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1.0 | NTRCDUCTI ON

Recent advances in mcro-electronics have brought us to the age
of the inexpensive, yet powerful, mcroprocessor. Cosely resenbling
the advances of the 1960’ s which brought about the transition from
batch processing to tinme-sharing, this technol ogi cal trend suggests
the birth of decentralized architectures where the processing power
is shifted closer to the user in the formof intelligent persona
wor kstations. The virtual terminal nodel described in this docunent
caters to this anticipated personal conputing environment.

1.1 The Wbrkstati on Envi ronnent

A personal workstation is a conputing engine which consists of
hardware and software dedicated to serve a single user. As part of
its architecture, the workstation can invoke the resources of other,
physically separate conponents, effectively extending this persona
envi ronment wel |l beyond the bounds of the single workstation

In this personal environment, processing resources previously
shared anobng multiple users now becone dedicated to a single one,
with a large part of these resources sumoned to provide an effective
human- machi ne interface. As a consequence, nodalities of input and
out put that were unfeasible under the tine-shared regi mre now beconme a
part of a conversational |anguage between user and workstation. Due
to the availability of processing cycles, and the closeness of the
user devices to these cycles, the workstation can support interactive
devi ces, and di al ogue npdes using these devices, which could not be
af f orded before.

The workstation can provide the wuser wth the nechanisns to
conduct several concurrent conversations wth user-agents |ocated
el sewhere in the global architecture. One such nmechanism is the
partitioning of the workstation physical display into multiple
|l ogical displays, wth one or nmore of these |logical displays
provi di ng a dedi cated workspace between user and agent.

The nature of the conversations on these |ogical displays need
not be limted to conventional alphanuneric input and output.
Conversations using input tools such as positioning and pointing
devices (e.g., nouse, tablet, and such), and using high-resol ution
graphics objects for output (e.g., line drawings, raster blocks and
i mges, possibly intermxed with text) should be possible on one or
nmore of these screens.

Moreover, as long as the technological trend continues in its
predicted path, one can postulate a workstation which could support
by the mid 1980's nmulti-nmedia conversations using voice and video,

1



synchroni zed with text and graphics. At present, nulti-media

i nformation managenent (i.e., acqui sition, processi ng, and
dissemnation) is an active research area, but eventually it wll
becone an engi neering probl em which, when solved, wll add a new

dimension to already feasible nodes of interaction between user and
wor kst ati on.

1.2 Virtual Term nal Managenent

Al virtual termnal protocols (VIPs) provide a vehicle for
devi ce-i ndependent, bi -directional, 8-bit byte oriented
communi cati ons between two VTP users. Mdst Vo so by invoking a
device abstraction of real terminals, called a virtual term nal

As with a real device, a virtual termnal has a well-defined
architecture with its own character sets and functions. A VTP uses
the architectural features of the wvirtual termnal to provide a
common | anguage, an intermediate representation, between its two
communi cating entities. However a VIP user does not comunicate
directly with this wvirtual termnal. A function of a VIP is the
| ocal mappi ng between the site-specific order codes and the virtua
termnal domain, thus allowing this adaptation to be transparent to
the VTP users.

The nodel of a personal workstation as a dedicated device wth

consi der abl e resour ces affects the way we conceptualize the
architecture of virtual termnals, both in breadth and depth of
function. It also affects the way we view the virtual termnal vis-

a-vis its local correspondents, the personal workstations, and its
renote correspondents, the other virtual term nals.

Thi s docunent presents a radical view of virtual termnals as
resource sharing devices. The classical concept of a virtua
termnal as a two-way device with a limted architecture has been
di smi ssed. Instead, we viewa virtual term nal as an n-way device
with multiple correspondents sharing access to its virtual "keyboard"
and "display.” In this nodel, a virtual termnal has two kinds of
correspondents: adaptation units, and other virtual term nals. The
adaptation wunits serve as interface agents between the virtua
termnal and its users, providing the step transformati on between the

user-specific or der codes and the wvirtual terminal interface
| anguage. In turn, the other virtual termnals are cooperating
co-equals of the wvirtual termnal, interacting with it to maintain

gl obal control and data store synchrony. Resenbling the adm nistrator
of a local copy of a distributed data base, the virtual ternina
interacts with the other virtual terminals (the renpte data base
managers) and wth the local adaptation wunits (the data base
transforners) to provide read, wite, and nodify access to its |oca
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data store (the local copy of the distributed data base), while
provi di ng concurrency control to naintain a "single user view' when
so desired

To communicate with its correspondents, a virtual termnal uses
two virtual |anguages. In the case where the correspondent is another
virtual terminal, it wuses the Ilanguage of the virtual ternina
protocol; in the case where the correspondent is an adaptation unit,
it uses an interface | anguage closer to the physical architecture of
the end-user, but a virtual |anguage nevert hel ess.

In essence, the virtual terminal has becone a device inits own
right, free from a single physical realization and al so dedicated
ownership. As a result, a single workstation not only may request any
nunber of virtual ternminals, but a nunber of workstations may
share -- and interact with -- a particular virtual term nal

The functional breadth of virtual terminals has been augnented

by the concept of wvirtual termnal classes. Each class is an
abstraction of a particular device architecture. There are stream
line, logical page, physical page, and graphics virtual terninals,

all made up of: a class-constrained data structure and its attendant
operations (the virtual display); a general controlling elenent (the
virtual controller); and an input selector (the virtual keys).

Finally, the functional depth of the virtual term nal has been
extended by architectural features previously unavail able. The
virtual term nal becones a nmulti-user device with a non-volatile
virtual display available for selective viewing. These concepts are
di scussed is sonme detail in the chapter that follows.

1.3 The Scope

An overview of the virtual term nal nodel and the nanagement of
communicating virtual termnals is presented. A detail ed design
description of the data structures and acconpanying addressing
functions has been conpleted. The operations and control nechani snms
are less conplete. Before the design is solidified, an initial
m mmal inplementation will be made to validate the nodel

Thi s docunent represents work in progress; current internationa
interest in virtual termnal protocols has notivated us to submt
this as an exanple of nmechanisns that a virtual ternminal should
support. The nodel provides a framework for supporting device and
processing capabilities not yet commonly available. A virtua
term nal protocol standardization effort nmay not want to include al
the mechani snms that are described here, but it is our contention that
one shoul d not preclude these extensions for the future.
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1.4 Related Wrk

The concepts presented in this document are the offspring of
previous work in the area of personal conmputing, and of user
interfaces to (distributed) systens. The bibliography at the end of
the document collects this material. In particular, we want to
acknow edge the work done at the University of Rochester on virtua
termnals, (6) work which has influenced to a | arge degree how we
vi ew user interfaces through a display.



2.0 THE VTM MODEL

This section describes a virtual terninal managenent (VTM node
whose architecture not only derives from a quest for device-
i ndependent, termnal-oriented comruni cations, but nore inportantly
froma desire to provide effective human-machi ne interfaces

The VIM architecture is a multi-user structure which spans
several building blocks. The underlying foundation to this structure

is provided by the cooperating virtual termninals. Under the VIM
model , these cooperating virtual terminals are viewed as device
abstractions, all with a comon architecture, exchanging virtua

termnal protocol items to update each other’s view of the world.

Resting on this foundation lie the adaptation units. Associated with
a single end- user, an adapt ati on uni t provides the step
transformati on between user and virtual domains. In a sense the

adaptation wunit is also a virtual termnal, although one which is
much closer to the architecture of the end-user. Finally, on top of
this supporting structure are the end-users, the application and
human processes, all interacting towards a common goal

Bef ore enbarking on a description of the VIM nodel conponents,
we present the set of capabilities the VIM nodel provides its end-
users, either human or application. After all, the notivation for
the nmodel and its wunderlying concepts stens fromour desire to
provi de productive user environnents.

HUVMAN  <---> WORKSTATI ON

0 Mul tipl exi ng the workstation physical display both in time
and space.

The workstation assigns to each user conversation a |ogica

terminal with a well-distinguished |ogical display. Under
the wuser control, the workstation naps these | ogi ca

di splays on non-overl apping areas of the physical display,
provi di ng a dedicated wor kspace bet ween user and
correspondents. Limted only by the area of the display,
many | ogi cal displays could be mapped at one tine, each
providing display updates when so required. Since the area

of the display is a scarce resource, not all |ogica
di splays need be mapped at the same time. Therefore, the
wor kstation may roll-out and roll-in selected displays under
the wuser control, thereby also nultiplexing the physica

display in tine.

0 Mul tipl exi ng the workstation input devices in tinme.



The input devices always nap to a single wuser conversation

(i.e., a single logical termnal). However, the user can
select a new logical terninal by sone  wel | -defined
interaction (e.g., depressing a function Kkey, wusing a

poi nting device, and such), effectively sw tching t he
owner shi p of the input tools.

Concurrent multi-npode use of the workstation

The capabilities of the workstation Ilinmit the scope and
character of t he i ndi vi dual conversati ons. If the
wor kst ation supports r ubout processi ng (i.e., erase
operations on lines and characters), then the |ogica
term nals can be independent, scrolling "ternminals," sone
page-oriented, others line-oriented. |If the architecture of

the workstation supports graphics objects as prinmtive
objects then so can the individual logical termnals. As a
consequence, while sonme logical termnal displays my be
dedi cated to al phanuneric output, others may include raster
graphi cs and inmagi ng data together with positioned text.

The sharing of a single logical terminal among severa
users.

Several end-users may link to a single logical termnal
Al linked parties are viewed by the shared "device" as both
i nput sources and output sinks. As a consequence this
device sharing need not be linited only to the sharing of
device output. In general, each |linked party may have ful
read and wite access to the logical termnal, if it so
desires.

Sel ective viewing on a |logical terminal display.

In the user’'s view, a logical termnal display is a user-
specified window on a potentially larger structure, the
"device" display. This wi ndow provides the "peephole"
through which the device display is viewed. The portion of
the device display mapped on this windowis not linited to
its "present contents.” Under the wuser control, the
wor kst ation may invoke the viewing of past activity on a
logical termnal display when the device display is I/0O
file-extended. Since the window nechanism is an integra

part of the device architecture, it is available on all

| ogical term nal displays. Furthernore, the view ng of past
activity does not affect others sharing access to the
devi ce.



0 Di scardi ng, suspending, and resum ng the output of a |ogica
term nal al ways under user control

As part of the wuser interface, the workstation provides
simple "keys" through which the user controls the output on
a logical termnal display. These workstation "keys" need
not be physical keys, but could be other input tools used
for this purpose (e.g., analog dials, hit-sensitive areas on

the physical display, and such). 1In any event, through the
auspi ces of the workstation, the wuser’s control requests
transl ate into t he proper comrands to the "device"

associated with the | ogical term nal
APPLI CATION <---> ADAPTATION UNIT
0 A logical view of real devices

For each real term nal architecture, one canoni ca
representation: a |logical device.

0 For a particul ar | ogi cal devi ce, sever al possi bl e
i nteraction paradi gns.

Sone | ogical devices are intrinsically half-duplex (e.g., a
page-oriented logical device), sone are full-duplex (e.dqg.

conmuni cating processes using a streamoriented |ogica
device), and some nmay be either half or full-duplex (e.g., a

line-oriented | ogical device). Sone full-duplex |ogica
devices can provide no echoing, renote echoing, or |oca
echoi ng. Those that interface wth applications t hat

support conmmand conpl etion (e.g., command-line interpreters)
can shift the |ocus of echoing as a function of a dynanic
break character set.

0 One application comruni cating with several | ogical devices.

As part of an application’s nodel of interaction, an
application may "own" several |ogical devices. For exanple,
an editor could use a line-oriented | ogical device to gather
top-1evel commands, and a page-oriented |ogical device to
provi de editing workspace.

2.1 The VIM Model Conponents
The virtual term nal managenent nodel consists of two nmgjor

component s: the wvirtual terminal nodel, and the workstation nodel
(see Figures 2.1, 2.2, and 2.3 respectively).
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FI GURE 2.3 - THE WORKSTATI ON MODEL

The first conponent enbodi es the canonical device, while the second
component i ncl udes the adapt ati on uni t and its associated
environment. Each conponent will be described in turn bel ow

2.2 The Virtual Term nal WMbdel

The objective of virtual termnal protocols is to provide the
users of the service with a common, |ogical view of termnals. The
common user view is attained through a standard, protocol-w de
representation of a canonical terminal, the virtual ternminal. This
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permts the exchanges between users of the protocol to be free of
devi ce-speci fi ¢ encodi ngs.

The design postulates an integrated virtual term nal nodel which
extends the nature and scope of this canonical device in severa
i mportant ways. The mmjor aspects of the nodel, its connectivity,
its organization, and its architecture are described bel ow

2.2.1 Virtual Term nal Connectivity

Most virtual terminal protocols only cater to twd-way dial ogues
in which a single virtual termnal termnates each end of the
communi cati on pat h.

We define the virtual termnal as a n-way device where one or
more of the correspondents to this device are |ocal users of the
service, and the remaining correspondents (if any) are peer virtua
term nal s. Each correspondent to the virtual termnal has its own
bi -directional path to produce virtual input to, and receive virtua
output from the virtual termnal. This bi-directional path provides
the vehicle for a virtual term nal session between user and virtua
term nal . G obally, the cooperating virtual terminals and these bi-
directional paths span a dendritic (tree-like) topol ogy.

It is inportant to note that we have decoupled the virtua
terminal from its physical realization, a single real term nal
I ndeed, a virtual terninal does not map necessarily to just one rea
devi ce, but possibly to many real devices.

The virtual termnal is viewed ultimately as a well-defined data
structure which provides its correspondents wth a non-dedi cated
virtual term nal service. And these correspondents nmay have read
only, wite only, or read/wite access rights to this data structure.

2.2.2 Virtual Term nal Organization

The virtual termnal is an abstraction; its organization, the
buil ding bl ocks which nake up the virtual termnal, is the result of
a feature extraction of the real ternminal that it is tailored to
support.

We have conceptualized the virtual terminal as a meta-termna
(i.e., the termnal of terminals). The neta-ternminal is conposed of
three wel |l -distinguished building blocks: virtual keys, a virtua
controller, and a virtual display.
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2.2.2.1 The Virtual Keys. The analog of the virtual Kkeys is
the physical keyboard of real termnals. However, while the keys of
a physical terminal are controlled by a single manual process, these
virtual keys can be activated by nmultiple, concurrent entities (the
virtual terminal correspondents). Each correspondent of the virtua
termnal, be it a user of the service or a peer virtual terminal, has
its input streamto the neta-termnal term nated at the virtual keys.
The virtual keys provide the control of access of input streans to
the neta-term nal

2.2.2.2 The Virtual Controller. The vi rtual controller
provi des virtual termnal session nmanagenent. It rmanages the
establishment and termination of a virtual termnal session wth a
correspondent; supports the possible negotiation and renegotiation of
the session attributes; and enables the deactivation and |ater
activation of the session. The virtual controller also provides
virtual terminal signalling control by managing the out-of-band
signals addressed to the virtual term nal

2.2.2.3 The Virtual Display. The virtual display is t he
dynanic component in the neta-term nal organization. For each class
of real device (e.g. stream line, page, or graphics-oriented
devices) there is a corresponding virtual termnal class. The
organi zation of the wvirtual terminal data structure is class-
specific. A virtual termnal nodels a particular term nal class when
it is 'fitted with the proper data structure nanager or virtua
di spl ay. This binding need not be static (e.g., a line-class
specialist, and so forth), but could be result of decisions nade at
"run-time" by applying the principle of negotiated options.

The virtual display nmanages the data structure associated wth
the neta-termnal and perfornms operations on the control and data
elements of the structure. As a direct consequence of t hese
operations on the meta-term nal data structure, the virtual display
may generate display updates to one, sone, or al | of the
correspondents. All virtual term nal output streans originate at the
virtual display.

Different virtual ternminal classes are spawned by different
"ki nds" of virtual displays, and this is realized in one of tw ways.
For character-oriented virtual devices, it is possible to use a
single, wde-scoped virtual display with a character-oriented data
structure by constraining it to conformto the nodel of the device
class (e.g., line-oriented devices must be constrained to |ine-access
rules). For non character-oriented virtual devices (e.g., graphics
devices), an altogether different virtual display nust be used with
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properties better suited for the new domain (e.g., a graphics virtua
di spl ay based on a structured display file).

2.2.3 Virtual Term nal Architecture

The commands, and associ ated paranmeters, which are available to
the wusers of the wvirtual terminal constitute the virtual termna

architecture. The comuands available to a user -- to request the
virtual controller to establish, abort, or close a session, and
di scard, suspend, or resune output -- remain invariant to the virtua

term nal class. However, as one woul d expect, the user interface to
the virtual display depends on the nature of this data structure.

Three inportant architectural features of the nmeta-term nal are:
the concept of communication variables, the notion of a file-extended
virtual display, and the concept of virtual display wi ndows. Each of
these concepts are a part of the neta-term nal architecture because
they are apparent to the users of the virtual term nal

2.2.3.1 Comunication Variables. Each conponent of the n®eta-
terminal (i.e., wvirtual keys, controller, display) is assigned a
standard, protocol-w de name which we call a comunication variable.
The communi cation variable is a part of the header of each conmand to
the wvirtual termnal (i.e. protocol item. It permts better
managenent of the virtual termnal command nane space, and al so
provides the virtual keys with an easy nechanism to select the

destination of the request. It must be noted that nothing in the
nmodel precludes the addition of nore virtual entities to the neta-
termnal, such as auxiliary virtual devices and signalling devices.

The use of comunication vari ables provides a nam ng hierarchy which
al | evi ates the problens of device selection and command nane
al l ocation in the case of such extensions.

2.2.3.2 Virtual Display with File Extension. The Vi rtua
display is the i medi ate manager of the neta-term nal data structure.
When the virtual display is provided with an 1/Ofile extension, it

is possible to introduce the concept of a stable-store data
structure, a data structure whose contents are stored in backing
store (e.g., disk). If the virtual display is provided with this
file extension capability (a local option wth no end-t o- end
significance), then the neta-terminal data structure inherits the
spatial and tenporal attributes (dinensions and tine-to-live) of the
associated file. Such a virtual display, coupled with the concept of
virtual display wi ndows bel ow, provides the users of the service with
a very powerful tool
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2.2.3.3 Virtual Display Wndows. To comunicate with a virtual
termnal, each real device uses an adaptation unit as its interface
entity (this adaptation unit is a part of the workstati on nodel, see
section 2.3). Wiat is inportant to note is that the adaptation unit
provides the transition between the device-specific domain, the
devi ce workspace, and the virtual domain, the naster workspace (see
Figure 2.4).
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However a device need not be interested in the whole naster
wor kspace, only in a portion of it. As part of its session
attributes, each adaptation unit has a window, a rectangular region
in the wvirtual display, which delinmts its area of interest in the
master. This portion of the master domain will be referred as the
i nstance wor kspace. Then, for each adaptation wunit, there is an
i nstance wor kspace whose spatial attributes (dinmension and position
within the naster) are those of its w ndow definition.

Al adaptation wunits comunicate with the virtual termina
"relative" to their own instance workspace. As far as the virtua
term nal is concerned, each instance workspace defines a "real"
termnal, although in fact it is just an internediate representation
of the real device. In essence, the instance workspace is the
coordinate space where both virtual terminal and adaptation unit
rendezvous. (See section 2.3 for a discussion of how this instance
wor kspace is mapped onto the device workspace).

The wi ndow di nensi ons are the exclusive choice of the adaptation
unit that owns it. Wth these dinensions the adaptation unit
specifies to the virtual term nal how much of the master is to be
viewed; data elenents not contained within the boundaries of the
wi ndow are clipped. Varying the dinmension of the window results in
correspondi ng changes on the anobunt of the nmaster that is viewed.

In contrast, the position of the wi ndow on the naster m ght not
be wunder direct control of the adaptation unit. To understand the
dynani cs of a wi ndow, we introduce the notion of a master cursor and
an instance cursor. The master cursor is a read/wite pointer, which
is a part of the virtual display architecture. |In turn, the instance
cursor is a pointer owned by the adaptation unit, which is a part of
the state informati on maintained by the virtual display. Nor mal | y,
both master and instance cursors are bound together so that notion of
one cursor translates into an equivalent nmotion of the other. As
long as the adaptation unit does not explicitly unbind its instance
cursor fromthe master cursor, the active region of the master (i.e.,
the position where the master cursor lies) is guaranteed to be al ways
within the instance space, and thus viewable. This neans that
certain operations on the virtual display will inmplicitly relocate
the wi ndow of an adaptation unit within the bounds of the naster
wor kspace to insure the tracking of the naster cursor. (The actua
al gorithm which enforces this tracking rule, called the viewng
algorithm has not been included here.) This w ndow relocation is
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viewed at the real termnal as either vertical or horizontal
scrol ling.

However, an adaptation unit has the choice to bypass this rule
by detaching its instance cursor fromthe naster, effectively getting
compl ete control of its cursor to view other portions of the nmaster
space. If the wvirtual display has an I/Ofile extension, then the
adaptation unit can pan its window on the file-extended space well
beyond the present contents of the naster space. Therein lies the
power of a stable-store data structure when coupled with the concept
of wi ndow ng.

2.3 The Workstation Mdel

The workstation nodel is conposed of one or nore adaptation
units, and a workstation nonitor, which we will call the executive.
Each will be described in turn below In addition, the nodel
includes input and output handlers, and an underlying multi-tasking
operating system of unspecified architecture.

2.3.1 The Adaptation Unit

An adaptation unit enbodies an instance of a virtual terninal,
and since the workstation nodel postul ates possibly many different
such instances per physical workstation, then potentially many
adaptation units will be co-located at a workstation

The adaptation unit can be viewed as the workstation agent which
provi des the mappi ng between i nstance workspace and devi ce wor kspace.
To define this mapping, we introduce the notion of a viewport as a
rectangul ar area of the physical screen allocated for the view ng of
a virtual termnal instance. An adaptation wunit has the task of
mapping the totality of the instance workspace onto the viewport, a
mappi ng which is a device-specific concern totally removed from the
domain of discourse of the virtual terminal. Thus the position of
the viewport determnes the relocation of the selected data structure
el ement s on the viewing unit, and the viewport dinmensions a
(potential) scaling transfornmation

The adaptation unit also produces virtual input to the virtua
term nal by translating the wuser input into virtual termna
commands. It inplenents the service side of the interface to the
virtual term nal
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2.3.2 The Executive

This conceptual entity performs the task and resource nmanagenent
required to create and destroy virtual terminal instances, and to map
these virtual terminal instances to the screen viewports.

It must provide at least a minimal user command interface so

that its tools may be accessed (one of them being the managenent of
screen real estate).

Finally, the executive provides the nechanismfor the end-user
to switch viewort contexts through the use of some input device

(e.g., function key, pointing or positioning device). Following a
user interaction which indicates a change of context, the executive
makes the newy selected virtual termnal instance the dedicated

owner of the input devices.
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