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KANSAS  GEOLOGICAL  SURVEY  COMPUTER  PROGRAM
THE  UNIVERSITY  OF  KANSAS.   LAWRENCE

PROGRAM  ABSTRACT

Title  (If  subroutine  state  in title):

ram  for  calculation  of  correlation  coeff icients

Computer:IBM   7090   or   7094                                                                  mte: December,1963

Programming  language:   BAI.(COL.    also   lmowun   as   SUBALGOL,    a   dialect   o£   AI.GOL-58

Author,  organization:

Direct  inquiries to:

John   W.   Harbaugh,   Department   of   Geology

Stan ford  University,   Stan ford,   California

Name.         Daniel   F.    Merriam Address:         State   Geological   Survey

Purpose/description:     Calculate  Pearson   product-moment   correlation  coefficients   on  either,   or

both,   a   column-by-column  basis   and  row-by-row  basis.      Has   a   variety   of   options,   including

deletions  of   specif led  columns,   data   transformation  for  row-by-row  calculations,   and

choice  of  printing  and  punching  either  upper  or   lower   half  of  correlation  matrix.

Restrictions,   range:

Storage  requil`ements:    32 768  words   high-speed  memory

Equipment  specifLcations:

Memory  20K

Cxher  spec[al  features  required

Indirect  addressing:    Yes                    No

Additional  remarks  (Include  at  author' s  discretion:    fixed/float.   relocatability:  optional:  runmng time,   approximate

number  of times  run  successful[y`   progl.amming  hours)



(5)        If  row-by-row  calculations  have  been  performed,   and  if  specified,   the  trams-

formed  data  array   is  printed  and  punched.     In  addition,   the  type  of  transfor-

matic)n   is  specified.

(6)       A  table   listing  row  number,   row  mean,   and  standard  deviation  is  printed  out.

This   is  followed  by  printing  and  punching  of  either   the  upper  or   the  lower  half

of  the  correlation  matrix.
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data  set  must  be  either  all  integers  or  all  decimal-point  numbers,   and  must  agree  wltb  the

type  specified  on  the  first  control  card   (TOP).     The  data  will  be  I.ead  from  left  to  right

aDd  will  be  stored  as  an  array  of  M  columns  and  N  rows.     Ordj.narily,   variables  are  arrang-

ed  by  columns   and  observatlon§  by  rows.

Correlation  Coef ficient  Program  Limitations   and  Operating  Times

Array  limitations:--The  following  limitations  have  been  placed  in  use  of  the  program

by  the  present  array  dimensions   (lines  6  and  7,   Table  7).     Original  data  arrays  are  limit-

ed  to  200  rows   and  20  columns.     However,   if  row-by-row  calcula.tions   are   to   be  performed,   no

more  thaa   120  rows  may  be  present  in  the  original   data  array.     The   limit  of   120  is  dicta-

ted  by  the   fact   that   14,400  elements  are  occupied  by  the  array,   PC   (, ),   which  contains  the

correlation  matrix.

Depending  on  the  clrcunstances,   the  dlnensions  of  the  array  PC   (,)   could  be  increased

if  some  of  the  other  arrays  were  reduced  ln  size.     For  example,   if  the  data  are  in  decimal

point   form,   the  Z(ZOO,20)   array  could  be  cut   to  token  dimensions,   Z(I,I).     Similarly,   if

there  are  fewer  than  20  columns  in  the  original  data  array,   its  width  can  be  reduced,   thus

freeing  space  in  memory  for  the  PC   (,)   arra.y.

Operating   tines:--The  program  compiles   in  about   10  secondE!. Execution  time  depends

on  operations  performed  and  dimensions  of  the  data  array.     Calculation  of  a  54  x  54  corre~

1ation  matrix,   preceded  by  data  transformation,   I.equlreB   less  than   10  seconds  with  the   IBM

7090  computer.

Output  From  Correlation  Coefficient  Program

The  types  of  output  data  from  the  correlation  coefficient  progran   (exanples  are  shown

in  Tables   11,   12,   13)   are   listed  ln  order  below.

(1)       Alphanumeric  headings   for  identification  pul.poses  at   the  tops  of  some  pages.

(2)       Statements  which  identify  the  type  of  data  being  written  are  printed  out  at  the

head  of  each  table.

(3)       If  specified  on  the  control  card,   the  original  data  array,   without  columns  that

have  been  specified  for  deletion,   is  printed  and  punched.

(4)       If  column-by-column  calculations  have  been  performed,   a  table   listing  the  col-

umn  number,   column  mean,   and  column  standard  deviations  of  origina,I  data  is  print-

ed.     This  is   followed  by  printing  and  punching  of  either   the  upper  or  the  lower

half  of  the  correlation  matrix.



(4)     An  integer   (N)   specifying  number   of  rows  in  the  data  array.

(5)     An  integer   (OP)   specifying  whether  calculations  are  to  be  performed  on  a  column-

by-col`mn  or  row-by-row  basis,   as  follows:

0       Calculate  both  on  a  column-by-column  basis  and  then  on  a  row-by-row  basis.

1       Calculate  on  a  column-by-column  basis  only.

2       Calculate  on  a  row-by-row  basis  only.

(6)     An  integer   (C)   specifying  whether  calculations  on  a  row-by-row  basis  call   for

transformation  of   data,   as  follows:

0       Make  calculations  witn  both  transformations  and  print   out   two  complete

sets  of  means,   standard  deviations,   and  col.rela,tion  coefficients.

I       Transform  so  as  to  express  data  ln  terms  of  unit  standard  deviations

per   each  column.

2       Transform  by  dividing  by  highest   value  in  each  column.

(7)     An  integer   (CIIC)   specifying  whether  upper  or   lower  half  of  matrix  of  coefflclents

is  to  be  printed  out,   as  follows:

7777       Output   upper  half     of  matrix  with  ones  ln  principal  diagonal  omitted.

1234       Output   lower  half  of  matrix  with  ones  of  principal   diagonal   included.

(8)     An  integer   (Q)   specifying  whether  columns   in  original   data  array  are   to  be  omit-

ted  as   follows:

4444        Cinit   one   or   more   columns.

1234        I)o   not   omit   a,ny   columns.

(9)     An  integer   (DATLIST)   specifying  whether  original  and  transformed  data  are  to  be

printed  and  punched,   as  follows:

0       Do  not  print  and  punch  list  of  data.

I       Print   and  punch  data.

Second  pl'ogran  control  card:--If  columns  of  original  data  array  are  to  be  deleted   (Q

=  4444  above),   then  a  series  of  O's  or   l's  must  be  placed  on  the  third  data  card.     The   to-

tal   number   of   O's   and   Its  must   be   equal   to   the   number   of   colunns   in   original   data   array.

Punch  I   if  the  column  is  to  be  retained,   0  if  it  is  to  be  deleted.

Example :

51101011110

This  example  specifies  that  of  an  original  data  array  of   10  columns,   coluinns  3,   5,   and  10

are  to  be  deleted.     Punch  5  in  column  one.     D0  Nor  include  this  card  if  Q  iB  not  equal   to

4444  on  second  data  card.

Data   Cards:--Data  ca.rds   follow  the  control   card.      Each  data  card  Should  have   5  punched

in  column  I.     Data  values  must  be  sepa,rated  by  at   least   one  space,   and  any  convenient   num-

ber   of   data  values  may  be  placed  on  a  card,   columns   2   througr   80  being   available.      In  BAL-

GOL,   format   input  specifications  for   data  ordinarily   are  nc>t  used.     The  values   for   a  given
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5SAMERICUS    CHEtl    t)ATA    .("    Co|UMNS    5    AND    7    0F    0R|G   0AT^    ARRAY    DELETED                     .
CoftRELATloN    CoEFFiclENTs    FOR    TaANsposEti.    NOBHAL|zED    ^RRAv,    EACH    x    VALUE    OlvlDEl)    BV    HIcllEST

VALUE     FOR     Tt{AT    VARIABLE

ARRAv    coNslsTING    oF    oRlciNAL    ttATA    DiviDEI)    Bv   HIGHESTVAiuE    iN   coLurN

5          .SOO         .680         .526         .030         .426         . 049
5      1.000         .320         .579         .040         .369         .002
5         .542         .260         .579      I.000         . 277         .004
5         .66T        .500        .474         .030        .206        . 003
5         .708         .520         .684         .120         .241         .003
5         .142        .460         .947         .loo         .551         .003
5         .183         .T20         .684         .020         .423         .004
5         .250         .620        .684         .060        .409        .004
5         .250         .760         .579         .090         .362        . 004
5         .083         .5.0         .632      I.000        .331         .005
5         .167         .660         .737
5      I.000         .320         .579
5         .292         .5eo         .789
5         .250       1.000      1.000
5         .06T      I.000         .842

ROW    NO.                             MEAN

.280         .430        .007
•180         .733         .004
•040      I.000         .004
.300         .931         .005
•300         .910      I.000

STANDARD    I)EV.

•3685                                  .2446
.3849                                  .3382
.4436                                    .3141
•3265                                    .2610
.3 T9l.                                  .2T36
•3672                                   .3250

3391                                      .2914
.33T8                                    .2586
.3408                                  .2638
•4318                                   .3387
.3800                                  .2593
•4693                                     .3381
.4508                                     .3712
.5811                                   .4070
.6865                                    .3661

CORRELATICN    COEFflcIENTS     0F    UPPER     HALF    0F    MATftlx    WITH     0NES     IN    PftlNCIPAL    DIAGONAL    OHITTE0

coaQEiATION    cOEFFiciENTs    BETWEEN    ALL    pOsslBLE    p^IRs    OF    RO.s    Of    Oi`IGINAL    DATA    ARRAy

5         .664   -.ITS      .897      .835      .646      .871.885       .904
5          .15T       .122    ..849       .BOO       .298       .310       .415       .333
5      -.487      .008      .178      .032   -.151   -.068   -.098      .773
5         .952      .407      .629      .678      .T05   -.15l      .481.686
5         .717      .671   -.020      .558      .722      .440      .478   -.268
5         .342      .853      .889      .405      .989      .977      .199      .936
5          .206       .939      .389       .817       .931       .379      .231       .911
5     -.249      .052      .357   -.128      .loo      .7.9     .945      .366
5         .457

-.005      .7L3
-.3LO      .184

.155       .147
•393      .443
•868      .904
•285      .798
•281      .705
•530      .302

•609      .TOO      .]5T
.920      .350      .197

-.168   -.019   -.706
-.213       .556      .63T

•760       .287      .896
.930      .479      .959
•896       .381      .519

-.450      .89e      .409

First  Program  contl.ol  card:--The  Second  card  that  accompanies  each  data  set  must  be  a

program-control  card  containing  the  following  infol.nation  in  the  order   listed  below.     Note

that   each  number  is  to  be  separated  from  adjacent  numbers  by  at   lea.st  one  blank  col`mn  on

the  card.

(I)      5   in   column   1.

(2)     An  integer   (TOP)   specifying  whether   data  are  in  integer   (2222)   or   decimal  point

(4444)   form.

(3)     Ari   integer   (M)   specifying  number   of  columns   in  the   data  al.ray.
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Table  13.     Continuation  ol  output  of  correlation  coefficient  program  using  second  set  of  in-

put   data  listed  in  Table  10.     Col\mns   5  and  7  of  original  data  a,rray  have  been

deleted.

5SAHEBICUS     CHEtl     DATA    WITH    COLIMNS     5    Al\D     7    0F     BRIG     DATA     ARRAY     DELETED                         S
coRREi^TI[N    CCEFFICIENTS     F[ft     TRANSpoSED,     NORMALlzEo     ARRAv,     EMPLovlr`G     lx    -MEANt/isTo    cEv)

DATA     IN     TEflMS     0F    UNIT     STANDARD    DEVIATloNS

5         .308         .371   -I.098      -.668      -.321     -.097
5       I.96o   -I.32e      -.74o      -.636      -.546      -.2co
5         .446   -I.611      -.740      2.427      -.912      -.278
5        .859      -.ioi   -I.457     -.66e   -I.193      -.2e3
5         .997      -.304     -.o24     -.38i   -i.c53     -.2e5
5      -.875      -.667      I.767      -.445         .176      -.282
5      -.T38         .56C      -.024     -.700      -.331      -.279
5      -.518         .088      -.024      -.572      -.387      -.281
5      -.510         .74q      -.T40      -.477     -.574     -.219
5   -I.068      -.290      -.382      2.42T      -.696      -.277
5      -.793         .277         .334         .130      -.30]      -.270
5       I.960   -I.32€      -.740      -.18q         .898     -.281
5      -.380      -.101         .692      -.636       I.957      -.281
5      -.518       I.882      2.125          .194       I.G85      -.274
5    -I.123       I.882       I.051          .194       I.601       3.738

RCW    NO.                             llEAN                                STANOAR0     CEV.

-.2508
-.2633
-.1113
-.4738
-.1883
-.0545
-. 2519
-.2823
-. 3065
-.0+T6
-.1040

.0532

.2087
•8490

I.2236

.5197
I.C428
I. 29 5 5
.76Ca
•6141
•8779
.43e8
•2430
.491,

1.14C9
• 3944

I.0845
•8838

I.0765
I.4997

ccRnEiATIG^    CGEFFlclENTs    oF    ippER    HALF    oF    MATRlx     wlTii    ONES     IN    pRlhclpAL    DIAGONAL    cMITTEc

CcRRELATloN    CoEFFlclENTS    BETiiEEr`    ALL     POSSIBLE     PAIRS    oF     RC`S    oF    CftlclNAi    I)ATA     A"Av

.356   -.276       .831.276   -.830       .167       .OIL.653   -.410   -.Sll       .257   -.282   -.346

.007       .299      .694      .802   -.356   -.67S   -.594   ~.406   -.362   -.881      .877   -.249   -.699
-.60Q      .\44      .224   -.26T   -.T9Z   -.]95   -.432      .TT2   -.\4T      .284   -.S29   -.629   -.4T4

.708   -.eic   -.2i5   -.268      .343   -.226   -.634      .44i   -.635   -.687   -.337   -.203   -.334
-.182   -.141   -.264   -.465       .438   -.571   -.52S   -.599      .208       .411   -.489   -.114       .496
-.315       .515       .620       .142       .957
-.352       .642   -.748       .163       .723
-.326   -.430   -.161   -.105   -.918
•1,9

]l.C   -.2T6      .635   -.T63      .\T2      .]24       .506      .56T
463   -.c44      .3i5   -.535   -.2a8      .2i5       .3i8       .448
017      .691.299       .133   -.543   -.566       .642       .ITS



tlEAN                              sTANDAao    DEv.

•4776
.4903
• 5106
•4228
•4537
•4TO|
.4265
•4214
.4173
• 5045
.4668
.58,6
•5619
• 6404
•6286

.2902

.3533

.3210

. 3086

.3144
•3414
. 3280
.3094
.3155

3416
. 2926
. 3554
.3748
.3677
. 3374

CORREIATICIN     COEFFICIENTS    0F     LOWER    HALF    0F     MATRIX    WITH    0NES     IN     PRINclf'AL    DIAGONAL     INCLUDED

COQREIATI0N    COEFFICIENTS    BETWEEN     ALL     POSSIBLE     PAIRS    0F     ROWS     0F     ORIGINAL    DATA     ARRAY

5      I.000
5          .7831.000
5          .200       .355    I.COO
5          .918       .883       .3611.000
5          .833       .871       .462       .9591.000
5          .774       .520      .29-7       .618      .6721.000
5          .881.531.240       .787       .786       .8881.COO
5         .878       .599      .325       .822      .844       .895      .9911.000
5         .865       .534      .304      .827      .820      .793      .980      .9T71.000
5         .261.046      .034      .252       .321.474      .459      .481.49]   I.000
5         .814       .464      .436       .707       .T30      .919      .959      .956       .932       .668    I.OCO
5         .707      .895      .264       .673      .623      .500      .392      .441.345   -.008      .3671.000
5         .772      .509      .053      .513      .481.866      .752      .734      .639      .210      .740      .6691.000
S         .723      .3i3      .io8      .486      .489      .06i      .846      .8o6      .7Ti      ..i7      .a6o      .388     .®8o
5      I.000
5      -.051   -.497   -.605   -.238   -.225      .196      .284      .204      .226   -.153      .176   -.531      .172
5         .338   I.000

5S^MERICUS     CHEr     OATA    w(TH    COLUMNS     5     AND     7    oF     oRlc    DATA     ARRAY     OELETED

INPUT     DATA     ARRAY     WITH    COLUMNS    DELETED    AS     SPECIFIED

.880
•OZ8
•080
•056
.048
•060
•073
.064
•073
•085
.116
.066
.067
.095

I 7, 82 0



HEAN                              STANl)ARI)    DEV.

-.1009
-.0891
-.0867
-. 3549
-.1635

.0165
-.2098
-.24,7
-.2928
-.0229
-.0687
•2,00
•3217
•7004
• ,684

.5372

.9526
I.1431

.7296

.6910

. T T 2®

.S102

.4542

.6429
I.0101
.3752

I.2060
.9549

1.0488
2.OS56

CORRELATION    COEFFICIENTS     01:    LOWER    HALF    0F    MATRIX     WITl10NES     IN    PRINCIPAL     DIAGONAL     INCLuOEO

coRaELATION    coEFFlclENTs    BETWEEN    ALL    pOsslBiE    pAIRs    oF     ROws    ciF    ORIGINAL    OAT^    ARBAy

5      I.000
5         .4431.000
5       -.257       .2041.COO
5         .683      .6T5      .1991.000
5          .047      .587       .291       .715    I.000
5     -.586   -.279  -.26a   -.7o2   -.io7   I.ooo
5         .008   -.453   -.451.107      .232      .1201.000
5      -.154   -.245-.192       .209      .500      .134      .9201.000
5         .190   -.265   -.138      .458      .403   -.376      .858      .0351.000
5      -.367   -.328      .781   -.122   -.067   -.120   -.062      .024      .1251.000
5     -.407   -.719   -.054   -.352   -.074      .438      .T02      .626      .481      .483   I.000
5         .436      .744      .Ilo      .196   -.086   -.152  -.780   -.739   -.696   -.354   -.8281.000
5        .052   -.loo   -.514   -.584  -.696      .486  -.234   -.404   -.566   -.442   -.168      .4571.000
5     -.2T8   -.656   -.630  -.T46   --623     .536     .192   -.073   -.172   -.229      .372   -.216      .625
5      I.000
5     -.272   -.579  -.374   -.488   -.SIT   -.002   -.051   -.210   -.lot   -.15]   -.05.   -.29T      .101
5        .,93   I.000

Table  12.--ContiDuatlon  of   listing  of  output   fran  correlation  coefficient   pl.ogram  using

first   set  of   input   data   in  Table   10.

5.AllERICuS    IS    CHEM    DATA    WITtl    All    COLS    IN    0BIGINAL    DATA    ^flflAY     INCIUOEO                  .
COQRELATION    coEFFlclENTs    FOR    TaAysposED.     NORMALlzEO    ^RRAy,     EACH    x    v^LUE    DivloED    By    HIGHEST

VALUE     FOR     THAT     VARIABLE

ARRAY    CONSISTING    0F    ORIGINAL    D^T^    DIVIDE0    BY    HIGHESTVALUE     IN    C0lutlN

5         .500         .680         .526         .030         .683         .426         .926         .049
5      I.000         .320         .579         -040        .656        .369        .957         .002
5         .542         .260         .579       I.000         .462         .277         .961         .004
5         .667         .580        .474         .030         .456        .206         .967         .003
5         .708         .520         .684         .120         .353         .241       I.COO         .00.
5         .142         .460        .947         .loo         .629         .551
5          .183         .720         .684          .020         .398         .423
5         .250        .620        .684         .060         .359        . 409
5         .250         .760         .579         .090         .302         .362
5         .083         .540         .632      I.000         .479         .331
5         .167         .660         .737         .280         .503         .430
5       I.COO         .320         .579         .loo      i.000         .733
5         .292         .580         .709         .040         .915       1.000
5         .250      I.000      1.000         .300         .776         .931
5         .067      I.000         .842         .300         . 341         . 910

.928         .003

.978        .004
•986         .004
•992         .004
•966         .005
.952         .007
.85,         .004
•875         .004
•860         -005
.568      I.000



Table  l1.--Output  of  correlation  coefficient   I)rogl`am  using  first  set  of   input  data  listed

in  Table   10.

5SAHERICUS     LS     CHEW    0A`TA    WI1.11    ALL    COLS     IN    ORIGINAL     I)ATA    Af`RAY     INCLUDED                    S
INPUT    I)ATA    ARRAY    WITtl    COLUMNS    DELETED     AS    SPECIFIED

9.450        .loo
9.070        .156
6.390         .117
6.310         .087
4.880         .102
8.,00        .233
5.510         .179
4.goo        .I,3
4.170         .153
6.630        .140
6.950        .|G2

13.830         .310
12.650         .423
10.730        . 394
4.720         .385

48.210         .880
49. 840        .028
50.050         .080
50.360         .056
52.060        .048
48.,30        .060
50.940         .OT3
51.320         .064
51.640         .073
50.290         .085
49.540        .116
44.430        .066
45.570        .067
44.790         .095
29.58017.820

ME.NS.STANDAR0    0EVIATI0Nsi     AND    CORRELATION    COEFFICIENTS    0N    A    Cl)luMN    BY    CclluMN    BASIS    0F    I)ATA
ARRAY

COLUMN   NO.                      HE^N                             ST^ND^Rl)    DEV.

.0976

.3007
•1307
•0239
.6633
. 2143

I,T .T96T
I.3074

.0726
•1059
•0279
.031,

2 . 876,
• 1067

5.4034
4.4178

CORRELATION    COEFFICIENTS    0F    |oWER    HALF    0F    MATRIX    WITH    0NES     IN    PRINCIPAL    DIAGt]NAL     INCLUDED

5      1.000
5      -.633   I,000
5     -.559      .4e5   I.ooo
5      -.201   -.215   -.0391.000
5         .377   -.256      .162   -.1361.000
5      -.249      .450     ..671   -.154      .5791.000
5         .212   -.481   -.425   -.019   -.150   -.7311.000
5      -.300      .510      .269      .0.6   -.267      .426  -.9021.000

5.^Menicus   is    CHEH    I)ATA   wiTii    ALL    cols    IN    oRlclNAL    DATA    ^RRAv    INCLuoED                 S
COQRELATloN    COEFFICIENTS     FOR     IRANSPOSEDt     NORH^LIZE0    AftRAYi     EMPLOYING     IX    -tlE^Nl/lsTD    I)EV}

DATA     IN    TEQlls     0F    UNIT    STANDARD    DEVIATIONS

5         .308         `371   -I.098
5      I.960   -I.328     -.740
5         .446   -I.611     -.740
5         .859      -.101   -1.457
5         .997     -.384     -.024
5     -.875      -.667     I.T67
5      -.738         .560      -.024
5      -.518         .088     -.024
5      -.516         .T49      -.T40
5   -I.06e     -.290     -.382
5      -.793        .2T7         .334

-.66a        .62i     -.321
-.636        .489     -.546
2.427     -.443     -.912
-.668     -.470  -I.193
-.3ai     -.968  -I.o53
-.445         .360         .176
-.TOO      -.749      -.331
-.572     -.940     -.307
-.477   -I.214     -.574
2.427     -.359     -.696

•130     -.248     -.303

.OT6     -.09T
•378      -.290
.4\T     -.2T8
•474     -.20,
.789     -.285
.099     -.282
•502      -.279
.652      -.201
.711      -.279
•461      -.277
•323     -.270

51.960   -I.328     -.740     -.189     2.144        .898     -.623      -.281
5      -.380     -.101         .692      -.6.6     I.733      I.957      -.412     -.281
5      -.518      I.882      2.125         .194      I.066      I.685     -.556      -.2T4
5   -I.123      i.882      I.051         .194   -1.023      I.601   -3.371      3.738



Table   lo.--Listing  of  two  sets  of   input   data  used  with  correlation  coefficient   program  in

calculation  of   output   shown   in  Tables   11,   12,   and   13.      Each  row   ln   table   below

is  a   single  card.

5SAMERICUS    LS    CHEM    DATA    WITH    ALL    COLS     IN    ORIGINAL    DATA    ARRAY     INCLUDED                   $

5      4.44      8      15      0      0      1234      123.      I

5   .12o      .34      .io         .oo3      9.45         .loo      4e.2i         .80

5       .240       .16       .11       .C`04       9.07             .156         49.84          .028

5       .190             .13          .11             .loo          6.39             .117          50.05          .080

5            .loo            .29         .09         .003         6.31      .087         50.36         .056

5          .170       .26          .13       .012      4.88          .102          52.06       .048

5       .034       .23       .10       .010      8.70       .233       48.33       .060

5      .044       .36       .13      .002         5.51             .179         50.94            .079

5      .06o         .3i          .13      .Oo6         4.96         .i7a         51.32       .064

5          .060       .38          .11          .009      4.17          .153          51.64          .079

5          .020       .27            .12             .loo         6.63          .140         50.29          .085

5      .040      .33       .14      .028      6.95       .182      40.5.          .116

5       .240       .16       .11       .018       13.89       .310         44.49       .066

5       .070       .29       .15       .004       12.65       .423      45.57       .067

a       .060      .50      .19      .030      10.73      .394      44.79      .C95

5       .016       .50          .16       .030      4.72          .385      29.58       17.82

5SAMERICUS    CHEM    DATA    WITH    COLUMNS    5    AND    7    0F    ORIG    DATA    ARRAY    DELETED                       $

5   4444      815       2       0       7777      44441

5         11110101

5    .120       .34       .10         .003      9.45          .loo      48.21          .88

5      .240       .16      .11      .004      9.07            .156         49.84         .028

5       .leo             .13          .11             .loo         6.99            .117          50.09          .080

5             .160             .29          .09          .003         6.31       .087         50.96          .056

5          .170       .26          .19       .01Z      4.88          .102          52.06       .048

5       .034       .23       .18       .010       8.70       .233       48.33       .060

5       .044       .36       .13       ®002          5.51             .179          50.94             .073

5       .060          .31          .13       .006         4.96          .173          51.32       .064

5          .060       .38          .11          .009      4.17          .153          91.64          .079

5         .020      .27            .12            .loo         6.63         .loo         50.29         .085

.028      6.95       .182      49.54         .116

.16      .ii      .oi8      i3.ag      .31o        4..49      .066

•29      .]5      .004      12.S5       ..23      45.57      .067

.50       .19      .030      10.73       .394      4¢.79      .095

.50          ,|6       .030      4.72          .385      29.50       17.82



L2.,
XH     =    Y(|,J'         S
Fofi     I      =(2.1.N)     S
XH     =      MAXIY(I.Jl.XH)           S

FOR     I      =(1.1.N)      S
X(I,J'      =     Y(I,J'/XH     S

J=J+ls
UNTIL     J     EOL         M         +     i              S     GO     TO     L2     S

IF     DATLIST     EQL     I     S     BEGIN
FORMAT     HED3l*AR3Ay     CONSISTING     OF     ORIGINAL     DATA     DIVIDED     BV     HI(.IEST*.

+VALUE      IN     COLl/MNtl.W.W)S         WRITE      (SS     HED3)S

Output    JOE(FOR     I     =(i.i.N)     S    FOR    J     =(|®liM)     S     X(I.J))     S
WRITE(SS     JOE.     JILL)      S     ENDS

ENDS

OCALC,  ,

I=1S
FOBMAT     HED4(W.+         ROW     NO.                              MEAN

WRITE      (SS     HED4)S

L3,,
SuM(   I   )  =SMSQ  (   I  )  =0.OS
FOR     J     =      (I,I,M)      S

BEGIN

SUM(I}      =     SUM(I)+     X(I.J)      S

SMSO(I)      :     SMSO(I)      +(X(I.J).X(I.J))      S

ENDS
MEAN(I)       =      SUM(I)/MFS

STr)(I)       =      SORT((SMSO(I)/(MF       ))      -(MEANil).MEAN(I)t)       S

OUTPUT     ODS2(       I.      MEAN(I).      STD(I))S

WRITE      (SS     ODS2i      FMT2)      S

I      =      I      +     1      S
UNTIL      I          E'OL      (N+lt      S     GC     TO     L3     S
FOR     I      =(|iltN-I)     S        FOP        K     =(I+I.|tN)     I

BEGIN
P(  I  ,K)  =O.0S

FOR     J     =(I.I,M)      S     P(I®K)      =     P(I)K)      +(X(I.J).XIK.J))      S
P(   I   }K)=(   (P{   I   .K)/(MF      )   )-(MEAN(   I   )   .MEAN(Kl   )   )/(STD(   I   I.STD(K)   )S

ENDS
IF     CHC     EOL     7777     S

BFG'N
OUTPUT     Kof`(FOF`      I      =(1.|®N-I)      S     FOB     K     =lI+|®|®N)      S     PII.K)       )S

WRITE(SS     FMT7)      S     WRITE      (SS     FMT3)      S
WfuTE      (SS     KOR.     FMT6)      S
ENDS
IF     CHC     NEQ     7777     S

BEGIN

WRITE      (SS     FMT8)      S     WfuTE      lss     FMT3)      S
FOR     J     =     (I.I.N)     S    P`J.J)     =     1.0    S
FOR      I      =(2tltN)      S     Fofi     K     =(1,|tl-i)      S     P(I.K)      =     P(K.I)      a
FOR      I      =(I,1,N)      S

a E CJ  I  N

Output     KORLIFCR     K     =(1.1.I)      S     P(I.K))      S
WRITE      (SS     KORL      ,     FMT6)      S

ENDS

ENDS
IF     C     EOL     0     S      IC     a     3     S     GO     LB      )      S

ENDS
GO     START      S

00      FINISH     S

Input  To  Correlation  Coefficient  Progl.an

Alphanumeric heading  card: --An example  input  data  set  ls  listed  in  Table  10.     The  first

card  of  each  input  data  set  contains  alphabetic  and  numerical   (alphanumeric)   information

for   identification  purposes.     This   information  will  be  reproduced  at   the  tc>p  of  certain  pa,ges

(Tables   11,   12,   13)   printed  by  the   computer's  printer.      The   card  must  be  punched  as   follows:

(I)      5   in   column   I.

(2)      S   in   coluriins   2   and   75.

(3)     Any  desired  combina.tion  of   letters,   numbers,   characters   and  blanks  in  columns

3   through   74.



FOR     I     =(1.1.N)     S
BEGIN

SUM(J)      =    SUM(J)      +    X(I.J)     S
SMSO(J)     =     SMSQ(J)     +     (X(I.J).X(I.J))     S

ENDS
MEAN{Jl     =     SUM(J)/NFS
STD(J)     =    SORTllsMSQIJ)/(NF      ))     -(MEAN(J).MEAN(J)}|         S
OUTPUT    0DSII     J.     MEANIJli     STD(J)ls
Fof`MAT     FMT2115.     2X17.4iwl     S
WRITE     (SS     ODS1.     FMT2)      S

J=J+1S
UNTIL     J     EQL     M+i     S     GO    TO    L1     S
FOR    J    €(I.I.M-1)     S    FOP    K    =(J+1.1.M)     S

BEGIN
P(J,K)     =    0,0    S
FOR     I     :(1.I.N}     S        P(J.K)      =     P(J.K)     +(X(I.J).X{l.K))     S
P(J®K)      =((P(J.K}/(NF      )}-(MEAN(J).MEAN(K)))/(STDl-).STC)(Kt)S

ENDS
IF    CHC    EOL    7777    S
BEGIN

OUTPUT     COR(FOF}    J     ={liliM-1)      S     FOR    K     =lJ+1t|tM)     S     P(J.K)I      S
WRITE      (SS     FMT7l      a
WfuTE     (SS     COR.     FMT6}     S

ENDS

CC)MMENT      IF     CHC     NEO     7777.     OUTPUT     LOWEft     HALF     MATRIX     WITH     ONES     IN
PRINCIPAL     DIAGONAL     a

IF    CHC    NEQ    7777    S
BEGIN

wRrTE     tss    FMT8]      S
FOR    J    ='1,I,M'S                                    P(J,J)     a     1.0        S
FOR    J    =(2il.M)     SFOR    K    =(1.1.J-1)     S    P{J.K)     =    P(K.-I     S
FOR    J=     l|,1,MIS

BEGIN
OuTPUT     Cofil(FOR     K     =l|®1tJ)      S     P{J.K))     S
WRITE      (SS     COFiL.      FMT6)      S

ENDS

ENDS
ENDS
OP    NEQ     I     S
BEGIN

IF     C     NEO     I     S(FOR     I      =(1.1®N)SFOR     J     =(I.1tMIS     Y(liJ|=     X(IiJ))      S

IF     C     NEO     2     S
BEGIN

WRITE      (SS     ALPHA.      FMTA)      S
FofiMAT     FMT4(+Cof}RELATloN    COEFFICIENTS     FOB     TBANSPOSED®     NORMALIZED*

•J.     ARRAY.      EMPLOYING     (X     -MEAN)/(STD     DEV)+.     W.W)S

WRITE      ISS     FMT4)      S

OP     EOL     2S            BEGIN
FOR    J'=     il.1.M)     S    BEGIN

SUM(Jl     =     SMSO(Jl     =    0.0    S
FOR     I     =     (1.I.N)      S    BEGIN

SUM(J}      =     SUM(J)      +    X(I.J)      S
SMSQ(J)      =     SMSO(J}     +     IX(I.Jl.X(I.J)I      S             ENDS

MEAN{J)      =     SUM(J)/NF     S

STD(J)     =     SORT((SMSO(J}/NF)     -(MEAN(J).MEAN(J))I     SENDS     E`DS
J=|S
LA.,
FOR     I      =11.1.N)     S         X(IiJ)      =      lx(I.J)     -MEAN(Jt)/STD(J)     S
J=J+1S
UNTIL    J    Eel        M+I     $        60    LA    a

IF     DATLIST      EOL      I      S     BEGIN

FORMAT     HED2(*DATA     ]N    TERMS     OF     UNIT     STANDAf!D     DEVIATIC)NS*.W.WIS
WRITE     (SS     HED2)$

OUTPUT    JACK(FOR     I     =(Ill.N)     S,FOR     J    =(lil.M)S    X(ItJ)I     S
WRITEISS    JACKi     JILL)     S            ENLS

GO     0CALC     S                                 ENDS

LB,,
lF     C     NEQ     I     S

BEGIN

WRITE      (SS     ALPHA.FMTAl      S
FORMAT     FMT5(*CORRELATION     COEFFICIENTS     FOR     TRANSPOSED.     NORMAL.IZEDI

•+     ARRAY.     EACH     X     VALUE     DIV[DED     BV     HIGHEST     VALUE     FOR     THAT*.
I     VARIABLEtl®     W.W)      S

WRITE      (SS     FMT5l      S

J=1S



Table  9.--Listing  of  BAmoL  statements   in  correlation  coefficient   program,   Numbers  lfl  left

column  are  for  reference  pul.poses  ln  this  report,   and  ln  practice  nay  be  placed

within  colums   73-80   on  punched  cards.     Each  BAI.COL  program  card  must   have   the

number   2   punched   in  column   I.

1         COMMENT     PROGRAM     TO     CALCULATE     MEANsi     STANDARD     DEVIATIONS     AND     COBRELATION
2        COEFFICIENTS     FOR    ORIGINAL     DATA    ARFiAy         AND    TRANSPOSEDi     NORMALIZED    ARRAy.
3        HAVE    CHOICE     0F     UPPER    OR     LOWER    HALF    OF     COR     MATRIX    WITH    0R     WITIJUT    ONES
4        J.W.     HARBAUGH.     CIEOLOGV     DEPT.     STANFORD     $

5        INTEGER            MiN.OP.a.R.H.I.J.K®T.     C     .     CHC     .     Z     .     DATLIST     .     SP     .     TOP    S

ABRAy                y(ZOO.2ot,     xt2OO.2Ot,     pti20.i2cti.     Ht2Ot.     SUM(i2Oi.     srD(i2Oi.
SMSO(120|.     Z(200.20l.                    MEAN(120)                            S

FORMAT     FMT7l*CORRELATloN    COEFFICIENTS    0F    UPPER     HAl`F    OF     MATRl)     WITH    t[.
+ONES      IN     PRINCIPAL     DIAGONAL     OMITTED+i     W4.Wiw).

FMT8(*CORRELATION     COEFFICIENTS     OF     LOWER     HALF     OF     MATRIX     WITH     I.
+ONES      IN     PRINCIPAL     DIAGONAL      INCLUDEDJ[.W4.W.W).

FMT6(*5     t[.13X6.3.C).
FMT3t+cORRELATloN    coEFFlclENTs    BETWEEN    All    pOsslBLE    p/tfas    oF    I.

IBOWS     OF     ORIGINAL     DATA     ARRAV*®Wiw)      S

START.  ,
INPUT    ALPH(A1.A2.A3.A4.A5.A6.A7.A8iA9.AloiAll.A12).

HEAD(TOP.     M.     Ni     OP.     C.     CHC.     a.                        DATLIST)S
READ         (SS     ALPH)      S

READ          (SS     HEAD)      S

IF    a    EOL    4444    S    BEGIN
INPUT     COLS(FOR     R=(1®|®M)      S     H(a))S     BEAD(SS     COLS)S     ENDS

IF    TOP    Eel    2222    a    BEGIN
INPUT     DATI(FOR      I=(I.1.N)S     FOR     T     =(I.I.M)      S     ZII.T)ls

READ     (SSDATl)S

FOR      I     =      (I.1.N|      S         FOR     T     =(I.l.M)SX(I.T)      =     Z(IiT)     S     END     S
IF    TOP    EOL    4444    S    BEGIN
INPUT     DATD(FOR      1=      (I.1.N)      S     FOR     T=(I.I.M)      S     X(I.T)                      }S
READ      (SS     DATD)S         ENDS

FORMAT     JOHN(*5+.SSPSX7.1.C).         JILL(*5+.SSPSX7.3.C)     S
OuTPUT     ALPHA(A|.A2.A3iA4iA5.A6.A7.A8®A9tAlo.All.A12)S
FORMAT     FMTA(*5S*il2A6.*S+ic3)     S
WRITE      (SS     ALPHAiFMTA)      S

IF    a    EOL    4444    S
B EG  I  N

T=J=R=|S
JUMP ,  ,
lF    R     EQL     M+I     S      (M     =J~1S    GO    ZOOM)      S
IF    H(fu     EQL     I     S

BEGIN
FC)R      I      =(1.1.N)S     X(I.J)      =X(I.T)      S

T     =     T+I     S    R     a     R+1     S     J     =     J+I     S
GO    JUMP     S

ENDS
IF    H(R'     EOL     0     S

BEGIN

END
ZOOM ,  ,
SP     =     M     S    .IF     SP     GTR     11     S     SP     =     11      S     MF     =     M

IF     DATL]ST     EOL      I     S     BEGIN
FOPMAT     HEDl(*INPUT     DATA     ARRAy     WITH     COLl)MNS     DELETED     AS     SPECIFIED*.W.W)S
WRITE      (SS     HED1}S

OuTPuT     MIKE(FOR      I=(1.1.N)      S     FOR     J     =(.I.l®Ml      S     X(liJ))S
IF     TOP     EOL     2222     S     WRITE(SS     MIKEi     JOHN)S
IF     TOP     EOL     4444     S     WRITE     (SS     MIKE.     JILL)S                ENDS

IF    0P    NEQ    2     S
60                   BEGIN

61                                FORMAT     FMT|(+MEANS.STANDARD     DEVIATIONS.     AND    CORRELATION     COEFFIC*.
62                                          t.IENTS    0N     A     COLUMN     BV     COLUMN     BASIS     OF     DATA     ARQAvtl.W4.*COLUMN*.
63                                           I     NO.                         MEAN                                STANDARD    DEV.I.W4.W.W)      $
64                                WRITE      ISS     FMT1}      $
65                           J    =    1    $
66                          L1,.
67                             SUM(J)=SMSO(J)=0.O    S



Figure  5.     Sinplified  flow  chart  of  major  steps   in  correlation  coefficient   program.



(7)     If  calculations  are  to  be  made  on  a  column-by-column  basis:

(a)     Ca.Iculate  and  print  means  and  standard  deviations  of  each  column:     lines

64-79 .

(b)     Calculate  correla,tion  coefficlents  between  all  possible  pairs  of  columns:

lines  80-85.

(c)     If  specified,   punch  and  print  upper  half  of  correlation

matrix,   omitting  ones  in  principal  diagonal:     lines  86-91.

(d)     Otherwise,   punch  and  print   lower  half  of  correlation  matrix,   filling

in  ones   in  principal   diagonal:      lines  92-104.

(8)     If  calculations  are  to   be  performed  on  a  row-by-row  basis:

(a)     If  specified,   transform  data  so  that   values   in  each  column  are  express-

ed  in  terms  of  unit  standard  deviations  from  the  mean  of  that  column:

lines   106-127.

(b)     If  specified,   print  and  punch  transformed  data:      lines   128-132.

(c)     11  specified,   transform  data  go  that   values   in  each  column  are  divided

by  highest   value  in  that  column:     lines   135-150.

(a)     If  specified,   print  and  punch  transformed  data:     lines   151-156.

(e)     Calculate  and  print  means  and  standard  devia.tions  of  each  row  of  trams-

formed  data:      lines   158-173.

(f)     Calculate  correlation  coefficients  between  all  possible  pairs  of  rows:

lines   174-179.

(g)     If  specified,   print   and  punch  upper  half  of  correlation  matrix,   with

principal   diagonal  omitted:     lines   180-185.

(h)     Otherwise,   print   and  punch  lower  half  of  correlation  matrix  with  ones

ln  principal  diagonal   included:     lines   186-196.

(9)     If  row-by-row  calculations  are  to  be  made  and  if  calculations  are  to  be  made  with

both  types  of  transformation  of  original   data,   C  is   set   to   0,   a.nd  contrc)I   is  re-

turned  to  label  LB  at   line  134  so  that  calculations  with  divide-by-high-value

tl`ansformation  will  be  performed  after  previous  calculations  with  other   transfor-

nation  have  been  made:      line   197.



coRRELATloN   coEFFlclENT  proGRAI

General

The  correlation  coefficient  program  described  here  provides   for  calculation  of  Pear-

son  product-moment  correlation  coefficients,   which  are  given  by  the   equation

Xi   Yi   -

Bxsy

where  r       =  correlation  coefficlent,

X±     =  variable  X,

Y±     =   variable   Y,

g      =  arithmetic  mean  o£  X  values,
tF       =  arithmetic  mean   of   Y  values,

sx    =  standard  deviation  of  X  values,

sy =  standard  deviation  of  Y  values,

n       =  number  of  values  whose  subscripts,   i,   range   from  I  to  n.

The  progran  provides  for  various  options   including:      (1)   A  choice  of  deleting  Specified

columns  in  the  original   data  array  before  calculationB  are  performed.      (2)   Means,   standard

deviations,   and  correlation  coefficients  rna,y  be  calculated  on  either,   or  both,   a  column-by-

colunn,   or  row-by-row  basis.      (3)   For  calculations  on  a  row-by-row  basis,   transformation  of

the  original   data  is  necessary.     The  data  may  be  transformed  so  as  to  be  expressed  in  terms

of  unit   standard  deviations  Iron  the  mean  of  each  column,   or   transformed  by   dividing  through

by  the  highest  value  in  each  column,   or  both  transforma,tions  may  be  used.      (4)   If  desired,

the  data  may  be   listed,   both  before  and  after  transformation.      (5)   Finally,   the  user  ha,s  a

choice  of  printing   (and  punching)   either  the  upper  half  or  the   lower  half  of  the  matrix  of

correlation  coefficients.

Major   Steps   In   Correlation   Coefficient   Program

Steps  in  the  progran  are  outlined  in  the  flow  chart   (Fig.   5)   and  are  listed  line  by

line   (card  by  card)   ih  Table  9.     The  major  steps  in  the  programs  are  given  below:

(1)     Integer  declarations:     line   5.

(2)     I)imension   a.rrays:      lines   6-7.

(3)      Format   staitements:      lines   8-14,    29,    31,    54,    61,    76,    112-113,    129,    138-140,    152-

154,    159.

(4)     Input   and  rea.d  statements:      lines   16-28.

(5)     If   specified  on  control  cards,   delete   indicated  columns   from  original  data  array:

lines  33-50.

(6)     If  specified  on  control  card,   print  and  punch  original  data  array,   less  columns

specified  for  deletion:     lines  53-58.
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KANSAS GEOLOGICAL  SURVEY  COMPUTER  PRcORAM
THE  UNIVERSITY  OF  KANSAS,   LAWRENCE

PROGRAM  ABSTRACT

Title  (If  subroutine  state  in title):

Program  for  calculation  of   distance  coefficients.

IBM   7090   or   7094 mte:  December

Programming  language.. BAlidjoL.    also   kno\m   as   SUBAljGOL,    a   dialect   o£   AliGOI.-58

Author,  organization:       .ohm   W.    Harbaugh,    Department   of   Geology

Stan ford  University,   Stan ford,   California

Direct  Inquiries  to:

Name:  Daniel   F.    Merl.iam

furpose/descriptiom

Address:        State  Geological   Survey

Calculates  distance  coefficients  on  either, or  both,   a   column-by-

column  basis   or  row-by-row  basis.     Has  a  variety  of   options,   including  data  transformation

and  punching  of   either  upper   or lower  half  of  matrix.

Restrictions,   range:

Storage  requirements: 768  words   of   high-s eed  memory

Equipment  specifications:

Memory  20K

Automatic  divide:      Yes                    No

Chher  special  features  rcquired

Indirect  addressing:    Yes                     No

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

niimber  ol  tii`1es  i`iin  si`ccessfully.   prograrriming hours)



Distance  Coefficient  Program  Limitations  and  Operating  Times

Array  limitations: --The following  limitations  have  been  placed  on  use  of   the  program

by  the  present   array  dimensions   (lines  3  and  4,   Table  6).     Original   data  arrays  are   limi-

ted  to   200  rows  and  25   columns.      However,   if   row-by-row  calculations   are   to  be  performed,

no  inore  than  130  rows  may  be  present   in  the  original   data  array.     The   limit  of   130  rows  is

dictated  by  the   fact   that   16,goo  words  in  the  computer's  nenory  are  occupied  by  the  130  x

130  array   for   the   variable   COR.     Depending  on  circumstances,   the   dimensions   of   the   COR  array

could  be  increased  by  reducing  the  dimensions  of  other   arrays.     For  exanple,   if  the  data  are

in   decimal   point   form,   the  XP(200,25)  array  could  be  reduced  to  token   dimensions,   XP   (1,I).

Similarly,   if  there  are  fewer   than  25  columns   in  the  original   data  array,   its  width  could

be  reduced.      Conversely,   more  columns   or  more   rows   could  be   added  to   the  X(,)   and  XP(,)

arrays   if  the  dimensions  of   the   COR(,)   array  are  reduced.     If  substantially   larger  arrays

are  to  be  handled,   major  revisions  of  the  program  would  be  necessary  sc>  that   the  distance

coefficient  matrix  could  be  stored  sequentially   in  a  one-dimensional   array.

Operating  times: --The program   is   fast,   requiring   about   8   seconds   to  compile   on   the   IBM

7090.     Execution  time  varies   depending  on  the   dimension  of  the  matrix  of  coefficients  calcu-

lated.     Calculations  for  a   54  x  54  matrix  containing   1431  coefficients  require   about   8  sec-

onds  with   the   IBM   7090.

Output   From   Distance   Coefficient   Program

Examples   of  output   from   the  program  based  on  data.  of   Table   7,   are   shown   in  Table  8,

and  are   listed   in  order   belciw:

(1)     Alphanumeric   heading   for   identification   purposes   (both  printed  and  punched).

(2)      The   statement:       GENERAL   DISTANCE   FUNCTION   COEFFICIENTS.

(3)     Number   of   rows   and  number   of   columns   in   original   data   a.rray.

(4)     A  statement   as   to  which  type   of   transformation   (if  any)   was  made.

(5)     A  statement   as  to  whether   distance  coefficients  are  based  on  comparisons  between

columns  or   between  rows.

(6)     A  statement  as  to  whether  distance  coefficients  are  in  the  upper  or   the   lower   half

of  the  matrix.

(7)     The  matrix  of  distance  coefficients.      Coefficients  are  both  printed  and  punched.

A  5  is  punched  in   I irst   column  of  each  card,   and  the  cards  may  be  used  as   input

to  other  programs,   including   BALGOL  prograns   and  progl.ams   in  other   languages   such

as   FORTRAN.      Depending   on   the   specifications   of   the  control   card,   coefficients

based  on   either,   or   both,   column-by-column  or  row-by-row  calculationB   are   produced.



Table  8.--Example  of  output   from  distance  coefficient   progl.am.      Input   data  used  in  prepar-

ation  of  example  are  listed  in  Table  7.     First  output  data  set  pertains  to  ex-

ample  data  set   shown   ln  Tables   1   to   5.      Second  data  set  consists  of  actual  geo-

logical  data.

5.TEST    0F    0lsT.NCE    COEFFICIENT    CALCuLATI0NS

GENERAL    DISTANCE    FUNCTION    COEFFICIENTS

NUHBEn    OF    AOWS    =            4     .        NUMBER    0F    COLUMNS    a            3            IN    0rtlcINAL    DATA    ARRAY

DATA    vAiuEs    TRANSFORMED    Bv    DlvioiNc    av    HIGHEST    VALUE     IN    COLUMN

DISTANCE    COEFFICIENTS    BETWEEN    ALL     POSSIBLE    PAIRS    0F        COLUMNS     0F    uNTRANsf'OSED    DATA    ARRAY

DISTANCE    FUNCTI0N    COEFFICIENTS    LOWER    HALF    0F    MATRIX    WI"    ONES     IN    PRINCIPAL    DIAGONAl     INCLUDED

5       I.000
5         .553   I.000
5          .379       .7691.COO
DATA     ABRAY    HAS     BEEN    TRANSPOSED     ANl)    COEFFICIENTS    CALCULATED    BETWEEN    ALL     POSSIBLE     PAIRS     0F    Rows

OF     ORIGINAL     DATA    ARRAY

DISTAhcE    FUNCTloN    COEFFICIENTS    LOWER     llALf    OF    MATRIX    WI"     ONES     IN     PRINCIPAL    DIAGONAL     INCLllf`ED

I.COO
.575   1.000

5S^MeRlcus    ilMESTONE    cHEMlcAi    I)ATA.     KANSAs    AND    OKLAHOMA

GENERAL    DISTANCE    FUNCTloN    COEFFICIENTS

Nl"BER    0F     ROWS    =        15     .         NUMBER    0F     COLUMNS    =            8            IN    ORIGINAL    DATA    ARRAY

OATA    vAiuEs    TR^NSFnRMED    By    DivloING    By    HIGHEST    VALUE    IN    coiuMN

DlsTANCE    coEFFlciENTs    BETWEEN    All    pOsslBLE    pAIRs    OF        cOLUMNs    OF    uNTRANsposeD    DATA    ARRAy

DIST^NCE     FUNCTION    COEFFICIENTS    LOWER     HALF     0F    MATRIX     WITH     0NES     IN     l'QINCIPAl     OIACONAL     INCLuOEO

5        I.COO
5         .494    I.000
5           .508       .79.I    1.COO
5         .494      .450      .4301.000
5         .670       .664      .T30      .4921.000
5         .549      .737      .739      .493      .7801.000
5         .408      .579      .686      .244      .561      .46q   I.000
5          .444       .424       .336      .576       .397      .491.0881.000
DATA     ARf`AY     HAS     BEEN    TRANSPOSEI)     AND    CCIEFFICIENTS    CALCULATED     BETWEEN    ALL     POSSIBLE     PAIRS    0F    ROWS

0F    ORIGINAL     DATA     ARRAY

DISTANCE     FUNCTION    COEFFICIENTS    lowER    llALF    0F     MATRIX    WITH     OWES     IN     PRINCIPAL     0IAGONAL     INcluDED

5         1.COO
5         .779
5          .613
5         .866
5         .822
5          .782
5         . 837
5          .841
5         .830
5          .613
5          .822
5         .725
5         .747
5          .697
5        I.COO
5          .520
5         .593

I.COO
•6'16    I.COO
.821      .633   I.000
.822      .665      .906    I.000
•659       .605      .711       .7331.000
•663      .591       .791       .707       .835    I.000
.693      .623      .816      .822      .840      .953   I.000
.661.613       .816       .SOT       .781.934       .9321.000
•520      .800       .593       .614      .648      .643       .657      .65T   I.000
.661.6TO       .765       .176       .864       .896       -899       .875       .7351.COO
•812       .582       .684       .679       .633      .591       .611       .580       .499       .6141.000
.632       .517       .631       .629       .TOO       .714       .707       .669      .548       .730       .7021.000
•551       .S21       .591       .605       .746      .709       .691       .675      .593      .743       .596       .802

.387      .399      .451       .461      .541      .553      .542       .542      .470      .563      .392      .536
I.000

14



Table  7.--Listing  of   an  example  set  of   data  cards  used  as   input   to  distance  coefficient   pro-

gram.     Output   fI.om  program  using  these  data   ls  shown   in  Table  8.     First   data  set

is  example  shown  earlier   to  demonstrate  calculation  of  distance  coeff icients.

Second  data   set   is   actual   geological   example.      Each  rc>w  lists   a   single   data   card.

Data  cards   listed  are  distributed  with  program  decks.

5STEST    OF     DISTANCE     COEFFICIENT    CALCULATI0NS

5        4        3         1111            3333            7777            8888

5        140              6               116           90       9        420        65        12        770       0        6        558

5SAMERICUS    LfMESTONE    CllEMICAL    DATA.    KANSAS    AND    OKL`HOMA

5    15        8        2222       3339           7777           8888    .    AllER    CHEM    DATA    DIST    FUNCTION    COR    CONTROL

9    .120       .94       .10         .009      9.45          .loo      4.8.21          .88

9      .240      .16      .|1      .00¢      9.07            .156         49.04         .020

5      .190            .|3         .1|            .loo         6.99            .117         50.o5         .080

5            .160            .29         .09         .003         6.91       .087         50.36         .056

5         .170      .26         .13       .012      4.88         .102         52.06       .048

5       .034       .29       .19      ®010      8.70       .233       48.39       .060

5       .044       .96       .13       .002         5.51             .179         50.94             .079

5       .060         .3|         .13       .006         4.96         .173         51.32       .064

5          .060       .38          .11          .009      4.17         .153         51.64         .079

5         .020      .27            .12            .loo         6.69         .140         50.29         .085

5      .040      .33      .14      .c2e      6.95       .182      +9.54         .ii6

5       .240       .16       .11       .018       13.83       .310         44.43       .066

5      .070       .29       .15       .004      12.65       .423      45.57      .067

5      .060       .50       .19      .030      10.79      .994      .A.79      .095

5       .016       .50          .16       .030       4.72          .305       29.58       17.82

(I)     5   in  column   I   of   each  card.

(2)     Any  convenient   number   of   values  may   be  placed  on   each  card.      Program  will   store

data   in  M  columns   and  N  rows.     Type   (decimal   point   or   integer)   of   data  va.Iues

must   be   consistent  with  TOP  above.

(3)     Any  number  of  data  sets  may  be  used  in  succession,   but   cards   in  each  set  must   fol_

low  sequence  listed  above,   including  the  alphanumeric   data  card   (first   data  card),

control   card   (second  card)   and  data  value  cards   (third  and  subsequent   cards).

Negative  values  generally  may  not  be  used  witli  existing  transformation  options   ln

program.     Ordinarily,   variables  are   arranged  in  columns  and   observations   in  rows.
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(2)      S   in   columns   2   and   75.

(3)     Any  desired  combination  of  letters,   numbers,   characters,   and  blanks   in  col-

umns   3   through   74.

Progran-control  card.--The  second  card  that   accompanies  each  data  set  must  be  a  pro-

gram  control   card  containing  the   following  information   ln  the  ol.der   listed  below.     Note  that

each  number   ls   to  be  separated  from  adjacent  numbers  by  at   least  one  blank  space  on  the  card.

(I)      5   in   col`rmn   I.

(2)     An   integer   (N)   specifying  number  of  rows   ln  original   data  array.

(3)     An  integer   (M)   specifying  number   of  columns   ln  original   data  array.

(4)     An   integer   (TOP)   specifying  whether   data  values   are   ln   integer   (1111)   or   de-

cimal   point   (2222)   for.in.

(5)     An  integer   (OP)   specifying  type  of  transformation  of  data  values  desired,   as

follows :

3333       Divide  values   in   each  column  by   hlgheBt   value   in   that   col-

umn  of  original   data  array.

4444       Express  data  values  go  that  range  within  each  column  is

from   0   to   1.0,   based   on   the  minimum   and  maximum   values

present  in  that  column  in  original  data  array.

5555       Divide  each  value  by   loo.

If  an  integer  other  than  3333,   4444,   or   55551s  used,   dis-

tance  coefficients  will  be  calculated  without  transforma-

tion  of  data.

(6)     An  integer   (CHC)   specifying  whether  upper  or   lower  half  of  matrix  of  coeffi-

cients   is  to  be  printed  and  punched,   as   follows:

6666       Print  and  punch  upper  half  of  matrix  with  ones   in  princi-

pal   diagonal  omitted.

7777       Print   and  punch  lower  half  of  matrix  with  ones   in  princi-

pal   diagonal   included.

(7)     An   integer   (TRANS)   specifying  whether   data  array   is   to  be   transposed  so   that

distance  coefficients  will  be  calculated  on  a  row-by-row  basis,   as   follows:

1234       Do  not   transpose   (i.e.,   calculate  coefficients  on  a  col-

umn-by-column  basis   only).

Calculate  coefficients  on  a  column-by-column  basis,   and

then  transpose  §o  that  they  are,   in  turn,   calculated  on

a  row-by-row  basis.

Calculate  transposed  array  only,    (i.e.,   on  a  row-by-row

basis  only).



(SS    FT99'     S
S
(I.I.N)     S    XSM(I)     .    0.0    S
l1.liN)      S     F0f`     J=(1.1.M)      S     XSM(I}=XSM(Il     +IXIIiJ}.X(I.Jl)      S
(1.l.N-1)      SFOR     L=(K+1.1.N)     S        COP(K.L)     I     0.0     S

Foe     K    =(1.1.N-1)     SFOR    L=(K+1.liN)     S    Fofi     J     =(i,1,Ml     S

COR(K.L)      =     COB(K.L)     +      lx(K.J).X(L.J))      S
Fofi     K     ={1®l.N-1)     SFOR     L=(K+i.I.N)     S

CR(K.L)      I     I.0     -(SORT((XSM(K)     +         XSM(L|      -(2.O.Coft      (KtL|)I/MF)              )S
GO     BELOW     S

ENDS
F     TRAMS    NEQ    9999    S    WfuTE     (SS    FTIO)     S

FOR     K    =(1.1.M-1l     SFOR     L=(K+1.I.Ml      S        COP(KtL)      -0.0     S
FOF!     K     I(1.1®M-1)      SFOR     LE(K+1iliM}      S     FOR     I      -(|iltNl      S

COR(K.L)      a     COR(K.L)     +      lx(I.K).X(I.L)I      S
FOR     K    ±11.i.M-|}     SFOR    Li(K+lil.Ml     S
CORIK.L)      I     I.0     -(S0BT((XSM(Kl      +         XSM(L)      -(2.O.COR      IK.L))I/NF)                              )S
BELOW.,

COMMENT     PRINT     AND     PUNCH    UPPER    HALF    0F         C.EFFICIENT     MATRIX    WI"    ONES
IN     PfuNCIPAL     DIAGONAL    OMITTED     S

IF    CHC    Eel    6666    S
BEG  I  N
WfuTE     (SS     FMT2)     S

IF    TRANS    Eel    9999    S    BEGIN
OUTPUT    OWLIFOR     K     =ll.I.N-1)      S     FOR    L     =(K+i.I.N|     S     COR(K.Ll)     S
WRITE      (SS     Owl®      FMT5)      S                                                  ENDS

IF     TRAMS     NEQ     9999     S     BEGIN
OUTPUT     OTTIFOR     K.   I(I.1.M-1)      S    Fof}     L     =lK+I.1.M)      S     COR(KiL))      S

WRITE      (S$     OTT.      FMT5)      S                 ENDS                 ENDS
COMMENT     PREPARE     COEFFICIENTS     FOR     LOWER     HALF     0F     MATRIX     WITH     0NES      IN
PRINCIPAL     DIAGONAL      INCLUDED      S

=NS

J     =(1,I,M'      S     XSM(J)     =     0,0    S
J    =(1.l®M)     S    FOR     lg(1.1.N)     S     XSM(J).ISM(Jl     +(XII.J).X(I.J)}     S

118     IF    CHC     EOL     7777     $
119    BEGIN

120     lF     TRANS        EOL     9999     S    BEGIN
121     CoMMENT     FILL     PRINCIPAL     DIAGONAL     WITH     ONES     S

122    F0f}     KI(|®1tN)SCOR(KiK)      =     1.a     $

123    COMMENT     FILL     LOWEFi     HALF     OF     MATFux     BY     ASSIGNMENT     $
124    FOR     K     =(2.]iN)     S     FOR     L     =(1.I.K-1}     S    COR(Kiu      8     COR(L.K)     $
125    WRITE      (SS     FMT6)      S

126    FOB     K     =(I.I.N}     $
127               BEGIN
128                           OUTPUT     TTT(Foe     L     =(1.I.K)     S     COR(KiL))$
129                             WRITEISS     TTT.      FMT5)      S

leo              END    S
131     ENDS

132     IF     TRANS     NEO.9999     S     BEGIN
133    COMMENT     FILL     PfuNCIPAL     DIAGONAL     WITH    ONFS     $

194    FOB     K=(l®l.M)SCOB(K.K|      =     I.0     S
135    COMMENT     FILL     LOWER     HALF     OF     MATRIX     BY     ASSIGNMENT     S

FOR     K     =(2.1®M)      S     FOR     L     =(liltK-1)      S     COB(K.L)      =     COR(L.K)      S

WRITE      (SS     FMT6)      S
FOR      K     =(I.1tM)      S                          BEGIN

OUTPUT     OuTIFOR     L      ={1.I.K)      S     COR(KiL|)S

WRITE(SS     OUT.      F.MT5)      S

IF     TRANS     EOL     8888     S     I      TRANS        =         9999     S     GO     TRANSPOSE     )      S
GO     START     S     FINISH     S

Input   to  Distance  Coefficient  Prograni

Alphanumeric  heading  card.--The  first  card  of  each  data  set (example   data   sets   are

shown  in  Table  7)   contains  alphabetical  and  numerical   (alphanumeric)   information   for   identi-

fication  purposes.     This   information  will   be  reproduced  at   the  top  of  certain  pages   (Table

8)   printed  by   the   computer's  printer.      The   ca.rd  must   be  punched  a,s   follows:

(I)      5   in   column   1.
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FT99l*DATA    VALUES    TfiANSFORMED    By     )IVIDINC    By    HICHEST    VALUE     IN    ..
•COLUMN. . I . W }  .

FT44l.DA1.A    VALUES    TftANSFORMED    SO    THAT    MIN    TO    MAX    RANGE    -    a.a    ..
•TO    1.0     IN    EACH    ColuMN*.W.Wli

F1.55(+DATA    VALUES    TRANSFORMED    By    DIVIDING    BV     loo.0    ..W.Wl.
FT99l+DATA    ARRAt    HAS    BEEN    TRANSPOSED    AND    COEFFICIENTS    CALCuLATE*
•*D    BETWEEN    All    POSSIBLE    PAIRS    OF    ROWS    OF    ORIGINAL    DATA    ARl`AY..

W,W)S

FORMAT    FMT5119    *.13X6.3.C         }®            FMT6(*D|STANCE    FUNCTION    COEFFICIENTS    +i
•lowER    HALF    OF    MATftlx    W!TH    OWES     IN    PRINCIPAL     DIAGONAL     INCLUDED*.W.Wl     S

FQQMAT    FTMNl+NUMBER    OF    ROWS     I    I.13.*     .         NUMBER    0F    COLUMNS    la    ..13.
•            [N    ORIGINAL    DATA    ARRAy     ..W.Wt     S

rc"AT    FTioi*DlsTANCE    cOEFFiclENTs    BETWEEN    ALL    pOssiBLE    pAIRs    OF    ..
*      COLUMNS    0F     UNTRANSPOSED    DATA    ARRAy*.W.W)     S

STAQT,,
INPUT    ALPH(A1.A2.A3.A4.A5.A6iA7iA8.A9.AIO.All.A12l.

CONTf}OL(N.M.TOP.     OP.     CHC.     TRANsl      S
BEAD     lss    AIPH)     S        READ         Its    CONTROL)     S
IF    TOP    Eol     1111     S

BEGIN

INPUT     DATllFOR
READ     (SS     DATl)
FOR     I     J(1,I,N)

-(I.1.N)     S    FOR    J     a{|.I.M)S    XP(I.J))     a

FOR    J    a(1.I.M)     S    X(I.Jl     -XP(I.J)            S
ENDS

IF    TOP     EOL     2222     S
BEGIN

INPUT    DATD(FOR    I     I(I.1.N)     S    FOR    J    t(1.I.M)     S    Xll.Jt)     S
READ      ISS     DATDl      S

ENDS
OUTPUT    ALPHA(A|.A2.A3iA4.A5.A6.A7.A8.A9.Alo.All.A12)     S
WRITE     (SS    ALPHA.FMA     )     a
WRITE      lSS     FMT1)      S

CO"ENT    TRANSFol"    VALUES    By    DIVIDING    By    rll6HEST    VALUE     IN    COLUMN    S
OUTPUT     RWcl(N.     M)     S        WRITEl      SS         RWCL.     FTIN)     S
IF    OP    EOL    3333    $
BEGIN
WRITE     (SS     FT33)     S
FOR    J    a(1.1.Ml     S

BEGIN
XH(J)      E
FOR     I     8(
XH(J'     I
FOB      I      =11

X'l,J)    -
ENDS

ENDS
COMMENT     TRANSFORM     DATA    VALUES    SO    THAT     MIN     TO    MAX     RANGE     [     a.0     to     1.0        S
IF    OP    EOL    4444    S
BEGIN
WRI1.E     (SS    fT4.4)     S
FOR     J     =11ll.M)     S

BEGIN
XH(J)     -X'1,J)     S

62                         FOB     I     =(2.I.Nl     $
63                           XH(J}     -MAXIXH(Jl.X(I.J})     $
6¢                       xL(J)     =    X(I,J)    $
65                          FOR     I     =(2.1.N}     $
66                         x|(j|     =    MIN{XL(J).X(I.J))     S
67                         R6E(J)     -XH|J)     -        XL(J}     S        XLRG(J}     t:    XLIJ)/RGE(Jt     $
68                        FOR     I     =(i,I,N)     $
69                        x(I,j)     =    X(|tJ)/RGE(J)     -XLRG(Jl         $
70              END    $
71    END     $

72   COMMENT                                   TRANSFORM    VALUES     BY    DIvl®IN6     BY     loo.0     $
73    |F    OP    EQL    5555    $
74   BEGIN
75   wR|TE     lss    FT55}     $

76             FOB    J    =(|iltMl     S    FOR    I.(i.i.N)     S    XII.J)     a[        Xll.J)/loo.0    $
77    ENC)     $

78   TRANSPOSE..
79    COMMENT     THIS     SECTION     WILL     TRANSPOSE     DATA     ARRAy     THAT     HAS     BEEN     PREVIOUSLY

80   TRANSFORMED     IF     TRANS    HAS    BEEN    SET    TO    9999     AFTER     BEING     READ     IN    AS    8880
81    C)fi     HAVING     BEEN     f}EAD     IN     AS     9999         $

82    lF    TfiANS    EOL    9999    $
89    BEGIN
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Figure   4.      Simplified   ±'1ow  chart   of   rna.or   steps   in   distance   coefficient   program.

Table   6.--Listing   of   BALGOL  stateinents   in   distance   coefficient   program.      Each   line   repre-

sents   one   punched   card  of   program.      Numbers   in   left   column   are   for   reference   pur-

poses   in   this   report,   and   in   practice   are   placed   within  columns   73-80   on   punched

cards.      Each   program   card   must   have   2   punched   in   cc>lumn   1.

i    rowENT     PROGRAM     22,     CALCULATION     OF     DISTAN:E     COEFFICIENTst     J.I.HARBAUGH$
2    rNTEGEB    N.M.     TOp.     op.     L.     K,     xpi}.I.     j.     cHc.     TRANs.     Tp    $
3ABRAY         XP(200.25).      X1200.25       ).      XH(25).      XL125}.      RGE125l.      XLRG125).
4                           XSM(leo)i     COFH130.130)      $
5    FOPMAT     FMA(J.5S*®12A6.*S*.C3.Wl.

;                     :::i;:#:gF:::£LoP'E:i::ic?:#;T+:¥Rf?E;Ti:[5X:S*;#.B:;Nc„AL*.
8                                      I     DIAGONAL     CM[TTEDl.W.w),



(5)     If  specified  in  control   card,   transform  data  values  by   dividing  by  highest   value

in  each  column:      lines   41-54.

(6)      If   specified  on  control   card,   transform  data   values   so  that   minimum   to  maximum

range   c>f   transformed  values   is   0.0   to   1.0:      lines   55-71.

(7)      If   specified  c>n  control   card,   transform   data  values  by   dividing  by   loo.0:      lines

72-77 .

(8)     If  specified,   calculate   distance  coefficients  between  all   possible  pairs  of  rows,

as   follows:

(a)     Clear   row  sum  array   to  zero:      line  86.

(b)      Calculate   sum  of   squares   for   each  row:      line   87.

(c)     Clear  upper   half  of  coefficient  matrix  to  zero:      line  88.

(d)     Ca.Iculate   sums  of  products  of  pairs  of  values   for   all  possible  pairs  of

rows:      lines   89-90.

(e)     Calculate   distance  coefficients  between  all  possible  pairs  of  rows:

lines   91-92.

(9)     If  specified,   calculate  distance  coefficients  between  all  possible  pairs  of  col-

umns,   as   follows:

(a)        Clear   column  sum  array   to   zero:      line  97.

(b)        Calculate  sun  of  squares   for  each  col`mn:      line  98.

(c)        Clear  upper  half  of  coefficient  matrix  to  zero:      line  99.

(d)       Calculate  sums  of  products  of  pairs  of  values   for  all  possible  pairs

of  columns:      lines   loo-101.

(e)        Calculate   distance   coefficients  between   all   pc>ssible  pairs  of   columns:

lines   102-103.

(10)   If  specified  on  control  Gal.d,   punch  and  print   upper  half  of   distance  coefficient

matrix  with  ones  in  principal   diagonal  omitted:     lines   107-115.

(11)   If  specified  on  control  card,   punch  and  print   lower   half  of  coefficient  matrix  with

ones   in  principal   diagonal:      lines   118-141.

(12)   If  specified  on  control   card,   previously  untransposed  data  array  will  be  trar`spos-

ed  and  coefficients  calculated  on  a  row-by-row  basis  of  original   data  array.     This

is   done   by   setting   TRAMS   to   9999   and  going   to   label   TRANSPOSE   in   line   78:      line

142.

(13)   Read  in  next   data  set   consisting  of  heading  card,   control  card,   and  data  cards.

By  going  back  to   initial   input   statements,   successive  sets  of  data  will  be  read

and  coefficients  calculated  until   all   data  sets  have  been  processed:     lines   143,

23.



We  na.y  visua.1ize   the   relationships   between  Well   I   and  Well   2   1n   terms   of   the   transform-

ed  values   of   the   unit   cube   forliied  by   Tests   I,   2,   and  3   (Fig.   3).      On   the   other   hand,   we   can-

not  portray  graphically  the  distance  between  Tests   I   and  2   in  terms  of  measurements   a,t   the

four  wells  beca.use   four  axes  at  right   angles  to  each  other   (thus   four   dimensions)   are  need-

ed.

WELL  2

WELL

--_____I///

Figure   3.      Distance   between   hypothetical   Wells   I   and   2  given   by   transformed  values    (Table

I)   of  Tests   I,   2,    and   3.

Steps   In  Distance  Coefficient  Program

Steps  in  the  program  a,re  outlined  in  the  flow  chart   (Fig.   4)   and  are   listed  in  detail

in  Table  6.      Each   line   (card)   of   the   program   is  numbered,   permitting  parts   of   the  program

to   be  referred  to  by   line  numbers.     Ma.jor   steps   in  the  program  are   listed  below:

(I)     Integer  declarations:     line  2

(2)      Dimension   arrays:      lines   3-4.

(3)      Format   statements:      lines   5-22.

(4)      Input   and   reacl   statements:      lines   23-37.
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dr   -1.0   -

dr   -1.0   -

i.62   -2.88   +   2.06

dr=1.0-               .447=    .553

Calculating   the   distance  coefficient  between  three  pairs  of   tests   in  Table   1,   we  obtain

the   R-mode   coefficient  matrix   (Table  3).

Table  3.--R-mode   distance   coefficient   matrix  between   tests   of  Table   I.

Test   2               Test   3

Test    I               1.00                          .55                             .38

Test   2

Test   3

1.00                                .77

I.00

Calculation  of   the   Q-mode   distance   coefficient   between  Well   I   and   Well  2   is   illustra.ted   in

Table  4,   and  the  Q-mode   distance  coefficients  between  all  pairs  of  wells  are   listed  in  Table

5.

Table   4.--Calculations   to   show   steps   in   calculating   Q-mode   clistance   coefficlents,   dq,   betwee]

transformed   values   &t   Wells   I   and  2   of   Table   I.

(well   I)2 2x(Well    I)x(Well   2)        + (well   2)Z

Test   I                  I.00

Test   2                       .25

Test   3                      .02

-2.19                                                 1.26

dq  -1.0   - I.27      -      2.19      +      i.26

a,a-i.o-VF

dq   -I.0   -

Table   5.--Q-mode   distance   coefficient   matrix  between  wells   of   Table   1.

Well   I                      Well   2                      Well   3                      Well   4

Well    I               1.00

Well   2

Well   3

Well   4



Equal.e  root  of  this  value  from  I,   we  obtain  a  coefficient  ranging  between  0  and  I.     For  ex-

VTample,   in  a,  cube   the  rna.ximum  modified  distance   is which  in  turn  yields  a  distance  coe-
fficient  of  d  I  I  -  /=    =  0.     The  grea.ter  the  noaified  distance  value,   the  smaller  the

value  of  the  distance  coefficient,   and  vice  versa.

Examples  of calculation  in  R  and  Q  modes:--It may  be  desirable  to  calculate  distance
coefficients  as  a  measure  of  the  degree  of  similarity  between  both  variables  and  samples.

For   example,   a  psychologist  who  had  given  a  series  of  psychological   tests  to  school  child-

ren  might  wish  to  measure  the  degree  of  similarity  between  tests     (R  mode),   or  conversely,

the  degree  of  similarity  between  children   (Q-mode)   on  the  basis  of  the  test   scores.     Both

R  and  Q  modes  may  be  computed  from  the  sane   data.

It  may  be  helpful   to  illustrate  the  R  and  Q  modes  with  the  da,ta  of  Table   I,   which  con-

tains  the  results  of  three  tests  made  at  each  of  four  wells.

Table  I.--Hypothetical  well  data  illustrating  a  linear  transformation  of  raw  data  in  Gal-

cula,tion  of  distance  coefficients.

Original   data                                                           Data  transformed  by  dividing  by  highest
value

Test   i              Test  2                Test  3                  Test   I              Test  2                Test  3

Well   I

Well   2

Well   3

Well   4

1406

909

6512

06

I.00                         .50

.64                            .75

.46                       I.00

.00                          .50

Steps   in  ca.1culating   the  distance   coefficient   between   Test   1   and  Test   2    (R  mode)   of  Ta.ble   1

are  outlined  in  Table  2.

Table  2.--Steps  in  calculating  R-mode  distance  coefficients,   dr,   between  transfol.ned  values

of   Tests   I   and  2   of   Table   I.

(Test   I)2                                                  2x(Test   I)x(Test   2)                     +                  (Test   2)2

Well   1                      I.00

Well   2                          .41

Well   3                           .21

Well   4                          .00

i:

-I. 00

-.96

-.92

.00

.25

.56

I.00

.25

I.62                                                                            -2.88                                                                         2.06



To  yield  a  coefficient   that  will  satisfy  these  requirements,   it   is  necessary   (I)   t;o

ca.1culate   the   sung  of   the   squared   differences  within   a  multidinensional   "hypercube"  whose

sides  have  unit   length,    (2)   to  divide  by  the  number  of  variables   to  obtain  the  mean  square,

and   (3)   to  subtract   the  square  root  of   the  mean  square   from  I.      Expressed  as  an  equation,

we  obtain

where

d       =  distance  coefficient,

n       =  number   of   variables,

Xi     =  variables  specified  by  subscript,   i,   with  the  provision  that   values  of  Xi  must

not   exceed   i.

Transformations  of   the  original   data  are  generally  needecl  to  insure   that  X]   does  not

exceed  one.      If   the   data  values  are  all  positive,   a  simple   linear   transformation  is  to  divide

by  the  highest   value  observed  for   each  variable.     This   transforms  the  data  values  so   that

the   highest   value   is   1   and  that   all   data  values  may  be   ''contained"  within   a  multidimension-

al   "cube"  whose   sides   are   of  unit   length.      Other   tra,ns formations,   which  may   be   linear   or   non~

linea,r,   can  be  used  so   that   the   lowest  value  of  a  given   variable   is  set   to  0.0  and  the  higll-

est   to   I.0,   with   intermediate  values   ranging   from  0.0  to   I.0.      If  the  data  are   in  percentage

form,   and  no  value  exceeds   loo  percent,   a  suitable  linear   transformation   is  to  divide  by   100.

In  the  program  described   here,   a  choice  of   three   linear  transformations   is  provided.     Non-

linear   transformations   could  be  made  readily  by  making  minor   changes   in   the   program.      In

theory,   distance. coefficients  may  be  calculated  with  either   positive  or  negative  data  values,

but   the  computer  program,   as  written,   provides   for   transformations  which  requil`e  positive

data  values.      If  negative  values  are  present,   it   is   suggested  that   a  constant   be  added  so

that   all   values  becolne  positive.

If  coefficient   values  are  not   to   exceed  i.0,   the  calculated  distance  between  two  points

in   the  multidimensional   "cube"  must   not   exceed   I.0.      For   exanple,    in  a   three-dimensional   cube

whose   sides  are   of   unit   length,   the  maximum   distance  between   two   points  within   the   cube   is

the  diagonal   of   the  cube,   whose   length  is

12   +   lz   +   12 VT

Similarly,   within   a   4-dimenslonal   "cube",   the  rna.ximum   distance   between   two  points   is  ^rT.

Therefore,   if  we  divide  the   sun  of   the  squared  distances  lneasured  along  the  axes,   by  the  num-

ber   of   variables  or   dimensions,   the  naximun  value   for  distance   is   I.      If  we   subtract   the



Similarly,   in  the   four-variable   (four-dimensional  case),   the  distance  between  two  points   is

(W]    -   W2)2   +    (X]   -X2)2   +    (Y]   -Y2)2   +    (Z]   -   Z2)2    `

For   the   clistance  between   two  points   in  n-dimensiona.I   space,   we  may  generalize   by  writing

where  i  ranges   from   I   to  n,   and  we  obtain  the  squa,re  root   of   the  sun  of  the   sciuared  dif fer-

ence   in  each  dimension   for  n   dimensions.      For   conpiitational   purposes   (Sokal,    1961),    it   is

easier   to  express  the  equation  as

Adapting  distance  as  a  coefficient:--In calculating  a  coefficient  that   is  a  measure  of

similarity,   it   is  convenient   to   limit   its  absolute  value  to  the  ra.nge   0.0  to  1.0.     Further-

more,   if  the  coefficient   is  to  be  analogous   to  widely  used  measures   of  correlation,   such  as

the   product-moment  correlation  coefficient,   it   should  indicate  rna,ximum  similarity  when  its

absolute   value   approaches   I.0,   and  minimum  similarity  when   it   approaches   zero.

Y2y/

i,c\9ip`Ge         A

Z2

1LLJ0Z

fa)Cj'i

Y, z,\
X' X2a

Figure   2.      Distance   from  A   to  8  in   three-dimensional   case   ls   equal   to   square   root   of   s`m

of   squared  X-distance,   I-distance,   and   Z-distance.



DISTANCE   COEFFICIENT   PROGRAM

General

Distance  coef ficients  are  based  on  the  concept   that   a  quantita.tive  measure  of   the  de-

gree   of   similarity   between  twc>  variables   or   two   samples   is   provided  by   the   distance   that   sep-

arates  them  in  a  rectangula.r  coordinate  system;   the  shorter   the  distance,   the  grea,ter   the

degree  of  sinila.rity,   and  vice  versa.     The  use  of  distance  as  a  measure  of  degree  of   simil-

arity   in   taxonomy   has   been   emphasized  by   Soka,I   (1961)   and   Sokal   and   Sneath   (1963,   p.   143-

151,   300-Sol).     The  distance  coefficient,   as   defined  in  this  report,   is   a  modification

of   the   distance  coefficient   described  by   Sokal   (1961).

Computation  of   distance:--The   distance,I),   between   two  points  whc>se   locations   are   speci-

fled  in  a  two-variable  cartesian  coc`rclinate  system  is  given  by  a  simple  adaptation  of  the

Pythagorean   theorem,   and   is   computed  by   the   formula

(Xi   -X2)2   +   (y]   -y2)2    ,

where  Xi,   X2,   Yi,   and  Y2   are   the   coordinate   values   of   the   two  points   and  D  is   distance   (Fig.

I).

The  Pythagorean  theorem  is  equally  valid  in  three  or  more  dimensional   space.     A  clear   dis-

cussion  of   the  proof   is  given  by   Schwartz   (1961,   p.loo-102).      For   three   variables   (Fig.   2),

X,   Y,   and   Z,   the   distance  between   two  points   is   given  t`y   the  equation

(XL   -X2)2   +    (y]   _   y2)2   +    (Z]   -   z2)2    ,

XIX2

Figure   1.      Two-variable   or   two-dimensional   case   in   which   distance,   D,    is   equal   to   square

root   of   sum  of   squared  X-distance   and  Y-distance.
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INTRODUCTION

The   two   computer   programs   described  here   have  been   developed   for   use  with   geological

data,   but   they   should  have   broad  application.      The  programs   complement   each   other;   both  pro-

grams  calculate  coefficients  wlllch  are  measures  of   simllarlty.     The   first  program  descrlb-

ed  employs   distance  as   a  measure   of   similarity.      Because   distance   has   not   been   extensively

used  as   a  measure   of   similarity,   the   thec)ry   of   distance  coefficients   is   discussed  below.

The   second  progra.in  calculates  Pearson  product-moment   correlation  coefficients,   which   are   used

widely   and  are  well   known.      Although  programs   for   calculation  of   correlatlon   coefficients

will  be   found  in  most  computation  center   libraries,   the  program  described  here  has  certain

extra  features  useful   ln  geological  applications.

Both  programs  may  be  used  to  prepal`e  input   da.ta   for   factor   analysis,   a  statistical   tech-

nique  which   is   beginning   to   be   widely  used   in   geology   (Imbrie   and  Purdy,    1962;   Krumbein   and

lmbrie,1963).      Some   geological   applications   of   factor   analysis   ha,ve   used  correlation  coe-

fficients,   but   it  now  appears   that   distance  coefficients  have  important   advantages   in   fac-

tor   analysis   in  which  comparisons   between  samples   are  made   (as   contrasted   to  comparisons   be-

tween   variables).      A  gec>logical   conparison  of   the   results   of   factor   analysis   based   on  both

correlation  coefficients   and  clistance  coefficients   is   provided  by   Harbaugh  ancl  I)emirmen   (in

press ) .

Both   programs   are  written   in   a   dialect   of   Al,COL  known   as   SUBALGOL,    or   silnply   as   BALGOL.

The  programs   a.re  usable   on   IBM  7090  and  7094  computers,    and   if   the   a,fray   dimensions   are   re-

duced  ancl  certain   other   details   of   the  programs  modified  slightly,   they   can   be   used  with   the

Burroughs   220   computer.

13ALGOL   card   decks   of   the   programs  may   be   obtained   for   $5.00   each   from   the   Kansas   Geolo-

gical   Survey   for   a   limited   time.      Trial   da.ta   sets   listed   in  Tables   7   ancl   10  will   be   su|)pli-

ed  with   the  program   decks   so   that   the  programs   can  be   tested  and  output   compared  with   the

examples   of   output   listed   ].n   Tables   8,    11,    12,    and   13.

Programs   wl.itten   in   BAI.COL  may   be   used  with   IBM   7090   or   7094   computers   only   in   conjunc-

tion  with   BALcioL   system   tapes.      The   7090   BALcoli   system   of   tapes  may   be   obtained   by   sencling

four  magnetic   tapes   to   the   Computation   Center,   Stan ford  University,   Stan ford,   California.

The   systems  will.  be   recorded  on   the   ta,pes   and  returned.      Tapes   that   are   1200   feet   long   are

adequate.      As   an   alternative,   the  Kansas   Geological   Survey   will   distribute   binary   decks   of

both   programs   ±'or   $5.00   each.      Changes   cannot   be  lnade   in   prc>grams   in   binary   form,    and   there

is   no   guarantee   that   bina.ry  programs  will  work  properly   on   different   7090   or   7094   computers.

However,    if   they  work,    the   necessity  of   obtaining   the   BALGOL  tape   systems   is   avoided.

A  manual   describlng   BALGOL   ancl   entitled   "Burroughs   Algebraic   Compiler,    Revised   Edition"

(1963),   may  .be   obtained   Iron   the   Burroughs   Corporation,   I)etroit   32,   Michigan.      ''An   Intro-

duction   to   BALGOL"    (1961),    by   R.    V.    Oak ford   and   J.    M.    Gere,    is   published   by   the   Wadswortn

Publishing   Company   and   also   provides   an   introduction   to   BALGOL.



COMPUTER   CONTRIBUTIONS

This  Publication  reports  additional   computer   programs  of  interest   to  earth  scientists  and

is   the   third  to   be  published  by   the  Kansa,s   Geological   Survey.      The   first   two   programs,    ''BAL-

GOL  progra,in  for   trend-surface  mapping   using   a.n   IBM   7090   computer,"   by   J.W.   Harbaugh,    and

"FORTRAN   11   program   for   coefficient   of   association   (Match-Coeff)   using   an   IBM   1620   computer,"

by   R.L.   Kaesler,    F.W.   Preston,   and   I)onald  Good,   appea.red   in   the   Survey's   special   distribu-

tion   serles   ancl  were   so  well   received   it   was   decided   to  make    other   programs   available.

Inasmuch  as  the  programs   are  timely,   a  special   editorial   procedure  has  been  set   up   for  hand-

ling   these  manuscripts   so   that   they   can  be  lnade   readily   available   as   soon   as   possible.

The   purpose   of   publishing   computer   programs   was   adequately   summarized   by   J.W.   Harbaugh

in  the  prefa,ce  of  the   first  publication  and  is  reproduced  here.
''This   special   publication  describes  a  computer  program  that  will  be
useful   to  geologists   in  Kansas   and  elsewhere;   it   is   the   first   of   a
series   of   publications   of   the   Ka,nsas   Geological   Survey   in  which   the
c>bjective  is   to  present   details  of  computer  programs   that   should  be
of  general   usefulness   to   geologists   and  petroleum  engineers.      The   com-
puter  revolution   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  engineer-
ing   problems. "

Most   of   the   computer   programs   published   in   this   series  were   developed  to   solve   a   particular

geological   or   engineering  problem,   and   for  many   of   these   problems   results   of   the   resea.rch

will   also   be   published.

The   role   of   the   State   Geological   Survey   in  relation   to   the   challenge  of   the   "new"   era

of   computers   has   been   stated  well   by   W.W.   IIambleton.
''The  Geologlcal   Survey   is   faced  with  rna.jor   changes   as   a   result   of   the
computer   revolution   in  the  mineral   industries,   particularly  the  oil   in-
dustry.     For  many  years   the   Survey  has  maintained  a,  central   file  of  oil
well   information  which   has   served  the  petroleum   industry   ln  Kansas.      In   the
next   few  years,    this   function   o£   -the   Survey  will   be   partly   usurped  by   au-
tomated,   computer   controlled  well   information  centers   that   are  current-
ly  being  established  by   the  oil   industry.     Research  tasks   are  also  being
redefined  as  a  result  of   the   advent   of  computers.     Major  areas  of  study
are  being   bypassed  and  others   are  becoming   significant.      If   the   Survey
is   to  continue   its  rctle  as  a  service  to   industry  and  the  state,   it  must
ada.pt   itself   to   the   computer   revolutic>n.      In  response   tc>   this   new   force
in   science   and  technology,   the   Survey   is   embarking   on   a  plan   to  gradually
adapt   its   operations   to  make   use   of   computers  where   possible.    .

Of   course,   part   of   the  role  of   the   Survey   is  making   a,vailable  results   of  research  and  that

is   the  reason  for   this  series  of  I)apers  on  computer   applications   to   the  earth  sciences.     Any

comments   or   suggestions   should  be   addressed  to   the   editor.
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