URIVERSITY OF ILLINOIS

DIGITAL COMPUTER LABORATORY

NEW COMPUTER LIBRARY ROUTINE D1-ROM-31

TITLE:

TYPE:

LENGTH:

TEMPORARY STORAGE:

FAST REGISTERS CHARGED:
SUBROUTINES USED:
DURATION:

PARAMETERS ¢

o
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=
IA

DESCRIPTION:

Romberg integration
closed, relocatable, mnemonic
28 words

6 words at fixed memory locations 0-5
n words beginning at location S

none
none

depends on the duration of the auxiliaxy routine
for evalumting the function f{x}. Since the
auxiliary is entered 2° % 4 1 times, duration is
approximately doubléd-when n is increased by 1.

link in M15 .
4 parameters which must be written in the word
following the word containing the JSB instructions:

8, address of left limit a of integration interval

r address of auxiliary routine |

8 address of firsi location of temporary storsge

n integration intervel divided into 2°°%
subinterveals

The right 1imlt b of the integration intervsal has to
be placed in the locatlon immediately following the
one vhich contains the leflt lim%t a.

this subroubine computes I = [ f(x) dx

in the following wmay: é

e



Compute: & sequence R Rglp «es R nl of approximetions to I, where Ril is

11
found by dividing the integration interval {a.b) imto 21'1 subintervals of
equal length and evaluating the integral by the trapezoidal rule.,

The sequence R,. converges linearly to I with convergence fmctor 1/33-5 i.e.

11
R -1
i1 o 1/
T
LR -]
The nev sequence R, = i1 5 i-1,1

also comverges linearly to I, with convergence factor 1./16.,

Beginning with R v we generate different sequences R 1 vhich all converge

i
linearly to I according to the formula

J

3
4 Ry g - Ri-l,i

Firgen = 70 N

J = lg,)? veo h-l

and errsnge them as columns In a trisngle:
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R R
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R1:11 an Rn3 e ¢ @ Rnn
Convergence h']‘ h-? 4—3 o e o -0

factor:



USE:

The user must provides

The left limit @ and the right limit b of the integration interval;
in two comsecutive locations, and speclify the address of a
as parameter,

An suxiliary routine for evaluating the function £; which 1s also
linked in M15,

A block of n consecutive words in memory beginning at location S.

The subroutine stores R nl/(b-»a) R ﬁ/{b—a) coo Rm/(h-a)
in mewory locations S S+1 S+en-1
and leaves the best approximation Rnn to the integral in the
accumalator.

The choice of the parameter n (which implies that the integration
interval is divided imto 2% subimtervals) should depend on the
behevior of the function £(x), taking into considerstion that
the duration is approximately doubled when n is increased by 1.

Range: 2 <n < 13,

DATE: December 1, 1962

PROGRAMMED BY: J. Nievergelt
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SFR2,0
SFR38 %, l

SFR&@ 28 2
SFR59 22’ b
SFRG’ 2, 4

ATNIS, 1.
LFRs,0
sFR?, %’ 5

SFNLL, 0
cwbggl

CADB,0
ATN9, O
Jse};ﬁa o, @

STR2,3
cwgzgl

cm&’zgl

ATH9,0
&83153 03@

ADD‘ZQ’S
MPY1D,3,2048

$TR10,0
CAD1s, 5
CAD8, 2,1

$UB8, 0
ATNG,O
0 n v98 390

STHL, 3
HPYID, 5, 2048

AbDg,0
STRS,3
SFN4, 0
CAME,O
CAD4, 3
ATH6,0
MP%& 39 @

ADDS, 3

(Mis) + 2

read paremeters [nto F6

(Mig) = 1 - n
ieft {imlt a

fla)

i e
\ P

right 1imit b

f(b)

Sl = {f(a> S f(h))}/@

right 1imit b
b -8

gh = (b - a) /2!

negative step lemgth <h in sccurnulator

e -h - Fs

(M6) = <k = ~pi=d

1)
b 4

Sl |



13 ATNS,0
J$815,0,0,0 fla = h + 2kh)

i4 ADDZ, S
, $TRZ, 3
(k) <— | cJus,s,11R

35 ATN, O Q
D{¥9,3,0 mp = (Z‘E”}/‘@“’“‘l

ATNIO, 0
16 CAML4,0
ADD14,0
MPY10, 35,7048

7 STRZ, 3 Ry, 1= Reop,n ¢+ mil/2 -~ F2
ATHA. O
€AT9,3,0

$1AL,0 double 2% in M4
ATILL, O
SFNIZ, 0
CAMLS,0
R CAMS,0 (M5) = ] ¢ 0
B g LiFs.e (Ms) < 1

LADY, 3, L

ADES ,0 4
SUB9, 3, 1

E

8

STR3,3 &) =1 < F3
23, CADZ, S
~ SUBL4,0 )
DI¥S,3 (Fz -~ s5) /(¢ = 1) + B2
ADZ, S
22 ATNL4, 1. {Mie) + 1
SFR2,0 F2 -~ S
$TR2,%
1) & CHULS, 1, 18R

ATNLG, O
, $FR2,0

&~ CN12,0,8R
24
£$68,1
ADDB, 0 b~ a
MPYZ, D Ron = F2 % ©b - a)
25 LERS, 2,1

LFR4, 2,2
28 LERS,2, S
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