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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 to communicate with each other in real time or to
queuc files for later delivery, and a forms manager for daa
entry. A subclass of windows called “virtual terroinals”
provides emulation of standard commercially available ter-
minals.

FIG. 8 shows the different levels of the Human Interface

ace.
Text can be freely intermixed with graphical images, so
that the user need only learn one “editor” to do his job.

and data fiow through them. Arrows 201-209 indicate the 10 Consequently it is not necessary to switch between editors or
most common paths, while arrows 210-213 indicate addi~ cut and paste” between pictures. Text characters can be
tional paths. The interface can be configured to leave ot sciected from a large precc;lreﬁned character set, V:thh
unneeded layers for customized applications. The philoso-  ncludes mathematical and Greck symbols, among others,
phy behind the Human Interface design dictates one process and can be typed na wide vanety of tomg, colors, sizes, and
per object. That is, a process is created for each active 15 styles (e.g. bold, 1ta}1c, or underlined). It is also possible for
window, picture, input or output device, etc. As a result, the ahuscr to define his own symbols and 2dd them to the
processes are simplified and can be distributed across nodes Character set.
almost arbitrarily, Windowing—The Human Interface allows the user to
partition a screen into as many “‘sub-screcns” or “windows”
MULTIPLE INDEPENDENT PICTURES AND 20 as required to view the information he desires. The Human

WINDOWS

A picture is not associated with any particular device, and
itis of virtually unlimited size. A “window™ is used to extract

Interface places no restrictions on the contems of such
windows, and all windows can be simultaneously updated in
real time with data from any number of concurrently execut-
ing programs. Any piclure can be displayed, crealed, or

a specified rectangular area—called a “view"—of picture 25 modified (“edited”) in any window. Also any window can be
information from a picture and pass this data to a virtual expanded or contracted, or it can be moved to a new location
ouipul manager. ' on the screen at any time.

The pictures are completely independent of each other. If the current picture is larger than the current window, the
That is, none is aware of the existence of any other, and any window can be scrolled over the picture, usually in incre-
picture can be updated without reference to, and without 30 ments of a “line” or a “page”. It is also possible to tempo-

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)

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-

visible within the boundaries of the window's frame. 35 dem of any particular language or visual representation. That
As 2 consequence of this autonomy, multiple pictarescan 1S, there are no built-in titles, menus, error messages, help
be updated simultaneously, and windows can be moved  text, icoms, ete. for interacting with the system. All such
around on the screen and their sizes changed without the  information is stored as picures which can be modified to
involvement of other windows and/or pictures. g ot the end user's requirements, either prior to or after
Also, such operations are done without the involvement n}stallauon. The user can modify the supplied dialog with
of the application which is updating the window. For his own at any tme. . .
examgle, il the size of a window is increased to look at a Data Entry—The Human Interface provides 2 generalized
larger area of the pictore, this is handled completely within interface between the user and any program (such as a data
the human interface. 45 base manager) which requires dam from the user. The
service is called “forms management”, because a given data
HUMAN INTERFACE—PRIMARY FEATURES structure is displayed as a fill-in-the-blanks ype of “form”
consisting of numerous madifiable fields with descriptive
The purpose of the Human Interface is to transform 1abels. The Human Interface form is interactive, so that data
machine-readable data into human-readable data and vice ., canbe verified as it is entered, and the system can assist the
versa. In so doing the Human Interface provides a number user by displaying explanatory text when appropriate (on
of key services which have been integrated to allow users 1o demand or as a result of an error).
interact with the system ina natural and consistent manner. Communication Between Users—The Human Interface
These features will now be discussed. permits two or more users.to “converse’ with edch other in
Device Independence—The Human Interface treats all g5 real time or to send “mail” to each other, Conversation is
devices (screens, printers, etc.) as “virtual devices” None of performed through a window on each of the user’s screens.
the text, graphics, etc: in the system are tied to any particular Mail is sent by creating a picture (text and/or diagrams) and
hardware configuration. As a result such representations can specifying a destination, The destination may be one par-
be entered from any “input” device and displayed on any ticular user, a group of users, or all users in the system (i.e.
“output” device without modification. The details of par- g a “broadcast”). Transmission may be immediate or delayed

ticular hardware idiosyncracies are hidden in low-level
device managers, all of which have the same interface to the
Human Interface software.

until a given date and time or until the given user(s) sign
onto the systern. When mail arrives at the destination, the
reeciving 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 to parse in order to manipuiate events for
specific requests. For example, events can be dynamically
displayed on a screen by time and/or priority, or they can be

16
Manager(s)). If any part of the start-up fails, it displays
appropriate “error’ text and possibly waits for corrective
action from a user.
The Console Manager views the screen as being com-

scanned for a particular “subject” or “object” or any other 5 posed of blank (unused) space, windows, and icons. When-
atribute. Each event can be time-stamped by the sender; if ~ ©Ver an input character is received, the Console Manager
not, it is automatically time-stamped upon Teceipt. determines how to handle it depending upon the location of
The Human Interface records all of its own actions, such the cursor and the type of ml':ut., as follo.w s
as printing a report or signing-on a user, and it provides this A. Requests to create or eliminate a window are handled
service to-any applications program. In addition, the Human 10 W‘th“;‘ the CO’:;"IC Manager. Awmtdow r{{xay t;chopc;r,:ied
Interface can be requested to trigger any given action upon gx(\));’w Acfegrnl’iciui‘e:mcMgﬁgvén a%lnli °§s§mf n: Vi“:ndot';
the occurrence of any given cvent, thus providing a kind.of Man.ager may be created ags a resuﬁ., and znc or more
closed-loop control service to applications. new messages may be generated and sent to them, or
Modularity»—The Human Interface compriscs a number s the manager(s) may be told to quit_
of separate software components which can be replicated B. Icons can only be selected, then moved or opened. The
and distributed throughout the hardware configuration to Consolc Manager handles sclection and movement
achieve optimal performance, For example, each time a new directly. It sends notification of an “open” to the Dialog
“console” (for example, keyboard plus screen) is connected Manager, which sends a notification to the application
to the system, a new “Console” component is created to 2 process associated with the icon and possibly opens a
manage it. There is no logical limit to the number of default window for it.
colm‘:rolets thgt the Human Imerfgcei canth:nc}le. In ge{ger:l tl(xie C. For window-dependent actions, if the cursor is outside
r;aiea:r ;&e?::ozg?rf lztthxischoiia n?ostc é):;e:?ds o all window‘.vs, the input is illegal, gnd the C onsol'e
Manager informs the user; otherwise the input is
25 accepted. Request which affect the window itself (such
HUMAN INTERFACE—BASIC COMPONENTS as “scroll” or “zoom") arc handled directly by the
Console Manager. A “select” request is pre-checked,
‘The Human interface comprises the following basic com- the relevant picture elements are selected (by sending a
ponents: message to the relevant Picture Manager), and the
Console Manager—It is the céntral component of a Con- 30 message is passed on to the process currently respon-
sole context and consequently is the only manager sible for the window. All other inputs are passed
which knows all about jts particular “console” It is directly to the responsible process without being pre-
therefore aware of all screens and keyboards, all win- checked. .
dows, and all pictures. Tts primary responsibility is to If the cursor is on a window's frame, the only valid
coordinate the activities of the context. This consistsof 35 actions are lo move, close, or change the dimensions of the
starting up the console (initializing the device manag- window, or select an object in the frgme (such as-a menuor
ers, etc.) creating and destroying pictures, and allocat- a scroll bar). These are handled directly by the Console
ing and controlling windows for processes in the Manager.
Human Interface and elsewhere, Thus all access to a D. Requests for Human interface services not in the
console must be indirect, through the relevant Console 40 Console context are treated as errors.

Manager.

The Console Manager also implements the first level of
Human Interface intcraction, via menus, prompts, etc., so
that applications processes don’t have to, Rather than using
built-in text and icons, it depends upon the Dialog Manager
to provide it with the visible features of the system. Thus all
cultural and user idiosyncracies (such as language) are
hidden from the rest of the Human Interface.

A Console Manager knows about the following processes:
the Output Manager(s) in its context, the Input Manager in
its context, the Window Managers in ils context, the Picture
Managers in its context, and the Dialog Manager in its
context. The following processes know about the Console
Manager: any one that wants to.

When a Console Manager is started, it waits for the basic
processes needed to communicate with the user to start up
and “sign on”. It this is successful, it is ready to talk to nsers
and other processes (i.e., accept messages from the Jnput
Manager and other processes). All other permanent pro-

35

' )‘Menus, prompts, help messages, error text, and icons are

simply predefined pictures (provided through the Dialog
Manager) which the Console Manager uses to interact with

cesses in the context (Dialog, etc.) are assumed to be 60 users. They can therefore be created and edited to mect the
activated by the system start-up procedure. The “In™ and requirements of any particular system the same way any
“Cursor” processes (see “Input Manager™ and “Output Man- picture can be created and edited. Menus and help text are
ager” below) are created by the Console Manager at this usually displayed on request, although they may sometimes
time. be a result of another operation.

The Console Manager generally clears the entire screen 65 Prompts are displayed when the system needs information

and displays appropriate status text during the course of the
start-up (by sending picture elements directly to its Output

from the user. Error text is displayed whenever the user tries
to do something that is illegal or when the system is having
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problems of its own (e.g. “printer out of paper”). Icons are
displayed by the Console Manager automatically when a
specific frame of reference is requested by the user. The
Console Managcr may also display informational messages
(such as ‘‘console starting up”) whzch are automatically

an
A Picture Manager knows about the following processes:
the process which created it, and the Draw Manager. The
following processes know about the Picture Manager: the
Console Manager in the same coniext, and Window Man-
agers in the same context.

A Picture Manager is created to handle exactly one
picture, and it need only be created when that picture is
being accessed. It can be told to quit at any time, deleting its
representation of the picture. Some other process must copy
the picture to a file if it needs to be saved.

—

5

20

é Tequests; befo

that is done any requcsts which refer to specxﬁc elements or
locations in the picture will receive an appropriatc “not
found” status message.

A picture is logically composed of device-independent
“clements”, such as text, line, arc, and symbol. In general,
there is a small number of such elements. Each element
- consists of a common header, which includes the element’s
position in the picture’s coordinate system, its color, size,
etc., and a “value” which is unique to the element’s type
(e.g. a character string, etc.). The header also specifies how
the element combines with other elements in the picture
(overlays them, merges with them, eic.). A special element
type called “null” is also supported to facilitate the removal
of picture elements from pictures or other similar large lists
without forcing time-consuming compaction procedures.
Any element can therefore be redefined to “null”, indicating
that it should be ignored for all future processing.

The “null” color (zero) is treated as transparent when used
in either the foreground or the background. Specifically, if
the foreground color is null, the element itself is not drawn,
but it may still be filled in. If the background color is null,
the element is not filled in. Tf the shading pattern iz null, and
the color is not null, the background fill is solid.

A picture is zepresented in an internal format which may
be different from the external representation of picture
clements and which is, in any case, hidden from- other
processes. This representation is designed to optimize
retrieval of picture elements, with a secondary emphasis on
adding new clements and modifying or erasing old ones. The
order in which the elements were originally drawn is pre-
served (unless explicit “order” requests have been received
to re-arrange them).

Requests to “animate” an element result in the creation of
a separate, local “animate” process which performs the
necessary transformations and sends the appropriate
requests (usuaUy “draw™ or “erase”) back to the Picture

all

40

50

‘phshcd by “draw” requests which redisplay the background

s from a @ dxsp]ay is accom-

and/or elements in the picture, overwriting the “crased”
elements. There is no explicit “erase™ request to a window
(or output) manager.

Input Menager—There is one Input Manager per set of
“logical input devices™ (such as keyboards, mice, light pens,
ete.) connecied to the sysiem. The Input Manager handles
input intcrrupts and passes them to the consolc manager.
Cursor movement inputs may aiso be sent to a designated
output manager.

The Input Manager knows about the following processes:
the process which initialized it, and possibly one particular
Output Manager in the same context. The following process
knows about the Input Manager: the Console Manager in the
same context.

An Input Manager is created (automatically, at system
start-up) for each set of “logical input devices” in the
system, thus implementing a single “virtual keyboard”
There can only be one such set, and therefore one Input
Manager, per Console context. The software (message)
interface to each manager is identical, although their internal
behavior is dependent upon the physical device(s) to which
they communicate. All input devices interrupt service rou-
tines (including mouse, digitizing pad, etc.) are contained in
Input Managers and hidden from other processes. When
ready, each Input Manager must send an “I"'m here” message
to the closest process named “Console”,

An Input Manager must be explicitly initialized and told
to procced before it can begin to process input interrupts.
Both of these are performed using appropriate messages.
Whichever process initializes the manager becomes tightly
coupled to it, i.c., they can oxchange mcssages via PID’s
rather than by name. The Input Manager will send all inputs
to this process (usually the Console Manager). This coupling
cannot be changed dynamically; the manager would have to
be re-initialized, Between the “initialize” and the “proceed”
an Input Manager may be sent one or more “set’” requests 1o
define its behavior. It does niot niced to be able to interpret the
meaning of any input beyond distinguishing cursor from
non-cursor. Device-independent parameters (such as pixel
size and density) are not down-loaded but rather are
assumed to be built into the software, some part of which, in
general, must be unique to each type of Input Manager.

An Input Manager can be dynamically “linked” to 2
particular Output Manager, if desired. If so, all cursor

5 control input (or any other given subset of the character set)

will be sent to that manager, in addition to the initializing
process, as it is received. This assignment can be changed or
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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 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 g
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- 5
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 appropriate
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 user requests that application in a particular window.

Console Manager/Input Manager—The Console Manager
initializes the Input Manager and usually assigns a particular
Qutput 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, or any 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 without using pictures
and windows. It therefore sends picture elements directly to
an Output 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 changc
the cumrent cursor to any displayable symbol, Output Man-
agers will send “status™ messages 1o the Console Manager
any time an anomaly arises.

Caiie

20

25

30

3s

o

0

Y 45

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 lefl outside comner,
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, it can be reguested to re-display the same picture
starting at a different element or to display a completely
different picture.

60

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 isthe 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 reguests to load and/or dynamically create
“pictures” which represent menus, prompts, error messages,
eic. 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 1o 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, to
it. The Picture Manager sends “status” messages to 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 Output
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 OQutput
Manager (il any), as well as 1o the Console Manager. This
assignment can be changed dynamically.

Print Manager/Other Processes—The Print Manager
accepts requests to “spocl” a file or to “print” one or more
picture clements. It sends a “status” message at the comple-
tion of the request or if the request cannat 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 via a “spool” request). It may send a request to “delete”
the file back to the File Manager afier it has finished printing
the picture.

Print Manager/Picture Manager—A Print Manager cre-
ates a Picture Manager for each spooled picture that itis
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/Quiput Manager-—The Print Manager
sends picture elements 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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When used to create a new window resource, it may
comadin information about the resource type (i.c. 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, width, 6l 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 notation; a special character nota-
tion; various options; a “when” parameter requesting noti-
fication of various specified actions onfwithin the window;
a title bar; a palette bar; vertical and horizontal scroll bars;
a general use bar; and a comner box.

‘When used to create a new virtual terminal, it may contain
information about the resource type (i.e. a “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; (he color the ext inside the window; tab information;
emulator process information; connector information to an

30

with it. Any of the CREATE, OPEN, DELETE, and CLOSE
connection requests listed above, except those relating to the
consoles, can be sent directly 10 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
“aser” 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 varions 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; a list of menu items; 20 row and column position; various options; a connector
and alternative format information., 10 a new owner process; anq whether the window
OPEN is used to connect to a Human Interface service or should be the current active window on the screen.
10 an existing Human Interface resource. When used to CURSOR is used to move the screen cursor, and it
connect to 2 Human Interface service, it may contain contains position information as to row and column.
information about the service type; and thename of the 25  QUERY is used to get the current status of the console or
particularinstance 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 1o the resource; and various query
‘When pscd lo connect to an _exxsling Human Intcrfacc_ options (c.g. list all screens, all pictures, or all win-
:lc;.sourcc, it ma;l)]( c;)mam ;nformauo? about tlgc patl}-r:]amc of dows).
e resource; the of resource (e.g. picture, windew, or . .
terminal); and the)g:leme of the file (fgr gicmrcs only) from 3 BA‘."D stans{stops the .mbber-l?and_mg funcymn and drag-
which to load the picture. This request can be sent 10 a ging ‘funcl.mn, and n con}ams mfonnatfon about the
Human Interface manager or a console manager; alterna- position of a point in d}c picture from whxck_x to start the
tively the same message with message LD. “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 cm‘:lc, or ellipse); the color; and the type of linc (c.;;.
DELETE is used to remove an existing Human Interface sphd). In rubber-ba{ldmg the drawn ﬁgm}rc changes in
resource from the system, and it may contain informa- size as ﬂ'm cursor is moved. In dragging the figure
tion specifying a connection to the resource; the type of moves with the cursor.
resource; and whether, for a window, the corrésponding © The following are the varjous 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 a connection to the resource; and the type of
1esource.

types of information which may be associated with each:
STATUS describes the current state of a console, and it
may contain information about a2 connector to the
console; the originator; the name of the console; current
cursor position; current metaphor size; scale of virtual

WHO? is used 1o request a list of signed-on users, and it s pixels per centimeter, vertically and horizonfa]ly; num-
may contain a user identification string. ber of colors supported; current user i.d. string; screen

QUERY is nsed to get the status of a service or resource, size and name; window counector and name; and
and it may contain information about the resource type; picture connector, screen name, and window name.
the name of the service or resource; a connector to a 50 Picture-Drawing

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 a2 Human Interface
resource, and it contains information conceming the -

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

Consolc Requests

The main purpose of the console is to coordinate the
activities of the windows, pictures, and dialog associated

60
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' connection to the application process;
I origin. inside the!picture.

pet ordinal numbers and iden
and it 'may contain informali
merit(s).

an:clement ‘at or closcst to a given
Y. containa position location ;
way from the position the elé«

& batch, and-a first symbol causes
ystponed. until a second symbol is
y benested up to 10 deep).

INVERY, BLINK, HIDE arc used to
clement attribute, and they

anda range of clements to be changed.
d to:change one or more clement ficlds,

ound color; the fill color; and fill
E‘:elcments to he changcd

en number of characters to/;
: yspacmg, a replacement

Format

row; column
row, column
Hst-of numbers
pattern
pattern
keyword only
keyword only
Tist of ideatifiers

- attribute strocture

ist of picture elements; and the data type.
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Picture Elements

Picture elements are defined by a collection of data
structures, comprising one for 2 common “header”, some

34

Indent=two numbers specifying the indentation of the first
and subsequent rows of text within the element’s “box™

Tabs=list of [type, position], where “position” is the
number of characters from the left edge of the
clement’s box, and “type” is either Left, Right, or
Decimal

Grow=maximum number of characters (horizontally) and
lines (vertically) by which the element's box may be
extended by typed input; limits growth right and down-

optional structures, and one for each of the possible element 1 ward, respectively

1);’!’*37 tThe Posélfl(:: of acll‘ ‘2emm Ez?)l]w?)’ih given ?us a 5%? h(i)f Size=height of the characters’ extent and relative width
absolute coordinates relative 1o [0,0] in the picture. This ; : -
defines the upper lefi corner of the “box” which encloscs Sp:g;zpacmg between lines of text and between char
cach element. Points specified within an element (e.g. 1o Facesname of a particular typeface

define points on a line) are always given as coordinates |5 ace=na ' . - . .
relative to this position. In a “macro™ the starting position of “lig’e aﬁmat;um;‘f‘:}:ung to the “type” field if designated
each individual element is considered to be relative to the Styl X . h lid. dashed. dotted
absolute starting position of the macro element itself, ie. tyle=various options such as sohd, dashed, dotied,
they're nested. double, dashed-dotted, dash-doi-dot, patterned, etc.

FIG. 10 shows the general structure of a complete picture 20 Pat‘tcrn=a' pattern nut'nbcx.' .

element. The “value” part depends upon the element type. 'I'h}ck:mdth of the line inpixels . )
The “appl” and “tag™ fields are optional, depending upon Points=two or more pairs of coordinates (ic. points)
indicators set in “attr”. ;claéxvc to the upper left comer of the box defined in the
- . PR - - eader
.Thc followmg; is a description of the various fields in a .5 The atributes relating to the “lype” field if designated
picture element: . v
R . ‘rectangle” are as follows:

Length=length of the entire picture element in bytes i .

R . . Style=same as for “line” above, plus solid with a shadow

Type=one of the following: text, line, rectangle, ellipse, P for “line"
circle, symbol, array, discrete, macro, null, meta-ele- altern=same as for "hne
ment 30 Thick=same as for “line”

Attr=one of the fallowing: selectable, selecled, rectilinear, Round=radius of a quarter-circle arc which will be drawn
inverted foreground/background, blink, tagged, appli- at each comer of the rectangle .
cation mnemonic, hidden, editable, movable, copyable, ~_ The atiributes relating to the “type” ficld if designated
erasable, transformed, highlighted, mapped/not ellipse” are as follows:
mapped, marked, copy 15 Style=solid, patterned, or double

Pos=Row/col coordinates of upper left comer of the Pattermn=same as for “linc”
elerent’s box Thick=same as for “line”

Box=Height/width of an imaginary box which completely Arc=optional siarl- and end-angles of an elliptical arc
and exectly encloses the clement The attributes relating to the “type” field if designated

Color=color of the elememt, consisting of 3 sub-ficlds: 40 «oircle” are as follows:
hue, saturation, and value Style=same as for “cllipse”

Bkgrnd=background color of the clement Pattern=same as for “linc”

Fill=the color of the interior of a closed figure Thick—same as for “line”

Pattern=onc of 10 “flI” patterns 45 (Center=a point specifying the center of the circle, relative

Appl=a mnemonic referencing a particular application to the apper left comer of the element’s box
(c.g. forms manager, word-processor, report generator, Radius=length of the radius of the circle
etc.); allows multiple processes to share a single pic- Arc=optional start- and end-angles of a circular arc
ture. . ) . s  A‘“symbol”isarectangular space containing pixels which

Tag=a variable-length, null-terminated string, supplied by ™ are visible (drawn) or invisible (not drawn). It is represented
the user; it can be used by applications to identify by a two-dimensional array, or “bit-map” of 1’s and 0’s with
particular clements or classcs of ciements, or to store its origin in the upper left corner.
additional atributes The attributes relating to the “type” field if designated

The attributes relating to. the “cype” field if designated 55 “symbol” are as follows:

‘text” arc as follows: o Bitmap=a two-dimensional arvay (in row and column

Options=wordwrap, bold, underline, italic, border, lefi- order) containing single bits which are either “1” (draw
Justify, right-justify, centered, top of box, bottom of the pixel in the foreground color) or 0™ (draw the pixel
box, middle of box, indent, tabs, adjust box size, in the background color); the origin of the array cor-
character size, character/line spacing, and typeface responds to the starting location of the element

Select=indicates a currently selecied substring by offsel Alt=A text string which can be displayed on non-bit-
from beginning of string, and length mapped devices, in place of the symbol

String=any number of byies containing ASCII codes, An array element is a rectangular space containing pixels
followed by a single null byte; the text will be con- which are drawn in specific colors, similar to a symbol
strained to fit within the element’s “box”, automatically 65 clement. It is represented as a two-dimensional array, or

breaking 1o a new row when it reaches the right
boundary of the area

“bit-map”, of color numbers, with its origin in the upper left
comner. The element’s “fill” and “pattern’ are ignored.
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Preceding an item with “4” 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 cannol 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 area. This is generally a rectangular area into which
a user can type the information requested by the prompt.
This element must be tagged “RESP”.

Two further elements, 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 retumed to the originator
of the prompt.

-

5

4

cally, without disturbing the 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/O devices, and the idiosyncracies of the devices
are hidden from the Human Interface.

For example, regarding the operations beneath block 231,
if the virtual 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
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 ks xae
cancelled with a null response. The response element is element. I'fso 1 h‘gh“l%h‘s that element,
optional. If omitted, the “cntcr” and *‘cancel” clements Regarding the operations beneath block.233, the console
effectively correspond to “yes” or “no” responses. Typing a manager uses any of the 1gd§qatcd actions to updatc a
“carriage return™ character will have the same effect as picture, update a window, or initiate dialog, as appropriate.
selecting “enter” The prompt is erased when any responseis ;5  Regarding the operations beneath block 234, if the virtual
given, or by an explicit “cancel” request. input is froma function key, the console manager notifies the
INFORMATION dialog manager.

An information picture comprises text (and pessibly 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 picture, is usually tagged “DONE” When ., 1o see whether the cursor is in.2 window. If not, it determines

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-to 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

that it is on a user metaphor; if so, it requests a 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 response to the window owner.

For example, if the operation
is a replace operation, the picture manager 240 replaces the

well-defined set of “virtual devices” All Human Interface “C 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 to the real device.
Tt;k;:lse virm)al input devices take the form of “keys” (typed
tex input); “position” (screen coordinates); “actions” ;
(Human Inwrfacc fanctions such as “Oan WilldDW”. th.); 45 DESCRIPTION OF SOURCE CODE LISTING
“functions” (user-defined actions); and “means” (pop-up Program Listings A and B contain a “C" language imple-
lists of choices). mentation of the above-described concepts relating to input/
Virtual ontput 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. 30
FIG. 12 shows how the console manager operates upon Funetion
virtal input to generate virtual output. The lowest layer of
HI software converts input from any “real” physical devices Lincs Numbers in
to the generic, virtual form, and it converts Human Interface 55 Program Listing A
output (in virtal form) to physical output. e St e ol 3
FIG. 12 shows the central process of the Human Interface, &m ‘;;“f,‘;‘;‘;;’ﬁ; acecpt tnput i@&ﬁif
the console manager 220, dealing with virtual input and Virtuat key 523-631
producing virtual output. Virtual input passed through the Virtual position 633-661
virtual input manager 221 is processed directly by the Virtual action 663-702, 763-1200
console manager 220, whilé oitn el fanction B
Lines Numbers in
Program Listing B
Main-lne; initalization; start ¢ 125-141
236 65 Accept requests (virtual output), check 161203
o 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 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-
mal, at least one of said data structures comprising a
pluratity 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 elenents.

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 accepts input in the form of

15
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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 to said one or
more processed picture elements for coupling said one or
more processed picture elemenis to said at least one physical
output device.

13. The virtual ocutput 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
1o said system without affecting the operation of the remain-
der of said system.

15. In a data processing sysiem, 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 physicat input devices for

generating a pictore, said picture comprising one or

st B e e ety
. The virtual input interface inc , wherein \ i :
‘:;is?égﬂxetﬁ:ceficgéiélgngcans accepts input in the form of Salizgeggg‘;ﬁéigﬁggﬁ%%ﬁ&ﬁ‘%?{ﬁ
5. The vinual input interface asrecited in claim 1, wherein p;zme ds;::\‘::m;con g on cescrivmg
zasg_x%‘;:gcézgézi st.neans accepts input in the form of means for pe:rforming proccs' sing operations on said one
6. The virtal input interface s recited in claim 1, whercin m;;:“:’::pg:f:x’: gi’;‘;“f;:’;f more processed pictuse
?;uﬁg?égﬁpmg means accepts input in the form of e{emems for coupling said' one qr‘ more proce;sed
: 35 picture elements to one of said physical output devices.

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 system.

8. The virtual 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 picturc clements, each 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 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’aceepting said virtval output; and

means for converting said virtual output into at least one
physical output suitable for use by at least one physical
output device.

10. The virmal 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. 2 picture manager process for controlling
said plurality of related picture elements.

45
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16. The dawa processing system as recited in claim 15,
wherein said one or more picture clements define a graphical
object and at least one attribute thereof.

17. The data processing system as recited in claim 16,
wherein onc 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 identifies 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 clement forms
a part.

20. The data processing system as recited in claim 16,
wherein one of said data fields describes the size of the
associated picturc clement.

21. The data processing system as recited in claim 16,
wherein one of said data fields describes the color of the
agsociated 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 inpul manager process.

23, The data processing systern as recited in claim 15,
wherein said means responsive 1o said one or more pro-
cessed picture elements comprises a virtual outpul manager
process.
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137} ABSTRACT

An objec-oriented software architecture interacts with
“real” inputioutput devices exclusively through “virtual”
input/output devices. Since all human interface with the
operating system is performed through such virtual devices,
the system can accept any form. of real input or output
devices. The lowest level of the operating system converts
input from any physical device to virtual form and converts
virtual output into suitable physical output, Any number of
physical devices can be coennecicd to, removed from, or
replaced in the system without disrupting the system.
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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.c. 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 paltern are
ime and al i

specified process(cs). Some characters, such as “shift one” 5
or a nop-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 “viral key- 10
board” at any fime by re-initializing the manager and ormed:i 1y resulting ge JUTSOT oSt
down-loading the appropriate parameters, followed by a ton. It looks up colors and shading patterns in predefined
“proceed”. All input is suspended while this is being done, tables. The “null” color (zero) is interpreted as “draw
Previously down-loaded parameters and the screen assign- nothing” whenever it 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 entire 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 2 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, elc.), 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, i.e., it
Any process may examine (but not modify) the contents of 30 is calculated from the basic bit-map.

“In“

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

35

Output Managers also accept “K’ messages (i.e. keyboard
strings) conlaining cursor movement comands, If the
associated device is a screen, the manager erases the cursor
from its current position (if necessary, i.¢. if the cursor is not
supported directly by the hardware) and redraws it in its new
location, It uses the Cursor Process to geta symbol element
repregenting 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 in the 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 each 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) are contained in Ouiput Manager 50 acters, 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 helds 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 “Console”. 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 command is
Both of these are performed using appropriate Human executed, ete, 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; i.c., 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 user, requesting
be re-initialized. Between the “initialize” and the “proceed” the cursor’s position every time it processes a “command”
an Output Manager may be sent one or more “set” requests 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, etc. for the Human
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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 clements 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 system 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. It 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 ils 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 sclectable at the ime 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 2 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 alternate). 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 to help or error text is simply acknowledgement Icons are small pictures which represent applications or
that the text has been read, The response to a prompt is the services and are organized into sets (or “frames of refer-
requested information. The user can respond 10 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
Teons can be selected and then moved or “opened”. Opening a text element describing the label to be displayed with the
an jcon generally results in an associated application being symbol. The label element may be null. The macro element

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 Lo a library of “pictures™ which define
requested the service. 35 the menus, help, prompts, etc., for the Human Interface (and

All dialog is represented as pictures, mostly in free possibly the rest of the system), and it handles the user
format. Help and emor dialog are the simplest and are interaction with those pictures.
unstructured except that one element must be “tagged” to The Draw Manager knows about the following processes:
jdentify it as the “I 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

clement.

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 elements is selected. The response is returned as
a text 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
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 describe the menu
items. Neither of these elements is selectable.

The menu proper containg 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 sent 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 zero and a
tag of “NONE” arc sent if the menu is closed without
selecting any item. A single character may optionally be

45

‘60

65

iis

Output Managers i

ow: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 Console Manager in the
same context.

The Window Manager’s main job is to copy picture
clements from a given rcctangular 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 19

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 2
Window Manager is created, it waits for an “initialize”

' message, initializes itself, returns an “I’m here” messageto ¢

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 25

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

scparatc lists (in four separate messages) of standard picture

elements, wheih 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

33
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‘may be smaller than the window at any-given
the ‘windows overlap ﬂns one).

“output-devices. The Print Managcr ceordanates
itput to hard-copy devices (i.e. to their Qutput Managers).
Tt provides a comprehensive queueing service for files. that
e > printed. It can also perform some minimal
72 of text (ustification, automatic page numbering,
coters, etc.)

t Ma.nagcr knows about the following processes:
agers in-the same context, and a Pictire Man-
¢ context. The following  processes know
Managcr any oge-that wants 0.

“parameters ‘s well as the size of the: file,
of time-the request has been waiting, and the
output devices, the Print Manager main itains
ue-of ontstanding requests: It dequeues them
clect an Output- Manager, and builds a picture
‘Manager). It then requests (from the Picture
er) and “prints” {plots; etc.) one “page” at a time until
file has been printed,
int: Manager recognizes specially marked
icture elements which define headers, ft 'btgrs
dpage formalting parameters: (such as “page
t page nomber”, 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 . .
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. 5o all of the services required to support 2 minimal human

interface. The relationships between them are illustrated in
FIG. 9, which shows at least one instance of each compo-
nent, The components represented by circles 301, 302, 307,
312, 315, and 317-320 arc gencrally always present and
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” 35¢ and
“Print” 351.

Cursor 314 and Input 311 arc examples of processes

60' whose primary function is to storc 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
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as “select key is being held down”, “keyboard locked”, cte.
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
contexts are not necessarily unigue. 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 user requests that application in a particular window,

Console Manager/Input Manager—The Console Manager
initializes the Input Manager and usually assigns a particular
Qutput 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, or any time an anomaly
ari

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 elemenis 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 10 erase its picture and exit when it is no
longer needed. A Picture Manager usually seads “status”
messages (0 the Console Manager whenever anything
unusual {e.g., an error) occurs,

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

45

50

55
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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 & 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 accepls requests to load andlor 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 10 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.

assignme et dynamically.

int Manager/Other Processes—The Print Manager
accepts requests to “‘spool” a file or to “print” one or more
picture clements. 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 afier 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/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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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 area. This is generally 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 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.

44

cally, without disturbing the current state of the Human

Interface or of any applications using the Human Interface.

In other words, the Human Interface is independent of

particular IO devices, and the idiosyncracies of the devices

are hidden from the Human Interface.
e S -

For example, regarding the operations beneath block 231,
if the virtual 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
originated from a virtnal 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

1f the “cancel” element is selected instead, the prompt is 20 s
cancelled with a null response. The response element is  Siement. If so it highlights that element.
optional. If omitted, the “cnter” and “‘cancel” clements Regarding the operations beneath block 233, the console
effectively correspond to “yes” or “no” responses. Typing a ~ menager uscs any of the indicated actions to update a
“carriage return” character will have the same effect as  picture, update a window, or initiate dialog, s apprapriate.
selecting “enter” 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 4, to see whether the cursor is in a window. If not, it determines
this element is sclected, the information picture is erased that it is on a user metaphor; if so, it requests 2 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 3s  FIG. 14 represents a flowchart showing how virtual
output is handled by the picturc manager. The picture

In the present invention all system interaction with the manager 240 accepts virtual output from the console man-
outside world is either through “virtoal input” or “virfual 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 pictare manager 240 replaces the
well-defined set of *virtual devices” All Human Interface *© old ontput 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, eic.) use this set of devices exclusively. the output manager, which in wrn sends it to the real device.

'ItE:lsa vxrm)al input devices take the form of “keys” (typed
tex input); “position” (screen coordinates); “‘actions”

(Humau Interface functions such as “opcn ~WindOW",. th.); 45 DESCRIPTION QF SOURCE CODE LISTING
“functions” (user-defined actions); and “means” (pop-up Program Listings A and B contain a “C” language imple-
Lists of choices). mentation of the above-described concepts relating to inpuat/

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 Fugetion
virtal input to generate virtual output. The lowest layer of
HI software converts fnput from any “real” physical devices Lincs Numbers in
to the generic, virtual form, and it converts Human Interface 55 Program Listing A
output (in virtual form) to physical output. e

FIG. 12 shows the central process of the Human Interface, ,';‘;’;’;;’,,ﬁ‘; I;P?l;?;;?; acecpt fput }i?;ﬁf
the console manager 220, dealing with virtual input and Virtual key 523-631
producing virtual output. Virtual input passed through the Virwal position 633-661
virtual input manager 221 is processed directly by the ‘Vr““‘g acsion 663'7_;&}"5233‘1200
console manager 220, - In sed 0 80 el memo 725-761

Lines Numbers in

Program Listing B
Main-line; initialization; start p ing 125-141
2% 65 ?cceg;n requests (virtual output); check 161203
Any number of physical devices can be connected to the S:;:nuif:s type of request 239-310

Human Interface and can be removed or replaced dynami-
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‘What is claimed is:
1. A vinual input interface in a data processing system,
said interface comprising:

means for accepting input from at lcast 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 irput device for generating a picture, said picture
comprising one or more piclure elements, each picture
clement 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 inpwt in the form of
keystrokes.

3. The virtual input interface as recited in claim 1, wherein
said input accepting means accepts imput 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.

5. The virtual inputinterface as recited 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
said input accepting means accepts input in the form of
menu selections.

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
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 elements, cach -picture element com-
prising a plurality of device-independent data struc-
turcs in a predeternmined, standard data format, at least
onc 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 generating virtual output;

means for accepting said virtual outpot; and

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

&
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11. The virtual output interface as recited in claim 10 and
further comprising a display device, whersein said virtual
output accepting means further comprises a window man-
agcr 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 output 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 picture, said picturc 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
data fields each containing information describing said
picture clement;

means for performing processing operations on said one

or more picture elements; and

means responsive 1o said one or more processed picture

elements for coupling said one or more processed
picture elements to one of said physical output devices.

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 onc of said data ficlds describes the length of the
associated picture element.

18. The data processing system as recited in claim 186,
wherein one of said data fields identifies 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 colurn
coordinates on.a picture of which said picture clement 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 fields describes the color of the
associaled picture element.

22. The data processing system as recited in claim 15,
wherein said means responsive 1o 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 one or more pro-
cessed picture elements comprises a virtual output manager
process.
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