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ABSTRACT/SUMMARY

" A systam for using control character sequences to extend a printer's ]
character set and to more efficiently handle graph data and drawings i
has been written as a machine language program for the PDP8 computer
with electrostatic plotter. Features added tou text files ‘include Greek
and mathematical symbols, superscripts, two levels of subscripts and
overstruck (superimpcsed) bars, dots and combined bars and dots. Plot
files have two modes using 8 or 12 bit data words and may be either o
continuous scan or byte addressed. Plct and Text files may be mixed ;?

but not superimposed.
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1 INTRODUCTION.

o i

Tha RRL Transonic Wind Tunnal Dynamic Derivativas Control and
Data Acquisition Equipment consists of a minicomputar (DBEC BABEY), a
graphics taerminal (DEC VT35), a progrommeble data systam and a
elactrostatic printer-plottaer (VERSATEC D3B3A). Data and programs ara
stored on IBM standard (3748) fiextibla discs.

Tha procaessor of this systam may be programmed in machina
language , FORTRAN 2 or 4 , or BASIC/LAESS which s an extansion of

{
0S—8 BRSIC, to fully utilize the features of tha equipmant (1, a
faature of thasa high l|aval languages 1s their hand!ing of data as
eithar single charactars of 6.7 or 3 bits or as pracise numbars of 24,
36, or 72 bits. BASIC. for exampla, has only 2 classas of data: (1) 1
numbaers uwhich havae a sign and 23 binary bits (6 dacimal digits) and an

exponant with sign and il bits (183616) , and (2) charactars which are
6 bit ASCII. On thae othar hand. the Varsatac Printer/Pliotter has an 8
bit paralial {nput.

This tack of a convenient maans of handl tng and cutputting
single 12 bit words, particulariy to sertial terminals. lsads diractly
to tha usa by most graphic <terminals of strings of characters to }
crnvay plot data, as such screens ara normally of 8 to S bits |
rasalution. These graphic dato strings are usually distinguishad from
ASCII print data by baing praefixad by an ascapa (833) code saquance or
by a contro! codae (8 to 37 octal in 7 bit). This lattar course was
chogen hera to simplify use of tha <taxt processor RUNOFF and <o
claar!u 1dentify thasa filez from VIS5 command filas which usa ascapa
codes,

As wall the printarsplottar is only capable of upper casa
charactars in tha print moda. This has introduced a difficulty in both
graph lagbels and text since tha notation commonly used in aerodynamics
differentiotes between many upper and lowar casa characters a.g. ! and
L are roll and 1 ift. Also., anglas are referrad to by lowar cose Graek
charactaers such as o , p and ¢ .

bl

DPynamic  daerivatives Introduce the added reftnemant that {
meanings may be changed by tha vartical orisntation of axpraessions
(subscripts. subsubscripts aond superscripts) ond particuler meanings :
are assignad to exprassions such as CM& + Cmq whare the dot over tha {

o indicatas diffarantial with respact to time. Other superimposaed or
overstruck modifications to characters includae tha use of a bar to
denote a nondimeansional quantity. UWith an alaectrostatic printer and
many othaer |ine printers it ts not possibla to ovaerstrika, that s
print two charactars in tha scma position. Such symbols may then only
be produced by a software approach to character generation.

it st | Lo et

For thesa recsons . a machine language (PALS) program was ;
uritten in July, 1979, to handis both piot and print files composad ‘
solely of character strings os plot data for tha printer/plotter or
arvi other roster scan plotter or display. Version 2R of this progrom
which was datad 31-AUG-?5, s describad hara. This program (g

presently avatlable’?? from tha Digital Equipment Computer User’s
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Society (DECUS) us DECUSB-91S5.

Whare not othaerwise stated, the character codes used will
conform to tha starndard of tha Amarican Standard Coda for Informaticn §
Intarchange (ASCI!),

é 2 PRINT FILES.
———— s s St E
Normal ASCI! codes do not include soma of the special
charactars wused in sciantific w iting and data hand!ing. For thas
reason some of the standard codas hava bean omitted ond naw codes
added to allow a font of 128 printable charccters., Stnca thase naw
charactaers do not appaar on a keyboard, and to allow tham to be i
3 hondled as ASCI! files, most of these extra characters ars ganerated
by prefixing standard codas with the coda "control A",

Tha delataed codes are those raprassntad by codes 136,174,176
ond 177, Thesa are show on soma keyboards as up arrow, vertical
separator, squiggle and rubout and are printad by this progrom as
degrea. integral.partial differential and tnfinity (printed twical. Tho
jast two codes are not accepted by soma programs but ali these codas 1
can ba ganaroted by the control A saguence. This seguancae subtracts ]
10! octal from the transmittad code. 7The generataed character set is
cantatnad in Table 1. 0

The characters in this font may be additionaliy modifiad by an
ovarsirike font. Following a backspace tha next non-backspace s
treoted as a 4 bit coda for an overstrik@. The cvaerstrikes availabla !
ara bar, dot., two dots, bar and dot. bar ond two dats and hat. A spare :
may bae programmad to any ovthar ovurstrika.

Tha first bit of tha ovarstrike coda fiags the leval at which
it ie to be printed. Lower case !atters and Graak Choractars include
soma characters which do not ascend abova tha fourth row cond the
overstrika may ba movad doun 3 rows to allow for these. Tha
appropriate codes are A,B,C,D,E,F and G for the higher sat ond
LLILK.L.M,N and 0 for the lower saet. The si< activa pairs, that is,
al! but G and 0. produca tha following rasult on A and = as axamplas:—
A.A.A. 888 ond & & & & & & Tha sequanca backspaca © produces no

oparation and is used to follow a backspace which is not required to
ganerate an ovarstrike.

Backcpace is clso used as one mathod of flagging wundar! tnaes.
Thae saequunces backspacas/minus and backspaca/under!| ine under!ina tha
pravicus charactar. An example is +(backspace)- which producaes .

Undarl ining of haadings 1Is normally dona by underlina charactars on
tha next |ine. Surh a |ine produces only a single plot scan,

Tha subscripts and suparscripts ara gererated by two more
contro! charocters with "control N" maaning shift down and "control 0"
shift up, 4 levals havue been providad with | !aval abova thae starting
position and 2 balow. Overstrikes and “control A" sharactars can be
used in any laval. The sequence backspacae 3 mentioned above a3 a4 no
oparation code can bae usad to help toad characters in diffarent lauals
at the sume character pogition. Tabiz 2 |ists tha control characters
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idanti1fiad by this program.

Tt anou'd be notea that rnrrogram buffer Jangth Tinits tha
langth o a tinra to 128 charactars and that this includis any
nonprinting cha-catars betwaean the !'ing teaus. The axcaption to this
fs tha form faed character "rontrol L wnich must gppeor on a lina by
ttsal f.

3 PLOT FILES.

[P

Thare ara good reosours why plot filas should ba caraful ly
dastigned. A aingle page (R4) of output ts equtvalant to over 83,0880
bytes (8 bit) of data. I tha plot fiie represants a diract raster
scan of such a page, it occupias nearly 350 USB blacks and only | or 2
such pagas {1t on a RX81 diskette. Aport from the spoce problam thare
1s the difficulty in handling such binary or savo-nodae filas. Both
Bastic and Fortran 4 are capable of hardling such files but only on a
fixad length fila and only bit by bit. In fact, Fortran 4 ts hoopiost
with 6 bit ASCII files.

fccardingly. a schema which can reprasant plot files as 6 biY
ASCII filas iu a logical choica. Other rastrictions which coma out of
tha lina bkondling capabtlity of the PRINTR program includa a maximum
tina langth aof 128 ASCII characters. In fact. !inas should tearminate
with the normal carrioga raturnsiina faed comaination to oltow RECT!
line sorting and to shortan still further tha fila langth of plot
filas. Plat files will be distinguished from other ASCII filca by
beginning 2ach |tina with a control F character. Tnis olss olliows mixan
files.

This laaves room for 125 non-control characters on a linn,
Earch character is significant only to & bitz 7o thiz ropresonts onlu
7358 bits per iing compared to ithe Varsatwc DBOBA’y S30 hits per lina.
As wall, spece on thu lina will be significantiy soved if somy roans
of leading klank axprassion or tabulation s dovisad, Tha first
character in a itne can ba usad to flag B to €3 igading biank bytas,
laaving 124 characters or 744 bits in o line. Thasa charac:ars will ba
considaeraed as pairs making 12 bit words. Saveral possible formats for
vting thesa words Uil be exuninad.

If a@ectt word is the next 12 bits in a rocte:s scan, a tina
without a sat pattarn nay ha raprasantad to 744 bits. Howavar, o lina
with a <«ingla point at soch end wit! require ail 124 characters. If
each 12 bits rapresent: a 'yias and @ 4 bit repaat coda than the full,
nc pattern linu has only 496 bits put tha |ina with a point o aach
end requit'es only 14 characters. Yat anothar vdariaticn would ba to use
the first bit as a flag to indicate a tabulation, tha naxt 3 as repaat
code and the last byta as aeither tha character or tha tabulation
requirad. This would still gtive oniy 496 bits from a full iina but

would need only € characters for thoe and-markaed iina.

Faerhaops the most acceptable farmat fer graphs ond diagram:
howauer 1is ona whare words rapraesaent altarnately addres .2s and data,
This is similar to the formot used by the VISD display but with the
horizontel ond vertical axes inta changed. This format {s ro morn

VN




compact than tha tabulatiun mathou bul s more wos: iy enderstood.

No sinate format of U usw conusidured “as advontagas {n both
tha foull e and  @nd-merhwd  caues. For this  reeZor a two mod
approach has been agoptad n an attumgt 1o provade as mary  cduantages
as possibla.

Tha plot Iltna tormct chosen s thus:- control F, special
addrass word. data ward, mixad dota and addruss wurds to 62 words.

Tha spacia' cadrass werd also sats mede to 8 or 12 bit data
and gl! addraess words houe the formatie

bi1td 1 to indicata addrass

bitl 1 ‘o indicote continuation raguired
bit2 ! to {ndicata 12 bit mode

bit2 unusad

bitsd-11 addrass 10 bytes from start of |ire.

The 8 bit data words haves the format:-

b1t B to ‘ndicata 8 bit dato
bitsi-3 repact | to B8 times
bitsd-11 data.

The 12 bit data words are ail data. In the 12 bit mode only
ona address word 13 usad In each lina ard thts contains tha
continuation caoda. Tha moda ray ba changad to 12 bit enly onca in a
ling s1nca once 1n 12 Dt mode no mude changs soda ts auuiiabla.

In tha B bit moda addressus may appQar anyuhara in a ltne ond
the continuation coda may alsu apoaass o any  address but would
normal iy appaar in tha last wore tn o )ina. Addresses must appeor (n
order howeuer and wmust not try - backspaca tha output.

4 MIXED FILES,

Mixed mode orint and oict £,iaes are not only oossibla but are
the normal arrangament. ilodaes mcy not howavar bu mixed on tha same
! {ne, Thig 18 on excrpia of such u mixed file, The spacifications of
a lina baginni g with "controi F' folliow section 3 abova . otherwise
saction 2 1s tha ralavart dascriplion.

An exampla of o mixau vila (with piot mode axes and print mode
labats} usad to produce ¢ smai! figura fo!'lows.
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The 12 bit moda muy aisc be usad to genurate other fonts., e.g.
1< puint: -

THE. END

This example t1lloestrates a future extension of this system.
If o FORTRAN or PASCAL pragram is written to turn PRINTR text filaes
into plot filas with 14 foint me1n taxt and 18 point shiftad text, ond
the rasuitant file ts vutput by PRINTR cnto roll papar and than
reduced by a linea! factor of B.7, vary high quality output can be
obiainad. Such a systam mau also use propartional spacing of
charactars and egualization of spacas. Tha effective fonts ara 10
point fur tha main and 7 point for the shittod taxt.

S USING WITH RUNOFF.

Tha sotftwora availabla on this processor includas the text
handlar RUNPFF ugrsion 68 which {s capabie of formotting text files to
fully vtilise PRINTR. Tha oparating procedure is as folliows:—

(1) Maka an RSCI! “ita using any Editor pregram, TECO, EDIT,
VIEDT)., Sid9 or SCROLL. This file must nclude norma!l RUNOFF commands
and the addittignal comnand ".contral charocters” or ".ce” to aiblow
comaands  to  be  passad to PRINTR. PRINTR usaes a control character to
fiag commands and thasa are ignorad by RUNDFF and most editors.
Houauar. soma of the charactars usad {n control F strings to generate
figuras wtll appagr as RUNUFF flaas. AR50, RUNGFF miscounts |inas
when facad with plot date. For these raasons it maoy ba simplaer to usae
tha fiqure or bhlank feotures of RUNIFF to allow room to instal the
figuras |ater.

(2 Process with RUNOFF. Raespond to monitor with
R NUNOFF
RUMOFF achalts RUNOFF VeB
ard calls Lommend Dacader which typus ¥
enter DSK:FILL. WUIDIK:IFILE.RD.US
where FILE is iaput fila and $ 15 a!tmode kay.
Ncta that defauit inpul axtension is RQ.
(3) Insta! figures using an aditor, if ragquired.
(4) Cail PRINTR
R PRINTR
¥ ILE

Nite that daefault input extansion here is LY and that default
irput doutce s DSK: . PRINTR uses the Command Dacodar so up to 9
input Tilas may be specifiad a*t once but output is olways to the
plotter. ©n option to appand =n for n copias haos baan o!lowad for but
not imptamanted,

-8




It s possibla to ossemble a particular form of RUNOFF with
default conditions such that this sequence is partiy unnacessary but
this saquance wil! always perform as expectnd.

& PROGRAM LAYOUT,

This program actually consists of two dtstinct parts which are
assembled sepaorataly and are named TEXT and FONTIQ respcctivaely., TEXT
s the program itself ond ts fully documentad in tha program |isting.
FONTI® is tha 18 point font used by this system to genarata taxt. A
changa of “"typeface" may ba accomplishad by modification of FONT!O
only.

7 PERFORMANCE.

Usa of a softwara approach %o generate text fonts raesuits in
an increasad time to print taxt files compared to a hardware character
generator. Howaver the added flexibiitty of the softworae systam is a
ma jor advantage. Despite the commant above, it only takesz {4 saconds
to print this page which is equtvalent to about 330 characters per
second,

8 USING WITH OTHER MACHINES.

This program was written in PALB with all non-standard codes
defined 1n thae aymbo! table. The source (TEXT.PA) 19 aextaensively
commanted. The only procassor Instruction used which may not be
avallabla on eariiar PDPB’s is BSW»7082 which is also wused combined
with CLL os CLL BSW=?102. To run this program on an eariy PIPS both
these commands must be radefined as JMS I BSWL whare BSW {s a poge
zaro referenca to a subrouting to clear tha 1ink ond swap the tuwo
halvas of tha accumulator. (See BASIC for an aexampla of how to do
this),

The plotter commands ara used only in fiva subroutinas: thraa
WRITE.PLOTY and CLBUFF on page zero and two others, EXIT and INIT. If
the plotier or printar/plottar usas the soma format of commands i.a.

PSKF =6661 =Skip on done flag
PCLP =6666 eclaar flag.output charactar,set flag when

dona

and MODCNL =6644  with AC =} Ciaar buffer
2 Write buffer
=3 Top of form
-6 Sat print nwde
=7 Set ploat modae

then only a change in symbol table is required. Otherwise soma or
all of the five subroutines will need modification,

Tha other plottar paramater is plot width. The DSJIBAR is 188
decimal bytas (144 octa!) wide and this is re~uiraed by PLTWID in the
sumbo! toble. For plotturs wider than 128 charactars some difficuitias
may arise. The buffars for shiftad taxt cre only 128 charactars long




and ony attampt to output a longer line will cause cverfiouw into the
next buffer. In cases where every |ine storts and ends with sufficlent
blank spaces this may be acceptable but care must be taken if the
second subscript is used as this overflows inta an RSCII buffer.

The program uses 0S8 only for file handl ing and a non-0S8
version would require changes on the page from 88200. Riso, data flles
may be 7 or B8 bit ASCII and B bit files may hava parity. Any 6 bit
files would also require changes on this page. Filald | is usaed solely
by 0S8 User Service Routines (USR’s) for fila manugement s0 a non-0S8
version would require iess than 4K of mamory.

9 CUNCLUSION.

A system for using control character sequences to axtend a
printer’s charaocter set and to more efficiently handle graph data and
drowings has been uritten as a machine language program for the PDP8
computer with alectrostatic plottar. Features oadcded to taxt filas
include superscripts., two levels of subscripts.Greek and mathematical
symbols and overstruck (superimposed) bars, dots and combined bers and
dots. Plot filas hava two modes using 8 or 12 bit dato words and may
be either continuous scan or byte addrassed. Plot and Text files may
be mixad but not superimposed.

The description contained in this memo refers Lo version 2R,
dated RUGUST 1979.
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TABLE 1

CHARARCTERS PRODUCED B8Y “"CONTROL A"/KEY SEQUENCE
CHAR CNTL A (KEY) CHAR CNTRL A (KEY)
oo #(Twica) L] R
o« A T S
f I 8 v T
Y c ¢ 1]
$ D % v
L E v W
< F v b
, G n Y
° H I 4
¢ 1 - t
R J * N\ 1
b Y K t 1
n L - *(SH 6)
v " b CUNDERL INE ) 1
3 N ~ ‘(op quote)
° 0 I -
4 P 3 ?
[ a * contro! deletas

ANY OTHER COMBINATION IS LEGAL INCLUDING CONTROL CHARRACTERS.

i ittt A

T e

TRBLE 2
CONTROL CHARACTERS USED BY PRINTR

A SUBTRACT 181 FROM NEXT CHARRCTER”S RSCII VALUE !
F ENTER FIGURE MODE ;
H(BACKSPRCE)  OVERSTRIKE OR UNDERL INE
! TAB TO NEXT MULTIPLE OF © POSITION 3-
JLF) LINE FEED OR END OF LINE i
L NEW PAGE OR FORM FEED

MCR) CARRIAGE RETURN, IGNORED i
N HALF SHIFT uP

0 HALF SHIFT DOWN

2 END OF FILE
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