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1_INTRODUCTION

-

This document describes the lowest level of the BUGS
standard graphics package. Section 2 describes the graphic data
structure organization and the functions performed by the SIMALE.
SIMALE subblocks may be of two types: section 2 describes a basic
set of control subblocks, while Section 4 describes a basic set
of display subblocks (grarphic primitives). Section 5 describes a
set of subroutines, called PROCRUSTES, that provides a low level
graphic access method tc¢ a program running on the Meta H4A.
PROCRUSTES contains routines for building and manipulating the
graphic data structure. In addition, PROCKUSTES services
interrupts, polls analog input devices, and refreshes the Vector
General.

The reader is assumed to be <familiar with the BUGS system
and with the Meta WA Principles of Operation and the Heta
4B/S5IMALE/Vector General Principles of Operation.



The standard graphics package presents its user with a
complete and ygeneral set of SIMALE progrars for applications
requiring hierarchical picture data structures and real-time
performance. No "standard" package could ever be optimal for all
applications, of course, and truly large or performance critical
applications wmay require the hand tooling of all BUGS processors.

This package was designed to be as simple as possible and to
remain extensible in the area of graphic data types. Above all,
it is hoped this package will provide ' support for graphics
extensions to Algol W.

e e s o T A i Sl . e . s e e e i ot e M A s s ot s S e o

A picture to be displayed by the standard graphics
package regides 1in core in the form of a hierarchical data
structure. A push-down stack and a directory of images are
employed to aid processing of the display structure. The
display file, the stack, and the directory are all maintained
1n BUGS core.

2.1.1 INAGES

The graphic data structure of the standard graphics
package is analogous.to a program structure consisting of
procedures which may call other procedures. In the graphic
data structure, there are images vwhich may call other
images (sab-images). An image consists of a ring of blocks
containing subblocks each of which contains graphic data or
calls to other images., Section 3 describes the display
structure subblocks and sone of the grarhics data
subblocks.

The highest level image, the root image, 1is the one
pointed to by the ETC instruction which starts the display.
The root image has a special purpose; it defines the use of
the screen coordinate space and thus may not contain any
graphical data subblccks. All other images are defined in



Noce s

16-bit 1image <coordinate space which is mapped into the
screen space by the r1oot image.

22122 TMAGE TRANSFORKATIONS

Any 1image referenced within another image is subject
to transformation by a matrix. This matrix is specified at
the time of <the sub-image call and <can be made to rotate,
scale and displace the sub-iwage within the calling image.
Each data element of an image is post multiplied by the
current transformation matrix. Yor two dinmensional images
this multiplication is of the forn:

A(1,1) Aa{1:2) 0

= [X',Y%*,1]

-
!
i

LX, ¥, 1] 1 A(2,7) A(2,2) 0
_ |

I A(3,1) A(3,2) 1

1

9
I
!
!
|
|
- 3
For three dimensional images it is of the form:

r a
I A1, 1) A(1,2) A(1,3) 0 |
| |
I a(2,1) A(2,2) A({2,3) 0 |
CX,¥,2,17 | o= [x*,xy*,2',1]
I 2(3,1) A(3,2) A(3,3) 0 |
J |
IO A(4,1) A{4,2) A(L4,3) 1 |
L d
Successive sub-image calls require the ability to
compose transformations. The SIMALE pushes the current

transformation matrix onto a stack and accomplishes the
composition of trarsformations by multiplying the new
matrix times the current matrix during sub-image calls.

Due caution must be taken when assigning
transformation matr ice as it 1is possible for successive
image calls +*o displace an image outside the 16 bit image
co-ordinate space. Thkis will make extents (see Section 3.6)
impossible to define, and could in some cases cause image
wraparound.



2.71.3 INMAGE CLIPPING AND PROJECTION

After transformation, all image data elements are
subject to clipping and projectionr. Clipping is the process
of finding those elements or pieces of elements which are
visible within a window. In two dimensions, the window is a
rectangular region ir the image space. In three dimensions,
the window 1is implicitly defined to be a pyramid whose
sides are the planes x=+z, x=-z, y=+2, y=-2 and whose
vertex is the origin.

Once clipped, the visible data elements must be mapped
(or projected) from the window onto the viewport region of
the screen. This 1is accomplished by dividing the x and y
coordinates by the window scales in two dimensions, or the
z coordinate in three dimensions. This scales up the
coordinates to a dimensionless unit space where they are
turned into display orders and scaled and displaced by the
Vector General tc complete the window to viewport
projection.
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2.7.4 ITMAGE ATTRIBUTES

In addition to being subject to a transformation, any
image may be wodified by a halfword of attributes specified
at the time of a sub-image call. These attributes allow
different instances of sub—-images to be displayed
differently. The attribute halfword is:

T
Intensity RN R
i

O o

intensity (bits 0-7) =~ This eight-bit field determines the
intensity at which a sub-image is displayed (a
positive number; 0 is dimmest, 7F is brightest).
When attributes are composed for a sub-image call,
the maximum of the twc intensities is chosen as the
new intensity attribute, therefore sub-images can be
made brighter than their calling images.

%% (bits and 9) - Cnused.

YM:Vector Mode ([bits 10-11) -~ This field determines the
type of linecs drawn by the Vector General for all
lines drawn in the sub-imagye. These ate the sane
vector mode bits found on Vector General orders and
include solid vectors (x'0'), dashed vectors (x'1'),
dotted vectors (x'2'), and end points (x'3?'). When
composed, the max 1is taken meaning solid vectors can
be turned into dashed, dashed into dotted, etc.

I:Invert Enable (bit 12) - This bit, when set, allows a
viewport to be processed by invért mode.

P:Pick Disable (bit 13) - This bit, when set, prevents a
sub-irage from being scanned during correlation mode.
This is useful to prevent an image from being picked
when the user so wishes. During composition the "OR"
cf these bits is chosen, so sub-images can be forced
to be unpickable.

C:Clip Enable (bit 14) - This bit is maintained by the
SIHUALE to tell if a given 1image is totally visible
and therefore requires no clipping (clipping
disabled) or is only partially visible and requires
clipping (clirping enabled). The wuser will nost
likely always wish to enable clipping and lcave

=iy



maintenence of this bit to extent subblocks (see
3+6) e

B:Blink Enable (bit 15) - This bit will cause the display
of the sub-imace to blink. Composition of blink bits
is accomplished by "0Ok"ing so it is possible to force
sub-images to blink.

22715 SUB-IMAGE LINKING

Reterences within images to other images are made via
a directory in core. This directory is maintained by
PROCRUSTES. Eachk image in the display structure has its own
entry in the directory whick contains the data base pointer
for that image, and any other information the user wishes.
Sub-image linking is accomplished by taking a haltword link
from the calling image, and adding it to the directory base
register (address ZC), and using the result to find the
correct entry in tlke directory. The entry should be the
data base pointer fer the called image. If the pointer in
the directory 1is zero, the reference 1is treated as a call
to a null image; if the pointer is odd, a SIMALE interrupt
will occur with an interrupt code of 1f.
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2.1.6 THE STACK

pecause the display structure can have wmany images,
some of which are referenced within other images, a stack
is necessary to save the processing environment when
sub-image calls are nade. This stack is maintained by the
Meta 4B firmware using local storage registers 23-27 for
this purpose,

when a wcall 1is made to a sub-image, a new stack
element is5 created using the the stack base pointer (local
address 23), the stack element size (address 24), and the
stack element offset {address 26) to find the starting
address and to check for possible stack overflow. This
starting address ig used to set the stack data pointer
(address 27) which 1is incremented each time something is
pushed iuto the stack.

The firmware automatically pushes local storage
addresses 20-22 anc¢ 30-33 into the stack to save the
current image's 1lirk, attributes, and name (see Section
4.2). The SIMALE then pushes in the current transformation
matrix to £ill the stack elenent. For Z2-aimensional
sub-image calls, 13 halfwords are reqguired for each stack
element, and for 3-dimensional calls, 19 halfwords are
required.



2.2 MODES _AND_COMMUNICATION

In the standard package the SINMALE hLas been programmed to
produce pictures while interpreting a hierarchical data
structure, or structured display file. This display file is
cont inuously scanned by the SIMALE to maintain a display on
the Vector General.

2. 2.1 ETC AND SIMALE EXTERNAL REGISTERS

All communicaticon with the SIMALE standard package is
accomplished via a register file in the Meta 4B's local
storage. The thirty-two registers of this file encompass
the ETC registers {local store addresses 20-2F), and the
SIMALE External recisters (local store addresses 30-3F).
In general, the ETC 1egisters allow the Meta UB firmware to
chain through ETC blccks and subblocks and to maintain the

stack and image directory. The SIMALE external registers
are used as a conmnunication area between the SIMNALE's
programs and the Neta 4B, A description of those ETC

registers dealing with dinitial and final data and block
pointers can be fourd in the Meta 4B/SIMALE/Vector General
manual. All others are described in this manual. The
allocation of registers is as follows:

_10-—



Stack Base Pointer

Stack Element Size
Stéck Haximum Offset

Stack Element Offset
Stack Data Poiater

Directory Base
Pointer

SIMALE

pointer to the beginning of
the SIMALE cCall stack in
cOre.

The length of each stack
element,

The 1length of the stack in
bytes.

Offset in bytes from the top
of the stack of the current
stack element.

address of the next word in
the stack to be read or
written.

Pointer to the start of the
directory.

External Registers

Name
Current Image Link
Current Attributes

BElement Nanmne

P

SIMALE Processing
Mode
Correlate Center ¥,Y

Correlate Scale ¥,¥

Inverted Center X,Y

Inverted Scale X,Y

34
35-36
37-38

39-3A

3B-3C

Function
Directory offset of image
currently being processed.
Composed attributes of that
image.
NMame of the current element
in inage (set by ©NAME,
section 3.7) .

Reserved for user; this
tegister will be pushed on
stack antomatically during
CALL.

Mode of operation desired
(see section 2.2.2)a.

X+¥ co-ordinates of the
center of the pick viewport.
X,Y scale ot the pick

viewport.

Inverted X,Y center position,
returned by Invert node
(section 2.2.2.3)a.

Inverted ¥,Y scale, returned
by Invert node.



2+ 2.2 PROCESSING MODIS

The SIMALE 1is currently programmed to process the
display structure ia three different wvays. A mode is
selected by the SIMALE Processing Mode Kegister (local
store address 34). To start processing of the display
structure (regardless of mode) the appropriate ETC
registers are pointed at the root block (s2e section 2.1.1)
and the ETC instruction is executed.

{(Processing Node = 0)

Display mode is the most common and is the only one
to produce pictures on the Vector General. In this mode
the SIMALY runs through the display structure,
transforming pictnre elements, determining which are
visible, and outputting instructions to the Vector
General.

2:2s2.,2 Correlate Mode

{Processing Node = 1)

In  this mode, the SIMALE is passed, in registers
35-38, the center and scale in screen coordinates of a
correlation viewpcert. The SIMALE then scans the display
structure L6 the first picture element (line,
character, etc.) in an image enabled for correlation and
lies entirely or yartially inside this viewport.

Oonce found, an interrupt is generated (interrupt
code=1), and processing stops. By looking at the ETC
and SIMALE exterral registers and at the stack, it is
possible to knew which element caused the interrupt,
what image, block, and subblock it was in, and the
history of sub-image calls. Portions of this information
are found in the interrupt scanout area maintained by
PROCRUSTES {see Section 6.4).

-1 -



2. 2. 2.3 Invert Screen Coordinates Mode

{(Processing mode = 2)

In invert wode,
viewport center and
searches the display
enabled that ccntains
correlation viewpcrt is
‘space to image

the
scale

the

SIMALE

for the first viewport

correlation
35-38 and
with invert
center., The

takes the
in registers

correlation

then projected back firom screen

co-ordinate space and the result is
retucned in registers 39-3C. ¥Finally an interrupt

(interrupt code=2) is generated, and processing Stops.

....13_



Subblocks are the fundamental components of images. Each
subblock type 1is interpreted by a different SIMNALE program or
"Control store load". The entry point name of the SIMALE program
that interprets a subblcewk is used to identify that subblock
type. An arbitrary monber of suhblocks can be placed
consecutively to torm blocks, which are linked together to forr
an image. There are twc broad categories of subblocks, those
which control the f£low of interpretation of the display
structure, and those which actually produce display information.
fore emphasis will be given now to the <control types, as they
determine the form and capabilities of the display structure.

3.1 _INTPIALIZE (ENTEY PCINT: INIT)

The initialize subblock must be executed once before use
of the standard package to ensure initialization of SIMALE
registers and constants used throughout the package. This
subblock is executed as part of program initialization and is
not part of any dimace. This subblock is created during
PFOCRUSTES initializaticn.

3.2 VIEN_(ENTRY POINTS: VIEW2D, VIEW3D)

The view subblock wmay only be used in a root image. 1Its
fupctiorn 1is to wanage the wmapping of images onto the screen
space. Two types of view subblocks exist, one for display of
two-dimensional images and one for three-dimensional images.
The next three sections describe the operation of the view
subblock in cach SINALE mode.

3.2.1 DISPLAY MODE

In this mode VIEW sets the scale and displacement
registers of the Vector General to accomplish the window to
viewport transformation, resets the current transformation

...11\;..



matrix to unity and causes display of the referenced image
to begin,

3o2.2 COPRELATE HODE

To accomplish the correlation function, VIEW compares
the screen coordinates of the pick viewport registers
(35-38) with the viewport defined by each view subblock in
the root image. It the pick viewport is withir the area of
the screen enclosed by the view subblcck viewport,
correlation on the image referenced by the view subblock
will be performed, ctherwise processing of the referenced
image is skipped and execution is resumed at the next view
subblock. If correlation is to be performed and if
correlation is enabled in the attributes of the referenced
image, the pick viewport is transformed into unit space to
produce a special pick window. The image is then processed
to see if any elements fall within the pick window.

3. 2.3 INVERT MODE

This mode requires VIEW2D to process the pick viewport
registers (35-38). If the pick center is found to be
within the specified viewport, the pick viewport is
translated into the image coordinate space, these values
are returned in registers 39-3C, and an interrupt is
Jenerated. Tf these wvalues are not in the viewport,
processing continues at the next subblock in the root
image. Any transformation matrix specified on the viewport
will be ignored in the inverse calculation.

3a 2.4 VIER? SUBBLOCK TATA

Link: This is the link to the directory entry of the image
to be displayed or correlation processed.

Attr.: These are the image's attributes,

Viewport: These are the center x,y position and scale of a
region on the screen into vwhich the visible
portion of the displayed image is mapped. If not

specified, the viewport bounds of the previous
view subblcck will be used.
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Window: For VIEW2D only this is the center x,y position
and scale of the =region in the image space to
which display primitives are clipped and mapped
into the viewport screen space. If not specified,
the window bounds of the previous view subblock
will be used.

For VIEW3D, the window is implicitly defined as the

planes x = -z, y = -2, x = +z, and y = +z; the "pyramid of

vision".

Matrix - This 1is an optional transformation matrix which,
if specified, is applied to the viewed image. If
HYe matrix is specified, the unit matrix

transformation is applied to the viewed image.

For VIEWZD the patrix consists of six halfwords: a 2 x
2 rotation matrix plus an x and y displacement.

For VIEW3D the matrix consists of twelve halfwords, a
3 x 3 rotation matrix plus an %, y, and z displacement.
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3.2.5 2D FORMAT

+0 e e "
| Link |
I |
2
| Attr |
O,
i — 1T 1
| X | 1 ¥ | Viewport Center
L ] i ]
+8 f h T; 1
| b4 | ] ¥ | Viewport Scale
i i L i
+12 ) 0 1
| % ] | ¥ | ¥indow Center
L 4 1 i
R e T
| X | i Y | Window Scale
i ] 1 i
+20 (. I i | .
| {1:1) 3 Po(1,2) | Matrix
L J L i
2% e 1T 1
I (2,1) | I (2,2) |
i 3 i d
+28 3 r 1
| X | | Y ] Displacemnent
L 4 i i
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3.2.6 3D FORMAT

+0 s
| Iink |
I |
+2 s g
| Attr |
Lo cinee. ——
+4 f 3 r 3
{ X | | b J Viewport Center
i i i ]
+8 r 1T g
| X i ] ¥ i Viecewport Scale
L i L 4
+12 e 1 7w 1 '
W 0 (2 1 (1,3) ) Matrix
looprpam J TSR T (N 3
+18 r———— N preemmmeemap | epepee——y
I (2.1 1 1 (2.2) 1t | (2,3) |
: SRR 3 i I | Loee e E
+24 r 1 T 1 r i
3.0 0 1 (3.2) 11 (3,3) 1
L ¥ i i 1 i
+30 1T e—— | s 8
i X | | v 1 7 | Displacement
T ] B = | 1 3

3.3 _CURSOR_(PNIRY POINT: CURSOR)

The cursor subbleck may be referenced only ip a root
image., Its purpose is to draw the center and the borders of
the pick viewport whose screen coordinates are in registers
35~ 38.

3.4 _CALL_ (ENTRY POINTS: CALL2D, CALL3D)

The call subblock accemplishes sub-image calls within
images. The referenced sub-image will have attributes assigned
and may be subjected to a transformation by a matrix. The
current image environment (i.e. attributes, transformation
matrix, mnrame, etc.) is autcmatically saved on a push down
stack.
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3.4.1 CALL SUBBLOCK T[ATA

Link - This is the link to the directory entry of the image
to be called.

Attr - This is a halfword of attrihutes which are composed
with the jfresent attributes and then applied to
the called image.

Matrix - This is an optional transformation matrix which,
if specified, is composed with the current
transformation matrix and then applied to the
called image. If no matrix 1is specified, the

current matrix transformation is applied to the
called image.

For CALLZ2D the matrix consists of six halfwords; a 2 x
2 rotation matrix plus an x and y displacenment.

For CALL3D the matrix consists of twelve halfwords, a
3 x 3 rotation matrix plus an x, y, and z displacement.

3.4.2 2D FORMAT

+0 e =y
| Link |
 A—— i
+2 pee—ee—y
| Attr |
[, |
+4 e | e sy
b1, 1 1 (1.,2) | Matrix
i ] i i
I e T
i (2,1 0 1 2,2) |
L — J 1 1
+12 r A i 1
| f4 1 i ') ] Displacement
G s 2 Lo o



3.4.3 3D FORMAT

+0 [T A ¢
| Link i
b2
+2 T ——— 1
] Attr |
——
+h i o T 1 1
V(. 1 1 (1.2 1 1 (1,3) Ma trix
f I 1 . | i P |
+10 i 1 7 1 e e S 1
I (2,1 | | 12,2) | | (2,3) |
i 3 1 3 f T |
16— : | ! 1 I 1
1 (3.,1) 1 I 3.2 1 | (3,3) |
| S | b 3 1 i
¥22 pre— I e E
| X I ¥ I Z | Displacement
. R b 1 N | i

This subblock acconplishes a return from a called image.
The environment saved or the stack at the time of a sub-image
call is restored and processing of the calling image resumes
at the next subblock after the CALL which invoked the
sub-image. Return subblecks are automatically added to images
by PROCRUSTES.

3. 6_EXTENT (ENTRY POINTS: EXTENT2D, EXTENT3D)

The Extent subblock acts like a sub-image return
conaitional on the results of processing extent information on
the current iwmage. Preccessing of this information can result

in a decigion that the current image is completely invisible
and need not be further processed. It may be possible to tell
if the image needs to be clipped or not, or is too small or
too big to be displayed.
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3.6.1 EXTENT SURBRBLOCK DATA

Extents - These halfwords define +the coordinate limits of
the current image. These limits are processed to

rrovide information about all the coordinates in
the imege.

Firs the extents are transformed by the current
matrix. Next ney extents which exactly surrcund the
transtormed extents Dbut whose edges are parallel to the
co-ordinate axis are found. If the surrounding extents lie
completely outside the window, it «can be assumed that all
lines, characters, and sub-images withip the current image
will also 1lie outside the window and a return from the
current image can be effected inmediately.

If the transformed extents lie completely inside the
window, . no clipping need be performed, and this fact is
passed tc all image primitives by resetting the Clip bit of
the current image attributes. Otherwise, the extents lie
partially within the window, and the clip bit is set.

for EXTENT2D the extents are four halfwords specifying
the center X,y position and scale of a rectangular regiomn
enclosing the current image.

For EXTENT3D the extents are six halfwoids specifying
the center x,y,z position and scales of a rectangular solid
enclosing the current image.

1f the image is totally or partially visible, the size
of the image is determined. This 1is done by first
projecting the surrounding extent into dimesionless unit
space (see Secticn 2.1.3). Then one half the square of the
distance from the extent center to its upper right hand
corner (of the Iront. face in three dimensions) is computed
and used for a size criterion.

Min size - This halfword is cowpared with the computed size
value. If the size is less than the minimum, a
return is forced and the image is not displaved.

v

ax size - This halfword is compared with the computed size
value., If the size is greater than the maximum, a
returr is forced and tihe irage is not displayed.

Extents act with +the current window specified in a

view subblock. Thus varying the window co-ordinates effects
the amount of picture detail displayed.
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3.6.2 2D FORMAT

+0 r 1T 1
| X | Y | Extent Center
| I—— R T

+4 e T e
{ X il Y | Extent Scale
1 i i 1

+3 g 1
| | Minimum
b —

+10 . p—————— gl
| | Maximum
p I — W]

pr— —F 1

i X 1 ¥ 1 % ! Extent Center
L i : 3 ; d

+6 — 1T s I e e g
| £ P b | I 7 | Extent Scale
P — ¥ ) dire———

i b
! | Minimum
I

I ey
| 1 Maximum
S i

The WNAME subblock provides a mechanism whereby elements
within 1images may be nawmed. The name specfied will be in
effect until the next NAME or RETURN subblock. baJ hy%

Name — This halfword, called an element nameg/;s‘fbad from the
subblock and copied into register 32. This register
is automatically stacked and restored by CALL's and
RETURN's so at the time of an interrupt it is
possible to krow tho current image element name and
call history.

—
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GRAPHIC PRIMITIVES

framework of
that
suffice it

two and three-dimensional displays.
sinkblocks are

Many graphic primitives are easily ioplemented within the
the standard graphic package, and it is expected
types will be added as users invent them. For now,
to say the standard package will include several types
lines and curves as well as different flows of characters for

Only the basic line and text

many

described below.

4.1_CURVE (ENTRY POINTS: CURVE2D,CURVE3L)

This subblock allows continuous line drawing. A starting
point is specified, followed by an arbitrary number of points
through which line segments are drawn. The line type is
determined by the currenrt attributes.

4.7. 1 2D FORMAT

e =
| X0 | | Yo | Start point
| e i 1 3
I e T
| X1 | i ¥ Next point
I L
kI e B
N G L oae
L J [ 4
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4.1.2 3D FORMAT

5
} - X0 i e | | 2o | Start point
i b | i E | L Jd
+6 f 1 1 1
I Lo yr | ] at | Next point
1 3 i F] i 1
Lt oSS 3 i 1 I -
§ - A7 11 y2 ] | 3z= | cue
L 1 1 pra—| Emnaaacd
&
£ ]

4.2 1INES {ENTRY POINTS: LINES2D,LINES3D)

This subblock allcws the drawing of disjoint lines. The
endpoints of the lines are specified. The 1line +type is
determined by the current attributes.

4.2-1 2D FORMAT

A
{ X0 1t e Start pcint
. . | : EOSES S |
+ H‘ H 1 i 1
| Xt 1 i yroo| End point
T, S | e e P g |
+ 8 1 a T 1
I L i 8 Yo | Start pcint
i i i N
£12 4 = g !
IR .+ 3 YT End point
L H i ERFEY: |
®
L]
&
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4.2.2 3D FORHAT

+0 1 T m—— e ——— g
i X9 I ¢ | | zo | Start point
L ] 1 ¥ | i i
+6 r 3 I 1 friT——
| ¥t i Yr ] Zi | End point
L ey A | i L 1
12 ¢ 1 g e -
] %9 I ¥ t } Ze | Start point
: EVTRE | | —— ¥ i 4
+18 ¢ 3 r 1 P ey
| i Yr 1 21 I End point
: By i i i L 3
]
L9



This subbleock provides for character display. The
position, character spacing, and an ASCII character string are
specified. The character spacing is subject to rotation and
scaling by the current transformation matrix.

increment - These halfwords specify inter-character spacing
which also determines character size and
orientation. If the ¥ increment is greater than the
¥ increment then the characters are horizontal: if
the X increnent is less than +the Y increment the
characters are vertical.

Position —~ These halfwords specify the position of the center
of the first character.

Text - An arbitrary number of ASCII characters.

ta3.1 2D FORMAT

+ G r 1 ¥ Ere |
| b [ ¥ | Increnent
e P - SRS | | A |

+4 = g f it
i X [ ¥ i Position
i i L i

+8 -
| ASUTTI text string ease
i e —

4. 3.2 3D FORMAT

+0 e o T e T |
| X I ¥ i yA | Increment
i ] L A 1 d

+6 P 1 r ¥ ey )
| X | i ¥ P 7% i Position
L i i ] ] 7 |

12 -

| ASCII text string ewe
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5 BASIC SOFTWARE

A set of subroutines, PROCRUSTES, has been written to allow
low level access to the facilities of the SINALE Standard
sraphics Package. It can also be wused as a stand-alone graphics
access method. PROCRUSTES maintains the directory and buffer,
starts the display and performs low level interrupt handling and
analog device polling. It is intended as a minimal access method
to allow flexible access to the graphic data structure for
implementing a high level graphics package. All TPROCRUSTES
routines are available from the text library PROCRUST TXTLIB,
which resides on the COMNON segment.

5.1 _THE_ROUTINES

The routines that follow are not ALGOL callable. They
should be <called using the standard NOA call macro (see leta
4a Assembler User's Guide): R2 points to a parameter list
containing the addresses of the paraneters and R14 contains
the return address. Their parameters are described using ALGOL
syntax, but the types refer to standard BUGS types, 1.e.
INTEGER means a 16 bit integer.

51.7 INITIALIZATION AND TERMINATION

5.7+.1.1 PROSTART

Function: PROSTAR is the routire which initializes
PROCRUSTES. It must be called before any other routine.
PROSTART allocates the buffer, loads the SIMALE,
allocates the stacks and starts a Meta UB program
(REFRESIB) . EEFRISHB executes an INIT subblock, then
refreshes the Vector General display, performs first
level interrupt handling, and polls analog devices.
Paranmeters:

. INTEGER VALUL stack_depth —— this value is the
maximum depth of the SIMALE call stack.



® STRING (4) VALUE dimensionality -- an aligned
string defining whether the program will use
2D, 3D or both in its display; valid values
are “2p%, w3Ip", and "ALL".

o INTEGER VALUE core_factor -- number in K bytes
representing the amount of core PROCRUSTES is
allowed to use for images and the directory; a
positive number means to use "core_factor" %
1024 bvtes, a negative number means to use all
of core but -"core_factor" * 1024 bytes, a
zero value means to use all but 4K bytes.

S STRING (8) VALUE simale_program_name —- the
name of the SIMALF program to be loaded; if
L'FF', the standard load, SSGP, will be used.
This enables execution of the basic subblocks
described in section 3.

50121.2 PROTERM

frees uap the bufter. PROTERM should always be called
hefore terminating a program,

«2 IMAGF MANIPULATION

5. 1. 2.1 _OPENINAG

Function: OPENIMA; is called to make an image the
current image for adding new graphic elements. If the
image does not exist din the directory, it will be
created. IL the image already exists, it will be
extended.

Parameters:

. INTEGER VALUT image_name -- the user name of
the image to be the open image.
® INTEGER RESULT return_code
re turn code=0 -- okay
return code=2 -- nc core for image
return code=4 —-- no core tor expanbsion of
directory
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5.1.2.2 CALLRDIM

Function: CALLRDIM and its sibling CALLDDIN are intended
for use by a routine or routines which manage the
CALL/RETURN structure. Since the RETURN function and
base pages are different for 2D and 3D objects,
PROCRUSTES must be advised of the dimensionality of

images. This routine returns/sets the dimensionality of
" the currently oren image, and returns its directory
offset.

Parameters:
® INTEGER VALUE RESULT dim -- dimensiorality of
image; 1if 0O, then the dimensionality of the
image will be returned here; otherwise the

image will ke set to 2D if "dim" = 2 or 3D if
"dim" = 3,

. INTEGER RESULT directory_offset —— offset from
top of directory to directory entry for
currently open imagea

® INTEGER RESULT return_code

return code=0¢ ~-— okay

return code=2 -- no open image

re tarn code=4§ -- dimensionality nmismatch
{a ncn-zero value of "dim" was
supplied by the caller, but a
non—-null image of different

dimensionality already existed).

5.1.2.3 CALLDDIN
Function: This routine returns/sets the dimensionality
of the named image and returns its directory offset.

Patanmneters:

§ INTEGER VALUE image_name —— user name of image
to be processed

- INTEGER VALUE RESULT dim -- dimensionality of
the image; if "din® = 2, then 2D; if "dim" =
3, then 3D.

“ INTEGER KESULT directory_offset —— offset from
top of directory to directory entry for this
image.

» TNTEGER RESULT return_code

return code=0 -- okay
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return code=2 —-- ipage not found
return code=4 -- dimensionality mismatch
(same as in Section 5.1.2.2 above)

521.2.4 DELIMAGE

~ Function: DELTHMAGE nulls an image. The data representing
‘the image in the ©buffer is freed, but its directory
entry persists. This directory entry will be re-used if
the same image wpame is opened. Directory entries are
actually freed by the garbage collection routine (see
section 5.1.6 ).

Parawmeters:
. INTEGER VALUE image_name —- user name of image
whose data is to be deleted.

5.7.3 SEGMENT MANIPUIATION

Segments ave a namiang and structure feature provided
by PROCRUSTES to supplement the 1image and element naming
facilities of the SS(CP. A segment is logically a group of
primitives within an 1image, owning a unique name and
independently accessible. The segment facility is intended
for use in constructing high level data types from groups
of primitives., Segments are implemented as blocks within an
image.

Function: ADDSEGMT creates a pew segment in the current
image.

Parameters:

e INTEGER VALUE segment_name -— the user name of
the segrent to be created.
® INTEGER RESULT return_code
return code=0 -- okay
return code=2 —- no open image
return code=4 -- segment already exists
returcn code=6 -- nc core for segment
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5.1+3.2 DE

LSEGMT

Functions:

Parameters

5. 1.4 s5UBBLOC

S5.1.4.1 AD

Function:
image.

Parameters

L

DELSEGMT deletes a segment from the display.

INTEGER VALUF image_name —— the user name of
the image in which the segment to be deleted
resides

INTEGER VALUE segment_name -- the user name of
the seqguent to be deleted.

INTEGER RKESULT return_code

re turn code=0 -- okay, segment deleted.
return code=2 -- image not found
return code=# -~ segment not found

K MANIPULATION

DSUBLK

ADDSUBLK adds a subblock to the currently open

-
-

STRING (10) VALUE type -- name of SINALE entry
point tc process the data in this subblock; if
"VGY then the subblock contains Vector Ceneral
orders.

STRING ¢*) VALUE data —— the actual data to
put in the subblock.
INTEGER VALUE data_length -- length of data in
bytes.
INTEGEE RESULT return_code
return code=0 -- okay
return code=2 —— no currently open image
return code=4 -- no more butffer space
return code=6 -— invalid type
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5s1s4:2 BLXTYPE

Function: BLKTYPE returns the type of a subblock.

Parapmeters:
® STRING (*) VALUE sub_block -- the first two
{or more) halfwords of the subblock whose type
is to be returned.
¢ STRING (10) RESULT type -—- sane as in section
5. 4.1 above; if the type 1is undefined,
BLKTYPE will return a blank string.

5e1e4.3 SIMHTRAN

Function: SIMHNTRAN is used to determine the
initialization halfword for a subblock. Passed the name
of the SIMALE entry point to process the subblock, it
searches the SINALE symbol table for the initialization
halfword.

Paramete

0]
I
it

ae

At entry RZ2 points to STRING (10) VALUE type.

At exit R2 «contains the initialization halfword or
zero if the name was not found.

5.To5 DYNAKIC SUBBLOCK MANIPULATION

Data within the graphic data structure can be
referenced dynamically using syubolic names or dynamos. The
following routines provide this facility.

521+5-1_ADDDYNAM

Function: ADDDYNAM associates a symbolic name to data
within a subblock of an image. The image name, =2lement
name, subblock offset, ard byte offset can be obtained

from the interrupt scanout area.
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° INTEGER VALUE dynamo_name —- name of the
dynamo,

® INTEGER VALUE image_name —— name of the image.

@ INTEGER VALUE elemenrt_rame -- A NAME subklock

containing the element_name is added to the
image before the subblock specified by the
dyname in order to maintain compatability of
names., This is an ogptional parameter, if the
address of this parameter is 0, it is ignored.
@ INTEGER VALUE subblock_offset -— offset within
the image to the subblock.
o INTEGER VALUE byte_offset —-— otfset within the
subblock to the data.
. INTEGER RESULT return_code
return code=0 -- okay
return code=2 -- nc core for dynamo

5. 1. 5.2 ADDMARK

Function: ADDMARK associates a symbolic name with the

next subblock added to to the currently open irage.

Parameters:

v INTEGER VALUE dynamo_name —-- name of the
dynano.
o INTEGER VALUE element_name —— A NAME subblock

containing the element_name is added to the
image. This is an optional parameter, if the
address of this parameter is 0, it is ignored.

* INTEGER-VALUE byte_offset -- offset within the
subblock to the data.
® INTEGER RESULT return code
retucn code=0 -— okay
return code=2 =-- no more core
return code=4 —-- no open image

5.1.5.3_QUERYDYN

Function: Before data can be vreferenced in the graphic
data structure, CUERYDYN must be called to provide the
absolute address from the symbolic name. This address
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becomes invalid 1if any change is made to the graphic
data structure, sc¢ QUERYDYN must be called each time the
dynamo data is used.

Parameters:

e INTEGER VALUF dynamo_name —- dynamo name.
. ADDRESS RESULT pointer -- address of the data.
« INTEGFR RESULT length —- Iength of the data.
. STRING {10) RESULT type —- type of subblock,
* INTEGERE RESULT return code
return code=0 -- okay
return code=2 —-- dynamo not found
return code=4 —-- specified dynamo was

invalid ({not assocrciated with an
image, or associated with a nuil
image, or subblock offset > length
of image, or byte offset > length of
subbicck) and has been deleted.

5.1.5.4 DELDYNAM

Function: DELDYNAV deletes a dynamo.

Parameters:

» INTEGER VALUFE dynamo_name —- dynhamo name.
s INTEGER RESULT return_ccde
re turn code=0 -- okay
return code=2 -- dynamo does not exist
5.1.6 GARBAGE COLLECTION =-- MRCLEAN

Function: MRCLEAN «e¢liminates all images which are not
connected to the graphic data structure. It has two modes
of operation, controlled by the parameter passed. The
normal mode deletecs all images which are not being
displayed. In override wmode, MRCLEAN will override extents
and only eliminate images which are not connected to the
root image.

Parameters:

' STRING (10) VALUE mode
made="NOQVIRRIDEY -—- normal mode
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mode="OVEREIDE" ~- override mode

5.2 _INTERRUPTS AND ANALCG DEVICES

The control and =status information for the I/0 devices
attached to the Vectcr General are defined by the macro
CRUSTY, which resides in PROCRUST MACLIB on the COMMON
segment. Appendix II contains an expansiocn of CRUSTY. The
instruction sequence for establishing addressability to CRUSTY
is as follows:

LI Rx,A (PROCRUST) GET ADDR. OF CRUSTY
USING CRUSTY,Bx TELL ASSEMBLER

5.2.1 FUNCTION KEYS

The function key control area consists of a mask with
a bit for each function key (PROFKEY1 and PROFXEY2), a one
byte data field (FROFKEY), and a one bLyte mode field
(PROFNODE). When function keys are enabled in the masks,
the corresponding furction key lights are lit. Function key
32 is always enabled. The modes are as follows:

PROFMODE —-- current node

0 (PROFIDLE) -~ no interrupts will be accepted

1 (PROFWAIT) -- ELunction keys enabled

2 (PROFKHIT) -- interrupt has been received, data byte
(PROFKEY) contains function key number.

5.2.2 ALPHANUMERIC KFYBOARD

PROCRUSTES maintains and displays one line of
characters For prompt messages and input from the
alphanumeric keyboatd. The alphanumeric keyboard control
area consists of a orte hyte mode field (PROAMODE) and a one
byte length (PROANKSZ) that 1is the total length of the
combined prompt/input 1line, i.e. the length of the prompt
line plus the maximunr length of the input buffer.

PROAMODE —- current aode -
1 (PROASTRT) -- start input mode
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4.1.2 3D FORMAT

i i | T 1
| X0 i | Ye |t zo | Start point
: I 5 | . T ] 1 1
+6 B ER 1 )
{ X1 i | yi | 1 zt ] Next point
1 3 L. 1 1 —
12 1 i 1T 1
O I D L I I T
i L SO | R S
&
L ]
L ]

This subblock allcws the drawing of dis joint lines. The
endpoints of the lines are specified. The line type is
determined by the current attributes.

4e2.1 2D FORMAT

+0 I 1 i |
[ X0 11 e | Start paint
: DY | | T et |
4 = 1 I K
| Xt (. . | End point
L | ; N,
+ C; T 1 T i |
| X© I Yo o Start point
t
i o A i 4
+12 3 -
| X1 i i Y1 | End pcint
i EH i i A

- D -



. — i — s, kil S et o s

— — — Y——

2 (PROTTAB) —— track tablet

3 (PROTHERE) -- display cursot at current position; in
this mode, the user can maintain divect control
over the cursor position by specifying the cursor
position ir PROCURXY.

PROTHMODE -- tracking mode
0 (PROTNONE) —-- just display cursor
1 (DRAWING) —- this mode may he entered explicitly by

the user or implicitly by setting "DRAWWAIT". If
the processing is succesful, it will enter node 4

({"PICKED") , the interrupt scanout area will
contain ccrrect information about the viewport
which enclgses the cursor and the user

co-ordinates of the «cursor within that viewport
will be placed in PROCUSER; it will enter mode 5
{"DRAWWALT).

2 (PICKWAIT) -- automatic picking node; whenever the
tracking trigger is pressed, an attempt will be
made to pick something.

3 (PICKING) —-- this mode may be entered explictily by
the user or implicitly by setting "PICKWAITY;
PROCRUST will attempt a correlation hit. If
successfull it will enter mode 4 ("PICKED"), eclse
it will enter mode 2 ("PICKWAITY").

4 (PICKED) —-- a successful correlation or invertion
has been made; the interrupt scanout area
contains tle pertinant information.

(DEAWNAIT) -- automatic drawing mode; whenever the
tracking trigger is activated, an attempt will be
made to return the current cursor position in
user coordinates,

5. 2.4 ANALOG INPUOT

bata from analog input devices 1is contained in the
analeg input scanout area. The first word is a filtering
value for all devices, The filtering formula is:

A(t) = A(t=1) + A(L)/2%%f = & (t=1) y2%*f

where A{t) and A(t-1) are the analog values at times t and
t-=1 and f£ is the (tiltering value (default is 3). The next
three words are the tablet x,y,z. The tablet z indicates if
the tablet stylus is out of range, in range, or touching.
The next three words are the Jjoystick x,y,z. The last ten
words are the dial values.
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The graphic data structure described in the following
sections 1s particular to the operation of PEOCRUSTES and is in
no way intended to be the definitive structure.

621 _THE DIRECTORY

The directory maintained by PROCRUSTES consists of six
byte entries. The directory is expapded as needed in
increments of 8 entries (48 bytes). Twe names are reserved for
unused entries and for the root image, X'8000' and X*80071"
respectively.

The format of each entry is as follows:

+0 T — 8
| | pointer to image
SRR Sl |

+2 P
| | user name for image
| S ——

+4 g — 1
| | flags
. |



0.2 THE BUFFER

The buffer area obtained by PROSTART consists of the
buffer header, the SIMALE call stack, the interrupt scanout
area, the directory, the image area, and the dynamic movement
(irn that order). All free space resides between the image area
and the dynamic movement area. The currently open image is
always in the last position, next to the free space in the
buffer. The format of the buffer header is as follows:

H0 ey
] | poirter to directory
TR R |
+2 o
| i no. of entries in directory
. DS, |
+4 [m———yy R |
| starct | | end | image area
| PR e | e I R
¥ | g =3
| start | | end | dynamic movement area
SISO . [P |
$12 ey
i | poirter to open image directory entry
| AT e Rt ST
+ 1 ” B 3
i | pointer to root image
. TR |
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6.3_IMAGE FORMAT

Each image consitgts of an ETC ring. If an image is
unsegmented, the ring is=s one block chained to a return
sub-block in the commcn area. If the image is segmented, it
will consist of multiple contiguous blocks; the first block
will contain the length in its second halfword, and subsequent
blocks will corespond to segments, with the segment name in
the second halfword.

52 3.1 UNSEGMENTED FOFMAT

+0
i | cffset to RETURNXD block
TP |
+2 PSR S—
] ] length of image
: - |
g e ——— .
{ i length of 1st subblock
e |
+6 e 7
i ] csubblock initialization halfword
. N, |
I
| 1 cubblock data
b ans 2 |

-4 )=



6.3.2 SEGMENTED FORNMZIT

o
| +0 =
| i i
a3
| +2 iy
i i i
b1
| 4 oy
| i 0 |
’\ | S N T . |
| WO pr————

| i |
] | OSSR |
1 +8 ey
| | |
PR——
| 3|
] | |
. [
i +12 o
| | |
[
o ETh s
o | i
Lo 3

i “

3 e

gy 1 .
—

{ e I e
| i |
| N W
| M
| i !
b}
| + nHl e——————yq

cifset to first segment
length of image

B — ‘mmm_“_hm%““\\\
cff;et to next segment or RETURNXD

block
cegnent name
length of 1st subblock
subblock initialization halfword
subblock data
s - . ————

cfFfset to R ETURN xD

block

next seqgment or
cegment name
length of 1st subblock

csubblock initialization halfword
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6.4 _INTEREUPT SCANOUT AEEA

The interrupt scanout area maintained by PKOCRUSTES is
filled in whenever awu inversion or correlation completes
successfully. Its format is as follows:

+0 e g
| ] fingl data bhase register (FDBR)
L TRt |
¥2 ey
| | Final block pointer (FBP)
| I—— o
+4 s g
i i final subblock pointer (FSBP)
| .
I —
i i finel data pointer (FDP)
ISR |
+8 o
] ] depth of stack
BBy e |
+10 f - 1 r 1 I | T |
| iname | | sname | | ename | | offset] element
| F] L ¥ 1 4 i i

The stack elements are ordered with the lowest level first.
Bach element contains the image name (iname), segment name
(sname), element name (ename) and subblock offset ({offset).



6.5 _DINAMO FORMAT

Each dynamo consists of the foliowing information:

+0 § T q
| i dynemo name
: 4 '

+2 [ —— g
i ] image name
| . 4

+i ;|
i i elenrent nanme
| A |

+6 =
i | subltlock oftset
. PRSI " |

+8 [ 1
{ - byte offset
S A ] |

_.u3_



T 1

CRUSTY

st st s e sk

e skole e

s ok e o
READY
TERMINAT
GRABAGE
GRABAGEC
GRABAGED

e e e
stk e e

e ok e e
PRO BHP TR
ek 3k
ook &

A e vk
PRONIT
ERONITIH
PROBRET2
PROBRIH2
PROBRET3
PROBRIHS
PROCURSFE
FROCURIH

s ook e ol
Hedleqe ok %
e e e o sk
PRODYNAHN
PROSTAKDB
PROSTAKE
PROSTAKH

PREFIX

DSECT ,

FIRST WE HAVE

NOW

DC

NOwW

BC
DC
bC
pC
bpc
DC
bC
pe
DC

SOME IMPORTANT VALUES

Dc
DC
pC
pc

CRUSTY DUMMY SECTION

pomumy

THE FLAGS

SECTION

0XL128 . IF ON, BUFFER 1S READY

O0XLey . ¥F ON, TIME TC TERMINATE
0XL32 . GARBAGE COLLECTION IN PROGRESS
GXL16 . CONTINUE GAERDAGE COLLECTICN
0XL8 . QVERRIDE EXTENTS

Xroon

THE POINTER TO THE CURRENT BUFFER
A Ry —=> CURRENT BUFFER

SOME COMHCNLY USED BLCCKS
A{O,0,4) . INITIALIZATION DATA AREAX

H1O?
A{0,0,4)
HYD® o
A{0,0,4)
A {%=%)
A{0,0,4)
H'O?
H3O*

2R (*=3%)
A (k-k)
HLOY.
HiH

RETURN

BLOCK

INITIALIZATICH

RETURN

BLOCK (3

(2-D)

HALEFWORD
~-D)

INITIALIZATICN HALFWORD

CURSOR

BLGCK

INITIALIZATION HALFWORD
AND LENGTH COF NEXT

ADDR.

T0 REMEMBER

AND LEN.

OF DYNAMIC AREA

ETC STACK BAST POINTER

LENGTH

OF STACK

ENTRY

MAXIMUN STACK OFFSEY

- -



7.2 FUNCTION

KEY CONTROL

— s — s,

PROKEY1 DC z2u'0r . UPPER FUNCTION KEY MASK

PROKEY2 EC 2H'0Y o LOWER FUNCTION KEY MASK

PEOFEKEY DC X100 . FUNCTICN KEY NO. HIT

PRGFMOGDE DC X'00 . FUNCTIOGN KDY MODE

PRCTIDLE EQU 0 . —— NO FUNCTION KEY HITS ALLOWED
PROFWAIT EQU 1 . ~= WAITING FOR FUNCTION KEY HIT
PROFKHIT EQU 2 . —— FUNCTION KEY HAS EEEN HIT

7.3_CURSOR_CONTROL

PROCURXY DC 2H'0?

. X,Y POSITICN OF CURSOR
PROCSCAL DC 2H'256' .,

CORPELATE SCALE FACTOR X AND Y

PROCUSER DC 2H'Q' ., POSITION OF CURSCR IMN VIEWPORT
PROT DEV ne xriy . TRACKING DEVICE

PROTNONE EQU 0 . == TRACK NOTHING

PROTJOY EQU 1 . -—= TRACK JOY STICK

PROTTAB EQU 2 . == TRACK TABLET

PROTHERE EQU 3 . —— TRACK THIS LOCATION
PROTMODE ©DC X?100* . TRACKING MODE

DRAWING EOU 1 . -— DRAWING MODE

PICKEWAIT FEQU 2 . == PICKING WAIT

PICKING EQO 3 . == PICKING

PICKED BEQU 4 . —— SOMETHING HAS BLEN DPICKED
DRAYWAIT EQU 5 . WAITING FOR [RAW MODED-
PROTSCAN DC A (*-%) . ~==> INT., SCANOUT AREA (ISCAN)
PROTHIGR DC X'YFF! NO. OF TFUNCTION KEY TO ACT AS

TRACKING TRIGGER

J.4_ANALOG_DEVICES_SCANCUT _AREA

PROFILTR DC H'3' . FILTERTNG VALUE
PROT ABY DC HYOY . TABLET X POSTITIONM
PEOTABY DC H'OY . TADLET Y PCSITION
PROTABZ B HRQr TABLET Z POSITION
Aok ok -=- 0 MEANS OUT OF RANGE
R == 1 MEANS IN KANGE
e Ao e e e ~= 2 MEANS TOUCHING
PROJOYX G HEQ®: 4 JOYSTICK X PBOSITION
PROJOYY Dc HYOY 4 JOYSTICK Y POSITION
PROJOYZ DC H'O? JOYSTICEKE 2 FOSITION
PRODIALS DC 10H'0" AND THE DIAL VALUES



J.5_ ALPHA-NUMERIC KEYBOARD CONTROL

PROAMODE
PFOASTRT
PRUATINP
PEOADONE
PROANKSZ
PROAVIEW
PHOANKX
PROANKY
PROANDUF
PROANLEN
FPROAPBUT
PROAPLEN
e e e e

e e sle o

e e e e %k
TRANATOE
TRANETOA

DC

X100

FOU 1 .
EQU 2 .
EQU 3 .

DC
DC
DC
pC
BB
DC
DC
DC

TRANSLATE

DS
D3

AL1(80) .

CURRENT MCDE

START INPUT MCDE

INPUT MCDE

INPUT AVAILABLE

NUMBER OF CHARACTEKS TO INPUT

X*O00000007FFF7FFF' . VIEWPORT FOR CHARS.

X1'8000°" ,
xro000* .
A (F=%)
H*OY .

A {*%)
BEOY .

256X .
256X .

TABLES

X POSITION FOE BUFIER

Y POSITICN FOR BUFFER

==> INBOUT BUFFER (ASCII)
LENGTH CF INPUT

-=> PRONMPT MESSAGE (EBCDIC)
THE LENGTH OF SAME

TRANSLATE TABLE ASCIT
TRANSLATE TABLE EBCDIC

-



