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A command which causes the translation of any supported or usefulness of any i i product or
graphics file format to a format acceptable to any supported process disclosed, or represents that its use would not ‘
device has been implemented on two linked DECsystem-10s. infringe privately owned rights. i

The processing of the command is divided into parsing and P -
translating phases. In the parsing phase, information is
extracted from the command and augmented by default data.

The results of this phase are saved on disk and the appro-
priate translating routine is invoked. Twenty-eight trans-
lating programs have been implemented in this system. They
support four different graphics file formats, including the
DISSPLA and Calcomp formats, and seven different types of
plotters, including Tektronix, Calcomp, and Versatec devices.
Some of the plotters are devices linked to the DECsystem-10s
and some are driven by IBM System/360 computers linked via

a communications network to the DECsystem-10s. The user

of this facility can use any of the supported packages to
create a file of graphics data, preview the file on an on-
line scope, and, when satisfied, cause the same data to be
plotted on a hard copy device. All of the actions utilize

a single simple command format.

INTRODUCTION

1.1 General

In the last few years the advances in computer
hardware and software have been impressive. For
the most part such advances have been beneficial,
but the problem of "future shock” exists in com=~
puter science as well as in the rest of our
culture,
in the specific area of graphics, where graphics
support packages and plotting devices are legion.

1.2 Environment

The system we describe was developed for
DECsystem-10s, of which our installation has two.
They are linked to one another and to several IBM
System/360s by communications lines and software.
We are concerned in this paper with timesharing
users of the DECsystem-10s.

Several types of plotters are available: Tek-
tronix graphics terminals, Versatec printer/
plotters, Calcomp pen-and-ink flatbed plotters,
and a FR80 COM device with graphics capability.
Over the last 15 years many graphics support
packages for various plotters have been written or
acquired by our installation, so that now there
are about 50 graphics support packages available.

1.3 Problem Description
Consider the following set of basic decisions
which must be made before a graphics application
is designed and developed.
1. The designer must decide upon the plotter
to be used in production.

to be used in debugging.

ware package which
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The problem has been perhaps more severe

2. The implementer must decide upon the plotter

3. The implementer must choose a graphics soft-

(a) is appropriate to- the solution of the
problem,

(b) supports the production plotter, and

(c) supports‘the debugging plotter.

Some problems arise in making these decisions.

1. The implementer must understand and support
the interface between the graphics package
and the plotter.

2, The implementer should understand all pack-
ages and interfaces so that accurate deci-
sions are possible.

3. Everyone must consider the interface between
the user and the product — if it is difficult
to use, no one will use it.

In an environment where so many options are avail-
able, these problems are immense.

1.4 Problem Solution

If a system were available which would translate a
given file or graphics data to a format consistent
with any available plotter, and if such support
were available for all supported graphic files,
all the problems would be solved.

1, The designer and implementer no longer need
to choose the plotter, since all applications
are device-independent.

2., The implementer need not consider the chosen
plotter while deciding upon the support pack-
age — the package most appropriate to the
problem may be used.

3. The interface between the support package and
the plotter is already done.

4. There is only one user interface.
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Note that in such a system, the interfaces must be ]_: Acquire the command to be inspected. 1
well done since users of all levels of expertise, 2. Parse the command into its constituent fields.
from rankest greenhorn to seasoned pro, will be T3, Verify the existence of the required trans-
using them. lator,

: 4., Acquire system default informationm.
1.5 Purpose of This Paper 5. Acquire default information for the requited
The system described in this paper is an implemen-— translator.
tation of the concept set forth in Section 1.4. 6. Acquire and apply user default

. SWT

At this time four graphics file formats and seven fi‘lle) PPEy u aules ( TcH. INI
types of plotters are supported, with all 28 pos- 7. Prompt for any omitted mandat
sible combinations of those elements implemented. 8. Ptomgt for anz needed cor:e:tizzsinformation.
A simple, flexible, powerful, and extremely for- 9. Build a parameter file for the translator.
giving interface has been developed. We discuss 10, Invoke the translator.
the design parameters for this system and the :
structure that evolved for their implementation, . e j(

then describe the system components, and finally
present scenarios of the use of the system by
novice and experienced users.
ORNL/DWG/FED 78-867
2, SYSTEM DESCRIPTION

2.1 General

PLOT
COMMAND SCANNER
We have been describing some of the problems LOGIC -

_ facing users to emphasize the primary design SYSTEM . SUPPLIED USER - SUPPLIED
goal of this facility, the provision of a device- DATA - DATA
independent, user-oriented plotting facility. We
wanted to provide a user interface which would - * g < u',NM'L:hD ’
not require much learning, would be essentially
static over long periods of time, would require INCLUDE
a minimum of user input, and would permit cor- USER
rections without repeating the entire request. . : s;‘s’!rgm
2,2 Design Parameters - S‘é';"ﬁ'{ﬁ"& -
The generalized plotting system was designed in l . ELL
accordance with these specifications: .

1. The gystem nmust be capable of handling sev- m_, _ PARSE
eral graphics file formats and severa% Commanp_|SCAN
plotters. FIND FILE |WILD

2. The system must be easily and consistently
expandable to new file formats and devices.
3. The user's view of the system should be

CORRECTIVE
static except for additions supporting new ERRORS? 0IALOG, THEN
facilitcies. CONTINUE

4. A single command should be able to direct
the conversion of any supported graphics
file to a format compatible with any sup-
ported device.

5. The command should have a syntax familiar
to the user.

6. The command must be easy to ‘use.

CHOOSE
TRANSLATOR

APPLY

POPC76.HLP USER
7. The command processor must be exceptionally VECCIZHLP 1

forgiving of user errors. TRANSLATOR
8. As much existing software as possible should XYITEK.HLP DEFAULTS
be used, to minimize development time. DOBVER.HLA
9. ' The system must be easy to maintain. —

ANY
OMITTEOD
SWITCHES

2.3 System Structure

The processing of a user command was seen to con-
sist of two phases: the inspection of the command
for validity and the translation of the specified
data to the required plotter format. The systea

was therefore divided into two parts: the command PA::’[&'-EDTER
scanner (the user interface) and the translators., VECCIZEXE FILE
Since many translation programs already existed,

they were to be used to the greatest extent pos= XYITEK.EXE
sible. In fact, the only modification to the DOBVER.EXE
translators presently implemented has been to cause

the translator to lovk in a disk file for the name
of the graphics file. =

In general, the command scanner processing consists Tt .
of the following steps (see Figure 1): o ) Fig. 1
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3. USER INTERFACE

When a system provides great power and flexibility,
so many options may be available that the system
could be impossible to use. Consequently, a great
deal of attention was placed upon the structuring
of the system for ease of use. Among the steps
taken were the specification of a simple, famil-
iar command syntax; the definition of many
defaults; and the corrections of many errors.

3.1 Command Syntax

Since the facility was intended for installation
on a DECsystem-10, a syntax appropriate to that
computer was desired. The Peripheral Interchange
Program (PIP) syntax was chosen as being the most
familiar to the user. Specifically, the syntax
was :

.PLOT PLTDEV:=DEV:?ILE.EXT/SWITCH,DEV:FILE.EXT/SW
/SW,...

where

PLTDEV is the destination plotter,

DEV 1is the device upon which the source file is
found,

FILE is the name of the graphics file,

EXT is the type of data (i.e., Calcomp, Tektronix,
vectors, etc.), and

/SWITCH is additional information about the file
or the translation to be done.

To maintain maximum compatibility with DEC soft-
ware, the SCAN and WILD programs were used to
process the command string.

3.2 Defaulting

The user of a facility on a computer system rarely

knows all of .the available opticns. In a facility

as extensive as this one, the number of options is
very large, so the user could find effective func-
tioning very difficult unless the system is care-

fully designed. One way of aiding the user is an

extensivé set of default values.

Defaults to two types of fields are provided.
The first type is called the command field and
includes device, file name, and extension. The
second type of field is the switch. .

Defaults are also provided in a variety of ways.
There are defaults provided by the system, by
the user in a SWITCH.INI file, and by .the user
while invoking the command.

3.2.1 Command Defaults — There are two sources
of default information for the command field
defaults — the system and the user. If the user
types

.PLOT

the system will interpret the command to mean,
for instance,

.PLOT VER:=SEGMNT.VEC

These defaults are a function of the computer upon
which the generalized plot facility is installed
and are contained in a file known to the command
scanner.
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It often happens, however, that devices or file

formats are used in bursts. For instance, users ’
will perform debugging using Tektronix terminals
to take advantage of quick turnaround and would
thus like a different default plot device to
obviate typing

.PLOT TEK:=

every time. Accordingly, the switches DEVICE,
FILE, and EXTENSION have been implemented for
inclusion in the SWITCH.INI file. If the user
desiring extensive use of the TEK device includes
the line

PLOT/DEVICE: TEK

in the SWITCH.INI file, the results of

.PLOT

are now

" .PLOT TEK:=SEGMNT.VEC

Of course, if the user explicitly specifies some
field, that specification overrides any default,
just as the SWITCH.INI specifications override the
system defaults.

3.2,2 Switch Defaults — As in the case of command

.value takes precedence.

defaults, there are several sources of default
information for switches. Again, there are system
supplied defaults, but now the defaults are spe-
cific to each tramslator, rather than to the
system as a whole., These defaults are kept in’
files known to the command scanner and are applied
once the translator has been chosen. In addition
to the specification of values for switches, these
files contain information about the switches
required for the translator and switches meaningful
to it.

The user may also specify default values by includ-
ing information in the file SWITCH.INI. Any

switch may be included in the SWITCH.INI file. If
the same switch has a system default, the SWITCH.INI

A third means of specifying defaults is by sticky
defaults., That is, in a command which will plot
several files, switches common to all files may

be specified before the first file name and will
then be applied to all subsequent files until over-
ridden explicitly. For instance,

.PLOT =/COPIES:3 A.VEC,B.VEC

will plot three copies each of A.VEC and B.VEC.
The command

.PLOT =/COP:3 A.VEC,B,VEC,C,VEC/COPIES:4

will plot three copies of A.VEC and B.VEC, but four
copies of C.VEC.

Explicit specifications of a value by a user take
precedence over all forms of defaults. Sticky
defaults take precedence over SWITCH,INI defaults,
which in turn override system defaults.

_______T______.




: 3.2.3_ Unspecified Values — As mentioned above,

{ there is information available to the command

scanner concerning switches which must be spec-

ified for some: translators. If there is no

# source of information for such a switch, includ-
ing any form of default, the user will be

' prompted for that value.

3.3 Overall Logic :
Figure 2 presents the overall logic of the gen-

eralized plot system, including the flow from

the command scanner through the translators to
the graphics device. Note that in several places
A in the diagram there are entries of "NETWORK

1 QUEUE". These represent the transmission of the
file to some other computer in the extensive net-
work of which our DECsystem-10s are a part. For
instance, some portion of the work for all the
Calcomp plotters is done on IBM System/360s.

3.4 Error Correction

Few events are more frustrating to a user of a
timesharing system than typing a long command
string and having the operating system throw

1t all away because the user misspelled a switch.
This problem is highlighted in this facilicy

PLOT SYSTEM

PLOT

since there are so many switches which can be
used. To alleviate this problem, the user is
told of the mistake made and prompted for correct
data. Among the errors which are correctable are:
1. null device,
2. wildcard device,
© 3. null switch,
4, unknown switch (name misspelled),
5. ambiguous switch (name misspelled or too
abbreviated),
6. omitted switch value,
7. ambiguous switch value (keyword misspelled),
8. ambiguous switch value (keyword misspelled
“or' too abbreviated),
9. Z&ro or excessive length project or pro-
. grammer number, and o
10. no file satisfying a wildcard specification.

4. TRANSLATORS

4.1 General .

The discussion so far has considered the user~
software interface. That interface makes known
to the plotting system a set of information de-
scribing the work to be done and the program
which is to do that work. The remaining functions

ORNL/OWG/FED 78-866
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to be performed are to save the information in
a standard manner and to invoke the trans-
lation program. Each translator must be able
to access the saved information, convert the
identified graphics data to the required plot-
ter format, and generate the plotter device
access protocol,

The following steps are a simplified list of
the flow of a general translator program:
1. Invoke and initialize the translator.
2., Access the information about the inter-
mediate graphics file and specified
switches.
3. Open a graphics data file.
4, Input a graphics data file buffer.
5. Decode the packed information into
graphics file primitive information.
6. Translate graphics file instruction
into device instructions.
7. Encode thé device driving instructions
into the device primitive format.
8. Output to device.
9. Repeat steps 4-8 until graphics file is
exhausted.
10. Close graphics file and device.
11. Check for completion of job step and
terminate or return to step 2.

4.2 Scanner-Translator Interface
There are three elements to the scanner-
translator interface. First, the information
identifying the graphics data and the required
conversion must be saved in a format accessible
to the translator. To do this a disk file is
created, the name of which contains the number
of the timesharing job assigned to the user
doing the work, thus providing uniqueness to
the disk file name. The specifiers are saved
in the following order:
1. switches applicable to all graphics files
in the request (global switches),
2. file specifications, including each of
the remaining elements,
3. file structure,
4, file name,
5. extension,
6. PPN, and
7. switches relevant only to this request
(file switches).
The entries are saved in a format consistent
with their nature. File structures, names,
and extensions are saved in SIXBIT, the PPNs
are binary, and the format of the switch values____
depends upon their nature. The global switches
are all ASCII, while most of the remaining '
switches take binary values. The global switches
have positional values — the first six words
of the parameter file contain the value of the
NAME switch, the next ten contain the ADDRESS
values, etc. The file switches are saved in

plotted on the Versatec, the name of the trans-
lator is VECVER, for VECtor file to VERsatec for-
mat. Control is passed to that translator by
means of the RUN UUO, so that the entire memory
space of the command scanner is overlaid by the
VECVER translator.

Finally, the translator must be able to access

the parameter file. A subroutine capable of this
has been written and must be called by each trans-
lator. The calling sequence for the parameter
access routine is

CALL PLPOST(I,J)
where

PLPOST stands for PLot POSTprocessor,

I is an integer code for the datum desired, and
J is the area in which the value for the datum
is to be stored.

The calling program should be written to expect
the datum in the format in which it is being
passed, which is generally not the same as the

" format expected by the original tramslator.

4,3 Tektronix Processing

4.3.1 Translations — The graphics file to Tek-

.the format: = __ _
1. SIXBIT switch name (truncated to six char-
acters),
2., word length of the switch value (in binary),
and

3. switch value.

Next, the proper tramnslator must be invoked. The

name of the translator is created by concatenating
the extension of the file name and the plot device.

For example, if the file SEGMNT.VEC is to be

tronix translators are the least complicated of
the programs discussed in_this report. A spe-

cific decoder is used for each supported graphics _
file type which unpacks the graphics instructioms.
These instructions are then translated into syn-
onymous instructions for the Tektronix storage
tube, Vendor software,. availabl from Tektronix™
(1), 1s used to encode the translated instructions
into device primitives which actually control

the position of the beam on the face of the Tek-
tronix storage tube.

4,3,2 Plotter interface — The Tektronix storage
tubes are treated as teletype ports into the PDP-
10. As such, graphic postprocessing done at a
terminal of this type is interactive. No
spooling of job requests is required.

4,4 Versatec Printer/Plotter Processing

4.4,1 Translations — The graphics file to Versa-
tec plotter translators are the most complicated
of the programs discussed in this report. They
are typically 7 to 10 times larger in executable
module size than corresponding Tektronix trans-
lators, due specifically to the vector-to-raster
conversion which must be performed. The same set
of graphics file decoders is used to unpack in-
dividual file types. These instructions are
translated into line segments. The first stage
of the vector-to-raster conversion process maps
all line segments into the raster buffer (which
is currently an entire Versatec page 1024 by 800
dots). The second stage, which begins as soon as
a new page is requested, compresses the raster
buffer in preparation for transmitting this infor-
mation to the Versatec plotter spooler. The com—
pressed raster data are placed in another file
and when all input has been exhausted, program
control passes to the I/0 interface which queues
the compressed raster data to the Versatec plot-
ter spooler,

________1________




4.4.2 Plotter Interface — At one of our instal-
lations a Versatec printer/plotter 1s used as the
only hard copy output device, serving as both line
printer and hard copy plotter. Two queues have
been defined to serve that device, each queue
having its own spooler., Given the queue for plot
work and the spooler to handle that work, all

that the translator needs to do is to enter its
output in that queue, The rest of the processing
is handled by the system.

At the same installation a second computer (a DEC
PDP-11/45) is available with its own Versatec
printer/plotter. If that Versatec is specified,
the untranslated file is transmitted to the PDP-
11/45 and converted to raster image there, thus
providing wuch.faster operation and reduced load
on the DECsystem~-10.

4.5 Calcomp Processing

4.,5.) ' Translations — The graphics file to Cal-
comp plotter translators are based upon a slightly
different principle. Actually, these translators
create a DISSPLA (2) compressed graphics data

set from the input graphics data file. This
scheme was chosen since a program which would
transmit a DISSPLA compressed graphics file to the
IBM System/360 and a program which would plot the
same file on the remote Calcomps already existed
(although not in a convenient form). Therefore,
in keeping with the modest software development
of the generalized plotting facility, the same
set of graphics file decoders was used to unpack
the data files. These graphics instructions are
translated into line segments and "drawn" into
the DISSPLA compressed graphics data set.

4,5.2 Plotter Interface — The Calcomp Plotters at
our installation are both stand-alone plotters.
That is, they are not physically connected to any
computer. To do plotting the user puts the data
on a magnetic tape which then is transported to

" the plotter. Because of various considerations,
including the availability of operators, tapes,
and software, all tapes for the Calcomp plotters
are created by IBM System/360 computers. Since
much of the.plot development work is done or
saved on the DECsystem-10, the generalized plot-
ting system must be capable of generating a job
to run on the IBM System/360s which will create
a tape for the Calcomp.plotters. Since the IBM
System/360s are linked by communications lines
and seftware to the DECsystem-10, the plot system
can then enter the generated job into a queue for
the IBM System/360s and let the system do the rest
of the work.

The primary tenets of the generalized plot system
apply to the job generating code as well as to the
rest of the system. The user should be insulated
from unnecessary detail and should be provided ;
with as many defaults as possible. To that end,
only a few mandatory data are defined and SWITCH.
INI support for those data is provided (so that
the user may define those data once and then for-
get about them), The required data are the user
identifier (a 3-character field assigned adminis-
tratively to provide job name uniqueness on

IBM System/360 work), the charge number (which is
used in IBM System/360 accounting and is a stan-
dard field), and the address of the user (which

is used in routing output). ’

Given the above information, two general methods
of providing a tape for the Calcomp plotters are
available., For jobs doing relatively little plot-
ting, a high turnaround method is available.in
which the graphics file is created with a stan-
dard name upon IBM System/360 direct access stor-
age on a disk pack of a given name. At regular
intervals the operators of the IBM System/360s
invoke a program which searches that disk pack
for all files of standard name coastruction and
places their contents on a single tape for trans-
port to the Calcomps.

Jobs creating large graphics files must create
their own tapes in the interests of saving on-line
direct access space. The generalized plot system,
then, needs to build a different job, one which
calls for the mounting of a tape and which causes
the creation of a plot control card to accompany
the tape to the plotter. '

The creation of each type of job under the gen-
eralized plotting system obeys the same rules as
the rest of the system — the user does not have
to know what is going on. 1In fact, the user will
never see the job. control language until the out-
put of the job 1s delivered.

It is important to note that the plotting system
exists on two DECsystem-10s about six miles
apart, which are linked by communications lines
and spoolers so that either one may be used with
the plot system with no modification of the
procedure. If the user is connected to the remote
DECsystem-10, an extra routine step is interposed
(without the user's knowledge) which sends the
generated job to the DECsystem~10 in the room
next to the IBM System/360s, from which the job
is entered into the IBM System/360 queue, The
user cannot tell from the job output which com~
puter was used to initiate the job.

5. SCENARIOS

5.1 General

Let us now consider the appearance of the gener-
alized plot system to the user. We consider two
users — the novice and the old pro. The novice
is defined as a person who has no previous experi-
ence with the plot system, but who does know how
to create a graphics file and has had enough
experience with DECsystem-10 to know that HELP
files exist for many facilities and that often

a /H switch will provide assistance. The old pro
has been using the plot system for a long time
and knows about all the defaults and short cuts
possible. :

5.2 Novice

We begin with the novice user who has already
created a graphics file, which we call SEGMNT.VEC.
The user first types

.HELP PLOT (where PLOT 1s the command invoking
the system)

and receives some general information about the
system as a whole. 1Included in this file are
some basic commands chosen to provide the user
with some inkling of the range and depth of the

. _______T_______
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. complete and the work is scheduled.

command structure.
an example is

One of the commands given as

+PLOT TEK:=SEGMNT.VEC

which will cause the user's file to be plotted on
the user's Tektronix scope. Cheerfully, the
user enters that command and finds that the re-
gultant plot is not as intended.

Having found errors in the program and used the
Tektronix plotting capability of the systemj
o verify that the file is correct, the user
now desires a hard copy of the graph. Hoping
that a command like

.PLOT/HELP

will provide helpful information, as it does for
many facilities on the DECsystem-10, the user
tries 1t, The response is a list of categories
of information available from which the user is
asked to choose. Interested in finding out what
plotters are available, the user responds appro-
priately and finds that a VECC92 processor is
available (vector file to Calcomp 925/1036 plot-~
ter). (The HELP facility then prompts for the
next category of information desired.) Contin-
uing the dialog, the user finds that several
switches are mandatory or recognized but not being
in the mood to figure them all out simply types
the command:

.PLOT C92:=SEGMNT.VEC

which the user hopes will take care of all prob-
lems and plot the file on the Calcomp 925/1036
plotter. .

Unfortunately, further information 1is required
before the plot can be made, since an IBM System/
360 job must be created to do some of the trans=-
lation. The user is then prompted for a user
jdentifier, a charge number, and an address. The
user is then pleased to find that the request is

Flushed with success, the user decides to plot
another file, one named FILE.ABC. Entering the
command

.PLOT C92:=FILE.ABC

the user is disappointed to note that no trans-
lator ABCC92 exists and that prompts for correct
device and file extension have been issued. Knowing
that the information was correctly entered and
knowing that the file is really in the DISSPLA POP
format the user renames the file to FILE.POP and
types

.PLOT C92:=FILL.PPP

misspelling grievously. The plot system announces
that no such file exists and prompts for correction.
When the user responds correctly, the system again
prompts for user identifier, charge, and address
before scheduling the work.

5.3 01d Pro — Our old pro knows all about the
generalized plot system. Long ago this user tired
of responding to prompts for switches and built a
SWITCH.INT file containing the line

PLOT/DEVICE:TEK/UID:RDB/ADDRESS:''9201-2 Y-12"/
CHARGE:12345

so that the IBM System/360 jobs required for
various applications could be easily built.
Furthermore, this user knows about the default
file names and devices for each installation, so
to plot a SEGMNT.VEC file on a Tektronix scope
this user types oanly

.PLOT

The device field and mandatory switch values will
be provided by the SWITCH.INI field while the file
name and extension fields will be provided by the
system defaults.

When all the bugs are out of the application and
the old pro wants a Calcomp plot, the SWITCH.INI

“file is modified to contain /DEV:C92 so that the
‘command

.PLOT

takes care of it with no prompting. The old pro
also knows about the coples and forms capabilities
of the system and about the multiple pens avail-
able on the Calcomp 925, so when desiring to take
advantage of these features the pro types

.PLOT =A.VEC/COPIES:3/FORMS:602/INK:(GREEN/L,
BLACK,RED/L) _

which causes the file A,VEC to be plotted three
times on 602-type forms with the three pens set
to liquid green ink, black ballpoint pen, and
liquid red ink, respectively.

6. SYSTFMS MAINTENANCE

In a system as complex as this one, considerable
effort should be directed to making the system
easy to maintain and to expand. Part of the

means of doing so was to use existing software
wherever possible and to make only minimal changes
to interface to the new regime. But various new
facilities were added, including the automatic
application of various translator-specific defaults
and the definition of mandatory switches for each
translator.

The new facilitles are largely supported by means
of tables which are kept on disk. One file, the
PLOT.HLP file, contains the list of supported
translators, mandatory and legal switches for each
one, and special information about each transla-
tor, as well as the system default specifications
for plot device, graphics file name and extension,
and the plot command (used when the user types
only "PLOT"). In that file the translator names
are SIXBIT, the switch fields are in the form of
bit maps, and the default command information is
ASCII. A program named HELPFI was written to
create and maintain this file.

The translator-specific defaults are kept in
separate .HLP files with the same names as the
translacors themselves. That is, the defaults
file for the VECVER translator is named VECVER.HLP.
This file is created by the 'same program which
maintains the PLOT.HLP file, but it is’ ASCII.

It contaifs the List of default values in the
form of switch strings recognizable by the SCAN

.______1_______
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program, lists of mandatory and legal switches and
of special information, and an ASCII text string
providing additiénal information. Since this file
is in ASCII no update provisions are made for it —
the system maintainer _needs only to use some

_editor, such as TECO, to modify it. \

this system, “the HELPFI program was designed for
ease of use. The maintainer is prompted for each
entry and each is validated. The maintainer may
create, delete, or modify translator entries.

. 7. CONCLUSIONS

The generalized plot system described in this
paper provides to the user of a DECsystem-10 the
capability to use virtually any graphics support
package provided with any plotter available., The-
user is not required to know very much about the
system and the most probable user errors are
correctable via prompts. The system has been
designed for ease of maintenance and expansion,
so that minimal support effort is required,
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