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PREFACE

This rgport is the result of work performed under Contract No.
DACA39-T78-M-0053, dated 25 January 1978, between the U. S. Army Engineer
Waterways Experiment Station (WES), Vicksburg, Miss., and the author,

Dr. Richard F. Puk, Graphics Consultant. The work concerned designing
device implementation guidelines for the three-dimensional version

(2.0) of the Graphics Compatibility System (GCS). The task was directed
by the Automatic Data Processing (ADP) Center, WES, as part  of the Inte-
grated Software Research and Development Program, AT1l, Engineéring
Software Research, Graphics Interfaces for Scientific Applications, Im=-
provement and Refinement of Computer Graphics Software Package, sponsored
by the Office, Chief of Engineers, U. S. Army.

Mr. James M. Jones II, R&D Software Group, ADP Center, WES, .
monitored the contract under the general supervision of Dr. N. Radhakrishnan,
Special Technical Assistant to the Chief of the ADP Center, and Mr. D, L.
Neumann, Chief of the ADP Center.

Director of WES during the period of the contract was COL J. L.
Cannon, CE. Technical Director was Mr. F. R. Brown.
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I.

II.

DEVICE IMPLEMENTATION GUIDELINES FOR THE THREE-
DIMENSIONAL GRAPHICS COMPATIBILITY SYSTEM (GCS)

Introduction.

The following paragraphs develop guidelines for imple-
menting new devices for 3-D GCS. Included will be the
definition of device-dependent Graphics Status Area initial-
ization values, functional specifications for each of the
3-D GCS device-dependent routines, a discussion of factors
involved in supporting intelligent refresh devices, and a
description of a phased sequence for implementing new
devices.

Graphics Status Area Initialization.

In this section, each of the device-dependent elements
of the Graphics Status Area (GSA) will be listed along with
the procedures required to calculate the value, if appropriate.

KBEAMX Logical pen x-position in raster units. Default
position is lower left corner of the largest square
on plotting surface. If screen 1s rectangular, the
square 1s right- or bottom-justified.

KBEAMY Logical pen y-position in raster units., Default
position is lower left corner of the largest square
on the plotting surface. If the screen is rectangular,
the square is right- or bottom-=justified.

KBEAMZ Logical pen z-position. Default value is zero.

TRSVX Ratio of screen to virtual units in x-direction.
Default is width of UDAREA in raster units divided
by width of UWINDO (100.).

TRSVY Ratio of screen to virtual units in y-direction.
Default 1s height of UDAREA in raster units divided
by height of UWINDO (100.).

KMINSX Minimum x screen window (UDAREA) boundary in raster
units. Default is the same as KBEAMX.

KMAXSX Maximum x screen window (UDAREA) boundary in raster
units., Default is maximum address in x-direction.

KMINSY Minimum y screen window (UDAREA) boundary in raster
units., Default is same as KBEAMY.

KMAXSY Maximum y screen window (UDAREA) boundary in raster
units., Default is the top boundary of largest square
in plotting surface.
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KMINSZ

KMAXSZ

KCOLOR

TMRKSZ

KHORSZ

KVERSZ

KLMRGN

KRMRGN

KTMRGN

KBMRGN

KGIN

KMINHX

KMINHY

KMAXHY

Minimum z screen window (UDAREA) boundary in
raster units. Default is same as KBEAMZ.

Maximum z screen window (UDAREA) boundary in
raster units. Default is the back plane of the
cubical display volume for 3D devices. For 2D
devices, the default is the same as KMAXSX,

Color or greyscale switch. Default is the actual
color produced by the plot head when device is
initialized.

Marker horizontal size in raster units. Default
is one per cent of the maximum physical x address
but no smaller than one.

Horizontal hardware character position size in
raster units. Default is width of smallest size
character position.

Vertical hardware character position size in raster
units. Default value is height of smallest size
character position.

Left alphanumeric margin boundary in raster units.
Default is normally zero (minimum plotting surface
address in x-direction).

Right alphanumeric margin boundary in raster units,
Default is maximum plotting surface address in
x-direction.

Top alphanumeric margin boundary in raster units.
Default is maximum plotting surface address in
y-direction.

Bottom alphanumeric margin boundary in raster units.
Default is zero (minimum plotting surface address in
y-direction).

Graphics input device selector. Default is primary
graphics input device on display.

Minimum device x-boundary of last NEWSCALE. Default
is KMINSX.

Maximum device x-boundary of last NEWSCALE. Default
is KMAXSX.

Minimum device y-boundary of last NEWSCALE. Default
is KMINSY.

Maximum device y-boundary of last NEWSCALE. Default
is KMAXSY,
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KMINDX

KMAXDX

KMINDY

KMINDZ

KMAXDZ

TRASTX

TRASTY

TRASTZ

r KPMXMX

1 KFMYMX

KFMZMX

THDCPY

KPHXMX

KPHYMX

KPHZMX

Minimum x-address of display surface in raster units.
Default is zero.

Maximum x-address of display surface in raster units.
Default for devices with variable size plotting surface
is largest square using normal plotting medium.

Minimum y-address of display surface in raster units.
Default is zero.

Maximum y-address of display surface in raster units.
Default for devices with variable size plotting surface
is largest square using normal plotting medium.

Minimum z-address of display surface in raster units.
Default is zero.

Maximum z-address of display surface in raster units.
Default is same as KMAXDX.

X-resolution in raster units per inch. Default is
KMAXDX divided by width of plotting surface in inches.

Y-resolution in raster units per inch. Default is
KMAXDY divided by height of plotting surface in inches.

Z-resolution in raster units per inch. Default is
KMAXDZ divided by depth of plotting surface in inches
(or width 1f 2D device).

Formatted display surface x-dimension in raster units.
Default is maximum normal x-dimension.

Formatted display surface y-dimension in raster units.
Default is maximum normal y-dimension.

Formatted display surface z-dimension in raster units,
Default is maximum normal z-dimension.(same as KFMXMX
for 2D desvices).

Hard copy delay time in seconds. Default is the
number of seconds of walt time required while a hard
copy 1s being generated. Default is zero if no hard
copy capability is avallable.

Maximum possible physical x-boundary in raster units.
Default 1s largest possible address. This could
include a full roll of plotter paper.

Maximum possible physical y-boundary in raster units.
Default 1s largest possible y-address.

Maximum possible physical z-boundary in raster units.
Default 1s largecst possible z-address (same as KPHXMX
for 2D devices).
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TRESOX

TRESOY

TRESOQZ

KTYMNU

KNRCLR

KBAUDR

KPCHAR

KPREVC

KPREVI

Actual physical x-resolution.in raster units per
inch, Default is XPHXMX divided by actual width of
display surface in inches.

Actual physical y-resolution in raster units per
inch. Default is KPHYMX divided by actual height
of display surface in inches.

Actual physical z-resolution in raster units per
inch., Default 1s KPHZMX divided by actual depth
of display surface in inches (actual wiﬂth is used
for 2D devices).

-Device type for menu generation. Possible values

are: Graphics device = 1, Alphanumeric device = 2,
Batch device =3,

Number of modifiable color table entries supported.
Default is zero for devices which have no modifiable
color table.

Speed of communication line in characters per second.
Default is usual speed for device.

X,Y component buffer. Used by GOSPEN as a work area.
Default should'reflect impossible or unusable value.

Color which terminal is currently generating. Default
is same as KCOLOR.

Current device intensity setting.. Default is set to
sixty percent of maximum screen intensity.




III.

3=-D GCS Device-Dependent Routines.

This section describes the functions embodied in each
of the 3-D GCS device-dependent routines. This discussion
will include interface specifications, functional specifi-
cations, and indication of whether the function can be
supported at the display-device either in hardware or soft-
ware, relationships to other functions, and special instruc-
tions which may be required for 3-D display-devices. The
functions will be listed alphabetically within the two
groups, user-interface and GCS-internal.
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UHDOPY

Comments:

This routine causes a hard copy of the current
display surface to be produced if an on-1line
immediate hard copy facility is available for

the display device. A delay can be programmed

by checking the GSA variable THDCPY which indicates
the number of seconds of delay required. The
delay can be generated by sending an appropriate
number of 'NUL' or 'SYN' characters to the display
device based on THDCPY seconds times the contents
of KBAUDR (communication line speed in characters

per second).

This function is null for display devices with no
on-line immediate hard copy capability.




Comments: This routine returns the Graphics Status Area
to its initial condition. Aside from setting
the device-dependent GSA elemsnts to agree with
those in the Block Data subroutine for this
device before compilation, no further nodirication
is required.

This routine can not be supported at .the display-
device.




UWAIT(TIME)

T?IME indicates the amount of time which GCS will

Comments:

wait before sending further commands to the
display.

This routine is usually implemented by sending
a sufficient number of null-operation control
characters across the communication line to
cause the required delay.

The KBAUDR GSA element specifies the line speed
in characters per second. For batch devices,
this routine is a null-operation.

This routine cannot be supported at the display.




GCSALF{ICHAR)

ICHAR is one ASCII character, right-justified,
zero=-fill.

Comments: This routine causes one hardware character to be
displayed after the terminal is placed in alpha
mode and KKMODE 1s set to reflect alpha mode. If
a hardware character generator 1s not available
and if the device is not intelligent,.a device-
indpendent hardware character simulator version
of GCSALF is available. If a hardware character
generator or simulator is available at the
display, the printable character is simply sent
to the display. Note that on three-dimensional
devices, the characters are always produced on
the screen plane. Only printable ASCII characters
are output from this routine. The receipt of
control characters implies that the termindl .is
is to be placed in alpha mode and that the char-
acter size is to be updated, if necessary.

Two control characters have speclal extra meaning
for intelligent displays. A value of 001g indicates
start of alpha string and 0028 indicates end of
alpha string. This allows strings of characters

to be processed as one primitive operation at the
display.

To update the character size, on input the value of
KSIZEF 1s stored in KPREVS and the new sizes are
stored in KHORSZ and KVERSZ.

This function may be supported at an intelligent
display-device either by sending single characters
or be using the 001g and 002g brackets to send
entire character strings.
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GCSARC(X,Y,ANGLE,RADIUS , ICHECK)

b &P § are the coordinates of the center of the circle
defined by the arc.

i ANGLE indicates the angle the arc will subtend and

! the direction of travel of the arc. A posi-

i tive angle 1s counterclockwise, a negative
angle is clockwise.

RADIUS specifies the radius of the circle.

ICHECK 1s set to 1 if hardware arc generation is not
available or the arc was not drawn for this
request. It is set to zero if the requested
arc was drawn. .

‘ Comments: If hardware arc generation 1s avallable and 1if

E the arc can be drawn and does not intersect the

: window, the flag ICHECK 1s set to zero and the
appropriate instruction 1s sent to the display.
If, for some reason, the arc can not be drawn at
the display, the flag is set to 1. Reasons which
might apply are lack of an arc generation facility
at the display device, intersection of the arc §
with the window, or the viewing and positional .
; transformations are such that the arc cannot be
E / drawn in the current X,Y plane by the hardware.

This function may be supported at the device if

the arc to be drawn does not intersect the window.

. If 1t does intersect the window, GCSARC may

- calculate the visible arc segments and 1issue
several instructions to draw each segment. However,
the instructions to perform these calculations are
somewhat complex and it is usually left to UARC

to draw the desired arc.

2 s ™ o IS
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Comments:

This routine performs any initialization
functions required by the display. For
intelligent devices, it may pass the initial-
ization request to the device. For 3-D
display-devices, it may have to initially

load the viewing transform parameters to thelr
default values.

13
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GCSBPK(IX,IY,ICHAR)
IX,IY 4is the location to be marked.

ICHAR 1is the fill character for the designated

Comments:

raster position. For some raster devices,
this argument may be used to indicate the
number of raster positions along the raster
to be marked starting at the indicated raster

position. S

This routine maintains the internal raster buffer
for raster devices such as line printers, alpha-
numeric terminals without cursor addressing, and
direct support of electrostatic printers. The
buffer is a Fortran Common Area GCSBUF which
contains storage for the entire frame or a page
of the frame. The IX,IY values are mapped into
buffer locations and the character (after trans-
lation into internal computer character set) or
raster positions are stored there.

This routine may be supported at the display-
device if an intelligent raster-scan terminal

or an unintelligent raster-scan terminal with
local raster storage. In this case, this routine
should be eliminated with GCSPEN sending the
vector request directly to the terminal. This
will require implementation of the scan conversion
at the terminal either in hardware or software.

1k
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GCSOLR ( INDEX ,CLRVEC)

INDEX

is the color table entry being defined.

CLRVEC 1is an array of seven elements. Bach element

Comments:

indicates a percentage of maximum participation
for a particular hue. Basic hues are in the
order: RED, GREEN, YELLOW, BLUE, MAGENTA, CYAN,
and WHITE. .

This routine allows redefinition of coldr table
entries for display devices supporting a modifiable
colorltable. For all other devices, this routine
is null.

If INDBEX exceeds the maximum color table index,
the value of INDEX modulo the number of color
table entries availlable should be used.

Since the values in CLRVEC represent percentages
of the maximum participation for a particular
basic hue, they can also be thought of as percent-
ages of maximum intensity. The actual intensity
value for the hue can be obtained by multiplying
the maximum intensity setting by the CLRVEC entry
divided by 100. Note.that if only a three entry
color table is available (red, blue, green; or

' magenta, yellow, cyan), the complementary hues

may be obtained from the appropriate components
each of which has the intensity setting desired
for the unavallable hue. For example, 75% yellow
may be obtained on additive color systems from
75% red and 75% green.

1
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GCSCLS

Comments:

This routine closes the currently open segment

at the display device. Note that 1f the device
draws vectors or characters by some kind of
vector string or character string, this string
should be terminated for to closing the segment.
Failure to do this when required can cause mis-
interpreted information to be displayed when the
segments are being posted. '

16
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GOSDEL (NAMSEG )
NAMSEG is the number of the segment to be deleted.

Comments: This routine sends a command to the display
device causing the requested segment to be deleted.
Por display devices which have no inherent seg-

‘ mentation capability or requirement, the deletion

' is handled entirely by UDELET and this routine is

! | null. If NAMSEG has value zero, all .segments are
to be deleted. ]

Note htat when the delete is requested at the
display device, the deleteion should occur immedi-
ately (1. e., the segment should be removed from
the display surface.

e SRR T
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GCSDSP

Comments:

This routine transmits the user display area

location to the display-device. This will only
be required for 3-D devices which perform the

:10:1ng transform and clipping at the display-
evice.
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fﬁ‘ GCSEND

Comments: This routine performs any termination functions
required by the display-device. For intelligent

devices, it may pass the termination request to
the device.

R ot
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GCSERA

Comments:

This routine provides a clean plotting surface by
either erasing the plotting surface or by advancing
the plotting medium to an unused frame.

This function may be supported at the display-device.
In this case, only an indication that the erase must
occur need be transmitted to the device.

Note: 1in earlier versions of GCS, this function
was incorporated within a device-dependent UERASE.
UERASE has been made device-independent. It now
calls GCSERA to actually perform the erasure.

20
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GOSFMT (INDEX ,ASPEOT ,WIDTH)

INDEX is the GCS index number for the supported
format type. A listing of the formats
supported may be found in UFORMT.

ASPECT 4is the aspect ratlio of the requested format.
WIDTH is the width of the format in inches.

Oomments: This routine corrects the display surface format
; boundaries established by UFORMT. Since UFORMT

centers the format on the physical display surface
boundaries, no other action is required if that
position is appropriate for the requested format.
This routine will only be different from the null
function for devices with variable size plottin
surfaces such as computer-output-microfilm (COM
recorders or pen plotters.

For COM recorders, the appropriate formats should
be mapped onto the address space in such a way
that when the COM device is configured with the
camera/lens combination for the requested format,
the format boundaries exactly match the edges of
the frame on the film.

Por pen plotters, paper (or other medium) of the
appropriate size is requested to be made ready on
the plotter surface.

If INDEX has value zero, GCSFMT will have been
invoked by UDIMEN. In this case, adjustments as
necessary to support the requested aspect ratie
and width should be made.




GCSFRA ( INDEX ,0PCODE)

.

is the numeric identifier for the frame.

OPCODE is the action to be performed related to

aadioe ol

Comments:

swﬂ R ok Lo _TESRTRY SR e
|

the designated frame.

This routine processes the frame manipulation
function requests of “open", “close"”, "show",
and “unshow®, Since these operations are
currently supported only in an intelligent
display, this function becomes a null routine
for unintelligent devices. The function of
this routine is primarily to reformat the
requested operation as necessary and transmit
it to the display.

This 1s an interface routine which communicates
with a program executing in the display-device
general processor if the display is intelligeat.

|
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GOSIN(ICOUNT,IBUF,IPRMPT)

ICOUNT indicates the upper limit of the number of ASCII

INBUF

characters to be received as input.

is a buffer of lergth ICOUNT in which the ASCII
characters will be placed right-justified,
zero-£1l11.

IPRMPT 18 an array containing the number of prompt

Comments:

characters to be produced in the first word and
the prompt characters in the succeeding words,
one ASCII character/word, right-justified,
zero=f1ill, ‘

This is primarily in interface routine to the
operating system function which actually sends

the prompt and obtains the characters. If less
than ICOUNT characters are received, the remaining
buffer positions should be zeroed.

This function can not be supported at the display
device since it is really not device-dependent

but operating system dependent. However, to

insure correct linkage editing on all operating
systems, 1t 1s grouped with the device-dependent
routines. Note that on many operating systems,

a routine has been written to perform this function
(see 3D GCS Host-Computer Implementation Guidelines).

For batch devices, this routine issues an error
message Aand returns null characters.

If the operating system routine does not handle
prompts, the prompt may be gemerated by the
following statements prior to calling the operating
system input routine:

IFRAME=KFRAME

KFRAME=0

CALL GCSOUT (IPRMPT(1),IPRMPT(2),0)
KFRAME=IFRAME

23

e s [t et 4 o et e s




L g,

e

GCSINN(ICOUNT,ISTRNG)

ICOUNT indicates the number of ASCII characters to
be read from the terminal.

ISTRNG 4is a buffer into which ICOUNT characters will
be placed.

Comments: This routine accepts strings of ASCII characters
from the terminal. Priop to issuing an input
operation using GCSIN, the terminal 1s placed in
the appropriate mode to activate the logical text
device, usually realized as a keyboard. If
ICOUNT is less than or equal to zero, no input
operation takes place.

This function can not be supported at %ho display.

2k
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GOSMAP(XIN,YIN,ZIN,XOUT,YOUT,20UT)
XIN,YIN,ZIN are the coordinates before projection

XO0UT,YCUT,ZOUT are the coordinates after projecition

Comments:

in viewing units.

is applied in viewing units,

This routine performs orthogonal or perspective
transformations for devices which do not perform
viewing transformations at the display-device.

In this case, a version of this routine-is
provided. PFor devices which do perform the view-
ing transformation at the display-device, this
routine consists simply of the input coordinates
mapping into the output coordinates.

25
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GCSMOD (NAMSEG ,NAMAT ,NEWVAL, ILOC)

NAMSEG 1s the number of the segment one of whose

NAMAT

attributes 1s to be modified.
is the number of the attribute to be modified:

Visibility

Highlighting

Detectibility

2D Translate Image Transformation
2D General Image Transformation
3D Translate Image Transformation
3D General Image Transformation

O FHULI V-0
W uneun

NEWVAL contains-the new setting for the attribute of

ILOC

Comments:

the specified segment. If NAMAT has values
O = 2, NEWVAL will have values O = OFF or

1 = ON. Otherwise, NEWVAL is an array con=-
taining the parameters for the image trans-
formation requested.

is the record number within the GCS library
work file where the segment is located if
segmentation 1s occurring entirely in the
host-computer.,

This routine causes the indicated segment attri-
bute to be modified as directed at the display
device. Highlighting should be supported by
blinking whenever possible.

For devices which support segmentation at the
display device, this routine sends the requested
segment attribute modifications to the display
device. Note that 1f the device does not support
image transformations at a particular level,
requests for such transforms should not be sent
but ignored or processed as well as possible.

Por other devices, segmentation is supported within
the host by saving the segments in the library work
file. The segment attributes are contained in the
segment table which 1s inaccessible to the device-
dependent routines. However, the current image
transformation is stored in the segment header as
follows:

Header Word 5 indicates the number of words
in the segment header exten-
sion in which are stored the
transformation.

Header Word 6 and the following words, if
required, contain the current
image transformation.

26




GCSMOD (cont.)

TR

If the current appearance of the segment 1is
changed by the attribute modification, then the
display surface must be updated to reflect -the
change unless posting modifications is being
delayed (KPOST .EQ. O).




o

} GOSMRK (INX,INY,INZ,IMARK)

! INX,INY,INZ is the location of the marker (symbol) in
{ raster units,

[ IMARK is the number of the marker to be generated.

| Comments: This routine produces a marker at the indicated
‘ location in raster units., At least ten markers
are supported by GCS. Marker O is always a
point and calling GCSMRK with IMARK .EQ. O will
result in point plotting and should generate
point plotting display commands if they are
available. If markers are not supported at the
display device, the markers are simulated by using
GOSSIM. Descriptors of the markers have been
defined for input to GOSSIM. This version of
GOSMRK exlists in current device libraries. Note
that, even in this case, IMARK .EQ. O is produced
by the special call to GCSPEN with IPEN .EQ. 2.

adiabind

If markers are supported at the display device,
then commands should be generated which will
produce the requested markers at the indicated
location.

If IMARK exceeds the highest marker index, an IMARK
modulo the number of markers avalilable is used.
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ILOC

Comments:

GOSOPN (NAMSEG ,NRTSEG ,ILOC)
NAMSEG 1s the number of the segment to be opened.
NRTSEG are the initial segment attribute settings

as follows:

bit

unused

t{V1sib111ty O=0FF
ighlighting

Detectibility 1=0N

is the number of a record on the GCS library
work file in which the segment can be stored
if the display device does not have inherent
segmentation capability.

This routine opens the requested segment at the
display device. Before a segment is opened, any
vector or character strings which are curreatly
being processed must be terminated to avoid
problems during posting.

If segmentation is maintained at the display
device, an "open segment” command should ve sent
to the device along with the initial segment
attributes.

If segmentation 1s being handled within the host-
computer, the segment header must be initialized.
The segment header is located in the first words
of the first record of the segment and has the
following format:

[Index of first primitive in always points to
this segment block beginning of data

Index gf }ast word in this
segment block

Count of bytes in last word

ilnk to continuation b}ock Continuation Flag:
0 S8 none assigned F =not continued
Size of image transformation 1=continued to

| header extension record in link

Image Transformation
Header Extension
(O size 9) words

Primitives T

o




GCSOPN (cont.)

Note that for devices which are byte-oriented

and segmentation 1s maintained 1n the host-computer,
the device-dependent segmentation routines for the
Tektronix 4014 probably can be -.used withou
modification. A
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: ‘ GCSOUT (ICOUNT,IBUF, IRESP)

‘ ICOUNT 4indicates the number of ASCII characters to be
! transmitted to the display.

E | IBUP  1s the buffer containing ICOUNT ASCII characters
| right=-justified, zero-fill.

- IRESP is a count indicating the number of acknowledge~
| ment characters required from the .terminal.

! This is only used for supporting intelligent

| devices. ;

Comments: This is the interface routine between GCS and the
operating system routine which sends characters to
the terminal. It is called by all GCS routines
which need to transmit to the display-device. If
ICOUNT=0, the operating system is requested to

E flush any internal buffers.

s docsh sid oo abe e ul o Sk ol 2ot

This routine cannot be supported at the display-
3 device.

For batch device, this routine performs only one
function: it intercepts GCS error messages and
displays them on the system print file.

For supporting intelligent displays, the IRESP :
argument can be used to request an acknowledge- 1
ment from the device before further characters :
are sent. It is usually used when sending functions

1 which may require a large executicn time at the

~# display.

For devices without inherent segmentation capability,
the initial actlion of this routine should be to
save bytes being directed to the plot device if a
segment is open. This is acccomplished by passing
the input to device-dependent routine GOSPRM.

When a segment is open, the bytes are only directed
to the display surface if the segment 1s being
constructed visibly (1. e., the open segment has
visibility attribute of "on"). If no segment is
open, the bytes are always directed to the display
surface.

procery
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IPEN

Comments:

3
! GCSPEN (IX,IY,I1Z,IPEN)

f X B 12 is the end point of the line to be drawn
in raster units.

indicates the operation to be performed.
Zero specifies a move; one specifies a
line; two specifies a point; three speci-
fies a buffer flush request; and four
specifies a dashed line.

This routine is the basic drawing routine for
each device. Several variables have been set
aside in the GSA for use by this routine. The
array KPCHAR is for use as an internal work

space and usually is where the command to be sent
to the display-device is constructed. KPREVX,
KPREVY, and KPREVZ are updated with the value of
IX, IY, and IZ to always point to the current pen
position when GCSPEN terminates. GCSPEN may also
need to fetch additional information to insert
intensity, blink, or other parameters into the
command. The variable KKMODE is updated to re-
flect any mode changes initiated by GCSPEN.

If the display-device is such that a separate
invisible line mode is used, GCSPEN will set
KMOVEF to one whenever he will exit with the
display-device primed for a blank line. Other-
wise KMOVEF is set to zero or left at zero which
is the default.

For two-dimensional devices, the IZ and KPREVZ
variables may be ignored.

For terminal devices, output from GCSPEN is sent
through GCSOUT. For batch devices, output is
written on the appropriate files either directly
or using a device specific support package.

Note: GCS assumes that the plotting surface is
addressed from zero to some maximum positive num-
ber. If the actual address range contains nega-
tive numbers, it is the responsibility of GCSPEN
to add in the appropriate displacement before
building the display processor commands.
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GCSPOS (ISEG,ILOCAT)
ISEG

is the number of the segment to be posted.

ILOCAT is the record number of the segment location

Comments:

if segmentation is maintained in the host-
computer.

This routine prepares the display surface for
posting a segment and also posts (i..e., causes
the segment to be displayed) the segment.

ISEG havelng value zero indicates a request that
the display surface be prepared for posting, if
required. For non-refresh display surfaces, this
indicates a clearing of the display surface in
preparation for redrawing the retained segments.
Por refreshed display surfaces, this indicates
that all non-retained information (information not
in retained segments) be deleted. In either case,
when all segments have been posted, the display
surface should not contain any information prepared
outside of retained segments.

If ISEG has value other that zero, the segment
should be displayed on the display surface it its
visibility attribute is set to visible., For
displays which maintaln segmentation at the device,
no action should be required since the display of
a segment 1s controlled by commands from GCSMOD,
GOSOPN, or GCSDEL. If, however, the host-computer
maintains the segments, the segment primitives
must be copled to the display surface (determination
of visibility occurs in the routine which calls
GCSPOS ).

Note that for byte-orlented devices with no inherent
segmentation capability, the Tektronix 4014 version
should be usable unmodified.
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GCSPRM(INCNT, INBUF)

INCNT is the number of bytes of information to be
inserted in the segment.

INBUF is the buffer containing INCNT bytes right-
justified, zero-fill,

Comments: This routine is only required for display devices
which do not have inherent segmentation capability.
The function of this routine is to receive bytes
from GCSOUT and to pack the bytes into the segment
which is saved on records of the GCS library work
file. Note that for byte-orliented devices, the
version of this routine in the Tektronix 4014
library should be usable without modification.

If the input to GCSOUT is different from 8-bits,
this will require that during execution of GCSPRM
the value of KBYTEL should be set to the appropriate
value and the value of ICPW (in GCSPRM) should be
recomputed.
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E ‘ GCSPST (OPTION)

i OPTION 1is a standard form (four-character, left-
E i justified, blank-fill) UPSET option name
E | passed from UPSET.

Comments: This routine is responsible for any device-
! dependent parameter setting required by the
parent UPSET call.

| One option must alwazs by processed in GCSPST.

! This is the "SETDASH"™ function. If the value

b | of KDASHT is less than 10, this indicates that a
= hardware dash mode is requested. The value 9

‘ is reserved for dotted lines and 1 through 8 for
the first eight hardware dash modes. If the

; display-device does not support hardware dotted
i lines, the 9 im KDASHT should be replaced with

; 944, If the display-device supports less than

; eight hardware dash modes, unsupported dash mode
| numbers in KDASHT should be replaced by S6.

Other UPSET options may be checked for as required
by the display-device and appropriate action
taken.

This function cannot be supported at the display-
device. However, intelligent devices may be
passed the requested setting for local processing.
i Intelligent display-devices which support mode
setting will require a parallel routine to receive
the requests sent by GCSSET.

? The setting of certain hardware attributes should
| also be performed in this routine. These are
listed below:

SPACE (device or virtual)
PROJECTION

WIDTH of lines

BLINK rate

COLOR

BRIGHTNESS (intensity)
SETDASH

MARKER selection

LETTER (character type)
CSPACING (character spacing)
ANGLE of text string

SIZE of characters

XSIZE of characters

YSIZE of characters

FONT

ASPECT RATIO

o, & Sl

i g

o i

et bl e
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GOSPYR(XIN,YIN,ZIN,XOUT,YOUT,Z0UT)

| XIN,YIN,ZIN are the coordinates of the head ‘
| endpoint of the line in viewing :
coorinates. ;

' X0UT,YOUT,Z0UT are the coordinates of the head end
i of the visible portion of the line in
viewing coordinates.

Comments: This routine provides general clipping to the
viewing pyramid for those display-devices in
which the 3-D clipping functions is not performed
at the display-device. The algorithm provided
is that of Sutherland and Cohen as published iz

Principles of Interactive Graphics by Newman and
Sproull.

- For three-dimensional devices which perform the

; 3-D clipping function at the display-device,

this routine whould set KPYRCP = =1 indicating

that no clipping took place and then copy the input
arguments into the output arguments.

This routine can only be supported in the display-
device if the following conditions hold:

1) a clipping/divider is provided in the

[ hardware or the Sutherland-Cohen algo-
rithm is implemented in the display-
device mini-computer.

& 2) GOSMAP is also supported at the display-
device.

@)

;’ Although it is theoretically unnecessary for

2 viewing transformations to be supported at the

4 display-device, most devices which support 3-D
clipping also support the viewing transformation
in rotational hardware.
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GCSRNM(NAMOLD , NAMNEW )
NAMOLD 4is the number of a currently existing segment.

NAMNEW 1is the new number by which the segment referred
to in NAMOLD will henceforth be called.

Comments: This routine renames a segment., It is a null
routine 1f segmentation is maintained within the

host-computer.

For display devices which maintain segmentation
at the device, the 0ld name and new name are sent
to the display device where the name change takes
place.
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GOSVPT

Comments:

This routine transmits the viewport dimensions
and position relative to the viewpoint/viewsite
to the display device. For all devices which do
not support viewing transformations at the
display, this operation is null.

38
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GOSVTD(XIN,YIN,ZIN,IXOUT,IYOUT,IZ0UT)
XIN,YIN,ZIN contains the input coordinates in

viewing space units after 3-D
clipping and projection.

IXOUT,IYOUT,IZOUT contains the output coordinates

Comments:

in device raster units.

For 2-D devices or 3=-D devices without clipping
at the device, this routine accepts input virtual
viewing space units on the projection plane and
converts them to device units after clipping at
the UWINDO boundaries. For these devices, a
routine is provided.

For 3-D devices with clipping at the device, this
routine accepts input virtual viewing space units
and converts them to 3-D device units without any
clipping operation.

The clipping function of this routine can be sup-
ported at the display. This requires that the
window definition be sent to the display by
GCSDSP and GCSWDO.
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GCSVUD

Comments:

This routine transmits the viewing vector speci-
fications to the display-device if viewing trans-
forms are to be applied at the display-device.
For 2-D devices and 3-D devices without a local
view transformation, the location of the view
point and the view site or the view point and

the direction cosines are sent in dilplay-

device units.

Lo
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GCSVUR(XOBJ, YOBJ ,20BJ ,XEYE, YBYB,ZBYB)

XO0BJ ,YOBJ ,Z0BJ contain.the input cocordinates in object

space units,

XBYE,YEYE,2EYE will receive the output coordinates in

Comments:

viewing coordinate units.

This routine converts object space coordinates to
view space coordinates, 1f this function is to be
performed in the host-computer. For 2-D devices

and 3-D devices without local viewing transformation
capability, this routine applies the viewing trans-
formation. For 3~D devices with local viewing
transformation capability, this routine simply
copies the input coordinates into the output coordi-
nates. Note that if viewing transformation 1is to

be applied at the display-device, the following
functions must also be performed at the display-
device: 3-D clipping, projection, and windowing.

k1




GCSWDO

Comments: This routine transmits the window boundaries to the
display-device, if required. For 2-D devices and
3-D devices without a local scissoring facility,
this routine is null. PFor 3-D devices with a

! local scissor facility, this routine transmits the

E | boung;:{ specifications in view space units to the

b . ternm °
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GCSWHR (IX,IY,IC)
IX,IY will contain the raster unit coordinates of the

IC

Comments:

input cursor position.

is a mode, status, or option character obtained
during the input operation. If IC = O upon
entry to GCSWHR, only the character is requested.

This routine performs "positioning”-type input
operations from the input device specified by

GSA variable KGIN or the closest avallable
equivalent. Whatever the form of the input coordi-
nates when received, they must be converted to
standard raster unit format. The mode, status, or
option character should be converted to a form
which can be identified by comparison with a
Hollerith string.

This routine cannot be supported at the display

but may require a parallel function to execute in
an intelligent device.
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Guidelines for Intelligent Devices.

Display-devices which have computing poser of their own
may be termed intelligent. Appropriate use of this intel-
ligence can greatly increase the capabilities of the entire
system. Most such display-devices have a refresh capability.
Thus, much of the capacity of the general processor of the
device is involved with display list management.

In GOS, a display 1list management facllity has been
provided to support dynamic pictures in a device-independent
manner to the extent that the program will execute correctly
even while using dynamic instructions on a non-refresh device.
This is the segmentaticn facility. A complete name for this
feature 1s transformed, segmented, unstructured display list.
Several functions are available in GCS to create, manipulate,
and delete segments. Segments are "opened"™ with a UOPEN
(UFRAME) function and are closed with a UCLOSE (UFREND)
function. Associated with each segment are attributes which
may be mgdified by the UMODFY routine and by the image trans-
formation routines UIMAGE, U3IMAG, UPLACE, and UJPLAC. Seg-
ments may be deleted with the UDELET function. All segments
can be deleted with the UDELAL function. Assoclated with
these user-callable routines are several device-dependent
system routines which either simulate the functions or send
the requests to the display-device. These are GCSCLS,
GCSDBL, GCSMOD, GCSOPN, GCSPOS, GCSPRM, and GCSRNM.

In the display, a UOPEN (UFRAME) operation starts up a
new segment for the indicated segment name. If a segment
for that name already exists, a double buffering takes place
which continues showing the elder of the two segments with
identical numbers until the newer segment definition is
complete (indicated by receiving a UCLOSE (UFREND) command).
At this time, the elder segment is deleted and the newer
segment 1s displayed (if visible). Since the double buffering
1f performed entirely by the device-independent routines,
it need not be supported at the display device. If a segment
is constructed visibly, it will be shown when completed. It
can then be made invisible by executing a UMODFY (UNSHOW)
command, If a segment 1s comstructed invisibly, it will not
be displayed until a UMODFY (USHOW) command 1s received
making 1t visible. Subsequent UMODFY commands can make any
segment visible or invisible as required.

The logical organization of the display list is as above.
The actual physical organization and technique of memory
management will depend on the particular display-device.

In addition to display list management routines, the
intelligent device general processor will also need to
interface avallable hardware functions with the device-
dependent routines of GCS and to provide simulators as
desired for device-dependent functions not available in the
particular hardware under consideration.
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4 In designing the format in which the device-dependent

i GCS routines communicate with the display-device, it is

| wise to select an encoding scheme that does not violate

l ASCII coding conventians. This requires that only seven

‘ bits be used as data and the parity~bit reserved for

. parity or marking even if the particular operating system

] does not require it. Following this procedure will allow
connection of the terminal with the host-computer over -

standard communication lines without speciall communications

software.

In selecting which functions should be simulated in an
intelligent 3-D display-device or whether a particular
hardware function should be utilized, the following table
may be of use. For correct operation of 3-D functlonms,
the cut-off in the list of functions should be as close to
I the top as possible always remembering that all functions
below the topmost function to be implemented in the display-
device must also be implemented in the display-device.

e

Curve Generation 1
Viewing Transformation 3
3-D Clippi

ProJeotionn?Perapectiva or Orthogonal)

Windowing

Hardware Character Generation

Hardware Dashed Line Processing

Vector Drawing

IRRERRY SN RS N
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Implementation Sequence.

GCS 1s a modular system. Since many of the devices
supported by GOS are relatively unsophisticated, many of
the GOS device~depenient libraries contaln simulators for
many of the hardware functions. By using these simulators,
it 1s possible to shorten the initial implementation time
for new devices allowing later replacement of the simulators
as time permits and as required by the display-device
capablilities.

The following scheme for phased implementation of new
devices has been designed to maximize the benefits mentioned
above.

Phase 1: 1Identify the required initialization values for
each device-dependent GSA variable and insert them
in the Block Data and URESET subroutines.

Phase 2: Por intelligent devices, design the communications
data structures to be used between the device-dependent
GCS routines and the program executing in the display-
der ce, This program should be developed in parallel
to he device-dependent GCS routines in the remaining
phases 1f not already available.

Phase 3: Implement the GCSBEG, GCSPST, and GCSEND functionms,
if necessary. For 3-D devices with viewing transform
capability, this may require initlalizing the
transform matrix to the GCS default,

Phase 4: Implement the GCSERA, GCSPEN, GCSVUE, GCSVUD, GCSVPT,
GCSVTD, GCSDSP, GCSWDO, GCSPYR, and GCSMAP routines.
Note that for 2-D devices and 3-D devices with no
local viewing transform capability, the GCSVUE, .
GOSVUD, GCSVPT, GCSPYR, and GCSMAP routines already
exist and may be used unmodified. The GCSVID, GCSWDO,
and GOCSDSP routines should also be used unmodified
for these devices even if windowing 1s available at
the device during the first iteration. The GCSOUT
routine can usually be used without modification
from one of the other libraries. Simulator or null
routines can be used for the remaining functions.

Phase 5: Implement the GCSALF routine if a hardware character
generator is avallable. This would replace the
bardware character simulator accessing version of
GCSALF.

Phase 6: Implement the segmentation routines, 1f the device
has an inherent segmentation capabllity. If not,
the simulator version of these routines 1is
appropriate.
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Phase 7: Implement the GCSIN, GCSINN, and GCSWHR routines
if the device is interactive. These would then
replace the null routines which probably were used
until this phase.

Phase 8: Implement all other functions which do not yet
support the capabilities of the device.

k| By following the sequence above, experience has shown that
. implementation of new devices should proceed smoothly.
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