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ORNULA ATCOL - A RAPID DESCRIFTION

Fovmula Alge!l g ¢ha vesulit of adding two new data Uypes to algol,

Objects of type SWEBOL which are lLists and objects of type Eomy viaich are
fowmulae. We have, in addition, REAL, INIEGER, ROOLEALN, IOGLIC v~&!ab!eco

We shall wead the rser wenual by Jay Barley in uhQ xOLlowlig ouder:

Suggested reading ovder:

. SYHMBOLS
Read the part of Chapier ? on List ”fouessiug, po ALe3wB wxp. AL.3.12,
Then read Cﬁaptgf 4 on ]vst pxocpvsxng, ignorvng avy parts which refew
o FORM variébles. Do a 1list exercise.

2. FORMULAR .
Read Chéptex_is po AL~3-1 —.p. AL-3-8. Then read Chapter 3 on formula
manipmlationlbut leave out. the secition on Evaluation, p, AL-3-32 -
Pe AL»3«36,1;D0 a formula ezzrcise. “ -

3. Bvalnation oi foxrmulae

New do po ALw3»32 - p. AL-3-36, Do evaluation exercise,

Exzaaple

mwliov algovithm to clear 'vational fractions

BEGIN FORM A, B, C, D, N;

qmmm D "l‘ 'Df'r‘;nnu-:'. :

S e P ATTALT P T

B ~AsANY; B - B3ANY; € « C:ANY; D « D:ANY; N & N:AHY;
T ¢« /[ OPERATOR:* ~][C"“"‘f"‘RUE'],
B/ Laz’wmma +][ COMM: FRUE ] 3

' RATIOWAL « [[

(n/m - (C/D) e Lal%,C)/ (,3%.D) ,

(a/B)/(c/D) ot (b%,D)/(.3%,C) -
(A/BY (T ¢ = {.4%,0)/.B )
A/b)/s:: o= oA/ {B,C) )

L/(A/L} o= {.B%.C)/.A

(A/BY 5N T VA T s
KEE 52221, _ ;
Al +c/d T = (A%D 4 CHBY/(LB%.D)
A/B - C/D W= (A%.D - L0 BY/(.B*,D) )
4/3 2] ¢ R R RV .
AB - € o (A - C%.B)/ B )
¢ - A/B > (C%.B - OA)/_.B 5

MK, 225115
BED.



SYMROL, varisbles - Part 1

Construrﬁlon of lists

Lisra can be built up by -asgigame u; statemants like

o A «~[B, C D],
This stdtcment ucLually evaluatcu B, C and D bezare Lormiag Lbe lisi, To
prevent evaluation (like QUOTE in Llsp) we use g dot, Ehuo a’tcr

o A - [B, -C -D],
éhe value of A is B, C, D]. If A has this value and t pegfqym'
- E «[A, *F, -€l; |

we get [B, C, D, P €] as the value of E. If
~ E«[[A), L
then {[B, C, D}, ¥J. .

Note that a list of one elemant 438 an atom 50 A «([3] assigns the value
3 to A, To get a list we use A «[[3]].

Also that objects on the lefthand side of éssigmment statement are cvalu-
ated if composite bbjeqts (symbolic expressicns) and not if atoms. This
sceords with intuitibn.l Thug A @-[fB,.oﬁ} 'puts [B,C] a& value of A.
: IST 0% A «[-C, D] puts [C, D] as value of B, Atoms are
‘.iu*tializc& auLomaticallj upon déclasation to have themselves as value,

. eogog A &= .A.:.

Alteration of lists

To alter a list, one must selecL parta to be altezed and'thq@ perform
some type of editxaq s&atemento' Salectors aan ba ordinal or by kind. '
Examples of ozdmnal selectors aze°‘ s-
ST, 2D, NI, LASY |
NI BEFORE MIH, -
DETVEEN 187 AID L;\s‘r AML BEFORE 75
kied selectors ave ‘
REAL, SUBLIST, ATOM, ANY ,
These sclectors can be nosted arbitzazily, thus
190 REAL DEVORE NI SUELIST




=3

%TEPER“S are an sxception, YIP%L 3 means the first 3 nlem capd FIRST

ACIRCAUTIETIT;

THTES E 3 meun the fivst cccurfenre of cbe integer 3.

Having ﬂblccuud parLs of a vast one con alner ie by edthwng naaﬁcn
ents and we use OF to connect Lhﬂuo Thaus
| CDELETE ST REALOF A .
CALTER 2§D SUELIST OF B 10 (-G, D]

Note that a REAL element of 1 133& is an explicit constant 1ikc 1 1,
vhereas an ideﬁtiﬁicr vhich is daclared as REAL is o synbollc obgecL and
selected as a ?O!Ma The em»chxan ls, ii declaved as SYMB Lhea *t is a

OB, -

Bguality of lists
7 IF A= B TERN
TRUE if the value of A is exactly equal to the value of B.

Dascripﬁion lists
As wa11'33 a ‘list being attached to each atom as its value, there is

another kind of list vwhich can ba attached, This.is an associstion 1list,
| -/ [+B 3 -C15 |
Oue can retrieve a value by

| D - JE B OF A; |
Attributes and values arve symbolic objects and must be declaveds One can
have wany different attribute.value pairs onr the description list; also,
values can be lists of valuas, . :
4 APPiES « / [+COLOR :-RED, °GRE~N] [-'SdA?E “ROVED | 3
One can also retrieve 8 valuvely CGLOR(AP?LES}, provided the retrieval
expression COLOR is an aﬁcma One cen alter deseripticn lists by editing
' statements - C : ‘ o
THE -COLOR OF APPLES IS -BLUR.

v , 18 1’0"‘ +RED,

W . TS ALO BLUS,
Wote the difFareaca between and necesq{tj for «apd IS, Thus

R -SHAFR OF APPLES e—oSQUZ 23 assigas SQUARE to the
variable ROUID, ' '

A - B "ﬁﬁlﬂﬂ ov APPL&

agsigng A the value LRED CEL£~]°



..l!‘.

An attribute, upon assignmenqug.$¢tﬁieval, can be a comnoaitc enpression,

but it must evaluate to an atcm.

Eattezns

As ve 11 as selectinv and mitevlnv defante parts of lists 5,5&3 ean
loock fox c&xtaan forms of list

Thus BOOLEAN Z; o

S T[4, 1, B, oc LD, B, <Fl, «€, -A, -4, -CJ;
Z«-Sa:-:[A mumﬁ '§, A, 2] o

asgigns uhe value TRUE to Z. lhe pattern consists of 2 lis t with nLomu,
vhich match to occurrences of aaemselvas, @efos 4 will oa‘y mmtch to an
cccurrence of A, type words l*ke INZEGFR AUY, etc., $N meunin? amy M

objects and $ meaniug any pumber o- any aypes of object° Tais usc of
reserved words as data objects is very interasting. One can set up a
pattern as a value of some atom, e.g.,
P «~ [REAL, §, -A];
and one can then match, €oges
IfSww® THEN ete,
Thus, the pattern is subjected to evaluatlon befo*e the match is

applied.
R ~ S o .
FaxR matches the value of F to the atem S
Foma oR matches the va’uc of F to the atom R. .

P ¢ [RBAL, $, R}

assigas the pattern {REAL, §, 8] to P,
Fooap ‘

matches the value of F to [RBAL $, 1.

One can even mmtch patterns against pattexn¢ in ﬁ&ich case thc ulngle w
is negeded, This = can bz used to wateh for exact: equality for any two
.lists, in particular foz pattern llsts. = =3 REAL aatches any real, = REAL
matches to the reserved ideniifier REAL ' -

In
objects, the user can dezmne his owu Eypes or classes, using lists.

| Ve [oh B, “Ig -0, (Ul; . |
IET ([VOWEL|) = [ | AMONE (X, V)] defi.nes a class called (|VOWEL|),
dhewe VOUEL 13 a aymubol varlable” meaning membership of the list V.

B

additlon to matching on exact atoms, type words and any number of

This caa bz used in a patterm; thus,’
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IF S w (;vmm[) THEN,
Actually one nacdn’t only use tae tystem functilon AFGSG, one can uge any
Boolean psocedura oz expression Lo,aezine a clasz of objects, vifq those -
for which it returns the value TRU! o
LET qmm[) xlx> omw -
One can optlonally use e: t*actors in aay patteru matdhe.
F oo s INTEGER Y -Ay $2 {'B 8 ANY yoC ¢ ([vowgnl)j
if matdhed“to- £3, A, B, G, D, A39 hen corresponding values are ewtxactcd
into the extractors. Thus, I, B, C have values 3, D, A,
:tractors can be present in ar asszgumﬁnt of a pattezn value
P« [-I s INTEGER, -A)
and they are eva;uated before. use. - Lhus;
F oo (QE 18T QA : [NEEGEER]

FORM variables - Part 1
Construction of formiiae .
A formukis a symbolic obgece nhose -form 1s anjthing 1ike ai Algol

expression, This,
X %Q(ax 4 oY) 1?2.;
-3 * SI(-6) 2 ;
e~ *IF oX >. 7 THEN °X ELSE °Y;
« PROC (o*z: Y);
- A [‘Xs 'Y.[»
: S R ' _
set up Lhe follouing values as. ijbolibtentities. (Xué-j) §g33;3 *SIN(G) +2,
IF X > Y THEN X BLSE ¥, PROG(Y,- 1), A[X VI, X ¥, .
. If the variables ave undotted; th y are: evaluited, thus after L
. A ¢ B; |
C « SIN(a);’
A has value B and € has value: SIN(B) Real, Integer, Booleau and
Logic variables can be used in Formﬂum:and evaluate is the usual U&Yo
- Thus, c <..»x- A <— (3.142/2); B c—-SIN(A) - 05 ‘
B has the valne 1-% X, . .
One can use a symbol varxable Lo define a variable which takes as its

=

L2 o= R o S >

)

value,{one of'& » ¥, ete, It cdn be assigned values and uaed ‘in con~
structing formlae, thus L . |
R «/ [OPERATOR : 4, - /] rclcm : TRUE, FALSE, FALSE] [IMDEX : J]
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J of type lnrege :
Taen if B kas vnlnu + snd B w:,A j<E>|

E has va’ue A:;f

rormula pattexns

Kn a smmilar way to lzst ‘ome can use patterns to agnlyzegﬁha
stxucture of a. £ormu1a, Pat;ernsfqah.ﬁe any formula_and.cangﬁéé’afoms,
type words of;glauses. R ;4 .j.”  , ' | |

 Fms=.A; FTa=REAL, T =wm ANY
? = s OF (B)
where B is a user defined Boolean prccedure of one argument defining o
"class of objects. . . . ,
Fow . A+ B, Fous IF X TN .Y ELSE 2
Form Al [K ¥] 5 FuwmAs (X oY) , Foww Ko .Y
In addition, one can define a class of patterns by using a list of
pattezns P @-[Pia Pys veo Pn]; then ¥ = = P matches 1f at least one of
P], oo P maiéch ¥,
One can use a variable ogerator
T ozom LA l"‘"[ +B4
Extractors can be used in the usual way.

If the pattern match F = A [Rf .B is used, it matchcs R if the
binary operator'in the formuls cccurs as a value of the descriptor O?ERATDR
on «the deocriptxon list of R. The extracted value is mot available, bat
caa be deduced -from the INDEX vhich contains an integer which is the ox dcr
of the operator. Thusg, vmth the ussignmcnt in the previous sec;zon and
Fe.d~-.B; Z¢F==.A|R| B; Y THE INDEX OF B;

Z now has zggg and ¥ has io Since -+ has OO value IRUE, F - B+ JAj
2 «F == .A [R] .B; gives TRUE.

In addition to the w == construction which matches the entire formula,
we can test for inclusion of a pattern someulere in the formula usiag B,

| F 5> P matches if F contains a subexpzession vhich matcheé the
pattern P°‘ | _ - | '
In this casg, we can use aﬁ_éxtracto: on F.
AtF» B
Haans, if a match occurs, the sﬁbexpreésion of T vhich maiched P i3 stored
as the value of B, The old walue of:B 1s substituted fox the subexpression

-in P and this updated F is stowed as the value of A.
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m ha e SNRROL AhQéY a wnosc use is obvious, BElements o

‘can b2 of any Lyle Lud ng FOWH

Description lists can be a ftacﬁgq‘to varlablas of type FORM. fThey

’

cain also be atisched to ublLaL .of a List lvipng a éggg; descri
Y -7, "‘A‘/[HHM : 11, B, ¢, A/H\*i}"M ?_‘, D, B];

1
'heselloc&l description lists aLLached o« do not ¢nteriﬂve wzth the

global deseription list of an Ugcm::enc& of A outq tue list Q\ﬁuched

to T.

Push doun_and Pov‘ up statemonts

i oand } orve opare 10w S which pursh and pop mny atoms of tyne QYHBDLO

ments u

Thun, cach ztewn 1s and whan 12 iz voed in otley

stion.  Thus,
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the value of it is the value on the top of the stack.:

Generalization of For statements -

The <for clause> is generﬁlized tp- ‘
FOR <symbolic expression> «<for list> DO | PARALLEL FOR
<expression> < ELEMENTS OF <e}§pression> p_g and the <for lists- to |
" ELEMENTS OF <symbolic expressiom> l |
ATTRIBUTES Oﬁf <symbolic exzpression> _
Thus, the iude:;'. can take values from the value list or the description
list of a SYMBOLIC object. Also, one can have parallel execution as in
PARALLEL FOR [I,J,K] « ELEMENTS OF ([S], [T1, [U}] BO
This means that the Ist elemenﬁ of S, T, U are assigned to I, J, K,
respectively and the BO performed, then the 2nd elements, and so on.

Default actions . . _
Lf any list runs out before another the value NIL is used. This
value NiIL 13 used in other exhaustion sltuations such as looking for the

value associated with a non-existent attribute,

Indixect accessing brackets
I£ A <.B; B¢ .C; C<.D;
then using A causes it to return B as value. For indirect accessing one

can use angular brackets < >,
Thus <& returng C.
<LA>>  returns D.

I?QRM variables ~ Part 2

Evaluation of Formulae
The EVAL operator provides additional evaluation capability., Having
computed a symbolic formula, we can substitute numerical values for the

variables and £ind the value,

CoBey P e Xt Y32 «EVAL (X, ¥) F(3,2); N
substitutes 3 for X and 2 for Y and puts 9 in Z. -One can .ulse EVAL to sub-
stitute other symbolic values..” .

Coffes B =X ¢ ¥ Z-EVAL (XK. oY) ¥ (LA, .B)
gives » ¢t B as value of Z,
EVAL applied to formula of more general Algol like types will execute them. -
Thus,
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- Simdiarly dotteé‘proccde“r, dotted arways or dotied ussignnont statemeats
.

are exccuted by VAL, Duving Q”ﬂlL“LLOQ uVaa doas come obvicus: gimplifica-

- e

tions lika & ¢ 0= 1.

There are two other velatzd operators, SUBS mnd'REPLACE,v U\u Goes
a s“cni;1tfcrva:a subst titurion witheut evaluaticn ox

o L

) f--:nms (21, .52) -'m,.xZ)

REPLACE "eplacas 21l atoms fu tlie fo rala by their cgtéénﬁfvmlus ang
evaluataes ik,
T X ¥ a5
Yoy & 3
21 « BEPLACE (F); - pives ¥ - 2,
Z2 « 8UBS (¥,.2) ¥ {3, 4), ooy 2,
Thue, BVAL agnd SUB nly substitute for the obgcc&s pamed in theilr

)

arametbr 113Lc but RUT b?z gubstitutes for 31?
SuBs does no evalustion; just celected substitutions.
REybAcy does avalua io aftexr total substitution. M
LYAL does evaluation aftex selectgd-substiﬁutioﬁSa
Hote the dots,én the w.h.3, of pxoduétians; this is becnume’t%a;rnh.so
iﬁ‘evaiuated, vian it Is anwvd just before use. Tae match and axtraction
is then donea REUFLACE then oye“atcs oﬁ Lhe #.h.s. and £ ;Lnally‘EﬁﬁL is
applied, all hy the systesm. ‘ ' B

" Note, also, that the substitution arguments to EVAL‘and"SUBb'"re,

in general, sywmbolic exprasgaisns which axe evaluated; the 1st'1Lst 1ike
(.Y, .Z) above must svaluate to atoms, and Laat EVAL, mURo and REPLACH
Ul'l anly replbca Tom at s, Gni: atoms‘ou o?hex Lyyen. '

Recunsive pﬂi&ﬁraw

I an element of a patte ] ia a paLte&n, this puttern is mauched

D

Thus, he patieyw
o suM <~.[or<su*1}~ o (smx), OoF (v) j ‘ '
vhen mﬁ&ched, 7w w SUM, will match all Subeumrevalona. ,Thi§jcnn be uged
to exizoer all ihe clemento of a -ormula R
BOOLTAN DPROCEDURSG "’(};) FDRM X3 .
BUGTY P o« TRLE; INSERT X ATTER iAST'QF L; BND;

bt B) CArr Y e
[ETEEIN is3
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Exercises in Formula Algol

1.

2.

VWrite a prqgram to take guestions and answers and set up a discrimination
net, i.e., a question is a’ list of properties that the retrieved object

nust satisfy something like
(CMU, COMPCENTER, WHERE, AHBOND]

and a fact is an associated symbol PH118K. The discrimination pet is
of the form '

lemu ?
N \Q(?s . : T oeke
Prrr comecen \\\\ '

WHERLE - WHERE

/ , No ~ %
AHBump Wito
‘ .
» ¢
Fier @ PHUISE \ES

and the ansver to a‘question can bhe retrieved by testing successive

elements, When a new fact is added, e.g.,
fCMU, COMPCENTER, WO, MANAGER]

one must test successively .until a failure is obtained and then
modify the net to add the new fact. Design a data form and a dis-
crimination -Ret to act as an antomatic user consultant. One would

like to be able to answer questions which cut across the wiet also,

e.g., give'a list of all people in room PH118K. As there is no

input in Tormula Algol, the cards must be compiled in as a symbol

array CARD, say.
Giveﬁ a polynomial in form

(a X + a o1

, m
n 1ne1" + e al)(azmx + . DX )

expand it and collect llke terms.

Glven a rational function, clear all fractions.

Solve a differential equation by computing the first N terms of a

Taylor Series.
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Transform a formula in the pr:positional calculus into disjunctive

normal form.

Write a program to give numerical values to an accuracy e of Legendre
m .
Polynomials Pi (x) for arbiltrary m, 1, ¥, €. You can use any

generation mathod you think suitable.

Write a LISP interpreter in formula algol, possibly. along the

following lines:

Represent (A«B) by (A«xB)

then define symbol procedures

gymbol procedure ca¥ (x); symbol x; begin

if == y: any w any then ca¥ ¢« y else begin print (.UNDEFINED)
g6 to halt; end end; |



	01
	02
	03
	04
	05
	06
	07
	08
	09
	10
	11
	12

