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l. INTRODUGTION

The “SMUG” package of FORTRAN routines is avallable to assist a user 1n
the production of plotted output such as drawings and graphs. The package
includes both low and high-level routines. The low=level routines, such
as line drawing and cliaracter output, can be incorporated In a program to
build up complex plots exactly as the user requires, alternatively, a
single high-level routine can be called to produce complete graphs,
histograms or contour plots entirely automatically.

The plotted output is produced either in “hard-copy’ form on a Calcomp or
Versatec plotter, or it can be viewed on the screen of a Tektronix 4012
terminal.

A description of the available ocutput devices, the necessary Job Control
Statements, the SMOG routines themselves, and some worked examples is

given below.

2, DUTPUT DEVICES

The Calcomp plotter is a single pen machine which produces output on a
roll of paper 279.4mm wide. The Versatec, however, has 1024 pens across a
width of 260,10mm which create output as a continuous forward sheet. The
Versatec 1s used 1in the same way as the Calcomp plotter, so, for the
purposes of control, it can be considered to have a single pen drawing
action. Users are advised to use the Versatec plotter wherever possible
since it is conslderably faster than the Calcomp plotter altiough the
resglutfon 1s somewhat poorer.

The Tektronix 4012 display 1s a storage cathode ray tube with an
alphanumeric keyboard. It c¢an be used to inspect plotter output, under
IS0, before sending output to a hard copy device.

A comparison of the Calcomp and Versatec plotters as well as further
information on all the graphical output devices can be found in Chapter 7
of the Daresbury Laboratory Computer User’s Guide.

3. JUB CUNTRUL STATEMENTS

The library contailning the BSHUOC routines 15 called SHOG.LUAD and is
accessed by using either the control stateuments

//L.SHOG DD DSN=SMUG.LUAD,DISP=SHR
//L.SYSIN DD *
INCLUDE SMUG(routine names)
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I*
or by concatenating SHMUG.LOAD with other libraries being referenced. If,
for example, a FORTRAN catalogued procedure is used, SMUG.LUAD 1is
concatenated by including the following statements.

//L.SYSLIB DD

/! DD DSN=SMUG.LUAD,DISP=SHR
The particular plotter required 1s selected using one of the following
statements.

//G.CALCOMP DD SYSUUT=(G,GPLOT)

//G.VERSATEC DD SYSOUT=(V, VPLOT)
In order to imspect output on the Tektronix, no changes are necessary to
the program but certain JCL modifications are required. These are

described in Chapter 7 of the Computer User’s Guide.

If the SMOG routinmes are called from a PLI program, additional Job
Control statements are necessary for the following purposes.

I) The FORTRAN library must be included at link edit time to
satisfy any calls to FORTRAN subprograms made by the graphics
library routines.

2) A DD statement specifying FTO6F00L is required to accomodate
any output and error messages generated by the package.

4. MAPPING TU THE PLOTTER

The Calcomp and Versatec each have an associated grid or mesh of
addressable points which can be indexed by column and row to gilve device
X and Y coordinates, or ‘raster’ coordinates. It is necessary therefore;
to map from the problem coordinate system (or space) onto the raster
coordinates. This is achieved using one of the LIMIT routines {or the
default limits) to perform the necessary scaling, translation and mapping
(see sections 5.1.3 to 5.1.5).

By conventlon the device mesh is called Region 0 and the space 1in which
the problem is defined is called Region l. The user may change the frame
of reference using the routine REGION, so that routine parameters may
refer to the problem or the raster coordinates.



5. SMOG ROUTINES

The SMOG routines described below are divided into the £four categories:
initialization and termination, low level pen movements and drawing, high
level graph, contour and histogram plots and 3-D projecticn. .

In addition to the set of ‘real’ routines provided in SMOG a smaller set
of equlvalent ‘integer’ routines is included to facilitate the direct
addressing of raster coordinates as integer values. Since a conslderable
amount of time, when using SMOG, 1s devoted to the mapping process a
saving can be made by selecting Region 0 (see 5.1.2) and wusing these
“integer’ routines. Each routine name begins with the letter “J’ and 1s
described in the same section as 1ts “real’ counterpart.

5.1 Initialization and Termination

In this section the routines for initializing and terminating the plotting
device are described. Also included are the routines used to advance the
plotter and to define non-default conditions for the plotting area,
coordinate system and character size and orientation.

3.1.1 CALL VERSTK

This routine 1nitializes the plotter device specified in the JCL,
and must be called before any other SMOG routine. It sets up the
default plotting frame size to a 25cm square (psuedo 25cm for the
Versatec), sets the default region to 1.0 {the problem coordinate
system), and sets the character height to 0.25cms.

5.1.2 CALL REGION (x)

This routine defines the users frame of reference. The selected
reglon prevalls until & further call to REGION is made.

a) x=1.0, This is the default regioa. The system interprets all
coordinate numbers specified by the user as being with respect
to his own “problem space’.

b) x=0.0. This causes the system to interpret coordinates as raster
coordinates on tie device mesh. Conversion to type ‘integer’
takes place and where possible actual mesh points are
addressed. '

5.1.3 CALL LIMIT (xmin, ymin, xmax,ymax)
CALL JLIMIT{ixmin,iymin,ixmax,iymax)
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These routines define the coordinate system to be used over the
whole plotting area. The point {xmin,ymin) and aimilarly
(ixmin,iymin) identifies the lower left-handed corner of the
plotting area, and (xmax,ymax) or (ixmax, iymax) 1dentifies the
upper right-hand cormer. In region 0, that is, in raster
coordinates, the wminimum values are normally 1 and, Ffor “the
Versatec and the Calecomp the maximum in both dimensions is 1024 and
2500 respectively.

5.1.4 CALL LIMITS (xmin,ymin,xmax,ymax,scalex,acaley}

_ CALL JLIMS (ixmin,iymin,ixmax,iymax,iscalex,iscaley)

These routines perform the same task as LIMIT and JLIMIT but, in
addition, the scaling factors used in the x and y direction are
stored in “scalex” (“iscalex”) and “‘scaley’ (or “iscaley’)
respectively.

5.1.5 CALL LIMITV;xmig,ymin.xmax,zmax)

CALL JLIMV(ixmin,iymin,ixmax,igmax2

These routines perform the same function as LIMIT and JLIMIT on the
Calcomp or Versatec plotter. They define the coordinate limits for
the visible region rather than the whole plotting area, but, for
the Calcomp and Versatec, these regions are the same. For other
output devices, not available at Daresbury, the visible region is
only a part of the whole plotting area.

5.1.6 CALL ABUT

This routine is used to extend the plotting area by increasing its
length by 25cms (pseudo 25cms for the Versatec).

5.1.7 CALL ADVFLM

This routine advances the plotter to a new frame so that following
output appears in a new plotting area.

5.1.8 CALL CHHT(height)

This routine sets the character height to ‘height’ centimetres. The
default set by VERSTK is 0.25cms.

5.1.9 CALL CHOCT(angle)

Thie routine sets the angle (in radians measured from the
horizontal) at which characters or text is to be drawn. The default
is angle=0.0. : o

5.1.10 CALL GHSIZE(height)




This routine has the same effect as CHUT(see section 5.L.8}.

5.1.11 CALL ENDSER

This terminates the use of the plotter, and must be called after
all plotting is complete.

5.2 Low~level Routines

This section includes single pen novements, the drawing of lines, and
character and text output. The available routines are described within

these categories.

5.2.1 Pen-movement

The following routines are used to reset the current pemn position.
No drawing takes place. If we consider the current pen-position to
be the point (X,Y) for ‘real” routines, or (1X,IY) for the integer
routines, then the effect of each routine is as shown on the next

page.

Real Routine

Integer Equivalent New Posgition

SETX (%)
SETXY(x,y)
SETY(y)

UPDX(dx)

UPDXY (dx,dy)

UPDY (dy)

5¢2.2 Line drawiag

JSETX(ix) (x,Y)or(ix,I¥)
JSETXY (ix,1y) {x,y)or (ix,1y)
JSETY{1ly) (X,y)or{IlX,iy)
JUPDX(idx) (X+dx,Y)or
{1X+41dx, 1Y)
JUPDXY (idx,1dy) (X+dx, Y+dy)or
(IX+idx,IY¥+idy)
JUPDY {idy) (X, Y+dy)or (IX,I¥+idy)

These routines cause a line to be drawn from either the current
{old) position to a new position, or between two speclified points.

a} From the current position (X,¥) or (IX,IY)

Real Routine

Integer equivalent New positicon

TOX(x) JTOX{ix) (x,Yyor(ix,IY)
TOXY(#,y) JTOXY (ix,1y) (x,y)or(ix,iy)

TOY (v} ©OJEOY (1y) (X,y)or(1X,1iy)
TODX{dx) JIODX (1dx) (X+dx, Y)or{IX+idx,1Y)
TODXY (dx,dy) JTUDXY (idx,1idy) (X+dx, YHdy)or

: (IX+idx, I¥+idy)
TODY (dy) JIUDY (idy) (X, ¥+dy) or {LX, I¥+idy)
b) Between specified points.
Routine Line drawn

VEC{x1l,vy1,x2,y2) (xl,yl)to(x2,y2)
JVEC (ix1,1iyl,1ix2,1y2) (ixl,iyl)ito(ix2,iy2)

5.2.3 Character and text output

Routines to specify character height (CHHT,CHSIZE) and angle
(CHOCT) are described in sections 5.1.8 to 5.1.10. Table ! sliows
the default character set and codes. The use of a different larger
character set is described in Chapter 7 of the Daresbury Laboratory
Computer User’s Guide. In addition to text strimg output it is
often useful to represent numerical information in the form of
characters distributed over the visible area. Routine for plotting
a single character are described below followed by those for text
string output. )

5.2.3.1 Single character output.

Three routines are available for single character output. For
these, the concept of ‘current plotting position” is still relevant
as each routine will print one character so that its lower
left~hand cornmer, or that of its defining or exscribed rectangle is
the current pen poeltion (XP,YP). The routines are:

CALL HPLOT(4)
where ‘i’ 18 the code number of the character to be plotted
with its lower left-hand corner at {(XP,YP). The only

exception is the plotting point which 1s centred on {(XF,YP}.

CALL HPLOTS("s")



which plots the one-element string ““s’’ located in the same
way as HPLOT. '

CALL PLOTPT

This routine cause the plotting point (a small circular dot)
to be printed at the current pen position.

5.2,3.2 Dutput of text strings

Four routines (HTEXT,NTYPE,HTIYPES and TYPMMB) are available for
character string output. They cause the current pen position
(XP,YP) to be moved to the end of the last character plotted.

CALL HTEXT (num,text)

This routine writes "num” characters from the text atring
‘text” starting at the current pen position (XP,¥P}. “text’
can be 1in the form of a hollerith string, e.g.
1OHTEXTOUTPUT; enclosed in quotes, e.g. “textoutput’; or a
string identifier (characters are packed 4 to an INTEGER*§
or REAL*4, and B to a REAL*8 variable),

CALL HTYPE(1i)

The B8MOG character number ‘i° is printed at (XP,YP) and
{XP,YP) is incremented by one character space.

CALL HMTYPES( s")

The single element string “‘s”’ is printed at (XP,¥P} which
18 reget as for HIYPE.

CALL TYPNMB (x,a,b)
The number “x° is printed as a character string startinog
from (XP,YP). The form in which the number 18 toc be
represented is indicated by the values “a” and “b° where

a = 0.0 gives E - format, field width b+7

b= 0.0 gives I = format, field width a+l

a,b not = 0.0 gives F - format, field width a+b+2
with “a’ places and a sign before
and ‘b° places after the decimal
point.

5.3 Hipgh-Level Routines

gectlon inecludes the drawing of curves, contours, axes, graphs,

histograms and shapes and a routine for area shading.
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5.3.1 Curve Drawing

The routines available for curve drawing are defined within the
groups: arcs, circles, plotting of functions and ellipses.

5.3.1.1 Are drawing

Four routimes are available for drawing ares of a circle., These
are:

CALL ARCA{x,¥,rad,d,theta,phi,p}
CALL ARCB(x,y,rad,q,theta,phl,p)
CALL ARCR(rad,d,theta,phi,p}
CALL ARCS{rad,q,theta,phi,p)
where:
*rad” is the radius of the circle (in centimetres),
*d’ 15 the maximum line segment length (in centimetres),

‘q* agpecifies the number of line segments.

If p=0.0 all the lines are drawn, otherwise only every other line
1s drawn, gilving a dashed arc.

ARCA and ARCB take the circle centre to be (x,y) and draw amn arc
from ‘theta’ to ‘phi’ where ‘theta” and “phi’ are measured in
radians from the positive x-axis (see figure 1).

ARCR and ARCS start at the current pen position (XP,YP), and, using
(XP-rad * COS(theta),YP-rad * SIN(theta)) as the circle centre,
drav an arc through ‘phi” radians.

S.3.1.2 Circle drawing

Four circle drawing routines are avallable. These are:
CALL CIRCLA(xX,Yy,rad,d,p)}

CALL CIRCLEB(xx,yy,rad,q,p)

CALL CIRCLR(rad,d,p)

CALL CIRCLS{(rad,q,p)

where:



‘rad’ is the circle radius {in centimetres},
“d’* is the maximum line segment length (in centimetres),
“q‘ specifies the number of line segments

of equal lengths.

If p=0.0 all lines are drawn, otherwise only every other line 1is
visible, giving a dashed circle.

CIRCLA and CIRCLB take (xx,yy) as the cltcle ceatre, whereas CIRCLR

and CIRCLS use the currrent pen position as the centre. On exit the
circle centre will be the current pen position.

The following errors are posslble:

rad < 0.0 ABS(rad) is taken,or 1.0 if rad=0.0
d < 0.001%rad d = 0.l*rad,
q < 1.0 ABS(q) is taken, or 8.0 if q = 0.0

5.3.1.3 Single-valued functions

Four routines are available for plotting a single-valued function
y=£(x).

These are:

CALL CVF&CA (£ ,xmn, xmx,dx,dy}
GALL CVENCB (f.xmn,xmx,q)
CALL CVFNCR (F,xmn,xmx,dx,dy)
CALL CVFNCS (f,xmn,xmx,q)

where:

*f* 4ig the name of a function subroutine which
defines the function to be plotted.

xmn’ is the minimum value of the varlable x.

xmx” 15 the maximum value of the variable x.

rdx",’dy” are the maximum values of the
x—increment and y~increment
regspectively for each line segment.

‘q° specifies the number of line segmente
equally spaced in the x-direcciom,
which are to be used.

These routines draw the curve y=f(x) between the x values ‘xmn’ end
*wmx’. The function £(x) muat be provided as a Fortran Function
Segment with the name specified in °f° and an argument x. The
function subroutine must be declared as EXTERNAL in the calling
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routine.

CVFNCA and CVFNCBE use the scaling factors set up in a call to one
of the LIMIT routines to evaluate the absolute position of each
function point. CVFNCR and CVFNCS start at the current pen-position
and use relative values to determine the positions of each point.

The following errora can occur:

Xmx < xmn curve drawn from xmx to xmn
xmx-xmn > 100%dx dx = 0.1%{xnx-xmn)

dy < = 0 o dy = 1.0

qg <0 MOD(q) taken

q =20 q = 1.0

5.3.1.4 Ellipse drawing

.A complete ellipse with axes parallel to the X and ¥ axes can be
drawn using one of the following routines. These are:

CALL ELLPSA (xx,y¥,a,b,dx,dy,p)
CALL ELLSPB (xX,yy,a.b,q,p)
CALL ELLSPR {(a,b,dx,dy,p)

CALL ELLSPS (a,b,q,p).

where!

P

xx”,’yy’ is the centre

‘a”,”b’ are the major and minor axes lengths (cms.)
"dx", dy’ are the maximum line segment

increments in x,y directicns.

1f p=0.0 all lines are drawn, otherwise only every other line is
visible.

ELLPSA and ELLPSE select (xx,yy) as the centre, wheréas ELLPSR and
ELLPSS use the curreat plotting position. The centre will be the
current plotting position on exit.

The posaible errors are:

a,b=0.0 absolute value taken, or 1 if zero.
dx<0.001l%a dx = 0.1l*%a
dy<0.00l%y dy = 0.1%
q< =0.0 absolute value taken, or 8 if zero.

5.3.2 Contours
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Two sets of contouring routines are available in SMOG. The £irst
contains two routines, CNTOUR and CNIUR], which are simple to use
but require data points defined on a square grid with a maximum of
50 points in each direction. The other set includes two contouring
routines, CNIR2A and CNTR2B as well as an assoclated routine,
CNTKEY for plotting a key to the contour heights. These routines
allow the user to specify more options, such as contours of
different thickness, an 1irregular grid and a choice of two
contouring techniques.

5.3.2.1 CNTOUR and CRTIORL

The data points used by these routines must be defined on a aquare
grid. The x and y coordinates of the grid are taken to range from
(1,1} in the bottom left-—hand corner to {n,n) at the top right-hand
corner, where n 1s the number of grid points in each direction.
That is:

{n, 1) (my2)eanee (n,n)
(201) (2.2)esens (2.n)
row 1: (1,1} (1,2)cenns (1l,n}

The routlnes are used in the following way:
CALL CNTOUR(xgrid,xn,ht,xnd,xmk)

CALL CNTORI(xgrid,xn,ht,xn0,xmk,m}

where:

"xgrid’ is a 1-D array contalning the
function values at each grid point,
stored by rows.

*xn’ is the number of grid points in each
direction {<=50)

‘xnd” ig the number of contours required

“he’ is a 1-D array to contain the required

contour values.
If “xn0” > 0 contour values must be specified in “ht”.
If “xn0” < 0 equally spaced contoure are calculated
and these values writtea to “ht’.
‘ymk’= 1.0 indicates that dots are to be placed
for reference at each grid point,
otherwise “xzmk’ should be set to zero.

CNTOUR draws contours to cover the whole grid, while CHTURL draws
contours within the boundary specified by the integer array M as
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follows:

M(1) = count of boundary points

M(2) = not used,

M(I),M(I+l) = x,y coordinates of boundary
points in order.

NOTE: CNTOUR and CNTOR!l make calls to LIMIT therefore i1t 18 mot
necessary for the user to set up the coordinate system.

5.3.2.2 CNTR2A, CNTR2B, and CNTKEY

CNTR2A 1s the routine for producing a contour map of a surface for
which the heights are given on a regular grid (the points are
assumed to be one unit apart im the x and y directions starting at
(0.0,0.0)). CNTR2B is the routine for producing a contour map of a
surface for which the heights are given on an irregular grid (this
is 9gpecified by means of the arrays XPT5 and YPTS). It is assumed
that if an irregular grid is being used then the points are closest
together where most detail is needed and farthest apart where least
detall 1s needed. Hence, for both CNTR2A and CNTR2B, each mesh
rectangle 1is treated the same by the interpnal contouring routines
and the x and y coordinates are only used to calculate the points
to be plotted.

The routines are used in the following way:

CALL CKTR2A(rmesh,unused,id,m,n,height,nconts)

CALL CNTRZB(rmesh.unused,xpts,ypts,id,m,n,height.ncoﬁts)

The arguments of the routines are defined as follows:

‘rmesh’ is a2 two-dimensiomal REAL array of size (“4dd","n”)
which contains the helghts at the grid points. These
are arranged so that the first dimension increases

as y increases and the second dimension increases as
x increases.

‘unused” i a two-dimensional LOGICAL array of the same size
as “rmesh” which 1s used by the routine as
workspace.,

‘xpts’,’ypts’ (CNTR2B only) are one-~dimensional REAL arrays of size
‘n” and ‘nm° respectively and contaim the distances
of successive points along each axis from the bottom
left-hand corner of the grid ie
xpts’ (1)="ypts’ (1)=0.0., If “xpts’(l) or ‘ypts’(l)
is not zero thenm it will be treated as an additicmal
offset from the origin but any skewing will them be
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about the point (0X,0Y) (see below) and not the
corner of the grid (oormally these polnts are
colncident).

‘4d” is the size of the first dimension of ‘rmesh’. This
is necessary 1in case ‘m” and ‘n’ are read in. (As
arrays must be declared explicitly in FURTRAN, this
is needed for the subroutine to use the correct
elements of “rumesh” if only part of the array 1s
used. Usually ‘id” and ‘m’ will be the same.}

‘m*,n” are the number of points in the y and x directions
respectively.
“height” is a one~dimensional REAL array of size “nconts” and

contains the contour heights if they are specified
or 1s used to store them iIf chey are calculated
(this is the default option).

‘nconts” is the number of contour heights.

CNTKEY 18 the routine for plotting a key to the contour heights
(the contours are only labelled with the contour number) and 1is
normally called after the call to CNTR2A or CNTR2B. The key is
plotted within a rectangle (not drawn) of size 22 x character width
by (n2-nl+8) x line space where line space 18 5/3 x character
height. The character height and width are set by CHSIZE in CNTR2A
and CNTR2B (see RCH later) but may be altered before the call to
CNTKEY if desired. 1t is used in the following way:

CALL CNTKEY({x,y,height,nl,n2)

The arguments of the routine are defined as follows:

x", "y are the x,y coordinates of the top left-hand corner
of the exscribed rectangle described above.

‘height” is a one-dimensional REAL array contalning the
contour heights and should be the same array
specified in the call to the contouring routine.

‘nl’,’n2" are the numbers of the first and last contours to be
' included in the key. (Several keys may be plotted to
include all the contours.} No check is made by the
routine to see 1if the key will fit within the
current visible area.

Various options concerning the production of the contour map are
available. These are gpecified by assigning values to the thirteen
variables in s named COMMON block (CNTOPT). Default values are

i3

asslgned to these variables by the routine VERSTK so that values
only need be assigned to those variables corresponding to an option
for which a value other than the default is required. Note that it
is necessary to set non-default values after the call to VERSTK.

The common block CNTQOPT takes the form:

COMMON /CNTOPT/ICON, ICH, 0X,0Y,RCOS, IBOX, IGR, ILAB,
RFR, IT, IDF,RLY

The options and corresponding variables are outlined on the next
page.
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VARTABLE QPTIONS AVAILABLE
ICON Internal contouring routine CNTRHI

IcH

0X,0Y

RCOS

IBOX

IGR

ILAB

RCH

IT

IDF

RLV

(ICON=1) or CNTRH2Z (ICON=2) 15 used
see section 5.3..2.3

Contour heights are specified in array
HEIGHT (ICH=1) or calculated by the
routine (ICH=0).

Offset of the origin of the grid from
the origin of the user’s coordinates.

Cosine of the angle (between 0 and 180
degrees between the two axes of the
grid (ie the skew of the grid).

Frame drawn round map (IBOX=l) or not
(IBOX=0).

Grid points plotted (IGR=l1) or not
(IGR=0).

Contours are labelled : none (ILAB=0},
every one (ILAB=]l) every 1th cne
(ILAB=L).

Frequency of labelling on contours
(labels appear every ICON*RFRAMAX(M,N)
steps, with a minimum of one label per
contour unless ILAB=0. One label per
contour is achieved with RFR set to a
very large value or zero).

Height of characters used for
labelling height is RCH#M/80 (CNTR2A)
or RCH* (YPTS (M)~YPTS(1))/80 (CNTR2B).

Contours drawn thicker (the number
of hits 1s trebled so this has its
best effect for a low number of hits
originally): values as for ILAB,

Differentiate between contours
above and below a certain level
{IDF=l) or not (IDF=0). Contours
below level drawn as broken lines.
(This is most effective on large
grids)

Is the level associated with IDF,.

15

DEFAULT .

VALUE

2

0.0,0.0

0.0

1.0

1.0

¢.0

The values of each of these parameters are output by the contouring
routines on Channel 12. it is therefore necessary to allocate this
channel by including a Job Control Statement of the form:

//G.FT12F00L DD SYSOUT=A

5.3.2.3 CNTRH1 and CNTRH2

These routines are mnot callable by the user but are briefly
deseribed here to enable the user te choose between them (see ICON
in 5.3.2.2).

In both routines the basic method is to take each contour height in
turn and trace any contours of this height through the mesh. In
CNIRH] inverse linear interpolation is wused to find the points
where the contour crosses the mesh 1lines and these poilnts are
Joined by straight lines. Any ambiguity as to which way a contour
turns 1s solved by assuming “high ground on the right”. In CNTRHZ
the surface height at the centre of each mesh square is
approximated by the average of the heights at the four corners. In
addition to the points where the contour crosses the mesh lines (as
in CNTRH1l), points where the contours cross the mesh dlagonals are
found using inverse linear interpolation. These points are again
Joined by straight lines. This technique, which effectively
produces a triangular mesh, avoids any ambiguity as to which way a
contour turns.

5.3.3 Axis and Graph drawing

It 1is possible to draw either a set of axes or a complete pgraph.
Two routines AXESA and DRAXES are avallable for axes drawing. They
are used in the following way:

CALL AXESA{x,y)

This draws axes through {(x,y) reaching to the edges of the current
region. The current pen positiom on exit will be (x,y).

CALL DRAXES (xmin,ymin,xmax,ymax,xl,yl,title,char)

where:
“xmin’, "ymin’ are the minimum and maximum
‘xmax”, "ymax’ values of the axes span.

"x1","yl”,”title” specify the address of the first
character of text arrays which
are to label the x,y axes, and
to used as the title.

‘char”’ is a single character used to
delimit the text arrays.
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A set of axes is drawn in the specified position with labels and a
title. '

The routines availlable for graph drawing are DRPLOT and DREBAR.
DRPLOT 15 wused to draw a complete graph with labelled axes and a
title. DREBAR has the addition facility to include error bars drawn
for each data point. They are used in the following way:

CALL DRPLOT(x,y,n,xl,yl,title,char)
CALL DREBAR({x,y,erbar,n,xl,yl,title,char)
where!

I R

x, 7y are arrays contalning the data points
to be plotted.

“erbar” 1s an array containing the size of
the error bars to be drawn at each
point.

n’ is the gpumber of points to be plotted.

*x1°,’yl",’title’, “char’ are as for DRAXES above.

5.3.4 Histograms

Four histogramming recutines are available; DRSIST, for siaple
histograms, HSTGMA for shaded histograms, CMHSTA for shaded
composite histograms, and DRHIST for labelled histograms. These are
used in the following way:

CALL DRSIST(ylow,delta,y,n)
where:

‘ylow’ 4is the lowest point at which horizomtal
bara are draun.

‘delta” is the length of the bar.

'l is the array of heights to be plotted.

‘n’ is the number of points in y.

A simple histogram 1s drawn with no vertical bars, and usaing a base
line for y=0.0.

CALL HSTGMA (xmn,ymn,deltax,dyar
ymax,dx,dy, type,border)

where:

“ymn’,“ymn’  is the origin,

“deltax’ is interval in the x direction,

‘dyar” is an array containing the values
to be plotted,

17

5.3.5

-’

’ymax is the number of values to be
plotted (nmote “real” type),
“dx’,’dy” and “type’ describe shading (see TXTURA).

If “‘border” =0.0 the border around the histogram does not include
the base line, and if border = 1.0 the base line is included.

A simple shaded histogram is drawn.

CALL CMHSTA (xmn,ypn,deltax,dyar.ymax,cmax,dx,dy,

type,border)
where:

‘¥un®, “ymm” is the origin

‘deltax”’ is the iaterval ian the x—direction

‘dyar”’ is a 1-D array containing all the
y values.

‘ymax” 18 the number of elements in each
histogram level.

‘emax” is the number of histograms to be
plotted.

“dx*,”dy” aand “type’are arrays of lemgth “cmax”
containing the values as defianed
in TXTURA for each level.

is as described for HSTGMA.

‘border”
A composite shaded histogram is drawn.
CALL DRHIST(y,n,xl,yl,title,char)

where:

‘y°,°n’ are as described for DRSIST
and all other parameters are as described for DRAXES.

A labelled and titled histogram, of “n” elements of the array "y’
is drawn.

Shapes

The simple shapes that can be drawn sutomatically are arrowheads
and boxes. The routines available are:

CALL AROWHR (dx,dy)
CALL AROWVR (dx,dy)

Borh routipnes draw an arrow head (V) at the current plotting
position, where:

18



’dx’,’dy” are the sizes in the x and y direction reapectively.

AROWHR draws a horizental arrow (polnting left if “dx”<0, and right
is “dx">0). AROWVR draws a vertical arrow (up if “dy”>0, and down
if “dy’<0).

CALL BOXA(xl,yl,x2,y2)
CALL BOXR({dx,dy)

BOXA constructs a rectangle with the bottom left-hand cormer at
(xl,yl) and the top right-hand corner at (x2,y2). The current
plotting position, on exit, is (xl,yl). BOXR starts from the
current plotting position and draws a rectangle with sides “dx” and
‘dy’.

5.3.6 Shading

One routine, TXTURA is avallable for shading a rectangular region.
It is used in the following way:

CALL TXTURA(xmin,ymin,xmax,ymax,
dx,dy,type,border)

where:
‘umin’,.’ymax’ describe the rectangle limits.
dx", dy” are increments, whose use depends

on the value of type.

The pattern drawn is designated by type where:

type = 0.0 No pattern
= 1.0 Horizontal lines with interval “dy’,
= 2.0 Vertical lines with ipterval ‘dx”,
= 3.0 Both type = 1.0 and type = 2.0,
= 4.0 Diagonal lines angled to the horizomtal

at arctan(’dy’/“dx")} and “dy’ apart.
= 5.0 As for type = 4.0 but angled at
PI - arctan(’dy’/‘dx").
0 Both type = 4.0 and type = 5.0.
.0 Horizontal dashed lines, “dx” in
length “dy” apart.
= 8.0 As type = 7.0 but with every altermate
line displaced by "dx”.
= 9.0 Vertical dashed lines, length “dy”
‘dx’ apart, .
=10.0 As type = 9.0 but with every alternmate
line displaced by ‘dy’.

is

If border = 0.0 no edge or border is drawn.
If border = 1.0 a border around the area ia drawn.

5.4 3-D Routines

The following routines provide a projection of a 3-D drawing or surface

on to

perspective from a “view-point®

the 2-D plane of the output medivm. The projection 1s in
(xv,yv,zv) situated "d’ units along a

normal to thé plane of projection {see figure 2).

5.4.1

S5.4.2

5.4.3

Sebat

CALL ZVIEW(xv,yv,zv,d)

This routine defines the location of the view-point (xv,yv,zv). The

plane of projection is taken to be at a distance “d” measured £from
the view peint in the direction of the origin.

CALL SETXY¥Z(x,y,2)

CALL UPDXYZ{dx,dy,dz)

These routines cause pen movements (no drawing) which are obvioua
extensions of the eguivalent 2-D routines (see 5.2.1).

CALL TODXYZ{dx,dy,d=z)

CALL TOXYZ(xX,¥,2)

CALL VEGZ(xl,yl,zl,x2,v2,z2)

These routines cause lines to be drawn and are equivalent to the
2=D routines TODXY, TOXY and VEC(see 5.2.2).

CALL EXPANZ(x,y,ex,ey,ez)
CALL ROTAXZ (x1,yl,zl,x2,¥2,22)

CALL ROTANZ (theta)

CALL ERDRZ{(flag)

The routine EXPANZ expands the picture about the point (x,y,z) by
the factors "ex’, “ey’ and ‘ez’ in the X,Y and Z~directions
reaspectively. This has the same effect as a zoom lens. '

ROTAXZ defines the axis of rotation to be the line joining the
points (xl,yl,zl) and (x2,y2,22).

ROTANZ defines the angle of rotation to be “theta’.

ERDRZ is used if both rotation and expansion are required. If
‘flag”=1.0 rotation is performed first, and if ‘flag’=2.0 expansion
1s performed first,
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5.4.5 CALL CUBER(dx,dy,dz)

This routine projects a cube drawn from the current pen position
with sides parallel to each axis and lengths ‘dx”, “dy’ and “dz’.

6. EXAMPLES

Three examples of the use of SMOG high level routines
a contour map, and CMHSTA to plot a complex histogram.

6.1 DRPLOT-graph drawing routine.

are piven below.
They 1illustrate the use of DRPLOT to draw a simple graph, CNTRZE to plot

The code shown in table 2 is a simple program to draw a graph of the
function y=x**2 with 0<=x<=9. The axes labels and graph title are
provided by the user. Figure 3 shows the plot produced by this program.

6.2 CNTR2B-contour plotting.

This example produces a contour plot of the function

2=B%*exp (= {(x-2, 3)** 24 (y-2, 3)kk2)
+8%axp (= (x=4. 2) %% 2+ (y=4.6)*%2)

An irregular grid i1s wused; the values taken by x and y are defined in
data statements. The non-default values used for variables in the common

block CNTOPT are as follows:

IGR=1 Grid points to be plotted.
ICH=1 Contours heights provided.
RCH=3 Character height is changed.
RCOS=1.0/2.0 Grid is skewed.

IT=2 Thickened contours.

IDF=1 Contours below RLV drawn as broken lines.

RLV=4.0 Value associated with IDF.

The contour key 1s drawn using the routine UNTKEY. Figure 4 shows

plot produced by the program given in table 3.

6.3 CMHSTA~-complex histogram.

The program given in table 4 produces a composite

histogram of

the

the

functions yl=x**2 and y2=x. The second histogram is drawn “above’ the

first. Figure 5 shows the plotted histogram.
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//PBSMOGDR JOB {0030, FB), PEARL, MSGLEVEL=(1,1) ,NOTIFY=PB, MSGCLASS=H
// EXEC FORTRAN,TIME.G=(,59),REGION,G=180K
//C.SYSIN DD *

DIMENSION XARRAY (15),YARRAY(15)

XARBAY {1]=0.0

YARRAY (1)=0.0

Do 10 I=2,10

XARRAY (I) =XARRAY (I-1)+1.0

10 YARRAY (I)=NARRAY (I}*¥2

CALL VERSTK

CALL LIMIT(0.0,0.0,12.0,110.0}

CALL DRPLOT (XARRAY, YARRAY, 10,

1'X-LIMITSa', 'Y-LIMITS&®, 'TEST DRPLOTA','s')

CALL ENDSER
sSTOP
END

//L.SYSLIB DD

/ DD DSN=SMOG.LOAD, DISP=SHR

//G.VERSATEC DD SYSOUT= (V,VPLOT)
/Y

//PBSMOGC JOB (0030, PB) , BRERETN, MSGLEVEL= (1, 1) ,MSGCLASS=h,
// NOTIFY=PB
//RUN EXEC FORTRAN,TIME.G=(Q,59),REGION.G=180K
//C.SYSIN DD *
COMMON /CNTOPT/ICON, ICH, OX, O¥,RCOS, IBOX, IGR, ILAB,RFR,
1RCH, IT, IDF,RLV
DIMENSION D{52,50),H(10),XPS(50),YP5(52)
LOGICAL UNUSED(52,50)
DATA H/0.5,1.5,2.5,3.5,4.5,5.5,6.5,7.5,0.0,0.0/
DATA XPs/0.0,0.4,0.7,0.9,1.1,1.3,1.5,1.6,1.7,1.8,1.9,2.0,2.1,2.2,

1 2.3,2.4,2.5,2.6,2.7,2.8,2.9,3.0,3.1,3.2,3.3,3.4,3.5,3.6,
2 3.7,3.8,3.9,4.0,4.1,4.2,4.3,4.4,4.5,4.6,4.7,4.8,4.9,5.0,
3 5.2,5.4,5.6,5.8,6.0,6.2,6.5,6.9/

DATA ¥P5/0.0,0.4,0.7,0.9,1.1,1.3,1.5,1.6,1.7,1.8,1.9,2.0,2.1,2.2,
L 2.3,2.4,2.5,2.6,2.7,2.8,2.9,3,0,3,1,3.2,3.3,3.4,3.5,3.6,
2 3.7,3.8,3.9,4.0.4.1,4.2,4.3,4.4,4.5,4.6,4.7,4.8,4.9,5.0,
3 5.1,5.2,5.3,5.4,5.6,5.9,6.0,6.2,6.5,6.9/

CALL VERSTK

IGR=1

ICH=)

RCH=3.0

RCOS=1.0/2.0

IT=2

IDF=1

RLV=4.0

CALL LIMIT(C.0,0.0,10.0,6.9}

Do 10 J=1,52

¥=YPS (J)

Do 10 I=1,50

X=XPS (I)

Z1=8.0%EXP(~{(X-2.3) % (X-2,3)+ (¥Y=2.3)*(¥-2.3}})

2258, 0%EXP (- ( (X-4.2)* (X-4.2) +(¥-4.6]* (¥-4.6)) )
10 D(J, I)=21+22

CALL CNTR2B (D, UNUSED, XPS, YPS, 52, 52, 50, K, 8)

CALL CNTKEY (0.0,7.0,H,1,8)

CALL ENDSPR

STOP
END

/t

//L.SYSLIB DD

/M DD DSN=SMOG.LOAD, DISP=SHR

//G.FT12FO0L DD SYSQUT=A
//G.VERSATEC DD SYSOUT=({V,VPLOT)

/



TABLE 4

//PBSMOGCH JOB (OOBO,PB),PEARL,MSGLEVEL:(l,l);NUTIFY=PB,MSGCLASS=H
// EXEC FORTRAN, TIME,G={,59},REGION.G=180K
//C.SYSIN Dp *

DEMENSION XARRAY (15),YARRAY(20),DX(2),DY(2),TYPE(2)

X=0.0

¥=0.0

DX(l}=1.0

DX (2)=0.0

DY{l}=4.0

DY{2)=0.0

TYPE(l}=6.0

TYPE{2)=0.0

XARRAY(1)=1,0

YARRAY (1)=1.0

DO 10 I=2,10 . )

XBRRAY (1) =XARRAY {I-1}+1.0

10 YARRAY (I)=XARRAY (I)**2
DO 20 I=11,20
20 YARRAY (I)=I-10Q

CALL VERSTK

CALL LIMIT({0.0,0.0,12.0,120.0}

CALL DRAXES{0.0,0.0,10,0,120.0,

1'X-LIMITS&', '¥-LIMITS&', "TEST CMHSTAZ', '&’)

CALL CMHSTA(X,Y,1.0,YARRAY, 10.0,2.0,

1DX,DY, TYPE,1.0)

CALL ENDSPR

STOP

END
//L.SYSLIB DD
/7 DD DSN=SMQG.LOAD, DISP=SHR
//G.VERSATEC DD SYSOUT=(V,VPLOT)
7

Fig.l

Fig.2

Fig.3

Fig.4

Fig.5

The arc drawing routines take the circle centre at (x,y} and
draw an arc from ‘theta' to 'phi' radius measured from the

positive x-axis.

A projection of a 3-D chiject onto a 2-D plane output medium.

Plot prcocduced by the program shown in table 2.

Plot produced by the program shown in table 3.

Plut produced by the program shown in table 4.
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Line Drawing . « + «
mapping to the Plotter .
Number output - TYPNMB .

One-element’ Character String output - HPLOTS .

One-element Character String printing -

Qutput Devices . » .«
Pen Movements . s s
PLOTPT = Plotting Point .
Plotting Point - PLOTPT .
Raster Coordinates . .
Rectangle - BOXA and BOXR
REGION - Frame of Reference
ROTANZ - Angle of rotation

Rotate and expand flag - ERDRZ .

ROTAXZ - Axes of rotation
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SETXYZ - 3-D Pen movement
SETY s e s s e e e
Shaded histograms - HSTGMA
Shading - TATURA « e »
Simple histogram - DRSIST

Single Character Qutput = HPLOT

Single Character printing -
SMOG.LOAD «. . &+ + « =
Tektronix « .+ .«
Terminate Plotter - ENDSPR
Text Output . « « o«
TODE & + & s s « =
TODXY .« .+« » + .
TODXYZ - 3-D line drawing
TODY .
TOX -« &
TOXY - e e s m s s
TOXYZ ~ 3-D line drawing .
TOY ¢« &+ &« o « o &
TXTURA - Shading .« s
TYPNMB - Number output .
UPDX L
UPDXY . .+ « « & &
UPDXYZ 3~D Pen movement
uPDY P
VEC - Draw Vector . . .
VECZ = 3-D line drawing .
Versatec Plotter . s e
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VERSTK - Initialising Routine .

Vertical arrow - AROWVR .

View point for 3-D drawing - ZVILN
ZVIEW - View point for 3-D drawing
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