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One  of  the  problems  in  geology,   as  well  as  other  scientific  disciplines,   is  matching  strings

of  nonnumeric   data.     The  natchlng  process   is  loosely  kriown  as  correlation.     The  nonnumeric   data

could  be  placement   in  a  repetitive  Sequence,   classes   in  a  continuum,   coded   information  of   some

aspect  -  such  as  llthology  or  color  -or  even  arbitrary  classes  distinguished  from  numeric  data.

Correlation  is  very  important  because  it  establishes  contemporaneity  and  thereby  allows  in-

terpretation  of  histol.ical  events.     Where  nunerlc  data  are  available,   time-trend  analysis  may  be

used  to  good  advantage  and,   indeed,   is  a  useful   tool.     Where  nonnumerlc  data  only  are  available

(and  this  is  often  the  situatioD  ln  geology),   arbitrary  values  al.e  assigned.     Observations  may  be

plotted  ln  sequence  against  their  relative  value,   and  by  connecting  the  points  a  "form"  curve  ts

created.     This  curve,   likewise,   can  be  analysed  by  quantitative  methods,   but   interpretation  of  re-

sults  is  cliff lcult.     Many  examples  of  these  "form"  curves  carl  be  cited  from  the  literature.

The  progl`an  here  described  was  developed  originally  to  compare  sequences  of  amino  acids   in

protein  chains.     It  can  be  used  to  find  similarities,   deletions,   insertions,   or  inversions  that
are  difficult  to  detect  by  visual  methods  and  can  also  indicate  cyclic  structure   if  present.

The  program  ''slides"  one  sequence  past  another  step  by  step  and  notes  the  number  of  matches   for

each  positicn.     Tbe  percentage  match  and  statistical  significance  measures  for  each  position  are

determined   in  order  to  find  the  best  match  in  ''ovel.all  similarity".

The  geological  application  reported  here  is  for  correlating  cyclic  sequences  of  rock  strata.

The  placement  of  a   bed  in  its  proper  place  in  the  cyclothem  is   deter.mined  by  the   investigator

from  lithology  and  fossil  content,   that   i§,   an  iriterpretation  about   the  conditions  under  which

it   formed.     Each  unit   ls  given  a  coded  representation  on  placement   in  the  sequence  and  then  one

string  of  such  nonnumerlc  data  ls  compared  to  another  stl`ing  at  a  different   locality.     By

studying  the  sequences  of  environments   ln  different,   localities  a  history  of  the  area  can  be

reconstl`ucted.     Obviously  the  I lnal   interpretation,   even  though  based  on  a  rigorous  quantitative

method,   ls  only  as  reliable  as  the  quality  of  the  original   interpl.etation,   which  is  quite

subj ect ive .

This  pl.ogran  is  another   in  a  series  of  computer  contributions  published  by  the  Kansas

Geological  Survey;   other  available  publications  are  listed  on  the   inside  back  cover.     A  deck  of

cards  for  the  FORTRAN   IV  version  of   the  cross-association  program  nay  be  obtained   for  a   limited

time  from  the   Kansas  Geological   Survey   for  SIO.00.
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AI-GOL  Program  for  Cross-Association   of   Nonnumeric   Sequences

Using   a   Medium   Size  Computer

by

Michael   J.   Sackin,   Peter  H.   A.   Sneath,   and
Daniel   F.   Merriam

INTRODUCTION

The  problem  of  matching  sequences  of  rock  strata   is  a  common  one   in  geology,   but   it   has

parallels  in  many  other  disciplines.     The  matching  of   tree  rings  in  sections  of  wood  or  of  rairr

fall  recol.ds  for  successive  years  are  examples  that  at   once  come   to  mind.      In  many  such  problems

the  data  are  quantitative,   or  can  be  ordered  at   least   into  a  series  on  a  scale  of   intensity.

They  must,   of   course,   also  be  ordered   into  a   definite  spatial  or  temporal  sequence.      In  Sucll

instances  the  correlation  coefficient   is  a  useful  measure  of  the  degree  of  matching  between  two

sequences,   and  by  sliding  the  sequences  past   each  other   ln  small   steps,   the  correlation  can  be

determined  for  each  successive  step.     This  is  the  familiar  technique  of  auto-correlation  and

cross-col.relation.     A  method  of   testing  signif icance  of  agreement   between  pairs  of   tine  sel.ies

is   described   by  Burnaby   (1953).

There  are  other.  problems,   however,   where  the  data  are  not  quantitative  or  are  difficult   to

arrange  on  a  scale  of   intensity.     An  example  is  a  list  of   index  fossils  for  a  series  of  strata;

their  identity  can  be  expressed  in  the  form  of  a  series  of  alternatives  but  not  of  intensities.

In  principle  some  natel.1al   could  be  arranged  on   intensity  scales,   but   a   large  number  of   scales

would  be  required  to  express  all  the  facts.     A  geological  exanple  is  the  sequence  of  rock  types

in  a  cyclothem,   where  in  theory  it  would  be  possible  to  express  the  alternatives  of ,   say,   lime-

stone,   shale,   coal,   sandstone  ln  the  form  of  four  quantitative  chemical  Scales   (content  of

calcluln,   aluninun,   carbon,   silica).     But   both  for   technical  reasons  and   for  reasons  of  computing

efficiency,   it   is   impracticable  with  present  facilities  to  work  with  multivariate  auto-and

cl.oss-correlat ion .

The  computel.   program  presented   here   was   devised   for   comparing  amino  acid  sequences   o£

proteins.     Description  of   its  use  for  this   purpose   is  given   in  Sackin  and  Sneath   (1965),   but  a

brief  note  nay  be  of  use  here  in  explaining  the  principle.     The  program  is  one  for  auto-  and

that   is,   the  two  sequences  are  slid  past  one  another  but  the  measure  of

concordance  is  an  association  coefficient  rather  than  a  correlation  coefliclent.     Association

coefficients  are  those  where  nonquantitative  data  are  used,   nearly  always  Yes-No  data  or  data

reducible  to  this  form   (for  a  discussion  and  listing,  E±,   Sokal  and  Sneath,1963,   p.125).

IIere,   the  association  coefficient   i§  the  proportion  of  matches.     It  is  impossible  in  practice,

using  association  coefficients,   to  slide  the  two  sequences   in  iflfinitely  small  Steps,   so  that

the  method  uses  unit  steps   (or  multiples  of  these)   at  each  of  which  a  Yes-No  property  is

recorded .



Protelns  are  made  up  of  chains  of  anino  acids  linked  in  a  unifol`m  manner,   so  that  a  protein

chain  can  be  described  by  a  single  unique  sequence  of  amino  acids  Just  like  the  llnkB  of  a  chain.

Each  unit  step  ls  therefore  an  anlao  acid,   and  about  twenty  different  alternatives  are  possible

at  each  position.     Using  the  cormon  abbrevlatlons  for  amino  acids*,   a  chain  might  start  as:

Anlno  ac ld :       Val-Leu-Iieu-Tyl'-Gly-His-

Posltion   ln         I       2         3       4       5       6
chain

and   elid   as:

..... Phe-Val-Val-Arg-Leu

..... 12812913o   131132

In  searching  for  meaningful  structure  in  these  sequences  we  can  slide  two  chains  past  each

other  one  position  at  a  tine  and  calculate  an  association  coefficient  for  the  overlapping

Segments.     Thus,   suppose  one  had  two  chains  of  five  anlno  acids,   Ala-Phe-Ala-Leu-Tyl.,   and

Ala-Phe-Ala-Val-Tyr;   it   is  evident  at  once  by   inspection  that  they  are  identical  except   in

position  4.     With  two  long  chains,   however,   it  is  not  easy  to  see  such  obvious  relations,   but

they  can  be  detected  by  the  slldlng  process.     T`ro  match  positions  are  shown  below:

Match  position  I

Agreement   (matches)

Match  posltlon  5

Agreement   (matches)

Ala-Phe-Ala-Leu-Tyr

Ala-Phe-Ala-Val-Tyr

NO

Ala-Phe-Ala-Leu-Tyr

Ala-Phe-Ala-Val-Tyl.

Yes   Yes   Yes   No     Yes

In  the  first  match  position  the  agreements  are  0  out  of   1;   in  the  fifth  match  position  they

are  4  out   of   5.     One  can  now  estimate  the  probability  that   an  agreement   o£  4  out   of   5  would  occur

by  chance, and  thus   obtain  both  a  measul.e  of  resemblance  and  an  estimate  of  significance.     The

association  coefficient  used  is  the  simple  natchlng  coefficient,   or  proportion  of  agreements.

This  method   ls  obviously  suited  to  matching  sequences  whose  relative  positions  are  un-

certain;   they  are  slid  past  each  other  and  the  position  of  best  matc'h  is  found.     But  other

information  can  also  be  obtained.     If  there  is  a  deletion  in  one  chain   (or  an  insertion   in  the

other),   one  cannot  match  the  chains  pel.£ectly  at  any  single  position,   but   insteaLd  one  finds   two

positions  of  good  match.      In  the  following  example  the  top  chain  has  His   inserted,   otherwise

the   two  chains  are  the  same.

ioned  that  ALGOL  only  handles  numerical  data,   and  that   although  words  and
letters  are  used  here  as  illustrations,   the  actual  input  data  consist  of  a  series  of  numbers,
according  to  some  coding  scheme  sucb  as   1=Ala,   2=Arg,   etc.     Automatic   translation  programs,
however,   can  be  written  to  make  the  conversion,   and  one  for  amino  acids   is  available.



Match  position  4

Agreement   (matches)

Match  position   5

Agreement   (matches)

Tyl.-Phe-His-Ala-Gly

Tyr-Phe-Ala-Gly

Yes   yes  No     No

Tyr-Phe-His-Ala-Gly

Tyr-Phe-Ala-Gly

No     No     Yes  yes

If  a  graph  of  the  degree  of  matching   is  made  for.  each  successive  match  position,   two  peaks  are

found,   indicating  a  deletion  or  insertion,   and  the  distaace  between  the  peaks   indicates  the  Size

of  the  deletion  or  insertion.     A  Series  of  peaks   indicates  a  cyclic  structure   (i.e.   a  Series  of

similar  subsequences).     A  reduplication  shows  as  a  minor  peak.     An  inversion  can  be   detected

by  repeating  the  sliding  process  with  one  chain  reversed.     The  inverted  section  then  gives  aL

peak  when  it   is  opposite  its  noninverted  analog.

With  sequences  which  do  not   show  a  single  position  of   excellent  matching,   some  measure  of
"overall"  resemblance  of   the  sequences  besides  the  one  mentioned  above   (i.e.   the  propol.tion  of

matches  at  the  best-£1tting  position)   is  useful.     This  can  be  obtained  by  cumulative  Statistics

surmed  over  all  match  positions,   and  several  al.e  given  by  this  program.     One  can  also  PI.int   out

the  Sequences  in  any  desired  position  of  overlap  for  further  study  of  details  of  the  matches.

The  geological  analogs  of  deletions,   insertions,   inversions,   reduplicatlons,   cyclic  subse-

quences,   and  overall  resemblance  will  come  readily  to  mind.

Finally,   one  need  not  slide  the  chains  one  position  at  a  time.     One  could  slide  them,   for

example,   in  steps  of  three,   §o  that  only  the  3rd,   6th,   9th...natcli  positions  are  studied.     While

not  of  interest  in  protein  studies,   this  has  an  important  use  in  other  applications,   for  it

than  one  pl.operty  to  be  scored  for  each position  of  primary  data.     Taking  a  short
illustrative  sequence  of  four  stratigraLphic  units,   one  could  for  example,   allocate  to  positions

I,   4,   7,   10  the  alternatives  limy  -nonlimy,   to  positions  2,   5,   8,   11,   the  alternatives  fossils

present  -fossils  absent,   and  to  positions  3,   6,   9,   12  the  alter.natives  I.ed  -white.     Then  by

comparing  the  sequences  only  at  match  positions  3,   6,   9  and  12,   all  three  variables  are  used

simultaneously,   e.g.   for  match  position  3:

BedI

Match  position ...nonlimy     fossils    red
Bed   Ill

Agreement    (matches)

limy     fossils    white
limy    fossils    white

Bed   IV

yes       yes              yes

limy    no  fossils    white...

In  general  one  can  use  T  positions  per  rock  unit  aDd  slide  the  sequences  in  steps  of  T.     This

then  gives  an  association  coefficient  aLnalagous  to  a  multiple  correlation  coefficient.     Although

not  such  a  precise  statistic  as  the  latter,   it   is  simpler  and  quicker  to  compute  and  should  be

adequate  for  a  wide  range  of  applications.     It   is  possible  to  lritroduce  a  measure  of  quantitatioli

if  necessary  by  the  following  device,   analagous  to  the  coding  technique  in  taxonomy   (Sokal  and



Sneath,1963,   p.   76).     Suppose   the   attribute  j`s  divided   into  three  levels   (besides   "absent"),

i.e.   "weak",   "medium",   "strong",   one  can  use  three  positions   and  code   them  as   below:

Level                                                Positions     1       2       3

absent                                                                   I       I       I

weak                                                                                        2         1         1

medium

stz`Ong

221

2Z2

The  eff ect   of   this  coding  scheme   is  to  give  more  matches  when  the   comparison   is  between

adjacent   levels  than  widely  separated  levels,   thus  making  the  matches  reflect   the  quantitative

values  of  the  attribute.     Note  that   I   is  used  instead  of  the  usual  zero,   because  in  this  ALcOL

program  zero   is  reserved   for   "unknoun''.

We  have  shown  with  random  numbers  that   the  program  gives  results  very  close  to  those  expected

statistically.     Although  the  probability  distl.ibution  has  been  simplif led   (from  the  multinomial

one  to  the  binomial),   we  believe  that  this  will  make  little  practical   difference.     Provided  that

fairly  stririgent   levels  of  signif icance  are  chosen,   the  results  should  prove  very  reliable.

One  point  I.equires  emphasis;   with  long  sequences,   giving  say  400  match  positions,   little  weight

can  be  put   on  any   individual  value  of  probability  of   I:400  for   example,   because  one  would  expect

about  one  of  these  in  four  hundred.      In  nearly  perfect  matches  the  probabilities  are  not   in

question,   often  being  astronomical.     Thus,   with  two  typical  protein  chains  each  of   loo  amino

acids,   one  would  expect  about   7  matches   in  a  hundred  by  chance.      Even  50  matches   in  a  hundred

gives  a  nominal  probability  of   over  I:105°.     These  extreme  probability  values  are  not   very

useful,   because  the  basic  assumptions  may  not   be  realistic;   the  number  of   standal.d  deviations

from  the  mean   is  a  more  convenient   statistic   (in  this  example   it   is  16.9).

NorE   ON   ELLIOTT   ALGOL

The  program  description  is  that   of  the  program  as  wl.itten   in  E11iott's   implementatlon  of

AI.Col.  60   (Elliott,   Ltd.,1965).     To  assist   in  comprehension  and  to  enable  the  user  to  modify  the

progl.am  for  his  machine   1£  required,   some  explanation  o£  Elliott  ALGOL  is  necessary.      If  an

introduction  to  ALGOL  60   is  required  see  Dijkstra   (1962).     This  book  also  contains  the  official

AI-COL   60   report.

IIal.dware  Representat ion

The  program  was  punched  onto  5-hole  paper  tape,   so  rendering  some  of   the  standard  AI,COL

characters  not  available  in  view  of  the  restricted  character  set  of  the  5-hole  telecode.     We

consider  it  unnecessary  to  detail  fully  the  differences  in  hardware  representation  and  trust

that   they  will  be  clear  Iron  the  context   (Table  I).

Title

All  Elliott  AIGOL  programs  start  with  a  title  which  consists  of  all  characters  up  to  the

first  semicolon  in  the  program.     The  compiler  ignores  these  characters.

4



Table  1.-Program  listing   (version  with  plotter  procedures).

ALGOL   PROGRAM   FOR    CROSS-ASSOCIATloN   0F    NON-Nl"Efilc    SEQUENCES
USING   AN   ELLloTT    803    COMPUTER.-VERSION    WITH    GRApll   PLOTTER.
M.J.SAcl{lN.     HEDICAL    RISE:ARcll    COUNCIL    UNIT.     LE:ICE:STER   UNIVERSITY.

5:8+£NRiA:C::R5BA;3§i'

i#:8:?A£#£::TA£E3#3i#?::A?=:§6?8E5SQ.
COMMENT     IF.    NUMBER    OF    STD    DEVS    OF    NO.    OF    MATCHES    FROM    THE    MEAN
LIES    BETWEEN    LAM13DA    AND    Mu    THEN    THE    TABLE-ROW    FOR    TliE
CORRESPONDING    HATCH    POSITION    WILL   NOT    BE    PUNCHE:D.

AMATCH,ACOMF'S ....... ACHSQY    ARE    THE    DIRE:CTIVES
FOR    PUNCHING    OR    NC)T    PUNCHING    THE:    VARlous    TABLE    COLUMNS.
TOGE:THE:R    WITH    THEIR    COLUMN    HEADINGS.     PUNCHING    WILL    BE
SUPPRESSE:D     IF    DIBE:CTIVE-0.     LIKE:WISE    AGRAPH-0
WILL    SUPPRESS   OUTPUT    OF    GRAPH.

ARE:V-0    SIMILARLY   SUPPRESSES    All.    COMPUTATION
RELAl`lNG    TO    RE:VERSE    MATCHE:S.     INCLUDING    PART    OF    THE
COHPU1`ATION    OF    THE    SIMILARITY    COE:FFICIENT    S(L.).

ASIMgo    SUPPRE:SSE:S    COMPUTATION    OF    SIHILARITY
COE:F.f.lcIENT    SCL).

T-SLIDING    STE:P.

pRocEDbE:  £P:E?::B;ENS:::E°£ , :TE I #8GE#AiTS :
COMMENT    PLOTS    BEST    LINE    FROM    CURRENT    VALUE:S    (     lN    LINE-SEGMENTS)

OF    (ABSC,ORD)   TO   (A.B).       SE:TS   ABSC:-A,       ORD:-B.
PEN    STAYS    ON    OR    OFf`    THE    PAPER.
+ABSC    DIRECTION    IS    TOWARDS    RIGHT-HAND    E:DGE    OF.    PAPE:R.
+ORD     IS    TOWARDS    END    OF    FioLL,     I.E.    TOWARDS    TC)P    0F    PAPER'

BE:GIN     INTEGER     MODA,MODB,QUA,SEG,AX|,AX2.COUNT,
Hovel,    M0yE2,I.u,V.S'

::i7S:B§§i=*5;:?::3sdL: iT5h5!i
L7 . L8 , L9 .
ii^BS( A) '

B:[BroRD`    ORD:-ORD+B'    MODB!-ASS(B)'
lF    A    GREQ    0    THE:N
BEGIN    IF.    a    GREQ    0    THEN   QUA:-0    ELSE    QUA:=6
END    E:LSE

::8iN    IF   8    GREQ   0   THEN   QUA:-2    ELSE   QUA:=4

i:Gr3DSE8?:?, H393#E%BstMODA.MODB, ,    MOvE2s,=MODB,    s:.MODA
END  .  E:LSE

E=3iN   SEG:-2'    Hovel:-ABS{MODB-MODA)'    MOVE2>=MODA`    S!-MODB

!!i;:i;`i!!;:!i'i:::
AX|:B6'    AX2!i-4'
AX1:=10'    AX2`g2'
AX1:-10'    AX2:B8'

cOuNT=-0'
£Xi:=;:   £X2:=!:   8818

`       FOR     I:g|    STE:P    1    UNTIL   S    DO

BEGIN    U:-COUNT+MOVE2'
V : =COUNT-MOVE|  '

!EGtRSS83NTi:;EQE£:?5#t5T5TAx2„.2m68>
END    E:LSE
BEGIN    COUNT:I.V'    ELLIOTTCO.OiAX1,1.7.2i7168)
END

END
E:ND '

::§§E:!§:D:;N::i::iu::::8#{3:2:7!83:8:3:2:7£83;:
lF    LAHBDA-.0000001.ABS(LAMBDA)       GR    MU   THE:N

:E3!N   PRINT      ££L?ERROR    IN   BOUNDS   oF   STD   DEys?I    stop



C°MMEN:pfcfstRET§:PING  QUOTES.      ££L3"   a   3   NEW   LINES.   ££S5??   -5

::a:pAT£:gS:*g?#?Si^PR°P.ADEVS.ACHlsQ.ACHSQT,
lF   T   LE:SSEQ   0   THEN

:Eg!N   PRINT   ££L?NON-POSITIVE   SLIDING-STEP?'    sTop
WAIT'    READ    L'
BEGIN    INTEGER    I,J'

lNTEGE:R   ARRAY   PRO|C1:L)'

:8ET!:;£A3TE?   1   UNTIL   L   D0   READ   pRoi(I)i
BEGIN    INTEGER    ACID.PR|ACID.PFi2ACID,TOTALHATCHES.ACIDTYPE:S.

#f#:§#!:g#i:£i:!3E2:¥:3=2::§d:i?ZgpLAp.
E53±E&H3;8B::83:i:3:tvs.CHlsQ,cHSQy,suMCH|sQ.z.

::i:;:;;!i;;i!;;;;:]i:::i,:3T::;::i2!::I:::.N`
FOR    I  i-1    STEP    1    UNTIL   N    DO

END   MA!EG'N    'F   A(I)    GR   P   THEN   P!-Acl)    END'    MAx,.p
For    il-1   sTEp   1   uNTiL   M   DO   READ   pR02{I)I

%8#S;±oVA|3B-8cfg3T±89MPS-0   AND   APROP-o   AND   ADEvsro   AND
IF   NOPT   AND   AQRAPHt.0   THEN   GOTO   S"COEFF.

5giM[N§:i:a::::;i::::sE8.;A#!!¥§'?##:S3"
COMMENT   CALCULATE   PROB.    P   0F   A   MATCH'
TOTALMATCHEsS-O'    AclDTypEs!-iF   HAx(pR02.n)   GR

suMz.zg?:8?Rot.L)   THEN   HAxcpR02m   ELSE   MAx(pRoi.L).
FOR   J!.1   STEP   1   UNTIL   I   cO
BEGIN   FOR   ACID:-1   STEP    1   UNTIL   ACIDTYPES   D0

BEGI N   PR|ACID:ipR2^CI D!-0'
FOR    I  I-J   STEP   T   UNTIL   L   DO

::SIN   IF   PRO|(I)-ACID   THEN   PRIACIDI-PR|ACID+1
FOR   II-J   STEP   T   UNTIL   M   I)0

:R3!N   IF   PR02(I)-ACID   THEN   PR2ACID:-PR2Ac|D+1
TOTALHATcliES i -TO1.ALMATcllES+PR 1 AC I D.PR2AC I D

END   ACID'
Z13-L   DIY   T'    Z2!-H   DIY   T'
FOR    l!-J   STEP   T   UNTIL   L   D0

Z|:iz1   -SIGN(PFio1(I))`
FOR    I:-J   STEP   T   UNTIL   H   DO

z2s=z2   -slGN(mo2cl))'

END   j,SUMZIZ29-SUHZIZ2   +   Zi.z2
SuHzli-L'
FOR    I:-1    STEP    1   UNTIL   L   I)0

SuHz2s:#Zt:-SuMZ1   -SIGNcPRoi(I),I
FOR    I:-1    STEP    1   UNTIL   M   D0

SllMZ2:-SUMZ2   -SIGN(PR02(I))'
ZERO!-(H.SUMZ1   +   L.SUMZ2)   DIY   T   -SuHZ|Z2'
COJquENT   ZERO   -NO.    OF    INyALID   COMPARISONS,    Dl]E   TO

UNl{NOUN   {ZERO}    ELEMENTS'

?;-SB§£TiT#£T8?:i?T/(L.M  -ZERO.I)) I
PRINT   £CL?PROB(HATCH)    -?.    SAMELINE,P'
DEST= .1 '
PR I NT   ££L2S25?FORUARD£S?HATcllES£L2?? .

93##To:°¥HE°55f::£NT#EADT:g§i NG.   Sl.ART I NG  v I TH  Tile
SI.IDE:IF    NOT   NOPT   THE.N

BEGIN   PRINT   ££S?"TCH£S?? '



iE  *g3:g!  #8:E8  8  I:E#  :£:#  ££§:#8:£§?8E£S?;?'

iF  £5E?:  #8::8  8  #E#  :g:#:  ££32¥§:gE:=£;ill

;:I#=i§:s!§::§£§2:;:#  ;R: #  ££§3;8E:=§8£§3:: :
lF.    AMATCH   NOTE.a   0   THEN   PRINT    ££S?MATCHES£S??'
IF   ACOMPS   NOTEQ   0   THEN   PRINT   ££S?COMPS£S2??.

i:  i::S:  #8=:8  8  :=E#  :R:#  ££§:5E;gp=§;?:7'
IF    ACHISQ    NOTEQ   0   TliEN   PRINT   ££S?UNCORRECTED?.

#iA=HS8l?g9TEQ   0   THEN   pftiNT
££S3? ( YATES) CS2? ? '

:i:::::8;:i:'¢::§;;-520;R:?B:;9'RE33i;8;I
£EG?RRS:#L83:=9   0   THEN

E:ND,

::§iL':Tag?I:55F   1?&E¥¥?i5>t5£?NB:I ro>

;±#65281°i;N:E8?3;SE;Ek#Esg'-1°''

FOR   K!i]T   STEP   T   UNTIL   L+M-1`   DO
BEGIN   COMPS:-MATCHES.-O'

:£SE2;:i:  £  EE§§  #  #:#  ?HEKT;EEi§:H3:
OVEFiLAP:=lF   K    LESS    M   THEN

{!E  i  EE§§  I  #E#  #  :ESE  EiHEk;i
COMMENT   0VERLAF'   -MINCK,M.L.L+H-K)I
FOR    I  i-1    STEP   1   UNTIL   0yERLAP   D0
BEGI N    IF   PR0|(BASE1+I)-PR02(BASE2+I )

A%:c=E8!::£i5fi:§i, yoTEQ  o  THEN

END  co8£#=:-88M:£:S££¥6:E8. iR3S56#3;?S8£S!A SE2 " >
C°HMEN=NKC%:3  ;o#;#:8k!i L+H-K)-NO.   OF

FDM I -FDM+S I GN(COMPS) I
IF   COMPS    NOTEQ   a   TliEN
BEGI N    MATcllpROP:i=

{cng#g:::6a898?991+cOITs.O.OOOOoot,,
S1.DDEys:-2.SQRT{Cotps).

(ARCSIN(SQRT(HATCHPROP))-ARCSIN(SQRT(P)))
END   ELSE
STDDEVS:-0'
SUPPRE:Ssi.LAMEIDA   l£SS   STDDE:VS   AND   STDDEVS   LESS   Mu '
IF   NOT   SuPPRESS   AND   NOT   NOPT   Tl]EN
BEGIN   PRINT   PREFIX(££LS??).DIGITSC4).K.DEST.££S?? '

) F  ^MAT8XMg£T=g ,3A#:gs:E!:2#S2e?.DI GI TS( 4).

[FAC°sMPA=E:?=E?c8MFg?%£:2:F££S77.DIGITsd>.

IF   COMPS   NOTEQ   0   THEN
BEGIN    IF   APROP   NOTEQ   0   TI{EN   PRINT   FREEPOINT

(4).PREFIXC££S??),    HATCHPROP.££S2®? '
IF   ADE:YS   NOT.EQ    0   TllEN   PRINT
FREE:PO I NTC5 ) , SAHELI NE: , STDDEVS

END
END'
C°MMEN:sE8E:33`%:iS,-uP   TO   4   DIGITS   PRINTED.

IF   AGRAPH    NOTEQ   0   Tl+EN
BEGIN   IF   STDDEYsio   Tl+EN      Zilo

::::t::i;i#S:gs£?§§iT£?:¥:i;/3i;199
lF   K-I   TI]E:N   PENLOWER'

iEGf;ig:TrdiTSE:vL#8:|3i.!9EN



!!i!!!iii!!li!!:;;ii::
PENL.OVER

END
END'
lF   ACHISQ   NOTEQ   0   AND   COMPS   NOTEQ   a   THEN
BEG' N  8#LSE::6¥£:3#5:T!;:8#T§3?.2/tp.CoMPS.t 1-P» '

IF   NOT   SUPPRESS      TliEN   PRINT   ALIGNED{5,4).
SAHELI NE . CI{ I SQ. ££St ?

END'
lF   AcllsQY   NOTEQ   0   AND   COMPS   NOTE:a   a   TIIEN
BEGINCHSQY:7{S:S6#p::¥::;;;90MPS)-0.5)..2

lF   NOT   SuPPRESS   THEN   PRINT   ALIGNEDC5.4).
SA"EL I NE . CHSQY. C£S? ?

END
END   MATCHING'
COMMENT   AILIGNED    (5,4)   -lN   FOEN   DDDDD.DDDD'
lF.    ACHISQ    NOTEQ   0   THEN
BE:GIN   PRINT   PREFIX(C£L2?Sun   CHl-SQ   (UNCORRECTE:D)   -7).

£±ig¥:?&=:€3:s!gg¥:g::;R5::§63is%#?2.i3£±i3:"
£   STD   DEVS   FROM   TliE   MEAN    CNol]MAL   APPROX)?

E:ND'
[F   AREV-O   TliEN   60TO   SIMCOEFF'
eotiMENT   RE:VERSE    sEcONO   ci]AI N.
K:-Y.   DIY   (2.I)I
FOR    I:-1    STEP    1   UNTIL   K   D0
BEGIN   FOR   J:-1    STEP    1   UNTIL   T   D0

BE:GIN   W:-PR02((I-1).T+J)'
PR02 ( ( I -1 ).T+J) I -PR02( M-I .T+J) '
PR02 ( H-I .T+J) S -,

END
END    REVERSING    SE:COND    CHAIN`

iEs3::I;TI   THEN   GOTo   slHcoEF.F'

i:St§:i:##:::R:#E¥20.OR"1oo) '  ORD: go
pR I NT   fen2OOL3s25?REyERSEfs7 MATCHEs£L2?? '

98:8E8E]3EP200!7   a   2oo   EiLAN|{s.
SIMCoEFFSDE:T?::T-8]E?E8.ST°P'

COMMENT   F-lNAL   SIM/CMAXCL,M)-1)-SIN   COEFF'
SET13     ls-1'
SETJ!    Usi.1'
TEST;    lF   PR01Cl)-PR02(J)   AND   PRO1(I+1)-PR02(J+1)

AND   PR8;St)DE°LE#8,O  AND   PR01(I+1)   NOTEQ   0   THEN

lF

NL5::u¥=1   :3:8  TEST

Ni::I:71  Eg:8  sETu

TES"Ey:B±:[RE3E;i:£±?,AREY   NOTEQ   o   THEN

::%i#:;:.§:52t.2>¥N#52¥K?::p262¥M+1-K>.

E:ND  RE;:33f#:1;#iiiv2,

END.       Q°TO   SETi
PRINT  !3E7!z{E£±2a3:#!#EiT|  ENL3EXH;st;,-3i6p,

COMMENT   REMAINDER    OF    PROGRAM    DE:ALS   VITH   CASE    VliERE    A

DELETE:::§§£;fi:I:: : M8E52?3;?:.8F  88=ig#ESD:i:T::EN  FouND '

K'=1  I



RETURNbe:Rg#i#3;-;6;T?R3is:+5:i:;i;Ns'

S I M I us I M+1 '
lF    I+K-L   THEN   GOTO   1.ESTRE:V'
lF   a+l{-M   THEN

E:3iN   I:-I+X'    QOTo   sETu
K3-K+1 '
lF   PRO|((+K)-PR02(J+K)   ANl)   PRO1(I+I()   NOTEQ   0

h „KliENue:I3K5Fu:#O  TEST
END

END
END    PROGRAM'

Plotter  Procedures

The  procedures,   LINE,   PENRAISE,   and   PENLOWER  make  use  of  an  online  dlgltal   plotter.     To

Program  fol.  this  device  some  Elliott   803  machine-code   is  required   in  the  procedures.     These

nachlne  orders  are  contained   in  the  standard  pl.ocedures  ELLIOTT  and  occur  nowhere  else   in  the

program.     We  have  therefore  prepared  a  version  of  the  program  in  which  these  procedures  have

been.  replaced  by  dumy  procedures.     In  this  version  all  running  options  other  than  those  which

involve  the  use  o±  the  digital  platter  will  still  be  available.     Note  that   the  variables  ABSC

and  ORD  must   still  be  declared.

If  desired,   it  should  be  possible  for  the  user  to  rewrite  the  plotter  procedul.es  for  a

line  printer,   i.e.   producing  graphs  similar  in  form  to  those  of  Fox   (1964).

The   procedures  READ,   PRINT,   STOP,   and  WAIT,   which  are   among   the   standard   procedul.es  of

Elliott  AlcoL  and  are  thus  not  explicitly  declared  in  the  progl.am,   are  briefly  described.

READ  statements

The  numbers  to  be  read  should  conform  to  the  AI.COL  definition  of  a  number.     Spaces,   letters,

and  some  nonnumerlc  characters  may  be  used  as  number-separators.      Input   is  from  paper  tape.

PRINT  Btatenents

The  output  device  to  which  the  print   statements  refer  is  the  paper  tape  punch  which  nay  be

fed  with  5-hole  or  8-hole  tape.     The  neanings  of  the  format  settings  used  are  explained  in  out-

line  in  the  corments  in  the  body  of  the  program   (Table  I),   as  are  the  means  of  outputting

strings.     Further  clal.if ication  nay  be  obtained  by  examination  of  the  sanple  output.

The  procedures   STOP  and  WAIT

The  procedure  STOP  causes  an   lnmediate  end  to  the  program.

The  procedure  WAIT  causes  the  program  to  be  held  up  until   the  operator  makes  a  change  to  the

keyboard  setting  allowing  time  to  feed   in  new  data  tapes  during  the  course  of   a  run.

Miscellaneous

All  labels  must  be  declared  as  switch-elements  in  the  heads  of  the  blocks  in  which  they

are  found.



INPUT   DATA   TO   TIIE   PROGRAM

Input   is  on  paper  tape,   which  may  be  either  5-  or  8-hole  tape.

For  each  run  there  will  normally  be  three  data  tapes.     Tape  I  ls  the  paLraneter  tape.

I)iscu§sion  of  this  tape  is  best  deferred  until  the  output  has  been  described.

Tapes  2  and   3  consist   of  the  two  chains  to  be  compared.

Each  of  these  two  tapes  comprises  the   chain-1engtli  followed  by  the  actual  sequence   (Fig.I),

the  elements  of  which  are  coded  as  positive  ihtegers.     Zeros  represent  unknown  elements  and  do

not  enter  into  comparisons.

7              12    39'    847                           6             12    3    47    t>9    7

Figure   I.-   Sample   input.

PROGRAM   tlETHOI)  AND   OUTPUT

The  program  offers  sever.al  ruuning  options,   most  of  which  cab  be  suppressed  in  any  combi-

nation  ln  an  actual  run.     The  description  here  will  be  geared  to  all  exanple  usirig  the  iliput  data

of  Figure  I  and  the  corresponding  output   (Table  2),1n  which  all  the  options  have  been  included.

Slldlng  process

The  sliding  process  forms  the  bulk  of  the  program.

After  the  parameter  tape  has  been  read,   the  program  I.Cads  the  two  chains   (of  length  L,   H)

and  places  them  side  by  side  ln  as  many  positions   (viz.   L+M-I)   as  will  give  an  overlap.

For  example:

Match  posltlon  I

Hatch  position  2

Match  position   14

1239847
12347897

1239847
12347897

1239847
12347897

Forward  matches

For  each  position  the  program  calculates  and  records  the  following  values  ln  tabular  form,

any  row  of  the  resulting  table  containirLg:

(1)       the  current  match

(11)

position   (a  number  in  the  range  I  to  I+H-I);

the  number  of  matches,   excluding  matches  of  zero   (unlmom)   elements;

(ill)   the  number  of conpal`lsons,   i.e.   size  of  the  overlap,   rot  counting  aDy  conpal.1son

wltli  a  zero  element   ln  elthel.  chain;

(iv)     the  ratio  of  matches  to  comparlsons,   i.e.   (1i)/(lli);

(v)       tlie  number  of  standard  devlatlons  of  this  ratio  from  its  mean.     A  blnonlal  dlstrlbu-
tlon  ls  hoI.e  assumed,   and  the  neaLn,   P,   is  given  by



total  number  of  matches  summed  over  all  match  positions
total  number  of   comparisons  summed  over  all  match  positions

whel.e

Arsj     =  no.   of   occurrences  of   element   numbered  s   (  =  I,2 ,... a)   in  jth  class

(j   =   1,2 ,... T)   of   chain  r   (=  I,2),

L           =  length  of  chain  I,
M            =   length  of   chain  2,
T           =  sliding  step,
ZERO     =  no.   of   comparlsons   involving  zero   (unknown)   elements,

Or

ZELO=jEL[(VAioj+LA2oj)A-AiojA2ojj

The  number  of  standard  deviations   is   then  given  by  the  formula:

`p(i-p)c

where  h  =  number  of  matches  for  current  match  position  and  c  =  corresponding  number  of

conpar ison§ .

This  formula,   however,   1s  not  used  by  the  program,   which  instead  calculates

`/I(2ar.csln `/i7  -2arcsin `rp)

as  the  number  of  standard  deviations.     This  has  been  done  so  that  the  user  nay  be  able  to  obtain

a  fair  approximation  to  the  cumulative  probability,   i.e.   the  probability  that  the  ratio  ol

matches  to  comparisons  has  the  value  h/c  or  less,   by  treating  the  standard  deviations  as  a

standardized  normal  variate.

The  transformation  used   is  the  arcsin  transfomation   (Owen,1962,   p.   293),   and  we  consider

that  the  transformed  varlate   (1.e.   the  number  of  standard  deviations  as  calculated  ln  the

program)   approxinates  somewhat  better  to  the  standardized  normal  variate  than  does  the  un-

trans±ormed  variate.     Table  4  gives  Some  values  of the  normal  dlstributlon  furictlon.

The  number  of  standard  deviations  is  a  useful  measure  for  picking  out  positions  of  high

(and  low)   matching.     In  a  simple  illustration   (Table  2),   the  ''best"  match  is  at  the  8th  match

position.     The  probability  that   such  a  high  match  would  occur  in  a  comparison  of  random

permutations  of  the  two  sequences   is  only  about   I/15.     Table  4  gives  a  value  slightly  under

1/20,   a  fair  approxlnatlon.

11



Table   2.-   Sample  tabular  output.

S|.|D|T`ir;     STEP     =             1

PROS(MATcl)    =    .142b5714

MATCHE.S

/COMPS

'0000
'0000
' 0000
• 0000
' ,? 0 0 0
' 0000
•2857
.4286
• 0000
I 4000

STD                CHl -SO
DE\/S            UNCORRECTED

0000     -1
•0000     -1.34
0000      -1.0954
0000     -.77456

0.1667
0.33,3
0 . 5 r) 0 0
0.6667
0 .  1 3, 3 3
1.0000
1.1667
4.6

Sl"    CHI-SQ    (lJHCOFiFiE:CTED)    =               14.0000,     WHICH     IS
•09535022    STD    DEVS    F.RON    THE    MEAN    (NORM^I+    APPROX)

REVE:RSE:     MATCHES

MATCHES           STD

/COMPS           DEVS

1             1.000         2.3646
2            .0000      -1.0954
3             .3333          .78941
4           '0000
5            .2000
6           .0000
7           .0000

i         :?83;
5            .4000
4             .250r)
3             .Onoo
2            .0000
1             1.000

91

CH I -SQ
UNCORFiECTED

6.0000
0.,33,
0.8889
0.6667
0.1333

su!i    cHi-sQ    (imcoRRECT.ED)    =              21.2917,    WHICH    IS
1.32943t)2    ST,r)    DEVS    FRori    TLiE    MEAN    (rloRI`i^L    AppRox)

siillL/`r:ITV     INr)Ex    S(L)    =    .57142857

El:D    oF    PRor.F?All

Note  that  the  untransformed  value  of  the  number  of  standard  devlatlons  ls  given  by

the  Sign  being  that  of  the  excess  of  the  pl.oportion  of  matches  over  the  mean;

(vl)     x2 , calculated  from  the  2  I  2  table

o`

by  the  formula:

x2 - jg2  +

12
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where  0  =  observed   (actual)   number  of  matches

0'   a  observed   (actual)   number  of  mlsmatcbes

E,E'   =  corl.esponding  expected  values;

(vii)     XZ  with  YateB'   continuity  correction,   according  to  the  formula:

x2  (¥ates'   correction)   = (  lo-El  - )21      (loLE'l-i)2+        I   '       =.I      -,

using  the  same  notation  as   in   (vl).

The  values  of     X2(each  with  one  degree  of  freedom)   are  approximate  two-tailed  tests  for

the  slgnlf icance   (nonrandomness)   of  the  degree  of  matching.

The  version  of  the  program  which  includes  the  plottel.  procedures  will  in  addltlon  plot  a

graph  of  the  standard  deviations  against  the  match  position  using  an  online  digital  Plotter.

For  convenience  the  standal.d  deviations  are  plotted  on  a  cube-root  scale.     Figul.e  2  sliows  the

graph  corresponding  to  the  output  of  Table  2.

After  all  the  match  positions  have  been  exanlned,   the  program  will  sum  the  values  o£    X2

(uncorrected)   and  compute   the  Dumber  of  standal.d  deviations  of   this  sun  from  the  mean,   taking
2

X   with  L+M-I  degrees  of  freedom  as  the  distribution  function.      in  doing  so  it  simply  calculates

/EE*Z - JEEin5   which  is  the  staodard  norml  approximation  to   X2 with  L+M-I  degrees  of  freedom.

This  function  measures  the  overall  nonl.andomess  of  the  matching.

Reverse  matches

The  whole  sliding  process  is  then  repeated  with  the  second  chain  reversed  in  direction,

in  order  to  test  for  subsequences  which  appear  in  reverse  ol.der  in  one  of  the  chains

(1nverslorLs).     The  printout  follows  the  details  given  for  the  forwal.a  matches.

Similarity  index

The  remaining  par.t  of  the  program  consists  of  the  computation  of  a  non-probabllistic

SIHII-ARITY  INDEX,   SL,   between  the  two  chaiiis.      It   is  essentially  a  measure  of  the  proportion

Table  3.-Sample  tabular  output  of  sane  data  with  different  parameters.

sLIDINr]    STEP    =           1
PROB(MATCH)    =    .14285714

END    0F    PRofiRAly{

F.OR\i/ARD     l`lATCHES

MATCHES            STD

/Collps           DE:VS



r,,,(~    pof  .

Figure  2.-  Sample  graphical  output.

of  the  two  chains  which  can  be  paired  off  as  matching  subsequences.     We  give  here  a  full

definition  of   SL.

I)enote  the  chains  by

Ai      A2       ..... Ar ..... AL

and      BL      82       ..... Bs ..... PM

where  li  >  2,   M  >  2,   and  Ar,   Bs  I.epresent   typical  chain  elements.

Suppose  for  some  I.,s  that

Ar_I     ¢    Bs_I   (or  r  =  I  or  s  a  1),

Ar+i     =     Bs+i   i  0   (1   =   O,1,2 ,...., nr,s-1)

Ar+nr,s  ±  Bs+nr,s   (°r  I+nr,a   =  L  Or  S+nr,s   a  M),

i.e.   the  two  subchalns  of  length  nr,s,   one  in  each  chain,   match  perfectly.

Then  SL     (L  stands  for  "link")   i§  defined  by  the  relation

(nr,s-I)

subject  to  the  conditions  that

(1)     nr's   >  2;

(1i)   Once  any  element   has  been  matched   in  a  subchain  it   cannot  be  matched  again.     Thus,

once  an  element   has  been  paired  off   lt   iB  ''deleted''.     Cf .   example   (ill)   below;

(lil)   If  AREV  i  0  on  the  parameter  tape  then  the  summation  will  cover  the  cases  of  the

second  chain  being  reversed  as  well  as   ln  normal  sequence.



Examples:

(i)         ABC   DE
ABCDE

(il)      ABC   DE
EDCBA

(1li)   A  a  C   I)  E  F  a
ABCAB

(iv)      A   X   8  X  C   X   D
AYBYCYD

sL  - f  -  I

SL-I

s.-i

SIJ   -   0.

Table  4.-Extreme  values  of  the  noriml  distribution.*

:::::E:1i:::st:fl::;ling
I/2.5

1/5

I/10

I/20

I/tryo

I/loo

1/200

1/1000

I/1o,

I/|o5

1/|o6

I/|o7

1/|o8

1/log

|/|olo

1/1o20

I/1030

1/|o`0

1/1o50

I/|ol00

I/10200

I/|ol000

Standard  deviations

0.25

0.84

1.28

I.65

I.96

2.33

2.58

3.09

3.72

L' . 26

4.75

5.20

Ill . 9 3

21.15

30.10

67.61

Cube  roots

0.63

0.9W

1.09

1.18

1.25

I.32

I.37

±'Table  gives  probabilities  for  extreme  values  of  normal  distribution.     For  present  application
these  are  acceptably  close  to  values  for  binomial  dlstributlon  under  arcsln  transformation;
however,   they  should  Dot  be  taken  too  literally,   since  assunptlons  ol  normality  aLre  likely  to
be  only  roughly  satisfied.     Main  purpose  of  table  is  to  indicate  comparative  significance;   for
example  10  standard  deviations  from  mean  are  nafly  times  more  significant  than  6  standard
deviations.     Cube  root  column  will  assist   in  examination  of  graphical  output.



In  these  examples  reversed  pairings  are  counted.     Otherwise  the  respective  values  o£  SL  are

1,o,  i  and  o.

The  subtraction  of  unity  from  each  nr,s   (and  hence  also  from  max   (L,M))   in  the  definition

has  been  done   in  order  to  decrease  the  value  of  S|.  for  each  break   in  sequence.     TI`us  for   the

pair :

ABCDE
CDEAB

SL  = :  and  not   I,   which  would  otherwise  by  the  case.

The  similarity  index  would  normally  be  of  little  value  for  data  in  which  the  sliding  step

is  greater  than  unity,   because  its  definition  remains  unchanged.

Unlanown  comparisons

Suppose  the  two  sequences:

10012302
010120345

overlap  a§  written.     The  program  will   then  count   two  matches  and  only  thl.ee   (not   eight)   conpari-

sons,   since  a  comparison  ln  which  either  element   (or  both  elements)   ls  zero   ("unknown")   is  not

counted.     In  the   (rare)   instance  in  which  not  a  single  valid  comparison  is  found  for  a  given

overlap  position,   the  values  of  functions   (iv),    (v),    (vi)   and   (vii)   are  all  indeterminate,   and

the  program  does  not   punch  out   any  values   for  them.     Consequently,   for  each  overlap  posltlon

there  will  be  one  degree  ol  freedon  fewer  ln  Z  X2than  in  the  usual  case,   i.e.   in  which  each

overlap  position  produces  at   least  one  valid  comparison.

In  the  graphical  output  any  indeterminate  value  of  the  ordinate  is  assigned  the  value  zero.

The  parameter.  tape

This  tape,   which  is  read  in  before  the  two  sequences,   contains  twelve  numbers  of  which  all

but  the  first  two  must  be  integer.s.

The   numbers   will   be   denoted   by   ^,    LL,   AMATCII,    ACOHPS,    APROP,    ADEVS,    ACHISQ,    ACHSQY,    AGRAPH,

AREV,   ASIM,    and   T   respectively.

If  for  any  match  position  the  number  of  standard  deviations  of  the  proportion  of  matches

from  the  mean   (item   (v)   above)   lies  between   }  and    LL  (  ^should  not   exceed  LL)   then   the   complete

row  of  tabular  output  corresponding  to  this  match  position  will  not  be  punched.     Reverse  matches

are  treated  in  the  same  way.

Zero  values   of   AmTCH,   ACOMPS,   APROP,    ADEVS,   ACHISQ,   ACHSQT  will   cause   punching   of   columns

(il)-(vii)   I.espectively  to  be  suppressed.     If  all  six  values  are  zero  then  no  tabular  output

will  appear.     Zero  values  of  ACHISQ  will  also  cause  suppression  of  punching  of   the  corresponding

cumulative  function.     Reverse  matches  are  treated  similarly.

If  AGRAPII,   AREV,   or  ASH  are  zero  then  no  graphical   output  or  reversed  sliding  process  or

computation  of  the  similarity  index,   respectively,   will  take  place.
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Note:     in  the  version  of  the  program  in  which  dummy  pl.ocedures  have  replaced  the  plotter

procedul.es  a  value  for  AGRAPH  must   still   be  given.     Any   integer  or  zero  will   do.

Note  further  that  AREV  =  0  will  suppress  that  part  of  the  computation  of  the  similarity

index  which  involves  reversed  pairings,   as  described  above.

Finally  T  is  the  required  value  of  the  sliding  step.     In  the  illustrative  example  Just

given,   T  was  unity,   but  the  use  of  higher  values  has  been  described  earlier  and  one  such  value

will  be  used  in  the  geological  example  to  follow.

In  the  output  shown  in  Table  2  and  Figure   2  the  pal.aneter  tape  consisted  of   the  numbers:

-loo     -loo     1     I     I     I     1     1     1     1    '1     I

In  contrast,   the  paLrametel.s

-I.2     I.2        I     1      1     1      0     0     0     0     0     I

produce  the  output  shown  in  Table  3   if  the  sane  shol't  chain-pair  is  used  as  data.

Data  checks

The  Program  checks  whether ^<Hand  T >1.     Any  errors  will  cause  a  fault   indication  to  be

printed  and  an  immediate  termination  of  the  program.

There  are  no  other  data  checks.     Thus  the  user  must   take  care  not   to  omit  any  elements   in

the  chain-pair  or  to  insert   spurious  one§.     It  is  recommended  that   the  data  are  punched  in  rows

of  fixed   length   (e.g.   in  rows  of   ten)   with  the  numbers   forming  neat  columns.

OPERATION   OF   TIIE   PROGRAM

The  program  calls  in  succession  for  thl.ee  paper  tapes  to  be  read  -  the  parameter  tape,   the

tape  containing  the  first  chain,   and  that  containing  the  second  chain.     As  written  in  Elliott

AI-COL  the   program  contains   a  WAIT  between  these  READ  statements.

An  error  on  the  parameter  tape  will  cause  one  of  the  messages:

ERROR   IN   B0UNI)S   OF   STD   DEVS   or
NON-POSITIVE   SI.IDING-STEP

to  be  punched,   followed  by  immediate  termination  ol   the  run.

Output   ls  on  the  paper  tape  punch  and/or  the  graph  plotter  depending  on  certain  values  on

the  parameter  tape  and  tlie  version  of  the  program  used.      If  used,   the  plotter  should  be  Set

initially  with  the  pen  near  the  left  hand  edge  of  the  paper..

Inadmissible  characters  on  the  input  tapes  cause  the  message:

READ   ERROR

to  be   displayed,   followed  by  a  WAIT.     Re-entl.y  to  the  progran  will  be  at   the  READ  statement   at

which  the  error  occurred.

Computer  storage  considerations

The  compiled  program  takes  up  about  3000  40-bit  machine  locations  in  the  Elliott   803.     Each

location  contains  two  single-address  instructions.     This  space  includes  all  the  necessary



standard  procedures  and  most  variables,   but   it  does  not   include  spa.ce  for  the  chain-pair,   which

is  thus  stored  elsewhere  in  the  machine.

Tiring  estimates

On  the  Elliott  803C,   average  instruction  time  about  4LL see,   tlie  tine  taken  for  a  run  is

very  nearly  the  same  a§  the  punching  time  alone  for  most  options.     The  punch  operates  at  about

100  char.actel.a  per  second  at   full  speed.     The  similarity  index,   however,   takes  about   a  minute

to  compute  for  sequences  each  of  about  loo  elements  in  length.     This  time  increases  approximately

with  the  square  of   the  mean  of   the  sequence  lengths.

Ou  the  Elliott  8038,   which  is  the  machine  used  at  Leicester,   the  run-tines  are  determined

mainly  by  the  amount  of   internal  computing.     The  machine  instructions  take  on  average  about

400LLsec.   to  be  executed.     The  forward  and  reverse  sliding  processes  with  unit   sliding   step  and

chain-lengths  each  of  loo  elements  in  length  take  about  an  hour.     This  time   is  virtually  inde-

pendent  of  the   degree  of  row  aLnd  column  suppression,   Since  most   of  the  time   is  taken  up   in

counting  up  the  matches.

Using  an.Elliott   8038  the  plotting-tine  averages  about   21/2  seconds  per  compal.ison.

hlachine  adaptability

It  is  hoped  that  the  note  on  Elliott  AI.GOI,  above,   together  with  the  use  of   identifiers

that   al.e  often  imenonic   in  form,   will  render  the  adaptation  of  the  program  to  another  machine

with  an  AliGOL  compiler  a  I.easonably  practical  proposition*.

The  authol.s  know  of  at   least  two  preprocessors  which  will  convert  programs  from  Elliott

Al,COL  to   other   (BI.itlsh)   versions   of  AI.COL  60.

SAMPI.E  pROBIms

Two  examples  using  the  cross-association  program  for.  processing  eel.tain  types  of  non-

numerlc  sequences  of  geologic  data  are  described  here.     Various  other  applications  are  presently

being  tested.     It  should  be  emphaLsized  that  the  results  presented  in  this  report  are  preliminary.

Only  a  very  brief  discussion  of  the  mnsas  section  of  Upper  Pennsylvanian  and  Lower

Permian  rock  units  and  their  cyclic  nature  is  included  here   (Fig.   3).     For  further  information

the  reader   is   referred  to  publications  by  Moore   (1.935,1949,1957)   and   Merriam   (1963).

Stratlgraphic  summary

Pennsylvanian  deposits   ln  Kansas  are  divided   into  f ive  stages   (1n  ascending  order) :

Morrowan,   Atokan,   Desmoine§ian,   Missourian,   and  Virgilian.     The   lower  contact  with  Mississippian

rocks  is  unconfol.mable,   and  at  the  upper  contact  Pennsylvanian  rocks  are  gradatlonal  with

Permian  rocks.     Deposits  of  Pennsylvanian  age  cover  all  of  Kansas  except  the  extreme  southeastern

corner.

*  A  FORTRAN   IV  version  of   the   program   is   included   ln  the  Appendix.
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Figure  3.-Generalized  section  of  Upper.  Pennsylvanian  rocks   in

Kansas  showing  stratigraphic  position  of  tbree  composite
sections  studied   (A,   Kansas  River  Valley;   a,   southern
Kansas,   Chautauqua   and  Cowley  Counties;   C,   Osage  County,
northern  Oklahoma) .

In  eastern  Kansas  Pennsylvanian  beds   dip  gently  westward,   forming  cuestas  witb  very  gentle

dip  slopes   to  the  west  and  relatively  steep  east   faces,   and  form  a  wide  outcrop  band  Iron  nol.th

to  south.     Pennsylvanian  deposits  in  Kansas  are  a  succession  of  thlii,   laterally  persistent,   cyclic

beds,   which  could  be  and  have  been  described  as  monotonous.

Although  much  has  been  wl.1tten  on  the  origin  and  development  of  cyclothems,   they  are  little

understood.     Several  explanations  of  their  formation  have  been  suggested;   generally  these

include  eustatic  changes  of  sea   level,   tectonic  movements,   complex  environmental  changes,   or  a

combination  of  factors.

Cyclothems,   for  the  most  part  consisting  of  marine  limestone  and  shale,   alternatitlg  with

nonmarine  elastic  deposits,   may  be  symetrical  or  asymmetrical,   depending  on  tbe  arrangement

of  the  marine  and  nonmril`e  components.     A  nonnarine  to  marine  to  normarine  arrangement   is

synnetrical  and  gives  rise  to  units  of  a  cyclic  nature,   whereas  nonmarine  to  marine  followed  by

nonnarlrie  to  marine  is  asymetrlcal  or  henicyclic.     Inasmuch  as  the  transgressive  phase  of  the

cyclothem  is  usually  better  represented   (or  better  preserved)   than  the  regressive  par.t,   most

Cyclothems  exhibit  asynnetrical  aspects.     Seldom  are  all  members  of  a  cyclothen  represented  at

a  Single  locality;   either  they  Here  not  developed  or  they  were  developed  and  subsequefltly

destroyed.



Lower  Permian  I.ocks  in  Kansas  belong  to  the  Wolfcamplan  Stage   (in  ascending  order) :

Admire,   Council  Grove,   and  Chase  Group.     Because  they  are  similar   in  character,   1t   ls  conven-

ient  to  treat  then  togethel..     The  overall  tliickness  of  the  three  groups  is  about   800  feet.

The  units  corisist  chiefly  of  shale  but   include  some  thin  limestones;   the  sequence  ls

similar  to  that  of  underlying  Pennsylvanian  rocks.     In  the  upper.  part  the  shales  are  mostly

red  arid  green  or  varicolored,   and  most  of  the  llmestones  are  cherty.     Of  special  interest   ls

the  random  distl.ibution  of  sandstone  bodies  in  various  stratigraphic  positions,   indicating

minor  local  unconformities.

Sample  problem  1

One  Set  of  data  comprises  three  composite  surface  sections  located  in  the  Kansas  River

Valley,   Cowley  and  Chautauqua  Counties   in  southern  Kansas,   and  Osage  County  in  northern

oklahoma   (Fig.   4).     From  the  lithologic  descriptions,   each  unit  was  assigned  to  a  category

based  on  Moore's   ideal  cyclothem   (Table  5).     Some  descriptions  were   inadequate,   aad  undoubtedly

the  sections  were  measured  with  different  degrees  of  detail  and  accuracy.     Unfortuflately  also

the  three  sections  are  of  unequal  stratigraphic  length.     These  factors  account  for  some

discrepancies  in  the  results,   but  at  this  poiot  they  are  unaccessed.

Figure  4.-   Index  nap  showing  location  of  conposlte  sul.face  sections.
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Table   5.-Members   of   an   ideal   cyclothem,   designated  upwards   (from  Moore,1935).

.9     Shale    (and   coal).

.8     Shale,   typically  with  molluscan   fauna.

.7     Limestone,   alga|,   molluscan,   or  with  mixed  molluscan  and
molluscoid   fauna.

.6     Shale,   molluscoids   dominant.

. 5     Limestone,   contains   fusulinids,   associated  commonly  with
mol 1uscoids .

.4     Shale,   molluscoids   dominant.

.3     Limestone,   molluscan,   or  with  mixed  molluscan   and  molluscoid
fauna .

.2     Shale,   typically  with  molluscan  fauna.

.1c   Coal.

. Ib   Under.clay.

.1a   Shale,   may   contain   land-plant   fossils.

. 0      Sandstone.

Stratigraphically  the  Kansas  River  Valley   section  extends  from  the  Jim  Creek  Limestone

(top)   to  the  Kal`waka  Shale   (bottom)   in  which  106  successively  cliff erent   rock  lithologies  were

recognized.     The  section   in  southern  Kansas  extends   from  the  Dover  Limestone   (top)   to  Kanwaka

Shale   (bottom)   and   86  units  were  recognized;   the  northern  Oklahoma  section  has  36  different

units   in  a  section  extending   from  the  Dover  Limestone  down   into  the  Cedar  Vale  Shale.     The

coded  information  showing  the  successive  categories  as  interpreted  from  the  I.aw  data  for  tbe

three  Sections  al.e  shown   in  Table  6,   arid   the  key  to  the  code   is  shown   in  Table  7.

Table  6.-Coded  data  for  first  sample  problem  involving  three  composite  surface  sections
(location  shown  in  Figure  4).

Northern  oklahoma

Southern  Kansas

Kansas  River   Valley



Table  7.-   Key  to  lithologic  code  used   in  compiling  data   for  Table  6.

9  -  algal  limestone
8  -  fusulinid  limestone
7  -  nolluscan  limestone
6  -  molluscan  shale
5  -  coal
4  -  underclay
3  -  shale  with  land  plants
2  -  siltstone
I  -  sandstone

Results  of  matching  the  three  sections  together  in  pairs  are  Shown  ln  Table  8.     Overall,

the  best  match  is  betweefl  the  sections  in  southern  Kalisas  and  northern  oklahoma;   this  is  to  be

expected  as  they  are  close  together  geographically  and  al.e  lithologically  similar.     The  Kansas

River  Valley  section  shows  similarity  to  the  one  in  southern  Kansas  but   is  less  like  the  one

in  northern  Oklahoma.     The  ''best"  match  betveen  any  two  sections,   however,   does  not  necessarily

correspond  with  the  "best"  geological  correlation  and  indeed  in  this  example  does  not.     It

should  be  noted  that  good  matches  were  obtained  at  several  positions  emphasizing,   of  course,

the  cyclic  nature  of  these  Sequences.     Of  geological   interest   is  the  fact  that  good  matches

were  obtained  where  older.  units   (Shawnee  Group)   of  the  north  were  compared  with  younger  units

(Wabaunsee  Group)   of  tbe  south.     The  reverse  matches   indicate  some  symmetry   in  the  megacycles

of   the   Shawnee  GI.oup.

Sample   problem  2

The  second  example  involves  two  shorter  more  detailed  portions  of  the  stratigraphic  sections

located   in  southern  Kansas  and  northern  Oklahoma   (Fig.   4)   in  the  Wabaunsee  Group   (Fig.   3)   and

exteliding   from  the  DI.y  Shale   (top)   don   into  the  Auburn  Shale   (bottom).      Information  regarding

the  lithology  and  fossil  content  of  each  bed  was  compiled  from  the  written  description  so  that

more  than  one  property  of  each  unit  could  be  used  in  comparing  one  sequence  to  another  for  each

position  of  primary  data.      In  this  way  comparisons  are  based  on  the  raw  data  rather  than  the

subjective  interpretation  of  the  investigator  as  described  inthe  first  example.     There  are

objections  obviously  to  both  methods,   and   it   is  for  the  investigator  to  decide  whicli  orie  best

suits  his  needs.

The  data  for  this  example  is  shown  in  Table  9.     If  a  particular  characteristic  was  present

ln  any  unit,   it  was  so  indicated  by  a  2  or  if  absent  by  a  I;   thus,   it  was  possible  to  note  the

lithology  and  any  of  nine  parameters  for  each  unit.     The  matching  of   the  two  Sequences   in  this

example  then  is  for  every  thirteenth  positloa.

Again  as  ifl  the  I irst  example  the  ''best"  match  is  not   the  "best"  geological  match  but   is

very  close   (Table  10).     It  would  seem  that  this  technique  has  merit  for  correlating  stratigraphic

sequences  ol.  for  suggesting  a  possible  position  or  positions  for  ''best"  correlation.     Another

merit  ls  that  it  draws  critical  attention  toward  the  quantity  of  exact  information  that   is

aeeded  for  making  confident  statements  about  geological  matches  between  rock  sequences.

AddltionaLl  work,   however,   needs   to  be  done.
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Table  8.-Output   for  rna;tchlng  three  stratigraphic  sections  together  ih  pairs.     Forward  and
reverse  matches  are  shown  aloag  with  statistical  infomatlon.

Northern  Oklahoma  -  southern  Kansas
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Northern  Oklahoma  -  Kansas   River  Valley
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1U34       -1
0600      -1
0870      -1
0000     -4
0000      -4'1
ul'uu      -J.002U
0000      -3.64b5
0000      -3.3347
0000      -2.3062
Uul)U       -1.0630
uUuO       -1.63Uo

:iuu    (;hl-Jt!    |uui,l.r\r{Ll.It.L/)    =           241.2016.     Wrlll,rl    ls

5.zuuufc]    siL)    LtLvs    Fr:cti,    TiiE    j,EA,``    (i`c,hL^I.    Af>pf{i;\x)

Cr)I  ->&
U l\il; ckR EC  I  LD

O.1|c,`Z-
03/b
'c=J_IU

t{EVEilsE     i`,ATcilES

.,A  rc„Es          STD
`/ce„p3          L>Eys

U0uO
000L\
UUUU

8893     -2:2Z?3
ull(`u      -3.5228
0b25      -1.7472
4116           1.6605
ouclu      -3.3945
U5UU
0455
1000
0t,33
0d33
0833
0533
0556

0000
0000

c";:3±7;:2:usi5c:E33   ;RO,,2S,1,;.7?,E3,.`   \c':`:i:I,AisApp,TG„Sul'



Southern  Kansas  -  Kansas   River  Valley

SLIDING   STEP   I          1
pR®B(unTCH)   -.i66igi3i

:#;:8,

a 1] I -SQ
(YATES)

0.0490
0.1581

CIJl-SO
UNCORRECTE:D

0 ' 9966

::3!;3

;::!i;
1.
2.

16.

FORWARD    VATCHES

NO.    oF      mTCHEs         STD
cone s       /cO Hp s       DEv s

•0000
'0000
•0000
•35

6288

2::2;g

:i:;i:i

:i?3t?
. 3462
. 0000

:3536
•0000
•0000

SUM   CHl-SQ   (UNCORRECTED)   -         280.6202.    WHICH    IS
4.1712924   STD   DEVS  FRon   THE   MEAN   (.NORmL   AppRox)

REVERSE   IATCHES

RATcliES         STD               CHl-SQ
/COHPS         DE y s         u NCORRECT E:D

:8888    :::!7:3

MATCH       NO.    OF           NO.    OF
POS          MATcllE:S       COMPS



3.-1

'0000
•4167
0000
0000

•0526
• 3704

:8;I:3
• cO 30

4-1
•1000      _1.7
•25`'0          1.7
•1000     -1.
.0862     -1.
• ,689
•0943     -

:258
•0400
•2708
•0426

:o354588
•4545

:332i
•0000
.0714
•0000
• 333,
• 3500
•0000
0000

•0000
1.000

SUMCH!:9¥,;ugoN;°§:5C5E?:;ROM3!8i62ME72h:#&gELisAppRox)



Table  9.-Data  used  for  input  for  second  sample  problem  using  multiple  descriptors  for  each
unit   (T=13);   2=present;   1=absent.     Columns  Iron  left  to  right  -1inest,one,   shale,   sandstone,
coal,   calcareous,   argillaceous,   sandy,   thick-bedded,   thin-bedded,   fusulines,   algae,
mollusks,   mixed  fauna.

-loo     -100
1        1        1        1        1        1        0        1        0        13



Table  10.-Output  for  matching  detailed  stratlgraphic  sections  along  with  statistical
information.

p:!3:ELGTc¥5P--.6!377733

C H I -SQ
(YATES)

CH I -SQ
UNCORFtECTED

FORWARD    MATCHES

NO.    OF           NO.    OF       RATCHES          STD
MATCHEs     cones        /camps        DEys

•64645

:;i!!!;
.1.0054

-2.037

;!i  :i;i:i!
404         1.1444
154     -1.4924

i3i   :;iii!!

2         .64645

RATCH
POS

sum   cH;:6¥7t36uB8O§55c5E3;  ;RON  !a±8#3h  :#g#AisAppROx,

CHl-SQ
UNCORRECTED

REyE:RSE    MATCHES

MATCHES          STD
/COMPS         DEVS

-.56408
•02792

::;%!!
3.0064

i:2#3-2.0

15
92
89
73
53

3g

NO®     OF
COMPS

MATcll       NO.    OF
POS          IIATCHES



SuM  CH;:2¥4§:¥:°§=5C::?±  ;RON  3Ei45#;A  :#;g#AisAppRox)
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KANSAS GEOLOGICAL SURVEY COMPUTER PROGRAM
THE  UNIVERSITY  OF  KANSAS,   I-AWRENCE

PROGRAM ABSTRACT

Title  (If subroutine  state in title):

AI-Col,  Program  for  Cross-Assoclatlon  of  Nonnumeric   Sequences  using  an  Elllott   803

Computer:           Elliott   803

Programming  language :

Author ,  organi zation:

Direct  inquiries to:

Date:             July   1965

obial   Svstematic€  Research  Unit.   Universit
of  Leicester,   Leicester,   U.K.

arc`.n   (:o`]rlc

Autlior  or

Name:               Daniel   F.    Merriam Address:       Kansas  Geological   Surve

Kansas
Purpose/description:   Progl.am  reads  a   Pair   of   sequences   whose   elements   belong   to  a   nonordered

Set,   e.g.   limestone,   shale,   sandstone,   etc.      The   data  are  read   ln  a   numel.1c   code.     The

"slides"   the  sequences  past   each  other  ol`e  or  more  steps  at   a   time  and  for  each

osition  counts  the  number  of  com al.isons   (size  of  overlap).    Various  signif icance

measures  and   overall  slnilarity  estimates  are  made.

Mathematical method:

Restrictions,  range:___    Sun  of   sequence   lengths  restricted  onlv  bv  size  of  store

Storage requirements:      Compiled   program  takes   about   30001ocations,    i.e.   6000  single   address
instructions

Equ ipment  specifications:

Memory  20K

31

Automatic  divide:     Yes                   No Indil.eat addressing:    Yes                    No

Oner  special features required            Paoer   tape  Station.   suitable  AI.COL  conDiler.

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

number of times  run  successfully,  programmng  hours)

ut   time.      Pro

On  a   fast   Elliott   803C,   the   run  time   is   normally

ram  needs   some  modification   to  I.un  at   other  AI.COL   installations.



APPENDIX

•I0FTC    CRS^SS
C

C

C
C

C

C
C

C
C

Fi)RTRAN     iv     PROGRAM     Fon     cRoSS     ASsoCIATloN     oF     NONNUHERic

sEouENCEs    usiN(;    AN     iBM    7o4o/7o44    coMpuTEa
BY     PAUL     F.     SMITH,      JR.

BASIC     GEoloGV
KANSAS     GEOLOG.GAL      SURVEY

KANSAS     UNIVEQSITV

LAWRENCE,      KANSAS

•SSSSS.    FORM    FOR     INPUT     DATA     ..S.SS.
C                      FIRST     CARD     CONTAINS      ANY     DESCRIPTIVE      INFORMAT[ON     AB0l/T     THE     FcllLOWING     DATA

C
C                     SECOND     CARD     CONTAINS     THE     CONTROL     PARAMETEfts     AS     LISTED     BElow

C                                 coiuMN         I-2        A     T     IN    THls    FIELD    c^usEs     Tr.E    pRocR^M     To     Exit     FOLLowlNG
C                                                                                                  THIS     SET    oF     r)^TA
C                                     CC)LUMN     3-7         lENGTH     0F     THE     LONGEf`     CHAIN      IRIGHT     JUSTIFIED)

C                                    C0luMN     8-12     lENGTtl     0F     1.HE     SHOOTER     CHAIN     (RIGHT     JUSTIFIEO)
[                                     COLliMN      13-17     LENGTH     C)F     THE     SLIDING     STEP      (RIGHT     JUSTIFIEDI

C                                    C0ll/MN     18-22     AN     .DENTlf:ICATloN     NUMBER     FOR     THIS     SET     0F     DATA
C                                     COLUMN     ?3-27     NUMBER     0F     POSSIBLE     VALIJES     AT     EActi    MATCH     POSITION

C                     {RIGHT     JuSTIFIED)

CULL/MN     28-35     LOWER     IIMIT     0F     THE     RANGE     FOR     WHIctl     THE     STANO^RO     DEVIATION

WILL     NOT     SUPPRESS     OUTPUT     FOR     THE     C`JRRENT     MATCH
posiTION.          (r)ECIMAi     polNT      is     CoNslDEREo     I.o     BE     BETWEEN
C0luMNS     31     AND     32     lF     N0     POINT      IS     PUNCHED)

CoLi,MN     36-43     upriER     LIMIT     oF     RANGE     I)ESCRIOEi)     AouvE.      (DECIMAL     polNT      IS

CoNsli)EREi)    To    BE    BETWEEN    coLimNs     39    AND    4o     iF     No    polNT
IS     PUNCHEDl

THIRD     CARD     CONTAINS     THE      POSSIBLE     VALUES     FOR     EACH     MATCH     PosllI0N     WITHIN      THE

SLloINr,     STEP      (MAT     BE    CoNTINUEr)     oN     S`jccEEDING    CARDS)      THIS     IS     aEAD      IN    A
FORMAT     0F      THIRTEEN,      SIX     CHARAcl.ER     ALPHA-NUMERIC     WORDS.

NEXT     CARD     CONTAINS     THE     foRMAT     SPECIFICATION     fc]R     THE     FOLLOWING     DATA.      THE

CHAINS     MUST     BE     READ      IN      IN     AN     A6     FORMAT.

•SSS.SS     REPEAT     Pf!OCEDURE     FOR     MULTIPLE     SETS     OF     DATA     .... SS.
-------   riEFINITIONs   -------

ALFA      IS     THE     NAME     0F     THE     loNGER     CHAIN.      8ET^      IS     THE     NAME     0F     THE     SHORTER

CH^[N,       I      ANt)     K     ARE     THEIR     RESPECTIVE     LENGTHsi     L      IS     THE     SLIDING     STEP.      XMU
AND     XLAMDA     ARE     THE     LIMITS     0F     THF     O`lTPUT     SUPPRESsloN     RANGE.      PROMAT      [S

PQOBIMATCH),      sTODEv      ls      THE     sTANDARo     DEviATloN.      ENPLus      ls     THE     MATCH

COUNTER,      MCOMPS      IS     THE     COMPARISON     COUNTEf`,      COMPMA      IS     MATCHES/COMPARISONS,

CHISQu      IS     THE     CHI-SC}UAPE,      ClllsoY      IS     THE     VATES     CORRECTEl)     CHI-SQUARE,
CHISUV     IS     THE     CHI-SO`JARE     SUM,     CHISUV      IS     THE     YATES     CHI-SQUARE      SUMi      NOMAPU

is      THE     NORMAL      AppROxlMATioN     TO     THE     sTANLi^RD     DEviATION,      NOMApy      ls     THE

NORMAL     AppRnxlMATloN     To     THE     ST^Nr)ARo     DEvlATloN     FOR     tile     VATES     CHI-souAQE.
MLAP      IS     THE     LOW     ALFA     POSITloN,     MHAP      IS     THE     HIGH     AIFA     Pl)SITI0N

ADr)RFss     ANT     QUESTluNS     To     THE     AUTHim    oR     DR.     oANiEi     F.     MERRIAM

218     LINDLEY     HALL
KANSAS     GEOLOGICAL     SuftvEY
KANSAS     UNIVERSI

IAWRENCEt     KANSA
All     MATHEYATICAL     FORMULAE      USED      IN     THIS     PROGf(AM     ARE     FROM     THE

KANSAs    GEoior,ICAi     suRVEy    spEciAi    DlsTRIOuTION    puBLlcAT[ON    NO.
OIMENSICN     ALFAllooo),     BETA{1000l®      OIFGRP(25t25),FMT114}tlNFO{

INTEGER     ALFA,BETA,ZIICH
REAL    NorApu,Nor.Apv
LOGICAL     LAST.XEXIT,      PAST

I      IF      (LAST)      CALL     EXIT

nATA    ziicH/6H                     /
BEAD(5.2)      INFO

READ      15,iotiAST,I,K,L.NUMDAT,NDIFF,xLAMi)A,xru,MM

CALL     ARcvRt<(I,K.L,NDiFF,xr.u,XLAHDA)
10    F[BMAT     (12.515.2F8.4.12t

READ       15®21       FMT

READ     (5,FMTl      ((DIFCRP(J,M),P=l,ND[FF),J=l,L)
READ  15  i  2  I  FMT

2     FnRMATii3A6.A2)
RFAE{5iFMT){AlfA(Jl,J    :     I,I)
RFA015,FMTl(BETA(J),J     =     I,K)

XEXIT     =     .FALSE.
WQ  Ire(  6,  21  )  INFO

21     FORMAT(lHl,13A6,A2)



WRITE      (6.40)      NUMDAT                                                                                                                                                                                                    CQSAS

40     FORMAT      llx     i45X,4011FORWAR0     HATctlES     SEQUENCE     IDENTIFICATION     ,14///)CRSAS
G0     TO     42

41      lFIXEXIT)     G0     TO     39

Gfl     TO     ,8
39    CALL    slriiNoiAiFA,BETA.I.K.L.SSuBL)

wRiTE(6,loot)     paoMAT
1001     foRMATllx,13HPR0BIMATCHl     =,F8.4)

llftlTE     16,1000)     SSUBL
1000     FC)RM^T      (lx//lx,18HSIMILARITY     INDEX     =,F8.4}

G0     TO     I
38    XEXIT    =     .TQUE.

Wf` I TE 16 .  21  }  I NF 0

Wf`ITE      (6,43}      NUMDAT

CRSAS

CRSAS

CRSAS

CRSAS

CRSAS

CRSAS

CRSAS

CRS^S
CRSAS

CRSAS

CRSAS

CRSAS
43     FORMAT                      146X,40HREVEBSE     MAl.CHES     SEQUENCE      IDENTIFICATION     ,14///lcRSAS

42    wnlTE     t6.45i                                                                                                                                                                                           cRSAs
45     FORMAT      IIX.7HL0     ALFA,5X,7Htll     ALFA,llx,6HNUMBER.lox,9HNUMOER    0F,9X,CRSAS

I 8HHA TC HE S/  , 9X ,  BHS TANDARO ,  7X ,  I OHCH  I-SQUARE .  8X ,10HCH I -SQUARE /  I x ,  8H POCR SA S
2SITI0Nt4X,8HPOS[TI0N,7X.10HOF     llATCHES,7X,llHCOHPARISONS,7X,llHCOMPCRSAS
3misoNs.8x,ioHDEvlAT|ONs,4x,iiHUNcORRECTED.8x,8HiyATEsi     ;/)
C,ISUV    =     0.
CHISUY     =    0.
D0110    J=|,I,|
NZERO     =     0
NPLUS    =     0
Jl=J
K1=K

50     IFIALFA(Jl).EQ.BETA(Kl}

CRSAS

CRSAS

CRSAS

CQSAS

CRSAS

CRsas
CRSAS

CRSAS
AND .ALFA I  J I  )  .NE . Z  I LCH. ^NO. BE TA ( K  I  )  . NE .  Z I  LCCRSAS

lH)     NPLUS     =     NPLUS     +     I
IF     (ALFA(Jl).EC.ZllcH.OR.BETAIKll.EC.ZILCH)     NZERO    =     NZERO    .i
K|    =    K|    -    1
J|   =   J|   -L
IFIJl.IT.I.OR.Kl.IT.i)    G0    TO    55
G0    T0    SC

55    HN    =    K-J
LAP    =    J-K,I

lF     (MN.GE.0)     MLAP    =     I
Ml-AP    =     J
MCOMPS     =     K

IF      (MN.GT.0)     MCOMPS     =     J
MC0lJIPS     =     MCOMPS    -     NZER0

CALL     PRCBABIALFAiBETA,DIFGRP®IiKtL,ZIICH,NDIFFipROMAT)

EWCOMP      =     MCOMPS

ENPIUS     =     NPLUS
If     lNPLIS.GT.MCOMPS)G0     T0     105
COMPMA     =     ENPIUS     /     EMCOMP

CKSAsloo
CRSAslol
CRSAS102
CRSAS103

CRSAS104

c rt s A s I 0 5
CRSAS106

CRSAS107
CRSASLO8

CRSAslo9
CRSAsllo
CRSAS  LIL

CF`  S A S  L  12

CRSAS113

CRSAS  114

CRSAS  115

CRSAS116

CRSASI  L  7
STDDEV     =     SC)RTIEHCOMP).12..(ARSIN(SORT(COMPMA)))-2..(ARSIN(SQRTIPROCRSAsll8

LMA  T  )   I   )   '

lFISTDDEv.GT.xMu.oQ.sTDr)Ev.LT.xLAMDAiGo    To     Ilo
Pf!OEHH     =      (I.     -PROMAT}

PROEMC     =     PROMAT     .     EMCOMP
X     I     ENPLUS     -     PROEMC

XX     =(EMCOMP-ENPLus)-     lpROEMr     .     EMCorp)
CtJISOU     =     (I..2/PF`OEMC)     +      (XX..2/(PROEMM     .     Et'COMP))
CHISUV     =     CH]SUV     +     CHISQU

Cr I Sov= (  I  ABS I x  }-. 5 I ..2 ) /pftoEMct  I  I ABs ( xx ) -.5 )  ..2 )  / (  PROF MM.EMCoMp )
Wl`ITE      (6.1001      MIAP,MHAP,NPLl,S.MCOMPS,C0mpMA,STDDEV,CHISOU,CHISQY

loo    FORllAT     13X.14.8X.14,12X,14,13X,14.12X,".4.8X.F8.4,9X,F8
14'
GO     ,0110

105    WfuTE16,201)
Ilo    CONTINUE

no    210       J=|,K,L
NZERO    =     0
NPLUS     =    0
KI    =    K    -    J
Jl=1

130     IF(AIFA(Jl).EQ.BETA(Kl)

CR SAs  I  I 9
CASASL20

CRSAS12|

CRSAS122
CRSASL23

casAsi?4
CRSAS`25
CRSASL26

CRSAS127

CRSAS128

4.  lox,  FB.CRSAS129
CRSAS130

CR  SA  S  13  I

CRSAS132

CRSAS133
CQSAS134

CRSAS135

CRSAS136

CRSAS137

CRSAS`38

lHI     NPIUS     =    NPLUS     `     I
IFIALFAIJI}.EC).ZllcH..R.BETA(KI}.FO.7.ILtHI     NZERO     =     NZERO     +     I
KI    =    Kt-I
Jl   =   JI-I
IFIJI.LT.I.OR.KI.LT.II     G0     T0150

CRSAS140
CRSAS14l

CRSAS142

CRSAS143
C ft S A S  I 4 4

33



G0    TO     130
150    MHAP    =     I

MLAP   =     I-K.Jtl
MCOMPS    =     I    -    MIAP    +I
MCOHPS     =    HCOMPS    -    NZER0
ENi]IFF    =    NrtlfF
EMCOMP     a     MCOMPS

ENplus    =    NPLUS
COHPMA    =ENPLUS     /EMCOMP
IF     INPIUS.GT.MCOHPS)     G0    TO    ZOO

CRSAS145
CRSAS146
CRSAS  147
CRSAS14B
Cft sA S 149
CRSASL50
CRSAS15l
CRSAS152
CRSAS153
CRSASIS4

ST00EV    a    SORT(EMCOMP).(2..l^RSIN{SORT{COMPMA})I-2.I(ARSIN(SORT(PROCRSAS155
|MAT'  I  I  )

If lsTDi)Ev.GT.xHu.ciR.sTODEv.LT.xiArDAiGo    To    2io
PROEHM    =     I1.    -PROMAT)
PROEMC     =     PROMAT     .     EHCOMP
X    =    ENPLUS    -    PROEMC
XX    -`EMC011P-ENPIUS)-     (PROEMM    .    EMCOMP}
CHISou    =    lx..2/PROEHC)     t    lxx..z/lpROEMM    .    Erc0MP))
Ctllsuv    =    CHISuV    +    CHISOU
CH I SOY=  I  I  ABS (  X  ) --5 ) ..2  ) / PROEIJIC. (  (  ABS (  XX I -. 51..21  /  (  PRCIEMM.EMCC)HP  I
IF     (MCOHPS.lE.0)    G0    TO    210
WRITE     16,loot     MLAP,MHAptNPLUstHCOMPsicoMPMAtsTDl)EV.CHISOU,CHISOY
G0    1'0    210

200    WRITE     16.2011
2Oi    FriRM^Tiix,29HHORE    MATctiEs    THAN    cOMPARisoNs     i
210    CONTINUE

EYFK?     =     ?    i{     (I+K)/L-3
NOMApu    I    soaTi2..    cHlsuv)-saRT    (EyEK2)
WR I TE t  6 . 220 )CH I SUV, NOMAl>U. L

C R S A S I 56
CRSAS  157
CRSAS158
CRSAS159
CRS^S160
CRSAS16l
CR SA S  162
CRSAS163
CRSAS164
CRSAS165
CRSAS166
CRSAS167
CRSAS168
CRSAS169
CRSAS170
CRSAS  171
CRSAS172
CRSAS173

220    FORMAT     IIX///lxi20tlTHE    CHI-SQUARE    SUM    =iFlo.4®lH.2XioHWHICH     IS,F8.CRSAS174
14HCRSAS  175

CRSAS176
CRSAS177
CRSAS178
CRSAS179
CRSAs l80
CRSAsl8l
CRSAS182

CRSAS183
CRSAS184

CRSAS185
c i{ s A s i a 6
CRSAS187
CRSAsl88
CRSASLB9

CR S A S,19 0
CRSAsl9l
CRS^S192
CRSAS193

CRSAS194
CRSAS195
CRS^S196
CRSAS197
CRSAsl98
CRSAsl99
CRSAS200
CRS^S20l
CRSAS202
CRSAS203
CRSAS204
CRSAS205
CRSAS206
CRSAS207
C k S A S 2 0 fl
CRSAS209
C t( S A S 2 I 0
CRSAS211

4    FORMAT(20Xt65HIENGTH    0F     BETA    CHAIN     IS     NOT     ECUAllY     DIVISIBLE     BY    THECRSAS212

I     SIIDING     STEP/}                                                                                                                                                                                               CRSASZ13
5    FORMAT120X.65HLENG"    OF    AIFA    CHAIN     IS    NOT    EQUALLY    I)IVISIBLE    BY     THECRSAS214

i4,2x,5orisTANDARD    I)EvlATloNs    FROM    THE    MEAN    (NORMAL    AppRox.}//ix,
2SIIDING    STEP    =,]31

CALL    CHNREV(BETA.I.KI
C0    TO    41
END

SIBFTC     ARDVRK

C                    EftROR     ROUTINE     FOR     INPUT     PARAMETERS
Su8RoUTINE    ARi)VRKII.K,I.NOIFF,xrii.xLAiiDA)
DIMENsloN     KX16}
IF(XLAMCA.GE.XtluI     Kxll)        =     I
IF(K.CT.I)     KX{2l     =    2
[F(L.GT.(.OR.L.GT.K)     KX(3)     =    3
KOLXL    =     (K/L).L
'nLXL   =    (I,|',L
IF{KDIxl.NE.KI     KX(4)     =    4
IF(Il)LXL.NE.ll     KX15)     =     5
lF(NI)[F:F.lE.O)XX16)         =    6
KSUM     =     a

IF(L.IT.0)KSulll    =    2
DO    loo    M    =     I,6

loo    KSUM    =     KSutl    4     KX(Ml
lF(KSUH.GT.0)     G0     TO    ZOO
RETuftN

ZOO     WftlTE(6,25)
WR  I  TE  (  6  i  LC  I

25     FORMAT      {lH1)
10    F0BMAT130X.17HAARDVARK    ASSEMBLY///35Xtl4HEPROR    MESSAGES//I

7    FORMAT(20Xi25HNON-POSITIVE     SIIDING    STEP/)
If  ( xLAMeA.6E.  xMu )  wR  ( TE  (  6 ,  I  )
IFIK.GT.I)     WRITE(6.2)
I F  I  l . GT .  I  .OR.L  .GT.K  I  WRI  TE  16 . 3  )
I F  I XDLX L . NE .K ) WQ I  TE (  6 , 4  )
I F (  IDIxl .NF . I  ) WR I  TE I 6. 5 I
I F  (  ND I I: F . lE .0  ) WR I  TE (  6 , 6 )

I     FORMAT120X,3lHCHECK     XLAMOA     AND     XMU    FOR    ERR0BS/)
2     FORMAT120X,46HBETA     IS     LONGER     THAN     ALFA.CHANGE     THIS    SITUATloN/)
3    FnRMAT{2Ox,46HCHECK     L,      I,     AMOK    FOR     pOsslBiE     iNcORRECT     INpuT/)

I     SLIDING    STEP/I
6     FORMAT(20Xi36HYOU    HAVE     NOT     ENTERED     NDIFF     CORRECTLY/)

CALL     EXIT

END

CRSAS215
CRSAS216
CRSAS217
CRSAS218



SIBFTC     TWNT5
c                  Tlils    sueRouTfNE     is    USED    IN    coMpuT[NG    THE    s[MiLARITy     INDEx

suaROuTINE    TttNT5(Ki,ji.ALFA.BETA.zlicH.HsuBL)
I)IMENSI0N     ALFA150).     BETA(50)
INTEGER    ^LFA     i     BETAt     ZILCH

HSUBl     =    MSUBL     t     I
KII    =    K|    ,    2    ,1
JII   =    J|   ,   2   .   L
^LFA{JII)     =    ZIICH
BETA(KIIl     =     ZllcI1

20    CONTINUE
RE,URN

END
•lBFTC     SIMIND        NODECK
C                    THIS     SUBROUTINE    COMPUTES     THE     SltllLARITY     INI)EX

SUBROUTINE     SltllNDIAIFAiBETA®I.K,L,SSUBL)
DIMENsloN     AIFA(I),     BF:TA(I)
lNTEGER     ALF^®      BETAi      ZILCH
0A1.A    ZIICH/6H                     /
10GICAL    M.Tclli     FINISH
FINISH    =     .FALSE.
HSUBL     =    0
12    =    L    ,    2

10    D0100    J    =    12,I,L
MATCH    =     .FALSE.
NSUM    =     0
00    20   JJ   =    I,L
Jl   a   J   -   JJ   t   I
Kl   =   K   -   JJ   t    I

20     IF(AIFAIJl}.EQ.BETA(Kl).AND.ALFA(Jl).NE.ZILCH.AND.BETA(Kll
lH)     NSUH    =    NSUH     t     I

HATCH    =    .FALSE.
IFINSUM.EO.L)     MATCH    =     .TRIJE.

30     IF{Jl.LT.I}    GCI    T0100
NSuH    I    0
DO    50    JJ=    1,L
K|   =   Kl    -    I
J|   =   J|   -I

50     IFIALFAIJl}.EO.BETAIKl}.AND.ALFA(J1).NE.ZILCH.AND.BETAIKl)

CRSAS219
CRSAS220
CRSAS22l
CRSAS222
CRSAS223
CRSAS224

CRSAS225
CRSAS226
CRSAS227
CBSAS228
CRSAS229
CRSAS230
CRSAS2]l
C ft S A S 2 3 2
CRSAS231
CRSAS234
CRS4S235
CRSAS236
CRSAS237
CRSAS238

CRSAS239
CRSAS240
CRSAS24l
CRSAS242
CRSAS243
CRSAS244
CRSAS245
CRSAS246
CRSAS247

NE . Z I LCCBSAS 248
C ft S A S 2 4 a
CRSAS250
CRSAS25l
CRSAS252
CQSAS253
CRSAS254
CRSAS255
CRSAS256

NE .  Z  I LCCR SA SZ5 7
lHI     NSUH     =     NSUM     +     I

lFINsuM.EQ.L.AND.iiATCH)CALL     TWNT5(Ki,ji,ALFA.aETA,zlLCH.MsuBL)
MJ]TCH     =             .FALSE.
IF(NSUH.EO.LI     HATCH    =     .TRUE.
G0     TO     30

loo    CONTINUE
KrL2    =    K   -    L2
DO    ZOO    J    =    l.Ktll2.L
NSuM    =     a
D0    120    JJ    =    I,1
Jl=I
Kl    =   K    -JJ

CRSAS258
CRSAS259
CRSAS260
CRSAS26l
C rt S A S 2 6 2
CRSAS263
CRSAS264
CRSAS265
CRSAS266
CRSAS267
CRSAS268
C fl S A S 2 6 9

120     IF(AIFAIJl).EQ.BETA(Kl).AND.ALFAIJl).NE.ZILCH.AND.BETAtKl).NE.ZILCCRSAS270
lH}     NSUM    =     NSUM     +     I

IF(NSUH.Eq.L.AND.HATCH)     CALL     TWNT5(Ki.ji,ALFA.BETA.zlLCH,rlsut]L)
MATCH    =     .FALSE.

IF(NSutl.EQ.L)     MATCH    =     .TRUE.
130    lF{Kl.LT.1)     C0    TO    200

NSuM     =     C
DO     150    JJ    =     I,L
K|    =    K1    -    I
J1    =    J1   -    I

CRSAS27l
CRSAS272
CRSAS273

CRSAS274
CRSAS275
CRSAS276
CRSAS277
CRSAS278
Cl{ S A S 2 79

150     IF(AIFAIJl).EC|.BETA(K1).AND.4LFA(Jll.NE.ZILCH.AND.BETA(Kl).NE.ZILCCRSASZ80
lHI      NSUM     =     NSUM     +      I

IFINSuH.Eo.L.AND.MATCHi     CALL     TWNT5ixi.Ji.ALFA,BETA,zlLCH,MSuaL)
MATCH    =     .FALSE.

IF(NSul1.EC.L}      MATCH     =     .TRUE.
r'0   ,0    |JO

200    CONTINUE

IF(FINISH)     G0     TO     250
CALL     CHNREV(BETAiLoK)

FINISH     =.TRUE.

G0     TO      IC
250    SSUBl    =    MsllBI

EYMU    =      '1     -1)      ,     L

CRSAS28l
CRSAS282
CRSAS283
CRSAS284
CRSAS285
CRSAS286
CRSAS287
CRSAS288

CRSAS289

CRSAS290
CRSAS29l
CRSAS292



SSUBl     =     SSUOL     /    EYMU
RETUQN

END
SlofTC    CHNREV
C                    THIS     SuBROUTINE    REVERSES     THE     CHAINS

SUBROutlNE    CtlNREV(BtLil()
DIMENSICN    a(10C0l
k2   =       K    /    2
D0    loo    J    =    I,K2
JJ   =   K   -   J   t   I
81   =    8(J)
B'J'    =    BIJJ'
B(JJ'=    8L

loo    CONTINUE
IF(|.|E.I)    G0    TO    210
|D2   =   1    ,   2
KHL    =     K    -    L
JCOUNT    I    a
0a   200JJ=1,K,|
JCOUNT     I     JCOUN1.     +     I
DO    200     JLI    =     I,LD2
JL    =    JCGUNT    .1    -JLI    +    I
J  I   JJ   ,   Jll   -1
81    =   0'J'
B'J)    a    a(J|'
B'J|'    =   81

ZOO    CONTINUE

210    CONTINUE
RETURN

END
SIBFTC    PRO8AB
C                    THIS    SUBR0uTINE    COMPUTES     PROD(HATCH)

SUBf`OuTINE     PRO8AB(AIFA,BETA,DIFGRP,I.K,L,ZILCH.NDIFF.PR0tlATI
DIllENSI0N    AIFAllooo).    8£T^(1000).    DIFGRl](25.25)
NSUM     =     a
DO    loo       N    =    I,L
I)0     loo        M    =     I,NDIFF
NBESuH    =    a
NAISUM     =    0
I)1]    30        J    =    N,I,|

30     lF     {ALFA(Jl.EQ.DIFCRP(NtM}lN^LSUH    =    NAISUM+I
00    50       J    =    N,K,|

5o    iF(BETAij).Eo.I)IFGRp(N.M))NBEsur    =    NBEsutl    .    I
NSUM    =     NSUM     +     NAISUM     .    NBESUM

loo    CONTINUE
SUMZ|    =    0,
SUMZ2    =    0,
ZERO        =    0,
D01,0       J   I    I,I

130    If lALFA(J).EO.ZIICHISUHzl    =    SllMzl    t    I.
A[     J=     I

ZERO    =    ZERO    +    AI    .    Sl"ZI
DO     150     J    =     I,K

150     lF`BETA(J).EO.ZILCHI     SUMZ2    =     SUMZ2    +     I.
AK=k
ZERO    =     ZERO    .    AK    .    SUHZ2
EYK    =     I     .    K
EL=1
EVXDL    =    EYK    /    EL
ZERO    =lzERO    -SUMzl    .    SUHZ2)     /    EI
ENSuM    =    Nsl"
PB0MAT     =     ENSUM     /     tEYKDL    -     ZERIJ)

RETURN

END
SENTRY

CRSAS293

CRSAS294
CRSAS29S
CRSAS296
CRSAS297
CRSAS298
CRSAS299
CRSAS300
CRSAS30l
CRSAS302
CRSAS303
CRSASJ04
CRSAS305
CASAS306
CRSAS307
CRSAS308
CRSAS309
CRSAS3lo
CRS^S3||
CRSAS312
CRSAS313
CRSASJ14
CRSAS315
CQSAS316
CRSAS317
CRSAS318
CRSAS3L9
CRSAS320
CRSAS32l
CRS^S322
CRSAS323
CRSAS324
CRSAS325
CRSAS326
CRSAS327
CRSAS328
CRSAS329
CRSAS330
CRSAS33l
CRSAS]32
CRSAS333
CRSAS)34
CRSAS335
CRSAS3?6
CRSAS337
cRSAs33a
CRSAS339
C&SAS340
CRSAS34l
CRSAS342
CRSAS343
CRSAS344
CRSAS345
CRS^S346
CRSAS347
CRSAS348
CRS^S349
CRSAS350
CRSAS35l
CRSAS352
CRSAS353
CRSAS354
CRS^S355
CRSAS356
CRSAS357

36



COMPUTER   CONTRIBUTIONS
Kansas  Geological  Survey

University  of  Kansas
Lawl.ence,   Kansas

I)aniel  F.   Merrian,   Editor

Special  Distribution  PublicatioD

3.      BAlcoL  program  for   tl.end-surface  mapping  using   an   113H  7090  computer,   by  J.   W.
IIarbaugh,    1963 .................................

4.      FORTRAN   11   progl.am  for  coefficient   of   association   (Match-Coeff)   using   an   IBM
1620   computer,    by   R.    L.    Kaesler,   F.    W.    Preston,   and   D.    I.   Good,    1963 ......

9.     BAI-COL  programs  for  calculation  of  distance  coefficients  and  corl.elation
coefficients  using   an   IBM   7090   computer,   by   J.   W.   Harbaugh,   1964 ........

11.     Trend-surface  analysis  of  regional  and  residual  components  of  geologic  structure
in   Kansas,   by   D.    F.    Her.riam   and   J.    W.   IIarbaugh,    1964 ..............

12.     FORTRAN  and  PAP  program  for  calculating  and  plotting  tine-trend  curves  using
an   1811   7094/1401   computer   system,    by   W.    T.    Fox,    1964 ..............

$0 . 50

SO.25

$0 . 50

SO . 50

$0 . 5013.     roRTRAN  program  for  factor.  and  vector  analysis  of  geologic  data  using  an
IBM   7090   or   7094/1401   computer   system,   by  Vlncent   Manson   and   John   Inbrie,1964 ....   SO.50

14.      FORTRAN   11   trend-surface   program   for   the   IBM   1620,    by   D.    I.   Good,    1964 ........   $0.50
15.     Application  of  factor  analysis  to  petrologic  variations  of  Anericus  Limestone

(Lower  Permian),   Kansas  and  Oklahoma,   by  J.   W.   Harbaugh  and  Ferruh  Demirmen,1964   .    .   $0.50
23.     AI.COL  program  for  cross-association  of  nonnuneric   sequences  using   a  medium  size

computer,   by   H.    J.    Sackin,    P.   H.   A.    Sneath,   and   D.   F.   Merriam,1965   .........   $0.50

Report  of  Studies

170-3     Mathematical  conversion  of   section,   township,   and  range  notation  to  Cartesian
Coordinates,    by   D.    I.    Good,    1964 ..........................    SO.25

Eulletin

171    A  computer  method  for  I our-variable  trend  analysis  illustrated  by  a  study  of
oil-gravity  variations   in  southeastern  Kansas,   by  J.   W.   Harbaugh,   1964 ....

Reprints   (available  for  limited  time)

Computer  helps  nap  oil  structures,   by  D.   F.   merrian  and  J.   W.   Harbaugh   (I.eprinted

use o:I::ei::s¥agrsgd€=ES±S±' i:te::ie::ig4:6o±::::
(reprinted  fron  Stan ford  University
no.    2,    1964)

Publ icat iD ns ,
structures,   by  D.   F.   Merrian

Geological   Sciences,   v.   9,

Use  of  asymetric  frequency  distribution  curves  of  core  analysis  data  in  calculating
oil  reserves,   by  F.   W.   Preston  and  J.   S.   Van  Scoyoc   (reprinted   from  Stan ford
University  Publicat i9¥,   Geological   Sciences,   v.   9,   no.   2,   1964)

geologic  structure  using  trend-surface  analysis,   by
I).   F.   Her.riam  and   R.   11.   Llppert    (repl.inted   from  Calorado  School   Mines
Qual.terly,   v.   59,   uo.   4,   1964)

Trend=:=ii;;:'Lab;i=;'o;-hy6ioa;;;iic.oil. tia;s.witi  th;  iBri  ;o6o/9i  ;oipit;I:   by.
J.   W.   Harbaugh   (reprinted   from
1964)............

Fourier  series  analysis  in  geology,
from  College  of  Mines,   Arizona

Geology  and   the  cch5ut€Fi
no.    444,1965).    .    .

Colorado   School   Mines Quarterly,   v.   59,   no.   4,

by  J.   W.   IIal.baugh  and  F.   W.   Preston   (reprinted
University,   v.    I,    1965) ............
errian    repl.inted   from  New  Scientist,   v.   26,

SO.75

no  charge

no  charge

no  charge

no  charge

no  charge

no  charge

no  charge
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