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t.  INTRODUCTION

The Bologna Graphics Library (BGL) is a software anviroment
consisting mainly in a library of FORTRAN-callable basic graphics
subrautinas running under the VAX/VMS operating systew.

The main pufpose of BGL is to provide the user with the possibility
of writing application programs designed to perform graphics operations
without taking care of the characteristics of the physical device where

the operations will be exscuted.

2. IHE HISTORICHAL BACKGROUND

Far a long times the researchers of the “Istituto di Radioast;onomia“
of CNR and of the “Dipartimento di Astronomia" of the Bologna University
have made a widespread use of computer graphics in the processing of
astronomical datasy by both performing interactive processes on video
terminalsy and by generating maps on plotter—-like devices.

In generaly the only available graphics software was supplisd by ths
hardware vendors: so that there were about as many graphics softwars
packages as different types of devices installed in our system.

Some other devices were not equipped with any high lsvel callabls
software andy for this reasony we had to l=arn how to writs graphics
software by ourselves. Moreovers this kind of software was always
addressed to specific devices ands sven if it sucecsaded in fulfiling tha
needs of the moment, it could not solve cur problems in general.

Thereforey the need aross of writing a software interface that
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allowed: in applications programss the use of the same routine namss and
calling sequences: whichever device was selscted.

As the first graphics experience we had was with the “Calcomp”
plottersy we found it convenient to transport the basic Calcomp software
onto the other devicessy so that the source code of application programs
had not to be wmodifisd or re-compiled aven if a not Calcomp device was
selected.

However it was still necessary to re-link every program to the driver
library of the corresponding device:s ereating in this way as many
executable images as the number of interestad devices. Moreovers as the
hardware capabilitissy the variety of new graphics features and ths usar
needs were more and mare increasings the old Calcomp softwars ssemsd  to
be no longsr suitable to Fulfil the new reguiremants,

Therefores urged by our specific needsy we bagan thinking about a
completly “device~independent" structure, able to prcvidg the usars with
a large set of graphics functions and with the possibility of selacting
any device befares or sven durings the execution of a programs without
need of recreating the exacutabls image of the program.

The Bologna Graphics Library was intended to fulfil thesa
requirements.

Obviouslyy we have always been conscious that all thess needs wars
not exclusively curs and that many people in the world were intsrestad in
the same kind of problems.

In Italys a Graphics and Pictorics Working Group was created in the
ambit of the ASTRONET progects whose purpose is to promote a co-ordinated
development of the national structures for the astronomical information
processing. This Group organized some meetingsy whare stimulating
discussions lad to the definition of genaral criteria about the graphics

programming methodology.
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On the international grounds the wost important activity in this
field startad in 1975 and was coordinated by the International
Organization for Standardization (ISO). It led to the production of a
huge graphics systemy named Graphical Kernel System (GKS)s which was
designated as an International Standard. More than SO man-ysars were
invested in this enterprise. To be really a standard, GKS was designad
to be not only device-independenty but also mgchine-independent and
language—~independant} moreovery it was sized to fulfil a very wide set
of requirementss including those of industrial and CAD applications.

It is beyond doubt that such a system will represent the best
solution for any kind of graphics problems.

In the meanwhiley we think that a wmuch smaller systems like the
Bologna Graphics Libraryy designed for wmore limited and different
purposessy can still be usefuly if it does not propose itself as an
alternative standardy but it is specialized to work in a well defined
operating system environment.

In fact we deciﬁed to restrict the BGL portability within the awmbit
of VAX/VMS systems. We provided the usars not only with a sat of¥
FORTRAN-callable routines, but also with a software environment, strictly
bound to the operating systemy and allowing a large set of pErformances
such as»: for istance, the device “spooling" management or the supporting
of a suitable command language.

From another point of views we preserved the system portability;) in
fact we designed the system to have a “"site-independent" structurs in
order to be easily and quickly installed and tailored to the spacific

configuration of any site equipped with the sams cparating svstam.

On the other handy the lack of “machine—independance" is not so
dramatic as it seewms: VAX 3I2-bit computers are weall-known and very
diffuse systems, especially in the scisntific rasearch; they ars
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believed ¢o be among the wmost suitabls systems to perform interactive
processes ands in particulars graphics operationsi their “Virtual
Memory" feature allows to access and keep in memory large amounts of
datay as it is often needed in graphics programning. Saveral
international astronomical Institutions ( such as STARLINK, ESOs VLA
etc..) have adopted the VAX system as a standard of hardware and
software. In Italys people involved in the ASTRONET projesct suggestad
the same choice andy at presenty all the main italian astronomical
Institutes are equipped with VAX computers. Soy we think that ths
costraint we imposed on BGL of running under the VAX/VMS operating
systemy i3 3 very little limit to its portability, whereas it allows BEGL

to exploit very deeply the operating system capabilities.

3. SUMMARY OF BGL PECULIAR FEATURES
The remainder of this presentation paper lists the main BGL features:

whose use will be explainad in detail by the BGL user manuals.

- BASIC GCRAPHICS ROUTINES - The main BGL system component is a library of
user callable subroutines which perform basic graphics functions, such
as:

drawing vectors or arcss) filling or erasing selescted areass
clipping pictures inside defined windowsi wmanaging colorsi saving into
(or recalling from) user filesy coded sequences of graphics oparations;
writing texts or numbersi defining set of user coordinatesi executing

interactive operations by means of cursors sto...

- DEVICE-INDEPENDENCE - The names and the calling sequences of the usar



Page S

callable routines are independent of the device where pictures are to be
displayed. Source codes of application programs remain unchangsd

whichaver device is selected.

- “EXTENDED" DEVICE-INDEPENDENCE - The main library and the device driver
libraries are linked together in a single “shareable image“. An
application program needs to be linked to this image only once, so
creating an executable image which can run unchanged whichever device is

salected.

- “DYNAMIC" DEVICE MANAGEMENT - By default, pictures are automatically
displayed on the terminal screen of the user current process (provided
the terminal is a graphical device). If the user wants to select another
devices he (she) wawust explicitly give the device names sither before
starting an application program» or even during the execution itsalf of
the program: in facty by éalling a specific routines a program can
se@lect the graphic device dynamicallys according to choices made at the

axecution level.

- “USER FRIENDLY" AND FLEXIBLE STRUCTURE - The system was designaed to
make the user work as easy as possible. The routine calling sesquencss
are mostly very simple and few arguments are usually necessary. Howavsar
the system is also flexible: many routines can perform several different
kinds of operation depending on parameter values. This is not a
contradictiony since the system makes a wide use of defaults and optional
argumentsi they allow the user to avoid the specification of paramsters
that wusually remain unchanged, unless in some peculiar cases the
application problem itself needs to wodify them.

We took a great care in letting the system do averything the user
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does not need to do!

For examples BGL is the first graphics library where “ritual" calls
to the initializing and closing routines are not required. & graphics
task is automatically initialized when any routine is first invokedi and
it is automatically closed when the program exits. This is possible
because the system applies a peculiar VAX/VMS feature (“Exit Handlar")
which ensures that final operations ( such as completing the last plot,
or restoring the normal terminal working conditions etc..) are always
executedy even if the user interrupts the program sxecution or an error

condition causes the program to abort.

- APPLICATION AUTOMATIC UPDATING - We said above that the user callabls
routines and all the device software interfaces are linked togesther in a
“shareable" images. Application programs that invoke usar callabls
routiness address spegcial entry-points of the shareable images callsd
“Transfer Vectors“y which address: in turny the actual routine locations.
Each T.V. 1is located in a predefined and unchangeable memory position so
thaty even if something is wmodified in the shareabls images, the
antry—-point locations of the shareable image are naver modifiad. This
means that the usars have not to re-link their application programs in
the event that BGL is modifisdy since the changes become automatically
effective even for all the previously linked programs.

This feature produces very great advantagesy because makes the
applicaficn programs automatically wpdated to the current level of the
BGL davelopment: so enabling the BGL system to be more easily and wore
often improved and sextended. In facty we can better work to improve the
system more and mores if we are free from the need of saying all the
usersy everytimes to re-link all their application programs.

In cur opininions this is the most important and peculiar BGL
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featurse.

- SOFTWARE ENVIRONMENT - The BGL systam is not merely a set of graphics
subroutines. Rathery it is a software environment consisting of saveral
facilities:

First of ally a command language is available. Its purpose is to
provide the wuser with flexible and 2asy means of communication with tha
systemsy in order to give or obtain information about the system itsalf,
or &o executs some operations related to the use of the BOL routines.
Basicallyy two groups of commands are executable: the firgst one is
resarved to the site system managers and allows to install BGL for tha
first time in a sites or to inform the system about changes in devics
configuration or in some device characteristicsy or to update the systam
with new supplisd software etc...i the second one is availabls ¢o all
the users and allows to obtain information about the site configuration
and device characteristicss or to perform some tasks that either are
relatad to the use of the graphics system (such as linking an application
program to BOL or selecting a device diffsrent from the process terminagl
egtc...)y or execute utilities calling BGL routines (such as making a
hard-copy of the screen image). By means of the command languagesy tha
user can also have access to the on-line BGL documentation. Finallys a
suitable and complete on-line “halp" feature make ths user lzarn very
quickly the meaning and purposes of the BGL commands and how to use them.

Moreovers a simple “"data-base“ contains all needed information about
the site configuration and the device characteristics. This data-base is
creatad when the BGL is first installed in a sites and it can bs modified
by the system managery using the BGOL command languagey in the svent that
some changes have been made to the site configuration (for sxamples a new

device has been installed). Everywhen an application program starts,
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some BGL routines read the data-bases first of all in order to identify
what device is selectedy and, secondarilys to retrieve all information
about the physical device parameters.

Finallys a system process manages the graphic dsvice “spooling“.
This process is activated by the “startup” procedure and it is always
running. Everywhen a not interactive device is selectedy pictures are
not displayed immediately on the deviced they are written into a disk
filey in a coded form. When the graphics task is finisheds a BOL routins
notifies the system process (by means of a “mailbox") that a new file is
ready and the process takes upon itself reading the file and generating
the graphic output on the devices as soon as the device is availabls.
Thensy if the operation is completed successfullys the system process

deletes the file.

- SITE-INDEPENDENCE - The BGL system nucleus consists of saveral files
containing the Fortran and Assembler coded sources of BGL pragrams and
routinesy the command language procsdurss: the BOL documentation and sowms
general service modules. All references to the device and file namss arae
present as “logical" names and no kind of information about the sits
configuration 1is directly contained in this part of the systam. Thuss
this part of BGL is sits—independent and can be transported to any sitse,
equipped with VAX/VMS system. All the remainder of the BGL systamy that
is the site-configuration data-bases the object filesy and the sxecutabls
and shareable imagess is created at the installation time and constitutss
the site-dependent part of the system. On the other handy the use of the

BGL command language makes the system installation very easy and gquick.

- CALCOMP INTERFACE - We included in the BGL system a library of

subroutines having the same names, pPurposess and calling sequences as the
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main subroutines of the basic Calcomp C(and VERSAPLOT) library. These
subroutines call the BGL device-independent librarys working, in this
ways as a software interface between the application program and ths BGL
system. We created this interface to allow old programs calling basic
Calcomp routines to be still executable in the BGL systam. Moreover, by
me@ans of this interface. also the high-level Calcowmp graphics packages:
that call the basic routinesy are automatically wusable in the BGL

environment.

- ASSOCIATED LIBRARIES - The BGL system contains two wmore librariss of
subroutiness not properly intended for graphics programmings but includsd
in the system, because graphics routines recall them. Also application
programs have access permission to these libraries] thus, BGL systsm can
be used even for some not graphics operations.

The first library contains routines allowing to wmake specific
input-output operations on a terminal screegv or £o set some terminal
line characteristics. Most of these routines are effective only on
terminals of the DEC VT100 familyy whareas some routines work on any kind
of terminal (for examples a routine of this second group disables the
terminal from receiving messages).

The second library contains miscellansous routinesi to be frequsntly
usad by the graphics libraries is their only common property. However it
is worth pointing out a group of routines that can be used in ssveral
fields of application: they allow to create and manage disk filas,y by
mapping them into the virtual memorys» so wmaking input-output operations
much faster than they are in the traditional way. The BGL system usas

this VMS feature to manage the configuration data-base.



