ul~ (po.): 21i·,12 , ... , par a.rnn) ; 

sub\aJ; is equivalcn~ to (Vxca) sub(x);; 

-9-· 
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i. 

I f. 

j ___ ) 
l · . -
i .. 

generalized forms 

iub(pa~am 1 , [param 2 ,param 3 J , ••• ,paramk) 

are also provided. 

To define subroutines and functions: 

subroutine: 

define sub(a,b,c); text; end sub; 

return; 

function: 

used for subroutine return 

definef fin(a,b,c); text; end fun: 

returri val; ·-used for function return 

infix· anJ .prefix forms: 

define a infsub·b; text; end infsub; 

define£ a infin·b; text; end i_nfin; 

define prcfsub a; text; end prefsub; 

.defincf prefun a; text; end pre.fun; 

Name scopes: 

Normally internal to main routine or subroutine, nnless 

External declarations: 

exteinal a,~,c, ... ; - refers io main routine 
. . 

suba external a,b,c, ... ; - refers to subro~tine suba 

exterrwl - (a,aa), (b,bb), ... ; - changes narnc 

suba external (a,aa), {b,bb), ... ; - changes name 
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Macro blocks: 

To define a block: 

blocik mac(a,b); text; end mac; 

To use: 

do mac ( c , d) ; 

\.. 

Input-output: 

Unformatted character string: 

er is end record character; input 1 ou1::_put are standard 

i/o media; record (n,s); - reads till er character, from 

character n. 

Standard forniat j_/o: 

· read a; 

print expn; 

reads a set frc?n't input I in standard forrna l 

prints a set on output, in standard format 

-11-



The following algorithm produces an action table for 

a general precedence parse. 'l'he input to the algori thrn, is 

assumed lo be a set of ordered k-tuples, where a gramnatical 

production A ➔ BCD is represented as <A,B,C,D>. The 

procedure unohdeh converts a k-tuple to an unordered set, 
I 

and is used to form the set of all characters of a gra~nar. 

The map .6taht.6{x}. gives all syntactic types which can be 

the first term of a sequence into which x can he expanded; 

end.6{x} those which can be the last term of such a sequence. 

The table produced contains the following values: 

.,. . 

t _(it j) 1 if . . . 
2 if :::: l=J, i ·> j ' 3 if 1. <.• j ; 

:::: 0 if the relation between i and J is ambiguous; 

= '1 if the· sequence ij lS ungrannna tica.l. 
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The following program generates all permutations of n 

in lexical order. The next sequence after a given sn is 

defined by the following rule: increase the last possible 

element by the smallest possible amount. That is, we find 

the lasi elements. which is not part of a monotone decreasing 
J 

"tail,~ interchange it with the smallest sk with k>j and sk>sj, 

and then place all the elements sj+ 1 , ... ,sn into ascending 

order. A signal is transmitted through ''more" when the 

~rocess restarts. 

define f perm (n,more); 

/*in~tialize if new*/ 

if n rnore'tJ1en more==t;seq=={<j,j>,l_:j_:nf;retur:1 s~q;; 

/~if seouence is rnonotone·decrea~in~, there are no more 
.i. . • • • 

permutations. otherwise find last point of increase*/ 

if n (n>:Hj)::_llseq(j),ft seq(j+l)O then·rnorc= 0 f; 

returnQ;end if; 

/*then find the last seq(k) which exceeds scq(j) and swap*/ 

find:0° n::_:;[k)>j!seq(j)!t seq(k); 

<~eq (j), seq (k) > == <seq (k), scq (j) > 

/*t_hen rearrange all the elements after scq (j+l) into 

increasing o~der */ 

(j<Vk 2 (n+j+l)/2) kkc:cn-k+j+l; 

<seq(k) ,seq(kk)> == <seq(kk) ,seq(k)>;enc1 Vk; 
:, f, 

return s1c1·i end perm; 
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definef prectab(gram); 

.characters== [u: xcgram] unorder(x); 

starts= ·complete {<hd x, hd ·t.,e_ x>,xcgram}; 

ends== complete {<x,last x> , xcgram}; 

same = n.t; (Vxctl [gram]) (while pair x) 

< p, x> ==x; < p, hd x> in same; ; end Vx ; 

small=~· {<hd x,y> ,xcsame, ycstarts{tf x}}; 

large== {<y,z>, xcsame, ycends{hd x}, 

zcstarts{tf xJu{tl x}}; 

tabl == nl; (Vxccharacters, yccharacters) 

<c(l),c (2),c(3)> = <ycsam~{x}, yclarg~{x}, i~smali{x}>; . . . . . 

tabl(x,y)·== if f{1 2_j2_3lc(j)}9-t 1 then•·O else 

if 12 3[j] 2 3lc(j) then j else '1; end Vx; 

return tabl; 

definef unorder(tuple); t=-=tuplc;set=nl; 

~1hile pair t) <* ,-t> t in set; ; rcLnrn s0~t ,.-.,i th t; -erid unorder; 

c1ef inef complete reln; prcctab exteJ:nal characters; .r=nf.; 

(Vxccha~actdrs) set=rel~{x}; todo=sct; 

. (while todo ne n.f.) y f r_orn todo; 

todo = todo i{zcrcln{y}j~ zcsct}; sct=~ct u reln{y}; 

end r{x}=set;end Vx; retrn~n r; end compl_~tc; 

definef las~ tuple; t.===lnplc; (\':hilc pair_ t) t i ; 


