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~~yar~.rabt<:~~~ Part 1 

£2E-0tru~l.°!.Lg..:L~ 
Lists can' be built up by:':a~~ig~eo.~ 9£:ote~tlf:s like 

A <- [BSI ~" 'D]; 

This staterllent ,actually evalu,a~~,s: B, C and D before foiiriing ct1.e: lifil'to To 
. °

0
• 

prevent evaluation (lilte QUO~' ill Lisp), \'7e use ~ dot, ' thus, aft'e): 

A (- [.nll ' ~C" -D); 

tbe value of A "is [B, C, D]. If, i. bas this value and l.!e perform 
'. . ..... 

E <- (A» ~F~' oG]; 

we get [B, Ca D, F' G] ~s the volue of E. If 

E (- ([A], .JJ]; 

then ([B, 0, D]) ~l. 

Dlota that a list of one element;: is an otom so A (- (3] assigns the val"te 

3 to Ao To get a list 'V7e use A <- [(3],10 

Also that ,ob,jects on the lefthand side of nssigmnent statement are evalu

ated if 'composite obje~ts (syalholic e~tpressictlf:l) and not if atOGlSo 'IbiD 

.accords t.,ith int:uitioLl.. Thus A <- [.B9 oC] puts [B:')C) as vulue' of A~ 
! ..iEl'.Q! ' ,A <- [.C, oD] puts (C!) D] as value of no Atoms ar.e 

initialized automatically upon dcclni:at:too to have themselves as 'value) 

A 1 tera tri2E-__ 0 f 

To oltea: a l:.tsC~ o~e mus,$.: .. s~ct: p,3:rt:,a to -be alt~red 3nd t1~~~ perf-arm 

some type of ~tio~" statel!leni:~'" Selci:~'~r'~ con be ordinal or byJd.ndo 

E~:amples of. ordinal selcctoA:snl:c: 

.1,§!,: 2!1]l, ~12!, ~ 

1~1!. ~B:6!F0R! l-i1!!, 
.~'?~..Jlli '!~ !.~fP.. ~" !:!~ '1J]!9llli 71!! 

1,i£lU selecto2:G al:e 

. .'. 
~nose cclecto~D c~n be ncoted,~rbitxarilYt thus 

'.§!,' l*!~ !lEJlDi¥! 'N~, !?!!~ 



~ 3 me::,ll th~ f7r.~St: accux=cel1~e, ,o~ t11~iIlteger :3_ 

Having se1.ec,~ed, p02:t.s o~ a Jj~~t' OC!8 c.::Jn alter it: by cd~.t:i~ng':;ptate ... 

m~nto .m.1d ,(·m: ur;e" '.Q.b1. to connect ~:hef1lo :t?uw, 

DELETE 1ST R.EAL' , '·OT! 'A 
~~ .... ~ .. LIt~~ ~~ . 

!Q. [-C, on] ALTER 2ND SUBLIST 'OF 13 
~UIIl .. - ~~~IIU* --

~lote that II r~AL element 0:2 a lj.st is an e:l!plicit const~nt like" 1'~ 1 ~ 
~ 

t-;het'cea an identifier "tdlich is 'declared 3S REAL is a symbolic, obJect and . '. ~ 

selected no .n ~Il The exception is~ if dec:la:::-ed QG ~~~~ cheri "it is a 

,SYlIiB. '-
!9,ualJ&.~ of_~1ats 

,Ill' A = B . THEN 

TRUE if the va lue of A is el:ac tly equa 1 to the va lue of B .. 

Dasc!ietion ,lis~ 

As l-1ell as a ,liot being ott3c~ed to e~ch atom os its value) there is

another !tind of list tlhicb CQn ~e 'utt:lched. This 10 nn asaociat:ton lis~o 

A (- / [-B 0 C']' , . .-
:;I 

One can retrieve a value by 

D -) 1.!!! oB 2! A; 

Attributes and values O!i:C symbolic objects and must be: decl.:,u:cK1.. (Jne cau 

have many different attribute-value pairs on the descr1.ptiotl list; £1180 9 

volues c~n be lists of values .. 

APFLES ~-I [·COllOR : "P~DlI, 'oGREE~l] [QSHAPE, = oROtRIP]; 

One can also retrieve .0 value q, COLOR(APPLES):> !,'t:ov1ded the !i,'etrieval 

e:i:preas:ton COWR is an atom.. One cen alter deDct"i~ticn lists by ed1.ting 

statements 

'filE co catoR OTl APPLES :is '. BLUE co 

n 

IS HOT 0 RED • 

is ALSO cllLUB ~ 

t~ote the difference between Gnd' necess:tty' fOl: .. - ~nd IS. 'l~lus 

~ffil~ .. SllA.E'2 -fill APPLES (- 0 SQU1~!ill; DS$ign~ SQUARE to tIle 

variable ROUHD .. 

A ~ '1J.lB "COLOn. OI~ APPLES; 

~ssigns A the 1,clue [PJID, GRt,~HJo 



An attr.-ibute, l~p~n ass1gnment.,'pZ', ,~e'ti-iev.nl, c~n be D compos,ite:c;'~pression!l ........ '. ' .. .' ,,': 

but it must ev~l~ate to an ato.~. 

As ~'}'el1 as selecting andrlltering def:i.i.1:U:e pnrt3 of ii'Gts~ ,oue con 

look for cer.tain forms of list~' 

Thus BOO1EAN z· , 
, s~-t oAI) 1, on, oC.~, [~D, .E, ,oF], .S, .A 9 .A, ·~.l; 

Z ~ St~ ,':;:l [oA p '!~Q.~~~ . $, oA,": $2] 

assigns the v.olue TRUE to Z. ,'llle pattern consists of a ,li~t "il7ith acoms, 
" .. 

lrhich match to occurrences of t11em~elves, e,.go, .d i-1ill' only' mmtcn, t.o an 

occurl:cnce of A~ type t.lorua li~~, ~l~G'E~:I ~i!, etc., $N mesn1:og ',~ny N 

objects and $ meaning any number of any types of object. This u,se of 

resel~ed words aR data objects is very interesting. One can set u~ 3 

pattern as a value of some atom, e.g.) 

!<-(~9,$fI ·A]; 

and one can then match, e.g., 
, . 

.!E. S l::i t:.: !? ~) etc. 

Thus, the p~ttern is subjected Co evaluotion before the match is 

applied. 

matches the value of F to the ctcm S 

matches the value 0':: T? to the atom Rc . 

P (- [~, $, RJ 

assigns the pattern [~, $& S] to Po 

F :;:,: ~-:; l? 

w.atches the va lue of F to [~, $', s 1. 
• 

One can even, m.":lt~h patterns agaillst: pa~terns in' t~htch case the single ~:i 

is needed.. Tbis ~ can be used to match' for elClJct 'equality for any tt-10 

,lists, in particnlar for pattel·n' lists. ~ = ~ matches any re31~ ::: ~ 

matches to the reserved identifier. REAL. 

'In addi!;~op. "to matching on e:roct atoms, type v;ords and any number of 

obje.t:.t:s:> the ltSC': (~QU define his o\-iri, types or clasaas, usil.'lg l:tstso 

;,.. r. Q"·E II I··O • U']' • ~ ,~" • ';'l., ) :1 , ,t, , , 

l:[f (fVO't~El.J I) ~;-.: [:~ r .!H.10~lG (X!) V) J defines a class called (,VOt'mI.l), 

~;::hel':o Vot'mJ", 1.:J n gymhol variQb10 p meaning membership of tlac list Vo 

Th:i.s CQrl bz u::loa 1.n c'l p:ll:tern; thus$' 
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.!E. S.,~ .~. ('VOi·mL') 'llil!~o 
Ac tual1y one' needn. 7 t only use the ::1 yotem fUllction ~·!O!t!!l> one cs~ .. use any 

Boolean p:~ocedu~e or e::l~pression to define a class of objec~s» vi~o '="hose· 

for. wiclt it retu1Ci.1S the value .mun 0 

LET (f:moll) 't5' .pC I X > 0 " Jt .. ?-::'l:1 . 

One can optional'ly use extractors in I~l!?-Y pattern match'o' 

F ~ tll C ~:r.'::.: II~TEGEl1:~v .A'1)~"·$~,/.B :., :~!.uL~~·'oC : (IYOW1u.l)l, 
if matc~ed' ·t.o '" ~3", A:> n~ C, Dlj' A]~' llan' corresponding :Values,: are e:t~ract~d 
into tl18 el:~ra.cto~s. Thus, I~ 'B~ C nave values 3:J D, Ao 

E~~t'ractor:s can be plt'eGent. in Ell: assignment of a p'attern' value 

p:~. [·1 :; ~£!~Im.'I):. ,~A) 

and they are eval,lUlted before, l!,~~o. ' !llUS,~' 
,F ~~ l\~ ~qm 1§! ~Jt;:~::.: :.~~E~EP.l 

FORM· variables "-:"Part 1 
:nrv "hio1 

Construction of .:Eormbilaa 
----~--~~-~-=--------

;, 

J.\ formnll is a symbolic object whose ·form is anything lL'lte an' Algol 
eJtpressiono' ~us" 

,~ 

x ~ (oX + ~'i) '-1-.2,;.: 
F -) 3 * Slll,( ;,G·)· ~~2 ; . 

G <- oIF oX >. n'~i' 'llmrl .oX ELSE °Y; 

.• '. E 4- PROe 0 (~X,.· o'y); 
.', '" 

B ~ A 0 [.X/.~'~.YJ; . 
H <-x 0_) oy' 

set up the·:.~ol~obing ~};!1~s as,. sYmbolic :entit.1eoo (X-!-~) t·'.~.:~,· .. 3 *SDT(G) +21'.' 

~ X > Y. THEN X ELSE y~ PROCot~ :'Y),~ A[~; YJD X (- Y • 

. f' If the' var~ables' ar~ undotted, .. they are:' eval~ted, thus' af-ter 

A ~ ·S; 

C ~Snl(A);' 

A· has· 'value J~ and C h3S value': S!N(B) 0 Real, Inte.ser,~ B~lean ~nd 
......: .. ' .. " ., '.' . 

Logic v.!:n:ia~les can be used .i~: fC)1.~:ul:e and evaluate is the usual:'t-7~Yo 

Thus, .~ ~ ;X; A'.~~ (311 142/2); B'~:·;'S.IN(A) >.+ C; 

B ha~ .~e V~l~~":,:':l' ..,. Xo' : :,' '"., .. 

One' can use's symbol vari~bl~" to. define a variable t;hich takes as its 

value,·,.one: 6f>~,; ..... " ';:, etc. It' 'Cti~ b~ a.ssigned values and use'ti'::in con

structing formla~, thus 

R. ~ I t~~~ ; +, - /] [~~ :: ~, !J\1i3!, ~!~J [IIIDEX',:": J] 



J of type i~tege~~ 

Tbcn i~. 11: ho S, 17:3 1 t\~ ~. and E ".,':-::-" II l1 I <;R> I .. B ; 
. .1' I'., 

E bas ~alui:A:+'Bo 
, 't ,:0'· 

~mula p~~Eern~ 

In a ai.mit,or lt1ay Co list~." one ,can use patterns to analyze·, the 

structure of"'a·.··fo·rmula II 
.. '.': 

type words O~:~loDsesll '. " .: ~ 

F :": :r.: tJA, F':::r::;t ~ " 1! ::: ~ ~ 

"i! ~ ~ 5?! (B) 

'ahere B is a user defined Boolean procedure of one argument defining n 

class of objects. 

Ii' :;: ::: .A .... B·" :u ~ ~ oIl? oX TllEN oY ~LSE '"Z 

,F :.:: = A. (.X, .Y] , J! t.:I :.= Ao (.X, .Y) J F.~ ~ .lto O{--.Y 

In adclition t one can define a class of pat~erns by us:tng a list of 
patterns 'p ~ [Pl J P2 t II. II Pnr,·tbcn ,F':= ::: P m.atches if at leost one of 

Pp> 00.0 Pn match T!. 

One can use a variable opeX:Qtor 

;~ A , ,.., I -" :;;: :l': a ' J.'-

E~~tractors can be uned in the usual '{l1aYD 

If .the pattern match F ;,-: :.: oA' fRr .B is used, it matches R if t.he 

binary operator'in ,the formula occurs as,a value of the descriptor ~~A~! 

on !~the descripti.on list of RIO The e~ttr.«scted value. i:l not av.nilablet~ ~,but 

C,Ul be deduced "from the llmE)t ~1hich contains an integer, '{'ih:tcb is' the order 

of the operator. !hun, ~~th the assignment in ~\e previous se~tion and 

F r aA - oB; Z f- F =: ~ oA 111.1 ,oB; 

Z nOl;'1 has ~ and Y bas 20 

z ;.- J.? ~ = .A In I' e'B; giv~s TRUE .. 

Y (- THE INDEX OF It; . 
_____ .I __ 

Since + has ~ ~~.lue ,~, F (- an ...,. CIA; 

In addition to the l'li ;..; cO~Dtruction '\:Jhich matches the entire' formula» 

we ~an test for inclusion of II pattern- some't·:~,cre in the formula ~sing >:~. 

E' ». P tU:l tches if F contains 3 subexpi:esuion 't'7hich matches tIle .... . 

pattern Po 

In this case) 'tom can use an e:ttrllcto~ on F 0 

/.\ : F» B :' P 

J.lfu3ns" ;.f ~ match occurs~ the oubel!:presGion of J.i' 'tmicn t.'\a'i:c~ed l? is stored 

as the value of BII T.he old value of··J3 1.6 substituted fo~ the' riu1>e: .... pressioll 

,in F and' this updated F in stored as dle value of A. 



( ')' \) 
.... • .. JI 

HIH(Z) X " 2 .; .. 
.. · .... ~' .. \.'1 

!.~ , [1) ~l> 
..., '1.- .... 1' .,;.:~) •• ~ 

.nnd' the :~chc:r~'!~ j.s ~pplicd 1.:0 n 

(::It'.l.'\! to cl"i ~,'~~ nop'; sb, ';''','·om ~·"·l!.lC·"'i·j 1"11'1 ) ., . .... ,,;,I ... ,J.... t,.;., .... ""' • .... __ ~I ... ........ t. ...... U __ ,. 

In P., i:.~ n~Q tched l1Y,;:? to Il) 

t=icd) 3Dd so ou. 

dot 

i ... c" :e .:.111 

'in pnj"o"!e] '!"'~"oceqiJii'\r,' '0 if:! ti~·ltchetl h.)~Z' ;:"': ::;:: to ]1.~ , .~~- c". _ ••.•• .,;'- v" -,;J - 1 .... _.4., ~ .. ., 

If n 11 ::':<:1 i 1 1:1f; thiu la-':le 1. ~ tlt(~n I:.:h[~ .f:i?::s t stll.ic:'q"J~:(;!wion 
;::1 

P:?:I .:;tnd 80 on" 

J:~; t~a~·1.ed on. 

C<:H'? bt:' of any typ3 including .~~~~~~ .. 
~.. .' 

J?Ul:thr.::." 'nnes of clescz,·i.Tlt:i.on' li.sts 
4o~_I,.wIJ.""""I-'-____ '-""""""~""""""""""""""""I'1If\.IoVtol':1luJ.: .... ar.lW""'~~."IP""''U.'''''''' 

. . . . 

De8cr:lpt,ion J.:i.sts coOn bf~Q,ttach,~d, to vur:i.ables of typ'c !QI~:~," They 

n ]: .... ~~ . 

cm.ll also he att;:1~:~hcd to G~lbl1.sts" o~1: ,n "lis,t giving a l~!!! deocr,:lp,ti01.1c. 2:'~aus~ 

'.1: (- [E' ~l\/[Hu!.'i : 1 J ~ B,' C~ ,c\/[!:n~i 21~' D, E]; 

'l.'iil(;We ,loctIl de.sc!l,"iption listn attached to L~ do not interfere vlitl~ the 

global deGcr:tpt:L~n list oi: :.H'l o~c~.~=::cni~C: of A otltside the list d{ .. t:nched 

t:o T .. 

J:nsh dotm [{!:'lei r'O~)' up ntntem!.:'Jn 1':8 
, ... .'w._ .. ~ ..... ~~ ... ,..,~ ......... ,.,. ........ " ..... ~t-............... ,.~,,\.=:~~'''''-.c...)I..oI.''._ .. OlI.lr ...... , ... • ............. n.,.,-v.n. .... ~ ... ~ .. ~.~ 



-8-

b~e value of it is the value on the top of the stocko' 

Genernlization of For statements : __ ............... :rn """0. 

'£he <for clause'> is genera.lize~ to 

!,Q! . .<symbolic expres.s~on> -E-<for list'> B.Q. I P.i\R/~L ~ 

<expresGiol'l> oE- ELEMENTS .QE <expression> B.Q. and the <for list> to 

ELm~NTS g[ <symboiic'expression> 

Ai'1'RIBUTES O~ <symbolic e:~pression> 

ntus!, 1:l1e inde~i: can tal~e values. from the value list or the descr?.ption 

list of a SYH.BOLIC objecto Also,' .one can have parallel executio~ as in 

PARALLEL !Q.I! [I&J,K] oE- ELm-mN!§. .QE. ([8]9 [TJp [U)] ]lQ. 

This means that the 1st clement. of S, T) U are aSSigned to Is J, K, 

respectively and the BQ per~ormed» then the 2nd elements~ and so onD 

~lt 2ctiona 

If any list runs out before another the va lue NIL is used o Til is -
value ~ is used in other eJmaustion situations such as looking for the 

value associated with a non-existent attribute • 

.!..D:ili~rt accessin.~ brackets 

If A <- • B; B ~ • ~; C <- aD; 

then using A causes it to return B as value. For indirect accessing one 

can use angular brackets <>. 
~J:hus 

<<1C» 

FOru1 variables - Part 2 
~ " 

}i~aluation of Formulae 

returns Co 

xeturns Do 

The !~ operator provides additional evaluation capabilityo Having 

computed a symbolic formula t we can substitute numerical values for the 

variables and find the value o 

F (..0. oX t .Y; Z +-EVAL (X, Y) F(3lj2); 

substitutes l for X and 2 for Y. and puts 9 in Z~ ·Onn ~an use EVAL to subm 

stitl'Jt~ other 'symbolic values ... ·: 

~i"(!s .:, t B as value of Z 0 

., 

EVAL applied to formula of more genernl Algol lil,e ·types 't'1ill execute them 0 ' 

'l:hus 9 



~ "" '7 ,', .. ,. ( .. -, ) .'"' , "","-; ·o·'·'~ ,," 
J~" t .l'':'6~'. ',,,!..', 1.' ~~ ..t.i<. 1:,. i " . 

• , ..... , .• :'.,.... • .. ·"-I,jJ~.u ....... • • 

• (.~ ·;.t,)-.·_·~ .... ,1· ... ::· -.i" ':: ro'l" ". , ... ~ • • ""r~.. [J'_"'O' ,C .. ,-.{.tl1,'2,.'·'c:\'~ ) C\ ;,~, ," ~:" r~.t~ '·,~·!.'·~·".·,:3 y.n 0'_", ,1 ..... ,. ,.C:' (1 t""" '" i (7n t·' ~ ... /- .... n ~'(~""r"""l'" ,. .... _"lJ~. -J '·V_'~.. 'f -.;;!~ , .. , ... ~ .. ...:.: .'1, ,.j·_':"!.·!,";I'~i..J.,::"~~",~·~:,,, •• ,~j'l~(.'(_":;l,',.~;"l-~., 

~l::i~ (;!~~e;i:!utcd b',7, j7}·]AI,. Dm:ipf!: C,,,·!lt·~t'r O'rl EVA; doc",l :~cn~e otn:r:tou~' !;,li~:ml~.£:i..(,~.:.·!.· , •. _ ... ' .. _.... • 'OJ • '.. ......... .~_ftt.:! . ,-" _ 

t:i.ons like ~\ 1" 0 '-:. 1 • 

, , 

~~ c"uns (0", - 'r?) ,.-. (""1 -"2) lJ ,; •• .:? .... !:~ 'j.Lt, ",J.~_ J~:, .. 1,') .Jt. • 

11~'U?g911 ::::epi~ces ~11 ntCrrt[; in the ro!'mlll~l by thcd.::.:: cul·~O!.~~:.:·4}~lttc! nnd 

cvalt1~~.:::~ it .. 

Y <-- 1; Z (-' 2 ; 

Zl <-11EPLAGE (F) ; giveG ',?' + 7.. ........... ~ ........ ""~ .............. ~-:.. 

Z2 (..;.. .~lli.~? ~Y ",) •• $ .~ F (3, 4); a X + 12~ 

'IiU.lD) ¥!:!!~L ~m.cl SUB~. Dilly sul)stitute for the objects named itt their. 

p:.n:amete:t" lists) but: PJ~prtACB ntthst:i.tutes for .311 .. 
. • .---...u.lI.~ 

~.¥.ES does no e~]ulttatiorL; ju~t celected ',$ubst:ttutimls. 

~!:L:~. does f~valuntioti aft:cr total.- substitution .. 

EVlYl, does eVo!.11u.ntion ~fter sclectedsubst:Ltutiolls .. 

Hotc the oots ,on. the r .. h.s .. of production!); thiB is oecoufJ.e'the' l:eh.o o 

is evaluated, tl1hetl it j.s forntcd judt bC£Oi:O usc. '.the'rr.,ntch at1cl c:.!:t:i."nctit'll.1 

is then cloneo FJ~i?I~ACE then opez'ates on' the 'r.h .. s .. and :~inally EV,AI, is 

'.uppl:ted~ all by tho systeo .. 

"Note, also;lthat the £ubstituti'on C:1l:gwaents t~ !yb.!!and'Sl!~ ere) 

i.n gnneral;» syrobol:tc ej~pl."csO:tr~J.1S \'?nlch are eV:Jluated;' the 1st'i'i's}' like: 

("Y) .Z) above'must e'\.'aluate to ;;l'!:OffiS t , and Ch'at EVAL~ suns nndREPT.lACg 

't-1il1 ,only '7..·epl~co~! a!:QU10, ~1)t, atct~c.. of otnej:." typeo. 

If an element ox. a pnttczou is a patl:ci:n) Chi's pt2ttCl!'n, is o:3tched • 
.. : .... ,:.,.,/ 

. SUl·1 <~.r.QE.(sm'!)~:"9I(SUH);.SR(~)] 
trlten tl;~'!(.:(!hccl" !7 \!:~ t~J SUH~ \Vil~ rr.oCch all SUbel:pA(H~!lionB'. Thin can be ue'ed 

to e~~(:;:cc?; .:111 !;:y~ '31Cn1crito of Q fOl~1U1o:: 

Bcc:cr;M:1 :?i?.CCEDum~; }J'(ir); Forni ~t;, 

AFTBR LnSTOF L; El~; 



-'jO· .. 

I!? ·c ·····1.,.. 



Exerci~es~-¥~rmula Algol 

1. Hrif.:e a pr~gram to take qu~stions and anSlt1SrS and set upa discrimination 

~, i.e., 3 question is a'" list of properties that the l.-etrieved object 

must sa~isfy something like 

[~ru, . COMPCENTER II viHERE, AlIBOND) 

and a fact ·is an associated symbol PH118Ko The discrimination net is 

of the form 

and the anSHer to a question can be retrieved by testing successive 

elements. When a new fact is added" e.g", 

[C tIU, CO!1PCEN1"ER, WHO) J:v1ANAGER] 

one must test successively.until a failure is obtained and then 

modify the net to add the ne't<1 facto Design a data form and a dis

crimination -net to act as an a?~tomatic user consultant. One would 

like to be able to answer questio~s 'tvhich cut across the n;et a1so,9 

.e.go" giVe\3 list of al~ people in rooUl PH118Ko As there is· no 

input in Formula Algol~ the cards must be compiled in as a symbol 

array CARD, say. 

20 Given a polynomial in for.m 

n n-l m 
(alnx + aln_l~t + 0" + a l ) (a2mx + ) ( ) 

expand it and collect like terms .. 

30 Given a rational function, clear all fractions .. 

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

Taylor Series" 
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50 S".L'ransform a formula in the pr:':positi~nal calculus into disjunctive 

normal forma 

60 Vlr:U:e a proiSram to give numerical vaiue,q to an accuracy e of Legendre 

Polynomials P~ (x) for arbitrary m, 1., l;~, Co You can use 'any 

genel:ation ru.~thod you think suitable ... 

7... Hrj.te a 1..,ISP interpreter in formula 'algol s possibly, along the 

following lines: 

Represent (A-B) by (A*B) 

then d~fine symbol procedures 

symbol procedure car (x); symbol ~t; begin 

if l: ==:: y: any * any then cax (- y else begin print (0 UNDEE'INED) 

go to halt; ~nd end; 
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