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Preface

When the first edition was published, the Enhanced Graphics Adapter (EGA)
had become the graphics standard in the IBM Personal Computer world and its
cousin, the Video Graphics Array (VGA), was beginning to take its place. Very
few EGA’s are still on the market, but they are still around on many old sys-
tems and a few of the newer portable computers. Because the VGA is the most
popular video option for the millions of PC’s, XT’s, AT’s, and PS/2 clones in
use, it is clear that anyone interested in programming or taking full advantage
of graphics for these machines had better know all of the ins and outs of these
graphics standards.

However, getting beneath the surface of these two boards is not so easy.
Documentation for the EGA and VGA is scattered among separate manuals,
densely written and difficult to understand, and often sketchy. Moreover, the
manuals give very few examples of code, and many of those given are only
fragments which must be combined with your own routines to create a working
example.

So, in addition to the challenge of programming these sophisticated boards, it
has been the programmer’s burden to have to piece together the available in-
formation to gain a working understanding of the graphics adapters. The addi-
tion of higher-resolution boards, which go beyond the standards, has made the
task even more difficult.

The goal of EGA/VGA: A Programmer’s Reference Guide is to ease this
difficult situation by collecting in one volume much of the scattered informa-
tion about the EGA/VGA, as well as presenting a broad range of working pro-
gramming examples and offering practical guidelines for effective and sophisti-
cated EGA/VGA programming techniques. EGA/VGA A Programmer’s Refer-
ence Guide is primarily a reference work with extended descriptions which add
to the understanding of display programming, increase productivity, and en-
hance the craft and professionalism of the reader’s programs.

We will cover the VESA standard, which helps simplify programs that work
beyond the resolutions of the standard VGA modes. As of this writing, most
adapters had implemented the VESA 800 X 600, 16-color mode. And, RAM-
based drivers, which added support for additional modes and query informa-
tion, were just beginning to appear.
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As I cover the material and explain the various functions, I will keep the
following goals in mind:

First, while several factors create an effective display, including speed,
smoothness (freedom from flicker and other annoying effects), and layout, our
focus will be on speed and smoothness: they are, after all, the easiest to quan-
tify and the most technically difficult to achieve.

You have probably seen (or written) many games which flicker as the shapes
are drawn, or seen entry areas on forms which flicker as the computer waits for
user input. Flicker such as this is a common problem when programming with
high-level languages. But if you look at commercial software, whether games
or applications, the display remains rock steady. Professional programmers
know how to coordinate video output with the adapter and display’s internal
timings. Usually, such programming is done with assembly language because it
provides greater control over the hardware: determining the current status, and
making direct changes. This book will teach you these assembly language tech-
niques, so that you may apply them to your programs.

While we will concentrate on assembly language programming, the methods
presented may be adapted to other languages if you know how to directly ac-
cess memory, the I/O registers, and software interrupt routines. Although hard-
ware control features are not typically a standard part of the language, many
PC-based products add them (for example, BASIC’s PEEK, POKE, IN, and
OUT, or Turbo Pascal’s INTR, absolute memory functions, and ability to use
inline code). We will begin with an introduction to BIOS programming — the
simplest way to start programming. If you are an experienced assembly lan-
guage programmer, you are probably familiar with BIOS programming and
may want to skip ahead, using the BIOS call descriptions as reference material.
For those of you fairly new to assembly language programming, you will
quickly find that BIOS display writing routines are very slow and simply not
adequate for most finished products. So, after finishing the BIOS routines, we
will quickly move into register programming and much more sophisticated con-
cepts. '

You will find several small programs, which may seem rather dull compared
with demonstration programs you may have seen. The aim is not to give daz-
zling demonstrations of the EGA/VGA's capabilities (you are probably already
aware of such functions and want to create them for yourself), but rather to
give simple, self-contained examples of the adapters’ capabilities. Short pro-
grams are easier to enter without critical and frustrating mistakes. We want to
encourage you to try the demonstrations, make your own modifications, and
use them as a framework for your creative work. If you want to avoid entering
the code, a source code diskette is available for an additional cost (see the order
form at the back of the book).

If you are fairly new to assembly language programming, keep your eyes
open! There are many useful tricks among the programming examples that go
beyond graphics programming practices. For example, the ellipse program uses
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32-bit and 48-bit integer arithmetic. It is really fairly simple and straightfor-
ward, yet it is a topic which is not often discussed (and the limits of 16-bit
integers are often too constraining for many applications). You will also find
practical uses for most of the 8088 assembly language instructions.

The example code may not always use the fastest or most elegant methods; I
have tried to balance easy readability with considerations of speed and tech-
nique. I have also varied some methods from program to program as subtle
examples of the many possible methods for achieving any particular function.

Several of the BIOS programming examples will interact with each other.
For example, the demonstration program for setting the mode places the
adapter in 640 X 350 graphics mode, and does not switch back to the original
mode at termination. You can then see the effect of several of the other BIOS
routines while in graphics mode (typing MODE CO80 will return the display to
text mode). Several of the interactions are noted, and you can try these (and
others) to better understand how BIOS functions.

Challenge yourself to improve the code. Where can you make it faster or
more flexible? Does it need more range checking (or maybe less)? Watch for
some of the tricks thrown into the code. Some standard methods for improving
efficiency are using SUB or XOR to 0 a register (in place of MOV), or using
shifts for division or multiplication by powers of two. But how about other
constants? The MUL instruction is very slow; sometimes a sequence of ADD’s
and SHL’s can be much faster (at the loss of flexibility since you cannot multi-
ply by a variable).

If you do not have a list of instruction timings, you should get one. The
Microsoft Macro Assembler comes with timing information, but there are other
sources. Several books on assembly language programming, or the Intel
Programmer’s Pocket Reference Guide would be excellent supplemental mate-
rial. If you really want to make your code efficient, you must consider several
methods and decide which is the quickest. You can always use trial and error
by timing each method, but frequently a quick glance at timings will immedi-
ately eliminate some methods. However, do not put too much faith in the tim-
ings; there will always be some variation due to the state of the prefetch cue,
the actual processor used, and wait states on memory or port accesses (espe-
cially when dealing with display memory).

If efficiency is important, you should time any routines which use roughly
the same number of clock cycles. Try the code on different processors if possi-
ble, and loop through the code enough times to get several seconds of delay.
Experimenting with different methods will make your code efficient and greatly
improve your knowledge of the system. If you don’t think efficiency is impor-
tant, consider the amount of memory addressed by the EGA: 256K versus 16K
on a color CGA screen. You won’t usually update all of the memory, but sim-
ple images use more memory as the resolution and number of colors increase.

In addition to trying various instruction sequences, look for entirely different
programming methods. The EGA and VGA provide many varied functions
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which can create similar effects. You will find four different ways to write to
memory (along with many ways to modify the data as it is written). Study the
registers (especially the Graphic Controller registers), and learn what they do.
You may find functions you did not consider. Even if you do not have an
application for a register, ask “What could this do for me?” A thorough under-
standing of the adapter’s functions will improve your programming techniques,
and the end result will be a better program.

Notes on Conventions Used

Hexadecimal numbers will be followed by a lowercase h; thus, 16 would be
written as 10h in hexadecimal. Likewise, binary numbers will be followed by a
lowercase b. Register names will be uppercase.

Medium-resolution graphics will refer to 320 x 200 pixels; high-resolution,
640 X 200; and enhanced 640 X 350. The VGA’s new 640 X 480 mode will
simply be called 640 x 480.

Adapters will be called the MDA (the original Monochrome Display
Adapter), CGA (the original Color Graphics Adapter), EGA (Enhanced Graph-
ics Adapter), and VGA (Video Graphics Array).

All references to DOS will assume version 2.0 or later, unless otherwise
noted. All assembly language programs were assembled with Microsoft Macro
Assembler version 4.0.

Compatibility modes will refer exclusively to graphics modes, since all text
modes are compatible between adapters.

The EGA and VGA have several methods of mapping memory into the PC’s
address space. The appearance of memory in this address space will be noted as
the “CPU” or “processor” address; that is, where the 8088 or 8086 processor
reads and writes the display.



Chapter

The Question of Compatibility

The limitations of IBM’s original Color Graphics Adapter (CGA) became ap-
parent as graphics became increasingly important to business in the PC envi-
ronment. The CGA was designed for compatibility with television sets and
composite monitors, which were both cheap and prevalent. This limited the
vertical resolution to 200 distinguishable lines. Horizontal resolution was de-
signed for 320 rows, although 640 rows were possible on RGB and composite
monitors.

Memory was expensive, and the creation of a reasonably priced color adapter
required a limitation on available memory. The CGA was given enough mem-
ory (16K) for four colors with 320 X 200 resolution (the resolution that worked
best on TV sets). Unfortunately, 16K is not enough memory for more than two
colors in the 640 X 200 resolution mode, and one color has to be black. Even
the four-color mode limits the user to only two sets of four colors, although the
background can be changed in either set.

When the price of memory chips and other computer components began to
fall and microcomputers started to replace larger systems, users complained
about the poor selection of colors that could be used with the CGA. Viewing
the 320 X 200 resolution for long periods of time was hard on eyes, and many
graphics systems had to have a second monochrome monitor (with 720 x 350
non-graphics resolution) for working with text. In response, several companies
developed boards for higher-resolution graphics; many could use 16 or more
colors. Hercules Computer Technologies produced the Hercules Card, which
uses the higher-resolution monochrome monitor for monochrome graphics.
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Downward Compatibility

The greatest problem among the early high-resolution graphics cards was a
lack of standards or support of the CGA modes. Additionally, the programming
methods used for many of these cards are inconsistent with the methods used
by the CGA. The EGA addresses these issues by remaining very compatible
with the CGA, extending available memory, and adding BIOS support for
higher resolution. But the EGA standard is not without problems of its own.
The large number of registers and operational modes make programming diffi-
cult unless you rely entirely on the slow BIOS routines. Most of the registers
are write only; determining the current state of the adapter is almost impossible.
This hinders the development of multitasking systems and memory resident
programs, which need to save the video state before switching tasks. Like the
Hercules card, an EGA with a monochrome display does not support CGA-
compatible graphics.

In April 1987, IBM announced the PS/2 line of microcomputers. These com-
puters included the new graphics device called the VGA (for Video Graphics
Array, which refers to the single chip used by the system). The VGA is very
similar to the EGA. It extends a few EGA functions and adds some higher-res-
olution modes and a 256-color low resolution mode. Perhaps the most signifi-
cant change for programmers, however, is the use of read/write registers. The
VGA also uses analog displays rather than the digital type used by the EGA.
As with the EGA, the VGA continues to support the original monochrome and
CGA modes. Furthermore, all modes are supported by both the color and
monochrome monitors.

The extent of EGA/CGA compatibility can be seen in the EGA’s handling of
the video BIOS routines located at INT 10h. The original BIOS routines are
relocated to INT 42h and the EGA places its own BIOS code at INT 10h. The
EGA BIOS calls the old routines for some functions, so the EGA is truly a
BIOS extension rather than a replacement of the original BIOS functions. The
original BIOS calls are fully supported, and the operation of the new calls re-
mains consistent with the old.

Although BIOS calls remain compatible among the various IBM (and com-
patible) adapters, there are a few differences among the common hardware in-
terface ports. The monochrome/CGA and EGA/VGA architectures are quite
different. The original adapters are based on the Motorola 6485 graphics con-
troller, while the EGA and VGA use proprietary IBM chips (of course, a num-
ber of manufacturers have developed chip sets which are nearly identical). Sev-
eral of the EGA and VGA registers mimic the behavior of the 6485; those that
are different are noted in the chapters on register programming.

Despite some of the differences among the various adapters (which deal pri-
marily with the type of display used), IBM includes a great deal of support for
CGA and MDA emulation which is buried amongst the many features and
functions. For example, the EGA monochrome alphanumeric mode modifies
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the character set very slightly to exactly match the MDA. And, while the VGA
usually double scans CGA graphics modes (to generate 400 lines, addressable
as 200 lines), it is possible to switch to a true 200-line display.

Flexibility (Pages of Memory, Alternate Character Sets, Monitors)

The EGA works with the original color and monochrome displays. It also
provides support for the ECD (Enhanced Color Display), which has nearly the
same resolution as the monochrome monitor (640 X 350 for the ECD versus
720 x 350 for the monochrome adapter), and 16 colors out of a possible 64.
The adapter can change any one of the 16 colors to any of the other 63. The
VGA does not support any of the original displays (although some multisynch
displays can be adapted). Instead, the VGA requires an analog display. The
VGA'’s highest resolution mode is 640 X 480 and may use 16 colors (or shades
of gray) out of a possible 262,144 (64 shades of gray). As with the EGA, the
VGA colors are fully selectable.

IBM also provides for memory expansion on the EGA so that two separate
pages of high-resolution color graphics are possible. EGA compatibles come
with a full complement of memory, as does the VGA. With lower-resolution
(or monochrome graphics), up to eight pages of text or graphics can be stored
on the adapter. It is possible to display one page while another is being modi-
fied and alternately display several pages. The extra memory can also be used
for storing font tables (although this is not possible in graphics mode), and have
up to 1024 different characters (2048 on the VGA), 512 of which can be dis-
played at any one time.

The ability to modify fonts, work with additional characters, and select col-
ors individually only hints at the power and flexibility provided on the EGA
and VGA. Almost any display attribute can be modified. Characters can be
made larger or smaller than the standard sizes, and the number of lines dis-
played on the screen can be changed. Changes may be made on a temporary
basis (only within a particular application) or on a more permanent basis (af-
fecting all programs until the system is rebooted or reprogrammed). Program-
ming advanced graphics applications in this type of environment requires a
much more relativistic approach than the CGA.

Perhaps the most noticeable architectural change is the organization of
EGA/VGA memory. The CGA uses sequential data bits to describe each color
pixel. While this method is fairly easy to program, it wastes processor address
space (doubling the number of colors doubles the size of the memory map) and
significantly slows graphics applications that use many colors (doubling the
number of colors tends to double the time it takes to write memory). The EGA
and VGA use a bit plane technique, which “stacks” the color bits at the same
address. Bit planes allow more color combinations to be added without increas-
ing processor address space. In some cases, bit plane architecture can speed
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writing memory, since one write can modify eight bits in each plane. The de-
tails of these various modes are discussed in the following chapters.

At the hardware level, the VGA standard allows for natural extensions in
both resolution and available colors. The highest resolution VGA mode uses
only about 38K of address space. Because the 8088 family of processors use
64K segments, there is room for additional resolution. Several manufacturers
added 800 x 600 modes — this keeps the pixels square (the same ratio as 640 X
480) while using nearly 60K. And the bit-plane architecture lends itself to sim-
ple extensions from 4 bits (16 colors) to a more natural 8-bit (256 colors).

However, at the software level, the details of programming these new modes
varied from manufacturer to manufacturer. For example, the mode numbers
were not consistent. And, even at the hardware level, there were differences in
some parameters such as timing. VESA (Video Electronics Standards Associa-
tion) was formed to set standards extended VGA. The first standard (April
1989) defined the BIOS call and data areas for the 800 X 600 16-color mode. A
later standard (October 1989) added several new 16 and 256-color modes up to
resolutions of 1280 x 1024. It also allows for vendor-specific extensions and
methods to query the adapter for the details of those extensions.

So, we have traced the development of graphics adapter standards and hinted
at the new features and flexibility available, but what does the future hold? The
VGA is beginning to push the current processors to their limits. The maximum
memory segment size of 64K is nearly filled by the 256-color mode, and han-
dling the high-resolution modes slows even the fastest processors. The next step
will be to more sophisticated graphics coprocessors which allow simultaneous
access, and built-in graphics primitives such as line and circle drawing.

One of the more promising coprocessor standards is the IBM 8514/A. The
8514/A increases resolution to 1024 X 768 and 256 colors. IBM does not pub-
lish the hardware specifications for the 8514/A, asking that programmers use
the software hooks called the AI (Application Interface). VESA has set stan-
dards for 8514/A hardware compatibility and extensions. Programming the
8514/A is beyond the scope of this book, but if you are interested, you should
get a copy of Graphics Programming for the 8514/A (M&T Books, 1990) by
Jake Richter and Bud Smith.

Texas Instruments is also a contender in the graphics coprocessor market
with its 34010 and 34020 chip sets and a software interface called TIGA.

Most of these coprocessors do not emulate the VGA, although many allow
VGA pass-through. Thus, for a computer which has a VGA installed, VGA
images can be passed on to the display without intervention by the coprocessor.
When you run a program written for the coprocessor, it takes control of the
display. For systems with two monitors, this allows a computer to use both
VGA and the coprocessor simultaneously — a very useful tool for debugging
or keeping menus off the main display.

It is difficult to predict whether these new adapters will become as popular
as VGA. The coprocessor-based adapters, which were once quite expensive, are
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approaching the price of the VGA when it became so popular. The biggest
expense remains with the display — video display technology is more mature
than computer electronics. While mass production will bring display prices
down, there is not as much room for dramatic price reductions. And, for most
people, the VGA is sufficient for most any application. However, as graphical
interfaces such as Windows and Presentation Manager become more popular,
the additional speed of a coprocessor will become more attractive.

Games are very impressive on the VGA with its enhanced resolution and 16 -
colors. Even the low-resolution 256-color mode can create wonderful visual
effects (increasing the number of colors improves the apparent resolution). Just
as the simple 8086/8088 has dominated the home market for years, you can
expect the same for the VGA. Business graphics and presentations look brilliant
and sharp in 1¢ colors at enhanced resolutions. By convention, standard busi-
ness graphs have no more than four colors (plus black and white) and the
EGA'’s selection of 64 is adequate. The business market, which is the driving
force behind IBM’s marketing, does not need significant improvements in
graphics technology.

No matter what turn the market takes, whether toward new hardware or soft-
ware standards which make VGA obsolete or direct hardware access impossi-
ble, you can help ease the adaptation of your code by using modular program-
ming techniques.



Chapter

Introduction to BIOS

When writing complicated applications, you should consider future upgrades to
your program, including new features and support for new hardware or operat-
ing systems. IBM has often suggested programming with BIOS routines as the
easiest way to provide for such modifications, although this is becoming less
useful with each new generation of hardware and software.

For example, BIOS calls written for the CGA will work on the EGA and
VGA, but not all register functions will. Similarly, plotting a pixel through
BIOS uses the same method no matter which adapter/resolution combination is
being used, but writing memory varies drastically among the CGA, EGA, and
VGA. But, BIOS programming relies on variables passed through registers and
most programming languages pass parameters on the stack — an important
consideration as programming evolves to mixed language and operating system
environments.

BIOS programming also gives greater compatibility between machines and
adapters of various manufacturers. Some EGA and VGA registers should be
modified only during specific time intervals or must allow recovery time be-
tween writes, and BIOS will always take care of these tasks. However, even
BIOS programming does not guarantee total compatibility between machines or
even easy modification of code for other operating systems.

0OS/2 does not use software interrupts (outside the compatibility window) for
controlling hardware, and severely restricts direct control of the hardware (un-
less you want to get into the complex world of writing device drivers). Rather,
0OS/2 relies on calls to the operating system, which resemble calls to external
routines in DOS programs: parameters are PUSH’ed onto the stack and then the
appropriate routine is CALL’ed. Note that Microsoft Windows also uses this
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technique. If you are writing a program for DOS and are considering adapting
it to OS/2, you may want to write procedures for each of the operations.

Thus, you could write a procedure to set the color and a procedure to set a
pixel. In early development stages, the procedure could call the BIOS interrupt
(the set color procedure might only put the color number in a variable, and the
BIOS routine would do everything else). The next stage might support direct
register and memory manipulation, using the color routine to set the appropriate
adapter registers, and the plot routine would set registers and write memory.
Finally, the OS/2 version might change the parameter order. The line and el-
lipse programs in the algorithms chapter use procedures in this manner.

Note, however, that true OS/2 programs follow a very different philosophy.
Multiple threads and event scheduling are difficult to emulate in a DOS-based
system. If you keep your procedures separated by task (calculations, output,
input, etc.) you will find the transition easier.

You should also consider macros for some tasks. Unlike procedures which
are areas of shared code, macros are short program segments which are copied
to multiple locations at your direction.

By using macros, you avoid searching through the code for each occurrence
of a register or memory access, or INT call. And, in graphics programming you
will often use the same instruction sequence several times throughout a pro-
gram. For example, some operations must take place during a vertical retrace
and you must write a small polling loop which waits for the retrace to begin.
Instead of typing the sequence each time, you call might call it WAIT_R and
simply type WAIT_R when it’s needed.

These methods work quite well it you are using a fairly simple, standard set
of functions. You can design the macros and procedures to work together effi-
ciently and even develop a library of efficient routines for use in other pro-
grams. However, if you are pushing the hardware to its limits, the routines may
become awkward and slow performance. At this point, you will need to decide
whether your application should be adaptable. After all, if you are relying on
very specific hardware features, such as vertical retrace detection, it may not be
supported on other hardware or operating systems.

BIOS Calls

The EGA BIOS provides 20 basic routines for working with the display.
These functions are numbered 0-13h. The VGA adds three more interrupts,
numbered 1lah-1ch, and the VESA BIOS extension (for Super VGA adapters
which extend the IBM VGA definition) is numbered 4fh. To access a function,
the function number is placed in register AH, and then INT 10h is issued. Most
routines require additional values in registers AL, BX, CX, andfor DX. Chap-
ters 2, 3, and 4 give detailed descriptions of each function. You will find notes
about each function’s operation, along with a table of register contents and
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programming examples in assembly language. Differences between the old
(CGA) and new calls are noted. As mentioned earlier, implementing BIOS calls
in procedures and macros may help with the transition to register programming
or other operating systems.

Each assembly language program is executable so that you will not need to
convert the EXE file to a COM file. Note the simplicity of using BIOS calls —
the appropriate values are placed in each of the required registers, and an INT
10h is issued. Remember to load each register listed in the description with a
value; if you have written CGA programs using the BIOS, it is sometimes easy
to miss a register, especially the page number on graphics modes since the
CGA did not support graphics pages.

Text and Graphics Modes

Modes are usually changed through BIOS calls, since it is not usually a time-
critical operation and is very difficult to program. Two types of modes are
available on the IBM graphics cards. The first is an alphanumeric mode (often
called “alpha™ or “text” mode), which can display only 256 different characters
(the EGA and VGA can actually display 512 characters with some special pro-
gramming). The second is graphics mode, which can individually address any
picture element (“pel” or “pixel”) on the screen, as well as producing 256 pre-
defined characters. Graphics mode is sometimes referred to as APA graphics
for “All Points Addressable,” because all points (pixels) can be individually
addressed (controlled).

The EGA has five text modes and seven graphics modes. The text modes are
numbered 0-3, and 7. Modes 0-3 are identical to modes 0-3 on the CGA, and
mode 7 is nearly identical to mode 7 on the monochrome adapter. Likewise,
graphics modes 4-6 are identical on the EGA and CGA. The new graphics
modes (which provide higher resolution and/or more colors) are numbered
0dh-10h. Once a mode has been selected, information can be written to (or
read from) the display through BIOS function calls or direct memory access.

Mode

0 text CGA compatible

1 text CGA compatible

2 text CGA compatible

3 text CGA compatible

4 graphics CGA compatible

5 graphics CGA compatible

6 graphics CGA compatible

7 graphics monochrome adapter compatible
0dh  graphics new mode
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Oeh  graphics new mode
Ofh graphics new mode
10h graphics new mode

The VGA adds three additional modes — higher resolution monochrome and
color graphics modes, as well as a low-resolution, 256-color mode. Even
though the 256-color mode is low-resolution, some pictures will seem more
realistic because of the subtle shading that is possible; effective use of shading
can increase the apparent resolution of a picture.

IBM will maintain compatibility between BIOS calls and memory addresses
for like numbered modes, and you should use these methods whenever practi-
cal. By using modes 0-7, and using only the parameters given in the tables
throughout this book, your programs will be compatible with existing adapters
and should remain compatible with future products.

This chapter covers function calls 0-7, which set the screen environment
(mode, cursor location, etc.). These functions are common to all the IBM video
adapters, although the VGA and EGA add a few extensions, such as additional
display pages.

Function Call 0: Set Mode

Remarks: This function is used to select the operating mode of the card.
The basic formats are alphanumeric (no graphics), 320 x 200
graphics, 640 X 200 graphics, and 640 X 350 graphics. The VGA
adds 640 X 480 graphics. Characters can be written with func-
tions 9, Oah, Oeh, and 13h. Points are plotted with function Och.

A mode reset programs the registers according to values in the
Parameter Table (see Chapter 13, The BIOS Save Area). This
function also clears video memory unless the high bit of the
mode number is set.

Input: Registers (set before function call):

AH: set to 0
AL: set to the mode number
0 and 1 — 40-column alphanumeric
(CGA compatible)
2 and 3 — 80-column alphanumeric
(CGA compatible)
4 and 5 — 320 X 200 4-color graphics
limited to 2 palettes
(CGA compatible)
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6 — 640 X 200 2-color graphics:
one must be black
(CGA compatible)

7— monochrome alphanumeric
(monochrome adapter
compatible)

8-Och — reserved

0dh — 320 x 200 16-color

Och — 640 X 200 16-color

O0fh — 640 X 350 monochrome graphics

10h — 640 X 350 color graphics,

4 colors for

EGA’s with 64K graphics
memory, 16 colors if more
than 64K is installed.

11h — 640 X 480 monochrome graphics
(VGA only)

12h — 640 x 480 16-color (VGA only)

13h — 320 x 200 256-color (VGA only)

VESA Mode (also see Chapter 5)
6ah — 800 X 600 16-color

Note that only modes 7 and Ofh may be used on an
EGA/monochrome monitor combination (and may
not be used on an EGA/color monitor combination).

You may set the high bit of AL to 1 if you want to
preserve the screen memory (display) while resetting
the mode. This is done by adding 80h to the mode
number.

The following routines set the mode to 640 X 350 color graphics and draw a
line of alternating colors from left to right across row 10 of the screen (using
BIOS function call ch). The display will remain in mode 10h when the pro-
grams finish. You may return to text mode by using MODE CO80.

Assembly Language Example:
data segment public
clr db 16 ;color initially set to 16

data ends
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code

main

gstart:

skip:

ret
main
code

end

segment public
assume CS:code

proc far
push DS

sub AX,AX
push AX

mov AX,data
mov DS,AX

assume DS:data

mov AH, 0 ;select function 0 — set mode
mov AL,10h ;select mode 10h
int 10h ;BIOS video call
mov CX,639 ;this will be the column
mov AH,O0ch ;function call ch — write dot
mov AL,clr ;set color
dec AX ;subtract one from the color
mov clr,AL ;store the new color
jnz skip ;if the color is not ©
; then continue to skip
mov clr,16 ;set the color back to 16
mov BH, 0 ;select page 0
mov DX, 10 ;set the row to 10
int 10h ;BIOS video call
loop 1p ;decrement CX (next column)
endp
ends
gstart

Function Call 1: Set Cursor Type

Remarks:

This function sets the size of the cursor. You may specify a
starting line and an ending line, which fills a rectangular area of
the character box (note that the cursor need not start at the top or
end at bottom — it is possible for the cursor to be in the middle
of the box). Note that there is no cursor in graphics modes.
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The starting and ending lines require only the low four bits. Bits
5 and 6 should always be set to 0. Line 0 is the top line of the
box. The cursor can be turned off by setting both the beginning
and ending lines below the character box. On the EGA, setting
the starting line to a higher value than the ending line will cause
the cursor to wrap from the bottom of the box to the top, giving
a double line (you could also think of it as a reverse video cursor
with the black starting at the ending line and ending at the start-
ing line). The VGA does not support a double cursor; it will
disappear if the starting line is larger than the ending line.

The cursor may exhibit unusual behavior on high-resolution dis-
plays. Because compatibility with the old color text modes re-
quires an eight-line cursor, only eight lines are available for set-
ting. On the ECD and VGA monitors, text modes use a 14-line
character box — lines 0-4 reference the top five lines and lines
5-7 reference the bottom three lines. Any range which contains
both lines 4 and 5 will also fill the six lines between them (try
setting the cursor to lines 4 and 5, and observe the large cursor
block this creates).

Registers (set before function call):

AH: setto 1
CH: starting line number
CL: ending line number

The following routines create a cursor consisting of the top two lines of the
character box:

Assembly Language Example:

code

main

gtart:

segment public
assume CS:code

proc far

push DS

sub AX,AX

push AX

mov AH,1 ;function 1 — set cursor mode
mov cX,1 ;start line 0, stop line 1 (CL=1)
int 10h ;BIOS video call

ret
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main endp
code ends
end start

Function Call 2: Set Cursor Position

Remarks: Set the coordinates for the cursor’s position on the screen. Row
0 is the top of the screen, and column O is the left side of the
screen.

Input: Registers (set before function call):

AH: set to 2

DH: row number

DL: column number

BH: page number (see function 5 for a description of
pages)

The following routines set the cursor to row 5, column 10 of page 0:

Assembly Language Example:

code segment public
assume CS:code
main proc far
start: push Ds
sub AX,AX
push AX
mov AH,2 ;function 2 — set cursor position
mov DH,05 ;row 5
mov DL,0ah ;column 10
mov BH, 0 ;page 0
int 10h ;BIOS video call
ret
main endp
code ends

end start
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Function Call 3:

Remarks:

Input:

Output:

Read Cursor Position

This function reports the current location of the cursor on the
screen. It also reports the current cursor type (see function 1

above).

Registers (set before function call):

AH:
BH:

setto 3
page number (see function 5 for a description of

pages)

Registers (read after function call):

DH:
DL:
CH:
CL:

Current row
Current column
Starting line
Ending line

The following routines set the cursor to row 5, column 10, get the cursor
location on page 0, and then print a message (giving the new coordinates) at
the current position:

data

data

code

main

start:

segment public

msg

ends

db ‘The cursor is at row ’
db ‘and column 4

segment public
assume CS:code

proc

push
sub
push

mov
mov
assume

mov
mov
mov

far

DS
AX,AX
AX

AX,data
DS ,AX
DS:data

AH,2 ;function 2 — set cursor
DH, 05 ;row 5
DL,0ah ;column 10
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main

bin2asc

COMMENT *

mov
int

mov

mov
int

mov
mov
call
mov
sub
call

mov
mov
assume
mov
mov

mov
mov
mov
mov
int
ret

endp

proc

BH,O0 ;page 0

10h ;BIOS video call
AH,3 ;function 3 — read cursor
position

BH, 0 ;page 0

10h ;BIOS video call
;DH now contains the row
;DL now contains the column

AL,DL

BX,offset msg[35]
bin2asc

AL,DH

BX, 14

bin2asc

AX,data ;get data
ES,AX

ES:data

AH,13h

AL,O

BH, 0

BL,0fh
BP,offset msg
cX, 37

10h

near

;mov column to AL
;offset of ASCII #
;conv bin to ASCII

;move row into AL

;offset of ASCII #
;convert again

seg location
;set ES for next call

;func 13h-write string
;jcursor does not move
;s8tring of characters
;only attribute in BL
;page 0

;high intensity white
;ES:BP points to string
;length of string

;BIOS video call

This binary to ASCII conversion routine is
written for this program and is limited to
numbers less than 100.
AL: 8 bit value to convert

BX: offset in DS which receives a 2 byte ASCII

value

mov
mov
div
add

mov

AH,O0
DL, 10
DL ;jconvert to decimal digits
AX,3030h ;add 30h to get

;ASCII codes

[BX] ,AL ;write 10’s place



bin2asc

code

end
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mov [BX+1] ,AH ;write 1’s place
ret

endp
ends

start

Function Call 4: Read Light Pen Position

Remarks:

Note:

Input:

Output:

This function reports whether the light pen has been triggered
(the pen’s switch has been pushed) and the row and column
where the triggering occurred. Note that in the registers, CH is
used for reporting the row of the compatibility modes (4-6) and
CX is used for the new modes.

The VGA does not support a light pen.

Registers (set before function call):

AH: set to 4

Registers (read after function call):

AH: 0 means the light pen has not been triggered (invalid
values in registers), and 1 means the pen has been

triggered (the following registers contain valid data).
DH: character row

DL: character column

CH: pixel row (compatibility modes)
(0.6 pixel row (new graphics modes)
BX: pixel column

Function Call 5: Select Active Display Page

Remarks:

The adapter may have several pages (or screens) of information
in memory. Only one page is visible at any one time — this is
called the active display. Most of the functions which allow you
to modify the screen (write characters, plot points, move the cur-
sor, etc.) also let you choose which page to modify and thus an
invisible screen may be changed. Through this feature, you may
display one page while another is being created, and then imme-
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diately switch to the new screen (a technique useful for anima-
tion or “slide shows™). This function lets you choose which
screen is displayed. Usually, screen O is the only screen dis-
played and modified.

The CGA is limited to four pages in modes 2 and 3, and the
monochrome adapter supports only one page.

Note that in the table below, the range of page numbers which
can be used in AL is shown. A “0” means one page (number 0)
is available.

Input: Registers (set before function call):
AH: setto 5
AL: page number to display

modes  page numbers available
64K 128K 256K

0-1 0-7 0-7 0-7

2-3 0-3 0-7 0-7

4-6 0 0 0

7 0-3 0-7 0-7

0dh 0-1 0-3 0-7

Oeh 0 0-1 0-3

Ofh 0 0-1 0-1

10h 0 0 0-1

11h - - 0 (VGA only)
12h - - 0 (VGA only)
13h - - 0 (VGA only)

Assembly Language Example:

This program flips through four video pages, pausing on each page. The
pause becomes shorter with each successive loop. One word appears on each
page, forming the message “This shows four pages.”

data segment public
msgl db * This’
msg2 db ’* gshows’
msg3 db r four ’
msg4 db ‘pages.’

pse dw 0F000h ;length of display pause



data

code

main

start:

;load the

loop:

;display the four

dsp:

1p2:

ends
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segment public
assume CS:code

proc

push
sub
push

mov
mov
assume

mov
mov
assume

mov
int

mov
mov
mov
mov
mov
mov

far

Ds
AX,AX
AX

AX,data ;get data seg location
ES,AX ;set ES for next function call
ES:data

AX,data
DS,AX
DS:data

AX,3 ;mode 3 (alphanumeric)

10h

DH, 08 ;row 8

DL, 0ah ;jcolumn 10

BH, 3 ;page 3

BP,offset msgl ;ES:BP points to string
BL,0fh ;high intensity white
CX, 6 ;length of string

four pages with the message

mov

mov
int
add
add
dec
cmp
jbe

mov

mov
dec
mov

AL,1 jcursor moves
;string of characters only
;attribute in BL

AH,13h ;function 13h — write string

ioh ;BIOS video call

BP,6 ;jpoint to next message
DL, 6 ;move the cursor for next page
BH ;jpoint to the next page
BP,offset msg4

loop

pages

CX,4

AL,CL

AX

AH,S5
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psl:

ps2:

;reset to

main
code

end

int 10h
push CcX
mov CcX, 2 ;pause multiplier
; (for longer time)
push CX
mov CX,pse ;pause length
loop ps2 ;empty loop for pause
pop cX
loop psl :1loop through the multiplier
pop CX
loop 1p2
mov AX,pse
sub AX,1000h
mov pse,AX
cmp AX,O0
ja dsp

page 0 before returning to DOS
mov AL,O

mov AH,5

int 10h

ret

endp

ends

start

Function Call 6: Scroll Active Page Up

Remarks:

Input:

This function scrolls the text on the screen - lines move from
the bottom of the screen toward the top, and blank lines are in-
serted at the bottom. Note that corners of a window can be spec-
ified, so that only a portion of the screen scrolls. Register AL is
set to the number of lines to scroll; using 0 will clear the entire
window.

Registers (set before function call):
AH: setto 6

AL: number of lines to scroll (0 clears the window)
BH: character attribute for new lines (see function 8 below)
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CH: top row of the window

CL: left column of the window

DH: bottom row of the window

DL: right column of the window
Assembly Language Example:

This program prints the message “This line will scroll (except for this part)”
and scrolls the first part up one line. A second line is printed which does not
scroll, and you can see the effect of a scroll window.

data segment public
msgl db ‘This line will scroll (except’
db ¢ for this part)-”
msg2 db ‘This line will not scroll’
data ends
code segment public
assume CS:code
main proc far
start: push Ds
sub AX,AX
push AX
mov AX,data ;get data seg location
mov ES,AX ;set ES for next function call

assume ES:data

mov AX,data
mov DS,AX
assume DS:data

mov AX,3 ;mode 3 (alphanumeric)

int 10h )

mov DH,12 ;row 12

mov DL, 10 jcolumn 10

mov BH, 0 ;page 0

mov BP,offset msgl ;/ES:BP points to string
mov BL,0fh shigh intensity white
mov CX,44 ;length of string

mov AL,1 ;jcursor moves

;string of characters only
;attribute in BL
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mov AH,13h ;function 13h — write string
int 10h ;BIOS video call
mov DH,13 ;jrow 13
mov DL, 10 jcolumn 10
mov BH, 0 ipage 0
mov BP,offset msg2 ;JES:BP points to string
mov BL,0fh ;high intensity white
mov CX,25 ;length of string
mov AL,1 ;cursor moves
;string of characters only
;jattribute in BL
mov AH,13h ;function 13h — write string
int 10h ;iBIOS video call
mov CX, 2 ;jpause multiplier
; (for longer time)
psi: push CX
mov CX,0ffffh ;pause length
ps2: loop ps2 ;empty loop for pause
pop ().
loop psil ;loop through the multiplier
mov CX,0 ;jupper left corner at 0,0
mov DH,12 ;xight corner at row 12
mov DL, 31 ;column 31
mov AL, 1 ;move 1 line
mov BH,0fh ;attribute for new line
mov AH, 6 ;scroll up
int 10h
ret
main endp
code ends
end start
Function Call 7: Scroll Active Page Down
Remarks: This function scrolls the text on the screen — lines move from

the top of the screen toward the bottom, and blank lines are in-
serted at the top. It works in the same manner as function 6.
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Input: Registers (set before function call):

AH: set to 7

AL: number of lines to scroll (0 clears the window)

BH: character attribute for new lines (see function 8
below)

CH: top row of the window

CL: left column of the window

DH: bottom row of the window

DL: right column of the window

Assembly Language Example:

This program prints the message “This line will scroll (except for this part)”
and scrolls the first part down one line. A second line is printed which does not
scroll, and you can see the effect of a scroll window.

data segment public
msgl db ‘This line will not scroll -
msg2 db ‘This line will scroll (except’
db * for this part)’
data ends
code segment public
assume CS:code
main proc far
start: push DS
sub AX,AX
push AX
mov AX,data ;get data seg location
mov ES,AX iset ES for next call

assume ES:data

mov AX,data
mov DS,AX
assume DS:data

mov AX,3 ;mode 3 (alphanumeric)
int 10h
mov DH,12 ;srow 12

mov DL, 10 ;jcolumn 10
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psl:

ps2:
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mov
mov
mov
mov
mov

mov
int

mov
mov
mov
mov
mov
mov
mov

mov
int

mov

push
mov

loop

pop
loop

mov
mov
mov
mov
mov
mov
mov
int

BH, 0 ;page 0

BP,offset msgl ;ES:BP points to string
BL,0fh ;high intensity white
CX,25 ;length of string

AL,1 ;jcursor moves

;string of characters only
;attribute in BL
AH,13h ;function 13h — write string
10h ;BIOS video call

DH,13 srow 13
DL, 10 ;column 10

BH, 0 ;jpage 0

BP,offset msg2 ;ES:BP points to string
BL,0fh ;high intensity white
CX, 44 ;length of string

AL,1 ;jcursor moves

;string of characters only
;attribute in BL
AH,13h ;function 13h — write string
10h ;BIOS video call

CcX,2 ;jpause multiplier
; (for longer time)

CX

cX,0ffffh ;pause length

ps2 ;empty loop for pause

CcX

psl iloop through the multiplier

CH,13 ;jupper left corner row 13
CL,0 ;jcolumn 0

DH, 24 ;lower right corner at row 24
DL, 31 ;jcolumn 31

AL,1 ;move 1 line

BH,0fh ;attribute for new line

AH,7 ;s8croll down

10h

;move cursor so DOS doesn’t overwrite last line

mov
mov
mov
mov
int

AH, 2 ;function 2 — set cursor
DH,15 ;row 15
DL, 1 ;jcolumn 1

BH, 0 /page 0
10h ;BIOS video call
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ret
main endp
code ends
end start

Of the display management functions (0-7), the most important is the Set
Mode function. Programs usually do not require a particularly fast reset, and
using the BIOS call guarantees the mode will be properly set on all adapters
that support the requested mode. Functions 1-7 are more useful in prototyping
— if you write programs that directly manipulate display memory, they are of
little use.



Chapter

BIOS Screen I/O

The next set of BIOS function calls (numbers 8-fh) works directly with the
display image, either by writing or reading screen contents or color scheme.
The exception is function call fh, which returns the current video mode. As
with function calls 0-7, the video I/O functions are supported by all of the IBM
adapters. The video I/O routines are notoriously slow, and most programmers
bypass these routines once the general prototyping is finished. However, some
of the routines can be very useful even in finished applications.

For example, the character writing routines work in all modes. This can be
especially helpful if you need to display text in graphics modes, and you do not
require a great deal of sophistication (such as different sizes or pixel align-
ment). Graphics mode character I/O routines are not easy to write, and may not
be worth the effort required.

Some Super VGA adapters (which provide higher resolution modes than the
standard VGA) do not support BIOS I/O in the non-standard modes. If the
Super VGA supports the VESA BIOS extensions described in Chapter 6, you
"can use the VESA calls to check for BIOS IJO support. Otherwise, you must
check with the manufacturer of each adapter you intend to support.

Function Call 8: Read Attribute/Character at Current
Cursor Position

Remarks: You can use this function to read a character on any of the
pages. The information returned applies to the character at the
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cursor position of the page selected (see function 2 for setting
the cursor position).

The attribute is a one-byte value which describes the character
and background according to the foliowing diagram:

blink background intense foreground
color color
7 6 5 4 3 2 1 0

For color monitors, the three color bits for background and fore-
ground give eight colors. For monochrome monitors, the three
background bits should be either all 0 (black) or all 1 (colored),
and the three foreground bits should be either 000 for black fore-
ground, 001 for underline, or 111 for a normal (colored) fore-
ground. The attribute byte is meaningful only in text modes. See
function calls 10h and 11h for additional notes about attributes
and character codes.

Input: Registers (set before function call):
AH: set to 8
BH: page number (see function 5 for a description of

pages)
Output: Registers (read after function call):

AL: ASCII code of the character
AH: In text mode, this will contain the attribute of the
character.

Assembly Language Example:

This program reports the ASCII character and attribute byte value at Row 5
and Column 15. You might want to try this program after running one of the
following two examples (function call 9 or Oah). If you try both examples
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(functions 9 and Oah) use this order: functions Oah, 8, 9, and 8. This will dem-
onstrate the changing attribute byte.

data segment
msg
char
attr

m_len
$-msg

data ends

code segment
assume CS:code

main proc

start: push
sub
push

mov
mov
assume

mov
mov
assume

mov
mov
mov
mov
int

mov
mov
int
mov

mov
call

public

db 'Row 5, Column 15 contains ASCII '
db ’'character '

db 3 dup (?)

db ¢, and attribute value ’

db 3 dup (?)

equ

;creates a constant from

shere to message start
; (message length)

public

far

Ds
AX,AX
AX

AX,data
DS,AX
DS:data

AX,data
ES,AX
ES:data

BH, 0 ;page 0

DH,5 ;row 5

DL, 15 ;jcolumn 15

AH, 2 ;set cursor position
10h ;BIOS video call

BH, 0 ;page 0

AH,8 ;function call 8 — read
;character and attribute

10h ;BIOS video call

BL,AH ;save attr in BL, temporarily

DI,offset char
bin2asc
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mov AL,BL ;iget attribute
mov DI,offset attr
call bin2asc

mov DH, 20 ;xow 20

mov DL, O ;jcolumn 0

mov BH, 0 ;page 0

mov BP,offset msg ;/ES:BP points to string
mov BL,0fh ;high intensity white
mov CX,m_len ;length of string

mov AL,1 ;jcursor moves

istring of characters
;jonly attribute in BL

mov AH,13h ;func 13h-write string
int 10h ;BIOS video call
ret

main endp

bin2asc proc near

COMMENT* This binary to ASCII conversion routine is
written for this program and is limited to
numbers less than 256.
AL: 8-bit value to convert
DI: offset in DS which receives a 2-byte
ASCII value

xor AH, AH ;0 in AH

mov DL,100

div DL jconvert to 100’s

add AL, 30h ;convert 100’s place
;to ASCII

mov [DI],AL ;write 100’s place

mov AL,AH

xor AH,AH ;0 in AH

mov DL,10

div DL ;jconvert to decimal
;digits

add AX,3030h ;add 30h to get ASCII
;codes

mov [DI+1],AL ijwrite 10’s place

mov [DI+2] ,AH ;write 1’s place

ret

mov DH, 21 ;row 21

mov DL, 0 ;column 0
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code

end
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mov AH,2 ;function call 2 - set cursor
int 1ioh ;BIOS video call

endp

ends

start

Function Call 9: Write Attribute/Character at Current

Remarks:

Cursor Position

You can use this function to write a character (or several copies
of a character) to any of the pages. The character(s) will appear
at the current cursor position, which can be set through function
call 2.

The attribute is a one-byte value which describes the character
and background according to the following diagram for the text
modes:

blink

background intense foreground
color color

For color monitors, the three color bits for background and fore-
ground give eight colors. For monochrome monitors, the three
background bits should be either all 0 (black) or all 1 (colored),
and the three foreground bits should be either 000 for black fore-
ground, 001 for undertline, or 111 for a normal (colored) fore-
ground. '

In graphics modes, the attribute byte is used to set the color of
the character. Setting bit 7 of the attribute byte will cause an
exclusive or at the cursor location, thus preventing lines within
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the character box from being erased. See function calls 10h and
11h for additional notes about attributes and character codes.

In text modes, writing more copies of a character than will fit on
the current line will cause a wraparound to the next line. In
graphics modes, all of the copies must fit on the current line.

Notes: The cursor position remains unchanged after the call is com-
pleted (even when multiple copies of a character are made).
Character positioning must be done by the program.

Control codes are printed as display characters, so backspaces,
carriage returns, linefeeds, etc., must be done through cursor po-

sitioning.
Input: Registers (set before function call):
AH: setto 9
AL: ASCII code of the character
BH: page number (see function 5 for a description of pages).
Mode 13h uses BH for the background color.
BL: attribute of character
CX: number of characters to write
Assembly Language Example:

This program prints a message, character by character, changing the attribute
(color) on each character. Note the effect of the control codes 7, 10, and 13.
Compare the results to functions ah, eh, and 13h.

data segment public
msg db ‘This line demonstrates printing ’
db ‘Aascir 7 (,7,'), 10 (’,10,’), *
db ‘and 13 (’,13,’).’
m_len equ $-msg ;creates a constant from
shere to message start
; (message length)
data ends
code segment public

assume CS:code

main proc

far



start:

1p1:

skp:

main
code

end

push
sub
push

mov
mov

assume

mov

" mov

mov
mov
mov

inc
mov
int

push
mov
mov
mov
mov
int

inc
inc
cmp
jbe
mov

pop
loop

mov
mov
mov
int
ret
endp

ends

start
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DS

AX,AX

AX

AX,data

DS,AX

DS:data

DH, 05 ;xow 5 (for call 2)

DL, 0 ;column 0 (for call 2)

CX,m_len ;number of iterations

BP,offset msg ;jpointer to message

BL,1 ;initialize BL to 1
; start with color 1

DX ;next column

AH, 2 ;function 2 — set cursor

10h ;BIOS video call

CcX ;save iteration count

cX,1 ;write one character

BH, 0 ;page 0

AL, msg [BP] ;get ASCII code

AH,9 ;function call 9

10h ;BIOS video call

BP ;point to next character

BX inext color (add 1 to #)

BL, 15 ;if <= 15

skp ; skip next section

BL,1 ;if > 15, color set to 1

CX ;jrestore iteration count

1p1

DH, 21 srow 21

DL, O ;column 0

AH, 2 ;function call 2 - set cursor

1io0h ;BIOS video call
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Function Call ah: Write Character Only at Current

Remarks:

Input:

Cursor Position

This function call is identical to function call 9 above, except
that the attribute cannot be set (existing attributes remain un-
changed).

Registers (set before function call):

AH: set to ah

AL: ASCII code of the character

BH: page number (see function 5 for a description of
pages)

CX: number of characters to write

Assembly Language Example:

Note: This program is the same as the one for function call 9, except that
the function call number has changed. The output picks up the attributes cur-
rently in effect. Thus, if you do a CLS command before using this program, the
output will be in the normal white color. If you run the program from the
previous example first, the display will remain unchanged, since the new char-
acters will pick up the old (multicolored) attributes.

data

data

code

main

start:

segment public

msg db 'This line demonstrates printing’
- db * AsCII 7 (’,7,'), 10 (’,10,7),"
db ‘ and 13 (’,13,’).’
m_len equ $-msg icreates a constant from

;here to message start
; (message length)

ends

segment public
assume CS:code

proc far
push DS
sub AX, AX

push AX



1p1:

skp:

main
code

end

mov
mov
assume

mov
mov
mov
mov
mov

inc
mov
int

push
mov
mov
mov
mov

int
inc
inc
cmp
jbe
mov

pop
loop

mov
mov
mov
int
ret
endp

ends

start

AX,data
DS,AX
DS:data

DH, 05

DL, 0

CX,m_len
BP,offset msg
BL,1
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;jrow 5 (for call 2)
;column 0 (for call 2)
;number of iterations
;jpointer to message
;initialize BL to 1

; start with color 1

DX ;next column

AH, 2 ;function 2 — set cursor

10h ;BIOS video call

cxX ;save iteration count

CcX,1 ;write one character

BH,O0 ;page 0

AL,msg [BP] ;get ASCII code

AH, 0ah ~ ;jfunction call oah
;note that the attribute
;byte (BL) has no effect

10h ;BIOS video call

BP ;point to next character

BX ;next color (add 1 to #)

BL, 15 ;if <= 15

skp ; skip next section

BL,1 ;if > 15, color set to 1

CcX ;restore iteration count

1p1

DH, 21 ;row 21

DL, 0 ;jcolumn 0

AH,2 ;function call 2 - set cursor

10h ;BIOS video call
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Function Call bh: Set Color Palette

Remarks: This function call applies only to CGA compatibility modes; see
function call 10h to set the palette for the EGA- and VGA-spe-
cific modes.

Register BH is set to access either the background color (0) or
the set of colors to be used for 320 x 200 graphics (1). Any
value from O to 127 is legal, although O and 1 are sufficient
(even numbers work as 0 and odd numbers work as 1).

Input: Registers (set before function call):

AH: set to bh

BH: palette color ID

BL: for BH = 0, the background color (0-15) in graphics
mode, or the border color (0-31) in text mode. Note
that background color is a character attribute in text
modes (see function call 8).

for BH = 1, O selects green, red, and brown; and 1
selects cyan, magenta, and white. These colors are
numbers 1, 2, and 3, respectively — color 0 is the
background color.

Assembly Language Example:
This program prints a line of colored dots across the screen in CGA emula-

tion mode, and then changes the palette from the default (cyan, magenta, white)
to green, red, and brown.

data segment public
clr db 3 ;jcolor initially 3
data ends
code segment public
assume CS:code
main proc far
start: push DS
sub AX,AX

push AX



skip:

psl:

ps2:

mov
mov
assume

mov
mov
int

mov
mov
mov

int

mov
mov
mov
int

mov

mov
mov
dec
mov
jnz

mov

mov
mov
int
loop

mov

push
mov

loop
pop
loop

mov
mov
mov
int
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AX,data

DS,AX

DS:data

AH,0 ;select function 0 — set mode
AL,5 ;select mode 5

ioh ;BIOS video call

BH,1 ;select graphics color palette

BL,1 ;select cyan, magenta, blue
AH,0bh ;set palette

1oh ;BIOS video call

BH, 0 ;select background color

BL, 0 ;sblack
AH,0bh ;set palette
10h ;BIOS video call

CX,319 ;this will be the column

AH,O0ch ;function call ch — write dot
AL,clr ;set color
AX ;subtract one from the color
clr,AL ;store the new color
skip ;if the color is not 0

; then continue to skip
clr,3 ;set the color back to 3

BH, 0 ;select page 0
DX,10 ;set the row to 10

10h ;BIOS video call
1p ;decrement CX (next column)
CX,4 pause multiplier

; (for longer time)

CcX

CX,0ffffh ;jpause length

ps2 ;jempty loop for pause

cX

psl ;loop through the multiplier

BH,1 ;selecé’graphics color palette
BL,O ;select green, red, and brown
AH,0bh ;set palette

10h ;BIOS video call
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mov DH,10 jrow 10
mov DL, 0 ;column 0
mov BH, 0 ;page 0
mov AH, 2 ;function call 2 - set cursor
int 10h ;BIOS video call
ret
main endp
code ends
end start

Function Call ch: Write Dot

Remarks: This function call is used to plot a point to any page in graphics
modes. Column 0 is the left side of the screen and row 0 is the
top of the screen (note that this differs from most coordinate
systems, which use row 0 as the bottom).

Setting bit 7 of the color number (register AL) will cause the dot
to be exclusive OR’ed with the current value.

Note: Register BH (page number) is not supported on the CGA, since
it does not have graphics pages. However, it must be set on the
EGA and VGA.

Input: Registers (set before function call):

AH: set to ch

AL: color number
BH: page number (see function 5 for a description of
pages)

CX: pixel column number (0-319 or 0-639)
DX: pixel row number (0-199, 0-349, or 0-479)

The Assembly Language Example for function call O (set mode), uses the
write dot call. The Appendix contains a similar program which writes the pixels
directly to memory. The example for function call dh (read dot), also uses the
write dot call. However, you will be executing the read dot program, so you
should first run the set mode program.
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Function Call dh: Read Dot

Remarks: This function call is used to get the color of a point of any page
in graphics modes. Column 0 is the left side of the screen and
row 0 is the top of the screen (note that this differs from most
coordinate systems, which use row 0 as the bottom).

Note: Register BH (page number) is not supported on the CGA, since
it does not have graphics pages. However, it must be set on the
EGA and VGA.

Input: Registers (set before function call):

AH: set to dh

BH: page number (see function 5 for a description of
pages)
CX: pixel column number (0-319 or 0-639)
DX: pixel row number (0-199, 0-349, or 0-479)
Output: Registers (read after function call):
AL: color value of the dot

Assembly Language Example:

This program copies row 10 to row 20. The display must be in high-resolu-
tion graphics mode; it is intended for use after running the set mode (function
0) example.

data segment public
clr db 16 ;color initially 16
msg db ‘The mode must be set to high
db ‘resolution.’

m_end label Dbyte
data ends

code segment public
assume CS:code

main proc far
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start:

bad_mode:

push
sub
push

mov
mov
assume
mov
int
cmp
j1

cmp

je
mov

mov
mov .
mov
int

mov
mov
int
loop

ret

mov
mov
assume
mov
mov
int

mov
mov

mov
mov
mov
mov

int

ret

DS
AX,AX
AX

AX,data

DS,AX

DS:data

AH,0fh ;function 0fh current mode

10h ;BIOS video call

AL,O0eh ;is the mode less than Oeh?
bad_mode

AL,13h ;is the mode low res, 256 color?
bad_mode

CX,639 ;this will be the column

AH,0dh ;function call dh read dot
BH, 0 ;select page 0
DX, 10 ;set the row to 10
10h ;BIOS video call

;jcolor now in AL
AH,O0ch ;function call ch — write dot
DX, 20 ;set the row to 20

10h  ;BIOS video call
1p ;decrement CX (next column)
AX,data
ES,AX
ES:data
2AH, 3 ;function 02h — read cursor pos.
BH, 0 ;page 0
1oh ;BIOS video call
;DX contains cursor position
DL, O ;set to column 0
AX,1300h ;jwrite string (all
' ;jchar. data)
BH, 0 ipage 0
BL, 3 ;color 3
BP,offset msg ;ES:BP points to
;text
CX,offset m _end-msg ;length of text
;DX already set
10h ;BIOS video call
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main endp
code ends
end start

Function Call eh:  Write Teletype to Active Page

Remarks: This function is used as a Teletype emulation: A character is
written and the cursor is moved to the next position. Unlike the
other write character functions, this function interprets the bell,
carriage return, and linefeed characters as commands rather than
characters from the IBM set.

Note: This function will write only to the active display page.
Input: Registers (set before function call):

AH: set to eh

AL: ASCII code of the character

BL: foreground color (works in graphics mode only)
Assembly Language Example:

This program prints a full string (message) at once. Note the effect of the
control codes 7, 10, and 13. Compare the results to functions 9, ah, and 13h.

data segment public
msg db 'This line demonstrates printing’
db r ascxr 7 (,7,7), 10 (*,10,°),’
db * and 13 (’,13,’).’
m_len equ $-msg ;jcreates a constant
;from to message start
;start (message length)
data ends
code segment public

assume CS:code
main proc far

gstart: push DS
sub AX,AX
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push AX
mov AX,data
mov DS,AX

assume DS:data

mov DH, 05 ;row 5 (for call 2)
mov DL, 0 ;jcolumn 0 (for call 2)
mov CX,m_len ;jnumber of iterations
mov BP,offset msg ;jpointer to message
mov BL,1 ;sinitialize BL to 1

; start with color 1
inc DX ;next column
mov AH, 2 ;function 2 set cursor
int 10h ;BIOS video call

;NOTE the cursor is set outside the
; loop -- compare this to the write
; character/attribute function 9) program.

1p1: mov BH,0 ipage 0
mov AL,msg [BP] iget ASCII code
mov AH, Oeh ;function call oeh
int 10h ;BIOS video call
inc BP ;point to next character
inc BX inext color (add 1 to #)
cmp BL,15 ;if 15
jbe skp ; skip next section
;if 15, color set to 1

mov BL,1

;NOTE the color does not work in text modes.
; Try it, then use the set mode (function 0)
; program to set graphics mode and you will
; see the colors appear.

skp: loop 1lp1
mov DH, 21 ;row 21
mov DL, 0 ;jcolumn 0
mov AH, 2 ;function call 2 set cursor
int 10h ;BIOS video call
ret
main endp

code ends
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end start

Function Call fh: Current Video State

Remarks: This function returns information about the current mode setting.
Note that the mode number will include the clear memory bit
(bit 7), if this was set for function call 0. To get the mode num-

ber, use AND AL,7th.
Input: Registers (set before function call):
AH: set to fh
Output: Registers (read after function call):
AL: current mode number (see function call 0 for a de-
scription of modes)
AH: number of character columns displayed
BH: number of the active page (see function call 5 for a

description of pages).

The Assembly Language Example for function call dh (read dot) uses the
current video state function call.

This completes the base set of BIOS function calls. The differences between
the EGA/VGA and monochrome/CGA calls have been minimal, limited to ex-
tended ranges, either in the number of pages or pixels available. All of the
remaining functions are unique to the newer adapters (the PC Jr. and Model 30
also support some of the new calls, but we will not be discussing these mod-
els).



Chapter

BIOS EGA/VGA Extensions

We have now arrived at the new functions supported by the EGA and VGA.
These calls support a very diverse group of operations, from palette and charac-
ter modification to returning adapter configuration data. You will probably use
the status routines most frequently — especially if your application will auto-
matically configure its display environment.

Additionally, you may make frequent use of the Set Palette function. Chang-
ing the palette is not usually a time-sensitive operation, and when execution
time is not critical, it is best to let BIOS perform the task to enhance compati-
bility and reduce development time.

Function Call 10h: Set Palette Registers

Remarks: This function call is used to change any one (or all) of the colors
to a different color and to set the border color.

Notes: In 16-color modes, the palette register number is the same as the
color number. In compatibility modes, registers 1-3 form the
colors of palette 1, and colors 4-6 form the colors of palette 0. If
the ECD is used in graphics mode 10h with 64K on the EGA,
the following scheme is used:

Palette register Color numbers:
0 0,2,8,10
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Input:

1 1,3,9,11
4 4,6,12,14
7 5,7,13,15

The palette registers will return to the default values whenever
the mode is reset. When using this function to change the pal-
ette, it should be used after every reset. Alternately, you may
change the defaults by making a new parameter table and chang-
ing the BIOS SAVE_PTR table (a detailed explanation of this
method appears in Chapter 12). The VGA can disable the default
palettes through Alternate Select (function call 12h, BL=31h)

The Dynamic Save Area, which keeps a copy of the current pal-
ette register settings in RAM, will only be updated if the palette
registers are set through this function call (see Chapter 12).

In addition to the standard palette registers, the VGA has a Digi-
tal to Analog Converter which also controls the displayed color.
The DAC uses six bits for the intensity of each color (red, green,
and blue), resulting in an 18-bit color value (262,144 colors).
The DAC has 256 registers, and each register may hold a differ-
ent color value. Thus mode 13h may use 256 colors out of a
possible 262,144,

In 16-color VGA modes, the Palette register selects 16 registers
of a 64-register DAC subset (and the ability to switch between
four subsets). Alternately, the palette register may select 16 reg-
isters from a 16-register subset (with 16 subsets available). The
default after a mode set (except for mode 13h) is 16/64/4; only
subset 0 is initialized and used.

Registers (set before function call):

AH: set to 10h

Function 0

Set individual

palette
register:

Registers (set before function call):

Note: Although this function is primarily intended for changing
the palette registers, it can be used to change any of the attribute
registers (see Chapter 4 for a description of each attribute regis-
ter).
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AH: set to 10h

AL: setto 0
BL: register to set (color number)
BH: value of register (color — see table below)

Function 1

Set overscan

register: Registers (set before function call):
Note: This function sets the border color. It works properly only
when the EGA is in 200-line mode because the scan rate in 350-
line mode is not high enough to cover the entire face of the
screen.
AH: set to 10h
AL: setto 1
BH: value of register (color)

Function 2

Set all

palette

registers:  Registers (set before function call):
Note: This function requires you to place a 17-byte table in
memory. The first 16 bytes contain the values for palette regis-
ters 0-15, and the 17th byte contains the value for the overscan
register. ‘
AH: set to 10h
AL: set to 2
ES: segment containing table
DX: offset of first byte in table

Function 3

Toggle

intensify/

blink: Registers (set before function call):

AH: set to 10h

AL: set to 3

BH: 0-enable intensify (disable blinking)
1-enable blinking (disable intensify)
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Register settings for the EGA and CGA

Color Display colors

716151413 [2]110
X|X|X|I|X|R|G|B
ECD Colors
7161514131210
X|[X|IRIG|B|R|G|B
Default settings
Color ECD Color Display
Bit 543210 543210
Black 000000 000000
Blue 000001 000001
Green 000010 000010
Cyan 000011 000011
Red 000100 000100
Magenta 000101 000101
Brown 010100 000110
White 000111 000111
Dk. Gray 111000 010000
L. Blue 111001 010001
L. Green 111010 010010
L. Cyan 111011 010011
L. Red 111100 010100
L. Magenta 111101 010101
Yellow 111110 010110
1. White 111111 010111

The following functions are available on the VGA only:
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Function 7

(VGA only)

Read Individual

Palette

Register: Registers (set before function call):

AH: set to 10h
AL: set to 7
BL: register to read (color number)

Registers (read after function call):

BH: register setting

Function 8

(VGA only)

Read

Overscan

Register: Registers (set before function call):

AH: set to 10h
AL: set to 8

Registers (read after function call):

BH: overscan setting

Function 9

(VGA only)

Read all

palette

registers:  Registers (set before function call):

Note: This function requires you to reserve a 17-byte area in
memory. After the call, the first 16 bytes contain the values for
palette registers 0-15 and the 17th byte contains the value for the
overscan register.

AH: set to 10h

AL: setto 9

ES: segment containing table
DX: offset of first byte in table
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Function 10h

(VGA only)

Set Individual

DAC

Register:  Registers (set before function call):

This function sets the 18-bit color value in the designated DAC
register. Each color should be a 6-bit value.

AH: set to 10h

AL: set to 10h

BX: DAC register to set (0-255)
CH: Green Intensity

CL: Blue Intensity

DH: Red Intensity

Function 12h

(VGA only)

Set Block

of DAC

Registers: Registers (set before function call):

This function sets the 18-bit color value for multiple DAC regis-
ters. The program must place the settings in a table. The table
contains sequential byte values for the red, green, and blue regis-
ters, respectively (3 bytes for each register programmed).

AH: set to 10h

AL: set to 12h

BX: starting DAC register (0-255, typically 0)

cX: number of registers to program (1-256, typically 64 or
256).

ES: Segment of table

DX: Offset of table

Function 13h

(VGA only)

Select Color

Subset: Registers (set before function call):

This function consists of two subfunctions. One (BL=0) sets the
number of DAC subsets available for 16 color modes (4 subsets
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of 16 colors, or 16 subsets of 16 colors). The other (BL=1) se-
lects the active subset.

AH: set to 10h
AL: set to 13h
BL: 0 Select Paging Mode

BH: 0 4 sets of 64 DAC registers
1 16 sets of 16 DAC registers

BL: 1 Select Page
BH: Active DAC subset (0-3 or 0-15).

Function 15h

(VGA only)

Read Individual

DAC

Register: Registers (set before function call):

AH: set to 10h
AL: set to 15h
BX: DAC register to read

Registers (read after function call):
CH: Current Green Intensity

CL: Current Blue Intensity
DH: Current Red Intensity

Function 17h

(VGA only)

Read Block

of DAC

Registers:  Registers (set before function call):

This function reads the 18-bit color value for multiple DAC reg-
isters. The program must reserve 3 bytes of memory for each
register read. After calling this function, the table will contain
sequential byte values for the red, green, and blue registers, re-
spectively.

AH: set to 10h
AL: set to 17h

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































