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Abstract

This is the (unreadnble) reference manual for FL.

1 Review of the Domain

1. T is the set of non-negative integers.

2. Roughly speaking, the domain consists of the atoms and the codes for functions and is closed under
sequence formation and tagging (for use with abstract data types); the elements of the set Coll
(consisting of L and errors) collapse sequences and tag pairs. More formally, the set D is the
smallest (free) set containing the set of atoms, the set {1}, and the set C closed under the following:

(a) H z1,:4412Zn € D — Coll, then € z4,...,2n >€ D
(b) ifzc D—Colland i €I, then < i,z € D

where the set Coll = {L}u{< 0,z > |z € D — Coll}

3. All errors have the form < 0,v > where 0 is the integer tag value for errors and v is a value. A string
is a sequnce of chars. Str denotes the set of strings. System generated errors will have the form

<0, s1,82,v >~ where 81,82 € Str and v € D — Coll.

4. OutS is a stream (i.e. a potentially infinite tuple) that is just to record all external events (such
as 1/0 and file system activity). OutSy,. is the subset of OutS that corresponds to a finite

number of events, More formally,



The history H consists of an input oracle (which is just an element of C) and an output stream
(which is just an element of OutS). More formally,
H=C ~ OutS and Hjnie =C ¥ OutS jinite

Bt is the element (nt,()) € H.

APPEND is a binary operator that appends the second stream onto the end of the first. (If the
first already has infinite length, then the APPEND operation just returns the first.)

5. An element of DH consists of an object (an element of D) and a history (an element of H) describing
all the events. If there are an infinite number of events, then the com putation must be non-terminating
and hence the object part must be L. More formally,
DH = {D - {J-]'] " H,fmnltr U {'L} « H
It is also useful to have the following selector functions:

Dof(d,(i,0)) =4d

Tofid,(1,0)) =1

Oof(d,(1,0)) =0

Hof(d,(1,0}) = (1,0)

. Even though : represents an application of a function to an argument it must be defined even when
something other than a function is applied to an argument.

Formally, the infix operation : maps D < DH to DH so that

z:(y.h)=(=z,h) H 2 € Coall,

z:(y,h) =(y,h) ify € Colland z ¢ Coll,

and z:(y.h) = (<0, < “apply™, “arg”, < 2,y 2>, k) ifz g CUColl and y g Coll.

: is extended to map DH » D to DH by (z,h):y==z: (3. h).

:isextended tomap DxDtoDbyz:y= Dﬂﬂz:ii’l-hn-ﬂ}] Eﬂ:{t: (s bt ) = Bt

. A set X is directed iff every finite subset of X has an upper bound in X.

A partial order is complete iff every directed set has a least upper bound.
A complete partial order is called & c.p.0.

A c.p.o. is consistently complete iff every set with an upper bound has a least upper bound.
A function f is continuous iff f{UX) = W(f(X)) for every directed set X.

. <4 is a consistently complete c.p.o. on D such that

1< ,zforallze D

ifa isan atom, thena <gziffa=z

ifey £C,theney €gcaiffeacCand ¢yt 2 <4, ¢2:2 for all z € DH.

"t =’1......‘_.=ﬂ }E"iﬂ-r={ !I.!llt,.}“d :- E‘,. Iﬂl'lnl--'--l.---'l-




9.

10.

11,

<hzr<gyiff y=<i,yo > and z <, yp.

The ordering on DH is essentially the ordering induced by the <, ordering on the components. In
addition, since all operations must leave the input stream unchanged, these two components must
be equal. Furthermore, since a non-bottom D part indicates a completed computation, the number
of events must be identical in the case that the D part is non-bottom. More formally,

<dk is a consistently complete c.p.o. on DH such that
(dry(ery (2ayeeesZm))) <an (dz,(€2,(¥1y.--4¥n))) holds iff the following all hold

dy <qda (J l‘l\ = (&LL,,] e
oo - < s
m<n &t EE &1— & Iutt “

:J' Edp: rﬂ'fﬂ-Hj—f 1.--;'7“-

e % 2 B
(c~ (5, 9u)l

- L

either dy = L or m = n.

Let g be a function from DH to itself. Then g is

f.'-l <

strict iff g(z) = = whenever Dof(z) € Coll.
input-preserving iff Tof(g(z)) = Tof(z) for all z € DH.
output-extending iff there exists = such that Oof(g(z)) = APPEND(Oof(z), z).
history-preserving iff it is input-preserving and output-extending.

honest iff it is continuous, strict, and history-preserving.

C is isomorphic to the set of honest functions from DH to itself. In particular, the function ¥
from C to the set of honest functions from DH to DH is an isomerphism where # is defined by

Pe)z) =e: 2.



2 Preliminary Definitions

X
2.

N is the set of function names. AP* is the set of function names superscripted with the mark pat.

An assignment V is a function from A U AP 1o elements of DU {#). Assignments are frequently
denoted by the letter V. The # is used to indicate a meaningless {or non-existent) value.

Vi <. V3 iff Vi(x) <4 Va(x) for all x where # is viewed as strictly less than any element of D,

. V3[V3] represents the union of the two assignments Vy and V5 with Vi winning any clash. More

formally, for each fn € N,

T _ ) Valfm] if Vaffn) = & " _ | Va(fmP*) if Va(fn) £ #
l["?}{ﬁl] = { F][ﬁl} I:I'I.ht]"'ﬂ'i‘l-!'. IIVIHW} - { I'r'll:_ﬁtﬂt} ﬂth!‘t“iﬂﬂ‘-

. AppDe fs{V,z) tepresents applying every definition in V to the element z € D. More formally, for

each fn € N UNPY a0d each z € D,
AppDefs(V,z)(fn) = { Vifn):z  HV()##

# otherwise,

Av.E(y) = My, h).(E(y). k). Note that the in the notation Az.c both ¢ and = represent elements of
DH. Also note that the in the notation Az.c both ¢ and z represent elements of D,

. PF is a total function from N to C. PF(f) is the element of C' that cortesponds to the primitive

function named by f. If f does not name a primitive function,
then PF(f) = AL({< 0, & “f" ,“NoSuch", 1 »>).




3 Some important elements of C

Of course, all functions are strict and hence if the argument to the function has the form (2, A) for some
z € Coll then the function returns (z,h). If Dof applied to the argument is not in Coll, and if the

argument fails to unify with the expression ¢ in At, then the result is

<0,< f,%arg 1",z »> whete [ is the string version of the function name and =z is the argument to the
function. A similar comment holds for At.. The second argument to a carried function is labelled with the
string “arg 2" if the second argument is erroneous.

1- ﬂﬂ = ﬂ- { =]|lir|=n }-[‘ sum ﬁrnqzt*t-n,zn’

2. and = A € Zjsssssdn 2 't Boolean and nftm.:l.“.,:.] wheze “ﬂml other than fﬂjﬂ is
treated as true.

3. ﬂ=&{,1{="!!!'=‘}} l-[{ri”ql"'l*l:ll }'}
ii #FFIP = A{{ =y %3 }I h]-f:l :{t‘.'h h”'
B.ar=A €€ Ty 20 200 P (€ 210 T ¥ )

6. 8= Af A=, k)
f:{z k) if Hof(f:(z.h))=h
(L. k) otherwise )

T. catch = A < [0 > Az, h).(
g: € ny>rh) fzy =<0,y >
(z14h1) otherwise
whete (2, A1) = f: (2, k) )

B. o= AL ZfyessiTn P "’l{ﬂ't &}1‘.’:1 e clzn S{mil)) o))
D, P = A € 2),.00,20 > (K 1 01 2y ey B Pyenay 01D D)
10, cond = A € 21,223,222 My, h)(

(1 b ) if € Coll
z3: (3o ha) if y = false
23: (v, 1) otherwise

where

(n.hd==1:(0h) )

11, cons = A € 21y00 020 P My ko)
(€ 21000020 20 M1) if no 2 € Coll |
(2;4h4) ifz; € Coll and no 3, & Colifor i <
where
(2sh) =2 : (pAia) fori= 1o )




12, Curry= Af Az Ay AL f: (< 2,9 >.k))
1. div=A € 23,23 > [z divided by z3)
14. FF = Az.false

15. y=Af. Azl :=2)

16. id = Az.=

7. JO = Mz, (€,(01:+++10a)))d €€ 05yeees0a:Z2 P o [6(045=-s0mE)) )

18. 15X = Alltroe if tis an 2; false otherwise | (for X = atom, bool, char, fene, real, seg, int)
15, K = Az.Ay.(z)

20. ft=Ajf.lo L f,cons )

21. MakeBool = cond : < d, TT.FF >

22, mkerr = AL < 0,1 =

==d m“l= A "t.. :li-ill:-ﬂ : +i Pﬂlﬂ'ﬂﬂ uf 11.:111--1--:-}

24 or=A € 2y,...,2n > .| Boolean or of false,z),....2:) where anything other than falseis treated
As Lre.

5. prons=A L 2y,....2, F Ay Ag)d

( felse, hg) if y does not have the form € g1,.... 00 >
and i (€ 2, 0eesZn > A,) if no =, € Coll where (=, h;) = =; : (3, hi-1)
and y =< Vivesey¥n >
(=5 8;) i z; € Coll and z; § Coll for i < j where

(ziob) =2z (g, Big) and =< 3y, .., P )
26. peond™ = A€ 25,...,20 > AK € 5l,...,m >)

WM. rl=A€ tg,.00y20a > 2n Wheten > L.

28, sl =A € £),..-: 25 > Ty Whete n > L.

29, sub= A & 25,22 3 (25 subiracied from =)
30. U=A€ 2j,0-048n > A€ 23,.-..24 >)
3. tlr=A € Tjseeesfn F € BjyeseyBn-i )
32. TT = Az.trux.




Here are the primitive function names: ndd, and, al, apply, ar, 3, o, catch, cond, cons, Curry,
div, FF, 4, id, 10, isntom, ishool, ischar, isfunc, isint, isreal, isseq, K, lift, mkerr, mul, or, pcons,
#1, 51, sub, tl, thr, TT.




4 Abbreviation Elimination

Before the meaning is computed certain abbreviations are removed. In the following, x'™ denotes the
expression x with n primes on it and x" : y denotes x:(...(x:¥)...) where there are m occutences of
x and fn denotes fn where  Def fn= PF end . The notation C .., 3 is used to denote

optional expressions. During abbreviation removal, the following operations are performed (in any order)
until no more can be applied:

1. Enclose the expression by a where clause defining all primitive functions.
2 [WMxy,...,xu] is replaced by Bfi™ ; cons :< x,,...,%q >

- ["™'xq,....xn] is teplaced by BTt : peons 1< x;,..., x4 >

4. Xyx3xy is replaced by x3 :< xy,x3 >,
p —'" x is replaced by p —!®) x: KXW . (mkerro{™cond”, **", id]).

Def poCp1...pn IC—pI=eC Pat E Jis replaced by
Def faCpy...pn IC—p 1=

(Po — fu; mkers?[™Mm", "“result”, id| 5e
C  Pat (pp — fu;mkerrs|™Mm", "“patresult”,id))sE 3
for each fn given a definition by the pattern pg.
Def fuC(p1)...(pn) 3= p=eC Pat E 7 is replaced by
Def fuC (p1)...(pa) 3=
catch :< p, FF > thenarme; mkerrs| ™", “arg 0 + 17, 5]
C Pat overlinecatch:< p, FF >— E:mkerrs[™f", “patarg n+ 17,id] 3.
8. Def fuipy)...(pm)=e¢C Pat E 3 is replaced by
Def fnipi)...(Pm-1) = Pm = AMpmle T Pat Alpm E 3

9. x'is replaced by Iift : x. “x is replaced by K : x,

10. f. is replaced by £.TT.

11. let dl in eis replaced by ¢ where dl end
12. x " y is replaced by Iift" : apply :< x,y > form > 1.
13. p =" ey;ey is replaced by Lit" : cond :< p. e, e, >.

14. *21...24" isreplaced by < *2p,.... 2 >.




Because it is an extralingual notion and dependent on the environment in which the programmer is
runaing FL programs, the notion of an “include” facility is not addressed in this manual. A typical
preprocessor would do something like replacing the statement include n where n is a string by the
declaration list named by n. Questions as to where this declaration list reside are dependent on the
environment and not addressed here.
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5 The Meaning of Expressions

The meaning of (a part of) an expression is given by the two (uncurried) meta-functions
p: Ezpressions » assignments x Hyonpo — DH U {2

and p: Ezpressions » essignments < (N uANP*) — QU {#).

i and p are meaningful only in the case that the assignment gives a non-# meaning to every free function
name in the expression.

The notation ple,V,:) is used to denote the assignment Vg given by Vo(fn) = ple, V. ).

Generally speaking, evaluation of subexpressions is done in a left-to-right fashion.

—

- e, V. h) = (a,h) i n is an atom.

L5 ]

» i £ is a function aame, then p{f, V) = (V(f),A)

= B '.l{"i. XiyersrEn _‘-,"'.h'i - { (€ ¥iveeesFn ."-‘5'1-&111 if {'n_._*y.‘]ﬂﬂ'ﬁn=ﬁ

(50 B5) if {4y-22295} NColl = {y;} and j <=
where
ho = A
[rlt'hll = #lg!.‘;‘lhl-ll Iﬂl l = l...'- p.“-
" : V. k) if yi € Coll
i cxa V. h)={ M pixa 1 ¥
FiXy =% : I {wishy) if yy & Coll
whete ][’ ¢
{.'l.'lhll = p'lllt'-h} ..' r i *

5. p(A(ple,Vik)=( Mz hollple VidppDefsiolp.V.-)i2)iho)) + & )
6. yif.x. V.h) = p(x,V, k)
7. pixW. V. h) = pix,V[plW,V, ]|, h) where W is a (genezalized) where clause.

(eond & yo, y1, ¥z 2, ba) if {30, vi. 92} N Coall = 8
il;l'&;,l H{n....,n}ﬁﬂnﬂ:{ﬁ} “ﬂjﬂ!

(yo, he) = wlp. V. h) V2 77444:? (H =2 DN )

(91, 83) = p(xq, Viplp, V<), ko)
{h"h=}=HI::1IFIHF'FF'*}1lﬁl} .J"‘ - " ":..: -._3 v “'-:? }‘!. _? -pH

9, uyle,V,k) = £ if e is a (generalized) where clanse or a declaration. { e )
DE '{5 - U 7 V

Pl Tﬁ:‘ bdy = (V=2 ("”"(”""“'":3
. ‘-H Al ) h',)(L) = 10 v f y
( i E} % li.-((}\(k, 1.). ﬂ(ﬁ)(‘*fﬂf-ﬁ‘—}aw&(vrﬂ)j ’“If (";LJ)J
¢ Dom ul';j:) whece
V=17, (p)(V)

8. .F{'.P = =]=:l| "bt'b] = {

where




F turns an expression (together with an assignment) into a function. Specifically,
Flx, V)= (Myp b)lu(x, V. 5) : )

For any expression-part e and any assignment V', ple, V,-) is the least assignment such that the following
hold for all fn = N U NP and all £ & A

1. p{ where rec dl end ,V.fu) = p(dl V[p(dlLV,-)], )

2. p( where non-rec dl end ,V,fu)= p(dl,V, )

3. if t is a definition or & hide or export clause in the definition list dl, then p(t, V,-) <z pldLV,-)
4 ple W, Vifn)=ple, V[p(W,V, )], fn) where W is a (generalized) whete clause.

5. pl export {ﬁl“"lfﬂ dl E_:.]_.d._ Jr'.ﬂn}=p{[,I",fu.].d.l,i'[p[d,l,l,ﬂﬂlfp]
iffn € {fy,... 5.5, ..., f;’"t}

6. p( hide (fy,....5) dl end ,V.fn) = p(dl, Vjaldlde .
iffn € {fi..... 0.6 ... 5*)

.pl Def f= PF ,V.f)= PF(f).
8. p{ Def f=xV.f)=F(x,V)

9. p( Def f=x Pat y,V.f)= Fix, V)
Pl Def f=x Pat y V.f™)= Fy V)

10 Let W = p{ Rep tox V)

Wiist) = cond : < sstag : ko i MakeBool,v: F(x,V),untag: ¢t », FF >
Wimkt) = cond :a v 1 Fix, V) teg : t,Az.{< 0, < “mki", “arg 1"z »=)>»
Wiumt) = cond :< Wiist), unfeg : L. Az, (< 0, € “umt", “erg "2 3> 5

WII) = cateh :C 0 1 p(x, V1), W({umt) », A « Nl > (mkerr i “f" Yarg 1" ) >
fplx,V.I) # # and [ < ist. mkt, uint

1. plf.x, V.1) = id
plf.x, Vi) = p{x, V,fn) il fn =1,

12. 1§ < » and ply;, V.f) # #, then p(g:< Yisooon ¥ > Vif) =
ekl plyn Vil) |, AppsR: ¢ i, V(g™ ) € Fly1,V)eoo  Flyn, V) 33 >

where AppsR = A € 2y, 23,23 % My ) (21 : (22 sz k) : oy )



6 The Meaning of Meta-Predicates

' is the meaning function for meta-predicates. It maps an FL (meta-)expression and an assignment to a
total prediate over DD,

b

10.

. BOOL(z) = {

FALSE ifz ¢ {false}u Coll
TRUE otherwise

Ile,V)z) =T(Ple),V)(z) = A{BOOL(Dof(pule,V,h):z))|h € H} if e is an FL expression.
. (P A B,V )(z) = AMT(P,V)(2), (P, V)(z)}
. (P vV P, V)(z) = VIT(A, V)(2),L(P, V)(z)}

(P, = Py, V)(z) = A{T(P, V)(Dof(z: (y,h)))T(P,V )y b € H}

TRUE Hz=€ Y1,vs-20n 2021,
(A — B, V)z)= ¢ L(P, VY1), and I'(P, V)( <€ y2,...,%n )
. FALSE otherwise

TRUE W= 3, cataP>n>l,

. TP — P, V)(z) = ¢ L(P, V(<€ v14ee0yUn=1 ), and T( P, V)(yn)

. FALSE otherwise

TRUE Hzr=<y,:iey¥n 2, DF;,V)(y;)foralli=1,...n

. r{[ Fh”'!Pnl rl HE] = { FALSE otherwise

TRUE ifz=< y1y.eirtin 2 L(P,V){yi)forali=1,...n

» Dloegof s BV =)= { FALSE otherwise

L(Y(Fy,..- Fo)P(Fiy.. oy Fo ), Viz) = A{LT(P(Pyyeey Pa), V)IPiy..., Py are meta-predicates

}

where P(F,...,F,) represents a meta-predicate expression with all free occurences of Fy,..., F,

explicitly mentioned.

The comment Sig e:: Pis true iff I'( P,V )(Dof(ple,V,h))) = TRUE for all k € Hy.

The comment Asn e, = ey is true iff y(e;,V, k) = u(ez,V, k) for all h € Hy.

The Sig comments and the Asn comments need not be checked by an implementation for
veracity. Note that if a compiler wants to make use of one of these comments, it must be checked before

it can be used.
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