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As a temporary measure the Library files for GINO as described
in this third edition are named CAD/GINOSAL/E and CAD/GINO/GRAPHE.
CAD/GINOSAL/* and CAD/GINO/GRAPH co~tain versions corresponding to the
second edition (June, 1969). Users will be informed when the third
edition is preferedi until then it may be used on an experimental
basis.

The following brief summary of the new facilities in the third
edition is provided for the benefit of those familiar with the earlier
edition:-

1. The versions of GINO for producing Elliott 928 display file;
CALCOMP plotter output and COMPLOT on-line plotter output are new.
(see routines ELLIOTTGIN01 PLOTTERGINO, COMPLOTGINO).

2. Automatic scaling and positioning facilities are provided
(see routines PICTURE, PICTZCLIP, OBJZDM) and some new transformation
facilities (see routines AXONXYZ, PROJXYZ).

3. User-defined objects can be transformed at definition time
(see section 2-3)

4. Nesting of names in objects is now permitted, but nested names
in subpictures are not permitted (see section 2,10)

5. A routine for histograms is added to the graph routines (see
section 3)

6. The routines for handling the link have been rationalised (see
section 5)

7. Two new satellite programs for providing interactive graphics
facilities without any need to write satellite code are provided,
(see the interactive Handler and Terminal in section 6).
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The version of GINO described in this third edition of the user's
manual is a result of extensions and improvements made to the version
described in the second edition. These improvements are the result of
the experience of over a year's usage of GINO at the University
Mathematical Laboratory and at the Ministry of Technology CAD Centre,
Cambridge. The extensions are mainly in the direction of accommodating
a larger range of graphical devices. This edition of the manual is a
revision of the second edition. One condequence of this is that 'TITAN'
is used (except when obviously juxtaposed with 'ATLAS') to mean 'TITAN
or 'ATLAS'. The term 'POP' is also sometimes used to mean 'POP or Elliott'.

Some parts of the first version of GINO, which was the work of
C.A. Lang, P.J. Payne, J.C. Gray, A.P. Armit and A.R. Forrest, are still
in use. The bulk of the current version is the work of P.A. Woodsford.
Contributions have also been made by P. Cross and R.P. Parkins and by
C. Litherland and M. Newell of the Ministry of Technology CAD Centre.
The latter has also provided valuable feedback from the use of GINO at the
Centre. C. A. Lang gave valuable advice about the des~gn of GINO and
A.W. Nutbourne helped with the presentation of this manual, which has been
again typed most efficiently by Mrs. S. Williams.

GINO was developed by members of the Cambridge University CAD Group
and is available on the TITAN computer. It is also available on the
ATLAS computer at the Ministry of Technology CAD Centre, Madingley Road,
Cambridge.

Computer Aided Design Group,
University Mathematical Laboratory,
Corn Exchange Street,
Cambridge CB2 3QG,
England.
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1. INTRODUCTION

GINO provides a set of graphical facilities for use with the TITAN
and ATLAS computers. A number of graphical devices can be used including
the PDP 7/9 computer with DEC340 display, the Elliott 905 computer with
928 display, the CALCOMP digital plotter and the COMPLOT on-line plotter.
Programs using GINO are basically independent of the particular graphical
device used. An initialisation routine is provided for each device and
this is the only routine which has to be changed when changing a GINO
program from using one graphical device to another.

Two or three-dimensional pictures may be generated in TITAN or
ATLAS and displayed (as two-dimensional projections) on any available
graphical device. Optional transformation and windowing facilities are
provided for use in generating pictures. Further facilities allow for
applications using interactive graphics with the PDP or Elliott as a
satellite of the central computer. These facilities include the naming
of picture parts and the management of communications between the two
machines.

The GINO routines are designed to be usable by programmers in any
of the languages available in the TITAN Mixed Language System (MLS) (1).
It is anticipated that the majority of GINO users will write their programs
in FORTRAN, SAL or Assembly Code. All examples of routine calls in the
manual are given in the FORTRAN style, but complete sample programs in both
FORTRAN and SAL are included.

The present facilities provided by GINO are:-

1. TITAN/ATLAS - Generation of Pictures

A set of easy to use routines is provided to enable pictures to be
generated from lines, points, characters, arcs of circles, etc. Pictures
may be sent directly to the chosen graphical device or stored on disc file,
paper tape or magnetic tape.

2. TITAN/ATLAS - Generation of Graphs

Various styles of graph paper (e.g. linear, log-linear) may be
specified and any number of graphs may be plotted on each "piece of paper".
The graph routines are .compatible with the general picture routines of (1)
so pictures containing graphs and other pictorial information may be produced.

3. TITAN/ATLAS - Plotting Display Files

Pictures generated in the form of display files can be plotted on the
CALCOMP plotter. This is designed to provide a general "hard copy" service
for users of the display - the display files mayor may not have been
produced by GINO.
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4. TITAN/ATLAS - Using a Satellite Computer

The PDP7 is attached to TITAN by a high speed data link, as is
the PDP9 to ATLAS. Two Elliott 905 computers are also attached to
ATLAS by 4800 baud lines. Any of these data channels is referred to as
a "link" (2). Routines are provided to handle conununicationsover t.hr,
link; they are designed to help the FORTRAN programmer in particular.

5. POP/ELLIOTT - Programs for Using the Display and the Link

Programs are provided for loading display file paper tapes (OFTI.)
and for punching out display files in a relocatable form (OFTP). The
Display file Manager (DFM) may be used to run the display, particularly
when display files are sent over the link. Two programs are availaLle
(the Interactive Handler and Terminal) which allow use of the POP/Elliott
as an interactive graphics satellite. These two programs may be used
without writing any code for the satellite.

The current version of GINO is a revision and extension of the
version of June, 1969 (20). Extensions are primarily in the direction
of accommodating new graphical devices although many new facilities have
been added as a result of the experience of a year's use at the
Mathematical Laboratory and the Ministry of Technology CAD Centre.

An earlier version of GINO (3) was written in FORTRAN. The current
version is written in the Systems Assembly Language (SAL) (4) with
consequent saving in space and increase in efficiency. (A package written
in SAL, equivalent to the early FORTRAN version would be less than 1/3 of
the size - the new version, with very many more facilities, is less than
2/3 of the size of the old FORTRAN version). The designers of GINO have
drawn on ideas used in previous graphical input/output packages (5), (6),
(7), (8).

The user who is unfamiliar with the computers used by GINO will
find basic hardware descriptions in Appendix 1 at the end of this manual.

The creation of pictures has traditionally been regarded as an art.
Of our readers whose bent is artistic, we would crave "that willing sus­
pension of disbelief for the moment, which constitutes poetic faith." Of
the rest we would ask just that they read at least 20 pages before saying
that they do not understand.
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2. TITAN ~ GENERATION OF PICTURES

2.1 Introduction

Pictures and Picture Parts.

The routines to be described in Section 2 make up a system
for generating 2D or 3D pictures for a range of graphical devices.
The pictures produced appear as assemblages of lines, points and
characters. However, they are generated as sequences of picture
parts, and it is as such that we shall describe them.

The simplest kind of picture part is called a built-in object.
Built-in objects are the basic components of pictures (e.g., lines,
points, characters, arcs of circles) that are built-in to the GINO
system.

Most pictures contain some kind of regularities in shape or
pattern. In order to exploit such regularities, two other kinds of
picture parts may be included in GINO pictures. One of these is the
user-defined object. A user-defined object is ~efined by the user as
a sequence of picture parts; once defined it has the same status as a
built-in object. The other kind of picture part is the subpicture. It
is also defined by the user, but has a much more specialised nature. The
differences between objects and subpictures, as they affect the user, are
tabulated in Fig. 2A. Subpictures are only available on devices that
have a subroutining facility (i.e. the PDP & Elliott displays). They are
used to shorten the length of a display file which contains repetitions
of the same image by treating this image as a display subroutine. This
facility is not available on the plotters and so when GINO is used for
plotter output subpictures are treated like user-defined objects.

To sumrnarise,GINO pictures consist of sequences of picture parts,
where picture parts are built-in objects, user-defined objects and
subpictures.

Definitions and Picture Construction.

The function of each picture building routine is to add a picture
part. Precisely what this means depends on the context of the routine
call. The picture part can be added to the definition of a user­
defined object, to the definition of a subpicture or to the picture
being constructed. Definitions are explicitly opened and closed by the
user; if no definition is open, the picture construction process takes
place. The three processes are illustrated in Figs. 2B, 2C and 2D and
discussed fully in sections 2.2, 2.3 and 2.4.

Coordinate Systems.

Pictures must be specified in terms of space coordinates. Space
coordinates must be cartesian; they may be in 2 or 3 dimensions (they
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will be denoted by upper case letters X,Y,Z). Space coordjnatcs are
abstract. They are chosen by the user to suit his picture and they
are only restricted by the fact that they are held as TITAN integers
(i.e., - 1048575 <X< 1048575, etc.)

Pictures are produced in terms of picture coordinates. (These
will be denoted by lower case letters x, y, z.) Picture coordinates
are either screen coordinates or plotter coordinates. In any case,
their limits are the physical limits imposed by the output device
(e.g., for the screen 0 < x < 1023; 0 < y < 1023). z is usually
ignored, but there is an option with pictures fnr the display to vary
the brightness of the picture with z (this is termed depth modulation).

In general a transformation is made from one coordinate system to
the other. When this happens we shall speak of the total picture,
expressed in space coordinates, being transformed into a view of the
total picture, expressed in picture coordinates. Typical basic
transformations are rotation, magnification, and projection. General
transformations are built up as combinations of basic transformations.

In addition to this transformation process (described in detail
in Section 2.6), the view may also be windowed (i.e., restricted to a
visible 2D or 3D region specified by the user). Details of this are
in Section 2.7.

Picture Part Naming.

A facility is provided for giving any picture part a name so that it
can be identified by the light pen. This facility, which is only useful
to those who wish to use the light pen for interactive work, is described
in Section 2.8.

Multiple Pictures.

In general a GINO program can produce several "pictures", For
the PDP and Elliott displays each picture is a picture segment, which is
the smallest amount of picture that can be individually displayed or
replaced. Any number of picture segments can be displayed simultaneously
and each one can be switched on and off. On plotters each new picture
corresponds to moving the plotter on to fresh paper.

This highlights another distinction between user-defined objects
and subpictures. An object definition is available for any number of
pictures whereas a subpicture is local to a particular picture segment
and will have to be redefined for each new picture segment.

General.

The rema1n1ng sections deal with system initialisation, output
facilities and routine specifications. Since most GINO programs are
likely to be written in FORTRAN, sample programs and routine
specifications are given in terms of FORTRAN. However, the routines
may be used from SAL or assembly code and relevant details (and a
sample SAL program) are also given.
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COMPARISON OF USER-DEFINED OBJECTS AND SUBPICTURES

USER-DEFINED OBJECTS SUBPICTURES

1. Must be used if transformed
views are required.

2. Full windowing facilities
available.

3. Definition takes more buffer
space than a subpicture
definition.

4. May be used in any number of
picture segments.

5. Available on all devices.

1. Frozen in shape when defined
and cannot subsequently be
transformed.

2. Not clipped when windowing.

3. Definition takes less buffer
space than an object
definition. Also the display
file produced is shortened.

4. Local to a particular picture
segment.

5. Only effective on PDP &
Elliott displays.

2.2 Built-in Objects

Built-in objects are provided by single GINO routines and include
such basic picture parts as points, lines, character strings and arcs of
circles. They are used both in the definition of user-defined objects
and subpictures, and as picture parts when constructing pictures.

Points and lines can be defined in two or three dimensions. (2D
pictures can be considered as being set up in the plane z = 0.) A point
is defined by its space coordinates. A line may either be defined as a
vector increment or by its end point.

GINO pictures consist of ordered sequences of picture parts. At any
point in the sequence there is a "current position" in the picture. In
physical terms this corresponds to the positioh of the electron beam on
the display screen or the pen on the plotter paper. In constructing a
picture it is often necessary to change the current position before adding
the next picture part. Points and lines can be added invisibly for this
purpose. (The corresponding routine names are derived by prefixing the
letter I to the visible routine name.)

Examples of Built-in Object Calls.

CALL IPOINT(I,J}

CALL LINE(10,-20)

2/3

Current position set to
X=I,Y=J.

Vector increment X = 10, Y = -20
is drawn from current position.



CALL CHARS ('PLAN VIEW') Adds character string at
current position.

CALL LINEP3(100,-200,100) Line from current position
to X c 100, Y = -200, Z = 100
is drawn.

Using the Light Pen.

Built-in object calls may be named so that they can be identified
by the light pen. This facility is only useful to those interested in
using the display interactively.

Each routine has an optional last argument for specifying the
name associated with the built-in object call. Thus,

CALL LINE3(100,0,-100,81)

CALL LINE(20,60,82)

names the specified lines as 81 and 82, respectively. A pen hit anywhere
on these lines will be identified with the appropriate name. (Further
details of picture part naming are given in section 2.8.)

Further Details.

The following routines are relevant to this section:

Name Purpose

BCDCHARS To add characters held in binary coded
decimal form.

CHARS To add a character string in FORTRAN

CHARINT To display an integer in character form.

CHARFPT
CHARREAL

To display a floating point number in
character form.

CHARTYPE To select the size of characters.

CIRCLE To add an arc of a circle

CIRCLE3 3D equivalent of CIRCLE

CONTROL To control light pen sensitivity,
hardware scaling and intensity.

CREATEDISPLAY To provide formatted output facilities
in FORTRAN
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LINE,ILINE To add a 20 line, specified by vector
increments, visibly or invisibly.

LINEP,ILINEP To add a 20 line, specified by its end
point, visibly or invisibly.

LINE3,ILINE3 3D equivalents of LINE,ILINE.

LINEP 3,ILINEP 3D equivalents of LINEP,ILINEP.

POINT, IPOINT To add a 2D point, visibly or invisibly.

POINT3,IPOINT3 3D equivalents of POINT,IPOINT.

.SALCHARS To add a character string in SAL .

Details of these routines are to be found in section 2.13.

2.3 User-defined Objects

The purpose of user-defined objects is to allow the user to define
for himself picture parts more complicated than those provided as built­
in objects. Each user-defined object, once defined, can be called as
many times as it is needed in the construction of a picture. A user­
defined object is given an identifier when it is defined and this
identifier is used to refer to the user-define~ object when it is called
The identifier is a TITAN integer chosen by the user.

The Definition Process.

The definition process is illustrated in Fig. 2B. It is started
by a call to routine DEFOBJ and closed by a call to routine ENDOBJ.
Picture parts added between these two calls are added to the definition
of the object and not to the picture being constructed. The object is
given its identifier by the argument of DEFOBJ.

A concrete example will help the beginner. Suppose we need as a
picture part a square of side 50 space units. This is not provided as a
built-in object, so we must define it as a user-defined object. We
decide to give it the identifier 10 and proceed as follows. The sketch
illustrates the geometry.

CALL DEFOBJ(10)
CALL LINE(50,0)
CALL LINE(0,50)
CALL LINE(-50,0)
CALL LINE(0,-50)
CALL ENDOBJ

,It

...

t STARTING POINT
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DEFINING A USER-DEFINED OBJECT

Method Effect

Case A

CALL DEFOBJ(l)
•

•

Picture parts copied identically
•
•

•
CALL ENDOBJ

Case B
Picture
Parts Geometrical

information --__
CALL DEFOBJ(l,l)

tv
....•.•.•• •0'\

Current Current windowing•
• transformation operation
•

CALL ENDOBJ

Object/subpicture
buffer in TITAN

t-%j
H
G')
•

Notes: 1. An object/subpicture buffer must be created before any user-defined objects are constructed.

2. In Case A, object definitions are independent of the transformation & windowing environment current at
definition time. The two cases are distinguished by the absence/presence of a second argument of DEFOBJ.

3. Subpictures used in object definitions retain their peculiar status and are never transformed or windowed.

4. Object definitions are global and may be saved on disc file.



We can now add the square to the picture how and when we need
it. In fact we can use it in several different pictures or even file
it away and use it another day.

There is no restriction on the picture parts which can be used in
an object definition. They may be built-in objects, other user-defined
objects or subpictures provided, of course, that the picture part is
defined when it is called (since subpicture definitions are local to a
picture segment, the case of subpictures within an object definition,
whilst legal, is likely to be more trouble than it is worth) .

There is only one restriction on
Definitions may not be nested. A new
started before ending a previous one.
definition inside an object definition

the definition process.
object definition cannot be
Neither can we start a subpicture
and vice versa.

User-defined Objects in Pictures.

Having defined object 10 we can
a picture by calling routine OBJECT.
X = 500, Y = 500 space units:

now use it in the construction of
Thus, to obtain a square at

CALL IPOINT(500,500)
CALL OBJECT(lO)

is all that is required.

The particular merit of user-defined objects is that they are
transformed and windowed each time they are called in the picture
construction process (see Figs. 2A and 2D). The definition process is
independent of any transformation or windowing bounds that have been set
up, and is in terms of geometrical information only.

So our humble square object is not so humble. By calling it with
suitable transformations set up we can get any square (by MAGNIFY and
ROTATE) and even parallelograms (by SHEAR). Further, if we position it
near a window boundary it will be appropriately clipped:,

The reader familiar with the term will see that user-defined
objects are succinctly described as picture macros, i.e., every time
an object is added to the picture, code is inserted into the display file
to generate the desired picture part.
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The Use of 'l'ransformations and Windowing in Object Definitions.

We have so far dealt with case A in Fig. 2B in which the object
definition is an identical copy of its component picture parts. There
is an alternative facility in which the component picture parts of an
object definition may be subjected to transformation and windowing
(case B). The reader unfamiliar with these terms should just note this
option until he has read Sections 2.6 and 2.7.

If DEFOBJ is given a second argument (the value of which is
immaterial) then the component picture parts of the object definition are
passed through the current transformation and windowing routines and the
results are entered in the object/subpicture buffer as the object
definition. In other words the object definition process is exactly the
same as the picture construction process shown in Fig. 2D.

This facility allows for considerable flexibility. It allows
the use of transformations in building up an object definition (Example
3 in Section 2.6 is a case of this). It may also be used to reverse
the built-in order of transformati0n and then windowing by using
windowing with transformations switched off at definition time and then
transformation (and perhaps windowing) at call time.

When using this facility the user must take care to explicitly
set the transformation and windowing environment he requires prior to
defining the object.

Light Pen Naming.

User-defined object calls can be named for the light pen in the
same way as built-in object calls. The name is an optional second
argument,so if we add a square to the picture by

CALL OBJECT(IO,I)

a pen hit anywhere on this particular square will be associated with
the name given by the value of I.

Names may also be given at definition time to the component
picture parts of a user-defined object. This leads to the nesting of
names. Details are given in Section 2.8.

Further Details.

Facilities are available for deleting a user-defined object
(thus freeing the space used), saving an object definition on backing
store and recovering an object definition from backing store. Note
that if an object identifier is reused the previous definition is
automatically deleted.
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The following routines are relevant to user-defined obiects:

Name Purpose

BUFFERS To set up a buffe~ for object
definitions.

DEFOBJ To open an object definit~on.

DELETEOBJ To delete a user-defined obiect.

ENDOBJ To close an object definition.

GETOBJ To recover an object def i.n.i. t i on
from backing store.

OBJECT To call a user-defined object.

SAVEOBJ To save an object definition on
backing store.

Details are to be found in Section 2.13.

2.4 Subpictures

The purpose of subpictures is to allow users of the PDP and
Elliott displays to define picture parts like user-defined objects,
but of a more specialised nature. The differences between user­
defined objects and subpictures have been tabulated already in Fig. 2A.
The limitations and advantages of subpictures are such that they will
only be useful in highly schematic contexts such as circuit layouts.
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These differences hinge on the fact that only a single copy of
each subpicture exists in the display file, repeated subpicture calls
causing the same display file code to be executed. On the other hand,
each object call has its own display file.

The mechanics of using subpictures is the same as for using
objects. Each sUbpicture must be given an identifier and must be
defined before it can be called.

The Definition Process.

The definition process is illustrated in Fig. 2C. To the
programmer it mirrors the process of defining an object, the corresponding
routines being DEFSUB and ENDSUB. Between a call to DEFSUB and a call to
ENDSUB, picture parts are added to the subpicture definition and not to
the picture being constructed. The restriction on nesting of subpicture
definitions is precisely the same as for object definitions and so a
subpicture definition cannot be started while another is unfinished.

Again we take an example. Suppose we wish to use a subpicture
for a special symbol (a cross) to be used to mark data points on a graph.
We have decided to give this subpicture the identifier 7 and so we proceed
as follows. In the sketch illustrating the geometry, full lines are
visible and broken lines are invisible.

CALL DEFSUB(7)

CALL ILINE(O,-IO) I
I

~

CALL LINE(5,5)

CALL LINE(-IO,IO)

CALL ILINE(O,-IO)

CALL LINE(5,5)

CALL ENDSUB

Using Subpictures.

Having defined subpicture 7 we can now add it to the picture where
and when we need it by calling routine SUBPIC. If we are using our cross
sUbpicture to mark data points on a graph made up of straight line
segments we might proceed as follows (the arrays IX, IY hold coordinates
for the N data points):

DO 10 J = 1,N

CALL LINEP(IX(J),IY(J))

10 CALL SUBPIC(7)

Note that since LlNEP draws a line from the current position to (IX(J),
IY(J), the current position must be correctly fixed before entering the
DO loop.

2/9



Points
Lines
Characters
i)isplay
Controls

N.....•...•....•

--_
- _
•

CALLS TO
BUILT-I~
OBJECTS

DEFINING A SUBPICTURE

Start - CALL DEFSUB
Finish - CALL ENDSUB
Delete - by CALL BUFFERS which deletes all Subpictures

•••

OVERALL
DISPLACEMENTS~~--------~~----~--~~~Display File
UPDATED Buffer in

Titan

CALLS TO
USER-DEFINED~
OB:ECTS

CALL SE~TRANSFORM
I \
TRANSFORMATION /l1---+-+----_
(optional) V

CALLS TO
PREVIOUS
SUBPICTURES

CALL SETWINDOW
/ \Space

Coordinates
Picture
Coordinates

OVERALL
._ BOUNDS -

UPDATED

At CALL ENDSUB
Subpicture identifier,
Pointer, Window Bounds

Picture Start-Finish Displace­
ments. Picture Bounds relative
to Start.

~bjects/Subpicture
Buffer in TITAN

~otes: 1. The Object/Subpicture Buffer must be created before defining a Subpicture.

2. Caution: Don't use POINTS or Hardware .Scale changes within the definition of
a Subpicture without careful reference to the windowing procedures.



Subpictures are not as powerful as user-defined objects. They
are not transformed each time they are called (see Fig. 2D) and so
are frozen in shape when they are defined. Furthermore, they are not
clipped when windowing. Either the whole subpicture is displayed or,
if any part of it is outside the window, then it is omitted entirely.
The advantages of using subpictures are that the display file is
shortened and that less TITAN core space is needed. (Subpicturc
definitions use much less space than object definitions.) Subpictures
are chiefly used for special symbols like crosses on a graph or electrical
circuit symbols.

Subpictures are analogous to ordinary program subroutines without
arguments.

Like user-defined objects, subpictures may be made up of any
defined picture parts. It is usual, however, only to use incremental
picture parts like lines and character strings in subpicture definitions.
This is because a subpicture containing an absolute point will always
appear in the same position, no matter what was the current position when
the subpicture was called. This effect is generally unwelcome although it
can be useful, eg when making character strings stand out brighter than the
rest of the picture by displaying them several times over.

Light Pen Naming.

Subpicture calls, like all other picture parts, can be given a name
for purposes of identification by the light pen. An optional second
argument of SUBPIC is used to specify this name. A special PDP program
(the Display File Manager) must be used in running display files containing
named sUbpicture calls (this is dealt with in Section 2.8).

Further Facilities.

There is no facility for deleting an individual subpicture definition.
A call to routine BUFFERS deletes all current subpicture definitions.

The following routines are relevant to subpictures:

Name Purpose

BUFFERS To set up a buffer for subpicture
definitions.

DEFSUB To open a subpicture definition.

ENDSUB To close a subpicture definition.

SUBPIC To call a subpicture.

Details are to be found in Section 2.13.
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2.5 Initialisation

Initialisation of the GINO system is in two stages. First
is the basic initialisation of the system to produce output for
a particular graphical device. This will normally only be done
once. Second is the initialisation of each new picture. When
using a display, a new picture involves starting a new display
file. When using a plotter it involves moving to fresh paper.
Since a typical GINO program produces several pictures, this
initialisation may be repeated several times.

Basic Initialisation

There is one basic initialisation routine for each available
graphical device. One of these must be called before any other
GINO routine. This causes GINO to be loaded with the code generating
routines for the chosen device and no other. Only one graphical
device can be used by a given program and a program is not allowed
to contain more than one of the basis initialisation routines. However,
to change from one device to another only the initialisation routine
has to be changed.

The current set of basis initialisation routines is

Name Graphical Device AvailabiE ty
DF Buffer
needed

PDPGINO DEe 340 display with PDP7
or PDP9 computer

TITAN & ATLAS yes

ELLIOTTGINO Elliott 928 display with
905 computer

ATLAS yes

PLOTTERGINO Calcomp digital plotter
(2 sizes)

.TITAN & ATLAS no

COMPLOTGINO Complot on-line plotter ATLAS no

New Picture Initialisation

The user program must supply buffer space to GINO. Each buffer
is specified by 3 arguments - the start address, the length and an
overflow error label. For the PDP and Elliott displays, the picture,
is built in a display file buffer, which must be supplied. Output
for other devices (e.g. PLOTTERGINO, COMPLOTGINO) is sent to an output
stream and so a display file buffer is not required and if one is
declared it is ignored.

The second buffer which may be required is the object/subpicture
buffer which must be provided if either user-defined objects or subpictures
are used.
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The routine used to set up the required buffer space is called
BUFFERS and it must be called before any picture part routine is
called. with PDPGINO and ELLIOTTGINO it may be called with 3 arguments
to set up the display file buffer or with 6 arguments to set up both
buffers. With PLOTTERGINO and COMPLOTGINO a call with 3 arguments sets
up the object/subpicture buffer and a call with no arguments is used
if user-defined objects and subpictures are not required. A call with
6 arguments is not rejected but the space declared for the display file
buffer is wasted.

In addition to establishing buffer space, a call to BUFFERS also
starts a new picture. Once buffer space has been established, BUFFERS
may be called with no arguments to start a new picture, reusing the
same buffer space. User-defined object definitions will still be
available since they are global but all subpicture definitions will be
lost since they are local to a particular picture. Object definitions
are only lost if the basic initialisation call (e.g., ELLIOTTGINO,
PLOTTERGINO) is repeated or if the location of the object/subpicture
buffer is changed.

Use of COMMON.

The user does not need to declare any COMMON variables for the
GINO system. Internally the system uses named COMMON blocks to hold
the transformation matrix and the current position. The user may
declare the necessary COMMON blocks if he wishes to have access to
this information (the details are in the next section) .

FORTRAN users can economise on the space taken by their programs
by using arrays in blank COMMON for their buffers. This reuses space
used by the loader which is otherwise wasted, e.g.,

COMMON BUFF(400)
CALL PDPGINO
ASSIGN 99 TO L
CALL BUFFERS (BUFF (1),200,L,BUFF(20l) ,200,L)

The first three arguments of BUFFERS specify the display file
buffer (giving start address, length and overflow lable). The second
three specify the object/subpicture buffer in similar fashion. Details
of how much buffer space the user should allow, etc., are to be found
in the routine specifications in section 2.13.

2.6 Transformations

The ability to transform picture parts during the picture
construction process is essential for 3D work and very useful for
2D work. Transformations include scaling, translation, rotation and
point projection in any combination. They are an optional feature
in GINO.

2/13



In 3D work the basic reason for using transformations is to
allow us to produce different views (projections) of total pictures.
For instance having defined a simple rectangular box we might wish
to view it as an isometric projection:

viewed as

Routines are provided for this and for any other projection.
These routines all work by projecting on to a picture plane passing
through the origin of space coordinates (they have to make some
assumption about the total picture being viewed - the assumption made,
that the centre of interest is at the origin, seems to be the most
reasonable).

The view produced will always have to be related to the coordinate
system of the display or plotter being used. All the devices currently
available with GINO have their origin of coordinates at the bottom
left hand corner and only permit positive coordinate values. So a
second transformation is necessary to position the view on the screen
or paper. It may also be necessary to scale the view to fit the
available area.

We have described the use of the transformation facility for two
distinct purposes - to project the total picture so as to produce the
required view and then to position (and perhaps scale) the view to the
appropriate position on the screen or paper. There are many other uses.
For instance we may regard the screen as a window on to a large total
picture and use the windowing facility (described in Section 2.7) to
remove all parts of the picture outside the window. Then we would use
transformations to position the appropriate part of the total picture
under the visible window. Another use is in connection with the
facility to transform a user-defined object while it is being defined
(see Section 2.3). This enables us to use transformations in building
up an object. This can be very useful for example in an object which
has axial symmetry.
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Ilow Transformations Work

When GINO is set in transform mode (which can be switched on
and off as required) the space coordinates in the total picture are
multiplied by the current transformation matrix to produce the
corresponding picture coordinates. This is shown in the diagram
of the picture construction process, FIG 20.

Mathematically we have

r MR (*)

where r (x,y,z) is a position vector in picture coordinates

R (X,Y,Z) is the corresponding position vector in
space coordinates

M current transformation matrix (TR matrix)

(In fact, homogeneous coordinates and (4X4) transformation
matrices are used, so as to include projective transformations. The
theory of this is given in (9).)

Note that M in equation (*) above is the matrix current when
the picture part is called in the picture construction process. The
required transformation must therefore be set up before constructing
the picture. The x - y plane is taken as the picture plane and z is
ignored unless depth modulation (as described in the next section) is
used.

The current TR matrix is built up by calls to basic transformation
routines so that it represents the cumulative effect of the sequence
of transformations. Thus in the simplest case, that of producing an
isometric or perspective projection, two routines will be used to set
up the TR matrix. The first (ISOMETRIC or FROMXYZ) sets up the projection.
The second (OSHIFT) positions the resulting view. Conceptually it is
easiest to think of these as separate operations - in fact they are
achieved by a single matrix mUltiplication of the form (*) above.

In general the TR matrix will be built up from some sequence of
translations, rotations, magnifications and point projections. The
effect achieved is as if each picture part were subjected to this
sequence of transformations. Of course the order of the sequence is
often crucial, particularly in 3D work. For instance a translation
followed by a rotation will in general produce a different result than
a rotation followed by a translation.

Transformations do not affect the position of the space coordinate
axes, which remain fixed. They only affect position,orientation and
scale relative to these axes. Suppose we set up a TR matrix as follows:

CALL SETTRANSFORM
CALL OSHIFT(-500.,0.)
CALL ROTATE (2,-120.)

- initialise to unit matrix.
translate through DX = -500, DY

- rotate -120° about Y axis.
o
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( CONSTRUCTION OF A ~ICTURE

TOTAL PICTURE

I \ r---- OPTION INTRODUCED BY
CALL SETTRANSFORM

ICALLS TO
BUILT-IN
OBJECTS

Picture
CoordinatesTRANSFORMATION~~I_\~ ~

(optional) (4x4) ~
~IATRIX

Space
\ Coordinates OBJECT

WINDOWINGv

Lines clipped exactly
Characters to nearest

CALL MAGNIFY
CALL OSHIFT
CALL ROTATE

etc.
character.
bounds are
bounds not

Screen
used if
specified.CALLS TO

USER-DEFINED ~ •..
OBJECTS

<,

Subp ict.ure>C4,llswi thin
user-defined ob1eG!

...............(Picture coordinates Display
File
Buffer
in TITAN
or output streamSUBPICTURE

WINDm.JING
CALLS TO
SUBPICTURES

.•... --
Picture
Coordinates

Subpictures are not clipped.
Only displayed if entirely
within the window .

"%j

H
CJ
•

1. If no transformations set, space coordinates nust be numerically equal to picture coordinates.

2. The case of subpicture calls with user-defined objects, represented by the dotted line, is unlikely to
occur often.

Notes:



If we then ask for a line AB joining (400,400) to (600,600)
we shall get A'B' (An B" represents position of line if shifted
onLy ) •

Y
B'

z X
If we ask for CD joining (-100,400) to (100,600) we will get

C'D'. Note that the rotation is still about the fixed Y axis.

Y

- ..•.......
'D'

D

C'

N.B. D" is closer to the
axis of rotation than C".
Hence D' is also closer
than C'.

C

Xz
If we had followed the rotation by another translation through

DX = 500, DY = 0, we would have the effect of a rotation not about
the Y axis but about a parallel axis through X = 500.

CALL SETTRANS

CALL OSHIFT(-500.,0.)

CALL ROTATE(2,-120.)

CALL OSHIFT(500.,0.)

- shift the point (X=500,Y=0) to Y axis

- rotate about Y axis

- undo previous shift
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