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BIOS ROM WITH TABLE FOR EXPANDING MONOCHROME IMAGE INTO COLOR IMAGE 

5 BACICGROtJNP OF '!'HE INYENTION 

Field of tbe Invention 

The present invention generally relates to the art of 

digital computers, and more specifically to a Basic Input-output 

System (BIOS) Read-Only Memory (ROM) including an expansion 

10 table for expanding a monochrome image into a color image. 

Description of the Related Art 

· The graphic 'display capabilities of digital computers are 

constantly improving. Video modes which provide extremely high 

resolution and the display of hundreds of colors are now 

15 commonplace. 

Older video modes such as Color Graphics Adapter (CGA) are 

almost obsolete. However, it is desirable to provide backward 

cou;>atibility for the older modes, s9 that software which was • • 

written to use these modes will run on a newer computer. 

20 Th.ere are also some applications which can benefit from . . 
running in an older, simpler graphics mode. For example, an 

electronic cash register in a supermarket may display only a few 

rows of simple text, and need nothing more than what can be 

provided at high speed and low complexity by a CGA text mOd.e. 
25 In IBM PC type computers, for example, video display 

services such as text. display are invoked by storing input 

parameter~ in computer registers, and generating an interrupt 

lOh request (the letter "h11 following a number indicates that it 

is a hexadecimal number). To maintain backward compatibility, 

30 the video display services that are invoked via interrupt 10h 

must be located in the computer's Basic Input-Output system 
. . 

(BIOS) Read-Only Memory (ROM) chip. 

A video service that is commonly used is writing a 

bitmapped graphic text character to the video display screen in 

35 CGA mode 4 or 5. Mode 4 provides a 40 column color display with 
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four colors. Mode 5 provides a 40 column greyscale display with 
4 levels of grey. 

An input text character to be written to the screen is 
received as an ASCII code, in which it is represented by one 

s byte (8 binacy bits). The ASCII code is used to access a bitmap 
table in which each character is represented by a matrix of 
eight scan lines, each of which consists of one byte or 8 bits. 

The bitmap table includes a monochrome image of each 
character in which each pixel is represented by one bi.t, such 

10 that the pixel can appear as one of two colors (e.g. black and 
white) . However, CGA modes 4 and 5 provide for four possible 
values for each pixel, such that the pixel can be one of four 
colors in mode 4 and one of four shades of grey in mode s. 

The color in which the character is to be displayed is 
15 se1ected or specified by the function which generates the 

interrupt and i~ passed to the character display routine. 
various combinations involving different pallets of colors are 
available. However, all of the pixels Qf a character are 

displayed in the same color. 

20 Each character in CGA mode 4 or 5 consists of eight scan 
lines as in the monochrome bitmapped image. However, each scan 
line includes one word (two bytes), with each pixel being 
represented by two bits. The two bit code for each pixel 

enables a selected one of four colors to be specified. 
25 In order to display a bitmapped text character in CGA made 

4 or 5, the monochrome bitmap image· must be expanded into a 

color bitmap image in which each background pixel represented by 

a binary "on ;in the monpchrome image is expanded to binary "00 ~ , 
and each foreground pixel represented by a binary 11 1 11 in the 

30 monochrome image is expanded to binary "01 11 , 11 10 11 , or "11" in 

accordance with the selected color. 
·European Patent No. 71725, AUg. 31, 1988, entitled "METHOD 

FOR SCROLLING TEXT AND GRAPHIC DATA IN SELECTED WINDOWS OF A 
GRAPHIC DISPLAY" , to J. Bradley I teaches how to expand a 

35 monochrome bitmap image of a character into a color bitmap image 

one pixel at a time. 
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More specifically, each bit of the bitmapped image is 

· examined individually. If the bit is "o" , a 11 oo 11 is stored in 
. . 

a corresponding location in a video display buffer for display. 

If the bit is "1 11 , a "O;L" , it 10" , or "11 11 is stored in accordance 

5 with the selected color. This procedure is undesirably slow 
because each bit (pixel) is expanded individually. 

An improvement to the method presented by Bradley is 
disclosed in German Patent Application No. 4405329A1, entitled 

"METHOD FOR DISPLAYING TEXT ON A PC MONITOR. IN THE CGA GRAPHIC 

10 MODE", published Aug. ~4, 1995, to G. Paley et al. This patent 

teaches how to expand a scan line in a register using a sequence 

of shift and logical OR operations which provides a speed 

improvement over the Bradley system. 
However, the Paley method also expands characters one pixel 

15 at a time, requires 64 program loops {8 scan lines x a bits/scan 
line) to expand a single character, and is also ~desirably 

slow. 

SUMMARY OF THE INVENTION 
The present invention provides an improvement over the 

20 prior art as presented above by substantially increasing the 
speed at which a bitmapped graphic character can be expanded 

from monochrome to color and stored in a video display buffer 

for display on a video display screen·. 

The invention achieves this. goa1 by providing a methoc.i 

25 which uses a conversion or expansion table to expand bitmapped 
text characters one scan line at a time, rather than one pixel 
at a time. 

More specifically, a Basic Input-Output System (BIOS) R.ead­

Only Memory (ROM) for a computer according to the present 

30 invention includes an expansion table, and a storage for storing 

a computer program for generating an output character 

represent~dby bitmapped output.scan lines from a corresponding 
input character represented by bitmapped input scan lines. which 
have a smaller number of bits than the output scan lines. 
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The input scan lines are each preferably one byte long, 
with one pixel being represented by one bit. The output scan 
lines are each preferably one word long, with each pixel being 
represented by two bits to provide four selectable colors. 

The computer program includes instructions for accessing 
the expansion table with the input scan lines to obtain 
corresponding output scan lines. The expansion table includes 
entries which are addressable by a nibble of an input scan line 
and contain a corresponding byte of an output scan line, and 
separate sections for the four colors. A character can be 
generated once, or a selected number of times, at high speed. 

Program instructions for implementing the character 
expansion are preferably included in a storage (ROM area) of the 
BIOS ROM to provide a built-in, 
resolution display capability, e.g. 
{ CGA) text display, for ·a newer 
processing device . 

backward compatible low 
a Color Graphics Adapter 
computer or other data 

. These and other features and advantages of the present 
invention will be apparent to those skilled in the art from the 

20 following detailed description, taken together with the 
accompanying drawings, in which like reference numerals ref er to 
like parts. 

DESCR.lPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of. a computer implemented v1cfeo 

25 display system including a BIOS ROM according to the present 
invention; 

30 

. FIG. 2 is a diagram illustrating a CGA mode 4 or 5 video 
display; 

. FIGS. 3a, 

arrangement of a 
FIG. 5 is 

3b. and 4 are diagrams illustrating 
CGA video mode 4 or s display buffer; 
a diagr~m illustrating a monochrome 

character bitmap table; 

the 

text 

FIGS. 6 and 7 are diagrams illustrating a conversion or 
expansion table of the invention; 
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FIGs. Sa to Sh are diagrams illustrating a color expansion 
operation of the invention; and 

FIGs. 9a to 9d in combination constitute a flowchart 
illustrating a method performed by compute~ program instructions 

5 · according to the invention. 

DETAILED DESCR.IPTION OF THE INVENTION 
FIG. 1 illustrates a computer implemented video display 

system 10 including a Basic Input-Output System (BIOS) Read-Only 
Memory (ROM) according to the present invention. 

10 The system 10 is implemented as a personal computer (PC) 

workstation or the like which conventionally includes standard 
components such as volatile and non-volatile memory, a keyboard, 
magnetic and/or-optical mass storage drive, mouse, etc. which 
are not the subject matter of the invention and are not shown. 

15 The system 10 includes a video display 12 having a CRT or 
liquid crystal display ~creen for displaying text and graphic 
images which are stored in a video memory or buffer 14. The 
system 10 further includes a processor 16 such as an Intel X86 

or Pentium chip which includes a number of on-board registers 
20 that are collectively designated as 16a. The processor 16 

executes program instructions that are stored in the volatile 
and/or non-volatile memory. 

The system 10 further comprises a BIOS ROM 18 according to 
the present invention. The BIOS ROM 18 includes a storage 2G %n 

25 the f o:rm of a ROM area which stores computer program 
instructions that are executed by the processor 16. The BIOS 

ROM 20 further includes a pitmap table 22 which stores · 
monochrome images of bitmapped text characters in which one 
display pixel is represented by one binary bit. In accordance 

30 with an.important feat~re of the present invention, the BIOS ROM 
18 further includes a text character color conversion or 
expansion tab1e 24 which will be described in detail below. 

FIG. 2 illustrates a Color Graphics Adapter (CGA) mode 4 or 
5 bitmapped graphic.text display 26 as stored displayed on the 

35 screen of the video display 12. The display 26 includes 40 
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columns· x 25 rows of text characters. In ~de 4, each character 
can have one of four colors. In mode 5, · each character can have 
one of four shades of grey. As illustrated, an exemplary text 
message begins at row 6, column 7 o~ the display 26 .. 

5 FIGs. 3a, 3b and 4 illustrate how bitmapped graphic text 

10 

characters are stored in the video buff er 14 in CGA modes 4 and 
5. . Each c~racter is: made up of a matrix of pixels, including 
scan lines that are stored in different places in the video 
buffer 14. . 

As shown in FIG. 3a, the entire video buffer 14 stores data 
representing 40 columns x 25 rows of text characters, with each 
character being represented by a matrix of a pixels x 8 pixels. 
Thus, the entire display consists of 40 columns x a pixels = 320 
horizontal pixels, and 25 columns x 8 pixels = 200 vertical 

15 pixels. 
Each character includes 8 horizontal scan lines, each 

consisting of 2 bytes Cone word or 16 bits). Since each 
character includes ~ horizontal pixels, each pixel is 
represented by 2 bits. Thus, each pixel can have one of f·our. 

20 colors (CGA mode 4) or one of four levels of grey (CGA mode 5) . 
The total number of bits required for the video memory is 80 
bytes/row x 25 rows x 8 bits/byte = 16,000 bits. 

As shown in FIG. 3b, the video buffer 14 stores one byte at 
each memory location, and is divided into two banks of 8,000 

25 bytes each. Bank 1 stores even scan · lines, whereas Bank -2 
store!51 odd scan lines. Although Bank 1 requires only 8, 000 
bytes, Bank 2 begins at 2000h which is 8192 bytes from the 
beginning of Bank 1 • 

. This relationship is shown in more detail in FIG. 4, which 
30 illustrates the leftmost two exemplary characters, e.g. nA.11 and 

"C", · in the first row of the· buffer 14. The first scan line (2 
bytes) of the characte:z:: "A" is stored at locations OOOOh and 
0001h respectively in Bank 1. The second scan line is stored in 
locations 2000h and 2001h in Bank 2. The third scan line is 

35 stored in locations OOSOh and OOSlh in Banl~ l, the fourth ~can 
line is stored in locations 2050h and 2051h in Bank 2, etc. 
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FIG. S"illustrates the arrangement of the bitmap table 22 
in the BIOS ROM 18. The bitmap table 22 stores monochrome 
graphic representations of the first 128 ASCII characters, with 
each pixel being represented by one bit of bitmapped data. Each 

s 11 1" represents a pixel of a character, whereas a 11 0 11 represents 
a background pixel. 

A text character to be displayed on the display 12 is 
received as a one byte ASCII code which is used to calculate an 
input address for the table 22 • Since each character has 8 scan 

io lines, th~ first scan line of each character is stored at a 
location having the address {CHAR x 8), where CHAR. is an input 
ASCII code. For.example, the first scan line of the character 
"A" will be stored at location 0208h in the table 22, which is 
equal to the ASCII code 4lh of the character "A" multiplied by 

15 a, or 41h x Sh = 0208h. 

The 8 scan lines of any character can be obtained by 
accessing the table 22 with the val~e (ASCII code x 8) to get 
the address of the first line, and incrementing this address 7 
times to get the addresses of the following 7 lines. 

20 FIG. 6 illustrates the arrangement of the conversion or 
'expansion table 24 according to the present. invention. The 
table 22 includes four sections or segments 24a, 25b, 24c and 
24d for the four possible colors or values a two bit pixel can 
have respectively. For example,· if the function which calls for 

25 a text character to be displayed in CGA mode 4 or 5 selects er . . 
specifies the color represented by a pixel value "01", the 
section 24b will be accessed. 

Each section of the table 24 is 16 bytes long, such that 
the total size of the table 24 is 64 bytes. The addresses of 

30 the sections of the table 24 are indicated in the drawing. 
As will be described in detail below, a preferred method of 

practicing the present invention expands a monochrome character 
bitimage from the table 22 in which each character scan line is 
one byte long i~to a color character bitimage in which each 

35 character scan line is one word (2 by~es) long. The invention 
accesses the table 22 one nibble (one-half byte or 4 bits} at a 
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time. Thus, the table 24 is accessed by using one nibble of a 
scan line from the table 22 as an address, and contains a color 
expanded byte corresponding to the nibble at the accessed 
address location. 

5 As viewed in FIG. 7, each section of the table 24 includes 
16 entries which represent the 16 different values that can be 
represented by one n~le (4 bits) of a scan line in the table 
22. The 16 entries are located at off sets from the beginning of 
each section 24a to 24d corresponding to the value of the 

10 nibble. As shown in FIG. 7·, the section 24b for the color 11 0111 

starts at 0010h, which is the entry for an input nibble value of 
binary "0000". The entry for the next nibble value of 11 0001 11 is 
located at the next·address 0011h, etc. 

Each entry.in the table 24 corresponds to the input nibble 
15 value such that each 11 011 in the input value is replaced by 11 00 11 , 

and each "l" in the input value is replaced by 11 00 11 , "01", "10" 
or 11 1111 in the sections 24a to 24d respectively. For example, 
for an input nibble value 11 0100 11 at address 0014h (in section 
24b for the color "01~), the- color expanded byte has the value 

20 11 00010000 11 • The 11 011 , "1", 11 011 and "0" bits in the input value 
~0100 11 are replaced by· 11 00 11 , "01", 11 0·0 11 and "00" respectively. 

The overall method of the invention includes accessing the 
bitmap table 22 with the ASCII code of a character which is to 
be displayed in CGA mode 4 or 5 to obtain the bitmapped 

25 monochrome scan lines. Each monochrome scan line is · cqlor 
expanded in accordance with the selected color and written to 
the video buffer 14 for display on the video display 12. 

FIGs. ·aa to Sh illustrate how one monochrome scan line 
obtained from the table 22 is color expanded in accordance with 

3 o a preferred. embodiment of the present invention. The expansion 
is performed.using one of the registers 16a. The processor 16 
will be assumed to have an IBM x86 or Pentium compatible 
architecture and instruction set, and the register in whic~ the 
expansion is performed will be taken as the accumulator register 

35 AX. 
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As shown in FIG. Sa, the accumulator register AX has a size 

of 16 bits, and is divided into an high order byte section AH 

and a low order byte section AL that can be accessed 

independently. The first step of the expansion process is to 

s load an input scan line (one byte) obtained from the table 22 

into the register section At. The input scan line in the 

example of FIGS. Sa to Sh has the binary value "10010110" {92h) , 

and the selected color is 11 0111 • 

In· FIG. Sb, the one byte sc~n line in the section AL is 

10 copied into the section AH. In FIG. Sc, the high order 4 bits 

in the section AL are cleared by, for example, performing a 

logical AND operation between the value in the section AL and 

the binary number 11 0000111111 • This isolates the low order 

nibble of the input scan line, and makes room for expansion of 

15 the low order nibble to a size of one byte in ~ section AL. 
The nibble expansion is performed in FIG. 8d. This is 

pref ~rably accompli~hed using a translate instruction such as 

"xlat11 in the x86 instruction set which accesses the expansion 

table 24 using the nibble value as an address (offset into the 

· 20 tabl~} and replaces the value in the register section AL with 

the entry in the table 24 at the accessed address. Thus, the 

value 11 00000110 11 is replaced by the value 11 00010100 11 in the 

register section AL. 
The actual off set address into the table 24 is calculated 

25 by multiplying the color value by 1.6 ( 10h) to obtain the base "l:Jf 

the section 24a to 24d,. and adding the nibble value to the base 

value. In the example of FIG. Bd, the off set into the table 24 

is "01 11 (color) x 10li = 00:1.0h (base of .section 24b for color 
11 01 11 } + "0110" or 6h (nibble value) = 0016h. The expanded value 

3 o of 11 00010100" is found at this address as illustrated in FIG. 7. 

After the expansion of the low order nibble has been. 

accomplished, the contents of the AL and AH register sections 

are exchanged or swapped as illustrated in FIG. Be. This step 

is necessary using the conventional x86 instruction set in which 
35 the 11xlat 11 instruction will only work for the low order register 

section AL. 
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The high order nibble (4 bits) of the mono~rome scan line 
is isolated as illustrated in FIG. Bf by shifting the register 
section AL right by 4 bits to pr~duce a configuration which is 
equivalent to that of FIG. Sc, except that the high order nibble· 

s of the input monochrome scan line now occupies the low order 4 

bits of the register section AL. 
·The high order nibble is expanded in FIG. 8g in the same 

manner as described above . for the low order nibble with 
reference to FIG. Sd. The high order nibble has a value of 

10 11 1001 11 (0009h), and points to location 0019h in the table 24. 
The expanded value which is found in this location and 
translated into the register section AL is "01000001". 

In FIG. Sh, the contents of the register sections AL and AH 
are exchanged so that the high order byte of the expanded scan 

15 line is in AH and the low order byte is in AL. Thus, the input 
monochrome scan line byte 11 10010110 11 is expanded to 
11 0100000100010100 11 in .the accumulator register AX. 

FIGS. 9a to 9d in combination constitute a flowchart of a 

method for generating an output character according to the 
20 present ·invention. 

The process is begun by a calling function inputting a 
variable CHAR which is the ASCII character to be displayed on 
the video display 12, a variable COLOR which specifies a 
sele.cted character color 11 00 11 to "11", a variable MODE which 

25 specifies a store or exclusive-OR (XOR) mode, and a variable 
COUNT which specifies the number of times the character CHAR is 
to be written to the video.buffer 14 for display on the video 
display· 12 • These variables are passed in using registers, and 

the calling function generates an interrupt 10h request which 
30 internally pushes the variables onto the stack and ~ets up a 

variable 11bp 11 which points to them. · 
In the PC x86 and Pentium compatible architecture, the 

variables are accessed: using a standard IBM core video request 
for BIOS service, in this case a CGA mode text display service. 

35 Sample code for calling interrupt lOh is as follows. 
mov ah,.9 ;write character function 
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rnov al,'-' 
mov bl,2 
rnov cx,20 

int 10h 

---~""-

PCT/US98/l1859 

character to write 
; color 
; write hyphen 20 times 

s The code which is executed by interrupt 10h performs the 

10 

15 

following basic flow. 
pusha ; save all registers on the stack 
mov bp,sp ; bp =3D sp (~d is now a pointer to 

regs tack) 

check function in ah and jump to appropriate routine 

po pa 
iret 
After these initialization operations have been performed, 

the flow begins at a step 100 in FIG. 9a which calls a routine 
20 to ~alculate a destination p~inter DEST to the address in Bank 

1 of the video buffer 14 in.which the first scan line of the 
character is to be written. 

This routine is illustrated in FIG. 9c. The destination 
pointer DEST is calculated in a step J.02. from the cursor row and 

25 column location that is conventionally maintained by the BIOS 
ROM zoutines. Taking the display 26 of FIG. 2 as an example, it 
will be assumed that the first character "T" is to be displayed 
at row 6, column 7. 

The value of the pointer DEST ·is calculated as DEST = 
30 (cursor row x video columns x 4) + cursor column. The value of 

video columns is the maximum number of columns that can be 
displayed, and is 40 for modes 4 and 5 and 80 for mode 6. In 
the example of FIG. 2, the value DEST = (6 x 40 x 4) + 7 = 967 
or 03C7h.· The multiplication by 4 is performed because four 

35 scan lines of each character are stored in each of Bank 1 and 

Bank 2 of the video buffer 14 as described above with reference 

- 11 -



W099/l9860 PCT/US98/218S9 

to FIGS. 3a, 3b and 4. 
A test is made in a step 104 to determine if the requested 

service is for CGA mode 6. This is an 80 column x 25 row 
monochrome text mode which is not the subj-ect matter of the 

5 invention, and step 104 is included to maintain compatibility 
with existing BIOS services. 

If the video mode is not CGA mode 6, the destination 
pointer DEST is mul~iplied by two in a step 106. This is done· 
because each yideo column (c~aracter) scan line is represented 

10 by two bytes in CGA modes 4 and 5. In the present ~xample, this 
gives a value of DEST= 1934 (078Eh). 

Returning to FIG. 9a, the next step 108 which is performed 
after calculation of the destination pointer is to determine if 
the ASCII character code is larger than 127. {007Fh). As 

15 described above, only the first 128 ASCII characters are 
provided in the bitmap table 22 in the BIOS ROM 18. If a larger 
numbe~ of characters are desired, they must be stored in an 
external user supplied bitmap table {not shown) . 

If the value of· CHAR is not larger than 127, a source 
20 ·pointer SOURCE is set to point to the bas~ of the bitmap table 

22 in a step 110. ·If the value of CBAR is larger than 127, the 
source pointer SOURCE is set to point to the base of an external 
bitmap table in a step 112. 

A step 114 is provided for compatibility with the standard 
25 BIOS. services. It is possible that due to . an error in· the 

calling function, no external bitmap table was specified by the 
input routine. In this case, the value of CHAR is set to zero 
in a step 116. 

The last step 118 in FIG. 9a is to calculate a new value 
30 for the source pointer SOURCE as the location in the bitmap 

table 22 (or external bitmap table) from which the first scan 
line of the input character CHAR is to be read. This value is 
calculated by adding the value (CHAR x 8) to the base address of 
the bitmap table 22 .{from step 110) or external bitmap table 

35 (from step 112) as described above with reference to FIG. 5. 
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The process flow is continued in FIG. 9b as indicated by a 
link nA11 • A step 120 checks to see if the requested ·service is 
CGA mode 6. If so, an · 80 column x 25 line monochrome text 

character write routine 122 is performed which is not the 
5 p~:rticular subject matter of the invention, after which the· 

process terminates. 
If the video mode is not CGA mode 6, an expansion pointer 

EXPAND is calculated in a step 124. The pointer EXPAND points 
to the base address of the section 24a to 24d in the expansion 

10 table 24 for the selected color. As described with reference to 
FIG. 6, this value is calculated as the base address of the 
table 24 plus COLOR x 16 (0010h). 

Step 126 initializes a counter variable SCANLINES to 4. 
The variable SCANLINBS is used to count the number of scan lines 

15 that· are read out of the table 22, expanded, and written to Bank 
1 and Bank 2 the video buffer 14. 

Step 128 calls a routine that is illustrated in FIG. 9d for 
expanding an even scan line (byte) from the bit~p table 22 and 
writing the expanded scan line (word) in Bank 1 of the video 

20 buffer 14. Step 130 calls the routine of FIG. 9d for expanding 
an odd scan line from the bitmap table 22 and writing the 
expanded scan line in Bank 2 of the video buffer 14. Step 130 
differs from step 128 in that 2000h is added to the current 
value of the destination pointer DEST to point to the base 

25 address of Bank 2 of the video buffer 14. __ 

As illustrated in FIG. 9d, steps 132 to 136 corre.spond to 
the operations which were described above with reference to 

FIGS. Sa to Sh respectively. The result is that a color 
expanded scan line (word) is stored in the accumulator register 

30 AX. 

Step 148 tests to determine if the variable MODE is store 
or exclusive-OR (XOR). If the mode is store, the expanded scan 
line {word) in the register AX is stored in the location pointed 
to by the destination pointer DEST in the video buff er 14 in a 

35 step 150, and the variable COUNT is decremented in a step 152. 
A test is made in a step 154 to check if the variable. COUNT has 
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been decremented ·to zero. If so, the process returns to the 
flow of FIG. 9b as will be described below. 

If the variable MODB is XOR, the expanded scan line in the 
register AX is exclusive OR'd with the contents of the location 

5 pointed to by the destination pointer DEST in a step 156. The 
XOR operation ~s performed when it is desired to superimpose a 
new image on an existing image in the vide? buffer 14. 

If a bit of the new image is 11 0 11 ~ the existing bit is not. 
changed. If the bit of the new image is 111 11 , the existing bit 

10 is inverted.· This makes it possible, .for _example, to write a 
white character on an existing white background, sine.a the 11 00" 

bits of the existing white background will be inverted to 111111 

(e.g. black), and the new white character will stand out from 
the ~ew black backgrotind. Step 158 decrements the value of the 

15 variable COUNT, and a step 160 checks to see if the variable 
COUNT has been decremented to zero. 

·After the step l54 or 160 produces a YES result, the: 
. . 

routine of FIG. 9d returns to the step 130 of FIG. 9b if an even 
scan line was written, or to a step 162 if an odd scan line was 

20 written. The step 162 increments the destination pointer DEST, 
increments the source pointer SOURCB, imd decrements the counter 
variable SCANLINES in preparation for expanding and writing the 
next scan line. If a step 164 determines that all scan lines of 
the character have been expanded and written, the process exits. 

25 to the calling function. If one or more scan lines remain to 9e 

expanded and written, the process loops back to the step 128. 
The variable COUNT enables a.character to be written to the 

video buffer 14 a plurality of times.at high speed. As long as 
the variable COUNT has not been decremented to zero, the process 

.30 flow of FIG. 9d loops back to st~p 150 or 156 from step 154 to 
160 to repeatedly store or XOR the scan line that was expanded 
in the steps 132 to 146. This arrangement is especially 
efficient because the character scan line only has to be 
expanded once no matter how many times the character is to be 

35 ·written to the video buffer 134. 
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In summary, the present invention provides an improved 
method, video display system. and BIOS ROM which substantially 
increase the speed at i-Thich a bitmapped graphic character can be 
expanded from monochrome to color and stored in a video display 

s buffer for display on a video display screen. The invention 
achieves this goal by using a conversion or expansion table to 
expand bitmapped text characters one scan line at a time, rather 
than one pixel at a time. 

Various modifications will become pos~ibie f ~r those 
10 skilled in the art after receiving the teachings of the present 

di·sclosure without departing from the scope thereof. 
For example, although the invention has been described and 

illustrated as using a conversion table to generate an output 
character from a~ input character in which the scan lines of the 

15 output character have more bits than the scan lines of the input 
character, the invention is riot so limited, and is further 
applicable to, for example, an arrangement in which the scan 
lines of the output character have less bits than the scan lines 
of the input character. 

- -
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WHAT IS CLAIMED IS: 

1·. In a computer implemented video display system, a 
method for generating an output character represented by 
bitmapped output scan lines from a correspond~ng i~put character 
represented by bitmapped input scan lines which have a different 
number of bits than the output scan lines, comprising the steps 
of: 

(a} providing a conversion table including entries 
which ar~ addressable by at least a:portion of an input scan 
line and contain a corresponding at least a portion of an output 
scan line; and 

(b) accessing the conversion table with the input scan. 
lines to obtain .corresponding output scan lines. 

2. A method as in claim 1, in which the output scan lines 
have more bits than the input scan lines. 

3 • A method as in claim 1, in which each input scan line 
includes one byte of bitmapped data, and each output scan line 
includes one word of bitmapped data . 

. 4 • A method as in claim 3 , in which: 
each entry in the conversion table is addressable by 

one nibble of an input scan line and contains one byte o-t: .ft 

~orresponding output scan line; and 
step (b) comprises the substeps, for each input scan· . . 

line, of: 
(bl) accessing the conversion table with a first 

nibble· of the input scan line to obtain a first byte of the 
corresponding output scan line; and 

(b2) accessing the conversion table with a second 
nibble of the input scan line to obtain a second byte of the 
corresponding output scan line. 

- 16 -
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5. A method as in claim 1, in which the output scan lines 
include a larger number of bits per pixel than the input scan 
lines. 

6. A method as in claim 1, in which each input scan line 
includes one bit per pixel, and each output scan line includes 
two bits per pixel. 

7. A method as in claim 6, in which the two bits 
representing each pixel of the output character for which the 
input pixel has a first binaxy value have the first binary 
value; and the.two bits representing each pixel of the output 
character for which the input pixel has a second binary value . . 
have a selected one of the second binary value, a third binary 
value and a fourth binary value. 

a. A method as in claim 7, in which the first to fourth 
binary values are oo, 01, 10 and 11 respectively. 

9. A method as in claim. 7, in which: 
the conversion table comprises first, second and third 

sections in which the two bits ·representing each pixel of the 
output character for which the input pixel has the. second binary 
value have the second, third and fourth binary values 
respectively; and . -

step (b) comprises accessing one of the three sections 
in accordance with a selected one of the second, .third and 
fourth binary values. 

10 • A method as in claim 9, in which: 
the conversion table has a fourth section in which .the 

two bits representing ectch pixel of the output character for. 
which the input pixel has the first binary value have the first 
binary value; ~ 

step Cb) compris~$ accesSing the fourth section in 
accordance with selection of the first binary value. 
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11. A method as in claim 1, in which step (b) comprises 
generating an output character a selected number of times from 
an input character by accessing the conversion table with the 
input scan lines to obtain corresponding output scan lines said 
selected number of times. 

12. A method as in claim 11, in which step (b) comprises 
accessing the conversion table with each input scan line said 
selected number of times. 

13. A method as in claim 1, in which step (b) comprises 
the substeps, for accessing the conversion table with each input 
scan line, of: 

(bl) storing the input scan. line in a storage; and 

(b2) exec~ting a translation instruction which causes 
the conversion table to be accessed such that the input scan 
line is replaced by a corresponding output scan line in the 
storage. 

14 • A method as in claim 13, in which the storage is a 
computer register. 

15. A computer implemented video display system for 
generating an output character represented by bitmapped output 
scan lines from a corresponding input character represented., by 
bitmapped input scan lines which have a different number of bits 
than the output scan lines, comprising: 

a conversion table including entries which are 
addressable by at least a portion of an input scan line and 
contain a corresponding at least a portion of an output scan 
line; and 

a computer for accessing the conversion table with the 
input scan lines to obtain corresponding output scan lines. 

16. A system as in claim 15, in which the output scan 
lines have more bits than the input scan lines. 
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17 • A system as in claim 15, in which each input scan line 
includes one byte of bitmapped data, and each output scan line 
includes one word of bitmapped data. 

18. A system as in claim 17, in which: 
each entry in the conversion table is addressable by 

one nibble of an input scan line and contains one byte of a 
corresponding output scan line; and 

the computer, for ·each input scan line, accesses the 
conversion table with a first nibble of the input scan line to 
obtain a first byte of the corresponding output scan line; and 
accesses the conversion table with a second nibble of the input 
scan line to obtain a.second byte of the corresponding output 
scan· line. 

19 • A system as in claim 15, in which the output scan 
lines include a larger number of bit~per pixel than the input 
scan lines. 

2 o. A system as in claim 15, in which each input scan line 
includes one bit per pixel, and each output scan line includes· 
two bits per pixel. 

21. A system as in claim 20, in which the two bits 
representing each pixel of the output character for which the 
input pixel has a first binary value have the fir~t binary 
va1ue; and the two bits representing· each pixe1 of the output 
Character for which the input pixel has a second binary value 
have a selected one o~ the second binary value, a third binary 
value and a fourth binary value. 

22 • A system as in claim 21, in which the first to fourth 
binary values are oo, Ol, 10 and 11 r~spectively. 

23. A system as in claim 20, in which: 
the conversion table comprises first, second and third 

- 19 -



111111111111111111111111111111 
W099fl9860 

* C L M S * PCT/US98/21859 

sections in which the two bits representing each pixel of the 
output character for which the input pixel has the second binary 
value have the second, third an~ fourth binary values 
respectively; and 

the computer accesses one of the three sections in 
accordance with a selected one of the second, ·third and fourth 
binary values. 

24. A system as in claim 23, in which: 
the conversion table has a fourth section in which the 

two bits representing each pixel of the output character for 
which the input pixel has a first binary value have the first 
binary value; and 

the co~ter accesses the fourth section in accordance 
with selection of the first binary value. 

25 • A system as in claim 15, in which the computer 
generates an output character a selected number of times from an . 
input character by accessing the conversion table with the input 
s·can . lines to. obtain corresponding output scan lines said 
selected number of times. 

26. A system as in claim 25, in which the computer 
accesses the conversion table with each input scan line said 
selected number of times. . -

27. A system as in claim 15, in which: 
the system further comprises a storage; and 
for each scan line, the computer accesses the 

conversion table with the input scan line and stores the input 
scan line in the storage; and executes a translation instruction 
which causes the conversion table to be accessed such that the 
input scan line is replaced by a corresponding output scan line 
in the storage. 
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28. A system as in claim 27, in which the storage 
comprises a register. 

29. A Basic Input-output System (BIOS) Read-Only Memory 
(ROM) comprising: 

a conversion table; and 
a storage for storing a computer program for 

generating an output character represented by bitmapped output 
scan lines from a corresponding input character represented by 
bitmapped input scan lines which have a different number of bits· 
than the output scan lines, in which: 

the conversion table includes entries which are 
addressable by at least a portion of an input scan line and 
contain a corresponding at least a portion of an output scan 
line; and 

the computer program includes instructions for 
accessing the conversion table with the input scan lines to 
obtain corresponding output scan lines. 

· 3 o. A BIOS ROM as in claim 29, in which the output scan 
lines have more bits than the input scan lines. 

31. A BIOS ROM as in claim 29, in which each input scan 
line includes one byte of bitmapped data, and each output scan 
line includes one word of bitmapped data. 

32. A BIOS ROM as in claim 31, in which: 
each entry in the conversion table is addressable by 

one nibble of an input scan line and contains one byte of a 
corresponding output scan line; and 

the computer program includes instructions, for each .. -. .. , . 

input scan line, for acceS$~iig the conversion table with a first 
. "" ~ 

nibble of the input scan 1iAe to obtain a first byte of the . ·. 

corresponding output scan lina; and accessing the conversion 
table with a second nibble of the input scan line to obtain a 
second byte of the corresponding output scan line. 
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33. A BIOS ROM as in cla~m 29, in which the output scan 
lines include a larger number of bits per pixel than the input 
scan lines. 

34. A BIOS ROM as in claim 29, in which each input scan 
line includes one bit per pixel, and each output scan line 
includes two bits per pixel. 

35. A BIOS ROM as in claim 34, in which the two bits 
representing each pixel of the output character for which the 
input pixel has a first binary value have the first binary 
value; and the two bits representing each pixel of the output 
character for which the input pixel has a second binary value 
have a selected one of the second binary value, a third binary 
value and a fourth binary value. 

36. A BIOS ROM as in claim 35, in which the first to 
fourth binary values are 00, 01, 10 and 11 respectively. 

3 7 . A BIOS ROM as in claim 35, in which: 
the conversion table comprises first, second and third 

sections in which the two bits representing each pixel of the 
output character for which the input pixel has a second binary 
value have the second, third and fourth binary values 
respectively; and • -

the computer program in~ludes instructions for 
accessing one of the three sections in accordance with a 
selected one of the second, third and fourth binary values. 

38. A BIOS ROM as in claim 37, in which: 
the conversion table has a fourth section in which the 

two bits representing each pixel of the output character for 
·which the input pixel has a first binary value have the first 
binary value; and 

the computer progra~ includes instructions for 
accessing the fourth section in accordance with selection of the 
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.first binary value. 

39. A BIOS ROM as in claim 29, in which the computer 

program includes instructions for generating an output character 

a selected number of times from an input character by accessing 

the conversion table with the input scan lines to obtain 
corresponding output s9an lines said selected number of times. 

40. A BIOS ROM as in claim 39, in which the computer 

program includes instructions for accessing the conversion table 
with each input scan line said selected number of times. 

41. A BIOS ROM as in claim 29, in which the computer 
program includes .instructions for accessing the conversion table 

with each input scan line by storing the input scan line in a 

storage; and executing a translation instruction which causes 

the conversion table to be accessed such that the input scan 

line is replaced by a corresponding output scan line in the 

storage. 

42. A BIOS ROM as in claim 41, in which the storage is a 
computer register. 

. -
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