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Abstract

Rochester ’s Intelligent Gateway provides its users with the
facilities for communicating simultaneously with a large number
of processes spread out among var ious computer systems. We have
adopted the philosophy that the user should be able to manage any
number of concurrent tasks or jobs, viewing their output on his
display device as he desires. To achieve this goal the Virtual
Terminal Management System (VTNS) converts a single physical
terminal into multiple virtual terminals, each of which may be
written into or queried for user input. VmS extends the fea-
tures of the physical terminal by providing extensive editing
facilities, the capacity to maintain all output in disk—based
data structures, and sophisticated mechanisms for th. management
of screen space. Virtual terminals are device—independent; the
specific characteristics of the terminal at hand are known only
to the lowest—level I/O handlers for that device. VmS is cur-
rently running on a network of six minicomputers supporting vat—
ious text and raster—graphics displays.

The research described in this report was supported in part by
4 DARPA grant N00014—78—C—0164 and NSF grant MCS76—10825.
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1.0 Introduc tion

Rochester ’s Intelligent Gateway (RIG) provides its users
with the facilities for communicating simultaneously with a large
number of processes spread out among various computer systems

• 
- (Ball , et al., 1976; Ball, et al., in prep.]. Our six in—house

minicomputers and local PDP—1O provide editing , file transfer,
printing , program compilation and execution and other services
which may be accessed directly or through the auspices of special
interface processes. In addition , we link into the ARPANET as a
Very Distant Most; Telnet and File Transfer tools capable of
providing concurrent communication with several remote computers
are available (Roberts and Wessler, 1971).

Given an environment in which so much simultaneous activity
is possible, one fundamental problem is how to translate that
activity into a f orm comprehensible to the user. We have adopted
the philosophy that the user should be able to simultaneously
manage any number of concurrent tasks or jobs,’ viewing their .
output on his display device as he desires. This is based on the
belief, shared by Teitelman , that:

Being able to switch back and forth between tasks
results in a relaxed and easy style of operating more
similar to the way people tend to work in the absence
of restrictions. To use a programming metaphor, people
operate somewhat like a collection of coroutines cor-
responding to tasks in various_ states of completion.
These coroutines are continually being activated by
internally and externally generated interrupts , and
then suspended when higher priority interrupts arrive,
e.g., a phone call that interrupts a meeting , a quick

• question by a colleague that interrupts a phone call,
etc. ...tt is of great value to the user to be able to
switch back and forth quickly between related tasks.
(Teitelman , 1977]

Moreover , the command interaction discipline should be consistent
across all tasks; this includes the use of contrc.l keys, invo-
cation of help facilities, prompting , feedback, etc. The imple—
tuentation of these beliefs results in a consistent and robust
interface between RIG and the user. This paper discusses the RIG
Virtual Terminal Management System (VTMS), vhich provides the
necessary terminal, support functions.~~

~ In RIG , jobs are effectively a collection of processes which
perform a particular task -— e.g., edit or tile transfer. For
the sake of consistency, the term ‘process’ will normally be used
wherever any of the terms process, job, or task would be appro—
priate.

• The user interface as a whole is one of’ the subjects dealt
with in a thesis in progress (Lantz, in prep.).
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2.0 Overview

VTMS converts a single physical terminal into multiple
Virtual Terminals. Each Virtual Terminal may be associated with
a different process, and more than one Virtual Terminal may be
mapped to the physical terminal simultaneously. Each Virtual 

•

Terminal may be written into or queried for user input just as
its physical counterpart might be used in a single—job—per—
terminal system . In addition , VTMS provides extensive editing
facilities, the capability of’ maintaining all output in disk—
based data structures, and sophisticated mechanisms for the man-
agement of’ screen space.

The design of VTMS was founded on three ‘laws’ of terminal
management:

1. The user must have complete, preemptive control of his
terminal at all times. He should be able to allocate
and arrange the space on his display device at will,
selecting which proces~es to ‘view’ at any one time. He
should be able to tailor the system to his own prefer-
ences and needs.

2. Processes should never depend on the actual mapping of
their output onto the user’s display. Processes may
stipulate preferred viewing conditions, but these are
applicable only as long as they do not interfere with
Law l.

3. The output of any process should never be thrown away
(during its lifetime) by the system unless specifically
requested by the user. The user should at any time be
able to examine the past activity of’ his processes,

• possibly forming new input from data displayed on the
screen. He must be able to save the output of any pro—
cess as a transcript file.

• 
. Stated simply, the user should be protected from the I/O whims of

processes and processes should be independent of changing user
I/O requirements.

Because VTMS serves as a buffer between users and processes,
it is appropriate to examine the ‘appearance’ of VTMS from both
points of view.’

‘ To avoid later confusion it may be desirable at this time to
glance at the Glossary of terms provided in the Append ix . When—
ever these terms are used as defined in the Glossary, they will
be capitalized .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - • - ‘.“~~~S’~~~’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i i1~=~~~~~T1
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2.1 The User View

Sitting in front of his physical Terminal the user sees a
collection of Virtual Terminals mapped onto rectangular areas of
his Display. Each Virtual Terminal may be thought of as roughly
equivalent to an independent physical display device. Only one
Virtual Terminal is termed actite —— the one accepting input from
the user ’s Keyboard . Through the use of special keys and Monitor
commands (see Section 7) the user is able to switch his attention
from one Virtual Terminal to another.

The user may choose to see as little or as much of a par-
ticular Virtual Terminal as he wishes. He may block or discard
output, or abort or suspend the process associated with a Virtual
Terminal. He may at any time scroll back and forth to review
previous material. He may specify a file or select previous text
as the current input.

2.2 The Process View

From the perspective of a RIG process, the central component
of VTMS is the Virtual Terminal. A Virtual Terminal consists of
three logical components, each managed by separate processes
which communicate with each other and with user processes via
messages (Ball, et al., 1976] :

1. Line - A Line serves as the V’.Lrtual Terminal’s source of
keyboard input. It is managed by a Line Handler.

2. ~~~~~~~ 
— A Pad is a disk—based data structure used for

storing and editing Virtual Terminal output. It is
• maintained by a ~~~~~~, Handler .

3. Window - A Window is a potential mapping of a Virtual
Terminal onto a Display. It is managed by a Screen
Handler.

Processes deal with a single Virtual Terminal data structure
which allows them to disregard the various components of the VTC.
Special interface routines distribute the necessary commands to
the appropriate process.

2.3 The Virtual Terminal Controller

• Each RIG Terminal has its own Terminal Input and Output
Handlers , created at system generation time. When a user first
accesses RIG, a Screen Handler and a Line Handler are created.
The Screen Handler is responsible for managing Screen space. The

• Line Handler is given control of the Terminal Input Handler , and
is responsible for handling all subsequent input requirement for
the user. Typically, one Pad Handler is associated with each
process initiated by the user , and satisfies that process’ output

-
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requirements by sending display commands to the Terminal Output
Handler. Taken together these processes comprise the Virtual
Terminal Controller (VTC) for the user at hand. Figure 1 dia-
grams the flow of information within a VTC.

Pipurs 1. & Virtual Teruinal • 
SCREEN

Controfl.r co ns ists of fi ve or I WUR•ors separate proce sses. The -
T.r,isat Input Mandler ~oll.cts -

inpu t charac ters (ron the Key— Inputboard, end passes then ot~ tO the controi ictivatlonLisa Handler for ‘interprets —
• tine.’ To echo a chsra ats r the

Line bedler PaSSeS it to thu
appropriate Pad Handler , which —

stores the character in a Pad
sad pause it to the Teruin al LINE
Output Handler for eohotn~ on I,ajmii ~ c~~~nds
the Disp lay . Idit ial keys
result in app ropriate oouaaeds
being sent to a Pad Handler ,
which perto res the edit on a Pad for kuybnard dIsp~eyand issue s the appropr iate dis —
play upd ates to the Teruinal
Output Handler. tt a char acter
is typed which causes a new
Virtual Teruinal to be salt— Tui,ns*i. Tcmws&i.sated , the t ine Handler notifies
the Doreen Ha ndler; the 3cr.en INPUT OUTPUT
Handler in turn notifies the ~ JlJt~g IWsou*appropriate Pad Handlers 10
start/st op .appi ng their output
to the Disp lay, and tells the
Teruin al Output Handler whic h cM,tctera
Pad ii in control of the input
cursor. Hot shown are user
pro cess requests to the Line
Handler for input , to Pad Han-
diers tsr output , sad to the I(~ YIOARD - —.Screen Handler for fo rsatt ing .

The division of effort within a VTC permits the standardi—
zation of input/output protocols and the distribution of compo—
nents. RIG processes deal uniformly with Screen, Line, and Pad
Handlers, which communicate in turn with device—specific Terminal

• Input and Output Handlers. These protocols are identical for all
physical terminals, and are collectively referred to as the
Virtual Terminal Protocol (VTP). The specific characteristics of
the Terminal at hand are isolated to the Terminal Input and Out-
put Handlers for that Terminal. Thus, the protocol between VTMS
and the Terminal may vary with the Terminal, but the protocol
between VTMS and the rest of RIG remains constant. This leads to
reliabil ity , flexibility , and maintainability across a poten-
tially wide range of devices.

2.14 Outline

Sections 3 through 6 discuss implementation details. See—
tiori 3 discusses input, Section 14 output , Section 5 screen man—
agement , and Section 6 real (physical) terminals. These details
are, in general, of little interest to the typical user.

I 

-
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The reader interested in seeing how VTMS would “look” to him
as a user might find Section 7 sufficient. It presents an
e’ctended example from both the user and process point of view.

- 
___
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3.0 Virtual Input

Multiplexing the user requires that input and output must be
shared between processes. Output can be multiplex ed in both
space and time by using the two dimensional features of a display
terminal. Input can only be multiplexed in time and this tune—
tion is performed by processes called Line Handlers.

A Line Handler is associated with each Terminal connected to
RIG. This association is made at the time the user first ac-
cesses RIG and continues until the user leaves the system. The
Line Handler allows user processes (such as Editors, Compilers,
and Executives) to each have a logical input device, called a
Line, which may from time to time be connected to the user’s
Keyboard .

The Line Handler is the first process to interpret eharac-.
ters typed by the user. It fields the characters which abort and
suspend processes, block output , switch Virtual Terminals, etc.
Such control functions are related to particular keys via a
lookup table, allowing different character codes to be used with
different types of physical Keyboards (see Section 6.1). This
also permits the user to specify control functions himself. Ap-
pendix B contains a list of RIG control functions available to
the user.

The actions associated with control characters may be cir-
cumvented by including them in a set of break—characters (see
Section 3.2). Alternatively, any character prefaced with a PASS
character will be treated as a ‘normal’ character to be queued
for the line in question. - 

-

3.1 Lines

A Line is the input componen t of a Virtual Terminal. Any
number of Lines may be created in the course of a RIG session but
only one Line may be ‘active’, i.e., receiving characters from
the user ’s Keyboard , at a time. Each Line has associated with it
a queue of characters which were typed while the Line was active
but which have not yet been requested by the process owning the
Line. Whenever a Virtual Terminal’s Line is active a cursor ap—
pears in that Window to distinguish it from all others.

There are two ways in which a Line may become active:

1. The process owning the currently active Line may acti—
vate another. The Editor , for example, alternately

• activates its command and editing Virtual Terminals,
which activates the associated Lines.

- • * Some terminals require the cursor to be used to write onto the
display ; in such eases the cursor always returns to rest in the
current Viewport ot the currently active Virtual Terminal. 

• 
-~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~-- 
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2. Special function keys allow a user to shift his atten-
tion from one Virtual Terminal to another within a
Region , or an Image, or from one Image to the next.

In some situations it is desirable for characters typed to
- 

~t one Virtual Terminal to be passed on to another. For example, a
command line may be partiaF y parsed by an Executive process to
determine which user process should nandle the request. The re-
mainder of’ the input should then go to that process. According—
ly, when the process owning the current active Line explicitly

• activates another , it may specify that its input queue be trans—
fered to the new Line.

Characters are echoed only when they are ex tracted from a
queue in response to a request for input. This prevents charac-
ters from appearing in the ‘wrong’ place on the user’s Display by
insuring that type—ahead always goes to the correct Virtual Ter-
minal..

3.2 Input Modes

The process owning a Virtual Terminal may request that input
• be collected in one of three modes .

3.2.1 Character—at—a—Time — In character—at—a—time mode a single
character is returned in response to each request. echoing is
optional.

3.2.2 Page—Edit — In page-edit mode characters typed by the user
are allowed to modify the contents of the Virtual Terminal until
a process—specified break character is typed. A process may also
specify the set of ‘acceptable’ characters such that any oharac—

~ I ters not in that set will be ignored. Page—edit mode is used
primarily for editing tiles; indeed , it is simply a driver for
the editing facilities of the Pad Handler (see Section 14.2).

3.2.3 Line—Edit — Line—edit mode is used primarily for pro-
cessing commands. Al]. of the intra—line editing faoilities of
the Pad are available (see Section 14.2). A request to line—edit
is processed until a break character is typed , and a set of ac—
ceptable characters may be specified .

Entire tex t lines or single tokens may be line—edited . A
tex t—line logically consists of three parts: i) prompt; 2)
previous text; and 3) curren t input (field). This is similar to
the partitioning in TENEX , TOPS—2O , and numerous other systems .

1 - • For example , it a command is being typed , previously parsed
field s constitute the previous text; the current field consti—

- -

— ~~—-~~ -~~~~~~ —~- . ~~~~~~~~~~~~ ~~~~~~ ~~~~~~ 
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tutes the current input ; and the prompt is the command prompt.
Hence, the following partitioning may result (user input in
upper—case):

Command? COPY OLDFILE=TEMP1 MEWFILE~

~prompt text 
• 

I input

The user might inquire about the current input field at my
time, e.g., ask for all options for which the current input is a
prefix . His inquiry will be fielded by a process external to the
VTC. It is therefore possible to pass partial input back and
forth to the Line Handler, editing it as necessary. It may also
be possible to edit the previous text. If that text has already
been parsed (by a command interpreter , for instance), the results
returned from the Line Handler must indicate that such text has
been changed. The calling process may then reparse the complete
text.

3.3 Indirect Input

When processing commands it is often useful to specify in-
direct sources of input, e.g., programmable function keys, ~~.rtrofiles, or command language programs. The processing of such
input is distributed between the low—level Keyboard driver , the
Terminal Input and Line Handlers 1 and higher-level command
interpreters. We have not yet finalized the design for indirect
input, but make the following observations:

3.3.1 Programmable Function Keys - Programmable function keys
• are straightforward as long as symbolic arguments are not

allowed. The Keyboard driver (microcomputer) simply generates a
-

• continuous, uninterruptable stream of characters to the Terminal
fr Input Handler , just as if the user had typed them. If arguments

are introduced it becomes necessary for either the Input or Line
Handler to ‘parse’ the programmed string , and replace symbolic
arguments with actual Keyboard input. In any case, programmable
function keys would be processed whenever they were typed , and —

could not be ‘aborted ’.

3.3.2 Indirect Files — Two types of indirect files may be of
use. The first type would simulate a programmable function key
by taking effective control of the Keyboard ; this would be use-
ful for executing ‘transcript’ files of previous sessions or
initiating a particular series of tools upon logging in. The

• only Keyboard function which would be fielded while the indirect
file is being processed is ‘abort’.

L_~ _ _ _ _

_
_ _ _ _ _ _ _  _ _  _ _



The second type of indirect file would replace keyboard
input only for the active Virtual Terminal. In addition to
‘abort’, all Keyboard functions necessary for activating new
Virtual Terminals, blocking output , etc., will continue to be
fielded.

In either case, the same difficulties with symbolic argu—
- 

- ments carry over from programmable function keys.

3.3.3 Command Programs — Bona fide command programs require a
command language interpreter. They should be executed in the
contex t of a ‘run’ command , and are not, the responsibility of
VTMS.

H L

L ~~~ 
4 1
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14.0 Virtual Output

The output capabilities of a Virtual Terminal are provided
by processes called ~~ Handlers. Pad Handlers manage disk—based
data structures called Pads, each of which represents the ‘store ’
of a Virtual Terminal. A Pad Handler maps a Pad onto specific
areas of a user’s Display by issuing commands to the Terminal
Output Handler (see Section 6.2).

14.1 Pads

A Pad provides:

1. The ability to hold a number of lines of tex t up to some
maximum number set by the Pad’s owner.

2. Cursors which specify the current foci of attention (for
both viewing and outpu’~) in the Pad.

3. The ability to perform a number of editing commands.

14. The ability to save lines scrolled out of the Pad by
storing them on disk scratch files.

5. The ability to use any file as a source for new input.

6. The capacity to insure that; hould its Virtual Terminal
be mapped to a Display, all changes made to the Pad are
reflected in changes made to its image on the Screen.

The Pad data structure is depicted in Figure 2.

SCRATCH F LU 2

~i;ur. 2. 6 Pad sainta ins a fix ed nusber of tex t lines
is ss.ory and uses twO scratch tiles tsr tesporary disk ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I -
stors;e. a rile bein( edited will .  be opened as a source
of add itional input ; only it th~ edit concludes nor— N LUmS OP rsxr
sally will the tile be updated . When the pad is closed

the scra teh til.s pr:vid. tb. s.ans tor 
__________________________

ering • lost’ tex t •

ScRATCYFIU I I FlU

Logically, a Pad is a cursor—addressable two—dimensional
right ragged array indexed by line number and character position.

• The max jinu~n amoun t of tex t storable in a Pad is determined by the
• 

~ 
madmum file size on a particular RIG system . A Pad’s output
cursor position is updated in a fashion analogous to that of a

~~~~ 
.~~~~~~~ ~~~~ 

•- 
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real terminal. Normally each character write operation incre-
ments its character index , leaving its line index fixed. An
end—of—line character results in a reseting of the character
ind ex to one and an incr emen t of the output cursor ’s line posi—
tion.

A given Pad can be a part of’ more than one Virtual Terminal.
This feature can be useful when a Pad contains status information
updated by a single process but of interest to many system users.
For example, the RIG ‘banner’ process makes a Pad available to
all users containing the RIG system version number , date , and
time. Mapping the same pad to multiple Virtual Terminals also
provides the means for ‘linking’ or ‘sharing screens.’

14.2 Editing

A range of editing features are provid ed by the Pad. They
include:

— cursor motion by characters , words, lines, and pages
— deletion of characters , words, lines, and pages
— joining and splitting lines
— character overwrite or insertion
— string location and substitution
- tex t selection and transfer (mark, pick, and put)

With the exception of other VTC proces3es only the owner of a Pad
many send messages to the associated Pad Handler asking it to
perform these functions.

The contents of’ any RIG tex t file may be inserted into a Pad
with a single message. In addition , some or all of a Pad may be
logically copied into a named RIG file at any time. Together
with the ability to select arbitrary portions of text, these

• features allow the Pad to be used by the RIG Editor and VTC both
for the editing of files and the management of temporary text
buffers.

The Pad provides all basic text editing facilities in RIG.
The RIG Editor , in particular, serves mainly as a manager of

- multiple Pads and implements only the more complex editing com—
mands such as definition and execution of edit macros. By plac-
ing all basic edit functions in the Pad Handler we have made them
available to all Virtual Terminals.

14.3 Viewing vs. Output

The ability to modify the mapping of a Virtual Terminal to a
Screen without affect ing the Pad ’s output cursor is central to

4 VTMS ’s ability to display a Virtual Terminal’s past activity.
Normally, movement of a Pad ’s output cursor also changes the
mapping of Pad lines onto a Window resulting in a scrolling
action , i.e., the ‘newest ’ data is always displayed . These map—

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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pings may instead be defined to follow a second type of cursor,
the viewing cursor. There are as many viewing cursors as there
are Virtual Terminals for a given Pad , each under the control of’
the VTC assigned to the Virtual Terminal.. These cursors are
usually linked to the Pad’s single output cursor in such a way
that movement of one also moves the other , but the user may
detach a Virtual. Terminal viewing cursor for the purpose of re—
viewing past text and perhaps selecting it as input.

Output to a Pad may also be blocked or discarded. When
blocked , the Pad refuses to process any further requests from
user processes until it is unblocked. In ‘autoblook’ mode the
Pad will automatically block when it has ‘filled’ the smallest
Virtual Terminal with which it is associated. Special Keyboard
keys control blocking, discarding , and autoblook mode.

1~~4 
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5.0 Managing Screen Space

A multiple process environment in which simultaneous activ-
ities compete for a user’s attention presents a number of prob—
lems for a screen management system :

1. A physical display may not be large enough to accommo-
date all the information important to all concurrent
activities.

2. The user must be able to visually organize his work so
that related information is arranged logically on his
Screen.

3. A given process may wish to provide various viewing
options (e.g., contrast, or ‘optimal’ sizes) without
wanting to complicate its internal state with elaborate
screen state information.

Screen Handlers solve these problems through a hierarchical
decomposition of Screen space reminiscent of the way computer
graphics systems divide and map data onto graphics output devices
(Cf. (Newman and Sproull, 1973]). The physical entities dealt
with are Screens, Images, Regions, and Viewports. Logical enti—
ties are Superwindows and Windows. The mapping from logical to
physical is achieved through the use of Configurations. See
Figure 3.

I

Figur e 3. Tb. dual hierarchy of Screen prisiti,es con— Su~~~twoow
• s ta ts of log ical prlnittv. s asoi pu isted by pro cesses and

phys ical. prisitiv .s sanipulated by the user. Logical I cOIIPIGUR ATLON
• pricitives are upped to physica l ones eta Conrigura— Ilions. Wnmow ~~rV LEWPO*T

I
le,içsl phys~ca~

5.1 The Logical Screen

5.1.1 Windows - The Window is the space component of a Virtual
Terminal. It represents a potential mapping of the output con-
tained in a Pad onto a Display. Its attributes include preferred
contrast (inverse , blinking, etc.) and upper and lower limits on
its size when displayed .

Li 
_ _ _  .,
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5.1.2 Superwindows — All Windows associated with the Virtual
Terminals of a particular process are collected into a logical
entity called a Sunerwindow. This grouping ensures contiguous
display of all output associated with a particular task. For
example , the RIG Editor possesses four Virtual Terminals ——
‘banner’, ‘status’, ‘command ’, and ‘text’. When mapped to the
Display, these Virtual Terminals should be contiguous ; there—
fore, the four associated Windows are grouped into a Superwindow.
When mapping Virtual Terminals to the Display , the user specifies
Superwindows rather than Windows ; a subset of the Superwindow’s
Windows will then be mapped (see Sections 5.3 and 7).

5.2 The Physical Screen

5.2.1 Screens — A Screen is the visible space on a Display. It
has, for instance, a fixed height and width. No processes out-
side the user ’s VTC knows about the Screen unless they explicitly
request the Display Profile fro~i the Terminal Output Handler (seeSection 6.2).

5.2.2 Images — Because any realizable Display is limited in
size , it is desirable to have multiple screen ~~~~~~ each of
which may be treated as the physical Screen. This is necessary,
for example, in the case where the user wishes to allocate the
entire Screen to a particular process, while allowing other pro-
cesses to continue in the ‘background;’ those processes may then
be mapped to the Screen at a later time. Literally, an Image is
“what a Screen might look like;” it contains a subset of those
Virtual Terminals associated with the user. The user may define
any number of Images , swapping between them through the use of
special keys. Images are created by the user via his Monitor
(see Section 7); no process outside the user’s VTC and Monitor
knows about them.

5.2.3 Regions — If the user wants to observe multiple processes
simultaneously it may be desirable to map their output onto the
Display simultaneously -- i.e., map them into the same Image.
If, for example , the user wants to transfer a file across the
ARPANET , monitoring its progress, while at the same time editing
a local file, he may want to map the FTP and edit onto the Dis—
play simultaneously. Each process is allocated a Ration of the

- 
- Screen , to which the Virtual Terminals associated with that pro—

cess will be mapped (as defined by the process’ Superwindow).
Thus an Image is composed of a set of’ contiguous Regions.
Regions have fixed sizes and are created by the user via his
Monitor (see Section 7); no process outside the user’s VTC and
Monitor knows about them .

I.
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5.2.14 Viewports — A ViewDort is the 2—D area of a Screen within
which the contents of a single Virtual Terminal are actually
viewed . A Region is a collection of contiguous Viewports. The
size of a Viewport is dependent upon the size of its associated
Region and the bounds specified for its associated Window. For
example, the Editor possesses four Virtual Terminals; when it is
mapped to a Region on the Screen , each Virtual Terminal is mapped
to a Viewport. No process outside the user ’s VTC knows about
Viewports.

— 5.3 Configurations

It is not always desirable to observe all Virtual Terminals
( and hence Windows) associated with a particular process. In the
Editor , for instance, it is useful to be able to eliminate the
‘command ’ and ‘status ’ Windows , and deal only with a (larger)

-: ‘text’ Window. This is accomplished by forming Confiturations.
A Configuration is a description of the way in which a subset of
a process’ Virtual Terminals should be displayed ; it specifies

- •  the relative positions of the Windows, their relative sizes as a
percentage of the whole , and actual viewing conditions. Each
Window in the Configuration (termed a Configured Window) may have
a size and contrast independent of the background size and con-
trast specified when the Virtual Terminal. was created.

It is through Configurations 
- 

that Virtual. Terminals are
actually mapped to the Screen. Configurations thus serve much
the same role as a ‘boxing’ function in computer graphics sys-
tems. Processes may configure their Virtual Terminals in as many
ways as they desire, but are not aware of which Configuration is
currently ‘active’. The user swaps Configurations via a special
Keyboard key.

5.14 &n Example

By way of further explanation , consider the following
example: A user wishes to allocate half of a 25—line terminal to

• one task, say a Telnet , and the other half to an edit session.
Through his Monitor the user creates an Image with two Region s ——
one for the Superuindow associated with the Telnet and the other
for the Superwindow associated with the Editor. He then asks the
Monitor to swap that new Image to his Screen. The resultant
display looks like Figure 12. In the top Region are two View—
ports displaying respectively the banner and command Virtual
Terminals of the Telnet process. The sizes of the two Viewports

- are determined by the actual. size of the Region (in this case 10
lines) and the relative size information contained in the cur-
rently active Configuration of the Telnet Superwindow.

In the lower edit Region there are tour Viewports. Because
it is often advantageous to use more space for editing or enter-
ing command s, two additional Configurations for the edit Super—
window have been defined by the Editor process. These can be

• .- -
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seen in Figures 9 and 10. The user can switch from one Configu—
ration to the other through the use of a special keyboard key.
The Editor process is unaware of any change or Configuration , and
the characteristics of the Virtual Terminals involved are not
modified . 

- - - - - - -- - -  
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6.0 Real. Terminals

Lines and Pads represent logical Keyboards and Displays,
respectively. Their physical counterparts comprise a Terminal.
The Line Handler communicates with the Terminal Input Handler
which manages the Keyboard ; Pad Handlers communicate with the
Terminal Output Handler which manages the Display. The Input and
Output Handlers are the process-level interface to the

• tnt.rrupt?leve). I/O handlers. There is exactly one Input and one
Output Handler for each terminal in the system. The physical
oharaot.ristios of the Terminal with which any RIG process is
associated say be obtained via declarative Keyboard and Display
Profiles.

6.1 Input
p 

6.1.1 Keyboards - A Keyboard is considered to be any device
capable of generating distinct signals in response to user input.
Although the examples presented in this paper are pictures of a
Delta ~$OOO (ODSC , 1975] , we are currently designing our own Key-
boards and Displays. The layout for the proposed Keyboard is
given in Appendix B.

6.1.2 Keyboard Profiles - A K.y~board profile is constructed by
the Terminal Input Handler. It maps the signals generated by the
Keyboard into the Virtual Terminal control functions which they
represent, e.g., octal 10 is mapped to the function
DELETECHARLEFT. Each character may have at most one control

• function ; a control. function may, however , be generated by more
than one character. Characters not mapped are given no special

• interpretation by the VTC. No process other than the Terminal
Input Handler should rely on a particular signal (e.g., 8—bit
code) representing a particular control function; that is, sig-
nals have no pre-assigned logical function. The Keyboard Profile
is provided to any RIG process upon request; it is required by
the Line Handler.

6.1.3 Terminal Input Handlers - The function of a Terminal Innut
Handler is to collect data from a RIG Keyboard , usually in re—

$ sponse to a request for input from a Line Handler. The Terminal
Input Handler is also responsible for creating and maintaining
the Keyboard Profile, and providing it to RIG processes upon
request.

- 
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6.2 Output

6.2.1 Displays - A Disolav is considered to be any device on
which some bounded number of text—lines may be shown simultane-
ously. These lines are logically numbered 1 to n, where n is the
‘height’ of the Display. Character positions within a line are
numbered I to m , where m is the ‘width’ of the Display. A Dis-
play may , however , provide many different contrast characteris—
tics —— color or reverse video , intensity , blinking, underlined ,
etc. Each characteristic may be represented by a bit in a ‘con—
trast’ mask ; thus Virtual Terminals may specify any combination
of characteristics, while particular Displays select those for
which they are enabled .*

The format of Display commands has evolved out of a desire
to both minimize the amount of state information maintained by
the Terminal Output Handler , and to make them terminal—
transparent (i .e. ,  ind ependen t of any particular Terminal) . The
commands attempt to incorporate the features provided by most
reasonable (Page Mode) Terminals, while leaving out some provided
by more intelligent Terminals. The current commands are:

alert (ring bell)
clear screen
clear to end of line
delete character
delete line
insert character -

insert line
move cursor
•(over)write character
(over)write line

6.2.2 Display Profiles - A Disolav Profile is constructed by the
Terminal Output Handler. It currently contains the height and
width of the Display, and the contrast characteristics supported.
The Display Profile is provided to any RIG process upon request;
it is required by the Screen and Pad Handlers.

~s

* Such Displays are commonly referred to as Page Mode Terminals.
Data Entry Terminals support the concept of ‘fields’ and various
protection attributes, such as unmodifiable , enable picks, and
accept numeric input only. Date Entry Terminals may eventually
be supported directly via the Terminal Output Handler ; they can
currently be emulated via the Pad Handler. See (Andrews, 19714]
and ( Irby , 19714) for some valuable comments about the require-
ments for an effective display device.
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6.2.3 Terminal Output Handlers — The function of a Terminal
Output Handler is to translate the terminal—transparent commands
sent, for ex ample, by the Screen and Pad Handlers into control
signals which the particular Display can understand. The Termi-
nal Output Handler is also responsible for creating and main-
taining the Display Profile, and providing it to RIG processes
upon request.

6.3 Introducing New Terminals

When a new Terminal. is brought into the system , a Terminal
Input Handler and Terminal Output Handler must be provided for
it. The remaining components of the VTC tailor their actions, at
run—time, on the basis of the resulting Keyboard and Display
Profiles, and need not be ohanged .* Moreover, the base functions
of the Input and Output Handlers do not change; all Terminal
Output Handler’s must, for example, handle line deletion, inser-
tion, etc. Only the specific control signals for the terminal at
hand must differ. Thus the current source code , for both the

• Terminal Input and Output Handler , consists of a general handler
which for each terminal is combined with a terminal—specific set
of support routines.

* This is similar to the ‘negotiation of options’ phase of the
various Virtual Terminal Protocols employed in communications
networks.

~~~ 
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7.0 An Example

Outlining the use of VTMS requires the introduction of’ two
new processes, the Monitor and the Executive. When the user
enters RIG he is talking to the Monitor. It is responsible for
managing the user’s Terminal by allocating Regions to particular
processes, grouping processes into Images, etc. The Monitor is
also capable of showing current system status or killing errant
processes .

To perform any bona fide task —— e.g., edit or file transfer
—— requires an Executive. An Executive serves much the same
function as a TOPS—1O Monitor or TENEX Executive (fork). Each
Executive can perform at most one task at time. The user may ,
however , have as many Executives (and hence processes) running
simultaneously as he desires. Exactly one of them may accept
keyboard input at a time; it is termed the active Executive (and
hence Virtual Terminal). At the user’s request, any combination
of’ Executives may be mapped to the Screen (in the form of an
Image). The Monitor maintains ~tate as to each Executive and caninform the user at any time what each of them is doing . Details
of Monitors, Executives, and the command interface may be found
in (Lantz, 1979 ; Lantz, in prep.).

The explanatory text for this example resides completely in
the captions for Figures 14 through 17.

I !
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Figure 5 . The initisi Tirsinil state .

• w r.t. .. r .  
~~~~~~~ VU-

Figure 5. When the Tersj nat is in th. state - • .- - - - :~ .dspic ted in Fig ure 5 and the user type s a char— • • - -

a~ ter , the Scr en loo ks like this. There ars _________________________________________________

two pr ocesses napped , the Status Server and the
Monitor. The Stat s Server is sapped to the 

~~~~1upper 5—t ine R.gton cos posed of a I—l ine View —
port for the RiG banner , and a S—Li ne Vievport
for RIG status info r na t ion. The M onitor is
sappe d to the lower 20— h r.. Region co.pos.d of a
1—line Viewport for the Monitor banner and a
19—line Vinvpor t for P.onitor co~:an S interac-
tion. Rence , the Status Server and Monitor each ______________________________________________

possess two Virtua l. T.ratnals

?igure 6 The availa b le V.onjtor cosnanda deal • - - -  
~~ .‘: • .. •.

with Iaages , Regions, and Ea.cutiv.s. The typ—
ical way of starti ng an Et ecut ive is
‘SpawnEz ecut is . ’ ; th is creates the t~ecutt va ,
creates so tea;, for it, *04 swaps to that -

— - tong. .

-

$ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _

Figure 7. ThIs nags consists of one Region to r • . • . : • - . : •
which the zeout iv e is sapped . The kecut ive .
like the Monitor , possesses two Virtua l Tersi— • IlLfl at s. The banner Vir t ual Tersin at is napped to 

~~~
1j-

~the 1—line V iew por t ; the cassand interaction
• • Virtual Terstnal ii sapped to the 25—Line View—

port. The available ~~ecut ive coonands sanage -

files, and run var ious tools , e.g edit , and
telne t .

____— 
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Figure 8. When th e ed itor is run , it ‘ replaces ’ - ,• • • • . ~~~• • -

the £zec utiv e ’ s cossand intera ction Vir t ual - - - - 
•

Terminal with three of its own, on. for atatus , ‘ I•~
one for cosnand interattion , and one for teat—

• editing. Together with the old banner , these
tour V irtual terminals cospris . a new Configu— •

ration of the Super.iindc.w associated with the l i i i
Ezecutive. The user changes between the coonand
and tea t Virtual Terminals via the -

CHAKGRVIEWPORT k.y. -

- JL
Figure 9. The default editor Configuration at—
lows only one line for co~sand interaction —— in ~~~~~~ ;:. -.. u.., ~~~
order to nacinize t t e  space available fo r
tea t—editi ng. it , h*w ever , the user need s as— : .!
sistance in inputin; a co:mand , he say requi re
sore lines for the :o~sand Virtual Terminal. -

ThIs is provided by cr.atLng another Conrigura— ’
tion containing only the coosand and tea t Vir-
tua l Terminals. ..,. . -~em-

~~ TS ~~~I l - - I I ~~1 -- 
~~~~~~~~~~~~~~ ..

S *

Figure 10. On the other hand , the user say want
all the avai lable edi tor space devoted tO
tea t—editing. Yet another Conf iguration con—
posed of the single tea t Virtual Terminal pro-
vides this. Succ esst ve Configurations are
acti~ats d via the C ‘OSCOMFIGUHTION key. In -

sue , the editor manages three Virtual Terminals
• grouped into three dit~erent Configurations~ it u ’-

~~Ows nothing of how it Is sapped to the Screen . -
• When the editor ‘dies ’, all Virtual Terminals

and Configurations created by it disappear froa ~~~~~~~~ ~~~~~~~~ L . .
the system , and the taecutivs regains control .

~~~~~~~~~~~~~~~ (.t ~k5 ~ L~~ •r

~~ r.~~ ..l?~ I.á~~ ~~~~,~~ ~~t u .  ,Ir,. 5 t r u r ~~~oIn~.p.. .
i’•*’P 5 .~ ituo ~’s ~~~~~~ N.,~~cIZ ~.,ascii
s ,u,t ~

• ts.•

Figure 11. Assun. the user has finished editing _______ - - ________________________
a proirse vhioh runs en th. PDP-1O. He wants to
trans fer it to the ~~P—1 0 and conpile it, but
can tic any erro rs in the tonal file •aintsin.d ~~~~~ 

‘ ~~‘

• — on RIG . To do so , he :an sap dec—telnet and the
editor to the ss.e I~a(a. Re ttrst retu rns to

• the Monitor via the RE$UMEMOIU TOR key. Via ~~~~.. .. u. . . ..~—
‘$tart tzecut ive ’ he starts a new £ceou ti ve t i os - ‘

~~~
-‘—

which to run de c—t e lnet . ‘Create lsage ’ creates ~
.• .

a 10—line u sgs con~ainin; it. The editor is -‘“
~~~
‘
~~
“

added to the Image .,ia ‘LddRegion ’ , i .e., a
13—line Region for he editor is added to the ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
10—Line dec -te lnet Region to cr eate a 25—l ine . .

~
- . - . -.— •—‘  ~~~ ‘•‘~~

Image. ~~~~~~~~~~~~~~~~~~~~~~~~~ ,~~,,,_
~~ ,-q~

-_ ,~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 5 ( .q,~.n ~~~~~~

- - -

~

_ _ _  _ _ _
—
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Figure 12. This Image say be acti vated via • —
‘Swa p lsage ’ or the ~1fA~GRIM1GE key. The user
say chang. between dec—t elnet and the editor via
the CHLIIGERtGIO 1f key.

Figure 13 . The user runs Sea—te lnet ar.d trins— • . - . •  • • • - - .
furs the source tile to the PtP— 1Q . When co n-
piling, in error Is found. The necessary change -is ma-Se in the local tile. - ‘1 - - -

• 

• 

_
II1

• - :  • -

-rn.

— Figur e i~i. The cosp iler co nt inuas and finds -
~~~

- . - . :~-.~- : . ~-: —
another error. Th. user sakes the necessary
change. H

I”1NJt1~LL..

• .

t~~tflJPOLL~
Figure 15. After the coop ilation is fi nished , ~~~~~~~~~~~~~~~~~~~~~ 

_______

the user closes the tile and transfe r’s It to the • - - - -  -
~• POP—b again. There it is recompiled without -

~
-
~ ~~~~~ 

.,‘•,

errors.
1111
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Figure 16. This is soothe r sage containing a ~~~~~~~~~~~~~~~~~ 
—

full—scree n dec—te lnet Region . Just as the - -edit or is Ourrent ly lapped to two Images, so is .n~~.u - ~~ ‘
F dec—telnet , further demonstrating the independ— 

~~~~~~ 

Rl 
• ~‘~~ ‘ ~~ -‘  ii u s ~ u p ui -i

once of the two processes from their mappi ngs to ~~~~~~~~~~~~ * u t A 1 - ) C i
the Screen . 

~~~~~~~~~~~~ , ,m . z t
•c ‘- ..•. .s ’. ~~~~~., .  • (.tI4,.•~~ ui~ 

,

~~ _L,, uiII~

I,. ~ p u l P

al l  • M l T  1.11
laM , / I I~~

- 

I

Figure 1?. Ths status of the user ’ s various u— - : -- . ,. -- ,.~~. .-u ,.

Ezeout ives say be foun d via the ‘Sho w ’ command .
lay of the specifi ed nomes for each Ezecu t ive — u h F
e.g., kenO2, Uitor, or just 2 —_ may be used

a n !~seutiv :.~~~~~i1lEa~cutt ,:’ Wtfl kill t~~ 
_____

death notice is posted in the Status window.
The ‘Quit’ ooassod terminates all. £aecutivea and - - -

~any associated tools, and rsioiti alizss the
Screen , leaving it in the state of Figure I. -
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8.0 Concluding Remarks

8. 1 Implementation

VTMS is currently implemented on two Data General Eclipses
supporting seven terminals. The terminals currently supported
are the Delta Data Systems Corporation Delta k000 •(DDSC , 1975]
and Research Inc. Teleray 1060 (RI , 1978). Initially imple-
mented for the Delta Zi000, it required some 3 hours to incorpo-
rate the Teleray 1060. In both cases the entire VTC resides on
the Eclipse to which the terminal is attached . Four Xerox Altos
(Kay, 1977] —— 16—bit 61$KW minicomputers with 606x808 raster
displays —— can also be incorporated into VTNS by making them
look like Delta 14000’s; in this case the VTC is distributed ,
with the Terminal Input and Output Handlers resident on the Alto,
and the remaining components on an Eclipse. All support code is
written in BCPL (Richards , 1969; Curry, 1977].

Several features discussed above have not yet been imple-
mented : the use of multiple ‘viewing ’ cursors per Pad; text
selection and placement; certain editing features such as cursor
movement and deletion by word ; indirect input; blocking, dts—
carding, and autoblooking output. The technical problems
encountered in each instance have, for the most part, been
solved ; the primary problem has been lack of manpower.

Work on VTMS began in the fall of 1975. It first came on
line during the summer of 1976 as part of an experimental RIG
(Ball, et al., 1976). Experience with that system and with
NEXUS, a stand—alone network access program running on the Altos
(Feldman and Rashid , 1977], resulted in a number of fundamental
changes in philosophy and design. The version of ‘FINS described
here became operational in November 1978. Overall some 2—3 man
years have been invested in design and implementation. Further
details may be found in (Lantz and Rashid , 1979].

1 8.2 Future Work

User profiles will allow the user much greater control over
his own display environment. It may specify a different set of

• control keys to match, for example , those the user uses on the
PDP—10. The user profile can contain function definitions to be

• downloaded into programmable function keys.

Graphical I/O has been excluded from VTMS for reasons cited
. 1 by (Irby ,  1971$]. There are , however , no fundamental inconsist—

encies which would prevent it. The Terminal Input Handler could
be ex tended to allow the use of pick devices , keysets , menus ,
eto ; the data sent to the Line Handler would be marked appro-
priately. The Terminal Output Handler ’s repertoire of command s
would be ex tended to provide , for ex ample , ‘DRAW LINE’. Because
of the difficulty of saving graphical data, however , it does not
seem appropriate to include the Pad in the graphic output loop.
(cf. (Caruthers , et al., 1977; Denning, 1978; GSPC, 1977 ;
NeUman and Marchant , 1978; van den Bos, 1978; Wallace , 1976])

I.
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Graphical I/O implies that it may be useful for some tools
to gain more direct control of the Terminal. For example , when
talking to a remote system via a TELNET protocol it may be pos-
sible to use a full—screen editor ; since the remote system does
not know about Virtual Terminals, it must assume it has control
of the terminal. The user can easily create an Image containing
only the desired tool, but unless the Virtual Terminal Controller
is circumvented , control characters will still be fielded local—
ly. One possible solution is the introduction of ‘transparent’
data , i.e., data about which the VTC makes no further assump-
tions.

Dealing with Data Entry Terminals or other Displays which
may be partitioned horizontally presents no special problems.
The Screen Handler and Pad Handlers would have to know the widths
of each Region. The data passed to the Terminal Output Handler
would usually include two cursor positions instead of one -— the
beginning and ending position in the sub-line to be displayed.

When dealing with more int’9lligent end—machines such as the
Alto, it may be wise to offload various components of the Virtual
Terminal Controller. Since each component is self—sufficient and
communicates with the others solely via messages, no problems
should arise. Indeed , the current implementation of the VTC for
the Altos consists of Terminal Input and Output Handlers on the
Altos , and the remaining components on the Eclipses. It would be

• much more effective, however , to implement different Screen and
Pad Handlers as well; in particular , the ‘sheet of paper’
approach introduced in Smailtalk- ~LRG , 1976), extended by
Teitelman in DLISP (Teitelman , 1977), and toyed with at Rochester
by Ed Burke, would seem appropriate. It may also be possible to
offload much of the VTC into the microcomputer installed in our
future Keyboards —— a la the Line Prtooessor for NtIS (Andrews ,
19714].

Further analysis with respec t to communications networks is
also indicated . Negotiation of options would allow application

• processes to tailor its own actions on the basis of what its
available Terminal (and hence Virtual Terminal) could provide.
The overhead incurred by distributing the VTC can be annoying to
the user who has to wait for his characters to echo; this sug—

- ,  gests the use of more local echoing such as is provided via the
TELNET Remote Controlled Transmission and Echoing option. (of.
(Bauwens and Magnee , 1978; Davidson , 1977; Day, 1977; Postel

• and Croaker , 1977; Schicker , 1978))

8.3 Summary

VTMS addresses issues similar to those of Virtual Terminals
and Virtual Terminal Protocols tar communications networks (e.g.,
ARPANET TELNET). Device—independence is ensured by the fact that
only the Virtual Terminal Controller and the user are aware of
what a particular Terminal ‘looks like’ or how it is being used.
The breakdown of the VTC into multiple processes allows it to be
easily distributed .
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In addition , VTMS augments the capabilities of individual
Virtual Terminals and addresses the issue of managing a large
number of Virtual Terminals associated with many independent
processes, only some of which may be visible on a single real
Terminal. The technique of using diftez~ent Virtual Terminals fordifferent tasks allows a user to suspend an operation , perform
other operations, and then return without loss of context. This
leads to a wealth of function not found in typical systems.

We began by presenting three laws of terminal management.
In closing it is reasonable to ask how well these have been ob-
served :

1. Law one is achieved through a flexible mapping scheme
under user control. A user is able to deftn• any number
of Images containing different arrangements of Super—
windows, with each Superwiridow specifying a process—
defined Configuration of Virtual Terminals. Input may
be directed at any Virtual Terminal, and any Image may
be selected for display at any time.

2. Law two is insured by providing no mechanism by which a
process can determine how , when, or if a given Virtual
Terminal is actually mapped to a physical device.

3. All output generated by Virtual Terminals is maintained
by active data structures called Pads so that no data is
ever lost by the system except that which the user
explicitly throws away. This satisfies law three..
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Many of the ideas embodied in VTMS came out of the experience
gained by the Computer Science community with graphic display
systems (Denning, 1978; Ewald and Fryer , 1978; GSPC, 1977 ;
Newman and Sproul]., 1973]; network virtual terminal and graphics
protocols (Bauwens and Magnee, 1978; Davidson , 1977; Day, 1977;
Maleson, Nabielsky, and Rashid , 1976; Postel and Crooker, 1977 ;
Schioker and Duenki, 1978; Sproull and Thomas, 19714); and mul-
tiple process terminal control (Swinehart, 19714; LRG , 1976 ;
Teitelman, 1977; Rothenburg , 1977). NtIS/Augment must be singled
out as having easily stood the test of time, and for giving user
interfaces a good name before there were effective systems to
interface the user to (Andrews, 1971$; Erigelbart, 1968;
Engelbart, 1976 ; Irby, 1971$; Seybold , 1978; Watson , 1976].
Systems which did not directly influence VTMS but present some
similar ideas include the TSO Job Session Manager (MoCrossin ,
O’Hara, and Kos ter , 1978), ZONES (Luc a, 1975), POCCNET (des
Jardins and Swanson, 1976), and TTDL (Krebs , Bumgardner, and
Northwood, 1976].
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Appendix A: Glossary

Configuration - A collection of Configured Windows. Literally
“what a Region of the Screen sight look like,” it describes
how a Superwindow should be mapped to a Region.

Configured Window - Literally “what a Viewport of a Region might •

look like,” it describes how a Window should be mapped to a
Viewport in terms of preferred size and contrast.

Display — Any physical display device; usually a Page Mode Ter-
minal.

Image — A collection of Regions. Literally, “what a Screen might
look like.’

Keyboard — Any keyboard attached to a Terminal.

Line — A logical connection to the user ’s Keyboard through which
a process may collect input.

Pad — A data structure which emulates the text storage charac-
teristics and editing capability of a Display with infinite
memory.

Region — An instance of a Superwindow mapped to the Screen.
Rtgions are contained within Images.

Screen — The visible space on a Display.

Superwindow — A data structure which groups all the Virtual Ter-
minal Windows associated with a particular process, and all
possible Configurations of those Virtual Terminals. When a
Superwindow is displayed on a Screen it is mapped to a
Region.

Terminal — The physical device characterized by a Keyboard and a
Display.

Viewport — An instance of a (Configured) Window mapped to a
Screen. Viewports are contained within Regions.

Virtual Terminal — A pseudo—terminal from which processes collect
keyboard input and to which they direct display output. A
Virtual Terminal consists of a Window, a Pad, and a Line.

Virtual Terminal Controller (VTC) — The pseudo-device which sari—
ages all Virtual Terminals associated with a particular
user.

Window — The space component of a Virtual Terminal, it contains
default preferred size information, contrast, etc. All
Windows belonging to a particular process are grouped into a
Superwindow. When a Window is displayed on a Screen it is
mapped to a Viewport.
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Ln~endix. ~.L Keyboard . 
~~~~~~~ 

Control Func tions

The Keyboard being designed will have a layout as depicted
in Figure B—i.
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Pi~wre 1—1 • The pr.po..d ~e~board • The base keyboard • withoat the two eon trol
pods on ei ther sid e and tbo row et elatrol keys at the top, 1$ cospatibte with
eor Lit. I keyboards. It is possible to replicate any con trol tuaetion on the
bass keyboard via th CONTIOI. and NETA keys. 

-

Four classes of control functions are of interest:

— screen and task management ceys:
ABORTTASK
ALPHAL OCK
AUTOBLIOCK
BLIOCKOUTPUT
CHAN GECONFIOURATION
CHAN GEIMAGE
CHANGEREGIOM
CHANGE VI EWPOR T

• 
- DELETEIMAGE

DE LETE MARK
DELETEREG ION
DISCARDOUTP UT
INDIRE CTINPUT
MARK
PASS
P ICK
PUT

-
• REFRESHSCREEN

RESUME
RESUMEMON ITOR
RESUMEST A SER
SUSPENDTAS K
VIEW

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _
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— line—editing keys:
CURSORLE FT
CURSORRIGHT
CURSORTOENDOFLIIN E
CURSORTOSTARTOF LINE
CURSO RWO R DLEFT
CUR SORWORDRIG H T
DELETECHARLEFT
DELETEC HARRIGHT
DELETETOENDOFL INE
DELETETOSTARTOFL INE
DELETE WORDLEFT
DELETE WOR DR IGHT
IN SERTMODE

— page—editing keys :
CURSORDOWN
CURSORLEFT
CURSORRIGHT ‘

CURSORTOENDOFL IN E
CURSORTOSTART OFLINE
CURSORUP
CURSOR WORDLEFT
C URSO RWO R DR IGHT
DELETECHARLIEFT
DELETECHARRIGHT
DELETEPA C EDOWN
DELETEPAGEUP
DELETETOENDOFLIINE
DELETETOSTARTOFLIN E
DELETE WORDLEFT
DELETEWORDRIGHT
INSERTMODE
JOIMLIN E
PAGEDOWN
PAGEUP
SPLITLINE

- command-input keys:
- ASSIGMSLOT
CANCEL
COMMEN T
EXECUTE
EXPAND
HELP
PROMPT •

In the sequel , the syntax for control functions is
<func tion> [<defaul t  Keyboard key>) .

p.
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ABORTTASK (shift—CANCEL) — abort the task associated with the
active VT

ALPHALOCK [ALPHA LOCK) - software shift—lock for the activ e VT
- 

(toggle)

ASSIGNSLOT (=) — assign a value to a command slot
- 

AUTOBLOCK ( AUTO BLOCK ] — toggle the auto—block feature for the
active VT

BLOC KOUTPUT [BLOCK OUTPUT ] - block/unblock output to the active
VT (toggle)

CANCEL [CANCEL] — “cancel” the current input

CHAN GECONFIGURATION (CHANGE CONFIG) - change active Configuration

CHANGEIMAGE [CHANGE IMAGE] - change active Image

CHANGEREGION (CHANGE REGION) — change active Region

CHANGEVIEWPORT [CHANGE VIEWPORT]- change active Viewport

COMMENT (13 — in line—edit mode, treat remainder of the line as a
comment

CURSORDOWN [down arrow] - move cursor down one line

CURSORLEFT (left arrow] - move cursor left one character

CURSORRIGHT [right arrow] - move cursor right one character

CURSORTOENDOFLINE (EN D OF LINE ] - move cursor to end of current
line

CURSORTOSTARTOFLINE [START OF LINE) — move cursor to start of
• current line (or field)

CURSORUP Cup arrow] - move cursor up one line

CURSORWORDLEFT (WORD LEFT] - move cursor left one ‘word’

CURSORWORDRIGHT (WORD RIGHT] - move cursor right one ‘word’

DELETECHARLIEFT LBS or shift—left arrow) — ‘backspace’ one char—
acter

DELETECHARRIGHT [shift—r ight arrow) — delete the character at the
cursor

DELETEIMAGE [shift—CHANGE IMAGE] — delete the active Image

DELETEMARK (shift—MARK] - delete a ‘mark’

DELETEPAGEDOWN (shift—PAGE DOWN) - delete a ‘page’ of tex t down—
wards

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ i~~~~~~~~~~~~~~~~~ 
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DELETEPAGEUP (shift—PAGE UP] — delete a ‘page ’ of’ text upwards

DELETEREGION [shift—CHANGE REGION ] — delete -the active Region

DELETETOENDOFLINE [shift-END OF LINE) — delete to the end of the
current line

DELETETOSTARTOFLINE (shift—START OF LINE) - delete to the start 
- 

-

of the current line or field

DELETEWORDLEFT (DEL or shift—WORD LEFT) — delete one ‘word ’ to
the left

DELETEWORDRIGHT [shift—WORD RIGHT) — delete one ‘word ’ to the
right -

DISCARDOUTPUT [DISCARD OUTPUT] — discard/don ’t—d iscard output to
the active VT (toggle)

EXE CUTE [EXE CUTE] — “execute” a conunand ; or confirm ; or answer
“yes”

EXPAND (EXPAND] — “expand ” the current input

HELP (HELP) — display some tutorial help related to the current
• input

INDIRE CT IMPLI T [€ ]  — take input from a -rile

INSERTMODE [INSERT MODE] — toggle ‘insert’ mode

JOINLIWE [shift—up arrow) - DELETETOENDOFLIN E, then append fol-
lowing line

-
‘ LOCAL (LIOCAL - go into ‘local’ mode in order to communicate di—

rectly with the Terminal

MARK (MARK] - place a ‘mark’ in a pad (for pick and put)

PAGEDOWN (PAGE DOWN) — scroll a ‘page’ downwards

PAGEUP (PAGE UP ) — scroll a ‘page’ upwards
PASS [PASS] - pass the next character as a ‘normal’ character;

i.e., don ’t interpret it as a control function

PICK [PICK ] — select the ‘marked ’ text -

PROMPT (PROMPT] — display options , etc., related to currant input

PUT (PUT] — place the last selected (picked) text into the Pad

REF RE SI1 SCREEN (REFRESH SCREEN ] - refresh the screen
A 

RESUME [RESUME) - resume ihe last active Virtual Terminal

p
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RESUMEMONITOR [RESUME MONITOR] - resume an instance of the Moni-
tor

RESUMESTASER [RESUME STASER] — resume an instance of the Staser
- 

SPLITLINE [shift—down arrow] — split the current line, appending
it to the following line

SUSPENDTASK (SUSPEND TASK] — suspend/resume the task associated
with the active VT ( toggle)

VIEW (VIEW] — detach/attach the viewing cursor from the output
cursor (toggle) 

-
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