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The VGA Video Interface 

D7 Not used but must be set to 1. 

Start Horizontal Retrace Pulse Register The Start 
Horizontal Retrace Pulse register is a write-only register pointed 
to by a value of 04h in the CRT Controller Address register. It 
defines the character position where the horizontal retrace pulse 
becomes active. 

End Horizontal Retrace Pulse Register The end Hor­
izontal Retrace Pulse register is a write-only register pointed to by 
a value of 05h in the CRT Controller Address register. It defines 
the character count where the horizontal retrace pulse becomes 
inactive. 

Bit Function 

D0-D4 Define the horizontal retrace skew. 

D6/05 Define skew, as shown below: 

D6 D5 Skew 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

D7 Not used but must be set to 1. 

Vertical Total Register The Vertical Total register is 
a write-only register pointed to by a value of 06h in the CRT 
Controller Address register. It defines the number of horizontal 
raster scans on the CRT screen, including the vertical retrace. 

CRT Controller Overflow Register The CRT Con­
troller Overflow register is a write-only register pointed to by a 
value of 07h in the CRT Controller Address register. It contains 
the eighth or ninth bit of the other control registers where required. 
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Bit 

DO 

Dl 
D2 

D3 

D4 

D5 

D6 

D7 

Content 
Bit 8 of the Vertical Total register 

Bit 8 of the Vertical Display Enable End register 

Bit 8 of the Vertical Retrace register 

Bit 8 of the Start Vertical Blank register 

Bit 8 of the Line Compare register 

Bit 8 of the Vertical Total register 

Bit 9 of the Vertical Display Enable End register 

Bit 9 of the Vertical Retrace register 
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Preset Row Scan Register The Preset Row Scan reg­
ister is a write-only register pointed to by a value of 08h in the 
CRT Controller Address register. 

Bit 

DO-D4 

D5,D6 

D7 

Function 
Specify the starting row scan count after a vertical re­
trace. 
Control byte-panning modes as required for PEL pan­
ning operations. 

Not used. 

Maximum Scan Line Register The Maximum Scan 
Line register is a write-only register pointed to by a value of 09h 
in the CRT Controller Address register. 

Bit Function 
DO-D4 Specify the number of scan lines per character row, mi-

nus one. 

D5 Contains bit 9 of the Start Vertical Blank register. 

D6 Contains bit 9 of the Line Compare register. 

D7 
= 1 Causes a 200- to 400-line conversion, displaying each 

line twice. 

= 0 Provides normal display. 
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Cursor Start Register The Cursor Start register is a 
write-only register pointed to by a value of 0Ah in the CRT Con­
troller Address register. 

Bit 
D0-D4 

D5 

Function 
Specify the row scan of a character line where a cursor 
is to begin. 

= 0 Turns the cursor on. 

= 1 turns the cursor off. 

D6,D7 Not used. 

Cursor End Register The Cursor End register is a 
write-only register pointed to by a value of OBh in the CRT Con­
troller Address register. It specifies the row scan of a character line 
where a cursor is to end. 

Bit Function 
D0-D4 Define the row scan where the cursor is to end. 

D6/05 Define skew, as shown below: 

D6 D5 Skew 
0 0 Zero character skew 

0 1 One character skew 

1 0 Two character skew 

1 1 Three character skew 

D7 Not used. 

Start Address High Register The Start Address High 
register is a read/write register pointed to by a value of 0Ch in the 
CRT Controller Address register. It specifies the first address, after 
a vertical retrace, where the display on the screen begins. This 
register contains the 8 high-order bits of the address. 

Start Address Low Register The Start Address Low 
register is a read/write register pointed to by a value of 0Dh in the 
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CRT Controller Address register. It specifies the first address, after 
a vertical retrace, where the display on the screen begins. This 
register contains the 8 low-order bits of the address. 

Cursor Location High Register The Cursor Location 
High register is a read/write register pointed to by a value of OEh 
in the CRT Controller Address register. It specifies the start address 
for the cursor. This register contains the 8 high-order bits of the 
address. 

Cursor Location Low Register The Cursor Location 
Low register is a read/write register pointed to by a value of OFh 
in the CRT Controller Address register. It specifies the start address 
for the cursor. This register contains the 8 low-order bits of the 
address. 

Vertical Retrace Start Register The Vertical Retrace 
Start register is a write-only register pointed to by a value of 10h 
in the CRT Controller Address register. It defines the position of 
the vertical retrace start signal. 

Vertical Retrace End Register The Vertical Retrace 
End register is a write-only register pointed to by a value of 1 lh 
in the CRT Controller Address register. 

Bit Function 

D0-D3 Specify the horizontal scan line count length. 

D4 

=O Clears the vertical interrupt generated on the CRTINT 
output of the CRT controller. 

= 1 This bit is set to 1 so that the flip-flop does not hold 
the interrupts inactive. 

D5 

=O Enables the vertical interrupt of the CRT Controller. 

= 1 Disables the vertical retrace interrupt. 
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D6 
= 1 Generates 5 refresh cycles per horizontal line. 

= 0 Generates 3 refresh cycles per horizontal line. 

D7 
= 0 Enables writing to RO-7. 

= 1 Disables writing to RO-7. 

Vertical Display Enable End Register The Vertical 
Display Enable End register is a write-only register pointed to by 
a value of 12h in the CRT Controller Address register. It defines 
8 bits of the address that specifies the scan line position where the 
screen display ends. 

Offset Register The Offset register is a write-only reg­
ister pointed to by a value of 13h in the CRT Controller Address 
register. It defines the logical line width of the screen. 

Underline Location Register The Underline Location 
register is a write-only register pointed to by a value of 14h in the 
CRT Controller Address register. 

Bit 
D0-D4 

D5 

Function 

Specify the horizontal row scan count where the under­
line will occur. 

= 0 Causes the memory address pointer to be clocked with 
the character clock, divided by 2. 

= 1 Causes the memory address pointer to be clocked with 
the character clock, divided by 4. 

D6 

=O Gives control to the CRTC Mode Control Register, bit 
6. 

= 1 Causes the memory addresses to be doubleword ad­
dresses. 

D7 Not used. 
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Start Vertical Blanking Register The Start Vertical 
Blanking register is a write-only register pointed to by a value of 
15h in the CRT Controller Address register. It contains the low­
order 8 bits of the horizontal scan line count where the vertical 
blanking pulse becomes active. 

End Vertical Blanking Register The End Vertical 
Blanking register is a write-only register pointed to by a value of 
16h in the CRT Controller Address register. It specifies the hori­
zontal scan line count where the vertical blanking pulse becomes 
inactive. 

Mode Control Register The Mode Control register is a 
write-only register pointed to by a value of 17h in the CRT Con­
troller Address register. 

Bit Function 

DO 
=O Substitutes the row scan address bit O for memory ad-

dress bit 13 during active display time. 

= 1 No substitution takes place. 

D1 

= O Substitutes the row scan counter bit 1 for memory bit 
address bit 14 during active display time. 

= 1 No substitution takes place. 

D2 

= 0 Selects the horizontal retrace clock. 

= 1 Selects the horizontal retrace clock divided by 2. 

D3 

= 0 Memory address counter is clocked by the character 
clock input. 

= 1 Memory address is clocked by the character clock input 
divided by 2. 

D4 Not used. 
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D5 

=O Selects memory address counter bit MA13. 

= 1 Selects MA15. 

D6 

=O Selects word mode. 

= 1 Selects the byte mode. 

D7 

= 0 Clears vertical and horizontal retraces. 

= 1 Enables the vertical and horizontal retraces. 

Line Compare Register The Line Compare register is 
a write-only register pointed to by a value of 18h in the CRT 
Controller Address register. It implements a split screen function. 

Graphics Controller Registers 

Graphics Address Register The Graphics Address reg­
ister is a write-only register located at port address 3CEh. It points 
to other internal registers of the graphics controller. The 4 least­
significant bits determine the register pointed to in the next reg­
ister-write operation. 

Bit Function 

D0-D3 Point to the control registers. 

D4-D7 Not used. 

Set/Reset Register The Set/Reset register is a write­
only register pointed to by a value of OOh in the Graphics Address 
register. 

Bit Function 

D0-D3 Enable the set/reset function of the four memory maps. 

D4-D7 Not used. 



Register Definitions 139 

Enable Set/Reset Register The Enable Set/Reset reg­
ister is a write-only register pointed to by the value of 0lh in the 
Graphics Address register. 

Bit 

D0-D3 

D4-D7 

Function 

Enable the set/reset function in conjunction with the 
Set/Reset register. 

Not used. 

Color Compare Register The Color Compare register 
is a write-only register pointed to by a value of 02h in the Graphics 
Address register. 

Bit 

D0-D3 

D4-D7 

Function 

Content is compared to the data read from display mem­
ory maps 0 to 3 if the Mode register has the read mode 
set. 

Not used. 

Data Rotate Register The Data Rotate register is a 
write-only register pointed to by a value of 03h in the Graphics 
Address register. 

Bit 

D0-D2 

D3-D4 

Function 
Binary encoded value representing the rotate count. 

Operate as follows: 

D4 D3 Operation 

0 0 No change 

0 1 Logical 'AND' between Data and latched 
data 

1 0 

1 1 

Logical 'OR' between Data and latched 
data 

Logical 'XOR' between Data and latched 
data 

D5-D7 Not used. 
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Read Map Select Register The Read Map Select reg­
ister is a write-only register pointed to by a value of 04h in the 
Graphics Address register. 

Bit Function 

D1/DO Select the memory map from which the CPU reads data. 

D1 DO 
0 0 MapO 

0 1 Map 1 

1 0 Map2 

1 1 Map3 

D2-D7 Not used. 

Mode Register The Mode register is a write-only register 
pointed to by a value of 05h in the Graphics Address register. 

Bit 
DO,D1 
D2 
D3 
=O 

=1 

D4 

Function 
Select the write mode. 

Not used. 

Causes the CPU to read the data from the display mem­
ory planes. 

Causes the CPU to read the result of the logical com­
parison between the 4 display memory planes data and 
the contents of the Color Compare register. 

= 1 Puts the graphics controller in the odd/even addressing 
mode. 

D5 
= 0 Formats the serial data stream for normal or high res­

olution operation. 
= 1 Defines the operation of the graphics section shift reg­

isters. In mode 4 and 5 (low resolution 320x200) a 1 
formats the serial data stream with even bits on even­
numbered maps and odd bits on odd-numbered maps. 
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D6 

= 0 Allows bit D5 to control loading of the shift registers. 

= 1 Causes the registers to be loaded in 256 color mode. 

D7 Not used. 

Miscellaneous Register The Miscellaneous register is 
a write-only register pointed to by a value of 06h in the Graphics 
Address register. 

Bit Function 

DO 
= 1 Selects the graphics mode. This disables the character 

generator latches. The bit DO is output on the GRAPH­
ICS pin of the controller. 

Dl 

= 1 Replaces the CPU address bit AO with a higher order 
address bit. 

D2-D3 Control the mapping of the address memory buffers into 
the CPU address space: 

D3 D2 

0 

0 

1 

1 

0 

1 

0 

1 

D4-D7 Not used. 

AOOOh for 128K 

AOOOh for 64K 

BOOOh for 32K 

B800h for 32K 

Color Don't Care Register The Color Don't Care reg­
ister is a write-only register pointed to by a value of 07h in the 
Graphics Address register. 

Bit Function 

DO 
= 0 Color plane O is not tested. 
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D1 

= 0 Color plane 1 is not tested. 

D2 

= 0 Color plane 2 is not tested. 

D3 

= 0 Color plane 3 is not tested. 

D4-D7 Not used. 

Bit Mask Register The Bit Mask register is a write­
only register pointed to by a value of 08h in the Graphics Address 
register. Any bit programmed to O in this register will cause the 
corresponding bit in each of the four memory planes to be immune 
to change. 

Attribute Controller Registers 

Attribute Address Register The Attribute Address 
register is a 6-bit write-only register that points to other internal 
registers of the attribute controller. 

Bit Function 

D0-D4 Attribute address bits. 

D5 

= 0 Allows loading of the Color Palette registers. 

= 1 Allows normal operation by enabling access to the Color 
Palette registers for CRT read operations. 

D6,D7 Not used. 

Palette Registers Palette registers are sixteen 6-bit 
write-only registers pointed to when the contents of the Address 
register is OOh through OFh. These registers allow a mapping be­
tween the text attribute or graphic color input and the display color 
on the CRT screen. The six bits, DO through D5, are PO through 
P5 respectively. D6 and D7 are not used. 
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Mode Control Register The Mode Control register is a 
write-only register pointed to when the contents of the Address 
register is 10h. 

Bit Function 

DO 
= 0 Selects alphanumeric mode. 

= 1 Selects graphics mode. 

DI 

=O Selects color display attributes. 

= 1 Selects monochrome display attributes. 

D2 

= 0 Makes the ninth dot the same as the background. 

= 1 Enables the special line graphics character codes for the 
monochrome display adapter. 

D3 

= O Selects the background intensity for the attribute input. 

= 1 Enables the blink attribute in alphanumeric and graph-
ics modes. 

D4 Not used. 

D5 

= O Causes a line compare to have no effect on the output 
of the PEL Panning register. 

= 1 Forces the output of the PEL Panning register to O after 
a successful compare in the CRT controller. 

D6 

= 1 Causes 8 bits to be available to select a color in mode 
13h. Otherwise, this bit should be off. 

D7 Selects the source for the P4 and P5 video bits. 

= 0 Source is the outputs of the Palette registers. 

= 1 Source is the Color Select register. 
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Overscan Color Register The Overscan Color register 
is a write-only register pointed to when the contents of the address 
register is 1 lh. It defines the overscan or border color displayed on 
the CRT screen. Bits 0-7 correspond to P0-7, respectively. 

Color Plane Enable Register The Color Plane Enable 
register is a write-only register pointed to when the contents of the 
Address register is 12h. 

Bit Function 

D0-D3 A 1 in any of the bits D0-D3 enables the respective 
display memory color plane 0-3. 

D4-D5 Selects the color outputs which are input to the Input 
Status Register 1. The values of these bits will vary 
among manufacturers. 

D6,D7 Not used. 

Horizontal Pel Panning Register The Horizontal Pel 
Panning register is a write-only register pointed to when the con­
tents of the Address register is 13h. 

Bit Function 

D0-D3 Select the number of pixels to shift the display data to 
the left. 

D4-D7 Not used. 

Color Select Register The Color Select is a read/write 
register pointed to when the contents of the Address register is 
14h. 

Bit Function 

DO,D1 Can be used instead of the P4 and P5 bits from the 
Attribute Palette register. 

D2,D3 Two high-order bits of the 8-bit digital color value. 

D4-D7 Not used. 
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Using VGA BIOS Functions 

The VGA card usually contains an IBM-compatible ROM BIOS 
that provides support for the VGA hardware. This includes fonts 
for text and graphics modes, and power-on tests to assure that the 
hardware is functioning properly. 

The VGA BIOS-supported modes can be divided into two 
types, alpha (Alphanumeric or A/N) and graphics (also called APA 
or All Points Addressable). Some of the following functions apply 
to only one of these types, while others expect different parameters 
based on whether the current display type is alpha or graphics. 

The VGA BIOS functions are accessed using interrupt lOH. 
The function code is placed in register AH, and other information 
is placed in the corresponding registers as indicated. Where no exit 
values are given, none are present. The following functions are 
usually present in all implementations of the VGA BIOS. Some 
implementations may provide additional functions. Refer to your 
technical reference manual to determine if you have any additional 
functions. 

Set Mode 

Usually you need to tell the VGA what mode to use. This is done 
with a Set Mode function in the BIOS. 

Entry: AL= mode 

AH= OOh 

The Set Mode function sets the system to a text mode or 
a graphics mode as discussed in the "Modes of Operation" section 
of this chapter. 

Get Video State 

You might also need to determine the mode to which the VGA 
BIOS is set. This is done with the Get Video State function. 
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Entry: 

Exit: 

The VGA Video Interface 

AH= 0Fh 

AL= mode currently set 

AH= number of character columns on screen 

BH = current active display page 

Set Active Page 

The VGA contains 256K to 512K of memory, of which only a small 
amount is used at any time. Most display modes have several pages 
or screens that can be displayed, though only one screen can be 
active at a time. The other screens are accessible by the CPU but 
are not displayed on the screen. 

Entry: AL= new page value 

AH= 05h 

Note that the VGA BIOS maintains the current cursor po­
sition for each page. 

Set Cursor Type 

The cursor shows where the next character will be placed on the 
screen. The shape of the cursor can be set using the Set Cursor 
Type function as shown: 

Entry: AH= 0lh 

CH= start line for cursor (bits 4-0) 

CL= end line for cursor (bits 4-0) 

The shape of the cursor can be defined as anything between 
a blinking box and one line. 

Set Cursor Position 

Through the BIOS, all characters written to the screen are placed 
at the current cursor position. The program must specify where 
the cursor is placed. 
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Entry: AH= 02h 

DH= row 

DL = column 

BH = page number 

Read Cursor Position 
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When the cursor position is set, all character reads and writes will 
be to that position. If you need to determine the cursor position 
use the Read Cursor Position function: 

Entry: 

Exit: 

BH = page number 

AH= 03h 

DH= row 

DL = column 

ex= current cursor type 

Write Text Functions 

Once a cursor position is known, you can place text at that position. 
There are several ways to do this as shown in the following sections. 

Write Character and Attribute The Write Character 
and Attribute function allows you to write both the specified char­
acter and its attribute, such as color and intensity. The attribute 
information is shown in Table 7-2 following the function parameter 
information. 

Entry: BH = page 

ex= number of times to write character 

AL= character to write 

BL= attribute of character (Alpha mode) 

BL= color of character (Graphics mode) 

AH = 09h 

In graphics mode, if bit 7 of BL is 1, then the color is XO Red 
with the screen. 

Write Character Only Function The Write Character 
Only function is the same as the Write Character and Attribute 
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TABLE 7-2 Character Attributes 

Attribute I R G B Monochrome Color 

OOh 0 0 0 0 Black Black 

Olh 0 0 0 1 Underline Blue 

02h 0 0 1 0 Video Green 

03h 0 0 1 1 Video Cyan 

04h 0 1 0 0 Video Red 

05h 0 1 0 1 Video Magenta 

06h 0 1 1 0 Video Brown 

07h 0 1 1 1 Video White 

08h 1 0 0 0 Black Dark Gray 

09h 1 0 0 1 Underline Light Blue 

OAh 1 0 1 0 Video Light Green 

OBh 1 0 1 1 Video Light Cyan 

OCh 1 1 0 0 Video Light Red 

ODh 1 1 0 1 Video Light Magenta 

OEh 1 1 1 0 Video Yellow 

OFh 1 1 1 1 Video Intensified White 

function above, except that it does not alter the attribute infor­
mation for the character. 

Entry: BH = page 

BL= foreground color (Graphics only) 

CX = count of characters to write 

AL= character to write 

AH= OAh 

Read Character and Attribute Function The Read 
Character and Attribute function returns the character and asso­
ciated attribute at the cursor position. 
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Entry: AH= 08h 

BH = page 

Exit: AL= character read 

AH= attribute of character read (Alpha modes only) 

Write TTY Function The Write TTY function writes 
a character to the screen and then moves the cursor to the right. 
As the cursor goes to the right side of the screen, it will wrap back 
to the left and down one line as if receiving a CR and LF. If the 
cursor goes off the bottom of the screen, it will automatically scroll 
up the screen one line. 

Entry: AH= OEh 

AL= character to write 

BL= foreground color in graphics mode 

The Write TTY function has several predefined special 
characters which perform special action: 

• CR returns the cursor to column O on the same line. 

• LF leaves the column position the same but goes down 
one line, scrolling the screen if the cursor is at the bottom 
of the screen. 

• BS moves the cursor position back one position. 

• Bell outputs a tone to the speaker. 

Write String Function The Write String function al­
lows writing more than one character at a time to the screen. It 
also allows writing one attribute for the whole screen or a character 
and an attribute for each position on the screen, so each character 
has its own attribute. It can also update the cursor position or leave 
it where it started. 

Entry: AH = 13h 

ES:BP = pointer to string 

CX = character only count 

DX= position to begin string 

BH = page number 
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AL 0: 

AL= 1: 

AL= 2: 

AL= 3: 
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Fixed attribute, cursor not moved 

BL= attribute 

Fixed attribute, cursor moved 

BL= attribute 

String includes attributes, cursor not moved 

String includes attributes, cursor moved 

This function responds to the CR, LF, BS and Bell codes 
in a manner similar to the Write TTY function. 

Scroll Up 

The Scroll Up function scrolls the screen up a set number of lines. 

Entry: AH= 06h 

AL= number of lines (0 = entire window) 

CH,CL = row, column of upper left corner of scroll 

DH,DL = row, column of lower right corner of scroll 

BH = attribute used on blank line or area 

Scroll Down 

The Scroll Down function scrolls the screen down a set number of 
lines. 

Entry: 

dow. 

AH= 07h 

AL= number of lines (0 means entire window) 

CH,CL = row, column of upper left corner of scroll 

DH,DL = row, column of lower right corner of scroll 

BH = attribute to be used on blank line 

Specifying O lines to be scrolled will clear the defined win-

Read Dot Function 

The Read Dot function returns the color value of the specified pixel. 
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Entry: AH = ODh 

BH = page 

DX= row number 

ex= column number 

Exit: AL= color of dot read 

Write Dot Function 

The Write Dot function writes a color to a specified pixel. 

Entry: AH= Oeh 

BH = page 

DX= row number 

ex= column number 

AL= color value 

Set Color Palette Function 

The Set Color Palette function allows the programmer to define 
different colors to be displayed on the screen. 

Entry: AH= OBh 

BH = palette color ID being set 

BL= color value to be used with that color ID 

Where: Color ID= 0 selects the background color 

Color ID= 1 selects the palette to be used: 

O = Green(l)/Red(2)/Brown(3) 

1 = Cyan(l)/Magenta(2)/White(3) 

Note that there are several different implementations of this 
function. You should verify your implementation with the technical 
reference manual for your system to assure compatibility. In gen­
eral, this function provides compatibility with the CGA BIOS code. 
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Programming Examples 

Display a Character Using MS-DOS 

The following assembly language program uses the MS-DOS 

operating system to display a character on the screen. 

This program can be assembled, linked, and run 

from MS-DOS. 

_TEXT 

_TEXT 

-DATA 

-DATA 

_TEXT 

SEGMENT BYTE PUBLIC 'CODE' 

ENDS 

SEGMENT WORD PUBLIC 'DATA' 

ENDS 

SEGMENT 

ASSUME CS:_TEXT 

Display "A" to standard output. 

The VGA Video Interface 

mov 

mov 

int 

dl, 11 A11 

ah,02h 

21h 

;Set the character to output 

Exit back to DOS. 

mov 

int 

-TEXT ENDS 

END 

ax,4C00h 

21h 

;Set the character output function 

;Invoke DOS to display the character 

Display a Character String Using MS-DOS 

The following program uses the MS-DOS operating system to display a 
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string of characters on the screen. This program can be 

assembled, linked, and run from MS-DOS. 

_TEXT SEGMENT BYTE PUBLIC 'CODE' 
_TEXT ENDS 

_J)ATA SEGMENT WORD PUBLIC 'DATA' 
_DATA ENDS 

LF EQU 0Ah :Line feed 

CR EQU 0Dh :Carriage return 

_J)ATA SEGMENT 

GoodbyeStringDB 'Good-bye',CR,LF, '$' :'$' terminated Good-bye string 

_J)ATA 

_TEXT 

ENDS 

SEGMENT 

ASSUME 

mov 

mov 

ASSUME 

CS:_TEXT 

ax,_J)ATA 

ds,ax 

ds:-DATA 

Display "Good-bye" to the standard output and move the 
display cursor to a new line. 

mov dx,OFFSET GoodbyeString :Set string address 

mov 

int 

ah,09h 
21h 

Exit back to DOS. 

:Set the string output function 
:Invoke DOS to display the string 



154 

mov 
int 

ax,4C00h 

21h 

_TEXT ENDS 

END 

Display a Character Using BIOS 

The following assembly language program uses the BIOS to 

display a character on the screen. This program can be 

assembled, linked, and run from MS-DOS. 

_TEXT 

_TEXT 

--1)ATA 

_DATA 

_TEXT 

SEGMENT BYTE PUBLIC 'CODE' 

ENDS 

SEGMENT WORD PUBLIC 'DATA' 

ENDS 

SEGMENT 

ASSUME CS:_TEXT 

Display "A" to the screen. 

The VGA Video Interface 

mov 

mov 

al, "A" 

ah,0Eh ;Set BIOS write character function 

int 10h 

Exit back to DOS. 

mov 

int 

_TEXT ENDS 

END 

ax,4C00h 

21h 

;Invoke BIOS to display the character 
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Display a Character String Using BIOS 

The following program uses the BIOS to display a string 

of characters on the screen. This program can be assembled, 

linked, and run from MS-DOS. 

_TEXT SEGMENT BYTE PUBLIC 'CODE' 

_TEXT ENDS 

_DATA SEGMENT WORD PUBLIC 'DATA' 

_DATA ENDS 

CR EQU 0Dh ;Carriage return 

LF EQU 0Ah ;Line feed 

_DATA SEGMENT 

GoodbyeStringDB 'Good-bye',0 ;NULL terminated Good-bye string 

_DATA 

_TEXT 

string_l0: 

ENDS 

SEGMENT 

ASSUME 

mov 

mov 

ASSUME 

cs:_TEXT 

ax,_DATA 

ds,ax 

ds:_DATA 

Display "Good bye" to the screen and move the 

display cursor to a new line. 

mov 

lodsb 

or 

si,OFFSET GoodbyeString ;Set string address 

;Get the next string character 

al,al 

155 
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string_20: 

rnov 

int 

jrnp 

rnov 

rnov 

int 

rnov 
rnov 

int 

jz string_20 

ah,0Eh 

10h 

string_l0 

al,CR 

ah,0Eh 

l0h 

al,LF 

ah,0Eh 

10h 

Exit back to DOS. 

rnov 

int 

ax,4C00h 

21h 
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;End of string? 

;Set BIOS write character function 

;Invoke BIOS to Display character 

;Check for more characters 

;Set carriage return· 

;Set BIOS write character function 

;Invoke BIOS to Display character 

;Set line feed 

;Set BIOS write character function 

;Invoke BIOS to Display character 

_TEXT ENDS 

END 

Summary 

Most of the EISA computers use the VGA video standard. This 
standard allows a nominal display resolution of 640 x 480 pixels 
and an ultra-high resolution of up to 1024 x 768 pixels. In spite of 
these high resolutions, some applications are able to handle only 
the lower resolutions of CGA or monochrome modes. The VGA 
cards planned for the EISA machines are fully compatible with the 
earlier software modes, so no software problems should be encoun­
tered when upgrading to an EISA machine. 
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Serial Data 
Communications 



This chapter covers the serial ports (RS232 interface) found on a 
typical EISA computer system. The RS232 interface is used to 
connect modems, printers, or terminals (in multi-user systems) to 
the computer, and sometimes to connect one computer with an­
other for high-speed transfer of files between two computers. 

First, to eliminate one misconception, the EIA RS232 in­
terface specification does not define any type of data format. It 
does not require 7 or 8 data bits, or require ASCII or Baudot code. 
The specification that defines the RS232 interface defines only the 
signals which should appear on the connector. However, since the 
two are so closely related, serial data formats are also covered in 
this chapter. 

In addition, the RS232 interface specification does not de­
fine many of the signals now appearing on the connector. Many 
manufacturers reassign some of the pins for their own use, thus 
rendering the standard somewhat ineffective. 

Another complicating factor is that the function of the pins 
depends on whether the computer or peripheral uses a DCE (Data 
Communications Equipment) or a DTE (Data Terminal Equip­
ment) configuration. DCE configuration is that typically found on 
a modem, and DTE configuration is that typically found on a ter­
minal. The computer itself may be either configuration, but usually 
is DTE. This configuration (DCE or DTE) determines whether the 
connector is expecting to send or receive a given signal on a spec­
ified pin. We'll get into this in more depth later on in the chapter, 
since it is a source of much confusion for many computer profes­
sionals. 

Computer sales people, consultants, and users are frequently 
puzzled over the interconnections between the computer, the 
printer, the modem, and other terminals. Each computer manu­
facturer may incorporate variations from the EIA RS-232 standard, 
though the EISA computers will typically be more uniform and 
conform to what is presented here. Therefore, the object of this 
chapter is to help you understand which signals the computer and 
peripherals are expecting, on which connector pin, and how to make 
the computer match the peripheral device. 

Because of the deviations from the specification standard, 
this book cannot hope to be 100% accurate in all applications. What 
is presented here is the information you need to understand your 
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RS232 serial interface and help resolve problems you may have 
with it. 

The Serial Connector 

The serial port connector is normally a 9-pin or a 25-pin D-type 
connector. Looking at the connector as it appears on the equip­
ment, the pins are numbered as shown in Figures 8-1 and 8-2. Note 
that the pin numbering will be a mirror image as you look at the 
cable end, although the numbers on the connectors will match. 

In a 25-pin installation, such as is found on earlier personal 
computers and on some port expansion cards, the female connector 
is mounted on the computer equipment and the male connector is 
mounted on the serial interface cable. This means that a cable used 

Chassis Ground 

Transmit Data 

Receive Data 

Ready To Send 

Clear To Send 5 0 
Dat- Set Ready 6 0 
Signal Ground 7 0 
Carrier Detect 8 0 

90 

10() 

110 
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017 
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FIGURE 8-1 Typical 25-pin RS232 
Connector Pin Numbering 
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FIGURE 8-3 Wiring of a Typical Modem 
9- to 25-pin RS232 Cable 
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to connect two pieces of equipment, such as a computer and a 
modem or printer, will have a male connector at both ends. 

In a normal 9-pin installation, such as is found on most 
EISA computers, a 9-pin male connector is mounted on the com­
puter and a female connector is mounted on the serial interface 
cable, but only on the computer end of the cable. On the peripheral 
end, such as a modem or printer, the cable will probably have a 
25-pin male connector and the modem or printer will have a female 
connector. Wiring for typical cables for a modem and a printer is 
shown schematically in Figures 8-3 and 8-4. 
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Computer Printer 
Connector Connector 

1 Carrier Detect 4 
2 Receive Data 2 
3 Transmit Data 3 
4 Data Terminal Rea[y 5 

6 
5 Ground 7 
6 ~:[ Set Ready 20 
8 ClearToS~ 

7 Ready To Send 8 

FIGURE 8-4 Wiring of a Typical Printer 
9- to 25-pin RS232 Cable 

The cable seems to be a simple thing, and the connector 
pin numbering is easy to understand. To get the right cable, just 
match the connectors with the same number of pins, male to female. 
So why doesn't every computer work properly with every periph­
eral? There are a number of variations, often caused by manufac­
turers using nonstandard pin assignments. In order to understand 
what is going on, let's look at some of the signals and see what 
they do. 

RS-232C Signals 

The signals that appear on each of the pins of the RS232 interface 
are shown in Table 8-1. Only the signals that conform to the in­
dustry standards and are common to most typical equipment are 
shown. If your computer or peripheral equipment has specialized 
applications, you may have to change your cable wiring accordingly. 
In the table, the Pin column shows both 25- and 9-pin connector 
pin numbering (the 25-pin numbering is shown first, followed by 
a/ and the 9-pin numbering). 

Normally, of the 25 pins of the DB-25 connector, only ten 
pins are used. These provide two grounds (FG/PG and SG), a trans­
mit (TXD) and receive (RXD) line, two lines on each end that 
signal that the equipment has power and is ready to transmit and 
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TABLE 8-1 RS232 Pins and Signal N aines 

Pin EIA 
25/9 Pin Name Description 

1 AA FG/PG Frame or Protective Ground 

2/3 BA TXD Transmit Data 

3/2 BB RXD Receive Data 

4/7 CA RTS Ready to Send 

5/8 CB CTS Clear To Send 

6/6 cc DSR Data Set Ready 

7/5 AB SG Signal Ground 

8/1 CF DCD Data Carrier Detect 

9 Positive DC Test Voltage 

10 Negative DC Test Voltage 

11 

12 (S)CF SDCD Secondary Data Carrier Detect 

13 (S)CB SCTS Secondary Clear To Send 

14 (S)BA STD Secondary Transmit Data 

15 DB TC Transmitter Clock 

16 (S)BB SRD Secondary Receive Data 

17 DD RC Receiver Clock 

18 
19 (S)CA SRTS Secondary Ready To Send 

20/4 CD DTR Data Terminal Ready 

21 CG SQ Signal Quality 

22/9 CE RI Ring Indicator 

23 CH/CI Data Rate Selector 

24 DA TC External Transmitter Clock 

25 
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receive data (RTS, CTS, DSR, and DCD), and two to indicate the 
status of an incoming modem call (DTR and RI). On the 9-pin 
DE-9 connector, there is only one ground (SG) leaving eight pins 
to provide signal connections. 

With the caveat that a few manufacturers of computers and 
modems may use the RS-232 standard signal lines differently, these 
lines are defined in the following paragraphs. 

PG-Protective Ground 

The PG Signal is the chassis ground for the computer, the printer, 
or the modem. This line ties the grounds together to reduce the 
possibility of shock. The protective ground signal does not appear 
on a DE-9 9-pin connector. 

TXD-Transmit Data 

The TXD signal is the actual data signal being transmitted from 
one piece of equipment to the other. On the other end, this signal 
is the RXD (Receive Data) signal connected to the RXD pin of 
that connector. 

RXD-Receive Data 

The RXD signal is the data signal that is being received from the 
other piece of equipment. On the other end, this signal is the TXD 
(Transmit Data) signal. 

Note: The TXD and RXD signals, along with the Signal 
Ground, are the only lines required for data communications. All 
the other lines are used for control or handshaking. 

RTS-Ready To Send 

The RTS signal is output by the computer to a modem or printer 
to indicate that the computer is ready to send data. 

CTS-Clear To Send 

The CTS signal is output by the modem or printer to the computer 
to indicate that the modem may send data to the computer. 
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DSR-Data Set Ready 

The DSR signal is sent from the modem to the computer o~ ter­
minal, indicating that the modem is ready to be used. Typically 
this signal indicates that the modem has power applied and has 
successfully performed its initialization (internal setup) routines. 

SG-Signal Ground 

The SG signal is the ground reference for the various signals trans­
mitted on the RS232 cable. Although under normal conditions in 
a 25-pin connector, SG may be the same as the PG signal, this is 
not always the case. These two signals, SG and PG, should never 
be tied together in the cable; they may be tied only in the equip­
ment, and only by design of the engineer. The protective ground 
signal (pin 1 in a 25-pin connector) does not appear in a 9-pin 
connector. 

DCD-Data Carrier Detect 

The DCD signal, sent by a modem to a terminal or computer, 
indicates that the modem has received a carrier signal from a mo­
dem on the far end of the telephone line. 

DTR-Data Terminal Ready 

The DTR signal is sent from the computer or terminal to the 
modem, indicating that the computer is ready to be used. Usually 
this signal indicates that the computer has power applied. 

RI-Ring Indicator 

The RI si~al, sent by a modem to a terminal or computer, indicates 
that there 1s a phone call coming in. This signal is the electrical 
equivalent of the telephone ringing. When the computer receives 
this si~al, it usually sends an interrupt to activate the program 
or routmes that answer incoming calls. 
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Typical Communications 

The following four steps are a simplification of the procedure the 
computer and a peripheral device use to get information transferred 
from one piece of equipment to the other. The pieces of equipment 
in this example are a computer and a printer, both using 25-pin 
connectors. 

1. The computer looks at DTR, pin 20, to determine 
whether the printer is turned on. Normally, the printer 
turns DTR ON when power is applied to the printer. 

2. At the same time, the printer looks at DSR, pin 6, to 
determine if the computer is turned on. Normally, the 
computer turns DSR ON when power is applied to the 
computer. 
NOTE: At this point, if either of the above checks shows 
the other end is turned off, further attempts at com­
munication are halted. The means of signaling the user 
that this condition exists varies, and in some equipment 
this check is ignored or not even made. 

3. The computer then begins sending data to the printer. 
This is sent over the TXD line, pin 2. 

4. At some point, the printer will have received more data 
than it can print since the computer is sending the data 
at several hundred characters per second. At this time, 
the printer signals the computer to stop sending data. 
This is done with RTS, pin 4. So long as the printer sets 
pin 4 active, the computer waits. When RTS goes off, 
the computer begins to send more data. 

It is relatively simple, except for a few complications. For 
example: 

• When connecting a modem to a computer, you might want 
the modem to signal the computer when a call is being 
received. This function is handled with the RI line, pin 
22. When it goes ON, the computer knows that there is 
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a call coming in, and it can then set up its software to 
answer the call and converse with the caller. Normally, 
this pin is not used for any other application. 

• When a modem is used to communicate with another com­
puter with a modem, how do we tell the computer ( or 
terminal) that the modems have connected with each 
other? This function is handled with the DCD line, pin 
8. When this pin is ON, the computer knows that the two 
modems are talking. Normally, this pin is not used for 
any other application. 

• Also, when using a modem, the modem must tell the com­
puter that it is ready to send data. The computer will then 
send the characters to the modem one at a time. The CTS 
line usually turns ON and OFF on a character-by-char­
acter basis. 

Now that we have covered some of the communications 
procedures or protocols that you might encounter, let's look at how 
the connectors are configured. 

Connector Configurations 

The pin numbers in Table 8-1 are for a connector configuration 
often referred to as a DTE (Data Terminal Equipment) pinout. 
The connector to which this mates has a DCE (Data Communi­
cations Equipment) pinout. This means that some of the pins on 
the connector are functionally different. Pins on one type of equip­
ment are sending the signal where pins on the other type of equip­
ment are trying to receive it. One reason you may have trouble 
hooking equipment together is that the standard differs between 
types of equipment. 

To try to simplify this, suppose that you want to connect 
a terminal to a modem. When one of the units is transmitting on 
pin 2, the other unit must be receiving on pin 2. The same for pin 
3. The modem must have a DCE configuration to allow this to 
happen. An example of this is shown in Figure 8-5. 

There may be more signals required than just the two shown 
in Figure 8-5, but we'll ignore these for now. Since a terminal 
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Computer Modem 
Connector Connector 

3 Transmit Data 2 
2 Receive Data 3 
5 Signal Ground 7 

FIGURE 8-5 TXD/RXD Signal Wiring 

9-pin 
Computer Printer 
Connector Connector 

1 _____ C=ar=r-ie_r~D~e=te~c=t ____ 4 
2 ____ _..c_R=e=c=ei~v=e~D=a=m~---- 2 
3 Transmit Data 3 
4 Data Terminal Ready 5 

5 Ground 

6 .Dat,a Set Ready 
8 ~C=l=e=a~r T~o-S-er-n=dl 
7 Ready To Send 

6 
7 
20 

8 

FIGURE 8-6 Null Modem Cable Wiring 

normally has a DTE configuration, it is transmitting on pin 2 and 
receiving on pin 3. The modem should be wired accordingly, re­
ceiving on pin 2 and transmitting on pin 3. The modem therefore 
has a DCE configuration. 

The other signal lines operate on the same principle. When 
one piece of equipment is sending a signal, the other piece should 
be configured to receive it. 

Now, what happens if both of the pieces of equipment you 
are using have a DTE configuration? What if they are both a DCE 
configuration? How do you make them "talk"? 

One of the ways this is accomplished is with a special cable 
called a null modem. This is a cable that, normally, crosses the 
wiring between pins 2 & 3, 4 & 5, and 6 & 20. The effect of a null 
modem cable is to allow both of the devices lnterconnected to be 
a DTE (or DCE) configuration, and yet they can both transmit (or 
receive) on the same pin. The wiring of this cable is shown in Figure 
8-6. 
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When you vyant to connect two computers together, such 
as a laptop and a desktop computer, the fastest way to transfer 
data is to connect them with a direct-connect cable as shown sche­
matically in Figure 8-7 (25-pin) and Figure 8-8 (9-pin). Using this 
method, you can usually transfer files at high speed. You can use 
the operating system mode command or other utility program to 
set the port baud rate to 19,200 (or often even higher). There are 
many communications programs designed for file transfer, both 
commercial programs and some public-domain programs available 
from bulletin boards. Any communication utility program designed 
to work with a modem should work with direct connection, and 
usually at a much higher speed. 

Just as some equipment is normally configured for DTE 
connections, some equipment is normally configured for DCE con­
nections. Typical connector configurations are: 

Computer Computer 
Connector Connector 

1 Cable Ground 1 
Transmit Data 2----~==~~~---- 3 

3 Receive Data 2 
7 Ground 7 

5 & 6 ---~C=a=rr=ie=r~D~e=te=c=t ____ 20 
20 --~D=a=t=a~T~e=rm=in=a=l~R=e=a=dY-1---- 5 & 6 

FIGURE 8-7 Wiring of a Typical 
Computer-to-Computer 25-pin RS232 
Cable 

Computer Computer 
Connector 

Cable Ground 
Connector 

1 1 
3 Transmit Data 2 

Receive Data 2 
Ground 

3 
7 

Carrier Detect 
7 

6&8 
Data Terminal Ready 

4 
4 6&8 

FIGURE 8-8 Wiring of a Typical 
Computer-to-Computer 9-pin RS232 Cable 
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Equipment Configuration 

Computer 

printer port DTE or DCE 

modem port DTE 

terminal port DTE or DCE 

Modem DCE 

Printer DTE 

Terminal DTE 

The following list shows some of the names used when talk­
ing about the signal levels on the RS232 interface. Which is the 
"right" one or the "wrong" one seems to be up to the individual 
manufacturer. The best that can be done here is to present as many 
of the common terms as possible with their equivalents in the same 
column, then let you determine which ones you will use. Note that 
the EIA specification uses the terms "On" and "Off." By using 
these terms, you can be assured of at least adhering to the EIA 
standard which defines the RS232 interface. 

Term Opposite State 

Zero One 

> +3 Volts < -3 Volts 

+12 Volts -12 Volts 

Positive Negative 

Reset Set 

Space Mark 

Off On 

On Off 

Lo Hi 

Open Closed 

Break 

Perforation No Perforation 

Active Inactive 
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Start 

False 

Binary 0 

Stop 

True 

Binary I 
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Some of the terms above seem to be contradictory (for ex­
ample, ON and OFF), indicating how much the standard has been 
ignored. All of the above terms come from popular manufacturers 
of computers, modems, printers, and terminals. 

Serial Data format 

Data format is not part of the RS232 specification because the 
serial interface specification only addresses the connector that de­
livers the data and not the format of the data. But since it is such 
an integral part of serial data communications, you may need the 
information here together with the other serial port information 
when setting up a serial communications link. 

The serial data stream consists of a start bit, the actual data 
bits (usually 5, 6, 7 or 8 bits), an optional parity bit, and a stop 
bit (usually 1 bit, but can be 1.5 or 2 bits). This is shown in Figure 
8-9. 

In the same way that the hardware connections must be 
made to match, both the computer and the peripheral have to be 

Start 5-8 Data bits 
Bit (normally 8) 

~~ 

FIGURE 8-9 Serial Data Stream Format 

Stop bit 
(1, 1.5, or 2, 
usually 1) 

t 
Parity bit 
(optional) 

~ 
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set to the same data format options for everything to work properly. 
For example, a modem typically is set for 8 data bits, no parity 
bit, and 1 stop bit. This is often abbreviated 8,N,1. Look in your 
peripheral manual to determine what the peripheral uses. Once you 
have determined the data format the peripheral uses, you can use 
a software program to set the computer port to the proper format 
to match it. Usually on an EISA machine, this is set with the 
installation program. However, if the EISA installation program 
does not provide a means of setting the serial port (or ports), you 
can use the PC/MS-DOS operating system mode command to set 
the port. Refer to your PC/MS-DOS operating system manual and 
the computer documentation for the specifics of your particular 
system. 

A few notes: 

• A modem should almost always be set for 8 data bits. 
Setting the modem for 7 or less will result in loss of data, 
especially when using the modem to download software, 
since all software is 8 bits wide and using 7-bit mode will 
garble the files. 

• A printer will not always require 8 bits, since most of the 
data sent to it is 7-bit ASCII information. However, some 
printers require the eighth bit for control information, and 
others are confused by the eighth bit. Be sure to consult 
the printer manual. 

• You should usually set the printer to as high a speed as 
possible, since many printers actually receive more than 
one character for each character they print. The addi­
tional characters are control characters for some of the 
printer's functions such as bold printing, font changes, 
and so forth. 

• Sometimes printers garble the printing because they are 
receiving the characters faster than they can process 
them. Although most printers have good "handshaking" 
between the printer and the computer to help eliminate 
this problem, some lack this sophistication. If you are 
having a problem, first shift the printer (and the com­
puter's serial port) to a low speed such as 300 baud and 
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see if the problem persists. Handshaking problems usually 
show up at speeds above 2400 baud. 

Serial 1/0 Ports and Interrupts 

The serial output port (or ports) on most EISA computers can be 
set up as Port 1, 2, 3 or 4. These ports are mapped to different 1/0 
addresses and have different interrupt levels as shown below: 

Interrupt 
Port 1/0 Address Level 

1 3F8h-3FFh 4 

2 2F8h-2FFh 3 

3 3E8h-3EFh 10 

4 2E8h-2EFh 11 

A typical EISA computer will have at least one serial port, 
and two is not uncommon. Additional serial ports are easily added 
through cards that plug into the EISA backplane. These cards 
usually add either one parallel port and one serial port, or two serial 
ports. The addition of the card is handled by the EISA software 
and once the software has added the card to its inventory, your 
computer can easily have up to four serial ports for modems, print­
ers, data communications links with other computers, or terminals 
for multi-user systems. 

Serial Port Registers 

The serial port of most EISA computers has 11 registers. Table 8-
2 lists the registers and their addresses. 

Transmit Buffer Register 

The Transmit Buffer register holds the data to be sent out on the 
TXD pin on the serial connector. Data bit 0, the least-significant 
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TABLE 8-2 Serial Port Subsystem Registers 

Register Port 1 Port 2 Port 3 Port 4 

Transmit Buffer 3F8h 2F8h 3E8h 2E8h 

Receive Buffer 3F8h 2F8h 3E8h 2E8h 

Divisor Latch LSB 3F8h 2F8h 3E8h 2E8h 

Divisor Latch MSB 3F9h 2F9h 3E9h 2E9h 

Interrupt Enable 3F9h 2F9h 3E9h 2E9h 

Interrupt ID 3FAh 2FAh 3EAh 2EAh 
Line Control 3FBh 2FBh 3EBh 2EBh 

Modem Control 3FCh 2FCh 3ECh 2ECh 

Line Status 3FDh 2FDh 3EDh 2EDh 

Modem Status 3FEh 2FEh 3EEh 2EEh 

Reserved 3FFh 2FFh 3EFh 2EFh 

bit (LSB), is sent first and data bit 7, the most-significant bit 
(MSB), is sent last. 

Receive Buffer Register 

The Receive Buffer register contains the characters received on the 
RXD pin on the serial connector. Data bit O (LSB) is received first 
and data bit 7 (MSB) is received last. 

Divisor Latch Registers 

The Divisor Latch registers control the baud rate of the transmitted 
and received data. Table 8-3 shows the values loaded into the Div­
isor Latch registers to set the baud rate. 

Bit 7 of the Line Control register determines whether the 
Divisor Latch MSB or the Interrupt Enable register is accessed. 
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TABLE 8-3 Divisor Latch Values 

Baud MSB Bits Bits LSB 
Rate 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 

75 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 

110 0 0 0 0 0 1 0 0 0 0 0 1 0 1 1 1 

300 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 

600 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 

1200 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 

2400 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 

4800 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 

9600 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 

19200 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 

Interrupt Enable Register 

The Interrupt Enable register enables and disables the four types 
of interrupts. 

Bit 

0 

1 

2 

3 

4-7 

Data 

1 

Interrupt 

Enables the Received Data Available 
interrupt. 

0 Disables the interrupt. 

1 Enables the Transmitter Holding Register 
Empty interrupt. 

0 Disables the interrupt. 

1 

0 

1 

0 

Enables the Receiver Line Status 
interrupt. 

Disables the interrupt. 

Enables t4e Modem Status interrupt. 

Disables interrupt. 

Should always be 0. 
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Interrupt Identification Register 

The Interrupt Identification register identifies the highest priority 
pending interrupt signal. When this register is addressed, it inhibits 
the highest priority interrupt. No other interrupts are acknowl­
edged until this inhibited interrupt is cleared. 

Bit 

0 

1-2 

3-7 

Data 

0 

Definition 

An interrupt is pending. 

Identify the pending interrupt with the 
highest priority: 

Bit Interrupt 

1 2 

1 1 Receiver line status 

1 0 Received data available 

0 1 Transmit buffer empty 

0 0 Modem status 

Should always be 0. 

Line Control Register 

The Line Control register controls the format of the data com­
munications. 

Bit 

0-1 

Data Definition 

Specify the number of bits in each 
transmitted or received character: 

Bit Character Length in Bits 

0 1 

1 1 8 

1 0 7 

0 1 6 

0 0 5 
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2 

3 

4 

5 

6 

7 

0 

1 

0 
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One stop bit is generated or deleted in the 
data sent or received. 

For 5-bit words 1.5 stop bits are generated 
or deleted. For a 6, 7, or 8-bit word, 2 stop 
bits are generated or deleted. 

Disables the parity bit. 

1 A parity bit is generated (transmit data) or 
checked (receive data). 

0 When bit 3 is 0, the parity bits sent or 
checked are odd. 

1 When bit 3 is 1, the parity bits sent or 
checked are even. 

1 When bit 3 is 1, the parity bit is O for even 
parity and 1 for odd parity. 

0 The stuck parity is disabled. 

1 

0 

1 

Sets the transmit data line to the space 
state (O) and remains at that state 
regardless of the state of the output buffer 
register. 

Set-breaking is disabled. 

Address selection bit. It is set to gain 
access to the divisor latches of the baud-
rate generator during a read/write 
operation. 

0 Reset to gain access to the Receiver Buffer 
register, the Transmit Buffer register, or 
the Interrupt Enable register. 

Modem Control Register 

The Modem Control register controls the modem signals and allows 
the serial port to be set to a diagnostic mode. The receiver and 
transmitter interrupts and the modem control interrupts are fully 
operational, allowing the interrupts to be tested. 
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Bit Data Definition 

0 1 DTR (Data Terminal Ready) signal is 
active. 

0 DTR signal is inactive. 

1 1 RTS (Request To Send) signal is active. 

0 RTS signal is inactive. 

2 Controls the OUTl ~ signal from the 
controller chip. It can be O or 1. 

3 1 Controls OUT2~ signal from the controller 
chip. 

0 Forces the OUT2~ output inactive. 

4 1 Enables the modem loopback (diagnostic 
test) as follows: 

The transmitter serial input is disabled. 

Transmitter serial output is set to the 
active state. 

The output from the transmitter shift 
register is looped back to the receiver 
shift register. 

The four modem control inputs to the 
modem status register are disabled. 

The four modem control outputs from 
the modem control register are internally 
connected to the four modem control 
inputs. 

5-7 Should always be 0. 

Line Status Register 

The Line Status register provides information on the data transfer. 
Bits 1 through 4 are error conditions that generate a receiver line 
status interrupt. 
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Bit Data Definition 

0 1 A complete incoming character has been 
received and is in the Receiver Buffer 
register. 

0 Reset by reading the data in the Receiver 
Buffer register or writing a 0 in it. 

1 1 Data in the Receive Buff er register was not 
read by the processor before the next 
character was transferred into the register. 

0 Reset when the CPU reads the Line Status 
register. 

2 1 Parity error detected. 

0 Reset when the CPU reads the Line Status 
register. 

3 1 Framing error has occurred. 

0 Reset when the CPU reads the Line Status 
register. 

4 1 Received data line was at a space state (0) 
for longer than the transmission time of a 
complete data character. 

0 Reset when the CPU reads the Line Status 
register. 

5 1 Character is transferred from the Transmit 
Buffer register to the Transmit Shift 
register. 

0 Reset when the next character is written 
into the Transmit Buffer register. 

6 1 Transmit Buffer register and Transmit 
Shift register are empty. 

0 Reset when either register contains a 
character. 

7 Should always be 0. 
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Modem Status Register 

The Modem Status register provides information on the control 
lines from the modem or device. 

Bit Data Definition 
0 1 CTS (Clear To Send) signal input changed 

state. 

0 Reset when the Modem Status register is 
read. 

1 1 DSR (Data Set Ready) input changed 
state. 

0 Reset when the Modem Status register is 
read. 

2 1 RI (Ring Indicator) input changed from a 
low to a high state. 

0 Reset when the Modem Status register is 
read. 

3 1 DCD (Data Carrier Detect) input changed 
state. 

0 Reset when the Modem Status register is 
read. 

4 1 CTS (Clear To Send) input is active. 

0 CTS input is inactive. 

5 1 DSR (Data Set Ready) input is active. 

0 DSR input is inactive. 

6 1 RI (Ring Indicator) input is active. 

0 RI input is inactive. 

7 1 CF input is active. 

0 CF input is inactive. 

Serial Port BIOS Routines 

The BIOS of most EISA computers provides six functions which 
are used to output and receive data through the serial port. These 
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functions can be divided into two categories: those that provide or 
control protocol or status, and those that transmit and receive data. 
These functions are: 

Function Equate Definition 
00 INIT Initialize Serial Port 

01 XMIT Send Out One Character 

02 RECV Receive One Character 

03 STATUS Get Serial Port Status 

04 EXTENDED_INIT Extended Serial Port 
Initialization 

INIT 

The INIT function sets the baud rate, number of stop bits, parity 
and character length of the specified serial port. It returns with the 
contents of the Line Status register and the Modem Status register 
of the specified port. 

On Entry: AH= Fl4_INIT (00h) 

AL= Port attribute 

Bit Data Definition 

7-5 111 9600 baud rate 

110 4800 baud rate 

101 2400 baud rate 

100 1200 baud rate 

011 600 baud rate 

010 300 baud rate 

001 150 baud rate 

000 110 baud rate 

4-3 xO no parity 

11 even parity 

01 odd parity 

2 0 1 stop bit 

1 2 stop bits 

1-0 00 5 bits 

01 6 bits 

10 7 bit character 

11 8 bit character 
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DX= Port number 

On Exit: AH= Line Status 

AL= Modem Status 

Registers Altered: AX 

The following defines the Line Status byte as returned in 
the AH register: 

Bit Data Definition 
7 1 Timeout Error 

6 1 Transmit Shift Register Empty 

5 1 Transmit Hold Register Empty 

4 1 Break Received 

3 1 Character Framing Error 

2 1 Parity Error 

1 1 Overrun Error 

0 1 Data Set Ready 

The following defines the Modem Status byte as returned 
in the AL register: 

Bit Data Definition 
7 1 Receive Line Signal Detected 

6 1 Ring Indicator Line State 

5 1 Data Set Ready Line State 

4 1 Clear to Send Line State 

3 1 Change in Receive Line Detected 

2 1 Trailing Edge of Ring Detected 

1 1 Change in Data Set Ready 

0 1 Change in Clear to Send State 
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A printer connected to the serial port would typically op­
erate at 9600 baud with no parity, use two stop bits, and require 
8-bit characters (to allow the passage of control characters). The 
following shows the programming of the serial port for these pa­
rameters: 

Example: 

MOV AH, INIT AH= 00h 

MOV AL, 11100111B 9600 baud, No parity, 2 stop bits, 8 bit 

MOV DX, 1 Send it to port 1 

INT 14h Call the serial driver using INT 14h 

XMIT 

The XMIT function transmits a byte of data through the serial 
port defined by the DX register. 

On Entry: AH= XMIT (0lh) 

AL= Data byte to be sent 

DX= Port number 

On Exit: AH= Line status 

AL= Modern status 

Registers Altered: AX 

RECV 

The RECV function reads a byte of data from the serial port defined 
by the DX register. 

On Entry: AH= RECV (02h) 

DX= Port number 

On Exit: AH= Line status 

AL= If no error: Data byte received 

If error: Null character, zero 

Registers Altered: AX 
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STATUS 

The STATUS function provides the status of the serial port defined 
by the DX register. 

On Entry: AH= STATUS (03h) 

DX= Port number 

On Exit: AH= Line status 

AL= Modem status 

Registers Altered: AX 

EXTENDED-1NIT 

The EXTENDED_JNIT function sets the break, parity, stop bits, 
word length, and baud rate for the defined serial port. This function 
provides more choices than those in F14_INIT, but requires more 
extensive data in the various registers. 

On Entry: AH= EXTENDED-INIT 

AL= Break 

00h = No Break 

0lh = Break 

BH = Parity 

00h = None 

0lh = Odd 

02h = Even 

03h = Stick parity odd 

04h = Stick parity even 

BL= Stop bit 

00h = One 

0lh = Two if 6-, 7-, or 8-bit word length 

One and one half if 5-bit word length 

CH= Word Length 

00h = 5 bits 

0lh = 6 bits 

02h = 7 bits 

03h = 8 bits 

CL= Baud rate 

00h = 110 baud 

0lh = 150 baud 
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02h 300 baud 

03h 600 baud 

04h 1200 baud 

05h 2400 baud 

06h 4800 baud 

07h 9600 baud 

08h 19200 baud 

Programming Examples 

Initialize Serial Port 

The following program uses the BIOS to initialize the serial port 

for modem communication. Though this is just a code fragment, it 

can be assembled, linked, and run from MS-DOS. 

_TEXT 

-TEXT 

-DATA 

-DATA 

-DATA 

-DATA 

_TEXT 

SEGMENT BYTE PUBLIC 'CODE' 

ENDS 

SEGMENT WORD PUBLIC 'DATA' 

ENDS 

SEGMENT 

ENDS 

SEGMENT 

ASSUME CS:_TEXT 

Initialize the serial port - assume COMl will be used. 

mov dx,00h ;Set serial port number: 0 

mov ah,00h ;Set serial initialization 

mov al,1010001lb ;Set 2400 baud, no parity, 
; 8 data bits, 1 stop bit 

int 14H ;Invoke BIOS to initialize 
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= COMl 
function 

serial port 
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Exit back to DOS. 

mov 

int 

_TEXT ENDS 

END 

ax,4C00h 

21h 

Read Serial Port Status 

The following code fragment uses the BIOS to read the serial 

port status. Though this is just a code fragment, it can be 

assembled, linked, and run from MS-DOS. 

_TEXT 

_TEXT 

-DATA 
_DATA 

_DATA 

-DATA 

_TEXT 

SEGMENT BYTE PUBLIC 'CODE' 

ENDS 

SEGMENT WORD PUBLIC 'DATA' 

ENDS 

SEGMENT 

ENDS 

SEGMENT 

ASSUME 

Initialize 

mov 

cs:_TEXT 

the serial port 

dx,00h 

- assume COMl will be used 

;Set serial port number: 0 

mov ah,00h ;Set serial initialization 

mov al,101000llb ;Set 2400 baud, no parity, 
; 8 data bits, 1 stop bit 

int 14H ;Invoke BIOS to initialize 

= COMl 
function 

serial port 
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Initialize the serial port - assume COMl will be used 

mov dx,00h ;Set serial port number: 0 = COMl 

mov ah,03h ;Set serial status function 

int 14H ;Invoke BIOS to get status - modem 
; status back in AL, line status in AH 

Exit back to DOS. 

mov 

int 

ax,4C00h 

21h 

_TEXT ENDS 

END 

Send/Receive Character From Serial Port 

The following code fragment uses the BIOS to send a character 

to the serial port and receive a character from the serial port. 

It is merely a code fragment, and it should not be run. 

_TEXT 

_TEXT 

--1)ATA 
--1)ATA 

--1)ATA 

--1)ATA 

_TEXT 

SEGMENT BYTE PUBLIC 'CODE' 

ENDS 

SEGMENT WORD PUBLIC 'DATA' 

ENDS 

SEGMENT 
ENDS 

SEGMENT 
ASSUME CS:_TEXT 
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_TEXT 

Serial Data Communications 

Initialize the serial port - assume COMl will be used 

mov dx,O0h ;Set serial port number: 0 = COMl 

mov ah,0Oh ;Set serial initialization function 

mov al,101000llb ;Set 2400 baud, no parity, 

; 8 data bits, 1 stop bit 

int 14H ;Invoke BIOS to initialize serial port 

Output an "A" to the serial port. 

mov 

mov 

mov 

int 

dx,00h 

ah,0lh 

al, "A" 

14H 

;Set serial port number: 0 = COMl 

;Set serial output character function 

;Set character to output 

;Invoke BIOS to output character 

Get a character from the serial port. 

mov 

mov 

int 

dx,00h 

ah,02h 

14H 

Exit back to DOS. 

mov 

int 

ENDS 

END 

ax,4C00h 

21h 

;Set serial port number: 0 = COMl 

;Set serial input character function 

;Invoke BIOS to input character 
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Most of the EISA machines are supplied with two serial ports for 
the connection of printers, modems, or other serial devices. The 
EISA computers maintain the addresses and interrupts as defined 
in the previous ISA standard, so that using existing software and 
programming expertise with the peripheral interfaces of the EISA 
computers is possible. 



CHAPTER 

9 

The Parallel Printer 
Connector 



This chapter covers the parallel printer interface port found on a 
typical EISA computer system. The emphasis is on using the par­
allel port interface for connecting printers to the computer system, 
though the parallel port is also sometimes used for other peripherals 
such as an 8-bit controller, or for high-speed data transfer. 

The parallel interface uses signal levels at standard TTL 
logic levels. This means that the cable lengths are somewhat less 
than those of serial interfaces-in fact, parallel cables are usually 
about 25 feet long or less because of wire resistance and the low 
voltage levels found in the parallel interface. Typical hardware line 
drivers will have the following characteristics: 

Sink Current 

Source Current 

Logic High Output Voltage 

Logic Low Output Voltage 

24 mA maximum 

15 mA maximum 

2.4 V de minimum 

0.5 Vdc maximum 

Note that these levels are typical. Different computer man­
ufacturers may use drivers that do not provide these exact values, 
especially on pins 1, 14, 16, and 17. If you are using an interface 
that may be nonstandard, such as might be found in a computer 
not from a major manufacturer, you should consult the technical 
reference manual of the computer or interface to make sure that 
your levels are compatible. 

The Parallel Port Connector 

Normally, the parallel port connector on the back of the computer 
is a female, 25-pin, D-type connector. Figure 9-1 shows the pin 
numbers as they appear on the equipment connector. Note that 
the pin numbering is a mirror image as you look at the cable end, 
though the numbers on the cable connector are the same. 

In a normal configuration. a female connector is mounted 
on the equipment and the male connector is mounted on the cable. 
The printer end of the cable has a Centronics-type connector, a 
36-pin connector, as shown in Figure 9-2. The wiring of a typical 
cable is shown in Figure 9-3. 
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STROBE-
0 

Data bit o 0 
AUTO FD-

Data bit 1 0 
0 ERROR-

Data bit 2 0 
0 INIT-

Data bit 3 0 
0 SLCTIN-

Data bit 4 0 
0 

Data bit 5 0 
0 
0 

Data bit 6 0 
0 

Data bit 7 0 
0 Ground (all 8 pins) 

ACK- 0 
0 BUSY 0 

PE 0 
0 

SLCT 
0 

13 

FIGURE 9-1 Parallel Printer 
Connector Pin Numbering 

Data Strobe 
DataO 
Data 1 
Data2 
Data3 
Data4 
Data5 
Data6 
Data7 
ACK-
Busy 
P.E. 

Select 
Auto Feed 

Signal Ground 
Chassis Ground 

Ground 0 

Ground 1 
Ground2 
Ground3 
Ground4 
Ground 5 
Ground6 
Ground 7 

Initialize 
Error 

+5Vdc 
Select In From Computer 

FIGURE 9-2 Typical Centronics 
Connector Pin Numbering 
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1---------
2 14 

1 

25-pin connector 
on computer 
end of cable 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

-14 
15 
16 
17 
18 
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19 
20 
21 
22 
23 
24 
25 

36-pin connector 26 
27 on printer 

28 end of cable 

29 
30 
31 
32 
33 
34 
35 
36 

FIGURE 9-3 Typical Parallel Printer Cable Wiring 

Parallel Printer Signals 

The signals that appear on each of the pins of the Parallel interface 
are defined in Table 9-1. Only the signals that conform to the 
industry standards and are common to most typical equipment are 
shown. If your computer has a nonstandard connector arrangement, 
you will have to make cable changes or purchase appropriate cables 
from the computer manufacturer. 

Signal Timing 

The signals on the connector must conform to certain timing re­
strictions. There are three control signals, BUSY, ACKN, and 
STROBEN, that are coordinated with the 8 data lines. These sig­
nals, and the nominal timing requirements, are shown in Figure 
9-4. 

Parallel Port Addresses/Registers 

The parallel output port can be addressed as parallel port 1, 2, or 
3. Port selection is usually accomplished by the installation pro-
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TABLE 9-1 Parallel Port Pin Assignments 

Pin 1/0 Signal Definition 

1 0 STROBE~ Data strobe 
2 0 DO Data bit 0 

3 0 DI Data bit 1 
4 0 D2 Data bit 2 

5 0 D3 Data bit 3 

6 0 D4 Data bit 4 

7 0 D5 Data bit 5 
8 0 D6 Data bit 6 

9 0 D7 Data bit 7 

10 I ACK~ Printer acknowledges receipt of 
the character and is ready for the 
next character. 

11 I BUSY Printer is busy and is not ready to 
accept more data. 

12 I PE Printer error; usually means the 
printer is out of paper. 

13 I SLCT Printer select. 
14 0 AUTO FD~ Tells printer to perform a linefeed 

after a line is printed. 
15 I ERROR~ Printer has encountered an error. 
16 0 INir Initializes the printer. 
17 0 SLCT IN~ Enables the printer for printing. 
18 GND Ground 
19 GND Ground 
20 GND Ground 
21 GND Ground 
22 GND Ground 
23 GND Ground 
24 GND Ground 
25 GND Ground 
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BUSY 

DATA-----~ 

STROBE* 

0.5usec. 
minimum 

0.5usec. 
minimum 

FIGURE 9-4 Typical Parallel Connector 
Timing 
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gram which sets up the EISA computer. Information on how to 
use this setup software is presented in Chapter 6, EISA Software. 
Each of the ports is mapped to a different 1/0 address as follows: 

Port 
Register 1 2 3 

Data Address 03BCh 0378h 0278h 

Status Address 03BDh 0379h 0279h 

Control Address 03BEh 037Ah 027Ah 

Characters can be output through the parallel port in two 
ways. The first way uses the BIOS routines to output the data; this 
is the preferable method, and will result in optimum compatibility 
between different computer manufacturers. This is shown later in 
this chapter. The second way is to output the data directly to the 
port at the addresses shown above; this is usually a faster way, 
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since it bypasses the BIOS routines, but it risks incompatibility. 
The parallel output registers may be located at a different, non­
standard address. The information normally contained in these 
registers is described in the following paragraphs. 

Data Register 

The Data register contains the data to be sent to the printer. Writ­
ing a character to this register causes it to be sent to the equipment 
or device connected to the parallel port. 

Printer Control Register 

The Printer Control register controls the printer signals by loading 
the CPU register with the appropriate data from that shown in the 
following bit definition table, and then outputting the byte to the 

· Printer Control register. 

Bit 
0 

1 

2 

3 

Data 
1 

Definition 
Generates an active low STROBE signal for 
at least 500nS. The STROBE signal is used 
to clock the data from the parallel port into 
the printer. Note that the data must be on 
the DATA pins at least 0.5µ8 before and 
after the STROBE signal. 

0 STROBE inactive. 
1 

0 

0 

1 

1 

0 

Generates the low AUTO FD~ signal; printer 
automatically does a line feed after each line 
is printed. 
AUTO FD~ signal inactive. 
Generates the low INIT~ signal for at least 
50µ8; printer initializes (prepares itself for 
operation.) 
INIT~ signal inactive. 
Generates the low SLCT IN~ signal; printer 
is selected and ready for use. 
SLCT IN signal inactive; printer deselected 
or inactive. 
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4 

5 

6,7 

1 

0 

1 

Enables the printer parallel port interrupt 
when the ACK~ input signals that the printer 
is ready. 

ACK~ input signal inactive. 

Controls the direction of the printer port. In 
some computers, this bit can be used to set 
up the parallel port as a bidirectional port, 
allowing the parallel port to read data as well 
as output it to a device such as a printer. 

Not used. Usually tagged as reserved. 

Printer Status Register 

The Printer Status register provides information on the control 
lines coming from the printer. 

Bit 
0-1 

2 

3 

4 

5 

6 

7 

Data 

0 

1 

0 

Definition 
Not used. Usually tagged as reserved. 

Printer has acknowledged receipt of the data 
with the ACK signal. 

ACK signal inactive. 

ERROR~ input active and an error condition 
exists. 

1 ERROR~ input inactive. 

1 

0 

1 

SLCT input active; printer has been selected. 

SLCT input inactive. 

PE input active; typically, the printer is out 
of paper. 

0 PE input inactive. 

0 

1 

0 

ACK~ input active; printer ready to accept 
data. 
ACK~ input inactive. 

BUSY input active; printer cannot receive 
data. 

1 BUSY input inactive. 



200 The Parallel Printer Connector 

Parallel Port BIOS Routines 

The BIOS of most EISA computers provides three functions that 
are used to output characters on the parallel port. These functions 
are: 

Function 

OOH 

OlH 

02H 

PUT_CHAR 

Equate 

PUT_CHAR 

INIT 

STATUS 

Definition 

Send a character to the printer 

Initialize the printer port 

Get the printer port status 

The PUT _CHAR function sends a character to the parallel port. 
It returns with the port status in the AH register. 

On Entry: AH= PUT_CHAR (00h) 

AL= Data byte to be sent to printer 

DX= Port number 

On Exit: AH= Printer port status 

Registers Altered: AH 

The following shows the printer port status byte as returned 
in the AH register. 

Bit Data Definition 

7 0 Printer Busy 

1 Printer Not Busy 

6 0 Not Ready for Data 

1 Data Acknowledged 

5 1 Out of Paper 

4 0 Printer Offiine 

1 Printer On Line 
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3 

2,1 

0 

INIT 

1 

1 

1/0 Error 

Not Used 

Printer Error or Timed out 
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The INIT function initializes the parallel printer port. The func­
tion returns with the printer port status in the AH register in the 
same manner as the previous PUT _CHAR function. 

On Entry: AH= INIT (0lh) 

DX= Port number 

On Exit: AH= Printer port status 

Registers Altered: AH 

STATUS 

The ST A TUS function provides the status of the parallel printer 
port. 

On Entry: AH= STATUS (02h) 

DX= Port number 

On Exit: AH= Printer port status 

Registers Altered: AH 

Programming Examples 

Send Character to Printer 

The following program uses the BIOS to output a character 

to the printer. This program can be assembled, linked, and 

run from MS-DOS. 
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_TEXT 

_TEXT 

_DATA 

_DATA 

SEGMENT BYTE PUBLIC 'CODE' 

ENDS 

SEGMENT WORD PUBLIC 'DATA' 

ENDS 

The Parallel Printer Connector 

LPT_STATUS__MASILERROR EQU 0000l0000b;LPT Status mask for ERROR 

LF 

FF 

CR 

_DATA 

EQU 

EQU 

EQU 

SEGMENT 

0Ah 

0Ch 

0Dh 

;Line feed 

;Form feed 

;Carriage return 

LptMsgNotReady DB 'The printer is not ready',CR,LF,0 

_DATA 

_TEXT 

LPTl 

ENDS 

SEGMENT 

ASSUME 

mov 

mov 

ASSUME 

CS:_TEXT 

ax,_DATA 

ds,ax 

ds:_IJATA 

Initialize the printer port• assume 

the printer is attached to LPTl. 

mov 

mov 

int 

dx,00h 

ah,0lh 

17h 

Check the printer status. 

xor cx,cx 

;Set printer port number: 0 = 
;Set printer initialization function 

;Invoke BIOS to initialize port 

;Set printer status wait count 
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lpLlO: 

lpL15: 

lpL20: 

lpL30: 

mov 

mov 

int 

test 

jz 

loop 

dx,OOh 

ah,02h 

17H 

;Set printer port number: 0 = LPTl 

;Set printer status function 

;Invoke BIOS to get status 

ah,LPT_STATUS_MASILERROR 

lpt_30 

lpt_lQ 

;No printer errors? 

;Check printer status again? 

The printer is not ready - print an error message and quit. 

mov 

lodsb 

or 

jz 

mov 

int 

jmp 

si,OFFSET LptMsgNotReady 

al,al 

lpt_40 

ah,OEh 

10h 

lpL20 

;Get the next error string character 

;End of string? 

;Set BIOS write character function 

;Invoke BIOS to Display character 

;Check for more characters 

Output a character to the printer. 

mov 

mov 

mov 

int 

test 

jnz 

mov 

mov 

mov 

int 

dx,OOh 

ah,OOh 

al, "A" 

17H 

;Set printer port number: 0 = LPTl 

;Set printer put character function 

;Set the character to output 

;Invoke BIOS to output character 

ah,LPT_STATUS_MAS!LERROR 

lpL15 

dx,OOh 

ah,OOh 

al,FF 

17H 

;Error status back from printer? 

;Set printer port number: 0 = LPTl 

;Set printer put character function 

;Set the form feed character 

;Invoke BIOS to do form feed 
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lpL40: 

_TEXT 

Exit back to DOS. 

mov 

int 

ENDS 

END 

ax,4COOh 

21h 

Send String to Printer 

The Parallel Printer Connector 

The following program uses the BIOS to output a string of 

characters to the printer. This program can be assembled, 

linked, and run from MS-DOS. 

_TEXT 

_TEXT 

_DATA 

_DATA 

SEGMENT BYTE PUBLIC 'CODE' 

ENDS 

SEGMENT WORD PUBLIC 'DATA' 

ENDS 

LPT_STATUS__MASILERROR EQU OOOOlOOOOb;LPT Status mask for ERROR 

CR 

FF 

LF 

EQU 

EQU 

EQU 

_DATA SEGMENT 

ODh 

OCh 

OAh 

;Carriage return 

;Form feed 

;Line feed 

GoodbyeString DB 'Good-bye',CR,LF,FF,O ;NULL terminated Good-bye string 

LptMsgNotReady DB 'The printer is not ready',CR,LF,O ;LPT Error string 

_DATA 

_TEXT 

ENDS 

SEGMENT 

ASSUME CS:_TEXT 
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lpLl0: 

lpLlS: 

lpL20: 

mov 

mov 

ASSUME 

ax,_DATA 

ds,ax 

ds:_DATA 

Initialize the printer port - assume 

the printer is attached to LPTl. 

mov 

mov 

int 

dx,00h 

ah,0lh 

17h 

;Set printer port number: 0 = LPTl 

;Set printer initialization function 

;Invoke BIOS to initialize port 

Check the printer status. 

xor 

mov 

mov 

int 

test 

jz 

loop 

cx,cx 

dx,00h 

ah,02h 

17H 

;Set printer status wait count 

;Set printer port number: 0 = LPTl 

;Set printer status function 

;Invoke BIOS to get status 

ah,LPT_STATUS-MASILERROR 

lpt_3Q 

lpt_lQ 

;No printer errors? 

;Check printer status again? 

The printer is not ready - print an error message and quit. 

mov 

lodsb 

or 

jz 

mov 

int 

jmp 

si,OFFSET LptMsgNotReady 

al,al 

lpt_40 

ah,0Eh 

10h 

lpt_2Q 

;Get the next error string character 

;End of string? 

;Set BIOS write character function 

;Invoke BIOS to Display character 

;Check for more characters 
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lpL30: 

lpt_JS: 

lpt_40: 

The Parallel Printer Connector 

Output "Good-bye" to the printer. 

mov 

lodsb 

or 

jz 

mov 

mov 

int 

test 

jnz 

jmp 

si,OFFSET GoodByeString 

al,al 

lpt_40 

dx,OOh 

ah,OOh 

17H 

;Get the next string character 

;End of string? 

;Set printer port number: 0 = LPTl 

;Set printer put character function 

;Invoke BIOS to output character 

ah,LPT_STATUS....MASILERROR 

lpt_lS ;Error status back from printer? 

lpt_JS ; Check for more chara·cters 

Exit back to DOS. 

mov 

int 

ax,4COOh 

21h 

_TEXT ENDS 

END 

Summary 

The EISA computers use parallel ports that are fully compatible, 
both in addresses and interrupts, with the existing ISA standard. 
Programs and programmers using the existing standards will have 
no problem with the new EISA standards. 
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The 80486 (i486) 
CPU 



Although the 80286 and 80386 will continue to be popular micro­
processors, the i486 will undoubtedly be the processor of choice for 
most of the new EISA designs. The 82350 EISA chip set is an 
optimum match for the i486's power and features. 

A word about Intel's chip names. For many years Intel has 
referred to their chip sets as the 8080, the 8086, the 80186, the 
80286, and so forth. With the introduction of the 80486, they have 
changed the designations and now use just the last three digits 
preceded by a lower case "i." Thus, the 80386 is now often referred 
to as the i386, and the 80486 is now referred to as the i486. The 
i486 designation is used throughout the rest of this chapter. 

The i486 contains all of the functionality of the 80386 (i386) 
and the 80387 combined in a single chip. In addition, it has a built­
in cache memory that allows frequently accessed data and code to 
be resident in the chip, thus reducing access to the system memory. 

The i486 is object-code compatible with code developed for 
all of the previous members of the same CPU family, including the 
8086, 8088, 80186, 80188, 80286, and 80386. In addition, it features: 

• Frequent instructions that execute in one clock cycle 

• On-chip BK code and data cache 

• On-chip floating point (80387) coprocessor 

• Paged, virtual memory management 

• Built-in self test 

• 25 and 33 MHz clock versions now, with faster (40 MHz) 
versions to come 

• 106 Mbyte/second burst bus 

• Performance of 37,000 Dhrystones, 6.1 million Whet-
stones, at 25 MHz 

• Newest 1 micron CHMOS IV manufacturing technology 

• All addresses, data busses, and registers are 32 bits wide 

• Full support for multiprocessor operation 

• 64K I/O addresses 

• Addresses 4 GB of physical memory and 64 Terabytes of 
virtual memory 

209 
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• Full support for both multitasking and multiprocessor en­
vironments 

• 168-pin grid array package 

• 1.18 million transistors 

Intel has announced two versions of the i486, a 25 MHz 
version and a 33 MHz version, designated the i486-25 and the i486-
33 respectively. The i486-33 is the fastest CPU available of those 
popular in the PC market. As more programs are written that take 
advantage of the internal coprocessor and memory management 
facilities of the i486, the speed of the i486-33 will be vastly increased 
over what we now consider fast and powerful computers. 

Speed comparisons are difficult to make since programs can 
be written to take advantage of certain instructions that execute 
much faster in the new chip, while ignoring those that have only 
nominal improvements. However, even at its worst, the i486 is a 
major improvement over the earlier processors. In an average case, 
the i486-33 is approximately 4 times faster than a i386-16. The 
i386-16 itself is approximately 3.2 times faster than an 80286-12, 
which makes the i486-33 about 13 times faster than today's stan­
dard 80286 computers running at 12 MHz. A sort taking one hour 
on an 80286-12 computer will take four minutes on an i486 EISA 
computer. That, of course, ignores other possible gains made by 
the i486's built-in math coprocessor, the newer faster disk drives, 
and disk caching. If you are using one of the older IBM PC com­
puters, the new i486 may be as much as 70 times faster. 

These speed increases do not come only from an increase 
in clock speeds. The operation of the processor's internal circuitry 
is synchronized by the clock signal, which typically pulses on/off/ 
on at the frequency indicated by the processor's clock rating. For 
example, a processor rated at 25 MHz would go through 25 million 
clock cycles per second. Some instructions take only a few clock 
cycles to execute, some take over 300 clock cycles to execute a single 
instruction. The i486 has dramatically reduced the number of clock 
cycles required for the execution of some instructions. 

Because of the improvement in both the processor's internal 
architecture and in clock speeds, the i486 can perform operations 
that took hours on the original PCs in minutes, while operations 



Compatibility 211 

that took minutes before now take only seconds. However, pro­
grammers are taking advantage of the power of the new processors 
to add many new functions and features to their software, and 
sometimes a state-of-the-art database running on a fast EISA ma­
chine may seem no faster than your old database program running 
on a PC. The newer programs are far more powerful and complex, 
and simply use more processor time. 

Compatibility 

The i486 is object-code compatible with all of the 80x86 family of 
processors, so that a program written for the original PC will run 
on the latest EISA i486 computer, for example. However, incom­
patibilities may occur at times. Differences in the BIOS code cause 
this most frequently and will represent the majority of the problems 
encountered. Other incompatibilities may result from the differing 
implementations of interrupts and interrupt controllers. 

Differences also exist in the some of the opcodes and pro­
tected modes used in assembly language programming. For ex­
ample, the PUSH SP instruction on the 8086 class CPUs pushes 
the stack pointer value after the instruction is completed, and the 
i486 (as well as the 80286 and 80386) push the current stack pointer. 
A few other instructions differ primarily in the timing of an in­
struction related to subsequent instructions. In most cases, assem­
blers such as the Microsoft assembler can take care of these dif­
ferences when assembling the source code, and higher-level 
programming languages such as C or BASIC make the differences 
invisible. 

The i486 has added only six new instructions, BSW AP 
(Byte Swap), XADD (Exchange and Add), CMPXCHG (Compare 
and Exchange), INVD (Invalidate), WBINVD (Write Back Inval­
idate), and INVLPG (Invalidate TBL Entry), as described below. 

Instruction 
BSWAP 

Function 
Reverses the order of the bits in a register to 
support fast translation between big endian 
(680x0 and IBM mainframes) and little endian 
(80x86 family) data. 
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XADD 

CMPXCHG 

INVD 

WBINVD 

INVLPG 

The 80486 (i486) CPU 

Exchanges two operands and sums them. Used 
in multi-processor systems which partition al­
gorithms across several processors. 

Conditionally exchanges the contents of a reg­
ister with a memory operand. 

Invalidates an instruction or data cache. 

Invalidates the cache, like INVD, but then uses 
an output signal to tell the secondary cache to 
write back the bad cache data. 

Invalidates a matching TLB (translation look­
aside buffer) entry if one is present. 

Segmentation Architecture 

The i486 retains the segmentation architecture of the earlier pro­
cessors, but segmentation size is definable (as it is also for the 
80386). Thus the 64K segments that were a problem for program­
mers have been eliminated, with segments being definable up to 4 
GB. This is done with just a few instructions at initialization by 
pointing the segment registers to 00000000h and setting the size 
up to 4 GB. However, segmentation capability has been retained 
and is a real advantage for multitasking systems where each task 
may reside in a different segment. 

Coprocessor 

A coprocessor provides a number of additional instructions that 
can be used for math-intensive applications, such as high-precision 
integer functions or floating-point calculations. If these functions 
are performed by the main processor, the calculations might take 
thousands of clock cycles to perform a single complex calculation. 
A coprocessor will take over these functions and perform the cal­
culations while the main processor is busy with other tasks. When 
the coprocessor is finished, it signals the main processor that it 
has the answer available. 
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Applications programs often are supplied in two versions, 
one for computers where the additional coprocessor has been in­
stalled, and one version where the main processor must do all the 
calculations. Other software automatically tests for the presence of 
a coprocessor and uses the appropriate part of the program to per­
form the calculations. The i486 includes a built-in functional equiv­
alent of the 80387 coprocessor, so this costly feature is now standard 
with any EISA computer that uses the i486 processor. 

The coprocessor offers significant advantages when using 
any computer-aided design, engineering, or manufacturing appli­
cation. In addition, programs that perform a large number of com­
plex mathematical calculations, such as fractal-generation pro­
grams, make extensive use of a coprocessor. The coprocessor 
performs the mathematical functions while the main processor per­
forms other functions. 

The i486 is basically an 80386, an 80387, and a cache memory on 
one chip. This results in significantly improved ease of design and 
performance. In addition, Intel has improved the internal archi­
tecture to allow commonly executed instructions to execute much 
faster. Add to that the improved clock speeds of 25 and 33 MHz, 
and much faster ones to come, and the i486 promises to be the 
heart of extremely powerful computers for a long time. 
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ACK Acknowledge. 
Active high Signal that must go to a logic high (1) to produce 

an effect. 
Active low Signal that must go to a logic low (0) to produce an 

effect. 
Application Programs Software that performs specific tasks, 

such as word processors, spreadsheets, and data bases. 
Architecture A term that defines the relationship between the 

various components and designs that make up a computer 
design. 

Attribute The characteristic of a pixel or character on the screen 
that defines its color or intensity. The Attribute informa­
tion is the data stored in the video RAM memory at each 
location corresponding to a pixel or character location on 
the screen. 

BCD Binary Coded Decimal. 
BIOS Basic Input/Output System. BIOS is the program stored 

in the ROM BIOS that provides the software interface be-
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tween the hardware and system software and application 
programs. 

Bit The smallest unit of data that a computer can manipulate. 
Its state may be either on (1) or off (0), and it is usually 
combined with seven other bits to form a byte of data. Bits 
are often used to record the state of flags or the result of a 
register operation. The microprocessor has many instruc­
tions to support this. 

BPS Bits per second. 
Byte Eight bits, or binary states. Typically, a byte is typically 

used to store a single ASCII character, or a binary value 
from O (all bits are 0) to 255 (all bits are 1). 

Cache memory Memory that stores frequently accessed data 
from a disk controller or main memory, used to increase 
processing speed. 

Call Occurs when a program, typically an application program, 
puts certain information into the CPU registers, then 
"calls" (jumps to) a specified location. The program code 
at that location then takes the information in the registers 
and, based on the information, performs a task or stores 
the data. 

Checksum byte A byte containing the eight least-significant bits 
of the sum of a block of code or data. 

Checksum An error-checking technique used to verify a block 
of code or data. It is calculated by adding all of the bytes 
in the specified block, the sum of which forms the checksum. 
Subsequent adding of the bytes in the block and comparing 
the result against the previously calculated value is a de­
termination of the validity of the specified block. 

CMOS RAM Random-access memory that is powered by a bat­
tery when the computer is turned off. Data, such as the 
system configuration and other ISA and EISA parameters, 
is stored in the CMOS RAM. 

Coprocessor A processor that works in conjunction with the 
CPU. On the 80486, the coprocessor is built into the 80486. 

CPU Central Processing Unit. Typically, used to refer to the 
microprocessor, such as an 80486 or 80386, that is used in 
a computer system. However, some manufacturers also use 
the term CPU to refer to the circuit board that contains 
the microprocessor. Occasionally, manufacturers also use 
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the term to refer to the computer as a whole, typically in 
the context of differentiating it from peripherals such as 
the printer or a terminal. 

CTS Clear To Send. This signal is output by the modem or 
printer to the computer to indicate that the modem may 
send data to the computer, or the printer may return status 
information. 

DCD Data Carrier Detect. This signal, sent by a modem to a 
terminal or computer, indicates that the modem has re­
ceived a carrier signal from a modem on the far end of the 
telephone line. 

DIN Acronym for Deutsche Industrie Normenausschuss, a West 
German association that sets electrical standards. 

Direct memory access A means for boards or devices on the 
memory bus to obtain access to the main memory, and 
transfer data, without using the central processing unit. 

DMA See direct memory access. 
DSR Data Set Ready. Signal sent from the modem to the com­

puter or terminal indicating that the modem is ready to be 
used. Typically, this signal indicates that the modem has 
power applied and has successfully performed its initiali­
zation (internal setup) routines. 

DTR Data Terminal Ready. Signal sent from the computer (or 
terminal) to the modem, indicating that the computer is 
ready to be used. Typically, this signal indicates that the 
computer has power applied. 

Dword A dword is a double word containing 2 words, or 4 bytes. 
With the power of the 80486 and the EISA bus, dword 
operations are often used to move data quickly over the 32-
bit data bus. 

Dynamic RAM Dynamic Random Access Memory. Also known 
as Main Memory, Memory, RAM, System Memory, or Sys­
tem RAM. 

EISA Extended Industry Standard Architecture. Mnemonic for 
the new architecture about which this book is written. EISA 
is an enhancement of the ISA architecture (see ISA). 

EGA Enhanced Graphics Adapter. 
GB Gigabyte. 1,073,741,824 bytes. 
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Graphic display mode A video display mode where all positions 
on the screen are addressed as pixels. 

Handshaking A process whereby the computer and a peripheral, 
such as a printer or modem, tell each other their status. 
This status may typically represent information such as "I 
am out of paper" (from a printer) or "I am ready to send" 
(from a computer). 

Hardware interrupts Requests for attention of the CPU, and 
subsequent processing of code, that are generated by the 
hardware. 

Hexadecimal Numbers expressed in base 16. Hexadecimal digits 
are represented by the numbers 0-9 and letters A-F. In this 
book, hexadecimal numbers are indicated with a lowercase 
has their last character (17h). 

Interrupt May be of two kinds, either hardware or software. A 
hardware interrupt occurs when a signal line from an in­
terrupt controller or other similar device goes active, forcing 
the CPU to stop what it is doing and respond to the in­
terrupt. This process is the result of a hardware, or signal, 
action. A software interrupt occurs when a program exe­
cutes an INT instruction. This forces the CPU to jump to 
a specified location and execute a routine (small program) 
at that location. 

ISA (Industry Standard Architecture) A bus and computer 
architecture compatible with IBM AT personal computers. 

K Kilobytes. 1,024 bytes. 
MB MegaByte. 1,048,576 bytes. 
MDA Monochrome Display Adapter. 
Monochrome A display with a single color, normally green or 

amber, though white is sometimes used. 
NMI Non-Maskable Interrupt, typically used to report error con­

ditions. This interrupt is normally found at interrupt vector 
02h. 

Operating system The software that interfaces the applications 
program to the computer hardware. The operating system 
interfaces between input and output functions, data files, 
program files, and system memory. Examples of operating 
systems are MS-DOS, 08/2, or UNIX. 

Palette The set of all the possible colors a Video Display Adapter 
can produce. 
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Pixel A dot on the screen in the graphics modes. 

Processor interrupts Interrupts generated by the processor, 
typically in response to error conditions. 

Protective ground Chassis ground for the computer, the 
printer, or the modem. This line ties the grounds together 
to reduce the possibility of shock. 

RAM Random Access Memory. This type of memory is used for 
general storage of the computer's programs and data. It can 
be either read or written to, although it will lose its contents 
when the power is turned off. (Also see ROM) 

Register A latch in the 80386 or 80486 that stores information 
or controls a function. For example, a register may contain 
data to be sent out to a port, or an address where the pro­
cessor has stored information, or an address where the pro­
cessor should go to get the next instruction to be processed. 

RGB A mnemonic for Red-Green-Blue. These are the three pri­
mary colors used in a color display. In a typical VGA display, 
these are varied in intensity and combination to produce 
all the possible colors which can be displayed. 

RI Ring Indicator. This signal, sent by a modem to a terminal 
or computer, indicates that there is a phone call coming in. 
This signal is the electrical equivalent of the telephone ring­
ing. When the computer receives this signal, it usually ac­
tivates (through an interrupt) the program or routines to 
answer incoming calls. 

ROM Read Only Memory. This type of computer memory can 
only be read by the processor, not written to. ROM-type 
memory typically contains the BIOS code or utilities that 
must be accessable even when the computer has no disk 
drives attached from which to load the operating system. 
ROM memory retains its contents even when the power is 
removed. (Also see RAM) 

Routine A piece of a program that performs a single and specific 
function. For example, a routine might output a character 
to a parallel port. The program would put the character into 
one of the CPU's registers, and then the "output routine" 
would be called. This output routine would then read the 
character in the CPU's register and send it to the printer. 
The routine would then return to the program which called 



it, to repeat the process, or if all the characters had been 
sent, to continue on with the program. 

RTS Ready To Send. This signal is output by the computer to 
a modem or printer to indicate that the computer is ready 
to send data. 

RXD Receive Data. This is the data signal that is being received 
from an other piece of equipment. On the other end, this 
signal is the TXD (Transmit Data) signal. 

SG Signal Ground. This is the ground reference for the various 
signals transmitted on the RS232 cable. Although under 
normal conditions (in a 25-pin connector only), SG (Signal 
Ground) may be the same as the PG (Protective Ground) 
signal, this is not always the case. These two signals, SG 
and PG, should never be tied together in the cable. They 
may be tied in the equipment by design of the engineer. 
The protective ground signal (Pin 1 in a 25 pin connector) 
does not appear in a 9-pin connector. 

Software interrupts Interrupts generated by the INT "n" in­
struction. 

TSR Terminate and Stay Ready. This type of program is loaded 
into the computer's memory and then seems to disappear. 
It becomes active when, typically, a hot key is pressed that 
calls the program up. 

TXD Transmit Data. This is the actual data signal being trans­
mitted from one piece of equipment to another. On the other 
end this signal is the RXD (Receive Data) signal, and is 
connected to the RXD pin of that connector. 

VGA Video Graphics Adapter. This is the high-resolution video 
display card that is found on most of the EISA computers. 
Other video display cards are the EGA, CGA, and MDA. 

Video attributes The video characteristics of alphanumeric 
characters displayed on the CRT. Video attributes include 
reverse video, blinking, underline, and high intensity. 

Word A word is 16 binary bits, made up of two 8-bit bytes. Word­
sized data transfers are often found in 16-bit computers to 
double the speed with which data can be moved. (Earlier 
personal computers transferred data & byte (8 bits) at a 
time.) Note that 8-bit data transfer is still used in trans­
ferring data to most serial and parallel 1/0 devices. 
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7-Bit ASCII Reference Chart 

Dec ASCII Octal Hex Binary Definition 

0 NUL 000 00 0000000 A@ (used for padding) <NULL> 
1 SOH 001 01 0000001 A A (start of header) 

2 STX 002 02 0000010 AB (start of text) 

3 ETX 003 03 0000011 Ac (end of text) 

4 EOT 004 04 0000100 AD (end of transmission) 

5 ENQ 005 05 0000101 AE (enquiry) 

6 ACK 006 06 0000110 AF (acknowledge) 

7 BEL 007 07 0000111 AG (bell or alarm) <BELL> 
8 BS 010 08 0001000 AH (backspace) <BS> 
9 HT 011 09 0001001 AI (horizontal tab) <TAB> 
10 LF 012 0A 0001010 AJ (line feed) <LF> 
11 VT 013 OB 0001011 AK ( vertical tab) 

12 FF 014 oc 0001100 AL (form feed, new page) 
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13 CR 015 OD 0001101 AM (carriage return) <CR> 

14 so 016 OE 0001110 AN (shift out) 

15 SI 017 OF 0001111 Ao (shift in) 

16 DLE 020 10 0010000 AP (data link escape) 

17 DCI 021 11 0010001 AQ (device control 1, XON) 

18 DC2 022 12 0010010 AR (device control 2) 
19 DC3 023 13 0010011 AS (device control 3, XOFF) 
20 DC4 024 14 0010100 AT (device control 4) 
21 NAK 025 15 0010101 AU (negative acknowledge) 

22 SYN 026 16 0010110 AV (synchronous idle) 

23 ETB 027 17 0010111 AW (end transmission block) 

24 CAN 030 18 0011000 AX (cancel) 

25 EM 031 19 0011001 Ay (end of medium) 

26 SUB 032 IA 0011010 AZ (substitute) 

27 ESC 033 lB 0011011 A[ (escape, alter mode, SEL) 
28 FS 034 IC 0011100 A\ (file separator) 

29 GS 035 1D 0011101 A] (group separator) 

30 RS 036 IE 0011110 - (record separator) 

31 us 037 IF 0011111 A- (unit separator) 

32 SP 040 20 0100000 space or blank <SP> 
33 ! 041 21 0100001 exclamation mark 

34 II 042 22 0100010 double quote 

35 # 043 23 0100011 number sign, pound sign 

36 $ 044 24 0100100 dollar sign 

37 % 045 25 0100101 percent sign 

38 & 046 26 0100110 ampersand sign 

39 ' 047 27 0100111 apostrophe 
40 ( 050 28 0101000 left parenthesis 
41 ) 051 29 0101001 right parenthesis 
42 * 052 2A 0101010 asterisk (star) 
43 + 053 2B 0101011 plus sign 
44 

' 
054 2C 0101100 comma 

45 - 055 2D 0101101 minus sign (dash) 
46 056 2E 0101110 period (decimal point) 
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47 I 057 2F 0101111 (right) slash 

48 0 060 30 0110000 number zero 

49 1 061 31 0110001 number one 

50 2 062 32 0110010 number two 

51 3 063 33 0110011 number three 

52 4 064 34 0110100 number four 

53 5 065 35 0110101 number five 

54 6 066 36 0110110 number six 

55 7 067 37 0110111 number seven 

56 8 070 38 0111000 number eight 

57 9 071 39 0111001 number nine 

58 072 3A 0111010 colon 

59 073 3B 0111011 semicolon 

60 < 074 3C 0111100 less-than sign 

61 075 3D 0111101 equal sign 

62 > 076 3E 0111110 greater-than sign 

63 ? 077 3F 0111111 question mark 

64 @ 100 40 1000000 at sign 

65 A 101 41 1000001 upper-case letter A 

66 B 102 42 1000010 upper-case letter B 

67 C 103 43 1000011 upper-case letter C 

68 D 104 44 1000100 upper-case letter D 

69 E 105 45 1000101 upper-case letter E 

70 F 106 46 1000110 upper-case letter F 

71 G 107 47 1000111 upper-case letter G 

72 H 110 48 1001000 upper-case letter H 

73 I 111 49 1001001 upper-case letter I 

74 J 112 4A 1001010 upper-case letter J 

75 K 113 4B 1001011 upper-case letter K 

76 L 114 4C 1001100 upper-case letter L 

77 M 115 4D 1001101 upper-case letter M 

78 N 116 4E 1001110 upper-case letter N 

79 0 117 4F 1001111 upper-case letter 0 
80 p 120 50 1010000 upper-case letter P 
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81 Q 121 51 1010001 upper-case letter Q 
82 R 122 52 1010010 upper-case letter R 

83 s 123 53 1010011 upper-case letter S 

84 T 124 54 1010100 upper-case letter T 

85 u 125 55 1010101 upper-case letter U 

86 V 126 56 1010110 upper-case letter V 

87 w 127 57 1010111 upper-case letter W 

88 X 130 58 1011000 upper-case letter X 

89 y 131 59 1011001 upper-case letter Y 

90 z 132 5A 1011010 upper-case letter Z 

91 [ 133 5B 1011011 left square bracket 

92 \ 134 5C 1011100 left slash (backslash) 

93 ] 135 5D 1011101 right square bracket 

94 A 136 5E 1011110 up arrow (carat) 

95 - 137 5F 1011111 underscore 

96 140 60 1100000 back quote 

97 a 141 61 1100001 lower-case letter a 

98 b 142 62 1100010 lower-case letter b 

99 C 143 63 1100011 lower-case letter c 

100 d 144 64 1100100 lower-case letter d 

101 e 145 65 1100101 lower-case letter e 

102 f 146 66 1100110 lower-case letter f 

103 g 147 67 1100111 lower-case letter g 

104 h 150 68 1101000 lower-case letter h 

105 i 151 69 1101001 lower-case letter i 

106 j 152 6A 1101010 lower-case letter j 

107 k 153 6B 1101011 lower-case letter k 

108 l 154 6C 1101100 lower-case letter l 

109 m 155 6D 1101101 lower-case letter m 

110 n 156 6E 1101110 lower-case letter n 
111 0 157 6F 1101111 lower-case letter o 

112 p 160 70 1110000 lower-case letter p 
113 q 161 71 1110001 lower-case letter q 
114 r 162 72 1110010 lower-case letter r 
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115 s 163 73 1110011 lower-case letter s 

116 t 164 74 1110100 lower-case letter t 

117 u 165 75 1110101 lower-case letter u 

118 V 166 76 1110110 lower-case letter v 

119 w 167 77 1110111 lower-case letter w 

120 X 170 78 1111000 lower-case letter x 

121 y 171 79 1111001 lower-case letter y 

122 z 172 7A 1111010 lower-case letter z 

123 173 7B 1111011 left curly brace 

124 174 7C 1111100 vertical bar 

125 175 7D 1111101 right curly brace 

126 176 7E 1111110 tilde 

127 DEL 177 7F 1111111 delete, rub out 



80386 chip, 209 
80387 chip, 28, 209 
80486 chip. See 1486 chip 
82350 EISA chip set, 7, 28, 209 
82352 EISA bus buffer, 29-30 
82355 bus master interface controller, 

30 
82357 integrated system peripheral, 

29 
82358 EISA bus controller, 29 

Accessory card overlays, 105 
ACK signal, 195, 199 
_acrtused variable, 105 
Active states, notation for, 4 
Add function (system configuration), 

88 
Address bus signal, 59-60 
Address lines 

for CPU, 14 
and reset signal, 18 

Address Register, VGA, 130 

Index 
Addresses 

for interrupt controller, 70 
1/0, 20-21 
parallel port, 195-198 

Allocation of memory, 112-113 
Alpha VGA mode, 123 
Analog monitors for VGA, 121 
Angle brackets ( <>) for bus ranges, 4 
Animation, direct VGA programming 

for, 124 
Append program (DOS), 42 
Application software, 37-38 

for i486, 213 
interface for, 33 

Arbitration signals, 62 
Architecture, 13 

CPU, 14-19 
hardware, 21-30 
software, 33-38 

Assign program (DOS), 42 
Attrib program (DOS), 42 
Attribute Address register, VGA, 142 

227 
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Attribute controller, VGA, 124 
registers for, VGA, 142-144 

Attributes, VGA, 148 
Auto verify function (system 

configuration), 89 
Autoconfiguration, overlay files for, 

100 
Autoexec.bat file, 48, 51 

in boot process, 19 
select command for, 41 

Backup program (DOS), 43 
Batch files, 48 

commands for, 51-53 
Battery-powered CMOS RAM, 37 
Baud rate, 174, 181, 184 
Binary files, conversion to, 44 
Binary numbering system, 15-16 
BIOS and BIOS routines 

memory map of, 20 
operating system loaded by, 37 
for parallel printer port, 195-198, 

200-206 
power-on test by, 36 
ROM for, 19 
for serial communications, 180-185 
as software, 33-37 
for VGA display, 145-152, 154-156 
for video compatibility, 121-122 

Bit Mask register, VGA, 142 
Blocks, CFG, 91 
Board identification blocks, CFG file, 

91 
Board specifications function (system 

configuration), 89 
Boot routine 

address for, 18 
for operating system loading, 19 

Break command (DOS), 43 
Break command (DOS configuration), 

49 
BSWAP instruction (i486), 211 
Buffers 

bus, 29-30 
disk, 49 

Buffers command (DOS 
configuration), 49 

Burntly Corporation, 7 
Burst DMA cycles, 73 
Bus, EISA 

Index 

address and data signals on, 59-60 
arbitration signals on, 62 
buffer for, 29-30 
controller for, 29 
data transfer control signals on, 60-

62 
vs. ISA bus, 57-59 
master interface controller for, 30 
names of, notation for, 4 
signal use on, 63-65 
utility signals on, 62-63 

Bus connectors, history of, xvii-xviii 
BUSY control signal, 195, 196 

Cables 
direct-connect, 169 
null modem, 168 
parallel port, 195 
serial port, 160-162 

Cache memory, 41 
in i486, 209 

Call command (batch file), 52 
Calls, 34, 36 
Cards, expansion 

compatibility of, 6 
l/0 map for, 21 
size of, 27-28 

CD command (DOS), 43 
Central Processing Unit, 13-19 
Centronics-type connector, 193, 194 
CFG files, 90-99 
CGA (Color Graphics Adapter), 121 
Change function function (system 

configuration), 88 
CHANGE overlay function, 107, 111 
Change resource function (system 

configuration), 88 
Character Map Select register, VGA, 

129-130 
Characters 

attributes for, VGA, 148 
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displaying of, with VGA, 152-154 
parallel port I/O of, 201-204 
serial port I/O of, 187-188 

Chdir command (DOS), 43 
Chkdsk program (DOS), 43 
CHMOS technology, 7 
Clocking Mode register, VGA, 128 
Cls command (DOS), 41 
CMOS RAM 

for configuration settings, 86 
testing of, 37 

CMPXCHG instruction (i486), 212 
Colons (:) for bus ranges, 4 
Color Compare register, VGA, 139 
Color Don't Care register, VGA, 141-

142 
Color Graphics Adapter, 121 
Color Plane Enable register, VGA, 

144 
Color Select register, VGA, 144 
Colors, VGA, 123, 139, 141-142, 144, 

148 
.COM files, conversion to, 44 
Comp program (DOS), 43 
Compatibility 

of connectors, 57-58 
of expansion cards, 6 
ofi486, 209, 211-212 
of video, 121-122 

Component interface, 28-29 
Computer-to-computer connections, 

169 
Con command (DOS), 41 
Config.sys file 

in boot process, 19 
commands for, 48-51 
and select command, 41 

Configuration 
files for, 90-99 
and mode command, 46 
overlay files for. See Overlay files 
software for, 7, 85-90 

Configuration utility program, 85-87 
Connections function (system 

configuration), 89 
Connectors 

communications, 167-171 
EISA, 22-27, 57-58 
parallel port, 193-195 
serial port, 160-162, 173 
specifications for, 65 
VGA video, 122 

Console, changing of, 43 
Consortium leaders, 5 
Contacts, EISA connector, 57 
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Control Address register, parallel port, 
197 

Control lines for CPU, 14 
Control registers, printer, 198-199 
Control signals 

data transfer, 60-62 
printer, 195 

Controllers 
attribute, VGA, 124 
bus, 29 
bus master interface, 30 
CRT, 124 
graphics, 124 
interrupt, 69-70 

Coprocessor in i486, 212-213 
Copy command (DOS), 37, 43 
Copyright information function 

(system configuration), 89 
Country command (DOS 

configuration), 49 
CPU (Central Processing Unit), 13-19 
CRT controller, VGA, 124 

registers for, 130-138 
CRT Controller Overflow register, 

VGA, 132-133 
CTS (Clear To Send) RS232 signal, 

164, 167 
Ctty command (DOS), 43 
Cursor End register, VGA, 134 
Cursor Location High register, VGA, 

135 
Cursor Location Low register, VGA, 

135 
Cursor Start register, VGA, 134 

Data Address register, parallel port, 
197 
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Data bits, 171-172 
Data bus signals, 59-60 
Data Communications Equipment, 

159 
pinouts for, 167 

Data formats for serial 
communication, 171-173 

Data lines for CPU, 14 
Data register, parallel port, 198 
Data Rotate register, VGA, 139 
Data structures for overlays, 106 
Data Terminal Equipment, 159 

pinouts for, 167 
Date command (DOS), 44 
DCD (Data Carrier Detect) RS232 

signal, 165, 167 
DCE (Data Communications 

Equipment), 159 
pinouts for, 167 

Debug program (DOS), 44 
Decimal numbers 

and binary, 15 
and hexadecimal, 17-18 

Del command (DOS), 37, 41, 44 
Detailed by slot function (system 

configuration), 88 
Detailed by type function (system 

configuration), 88 
Device command (DOS 

configuration), 49 
Dimensions, EISA card, 27 
Dir command (DOS), 37, 41, 44 
Direct-connect cables, 169 
Direct memory access, 71-73 

development of, 7 
integrated system peripheral for, 29 

Direct programming 
of parallel printer port, 197-198 
of VGA, 124 

Directories 
changing of, 43 
creation of, 46 
listing of, 37, 41, 44 
removal of, 4 7 
structure of, 48 

Disk caching, DOS 4 support for, 41 

Diskcomp program (DOS), 44 
Diskcopy program (DOS), 44 
Disks and disk drives 

buffers for, 49 
checking of, 43 
comparison of, 44 
copying of, 43-44 
formatting of, 45 
joining of, 46 
parameters for, 50 
virtual, 47 

Index 

Divisor Latch registers, serial port, 
174-175 

DMA (direct memory access), 71-73 
development of, 7 
integrated system peripheral for, 29 

DOS 3.3 vs. DOS 4, 38-39 
DOS 4.0, 37-38 

commands and programs in, 41-48 
enhancements for, 39-41 
file structures in, 39 

Drivers, device, 49 
Drivparm command (DOS 

configuration), 50 
DSR (Data Set Ready) RS232 signal, 

165 
DTE (Data Terminal Equipment), 

159 
pinouts for, 167 

DTR (Data Terminal Ready) RS232 
signal, 165-166 

Dynamic memory, allocation of, 112-
113 

Echo command (batch file), 52 
Edge sensitive interrupts, 69 
Edit menu (system configuration), 88 
Editing of overlay functions, 101, 

111-112 
Edlin command (DOS), 41, 44 
EGA (Enhanced Graphics Adapter), 

121 
EMS (Expanded Memory 

Specification), DOS 4 support 
for, 38-39 

Enable Set/Reset register, VGA, 139 
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End Horizontal Blanking register, 
VGA, 131-132 

End Horizontal Retrace Pulse 
register, VGA, 132 

End Vertical Blanking register, VGA, 
137 

Enhanced Graphics Adapter, 121 
Enhancements, DOS 4, 39-41 
Erase command (DOS), 37, 44 
.EXE files, conversion of, 44 
Exe2bin program (DOS), 44 
Exit command (DOS), 44 
Exit function (system configuration), 

88 
Expanded memory 

DOS 4 support of, 38-39 
overlay file for, 102-103 

Expansion cards 
compatibility of, 6 
I/O map for, 21 
size of, 27-28 

Expansion slots, I/O map for, 21 
EXTENDED_INIT BIOS function, 

184-185 
External registers, VGA, 125-127 

Fastopen program (DOS), 45 
Fe program (DOS), 45 
Fcbs command (DOS configuration), 

50 
Fdisk program (DOS), 45 
Feature Control register, VGA, 126 
Files 

batch, 48, 51-53 
configuration, 90-99 
copying of, 48 
DOS 4, 39-40 
management of, 37, 41-47 
open,50 
overlay. See Overlay files 

Files command (DOS configuration), 
50 

Find program (DOS), 45 
Firmware, 34 
Floating-point coprocessor in i486, 

212-213 

For command (batch file), 52 
Foreign language support, 46 
Format program (DOS), 45 
Formats 

CFG file, 90-91 
serial data, 1 71-1 73 
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Function identification blocks, CFG 
file, 91 

Gang of nine, 8 
Get Video State function, VGA, 145-

146 
Goto command (batch file), 52 
Graphics, 123 

controller for, VGA, 124, 138-142 
DOS 4 support for, 41 

Graphics Address register, VGA, 138 
Graphics program (DOS), 45 
Grounds, RS232, 162, 164 

Handles, file, 50 
Hard disks, DOS 4 support for, 38 
Hardware 

BIOS as interface for, 35 
EISA, 21-30 
interrupts for, 36 

Help menu and functions (system 
configuration), 89 

Hexadecimal numbering system, 16-
18 

notation for, 5 
History 

of bus connectors, xvii-xviii 
of EISA, 5-8 

Horizontal Display Enable End 
register, VGA, 131 

Horizontal Pel Panning register, 
VGA, 144 

Horizontal Total register, VGA, 131 
How to use help function (system 

configuration), 89 
How to use keys function (system 

configuration), 89 

1486 chip, 22, 209-210 
compatibility of, 211-212 
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coprocessor in, 212-213 
reset line address for, 18 
segmentation architecture of, 212 

If command (batch file), 52 
!NIT function (overlay), 106-107 
!NIT function (parallel port), 201 
!NIT routine (BIOS), 181-183 
Initialization 

of nonvolatile memory, 113 
of overlay files, 101, 106-107 
of parallel ports, 201 
of serial ports, 181-183, 185-186 

Initialization identification blocks, 
CFG file, 91 

Input/output 
address map for, 73-81 
functions for, 13 
memory map for, 20-21 
See also Parallel ports; Serial ports 

and data communications 
Input Status register 0, VGA, 126 
Input Status register 1, VGA, 126-127 
Insertion force for EISA connector, 

23,65 
Install command (DOS configuration), 

50 
Installation, select command for, 41, 

47 
Integrated system peripheral, 29 
Intel chips, names for, 209 
Interfaces 

application program, 33 
BIOS as, 35 
component, 28-29 
See also Parallel ports; Serial ports 

and data communications 
Interrupt Enable register, serial port, 

175 
Interrupt Identification register, serial 

port, 176 
Interrupts, 34, 69-71 

design of, 7 
hardware, 36 
for serial communications, 173-176 

Interval timers, 71-72 
INVD instruction (i486), 212 

Index 

INVLPG instruction (i486), 212 
I/O. See Input/output 
ISA bus 

compatible DMA cycles for, 72 
vs. EISA, 5, 21, 57 
serial board for, 93-95 
signals for, 59-65 

Join program (DOS), 46 

Keyb program (DOS), 46 

Label program (DOS), 46 
Labels, volume, 46, 48 
Lastdrive command (DOS 

configuration), 50 
Level triggered interrupts, 69 
Line Compare register, VGA, 138 
Line Control register, serial port, 176-

177 
Line Status register, serial port, 178-

179 
Loading 

of operating system, 37 
of system files, 48 

Lock function (system configuration), 
88 

Logic levels, notation for, 5 
Lotus/Intel/Microsoft standard, 38-39 

Manual verify function (system 
configuration), 89 

Map Mask register, VGA, 129 
Maps 

input/output, 73-81 
interrupt controller, 70 
NMI register, 71 
of system I/O, 21 
of system memory, 20 

Math coprocessor in i486, 214-215 
Maximum Scan Line register, VGA, 

133 
MCA (Micro Channel Architecture), 

xvii, 5 
Md command (DOS), 46 



Index 

MDA (Monochrome Display 
Adapter), 121 

Mem program (DOS), 41, 46 
Memory, 13 

cache, in i486, 209 
DMA for, 71-73 
dynamic allocation of, 112-113 
expanded, 38-39, 102-103 
installed, detection of, 103-105 
map of, 20 
nonvolatile, 86, 89-90, 112 
RAM and ROM, 19-20 
status of, 41, 46 
testing of, 36 

Memory Mode register, VGA, 130 
Menus, DOS 4, 38 
Micro Channel Architecture, xvii, 5 
Miscellaneous output register, VGA, 

125-126 
Miscellaneous register, VGA, 141 
Mkdir command (DOS), 46 
Mode Control register 

serial port, 177-178 
VGA, 137-138, 143 

Mode program (DOS), 46 
for serial ports, 172 

Mode register, VGA, 140-141 
Modem Status register, serial port, 

180 
Modems 

cables for, 161 
connections to, 166-169 
data bits for, 172 
registers for, 180 

Modes, VGA, 123 
Monitors for VGA, 121 
Monochrome Display Adapter, 121 
Monochrome VGA attributes, 148 
More program (DOS), 41, 46 
Move function (system configuration), 

88 
MS-DOS. See DOS 4.0 

Names for CFG files, 90 
Networks, file sharing in, 47 
Nlsfunc program (DOS), 46 

Non-maskable interrupts, 71 
Nonvolatile memory 
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for configuration settings, 86, 89-90 
initialization of, 112 

Notations, 4-5 
Null modem cables, 168 
Numbering systems, 15-18 

Object-code compatibility of i486, 
209, 211-212 

Offset register, VGA, 136 
Open function (system configuration), 

87 
Operating system, 37 

and boot routine, 19 
and software architecture, 33-38 

Overlay files, 99, 114-118 
example of, 101-106 
functions for, 106-112 
for memory allocation, 112-114 
structure of, 100-101 

Overscan Color register, VGA, 144 
Overview function (system 

configuration), 88 
OVL files. See Overlay files 
_OvlCommonEntry function, 105 
OVL.H file, 114-118 

Palette registers, VGA, 142 
Parallel board, 95-98 
Parallel ports, 35-36 

addresses and registers for, 195-199 
BIOS routines for, 200-206 
connector for, 193-195 
programming examples for, 201-206 

Parameters for overlay files, 101 
Parity bits, 171, 181, 184 
Partitions, hard disk, 45 
Path command (DOS), 46 
Paths, DOS command for, 42, 46 
Pause command (batch file), 52 
Pausing of screen display, 46, 52 
PG (Protective Ground) RS232 

signal, 162, 164 
Pinouts for connectors 

EISA, 24-26, 57-58 
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parallel port, 193-195 
RS232, 160-161 
VGA, 122 

Power-on test, 36 
Preset Row Scan register, VGA, 133 
Print function (system configuration), 

88 
Print program (DOS), 47 
Printer Control register, 198-199 
Printer Status register, 199 
Printers 

BIOS routines for, 200-201 
cables for, 161-162 
character output to, 201-204 
data bits for, 172 
parallel port assignment for, 196 
registers for, 198, 198-199 
signals for, 195, 198 
string output to, 204-206 

Program listings, notation for, 5 
Prompt command (DOS), 47 
Providers of EISA products, 8-10 
PUT_CHAR function (parallel port), 

200-201 

RAM (Random Access Memory), 19-
20 

CMOS, 37, 86 
testing of, 36 

Rd command (DOS), 47 
Read Character and Attribute 

function, VGA, 148-149 
Read Cursor Position function, VGA, 

147 
Read Dot function, VGA, 150-151 
Read Map Select register, VGA, 140 
Read Only Memory, 19-20 

See also BIOS and BIOS routines 
Receive Buffer register, serial port, 

174 
Recover program (DOS), 47 
RECV BIOS function, 183 
Registers 

CPU, 14 
NMI, 71 
parallel port, 195-199 

and reset signal, 18 
serial port, 173-180 

Index 

VGA. See VGA (Video Graphics 
Array) 

video compatibility with, 122 
Rem command (batch file), 52 
Rem command (DOS configuration), 

50 
Remove function (system 

configuration), 88 
Ren command (DOS), 47 
Rename command (DOS), 47 
Replace command (DOS), 47 
Reset signals for CPU, 18, 36 
Resources function (system 

configuration), 89 
Restore command (DOS), 47 
Revert to saved function (system 

configuration), 88 
RI (Ring Indicator) RS232 signal, 165 
Rmdir command (DOS), 47 
ROM (Read Only Memory), 19-20 

See also BIOS and BIOS routines 
Root directory, 39 
RS232 interface, 159 

communications using, 166-167 
computer-to-computer cable for, 

169 
pin numbering for, 160-163 
signals for, 162-166, 171 

RTS (Ready To Send) RS232 signal, 
164, 166 

RXD (Receive Data) RS232 signal, 
162,164 

Save As function (system 
configuration), 87 

Scroll bar in system configuration 
menu, 86 

Scroll Down function, VGA, 150 
Scroll Up function, VGA, 150 
Search paths, DOS command for, 42 
Searching through files, 45 
Segmentation architecture of i486, 

212 
Select program (DOS), 39, 41, 47 



Index 

Sequencer, VGA, 124 
registers for, 127-130 

Sequencer Address register, VGA, 127 
Serial board, ISA, 93-95 
Serial ports and data 

communications, 159, 173 
BIOS routines for, 180-185 
boards for, 93-98 
connections for, 160-162, 166-171 
programming examples for, 185-189 
registers for, 173-180 
RS-232C signals for, 162-165 
series data format for, 1 71-173 

Serial/parallel board, 95-98 
Serial port status, reading of, 186-187 
Set Active Page function, VGA, 146 
Set Color Palette function, VGA, 151 
Set command (DOS), 47 
Set Cursor Position function, VGA, 

146-147 
Set Cursor Type function, VGA, 146 
Set Mode function, VGA, 145 
Set/Reset register, VGA, 138 
Settings Menu function (system 

configuration), 89 
SG (Signal Ground) RS232 signal, 

162,165 
Share program (DOS), 47 
Shell command (DOS configuration), 

51 
Shell program (DOS 4), 38 
Shift command (batch file), 53 
Signals 

address and data bus, 59-60 
arbitration, 62 
compatibility of, 57 
data transfer control, 60-62 
on EISA connector, 24-26 
notation for, 4 
parallel printer, 195 
RS-232C, 162-166, 170 
use of, 63-65 
utility, 62-63 

Slot specific signal lines, 4 
SMT (surface-mount technology), 27 
Software 

architecture for, 33-38 
configuration files, 90-99 
for EISA configuration, 85-90 
overlay files. See Overlay files 
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Software parameters function (system 
configuration), 89 

Sort program (DOS), 47 
Stacks command (DOS 

configuration), 51 
Start Address High register, VGA, 

134 
Start Address Low register, VGA, 

134-135 
Start bits, 171 
Start Horizontal Blanking register, 

VGA, 131 
Start Vertical Blanking register, VGA, 

137 
Status Address register, parallel port, 

197 
STATUS function (BIOS), 184 
STATUS function (parallel port), 201 
Status register, printer, 199 
Stop bits, 171, 181, 186 
Strings 

displaying of, with VGA, 152-156 
parallel port output of, 204-206 

STROBE signal, 195, 196, 198 
Subst program (DOS), 47 
Surface-mount technology, 27 
Switch & jumper settings function 

(system configuration), 89 
.Sys files, loading of, 48 
Sys program (DOS), 47 
System board 

memory map for, 21 
overlays for, 106 

System configurations 
changing of, 46 
menu for, 86-89 

System memory map, 20 
System menu (system configuration), 

87-88 
System reset, 36 

Test, power-on, 36 
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Tildes O for active low states, 4 
Time command (DOS), 47 
Transmit Buffer register, serial port, 

173-174 
Tree program (DOS), 41, 48 
TXD (Transmit Data) RS232 signal, 

162, 164, 166, 168 
Type A DMA cycles, 72-73 
Type B DMA cycles, 73 
Type command (DOS), 48 

Underline attribute, VGA, 148 
Underline Location register, VGA, 

136 
Unlock function (system 

configuration), 88 
UPDATE overlay function, 112 
Update phase for overlay files, 101 
Utility programs, 38 
Utility signals, 62-63 

Ver command (DOS), 48 
Verify command (DOS), 48 
Verify function (system 

configuration), 88 
Version, DOS, 48 
Vertical Display Enable End register, 

VGA, 136 
Vertical Retrace End register, VGA, 

135-136 
Vertical Retrace Start register, VGA, 

135 
Vertical Total register, VGA, 132 
VGA (Video Graphics Array), 121-

122 
attribute controller registers for, 

142-144 

Index 

BIOS functions with, 145-151, 154-
156 

components for, 123-124 
CRT controller registers for, 130-

138 
external registers for, 125-127 
graphics controller registers for, 

138-142 
modes of operation for, 123 
programming examples for, 151-156 
programming of, 124 
sequencer registers for, 127-130 
video board for, 98-99 

Video 
compatibility for, 121-122 
connector for, 122 
DOS 4 support for, 39, 41 
memory for, 20 
See also VGA (Video Graphics 

Array) 
View menu (system configuration), 

88-89 
Virtual drives, 47 
Vol command (DOS), 46, 48 
Volume labels, 46 

WBINVD instruction (i486), 212 
Write Character and Attribute 

function, VGA, 147 
Write Character Only function, VGA, 

147-148 
Write String function, VGA, 149-150 
Write TTY function, VGA, 149 

XADD instruction (i486), 212 
Xcopy program (DOS), 48 
XMIT BIOS function, 183 
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