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EWIKS is a program (with versions in CDC3600 and CDC6600 FORTRAK)
vhich produces rapid plots on the lineprinter of data values, contoured if
desired by a moving average algorithm, and presented either as a grey-socale
picture or as a numerically coded map. The map occupies up to two full pages
of printout, giving maximum dimensions of 13 inches (across) by 20 inches
(down)s Automatio scaling procedures are incorporated, though one may
optionally define the corner co-ordinates.



INTRODUCTION

For plotting large volumes of data as are obtained in regional
geochemical surveys, manual methods are very inefficient compared with
computer techniques, particularly when a number of variables are involved,
and when the same batch of data is required to undergo some statistical
treatment as well., Contouring programs normally used for mapping geological
and geophysical data within BMR rely on incremental plotters, and produce
maps accurate to .01 or .001 inch., However, their use is expensive, and fox
a large multi-element geochemical survey this expense could become prohibitive.

Additionally, the great accuracy obtained is not always essential to
geological interpretation of the data, and a faster, less expensive method of
map preparation would be more appropriate. Using the normal high-speed medium
of computer output, the lineprinter, a map can be plotted in about 6 seconds,
excluding computation time;, and the total cost of computation and plotting
is typically $2 to $10, compared with several tens of hundreds of dollars
for map production on an incremental plotter.

In most plotting programs, one also has to worry about setting the
origin and scales, defining boundaries, and avoiding any instructions which
might lead the pen off the edge of the paper. In KWIK5, such problems are
avoided by the provision of automatic scaling routines, which draw the
largest possible map in the space available, and can optionally search the
data matrix for highest and lowest co-ordinate values and data values, and
set the map boundaries and contour class limits accordingly.

Though originally written for its application to geochemical data,
the program is of universal application,

LINEFRINTER MAPPING

Head (1967) and Howarth (1971) have both described programs which
produce grey-level pictures on the lineprinter. These programs are at
opposite extremes in complexity, Head's HALFTONE being a simple subrountine
for plotting a single line of grey-scale output, while Howarth's PLTLP{ is
& long, complex program. HALFTONE requires a maximum of only two prints pex

_1line, but PLTLP{1 uses up to 6, though an alternative routine is given to plot

a non-overprinting grey scale,

KWIKS is a much simpler program than PLTLP1 and uses a modified
version of HALFTONE to plot either a grey-scale or a numerical contour map,
or optionally prints only a map of data values, without interpolation,

The accuracy of a lineprinter map is, of course, much lower than
that of a hand-drafted map or of a map produced by a computer-driven incremental
plotter, For example, the 29 inch Calcomp plotter at CSIRO Division of



Computing Research, Canberra, has an accuracy of 0.01 inch, but the line-
printer characters are 1/10 inch across by 1.6 inch vertically, giving
more than a tenfold reduction in accuracy. In situations where the
'topology' of the map is the important information, and exact location
of specific points is unnecessary, such loss of accuracy is quite .,
acceptable, particularly when increased speed and lower cost are taken
into account. .

Because of the space occupied by each lineprinter character, it
quite frequently occurs that two or more data points would plot at the same
position, and ‘in such a case it is their mean value that is plottedy Howarth
advocates the gcometric mean, and for trace element data with positvely
skewed distributions this is probably valid, but for general application to
major and trace elements and to other geological data, the arithmetic mean

" is of more general ysefulness,

If a contoured map is required, the program at present uses a
moving average algorithm to interpolate values between data points,

MOVING AVERAGE ALGORITHM

If the moving average contour option is selected, a value is
computed at each character position within the map area, by taking the
arithmetic mean of all values lying within a circle centred on the character
position, The radius of the circle is set automatically by the program, and
is given by the expression:

r =VPX Y / N

where X and Y are the horizontal and vertical dimensiona of the
map area, and N is the number of data points. P is an arbitrary factor’
controlling the size of the circle, set to 3 in the present version of
the program, but can be altered by re-writing the statement after statement
412 in KWIKS5:

PFAC = 3,0 § AREA = ABS(XX* YY) § PAREA = AREA¥PFAC/(FLOAT(NP)*
3.14159)
PFAC may be set to any desired value.
An example of the type of output produced by the moving average

option is shown in Figure 1; the data points (also plotted by KWIKS) are
shown in Figure 2. :



(a)

(v)

AUTOMATIC SCALING

Geographic co-ordinates. If the automatic scaling
option is selected, the data matrix is searched for
the maximum and minimum values of x and y. These
values are then rounded up (for the maxima) or down
(minima) to the next higher or lower number of the
form i * 109, where i and n are both integers. For
example, if the minimum and maximum values of x are
34.2 and 168.5, they are rounded to 30.0 and 200.0
respectively. This rounding is achieved by a sub-
routine ROUNDUP which is called by the autoscaling
subroutine AUTOSC. ROUNDUP uges the CDC 3600 FORTRAN
statements 'ENCODE' and 'DECODE' for truncation of
the unwanted digits.

z values. Subrountines AUTOSC and ROUNDUP are again
used, but in this case zmin is rounded up and zmax

is rounded down to give the best class differentiation
within the range of values of interest.

PROGRAM OPERATION

Deck Structure

*JOB, chargecode, ident , timelimit

*PFTN, X, L

Fortran deck inserted here

*LOAD
*RUN, timelimi

t, printlimit

Initial data card (1)
Variable format card (2)
Data cards (3)

,Z EOF

*EOD

Input card formats
(1) 1Initial data card.

Columns 1-10
11=20

21-30

31=40
--41=50

X co-ordinate of lower left corner of map
X co-ordinate of upper right corner of map
Y co-ordinateqof lower left cormer of map
Y co-ordinate of upper right corner of map
Minimum contour value (points with values below this are
plotted a8 zero on the number coded map or blank on the
grey-scale map) :



51-60
61=70

T4=75

79-80

Maximum contour value (points with values above this are
plotted as '#' on the number coded map or black on the grey-
s0ale map)

If any positive valua i1s inserted here, values are
interpolated by the moving average algorithmy if left
blank, data points only are plotted

If blank, a grey-scale with logarithmic contour spacing

is plotted

If =1, a mnumeric scale with logarithmic contour spacing is
plotied

If =2, a numeric scale with linear contour spacing is plotted
Right justified, logical unit number for input of data. If
data are submitted on cards in the same deck, this space may
be left blank,

The whole of card (1) may, if deairedS be left blank (except for

punching columns T74-5 and 79-80 when necessary
automatically. )

and scaling is performed

(2) Variable format card. Fortran-type format definition enclosed in
brackets, defining the format of x%, y, 8 data on the data cards, e.g.
(F5.2, 10X, 2F8.3 ;

(3) Data cards if included in the same deck, as spenifiad on cols 79-80
of eard (1)

REFERENCES

HEAD, A.K., 1967 - Halftone, CSIRO Computing Res. Sec., toch. Note. 21

HOWARTH, R.Jo, 1971 = FORTRAN IV program for-gay—isvelvmapping of spatial

data.

Jo math, Geol., 3, 95-122,



APPENDIX

Listing of program KWIK5 and subrountines AUTOSC, ROUNDUP,
MINMAD, HALFTONE, and SHELSORT.



5{5NAD ' 05/00/72
- PROGRAM KWIK5
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WRITYEN BY S,HENLEY, BMR GEDLDGICAL BRANCH- JUNE 1972

[ RLIST SUBRO S
Ci  KWIKMAP PLQTS & GREY SCALE PlCTURE oF DATA VALUES ON THE L!NEPRQMTER

€ INPUY =
CARD 1, FORMAT (7F10.,215)

X COORD BOTTOM LEFT CORNER
X COORD TOP RIGHT CORNER

Y COORD BOTYOM LEFT CORNER
Y COORD TOP RIGHT CORNER

¥IN, CONTOUR VALUE ('WHITE' ON PLOTTED WAF)
qAX CUNTOUR VALUE ('BLACK' ON PLOTTED MAP)
ou - Y )

MARK IF BL&NK. GREY SCALE WITH LDGARITHHIC SPACINﬁa

TF =1, NUMERIC SCALE WITH LOGARITHMIC- SPACING,
IF. =2, NUMERIC SCALE WITH LINEAR SPACING

caoaaaaadaaa

ly

TL LOGICAL UNIY NUMBER FOR INPUT OF X Y Z DATA
CARD 2 , FORMAT (10AB) FORMAY OF X,Y,Z DATA (ENCLDSED IN BRACKEYS)

T DIMENSTON X(3000),Y(3000),2(30007,A(L34),FHT(I0),KEV(4000Y,
» BXtEUOﬂ)alK(3DOU).lYIBOﬁn)

COMMON/L1/X»Y4ZW1X, 1Y
PRINT 1

T 1 FORMAT({&iPROGRAN KWIKWHAP = FAST PLOUTTING OF =
#% DATA VALUESs) :

READ 10, X3,XT,YR,YT,COMIN,COMAX, DUN, MARK, TL
10 FORMAT (7F10,215)

“IF (COMIN,LE,D0.0) COMIN=L,T
[F. (1L3LE«0) IL®w60

READ 20,FHT
20 FORMAY (10‘3)

~00 30 [T=1,5000
READ (IL,FMTY X(1),Y(1).2(1)

TF{EOF, LY 40,30
30 CONTINUE

40 NPR =1 e
|F: {COMAX,57,0,0) GO TO 401

CTTTTTTTTTUALL AUTGSTUN NP, XB, XYL, 1)
CALL AUTQSC(Y,NP,YB,YT,1)

CALL AUYOSU(Z,NP,CONIN,COMAX, D)
404 DO 25 =g, ,NP

BX(TYRXTTT¥X{TY=X8
25 Y(l)lYT-Ytll

#120,0
XX:XT-KE

YYeYTaYB
COLS=200,0%XX/YY

NCOLE=COLS
IF: (COLS.LE,130) GO TO 41

ROWSEROWS®I30,0/C0LS
COLS®130,0

NROWS=HOWS
NCOLS=130

41 00 412 [si.NP
IY(1)mY(])RROWS/YY




5,5NDAD <WIKS5

IX(1)=X(1)®COLS/XX
PRINT 26,14 1x(I),IYCD),XC1),YCE),2¢(1)

05/09/72

26 FORMAT(LX,3IT1A,3F12,2)
412 CIONTINUE

PFAC=3,0 § AIEASARS(XXeYY) § PARCATAREASPFAC/7(FLODAT(NP)#3,14159)

RANSSQRT(PAREA) § KRAD®(COLS®RAD/XX#0,5)
PRINT 4011i,NP
4011 FORMAT(1H0,®DATA READ FORs,[B,® SAMPLE PTSs)

T STALEsYY#5,07R04S
CALL SHELSORT(BX,NP, KEY)
DJ 402 Is5i,NF -
KKsKEY(])
402 PRINTY 26, 1,K%, I'K(KK),XTKK),Y{RK) ,Z{KK)
P?lNr 411, NCOLS,NROWS, SCALE

( » #MAP OCCUP @ V] ®,[10,®
se SCALE OF MaP [Se,F10,2 , ' INPUT UNITS PER PLOTTED INCHe/1iML)
PRINT 42 SEar el AATRIE SeiE] e
42 FIORMAT (IHZ)
AMAX30,0 R SRR g i

8//

CALL SETSC‘LE(DUH.DUH.HARK.CDHﬁK.COHlNI

CALL 30RDER(VCOLS,DUM,DUM,DUM,DUM)
IF (MARK,EQ,0) MARK=48

DY 80 I¥L,VRIWS
D) 50 Jui,NCILS

“PYSa0,0 § SUM=0,0
DJ. 45 Kmy, NP

KXeKEY(K)
IF(IX(KKY,GT,J) GO TO 46

; YLY,JY GO YO 45
JF(IY(KK),NE, 1) GO YO 45

SIMaSUMeZ (XK)
PTSsPTSe1,0

45 CONTINUE
46 IF (PTS,LE«0,0) 47,49

" 4771F (DUM,QT.U,00001) GO YO 48 T

471 AlJ)=L,0ELL

GO T0 50
48 SUMEPTSs0,0 § ISTARTSJ=KRAD $ ISTOP=JeKRAD

Dy 481 K!I-ND

KXpKEY(K)

IFCIX(KKY LY, ISTARY) GO YO #B81 —

IF (IX(KK),GY,15TOP) GO TO 482
XD{5T=ABS(JOXX7COLSX(RRYY " — 7
YDISTuABS(leYY/ROWS=Y(KK))

UISTsSGRY(XDISTee2 ¢ YDISY#e?)

IF (DIST,GE,RAD) 481,480
480 SUMaSUMeZ(XKY 3 PTSEPYS®1, 0
481 CONTINUE

482 'TF(PYSLE, T, 0V ¥71,39
49 A(J)aSUM/PTS

TF{RTJT (UT, AMAXY AMAX®ATJY
50 CINTINUE
T UCACCTHALFTONE(NTOLS, A, MARKY 7
60 CONTINUE S oy e
CTALL "gURDER(NCOLS,DUM,DUN, OUY, 0UNT .
PRINT 601

501 PORHMAT(IHY)
PRINT 61

"L FORMAY “(WL{TONE SCALE®77y 77

CALL PRNSCALE




5i50AD <WIKS

PRIINT 611,4aMax
511 FORMAT(#0AMAXus,F8,2)

05/09/72

PIINT 62
62 FORMAT(®OEND KwlKMAPe) _

CALL BX]T
END



545DAD 05/09/72
’ SUBROUTINE AUTOSC(X,N,XB,XT,L)

. P
C AUTOMATIC SCALING ROUTINE, IF Lei, XB AND XT ARE XNIN AND

@ XMAX, ROUNDED DOWN AND UP RESPECTIVELY: IF L#0 XB AND XT
' A UN u [ ]
¢

b DIMENSTON X(N)
CALL MINMAX(X,N,XMIN,XMAX)

CAL (XMIN,XB.1eLl)
CALL RQUNDUP(XMAX,XT,L)

—PRINY 10) XNV, X5, XMAX, XT .
10 FORMAT{#GAUTOSCALE ROUTINE GALLED = MINwe,F8,2,8 ROUNDED TOe,

WFOy272BXoMAXwe,FB,2,® ROUNBED TO®,V8,3)
RETURN
‘END




5:i5DAD

05/09/72
SUBROUTINE ROUNDUP(A,R,L)
: ROUNDS & GIVEV VALJE UP (Ls17 0% DOWN (Us0) FOR SCALING
C PLOTS ETCy AUTOMAYICALLY, T ETPE—
C ROUNDED VALUES ARE OF THE FORM (14L) ® 10 s N

ENCODE (8,10,M) A ’ Pl R S EESESSEE
PRINT. 11,4

11 FORMAY(IH ,E5,1)
10 FIRMAT(ES,1)
~ T DECODE (B8,20,M) J,K N~
20 FIRMAT(12,1X,11,14) ‘ it
TTBRPLOAT(JYRL0e YN . :

IF (B,GT4A) JmJey

JEJe|
RESFLOAT(J)8108aN o _ P
TREPURN T T T T

END




S515DAD 05/709/72

SUBROUTINE MINMAX(X,N,XMIN,XMAX)
¢

C FINDS MINIMUM AND MAXIMUM VALUES OF ARRAY X(N)
c r_

DIMENSION X(N)
XMINaXMAX3X(])

“7PI 30 !lZoN
XHINSBAMINL (XMIN, X(

1)
30 XMAXRAMAXL(XMAX,X(I))
RETURN '

END
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5,5DAD 05/098/72
SUBROUTINE HALFTONE(N; ARRAY,MARK), BLACK.HNITEa HALFTOOL
DIMENSION ARRAY(134), Jx(tsil.Jxxczaoa 2 JAL14),JAA(14),X(10),Y(10F HALPTOO%:
COMMON/HALFTN/X, Y, JA.JAA ;
IF(N®(Nw§35))40,1,1 HELPTO00Y

{ PRINT 2,N § RETURN HALFTO00&

2 FORMAT(BH N WRONGI15) HALPTOO®

10 IF¢JAL2) LT, 271,33 R T MALFT
11 PRINT 17 § RETURN HALFTO07?
1 ORMAT(18H NO GRAY SCALE SET) HALFYOO§

3 JSa(137«N)/2 & JFa{i35eN)/2 HALFTOO0®:

D0 4 Jr2,J5 HALFTULD
~ & IX(JelTVeUXX(Jul)R4B HALFTO1Y

DO 6 J8JS,Jb § KaJ=ys.

IF: (ARRAY(K#4),GT,1, 0E1n) G0~ 10 94

ZSARRAY(Kel) ,

DO 5 Lmi510° HALFTOLS

TFLZ=X{LY)9,9,5 HALFYO014

5 CONTINUE HALFTO013
L=id "HACFTO0L6

9 JX{JI=JA(L) HALFTOL?
JXX(JYEJRACLY RALFTULIE
GO T0 6 :

P1 JX{)eJXX(JI#4B

6 CONTINUE
JSMEJSeL & JFPaJF el
JXX(JSMIBJXX(JFP)RLR]

TF- (MARK,GE,»0) PRINT 7 MARK, (JX(M) MEl,JF) HALFTOID
PRINT 8, {JXX{M),Ma1,JFP) MALFTO2:

7 FORNAY ({H*,1{35R1) ‘

8 FORMAT(2X,134R1) HALFTO022
RETURN- HALFTOZY:
ENTRY PRNSCALE HALFT024
DO 12 T#L,10 § KeL+1 % ZeX(L)

12 PRINTL3, CJACLY MBL,5),Z, (LJALK) MBL,5), (JAALL),Me1,9), HALPTO028
1T TJRATRY M, B) HALFYOZ27

13 FORMAT(1H¢5X,5R1,E13,4,3%X,5R1/6X,5R1,16X,5R1) HALFTO028
RETURN HALFTORY
ENTRY SETSCALE HALFTO30
IF¥ (MARK{EW,»2) GO 710 19
JA(1)md8. § JAA(1)=48 § Yti:tt.2633 HALFPTODZ4
JE(2Y=27 ¥ JEA(2)=48 § Y(2)el, 2151 HACFTU33
JA(3)e10 $ JAA(3)=48 $ Y(3)eyL,1780 HALFTO3:
JAT4Y®12 § JAA(4)=5Y § Y(4)eL, 1527 WALFTO3Y
JALS5)®11 § JAA(S5)=48 § Y(5)9L,1340 HALFTO38
JE(G)"A5 § JAA(BIE27 § YI(6V#L, 1051 RALPTOSY
JA(7)e46 8 JAA(7)mb2 § Y¢7)l1;0773» HALFTO040"
JE{BYS24 § JEA(BVE30 § Y(BY#I, 0519 HALFTOWL
JA(R)Im4E § JAA(D)=81 § Y(9)eL,0266 HALFTO4R
JE{LIUYEZ2% § JAA(I0I®57 § Y(IU)I®I,0000 HALPTOWY
JA({11)=18 § JAA(11)=14 HALFTO 44
DO 16 C=1,10 HALFTOUS

FepLOAT(L=1)/9,0

16

X{L)eWH I TE®(BLACK/WAITE T ##F"
IF: (MARK4GE,»0) RETURN

180

D0 161 [s2.1i0

JA(l)a48

161

JAA(T)® [l
‘JA{L1)=JA(11)m48

JAA(1) 80

JAA(11)544




STSDAD WALFTONE

RETURN
19 X(§)=wWH]TE

05/00/72

D920 [=2,10

20 X(I)sWMITEe(l=1)e(BLACK~WHITE)/9,0

G0 70 160
ENYRY BORDER

JSB (137N} /72 =1
JER(133eN)/2 o1

DO 18 |=1,JF
JX(1)miR

TF: (1, 8EJ5) Jx(T)=1Re
18 CONTINUE

PRINY 8, (JX(¥),Ne1,JF)
RETURN

END

HALFT047



5{50AD ‘ 05/09772
SUBROUTINE SHELSORT(X,Ns+KEY)

c
C SHELL, VQDIFIED FRAMK AND LAZARUS,CACH 3,20 (1980)
c T9 SORT INTEGERS, USE  INTEGER X,TEMP

o MODIFIED BY S,HENLEY, JUNE 1972, FOR USE WITH K {KMAP

~—~¢ — PRODUCES A KEY ATT ; VE V&

C  NOT ALLOWED
:

DIMENSION X(1),KEY(1)

MJeNQO=N
D3 11 I=1,NO0 °

[T REY(II=]
10 IF(MO,LE.15) 1.3

TF(HG,GT, 17 2.7
MOs2a(MO/4) 1

GI 10 4
MOm2#(MD/B) o1

ol N &

KJaNO=M0
JOsi

1=J0
140=1+M0

o v

IF {x(I),GT, x(1¥0)Y 7,8
7 TEMP=X(])

X(1y1=xX(I40)
X(IMO)=TEMP

14 KEMP=KEY(I)
| KEY(1)rKEY(IY40)

13 [s1eMD

IF(T,LT,1) 8,68
8 JOrJOel

TF (J0.GY,K0) 10,5
9 END
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Data distribution map for the
same area as shown in Figure 1.

The maxima and minima do not agree
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