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1 Abstract

X wi ndow term nals occupy a niche between X w ndow workstations
and graphics term nals. The purpose of terminals in general is
to provide | ow cost user access to host conputers or snaller
dedi cated systenms. X window term nals further the advance in
graphics termnals and provide new and interesting ways to
utilize host systens. Ethernet cable provides for graphics
performance previously not seen in ternminals. The X W ndow
System devel oped by MT allows nultiple applications to be

di spl ayed and controlled fromthe user's workstation. Now,
with X window term nals, the sane powerful user interface is
avail abl e on host and other non-workstation conputers. [The
XTERM NALS paper starts here.]

In md 1987, the Video, Inmage, and Print Systens (VIPS) G oup
began the design of Digital's first X window terminal, the
VT1000 term nal and its code upgrade, the VT1200 term nal.

Qur goal was to design and inplenment an X wi ndow term nal that
woul d all ow the use of wi ndowi ng capabilities on |arge conputer
systenms. In 1989, Digital devel oped the VT1300 X term nal and
in 1991 the VXT 2000 X term nal. The designs of these X w ndow
terminals are all quite different. Qur design approach changed
as the underlying technol ogy changed.

Thi s paper first conpares host-system conputing with applica-
tions run on workstations. It sumarizes the significance of the
X W ndow System devel oped by M T and di scusses the client-server
nodel . The paper then presents the need for X wi ndow termnals
and follows their devel opnment stages. It conpares and contrasts
Digital's different design strategies for the VT1000, VT1200,
and VT1300 X term nals. The paper concludes with a sunmary of
the recently announced VXT 2000 X term nal .
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2 Background

Bef ore the devel opnent of the X Wndow System there was very
little overlap in functionality between workstations and ot her
ki nds of conputers. Wrkstations had stunning and fast graph-
ics, and many powerful applications were avail able on them
Those applications were not available to users of basic 80-
by-24 character-cell text display termnals connected to a
host system located in a clean room G aphics termnals, of
course, allowed the use of Re@ S or another protocol for nath
and busi ness graphics, but their performnce was far bel ow the
expectations of a workstation user. Few people have the patience
to run, for exanple, a conputer-aided design application on a
VT240 terminal, assumi ng such a version of the application is
avail abl e.

Al t hough a workstation offers fast graphics capabilities, its
applications soneti mes need nore CPU power or nore di sk space
to do calculations in a tinmely fashion. Gaphics applications
written for workstations could not run on faster host conputers,
whi ch did not provide a display. Nor was there a standard way
to get data fromthe host to display on a workstati on. Each
application required a unique solution to this problem

Since the introduction of the new client-server nodel of conmput-
i ng and nmodern networks, many tasks can be divided into subtasks
that can run on the nost suitable processor. The X W ndow Sys-
temuses the client-server approach, as shown in Figure 1. The
application is viewed as an X client, and a workstation or a
termnal can run an X server that controls the display. The X
server also controls input fromthe keyboard and nmouse or ot her
poi nting devi ces.

An X client and an X server use an X wire to comuni cate, as
shown in Figure 2. The X wire is sinply a two-way error-free
byte stream which can be inplemented in many different ways.
The X W ndow System architecture does not stipulate how the X
wi re should be inplenmented, but several de facto standards have
energed. Manufacturers have designed X wires usually based on

2 Digital Technical Journal Vol. 3 No. 4 Fall 1991



X W ndow Term nal s

the data transport mechani snms that were avail abl e and conve-

ni ent when the X W ndow System was i npl enented. The X wires use
transm ssi on control protocol/internet protocol (TCP/IP), DEC-
net, Local Area Transport (LAT), and other protocols, and even
shared menory buffers as a transport to avoid protocol over-
head. A single inplenmentation often supports several transport
mechani sns.

The X server typically executes on a processor with display
har dware. The X client can execute on al nbst any processor. It
may execute on the sane CPU as the X server, or it may execute
on a host, another workstation, or a conpute server. The X
server can be connected to several X clients sinultaneously,

wi th any conbination of local (running on the sane CPU) or
renmote (running on another CPU) X clients. The X server treats
| ocal and renpte clients equally.

3 Workstation Environnment

Figure 3 conpares a traditional non-X wi ndowi ng workstation with
an X wi ndowi ng workstation. In both workstations the application
nmust use a graphics library to communicate with the display

har dware and software

In an X wi ndowi ng client environment, the library of routines
is called Xlib. An application designer can choose froma wi de
variety of toolkits, which are essentially a |l evel of additiona
library routines between the application and Xlib. The use of

a toolkit can significantly reduce the amobunt of work an ap-
plication programmer has to do. The application software, Xlib,
optional toolkit, and other |ibraries conmpose the X client, as
shown in Figure 4.

Wth few exceptions, the X server conmes with the display hard-

ware and input devices (keyboard and pointer) indicated in
Fi gure 5.
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The X Wndow Systemwith its flexibility neatly solves the prob-
I ems of CPU power and di sk space versus display availability.
Applications witten for X can execute on a wi de variety of com
puters, and the results can be displayed on any of a nultitude
of devices, even on a workstation that would not have the ca-
pacity to run the application locally. Figure 6 shows how the X
W ndow System fits into a network environment.

The X W ndow System has al ready generated many useful appli -
cations, and its w despread popularity ensures that many nore
applications will be nmade available in the future.

4 Need for X Term nal s

In a study to determ ne how workstations are used, the VIPS
Group found that many users did not take advantage of the ful
potential of their workstations. In a software devel opment or
docunent editing environnent, the users often set up their work-
stations as termnals. They usually created a few term nal enu-
[ ati on wi ndows and used SET HOST or RLOG N commands to connect
to a host system on which they stored their working environnment
and files. Only two features of a workstation were frequently
used. Users kept several term nal emulators on their screens

at the sane time, and set the terminal enulator wi ndows to be

| arger than 80 by 24 characters. Only rarely did the average
wor kst ati on user take advantage of the full power of graphics
applications.

The results of our study indicated a need for a cost-effective
alternative to a workstation that would provide the features
desired by a | arge number of users. W envisioned a new kind of
termnal, one that would allow people to have multiple w ndows
of arbitrary size, to connect with rmultiple hosts, and, since
the X architecture allowed it, to be able to use the sanme kind
of graphics as a workstation.
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From an X architecture standpoint, X term nals and X workst a-
tions are quite sinmlar. They can in fact use the sanme hardware.
For exanple, Digital's VT1300 terminal runs on the sane hardware
as the VAXstation 3100 workstation. X term nal software can al so
be made to run well on hardware platforns that are not suitable
for workstations.

The main architectural difference between X termnal and X

wor kstation software is that X termnals are closed systens

that do not support |ocal user applications. Al though this

may seemto be an unnecessary restriction, it does allow X
termnals to be nade for | ess noney. An open systemthat allows
any user application to run locally must have an established
CPU architecture, a supported operating system such as the VM5,
UNI X, or ULTRI X system and, subsequently, sufficient nmenmory and
/or disk space to support such an environment. A closed system
on the other hand, can be designed with sinpler hardware, a
smal | er operating system |ess nenory, and thus |ower cost. The
absence of the ability to run user applications locally does

not inpact usability significantly since the user can run any
desired application on another CPU. Digital's VT1000 and VT1200
X terminals were designed based on this approach

5 X Ternmi nal Environment

X terminals often have | ocal applications, but they nust be
built into the term nal by the designers. The VT1200 term nal
has a video term nal erulator (VTE), a w ndow nanager, and a
term nal manager as the local applications. The VTE allows the
VT1200 terminal to nmake Anerican National Standards Institute
(ANSI) character-cell connections to a host, via the Ethernet
or the serial lines. This capability makes the VT1200 termni nal
useful in an environnment that does not have X w ndow support.

Al t hough any X server can run wi ndows software, it does not
provi de a user interface. To mani pul ate the w ndows, the user
needs a w ndow manager. The wi ndow manager creates wi ndow franes
that allow the user to invoke functions to nove w ndows, resize
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wi ndows, change stacking order, and use icons. This capability
al so makes the VT1200 term nal useful when no host is available
to run a renote wi ndow manager. A ternminal with a |ocal w ndow
manager generates less network traffic, and wi ndow managenent is
not slowed by host congestion or network round-trip delays. The
VT1200 X termi nal allows use of a renote wi ndow manager, if the
user prefers a different style of w ndow managenent.

The local term nal manager provides the user interface to initi-
ate connections to host systens. It is also responsible for the
term nal custom zation interface.

Al clients comunicate with the X server using standard X wire
commands only. Any w ndow nanager, renote or |ocal, can manage
all the windows on the screen, regardl ess of whether the clients
are renote or | ocal

6 Devel oprent of X Wndor Term nals

The devel opnment process of the VT1000 and VT1200 X term nal s has
i mportant | essons to teach us. The know edge we gai ned in 1987
has hel ped us devel op future generations of X term nals.

When we designed the VT1000 X ternminal and its code upgrade,
the V11200, we held many di scussions within the group and with
peopl e from ot her groups. We planned many iterations before we
arrived at the final architecture. It was by no neans the only
way to design an X terminal, and in 1989 we tried a different
approach with the design of the VT1300 terminal. W knew t hat
the best decision at a particular tinme night be very different
fromthe best decision one year later, since the technica

and marketing environment is constantly changi ng. New tools,
standards, and practices enter the field while others becone
obsol ete. Newer products nust always have new features to neet
changi ng technol ogy requirenents.
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Har dware Pl atf orm

Qur first step was to discuss the hardware platform and sel ect
the kind of CPU to use, nmenory size, |/O considerations, type of
di splay, etc. W studied many different CPUs to determ ne which
one woul d provide the nopst capabilities for the | owest cost.

A VAX chip was rejected because, at the tine, it was far too
expensive for the required price range of the VT1000 term nal.
The Mbtorola 68000 series CPUs are quite powerful, but we had
to consider other factors such as availability of software and
har dware tools, cross conpilers and |inkers that could run on
VMS, and hardware debugging facilities of sufficient power.

We finally selected Texas |Instruments' TMS34010 nicroprocessor
with video support and several built-in graphics instructions
that nmade it a cost-effective solution. It also came with VM5
devel opnent tools, a C conpiler, an assenbler and |linker, a

si ngl e-step, hardware trace buffer with disassenbler, and a
powerful in-circuit enulator that nade it possible to contro
execution in detail, inspect registers and nenory, and set
break points and hardware watch points (for exanple, break when
writing value x into location y).

We further discussed the kind of 1/Oto use. A sanple inple-
mentation of the MT X server on a VAXstation 2000 workstation
and a prinmtive serial line protocol showed, as expected, that
serial lines were clearly insufficient to carry the X wire pro-
tocol wi thout sone conpression of the wire protocol itself.

We had to build Digital's first X termnal with an Ethernet

i nterface.

We needed to determine if this hardware platform could give us
sufficient performance. W made several performance esti mates,
based on what little we knew then about the X server and other
sof tware conponents. W went through each step in as much det ai
as we could (before anything was built). W cal cul ated how
many instructions were necessary to performeach task in the
chain of receiving a cormmand and displaying it on the screen.
By knowi ng the speed of the CPU, we could estinmate perfornmance
in characters or vectors per second. Qur estimates showed that
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the VT1000 X term nal would not be exceedingly fast, but the
performance woul d nost probably be sufficient, definitely faster
than a VAXstation 2000 in nost cases.

In retrospect, actual performance of the VT1000 term nal and the
| ater software upgrade, the VT1200, was close to our estinmates,
but it took several passes of code optim zation to achi eve such
per f or mance.

We al so di scussed alternate hardware designs for performance

i mprovenents. One sol ution proposed two CPUs, the TMS34010

nm croprocessor to handle the display and a 68000 m croprocessor
to handle I/O and other tasks. Unfortunately, we found no easy
way to bal ance the workl oad between the two CPUs. W estimated
that the different software conmponents woul d have the foll ow ng
rel ati ve CPU denands:

Interrupts, 5 percent

Communi cations, 10 percent

Operating system 5 percent

X server (mnus display routines), 60 percent
Di spl ay routines, 20 percent

To equalize the | oad between the CPUs, we would have had to
split the X server in two, a solution that was not feasible.
Any other split of tasks would cause one CPU to spend nost of
its time waiting for the other, and the overall performance
gain would be mniml. Communication between nultiple CPUs is
conplex and is very difficult to debug. Therefore, we decided
that two CPUs were not worth the trouble or the cost. The best
way to double performance is to install a single CPU that is
twice as fast. At that tinme, the TMS34020 was al ready being
mentioned as a follow up mcroprocessor. Since its software
woul d be conpatible with the TMS34010, we decided to keep it in
m nd for possible use in a future term nal
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Code Sel ection

The use of read-only nmenory (ROM -based code versus downl oaded
code has been debated for sone tinme. ROWbased code starts up
faster and incurs less network traffic at startup tine (espe-
cially on a site with many X terninals), but is not flexible
when software i s upgraded. On the other hand, downl oaded code
can be easily distributed. An entire site can be upgraded with
one or a fewinstallations by a system manager as opposed to
changing ROMs in a |large nunber of terminals. (Wth the VT1200
X terminal, customers can change ROM boards.) Fromthe point

of view of term nal business, it nade sense to use ROW based
code in 1987. We reasoned that not all sites would have Eth-
ernet, but with ROVMs the X terminal would still be useful as a
mul tiwi ndow term nal enulator. W realized that such concerns
woul d change with tinme, and on the whol e, downl oaded code woul d
become the better approach. The only exceptions would be in the
honme or small office narkets where a boot host or an Ethernet

m ght not be avail able. Subsequent X ternminals are being made in
bot h downl oaded (for exanple, in the VT1300 term nal) and ROM
versi ons.

Operating System Sel ecti on

Next we consi dered which operating systemto use. W | ooked at
ot her vendors' operating systens, but found they were either too
conpl ex and big or inadequate. One of our coworkers had witten
a very conpact operating systemfor a VAX system used on anot her
project. W used it in our prototype and then adapted it for the
TMS34010 processor. W inplemented additional functions to run
the rest of the software with mni mum changes.

There are many advantages to working with "your own" operat-
ing system It is easy to make changes, to work around tricky
probl ems, and to nake speci al enhancenents. But operating sys-
temcode is difficult to debug. Timing is very critical, and

t hroughout the project, we found strange bugs in code that had
initially appeared to be all right to everyone involved. W
found bugs under heavy |l oad conditions after a rare sequence of
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events uncovered little timng windows and race conditions that
had not been handl ed properly. Even with in-circuit enul ators,
such bugs could take weeks to track down.

In the VT1300 we decided to use the VAXELN operating system W
wanted to avoid the possibility of time wasted on finding and
pat ching holes in the design of a new operating system

Local Term nal Manager

The VT1000 X ternminal is self-starting at power-up, but without
a host system it needs a |ocal user interface. W decided that
this interface should resenble a workstati on sessi on nmanager and
thus called it the local term nal manager. Although it covers

a different set of functions, we wanted the | ocal term na
manager to inplenment a simlar set of objects and operations
(the "look and feel" or style) of a workstation session manager
The style of the DECw ndows session nmanager was chosen to nake
it easier for a user to switch between an X terninal and a
DECwi ndows wor kstation. W wote a subset toolkit for all the
"custom ze" screens and ensured that the VTE could use the sane
subset toolkit for its "custom ze" screens. As DECw ndows has
progressed, subsequent X term nals have adapted the new user
interface preferences, in this case Mtif.

Local Term nal Enul at or

We considered a | ocal termi nal ermulator to be an inportant
conmponent. We knew that X-based term nal emulators could run on
the host, but in 1987 hosts with X wi ndowi ng support were rare.
Since we were in the terminal group, a terminal that could not
mani pul ate ordinary text by itself was considered unsell able.
We wanted the ability to access both X and non-X hosts and we
wanted to support multiple text wi ndows. Therefore we defined
the term nal enulator as an X client so that text w ndows could
coexist with X client windows. This feature has proved to be
exceptionally popular. A large nunmber of users use nothing but
video term nal emul ator wi ndows. They are not interested in
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X wi ndowi ng graphics, but do want nultiple and/or |arger text
wi ndows on a | arge screen.

Local W ndow Manager

We debated whether or not to inplenment a | ocal w ndow nanager.
The DECwW ndows wi ndow nanager was under devel opnent and was con-
stantly changi ng. The DECwi ndows wi ndow manager contai ned far
too many VMS dependencies to be ported easily. Also the X ter-
m nal did not have enough nmenory to run the DECw ndows tool kit
locally. We could have ported other wi ndow managers, but they

| acked the essential characteristics of the DECwW ndows w ndow
manager. For a while we considered letting the local clients
have a primtive way to manage their own w ndows, until a full-
featured wi ndow nanager could be started on a host. Again, this
alternative | acked the DECw ndows systemls qualities. W even-
tually decided to wite a wi ndow manager based only on Xlib and
our subset toolkit calls. It has the essential characteristics
of the DECwi ndows product. Also, since the DECw ndows wi ndow
manager of necessity woul d keep changing, we wote the | ocal

wi ndow rmanager in such a way that it could relinquish control to
a renote w ndow manager. This solution gave us the nost flexi-
bility for this hardware platform The recently announced VXT
2000 X term nal has been designed with virtual nenory to accom
nodate a wel | -established unnodi fi ed wi ndow nanager, the Mtif
W ndow Manager .

X Server

We al so needed to choose an X server. We could have based our
code on the distribution tape fromMT, but at the tine the X
W ndow System was not yet a mature product. Every inplenentor
had to spend considerable tinme stabilizing the inplenentation
enough to yield a product and inprove performance. Since the
VMS DECwi ndows Group had been witing code for the server, we
deci ded to use DECwi ndows code. Once the porting effort started,
we found that nost of the performance had been inproved by VAX
MACRO code. Consequently, we had to re-engineer all the nodul es
or adapt new ones fromthe MT tape. As we kept porting and
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enhanci ng performance, our code changed nore and nore unti

it becane extrenely difficult to track bug fixes made by the
DECwW ndows Group. The M T patches were also nearly inpossible to
use because of code changes and because our starting code was
one step renoved fromthe tape.

Today the MT X server is a mature product; patches and bug
fixes are readily available fromMT and the X conmmunity. In our
current X termnals, the high degree of portability of the MT
X server allows us to keep nost of the MT X server source code
al nrost unchanged so patches are easily applied.

Communi cati ons Protoco

Many comruni cations protocols were avail able, but our choice
was dictated by market pressures rather than technical reasons.
The market demanded TCP/ 1 P. DECnet woul d have been accept abl e,
but it was running out of avail able addresses, at least within
Digital. DECnet address space supports only 64,000 nodes and
requi res manual address and nanme assignhnments. After waiting
weeks to get addresses for a few workstations, we realized that
addi ng thousands of X terminals into Digital's internal network
woul d not be possible. DECnet Phase V software has solved this
probl em

Next we | ooked at the LAT protocol used by Digital termn nal
servers and found that it had several advantages. First, the
VMS operating system supports the LAT protocol. LAT uses unique
48-bit Ethernet addresses to identify each node, which allows a
| arge node address space. LAT al so does not require any system
managenent to add another terminal. A user can connect a ternm-
nal to a power source, and the term nal automatically becones
part of the network. Qur performance eval uations found that the
LAT interface on the host could be witten to incur |ess host
over head than DECnet, which is inportant when many X termnals
are connected to hosts.
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Changes were needed in the VMS LAT driver to acconmodate X wire
and font service connections. The VMS Software Engi neering Group
worked with us to ensure that we woul d have those changes on
schedul e and in the appropriate VMS rel eases. As a result, we
chose the LAT protocol for the VMS comrunity and TCP/IP for
users of ULTRI X and UNI X systens.

Font File System

Storing fonts and changing font file formats were mmjor prob-
lens. Since the VT1000 X term nal did not have a local file
system sone fonts had to be stored in ROMto allow the VT1000
terminal to function in standal one node. A quick review of the
avai | abl e DECwW ndows fonts showed that not all of themfit in
the ROM space allowed for the term nal. Furthernore, custoner-
designed fonts or new font rel eases could not be acconmpdat ed.
The solution was to be able to read fonts froma host system
Thi s approach provided a font service on VMS, and enabl ed font
files to be read over the Internet. W designed a process called
the font daenopn to run on the VMS operating system This process
could deliver font data on request to one or several VT1000 ter-
m nals. The VMS font daenon uses the LAT protocol to deliver the
fonts and protects sonmewhat against font file format changes. In
many ways, the design of the font daenon nmakes it a precursor

to a general font server, and it is very simlar to the X Font
Server being delivered by MT in the latest rel ease of the X

W ndows System

To use the font service, the term nal user nmust specify a font
path in the VT1200 | ocal term nal nanager. Specifying a host
nanme is sufficient to access the default font path, although
users with their own font files can optionally search other
directories. At startup, the VT1200 term nal nakes a font con-
nection to the host's font service and delivers the font path
specification to the font service. The font service sends font
nanmes and other basic font information about all the fonts in
the sel ected path. When the VT1200 X server needs a font, the
VT1200 first searches the ROM based fonts; if it is not there, a
request to read the font is sent to the font daenmon. The daenon
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sends the required information to the V71200, and the X server
can display characters fromthat font. Since nenory is linted,
the VT1200 has font caching, a nechanismto discard fonts no

| onger used or to discard the |east used fonts. Qur current X
termnals increase the robustness of the font nmechanism for
exanpl e, they provide recovery should the font service or its
host beconme unavail abl e.

The speci al LAT code that we used on VMS systenms for the font
service was not available on UNI X and ULTRI X operati ng systens.
Since internet protocol (IP) was available, we could use the
trivial file transfer protocol (TFTP) to read a file froma host
system if the system nanager set the proper protections. W
chose TFTP for its ease of inplenentation and its wi de avail -
ability on UNI X and ULTRI X systens. The TFTP font path in a
VT1200 term nal specifies a host |IP address and a conplete path
to a file (usually named font.paths) that contains the conplete
path to all the font files that the VT1200 can use. The term na
can then access all those font files, again through TFTP, to
obtain font names and ot her basic information about each font.
When a client wishes to use a font, the proper font file can

be read again, this time to load the conplete font. Since this
process is tine-consuning, the font path pointing to the file
has an alternate format in which the font nane follows the com
plete path to each file. Using this alternate format, the VT1200
term nal does not have to open and read the font file until a
client actually intends to use it.

7 Conparison of X Term nals

The VT1200 and VT1300 X wi ndow terminals were built using dif-
ferent approaches to solve the problens encountered during de-
vel opment. The X terminal is a new and flexible concept; there
is no single "best" design. Table 1 conpares the nobst inpor-
tant differences between the two terminals. We also include the
specifics for the VXT 2000 X term nal .
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Tabl e_1: _Conpari son_of _X W ndow _Term nal s

VT1200

Monochr onme only

1 bit plane

Code in ROM

No virtual nenory
2 to 4MB RAM
TMS34010 CPU

Speci al operating
system

Local clients:
Term nal manager
W ndow manager
Vi deo term na
enul at or

Local custom zation

Choi ce of host
(LAT only)

LAT protoco

TCP/ | Pgpr ot ocol hni ca

Speci al hardware

Code downl oaded
No virtua

8 to 32MB RAM

VAXELN operating

Cust oni zed on host
just as a worksta-

Aut omati ¢ X wi ndow
login to boot

JTCP/ I P Vol . o03oNo.
Avai |l abl e on sev-

wor kst ation pl at -

VXT 2000

Monochr ome and
col or

1 or 8 bit planes
Code downl oaded
Virtual nmenory

4 to 16MB RAM
VAX CPU

Speci al operating
system

Local clients:
Term nal manager
Moti f wi ndow
manager

DECterm term na
enul at or

Local custom za-
tion
Centralized cus-
tom zation

Choi ce of host (LAT
and TCP/ I P using
XDMCP)

LAT protoco

4 Fal | C1991 protocol

Uses standard
har dwar e
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The VT1200 is ROM based; all its software is permanently resi-
dent in the ternminal. The VT1300 software is downl oaded, so a
host or bootserver on the same network must supply the term na
with a load i nage at power-up

Si nce downl oaded term nals are dependent on the existence of

at | east one working host system the user interface can be
designed differently. Wile the VT1200 X terminal has a built-in
user interface, the VI1300 does not need it. The VT1300 term nal
automatically makes an X connection to a host at power-up, and
the user is presented with the sane DECw ndows | ogin box as on a
wor kst ation. The VT1300 has no local clients; all clients run on
the host system

The VT1200 termi nal uses the LAT protocol for its ease of use
and m ni mal network managenent dermands. The VT1300 term nal uses
t he DECnet software already inplenented in the VAXELN operating
systemused internally. Both term nals support TCP/IP.

8 VXT 2000 X Term nal

One problemthat has plagued all X terminals is limted nmenory
space. Workstations usually have a virtual nenory system which
provi des | arge pagi ng and swap areas on a di sk, and applications
and X servers can use nore nmenory space than the hardware has.
Until now X term nals have not had virtual nmenory systenms. |f
too many applications nade excessive demands, or if a client
created large off-screen inmages (called "pixmaps" in the X Wn-
dow Systen) the terminals quickly used all nenory space. If the
X server inplenmentation was correct, an error was reported and
aclient might try a | ess denmandi ng approach. |In other cases,
the terminal or client mght sinply crash. One alternative was
to install nore nenory in the X term nal, although this can be
costly and offers no guarantees.
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In the next generation of Digital's X terminals, the VXT 2000,
this problem has found a cost-effective solution. Based on the
VAX architecture, the VXT 2000 terminal uses virtual nmenmory and
downl oaded code. The Digital |InfoServer, an Ethernet storage
server, provides the load i mage, virtual nenory pagi hg space,
fonts, and custonization storage. The sanme |nfoServer also

sol ves anot her problem now the X ternminal has access to a file
system This allows nore extensive custom zation, as well as
centralized managenent of the custom zation of all X termnals
on the network. Figure 8 shows the configuration for the VXT
2000 X terni nal .

9 Concl usion

X ternminals are not intended to replace workstations. Nor will
wor kst ati ons repl ace host systens or conpletely displace X ter-
mnals in the foreseeable future. It is likely that host conput-
ers will always be faster and have nmore menory and di sk space

t han reasonably priced workstations of the sane era. It is also
likely that ternminals can be built cheaper than workstations of
reasonabl e performance for some tine to cone. As long as that is
the case, there will be a market for X term nals and host sys-
tems. Future X terminals will be faster, and have nmore built-in
functionality, nore | ocal applications, X extensions, and npst
likely, additional hardware features. X termnals will be the
networ ked terninals of the 1990s.
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