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A Pi'oposed Graphics
Software Standard, Part 1

Vincent C Jones, 1913 Sheely Dr, Ft Collins CO 80526

A major stumbling block to making good software
available in the personal computer market is the lack of
standardization. Each manufacturer and software
developer establishes internal standards for software and
hardware interfaces, and they are usually incompatible
with one another. Reasons for this vary from the
experimenter’s attempts to save 1 byte of memory in a
14 K byte program, to the mainframe manufacturer
seeking to protect a development investment. The net
result is the same. Extensive modifications are typically
required to run software on any machine that differs
from the original development’s hardware and software
configuration.

In an effort to prevent this fragmenting effect from
overwhelming graphics applications programming, the
following graphics interface software protocol is pro-
posed as a standard.

This two-part article presents a complete
microcomputer-oriented graphics software protocol and
the algorithms required to implement it on typical raster
scan graphics displays. The functions of hardware
initialization, screen erase, point display, line generation,
character generation, and animation are defined, and
their implementation is demonstrated with a sample
8080/Z80 assembly language version for the Cromemco
Dazzler. The power of a standard protocol is illustrated
by a diagnostic demonstration program using the propos-
ed 1 K byte 8080 assembly language protocol standard.

The standard actually proposes two separate but
dependent protocols. The top-level protocol is machine
independent. It defines a standard display coordinate
system, several standard display modes, the available
functions, and what these functions do. For example, a
request for a red line from the center of the screen to the
bottom right corner would always require the following
command sequence:

CHAR (RED) Set the current
color to RED

CURSOR Move to the

(128,128) center of the
screen

LINE (255,0) Draw the line

Obviously, not all displays are capable of color; a
black and white display would draw a white line instead.
To compensate for any deficiencies in the hardware that
is being used, a feedback path is included to inform the
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user program of the available capabilities. General-pur-
pose programs can check to verify that the display being
used is suitable ‘and, if necessary, display an error (or
warning) message, or use a different algorithm to
accomplish the task at hand. For example, a TV tennis
game could check to see if full color was available. If so,
it could use red paddles, a yellow ball, a green court, and
white boundaries. If only three colors were available, the
paddles and ball could be the same color. If only a black
and white display was available, all markings could be in
white with a black court and background.

The lower-level protocol defines the calling sequences
used in a particular programming language. When
necessary, it also defines where the routines are loaded in
memory, and the addresses of their calling vectors.
Returning to the example of drawing a red line, an 8080
(or Z80) assembly language program would use the in-
struction sequence:

MVI  A,11H :Code for Red

CALL 0113H ;Vector for CHAR
LXI H,8080H ;X = 128, Y = 128
CALL 010AH ;Vector for CURSOR
LXI H,FFOOH ;X =255,Y =0
CALL 0110H :Vector for LINE.

Similarly, a BASIC program would read:

REM — Set the current color to RED

CHA 17

REM — Move to the center of the
screen

CUR 128,128

REM — Draw the line down to corner

LIN 255,0.

Suitable standards for other languages remain to be
developed. Reader suggestions are welcome.
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~ Figure 1: Standard coordinate system used in the proposed
graphics software standard. -




WE ARE KNOWN FOR OUR PROMPT,
COURTEOUS SERVICE

TELETYPE MODEL 43

B 4320 AAA(TTLinterface) ...............%..... $985

B 4320 AAK(RS232interface) .................. $1,085
with transformer to operate on 50Hz, 220v, installed
insidecabinet .............. ... ... add $100

We stock paper and ribbon for the Teletype Mode! 43

PET, NEC SPINWRITER, DIABLO, CENTRONICS,
TRS-80, PER SCI also available.

HAZELTINE 1500 (assembledonly) . .............. $945

.................................... $1,085

wnth 50Hz, 220v current adaptation ............. $100
also available with Danish, German or French

charactersets ................c.cviiinn.. add $30

INTERTUBEN............................... $800

IMS 5000 SERIES, COMPLETE 280 SYSTEM
2 /0 ports, 1 K EPROM bootstrap loader, double
density, dual 5% ” disks, CP/M. S-100, 12 slot main-
frame. A new rising star! No waiting.

MARINCHIP SYSTEMS M9900
ELEGANT 16 BIT CPU, S-100 COMPATIBLE.

Multi-user, multi-processor operating system. PASCAL,
Extended precision commercial BASIC, FORTH, META &
applications package. Complete kit and DISCEX soft-
ware $550; Assembled $700. We configure systems to
meet your budget & your needs. Hard Disk interface (with
software) available.

IMS MEMORY, 16K Fully static,250ns ...... $280
TEI S-100 Mainframes
12810t —MCS 112 . . o e e $433
22810t —MCS 122 .. oo et $609

These mainframes are completely assembled, tested
and contain everything required for plug-in operation.

TARBELL Floppy Disk Controller ............ $255

KONAN HARD DISK CONTROLLER ....... $1,550
S-100 compatible, plugs into S-100 mainframe.

INTERTUBESUPERBRAIN ................ $2,885

Dual Z80, dual floppy double density, 4Mhz., CP/M.
Contained in intertube 1l

INNOTRONICS —the most reliable 8” floppy drive on the
market! MTBF greater than 8,500 hours. Head life greater
than 15,000 hours under normal operating conditions.

Shugart compatible.
Drivealone ....................... e $ 545
2 drives with power supply and cabinet . ........ $1,525
SIEMENS DRIVES
8" Double Density, Shugart Compatible ......... $420
MODEM: “THE CAT” from Novation ......... $190

Originate/Answer. 300 baud.

TO ORDER: We ship within 24 hours after receipt of certified check, money order or cash-
iers check. Credit cards: add 4%. Personal checks: allow ten days. $12 shipping for ter-
minals. $3 for memories and modem. New York residents include sales tax. Prices and

availability subject to change without notice.

—WE EXPORT TO ALL COUNTRIES —
—OVERSEAS CALLERS USE (212) 448-6298 ONLY—

MR OWENS ASSOCIATES, ic.

12 SCHUBERT STREET (New Address)
STATEN ISLAND, NEW YORK 10305

DAY, EVENING, WEEKEND, HOLIDAY CALLS WELCOME!
(212) 448-6283 (212) 448-6298
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The Standard Display

The protocol defines a standard display device to cir-
cumvent hardware differences. The standard device
displays 256 lines with 256 points on each line. As shown
in figure 1, the origin (X = 0, Y = 0) is defined as the bot-
tom leftmost point on the display. X increases to a max-
imum value of 255 as you move to the right, Y increases
to 255 as you rise to the top. This defines the first
quadrant of the standard Cartesian coordinate system.
Each picture element (pixel) may be black, white, red,
green, blue, yellow, cyan, or magenta (any combination
of the three primary colors).

The display to be used is programmed to imitate the
standard. To facilitate this procedure, four standard
display modes are defined. Mode 0 requests the max-
imum possible resolution while mode 1 requests the max-
imum choice of colors. This allows for displays, such as
the Cromemco Dazzler, which offer a trade-off between
resolution and color. Two additional modes provide the
ability to deliberately select larger pixels. Mode 2 is 128
by 128 resolution and mode 3 is 64 by 64 resolution.
Regardless of the resolution actually used, the coordinate
system remains at 256 by 256, as defined above. General-
purpose applications programs can check to determine
the available resolution and range of colors, whether the
display is black and white or color, ‘whether or not
individual points can be erased, and if dual-buffered
animation is available.

The Standard Functions

A five command repertoire is generally considered to
be the bare minimum for a general-purpose graphics
display. These commands provide all the output
capabilities normally found on commercial nonintelligent
graphics terminals, such as the Tektronics 4010. The
routines are:

PAGE: Next page, ie,
erase the entire
screen,

Position the cur-
sor at the point
XY.

Set the pixel
defined by the
cursor position to
the currently
selected color.
Set the pixels
along the line
connecting the
current cursor
position to the
point X,Y to the
currently selected
color.

Display the
character whose
ASCII value is
VAL at the cur-
rent cursor posi-
tion using the
currently selected
color,

CURSOR (X,Y):

DOT:

LINE (X,Y):

CHAR (VAL):




To facilitate matching the hardware requirements of
many displays, an initialization command is also
required:
INITG: Initialize the graphics
subsystem.

Finally, a 2-buffer animation command is included for
interactive graphics and game playing:

ANIMAT: Display the refresh buffer
currently being filled and
open a second refresh
buffer for filling.

Display mode and current color selection are provided
by the routine CHAR through ASCII control characters.
Standard carriage control characters are also recognized.
Display description parameters are returned by the
routine INITG.

Let us now examine the function of each of the seven
routines in detail.

INITG

The INITG function serves three primary functions. As
an aid to the user, the display software is initialized to a
standard configuration; the cursor is positioned at X = 0,
Y = 0, the current color is set to white, the display is
cleared, animation is disabled, and the display mode is
set for maximum resolution (mode 0). Special options
peculiar to the particular display are also disabled so that

general-purpose programs do not have to be aware of
them to function correctly. Secondly, this routine per-
forms any initialization functions required by the display
hardware. For those displays which refresh from pro-
gram memory, the routine establishes the refresh buffers.
If the display is under program control, it is turned on.
Finally, INITG sets the display description variables to
the appropriate values. Failure to initialize the display
before using any of the other functions may lead to
unpredictable and potentially disastrous results.

PAGE

The PAGE function clears the display screen. No other
changes are made to the state of the display: the cursor is
not moved, the current color is not changed, and the
display mode is unaffected.

CURSOR

The CURSOR function sets the display cursor to a par-
ticular pixel on the screen. This establishes the initial
location for the display functions which affect individual
pixels on the screen. Coordinates are always interpreted
on the 256 by 256 pixel matrix regardless of the actual
resolution of the display. This is true even when the
display mode is deliberately set to a lower resolution
mode.

When in a lower resolution mode, the low-order bits of
the position requested are ignored. For example, when in
128 by 128 resolution mode (mode 2), the points (8,4),
(8,5), (9,4), and (9,5) will all be interpreted as the same
pixel (the low-order bit in each coordinate has no effect).

SPECIALIZING IN

QUALITY MICROCOMPUTER HARDWARE

INDUSTRIAL « EDUCATIONAL o« SMALL BUSINESS « PERSONAL
BUILDING BLOCKS FOR MICROCOMPUTER SYSTEMS, CONTROL & TEST EQUIPMENT

Rz 1/0
2K ROM
2K RAM
3 Serial Ports
1 Parallel Port

| WIRED: $295.00

ECT-100-F
RACKMOUNT
CARD CAGES

B KIT: $200.00

| WIRED: $250.00
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POWER SUPPLIES, CPU's, MEMORY, OEM VARIATIONS

ELEGTRONIC CONTROL TECHNOLOGY (201 s8-80s0

Circle 120 on Inquiry card.

16 K RAM
FULLY STATIC
MEMORY-
KIT: $279.00

| WIRED: $310.00

TT-10
TABLE TOP
MAINFRAMES

KIT: $340.00
WIRED: $395.00

763 RAMSEY AVE.
HILLSIDE. N.J. 07205




Circle 89 on inquiry card.

TRS-80 BUSINESS PROGRAMS

So good, they're guaranteed!!!

These are the best . .. & we're willing to back them up with our software guarantee |*

Created by Data Access' professional staff, our programs are versatile, comprehensive,
AND easy to use.

Using BASIC and ASSEMBLER, they're fast ready to “RUN". They are powerful tools that
can expedite clerical tasks, and expand management reporting.

All programs:

Have Data Base Management System
Use ISAM or Hash Access Technigues
Give Instant Record Retrieval

Have Interactive Screen Displays

Use Error Trapping Entry Procedures
include Thorough Documentation
Provide Comprehensive Reporting
Utilize Fast Assembler Routines

Run under DOS 2.2

Include Complete Support

Run On 2, 3, or 4 Disk Drives

+ 4+ + + o+ o+

On-Ling INVNKOTY ......... .. .oiueieinitin i inierninianeatinarasanaearns $600
Up to 1800 ltems on 4 Drives. DistributorfJobber orientation. Includes invoice printing!

Point of Sale wilnventory Control .. ........ ..ottt $750

Complete retail inventory management system. On the Screen: builds sales ticket, price items, chacks
for sale prices and qty’s, interactive low stock alerts, allows price & qty changes (w/audit), Cash, Check,
6 Credit Cards or Company Charge, & Reporting: Daily Ticket Journal, Inventory Transaction Journal,
Salesman’s Report, Stock Status, Profit, & Low Stock Reports. MORE!

Accounts Receivable ............ .. ... ... i i e $500
Up to 1200 accounts on 4 Drives.Full Trial Balance, Aging, Credit Checking, Monthly Statements. Also
prints mailing labels for accounts!

General Ledger wiChack Writer .. .......... ... .ottt iiiiiiiiiiiiuanen $500

Prints Chacks in Cash Disbursements JL! 600 Accounts & 2100 Transactions/Month on 3 Drives;
300/300 on 2! Supports multiple cost/profit centers, user has complete control of formatting. Prints
Balance Sheet, Income Statement (P&L), Ledgers, Journals, Transaction Reports, Posting Reports ... A
Total General Ledger System!

PAYION L. et ieaaans $500
Up to 600 employees on 4 Drives! Handles Federal, State, Tips, Dues & Deductions. Complete user
control of all payroll functions. Prints on the same check as the General Ledger!

Mailing List . ..........0 ittt i $200
Up to 1800 Names on 4 Drives! Six character alphanumeric key & 4 character select code for each
record. Sort by key, name, state or ZIP code!

MARUALS ONLY .. ...ttt aanans $20 each

WRITING YOUR OWN?77777
Save Days, Weeks, Months with Data Access’ proven utility packages. On diskette . ..

MBIMOPY SOM . ..o\ tittiit e it iniseneiaerirasantaeranneatsneansneenss $38
Speed operation of BASIC programs! VERY FAST in memory assembler sort. Supplied pre-linked to load
at any 4K boundary through 48K.

Disk Sort Routings .. ........c.coiiiiiiiaieiiiiieeriisiuieansnnisernnesess 479

Make the most of disk capacity & speed! Reads random data from disk, performs FAST assembler sort,
and returns alphanumerically sorted list ready to pass to other program operations in BASIC. Reads &
sorts 1000 records in less than 5 Minutes! Sorts as many records as can be contained on your disks!

DataBase Manage WASAM ... ... .. ... ... . i ittty $178

Complate database handking system! ISAM directory; interactive record create, delate, edit, dispiay and
print; file compress and backup; routines for loading assembler programs from BASIC; disk sort; INKEY
data entry subroutines; random and sequential access to any record. Interactive data base specification.
Al source included!

*Data Access Corporation guarantaes that its programs will load & run,
and that they are fres from programming defects.
A licensing agresment is required for sach installation of the above programs.

DEALER INQUIRES INVITED

Call for the name of the dealer in your area, or order direct from:

Data Access CORpPORATION

11205 SOUTH DIXIE HIGHWAY
MIAMI, FLORIDA 33156
{305) 2387919
*TRS-80 is a trademark of Radio Shack.
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ASCIl Standard Function

Mnemonic Hexadecimal

Display Mode Selection
Maximum resolution
Maximum colors

MAXR NUL 00
MAXC SOH o1

R128 STX 02 128 by 128
R64 ETX 03 64 by 64
RXXX EOT 04 Undefined

Carriage Control

BS BS 08 Backspace (optional)
HT HT 09 Horizontal tab (optional)
LF LF 0A Line feed
VT VT 0B Vertical tab (optional)
FF FF 0C Form feed
CR CR . 0D Carriage return
Character Style
SO SO OE Undefined
S S OF Undefined
' Current Color Selection

BLK DLE 10 Black
RED DC1 11 Red
BLU DC2 12 Blue
MAG DC3 13 Magenta
GRN DC4 14 Green
YEL NAK 15 Yellow
CYN SYN 16 Cyan
WHI ETB 17 White
N ETX 18 Eight

On to to optional

E GS 1F colors

Table 1: Standard control character functions.

When changing between display modes, cursor position
is not required to be maintained by the interface soft-
ware. To avoid erroneous results, all changes to display
mode should be followed by a cursor positioning com-
mand. '

DOT : ‘ .

The DOT function sets the display pixel indicated by
the cursor to the currently selected color. With some
displays in low-resolution mode, several physical pixels
may be affected. For example, the Matrox ALT-256**2
turns on (or off, as selected) sixteen hardwaré pixels for
every “dot” when in a 64 by 64 resolution mode.

LINE

The LINE. function generates the line connecting the
pixel defined by the cursor to the pixel requested. Both
endpoints are included in the line. Therefore, a line of
zero length is logically equivalent to a call to DOT. Care
must be exercised when erasing or otherwise changing the
color of a line, since the pixels in a line from pixel A to
pixel B may differ from those used when the line is drawn
from pixel B to pixel A. When lines are drawn in lower
resolution modes, the pixels used are the size made by the
DOT function at that resolution.

CHAR

The CHAR function provides the capability to display
alphanumeric as well as graphical data. In addition, con-
trol characters provide limited cursor positioning and
control over display mode and current color as shown in
table 1. Control characters that are not recognized are
ignored. Note that form feed positions the cursor
only—it does not erase the screen,

Characters are positioned so that the cursor defines the



lower left corner of a normal character (characters with
descenders will extend below the cursor position). The
cursor is left at the next character position. No check is
made to detect characters off the edge of the screen,
Parity is ignored. Lowercase characters, if not supported,
are converted to uppercase.

ANIMAT

The function ANIMAT provides for flicker-free
changes in the display by permitting the user to load one
refresh buffer while displaying another. Each call to
ANIMAT displays the buffer which is being filled, and
opens another buffer for filling. This buffer exchange is
performed at the start of the next vertical blanking
period. Those displays without the ability to utilize
multiple buffers but which do allow the erasing of
individual pixels (such as the Matrox ALT-256**2) will
just delay until the start of the next vertical blanking
period. In either case, no changes are made to either buf-
fer, and the cursor position is maintained. The ANIMAT
function does nothing on those displays which support
neither double buffering nor selective erase. To return to
normal mode where updates are displayed in real time, it
is necessary to reinitialize with INITG.

Standard Calling Sequences

To encourage maximum software interchange, two
standard programming language protocols are currently
defined. The first protocol is for 8080 and Z80 assembly
language users, the second is for BASIC programs. By
following one of these protocols, a program written for
one display will work with any other display of sufficient
resolution and color flexibility. The standard display and
function definitions described previously are common to
both protocols.

8080 Assembler Protocol

The 8080 assembly language interface is loaded into
hexadecimal memory locations 0104 to 04FF. This pro-
vides a standard location for the package, regardless of
memory size. To avoid conflict with programs requiring
use of the restart (RST) instruction and most popular
8080 monitors, a lower starting address is not used. The
first 21 bytes (hexadecimal 0104 to 0118} are the entry
points to the different routines, as indicated in table 2. All
arguments are passed to the called routine in register pair
HL, except for the CHAR routine, which uses register A.
The contents of all registers and flags are preserved, ex-
cept for the INITG routine,

Routine INITG is called with the address of the first
unused memory location above the program, to indicate

Routine  Vector Address Parameters

(hexadecimal)

HL = first free address

INITG 104 Returns display description in HL
PAGE 107 -None :
CURSOR 10A H = X coordinate; L = Y coordinate
DOT 10D None ’
LINE 110 H = X end coordinate; L = Y end coordinate
CHAR 113 A = ASCIl value of character
ANIMAT 116 None

Table 2: 8080 assembly language standard vector addresses.

H

I I | | I

ANIM MRCOLS MRSCLF
1 | ] | I
07 D6 DS D4 D3 D2 DI DO
MAXRD
L
| I I | I
coL MCCOLS MCSCLF

| I l | |

D7 06 D05 D4 D3 D2 DI DO
MAXCD

ANIM = 0 - Delay to start of vertical blanking.
1 - Double buffered animation supported.

COL = 1 - Display is in color.
0 - Display is black and white.

MRCOLS - Colors (grey shades) in MAXR mode.

MCCOLS - Cblbrs (grey shades) in MAXC mode.
,, - 256 in MAXR mode.

MRSCLF Display resolution

MCSCLE 256 in MAXC mode.

Display resolution

Figure 2: 8080 assembly language standard display parameter
fields.

available space for refresh buffers. While some displays
do not require this information, it should always be
included for compatibility. The address in HL is replaced
by INITG with a 2-byte description of the display being
used (all other registers and flags are left undisturbed).
The format for these bytes is given in figure 2. The colors
and scale factor fields which are available in register H
describe the display when maximum resolution is
selected; the same fields in register L describe the max-
imum color selection mode,

The available colors field gives the number of colors,
other than white, to which a point can be written. If the
field is zero, it means that the way to erase what has been
written is to page the display. The scale factor field
indicates the physical size of display points in standard
coordinates. If the X and Y scale factors differ, the larger
of the two is used. For example, if the display had 64 lines
with 100 points on each, the scale factor would be four,
based on the Y axis resolution.

The animation and color fields apply to all display
modes. If the animation field is one, the display supports
double buffered animation. If this field is zero, it is
impossible to build one display scene while another is dis-
playing. In this case the ANIMAT routine is a delay until
the start of vertical blanking. The color/black and white
field is self-explanatory: if it is one, the display is in color;
otherwise it is black, grey, and white. Note that this field
has no real meaning if the number of available colors is
Zero or one.

BASIC Protocol :

For maximum flexibility and machine independence, a
BASIC language usage protocol is also defined. Table 3
summarizes the commands and their arguments. Display
initialization (IGR command) sets the variables A1l
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GREAT [
SOFTWARE

“Precise, humanized, well documented an excellent
value” are the applauds now being given to United
Software’s line of software. These are sophisticated
programs designed to meet the most stringent needs of
individuals and business professionals. Every package
is fully documented and includes easy to understand
operator instructions.

DATABASE MANAGEMENT SYSTEM - A comprehensive, interactive
system like those run on mainframes! Six modules comprising 42« of
programming allow you to; create, edit, delete, display, print, sort,
merge, efc., etc. - databases of up to 10,000 records. Printer routines
automatically generate reports and labels on demand. 60 pages of
concise documentation are included. Requirements - 16-32K PET and
2040 Dual Disk (printer optional). . . .Cost $125

ACCOUNTS RECEIVABLE/PAYABLE - A complete, yet simple to use
accounting system designed with the small businessman in mind. The
United Software system generates and tracks purchase orders and
invoices atl the way through posting “controlled” accounts payable and
accounts receivable subsystems.

Keyed Random Access file methods makes data access almost
instantaneous. The low-cost solution for the first time computer user
with up to 500 active accounts. Requirements - 32K PET, Dual Disk, any
80-column printer. . . .Cost $175

CASH RECEIPTS & DISBURSEMENTS - Makes it a breeze to track all
outgoing payments made by any type of business operation. Checks
are tracked by number and categorized by type of expense. Sorting,
summary, and audit trails make it easy to post to general ledger. This
system also categorizes incoming receipts. Uses KRAM file access
method. Requirements - 32K PET, Dual Disk (printer optional). . .s.gost
9.95

KRAM - Keyed Random Access Method - The new, uitra-fast access
method for the PET Disk, provides keyed retrieval/storage of data, in
either direct or sequential mode, by either full or partial key values.
Written by United Software in 6502 machine code, and designed with
the PET in mind, it exploits all the benefits of the PET Disk, allowing full
optimization of your system.

KRAM provides flexibility never seen on a micro before. KRAM is
modeled after a very powerful access method used on large-scale IBM
Virtual Storage mainframes. So “KRAM" all you can into your PET -it
will love you for it. . . .Cost $79.95

(Sublicenses available to software houses.)

PROGRAMS FOR
ENTERTAINMENT
Space Intruders

Super Startrek. . .. ... 1495
PET Music Box.......... 29.95

u " UNITED SOFTWARE
Sirgiviostage. e ) %1255 PROGRAMS FOR BUSINESS
Kentucky Derby/Roulette 9.95 Checkbook.............. $15.95
Alien 1.Q./Tank .......... 995 Mortgage .. ... 16.95
Tunnelvision/Maze Chase 14.95 Finance . 12.95
Submarine Attack ....... 995 Bonds .......... 12.95
Battie of Midway ........ 7.95 Stock Analyzer .. ..., 2295
Laser Tank Battle........ 995 Stock Options........... 24.95
SWarm.......ooovevinnnnn 1495 6502 Macro Assembler... 49.95

Look for the RED-WHITE-BLUE United Software Display at
your local computer dealer, or send check or moneyorder,
plus $1.00 shipping to:

UNITED SOFTWARE OF AMERICA
750 Third Ave.
New York, N.Y. 10017

Dealer inquiries invited
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Mnemonic Function Arguments
IGR INITG None
PAG PAGE None
CUR CURSOR <X>, <Y>
DOT DOT None .-
LIN LINE" <X>, <Y>
CHA CHAR < numeric ASCII value>
ANM ANIMAT None !
TXT PRINT Equivalent to print except on display
Variable Display

Name Parameter
At X scale factor, high-resolution mode
A2 Y scale factor, high-resolution mode
A3 Available colors, high-resolution mode
A4 X scalé factor, maximum color mode
A5 Y scale factor, maximum color mode
AB ) Available colors, maximum color mode
A7 ‘ . Animation support
A8 Grey scale

Table 3: BASIC standard protocols.

through A8 to reflect the display parameters. The scale
factors A1, A2, A4, and A5, normally given exactly, are
permitted to be rounded off to the nearest integer. These
variables are ordinary BASIC variables and may be used
and set as desired by the program.

The additional command TXT provides the user with
the full flexibility of the BASIC PRINT command. Text
and variables are displayed using the formats requested
in the TXT statement starting at any location on the
screen by using. CUR to position the cursor. All
characters are displayed using the current color.

Function Algorithms

To facilitate development of this standard, the
algorithms used to produce the Matrox ALT-256"*2 and
the Cromemco Dazzler implementations of the 8080
assembly language standard are provided here. Of par-
ticular interest to most readers will be the line and
character generation algorithms, which are independent
of the hardware configuration of the display used.

For those readers not familiar with Nassi-
Schneiderman design charts, a brief explanation is in
order. More detailed information can be found in the
original article published in the SIGPLAN Notices
(August 1973). The Nassi-Schneiderman chart is a styl-
ized flowchart for structured programming. By suppor-
ting only standard structured programming constructs
(see figure 3) and not GOTOs and off page connectors,
the chart forces the software designer to avoid the con-
volutions and obscurities in logic which make programs
excruciating to debug and impossible to maintain.

The INITG and DOT routines are the only routines
which normally require extensive adaptation to suit dif-
ferent displays. Since the Matrox ALT-256**2 is the only
currently available low-cost display which is not direct
memory access (DMA) refreshed from program memory
and an enhanced 8080 assembly language package that is
compatible with this standard is available from Matrox,
the special considerations required to program 1/O port
driven displays are not included in this article. For direct
memory access displays, the only other adaptations nor-
mally required are the refresh memory size parameter in
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MULTI-TASKING!

The TEMPOS Operating System is quickly becoming the standard in Multi-
User, Multi-Tasking operating systems for 8080 and Z80 microcomputers.
Multi-Tasking means that, even with only one user at one terminal, more
than one job can be running on the system simultaneously!If you have ever
had to go get a cup of coffee while you wait for your computer to print list-
ings, you know the advantages of a system that will handle one job while
you are working on another. TEMPOS is a true time sharing system, and
the maximum number of jobs is limited only by your memory.

MULTI-USER!

Want to share your computer with another user? With TEMPOS all it takes
is another terminal . . . up to seven interactive terminals are allowed! And
with Re-Entrant programs, each user does not need a complete copy in
memory. We include three Re-Entrant programs (the OPUS/THREE High-
Level Language, the TEXTED Text Editor, and FILES, a disc file
directory/manipulator) or write your own! In addition, we include an
assembler, a linking loader, over a half-dozen other utility programs and
over 60 system subroutines, callable by the programmer!

PROVEN!

With TEMPOS, you get a péckage that has been tested in our facilities for
over two years, and in the field at over 50 different installations. We have
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dealer near you. The TEMPOS Operating System is available for $787.00,
the manual set {price may be credited toward the purchase of the TEMPOS
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u>

SEQUENTIAL EXECUTION IF A THEN B ELSE C

(F=FALSE, T= TRUE)

BLOCK NAME D
0
A
WHILE B
BEGIN.... END DO A WHILE B

Figure 3: Nassi-Schneiderman charts, a system of stylized
flowcharts which are designed for use with structured program-
ming techniques. Each of the charts physically resembles the
program section it emulates. The charts are read from top to
bottom.

PAGE, the color and mode select controls in CHAR, and
the scale factors used by the internal subroutine SCALE.

INITG Logic

Initialization is normally required for both hardware
and software (see figure 4). The first step is to establish
the refresh buffer. This requires taking the address which
defines the top of the user program and moving up to the
first address legal for refresh buffers. This address is
needed by other routines, as well as for starting the
display hardware. The different variables and flags are
then set to the required values, and the page routine is
called to clear the screen. The appropriate display

INITE

Tegal Refresh Address
F I

Move up to next legal address 0K

Save refresh buffer address

Set Animation Inactive flag

Set Cursor to X =9, Y=20

Set Current Color to White

Set Mode to MAXR

Turn off all nonstandard options

Call PAGE to clear the screen

Start the display hardware

Circle 8 on inquiry card.

Figure 4: The INITG function. INITG serves three purposes as
an aid to the user: it initializes the system, performs any in-
itinlization functions required by the display software, and sets
the display description variables to the appropriate values.



PAGE

ADR = Refresh buffer address

CNT = Refresh buffer length

D Set [ADR] to zero (black)
0

ADR = ADR + 1

CNT = CNT - 1

UNTIL CNT equals §

Figure 5: The PAGE function. PAGE is used to clear the display

Screen.

CURSOR

Call SCALE to interpret coordinates

Set the software cursor to the scaled values.

Figure 6: The CURSOR function which sets the display cursor to
a particular pixel on the screen.

description is generated, and control is returned to the
calling program.

PAGE Logic

The PAGE command clears all the memory used for
display refresh (see flgure 5). The most general algorithm,
and the one that is charted, is clear byte, increment
address, decrement byte count, and test for done. In
machines with indexed addressing, the byte count can

FOR YOU

YOUR WIFE
YOUR CHILD
YOUR HOME _
YOUR SCHOOL
YOUR BUSINESS

| A Computer System Both
| Practical and Affordable!

| Many uses for your computer, ® Word

® Processing ® Accounting ® Bookkeeping
B Games @ Personal Records & Meny
Planning ® EducationalDevelopment
® Tax Préparation ® Homework, etc)

BYTE SHOP EAST offers a wide selection of hardware to meet
your specific needs; SORCERER, PET, APPLE, NORTH STAR,
IMSAI, DIGITAL, and many, many others.BYTE SHOP EASThas
a complete library of books and magazines to meet your needs.

Come in to our computer stores for a FREE demonstration!

BYTE SHOP EAST.

130 East 40th St. 2721 Hempstead Turnpike
(Corner of Lexington Ave.) (Just East of Wantagh Pkwy)
New York 10016 Levittown, N.Y. 11758
Tues.-Fri. 10- 6 Sat. 10-5 Tues.-Fri. 12-8 Sat. 10-5
(212) 889-4204 {516) 731-8116
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double as an index register, In machines with a memory-
to-memory block transfer instruction, it is usually possi-
ble to clear one byte and transfer it to all of the display
refresh memory.

CURSOR Logic

The CURSOR routine must convert from standard
coordinates to software coordinates (see figure 6). Soft-
ware coordinates are required by the LINE and CHAR
algorithms to have a one-to-one correspondence with the
actual display pixels being used. CHAR further requires
X coordinates to increase to the right and Y coordinates
to increase to the top. Since LINE must also scale its
arguments, CURSOR and LINE can usually share the
same internal scaling routine for efficiency.

DOT Logic

DOT is the only routine (other than PAGE) which
actually modifies the refresh memory (see figure 7). Both
LINE and CHAR use it to modify the desired pixels in the
display. This routine is extremely hardware-dependent.
Indeed, one of the primary reasons for defining this pro-
tocol was protection from differing display idiosyn-
cracies. The DOT routine must translate the coordinates
in the software cursor to the actual corresponding bits in
memory. Remember that the software cursor is scaled so
that a unit change in a coordinate is equivalent to the
adjacent pixel. The logic presented here assumes a linear
scan through refresh memory to generate the entire dis-
play, a line at a time, with the top line displayed first.
Note that this algorithm is not adequate for the Dazzler,
nor is it suitable for self-refreshed displays like the

DoT

Z FRAR HODE
?

——

Determine the
Mode in use

Calculate the address of the affected byte

Convert Y coordinate to Line Number

and proceed in

Y_OFFSET = Line Number ¢ Bytes/line

the same man-

ner as MAXR to
calculate the

X_OFFSET = X coordinate / Pixels per byte

Address = Base address + X offset + Yoffset

address of the
affected byte
and obtain a

Determine the affected bits in the byte

mask of the X even
affected bits. £ 2 1
MASK = 191911 T MASK = 19191919
X/2 even
£ 7 T
FASK = WASK AND MASK = MASK AND
goltopll 11991192
X/4 even
F T
WASK = MASK AND MASK = MASK AND
pppeIN 11110000

Modify refresh memory to current color at addressed pixel

Temp = MASK AND [Address]

MASK = MASK AND Color

[Address] = Temp OR MASK

Figure 7: The DOT function which sets the display pixel in-
dicated by the cursor to the currently selected color.




LINE
Scale destination coordinates
o>
7 XF > XC T
X = XC - XF - X = XF - XC
Sector Code = @ Sector Code = 4
YF>YC
F T
Y=YF-YC
Y =YC - YF
Sector Code = Sector Code + 2
<Y
F 1
Exchange X and Y
oK
Sector Code = Sector Code + 1

Using the Sector Code, look up the appropriate cursor adjustments
for a "Move 1" and a "Move §".

x =0

TA=xeY=9

To=-(y+%) eX=-%

WHILE x € X
1] Display a "DOT" at cursor location XC,YC
° x=x+1
TA=TA+ Y

TA+T0<P
F ?

Make a “"Move 1" Make a "Move p"

T0 =170 - X
"Move 9" the cursor

"Move 1" the cursor

Figure 8: The LINE function which generates the line connecting
the pixel defined by the cursor to the pixel requested.

Matrox ALT-256**2. The former divides the display into
four quadrants, each in its own block of memory with
every byte describing points on more than one line. The
modifications to the algorithm are explained in the sam-
ple implementation, and need not concern the non-
Dazzler owner. The Matrox’s refresh memory is directly
addressed by X,Y coordinates and no conversion is
required.

The first step is to determine the address of the byte
which contains the requested point. The cursor Y coor-
dinate is converted to a display line number which, when
multiplied by the number of bytes per line, gives the off-
set into the refresh buffer of the first byte on the line. The
X coordinate corresponds directly to the desired peint
along the line. Dividing the X coordinate by the number
of points in each byte gives the offset from the first byte
in the line, Taking the base address of the refresh buffer
(set up by INITG) and adding the offsets to the desired
line in the buffer and the desired point on the line yields
the address of the byte which requires modification.

The second step is to determine which bits in the byte
correspond to the desired pixel. The hypothetical display
depicted by the Nassi-Schneiderman chart has eight pix-
els in each byte. The selected bits are then changed to
match the current color, and the refresh memory is up-
dated to reflect the revised point. An effective procedure
is to generate a mask which contains ones at bit positions
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corresponding to the addressed point, and zeros
elsewhere in the byte. The byte of refresh memory is
ANDed with the complement of the mask to delete the
old contents. The mask itself is then ANDed with the bit
pattern for a byte with every pixel. The current color and
the result are ORed into the cleaned up byte of refresh
memory.

LINE Logic .

Perhaps the most crucial facet of any graphics system is
its line generator (see figure 8). Before introducing the
actual algorithm used, it may prove beneficial to discuss
its theoretical development.

We wish to generate an arbitrary line from a point
(XC, YC) to a point (XF, YF) (see figure 9). The goal is to
determine those discrete points (x,y,) which best
approximate the desired line,

To simplify the derivation, we will only consider
generating a line from point (0,0) to point {(X,Y), where X
is greater than or equal to Y and both are greater than or
equal to 0 (figure 10). (This situation is general because
any arbitrary line may be rotated and translated to match
the proposed conditions.) Under these conditions, there is
a point along the line for every value of x (0 < x < X), and
for every value of x there is only one value of y. Closer ex-
amination reveals that for any value of x, the y value for
the following point (x + 1) will either remain unchanged
or increase by 1. No other value of y is possible. Further-
more, it can be shown that the decision to increment y for
the next x is based solely on whether the point (x + 1, y
+ 1) lies above or below the line. If it lies above the line,
y remains unchanged. If it lies below the line, y is in-
cremented. In the event (x + 1, y + V%) is exactly on the
line, either option is correct. For convenience, “on the

" line” is arbitrarily treated as equivalent to “above the

line.”

Assuming that we have a method to determine the
position of the point (x + 1, y + 2) relative to the
desired line, we can generate an optimal approximation
of the line from (0,0) to (X,Y), where X = Y = 0, using
the following algorithm: ’

7

xXC,YC

%/

AN

PAN

%F‘, YF

Figure 9: Generating an arbitrary line.
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Circle 105 on inquiry card.
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Figure 10; Simplified line generation.

1)Initialize x — 0, y — O.

2)Display the point (x,y).

3)Test for done: x = X7

4)Calculate the position of
the point (x + 1, y +v2)
relative to the desired
line.

5)Set dy to 1 if below the
line; 0 if on or above.

6)Calculate the next point:
x—x+1
y— y+dy

7)Go to step 2.

There are only two obstacles to overcome before
implementing this algorithm: step 4 and the restrictive
initial conditions. Let us examine each in turn.

A brief excursion into trigonometry is required to
evaluate step 4. Referring to figure 10, if we call the angle
between the desired line and the X axis 8, and the angle
formed by the current point (x,y) the origin and the X
axis 6/, then if (x,y) lies above the desired line, § < 6°.
Conversely, if (x,y) lies below the desired line, 8 > 6.
Of course, if the two coincide, 8 = 0’. We know from
trigonometry that for angles in the first quadrant, the
greater the angle, the greater its tangent. We also know
that the tangent of § is ¥, while that of 6* is L.
Therefore, we can easily determine the position of any
point relative to the desired line by comparing the quo-
tients ¥ and ¥-.

Unfortunately, performing division on microcom-
puters is a time-consuming process. Using the properties

“of inequalities to eliminate the divisions, we can build a

decision table (see table 4) which requires only
multiplication. Returning to our original algorithm, we
set dy to 1 if:
x+1)XY>XxX(y+ )

and to 0 if it is not. Further advantage can be gained by
realizing that at each iteration the product on the left side
of the inequality increases by Y, while the right either re-
mains the same or increases by X. By remembering the
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Figure 11: Quadrant and sector definition.

products from the previous iteration, and whether or not
y is incremented, the multiplication can be reduced to
addition. For maximum efficiency, the right-hand pro-
duct can be maintained negated so that the comparison
can be made with a single addition.

The restriction that the line runs from (0,0) to a point
(X,Y) with X= Y =0 requires the use of coordinate
translations, rotations, and reflections. The first step is to
translate the line so that it starts at (0,0). Since the line
originates at the cursor, we would traditionally subtract
the cursor from the other endpoint to obtain its relative
position. However, because a 256 by 256 display does not
give us room for a sign-bit in an 8-bit byte, it is first
necessary to rotate the line to the first quadrant and then
calculate the magnitude of the endpoint displacements
from the cursor.

While all these coordinate transformations may seem
complicated, the actual implementation is quite simple.
Consider the command to generate the line from the cur-
rent cursor position (XC,YC) to a final point (XF,YF).
The first step is to compare XF to XC. If XF = XC then
we are in the first or fourth quadrant (see figure 11);
otherwise, we are in the second or third. Similarly, if YF
2 YC, we are in the first or second quadrant; otherwise,
the third or fourth quadrant. By combining the two
results, the quadrant is uniquely determined, and we can
proceed to determine the magnitude of the X and Y
displacements, XM and YM, as shown in table 5. Finally
XM and YM are compared to determine the exact sector.

The easiest technique for remembering this multiple
logical decision is to weight the results of each decision
and check the sum. Each sector is then assigned an
equivalent weight, and the sector parameter table is
reordered accordingly. Column 2 of table 6 applies a
weight of 4 to (XF > XC),2to (YF > YC)and 1 to (YP >
XP).

Once the sector is determined, we have all the informa-
tion required to construct any arbitrary line. Referring to
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Above On Below
Angle 6 <9 6 =9 6>6
Relationship .
Tangent Y ¥ Y _y Y ¥
Relationship X X X X X X
Relationship
after Multiplying xY < Xy XY = Xy XY > Xy
through by x.X
Result of
xY - Xy Negative Zero Positive

Table 4: Point position relative to a line.

Quadrant XM YM
1 XF - XC YF -YC
2 XC - XF YF - YC
3 XC - XF YC - YF
4 XF - XC YC - YF

Table 5: Component magnitudes in the four quadrants.

Sector Sector X Y Move 0 Move 1

Weight xincr yincr xincr yincr
1 6 XM YM +1 0 +1 +1
2 7 YM XM 0 +1 +1 +1
3 3 YM XM 0 +1 -1 +1
4 2 XM YM -1 0 -1 +1
5 0 XM YM -1 0 -1 -1
[¢] 1 YM XM 0 -1 -1 -1
7 5 YM XM 0 -1 +1 -1
8 4 XM - YM +1 0 +1 -1

Table 6: Coordinate equivalents for each sector.

step 5 of the fundamental sector 1 algorithm, we call
setting dy to 0 “move 0,” setting dy to 1 “move 1,” and
generate the equivalence chart in table 6. As the
algorithm steps along in transformed coordinates, it uses
the “move 0" and “move 1” to modify the cursor position
using X and Y increments appropriate for the sector the
line is actually in.

CHAR Logic

One of the most common formats for displaying
characters is the 5 by 7 matrix of points (see figure 12).
However, not many people realize why 5 by 7 is the
smallest common size. The limiting width is, of course,
the minimum number of points capable of displaying the
three separate parallel lines required for the letters M and
W. This sets the minimum possible width to 5, but why
must 7 be the minimum height? The answer is, it need not
be! However, human engineering studies have indicated
that the average person finds it easier to read characters
which are proportioned the same as in standard printing.
Ratios of width to height far removed from the “normal”
0.75 increase fatigue and error rates.

To generate easily read lowercase characters, even
larger matrices are required. This is a result of the greater
complexity and finer detail of the lowercase characters.
The full ASCII character set can be generated with a 7 by
9 matrix if provision is made for characters with
descenders (g, j, p, etc). This requires the use of an extra
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Figure 12: Typical character generation.

CHAR

Remove parity bit from character

Control Character
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Lower case NUL
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Determine Char. Table entry F I T
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Five wide 7 oK ] MODE = R128
Mor W ETX
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Look up 1sy Pretend 0K ] MODE = R64
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up a "DOT" at each position BT
indicated by a one. 3 2 T
Do the same for the 2nd row 0K COLOR = red

Do the same for the 3rd row DLz th;“ ETB

F T

Set COLOR as

Do the same for the 4th row 0K ] requested

Do the same for the Top row Similarly check for and act on

any optional control char

Set cursor to next char. pus. to be implemented

Figure 13: The CHAR function which provides the capability to
display alphanumeric as well as graphical data.
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Char Size LC  ChariLine Lines/Page  Memory For
(256 by 256) (256 by 256) Tables (bytes)
9x 11 Y 25 18 1200
7x9 Y 32 21 864
5x7 N 42 32 320
4 x5* N 64 32 192
*See text

Table 7: Effects of differently sized character matrices.

bit to determine if the matrix is displayed normally or
shifted down two positions. As far as the display is con-
cerned, the character uses a 7 by 11 matrix of display
points. Larger display matrices can be used for greater
legibility and varying character fonts, but even a 7 by 11
character matrix severely restricts the total number of
characters that will fit on the low-resolution displays for
which this standard is designed. If even one row of blank
points is left between adjacent characters, then only six-
teen 7 by 9 characters will fit across a 128-wide display.
Memory requirements for large matrix character pattern
storage are also severe. The table space required is direct-
ly proportional to the area of the matrix (see table 7).

A character matrix size less than the “absolute
minimum” 5 by 7 was desirable, since even 5 by 7
characters require 320 bytes for their lookup table.
Readable versions of 58 of the 64 uppercase printing
ASCII characters can be generated within a 4 by 5 matrix.
The remaining 6 characters (#, $, &, %, M, and W) fit in
a 5 by 5 matrix. Since these are normally considered wide
characters, their unity width-to-height ratio is not objec-
tionable.

To simplify table lookups and the special handling of 5
wide characters, 3 bytes are used for each character.
Twenty bits are used for the 4 by 5 display matrix; the
four extra bits are used as flags to define the specific
parameters for each character. Two flag-bits are used to
indicate the width of the character. Proportional spacing
also fits the maximum number of characters into any
given space. The third flag-bit is used by 5 wide
characters to indicate whether the first column is all ones
(M and W), or must be retrieved from an auxiliary
lookup table (#, $, %, and &). The remaining flag is used
to indicate descending characters (, ; and _.). These
characters are displayed two positions lower than their
matrices indicate. Each character is therefore displayed in
an n by 7 display area, where n ranges from 2 to 5.

The basic character generation algorithm (figure 13) is
applicable to any size character matrix, whether the
character is stored by column (more efficient for 5 by 7
and 6 by 8 matrix characters), -or by row (more efficient
for variable 4 by 5, 7 by 9, and 8 by 11). If the character
set being used does not include lowercase, it is necessary
to shift lowercase characters to their uppercase equiva-
lents. Comparing the ASCII value of the character to 32
separates control characters for special handling.

The character table is ordered by ASCII value and
lookup is done by indexing on the ASCII value requested.
Since the first 32 ASCII characters are control characters,
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ANIMAT

Delay until the start of the next Vertical Blanking period

WHILE Vertical Blanking in progress

H l Kill time

UNTIL Vertical Blanking in progress

5 [ Kitl time

Display buffer currently being filled

Filling buffer @
E 1

Shift to filling buffer P Shift to filling buffer 1

Figure 14: The ANIMAT function which provides for flicker-
free changes in the display by permitting the user to load one
refresh buffer while displaying another.

the physical contents of the table start with character 32
(blank). To index into the table, the ASCII value of the
first table entry is subtracted from the value requested.
This index value is then multiplied by the number of
bytes per character, and the product is added to the ad-
dress of the first character in the table in order to obtain
the address of the first byte of the character desired. The
cursor is then sequenced through the character matrix,
turning on the points indicated. Only the points actually
making up the character are affected, so background data
is not erased and an overprint results.

Control characters are handled separately. Mode and
color changes will depend on the DOT routine. Since
these will be overly hardware-dependent, their implemen-
tation is left as an exercise to the'reader. Carriage control
characters modify the cursor position without otherwise
affecting the display. Any unrecognized characters
should be ignored.

ANIMAT Logic

The first requirement of the ANIMAT logic is to wait
for vertical blanking to start (see figure 14). Most
displays provide an input port with a status-bit which
indicates when vertical blanking is in progress. By delay-
ing until the status-bit indicates normal scan, then delay-
ing until it indicates vertical blanking in progress, we are
assured of a full vertical blanking period being available.
If the display being programmed does not support chang-
ing the location of the refresh buffer by software con-
trols, the routine is finished.

Displays in which refresh buffer locations can be
changed are prugrammed to provide double buffering.
After waiting for the vertical blanking period, the refresh
buffer currently being filled is put on display. The alter-
nate buffer is then opened for filling. Note that this
algorithm is valid whether the buffer being filled is
displayed (first call to ANIMAT after an INITG) or is
being filled while another buffer is being displayed (all
subsequent calls to ANIMAT).

In part 2 we will present an implementation of the 808C
assembly language protocol for the proposed graphics
software standard, plus a series of demonstration pro-
grams.
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80-character buffer...the new leader in
small printers from Centronics. Save
$100. $895

Comprint 912

Low priced electrostatic matrix printer,

225 cps. Serial 3535
Parallel 499
MicroSource Software

for NorthStar

Word processing, accounts receivable,
accounts payable, general ledger, time
billing/management, client write-up for
accountants...call toll free for features &
prices!

! Televideo 912
; Centronics 704
Heath WH 14

Tempe, AZ (5% sales tax in Arizona)

Call now

$779

$1685

$749

Over 2000 products from over 100 manufacturers. Prices subject
to change without notice, products subject to availability. FOB

toLL Free 1-800-528-1418
MICITOWOILD

_J 1425 W. 12th Pl » Tempe, AZ 85281 « (602) 894-1193
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Techaical Forem

A Proposed Graphics
Software Standard
Part 2 |

Dr Vincent C Jones, 1913 Sheely Dr, Ft Collins CO 80526

Sample Implementation

In part 1, the framework for a proposed graphics soft-
ware standard was discussed.

An implementation of the 8080 assembly language pro-
tocol for use with the Cromemco Dazzler (listing 1) illu-
strates how the algorithms and standards presented
translate into working software. Except for a few in-
stances where the architecture of the 8080 or Dazzler
allowed substantial simplification, the program code cor-
responds exactly to the Nassi-Schneiderman charts in
part 1. The major deviations are in the handling of con-
trol characters in the routine CHAR, affected byte
address calculation in DOT, and the termination condi-
tion in PAGE. . ,

The software starts by defining the standard entry
points. The Dazzler is assumed to be jumpered to use
ports 16 and 17 (octal), the Cromemco default. If you
own a Dazzler and it uses different ports, the I/0O (input
/output) commands in INITG, CHAR, and ANIMAT
will need modification.

8080/Dazzler INITG

The first step in all these routines is to preserve any
registers affected. In this case, HL is not saved because its
contents will be replaced by the display description
parameters,

The Dazzler requires the refresh buffer to start at an
even multiple of 512. No test is made to check and see if
the address provided is valid; instead, an algorithm that
converts any address to a valid address and a valid
address to itself is used. The refresh buffer address
calculated is then stored in the two bytes labeled RBUF.
Placing all the variables in a single section of memory is
not only good programming practice, it also permits effi-
cient setting of defaults by using register indirect
addressing. The call to the CHAR routine with zero ac-
cumulator sets the display mode to MAXR and takes care
of outputting the required controls to the Dazzler’s
Color/Mode port.

After calling PAGE to clear the screen, the Dazzler is
finally turned on. The high-byte of the refresh buffer
address is retrieved from memory and rotated into the bit
position expected by the Dazzler. The OUT instruction
starts the display, if it is not already on. The final step,
before restoring register values, is to load the appropriate
parameter description into HL. Hexadecimal 8AFC indi-

Text continued on page 176
Listing on page 84
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Teratek’s

Tomorrow’s
mail system.

Today.

One package does it ALL.
Postmaster offers the most powerful and flexibie
mail-management system available.

Batch Entry: Entering names
and addresses to a mailing
list is simple. Repeated
elements of a record need
only be entered once
Powerful Record Extraction:
Used in conjunction with the
Optional Reference Field,
this feature allows simple
creation of user specified
“target-files”

Dedicated Record Editor: List.

modify or delete records.
Allows intact or extracted
backup of original file
Automatic “ID" Field
Insertion: (optional) Key in a
name, and a unique 10 char-
acter record identifier will be
entered automatically to the
Reterence area.

Envelopes: Postmaster pre-
pares single or continuous
envelopes.

Maiting Labels: Standard or
user-specified formats up to
five across are supported by
Postmaster. User may spe-
cify any number of labels
per name.

Form Letters: Prepare and
edit form letters in a variety
of farmats. on either single
or continuous forms,
Optional capability of
allowing text or salutation
“Inserts” for some or all
letters in any print run.

Dedicated Record Sorting:
Sorted files are re-written to
disk. The sort may be in
either ascending or descend-
ing order. Uses the FAST
Shell-Metzner sorting
algorithm.

Attractive Reports: Neat,
paginated reports on either
80 or 132 colymn paper. The
80 column option allows
your CRT to provide an
attractive report display.
Ciear, Complete Documenta-
tion: The manual will expiain
in simpfe English how to get
started right away. Sample
data and form-ietter files are
included on the disk to allow
new users to experiment
(learn) qQuickly.
Quality That's Atfordable and
Available: The Postmaster
programs are available in a
variety of 5" and 8" disk for-
mats (40k of RAM, CP/M and
CBASIC2 are required).

he formats sup-
ported are TRS-80. North
Star. Heath H8 and H88.
standard 8" IBM,
Vector MZ and other
CP/M derivatives capable
of running CBASIC.

COMPLETE
PACKAGE:

$150.

MANUAL
ALONE:

$15.

toward
quent purchase)

LIFEBOAT ASSOCIATES

(212)580-0082  Telex: 668585
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Text continued from page 82:
cates that double buffered animation is available, MAXC
mode has 15 colors and 64 by 64 resolution, the display is
in color, and MAXR mode has one color and 128 by 128
resolution. ‘

8080/Dazzler Page

The PAGE routine takes advantage of the hardware re-
quirement that refresh buffers start only on even page
boundaries and are 2 K bytes long. The low-byte of the
address is used for a free zero, while the HL register is
incremented until H corresponds to the high-byte of the
first address beyond the buffer.

8080/Dazzler Cursor -

Since the same scaling routine is used for both
CURSOR and LINE, CURSOR becomes an almost empty
routine. Aside from preserving registers, all it does is call
CUO000 with the coordinates presented, and save the
scaled result as the new software cursor position XPOS,
YPOS. _

The MODE byte engages in some trickery to indicate
the desired mode efficiently. The numeric value
associated with the mode is rotated right one bit position.
The resultant value can be incremented up to 126 times
and still remain negative if in MAXC or Ré64 mode, and
positive if in MAXR or R128 mode. Since MAXR on the
Dazzler is 128 by 128 resolution, and MAXC is 64 by 64,
we have a simple test to determine which mode is in use.

The scale routine CU000 divides X and Y by 2, checks
to see if R128 or MAXR is selected, and divides again if
they are not,

8080/Dazzler DOT

This routine tends to be somewhat complex due to the
convoluted mapping from bits in the byte to points on the
screen used by the Dazzler in 128 by 128 resolution mode,
and the dividing of the screen into four quadrants. For-
tunately, if the 128 by 128 coordinates are divided by 2,
the address and mask generated by applying the
algorithm for 64 by 64 resolution yields the four bits cor-
responding to the four possible 128 by 128 points. The
low-order bits of the X and Y coordinates lost in the divi-
sion are then used to select the single bit corresponding to
the desired point. g

The four quadrant problem is similarly solved by using
the high-order bit of each coordinate to determine the
quadrant, and the remaining lower order bits to find the
location inside the quadrant. Since these problems are
unique to the Dazzler, they will not be discussed further.
The interested reader is invited to trace the logic in the
program listing.

One final comment on the DOT routine is appropriate.
The DOT register restore sequence is also used by LINE
and CHAR. If it is changed, the appropriate modifica-
tions will also be required in LINE and CHAR.

8080/Dazzler LINE

The LINE routine is almost a block-for-block encoding
of the LINE algorithm. The variable name correspon-
dence table (table 8) is-provided as a cross-reference
guide, since some of the variable names used in the
algorithm were modified.



Because the values of XP and YP are lost when the cur-
sor adjustments for “move 0" and “move 1” are looked
up, initialization of variables is moved to immediately
after sector determination. TA and TO are both 16-bit
numbers because they represent the product of two 8-bit
numbers. The only 16-bit arithmetic available on the
8080 is addition. To subtract X from T0, the 16-bit two's
complement of X, DX, is calculated and added. Similarly,
DY is the 16-bit representation of Y.

The cursor adjustments required for a “move 0” and a
“move 1" are looked up in the table MXT. Entries are in-
dexed by sector weight. Each entry is four bytes long
(MOX, M0OY, M1X, and M1Y for the particular sector), so
the sector weight is multiplied by 4 (two shifts left) and
added to the starting address of the table. The correct
cursor adjustments are then retrieved and stored where
access is more convenient.

The only other significant change to the logic is the
placement of the test for completion. For efficiency, x is
compared to X immediately after the point is displayed.
This has the added advantage of occurring at the only
time the stack is free of temporary variables.

8080/Dazzler CHAR

The CHAR routine, with the exception of control
character processing, also follows its Nassi-
Schneiderman chart rigorously. The major change has
been to convert to a SELECT construct the string of IFs
used for control character processing. This avoids a
multitude of tests which are guaranteed to fail once the
character has been recognized. The processing of control
characters with similar actions has also been consolidated
to reduce redundancy.

As is obvious from its Nassi-Schneiderman chart,
CHAR is really two independent routines with a common
entry point. The only common code is the register saving
and parity stripping. By pushing the address of the
restore register routine onto the top of the stack, the
return (RET) instruction will jump to the restore register
sequence, restore all registers, and then return to the call-
ing program.

The character matrix table is indexed by ASCII value
minus 32, ie: the first entry is a blank. Since each entry is

Table 8: Variable name definitions for LINE.

Note: The table numbering sequence is continued from part 1.

Up Your
Output.

MULTI-TASKING!

The TEMPOS Operating System is quickly becoming the standard in Multi-
User, Multi-Tasking operating systems for 8080 and Z80 microcomputers.
Multi-Tasking means that, even with only one user at one terminal, more
than one job can be running on the system simultaneously!1f you have ever
had to go get a cup of coffee while you wait for your computer to print list-
ings, you know the advantages of a system that will handle one job while
you are working on another. TEMPQOS is a true time sharing system, and
the maximum number of jobs is limited only by your memory.

MULTI-USER!

Want to share your computer with another user? With TEMPOS all it takes
is another terminal . . . up to seven interactive terminals are allowed! And
with Re-Entrant programs, each user does not need a complete copy in
memory. We include three Re-Entrant programs (the OPUS/THREE High-
Level Language, the TEXTED Text Editor, and FILES, a disc file
directory/manipulator) or write your own! In addition, we include an
assembler, a linking loader, over a half-dozen other utility programs and
over 60 system subroutines, callable by the programmer!

PROVEN!

With TEMPQS, you get a package that has been tested in our facilities for
over two years, and in the field at over 50 different installations. We have
used this system ourselves for everything from writing high-level languages
to developing applications to text editing to games. TEMPOS is undoubted-
ly the most flexible software tool on the market . . . and you can have it for
much less than you think!

COMPATIBLE!

+
TEMPOS is available for many different systems; pre-written drivers may
include yours. Or, using our interactive System Generation Routine, you
can add your own. Call or write now for our free catalog and the name of a
dealer near you. The TEMPOS Operating System is available for $787.00,
the manual set ( price may be credited toward the purchase of the TEMPOS
package) for $21.50 (prices include shipping within the U.S.).

ADMINISTRATIVE
COOSYSTEMS
OOOINC.
0o

1642 S. Parker Road, Suite 300, Denver, Colorado 80231
{303) 755-9694
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three bytes long, the index must be multiplied by 3 to get
the offset into the table. (The format of the character
table is fully defined in the comments preceding it in the
listing.) The first byte of each entry contains all the flags
describing the character. The width bits are masked off
and the cursor value for the next character position
calculated. If the width is 6 (including a blank pixel be-
tween characters) the special subroutine to generate the
first column of a 5-column wide character is executed.
The descender indicator flag is then checked and the cur-
sor is adjusted if necessary.

The normal character generation code scans the char-
acter matrix row-by-row. Whenever a 1 is encountered,
the DOT routine is called to display the pixel at that loca-
tion. When all five rows are completed, the cursor value
is set for the next character position as calculated earlier,
and control returned to the calling program.

The special subroutine used for five wide characters
generates only the first column. By incrementing the cur-
sor position, the normal character generation sequence is
used to generate columns 2 through S instead of the nor-
mal 1 through 4.

Control character handling proceeds in three phases.
Phase 1 checks for any of the four mode controls and sets
MODE as required. The Dazzler hardware must also be
informed so it can change mode. Phase 2 is entered if the

control character is not a mode control. This is an indi-
vidual check for each of the carriage control characters.
Note that to get to the top line, form feed must determine
what resolution is in use. Phase 3, if reached, is current
color selection. The value of the control character is first

checked to verify that it actually is a color select char-
acter. If it is black, the COLOR byte is set to all zeros. If
any other color, a check is made to determine if the
Dazzler is in a color supporting mode (MAXC or Ré4). If
not, COLOR is set to all ones (high-resolution white). If a
color mode is in use, the bright bit is set and the low-
order four bits are duplicated in the high-half of the byte
to yield a COLOR byte with the desired color in both pix-
el fields. Conveniently, the Dazzler color bit definitions
match the lower three bits of the color select character.

A word of caution is in order for anyone using the
compiler hexadecimal output in the listing directly, rather
than the source code. The character table contains more
bytes per line than the compiler used allocates for listing
purposes (hence the “D” error). One must load the char-
acter table from the source code rather than from the
compiler’s hexadecimal output.

8080/Dazzler ANIMAT

The ANIMAT routine’s implementation is adequately
described in the comments on .the listing. The flag byte
ANIM indicates whether the first 2 K buffer or the second
(auxiliary) 2 K buffer is currently being filled. Note that if
the buffer swap were made as soon as vertical blanking
was detected rather than as soon as vertical blanking was
detected following an absence of vertical blanking, it
would be possible to swap buffers, modify the display,
and swap buffers again—all during one vertical blanking
period. The net result, of course, would be that the one
buffer would never be displayed, a clearly undesirable
circumstance.

BATTERY-WRAP

WIRE WRAPPING TOOL

moce. BW-2630

POSITIVE INDEXING
ANTI-OVERWRAPPING

BITS AVAILABLE
FOR AWG 26, 28 & 30

BATTERY OPERATED
LIGHT WEIGHT

BW-2630 BATTERY-WRAP TOOL

g 335

BATTERIES AND
BIT NOT INCLUDED

USA

FOREIGN
PATENTS
PENDING

$19.85

BT-30 BIT FOR AWG 30

$ 3.95

BT-2628 BIT FOR AWG 26 & 28

$ 7.95

OK MACHINE & TOOL CORPORATION

RB-20

TMINIMUM BILUING $0n

TWO NI-CAD BATTERIES

0 ADD SHIPPING CHARGE 501
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0 NEW YORK CITY  STATE HESIDENTS ADD APPLICABLE TAX

3455 CONNER STREET, BRONX, N.Y. 10475, U.S.A.
PHONE (212) 994-6600 » TELEX: 125091
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Photo 1: Display generated by demonstration program number
2 (see listing 2).

Demonstration Program

The demonstration program (see listing 2 on page 184)
is provided for several purposes. Aside from demon-
strating the power of the protocols, it serves as a tutorial
in using the 8080 assembly language protocol and as a
debugged, working user program for verifying successful
implementation of the 8080 assembly language protocol.
The photographs illustrating this article were all
generated by this program and a Matrox ALT-256"*2
display. The program contains four independent demon-
strations and two utility subroutines. Equates are used to
allow mnemonic references to the standard protocol’s
entry vectors, color controls, and display modes.

The first demonstration is a maximum-resolution exer-
cise for the line generator. The identification message
uses Ré64 resolution deliberately to get large characters. A
series of maximum-length lines are drawn to generate the
string art parabolas in each corner. The calculation of the
endpoints of all the lines is simplified by the standard
coordinate system. Their spacing is controlled by the
value for MRSCLF returned by INITG. Because of the
speed of generation, a variable delay utility subroutine,
PAUSE, is used to give time to observe the display. These
pauses may be extended indefinitely by setting the switch
register to hexadecimal 01.

The second demonstration tests the generation of all 64
of the uppercase ASCII characters. Again, advantage is
taken of the lowest resolution mode to display large
characters. The 64 characters are drawn eight times, once
in each color, in order to demonstrate the ability to vary
the display dynamically. On the last iteration, the
characters are drawn in black, leaving a clear screen.
Rather than verify that the display is capable of selective
erase, the PAGE routine is also called. The full range of
available character sizes is then displayed using Ré64,
MAXR, and R128 display modes for one line each. All
mode changes are immediately followed by absolute cur-
sor positioning commands to avoid erroneous results.

180  December 1979 © BYTE Publications Inc

Photo 2: Display generated by demonstration program number
3 (see listing 2).

The third demonstration cycles through all available
colors with the line generator. To avoid claiming Full
Color Control on a monochrome display, the color bit in
MAXCD is tested. MCCOLS is then checked to see how
many colors or grey shades are available, All available
colors are used, one at a time, as one end of each line is
moved closer to (255,255). The attempt at mode RXXX,
after shifting to R64, is ignored by the package in this ar-
ticle. The enhanced Dazzler package available from
Cromemco uses it to select the Dazzler’s 16-level grey
scale mode.

The final demonstration is a short animation sequence.
The header is inserted in both buffers. The auxiliary buf-
fer must be cleared first, since this function is not includ-
ed in the standard. If the display is not double buffered,
this will also clear any warning messages generated by
the graphics package.

The algorithm used to animate the figure will work
with either double buffered displays or selectively
erasable displays. For the former, the figure is backed up
one step and drawn in black to erase it from the non-
displaying buffer (PAGE would require too much time

.and erase the header). The figure is then advanced two

steps to get to the position past the one currently being
displayed and drawn in white. Finally, ANIMAT is called
to display the updated buffer, and the whole procedure is
repeated until the screen is traversed. If the display is not
double buffered (tested using the ANIM field in
MAXRD), the ANIMAT routine is called anyway to
delay until the start of vertical blanking. While the
display is busy with vertical blanking, the old figure is
erased and the new one displayed. If all the changes can
be made before the affected memory is displayed, there
will not be any flicker, and the animation will be as
smooth as when double buffering is used.

The STRING subroutine is a convenient utility for
displaying text strings. It calls the CHAR routine with
each successive character in a string of ASCII characters
until an ASCII ‘9’ (hexadecimal 24) is detected.




Conclusion package available from Matrox for its ALT-256**2 con-

The availability of a powerful graphics protocol im- tains such enhancements as high-resolution positioning of
mensely simplifies the design and coding of graphics pro-  low-resolution DOTSs, choice of fixed or proportional
grams. The limitations imposed by forcing individual character spacing, and up to 8 bits (256 combinations)

s

S e

e e

T A b

capabilities to meet a common protocol are more than
made up by the availability of precisely defined functions
and controls, Furthermore, the protocol is sufficiently
flexible to allow the installation and use of unique display
features without adversely affecting the ability to run
programs designed to the standard. For example, the

color and/or grey scale for each pixel.

" “The author would lxke to thank ]ohn Rogers, Gary Iohnsey, and
especially Bart Schwurtz for their help in makmg these urtzcles pos—
sible, : :

Graphics Interface Standard for FORTRAN
The following FORTRAN subroutine definitions ex-
tend the flexibility and hardware independence of the

proposed microcomputer graphics standard to FOR-
TRAN.

INITG (XMRSCL, YMRSCL, MRCOLS, XMCSCL,
YMCSCL, MCCOLS, LANIM, LCOLOR)
Initialize graphics hardware and software to maxi-
mum resolution mode with all options disabled. The
screen is cleared and the current color is set to white.
Eight wvariables are used to return the display
parameters:

XMRSCL (REAL*4) X dimension of physical display
points in standard coordinates, maximum resolu-
tion mode.

YMRSCL (REAL*4) — as above except Y dimension.

MRCOLS (INTEGER *2) — colors (grey shades) avail-
able in maximum resolution mode.

XMCSCL (REAL*4) — X dimension of physical dis-
play points maximum colors mode.

YMCSCL (REAL*4) — as above except Y dimension.

MCCOLS (INTEGER*2) — colors (grey shades) avail-
able in maximum color selection mode.

LANIM (LOGICAL*1) — TRUE if double buffered
animation available.

LCOLOR (LOGICAL™1) — TRUE if display is in color,
FALSE implies monochrome.

PAGE

Clear the sreen

CURSOR (IX, IY)

Move the cursor to the coordinate position
specified.

IX (INTEGER*2) — X (horizontal) coordinate
desired. Value is in standard display coordinates (0
through 255). Out of range values are permitted but

may have unpredictable results.

IY (INTEGER*2) — as above except Y (vertical)
coordinate desired. Lower left-hand corner of the
screen is the point 0,0.

DOT
Display a dot at the current cursor position using the
current color.

LINE (IX, IY)

Display a line from the current cursor position to the
coordinate position specified. IX and IY are defined as
in CURSOR.

CHAR (ICHAR)

The ASCII character defined by the low-order 7 bits
of ICHAR is displayed at the current cursor position.
Control characters are interpreted as defined in the
standard to change display mode,' current color, etc.

ICHAR (INTEGER*2) — the ASCII character to be
interpreted or displayed.

ANIM .

Program execution is delayed until the start of the
next vertical blanking period. If double buffered
animation is supported, buffers are not switched until
immediately before returmng

WRITE (10, nnn) var, var, ...

The logical unit number 10 is available for format-
ted output to the display. Binary output will result in
an 17O (input/output) error. Input attempts will
return End of File. Rewind, endfile, and backspace
operations are no-ops. The display must be initialized
by INITG before writing to LUN 10. The first
character output on each line is interpreted as a stan-
dard FORTRAN printer control character ( ' ' for
single space, ‘0’ for double space, ‘1’ for new page, and
‘+' to overprint the same line).

Sample Program

C--- Example usage of FORTRAN Standard Graphics Calls
LOGICAL*1 LANIM, LCOLOR

C--- Initialize graphics
CALL INITG(XMRSCL, YMRSCL, MRCOLS, XMCSCL

1 YMCSCL, MCCOLS, LANIM, LCOLOR)

C--- Title display
WRITE (10, 100)

100 FORMAT(1H], ‘A SINE WAVE")

C---  Calculate and display a sine wave

C---  Move to starting point
CALL CURSOR (0, 128)
C--- Determine distance between X values

INCR = IFIX (YMRSCL + 0.5)
IF(INCR.LE.O)INCR =
C---  Draw the actual curve
DO 1000 IX = INCR, 255, INCR
X = 3.14159*FLOAT(1X)/64.0
Y = SIN(X)*100.0
IY = IFIX (Y + 128.0)
1000 CALL LINE (IX, IY)
END
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