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ABSTRACT 

The subroutine package HPLOT described in this report, 
enables the CERN histogramming package HBOOK to produce 
high-quality pictures by means of high-resolution devices 
such as plotters. HPLOT can be implemented on any 
scientific computing system with a Fortran IV compiler and 
can be interfaced with any graphics package; special 
routines in addition to the basic ones enable users to 
embellish their histograms. Examples are also given of the 
use of HPLOT as a graphics package for plotting simple 
pictures without histograms. 
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INTRODUCTION 

HPLOT was designed as a graphical interface for HBOOK (a 
CERN histogramming package) to enable high resolution 
devices such as plotters to be used. It was designed to 
be easy to use with the minimum of subroutines, and each 
subroutine having the minimum of arguments. It was 
designed to be flexible in its operation and capable 
of producing pictures of a high quality. 

HPLOT is a Fortran subroutine package and has been 
written in near-ANSI standard Fortran. It can be 
implemented with only minor modifications on all scientific 
computer systems(1) that offer a Fortran IV compiler and 
is already in use on CDC, IBM 360/370, UNIVAC 1100 series 
and PDP-10 machines. 

At CERN, HPLOT uses GD3, a device-independent graphics 
package. It is, however, easy to implement HPLOT with any 
graphical package as will be shown in chapter 5. 

It is not essential to know either HBOOK or GD3 in order 
to understand this report. 

(1)That is to say all computers except those where the word 
length differs for fixed and floating point numbers. This 
causes problems with Fortran equivalence statements where 
arrays are used with mixed contents. 
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Chapter 1 
HISTORY AND AIMS 

HPLOT stands for Histogram PLOTting and was originally 
conceived as a single routine for the earliest version of 
the histogramming package HBOOK [BRU-1]. For the version of 
HBOOK released in 1975 and known as HBOOK 2.00 it was 
decided to offer a set of routines for histogram 
plotting. This set of routines became known as the HPLOT 
package and included a subroutine also called HPLOT 
[WAT-1, WAT-2, WAT-3]. 

HBOOK was designed as a comprehensive histogramming 
package. Its output is designed for the line-printer, 
and may optionally contain numerical information about the 
histogram (see figure 1). These may be regarded as 
'working' histograms since all the information a physicist 
is likely to need is on the printed page. By their 
nature, however, they are not suitable for reproduction in 
journals or for projection at seminars because of the poor 
resolution of the line printer (typically about 60 lines per 
page and 120 characters per line). 

HPLOT was designed as a graphical interface for HBOOK to 
enable higher resolution devices such as plotters, microfilm 
recorders, Video Display Units etc. to be used. It was felt 
insufficient to restrict the output purely to producing 
pictures of histograms. Consequently the basic package 
includes routines for adding axis titles and adding comments 
anywhere on the picture. There is a . routine which allows 
several histograms to be plotted next to one another on the 
page, and a routine that allows the user to change options. 
Nevertheless the basic package - as described in the HPLOT 
User Guide [WAT-1] - consists of only 8 subroutines. 

During the development of the package it became obvious 
from users' requests that the basic package was insufficient 
for the type of pictures physicists wished to publish. It 
was therefore decided to generalise the internal routines of 
HPLOT and provide some extra routines so that the user could 
add to the histogram pictures. Several routines were 
written, including ones for superimposing the user's own 
functions, lines, error bars, symbols etc. on the plot 
independently of HBOOK. These routines are described in the 
Advanced User's Guide [WAT-2]. 
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The separation into the basic package of the User Guide, 
and the advanced package described in the Advanced User 
Guide, was done deliberately to avoid creating the 
impression with potential users that the package is too 
complicated. 

Although the routines of the Advanced package were 
intended to be used to embellish histogram pictures, it is 
possible to use them to plot simple pictures without 
histograms. However, even if no direct calls are made to 
HBOOK, routines of the HBOOK package will always be loaded 
because HPLOT uses the internal routines of HBOOK. In this 
sense, HPLOT cannot be considered as a graphics package 
independent of HBOOK. 
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EXAMPLE NO 
PAP.T 2 OF 

HBOOK ID DATE 29/03/78 NO 

I 

» 

43.5 
42 
40.5 
39 
37.5 
36 
34.5 
33 
31.5 
30 
28.5 
27 
25.5 
24 
22.5 
21 
19.5 
18 
16.5 
15 
13.5 
12 
10.5 
9 
7.5 6 
4.5 
3 
1.5 

CHANNELS 100 
10 
1 

CONTENTS 

LOW-EDGE 

10 
1. 
1. 
0 
0 
0 
0 

3 
X 
3X 
XX 

33 3 
XX6X 
3XXXX XXXX 
XXXXX XXXX 
XXXXX3XXXX 
xxxxxxxxxx 
XXXXXXXXXX3 3 
XXXXXXXXXXX 6X 
XXXXXXXXXXXXXXX 3 X 3 
XXXXXXXXXXXXXXX X X X 
XXXXXXXXXXXXXXX 3 X XX X X X 
6XXXXXXXXXXXXXXX X X 6XX X6X X 
XXXXXXXXXXXXXXXX 3 XX X XXXXXXXXX X X 
XXXXXXXXXXXXXXXX X XX6 X XXXXXXXXX 6X X 6 6 
XXXXXXXXXXXXXXXX3XX XXX X XXXXXXXXXXXX X3X X 
XXXXXXXXXXXXXXXXXXX XXX X XXXXXXXXXXXX6XXX X 
XXXXXXXXXXXXXXXXXXXX3 X3XXXXXX XXXXXXXXXXXXXXXXX X 3 
XXXXXXXXXXXXXXXXXXXXX 6 6 XXXXXXXX XXXXXXXXXXXXXXXXX 6 X 6X 
XXXXXXXXXXXXXXXXXXXXX 3X X3XXXXXXXX3XXXXXXXXXXXXXXXXXXX X XX 3 
XXXXXXXXXXXXXXXXXXXXX XX6XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX6X XX X XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX33 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX6 
1 2 
0 1 2 3 4 5 6 7 8 9 0 
1234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890 
1223333243332222111 111 1 1121112121111111 1 
619221262O2531231429835747598975398568058615O235051396743378353221 

111111111111111111111111111111111 
1222222223333333344444444455555555666666667777777778888888899999999000000000111111112222222233333333 
9123457890134567901235678912345789013456790123567891234578901345679012356789123457890134567901235678 
9135791357913579135791357913579135791357913579135791357913579135791357913579135791357913579135791357 
5555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555 

* ENTRIES = 
* BIN WID = 

1000 
•1200E-01 

» ALL CHANNELS 
* MEAN VALUE 

.1000E+04 

.4802E+00 
» UNDERFLOW 
* P. . M . S 

0. 
.2223E+00 

* OVERFLOW = 
* ABNOP. CHA = 

Figure 1 : Sample HBOOK output 



Chapter 2 
OVERVIEW OF HBOOK AND HPLOT 

HBOOK is fully described in the HBOOK USER GUIDE [BRU-3]. 
It may be briefly summarised as follows. It is a 
comprehensive package for booking, filling, manipulating 
and printing histograms. Histograms may be one-dimensional 
, two-dimensional or tables and furthermore one may 
define projections, slices or bands for the 
two-dimensional histograms and tables as required 

When a Histogram is booked the following things happen. 
Space is reserved for the histogram via the blank 
COMMON, and various attributes (such as the number of 
channels, titles etc) are associated with it. The user 
defines an integer - the identifier or 'ID' - with which 
this histogram is uniquely associated. Thereafter the 
ID is sufficient to refer to the histogram. 

HPLOT uses the same stored histogram information as 
HBOOK, and as far as the user is concerned the interface 
between HPLOT and HBOOK is transparent. As with HBOOK, 
histograms are specified via the ID. The user can thus 
print or plot his histogram by simple Fortran 
subroutine calls. 

CALL HPRINT(5) 
CALL HPL0T(5) 
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Chapter 3 
EASE OF USE 

The HPLOT package has been designed in a consistent fashion 
so it is easy to use. Various factors which contribute to 
this are described in this chapter. 

3.1 NAMING CONVENTION 
In a high-energy physics environment it is not unusual 
for a computer program to make use of several subroutine 
packages. To avoid the possibility of name clashes it is 
absolutely vital that each package has its own naming 
convention. Fortunately this is largely the case at CERN as 
can be seen from table 1 . 

Table 1 
Naming convention of packages at CERN 

package naming convention 
GD3 all routines and COMMON blocks begin 

with TV... 
HBOOK all routines and COMMON blocks begin 

with the letter H 
HYDRA for all routines and COMMON blocks the 

first or second letter is Q 
HPLOT all routines and COMMON blocks begin 

HPL... 
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None of these conventions clash in practice, although it 
would be possible. HBOOK keeps away from HQ.. and HPL. . 
and so no conflict occurs. The HPLOT naming convention of 3 
letters is rather restrictive in view of the ANSI-standard 
of a maximum of 6 characters, because it leaves only 3 
spare letters and so it becomes difficult to choose 
meaningful mnemonics. It was decided however to use the 3 
letters HPL... instead of just the two letters HP.... to 
avoid possible confusion with some HBOOK routines which 
historically preceded HPLOT (e.g. HPRINT). 

It was for this reason that HPLWIN was so called. Its 
purpose is to provide a facility for placing several plots 
next to each other on a page. There is some confusion 
in the literature as to whether such smaller plots should be 
called 'windows' or 'ports'. However HPLWIN seemed a 
better mnemonic than HPLPRT, which might be confused with 
printing. 

It was also decided to extend the HPLOT naming 
convention to distinguish between:-

1. User-callable routines 
2. internal routines 
3. COMMON blocks 

The advantage being that a user would not inadvertently 
call an HPLOT internal routine and thereby obtain a strange 
picture, or perhaps even a strange termination message 
for his program. Furthermore some Linkage Editors do not 
distinguish between routines and COMMON blocks and if it is 
obvious which is which, the user can make sure that all 
COMMON blocks are in the root segment of an overlay, 
without constant recourse to a manual to find the names of 
all the COMMON blocks. 

The full HPLOT naming convention is described in table 2 

It proved impossible to adhere to this convention 
rigorously, but the exceptions are few. One exception was 
the realisation that another category of routines was 
required - those that were not user-callable but performed 
certain graphical functions and may need alteration at 
installations outside CERN, especially if GD3 is not used for 
the graphical interface (see later). These routines were 
also given mnemonics such as HPLTXT (the HPLOT general 
purpose text routine). Another exception was that some 
internal routines needed to be split into several routines and 
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Table 2 
Naming convention of HPLOT 

! 1. HPLOT user-callable routines have mnemonics to remind the user of their function, and have 
5 or 6 characters 

C\J HPLOT internal routines have 4 characters, the 
fourth being a letter e.g. HPLA 

! 3- HPLOT COMMON blocks have 4 characters, the 
fourth being a number e.g. HPL1 

so, for example, 
HPLX,HPLX1,HPLX2 etc, 

the axis drawing routine HPLX became 

Nevertheless the general principles of the naming convention 
have been adhered to and have proved useful in practice 
during the installation and debugging of HPLOT outside CERN 
[RUH-1]. 
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3.2 STANDARDS FOR SUBROUTINE ARGUMENTS 
Even though the number of HPLOT subroutines is small, and 

the maximum number of arguments is 6, it is still essential 
to use a consistent approach to ordering subroutine 
arguments if the package is to be easy to use. It is not 
unknown for people to get the arguments in the wrong order 
when there are as few as two of them! 

HPLOT uses the following conventions:-
1. where the histogram ID is used, this is the first 

argument 
2. if X and Y values are quoted they are always in 

pairs with an argument for X followed by the 
corresponding argument for Y 

3- if arrays are used and their dimensions also given 
as an argument, then the arrays are given first, 
followed by their dimension 

Thus using convention 2, a routine with two pairs of 
coordinates is coded:-

CALL HPLGIV(XL,YL,XH,YH) 
(This routine returns to the user the coordinates of the 
lower left-hand hand corner and the upper right-hand corner 
of the current picture.) 

Similarly, using convention 3> a routine with four arrays 
of dimension N is coded:-

CALL HPLERR(XU,YU,DXU,DYU,N) 
(This routine draws user-defined error bars on the plot.) 
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3-3 THE HISTOGRAM ID 
As already described HBOOK uses an integer identifier to 
define a histogram uniquely. This has important 
implications for HPLOT. Firstly it allows the user to 
define constant information once only (at booking 
time) regardless of how many plots of that particular 
histogram he requires. 

For example, a title for a histogram may be given 
CALL HB00KK3, 18HSIMULATED RESULTS$ , 1 00 , - 10 , 1 0) 

where the dollar sign is used as a character delimiter. 
Every time this histogram is plotted the title automatically 
appears. 

Secondly, and because of the above, the ID enables the 
number of arguments of the HPLOT routines to be kept to a 
minimum. As an extreme example HPLOT uses the CERN Program 
Library routine SURF3D for plotting functions of two 
variables [KUR-1]. Compare the two calls in figure 2 . 

CALL SURF3D(Z,ZMAX,ZMIN,IDIM,JDIM,ISTART 
, ISTOP,IDELTA,JSTART,JSTOP,JDELTA 
, MODE,THETA,PHI,TEXT,NTEXT) 
CALL HPLSUR(ID,THETA,PHI,MODE) 

Figure 2: Comparison of SURF3D and HPLSUR calls 

In fact the most used HPLOT routines have a maximum of 4 
arguments. 
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3.4 VARIABLE NUMBER OF ARGUMENTS 
Like HBOOK and GD3, HPLOT allows the user to call a routine 
with a reduced number of arguments where this still makes 
sense. For example the full coding for the routine HPLOT 
is shown below:-

CALL HPLOT(ID,4HSAME,ISLICE,NSLICE) 
where the second argument is a flag to denote 
whether superimposition on the previous plot is required 
or not, and the third and fourth arguments are 
used to select projections/bands/slices and the 
band/slice number for two-dimensional histograms. 

For a one-dimensional histogram without 
superimposition the following code would be sufficient 

CALL HPLOT(ID,0,0,0) 
By making use of the reduced calling list, this can be 
shortened to:-

CALL HPLOT(ID) 
which makes the program much more readable. 

It could be argued that this facility violates the ANSI 
standard for Fortran IV [NCC-1]. However this is only 
true for the user's program since within the HPLOT 
package itself all subroutine calls use the full 
argument list. There is nothing in the coding of this 
facility which violates the ANSI standard as can be seen 
from the simplified code of figure 3 • 

The routine NOARG [YUL-1] returns the actual number 
of arguments with which the routine was called. If the 
routine HPLOT is called with less than the full number of 
arguments, then only those arguments used are copied across 
to the local variables J1,J2 etc. On some machines 
(for example the PDP-10) it is difficult to determine the 
number of arguments and for these the simplest approach is 
to use a dummy NOARG routine. By preceding the NOARG call 
with a statement to give NUMPRM a value, the code of the 
example HPLOT routine will still work even if NOARG is 
dummy. 

Having said that no violation of the standard is present, 
one must still be very careful when coding for this 
facility. It is advisable to make the call to the NOARG 
routine one of the first executable statements, and problems 
can arise with some compilers if routines are called with 
no arguments at all. The minimum in HPLOT is therefore one 
argument. 
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c 
SUBROUTINE HPLOT(11,12,13,14) 

NUMPRM=4 
CALL NOARG(NUMPRM) 

C SET UP DEFAULTS 

J1=0 
J2 = 0 
J3 = 0 
J4 = 0 

C DECODE PARAMETER LIST 

GOTO (4,3,2,1),NUMPRM 
1 J4=I4 
2 J3=I3 
3 J2=I2 
4 J1=I1 

Figure 3: Method of coding for variable no. of 
arguments 

Furthermore a difficulty occurs on the IBM with the H 
level Fortan IV compiler because this tries to optimise the 
code by making a local copy of the scalar arguments. 
It is possible to define ways in which arguments are passed 
across, whether 'call by location' or 'call by value',and 
HPLOT uses the 'call by location' method which does not make 
a local copy [IBM-1]. For this, each argument which may 
be omitted is enclosed by slashes as can be seen from figure 
4 . 

N.B. This is required only internally within HPLOT and 
not in the user's program. 

In order to select different statements for the different 
machines, it is necessary to use a program, such as PATCHY 
[KLE-1], for maintaining the master source. PATCHY was 
chosen for HPLOT since it is available on many different 
computers and it is possible to export PATCHY files 
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SUBROUTINE HPLOT(I1,712/,/I3/,/I4/) 

Figure 4: Coding of HPLOT for IBM FORTRAN-H Compilers 

themselves. From these files the user can make the 
selection of which computer version he wants, and also 
whether to have the version of HPLOT for GD3 or the version 
for other graphic packages. 
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3.5 ZERO AS A VALID SUBROUTINE ARGUMENT 
Associated with the concept of missing arguments is the 

concept of using a zero to imply all choices. The same 
mechanism is used in HBOOK. If an argument is missing, the 
value of that argument is assumed to be zero. Thus:-

CALL HPLOT(ID) 
is the same as:-

CALL HPLOT(ID,0,0,0) 

This does NOT mean that no slices/bands/projections 
of the histogram are required, but that all such options 
are to plotted. similarly 

CALL HPLOT(O) 
implies that ALL histograms are to be plotted (together 
with all their slices, bands and projections). This is 
much more flexible than using a Fortran DO loop since it is 
not necessary to have contiguous histogram ID's, and by 
making calls to HPLOT for non-existent histograms many error 
messages are generated. 

The case where the user requests all the slices of a 
histogram is rather special and is discussed in section 8.3 
on 'Multiple Slices'. 
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3.6 THE HPLQT USER ROUTINE - HPLUSR 
One disadvantage of the method mentioned above, occurs 

where the user wants all histograms plotted but wishes to 
add information to each plot by other routines of the HPLOT 
package. Routines are available for adding comments 
on the picture, axis titles etc. Because these routines 
must be used after each HPLOT call in order to superimpose 
the information, it would not be possible to use call 
HPLOT(O). For example 

CALL HPLOT(ID) 
CALL HPLAX(4HMEV$,19HNO. OF EVENTS$) 

adds the two titles 'MEV' and 'NO. OF EVENTS' to the axes. 
It is not possible to replace the HPLOT(ID) call with 
HPLOT(O) since only the last picture would then have axis 
titles. 

This problem was solved by introducing an 'HPLOT USER 
ROUTINE' - HPLUSR. It is a routine which HPLOT calls 
on the successful completion of every plot. The user does 
not call it himself, but supplies his own HPLUSR for HPLOT 
to call. To avoid problems with unresolved references for 
the Linkage Editor, the HPLOT library is provided with a 
dummy HPLUSR i.e. a routine with only RETURN and END 
statements. 

To make HPLUSR more powerful it was decided to pass 
across three arguments:-

1. the histogram ID 
2. the type of plot (whether 1 dimensional, 2 

dimensional, slice band or projection) 
3. the slice/band number if appropriate 
The user can now use further HBOOK calls to 

obtain more information about the histogram and perhaps 
add this to the plot. He might wish to add the histogram ID 
itself, or the number of entries used to fill the 
histogram, or the mean value of contents and so on. 
Although such things could be provided by HPLOT itself as an 
option this was not done for several reasons. Firstly it 
would be very wasteful of space to include all the possible 
types of information everyone might require, only to find 
that most users never needed that information. In this 
context it must be remembered that in order to run HPLOT it 
is necessary to load the HBOOK and GD3 packages as well. 
Secondly, different users might want the information plotted 
in different positions of the plot. The plot already has 
axis values, possibly a multiplication factor for these 
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values, histogram title , axis titles and so there is very 
little room outside the plot for such extra information 

An auxiliary routine is available to pass to the 
user the coordinates of the actual rectangular box 
surrounding the histogram, and so he can use this data 
to put extra information in a position where it will be 
easy to read. With HPLUSR the above example of axis titles 
is easily solved as can be seen from figure 5 . 

SUBROUTINE HPLUSR(ID,ITYPE,INUM) 
CALL HPLAX(4HMEV$,19HNO. OF EVENTS$) 
RETURN 
END 

Figure 5: Example of coding for HPLUSR 

With this routine every histogram will have the specified 
axis titles. The HPLOT ADVANCED USER GUIDE [WAT-2] gives 
further details about adding information to the plot. 

It is obviously undesirable to allow the user to call 
HPLOT itself from HPLUSR since this is using FORTRAN in a 
recursive fashion. Rather than simply say that such 
a thing is forbidden it was decided to add a check in the 
code. The simplified code of figure 6 shows the method 
which should be self explanatory. 
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SUBROUTINE HPLOT 
LOGICAL LFLAG 
DATA LFLAG/.FALSE./ 
IF(LFLAG) STOP 

code for plotting histogram 

LFLAG=.TRUE. 
CALL HPLUSR(ID,ITYPE,INUM) 
LFLAG=.FALSE. 
RETURN 
END 

Figure 6: Coding to check for recursive calls to 
HPLOT 
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3-7 REAL AND INTEGER VALUES 
A common problem associated with subroutine packages is 

that the routines expect real values but the user codes 
integer values. This problem was solved in HBOOK by using 
the routines INTARG and FLOARG [BRU-4]. HPLOT uses the 
routines in the same way. They are machine dependent but 
are available for most main-frame computers. They look at 
the bit pattern of a variable to decide if it is an integer 
or a floating point number, and do the conversion if 
required. 

By using these routines internally the following two 
calls are identical:-

CALL HPLCOM(10.0,15.0,comment) 
CALL HPLC0M(10,15,comment) 

In both cases the comment will appear at the position 
{10.0,15.0}. This method not only avoids errors because the 
decimal point has been forgotten, but is also useful for 
situations where the user is thinking in terms of integer 
values. 
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3.8 INITIALISATION AND TERMINATION ROUTINES 

Only three routines are essential for producing a 
histogram plot:-

1. the initialisation routine HPLINT 
2. the routine HPLOT which produces histogram plots 
3. the termination routine HPLEND 
The main purpose of HPLINT is to initialise all the HPLOT 

variables. This cannot be done from a Block Data subroutine 
since HPLOT is a subroutine package, and there is no machine 
independent way of loading Block Data subroutines from a 
library. HPLINT also initialises the graphic system and, 
when HPLOT is implemented with GD3, passes across a stream 
number for the display file. 

HPLINT also produces some output on the line-printer 
showing the version number of HPLOT, the run date of the 
user's program, and a list of major changes since the last 
version. (See figure 7). This information has proved very 
useful when debugging, not only because it is easy to see if 
the latest version of HPLOT has been used, but also because, 
if the page is absent, the call to HPLINT may have been 
forgotten, and variables not initialised. 

The main purpose of HPLEND is to close the display file 
for GD3 (or to perform a similar function with other graphic 
systems). It also writes to the line-printer and shows how 
many pictures were produced. If this output is absent, the 
program may not have called HPLEND and some graphic output 
could be lost. 
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. HPLOT CERN CDC 7600 VERSION 2.03 771223 CREATED 771223 DATE OF PROGRAM 29/03/78 

vo 

.NEW FEATURES FOR THIS VERSION 

.1). MAIN CHANGES ARE TO MAKE HPLOT COMPATIBLE WITH THE NEW HBOOK, E.G. HPLOT(0) PLOTS HISTOGRAMS IN BOOKING ORDER 

.2). FOR CONSISTENCY WITH HBOOK, ALL HPLOT ERROR NUMBERS ARE CHANGED FROM 6— TO 9— E.G. 634 BECOMES 931» 

.3). ERROR BARS ARE NOW CLIPPED SO THAT IF THEY ARE PARTIALLY OUTSIDE THE PICTURE,THE PART INSIDE WILL BE DRAWN 

Figure 7: Page produced by HPLINT 



Chapter 4 
SOFTWARE CHARACTERS 

Before discussing the approach HPLOT takes to software 
characters, it is worth explaining what is meant by the term 
and what their advantages are over hardware characters. 

Hardware characters are so-called because some Video 
Display Units (VDU's) have hard-wired characters built in. 
However where a graphics package is concerned, the term may 
simply imply a restricted character set which can only be 
defined horizontally and to be of a certain size. It is 
usually restricted to the upper case letters A,B....Z, the 
numerals 0,1...9 and a few punctuation marks such as comma, 
full stop etc. Hardware characters sets do not usually 
include lower case, Greek letters, subscripts, superscripts 
or special mathematical symbols. 

By contrast software characters are usually defined by 
the graphics package itself - i.e. by software and hence the 
name - and can have upper case, lower case, different fonts, 
different alphabets, superscripts, subscripts, mathematical 
symbols etc. They can usually be drawn at any angle and any 
size. Software characters are passed to the graphics device 
as a series of line segments, and consequently they tend to 
be slower to plot, and, of course, space must be reserved 
for their definition within the graphics package. 

This situation may change quite soon with the 
introduction of microprocessors and cheaper memory. It would 
certainly be more logical for a graphics device to store 
character definitions itself than have this done by 
software. The FR80 at the Rutherford Laboratory, for 
example, has been modified so its 'hardware generator' can 
be used for any character font desired [CRE-1]. In 
particular some of the Hershey characters [W0L-1] have been 
converted into individual fonts for occasions where one 
needs a more elegant font than that supplied by the 
manufacturer. (The 'Hershey characters' are a collection of 
characters and symbols including Roman and Greek alphabets, 
Italic scripts, Gothic scripts, upper and lower case etc. 
Various formats are defined including characters with 
serifs. The characters are defined as a series of line 
segments and consequently are easy to implement on computer 
driven graphic devices.) 
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Because hardware and software characters have different 
characteristics, it is usual for a graphics package to have 
two sets of routines for character generation. The method 
used by the SLAC Unified Graphics System is different and 
will be discussed later. 
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4.1 USING SOFTWARE CHARACTERS WITH HPLOT 
Since HPLOT does not require the flexibility to plot 
software characters at any angle, it was decided to give the 
user only one means of inputting text, and to provide the 
ability to switch from hardware to software characters as an 
option set by a separate routine. 

To switch to software characters one codes 
CALL HPL0PT(4HS0FT) 

and all text plotted by HPLOT will be treated as software 
characters. To revert back to hardware characters, one 
codes:-

CALL HPL0PT(4HHARD) 

This has proved very useful:- the user can develop his 
program and debug it rapidly using hardware characters (even 
using the GD3 line-printer interpreter and so avoid delays 
in waiting for plotted output, or trying to find an 
available graphics terminal) and later switch to software 
characters by the addition of only one subroutine call. 

In order that HPLOT could be used with graphics packages 
other than GD3, character strings are passed across to the 
relevant text drawing routines unchanged. In other words, if 
HPLOT has been implemented with GD3, the user requiring 
software characters must pass across the GD3 software 
control characters within the HPLOT calls. For example 

CALL HPLC0M(X,Y,18HS!0FTWARE &C!HARACTERS$) 
will result in the comment 

Software Characters 
appearing on the plot at the position {X,Y}. (The dollar 
sign is an HPLOT text delimiter used to indicate to HPLOT 
the end of the text. It is used to avoid having to pass 
across the length of the string. The GD3 text delimiter - a 
colon - is automatically inserted by HPLOT). 

- 22 -



4.2 SOFTWARE CHARACTERS - THE UGS APPROACH 
The SLAC Unified Graphics System (or UGS) is interesting 

because no special control characters are mixed with the 
text, but instead a separate array of control characters is 
given. This makes for a more readable approach, especially 
if one is submitting johs via a terminal. As an example 

SOFTWARE CHARACTERS 
LLLLLLL LLLLLLLLL 

The 'L' in the second array causes letters in corresponding 
positions in the first array to be lower case. Similarly a 
'G' implies Greek upper case and 'H' Greek lower case. 

The reason this approach is interesting, is because in 
'hardware character' mode only the first array need be 
scanned, giving the perfectly correct text 

SOFTWARE CHARACTERS 
Compare this with GD3 which would have all the extra control 
characters as well:-

SÎOFTWARE &CÎHARACTERS 

There is another advantage of the UGS method and that is 
that whereas GD3 needs one control character to change 
alphabet and one to change to lower script, UGS can use one 
letter to perform both operations (e.g. 'H' means Greek 
lower case). Furthermore GD3 needs so many control 
characters that special instructions must be given for 
typing these on different keyboards. In addition, fairly 
common punctuation marks become control characters and have 
to be enclosed in quotes if they are really needed. Thus to 
obtain 

'Why? ' 
needs the string:-

"""W'HY"?"""" 

The disadvantage of the UGS method is that two arrays are 
needed. If this was really considered a disadvantage, it 
would be possible to designate one control character, say 
'%' and follow this by the UGS letter from the second array. 
This option would then remain in force until followed by 
another pair of control letters. A double '%%' would revert 
back to the default character type. Thus 
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SOFTWARE CHARACTERS 
LLLLLLL LLLLLLLLL 

would become 

SêLOFTWARE §@C@LHARACTERS 

Instead of forcing the user to code like this, one could 
provide a small interface routine to perform the conversion. 
One could input the UGS primary and secondary arrays, and a 
third array could be output with the embedded '@' control 
characters. This third array could then be input directly to 
the HPLOT routines. 

It would still be possible to use the HPLOT method of 
switching between software and hardware characters via the 
interface routine. If the switch requested hardware 
characters, the interface routine would merely copy the UGS 
primary array into the output array. 
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4.3 CONCLUSIONS ON SOFTWARE CHARACTERS 

The above discussion has shown that different graphic 
packages can have very different approaches to software 
character handling. Nevertheless, HPLOT can be used with a 
graphic package like GD3 which uses imbedded control 
characters, or with a graphic package such as UGS which uses 
two arrays. With only one interface routine HPLOT could 
easily utilise the software characters of UGS. 

One disadvantage of HPLOT passing the software character 
drawing to the host graphics package, is that different 
characters will be used at different installations. It would 
be possible for HPLOT to define its own software characters, 
perhaps based on the Hershey character sets [WOL-1], but 
these would be a very large overhead because of the size of 
the character definitions, especially if numerous fonts or 
alphabets were required. The portability of HPLOT would, 
however, be increased, and the resulting pictures would have 
a very high quality. 

Although no work has been done to implement HPLOT 
software characters, a few of Hershey's symbols are 
available from HPLOT primarily to distinguish between 
different lines superimposed on one picture. The symbols 
include open squares, triangles and circles and the same 
symbols 'blackened ' by drawing similar smaller symbols 
inside them. It would be easy to extend this coding to 
include software Hershey characters. 

- 25 -



Chapter 5 
CHOOSING THE GRAPHICS PACKAGE FOR HPLOT 

5.1 WHY GD3 WAS CHOSEN FOR CERN 
There are several reasons for choosing GD3 as the 

graphics package used by HPLOT at CERN. GD3 is a device 
independent package which obtains its device independence by 
the use of an intermediate file known as the Display file. A 
different interpreter is used for each device, and the 
interpreters take the Display file as their input. 

Since GD3 is maintained at CERN, interpreters are 
available for all the CERN central computing facilities' 
devices, and as new devices become available, new 
interpreters are written for them. Consequently HPLOT users 
are able to take advantage of these new devices at the 
earliest opportunity without any modifications being 
required by HPLOT itself. 

To run the interpreters, it is only necessary to use a 
few control cards. Thus the HPLOT user needs to know the 
absolute minimum about GD3, and does not have to study the 
GD3 manual in addition to the HBOOK and HPLOT User Guides. 

Another factor which influenced the decision to use GD3 
was that it had already been exported to some high-energy 
physics laboratories within Europe. Although, as will be 
shown in the next section, it is not essential for an 
installation to use GD3 with HPLOT, nevertheless if it 
already has GD3 there is practically no work required for 
installing HPLOT. 

Finally, as previously mentioned, GD3 has a good naming 
convention for its subroutines which avoids the possibility 
of name clashes within the user's program. 
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5.2 HOW GD3 WAS USED 
Once the decision had been made to use GD3 it became 

necessary to choose the level of graphical routines of GD3 
that could be used. It soon became clear that the best 
method was to use only the lowest level routines - primitive 
routines such as those for drawing vectors, drawing text 
etc., and not the higher level routines such as TVAXIS for 
drawing an axis complete with its title. 

If routines such as TVAXIS had been used, it would be 
necessary to explain in the Installation Guide [WAT-3] the 
function of all the routines called from TVAXIS - even if 
they were never used by HPLOT. Alternatively it would have 
been necessary to change the coding of the GD3 routines for 
export, but this could lead to two incompatible versions of 
the same routine with the same name, and it would be 
difficult to ensure that the HPLOT version had the latest 
updates. 

In the Installation Guide there is a description of the 
GD3 routines used by HPLOT. The description is not a full 
one, it only shows what the routines do when called from 
HPLOT. Furthermore the routines are not used in a way which 
could make their implementation difficult. For example, it 
is possible to code TVSET with one or more arguments, and so 
in the two places where HPLOT uses this routine, it would be 
possible to have:-

1. CALL TVSET(2HUP) 

2. CALL TVSET(5HRIGHT,5HSMALL) 
instead, HPLOT uses one argument in both cases, even though 
the second case then requires two subroutine calls:-

1. CALL TVSET(2HUP) 

2. CALL TVSET(5HRIGHT) 
CALL TVSET(5HSMALL) 

By using the two TVSET calls, it is also easier to 
implement TVSET on machines with only 4 characters per word, 
since the subroutine arguments can be assumed to be a 
maximum of 4 characters with no ambiguity. (This is not true 
for all the possible arguments of TVSET, only the subset 
used by HPLOT.) 

In order to further restrict the number of GD3 routines 
needed for interfacing to other graphical systems, different 
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coding is provided in HPLOT for users of GD3 and users of 
other graphic systems. Versions of HPLOT for GD3 have some 
routines additional to the basic low-level graphical 
routines. These extra routines are needed for housekeeping 
purposes and to pass extra information to the display file 
for using the plotter. For example, for historical reasons 
the FIRST picture appears on the SECOND frame of the GD3 
display file, unless the routine TVBGFR (TV begin frame) is 
called. Instead of explaining why this is so, and why 
TVBGFR is needed so the Nth picture appears on the Nth 
frame, the routine is not called for non-GD3 version of 
HPLOT. Consequently a cleaner interface can be provided for 
users of other graphical systems. 
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5.3 THE HPLOT TEXT DRAWING ROUTINE - HPLTXT 
Another decision that had to be taken was to decide 

whether to use the GD3 text-centring routines or let HPLOT 
do this itself. The GD3 method is based on the premise that 
GD3 must be device independent. Consequently GD3 has no 
internal knowledge of the actual size of characters, since 
this depends on the output device to be selected later by 
the interpreter. The method of centring by GD3 is to issue 
backspaces. This works perfectly well for an odd number of 
characters, but not for an even number. (See figure 8). 

15 2 characters - not centred 

15 2 characters - 1 backspace 

150 3 characters - not centred 

150 3 characters - 1 backspace 

Figure 8: Centring text by backspaces 

For long character strings the difference is perhaps not 
noticeable but for short strings - such as the values 
plotted along an axis - it is very marked. It would have 
been possible to issue a 'half backspace' and allow the 
interpreter to act on this or not depending on the device, 
but this was not used. 
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It was therefore decided that HPLOT should centre text 
itself. This resulted in a further reduction in the number 
of GD3 routines used, because only two GD3 text routines are 
needed - one for hardware characters and one for software 
characters. The two GD3 routines for drawing centred-text 
are not required. 

Because text is input to HPLOT in the same way for both 
hardware and software characters, it was decided to provide 
a general purpose HPLOT text routine - HPLTXT. Wherever text 
is required from HPLOT this routine is called, and so it is 
easy for HPLOT to provide a switch between hardware and 
software characters:- the test has only to be in HPLTXT. 

Details of the character sizes had to be stored in a 
Common block for the centring. It was only a small extension 
to provide code so text could finish at a given position 
instead of starting or being centred there. This facility 
proved very useful when drawing values for the Y-axis; no 
matter how large the numbers, whether with or without a 
minus sign, whether with or without a fractional part, there 
could be a constant distance between the values and the 
axis. 

A flag was also provided to indicate the orientation of 
the text - either horizontal or rotated 90, 180, or 270 
degrees. Text is normally plotted horizontally by HPLOT 
except for software Y-axis titles which are rotated 90 
degrees anti-clockwise. However, by providing this flag, and 
the coding for the rotations within HPLTXT, an extension 
could easily be provided to rotate complete plots. Such a 
facility could be useful when plotting a two-dimensional 
histogram together with its projections. The projection on 
the Y axis should go up the page, whereas at the moment it 
is plotted in the same orientation as any other 
one-dimensional plot. 

- 30 -



5.4 TRUNCATION OF CHARACTER STRINGS 

HPLOT uses as internal dimensions the size of the plotted 
picture in centimetres. By default this is 29-7 by 21.0. 
Because HPLOT is working to these dimensions, and because it 
knows the sizes of the characters used, it is able to 
truncate character strings to fit the available space. The 
number of characters one can plot depends on three factors:-

1. whether the title is an axis title,histogram 
title, global title, comment etc. 

2. the size chosen for the characters (there is an 
HPLOT routine to change the character sizes. By 
default software characters are generated to be 
the same size as the hardware characters). 

3- for histogram and axis titles,the number of 
windows is also important. 

A more general package - such as GD3 - is not able to do 
this because it is not working to a given paper size for its 
output. GD3 works to some abstract device which is mapped 
onto the selected output device only when the device 
interpreter is invoked. 
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5.5 THE GRAPHICAL INTERFACE FOR NON-GD3 INSTALLATIONS 
The decision to use the lowest level routines makes it 

much easier for installations without GD3 to write their own 
graphics interface. As an example figure 9 shows the vector 

SUBROUTINE TVDRAW(X,Y,N) 
DIMENSION X(N),Y(N) 
CALL M0VE(X(1),Y(1)) 
DO 10 J=2,N 
CALL PL0T(X(J),Y(J)) 

10 CONTINUE 
RETURN 
END 

Figure 9: Example 

drawing routine TVDRAW written for a plotter with the 
primitives MOVE (go to given position without drawing a 
line, set given position to be the current position) and 
PLOT (draw a line from the current position to the given 
position and then set the given position to be the current 
position). 
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Chapter 6 
LINE DRAWING AND LINE CLIPPING 

HPLOT has an automatic facility for superimposing 
histograms on the same plot with different line symbols 
(solid line, dashed line, dotted line etc.). The same line 
symbol is used for the histogram and any associated function 
or error bars. Consequently a test has to be made for the 
type of line symbol from the three routines which 
respectively draw the histogram, the function and the error 
bars. 

For ease of implementing HPLOT with graphical systems 
other than GD3, the test is done in a different way for GD3 
versions of HPLOT and in non-GD3 versions. The coding for 
the test - including the necessary Patchy control cards - to 
give the two cases is not straightforward. It is thus 
neater to use one line drawing routine with this coding in 
one place only. 

At first sight, it would not seem worthwhile calling this 
routine for all lines, since some lines (such as those of 
the box defining the outside of the picture) are never 
dashed or dotted. However, if only one HPLOT line drawing 
routine is used, it is easier to implement line clipping. 

Line clipping is only a recent development in HPLOT, and 
currently only the simple case of horizontal and vertical 
lines are treated. Nevertheless this limited facility is 
useful for error bars, either the error bars stored with the 
histogram via HBOOK, or the ones the user defines himself 
with the routine HPLERR(2). 

(2)The difference between the two types of error bars, is 
that those stored with the histogram are defined bin by 
bin and have no width in the X direction. The error bars 
defined by HPLERR are the normal horizontal and vertical 
crosses and so have width and height. 
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If line clipping for lines at any angle were ever 
implemented(3), it would be possible to remove a lot of 
coding from other routines and also to provide better 
looking pictures. At the moment, when drawing functions, if 
a point goes outside the picture area, the lines to and from 
that point are suppressed. 

(3)Newman and Sproul in [NEW-1] describe a suitable 
algorithm. 
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Chapter 7 
SOME OTHER ROUTINES OF HPLOT 

7.1 CHANGING OPTIONS AND SETTING VALUES 
Like many other packages, HPLOT gives the user the 

possibility to change default values and to redefine 
constants. (Since it is a subroutine package, the changes 
cannot be input from cards). There are two separate and 
distinct cases:-

1. an option is selected or cancelled 
2. a value is to be given to some parameter 
HPLOT provides only two routines to cover these two 

cases. Firstly there is an HPLOT option routine - HPLOPT -
in which the options are denoted by mnemonics. Secondly 
there is a routine for setting values - HPLSET. In this 
routine the type of parameter to be altered is denoted by a 
mnemonic, and the other subroutine arguments give the actual 
values to be used for the parameters. 
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7.2 CHANGING OPTIONS 
The mnemonics used by HPLOPT are Hollerith strings and 

are limited to 4 characters for compatibility between 
different computers. The options are primarily like switches 
- they either turn an option on or they turn it off. It is 
therefore necessary to choose meaningful mnemonics, within 
the limitation of 4 characters, that denote options and 
their converse. 

For some options this is achieved by preceding a 3 
character mnemonic with the letter 'N'. For example to plot 
square plots one uses the option 'SQR', and to return to the 
default size one turns off this option with 'NSQR'. For 
other options it is more convenient to quote the two options 
explicitly, e.g. 'HARD' for hardware characters and 'SOFT' 
for software characters. 

As an extension, the option routine is also used for some 
items which have more than two possibilities, but which are 
limited in their possible values. An example is the metric 
paper sizes which are set by the options 'A4', 'A3' etc(4). 

(4)The page numbers of HPLOT are, however, set by HPLOPT. 
This is partly historical, as HPLOPT was written long 
before HPLSET, but has been retained because HPLOPT is 
easier to use and is part of the basic HPLOT package. 
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7.3 METHOD OF CALLING HPLOPT 
The two parameters of the routine are an array of options 

and the size of the array. Figure 10 shows an example. 

DIMENSION I0PT(3) 
DATA I0PT/4HS0FT,4HH0RIf2HA3/ 

CALL HPL0PT(I0PT,3) 

Figure 10: Example of using the options routine 
HPLOPT 

This type of coding is suitable if one wishes to change 
many options, but is rather cumbersome if only one option is 
to be used. However, since the arguments are passed across 
as addresses, and since ANSI-Standard Fortran allows a 
Hollerith string as a subroutine argument [NCC-1] one can 
code the option directly in the calling sequence:-

CALL HPL0PT(4HS0FT,1) 

On computers allowing a reduced number of arguments, this 
can be further reduced to:-

CALL HPL0PT(4HS0FT) 

Thus the routine is simple to use for changing just one 
argument, yet, at the same time, capable of changing many 
options with one call. In fact it is so much easier to use 
the reduced calling sequence than using a DIMENSION and 
DATA statement, that many people use this method for 
changing two options:-

CALL HPL0PT(4HS0FT) 
CALL HPLOPT(4HH0RI) 
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7.4 GIVING VALUES TO PARAMETERS 
The method used by HPLOPT can only be used for options 

which are like switches or which have a limited set of 
values. If it is required to allow the user to define 
values, then a different method has to be used. 

The HPLOT routine for this is called HPLSET. It has three 
arguments:-

CALL HPLSET(ICASE,VAR1,VAR2) 

The first is a four-character Hollerith string to denote the 
type of parameters being altered. VAR1 and VAR2 are assumed 
to be arrays but of length determined by context. Since 
Fortran passes across the address of the arguments, it is 
possible for VAR1 or VAR2 to be arrays of length 1, i.e. 
single variables. 

Furthermore VAR1 and VAR2 can be either fixed or floating 
point values, again depending on context. HPLSET uses the 
mechanism described in section 3-7 to decode the values 
accordingly. 

Finally HPLSET recognises the condition where both VAR1 
and VAR2 are zero as a special case where the default values 
are to be reset. 

Some examples may clarify these points. 

CALL HPLSET(4HSIZE,10,15.5) 

This call sets the paper size to be 10.0 cm x 15-5 cm. 
Although the dimensions of the paper are floating point 
numbers, it is not necessary to use '10.0' as the second 
argument, because HPLSET will automatically do the decoding. 

In order to reset the paper size back to a metric size 
(such as A4) one codes:-

CALL HPLSET(4HSIZE,0,0) 
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In both the above examples, VAR1 and VAR2 are used as 
scalar variables. It is possible to use HPLSET to give 
values to arrays internal to HPLOT, i.e. to arrays not 
otherwise accessible to the user's program. Two mechanisms 
are possible for this(5). Either the complete array could 
be given, with a parameter to show how big the array is:-

CALL HPLSET(4HWCHR,HSIZE,9) 
This would be equivalent to 

WCHR(1)=HSIZE(1) 
WCHR(2)=HSIZE(2) 

WCHR(9)=HSIZE(9) 
except that WCHR (representing different characters widths) 
is internal to HPLOT. 

Alternatively, one could give a single element of the 
array at a time:-

CALL HPLSET(4HHPL4,3,VAR2) 
This would set the 3rd element of the Common block HPL4 to 
VAR2. 

(5)These two examples are for illustrative puposes only. 
However the mechanism for doing this is coded in HPLSET. 
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7.5 SUMMARY 
By providing HPLSET and HPLOPT, HPLOT allows the user the 
possibility to change options and set parameter values in a 
flexible way with only two subroutines. 

If, however, HPLOT had many more than only 10 options, it 
would have been difficult to choose meaningful mnemonics for 
the options and their converse while keeping within the 4 
character limitation. 

Although the provision of a general routine means that 
routine is bigger than one for a specific option, this is 
balanced by not repeating code in several routines which do 
similar things, perhaps only to different flags or bit 
numbers. 
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Chapter 8 
THREE DIMENSIONAL PLOTTING 

As can be seen from figure 11, the two-dimensional 
histograms of HBOOK do not give an immediate picture of the 
structure of the data. It would be possible , for example, 
for a very tall narrow peak to be hidden among a dense 
region of the histogram. As an aid to visualizing such 
data, it is often desirable to view the three-dimensional 
mesh surface of such a histogram viewed from a direction 
under user control. 

A three-dimensional mesh surface is defined by 
giving the Z coordinates of points above a rectangular 
grid in the X-Y plane. The picture is formed by joining 
adjacent points with straight lines. 

The ideal would be a subroutine to perform a perspective 
picture of such a three-dimensional mesh surface with 
hidden lines removed. Unfortunately, algorithms for 
this are often very time-consuming and need large 
amounts of work-space. Furthermore the hidden-line 
removal problem is often not completely solved. Many 
algorithms have been described [KUB-1, WIL-1, WRI-1, 
BAR-1, WATK-1, BEA-1, PEA-1] but no routine has yet been 
written for HPLOT which solves both the hidden-line 
problem and allows the user to choose the viewpoint. 

Instead a compromise solution has been adopted. Firstly 
a routine is available - HPLSUR (HPLOT SURface drawing 
routine) - which draws all lines, hidden or not, but from 
a viewpoint chosen by the user. Secondly, it is possible 
to draw multiple slices which solve the hidden-line problem 
but give no user control of the viewpoint. These two 
approaches are described in greater detail below. 
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3+ 27+H456598656 +2+++++4++2332Ô55632223322+ 2 + +++ 
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+ 32 3+6654C6554+232++++++ 3+2+736292543235 + + 

++22+2++523+ + + + ++6+ 2+23++ 2 2 + + 
+ + +2 + 

+ + + + + + + 

***************************************************************** 
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Figure 11: Example of 2-dimensional HBOOK histogram 



8.1 THE HPLQT SURFACE DRAWING ROUTINE - HPLSUR 
This surface drawing routine is based on the CERN program 

library routine SURF3D [KUR-1]. The program performs 
hidden line removal for smoothly varying functions, but not 
for most two-dimensional histograms where lines which should 
be visible are sometimes also removed. However the program 
can still produce useful pictures by using it in a mode 
where all lines are drawn - the so-called 'wire-frame' 
picture. 

The algorithm of SURF3D was taken and modified so it 
called GD3 routines instead of the routines of the SCOOP 
plotting package. Another modification was to provide the 
routine HPLSUR with the minimum of subroutine parameters. 

CALL HPLSUR(ID,THETA,PHI,MODE) 

Figure 12: Full calling sequence of HPLSUR 

The first parameter is the histogram ID which may be zero 
to signify that all two-dimensional histograms are to 
plotted. The second and third arguments are the viewing angles 
THETA and PHI, and the third is the MODE flag of SURF3D. 
Default values are provided for all parameters except the 
first, so the minimum calling sequence is:-

CALL HPLSUR(ID) 

Figure 13: Minimum call ing sequence of HPLSUR 

compared with the much longer SURF3D calling sequence. 
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Possible values of the MODE flag are M0DE=1 (default) meaning 
that all lines are plotted, and M0DE=3 meaning that hidden-lines 
are removed. As already mentioned SURF3D does not solve 
the hidden-line removal problem for most two-dimensional 
histograms, but the MODE flag was retained in case HPLOT users 
wished to try it on their own data. Figure 14 shows the same 
histogram as in figure 11 plotted by the routine HPLSUR with a 
value of 1 for the MODE flag. The vertical line marks the Z-axis. 

If in the future a routine is provided for HPLOT which does 
solve the hidden-line problem properly, the general outline of 
coding in HPLSUR can be followed. Such a routine would have an 
extremely simple user-interface:-

CALL HPL3D(ID,THETA,PHI) 
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8.2 THE HIDDEN LINE PROBLEM 
It is perhaps worthwhile showing just why the hidden line 

problem is so difficult. A popular misconception is that 
one can solve the problem by processing along one axis first 
(say the X-axis) and process along the second axis 
independently, in each case keeping a horizon function 
of the tallest peaks so far encountered. Figure 15 
[from BEA-2] shows why this is false 

Figure 15: Correct solution of the hidden line problem 
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8.3 MULTIPLE SLICES 
When a two-dimensional histogram is booked by HBOOK it is 

possible to define slices, bands and/or projections. 
Then, when the histogram is filled, the appropriate 
slices/bands/projections are also filled. The need to book 
before filling arises because the boundaries between 
adjacent slices may not coincide with the bin boundaries of 
the histogram itself. The difference between slices and 
bands is that for slices the two-dimensional histogram 
is assumed to be cut into a number of slices all of 
the same 'thickness' whereas the user specifies the upper 
and lower values for the bands himself. Bands may 
therefore overlap, and some regions of the histogram may not 
be defined by a band. Slices cannot overlap and all 
parts of the histogram will be part of a slice. 

With HBOOK the slices are printed as so many 
one-dimensional histograms. This was thought rather 
wasteful with HPLOT, and so the default option is to plot 
one picture for all the slices in X and one for all the 
slices in Y, the individual slices being one behind 
another giving the appearance of a three-dimensional 
object. However the possibility was still made available 
to plot individual slices as one-dimensional histograms 
and thus by specifying all slices in this manner it is 
possible to plot all the slices individually. [See the 
write-up of the routine HPLOT in WAT-1 for details.] 

To summarise, multiple slices are a method of 
obtaining a pseudo three-dimensional picture of a 
two-dimensional histogram. To use the multiple slices 
algorithm a user does the following:-

1. He books a two-dimensional histogram and specifies 
the required number of slices 

2. He fills the histogram in the usual way 
3- He plots the picture using the routine HPLOT 

without specifying the slice number. He then 
obtains all the slices plotted one behind the 
other in a pseudo three-dimensional picture 
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CALL HB00K2(ID, 
CALL HBSLIX(ID,25) 

CALL HFILL(ID,.. . 

CALL HPL0T(ID,0,4HSLIX,0) 

Figure 16: How to use multiple slices 
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Figure 17: Example of HPLOT multiple slices 
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8.4 THE MULTIPLE SLICES ALGORITHM 
The method of multiple slices solves the hidden-line 

problem by computing the horizon function in one direction 
only. By further restricting the slices to be offset by 
an integeral number of bins, the problem of one bin 
partially obscuring another is removed. Furthermore the 
work space for the horizon function is small, because it 
is essentially a one-dimensional histogram like the 
individual slices but with a few extra bins to allow for 
the overlap. 

The algorithm has been used elsewhere in the HIST3D 
routines of University of Liverpool [WAT-4]. The approach 
of HIST3D was to give the user control over the amount of 
overlap, whether by 0,1,2 or 3 bins, and slanted to the left 
or to the right. 

Within HPLOT it was decided to make the choice of 
overlap automatic with no possible control by the user. 
Basically the amount of overlap depends on. the number of 
bins per slice and the total number of slices. 
Obviously it may not give the best three-dimensional 
effect for an individual user, but it is so much less 
time-consuming and requires so little workspace compared 
with the full three-dimensional algorithms that it was felt 
worthwhile including it. 

The first step of the algorithm is to divide the picture 
as shown in figure 18 . 

Points C & D divide the top and bottom of the histogram 
'window' in the ratio 3 to 1. Point E is the mid-point of 
the histogram 'window' height. The base line of the first 
slice is AD and the base line of the N-th slice is BE. Line 
AB is divided equally into N-1 pieces where N is the number 
of slices. 

The second step of the algorithm involves increasing the 
angle DAB by shifting all slices to the left until each is 
offset by an integral number of bins from its neighbours 
(see figure 19). Depending on the size of the bin and the 
number of slices this may result in zero bin offset. 

Since the last slice starts half-way up the picture, the 
scale in Y is altered by a factor 2. This may sometimes 
leave a large gap at the top of the picture if the last few 
slices have small peaks (all slices are scaled equally). The 
advantage is that the position of the base line of a slice 
is dependent only on the number of slices and the slice 
number, it is therefore easier to make comparisons between 
different histograms. 
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Figure 18: First step of multiple slices algorithm 
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Figure 19: Second step of multiple slices algorithm 
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Chapter 9 
HPLOT AS A GRAPHICS PACKAGE 

It must be stressed that the primary aim of HPLOT is to 
be able to produce good quality pictures of HBOOK 
histograms. However to improve on the raw picture, the 
basic HPLOT package has routines which allow:-

1 . the introduction of axis titles 
2. comments anywhere on the picture 
3. page numbers 

in addition superimposed functions and HBOOK error bars are 
drawn if they have been defined by HBOOK. 

With these graphical functions already defined and 
coded in a generalised manner, it was relatively 
easy to extend the facilities and allow the user to 
plot:-

1. his own straight lines 
2. his own functions (i.e. smooth curves joining the 

given coordinates) 
3. his own error bars 
4. some simple symbols to annotate different lines, 

functions or error bars 
Although originally designed to allow the user to add 

information to histogram pictures, it is possible to use 
these features alone and thus use HPLOT as a simple graphics 
package. 

An instance where this is useful is the case where a 
user is plotting histograms and wishes to make a simple 
graphical picture and then resume plotting histograms. It 
would be difficult for him to use the GD3 routines 
directly for his own picture unless he knew exactly how 
HPLOT scaled its information. An alternative would be 
to close the display file used by HPLOT and open a new one 
for GD3: but to return to HPLOT it is then necessary to 
open a third file:- he cannot use the first file again 
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without the risk of losing some picture information. 
Furthermore it is not possible for GD3 and HPLOT to each 
have their own files open at the same time 

Of course his program could be run twice, once using only 
GD3 and once using only HPLOT, but this is not very 
satisfactory. It is for these reasons, and in order not to 
have to learn a new package, that the use of HPLOT as a 
graphics package is so useful. However it must be 
stressed again that the design aim of HPLOT was as a 
graphics interface for HBOOK, and it should not therefore 
be considered as a replacement for GD3. 

Within the limitations of the type of graphics 
available via HPLOT, HPLOT can be considered as a high 
level set of graphical routines. This is because:-

1. HPLOT checks whether lines are within the plotted 
frame, and in some case clips lines that go 
outside the picture. 

2. windowing can still be used, whether one is 
plotting histograms or not 

3. it is easy to make A4 size plots on the Calcomp 
plotter 

4. many of the automatic features of HPLOT can be 
used, for example page numbers once set are 
incremented for every new picture 

5. text is automatically limited to fit within the 
available space 

6. Software characters (which give the possibility of 
Greek, upper and lower case, super- and 
sub-scripts etc.) can be turned on or off with a 
single call to the HPLOT option routine 

7. Software characters are defined in terms of their 
height on the plot rather than as a function of 
the number of characters across the plotted area. 
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9.1 HOW TO USE HPLOT AS A GRAPHICS PACKAGE 
The first point to realise is that although HPLOT is 

being used independently of HBOOK, it is still 
necessary to use HBOOK to establish the user coordinates of 
the picture. This is achieved as follows:-

CALL HB00K1(ID,title,3,XMIN,XMAX) 
CALL HMINIM(ID,YMIN) 
CALL HMAXIM(ID,YMAX) 

The '3' in the HB00K1 call sets up the histogram with 3 
bins. Any small number will do since this information is 
not going to be used. The HMINIM and HMAXIM calls 
suppress the automatic scaling of HPLOT by specifying a user 
minimum and maximum for the ordinate of the histogram. 

At this point one would normally fill the histogram (with 
HFILL) and then plot it. If instead of the standard CALL 
HPLOT(ID) one uses:-

CALL HPL0T(ID,4HNULL) 
then HPLOT will draw the axes and establish the user 
coordinates - even thought the histogram is empty. If the 
histogram were filled it would still not be drawn. It is 
now possible to add extra information with the 
routines from the Advanced Users Guide [WAT-2]. Table 3 
gives a summary of the most useful routines, and the 
appendix gives some examples of their usage. 

Table 3 
Summary of some HPLOT routines useful for graphics 

HPLBOX draws a rectangular box 
HPLINE draws vectors 
HPLERR draws error bars 
HPLFUN draws a smooth curve, either as a 

contour or as a function 
HPLGIV returns the plot dimensions in cm. 
HPLKEY draws one of the defined symbols 

followed by a comment 
HPLSYM draws symbols 
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Chapter 10 
CONCLUSIONS 

No originality is claimed for the methods of coding 
described in this report, except for the pseudo three 
dimensional viewing algorithm used in multiple slices. 
However, by combining all these techniques together HPLOT 
has become a flexible package which is easy to use. 

The report has shown how new features can be added to the 
HPLOT package without destroying its overall philosophy and 
structure. For example, the problem of changing options and 
setting values has been solved in a general way so new 
facilities can be added without needing new subroutines. It 
has also been shown how HPLOT can be used with any graphic 
system, and not only GD3« 

The success of the package can be judged from the fact 
that HPLOT has been exported to over 40 scientific research 
institutes worldwide, and it has been used to prepare 
pictures for computer newsletters, seminars, theses, physics 
journals etc. 

- 55 -



Appendix A 
EXAMPLES OF USING HPLOT AS A GRAPHICS PACKAGE 

A.1 EXAMPLE 1 
The plot on the next page shows a picture reproduced 

from a physics journal [BER-1]. The picture has been 
hand retouched, but the essential plotting came from 
HPLOT. The error bars have been drawn with HPLERR, the 
symbols at the centre of each error bar with HPLSYM, and the 
'tick marks' on the right and top of the picture 
provided with HPLWIR. HPLWIR also drew the axis at Y=0 for 
the lower part of the picture. 

The composite picture was made by pasting two HPLOT 
pictures together, and in such a case it may prove 
advantageous to choose the exact picture size instead of 
using only the metric paper size A4, A5 etc. This is 
possible with the routine HPLSET. 
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Figure 20: Example of drawing error bars with the HPLOT 
package 
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A..2 EXAMPLE 2 
The second example is even less 'histogram related' 

than the first. It shows a series of spark chambers with 
the sparks inside them. As before the user coordinates were 
first established using the CALL HPL0T(ID,4HNULL) method. 
The rectangular boxes were then drawn with HPLBOX and the 
sparks with HPLERR. 

It is possible to use the line drawing routine HPLINE 
for the sparks but each spark would have required a 
separate call to HPLINE. Since sparks (at least within one 
chamber) in this type of apparatus all have the same 
length they are the same - graphically speaking - as a 
set of error bars with zero spread in one direction and a 
constant spread in the other. 

If it is desired to associate different sparks with 
different tracks passing through the chambers, several 
methods can be used:-

1. different line symbols could be used (see writeup 
of routine HPLOT in WAT-1 for details) 

2. different symbols could be added to the sparks 
with HPLSYM 

3. different colours could be used via the routine 
HPLCOL 
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Example of drawing spark chambers with the HPLOT 

package 
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A.3 EXAMPLE 3 
The last example is perhaps the most bizarre use of HPLOT 

so far! In order to produce slides for the overhead 
projector which are clearly visible, a data-driven program 
was written [CUR-1]. The output was plotted as A4 size 
plots using two pens; a red ball-point pen was used for the 
outline of the frame, and a 0.6 mm black ink pen was used 
for the characters. The red was chosen as it does not copy 
very well and so the outline becomes very faint and hardly 
visible. The plot was copied onto transparent A4 size 
paper by a photo-copier. 

The program allows the user to use hardware or 
software characters, and for software characters the 
height can also be defined. The lines of text for each 
slide are automatically spaced equidistant from one 
another. 

Within the program no calls were needed to 
establish user coordinates, but the routines HPLNUL, 
HPLCOM, HPLOPT and HPLGIV used. HPLNUL was used to 
produce a fresh picture, HPLOPT to change options, and 
HPLGIV returned to the program the dimensions of the plot 
in order that HPLCOM could space the lines an equal 
distance from each other. The program is described in 
[CUR-1]. 
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