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AN ITERATIVE APPROACH TO THE FITTING OF TREND SURFACES

by

A.J. Cole

INTRODUCTION

The method described in this paper is a further
development and considerable improvement on that
described in a previous Computer Contribution (Cole,
Jordan, and Merriam, 1967). The basic problem is
the same as described in that publication, namely
the problem of fitting a surface to a scattered data
set of xyz=coordinates and plotting the corresponding
contour lines using a digital plotter. The contouring
technique finally is the same as described in the a-
bove publication and the reader is referred to that
paper for details. Other approaches to the general
problem are listed in the references at the end of
this paper. The method employed in this paper has
been described by Cole (1968).

Acknowledgments.- Thanks are due to W.A,
Read and J.M. Dean of the Institute of Geological
Sciences (Edinburgh) who supplied many data sets,
scrutinized the results and reviewed the manuscript.
Machine time was made available through the Com-
puting Laboratory of the University of St. Andrews
(Scotland).

DESCRIPTION OF METHOD. PART 1 (JCMAPI1)

The general technique will be described first,
followed by a discussion of options which are includ-
ed in the main program. The first step is to choose
some trend ~surface fit for the data. Polynomial sur=
faces of degree 1, 2 and 3 are fitted by least squares
and, unless an option is exercised, that with the best
statistical fit is chosen for the trend =surface fit. It
is easy to modify the program to use another surface
function if a better one is known for a particular data
set. Having chosen this function, it is evaluated at
the grid points of a rectangular grid G. In the stan-
dard form of the program this is a 33 by 33 grid but
in practice there is little point in having more grid
points than about 16 times the number of data points.
An option permits the user's specification of the num-
ber of grid rows and columns. The grid point values
are used as starting values for the iterative process
and the trend function is not used again.

Each of the original data points is treated inde-
pendently. For each data point the nearest grid point
is taken as the center C of a 3 x 3 square of grid
points, but using points twice the basic cell dimen-
sions of the grid away from the center (Fig. 1). The
coarser grid is chosen so as not to localize the effect
of the given data point too much. Choice of the to-
tal number of grid points of G is now seen to be that
which makes an average of only one data point in the

larger nine point square if the data points are rea-
sonably evenly distributed over the map area.

The nine grid points with weight 1 and the cur-
rent data point P. with weight 4 then are fitted by

least squares to a second-degree (quadratic) polyno-
mial. New values using this polynomial next are cal-
culated at the grid points forming the 5 x 5 square
with center C, but with the distance between adja-
cent points equal to the basic cell dimensions of G.
During the first iteration nothing more is done with
the data point Pi' During later iterations, to com-

plete the fitting process, the value of the quadratic
at the xy-coordinates of Pi is checked. If it differs

by more than a user chosen percentage of the stan-
dard deviation of the original data values, the fit is
repeated with progressively higher weightings for Pi'

This process is repeated for each data point.

At the completion of this stage the surface re-
presented by values at points of G may be thought of
as a smooth basic surface with quadratic bumps on it.
The surface is not suitable for contouring because
there will be discontinuities at the edge of the bumps.
These are smoothed by a process described by Cole and
Davie (1969). The particular smoothing formula used
is a generalization in two dimensions of a method des-

Figure 1.- Data point and nine grid points used for lo-
cal quadratic fit.



Read job name, number
of data points
and (optional) rows
and columns

!

Read data and
check limits
Read indicators etc

l First-degree trend ]
surtace fit

i

Calculate or
read limits

| Second-degree trend
surface fit

[ Third- Fgree'frend I

surface fit

Choose or force
trend fit

!

Calculate trend surface
grid values

Modify with local
quadratic fit

i

Smooth over
grid

Number of
iterations
exit

Print fit etc

Record or

disk

Table print

Call link
JCMAP2

Figure 2a.-Flow diagram for JCMAPI

Bring grid
values from

disk

T

Set plot
parameters

{

Read plot
parameters

!

Draw plot

frame

Set

trend
map

Set
difference

Draw title

Print contour
ata

!

Plot map
Print key

Test first
map

Test
indicators

Plot indicators

Test
difference

map

map

Call exit

Figure 2b.-Flow diagram for JCMAP2



cribed by Lanczos (1957) and Hildebrand (1956). It
is a quadratic smoothing using a 3 x 3 basic square
of grid points of G based on the point at which the
correction is to be made as center and gives the cor-

rection
_ 4

5 5 xxyyfo

where 64xx fO denotes the central difference of or-

der four with differences taken twice in the x-direc-
tion and twice in the y-direction. The order in which

this differencing is accomplished is of no significance.

The smoothing, being quadratic, does not affect the
value at the center of a bump, but does smooth the
intersection of the local quadratic with the trend sur-
face, even where the trend surface is itself a quad-
ratic polynomial.

The error at the original data points is computed
also and may be used to determine whether or not the
iteration has proceeded far enough. The criterion
used is a comparison of the standard deviation of the
errors with the standard deviation of the z-values of
the original data. The iterative process may be ter-
minated also after a given number of complete steps.
It is advisable to use this condition as a safety exit,
because if some data points are particularly bad the
iterative process may not converge. In practice if
the original trend fit is 50 percent or more, approxi-
mately three iterations should produce significant im-
provements. For poor initial fits up to ten or fwelve
iterations may be required.

If another iteration is necessary the quadratic
bumps and smoothing sections of the program are re-
peated. In addition to the options mentioned the
following also are available. In the basic program
minimum and maximum x, y values are set from the
original data. If desired, the extreme values may be
specified by the user. This enables plots of specified
areas to be produced and more rational scale factors
to be calculated. Intermediate printouts of errors
may be suppressed by setting INDPR to a nonzero
value. The trend-fit base can be forced to be linear,
quadratic or cubic by setting IBASE equal to 1, 2 or
3 respectively. If IBASE is set equal to zero then the
program chooses the best fit base. :

A flow diagram for JCMAPT is given in Figure
2a.

DESCRIPTION OF METHOD. PART 2 (JCMAP2)

This part of the program sets up the data and pa-
rameters for plotting. Three maps are offered, name-
ly the original trend-surface fit, the final modified
surface and the difference map between the two. The
contour intervals to be plotted for the first two maps
are read in as data and printed in a key to the con-
tours. It is assumed that the final modified map al-
ways is required but that the trend fit and difference
maps are optional. |f the difference map is required
the contour intervals may be specified by the user.

Otherwise they are calculated by the program. Be-
cause the range of values in the difference map is not
known in advance, it is usually better to let the pro-
gram calculate the intervals. |n situations in which
this does not give a satisfactory result the program may
be run again, but this time specifying the levels. An
option permits the user to specify whether or not data
points are to be marked with crosses on the final mod-
ified map. Points where errors exceed a user's speci-
fied proportion of the standard deviation of the origi-
nal data may be marked with a small triangle if de-
sired. The apex of this triangle will point up if the
error is positive; down if it is negative. This facility
assists in identifying a poor fit area.

A flow diagram for JCMAP2 is given in Figure
2b.

ADVANTAGES OF METHOD

There are six main advantages to this approach.

(1). The initial trend-surface fit is not critical
to the method. It is, therefore, chosen so that sparse
data areas are not given unjustified detail. This is al-
ways a problem when using an overall method of fit.
Also the initial data are used at every iteration and
there is, consequently, no round off error to accumu-
late.

(2). Data points, after the initial trend fit, are
not interdependent. Bad data points do not, there-
fore, affect the entire map surface as in pure trend-
surface methods.

(3). Particularly bad points are easily detected
on the final map and also on the difference map.

(4). The statistical fit is usually good, hence the
difference map is a good approximation to the residual
map for the chosen trend fit.

(6). An objective difference map is produced
and, therefore, does not incorporate any preconceived
ideas of the user.

(6). The method is fast, being practically linear
per iteration with respect to the number of data points
used. This is, of course, of great importance when
numerous data points are available.

PROGRAM DESCRIPTION

LEAD CARDS
Card 1 Column 1 Blank
Columns 2-80  Contains job name
Card 2 Column 1 Blank
Columns 2-4 Number of sets of
xyz-values that
are read. Value
must be between 1
and 240 and must
be right justified.
Columns 5-7 Optional specifi-

cation of number
of grid rows to be



DATA CARDS

Columns 8-10

used.

Optional specifi-
cation of number
of grid columns
to be used.

This is the first of a set of N cards contain=

ing xyz-values where N is the value specified
in columns 2-4 of Card 2.

Columns 1-11
Columns 12-26

Columns 27-41

Columns 42-56

TRAILER CARDS

Card 1

Columns 1-4

Columns 5-8
Columns 9-10

Columns 11-14

Column 15

Column 16

Blank

Contain x—coor-
dinate. If no de-
cimal point is
punched, it is as-
sumed to be bet-
ween columns 20
and 21,

Contain y=coor-
dinate. If no de-
cimal point is
punched, it is as-
sumed to be bet-
ween columns 35
and 36.

Contain z-coor-
dinate. If no de-
cimal point is
punched, it is as-
sumed to be bet-
ween columns 50
and 571.

Numeric height
of plot, that is,
actual length of
y-axis., If no de-
cimal point is
punched it is as-
sumed to be af-
ter column 4,
Percentage of SD
at which itera-
tion is to stop.
Maximum number
of iterations al-
lowed.
Percentage of SD
at which error in-
dicators are to be
plotted.

Read plot limits
(next card) if
#0.

Print errors at
each iteration

if 0.

Column 17

card 1 above).
Columns 1-15

Columns 16-30

Columns 31-45

Columns 46-60

Columns 1-15

Columns 16-30

Columns 31-35

Column 36
Column 37
Column 38

Base indicator,
If O then best
base is chosen.
If 1, 2 or 3 then
linear quadratic
or cubic base is
forced.

Card 2 (Optional dependent on column 15 of

Minimum x-plot
limit. If no de-
cimal point is
punched it is as-
sumed to be bet-
ween columns 9
and 10.

Maximum x-plot
limit. If no de-
cimal point is
punched it is as-
sumed to be bet-
ween columns 25
and 26.

Minimum y-plot
limit. 1f no de-
cimal point is
punched it is as-
sumed to be bet-
ween columns 39
and 40,

Maximum y=plot
limit. If no de-
cimal point is
punched it is as-
sumed to be bet-
ween columns 54
and 55.

Minimum contour
value required.

If no decimal point
is punched it is as-
sumed to be bet-
ween columns 9
and 10,

Contour interval.
If no decimal point
is punched it is as-
sumed to be bet-
ween columns 24
and 25,

Number of contours
required. Must be
a right justified in-
feger.

Plot error indica-
tors if #0.

Plot point markers
if£0.

Plot basic fit map
if 1.



Column 39 Plot error map if
1.

Column 40 Read contour start
value, interval
and number of val-
ves for difference
map if #0.

Card 4 Column 1 Blank
Column 2-80 Title card. Usual-

ly, but no neces-
sarily the same as
Leader Card 1.
Card 5 (Optional dependent on column 40 of
card 3 above).
Columns 1-35  The same as card
3 above but with
reference to dif-

ference map.
Error Messages

In addition to the usual output, programmer er-
ror messages may be printed during the run. Possible
errors are listed below.

1. Number of data points outside allowable

range (1,240). This can occur in JCMAP2.

2, Determinant is singular (JC101). Only oc-

curs if determinant of any of the least-squares
equations vanishes.

3. JCCONT errors. These errors only occur if

the contour has 1, 3 or 4 intersections with

Table 1. -Listing of program, JCMAP1 and JCMAP2,

the grid cell at bottom left-hand vertex (n,
m) where n,m are rows and columns counted
from the bottom left-hand corner. In situa-
tions 1 and 3, no contours are drawn. In
situation 4, an arbitrary join of the points
in pairs is made,

Program Listing

Table 1 is a listing of JCMAP1 and JCMAP2,
The subroutines JCCONT, JC101, JCKU11, PLOT
CHAR and POINT are exactly the same as those list-
ed in Computer Contribution 15 (Cole, Jordan and
Merriam, 1967). The programs are written in FOR-
TRAN 11D and require an IBM 1620 model Il with 60k
core storage, line printer, plotter and disk storage
package. With minor modifications, the program is
adaptable to other machines.

SAMPLE PROBLEM

The data used here (Table 2) are the same as
that of Mclntyre (1967). Figures 3, 4 and 5 show the
final modified fit, third-degree trend fit and differ-
ence map. The corresponding printer output is shown
in Table 2. For comparative purposes Figures 6 and
7 show the final modified fits starting with second-
and first-degree trend fits respectively. The quadra-
tic had a moderately good statistical fit whereas the
linear fit was low. Even with such a poor starting
surface the final result is good.

SLISTPRINTER
HLUISKJCHAPL

DIAENSTION X(240),Y(240)sWW(10411),C(L1)4W(110),CL(3)4CU(6)4CC(10),
1S(10),ZERR(240) ,HL(33),42(33),W3(33)4+2(240),P(33,433),DUMHY(110)
COMMUN N 9 XIAXT o XM INT o YMAXT g YHINI oYL yERRPER 9 X3 3 ZERR 9 1NC y NR 9 XRNC 9 XWR
EQUIVALENCE (W DUMIY Yy (WL (1) 9DUMMY (L) )9 (W2 (1) 9DUMMY (34)) 9 (W3(1),

1DUHHY (6T7))
DEFINE DISK
READ 20
20 FORIAT (8OH
1 )
READ 95 9hioMNR9NC
IF(1R)99,90,99

(10,300)

90 WR=33
NC =33
99 XHR=i{R-1
AHC =NC-1
95 FORMAT (1X,313)
(e e e e e e o e e o
C DATA PARAMETERS CHECKED WITH JCKUL1
Cmmm e e —

599 MERR=0

THIS FORMAT WILL BE FILLED BY JOB

NAME



CALL JCKULL (1,240, 4iNKR)
KAW =1
IF(RWKR)710,710,700

700 PRINT 705,KAY

105 FORMAT (1X,14H PROGRAM ERROR, I13)
HERR =1
GO TO (7104235)4KAH

710 IF(WERR) 100,100,706

106 TYPE 707

707 FORAGAT *(12HINVALID DATA)
CALL EXIT

100 READ 1054,X(1)yY(1)42(1)
105 FORMAT (11X43F15.6)

DO 106 I=1410

DO 166 J=1,11
106 WH(I,J)=0.0

AHAX=X(1)

XEIN=X(1)

YiiAX=Y (1)

YHIN=Y(1)

LIWAX=Z(1)

ZMIN=Z2(1)

T5=0.,0

T6=0,0

T=0.,0

DO 110 I=1,N

IF(I=-1)17141704171
171 READ 1054X({I)yaY{I)eZ(I)

ITF(XHAX=X{1))1354140,140
135 XHAX=X(1)
140 IF(XHIN=X(I))150,150,145
145 XNHIN=X(I) )
150 IF(YHAX=Y(I))155,160,160
155 YHAX=Y(I)
160 TIF(Yiilid=Y(I))161,161,165
165 YIIn=Y(I)
161 IF(ZinAX=Z(1))16564167,4167
166 ZHAX=Z (1)
167 IF(ZAIN=Z(I))1704170,4169
169 ZHIN=Z(1)

170 C(11)=2(T1)
C(10) =140
Clol=Y(I)
C(8)=xX(1)
Cer)=Y(I)=y(Il)
Cl6)=X(I)=Y(I)
C(5)=X(1)*X{1)
Cla)=C(7)*=Y(I)
C(3)=C(7)%=xX(1)
C(2)=C(5)*xY(I)
C(L)=C(5)=X(I)

T5=T5+Z(1)

DO 1171 K=1,10

DO 1171 L=K,11 v
1171 Wi (K, L) =t (K L) +CIL)*C(K

DO 1172 K=2,10

KK =K-1

DO 1172 L=1,KK



1172 WM (K4L) =i (L ,4K)
110 T=T+Z(1)*Z (1) : '
READ 215,YL4PERyNIT2ERRPERyINDXY, INDPRyIBAS
215 FORMAT (2F4404124F4.04311)
T6=T
J=1
DO 1173 K=8,10
DO 1173 L=8,11
WJ) =il (KyL)
1173 J=Jd+1
5= (12) %4 (12)
CALL JC1l01(t934S)
CL(1)=S(1)
CL(2)=S(2)
CL(3)=S(3)
K =iy
T=T=-G/UK
T3 =T
T1=0.0
T2=0.0
T4=0,0
DO 205 I=1,M
G =X (1)%S(L)+Y (I)%S(2)+S(3)
T1=T1+G
E=Z(1)-G
ZERR(I)=E
T4=T4+E
205 T2=T2+G*G
E=T4/WK
T1=T1+T4
T2=T2+2 O*T1*E+T4*E
T=((T2=TI*T1/WK)/T)*100.0
FL=T
PRINT 20
PRINT 210,T
210 FORGAT (24HOPLANE PERCENTAGE FIT ISyF8434//)
PRINT 2C04S(3)4S{(1),S(2)
201 FOGRHAT (1HO04/)
200 FORMAT (30HOGLOBAL PLANE FIT COEFFICIENTSy 3F10.4)
IF(INDPR)2164217,4216
217 DO 218 I=1,4N
218 ZERR(I)=ZERR(I)+E
PRINT8O
8C FORMHAT(12i0Z RESIDUALS)
PRINT 3064(ZERR(I) 9I=1,4N)
216 I=YL+1.
CALL JCKUL11(1429,I,4NKR)
KA =2
IF(iKR) 250,250,700
250 G=iil-1
T1=0.0
T2=0.C
T4=0.,0
J=1
DO 247 K=5,10
DO 247 L=5,11
W) =W (KyL)
247 J=J+1
CALL JC1l01{(H,6,S)
DO 2500I=1,N
ZO=ACPOLY(23X(I)4Y (I),4S)



E=Z(1)-2Q
T1=T1l+2Q
ZERR(I)=E
T2=T2+2Q*1Q
2500 T4=T4+E
E=T4/WK
TL=T1+T4
T2=T2+2 ¢ O*T1*E+T4%*E
IF(INDPR)2503,2504,4 2503
2504 DO 1501 I=1,4N
1501 ZERR(I)=ZERR(I)+E
2503 DO 2502 1=1,6
2502 CQ(I)=S(I)
T=((T2-T1%T1/WK)/T3)%100.0
ZSD=SQRT (WK*T6=T5%T5) /WK
ZMEAN=T5/UK
FQ=T
PRINT 250143To(S(I),4,1=1,6)
2501 FORMAT(29HOQUADRATIC PERCENTAGE FIT IS 4 F8434//934H GLOBAL QUADRA
1TIC FIT COEFFICIEMTS,6F10.4)
PRINT 80
PRINT 3064(ZERR(I) 4I=14N)
T1=0.,0
T2=0.0
T4=0,0
J=1
DO 2506 K=1,10
DO 2506 L=1,11
WIJ) =W (K, L)
2506 J=J+1
CALL JC101(H410,S)
DB 1502 J=1,10
1502 CC(J)=S(J)
DO 1500 I=1,N
ZCUB =ACPOLY(34X(I1)4Y(I),S)
ZERR(I)=Z(I)-2CUB
T1=T1+ZCUB 4
T2=T2+ZCUB*ZCUB
150C T4=T4+ZERR(I)
E=T4/uWK
T1=T1l+T4
T2=T2+240*T1RE+T4&4*<E
ERR=ZSD*PER/100.0
T=((T2-T1*T1/HK)/T3)%100.0
FC =T
PRINT 15054T9(CC(I)yI=1,10)
1505 FORMAT(24HOCUBIC PERCENTAGE FIT IS, F8.34//,30H0OGLUBAL CUBIC FIT C
10EFFICIENTS//410F106e4,y//) '
IF{INDPR) 1510,41515,1510
1515 PRINT80
PRINT3063 (ZERR(I) I =1,N)
PRINT 15064ZMEANLZSD
1506 FORHAT (L19HOMEAN VALUE OF Z IS4F10e4395X427H STANDARD DEVIATION OF
12 IS3F8434/7/)
1516 III=1
I1=IBASE+1

C CHCOSE GLOBAL FIT SURFACE

GO TO(1511,418,424,423),1



1511 IF (FL-FQ)421,421,422
421 IF(FQ-FC)423,423,424
423 WNFIT=3
DO 417 J=1,10
417 S(J)=CC(J)
60 TU 419
424 NFIT =2
DO 416 J=1,6
416 S(J)=CO(J)
GO0 TO 419
422 IF(FL-FC)423,423,418
418 NFIT=1
DO 414 J=1,3
414 S(J)=CL (J)
419 PRINT 301,NFIT
301 FORIHAT(38HOCHOSEN GLOBAL FIT SURFACE IS GF ORDERyI4,//)
PRINT 1507
1507 FORMAT (1H1)
235 IF(IWNDXY)220,251,220
251 XIINI=XiiIN
XHMAXT =XiAX
YHINT=YHIN
YIAX T =Y AX
GO0 TO 420
220 READ 225 pXiTHT pXHAXT 3YMINI 3 YHAXT -
225 FORHAT (4F15.44)
420 XQ=XiHIWI
DX =(XHAXT=XiA INI ) /X NC
DY =(YHAXI=YHINI)/XNR
DX2=2,0%DX
DY2 =2 40%DY
NC1=NC-1-
NR1=NR-1

o — —————— T —— —— ——————————— ——— —— — — ——— ——— —————— —— ————— {—————— —— ———— —————
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IF(INDXY)1440414320,144C0
1440 I=1
1300 IF(X(I)=XiINI)1425,1305,41305
1305 IF{X(I)=XiiAXI)1306,120641425

1306 IF(Y(I)=YiINI)1425,1307,1307
1307 IF(Y(I)=-YiAXI)1308,1308,1425
1308 I=I+1
IF(=1)1430,1300,1300
1425 pi=ii=1
IF(N=1)1430,1435,1435
1435 X(I)=X(N+1)
Y(I)=Y(N+1)
Z{1)=Z(KN+1)
GO TU 1300
CALCULATE GLOBAL FIT GRID VALUES
1430 D0 300 I=1,iC
YQ=YiHINI
DO 305 J=1,8R
P(JyI)=ACPOLY(NFIT,XQsYQ,S)
305 YQ=YQ+DY
300 XQ=XQ+DX
IDC =150



DO 302 I=1,NC
302 RECORD(IDC) (P(I4J)3J=1,4NR)
ITER=0
307 ZERIAX=0.0
SUiM=0.0
SUrSR=0.0
306 FORMAT(/4(8F1244))

WK =
Oy S ————————
C MODIFY GRID VALUES BY QUADRATIC BUMPS
Cmm e e e e e e e e e e e e ——————— ————————————
DO 310I=1,N
KNHT =4 40

L=(X(I)=XHINI)/DX-0.5
F=(Y(I)=YIHINI)/DY-0.5
IF(L=-1)315,320,320
315 L=l
GO TO 325
320 IF(L-NC+4)325,325,330
330 L=nC-4
325 IF(i1=1)3354340,340
335 ji=1l
GO TO 345
340 IF(H=NR+4)345,345,350
350 M=ilR=4
345 DG 355 J=1,42
355 W(J)=0.0
M =it G
LL=L+4
AQ=L-1
XQ=XQ*DX+XIAINT
DO 360 J=LyLLy2
YQ=ii=1
YQ=sYQERDY+YiiINI
DU 365 K=idglliig 2
C(1)=XQ*XQ
C(2) =XQ*YQ
C{3)=YQ*YQ
Cl4)=XQ
C(5)=YQ
Clo)=1.0
C(T)=P(Kyd)
JJ=1
DO 370 KK=l,6
DG 370 KL=1,7
UJJ) = (JJY+CIKL)RCIKK)
370 JJ=JJ+1
365 YQ=Yu+DY2
360 XO=XG+DX2
CL)=X(I1)=X(I)
C(2)=X(1)*Y(I)
C(3)y=Y(I)*Y(I)
Cla)=X(1)
C(5)=Y(1I)
Cl6)=1.0
C(7)y=2(1)

JJd=1

DO 280 KK=1l,y06

DO 380 KL=1,7

WJJ) = (I +CIKL ) CORKK ) RXHNKWT
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380 JJ=JJ+1
CALL JC101l (Wy64S)
XQ=L-1
XOQ =X @D X+ XM INT
DO 385 J=L,LL
YQ=ii-1
YQ=Y QDY +YHINI
DO 390 K=y
P(KyJ)=ACPOLY (2,XQ,Y0Q,S)
390 YO=Yu+DY
385 XQ=XQ+DX
© ZERR(I)=Z(I)=ACPOLY(24X(I)yY(I)4S)
HG=ZERR(I)
SUMH =SUM+G
SUiSQ =SUHS Q+HG*KG
IF(ABS(HG)-ABS(ZERMAX))3169316,311
311 ZERMAX =G
TEST FOR END OF ITERATION
316 IF(ITER)310,310,4312
312 IF(ABS(WG-ERR))313,310,310
313 IF(XNWT=12.0)314,310,310
314 XHHT=XNKT+4.0
GO TO 345
310 CONTINUE
SD=SQRT (WK*SUMSQ=SUMSUM) / WK
IF(INDPR)402 3401 4402
401 PRINTSO
PRINT 306, (ZERR(I) yI=1yN)
SE=0.0
IF (SENSE SWITCH 4)1416,402
402 DU 400 I'=1,NC
H1(I)=P(1,1)
W2(1)=P(2,1)
400 W3(I)=P(3,1)

T=1.0/9.0
DO 405 I=2,NR1
DO 410 J=2,NC1
TT=T* (W3 (J+1)+W3(J=1)+WL(J+1)+WL (J=1)=2.0% (W3 (J)+W2 (J+1)+W2(J=1)+W
11(J))+4.0%H2(J))
IF(ABS(SE)-ABS(TT)) 411,410,410
411 SE=TT
410 P(I,d)=P(I,4)-TT
L=I+2
BC 415 K=1,NC
W1ICK)=W2(K)
W2 (K} =W3(K)
415 W3 (K)=P(L,K
405 CONTINUE
1416 ITER=ITER+1
PRINT 403,SD,SE
403 FORAAT(/,31HOSTANDARD DEVIATION OF ERROR ISsF1044,//932H MAXIMUM S
CLAOUTHING CORRECTION ISyFl2e4,//)
FORCED EXIT

—
il
w
i

pd
w
e
w
=
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=
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o
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426 IF{SD=ERR)425+425,428
426 IF(ITER=-NIT)307,425,425
425 1DC=1
PRINT 427, ITER,ZERMAX
427 FORGAT(24HONUMBER OF ITERATIONS IS,I5, 5Xs 30H Z ERRUR UF MAXIMUM
LiiODULUS ISy F8e34//7)
D0 430 I=1,NC
430 RECURD(IDC)(P(I4J)yJ=1,NR)
T1=0.C
T2=0.0
T32=0.0
G=0.0
DC 500 I=1,N
WG=Z(I)=ZERR(I)
T1=T1+lG
T3=T3+2(1)
G=G+Z(I)*Z(1)
500 T2=T2+4G*HG
T3 =CG-T3%T3/UK
T1=(T2-T1*T1l/WK)/T3%100.0
PRINT 505,T1
505 FORIHAT(26HOOVERALL PERCENTAGE FIT ISy F&43)
PRINT 510

- - —— — ——————— — T — — - — T ——— - t—— T — - — o —— —— —— o~ ——— ——— — T ———————— o ———— ————

510 TFORMAT(LHL ) 2X91HI9 10X 1HX 914Xy 1HY g 11X 31HZy 9X35SHZCALC 910X y4HZERR
17Xy THPERCENT 37X 361 SDPER,/)
DO 515 I=1,N
LZCALC=Z(I)+ZERR(I)
IF(Z(1))520,525,520
520 ZPER=ZCALC/Z(I)*1C0.0C
GG TU 530
525 ZPER=999,0
530 SDPER=ABS(ZERR(I)/ZSD*100.0)
IF (SDPER-ERKRPER)535,4540,540
535 PRINT 545431 4X(I),¥Y(I)4Z(1)9ZCALC,yZERR(I) 4ZPER,SDPER
545 FORAGAT(I6,7F13.4)
GO TG 514
540 PRINT 55031 9X(I1)sY(I)eZ(1)43ZCALCHZERR(I)yZPERySDPER
550 FORHAT(IO 9 TFL3e4 34X, 1H%)
514 IF(ZERR(I))I513,4512,512
513 ZERR(I)=-SDPER
GO TU 515
512 ZERR(I)=SDPER
515 CONTINUE
PRINT 1507
CALL LINK(JCHAPZ2)
ziD
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*LDISKJCIHAP2
#*LIST PRINTER
DINENSION B(50,433),X(240),Y(240),ZERR(240) : :
COAHUN NoXHAXT g XMINI g YMAXT 9 YMINI s YLy ERRPER X 3Y 3 ZERR 91iC 9 NR g XMC g XiHR
UDEFINE DISK(10,300)
ICQUNT =1
IDT=1
DO 5 I=1,NKC
5 FETCH(IDT) (B(IyJ)syJ=1,NR)

XQ=XHAXI=XMINT
YQ=YHAX I=YHINI
XL =XQ*YL/YQ
T=YiINI=045% (YMAXI=YMINI) /YL
CALL PLUT(2C170407140y1407140yC40y1e0514051.0)
CALL PLOT(99)
CALL PLOT(98,040,=8.0)
CALL PLOT(98404Cy=7425)
CALL PLOUT(8)
CALL PLUT(201,XiINT o XHAXI yXLyXQaYMIHIyYMAXI 3 YL,YQ)
READ10 yCHIN,CINC,NUMC, TERIND yIPOINT,IBASIC JERR 4IDIF
10 FORMAT(2F1546,15,511)
READ25
11 CALL PLOT (90,XHINI,YHINI)
CALL PLOT (90 ,XHAXI yYMINI)
CALL PLOT (90 ,XHAXT,YHAXI)
CALL PLOT (90,XMINI YMAXI)
CALL PLOT(90 yXMINI JYHINI)
CALL PLOT(99)
CALL PLOT(90 ,XMINI ,T)
60 TO (12,300,400), ICOUNT
12 CALL CHAR(C,0414,0)
25  FORIAT(80H THIS FORMAT WILL BE FILLED BY JOB NAME
1 )
PRINT 26
26 FORHAT(1HL)
PRINT 25 ,
PRINT 15, XHINIyXFAXT 9 YHINT »YHMAXT,CHIN,CIRKCyNUMC
15 FORAAT(24HO CONTOUR MAP PARAMETERS,//y19H HINIMUM X=VALUE IS,F1l5.6
156Xy L8HHAXIIHUN X=VALUE IS,F15464//5319H MINTMUM Y=VALUL 1S,F1L5.6,5X
2y19H FMAXIHUM Y-VALUE IS;F15.6,//,25H MINIMUM CONTQUR VALUE IS,F15.
3695X320H CONTUUR INTERNAL IS,F15.6,5X,28H NUMBER GF CUNTOUR LEVELS
4 1S,164//)
W= (XBAX I=XHINT) /XL
Wi = (YRAX I=YMINT) /YL
PRINT 30,444 ,ERRPER
30  FORMAT(19HO X-SCALE FACTOR IS,Fl2.
1F1243,//,29H0 ERROR INDICATURS PL
1///422H KEY TO CONTOUR LEVELS,/)
U=CiiIN
DO 35 I=1,NUNMC
PRINT 40,1,
40 FORMAT(L4,1H=,F12 .4 )
35 1=U+CINC
XD =(XHAX I=XIINI) /XHC
YD =(YRAXI=YHINT ) /XNR
GO TG 36
300 CALL CHAR(C,041440)

395X y19H Y=SCALE FACTUR IS,
OTTED ATyF4 092X 9y9H  PERCENT,
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501 FORHMAT(24H GLOBAL FIT SURFACE PLUT)
GG Tu 36

400 CALL CHAR(C,0414,40)

401 FORGAT(L5H DIFFEREICE HAP) ,

36 CALL JCCONTI(ByCHIMyCINCyMNUMCyNC 9 NR g XTI ¢ XD g YMINI gYD 9AL oYL )
GO TU (37476476) 31 COURNT

37 DG 50 I=len
CALL PLUT(29)
IF(IERIND)61455,461

61 IF(ABS(ZERR(I))=ERRPER)

60 CALL PLOT(CO04X(I),Y (1))
IF{ZERR(I))65,70,470

65 CALL POINT (890el41,1)
GG TO 506

e CALL POIMT (740e141,1)
GO TU 56

55 IF(IPOINT)5045C,75

75 CALL PLOT(904X(I),Y(I))

CALL POIMT(190e0841,1)
S50 CUnTINUE

e ot s e . e > " T " ————————— " —— — " ——— — —— o S - —— —————— " — ——— —— o o — ——— ———— —

55,060,060

76 S=3 0% (AnAXT=XHIND )/ XL+ XHAX T
CALL PLOT(99)
CALL PLUOT(95,S,YHINI)
CALL PLUT(99)
CALL PLUTI(G)
CALL PLOT(20L gXiiT I gXHMAXT XL 9 XQ e VI INI g YHAKXKT $YL 9Y()
ICUUNT=ICUUNT+1
IF(IBASIC)200,205,200
200 IDT=150
IBASIC =0
UG 210 I=1,iC
210 FETCH(IDT)Y(B(I
G0 TG 11
205 IF(JERR)I22C,100,220
220 JERR=0 '
10T =1
00 221 I=1,iC
FETCHUIDT) (B (I 4d) yd=1,RR)
221 CUHTINUE
R =O Y O
FOAUIDIF) 222,223,222
222 READ 270y CIHINGCINC 9 HUMC
270 FORHAT (2F1546,15)
© IDT=150
DO 500 I=1,iC
FETCH{IDT) (ZERR(J) yJ=1yiR
D0 5060 J=1,ilR
560 B(I,J)=B(I,J4)-2ERR(J)
GO TU 234
223 1IDT=150
DG 2261 =1,4MC
FETCHUIDT) (ZERR(J )y J=1,4NR)
DO 225 J=1,HR
BT 9d)=B(1,J)=ZERR(J)
IF(R=ABS(B(I,J)))230,225,225
230 R=ADBS(B(I4d))
225 CCITINUE

1J) 1J=11HR)
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226 CWUilTIHUE
{‘\C:lco
iI=042
Rit=540
Riil=2 40
IF(R-RC)231,232,233
231 Rii=0e5
265 C =RC*Ri
BRI =k IxR
IF(R=RC)260,232,2 41
260 RT=Rii
i =ikial
Riil=R
GG TO 265
233 RC=RC*RM
RT =K IR
IF(R=-RC)232,232,243
243 RT=Ri4
Rii=Riil
Riil=RT
GO TU 233
241 RC=RC/RH
RI=RI/RH
232 CiHIN==RC+RI/2.,0
CINC=RI
NUMC =10
234 PRINT 250
250 FORMAT(//49 3THOKEY TO VDIFFERENCE AP CUNMTUUR LEVELS ,//)
W=CMIN
DO 255 I=1,KUNC
PRINT 40yI,H
255 U=+ CINC
GO TU 11
10G CALL EXIT

ZiiD
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Table 2. -Sample problem data and results.

KANSAS UATA
160

CUMPUTER CONTRIBUTION 23 3 ITERATIOGNS 0.518

0.057
0.041
0.085
0,061
0.034
0.028
0.012
0.169
0.125
0.182
O.116
0.159
0.150
0.132
06171
0.132
0.136
0.177
0.165
0.235
0.278
0.218
0.241
0.209
0.293
0.274
0.232
C.350
0.353
0.339
0.339
0.394
0.325
0.320
0.365
0.385
0.301
0.378
O.364
0.331
0.373
0.352
Oe4l7
0.419
0.458
0.403
0.407
0.488
Ge446
Oe442
0.423

0.051
Ce274
0.339
Ce343
0.385
Ce&97
0.923
0.059
0.178
G.270
0.375
C.492
0.553
0.691
O.745
0.830
0.891
0.893
04949
0.962
0.905
C.640
0.633
0.351
0.189
0.1669
0.089
0.030
0.144
0.229
0e.431
Ce5T71
0.602
0.64G
0.718
G.T23
0.745
0.755
0.805
0.848
0.899
0.998
0.965
0.933
0794
0.691
0.390
C.388
0.276
Ce275
0157

2.70
4400
470
4.70
4490
540
2.80
2490
3.50
4440
5.30
6.70
6.80
5.80
5.00
4410
3.80
3430
2.80
2.20
2.-(0
630
6.40
5.80
4490
4450
3460
3.60
4480
5.50
790
6.80
6.70
5.80
4470
4450
4.50
4430
350
3.30
3.30
3430
4410
4,00
4.20
4480
T1.70
8.00
6450
6440
5.20

6.033
0.593 0264
0.501 Ce&T3
0.552 Ce&77
0.523 Ce552
0.536 0.678
0.553 0.786
0.512 0.971
0.651 0.993
0.674 0.937
0.660 C.926
0.666 0.758
0.690 0.731
0.641 0.726
0.605 0.433
O.614 0.282
0.623 0.160
0.696 O.111
0.627 0.081
0.694 0.036
0.719 C.084
0.736 0.215
0.784 0.287
0.723 0.311
C.716 Ge421
0.794 04489
0746 0.852
0.757 0.902
0.763 C.976
0e830 04990
C.806 06949
0.842 0.921
0.853 0.835
0.897 0.771
0.876 (e 663
0.865 0.578
0.806 Ce512
0.826 0.461
0.833 0.052
0.977 0.213
0.959 0.406
0.914 0.457
0.906 0.531
0.961 0.536
0.936 Oe541
0.955 0.612
0.925 Ceb42
0.964 0764
0.951 0.831

06.50005030025000
2.0 1.0

3.90
6.40
7«00
680 .
6.00
5.10

44,90
5400
4.70
4460
4,70
5.70
5490
5.80
6450
6450
5440
4.90
4460
4,10
4,60
5.60
5410
5.00
5.10
4480
4420
3.90
4,10
3.40
3.00
2.70
3450
4430
5.20
6410
4440
4450
4.20
3440
3.30
4400
5400
4460
4.90
4490
5460
4480
3440

000061111

COMPUTER CONTRIBUTION 23

KANSAS DATA
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KANSAS DATA

PLANE PERCENTAGE FIT IS

COMPUTER CONTRIBUTION 23

5.888

3 ITERATIONS

GLOUBAL PLANE FIT COEFFICIENTS 5.3408 .0363 -1.0274
£ RESIDUALS
-2.5905 -1.0608 ~e2956 —+2907 = 0465 «5687 -1.5929 -2.3864
=1.6625 ~«6701 3401 1.8588 2.0218 l.1642 « 4183 —e3929
-.6303 -1.1298 ~-1.5718 -2.1610 =-1l.7211 1.6087 1.7007 +8121
-e2573 —e6772 =-1.6578 -1l.7228 ~e4057 «3820 2.9896 2.0314
1.96538 l.1142 .0835 -.1120 -.0863 -.2789 -1.0270 -l.1316
-1.1307 -1.0283 =+2645 =«3975 —e3417 1544 27450 3.0400
l.4264 1.3255 .« 0050 -1.4258 1.3087 2.1268 1.9291 1.2072
4362 «3465 «6381 «3556 <1973 2865 l.1136 1.2850
1.1817 1.5819 1.4265 2008 —e3521 -.6804 =1.2291 -e6807
4532 <0254 =.0476 «1656 -.0673 —¢2926 —e54l6 —+2658
-+9539 -1.3951 -1.7252 -1.0139 -.2813 «5084 1.3215 —e444]
-e3972 ~1.1177 -1.7575 -1l.6586 —+9045 «1717 -.2251 «0809
«1531 +«8850 2090 -1.1216
QUADRATIC PERCENTAGE FIT IS 644,116
GLUBAL QUADRATIC FIT COEFFICIENTS -7.9798 «8627 -11.4845 7.4888 10.6228 2.0412
Z KESIDUALS
-+2565 -+3929 -e2263 -.0788 02145 «7005 «6396 —e 1742
-.8988 -.8132 .0913 l.1558 1.3810 «9738 «2618 <2095
4357 -.2809 -.1327 -e9463 -1.2310 «7905 « 7633 «1651
-e29506 -«5012 —.6213 =e4021 -e2258 -.0602 1.6659 «5316
«6660 -+0566 =e9442 -1.1587 -.8056 -1.1517 -1.5717 -1.3374
~-.9817 «1454 «4200 -+0293 -1.1052 -1.0602 1.3996 l.6484
<5428 «4500 -.0231 -e2320 « 5849 «5501 «3752 -+3886
-.8992 ~e4T716 1.3007 1.3835 «7209 «6758 .3216 «4271
<1767 «1763 «6372 «2987 «4078 «1714 +3158 «4361
«4800 —e2045 ~+6712 -+9090 —«9399 —e2493 -.0644 «9199
<6708 -.2912 -+ 7004 -6002 .0019 02263 «8170 =1.2775
-1.0675 «8989 =.2620 -1.3398 -1.0361 -.0935 -+ 1072 0177
«2807 «8606 «9073 ~e1247
CUBIC PERCENTAGE FIT IS 71.915
CLUBAL CUBIC FIT COEFFICIENTS
-2.8725 10.0782 12.1519 64911 ~8.,4122 =21.9681 =-27.8441 12.8367 2342577 —e2440
£ RESIDUALS
1.1860 —+4789 -+5322 -+4109 -.2581 .0307 «1590 « 1470
—.6051 —e9456 =e2691 « 7768 1.0126 7015 .1781 <1251
4357 ~.1608 -.0013 —e6673 -.9121 « 6669 « 6747 ~e1147
—e3417 -e4549 -.1164 .0217 ~e2569 ~e2486 l.4449 5455
«6587 <0057 -. 7218 -.9116 ~ 6203 —.8685 =1.2446 -+9997
-.6033 <4730 « 7445 «3251 —e7551 —+8445 1.1698 l.4410
2504 <1591 -+ 2044 ~¢3069 2714 4744 3347 -.3196
~ 6434 -e1524 1.4790 1.1091 «5997 «6304 «5680 <6696
4468 «0950 «3475 -.0585 0568 ~+1493 .0088 0973
«2095 -+3196 ~+8378 ~e9161 ~e 7656 -e2725 ~.2883 «3127
=+3140 -.9073 -1.2826 -.7910 -.0225 « 4651 1.1126 -1.0675
~«8790 «6740 0416 ~e9143 —e6922 «2559 3317 «4118
«6338 l.1452 «8354 =+5030
MEAN VALUE OF IS 44795 STANDARD DEVIATIUN OF Z IS 1.234

CHUSEN GLOBAL

FIT SURFACE IS OF ORDER

3
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Z RESIDUALS

« 4497
-.1918
«1297
-.1219
«1578
-.0615
.0815
-e2119
. 0040
0667
-.1248
-.1227
« 1459

-.1692
—+2999
-.1157
-.0812
~.1046
1644
-.0015
-.0218
«0049
~+1044
-e2481
.2518
2140

-.1580
-.0437
.0107
-.0634
~e2344
3143
-.0565
5101
0675
—.2658
-.2858
0086
« 2974

STANDARD ODEVIATION UF ERROR IS

MAXIMUM SMUOTHING CORRECTION IS

Z RESIDUALS

«1776
-.1000
.1101
-.0149
.0935
-.0730
.0365
-.0878
-.0363
0636
.0501
=.0259
-.0397

-.0676
-.1292
~.0678
-.0458
-.0898
« 0666
~.0144
.0038
-.0145
« 0064
-.1080
«1169
<1354

-.05438
-.0l68
0304
-.0414
0251
«1619
-.0230
«1981
0430
-e1429
-+1033
. 0055
<1794

STANDARD DEVIATION OF ERROR IS

FMAXIMUM SMUOTHING CORRECTION IS

L RESIDUALS

<0774
-.0592
. 0954
.0156
.0713
~.0648
0289
-e 0447
-.0372
.0531
.0528
.0las

-.0(813

-.0287
—-.0604
-.0633
-.0339
~.0840
.0386
-.0158
.0019
-.0277
«0142
-.0831
<0688

1238

-.0358
=.0075
.0349
-.0311
.0325
1213
-.0114
0946
.0456
-.0999
-.0510
.0038

«1352

STANDARD DEVIATION OF ERROR IS

MAXTMUMN SMUCTHING CORRECTION

NUMBER OF ITERATIONS IS

GVERALL PERCENTAGE FIT IS

IS

L ERKOR OF MAXIMUM

97.687

-.0119
2370
-e2146
«0064
-«1307
«0064
~.1048
«3782
-.0257
—2870
~.1988
-e3618
=+2094

.1848

-.1924

.0102
« 0458
-.0867
0090
-.0319
-.0135
-e0487
o1415
—.0154
-.1304
-.0003
-.1383
~-.1071

.0804

-.1640

«0125
«0223
~.0724
+0094
-.0252
-+0123
-.0268
<0792
-.0153
- 0647
«0584
-.0602

=+0709

.0566

~.1241

-.0631
2824
- 2434
-.0638
-e1261
-e2073
«0916
«0551
«0202
-e2482
+0071
~el437

-.,0204
«1255
-.0839
-.0213
-.0133
-.0771
«0208
-+019s
0025
«0359
-.08606
-.0528

~.0062
0640
-0359
-.0130
+ 0004
-.0247
.0028
-.0156
. 0004
0684
-.1096
-.0217

MODULUS IS

«01b55
«2194
e 2246
«0650
+ 0807
—.l484
.1216
.0334
~+0540
-.0536
e 1554
0617

0170
«1123
+0606
0191
,»0312
«0862
«05006
.0049
-.0356
«0220
<0437
-.0332

0028
0612
0133
«0093
«0434
0621
«0269
<0055
-.0243
-.0247
-.0713
-.0323

«135

.0507
L0110
L1193
+4580
+3457
.2913
.0911
L1787
.0016
.0785
«3253
L0787

«0265
«0042
«0454
«1864
«1386
<0679
<0647
<0294
0060
«0393
«1573
«0262

0202
.0189
.0295
.0939
.0890
.0091
«0510
.0205
«0042
.0504
1305
.0209

0407
0209
0190
1727
<1456
«4084
-«1329
«1199
«0242
«1323
~.2103
$0279

0132
-.0145
0705
U743
=087
«lbu4
<1019
0451
0129
«1591
-.1278
0028

«0U65
-.0297
0715
<0460
0264
«U356
-.0934
.0383
0088
01222
-.1215
-.0003



Vo ~NUH W

0570
0410
0850
<0610
<0340
.0280
0120
+1690
«1250
+1820
+1160
1590
«1500
1320
1710
+1320
+1360
<1770
«1650
«2350
«2780
.2180
+2410
2090
+2930
«2740
+2320
+«3500
+3530
«3390
+3390
«3940
+3250
«3200
«3650
+3850
«3010
«3780
3640
«3310
«3730
«3520
#4170
4190
4580
+4030
+4070
«4880
4460
4420
4230
+5180
«5930
5010
«5520
#5230
+5360
5530
+5120
6510
<6740
+6600
«6660
+6900
«6410
«6050
«6140
«6230
«6960
6270

. 6940

+7190
7360
+ 7840
. 7230
«7160
«794C
« 7460
7570
+7630
8300
+8060
+8420
+8530
8970
«8760
«8650
+8060
«8260
+8330
9770
«959C
«9140
9060
+9610
9360
«9550
9250
9640
9510

Y

0510
«2740
«3390
3430
«3850
«4970
«9230
.0590
«1780
«2700
«3750
4920
«5530
<6910
« 7450
«8300
8910
«8930
« 9490
«9620
+9050
+6400
+ 6330
3510
21890
1690
. 0890
.0300
+ 1440
#2290
+4310
5710
« 6020
«6490
+ 7180
7230
« 7450
7550
+«8050
+8480
+ 8990
+9980
+9650
9330
« 7940
6910
« 3900
«3880
«2760

z

2.7000
40000
4,7000
447000
449000
544000
2.8000
2.9000
3.5000
444000
5.3000
6.7000
6.+8000
5.8000
540000
441000
3.8000
2.3000
2 .8000
2.2000
2.7000
643000
6.4000
5.8000
449000
445000
3.6000
3.6000
4.8000
£.5000
7.9000
6.8000
6.7000
5.8000
447000
445000
445000
443000
3.5000
3.3000
3.3000
3.3000
441000
440000
44,2000
4.8000
7.7000
8.0000
6.5000
€.4000
5.2000
39000
64000
1.0000
6.8000
60000
5.1000
449000
5.0000
4.7000
4+6000
447000
5.7000
5.9000
5.8000
645000
6.5000
5.4000
449000
446000
441000
4.6000
5.6000
541000
5.0000
5.1000
448000
442000
349000
441000
3.4000
2.0000
2.7000
3.5000
443000
5.2000
641000
444000
445000
442000
3.4000
3.3000
440000
£,0000
4 46000
449000
449000
5.6000
4 48000
344000

ZCALC

2.7774
3.9712
446641
4.7125
4.8937
5.4028
2.8202
249065
3.4407
4.3395
5.2924
6.7223
6.8646
5.8612
4.9810
4.0702
3.8954
3.2366
2.8349
2.1275
2.6640
643133
644295
5.8715
449156
444660
3.5688
3.6094
447869
5.49006
7.9939
648460
6.7713
5.7159
447325
4.4747
4.5004
443434
3.4109
3.3264
3.2351
3.3386
442213
3.9876
441752
447378
7.7091
8.0856
6.5289
643841
5.1885
3.8731
6.4028
7.0269
6.8510
5.9065
5.0552
449019
5.0946
447792
4.5843
4.7055
5.7205
5.9383
5.7627
6.4722
645456
5.3846
44,9004
445756
440957
4.6088
5.6531
5.1142
449000
5.0352
4.8684
441752
3.9504
442222
3.4528
2.9168
246489
3.5584
441903
5.1286
642305
44,2784
445148
44,2688
3.4038
342397
3.9782
4.9676
446209
4.8996
4.8186
5.7238
449352
3.3290
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ZERR

«0774
-.0287
-.0358

<0125
-.0062

0028

0202

0065
-.0592
=.0604
=.0075

0223

«0646

0612
-.0189
-.0297

0954
-.0633

«0349
-.0724
=.0359

0133

<0295

0715

<0156
-.0339
-.0311

0094
=.0130
-.0093

«0939

«0460

.0713
-.0840

.0325
=.0252

<0004

0434
-+0890

0264
—.0648

<0386

1213
-.0123
—.0247

=.0621

0091
0856
.0289
-.0158
-.011l4
-.0268
.0028
<0269
«0510
~.0934
=.0447
<0019
«0946
0792
-.0156
0055
0205
0383
-.0372
=.0277
«0456
-.0153
+0004
-.0243
~.0042
.0088
.0531
0142
=.0999
—.0647
+0684
=e0247
«0504
1222
.0528
-.0831
-.0510
.0584
-.1096
-.0713
«1305
-.1215
«0148
+0688
0038
—.0602
=.0217
-.0323
0209
-.0003
-.0813
«1238
1352
=.0709

PERCENT

102.8685
99.2824
99,2374

100.2676
99.8733

100.0525

100.7229

100.2253
98,3063
98.6250
99,8567

100.3329

100.9510

101.0564
99,6219
99,2738

102.5119
98,0803

101.2498
9647090
98,6682

100.2113

100.4623

101.2334

10043198
99,2456
99,1343

100.2614
99,7284
99.8294

101.1887

100.6766

101.0646
98.5511

100.6928
99.4386

100.0090

101.0103
974560

100.8014
98,0363

101.1703

102.9591
99.6915
99,4117
98,7055

100.1184

101,0701

100.4461
99.7527
99,7792
99.3106

100.0439

100.3853

100.7504
98,4419
99,1224

100.0403

101.8926

101. 6866
99.6592

100.1189

100.3608

10046499
99.3577
99,5724

160.7022
99,7149

100.0092
99,4702
99.8967

100.1913

100.9493

1002800
98,0000
98,7311

101.4268
99.4106

101.2947

102.9808

10145541
97.2273
98,1100

101, 6685
97.4506
98.6285

102.1404
97.2377

100.3302

101.6393

100.1134
9841747
99,4566
99.3535

100.4546
99.9920
98.3396

102.2114

102.8169
97.9123

SDPER

6.2715
243240
2.9019
l.0187

«5025

02299
1.6391

«5292
448000
4.8989

6145
1.8061
5.2370
4.9617
1.5306
2.4109
1.7294
5.1296
2.8339
5.8627
2.9115
1.0783
243959
5.7928
1.2691
2.7488
245233

« 7622
1.0553

7593
T.6044
3.7259
5.7761
6.8047
2.6368
240456
0329
3.5179
7.2100
241417
5.2473
3.1272
9.8243
+9990
2.0007
5.0311

. 7383
69323
243480
1.2815

9296
241768

«2278
2.1844
441321
7.5699
3.6240

«1599
7.6627

644190

1.2692
«4525
1.6653
3.1053
3.0161
2.2505
3.6962
1.2465
+0368
1.9734
«3428
«7125
443049
l.1564
840972
52400
545457
2.0044
4.,0887
9.8962
4,2787
6.7355
4.1321
407289
8.8766
5.7747
10.5729
9.8417
1.2034
5.5754
«3123
4.8773
1.7600
2.6175
1.6934
0315
6.5877
10.0282
10.9488
5.7476



KANSAS DATA COMPUTER CONTRIBUTIUN 23 3 ITERATIONS

CONTOUR MAP PARAMETERS

MINIMUM X-VALUE IS 012000 MAXIMUM X-VALUE IS «977000
MINIMUM Y-VALUE 1S .030000 MAXIMUM Y-VALUE IS «998000
MINIMUM CONTOUR VALUE IS 2.00000C CONTOUR INTERNAL IS 1.000000
NUMBER OF CONTOUR LEVELS IS 6

X=SCALE FACTCGR IS « 148 Y-SCALE FACTOR IS 148

ERROR INDICATORS PLOTTED AT 25. PERCENT

KEY TO CONTOUR LEVELS

1= 2.0000
2= 3.0000
3= 4.0000
4= 5.0000
5= 6.0000
6= 17,0000

KEY TO DIFFERENCE MAP CONTOUR LEVELS

1= -4,5000
2= ~3.5000
= -2.5000
= -1.5000
5= -+5000
= «5000
= 1.5000
8 = 25000
= 3.5000.
10= 445000
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Figure 3. —Kansas data from Computer Contribution 23, cubic base, 3 iterations.
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Figure 6. A, Kansas data from Computer Contribution 23, quadratic base, 3 iterations; B, second-degree
trend surface.

Y B
Figure 7. -A, Kansas data from Computer Contribution 23, linear base, 12 iterations; B, first-degree trend
surface.
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KANSAS GEOLOGICAL SURVEY COMPUTER PROGRAM
THE UNIVERSITY OF KANSAS, LAWRENCE

PROGRAM ABSTRACT

Title (If subroutine state in title):

An iterative approach to the fitting of trend surfaces

Date: 6 June 1969

Auther, organization: A.J. Cole

Computing Laboratory, University of St. Andrews, St. Andrews, Fife, Scotland

Direct inquiries to: As above
Name: Address:
Purpose/description: Trend-surface analysis includes a mapping technique which plots initial

polynomial overall fit, iterative final fit and difference map

Mathematical method:  Iterative quadratic bump and smoothing technique on polynomial least-square base

Restrictions, range: Not more than 240 points

Computer manufacturer: IBM Model: 1620

Programming language: FORTRAN Il - D

Memory required: 60 K Approximate running time: 30 min., iteration, 100 points

Special peripheral equipment required: Graph plotter, disks

Remarks (special compilers or operating systems, required word lengths, number of successful runs, other ma-
chine versions, additional information useful for operation or modification of program)

Program is being converted to run on IBM System 360/Model 44. Details from
A.J. Cole.
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