




PREFACE

This  special publication describes a computer program that willbe useful togeologists  in  Kansas and elsewhere;

it  is the  first of a.  series of publications of the Kansas Geological  Survey in which the  objective ls to present details of

computer programs that  should be of general usefulness to geologists and petroleum engineers.  The  computer revolu-

tion is fast  sweeping through the petroleum  industry,  but many  small  companies and independent operators do not have

employees on their  staffs who are  skilled  in computer applications.   It  is the  intention  of the  Kansas Geological Survey

to provide  some assistance  in  computer applications in  solving geological and petroleum  engineering problems.

INTRODUCTION

The program  described  here  is for  trend-surface  mapping of geological  data,  such  aB geologic  structure,  and

for  smoothing  geophysical  data.   A trend  surface is  a plane or  smoothly  curving  surface that  is  fitted  so that  it passes

above  some data points and below others.   The  difference betweenthe trend-surface value andthe actual data point  value

is  called the  deviation or residual  value.    Trend  surfaces are generally fitted  Bo that the  sum of the  squared deviations

is  the  least   possible  and may be termed least-squares trend  surfaces.  A more  complete discussion of the applications

of least-squares trend  surfaces  is given by  Forgotson (1963)  and Merriam and  Harbaugh (in press),     and the principles

ha.ve  been discussed  by  Krumbein  (1959)  and  Harbaugh  (in pl.ess).

The program for fitting  first-,  second-,  and third-degree trend  surfaces ig written in  BALGOL and may be used

on any IBM  7090/1401  computer  system for which a 7090  BALGOL  compiler tapeiB available.    The program was devel-

oped at the  Computation  Center at  Stanford University.   Peter  Carah wrote that part of the program dealing with plotting

of residual values,  and procedure  SOLV was written by the  Stanford Computation Center  staff.

The Kansas Geological  Survey will distribute  the program  in punched  card  form  for a limited  time at a cost   of

Slo.  The  7090  BALGOL compiler tape  may be  obtained by sending a magnetic tape to the  Computation Center,    Stanford

University,   Stanford,   California.

The trend-surface program  is fast  and efficient,  compiling  in  18  seconds from the  BALGOL source deck,  requir-

ing  about  30  seconds to  execute  for a data  set  consisting  Of about 200 data points,  and producing  printed maps  of about

60  square  inches  each.    The data points may be  irregularly  spaced.    The program prints contoured trend-surface maps

and plots  original and residual values on maps that are  ready to be  contoured manually.    The program maybe used with

any number  of gets of data.    Many of the  steps  in the program are  similar  or  identical to a four-variable trend-surface

program described by  Harbaugh (in press) .

A manual describing  BALGOL and  entitled "Burroughs  Algebraic  Compiler,  Revised Edition"   '(1963)-  may  be

obtained from the Burroughs Corporation,  Detroit 32,  Michigan.  "An htroduction to  BALGOL"    (1961)  by  R.  V.  Cfakford

and J.  M.  Gere  is available through the  Stalrford University  Bookstore.



STEPS IN  TREND-SURFACE  PROGRAM

Steps  in the  trend-Surface  program are  outlined  in the  flow chart  (Fig.   1)  and are  listed in  detail  in  Table  1.

Each line  (card)  of the  program  is numbered,  permitting  parts of the  program to be referred  to by the line  numbers.

Steps  in the program are tabulated below:

(1)       Integer declarations:   lines  7-8.

(2)       Dimensions  of arrays:    lines  9-1Z.

(3)      Assign characters to alphanumeric arrays used for headings and for contoured maps:   lines  13-21.

(4)        Format  statements:   lines  22,   24,   225-230,   232-241,   245,   246,   251-260,   262,   264,   266,   292-299,

308-313,   326.

(5)       Input  statements:    lines  26,   28,   31-41.

(6)       Clear arrays  reserved for matrices   to  zero:   lines 42-43.

(7)       Generate  matrix and column vector  for  solution of normal  equations  (for discussion    see  Harbaugh,

in press):    lines  46-113.

(8)      Assign linear,  linear plus quadratic,  and linear plus quadratic plus cubic matrices and column

vectors to new matrices and column vectors before inversion:   lines  114-122.

(9)       Declare  external procedure INPROD (used in  matrix inversion procedure):    line  124.

(10)        Declare procedure SOLV (for  inversion of matrix):   lines  125-173.

(11)       Call  and execute procedure  SOLV for inverting  matrices  of first-,  Second-,  and third-degree

surfaces:    lines  174-178.

(12)       Calculate trend and residual values for all data points:   lines  180-194.

(13)       Calculate  error measure:   lines  197-206.

(14)       Calculate  sum of squares of trend values and residuals:   lines  207-218.

(15)       Caloulate percent of total  suln  of squares:   lines 219-223.

(16)        Output  statements:    lines  224,   231,   243,   244,   247-250,   263,   267,   291,   307,   390,   399.

(17)       Calculate arithmetic  mean:   line 242.

(18)        Write  statements:    lines  261,  265,   268,   269,   300-302,   321,   323.   324,   334,   336,   337,   353,   356,

357,   392,   407,   448.

(19)       Calculate volume beneath first-,  second-,  and third-degree trend  ourfaces by double  integration

lines  273-287 .

(20)       Calculate apatially  weighted averages by dividing trend-Surface volumes by area beneath trend

surface:   lines  Z88-290

(21)       Calculate horizontal  and vertical  increment values for printing  of maps:   lines  305-306.

(22)       Contour fil`st-,   second-,  and third-degree trend-Surface maps by  Successively evaluating x and

Y coordinate values:    lines  314-379.
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Figure  1.    Simplified flow chart Of major  steps  in trend-surface program.



Table  1. --Listing of BALGOL  statements  in trend-Surface program.    Each line  represents  one punched  card
of program.    Numbers  in left  column are for  reference purposes    and  in practice  must be placed  in
columns  73-80 on punched cards.    Each program card must have the  number 2 punched  in  column  1.

COMMENT     PBOGfiAM     TO     FIT     LINFAR.     lINEAR     +     OUADPATIC.     AND     LINEAf`     +    OuAt)-
pATic    +    cuB!c    TBENr`    suRFACFs    WHERE     x    AND    v    vALUEs    ARE     IRREGULARLv
SPACED.     Pf`Or,FiAM    PRINTS    Out     Z     vAii/Es    CALCuLATED    AT     THE    GlvFN     x-y    polNTs
AND    Also    CoMpuTEs    r\EvlATic`Ns    oF    ACTi/AL     z     vALUE`c`     FqoM    TBENr>    vALUFs.
EPF!oR    MEASuf!E    AND    PERCFNT     TOTAL     SUM    0F     souAPEs    Af}F    rAicuLATED.     TPEND
SuQFACES     Af!F    coNToijREr).     j.     W.     HAf}BAUGH.     r,E.OioGy    r)FPT..      STANFof2D     S
INTEGEB         XP().I.      J®      K®      L.      OP.      Ni      VEQT®      HOR.               CV().                       MOW     a

INTEGER     DIG|Tst     PLTARt     PRINT.     a.     !Vi     Ixi     LINE.     TEMP.     AF"lN.     ARPLS     a
ARPAY     Xt500t9)®     T(10.lo).     R(10)i     XP(500.3)      .     T315.5)i     T6(8.9).

T10112il2).     83(3t.     R6(6).     R1'.tlol.     S3(3l.     S6(6).     S10110)      .
Z(132),      CV113?}      S

Af!BAV         PQINT(3.50t.      IV(5r`f`).      IX(6no)      ,     DIGITS(50}      S

Af{fiAY     PLTAful2)=(.Z     VAIU..'ES    C`P[.t.G     DATA.®.lsT     Ofu.
•DFR     RE...SIDUAL.t.2ND    012...DEB     PE...S!OUAL...3P0    0R..
•DFR    PE'..SIDUAl')S

AFZRAy     ARMIN(40l       =      I.       ..'A.

C' ,,,,,, H,,'
'      ,,,C)',I      ,,.P','      ,,'0','

ARRAY     ARPLS(40)      =      ('S  .....  '1'

'K'   ,,,,,  L',I       I,,M',I       ','N.

'       ',,T,)          S

6 ,.,,  ''7','     '''8'.'     '.'0',.     '.,0 ,,,,,  'S,,'     ,,'*','     ,,,- ' ,,,,
'       ,,,+'  ,,,,   '=  ,,,,,  ',/',,       ',,X','       I,'Y,,'       ''      S

F0BMAT     FOQMISKS(BSORINT13tl)S.ls     DIGITS(I)S).W)S

OUTPUT    PLOT(PITAR(I.50    -3.5).     OIT^Q(1.50    -2.5).     PLTAR(1.5(a-ll))S
FORMAT     PIFT13A6.W.W}      S

START  ,  ,

INPUT     ALPHIA1.A2.A3tA4.A5.A6.A7.A8.A9.A10.All.A12)                        $
8FAD      (SS     ALPH)      S
INPUT     OPT(     OP.     N.     VERT.     HOR.XB.     XL.     VB.     VT.     RF.     CON)S
BEAD     (SS     OPTl     S
HAf!     =     HOP     S
IF    oP    EOL    2222    S

BEG  I N

!NPUT     DATI(FOR
READ     (SS    DATl)
FOR     I      ='1,I,N)

I(1.1.N)      S     FOR     J     =(1®1®3)      S     Xpll.J)ls

FOP     J     =(1.1.31     S     X(I.J}     =     XP(I.J}     a
ENDS
OP    EOL    4444    S
BEGIN

INPUT     DATD(FOR     1     =I1.I.N)     S     FOR     J     =(1.I.3)      S     X(I.J))      S
READ     |SS    DATO)     S

ENDS
FOR    K     =11.1ilo)     S    FOR    1     =11.I.10)     S     T(K.L)     =     0.0    S
FOR     K     =(1il®10)      S     R(K)      =     0.0     S

COMMENT     CALCULATE     VALUES     FOP     10     x     lr\     T     MATRlx     FLE`MENTS.      ExCEPT     FOR

THosE    vALUEs     THAT    ARE    DupilcATFs    c`F    oTHERs,wHlcH    wlLL    BF    AsslGNEr)    S
FOR      I      ={1.1iN)      S

BFG'N
T(1,2'      =         T(I,2)
T(1,3)      =         T(I,3'
T(I,4'     I        T(I,4
T(1,5)      =          T(1

T(1,6'      =         T(1,
T(1.7)      =         T(1.7)
T(1.8)     i        T(1.8)
T(1.9)      =         T(1.9}
T(1.10)=        T(1.1
T(2.7|     =        T12.7)
T(2.8)     =        T(2.8)
T(2.9}      =        T12.9)     +I

T(2,10'=        T'2,10'+I
T(3.10)=        T(3.10)+(
T(4'7'     :
T(4,8'     :

T(4,9'     =
T(4,10'=
T(5,10'.
T'6,10)=
T'7,4'     =
T'7,7'     =
T'7,8'     =

T(4,7'    +
T14,8'     +

I,2'))     S



T(7,9'     I       T'7
T(7,10'=        T'7
T(8,lo'=        T'8

T'10,10'=     T(10,
R(|'     =     R(1)     +
R(2)      =     R(2)      +'(
R(3'     =    R'3'     +'(X(
R(4'     =     R'4)     +I(X(
R'5'     =    R'5)     +'Ixl

R(8)      =     R(8}      +((X(I.1).

R'9'     a    8(9'     +     'X(I,l',(
R(|0)I     R(10)+((X(I.2}*

ENDS
T'|,I)     a    N           S
T(2,I)      =     T(1,2

T'3,I)     =     T'1,3
T'4,1'     =     T(I,4'
T(5.1)      =     T(1.6)

T(6.1)     a     T(I.6t
T'7.1'     z!    T'|.

T(9.1)     =     T(1.9
TI  10,  I  '=T'  i  ,1
T'7,2l     =    T'2,
T(0,2'     =     T(2
Tl9,2)     =     T(2,
T  I  I  o  .  2  )  =T(  2.10
T(5.7)     =    T(4.8

9
5

T(6®4)      =     T(2.9)     S
T(6i3)      =     T(2®9)      S

3.4)     g.     Tll.8)     S     T(4®3}     =     Tl1.8)     $
3.5)      =     T{l.9)      S     T{5.3)      =     T(1®9)      S

0)S    T15.6}     =     T(2.10}S    T(6®5)     I    T(2.

T(5.8)     =     T(4.9}     a     T(7.6)     =     T(4i9)     S    T(8.5)     a     T(4.9)     S    T(9i4t     =    T(4.9)     S

T16.7)     =     T(4i9)     S
T(6,8)     =     T(4,|0)S
T(6.9)     =     T(5.Irt)S     T(9.6)      =     T(5.1®)     S     TI10,5)      =     1.(5.10)      I
Tl8.7)      =     T17,8)      S
T(8.8l     =     T(7i9)     a     Tl9t7)      ±     T(7.9}         S
T(8.9)     =     T(7.1nis     T(9.8)     =     T17.10i      S     T(10.7)     g!     T(7,1o)      S
T{9.9l     =     T(8ilf))S     T(1rl.8)I    T(8.lo)     S
Ttl0.6l=     T(6.10)S
T(10,9'=     T(9,10'S
COMMENT     ASSIGN     3X3t     6X6.     AND     loxIO     PORTIONS    OF     T     MATRIX     T0    NEW
MATRICES.     TN(.}.WHICH    WILL     BE     USED     IN    SOLVING     LINEAR     EollATI0NS     S
FOR     I     =11.1.31     S    FOR    J    =(1.I.3}     ST3(I.J}     I    T(I.J)     S
FOR     I     =11.I.61     S    FOR    J    e(1.1.6)     ST6{I.J)     =    T(I.J}     S
FOR     1     a(I.|il0)S    FOR    J    =(1.I.10lsT10(I.Jl=    T(I.J)     S
COMMENT     ASS16N     3.     6.     AND     10     PORTIONS    OF     COLUMN     VECTOB     R     TO     NEW    VECTOQSS
FOR     I     t=(1.1i3)     S    R3(I)     .     R(I)      S
Fof!    I    all.I.6l    S   f!6tlt    .    ful)    S
FOB     I     =ll,I,|0'S    R'O(''     =R'l'     S
COMMENT     SOLVE    LINEAR     MATRIX     EQUATIONS    OF     GENERAL     FORM    TS     3     a     S
EXTERNAL     PQOCEDUBE     INPPODl)     S
PftocEDURE    SOLV(  NSA{  .  )  .a(   }  .Y(   )SSINGULAQts

BEGIN
COMMENT     THrs     ls     THF    METHOD    oF     CrtouT.wlTH     INTERCHANGEs,

TO    SOLVE    AY.B    F0fi    V.GIVEN     A    AND    a.                                  S
COMMENT             EXTERNAL     PQOCEDURE     INpf!OD     IS    CALLE.D    BY     SOLV.
SO     INPPOD    MUST     BE     AVAILABLE    WHEN     SOLV     IS    CALLED.         S

COMMENT     SINGULAB     IS     THE     LABEL     OF     THE     STATEMENT     TC)     WHICH

SOIVII      EXITS      IF     A(}      !S     SINGULARS

COMMENT     REAL     A(.).a(   )iv(   )S
INTEGEP     I.IMAxtJ.K.NS

FOR    KE(I.1.N}S
BEGIN

TEMP    a    0S
FOR     I£(Ktl.N)S

a E C' I N
XX     =     A(I.Kl      -TNPROD(1.1.K-1.A(I.I.A(.K))S
A'',K'     a     XX            S
IF     ABS(XX|     GTR     TEMP     S
BEC'N

TEMP    =     ABS(Xxl         S
'MAX     =      I

END



ENDS
IF    TEMP    EQL    0.0S
GO    SINGULAf`S

COMMENT     WE    tlAVF     FOUND     THAT     AIIMAX.K}      IS    THE     IARGEST     PIVOT     IN    COL     K.

NOW    WE      INTERCHAN6E     ROWS     K     AND     IMAXS
IF     IMAX     NEQ    KS
BEGIN

FOR    J    =     (I,1,N'S
BEGIN

TEMpeA(K.JIS    A(K.JlgA(lMAX.J)S     AllMAX.JtaTEMP
ENDS
TEMP.B (  K )  SB(  K  ) g8  I  I MAX I  SB (  I MAX  )  =TEMP

ENDS
COMMENT     NOW    FOR     THE     ELIMINATloNS
DENOM    -    A(K.K)         S
FOR     I=lK+lil.N)S
A(I.Kl     .     AII.K}/DENOM     S
FOR        J    a     lK+1.1.N)S

A(K.j)     =    AtK,j)     -INPRor>ti.I,K-1.AtK.i.At,ji)           S
a(K)     =     a(Kl     -TNPROD(1.I.K-1.A(K.).B())

ENOS
FOR     I=(1.I.N)S    VII)     =    A(I.I)S

COMMENT     NOW    FOR     THE     BACK    SIJBSTITUTIONS
FOR    K    =     (N.-1.1)S

Y(K)     =     (B(K)     -INPROD(K+1.K+1iN-KiA(K.)iv(ll)/A{K.K)             S
RETURN

END    SOLV(  )S
SOLvl     3S    T3(.I.     R3ll,     S3l)     S    MAT6l     S
MAT6,,

SOLV(     6S    T6(.l.     R6l}.     S6(}     S    MAT10)S
MATIO,,
SOLV{10STIol.I.RIO()isIol}     S     START)S
COMMENT     SUBSTITUTE     X     AND     Y     MAP    VALUES     IN     EQUATIONS    OF     FITTED.   SURFACES    S
FOFi     I     ='l,1,N)     S

BEGIN
X(l,4)     a    S3(1)     +     (S3(2).X(I.1l)     +(S3(3l.X(I.2))     S
X(I.5)     te     X(]i3)     -X(I.4l     S
X{].6)     I    S6(1)    +     (S6(2).X(I.

(S6(4).(X(I.1)*2.0))     +     (S6
(S6(6).(X{I.2)*2.Oll     S

X(I.7)     =    X(I.3l     -       X(I.6)     S
X(I.8)     -S10(1l     +     (S10(2).X(I.1))     +     (Slo(3).X(I.2))     +

(Slo(4l.{X(I.1)*2.Ol)     +     (SIC(5).(X(I.1l.X(I.2)I)     +
{S10(6).(X(I.2l*2.Ol)     +{SIO(71.(X(I.1l*9.0))     +
(SIO(8l.((X(t.I)*2.Ol.X(I.2l))+     (S10(9).(X(I.1).(X(I.2l.2.Ol)I
+(SIO(lot.IX(I.2).9.Olt    S

XII.9)     -Xll.9)    -       X(I.a)    a
ENDS

COMMENT     COMPUTE     ERf!OR    MEASURE     AND    PERCENT     TOTAL     SUM    OF     50UARES     FOR     EACH

TftEND    SURFACE    S
EM1     I    EM2    .     EM3     9    o.O    S
FOR     I     .(I,1,N'     S

BEGIN
EMl     I     EM1    +(X(
EM2    I    EM2    +lx(
EM3    -EM3    +lx

ENDS
E1        =        EM1/(N-1)     S
E2       =       EM2/lN-I)     S
E9       .       EM9/lN-ll    S

SMLN    I    LNSO    a!    SHOD    -    ODSO    -SMCB    =    CBSO    al    SMZ    a    ZSO    -    a.0    S
FOR     I.(1.1.N}     S

BEGIN
SHIN
LNSO
SMOD
QDS0
SMCB
CBsO
SMZ

ZSO

8',2,0'    S
'$
3',2,0'    S

ENDS
ZOR    a       ZSO    -((SMZ.2.0)/lN-1)l     S
PTS1    I    loo.0({LNSO    -I(SMIN*2.Ol/lN-1)))/ZOR)S
PTS2    -loo.Ol(ODSO    -((SMOD*2.0}/(N-1)}l/ZORIS
PTS3    I    loo.OllcBSO    -((SMCB*2.0)/(N-1l))/ZOR)S



ODON    I    0DSO    -    LNSO    a       CBON    I    CBSO    -       QDSO                               S
OUTPUT    EflMAIE1.E2     .E9     .PTS1.PTS2.PTS9ls
FORMAT    FMTP(.ERf`OR    MEASURE    LINEAR    TREND    SURFACE     =    *.X3l.2.W.W.

*Ef!ROR    MEAsuRE    OuADRATlc    TREND    simFACE    =    *.x28.2.w.w.
*EQf!OR    MEASURE    CuBIC     TREND    SURFACE     -I.X32.2.W.W.
-PFRCENT    TOTAL    SUM    SQUARES    LINEAR     SURFACE    I    +.X25.2.W.W.
•PERCENT    TOTAL    SUM    SQUARES    QUADRATIC    SURFACE     3    +.X22.2iwiw.
*PEf`CENT    TOTAL    SUM    SQUARES    CUBIC     Suf`FACE     =     tl.X26.2.W.W)S

OUTPUT    VAR(LNSO.     EMl.     ODSO.     ODON.     EM2.                       CBSO.     EM9.     CBON                    }     S
FORMAT    FVARi.SUM    OF    sOuAREs    DUE    LrNEAR    cOMpONENT    .    *.x3O.2.w4.w.

*SuM    OF    SQUARED    DEVIATIONS    Ff`OM    LINEAR    =    -.X28.2.W.W.
+SUM    0F    SQUARES    DUE     LINEAR    +    OuADRATIC    COMPONENT     I    +.Xl8.2.

w.w.*suM    OF    sauAREs    DUE    To   OuADRATic    ALONE    a    I.x28.2.w.w.
`SUM    OF    SQUARED    DEVIATIONS     FPOM    LINEAQ    +    OUADqATIC    a    *.

X16.2.W.W.
•SUM    OF    SQUARES    DUE    LINEAR+OUADF!ATIC+CUBIC     =    +.X24.2.W.W.
+SUM    OF    SQUARED    DEVIATIONS    FROM    L(NEAB+OUADRATIC+CUBIC     =    ..

X12,2,W,W,
•SUM    OF    SQUAf!ES    DUE    CUBIC    ALONE    =    *.X35.2.W.    W}S

AZM     I     R{1l/N     S
OUTPUT    AIPHA(A|.A2®A3.A4.A5.A6.A7.A8iA9iAlotA11.A12)S
OUTPUT    ODS1(Fof!     I     =11.I.N)     S     FOR    J    S(1.1.9)     S    X(I.J}l     S

FORMAT    FTPcltt5S*.|2A6®*S..WIS    WRITE     (SSALPHA.FTPCI     S
FOFMAT         FMTA112A6.W3.Wl     S

OUTPUT     C031  S3  (  11.S3  (  2  }  .S913  )  I.
C06(  S6(  11.S6 ( 2t  .S6(  3 )  . S614)  .S615  }  .S6( 6 )  )  .
C10( SIO(  1  )  .Slo ( 2 )  .S10 (  3 I  .Slo(4)  .SIO(  5)  .S10 ( 6 )  .S10( 7 )  .SIO(8  )  .

S1019l.SIollo})     S
FOPMAT    CF3lw.*EOuATION    CC)EFFICIENts           ..W.I+LINEAR.     Z    -..X12.5.*++.

X12.5.tlx    +..X12.5..V..W.W).
CF6l.LIN          +   QUAD.    Z    I    +.X12.5.+`*.X12.5.+X    +I.X12.5.|Y   ++.

X12.9.*X2    +..X12.5.*XV    +I.X12.5.*V2..W.W}.
CF10l.LIN    +    QUAD    +    CUB.    Z    .I.X12.5.*`+.X12.5..X    +tl.X12.5.*V    +..

X12.5.*X2    `..X12.5.*XV   +I.X12.5.*V2*.W.BIO.++I.X12.9.*X3       +..
X12.5..X2V    +l.X12.5.ttxv2    +I.X12.5.t[V9*.W.W)a

FORMAT    HED(*           XCOORD       yco0RD    Z-VALUE    IST-TfiD    IST-BSD    2ND-TRD    2ND-PSD..
tl    3RD-TRD    3l`D-PSD..W.Wl     S

FOPMAT    FMT1(tl5+.9X8.1.Wt     S
WPITE     (SS    A|PHA.     FMTA)     S
FofwAT    JIM(Ilo    X     10     lx.V)     MATRIX    VALUES    I.W.Wl     S    WRITE     (SS    JIM)S
Ol/TPUT        TRAVIFOR    I-(I.I.10)S    FOR    J=ll.1.10)     S    T(I.Jlls
Fof"AT       FTRAIW.10F12.4.W)     S
WRITE         (SS     TRAY.FTPA)      S
FORMAT    JOE(W.+1     X    |0    ColuMN    VECTOR    VALUES..W.W)S    WRITE     lss    JOE)S
OllTPUT        l}AQIFOR     I     -(lililo)S        R(I)ls        WRITE     (SS    PAR.     FTQA)     S
WRITE     lss    C03.     CF9}     S    WRITE     lss    C06®     CF6)S    WRITE     (SS    CIO.     CFIO}     S
WRITE      (SS     EPMAi     FMTR      }      S     WRITE     (SS    VAR.     FVAR)      S
COMMENT     CALCULATE    VOLUME    WITHIN    MAP     Af`EA     BENEATH    EACH    OF     THE     THREE
TREND    simFACEs    8v     !NTEGftATIN6        ]N    REspECT        To    Boi.H    x    AND    y.    AND    EVALiiA-
TiNG     lr`TEGRAL    EMPLoylNG    vALUEs    FOR    MAp    BouNDAfuEs    S
XD1     =     XR    -XL     S     XD2     a         (XR.XR)     -(XL.XLl      S
XD9    -lxfi.(XQ.XB)l     -lxL.IXL.XL)t     S
XD41-((XR.XR).(XR.XR)I         -(IXL.Xl).{XL.Xl)l     S
VDI     I    VB    -VT    S    YD2    -        (Y8.YB)     -     lvT.VT}     S
YD3    -(YB.(VB.VB))     -(YT.(VT.VTll     S
Vt)4    3     (tvB.VB).(YB.YBll        -((YT.VT).(VT.VTl)     S
VIM    a     (((S3111.XDl)     +     ((S3(2).XD2)/2)).VD1)     +(((S9(9).XDll.VD2l/2l     S
VOD    .     I((S611).XDl}     +     I(S612).Xl)2)/2)            +        I(S614).XD3)/3U.YDll

+     ((((S6(3).XD1)/2)            +     ((S6(5).XD2)/4)).VD2l
+        (((S6(6).XD1).VD3)/9)        S

VCB    -(((SIO(     l|.XD|l     +     ((SIO(2).XD2)/2l        +     ((S10(4).XD3l/3l
+        ((S10(71.XD4)/4ll.yDll         +        I(((SIO(3).XD1)/2)
+        ((SIC(5).XD2l/4l                              +               (lsIO(8).XD3)/6)).YD2)
+(I{(Slo(6).XDll/3)                              +                l(SIO(9).XD2)/6)I.VD3)
+    ((lsIO(lot.XDl)/4).YD4)        S

XD|     S
VLN/AR        S        AZ2        =        VOD/AR        S
VC8/AR    S
VollvIN.    VQD.    VCB.AZM.     AZ1.    AZ2.     AZ3.    AB}     S
FMVL(W.+VOLUME    BENEATH    LINEAR    SURFACE     -..B8.X12.2.W.W.

*VOIUME    BENEATH    LIN+QUAD    SuRFACE    -..86.X12.2.W.W.
•VOLUME    BENEATH    LIN+QUAD+CUB    SURFACE    .+.82.X12.2.W.W.
|ARITH.    MEAN    Z.     ii    SUM    OF    Z    VALUES/    N           .    tl.X12.2.W.W.
•AVERAGE    Z    VALUE.     LINEAR    SuRFACE    -..86.X12.2.W.W.
•AVERAGE    Z    VALUE.    LIN+OUA0    Su8FACE    -I.84.X12.2.I.W.
•AVERAGE    Z    VALUE.    llN+OuAO+CUB    SURFACE    ...X12.2.W.W.
•Af!EA    OF    MAP     IN    SQUARED    UNITS..Bll.X12.2.W.Wl     S



WRITE     (SS    VOL.     FMVLI     S
WRITE      (SS     HFD)      S

WQITE     (SS    ODsl.     FMTll     S
COMMENT     CALCULATE     DX     AND     Dy.

VALUES    OF     X     AND     Y    MAP    VALUES
DX     I     (XR    -XL)/HOR     S

AND    SUBSTITUTE    Pf`OGRESSIVELy     INcf`EASING
IN     FITTING     EQUATIONS     AND    CONTOUR     S

DY    I     (yB    -yT)/VERT           S
Output        CNt)ATA(XL.     XR.     VTt     YB.     RF®     CON)     S
FORMAT    CONDAT{*X    VALUE    LEFT    EDGE    OF    MAP     a    +.X9.I.

X     VALUE     R16HT     EDGE     OF     MAP     31      ®X8.1®
Y    VALUE     TOP     EDGE    OF    MAP         a}     +.X8.1.W.

•V    VALUE    BOTTOM    EDGE    OF    MAP    =     |.X7.I.

REFEFtENCE    CONTOUP    VALUE    =    I.X9.1.
CONTOUR     INTERVAL     =    I.X16.I.WtwIS

W-|S
CALZ 1,  ,
I=1S
CALZ2.,

lF    W    GEO    4    S    G0    fiFADV    S
IF     W     EOL     i     S

BEGIN
WRITE     lss     ALPHA.     FMTAl      S
FORMAT     ZHEDl(*CONTOURS     OF    LINEAft     TREND     SuPFACE*.W     )      S

WRITE     (SS     ZHED1      )     S
WPITF     lss    CNDATA.CONDAT)      S

CAIZ 3 ,  ,
BOX    a     S3(2}.nx     S
80        =     S3(I)     +     (S3(2).Xll     +(S3(3).(YT    +(DY.I)))     S
FOR    A    I     11.0.I.O.HAfu     S
Z(Al     -        80    +     lA.BOX)     $
60    CONTOUR    S

ENDS
IF    W    EOL     2    S

BEGIN
WRIT£     (SS     AIptiA.FMTA)     S
FORMAT     ZHED2l*CONT0uRS    OF     LINEAB     +    OUADfiATIC     TREND    SURFACE+®W)S
WRITE              (SS     ZHED2      }      S

WRITE      (SS     CNDATA.CC)NDAT)      S

BS1     I     S6121.DX            S
BS2     =     S614).(2XL.DX)

BS3     t=     S6{4).(DX.DX)
CAIZ4, .
BSY     =     YT     +lDV.I)     S
BS4    =    S6(5).(Bsy.DX}     S
BS        =     S6(1)     +(S6(2l.XL)     +     (S6(3).BSYl     +     ts6(4).(XL.XL))     +

(S6(5).(BSV.XL))     +     (S6{6).(BSY.BSY)I     S
BSA    =     BS1     +    BS2     +    BS4    S
FOR    A    -(I.Oil.OiHAfu     S
Z{Al      =      (BSA.A)     +     (BS3.(A.A))     +    BS     S
GO    CONTOUR     S

ENDS
w    Eel    9    S
BEGIN

WRITE     (S.     ALPHA.     FMTA)      S
FOQMAT    ZHED3l|CONT0uf}S    OF    LINEAR    +    OIJADRATIC    +    CUBIC     TREND    *i

*SURFACEtliw)     S
WRITE     (SS     ZHED3)     S

weiTE     (SS    CNDATA.cONDATt     s
BTl     =     Slo(21.DX        S
BT2    a     (2.DX).(XL.Slo(4))     $
8T4    =    Slo(7)     .13DX(XL.XL))         S
BT5     .    S10(71.19XL.(DX.DX))         S
BT6    I    slr`(7i.(Dx.IDx.Dx))            S
BT10-S10(4).(DX.Dxl        S
CALZ5.,
BTy    -YT    +(DV.I)     S
BT3    g    S10(5).(BTY.Dxl     S
BT7    I    SIO(8).(2Xl.(OX.BTY)t
BT8    I     SIC(8).IBTV.(DX.Dxl)
BT9    a     SIol9).(DX.(BTV.BTvtt
BT        I    S1011)     +     (SIO(2).XL)     +     (SID(3).BTY)     +     (S1014}.(XL.Xl))     +

ls1015}.lBTY.XL))     +     (SIC(6t.(BTY.BTY)}     +     lslo(7).lxL.txL.XL))}
+     (sir)(8).(BTv.(xl.xL)))     +     (SID(9).(XL.(BTV.8TV))I     +
(S10llo).(BTV.(BTy.BTV)))     S

BTA    I    BT1    +    BT2    +    BT3    +    BT4    +    BT7    +    BT9    S
BTAA    .    BT5    +    8T8    +    BT10    S
FOR    A     =(1.0.i.O.HAR)     S



z(At     =     (BTA.At     +     (BTAA.tA.Att     +     (BT6.tA.(A.Ai)t     +     aT     $
60    CC)NTOUP    S

ENDS
CONTOUR .  .
Foli    J    ='l,I,HOR'     S

BEGIN
IF    ZIJI     LSS    RF     S

BEGIN

CV(J)     I    ARM)N(MOD(FIX((RF-ZtJ))/CON).40)     +1)     S
GO     THERE     S

ENDS
CV(Jl     -ARPLS{MODIFIxl{Z(J)-RF)/CON}i40)+1l     S

THERE..        ENr`       `
OUTPIJT    ODCV(FOR     J    I(I.1.HOQ}     S    CVIJ)ls
FORMAT     FTCV1132A1.Wl      S
wfuTE    tss    Ortcv.FTcvt    S
IE'+1S
IF      IW     EOL     1|      AND      (I     LEO

IF      IW     EOL     2)      AND      11      LEO

IF      (W     EQL     3}      AND      11      LEO

W    I    W    +     1     S    GO    CALzl     S
READY..
OUTPUT    OUT(FOP     I     =(I.1.Kl     S    PBINT12.llt     S
FOR     I     =(1.1.N}      S

BEGIN
'Y(I)     I        X(I,2'/DY        S
IX(I)      a         X(I,1)/DX         S

ENDS
FOP    a    g13.2i9)     S
BFGIN
WRITE     (SS    A|PHA.FMTAIS    WRITE     (SS     PLOT.     PLFT)     S
PoR    llNE    =ll.1.VERTl     S

BEGIN
K=OS

FOP    J    ='l,1,N)     S
BEGIN

|F    ly(j)    Eel    LINE    S
BEGIN

K=K+ls
PRINT(1.K)     a     )X(J)     S
PRINT(2.K)     -        X(J.0)     $
OIGlts(K)a    0.4349.LOG((OOO=    ABS(XIJ.a)})     +(QQO    ISS    1.0

I)+     2     S
ENDS

ENDS
FOR     I     E(2il.K)     S    FOR    J    =I1.1.I-1)S

BEGIN
IF    PRINT(1.ll     LSS     PRINT(1.J)     S

BEGIN
FOR    1    g    I,2    S

BEGIN

TEMP    a     PRINT.(L.J)      S
PRINT(L.J)     =    PRINT(L.I)     S
PRINTll.I)     I    TEMP    S

ENDS
TEMP     .     DIGITS(J}S     DIGITSIJlt!DIGITSII}S

DtGITS{I)     =     TEMP    S
ENDS

ENDS
FOP     I     g     12.1®K)      S    PRINT(9ill     €    0    S
PRINT(3.1)     =     PRINT(1.1l-DIGITS(1l     S
FOB     I     =     '2,I,K'     S

BEGIN
IF    PBINT(..I-1)     LSS    a    S

BEGIN
PRINT(..I)     =    PRINT(3.I-I)     S
PRINT(3.I-1)     =    0    S

ENDS
PRINT{9.Il     I     PRINT(1.T}     +    PRINT(3.I)     -PRINT(1.(-1t

-D'G]TS(I)     S

ENDS
WFUTE     (S$    Out.    FORM)     S

ENDS
ENDS
GO    START    S    FINISH    a
1     I(G        7            ''G
J    .X\.PE.2   9    .16.]5.]44]    .TX.]6   T   ]Tx.]5   .i.9.    Toa8.    .a    ..    9.    .4    ..    9.    T
J7(I.P.-          74.G      04.9    .76   75    6    .06705.-4.76   75    74   549

FINISH    S



(23)       Evaluate data values with respect to reference contour and contour interval,  and express value as

an appropriate  character  as assigned in alphanumeric  arrays ARMIN and ARPLS:   lines 380-397.

(24)       Plot original data and  residual values of first-,   Second-,  and third-degree  Surfaces on maps

that are same scale as contoured trend-Surface maps.    Data are sorted first according to I

coordinate values,  and  second according to X coordinate values:   lines  398-450.

(25)       Go to START to I.Cad  in new  set of data,   if present,  or terminate use of program if no  more data

sots are available:    line  451.

(26)       Binary external procedure  INPROD used in matrix  inversion procedure  SOLV:   lines 452-455.

Please note that on the  actual program cards,  a 2  should be punched in colulrm  I, and the line  numbers  chould be placed

within columns 73-80.

INPUT TO TREND-SURFACE  PROGRAM

Alphanumeric  heacdiT`o. card. --The first  card of each  Bet  of data  must be a card  containing  alphabetical  and nu-

merical  (alphanumeric)  information for  identification purposes.    This  information will be  reproduced at the top  Of maps

(Fig.  2)  and other pages  (Table 2) printed by the  computer's printer.    The card must be punched as follows.

(1)       5incolumnl.

(2)       Sincolumns2and75.

(3)       Any desired combination of letters,  numbers,   characters,and blacks  in columns 3 through 74.

ram-control  card. --The Second card that accompanies each  data set must be  a progra.in-control  card  con-

taining  the following  information,   in the order  listed  below.    Note  that each number  is to be  separated  from   adjacent

numbers by at least  one blank  space on the card.

(1)       5incolumnl.

(2)       An integer  specifying whether the data are in  integer or decimal form.    Punch 2222  if data are

integer;  punch 4444  if data are decimal.    (OP in program).

(3)       An integer  specifying the number of data points  (N).

(4)       Ah integer  specifying the number of printed rows that map  i8 to  contain (VERT).

(5)       An integer  Specifying the number of columns  in maps that are to be printed  (HOB).    Note that

there are  10 columns and 6  rows to the  inch.   Appropriate numbers for  VERT and HOR must be

chosen Bo that maps printed by computer are not distorted in respect to the ratio of length to

width.    The maximum number of columns  is  132  (assuming that an IBM  1403 printer is used).

(6)      A decimal number  Bpecifylng the  coordinate value of the  right  edge of the map  (XR).    Note that all

coordinate values  specifying edges of maps to be printed must be  in the  same units aB X and Y

coordinate values Of data points.

(7)      A decimal number specifying coordinate value of left edge of map  (XL).
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(8)       A decimal number  specifying coordinate value of bottom edge of map  (TB).

(9)       A decimal number  specifying coordinate value of top edge of map (YT).

(10)       A decimal number  specifying the  reference contour value (RF).

(11)       A decimal number  specifying the contour  interval  (CON).

mta cards. --Data cards follow the  control card.   Each data card  should have 5 punched  in column  1.    mta  val-

ues must be  separated by at  least  one  Space,  and any convenient  number of data values may be  placed on a card,    col-

umns 2 througb 80 being available.    h BAI,GOL,  format input  specifications for data are not used.   Each data point  has

three values which must be listed  in the following order:

(1)       X or horizontal  coordinate value.

(2)       Y or vertical  coordinate  value.

(3)        Z  value.

In reading the data from the cards,  the  computer will  read thenumbers  in groups Of three.    It  is essential that the  num-

ber Of data points  three numbers per point) be exactly equal to the number N  specified on the control  card.    The   maxi-

mum  number Of data  points  (Z  values)   Specified is 500,  although  this limit  can be  readily  increased  with  very    in.inor

changes in the program.

The X and ¥ coordinate values may be  in any  convenient units.       I have found tenths of an inch to be  convenient,

but miles,  feet,  kilometers,  oI. any  unit may be used.    in order to  keep all values  positive,   it  is  Suggested that the co-

ordinate origin be placed  in the upper left corner of the  map.   The  location of the origin iB arbitrary    and may be either

at the  corner  of the  area to be  napped or outside  it.         The X or horizoutal coordinate  values have positive  signs and

increase moving  toward the  right  froln the  coordinate origin.    The  Y or vertical  coordinate val`ies  have positive  signs

and iDcrease moving dounward from the  coordinate origin.    The  control points  may be irregularly  spaced.

OUTPUT  FROM TREND-SURFACE  PROGRAM

X-Y matrix  values. --Examples  Of output from  the trend-surface  program  are  shown  in  Table 2  and  Figure 2.

At the top  of Table  2  are  shown the  elements of the  10 x  1o matrix  used  in  solving the normal  equations.      Although the

values of the  matrix elements are not usually of interest  in themselves,  it may be helpful to  scan them to insure that the

ccapacity of the  computer has not been  exceeded if very large numbers are being used in the original data.

Equation  congtants. --The constants of the  equations that describe  first-,  second-,  and third-degree  surfaces are

printed out.    The algebraic  Bigris of constants are  included.

Statistical  measures of surfaces. --The following  statistical  measures Of the trend  Surfaces and  their re8idualB

are calculated:

(1)       Error measure.

a)      Percent of total sum of squares of each surface.

(3)       Sum of squares due to linear,  quadratic,  and cubic  components,  separately and combined,  and

sum of Squared deviations from the first-,   Second-,  and third-degree  BurfaeeB.
11



Table  2. --Example of output of tabular data from trend-surface pl.ogram.



Figure 2.    Examples of printed maps produced a,s output from trend-surface program:   A,  contours on  second-degree
trend  siirface;   8,  residual values from  second-degree trend  surface  shown in A.
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(4)       Volume beneath first-,   second-,  and third-degree  surfaces within limits of mapped area.

(5)       Average  Z  values based on arithmctic mean,  and  spatially weighted values beneath first-.   second-.

and third-degree  surfaces.

(6)       Mapped area in  square units.

For  a thorongh  discussion Of  the mathematical  principles  involved  in computation  and  application  of these   statistical

methods  see  Harbaugh (in press).    The method of calculating  volumes and spatially weighted averages has been adapted

from Whitten  (1962) .

Values at  individual data Points. --The following  values of individual data points are printed out   and may also be

simultaneously punched on cards  if desired by  changing the W  in line 260 to  C.

(1)       X or horizontal  coordinate value.

(2)       ¥ or vertical  coordinate  value.

(3)        Zvalue.

(4)       Value of first-degree trend  surface at that point.

(5)       Value of first-degree residual.

(6)       Second-degree trend value.

V)       Second-degree  reBidral value.

(8)       Third-degree trend value.

(9)       Third-degree  residual value.

j!4gBg. ~The following maps are printed out:

(1)       First-degreetrendmap.

(2)       Second-degreetrend map  (Fig.  2).

(3)       Third-degree trend map.

(4)       Map onwhich  z values are plotted.

(5)       Map  of first-degree I`esiduals.

(6)       Map  of  second-degree  residuals  (F`ig.  2).

(7)       Map of third-degree residualB.

Identifying information iB printed out at the top of each map.   Alternating bands of printed  characters and blanks

represent  contours on the trend  maps and  permit each contour  line to be  identified.    The  printed characters  `ised are

listed  in Table 3.     The printed characters have been a.rranged so that there  is  little likelihood of ambiguity.    The  steps

in calculating the values of contour lines are  as follows:

(1)       Determine the number of contour  intervals above or below the  reference  contour as represented

by the bands Of characters or blanks referred to in  Table  3.

(2)       Multiply this number by the  contour  interval  (declared on program  control  card,   CON).

(3)       Add a.Igebraically to the  reference  contour value.    For example,   if the  reference  contour value
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igloo,  and the  contour Interval  i810,  then the  contour  value  represented by the lower edge of

the band printed with B's  ig  60.    The reference  contour value  is  marked by the  edge of the band

of S's which faces the band of A's.

Table 3. --List  of characters that  correspond with contour  intervals of printed contour maps.    Empty places  in column

indicate that no  character  has been printed.

Number of contour
intervals  above  (+)

or below  (-)
reference contour.

Character printed
(or blank)  in band,

of which lower  edge
denotes contour value

Number of contour
intervals above  (+)

or below (-)
reference contour.

+I
+2

+3
+4
+5

+6
+7
+8

+9
+10
+11

+12

+13
+14
+15
+16
+17

+18

+19

+20
+21
+22
+23
+24
+25
+26
+27
+28
+29
+30
+31
+32

+33
+34
+35
+36
+37
+38
+39

Character printed
(or blank)  in band,

of which lower  edge
denotes contour value

1

2

3

4

5

6

7

8

9

0

a

*
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KANSAS  GEOLOGICAL  SURVEY  COMPUTER  PROGRAM
THE  UNIVERSITY  0F  KANSAS,   LAWRENCE

PROGRAM ABSTRACT

Title  (If  Bubroutine  state  in title):

BALGOL progl.am for trend-surface mapping  using  an IBM  7090  computer

Computer:          IBM  7090

Programming  language:

Author,  organization: John W.  IIarbauj<h,   Department of Geologv`   Stanford Universit

Stanford,   California

Direct  inquiries to:                 author or to  Daniel  F.  Merriam,   State  Geological Survev,   Lawrence.   Kansas

Name:                John w.  Harbau Address;     Ilepartment of Geoloj=v,   Stanford universit

Stanford.   Califorrnia

Purpose/description:       Fitting  of first-,  second-,  and third-degree trend  surfaces to geological  and other data.

Accepts irregularly  spaced data points. Automatically  contours trend  surfaces and plots original data as well

as first-,   second-,and third-degree  residual  values  in  a  series Of maps.    In addition,  calculates various  statistical

properties  of trend and residual surfaces including  (a)  error  measure , (b)  sums  of  squares, percent of total

sums  of squares, (d)  volume beneath each trend  surface, e)  Bpatiall es,  and

Mathematical  method:     Generates  matrix and vector;  obtains constants of equations of trend  surfaces b

Restrictions,  range:

dimensions .

Present limit  is  500 data points,  but this can be  increased substantiall

Storage  requi rements :

Equipment  specifications:              (not pertinent,   inasmuch as  7090's  have  32, OOO+  words  of high-speed memory)

Memory 40K                                             60K                                             K

Automatic  divide:     Yes                   No                                                              Indirect  addressing:    Yes                    No

Chher  special  features  required

Additional  remarks  (include  at  author's  discretion:    [ixed/float,   relocatability,  optional:  running  time,   approximate

number  ot` times  1.un  succossfully`   programming  hours) Compiles from  BALGOL  source deck in  18 Seconds;  t

riTlng tine,  a-nmu 2cO cht& pehi+ ind m|]i the codtiln 60 rmiLro frohei,  1B aho`130 e~,   Tfro fLutord

University  Computation  Center will make  its  BALGOL compiler tape  available to anv  7090  user.  provided the user

will  send a tape from a 7090 tape unit to the  Stanford Comoutation Center.












