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2. DA1'A AND iI'S mBS 

2.1 Introdu:ctorz De~ln1tlons 

In order to ct}!l.rlty the d leeussion o~ LISP II cia ta,. we 
.hal1 first e:iq>ia~nthe terminology to, be '\I.sed. We will r8p,r4 

a datum as an,.:batract ent1ty wbose preQI,. nature 18 lrreie~bt . . . .. , 

to our purposes. $oDd til prOlram as the s~e'~r1cat1on ot an ~igo

I*tthm tor pr4celia,1ng data. Some d-.ta are ;'J:'epreaented elq)l.lct,tly 

ln, th.e progr8.iil.; tJlee. are' constanta. So.:~''data &1'* destP..ted 
by varlables; ~uring tbe executlon ot a program. the d"tum (-1t. 

8'OJ) designated. by a variable at a gj,ven t·tme Is knoWn as tbi 

va.lue of the V$.~.ble (at that tlme). $om. data. such as those 

de;as1gna ted by 8,1.(l;)e*l>.'" aslonao! alge bl'tli"Q:<';f,orumlae, h8. ve n,(t 

eS'-DlPle deslgn_tlon. 

Data mat be cla~slfled into ,t$S!tl\1.,ch a8 ttrmAt" or 

t~SYMBOL" (toXi $;mboliQ' expNss1ons). A,d4,tum has cme .• nd on:l7' 

one type. The type o,t a constant can a;,~wa,.e be ('eduoed frOQ1 

1 te tom. e.8 O;i#.: "15"· i;~ an Intege~ a,inee. l't consists ont, o~ 
d.c,lmal dlg1ts~:~:,; ';l')le. type ofa vat'~able iIlu~t be dt'claHd bl, the 

programmer. eftber expl1cltllor by ojI •• ton; the '(~ype, declaritd 

'tor a variable restrIcts but> aoes not n,ce~8arl1,. d"termine tb. 

,tJpes 0'1 the ~lue ot tbevat-lable at <Utterent timel.\. In pa,;ptlcu.: 

lar # a variable deolar.d to be of type"tiMBOL ff mat ht\;ve as vi:l ues 

data o.fdltte~t tyPes at dl~terenttll1le;.. LISP 'd1tters ~rori 

ALGOL. In this res~t. 

Adatumllj,a an Internal reRNsentat1.()n w1thin the \'~puter 
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as a sequence or bits (01' whatever else 1s appropriate for the 

computer at .hand). The Internal representations ot LISP data· 

wl11 be discuSSed 1n Seei> • _ The standard (extemal) to~ 

ot datum 1s t~e external represe~a.tion that re:sults when tbe 

datum i8 printed-. I.e. ,eOll_rted trom'tt,,- internal representa

tion.A datum may ~ve external representations other than its ' 

$.tandard torm", 8.g.# "001" 1s an extern~lrepresentat1on of 

t~e datum WbO:~~,ata~da.rd torm 1s "1". D1fferent external f'lepre

sentatlon ot- t;he~e, datum are said to _/~ egutvalent·. 
, .. ".',' -".: ~ .. 

'./,;':'.' . 

2.1~1. LISP;'.,,! Cha~~teI' Set. The LISP)~.t.l: reterence langu~e:~ 
, ..", .~:. I" , , 

publication 18.:ngua~-~;and Q32 hardware l~gtlage area11 Identical,. 

and thus onl,one e:haraeter set need be d.e1"lned.- Were LISp:!! 

to be 1raplementedona d1tte'rent machin,elP a dl:tterent· hardware 

le.nsuqe might be neCeSe8.17-

!'he L%tP II characte.-tt.8et contains a total ot 60 cha.racters~ 

pd 1s a 8ubset of ASCII. In thiS manuai'_ the space will be 

pr1nted as ")$" and the caR1age return (or .. more generally .. 

end.-ot ... 11ne) as 'W'. '!'be oharacte1"l$ may be grouped ,sa follow.,-. 

26 14atters Ai3cDEJ1OHIJltLMBOPQ1lSTtJVWXYZ 

10 digits 0123456789 

4 bN.oketera [J() 

1 operator. + .. • / t ... \ 
4 punotuat0'.P8 • ~ , ; 

. -3 re1ato8= < > 

...... ~1a1 
cleltm1tera tJ I • 

-, 



2 ~pacer. )J 8> 

The tlve cba~ote~8 
.... .. ' '. ~ . " . 

(l8f?", 

2.2 Aya11able Data TYp!8 
.' ..; ......... ' ....... :. . " 

The a~~l""b:J.' data t1~8 1118:,. be grouped Into tbr~~ ~ate.

goriest ".1.p~e tnea, a~y tJl)es. a,p~ formal typ~E!S. Tilere 

are flve @~.pl~ tYP's: "~AN"~ ftItJ.w.mEJ{u. ftO~~'·I~, "~". 

and. n~~. A,n..rrJ:l.J' tn»;e ~., de~er1bed by speclfy1ng tJ;le 

ty,pea ot e~ement~ In the ~~~7.. A to~l type 18 a~clf1ed by 

s~c1tl1ns tl'le type ot its value ~nd of It. argu~nt8. 

2.2.1 Simple TYpe 8 .• 
• 4'" ........ _.',., •• ,4, .:' 

!bere .~ two pO'8~b1.e values to~ • . - " . 

"~" and "PALSB" • . .. ..• ~ ~ 

BoOlean conflt~nt~ nth the obvl~u. -.p111S8• The ~on..tant8 

~'() n and. "Jl"'~ ~". eq~lvalent t~ "PAl~'~' i. "PALSEt~ Ua the 

8tanda~ fo~. 

2.2.1.2 InbBl.r DJ,Stl. An 1ntege~ 44t~18 represented .. l:~be:r 

•• a .. ttl-.. ot d.~l~ .• 1:S~t~ .preoed.d ~ an optlOl'l~ 81gnpc! 

tol1ot,Je4 b,J ,..n OP,ttonal "xponent,. O:L- @_.., exponent ettndlns 
by Itselt., ... e~on~~~ t!WFttt~m .".'·tJle letter "B" ff?l~~:we<J 

~,a "t'1 •. , of d,clma.l 41g1·t.~! '1'he ~~'on,nt lnd1c.a,tes '~~~t;1p11:

~t1on Pr ..• p,o.,-of 10" e~8., "~U 1,eqq1~e~t to "~OOn .WheD 

a,nexponent .~d1J b71t.l~« It ....-.nt~ a 1>0_1' ()t 1(\ .. ,.g.~~~5n 1. 

-~ .... ... 
JitD'! . 
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equivalent to 1'100000". "+0'1 and "-0" are enu-1valent. The size 

of an integer datum is limited .by the word s1ze of the computer 

(248_1 in the cat~ of the 032). 

ExamRles: 279 

-058:?lE4 

E16 

+490 

2.2.1.3 Oct!! DAtA- An octal datum is a 48-bit nuantlty.~~ 

Octal constants are written as an option~l sign followed by·a· 

series of octal diglfs followed by the le.tter- Q follpwed by an 

optional sca~~.fa~tor. The scale facto~~:~pec1fies thenumbe.r 

of trail1ngt)cta1 ~e'r:os to be added, e. g.,;, "1507" 1s equlv:~\l;erit 

·t~o "15()OOOOOOQn~ A PluS sign is 19nore4;.f;;;Aand a mln~s Sign ::~.# 
.:}:.::. 

"Q,R 'ed 1nto tb:eleftmost bit. The oct.l,··~·~t8. "+0" and "-ot';~re 

dis,t1nct. 

Exaumlu..~ -1m';.? Clt2 . 
.... . 

OQ 

od~Q 

-OOOOOQ2 

+li2345670Ql 

2~2.1.4 Real Data. A real datum i~ rep:resented Internally a,e 

~. float1ng po~nt n~ber. Real constanta are written ~s an . ' , ... . . ~ 

optional sign followed by arnanti~~~ fol:l;owsd by an optionAl 

. e~onent. The ~ntiasa consists of a ~e.r1es 01' declm~.l dIgits 

contain1ng an Inter~rsed decimal poInt: the de~lmal po1nt 

-4-
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may be at the beg1nn1ng or at the end &8 well as In ,the m1~d1e. 

Th~ eXponent 1s represented as the letter "E" followed bya 

sIgned Integer, and 1ndicates mu1t1p11oat10n (tor a poai~1ve 

exponent) or d1vIa1on (tor a negat1ve exponent) by a power ot 

10. The Integer in the exponent cannot itself be exponented. ~ 
." . 

A real constant can be d1st1ngu1shed from an 1nteger constant 

because only a real constant can conta1n a dec1ma1 point. ";...0 II 

and "+0." are equivalent. 

Examples: 245.9 

367.E-014 

.00005 

-1. 

+2.E+2 

-0. 

2.2.1.5 Sl!lbo11c rata. A symbolic datum, i.e ... a datum of 

type "SYMBOL'u, 1s the LISP II analogy to the S-expression of 

LISP 1.5. tlSYMBoL" as a data type really means "apbo11c"" and 

does not imply that the d .• ·tum 1s E\~ _Ingle symbol. The relatlon-
'.i,'" . 

sh1p between Symbo11c data and symbolic constants will be discussed 

in Sec. 2.2.1.5.3. 

Symbolic dat., are buIlt up from at.oms, wh1ch are of t\110 

k1nds: Inherent and der1ved. An Inheren't atom 18 either an 1denti

fier (Sec. 2 .• 2.1.5.1) or a string (Sec. 2.2.1.5.2). A derived 

atom 18 a symbolIc ~tum resultIng tram the type conversion of 
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a n on symbol i'C datum. Every nonsymbolic ~tum has a correspond·· 

ing symbolIc d.atum. It an ope~tion 1s d~f1ned for a nonsymbolic 

datum~ the..ll it 1" defined tor the corresponding symbollc datum 

and has the~e result. Thus asymbOlIa datu~' Is· essent1~lly 

lsomorphlc to the nonsymbol1c datum :fromwhieh 1t is derived. 

Furthermore" when a nonsymbolic datum is converted toa 8ymbolic 

datum lta external representation:rema.lns the same but Its inter'"' 

nal ?epresenta..tJon ditfers. 
. . 

"SYMBOf;i" serves as a unIversal type in the sense that a 

da.tum ot any other type may be treated. as though 1 t were of 

type "SYMBOL". Wben& var1able 1s decla.red to be ot type "SYMBOL"; 

the values assumed by the var1able may be of other types.. How

ever, it anoperat1on1a performed upon a var1able declared to 

l:e of type "s:DmoL" and the value ot the variable i.s.'~~Donsymbolic 

d.a:~um, then tbe datum will automat1cally ,be converted'- '10 a sym

bolic datum. 

ne'J!livedatoms are peculIar In that they cannot be written, 

a8 comatants exceptaa part of a larger aymbolic datum. In other 

't'lOrda. although "1ft 18 an integer eon$~nt# there 18 no way to 

write ac\}rl'eaponding aymbolic con·stant. In the context "fA 7) f!. 

howe ... r. 'HI''' itep~Bent8 a apbo11a datum. 

The fa'ct that derived atoms' cannot be wr1tten as 'constanta 

1s of 110 practical disadvantage.inee aderlved 'atom is inter

changeable with the datum f"¥-OID whioh it wae derIved 1n v1rtual.ly 

any context. .Al ... hough de1'1ved atoms cannot be W1"1 tten a.s C~l"'I8tants 
. • r"" , ~. + 

J ' •. 
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they can be Pl-"j,pted. When printed, a derived atom ia 

IndIstinguiShable t~om. the datUlll trom which It i8 derived. 

2.2.1.5.1 Strlngs..A strins is a sequence o:r characters.' Any 

membe~ of the c'haracte~ set ot the machine may bEt an element 

ot the sequence. A distinQt~on ~8t be" made between a string 

and the sequence of' characters that .represents it externally

The repreaen~t1on of' a str1ng uses the character ":JI" as a 

. de11m1terand the character II ,tf as a quoter. 

Specifically·, t.he representation of. .. t\ string beg.1ne ·and .. ' 

ends with the .c,haracter "#ft. In obta1n.ing an actual string 

. from its representation, any occurence of the character lI,tf 

wj.thln the string indicates that the next character i·a to be 

taken literally and the "I" itself' ia to be deleted. 'l'he 

characters "'''" ##", and "~fI must be preceded by '" It it thf;lY 

are part of the string. 

Two partlclllar cases of interest are "'I" and "I t ", 

which are transformed respe.ctlvely into "#" and ",''. Thus~ 

thE! string datum "ISN 'T:/1#5 $" could be repre.sented external-

ly as nDISN'IT '#'#5 "t! or possibly by nIIS'N' 'T' '#'#5 $#"; iIi 

the latter example the first prime used ia redundant but permiS

sible. Any occurence ot ''e'' within a string is ignored unles8 

the preceding character is a "t It .in whicllcase the ft.,' is 

included within the string. Thus astr1ng can be sp~ea:d Qver 

·several lines. 

-7-
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Examples~ #'" , '#)fH"AS)fTHREE)fCHARACTERS# 
( 

#7# 

#A$B/I 
#4.~ . (equivalent to #A$B#) 

2.20 1. 5~ 2 Ide'nt1f'1ers .. An 1dent1f1er1:s a sequence cif char~e-
:.. .. " ...... ', . 

ters cOl:lfi1st'~ng either of the character ll!i11 followed bY·~ 

st~lng as def1ned 1n the prevIous sectIon~ or of a letter 
" . .. ( ..... ,. 

followed by ;".AJ~quence of characters each of whIch 1s ~ither 

.:.a letter" a 41;"$1 t" or II 0" • The ldentl~.1~rs It ABC~ a.nd:'tfl:ABfJ/I" 
: .. '. '. _ M.\"·<. '. ..... ... .' 

,.:;,are identica,:: •.. Id.entifiers .. d1fff3~.rl'.o)n.)str1ngsin t~t· they: . , .'~ 

can be used~:O name t'unet1onsandva~iab.les" andean llS.ve.,,,·-. .' . ..". . .. " . :~"('." .~.~:. .., . 

property- 11.s~ .• ~ ·.~.,~:~.ciated with them.; Oh:the ot_he~ ~n.:~-~; -. '. '", . ..' .. ' '. :-':'.,',' . .:~.~·.t· ". 

"~&\ltringe': take; .MP·tt.~~-~ .. storage space tha.n-1dentlfl~i~a.. ". . .' ...... . . : 'r;- . ••... ", 

, . "TilUE';,~HIt,~,~ti ,.and "HILI! are no~:.jiderit1t'1~X'S .. , .. fI_rffiSE/!" 
'. . .'. . ,t. :', :., .... "1 \ .'. ' 

it! an 1dent1f:;1e~·~t1s not a Boole~n con.:f;ltanto 

E,xamples: ~!.,wE.,._MVE .. NO .. BANANAS 

A257-
T9~:' -
~oWiPS. FoRSOOTH# 

'IJI..)/} 

" . .... :. 

! ::', 

'. : 

2~2'!1.0 503 Spbpl1c. ':Constantso In order t9 distinguish the 
• ',' :.':' ~.' .••• " _. r ;' • 

, -...... '" 

~r1able "1\ "it.~Om·:~~- symbolic datum "A'~;~.;.;a quoting meehaI)·1;·~rn 

i~ t&eeded. A;:.:symbOlic datum 1s q'Uo1;.eQvPlYit,preced1ng :t,t":W1t.t..: 
' .. ' ~. . . 

t:pe character·'" fl. Any S-express1on. in the sense or X,XSP 1-.5 
"'.: :. '.'.. ~. 

.' 
• I.' • ," 

.,' 
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may be quoted. Derived atoms and strings need not but may be 

quoted# s1nce they can be interpreted w1thout ambigu1ty. How

ever" 1dent1f1ers and rionatomlc S-express1ons must be quoted. 

The quoted 1ndent1f1er A could be wr1tten either as "'A" 

or as "''14IA#''. In the case of the Single-character 1dent1fier 

corresponding to If)"" .only the second a1 ternati ve could be used. 

Since s1ngle-character identifiers are useful in character 

manipulation, anaddit10nal mechanism has been provided for 

writing them, but only within LI . Within LI , a one-character 

identifier malT be wr:rttensimplyby preceding it with a"'" 

An-y Single character can be treated in this way. Since the 

II ,,, also introduces a symbolic datum" i.e." an expression in 

LX' ""}" is a. 'perfectly pe~i,ssl ble way to wr1 te II, %#)#"" and 

of course a more convelent way to write it. 

Examples:. II,. 

#S'J!'t:nJG OO~STANT# 

'«(:'4 . 1)' ('$ . 2» 

'IDENT 

#IDENT/I 

2.;2.2 Array .;rtpt?s.· An n-dlmenslon_l ar·~ay datum is a set of 

data such that"atu .element or. the set ~n 'be singled out by g1v

ing n subscripts. Each subscript i~an1nteger whosepermisslble -
range is def1Jled by the dlm.enslon~ of 'the array. Thus in a. 

3 x 12 x 2 a:rray the first eubecrip.tr,anges between 1 and 3, 

t~e second between 1 and 12, and the third between 1 and 2 . 

..,9-
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At present~ the lower bound of a subscript of a LISP II array 

must bel, though this constraint will probably be removed in 

the future. When the subscripts specifying an array element 

are given,. the element can be retrieved using efficient table 

lookup operat1ons; though in principle lists could always be 

used in place of arrays, arrays are far more efficient both in 

retrieval time for specified elements and· in space requirements<; 

The elements of an array must all be of the same type. 

The type of an array is specified by spec1fying the type of 

1ts elements by means of an f-type. An f-tlPe is either the 

name of a simple type or "FORMAL". "FORMAL" 1s not a true type, 

but rather an ~bbrev1at1on for the fam1ly of formal types. 

Thus the permissible array types are: 

BOOLEAN ARRAY 

INTEGER ARRAY 

OCTAL "ARRAY 

REAL ARRAY 

SYMBOL ARRAY 

FORMAL ARRAY 

If the element;s of an array are themselves arrays) then the 

array must be declared as "SYMBOL ARRAl'''. An array cQnstant 

is written asa le.tt bracket followed by a data type name 

tollowed by· the elements of' the.arr~1 followed by a right 

bracket. For a l-d1menslonal array the elements are merely 

epumerated, e.g., "[REAL 3.5 72.9"', which lsa Single datum of 

-10-
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type "REAL ARRAY"'. The dimension of the array, which is 2, 

can be deduced from its form. If any of the explicitly given 

elements ~f an array are not of the same type as the .array itself, 

they are8t2ssuined to be converted to the type ofthe'array .itself 

according to the conversion rules given in .Sec. 2.3. Tliustbe 
t.,. . ,'.. (!,,' 

arraye tl £. INTEGER 4 p 7 J II and II [INTEGER 4.8,7.1 ~,n., are ideli tJ 'eaf:: 
When an a'p'.l'ay is· of type "Sr'e()L ARRAY I! ," th~:n i:,t.:8, 'elem~nts - .". ", 

are already ;'s$u,ned' to ~e s~bo11c 
. ,.~' . .'.~' ... :", .:.. >",', ..; . ," 

constapts and;8hO'u~dnot )be 

,.<, 

" 

<,!uoted by using 'the: "Ill. In the conte·xt .c.fa symbolic a~r~y:~ 

the ",,, is used ,to indicate -s.n array element that is Itsel:f',':an . . .' ,v", 
, ,',{, 

array and tb~~ ,:ta. given a different .int~rl>retat.1on t.han in "~~'Y 
:i·:.' . 

other conteit. 

The pr.9~edure .1'i;;l" ordering the e~emen·ts of an array 

can best be t"l1,lstr~t~d by the following e~mp1.~s: 
. \ 

l-dimen~fop~l~ [J:N'.rEGER 2~5,7,9JJ3J 

,2-d1me!f~1oti~l:~ (INTEGER [21. 7 J ~ [ 4 .. 91, 

3-d1me,hS'1:onal:· ,[ INTEGER 
.' ~.'" -",.... [ [1" 5 J, [ . J, [4,1],)'" 

[[0,91,[1,21, [3,,3]), . . " ", .'. ';-' 

. [rlJJ11~[2,7J.,,[9,,4jl:, 

( [8 •. 8]" [8,4 J, [4,911] 

:~ second. e#.Pl:ple is $ 2 x 4 ar~~Ya.:ndthe third example 11i!& 

§ 2 x 3 x 4 Jl!J:~y. The first subsor1p:tvl1ries most raPidly and 

t"l1~' last sub.~cr,.pt ;J,~a8t rapidly ~ 

The procedul'e 'for enumerating the elements of an array 

-11-
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can be stated more tormally. We de tine asubarray ot order. 

k to be the set ot elements obtained when the last k subscr1pts 

are allowed to vary over their entire range and the remainder 

are held fi~ed. Thus a subarray of order 0 is a single element; 

a subarray of order .!l of an n-dimensional array is the entire 

array. In listing an array of dimension .!l we list thesucces

~ive subarrays of order n-l.t separating them by commas and enclos

ing each one in brackets. Wi thin each subarray of order n-l we 

list the successlvesubarrays of order ri-2,. again separating .them 

by commas and enclosIng them in brackets. We cont1nue in this· 

way until we reach the subarrays of order 0, wh1ch are not to 

be enclosed in brackets. 

2.2.6 Formal data. A formal datum is a LISP II funct1on. A 

formal constant is written either in the form of a function 

declaration, in the form of a lambda-expression, or in the 

form "FUNCTION name", where name is an identifier whose value 

1s a formal constant. We shall not attempt a detailed explana

tion at this p01nt because an understand1ng of formal.constants 

requires an understanding of function def'ini tiona. . Function 

detlni tiona· will be d:iscussed in Sec. , .nd formal const~nt$ 

will be d1scu'a~ed in full lnSec. For the moment 6 we 

1Jlerely point out that a formal const~nt always begins with 

e1 ther "LAMBDA". "FUNCTION" 6 or a data type name· follol-red by 

IIpPNCTION" • 

-12 .... 
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2 ... 3 Type Conversions 

A datum can be converted from one 'type to another expl'lci t-

1y orlmpllcit1y. Expliclt conversion results from the explicIt 

use of a convers1on functIon; lmplicit conversion results :frpm 

the appearance of a datum of one type 1n '8 context 1l1here a datum 

of a d1ff'erent type 1s expected. Convers1on can take place onJ.y 

1f certain compatibility requ1rements are satisfled. '!'heme 

refluirements are given in Table 1. whlch also specIfies the 

nature of the conversion. 

Implic1 t conversions occu~ und,er the following spec1fIc 

Circumstances: 

(1) A datum 1s assigned as the value of 'a variable 

ot a different type. 

(2) A datum is used as an argument of a function 

when the function expects a datUm of a different 

tyPE! .. 

(31 A datUm is combined with a datuIil of a different 
type by an ()perator tha.t can aCQept data or more 

than one ttpe. 

In the ease of (1) and (2)" the datum to be assigned is con-

verted to the type of the variable to which it i8 assIgned. 

Thus.. It a datum of tyPe "REAL" is assigned to a variable of 

type "SlMBOL". a n~fI to "SYMBOL fI conversion is generated 

by the compiler. In the case ot (3) .. all data are converted 
" 

to the mostpreterred type; tfi~'order ot preference is. from 

lea.st preferred to moat preferred: 

-13-
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IN;?;EGER 

% 
s~;mt. 

B 

x 
.TRUE 

.:.' .:,,:: .. 

"';!JjRUE 

, :~':-:(~RUE 
,p 

Array,;;.:t,ype i:ifl:mE 

Format .. t:ype ,.',TimE 
,", " •.... ! • 't,: 
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I 

X 

or 
HI 

SI 

o 

10 

X 

HO 

SO 

R s 

s 
.' 

:111: S 
.;':-;': 

:o~:' s 
":\";',.1 

:~::~~:;\ S 
'/1'.,': " 

BR;, x 
.~ . t· , •. ,' 

'.'; 

.1.-:', 

x 
s 

a-t f-t 

SA .sF 

";Remarks: 
~ " .} .. 

:s~ 

== exac.i~~~:,.;r(q: .c,ohversion need~·~. 
= 'not· P~.~~~.l;:t·>t·~~l . .', -",' .. 1 

symbd~:;~~f;, ~t?,p,'popriate tyl?;~ .~.rap:~J1\~ tted 
= all nbh'..;,Bool:ean values al!e TRUE .' ': 

p~di~ca:'t~f 'e'v~:fuation: ( r :. .... 'FAr~:SE:i else TRUE.' 

= 

:~:ii.·.~:-.. ~t ;', " .: 't··l.···· : .' .' , ....... ~ .... o.\'.;-= arraY'i~;~y,pes.; tll'ust agree /I e,1 s:e 1J).f9:,gal 
formg~~4t'Yp~'S: 'must agree, ~;lB.~ i:i!fX~gal , ", == 

== 
= 
== 
= 
== 
== 
::: 

== 
:= 

inte~~.~-;to,,-p·ctal conversion,.t ,~:~:~~j(1;,/I . except -C! 4': ,+,ef';" ". 
integ~:~~to-r~~l conversion,,: 'd:op,t;;Jjy floating th~ l,nt'e:ti!;er 
octa::!l;~;t'o-lh1:'¢ger conversion:/:' ¢~a:c:'i:;; ". :,," 
oot.aiF;;'t'~:-j;"~~.l' conversion, dOli:eb'y?floatlng tl1e eqti~}t~j1ent 
real,-~o~integer conver-sion,,; r,ouri,~~d .' 
rea:L~··t:o.-.octal conversion" rou.nde:d! 
11' E$Ym,P;Ql' i,ef 'a number, conver.t:t,:q:,integ~r,. eise~ 11;t~g~1 
if sym,bo,l .. 1ei a number", c01?,vel'!.t, 'tiq~; octal, else illeg#::(' 
'if sylnoo,l' 1~ 1=1 number, con\':ert tb/real" else illegal 
if syrri,bpl 1':S ~n arra.y and ar):'~Y"'~:&pes agree" tr,anl$ln.1t 
the v:atu~~,:el:se illega.l·' , 

if, symb'ol 1~ a formal-typ.e' ~l1df.'O:l"mal types agree, 
tl'an~mi tthe formal, els.e il1ega:l . 

-14-

i5RJjJ;~ ... -........ 



OCTAL 

INTEClER 

. REAL 

.SYi400L;;.O 

SYMBOL-I 

Sl1J:iJ.BoL,,:R'· 
" ~, 

Here IISYMBOt':"O" iridicates a symbolic catv .. m derived ~r.q\11 ~b 

octal datum" and sim~llarly for "SY]'lBOL-Il!i and "SYMBOL-H." 0 If 

any of the data being comblnedal"e non-a:ri thmetic" then all-
" ... '.,~ . '. 

da,ts. are converted' to type !lSn.z!BO~ft .. 

2.4 ¥.o~~:l: S:vrj::a,z, g,*, COYlstants 

The syntax ,equ~t:ions for constants,. 1. ie o'l> . tba: r,uJi;es fOr 

writing them dOl'm,are aafollow$.: 

lette·r == ·A lBlcIDfEIF'GtHI I 1<1 'KILl MlNI 01 pi olRlslTtvlvlwlxlY'l Z 

o~tal-d1g1t :=- I2ft1 '213 !!I. ts '617 
digit ~ octal-digittal9 . . 

string-character := r~tte:r 'digit 1< Plf( 11+1-1* 1/1\!t I~I, 10 I: 1<1> ~ ~-i $I:V 
(fO,' ,##$,.a.nd ;:8~'1"e not ,str1ng··chqI'a.,ctr;rs. ) 

character == Btring-charact~'r ··1' l# 1% I; 
Boolean· 

Calse 

npmber 

integer 

- 1.Dteg;~r I real 

- oota11 decimal . 
octal- _. sign oC,t~1-dig1t { octal-dig;1t} * 

=- +I-Iempty 

Q {unSign~d~d~cim~l '1 

sign 
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uns1gned de~l.l .. dec1mal-digit {~eCl~1-dig1t} * 
dec1mal = sign unsigned, ·decimal ,(emptYIE'~ UnSigned-decimai] 

real-object ,': 'unsl'gned-decimal ,'" I '.uril:i1gried-decIma1I"unslgned-dec1mal 

.unslgned ... deC:i.ma1 ' 

,:real, "7'".:~,lgrt, :~eal-object {empty I ~';,;~~le) 
• I' • .. ~ ,'" 

Seale 

'strlng"=;,,:/!f { B;tt"lng-character lrl ' 'l'i'~IIS'I'1) J ;*11 
1dentifier' =i:,~e:t~.,r,{ letter'Idlgitloi} *"~::j3tr1ng: 

, ' 

TRUE •. FAtiSE'.:snd, NIL are not Ident1ft~:~a. . "'~\:~. '. '.' . '. . 
.; .. 

unquote'd, con.~j;ant;=; number I Bool .. ~atfl~r~y;t string 'fun c t'1on -:spe'c1f1er 

'. tom::='. ,un:<l~ot~d-oonstantl q cha.ract~~ 
S-expre~8~10n:~,',~t(1iil' . 
, t 

'ts':-~.xpres810n {s:...exp~e:~~t.()n} <If'" }S'. ~ S-e#>r~ss:fon ) 
, '\ 

lct :'S:-expresSI~}") "'; 

con'Stant =, 'S-expres81on 'unquoted~c"onstant 

In ttl~~e..,.:.~~t~x equat1onS''' tl1e·~',~~¢: twcfurideti'tie'd'; t,~'~.: 

'na~~):'" _pdlf ,:'~::~~c~.1.op-spec1f1el''' • 11a:~~Y:" cannot e~~11ylte:: . . . ... ," '.. . . . 

def1nt!d in, t,-lj~'~Jlotati()n we have: u~a\(here'. bUt thEf e~:¥~'la-
t1on" in s'&c\:~:.'r2~'2:f8sutf1c1ent· to sp~c:1ty the conventibtl'$~ .. for 

_ltillga:l'raJ,~. t'tUnct1on-specIf1el'"' w111, be defined In ge'c-. 
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