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Romberg's method tor numerica.l..cy' :ln'tegl!,"ating a f'WJ.ction ot one ,raria.ble 
has~ desirable properties (see: Bauer F .. L • ., H. Rutis:ba.user and E. 
Stiefel: New aspects in numerical quadrature., Proc. Symp. Appl. Math • ., 
vol. 15 ( 1963)) • one of these is 'tbat a po~Olllial ~ arbitrary bigb 
degree~ be integrated exact~ it enough function values are ava.11-
a.ble. The tunction values used are spaced at equal distances and this 
is a dravba.ck. when the function s);:Qvs intense fluctuations in some 
part ot the interval ot integration .. 
A procedure will be ca.lled. 'adaptive• it there is a prortsion tor adapt
ing the. spa.ciag ot t.1le function values to the local intensity ot tluc
tua:t:ton ot the integrand. Adaptive integration procedures nave been 
published and these have the dralili>eclt that a.n integration :f'ormula ot 
fixed order is used, al:though in ~ cases enough tunction values are 
calcula~ to use a tormul.a ot higher order. Because this is uot done., 
unnecesaari~ l'.IS.llY tunction values a.re used. 
The procedure to be described below combines the ruJ.l power ot Romberg' s 
mei'mod vit.h tbe adaptive teature. 

B. :1'he ZM;tb:>d o~_bu1ld1Bf$ u;pthe Romberg scheme 

In executing Romberg•s metl¥>d the scheme is usual~ (see., tor instance., 
algorithm no.6o by F.L. Bauer., Comm. AC).{, !1- p.255) built up as tollovs. 
suppose the Romberg scheme ( denoted. from now on by •RS') has been cal
cula:ted tor ~+ 1 tunction values and suppose that the correction term 
was not yet small enough. Then between every two existing tunctio:n values 
a new tunction value is inserted., 24ti in all., and their ISUJl1 is used tor 
extend.in& the existing RS b,- one rav. 
It is., however., possible to derive the RS over a ,mole interval trom the 
RS's belonging to its left and right halves., which in their turn are 
derived trom ••• and so on. 'l'his process is executed. by a recursive ALGOL 
procedure. Tlds method is somevbat mre laborious than the usual one, 
but it bas tl'1e ad'Y8.ntage tnat the adapt1 ve teature llllQ" be introduced. 

Suppose that over a whole interval the correction is too large. It the 
function happens to be moooth ~ sape subinterval., this will show as 
a. mna.11 correction in the appropriate RS and the integration., ot that 
interval at least.,~ be tinished. In t:bis vrq- the calculation ot an 
RS over a.n interval ea.uses zero or more subintervals to disappear trom 
the rttst ot the process because a satista.ctory approximation tor the 
1ntegra.J. over these has been tound. For the remaining subintervals we 
la!ov that between every two existing tunction values a new :f'unction 
value has to be inserted ( 'interstitial tunction value' in the sequel) 
before it makes sense to a.pp~ the same procedure to them. 



RA W19"-2 

C. Stoz:ap Jll!B!lemmlt 

Every interval. treated by the i>rocedure • au'binterval' mq. give z-ise to 
several separate (non-,e.dJacct) 1m.tena.l.s to be treated Ukev:l.se by 
'subinterval' at a later time. At~ one moDJ.en't. onl3' one irltenal is 
being :band.led. and several otaers Jl!IEO" be waiting tor their turn. Intel"
vals are :represented. 'by a set ot :t'tmctiom values stored contiguous~ 
111 the a.rrB¥ •ta• .• The problem 1a to m.noeuvre the interval• 1n suc::n 
a va.y- tbat all the unused elements ot ta are adjacent to each other 
and to the one interv'al being treated at th.e moment. 
The solution u.sed in our program ID!q d.eac:ribed aa toUovs. The intervals 
va.1.t:Lng tor their turn are stored in two stacks in ta, the 'vaning stack' 
at one end and tlie 'va.xi.Jlg staclc • at t1le other emd. 'fhe unused s:pa.ce 
is 1n the ml.ddl.e. In general the intenal being intergrated sits 
astride tlle un.uaed space and is progress1ve4' tnmsterred, aa the buil~ 
inc ot tlile RS proceeds, from the waning staclt onto the :wa.xi?lg stack. 

'flda is possible because in principle the build1.ng up ot the RS :requires 
the tunct1on values seq,uential.4r. Some past tunc:tion Yalues a.re also 
retu.ired., but the number ot tl:J.ese 1s in the order ot th.e logatit:bm ot 
the total number ot timction values. Tiley are convenient}¥ stored as a 
local w.r1able in tlle various recursive activations ot the procedure 
'Z"c:im'. ,:'he 'interstitial values• are placed on top of the waxing stack., 
alternating witn the values comimg trom tlle waning stack. 
Tliie adaptive teature req,uires that a part ot u. interval be deleted it 
tl:!e correction term in its RS is small soup. Wll.enever an RS is com
pleted, the c:orrespcmdiq interval is on top ot the vaxing stack. 
Deletion is ettected. b;y a suitable cllmlge ot tl1e stack. pointer tra:ns
ter:ring the appropriate part ot the waxing stack to the unused space 
and by plaaing two descriptive elements on top ot the waxing stack. 
In 'this ~ the rsainder ot the interval is made 1:nto a separate 
interval. 
When t:b.e ~ stack baa vanished, the d.:l.rection is reversed and the 
vax1q s't&ck 'becomes the waning stack. 
When 'both stacks ba.ve 'YU.ished.., the procedure 'integral' is finished. 

D. T:b.e results ot Balle t.eata 

1rhe toJ.l<:rtd.n& table shows the result ot sane teats. The pertormance ot 
AIGOL proced,ures tor numerical 1:ntegration using adaptive s:Lmpson 
( act~ um.~ due to extrapCl>lation., the 5'-1;,oint Romberg tormul.a), 
Bombers and adapt1 "¥e Romberg tecmdquea ~ be compared tor some 
integrands. It vill 'be seen that in general less tu:nction YBlues are 
aeeded. at the expense ot more processina time per tunctio:n. When a single 
tuncticm '¥8.lu.e takes more tian a certain JD1n1D1Ull amount ot time to compute, 
Ue adaptive Romberg procedure will be taster. 
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-- c•.. .. ·., (0 41' ,, "<,1' R•,-c~ V '"'~' 
~JL '"'-<.~"a.'!. :, t::.:;, JI, "' ~...,81 ,j "' ""'} :, x): 

:B:obB.tOlass T~l.tol.• ;,_,-3 1:!,!:Hf.'t,Qil,.,,s ~@l,.tol.,. r5 i!ib®.tolo>!!! ::~1 .. tol.,. r?' ~b$~tol.,,,. :P:'~:Ltol.,a1 ~ 

F',i ~,JJ,;':r, ~~ e~ount l"~~ult t~ count :if~Wlt 'tii.m.e count x-esult. tiJl:le count 
~pt.. 
1.§imps. -.190701485 .. 02 11 ..... 1907ce501 .. 05 33 - .. ,90702523 .19 121 - .. 190702523 .. 62 397 

~erg -.191025415 .c:2 9 - .. 190701539 .03 17 -.190702523 .06 33 ...... 190702523 .05 33 
•pt. 
~,erg -.191025415 .o4 9 -.190701539 .08 n -. ,907ce522 ~ 18 33 =, ·,90702523 al7 33 

integr-al(O., ~., exp(x }{ x) X sin(exp(x x x) ).., x) g 

ab8.tol.~ rel.'tole• !3'""3 ab~.t.ol.s rel.tol.• Jlr'5 ~b~otoloR ~~lotol.q ~7 ab~otol~~ r~l.tol.~ -.r9 

r@~t time t<:Olmt r~~,tlt 'time ~otm.t reisult tim~ count r·esult 'time cou:.nt 
adapt. 
ittm,ps. +.963629789 .. 41 129 + .. 963391383 1.21 385 "\~0963402535 3,.93 1245 {,.963402539 12 .. 73 4037 

i"Omber~.9029&>336 2"' .. v 65 +"96tl.206997 io49 re;<,~ 
,,11 ... ~"963401092 2.,94 1025 +Q963401092 2 .. 94 'Hl'25 

adapt. 
r~er~.902634385 .. 28 41 -i:~ ~ 963368480 'i.,28 181 ~.963397889 2 .. 2\ 305 +0963402538 3G87 529 
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integral.(exp(=n) 1 11 1/(n X x) 1 x); n~ 5 

ab~.tioi .. - ~al.tol.~ 3'""3 a.bs.tol.• rel.tol.~ 11F5 abs.tol.~ Tel.tol.~ ir-7 aba.tol.~ ~el.tol.~ r=9 

r®~uJ.;t time ~ount result time count. result time count :result time count 
adapt. 
~~8 .. +1.ooca48896 .03 29 +10 0000005~ .08 69 + 1.000000001, .24 213 +l.000000000 • 79 685 

rolr®®~~l.074546713 .05 33 + l O 002306617 013 129 ~1.00018o265 .26 257 +1.000006160 .1J..7 513 
adapt. 

.68 ~~g+l.002397933 012 25 +1.000007482 .29 57 +l .000000112 .6o i13 +1.000000002 129 

in~{®X.P{ =n) a 11 1/ {n X x), x) ; n,,. 10 

ab~.tol.,:,1 r~l.tol .. ,s .ir3 a'b8.tol.• rel.tol.:as r5 abs.t.ol.~ r~l.tol.~ r7 aba.tol.,.. rel.tol.~ rr9 

l"@~ult time count :rewlt 'time count re~ult time count result time count 

ad.a.pt. 
~Uttp~. +.688633649 .06 45 vl.000000466 .17 149 +l.000000001 .53 449 +1.000000000 1.65 1409 

rombezog~5.812003280 014 129 ~.0164o9633 .47 513 +1.159575641 1. 79 2049 none 4.30 5000 
adapt. 
ro:!lllb~rg + .. 688641383 .22 45 ~1.000008292 .59 113 +1.000000186 1.15 217 {-1.000000000 1.91 353 
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b..t®gral(exp(=ftl) 1 11 1/(n X x) 3 x); n.- 20 

ab~otolo"" J."el .. tol.::::s a=3 a.b~otol.,., r~l .. tolo..i r5 abaotol .. ~ reLtol.o::s r7 a.b$otolo:s rel.tol.3 J1F9 

1~@~iut t.iJoo C<OUJO.'t r~~ult time ~cunt re~uJ.t time count r~~ult· time count 
adapt. 
~:L<r.:ip~. ,o.. 3Li,6587196 .05 45 {> .. 534241574 020 169 +.727588879 0 79 669 ,n..874535761 3.08 2621 

r~m~g 'i .. .,36o8,3'1i> 4 10 79 2o49 :ncm.e 4.29 5000 none 4 .. 26 5000 none· 4o 15 5000 
adapt .. 
~b~~, ~0346595133 o~H 45 ~ .. 589163316 071 141 +.830077291 ~oOO 385 +" 98977431 o 4o33 817 

1:ntegnw.(O, 1J (n y l) Xx 4 ns x)i n~ 5 

ab~o'OOlo"' r@l.ot.ol .. ~ zr=3 a.lH~o'OOlo~ r~l."tolo"" r5 a.b~.tol • ..,,. rel.tol."' r7 S.bij.tol.:,;; X-~lotOlo= ~ 

:r.~m!Jt ti.n:le count ~el!'llult time count r~sult time count re a ult time count 
adapt. 
~imp~ 0 + l O 000000000 oOl 9 -l,\,loOOOOOOOOO 004 29 +1.000000000 .09 69 +1.000000000 .33 249 

rO'JQb~:r.~1.000000000 .01 9 ~10000000000 oOO 9 ~1.000000000 001 9 +1.000000000 .00 9 
adapt .. 
romb~rg-:i.1 .. 000000000 004 9 +10000000000 .. 03 9 +10000000000 .. 04. 9 +l.000000000 .o4 9 
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int~(Oa 1a (n ~ 1) X x-4'na X}i n~ 10 

ab~o 't..©.lo ~ r®J.,;ool,.,'lJ ~3 M~o 'tolo "!! r@l .. t.ol. ~ r5 ab~o tolo :!'$ relo tolo"" r7 a.bB.tol."" relo t.ol.-o::>J ,r9-

~(~~~::;11;, ~~ cO'UID't )];'@~ult t~ count r~~ult t.im~ count ~~gult ti~ count 
adapt .. 
~iJt'.IP~o ?l o00no76868 .02 13 "i? 1 • 000000088 006 J;,. l ?8, oQ00000019 .,s 129 s}i.000000000 .47 333 

jt'c~®li1l:E"~}1 o 000000'19 5 .. 03 n .:i,1.o<)oooo795 003 1? .'}> 'l • 000000000 .. 05 33 -\i>l .000000000 .05 33 
Mapto 
~©ltIDr~X'~;s'I> 1 "0()04!:r,9) 51 oO!-i, 11 ';}j 000000003?' p Q _, 2;; ,J,j o0000000'l9 018 37 oii> L 000000000 029 59 

1,nti@~(O.i ~a (:ri sl;, 1) X x 4 na x) $ n"" :20 

8.19'~o~t,lo"'!! lr@lo°t<GJlos,i Jff"'J ~~~.t.Dlo"' T@l.to1.ez ~©~o'GOlo~ Y't,l.tol.,a,i rr;=-~1' ab~.t,olo"" iJ;'~J..t·Olo""' ~ 

lr@~;I,J,".t t,~ GD'\ID1io lr~~t til?ID.® CQU'X!.t r~Blult, tim<el count r~&'llu.l:t 'ti~ ~oumt 
~I)ti~ 

~1I([)~ o 'Ii' a o !()():'.) 10 i 9, 14 .03 17 ~l.000000396 .. 07 ~9 "'.? !l O 000000038 023 153 'i?' 1 0 000000000 .59 393 

X°~Q,t;~@,;s}i 00011901 :;6 003 il7 -i?l 0000008630 QE:' 0 ., 33 +10000000001 .. 09 65 "1J1.000000000 018 i29 
OOB,J)1',o 

Jf©l~@)f~c}, il O 0(£06003 5 005 11 "'"l 000001&561 .09 19 +il .. 000000059 .20 39 oll!l.000000000 .41 79 
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E. Text of the ALGOL J?l'O~edu.r.e 

~ pro~~d:w:>e 1nte~"'al(x,a,b3 t'X8 a.e9 r®9 ma.x:8 tul.1 up); 
value a,b,a.e1 re1 :roax; ~x,a,b1 f'x1 Sll!l9 ~e; ~teger max; 
i.a.b~l f'ull up; 
bei.f:n integ®r r a su, l, i,11 j, lpo8 lpi9 rpi.!ll!:"p09 l.pa., B.11n; 

rea.:Lh.,hh, hmin., tl' .p BUl!t18 W I t 18 ~o., s i, d., C.p baa 1 va., =-== 
:rt:"ft. .p l!'a'la.; 
boolCl!lall clal~f't,fl'; ~N :t'a[Oaaa.:ic].11t.[O: 119]; 
m~sd.u.re rom; 
bee.ix: integer llp; ~ ll"lf1 ltr9 1tO.,lt.1; boolean lcl; 

:ti' r-1 th.en 
b°igin l ~ r-m,; x: ... xvh; mm: .ll fx; :rpi : = r:pi +a; 

- :rva:~ fa[:rp1]; lpa:m lpi; fa[lpi]:~ lva; 
lpi:~lpi~~; fa[lpi):,. mwa.; lpi:~lpi~8i 
n:~~Jl 
if (lpi=rpi)xs>O th.M go( tull up; 
tf:,s (lVB.,},rva)x.5; to:~ t1~va)x .. 5; 
c:~ (tO=t.l)/3; to:lOI t.01,c; 
if a'b8( ~1)a) < a.bo(tCX~~).J.ae then 
bogiln. 't:rt'::s abi(h)XtO; cl:;, t~n:::!I ~; 

b:.- inXhh; if abal(b) > lmn then 
beg1..Yl fa.[li,r=,e\] ::.t a.+ba f'a[lpi] :• n; 

lpo:~ lpi:~ lpi~s 
i!md elaie lp:tg~ l:po; n::;;t o; a.::.s x+hh 

~d elai~ = 
· t>;i'~:"" o; cl:,. false ~ 

end elBI:!! 
~:tn"'j7>$ J=r; r:l:11 r=,1; l:~ 1/E; left:.-~; 

rom; 
sr: llp:"!I lpa; llv:.:s lw.; ltz-:.,, tr; lcl:.,.. cl; 

l't'i:~1; lt0::40z l~:rt:~ false; 
roxnJ 
J.:::t l+l; r: .. r·HJ j:a1 j'll>rJ l'fa: .. 11:v; 
lpa.:"" llpj 80:~ (lva~va.)Xo5; 
t[j·}x~] :e<JI 
it l~:tt t..b.en c~cx .. 5) el~e (t[j~r]+sox .. 5); 
d7',,. 1; t~: ~ j<{)>l"'=l 8tep =1 -until j do 
begin d:~ dx:4; iilt:,,. ijQJ aiO:::=i tli~r]; = 

c~,,. {ff0=~1:)/(&=1); e,O:.,. so+c; 
t.[i] :"* 
it left then (B0<o5) else (t[i)+sCX.5) 

end· ~ ~ ~ 

~' d:::s dX4; e1: e::1 so; so: ... (lthrtl )x. 5; 
c:~ (s0=5ii)/(d-1b eO::.is so+ca 
d:;$ dX4; tt:~ so; so:~ (ltc»to)x .. 5; 
c_: ~ (sO=tl)/ {dFl); tO:"" 8c»c; 
:J.f l~J.Acl ~ 
b®gi..111 tr: E~"i-tr; cl: ~me ~d elae 
if abs(cXba) < ab1(tCKs:·e)~aethen"" 
c=» = = 



end• _1 

begin tr:• abe(h)Xt<Xl; cl:= true; 
a.n~: n: 1:1 {J.pa.-lpo)xs; if n > ""o"'"i'hen 

be1;<!!.n b: • EXhh; ...... .... -
if' abs(b) > hm1n then 
begin J.pi: • lpa+s; 

:f'a [ lpi ] : :a e.+b; 
lpi: =- lpH•s; 
:f'a.[lpi] :a n; 
lpo:~ lpi:• lpi+s 

end else lpi:• lpo; 
~ oTa:• x+bh 

end el8e 
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be§~ n: • :f'a [ lpo-s]; b: • ta[ lpo-s-e]; 
a:1:1 't>--mXbh.; lpo::;s l;po-{n+3)xs; 

end. 
end elee 

~ a.new 

'b'eim tr:~ltr; el:=iif'e.lee ~ 
end; 
Ur• au then !:f'E: su::='s'u+l; !! abs(rpo-rpi) 2: l ~ goto sr 

end; rm 

woed.ure suprom; 
1 rp1Fiio then 
beg1d:, r7:.u:1:11 -1J l:• t; j:• O; lef't:• ~; rom; 

sum: :s sUJll!IJ"tx'; euprom 
end else it n+o then 
beiin"' "'1'a.[lp1] :..- rva; lpi::11 lpi+s; 

b : • XlXbh; if. abe(b) >hmin then 
begin te.t'rpi] :,,. &*bi lpi: ... lpi+s; 

ta[lpi]:• n; lpo:• lpi:• lpi+s 
end el~e lpi:• lpo 

end· --=' :procedure subinterva.l; 
anew: it rpo • o v rpo ... max then 
byin If 1 tr then -=-

begin ~ true; h:• -=hh; hh:• -.5Xhh; s::ra -s; 
lpi: .,. rpi; :rpi : .. lpo; lpo: • :rpo; rpo: =- rp1; 

end 
~anew 

-
fr:.. ta.lee; 
rpi:• :rpiYBJ n:~ ta[rpi]; rpi:• rpi+s; a:• :f'a[rpi]; 
rpi:• n,i'll'SJ rva:• fa.[rpi]; rpo:• rpi+nXs; 
n: a O; x: • a,-bh; suprom; goto a.new 
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A ro:mw. LANGUAGE TECHNIQUE APPUED ID BUSINESS DATA PROCESSING 

A. Introduction 

The programl.ltlng aSB1~t call~d l~or an .A.I.OOL=6o program to process 
a large a.momt of data (a.bout rfJ l!icw.xact~E'B1 punched on pa.per tape) into 
sales eurveyn to be output an a. lin~ prilQ.t~ls". Thia report will onzy 
deal with the part ot the program tllat int~eyrtlts the input tape. The 
printed record ot threi 1npui~ tape 18 (beca.ue.:e of size a.nd structure} 
i,;u,.suitabl.e tor visual check on Eifiltake~. 
The tape should produce numbers and theiae are of d.1.t':ferent levels: 
some num'be~s Bl~ ~oiaet.hing a.bout a wale block of following numbers. 
These bloclts are separated by delilmit~rs, which are hierarchically re
lated because several con~~cutive blocks~ constitute a block of 
higher levelo 
At tir~t an ad hoc ~acription wa.~ tried tor defining the structure of 
the input tape. After a. time ::!.t beca.m® clt!lar that it w.a ua.possible to 
foresee all permutations of ava.ila.bl~ Bymbols and to state ot each 
whether it could or co'tllld not be allowedo B~cs.use ot mistakes ma.de in 
punching the tape, it was t.o be expected that most. of these perrautations 
would occur in the long run. 

Essent1a.ll;y1 the problem. posed by the input tape :ts tmt of the correct 
parsing of its; puun.chingeo The 'I.Mi~ of a. ccm.text=:t'ree grammar .for t.he 
input tape solved the fol..'\.c>Wing pl".CJiblee: 

1. provid.."tng a coirw:1t8~ and 'lmSJfilbiguous de~cription of the atructure 
ot the tape 

11. providing a. fr~rlk. tor. a progit"am. ( '~;y:nta.x=directed • ) that 
parses the t,,a,pe and procea~es t~ infol"lm.tion it conveys 

iii. outputting a. record ot the~ m which the: progr8Jll interprets the 
tape 

~pe>: : .. e.l<da.te><dil3'trict.~a.pra"> 
<.date>::~ d<nexuple>l<.dat®><torg~tit><da.te> 
<districtB>::..,.<ewipt;ir.:>l<ctt.strict~a.dilrr.g><visita><d.istricts> 
<dJ.stric~: : ~ s<trip~ I <iltt1tl~:icth®ading><f'orget.i 'ft.> 

<d.i. tilt!':icthea.ding> 
<visits>::~ ~t;ir.:>j~ello><or.der~odbye><visita> 
~".JlellQ">::~ <l!linus><hiexup~l<nello><f'org~tit><hello> 
<orders>::::a ~ty>!<poaiitivllD<.it~>z<orderB> 
-<1. ~>: : ~ ~ty> l <,poa'!li tiv~ tems> 
<.positive>::~ <5,pa.c~uadruple>j<po~itive><.forg~tit><positive> 
<goodbyia>: :,,. tglt<rorget:tt> 
~rip~::~ <digit><d1~.'t><d.1git> 
<q,ua.cb.-uplia>: ::11 <digit><:tr:tple> 
<nexu.ple>: : .. <di~t><dii;it~uadruple> 
<digit>::~ 0!11213141516171819 -
<empty>:: .. 
~,uxiber>: :.,. <triple>l<stu.a.druple>l<hexupl~ 
<delimiters>::~ dlel~l~nu~>l~pa.~e>l<.goodbye> 
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The notation u.sed here is t:bat of the 'ReVised. Report on the Algori.thmic 
Language ALGOL 60•. The metalinguistic variables tor which no production 
is given a.re direct~ represented on the tape. 

c. Particulars about the PirofFSlD 

The AIOOL-6o program shown below contains onJ.iy the syntax-directed 
structure. Statements tor processing t.he Be!IJUtic content of the 
inf'ol"lll&tion received are summarized by assignments to the integer 
'semantic'. 
The program ia rather J.oosezy related to the B,Tamma.J:"1 but still 
closely enough to make it easy to c:beclt whether it will perform 
indeed as the gramme.r specifies. Departures trom the correspondence 
between gnl.lllll!l8J:' and program bave bes instituted to avoid a 
proliteratic:m ot dim:inutive procedures. The procedure 'number' 
processes al.l productions of <lo.umber> and also <f'orgetit>. The procedure 
'f'ind' processes the productions ot <delimiters>. 'read' is an integer 
procedure tbat delivers the value ot the :first punching on the tape 
that represents sane metal1nguist1c variable. 
The value of this punching is then stored in x and remains there until 
either the program achieves such a state tllat its value Cf¥l be accepted 
or until its occurrence is found to be syntactic~ incoorect. 
In the latter case symbols have., in general, to be alcipped until the 
former case is found to be true. 
~ecause the "VB.rio~s meta.linguistic variables envelop ea.ch other, the 
concomitant delimiters have a di:f':f'erent level ot pr:.torityo 
The toJ.lowing are used.: 
a 6 
de 5 
s 4 
minus t 3 

z 
apace 
others 

2 
1 
0 

A call ot 'f'ind• occurs where a certain delimit~r is expected or 
possib~ one ot a priority not. lower. Accordingzy, it w:l.U have one 
(whichever situation is, a.tter O or more akippings, encountered first) 
ot the tllr~ :f'ollowi:ng results: 

1. A punching 9qual to the one sought is found. •out' is called and 
executicil, of the next statement after •.find' follows. 

11. A punching l.UleQ.ual to the7
' SQught but of equal priority I is found. 

Jump to the f~ 1·st label :f'o.llows. 
iii. A punching unequal to the one sought., and of higher priority., 1& 

found. Jump to the second label toUows. 
•t:t.nd' also takes care that skipped symbols are distinguishable tro11 
accepted symbols in the output. 
In this~, the consaquences ot an error a.re restricted to the amalleet 
syr.tact:.tcal entity containing tba.t error. This entity may happen to be 
the largest. In that case a.ll its constituent entitities would be 
skipped without being checked syntactically. This possibility is 
avoided by having 'f':tnd• call 'districts• or 'visits• as appropriate. 
In this '\nQI' we achieve that an entity~ be checked ayntactically 
even when contained within an i:nco~ct entity. 
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c. Text of t.~ pro~ 

begin co~11t van ~n.P 1609; 
~tege~ 1,j,x,a,d,ea,torg~t it9 g9 Sa~az,apace, 
ioo:'..rm2~1 q™!l~~oo iroaxk, b.lanka !]~tic; 
1:.11teg~r arr.q heptJ..~ [ 0 g li27); bool®an index; 
§_~~ger Pl"IDC~~ rmd; = 

b~~..n - §~ XaYZ. 
y g .. h~:pta~ [REHEP JO 
t©z- x g ""' y wh._·u~ 

ilmdz 

~blruri.k Y x:;,,i q~~tielm. lllB.1rk. do 
b®~ 1£ x~ qu8l~t1on maxllt then PRS'XJM(x); 

y g .. h~ptaM [RE.HEP] 
~dJ reie.d.go y 

~~ed.ll!"~ ootz 
b~g~ 'j!, x ,. d V x "" a ~ NLCR; 

PR3'1M(x); J!:g >.;I r!Elad 
md.; 
~~g~:if pT.Oceid~ :n:wrib@:!i,"(n,~t) a value n; 
Llll"''®Bjr(!1!ir n; lilliie!l ex! t.; 

end; 

:l'..nt®glillf 11 sum, t~~,; 
~lml:"" o; t~~~=s 10 4' (n=l); 
for i g ~ l l'ilt~p l mi.til n do 
!! x > 9 ~ EiQ~, exit ~lie 
K~@gin S'illlil: ,;,s ~~ ,!Jo x x tmuil; tens:"' tens/10; 

out 
w.d; 
i:f x bl! f,org~t :!. t. then 
~gin out.; goi;:_~ ata.rt end; 
mmi.ber: '* aum 

~c<edux--! :find(p.11~tO»mtl); value p; 
:tn~1~g~r p; 1ab@l. e.x:1:tO » ~1 t 1; 
b~g~.n :ix1.t®g~ pdox,plt'iop; 
"' £l"~lii>.@;®l' :PL"'©C®dure pTiority(:p); value ;p; 

:Lsri.t®g~r p; priolt"i 'ty: is 

1,f p ,. apa~® t~ l elae 
if p es Z then ~lBeJ = 

r:f p .a m.n~Y p~ t.lwn 3 el~e 
'ff p .. ~ t~.11. 4 ®l@~ == = = 

if p :11 d \/J)"' e~ 5 <1:il8~ 
= 6= = :tt p ,. a. ~h®.n ~1~~ 0; 
Itx,l,p~ = 
~p pl"j.ox~""' prl.~;j;'ity(x) a 

pr1,op ~"' prj ""r.1 ty( p) ; 
g priox "" pX"iop ~ goto exi to; 
g:_ pr.iox > p~iop !~«m ~ exit 1; 
NLCR; 
PRINT'!'E.IC!'(·~r wrdt g~zocht.:j,,); 

nex'(j~ 5.f x ~ ai 'th~..n di/j\'t:!ficts elS3e 
l'? x ~ m!iru.-;=th~~ v:i~iti-~1:ie out; 
~ ~ c:==::;=;, 



priox:~ priority(x); 
£! priox < priop ~ goto riext; 
NI.CR; 
PRJ:N'l:'!IEXT({einde overgesl.a.gexq,,); 
NLCR; 
!!Xfp~goto 
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it priox • priop then exitO else exitl 
end· out= = -=-= 

ex1t1: 
exit: 
end· =::, 

=' 

find(spa.ce,exit,exit); 
semantic:~ nu.mber(4,sta.rt); 
~ start; 

f'ind(epa.ce,exit,~it.}.; 
semantic:• nwnber(4aex1t1); 
:Ltss; 
:f:1.nd(z,exit,exit); ~ start; 

procedure 'Visits; 
begk 
Bta.rt: 

goon: 

exit: 
end· __ , 

tind(minua,goon,exit); 
s~tic:• number(6,goon); 
orders; 
t:lnd(t,sta.rt,exit); 
it x • g v x ~ forget it then out else 
Ee NJ:,CR; PRIN'l?TEXT( ii of t onibnekt}) end; 
~ start; 

procedllre districts; 
begin 
start: 

exit: 
end• 
"""""""°' 

tind(s,exitaexit); 
&Mi!Sntic: ;11 number(3, start); 
visitai; ~ start; 

procedure tape; 
'begin x: .. ree.d; 
start: find( da goon, exit) ; 

semant~c:• number(6,goon); 
districts; 

goon.: tind(e,sta.rt,exit); 

exit: 
~ start; 



end 

question mark:,... 122; 
for 1 : ,;)!I O ate;p l until 127 do 
heptad.e[i] :"' question ma.rk;-= 
blank:~ -1; a:= 10; d:=i 13; e: .. 14; 
forget 1~:~ 15; g:~ 16; s:~ 28; t:~ 29; 
z: .. 35; spa.c~:· 93; minus:• 65; 
indiax:= true; 
for 1:1'!1 === 
'5;bla.nk., 
97,a., 
100,d, 
1l7.,e, 
1 l8.,t'orgetit9 

103,&9 
50,s., 
35/t.9 
41., Z.9 

16 a s.:ps.ce 9 

64.,minus do 
begin !!index~ j : .. 1 ~ he:ptad.e[j] :== i; 

ind.ax: "" 1 uidex 
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