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Abstract:

Many systens inplenment plotter device-i ndependent
comput er graphi cs by having a systempl ot package
whi ch outputs a plotter-independent code (here

cal | ed netacode) and having a translatingdriver
for each plotter which uses this code as input.
The translator for this code can oftenbe run with
greatest efficiencyon the conputer which hosts
the plotter. In NCAR s configuration, various
conputersw || drive different plotters, making a
portabl e netacode transl ator a desirabletool.
Constructinga metacode translator which can drive
the sinplest devices and yet provide the potenti al
to use sophisticatedplotter hardware features is
a stinulatingchall enge. The design and inpl emen-
tation of such a translator are described.
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Introduction
Devi ce-i ndependent conput er graphics are inple-
ment ed at NCAR by usi ng netacode [2]. Thi s device-

i ndependent instructionset is produced on each of
the conmputers in NCAR s networ k where user pro-
grams execute, such as the Cray-1, the Control

Dat a 7600, the general purpose satellites, or the

hi gh performance graphics satellite (see figure 1).+%
Transl ati onof the netacode is done on the vari ous
conput ers where the individual graphics devices re-
side. The general purpose satellites translate
nmetacode into instructionsfor a mcrofil mrecorder.
The Control Data 7600 uses metacode to produce in-
structions for its mcrofilmrecorder. The high
performance graphics satellite transl ates netacode
into instructions for its display. Various com
puters can transl ate netacode, produci ng out put
tapes for off-line plotters.

t The National Center for Atnpspheric Research is
sponsor ed by the National Science Foundation.

tt At this witing, the hardware configurationis
only partially inplenented, but this introduc-
tion assunes the ultinmate configuration.
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When enor nous vol unes of instructionsare to be
transl ated, an i nfl exi bl e machi ne | anguage pr ogram
is used to translate the netacode. The hi gh speed
m crofil mdevice on the 7600, for exanple, cur-
rently averages several hundred i nstructions per
second around the clock. This makes a small, fast
met acode transl ator very inportant. Thereis,
however, a need for another type of translator.

A portabl e transl at or nakes sone efficiency sacri -
fices to achieve other goals. Because it is port-
able, the translator is easily noved fromone host
conmputer to another. Because it can reduce high

I evel constructs to low |l evel ones, the |east
sophi sticated plotters can be supported. Because
the code has clearly marked i nterface points, a
new plotter can be added to the systemwith a small
effort.

Achi evi ng Portabilityy

The translator is witten in PFORT [1], a portable
subset of FORTRAN. A verificationprogramwas used
to check that the translator adheres to this stand-
ard. Wien noving the translator to a new conputer,
the inpl enentor sets certai n machi ne- dependent con-
stants and suppli es FORTRAN-cal | abl e functi ons for
shifting and masking (I AND, 1OR, ISH FT). The
transl ator assunmes that positive integers are
stored in binary and that the host's default |ength
i nteger vari abl es have 16 or nore bits.

Per haps a word on portabl e FORTRANis in order.
The syntactic constraints of PFORT tend to be an
irritant rather than an obstacle. Standards which
are little known to many FORTRAN users i ncl ude:

o when initializingan array with a DATA state-
ment, each el enment of the array nust be individ-
ually listed before the first slash (as in
DATA A(1), A(2),A(3),A(4),A(5)/5%0/).

o mixed nodes of real and integer are not per-
mtted (asin A = A+l).

o if a routinereferences two other routines which
share a naned COVMON bl ock, the calling routine
must al so share that named conmon bl ock.

o DATA statenentsreferring to naned comon bl ocks
can only appear in BLOCK DATA routines. These
and ot her standards are checked usi ng the PFORT
verification program
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FIGURE 1
NCAR CONFIGURATION

The mai n programof the translator contains a |o-
cation for the inplenentor to set various parant
eters, checks these paraneters, and repeatedly
invokes a routine which transl ates the netacode
for one picture until all the netacode is exhausted.
To prevent errors in transportingthe translator,
the paraneters which are to be establishedby the
inpl ementor are originally initializedto disal-
| oned val ues, and a run-tine check is nade to see
that the inplenentor has set the paranmeters to
reasonabl e and consi stant val ues.

The routine which processes a picture's worth of
met acode uses four |ower |evel packages. Three of
these--a character generator,a dashedline package,
and the plotter interface--arediscussedin |ater
sections. The fourth supplies the netacode in
chunks of a size which is easily digested by the
translator. For the netacode in use at NCAR,
these chunks are 16 bits | ong.

Portabl e extractionof 16-bit bytes froma bit
streamnust be carefullyhandl ed. The routine for
this task assunes that a bit streamcan be read
into and accessed froman integer array conpletely
fillingeach individual word except for possibly
the last word used. This is true on nearly all
machi nes (possi bl e exceptions include 16-bit mni-
conput ers readi ng fromseven-track tape drives and
| ong-wor d-1 engt hmachi nes wi th short integer reg-
isters, such as a Cray-1). Further, the code as-
sunmes that default length integers are sone mul -
tiple of four bits in length. Four packets of
four bits each are extracted using shifts and
masks fromthe current word being used fromthe
buffer. For each packet, a test is nade to see
all the bits have been obtai ned fromthe current
wor d. If a newword is needed, a test is al so nade
to see if an end-of-fileis encountered. This nust
be done wi th conpil er-dependent code. Wen four’
packet s have been obtai ned, they are shifted and
OR d together to forma 16-bit byte.

if
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Simplifying H gh Level Constructsb

The et acode used at NCAR has high | evel constructs
whi ch al l owthe use of inportant hardware features
often avail abl e on sophisticated plotters. The
two nost inportant constructs are for draw ngchar-
acters and for specifyingdashed |ine patterns.

For plottersw th hardware characters and hardware
dashed lines, instructionscan be forned fromthe
net acode whi ch uses these features. For plotters
wi t hout these capabilities, these constructs nust
be reduced to |ower |evel constructs (pen nove-
nents) to emul ate character generati on and dashed
l'ine fornmation.

The portabl e generation of characters on a plotter
is an interestingproblem[3]. When translating
met acode, the problemis sinplifiedbecause the
characters are in a known character code and are

in a known positionin the input string. In NCAR s
nmet acode, charactersare in ASCII and are stored
in order, one per 8-bit byte. Each ASCII charac-

ter is used to forman index to an array of point-
ers to the digitizations of the characters. Each
digitizationis used to formthe individual strokes
that nake up each character. Even with only the

46 PFORT characters inplemented, initializingthe
pointers and digitizationsw th standard DATA

stat ements consurmed about 250 statenents.

The portabl e generation of software dashed |ines
is not a conplicated probl emwhen working wth

net acode because of the restricted nature of the
input. A versionof NCAR s sinplest software
dashed |ine package was easily integratedinto the
portabl e met acode transl ator without any speci al
portability probl ens.

Q her constructs, such as color and intensity,
cannot be reduced to sinple pen novenents. To take
advant age of these capabilities, extra code can be
added by the inplementor at places marked in the
transl ationprogramto performthe desired function.



Plotter Intergacing

Al plottingis handled through one routine. Wen [1]
establishing the paraneters for the translator,

the inpl enentor specifies whether the transl ator

shoul d produce integer or floating point coordin- [2]
ates and the range for these coordinates. Two

basi ¢ nethods exist for interfacing to the plotter.

A smal | subset of the vendor-supplied software for [3]
the plotter can often be used to formthe plotter's
instructions. Al scaling, |abelling, and so on,

will already be resolved, so only the | owest |evel

l'ine drawi ng routine need be referenced. This can

provi de a clean, efficient interface to the plot-

ter if the vendor's software is highly nodul ari zed.
Unfortunately, this is rarely the case.

Alternatively, a descriptionof the plotter's
hardware instructionset can be used as a basis
for witing code to directly fornulate instruc-
tions for the plotter. This is generally nore
work for the inplenmentor than using vendor soft-
ware, but oftenresultsin a smaller, nore effi-
cient interface.

For nore sophisticated plotters, the form ng of
sof twar e characters and software dashed |ines can
be repl aced by interfaces to hardware capabili -
ties for these functions.

Conclusion

A portabl e metacode transl ator has been inpl ement -
ed and functions on several conputers with a vari -
ety of plotters. The code is about 1100 state-
nents, of which about one-third are coments.
Various techniques for making the programeasily
transportabl e and flexible are described. The
code has been inplenented on |BM Control Data,
and PDP conputers; plotters supported include
Tektroni x, CALCOWP, FR-80, and dd8o.
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