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ABSTRACT
XYPLOT is a package of subroutines designed to assist computer users
in generating conventional x:y graphs. Provision is also made for plotting
spectra, calendar data and polar data. Further routines are available for

labelling, writing legends and drawing supplementary axes.
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1. INTRODUCTION

This report describes a package of subroutines developed to assist users
in generating conventional planar graphs. It was written in response to
demands for a graphics package that would make the generation of planar plots
as simple as possible, while allowing a high degree of flexibility.

The package is written in FORTRAN and makes use of the bhasic AAEC plotting
routines. As well as conventional x:y graphs, provision is made for plotting
spectra, calendar data and polar data.

Graﬁh generation can be considered to consist of three parts: first,
graph initialisation where the type and size of the graph are defined; second,
data plotting where the data are represented in the desired form; third,
labelling where relevant information is placed on and around the graph. Further
routines are also provided for legend writing and the drawing of supplementary
axes.

2. GRAPH INITIALISATION ROUTINES

These are the routines that generally initialise a plot. They have four
main functions:

{i) allocate sufficient CALCOMP chart for the plot,

{ii) define a sub-area of the chart which becomes the '"graph paper",

(iii) set up scaling information for projecting user data onto the
chart,

(iv)} draw and annotate axes.

A description of each of the curréntly available initialisation routines
follows. Note that square brackets denote that the enclosed parameter is
optional, i.e. it can be omitted from the calling sequence. Note also that
single guotes are used for FORTRAN literals and double quotes for definitions.
XYPAPE

This is the general purpose initialisation routine.
The call is
CALL XYPAPE(XP,YP,XMIN,XMAX,YMIN,YMAX[,K])
where IXP‘ - length of x axis in inches
|YP] — length of y -axis in inches:
Xp,YP > 0 log scale,

< 0 linear scale,

XMIN - minimum x value reguired,
¥MAX - maximum x value required,
YMIN - minimum y value required,

YMAX - maximum y value required,



K - an optional parameter of the form
K = kg + 2ky where kyg,ky = 0 or 1 .,
If kg
kx

0 then XP is as above

1 then XP is either inches/unit x for
linear scales or inches/cycle for log scales
_ and similarly for ky and YP.
If K is omitted then the default is K=0.
Notes
(i) |YP| is normally limited to 9.5 inches.

{(ii) For log scales XMIN,YMIN>O.

{iii) The limits given by the user are rounded out and then become
the limits for the plot e.g. if limits of 1.2174 and 1.9846
were given, they would be adjusted to 1.2 and 2.0.

(iv) If XP = 0, a new XP is calculated by the routine to ensure
that the absolute X and Y scaling will be the same, as well
as the type of scale (linear or log). The parameter K is
ignored if present.

{v) Aall arguments may be INTEGER or REAL.

XYPAPE draws a "box" around -the so defined "graph paper" complete with
tick marks and annotation.
Example
CALL XYPAPE(-8.,6.,0.,100.,1.,100.)
would generate an 8 inch x 6 inch linear/log graph with the x axis scaled from
0 to 100 and the y axis scaled with two log cycles from 1 to 100.
PSPAFPE
This initialisation routine is designed for plotting spectra, i.e. data
where the independent variable is of the form x; = i. Many raw experimental
data fall into this category.
The call is
CALL PSPAPE (XP,YP,NMIN,NMAX,YMIN,YMAX)

where XP
¥P . .
- as for XYPAPE except that the x scale is always linear,
YMIN
YMAX
NMIN - minimum x value required,

NMAX - maximum x value required.



Notes
(i) ‘YP] is normally limited to 2.5 inches.
{ii) For log y scale YMIN>O.
(iii) The given y limits are rounded out and then become the
limits for the plot,
{iv) If XP = 0, a new XP is calculated so that the x axis will
have 50 units/inch.
(v} All arguments may be INTEGER or REAL.
PSPAPE draws a "box" around the so defined "graph paper", complete with
tick marks and annotation.
ANPAPE
This initialisation routine is designed for plotting data where the
independent (x) variable is time in calendar guantities (months, quarters etc.)
The call is
CALIL ANPAPE (XP,YP,IYA,IYB,YMIN,YMAX)

where XP
P - as for PSPAPE,
YMIN
YMAX
IYA - first full year required,
IYB - last full year required.
Notes

As for PSPAPE except that XP = O gives two years/inch.
XYFAKE

This routine allows initialisation of a plot exactly according to given
data; that is the given ranges will be used rather than the rounded ranges
given by XYPAPE.

The call is

CALL XYFAKE(XP,YP,XLA,XLB,YLA,YLB)

where xP } - as for XYPAPE,
YP
XLA - x value at left hand end of the x axis,
XLB - x value at right hand end of the x axis,
YLA - y value at bottom end of the y axis,
YLB - y value at top end of the y axis.

Notes

(i} YP is normally limited to 9.5 inches.
(ii) XLA is not necessarily less than XLB, i.e. user units can decrease

along the axig, The same applies to YLA and YLB.



(iii} All arguments may be INTEGER or REAL.

XYFAKE does not attempt to draw axes. Axes can be drawn with either
XYFADE or the other axis drawing routines which are described later.
RTPAPE

This is the r:06 initialisation routine.

The call is

CALL ﬁTPAPE(RP,RMAX)
where RP - length of radial axis in inches,
RMAX - maximum r value required.
Notes
(i) RP is limited to 4.75 inches.
(ii) The radial axis is always linear with r = 0 at the centre of
the plot.
(iii) RMAX is rounded to a suitable number.

(iv) All arguments may be INTEGER or REAL.

RTPAPE draws a graduated circular frame of graph paper with a radial
axis drawn at 6 = 0,

RTFAKE
The call is
CALL RTFAKE (RP,RMAX)

This routine is identical to RTPAPE except RMAX is not rounded nor is the

radial axis drawn.

2,1 Default Option Modification Routines

Any general purpose routines such as those described above must have
default options for such parameters as annotation format, plot positioning
and axis length limits. The default options used were those most generally
acceptable, However, in some circumstances, greater user control is required
and consequently various routines are available to medify these defaults.
They are described below.

XYXFMT

XYXFMT defines the x-axis annotation format to be used by XYPAPE. The

call which remains effective for the rest of the job unless overridden is
CALL XYXFM?(K,FMT,L)
where K — an option:

K= 2 - floating point numbers to be written,

K= 1 =~ integers to be written,
K= 0 =~ revert to standard annotation,
K = -1 = no annotation,



FMT - FORMAT to be used for K>0, or dummy if K<0,
L - dummy for X<0

for K>0 either

(a) maximum length of string to be written, in which
case the string, with leading and trailing blanks
removed, is centred under the tick mark at each
annotation point,

(b) maximum length of string to be written plus 100
times the particular character position of the
string required under the tick mark. The space
between two characters can also be selected by
adding 50 to the result for the first of the two
characters, e.g. the space between characters 2
and 3 would be selected by adding 250 to the string
length.

Examples

CALL XYXFMT{1,'{IS5)',5)
would result in the x axis being annotated with integers and the resulting
string centred under the tick mark.

CALL XYXFMT(2,' (F6.2)',406)
would cause the x axis to be annotated with floating point numbers with the
decimal point always under the tick mark.
XYYFMT

This defines the y axis annotation format to be used by XYPAPE, PSPAPE

and ANPAPE. The call which remains in force for the rest of the job unless
overridden is

CALL XYYFMT(K,FMT,L)
where K,FMT and L are as for XYXFMT except that L is used only to specify

the maximum string length.
PSWRIT
The PSPAPE x axis is always annotated with centred integers. This

annotation may be omitted by a

CALL PSWRIT(O)
and turned back on for subsequent plots with a

CALL PSWRIT (1)
XYVMAX

The default maximum y axis length is 9.5 inches. For some applications

(e.g. comparison with recorder charts), plots 10 inches high may be desirable.



To allow this simply use
CALL XYVMAX(10.)

Note, however, that this restricts the space around the graph for
labelling, and the heading (see description of XYHEAD below) will be written
inside the graph.

XYHMAX

The default maximum X axis length is 100 inches, and the absolute max-

imum 1000 inches. A maximum length greater than 100 inches may be requested by
CALL XYHMAX (HMAX)
XYWAY
For some applicaticns it is desirable to be able to plot sideways, i.e.
with the y axis running down the length of the CALCOMP chart. To do this
CALL XYWAY (2)
In this case the x axis is restricted to 9 inches and the y axis has the same
restrictions as the x axis had before. To revert to normal plotting
CALL XYWAY (1)
XYVPOS

For plots that do not require the full width of the CALCOMP chart (e.g.
¥YP < 9.5 inches for normal plotting) the graph will be centred on the chart.
Sometimes it 1s desirable to create more space either above or below the graph
for extra labelling. To achieve this

CALL XYVPOS (VPOS)
where 0. < VPOS < 1.

Then if VPOS = 0. say, the graph will be as low down on the chart as
possible and increasing values will define higher positicns. The default
is 0.5.

XYPLTF

For XYPAPE, the given x and y ranges are rounded out and, for PSPAPE
and ANPAPE the y range is rounded out, The default criterion here is that
the given range should be at least 0.8 (80%) of the rounded range. This
factor may be increased (up to 0.96) by a

CALL XYPLTF (FRAC)

This factor also applies to the radial limit with RTPAPE.
XYSKEW

This routine allows all the graph positioning and rotation options to be
overridden. It also allows multiple graphs to be produced on the one plot,

Consider first the initial graph of a plot. On initialisation an origin

is defined at the bottom of the CALCOMP chart and an area approximately 10.8



inches high and a multiple of 16.54 inches long is available for graphs. This
multiple of 16.54 inches is called the number of "pages". Graph initialisation
re-defines this origin to be at the bottom left hand corner of the graph when
viewed with natural orientation. As an example, for normal plotting the graph
origin is

(2, [0.74VPOS* (9.5-|YP|) 1)
from the initial origin., XYSKEW allows both the number of plot pages and the
graph origin to be defined explicitly. The other facility available to the
user is a projection matrix which allows rotation and skewness options. The
XYPLOT package always generates data at pen movement level in inches from the
pre-defined graph origin ("plotter co-ordinates"). These data, howeveyr, are
always transformed by the projection matrix before a final chart position is
obtained.

For example suppose the graph origin is at (2, 8) from the initial plot
origin and the projection matrix is
0 1
Lol

Then a relative position of (4, 7) would become
2 o 1}[4 2 + 7 9
+ = =
8 -1 0 7 8 - 4 4

i.e. (9, 4) from the original plot origin. This projection gives sideways
plotting and it is in this way that the package provides that option.

A projection matrix of

1 tan ¢
0 1
produces a skew plot where the y-axis is at an angle ¢ to the vertical. Note

that this same projection matrix is applied to all data including text. As

another example, a matrix

-1 0]
o]
would produce a mirror plot in the horizontal direction.
XYSKEW also allows multiple graphs to be produced on the same plot,
Normally, subsequent calls to any of the graph initialisation routines would
end the current plot and commence a new one. XYSKEW can override this default.

The call, which remains effective for one graph initialisation only, is

CALL XYSKEW(N,HO,VO[,PMAT])



where

HO
Vo

PMAT

>0

<0

8

specifies that the next graph initialisation call
will commence a new plot of N pages,

returns the package to its normal state,

specifies that the next graph initialisation call
should go on the current plot,

for an initial graph (N>0) gives location of required
origin relative to initial plot origin,

for subsequent graphs (N<0) gives location of required
origin relative to previous graph origin,

dummy for N=0,

may be INTEGER or REAL,

optional argument specifying projection matrix where
PMAT is a 4-word array containing (Py1,P15,P21,P22)

The projection matrix is then
P11 P12
Pro1 Pao

if PMAT is not given the current default projection

as defined by XYWAY is used.

Note that HO,V0 is projected by the earlier projection matrix for the

case N<0Q,

Example

To produce two 8 inch x 4 inch graphs on the one plot we could have:

CALL XYVPOS(0.)

CALL XYPAPE (-8.,-4.,XMIN1,XMAX1,YMINL,6 ¥YMAX])

CALL XYSKEW(-1 ,0.,5.5)

CALL XYPAPE({-8.,-4.,XMIN2,XMAX2,YMIN2, YMAX2)

OR to produce a graph with 10° skew (tan 10°=0.17633)



REAL*4 PMAT(4)/1.,0.17633,0.,1./

CALL XYSKEW(l,2.,1.45,PMAT)
CALL XYPAPE(-10.,-8.,XMIN,XMAX,YMIN,6¥YMAX)
Note
For r:0 plotting, the graph origin is not at the centre of the circular
piece of graph paper. The centre of the graph paper is at the point (RP,RP)
in plotter co-ordinates.
In fact RTPRPE and RTFAKE initialise the graph with a
CALL XYFAKE(-TRP,-TRP,-RM,RM,~RM,RM)
where TRP - 2*RP
RM - maximum r value of the plot.

3. DATA PLOTTING ROUTINES

Once a graph has been initialised it is then ready to accept graphical
information. The routines described in this section plot data in a variety
of ways. Any number and combination of these calls may be made for a single
graph. For all these routines the data are given in "user" units and the
package automatically projects the data points onto the chart, windowing them
into the predefined piece of graph paper (except for "X¥", "PS" or "AN" plot-
ting on an "RT" graph, in which case the window is the sguare surrounding the
circular graph).

In all cases the argument arrays are 4-byte real numbers. However, in
many cases, equivalent versions of the routines are available which accept
REAL*8 arrays. This availability is indicated in the corresponding standard
routine description.

Details of selection of line types and plot symbols are given at the end
of this section. A description of each of the data plotting routines follows,
XYPNTS

This routine draws a plot syﬁbol at each given data point (X(I),¥(I)).

The call is
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CALL XYPNTS(X,Y,N)

where X = array of x values
Y =~ array of y values
N - number of points

XYPNTD is the double precision version.
XYLINE
This routine connects each given data point with a straight line, A plot
symbol may also be drawn at each point.
The call is
CALL XYLINE(X,Y,N)

where X, Y - as before,
' IN] - number of points. If N<O a plot symbol is drawn at each
point.

XYLIND is the double precision version.
XYHIST
This routine draws a histogram.
The call is
CALL XYHIST(X,Y,N[,K])
where X - array of boundaries for the histogram (|N]+lvalues).(The
value Y (I) extends over the range X{I) to X(I+l)),

Y - array of y values (histogram heights),

|N| - nunmber of points:

N>Q the full vertical bars of the histogram are drawn,
N<0 only the "top" of the histogram is drawn,

K ~ an opticnal parameter which if present and non-zero
defines the y values to be histogram areas i.e. the
plotted value will be Y(I)/|X(I+1)-x(1)].

XYHISD is the double precision version.
XYERRB
This routine draws a plot symbol at each given data point together with
error bars.
The call is
CALL XYERRB(X,Y,DX,DY,N,K)

where X,¥ -~ as for XYPNTS
DX = array of errors on x values or dummy if not required,
DY - array of errors on y values or dummy if not required,
[N| - number of points:
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N>0 error bars always drawn,
N<0 error bars only drawn if they clear the plot symbol,
X - an option:
K>0 errors on y values only,
K=0 errors on both x and vy,
K<0 errors on x values only.
XYERRD is the double precision version.
XYMURV
This routine draws a smooth single-valued curve through the given set of
points. The given x values must be monotonic. A plot symbol may also be
drawn at each point.
The call is
CALL XYMURV({X,Y,N}
where X
b4 - as for XYLINE.
N
XYMURD is the double precision version.
XYCURV
This routine draws a smooth curve through an arbitrary set of data points.
A plot symbol may alsc be drawn at each point,
The call is
CALL XYCURV(X,Y,N)
where X
b4 - as for XYLINE.
N
XYCURD is the double precision version.
XYSPNE
This routine fits a cubic spline {(see, for example, [Ahlberg et al. 1967])
to the data with knots at each given data point. The user can specify that
only a sub-portion of this spline be drawn.
The call is
CALL XYSPNE(X,Y,N,NA,NB,WORK}

where X - array of x values,
Y - array of y values,
N - number of points,
NA - first point to be used for plotting,
NB - last point to be used for plotting,
WORK - a work space of at least 6N words (24N bytes).
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XYSPND is the double precision version. The space requirements for
WORK are unchanged,
Note

The curve routines (XYCURV,XYMURV,XYSPNE and RTCURV)first convert the
given data into data relative to the plot origin (in most cases actual chart
co-ordinates unless non-rotational or non-reflective projections are being
used). The curve is then fitted to these data so that the final plot will
appear as smooth as possible., Further details of the curve routines are
given in Appendix A,
XYHERB

This routine draws a histogram with error bars.

The call is

CALL XYHERB (X,Y,DY,N)

where X - array of boundaries for the histogram (]N|+l values},
Y - array of y values (histogram heights),
DY - array of errors on the y values,
|N| - number of points:

N>0 standard size cross bar on error bars,
N<0 cross bar half-width of histogram bar.
XYHERD is the double precision version.
Note
The full vertical bars are not drawn by this routine.
XYLSEG
This routine joins given pairs of data points with straight lines. Up to
ten pairs may be given in a variable length argument list of the form
CALL XYLSEG(X1,Y1l,X2,Y2,.....,%XN,¥YN).
The arguments may be INTEGER or REAL.
XYCONT
This routine draws a contour map using linear interpolation.
The call is
CALL XYCONT(z,ND,X,NX,Y,NY,C,NC)
where z - matrix of wvalues of £(x,vy),
ND - row dimension of the Z array, i.e. the actual first dimension
of Z in the FORTRAN DIMENSION statement,
~ array of x values,
- array of y values,
NX = number of x wvalues,

NY = number of y values,
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C - array of required contour levels,
NC - number of contour levels.
Notes
(1) z(I,7 = £X(I),¥(D).

{ii) This routine stores information in the last two bits

of each 2

element. This will not affect the values of Z(I,J) by a factor

greater than (1 + 2723y,

(iii) The routine can be called several times for the same

Z,%X,Y arrays

but with different C vectors. If the line type is changed in

between these calls the various contour levels will thus be drawn

with different line types.
PSPLOT
This routine plots spectrum data.
The call is
CALL PSPLOT(NST,Y,N)

where NST - starting value for x, {.e. the x values will be NST,NST+l,....,
NST+ N -1,
Y - array of y values,
lNl - number of points:

N>0 points connected by straight lines,
N<0 plot symbol drawn at each point.
PSPLOD is the double precision version.
PSHIST
This routine plots spectrum data as a histogram.
The call is
CALL PSHIST(NST,¥,N)
where NST
b4 - as for PSPLOT, except that the sign of N has
N
PSHISD is the double precision version.
Notes

(i) The full vertical bars are never drawn.

(ii) The boundaries for the histogram are NST-1 NST*l,...,NST+N—
VA Zz

PSERRB
This routine plots spectrum data with error bars.
The call is

CALL PSERRB(NST,Y,DY,N)

no effect.

1
T'



14

where NST _
v usual meanings except for N<Q when the error is taken
DY - as the square root of DY. This is useful when variances
N of raw data are stored.

PSERRD is the double precision version.

ANPNTS

This routine draws a plot symbol at each given calendar data point.
The call is

CALL ANPNTS{IY,IM,MW,Y,N)

where Iy - year of first data point,
™ - month of first data point,
Mw - number of months that each data point represents,
Y - array of y values,
N - number of points,

The plot symbol will be drawn centred on each data field. (Months are
considered to be exactly one twelfth of a year.)
e.g. If N data values were available quarterly commencing in the June quarter

(April to June) of 1963, then

IY = 1963
IM = 4 (April)
MW = 3 (one quarter) .

The corresponding first x value would be

X = IY + (IM-1)/12 + 1/2*MW/12
= 1963 + 3/12 + 3/24
= 1963.375
and the steps in x would be 3/12 = 0.25 .

ANLINE

This routine connects calendar data points with straight lines.

The call is

CALL ANLINE (IY,IM,MW,Y,N)

where Iy
IM
mw |~ as for ANPNTS,
Y
IN| - number of y values. If N<O a plot symbol is also drawn at

each point.

The projected points are centred on the data fields.
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ANHIST
This routine draws calendar data as a histogram.
The call is
CALL ANHIST{IY,IM,MW,Y,N)

where iy
IM - as for ANPNTS,
Mw
¥ - array of y values,
]NI - number of points:

N>0 the full vertical bars of the histogram are drawn,
N<O only the "top" of the histogram is drawn.
The horizontal bars of the histogram span the given data fields. Thus
the N+1 boundaries would be
x = IY + (IM-1)/12;1IY 4 (IM-1)/12 + MW/12; ...;IY +
+ {(IM-1}/12 + N * MW/12
RTPLOT
This routine plots r:0 data.
The call is
CALL RTPLOT(R,T,N)
where R - array of r values,
T - array of 9 values {default radians, but see RTIDEG in
Section 3.1},
N ~ number of points:
N>0 points connected by straight lines (in plotter space),
N<0Q plot symbol drawn at each point.
RTCURV

This routine draws a smooth curve through an arbitrary set of data points.

The call is
CALL RTCURV(R,T,N}

where R
} - arrays of r and 9 values,
T
|N| - number of points. If N<0 a plot symbol is drawn at each
RTPURV point.

This routine connects data points with curves that correspond to straight

lines in r:9 space.
The call is

CALL RTPURV(R,T,N)
where R

T - as for RTCURV.
N
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RTARC
This routine draws an arc at constant r.
The call is
CALL RTARC(R,Tl,T2)

where R ~ r value,
T1
} - range of arc.
T2
RTRAP

This routine draws a radial line.
The call is
CALL RTRAP{R1,R2,T)

where Rl }
- range of r,
R2
T - angle of line,
RTERRB

This routine draws a plot symbol at each given data point, together
with error bars.
The call is
CALL RTERRB(R,T,DR,DT,N,K)

where R
} - arrays of r and 8 values,
T
DR - array of errors on r or dummy,
DT - array of errors on 6 or dummy,
N
} - as for XYERRB.
K
RTCONT

This routine draws a contour map in r:0 geometry using linear interpolation.
The call is
CALL, RTCONT(Z,ND,R,NR,T,NT,C,NC)

where Z - matrix of wvalues of f{r,0),
ND - row dimension of % array,
R - array of r wvalues,
NR - number of r values,
T - array of 8 values,
NT -~ number of 6 values,
c - array of required contour levels,

NC - number of contour levels.
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Notes ,
(iy 2Z(I,T = £(R(I),T(J)).
{ii) See notes (ii) and (iii) for XYCONT.
3.1 Output Modification Routines

The following routines affect the results of the previously described
plotting routines.
XYSETL
This routine specifies which line type is to be used. There are ten
line forms available, The first (number lj ig a solid line while the other
nine (numbers 2 to 10) are various dashed lines with a basic pattern length
of 0.6 inches (Figure 1).
After the graph initialisation call, the line shape that will be used
for plotting is number 1 (solid), This can be changed by
{a) CALL XYSETL(NL)}
NL =1,2,...,10 to specify the line type,
(b) CALL XYSETL(0) ox
which sets the line type to the next in sequence (cyclic).
This routine also resets the line to the start of its 0.6 inch
pattern.
XYSETS
This routine specifies which plot symbol is to be used. There are eight
plot symbols available (Figure 1). After the graph initialisation call, the
plot symbol that will be used is number 1 {asterisk). This can be changed by
(a) CALL XYSETS(NS)
NS =1,2,...,8 to specify the plot symbol,
(b) CALL XYSETS (0) or
which selects the next plot symbol in sequence ({(cyclic).
X¥SSZE
This routine specifies the size of the symbol to be used. After the graph
initialisation call, the plot symbol size is .04 inches square. This can be
changed by
(a) CALL XYSSZE (SIZE)

where SIZE is the required symbol size in inches,

oY
(b) CALL XYSSZE(ISIZE)

where the symbol size becomes .04*ISIZE.
XYCONS
This routine allows individual data plotting calls to have the y data

undergo a linear transformation before being projected onto the graph.
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The call is
CALL XYCONS (CA,CM)
where the data as plotted become
CA + CM * Y(I} .
CA and CM are set to 0 and 1 respectively at any graph initialisation
call.
For example, suppose we have some temperature data in Kelvin and want to
plot them in Fahrenheit. The transformation is
[T(K)-273.151%9/5 + 32
-459,67 + 1.8T(K) .

I

T{°F)

1

Thus we might have

.

CALL XYCONS(-459,67,1.8)
CALL XYLINE(X,T,N)

This option should not be used with r:0 plotting.
RTTDEG
After graph initialisation all angular (0) data are expected in radians. A
CALL RTTREG
sets the r:0 routines to accept data in degrees.

4. GRAPH LABELLING ROUTINES

These routines allow the user to label the graph and write supplementary
text and numbers on and around it.

For individual strings, it is generally necessary to give the string
length (number of characters) to these routines. To assist the user the con-
cept of a terminating character has been introduced to allow string lengths to
be self-defining. For example if "$" is the terminating character then the
string

'TITLE FOR PLOTS$'

is recognised as the l4-character string '"TITLE FOR PLOT'. The default term-

inating character is the 0-8-2 punch {shift T on the 029 card punch) .

Some of the graph labelling routines also support two other special con-
trol characters. The first is an alphabetic shift out/shift in character to
allow lower case alphabetic data to be given as upper case. For example if "#*"

is the alphabetic shift character, the string
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'M*IXED* C*ASE'
would become: Mixed Case.

The default alphabetic shift character is "¢". The second control char-

acter allows vertical shifting to produce superscripts and subscripts. Let
the vertical shift character be "@". The substrings "@0"(zero) or simply "@"
where the next character is not 0,1,2,3,4 reset +to normal characters. The
substrings "@1","@2","@3","@4" specify that following text is to be written
half size with vertical position:

. above the text for @l

. level with top half of the text for @2

. level with bottom of the text for @3

. below the text for @4
For example the string 'HE@42 @8’
would generate Ho S .

The default vertical shift character is in fact "@".

As a final example, if the supposed special characters given above are
used, the string
'MASS VELOCITY (*KG M@2-2@ S@2-18%)§°
would generate MASS VELOCITY (kg m? sy,
B description of the labelling routines follows.
XYHEAD
This routine writes a heading for the graph centred at the top of the
graph. Subsequent calls space downwards. For 1YP|$§9.5, there is room for two
lines above the graph.
The call is
CALL XYHEAD (STRING [,NCH])

where ) STRING - string of characters,
either {
NCH - number of characters in string,
STRING =~ string of characters including
or. the terminating character,
NCH - 0 or omitted, which specifies that

the terminating character search is
required.
Special control characters are supported by XYHEAD.
XYNAMX
This routine writes a label for the x-axig centred under the graph. Sub-
sequent calls space downwards.

The call is
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CALL XYNAMX (STRING[,NCH])
where STRING as for XYHEAD. The special control characters are
NCH } ) also supported.
XYNAMY
This routine writes a label for the y-axis centred on the left hand side
of the graph. Subsequent calls space away from the graph (hence multiple
calls should be made in reverse of natural order).
The call is
CALL XYWAMY (STRING[,NCH])
where STRING} as for XYHEAD. The special control characters are
NCH } ) alsc supported.
XYTLEN
This routine allows the terminating character to be changed by, for
example, a
CALL XYTLEN({'$')
which would change the terminating character to “$".
If no terminating character is found in a string a default length of
80 characters is assumed. This maximum length can be changed by a
CALL XYTLEN (MAXLEN)
where MAXIEN specifies the new maximum length.
XYSHFC
This routine allows the alphabetic shift character to be changed by, for
example, a
CALL XYSHFC('*')
XYPESC
This routine allows the vertical shift character to be changed by, for
example, a
CALL XYPESC({'!")
XYSETT
This routine allows all the control characters to be changed in a single
call.
The call is of the form
CALL XYSETT('Tav')

where T - terminating character,
A ~ alphabetic shift character,
A - vertical shift character.
XYTEXT

This routine allows a text string to be written anywhere on the plot.
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The call is
CALL XYTEXT(X,Y,STRING,NCH,SIZE,THETA)

where X location of bottom left hand corner of the text in

Y }~ user co-ordinates (INTEGER or REAL),

STRING - string of characters (optionally with terminating
character),

NCH - length of string or zero if terminating character
is used,

SIZE - height of text in inches or, if integer, multiple
of basic text size of 0.07 inches,

THETA - angle in degrees of text to positive x—axis (INTEGER

or REAL) .
The special shift characters are not supported.

XYPEXT

This routine allows a text string to be written anywhere on the plot.

The call is
CALL XYPEXT(H,V,STRING,NCH,SIZE,THETA}

where H location of bottom left hand corner of the text in
Y } ) plotter co-ordinates (INTEGER or REAL}.
STRING '
NCH
STZE as for XYTEXT
THETA

The special shift characters are not supported.
XYNUMB
This routine allows a number to be written under normal FORTRAN FORMAT
control anywhere inside the graph.
The call is
CALL XYNUMB (X,Y,A,FMT,SIZE,THETA)

where X
Y
SIZE - as for XYTEXT,
THETA
A - the number or variable (INTEGER or REAL),
FMT - the FORMAT to be used.

The special shift characters are not supported.
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XYPUMB
This routine allows a number to be written anywhere on the plot.
The call is
CALL XYPUMB(H,V,A,FMT,SIZE,THETA)
where H
v
A - as before.
FMT
SIZE
THETA

The special shift characters are not supported.
XYBUE
Both XYNUMB and XYPUMB are restrictive in that they only allow one number
to be written, Hence there is a need for a routine that allows more complicated
strings to be assembled in core by the user, which can then be given to the
labelling routines. XYBUF provides this facility.
The call is
CALL XYBUF (BUF,NCH,FMT,V1,V2,...,VN)
where BUF - an in-core buffer supplied by the user. BUF should
have space for 80 characters by default. (The default
can be changed by a CALL XYBUFL(LBUF), where LBUF is
the supplied buffer length),
NCH =~ the number of characters written. This parameter is
returned by_the routine,
FMT - a FORTRAN FORMAT,
Vl,..., VN - from O to 20 variables to be written.
Example
DIMENSION BUF (20)

CALL XYBUF (BUF,NCH, ' ("RUN NUMBER",I3,4X,"REACTOR POWER",-6PFS8.2,
& "MEGAWATTS")',NRUN,POW)
CALL XYHEAD (BUF,NCH)

.
-

Note that the double quotes may be either two single quotes or the double
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quote character - therefore text strings containing double quote characters
cannot be produced by this routine.
XYBUFN
This routine is similar to XYBUF but allows an array to be written.
The call is
CALL XYBUFN(BUF,NCH,FMT,A,N)

where BUF
NCH - as for XYBUF,
FMT
A - the array to be written,
|N| - number of elements of A to be written:
N>0 elements of A 4 bytes
N<O elements of A 8 bytes,(but only first 4 bytes
written).
XYSPCE

The text produced by these labelling routines is basically 4 units wide
by 7 units high (thus for best results text should be a multiple of .07 inches
high). Between these characters there is a space which for annotation is
always 1 unit and for other text 2 units wide.

The spacing for non-annotation text can be changed by a

CALL XYSPCE(NU)
where NU - number of spacing units,
XYPEST

This routine allows general text strings to be written anywhere on the
graph.

The call is

CALL XYPEST(H,V,STRING,NCH,SIZE,THETA[,POS])
where H

v

STRING

NCH

SIZE

- as for XYPEXT

THETA
POS — an opticnal argument which if given should be in the
range 0.SPOSS<1l. , the default being zero. POS
specifies the position in the string that should lie
on (H,V). e.g9. POS = 0.5 centres the string.
The special control characters are supported by XYPEST.
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5., LEGEND DRAWING ROUTINES

The routines described in this section provide the user with a method for
constructing legends. Consider the concept of & legend block which may have a
heading, followed by a number of entries. Each entry comprises two fields,
the first containing a line type or plot symbol, and the second the description
of the section of the graph which uses that line type or plot symbol.

Note that any number of legend blocks may be drawn on the one graph, but
not concurrently.

XYLEGO
This routine defines the position of the legend block.
The call is
CALIL XYLEGO (HO,VO)
where HO the location of the top left hand corner of the legend
VO " block in plotter units (INTEGER or REAL).

Note for non-skew plotting,default positions are defined. For normal
plotting the default is (|XP|+O.5,IYP|-O.5), while for sideways plotting it
is (0., |¥p|+6.).
XYLEGH

This routine writes a heading for the legend block.

The call is

CALL XYLEGH(STRING[,NCH])

where the same conventions as for XYHEAD apply, except that the string always
starts exactly on the legend origin., The special shift characters are sup-
ported.
XYLEG

This routine writes a legend entry.

The call is

CALL XYLEG(N,STRING[,NCH]) for N>0
or
CALL XYLEG(N,FMT,A) for N<O

where 1 - current plot symbol followed by string or number,

r

2 - current line type followed by string or number,

3 - both the current line type and plot symbol followed
by string or number,

4 - histogram in current line type followed by string
or number,

0 - text only, starting in symbol or line field (for

\ writing sub-headings).
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The other arguments have their normal meanings (see Section 4, Graph
Labelling Routines). The special shift characters are supported for N =0.
XLEGH

The line or symbol field is by default ten double-spaced characters wide
(1.2 inches), which allows all line types to be easily recognised. This width
(expressed as a number of characters) can be changed by a

CALL XYLEGW(N)
where N*0.12 becomes the width of the field. The space between the symbol
and text fields is always 0.24 inches or two double-spaced characters.,
XYLEGS
This routine allows resetting of the major parameters.
The call is

CALL XYLEGS (SIZE,WIDTH,SPACE)

where SIZE - character height for text in inches,
WIDTH - width of symbol field in inches,
SPACE - vertical entry spacing in inches.

The defaults for these parameters are 0.14,1.2 and 0.25 inches respectively.
XYLEGI
A
CALL XYLEGI (INC)
modifies the current legend entry pointer by INC. Thus, to leave a
blank line in the legend
CALL XYLEGI(1).
6. AXIS DRAWING ROUTINES

The following routines allow the user to draw axes with any scaling,
anywhere on the plot. They can therefore be used to produce either sup-
plementary axes for XYPAPE, PSPAPE and ANPAPE graphs or major axes for XYFAKE
graphs.

The axes produced by these routines can have the scales in descending
order {(even for log scales). The effect of exchanging starting and finishing
positions of the axis is merely to have it drawn from the opposite end (e.g.
to optimise pen movement),

XYXAXS
This routine draws a linear x axis.
The call is
CALL XYXAXS(Hl1,H2,V,X1,X2,KT,KA,FMT,SIZE,L)



where H1

H2

Xl

X2

KT

FMT

SIZE

XYXAXL

This routine
identical to that

annotation format.

XYYAXS
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the starting position of the axis in plotter
co-ordinates (INTEGER or REAL),

the finishing position of the axis in plotter
co-ordinates (INTEGER or REAL),

x value at Hl (INTEGER or REAL),

% value at H2 (INTEGER or REAL},

tick mark option:

KT>0 tick marks above the axis,

KT=0 tick marks through the axis,

KT<0 tick marks below the axis,

annotation option:

KA>0 annotate above the axis,

KA=0 no annotation,

KA<Q annotate below the axis,

1KAl=l annotate in integers,

IKA|=2 annotate in floating point,

PORMAT to be used for KA¥#0. Dummy for Ka=0,

FORMAT character size (see XYTEXT). Dummy for Xa=0,
Maximum length of FORMAT string to be written. Dummy
for Ka=0.

draws a logarithmic x axis. The calling sequence is

for XYXAXS, except that |KAl=3 produces the standard log

This routine draws a linear y -axis.

The call is

CALL XYYAXS(V1l,V2,H,¥1,Y2,KT,KA,FMT,SIZE)

where H

vi

V2
¥l
Y2
KT

}
‘f

starting position of the axis in plotter co~ordinates
{INTEGER or REAL)

finishing position of the axis in plotter co-ordinates
(INTEGER or REAL),

y value at V1 {INTEGER or REAL) ,

y value at V2 (INTEGER or REAL) ,

tick mark option:

KT>0 tick marks to right of axis,

KT=0 tick marks through axis,

KT<0 tick marks to left of axis,
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KA - annotation option:
¥a>0 annotate to right of axis,
=0 no annotation,
KA<D anncotate to left of axis,
]KA[=1 annotate in integers,
|KA|=2 annotate in floating point,
PMT

}- as for XYXAXS
SIZE

XYYAXL

This routine draws a logarithmic y axis. The calling sequence is
identical to that for XYYAXS, except that |KA|=3 will produce the standard
log annotation format.
XYFADE

This routine draws a set of axes, similar to those produced by XYPAPE,
for an XYFAKE graph. The user must, hOWever,'supply a FORMAT for each axis.

The call is

CALL XYFADE (XFMT,YFMT[,LX])

where XFMT - format for annotating x axis,
YEMT - format for annotating y axis,
LX - optional parameter giving maximum length of string

produced by XFMT. The default is 10.
Both formats must be for floating point numbers (F or E type).
XYFRAM
This routine draws a frame around the graph sub-area,
The call is
CALL XYFRAM
7. SERVICE ROUTINES

These are routines which generate no actual plotting data but may be use-
ful to the user.
X¥YBNDS
This routine returns upper and lower bounds for a given array.
The call is
CALL XYBNDS (A,N,AMN,AMX[,XW])

where A - given array,
N - number of elements of A,
AMN - lower bound for A array,
AMX - upper bound for A array,

Kw - optional arqument defining precision:



28

XW=1 for a single precision array (default if omitted),
KW=2 for a double precision array.

Note AMN and AMX are not necessarily the greatest lower bound and least
upper bound respectively; rather, they are suitable ranges for plotting the
array.

XYBIRO
The user may request that a particular (biro} pen be used.
The call is
CALL XYBIRO('COLOUR')
where COLOUR may be BLACK,BLUE,RED, or GREEN.

If this call is made when no plot is initialised, the request is saved
until a plot is commenced; otherwise the new colour is requested immediately.
XYPROJ

This routine converts user co-ordinates to plotter co-ordinates,

The call is

CALL XYPROJ(X,Y,H,V[,&0UT])

where X
v } - user co-ordinates (must be REAL),
H plotter co-ordinates obtained from user co-ordinates
v } ) érojected onto the gragh,
&0OUT - optional error return which is taken if X,Y was outside
the graph limits.
AYPRJIW

This routine converts user co-ordinates to plotter co-ordinates without
windowing.
The call is
CALL XYPRIW(X,Y,H,V)
where the arguments are the same as for XYPROJ, except that H,V may lie out-
side the graph area.
XYBOX
This routine re-defines the sub-area into which the "XY", "PS" and "AN"
data plotting routines window. The original ranges of this area are
0. < H< |xp|
0. S Vs iYPl i.e. the original graph sub-area.
They are changed by a ‘
CALL XYBOX(Hl,H2,Vv1,v2} making the new area
Hl < H < H2
Vi<V sSV2 .
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All arguments may be INTEGER or REAL,
RTPROJ
This is the r:9 projection routine.
The call is
CALL RTPROJ(R,T,H,V)

where R . )
'} - user co-ordinates in r:0 geometry (must be REAL),
T
H } plotter co-ordinates obtained from user co-ordinates
v projected onto the graph.
RTPRJW

This routine projects r:0 data without windowing,
The call is
CALI, RTPRJW(R,T,H,V)
where the arguments are as for RTPROJ, except that H,V may lie outside the
graph area.
RTRLIM
This routine re-~defines the range of r values that may be accepted for
"RT" plotting. The original ranges are
-RMAX = R < RMAX .
These are changed by a
CALL RTRLIM(RA,RB)
with ~RMAX = RA < RB € RMAX making the r range
RA S R<RB.
Note RA,RB may be INTEGER or REAL.
8. LOW LEVEL ROUTINES

The XYPLOT package uses the standard low level plot routines GPSEND,
GPLOT and GPTEXT. These routines have been described elsewhere [Cox et al.
1969] but a brief description of the important calls is given below. As well,
other low level software has been written to support the XYPLOT package; these
routines are also described in this section. The user can use these routines
to develop his own special purpose data plotting software.

GPSEND

This routine is used to initialise and terminate plotting. It should
not be called by the XYPLOT user.
GPLOT

This routine is used to establish origins and scales as well as to move
the pen. The origin or plot scales should not be changed by the XYPLOT user.

The use of GPLOT to move the pen is described below.
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The call is
CALL GPLOT(H,V,I)
where : } - plotter co-ordinates (must be REAL),
3 - move to (H,V) with the pen up,
I= 4 - move to (H,V) with the pen down,
5 - move to (H,V} drawing a dashed line.

Note that the particular dashed line drawn will be the last dashed line
requested by a CALL XYSETL. If this routine has not been called it will be
line type 5.

GPTEXT

This routine generates the calls to GPLOT necessary to draw a character.
XYPLOT users are advised to use the graph labelling routines for generating
strings.

GPSYMRB
This routine draws a plot symbol.
The call is
CALL GPSYMB(H,V,M)

where H . .
- location of centre of symbol in plotter co-ordinates,
\Y
M - gymbol type.

Note that the description of XYSETS contains details of the plot symbols
available. The symbol size will be that defined by the last call to XYSSZE.

GPPNUM
This routine writes numbers pcsitioned on a point.
The call is
CALL GPPNUM(H,V,A,FMT,SIZE,THETA,POS)
where H ]
v
A
T \ ~ the usual meanings (see Section 4 Graph Labelling Routine),
SIZE

THETA

POS - the character position in the string that should lie on
(H,V) after leading and trailing blanks have been removed.
0., < POS € 1,
Thus for example if P0OS=0.5 the number will be centre on (H,V}.
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XYPSEG

This routine joins given pairs of data points in plotter co-ordinates
with straight lines. Up to ten pairs may be given in a variable length
argument list of the form

CALL XYPSEG(H1l,V1,H2,VZ2,...,HN,VN)

The current XYPLOT line type is used. The arguments may be INTEGER or
REAL,
9. PLOT TERMINATION

Plotting is terminated by a
CALL XYEND
This call is necessary to ensure that output buffers are emptied. How-
ever, the call is generally necessary only at the end of a job, since a plot
initialisation call automatically terminates any current plot and commences a
new one.

10. COMMON BLOCKS

There are several labelled COMMON blocks which may be accessed by the
user. These are described below.
XYCcoMs$
The COMMCN statement is
COMMON /XYCOM$/ M,L,D,X1,%2,Y1,Y2,XPG,YPG,KK,DX,DY
where M - current plot symbol number for GPSYMB calls,
L - current line defiﬁition for GPLOT calls:
L =4 -~ solid lines,

L =5 -~ dashed lines,

D - interpolation parameter used by XYMURV and XYCURV,
X1 user co-ordinates at plotter position (0.,0.) (graph
¥l } B origin),

X2 user co-ordinates at plotter position (|XP|,|YP|)

Y2 } ) (graph extreme),

XPG - |xe],

YPG - fre],

KK - plot type (x scale : y scale}:

1 1linear : linear,

KK
KK = 2 linear : log,
KK 3 log : linear,
KK =4 1log : log,

5

XK = r :+ @9

DX
} ~ scaling parameters.
DY
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XYBOX$
The COMMON statement is
COMMON /XYBOX$/ H1,H2,V1,V2,HSZE,HO,VO,LENT, NEXT

where H1
H2 current graph sub-area limits (see description
Vi ) of XYBOX),
v2
HSZE - half current symbcl size,
HO
} - legend origin,
Vo
LENT - 1legend entry pointer,
NEXT - plotting active indicator:
NEXT = 9090 - plotting in progress,
NEXT # 9090 - plotting not in progress.
RTCOME

The COMMON statement is
CCOMMON /RTCOM$/ DEGREE,RA,RB,RP
where DEGREE -~ logical variable which 1s .TRUE. if data are expected

in degrees,

5

}— r limits for windowing,

g B

- r axis length in inches.
GPCHAR
This COMMON block is part of the low level plotting software. However,
some of the data may be found useful. The COMMON statement is
COMMON /GPCHAR/HO,VQ,HS,VS,JFA,JFB,HPOS,VPOS, IFL, IPL, IBC,HR,VR
where HO current origin in plotter units. Always (0,0) for

VO XYPLOT,

HS
} - current scale factors. Always (l,1) for XYPLOT,

VS
HEPOS current pen position in plotter units.
VPOS :
HR _ I . i .
} - position of current origin relative to initial origin.
VR

The other data are used for communication between GPSEND and GPLOT.
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FIGURE 1 - LINES AND SYMBOLS FOR XYPLOT

LINES:  CALL XYSETL(LINE) OR CALL XYSETL(O)
oYMBOLS: CALL XYSETS(NSYM) OR CALL XYSETS(0)

— 0 MEANS NEXT LINE/SYMBOL (CYCLIC)
SIZES:  CALL XYSSZE(ISIZ) OR CALL XYSSZE(SIZE)

LINE SHAPES SYMBOLS AND SIZES
SHAPE NO. NO. SIZE
1 * 1 * 1 0OR 0.04
____________ 2 + 2 © ¢ (0B 0.08
e 3 X 3 © 30R 0.12
————— e 1 a 4 etc.
______ 5 @ 5
— = B © b
—_—— e — 7 a 7
- - B8 n B
9
—————— 10

DEFAULTS ARE EQUIVALENT TO CALLS WITH ARGUMENT 1
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APPENDIX A
CURVE ROUTINES

For the curve routines XYCURV,XYMURV and RTCURV, the interpolation is
by weighted gquadratic polynomials. For XYCURV and RTCURV, the axis system
is also rotated to cater for general loci. A description of the interpolation
procedure follows.

Consider the set of points (hjy,v1), (hy,v), (hg,v3) and (hy,vy) in plotter
space, where we wish to interpolate a curve between {ho,vo) and {hy,vy). First
points (hy',v1'),(hy*,vo'), (h3',v3') are generated such that hy'>h;' and
v3'=vi'=0 for XYCURV and RTCURV or hji'=hj, vi'=vi for XYMURV. We then check
that the hj' are strictly monotonic. If not the straight line is used between
(hy ,vy) and(ha,v3) for the first curve., Otherwise the quadratic through the
(hi',vi') is generated. WNext the segment of this quadratic between {(ho,vsy)
and (hy,v3) is tested to check that it does not deviate from the straight line
between these points by more than a factor § times the length of the segment
(hp,v2), (h3,v3). If it does, the straight line is used again. This whole
procedure is now repeated for the set of points (ho,v2), (hy, vy}, (hy,vy) to
give a second curve for the segment (ho,v3), (hy,vsy).

Graphically we have two situations: the first is for XYCURV and RTCURV,
as shown in Figure Al; the second is for XYMURV, as shown in Figure A2,

The locus of the final curve is a weighted average of these two parabolas
where the weighting factor varies between 0 and 1 as we progress from {hy,vs)
to (hs,v3). The final locus is

r[curvé 2] + (l-r)[curve 1], where r is the weighting factor.

A default value of 0.5 is assigned to the parameter 6. This can be

changed by a

CALL XYSETD(D)
where D becomes the new value of 6. A subsequent graph initialisation always
resets 4§,

For all the curve routines (including XYSPNE), the final locus has to be
approximated by a sequence of straight line segments for final plotting. To
minimise the number of vectors (line segments) required, the following proce-
dure is used.

Let (h,v) be the current pen position. We first take a small step along
the curve to determine the initial slope. Next, further. steps are taken until
the locus of the curve has deviated from the initial line by more than a pre-
defined toierance. When this happens, the line segment from (h,v) to the

previous step point is drawn and this point becomes the new base point (h,v).



38

This procedure requires three parameters; §r, Grs and &, where

Sx - step in r to determine slope,
§r, - step in r for subsequent steps,
£ - maximum allowable deviation in inches.

These parameters can be changed by a

CALL XYSETC(DR,DRS,TOL)

where DR - &r,
DRS - Grs,
TOL - €2,

with default values of 0.01, 0.02 and 2x10”"% which are always reset at
any graph initialisation.
Vi

FIRST PARABOLA

\ INTERPOLATED
CURVE

AXIS OF
FIRST PARABOLA

PARABOLA
AXIS OF
\ SECOND PARABOLA
h
FIGURE Al.
Vj\
FIRST PARABOLA INTERPOLATED
\ CURVE
P /
8:2 /" N\ !
N/
/N 7\
/ \\s,//
/
SECOND \
PARABOLA
h

FIGURE A2.
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APPENDIX B
EXAMPLES

This example is a typical simple application of the package. The
FORTRAN is shown in Table Bl and the resulting plot in Figure Bl.
This example shows how the low level routines can be used to generate
a trace without having to save up each data point in an array. However,
this method should be used only for a single trace, as excessive pen
movement would result for multiple traces.

In this example, a second graph is produced showing an enlargement of
a portion of the main graph. Note,in particular,the windowing aspect
of the routines PSPLOT and PSHIST. Only that portion of the spectrum
appearing inside the graph channel number limits is drawn.

This example demonstrates contour plotting. Note that linear inter-
polation is used by the contour routines.

This plot shows how the curve routines behave for data which are not
smooth. Note particularly how XYCURV is not restricted to a single-
valued result.

This example demonstrates a considerable number of features of the
package. The main points to be observed are the use of XYSKEW and

the special control characters in the labelling routines.
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TABLE Bl
PROGRAM FOR EXAMPLE 1

SURAQUTINE PLOT(XsYsF1aF2sFeN)
NIMENSTON X(2)sY(2)YsF1(2)9F2(2) «F (D)

PLOT SUBROUTINF

X -
Y
Flm
F2-
F -
N

CALL
CALL
CALL

CaLL
CALL
CaLL
CALL

CaLlL
CALL
CALL
CALL
CALL
CaLL
CALL
CALL
CaLL
CAalL

CALL

RETU
END

ARPAY
ARKAY
ARRAY
ARRAY
ARRAY

ODF X VALUES

OF Y (ORSERVED) VALUES

OF VALIUES OF FIRST EXPANENTTAL
OF VALUES OF SFCOMD EXPONFNTTAL
OF FITTED VALUES

NUMAEER OF POINTS

XYPAPE (=BsBeX (1) o X(M)aY(1)aY(N))
XYLEGN (495}
AYLEGW(R)

XYTLFEM (YY)

XYNAMX (*TIMFE (SECONDS) #1)

XYNAWY (*COUNTS#?)

XYHEAD (PDOLIRLE EXPOMENTTAL FIT®?)

XYSSZE(P)

XYSETS (5}

XYPNTS (XaY4N)

XYLEGU1» PEXPERIMENTAL DATA#?Y)
XYLINF (XsFoN)

XYLEG(29'FITTED CURVYF#?®)

XYSFETL (2)

XYLINEAXsF1sN)

XYLINE (X aF240)

XYLEG(?9» "EXPONENTIAL COMPONENTSH1)

XYEND

RN
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TABLE B2
PROGRAM FOR EXAMPLE 2

EXAMPLE OF USE OF LOW LEVFL ROUTINFS

CALL XYPAPE{=8em64031030+991.2)

CALL XYTLEN('#»)

CALL XYHEAD('EXAMPLE OF USE OF LW LEVFL ROUTINEGH?)
CALL XYNAMX(STIME (SECONDS)#Ht)

CALL XYNAMY ('POWFR (GIGAWATTS)#Hr)

DT=.05

TA=0,

PA=1,

B=0,3

PROJECT FIRST POINT

CALL XYPROJI(TAsPAIH V)

MOVF PEN TO FIRST POINT WITH PEN UP
CALL GPLOT(HyVs3)

INTEGRATE REACTIVITY FFEDBACK EMIATION

DPAm=(PA=] ., ~BHEXP (=TA) ) #PA
TR=TA+DT

PRS=PA+DPAHDT
DPRS==(PRS=]1,~HeEXP (=TR}) #PRHS
PR=pA+0 ,5# (DPA+DPRS)#PT

TA=TR

PA=pR

PROJECT NEXT POINT

CALL XYPROJ(TAsPAsHIV)

MOVE PEN TO NEXT POINT WITH PEN hnwN
CALL GPLOT(HyVy4)

IF{TA.T.10,) 60 TO 1
CALLL XYEND

STop

END
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TABLE B3
PROGRAM FOR EXAMPLE 3

EXAMPLF OF MULTIPLE GRAPH CAPARTLITY

DIMFNSTION YI1024)

READ ¢
69 FORMA
CAlL
CaL|
CALL
CaLi,
CAL
Call
CaL |
CALL
CALL
CALLL
CALY,
CALL
STOP
END

DIMFNSIOD
N7=20

I¢=73

No 10 I=
CAL | SCA
XX(ry=1=-
CONTINUFE
Do 20 1I=
CS(Ty=1+
cnity=l=-
COMTTINUE
CALL XYT
CALL XYF
CALL XYL

1469} Y

T{(BF10,2)

XYSETT(*s!@}

XYYFMT {19 (T5) 445)

PSPAPE {=Be=61504102390.4200N0.)
XYNAMY ( *CHANNEL NUMRER#?')

XYNAMY (YCOUNTS PER CHANNEL #1')

XYHEAD (PEXAMPLE OF MULTIPLF GRAPKM FACTYLTTY#¢)
PSPLOT(0sYe1024)

XYLSEG(S“OOQIUOQ ’640'91000 2640, !350.!540‘!93"—\0..‘:.40.0]00.)
XYSKEW{=19NeBe2a4) '

PSPAPF (=4 ,9=3,9540+640+100,,350,)
PEHTST(0sY1024)

XYEND

TABLE B4
PROGRAM FOR EXAMPLE 4

N Z(50s50) 9 XX(S0)sCS{10)CN(10)

1eM47
N(ZelosTCeZ(1eT)sN7)
1

1+10
3.5
6.5

LEN(Y8#Y)
AKF (=6 9g=Rhe0s2R4047°8)
EG“(]..-.E}

CALL XYFRAM

CALL, XYH

FAD('FXAMPLE OF CONTOUR PLOTTINGHT)

CALL XYHEAD ('BROKEN {{INE CONTOURS PRONLICED RY SFeOND CALL#HY)
CALL XYCONT(ZsS509XXsNZaXXeNZ9CS410)

CALL XYLEG(Z2+"CONTOURS 4e5¢5e500413.581)

CALL XYSETL(2)

CALL XYCONT(Z+50 e XX eNZeXXeNZeCDs10)

CALL XYL

EG(Pe*CONTOURS 345924500 ¢=RaG#1)

CALL XYENMND

SToe
END
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TABLE B5
PROGRAM FOR EXAMPLE 5

DIMENSTION X(17)eY(17) 9 WORK(200)
DO 10 I1=1,17

X{T)y=({I=14}/2,

Yilr=1

CONTTINUE

Y{(9)=2.T

CALL
CALL
CALL
CatL
CALL
CalLy,
CALL
CALL,
CALL

XYSETT(v#ify)
XYFAKE (=8y=543038,045)

XYHEAD { 'BEHAVIOUR OF CURVE ROUTINFS#1).

XYHEAD('FOR A CHRONIC SET nF DATA#Y)
XYXAXS (OoBa0r20sBs0sm29 V' (Fh ,1)%0,1404)
XYNAMX (Y I X=AX]S (INCHES)#1)

XYYAXS (09530009509 =~29 ' (Fh,1)%9,14)
XYNAMY (*IY=AXTIS (INCHFS)#0)

XYSETS (8)

USE LARGE VALUE FOR DFELTA

CALL

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
STOP
END

XYSETD(104)

XYCURV (XpYy=17)
XYPROJIX(1ITYaY(1T)esHaV)

XKYPEXT (H=o TS V+4 0S4 " XYCURVHY 4y (0o 1490)
XYCONS(lesl,)

XYMURV (X oY o=1T7)
XYPROJIXC1IT)aY{1T7)eHsV)

XYPEXT (Mo g TS5 o V4o 05 o " XYMURVH 4090 1440)
XYCONS {(Paels)

XYSPNE {XsYe]1T91s)TsWORK)

XYPNTS (XeYy17)
XYPROJ(X(LIT)sY()1T)oHV)

XYPEXT (H= o TS sV + o 05 * XYSPNE# 409 ,1490)
XYEND
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TABLE B6
PROGRAM FOR EXAMPLE B6

IMPLTICIT COMPLEXI(C)
PIMENSTION W(21)YeG(21) P (21)

CALCII ATE FREOHENCY W sGAIN AND PHASE SHIFT ARPAYS

SET

DR=1R04/3.,1415927

OM=] E=?

DO 10 I=1.21

wll)=0M

CS’-(O.'I:)“’OM
CT=(2.+0SH(2,+CS) )/ (CSH (K, +CSH (A, +CS)))
G(I)=20,%ALOG10(CARSICT))

PITY=DR#ATANZ (ATMAG(CT) «REAL(CT) )
OM=OM+O M

CONTTNUF

NOW PLOT THE RESHLTS
UP TERMIMNATIMG CHARs ALPHA SHIFT CHAR. VEPTICAL SHIFT CHAR
CALL XYSETT(t#p1me)

FORMAT FOR Y LARFLLINMG
CALL XYYFMT U149t (T4)0e4)

SPECIFY ORIGIMN FOR FIRST GRAPH

CALL XYSKFW(2312402¢9)

INTTIALTSE FIFST GRAPH

CALL, XYPARF (6,9 =2eT754] F=29]1afby4=]1009=40)

LAREL X AND Y AXFS

CALL, XYNAMX ('FREQUENCY ( !RAD S@pw=]1@1 j#)
CALLL XYNAMY ('PHASE SHIFT ( IDEGRFES! )#¢)

SET UP LOCATION OF EQUATION

HTF=T7.8
VTF=T.

WRITE EQUATTION DESCRIRPTOR

CALL XYPEST(RHTF=,B84VTF=ysls *TRANSFER FUNCTTION#T30,340,1)

WRITE Tor LTINE OF FQUATION

CALL XYPEST(HTFosVTF+s19*SE12 Me2Q4281,0,432404,5)

NRAW HWORTZONTAL LINE OF EQUATION

CALL XYPSEG(HTF=4SsVTIFsHTF+,50VTF)

WRTTE ROTTOM LINE OF EQUATION

CALL XYPEST(HTFoVTF=,25+1S#13 @4650612 @45SEY 4092400, 5)

PLLOT PHASE SHIFT AGAINST FREQUENCY

CALL XYMURV (WweP,21)
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TABLE B6 (Continued)

TURN OFF X ANNOTATION
CALL XYXFMT {=1+DUMsDUM)

SET LOCATICON OF SECOND GRAPH
CALL XYSKEW‘-1!00’3025)

INTTTALTSE SECOND GRAPH
CALL XYPAPE (640m24750]1 ,Em™29),Fbem100s40)

LAREL SECOND GRAPH
CALL XYNAMY('GAIN ( IDIR )Y#¢)
CALILL XYHEAD('BODE DIAGRAME!')

PLOT GAIN AGAINST FREQUENCY
CALL XYMURV(WsGe2))

SET LOCATION OF THIRD GRAPH
CALL XYSKEW(”197.’*3|25)

INTTTALTSE THIRD GRAPH
CALL RTFAKF (3.9140,)

LAREL THTRD GRAPH
CALL XYHEAD('NYQUIST DTAGRAMHY)

ADJUST GAINS TO MAKE ALL POSTTIVE {m ORIGIN ALWAYS 7FRO)
DO 20 I=]le21
20 G{Iy=G(I)+100,

SPECIFY THETA TO BE GIVEN IN DEGREES
CALL. RTTDEG

PLLOT PHASE AGAINST GAIN
CALL. RTCURV{GsP,421)

NRAK R AXIS WITH LIMITS =100 TO 40 (RUT SLTGHTLY REDUCER TO
PREVENT ANMOTATION AT FND PATNTS)
CALL XYXAXS(3.|6.03.--99.5!39o5.0’-10'(14)'00.10q4)

SET TO DASHED LINES
CALL XYSETL (2)

NRAW ARCS AT CONSTANT R VALUES ENDINA AT ~«3" TO PRFVFNT
OVERWRITING OF AXIS ANNOTATION
RR=0,
DO 30 Kz=l6
RR:RR*ZD.
TT=NRT*ARSIN((=43/34)#(140s/RR) ) +160.
CALL RTARC(RR#0,sTT)
30 CONTTINUE

TERMINATE THE PLOT
CALL XYEND

STOP
END
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F LOW LEVEL ROUTINES
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FIGURE B2.
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EXAMPLE OF CONTOUR PLOTTING

BROKEN LINE CONTOURS PRODUCE

D BY SECOND CALL

o T —— b oy

-
b - - - -y,
_\.‘

-~

5

CONTOURS 4.5,5.5,5,13

CONTOUHS 3. 53 2. 5l [ 1”5. 5

T T e v e

FIGURE B4.
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5% +25+2
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