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Display control system.

@ An improved display control system is disclosed which’

is oapable of reducing the time necessary for executing its
display operation. in this display control system, when a
display memory (4) is to be accessed, its software supplies
values of the X, Y coordinates of a display screen and these
values are then converted into the physical addresses of the
memory (4). For this purpose, a limit check function (33) is
provided. Also, an X register (30) for setting up values on the
X coordinate in a display unit (3A) may be formed by a
counter, thereby eliminating the need for setting the values
on the X coprdinate each time.

The display control system may also be capable of
dealing with the change of a plurality of screen configura-
tions in the above-mentioned X, Y coordinate system.

...
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DISPLAY CONTROL SYSTEM

The present invention relates to a display control

system e.g. for use in a computer.

Fig. 1 illustrates a block diagram of 'a conventional
color graphics display system.

In this figure, there is provided a CPU(microprocessor)
1 for controlling the whole system, and a main memory 2 and
a display control circuit 3 are reSpectiQély connected to
CPU 1. Main memory 2 is used to hold programs and data, and
Display Control Circuit 3 is dedicated to control the display
of color graphics. Reference 4 designates a VRAM(video
memory) for holding CRT display data, and 5 represents a
CRT color display unit.

In Fig. 2, therelis shown a block diagram of an example
of the displéy control circuit 3 illustrated in Fig. 1.

A timing controller 11 is operated to generate a clock
signal which is in turn input to a counter 12 having a column 
counter, a line counter and a row counter. This counter 12
generates a CRT display synchronizing signal via a display

timing circuit 13, while this counter 12 creates a display
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address which is output via a multiplexer 15 as a VRAM address.

‘The data that is read out from VRAM 4 for display access
is inputted via a buffer 19 into a video output control
circuit 20, where a CRT video signal 1s created.

On the other hand, ‘in the case when CPU 1 tries to access
VRAM 4, if an address of VRAM4 is set in a VRAM address re-
gister 14 and a v}rite strobe is input to a CPU interface
controller 18, then the output of VRAM Address Register 14
due to CPU1l is selected by a multiplexer 15 as the VRAM
address, and the write data from CPU1l is written via buffers
16, 17 into VRAM 4.

Fig. 3 illustrates an example of the above-mentioned
VRAM 4, the screen configuration of which comprises 640 horizontal
dots, 200 vertical dots, and 4-bit (16-color) color informa-
tion.

let us take a conventional example of operation where
the block dnta of a source area within VRAM 4 is transferred
to a destination area based on the X, Y coordinates as shown
in Fig. 3.

CPU 1 calculates the physical address of VRAM 4 based on
the source area coordinates (Sx, Sy) and sets the calculated
physical address in VRAM Address Register 14 within Display -

Control Circuit 3. Also, CPU1l outputs a read command to
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read out the color data within VRAM 4 that corresponds to
the coordinntes (Sx, Sy).

Next, CPU 1 calculates the physical address in VRAM 4
based on the coordinates (Dx, Dy) of the destination area
to which the block data is to be transferred, and sets the
calculated physical addresé in VRAM Address Register 14
within Display Control Circuit 3. Also, CPU1 Qrites the

color data corresponding to the coordinates (Sx, Sy) into

-VRAM 4, that is, the locations thereof that correspond to

the coordinates (Dx, Dy).

Then, it is necessary to repeat the above-mentioned
read/write operations NX times regarding the horizontal
direction and NY times regarding the vertical direction, or
a total of (NX X NY) times before the block data of the
source area can be transferred to the destination area.

In order to satisfy the needs of gmall size and
low cost of a personal computer, the conventional display
control system for use in the personal computer is designed
such that its hardware is reduced in amount. As a result
of this, its software must take heavy - loads to make up
for the reduction of the hardware amount.

As can be seen from the example of the transfer of the

block data mentioned above, CPU1l must perform all of the
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processing operations and thus it takes a lot of time to
transfer such block data in the prior art system.

Also, in the above-mentioned conventional system,
normally, CPU1l and Display Control Circuit 3 are operating
independently of each other and the display timing of Display
Control Circuit 3 has priority over the VRAM access timing
of CPUl. As a result of this, a wait time arises when CPU1
accesses VRAM 4, which extremely decreases the efficiency
of the data transfer.

In other words, in the above-mentioned prior art system,
since the software must take greater processes in the display
control, there is a problem that it takes a very long time
to execute its operations. Also, as the computer is graded
up with its display specifications increased, the time nece-
ssary flor ilLs operation execution becomes outstandingly longer.

On the other hand, in the above-mentioned prior art
system, when the software is used to calculate the physical
address of VRAM 4, if the values of the physical address on
the X, Y coordinates are not contained in the display screen,
then a proper conversion into the physical address is not
performed. Therefore, it is necessary by all means to carry
out a check (which is referred to as a limit check) whether

the values on the X, Y coordinates exist within the limit of
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the display screen, before the physical address is calculated.
This iimit check increases the loads of the software conside-
rably, and, in this sense, the time required for execution of
the operations becomes also long. In particular, when drawing
a circle, such limit check must be performed quite frequently

-

so that the operation execution time becomes longer.

The present invention aims at eliminating the problems

seen in the above-mentioned conventional system,

Accordingly, it is an obJject of the invention to provide
an improved display control system for a computer which can
reduce the execution time of its display operations.

In accomplishing the above object, according to the in-
vention, when accessing a display memory, software gives the
values on the X, Y coordinates on a display screen and these
values are converted to the physical address of the memory.
There are also provided a limit check function and means for
operating on the values on the X, Y coordinates step-by-step .
for each access to the display memory. |

The above and other related objects and features of the

invention will be apparent from a reading of the following

description of the disclosure with reference to the accompanying
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drawings in which:

Fig. 1 is a block diagram of a typical conventional
color display system;

Fig. 2 is a block diagram of a display éontrol circuit
employed in Fig. 1;

Fig. 3 is a block diagram of a VRAM in Fig. 1, illustra-
ting the transfer operation of a block data;

Fig. 4 is a block diagram of an embodiment of the inven-
tion;

Fig, & is a view to explain the operation of an address
conversion/composition circuit employed in the above-mentioned
embodiment of the invention;

Fig. 6 is a block diagram of a 1imit check circuit in the
above embodiment;

Fig. 7 is a view to illustrate an example of a comparison
circuit contained the above-mentioned l1imit check circuit;

Fig. 8 is a block diagram of another embodiment of the
invention;

Fig. 9 is a view to illustrate the operation of an
address conversion/composition circuit employed in the embodi-

ment in Fig. 8;
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Fig. 10 is a view to illustrate an X counter employed
in the above-mentioned embodiments of the invention;

Fig. 11 is a schematic view of a decoder circuit for
disfributing the respective read/ﬁrite signals from CPU to
registers;

Fig. 12 is a block diagram of still another embodiment
of the invention;

Figs. 13 and 14 are schematic views respectively show-
ing an address conversion/composition circuit that corres-
ponds to a plurality of screen resolutions or configurations; and,

Fig. 15 is a view to illustrate a mode register and a

count signal generation circuit.

In Fig. 4, there is illustrated a block diagram of an
embodiment of the invention. This embodiment is different
from the conventional system shown in Fig. 2 in that an X
register 30, a Y register 31 and an address conversion/com-
position circuit 32 are provided instead of the VRAM address‘
register 14 in Fig. 2, and that a l1imit check circuilt 33 is
provided. Limit Check Circuit 33 is a circuit that checks

whether the values of the coordinates to be accessed exist
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or not on a display screen. The illustrated display cont-
rol circuit 3A otherwise corresponds to the display cont-
rol circuit 3 in Fig. 2.

When CPU1l tries to access VRAM 4, a value of the X
coordinate corresponding to its screen position on the VRAM 4
is set in X Register 30 and an associated value of the Y
coordinate 1is set in Y ﬁegister.

Addrgss Conversion/Composition Circuit 32 inputs the
value set in X Register 30 and the value set in Y Register 31
to convert or compose these values into the physical address
of VRAM 4, nnd always supplies the thus-converted or composed
physical address as an aécess address to Multiplexer 15.

Accordingly, after Sétting of the values on the X, Y
coordinates, CPU1l can access color information via a data bus
by giving a write strobe or a read strobe to CPU Interface
Controller 18.

X Register 30 and Y Register 31 may each comprise an
ordinary register.

Address Conversion/Composition Circuit 32 may be realized
by use of a simple adder or by means of rearrangement of bits
of X Register 30 and Y Register 31. GSome examples of the
address conversion/composition circuit 32 are shown in Fig. 5.

Fig. 5 illustrates the operation of an adder when the



10

15

20

0149788

adder is employed as the address conversion/composition
circuit 32.

First, Fig. 5(a) illustrates how an address created by
a value in X Register 30 and a value in Y Register 31 is
converted into a physical address for VRAM4 in case of a
screen configuration comprising 640 x 200 dots as shown in Fig. 3.
In other words, a value contained in the bit array of X Re-
gister 30, a value in the bit array of Y Register 31 shifted
by 7 bits from X ﬁegister 30, and a value in the bit array
of Y Register 31 shifted by 2 bits shifted from the above |
Y Register 31 are added. Addition of these three values
permits execution of 640 X Y + X based on the values of X
Register 30 and Y Register 31 (that is, these values can be
converted into the physical address of VRAM4).

Next, Figs. 5(b) and (c) respectively illustrate cases
in which the number of dots in the X axis direction comprises
the power value of 2. In these cases, in order to convert
the address created by the value of X Register 30 and the
value of Y Register 31 to the physical address of VRAM4, Y
Register 31 needs only be connected as a higher bit of X Re-
gister 30.

That is, Fig. 5(b) illﬁstrates a case wherein the screen

is composed of 512 x 200 dots and thus Y Register 31 need
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only be connected to the higher position of the 8 bit of

X Register to provide for conversion into the ph&sical
address. Also, Fig. 5(c) shows a case in which the screen
has a configuration of 256 x 200 dots and thus the bit array of
Y Register 31 need only be connected to the higher position
of the lower 7 bit of X Register 30 to provide for conversion
into the physical address.

wWhen the transfer of the block data shown in Fig. 3 is
execulbed, Lhe information that occurs first is values on the
X, Y coordinates. Therefore, if it is possible to specify
such values on the X, Y coordinates as they are, to hardware,
then CPU 1. can save all of processings necessary to calculate
the physical address.

In other cases than that shown in Fig. 3 as well, if the system which
is using the display screen has a higher level language as its original
language, then when the screen is accessed, the first occurr-
ing information, most of all, is positions on the screen. 1In
particular, the positions on the screen are expressed as values
on the X, Y coordinates.

Therefore, even in an ordinary case, 1t is possible to
lighten the loads of its software to a great extent, if it
happens to be a case in which these X, Y coordinates can be

used to provide access to a display memory.
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Now, Fig. 6 illustrates a block diagram'of an example
of Limit Check Circuit 33, and Fig. 7 illustrates comparison
circuits included in this limit check circuit 33.

When CPU 1l is going to access VRAM 4, if coordinate:values
are set in X Register 30 and Y Register Si respectively, then
Limit Check Circuit 33, together with Address Conversion/Com-
position Circuit 32, is operated. That is, Comparison Cir-
cuits 40 and 41 are operated to check whether the respective
values on the X, Y coordinates are in excess of maximum values
or not. If either of them exceeds the maximum value, then an
interrupt signal is generated. 1In this.way, by interrupting
CPU1l, it is possible to inform to the effect that the coordi-
nates to be accessed.do not exist in the associated display
screen.

Also, Comparison Circuits 4Q.and 41 may be connected to
a data bus by means of a gate circult 42 such that their out-
put conditions can be written in the form of a status indication, so that
it is possible to know which of the coordinate values is in
excess of the maximum value.

Even in case when CPU1l 1s opé¢rated In a condition:in-.
which it cannot or does not initiate an 1nterrupt,lif, after
setting of the X, Y coordinates, such status is always

examined, Lhen it is possible to judge which of the comparison
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circuits 40, 41 exceeds the maximum value.

Fig. 7(a) illustrates an exampie of a comparison
circuit for checking whether the value of X Register 30 is
in excess of 640 or not.

When the bits 9 - 7 of X Register 30 are equal to or
more than "101", NL (NOT LESS) signal is output from Compa-
rison Circnit 40. This NL signal and a value in the bits
15 - 10 of X Register 30 is ORed to create an X Limit Out
signal having the meaning that the associated value has
excecded the maximum value on the X coordinate.

The value on the X coordinate is stored in terms of 2
bytes (16.bits) of software. The respective values of the

X coordinate should have been determined in accordance with

the respective demand items of the system previously occurred,

and if the value is other than "0 - Max. value", then its
position on the coordinates exists outside the screen and
thus any éccess to it must be prohibited. Since the value
of the coordinates is operated in terms of a binary number
sufficiently greater than its maximum value, when it is out
of position in either of a positive or negative direction,
it becomes a value other- -than "0 - Max. value". Here, the
bit 15 is interpreted as a sign.

Fig. 7(b) illustrates an example of a comparison cir-

cuit for checking whether a value on the Y coordinate is in

0149788



0149788
- 13 -

excess of 200 or not. If the value is more than 200, then
a Y Limit Out sigﬁal is output.

Fig. 7(c) illustrates a check circuit for checking
whether a value on the X coordinate is in excess of 512 or
not. If its screen is structured such ‘that its limit value
is composed of a power value of 2 in this manner, then Check
Circuit 33 can be realized very simply.

Fig. 8 illustrates a block diagram of another embodiment
of the invention. This embodiment is substantiélly similar
to the prior embodiment in.Fig. 4, but a display control cir-
cuit 3B in Fig. 8 1s different from the display control cir-
cult 3A in Fig. 4 in that an X counter 30c is employed in
place of the X register 30. The discussion made in connec-
tion with the embodiment in Fig. 4 may also apply to the
embodiment in Fig. 8, with X Register 30 being replaced by
X Counter 30c.

Fig. 9 1llustrates the operation of an adder when the
adder is used as Adress Conversion/Composition Circuit 32.
Similarly, the description given in connection with Fig. 5
can also apply to Fig. 9, only with X Register 30 replaced
by X Countler 30c.

Fig. 10 illustrates X Counter 30c, and Fig. 11 illust-
rates a decoder circuit for distributing the respective

read/write signals from CPU1l to registers.
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X Counter 30c is used as means to set up a value on
the X coordinate, and as a load signal to X Counter 30c an
indication signal is used which is employed by CPU1l to set
up the value on the X coordinate. As a count-up signal, a
signal 1n usced which indicates that CPU1 has accessed VRAMA4.

Each of the signals is outputted from Decoder 18d. De-
coder 18d is included within CPU Interface Controller 18 and
is operated when CPU1l reads/writes data between the respec-
tive registers.

X Counter 30c may be counted up by use of the trailing
edge of the count signal. -

Y Register 31 may also be composed of a counter. In
this case, its count-up signal may be supplied from CPU1l or
it may occur automatically within Display Control Circuit 3.
This automatic occurrence may include such an operation as
to count up by 1 a value on the Y coordinate when X Counter
30c counts N times. Thus, such automatic operation can im-
prove the performance of the system. Alternatively, it may
be possible not only to count up the value on the Y coordi-
nate but also to specify its count-down.

Fig. 12 illustrates a block diagram of another embodi-
ment of the invention.

This embodiment is different from the above-mentioned



10

15

20

0149788
- 15 -

embodiment in Fig. 8 in that it is further provided with
a mode register 34. The thus-modified display control
circuit is designated by 3C in fhis Figure.

At an initialization time or the like, prior to access
to VRAM 4, CPU1 sets up a value to specify a screen configuration
to Mode Register 34. Based on this value, Column Counter/
Line Counter/Row Counter 12 performs its counting operation
and at the same time outputs a signal and a display address
to Display Timing Circuit 13.

In Fig. 3 the value of the X coordinate ranges up to
639 and thus it can display 640 dots, while this horizontal
display dot number can be changed. The change of the number
is referred to as change of the screen configuration.

Further, since it is also necéssary to change:the con-
tents of Address Conversion/Composition Circuit 32 correpond-
ingly to the change of the respective screen configqurations, the
contents of Mode Register 34 are inputted to Address Conver-
sion/Componition Circuit 32 as well. Address Conversion/Com-
position Circuit 32 is composed of two selectors 321, 322 and
an adder 323 as shown in Fig. 13.

In this embodiment, three kinds of screen configurations (or
MO, M1, M2) are employed and, therefore, the following corres-

pondences are necessary:
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For MO, 640 X Y + X
For Mi, 512 X Y + X
For M2, 256 X Y + X
These equations can be generalized by the following equations:
X + YX256 XS1 + 128 X 852
where, S1 is 1 for M2 and 2 for M1, MO, while S2 is 1 for
MO and O for M1l and M2.

Selector 1(321) shown in Fig. 13 has shifted the values of
Y Register by one bit for MO,M1, thereby realizing the condi-
tions of S1. Selector 2 (322) selects 0 for M1,M2 and thus realizes
the conditions of S2.

When the number of horizontal dots in the screen configuration
is a power number of 2 only, for example, when it is
only M1, M2, the circuit shown in Fig. 10 may be used to
compose the bits (that is, re-arrange them) only, which eli-
minates the need for Adder 323.

Next, we will describe the specification function of
such an X counter as shown in Fig. 15 for specifying count
modes in addition fo the specification of the screen configura-
tion.

In Fig. 15, there are provided a mode register 34 used
to perform such mode specification and a circuit 18d respon-

sive to the mode register 34 to generate count signals.
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When we take account of the operation of an X counter that
corresponds to the operation of software, in case of a read/
modify/write operation, it may be convenient to count up

only for the write operations. However, when a continuous
reading or a continuous writing is carried out, it is con-
venient to count up for not only the write operations but
aios the read operations. Also, it would be more convenient
to be able to specify a count-down operation according to

the direction of processings on the screen, which can improve
the performance of a display control system.

Recently, with progress in the semi-conductor technology,
even a relatively complicated circuit has been made in the
form o% an LSI, a gate array or the like whiqh can reduce its
effect to the cost of the finished product. Thus, situations
permitting addition of hardware have been under arrangement.

In Lhe nbove~mentioned'description, various controlling
operatioﬁn not directly concerned with the present invention
can be realized by the techniques well known in the art. For
example, the timing of the display control circuits 3A, 3B,
and 3C and the setting of the registers are to be performed
by Timing Controller 11 and CPU Interface Controller 18.

Also, in the above-mentioned embodiment, although the

principles of the invention have been described by way of
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the memory so contructed as to have 4 bits for 1 memory
address (= 1 dot, each display color information is composed
of 16 colors), as shown in Fig. 3, it should be understood
that they are not limited to the illustrated example bﬁt
other embodiments can also be included within the scope of
the invention. For example, the invention is adaptable to

a configuration that employs 8 bits for 1 memory address (= 2
dots,each display color information of 16 colors, or, 4 dots,
each display color information of 4 colors) in accordance
with the contruction of a memory element, the access time of
the memory, the adjustability relative to CPUl.and the like.
Further,,?he invention is able to cope with a configuration
employing 16 bits for 1 memory address by specifying the mo-
dification portions of a word by means of the lower bits of
X Counter 30c and using the higher bits of X Counter 30c as
address values.

As can be seen from the foregoing description, according
to the invention, most of the operations of the software re-
lating to the display operations can be processed by the
hardware. Accordingly, the invention is advantageous in that
it is able to speed up its display memory access and that, in
doing so, the amount of the hardware added is comparatively

small.
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Also, the present invention eliminates the need to
set up values on the X coordinate every time, when the X,

Y coordinate system is employed.
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Claims:

1. A display control system comprising:

means (20) for setting up values of the X coordinate
in a display unit (5):

means (31) for setting up values of the Y coordinate
in said éisplay unit (5); and

means (32) for converting or composing said set-up
values of said X, Y cocrdinates into the physical ad-
dresses of a display memory (4).,

characterised in that memory access data for read-
ing, modifying or writing into the contents of said dis-

play memory (4) is specified for said X, Y coordinates.

2. A display control system comprising:

means (30) for setting up values of the X coordinate
in a display unit (5);

means (31) for setting up values of the Y coordinate
in said display unit (5); and

means (32) for converting or composing said set-up
values on said X, Y coordinates into the physical ad-
dresses of a display memory (4):

characterised in that X coordinate comparison means
(40) is provided for comparing said values on said X co-
crdinate with a maximum value on said X coordinate that
is determined according to the screen configuration of
said display unit (5); in that Y coordinate comparison
means (41) is provided for comparing said values on said
Y coordinate with a Amaximum value on said Y coordinate
that is determined according to the screen configuration
of said display unit (5); in that means is provided for
informing a CPU (1) of the results compared by said X
and Y coordinate comparison means (33); in that memory
access data for reading, modifying or writing the con-

tents of said display memory (4) is specified for said
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X, Y coordinates respectively, and in that said CPU (1)
is informed if the X, Y coordinates to be accessed are
present outside the limit of said screen (5).

3. A display control system as claimed in claim 2,
characterised in that said informing means is construc-
ted (42) such that said CPU (1) is able to read the out-
puts of said X, Y coordinate comparison means as a
status indication.

4. A display control system as claimed in claim 2 or 3
characterised in that said informing means is adapted to
interrupt said CPU when it judges that at least one of
said X, Y coordinate comparison means is greater than

said maximum value.

5. A display control system comprising:

means (30) for setting up values on the X coordinate
in a display unit (5);

means (31) for setting up values on the Y coordinate
in said display unit (5): and

means (32) for converting or composing said set-up
values on said X, Y coordinates into the physical ad-
dresses of a display memory:

characterised in that step-by-step means is provided
for advancing said values of said X coordinate step by
step for each access to said display memory (4), in that
memory accesses for reading, modifying or writing the
contents of said display memory (4) are specified on
said X, Y coordinates, and that for access operations
for the X coordinate direction the need for resetting

said values on said X coordinate is eliminated.

6. A display control system comprising:
means (30) for setting up values on the X coordinate

in a display unit (5);
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means (31) for setting up values on the Y coordinate
in said display unit (5); and

means (22) for converting or composing said set-up
values on said X, Y coordinates into the physical ad-
dresses of a display memory:

characterised in that means (34) are provided for
setting up a plurality of screen configuratibns and
specifying one of said screen configurations; in that
means (30c,21) is provided for changing the contents of
said conversion or composition means (32) in accordance
with said specified screen configuration; in that memory
accesses for reading, modifying or writing the contents
of said display memory (4) are specified on said X, Y
coordinates, and that a plurality of screen configura-

tions are available.

7. A display control system comprising:

means (30) for setting up values on the X coordinate
in a display unit (5):

means (21) for setting up values on the Y coordinate
in said display unit (5); and

means (32) for converting or composing said set-up
values on said X, Y coordinates into the physical ad-
dresses of a display memory 4;

characterised in that step-by-step means is provided
for advancing said values of said X coordinate for each
access to said display memory (4); in that means (34) is
provideé@ for specifying count modes; means (30c) is pro-
vided which is responsive to said memory access based on
said specification for generating a pulse signal for
count-up or count-down; in that memory accesses for
reading, modifying or writing the contents of said dis-
play memory (4) are specified on said X, Y coordinates,
and in that various count modes can be realized corres-

ponding to said memory accesses.



0149788

MAIN | _
I I 3 5
§ {
DISPLAY CRT
CPU CONTROL
CIRCUIT DISPLAY
X COORDINATE e X
Ll/ I’,.. II’. - jII;]’
? 27 ﬂﬂ
21— (sX,sY)
L : NX I
NY
< | M| source
o
S \\
S (DX, DY)
{
> DESTI-
NATION | |
>- ‘w
199 /COLOR
INFORMATION



cec .

“2H2

0149788

T - e mm T T 1
WNOIS | LINOHID TOMLNOD “
O3aIA LH0™ T 1Nd1no o3aain [0¢ _
_ HATI0HLNOD | OV
” D 30V443LNI EL
=>  u3ddne ‘ :M =
|
“ 6l 8l “
— > y3ddng K =~ y344ng !
“ y “
_ )i ol |
\ “ 43151934 | _
- l S m——— ssadaay K- : »
S53900V SS300V !
WYHA K] 4EXT TN pe WY A I vlva
WVSA ss3Haay |
“ Gl  Avidsid Nu vv_ | w_ “
TYNOIS ! MIINNOD  MOY _
i LINOHID yITIodL | |
waﬁ%%%m_wm - ONIWIL [=— d3LNNOD 3NIT | oo o oo —NOD
“ AVdSid JILNNOD NWNMTOD e ONIWIL
| gr |
~| LIN0YID TIOMINOD AvdsId i
lllll R Sl L AN A, S
m/



o) e

0149788

e §
wNols | 1INDYID TT0¥LINOD L
03adIA 1L¥0 ™1 1Nd1n0 03aIA I
| CIN ~02 HITIOYLINOD [T TV OV
i m FOVAUAINI [T M
= y3ddng ‘ AL g Y
1 8l
_ ol 1 m
= » < » nag=y |
- — 43448 K—am v 7 7 834 !
_ s |
_ 112419
Il “ Ll €€ ywo3Ho LN ”_Em__mwm “
V ! CE™ LINOHID NOLLISOd =
<= - / NoIsy3 - )
WYVHA AMN_..WQ_MI YIAXIILINW A.o,mmmoﬁ SS3NV | ~Noo ssauaav | vivd
WVEA T ssahaay = S =] |
) I y AVIdsia _
| ¥3INNOD  MOY og |
110810
TNDIS o) SNIWIL |— 93INNGS INTT dITI0ML] |
ONIZINOYHONAS 180~} AVIdSia !
| d3LNNCO NWA10D = ONIWLL | 1
l
_ o L !
| LINOH1D "TOMINOD Avidsia __ __



-I’,"L ¢ : C ' " o n'
0149788

FlG6.5

§3O

X REGISTER
ol9.8,7.6,5.4,3.2.1.0
EGISTER
2

| oj~3l

3l

(a) @
ACCESS ADDRESS

16,15 14 13 12 11,10.9.8 7.6 .5 . 4,3 . 2.1 .0
640 XY + X

gESI o §3O

(b) Y REGISTER X REGISTER
7,6.5,4.3.2 1,0/87.6,5.4.3,2,1.0

512X Y+X

§3l (30
(c) Y REGISTER X REGISTER
7.6.54,3.2,1,0|7.6,5.4,3,2,1,0
256X Y +X




0149788

S0_ X REGISTER ‘/33
N | R e e
i ﬂ' CIMIT CHECK CIRCUIT |

I comParison X LIMIT OUT SIGNAL
40 CIRCUIT —1

X MAXIMUM VALUE

=T

W/

: 4]~ COMPARISON It

CIRCUIT Y LIMIT OUT]

ﬂ SIGNAL

Y MAXIMUM VALUE

Y Y
STATUS GATE

e {}_______-V

DATA BUS INTERRUPT
SIGNAL

Lar s i i n s S AN R MRS GRS NS T NS MU MR RED SR GEES EES D WD D N S RN GED SN SN W G G G A

,___._________
S
)




- Gh')/

FIl1G.7

0149788

XH
15,14 ,13,12.11,10,9 .8

XL
7.6.5.4.3.2.1,0Q30

3l

R 0
OR lisoN CircuIT]
(G) : c’:| IT
10[1 0000000
X LIMIT OUT SIGNAL -
I5l4l3éHl 10,9.8 65Y23 |
| 10.9.8 _
OR [NC _COMPARISONL. 40
(b) I'I‘O'O‘I_O'OIO
Y LIMIT OUT SIGNAL
XH XL
(C) 15 14 13.12.11.10,9,8 7,6,5.4,3.2.1 .0\30
OR

X LIMIT OUT SIGNAL



0149788

. T §
TUNSIS | 1INJHID 0H.LNOD |
03AIA LMD | 6l 1ndin0 03AIA 0z I
“ \ ¥3TIONINOD |_| IV*OV
_ ﬁ 30V4HAINI | | UM
=> ¥3ddne - Ndd ™1 au
_ ol gp |
|
" , X “
& “Jv ¥3iddng K& TR > 434408 K= “
|
“ 2w IS, |
) ! 11n0¥1D
Y “ . %27 noilisddnoo | B ey |
) | . / NOISHIANOD <
WYHA K———— y3ax3idiLrinw |SS3uaav ss30ov ssadaav | viva
SSAvaA sy i v I
) | 3 AV dsia X “
74 I Gl 5 v i
| e 43INNOD  mMod og o] |
NIZINO OIS E,ollu.l..l ONIWIL ¥3INNOD 3N11 ZNOS |
_ Avidsia, Y31NNOD NWNTIOD = ONINIL | |
- 7 m
_ e’ 2P T
L _LINJYIO_TOMINOD Avidsia' |



, 0149788

FI1G.9

§30c
X COUNTER
©0000000{9876543 210
Y REGISTER
0,0{7.6.5.4,3.2.1,0h_3|
Y REGISTER
7.6,.5.4.3.2.1,0~3l

(a) \1

ACCESS ADDRESS
6.65,14.13,12,11,10,9,8.7.6.5.4,3,2,1,0

640 %X Y+ X
(b) Y REGISTER X COUNTER
7,6,54,3.2,1,018,7,6,5.4.3.2.1.0
S52%Y+X
SSI (30c
(C) Y REGISTER X COUNTER
7.65 4 3 2,1 ,0/]7.6,5.4,3.2.1.0

256 %X Y+X



g, T
i, -

0149788

FlG./0
DATA 30c
d 7

X COUNTER

9 876543 21 0,

LD p=—SET X REG

CU [=—COUNT-UP SIGNAL
CD j=— COUNT-DOWN SIGNAL

§l8d
w3 L SET X REG
WR w w2l SET Y REG
RD R wi b—SET M REG
WO b WR V-DATA
Al | R3 b— L—-\ COUNT-UP_SIGNAL
A0 O R2p— —
rRi L RD S REG
RO b I RD V-DATA
DECODER




0149788

||||||||||||||||||||||||||||||||||||||| -
r |
TVNOIS " 1INJHID T0MINOD | _ 5 “
O3QIA 1807 | _ 1Nd1NO 03aIA S o S—
“ ohy A« IOVIAINI [~T gm
_ | N4 [T ay -
L.y  ¥34d4ne — 1 @
™1 . 8l |
[ ol i “
- - . re
- : - —>{ ¥3ddna=y| |
- o ¥3danE K i
“ \ g m
_ <l 1IN ya1sioay
|
AV | 2€~] NOILISOdWO0D A o ,
_ | < /NOISIANGO >
WYHA K] yaxadirinw [SS3u0av §s3007 | NS | |
Ssauaay - ([
WYHA ss3yaqyv f i
) “ S _v AVdsia 20¢ 43Lls193y “
v “ Tinours ¥3LINNOD  MOY ey L |
JVNOIS -t ONIWIL [=—{ ¥3INNOD 3NIT =noaL] |
ONIZINOYHONAS 14D | ASIG TIN5 NAMT05 = NG|
_ ] y !
_ 2! v
! ! LNOHID TOMINOD Avidsid 1P 1
L e e e LINQYID TIOHINOD B
OM\



0149788

FlG.l3

322—~"10,0,00 0,0 0 o[—MO
Y REGISTER
7.6.543 2 | of~MO

[

SELECTOR 2
14,13 1211 10,9 .8, 7
— X COUNTER
323—10,0,0.0.0.0.0 9,8 765 43 21 0
| SELECTOR |
16,15 14 131211 10 9 8
1 ‘
Y REGISTER
32— o 7.6,5432 1 0| M2
Y REGISTER | ]
7 6543210

SCREEN
MODE | cONFIGURATION

MO | 640 X 200

MI | 512 X 200
M2 | 256 X 200




_12)19’ .: . e.' . '. ,

0149788

FIlG./4

32"'\—0

7,6, 543,21 .0

Y REGISTER

Y REGISTER [XCONTER.;
7.6 54 32 1,0|8

| |

i6,1514,13.12,11.10,9,.8|7.6.5.4,3.2.1.,0

SELECTOR X COUNTER

FlG.l5

3x4
o M2
E MO TO SELECTOR
pata Y 8 €D
c lwe
— | & Irc
SET M REG.| © ,18s
{
{
[ ————- e oo me ——— — e o - —— — - ——— — .
| T o R
WR_V-DATA ! DO_L |
ﬁ>° : |
' Y— : ‘
RD_V-DATA T>o— Do__r | | COUNT-UP

r————-— e o —




	bibliography
	description
	claims
	drawings

