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cut off at any time. (This is generally useful only if the
output device is a screen.)

In general, input is sent as single “‘characters”, each in a
single “K” (i.e. keyboard string) message (unbuffered) to the

20
general, must be unique to each type of Output Manager.
Things like a screen’s background color and pattern are
down-loadable at start-up time and at any other tme.

specified process(es). Some characters, such as “shift one” 5
or a non-spacing accent, are temporarily buffered until the
next character is typed and are then sent as a pair. Redefin-
able characters, including all displayable text, cursor control
commands, “action keys”, etc. are sent as triples.
New output devices can be added to the “virtual key- 10
board” at any time by re-initializing the manager and
down-loading the appropriate parameters, followed by a tion. It looks up colors and shading patterns in predefined
“proceed”. All input is suspended while this is being done, tables. The “nuil” color (zero) is interpreted as “draw
Previously down-loaded parameters and the screen assign- nothing” whenever il is encountered. A “clear™ request is
ment are not affected, Similarly, devices can be disconnected 15 also supported. It changes a given polygonal area to the
by terminating (sending “‘quit” requests for) them individu- screen’s default color and shading pattern.
ally. A nonspecific “quit” terminates the entirc manager. Any “draw” request can be preceded by a “clip” request.
Where applicable, an Input Manager will support requests “Clip” means “don’t display pixels outside of given poly-
to activate outputs on its device(s), such as lights or sound gon”, i.e. only the logical AND of the polygonal area and the
generators (e.g., a bell). 20 given picture elements is drawn. The clip request applies
The Input Process is a distinct process which is created by only to the next draw request received from the same process
each Console Manager for its Input Manager to keep track and is then discarded.
of the current input state. In general, this includes a copy of “Text” elements are displayed by the output device's
its last input of each type (text, function key, pointer, built-in character generator, if possible. However, most text
number, etc.), the current redefinable character set number, 25 is created from predefined bit-maps which are stored in a
as well as Boolean variables for such conditions as “key- Human Interface library, Different bit-maps exist for various
board locked”, “select key depressed” (and being held combinations of font and size. Sizes which are not explicitly
down), etc. The process is simply named *In”. The Input stored must be calculated from the available bit-maps when
Manager is responsible for keeping this process up-to-date. required. The style is always generated dynamically, ie., it
Any process may examine (but not modify) the contents of 30 is calculated from the basic bit-map.

“In“

cesses: the process which initialized it, and the Draw Man-
ager in the same context. The following processes know

Output Managers also accept “K’ messages (i.e. keyboard
strings) containing cursor movement commands, If the
associated device is a.screen, the manager erases the cursor
from its current position (if necessary, i.c. if the cursor is not
supported directly by the hardware) and redraws it in its new
location. It uses the Cursor Process to get a symbol element
representing the cursor’s current shape and color, and it tells
it the new location after it has redrawn the cursor. (The
manager may have to ask its initializing process to redraw

about the Output Manager: the Console Manager inthe same 40 the part of the picture which was previously obscured by the
context, the Input Manager in the same context, and the cursor after it moves it.} If the associated device is not areal
Window Manager in the same context. screen, cursor movement commands are simply ignored.
An Output Manager is created (automatically, at system If possible, an Output Manager should be able to save,
start-up) for cach physical output device in the system, thus restore, move, and copy rectangular areas of the virtual
implementing numerous “virtual screens”. There can be any 45 screen. These are primarily speed-optimizing operations,
number of such devices per Console context. The software and they need not always be supplied. In general, an Output
{message) interface to each manager is identical, although Manager can be gueried for its characteristics, e.g., whether
their internal behavior is dependent upon the physical it supports the above functions, whether it is bit-mapped or
device(s) to which they communicate. All output interrupt character-oriented, the output dimensions (in pixels or char-
service routines (if any) arc contained in Qutput Manager 50 aclers, as appropriate), the physical size, etc.
and hidden from other processes. Each manager also con- The Cursor Process is a distinct process which is created
trols a process called Cursor which holds information con- by each Console Manager in its context to keep track of the
cerning its own cursor. When ready, each Qutput Manager cursor. That process, which has the same name as the screen
must send an “I'm here” message to the closest process (not the Qutput Manager), knows the current location of the
named “Consple”. 55 cursor, all of the symbols which may represent the cursor on
An Output Manager must be explicitly initialized and told the screen, which symbol is currently being used, how many
to proceed before it can begin to actually write to its device. real pixels to move when a cursor movement cormand is
Both of these are performed using appropriatc Human executed, etc, It can, in general, be accessed for any of this
Interface messages. Which process initializes the manager - information at any time by any process. The associated
becomes tightly coupled to it; ic., they can exchange 60 Output Manager is the prime user of this process and is
messages via PID's rather than by name. This coupling responsible for keeping it up to date. The associated Input
cannot be changed dynamically; the manager would have to Manager (if any) is the next most common uscr, requesting
be re-initialized. Between the “initialize” and the “proceed” the cursor’s position every time it processes a “command”
an QCutput Manager may be sent one or more “set” reguests input.
to definc its behavior. Device-independent parameters (such 65 Dialog Manager—There is one Dialog Manager per con-

as pixel size and density) are not down-loaded but rather are
assumed to be built into the software, some part of which, in

sole, and it provides access to a library of “pictures” which
define the menus, help texts, prompts, ete. for the Haman
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Interface (and possibly the rest of the system), and it handles
the user interaction with those pictures,
The Dialog Manager knows about the following pro-
cesses: none. The following processes know about the

22

associated with the element. Typing the given character on
the keyboard has the same effect as selecting the item from
the menu.

The sccond and third elements in the macro are optional

Dialog Manager: the Console Manager in the same context. 5 and may be represented by null strings (a single null byte)
One Dialog Manager is created automatically, at sysiem if not required. The second element describes the “alternate”
start-up, in each Console context. Its function is to handle all state of the item. Tt is displayed when the item is selected and
visual interaction with users through the input and output remaing in effect until the item is selected again. In other
managers. Its purpose is to separate the external represen- words, the item is toggled between two options. The element
tation of such interaction from its intrinsic meaning. For 10 must contain a tag (as described for the first element) to
example, the Console Manager may need to ask the user identify it. The third element describes the “unavailable”
how many copies of a report he wants, The phrasing of the state of the item, and it is displayed when that particular
question and the response are irrelevant—they may be in option is marked as not being selectable at the time the menu
English, Swahili, or pictographic, so long as the Console is requested, as described below.
Manager ends up with an integral number or perhaps the 15 The last element in the menu picture is a simple text string
response “forget it”. consisting of a pair of characters for each item in the menu.

In general, the Dialog Manager can be requested to load The list describes whether the item is available (can be
(from a file) or dynamically create (from a given specifica- selected) or unavailable and which is its current state (nor-
tion) a picture which represents a menu, error message, help mal or alicrnate), This list can (and should) be changed
(informational) text, prompt, a set of icons, etc. This picture 20 dynamically by messages to the Dialog Manager to reflect
is usually displayed until the user responds. the current options available to the user.

Response 1o help or error text is simply acknowledgement Icons are small pictures which represent applications or
that the text has been read. The response to @ prompt is the services and are organized into sets (or “frames of refer-
requested information. The user can respond to a menu by ence”) of related functions. A set is a picture composed of
selecting an item in the menu or by cancelling the menu (and 25 “macro” elements, one per icon. Each macro comprises a
thus cancelling any actions the menu would have caused). single “symbol” element (which may itself be a macro) and
Icons can be selected and then moved or “opened”. Opening a text element describing the label to be displayed with the
an icon generally results in an associated application being symbol. The label element may be null. The macro element
un. must be tagged with the name of the process to which

“Selection” is done through an Input Manager which 30 notification is sent when the icon is “opened”, and it must
sends a notification to the Console Manager. The Console specify whether a window should be opened automatically
Manager filters this response through the Dialog Manager before sending the notification.
which interprets it and returns the appropriate parameter in Draw Manager—There is one Draw Manager per console,
a message which is then passed on to the process which and it provides access to a library of “pictures” which define
requested the service, 35 the menus, help, prompts, etc., for the Human Interface (and

All dialog is represenied as pictures, mostly in free possibly the rest of the system), and it handles the user
format, Help and error dialog are the simplest .and are interaction with those pictures.
unstruciured except that one element must be “tagged” to The Draw Manager knows about the following processes:
identify it as the *T have read this text” response target none. The following processes know about the Draw Man-
symbol. The text is displayed until the user selects this 40 ager: the Picture Managers in the same context, and the

element.

Prompts have three tagged elements: one which defines
the response area (i.e., where the user will type the infor-
mation requested by the prompt). a “cancel” target, and an

“enter” target. The prompt is displayed until either one of the

latter two elemenis is selected. The response is returned as
atext string, with an indication of which target element was
selected. The “response” element may be omitted, in which

case the prompt is just a question and the response is a ... 4
30

simple yes or no (represented by “enter” and “cancel”).

A menu picture is highly structured. The first clement
must be a text element which contains the menu’s title for
display and for reference by the software. This may be

followed by an “explanation” element to deseribe the menu

{tems. Neither of these elements is selectable.

The menu proper contains a list of “macro” picture

elements, one per selectable choice or “item”. Each macro
consists of three elements. The first element is mandatory
and describes the item (via text or a symbol). It must contain

a tag which is what is actually scnt back to the requesting

process when the item is selected, along with the item’s
ordinal number (1 to n, of there are n items). For example,
the item clement may define an icon, such as a house. The
tag might be “H” or “house” or anything else the system
designer feels is appropriate. An item number of zéro and a
tag of “NONE" arc sent if the menu is closed without
selecting any item. A single character may optionally be

65

Output Managers in the same context.

w:changes:
The Window Manager knows about the following pro-
cesses: the process that created it; one particular Picture
Manager in the same context; and onc particular Output
Manager in the same context. The following processes know
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about the Window Manager: the Consolc Manager in the
same context.

The Window Manager’s main job is to copy picture
clements from a given rectangular arca of a picture to a
rectangular area (called a “window™) on a particular screen.
To do so it interacts with exactly one Picture Manager and
one Output Manager. A Window Manager need only be
created when a window is “opened” on the screen and can
be told to quit when the window is “closed” (without
affecting the associated picturc). When opened, the Window
Manager must draw the outline, frame, and background of
the window. When closed, the window and its frame must be
crased (i.c. redrawn in the screen’s background color and
pattern). “Moving” a window (changing its location on the
screen) is essentially the same as closing and re-opening it.

A Window Manager can only be created and destroyed by
a Console Manager, which is responsible for arranging
windows on the screen, resolving overlaps, etc. When a
Window Manager is created, it waits for an “initialize”

* message, initializes itself, returns an “I’'m here” message to
the process which sent it the “initialize” message, then waits
for further messages. It does not send any messages to the
Output Manager until it has received all of the following: its
dimensions {exclusive of frame), the outline line-type, size
and color, background color, location on the screen, a
clipping polygon, scaling factors, and framing parameters, A
Window Manager also has an “owner”, which is a particular
process which will handle commands (through the Console
Manager, which always has prime control) within the win-
dow.

Any of the above parameters can be changed at any time.
In general, changing any parameter (other than the owner)
causes the window to be redrawn on the screen.

A “frame”, which may consist of four components (called
“bars™), one along each edge of the window, may be placed
around the given window. The bars are designated top,
bottom, left, and right. They can bc any combination of
simple line segment, title bar, scroll bar, menu bar, and
palette bar. These are supplied to the message as four
scparate lists (in four separate messages) of standard picture
elements, whcih can be changed at any time by sending a
new message referencing the bar. The origin of each bar is
{0,0] relative to the upper left comer of the window.

The Console Manager may query a Window Manager for
any of its parameters, to which it responds with messages
identical to thc ones it originally received. It can-also be
asked whether a given absolute cursor position is inside its
window (i.e. inside the current clipping polygon) or its
frame, and for the cursor coordinates relative to the origin of
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ich.may be smaller than the window.at any given
ther windows ‘overlap this one).

nager can'be told to:“freeze” (stop updat.
‘and to “unfreeze” it. It can also
given rectangular sub-area.of ‘the picture it'is

out ‘the physical - charactensnv
hey are wmmg Conscquently,
10 on-are . XC1Sy:
om real pixels‘if these are diﬁerent.

! hardncopy devu:cs (i.e. to their Output Managers),
,1dcs a cumprehenswe queueing service. for files that
‘be printed.. It can also perform some minimal
g of text: (justification, automatic page numbéring,
otets etc)

15 It

ame: context. The: following: processes lcnow
t»Managcr any-one that: wants to

éorresponmng o ore “line” of ¢u

4 quene of outswndmg requests It dequcue the
ime, select an Output Manager, and buildsa picture
ciure Manager). It then requests (frém the Picture
and “prmts" (plots, etc.) one “page’ 4t a time until
file has been printed.

. Manager recognizes specially marked
ture elements which-define headers, footers,
d:page formatting parameters (such as “‘page
:page number”, etc.).
45
HUMAN INTERFACE—RELATIONSHIPS
RETWEEN COMPONENTS

The eight Human Interface components together provide
all of the services required lo support a minimal human
interface. The relationships between them are illustrated in
FIG. 9, which shows at least one instance of each compo-
nent, The componeats represented by circles 301, 302, 307,
312, 315, and 317-320 are gencrally always present and
active, while the other components arc created as needed and
exit when they have finished their specific funtions. FIG. 9
is divided into two main contexts: “Console” 350 and
“Print” 351,

Cursor 314 and Input 311 arc examples of processes
: whose primary function is to store data. “Cursor’™s purpose
is to keep track of the current cursor position on the scrcen
and all parameters (such as the symbols defining different
cursors) pertinent to the cursor. One cursor process is created
by the Console Manager for each Output Manager when it
is initialized. The Output Manager is responsible for updat-
ing the cursor data, although “Cursor’” may be queried by
anyone. “Input” keeps track of the current input state, such

MOTM_24063_0018517
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as “select key is being held down”, “keyboard locked”, ete.
One input process is created by each Console Manager. The
console’s input message updates the process; any other
process may query it

The Human Interface is structured as a collection of
subsystems, implemented as contexts, each of which is
responsible for one broad area of the interface. There are two
major contexts accessible from outside, the Human Interface:
“Console” and “Print” They handle all screen‘keyboard
interaction and all hard-copy output, respectively. These
contexis are not necessarily unique. There may be one or
more instances of each in the system, with possibly several
on the same cell. Within each, there may be several levels of
nested contexts.

The possible interaction between various Human Inter-
face components will now be described.

Console Manager/Other Contexts—Processes of other
contexts may send requests for console services or notifi-
cation of relevant events directly to the Console Manager(s).
The Console Manager routes messages to the appropriaie
service, It also notifies (via a “status” message) the current
owner of a window whenever an object in its window has
been selected. Similarly, it sends a message to an application
when a userrequests that application in a particular window.

Console Manager/Input Manager—The Console Manager
initializes the Input Manager and usually assigns a particular
QOutput Manager to it. The Input Manager always sends all
input (one character, one key, one cursor movement, etc. at
a time) directly to the Console Manager. It may also send
“status” messages, either in respomse to a “download”,
“initialize”, or “terminate” request, or any time an anomaly
arises.

Console Manager/Picture Manager-—The Console Man-
ager creates Picture Managers on demand and tells each of
them the name of a file which contains picture elements, if
applicable. A Picture Manager can also accept requests from
the Console Manager (or anyone else) to add elememis to a
picture individually, delete elements, copy them, move
them, modify their attributes, or transform them. It can be
queried for the value of an element at (or close to) a given
location within its picture. The Console Manager will tell a
Picture Manager to erase its picture and exit when it is no
longer needed. A Picture Manager usually sends “status”
messages o the Console Manager whenever anything
unusual (e.g., an €IT0r) DCCurs.

Console Manager/Window Manager-—The Console Man-
ager creates Window Managers on demand. Each Window
Manager is told its size, the PID of an Output Manager, the
coordinates (on the screen) of its upper left outside cormer,
the characteristics of its frame, the PID of a particular
Picture Manager, the coordinates of the first element from
which 1o start displaying the picture, and the name of the
process which “owns” the window. While a window is
active, il can be requested to re-display the same picture
starting at a different element or to display a completely
different picture,

—
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[N

]

25

30

55

26

The coordinates of the window itself may be changed,
causing it to move on the screen, or it may be told to change
its size, frame, or owner. A Window Manager can be told to
“clip” the picture elements in its display along the edges of
a given polygon (the default polygon is the inside edge of the
window’s frame). It can also be queried for the element
corresponding to a given coordinate. The Console Manager
will tell 2 Window Manager to *“close” (erase) its window
and exit when it is no longer needed. A Window Manager
sends “status” messages to the Console Manager to indicate
success or failure of a request.

Console Manager/Dialog Manager—The Dialog Man-
ager accepts requests to load and/or dynamically create
“pictures™ which represent menus, prompts, error messages,
etc. In the case of interactive pictures (such as menus), it also
interprets the response for the Console Manager. Other
processes may also use the Dialog Manager through the
Console Manager.

Console Manager/Prime Manager—Console Managers
generally send “spool” requests to Print Managers to get
hard-copies of screens or pictures. An active picture must
first be copied to a file. The Print Manager retums a “status”
message when the request is complete or if it fails,

Window Manager/Picture Manager—A Window Man-
ager requests lists of one or more picture elements from the
relevant Picture Manager, specified by the coordinates of a
rectangular “viewport” in the picture. It can-also request the
Picture Manager to automatically send changes (new, modi-
fied, or erased elements), or just notification of changes, 10
it. The Picture Manager sends “status” messages to notify
the Window Manager of changes or errors.

Print Manager/Other Processes—The Print Manager
accepts reqaests to “spool” a file or to “print” one or more
picture elements. It sends a “status” message at the comple-
tion of the request or if the request cannot be carried out. The
status of a queued request can also be queried or changed at
any time.

Print Manager/File Manager—The Print Manager reads
picture elements from a File Manager (whose name was sent
to it via a “spool” request). It may send a request to “delete”
the file back to the File Manager after it has finished printing
the picture.

Print Manager/Picture Manager—A Print Manager cre-
ates a Picture Manager for each spooled picture that it is
currently printing, giving it the name of the relevant file. It
then requests “pages” of the picture (depending upon the
characteristics of the output device) one at a time. Finally, it
tells the Picture Manager to go away.

Print Manager/Ontput  Manager—The Print Manager
sends picture elements to an Qutput Manager. The Output
Manager sends a “status” message when the request com-
pletes or fails or when an anomaly arises on the primter.

Draw Manager/Other Processes—The Draw Manager
accepts lists of elements prefixed by explicit pixel param-
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Preceding an item with “+ indicates that the item is
currently “active” and causes a check mark to be displayed
beside it whenever the menu is opened. Preceding an item
with “~” indicates that the corresponding option is not
currently available and cannot be selected.

An “arguments” string can be appended to the tag of an
element in the menu. The string is passed “as is” to the
application when the item is selected.

PROMPT

The greater part of a prompt picture comprises text which
asks a question, often with some introductory preamble. One
clement, located anywhere in the picture, may represent a
response arca. This is gencrally a rectangular area into which
a user can type the information requested by the prompt.
This clement must be tagged “RESP™.

Two further elements, tagged “ENTER” and “CANCEL”,
display target text or symboils which are used to compiete the
prompt. When the “enter’” element is selected by the nser, the
text typed in the response area is retumned to the originator
of the prompt.

44

cally, without disturbing thc current state of the Human
Interface or of any applications using the Human Interface.
In other words, the Human Interface is independent of
particular I/Q devices, and the idiosyncracies of the devices
are hidden from the H Interface.

pan s B el g o Soer B s g

For example, regarding the operations beneath block 231,
if the virrual input to the console manager {s a keystroke,
then the console manager checks to see whether the cursor
is inside a window. If so, it checks to see whether it
originated from a virtual terminal, and if not it checks to see
whether an edit operation is taking place. If not, it updates
the picture.

Regarding the operations beneath block 232, if the virtual
input represents a cursor position, then the console manager
checks to see whether the anto-highlight option has been
enabled. If yes, it checks to see whether the cursor is on an

If the “cancel” element is selected instead, the prompt is 20 T e yas
cancelled with a null response. The response element js  Sement. If so it highlights that element.
optional. If omitted, the “cntcr” and “‘cancel” clements Regarding the operations beneath black 233, the console
effectively correspond to “yes” or “no” responses, Typinga ~ manager uscs any of the indicated actions to update a
“carriage return” character will have the same effect as  picture, updaic 2 window, or initiate dialog, as appropriate.
selecting “cnter” The prompt is erased when any responseis 55  Regarding the operations beneath block 234, if the virtual
given, or by an explicit “cancel” request. input is from a function key, the console manager notifies the
INFORMATION dialog manager.

An information picture comprises text (and possibly Regarding the operations beneath block 235, if the virtual
graphics) which describes something. One element, located input represents a menu choice, the console manager checks
anywhere in the piclure, is usually tagged “DONE"™ When ., 1o see whether the cursor is in a window. If not, it determines
this element is selected, the information picture is erased that it is on a user metaphor; if so, it requests a menu from
from the display. If no such element is given, the process the window. If the menu is defined, it notifics the owner of
which requested the information to be displayed must send the window (or metaphor), activates a pop-up menu, gets a
an'explicit “cancel™ request when it wants to get rid of it response, and sends the response to the window owner.

INPUT/OUTPUT DEVICE INDEPENDENCE 35  [IG. 14 represents a flowchart showing how virtual
output is handled by the picturc manager. The picture

In the present invention all sysiem interaction with the manager 240 accepts virtual output from the console man-
outside world is either through “virtual input” or “virtual ager and then, depending upon the type of operation, per-
output” devices. The system can accept any form of input or forms the requested function. For example, if the operation
output device. The Human Interface is constructed using a is a replace operation, the picture manager 240 replaces the
well-defined set of “virtal devices” All Human Interface *° old output with the new and sends the change(s) to the
functions {windowing, picture—drawing, dialog manage- window manager. The window manager sends the change to
ment, ctc.) use this set of devices exclusively, the output manager, which in turn sends it (o the real device.

'Euh:lse vxrm)al i;put devices take the form of “keys” (typed
text input); “position” (screen coordinates); “actions”

(Human Interface functions such as “open window”, etc.); 45 DESCRIPTION OF SOURCE CODE LISTING
“functions” (user-defined actions); and “means” (pop-up Program Listings A and B contzin a “C” language imple-
Lists of choices). mentation of the above-described concepts relating to input/

Virtual output devices produce device-independent out- output device independence. The following chart indicates
put: text, lines, rectangles, polygons, circles, ellipses, dis- where the relevant portions of the listing may be found.
crete points, bit-mapped symbols, and bit-mapped arrays. 50

FIG. 12 shows how the console manager operates upon Function
virtual input to generate virtual output. The lowest layer of
H1 software converts fnput from any “real” physical devices Lincs Numbers in
to the generic, virtual form, and it converts Human Interface 5 Progrem Listing A
output (in virtual form) to physical output. e

FIG. 12 shows the central process of the Human Interface, ‘,ﬁ‘:ﬁ;ﬁﬁ; type of m;unt' acecpt imput ;32’_3?
the console manager 220, dealing with virtwal input and Virual key 523-631
producing virwal output, Virtual input passed through the ‘Vrirm:ll position 663_7%323-_;3:; 1200

riud action s -,
virtual input manager 221 xs _processed dircctly by the g0 Virual foncion bryfins
Virual menu 725-761
Lines Numbers in
Program Listing B
Main-ling; initiali start p 125-141
. 65 Accept requests (virtual output), check 161203
. . for changes
Any number of physical devices can be connected to the Determine type of request 239-310

Human Interface and can be removed or replaced dynarni-
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‘What is claimed is:

1. A virtual input interface in a data processing system,
said interface comprising:

means for accepting input from at least one physical

device and for converting said physical device input
into virtual input, said means comprising a virtual input
manager process responsive to said at Jeast one physi-
cal input device for generating a.picture, said picture
comprising one or more picture elements, each picture
element comprising a plurality of device-independent
data structures in a predetermined, standard data for-
mat, at least one of said dawa structures comprising a
plurality of different data fields each containing infor-
mation describing said picture element; and

means responsive to said virtwal inpuot for performing

processing operations upon said virtual input, said
means comprising a console manager process for per-
forming processing operations on said one or more
picture elements.

2. The virtua! input interface as recited in claim 1, wherein
said input accepting meaus accepts input in the form of
keystrokes.

3. The virtual input interface as recited in claim 1, wherein
said input accepting means accepts input in the form of
cursor position.

4. The virtual input interface asrecited in cleim 1, wherein
said input accepting means accepts input in the form of
system-defined actioas.

5. The virual input interface as recited in claim 1, wherein

L3

20

226

11, The virtual output interface as recited in claim 10 and
further comprising a display device, wherein said virtual
output accepting means further comprises a window man-
ager process for controlling the display of said plurality of
related picture elements on said display device.

12, The virtual output interface as recited in claim 9,
wherein said virtual output converting means comprises a
virtual oulput manager process responsive to said one or
more processed picture elements for coupling said one or
more processed picture elements to said at least one physical
output device.

13. The virtual output interface as recited in claim 9,
wherein said at least one physical device can be removed
from said system without affecting the operation of the
remainder of said system.

14. The virtual output interface as recited in claim 9,
wherein at least one additional physical device can be added
to said system without affecting the operation of the remain-
der of said system.

15. In a data processing system, an interface between
processes and data in said system and physical input and
output devices coupled to said system, said interface com-
prising:

means responsive to one of said physical input devices for

generating a pichure, said picture comprising one or
more picture elements, each picture element compris-
ing aplurality of device-independent data structures in
a predetermined, standard data format, at least one of
said data structures comprising a plurality of different
dara fields each containing information describing said
picture clement;

Py h . N 30
said input accepn‘ng means- accepts input in the form of o for performing processing operations on said one
uger-defined functions. 3 - DEE.S
s 3 . L . . or-more picture clements; and
6. The virual input interface asrecited in claim 1, wherein means responsive to sai 4 one or more processed pic
ﬁiuﬁgfécazi?mg means accepts input in the form of elements for coupling said one or more processed
; 35 picwure elements to one of said physical output devices.

7. The virtoal input interface as recited in claim 1, wherein
said at least one physical device can be removed from said
system without affecting the operation of the remainder of
said system.

8. The virmal input interface as recited in claim 1, wherein
at least one additional physical device can be added to said
system without affecting the operation of the remainder of
said system.

9. A virtual output interface in a data processing system,
said interface comprising:

a source of virtual input, said virtual input comprising one
or more picture clements, cach picture element com-
prising a plurality of device-independent data struc-
tures in a predetermined, standard data format, at least
one of said data structures comprising 2 plurality of
different data fields each containing information
describing said picture element;

means for performing processinig operations on said vir-
tual input and for gencrating virtual output;

means for accepting said virtual output; and

‘output-de 3

10. The virtual output interface as recited in claim 9,
wherein said virtual input comprises a plurality of related
picture elements and wherein said virtual output accepting
means comprises a picture manager process for controlling
said plurality of related picture elements.

45

55

16, The data processing system as recited in claim 15,
wherein said one or more picture elements define a graphical
object and at least one attribute thereof.

17. The data processing system as recited in claim 16,
wherein one of said data fields describes the length of the
associated picture element.

18. The data processing system as recited in claim 16,
wherein one of said data fields identifics the particular type
of the associated picture clement.

19. The data processing system as recited in claim 16,
wherein one of said data fields describes the position of the
associated ‘picture element relative to row and column
coordinates on a picture of which said picture element forms
a part.

20. The data processing system as recited in claim 16,
wherein one of said data ficlds describes the size of the
associated picture element.

21. The daa processing system as recited in claim 16,
wherein one of said data fields describes the color of the
associated picture element.

22. The data processing system as recited in claim 15,
wherein said means responsive to one of said physical input
devices comprises a virtual input manager process.

23, The data processing system as recited in claim 15,
wherein said means responsive to said onc or more pro-
cessed picture elements comprises a virtual output manager
process.
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pool which contains a linked list of pcnding “frames”
Logical messages, which vary in length, are broken into
fixed-size frames {or transmission and are reassembled by
the receiving NIM. Frames arc sequence-numbered for this
purpose. If a framc is not acknowledged within a short
period of time, it is retransmitted a number of times before
being treated as a failure.

As described above with reference to FIG. 2, the LAN
may be connected to other LAN's operating under the same
LAN protocol via so-called “bridgeways”, or it may be
connected to other types of LAN’s via “gateways™.

SOFTWARE MODEL
The: computer operating system of the present invention

efined herein: Thus this operating’ system offers:
: hardware abstraction, rather'than'a data or

ntained package: of data and executable
te on-that data; comparable oa
systems. Within the present invention
ught of as comparable to'a subroutine in

D

ed and desuoyed dynamically and can
concurrentdy with their creator: and ‘other “subrou-

Within a process, as used in the present invention, the' data
vate and. cannot be accessed from the outside,
processes. Processes can therefore be nised 1o
biects”, “modules”; or other higher-level data
‘Each process exceites sequentially. Concur

ibehaves like:any other proéess: and
pmpmy that -any processes which:it

An rox;css can. create context processes. Each new
‘context ‘thus: defined “is: completely contained inside ‘the

1 -processes, messages, and contexts, as:such:

lexity, ‘and: the ‘way itiis used. The |
‘processes and ‘subroutines is that:pro-

through multiple processes, possibly’

10 nself and to: each other; Creanou

3-uged ‘within :the present invention,:.is 9

6

text in: which it was created and thercfore is shiclded
‘outside référence. This “nesting” allows the name
‘stractured hierarchically to any desived depth.
ceptually; the highest level in the hierarchy is the
I, which:encompasses all contexts. Nesting is
pwn design 10 break a sysiem into components
“where cach- layer is more detailed than the
¢ Thig is anslogous to breaking a task down
fintes, ‘and in fact many applications which are
on:known systems may translate to multiple
ested contexts.

ssage’™ is- a hoffer containing data which tells a
vhat 1o do-and/or supplies it with information it
carry ouit it operation. Each message buffer can
rent lcngth {up to 64 kilobytes). By convention,
‘tha message buffer defines the type of

read”, “print”, “starws”, “event”; etc.).

are: queued from one process to another by
1D, Quening: avoids potential synchronization
it 18 used instead of semaphores, monitors, etc.
'messagc is-free to continue after the message
¢ receiver, -allempls {0 get a message, itwill
\Jmﬂ one arrives if none are already waiting in
onally; the sender can specify that it-wants to
and is suspended until that specific message
vsshpes fram any other source are not dequeued
v that happcns
e present invention, messages are the only way
ses to exchange data. There is no concept of
e, Shared memory areas are not aliowed,
Ihrongh p:ocesscs which essenual!y manage”

ting level determines the *'scope of refer-
. scncimg messages between processes by name.
process; a message may be sent to all processes
(i-e., in'the same context) and (optionally) to
- gher level. The contexts are scarched from
- context upward uniil 2 ‘match is found. All
th1he given name at that level are then sent a
the mitssyge. A process may also send a message (o
:its parent (the context process) without knowing
ame explicitly, permitting multiple. instances. of -a
proesss to cxistin different contexts, with different names.
ding messages by PID obviates the need for 2 name
gribres context boundaries. This is the most
ethod of communicating.
are referenced without regard to their physical
a:a small set.of megsage-passing pmmtwes As
rlier, every process has both a umque systera-
jdentifier ‘and ‘a ‘not nmecessarily unigue name
y the: programmer. The identifier provides quick
ess, while ‘the name has 2 limited scope and
‘pravides symbolic; indirect access.
‘With referenice to FIG. 3, an architcctural medel of the

60 present invention is shown. The bottom, or hardware, layer

65 to each other

CONTAINS MOTOROLA MOBILITY, INC. CONFIDENTIAL BUSINESS!
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63 comprises 2 number of processors 71-76, as described
above. The processors 71-76 may exist physically within
one or more nodes. The top, or sofiware, layer 60 illustrates
anumber of processes P1-P10 which send messages m1-mé
The middle layer 61, labelled “virtual
machine”, isolatcs the hardware from the software, and il
allows programs to be wrilten as if they were going to be
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executed on a single processor. Conversely, programs can be
distributed across multiple processors without having been
explicitly designed for that purpose.

THE VIRTUAL MACHINE

-3 “process” is.a self-contained
' Ickprocedures which operate on
ly private and cannot be accessed
-no concept of shared memory
on. Execulion of a process is
uluplc processes execute concurrently
ed by: the operating system. The pro-
trant, in which case only one copy of the
multiple instances are active.

‘unique “process identifier number”
fc,;;gnced. The PID is assigned by
racess 1§ ¢reated and remains ineffect
ates, The PID assignment contains a
ich- guanmtces that.the PID will not

hls‘ amblguuy may be used
3 transparently ‘and to aid in fault-

at the system:wide name space is

subsets: by means of “contexts’
2ls:90-92 A context is simply
rocesses whose namics are not known
Context |90, for example, contains
'd, and e. Context 91 contains

b yoth: within the cumext and within the

« Contexts may be nested, allowing a
ns to be construcied. ‘A conext must
:node. The entire system is treated
ontext:which is always present and
hest level in:the hierarchy. In essence,
zed protection .domains and greatly
unintentional naming conflicts,

cess inside one context can be “con-
another context by exchanging PID’s,
established through one or the other
i sses. ‘Most process servers within the
present invention - function that way. Initial access is by

15

35

65

¢ required ey

INTER-PROCESS COMMUNICATION

All inter-process communication is via messages. Conse-
quently, most of the virtzal machine primitives are con-
cerned with processing messages. The viral machine ker-
nel primitives are the following:

ALLOC—requests allocation of a (message) buffer of a

given size.

FREE-requests deallocation of a given message buffer,

500 P 40
lﬁﬁgtgg?‘fzd F}%}ai 1tpsrog::§:st X‘f}: ° PUT-—end a message to a given destination (by name or
or contexts:90-92, respectively, The PID). . . .
91 is context 90, and the parent GET—wait for and dequeue the next incoming message,
ontext. 91. Conceptually, ‘the optionally from a specific process (by PID).
n'the boundary of the contextand *®  FORWARD—pass a received message through to another
process.
ntext 92:can reference any processes CALIL—send a message, then wait for and dequeue the
1 by name: However, processes in reply.
S processes in context 92 by going :5¢  REPLY—send 2 message to the originator of a given
ess C. Processes in context 90 can message.
: C context 92 by going through ANY_MSG—returns “true” if the receive queue is not
e X . i empty, else returns “false”; optionally, checks if any
context process is to filter incoming messages from a specific PID are gueued.
ect them:or reroute them to other s5 o further describe the function of the kernel primitives,

ALLOC handles all memory allocations. It returns a pointer
to a buffer which can be used for local storage within the
process or which can be sent to another process (via PUT,
ete.). ALLOC never “fails”, but rather waits until enough
memory is freed to satisfy the request.

The PUT primitive queucs a message to another process.
The sending process resumes execution as soon as the
message is queued.

FORWARD is used to quickly reroute a message but
maintain information about the original sender (whereas
PUT always makes the sending process the originator of the
message).
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REPLY sends a message to the originator of a previously
received message, rather than by name or PID.

CALL essentially implements remote subroutine invoca-
tions, causing the caller to suspend until the receiver
executes a REPLY. Subsequently, the replied message is
dequeued out of sequence, immediately upon arrival, and the
call ecution.

: is on concurrency, so that as many pro-
ble are -executed in parallel. Hence neither
ORWARD waits for the message to be delivered.
ET susperds a process until 2 message arrives
ne operation, The ANY MSG primitive
] 0that'a process may determine whether there is
ing-of interest in the queue before committing itself 1o

 message is sent by name, the destination process
ound. in’ the name space. The search path is
rithe ‘nesting -of -the contexts in which the
siresides. From a given process, a message

Then process y:searches within the next higher
and finds a process x, identified by reference
e it is the only:process x in context 110, it
pxent of the-message from process y.
n context. 131 sends ‘2 message ‘to ALL
e x, it first-searches within its own
finding no -processes % there, it ‘then
ext 116 and finds process x.
ess biin context 131 sends a message to
e'name A. It would find process:A (111)
wwell as process A (122) which is the
oricontext 121.

also. send ‘a-message to itself or to its
ithout knowing: either name explicitly.

bssage to be sent to the NEXT process in the

: efsendcr’s contcxt, if such a process exists.
the parent context is searched.
ual machine ‘guarantees that each NEXT trans-
will reach a different process and that eventually a
ion:will be sentito the logically “first” process-(the
the original message) in the ring, completing
other words, all processes with the same name
:level can-communicate with each: other without
ow. many there are or where they are located. The
‘is-essential for distributing services such as a
‘heordering of processes in the ring is not

xample, if process a (125) in context 121 sends a
3¢ to-process:a using the NEXT primitive, the scarch
finds a first process'a (124) in the same context 121. Process
1(124) is marked:as having received the message, and then
processa (124) sends the: message on to the NEXT process
123) in context 121. Process a (123) is marked as having
b Ahe message, and then it sends the message onto the
NEXT process a; ‘which is the original sender process a

35

,cpt of a “logical ring” (analogous to'a LAN) 45

50/

Xfa process sends a message in the LOCAL transmission

mode, it sends it only to a process having the given name in
the sender's own context.

In summary, including the DIRECT transmission mode,
there are five transmission modes which can be used with the
PUT, FORWARD, and CALL primitives:

ALL~t0 all processes with the given name in the first
context which contains that name, starting with the
sender’s context and searching upwards through all
parent contexts.

LOCAL~—to all processes with the given name in the
sender’'s context only.

o all processes in its own context or(optionally) 20 . R .
o }ﬁg;(:zr context. Refer 1o FIG, 8. Thg contexts NEXT-—to the next process me the given name in the
om ‘the. current: one upward until a match is same context as the sender, if any; otherwise it searches
or ntﬂ the: system context is reached. All processes ?pwzrds through all parent contexis untl the name is
ie:ndme in that context are then queued a copy ound. .
sage. 2. LEVEL—sends to “self” (the sending process) or to
nple, with reference to FIG. 5, assume that in “context” (the context process corresponding to the
rocess'y sends a message 1o ALL processes by sender’s context); “self” cannot be used with CALL
. Process-y first searches within its own. context primitive.
1o process X. The process y searches withinthe =~ DIRECT—sent by PID.
ontext 131 (its parent context) but again finds 30  Messages are usually transmitted by queueing a pointer to

the buffer containing the message. A message is only copied
when there are multiple destinations or when the destination
is on another node.

OPERATING SYSTEM

The operating system of the present invention consists of
a kernel, which implements the primnitives described above,
plus a set of processes which provide process creation and

‘ termination, time management (set time, sct alarm, cte.) and

which perform node start-up and configuration. Drivers for
devices are also implemented as processes (EESP's), as
described above. This: allows both system services and
device drivers to be added or replaced easily. The operating
system also supporis swapping and paging, although both
arc invisiblc to applications softwarc.

Unlike known distributed computer systems, that of the
present invention does not use & distinct “pame server”
process to resolve names. Name searching is confined to the
kernel, which has the advantage of being much.faster.

A minimal bootstrap program resides permanently (in
ROM) on every node, e.g. ROM 28 in node N of FIG. 2. The
bootstrap program executes automatically when a node is

. powered up and begins by performing basic on-board diag-

nostics. It then attempts to find and start an initial system
code module. The module is sought on the first disk drive on
the node, if any. If there isn’t a disk, and the node is on the
LAN, a message will be sent out requesting the module.
Failing that, the required software must be resident in ROM.
The initialization program of the kernel sets up all of the
kemel’s internal tables and then calls a predefined eniry
point of the process.

1n general, there exists a template file describing the initial
software and hardware for each node in the system. The
template defines a set of initial processes (usually one per
service) which are scheduled immediately after the node
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The Human Interface builds on the above concepts to
provide a set of distributed services. These include elec-
tronic mail, which allows two or more users at different
terminals {0 communicate with each other in real time or lo
queuc files for later delivery, and a forms manager for data
entry. A subclass of windows called “virtual terminals”
provides emulation of standard commercially available ter-
minals,

FIG. 8 shows the different levels of the Human Interface
and data flow through them. Arrows 201-209 indicate the
most common paths, while arrows 210-213 indicate addi-
tional paths. The interface can be configured to leave out
unneeded layers for customized applications. The philoso-
phy behind the Human Interface design dictates one process
per object. That is, a process is created for each active
window, picture, input or output device, etc. As a result, the
processes are simplified and can be distributed across nodces
almost arbitrarily,

MULTIPLE INDEPENDENT PICTURES AND
WINDOWS

A picture is not associated with any particular device, and
itis of virtually unlimited size. A “window is used to extract
a specified rectangular arca—called a “view"—of picture
information from a picture and pass this data to a virtual
outpul manager. '

The pictures are completely independent of each other.
That is; none is aware of the existence of any other, and any
picture ‘can be updated without reference to, and without
affect upon, any other, The same is true of windows.

Thus the visual entity seen on the screen is really repre-
sented by two objects: a window (distinguished by its frame
title, scroll ‘bars, cte.), and a picture, which is (partially)
visible within the boundaries of the window's frame.

As a consequence of this autonomy, multiple pictures can
be updated simultaneously, and windows can be moved
around on the screen and their sizes changed without the
involvement of other windows and/or pictures.

Also, such operations are done without the involvement
of the application which is updating the window. For
example, if the size of a window is increased to look at a
larger area of the picture, this is handled completely within
the human interface.

HUMAN INTERFACE—PRIMARY FEATURES

The purpose of the Human Interface is to transform
machine-readable data into human-readable data and vice
versa. In so doing the Human Interface provides a number
of key services which have been integrated to allow users to
interact with the system in a natural and consistent manner.
These features will now be discussed.

Device Independence--The Human Interface treats all
devices (screens, printers, etc.) as “virtual devices” None of
the text, graphics, etc. in the system are tied to any particular
hardware configuration. As a resuit such representations can
be-entered from any “input” device and displayed on any
“output” device without modification. The details of par-
ticular hardware idiosyncracies arc hidden in low-level
device managers, all of which have the same interface to the
Human Interface software.
Picrire Drawing—The Hug

45

50
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¢olor and:

Text can be freely intermixed with graphical images, so
that the user need only learn one “editor” to do his job.
Consequently it is not necessary to switch between editors or
“cut and paste” between pictures. Text characters can be
selected from a large predefined character set, which
includes mathematical and Greek symbols, among others,
and can be typed in a wide variety of fonts, colors, sizes, and
styles (e.g. bold, italic, or underlined). It is also possible for
a user to define his own symbols and add them to the
character set.

Windowing—The Human Interface allows the user to
partition a screen into ag many “‘sub-screens” or “windows™
as required to view the information he desires: The Human
Imterface places no restrictions on the contents of such
windows, and all windows can be simultancously updated in
real time with data from any number of concurrently execut-
ing programs. Any piclure can be displayed, created, or
modified (“edited”) in any window. Also any window can be
expanded or contracted, or it can be moved to a new location
on the screen at any time.

If the current picture is larger than the current window, the
window can- be scrolled over the picture, usually in incre-
ments of a “line” or-a “page”. It is also possible to tempo-
rarily expand or contract the visible portion of the picture
(“zoom in”™ or “zoom.out”) without changing the window’s
dimensions-and without changing the actual picture.

Dialog Management—The Human Interface is indepen-
dent of any particular language or visual representation. That
is, there are no built-in tifles, menus, error messages, help
text, icons, ete. for interacting with the system. All such
information is stored as pictures which can be modified to
suit the end user's requirements, either prior to or after
installation. The user can modify the supplied dialog with
his own at any time.

Data Entry—The Human Interface provides a gencralized
interface between the user and any program (such as a data
base manager) which requires data from the user. The
service is called “forms management”, because a given data
structure is displayed as a fill-in-the-blanks type of “form™
consisting of rnumerous modifisble fields with descriptive
labels. The Human Interface form is interactive, so that data
can be verified as it is entered, and the system can assist the
user by displaying explanatory text when appropriate (on
demand or as a rcsult of an crror).

Communication Between Users—The Human Interface
permits two or more users to “converse’ with each other in
real time or to send “mail” 1o each other. Conversation is
performed through a window on each of the user’s screens.
Mail is sent by creating a picture (text and/or diagrams) and
specifying a destination. The destination may be onc par-
ticular user, a group of users, or all users in the system (i.e.
& “broadcast”). Transmission may be immediate or delayed
until a given date and time or until the given user(s) sign
onto the systern. When mail arrives at the destination, the
rceeiving uscr is informed and may then read, save, print, or

erase the picture.

Event Management—The Human Interface can record
any arbitrary event for future reference. The Human Inter-
face defines a simple, yet flexible grammar for forming
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“sentences” which describe cvents and which the Human
Interface can use 1o parse in order to manipulate events for
specific requests. For example, events can be dynamically
displayed on a screen by time and/or priority, or they can be
scanned for a particular “subject” or “object” or any other 5
attribute. Each event can be time-stamped by the sender; if
noy, it is automatically time-stamped upon receipt.

The Human Interface records all of its own actions, such
as printing a report or signing-on a user, and it provides this
service to-any applications program. In addition, the Human 10
Interface can be requested to trigger any given action upon
the occurrence of any given cvent, thus providing a kind of
closed-loop coatrol service Lo applications.

Modularity—The Human Interface comprises a number
of separate software components which can be replicated
and distributed throughout the hardware configuration to
achieve optimal performance. For example, each time a new
“console” (for example, keyboard plus screen) is connecied
to the system, a new “Console” component is created to
manage it. There is no logical limit to the number of
consoles that the Human Interface can handle. In general the
relevant software component is located close to the hard-
ware or other resources on which it most depends.

HUMAN INTERFACE—BASIC COMPONENTS
Human intetface comprises the following basic/éom-

start. 11} «(by scndmg picture cicmcnks dlrectly tatily: Output
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65  Dialog Manager—There is one Dialog Manager per con-
sole, and it provides access to a library of “picturcs” which
define the menus, help texts, prompts, etc. for the Human
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about the Window Manager: the Console Manager in the
same context,

The Window Manager’s main job is to copy picture
clements from a given rectangular area of a picture to a

Picture Manager to do the same.

Once the Window Manager knows the picture it is access-
ing and ‘the dimensions of its window (or any time cither of
these changes), it requests the Picture Manager to send it alt
picture elements which completely or partially lie within the
window, It also asks it to notify it of chanages which will
affect the displayed portion of the picture, The Picture
Manager will send “draw’ messages to the Window Man-
ager (at any time) to satisfy these requests.

The Window Manager performs gross clipping on all
picture elements it receives, i.e. it just determines whether
cach clement could appear inside the current clipping poly-

65 -
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gon (which may be smaller than the window at any given
moment, if other windows overlap this one).

A Window Manager can be told to “freeze” (stop updat-
ing) its display and to “unfreeze” it. It can also be asked to

rectangular area (called a “window") on a particular screen, 5 redraw any given rectangular sub-area of the picture it is
To do so it interacts with exactly one Picture Manager and displaying.
onc Qutput Manager. A Window Manager need only be Window Managers deal strictly in virtual pixels and have
created when a window is “opened” on the screen and can no knowledge abour the physical characteristics of the
he told to quit when the window is “closed” (without screen to which they are writing. Consequently, a window's
affecting the associated picture). When opened, the Window 10 size and location are specificd in virtual pixels; implying a
Manager must draw the outline, frame, and background of conversion from real pixels if these are different.
the window. When closed, the window and its frame must be Print Manager—There is one per “output subsystem”, i.e.
erased (i.c. redrawn in the screen’s background color and per pool of output devices. The Print Manager coordinates
pattern). “Moving” a window (changing its location on the output to hard-copy devices (i.e. to their Output Managers).
screen) is essentially the same as closing and re-opening it. 1S It provides a comprehensive queueing service for files that
A Window Manager can only be created and destroyed by need to be printed. It can also perform some minimal
a Console Manager, which is responsible for arranging formatting of text (justification, automatic page numbering,
windows on the screen, resolving overlaps, etc. When a headers, footers, etc.)
Window Manager is created, it waits for an “initialize” The Print Manager knows about the following processes:
‘ message, initializes itself, refurns an “I’'m here” message to 20 Output Managers in the same context, and a Picture Man-
the process which sent it the “initialize” message, then waits ager in the same context. The following processes know
for further messages. It does not send any messages to the about the Print Manager: any onc that wants to.
Output Manager until it has received all of the following: its One Print Manager is created automatically, at start-up
dimensions (exclusive of frame), the outline line-type, size time, in each Print context. It is expected to accept general
and color, background color, location on the screen, a 25 requests for hard-copy output and pass them on, one mes-
clipping polygon, scaling factors, and framing parameters. A sage (usually corresponding to one “line” of output) at a
Window Manager also has an “owner”, which is a particular time, o the appropriate Output Manager. It can also accept
process which will handle commands (through the Console requests which refer to files (i.e. to File Manager processes).
Manager, which always has prime control) within the win- Each such message, known as a “spool” request, also
dow. 30 contains a priority, the number of copies desired, specific
Any of the above parameters can be changed at any time. output device requirements (if any) and special form
In general, changing any parameter (other than the owner) requirements (if any).
causes the window to be redrawn on the screen. Based on these parameters, as well as the size of the file,
A *“frame”, which may consist of four components (called the amount of time the request has been waiting, and the
“bars™), one along each edge of the window, may be placed 35 availability of output devices, the Print Manager maintains
around the given window. The bars are designated top, an ordered queue of outstanding requests. It dequeues themn
bottom, left, and right. They can be any combination of one at a time, select an Output Manager, and builds a picture
simple line segment, title bar, scroll bar, menu bar, and {using a Picture Manager). It then requests (from the Picture
palette bar. These are supplied to the message as four Manager) and “prints” (plots, etc.) one “page” at a time until
scparatc lists (in four separate messages) of standard picture 40 the entire file has been printed.
clements, wheih can be-changed at any time by sending a The Print Manager recognizes specially marked
new message referencing the bar. The origin of each bar is (“tagged™) picture elements which define headers, footers,
{0,0] rclative to the upper left corner of the window. foot-notes, and page formatting parameters (such as “page
The Console Manager may query 8 Window Manager for break”, “'set page number”, etc.).
any of its parameters, to which it responds with messages 45
identical to the ones it originally received. It can also be HUMAN INTERFACE—RELATIONSHIPS
asked whether a given absolute cursor position is inside its BETWEEN COMPONENTS
window (i.e. inside the current clipping polygon) or its i .
frame, and for the cursor coordinates relative to the origin of The eight Human Interface components together provide
the window or any edge of the frame. so all of the services required (o support a minimal human
A Window Manager is tightly coupled to its creator (a interface. The relationships between them are iltustrated in
Console Manager), Picture Manager, and Output Manager; FIG. 9, which shows at least one instance of each compo-
i.e. they communicate with each other using process iden-  nent. The components represented by circles 301, 302, 307,
tifiers (PID’s). Consequently, a Window Manager must 312, 315, and 317-320 are generally always present and
inform its Picturc Manager when it exits, and it cxpects the 55 active, while the other components are created as needed and

exit when they have finished their specific funtions. FIG. 9
is divided into two main contexts: “Console”
“Print” 351.

350 and
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The Human Interface is structured as a collection of 5
subsystems, implemented as contexts, each of which is
responsible for one broad area of the interface. There are two
major contexts accessible from outside the Human Interface:
“Console” and “Print” They handle all screen/keyboard
interaction and all hard-copy output, respectively. These
contexls are not necessarily unique. There may be one or
more instances of each in the system, with possibly several

on the same cell. Within each, there may be several levels of
nested contexts,

The possible interaction between various Human Inter- 4
face components will now be described.

Console Manager/Other Contexts—Processes of other
contexts may send requests for console services or notifi-
cation of relevant events directly to the Console Manager(s).
The Console Manager routes messages 1o the appropriaie
service. It also notifies (via a “status” message) the current
owner of a window whenever an object in ils window has
been selected. Similarly, it sends a message to an application
when a user requests that application in a particular window.,

Console Manager/Input Manager—The Console Manager
initializes the Input Manager and usually assigns a particular
QOutput Manager to it. The Input Manager always sends all
input (one character, one key, one cursor movement, etc, at
a time) directly to the Console Manager. It may also send
“status” messages, either in response to a “download”,
“initialize”, or “terminate” request, orany time an anomaly
arises,

Console Manager/Output Manager—The Console Man-
ager displays information on its “prime” output device
during system start-up and shut-down withouot using pictures
and windows. It therefore sends picture elements directly to
an Qutput Manager, The Console Manager is also respon-
sible for moving the cursor on the screen while the system
is running, if applicable. The Console Manager (or any other
Human Interface manager, such as.an “cditor”) may change
the current cursor to any displayable symbol. Output Man-
agers will send “starus™ messages 1o the Console Manager
any time an anomaly arises

b

0
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Console Manager/Window Manager--The Console Man-
ager creates Window Managers on demand, Each Window
Manager is told its size, the PID of an Output Manager, the
coordinates (on the screen) of its upper lell outside comer,
the characteristics of its frame, the PID of a particular
Picture Manager, the coordinates of the first element from
which to star: displaying the picture, and the name of the
process which “owns™ the window. While a window is
active, il can be requested to re-display the same picture 65
starting at a different element or to display a compleiely
different picture.

26

The coordinates of the window itself may be changed,
causing it to move on the screen, or it may be told to change
its size, frame, or owner. A Window Manager can be told to
“clip” the picture clements in its display along the edges of
a given polygon (the default polygon is the inside edge of the
window’s frame). It can also be queried for the element
corresponding to a given coordinate. The Console Manager
will tell 2 Window Manager to “close” (erase) its window
and exit when it is no longer needed. A Window Manager
sends “status” messages to the Console Manager to indicate
success or failure of a request.

Console Manager/Dialog Manager—The Dialog Man-
ager accepts requests to load and/or dynamically create
“pictures” which represent menus, prompts, error messages,
etc. In the case of interactive pictures (such as menus), it also
interprets the response for the Console Manager. Other
processes may also use the Dialog Manager through the
Console Manager.

Console Manager/Prime Manager—Console Managers
generally send “spool” requests to Print Managers to get
hard-copies of screens or pictures. An active picture must
first be copied to a file. The Print Manager returns a “status”™
message when the request is complete or if it fails.

Window Manager/Picture Manager—A Window Man-
ager requests lists of one or more picture elements from the
relevant Picture Manager, specified by the coordinates of a
rectangular “viewport” in the picture. It can also request the
Picture Manager to antomatically send changes (new, modi-
fied, or erased elements), or just notification of changes, to
it. The Picture Manager sends “status” messages 10 notify
the Window Manager of changes or errors,

Window Manager/Output Manager—A Window Manager
sends. lists of picture elements to its Output Manager,
prefixed by the coordinates of a polygon by which the
Output Manager is to “clip” the pixels of the elements as it
draws them. A given list of picture elements can also be
scaled by a given factor in any of its dimensions. The Qutput
Manager returns a “status” message when a request fails,

Input Manager/Output Manager—The Input Manager
sends all cursor movement inputs to a pre-assigned Qutput
Manager (if any), as well as to the Console Manager. This
assignment can be changed dynamically.

Print Manager/Other Processes—The Print Manager
accepts requests to “spool” a file or to “print” one or more
picture elements. It sends a “status” message at the corple-
tion of the request or if the reguest cannot be carried out. The
status of a quened request can also be queried or changed at
any time.

Print Manager/File Manager—The Print Manager reads
picture elements from a File Manager (whose name was sent
to it viaa “spool” request). It may send arequest to “delete”
the file back to the File Manager after it has finished printing

. .. the picture.
‘55

Print Manager/Picture Manager—aA Print Manager cre-
ates a Picture Manager for each spooled picture that it is
currently printing, giving it the name of the relevant file. It
then requests “pages” of the picture (depending upon the
characteristics of the output device) one at a time. Finally, it
tells the Picture Manager to go away.

Print Manager/Output Manager—The Print Manager
sends picture clements to an Output Manager. The Output
Manager sends a “status” message when the request com-
pletes or fails or when an anomaly arises on the printer.

Draw Manager/Other Processes—The Draw Manager
accepts lists of elements prefixed by explicit pixel param-
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eters (density, scaling factor, etc.). It returns a single mes-
sage containing a list of bit-map (“symbol”) elements of the
drawn result for each message it receives.

HUMAN INTERFACE—SERVICE

A Human Interface scrvice is accessed by sending a
request message to the closest (ie. the “next”) Human
Interface manager, or directly to a specific Console Manager.
This establishes a “connection” to an existing Human Inter-

28
isinitiated by a user interacting with an external device, such
as a keyboard or mouse. In this case, the “click” is sent
asynchronously, and multiple events are quened.

A program may also explicitly request input, using a
menu, prompt, etc., in which case the “click” is sent only
when the request is satisfied. A third method of input, which
docsn’t directly involve the uscy, is to query the current state
of a virtual input device (e.g., the current cursor position).

A “click” message is associated with a particular window

face resource or creates a new one. Subsequent requests (and by implication usually with a particular picture), or
must be made directly to the resource, using the connector with a dialog “metaphor”, thus reflecting the two.levels of
reimed from the initial reguest, until the connection is  the input model.
broken. The Human Interface manager is distributed and Since the visual aspect of the Human Interface is sepa-
thus spans the entire virtual machine. Resources are asso- 15 rated from the application aspect, a later redesign of a
ciated with specific nodes. window, menu, icon, etc. has little or no effect upon existing
A picture may be any size, often larger than any physical applications.
screen or window. A window may only be as large as the
screen on which it appears. There may bhe any number of HUMAN INTERFACE—DETAILED
windows simultaneously displaying pictures on a single g9 DESCRIPTION
screen. Updating a picture which is mapped to a window
causes the screen display to be updated automatically. Sev-
eral windows may be mapped to the same picture concur- Connectors
rently-—at different coordinates. In general, all interaction with 2 Human Interface resource
The input model provided by the Human Interface con- 25 (console, window, picture, or virtual terminal) must be
sists of two levels of “virmal devices” The lower level through a connector to that resource. Connectors to consoles
supports “position”, “‘character”, “action”, and “function: can only be obtained from the Human Interface manager.
key” devices associated with a particular window. These are Connectors to the other resources are available through the
supported consistently regardless of the actual devices con- Human Interface manager, or through the Console Manager
nected to the system. 30 in which the desired resource resides. Requests must specify
An optional higher level consists of a “dialog scrvice”, the path-name of the resource as follows:
which adds “icons”, “menus”, “prompts”, “values”, and X R .
“information boxes” to the repertoire of device-independent I“’g:snf::]-“"m» Wescroen_pame>]|f<window._or._. pictarc_.
interaction. Input is usually event-driven (via messages) but
may also be sampled or explicitly requested, 35 That is, the name of the console, optionally followed by
All dimensions are in terms of “virtual pixels” A virtual a slash and the name of the screen, optionally followed by
pixel is aunit of measurement which is symmetrical in both a slash and the name of a window, picture, or terminal. The
dimensions. It has no particular size. Its sole purpose is to console name may be omitted only if the message is sent
define the spatial relationships between picture. elements. dircetly to the desired console manager. If the screen name
Actual sizes are determined by the output device to which “® is omitted, the first screen configured on the given console
the picture is directed, if and when it is displayed. One is assumed. The window name must be specified if one of
virtual pixel may translate to any multiple; including frac- those resources is being connceted.
tons, of a real pixel,
Using the core Human Interface services generally 45 Connection Requests
involves: creating a picture (or accessing a predefined pic-
ture); creating a window on a particular screen and connect- The “creaie” and “open™ requests can be addressed to the
ing the picture to it; updating the picture (drawing new “next” Human Interface context (“HI") or to a specific
elements, moving or erasing old ones, etc.) to refiect changes console connector or o the “next” context named “Con-
in the application (e.g. new data); if the application is , Sole”. Ifsentto “HI", a full path-name (the name parameter)

interactive, repeatedly accepting input from the window and
acting accordingly; and deleting the picture and/or window
when done.

Creating a new resource is dome with an appropriate
%5

“create™ message, directed to the appropriate resource man-
ager (i.e. the Human Interface manager or Console Man-
ager). Numerous options are available when a resource,
particularly a window, is created. For example, a typical
application may want to be notified when a specific key is

must be given; otherwise, only the name of the desired
resource is required (e.g., at a minimum, just the name of the
window or picture)

Thewfonowing are the varidus Connection Requests and
the types of information which may be associated with each:

pressed. Pop-up and pull-down menus, and function keys, g9  CREATE is used 10 creale a new picture resource, a new
may also be defined for a window. window resource, or a new virtual terminal resource.
All input from the Human Interface is sent by means of When used to create a new picture resource, it may
the “click™ message. The intent of this message is to allow contain information about the resource type (i.e. a “pic-
the application program to be as independent of the external ture”); the path-name of the picture; the size; the background
input as possible. Consequently, a “click” generated by a 65 color; the highlighting method; the maximum number of

pop-up menu looks very much like that generated by press-
ing a function key or selecting an icon. Event-driven input

elements; the maximum e¢lement size; and the path-name of
a library picture from which other elements may be copied.
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When used to create a new window resource, it may
contain information about the resource: type (i.e. a “win-
dow”); the path-name of the window; the window’s title; the
window’s position on the screen; the size of the window; the
color, widih, fill color between the outline and the pane, and
the style of the main window outline; the color and width of
the pane outline; a mapping of part of a picture into the
window; a modification notatiorn; a special character nota-
tion; varions options; a “when” parameter requesting noti-
fication of -various specified actions on/within the window;
a title bar; a palette bar; vertical and horizontal scroll bars;
a4 general use bar; and a corner box.

‘When used to create a new virtual terminal, it may contain
information about the resource type (L.e. 2 “lerminal”); the
path-name of the terminal; the title of the terminal’s win-
dow; various options; the terminal’s position on the screen;
the size of the terminal (i.e. number of lines and columns in
the window); the maximum height and width of the virtual
screen; the color the text inside the window; tab information;
cmulator process information; connector information to an
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with it. Any of the CREATE, OPEN, DELETE, and CLOSE
connection requests listed above, except those relating to the
consoles, can be sent directly to a known console manager,
rather than to the Human Interface manager (which always
searches for the console by name). Subseguently, some
characteristics of a window, such as its size, can be changed
dynamically through the console manager. The current
“user” of the console can be changed. And the console can
be queried for its current status (or that of any of its
resources).

The following are the various Console Requests and the

types of information which may be associated with each:

USER is used to change the currently signed-on user, and
it contains a user identification string.

CHANGE is used to change the size and other conditions
of a window, and it may contain information about a
connector to a window or a terminal; new height and
width (in virtual pixels); increment to height and width;

existing window; window frame color; 4 list of menu items; 20 row and column position; various options; a connector
and alternative format information., 10 a new owner process; and whether the window
OPEN is used to connect to a Human Interface service or should be the current active window on the screen.
1o an existing Human Interface resource. When used to CURSOR is used to move the screen cursor, and it
comnect to & Human Interface service, it may contain contains position information as to row and column.
information about the service type; and the name of the 25 QUERY is used to get the current status of the console or
particular instance of the service: This resource must be one of its resources, and it contains information in the
sent to the Human Interface context. form of a connector to the resource; and various query
‘When used 1o connect Lo an existing Human Inerface options (e.g. list all screens, all pictures, or all win-
resource, it may contain information about the path-name of dows).
the resource; the type of resource (e.g. picture, window, or 10 . .
terminal); and the name of the file (for pictures only) from BAND sj:utmxiséstops tlzle x;u bber—tali)am‘liglfg fun%pon asd t thlg-
which to load the picture. This request can be sent lo a ging tunction, and 1t contans informa 2on about the
Human Interface manager or a congole manager; alterna- position of a point in the picture from which to start the
tively the same message with message LI, “init” specifying operation; the end point of the figure which is to be
a file can be sent directly to a privately owned picture __ dragged; the type of operation (e.g. line, rectangle,
manager. 35 circle, or ellipse); the color; and the type of line (e.g.
DELETE is used 1o remove an existing Human Interface solid). In rubber-banding the drawn figure changes in
resource from the system, and it may contain informa- size as t!:le cursor is moved. In dragging the figure
ton specifying a connectionto the resource; the type of moves with the cursor.
resource; and whther, for a window, the coresponding The following are the various Console Responses and the

picture is to be deleted at the same time.

CLOSE is used to break a connection to a Human
Interface resource, and it may contain information
specifying & connection to the resource; and the type of
resource.

WHO? is used 10 request a list of signed-on users, and it
may contain a user identification string.

QUERY is used to get the status of a service or resource,
and it may contain information about the resource type;
the mame of the service or resource; a connector o a
resource; and information concerning various options.

The following are the various Connection Responses and

the types of information which may be associated with each:

CONNECT provides a connection to a Human Interface

resource, and it contains information conceming the ‘s

originator (i.e. the Human Interface or the console); the
resource type; the original request message identifier;
the name of the resource; and a conmector to the
Tesource.

USER contains the names of zero or more currently
signed-on users and their locations, and it contains a
connector to a console manager followed by the name
of the user signed on at that console.

Console Requests

The main purpose of the console is to coordinate the
activities of the windows, pictures, and dialog associated
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types of information which may be associated with each:

STATUS deseribes the current state of a console, and it
may contain information about a connector to the
console; the originator; the name of the console; current
cursor position; current metaphor size; scale of virtual
pixels per centimeter, vertically and horizontally; num-
ber of colors supported; current user i.d. string; screcn
size and name; window connector and name; and
picture connector, screen name, and window name:

Picture-Drawing

upUiaton messa e picius Zer

A picture manager must first be initialized by a CREATE
or OPEN request (or INIT, if the picture was created
privately). CREATE seis the picture to empty, gives it a
name, and defines the background. The OPEN request reads
a predefined picture from a file and gives it a name. Either
must be sent first before anything else is done. A subsequent
OPEN reloads the picture from the file.

The basic request is to WRITE one or more elements.
WRITE adds new elements to the end of the current list, thus
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refiecting the order. Whenever parts of the picture are copied apj ction pplication: process;
or displayed, this order is preserved. Once drawn, one or and €.

more clements can be moved, erased, copied, or replaced.
All or part of the picture can be saved to a given file. In
addition, there are requests to quickly change a particular
attribute of one or more elements (e.g. select them), Finally,
the DELETE request (to the console manager; QUIT, if
direct to the picture resource) terminates the picture man-
ager, without saving the picture.

Any single element can be “marked” for later reference.
If the element is text, then a particular offset in the string can
be marked, and a visible mark symbol displayed at that
locati i

The following ase the various Picture-Drawing Requests
and the types of information which may be associated with
each:

WRITE is used to add new elements to a picture, and it
may contain information providing a list of picture
elements; the data type; and an indication to add the
new clements after the first element found in a given
range (instead of the foreground, at the end of the list).

READ is used to copy elements from a picture, and it may
contain information regarding the connection to which
to send the elements; an indication to copy background
-elements; and a range of elements to be copied.

MOVE is used to move elements to another location, and
it may contain information indicating a point in the
picture to which the elements are to be moved; row and
column offsets; to picture foreground; to picture back-
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NUMBER is used to get ordinal numbers and identifiers
of specific elements, and it may contain information
specifying the element(s).

HIT is used to find an clement at or closest to a given
position, and it may contain a position location in a
picture; and how far away from the position the ele-
ment can be.

[,] is used to start/end a batch, and a first symbol causes
all updates to be postponed until a second symbol is
received (batches may be nested up to 10 decp).

HIGHLIGHT, INVERT, BLINK, HIDE arc used to
change a specific element atribute, and they may
contain information indicating whether the attribute is
sct or cleared; and a range of elements to be changed.

CHANGE is used to change one or more element fields,
and it may contain information specifying the color of
the element; the background color; the fill color; and fill
pattern; and a range of clements to be changed.

EDIT is used to modify a text element’s siring, and it may
contain information indicating to edit at the current
mark and then move the mark; specifying the currently
selected substring is to be edited; an offsct into the text
at which to insert and/or from which to start shifiing; to
shift the text by the given number of characters to/from
the given position; tab spacing; a replacement sub-
string; to blank to the end of the element; and a range
of elements to be edited.

In general, when a range of elements is specified, a list of
one or more parameters is provided (if omitted, then all
elements in the picture are referenced by default) according
to the following table:

ground; fixed size increments; and a range of clements Reyword Meaning Format
to be moved,

REPLACE is used to replace cxisting clements with new gz; }’;tl’;;‘s“,’;:n(i‘r‘: :n;"a“) o g:}“um"‘:
ones, and it may contain information providing a list of 40 @mm by relative cloment mumber list of numbers
picture elements; and a range of elements to be @tag search for o tag pattern
rcplaced. @oxt search for a text element pattern

ERASE is used to remove elements from a picture, and it gﬁk .‘fxg :,Lf;:'(’) ﬁyyzz:g gﬁg
may contain information on the range of elements to be @id by unique element ideatifier Hst of identifiers
erased. 45 @ant by atuributes attribute structure

@cat the number of elements count

QUIT is used to erase all elements and terminate, and it
has no particular parameters (valid only if the picture is
private),

MARK 1is used to set a “marked” attribute Gf text, to
display a mark symbol), and it may contain information
specifying the element 10 be marked; and the offset of
‘the character after which to display the mark syrabol.

SELECT is used to select an element and mark it, and it
may contain information specifying the clement(s) to
be selected; the offset of the character after which to
display the mark symbol; the number of characters to
select; and 2 deseleet option. :

SAVE is used to-copy all or part of a picture to a file, and
it may contain information specifying the name of the
file; and 2 subset of a picture.

QUERY is used to get the current status, and it has no
particular parameters.

BKGD is used to change a picture’s background color,
and it may contain information specifying the color.

APPLisused to register a pichirs I L a
it miay ‘Contain information. specifying a name
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Any range parameters which are given restrict the ele-
ments which will be affected by the current request. In
general, only the intersection of all of the elements satisfying
the given conditions are included in the range. For example,
specifying pos, end, tag, w1, and sel together means “use all
selected text elements between the given coordinates, con-
taining a pariicular tag and an particular text string.

The following are the various Picture-Drawing responses
and the types of information which may be associated with
each:

STATUS describes the current status of the picture, and it
may contain information specifying a connectar to the
picture; an original message ideniifier, if applicable; the
name of the picture; the name of the file last read or
written; height and width; lowest and highest row/
column in the picture; the number of elements; and the
number of currently active viewports.

WRITE contains elements copied from a picture, and it
may contain information specifying a connector to the
picture; a list of picture elements; and the data type.
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Preceding an item with “+” indicates that the item is
currently “active™ and causes a check mark to be displayed
beside it whenever the menu is opened. Preceding an item
with “— indicates that the corresponding option is not
currently available and cannot be selected.

An “arguments” string can be appended to the tag of an
element in the menu. The string is passed “as is” to the
application when the item is selected.

PROMPT

The greater part of a prompt picture comprises text which
asks a question, often with some introductory preamble. One
clement, locatcd anywhere in the picture, may represent a
Tesponse area. This is gencrally a rectangular area into which
a user can type the information requested by the prompt.
This clement must be tagged “RESP”,

Two further clements, tagged “ENTER” and “CANCEL”,
display target text or symbols which are used to complete the
prompt. When the *‘enter” element is selected by the user, the
text typed in the response area is returned to the originator
of the prompt,

If the “cancel” element is selected instead, the prompt is
cancelled with a null response. The response element is
optional. If omitied, the “cnter” and “cancel” elements
cffectively correspond to “yes” or “no” responses. Typing a
“carriage return” character will have the same effect as
selecting “enter” The prompt is erased when any response is
given, or by an explicit “cancel” request.

INFORMATION

An_information picture comprises text (and possibly
graphics) which describes something, One element, located
anywhere in the picture, is usually. tagged “DONE” When
this element is selected, the information picture is erased
from the display. If no such element is given, the process
which requested the information to be displayed must send
an explicit “cancel” request when it wants 10 get rid of it.

INPUT/OUTPUT DEVICE INDEPENDENCE

In the present invention all system interaction with the
outside world is either through “virtual input” or “virtual
output” devices. The system can accept any form of input or
output device. The Human Interface is constructed using a
well-defined set of “virtual devices” All Human Interface
functions (windowing, picture—drawing, dialog manage-
ment, etc.) use this set of devices exclusively.

These virtual input devices take the form of “keys” (typed
textual input); “position” (screen coordinates); “actions”
(Human Interface functions such as “open window”, etc.);
“fumctions” (user-defined actions); and “means” (pop-up
lists of choices).

Virtual output devices produce device-independent out-
put. text, lines, reciangles, polygons, circles, ellipses, dis-
crete points, bit-mapped symbols, and bit-mapped arrays.

FIG. 12 shows how the console manager operates upon
virual input to generate virtual output. The lowest layer of
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cally, without disturbing thc current state of the Human
Interface or of any applications using the Human Interface.
In other words, the Human Interface is independent of
particular /O devices, and the idiosyncracies of the devices
are hidden from the Human Interf;

or cxample, regarding the operations beneath block 231,
if the virwal input to the console manager is a keystroke,
then the console manager checks to see whether the cursor
is inside a window. If so, it checks to see whether it
criginated from a virtual terminal, and if not it checks to see
whether an edit operation is taking place. If ot it updates
the picture,

Regarding the operations beneath block 232, if the virtual
input represents a cursor position, then the console. manager
checks to see whether the auto-highlight option has been
enabled. If yes, it checks to see whether the cursor is on an
element. If so it highlights that element.

Regarding the operations beneath block 233, the console
manager uscs any of the indicated actions to update a
picture, update a window, or initiate dialog, as appropriate.

Regarding the operations beneath block 234, if the virtual
input is froma function key, the console manager notifies the
dialog manager.

Regarding the operations bencath block 235, if the virtual
input represents a menu choice, the console manager checks
to see whether the cursor is in a window. If not, it determines
that it is on a user metaphor; if so, it requests 3 menu from
the window. If the menu is defined, it notifics the owner of
the window (or metaphor), activates a pop-up menu, gets a
response, and sends the se to the wind

: For example, ¢ operation

i) peration, the picture manager 240 replaces the
old output with the new and sends the change(s) to the
window manager. The window manager sends the change to
the output manager, which in tum sends it to the real device.

DESCRIPTION OF SOURCE CODE LISTING

Program Listings A and B contain a “C” language imple-
mcntation of the above-described concepts relating to input/
output device independence. The following chart indicates
where the relevant portions of the listing may be found,

Function

HI software converts input from any “real” physical devices Lincs Numbers in
to the generic, virtual form, and it converts Human Interface Program Listing A
ul in virtu 55
output al form) to physical output. Main-line; initialization; acoept input 190-222
FIG. 12 shows the central process of the Human Interface, Determine type of input 486-521
the console manager 220, dealing with virtual input and Virtual key 523631
producing virtual output. Virtual input passed through the Virtual position 633661
virtual jnput manager 221 is processed directly by the Vil action 663702, 763-1200
manager 220, Skila s . Virmel fonction 704723
: Jnanag g Virtal memy 725761
Lines Numbers in
Program Listing B
virty 1t Main-line; initialization; start processing 125-141
] el outp g5 Aceept soquests (virtual output); check 161-203
B R . for changes
Any number of physical devices can be connected to the Determine type of request 239-310

Human Interface and can be removed or replaced dynami-
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‘What is claimed is:

1. A virtual input interface in a data processing system,
said interface comprising:

means for accepting input from at least one physical

device and for converting said physical device input
into virtual input, said means comprising a virtual input
manager process responsive to said at least one physi-
cal input device for gencrating a. picture, said picture
comprising one or more picture elements, each picture
element comprising a plurality of device-independent
data structures in a predetermined, standard data for-
mat, at least one of said data structures comprising a
plurality of different data fields each containing infor-
mation describing said picture element; and

means responsive to said virtwal input for performing

processing operations upon said virtual input, said
means comprising a console manager process for per-
forming. processing operations on said one or more
picture elements.

2. The virtual input interface as recited in.claim 1, wherein
said input accepting means accepts input in the form of
keystrokes.

3. The virtual input interface as recited in claim 1, wherein
said input accepting means accepis input in the form of
cursor position.

4. The virtual input interface as recited in claim 1, wherein
said input accepting means accepts input in the form of
system-defined actions.

$. The virtual input interface asrecited in claim 1, wherein
said input accepting means accepts input in the: form of
user-defined functions.

6. The virtual input interface as recited in claim 1, wherein
szid input accepting means accepts input in the form of
menu sclections.

7. The virtual input interface as recited in claim 1, wherein
said at least one physical device can be removed from said
system without affecting the operation of the remainder of
said systern.

8. The virtual input interface as recited in claim 1, wherein
atleast one additional physical device can be added to said
system without affecting the operation of the remainder of
said system.

9. A virtual output interface in a data processing system,
said interface comprising:

asource of virtual input, seid virtual input comprising one

or more picture clements, cach picture element com-
prising a plurality of device-independent data strue-
tures in a predetermined, standard data format, at least
one of said data structures comprising a plurality of
different data fields each containing information
describing said picture element;

means for performing processing operations on said vir-

tual input and for gencrating virtual output;

means for accepting said virtual output; and

means for converting said virtual output into at least one
physical output suitable for use by at least one physical
output device.
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11. The virtual output interface as recited in claim 10 and
further comprising a display device, wherein said virtual
output accepting means further comprises a window man-
ager process for controlling the display of said plurality of
related picture elements on said display device.

12. The virtual output interface as recited in claim 9,
wherein said virtual output converting means comprises a
virtual oulput manager process responsive 1o said one or
more processed picture elements for coupling said one or
more processed picture elements to said at least one physical
output device.

13. The virtual output interface as recited in claim 9,
wherein said at least one physical device can be removed
from said system without affecting the operation of the
remainder of said system.

14. The virtual output interface as recited in claim 9,
wherein ar least one additional physical device can be added
to said system without affecting the operation of the remain-
der of said system.

15. In a data processing system, an interface between
processes and data in said system and physical input and
output devices coupled to said system, said interface com-
prising:

means responsive to one of said physical input devices for

generaling a pictare, said picture comprising one or
more picture elements, each picture element compris-
ing a plurality of device-independent data structures in
a predetermined, standard data format, at least one of
said daia structures comprising a plurality of dilferent
dara fields each containing information describing said
picture element;

means for performing processing operations on said one

or more picture clements; and

means responsive 1o said one or more processed picture

elements for coupling said ome or more processed
picture elements 10-one of said physical output devices.

16. The data processing system as recited in claim 15,
wherein said one or more picture clements defiric 2 graphical
object and at least one attribute thereof.

17. The data processing system as recited in claim 16,
whercin one of said data ficlds describes the length of the
associated picture element.

18. The data processing system as recited in claim 16,
wherein one of said dats fields identifics the particular type
of the associated picture element.

19. The data processing system as recited in claim 16,
wherein one of said data fields describes the position of the
associated picture element relative to row and colurnn
coordinates on.a picture of which said picture element forms
a part.

20. The data processing system as recited in claim 16,
wherein one of said data ficlds describes the size of the
associated picture element,

21. The data processing system as recited in claim 16,
wherein one of said data ficlds describes the color of the
associated picture element.

22. The data processing system as recited in claim 15,
wherein said means responsive to one of said physical input
devices comprises a virtual input manager process.

23. The data processing systern as recited in claim 15,
wherein said means responsive to said one or more pro-
cessed picture elements comprises a virtual output manager
process,
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