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GRAPHICS DATA PROCESSING APPARATUS 
HAVING IMAGE OPERATIONS WITH 

TRANSPARENT COLOR HAVING SELECI‘ABLE 
NUMBER OF BITS 

Matter enclosed in heavy brackets [5] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application is related to US pat. applica 
tion No. 790,299 ?led Oct. 22, 1985, entitled “Graphics 
Data Processing Apparatus Having Pixel to Window 
Compare Capability” by Karl M. Guttag, Michael D. 
Asal and Mark F. Novak, US. patent application Ser. 
No. 790,293 ?led Oct. 22, 1985, entitled “Logic Circuit 
for a Pixel to Window Compare Capability” by Richard 
Simpson and Dyson Wilkes, US. patent application 
Ser. No. 795,158 filed Nov. 5, 1985, entitled “Graphics 
Data Processing Apparatus for Graphic Image Opera 
tions upon Data of Independently Selectable Pitch” by 
Karl M. Guttag, Michael D. Asal and Mark F. Novak, 
US. patent application Ser. No. 795,380 ?led Nov. 6, 
1985, entitled “Linked Cell Discharge Detector Having 
Improved Response Time” by Mohammed N. Mean, 
US. patent application Ser. No. 795,383 ?led Nov. 6, 
1985, entitled “Graphics Processing Apparatus Having 
Color Expand Operation for Drawing Color Graphics 
from Monochrome Data” by Karl M. Guttag, Michael 
D. Asal and Mark F. Novak. 

BACKGROUND OF THE INVENTION 

The present invention relates to the ?eld of computer 
graphics. In particular, this invention relates to the ?eld 
of bit mapped computer graphics in which the com 
puter memory stores data for each individual picture 
element or pixel of the display at memory locations that 
correspond to the location of that pixel on the display. 
The ?eld of bit mapped computer graphics has bene 

_ ?ted greatly from the lowered cost per bit of dynamic 
random access memory (DRAM). The lowered cost 
per bit of memory enables larger and more complex 
displays to be formed in the bit mapped mode. 
The reduction in the cost per bit of memory and the 

consequent increase in the capacity of bit mapped com 
puter graphics has led to the need for processing de 
vices which can advantageously use the bit mapped 
memory in computer graphics applications. In particu 
lar, a type of device has arisen which includes the ca 
pacity to draw simple ?gures, such as lines and circles, 
under the control of the main processor of the com 
puter. In addition, some devices of this type include a 
limited capacity for bit block transfer (known as BIT 
BLT or raster operation) which involves the transfer of 
image data from one portion of memory to another, 
together with logical or arithmetic combinations of that 
data with the data at the destination location within the 
memory. 
These bit-map controllers with hard wired functions 

for drawings lines and performing other basic graphics 
operations represent one approach to meeting the de 
manding performance requirements of bit maps dis 
plays. The built-in algorithms for performing some of 
the most frequently used graphics operations provides a 
way of improving overall system performance. How 
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2 
ever, a useful graphics system often requires many func 
tions in addition to those few which are implemented in 
such a hard wired controller. These additional required 
functions must be implemented in software by the pri 
mary processor of the computer. Typically these hard 
wired bit-map controllers permit the processor only 
limited access to the bit-map memory, thereby limiting 
the degree to which software can augment the ?xed set 
of functional capacities of the hard wired controller. 
Accordingly, it would be highly useful to be able to 
provide a more ?exible solution to the problem of con 
trolling the contents of the bit mapped memory, either 
by providing a more powerful graphics controller or by 
providing better access to this memory by the system 
processor, or both. 

SUMMARY OF THE INVENTION 

The present invention relates to improvements in a 
graphics data processing apparatus which preforms a 
transparency function when forming a combination of 
two graphic images. In the combination of two graphic 
images, called a bit block transform or raster operation, 
color codes which represent each pixel of the two im 
ages are combined. This combination may be a logical 
operation such as AND or OR or an arithmetic opera 
tion such as addition or subtraction. In a typical applica 
tion of this technique a source pixel array which is 
stored in a memory is combined with a destination pixel 
array which is stored in a portion of memory that con 
trols the image to be displayed and the combined image 
is stored in the portion of memory formerly occupied 
by the destination array. By this means the image dis 
played may be changed through these raster operations. 

In accordance with a re?nement of this technique, 
the source pixel is permitted to have a special type of 
color code which indicates transparency. The combina 
tion of a transparent color code from the source array 
with any color code from the corresponding pixel of the 
destination array yields the color code of the destination 
pixel, regardless of the type of combination. This tech 
nique enables the storage of various ?gures such as 
icons in a portion of memory which is not displayed for 
placement within selected portions of the display by 
combination with a portion of the image being dis 
played. The use of a transparency color code enables 
these ?gures to be formed in arbitrary forms without 
limitation to rectangular forms. This is because those 
portions of the ?gure which are not active can be 
formed in the transparent color code. 
The improvement of the present invention lies in the ' 

?exibility of the graphics data processing apparatus to 
be capable of operating on pixels represented by differ 
ing number of bits. In particular, the graphics data pro 
cessing apparatus of the present invention is capable of 
detecting a transparent color code of a- selected length. 
The graphics data processing apparatus of the present 
invention employs a pixel size memory register which 
.stores a number equal to the number of bits representing 
each pixel. A transparency detection logic circuit re 
ceives the color codes corresponding to the source 
image affay and is responsive to the pixel size data to 
detect transparent color codes of the selected length. 
Based upon the detection or nondetection of transpar 
ent color codes, a transparency select logic circuit se 
lects either the destination data or the combined data in 
accordance with the raster operation selected destina 
tion data. 
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In the preferred embodiment the transparency detec 
tion logic circuit employs a set of bit cells equal in num 
ber to the size of the data word employed by the graph 
ics data processing apparatus. These bit cells are cou 
pled in differing combinations dependent upon the pixel 
size data. These bit cells are coupled into groups equal 
in size to the pixel size data. These sets of bit cells are 
used to detect the transparency color codes. Depending 
upon whether the transparency detection logic circuit 
detects or does not detect the transparent color codes, a 
set of “0” bits or a set of “1” bits are generated. Each of 
these sets of bits are equal in number to the pixel size 
indicated by the pixel size data. These sets of bits are 
then applied to the transparency select logic circuit to 
select the combined data or the destination data. 
The sets of bit cells coupled together in groups equal 

to the pixel size data become NAND gates. In the pre 
ferred embodiment the transparent color code is a set of 
all “0's”. The existence of any “1” bit in a pixel color 
code indicates that that particular pixel is not transpar 
ent. This is sensed by coupling the bit cells into groups 
equal in number to the pixel size. Any “1” bit within the 
color code of a particular bit within one of these groups 
of bit cells causes all of the cells coupled in that group 
to generate a “1” output. Only if all of the bits of that 
pixel are “0” will the output of each bit cell be equal to 
‘fO”. In the preferred embodiment a special sensing 
circuit is employed to speed up the process of sensing 
any “1” bit. A “1” bit is detected by the discharge of a 
precharged circuit node within each bit cell. The ab 
sence of any such charge is detected as a nontransparent 
pixel color code. Because there could be only a Single 
“1” bit within the particular color code and because the 
pixel size could be as large as 16 bits in the preferred 

. embodiment, a substantial period is required to assure 
that all of the nodes are discharged in the worst case. In 
the preferred embodiment, each bit cell includes a sen 
sor which detects the reduction in voltage caused by the 
discharge of the node of an adjacent bit cell. When such 
a discharge is detected, an additional discharge path 
within the sensing bit cell is enabled. The voltage reduc 
tion caused by this additional discharge path is in turn 
sensed by the other adjacent bit cell which also enables 
an additional discharge path. By this means the process 
of nontransparent detection is speeded by increasing the 
current capacity of the discharge paths. 
The present invention is technically advantageous by 

enabling greater ?exibility in transparent functions. The 
detection of transparency is not hardwired to any par 
ticular color code length but is selectable. This enables 
a single graphics data processing apparatus capable of 
performing a greater variety of tasks. A single such 
graphics data processing apparatus could thus be used 
in a greater variety of applications than previously pos 
sible. This increased ?exibility enables greater volumes 
of a single graphics data processing apparatus to be 
produced with the consequent reduction in the unit cost 
of each such apparatus. In addition, within a single 
application the number of bits per pixel could be varied 
without adversely affecting the capability of perform 
ing transparency operations. Thus a single apparatus 
can perform a greater variety of functions than other 
wise possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects of the present invention will 
be readily understood from the following description, 
taken in conjunction with the drawings in which: 
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4 
FIG. 1 illustrates a block diagram of a computer with 

graphics capability constructed in accordance with the 
principles of the present invention; 
FIG. 2 illustrates the block diagram of a preferred 

embodiment of the graphics processing circuit of the 
present invention; 
FIG. 3 illustrates the manner of specifying individual 

pixel addresses within the bit mapped memory in accor 
dance with the X Y addressing technique; 
FIG. 4 illustrates a manner of specifying ?eld ad 

dresses in accordance with the linear addressing tech 
nique; 
FIG. 5 illustrates the preferred embodiment of stor 

age of pixel data of varying lengths within a single data 
word in accordance with the preferred embodiment of 
the present invention; 
FIG. 6 illustrates the arrangement of contents of 

implied operands stored within the register memory in 
accordance with the preferred embodiment of the pres 
ent invention; 
FIG. 7 illustrates the characteristics of an array move 

operation within the bit mapped memory of the present 
invention; 
FIG. 8 illustrates a ?ow chart of a bit block transfer 1 

of array move operation in accordance with the present 
invention; 
FIG. 9 illustrates some of the data which is stored in 

various registers of the set of input/output registers; 
FIG. 10 illustrates in block diagram form the manner 

of providing a transparency function for a variable 
number of bits per pixel; 
FIG. 11 illustrates the details of the pixel size logic 

illustrated in FIG. 10; 
FIGS. 12A and 12B illustrate the details of the trans 

parency detection logic illustrated in FIG. 10; 
FIG. 13 illustrates the details of one example of the 

bit cell illustrated in FIGS. 12A and 12B; 
FIG. 14 illustrates the details of an improved embodi 

ment of the bit cell illustrated in FIGS. 12A and 12B; 
and 
FIG. 15 illustrates the details of a representative bit of 

the transparency select logic illustrated in FIG. 10. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 illustrates a block diagram of graphics com 
puter system 100 which is constructed in accordance 
with the principles of the present invention. Graphics 
computer system 100 includes host processing system 
110, graphics processor 120, memory 130, shift register 
140, video palette 150, digital to video converter 160 
and video display 170. 
Host processing system 110 provides the major com 

putational capacity for the graphics computer system 
100. Host processing system 110 preferably includes at 
least one microprocessor, read only memory, random 
access memory and assorted peripheral devices for 
forming a complete computer system. Host processing 
system 110 preferably also includes some form of input 
device, such as a keyboard or a mouse, and some form 
of long term storage device such as a disk drive. The 
details of the construction of host processing system 110 
are conventional in nature and known in the art, there 
fore the present application will not further detail this 
element. The essential feature of host processing system 
110, as far as the present invention is concerned, is that 
host processing system 110 determines the content of 
the visual display to be presented to the user. 
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Graphics processor 120 provides the major data ma 
nipulation in accordance with the present invention to 
generate the particular video display presented to the 
user. Graphics processor 120 is bidirectionally coupled 
to host processing system 110 via host bus 115. In accor 
dance with the present invention, graphics processor 
120 operates as an independent data processor from host 
processing system 110, however, it is expected that 
graphics processor 120 is responsive to requests from 
host processing system 110 via host bus 115. Graphics 
processor 120 further communicates with memory 130, 
and video palette 150 via video memory bus 122. 
Graphics processor 120 controls the data stored within 
video RAM 132 via video memory bus 122. In addition, 
graphics processor 120 may be controlled by programs 
stored in either video RAM 132 or read only memory 
134. Read only memory 134 may additionally include 
various types of graphic image data, such as alphanu 
meric characters in one or more font styles and fre 
quently used icons. In addition, graphics processor 122 
controls the data stored within video palette 150. This 
feature will be further disclosed below. Lastly, graphics 
processor 120 controls digital to video converter 160 
via video control bus 124. Graphics processor 120 may 
control the line length and the number of lines per frame 
of the video image presented to the user by control of 
digital to video converter 160 via video control bus 124. 
Video memory 130 includes video RAM 132 which is 

bidirectionally coupled to graphics processor 120 via 
video memory bus 122 and read only memory 134. As 
previously stated, video RAM 132 includes the bit 
mapped graphics data which controls the video image 
presented to the user. This video data may be manipu 
lated by graphics processor 120 via video memory bus 
122. In addition, the video data corresponding to the 
current display screen is output from video RAM 132 
via video output bus 136. The data from video output 
bus 136 corresponds to the picture element to be pres 
ented to the user. In the preferred embodiment video 
RAM 132 is formed of a plurality of TMS4161 64K 
dynamic random access integrated circuits available 
from Texas Instruments Corporation, the assignee of 
the present application. The TMS4161 integrated cir 
cuit includes dual ports, enabling display refresh and 
display update to occur without interference. 

Shift register 140 receivesthe video data from video 
RAM 130 and assembles it into a display bit stream. In 
accordance with the typical arrangement of video ran 
dom access memory 132, this memory consists of a bank 
of several separate random access memory integrated 
circuits. The output of each of these integrated circuits 
is typically only a single bit wide. Therefore, it is neces 
sary to assemble data from a plurality of these circuits in 
order to obtain a suf?ciently high data output rate to 
specify the image to be presented to the user. Shift 
register 140 is loaded in parallel from video output bus 
136. This data is output in series on line 145. Thus shift 
register 140 assembles a display bit stream which pro 
vides video data at a rate high enough to specify the 
individual dots within the raster scanned video display. 
Video palette 150 receives the high speed video data 

from shift register 140 via bus 145. Video palette 150 
also receives data from graphics processor 120 via video 
memory bus 122. Video palette 150 converts the data 
received on bus 145 into a video level output on bus 155. 
This conversion is achieved by means of a lookup table 
which is speci?ed by graphics processor 120 via video 
memory bus 122. The output of video palette 150 may 

20 

25 

30 

40 

45 

55 

60 

65 

6 
comprise color hue and saturation for each picture ele 
ment or may comprise red, green and blue primary 
color levels for each pixel. The table of conversion from 
the code stored within video memory 132 and the digi 
tal levels output via bus 155 is controlled from graphics 
processor 120 via video memory bus 122. 

Digital to video converter 160 receives the digital 
video information from video palette 150 via bus 155. 
Digital to video converter 160 is controlled by graphics 
processor 120 via video control bus 124. Digital to 
video converter 160 serves to convert the digital output 
of video palette 150 into the desired analog levels for 
application to video display 170 via video output 165. 
Digital to video converter 160 is controlled for a speci 
?cation of the number of pixels per horizontal line and 
the number of lines per frame, for example, by graphics 
processor 120 via video controller bus 124. Data within 
graphics processor 120 controls the generation of the 
synchronization and blanking signals and the retrace 
signals by digital to video converter 160. These portions 
of the video signal are not speci?ed by the data stored 
within video memory 132, but rather form the control 
signals necessary for speci?cation of the desired video 
output. 

Lastly, video display 170 receives the video output 
from digital to video converter 160 via video output line 
165. Video display 170 generates the speci?ed video 
image for viewing by the operator of graphics computer 
system 100. It should be noted that video palette 150, 
digital to video converter 160 and video display 170 
may operate in accordance to two major video tech 
niques. In the ?rst, the video data is speci?ed in terms of 
color hue and saturation for each individual pixel. In the 
other technique, the individual primary color levels of 
red, blue and green are speci?ed for each individual 
pixel. Upon determination of the design choice of which 
of these major techniques to be employed, video palette 
150, digital to converter 160 and video display 170 must 
be constructed to be compatible to this technique. How 
ever, the principles of the present invention in regard to 
the operation of graphics processor 120 are unchanged 
regardless of the particular design choice of video tech 
mque. 
FIG. 2 illustrates graphics processor 120 in further 

detail. Graphics processor 120 includes central process 
ing unit 200, special graphics hardware 210, register 
?les 220, instruction cache 230, host interface 240, mem 
ory interface 250, input/output registers 260 and video 
display controller 270. 
The heart of graphics processor 120 is central pro 

cessing unit 200. Central processing unit 200 includes 
the capacity to do general purpose data processing 
including a number of arithmetic and logic operations 
normally included in a general purpose central process 
ing unit. In addition, central processing unit 200 con 
trols a number of special purpose graphics instructions, 
either alone or in conjunction with special grpahics 
hardware 210. 

Graphics processor 120 includes a major bus 205 
which is connected to most parts of graphics processor 
120 including the central processing unit 200. Central 
processing unit 200 is bidirectionally coupled to a set of 
register files, including a number of ‘data registers, via 
bidirectional register bus 202. Register files 220 serve as 
the depository of the immediately accessible data used 
by central processing unit 200. As will be further de 
tailed below, register ?les 220 includes in addition to 
general purpose registers which may be employed by 
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central processing unit 200, a number of data registers 
which are employed to store implied operands for 
graphics instructions. 

Central processing unit 200 is connected to instruc 
tion cache 230 via instruction cache bus 204. Instruction 
cache 230 is further coupled to general bus 205 and may 
be loaded with instruction words from the video mem 
ory 130 via video memory bus 122 and memory inter 
face 250. The purpose of instruction cache 230 is to 
speed up the execution of certain functions of central 
processing unit 200. A repetitive function or function 
that is used often within a particular portion of the 
program executed by central processing unit 200 may 
be stored within instruction cache 230. Access to in 
struction cache 230 via instruction cache bus 204 is 
much faster than access to video memory 130. Thus, the 
program executed by central processing unit 200 may 
be speeded up by preliminarily loading the repeated or 
often used sequences of instructions within instruction 
cache 230. Then these instructions may be executed 
more rapidly because they may be fetched more rap 
idly. Instruction cache 230 need not always contain the 
same sets of instructions, but may be loaded with a 
particular set of instructions which will be often used 
within a particular portion of the program executed by 
central processing unit 200. 
Host interface 240 is coupled to central processing 

unit 200 via host interface bus 206. Host interface 240 is 
further connected to the host processing system 110 via 
host system bus 115. Host interface 240 serves to con 
trol the communication between the host processing 
system 110 and the graphics processor 120. Host inter 
face 240 controls the timing of the data transfer between 
host processing system 110 and graphics processor 120. 
In this regard, host interface 240 enables either host 
processing system 110 to interrupt graphics processor 
120 or vice versa enabling graphics processor 120 to 
interrupt host processing system 110. In addition, host 
interface 240 is coupled to the major bus 205 enabling 
the host processing system 110 to control directly the 
data stored within memory 130. Typically host inter 
face 240 would communicate graphics requests from 
host processing system 110 to graphics processor 120, 
enabling the host system to specify the type of display 
to be generated by video display 170 and causing graph 
ics processor 120 to perform a desired graphic function. 

Central processing unit 200 is coupled to special 
graphics hardware 210 via graphics hardware bus 208. 
Special graphics hardware 210 is further connected to 
major bus 205. Special graphics hardware 210 operates 
in conjunction with central processing unit 200 to per 
form special graphic processing operations. Central 
processing unit 200, in addition to its function of provid 
ing general purpose data processing, controls the appli 
cation of the special graphics hardware 210 in order to 
perform special purpose graphics instructions. These 
special purpose graphics instructions concern the ma 
nipulation of data within the bit mapped portion of the 
video RAM 132. Special graphic hardware 210 operates 
under the control of central processing unit 200 to en 
able particular advantageous data manipulations regard 
ing the data within video RAM 132. 
Memory interface 250 is coupled to major bus 205 

and further coupled to video memory bus 122. Memory 
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data and instructions between graphics processor 120 
and memory 130. Memory 130 includes both the bit 
mapped data to be displayed via video display 170 and 

8 
instructions and data necessary for the control of the 
operation of graphics processor 120. These functions 
include control of the timing of memory access, and 
control of data and memory multiplexing. In the pre 
ferred embodiment, video memory bus 122 includes 
multiplexed address and data information. Memory 
interface 250 enables graphics processor 120 to provide 
the proper output on video memory bus 122 at the ap 
propriate time for access to memory 130. 

Graphics processor 120 lastly includes input/output 
registers 260 and video display controller 270. Input 
/output registers 260 are bidirectionally coupled to 
major bus 205 to enable reading and writing within 
these registers. Input/output registers 260 are prefera 
bly within the ordinary memory space of central pro 
cessing unit 200. Input/ output registers 260 include data 
which specifies the control parameters of video display 
controller 270. In accordance with the data stored 
within the input/ output registers 260, video display 
controller 270 generates the signals on video contorl 
bus 124 for the desired control of digital to video con 
verter 160. Data within input/output registers 260 in 
cludes data for specifying the number of pixels per hori 
zontal line, the horizontal synchronization and blanking 
intervals, the number of horizontal lines per frame and 
the vertical synchronization blanking intervals. Input 
/ output registers 260 may also include data which speci 
?es the type of frame interlace and speci?es other types 
of video control functions. Lastly, input/output regis 
ters 260 is a depository for other speci?c kinds of input 
and output parameters which will be more fully detailed 
below. 

Graphics processor 120 operates in two differing 
address modes to address memory 130. These two ad 
dress modes are X Y addressing and linear-addressing. 
Because the graphics processor 120 operates on both bit 
mapped graphic data and upon conventional data and 
instructions, different portions of the memory 130 may 
be accessed most conveniently via differing addressing 
modes. Regardless of the particular addressing mode 
selected, memory interface 250 generates the proper 
physical address for the appropriate data to be accessed. 
In linear addressing, the start address of a ?eld is-formed 
of a single multibit linear address. The ?eld size is deter 
mined by data within a status‘register within central 
processing unit 200. In X Y addressing the start address 
is a pair of X and Y coordinate values. The ?eld size is 
equal to the size of a pixel, that is the number of bits 
required to specify the particular data at a particular 
pixel. 
FIG. 3 illustrates the arrangement of pixel data in 

accordance with an X Y addressing mode. Similarly, 
FIG. 4 illustrates the arrangement of similar data in 
accordance with the linear addressing mode. FIG. 3 
shows origin 310 which serves as the reference point of 
the X Y matrix of pixels. The origin 310 is speci?ed as 
a X Y start address and need not be the ?rst address 
location within memory. The location of data corre 
sponding to an array of pixels, such as a particular de 
?ned image element is speci?ed in relation to the origin 
address 310. This includes an X start address 340 and a 
Y start address 330. Together with the origin, X start 
address 340 and Y start address 330 indicates the start 
ing address of the ?rst pixel data 371 of the particular 
image desired. The width of the image in pixels is indi 
cated by a quantity delta X 350. The height of the image 
in pixels is indicatd by a quantity delta Y 360. In the 
example illustrated in FIG. 3, the image includes nine 
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pixels labeled 371 through 379. The last parameter nec~ 
essary to specify the physical address for each of these 
pixels is the screen pitch 340 which indicates the width 
of the memory in number of bits. Speci?cation of these 
parameters namely X starting address 340, Y starting 
address 330, delta X 350, delta Y 360 and screen pitch 
320 enable memory interface 250 to provide the speci 
?ed physical address based upon the speci?ed X Y 
addressing technique. 
FIG. 4 similarly illustrates the organization of mem 

ory in the linear format. A set of ?elds 441 to 446, which 
may be the same as pixels 371 through 376 illustrated in 
FIG. 3, is illustrated in FIG. 4. The following parame 
ters are necessary to specify the particular elements in 
accordance with the addressing technique. 
Firstly, is the start address 410 which is the linear start 
address of the beginning of the ?rst ?eld “l” of the 
desired array. A second quantity delta X 420 indicates 
the length of a particular segment of ?elds in number of 
bits. A third quantity delta Y (not illustrated in FIG. 4) 
indicates the number of such segments within the partic 
ular array. Lastly, linear pitch 430 indicates the differ 
ence in linear start address between adjacent array seg 
ments. As in the case of X Y addressing, speci?cation of 
these linear addressing parameters enables memory 
interface 250 to generate the proper physical address 
speci?ed. 
The two addressing modes are useful for differing 

purposes. The X Y addressing mode is most useful for 
that portion of video RAM 132 which includes the bit 
map data, called the screen memory which is the por 
tion of memory which controls the display. The linear 
addressing mode is most useful for off screen memory 
such as for instructions and for image data which is not 
currently displayed This latter category includes the 
various standard symbols such as alphanumeric type 
fonts and icons which are employed by the computer 
system. It is sometimes desirable to be able to convert an 
X Y address to a linear address. This conversion takes 
place in accordance with the following formula: 

Where: LA is the linear address; Off is the screen offset, 
the linear address of the origin of the X Y coordinate 
system; Y is the Y address; SP is the screen pitch in bits; 
X is the X address; and PS is the pixel size in bits. Re 
gardless of which addressing mode is employed, mem 
ory 250 generated the proper physical address for ac 
cess to memory 130. 
FIG. 5 illustrates the manner of pixel storage within 

data words of memory 130. In accordance with the 
preferred embodiment of the present invention, mem 
ory 130 consists of data words of 16 bits each. These 16 
bits are illustrated schematically in FIG. 5 by the hexa 
decimal digits 0 through F. In accordance with the 
preferred embodiment of the present invention, the 
number of bits per pixel within memory 130 is an inte 
gral power of 2 but no more than 16 bits. As thus lim 
ited, each 16 bit word within memory 130 can contain 
an integral number of such pixels. FIG. 5 illustrates the 
?ve available pixel formats corresponding to pixel 
lengths of l, 2, 4, 8 and 16 bits. Data word 530 illustrates 
8 two bit pixels 511 to 516 thus 16 one bit pixels may be 
disposed within each 16 bit word. Data word 530 illus 
trates 8 two bit pixels 531 to 538 which are disposed 
within the 16 bit data word. Data word 540 illustrates 4 
four bit pixels 541 to 544 within the 16 bit data word. 
Data word 550 illustrates 2 eight bit pixels 551 and 552 
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within the 16 bit word. Lastly, data word 560 illustrates 
a single 16 bit pixel 561 stored within the 16 bit data 
word. By providing pixels in this format, speci?cally 
each pixel having an integral power of two number of 
bits and aligned with the physical word boundaries, 
pixel manipulation via graphics processor 120 is en 
hanced. This is because processing each physical word 
manipulates an integral number of pixels. It is contem 
plated that within the portion of video RAM 132 which 
speci?es the video display that a horizontal line of pixels 
is designated by a string of consecutive words such as 
illustrated in FIG. 5. 
FIG. 6 illustrates the contents of some portions of 

register ?les 220 which store implied operands for vari 
ous graphics instructions. Each of the registers 601 
through 611 illustrated in FIG. 6 are within the register 
address space of central processing unit 200 of grahics 
processor 120. Note, these register ?les illustrated in 
FIG. 6 are not intended to include all the possible regis 
ters within register ?les 220. On the contrary, a typical 
system will include numerous general purpose undesig 
nated registers which can be employed by central pro 
cessing unit 200 for a variety of program speci?ed func 
tions. 

Register 601 stores the source address. This is the 
address of the lower left comer of the source array. This 
source address is the combination of X address 340 and 
Y address 330 in the X Y addressing mode of the linear 
start address 410 in the linear addressing mode. 

Register 602 stores the source pitch or the difference 
in linear start addresses between adjacent rows of the 
source array. This is either screen pitch 340 illustrated 
in FIG. 3 or linear pitch 430 illustrated in FIG. 4 de 
pending upon whether the X Y addressing format or the 
linear addressing format is employed. 

Registers 603 and 604 are similar to registers 601 and 
602, respectively, except that these registers include the 
destinations start address and the destination pitch. The 
destination address stored in register 603 is the address 
of the lower left hand corner of the destination array in 
either X Y addressing mode or linear addressing mode. 
Similarly. the destination pitch stored in register 604 is _ 
the difference in linear starting address of adjacent 
rows, that is either screen pitch 320 or linear pitch 430 
dependent upon the addressing mode selected. 

Register 605 stores the offset. The offset is the linear 
bit address corresponding to the origin of the coordi 
nates of the X Y address scheme. As mentioned above, 
the origin 310 of the X Y address system does not neces 
sarily belong to the physical starting address of the 
memory. The offset stored in register 605 is the linear ’ 
start address of the origin 310 of this X Y coordinate 
system. This offset is employed to convert between 
linear and X Y addressing. 

Registers 606 and 607 store addresses corresponding 
to a window within the screen memory. The window 
start stored in register 606 is the X Y address of the 
lower left hand comer of a display window. Similarly, 
register 607 stores the window end which is the X Y 
address of the upper right hand comer of this display 
window. The addresses within these two registers are 
employed to determine the boundaries of the speci?ed 
display window. In accordance with the well known 
graphics techniques, images within a window within 
the graphics display may differ from the images of the 
background. The window start and window end ad 
dresses contained in these registers are employed to 
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designate the extent of the window in order to permit 
graphics processor 120 to determine whether a particu 
lar X Y address is inside or outside of the window. 

Register 608 stores the delta Y/delta X data. This 
register is divided into two independent halves, the 
upper half (higher order bits) designating the height of 
the source array (delta Y) and the lower half (lower 
orderbits) designating the width of the source array 
(delta X). The delta Y/delta X data stored in register 
608 may be provided in either the X Y addressing for— 
mat or in the linear addressing format depending upon 
the manner in which the source array is designated The 
meaning of the two quantities delta X and delta Y are 
discussed above in conjunction with FIGS. 3 and 4. 

Registers 609 and 610 each contain pixel data. Color 
0 data stored in register 609 contains a pixel value repli 
cated throughout the register corresponding to a ?rst 
color designated color 0. Similarly, color 1 data stored 
in register 610 includes a pixel value replicated through 
out the register corresponding to a second color value 

- designated color 1. Certain of the graphics instructions 
of graphics processor 120 employ either or both of these 
color values within their data manipulation. The use of 
these registers will be explained further below. 

Lastly, the register ?le 220 includes register 611 
which stores the stack pointer address. The stack 
pointer address stored in register 611 speci?es the bit 
address within video RAM 132 which is the top of the 
data stack. This value is adjusted as data is pushed onto 
the data stack or popped from the data stack. This stack 
pointer address thus serves to indicate the address of the 
last entered data in the data stack. 
FIG. 7 illustrates in schematic form the process of an 

array move from off screen memory to screen memory. 
FIG. 7 illustrates video RAM 132 which includes 
screen memory 705 and off screen memory 715. In FIG. 
7 and array of pixels 780 (or more precisely the data 
corresponding to an array of pixels) is transferred from 
off screen memory 715 to screen memory 705 becoming 
an array of pixels 790. 

Prior to the performing the array move operation 
certain data must be stored in the designated registers of 
register ?les 220. Register 601 must be loaded with the 
beginning address 710 of the source array of pixels. In 
the example illustrated in FIG. 7 this is designated in 
linear addressing mode. The source pitch 720 is stored 
in register 602. Register 603 is loaded with the destina 
tion address. In the example illustrated in FIG. 7 this is 
designated in X Y addressing mode including X address 
730 and Y address 740. Register 604 has the destination 
pitch 745 stored therein. The linear address of the origin 
of the X Y coordinate system, offset address 770, is 
stored in register 605. Lastly, delta Y 750 and delta X 
760 are stored in separate halves of register 608. 
The array move operation illustrated schematically in 

FIG. 7 is executed in conjunction with the data stored 
in these registers of register ?le 220. In accordance with 
the preferred embodiment the number of bits per pixel is 
selected so that an integral number of pixels are stored 
in a single physical data word. By this choice, the 
graphics processor may transfer the array of pixels 780 
to the array of pixels 790 largely by transfer of whole 
data words. Even with this selection of the number of 
bits per pixel in relation to the number of bits per physi 
cal data word, it is still necessary to deal with partial 
words at the array boundaries in some cases. However, 
this design choice serves to minimize the need to access 
and transfer partial data words. 
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12 
In accordance with the preferred embodiment of the 

present invention, the data transfer schematically repre 
sented by FIG. 7 is a special case of a number of differ 
ing data transformations. The pixel data from the corre 
sponding address locations of the source image and the 
destination image are combined in a manner designated 
by the instruction. The combination of data may be a 
logical function (such as AND or OR) or it may be an 
arithmetic function (such as addition or subtraction). 
The new data thus stored in the array of pixels 790 is a 
function of both the data of the array of pixels 780 and 
the current data of pixels 790. The data transfer illus 
trated in FIG. 7 is only a special case of this more gen 
eral data transformation in which the data ?nally stored 
in the destination array does not depend upon the data 
previously stored there. 

This process is illustrated by the ?ow chart in FIG. 8. 
In accordance with the preferred embodiment the trans 
fer takes place sequentially by physical data words. 
Once the process begins (start block 801) the data stored 
in the register 601 is read to obtain the source address 
(processing block 802). Next graphics processor 120 
fetches the indicated physical data word from memory 
130 corresponding to the indicated source address (pro 
cessing block 803). In the case that the source address is 
speci?ed in the X Y format, this recall of data would 
include the steps of converting the X Y address into the 
corresponding physical address. A similar process of 
recall of the destination address from register 603 (pro 
cessing block 804) and then fetching of the indicated 
physical data word (processing block 805) takes place 
for the data contained at the destination location. 

This combined data is then restored in the destination 
location previously determined (processing block 806). 
The source and destination pixel data are then com 
bined in accordance with the combination mode desig 
nated by the particular data transfer instruction being 
executed. This is performed on a pixel by pixel basis 
even if the physical data word includes data corre 
sponding to more than one pixel. This combined data is 
then written into the speci?ed destination location (pro 
cessing block 807). 

In conjunction with the delta Y/ delta X information 
stored in register 608, graphics processor 120 deter 
mines whether or not the entire data transfer has taken 
place (decision block 808) by detecting whether the last 
data has been transferred. If the entire data transfer has 
not been performed, then the source address is updated. ' 
In conjunction with the source address previously 
stored in register 601 and the source pitch data stored in 
register 602 the source address stored in register 601 is 
updated to refer to the next data word to be transferred 
(processing block 809). Similarly, the destination ad 
dress stored in register 603 is updated in conjunction 
with the destination pitch data stored in register 604 to 
refer to the next data word in the destination (process 
ing block 810). This process is repeated using the new 
source stored in register 601 and the new destination 
data stored in register 603. 
As noted above the delta Y/delta X data stored in 

register 608 is used to de?ne the limits of the image to be 
transferred. When the entire image has been transferred 
as indicated with reference to the delta Y/delta X data 
stored in register 608 (decision block 808), then the 
instruction execution is complete (end block 811) and 
graphics processor 120 continues by executing the next 
instruction in its program. As noted, in the preferred 
embodiment this process illustrated in FIG. 8 is imple 
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mented in instruction microcode and the entire data 
transformation process, referred to as an array move, is 
performed in response to a single instruction to graphics 
processor 120. 
FIG. 9 illustrates a portion of input/output registers 

260 which is employed to store data relevant to the 
tansparency operations of the present invention. Firstly, 
input/output registers 260 includes a register 910 which 
stores a control word. This control word is used to 
specify types of operations performed by central pro 
cessing unit 210. In particular, several bits within the 
control words stored within register 910 specify the 
type of source destination combination performed dur 
ing array moves. As noted in regards to FIG. 8 and in 
particular to processing block 806, this combination of 
source and pixel data may include various logic and 
arithmetic functions. In addition, a single bit within 
register 910 is used to indicate whether or not the trans 
parency operation is enabled. Thus by proper setting or 
resetting of this particular bit within register 910, the 
transparency operation may be enabled or disabled. 

Register 920 and 930 are employed to store data 
which is useful in converting between X Y and linear 
addresses. CONVSP data stored in register 920 is a 
precalculated factor employed to enable conversion 
from X Y addressing to linear addressing for screen 
pitch. This factor is: 

16 + log; (screen pitch) 

In a similar fashion, the data CONVLP stored in regis 
ter 930 is employed for conversion between X Y ad 
dressing and linear addressing for the linear pitch. This 
data corresponds to: 

l6+log2 (linear pitch) 

Storing this data in registers 920 and 930 in this manner 
enables central processing unit 200 to readily access this 
data in order to quickly implement the conversions 
between X Y addressing and linear addressing. 

Register 940 has the pixel size data stored therein. 
The pixel size data indicates the number of bits per pixel 
within the displayable portion of video RAM 132. As 
previously noted in conjunction with FIG. 5, the pixel 
size is constrained by the preferred word size. In the 
preferred embodiment, graphics processor of the pres 
ent invention operates on 16 bit data word. The number 
of bits per pixel is constrained in the preferred embodi 
ment to be an integral factor of 16, the number of bits 
per word. Thus, the number of bits per word could be 
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one, two, four, eight or sixteen. Register 940 stores pixel , 
size data which equals the number of bits per word 
selected. Thus, if a single bit per word has been selected, 
register 940 stores the numerical data 1. Similarly, if 
two-bit per pixel has been selected, then register 940 
stores numerical data equal to 2. Likewise, other possi 
ble numbers of bits per pixel are indicated by the nu 
meric values stored within register 940. This pixel size 
data is employed by central processing unit 200 and 
special graphics hardware 210 in executing various 
instructions, in particular the transparency operation to 
be discussed further below. 

Register 950 stores a plane priority mask which is 
employed in raster operations. Register 950 stores a bit 
mask which de?nes which portions of each pixel color 
code are to be actively modi?ed during an array move 
operation such as illustrated in FIG. 8. In the preferred 
embodiment the number of bits per pixel, i.e. the pixel 
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size, is limited to an integral fraction of the physical data 
word employed by the garaphics data processing appa 
ratus. Therefore register 950 includes an integral num 
ber of sets of bits equal to the pixel size. In accordance 
with the preferred embodiment, register 910 includes 
the plane mask, which is equal in length to the pixel size, 
replicated throughout the register. In the plane mask 
“1” bits correspond to bits within the pixel color code 
which are to be written into the destination location and 
“0” bits correspond to bits which are to be unchanged in 
the destination location. This permits only part of the 
pixel color code to be modi?ed by a raster operation. This 
feature is useful when the pixel color codes represent a 
number of separable attributes, such as red, blue and 
green color intensities. Plane masking can be disabled by 
setting register 950 to all “l’s” thereby assuring that all 
pixels of the destination are affected. 
FIG. 10 illustrates the general construction of the 

transparency apparatus in accordance with the present 
invention. FIG. 10 illustrates transparency logic 1000 
which is a part of special graphics hardware 210. Trans 
parency logic 1000 includes pixel size logic 1010, trans 
parency detection logic 1020, pixel processing logic 
1030 and transparency select logic 1040. In general, 
transparency detection logic 1020 detects transparent 
pixels from the source data on source data bus 1002 and 
enables transparency select logic 1040 to select, on a bit 
by bit basis, between the combined data from pixel 
processing logic 1030 on combined data bus 1004 and 
the destination data on destination bus 1003. Transpar 
ency select logic generates a data output on data output 
bus 1005 which is written into the destination location 
in accordance with processing block 807 as per in FIG. 
8. 

Pixel size logic 1010 receives pixel size data on pixel 
size bus 1001 and generates pixel size control data on 
pixel size control bus 1006. The pixel size data corre 
sponds to the data stored in register 940 illustrated in 
FIG. 9. This data is passed to special graphics hardware 
210 from register ?les 220 by a central processing unit 
200 and is available for use in the special graphics hard 
ware 210. As noted above in conjunction with FIG. 9, 
the pixel size data stored in register 940 corrseponds to 
the number of bits per pixel of the color codes repre 
senting the pixels of the graphics image. In accordance 
with the preferred environment of the present inven 
tion, the pixel size may be either 1, 2, 4, 8 or 16 bits. As 
illustrated in FIG. 5, this permits an integral number of 
pixels to be contained within a single 16 bit data word. 
As a consequence, the pixel size can be represented by 
a 5 bit number in which only a single of the 5 bits is a 
‘61,’. 
FIG. 11 illustrates in detail the construction of pixel 

size logic 1010. Individual bits of pixel size data bus 
1001 are applied to pixel size logic 1010. These individ 
ual bits are indicated by the bit numbers 0 to 4 going 
from least signi?cant to the most signi?cant bit. FIG. 11 
also illustrates pixel size control bus 1006 which in 
cludes individual lines 1111, 1112, 1113 and 1114. These 
individual lines of pixel size control bus 1006 are applied 
to transparency detection logic 1020 and operate in a 
manner which will be more further described below. 
The most signi?cant bit of the pixel size data bus 1001, 
designated bit number 4 is applied directly to line 1111. 
Additionally, this most signi?cant bit is also applied to 
inverter 1124. The next most signi?cant bit, bit number 
3, is applied to inverter 1123. Likewise, bit number 2 is 














