: 75
DEC/TR-#

FUNDAMENTALS OF THE
REMOTE GRAPHICS ’
INSTRUCTION SET

(REGIS)

by

Charle’ R. Rupp

RESEARCH AND DEVELCPMEMT GFCUP

REVISION 0 ... 8 April 1979
FEVISION 1 ... 18 July 1979

Ccoyricht 1979
Cigital Equicment Corporation
146 ain Street
maynard, Massacnusetts 01754

Keywords:
Graphics
REGIS
ASCII Interface Standard



REGIS FUNDAMENTALS... Rev. 1 ‘ page 2

PREFACE

This document summarizes a collection of ideas concerning
an instruction set for the communication of the definition of a
graphic image bvetween a comouter and a peripheral Qgraphic
device, Althouah it is felt that this definition is unique in
its apility to support a wide variety of dissimilar araphic
devices in a wide variety of application environments, REGIS
(#hich stands for the Remote Graphic Instruction Set) 1is felt by
the author to represent a natural evolution of existing device
specific intertace protocols used on devices produced by several
manufacturers,

The principal gcals and assumptions of REGIS may be stated
as follows:

1. Aall future graphic terminal devices will contain
micro=processor computing elements and therefore are able to
interpret a rich user- oriented language svntax with
reasonaple performance,

2. A majority of remote graphic devices commynicate with a
comouter over serial communications 1lines using ASCII
cnaracter codes, REGIS 1s therefore specifically desianed
to bpe embedded 1in the ASCII bprotocol environment anrd
contains special features to efficiently utilize this
communication media.

3. To ainimize the number of different lanquage syntaxes which

uysers and svstem designers must work with, REGIS is

- specifically designed to ke usea both as a lire protocol and

a graphic file syntax. Ir addition, REGIS is sutficiently

"nglisn Level" oriented as to pe useful as orint string

constants from a hiah level language which has no direct
grapnic device support.

4. REGIS is not meant to be a reglacement for kigher level
apolication oriented graphic languages, such as the oroposed
SIGGRAPH CORE standard, out rather is meant to be used as
tne "object code" level language translation from such a
nigner level image definition. PEGIS therefore srecificallv
addresses the attributes of the graphic device itself arc
igqnores such higher 1level lapguaqge issues as viewing
transformations and "realeworld" coordinates,

5. REGIS’s aporoach to instruction level code transvortability
is pased upon the concept that the majority of the
information content of a gragnic image mray be defined by a
few common oJraphic instructions and tnat the speciftic
attripbutes and capapilites of a grachic- device may te
transfortred or ignored »ny a dissimilar araphic device
sithout destrcying the essential intformation content of the
image drawn,

Ine ourcose of this report is to present the funaamertal
conceots of REGIS and to discuss the underlvyinc assumntions and
tradeotfs «~nhicn craracterize ®FEGLS. Tnhils report should not te
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considered as a definitive specification for REGIS but will
hopefully serve as a common ovoint of discussion 1in preparation
for the develooment of a specification.

This report summarizes both formal and informal work
carried out by a targe number of individuals within the DEC -
organization and principally grew out of the discussions of the
Common Graonics Command Set Committee. Special mention should
be made, of the efforts of the members in the Research and
Development Department, the Computer Aided Lesign group and the
Video Products Group which directly contributed to the content
and substance of this report.

REVISION

‘This revision reflects refinements to the original documert
as a function of comments received from several DEC
organizations and particularly the comments of Tom Powers, Don
North and Bob Fleischer. The following list summarizes the
areas of change:

1. Strings may be delimited by either the single quote "°" or
double quote ‘"’ character, A delimiter character mav stilil
be contained within a string by doubling.

2. Numeric constants may be delimited by the space character.

3. w™acrographs may be redefined aithout f£irst clearinc,

4. A REGIS compatible device "fay have a default screern
coordinate definition.

S. Pixel size adjust andg multipliers now orlv have ore
parameter, :

6. A guideline for the assumed size of "standarda" text has teen
added,

7. Temporary writing ootions are now allowed in trhe vector,
curve and text instructions.

8. The end point cursor position for circles anc arcs has teen
clarified,

9. Tne "+" and "=" ogption enable/disacle syntax has been
changed to use numeric qualifiers instead.

10. A read instruction has been aaded to allow access to drawirg
drocess parameters for interactive devices,

ll. The definition of color to 3rey=-scale maprinc hkas kreepn
clarifieqa,
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1.0
INTRODUCTION

The Remote Graphics Instruction Set (REGIS) 1iIs a device
level portable agararhic image definition acproach. Although-
meant principally to be used for the communication of graphic
images between a host computer and a remote "smart" graphics
device, REGIS also has applicability to tightly- Ccoupled
(bounded) graphics systems in any context in which a graehic
image is stored as a sequence of characters.

Tnis report describes the fundamental concepts of REGIS
including the wunderlying assurptions and tradeoffs which have
led to {ts. development. The paragraphs in this section give a
briet overview c¢f REGIS 1in terms of the assured system
structure, tae various uses of REGIS within that structure, the
range of devices for which REGIS {s designed to te used and
illustrative examples of REGIS instruction secquences. Later
sections discuss the philosophy of REGIS, the conceopt of a
"logical graohic device" upon which REGIS 1is based and the
specific syntax anad semantics of the currently defined
instruction set.
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1.1
SYSTEM “ODEL

Figure 1 illustrates the assumed general block diagram of
the graphics svstem in which REGIS is meant to be used. As
{llustrated, the system consists of two major parts: (1) the
host computer system which from the user’s point of view
consists of various software modules and (2) the remote graphics
device, The term "remote™ here refers to the assumption that
the graphics device is attached tc the host computer by a
possipvly low-=speed communications link,

The host computer system is assumed to consist of four
major parts (not all of which may be present in a particular
system):

1. Grapnics application rackage(s) -« allow the user to access
the graphics capabilities of the remote device in terms of
syntax and semantics appropriate to the user‘’s intended
application. For example, a data plotting package which
accepts tavles of data and allows the wuser to construct
plots of varving types based on that data. As 3 second
example, a flowcharting onackage which allows the user to
prepare a variety of tlowchart diagrams for technical and
managerial use.

2, tHign level language(s) = allow the user to generate graphric
images of significant «cecmrlexity requiring alcorithmic
definition andsor images recuiring dynamic changes to the
graphic image,

3., Text files = allow the user to store the detinition ot a
graohic image generated by a high level ©program or
avplication package and later cause that graphic imace to be
shown 1in the same manner as printing out a report file ot
standard text,

4., QOperating system - may oroviae supoort to the crarhics user
in the Jeneral case by converting the ararchic imace
definition porovided by the other software to the rteaquirec
Drotocols necessary to drive one or more remote qaraphics
devices.
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Figure 1, GRAPHICS SYSTEX BLGCK DIAGRAR
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The remote graphics devices are assumed to have the
following vasic structure:

1. Local processor =~ interprets the graphics 1image definition
provided by the computer into a form which can be used by
the hardware image generation part and transfer information
concerning operator entries to the host computer,

2, Hardware Image Generator = the generally digital/ analog/
electro-mechanical portion of the graphics device which
gives the visible graphic image, The pen=movement mechanism
of a  flat-bed plotter and the CRT tube with refresh memory
circult of a raster graphics device are examples of this.

3. Operator interface(s) = the device or devices in an
interactive graphics system which allows the user to either
commuynicate directly with the 1local processor for 1local
overations or communicate with the aoplication proqgqram(s) in
the host compucter.

In a bounded system, the communications inrterface is no
longer visible to the wuser and the local and host processors
generally collapse Into a single processor. The other parts ot
the system remain the same as illustrated for a boundec system,

1.2
GRAPHICS LANGUAGE ACCESS POINTS

3ased on the above assumed structure, the system has at
least six language access voints of interest to the user’s anc
developers of such a system:

1. Graohics apolication languages = such as plot commands in a
data plotting package or the constructors of chysical imaces
as repnresented by the oprocosed SIGGRAPH CORE dgraohics
standard.

2, High level languages = allow access to grarhics semantics in
three possinle wavs:

1. Direct drive ot character based communication orotecols
103 using string constants output throuch "PRIMT"
statements,

2. Graphics sub-routines accessed by proarammed calls,
3. Embedded grachics statements accessecd in the same manner

as other language carabilities.

3. Grapnics text tiles = the syntax of how the graohics irage
is stored as text for later communiratier to tnhe ararhics
device,
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4, Communications 1Interface - the syntax of the graphics
commands sent sequentially to the grachics device.

5. Graphics hardware instructions - refer to the assumred
digital signals generated by the local device processor to
LZpe control the hardware image generator.

6. User graphics entries - refer to the speclalized entry
sequences £ar local control in addition to the syntax of the
user commands required to wuse the application software
orograns,

1.3
REGIS SCOPE OF APPLICATICHM

The natural question which arises based upon the above user
language access points is "what range of arplication should a
general purpose grachics instruction set be aimed?". It weoulcd
of course bpe very nice if one instruction set cculd be founa
which satisfied the requirerents of all opoints Gcf tne system but
this 1s clearly impractical (it not impossible) considerinag _the
breadth of grapnics apclications and the differences - in
“personality® opetween the different languace points. On the
other hana, the relatively large number of different céraohics
language syntaxes wnich a yser May have tc be aware of also is
undesirable motivatina a desire to have a few standardized
language aoproaches with special lanquages apolied when dictatedg
by aoolication and hopefully tased ucon the existina standarcs.
we will accept here (at least not arque against) the CORE
standard for use in the aoolication program and high level
language sub=routine cases. It is the purpvose of REGIS rather
to attact tne syntax and semantics at least ot the
communications interface graphics commands. By extrapolation,
it is the desire of REGIS also to be used at other graohics
language access points in the system wnhich are principally basec
upon a character representation of the grachic image, In
summary then, it 1s the intent of REGIS to pe used for the
following grapnic language access points for both remote and
Closely=coupled graphics svstems:

1. Graphics instruction string constants from high level
languages whetner aenerated by print statements or tlre
comoilation of hign level lanquage crograms having emtedaed
graphics statements.

2. The "semantic orotocol" for grarhcs access in a serial nasecd
communications line to a remote graphics cGevice.

3. The syntax of grapnics commands when stored in a character
oriented file,
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1.4
REGIS OVERVIEW

Having no~ establised the intended utilization of REGIS in
a grapnics system, the following paragraphs summarize #ithout
the detailed justification given in later sections the general
syntax and semantics of REGIS instructions.

REGIS instructions are sequences ot characters based upon
an alpnabvet commron to most computing systems. That is, the
alphabet consists letter, digit and punctuation characters. A
graphic image is drawn by sending the grachics device a sequence
of INSTRUGCTIONS all based on this alphabet where the general
format of each instruction is a KEY-LETTER denoting the tvre of
operation to be performed and an arcitrary numcer of instruction
ARGUMENTS which have a prescribed meaning when associated with a
KEY-LETTER. The six basic instuctions in REGIS are brietly
detined as follows:

1., Screen Instruction = KEY-LETTER "S" = causes operations to
pe opertormed affecting the entire visiple viewing area such
as erasing the image in preparation of drawing a new irmace.

2. writing Attributes Instruction = KEY-LETTER "y® = causes all
the €following drawing instructions to costruct tre imace
using the attributes (line npattern, color and sc¢ torth)
given oy the arguments of the instruction,

3. Position Instruction = KEY-LETTER "P" = causes the draving
orocess tO commence trom a specific norizontalsvertical
position in the drawing area,

4, Vector Instruction = KEY=-LETTER "V" = causes a straight 1line
to oe drawn between the current position and a new position
specitied oy the instruction arguments.

S. Curve [astruction = KEY=LETTER "C" = causeées a circle, arc,
or general curve image to be drawn based upon the araJuments
of tne instruction.

6. Text Instruction = KEY-LETTER "T" - causes & sequence of
text cnaracters to be drawn in a mannrer based uoon the
argunents of the instruction,

Tnere are four general tyces of arguments used in REGIS:

1. Position arguments are strinags of characters writter within
tne oracket characters "[" and "1" which incicate changes tc¢

tne norizontal and vertical writing position.

2. 0Option arguments are strings of characters written withip
tne oarentnesis characters w(* and ")* which in some marner
modity tne way in which the instruction carries out its
intended ouroose, The syntax of the oction strings is the
same as for 1instructions and ¢or this reason, oction
arguments are also called supe-instructionse.



REGIS FUNDAMENTALS... Rev, 1 Page 12

3. Text strings are character sequences contained within the
sinale guote character "‘" and are used when a character is
itself an argument of an instruction as in the case of the
T<XT instruction.

4, Digit characters refer generally to the eight neighbors of a
specific position,

The principle hypothesls of REGIS is that these six &tasic
instructions and thses simple arguments are sufficient to define
most of tne information of most of the graphic images of
interest to most of the users ¢f graphics systems, The fact
that instruction set is terse in nature is based upon the desire
for a relatively efficlent coomunications protocol arnd that it
is assumed that most graphic images “will oprepared usina
application orograms. REGIS as a8 language {s still high enough
in 1level that the graphic 1image definition is still not
completelvy critical and so speclfic that different araohic
devices nave some deqgree of freedom in {interpreting the
instructions to maximize their own features and thus 3allow a
reasonable chance of graphic 1image portability between onre
device and anotner,

1.5
EXAMPLE IMAGE GENMNERATION

Filgure 2 illustrates a simple graochics image consistina of
a diamond ,circle and graohics text. The second vart of figure
2 illustrates tne REGIS instructions required to generate this
image., t~ote tnat a REGIS instruction generally rav have several
arguaeats. '

Figure 3 illustrates program seqgquences 1lllustrating tne
source for the generation of these REGIS instructions tased upon
the three baslic aporoacnes to accessing dgraphics from a2 nicgh
level 1language (in this case, a langquage having tre perscnality
of BASIC) and the program sequences for gererating the inage
based 1son the SIGGRAPH COQORE ¢rarhics standard. It 1is
surorising chat the direct use of REGIS in PFIuT staterents thas
comparable *"readability®™ to the other apcroacnes. Tkis {is
deceiving however due to the simplicity of the 1image drawn.
REGIS has no viewing transformation, three-dimensional image and
segment capabilites as found in the SIGGRAFH CORE ana of use in
higher level applications work. The assumption ¢f REGIS is theat
these caoapilities are translatable to seacuences ot REGIS
instructions,
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Figure 2. EXAMPLE GRAPHICS IMAGE

CIRCLE AND DIAMOND

REGIS instructions tor the actove image:

P(100,100]
v(200,01(300,100](200,200])(100,100]
P(200,100] C(+100]}

P(150,150] T(S2) °CIRCLE AND DIAMCWD’
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Figure 3, EXAMPLE

a. Using REGIS Di
100 PRINT
110 PRINT
120 PRINT
130 PRINT

Note: The st

1

APPLICATICN LEVEL GRAPHICS SEOQUENCES

rectly in PRINT statements

Gis, "p{100,100]"
*v{206,01(3GO0,1001"
"v{200,200](100,100]"
"p{200,100]JC(+100]1", GOS

ring constants G1s and GO0S refer

Page 14

to character sequences which are defined
by some mechanisa at the begining of the
orogram and cause the graphics crocess to
be turned on and off in the grachics
device,

bp. Using Graphics Sub-routines
100
110
120
130
140
150

CALL
CALL
CALL
CALL
CALL
CALL

POSITION(100,100)
VECTCR(200,0)
VECTOR(300,100)
VECTOR(200,200)
VECTQR(100,100Q)
CIPCLE(200,100,100)

¢. Empedded Graphics Commandgs
100
110

120

DRAWN
DRAW
DRAW

100,100;200,0;
300,10072060,200:100,100
206,160 CIRCLE 100

d. SIGGRAPH CORE Statements
MOVE_ABS_.2 (100,100)
LINE_ABS.2 (200,0)

LINE_ABS.2 (300,100)
LINE_ABS..2 (200,20G0)
LINE_ABSSL2 (100,100)

POLYLINE_ABSL2 (X,Y)

dote: The arrays X and Y are assumed to
contain the coordinates of closely
spaced points on a circle as would
be generated cy some program segment,



REGIS FUNDAMENTALS... Rev, 1 Page 15

1.6
RANGE OF IMNTENDED DEVICES

REGIS is ambitious in its attempt to cover a broad range of
both "soft=-copy” (temporary record) and "harde-copy" (permanent
record) remote graphics devices. A possibly incomplete list ot
such devices include:
1., Flat-ped monochrome and color plotters
2., Drum monocnrome and color glotters
3. Photoeplotters includina computer output microforms
4, MmMonocnrome and color raster CRT devices
S. Storage CRT devices
6. Stroke grapnics devices
7. Flat-panel display devices such as plasma panels
8, Matrix, thermal and electrostatic hard-cory devices
The principal concept of the transportability of RFGCIS based
images is that the essential information content of an imaqge can
be encoded in tne tasic set of instructions and that little or
no essential information content 1is 1lost 1if attrioutes of

particular device are transformed (cr even igrored) ov a device
which does not have a particular attribute cacability.
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2.9
REGIS PHILOSOPHY

This section describes and discusses the rationale of REGIS
in terms of (1) the approach to allowing an image originally .
defined for one graphics device to be drawn on a dissimilar
graphic device, called the instruction set "transoertability"
(2) concepts of the instruction syntax and the crientation to
the ASCII character code c¢onventions and (3) conceots of
handling dissimilar device attributes and capabilities, referred
to as the "semantics" of REGIS.

2.1
Transportability Concepts

The desire of image definition transportapility is to allow
a2 sequence of graphic 1instructions to draw similar looking
images on dissimilar araphic devices. The following oaraqraphs
summarize the REGIS approach to this transportability,

2.1.1 APPLICATION FREE PRIMITIVES

REGIS implements a set g drawing primitives Ftasec uocon
common geometric rule and compass constructions and should not
contain any scecific capapilirties which can bpe interpreted {n
terms of tne semantics of the apolication. For example, FEGIS
does not include viewing transformation, hidden line removal ana
other capabilities generallv usetul in presenting an image of
real ohysical things. Instead REGIS assumes that these
Ccapaollities are adequately supported by higher level languages
which simulate these features .by a sequence of REGIS
instructions. In this way REGIS does not burden an agplicaticn
whicn works w#ith more abstract images such as a data plotting
package. In a similar manner, REGIS does not have built in axis
and par=-qrapnh orimitives to supoort data olottirg for the samre
reason,

2.1.2 MANDATORY BASE IMPLEMENTATIOM

REGIS instructicns are base¢d on a general instruction
syntax wnich all devices are required to "rarse". That is,
every device using the REGIS instruction set must completely
interpret all cossible craracter seauences cdefined b5y this
general instruction grammar, whetner those craracter seguyences
mean anvtning or not. Semantically, KRFGIS instructiors and
parameters are separated into a REGIS BASF catedory, a STAnNDARD
EXTESS108S categoryv and a REGIS GPkn cateqgorv. In concept, most
Ot the essential information content of a qracthic irage is
definapnle in terms of the KEGIS RASE ‘irstructions aro
rarameters. All REGIS based arachic devices are required to
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interpret these BASE capabilities as faithfully as possible, 1In
addition, users who know ahead of time that the image they are
defining is to be used on several different devices are
encouraged to use only the BASE REGIS capabilities to ensure
maximum transportability. For example, color is not a common
attribute of every graphic device, and for this reason the FEGIS -
BASE 1s "color~plind”. This works out well in practice because
color does not normally carry essential information content,
Put differently, users should avoid using color to relate
essential information in the context that that same {information
is not also implied by monochrore boundaries or patterns.

There are several categories ot STAMNMDARD EXTENSIUON
capabilities, 1including very high resolution devices (such as
ohoto plotters) and raster scan display devices (including color
CRT displays). The 1intent here is the same as tor the REGIS
BASE. That is, all CRT GEAPHIC devices of aporoximation the
same resolution are expected to implement the f£ull range of the
STANDARD RASTER EXTENSIONS.

This concept works cecause all devices are recuired to
fully parse the general instruction syntax, Therefore, a
capability in one of the extension sets is simplvy {gnored or
transformed to a simpler attripute in a device for which that
capability does not exist.

2.1.3 FIDELITY OF INFORMATICN PRESENTATION

Devices are allowed varying 1levels of tidelity 1in the
oresentation of information imelied by REGIS instructions on the
casis of maintaining reasonavble performance while maximizing the
translation of an {instruction sequence, The ageneral rule for
determining tne allowed degree of loss of £fildelity are as
follows:

1. Low resolution /monochrome devices are allowed the Jreatest
dearee of latitude {n aporoximation the information contert.
In the limit of a drawing a very detailed image with a larce
information content (exceeding the information content of
the simple device) essential information may be lost,.

2. Higher resolution (and presumably more excensive or rore
svecialized) devices are expected to implement the hichest
degree of fidelity of information presentation,

One of the reasons that tnis acproach should work 1is the
assumption that images are crepared on lewer resolution for
later outoput on nigher resolution (possibly slower, usually nmore
expensive) devices or that a nigh inforration content imace is
prevared directly for the high resoluticn device., Parely wculcd
an image orepared on a bhich resolutior device be drawn on a
supstantially lower resolution device except perhaps for "quicke-
checking” or stherwise the user must ne willing to accert tne
rossible misinterpretation of intermation as a result of the
lower fidelity of reoroducticr.
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2,1.4 CRITICAL DEVICE PARAMETERS

The third major concept 1in allowing maximal image
transportapility is the use of critical setup parameters defined
once for each image and placed at the beginning o0f the
instruction sequence for that image definition, Thus, in the -
worst case the user might have to adjust these parameters to’
achieve maximum fidelity in the reproduction of a graphic i{mace.
As an example of such a critical device parameter, REGIS allows
the user to set the range of X-Y coordinates to be used for an
image definition, These presumbly would be set to the actual
physical range values of device which the user mostlv uses,
These range parameters could be adjusted to maximally utilize a
dissimilar low resolution device tut presumably would not have
to adjusted for plavin the same image on a high resolution
device,

2.2

SYNTAX CONSIDERATIONS

2.2.1 Character Codes

REGIS 1Is opased on the common ASCII=S96 or ASCII-12S§
character alpnabet, To support environments wnich have onlv the
ASCII=96 character set (or have a character set such as BCD
whicn is note translatable to the ASCII-=128 character set) REGIS
does not differentiate between upper ana lower case letters., 2As
a matter of convention, REGIS will bpDe defined in terms of
upper-case letters with the understanding that lower case
letters will be converted to upper case £for interpretation. The
exception to this rule is that lower case letters will remair
lower <case in a quoted string for environments which éo support
the ASCII-128 alpnabet, The selection of ASCII for PREGIS
instructions 1s basea first on the desirability tnat REGIS
instructions be human~ readavle (at least to the degree that
assembly language c¢ode s readable) and secondly on tne
presumption that a majoritv of systems wnilch use graohics eitrer
use ASCII directly as their base text code or provide sore:
easily accessinle means for the translation of their internal
code (such as EBCDIC or BCD) to ASCII,.

2.2.2 ASCII Control Codes

To avoid as many problems as possible when usina PEGIS in
an ASCII oased environment, REGIS does not use any ASCII cortrcl
codes, All REGIS instructions, carameters, and extensions can
pe written using only the printabtle c¢haracter sets from ASCII=9n
or ASCIT~1238,
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2.2.3 Syntactic Relation to Higher Level Languages

The REGIS general syntax is based on a simple easily parsed
grammar w«which should make it easily generated by common high
level languages and user application packages. In particular,
the REGIS instruction types have been kept very close to the -
SIGGRAPH CORE to allow simple and straightforward
implementation,

2.2.4 Use in "PRINT" strings

The level of REGIS instructions and parameters has been set
nigh enough that the use of REGIS directly in tre PRINT strings
of such languages as BASIC, FORTRAN, and PASCAL on systems wnich
do not directly sugport graphic devices allows reasonably clear
(althougnh admittedly terse) coding. In particular, number
arquments .are encoded as the usual decimal integer, fixec-point,
and floating- point (scientific notation) strings cenerated 34
these languages.

2.2.5 Communications Line Efticiency

The level of REGIS Instructions has peen set low enocuan so
that reasonaole performance may be obtained even at low
transmission rates. It is for this reason that the "macrograoh
string" nas bopeen included in the REGIS base to allowimg
repetitive string seaguences to be defined once and then referrea
to Doy name any numpber of times. It is for this rason also that
REGIS 1s generally free format ancd recuires no% instruction
separators and allows multiple instructions per "line" (in fact,
REGIS has no awvareness of line boundaries, since ASCII centrol
characters are ignored).

2.2.6 Hian-ievel Language "Personality"

Altnougn 1t {s not possible to define a comgletely
compatiole personality amongst all hiacher level languages, REGIS
has attempted to capture the essence of many higher level
language personilizations to allow the most racid learning ey
users «ith minimal interchanges of syntactic constructs. ComFron
numeric and string contant constructs , the ignorina ¢f pnlanks
and auto=-conversion of lower case to upver case are examoles of
the imolemetation of this concent.

2,3

Semantic Considerations
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2.3.1 Range of devices

REGIS is intended for use on the following range of araphic
display devices:

1. Low to nigh resolution flat-bed plotters

2, Low to high resolution rotary plotters

3. Above plotters with binary or full-tone color
4, monochrome binary raster CRT divices

5. Ffull-tone and color raster CRT devices

6. Storage CRT devices

7. Stroke graphics devices

8. ®@onochrome Plasma devices

9. "Future®" Xx-y addressable display cdevices such as LED arrays,
LCO disvlays and £lectro~luminescent cdisolavs.

It {s felt that the REGIS BASE instructions adequately defires a
common denominator of these devices, and that the EXTEMSIONS andé
OPEN categories adegquately access the unicue capabilities of
current and future devices.

T

2.3.2 Position Addressing

A specific point in the viewing area of a grapohic device {s
assumed to be representable by an X«Y (horizontalevertical) rair
of numbers and that the viewing area 1s rectangular in shape for
the purpose of code transvortability. The size cf an X=-Y
increment is assumed to ve defined by the device itself 1in tre
REGIS BASE (if indeed the device is abple to define it at alll)
and otnerwise definable by user supollied parameters in the REGIS
extensions,

2.3.3 semantic tefaults

There are generally no default parameters in the PEGIS
BASE. In fact, all oarameter ranges reauired by a device are
derivable from user supplied screen ccocordinates wnich are
transformed to nhysical coordinates by the cdevice, An excection
to this is the size of "standard characters" in the device «hich
will naturally vary as a function ot cnysical design cecision .
To accommodate such variances, REGIS 3llows the user to "adjust"
these parameters so that the actual visual result is as clcse as
possible to wnat the user expected,
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Devices wnich implement REGIS extensions are reguired to
implement default values for all such semantic features which
affect tne visipble display. These defaults will aporoximate as
mych as possiole the visual impression of the image on a device
which does not have these visual enhancements and tnese defaults
must be assumed each and every time the screen clear operation -
is performed, For example, the default writing pen for a
plotter 1s olack (althougn it {is white or green for a CRT
device!) as opposed to some hue capabllity (unless of course the
divice naturally only has a single hue #riting capability ..
green for storage tubes and orange for plasma displays).

2.3.4 Range of apolication

For the purpose of this report, graphic images will be
arbitrarily broken down into three categories:

1. Data plotting
2. Presentation graphics
3. 1Image processing

The first two categories are sometimes referred to as "data
representation graphics” and the later category referred to as
"inherently graphic". The intent here is to estabplish a
framework <for the range of aoplicability of KREGIS. Contrary to
any ore-conceived {(or real!) notions of relative comolexity of
the above categories, we will assume that the list reoresents
increasina complexity in the order given and presumacly
increased <cost. Although REGIS may adequately handle the tirst
category, its principal target s the second category whichr
includes mainly abstract images such as flow-charts ard
block=diagrams. This does not mean that REGIS canr not be usec
for data=-plotting but only that it may lack the performance
necessary for this more restricted category. Similarly., PEGIS
can be used as the protocol nase for complex CAD and real=worla
imagery (ERTS photo processing, cartooning and so forth) bout
also #o0uld oe found to be less than desired in these cases
particularly if no nigner level language supcort is provided,
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3.0
THE BASE LOGICAL GRAPHIC DEVICE

REGIS 1s used to agefine an image for an abstract graprhic
device called the REGIS Logical Graohic Device. 1In crinciple,
this abstract device is a composite of a wide range of ophysical
devices. Features unique to a specific type of physical device
are part of the extended REGIS logical device and are discusse
in later sections. In concept, since an image is defined in
terms of this abstract device, an image cdefinec for one physical
device is transportable to a different tyce of physical device
with the exception that feature extensions are 1gnored on one
device or the other or approximated in a different wav on one
device versus tne other, It 1s not expected that any one
specific device have the rarameters cf the logical device, but
rather eacn REGIS based physical device maps (transforms) the
parameters given in terms of the logical device to its specific
physical parameters.

The REGIS logical device is defined in terms of:
1. Parameters of the viewing Aarea
2. Attributes of viewing points in the viewinag area

3. The general process 0of defining an image in the viewing area
by wmodifving the attributes of the viewirqg points (REGIS by
nacture is a serial drawing process .. the visible oporticns
of the image are drawn in the order in which the
instructions are received),

4. The allowed range of parameters and attributes

The phrase "imolementation dependent” will be used to refer to a
parameter or attribute value that has a semantic meaninag which
varies with the type of physical device or with opersonail
preference, The allowed range 0of variance for ar irplementation
dependent feature will pe defined in more detailea later.

3.1
VIEwWING AREA DEFINITIGN

The REGIS Logical Device viewing area consists of a
generally rectangular grid of a finite (althouoh rpossibly laraqe)
number 0f viewing=point. Each viewina voint is of finite area
and pounded on four sides by the invisiple lines of aric.
Usually, a viewinag point is the smallest crysical area with
homogeneous structure that c¢an tce seen tv the viewer and
normally corresponds to the smallest area whicn can be modifiead
by the ghysica2l device, recause the arida lines pbreak up tre
image in the same manner that & window screen breaks ur an
outdoor scene, the viewing area will also te called & "screen",
Mathematically, tne screen area may be thought of as a set of
viewing- points such trat the union of &ll viewinag-goints
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completely covers the viewinag area, A viewing point may also be
referred to as a picture element or "pixel" for short (sometimes
referred to by the yet shorter nickname "pel").

Ahen tne screen is rotated in such a manner that the image
has its "normal" orientation, then the four edges of the
rectangular screen are called the left, right, top and bottom
edges in accordance with the normal meaning of these words and
the terms horizontal and vertical are used to refer to pixel
positions relative to these four sides also In accordance with
the normal meaning of these words, The position of each pixel
on the screen is uniguely {dentified by the combination of two
numbers which refer to the horizontal (or X) position and the
vertical (or Y) ©position of the pixel. Using this the pixel
(viewing=point) VP(X,Y) refers to the viewing point at the
horizontal value denoted by the number X and at vertical value
denoted sy tne number Y.

Using REGIS instructions, the user may define the ©vossibple
range of values o0f X and Y by 1identifving the numeric values
which are taken on by X and Y at the four edges, without 1loss
of generality, these parameters may be assumed to be
non-neqgative and directly define the following screen area
parameters:

SYT = vValue of the Y=-position at the top -
of the screen area '

SiB = Yalue of the Y=position at the
opottom of the screen area

SXL = Value of X at the left edge

SXR = Valuye of X at the right edqe
Assuming for tne moment that these parameters are all of integer
value, these narameters indirectly define tre total number c¢f
horizontal ana vertical positions to be used as follows:
Aps(SXR=SXL)+1

the number of norizontal screen
positions

SXAN

SYH 30s (SYT=SYB)+1
the number of vertical

screen positions

uu

SXN * SYN
the total numoer of unigue screen
positions (number of oixels)

STN

These parameters can now be used to define three ranges ot
graphic device "resolution"™ (here wused in the context of
referring to guantitv of informaticen capability and not tre
quality o2f tne incividual pixels) as follows:
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1. LOW RESOLUTION
MIN(SXN,SYN) <= 256

2. MEDIUM RESOLUTION
256 <= MIM(SXN,SYN) <= 1024

3. HIGH RESOLUTION
MIN(SXN,SYN) > 1024

REGIS differentiates between the low/medium c¢lass of devices and
the hignh resolution devices in a special way. 8asically, screen
positions for low resolution devices and definable entirely by
using integer numbters or the wnole parts of generally fractional
numbers. The additional resolution of high resolution devices
is required to bpe accessed by fractional varts of the X and Y
values. In this manner, the simpler low resolution devices mav
easily "aporoximate" the positions on high resolution devices bty
sinply taking the integer parts of all numbers and similarly, a
high resolution device may deplct an irmage with better fidelity
by making use of the fractional varts of the values, Mecdium
resolution devices may use some part of the fractional values in
addition to the 4#hole parts on an implementation dependent
basis.

Ye have now established a reasonable frame-work f£fc¢r rules
governing the degree of fidelity of representing a graphic
image:

1. LOY RESOLUTION PEVICES are given the greatest lee wav in the
degree of fidelity of representation

2. MEDIUM RESOLUTION devices should attempt to gcet as close as
possiole to the ideal, recognizina that there still may be
"Jagged eages" occasionally

3., HIGH RESOLUTION devices are expected to represent the image
with the maximum possible dearee of fiadelity,

Note tnat the REGTS BASE logical device is ignorant of the
real physical size of a pixel, consistent with the fact that
most low resolution grapnic devices have no controllable pixel
size (as in the case of raster CRT, stroke CRT, and storace C¥k1i
devices). OQtnher devices must therefore define default values of
physical pixel sizes from the given data in cenjunction with o
determination 0f the resolution of the original device as
determined by the above paramters.,

siote that the parameter SXR is not necess rily greater thar
SXL and similariv, SYT is not necessarily larcer than SY®. To
define the ReGIS instructions in terms of the logical device, it
4ill be necessary to be arcle to identify the obixels which are
above, selow, to tne left and to the right of a given pixei, 1in
terms of the user supoliec screen coordinate definition. This
is accomplisned by the X,Y screen increments SXIMC anae SYI«C
“#hich are defined as tollows:

SXINC = SGV(SXR,3XL)
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SYINC = SGN(SYB,SYT)
where SGN( ) is the signum function. By this convention:

VP(X+SXINC,Y) is to the right of VP(X,Y)

VP(X=SXINC,Y) is to the left of VP(X,Y)
‘£:VP(X,Y+SYINC) is below VP(X,Y)
Q VP (X,Y=SYINC) is above VP(X,Y)

3.2
VIEWING POINT ATTRIBUTES

Each viewing peint generally has a foreground intensity
attribute, a background intensity attribute and a foregrouncée
background selector attripute as defined in the following
paragraphs,

Each pixel nas a background "intensity" value called the
BI(X,Y). The semantic meaning of the word intensity is
implementation dependent in the sense fo psychoohysical and
photometric measurement wunits., Intensity in the RASE logical
device is defined simply as peing some visually <&iscernible
propercy of a viewing poirt such that a nixel have one intensity
value {s seraraonle from another pixel naving a different
intensity value, The BASE REGIS LOGICAL DEVICE IS EOTH
COLOR=BLIND AND BINARY in terms of intensity attributes, so
without 1loss of gGeneralitv, we may assume that the possitle
values BI(X,Y) are either "off" or "on".

The foreground intensity attribute associatea with tre
pixel at position X,Y is denoted by FI(X,Y) ana sirllarly in the
Base logical device may have values of "on" or "off", Eecause
of the binary nature of the base device, the FI anrd BI
quantities are redundant, but are included here for corcleteness
since tney will be needed in the definition of the extendec
logical device,

£acn viewing point hnas a foreground=cacxground selector
function denoted by F8S(X,Y,t) which has a binary value #nich 1is
generally a function of time, #®ithout loss of generalitv, tte
values of FB8S will be taken to ke "F" (for toreground selection
alsoc denoted by the binary valuye "1") and "B" (for bacxqground
selection also denoted by tne cinary value "0"). The FRS
funticn for each VP(X,Y) is used to select whether the currently
defined foreground o¥ the currently defined tackgrouna attribtute
is to pe seen. 'In the base loagical édevice, we may take tre
value otf B8I(X,Y) to off for all (X,Y) and the value of FI(X,Y)
to be on for all (X,Y). Then the set of ail VE(X,Y) for wrich
FBES(X,Y) nas value "F" ("1") will te visually ciscernible as ar
impsosed on a uniform bacground intensity.
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3.3
GENERAL DRAWING PROCESS

The generation of an image on the 1logical device (as
distinguished from the definition of the image) consists of -
executing a sequence of instructions which modify the FBS values
for a selected subset of X,Y values. Note that the sequence of
instruction execution is important in REGIS whereas the aorder of
image definition constructs in a higher level grachic language
may not be important. The general process of generating a
REGIS logical image i{s as follows:

STEP 1: Define the viewing area parameters.
STEP 2: Erase the viewing area

STEP 3: Identify a sequence of X,Y positions angd
change the FBS for each of tnese pixels.

An image may bpe MGDIFIED by repeating step 3. A new image may
pe drawn by repeating from step 2,

In terms of the different REGIS instructions, the atove
steps are accomplished as follows:

The SCREEN instruction is usead to define the viewing area
parameters, set the background attritutes and erase the
screen image,

The WRITING attributes instruction is used to set the
foreground attripbutes, particularly line drawing opatterns.

The POSITION instruction is used to select an X,Y pixel
position to E@}begin ¥riting points.

The VECTOR, CURVE, and TEXT instructions are used to

modify a seguence of FBS values for pixels from the current
X,Y vosition ana generally ending up at a different
position of tne screen.
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4.0
REGIS GEMERAL SYNTAX

This section discusses the general syntax and semantics of
REGIS. This discussion applies not only to the BASE REGIS .
instructions discussed in the next section but also provides the
general framework for extending REGIS by way of the REGIS
general grammar. That is, REGIS can support for the purpose of
transportability any extension as 1long as it conforms to the
general grammar rules.

Since REGIS is meant to be used in conjunction with hiah
level languages, extensions to REGIS should not include the mere
traditional "program structure" features such as conditional
control and computations .. REGIS in {itself is not a
programming language,

4.1
Alphabet

REGIS is based princioally on tre ASCII=96 and ASCII-128
alphapets syt for the purpose o maximum gtilization |is
restricted to use only those characte which are common to BCD
and EBCDIC alphabet systems as well. The REGIS alchabet
therefore consists of the following characters:

<letter> A,8,004,2
<digit> 0111010'9
<punctuation> L1 , 72 0)Y °": @+ =

It is hoped that extensions to REGIS conferm to this alpnapet as
much as possiple, In addition, the following alphabet
conventions apply:

1. Lower case letters a, b, ... 2Z may be usecd but are treated
4s gypper case letters outside of the rance of a aquoted
string., Uevices wnich do not nave lower case sucport may
also convert lower to upper case in quoted strings.

2. The oarenthesis characters "(" and ")" should be reserved
for option sequences outside of quoted strings.

3. The bracket characters "({" and "]" spould te reserveg for
vosition arguments outsice of quoted strings.

4, The semi=colon character ";" 1is reservea for use as ar
instruction separator. That is, the occurrence of tnhe ":"
cnaracter w#ill always terminate and instruction whetner tre
instruction parameters are comclete. The ";" cnaracter coes
not terminate a guoteaa string ccnstruction,
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S. The "at" character "@" is reserved for use by macrograch
strings and may not be used in any other context outside of
a quoted string., Witnin guoted strings the "@" character is
just another printing character .. that is, there 1is no
ability to expand macrograohs within quoted strings,

6. The blank cnaracter " ® {is generally 1ignored outside of
quoted strings. The exception to this 1s that blank
characters are not allowed within the extent of numerlic
constant strings. Thus, the blank character can be used to
delimit successive numeric parameters.

7. The comma character "," serves generally as an argument
separator and 1s generally 1ignored wunless the adjoinina
characters are otherwise indistiguisnable as in the case of
two adjoining digit sequences which refer to two differenrt
numpers.

8. ASClI control characters and similar communications 1line
control and device conrtrol characters are gererally ignoread
in REGIS and in concept can te insertea arywhere without
affecting the interpretation process.

4,2
General Gfammar

Figure 4 1illustrates and summarizes the meta=languace
notation which will be used to descrice the syntax of REGIS
instructions. This meta-notation 1is the c¢cmmonly emploved
extension to the Backus Neur Fcrm or Backus Normal Form
meta-notation originally developed for use in aefininc the ALGOL
languyage, '

Figure S summarizes the REGIS general grammar. Tre
following paraaraphs state 1in words what this fiqure nore
succinctly defines in mathematical terms,

l. A REGIS image definition consists of an arpitrary lercth
sequence of intsructions rcossibly (but no necessarily)
separated by the semi-colon character. Any character which
does not opegin an instruction (a <letter> character ) is
ignored., -

2. A REGIS instruction consists of a KEY-LETTER ftollowed py a
parameter list. REGIS is therefore limitec to havine onlvy
26 different types of instructions. Since there are only
six key-letters used in the &EGIS BASE this 1is not a
significant restriction and 1leaves consiceraole roomr tor
extension.

3. An instruction parameter list <consists of an arbirtrary
number of four basic tyces of parameters arrandged in an
aroitrary order syntactically. Semantically, all
instructions ana instruction rparameters are assumed to ve
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executed in the order ("lefteto=right") of the reception of
those instructions and parameters.

A sequence of characters enclosed in the bracket characters
generally refers to an X/Y position argument,

A sequence 0of characters which begins with the apostrophe

character "‘* and ends with an apostrophe character is a
text string and treated as a single argument. The
apostrophe characters themselves are not part of the text
string. If an apostrophe is to te included ir a text string
then it 1is doubled. The full guote character ‘"’ may also
te used as a string delimiter in the same way as the single
gquote character. A string which begins with a " character
i1s not terminated by the °* character and similarly a string
which begins with the " character is not terminated #ith the
* character. In this way the, the " character can be
included in a string without being doubled by simply using
the single quote character as the string delimiter and
similarly the single quote character can te included in a
string delimited by the full guote character. For example:

‘a’’C’ refers to the string a‘cC
*7** refers to the string ‘

"A" refers to the string A

*"°® refers to the string *

"*’" refers to the string *
"A*""B" refers to the string A‘"B

REGIS instructions may have multiple string parameters.
In the <this case the following ampiguity may cccurr. 1If
“ABC’ and ‘0QEF’ are two consecutive string varameters, tnen
the resulting structure is:

‘ABC’°DEF’

wnich #ill oce treated by REGIS as the single string ABC’CEF,
Tnis ambiquity may te avoided by separating possible
consecutive string paramters by the comma character. This
may arise particularly in the context that macregranns are
used to supply the string parameters.

Digit characters represent either numbers Or sequences of
arguments wnere each argument is a digit cnaracter is ar
argument,

Sequences of characters enclosed within the rarenthesis
cnaracters "(" and ")" rerfer to instruction cotions. Tre
syntax of each ootion is the same as the syntax of a PEGIS
instruction including o»arameters of the four basic tvypes.
For readaoilitv, options (also called sut=instructions) mav
%eé separated ey comma characters but not by the semicclon
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character wnich would terminate the instruction.

Figure S also summarizes the semantic meaning of the six KREGIS
BASE instructions.
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Figure 4, META-LANGUAGE NOTATION

The syntax of REGIS is defined in rterms of the extended
Backus Normal Form (BNF) meta-syntax, summarized in the
following:

< > Enclose the name of syntactic variables
(38 gquantity to be replaced by a string
of ASCII characters)

-—> means that the syntax variable of the left is
defined in terms of one of the string forms
on the rignt

{ 1} Means that the enclosed string may be repeated
any number of times, or a selection is made
from the enclosed string forms

| Select one of the alternative forms of the left
or right of this symbol

. e Enclose the name of a single character which
other wise has no printing renresentation

All other characters represent themselves,
For example, tne the following svntax equation:

<A> ==> A<KB>
-=> ,cr.{B}

means that the syntax variable <A> is defined ("can te rerclaced
by") weither a string of craracters beginning with "A" and
followed by a string of characters definaktle by the syntax
variaole <B> or that <A> is defined by a strirng starting witr
the carriage-return character (.cr.) and followed by any number
of "B" characters.
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Figure 5. GENERAL SYNTAX

<REGIS> ==> <INSTRUCTION> <REGIS>
==> ; <REGIS>
-=> <any character> <REGIS>

<INSTRUCTION> ==> <KEY> <PAR-LIST>
<KEY> ==> <letter>

<PAR=LIST> ==> ’<text> <PAR=LIST>
=) "<text2> <PAR-LIST>
we> (<KCPTION=LIST> <PAR-LIST>
==> [<x=-y arqument>] <PAR~LIST>
=> <digit> <PAR=-LIST>

<OPTINNSLIST> ==> <KKEY> <PAR=LIST> <CPTION-LIST>
==> , <OPTION-LIST>
-a) )

<textd> ==> *
-=> <any other character> <text>

<texgedo==> "
==> <any other character> <text>

Page 32
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4.3
MACROGRAPH STRINGS

Macrograph strings provide the arility for the user to
define a commonly used character seacuence to be stored
temporarily in the graphics device and then refer to this string
anyplace in the segquence of instruction execution. Althouah
macrograph strings allow the user to collect together several
complete instructions and then execute these instructions
several times during the generation of a single image or to be
used in tne generation of each of several separate irages, it is
not the intent of macrograph strings to serve as the commorly
employed sub-picture structure or SIGGRAPH COCRE segment
structure. Rather, macrograrhs strings are syntactic mechanism
for reducing the number o0f characters trat have to be
transmitted over the communications interface. For example, {f
the image being drawn is a sheet of music, each of the different
types of notes could be defined as a macrograph string and thern
referred to by its name resulting in as much as a 5 to 1
reduction of cormunications overhead without substantially
reducing the readability of the image definition (and nossibly
improving the readability).

Macrograoch strings conform to a grammar built on too of the
REGIS general grammar, That is, in the process of parsing REGIS
instructions, tne detection of a macrograph string reference
causes the characters previously defined for that macredararch to
be substituted for the string reference characters. Thus, irn
the general case a macreograch string may be just an argument of
an instruction (such as a oosition argument) or may even e a
piece of an argument (such as an argument to a suc=instruction).

All ooerations relating to macrographs are initiated by the
"at" character ‘'"ag", The syntax of macrocraph overations is
defined in figure S and descriped in words in the tollowing:

l. There are 26 macrograph strings altogether which can be
defined, gach macrograph string is identified bty a sincle
letter (lower case peing converted to upoer case fcr tne
ourpose of macrograph string identification).

2, The macrograph strings are cleared by the craracter sequence
"a." ("at" followed by period). The orveration of clearing a
macrograon string is interoreted as meaning that the string
iIs defined to consist of no characters ( tne empty string).
Macrograon strings must ce clearea before any macrograch
string may be defined and used. tacrograons do not have to
ce Cleared 1f they are not to pe used.

3. A macrograon string is defined by the seguence:
2:<letter><STRINGD>AQ;
#nere <letter> refers to any alchabet character, <strincg> is
any sequence of characters not containipc "@;" or “e:", fTre

seguence "3a:" is called the strinc definition initiatsar ara
the seguence "as" is called he strirg aetirition
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terminator.
4, A macrograph string is referred to by the sequence
g@<letter>

where <letter> is one the names given a ¢previously defined
macrograph., This sequence may appear anyplace in a sequence
0of REGIS istructions.

The following notes refer to conventions to be applied to
achieve maximum transportability of iImages which use this
capability:

1. A macrograph string can not contain the definition of
another macrograph string (no "conditional" definition).

2. A macrograph string definition may refer to otner macrograph
strings in a nested manner. For maximum transcortability,
this capability srould not be used for more than one level.,
A macrograph string mav not refer to itself in its
definition either directly or indirectly (no recursive
string definition capanilitv).

3. If a macrograph is defined which already 1is defined, tnen
the 0ld definition is revlaced by the new definition and the
0la definition is lost.

4, wmacroqraph string may bte o0f any lergtn (including no
cnaracters at all .. the null string) tut for maximum
transportanility, the sum o0f the character lenqgtns used for
all macrographs snould not exceed 2060 characters. Sore
systems may have difficulty transmitting character seqaquences
longer tnan 80 characters,

4.4
POSITION ARGUMENTS

REGIS provides two syntactic structures for the definiticn
of drawing positions: (1) X/Y cocordinates and (2) pixel=vextor
(pv) relative movement., Pixelevectors corresponc ronghlv to the
old (but still very useful) "chaine=encoaing" technigue which 1is
still used today to arive many incremental oplotting <Zevices,
The X/Y coordinate structure 1s the somewhat tradition system of
defining positions using two numbters separated by a comma (or
space) cnaracter with a new twist which allows cotph absolute anc
relative coordinates to te svntactically distincuishaple arnd
thys elinminating the need Lo have sevarate relative aro acsclute
instructions or options.
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4.,4.1 Pixel vectors

Syntactically, a pixel=-vector is denoted by a single diqit
Character 1in the range 0 to 7. Each of these nurbers refers to
one of the eight rixel neighbors relative to the cyrrent
position, By convention, ©ov number O refers to the rignht, cv -
humber 1 refers to the pixel up anc to the right and so fortr
around a circle 1in a counter-clockwise direction. This
convention is summarized in the following cdiacram:

3| 2] 1
4 24 4| % | O
S| |7

The following notes apvply the use of pixelevectcrs:
1. The cnaracter sequence:
0228

refers to a sequence of four pixel vectors and not to the
nymber tw#o-nundred and twenty-six.

2. nNote that pixel vectors allow onlv relative positioning are
no aosolute position.

3. The size of a pixel vector is by default the unit size
defined by the screen coorainate setur overation (cefined ir
the next section) and is nmodifiacle by a multiplicative
factor oy the writing attricutes instruction to be a
aultiple of the base unit pixel vector.

4. The ohysical lengtn (linear measure) of the pixel vectors
may vary in one direction versus anotkher on a device
deoendent basis rarticulary the diagonal directiors.

5. Cepending on the granularity of tne unit pixel size definec
by tne screen coordinate setup operatior, tre exact cositior
after executina a seguence of pv‘s is subject to rounactf
error and thous ov cositicning secuences should be broker
occasionally ov absolute cositioning,
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4.4.2 PARAMETER POSITIONING

The general syntax of a position parameter argument for a
REGIS instruction is as follows:

<PA> ==> (<Kxpart><ypart>])

<Xpart> ==> <coordinate>
<ypart> ==> ,<coordinate>

-=> (nil)
<coordinate> =«> <n>
=a=d> +<{N>
--) -<n)
-=> (nil)

The meaning of these forms is as follows:

1. A position argument generally consists ot an x-position part
and a y=-position part, either or totnh of which ray ke
missing.

2. £&£ach coordinate part consists ot a number prossitly preceeded
py 8 plus or minus sign ("+" or "="),

3. If a coordinate vart is not preceeded by @ sign character,”
then that argument is an absolute coorairate meaning that
the value 0of that cart is chanced to be this new numper
independent of the old value of that coordinate.

4, 1If a coordinate part is preceeded by a sign character, then
that part 1is changed relative to its current value. That
is, the coordinate part is increased or aecreased bv the
amount given by the number in the direction inaicated kv the
sign,

5. Note that one coordinate part can be change onh a relative
basis while the other coordinate part 1is changed on an
absolute bdasis,

o. If a coordinate part has a nil definition (no characters)
then that coordinate part is left unchangeq,

Examples of using position arguments are aiver in the next
section,

4.4.3 Position Blocks

REGIS allows a form of block structure (teorrowsed from such
high level languages as ALGUL, 2L1 and PASCAL) to oe apvtlied tc
draving gositions, T[nhis means that a current draving positior
can bte saved kv a "begin" operatior and later after cossiblv
sevaral intervening oosition changes the positien can he
restored to 1its o0l1ld position tv an "end" of block overatior.
This feature 1is important in REGIS for two reascns. First ct
all, 1t reduces in many Ccases the number of cnaracters which
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have to pe sent to the remote point. Secondly, it allows the
graphics device to syntactically identify closed polvaon and
curve sections and distinguish these structures from Jjust a
sequence of vectors or curve arcs. The begin and end points are
identified by option characters "B" and “E" in the opticn
arguments of tne drawing Instruction which uses the block .
structure, The following notes aoply to block structure
positioning:

1. Only one mechanism records block begin points. Thus, an
"end" reference in a vector instruction can cause a position
saved by a "begin" operation in a position instruction to te
returned., This should te avoided for clarity if possible.

2. The block structure may be nested but for the purpose ot
maximum transportability only 1 1level of tlock structure
should be used (only one level is needed to achieve mest ot
tne benefits of block structuring).

4.5
EXTENSIBILITY GUIDELINES

The following notes give general guidelines for extending
REGIS to taxe advantage of device svecific characteristics:

1. When possiole, a new feature should be adcded to REGIS by
adding options to existing instructions,

2. A new instruction type should only pe added to REGIS if the
new operation can not be performed by a sequence of existing
REGIS instructions and the designer can ensure a wminimal
loss of 1information <c¢ontent when the new instruction is
ignored by a REGIS device which does not implement the
instruction.

3. Avoid using a syntax for extension which has already Gbteen
used as a standard extension.

4. Do not try to extend REGIS bteyond its intended range of
apolicability as outlined in tne ohilosornhy section.

Syntactic transportability {s ensurea by requiring the
complete implementation of all arguments anc irstruction forms
whether those argquments are used or not,. In pvparticular, each
device snould implement the following “skioping" syntactic
elements which allow arguments which are not usec or
instructions wnich are not iTplemented to be igrored:

SKip over a oracket parameter:

<SKIPS> ==> ]



REGIS FUNDAMENTALS... Rev, 1 Page 38

~=> <any=-other> <SKIPB>
Skip over a text string:

<SKIPQ> ==> *
-=> <any=-other> <SKIPQ>

<SKIPQ2>==> "
-=> <any=-other> <SKIPQ2>

Skip over option sequence:

<SKIPP> ==> )
-=> <letter><SKIFI><SKIPP>
w=> , <SKIPP>

Skip over an entire instruction:

<SKIPI> ==> [<KSKIPB><SKIPI>
==> (<KSKIPP><KSKIPI>
-=> ‘<SKIBQ><KSKIPI>
wa> "CSKIPO2><SKIPI>
w=> <Aigit><SKIPI>

Having implemented these skipping variaoles a device wculd then
invoke the appropriate varliable for each of the instructions or
arguments for «#hich nc semantic meaning has trteen imoplemented.
To aid in detecting errors in arachic definition seauences, a
device might choose to set a flag which causes an error messace
to be snowWn Anvtime one of these skirpina elements were
accessed, This would alsc be heloful in ensuring that a
particular 4graphic definition meets some predefined level of
REGIS implementation,
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5.0
BASE REGIS INSTRUCTIONS

This section details the syntax and semantics of the six
BASE REGIS 1instructions. tigure 6 sumrarizes the primitive -
syntactic elements of instructions, Note that REGIS allows
numeric parameters to be given in integer, floating point and
sclentific notation. The following rules shoulé be used in
determining the fildelity to which different devices mrust
implement the interpretation of numeric formats:

1. Low resolution devices are assumed to use integer numeric
quantities only. However, low resolution devices must
extract the integer portions of floating point and scientic
notation number constants.

2, #edium resolution devices at least reduce numeric guantities
to 1integer form put mav also use some oortion of the
increased resolution provided by floating point nrumbers.

3. High resolution devices are expected to use the entire
resolution provided by floating coint numopers,

For reference purposes, ficure 7 summarizes the syntax and
semantics for the pase instructions in a form suitaole for quick
reference,
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Figure 6. REGIS BASIC SYNTAX ELEMENTS

SYNTAX | SINTAX |
ITEM I  VARIATION | MEANING

<char> | Any ASCII orinting character

<letter>| Any ASCII letter (lower case conversion)

.-'-----'---------------------l-------‘---Q-----------’------------‘---—-----.

<digit>| Any of the characters 0, 1, .. 9

--------‘--------'b-----------i------------------------—----------------‘-----

<pv> ) Pixel vector characters 0,1,2,3,4,5,6,7

--------'--------c-n--—-------l-----—--C----—--------------------------Cc--——.

<bit> | The characters ‘C* ané °*1°
<n> { NUMERIC CONSTANT
| <ni> Integer constant
| <diagic>{<digit>}
I <nf> Fixed point number
i <ni>.{(<digit>}
i <ne> Floating ocoint numrter
| <nidE{+i=}<ni> or <nE>E(+I1=}<ni>
<ang> | {+i=}<n> Angle argument
: | 0<= <n> <=360
<pcnt> | <n> PERCENTAGE ARGUMENT
| . such that 0<= <n> <= 100
<pa> I  <pax><pay> POSITICN ARGUMENT
<pax> X-position part
<nii> no X=position change

<n> set x acsolute to <n>
+<n> increase x by <n>

<pay> Y=-position part
<nil> no Y-position change
<N set Y absolute to <n>
s +<N> increase v by <n>
! s =<n> decrease y by <n>
<aa> 1 ABSGLUTE X,Y ARGIMENTS
| same as <pa> exceot only amsolute X and Y argquments
<ra> | RELATIVE X,Y ARGUMENTS
I same as <pa> except only relative X and Y arguments

i
]
|
I
| -<n> decrease X by <n>
|
{
|
i
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Figure 7, REGIS BASE INSTRUCTIONS

AIINST. {PARAM=~ | PARAMETER |

I KEY | ETER | VALUES | MEANING
Xt s | SCREEN INSTRUCTION
Xt : 1 ¢ ) Screen Options
Xt | E erase screen
| | S[(<KLT>] [<KRB>] define screen coordinates
! { T(S<n>) adjust standard text size
i { Ad{<aad>] adjust pixel vector size
Xt « i WRITING ATTRIBUTES IuSTPhCTION
X} i« ) writing Options
xXi | PO invisible line writing pattern
X1 | Pl full line writing pattern
| | P2 to P9 predefined line patterns
X1 I p<vit>,.. user defined line pattern
Xt I (Kaa>] Set opixel vector multiplier
-‘------'-------’-—-—-—---------’----00----------—----~------—-------------ag--
X{ P | POSITION CURSUR INSTRUCTION
X1 | [(<pa>] Set current cursor to <pad>
X4 i <digie> Pixel vector change te current cursor
¢ I« ) Position options
| | B bcunded position seauence
} i E end vosition senuence
X1 v i VECTOR IWNSTRUCTION
Xi 1 (<pa>] Oraw vector from current cursor to <pad
Xt i <digit> Draw pixel vector
| I« ) Vector options
i i B begin tounded vector seauence
i | g end vector sequence
Xt C | CURVE INSTRUCTI1OUN
xt I (Kpad>] Draw circle (arc) throucn <pa>
X1 [ ¢ ) Curve options
X1 { C draw circle (arc) centered on <pa>
X1 i A<aag> draw circular arc
Xt f S start curve seguence
X1 ! B teqgin bounded curve secuence
X1 { £ end of curve sequence
i bl e bl bt Sl DA B LDl L R e L L L T TR
X4 T { TEXT INSTRUCTION
X1 | ‘<text>’ Draw <text> string
| | "<text2>" Craw <text2> strina
X1 I« ) Graohic text options
X1 I s<n> set standard text size multinle’
SR e D R Ll L L e e T T U gy
X1 3 ) MACRGGRAPH STRIMNG
Xt I . Initialize (clear) macrograph strings
Xt i i<letter> Begin detinition ot string <letter>
X1 LI End macrograch string definition
X1 { <letter> Sutstitute macrograrch string
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S.1
The SCREEN Instruction

1. PURPOSE )
The screen instruction, key-letter "S", is used to control
screen coordinate parameters and attributes which affect the
entire viewing area. In the REGIS BASE this 1includes
clearing the screen area, setting the coordinate system to
be used and making adjustments to device svecific
parameters,

2. SYNTAX
<REGIS> ==> S <SCREEN>

<SCREEN> ==> ([<SKIPB> <SCREEN>
-=> °‘<SKIPQ> <SCREEN>
==> U<SKIPQ2><SCREEN>
=> <digit> <SCREEN>
==> (KSCPS>

<SOPS> ==> E <SUQPS>
-=> S{<pa>](<pa>] <S0PS>
==> T(S<Nn>) <S0PS>
-=> W{<aa>] <supPs>
- ’ <SOPS>
==> )} <SCREEN>
-=> <any=other> <SKIPI> <SOPS>

The forms <SKIPB> and <SKIP{> are syntactic states wused to
sKip over (ignore) bracket and quoted string arquments
resvectively, The form <SKIPI> 1s a syntactic state usec to
skip over an entire instruction, including all parameters.

S.1.1 Screen erase = S(E) The screen erase ootion, ootior
letter “E" 1s used roughly to initialize the viewing area in
preparation to drawing a new image, The precise meaning of
"erase" is device dependent but generally has the connotation of
creacing a homogeneous visual image, For example, the sequence
of characters:

S(£)

will cause (or recuest to be causeg) a new sheet of paper to be
loaded into a flat-ced plotter and will cause the entire screen
to have no visibple structure (all olack, all wnhite etc.,) ir a
raster display device, For devices which have REGIS extensions,
all noarameters and attriputes (except possircly for screer
attrioutes themselves) should take on their acefault values uron
the execution of the screen erase tunction,
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S.1.2 Screen C(Coordinate definition S(SC{ J[ 1) The screen
coordinate definition option is a mandatory implementation
sequence which allows the user to define the coordinate ranges
which are to pe used in position arguments. A scecific device
may define defaults for screen vositioning.

The screen definition ootion has two position argquments.
The first gives the user defined coordinates of the upper=left
corner of the viewing area rectangle and the second gives the
user defined coordinates of the lower riant corner of the
viewing area., As described in tne "“Logical ~Device" section,
this information is sufficient for the device to set ur
appropriate scaling functions to accommodate a wided range of
coordinate parameter settingas, It is assumed that the
coordinates will normally be set to the actual ophysical
coordinates of the device that the application is to use tre
most often, 1In this case, the device can determine that no
scaling 1s necessary and set the transforration functions to
unary operators, thus reducing the overhead recuired in
transforming position argquments.

EXAMPLES

§(s(0,01(383,239]) =~ Sets the "origin" point to the
upner left corner with a range
anproximately equivalent to
standard broadcast Tv,

S(s(0,5111(511,0]) = Sets the origin point to ce the
lower left corner with a range
aoproximately ecquivalent to a
mredium resolution grapnics
raster terminal disrclavy.

S(sf1,11(1000,00,500.,001)
- Sets the cocrdinate ranges for a
high resolution plotring device.

Note that the number of opixels actually accessible is tre
integral opart of the screen parameters. Accessirlity to a
larger numoer of pixels than can be addressed in this manner for
hign resolution devices mav se accemplisned by using the S(% ..
) option descrioved telow.

FIDELITY QF IMPLEMENTATIOwN

1. ULow resolution devices have the dJgreatest flexicility ir
implementing tne coordiante transformation feature, but must
implement some form of transtormation. The simrplest forr
#ould be to round=off the coordinate range in each direction
to be the nearest multiocle of the devices irherent chysical
positioning carcabilitv, The transformations then tecor
simple snift orerations. Using this arproach as much as
tnree-fourtns of tne viewir¢ area woulc not te usaple.

2. #sedium resolution devices are exnected to yse 2
transformacion scpeme «nich still allow«s tne aporoxiratior
£ the coorairates cut ras fine enough c¢rarularity to
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achieve 1less than 20 percent loss in usable viewing area in
the worst case,

3. High resolution devices are expected to use a hearly exact
coordinate transformation algoritnm whicn looses little if
any of the usavle viewing area. :

KEXEEREXAEXX

* NOTE ¥
EXEERXEXREER

The screen coordinate option is not meant to be used as a
viewing or image transformation (that is, define a coordinate
system which "makes sense" for his or her oroblem ., this
should be done using higher level software), It is meant rather
to provide a mecnanism for transporting image definitions fron
one device to another while ensuring that the maximum capability
of a device 1is usable in the simplest cases. To ensyre that
this feature 1is not mis=-used, specific implementations should
perform some type of destructive cperation along with the screen
coordinate setup function, such as an autcmatic screen clear
operation, Such an oreration should not be verformed in lieu of
a sCreen clear.

For the remaincer of this report, it will pbpe assumed that
the screen s defined to have 400 horizcental pixels by 3CO
vertical pixels with the origin at the upoer left corner. That
is, it #ill pbe assumed that the fcollowing screen instruction has
been performed:

S(s(0,010399,2991, T(s1), w(1,11)

This also sets the text and pixel size adjustment parameters to
there default values.

S5.1.3 Text adjust option = S(T(5<n>)) The parameter <n> 1is a
generally floating polint number which is to te used to unifeormly
increase or decrease the size of the "standard®" device character
size on a aultiplicative rtasis. As a guideline, REGIS assumes
that the heignt of the stardard character size is aporoximately
one=tenth to one=~thirtietn the the ohyvslcal size ot the smaller
of the norizontal or vertical direction. For example:

S(T(S51.5))

will uniformly cause tne size of each of the stancara sizes to
pe increased oy S0 percent. Like the screen cocrdinate ogticn,
this feature allows a transported image definition to te "turea®
to tne specific «cevice <characteristics. Trhe option should
appear only once for each image definition &ana has a default
carameter of 1,9,

FIDELITY O IMPLEMELTATIGCH
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1. Low resolution devices are not expected to implement this
feature at all since such devices normally have little or
not capability of changing the incremental size of
characters.

2. Medium resolution devices may have some capability i{in -

adjusting character sizes.

3. High resolution devices are expected to implement a
reasonaole range of character adjustment, at least to the
extent of publication "point" sizes.

S.1.4 Pixel Size Adjust = S(wi<n>]) The argument <n> is a
generally floating point numter usec to adjust the horizontal
and vertical pixel sizes on a muitiolicative basis. LiXe the
text adjust feature, oixel size acdjustment should orly be
performed once for a specific image and is normally icnored by
low=resolution devices which normally do not have the ability to
adjust pixel sizes on an incremental basis. This optior should
not ©oe wused in 1lieu of the Writing options pixel multiplier
option, Significant digits after the deckmal point may be
interpreted by high resolution devices as an extension of the
number of available pixels. For example:

§(#{0.011])

#ould be recognized as a request to use 100 pixels between each
integral pixel.



REGIS FUMDAMENTALS... Rev, 1 Page 4¢é

5'2
The POSITION Instruction
1. PURPOSE

REGIS assumes and uses what Is referred to as the
"current writing position® convention for determininc where
a drawing instruction starts its operation in tre viewing
area, This means that a REGIS device is required to
maintain the value of an X and Y set of numbers, anrd these
saved values are assumed always to be the startinc point tor
a drawing operation. These values are uyr=dated to new
values after each drawing operation. A simple example of
the current value concept is the vosition of a3 drawing pen
on a fatebed vlotter device, The cuurent value of X and Y
are also commonly reterred to as the "awriting cursor"® or
"cursor" for short. The purrose of the vosition instructien
is to move the cursor (chandge the value of the current X and
Y values) without drawing any visible image (that is, move
the plotter pen witnh the ren "uys*"), REGIS allows the cursor
to be moved on both an absolute and relative basis using
poth numeric X/Y parameters as well as pixel vectecrs.

2. SYNTAX

<REGIS>

!
U
v

P<PINST>

<PINST> ==> [<Kpa>] <PINST>
s=> <pyv> <PINST>
-=> (<POPS>
==> *‘<SKIPQ> <PIsST>
-=> "KSKIPQZ> <PINST>

<POPS> ==> B <POPS>
==> g <PGPS>
==> , <PGPS>
==> ) <PINST>
==> <any=other> <SKIPI> <POPS>

3. GENERAL SE™MANTICS

The position {instruction allows the cursor to be
changed by direct X/Y parameters by using the form ¢([(<Kpad>].
The cursor oosition may be changed py relative pixel vectors
using the torm P{<pv>}. A begins/end rosition rlock mav te
defined oy using tne position options P(8) ana P(E).

5.2.1 Position Change Arguments = PI{<pad>] The form <pa> allovrs
the the cursor to be changed on a relative or absolute oasis as
described earlier. For example, assume the current values of X
and Y are 199 and 50 respectively. Then:
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P=Instruction New X/Y value

£{0,0] 0 0

P{30,23] 30 23

P{200] 200 50 {(only X changed)

P(,42] 100 42 (only Y changed)

PL+10,-25] 110 25 (relative change)

P[0,+10] 0 60 (combination
relative and
absolute change as
for "carriage returnv)

P{15,20] 1s 20

Pl10,20]1[+5] 15 9 (multiple <pa>’s)

Although the 'syntax allows several <pa> arauments to be used in
4 single P=-instruction, this generally has the same effact as a
single <pa> argument as illustrated in the last example above.

5.2.2 Pixel Vector Positioning = P{<pv>} To support crograns
which use "cnain encoding" techniques and to allow small
relative changes in the cursor, REGIS allows the user direct
acces to pixel vectors. Generally, a sequence o9f <pv> aigits
are used. The number of unit pixels actually moved for each
digit 1is determined by the current multiolier value as set by
the writing options instruction defined in the next sectior.
Assuming as above that the current value of X and Y are 160 anrd
50:

Maltiplier Instruction New X/Y Values
1 PC 101 SO
1 Pi 101 49
1 P0002 103 49
(ANY) £P01234567 100 50
5 P667 105 €5
23 P5 77 73
1 PO000CO000000 110 s
1 P{+10] 110 S0

As {llustrated in the 1last example, direct positioning is
usually more efficient than pixel chains for large movements.
One very effective use of pixele-vector movement is to achieve a
form of superscript and sub=-script operation in the context cf
graphics text.

5.2.3 Position Blocks = F(E) and P(E) The oecsition tcecin ard
end options allow a simple means for recording a current cursocr
value and then returning to that value at some later vroint in
the seguence, T[hat is, the action of the P(8) ootion is to save
tnhe current value of X and Y. Atter «generally several
intervening drawing instructicns which change tre cursor valuge,



REGIS FUNDAMENTALS... Rev. 1 Page 48

the execution ot the P(E) ortion causes the cursor to be
restored to its original value., This is particularly useful in
defining imaqges which are to have maximum transportability,
since it allows accumulative roundoff errors to be occasionally
eliminated, particularly in the case of text drawing which nmay
be very roughly aprproximated on low resolution devices.
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5.3

Wwriting Attributes Instruction

1. PURPOSE

The writing attributes instruction, key=letter %"

allows the wuser to control the manner in which the pixel
image 1s to be drawn at the pixel level., In the REGIS BASE
this means the selection of line drawing patterns and the
adjustment to pixel sizes,

2. SYNTAX

[}
U
\'4

<REGIS> W <WINST>
SAINSTY> ==> ( <WOPS>
wed> [(<nN>] <WOPS>
w=> ¢ <SKIPQ> <WINST>
e=> " KSKIPQ2> <WwINST>
w=> <diglt> <KWIKST>

<WOPS> ==> P {(<diqit>}<w0Ps>
==> , <ANQPS>
w=> ) <AWINST>
==> <any=other> <SXIPI>

3. GENERAL SEMANTICS

In the REGIS BASE there are only two signiticant
A=Instruction structures. The W({<aa>] allows the user to
define a multiplicative factor to be aprlied to pixel
vectors used in the P and vV instructions. The W(P<digit>)
form allows the user to select a line drawing pattern such
as a solid lire or a dote-dash pattern.

S.3.1 Pixel #ultipliers = #[(<n>] The arcument <n> recrresents a
numeric constant which serves the purpose of causing each pixel
vector referred to by a P or V instruction to be repeated the
nunoer of times given by that number. The pixel multirlier also
has affect on the repetition length of 1line drawing rvatterns.
Devices will cnange a oixel multiplier value of ¢ to the default
value 9of 1, In general, the gpixel multirlier may Gbte &
non-integer number, dut this capability is normally used only in
higne-resolution devices,

The following are exampcles of this feature:
“{1] - same as «[1}, tne default value

{19} = @23ch <pv> reters to 10 unit ovixels
»{0.6] = fine adjustnent to pixel
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vector size on a high resolution
device, interpreted as (1] on
low resolution devices,

5.3.2 ULine Drawing Patterns = #(P<digit>) Allows the user to
select from one of 10 predefined line drawing patterns or define
a4 new pattern by a sequence of on/off pixel vectorse. The
possible values of this option are as follows:

PO Draw image as if the pen is "uc"
(that is, no visitle image)

P1 Draw image with solid lires

P2 Dash pattern

P3 Dasn Cot pattern

P4 Dot Dect pattern

PS Dash Dot Dot oattern

P6 (to pe cdefined)

P7 (to be defined)

P8 (to be defined)

PS (to oce defined)

P<oit><oit>,,, user definec pattern

The user defined pattern is interpreted as a segquence
of <pv> size line seaments basea upon ap alternating
pattern ot PO and P!l line tyves., For example, the
sequence:

P111010

constructs a Dash Dot pattern similar to the P3 1line

tyoe,
Each aevice i{s assumed to have a certain recetition lencth for
the 1line drawing patterns. This lenath is not required to be
standardized since it is assumed that a basic dot pattern will
carry essentially the same information content independentlv of
this repetition period, Devices may use the current opixel
vector multiplier value to expand the pattern scacing, and trus
achieve additional discernible line pattern tyges.
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5.4
The VECTOR Instruction
1. PURPOSE

The Vector instruction, key=letter "v" is used to draw
straight 1line segments of arbitrary angle between the the
current cursor location and one or more new positions, using
numeric position arguments or pixel vectors.

2. SINTAX

<REGIS> ==> V <VECTOR>

<KVECTOR>==> [<pa>] <VECTGR>
==> <pv> <VECTOR>
==> * <SKIPQ> <VECTOR>
-=> " <SKIPQ2> <VECTOR>
w=> ( <VGPS>

<VAPS> ==> 3 <VOPS>
e=> E <VOPS>
w=> § <WINST> <VCPS>
we> , <VOPS>
~=> ) <KVECTOR>
~=> <any-other> <3XIPI> <KVCPS>

3. GENERAL SEMANTICS

Semantically, the vecter instruction works in thne samre
manner as the P=instruction with the exception that the pen
is "down", That is, the v=instruction causes a visitle
image to ve generated., The lines drawn bv this instructicn
are subject to the current line drawing pattern selected by
the wW=instruction and the pixel=vectors drawn are suciect to
the current oixel vector mnmultipliers selected by the ie
instruction,

The B and E options allow the user to define a closec
oolygon., hat s, at the time that an FE option 1is
interpreted, a line will be drawn back to the previously
defined 8 (begin point) position.

The & ootion allows the writing attributes to be set orn
a temoorary basis. After completicn of the vector
instruction, the value of the writeing attributes will &ce
returned to tne values which they had cefore the executicn
of the v=instruction.

Figure 8 gives examrles of the Kind of images drawn usipg tre
V=instruction including the use of line ratterns .

FINDELITY OF IMPLEMENTATION
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1.

Low resolution devices will ncrmally aoproximate straiant
lines by a jagged sequence of unit size pixel vecters.

Medium resolution devices have varying degrees of aquality
#hen drasing vectors.

High resoluticn devices are exrected to draw 1lines of
sufficient smoothness that no discernible Jjagged edges
appear to the naked eye.
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Figure 8. VECTOR INSTRUCTIOM EXAMPLES

Assume that the writing mode is set with:
W(PL)
then: PI19d1V(+44@] gives:

The saquance VI+501(,+501[-501[,~50] givas:

V{+50,-5011+100,+1091(+100,~-1001(+50, +501 gives:

With Wl1e] (pixel size of 10) then V01234567 gives:

O

uith the pattern defined by:
Wl41(P111910¢9)
Then V{+2001(,+1001(-2001[,~100] gives:

-
.
i
.
!
.
!

o cwn car cwn cwn cas o

The sequence of instructions:

PL432,721

Wi96]1V460P 1456, 48]
Wl48]1VG642446064600206P 1468, 361
HI241V46066424642202446424460646002066642446064
V6092060024220602066460

dives the chain encoded imaqge:

oyl
oyl

|

i
| -

u"]r‘

i
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5.5
The CURVE Instruction

Simple graphics devices ¢o not wusually have a built |in
curve generation capability. This feature is bullt into REGIS -
for at least four reasons;

1, with the assumption that all devices will have local
processors, there is no longer any significant complexity to
having a local curve carvablility.

2. The availability of a local curve capability can
substantially recuce the number of characters transmitted to
the device.

3. The inclusion of a curve capability aives REGIS a deqaree <cf
completeness relative to the idea of incorporating tne "rule
and compass" drawing primitives,

4, Each graphic device knows 1its abilities better than the
software driving the device and thus is better abtle to
select an optimal quality versus performance tradeoff curing
the design cphase., This avoids the comxmon problem which
arises wnen a circle is aporoximated bv an 18 sided =z=olvgon
on a low resolution device which looks exactly like an 18
sided volygon on a nigh resclution device (instead of a
circle!l),

1. PURPGSE

The curve instruction, keveletter "C" 1is used to draw
circles, arcs of circles and curve interpolation seauences.
By a curve interpolation sequence is meant a curved line
image of varying radius of curvature such as would te drawn
by a draftsman using "french curves" or similar aids.

2. SYNTAX

<REGISY> ==> C <CURVE>

<CURVED> ==> [<pa>] <CURVE>
m==)d> ‘<SKIPQ> <CURVE>
-=> "<SKIPQ2> <CURVED>
w=> <digit> <CURVED
-=> ( <COPS>

<COPS> ==> C <CCPs>
==> A<ang> <COFrS>

-=> S <COPS>
-=> B <COPS>
==> £ <COF5>
e=> w <alMST> <KCUPS>
- ’ <CUPS>

-=> ) <KCURVED>
-=> <anv=other> <Sh1P1> <CCPS>
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3. GENERAL SEMANTICS

Pixel vectors normally have no meaning for the curve
command ,. all position arguments are given using the form
(<pa>). The meaning of a position argument is dependent
upon whether or not a curve position block has been
selected, Outside of a position block, position arguments
mean "draWw a circle" or if the arc-angle option has been
selectad "draw an arc of a circle", within a oosition
olock, ocosition arguments refer to coints on a curve throuah
which an interpolatecd curve is to be drawn., There are ¢two
tyoes of curve interrolation sequences as determined by
whether or not the the operation s 1initiated oy the
sequence option “S" or the bounded begin optioen "B", In the
first case, an open end point curve (or a curve with
discontinuities) is drawn, In the second case, the enc
point of tne intervolated curve is drawn back to the begin
opoint with a <continuous derivative (and theretore looks
"smooth")., The W option allows the definiticn of temporary
writing attributes using the W instruction parameters.

5.5.1 ¢Circles ancé Arcs -.C{<9a>] forms

If no curve oposition block has been selected, tnern tne
instruction form:

Cl<pad>]

will dra« a circle with the current cursor rositicn as the
center and ([<pa>] a point on the circumference of that circle.
The cursor is left at the center after drawina the circle. This
same instruction with the center option enabled:

C(C) (Kpa>]

will the circle with the current cursor as a ooint or tre
circumference and (<pa>] as the center. In this case, the
cursor is left on the circumference of the circle at the the end
point (egual pegir point) of the circle drawing.

If tne arc=angle ootion (A<ang>) is used, then ar arc of a
circle is drawn starting at the peint on the circumference arc
enaing <ang> degrees from that rcint., The cursor is left at tre
end point o©of the arc if the (C) optiocn was used, otherwise the
cursor is left at tne center of the arc. If the anqgle 1is
positive, then the arc will ce drawn in the counter=clockwise
direction and if the angle is negative, the arc will be drawn in
the <clockwise c¢irection. Figure 9 illustrates examoles of the
circle commands,
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5.5.2 General Curve Interp lation -

Either the option "S" (for curve sequence) or "B" (for
begin or bounded) start a general curve interpolation sequence.
The sequence is ended by the "E" end option. There car be no

intervening circle or block structured P or V instructions -

within the range of a curve begin-end sequence, #ithin these
option points, the position arguments (including the current
cursor position) are points on a curve through which a smooth
curve image 1s to be drawn., The protlem of determing the slope
of the curve at the end points 1is handled in the following
manner:

1. The positions at the start and end points are not imolicitly
drasn but are used to céefine the slope of the curve at the
end points,

2. The pbegin and end points may bpe visuvally included in thre
curve py using the "null" point svntax {] to indicate that
tne polnt is to be repeated in the sequence, In this case,
the visual appearance of tne curve at the end points may not
pe realistic,

3. For a pounded curve, option "B", the point information at
the veginning of the sequence i{s retained so that the closed
curve will nave a continuous first derjvative at the end
voint.

As a result 0of this convention, at least three oposition
arguments in aadition to the current cursor cosition must be
given to result in a visible curve seament bLetween the seconc
and tnird positions given. GCne additional curve segment is then
drawn for eacnh additional vosition argqument. The current cursor
position is always maintained at the last position argument
given and tnus leads the drawing process by one curve segment.
Figure 9 also 1illustrates examples of the curve interpolation
instructions.

S5.5.3 Fidelity of implementation

l. Low resolution devices will normally acproximate circles tv
3 polvgon 0of a certain number of sides which xill generallv
vary depending upon the radius of the circle., Circular arcs
will normally be drawn by a polygon aroroximation with a
portion of the polygon removed, Incremental alcorithms,
such as Bresenham’s circle algorithm might also te used for
low resolution devices. The user 1is warnea that on low
resolution devices, the accuracy of a circular arc may ce
oQor, so that the imaqge definition should not degpend ugor
the end of arc nositicning,

2. In mredium and nigh resolution devices, it is exrected that
an arc or circle pe represented with high accuracy and
little or no discernible Jjaggedness. In high resolution
aevices, the accuracy of the circular arc gositioning is
expectea to be at the pixel level.
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3.

REGIS does not specify the algorithm by which devices
implement the «curve interpolation algorithm but it 1is
assumed thact it will be similar in nature to the commonly
used spline algorithms. The exact curve sequence drawn
varies depending upon the algorithm used, put this 1is not
considered a problem since the essential informaticn content -
is shown in spite of minor variations in the curve vpath.
Devices may {implement more than one curve intervolation
algorithm which are user accessible by option extensions.
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Figure 9., CURVE INSTRUCTION EXAMPLES

6 = cursor start position
% = cursor end position

Ct+590) gives:

C(C)[+50] gives:

C(A1BO)L[-49] gives:

Y

C(S)IIIL+20,-2011+40,+4011+40,-401[+40,+401[1(E) givas:

N\

C(B)[+150,-501[+150,+5011-150, +501(E) gives:

D

C(B)[+80,-10010+1201(~50,+1001(E) gives:

=3

C(B)[+200,+15011+200,-15011-209, +2001 (E) 3iv¢$:

N
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TEXT Instruction
PURPNSE

The graphic text instruction, key=letter "T" is used to
draw strings of characters starting at the current cursor
position,

SYNTAX

<REGIS>

=> T <GTEXT>

<GTEXT> ==> [ <SKIPB> <GTEXT>
e=> <digit> <GTEXT>
==> ‘<text> LGTELT>
-=> "Ctext2> <GTEXT>
-=> ( <TOPS>

<TOPS> ==> S<n> <TOPS>
==> W <AINST> <TGPS>
-=> , <TCPS>
==> ) <GTEXT>
==> <any=other> <SKIPI> <TOPS>

GEMERAL SEAANTICS

Each REGIS device 1s assumed to have a buiit in
cnaracter definition anc writing capabcility. The alohabet
for w#riting is assumed to DPave at least 64 orinting
characters and in general will implement tne full ASCII
printing set,. Each character of the <text> string |is
written by placing the visual image of the reterenced
character at the current cursor location. After writing the
character, the cursor vosition is changed to a soint «~rich
would pe tnhe logical position for writing another character
(normally horizontally 2 distance a little more than the
visual width of a character). The character size oction
allows characters to oe written with varyirag sizes and with
varyving spacing. The «w option allows tbhe setting ot
temporary attributes wnich are 1in effect onlyv during the
duration of a single T instruction.

1 Text Size option = T(S<n>)

The parameter <n> is generallv floatinc point numper whick
4S the user to increase the size of the characters crarr

proportionately the spacing ©tetween cnaracters) cy 3
iolicative factor of the devices *stanoarad" size.
rally, tne range of <n> snould be limited to O to 110, .3
e of 0 will pe taken tc reter to the default value 1.
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5.6.2 Fidelity of implementation

1.

Lo~ resolution devices generally will have a standard size
cnaracter which will wvary considerably 1in size from one
device to anotnher. Thus the user should not cepend uvon the
cursor value at the end of drawing a sequence of characters
and should reposition the cursor by some other means. The
quality of character representation at this level is also
assumed to be poor and typically drawn as a sequence of
short vectors or as a pixel pattern,

Medium resoclution devices are expected to allow reasonatly
good aquality characters and deterministic enrd point cursor
values and must implement a full range of integral character
sizes.

High resolution devices are expected to draw "letter
quality*® characters and give fractional as well as Integral
character sizes. Since the standard (smallest) character
size on a high resolution device will generally oe very
small in proportion to low resolution devices, the screen
instruction text adjust feature may have to be set wpren
transoorting a graonhic image definition.
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6.0
THE EXTENDED REGIS LOGICAL DEVICE

This section describes extensions to the Logical REGIS
Graphic Device required to accomodate the srecific features of
devices which are not common to all qrachics devices. This 1is
not meant to be an exhaustive discussion on the subject, but
rather an illustrative presentation which can bte followed for
the extension of REGIS to device capapilities not described
here, The case of raster CRT devices is covered in some detail
to fully illustrate the process of extending K&GIS.

6.1
Dimensional Screens

Dimensional screens refers generally to the class of
graphics devices 1in which the ophysical size of pixels has a
repeatavle meaning and in varticular allows the user to choose
from a variety of pixel sizes., Examples of such cevices include
both paper and photogravhic pleotting devices. REGIS accomodates
such devices oy allowing the user to define the size of pixels
in physical dimensions. The logical device is therefore
extended by the following parameters:

SDX = is the pnysical size of a pixel in the
norizontal direction

SDY = 1is the physical size of a nixel in the
vertical direction

By «xnowing the numoer ¢f pixels selected by tne screen
coordinate definiton operation, the device 1s then acle toc
determine tne size of paper needed to draw the image,

The units of the ohysical measure should he optiocnallv
selectanle oy the user with the metric svstem veina the default
valuye,

These devices also will generally allow (and need) the
wiath of 1line segments to be user controllacle. This tyce of
feature w~ould pe included in REGIS by using a width c¢ption in
the writing actributes instruction. .

6.2
Gray Scale and Color

The simplest form of cclor capavility refers to the tre
ability of a rclotter device tc use different colorec¢ pens tc
draw on aifferent cclors ot rcaper. In this <case, tihe rpaper
recresents tne background color ana the gsens represent tre
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foreground color, Black ané white raster qraphics devices
inherently have the ability to show varyirae intensity levels ot
lignt, called gray-scale, More complex devices, such as high
resolution color raster devices have the acility to present a
full range of color hues in acdition to gray scale (intensity)

capablility. o

To accomodate this broad range of capabilities, the
extended REGIS logical device adopts the following scheme which
allows the selection of color and grav-scale in a siwmle manner
for simple devices but still has full access tO the broacd
spectrum of attrioute capabilities of the most cacacle of the
devices: ‘

1. Each pixel has associated with it a forearound and a
cackground "intensity" actribute which is user controllaple,
Tne differentiation between foreground and packground {s
most clear in the case of the plotter rut nas little meaning
for the high resolution raster color device.

2. Ihe simplest form of intensity attrisute is a scale of &
numbers representing lowest to highest trightness on a cray
scale raster device,.

3. For simpla color devices, the scale of eight intensity
values 1s interpreted as the three primary colors, the three
compglementary colors and the rclack anc white intensity
valuyes, The mapoing between Qgray=-scale and color folleows
trie conventions which nave been established for cnctocrachic
and oroaacast television work as summarized in tne foloowirg
table:

Gray=Scale Color value
Blacx (dark)
Blue
Red
Magenta
Green
Cyan

‘ fellow
Wnite

NN HLWN - O

This is based on the standard FGB to luminance level
transformation wused in the television inaustry (#TSC color
standar4d)., A more accurate transformaticn for devices
naving a oroad grev scale range is (normalized to the range
0 to 7):

I = 4,1%G + 2.1*R + Q0.5%8

4., For devices navina a full range of color Cararilitv, tre
due=i,ightness=Saturacion system ot color aefinitior 1is
adooted., 1In summary, tnis system recguires three generallv
floating oo0int numbers to be used in definirc a8 scecific
intensity =sarameter value:
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Hue (H) = The hue 0Of the color expressed as
an angle on the color wheel,

Ligntness (L) = The relative brightness of the
color expressed as a percentage of
full brightness.

Saturation (S) = Expressed as a percentage of
the fully saturated hue,
For the purpose ¢f converting between the low=-resclution RGB
notation and the higner resolution HLS system, the following
tanle ‘should pe used (generally, 1ligntness and saturation
are ignored and only tne hue angle has meaning):

TC CONVERT HLS TC RGB:

Hue Lightness RGB  Intensity
331 o 30 15 to 85 B Il
31 to 90 1S to &5 M 12
S1 to 1350 15 to 85 R 13
151 to 210 15 to 85 b4 156
211 to 270 15 to 85 G I4
271 to 330 15 to 85 C IS
(any) G to 15 D I0
(any) 85 to 100 K 17

TO CONVERT RGB TO HLS: (Saturation = 120}

Intansizcy RG3 Hue Lightness
10 0 0 0
It B 0 S0
I2 M 80 S0
I3 R 120 50
I4 G 240 S0
15 C 300 50
IA b4 180 S0
17 ] 130 100

In c¢onceot, tnhe intensity parameter can e apcliec
indevendently to the foreground and to the packasround of tne
grapnic image, That is, we can select to yse 2 clue cen to dravw
on 3 vyello4 piece of fgaper. Obviously, devices will have
extreme ranges of implementation of the intensity attritutes.

5,3
Taxt Attrionutes
faxt attritsutes incluce a wide variety of  features

associatea witn the presentation of textual cnharacters,
incluaing (out not limiced to) any combirnation of the followirc:
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1, Variable character size including independent width and
height adjustment, ‘

2. Vvariaple character spacing including provortional spacing
and lettere-spacing.

3. Angular orientation of characters and independent angular
character spacing,

4, Foreign langquage fonts.

5. Alternate representation fonts (Gothic, Futura, and so
forth).

6. Superscript and subscript capability.

7. Overstrike (underline, APL characters, and so forth).

It is the intent of REGIS to suppcrt such features in anr
extension set, The user snhould recoaqnize that the deqree to
snicn a svecific device sucports these charateristics is
extremely oroad and 1is therefore one of the areas of image
generation w#ith the least portability capabilities.

To support the majority ot these features, an extenrded
REGIS device aav support the definition of the follewing
extended logical cevice parameters:

1. «IDIH = The width of the hvopothetical rcarrallelogram in
#nich a character is written,

2. HEIGHT = The heignt of trhe vparallelogram measured in
pixel-vector units.

3. ODANG = The direction of the character width line measured as
an angle in degrees relative to the horizontal axis.

4, HA8G = The direction of the height side of the character
parallelogram measured relative to the width direction
(relative slanting of c¢haracters, as for an Italic
representation).

S. T0X = The relative nhorizontal spacing of two characters
measured in pixel units.

6. TDY = The relative vertical spvacinae of two characters
nmeasured in pixel uynits,

7. FOAT = A scalar parameter used to identify which of several
possicle fonts is currently in use,
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6.4

Area Attributes

Inis class of extensions refers to the general capability
of many devices to associate attributes to areas bounded by
REGIS primitive line images, The visual attrioutes may 1include
comoinations of the following:

1. Shading patterns (similar in concept to line patterns).
2, Color and intensitv variation.

These capabilities syntactically are covered by other REGIS
extensions, REGIS distinquishes two approaches to identitfying
the boundaries of an area:

1. FILLed areas = An area defined by and bounded by either a
bounded seguence of vectors or a bounded (closed end point)
curve,

2. StiADed areas = An area defined to be the difference between
two not-necessarily bounded vector or curve seguences.

The first case corresponds to the common concept of ©oounded
surface, The second case corresponds to the tyoical approach
used to represent data as a "histogram®" image.

8.5
Dynamic Attripbutes

Thne area of dynamic attributes covers a broad spectrum of
features whicn are illustrated at one extreme by "elirking"
attributes and at the other extreme by a fully animated cartoon.
The common voint in REGIS for such capavbilities is the nction
that the foreground/packground selector function varies as a
function of time, Using this model the tveoical blink attribute
is interpreted as an alternation of foreqround and tackground
visual attributes,.

6.6
User Interaction

User interaction reters to the general capapbility of some
devices to send informatior to the controlling computer as a
result of computer queery and/or operator entry using one c¢f
several possioie cevices., Genrerallyv, REGIS expects such cevices
Co return character seauences in response to such comroputer or
operator request,
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7.0
STANDARD RASTER EXTENSIONS

This section describes a stancdard set of REGIS instruction
extensions to be used with raster CRT qgraphics devices, The -
additional capabilities accessible using these extensions
inclnde: ‘

1, Background and foreground graye=scale and c¢olor intensity
attributes,

2. Negative image attributes (wnite on black, black on white
and so fortn).

3, Screen area scrolling (screen motion).
4., The "alternate" (tlink) dvnamic attribute,

S. ™emory value dependent writing attributes (replace writing
in addition to overlay writing).

6, Area attributes for bcunded and unbounded areas.
7. Text attributes and user definable characters,
The syntax of the instructicn extensions is summarized |in

figur= 190, Figure 11 summarizes the svntax of the intensitv
attrioytes,.
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Figure 10. STANDARD RASTER DISPLAY EXTENSIGMS

1INST. IPARAM=~1 PARAMETER |

At KEY | ETER | VALUES | MEANING
Xi S { <pv> Move screen image by pixel vector amount
| ! [<pad>] Move screen image by <pad
X1 [ ¢ ) Extended options
X1 { N<n> negate (reverse) the irage
X1 | NO disacle negative image (default)
X H I<intens> set packground intensity
Xt W | I ¢ ) Extended writing ooticns
Xi i A<D enatle Alternation (blink)
Xi | AQ disable alternation (default)
Xt | N<DD enable negative image writing
Xt | NQ disable negative image writing (4default)
Xt | E erase writing
Xt } C complement writing
Xl { R replace writing
Xi | ¥ overlav writing (cdefault)
b g l S enable area shading
Yi | <digit> use <digit> line pattern as fill cattern
{ | ‘<char>"’ use character as shading pattern
Xi | S0 disable area shaacing (detault)
X! | I<intens> ‘ set #riting intensitv
Xt T I (<ra>) Set relative text snacing
Xt i« ) Extended text options
il l A<digie> alpnabet (fonrnt) select
Xi H S[<aa>] set aosolute character row/column size
X1 { m{<aa>] set row/column pixel multicliers
Y! i I<anag> set Italic slant
X! { p<ang> set character row direction
.‘------‘------l--OCC---------‘-----------‘-------O----------------—-------n--.
X1 L i LOAD ALPHABET CHARACTER IMSTRUCTION
X1 | ‘<char>°’ Select character to be loaded
Xl I <text>; Character pattern definition
{ i« ) Load character ocotions
i | D select decimal number Lase
i ] H select hexa-decimal numrter bpase
i i S{<aa>} character definition size
i i I<intens> tackground intensity select
t R | READ GRAPHICS PAFAMFTERS
{ b( ) Identify parameter to te read
{

i P read current cursor nosition
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Figure 11. RASTER EXTENSIONS = INTEMSITY PARAMETER

{ MEANING
<intens>|{ INTENSITY ARGUMENT
| <digit> Set one of 8 predefined intensities
[ ¢ ) Intensity options
| D dark (default IO0)
i 8 blue (default I1)
i R red (default 12)
| G green (cdefaylt 13)
i M magenta (aefault I4)
{ C cyan (default IS)
| Y yellow (default I6)
| W white (default I7)
| 4<ang> HLS hue angle
I L<scnt> BLS lichtness in percent
|

S<pcnt> HLS saturation in percent
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7.1
Screen Instruction Extensions

1. PURPOSE

Raster scan extensions to the screen instruction allcw
setting of the packground intensity (color and/or gray=scale
value), reversal of the 1image intensities and screen
*scrolling*®,

2. SYNTAX

<SCREEA>==> [<aa>]) <SCREEN>
w=> <pv> <SCREEN>
==> ( <sOPs>

<SOPS> ==> N<n> <SCGPS>
e=> NO <SOPS>
-«> ]I <intens>

<intens>==> <digit>
-=> ( <ITOP>

<ITOP> ==> DIBIRIMIGICIYIW
e=> H<ND
=-=> L<n>
==> S<n>
-3 )

3. GEHERAL SEMANTICS

. Tne forms (<aa>] and <pv> allow the screen 1image to
"move" in tnhne viewing area in the same way that most raster
CRT devices allow text scrolling, The forms N<n> (<n> is
any positive no-zero number,but usually 1) and O reverse
the screen image (black on white or vice versa) and cause
the "normal®" imaGe to be shown respectively. The intensity
parameter alilows the gray=-scale level to be set on a scale
0of 0,00000 (minimum) to 7.00000, the selection of 1 of the
eignt orimary colors, secondary colors or dark and white, or
a4 more vprecise setting of the color value tv usina the HLS
system of color definition,

7.1.1 Screen motion - [<aa>] and <pv>

Tfhese forms are included <co allow devices the dynamic
Capaoility of cerforming screen motion as for the case of text
scrolling or “"strip= chart" ceneration. Since this is a curely
dynamic teature, the range ot implementation is verv broad
ranging trom no implementation at all to the full scale
"panning* operation of allowing the ooerator to move the viewirug
window through a much larger image definition. The intent of
this feature {s summarized in tne folling exaroles.
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S{,+20]
move the screen image up the equivalent of "one" text line:
SO

move the screen image right one pixel to make room for the next
data item in a stripechart presentation.

7.1.2 Screen image reversal u<n> and MO

These ootions allow access to the inherent capability of
many raster scan CRT devices to "reverse" their image. That {is,
if the device normally presents characters and lines as white
written on a dark background then invocation of the S(N1) option
will show the image as a dark line on white backaround. The
option sequence S(#H0) then would return the imace renditiorn to
its normal impression (#0 is the default value). In the context
of color, this feature may have no meaning (ignored) or oe used
to reverse the color values (blue becomes vellow, red oecomes
€yan and so forth). Screen reversal should not be used to carry
significant information.

7.1.3 3ackaround intensity - I<ITOP>

The inensity parameter in the screen instruction is used te
uniformlvy change the background intensitv of the araphic image.
The intension is the same as loading a certain colored plece ot
paper into 3 olotting device. This varameter may be changed
during tne orocess of drawing the 1image to define the color
value of the "off" pixels ir a line gattern, or the backaround
color to the rectangle which encloses a character, but no
essential information content should be placed in such &
dynamically defined background attriprute to ensure maximum
transportanility. In either case, the action of a screen erase
operation is to use the then current backgrouna intensity to
uniformly define the background color and/or craye-scale.

1. Low resolution devices generally will only implement at most
the integral gray=scale values and/sor the 6
orimary/secondary color values but must convert the HLS
values to these integral values if they support graye-scale
or color.

2. High resolution devices are required to succort at least 64
levels of gray-scale or o4 levels on eacn of the crimarv
colors.,
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7.2
Wwriting Attributes Extensions
1. SY~nTAX

Raster extensions to the writing attributes instruction
allow access tc a wide range of capabilities cf CRT devices,
including color, gray-scale, the simple blink dynamic
attrioute, image "memory" modification, and area filling.

2. SYNTAX

<WOPS> ==> A<n> <WOPS>
==> AQ <WOPS>
==> N<n> <WOPS>
-=> MO <A40PS>
-——d (o]
-=> R
-—=> vV
-=> S<FILL>
-=> 50
-=> I<intens>

KFILL> ==> <digit>
==> ‘<char>’
-=> nil

3. GENERAL SEMANTICS

The €forms A<n> and A0 are used to enable and disable
writing of anr image cgortion using a form of blinking
attriobute. The cptions £, C, R, and V are used to modify
the image memory. The S<n> and SC options are used tec
enabvle and disapble area filling and the I<intens> form is
used to identify tne foreground writina intensity (value of
tne “on" pixeis in a line oattern or character pattern).

7.2.1 Alternate attribute = A<n> and A0

~hen enaoled by the alternate attribute A<n> (<n> a
oositive integer usually 1) all image generating instructions
cause tne pixels to visually slink at device decendent rate.
Ine concept of alternation is that the irage section so drawrn
411l for some period of time oce visually snown with tre
foreground 1intensity and then for a oeriod of time show the
underlying backJgrouna intensity value ard then repeat this
sequence, The form a0 does not turn off tlinrking for tixels
already written using the aA<n> oction out only disables tre
aternate attriobute from being associatec witn vixels in
subsequent drawing instructions.
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7.2.2 Memory modification - R,C,E,V

For devices wnich save the pixel image in a memory device
of some sort, these options allow the dynamic modificaticn of
the memory elements on a pixel basis as defined by the following
rules: e

1. V option = overlay the new line pattern or characters onto
the existing memory pixels ... that is an "OR" operation of
the "On" pattern or character pixels. This {is the default
REGIS option and means that lines written over text
characters «ill appear visually to strike through the
character.

2. R option = Replace writing causes the ON and OFF pixels in
the line oattern or craracter to be written into the memory
independent of the current memory values at the addressed
locations,

3. C option =« Complement writing causes the current line
pattern or character pattern to oe "XGRed" with the current
image in such a way that if the same sub=image is written
twice at the same oostions, the result would aprear as {if ro
writing nad teen performed at all.

4. E ootion = Erase causes all pixel values adcressed in
subsequent draving instructions to revert to their
bacxground selecter values, Thus, 1f every pixel <were
written with the £ oction the same effect as a screen clear
would ve achieved inageoendent ot the current value of the
flemory or tne line pattern,

Note that tnese four options are mutually exclusive and
generally can not be combined., That is, the invocation of the
"R" option #ill over=ride the crevious invocation 0f the "yn
option,

7.2.3 Area snading = S<n>, S‘’<char>’ ancd S¢

These option forms allow devices with built in area f£illirg
capabilities to draw an image uniformly filled with the currert
intensitv values. The sS<diaqit> option invokes area filling for
all subsequent vecteor and curve instructions (usirg the line
pattern given oy <digit> until the execution 0f the SO ovtion
(disables filling). The form §S‘}<char>’ aliows a character
pattern in the currentlv selected alchabet to oe used as the
filling pattern. Ihe actual operation certorTecd by the gevice
is deoendent wupon whether the subseguent instructions are
defined to pe osocunded line/curve sequences are oger secuences.

1. OPEN SEQUENCES
In this case, the V or C instructions are net aiver

begin (B) and end (E) ortions. The action taken is as
follows, The Y value recorded at tre tire that tre sS<r>
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option is invoked is used as a vertical reference line, All
suyosequent V instructions are then drawn as four sided
figures with this reference 1line as the base, the vector
drawn as the top (bottom {f the vector is below the
reference 1ine) and the vector start and end points are

taken to be the coordinates of vertical lines wnich complete

the four sided area. Several vectors drawn in this way will
tnen reoresent a form of polygon which generally has several
closed sections. Curve instructions definea by the (§) anc
(E) options are drawn as if the curve sequnce consisted of
infinitesimal vectors. Note that the vector and curve
sequences may Ccross the Y reference line any numper of
times. )

2. BOUNDED SEQUENCES

This case s distinquished from the open c¢ase by the
appearance of begin ana end ooticns in the vector or curve
instructions., In the case of the vector instruction, the
positions specified opetween (B) and (E) options (including
the initial current value) are taken to pe points on a
closed polygon and the entire bounded area is filled even 1f
there are enclcsed image segments (which will get overlayed
or replaced as a fynction of the cuyrrent memory modification
option value), Similarly., the bounced curve secuence will
cause a the complete area defined ©oy the irntercolation
sequence to be filled. The circle curve option 1is always
considered a closed curve and therefore dces not recuire the
cegin end ovtion specifications. Tne special case of a
circular arc {s handled as it the arc so cefinec 1s a3 plece
cf a "pie" c¢hart.

The shaaing enable option S<n> will use the selected 1line
pattern ¢to £1ill in tne vertical direction., addéitional opticns
of the snading option allow the use of a oredefined line rattern
or user defined pattern for the horizontal airection as well,
Alternately, the user may refer to a rpreviously defined
character as cthe filiing pattern in which case the cnaracter
pattern 1is replicated sufficiently to fill the area with
aporopriate <clipping of the bounaaries of the characters at the
edges of the polyagon or curve, Hard cooy devices may choose to
simulate the area £illing operation by acpropriace
cross-hatcning patternse. To acnieve maximum transport, ana
efficiency, area tillinag should not be simulated as a seaunce of
vectors.

Figure 12 illustrates several examples of area fillina for
both open and pbounded vector and curve seauences,
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Figure 12, Vector and Curve Extensions Examples

The shading sequance W(SI)VI+300e,-1001 gives:

If this same shading sequence is used with the pattern
S11111040 then the following pattern shaded triangle is drawn:

,“!m.

Bounded polygons can be filled using the (B) and (E) options:

V(B)[+50,-5011+90, +5011-60,+401 (=} -

Curves may shaded relative to a Yy pasition as in the
case of vectors:

C(S)I11+50,-3011+50,+6011+70,-601 ... [1(E)

BB

or shaded as a boundaed filled area, as for the instruction:

C(BI[+150,-1001L+150,+1001[-150, +1001(E)

Page 74
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7.3
Text Instruction Extensions

1. Extensions for. grachics text include user definatcle
character parameters and user definavble alphatets. :

2. SYNTAX

KTEXT> «=> (<ra>]

<TOPS> e=> A <digit> <TCPS>
-=> § ([(<aa>] <TOPS>
==> M [<aad>] <TNPS>
==> D <angle> <TOPS>
==> ] <angel> <TCPS>

<REGIS> ==> L <LOAD>

<LOAD> ==> [ <SKIPB> <LCAD>
==> ( <LOPS>
-=> ‘<text> <LOAD>
-=> <text>

KLOBS> ==> D <LOPS>
==> H <LOPS>
-=> § {<aa>] <LOPS>
==> I <intens>
-=> )

7.3.1 Text instruction extensions

Figure 13 summarizes the user selectable text character
parameter controls, These carameters are summarizea in the
following,

T{<ra>] = The relative nosition aragument <ra> is used tc¢
define tne relative X and Y changes to be 3cvplied after
each character s written, These exvlicit oparameters
are used even thouah consecutive characters may overlao,

S[<aa>] = The X and Y porticons of the aovsoclute Jargument
<aa> are used to define the wicth and helight of the
cnaracter rectangle to te arawn (row size and columpn
size).

M(<aa>] = The X and Y gsortions of the aosolute arcument
<aa> are used to define the ©pixel mygltiplier toc be
apcplied to the width ard heicht. Generally, trhe wictr
myultiplier is selecteac so that the row size divided tvy
the row multiplier is the same as the character =idth
measured in pixel vectors but may pe cifferert from this
value tor special ourvoses, In carticular, fewer than &
nultiple number of pixels mav ce drawn so that not all
ot tae character is drawn or more than an intecral
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number of pixels are drawn in which case the character
pattern is repeated.

D<angle> =~ Direction selects the angale which the width
of the character makes relative to the horizontal axis
and is given in degrees, '

I<angle> = Italic angle specifies the angle that the
neight (columns) oOf the characters are written relative
to the direction of the columns as defired by the then
current character direction,
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Figure 13, Text Parameter Extensions

. k— DX —

<

Initial cursor position

—

~
/ ~. D<direction>

I<Italic
CMUL /

/
RHUL nszzzx\ft//

DEFINITION OF PARAMETERS

inal Cursor Position

DY

N
/

CSIZE

DX = change in X position after writing
DY = change in Y position aftar writing

CSIZE = column size

RSIZE = row size

CMUL = column dot multiplier

RMUL = row dot multiplier

D<angle> = row direction, range of:
® <= <angle> <= 350

I<angle> = Italic offsat
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7.3.2 User defined characters = A cption and L instruction

A REGIS device may implement several alphabets including
font variation as well as foreign language and graphic symbol
characters. These alternate alphabets are selected wusing the
"A" option iIn the text instruction. Up to 16 different -
alphabets are syntactically distinguisharle. The alphapet
numbered 0 s always the national character set ana may not re
modified in content except for font representation.

REGIS allows one or more of the alphabets 1, 2, .es 9 to
be memory loadable wusing the LOAD instruction. The general
syntax of a load instruction is tne letter "L" followed bv the
ASCII c¢naracter 1index whien will be used t0O refer to the
character and this is then tollowed by a sequence o0of numeric
parameters each of which specifies a sirgle row in the the
character pattern, The number of row vatterns dgiven generally
implies the cnaracter size., Ry default, the row patterns (most
significant bit is the left most displaved cixel and the ¢first
parameter 1Is the top of the character) are defined by decimal
integers separated by commas.

The load instruction ootions allow selection of character
size on an alghabet pbasis and number pase for definition. 1In
particular, the option H selects the hRexa=decimal number base
for row detinition (the most efficient base for line
communication), the S{<aa>] allow the user to cetine the size of
the <characters to pe 1loaded in a manner similar to the text
instruction size parameter, ané the I<intens> option allows a
oackground color to be associated with a snecitic character
definition,

Figure 14 illustrates examples of the extended T
instruction and the L 1nstruction.
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Figure 14, Extended TEXT Instruction Examoles

Using TI[+10,+01(A0,S4,D06,10)

[ 2§

Using T[+20,+01(S2)’ABCDEFG’ gives:
ABCDEF G

Using TC+30,+@1(S3)'ABCDEFG’ gives:
ABCDEFG
Using TI+109,+301(S3,1-45)'ABCDE’ gives:

v =

Using D32 (direction up) and I45 gives:

tRCWER &

Using the alphabet character defined by:
L'A'884422118084422118844;
then T(Al1,S5[2090, ZOI,Htt 21)7A’ gives:

The same character uxth T(HIZ 21) gives:

SN

Note that this type of character can be used as the
primitive of a bar chart drawing progranm,

Page 79
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7.4

Read Parameters Instruction « R

PURPOSE N

The read parameters instructioen, xeve-letter "R" allows
the user to read back to the "host" computer (source of
REGIS instructions) parameters of the drawing process 1In
interactive environments,

SYNTAX
<REGIS> ==> <RINST>

<ROPS>

<SKIPB> <RINST>
> <SKIFC> <RINST>
- <SKIPQ2> <RINST>
«=> <digit> <RINLNST>

<RINST> ==>
-o=)

3 s

<ROPS> ==> P <RCPS>
-=> , <ROPS>
==> ) <RINST>
-=> <any=-other> <SKIPI>

GENERAL SEAANTICS

.The ootion R(P) causes the current graphics curscor
position to pe transmitted to the host scurce in an
interactive terminal environmernt. The general syntax of the
response is:

<header> <X=part>,<Y=vart> <suffix>

where <Xepart> and <Y=part> are numeric strings which define
the current writing cosition in terms of the current screer
coordinates definition. The <header>and <sufix> are
implementation sequences which allow the host to recognize
the response string in the possible context of other
character strings,
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8.0
INSTAULATION ENVIROMMENTS

For the opurposes of this report, REGIS addresses two
environments for the application of the graphics instructions:
(1) embedding in AMSI escape sequences and (2) use in a ‘bounded
graphics system,

8.1
ANSI Encoding

At tne time of this report, the most logical approach to
embedding REGIS in ANSI escape sequence environments appears to
oe the use of tne aoplication program selection sequences. That
is, a grapnic definiton sequence is initiated by the invocation
0f the escape segunce:

«®SCom
and terminated oy the sequence:

«€SC,\
All characters within this saquence are interpreted as FREGIS
instructions. Although an entire screen image does not have to
be included in one invocation of these seaquences, irdivicdual

instructions snculd not be broken Up accross escape secuence
opoundaries.

8.2
Boundea Systems

As discussed earlier, REGIS is also intenced to be used ipr
bouynded systems even if no remote communications 1irk 1is
involed, This is to allow maximum transportarility c¢f images
defined in a bounded system to pe used in distributed systers
and vice versa.

In the realm of such bounded svstems, REGIS should be ysed
for the following:

1. Graonics text file defirition of a araphic imrage.

2., Direct use of REGIS instructions in hiagh 1level lenaquages
#hen no emnedded gracnics statements are provided,

3. Commynication of a graphics image to a secarate araphics
device,

It is assumed that such a device #culd have a FEGIS intertace
“driver" to convert the cnaracter strings oriainatinag at ary of
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these sources to the native graphics hardware instructions of
the system,
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