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Description

This invention relates generally to digital data systems, and more particularly to techniques for manag-
ing the display of data by such systems in an environment wherein a single display device may provide
for a plurality of logical displays functioning independently of each other. Each logical display is known
as a "window". Windows may all be displayed concurrently in their entirety, or some windows may be par-
tially or completely covered by other windows.

REFERENCES:

(1) Graphics in Overlapping Bitmap Layers, Rob Pike, ACM Transactions on Graphics, April, 1983.

(2) SMALLTALK-80 The Language and its Implementation, Adele Goldberg and David Robson, Addi-
son-Wesley, 1983. (Particularly chapters 17, 18, 20.)

(3) EP-A1-0121015

Digital data system have been equipped with display devices almost since their advent. The type of
display that has taken preeminence as the most flexible for interfacing with the user is the cathode ray
tube display. A recently evolved mode of the use of such displays is to permit several users, several
programs, or several processes to share the available space on a display, with each such user, pro-
gram, or process being allocated a certain amount of display area. Each such area is known as a
"window".

Windows, then, may be thought of as independent logical displays co-existing on one physical display.
An analogy is several sheets of paper on a desktop; they may be arranged so that all are simultaneously
visible, or as they are manipulated some may completely cover (obscure) or parially cover (occlude) oth-
ers. When obscured or occluded sheets are again uncovered, they still contain all the information that
was temporarily invisible.

Windows on a display may likewise be manipulated so that some are sometimes partially or completely
invisible on the display--i.e., they present the appearance of being "covered” by other windows. A good
embodiment permits the data in windows to be manipulated even while the affected windows or portions of
windows are not visible on the screen, with subsequent "uncovering" revealing the manipulations that
were performed on a window while invisible.

Windowing has heretofore been accomplished primarily by software. While such an implementation of
windowing can provide sufficient capability, it does so at the expense of computational overhead-- the
user's requests, taking the form of software calls, must go through levels of interpretation by sofiware
in order to derive a series of machine-language instructions that the system can execute, even for sim-
ple (i.e., unoccluded) windows. Another reason for the severity of this overhead is that the descriptive
information (of which there is a much larger amount for a windowed display than for a simple unitary dis-
play) must be completely reprocessed every request-- there is no architectural provision for retaining
the results of previous computations affecting those portions of the display not involved in a current
change. As the windowing capabilities are made more sophisticated, this overhead becomes more and
more severe.

It is an object of the present invention to provide an improved data processing system, which can effi-
ciently manage windowed displays.

A system in accordance with the introductory part of claim 1 is known from reference (3) but does not
deal with the problem which arises when windows overlap.

It is an object of the present invention to provide an improved system in which this problem is efficient-
ly overcome.

The present invention thus provides a system as defined in claim 1 below.

The invention will now be described in more detail, by way of example, and with reference to the accom-
panying drawings in which:

Figure 1 is a schematic diagram of a conventional data processing system;
Figures 2-11 relate to the present invention, wherein:
Figure 2 is a block diagram of a typical data processing system arranged to implement the present in-
vention;
Figure 3 depicts a single window displayed on a screen;
Figure 4 depicts a forms descriptor;
Figure 5 depicts two windows on a screen, one occluding the other;
Figure 6 depicts a form control record scheme;
Figure 7 depicts a character font scheme;
Figure 8 depicis a bit map of a typical character in a character font;
- Figure 9 depicts a display memory sub-system;
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Figure 10 depicts the central processing unit of a digital computer system;
Figure 11 depicts the control sub-system of a digital computer system.

DESCRIPTION OF THE PREFERRED EMBODIMENT:

INTRODUCTION:

In the prior art, the management of windowed displays has been performed by software. This is illus-
trated in Fig. 1. (Fig. 1 does not purport to depict a data system in its entirety, but only those elements that
are necessary to generate and produce displays.) The system is seen to comprise a central processing
unit (CPU 101), a memory (102), a display interface (109), and a display (110). User sofiware 103 (resident
in memory 102) may include all manner of software entities, including software calls for display services;
such software calls invoke system software 104 (also resident in memory 102) which interprets the us-
er's calls and presents to the CPU instructions which will result in carrying out the requests issued by
the user software. The system software may interrogate the display database 105 to determine the previ-
ous state of the display, and will update the display database so that it reflects any changes brought
about by the current call from user software.

Still referring to Fig. 1, machine language instructions presented to CPU 101 by system software 104
are decoded by element 106 which (regardiess of whether by "hard-wired" or microcoded means) directs
arithmetic and logic unit (ALU) 107 in executing the instructions. Note that these are all "traditional” in-
structions (ADD, MOV, etc.) The descriptive information in display database 105 must all be reproc-
essed in order to create a new screen bit map 108, which would then contain a "screen image” of the dis-
play screen as it should now appear, reflecting the manipulations called for by the current calls from us-
er software. Display interface 109 (regardless of whether by programmed 1/O or Direct Memory Access
means) reads and processes the bit map to generate appropriate signals to display 110 causing it to dis-
play the information specified in bit map 108.

Note that the term "bit map" is used herein by convention, and may denote a character map for a char-
acter-oriented display, or a pixel map for a pixel-oriented display:

- On a character-oriented display, the smallest addressable element is a character position, which may
be occupied by any character from a defined font of characters. The selection of which character is to
occupy a particular character position is made by placing the binary code representing that character in
the corresponding position of the bit map.

-- On a pixel-oriented display, the smallest addressable element is essentially determined by the size of
the "dot" that would be made to appear on the screen by the electron beam if it did not move. (This is
termed a "picture element", from which the term "pixel” was coined.) In the simplest pixel bit map, a single
bit position in the bit map represents each pixel position on the display; a "1" at a position in the bit map de-
notes illumination "on" at the corresponding position on the screen, and "0" denotes "off". In more com-
plex implementations, several bits in the bit map represent each pixel position on the display; a combina-
tion of several bits at a position in the bit map might denote the intensity level, or the color, or both, o be
displayed at the corresponding pixel position on the screen.

The prior art approach can be successfully implemented, but it has the disadvantages of introducing
substantial overhead, because of the need to interpret all of the user's calls and because the software
is isolated from the bit map by the CPU and is therefore constrained to completely reprocess descriptive
information whenever it is desired to change anything on the display. Such implementations have been
confined to fairly powerful machines, on which they use up a substantial proportion of the processing
power.

The method of the present invention overcomes these disadvantages by enabling the construction of
a data system in which special- purpose machine-language instructions are available for manipulating da-
ta in windowed displays, above and beyond the traditional instructions (ADD, MOV, and so forth). Since
these instructions are directly. executable by the CPU, no intervening sofiware is required to interpret
them. Since they execute directly in the CPU, which can include a scratchpad memory for encaching de-
scriptive information, there is no need to reprocess descriptive information on every instruction. Thus
the method of the present invention uses significantly less of the processing power of a given machine,
or permits implementation of windowed displays on a smaller, less powerful machine than is possible for a
prior art implementation.

DETAILED DESCRIPTION:

Instruction execution and form descriptors:

The method of the present invention is depicted in Fig. 2. (Fig. 2 does not purport to depict all elements
of a data system, but only those elements necessary to generate and produce displays. All hardware ele-
ments of a data system on which the method of the present invention is currently embodied are shown for
reference in Figs. 10 and 11.)

The data system is again seen to comprise a CPU (201), a memory (202), a display interface (203) and a
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display; in this particular embodiment the display is a pixel-oriented video monitor (204) and not a charac-
ter-oriented terminal. (Display interface 203 is, of course, an appropriate one to drive a video monitor.
Two-bit pixels are employed; for a black-and-white monitor they connote a four-step grey scale, and for
a color monitor they connote "Off" (black), "Red", "Green", or "Blue".)

User software 208 is seen not to be constrained to software calls for manipulating the bit map in order
to affect displays, but may now also contain instructions which will directly stimulate CPU 201 for that
purpose. These are special-purpose instructions and permit CPU hardware to directly construct
"screen images” in the bit map, which is inherently far more efficient than manipulating the bit map by
means of traditional instructions, to which the bit map is an abstraction.

It is also seen that form descriptors 209 are required. Some definitions are in order at this point:

-- The attributes of a window (e.g., its height, width, characteristics of what it may contain, etc.) collec-
tively comprise a "form". As windows are manipulated, some may become invisible-- but their forms con-
tinue to exist.

— A data entity containing the data specifying a form is known as a "form descriptor". In order for a win-
dow to have existence, a form descriptor must have been provided for it.

Still referring to Fig. 2, it is seen that user software 208 may make software calls to a piece of system
software called the window manager (210), which may produce form descriptors. A user may, if she wish-
es, provide her own form descriptors, but the capability exists to have the window manager provide them
for her. This is desirable in a multi-user, multi-program, or multi-process environment to arbitrate among
the various users, programs, or processes that are contending for window space on the same physical
screen.

Each special display instruction contains a reference to a form descriptor, which the CPU will re-
trieve as discussed below, and which the CPU will use to modify the effect of the instruction. This ena-
bles windowed display management capability to be taken out of software and placed directly into hard-
ware.

Instructions for writing into windows are presented by user software 208 to CPU 201 where they are
interpreted by microcode unit 205, which in response to each instruction fetches an appropriate se-
quence of microinstructions to direct ALU 207 in performing the instruction.

As mentioned, each such instruction contains a reference to a form descriptor. ALU 207 interrogates
the forms control records 212 (to be discussed in more detail further on) to determine whether the form
descriptor is encached in scratchpad memory 206, or stored in forms cache overflow 213); if the latter, it
is retrieved from forms cache overflow 213 and restored to scratch pad memory 206 (possibly displacing
another form descriptor, which is saved in forms cache overflow 213); if neither, the form descriptor is
retrieved from the list of user-supplied forms descriptors 209, transformed into internal form, and en-
cached in scratchpad memory 206.

The transformation to internal form consists of calculating screen-global coordinates from window-lo-
cal coordinates provided by the user in the form descriptor. (The user is not required to know where on
the screen her window is located. Also, a window may subsequently be moved around on the screen, and
user convenience is enhanced if the user is not required to provide new coordinates for each new posi-
tion.) Referring to Fig. 3, a window positioned on a screen is depicted. Within the window are a user-
specified origin "O" (307) (the user may specify coordinates in the window relative to this origin) and a
point "P" (308) at which the user may wish to operate. Listed on Fig. 3 are the global coordinates of the
corners of the screen, and the global and local coordinates of points of interest of the window: its four
corners, the origin "O", and the point "P". In the user-supplied form descriptor, the user is required to
specify the height and width of the window (in pixels), and the local coordinates (relative to the origin "O")
of the window's ULC (upper left corner). (Note that this implicitly specifies the location of the origin "O".)

Fig. 4 depicts a form descriptor in internal form. The transformation spoken of consists in calculating
and filling in the global coordinates of the window’s ULC (409 and 410) and a pointer to global 0,0 (B15).
Since the form descriptor can now be encached as a forms cache entry, there is no need to recalculate
such information on subsequent references to the same window.

Again with reference to Fig. 3 and Fig. 4, suppose that the user desires to operate at point P (308).
The encached form descriptor supplies vectors AE (E’s global coordinates 409, 410) and OE (E's local
coordinates 413, 414). Instruction inputs supply vector OP (P’s local coordinates: XL,YL relative to the
origin 307). The vector AP is calculated as part of executing the instruction.

Returning to Fig. 2, the scratchpad memory, then, always contains the transformed versions of the
"n" most recently used forms descriptors. This can greatly accelerate execution, since in practice many
forms will often be used repetitively. (The determination of the value of "n" is left to the designers of a
particular embodiment.)

Since bit map 215 contains an image of what is to be displayed on the screen, execution of the present
instruction may be regarded as complete when bit map 215 is updated to contain the new display informa-
tion specified by the current instruction. Translating the bit map to a visible display is a function of dis-
play interface 203, the timing of which is asynchronous to the timing of instruction execution.

ALU 207 may interrogate the previous contents of bit map 215 if the operation called for by the
present instruction is a function of the previous display. ALU 207 will write an appropriate new portion
of bit map 215 to result in a corresponding new display on video monitor 204.
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The method will not permit a user to write outside of the window he has referenced. For example, if a
user instruction specified a horizontal line 400 pixels long in a window that is only 200 pixels wide, only
that portion of the line that fits within the window is written to bit map 215, and the rest is ignored. This is
known as "clipping”. In order to inform the user that clipping has been performed, a carry indication is re-
turned to her upon completion of the instruction.

Note that bit map 215 is contained in VRAM's (video random access memory chips). The VRAM’s are
accessible to the ALU just as any other portion of main memory. What is different about the VRAM's is
that they possess a special provision for rapid unloading to display interface 203, as will be discussed
later in the Display Memory section.

OCCLUSION: ("BROKEN WINDOWS"):

A complication occurs in the described processing when a window is occluded (partially covered) by
another window. Referring to Fig. 5, it is seen that Window A (502) is partially covering Window B (501).
Prior to this occlusion, the processing was able to regard Window B as a single entity, but must now re-
gard it as a complex entity made up of several simple entities-- Panes B1, B2, and B3. (The term "pane"
denotes a portion of a window.) In order to keep the simple entities as simple as possible, the constraint
is imposed that panes must always be rectangular-- i.e., the method does not allow consideration of the
occluded rectangle and the L-shaped remainder, but requires division of the L-shaped remainder into
two rectangles, B2 and B3.

The user of window B is not required to know that this occlusion has occurred (it may have been
caused by a different user, program, or process), and hence does not bear the burden of providing
form descriptors for the panes-- the method does this automatically and in a manner that is transparent
to the user. A form descriptor describing a rectangle is known as a "simple form descriptor”. (The form
descriptors provided by the user, describing entire windows, are simple form descriptors.) When occlu-
sion requires breaking a window into panes, the processing will automatically create new simple form de-
scriptors for the panes, and will create a "complex form descrip tor" for the window. In future embodi-
ments this automatic creation may take place under control of microcode, but in the present embodiment it
is done by software, invoked by the microcode-to-software fault capability, to be discussed further on,
which invokes fault handlers 211.

A complex form descriptor for a window essentially comprises a list of pointers to the simple form de-
scriptors for the panes making up that window. In the current embodiment, these pointers exist in forms
control records 212. Another use of the forms conirol records is to keep track of the locations of bit
maps of panes and windows. When a pane becomes occluded, the data that were displayed on it are not
be displayed any longer, indicating that the corresponding locations in bit map 215 will be overwritten by
the data for the occluding window. Rather than discard this information, which would necessitate recom-
puting it later when the pane is to become visible again, or when the user wishes to manipulate data within
the pane (recall that it is possible to manipulate data in an invisible pane), it is retained as an "off-screen
bit map" (214) in main memory. Referring to Fig. 6, which depicts the forms control records entries that
reflect the occlusion situation depicted in Fig. 5, it is seen that Master Forms Control Record 601 con-
tains pointers to forms control record A (602) and B (605) (for windows A and B). Forms control record
A points to form descriptor A and to window A’s bit map (the location within bit map 215 where the informa-
tion for window A is stored).

Prior to occlusion, window B's form control record structure was similar to the structure just de-
scribed for window A. Upon detecting the occurrence of occlusion, however, the processing makes up
new form descriptors for panes B1, B2, and B3; moves pane B1’s bit map data from bit map 215 to off-
screen bit map 214; and makes up a new form control record 605, which contains pointers (606, 608, and
610) to the three new form descriptors, and pointers to B1’s off-screen bit map (607), B2's hit map (609),
and B3's bit map (611).

Subsequent user instructions to manipulate window B can now be handled. For example, (referring to
Fig. 5) if the user specifies a line from | to J in window B, processing will automatically translate that to
three requests: one for line I-I' in pane B3, one for line I-J' in pane B1, and one for line J'-J in pane B2.
(For simplicity, the three requests might each call for the full line I-J, and the clipping function previously
described would result in writing in each pane only the segments that fall within those panes.) Handling
these three requests will, as usual, result in recording the line in the bit maps for the three panes. How-
ever, since pane B1 is presently occluded, line I'-J’ is written into the off-screen bit map and will not pres-
ently be visible on the display. Subsequent removal of window A will result in reconstituting the simple
form descriptor for window B, discarding the complex form descriptor for window B and the simple form
descriptors for panes B1, B2, and B3, and moving pane B1’s bit map information from the off-screen bit
map 214 to bit map 215; thus the complete line I-J will become visible even though part of it was invisible
when drawn.

The described interception of the request to draw the line I-J and resolving it into three requests may
in future embodiments be performed by the CPU under microcode control, but in the present embodiment
it is performed by software invoked by microcode-to-software fault 216. .
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MICROCODE-TO-SOFTWARE FAULT:

Microcode-to-software fault is the mechanism that permits taking complex issues out of microcode
and into software in the current embodiment while leaving the way clear to construct improved future em-
bodiments with more functions performed by microcode. It also provides a guide for implementation stag-
ing and for migration of functionality up and down.

When an operation initiates, microcode must determine whether it can do the operation, and whether it
can deal with the forms on which it must operate. If the answer is no in either case, the microcode must
"fault” (or "escape") to sofiware. A fault handler address is supplied as part of each instruction. Thus,
there can be a plurality of fault handlers.

The fault handler will emulate the requested operation, subdividing forms if necessary (as described
above), and using more primitive instructions if necessary. The invoking program is resumed via the
WPOPJ instruction of the Data General 32-bit instruction set. Recursive faults are thus supported im-
plicitly.

The combination of faulting mechanism, clipping, and window-local coordinate systems gives a unique
benefit: a display-affecting operation on a complex window is equivalent to the same operation applied in
turn to all constituent simple windows. The user is thus relieved of responsibility for complex windows.

Displayable Data Types:

Depending on the particular instruction (see Appendix A) operands denoting what the user to wishes
to write in her windows may be immediate operands (contained in the instruction), or the instruction may
contain a pointer to data outside the instruction (element 217 in Fig. 2). Explanation of various data types
is here provided.

Linestyles

Linestyle is a way of drawing other than solid lines. Specified as a bit string of length 32, it controls
which pixels computed during line drawing are actually to be planted. For each draw position, the leftmost
bit in the linestyle is examined. If set, the pixel is planted if clear, no change occurs. The linestyle is ro-
tated left one bit position, and the next draw position is computed. Examples of linestyle (expressed in
hexadecimal) are:

FFFFFFFF: solid
AAAAAAAA: somewhat grey
FOFOFOFO: almost dotted
FFFOFFFO: long dashes
FFFFOFFOQ: long/short dashes
FFFFF060: dash-dot
88888888: very faint
FFFF0660: dash-dot-dot

Fonts

Fonts are sets of special forms that are used by character-drawing operations. They are descrip-
tions of how each individual character is to be drawn. This description (not necessarily in bit map form)
must be translated into actual screen-relevant format before drawing can occur. Conditioning for char-
acter height and width must be performed. Alignment and padding may also be required. This latter entity
is a "strike font". Character instructions deal in strike fonts specified by denoting a Strike Font De-
scriptor. Fig. 7 depicts this scheme.

A font organization has been chosen that uses one bit per pixel. Scan lines are padded to a power-of-
two number of bits, and occupy successive memory locations. Each scan line must start on a boundary
equal fo its width. The number of scan lines must also be a power of two. All characters in a font occupy
the same amount of space, implicitly a power-of-iwo number of bits. The first scan line of a strike cell is
not drawn. It identifies with ONE's those columns which make up the proportionally spaced subset of the
cell. Fig. 8 shows the layout of a 12x24 strike font entry for the character "1".

Character drawing is controlled by a linestyle-like process. Conceptually, a character drawn by "strip
mining" its strike font entry row-wise. Each bit of the row is examined in turn, ignoring in proportional
spacing mode those columns with ZERO's in the control line. If 1, then a drawing-colored (foreground) pix-
el is sourced. If 0, a background-colored pixel is sourced instead.

Sourced pixel values are subjected to print control; foreground and background pixels can be sup-
pressed independently. This allows for trial spacing (no printing at all}, drawing characters on an existing
background, and drawing characters and background simul taneously (all subject to further combination
rules outlined below). A 2-bit print style is defined:
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Foreground Suppress Background Suppress Printing Effect

Font = 1 — foreground pixel
Font = 0 — background pixel

Plant all pixels of cell

Plant foreground pixels only
Plant background pixels only
Plant nothing, just count space

-0 = O

Combination Rules

Many of the instructions will employ a Combination Rule to deal with superposition of source pixels on
destination pixels. One does not always wish strictly to replace the destination pixel with the source pixel;
it may be desired to plant a pixel whose value is some function of source and destination. This implies that
destination may also be an input.

A scheme has been adopted in which is specified a single BOOL-rule and a mask that applies to logical
pixels. The bits of the logical pixel corresponding to Os are unchanged in the target form; those corre-
sponding to 1s are combined according to the BOOL-rule. The logical pixels are already only the rightmost
bits of a physical pixel.

Access Methods:

By way of defining the instructions, graphics practice reveals that certain "favorite" operations are
performed frequently, including:
* reading or writing a pixel's value
* moving a rectangular area of pixels around.
* drawing a line or series of connected line segments.
* filling an polygonal area with a pattern.
* drawing a string of ASCII characters.
These operations comprise three major methods of drawing on a display: pixels, figures, and charac-
ters.

Character Access Method

This method provide ways to plant text in a window. The Character Block Transfer (CHARBLT) instruc-
tion allows for arbitrary font specification in translating ASCII character strings to their pixel represen-
tations. It also checks for characters that may require special handiing.

Figure Access Methad

Drawing a line is an important part of technical computer graphics. It is used in CAD/CAM packages,
architectural design packages, and business graphics packages. Since this operation is performed so
often, special instructions are provided. Both continuous (LINESEG) and incremental
(BRESENHAM_STEP) forms of line drawing are included. Lines can be drawn closed, half-open, or fully
open. The actual algorithm must be reversible so as to make things such as line erasure precise. A line
width argument has been included to support this function at the low level.

Pixel Access Method

This access method deals with individual pixels and rectangular areas of them. It can serve as the
foundation of higher-level accessing methods, so that users can create their own display manipulation
instructions (for image manipulation, conic section generation, etc.) Read Pixel and Write Pixel operators
allow direct access to pixels. Although only these two operations are strictly necessary to do the job,
higher level operations are much more common.

These are the only drawing instructions that do not take a combination rule specifier. They are intend-
ed as the simplest of all building blocks. The model of use is one of many WRPIXELs to the same form in
rapid sequence.

" A Bit Block Transfer operator is a very useful pixel-level operator. It is essentially a rectangular com-
bination and assignment function. This is done especially when scrolling windows, moving windows
around, and creating and destroying windows that obscure other windows. A special rectangular fill op-
eration is also useful for dealing with clearing screens and repartitioning windows.

BITBLT is the only operation that {akes two forms, since certain restrictions are placed on source and
target forms. Source logical pixels will be padded or chopped to conform to the target form’s parameters.
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Instruction Repertoire:

All display-affecting instructions share a common instruction stream format. The first 16-bit word of
all such instructions is octal 107151 (hexadecimal 8E69, Nova ADDOL# 2,0,SKP). The next two 16-bit
words hold a program counfer-relative offset (non-indirectable), of a software emulatorfault handler.
The fourth 16-bit word contains a small, unsigned integer sub-opcode that specifies the particular func-
tion to be performed.

Primary GIS Opcode Disptacement to Emulator Code = Secondary Sub-opcode
107151 octal for functlon

0 15 16 3132 47 48 63

RDPIXEL (Read Pixel)
WRPIXEL (Write Pixel)

RDPAL (Read Paleite Entry)
WRPAL (Write Palette Entry)
LINESSEG (Draw Line Segment)
BITBLT (Bit Block Transfer)
CHARBLT (Write Characters)
PFORMS (Purge Form Cache

NOGOAHRhOON-2O

NOTE: "GIS" = Graphics Instruction Set
* A full delineation of the repertoire of display-affecting instructions is found in Appendix A.
Display Memory Module:

The screen bit map (215 on Fig. 2) is maintained in a special area of main memory known as display mem-
ory or video memory. An embodiment of video memory for a black-and-white monitor is now described.

Referring to Fig. 9, video memory 901 is composed of thirty-two 64K Video RAMs (VRAMSs) and is or-
ganized into a 1024 x 1024 x 2 space, permitting two-bit-pixel representation of a screen 1024 pixels high
by 1024 pixels wide. RS-343A monitor timing allows display of the entire array. A free-running blink clock
selects one of two complete palettes (984) capable of mapping any pixel value to one of four levels of
gray (O=black to 3=white). Palette /O and other local operations are transacted through "Graphics
Space", actually encoded as the I0C Auxilliary Processor (AP) Communication channel. In order to sup-
port the "Register-Transfer" function peculiar to VRAMs and additional diagnostic and boot-time char-
acter drawing, display memory timing and control logic will arbitrate for the memory bus as a requestor
through memory bus interface 902.

Video Memory Proper

The 64K double-word (i.e., 32-bit) video memory is manipulated by the CPU as normal system memory.
The screen is generated from a logical bit-map packed within a linear array of double-words which are or-
dered in the classical sense of lefi-to-right and top-to-bottom. Two bit pixels will be packed left-to-right
with their msb’s toward the double-word msb.

Texas Instruments VRAM random access cycles are essentially identical with those of standard
DRAMs. Their unique characteristic is the ability to transfer an entire 256 bit row of internal storage to
a serial shift register (903) in one special access. This register may then be clocked independently of
further random access activity. Additional controls allow multiplexing four 64 bit sections of this row reg-
ister to aid in configurability.

Timing and Control

Dot and CRT timing will be derived from a local oscillator operating at approximately 44 MHz. Due to
the independent nature of VRAM serial clocking, no explicit synchronization with existing memory timing,
other than the arbitration for register-transfer cycles, is required. A specific VRAM row and mux ad-
dress sequence must be maintained to properly refresh the interlaced display. Relatively simple multi-
plexing wili be all that is required to pass pixel values to the palette. The above capabilities are optimally
satisfied by an intelligent micro-controller (uC) (906), the Intel 8051 being the best choice in that minimal
cost and CEQs will result, although an 8031/2732 EPROM implementation may be utilized in future embodi-
ments.
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Rotate and Merge Logic 905

In the course of analysing the microcode necessary to implement the BITBLT instruction, a need was
noted fo accelerate graphics memory references on arbitrary bit boundaries. Consequently, the hard-
ware required to implement this function as a Memory-Bus-resident device was developed. A control bit
specifies the direction of the merge sequence. A "merge-enable" bit is also available in order not to pre-
clude a circular "rotate-only". All references are made via Graphics Space UABAs.

The Palette & DAC

The present embodiment uses a pixel value as simply an index into a palette. A palette is a special hard-
ware map, which translates pixel values to (digital) beam intensities. Instructions exist to set and retrieve
pixel-to-color translations. The palette is organized as a 4 x 2 x 2 array arranged within a single double-
word of storage. Two-bit palette data written through the AP Graphics Space will encode the desired
gray level to be associated with a given pixel value for each phase of the blink clock in palette multiplexor
907. Although direct reading of this register is not available, microcode will maintain an image of it in a
single scratchpad location. The EDH13400 DAC (digital-to-analog converter 908) will be utilized to pro-
duce the analog composite-video signal. Red, Green, and Blue outputs are available; for the mono-
chrome monitor the signal will be forwarded on the Green output. The DAC not only performs sync-mix-
ing, but is capable of direct 75-Ohm drive, and will be available in a 24-pin, 600mil ceramic package.

Blinking

The present embodiment provides a "blink clock”. It toggles the palette with a 50% duty cycle at a fixed
rate of about 1.0-1.5 Hz. Thus, there are two palettes, one for each phase of the Blink Clock. Entries in
the two palettes are specified separately. This allows a user to program a given Pixel Value to alternate
between two levels of intensity (or two colors on a color display). The chart below shows some of the ef-
fects possible using this palette scheme for two-bit pixels. Individual palette entries specify four intensi-
ties as 32-bit unsigned binary fractions between zero and one.

Pixel Value Phase-0 Palette Phase-1 Paleite Visual effect

00 black black off

01 dim white dim white dim

10 white white on

11 . black white blink
Monitor Characteristics

In that RS-343A video is provided, a 19" off-the-shelf monitor is used. The sync-on-green analog in-
terface will be cabled directly via coax from backplane pins to the monitor BNC connector.

Memory Programming
UABA Encodings

The following table summarizes the display memory UABA Encodings which will be supported by graph-
ics microcode:

FUNCTION APl APID 0,1 BCMD 0,1 10C Equivalent
Command WR 1 o1 00 *Instruction to IOC"
Status RD 1 01 00 *Instruction to IOC"
(unused) 0 ot 00 "Data to I0C"
Paleite WR 0 01 01 "Data from IOC"
Skew Reg WR ] 00 10 ~ “"Microcode to 10C”
Merged data RD 0 01 11 "Abort 10C"
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INSTRUCTION DICTIONARY

RDPIXEL [107151,000000]

This instruction reads a single pixel from a form and returns its value masked to the form’s logical pixel
width. If the specified pixel is outside the boundaries of the form, then no value is returned. Instead, a
clipping indication is returned in Carry.

INPUTS

ACO: ignored

AC1: INTEGER local X-coordinate
AC2: INTEGER local Y-coordinate
AC3: POINTER TO Form Descriptor

OUTPUTS

ACO: ORDINAL Logical Pixel Value (if in form) unchanged (if point not in form)
AC1: unchanged

AC2: unchanged

AC3: unchanged

C: SET if [X,Y] not in Form, unchanged otherwise.

WRPIXEL [107151,000001]

This instruction plants a pixel value in a form, masking it to the form’s logical pixel width and biasing it
by the form's logical paletie base. -

INPUTS

ACO: ORDINAL Logical Pixel Value
AC1: INTEGER local X-coordinate
AC2: INTEGER local Y-coordinate
AC3: POINTER TO Form Descriptor

OUTPUTS

_ACO: unchanged
AC1: unchanged
AC2: unchanged
AC3: unchanged
C: SET if [X,Y] not in Form, unchanged otherwise.

METHOD

1) Start with the Logical Pixel Value from ACO.

2) AND it with the Form’s Logical Pixel Mask to remove any stray high order bits.
3) OR in the Form’s Logical Palette Base fo turn local color into global color.

4) Plant the Physical Pixel Vaiue at [X,Y]

LINESEG [107151,000004]

This instruction draws a single line segment. The control packet contains four items that are updated
for restartability: X-and Y-offsets, epsilon, and the rotated linestyle specifier.

INPUTS

ACO: POINTER TO Endpoint 1 [X,Y] pair
AC1: POINTER TO Endpoint 2 [X,Y] pair
AC2: POINTER TO LINESEG Packet

INTEGER X-delia (for restart)

.INTEGER Y-delta (for restart)

INTEGER Epsilon (for restart)

.BIT(32) Linestyle (updated)

10



10

15

20

25

30

35

40

45

50

55

60

65

EP 0212 016 B1

.BIT(82) Operation Mask
.BIT(32) Control Word:
.BIT(01) Suppress Endpoint 1
.BIT(01) Suppress Endpoint 2
.BIT(26) Filler, must be zero
.BIT(04) Combination Rule
.ORDINAL Pixel Value for Drawing
LORDINAL Line Width
AC3: POINTER TO Form Descriptor

OUTPUTS

ACO: unchanged
AC1: unchanged
AC2: unchanged
X-delta in packet updated
Y-delta in packet updated
Epsilon in packet updated
Linestyle (rotated) in packet updated
AC3: unchanged
C: SET if clipping occurred, unchanged otherwise

CHARBLT [107151,000006]

This instruction plants characters in a form using glyphs held in a Font. The data manipulated by
CHARBLT fall into four categories: string data, font data, form data, and other operational parameter.
Accordingly, this instruction takes pointers in all 4 ACs. It also is the only one of the initial GIS to take a

skip return on final (sic) completion.
INPUTS

ACO: POINTER TO String Packet
.BYTEPOINTER TO Character String (1-origin)
.ORDINAL Maximum Index into Siring
.ORDINAL Starting index in String (updated)

AC1: POINTER TO CHARBLT Packet
INTEGER X-start (restart value, updated)
INTEGER Y-start (restart value, updated)
{ORDINAL X-delta (initially 0, updated)
.ORDINAL Y-delta (initially 0, updated)
.ORDINAL Foreground (drawing) Pixel Value
.ORDINAL Background Pixel Value
.BIT(32) Operation Mask
.BIT(32) Control Word
.BIT(01) Suppress Foreground
.BIT(01) Suppress Background
.BIT(01) Space Proportionally
.BIT(25) Filler, must be zero
.BIT(04) Combination Rule
.POINTER TO Exception Bit-Vector

AC2: POINTER TO Font Descriptor
.ORDINAL Height of character cell (in lines)
.ORDINAL Width of monospace characier cell
.ORDINAL Strike font cell width (in bits)
.ORDINAL Strike font cell height (in lines)
.POINTER TO Strike Font Bitmap

AC3: POINTER TO Form Descriptor

OUTPUTS

ACO: unchanged (string index updated in packet)

AC1: unchanged (X-start, Y-start, X-delta, Y-delta updated)
AC2: unchanged

AGC3: unchanged

C: SET if any clipping occurred, unchanged otherwise
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PC: Set to PC+4 if string denoted by ACO exhausted. Otherwise, execution skips to PC+5 if a charac-
ter exception is indicated by a 1 in the bit vector (like CMT) denoted through AC1.

METHOD

1) If XDELTA, YDELTA not both zero then resume character drawing from interrupt point within char-
acter.

2) For each character in the string starting at SINDEX, repeat the following steps:

3) Fetch current character, STRING[SINDEX], and call it C.

4) If EXCEPTIONS [C] is 1 then "done" and skip, PC := PC+5;

5) Locate the strike font cell for C's glyph. The first bit is at the offset given by the product of the inte-
ger value of the character, the strike cell width, and the strike cell height.

6) If proportional, use the first scan line as a conirol mask, ignoring columns corresponding to Os in
the mask. The number of 1s is therefore the width of the particular character in proportional spacing. If
monospace, ignore the first line.

7) Scan the lines of the font entry, determining and planting foreground and background pixels as de-
scribed in G1S.002, under control of the operation mask, print control, and combo rule.

8) Bump XSTART by character width and SINDEX by one.

9) If SINDEX > MAXINDEX then done at PC := PC+4, else repeat.

10) When done, SINDEX = MAXINDEX+1, and XDELTA and YDELTA are both zero.

BITBLT [107151,000005]

Pixels starting from the ULC of the Source Rectangle in the Source Form are paired with pixels start-
ing at the ULC of the Target Rectangle of the Target Form. Consistent with the boundaries of both
forms, source and target pixels are (optionally) combined and the target pixel replaced.

This must be done in such a way that no target pixel is modified before it is used as a source pixel,
since source and target boxes may overlap. BITBLT never smears pixels the way that WCMV smears
characters. BITBLT must choose the correct direction for walking the two rectangles.

INPUTS

ACO: ignored

AC1: POINTER TO BITBLT Packet
JINTEGER X-delta (initially 0, for restart)
INTEGER Y-delta (initially 0, for restart)
.POINTER TO Source Start ULC Specifier
.POINTER TO Target Start ULC Specifier
.ORDINAL X-extent (in pixels)
.ORDINAL Y-extent (in pixels)
.BIT(32) Operation Mask
.BIT(32) Combination Rule (low 4 bits)

AC2: POINTER TO (Source) Form Descriptor

AC3: POINTER TO (Target) Form Descriptor

OUTPUTS

ACO: unchanged

AC1: unchanged (X-delta, Y-delta updated)

AC2: unchanged

AC3: unchanged

C: SET if clipping occurred, unchanged otherwise

RDPAL [107151,000002]

This instruction retrieves the contents of a palette entry for a particular pixel value within the context
of a given form. It reflects the actual intensities stored in the palette, rather than the values that were in-
put to a prior WRPAL (Write Palette).

INPUTS
ACO: ORDINAL Logical Pixel Value (relative to Form)

AC1: POINTER TO Phase 0 RGBL-Tuple
.BIT(32) Red Intensity (ignored)
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.BIT(32) Green Intensity (ignored)
.BIT(32) Blue Intensity (ignored)
.BIT(32) Grey-Level (ignored)
AC2: POINTER TO Phase 1 RGBL-Tuple
.BIT(32) Red Intensity (ignored)
.BIT(32) Green Intensity (ignored)
.BIT(32) Blue Intensity (ignored)
.BIT(32) Grey-Level (ignored)
AC3: POINTER TO Form Descriptor

OUTPUTS

ACO: unchanged
AC1: unchanged, POINTER TO Phase 0 RGBL-Tuple
.BIT(32) Red Intensity (undefined if mono)
.BIT(32) Green Intensity (undefined if mono)
.BIT(32) Blue Intensity (undefined if mono)
.BIT(32) Grey-Level (undefined if color)
AC2: unchanged, POINTER TO Phase 1 RGBL-Tuple
.BIT(32) Red Intensity (undefined if mono)
.BIT(32) Green Intensity (undefined if mono)
.BIT(32) Biue Intensity (undefined if mono)
.BIT(32) Grey-Level (undefined if color)
AC3: unchanged

METHOD

1) The physical balette unit is identified using the unit designation cell of the form descriptor.

2) The logical pixel value input in ACO is masked with the Logical Pixel Mask of the form denoted by
AC3.

3) The actual physical palette index is computed by ORing the Logical Palette Base from that same form
descriptor.

4) The RGBL-tuples returned reflect the actual resolutions of the implementation.

5) Color implementations render L-slots undefined; Monochrome implementations render RGB-slots
undefined.

6) Blink-less implementations render Phase-1 tuples undefined.

WRPAL [107151,000003]

This instruction sets up palette entries for both phases of the blink clock (if one exists). It allows color
and grey-level to be specified independently. It is assumed that control software sets up the target
form’s Palette Base and prevents abuse of the WRPAL.

INPUTS

ACO: ORDINAL Logical Pixel Value (relative to Form)
AC1: POINTER TO Phase 0 RGBL-Tuple

.BIT(32) Red Intensity (ignored if mono)

.BIT(32) Green Intensity (ignored if mono)

.BIT(32) Blue Intensity (ignored if mono)

.BIT(32) Grey-Level (ignored if color)

- AC2: POINTER TO Phase 1 RGBL-Tuple
.BIT(32) Red Intensity (ignored if mono)
.BIT(32) Green Intensity (ignored if mono)
.BIT(32) Blue Intensity (ignored if mono)
.BIT(32) Grey-Level (ignored if color)

AC3: POINTER TO Form Descriptor

OUTPUTS
ACO: unchanged
AC1: unchanged

AC2: unchanged
AC3: unchanged

13
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METHOD

1) The physical palette unit is identified using the unit designation cell of the form descriptor.

2) The logical pixel value input in ACO is masked using the Form Mask found in the form descriptor de-
noted by AC3.

3) The physical palette index is computed by ORing the indicated form’s Logical Palette Base to the
masked pixel value.

4) Non-color implementations ignore RGB intensities; color implementations ignoret grey-level.

5) RGBL values are truncated on the right to internal palette resolution.

" 6) Blink-less implementations ignore Phase-1 color.

PFORMS [107151,000007]

This function performs the form cache equivalent of PATU (Purge the ATU) or SPTE (Set Page Table
Entry). LSBRS and LSBRA (Load Some/All Segment Base Registers) may also invalidate associations of
logical address to form descriptor information. Thus PFORMS must also occur as an implicit conse-
quence of executing any of the above instructions.

INPUTS

ACQO: ignored
AC1:ignored
AC2: ignored
AC3: POINTER TO Form Descriptor

OUTPUTS

ACO: unchanged
AC1: unchanged
AC2: unchanged
AGC3: unchanged

Claims

1. A digital computer system with improved display control capabilities, comprising main memory means
(202) for storing instructions and data; display means (203, 204) for producing displays in response to
bitmap data (215) stored in the main memory means (202), processing means (201) for performing opera-
tions on data in response to the instructions, a plurality of form descriptors (209) stored in the main mem-
ory means (202) for specifying organisation of data to be displayed and wherein the processing means
(201) has the ability to generate the bitmap data (215) in response to instructions which each specify a
form descriptor (209) and user data (217) in the main memory means (202), representations of which are
to be displayed; characterized in that in processing instructions relating to first and second form de-
scriptors (209) which result in overlapping displays the processing means determine whether the first
form descriptor (209) delimits a portion of the bitmap data (215) already delimited by the second form de-
scriptor (209) and further determines whether the second form descriptor (209) also delimits a portion of
the bitmap data (215) not delimited by the first form descriptor and when both determinations are affirma-
tive, resolves the second form descriptor (209) into subform descriptors (503, 505, 506) defining com-
ponent areas of the bitmap area (501), namely a first subform descriptor (503) delimiting the portion of
the bitmap data delimited by both the first and second form descriptors (209) and one or more further
subform descriptors (504, 505) delimiting the portion of bitmap data delimited by the second form descrip-
tor (209) but not by the first form descriptor (209).

2. A system according to claim 1, characterised in that if the processing means (201) determine that a
form descriptor (208) has previously been resolved into subform descriptors and, if so, the function of
the selected instruction, the selected form descriptor, and user data specified by the selected instruc-
tion is resolved into a function of the selected instruction, the subform descriptors, and user data speci-
fied by the selected instruction.

3. System according to claim 1 or 2, characterised in that the processing means (201) determines
whether a portion of the bitmap data that was previously delimited by two or more form descriptors (209)
becomes delimited by only one form descriptor and, if so, discards subform descriptors delimiting that
portion of the bitmap data.

4. A system according to claim 1, 2 or 3, characterised in that the bitmap data is further calculated as a
function of previous bitmap data, in addition to being a function of the selected instruction, the selected
form descriptor (208) and user data specified by the selected instruction.
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5. A system according to claim 1 or 2, characterised in that the processing means (201) includes a
scratchpad memory means (206), in which data can be stored significantly more rapidly than in the main
memory means (202) and from which data can be retrieved significantly more rapidly than from the main
memory means; and in that the processing means (201) determine whether the selected form descriptor
(209) is encached in the scraichpad memory means (206) and, if the selected form descriptor is en-
cached in the scratchpad memory means (208), retrieves it therefrom while, if the selected form descrip-
tor (209) is not encached.in.the scratchpad memory means (206), retrieves it from the main memory
means (202) and encaches it in the scratchpad memory means (206).

6. A system according to any of claims 1 to 5, characterised in that the processing means (201) in-
cludes a control store: and in that in the processing means performs the calculating under control of a
sequence of microinstructions from a plurality of sequences of microinstructions provided in the control
store.

7. A system according to claim 5, characterised in that a sequence of microinstructions currently con-
trolling the processing means may relinquish control of the processing means and direct that the
processing means be placed under control of a sequence of instructions from a plurality of sequences
of instructions provided in the main memory means (202).

8. A system according to any of claims 1 to 7, characterised in that if it is determined that the selected
instruction has specified that certain portions of the data representations displayed on the display
means (208, 204) are to become obscured or occluded by other data representations, the portions of the
bitmap data corresponding to the certain portions of the data representations are removed to a retention
area (214) within the main memory means (202) and in that, if it is determined in that the selected instruc-
tion has specified that certain portions of the data representations that previously became obscured or
occluded are again to become visible, the corresponding portions of the bitmap data are restored from
the retention area (214), whereby there is no need to recompute those portions of the bitmap data.

Patentanspriiche

1. Digitales Rechnersystem mit verbesserten Anzeigesteuerfahigkeiten, enthaltend: Hauptspeicher-
mittel (202) zur Speicherung von Befehlen und Daten; Anzeigemittel (203, 204) zur Erzeugung von An-
zeigen von Bitmapdaten (215), die im Hauptspeichermittel (202) gespeichert sind, Prozessormittel (201)
zur Ausfihrung von Operationen an Daten als Antwort auf die Befehle; und eine Vielzahl von in den
Hauptspeichermitteln (202) gespeicherten Formdeskriptoren (209), die die Organisation von anzuzei-
genden Daten im einzelnen festlegen, wobei die Prozessormittel (201) befahigt sind, die Bitmapdaten
(215') als Antwort auf Befehle zu erzeugen, die je einen Formdeskriptor (209) und Benutzerdaten (217) in
den Hauptspeichermitteln (202) benennen, von denen Darstellungen angezeigt werden sollen, dadurch
gekennzeichnet, daB die Prozessormittel bei Befehlen betreffend erste und zweite Formdeskriptoren
(209), die Uberlappende Anzeigen zur Folge haben, ermittein, ob der erste Formdeskriptor (209) einen
Teil der Bitmapdaten (215) abgrenzt, der schon vom zweiten Formdeskriptor (209) abgegrenzt ist, weiter
ermitteln, ob der zweite Formdeskriptor (209) auch einen Teil der Bitmapdaten (215) abgrenzt, der nicht
durch den ersten Formdeskriptor abgegrenzt ist, und, wenn beides zutrifft, den zweiten Formdeskriptor
(209) in Subformdeskriptoren (503, 505, 506) auflésen, die Unterbereiche des Bitmapbereichs (501) defi-
nieren, namlich in einen ersten Subdeskriptor (503), der denjenigen Teil der Bitmapdaten abgrenzt, der
sowoh! durch den ersten als auch durch den zweiten Formdeskriptor (209) abgegrenzt ist, und in einen
oder mehrere weitere Subformdeskriptoren (504, 505), die denjenigen Teil der Bitmapdaten abgrenzen,
der vom zweiten Formdeskriptor (209), aber nicht vom ersten Fordeskriptor (209) abgegrenzt ist.

2. Rechnersystem nach Anspruch 1, dadurch gekennzeichnet, daB die Prozessormittel (201) ermitteln,
ob ein Formdeskriptor (209) voher in Subformdeskriptoren aufgeltst worden ist, und, wenn dies zutrifft,
die Funktion des gewahlten Befehls, der ausgewshlte Formdeskriptor und vom gewahlten Befeh! festge-
legte Benutzerdaten in eine Funktion des gewahlten Befehls, die Subformdeskriptoren und vom gewéahl-
ten Befehl festgelegte Benuizerdaten aufgeldst werden.

3. Rechnersystem nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB die Prozessormittel (201) er-
mitteln, ob ein Teil der Bitmapdaten, der vorher von zwei oder mehr Formdeskriptoren (209) abgegrenzt
war, nur noch von einem Formdeskriptor abgedeckt wird, und, wenn dies zutrifft, Subformdeskriptoren
ausscheidet, die diesen Teil der Bitmapdaten abgrenzen.

4. Rechnersystem nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB die Bitmapdaten zusatzlich
dazu, daB sie eine Funktion des gewahlten Befehls, des gewéhiten Formdeskriptors (208) und von vom
gewshlten Befehl festgelegten Benutzerdaten sind, weiter ais Funktion von vorherigen Biimapdaten be-
rechnet werden.

5. Rechnersystem nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB die Prozessormittel {(201) ein
Notizblockspeichermittel (206) enthalten, in den Daten bedeutend schneller als in die Hauptspeichermit-
tel (202) eingespeichert und aus den Daten bedeutend schneller als aus den Hauptspeichermitteln her-
ausgeholt werden kénnen, und daB die Prozessormittel (201) ermitieln, ob der gewahlte Formdeskriptor
(209) im Notizblockspeichermitel (208) enthalten ist, und, wenn der gewéhlte Formdeskriptor im No-
tizblockspeichermittel (206) enthalten ist, ihn aus diesem herausholen, wahrend sie, wenn der gewdhite
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Formdeskriptor (209) nicht im Notizblockspeichermittel (206) enthalten ist, diesen aus den Hauptspei-
chermitteln (202) herausholen und in den Notizblockspeichermittel (206) eingeben.

6. Rechersystem nach einem der Anspriiche 1 bis 5, dadurch gekennzeichnet, daB die Prozessormittel
(201) einen Steuerspeicher enthalten und die Berechnung unter Steuerung einer Folge von Mikrobefeh-
len aus einer Vielzahl von im Steuerspeicher vorgesehenen Folgen von Mikrobefehlen ausfiihren.

7. Rechnersystem nach Anspruch 5, dadurch gekennzeichnet, daB eine Folge von Mikrobefehlen,
die gerade die- Prozessormittel steuern, die Steuerung der Prozessormittel aufgeben und anordnen
kann, daB die Prozessormittel unter die Steuerung einer Folge von Befehlen aus einer Vielzahl von in
den Hauptspeichermitteln (202) gespeicherten Folgen von Befehlen gestellt wird.

8. Rechnersystem nach einem der Anspriiche 1 bis 7, dadurch gekennzeichnet, daB, wenn ermittelt
wird, daB3 der gewahlite Befehl angegeben hat, daB gewisse Teile der mit den Anzeigemitteln (203, 204) an-
gezeigten Datendarstellungen von anderen Datendarstellungen verdunkelt oder teilweise abgedeckt
werden sollen, diejenigen Teile der Bitmapdaten, die diesen gewissen Teilen der Datendarsiellungen ent-
sprechen, in einen Ruckhaltebereich (214) innerhalb des Hauptspeichermittels (202) Gberfiihrt werden,
und daB, wenn ermittelt wird, daB der gewéahite Befehl angegeben hat, daB3 gewisse Teile der Datendar-
stellungen, die zu einem fritheren Zeitpunkt verdunkelt oder abgedeckt worden waren, wieder sichtbar
werden sollen, die entsprechenden Teile der Bitmapdaten aus dem Rickhaltebereich (214) wieder zuriick-
geholt werden, wodurch kein Bedarf besteht, diese Teile der Bitmapdaten neu zu berechnen.

Revendications

1. Systeme d'ordinateur numérique ayant des possibilités de commande de visualisation améliorées,
comprenant une mémoire principale (202) pour stocker des instructions et des données; un moyen de vi-
sualisation (203, 204) pour produire des visualisations en réponse a des données de mappe de bits (215)
stockées dans la mémoire principale (202), un moyen de traitement (201) pour effectuer des opérations
sur des données.en réponse aux instructions, une pluralité de descripteurs de forme (209) stockées
dans la mémoire principale (202) pour spécifier I'organisation de données & visualiser, et dans lequel le
moyen de traitement (201) est capable de générer les données de mappe de bits (215) en réponse a des
instructions qui spécifient chacune un descripteur de forme (209) et des données d'utilisateur (217) dans
la mémoire principale (202), dont des représentations sont a visualiser; caractérisé en ce que, lors du
traitement d'instructions se rapportant a des premier et deuxiéme descripteurs de forme (209) qui entrai-
nent le chevauchement de visualisations, le moyen de traitement détermine si le premier descripteur de
forme (209) délimite une partie des données de mappe de bits (215) déja délimitée par le deuxiéme descrip-
teur de forme (209) et détermine en outre si le deuxiéme descripteur de forme (209) délimite également
une partie des données de mappe de bits (215) non délimitée par le premier descripteur de forme et, lors-
que les résultats des deux déterminations correspondent a des réponses affirmatives, décompose le
deuxiéme descripteur de forme (209) en descripteurs de sous-forme (503, 505, 506) définissant des zo-
nes constitutives de la zone de mappe de données (501), & savoir un premier descripteur de sous-forme
(503) délimitant la partie des données de mappe de bits délimitée a la fois par le premier et le deuxiéme
descripteur de forme (209) et un ou plusieurs descripteurs de sous-forme (504, 505) supplémentaires,
délimitant la partie des données de mappe de bits délimitée par le deuxiéme descripteur de forme (209),
mais non pas par le premier descripteur de forme (209).

2. Systeme selon la revendication 1, caractérisé en ce que, si le moyen de traitement (201) détermine
qu'un descripteur de forme (209) a précédemment été décomposé en descripteurs de sous-forme, la
fonction de l'instruction sélectée, du descripteur de forme sélectée et des données d'utilisateur spéci-
fiées par linstruction sélectée, est transformée en une fonction de linstruction sélectée, des descrip-
teurs de sous-forme et de données d'utilisateur spécifiées par l'instruction sélectée.

3. Systéme selon la revendication 1 ou 2, caractérisé en ce que le moyen de traitement (201) determlne
si une partie des données de mappe de bits qui était précédemment délimitée par deux ou davantage de
descripteurs de forme (209), va étre délimitée par seulement un descripteur de forme et, si tel est le cas,
laisse de c6té les descripteurs de sous-forme délimitant cette partie des données de mappe de bits.

4. Systéme selon la revendication 1, 2 ou 3, caractérisé en ce que les données de mappe de bits sont
calculées en outre en fonction de données de mappe de bits précédentes, en plus du fait qu’elles sont
fonction de Vinstruction sélectée, du descripteur de forme (209) sélectée et de données d'utilisateur spé-
cifiées par I'instruction sélectée.

5. Systeme selon la revendication 1 ou 2, caractérisé en ce que le moyen de traitement (201) comporte
une mémoire de travail (206), dans laquelle des données peuvent étre stockées bien plus rapidement que
dans la mémoire principale (202), et d'ol des données peuvent étre extraites bien plus rapidement que de
la mémoire principale; et en ce que le moyen de traitement (201) détermine si le descripteur de forme (209)
sélecté est mis en antémémoire dans la mémoire de travail (206) et, si cela est le cas, exirait le descrip-
teur de forme sélectée de cette mémoire, tandis que, si le descripteur de forme (209) sélecté n’est pas
mis en antémémoire dans la mémoire de travail (206), extrait ce descripteur de la mémoire principale (202)
et le met en antémémoire dans la mémoire de travail (206).

6. Systéeme selon I'une quelconque des revendications 1 & 5, caractérisé en ce que le moyen de traite-
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ment (201) comporte une mémoire microprogrammable; et en ce que le moyen de traitement effectue les
calculs sous la commande d'une suite de micro-instructions parmi une pluralité de suites de micro-ins-
tructions contenues dans la mémoire microprogrammable.

7. Systéme selon la revendication 5, caractérisé en ce qu'une suite de micro-instructions assurant la
commande actuelle du moyen de traitement, peut abandonner la commande du moyen de traitement et fai-
re en sorte que le moyen de traitement soit mis sous la commande d'une suite d'instructions parmi une plu-
ralité de suites d'instructions contenues dans la mémoire principale (202).

8. Systéme selon I'une quelconque des revendications 1 & 7, caractérisé en ce que, s'il est déterminé
que linstruction sélectée a spécifié que certaines parties des représentations de données visualisées
sur le moyen de visualisation (203, 204) doivent étre cachées ou recouvertes partiellement par d'autres
représentations de données, les parties des données de mappe de bits correspondant auxdites certai-
nes parties des représentations de données sont retirées et transférées & une zone de retenue (214)
dans la mémoire principale (202), et que, s'il est déterminé que Finstruction sélectée a spécifié que certai-
nes parties des représentations de données qui ont précédemment été cachées ou recouvertes partiel-
lement doivent redevenir visibles, les parties correspondantes des données de mappe de bits sont recu-
pérées de la zone de retenue (214), de sorte qu'il n’est pas nécessaire de recalculer ces parties des don-
nées de mappe de bits.
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