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ABSTRACT: The procedure adapint calculates the integral of a function f(x) gi- 

ven in an interval (a,b) by means of 7-point formula and adaptive control of 

the subdivisicns of (a,b) with respect to the desired accuracy. 
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real procedure adapint(a, b, f, x, delta, order) 

i. Function and parameters. 

Call parameters: 

real values. The endpoints of the interval over a b 

which the integration is carried out. It is al- 

lowed to have b < a 

delta real value, The permitted error relative to Ia. 

Return parameter: 

adapint real procedure. The approximation of the integral 

of f(x) obtained by the procedure. 

Other parameters: 

t real. The function f(x) given as an expression in x. 

f and x are used as ’Jensen parameters’, 

real. The independent variable used in the expres- x 

sion f(x). x need not be initialized. Upon exit 

x = sign(e-Iexdelta)xe, where e 1s an estimate of 

the abs error. So x > 0 indicates a failure and 

x <= 0 @ success. 

2. Method, 

The real procedure adapint caleulates the integral of a function 

2(x) from a to b within a prescribed accuracy given by the parameter: 

delta. This is achieved by making further subdivisions of those subin- 

tervals, where the error ts too large - and only of those. These subdi- 

visions are stopped when the desired accuracy is obtained or when the 

number of subdivisions reaches its permitted upper bound. In ell cases 

the procedure delivers on exit an approximation to the integral end an 

indication of suecess or failure. 

The procedure is particularly useful when the function f(x) exhibits 

an almost singular behaviour within the interval (a, b) like 1/sqrt(xt1n-6) 

over (0, 1). etc. In such cases it is almost always possible to get through 

py a proper choice of the governing parameter: delte.
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The method uses a 7-point formula, and all subdivisions are nonde- 

structive (i.e, all function evaluations are used). The successive subdi- 

visions are carried out so that the squares of the estimates of the abso- 

lute error in all subintervals finally obtained are uniformly distributed, 

The calevlation 1s considered successful if e <= Ia X delta, where e = 

abs(the estimate of the absolute error) and Ia is the integral of abs f 

over (a, b). Ia is computed by the procedure but not delivered as return 

value. Upon exit x is assigned the value sign(e-Iaxdelta)xe. So a success 

is indicated by x = 0 or x = -e<O, and a failure by x = e>0. Since Ia 

usually is not known in advance, it is necessary to have a realistic esti- 

mate of Ia before running the procedure, so that delta can be properly 

fixed, This estimate may be obtained either by an honest guess or by means 

of the procedure itself, It must be noticed that the estimate of the error 

(=e) made by the procedure usually is 10 - 100 times as large as the ac- 

tual error. 

Ex, The call adapint(0,5,exp(x),x,n-4) gives adapint = 147.4131649 (true 

value = 147.413159.e5) and x = -1.2y-3, success (actual abs error = 

5-8-6)» 

3, References. 

The present algorithm is the result of many experiments made at Regnecen- 

tralen during the last years and is not described in the literature, For 

a similar algorithm, see? 

[1] H. O'Hara, and Francis J. Smith: The evaluation of definite integrals 

by interval subdivision. The Computer Journal, Vol 12.2 (May 1969), Pp. 

179-182. 

4, Algol procedure 

adapint = set 4 

adapint = algol index.no message.yes 

external 

real procedure adapint(a,b,f,x,delta); message adapint version 1.10.69; 

value a,b,delta; real a,b,f,x,delta;



begin array A(1:60); boolean selectlon,ex; integer p, Sign; 

real e,fe,fa,fb,h,x1,x2,x4,x6,x7,f1,£2,f4, £6, 27, base, r,s,t, 

sa, sb, hmin, sum, eps, dev, dds 

Signsssign(bea); h:sabs(b-a) 3 hmin:=h/18200; selection: =trues 

eps3=(6615/192xdelta)»@/(4f h=0 then 1 else h); sum:=dd:=0$ 

xisxhea(atb) /Osfhi=Py xteasfarsfsxisetsbsfersfbisfs 

xe=x2t=(atxl) /2sf2:=f sxtax6i=(btxh) /2;f6:=23 

st=abe(Ip<eh+fatfh)x2; basetssxh3 pi=e33 goto TEST; 

STORE: 

if abs(3xfb-Sxe7+6xt6-£4)<abs(3xfe-8xf1+6xf2-£4) then 

begin 

A(p) :=b3A(pt1) :=fb 3A(p+2) t=£73A(p+3) s=f6 5 

pisetsasfbisfetafasarsxisfasafhs 

x61=x1 £6 201 sxts=x2sfh sf23s2sexsa 

end 

else 

STORE2 3 

begin 

A(p) :2a3A(pt1) s=fa3A(pt2) =£1 3A(pt3) =£23 

arsxksfasafh sxlsax6 jf: £6 3x65 =x7 3£6 1 sf7 381 =2xsb 

ends 

xiex2:s(atxt) /2;f2:9f3 

TEST: 

xt=x1a(atx2) /23f1 :=f3xtsx72=(b+x6) /23f7:=f shisabs(b-a) 3 

satsabs(4xf2+fatfl) sab :sabs( 4xt6+fb+fh) sbase:a(sa-stsb) xhtbase3 

risfl+f6 gstaflt+f7 st: =fattbs 

dev: =( 84xr-64xs+1 5xt-70XE4) xxexh3 ex: sdev>basexx2xeps 5 

Lf (hehmin)x,9>abs xl\p<56Aex then 

begin 

pi=pri3 goto if selection then STORE else STORE2 

end 3 

sum sssumt(2016xr+ 2048xe+549xt+4o00kxeh) xh 3 

ddi=devxh+dds if ex then eps:=(16xepstdev/basexx2) /+3 

if poo then 

begin 

selection:=false; 

timA(p)3 if (t-a)x(a-e)<O0 then 

i)



begin 

bsae3 fb:sfe3 e:=a3 fe:=fa 

end 

else 

begin 

bisasfbiafa 

end; 

azst3 fazeA(p+t); f2:=A(pt2); fh:sA(pt3); 

x4sa(atb) /23 xrax6:=(xitb) /23 f6:=f3 x2:=(arxh) /2; 

s:=aba(4xfh+fatfb)>23 prsp-4; goto TEST 

end from STORE; 

) adapint:=Signxsum/132303 ad:=16/6615xsqrt(dd) ; 

xislf dd>deltaxbase/12 then dd else -dd 

end adapint; 

end 


