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Description

Iifroduction. It is often desirable to plot computer generated
output or obrain discrete distribution functions such as histograms
automatically. In general the raw data does not lend itself directly
to an easily readable presentation. The three related algorithms as
presented here obtain readable linear or logarithmic scales with
uniform interval sizes for users of various plot routines.

Readability. A readable linear scale is defined here as a scale
with interval size a product of an integer power of 10 and 1, 2 or 5,
and scale values integer multiples of the interval size.

A readable logarithmic scale on a display with uniform plotting
intervals is defined here such that the ratio of adjoining scale values
DIST = 10(”“‘{), where K and L are integers, with 1 < L < 10;
scale values are equal to DIST ”, where M is a set of successive
integers.

The definition of readability vsed for SCALE 1 and SCALE 2
permits scale values such as:

—0.5 00,05 1.0,...
1.24,1.26,1.28, . ..
100.0, 200.0, 300.0, . . ., etc.

It prohibits the following examples:

—10,4.0,99, ...
1.2,1.31,1.42, ...
0.0, 4.0, 8.0, 120, . .., etc.

The definition of readability for logarithmic plots would permit
scale values of 1, /10, (v10)%, 10, ..., but disallow 1, /5, 5,
55,25 .. ..

Usage. A call of the form
CALL SCALEL (XMIN, XMAX, N, XMINP, XAMAXP, DIST)

where XMIN and XMA X are the minimum and maximum, respec-
tively, of a given array and N a requested number of grid intervals
will return a new minimum and maximum XMINP and XMAXP
such that the range [YMINP, XMAXP] is the smallest range which
will embrace the range [XMIN, XMAX] and simultaneously result
in approximately N grid intervals, each of the length DIST. Interval
DIST is selected by SCALE1 as the product of an integer power of
10 and 1, 2, or 5. XMINP and XMAXP are integer multiples of
DIST.

In certain cases the number of plot intervals & has to be fixed.
In particular, for plots generated by devices with relatively large
pen increments, e.g. line printers or teletypewriters, NV is restricted.
For such cases SCALE2 for linear plots and SCALE3 for logarith-
mic plots have to be used.

SCALE2 with the same arguments as SCALE] differs from
SCALE] in that XMINP and XMAXP are determined such that
exactly & grid intervals will result; as a conscquence the range
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[XMINP, XMAXP] will in general be less economical than that
obtained by SCALEI. Paramcters DIST, XMINP, and XMAXP
will still satisfy requirements specified for SCALE], namely DIST
will be an integer power of 10 times 1, 2, or 5; and XMINP and
XMAXP will be integer multiples of DIST.

SCALE3 with the same arguments as SCALE] will set XMINP
and XMAXP such that & logarithmic uniformly spaced grid inter-
vals will cover the range [XMIN, XMAX|. DIST will be the ratio of
adjacent grid line values.

SCALE3 selects DIST as 10 ,where K and L are integers
and 1| < L £ 10. XMINP and XMAXP are selected so that
XMINP = DIST' and XMAXP = DIST' where j and { are inte-
gers.

Cailing SCALE1, SCALEZ, or SCALE3 will approximately
center the range [XMIN, XMAX] between XMINP and XMAXP.
SCALE], having determined DJ/ST, selects the maost economical
limits, i.e. (XMIN —~ DIST) < XMINP < XMIN and XMAX <
XMAXP < (XMAX + DIST). SCALE2 and SCALE3 sclect
limits to minimize (XATAXP — XMAX) and (XMIN — XMINP}
without necessarily satisfyving the previous inequalities, but subject
1o the constrainis of a fixed number of intervals.

The actual number of intervals &V, , determined from the out-
puls returned by SCALE] is as follows:

N, = (XMAXP — XMINP)/DIST.

N, may be slightly larger or smaller than N as shown by the fol-
lowing inequality:

(N/+/2.5) < Na < (N X /2.5 + 2).

N will always equal N if SCALE2 or SCALE3 is called.

Round-off considerations. The three algorithms compensate for
the computer round-off to assure that XMIN and XMAX are
within the range [XMINP, XMAXP]. A normalized parameter
DEL is introduced to scrve as a narrow gate around the minimum
XMIN and the maximum XA{AX to avoid an unnecessarily large
range [XMINP, XMAXP) caused by computer round-off. For
example, if DEL = 0.0001, N = 3 and SCALE1 or SCALE2 is
called, XMINPF of 1.0 and XMAXP of 4.0 will result for 0.9999 <
AMIN < 10001 and 3.9999 < XMAX < 4.0001. DEL is nor-
malized to the interval size and should satisfy the following in-
cquality:

A < DEL < (B X N)/C,

where A is the round-off expected from a division and float opera-
tion, B is the minimum increment of the plotting device in inches,
N is the number of intervals on the plot, and C is the plot size in
inches. For example, using single precision REAL+4 variables
{IBM 360): 4 ~ 0.0000002; for a precision flat bed plotter: B =
0.002, C = 50.0. Assuming N = 10 the following incquality is
obtained:

0.0000002 < DEL < 0.0004.

It is obvious from this inequality that in practical cases the range of
permissible values of DEL is so large that DEL is guite insensitive
to the type of plotter and the type of computer used.

(L/L+K)

Exumples
SCALE] Actual
No. of
Intervals
XMIN XMAX N XMINP XMAXP DIST
=3.1 11.1 S —4.0 12.0 2.0 8
5.2 10.1 5 5.0 11.0 1.0 6
—12000 —100 9  —12000 0 1000 12
SCALE? Actual
No. of
Intervals
XMIN AMAX N XMINP XMAXP DIST
—-3.1 1.1 5 —5.0 20.0 5.0 5
5.2 10.1 5§ 4.0 14.0 2.0 5
— 12000 —100 9 —14000 4000 2000 9
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Acwal C CHECK WHETHER A SECEND PASS 1S REQUIED
SCALE 3 NP o= MR - ML

No. of IF (NP.LE.N) GE T@ 40
I=1 o+
Infervals &5 16 30
a0 NX = (N-
XMIN XMAX N XMINP XMAXP DIST HINA S XMINE - FLEATCNNISDIST
1.8 125.0 10 1.58 158.49 1.58 10 AMAXP = XMINF + FLOAT(M)*DIST
C ADJUST LIMITS T& ACCOUNT FOR RBUND-UF7 IF NECESSARY

(=+10)

IF CAMINP.GT-XMIN) XMINP = AMIN

0.t 10.0 2 0.1 10.0 10.0 2 IF (AMAXP.LT-KMAX) XMAXF = XMAX
: : ' RETURN
0.1 15000 4 0.077 21544 1292 4 ENp

(= 100+119))

SUBRBUTLINE SCALE3C(XMINMN, XMAX, N» XMINP, XMAXPs BISTY

1

C ANS1 FBRTRAN
z&lgﬂrhhln C GIVEN XMINsXMAX AND Ny WHERE N IS GREATER THAN 1, SCALE3
C FINDS A NEW RANGE AMINP AND XMAXP DIVISIBLE INTO EXACTLY
€ N LOGARITHMIC INTERVALS, WHERE THE RATIO® 8F ADJACENT
SUBRQUTINE SCALFICKMIN. %XMAX, N» XMINPF, XMAXP, DIST C UNIFDRMLY SPACED SCALE VALUES IS DIST
C ANSI F@RTRAN DIMENSIAN WINTC¢11Y
G GIVEN AMIN.AMAR AND N SCALE1 FINDS A NEW RANGE XMINP AND DATA VINTC1), VINTC23, VINTC33, VINTC4)s VINTCS), VINTCS),
C XMAXP DIVISIBLE INTE APPROXIMATELY N LINEAR INTERVALS ® VINTCTY. WINTCEBY, VINTC9). VEINTC10), VINTC113/10., 9.,
G @F S1zF DIST % Bes Tes 6us Sep des 3es 2as lus o5/
G VINT 1S AN ARRAY ©F ACCEFTARLE VALUES FOH DIST ¢TIMES € GHECH WHETHER PROPER INPUT WALUES WERE SUPPLIED
¢ AN INTEGER PGLER ©F 10) IF (AMINSLT.XMAX .AND. N.GT.1 +AND. XMIN.GT.0.) G@ TO 10
G SOR IS AN ARRAY oF GEOMETRIC MEANS €F ADJACENT VALUES URITE (6:99999)
G OF WINT, IT IS USED AS RRFAX P2INTS T0 DETERMINE 59999 FORMAT(34H IMPREFER INPUT SUPPLIEDR TO SCALEI)
¢ WHIGH VINT VALUE T ASSIGN To DIST RETURN
DIMENSICN VINTC41, SARCID 10 DAL = 00002
DATA VINT(Ll)> VINTC2), VINT{3), VINT(AYA1lesr 240 Ses 10/ C VALUES ARE TRANSLATED FREM THE LINEAR INTO LGGARITHMIC
DATA SGRC1)» SOR(2), SARCIIAL 414214, 3.16887%5, 7.071048/ C REGIGBN
C CHEEK WHETHER PREPER INPLT VALUES WERE SUPPLIED XMINL = ALBGIQCXMIN)
IF (XMIN-LT+XMAX +AND. N.GT+0) GO Te 10 XMAXL = ALDGIO(XAMAX)
WRITE, (6:59999) FN = N
99999 FCRMAT(I4H IMPKEPER INPUT SUPPLIEDL T@ SCALEL) € FIND APPREXIMATE INTERVAL SIZE A
RETURN A = (AMAXL-XMINL)/FN
C DEL ACCBUNTS FER CEMPUTEK ROUND-BFF AL = ALBG1O(A)
C DEL SHEULD BE BREATER THAN THE kQUND-GFF EXPECTED FiEM NAL = AL
C A DIVISIGN AND FLEAT GFERATIONs LT SHUULD BE LESS THAN IF (A.LT.1.> NAL = NAL =
C THE MINIMUM INCREMENT 8F THE PLOTTING DEVICE USEDL BY € A IS5 SCALED INT@ VARIABLE NAMED B BETWFEFN 1 AND 10
C THE MAIN PROGKAM (IN.) DIVIDED BY THE PLET SIZE (IN.) B = A/10.%sNAL
C TIMES NUMBER 6F INTERVALS N C THE GLBSEST PERMISSIALE VALUE FOR B 1S FOUND
10 DEL = .00002 De 20 I=1.9
FN = N IF (BaLTa(10./VINTCIX+DELYY 6@ TO 30
C FIND APPRERIMATE INTERVAL SIZE A 20 CONTINUE
A = {XMAX~XMINY/FN I = 10
AL = ALEG10<A) C 7HE INTERVAL SIZE IS COMPUTED
NAL = AL 30 DISTL = 10.kk{NAL+1)>/VINTCI)
IF (A.LTa1.) NAL = NAL = | FM1 = XMINL/DISTL
A 1S SCALED INTE VAKIABLE NAMED B BETWEEN 1 AND 1Q M1 = FMI1
. B = A/10.4%NAL IF CFM1+LTeDs) ML = M1 - 1
£ THE CLOSEST PERMISSIPLE VALUF FOr B IS FAOUND 1F CABSCFLOAT(ML)+1.~FM1).LT«DEL) M1 = M1 + 1
DO 20 I=1.3 C THE NEW MINIMUM AND MAXIMUM LIMITS Ak FOUND
IF (B.LT.58KC1y¥) 66 T¢ 30 XMINP = DISTL*FLEATC(MI)
20 CONTINUE FM2 = XMAXL/DISTL
I =4 M2 = FM2 + 1.
C THE INTERVAL SIZE IS COMPUTED IF (FM2.LT.C-1.39) M2 = #2 - 1
30 DIST = VINTCD)*10e®#NAL IF (ABSCFM2+!.-FLEATCH2)).LT.DELY M2 = M2 = |
FM1 = AMIN/DIST - AMAXP = DISTL*FLGAT(M2)
Ml = FML : NP = MR - M1
IF CFMI.LTsD.) ML = M1 - 1 € GHEGK WHETHER ANBTHER PASS IS NECESSARY
IF C(ABSCFLBAT(MII#1.-FMI)LT.DEL) M1 = 41 + 1 IF (NP.LE.N) GO Te a0
C THE NEY MINIMUWKG AND MAXIMUM LIAITS AnE FOUND I a1 + ¢
XMINP = DEISTAFLBATMI) Ge 19 30
FM2 = RAMAX/DIST 40 NXK = (N=NP) /2
Mz = Fz + 1. XMINP = XMINP - FLOAT(MX)#DISTL
IF (FMZ2.LT-0-1.2) M2 = ¥z - 1 KMAXP = XMINP + FLOATIMI#DISTL
IF (ABSCFM2+1a-FLOATIMZ))WLT.DELY 82 = M2 - 1 C VALUES ARE TRANSLATED FRAM THE LOGARITHMIC INTG TRE LINEAR
XMAXP = DIST#FLOAT(MZ) C REGIGN
C ADJUST LIWITS TO ACCOUNT FOK ROUND-GFF 1F NECESSARY DIST = 10+#+DISTL
IF CAMINFGTXHIND KMINP = XMIN XMINP 10 . *kXMINF
IF CXMAXP.LTXHMAXD XMAXP = AMAX XMAXP = 10 .%kAMAXP
RETURN C ADJUST LIMITS TE ACCEUNT FGR ROUND-DFF LF NECESSARY
END IF CXMINF.BTXMIN) XMINP = XMIN
IF (XMAXP.LT.XMAX) AMAXP = XMA&X
SUBRBUTINE SCALE2CXMlINs> XMAX» Ns» XMINFs AMAXPs DIST) RETURN
C ANSI FORTRAN END
€ GIVEN XMIN.XMAX AND N 3CALEZ2 FINDS A NEW RANGE XMINP AND
€ XMAXP DIVISIBLE INTO EXACTLY N LINEAR LNTERVALS GF SIZE
€ DIST, WHERE N 15 GrEATER THAN 1

DIMEMSIGN VINT(S)
DATA VINTC(13, VINTC(23, VINTC3)s VINTCA)s VINTCS)/1es Z2as
* 5.5 10.: 20./
C CHECK WHETHER PRAPER INPUT VALUES WERE SUPPLIED
IF (XMINLLT.AMAX .AND. N.GT.13,68 TO 10
WRITE (£€,99%39)
99999 FGEIMAT(34H IMPROPEN INPUT SUFPPLIED TC SCALEZ)

RETURN
10 DEL = .00002
FN = N

¢ FIND APPROXIMATE INTERVAL SIZE A
A = (AMAR=RMIN)/FN
AL = ALGGI0OCA)
NAL = AL
IF CALLTel.> NAL = NAL - ]
C A IS SCALFED INT8 VARIASLE NAMED B BETWEEN 1 AND 10
B = AZ10.%¥NAL
C THE CL@SEST PFRMISSIBLE VALUE FOR B 1S FQUND
Do 20 I=1.3
IF (B.LT.t(VINTC(I}+DEL)) GB Te 30
20 GBNTINUE
I = 4
€ THE INTERVAL SIZE 18 COMPUTED
30 DIST = VINTCIX#10.%&NAL
i XMIN/DIST
#1 = FM1
IF (FM1.LT.0.3 M1 = M1l = 1
IF (ABSCFLOATC(M13+1.=FM1).LT.DELY ®l = M1 + 1
G THE NEW MINIMUM AND MAXINMUM LIMITS ARE FAUND
AMINP = DIST*FLOATL(M1)
FM2 = XMAX/DIST
M2 = FMP o+t
IF (FM2.LT.{=13) M2 = M2 = 1
IF (ABS(FMA+1.-FLOAT(MZ22>.LT.DEL) ¥2 = M2 - 1
XMAXP = DIST#FLOAT(M2)
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