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Section 1

INTRODUCTION

ABOUT THE MANUAL PACKAGE

THIS MANUAL

This 4113 Host Programmer’s Manual is for the
programmer who is writing a package of host computer
subroutines to communicate with the TEKTRONIX
4113 Computer Display Terminal (Figure 1-1). This
manual describes the 4113 commands and tells how to
issue them by sending sequences of ASCII| characters
to the terminal.

NOTE

This manual is intended to be used together with
the 4110 Series Command Reference Manual.
That manual has, in alphabetical order, descrip-
tions of all the 4113 commands, parameter types,
and other syntactic constructs. There you will find
the exact syntax of each command, a description
of the command’s function, a list of error codes
for that command, and references to other, relat-
ed commands.

For operator information (such as the use of SETUP
mode), see the 4113 Operator's Manual.

The TEKTRONIX 4113A Computer Display Terminal is a
new version of the 4113. The 4113A30 is a desk configura-
tion of the 4113A. All references in this manual to the 4113
apply equally to the 4113A and 4113A30.

4113 HOST PROGRAMMER'S

OTHER 4113 MANUALS

The following related manuals may prove useful:

e 4113 Computer Display Terminal Operator’s
Manual. This manual is written for the terminal
operator. Here are descriptions of all the keys and
of the “SETUP mode” commands by which the
operator can change terminal settings.

® 4110 Series Command Reference Manual. The
Command Reference Manual contains definitive
descriptions of all commands, parameter types,
report messages, and other syntactic constructs.
Once you have become acquainted with the termi-
nal, you will use this manual more than any other.

® Manuals for the TEKTRONIX 4010C01 PLOT 10
Interactive Graphics Library. The Interactive
Graphics Library (IGL) is a package of FORTRAN
subroutines for use in writing computer graphics
applications programs. If IGL is available at your
computer installation, the easiest way to control the
terminal will be through calls to IGL subroutines.

Service manuals are also available; however, these are
probably not of use to the host computer programmer.
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HOW TO USE THIS MANUAL

BASIC ORGANIZATION

The sections of this manual are arranged in approxi-
mate order of increasing complexity. That is, later

sections describe more complex subject matter and
may employ concepts introduced in earlier sections.

This manual is intended to be read in conjunction with
the 4110 Series Command Reference Manual. Be sure
to have that manual close at hand; you will need it for
descriptions of the exact syntax of the different
commands.

Read Section 2 of this manual before reading later
sections, and before referring to the 4110 Series
Command Reference Manual. Section 2 describes the
syntax notation used in the two manuals and describes
the general format of 4113 commands.

Section 3 provides an overview of the graphics pro-
gramming task. If you are already well acquainted with
programming techniques, then you may wish to skip
this section. Terms such as device drivers and commu-
nications interface routines are defined, and examples
of how. to write host device driver subprograms are
given.

1-2

The remaining sections describe different aspects of
the terminal, and how to perform common tasks:
displaying alphanumeric text, displaying graphic
information, using the terminal’s local storage of pic-
ture segments, etc. If you wish, you may skip to the
section describing the task before you. Sooner or later,
however, you should read through all these sections to
become acquainted with the terminal’s most important
features.

WHERE TO LOOK FOR INFORMATION

If you are writing a subroutine to issue a single
command to the terminal, see the description of that
command in the 4110 Series Command Reference
Manual. There you will find the command’s exact
syntax, a description of its function, a list of possible
errors which the terminal may detect while executing
that command, and soon:

If you a writing a program or subroutine to perform
some higher-level function, see the description of that
function in this manual. The examples in those sections
should help you decide which commands to send to the
terminal. You will probably then call subroutines to
issue those commands.

4113 HOST PROGRAMMER'S
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ABOUT THE 4113
FEATURES ALPHA, VECTOR, AND MARKER MODES
The 4113 Computer Display Terminal permits the The 4113 has three main modes of operation: alpha
terminal’s operator to communicate with a host compu- mode, vector mode, and marker mode. There are also
ter. Besides sending and receiving characters of text, several other modes which it enters temporarily while
the terminal can: executing certain commands.
® Display, in color, pictures sent from the computer or ® |n alpha mode, the 4113 displays characters re-

stored locally on its optional disk drive. The colors
used for drawing pictures are selected from 4096
possible color mixtures. Of these, as many as eight
color mixtures may be used at any one time. (If the
terminal is equipped with Option 21, then up to
sixteen color mixtures may be used at once.)

Store and manipulate picture segments locally
(within itself). This relieves the host computer of the
burden of manipulating those segments. It also
makes more efficient use of the data communica-
tions line between the terminal and the host
computer.

Cope with imperfect data communications lines by
means of a optional block mode communications
protocol.

Create (on command from the host computer) alter-
nate character fonts, and use these fonts to display
alphanumeric information.

Define “macros’” which can be expanded on com-
mand. Macros numbered from 0 to 143 can also be
invoked by pressing keyboard keys; thus the macro
facility allows the operator or the host computer to
program alternate meanings into most of the
terminal’s keys.

Store picture segments and macro definitions on its
optional disk drive, and retrieve them later to use
again.

Define “panels” (polygon regions), and fill those
panels with predefined fill patterns.

Define fill patterns for filling panel interiors.

4113 HOST PROGRAMMER'S

ceived from the host. This is the mode used when
logging in on a host computer or when running non-
graphics programs.

® |n vector mode, the 4113 interprets alphanumeric
characters coming from the host as <xy> coordi-
nates for “moves” and “draws” of vectors (straight
line segments) on the screen.

® [n marker mode, the 4113 interprets alphanumeric
characters coming from the host as <xy> coordi-
nates at which to display markers — small symbols.

SEGMENTS

The 4113 can manipulate segments (short for “picture
segments”) and use them to build complex pictures.
For instance, segments holding symbols for transistors,
resistors, capacitors, etc., might be used to compose an
electrical schematic diagram.

The 4113 can store and manipulate these segments
locally. This relieves the host computer of some
computations. More importantly, the 4113'’s local
segment-handling capability drastically reduces the
number of characters which must be sent over the data
communications line. (The communications line is the
main “bottleneck” inhibiting the rapid display of com-
puter graphics. Graphic coordinates can be transmitted
over typical communications lines only at rates far
slower than those coordinates can be computed by the
host computer, or displayed by the 4113 terminal.)

1-3



INTRODUCTION

THE DIALOG AREA

The operator or the computer can create a dialog area:
a part of the screen used for conversational dialogs
between the operator and (a) the host computer or (b)
the terminal. Text displayed in the dialog area does not
interfere with pictures which the terminal may also be
displaying.

TWO KINDS OF TEXT

The 4113 can display two kinds of text: alphatext and
graphtext. Alphatext is used primarily for dialogs
between the operator and the computer. Graphtext is
used only in graphic displays.

Alphatext is the ordinary text displayed when the
terminal is in alpha mode. If the optional APL keyboard
is installed, then alphatext can be displayed in an
alternate font used with the APL programming lan-
guage. Figure 1-2 shows examples of aiphatext.

Graphtext is text occurring within a < graphic-text>
command. (The < graphic-text> command is de-
scribed in Section 5, and in the 4110 Series Command
Reference Manual.) Graphtext is used for fancy or
high-quality lettering, especially within pictures or
graphs. Graphic text may be displayed on the screen,
or it may be included within the definition of a picture
segment. However, it may not be displayed in the dialog
area.

You can display graphtext in either of two degrees of
“precision” (text quality): stroke precision or string
precision. Stroke precision lets you rotate the text; it
also lets you define your own character fonts. (Stroke
precision is the default precision for graphtext.)
Graphtext displayed with only “string precision” ap-
pears the same as alphatext. String-precision graph-
text cannot be rotated, nor can you define your own
string-precision text fonts.

Figure 1-3 shows examples of graphtext.

RECDEFGHIJKLMNOPQRSTUAEYZ 1234567398A
abcdefghi jkKlmnopgrstuvwsxyz

3684-2

Figure 1-2. Samples of Alphatext.
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This i1s pre-defined gropghtext font ©.
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Figure 1-3. Samples of Graphtext.
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Section 2

COMMAND SYNTAX

SYNTAX NOTATION

All commands to the 4113 terminal are ultimately sent
as a sequence of individual ASCII characters. However,
to describe each operation in terms of those individual
characters would be both tedious and confusing.
Therefore, a number of notational conventions are used
throughout this manual and the 4110 Series Command
Reference Manual.

SYNTAX RULES

In this manual, command syntax is represented ac-
cording to the following rules.

Rule One. Individual ASCII characters sent to or from
the terminal are enclosed in parentheses. (In the jargon
of compilers and parsers, these are the “terminal
symbols” of the 4113 command language.)

Examples:

(A) The ASCII uppercase “A” character.

(a) The lowercase “a” character.

(ESC) “Escape’’ control character.

(DEL) “Delete” character (also called “rub
out”).

(US) “Unit separator” control character.

(s0) “Shift out” control character.

The parentheses characters are an exception; to
decrease confusion, they are represented as follows:

(¢ “Left parenthesis” character.
() “Right parenthesis” character.
4113 HOST PROGRAMMER’'S

Rule Two. Expressions enclosed in “angle brackets”
represent sequences of ASCIl characters which might
be sent to or from the 4113. (In the jargon of compilers
and parsers, these are the “non-terminal symbols” of
the “4113 command language.”)

NOTE

You can find the exact syntax of any such “angle
bracket” expression by referring to the 4110
Series Command Reference Manual.

For example, the following expressions, since they are
enclosed in “angle brackets,” represent syntactic
constructs defined in the 4110 Series Command
Reference Manual:

< set-baud- A command that sets the transmit and

rates> receive baud rates (data rates) for
communicating with the host compu-
ter.

<int> An integer number as encoded for
transmission to the terminal.

< Xy> A pair of x- and y-coordinates as

encoded for transmission to the termi-
nal as a part of a command.

Rule Three. To represent specific examples of com-
mands or other syntactic constructs, specific values
are included between the angle brackets. For example:

< set-baud- A command to set receiving and trans-

rates: 1200, mitting data rates to 1200 baud (1200

1200> bits/second).

<int: —35> The number —35, as encoded for
transmission to the terminal.

< Xy: The coordinate pair x=0, y= 100, as

(0,100)> encoded for transmission to the termi-
nal.
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The same notation may be used to express the
meaning of parameters, especially in the more compli-
cated syntax definitions. For instance, the meaning of
the < set-baud-rate> command’s two parameters can
be expressed as follows:

< set-baud-rates> = (ESC)(N)(R)
<int+: transmit-rate>
<int+: receive-rate>

Here, the italicized expressions transmit-rate and re-
ceive-rate tell the meanings of the <int+ >
parameters.

Rule Four. In defining the syntax of a command, the
equals sign (=) means “has the following syntax.” For
example:

< set-baud-rates>= (ESC)(N)(R)< int+ > < int+ >

Rule Five. In syntax definitions, the word “or” means
“or alternatively.” For example:

< set-alphatext-font> = (ESC)(SI)
or (ESC)(SO)

Rule Six. In syntax definitions, square brackets delimit
items which may be omitted. For example:

<int>=[<Hil>]I<Hil> 1< Lol>

This could be expressed in words as, “An <int>
consists of zero, one, or two < Hil> s, followed by a
<Lol>.

Rule Seven. Syntactic constructs which may be
repeated any number of times are followed by three
dots. For example:

< fill-pattern-definition> = < begin-fill-pattern>
[< pixel-def>...]
< end-fill-pattern>

This could be expressed in words as, “A < fill-pattern-
definition> consists of a < begin-fill-pattern> com-
mand, followed by zero or more < pixel-def> s, followed
by an <end-fill-pattern> command.”

2-2

EXAMPLES

Since the < begin-segment> command is represented
with “angle brackets,” it has a syntax definition in the
4110 Series Command Reference Manual. In that
manual, the <begin-segment> syntax is given as
follows:

< begin-segment> = (ESC)(S)(O)< int>

This means that the < begin-segment> command is
sent to the terminal as three ASCII characters —
“escape,” “uppercase S,” and “uppercase O,” followed
by an <int> parameter.

Since the < int> parameter is represented with angle
brackets, it too has a syntax definition in the Command
Reference Manual.

A particular example of the < begin-segment> com-
mand is the <begin-segment: 1> command. That can
be represented as follows:

< begin-segment: 1>= (ESC)(S)(O)<int: 1>

Referring to the Command Reference Manual’'s discus-
sion of the <int> parameter type, notice that <int: 1>
is the single ASCII character for the digit 1:

<int: 1>=(1)

Thus, you can expand the < begin-segment: 1>
command as follows:

< begin-segment: 1>= (ESC)(S)(O)<int: 1>
= (ESC)(S)(O)(1)

Again, consider the < set-baud-rates: 600, 600> com-
mand. The 4110 Series Command Reference Manual
gives the syntax for < set-baud-rates> as follows:

< set-baud-rates> = (ESC)(N)(R)< int+ > <int+ >

Referring to the discussion of the Command Reference
Manual on <int+ >, you can expand the < set-baud-
rates: 600, 600> command as follows:

< set-baud-rates: 600, 600>
= (ESC)(N)(R) <int+: 600> <int+: 600>
= (ESC)(N)(R)(e)(8)(e)(8)

Thus, a < set-baud-rates: 600, 600> command is sent
to the terminal as the following sequence of ASCII
characters:

(ESC)(N)(R)(e)(8)(e)(8)

4113 HOST PROGRAMMER'S
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COMMAND SYNTAX

All commands to the 4113 are sent from the host
computer as a sequence of ASCII characters. A few of
these commands consist of a single character; some
are comprised of two characters; however, most
consist of three or more characters.

ONE-CHARACTER COMMANDS

The following commands consist of only one ASCII
character. Like all commands, they are described fully
in the Command Reference Manual.

< enter-alpha-mode> = (US)
< enter-vector-mode> = (GS)
< enter-marker-mode> = (FS)

TWO-CHARACTER COMMANDS

Most commands consist of escape sequences —
sequences of ASCIl characters beginning with the
(ESC) character. A few of these commands consist of
only two characters:

< enable-4010-GIN> = (ESC)(SUB)

< enter-bypass-mode> = (ESC)(CAN)

< page> = (ESC)(FF)

< report-4010-status> = (ESC)(ENQ)

< set-alphatext-font> = (ESC)< (Sl) or (SO)>
< set-4014-line-style> = (ESC)< char>

< 4010-hard-copy> = (ESC)(ETB)

COMMANDS OF THREE OR MORE
CHARACTERS

Most of the 4113 commands are escape sequences of
three or more characters. These commands take the
following format:

1. The first character is (ESC). This serves as a “flag”
to tell the 4113 that the following characters
comprise a command for it.

2. The next two characters comprise an op code to
identify the command.

4113 HOST PROGRAMMER'S

3.

After the op code there may be one or more
parameters of the following types:

A sequence of characters repre-
senting an integer number.

<int> or
<int+ >
<int-
array>

Anarray of <int> parameters, in-
cluding a “‘count” for the array sent
as an <int> parameter at the be-
ginning. (See the discussion of

< array> parameter types in the
4110 Series Command Reference
Manual.)

<real> A sequence of two <int> parame-
ters which together represent a

single real number:
<real>= <int> <int>

(Exactly how these two <int>s
represent a real number is de-
scribed in the 4110 Series Com-
mand Reference Manual in the
discussion of the <real> parame-
ter type.)

< Xy> A sequence of characters repre-
senting x- and y-coordinates for -
some location on the 4113’s

screen.

A single ASCII character in the
range from (SP) to (~): ASCII deci-
mal equivalents from 32 to 126.

<char>

An array of <char> parameters,
preceded by a count, expressed as
an <int> parameter.

< char-
array> or
< string>

When the terminal is receiving the parameter for a
command, it ignores any characters (a) which are
not valid characters for the parameter being re-
ceived, and (b) which are not the “command
terminator” characters: (ESC), (US), (GS), and (FS).
For instance, most ASCII control characters are
ignored; thus (CR) characters or other interline
characters can be inserted within the command’s
parameters with no ill effect. (This is useful

if the parameter is a very long < string> or
<int-array>)
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4.

Finally, the command is “terminated” — it comes to.
an end. A command can be terminated in two ways:

The command ends when all its parameters have
been sent to the terminal.

A command may be terminated early (before all
its parameters have been sent) by sending any of
the following characters:

(ESC). A command ends with the (ESC) character
that begins another command.

(US), (GS), and (FS). A command ends whenever
the terminal receives a (US), (GS), or (FS) charac-
ter. These characters have their usual effects as
< enter-alpha-mode>, < enter-vector-mode>,
and < enter-marker-mode> commands.

Defaults for Missing Parameters

When a command is terminated early, the 4113
assigns default values to the missing parameters.

24

These defaults are usually:

® O for <int> parameters

® 0.0 for <real> parameters

® (0,0) for <xy> parameters

@ (NUL) for < char> parameters

@ an array of O elements for < array> parameters

Assigning (NUL) as the default for missing < char>
parameters is an exception to the rule that <char>
parameters must represent characters in the range
from (SP) to (~).

NOTE

Some commands are exceptions. When those
commands are terminated early, the 4113 as-
signs other defaults than those just listed. The
only reliable way to determine the defaults used
by a particular command is to consult the de-
scription of that command in the 4110 Series
Command Reference Manual.

4113 HOST PROGRAMMER'S
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PARAMETER TYPES

Parameters for escape-sequence commands may be
variables of several different data types. Each such
data type has its own syntax and coding scheme. The
parameter types are:

<int> and
<int+ >

Integer numbers are sent to the termi-
nal as <int> or <int+ > parameters.
These two parameter types have the
same syntax and the same coding
scheme; they differ only in the range
of valid values. < Int> parameters
represent integers in the range from
—32768 to + 32767. < Int+ > param-
eters represent integers from O to

+ 65535.

<int-array> An array of integers consists of an

and <int> (or <int+ >) telling how many

<int+-array> items are in the array, followed by
<int>s for each of the items in the
array.

<real> < Real> parameters represent num-
bers which can assume fractional val-
ues. Each <real> parameter consists
of two <int> parameters. The first
<int> represents a number, while the
second <int> represents a power of
two by which that number is to be

multiplied.

< Real> parameters can assume val-
ues from —32767.0 to + 32767.0.

< Char> parameters are individual
ASCII characters in the range from -
(SP) to (~). (They have decimal equiv-
alents in the range from 32 to 126.)
They represent the displayable ASCII
characters.

< char>

4113 HOST PROGRAMMER'S

< string> or < String> s, or <char-array>s, con-

<char- sist of an <int> (or <int+ >) telling

array> how many characters are in the string,
followed by < char> s for each of
those characters.

<Xy>. An (x,y) coordinate pair as encoded for

transmission to the terminal. The

< xy> parameter syntax is described
in Section 5, and in the 4110 Series
Command Reference Manual.

<INT> AND <INT+> PARAMETERS

The <int> and <int+ > parameter types have the
same packing scheme and the same syntax. These
parameter types differ only in the range of valid values:
—32768 to + 32767 for <int> parameters,and O to
65535 for <int+ > parameters. The <int> and

<int+ > syntax is as follows:

<int>=[<Hil>] [<Hil>] < Lol>
<int+ >=[<Hil>] [< Hil>] < Lol>

where

<Hil>= an ASCII character in the range from (@) to
(DEL) — except that the character sequence
(ESC)(?) may be used instead of (DEL).

< Lol>= an ASCII character in the range from (SP) to
(?).
Example

Figure 2-1 shows the packing scheme, using the
number + 31416 as an example.
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The number to be sent is represented as a 16-bit signed binary numeral:
+31416,,= +0111101010111000,
That binary numeral is arranged in groups of 6, 6, and 4 bits:

+,011110,101011,,1000,

If the most-significant six bits are all zero, then the first <Hil> character may be omitted. in this case, they
are not all zero, so they are used (together with a “tag” bit of 1) to form the first <Hil> character:

011110

first <Hil> =

+

101011 1000

[1]Jo11110

If the most-significant twelve bits are all zero, then BOTH < Hil> characters may be omitted. That is not the
case in this example. The second < Hil> character is formed from the next least-significant six bits:

+ 011110(101011|1000

second < Hil> = 10101 1]=(k

The < Lol> character's least-significant bits are the four least-significant bits of the binary numeral. The
fifth least-significant bit is 1 if the number is positive, and zero if it is negative. The two high-order bits (“tag
bits”) are “01" so as to make the < Lol> character fall in the range from (SP) to (?):

[+]ot11110 101011[1000]

L] ¥
<lol>=[01]1[1000]=(8)

The characters to be sent to the terminal, then, are (™) (k) (8):

<int : 31416> = (")(k)(8)

3675-2

Figure 2-1. Example of <Int> and <Int+> Packing Scheme.
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Table 2-1 lists several examples of <int> parameters.

(For a more complete list, see Appendix B.)

Table 2-1
EXAMPLES OF <INT> PARAMETERS
Number <Int> Parameter

o] (0)]

1 (1)

2 (2)

3 (3)

4 (4)

5 (5)

6 (6)

7 (7)

8 (8)

9 (9)

10 )

11 8]

15 (?)

16 (A)(0)

17 (AY(1)
—1 0]

-2 ()

—-15 (?)

—16 (A)(SP)
—-17 (A1)
1023 (DEL)(?) or (ESC)(?)(?)
1024 (A)(@)(0)
1025 (A (@)(1)
—1024 (A)(@)(SP)
—1025 (A)(e@)()

4113 HOST PROGRAMMER'S
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<INT-ARRAY> PARAMETERS

Some commands take <int-array> (or

<int+ -array>) parameters. These consists of se-
quences of <int> (or <int+ >) parameters. The first
<int> or <int+ > tells how many items are in the
array. Subsequent <int> s represent the individual
array items.

For instance the array of integers (1,5, —1, 16) would
be sent to the terminal as follows:

<int-array: (1,5,—1,16)

= <int: 4> {the count of 4}
<int: 1> <int: 6> <int: —1> <int: 16>

= (4) (1) (5) (1) (A)(O)

For more information on <int> and <int+ > parame-
ters, see the description in the 4110 Series Command
Reference Manual.

<REAL> PARAMETERS

A “real” number is a variable which may assume non-
integer (that is, fractional) values. Real numbers be-
tween —32767.0 and + 32767.0 are sent to the
terminal as <real> parameters. These consist of a pair
of <int>s. The first <int> represents a number; the
second <int> represents the power of two by which
that number is to be multiplied.

For instance, the number 3.25 may be represented as
13 multipled by two raised to the power —2. Thus,

<real: 3.25>=<int: 13> <int: —2>
=(=)(")

For more information about < real> parameters, see
the description in the 4110 Series Command
Reference Manual. Included there is an example of a
routine which sends < real> parameters to the termi-
nal.



COMMAND SYNTAX

< CHAR> PARAMETERS

The < char> parameter type represents displayable
ASCIl characters. Each < char> parameter is a single
ASCII character in the range from (SP) to (~). (The
decimal equivalent of a <char> character is in the
range from 32 to 126.)

<STRING> OR <CHAR-ARRAY>
PARAMETERS

Strings, or arrays of displayable ASCII characters, are
sent to the terminal as < char-array> parameters.
Each such parameter consists of an <int> (or

<int+ >) telling how many items are in the array,
followed by one < char> for each array item. For more
information, see the description in the 4110 Series
Command Reference Manual.

< XY> PARAMETERS

The < xy> parameter type represents spatial coordi-
nates. < Xy> parameters are sent as a group of one to
five ASCIl characters. (The packing scheme used is the
same as that used for earlier TEKTRONIX terminals.)
The x- and y-coordinates in an <xy> parameter can
range from O to 4095. For more details, see Section 5
and the 4110 Series Command Reference Manual.

2-8

REPORT PARAMETER TYPES

The parameter types described so far are for sending
command parameters to the terminal. When the termi-
nal sends messages back to the host computer, it
packs the information in a different format. Thus, for
each host-to-terminal parameter type there is a corre-
sponding terminal-to-host parameter type. Table 2-2
lists the types.

Table 2-2

HOST-TO-TERMINAL AND
TERMINAL-TO-HOST PARAMETER TYPES

Data to Host-To-Terminal Terminal-To-Host
Be Sent Parameter Type Parameter Type
Integer <int> <int-report>
(—32768 to

+ 32767)

Integer (O to | <int+ > <int-report>
65535)

Array of < int-array> or < int-array-report>
Integers <int+ —array>

Real <real> <real-report>
(—32767.0

to

+32767.0)

Displayable < char> < char-report>
Character

String of <string> or <char- | <string-report>
Characters array>

Spatial < Xy> < xy-report>

Coordinates

For more information on <int-report> s, <int-array-
report>s, < real-report> s, < char-report> s, < string-
report>s, and < xy-report> s, see the descriptions in
the 4110 Series Command Reference Manual.
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Section 3

THE PROGRAMMING TASK

This section provides an overview of the graphics
programming task. Included are examples of how to
use this manual to write device driver routines for the
4113.

Experienced programmers may find this section to be
too elementary for them. These programmers should
feel free, if they wish, to skip this section and proceed
to Section 4.

GRAPHICS PROGRAM ARCHITECTURE

Figure 3-1 shows the architecture of a typical compu-
ter graphics program. The user’'s program consists of a
main applications program and a graphic subroutine
package. All graphic functions are performed through
calls to subprograms in the graphics subroutine pack-
age. In turn, that subroutine package communicates
(through host computer system software and the data
communications line) with the 4113 terminal.

The graphic subroutine package includes high-level
graphics routines, device driver routines, and commu-
nications interface routines. '

It helps to define standard, uniform interfaces between
these modules. For instance, a standard interface to
the communications interface module lets you
substitute different communications interface modules
for use with different host operating systems. Likewise,
you may wish to substitute different device drivers for
use with different output devices (terminals, plotters,
etc).

THE APPLICATIONS PROGRAM

The applications program is the main program; you
write this program to perform the particular task you
have in mind. The design of applications programs is
beyond the scope of this manual.

4113 HOST PROGRAMMER'S
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Figure 3-1. Graphics Program Architecture.
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GRAPHICS SUBROUTINE PACKAGE

There should be a standard, uniform interface between
the applications program and the graphics subroutine
package. (That way, you can use the same subroutine
package with different applications programs.)

It is not good practice for the applications program to
interface directly to the terminal, issuing commands to
the terminal itself. Such a program is difficult to change
for use with another graphics output device, such as a
plotter or another terminal. Your applications program
should interface to the terminal only by calls to
standard routines in the graphics subroutine package.

For FORTRAN programmers, IGL (the TEKTRONIX
4010C01 PLOT 10 Interactive Graphics Library) is one
such subroutine package.

Whatever graphics subroutine package you use
(whether it be IGL or one which you write yourself), that
package will typically be subdivided into high-level
graphics routines, device driver routines, and commu-
nications interface routines.

References

For information on the TEKTRONIX 4010C01 PLOT 10
Interactive Graphics Library, see the following TEK-
TRONIX manuals:

® 4010C01 PLOT 10 Interactive Graphics Library
User’'s Manual

® 4010C01 PLOT 10 IGL Option 4A Graphic Seg-
ments Support User's Manual

3-2

HIGH-LEVEL GRAPHICS ROUTINES

The high-level graphics routines provide the interface
to the applications program. These routines perform
functions such as selecting a graphic output device,
moving graphic objects from place to place in the
user's coordinate space, and manipulating graphic
objects.

The graphics package may provide for performing
these high-level functions on a variety of graphic
output devices (different terminals, different plotters,
etc.). In order to do this, the high-level graphic routines
use calls to standard routines in device driver
subroutine packages.

As far as it is possible, there should be identical
interfaces between the high-level graphics routines
and the device driver routines for different terminals or
plotters.

References

Describing how to write high-level graphics routines
and applications programs is beyond the scope of this
manual. For more information on these subjects, you
may wish to consult the following references:

® William M. Newman and Robert F. Sproull, Principles
of Interactive Computer Graphics. Second Edition.
McGraw-Hill Book Co., New York, 1979.

® Association for Computing Machinery, Special Inter-
est Group on Graphics, Graphics Standards Plan-
ning Committee, “Status Report of the Graphics
Standards Planning Committee.” Computer Graph-
ics, Volume 13, Number 3, August 1979. (Available
from ACM, P.O. Box 12105, Church Street Station,
New York, New York 10279)
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DEVICE DRIVER ROUTINES

The device driver subroutines are the ones which
actually issue commands to the terminal. The more
primitive of these routines each issues just one
command. For instance, there may be a routine which
causes the terminal to draw a line between two points
on its screen; that routine probably calls more primitive
routines to issue < enter-vector-mode> commands
and < xy> parameters.

When writing device driver routines, you will definitely
be referring to this manual and to the 4110 Series
Command Reference Manual; writing device driver
routines is discussed more fully later in this section,
under “Issuing Commands to the Terminal” and
“Parsing Messages From the Terminal.”

COMMUNICATIONS INTERFACE
ROUTINES ‘

The device driver routines must have a way to send
and receive individual ASCII characters. The tech-
niques for doing this may be different on different host
computers. To enhance portability from one host
computer to another, therefore, it is wise to send and
receive characters only through calls to standard
communications interface routines.

This latter point is especially important if you will be
using the 4113’s block mode communications feature.
While the terminal is in block mode (which requires
Option 01), all characters sent to and from the terminal
must pass through the communications interface rou-
tines which handle the details of the block mode
protocol.

Another task of the communications interface routines
is to ensure that no data is lost in the transmissions
between the host computer and the 4113 terminal. In
this regard, problems may occur (a) when sending
commands to change the terminal’s communications
settings, and (b) when sending a large number of
commands to the terminal.

4113 HOST PROGRAMMER'S
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Changing the Terminal’s Settings

When sending commands to change the terminal’s
communications or display settings, you should pause
after sending the commands before sending more data
to the terminal. The pause lets the terminal finish
executing the commands. If you do not pause, the first
few characters of data may be processed incorrectly
before the terminal’s settings are changed.

How do you make the host program wait until the
terminal is ready? Either by “handshaking,” by putting
your program in a “wait” state, or by sending a number
of “no-op” characters. Handshaking is useful primarily
for arming and disarming block mode, while waiting is
preferable for entering prompt mode. Some computers
allow programs to enter a “wait” state for a program-
mable amount of time. For other systems, transmitting
no-op characters — such as (SYN) or (NUL) — for
about half a second should suffice.

Handshaking

“Handshaking” means exchanging control signals
between the host program and the terminal. Its purpose
is to ensure that the terminal does not receive data
while it is busy changing its communications settings,
and that the terminal does not receive commands
faster than it can execute those commands.

To handshake after sending commands to change the
terminal’s settings, send a <report-4010-status>
command. (Other “report” commands can be used; but
< report-4010-status> consists of only two charac-
ters: (ESC)(ENQ).)

When the terminal is finished changing its settings, it
then executes the <report-4010-status> command
and sends a < 4010-status-report> to the host com-
puter. The host receives the <4010-status-report>;
only after reading this report message does it proceed
to send more data to the terminal.
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Figure 3-2 shows a FORTRAN routine which may be The 4113 can display simple alphatext and graphics,

(

used to perform this “handshake” operation. continuously, at data rates up to 9600 bits per second.

Preventing the Input Queue From

However, there are many commands (such as <in-
clude-copy-of-segment> or <load>) which take an
indeterminate amount of time to execute. Thus, if

Overflowing commands come thick and fast, it is possible to

If the average rate at which the host sends commands
exceeds the average rate at which the terminal can

overrun the terminal’s communications input queue.
Should this occur, data would be lost; the terminal
would not execute all the commands it receives.

execute those commands, then, sooner or later, the
terminal’s communications input queue will overflow.

SUBROUTINE HNDSHK

Send <report-401C-status> commend, (ESC)(ENQ).

This routine uses the subroutine SENDCH. The SENDCH
routine, given a number in the range from 0 to 127,
sends the corresponding ASCII character to the terminal.
Thus CALL SENDCH(27) sends the (ESC) character, and

CALL SENDCH(5) sends the (ENC) character.

OO0

CALL SENDCH(27)
CALL SENDCH(5)

Read (end ignore) the <4C10-status-report>. (This report (:
consists of five characters, followed by a cerriage return
or other end-of-line indicetor.)

OO0

READ (ITTY, 10C) REPORT
1ce FCRMAT(AS)

If the host computer provides an echo of characters which the
the terminel sends, then the last character of the "echo"

can serve as the terminel's <bypass-cancel-character>. In that
case, the following statement can be omitted. This statment
sends a (LF) as the <bypass-cancel-character).

OO0 0

CALL SENDCH(10)

C Once the report has been read, it is safe to proceed to other
C tesks, and perhaps send more characters to the terminsal.

RETURN

3684-5
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Figure 3-2. A Handshaking Routine.
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The terminal’s prompt mode and flagging modes, and
its optional block mode, provide a variety of handshak-
ing techniques. Any of these techniques will prevent
the terminal’s input queue from overflowing. The user
applications program need not concern itself with
these handshaking techniques; they can be handled by
routines in the device driver or communications inter-
face modules. (See Section 10 for information on
prompt mode and flagging, and Section 11 for
information on block mode.)

THE PROGRAMMING TASK

Of course, the communications routines can also do
handshaking, using (for instance) the < report-4010-
status> command: (ESC)(ENQ). That is, the communi-
cations routines can set the terminal input queue size
to N characters (< set-queue-size> command). Then,
after sending N characters, those routines can send a
<report-4010-status> command and input the

< 4010-status-report> that the terminal returns. This
handshaking guarantees that the terminal’s input

queue is empty, ready to receive more characters.

ISSUING COMMANDS TO THE TERMINAL

ROUTINES WHICH ISSUE SEVERAL
COMMANDS

The examples given in the later sections of this manual
will give you clues on how to write higher-level device

driver routines. For instance, Figure 3-3 shows one
such example.

Thus, to initialize the terminal’s dialog area in exactly
the way shown in the Figure 3-3, you may write a
device driver routine like that in Figure 3-4.

< set—dialog—area—lines: 40>
< set—dialog—area—chars: 50>

< set—dialog—area—position: (0,0)>

<enable—dialog—area: 1>

< set—dialog—area—visibility: 1>

To prepare a dialog area, you might issue the following commands:
Up to 40 lines of the dialog area can be viewed at any one time.
Each line can hold up to 50 characters.

The “dialog viewport” is to be in the lower left corner of the
screen.

Alphatext from the host will be be displayed in the dialog area
rather than the graphic area.

Make the dialog area visible.

3684-6

Figure 3-3. An Example With Several Commands.
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In Figure 3-4, several procedures are invoked to
change the terminal’s dialog area settings. (Each of
these procedures sends a single command to the
terminal.) The Handshake procedure guarantees that
the terminal’s settings have been changed before the
host sends more characters to the terminal. (This
procedure is just a PASCAL version of the HNDSHK
FORTRAN subroutine shown earlier in this section.)

ROUTINES TO ISSUE A SINGLE
COMMAND

Of course, the procedure in Figure 3-4 only works if
you also write device driver routines to issue each of
the commands it invokes. To write these routines, you
should consult the 4110 Series Command Reference
Manual. For instance, that manual gives the < set-
dialog-ai’ea-lines‘> syntax as follows:

< set-dialog-area-lines> = (ESC)(L)(L)< int>

From this syntax definition, you can write a routine like

that in Figure 3-5.

BEGIN

Handshake;

PROCECURE InitislizelialogAresa;

SetDialoghrealines(U0);
SetDialoghreaChars(50);
SetDieloghAreaPosition(0,0);
EnableDialogArea(1);
SetDialoghreaVisibility(1);

END; {*¥ of Initializelialoglhrez procedure ¥¥}

3684-7

Figure 3-4. A Device Driver Routine To Issue Several Commands.

PROCEDURE SetLlieloghreelines(NumterCfLines

BEGIN

INTEGER);

SendAscii(27); {** Send the (ESC) character *¥}
SendAscii(T7€); {** letter L ¥¥}
SendAscii(76); {*¥* letter L ¥¥}

SendInt(NumberOfLines) ;

END; {¥¥ cof SetDialogArealines procedure ¥¥}

3684-8

Figure 3-5. A Device Driver Routine Which Issues One Command.

3-6
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ROUTINES TO ISSUE COMMAND
PARAMETERS '

The example in Figure 3-5 in turn calls two lower-level
procedures. SendAscii issues a single character to the
terminal (possibly using block mode, if the terminal is
in block mode). Sendint sends a single <int> parame-
ter to the terminal.

When writing routines to issue command parameters,
you should again consult the 4110 Series Command
Reference Manual. For instance, when writing a routine
to send an <int> parameter to the terminal, you
should consult that manual about the <int> parameter
type.

THE PROGRAMMING TASK

SUMMARY

When writing higher-level device driver routines, which
issue several commands to the terminal, see the
examples given in other sections of this manual. When
writing lower-level device driver routines, which issue
single commands (or single parameters) to the
terminal, see the 4110 Series Command Reference
Manual.

PARSING REPORT MESSAGES FROM THE TERMINAL

Certain commands, such as < enable-GIN> or <re-
port-terminal-settings>, cause the terminal to send a
“report” message back to the host computer. When
writing device driver routines to parse (read and accept
data from) these reports, you must consult the 4110
Series Command Reference Manual. There you will find
the exact syntax of each report message; use those
syntax specifications when writing routines to parse
the different report messages.

4113 HOST PROGRAMMER'S

AN EXAMPLE

Suppose, for instance, that you are writing a routine to
parse a < 4010-status-report>. (This is the message
which the terminal sends in response to the <report-
4010-status> command.) According to the 4110 Ser-
ies Command Reference Manual, this report has the
following syntax:

< 4010-status-report>
= < 4010-GIN-status-report>
or
< 4010-non-GIN-status-report>

< 4010-GIN-status-report> = <4010-xy-report>
< EOM-indicator>

< 4010-non-GIN-status-report>
= <4010-status-byte>

< 4010-xy-report>

< EOM-indicator>

3-7
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(The < 4010-GIN-status-report> is used if the terminal
has been enabled for GIN (graphic input) with an

< enable-4010-GIN> command. Otherwise, the

< 4010-non-GIN-status-report> is used.)

A routine to parse < 4010-status-report> may look like
the one shown in Figure 3-6. In this example, a global
flag variable (In4010GinMode) and other parsing rou-
tines are needed. Those routines would be written in a
similar manner.

PARSING <EOM-INDICATOR>S

The syntax of many report messages includes < EOM-
indicator>s. Sometimes these are “optional’”’ — the
terminal may or may not send them, depending on
conditions listed in footnotes to the syntax of the
particular report.

If the terminal is in block mode (which requires (
Option 01), then it sends each < EOM-indicator> by
terminating the block and setting the end-of-message
bit in that block’s < block-control-bytes> . (See the
description of block mode in Section 11 for details.)
The host program’s communications interface routines
should handle the block mode protocol. The parsing
routines in the host program’s device driver module
should never see the < EOM-indicator>s.

If the terminal is not in block mode, then when it sends
an < EOM-indicator>, it sends the < EOM-indicator>
as the current <EOL-string>. The < EOL-string> is a
sequence of one or two characters, set by the most
recent < set-EOL-string> command. The <EOL-
string> is typically (CR) or (CR)(LF).

BEGIN

IF In4010GinMode {*¥* 2

THEN {*¥* parse a
REGIN

PROCCEDURE ParseAl4010StatusReport(VAR StatusBEyte

global flag *¥* 1} ,
<4010-GIN-status-report> ¥¥} (i

INTEGER;

VAR Xy XyType);

{*¥% Cleer the StatusBEyte variable ¥¥}
StatusByte := 0;
ParseA4010XyReport(Xy);
ParseAnEkEomIndicator;
In4C10GinMode := FALSE;
END
ELSE {*¥¥ if NOT Ind010GinMode ¥¥}
REGIN {** parse a <401C-non-GIN-status-report> ¥¥}
ParseA4010StatusByte(StatusEyte);
ParseAL401CXyReport(Xy);
ParseAnEkEomIndiceator
END ‘
END; {¥*¥ of ParseAl(010StatusReport procedure ¥¥}

3684-9

Figure 3-6. Example of a Parsing Routine.

(
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To make it easier to parse reports from the terminal,
you should choose an < EOL-string> which consists
only of ASCII control characters. These are ASCI|
characters — such as (CR) or (LF) — with numeric
equivalents in the range from O to 31. The other parts
of the report (the parts other than the < EOM-indica-
tor>) typically do not include control characters. Thus,
if the terminal is not in block mode, it can skip over any
control characters it encounters.

4113 HOST PROGRAMMER'S

THE PROGRAMMING TASK

SIGNATURE CHARACTERS

Most of the report messages which the terminal sends
to the host begin with “signature characters.” When
several graphic input devices are enabled at the same
time, the reports from different devices are marked with
different signature characters. The signature charac-
ters indicate which type of report message is being
sent and thus help you parse the report.

For more information on signature characters, see
Sections 8 and 9.
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Section 4

DISPLAY AND KEYBOARD SETTINGS

CONTROLLING THE DISPLAY

CONTROLLING EFFECTS
OF (CR) AND (LF)

Normally, one must send the 4113 both (CR) and (LF)
to cause its cursor to move to the start of a new line:
(CR) to move the cursor left to the current margin, and
(LF) to move it down one line. However, some hosts
may send only (CR), or only (LF); to cope with these
hosts, the 4113 has the <CRLF> and <LFCR>
commands. Table 4-1 shows examples of these; for
more information (such as the command syntax), see
the descriptions of these commands in the 4110 Series
Command Reference Manual.

Table 4-1
CONTROLLING THE EFFECTS OF (CR) AND (LF)
CHARACTERS
Example Description
<CRLF: 1> This command causes the

= (ESC)(K)/(R)<int: 1>
= (ESC)(K)(R)(1)

4113 to respond to a single
(CR) character as if it were
(CR)(LF).

<LFCR: 1> This command causes the
= (ESC)K)(F)<int: 1> 4113 to respond to a single
= (ESCHK)(F)(1) (LF) as if it were (LF)(CR).
<CRLF: 0> Issuing both these com-

= (ESC)(K)(R)< int: 0> mands disables the effect
= (ESC)(K)(R)(0) of any preceding < CRLF:
<LFCR: 0> :n:n?jr;d <LFCR: 1> com-
= (ESC)(K)(F)<int: 0> ’

= (ESC)(K)(F)(0)

CONTROLLING THE KEYBOARD AND DEFINING MACROS

LOCKING THE KEYBOARD

The host computer can prevent the terminal’s operator
from typing inappropriate commands by locking the
keyboard during critical operations. To do this, the host
issues the <lock-keyboard> command:

<lock-keyboard> = (ESC)(K)(L)<int>

Here, the <int> is one to lock the keyboard and zero
to unlock it. When the keyboard is locked, the KBD
LOCK light turns on and typing on the keyboard only
rings the bell. Table 4-2 shows how to issue the
command.

The host computer can lock the 4113's four “viewing
keys” independently of the rest of the keyboard. (These
are the keys clustered together to the left of the
thumbwheels.) To lock these keys, use the < lock-
viewing-keys> command:

<lock-viewing-keys> = (ESC)(R)(J)< int>

4113 HOST PROGRAMMER’S

The <int> parameter is one to lock the viewing keys,
and zero to unlock them. (However, even after a <lock-
viewing-keys: 0> command, the keyboard as a whole
— including the viewing keys — may still be locked if a
< lock-keyboard> command has been issued.)

Table 4-2

LOCKING AND UNLOCKING THE KEYBOARD
Example Description
< lock-keyboard: 1> Locks the keyboard.
= (ESC)(K) (L)< int: 1>
= (ESC)H(K)(L)(1)
<lock-keyboard: 0> Unlocks the keyboard.
= (ESC)(K)(L)<int: 0>
= (ESC)(K)(L)(0)
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DEFINING MACROS ,
(AND PROGRAMMING KEYS)

The < define-macro> command defines a ‘‘macro’ - a se-
quence of characters that is referred to by a macro number.
“Invoking’ a macro means to use a macro in place of one of
its representations. A macro is invoked in one or more of the
following ways: '

@ The terminal receives an <expand-macro> command.
® The terminal receives a byte corresponding to the macro.
@ The operator presses a key corresponding to the macro.

Macros are referenced by macro numbers in the following
ranges:.

-32768 through -32742 byte macros
-32740 through -32737 byte macros
-32608 through ~32513 byte macros

-1 ‘ deletes all macros
0 through 143 key macros

144 through 32767 host macros

- Key and host macros can be invoked with the < expand-
macro > command. An < expand-macro> command speci-

fies a particular macro number and invokes the correspond- -

ing macro. In effect, the terminal replaces the <expand-
macro> command with the characters in the macro’s
definition and responds as if it received those characters
in its input stream.

Key macros can also be invoked by pressing the key (or key
combination) that produces the ASCIl decimal equivalent
equal to the macro number. For example, the ASCII decimal
equivalent of the uppercase P is 80. If macro number 80 has
been defined, pressing uppercase P invokes that macro.
Function keys also correspond to macro numbers as de-
scribed later.

| Byte macros are invoked whenever the terminal receives a
character that matches a defined macro number. A charac-
ter is matched to a macro number by adding the character’s

decimal equivalent to -32768. For example, the EM charac-

ter, whose decimal equivalent is 25, invokes macro -32743
.(-32768 + 25). Note that several characters that might cause
| problems if defined as macros match invalid macro num-
| bers.. For example, ESC (ASCII decimal equivalent 27)
| matches -32741 , an invalid macro number.

. The < define-macro> command has this syntax:
< define-macro> = (ESC)(K)(D)< int> < int-array>

Here, the <int> parameter names the macro being
defined. The <int-array> is an array of numeric
equivalents for the characters being programmed into
the macro. For instance, you can program the “upper-
case A" key to mean “Hil”" by issuing the following
command:

4.2 REV, OCT 1982

< define-macro: 65, “Hil">

= (ESCHK)(D)
<int: 65>
<int-array: (72,105,33)>

= (ESC)(K)(D)
<int: 65>
<int: 3> <int: 72> <int: 105> <int: 33>

= (ESC)(K)(D)
(D)(1)
(3) (D)(8) (F)(9) (B)(1)

= (ESC)(K)(D)(D)(1)(3)(D)(8)(F)(9)(B) (1)

In the example, the three ASCII characters (H)(i)(!) are
represented in the <int-array> parameter by their
decimal equivalents: 72, 105, 33. Since 65 is the ASCI|
decimal equivalent for the letter A, macre number 65
can be invoked by typing the ASCII character A on the
keyboard.

This macro may also be invoked from the host by
means of the <expand-macro> command:

< expand-macro: 65>
= (ESC)(K)(X)<int: 65>
(ESCHK)(X)(D)(1)

Macro numbers in the range from 128 to 143 corre-
spond to the programmable function keys, as follows:

128 Function key F1

129 Function key F2

130 Function key F3

131 Function key F4

132 Function key F5

133 Function key F6

134 Function key F7

135 Function key F8

136 Function key S1 (SHIFT-F1)
137 Function key S2 (SHIFT-F2)
138 Function key S3 (SHIFT-F3)
139 Function key S4 (SHIFT-F4)
140 Function key S5 (SHIFT-F5)
141 Function key S6 (SHIFT-F6)
142 Function key S7 (SHIFT-F7)
143 Function key S8 (SHIFT-F8)

Host macros (numbered 144 through 32767) can only be in-
voked by the < expand-macro> command. Although it
might seem easier to always use byte macros, since they
are easier to invoke, you can have only 127 byte macros de-
fined at any one time. Using host macros lets you use many
more macros.

For more information, see the Command Reference
Manual for descriptions of the < define-macro> and
< expand-macro> commands.
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<KEY-EXECUTE-CHARACTER>

Normally, when the operator presses a key which has
been programmed (with the < define-macro>
command), the characters programmed into the key are
sent to the host computer, just as if the operator had
typed those characters on the keyboard. This includes
characters which comprise an escape-sequence com-
mand for the terminal; instead of executing such a
command, the terminal sends the characters which
comprise that command to the host computer.

The < key-execute-character> provides a way around
this difficulty. You issue a < set-key-execute-charac-
ter> command to designate one of the ASCII charac-
ters as the < key-execute-character>. Then, when
programming a key (that is, when defining a macro
numbered from O to 143), you can place < key-
execute-character> s at the start and end of part of the
text being programmed into the key. Later, when the
operator presses that key, the characters between the
< key-execute-character> s are not sent to the host
computer. Instead, the terminal responds to those
characters locally, as if it were receiving them from the
host.

The < key-execute-character> within a macro has its
special effect only if the macro is invoked by pressing
a key. If the macro is invoked with the < expand-
macro> command, then any < key-execute-
character> s within it have no special effect.

4113 HOST PROGRAMMER'S
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EXAMPLES

Programming a Key to Type a Message to
the Host

Suppose you want to program a function key to log you
off the host computer, and that your host computer
accepts the following characters as a command to log
off:

(L) (O)(G)(O)(F)(F)(CR)

From an ASCII chart (Appendix A), you find that those
characters have the following decimal equivalents:

(L) 76
o 79
@ 7
(© 79
(F) 70
(F) 70
(CR) 13

You can program function key F1 by sending the
following command to the terminal:

< define-macro: 128, (76,79,71,79,70,70,13)>

= (ESC)(K)(D)
<int: 128>
<int-array: (76,79,71,79,70,70,13)>

= (ESC)(K)(D)
(H)(0)
(7) D)(<) (D)(?) (D)(7) (D)(?) (D)(6) (D)(6) (=)

= (ESC)(K)(D)(H)(0)(7)(D)(< ) (D)(?)
D@ D) (?)(D)(B)D)6) =) -
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Programmirig a Key to Display a Message
Locally

The following commands program function key F1 to
display the message “Hl THERE!” on the terminal’s
screen. (The message is not sent to the host computer;
it is only displayed locally in the terminal.)

< set-key-execute-character: 126>
= (ESC)(K)(Y)<int: 126>
= (ESC){KNYNG)(>)

< define-macro: 128, “~HlI THERE~">

= (ESC)(K)(D)
<int: 128>
<int-array: (126,72,73,32,84,72,69,82,69,126)>

= (ESC)(K)(D)
(H)(0)
<int: 10> <int: 126> <int: 72> ... <int: 126>

= (ESC)(K)(D) (H)(0) () (G)(>) (D)(8) (D)(9) (B)(O)
(E)(4) (D)(8) (D)(5) (E)(2) (D)(5) (G)(>)

The first command sets the < key-execute-charaéter>
to (~), which has an ASCII decimal equivalent of 126.

The second command defines macro number 128,
which can be invoked by pressing function key F1. The
numbers in this command'’s < int-array> are the ASCII
decimal equivalents of the characters in the “~HI
THERE~" message. Note that the message begins and
ends with the (~) character, which is the current

< key-execute-character>. When you press function
key F1, the “HI THERE” message is executed (dis-
played) locally, as if it had come from the host
computer.

Recall, however, that the < key-execute-character>
has its special effect only when the macro is invoked
by pressing the corresponding key (in this case,
function key F1). If the macro is invoked by an

< expand-macro: 128> command from the host com-
puter, then the terminal behaves as if it had received
the entire macro contents (including the (~) charac-
ters) from the host computer.

Programming a Key to Execute a
Command Locally

You can program a key (define a macro) using the
characters that comprise an escape-sequence com-
mand. : ‘ -

For example, one easy command is the < page>
command, (ESC)(FF). You can program the < page>
command into function key F2 as follows:

< define-macro: 129, (126,27,12,126)>

= (ESC)(K)(D)
<int: 129>
<int-array: (126,27,12,126)>

= (ESC)(K)(D)
<int: 129> .
<int: 4> <int: 126> <int: 27> <int: 12>
<int: 126>
= (ESC)(K)(D)
(H)(1) '
(4) @G)(>) (A)) (<)
@)(>)

Here, the <int-array> contains the numbers 126, 27,
12, 126; these are the ASCII decimal equivalents for
the characters (~)(ESC)(FF)(~). The (~) characters
are the < key-execute-character> s, while the charac-
ters between them comprise the < page> command.
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DISPLAYING ALPHATEXT

ENTERING AND LEAVING ALPHA MODE

The 4113 Computer Display Terminal enters alpha
mode whenever (a) it is turned on, or (b) it receives the
< enter-alpha-mode> command: the character (US).

In addition, the < enable-dialog-area> command has
an effect on other ways of entering alpha mode. (This
command is described later in this section, in connec-
tion with the dialog area.) If the 4113 is emulating
earlier 4010-Series TEKTRONIX terminals (dialog area
not enabled), then it enters alpha mode whenever:

a. itreceives a (CR) character,
b. it receives a < page> command, or
c. the operator presses the PAGE key.

The terminal leaves alpha mode on receiving an
< enter-vector-mode> or < enter-marker-mode>
command.

Tables 4-3 and 4-4 show how to put the 4114 in alpha
mode and display a message on its screen. For each
command, the table shows the individual ASCII

characters sent to the terminal; also shown are high-
level language (FORTRAN or PASCAL) statements to
cause the host to send those characters to the
terminal.

NOTE

The SENDCH subroutine (in Table 4-3) and the
SendASClI procedure (in Table 4-4) accomplish
the same purpose. Given the decimal equivalent
of an ASCII character, these subprograms send
that character to the terminal.

The “characters sent” in the two examples are
those sent by the host computer (a DEC-system
10) used to test the examples.

In FORTRAN, the FORMAT statement has a
“carriage control character” which generates a
(LF) before the text; the FORMAT statement also
puts a (CR) after the text. In PASCAL, on the other
hand, the Writeln statement generates a (CR)(LF)
sequence after the text. These differences are
minor and should cause no concern.

Table 4-3
DISPLAYING ALPHATEXT USING FORTRAN S
Command Characters Sent FORTRAN Statements
< enter-alpha-mode> (us) CALL SENDCH(31)
< alpha text: “Hi Mom!”> (LR (H) (1) (SP)(M)(0) WRITE(ITTY,100)
(m)(N(CR) 100 FORMAT (' Hi Mom!’)
Table 4-4
DISPLAYING ALPHATEXT USING PASCAL

Command Characters Sent PASCAL Statements
< enter-alpha-mode> us) SendAscii (31);

< alpha text : “Hi Mom!”">

(H) () (SP)(M)(0) (m) () (CR)(LF)

Writeln(TTY,'Hi Mom!’);

4113 HOST PROGRAMMER'S
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< SET-GRAPHIC-AREA-WRITING-MODE>
COMMAND

The < set-graphic-area-writing-mode> command con-
trols what happens when you backspace and type over
text being displayed outside the dialog area. (The
dialog area is described later in this section. There is a
similar command, < set-dialog-area-writing-mode>, for
text being displayed in the dialog area.)

There are two writing modes: “replace” mode (mode 0)
and “overstrike” mode (mode 1). The terminal is
shipped from the factory with the graphic area writing
mode set to “overstrike.”

In overstrike mode, alphatext characters are written
over old characters without first erasing the old
characters. That way, the operator or the host can
underline characters by backspacing and typing over
them with the “underscore” character, (). This feature
is useful with the APL character set (Option 4E), in
which many “overstrike” character combinations are
used.

In replace mode, each character erases any character
which may formerly have been at that character
position. This means that underlining is not possible.
However, this writing mode is useful with the “line
editing” features of some host operating systems.

The < set-graphics-area-writing-mode> command has
this syntax:

< set-graphics-area-writing-mode>
= (ESC)(M)(G)<int> ‘

The < int> is zero for replace mode, and one for
overstrike mode. The operator can also typed this
command in SETUP mode, using the the SETUP mode
keyword, GAMODE. See the 4113 QOperator's Manual
for details.

THE DIALOG AREA

INTRODUCTION

The 4113 provides a dialog area for displaying alpha-
text. The dialog area is like a scroll of text, part of
which is displayed in a part of the screen called the
dialog viewport. It is possible, as described in Section
7,to display the dialog area in such a way that it does
not interfere with graphics drawn on the screen.

The <enable-dialog-area> command controls whether
or not alphatext is directed to the dialog area.

< Enable-dialog-area: 0> disables the dialog area; this
makes the 4112 compatible with software written for
earlier TEKTRONIX terminals which lack a dialog area.
With the dialog area disabled, alphatext is directed to
the screen (graphics area) and may be used, for
instance, as labels on graphs.

4-6

< Enable-dialog-area: 1> enables the dialog area and
directs alphatext to the dialog area. The alphatext is
stored in an internal memory buffer (the dialog scroll).
The operator can display the dialog scroll contents by
pressing the DIALOG key, which makes a portion of the
dialog scroll visible on the screen. Likewise, the host
can issue a < set-dialog-visibility>> command to make
the dialog scroll visible.

When visible, the dialog area appears in a limited part
of the screen called the dialog viewport.
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<ENABLE-DIALOG-AREA> COMMAND

The <enable-dialog-area> command has the following
syntax:

< enable-dialog-area> = (ESC)(K)(A)<int>

If the <int> is zero, the terminal emulates earlier
TEKTRONIX terminals which lack a dialog area. Alpha-
text and graphics are both sent to the same destination
within the terminal: the main graphics display area.

If-the <int> is one, alphatext and graphics are sent to
different destinations within the terminal. Graphics
goes, as before, to the main graphics display area.
Alphatext, however, is directed to the dialog scroll,
regardless of whether that scroll is currently visible. To
make the scroll visible, the DIALOG key or the < set-
dialog-area-visibility> command must be used.

DISPLAY AND KEYBOARD SETTINGS

The < enable-dialog-area> command affects the oper-
ation of several other terminal features. With the dialog
area disabled, these features emulate earlier
TEKTRONIX terminals which lack a dialog area. With
the dialog area enabled, these features operate in a
way which is more appropriate for use with a dialog
area.

Table 4-5 lists the differences between operation with
and without the dialog area enabled. For more details,
see the descriptions in the 4110 Series Command
Reference Manual of the < enable-dialog-area>, <en-
able-4010-GIN>, < page>, and <renew-view> com-
mands, and of the (CR) character.

Table 4-5
FEATURES AFFECTED BY THE <ENABLE-DIALOG-AREA> COMMAND

Feature Effect With Dialog Effect With Dialog
Area Disabled Area Enabled
PAGE Key, Erases the viewport for the current view. Erases the viewport for the current view.

< Page> Command
g Redraws all visible segments.

“Homes"” the graphic beam.

Exits the terminal from 4010 GIN mode.

Resets line style to line style 1.

Puts the terminal in alpha mode.

Redraws all visible segments.

< Renew-View>

Command Redraws all visible segments.

Erases the viewport for the current view.

Erases the viewport for the current view.

Redraws all visible segments.

(CR) Character Puts terminal in alpha mode.

Resets line style to line style 1.

Performs “carriage return” action.

Removes the terminal from 4010 GIN mode.

If in alpha mode, performs “carriage return”
action for the alphatext cursor in the
dialog area.

If in vector or marker mode, does nothing.
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< SET-DIALOG-AREA-VISIBILITY>
COMMAND

The < set-dialog-area-visibility> command determines
whether text stored in the dialog scroll is visible to the
terminal’s operator. This command has the following
syntax:

< set-dialog-area-visibility> = (ESC)(L)(V)<int>

Here, the <int> is one to make the dialog area visible,
or zero to make it invisible.

When the terminal is turned on, the dialog area is
visible only if the dialog area is enabled. (The terminal
“remembers”’ whether the dialog area was enabled
when it was turned off)

The operator can control dialog area visibility by the
DIALOG key and the SETUP mode command DAVIS.
For more details, see the 4113 Operator's Manual.

SETTING DIALOG AREA SIZE AND
POSITION

When creating a dialog area, you set several parame-
ters to control such things as its size and location.
Each of the parameters has its own command.

The < set-dialog-area-chars> command sets the width
of the dialog viewport (number of characters per line).

The < set-dialog-area-lines> command sets the height
of the dialog viewport (number of lines of text which are
visible at the same time).

The < set-dialog-area-buffer-size> command sets the
size of the internal memory which holds the dialog area
scroll.

The < set-dialog-area-position> command sets the
position of the dialog viewport’s lower left corner.

The < set-dialog-area-index> command sets the co-
lor-indices used to write text into the dialog area, to
write the background for each character of that text,
and to erase the dialog area. (See Section 7 for
information on color-indices.)

The < set-dialog-area-surface> command determines

on which writing surface the dialog area will be

displayed. It is possible to place the dialog area on a

. different writing surface than the current viewport, so
that text in the dialog area does not interfere with
graphics being drawn in the current viewport. (This is’

“described in Section 7, “The 4113 Display.”)
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The following commands show how to create a dialog
area. For details on the syntax of these commands, see
the 4110 Series Command Reference Manual.

< set-dialog-area-chars: 40>

< set-dialog-area-lines: 10>

< set-dialog-area-buffer-size: 30>
< set-dialog-area-position: (0,0)>
< enable-dialog-area: 1> :

< set-dialog-area-visibility: 1>

Here, the dialog viewport will be 40 characters wide
and 10 lines high. The dialog buffer size is made large
enough to hold 1200 alphatext characters. (That is 30
full-size 40-character lines; if the lines are shorter,
more lines can be stored in the dialog scroll.) The
dialog viewport is positioned at the lower left corner of
the screen. Finally, the < enable-dialog-area>
command directs alphatext to the dialog area, and the
< set-dialog-area-visibility> command makes the dia-
log area visible to the operator.

<SET-DIALOG-AREA-WRITING-MODE>
COMMAND

The < set-dialog-area-writing-mode> command is sim-
ilar to the < set-graphics-area-writing-mode> com-
mand, described earlier in this section. However, the

< set-dialog-area-writing-mode> command applies
only to text displayed in the dialog area. As with the
other command, there are two writing modes, “over-
strike” mode and “replace” mode. The terminal is
shipped from the factory in overstrike mode.

The command syntax is as follows:
< set-dialog-area-writing-mode> = (ESC)(L)(M)<int>

The < int> parameter is zero for replace mode, and
one for replace mode.

The operator can also type this command in SETUP
mode, using the the SETUP mode keyword, DAMODE.
See the 4113 Operator's Manual for details.

<SET-DIALOG-AREA-INDEX> COMMAND

The < set-dialog-area-index> command controls the
color-indices used to display alphatext in the dialog
area. For a description of this command, see Section 7,
which describes color-indices.
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USING THE OPTIONAL “APL” FONT

If your 4113 is equipped with Option 4E (the APL
keyboard), then you may switch between two alphatext

fonts by means of the < set-alphatext-font> command:

< set-alphatext-font: standard> = (ESC)(SI)
< set-alphatext-font: APL > = (ESC)(SO)

The character sequence (ESC)(SO) causes the termi-
nal to switch to the APL character font for displaying
alphatext. The character sequence (ESC)(SI) causes
the terminal to switch back to the standard ASCII font.

Figure 4-1 shows the standard ASCII font and the
optional APL font.

"HERE S (s, -
@ABCDEFGHIY

‘ohodetf

ainl| e

sB1e3 |
KLMNOPLORS TUUWRYZ0~17

ghil kKlmno
A. Standard Font.

0123456789 ([ 5 %1\
_T&lc'DgTG.
¢ABCDEFGHI UKLMNOFPQRES TUUILX

B. APL Font.

sqrstuvwxyz

S ~, —
E = S Yy g +
..J ~_‘_. LY !‘.~ WS e . :_.-

4[:: 4 C :l - e =
‘-_ LI RN

r JuwmaTCe ;__5:3_‘
ST E

3684-10

Figure 4-1. Standard and APL Character Fonts.
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Section 5

DISPLAYING GRAPHIC INFORMATION

This section tells how to make the 4113 draw pictures
on its screen. Topics here are:

® Terminal Space Coordinates. The coordinate sys-

tem used-to express the locations of graphic objects,
and the < xy> coding scheme used to send terminal

space coordinates to the 4113.

® Drawing Lines. How to draw line segments on the
4113'’s screen.

@ Attributes of Lines. Varying how lines are dis-
played.

® Markers. Displaying markers (small, standard
graphic objects). ‘

@ Panels. Closed regions whose interiors can be filled
with various fill patterns.

® Displaying Graphtext. How to display text together
with graphics on the 4113 display.

® Defining Graphtext Characters. How to define your
own graphtext characters.

TERMINAL SPACE COORDINATES

Graphics in the 4113 are drawn in so-called “terminal
space.” This is a discrete two-dimensional space in
which x- and y-coordinates are integers in the range
from O to 4095. There are 16,777,216 addressable
points in terminal space (4096 x 4096 = 16,777,216).

When sending graphic coordinates to the terminal, x-
and y-coordinates can range from O to 4095. However,

not all of these points in terminal space may be in view.

When the terminal is first turned on, points with y-
coordinates greater than 3127 cannot be seen. (See
“Views,” in Section 7, for more information on this
topic.)

It is possible for the operator to “zoom” and “pan”
around terminal space, changing the part of it which is
in view on the screen. This is described in the 4113
Operator's Manual, and in Section 7 of this manual.

4113 HOST PROGRAMMER'S

<XY> PARAMETERS

To send a pair of x- and y-coordinates to the terminal,
you must encode them in a certain way. In this manual,
the term < xy> refers to a pair of x- and y-coordinates
as encoded for transmission to the terminal. The term
<xy: (100,200)> refers to the coordinate pair (100,
200), as encoded for transmission to the terminal.

Format of < XY> Coordinate Bytes

Each < xy> parameter consists of one to five ASClII
characters (seven-bit bytes). The bytes are sent in this
order: <HiY> <Extra> <LoY> <HiX> <LoX>.
Figure 5-1 shows the format of the five bytes.
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Order and Meaning of the < XY> Bytes

1. The <HiY> (high-order y) byte comes first. This
byte contains the most-significant five bits of the
binary numeral representing the y-coordinate.

O1yyyyy
yyyyy : high-order five bits of the y-coordinate.

You can omit the < HiY> byte if the high-order five
bits of the y-coordinate have not changed since
the last < xy> coordinate sent to the terminal.

Next comes the < Extra> byte. This byte contains
the least-significant two bits of the x-coordinate,
and the least-significant two bits of the y-coordi-
nate.

11?2yyxx

? . “don’t care” — may be either O or 1.
yy : least-significant bits of y-coordinate.
xx : least-significant bits of x-coordinate.

You can omit the < Extra> byte if the least-
significant bits of the x- and y-coordinates have
not changed since the last < xy> coordinate sent
to the terminal. If you do send the < Extra> byte,
you must follow it with the < LoY> byte.

<xy: (52,1000)>
x-coordinate = decimal 52 y-coordinate = decimal 1000
' {1(\(\'»43 Tut, 44 tt
= binary 00000 01101 00 = binary 00111 11010 00
o )
. EZN

<HiY> = [o1] 00111| = ()
%l Y

<exva> = [11]0 o0 [oo] = ( )

)

1Y) f )

<Loy>= (11 ] 11010| = )
Sh Y

<HiX>= |01 | 00000 | = (SP)
o4 Y

<tox> = [0 Jottor] - m

<xy: (52,1000)> = (')( )(z)(SP)M)
12566-5
Figure 5-1. Format of <XY> Bytes.
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3. Next comes the <LoY> (low-order y) byte. De-

spite its name, this byte contains the intermediate
five bits of the 12-bit y-coordinate.

11yyyyy
yyyyy : intermediate five bits of y-coordinate.

You can omit the < LoY> byte provided: (a) you
are sending neither the < Extra> byte nor the

< HiX> byte in this <xy> coordinate, and (b) the
intermediate five bits of the y-coordinate have not
changed since the last <xy> coordinate sent to
the terminal.

Next comes the <HiX> (high-order x) byte. This
byte contains the high-order (most-significant) five
bits of the x-coordinate.

01 XxXXXXX
xxxxx : most-significant five bits of x-coordinate.

You can omit the < HiX> byte if the x-coordinate’s
most-significant bits have not changed since the
last < xy> parameter sent to the terminal. If you do
send the <HiX> byte, then you must precede it
with the < LoY> byte.

Finally comes the <LoX> (low-order x) byte.
Again, despite its name, this byte contains the
intermediate five bits of the x-coordinate.

1TO0XXXXX
xxxxx : intermediate five bits of x-coordinate.

This byte is always required, because it serves to
terminate the <xy> byte sequence.

NOTE

The <LoY> and < Extra> bytes each-have high-
order bits of 11. Thus the (DEL) character (binary
1111111) is a possible < LoY> or < Extra> byte.
Since some host computers use (DEL) as a filler
character, this could be a problem in some
installations.

The 4113 includes two features for overcoming
this difficulty. First, it treats (ESC)(?) as a syno-

DISPLAYING GRAPHIC INFORMATION

See the 4110 Series Command Reference Manual for
more information on sending < xy> parameters to the
terminal.

< XY> Syntax Summary

The following summarizes the formal syntax of < xy>
coordinates:

<xy> = [<HiY>][[<Extra>] <LoY> [<HiX>]] <LoX>

<HiY> = (SP) or (1) or (**) or (#) or ($) or (%) or
(&) or () or (“¢”) or ()”) or (*) or (+) or
(Jor (-)or()or(/)or(0)or(1)or
(2) or (3) or (4) or (5) or (6) or (7) or
(8) or (9) or (:) or (;) or (<) or (>) or
(?).
{ ASCII characters with high-order bits “01”}

<Bxtra> =("') or (a) or (b) or (c) or (d) or (e) or
(f) or (g) or (h) or (i) or (j) or (k) or
() or (m) or (n) or (o) or (p) or (q) or
(r) or (s) or (t) or (u) or (v) or (w) or
(x) or (y) or (z) or ({) or (|) or () or
(~) or (DEL) or (ESC)(?).
{ ASCIl characters with high-order bits “11”’.
and with (ESC)(?) as a synonym for (DEL).}

<LoY> = (") or(a) or (b) or (c) or (d) or (e) or
(f) or (g) or (h) or (i) or (j) or (k) or
(1) or (m) or (n) or (o) or (p) or (q) or
(r) or (s) or (t) or (u) or (v) or (w) or
(x) or (y) or (z) or ({) or (|) or () or
(~) or (DEL) or (ESC)(?).
{ ASCII characters with high-order bits “11”,
and with (ESC)(?) as a synonym for (DEL).}

<HiX> = (SP) or (!) or (*) or (#) or ($) or (%) or
(&) or () or (“(") or (*)”) or (*) or (+) or
() or () or () or (/) or (0) or (1) or
(2) or (3) or (4) or (5) or (6) or (7) or
(8)or (9) or (:) or (;) or (<) or (>) or
(?). .
{ ASCII characters with high-order bits “01”.}

<LoX> = (@) or (A) or (B) or (C) or (D) or (D) or
(F) or (G) or (H) or (1) or (J) or (K) or
(L) or (M) or (N) or (O) or (P) or (Q) or

nym for the (DEL) character. Secondly, it can be
set to ignore (DEL) characters. (Use the < ignore-
deletes> command, described in the 4110 Series
Command Reference Manual.)

If your host computer uses (DEL) as a filler
character, then you should use these features.
Have the host send (ESC)(?) in place of (DEL) in
< xy> parameters, and send an < ignore-deletes:
1> command to the terminal.
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(R) or (S) or (T) or (U) or (V) or (W) or

(X) or (Y) or (2) or (D) or (\) or () or

(A)or ()

{ ASCII characters with high-order bits “10".}
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CONSIDERATIONS WHEN SENDING
<XY> COORDINATES TO THE TERMINAL

The terminal interprets < xy> coordinates correctly
(rather than displaying them as alphatext) only if at
least one of the following conditions is met:

® The <xy> coordinate is sent as a parameter for an
‘“‘escape sequence’” command.

3

® The terminal is in vector mode, having received an
< enter-vector-mode> command (the (GS) charac-
ter).

@ The terminal is in marker mode, having received an
< enter-marker-mode> command (the (FS) charac-
ter).

The host program should, therefore, send < xy> coor-
dinates to the terminal only when at least one of those
conditions is met.

DRAWING LINES

There are two ways to draw lines on the screen. One
way is by putting the terminal in vector mode and then
sending < xy> coordinates to it. Another way is by
means of <rhove> and <draw> commands.

VECTOR MODE

As mentioned in Section 1, the 4113 has three main
modes of operation: alpha mode, vector mode, and
marker mode. When the terminal is in alpha mode, it
interprets alphanumeric characters coming from the
host as letters and symbols to be displayed. In vector
and marker modes, however, such characters are
interpreted as < xy> coordinates representing points
in terminal space. In vector mode, the terminal draws
lines (“vectors”) between these points.

Entering and Leaving Vector Mode

The terminal can enter vector mode from alpha mode,
but not from marker mode. Therefore, if the terminal is
in marker mode, you must first place it in alpha mode.
You do this by sending a (US) character, which
comprises the < enter-alpha-mode> command.

Once the terminal is in alpha mode, send the <enter-
vector-mode> command: the single character, (GS).

To remove the terminal from vector mode, send it an
< enter-alpha-mode> command (the (US) character)
or an < enter-marker-mode> command (the (FS)
character).

54

The Graphic Beam Position

The 4113 maintains a pointer in its memory to the
current location in terminal space where it will display
graphic information. This pointer is called the graphic
beam position.

If the terminal is emulating earlier TEKTRONIX termi-
nals which lack a dialog area (that is, if the dialog area
is not enabled), then the graphic beam position also
determines where alphatext will be displayed. (If the
terminal enters alpha mode, the lower left corner of the
next alphatext character will be at the graphic beam
position.)

If the terminal is not emulating such earlier terminals
(that is, if the dialog area is enabled), then alphatext is
directed to the current cursor location in the dialog
area scroll. In that case, the graphic beam position has
no effect on alphatext.

Drawing Lines in Vector Mode

Once the terminal is in vector mode, it interprets any
ASCII characters in the range from (SP) to (DEL) —
decimal equivalents from 32 to 127 — not as charac-
ters to be displayed, but as < xy> parameters.

4113 HOST PROGRAMMER'S




While in vector mode, the terminal ignores most of the
ASCII control characters (characters with decimal
equivalents less than 32). The exceptions are: (ESC),
which signals the start of a new command; (BEL),
which sounds the terminal’s bell and makes the next
vector a draw; the (US) and (FS) characters, which
comprise < enter-alpha-mode> and < enter-marker-
mode> commands; and — sometimes — the (CR)
character. If the terminal is emulating certain earlier
TEKTRONIX terminals (dialog area disabled), then the
(CR) character puts the terminal back into alpha mode.
if the terminal is not emulating such terminals (dialog
area enabled), then it ignores any (CR) characters it
receives while in vector mode.

Moving the Graphic Beam. While in vector mode, the
terminal interprets an < xy> coming immediately after
a (GS) character as a command to move the graphic
beam to the point specified by the < xy> coordinates.
The current graphic beam position is updated, but
nothing is drawn on the screen.

Drawing Lines. Any subsequent < xy> parameter, not
immediately following a (GS), causes the terminal to
draw a line from the current graphic beam position to
the point specified by the < xy> parameter. The beam
position is updated so as to refer to the point at the end
of the line just drawn.

The sequence (GS)(BEL)< xy> puts the terminal in
vector mode, sounds the bell, and draws a line to the
point specified by the < xy> coordinate. (This is
described later in this section.)

To make the terminal “lift its pen” (move the beam
without drawing anything), send another (GS). An

< xy> coming immediately after a (GS) moves the
graphic beam, while < xy> s that follow draw lines to
the corresponding points.

An Example

Figure 5-2 shows commands which draw a square with
diagonals. Table 5-1 expands these commands into the
individual ASCII characters which are sent to the
terminal.

4113 HOST PROGRAMMER'S
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< enter—vector—mode>
<xy: (0,0)>
<xy: (200,0)>
<xy: (200,200) >
<xy: (0,200)>
<xy: (0,0)>
<xy: (200,200) >

< enter —vector—mode>
<xy: (0,200)>
<xy: (200,0)>

(0,200) (200,200)

(0,0) (200,0)

3675-11

Figure 5-2. A Sample Figure Requiring “Moves” and
“Draws.”

Table 5-1

COMMANDS TO DRAW A SQUARE
WITH DIAGONALS

Command Characters Sent

< enter-vector-mode>
<xy: (0,0 >
< xy: (200,0)>
< xy: (200,200)>
< xy: (0,200)>
<xy: (0,0)>
< xy: (200,200)>
< enter-vector-mode>
< xy: (0,200)>
<xy: (200,0)>

(GS)
(SP)(*)(")(SP) (@)
CMR)

M (N(R)
(R)(SP)(@)

(8P)(* )(e)

(N M(R)

(GS)

n(sP)(e)
(SPY(*)()(R)

5-6
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Draws Without Moves: (GS)(BEL)

There are times when you may want to put the terminal
in vector mode and then immediately draw a vector
from the current beam position to some point — despite
the fact that you do not know exactly where the graphic
beam is positioned. To do this, precede the first <xy>
parameter with a (BEL) character. The (BEL) prepares
the terminal for a “draw’ without changing the current
beam position.

For example, in Figure 5-3 the graphic beam is moved
to (0,1000), and an alphatext string is displayed there.
Then a (GS)(BEL)< xy> sequence draws a line from
where the next alphatext character would appear (if the
terminal were to stay in alpha mode) to the point
(2000,1000). (In this example, the < enable-dialog-
area: 0> command disables the dialog area. This
ensures that the alphatext is displayed together with
the graphics, rather than being sent to the dialog area.)

< enable—dialog—area: 0>
< enter—vector—mode>
<xy: (0,1000)>
< enter—alpha—mode>
(N)(a)(m)(e)(SP)(:)(SP)
< enter—vector—mode >
(BEL) :
< xy: (2000,1000)>

Name :

X /

(0,1000) (2000, 1000)

3675-12A

Figure 5-3. A “Draw” Without a Preceding “Move.”
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<MOVE> AND <DRAW> COMMANDS

Another way to draw lines is with the < move> and
< d_raw> commands. These commands have the fol-
lowing syntax:

<move> = (ESC)(L)(F)<xy>
<draw> = (ESC)(L)(G)< xy>

The < move> command moves the graphic beam
position to the point specified in its < xy> parameter.
The <draw> command draws a line from the current
graphic beam position to the point specified in its

< Xy> parameter.

Note that the <draw> command is like the
(GS)(BEL)< xy> construct, in that it causes an imme-
diate draw from any location.

These commands do not change the terminal’s operat-
ing mode. If the terminal is in alpha mode when it
receives a <move> or <draw> command, then it is
still in alpha mode after the command has been
executed. Likewise, if the terminal is in vector mode or
marker mode on receiving a < move> or <draw>,
then it is in that mode after executing the command.

4113 HOST PROGRAMMER'S
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ATTRIBUTES OF LINES

LINE STYLE

You can draw lines in different line styles: solid,
dashed, etc. To do this, send the terminal a < set-line-
style> command before drawing the lines. After that
command, all subsequent lines are drawn in the line
style specified by the command.

< Set-Line-Style> Command

The < set-line-style> command has the following
syntax:

< set-line-style> = (ESC)(M)(V)<int>

Figure 5-4 shows examples of the different line styles.

< Set-4014-Line-Style> Command

The < set-4014-line-style> command is included for
compatibility with software written for earlier TEKTRO-
NIX terminals. This command is equivalent to the < set-
line-style> command, but has a different syntax. See
the 4110 Series Command Reference Manual for
details.

LINE INDEX

You can control the line index (the color-index used for
drawing subsequent lines) by sending a < set-line-
index> command to the 4113. (color-indices are
explained in Section 7.) The line index also affects how
the line is drawn on an accessory plotter when a

< plot> command is executed. (The < plot> command
is described in Section 12, and in the 4110 Series
Command Reference Manual.)

< set—line—style: 0> Line Style
< enter—vector—mode>
<xy: (100,100)>
<xy: (1000,100)> =  — — — — — — — — — 7
< set—line—style: 1>
< enter—vector—mode>
<xy: (100,300)> —_- - -— 6
<xy: (100,300)>
< set—line—style: 2>
< enter—vector—mode> _——————ee——eee— 8
<xy: (100,500)>
<xy: (1000,500)>
————————— 4
<set—line—style: 7> 3
< enter—vector—mode> >
<xy: (100,1500)>
<xy: (1000,1500)> —_———————— e — — e — 2
.................................... 1
0
3684-11
Figure 5-4. Line Styles Avallable in the 4113.
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MARKERS

Markers are small, predefined graphic shapes which
the 4113 can display anywhere in its 4096-by-4096
“terminal space.” You can display markers in two
ways: by putting the terminal in marker mode and
sending < xy> coordinates, or by issuing individual
< draw-marker> commands for each marker to be
displayed.

MARKER MODE
One way to display markers is as follows:

1. Select the marker type to be displayed. To do this,

send the terminal a < set-marker-type> command.

2. Send an < enter-marker-mode> command to the
terminal. (This is just the single ASCII character,
(FS).)

3. Send the terminal an <xy> coordinate for each
marker to be displayed.

4. When done, issue an < enter-alpha-mode>
command — the (US) character — to remove the
terminal from marker mode.

< Set-Marker-Type> Command

The < set-marker-type> command has the following
syntax:

< set-marker-type> = (ESC)(M)(M)<int>

Here, the <int> parameter may be in the range from
zero to ten to select any of eleven predefined markers
provided with the 4113.

Entering and Leaving Marker Mode

To put the terminal in marker mode, send it an (FS)
character; this comprises the < enter-marker-mode>
command. .

While the terminal is in marker mode, (GS) characters
(< enter-vector-mode> commands) have no effect.
Therefore, the only way to remove the terminal from
marker mode is to place it in alpha mode. This is
usually done by sending a (US) character, which

. comprises the < enter-alpha-mode> command.

5-8

Example

Figure 5-5 shows commands which cause the terminal

to display markers in each of the eleven predefined -
marker types.

THE <DRAW-MARKER> COMMAND

Another way to display a marker is to send the terminal

a < draw-marker> command:
< draw-marker> = (ESC)(L)(H)< xy>

This causes the terminal to display one marker, of the
current marker type, at the position specified by the
command’s < xy> parameter. The graphic beam posi-
tion is updated to the position specified by the <xy>
coordinate.

When the terminal has finished executing the < draw-
marker> command, it returns to the mode it was in
before executing that command. For instance, if the
terminal was in alpha mode when it received the

< draw-marker> command, it returns to alpha mode
after displaying the marker — and likewise for vector
mode and marker mode.

< set—marker—type: 0>

< enter—marker—mode>
<xy: (100,1200)> Marker Type
<xy: (200,1200)> . .0
<xy: (300,1200)>

< set—marker—type: 1> L S
<xy: (100,1100)>
<xy: (200,1100)>
<xy: (300,1100)>

< set—marker—type: 2>
<xy: (100,1000)> TR
<xy: (200,1000)>
<xy: (300,1000)> Ooo0oao

+
+
-+

S

e
%

© O N OO »p WO N =

< set—marker—type: 10> B
<xy: (100,100)>
<xy: (200,100)>
<xy: (300,100)>

< enter—alpha—mode>

2]
a
B
-—r
o

3684-12

Figure 5-5. Displaying Markers.
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DISPLAYING GRAPHIC INFORMATION

DRAWING PANELS

The 4113 can draw panels — closed regions — and fill
the interior of those panels with fill patterns.

PANELS WITH ONE BOUNDARY

Figure 5-6 shows commands to draw a simple panel
and fill its interior with one of several predefined fill
patterns provided with the 4113.

Here, the < select-fill-pattern> command chooses fill
pattern number 15, one of 16 predefined fill patterns
provided with the 4113. Other fill patterns can be used;
but if a fill pattern number greater than 16 is chosen,
then that pattern must previously have been defined.
(Defining fill patterns is described in Section 7.)

Fill patterns numbered from 0 to —15 cause the panel
to be filled with pixels which are all the same color-
index.

Selecting a fill pattern whose number is less than —15
causes the panel interior not to be filled.

The < set-panel-filling-mode: 0, 0, 1> command’s
three parameters specify how panels are to be filled.
The first parameter selects “overstrike” rather than
“replace” panel filling mode. (This is described in more
detail later in this section.) The second parameter
specifies that panels are to be filled up to, but not
including, their boundaries. The third parameter speci-
fies how the fill pattern in the panel interior is to be
positioned. (Again, this is described later in this
section.)

The < enter-vector-mode> command ensures that the
terminal is in vector mode. (It is essential, during a
panel definition, that the terminal be in vector mode or
marker mode — notin alpha mode. This is necessary
so that the terminal can correctly interpret the <xy>
coordinates of the boundary points.)

< select—fill—pattern: 15>

< set—panel—filling—mode: 0, 0, 1>

<enter—vector—mode>

< begin—panel—-boundary: (1000,1000), 1>
<xy: (2000,900)>
<xy: (3000,1000)>
<xy: (3100,1500)>
<xy: (3000,2000)>
<xy: (2000,2100)>
<xy: (1000,2000)>
<xy: (900,1500)>

< end—panel>

3684-13

Figure 5-6. Drawing a Panel.
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The < begin-panel-boundary> command starts the

actual panel definition. This command has two parame- 4

ters: an <xy> coordinate specifying the start (and
end) of the panel boundary, and an <int> parameter
specifying whether that boundary is to be drawn. This
command has the following syntax:

< begin-panel-boundary> = (ESC)(L)(P)
< xy: starting point>
<int:Oor 1>

The <int> parameter is one if the boundary is to be -
drawn, and zero if the boundary is not to be drawn.

If the boundary is drawn, it is drawn in the current line
style and line index. All the boundary edges are drawn,
regardless of any < enter-vector-mode> commands
(that is, (GS) characters) that may be interspersed
among the <xy> coordinates of its vertices.

After the < begin-panel-boundary> command, several
< xy> coordinates specify points on the panel
boundary. .

NOTE

It is essential that the terminal should be in vector
mode or marker mode while a panel is being
defined. This is necessary in order that the
terminal may properly interpret the < xy> param-
eters which specify the vertices of the panel
boundary.

In this example, the < begin-panel-boundary> com-
mand specifies that the boundary is to be drawn. As the
terminal receives the < xy> coordinates of the bound-
ary points, it draws the boundary in the current line
style and line index.

The panel definition ends with an < end-panel>
command. When the terminal receives this command, it
closes the panel boundary. That is, it draws a last line
segment of the boundary, ending at the same point as
was specified in the < begin-panel-boundary> com-
mand. The graphic beam position is updated to that
point. Then the 4113 fills the panel interior, using the
current fill pattern.

5-10

SELF-INTERSECTING PANEL
BOUNDARIES

If a panel boundary crosses over itself, it is not obvious
just which areas are “inside” the panel (and are
therefore to be filled with the current fill pattern). The
rule for determining which points are “inside” the panel
is as follows: . :

@ If, to get from “well outside the panel” (that is, from a
point infinitely far away) to the point in question, one
must cross the panel boundary an odd number of
times, then that point is “inside’ the panel.

® |f, to get from well outside the panel to the point in
guestion, one crosses the boundary an even number
of times, then th_at point is “outside” the panel.

Figure 5-7 shows commands to draw a panel with a
boundary which crosses over itself. For variety,a '
different fill pattern has been selected.

MULTIPLE PANEL BOUNDARIES

A panel can have more than one boundary. Figure 5-8
shows two such panels. Each panel boundary ends
with the < begin-panel-boundary> command that
starts the next boundary. The last boundary ends-with
the < end-panel> command that terminates the panel
definition.

4113 HOST PROGRAMMER'’S




DISPLAYING GRAPHIC INFORMATION

< select—fill—pattern: 13>

< enter—vector—mode>

< begin—panei—boundary: (1000,1000), 1>
<xy: (3000,3000)>
<xy: (4000,2000)>
<xy: (2500,500)>
<xy: (1000,2000)>
<xy: (1500,2500)>
<xy: (2500,1500)>
<xy: (1500,500)>

< end—panel>

3684-14

Figure 5-7. A Panel Whose Boundary Crosses Over Itself.
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< select—fill—pattern: 16>
< enter—vector—mode>
< begin—panel—boundary: (100,100), 1>
<xy: (1600,100)>
<xy: (1600,1000)>
<xy: (1700,1000)>
<xy: (850,1250)>
<xy: (0,1000)>
<xy: (100,1000)>
< begin—panel—boundary: (250,500), 1>
<xy: (850,500)>
<xy: (850,950)>
<xy: (250,950)>
< begin—panel—boundary: (1000,150), 1>
<xy: (1400,150)>
<xy: (1400,950)>
<xy: (1000,950)>
< end—panel>

< select—fill—pattern: 14>

< begin—panel—boundary: (1800,1000),1>
<xy: (2550,250)>
<xy: (3300,1000)>
<xy: (2550,1750)>

< begin—panel—boundary: (2500,1000), 1>
<xy: (3250,250)>
<xy: (4000,1000)>
<xy: (3250,1750)>

< begin—panel—boundary: (2100,800), 1>
<xy: (2400,800)>
<xy: (2400,1200)>
<xy: (2100,1200)>

< begin—panel—boundary: (2800,800), 1>
<xy: (3000,800)>
<xy: (3000,1200)>
<xy: (2800,1200)>

< end—panel>

3684-15

Figure 5-8. Two Panels, Each With Multiple Boundaries.

5-12
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CONSIDERATIONS IN PANEL
DEFINITIONS

Figure 5-9 summarizes the syntax for panel definitions.

Within a < panel-boundary-definition>, the <bound-
ary-points> may be specified by <move> or <draw>
commands, which have < xy> parameters. Or, a
boundary point can be specified by an <xy> parame-
ter which is not part of another command — but only if
the terminal is in vector mode or marker mode. (If the
terminal is in alpha mode, it does not interpret < xy>
parameters correctly, but displays them as alphatext.)

If you wish, you can intersperse (GS) and (FS)
characters (< enter-vector-mode> and < enter-mar-
ker-mode> commands) among the < xy> coordinates
within a < panel-boundary-definition> . These serve to
guarantee that the terminal is not in alpha mode.

DISPLAYING GRAPHIC INFORMATION

Except for that guarantee, however, the panel boundary
is unaffected by (GS) and (FS) characters interspersed
among the < xy> coordinates. If the panel boundary is
drawn at all, all of its edges are drawn, regardiess of
any interspersed (GS) character. No markers are drawn
at the vertices of the boundary, regardless of any
interspersed (FS) characters.

After the < end-panel> command, the terminal is in
vector mode, marker mode, or alpha mode, according to
the mode in which it was last placed. (It is, of course,
bad practice to put the terminal in alpha mode within a
< panel-definition>.) The graphic beam position is
updated to the point specified by the <xy> parameter
in the last < begin-panel-boundary> command.

< end—panel>

< boundary—point>= <xy>

or <move>
or <draw>
or <draw—marker>

< end—panel>= (ESC)(L)(E)
< enter—vector—mode> = (GS)
< enter—marker—mode> = (FS)
< move> = (ESC)(L)(F) < xy>
<draw> = (ESC)(L)(G)< xy>

< draw—marker> = (ESC)(L)(H)< xy>

< panel—definition>= < panel—boundary —definition> ...

< panel—boundary—definition> = < begin—panel—boundary>
[< boundary—point> ...]
(See Note.)

or < enter—vector—mode> < xy>
or < enter—marker—mode> < xy>

< begin—panel—boundary> = (ESC)(L)(P)< xy> < int>

Note. An < xy> is valid here only if the terminal has already been placed in vector mode or marker mode.

3684-16

Figure 5-9. A Valid <Panel-Definition> Syntax.
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< SELECT-FILL-PATTERN> COMMAND

The < select-fill-pattern> command has the following
syntax:

< select-fill-pattern> = (ESC)(M)(P)< int>

Here, the <int> specifies the pattern number to be
used for filling subsequent panels. If this number is
zero, panels are not filled. Numbers from 1 to 16 select
predefined fill patterns, shown in Figure 5-10. Numbers
from 16 to 32767 select fill patterns which the user
has defined. (Defining fill patterns is described in
Section 7.) Numbers 0 through —15 select fill patterns
which are all one color-index, while numbers —16 and
below cause the panel not to be filled.

If Option 21 (four bit planes of display memory) is
installed, then sixteen different color-indices are avail-
able. For instance, fill pattern —2 consists of pixels

which are all set to color-index 2. (On power-up, lines
drawn in index 2 are red in color.)

(Bit planes and surfaces are described in Section 7.)

Defining Your Own Fill Patterns

You can define your own fill patterns, using the
< raster-write> and <runlength-write> to specify the
color-indices of the individual pixels in the fill pattern.

To define fill patterns, you must understand the
concepts of color-indices in the 4113's raster memory
space. Therefore, a description of how to define fill
patterns is deferred to Section 7, where color-indices
and color mixtures are explained.

12

3892-11

Figure 5-10. Standard Predefined Fill Patterns.
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< SET-PANEL-FILLING-MODE >
COMMAND

The < set-panel-filling= mode> command has the fol-
lowing syntax:

< set-panel-filling-mode>

= (ESC)(M)(S)
<int: overstrike-or-replace>
<int: overlap-boundary>
<int: keying-mode>

where:
<int: overstrike-or-replace> = (0) or (1)
<int: overlap-boundary> = (0) or (1)
<int:keying mode> = (0) or (1) or (2) or (3)

The “overstrike or replace” parameter specifies the
effect of fill pattern pixels which are in color-index
zero. If this parameter is zero, panels are filled in
replace mode. In that mode, zero pixels in the fill
pattern cause the corresponding pixels in the panel
interior to be set to color-index zero. If the over-
strike/replace parameter is one, panels are filled in
overstrike mode. In that mode, zero pixels in the fill
pattern cause the corresponding pixels in the panel
interior to be left unaltered. Figure 5-11 shows the
effect. (See Section 7 for more information on color-
indices.)

4113 HOST PROGRAMMER'S

DISPLAYING GRAPHIC INFORMATION

The second <int> parameter specifies whether, when
a panel is filled, the fill pattern extends out to include
the panel boundary. If this parameter is zero, the
boundary is not filled. If the parameter is one, the
boundary is filled. Figure 5-12 shows the effect.

The third <int> parameter specifies the pattern keying
mode. In pattern keying mode one, fill patterns are
positioned with respect to the viewport on the termi-
nal’s screen. (See Section 7 for an explanation of views
and viewports.) Thus, if adjacent panels in the same
viewport have the same fill pattern, that fill pattern is so
aligned as to make the panels blend smoothly together.
Figure 5-13A shows the effect.

In pattern keying mode 2, fill patterns are positioned
with respect to the panels themselves, rather than the
viewport. Figure 5-13B shows the effect.

In pattern keying mode 3, fill patterns are positioned
with respect to the entire display screen, rather than to
the individual viewport. Figure 5-13C shows the effect.

If this parameter in the < set-panel-keying-mode>
command is zero, then the pattern keying mode is left
unchanged from its previous value.
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DISPLAYING GRAPHIC INFORMATION

A. Repiace Mode.

| B. Overstrike Mode.

3684-17

Figure 5-11. Filling Panels: Replace and Overstrike Modes.
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A. Not Filling Panel
Boundaries.

‘4
T
!
!

it
o

i
:

o fwmm._,i
R
§
s
i
:
|
s

=t
i
|

B. Filling Panel
Boundaries.

3684-18

Figure 5-12. Effect of Filling Panel Boundaries.
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VIEWPORT TWO

VIEWPORT ONE

Keying to the Current Viewport.

[N
1

T
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3684-198

Figure 5-13. Effect of Pattern Keying Mode.
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DISPLAYING GRAPHTEXT

There are two ways of displaying text together with
graphics on the terminal’s screen:

® For compatibility with earlier TEKTRONIX terminals,
the 4113 is capable of displaying alphatext together
with graphics. However, to do this, the dialog area
must be disabled (< enable-dialog-area: 0> com-
mand). (If the dialog area is enabled, all alphatext is
directed to the dialog area.)

® A better way to display text together with graphics is
by means of the < graphic-text> command. Text
included in a < graphic-text> command is called
graphtext. Graphtext is never displayed in the dialog
area, regardless of whether the dialog area is
enabled.

<GRAPHIC-TEXT> COMMAND

The < graphic-text> command has this syntax:

< graphic-text> = (ESC)(L)(T)
< string: text-to-be-displayed>

4113 HOST PROGRAMMER'S

The text to be displayed is sent to the terminal as a

< string> parameter. Since <string>s are <char-
array> s, the only characters which may be displayed
are those which are valid <char> parameters: the
ASCII characters from (SP) to (~) — decimal
equivalents from 32 to 126. Characters outside this
range are ignored if they occur within a <string>
parameter. :

The first character of the text string is displayed with
its lower left corner at the current graphic beam
position. Figure 5-14 shows the effect.

The < graphic-text> command displays its graphtext
with the lower left corner of the text string at the
current graphic beam position. As each character of
the string is displayed, the graphic beam position is
moved to the lower left corner of the next character
cell. At the end of the < graphic-text> command, the
graphic beam position is just beyond the end of the
graphtext string.

If displaying a character would move the graphic beam
out of terminal space, that character (and the rest of
the string) is not displayed, and the graphic beam
position does not change.
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DISPLAYING GRAPHIC INFORMATION

< enter—vector—mode>
< Xy>
< Xy>

< enter—vector—mode>
<xy: (350,2912)>
< -graphic —text: “A”>
< enter—vector—mode>
<xy: (469,288)>
< graphic—text: “B">
< enter—vector—mode>
<xy: (3684,1285)>
< graphic—text: “C”>

< enter—vector—mode>
<xy: (973,1231)>

< graphic—text: “H (Orthocenter)”>

5-20

Figure 5-14. Effect of <Graphic-Text> Command.
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< SET-GRAPHTEXT-SIZE> COMMAND

The < set-graphtext-size> command lets you set the
width, height, and spacing of graphtext characters. The
command has the following syntax:

< set-graphtext-size>
= (ESC)(M)(C)
< int: character-width>
< int: character-height>
<int: inter-character-spacing>

DISPLAYING GRAPHIC INFORMATION

The three < int> parameters are in terminal space
units. The width and height must be in the range from 1
to 4095, while the spacing may range from O to 4095.

Figure 5-15 shows the effect of this command. In this
figure, a < set-graphtext-size: 50,100,25> command
was sent just before the < graphic-text: “H (Orthocen-
ter)”> command.

< set—graphtext—size: 5§0,100,25>

character width
character height
inter-character spacing

CHARACTER
HEIGHT

CHARACTER WIDTH

__.| —
INTER-CHARACTER
SPACING

3684-21

Figure 5-15. Effect of <Set-Graphtext-Size> Command.
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<SET-GRAPHTEXT-ROTATION>
COMMAND

The < set-graphtext-rotation> command lets you
specify the counterclockwise rotation‘angle (in de-
grees) for all subsequent graphtext strings. (A negative
rotation angle causes clockwise rotation.)

The command has the following syntax:

< set-graphtext-rotation>
= (ESC)(M)(R)
<real: angle-in-degrees>

Figure 5-16 shows the effect. In the figure, a <set-
graphtext-rotation: 30.0> comand was sent just before
the < graphic-text: “H (Orthocenter)”> command.

< set—graphtext—rotation: 30.0>

3684-22

Figure 5-16. Effect of < Set-Graphtext-Rotation> Command.
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<SET-GRAPHTEXT-PRECISION >
COMMAND

The < set-graphtext-precision> command sets the
precision level for subsequent graphtext. There are two
precision levels: “stroke precision” (the default), and
“string precision” (in which graphtext is drawn in the
same way as alphatext). The command has the follow-
ing syntax:

< set-graphtext-precision> = (ESC)(M)(Q)<int>

The <int> parameter is 2 for stroke precision, and 1
for string precision. Figure 5-17 shows the command'’s
effect. String precision graphtext (and alphatext) can-
not be rotated, nor can its size be changed with the

< set-graphtext-size> command.
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The < set-graphtext-font> command, described later
in this section, does not affect string precision graph- ‘
text. '

If you zoom in on a string precision graphtext (or on
alphatext), the text does not appear larger. This is
because alphatext and string precision graphtext are
drawn directly in raster memory space, as dot patterns
of pixels on the screen. Figure 5-18 shows the effect.

(See Section 7 for an explanation of “raster memory
space,” and of “zooming in.”)
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DISPLAYING GRAPHIC INFORMATION

A. Stroke Precision Graphtext.

B. String Precision Graphtext.

Figure 5-17. Effect of < Set-Graphtext-Precision> Command.

3684-23 ( )
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DISPLAYING GRAPHIC INFORMATION

A. Stroke Precision Graphtext.

H (Orthocenter)

B. String Precision Graphtext.

3684-24

Figure 5-18. “Zooming In” On Graphtext.
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DISPLAYING GRAPHIC INFORMATION

PREDEFINED GRAPHTEXT FONTS

You can select alternate graphtext fonts with the < set-
graphtext-font> command. When the terminal is turned
on, there is always at least one predefined font: Font O,
the standard ASCII font. You can also create your own
graphtext fonts. Such fonts are called user-defined
fonts; how to create them is described later in this
section.

Fonts Provided With Keyboard Options

If the terminal has an optional keyboard (Option 4A, 4C,
4E, or 4F) then Font O is not the only predefined
graphtext font. Such a terminal also has predefined
fonts 1,3, 7, and 9. Table 5-2 lists these fonts.
However, when the terminal is turned on, the default
graphtext font is always the ASCII font, Font O. This is
true even for terminals equipped with optional key-
boards. If you want to select another predefined font,
you must do so explicitly with a < set-graphtext-font>
command.

B N ARANE34CETED s = =07
FONT O el y AT , VT 1] W
(ASCI FHELDEEUHIﬁhLHHUFUEJTUVLV “qw_
‘ohodefghtl jkimnopgrstuuwsxyz i
PURERE Dty - Sl 2345 R
FONT 1 AORCNEEGHT (K] MNOEORS T -
(Swedish) i_ HEe L [4‘ C Fj [ I ._i !' L } i l_l { l_'-i ™~ A ,; i -
“mbameighljklmﬂnnqritux
FONT 3 e - L RPN
(United Kingdom) ' o ’ ST -
'mhcmetghljh}mwwgqrituumygzii}
017=45¢ -
FONT 7 R T -
(APL) | by
STUUWEY 20 H1%
URENE (xv - /0123456780
FONT 9 . u
|u| | -
(Danish/Norwegian) ; ABCDEF GH LK - T
‘obodefghl jklmnopgretuvwxyzeed
3684-25
Figure 5-19. Fonts Provided With Keyboard Options.
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Table 5-2

GRAPHTEXT FONTS SUPPLIED
WITH OPTIONAL KEYBOARDS

Font Number Graphtext Font

0 Standard ASCIl font

1 Swedish font

3 United Kingdom font

7 APL font
9 Danish/Norwegian font

DISPLAYING GRAPHIC INFORMATION

< SET-GRAPHTEXT-FONT> COMMAND

The < set-graphtext-font> command lets you select

any of these fonts for displaying subsequent graphtext.
The command has the following syntax:

< set-graphtext-font> = (ESC)(M)(F)
<int: font-number>

Figure 5-20 shows the effect of the < set-graphtext-
font> command. In this figure, the font shown is a

user-defined font. (Defining such a font is described
later in this section.)

3684-26

Figure 5-20. Effect of < Set-Graphtext-Font> Command.
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DEFINING YOUR OWN GRAPHTEXT CHARACTERS

GENERAL PROCEDURE

The following steps show examples of commands for
defining your own graphtext characters. These com-

mands are described in more detail later in this section.

1.

< Delete-graphtext-character: 2, —1>.
< Set-graphtext-font-grid: 2, 60, 80>

Delete all user-defined characters in graphtext
Font 2, and then specify a “font grid” for defining
your own Font 2 graphtext characters.

< Set-pivot-point: (0,0)>

The pivot point for subsequent graphtext
characters wiil be at (0,0). When the character is
displayed (by a < graphic-text> command), its
pivot point appears at the current graphic beam
position.

< Begin-graphtext-character: 2, 65>
< enter-vector-mode>
< Xy>
< Xy>

< enter-vector-mode>
< Xy>
< Xy>

< end-graphtext-character>

Define character number 65 (uppercase A) in
graphtext Font 2. The character definition starts
with the < begin-graphtext-character> command,
and ends with the < end-graphtext-character>
command. The character is defined as a series of
vectors, or line segments. The vectors may be
drawn with < enter-vector-mode> commands —

(GS) characters — and < xy> parameters. Alterna-

tively, they may be drawn with <move> and
< draw> commands.

Repeat Steps 2 and 3 for each subsequent charac-
ter definition. You can omit Step 2 (the < set-pivot-

point> command) if the the character being de-
fined is to have the same pivot point as the
previous character defined.
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< DELETE-GRAPHTEXT-CHARACTER>

COMMAND '

The < delete-graphtext-character> command has this

syntax:

< delete-graphtext-character>
= (ESC)(8)(2)

<int: font-number>

< int: character-number>

Font Number. The font number must be —1, or in the
range from O to 32767. “Font —-1"” means “all user-

defined fonts.”

Character Number. The character number must be

—1, orin the range from 32 to 126.

Specifying character number —1 deletes all user-
defined characters in the specified font and also

deletes the font grid for that font. If the font is not one
of the predefined fonts (Font 0 in a standard terminal;

Font 0, 1,3, 7,0r 9 in a terminal with a keyboard

option), then specifying character number —1 also
makes that font inaccessible. (The < set-graphtext-

font> command results in an error if an attempt is

made to select a font which is not predefined and does

not have a font grid for user-defined characters.)

Specifying a character number from 32 to 126 deletes
that particular user-defined graphtext character. The

user-defined character is superceded by the

corresponding predefined character. In most cases,

this is the corresponding standad ASCII (Font 0)
character. For Fonts 1, 3, 7, and 9, if an optional
keyboard is installed, this is the corresponding
character from the same predeiined font.
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< SET-GRAPHTEXT-FONT-GRID >
COMMAND

The < set-graphtext-font-grid> command has the fol-
lowing syntax:

< set-graphtext-font-grid> = (ESC)(S)(G)
<int: font-number>
<int: width-of-grid>
<int: height-of-grid>

This command sets the width and height of a graphtext
font grid used in defining graphtext characters. For

DISPLAYING GRAPHIC INFORMATION

each user-defined'character in the specified font, the
graphtext font grid is a rectangle extending above and
to the right of that character's pivot point.

Suppose, for instance, that the width of the grid is 30,
and the height is 40. If the uppercase A character
(character number 65) is defined with its pivot point at
(0,0), then its font grid extends from X= 0 to X= 30, and
from Y= 0 to Y= 40. Likewise, if the lowercase g
character is defined with its pivot point at (0,15), then
its font grid extends from X= 0 to X= 30, and from
Y=151to Y= 55. Figure 5-21 illustrates this.
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I
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(0,0)
3675-27

Figure 5-21. Font Grids for Two User-Defined'Characters.
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DISPLAYING GRAPHIC INFORMATION

Later, when the character is displayed, the width and graphtext-size width and height, while the pivot point is
height of the font grid are mapped onto the current mapped onto the current graphic beam position. Figure

5-22 illustrates this.

3675-28

Figure 5-22. Displaying User-Defined Graphtext Characters.
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All user-defined characters in a graphtext font share
the same font grid. Therefore, issuing a < set-
graphtext-font-grid> command is not allowed if there
already exists a font grid for the specified font. (The
terminal detects a type SGO3 error; see the 4110
Series Command Reference Manual for details.)

Before sending a < set-graphtext-font-grid> command,
therefore, you should delete any font grid which may
already exist for that font. To do this, issue a < delete-
graphtext-character> command with “minus one” as
the character number; that not only deletes all the
user-defined characters in the font, but also deletes
the font grid.

In order to select a graphtext font which is not one of
the predefined fonts, it is necessary that a font grid has
been established for that font. For example, if no

< set-graphtext-font-grid> command has been issued
for Font 2, then the < set-graphtext-font: 2> command
will result in an error.

<SET-PIVOT-POINT> COMMAND
The < set-pivot-point> command has this syntax:
< set-pivot-point> = (ESC)(S)(P)< xy>

It sets the pivot point for subsequent graphtext charac-
ter definitions, as well as for subsequent segment
definitions. (See Section 6 for a description of segment
definitions.)
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< BEGIN-GRAPHTEXT-CHARACTER>
COMMAND

The < begin-graphtext-character> command has this
syntax:

< begin-graphtext-character>
= (ESC)(S)(T)

<int: font-number>

<int: character-number>

This command starts the definition of a particular user-
defined graphtext character. The font number must be
in the range from O to 32767; the character number
must be in the range from 32 to 126.

<END-GRAPHTEXT-CHARACTER>
COMMAND

Each graphtext character definition ends with the
< end-graphtext-character> command:

< end-graphtext-character> = (ESC)(S)(U)
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Section 6

SEGMENTS

INTRODUCTION

DEFINITIONS

Segments (short for “picture segments”) are graphic
objects which can be manipulated by commands to the
terminal. Each segment is referenced by its name,
which is a number in the range from 1 to 32767.

For instance, suppose segment one has been defined
to be a square with diagonals. Once segment one has
been defined, you can issue commands to change its
appearance and position. You can rotate and scale it
about its “pivot point,” move it from one position to

another in terminal space, make it invisible (“turn it

off”), cause it to “blink” on and off, and even use it as
the graphic cursor for GIN (graphic input) operations.

Each segment has a pivot point, which is set at the time
the segment is created. It is the pivot point within a
segment which serves to define the segment’s position.
Thus, a < set-segment-position> command to position
segment one at the point (100,500) actually positions
only the pivot point for that segment at the point
(100,500).

The pivot point is also the point about which scaling
and rotation occurs. These operations are described
later, under “Scaling and Rotation.”

CREATING A SEGMENT

The <begin-segment> and < end-segment> com-
mands mark the beginning and end of a segment
definition. The syntax for these commands is as
follows:

< begin-segment> = (ESC)(S)(0)
<int: segment-number>

< end-segment> = (ESC)(S)(C)

Figure 6-1 shows commands which create a simple
segment. (All these commands are described in more
detail in the 4110 Series Command Reference Manual.)
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This segment, segment one, is a square with diagonals,
200 units on a side. Its pivot point is at (100,100), the
center of the square, where the diagonals intersect.

< set—pivot—point: (100,100)>
< delete—segment: 1>
<begin—segment: 1>
< enter—vector—mode>
<xy: (0,0)>
<xy: (200,0)>
<xy: (200,200)>
<xy: (0,200)>
<xy: (0,0)>
<xy: (200,200)>
< enter—vector—mode>
<xy: (0,200)>
<xy: (200,0)>
<end—segment>

(0,200) (200,200)

(0,0) (200,0)

3684-27

Figure 6-1. Segment One, A Square With Diagonals.
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SEGMENTS

In Figure 6-1, the < set-pivot-point> command is
issued before the < begin-segment> command. This is
necessary because, once a segment has been defined,
its pivot point cannot be changed. A < set-pivot-point>
command, therefore, affects only the pivot points of
segments which are defined after that < set-pivot-
point> command.

The < delete-segment> command deletes any “seg-
ment one” which might already exist. This is necessary
because one cannot create a new segment with a
segment number equal to that of an existing segment.

If segment one does not exist, and the terminal’s error
threshold is set to one or less, then the < delete-
segment> command causes the terminal to display a
type SK10 warning message: “Existence Problem in
Parameter 1 of (ESC)(S)(K) Command.” You can sup-
press this message by setting the error threshold to 2
or more. For details, see the description of the < set-
error-threshold> command in the 4110 Series
Command Reference Manual; see also Appendix C,
“Error Codes,” in that manual.

The < begin-segment> and < end-segment> com-
mands begin and end the segment definition. Any
commands which occur between those two commands
are included in the definition of the segment. Figure 6-1
has < enter-vector-mode> commands and < xy>
coordinates which perform moves and draws to create
the square and its two diagonals.

The < begin-higher-segment> command provides an alter-
nate method for creating segments. This command closes
the segment currently being defined and begins a new seg-
ment with a segment number that is one greater than the
segment just closed. The pivot point and position of the new
segment is set to the current beam position. The <begin-
higher-segment> command does the work of several com-
mands. Note that a segment must be in the process of being
defined when this command is issued. The current pivot
point and default segment position are not changed by this
command.

The <begin-lower-segment> command works like the
< begin-higher-segment > command except that segment
number decreases by one, rather than increases.

The < begin-new-segment>> command also works similarly
to the < begin-higher-segment> command. Rather than in-
crementing the segment number by one, <begin-new-
segment > lets you specify a segment number for the new
segment.

REV, OCT 1882

See the 4110 Series Command Reference Manual for
detailed descriptions of the < set-pivot-point>,

< begin-segment>, < end-segment>, and < delete-
segment> commands. There you will find the details of
the command syntax, which you can use to write
subroutines to issue these commands.

INCLUDING OTHER SEGMENTS IN A
SEGMENT DEFINITION

When defining a segment, you can include a copy of
another segment in the segment definition. To do this,
use the < include-copy-of-segment> command:

< include-copy-of-segment>
= (ESC)(L)(K)<int: segment-number>

This command causes an image of the specified
segment, in its current position, to be included as part
of the segment being defined.

Figure 6-2 illustrates the process. In the figure, < set-
segment-position> and < set-segment-image-trans-
form> commands are used to reposition segment one
before including copies of segment one in the definition
of segment two. The < set-segment-position> and

< set-segment-image-transform> commands are de-
scribed later in this section.

>RETAINED AND NON-RETAINED

SEGMENTS

in the computer graphics literature, you may find the
terms retained segment and non-retained segment.
Retained segments are segments which are retained in
memory (by the host computer or by the terminal) after
they have been drawn. All the 4113's segments are
retained segments.

The so-calied non-retained segment consists of all
graphics which are drawn but are not retained. For the
4113, this is everything not included within the defini-
tion of a numbered segment.

Graphics not stored in segments (that is, graphics
which comprise the so-called non-retained segment)
are lost whenever a < page> command (or the PAGE
key) erases the current viewport. (For now, regard
“current viewport” as meaning the same thing as “the
terminal’s screen.” For information on viewports, see
Section 7.)

4113 HOST PROGRAMMER’S




SEGMENTS

< begin—segment: 2>

< set—line—style: 2>
<enter—vector—mode>

<xy: (0,0)>

<xy: (2000,1000)>

<xy: (1000,3000)>

<xy: (0,0)>
< set—segment—position: 1,(2000,1000)>
<include-—-copy—of—segment: 1>
< set—segment —position: 1,(1000,3000)>
<include—copy—of—segment: 1>

<include—copy—of—segment: 1>
< set—segment —position: 1,(2500,2500)>
<include—copy—of—segment: 1>

< end-—segment>

< set—segment-—image—transform: 1,2.0,2.0,30.0,(3000,3000)>

=

—
(1000,3000) [

/ \

-~

(3000,3000)

(2500,2500)
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Figure 6-2. Including One Segment in the Definition of Another.

Graphics stored in segments, however, are not lost
when a < page> occurs. Instead, after erasing the
current viewport, the 4113 redraws all graphics stored
in visible segments. (If you want a segment to
disappear when you erase the viewport, you can make
it invisible with the < set-segment-visibility> com-
mand, described later in this section. Or, you can
delete the segment — issue a < delete-segment>
command.)
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STATIC AND DYNAMIC ATTRIBUTES

Those attributes, or properties, of a segment which
cannot be changed once the segment has been defined
are called static attributes of the segment. Those
attributes which can be changed after segment defini-
tion are called dynamic segment attributes.
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SEGMENTS

STATIC ATTRIBUTES

PIVOT POINT

There is just one static segment attribute: the pivot
point. Once a segment has been defined, its pivot point
cannot be changed. (To set a segment’s pivot point, you
must issue the < set-pivot-point> command before
defining the segment. A < set-pivot-point> command
issued after the segment is defined affects only
segments defined later.)

The pivot point is important when moving a segment:
changing its position in terminal space, rotating it, or
changing its size. A segment’s “position” is defined by
the position of its pivot point. Also, the pivot point is the
only point of the segment which does not move when
the segment is scaled in the x- and y-directions or
rotated. These operations are described later in this
section, under “Position” and “Scaling and Rotation.”
They are also described in the Command Reference
Manual, under the < set-segment-position> and < set-
segment-image-transform> commands.

PRIMITIVE ATTRIBUTES

A segment’s pivot point, however, is not the only thing
about a segment which is static. All graphic primitives
within a segment (lines, graphtext font, graphtext size,
alphatext font, etc.) are static, unchangeable parts of
the segment. That is, once a segment has been created,
it cannot be edited; it can only be deleted and defined
again.

Any attributes of the graphic primitives within a
segment are also static and unchangeable. For in-
stance, the lines within a segment are graphic
primitives; the line styles used to draw those lines are
attributes of those lines. Thus, if a segment is defined
with its lines drawn in line style two (dashed lines),
then it will always be drawn with its lines in that style.

Again, graphtext within a segment is deemed to be a
graphic primitive. The graphtext font and graphtext size
are attributes of the graphtext graphic primitive. As
primitive attributes, they are static, unchangeable parts
of the segment. Thus, if a segment is defined with
graphtext in a certain graphtext font and a certain size,
then it will always be drawn with that graphtext in that
font and that style.
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Table 6-1 lists the graphic primitives and their primitive
attributes, together with the commands which embed
those primitives and primitive attributes in a segment.
Once a segment has been defined, the primitives and
primitive attributes in Table 6-1 are static, unchange-
able parts of the segment.

Table 6-1

GRAPHIC PRIMITIVES AND PRIMITIVE ATTRIBUTES

Graphic Primitive Related
Primitives Attributes Commands
Lines _—— < Enter-vector-
mode>,
< Xy>,
< Move>, < Draw>
Line Style < Set-line-style>
Line Index < Set-line-index>
Line Width < Set-line-width>
Graphtext —_—— < Graphic-text>
Graphtext size < Set-graphtext-
size>
Graphtext font < Set-graphtext-
font>
Graphtext precision| < Set-graphtext-
precision>
Graphtext rotation | < Set-graphtext-
rotation>
Text index < Set-text-index>
Alphatext —_— < Enter-alpha-
mode>
Alphatext font < Set-alphatext-
font>
Text index < Set-text-index>
Markers —— < Enter-marker-
mode>, <xy>
Marker type < Set-marker-type>>
Line index < Set-line-index>
Panels —_— < Begin-panel-
boundary>,
< End-panel>
Fill pattern < Select-fill-pattern >

Panel filling mode

< Set-panel-filling-
mode>
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Information about the commands in Table 6-1 can be
found, in alphabetical order, in the 4110 Series Com-
mand Reference Manual. Descriptions of the com-
mands can also be found in various sections of this
manual:

Section 4: < set-alphatext-font>

SEGMENTS

Section 5: < enter-vector-mode>

' <move> ‘

< draw>

< set-line-style>

< begin-panel-boundary>
< end-panel>

< select-fill-pattern>

< set-panel-filling-mode>

< set-line-index>
< set-text-index>

Section 7:

DYNAMIC SEGMENT ATTRIBUTES

The dynamic attributes of a segment are those attri-
butes, or qualities, which can be changed after the
segment is defined. These attributes are: position,
scale factors, rotation, visibility, writing mode, highlight-
ing, detectability, display priority, and segment class.

POSITION

When a segment is defined, its “position” is the same
location in the terminal’s 4096-by-4096 coordinate
space as its pivot point. In the example earlier in this
section, segment one was a square with diagonals,
defined with the pivot point at the center of the square
— the point (100,100). Thus, the initial position of
segment one is also the point (100,100).

The < set-segment-position> command moves the
segment so that its pivot point is displayed at some
new position.
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What happens to the old image of the segment? That
depends on the current “fixup level,” as determined by
the most recent < set-fixup-level> command. If the
fixup level is four or higher, then the old image is
removed from view. If the fixup level is less than four,
the old image is not removed until the next < renew-
view> or < page> command. (For details, see the

< set-fixup-level> command description in the 4110
Series Command Reference Manual.)

The < set-segment-position> command has the
following syntax:

< set-segment-position> = (ESC)(S)(X)< xy>

Here, the < xy> parameter names the point in terminal

space where the segment’s pivot point is to be
displayed.



SEGMENTS

Figure 6-3 demonstrates the < set-segment-position>
command. In Part A of the figure, the segment is
defined with the pivot point at (100,100). In Part B, the

segment is moved so that the pivot point is displayed at
(1000,1000); then the screen is erased (< page>
command) in order to eliminate the old image.

< set—pivot—point: (100,100)>
< delete—segment: 1>
<begin—segment: 1>
< enter—vector—mode>
<xy: (0,0)>
<xy: (200,0)>
<xy: (200,200)>
<xy: (0,200)>
<xy: (0,0)>
<xy: (200,200)>
< enter—vector—mode>
<xy: (0,200)>
<xy: (200,0)>
< end-—-segment>

¥-AXIS
F Y

| _—(100,100)

- K-AXIS

A. Defining a Segment.

< set—segment—position: 1,(1000,1000)>
< page>

¥ - AXIS

{1000,1000)—"T

/ (0,0}

w X-BXIS

B. Repositioning the Segment.

3684-29
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Figure 6-3. Effect of the < Set-Segment-Position> Command.
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The next figure shows what happens when you move a
segment to the edge of the 4113's 4096-by-40986
terminal space. That part of the segment which falls
outside the current window is not displayed.

SEGMENTS

(The term “current window” is defined in Section 7. For
this example, the window is assumed to have its initial
value on power-up: from X= 0 to X= 4095, and from
Y= 0to Y= 3127. See Section 7 for more information
on windows and viewports.)

< set—pivot—point: (100,100)>
< delete—segment: 1>
<begin—segment: 1>
<enter—vector—mode>
<xy: (0,0)>
<xy: (200,0)>
<xy: (200,200)>
<xy: (0,200)>
<xy: (0,0)>
<xy: (200,200)>
< enter—vector—mode >
<xy: (0,200)>
<xy: (200,0)>
< end—segment>

¥-AXi8
F 3

{100,100}

/

e X-AXIS

A. Defining a Segment.

< set—segment —position: 1,(0,0)>
< page>

The terminal does not display
that part of the segment which falls
helow y=0 or to the left of x=0.

\

Y-AXIS

0,0}

2 ;

X-AXIS

B. Repositioning the Segment.

3684-30

Figure 6-4. Positioning é Segment at the Edge of the Screen.
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SCALING AND ROTATION

The < set-segment-image-transform> command per-
forms three operations on a segment: scaling, rotation,
and positioning. The syntax of this command is as
follows:

< set-segment-image-trahsform>
= (ESC)(S)(I) <int> < real> < real> < real> < xy>

Here, the first parameter is an <int> specifying the
segment number, the second and third parameters are
the x- and y-scaling factors, the fourth parameter is the
rotation angle in degrees, and the fifth parameter
specifies the point at which the segment is positioned
after the scaling and rotation has been performed.

First, the segment is scaled in the x- and y-directions
about its pivot point. That is, the pivot point is the
invariant point for the scaling operation — the only
point which does not “move’” because of the x- and y-
scaling. »

Second, the segment is rotated about its pivot point by
the number of degrees given in the “rotation” parame-
ter.

Finally, the segment is positioned (translated) so that
its pivot point is displayed in the location specified by
the final <xy> parameter. (If you only want to change
a segment’s position without affecting the other image
transform parameters, use the < set-segment-
position> command rather than the < set-segment-
image-transform> command.)

All three operations begin with the segment as it was
originally defined. That is, they are “absolute” rather
than “relative” operations.

6-8

Examples

Figure 6-5 shows commands which do the following,
and the effects of those commands:

1. Define a segment: segment one, a square of side
200 with diagonals, pivot point at (100,100).

2. Scale segment one in the x-direction by a factor of
three, and position it at its original position:
(100,100). Then page the screen to remove the oid
image of the segment.

3. Scale segment one in the y-direction by a factor of
three, move it to (1000,1000), and then page the
screen to remove the old image.

Figure 6-6 shows more examples, continuing from
those of Figure 6-5:

4. Scale segment one in the x-direction by a factor of
2.0 and in the y-direction by a factor of 3.0; rotate
it counterciockwise by 30 degrees; position it at
(1000,1000). Then erase the screen to remove the
old image.

5. Scale segment one in the x-direction by a factor of
0.0 and in the y-direction by a factor of 4.0; rotate
it clockwise by 30 degrees (counter-clockwise by
—30 degrees); position it at (1000,1000). Then
erase the screen to remove the old image.

VISIBILITY

You can make a segment visible or invisible with the
< set-segment-visibility> command:

< set-segment-visibility> = (ESC)(S)(V)<int> < int>

Here, the first <int> is the segment number. The
second <int> is one to make the segment visible, or
zero to make the segment invisible. An invisible
segment is retained in memory but is not redisplayed
when the screen is erased.

For more details, see the description of the < set-
segment-visibility> command in the 4110 Series Com-
mand Reference Manual.
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 SEGMENTS

< set—pivot—peint: (100,100)>
< delete—segment: 1>
<begin—segment: 1>
< enter—vector—mode>

<xy: (0,0)>

<xy: (200,0)>

<xy: (200,200)>

<xy: (0,200)>

<xy: (0,0)>

<xy: (200,200)>

< enter—vector—mode> {100,100}
<xy: (0,200)> /
<xy: (200,0)>

< end—segment> X-AXIS

& :
Y-AXiS

o

< set—segment—image—transform: 1,3.0,1.0,0.0,(100,100)>

Y AXIS
< page>

/{1 00,100}

/

K-AKIS

< set—segment—image—transform: 1,1.0,3.0,0.0,(1000,1000)> # V.AXIS /'/
<page> {1000,1000)

X-AXIS

3684-31

Figure 6-5. Examples of < Set-Segment-Image-Transform> Command.
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< set—segment—image—transform: 1,2.0,3.0,30.0,(1000,1000)>
< page>

Y-AXIS
|

{1000,1000)

- X-AXIS

< set—segment—image—transform: 1,0.0,4.0,—30.0,(1000,1000)>
< page>

{1000,1000)
Y-AXIS T

- X-AXIS

3684-32

Figure 6-8. More Examples of < Set-Segment-lmage-Transform>.
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WRITING MODE

The < set-segment-writing-mode> command lets you
control how, when a segment is displayed, it is written
in the raster memory buffer. (The raster memory buffer
is described in Section 7.) There are two modes: set
mode and XOR mode.

In set mode, each pixel in the raster memory buffer
which is changed is replaced with a pixel in the color-
index being written to the raster memory buffer. (For
instance, in drawing a line, whenever a pixel is
changed, it is replaced with a new pixel in the current
line index.)

In XOR mode, however, when a pixel in the raster
memory buffer is changed, it is replaced with a pixel
whose color-index is the result of a bit-by-bit exclu-
sive-or operation. For instance, when drawing a line,
the old coior-index (of each pixel to be changed) is
combined, bit by bit, in an exclusive-or operation with
the current line index. The result of the exclusive-or
operation gives the color-index which is written into the
raster memory buffer.

Unlike lines drawn in set mode, lines drawn in XOR
mode can be removed without leaving a trace. (To do
S0, you redraw the line again in XOR mode.) However,
where two lines drawn in XOR mode cross each other,
the intersection point may be displayed in a color-
index different from the color-index of either line.

If you want a segment’s lines to “look correct,” even at
points of intersection, you should display the segment
in set mode. If you want to be able to remove the
segment or move it about without leaving any traces of
its former presence, you should display the segment in
XOR mode.

The < set-segment-writing-mode> command has this
syntax:

< set-segment-writing-mode>
= (ESC)(S)(M)<int> < int>

The first <int> parameter is the segment number. The
second < int> specifies the writing mode: one for
set mode, two for XOR mode.

For more details, see Section 7 and the description in

the 4110 Series Command Reference Manual of the
< set-segment-writing-mode> command.
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HIGHLIGHTING

You can draw the operator’s attention to a segment by
causing it to “blink” (become invisible, then become
visible again).

The < set-segment-highlighting> command has this
syntax:

< set-segment-highlighting>
= (ESC)(S)(H)< int> < int>

Here, the first <int> is the segment number. The
second <int> is one if the segment is to be
highlighted, zero if the highlighting feature is to be
turned off.

For more details, see the description of the <set-
segment-highlighting> command in the 4110 Series
Command Reference Manual.

DETECTABILITY

A segment’s “detectability” attribute determines
whether or not the segment can be “picked” during a
graphic input “pick” operation. For more details, see
Section 8, which describes graphic input; see also the
descriptions of the <enable-GIN> and < set-segment-
detectability> commands in the 4110 Series Com-
mand Reference Manual.

The < set-segment-detectability> command has this
syntax:

< set-segment-detectability>

= (ESC)(S)(D)<int> < int>

The first <int> parameter is the segment number. The
second < int> is one if the segment is to detectable
(pickable), and zero if it is not to be detectable.
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DISPLAY PRIORITY

A segment’s “display priority” is a number which
determines the order in which segments are redrawn
when the screen is erased and the order in which
segments are traversed during a graphic input “pick”
operation. The display priority may be any integer in
the range from —32768 to + 32767. On power-up, the
default display priority for new segments is zero.

When segments are redrawn after the screen is erased,
segments with high display priority are drawn after
those with lower priority. That way, higher-priority
segments over-write lower-priority ones.

During a graphic input pick operation, the highest-
priority segments are examined first. That way, if parts

of several segments fall within the pick aperture, the
highest-priority segment is the one which is picked.

The < set-segment-display-priority> command has
this syntax:

< set-segment-display-priority >
= (ESC)(S)(S)<int><int>

The first <int> parameter is the segment number. The
second parameter is the display priority.

SPECIAL SEGMENT NUMBERS

All the segments which you define (with the < begin-
segment> and < end-segment> commands) must
have segment numbers in the range from 1 to 32767.
However, in the commands which change the dynamic
attributes of segments, you can use four other special
segment numbers: 0, —1, —2, and —3.

SEGMENT ZERO

“Segment Zero” is the crosshair graphics cursor. The
crosshair cursor is generated by special circuitry
within the terminal, and you cannot manipulate it in all
the ways that other segments can be manipulated. You
can move the crosshair cursor by specifying segment
zero in the < set-segment-position> command. How-
ever, you cannot rotate or scale the crosshair cursor,
so “segment zero” is not allowed as a parameter in the
< set-segment-image-transform> command. To see
whether segment number zero is allowed for a particu-
lar command, refer to that command’s description in
the 4110 Series Command Reference Manual.

SEGMENT MINUS ONE

“Segment Minus One” means “all segments currently
defined.” (That is, all segments with numbers from 1 to
32767; segment zero is not included.) For instance,
you can make all segments invisible by specifying
segment minus one in a < set-segment-visibility>
command: :

< set-segment-visibility: —1, 0>

Likewise, you can position all segments at a given
point, force all segments to be displayed in storage
mode, and highlight all segments:

< set-segment-position: —1, (1000,1000) >
< set-segment-writing-mode: —1, 1>
< set-segment-highlighting: —1, 1>

No doubt other examples will occur to you. To see (
whether “segment minus one” is allowed as a parame-

ter for a particular command, see that command’s
description in the 4110 Series Command Reference
Manual.

SEGMENT MINUS TWO

“Segment Minus Two” means “the default for all
segments not yet defined.” That is, if you want to
control a segment’s visibility, or writing mode, or
whatever, even before that segment is created, you can
use a command specifying segment minus two before
the < begin-segment> command which starts the
definition of that segment.

(
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For example, the following commands cause a segment
to be defined and to be displayed only after the
segment definition is complete:

< set-segment-visibility: —2, 0>
< begin-segment: 1>
< enter-vector-mode>
< Xy>
< Xy>

< enter-vector-mode>
< Xy>
< Xy>

< end-segment>
< set-segment-visibility: 1, 1>

SEGMENTS

Using “segment minus two,” you can specify default
values (for new segments) of the following dynamic
segment attributes: detectability, display priority,
highlighting, visibility, position, and writing mode. (You
can also set the “‘segment classes” to which new
segments belong; this section discusses “segment
classes” later in more detail.)

SEGMENT MINUS THREE

“Segment Minus Three” means “all segments in the
current segment matching class.”

To understand “current segment matching class,” you
must understand the concept of “segment classes,”
which is the next topic in this section.

SEGMENT CLASSES

INTRODUCTION

You can classify segments into as many as 64 different
“‘segment classes” or sets of segments. (The segment
classes are numbered from 1 to 64

Once you have put segments in those classes, you can

manipulate whole classes of segments with only a few

commands, rather than issuing separate commands to
- manipulate every one of the affected segments.

For example, you can make all segments in class 13
invisible. Or, you can highlight all segments which
belong to class 1 and class 2, but do not belong to
class 3.

In a electronic drafting application, segment class 1
might include all segments which represent resistors.
Segment class 2 might include all the segments
representing capacitors. Segment class 9 might in-
clude all segments representing “new” components
(components added during the last engineering
change).

You might then issue a command to set the “current
segment matching class” to include all segments
representing resistors added during the last engineer-
ing change. This would be a < set-current-matching-
class> command specifying that “segment —3”
means “all segments which belong to segment class 1
and also belong to segment class 9.”

4113 HOST PROGRAMMER'S

With the “current segment matching class” set that
way, you could then issue a command to highlight all
segments in the current matching class (that is, to
highlight all resistors added during the last engineering
change). This would be a < set-segment-highlighting:
—3, 1> command.

PROCEDURE FOR USING SEGMENT
CLASSES

To use the terminal’s “segment class” features, do the
following:

1. Use the <set-segment-class> command to assign
segments to segment classes. Each segment class
includes exactly those segments which have been
assigned to it with the < set-segment-class>
command. There may be as many as 64 segment
classes, numbered from 1 to 64.

2. Use the <set-current-matching-class> command
to define the segment matching class. The current
matching class is defined in terms of other (num-
bered) segment classes. (You cannot place a
segment directly in the matching class; however,
you can place it in a numbered class, and then
define the segment matching class so as to include
all segments in that numbered segment class.)

3. In commands to set segment attributes, you can’
refer to all segments in the current matching class
by using the special segment number, —3.
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<SET-SEGMENT-CLASS> COMMAND

To place a segment in a segment class (or remove it
from a segment class), you use the < set-segment-
class> command. This command has the following
syntax: ‘ }

< set-segment-class>
= (ESC)(S)(A) <int> < int-array> < int-array>

The first parameter, an <int> parameter, is the
segment number.

The second parameter, an <int-array>, is the “removal
array.” It lists the segment classes from which the
specified segment is to be removed.

The third parameter, another <int-array>, is the
“addition array.” It lists the segment classes to which
the specified segment is to be added.

The operation of the < set-segment-class> command
is as follows. The segment specified in the first ’
parameter is removed from (made a non-member of) all
the segment classes listed in the removal array. Once
that is done, the segment is added to (made a member
of) all the classes listed in the addition array.

For instance, to make segment one a member of
exactly classes 1, 5, and 7, you could issue the
following command:

< set-segment-class: 1, (—1), (1,5,7)>
= (ESC)(S)(A)

<int: 1>

<int-array: (—1)>

<int-array: (1,5,7)>
= (ESC)(S)(A) (1) (1) (N () (1)(5)(7)

Here, segment one is first removed from “segment
class —1,” that is, from all segment classes. Then it is
made a member of segment classes 1,5,and 7.

If you want to remove segment one from segment class
5, but make it a member of class 6, you can issue the
following command:

< set-segment-class: 1, (5), (6)>
= (ESC)(S){A)<int: 1>

<int-array: (5)> <int-array: (6)>
= (ESC)(S)(A) (1) (1)(5) (1)(6)

Here, the removal array has one class number, namely
5. The addition array also has one class number,
namely 6. Thus segment one is removed from class 5
and added to class 6. It now belongs to exactly classes
1,6,and 7.
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Using Special Segment Numbers

In the < set-segment-class> command, you can use
the special segment numbers —1, —2, and —3. For
instance, you can include all segments in segment
class 9 as in the following command:

< set-segment-class: —1, (empty array), (9)>

= (ESC)(S)(A)<int: —1>
<int-array: empty>
<int-array: (9)>

= (ESC)(S)(A) () (0) (1)(9)

Here, the first parameter specifies segment —1, mean-
ing “all segments.”” The removal array is empty, so the
command does not remove “all segments” from any
class. The addition array holds a single class number,
9: thus all segments are added to class 9.

Again, by specifying segment —2, you can cause any
segments which may be defined later to be members of
certain segment classes. (On power-up, “segment —2"
— the default for new segments — does not belong to
any segment class.)

For example:

< set-segment-class: —2, (—1), (1,2,3)>
< begin-segment: 1>
< enter-vector-mode>
< Xy>
< Xy>

< enter-vector-mode>
< Xy>
< Xy>

< end-segment>
< begin-segment: 2>

< end-segment>
< set-segment-class: —2, (1,2), (4,5,6)>
< begin-segment: 3>

< end-segment>
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Here, the first < set-segment-class> command re-
moves “segment —2'" from all segment classes, and
then adds it to classes 1, 2, and 3. Since “segment —2”
means ‘“the default for new segments,” when segments
1 and 2 are created, they are automatically included in
segment classes 1, 2 and 3.

The next < set-segment-class> command removes
“segment —2" from classes 1 and 2 and then adds it to
classes 4, 5, and 6. Thus, when segment 3 is defined, it
automatically becomes a member of segment classes
3,4,5,and 6.

By specifying segment —3 in the < set-segment-
class> command, you can cause all segments in the
current matching class to be added to or deleted from
specified numbered segment classes. For example,
consider the following command:

< set-segment-class: —3, (4,5,6), (1,2,3)>

= (ESC)(S)(A)<int: —3>
<int-array: (4,5,6)> <int-array: (1,2,3)>

= (ESC)(S)(A) (#) (3)(4)(5)(6) (3)(1)(2)(3)

Here, the segment number is —3, meaning “all
segments in the current matching class.” The removal
array holds the class numbers 4, 5, and 6, while the
addition array holds class numbers 1, 2, and 3. This
command causes all segments in the current matching
class to be removed from classes 4, 5, and 6 and
added to classes 1, 2,and 3.

<SET-CURRENT-MATCHING-CLASS>
COMMAND

The current segment matching class is defined by the
most recent < set-current-matching-class> command.
That command has the following syntax:

< set-current-matching-class>
= (ESC)(S)(L) <int-array> < int-array>

The first <int-array> parameter is the “inclusion
array.” The second <int-array> parameter is the
“exclusion array.”
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The < set-current-matching-class> command sets the
current segment matching class so as to be the class
of all segments which belong to all classes in the
inclusion array, but which do not belong to any classes
in the exclusion array.

This can be expressed mathematically as follows. Let
segment classes A, A,, ..., A be the classes whose
class numbers are listed in the inclusion array. Let
segment classes B,, B,, ..., B, be the segment classes
whose numbers are listed in the exclusion array. Let
segment class C be the current segment matching
class. Then segment class C is the intersection of
classes A, to A with the complements of classes B, to
B .

n

C=ANAN..NANB,NB,N...NB,

For instance, consider the following command:
< set-current-matching-class: (1,2,5), (3,7,9)>

= (ESC)(S)(L)
<int-array: (1,2,5)>
<int-array: (3,7,9)>

= (ESC)(S)(L) (3)(1)(2)(5) (3)(3)(7)(9)

This command defines the current matching class as
follows: the class of all segments which belong to
classes 1, 2, and 5, and which do not belong to any of
the segment classes 3, 7, and 9. That is, the current
matching class is the intersection of classes 1, 2, and 5
with the complements of classes 3, 7,and 9.

ADDITIONAL INFORMATION

For more information on segment classes, see the
descriptions in the 4110 Series Command Reference
Manual of the < set-segment-class> and <set-cur-
rent-matching-class> commands.
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Section 7

THE 4113 COLOR DISPLAY

INTRODUCTION

This section describes the 4113’s special display
features. Topics here are:

® Color-indices and color mixtures. The “ink bot-
tles” in which you can dip your pen when drawing

lines, and the colored “inks” with which you can fill

those ink bottles.

e Surfaces. Dividing the 4113 display into muitiple
writing surfaces.

e Selecting Color Mixtures. Selecting the colors you

will be using from the terminal’s repertory of 4096
different color mixtures.

e More about the dialog area. Specifying the writing

surface on which the dialog area appears, and the
color-indices used in the dialog area.

e Views. Dividing the graphics display into multiple
views, each with its own “viewport” on the screen.

® View Display Clusters. Grouping several views
together into a “display cluster” to permit simulta-
neous “zooming” and “panning” on all views in the
cluster.

e Defining Fill Patterns. How to define your own fill
patterns for filling “‘panels.”

e Pixel Operations. Commands which permit the
sophisticated programmer to access directly the
individual pixels in the 4113’s raster memory buffer.

COLOR-INDICES AND COLOR MIXTURES

INTRODUCTION: THE COLOR
RASTER-SCAN DISPLAY

The 4113 is a “raster-scan” terminal. That is, it uses a

television-like display in which electron beams con-

tinually scan across the face of a cathode ray tube in a

fixed horizontal-line pattern (raster). There are three
electron beams controlling the brightnesses of three
colored phosphors on the face of the crt (cathode ray
tube).

The details of color crt design need not be described
here. For the purpose of this manual, the following
statements suffice:

e The three electron beams together scan across the

screen.
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® As the beams scan across each line, their intensities
vary, producing dots or pixels (picture elements) of
various colors.

e The intensity of the “red” beam determines the
brightness of the red phosphor for each pixel, while
the intensities of the “green” and “blue” electron
beams determine the brightnesses of the green and
blue phosphors respectively. '

Lines are drawn by adjusting the red, green, and blue
brightnesses of the individual pixels. In the 4113, the
raster display is 640 pixels wide by 480 pixels high.



THE 4113 COLOR DISPLAY
COLOR INDICES AND COLOR MIXTURES

Raster Memory Buffer

To create this raster-scan display, the 4113 circuitry
continually scans a raster memory buffer. For every
pixel on the display, there is a corresponding memory
location in the raster memory buffer. The circuitry
scans the raster memory buffer, pixel by pixel. From
each pixel memory location, the circuitry reads a color-
index which names the color in which that pixel is to be
displayed. (A more complete description of color-
indices follows shortly.)

The raster memory circuitry is organized into “bit
planes,” as in Figure 7-1. Each bit plane contains one
binary bit for each pixel of the raster-scan display.In a
standard 4113 terminal, there are three bit planes;
together they can store, for each pixel of the display,
color-indices in the range from 0 to 7 (binary 000 to
binary 111). If the terminal is equipped with Option 21,
then there are four bit planes, so that color-indices can
range from O to 15 (binary 0000 to binary 1111).

Color-Indices and Color Mixtures

The numbers stored in the raster memory bit planes do
not directly determine the brightnesses of the red,
green, and blue phosphors for the different pixels.
Instead, each number stored in raster memory is a
color-index: an index into a table of red, green, and
blue brightnesses. The circuitry reads color-indices
from the raster memory, consults its “color map” table
to learn what mixture of red, green, and blue to display
for those color-indices, and then displays pixels on the
screen according to the color mixtures specified in the
color map table. Figure 7-2 shows the principle. The
figure assumes that the terminal is equipped with four
bit planes (Option 21).
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DEFAULT COLOR MIXTURES

When the terminal is turned on, its color mixtures are
those in Table 7-1. (Figure 7-2 shows the color map
memory with these color mixtures assigned.) You can
change the color assignment with the < set-surface-
color-map> command, described later in this section.

Table 7-1
DEFAULT COLOR MIXTURES

Color-index | Color Mixture

0 Transparent (look through to the black
background) )
1 White
2 Red
3 Green
4 Blue
5 Cyan (Blue-Green mixture)
6 Magenta (Red-Blue mixture)
7 Yellow (Red-Green mixture)
8 Orange (Red-Yellow)
9 Yellow-Green
10 Green-Cyan
11 Cyan-Blue
12 Blue-Magenta
13 Magenta-Red
14 Dark Gray
15 Light Gray ‘
7-4

AN ANALOGY

A Transparent Writing Surface

Think of the raster memory buffer as a transparent
writing surface. Behind this surface there is a back-
ground which is all one color. (On power-up, the
background is black.) Figure 7-3 shows the idea.

Figure 7-3. Raster Memory Space: A Transparent
Writing Surface.
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Inks in Ink Bottles the standard 4113 has eight different ink bottles,
numbered from O to 7. If the 4113 is equipped with four

Think of the color-mixtures as different shades of bit planes (Option 21), then there are sixteen ink

colored ink. Since the 4113 terminal has sixteen bottles, numbered from O to 15. Figure 7-4 shows the

possible brightness levels for the red, green, and blue analogy. '

phosphors, it has 16 to the third power, or 4096,

possible color mixtures. Ink bottle zero always holds “ink eradicator”’; more
about it later. The remaining ink bottles can each store

Think of the color-indices as ink bottles into which inks any of the 4096 pOSSib'e shades of colored ink.

of different color mixtures may be loaded. On power-up,

Figure 7-4. Color-Indices: Ink Bottles Holding Colored Inks.

4113 HOST PROGRAMMER’S 7-5



THE 4113 COLOR DISPLAY
COLOR INDICES AND COLOR MIXTURES

LINE INDEX AND TEXT INDEX

To draw an image on the transparent writing surface,
you first dip your pen into one of the ink bottles, and
then draw lines on.the writing surface. In terms of
color-indices, you first select a color-index with which
to write, and then draw lines (or display text) using that
index. To do this, you use a < set-line-index> or <set-
text-index> command. The < set-line-index> com-
mand selects the color-index (ink bottle) used for
drawing lines; the < set-text-index> command selects
the color-index for alphatext or graphtext.

Figure 7-5 shows an example. Here, the first command
sets the line index to 7. (On power-up, color-index 7
means “yellow.”) Using that color-index, the <enter-
vector-mode> command and the two <xy> parame-
ters draw a line from (1000,1000) to (3000,3000).

The next < set-line-index> command dips the pen in
ink bottle number 5 (changes the current line index to

color-index 5). Once that command has been executed,

the following < xy> parameter causes the terminal to
draw a line from the current graphic beam position to
the point (3000,1000). The line is drawn using ink from
bottle number 5. (On power-up, that bottle holds
“cyan,” or blue-green ink.)

7-6

Figure 7-5. Drawing Lines in Different Color-indices.
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<SET-BACKGROUND-INDICES >
COMMAND

The < set-background-indices> command specifies
two additional color-indices besides the line index and
text index. These are the “text background index” and
the “line gap index.” The syntax of the command is as
follows:

< set-background-indices>

= (ESC)(M)(B)
<int: text-background-index>
<int: line-gap-index>

Text Background Index. The first parameter
determines how the background for each alphatext (or
string-precision graphtext) character is displayed.

Assume that the color mixtures have their default
values. Then if the current text index is one (white), and
the text background index is four (blue), alphatext
appears as white characters on a blue background.
This applies to alphatext and graphtext outside the
dialog area. (Text in the dialog area is controlled by the
< set-dialog-area-indices> command, which is
described later in this section.)

4113 HOST PROGRAMMER'’S
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Line Gap Index. The second parameter in the < set-
background-indices> command in the “line gap
index.” This index controls how the gaps in dashed
lines appear.

For instance, you can draw lines which alternate
between red and yellow dashes as follows:

1.  Select line style seven (dashed lines) with a
< set-line-style> command.

2.  Setthe line index to 2 (red) with a < set-line-
index> command.

3. Set the line-gap-index to 7 (yellow) with a < set-
background-indices> command. ‘

Index Minus One. In the < set-background-indices>
command, “index minus one” leaves pixels unchanged.
This is the defau't on power-up for both the text
background index and the line gap index.

Index Minus Two. In the < set-background-indices>
command, “index minus two” specifies the wipe index
for the current viewport. (The wipe index is determined
by the < set-view-attributes> command. That com-
mand is described later in this section.)

For more information, see the description of the < set-
background-indices> command in the 4110 Series
Command Reference Manual.
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FILLING PANELS IN DIFFERENT COLORS

Drawing panels is described in Section 5. Recall from
that section that the < select-fill-pattern> command
lets you choose the pattern with which the interior of a
panel is filled. Negative (or zero) pattern numbers
select patterns whose pixels are all one color-index.

That is, in the 4113, fill patterns numbered from O to
—15 contain pixels in color-indices O to 15, respective-
ly. Thus, pattern zero always contains a transparent
interior. On power-up, pattern —1 is white, pattern —2
is red, pattern —3 is green, and so on.

Figure 7-6 shows commands to draw a panel and fill it
with the color red.

<set-panel-filling-mode : 0,0,0>
<select-fill-pattern : —2>
<enter-vector-mode>
<begin-panel-boundary >
<xXy>
<xy>
<end-panel>

4296-6

Figure 7-6. Filling a Panel With a Solid Color.
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INK BOTTLE ZERO: INK ERADICATOR

Ink bottle zero (color-index zero) always contains
transparent ink, or “ink eradicator.” You can erase
(eradicate) a line previously drawn by drawing the line
over again in color-index zero.

(More precisely, you erase a line by drawing it over
again in such a way as to set its pixels to color-index
zero. There is more than one way to do this. These
subtleties are described later in this section.)

Figure 7-7 shows the effect of color-index zero. In the
figure, a triangular panel is drawn, using fill pattern —2.
This causes the panel interior to be filled with color-
index 2. (The default color mixture for index 2 is red.)
Then a second, rectangular panel is drawn and filled
with index zero (fill pattern zero). Since index zero is
“ink eradicator,” the interior of this panel is transpar-
ent, showing the background behind the writing
surface. In Figure 7-7A, the background is its default
color (black). In Figure 7-7B, the background

is another color. (Setting the background color is .
described later in this section.)

4113 HOST PROGRAMMER'’S
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A. Shown Against Black Background.

B. Shown Against Colored Background.

4296-7

Figure 7-7. Erasing a Region With Color-index Zero.
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HOW COLOR-INDICES ARE WRITTEN
INTO THE RASTER MEMORY BUFFER

When you draw a line, you name the end points of that
line, using x- and y-coordinates which are whole
numbers in the range from O to 4095. In other words,
you draw the line in an imaginary “terminal space,”’
which has 4096 possible x-coordinates and 4096
possible y-coordinates.

To display lines drawn in the 4096-by-4096 terminal
space, the 4113 sets the color-indices of pixels in its
640-by-480 raster memory buffer. It computes which
pixels in its 640-by-480 raster memory space are
closest to the line, and changes the color-indices of
those pixels. Circuitry in the 4113 then automatically
displays the pixels in the raster memory buffer.

When drawing lines which comprise a segment, the
4113 consults a variable associated with that segment:
the segment writing mode. (This variable is set by the
< set-segment-writing-mode> command.) The seg-
ment writing mode may be either set mode or XOR
mode.

Set Mode

In set mode, as the 4113 writes an image of the
segment into its raster memory bit planes, each pixel in
the buffer is set exactly to the appropriate color-index:
the current line index for pixels which form the image
of lines in terminal space, and the current text index for
pixels which make up characters of alphatext or
graphtext.

7-10

XOR Mode

in XOR (exclusive-OR) mode, as the 4113 writes an
image of a segment into its raster memory bit planes,
each pixel being written over is replaced by a pixel in a
new color-index. However, this new color-index is not
necessarily the current line index or text index. (Itis
only that index if the pixel’s old color-index was zero).
Instead, the new color-index is a binary number which
is the bit-by-bit “exclusive-OR"” of the bits in the old
color-index for the pixel and the corresponding bits of
the current line index or text index.

(The XOR operation on two binary bits results in 1 if
the bits are different and in O if the bits are the same.)

For insfance, if a pixel's old color-index is 6 (binary

110), and it is being overwritten by a line whose line
index is 3 (binary 011), then the pixel is set to color-
index 5 (binary 101). The leftmost bit is 1 because (1
XOR 0) = 1. The middle bit is O because (1 XOR»1) =
0. The rightmost bit is 1 because (0 XOR 1) = 1.

This XOR miode is convenient for writing images which
may later need to be erased or repositioned on the
screen. This is because a line can be erased by writing
over it again in XOR mode. (This property is a
consequence of the Boolean logic theorem that “(A
XORB) XORB = A").

< Set-Segment-Writing-Mode>
Command

You can set a segment’s writing mode with the <set-
segment-writing-mode> command:

< set-segment-writing-mode> = (ESC)(S)(M)<int>

Here, the <int> is 1 if the segment is to be displayed
in set mode. It is 2 if the segment is to be displayed in
XOR mode. For more details, see the description of the
< set-segment-writing-mode> command in the 41 10
Series Command Reference Manual.

The default writing mode for all segments is set mode.
When a segment is used as a graphic cursor, however,
it is displayed in XOR mode.
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SURFACES
SURFACES
INTRODUCTION However, the 4113 permits another possibility. You can
L . . . split the available bit planes among several writing
Earlier in this section (Figure 7-3), raster memory surfaces. Figure 7-8 shows the concept, while Figure
space was represented as a transparent writing sur- 7-9 shows hardware details. In these figures, Surface 1
face with an opaque background behind it. For a (the front surface) has a one-bit plane, while Surface 2
standard 4113 (one without Option 21), there are three (the rear surface), has a two-bit plane assigned to it.
'bit planes, and therefore three bits per pixel. With three Thus each surface’s color-indices can range only from

bits per pixel, there are eight ink bottles (color-indices) 0 (binary 00) to 3 (binary 11).
in which to dip the pen when drawing lines on the

transparent writing surface. If Option 21 is installed,

there are four bits for each pixel, and so there are

sixteen ink bottles (color-indices) available.

COLOR- COLOR- . COLOR- . COLOR-  COLOR-
INDEX0 INDEX 1 INDEX0  INDEX1  INDEX 2
ERADICATOR (WHITE)' . ERADICATOR (WHITE)  (RED)'

Figure 7-8. Two Surfaces and Their Ink Bottles (Color Indices).

4113 HOST PROGRAMMER'S REV, AUG 1982

COLOR-
INDEX 3
(GREEN)*
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SURFACES

When drawing lines on Surface 1, you use the ink However, for both. surfaces, ink bottle zero holds “ink
bottles (color-indices) associated with Surface 1. When eradicator.” Pixels set to color-index zero let you to
drawing on Surface 2, you use the ink bottles associat- look through a surface to the surface behind it. Behind
ed with Surface 2. The two sets of ink bottles can have both surfaces is the “background.” You can set the
different inks in them; ink bottle one for Surface 1 may background color with either the < set-background-
hold white ink, while ink bottle one for Surface 2 may color> command or the < set-background-gray-ievel>
hold blue ink. command. (More about these commands follows.)

SURFACE 1 SURFACE 2 RED GREEN BLUE
COLOR-INDEX COLOR INDEX BRIGHTNESS BRIGHTNESS BRIGHTNESS

1
1
2
1
1
1
1

L-————aaa—a

ADDRESS

/

PIXEL
BEING SCANNED

Figure 7-9. Two Surfaces: 4113 Display Details.
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DEFINING SURFACES

< Set-Surface-Definitions> Command

To create more than one surface, and to allocate the
available raster memory bits among the surfaces, use
the < set-surface-definitions> command:

< set-surface-definitions> = (ESC)(R)(D)< int-array>

The number of integers in the <int-array> parameter
tells how many writing surfaces are being defined.
Each integer in the array tells how many raster memory
bit planes are assigned to the corresponding surface.

< set-surface-definitions : (1,1,1,1)>

= (ESC)(R)(D)
<int-array: (1,1,1,1)>

= (ESC)(R)(D)
@) (1))

< set-surface-definitions : (1,2)>
= (ESC)(R)(D)< int-array : (1,2)>
= (ESC)(R)(D)(2)(1)(2)

< set-surface-definitions : (2,1)>
= (ESC)(R)(D)< int-array : (2,1)>
= (ESC)(R)(D)(2)(2)(1)

4113 HOST PROGRAMMER’S

Defines four
surfaces, each
with one bit
plane. On each
of these sur-
faces, the allow-
able color-
indices are 0
and 1.

Defines two sur-
faces. Surface 1
has one bit
plane; its color-
indices are 0 -
and 1. Surface 2
has two bit
planes; its
color-indices
are 0,1, 2,and
3. (If the termi-
nal has four bit
planes—Option
21—the extra
bit plane is
unused.)

Defines two sur-
faces. Surface 1
has two bit
planes, and per-
mits color-in-
dices 0,1, 2,
and 3. Surface 3
has one bit
plane; its only
color-indices
are0and 1.

THE 4113 COLOR DISPLAY
SURFACES

Defines one sur-
face with four
bit planes. Color
indices on Sur-
face 1 can
range from O to
15.

< set-surface-definitions : (4)>
= (ESC)(R)(D)< int-array : (4)>
= (ESC)(R)(D)(1)(4)

Besides allocating bit planes among the surfaces, the
< set-surface-definitions> command also sets default
color mixtures for each surface’s color-indices. In other
words, it fills each surface’s ink bottles with inks of
certain colors. These are the same color mixtures that
were listed in Table 7-1 for the power-up condition.

For instance, on a one-bit-plane surface, the < set-
surface-definitions> command sets the color mixtures
as follows:

Color-Index Color Mixture

0 Transparent (ink eradicator)
1 White

Again, on a two-bit-plane surface, the color mixtures
are set as follows:

Color-Index Color Mixture

0 Transparent (ink eradicator)
1 White

2 Red

3 Green

On a three-bit-plane surface, the mixtures are set to
these values:

.COIor-Index Color Mixture

Transparent (ink eradicator)
White

Red

Green

Blue

Cyan

Magenta

Yellow

NOOSAOWON-—=-O

On a four-bit-plane surface (available only with Option
21), all the mixtures in Table 7-1 are available.

If you want to use different color mixtures than these,
you can select your own color mixtures with a < set-
surface-color-map> or < set-surface-gray-levels>
command. These commands are described later in this
section.
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< Set-Surface-Priorities> Command

The < set-surface-definitions> command defines the
surfaces from front to back, with Surface 1 always in
front. If you like, you can rearrange the order of the
surfaces with a < set-surface-priorities> command.
For instance, you can place Surface 2 in front of
Surface 1 with the following command:

< set-surface-priorities: (2,1,1,2)>
= (ESC)(R)(N)<int-array: (2,1,1,2)>
= (ESC)(R)(N)(4)(2)(1)(1)(2)>

The numbers in the command’s <int-array> parame-
ters are grouped in pairs. The first pair of numbers
specify that Surface 2 is to have priority 1 (to be in
front of other surfaces). The second pair of numbers
specify that Surface 1 is to have priority 2 (to be the
second surface in the front-to-back ordering).

For more information, see the description in the
Command Reference Manual of the < set-surface-
priorities> command.

Surface Visibility

The < set-surface-visibility> command lets you con-
trol whether an entire surface is visible or invisible:

< set-surface-visibility>

= (ESC)(R)(D)
<int: surface-number>
< int: visibility-mode>

In this command, the first <int> parameter is the
surface number, while the second parameter controls
whether the entire surface is to be visible or invisible. If
this latter parameter is zero, the surface is invisible;
objects drawn on it are not displayed. If the parameter
is one, the surface Is visible. If the parameter is two, the
surface “blinks’ —alternates between being visible and
being invisible.

7-14

Undefined Surfaces :

Returning now to the < set-surface-definitions> com-
mand, recall that the size of that command’s <int-
array> determines which surfaces are defined. For
instance, if the <int-array> holds three <int>s, then
there are three surfaces, numbered from 1 to 3.

If you issue a < set-surface-definitions> command
which defines two surfaces, then those are the only two
surfaces in existence. Surface 3 is undefined. If you
later try to refer to Surface 3, the terminal will detect an
error.

Surfaces with Zero Bit Planes

An undefined surface, however, is not quite the same
as a surface with zero bit planes. It is possible, in a

< set-surface-definitions> command, to assign zero bit
planes to one or more surfaces. Consider, for example,
the following command:

< set-surface-definitions: (1,0,2)>
= (ESC)(R)(D)< int-array: (1,0,2)>
= (ESC)(R)(D)(3)(1)(0)(2)

Since there are three numbers in the <int-array>,
three surfaces are defined. Surface 1 has one bit plane.
Surface 2 has zero bit planes. Surface 3 has two bit
planes,

Since Surface 2 has zero bit planes, it cannot be
displayed on the screen. However, it is still possible to
assign a viewport to Surface 2, and to draw images in
that imaginary viewport. (Views and viewports are
described later in this section.) Having drawn an image
on Surface 2, you can then issue another < set-
surface-definitions> command:

< set-surface-definitions: (1,2,0)>
= (ESC)(R)(D)< int-array: (1,2,0)>
= (ESC)(R}(D)(3)(1)(2)(0)

Now that two bit planes have been assigned to Surface

2, the terminal can display the image just drawn on that
surface. However, Surface 3 now becomes invisible,
because it no longer has any bit planes.

To use zero-bit-plane surfaces properly requires that
viewports be assigned to those surfaces. Therefore, an

" example of how to do this is deferred until later in this

section, after views and viewports have been
described.
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SELECTING COLOR MIXTURES

As described earlier in this section, there are certain
default color mixtures which are available on power-up,
or when a < set-surface-definitions> command is
issued. If you want to use different color mixtures than
these, you can select them with the following com- 93%-100% WHITE
mands:

4113

< Set-Surface-Gray-Levels> Assigns “gray” color 83%-92%
mixtures (gray inks)
to the color-indices
(ink bottles) for a par- 73%-82%
ticular surface.

< Set-Background-Gray-Level> Assigns a gray color 64%-72%
mixture to the back-
ground that is
behind all the sur- . 55%-63%
faces.

< Set-Surface-Color-Map> Assigns color 47%-54%
mixtures (colored
inks) to the color-in-
dices (ink bottles) for , 40%-46%
a particular surface.

< Set-Background-Color> Assigns a color mix-
ture to the back-
ground that is behind
all the surfaces.

34%-39%

28%-33%

LIGHTNESS
LEVEL

Each of these commands is described in turn.
283%-27%
< SET-SURFACE-GRAY-LEVELS>
COMMAND 18%-22%

Of the 4096 possible color mixtures in the 4113
terminal, just 16 color mixtures are shades of gray.
These are represented by “lightness levels” from 0%
(black) to 100% (white). Figure 7-10 shows the

14%-17%

lightness levels for each of these sixteen shades of 10%-13%
gray.
7%-9%
4%-6%
0%-3%

BLACK

4296-10

Figure 7-10. Shades of Gray Available in the 4113.
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To assign shades of gray to different color-indices, you
issue the < set-surface-gray-levels> command. This
command has the following syntax:

< set-surface-gray-levels>

= (ESC)(R)(G)
<int : surface-number>
<int-array : color-indices-and-gray-levels>

The first parameter is an <int> naming the surface for
which you are specifying the gray-levels. (Remember,
each surface has its own set of ink-bottles.)

The second parameter is an array holding an even

~ number of <int>s, arranged in pairs. The first <int>
in each pair is a color-index; the following <int> is the
corresponding gray-level (in the range from O to 100).

For example, suppose that on Surface 1 you want to
assign color-index 1 to a gray-level of 90% lightness, to
assign color-index 2 to gray-level 75%, and to assign
color-index 3 to gray-level 100%. Then you would issue
the following command:

< set-surface-gray-levels : 1, (1,50,2,75,3,100)>

= (ESC)(R)(G)<int: 1>
<int-array : (1,50,2,75,3,100)>

= (ESC)(R)(G)
<int:1>
<int:6> <int:1><int:50> <int:2> <int:75>
<int:3> <int:100>

= EE)SC)(R)(G)
1
(6) (1) (C)(2) (2) D)(;) (3) (F)(4)

= (ESC)(R)(G)(1)(8)(1)(C)(2)(2)(D)(;)(3) (F)(4)

7-16

< SET-BACKGROUND-GRAY-LEVEL>
COMMAND

To set the background color to a shade of gray, you can
use the < set-background-gray-level> command:

< set-background-gray-level}

= (ESC)(R)(B)
<int: gray-level>

Here, the gray-level parameter is a lightness level,
between 0 and 100. On power-up, the background is
black (0% lightness).

THE HLS COLOR COORDINATE SYSTEM

The < set-surface-color-map> and < set-background-
color> commands specify color mixtures with color
coordinates. The 4113 terminal can use any of three
color coordinate systems: RGB, CMY, and HLS. These
systems are described in Appendix D.

The HLS (hue, lightness, saturation) coordinate system
is the terminal’s default system, in effect when the
terminal is turned on. To prepare you for the <set-
surface-color-map> and < set-background-color>
commands, the HLS system is described here. For
more information on this and other color coordinate
systems, see Appendix D.

In the HLS coordinate system, the world of possible
color mixtures is represented as a double-ended
cone (Figure 7-11). (The cone is shown in color in
Appendix D.)

Hue. The H, or hue, coordinate runs around the cone. It
is expressed as an angle from O to 360 degrees:

H Coordinate Hue

0 . Blue

60 . Magenta

120 Red

150 Orange

180 Yellow

210 Yellow-Green
240 Green

300 Cyan

Lightness. The L, or lightness, coordinate runs verti-
cally up the cone. Black is at the bottom, 0% lightness.
White is at the top, 100% lightness.

4113 HOST PROGRAMMER'S
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Saturation. The S, or saturation, coordinate runs
radially outward from the axis of the cone. Points on the
axis of the cone (0% saturation) represent shades of
gray. Points on the surface of the cone (100% satura-
tion) represent the most fully saturated color mixtures
obtainable at their lightness levels. (The S coordinate
expresses saturation as a percentage of the maximum

THE 4113 COLOR DISPLAY
SELECTING COLOR MIXTURES

possible saturation at a given lightness level.) The most
fully saturated color mixtures (the reddest reds, the
greenest greens, etc.) lie on the surface of the cone
(S= 100) at the 50% lightness level, where the HLS
double-ended cone is widest.

For more information, see Appendix D.

—————————

RAY (5=0))}

SHADES OF GRAY (S

WHITE

BLACK

T
I
o
LIGHTNESS

4296-11

Figure 7-11. HLS Color Coordinate System.
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< SET-SURFACE-COLOR-MAP>
COMMAND

The < set-surface-color-map> command loads the ink
bottles for a particular surface with colored inks. That
is, the command assigns color mixtures to each ofa
surface’s non-zero color-indices. The command has
the following syntax:

< set-surface-color-map>

= (ESC)(T)(G)
< int: surface-number>
< int-array: indices-and-color-coordinates>

In this command, the <.int> parameter names the
surface for which color-mixtures are being specified.

The < int-array> parameter contains groups of four
numbers. The first number in each group is a color-
index, while the other three numbers are color coordi-
nates. On power-up, these are HLS (hue, lightness,
saturation) coordinates. However, other color
coordinate systems can be selected with the <set-
color-mode> command, described later in this section.

Example

Suppose the HLS color coordinate system is being.
used, and that the terminal has four bit planes (Option
21). With the < set-surface-definitions> command, you
can define two surfaces, of two bit planes each. That
command also selects default color mixtures for these
surfaces. You can then change the color mixtures for
one of the surfaces, so that you can tell by an object’s
color on which surface it is located. To do this, you
might issue the following commands:

< set-surface-definitions: (2,2)>
= (ESC)(R)(D)< int-array: (2,2)>

= (ESC)(R)(D)(2)(2)(2)

7-18
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< set-surface-color-map> -

= (ESC)(T(G)
<int: surface-number>
<int-array: ‘indices-a nd-color-'mixtures>

ESC)T)(@)

<int: 2>

<int-array: (1,H,,L
2,H,, L
3,H,, L

= (ESC)(M(G)

<int:2>

<int-array: (1,300,50,100,
2,60,50,100,
3,180,50,100)>

(ESC)(M(G)(2)(<)(1)(R)I(<)(C)(2)(F)(4)
(2)(C)(<)(C)(2)(F)(4)(3)(K) (4) (C) (2)(F) (4)

In this example, the < set-surface-definitions> com-
mand defines two surfaces, of two bit planes each. On
both surfaces, it sets the color mixtures as follows:
index 1, white; index 2, red; index 3, green.

N
[ R2K%2
LS

]

The < set-surface-color-map> changes the color mix-
tures for Surface 2. It sets the Surface 2 colors as

follows:

@ Index 1 is set to “cyan.” This color mixture has
these coordinates: H= 300,L= 50,8 = 100.

@ Index 2 is set to “magenta.” HL,S = 60, 50, 100.
e Index 3.is set to “yellow.” H,L,S = 180, 50, 100.

4113 HOST PROGRAMMER’S
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SETUP Mode: CMAP Command

The SETUP mode name for the < set-color-map>
command is CMAP. Thus, in SETUP mode, the operator
could set Surface 2's color-indices to cyan, magenta,
and yellow as follows: :

CMAP 2 1, 300,50, 100, 2,60, 50, 100, 3, 180, 50,100
This could also be typed in three lines, as follows:

CMAP 2 1,300, 50, 100
CMAP 2 2,60,50,100
CMAP 2 3,180, 50,100

<SET-BACKGROUND-COLOR>
COMMAND

The < set-background-color> command sets the color
mixture for the “background,” which is behind all
surfaces. Its syntax is as follows:

< set-background-color>

= (ESC)(T)(B)
<int: first-color-coordinate>
< int: second-color-coordinate>
<int: third-color-coordinate>

The color coordinates are those for the current color
coordinate system, as selected by the most recent

< set-color-mode> command. On power-up, this is the
HLS coordinate system, so on power-up the <int>
parameters represent hue, lightness, and saturation,
respectively. ‘

For instance, to set the background to magenta (H= 60,
L= 50, S= 100), you can issue the following command:

< set-background-color: 60, 50, 100>

= (ESC)(T)(B)
<int: 60>
<int: 50>
<int: 100>

= (ESC)(T)(B)(C)(<)(C)(2)(F)(4)

4113 HOST PROGRAMMER'S
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<SET-COLOR-MODE>
COMMAND

The < set-color-mode> .command lets you control
three aspects of the terminal’s color display system.
These are: the color coordinate system, the color
overlay mode, and whether the display is in.color.or in
black and white. The syntax of the command is as
follows:

< set-color-mode> = (ESC)(T)(M) ‘
< int: color-specifying-mode>
<int: color-overlay-mode>
<int: gray-mode>

Color Specifylng Mode. The first <int> parameter is
in the range from O to 3. It specifies the color
coordinate system to be used, as follows:

no change

RGB (red, green, blue)

CMY (cyan, magenta, yellow)
HLS (hue, lightness, saturation)

wnN =0

On power-up, the HLS coordinate system is in effect.
For more information on these color coordinate sys-
tems, see Appendix D.

Color Overlay Mode. The second < int> parameter is
also in the range from O to 3. It specifies the “overlay
mode,” as follows:

0 = nochange
1 = OPAQUE
2 = SUBTRACTIVE
3 = ADDITIVE

In OPAQUE mode (mode 1), pictures drawn on a
surface are deemed to be opaqgue; they obscure
pictures drawn on surfaces behind them. When the
terminal is turned on, it is in OPAQUE mode.

In SUBTRACTIVE mode (mode 2), pictures are drawn
using transparent inks. The terminal behaves like a
light table, in which transparent overlays are placed on
top of a diffuse light source. (That light source would
be the background behind all the surfaces.)

NOTE

For SUBTRACTIVE mode to work properly, the
background color should be white or some other
light color.
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In ADDITIVE mode (mode 3), the images drawn on
different surfaces act as if their colored inks were
composed of many small light sources. Where-colors
on one surface overlap colors on another surface, the
light coming from the first surface combines with

the light coming from the second surface. For
instance, light from a red object on one surface can

combine with light from an overlapping green object on

another surface to provide a yellow color where the
objects overlap.

P
Gray Mode. The < set-color-mode> command’s third
parameter determines whether colored objects are
displayed in color, or in black and white. If this
parameter is zero (or is omitted), the gray mode is left
unchanged. COL mode (mode 1) causes the 4113 to
operate normally as a color graphics terminal. This is
the mode in effect when the terminal is turned on. BW
mode (mode 2) causes colors to appear as shades of
gray, as if viewed on a black-and-white television set.

7-20

CMODE 0 SUBTRACTIVE

SETUP Mode: CMODE Command

The SETUP mode name for the < set-color-mode>
command is CMODE. Thus, in SETUP mode, the
operator can change the terminal’s color modes as
follows:

CMODE RGB 0 O Change the color

or coordinate system to the

CMODE RGB RGB system, without

mode settings.

CMODE 0 SUBTRACTIVE 0 Change the overlay

or : mode to SUBTRACTIVE
mode, without affecting
the other color mode
settings.

Change the gray mode
to BW, without affecting
the other color mode
settings. Colors will be
displayed in shades of
gray, as if on a black-

CMODE 0 0 BW

and-white television set.

CMODE HLS OPAQUE COL Sets the three color
mode settings back to
their original values:
HLS color coordinates,
OPAQUE overlay mode,
and COL display mode.

For more information on the SETUP mode CMODE
command, see the 4113 Operator's Manual.

4113 HOST PROGRAMMER’S
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MORE ABOUT THE DIALOG AREA

The concepts of color-indices and surfaces apply to
the dialog area as well as to graphics. Recall that the
dialog area scroll is displayed in a portion of the screen
called the dialog viewport. You can assign the dialog
viewport to a particular surface with the < set-dialog-
area-surface> command. Also, you can specify several
color-indices used in the dialog area, with the < set-
dialog-area-index> command.

<SET-DIALOG-AREA-SURFACE>
COMMAND

The < set-dialog-area-surface> command has this
syntax:

< set-dialog-area-surface> = (ESC)(L)(S)<int>

Here, the < int> parameter specifies the writing sur-
face on which the dialog area viewport is to be
displayed.

One way to use this command is to place the dialog
area on one surface, and to display graphics on
another surface. You could, for instance, issue the
following commands:

< set-surface-definitions : (2,1)>
< set-surface-priorities : (1,2,2,1)>
< set-dialog-area-surface : 2>

< set-dialog-area-lines : 30>

< set-dialog-area-chars : 80>

< set-dialog-area-position : (0,0)>
< enable-dialog-area : 1>

< set-dialog-area-visibility : 1>

4113 HOST PROGRAMMER'S

Here, the < set-surface-definitions> command creates
two surfaces. On power-up, all graphics goes to
Surface 1. So, Surface 1 is assigned two bit planes,
letting it display lines in four different color-indices.
Surface 2 will be used for the dialog area; it is assigned
one bit plane.

The < set-surface-priorities> command rearranges the
surfaces, placing Surface 1 behind Surface 2. Thus the
dialog area, when displayed on Surface 2, will not be
obscured by graphics drawn on Surface 1.

The next four commands define the dialog area’s
viewport. The < set-dialog-area-surface> command
places the dialog viewport on Surface 2. The <set-
dialog-area-lines> and < set-dialog-area-chars>
commands define the extent of the dialog area on that
surface. The < set-dialog-area-position> command
places the lower left corner of the dialog area at the
lower left corner of the writing surface.

The final two commands enable the dialog area and
make it visible. Alphatext from the host is now directed
to the dialog area, on Surface 2 (the front surface in
this example). Graphics, however, goes to Surface 1
rear surface). If the operator wants to look at the
graphics unobscured by text from the dialog area, he or
she presses the DIALOG key to make the dialog area
invisible. To view text in the dialog area again, the
operator presses DIALOG again to make the dialog
area visible.

Figure 7-12 shows the effect of these commands.
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he dialog area.

Figure 7-12. Putting the Dialog Area on its Own Separate Surface.
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<SET-DIALOG-AREA-INDEX>
COMMAND

You can specify three color-indices for the dialog area
with the < set-dialog-area-index> command:

< set-dialog-area-index> = (ESC)(L)(l)
<int : character-index>
<int : background-index>
<int: wipe-index> .

The first integer parameter specifies the color-index in
which characters are displayed. The second parameter
specifies the index in which the background of each
character cell is displayed. The third parameter speci-
fies the index to which ali pixels in the dialog viewport
are set when the dialog area is erased by the <clear-
dialog-scroll> command or the CLEAR key.

If no < set-dialog-area-index> command has been
issued, then default values for these indices are
assumed. The default character index is one, while the
default background and wipe indices are both zero.

THE 4113 COLOR DISPLAY
MORE ABOUT DIALOG AREA

The following commands create a dialog area for which
the character index, background index, and wipe index
are all different:

< set-surface-definitions : (2,1)>

< set-dialog-area-surface : 1>

< set-dialog-area-lines : 30>

< set-dialog-area-chars : 80>

< set-dialog-area-position : (0,0)>

< set-dialog-area-index : 1,2,0>

< enable-dialog-area : 1>

< set-dialog-area-visibility : 1>

< enter-alpha-mode>

(D) (i)(a) (N (0) () (SP)(A)(r) (e)(a) (CR)(LF)

Here, the character index is set to 1, whose default
color mixture is white. The background index is 2,
whose default color is red. The dialog area wipe index
is zero (transparent). Thus you can look through the
unused parts of the dialog area (on Surface 1) to see
whatever graphics may be displayed on Surface 2
behind.

Figure 7-13 shows the result of these commands.

This is the dialog area.

Figure 7-13. Effect of < Set-Dialog-Area-Index> Command.

4113 HOST PROGRAMMER'S
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VIEWS

INTRODUCTION

On command from the host computer, the 4113 can
split its display into a number of viewports, each of
them showing a view of different information. For
instance, one viewport might show a menu of items for
the operator to select, while another viewport shows a
graph. Figure 7-14 shows different views displayed in
two different viewports on the same screen. (Also
shown is a dialog area in its own “dialog viewport.”)

Each viewport is like an aperture though which the
operator can look at a part of some “picture.” Often the
entire picture can be seen. However, the operator (or
the host computer) can also “zoom in” to show part of
the picture in more detail; in that case, other parts will
be out of view. (The operator does this with special
keyboard keys; see the 4113 Operator's Manual for
details. The host computer does this with the <win-
dow> command, described later in this section.) Figure
7-15 shows the effect.
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SOME DEFINITIONS

This manual uses the word view to mean a collection of
three associated things:

® A picture. A view’s picture is defined by a list of all
the segments which are visible in that view. Since
segments are drawn in 4096-by-4096 terminal
space, a view’s picture exists in terminal space.

® A window. The window is a rectangle in terminal
space which bounds the part of the picture which is
“in view.”

® A viewport. The viewport is a rectangle in 640-by-
480 raster memory space where the window con-
tents appear. The viewport exists on one of the
writing surfaces in raster memory space.

Here, terminal space means the 4096-by-4096 space
in which segments are defined and moves and draws
are performed. Raster memory space is the 640-by-
480 space in which pixel information is stored for the
raster-scan display.

" A view’s window and viewport define a window-

viewport transform: a mapping from a subset of
terminal space (the window interior) onto a subset of
raster memory space (the viewport interior).

NOTE

In the total graphics system, which includes host-
resident software as well as the terminal, there
may be more than one window-viewport
transform. Here we are talking about a window-
viewport transform within the terminal, between
terminal space (4096-by-4096 space) and raster
memory space (640-by-480 space). Do not con-
fuse this window-viewport transform with other
window-viewport transforms which may be per-
formed by the host computer software.
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M for a move
D for a draw
X to exit this program

Type

M for a miove
D for a draw
¥ ods

Type
M for a move

D tor a draw
X to exil this program

Thik i thediniog ares

Figure 7-15. Zooming In to See a Part of a Picture in More Detail.
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THE DEFAULT VIEW

When the 4113 is first turned on, only:one view (‘view
number 1”) is present. In this “default view,” the
viewport occupies all of surface one in 640-by-480
raster memory space. The window occupies slightly
more than three-fourths of terminal space (from X= 0 to
X = 4095,and fromY = Oto Y = 3127).Figure 7-16
shows the default view.

WINDOW (4096 x 3127)

DEFINING OTHER VIEWS

An Example

The following example shows how to define views. (The
commands used in this example are all described in
the 4110 Series Command Reference Manual.)

Step One. Delete all views which may currently be
defined. (The current view then becomes the default
view; this default view is “view 1.”) Then erase the
default view with a < page> command; this has the
effect of erasing the screen.

< delete-view : all views>
< page>

Figure 7-17 shows the effect.

VIEWPORT (640 X 480)

Figure 7-16. The Default View.

7-26

4113 HOST PROGRAMMER'S




THE 41 11':3 COLOR DISPLAY
‘ VIEWS

WINDOW 1

Figure 7-17. Step One: Default View, Empty Screen.
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Step Two. Define a new viewport and window for view
one. To do this, use the < set-viewport> and < set-
window> commands:

< set-viewport> = (ESC)(R)(V)< xy> < xy>
< set-window> = (ESC)(R)(W)< xy> < xy> .

In the < set-viewport> command, the two <xy>
parameters specify the lower left and upper right
corners of the viewport. Likewise, in the < set-win-
dow> command, the two parameters specify the lower
left and upper right corners of the window.

The window is in the 4096-by-4096 terminal space, s0O
the x- and y-coordinates for its corners can range from
0 to 4095.

The viewport is in the 640-by-480 raster memory
space, so you might expect that the < set-viewport>
command would require x-coordinates in the range
from O to 639, and y-coordinates in the range from O to
639. However, this could involve tedious calculations to
decide which raster memory space coordinates to
issue in the < set-viewport> command. To relieve you
of these calculations, the < set-viewport> command
accepts its lower-left and upper-right coordinates as if
those coordinates were in terminal space rather than
raster memory space. ‘

7-28

More precisely, the < set-viewport> command’s <xy>

_parameters are specified in 4096-by-3072 “normalized

screen coordinates.” That is, the x-coordinates may
range from O to 4095; y-coordinates may range from O
to 3071. The 4113 automatically converts these
coordinates to the appropriate 640-by-480 raster
memory space coordinates.

In this example, the viewport for view one extends (in
normalized screen coordinates) from X= 200 to

X= 2200, and from Y= 1500 to Y= 3000. The window
extends (in 4096-by-4096 terminal space) from X=0
to X= 4095, and from Y= 0 to Y= 3071. Also, this
example uses the < set-border-visibility> command to
display a border around the viewport for view one. The

-commands for this are as follows:

<set-Viewport : (200,1 500),(2200,3000) >
= (ESC)(R)(V) <xy : (200,1500)>
<xy : (2200,3000)>

< set-window : (0,0), (4095,3071)>
= (ESC)(R)}(W) <xy : (0,0)>
<xy.: (4095,3071)>

< set-border-visibility : 1>
= (ESC)(R)(E)<int: 1>
= (ESC)(R)(E)(1)
Figure 7-18 shows the result.

For more information on the < set-window> and < set-
viewport> commands, see their descriptions in the

4110 Series Command Reference Manual.
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WINDOW 1
N

(4095, 3071)

VIEWPORT 1

\ (2200,3000)

(200,1500)

Figure 7-18. Step Two: Setting View One’s Viewport and Window.
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Step Three. Define the window and viewport for view 2.

This is done as follows:

1.

7-30

Issue a < select-view : 2> command. This
automatically brings view 2 into existence, with
the same window and viewport as for view 1.

< select-view : 2>

= (ESC)(R)(C)
<int: 2>

= (ESC)(R)(C)(2)

Define the viewport for view 2, using the < set-
viewport> command.

< set-viewport : (2500,1500), (3900,3000)>

= (ESC)(R)(V)
< xy: (2500,1500)>
< xy: (3900,3000)>

Define the window for view 2. To preserve the
same aspect ratio (ratio of height to width) as in
the viewport, you can use a special feature of the
< set-window> command. If you specify a win-
dow width (or height) of zero, the terminal com-
putes for you a window width (or height) of the
right size so as to preserve the same aspect ratio
as was used in the viewport. (For more informa-
tion on this feature, see the < set-window>
description in the 4110 Series Command
Reference Manual.)

The following command chooses a “width” of zero
(since the lower-left and upper-right x-coordi-
nates are equal). In executing the command, the
4113 calculates a window width such that the
window will have the same aspect ratio as the
viewport.

< set-window : (0,0), (0,3071)>

= (ESC)(R)(W)
<xy: (0,0)>
<xy: (0,3071)>

Finally, issue a < set-border-visibility> command
to draw a window around the current viewport:

< set-border-visibility : 1>
= (ESC)(R)(E) <int: 1>
= ESORIE)(1)

Figure 7-19 shows the effect.
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WINDOW 2

AN

(0,3071)

WINDOW 1

|
|
|
|
|
|
|
|
|
|
|

Figure 7-19. Step Three: Defining View Two.
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Step Four. Display an alp{,hatext menu in viewport 2. Do

this as follows:

1.

Disable the dialog area, by issuing an <enab|e- .
dialog-area : 0> command. This permits alpha-

text to go to the current viewport rather than the
dialog area.

Issue a < page> command. Since view 2 is the
current view, and since the dialog area is dis-
abled, the < page> command does the following:

(a) Erases vnewport 2.

(b) Positions the alpha cursor (for alpha mode
text) at (0,3071) in terminal space.

(c) Puts the terminal in alpha mode, and moves
the alpha cursor downward by the helght of one :
alphatext character. .

(For other effects of the < page> command see

its description in the 4110 Series Command
Reference Manual)) e

Send the alphatext menu to the terminal To

prevent accidental erasure of the menu, |t is wise <

to make the menu part of a segment: -

< delete-segment: 999>

< begin-segment: 999>

< alphatext: “Type M to move, D to draw,
X to exit.”>

< end- segment>

Enable the dialog area again, so that subsequent
alphatext is directed to the dialog area scroll
rather than the current viewport.

Figure 7-20 shows the result.
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Step Five. Select view 1, and draw a picture there. Be
sure to include the picture within a segment. (In order

for the operator to be able to

that picture must be comprised of one or more retained
‘'segments.)

< select-view : 1>
< delete-segment : 1>
< begin-segment : 1>

zoom in on the picture,

< enter-vector-mode>

<xXy>
<XYy>

< enter-vector-mode>

L <xy>
L <xy>

< and-segment>

: Figure 7- 21 shows the result.
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M to move

WINDOW 1 : i Dtodraw
i X to exit

Figure 7-20. Step Four: Putting a Menu Into View Two.
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M to move
D to draw
X to exit

Figure 7-21. Step Five: Putting Graphics into View One.

7-34 4113 HOST PROGRAMMER'S




THE 4113 COLOR DISPLAY
VIEWS

Step Six. Define a dialog area. Then enable the dialog < set-dialog-area-chars: 72>
area, so that alphatext is displayed there, rather than in < set-dialog-area-lines: 9>
the current viewport: < set-dialog-area-buffer: 100>

< set-dialog-area-position: (31,31)

< set-dialog-area-index : 1, 3, 3>

< set-dialog-area-visibility : 1>

< enable-dialog-area>

< enter-alpha-mode>

< alphatext : “This is the dialog area.”>

Figure 7-22 shows the result.

WINDOW 1 WINDOW 2

M to move
D to draw
X to exit

This is the dialog area.

Figure 7-22. Step Six: Creating a Dialog Area.
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TYPES OF VIEWPORTS

Besides the numbered viewports associated with the
64 numbered views, the 4113 has two other special
viewports: the dialog area viewport, in which the dialog
scroll is displayed, and the pixel viewport, in which
pixel operations are performed.

The dialog viewport has already been described. (See
“The Dialog Area” in Section 4, and “More About the
Dialog Area,” earlier in this section.) The pixel viewport
will be described later in this section, under “Pixel
Operations.”

ATTRIBUTES OF NUMBERED VIEWPORTS
The attributes of a numbered view’s viewport are:

@ Its location in raster memory space. This is set by
naming two opposite corners of the viewport in a
< set-viewport> command.

® The surface on which the viewport is displayed. This
is set by the first parameter in a < set-view-
attributes> command.

e The “wipe index” for the viewport. This is the color-
index to which the viewport pixels are set when the
viewport is erased. The wipe index is set by the
second parameter in a < set-view-attributes>
command.

® The “border index” for the viewport. This is the
color-index used for displaying the view’s border.
The border index is set by the third parameterin a
< set-view-attributes> command.

<SET-VIEW-ATTRIBUTES> COMMAND

The < set-view-attributes> command, which sets three
of these viewport attributes, has the following syntax:

< set-view-attributes> = (ESC)(R)(A)
<int : surface-number>
<int: wipe-index>
<int : border-index>
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PLACING A VIEWPORT ON ANOTHER
SURFACE

In the examples so far, the numbered viewports have
always been on Surface 1. You can, however, place a
viewport on another surface. For instance, you could
reserve Surface 1 for the dialog area, and put graphics
in a viewport which occupies all of Surface 2:

< set-surface-definitions : (1,2)> Surface 1 has one
bit plane, while
Surface 2 has two
bit planes.

Delete all views.
The current view
(view one) is now
the default view,
with a viewport
which occupies all
of Surface 1.

< delete-view : —1>

The current view’s
viewport is moved
to Surface 2. The
wipe index is zero
(transparent). The
border index is
three (whose
default color is
green.)

< set-view-attributes : 2,0, 3>

< set-dialog-area-surface : 1> The dialog area’s
< set-dialog-area-lines : 33> viewport is placed
< set-dialog-area-chars : 80> on Surface 1. It

< set-dialog-area-index : 1,0,0> can display 33

< enable-dialog-area : 1> lines of 80 charac-

< set-dialog-area-visibility : 1> ters.

4113 HOST PROGRAMMER'S




DOUBLE BUFFERING WITH

ZERO-BIT-PLANE SURFACES

The < set-surface-definitions> command lets you
define an imaginary surface which has zero bit planes
assigned to it. You can use this feature for double
buffering. Consider, for example, the following com-

mands:

< set-surface-definitions : (1,2,0)> Create Surface 1

< set-dialog-area-surface : 1>

< delete-view : —1>

< set-view-attributes : 2,0, 3>

< select-view.: 2>

4113 HOST PROGRAMMER'S

with one bit plane,
Surface 2 with two
bit planes, and
Surface 3 with zero
bit planes.

Put the dialog area
viewport on Sur-
face 1.

Delete all views.

The current view is

view one, with a.,
viewport encom-
passing all of Sur-
face 1. :

Move view one’s

viewport to Surface “

2. The wipe index
for that viewport is
zero; the border in-
dex is color-index
three.

Create view two.
Initially view two’s
viewport is the
same as view
one’s.

< set-view-attributes : 3, 0, 3>

< select-view : 1>

< begin-segment : 1>
< enter-vector-mode>
< xy>
< Xy>

V(<féhd-'segment>

< sélect-view : 2>
,j<,_begin-segment 12>

< enter-vector-mode>
LoL<Xxy>’
<xy>

< end-segment>

THE 4113 COLOR DISPLAY
VIEWS

Put view two’s
viewport on Sur-
face 3. (It cannot
be displayed —for
the moment—
because Surface 3
has no bit planes
assigned to it) The
wipe index and
border index are
the same as be-
fore.

Select view one as
the current view.

Draw a picture in
view one. (The pic-
ture in view one is
displayed on Sur-
face 2, because
view one’s
viewport is on that
surface.)

Draw a picture in
view two. (Since
view two’s viewport
is on Surface 3,
and there are no
bit planes as-
signed to Surface
3, the terminal’s
operator cannot
see this picture as
it is being built)
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At this point, the situation is as shown in Figure 7-23.
The dialog area is on Surface 1. The 4113 has stored
the picture for view one in its terminal space memory; it
displays that picture in viewport one on Surface 2, The
picture for view two is also stored in the 4113’s
terminal space memory. However, view two cannot be
displayed, because its viewport is on Surface 3, which
has no bit planes assigned.

Next, the host program issues another < set-surface-
definitions> command, so that Surface 3 is assigned
two bit planes. Surface 2 now has zero bit planes.
When view two is renewed, the operator will see an

.image of view two. View one is now out of sight,

because its viewport is on a surface which has zero bit
planes:

< set-surface-definitions : (1,0,2)> Assign two bit
planes to Surface
3. This permits
view two, whose
viewport is on Sur-
face 3, to be dis-
played.

Figure 7-23. Double Buffei'lng: Before Redefining the Surfaces.
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‘ i VIEWS
< select-view : 2> The < select- < select-view : 1> Update view one’s
<renew-view : 0> view> command < delete-segment : 1> picture in terminal

selects view two as < begin-segment : 1> space.
the current view. < enter-vector-mode>

. Then the <renew- < Xy>

view : 0> com- < Xy>

mand renews the )

current view. This ;

causes the view .

two’s picture (in < end-segment>

terminal space) to

be mapped onto

viewport two (on Figure 7-24 shows the result of these commands.
Surface 3 in raster

memory space).

WINDOW 2

P

mee

Figure 7-24. Double Buffering: After Redefining the Surfaces.
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VIEW DISPLAY CLUSTERS

In the 4113 terminal, you can group several views
together in a “view display cluster.” This causes all
views in the cluster to have identical windows for their
window-viewport transforms. That is, changing the
window for any view in a view display cluster also
changes the windows for all other views in the cluster.
Also, renewing any view of the cluster (redisplaying its
viewport contents) also renews all other views in the
cluster.

This is especially useful when you have several views
on different surfaces, describing different aspects of
the same object. For instance, suppose you are using
the terminal as a light table for preparing multi-layered
etched circuit board layouts. In that case, views one,
two, three, and four might have identical viewports on
Surfaces 1, 2, 3, and 4, respectively. View one would
represent the top layer of a circuit board, while views
two, three, and four would represent other layers of the
same circuit board. In such an application, you would
want the framing keys, and the < set-window> and

< page> commands, to affect all four views. That way,
when you use the framing keys to zoom in on a part of
the picture, the zoom operation affects all four views,
on all four surfaces.

< SET-VIEW-DISPLAY-CLUSTER>
COMMAND

The < set-view-display-cluster> command groups
views into a view display cluster. This command has
the following syntax:

< set-view-display-cluster>

= (ESC)(R)(Q)
< int-array: view-numbers>

For instance, to group views one, two, three, and four
into a view display cluster, you would issue the
following command:

< set-view-display-cluster: (1,2,3,4)>

= (ESC)(R)(Q)
<int-array: (1,2,3,4)>

= (ESC)(R)(Q)(4)(1)(2)(3)(4)
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Thereafter, whenever you change the window for any
one of these four views, the windows for the other three
views also change. This happens whether you change
the window explicitly, with the < set-window> com-
mand, or implicitly, with the VIEW, CTRL-VIEW, RE-
STORE, CTRL-RESTORE, OVERVIEW, or CTRL-OVER-
VIEW keys.

Likewise, whenever you renew any of these four views,
all the other views in the cluster are also renewed. This
happens with the <renew-view> and < page>
commands, and with the PAGE, VIEW, CTRL-VIEW,
RESTORE, CTRL-RESTORE, OVERVIEW, and CTRL-
OVERVIEW keys.

A view cannot belong to more than one display cluster.
Thus, including a view in one cluster automaticaily
removes it from any other clusters.

AN EXAMPLE

Figure 7-25 shows the terminal’s screen as it might
appear while the host is running an applications
program for circuit board layout. The terminal has three
surfaces defined, of one bit plane each. On Surface 1,
color-index one is white; on Surface 2, index one is
red; and on Surface 3, index one is green. Viewports
one, two, and three are superimposed above each other
on Surfaces 1, 2, and 3, respectively.

In the corner of the screen, viewports four, five, and six
contain copies of the information in views one, two, and
three respectively. These viewports are also on Sur-
faces 1, 2, and 3; however, they are staggered so as to
show the circuit board overlays in perspective.

Another viewport holds reminders for the operator,
while the dialog viewport displays prompt messages
and other dialog between the operator and the host
computer.

In this application, views one through six are grouped
together in view display cluster. Thus, if the operator
zooms in to see one view in more detail, the zoom
operation affects all views in the display cluster.

For more information on the < set-view-display-clus-

ter> command, see its description in the 4110 Series
Command Reference Manual.
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VIEWPORTS 4, 5, AND 6
SHOW THE SAME INFORMATION

AS VIEWPORTS 1, 2, AND 3, VIEWPORT 1 (ON SURFACE 1),
RESPECTIVELY. THEY ARE VIEWPORT 2 (ON SURFACE 2),
STAGGERED TO SHOW THE AND VIEWPORT 3 (ON SURFACE 3)
THREE SURFACES IN PERSPECTIVE. ARE EXACTLY SUPERIMPOSED.

NI

Nl

o a8

o
e

2255 I Rosk B %

g &

Predefined Segments
for nn—-pin ICs:

10nn IC pad bottom
20nn IC pad top
30nn IC outline

B B B 8 8§ B P

F)
%

6t I 3 N vosd

o
’

Select CURSOR segment
CLOSE o segment
DRAW to a point
END a panel definition
Select a FILL pattern
Select GRIDDING

T
u
MOVE to a point %
Move to NEXT surface W
OPEN o segment X
Begin a PANEL boundary Y

YA

EXIT the program

Save screen pixels

O@MMoOOwW
VOTVOZIXC A

INCLUDE o segment

-

4296-19

Figure 7-25. Several Views in the Same View Display Cluster.
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DEFINING YOUR OWN FILL PATTERNS

INTRODUCTION

A fill pattern is a rectangular array of color-indices
used to fill panels. You can use the predefined fill
patterns (patterns 1 through 16 and O through —1 5), or
you can define your own fill patterns. The pattern
definition process is as follows:

1. lssue a < begin-fill-pattern> command.

2. Specify, with <raster-write> or <run|ength-"
write> commands, the color-indices of the individ-
ual pixels which make up the fill pattern.

3. lIssue an < end-fill-pattern> command. (In certain
circumstances, this command is not needed.)

In other words, a fill pattern definition has the following
syntax:

< fill-pattern-definition> = < begin-fill-pattern>
[< pixel-def> .. ]
< end-fill-pattern>

where
< pixel-def> = <raster-write> or <runlength-
write>

Example

To define the fill pattern in Figure 7-26 as fill pattern
number 60, you can issue the following commands to
the terminal:

< begin-fill-pattern: 60, 4, 4, 6>
< raster-write : 8,“77007700">
< raster-write : 8,“00770077">
< end-fill-pattern>

The < raster-write> command is described briefly
here, and in more detail later in this section.
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< Begin-Fill-Pattern> Command. The <begin-fill-
pattern> command’s first parameter specifies that
pattern 60 is to be defined. The second and third
parameters set the fill pattern’s width and height to four
pixels each. The fourth parameter sets the “bits-per-
pixel” value used in decoding the <raster-write>
commands that follow. With “bits-per-pixel” set to 6,
each color-index can be sent using the corresponding
ASCII character: (0) for color-index 0, (7) for color-
index 7. ‘

< begin-fill-pattern> |

(ESC)(M)(D)

<int: pattern-number>
< int: pattern-width>
<int: pattern-height>
< int: bits-per-pixel>

= (ESC)(M)(D)
<int: 60>
<int: 4>
<int: 4>
<int: 6>

I

= (ESC)(M)(D)
(C)(<)
(4)
(4)
()

= (ESC)(M)(D)(C)(<)(4)(4)(6)

COLOR-INDEX 7 COLOR-INDEX 0

7700 T
7700
0077 HEIGHT = 4
0077 l

—

WIDTH = 4

4296-15

Figure 7-26. A Simple Fill Pattern.
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< Raster-Write> Command. The two <raster-write>
commands specify the color-indices of individual pix-
els in the fill pattern. With “bits-per-pixel” set to six, the
individual characters in the < char-array> parameters
can be (0) to represent color-index 0, (1) for color-
index one, etc.

< raster-write: 8, “77007700”>

= (ESC)(R)(P)
<int: 8>
< string: “77007700">

= EE)SC)(R)(P)
8
(8)(7)(7)(0)(0)(7)(7)(0)(0)

= (ESC)(R)(P)(8)(8)(7)(7)(0)(0)(7)(7)(0)(0)
< raster-write: 8, “00770077">

= (ESC)(R)(P)
<int: 8>
< string: “00770077">

= zE)SC) (R)(P)
8
(8)(0)(0)(7)(7)(0)(0)(7)(7)

= (ESC)(R)(P)(8)(8)(0)(0)(7)(7)(0)(0)(7)(7)

The first parameter in each <raster-write> command
is an <int> telling how many pixels have their color-
indices specified in that command. The second param-
eter is a <string>: an array of individual <char>s.
(Another word for “< string>" is “< char-array>.") In.
the <raster-write> command, the individual <char>s
in the <char-array> must be in the range from (SP) to
(); that is, their decimal equivalents must be in the
range from 32 to 96. With bits-per-pixel set to six, each
< char> is a code telling the color-index for one pixel.

(If bits-per-pixel were set to 1, 2, 3, or 4, then each

< char> would hold the color-indices for 6, 3,2,0r 1.5
pixels, respectively. For details, see the description of
the <raster-write> command in the 4110 Series
Command Reference Manual.)

The pattern definition begins with the upper left pixel of
the fill pattern and proceeds from left to right, with
wrap-around as required.
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Ending a Fill Pattern Definition. The usual way to end
a fill pattern definition is with an <end-fill-pattern>
command:

< end-fill-pattern> = (ESC)(M)(E)

However, the pattern definition can also end in two
other ways:

@ The pattern definition ends when all color-indices in
the pattern have been specified.

® |f a <begin-pixel-operations> command is re-
ceived, that command terminates any fill pattern
definition which may be in progress. (The < begin-
pixel-operations> command is described later in
this section under “Pixel Operations.”)

In the previous example, the two <raster-write>
commands together specified all 16 color-indices in
the fill pattern. Thus, the < end-fill-pattern> command
was not really needed. However, including this
command does no harm. Including this command
guarantees that the fill pattern definition does termi-
nate, even if you make a mistake and do not send all
the necessary color-indices in the <raster-write>
commands.

MORE ABOUT THE <RASTER-WRITE>
COMMAND

The < raster-write> command is used to send each
color-index separately. The command has the following
syntax: .

< raster-write> = (ESC)(R)(P)
<int: number-of-pixels>
< char-array: codes-
holding-color-indices>

If the preceding < begin-fill-pattern>’s command
specified six bits per pixel, then the terminal only pays
attention to the least-significant four bits of the code
characters in the < char-array>. This lets you use the
character (0) to represent color-index 0, the character
(1) to represent color-index 1, and so on.
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If the < begin-fill-pattern> command specifiéd one,’
two, three, or four bits per pixel, then the code
characters are composed as follows:

1.

The color-indices to be placed in the fill pattern are
regarded as one-bit, two-bit, three-bit, or four-bit
binary numerals. For instance, if bits-per-pixel = 2,
then the color-indices 0, 0, 3, 2, 1, O are represent-
ed as follows:

000011100100

The binary numerals are grouped together to form
six-bit binary numerals. For instance the color-
indices 0,0, 3, 2, 1, 0 are represented as follows:

000011 100100

An offset of 32 (binary 100000) is added to each
binary numeral. The resulting binary numeral is
used as a code character in the <char-array>
parameter. (These characters are in the range from
(SP) to (_), and have decimal equivalents in the
range from 32 to 95)) For instance, the gray-indices
0,0, 3,2,1,0 are represented as follows:

#) (D)

The code characters are packed into the <raster-
write> command’s < string> or <char-array>
parameter. The number of pixels whose color-
indices are represented in those character is given
in the <int> parameter. Thus, with two bits-per-
pixel, the color-indices 0, 0, 3, 2, 1, 0 are represent-
ed in a <raster-write> command as follows:

< raster-write> = (ESC)(R)(P)

<int: 6>
< char-array: “#D">

= (ESC)(R)(P)(6)(2)(#)(D)
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Example: Six Bits Per Pixel

Consider the fill pattern in Figure 7-27.

©co0o00O-=+00O00O0
00022000
oo_l.-l._n_s..loo_
o-A.A.L.L.L.L_Lo
O O = = = = o= - =
OOcC 00 ==+ =00
OO0 O0OO0OO0O=000

COLOR-INDEX 1 \

COLOR-INDEX 0

4296-14

Figure 7-27. A Fill Pattern.
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Using < raster-write> commands with six bits per The other commands expand into ASCI| characters in a
pixel, the fill pattern can be defined as follows: like manner. The result is the following character
sequence:
< begin-fill-pattern: 20, 8, 9, 6>
< raster-write: 8, “00001000”> (ESC)(M)(D)(A)(4)(8)(9)(6)
< raster-write: 8,“00011100"> (ESC)(R)(P)(8)(8)(0)(0)(0)(0)(1)(0)(0)(0)
<raster-write: 8,“00111110"> (ESC)(R)(P)(8)(8)(0)(0)(0)(1)(1)(1)(0)(0)
<raster-write: 8, “01111111"> (ESC)(R)(P)(8)(8)(0)(0) (1)(1) (1)(1)(1)(0)
<raster-write: 8,“11111110"> (ESC)(R)(P)(8)(8)(0)(1) (1) (1)(1)(1)(1)(1)
< raster-write: 8,“01111100”"> (ESC)(R)(P)(8)(8)(1)(1) (1) (1) (1)(1)(1)(0)
< raster-write: 8, “00111000”> (ESC)(R)(P)(8)(8)(0)(1)(1)(1)(1)(1)(0)(0)
< raster-write: 8, “00010000"> (ESC)(R)(P)(8)(8)(0)(0)(1)(1)(1)(0)(0)(0)
< raster-write: 8, “00000000"> (ESC)(R)(P)(8)(8)(0)(0)(0)(1)(0)(0)(0)(O)
< end-fill-pattern> (ESC)(R)(P)(8)(8)(0)(0) (0)(0) (0)(0)(0)(0)
(ESC)(M)(E)

The first two of these commands expand into individual
ASCII characters as follows:
Example: End-Of-Row Character
< begin-fill-pattern: 20, 8, 9, 6>
The < raster-write> command has a special character,

= (ESC)(M)(D) (), which you can include in the < char-array> param-
<int: 20> eter to mark the end of a row of pixels. This causes the
<int: 8> next color-index to go into the first pixel of the
<int: 9> following row. The pixels left undefined are set to color-
<int: 6> index zero.

= (ESC)(M)(D) By using.the end-of-row character, the preceding
(A)(4) commands can be shortened, as follows:
8
EQ; < begin-fill-pattern: 20, 8, 9, 6>
6) <raster-write: 5, “ 00001* ">

< raster-write: 6, 000111 ">
= (ESC)(M)(D)(A)(4)(8)(9)(6) . <raster-write: 7, 0011111°"">
<raster-write: 8,“ 01111111 ">
< raster-write: 8, “00001000"> <raster-write: 7,“1111111°"">
, < raster-write: 6,“ 011111 ">

= (E,SC)(R)(P) <raster-write: 5, 00111‘ ">
<int: 8> : <raster-write: 4,“ 0001' ">
< char-array: “00001000"> < end-fill-pattern>

= (ESC)(R)(P) (The < end-fill-pattern> command terminates the fill
8) pattern before the last row of pixels have been defined.
(8)(0)(0)(0)(0)(1)(0)(0)(0) . Consequently, these pixels are set to color-index zero.)
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You can combine several rows of pixels into one
< raster-write> command, which shortens the <fill-
pattern-definition> even more:

< begin-fill-pattern: 20, 8, 9, 6>
< raster-write: 18, “ 00001‘000111‘0011111*"">
<raster-write: 15,“011111111111111° ">
< raster-write: 15, 011111'‘00111 0001‘"

< end-fill-pattern>

These commands expand to the following character
sequences:

(ESC)(M)(D)(A)(4)(8)(9)(B)
(ESC)(R)(P)(A)(2)(A) (5)(0)(0)(0) (0) (1) (")
(0)()©O) (1) (1) (1N () (1) (1)(1)(1)(1)()
(ESC)(R)(P)(?)(A) (0)(0) (1) (1) (1) (1) (1 )(1)
MO (1) (1))
(ESC)(R)(P)(?)(A)(2) (0) (1) (1) (1) (1)(1)()
0)(0) (1) (1) (1) ()(0)(0) (0 (1)()
(ESC)(M)(E)

Example: One Bit Per Pixel

Since the fill pattern in our example uses only color-
indices zero and one, the <raster-write> commands
can be sent yet more concisely by setting the number
of bits per pixel to one. In that case, each color-index is
represented by only one bit, and six color-indices fit
into each character of the < char-array>.

The color-indices for the fill pattern are as follows:

00010000
00111000
011

-
—
—_

- b —h

0011
00011100
00001000
00000000

These are grouped into six-bit binary numerals, as
follows:

000100 000011 100001 111100 111111 100111
111100 111110 000111 000000 100000 000000
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By adding 32 (binary 100000), these are converted to
ASCII characters in the range from (SP) to (_). Since
the last six-bit group consists only of zeroes, it may be
omitted; an < end-fill-pattern> command will set these
pixels to color-index zero: .

0100100 0100011 1000001 1011100
(%) (#) (A) )
1011111 1000111 1011100 1011110
() (@) (\) (A)
0100111 0100000 1000000

) (SP) (@

Thus, the characters in the < raster-write> command S
< char- -array> are as follows:

($)H AN (_)GION(A)()(SP) (@),
The < fill-pattern-definition> is as follows:

< begin-fill-pattern: 20, 8,9, 1>
<raster-write: 64, * $#A\ _
< end-fill-pattern>

G\AY @">

This expands into the following sequence of ASCII
characters:

(ESC)(M)(D)(A)(4)(8)(9)(1)

(ESC)(R)(P) (D) (0)(;)($) (#) (A) \)(_)(G) (\)
(M) (sPI (@)

(ESC)(M)(E)

Summary

It is easiest, when designing fill patterns, to set “bits-
per-pixel” to six and use <raster-write> commands to
specify the color-indices for the fill pattern. That way,
each color-index is sent as a single ASCII character:
(0) for color-index zero, (1) for color-index one, and so
on. But while this is easy, it is not concise.

By setting bits-per-pixel to four, you can pack one and
one-half color-indices into each character of the

< raster-write> command’s < char-array> parameter.
With four bits per pixel, the color-indices can range
fromOto 15.

4113 HOST PROGRAMMER'S

(




By setting bits-per-pixel to three, you can pack two
color-indices into each character of the < char-array>.
With three bits per pixel, the color-indices can range
fromOto7.

By setting bits-per-pixel to two, you can pack three
color-indices into each character of the < char-array>,
and those color-indices can range from 0 to 3.

By setting bits-per-pixel to one, you can pack six color-
indices into each character of the < char-array>.
However, the only color-indices possible in that case
are 0 and 1.

For more information about the < raster-write>
command, see its description in the 4110 Series
Command Reference Manual.

<RUNLENGTH-WRITE> COMMAND

If you like, you can use the < runlength-write> com-
mand instead of the < raster-write> command when
defining fill patterns. This command is useful when you
have one index value that is repeated many times in
sequence (for instance, the value 6 repeated 30 times:
6,6,6,...6,6,6).

The < runlength-write> command has the following
syntax:

< runlength-write> = (ESC)(R)(L)
< int-array: runcode-array>

Each runcode in the <int-array> is a single number
into which are packed two other numbers. The least-
significant bits of the runcode hold a color-index. (If
bits-per-pixel = N, then these are the N least-
significant bits of the runcode.) The most-significant
bits hold a “run length,” which tells how many times the
gray-index is to be repeated.

Let N be the number of bits per pixel, as specified in
the < begin-fill-pattern> command. Let L be the length
of a run of pixels. Let | be the color-index of each pixel
in that run. Then the runcode R is computed as follows:

R= (@Y L+ I
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Example
Table 7-2 shows how the fill pattern of Figure 7-27 may
be expressed in runcodes, assuming one bit per pixel.

Table 7-2- ,
EXPRESSING A FILL PATTERN WITH RUNCODES

Index | Runcode

Fill Pattern Length of Run

(L) ({)] (2L+1)
00001000 | 4 o | =8
00011100 | 1 1 3
00111110 | 6 0 12
01111111 | 3 1 7
11111110 | 4 o | 8
01111100 | 5 1 11
00111000:| 2. 0 4
00010000 |14 1 29
00000000 | 2 0o | 4

5 1 1

4 0 8

3 1 7

6 0 12

1 1 3

12 0 (Omitted)

Referring to Table 7-2 for the runcodes in the <run-
length-write> command, the fill pattern can be defined
as follows:

< begin-fill-pattern: 20,8,9,1>
<runlength-write: (8,3,12,7,8,11,4,29,4,11,87,12,3)>
< end-fill-pattern>

These commands expand into the following ASCII
characters:

(ESC)(M)(D)(A)(4)(8)(9)(1)

(ESC)(R)(L)(>)(8) (B)(< ) () (8) ;) (4)(A) (=) (4) ()
®8)(7)(<)(3)

(ESC)(M)(E)
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OTHER CONSIDERATIONS

Editing Fill Patterns

Once a fill pattern has been defined, it may not have
individual areas changed (“‘edited”), nor can it be
added to. The only way to change an existing fill
pattern is to redefine it.

Deleting Fill Patterns

There is no ‘‘delete fill pattern” command. To delete an
existing fill pattern, you can redefine it with a height of
zero. For instance, to delete fill pattern 20, issue a

< define-fill-pattern> command with a height of zero:

< define-fill-pattern: 20,1,0, 1>

Surfaces With Too Few Bit Planes

If a fill pattern which was defined with N bits per pixel
is displayed on a surface with fewer than N bit planes,
then not all possible color-indices in the pattern
definition can be displayed.
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For instance, suppose that when a pattern is defined,
the bits-per-pixel parameter in the < begin-fill-pat-
tern> command is 3. In that case, there are eight
possible color-indices in the pattern: color-index O
through color-index 7. Suppose further that the pattern
is displayed on a surface which has only two bit
planes. In that case, the only color-indices which can
be displayed are those numbered from O to 3.

In such a situation, the terminal uses only the most-
significant bits in each color-index of the fill pattern
definition. Thus, to display a pattern defined with three
bits per pixel, on a two-bit-plane surface, the terminal
displays indices 7 and 6 as color-index 3. Likewise, it
displays indices 5 and 4 as index 2; it displays indices
3 and 2 as index 1; and it displays indices 1 and O as
index 0.

The predefined fill patterns (patterns —15 to + 16)
were defined (at the Tektronix factory) using the
minimum possible number of bits per pixel. For
instance, patterns —1,0,1,2, ..., 14,and 16 each
contain only the color-indices 0 and 1. Therefore, these
patterns were defined with only one bit per pixel.
Patterns —2 and —3 require two bits per pixel, since
they contain color indices 2 (binary 10) and 3 (binary
11), Again, patterns —4 to —7 were defined with three (
bits per pixel. That is because they contain color-
indices 4, 5, 6, and 7 (binary 100,101, 110,and 111),
which require three binary bits. The only predefined fill
patterns with four bits per pixel are patterns —8
through —15 and pattern + 15.
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THE 4113 COLOR DISPLAY
PIXEL OPERATIONS

PIXEL OPERATIONS

INTRODUCTION

With the commands described so far, when you want to
draw a line you specify the end points of that line in
4096-by-4096 terminal space. The 4113 terminal then
automatically computes the pixels through which the
line passes, and displays those pixels in the appropri-
ate color-index. You do not have to specify the
individual pixels yourself, nor do you have to write a
host program to do that for you. The 4113's internal
processor takes care of those details.

However, if you wish, you can access the individual
pixels of the terminal’s raster memory buffer. To let you
do this, the terminal has a number of “pixel com-
mands.”

NOTE

The pixel commands affect only the raster memo-
ry buffer (the bit planes). They do not modify any
segments in terminal space, nor do they have any
effect on the numbered views and their window-
viewport transforms.

You can use pixel commands to write over the
viewport for the current view. However, when the
current view is renewed (by the < page>
command, PAGE key, < renew-view> command,
etc.), the effect of the pixel commands on that
viewport is lost. (This is because the pixel
commands affect only the raster memory buffer,
and are not stored in a segment)

The pixel commands fall into three categories: “prepar-
ation commands,” “pixel writing commands,” and the
< save> command. .
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Preparation Commands

There are three preparation commands: < begin-pixel-
operations>, < set-pixel-viewport>, and < set-pixel-
beam-position>.

< Begin-Pixel-Operations>. The < begin-pixel-oper-
ations> command specifies the “pixel writing sur-
face” —the surface whose pixels are to be modified by
subsequent <raster-write> and <runlength-write>
commands. This command also sets two environmental
parameters used by subsequent <raster-write> and
< runlength-write> commands. (These environmental
parameters are “ALU mode” and “bits-per-pixel.” They
are described later in this section, and in the 4110
Series Command Reference Manual)) i

< Set-Pixel-Viewport>. The < set-pixel-viewport>
command defines a rectangular region on the pixel
writing surface. Subsequent < raster-write> and

< runlength-write> commands affect only that rectan-
gular region.

< Set-Pixel-Beam-Position>. The < set-pixel-beam-
position> command specifies the individual pixel (in
the pixel viewport) where the next < raster-write> or
<runlength-write> command will start changing the
color-indices of individual pixels.

Pixel Writing Commands

The pixel writing commands write color-indices into
pixels of the raster memory buffer. Two of these,

< raster-write> and < runlength-write>, give you con-
trol over the individual pixels in the pixel viewport.
(These commands have already been described in
connection with fill pattern definitions, earlier in this
section.)
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The other pixel writing commands are < pixel-copy>
and < rectangle-fill>. The < pixel-copy> command
copies pixels from one rectangular region in raster
memory space to another rectangular region. The

< rectangle-fill> command sets all pixels within a
rectangular region to the same color-index.

The <Save> Command

The < save> command lets you save some or all of the
pixels in the current pixel viewport. The pixels are
saved on a disk file (or other output device) as a series
of <runlength-write> or < raster-write> commands.

References

For detailed information on the individual pixel opera-
tions commands, see these descriptions in the 4110
Series Command Reference Manual:

< begin-pixel-operations>
< pixel-copy>

< raster-write>

< rectangle-fill>

< runlength-write>

< set-pixel-beam-position>
< set-pixel-viewport>

The rest of this section is devoted to examples of how
to use these commands.
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SETTING ALL PIXELS IN A RECTANGLE
TO THE SAME COLOR-INDEX

When the 4113 is first turned on, all its bit planes are
assigned to Surface 1; thus Surface 1 can have color-
indices in the range from 0 to 7. (If the terminal has
four bit planes—Option 21 —then color-indices can
range from O to 15.) You can set all the pixels of
Surface 1.to index four with the following commands:

<begin-pixei-operations 01,11,3>
< rectangle-fill : (0,0), (639,479), 4>

The < begin-pixel-operations> command’s three
<int> parameters-are 1, 11, and 3. The first parameter
specifies Surface 1. The second parameter specifies
“ALU mode 11.” This means that pixels will be set to
exactly the color-indices specified in subsequent

< raster-write>, <runlength-write>, or <rectangle-
fill> commands. (For more information about this
parameter, see the command description in the 4110
Series Command Reference Manual.) The third param-
eter specifies “three bits per pixel.” (You can ignore
this parameter for now; it does not affect the < rectan-
gle-fill> commarid.)

The < rectangle-fill> command also has three parame-
ters. Two < xy> parameters specify the opposite
corners of a rectangle on the current pixel writing
surface (Surface 1, specified by the <begin-pixel-
operations> command). The third parameter is an

< int> specifying the color-index with which the
terminal is to write to all the pixels in that rectangle.

To specify a rectangle filling all of raster memory
space, the opposite corners should be (0,0) and
(639,479). Note that the upper right corner is not
(4095,3071); in all the pixel operations commands,
coordinates are given in 640-by-480 raster memory
space, not 4096-by-4096 terminal space.
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Figure 7-28 shows the effect of several < rectangle-
fill> commands. The first < rectangle-fill> command
fills all of Surface 1, using color-index 4. The second
command fills a square, using color-index 5. The third
command fills another rectangle, using color-index 7.

INVERTED VIDEO

One way to achieve “inverted video” is to issue a

< rectangle-fill> command while the terminal’s “ALU
mode” is set to mode 1. (The ALU mode is described
next in this section.) In ALU mode 1, each bit of a
pixel’s color-index is inverted, changing ones to zeroes
and zeroes to ones. Figure 7-29 shows how this is
done.

ALU MODE

In Figure 7-29, the < begin-pixel-operations>
command'’s second parameter specifies the ALU (ar-
ithmetic logic unit) writing mode. When a < rectangle-
fill> (or <raster-write> or <runlength-write>) com-
mand is executed, the ALU mode determines how each
pixel’s color-index is modified.

Let A represent the pixel’s old color-index; let B
represent the color-index specified in the < rectangle-
fill>, < raster-write>, or <runlength-write> com-
mand; and let C represent the pixel’s new color-index
after the command has been executed. Then C is some
function of A and B.

In ALU mode 11 (used in Figure 7-28), C is set equal to
B; thus the pixel is set to exactly the color-index
specified in the < rectangle-fill>, < raster-write>, or
< runlength-write> command.

In ALU mode 1, C—when expressed as a binary
numeral—is the bit-by-bit complement of the binary
numeral for A. In this mode (used in Figure 7-29), the
pixel's new color-index does not depend on the color-
index specified in the < rectangle-fill>, <raster-
write>, or <runlength-write> command; it depends
only on A, the pixel’s previous color-index. It is this
property of ALU mode 1 that lets you achieve an
inverted video effect with the <rectangle-fill> com-
mand.

For more details on ALU mode, see the description in
the 4110 Series Command Reference Manual of the
< begin-pixel-operations> command.
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3684-54

Figure 7-28. Effect of <Rectangle-Fill> Commands.

<begin—segment: 1>
< enter—vector—mode>
<xy>
<xy>

<end-—segment>
< begin—pixel—operations: 1,1,3>
<rectangle—fill: (50,50), (400,300), 4>

3684-55

Figure 7-29. Inverted Video With the <Rectangle-Fill>
Command.
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WRITING INTO THE PIXEL VIEWPORT

Figure 7-30 shows commands that define a (very
small) pixel viewport and write some color-indices into
that pixel viewport. ‘

Let's consider these commands, one by one.

< Begin-Pixel-Operations: 1, 11, 6>. The pixel
viewport is to be on Surface 1. Pixels will be written
using ALU mode 11 (set. mode). The bits-per-pixel
parameter for subsequent < raster-write> and <run-
length-write> commands is 6.

< Set-Pixel-Viewport>. The lower left and upper right
corners of the pixel viewport are at (100,100) and
(109,109), respectively. (These coordinates are in 640-
by-480 raster memory space.)

< Rectangle-Fill: (100,100), (109,109), 0>. The

< rectangle-fill> command clears the pixel viewport,
setting all pixels in that region to color-index zero. The
coordinates in this command are in 640-by-480 raster
memory space.

< Set-Pixel-Beam-Position: (3,4)>. Move the pixel
beam to the point x= 3, y= 4. (These coordinates are
relative to the lower left corner of the pixel viewport.)

< Raster-Write: 4, “4002”>. Load four color-indices
into four successive pixels. At the end of this com-
mand, the pixel beam position is at x= 7, y= 4. (These
coordinates are relative to the lower left corner of the
pixel viewport.)

< Set-Pixel-Beam-Position: (3,3)>. Move the pixel
beam to the point (3,3). (These coordinates are relative
to the lower left corner of the pixel viewport.)v

< Raster-Write: 4, “4217”>. Write the color-indices
4,2, 1,7 into four successive pixels. At the end of this
operation, the pixel beam position is at (34,30) —rela-

tive to the lower left corner of the pixel viewport.

< begin—pixel—operations: 1,11, 6>

< set—pixel—viewport: (100,100), (109,109)>
<rectangle—fill: (100,100), (109,109), 0>

< set—pixel—-beam—position: (3,4)>
<raster—write: 4,4002”>

< set—pixel—beam—position: (3,3)>
<raster—write: 4, “4217">

PIXEL VIEWPORT

, DISPLAY

3684-56

Figure 7-30. Writing Into the Pixel Viewport.

7-52

4113 HOST PROGRAMMER'S

(




You can use <runlength-write> commands as well as
< raster-write> commands in the pixel viewport. Figure
7-31 shows how.

As in the previous figure, Figure 7-31 uses <begin-
pixel-operations> and < set-pixel-viewport>
commands to define a pixel viewport on Surface 1 that
is ten pixels wide and ten pixels high. As before, a
<rectangle-fill> command is used to set all pixels in
the pixel viewport to color-index zero. This time,
however, there is no < set-pixel-beam-position> com-
mand, so the pixel beam position starts at the upper left
corner of the pixel viewport. Also, this time the bits-per-
pixel parameter is set to 3.

The < runlength-write> command has four run codes
in its <int-array> parameter. The first code, 160, calls
for 20 pixels of color-index zero (20 x 23 + 0 = 160).
The second code, 243, calls for 30 pixels of color-
index three (30 x 23 + 3 = 243). The third code, 160,
calls for 20 pixels of color-index zero; it is the same as
the first code. The fourth code, 2486, calls for 30 pixels
of color-index 6 (30 x 2% + 6 = 246).
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< begin-pixel-operations: 1,11,3>

< set-pixel-viewport: (100,100, (109,109)>
<rectangle-fili: (100,100), (109,109), 0>
<runlength-write: (160-243,160,246)>

00000OO0QCOOOO
0000O0OCOOOOO
3333333333
3333333333
33333333333
0000O0OCOOOO
0000O0O0OCOOODO
6 6 6 6 6 6 6 6 6 6
6 6 6 6 6 6 6 6 6 6
6 6 6 6 6 6 6 6 6 6

4296-17

Figure 7-31. Using a <Runlength-Write> Command in the
‘Pixel Viewport. 1
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éection 8

GRAPHIC INPUT

INTRODUCTION

This section shows examples of GIN (graphic input)
operations. Like all sections of this manual, it should be
read with the 4110 Series Command Reference Manual
close at hand. You will need the Command Reference
Manual for detailed descriptions of the individual GIN
commands.

In this section under the heading "“Enabling for Graphic
Input” is a description of the <enable-GIN> command
and of GIN functions and GIN devices. Here also is a
brief list of other GIN commands.

The next three major headings (‘‘Locator Function,”
“Pick Function,” and “Stroke Function”) give examples
of how to perform graphic input. These examples also
show how to use other GIN features.

® Locator function. The example of the locator func-
tion also shows how to use the “gridding” and
“rubberbanding” features.

® Pick function. The example of the pick function also
shows how to insert < pick-ID>s in the display list
for a segment.

o Stroke function. The example of the stroke function
shows how to use “stroke filtering” and “inking”
features.

By the time you have studied these examples, you
should know how to do graphic input with the 4113
terminal. The remaining major head describes a more
advanced topic: “Using Several GIN Devices at Once.”

ENABLING FOR GRAPHIC INPUT

<ENABLE-GIN> COMMAND

The < enable-GIN> command enables the terminal for
graphic input. The command has this syntax:

<enable-GIN> = (ESC)(N(E)<int><int+ >

Device-Function Code

The first parameter is an <int> holding a device-
function code. This code specifies the GIN device
which is enabled, and the GIN function for which that
device is enabled.

Table 8-1 lists the valid device-function codes.
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Table 8-1
DEVICE-FUNCTION ID CODE NUMBERS

Code Device-Function Code
0 Thumbwheels-Locator
1 Thumbwheels-Pick
8 Tablet-Locator
9 Tablet-Pick
10 Tablet-Stroke
24 Plotter at Port 0 — Locator
25 Plotter at Port 0 — Pick
32 Plotter at Port 1 — Locator
33 Plotter at Port 1 — Pick
40 Plotter at Port 2 — Locator
41 Plotter at Port 2 — Pick
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Number of GIN Events

The < enable-GIN> command’s second parameter
specifies for how many GIN events the device is being
‘enabled. You can enable a device “permanently” (that’
is, until the terminal is turned off or a < disable-GIN>
command is received) by specifying a large number,
such as 65535, as the number of GIN events.

Each GIN event occurs when the terminal receives a
single point's location from the operator and sends to
the host a report including that position. If the graphic
input device is the thumbwheels, the operator enters a
point (signals a GIN event) by typing a character on the
keyboard. For the optional graphics tablet, the operator
signals a GIN event with the tablet pen or optional
cursor. With the optional plotter, the operator signals a
GIN event with a switch on the plotter. In any case, a
GIN event occurs when a point’s position is entered for
graphic input.

The terminal remains enabled for graphic input from
the specified device until one of the following occurs:

® The <enable-GIN> command’s second parameter
is satisfied. That is, the specified number of GIN
events have occurred.

® A <disable-GIN> command is received.

® A <cancel> command is received, or.the operator
nresses the CANCEL key.

Examples

<enable-GIN: 0, 1> Enables the thumbweels
device and locator function

for one GIN event.

< enable-GIN: 1, 3> Enables the thumbwheels

for three pick events.

< enable-GIN: 8, 30> Enables the tablet for 30

locator events.

Enables the tablet for a
large number of stroke
events.

<enable-GIN: 10, 65535>

GIN DEVICES

There are three types of GIN devices: thumbwheels,
tablet, and plotter.

Thumbwheels

The operator uses the thumbwheels to position the
graphic cursor and then signals a GIN event by
pressing any ASCII key on the keyboard.

Tablet

The operator positions the graphic cursor by moving a
stylus or tablet cursor over the surface of the optional
graphic tablet. The operator signals a GIN event by
pressing the stylus against the tablet, or by pressing a
button on the tablet cursor. (In the case of the stroke
function, GIN events occur automatically throughout
the stroke. This is described later in this section.)

Plotter

if the 4113 is equipped with Option 10 (Three Port
Peripheral Interface), then a TEKTRONIX 4662 or 4663
Interactive Digital Plotter may be attached to one of the
three peripheral ports. Such a plotter may be specified
as a graphic input device. If a plotter is the GIN device,
then the operator positions the graphic cursor by
moving the plotter pen with the plotter joystick. The
operator signals a GIN event by pressing a switch on
the plotter.

GIN FUNCTIONS

There are three GIN functions: locator, pick, and stroke.

Locator Function

When the locator function is enabled, a graphic cursor
appears on the screen. (The default graphic cursor is a
large pair of crosshairs; however, any segment can be

used as the graphic cursor.)

The operator positions the cursor at some point on the
screen, and then signals a “GIN event.” Just how the
operator does this depends on which GIN device has
been enabled. For instance, if the thumbwheels are the
GIN device, then the operator moves the cursor by
manipulating the thumbwheels and signals a GIN event
by pressing a keyboard key.
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When the operator signals the GIN event, the terminal
responds by sending a < GIN-locator-report> to the
host computer. (An optional signature character is sent
at the start of this report; this is described later in this
section.) The < GIN-locator-report> tells the host (a)
which key the operator pressed, and (b) the location of
the graphic cursor in 4096-by-4096 terminal space.

Pick Function

When the pick function is enabled, a graphic cursor
appears. The operator “picks” a segment (or part of a
segment), and the terminal sends a < GIN-pick-re-
port> to the host computer.

To pick a segment, the operator moves the graphic
cursor to the desired segment (or part of a segment)
and signals a GIN event. The operator does this just as
for the locator function. For instance, he or she may
move the thumbwheels to position the graphic cursor
and press a key to signal the GIN event.

In response to the GIN event, the terminal sends a

< GIN-pick-report> to the host computer. This report
tells which key the operator pressed, where the cursor
was when the operator pressed that key, which seg-
ment was picked, and what part of that segment was
picked. The < GIN-pick-report>, like the < GIN-
locator-report>, may be preceded by an optional
signature character.

Stroke Function
The stroke function is valid only for the tablet.

When the stroke function is enabled, the graphic
cursor appears at a point on the screen which
corresponds to the position on the tablet of the tablet
pen or tablet cursor. If you want to rely only on the
tablet pen or cursor and would rather not see a graphic
cursor on the screen, then use an empty segment as
the graphic cursor.

Each “stroke” is deemed to be many separate GIN
events, each of which causes a < GIN-stroke-report>
to be sent to the host computer. The operator begins a
stroke by pressing the tablet pen against the tablet, or
by pressing a button on the tablet cursor. The operator
then moves the pen (or cursor) across the tablet
surface and ends the stroke by releasing pressure on
the pen (or cursor button).

4113 HOST PROGRAMMER'S

GRAPHIC INPUT

During the stroke, the terminal sends many < GIN-
stroke-report> s to the host computer. The format of
these reports, and details of when they are sent, are
described later in this section.

<DISABLE-GIN> COMMAND

The < enable-GIN> command specifies a number of
GIN events for which the GIN device and function are
enabled. You can, however, disable graphic input from
that device-function combination before all those GIN
events have occurred. To do so, use the <disable-
GIN> command:

< disable-GIN> = (ESC)()(D)< int>

Here, the <int> parameter is the device-function code
for the GIN device and function which are to be
disabled.

OTHER GIN COMMANDS

There are a variety of other GIN commands, which set
other parameters associated with graphic input opera-
tions. These let you select alternate graphic cursors,
choose the signature characters used in GIN reports,
constrain the cursor to lie only on the intersection
points of an imaginary grid, enable or disable “rubber-
banding” and “inking,” and so on. These commands
are demonstrated in the examples which follow.

These commands pertain to GIN operations:

< enable-GIN>

< disable-GIN>

< set-GIN-cursor>

< set-GIN-gridding>

< set-GIN-rubberbanding>

< set-GIN-stroke-filtering>

< set-pick-ID>

< set-report-sig-chars>

< set-report-EOM-frequency>
< set-report-max-line-length> |

You can find detailed information on these commands
in the 4110 Series Command Reference Manual.
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LOCATOR FUNCTION

The following example of the locator function also
shows how to use the terminal’s “gridding” and
“rubberbanding’ features. '

PREPARING FOR GRAPHIC INPUT

To prepare the terminal for graphic input from the
thumbwheels, using the locator function, you might
issue the following commands:

< set-report-EOL-string: (13)>

< set-report-sig-chars: 0,87, 119>
< set-report-EOM-frequency: 1>

< set-GIN-gridding: 0, 100, 100>
< set-GIN-rubberbanding: 0, 1>

< enable-GIN: 0, 5>

The < set-report-EOL-string> command sets the ter-
minal's end-of-line string to be the single (CR)
character, which has a decimal equivalent of 13:

< set-report-EOL-string: (13)>

= (ESC)(N)(T)< int-array: (13)>
(ESC)N)(T)<int: 1> < int: 13>
(ESCHNM(T) (1) (=)

on

The < set-report-sig-chars> sets the “signature char-
acters” used in the < GIN-report-sequence> which the
terminal sends to the host. The command sets signa-
ture characters for device-function code zero:
thumbwheels device, locator function. The <sig-char>
sent before each < GIN-locator-report> is (W), which
has a decimal equivalent of 87. The < term-sig-char>,
which marks the end of the < GIN-report-sequence>,
is (w), which has a decimal equivalent of 119.

< set-report-sig-chars: 0,87, 119>

= (ESC)((S)<int: 0> <int: 87> <int: 119>
(ESC)INS)ONENT)(G)(7)

The < set-report-EOM-frequency> command causes
the terminal to send an < EOM-indicator> after each
< GIN-locator-report> in the < GIN-report-se-
quence>. If the terminal is not in block mode, this

< EOM-indicator> is just the current < EOL-string>,
which has been set to (CR).

< set-report-EOM-frequency: 1>
= (ESC)(N(M)<int: 1>
(ESC)()(M)(1)

84

The < set-GIN-gridding> command enables gridding
for device-function code zero. The graphic cursor is
constrained to points in terminal space which have x-
and y-coordinates that are both multiples of 100.

< set-GIN-gridding: 0, 100, 100>
= (ESC)()(G)<int: 0> <int: 100> < int: 100>
= (ESC)(N(G)0)(F)(4)(F)(4)

The < set-GIN-rubberbanding> command enabies the
“rubberbanding” feature for device-function code zero.
After the first point is entered, the terminal displays a
“rubberband line” between the previous point and the
current cursor position.

< set-GIN-rubberbanding: 0, 1>
= (ESC)()(R)<int: 0> <int: 1>
(ESC)()(R)(0)(1)

After all these GIN parameters have been set, the

< enable-GIN> command enables device-function
code zero (thumbwheels device, locator function) for
five GIN events.

< enable-GIN: 0, 5>
= (ESC)(N(E)<int: 0> <int: 5>
= (ESC)(E)(0)(5)

OPERATOR AND HOST INTERACTION

The following steps show one way the preceding
commands might be used in a host application
program:

1. The program begins by issuing a < begin-seg-
ment> command and instructing the operator to
“type M to move, D to draw, or X to exit this
program.”

2. The program then sets various graphic input
parameters, and enables the device-locator func-
tion for a large number of GIN events. To do this,
the program sends the following commands to the
terminal:

< set-report-sig-chars: 0,87,119>
< set-report-EOM-frequency: 1>

< set-GIN-gridding: 0, 1>

< set-GIN-rubberbanding: 0, 1>

< enable-GIN: 0, 32767 >

3. As the terminal executes the < enable-GIN>

command, it displays the crosshair cursor.
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4, The operator moves the thumbwheels, using them 5. The operator enters each point by pressing a
to position the cursor at a desired point on the keyboard key. (The operator has been instructed to
screen. press M for a “move,” D for a “draw,” and X to exit

the program.)
Because gridding is enabled, the cursor only

moves to points on an invisible grid. That is, it only 6. When the operator presses a key, the terminal

moves to points which have x- and y-coordinates blinks the crosshair cursor and sends a < GIN-

that are both multiples of 100. locator-report> to the host computer. Each < GIN-
locator-report> is preceded by (W) — the

After the first point has been entered, the terminal signature character — and followed by (CR) — the

displays a “rubberband line” from the last point end-of-line string. Figure 8-1 shows a typical

entered to the current cursor location. < GIN-report-sequence> for the locator GIN
function.

(W)(m) (=) (SP) (=) () (+) (CR))
(W)(d) (=) (SP) (=) () () (CR)
(W)(d) ($) (SP) (3) (2) (8) (CR)
wW)d () (sP) (0) () () (CR) p~e——<GIN—report—item>s
W)(m) () (SP) () (8)(0) (CR)
(W)d) () (SP) (1) (6) (5) (CR)
W)x) (=) (8P) (=) (*) (>) (CR)
< <final—GIN—report—item>

(w) [m)(=)(SP)(= ) (+) (CR)

VT

< 