DESCRI PTI ON PROGRAMMVABLE DI SPLAY DEVI CE Technical Field 5 The
present invention relates to a progranmabl e display device in a conputer
system whi ch di splays inage data, in partjcular, to a system which reads
data for the display froma nenory in a g}aphic di spl ay system very
flexibly, and can define dynam cally the mininumunit of the pixel data to
be 10 read out for every pixel, when reading the data for the display
fromthe nmenory. Background of Art Conventionally, in a standard conputer,
t he superposing 15 and synthesizin rocessing of the display data in
a single frame nenmory is performed d?$%&$f?T59Na mai n processor or
portrayal device on the nennrgogFlG. 1 is a block diagram show ng one

enbodi ment of the conventi onBROFRAFLAREE P ESPIRYi REVIGH| s i mage di spl ay

device is conmposed of a main CPU 20 101, a main nenory 102, a data
processing circuit 103, a line nenory 104, an output processing circuit
105, a systemcontroller 106, and a sync signal generating circuit 107. In
the main menof§chBCashiedispl ay data are stored. For exanple, considering
a case_where several kinds of w ndow 25 di splay are perforned,_ display

data cdrrespondi ng 1% BEERENT IAVENIIOR Te13ESF @ 2 WASTTOTIGL 1 Atk %r e

super posed and . . ] ) ) .
device in a computer system which displays image data, in

particular, to a system which reads data for the display from
a memory in a graphic display system very flexibly, and can
define dynamically the minimum unit of the pixel data to be
10 read out for every pixel, when reading the data for the display

from the memory.

Background of Art
Conventionally, in a standard computer, the superposing
15 and synthesizing processing of the display data in a single
frame memory is performed directly by a main processor or
portrayal device on the memory. FIG. 1 is a block diagram
showing one embodiment of the conventional image display
device. This image display device is composed of a main CPU
20 101, a main memory 102, a data processing circuit 103, a line
memory 104, an output processing circuit 105, a system
controller 106, and a sync signal generating circuit 107.
In the main memory 102, some display data are stored.
For example, considering a case where several kinds of window

25 display are performed, display data corresponding to each



di spl ayed on one screen, the main CPU 101 selects and reads each displ ay
data so as to obtain one screen-display, and stores again the display data
for one screen in the main nmenory 5 102. The systemcontroller 106
generates an address of the main nenmory 202 for the data transfer,
according to the timng of the sync signal generated by the sync signal
generating circuit 107. After the display data is read out fromthe nmain
menory 102 according to this address, and a predeterm ned data 10
processing is perfornmed by the data processing circuit 103, the data is
transferred #dndew |ishestanasdty Hen Tihesmtwindews harpi supesposgdlead s
out put according to the timng of the sync signal, subjected to the
processi ng f Gl s@iléylesy opyoneageresn + Hdreomegdt CBPotRssateets @nd re@dsand
di spl ayed on the 15 di spl ay. Furthernore, as discl osed in
Japanese Patash Adsinleat idertal siodaSpéw kbitadnNonel 4932en tdispd.ays andyst em
I n which frane nenories are prepared for the nunbers necessary for
super posi t i ostoxes agadnitherdigplay detafict pnetrcfeeminAdie main memorives at
the tine of outputting the picture, and the synthesized results are
di spl @&yed badéd.onThhespstieniaontamnen ddpegeneratesnes. adbresyarf the
di scl osed in Japanese Patent Application Laid-Qpen Hei 6 No. 295169, there
i s a system waighnerenyilfd2efopthe datattiremsifisde ¢oprékagptioethe Hdmiing
nunber of one pixel) each 3

of the sync signal generated by the sync signal generating

circuit 107. After the display data is read out from the main
memory 102 according to this address, and a predetermined data
10 processing is performed by the data processing circuit 103,
the data is transferred to the line memory 104. The data from
the line memory 104 is output according to the timing of the
sync signal, subjected to the processing for display by means
of the output processing circuit 105 and displayed on the
15 display.
Furthermore, as disclosed 1in Japanese Patent
Application Laid-Open Hei 6 No. 149527, there is a system in
which frame memories are prepared for the numbers necessary
for superposition, the data is read out from all the frame
20 memories at the time of outputting the picture, and the
synthesized results are displayed based on the priority among
respective frames.
Moreover, as disclosed in Japanese Patent Application
Laid-Open Hei 6 No. 295169, there is a system which identifies

25 which mode (for example, the bit number of one pixel) each



‘display dot is in by providing an identification nenory for every display
dot of the nenory in the display area separately fromthe nenory for

di spl ay, and displays the display dot according to the node, and displays a
different display node 5 on one screen. In addition, there is a system
whi ch references the content of the identification nenory, or a system
which utilizes a separate mask nmenory and when the information in each

wi hdow now bei ng di spl ayed is changed and rewitten, 10 masks t he
outside of the area, as disclosed in Japanese Patent Application Laid-Open
Hei 7 No. 33484Plah&ot hé #RIGY @BVMP%PPO%%HthlE?EEQEs‘F‘PfEP%chﬁr?ras
superposition and the |ike of each w ndow, however, the burden of the main
CPU 101 beco@¥ehHaifBiRy dusaf thhfgmenostidm fheslisplay,ppppaifRaratalie nain
CPU 101 cannot perforn1otherH§%9cessing to decrease the overall processing

speed. Furt héiGfH &£ng MeNGwst tH SRdloe attk Frlers idie shiFErian wot

sof tware by having frame nenories for the nunbers required_to superpose
each w ndow, 3%cqudimgytior Bye masia + RBA2@isplays it diffeseagedisr hay addee
frame menories of the maxi mum nunbers to be considered necessary. Nanely,
regar di ess ofol A& iU+ he wi ndow to be di spl ayed on the screen, the
frame nmenories are_required in the nmaxi mum size of the display area.
Therefore, the effFBiéﬁ@&tépnusFﬁ@rﬁhésnémﬁﬁfq%@(ﬂﬁ%@%ﬂﬁﬂéz€§¥ces thend

when a nunber of wi ndows are open at the same tine, it
content of the identification memory, or a system which

utilizes a separate mask memory and when the information in
each window now being displayed is changed and rewritten,

10 masks the outside of the area, as disclosed in Japanese Patent
Application Laid-Open Hei 7 No. 334342.

When the main CPU 101 performs the processing such as
superposition and the like of each window, however, the burden
of the main CPU 101 becomes too much, resulting in such a

15 problem that the main CPU 101 cannot perform other processing
to decrease the overall processing speed.

Furthermore, in a method to reduce the processing load
of the software by having frame memories for the numbers
required to superpose each window, it is required from the

20 initial stage to have the frame memories of the maximum
numbers to be considered necessary. Namely, regardless of
the size of the window to be displayed on the screen, the frame
memories are required in the maximum size of the display area.
Therefore, the efficiency of using the memory is decreased,

25 and when a number of windows are open at the same time, it



4 is required to read out the data sinultaneously fromthe whole frane
menori es corresponding to the window. Nanely, it is necessary to read out

t he data whose wi ndow i s superposed and not displayed actually. Thus, the
consuned power becones 5 | ar ge propéﬁtional to the nunber of w ndows
opened on the screen. Furthernore, as a nethod to mngle and display
different display nodes on one screen as in the conventional device, there
can be nmentioned a nethod to identify which node each 10 di spl ay dot
is in by providing identification nenories for_each display dot of the
menory in t hé-SuFearafed/tarept AU Ehﬁé}%,Sl’gHE%nFﬂ‘éS?-géﬁgqﬂf ERatbod Srenor y
of several bits becones necessary separately for the nenmpry for the ful
screen, a mefdAPY MEENGIS S SOTGTSRORGATE BecbhesWhREeYsarNAmelY. it 4% the
si de whi ch cannot be used for other applications., Sim/lar thing can be said
when the masPERERFAFY Souserf ot tRe datdprhesedfingry &Fe%‘éﬂ?ri’%%%‘i]\ﬁ% to
provi de a progranmabl e di spl ay device which requires only a nenory space
for storing W FSRAYUECTHHE Ihi dRUSan thse coRsameg power heqamsSessi ng
speed by reduci ng the nunber of access to the nenory for the display and
reduce t he brdRs® G HATR eIt rtdie JBESeh OGN T eRsNah &N tion

25 The present invention has been devel oped in order to
screen.

Furthermore, as amethod tomingle and display different
display modes on one screen as in the conventional device,
there can be mentioned a method to identify which mode each

10 display dot is in by providing identification memories for
each display dot of the memory in the display area. 1In this
method, since the identification memory of several bits
becomes necessary separately for the memory for the full
screen, a memory (identification memory) becomes necessary

15 on the side which cannot be used for other applications.
Similar thing can be said when the mask memory is used.

It is an object of the present invention to provide a
programmable display device which requires only a memory
space for storing the display data, and which can increase

20 the processing speed by reducing the number of access to the
memory for the display and reduce the burden of the main

control section.

Disclosure of the Invention

25 The present invention has been developed in order to



5 attain the above object, and the aspect thereof is as follows. The first
aspect is a programmabl e di splay device conprising: a main nenory which
stores the display data; 5 a data processing circuit which
converts the data format of said displayfhata into the data format of the
screen di splay; a nunber of |line nmenories which store the display data
converted by said data processing circuit per unit of the 10 di spl ay
line; a display control section which controls the transfer and storage of
the display data fromsaid main nenory to/in said |ine nenory and the
readout of  t e ik B8PS BPAGClalEnd FOMASRTFY LRETREAGS 265 TPy | ¢
on the screen; and_15 a main control section which controls the
storage of said di SpPayfikita #FPLEF difmith PEASFFIMERYE t Ad SPLRNsAFVISE® t he
stored information including the data format and the storage address to
sai d di spl ay €T oii¥ECti on, wherein said display control section reading
out said display 20 . data by specif¥ing the address of the display data
for one |ine whi chahB&ig BFE¥erki FhRight STEECRi §PrafédroaYt ARL&¢reen to said
main nmenory fromwhich the display data is transferred, based on said

st orecP i nf or mat i on@ kA PRYCSEF HNA&LE PridcERLFR FonveEtist the dgEprictdthe

data transfer and sel ect 25 said line nenory to store said display
dat a. of said display data into the data format of the screen
display;

a number of line memories which store the display data

converted by said data processing circuit per unit of the
10 display line;

a display control section which controls the transfer
and storage of the display data from said main memory to/in
said line memory and the readout of the necessary display data
from said line memory to display it on the screen; and

15 a main control section which controls the storage of
sald display data in said main memory, and the transfer of
the stored information including the data format and the
storage address to said display control section, wherein

said display control section reading out said display

20 data by specifying the address of the display data for one
line which has a possibility to be displayed on the screen
to said main memory from which the display data is transferred,
based on said stored information, causing said data
processing circuit to perform the data transfer and select

25 said line memory to store said display data.



6 The second aspect of the present invention is a progranmabl e di spl ay

devi ce according to claim1l, wherein said display control section controls
the storage of the display data to be utilized repeatedly in said |ine
menory, 5 so that when the repeatedsdisplay data is displayed, said
repeated display data is read out fromsaid |ine menory by specifying the
address thereof and displayed on the screen. The third aspect of the
present invention is a progranmabl e display device according to claim1,
further 10 conprising a data buffer nenory for storing the djsplay
data to be utilizeth® efes088 yasReet wodn EBfd H);‘%ﬁsffq% dn¥ERAYER o t Re
screen, said display control section causes said repeated display data to
be read out PFESTSEM@PSt FiFBAAYr ARVAGLy ASRETHILET &PeGloAm He ¥bEEEADR 15
The fourth aspect of the present invention is a progranmmabl e display device
accordi ng t oSeigi RiEPI APNHALERStIPT | ¢t RS etheefibPyagsr 08t $feng t he
di splay data read out fromsaid main nmenory; 20 ) . a second buffer
menory for sféfPAGYt RBtai EpIRg Uddid zecagecraterdh 4RiRI4 SN H IO Ynenor y;
and an address counter for counting the readout address and the wite
addreds of s&PdthatsWhgrd thige repea§dbdirelaefditteds WAéPdResds said

said display control section controlling the stop and .
repeated display data is read out from said line memory by

specifying the address thereof and displayed on the screen.
The third aspect of the present invention is a
programmable display device according to claim 1, further

10 comprising a data buffer memory for storing the display data
to be utilized repeatedly, and when said data is displayed
on the screen, said display control section causes said
repeated display data to be read out from said data buffer
memory and displayed on the screen.

15 The fourth aspect of the present invention is a
programmable display device according to claim 1, which
includes:

a first buffer memory for storing the display data read
out from said main memory:;

20 a second buffer memory for storing the display data read
out from said first buffer memory; and

an address counter for counting the readout address and
the write address of said first and the second buffer
memories; wherein

25 said display control section controlling the stop and



7 notion of the readout address count and the wite address count,
respectively, with respect to said address counter, performng the
processi ng of expansion, contraction and fkip and storing the data in said
line menory. 5 The fifth aspec of the present invention is a
programuabl e di spl ay device according to claim4, wherein said display
control section causes the stop and notion of the readout address count to

be repeated in a predeterm ned order. 10 The sixth aspect of
the present 1inventio is a programmbl e di splay device accordi to claim
1, wherein sé’i‘%’o‘éﬁ Lhrifeests 'r%”%'e%sasc%‘g)rbtf A e OWrJCB?'IV%(?%%ﬁTS

processing circuits for converting various data forpmats, _.and said di spl ay
control sectiGH e &ﬁ%pes%‘?lcyet;@wg’ﬁstl%oﬁef@e“ Lo 3B sATECES reehit e hased
on the data format informati on of said stored infornation. The seventh
aspect of t hPrEREHNG TPEnRTORe TS0 SEOGFRANEHPR - TSHIRAF A EBISEHR di ng
to claim1, wherein said dis%; contro] section is provided with a program
menory 20 an‘iirﬁnt%”cféﬁat% 15af3cﬂ 24t i e ReB¥dessary programs and
data. The eighth aspect of the present invention is a progranmmabl e di splay
devi ce accordi ng t 328 af hf ¥ vﬁ%eé?fn 8% dtf s RS Yt Fﬁ‘l"%é‘édﬂ“onlﬁaﬁes

the infornati on necess or said_program nenory and said data nenory to
be transferr&f%rammaﬁ%/ociﬁr%%]rw W‘?ﬁerﬁﬁ‘iﬁrdia’g to claim 4, whereid

sajid display control section causes the stop and motion of
the readout address count to be repeated in a predetermined
order.
i0 The sixth aspect of the present invention is a
programmable display device according to claim 1, wherein
said data processing circuit has a plurality of conversion
processing circuits for converting various data formats, and
said display control section selects said conversion
15 processing circuits based on the data format information of
said stored information.

The seventh aspect of the present invention is a
programmable display device according to claim 1, wherein
said display control section is provided with a program memory

20 and a data memory for storing the necessary programs and data.

The eighth aspect of the present invention is a
programmable display device according to claim 7, wherein
said display control section causes the information necessary
for said program memory and said data memory to be transferred

25 from said main memory.



8 The ninth aspect of the present invention is a programuabl e display

devi ce according to claim1l, wherein said display control section adds the
line information showing in which line the data is to be used when storing
the 5 di splay data in said |line nenﬁ}y, and controls the display of
the data in such a manner that when reading out the display data fromsaid
line menory, the line information is read out sinultaneously and the data
is displayed only when the |ine which uses said display data is the sane
with the line 10 information. In the %nvention of .said gspect 1, the

di splay data of théBSorBiBHr @RS 2F t hRet iR i dPVAR O™ akEn Dut
fromthe main nenor used.. Therefore, it is possible to take out, the
data ar an ot AL [ GAFELRY Hevire reprd Lo e talt LomeR thom
optionally. Thj ontrol is perfornmed by the display_control_ section, thus
the main cont??ﬂsséﬁﬁp ﬁynéﬁﬁﬁﬁﬁp-pﬁ??5+ t REAS ot sidge neFiglelon
processing load of the nmain control section in the software can_ be reduced.
In the i nventSIF Y 4& Whishekine thghdatenks §at Beiwsed wign storpraidieat ed
inthe line direction, as the background in the MﬁﬂdOMlS%gtEﬁ] t he readout

line menory RAFREEY datdhdn 563&d LiReaNeBREYonaRdpRRtFohS ¥he tHeSBIR%nNt i on

of said aspect_3, since the cursor and the repeated_background can be
stored in t hepfd&{h& %%‘T:zpe'lrn such a manner that when reading out the display

data from said line memory, the line information is read out

simultaneocusly and the data is displayed only when the line

which uses said display data is the same with the 1line
10 information.

In the invention of said aspect 1, the display data of
the portion required at the time of display is taken out f£rom
the main memory and used. Therefore, it is possible to take
out the data at an optional position in the main memory and

15 combine them optionally. This control is performed by the
display control section, thus the main control section need
not perform the processing, hence the processing load of the
main control section in the software can be reduced.

In the invention of said aspect 2, when the data is to

20 be repeated in the line direction, as the background in the
window system, the readout line memory address can be looped
in an optional position.

In the invention of said aspect 3, since the cursor and
the repeated background can be stored in the data buffer

25 memory, it is not necessary to read out the routine data from



25 menory, it is not necessary to read out the routine data from 9
the main nmenory. Thus, the nunber of use of the data bus can be reduced. In
the invention of said aspect 4, it is not_necessary to performthe
expansi on/ contracti on processing with res%ect 5 to the data for the

di splay in advance, in order to performthe expansion/contraction
processi ng when the display data is read out, hence the efficiency of using
the bus can be increased. In addition, when the video input picture is

di splayed, it _is normal that the change of the picture size 10 S
equi red, but TBS THET BEMPRY -t HETESpaiS BRIBGA! PEIREPEBE dedihus: e

out put stage, the expansion/contraction circuit can be utilized nore
effectively. BReF&BYSehhile taking in the video data always in a full size,
the display can be set _in_an optional size without the need of transferring
15 the data td™ kBef+AKRRRFEABSE S2ithasPRRE. 41 it HE PRYREFEFSRFY sai d
aspect 5, expansion and contraction at a certain nmagnification can be
performed wit b PeHEPIMEthe &@@ﬁsﬁ@,n/wnrtéﬁ‘é’iﬁ%PF%ge%b‘bg Hotiiore spethe
readout address count fromthe first_buffer penory in a 20

pr edet &r mi nedtorthe 4342 E0F theeRiFBHABF 1R A4 aGfoctil OT8efc Ot PRTEPEPI ay
control section can performthe data conversi on based on the data format

i nf.ormation i A® RXRIDT LN TARVFTRAR TP RIACSiRg when the display data

is read out, hence the efficiency of using the bus can be
increased. In addition, when the video input picture is
displayed, it is normal that the change of the picture size
10 is required, but by performing the expansion/contraction
processing at the output stage, the expansion/contraction
circuit can be utilized more effectively. Thereby, while
taking in the video data always in a full size, the display
can be set in an opticnal size without the need of transferring
15 the data to the frame memory or the like.

In the invention of said aspect 5, expansion and
contraction at a certain magnification can be performed with
a simple processing, by repeating the stop/motion of the
readout address count from the first buffer memory in a

20 predetermined order.

In the invention of said aspect 6, since the display
control section can perform the data conversion based on the
data format information in the stored information, the format
to store the data for the display is not particularly 1imited.

25 In the invention of said aspect 7., since there are



to store the data for the display is not particularly limted. 25

In the invention of said aspect 7, since there are 10 provided a program
menory and a data nenory for storing the_programand the data necessary for
said display control section, it is not r]r@cessary to read out the data from
the main nenory every tinme of processing. 5 In the invention of
sai d aspect 8, said display control section can flexibly correspond to the
change of the screen node or the graphic area so as to transfer the

i nformati on necessary for said program nenory and said data nenpry fromthe
nmai n nenory. g%&d%%@ POG2M E‘ngﬁg aada2 éi%fe%mw%éoafostormaa%%i ty
can be read out fromthe nain nenory, the capacity of the nenory may be

smal | . I n t hePTRPEHE | 8R0S 4R RS egsary fernGeide fliFRPYE CeREERE t he
data in the line menory every tine each line is displayed, and _the used
line informt$RRCIPN ¢ het |FhdteMGOpspRTyY to FgadoRmy: F\B/ebéa&élﬁif‘éfa Foe
every period of vertical retrace, hence the processing can be perforned at
a hi gh speed.M&BR SREMREE r¢YRTHNEHIC 1M BFARTHEFI G 1 is a bl ock di agram
showi ng one enbodi nent of the 20 conventional inmage display device.
FIG 25is a block dPafRarBHiiiing 6hesaHbdnestt 8ofsaHt digRdevorptagt
device according to the present invention. FIG 3 is a block diagram
showi ng t he d%g%tﬁqgégggﬁﬁ§x1bly'correspond to the change of the screen

mode or the graphic area so as to transfer the information
necessary for said program memory and said data memory from
the main memory. Since the program or the data exceeding the

10 capacity can be read out from the main memory, the capacity
of the memory may be small.

In the invention of said aspect 9, it is not required
to delete the data in the line memory every time each line
is displayed, and the used line information in the line memory

15 has only to be deleted for every period of vertical retrace,

hence the processing can be performed at a high speed.

Brief Description of the Drawings
FIG. 1 is a block diagram showing one embodiment of the
20 conventional image display device.
FIG. 2 is a block diagram showing one embodiment of the
image display device according to the present invention.
FIG. 3 is a block diagram showing the data processing
circuit and the display memory section of this image display

25 device.



circuit and the display nenory section of this inmage display 25

devi ce. FIG 4 is a block diagram show ng the display processor of this
i mge display device. FIG 5A - FIG 5C are diagrans illustrating the

di splay data of the main nenory and the &ﬂsplay out put of the display. 5
FIG 6 is a flowchart for displaying beta screen data for one screen. FIG
7 is an exanple of the display screen of the beta screen. FIG 8 is a
menory map of the main nmenory in which the 10 beta screen data is
stored. FIG 9 is ry of the main nenpry .in which various display
data are stored. F égegg lissggtg):\“?%d&ﬁ&rfmf %‘Pog%gﬁ&ﬁ %ﬁ&lﬁﬁcpﬂ?%epﬁsﬁﬁ ng a
plurality of wi ndows., 15 . FIG 11 is a flow chart of a normal
line transfer®w thott 1932 #49PL SN HPE- FIG 12A is an exanple of the

di splay screen without the[err] -blending, and FI.G 12B is a nmenpry nmap of
the line nenory i nFS e PRrefRG: ¢ agg diagrams illysgratingtherdiipldart of
the line trangsfer including the a-blending., FIG 14A is an exanple of the
di spl ay scr eéff“%‘ of the Mnemary ddid jhe JHFoag oY ERut o4 thebiSP A of

the normal |ine . . .
5 FIG. 6 is a flow chart for displaying beta screen data

for one screen.
FIG. 7 is an example of the display screen of the beta
screen.
FIG. 8 is a memory map of the main memory in which the
10 beta screen data is stored.
FIG. 9 is a memory map of the main memory in which various
display data are stored.
FIG. 10 is a flow chart for synthesizing and displaying
a plurality of windows.
15 FIG. 11 is a flow chart of a normal line transfer without
the o -blending.
FIG. 12A is an example of the display screen without
the ¢ ~-blending, and FIG. 12B is a memory map of the line memory
in the line No. L.
20 FIG. 13 is a flow chart of the line transfer including
the o -blending.
FIG. 14A is an example of the display screen with the
o -blending, and FIG. 14B is a memory map of the normal line

memory in the line No. L and the line memory for thea -

25 blending.



menory in the line No. L and the line nmenory for the a - 25 bl endi ng.
12 FIG 15 is a diagramshowing the notion of the control data. FIG 16 is
a diagram showi ng the transfer notion be% en buffer nenories for transfer
when the size is the same as the 5 I gi nal wi thout expansion,
contraction and skip. FIG 17 is a diagramillustrating the contraction

notion of the buffer nenory for transfer. FIG 18 is a diagramillustrating
t he expansion notion of the buffer nmenory for transfer. 10 FI G
19 is a diagrami |l tr e sk tlpn of the buffer menory for
Cransfer FLG 120 Fi%a B dR anfitPRueh BTN RO BOLAnPEL IS BATER hremor y
for transfer n whi ch expansi on, contractlon and skip exist together. 15

FIG 21 is a‘%?ﬁbran1lllustrat|ng anot her notion of the buffer menory for
transfer, in which p l,on, .contraction an Skl exi st together. FIG 22
s°a diagram i 1 o S5 Y 180 AR RIS BASOHATRS ShmP BRI oy
transfer, h expansi on contraction and, skip exi st taogether.
F G 25 15 o BHLAATAETRTIee, 507 dg AR s FACR, U Rierohs st Semet af Fhe

nagnlflcatlon of the buf fer nenmory for transfer. . .
original without expansion, contraction and skip.

FIG. 17 isadiagramillustrating the contractionmotion
of the buffer memory for transfer.

FIG. 18 is a diagram illustrating the expansion motion
of the buffer memory for transfer.

10 FIG. 19 is a diagram illustrating the skip motion of
the buffer memory for transfer.

FIG. 20 is a diagram illustrating the motion of the
buffer memory for transfer, in which expansion, contraction
and skip exist together.

15 FIG. 21 is a diagram illustrating another motion of the
buffer memory for transfer, in which expansion, contraction
and skip exist together.

FIG. 22 is a diagram illustrating still another motion
of the buffer memory for transfer, in which expansion,

20 contraction and skip exist together.

FIG. 23 is a diagram illustrating a contraction motion
at a certain magnification of the buffer memory for transfer.

FIG. 24 is a diagram illustrating an expansion motion
at a certain magnification of the buffer memory for transfer.

25 FIG. 25 is a block diagram showing the display memory



FIG 24 is a diagramillustrating an expansion notion at a certain

magni fication of the buffer nmenory for transfer. 25 FIG 25 is a
bl ock di agram showi ng t he di splay nenory 13 section for storing the used
line information. FIG 26A is an exanpl eldf the di splay screen, FIG 26B is
the nenory map and the output data of the line nmenory when the used |ine
information is N, FIG 26Cis the nenory map 5 and t he out put data of
the line nmenory when the used line information is N+2, and FIG 26D is the
menory map and the out put data of the |line nmenory when the used |ine

i nfor mati on iSERHAD FHAE SELPTING thedse NG PO G B9& -not i on when t he
10 background_i s repeatedly used., The Best Mdes of the Enbodi nents of
the Invention The PrEfef?Rd-%AF0BFABRLE OF e d3FRdaYt SPRE8RAL | I WidSB now
be described with reference to the accaonpanying draw ngs. 15

FIG 2 05 a HiodRedaBRERTER ARAGERAS Bt AAEAL b1t d PP JBPARTE BhED

di spl ay device according tqQ the present invention. This display device is
conposed of &hfiUFecPdite 1afRamatieroity ¥z FoF- stof ity o JeRAsY Medhl ay
data and ot her data, a data processing circuit 13 which perforns, a .
processi ng 264 theg Quighyy data,@h fdsildheaperary e dhtiysatend™pe 12
into the data format for di %pl ay, a display nenory section 14 which _stores
the convert edfigHahiomis éﬁ'oGPSuFIﬁrogégs?-ﬁgthe memory map and the

output data of the line memory when the used line information
is N+4.
FIG. 27 is a diagram illustrating the motion when the

10 background is repeatedly used.

The Best Modes of the Embodiments of the Invention
The preferred embodiments of the present invention will
now be described with reference to the accompanying drawings.
15 FIG. 2 is a block diagram showing one embodiment of the
programmable display device according to the present
invention. This display device is composed of a main CPU 11,
a main memory 12 for storing programs, display data and other
data, a data processing circuit 13 which performs a processing
20 for converting the display data in the main memory 12 into
the data format for display, a display memory section 14 which
stores the converted display data, an output processing
circuit 17 which ﬁerforms a processing for outputting the
display data onto the screen, a DMA (Direct Memory Access)

25 18 which accesses to the data in the main memory 12, a program



circuit 17 which perforns a processing for outputting the display data onto
the screen, a DVA (Direct Menory Access) 25 18 which accesses to the
data in the main nmenory 12, a program 14 nmenory 19, a data nmenory 20, a
di spl ay processor 21 which interprets t h&4conmand and data described in the
program nenory 19 and the data nmenory 20, and mainly perforns transfer or
the like of the display data according thereto, a sync 5 si gnal
generating circuit 22, and video inputs 23, 24. The data processing circuit
13 conprises, as shown in FIG 3, an YWV decoder. 27a which perforns YUV ->
RGB conver si GiEHRTH Ysfedatd Mamo™d i ay? dHiSP4ava AP T ridm"Heh

di splay processor 19, a run |length evolving circuit_ 27b which perforns 10
the run | engtPt &R NG ?W%e@?dtéagai gegrsppgd d& fhea REaHTam
extension circuit 27c for extending the color data with respect to said

di spl ay dat a PeFNLEI137S tBe dH G BeEPRY 4] r Bt maigtl vPBEGPAMStYr IS Ted or
pal l ets 27d and 27e for performng the pallet conversion with respect to
sai d di spl ay OB the lika £f & £isnlast dotm acomdinis figraihordy S8 i on
14 conprises, as shown in FIG 3, a data buffer 15 which can be used for
stori % t he pEtdEh IRRFIIing QGIEOLt &7 and dea yingrals 28 ne&fories 16
for storing the data di S€| ay data and the used line information. The output
processing circuit The 98ta ProcyFming culoruid) dct 6PMPELSEE| e@F i FRLHH 10
optional line nenory fromthe plurality of line nenories 16, an attenuator
f or FIG. 3, an YUV decoder 27a which performs YUV — RGB conversion

with respect to the display data transferred from the display
processor 19, arun length evolving circuit 27b which performs
10 the run length evolvement with respect to said display data,
a color extension circuit 27c¢ for extending the color data
with respect to said display data, a plurality of processing
circuits of a plurality of color pallets 274 and 27e for
performing the pallet conversion with respect to said display
i5 data, and a selector 28. The display memory section 14
comprises, as shown in FIG. 3, a data buffer 15 which can be
used for storing the pattern data of a cursor, and a plurality
of line memories 16 for storing the data display data and the
used line information. The output processing circuit 17
20 comprises a selector for selecting an optional line memory
from the plurality of line memories 16, an attenuator for
changing the brightness of the display data in order to
realize the «-blending and an adder for adding its output,
a selector which is used for synthesizing the repeated

25 background data, cursor and the like, and a D/A converter for



changi ng the brightness of the display data in order to realize the

a- bl endi ng and an adder for adding its output, a selector which is used for
synt hesi zi ng the repeated 25 background data, cursor and the like, and
a DA converter for 15 performng DO/ Al€onversion in order to display on
the display, and the |ike. The display processor 21 has, as shown in FIG

4, buffer nmenories for transfer, 25a, 25b, 26a and 26b. This display device
does not have a franme buffer for 5 exclusive use, and takes the
UVA (Unified Menory Architecture) structure which | odges the_display data
in the mai n MREHBFYTAINTG PR FERVRYShel & PaokdetdiufdsPhay P thendioRida®er for
exclusive use is included in the main nmenory 12. The notion of this

enbodi nent w34 AR békgescFrd&dspi@y processor 25 has. pRShpsmeial FI¢ ow
till the display data is actually displayed will be described. The display
data is stored: n%‘?#‘?ri‘ﬁefﬂ%l%igp%%%@?rbyﬁ%e Hen €8 and Affese

di splay data is read out_ by the DVA 18, and tenporarily stored in the

buf fer nenories 253Pdfd display dEEBCPoﬁoﬁﬁaﬁgFggaVﬁsﬁd rapet hef fex pf oy
processor 21 shown in FIG 4. Then, after the display data is subjected to
the motion sIRFCHASEXDan¥bBn, &&&k r acdkem okbheki HBIﬁnd ireirfdeed n MeROBUF f er
menories 26a and 26b for transfer, the display data is converted to the
data in a sifprerRepcteremhs tpativeegyhacholodges ghecdssphgy datauip e and

then stored in the line nenory 16.
main memory 12, but it may have a structure that a frame buffer

for exclusive use is included in the main memory 12.
The motion of this embodiment will now be described.
10 First, the general flow till the display data is
actually displayed will be described.
The display data is stored mainly in the main memory
12 by the main CPU 11. These display data is read out by the
DMA 18, and temporarily stored in the buffer memories 25a and
15 25b for transfer inside of the display processor 21 shown in
FIG. 4. Then, after the display data is subjected to the
motion such as expansion, contraction or skip and stored in
the buffer memories 26a and 26b for transfer, the display data
is converted to the data in a simple RGB format by the data
20 processing circuit 13, and then stored in the line memory 16.
The data written in the line memory 16 is read out for one
pixel in conformity with the dot.clock in the sync signal
generated by the sync signal generating circuit 22. Then the
data is subjected to the « -blending processing of two screens

25 or synthesized with the repeated background data or cursor



"The data witten in the line nenory 16 is read out for one pixel in
conformty with the dot clock in the sync signal generated by the sync
signal generating circuit 22. Then the data is subjected to the a -bl ending
processing of two screens 25 or syntfesized with the repeated
background data or cursor 16 by the output processing section 17, DA
converted, output to the display together with the sync signal and

di splayed. This is the general flowtill the display data is actually

di spl ayed. 5 In this display device, the control of a

consi der abl e tb‘brftf}%r?udﬁ‘l’ucthé’rﬂ’lc%ls&?gl §FELPBr fded BYAtFRNVEEREGy PHRWSssOr
21. The displ ay processqor 21 has a am nenory 19 and the_data nenory 20
for exclusivetQdde idﬁ‘rlsé’rlﬁ‘ﬂef:gg?ﬁ%eﬁr%&érﬁ‘%ﬁé’n@aﬁéggﬁér%’Eldtq’Pe‘fFé}rW%'d
performs notions such as transfer of 10 he display data and the like.
The i nf or mat i F-Hf1 ffé‘epﬂ?dﬁeérﬂlnﬁ%ﬁf"ytiélaﬁﬁet fésnay deRdris Artually
transferred fromthe main nenory 12 according to need. A plurality of

progr ans/ dat #53R1&¥%F ed in the main nenory 12 according to the display
structure, the change of the graphic area and the like. 15 The
commant to transferdlt hB18j pFRIAVAY ¥3Om T CRATT HeRbr § A FHILIRP 1% sued
directly fromthe main CPU 11 to the di sgl ay processor 21 or may be issued
from the di sPELINDOISEBE PUSPIZLS PEE P§mﬁﬁ|W)ﬁ%€hsPﬁéYcﬁ’%‘¥ﬁ%§ﬁ°r

node( bi t nurrber showing the information _of one pixel) is changed that
21. The display processor 21 has a program memory 19 and the

data memory 20 for exclusive use, interprets the programs and
data stored therein and performs motions such as transfer of
10 the display data and the 1like. The information of the program
memory 19 and the data memory 20 is transferred from the main
memory 12 according to need. A plurality of programs/data
are stored in the main memory 12 according to the display
structure, the change of the graphic area and the like.
15 The command to transfer the display data from the main
memory 12 may be issued directly from the main CPU 11 to the
display processor 21 or may be issued from the display
processor 21 itself. It is mainly when the display mode{(bit
number showing the information of one pixel) is changed that
20 the main CPU 11 issues the transfer command. And it is mainly
when the program/data required for forming one screen is
larger than the RAM capacity of the display processor that
the display processor 21 itself issues the transfer command.
At this time, the program/data is replaced in the middle of

25 the display.



20 the main CPU 11 issues the transfer command. And it is mainly when
the programdata required for formng one screen is larger than the RAM
capacity of the display processor that L@g di spl ay processor 21 itself

i ssues the transfer conmmand. At this tinmg,” the programdata is replaced in
the mddle of 25 t he di spl ay. 17 Wth such a structure, the

I nformati on can be transferred according to need, hence the display device
can flexibly correspond to the screen node or the change of the graphic

area. In addition, rogram or data exceeding the,5 penory capacity
can be executed. Wﬁ&%, gHEKEAﬁIoF%FHEtHngIaghﬁrotﬁggﬁmath%§ e 9§
smal | capaci}y. Accordi ngly, construction of conpact or a,l ow cost
system becone%f{?)rb%fs‘?ﬂ%& W%&q %\?/n%ﬁe he RS (fﬁ‘eo%ltsﬁ ayi dpV LGS F ¥t essor
21 10 is_set.and there is need of change, the program nmenpry 19 or
the data menchJeobPRE T SREART 1o hRe ESEECA H04R GiothEBEBaFyOF cthe
transfer the data fromthe nmain_nenpry 12. Since the ROM can have a small er
chip area con%?@ﬂl‘f ALt oft EHELRARR hadiHP IR Sfndatape¥regding the
advant ageous fromthe 15 st andpoi nt of cost. Next, the basjic npotion of

the di3play PPYRREEGAPACIMNCTAR PEretfatted: gitas -t bR RAMP % fhgy A biRtaE sor

21 to performthe screen displag w il be described, FIG 5A - FIG 5C are
processor may have a small capacity. Accordingly,

construction of a compact or a low-cost system becomes
possible.
Moreover, when the motion of the display processor 21
10 is set and there is no need of change, the program memory 19
or the data memory 20 may be ROM. In this case, it is not
necessary to transfer the data from the main memory 12. Since
the ROM can have a smaller chip area compared to that of the
RAM having the same capacity, it is advantageous from the
15 standpoint of cost.
Next, the basic motion of the display processor 21 when
a program is given to the display processor 21 to perform the
screen display will be described. FIG. 5A ~ FIG. 5C are
diagrams illustrating the display data of the main memory 12
20 and the display output of the display. All of them are for
storing the display data stored preliminarily in the main
memory 12 in the line memory 16. Now explanation will be made
for a case where a beta screen is displayed and a case where
a number of windows and the like are synthesized and

25 displayed.



diagranms illustrating the display data of the main nenory 12 20 and
the display output of the display. Al of themare for storing the display
data stored prelimnarily in the main magory 12 in the line nenory 16. Now
explanation will be made for a case wher 8 beta screen is di spl ayed and a
case where a nunber of wi ndows and the |ike are synthesized and 25

di spl ayed. 18 The beta screen neans that backgrounds, cursor, w ndows
and the like are stored prelim'narily in the main menory 12 as a

synt hesi zed beta sggeeg data b the main CPU 1 as shown in FIG B5A and
when the display i ‘FQST';‘rﬁ;‘fblT ‘éeﬁﬁﬁih?é%‘é%ﬁk%roundsdé’cuarﬁosr'r‘féh’él %‘ﬁ%
sequentially fr mthe top address and transferred to the |line nenory

Wien a nunber? Bg & §§ﬁFﬁ@sPE%Blm%‘Pl%Fé B (hie E‘é‘é‘@sm‘FWQFYt 1‘1%

a- bl ending is_not con dere% (see FI G SB and that the a-bl endlng

consi dered (s@8 q:fs&ntg@?lze e 4 screengdatg bygtig "i?é‘a{hgpg bnidst FAPEBar ent
synt hesi s, and for exa e, .when two wi_ndows are superposed, only the

wi ndow of t hi $8diife Ph- @é‘i g’BEBr%Q&SB&Wl%pﬁé"fﬁcW‘ﬁgl I?h%llb%aafl%ﬂee@ut i f
the [err] -blending is set, the window of this side becones transparent,

and the w ndofi@bf g&ﬂ?%ﬁ%e°€5n588u§§§ﬁalﬂﬁ(ﬁ?%ﬂ the top \gRdress hand

-bl endi ng neans a function to synthesize a plurality of display data at a

certain percehfapeferacd; £p| Byet htne BPMPRE 8 her hand, the notion of the

di spl ay processor . )
When a number of windows are synthesized, there are two

cases that the @ -blending is not considered (see FIG. 5B)

and that the a-blending is considered (see FIG. 5C). The

10 ¢ -blending means a semi-transparent synthesis, and for
example, when two windows are superposed, only the window of

this side in the superposed portion is normally displayed.

But if theco -blending is set, the window of this side becomes
transparent, and tﬁe window of back side can be seen. In other

15 words, the o -blending means a function to synthesize a
plurality of display data at a certain percentage and display

them. On the other hand, the motion of the display processor

21 is related to themotion of expansion, contraction and skip,

and the control of the data processing circuit 13 and the used

20 line information, but these motions will be described later.
Next, the motion of the display device when these screen

displays are performed will be described. FIG. 6 is a flow

chart for displaying the beta screen data for one screen. FIG.

7 shows an example of the display screen at that time, and

25 FIG. 8 shows a memory map of the main memory 12 in which the



21 is related to the notion of expansion, contraction and skip, and the

control of the data processing circuit 13 and the used 20 l'ine
i nformati on, but these notions will be desgcribed |later. Next, the notion of
t he di splay device when these screen di sg ays are perfornmed will be

described. FIG 6 is a flow chart for displaying the beta screen data for

one screen. FIG 7 shows an exanple of the display screen at that tine,

and 25 "FIG 8 shows a nmenory nmap of the main nenory 12 in which the

19 beta screen data is stored, First, in_grder to di agl{_a Oo e screen, in
h

Step Al, the 396t FGTESR §P58 1F FHOT$L- x FdinSdet 1ono6 PLIY QAP dat a
and the coordinate siize yl in the Y direction thereof,L are obtained., 5

Then, in St eﬁcﬁ@eQ'hént%%egcfg‘r'e§§eb%?% a%iséﬁengrJéétSﬁexﬁﬁtre?%n
data in the | n.megory 12 i s _obtai ned the top address addr, K which stores
the beta scrgg%r{&?r g%§éoﬁ8Fﬁ§nt atheanq ﬁ“%.oof.dlﬂ%es&éﬁay ah? b0t ai ned
as the imedi ate data I ch e fix in the program if they are fixed
data. 10 ‘ﬁﬁﬁ%ﬂe‘?’}m ,r‘?‘?afrtaﬁé’y cﬁ%\?&rﬁﬁ{ll onal sizes, these data existing
in the main nmenory 12 may be obtained by transferring these data to the
data menory 20 andTP&Per ’Pﬁ&epout'h@hﬁaiiga/p REABET S Pt RAG e BhASh §4F Gfext
hori zontal |ine punber followi . ng the horizontal |ine nunber now being

di spl ayed is tg'fﬂ gpﬁgdsggeen datg ipnphe MAENGeMPTYahg 1% oPsaingdeds it her

this value is even or odd.i.n Step A4. Then, the data transfer in the xl
si ze top address addr whigh stores the beta screen corresponding

to the line No. L. These data can be obtained as the immediate
data which are fixed in the program, if they are fixed data.
10 Furthermore, if they have optional sizes, these data existing
in the main memory 12 may be obtained by transferring these
data to the data memory 20 and referring to the data memory
20. In Step A3, the next horizontal line number following
the horizontal line number now being displaved is obtained
15 as the line No. L, and it is judged whether this value is even
or odd in Step A4. Then, the data transfer in the x1 size
is carried out from the top address addr which stores the beta
screen data corresponding to the line No. L in the main memory
12 to the line memory 1l6a in Step A5 if it is even, or to the
20 line memory 16b in Step A6 if it is odd.

The reason why the write to the line memory 1l6a and the
line memory 16b is switched by the even and odd line numbers
is that when the line memory is accessed on the display side,
the access thereto is not possible from the display processor

25 21. By providing another line memory separate from the line



is carried out fromthe top address addr which stores the beta screen data
corresponding to the line No. L in the main nenory 12 to the |ine nenory
16a in Step A5 if it is even, or to the 20 line menory 16b in Step A6
if it is odd. The reason why the wite t&%he line nenory 16a and the |ine
menory 16b is switched by the even and odd line nunbers is that when the
line menory i s accessed on the display side, the access thereto i s not

possi ble fromthe display processor 25 21. By providing another line
menory separate fromthe line 20, menppry. being used for the display, the
di spl ay pr oceBeBPTY PeLpg é’é@é’sgoFoﬂPﬁed’rﬂK]anmﬁg’r%/ dé#@llraéfuPFﬁﬁeFﬁgrd{%pl ay.
After the data is transferred to the line nenory_ 16a or the_line nenory
16b, in Step PF° FRESEHoFQ HA® L LRS MEMOEY even duFing viRe (AEFPHAY of t he
beta screen and the line No. L which is displa%ed next are conpared, |If the
val ue of (L+1) is Hfd9%etbendaty isj frapsfeapedt he +Bp AHTRBIMAENr Lok ch
stores the beta screen data correspondin% tothe line No. L is added by the
coordi nate si2% aeikiidenny d&t od o teReAlet 6cFRRRA1DAte SiEQ Bbtain
the top address addr which stores the beta screen correspondi ng_to the next

line ntnber. 1R YeibFRCEIN SFnERe A thsCeoeep 2 WentiBPNIhé BREFRri te

to the line menory by judging if the line nenory 16a or_the line nenory 16b
now bei ng usedSfo+SPhaYERSPERY REesEPPPabefing tscthorvabie af (L+l) kgt is,

by witing to the line nenpry after waiting till the .
smaller than y1, in Step A8, thetop address addr which stores

the beta screen data corresponding to the line No. L is added

by the coordinate size x1 in the X direction of the beta screen

10 to obtain the top address addr which stores the beta screen

corresponding to the next line number. The weight for

synchronism (Step A9) controls the overwrite to the line

memory by judging if the line memory léa or the line memory

16b now being used for the display is still being used or not,

15 that is, by writing to the line memory after waiting till the

next horizontal display starts. It becomes possible to

display for one pixel by performing transfer to the line

memory 16 a or the line memory 16b described above yl times.

Next, the description will be for the case where a

20 plurality of windows and the like are synthesized and
displayed.

In the display of the beta screen, the display data in

the main memory 12 is sequentially read out from the top

address and displayed, but the data at an optional position

25 in the main memory 12 can be displayed in an optional



next horizontal display starts. It becones possible to display for one

pi xel by performng transfer to the line nenory 16 a or the line nenory 16b
descri bed above yl tines. Next, the desc?hption will be for the case where
a 20 plurality of windows and the | ke are synthesized and di spl ayed.
In the display of the beta screen, the display data in the main nenory 12
I's sequentially read out fromthe top address and di spl ayed, but the data
at an optional position 25 in the main menory 12 can be displayed in

an optional 1. conmpi na |on t aki n out an nal nunber _of A dat a,
according to ¢ (Héb ?fg’r% ¥y e i1g hgu 5?5 gscﬂu eT FBE BN e,

the case of the w ndow the dis Ia dat o urality of vmndows
are stored |rF“f tr%z:&ﬂaypgogram Sigv? g‘ﬁp?&?@ AFoPRPT S%%f)e?r]a'te
addr esses, ecti veI and accordi n the sition of each w ndow and
the priori ty ‘ﬁ"ereéiﬁmpf%'e %Eaéfesglfagg ?18 OV eS¥Stehe %é

super posi ng t assuned that, as sho in the nmenory map 10
of FIG. O &%Psmﬁa% PR R Ve BT B R S e amezn%msgr
data, the w ndow 1 data, .the_wi ndow 2 even data, _the w ndow 2 odd data and

the like are &t dfed PATBIELAPIEAEY MoPRPPRALHt ROREES 58Ty S2SBRIETITONS i n
the main memlYa 35oorBag 1053 posRetn H 2aclindde 1 End Bl ol Sy
pl aye
thereof, they can be displayed on a real time basis by
superposing them.
Here, it is assumed that, as shown in the memory map
10 of FIG. 9, various display data such as the background data,
the cursor data, the window 1 data, the window 2 even data,
the window 2 odd data and the like are stored in a completed
form in optional address positions in the main memory 12.
Among these display data, only the data which is displayed
15 when it is synthesized is read out and transferred to the line
memory. The window 2 even data and the window 2 odd data mean
the data structures which are taken in as the even data and
as the odd data per field when the interlace signal such as
NTSC signal is taken in on the main memory 12. However, the
20 display of the cursor will be described later.
FIG. 10 is a £low chart for synthesizing and displaying
a plurality of windows. It shows a motion that only the data
displayed when the various data in FIG. 9 are synthesized and
read out to display for one screen.

25 Since the display data such as window coordinates,



15 when it is synthesized is read out and transferred to the line
menory. The wi ndow 2 even data and the wi ndow 2 odd data nean the data
structures which are taken in as the even data and as the odd data per
field when the interlace signal such as Afrsc signal is taken in on the main
menory 12. However, the 20 di splay of the cursor will be described
later. FIG 10 is a flow chart for synthesizing and displaying a plurality
of windows. It shows a notion that only the data di spl ayed when the vari ous
data in FIG 9 .are synthesized_and read out ilo di sell ay_for aone screen. 25
Since the di SFAFIdat REuthe dikfi AGEWRbHPRFhaladE Whichomaybg changsd  he

| i ke are optional data which may be changed at any tine, every time one
screen is di 5 & PiMfe GYCIY tANEr SR SGREERe 1raich SPeRdef - 13heo 9ehé dat a
menory 20 is performed by the display processor 21 in Step B1. In

addi tion, 5 trangfer,fgom theqmadnayegioeysdrledr, Wige d886r MRAREY <0zdSyl in
the Y direction of the screen is obtained in Step B2, and the next.

2
hori zontal | PSEERFASEY PY ShedhhsR) AhRT AGEF$BR12H 17 PHEPRITb e PrRAE Heh ity

di spl ayed is obtained as the line No. L in Step B3, In Step B4, it is
judge® i f it iPSOTABFCED &dSPaFHRNE GTeSH eitBerEPapdinate izeoyl Hhdher the
a-blending is not to be carried out, the normal line transfer is perforned
(Step B5), anddirefhéon ahEBRATTHFESS 16arPtatnedtin FhePE 8Adi e perd

transfer is perfornmed (Step B6). Next, in Step B7, the line No. L which
horizontal line number following the horizontal line number

now being displayed is obtained as the line No. L in Step B3.
In Step B4, it is judged if it is subjected to thea -blending
10 or not, and if the a-blending is not to be carried out, the
normal line transfer is performed (Step B5), and if the «
-blending is carried out, the ¢ -blending line transfer is
performed (Step B6). Next, in Step B7, the line No. L which
is to be displayed and the coordinate size yl in the Y direction
15 of the screen are compared, and if the loop of yl times is
not completed, the processing of the weight for synchronism
(Step B8) which controls the overwrite into the line memory
is performed, and the display for one screen is performed by
performing the above processing for yl times.
20 FIG. 11 is a flow chart of a normal line transfer without
the o« -blending.
FIG. 12A is an example of the display screen without
the o -blending, and FIG. 12B is a memory map of the line memory
in the line No. L. Assuming that the line No. L in FIG. 12

25 is the line No. L to be displayed next, the normal line transfer



Is to be displayed and the coordinate size yl in the Y direction 15 of
the screen are conpared, and if the loop of yl tinmes is not conpleted, the
processi ng of the weight for synchronis Step B8) which controls the.
overwite into the line nenory is perforfred, and the display for one screen
I's perforned by perform ng the above processing for yl tinmes. 20

FIG 11 is a flow chart of a normal |line transfer w thout the a-bl ending.
FIG 12A is an exanple of the display screen without the a -blending, and

That the | nbRene Y18 Budberivil Be 48 %%#%31 % RESS . 'otﬁﬁ CEE Y

next, the normal I|ine rlan fer gh gq ne nurrtéer w ll be descrl bed.
In Step C1, tHEPHIY %% eSZ 'R sp?Jrfé SGWGEPfe;ﬁﬂE?ﬁ Y& ween
respective di spl data on the line No. L _w thout the a-blending and the

poi nt nunber .91SPARY A3} B[P ddien dmeedoh W wddRoud she o -Qlepding &af t o
the data nmenory 20, ~and the boundary points and the point nunber. are
calcul ated fr tﬁ@lf}’p'pé}u it cgaédlq?zftpéayt he2FAwet | AR cBoP8PRat’e t he
coordi nate si 28 i n_t ‘FFe‘% dir ctlon t he coor8| nat SI ze in the Y direction,
the ptiority TREet e daje; BPRQEYy @ RRYPGFrY points

calculated in agvance b the in CPU 11|stra sferredtothe dat a nor
S0, Cand the (% DuS BALBbI SPRBERORES G5 LFRLEr NG oD (e dRBe 2.

coordinate, the lower left coordinate, the coordinate size

in the X direction, the coordinate size in the Y direction,

the priority and the like. Alternatively, the data

10 calculated in advance by the main CPU 11 is transferred to

the data memory 20, and the data may be obtained only by
referring to the data memory 20.

The boundary point at this time is defined as xpt [ ]

(in the [ ], a number showing the sequence order is entered),

15 and the number of the boundary points is defined as xpm. As

shown in FIG. 12A, the boundary points on the line No. L will

be xpt [0] = xs0, xpt [1] = xs1, xpt [2] = (el + 1), xpt [3]

= (xe2 + 1), xpt [4] = (xe0 + 1), and the number of boundary

points xpm will become 5. In Step C2, the boundary counter

20 xp is cleared, and in Step C3, the left boundary point xpl

on the line L is obtained, and in Step C4, the right boundary

point xpr nearest to the left boundary point is obtained. The

display data between these xpl and xpr is judged, and in Step

C5, the top address addr which stores the display data

25 corresponding to the line No. L is obtained. Initially, xpl



The 'boundary point at this tinme is defined as xpt [ ] (in the [ ], a nunber
showi ng the sequence order is entered), 15 and t he nunber of the
boundary points is defined as xpm As shown in FIG 12A, the boundary
points on the line No. L will be xpt [0]‘E xsO, xpt [1] = xsl, xpt [2] =
(xel + 1), xpt [31 = (xe2 + 1), xpt [4] = (xeO + 1), and the nunber of
boundary points xpmw || beconme 5. In Step C2, the boundary counter 20

Xp is cleared, and in Step C3, the left boundary point xpl on the line L is
obtained, and in,S C4, the rjght boundary. point xpr nearest to the |eft
boundary poi it *P% LﬁEaT el - ARd %PEpFa";?pHa{g] betiden WRESE OGS dhdCRBr i s

j udged, and bn Sigg Ch,. the top_address.  addr. whjch stores the displag dat a
25 cor r BEpIRIPRY thAY AB1F disREAY (9312 45t ARRRACkITRYRG daFa x B 24
= xpt [0] = xsO and Xﬁl‘ = xpt c{ﬂl}% = Xxsl, therefore, it can beréd'judged t hat
this displayt88t 898 PHETEEEKFHNINIVRACE, SHRFShe thEp RAKIEFRINJHERAI ch
stores the back%round data corresponding to the line No. L can be obtained
from addr = §°TTeSDPRRARRGFO+Ehe <jine Nop L) fariRe wptained SLAMGEETi F t he
line No. L is even _or odd, and the data transfer to the line nenory 1l6a
(Step3C7) or PAR&_846% ¢r ¥A&Fet ¥80the line menory 16b (Step C8) is
switched. The size of the data transfer to the |ine nmenory 10 16a and
the line nenory 164 DE&RED xpgit 1sxpprdgefntt the HreINg- dr d8 PYSRPPT xpr

1. Since the writegositionintotheline .
odd, and the data transfer to the line memory l6a (Step C7)

or the data transfer to the line memory 16b (Step C8) is
switched. The size of the data transfer to the line memory
10 16a and the line memory 16b becomes xpr - xpl, since the display
area is xpl, Xxpr - 1. Since the write position into the line
memory l6a and the line memory 16b is xpl, the data transfer
to the line memory léa or the line memory 16b means that the
data of (xsl - xs0) is transferred from addr to xs0 of the
15 line memory 1l6a or the line memory 16b. The right boundary
point xpr becomes the left boundary point xpl when the next
data between xsl and (xel + 1) is transferred, in Step C9,
the left boundary point xpl can be obtained by making xpl =
Xpr. Then by moving to obtain the right boundary point xpr
20 (Step C4) described above, and these motions are similarly
performed between the boundaries xsl and (xel + 1), (xel +
1) and (xe2 + 1), and (xe2 + 1) and (xe0 + 1), the data transfer
of one line of the line No. L can be done. In Step Cl0, the
boundary count xp and the boundary point number =xpm are

25 compared, and when the boundary count xp becomes the same with



menory 16a and the line nenory 16b is xpl, the data transfer to the line
menory 16a or the line nmenory 16b neans that the data of (xsl - xsO is
transferred fromaddr to xsO of the 15 line menory 16a or the line
menory 16b. The right boundary point xp?sbecorres the |l eft boundary point
xpl when the next data between xsl and (xel + 1) is transferred, in Step
C9, the left boundary point xpl can be obtai ned by making xpl = xpr. Then
by noving to obtain the ri ght boundary point xpr 20 (Step 4)

descri bed above, and t ons.are s arly perfornmed between . the
poundar  es X8 &ﬁagefe%n £ bunadry,Podt fembeR tp. i BFoFessipdang
(xeO + 1), % atr%njfer Qf oneI| e of thellneNo L can be done. In
Step C10, thé’ gkt ff& "boundary poi nt nunber xpm are 25
conpar ed, and when e yndar ou econes. the same_w th 25 or

| arger than the boﬁigar&)ﬁéi ﬁt%(%‘& a’ﬁgrﬂl% %’ﬁ& %?%‘Eets%qq@fed? DG UGS | i ne
Is started. FIG 13 is a flow chart of the line transfer including_the
a-bl endi ng. ERE& A2PiRBAANgn KEhpl b4 oFhe¥e aRrsprappse of ther ddfbildd) udi ng
the a -blending. FIG _14A is an exanple of the display screen of the a

- bl enc'lsl ng, affuee® ipgpuddng Wybﬁﬁﬁdwgt hef Hor e LSndn isrtRAS Pt he

line No. L and the line nenory for the a -blending The_a -blending |ine
transfer on tH& ‘Ii?-ﬁélﬁlﬁr%‘é?teena%gﬁﬁlenﬁ ‘tbﬁ-@nldilr?@ I\BndIFIIGh HBisja meaoTye 10
line No. L to be | ayed next, wll owbedeslcrlb% In

map o t e normal line memory in the line No. L and the line

memory for the o« -blending. The ¢ -blending line transfer on

the line number, assuming the line No. L in FIG. 14 as the

10 line No. L to be displayed next, will now be described. 1In

Step D1, the display processor 21 calculates the boundary

point between respective display data on the line No. L with

the ¢« -blending and the point number. The boundary point

number is increased by 1 that the normal display screen

15 example in FIG. 12. The boundary point and the point number

are calculated from the upper right coordinate, the lower left

coordinate, the coordinate size in the X direction, the

coordinate size in the Y direction, the priority and the like.

Alternatively, the data calculated in advance by the main CPU

20 11 is transferred to the data memory 20, and the data may be
obtained only by referring to the data memory 20.

The boundary points on the line No. L will be xpt [0]

= xs0, xpt [1] = xsl1, xpt [2] = xs2, %xpt [3] = (xel + 1), xpt

[4] = (xe2 + 1), xpt [5] = (xeo + 1), and the number of boundary

25 points xpm will become 6. Since the boundary without the



Step DI, the display processor 21 cal cul ates the boundary point between

respective display data on the line No. L with the a -blending and the

poi nt nunber. The boundary poi nt nunber |s i ncreased by 1 that the nornal

di splay screen 15 exanmple in FIG 128  The boundary point and the

poi nt nunber are calculated fromthe upper right coordinate, the lower |eft

coordi nate, the coordinate size in the X direction, the coordinate size in

theY direction, the priority and the like. Alternatively, the data

cal culated in advance by the main CPU 20 11 is transferred to the data
menory 20, an@ THEWERE fiythe sheapAdd @RCFMSY +Rerinansher 4 ﬁéed%ﬂl%e

menory 20. The boundary points on the line No. L will be xpt [Q = xsO xpt

[1] = xsl, xpRf[Efe=bDesmdagy qapter &P with, thst ‘E4]bl£“@>%@ﬂ *Wlﬂ)l St [ 5]
=(xeO + 1) and t he nunber of boundar pai nts xpmw || becone_6.
Since the bolt@SFHLIPE holihe heft b%%@ﬂrlj’obpéﬁ‘(ﬂln@nlt@et?ﬂ%n%é‘n%b’é%”f%
normal line transfer, the case of the boundary counter xp with the a

_bl endi ng wi |2 bR DY t‘ﬂ’é&l *Fﬁele%fT ’?Rim‘d&P% béil nt X§4. & KBTI rn’épW_
obtalnedlnStePD14w|II t% pr = xpt %-xsz and xpr = xpt

[3] = ?xel + B31py(¥mé a&du‘?%l eo?acﬁ‘ﬁl?h*él?ilg?rﬁ BSu%%FWbﬁb‘F‘ﬁ‘PWpPO}‘htstep
D4. The top address addr whi ch stores_the w ndow 1 data corresponding to
the Iine No. {P’E)f“’cﬁ §Pdl?4spl dPedhPR 30T RSt dSh ffres \FPﬁI‘&Hb‘?O‘* (xel

- xsl + 1) * 3/5'3 (xs2 - xsl) gStep D5 It is then_j %ed if the
li ne dat rrespondlng to the Iine No. L of this dlsp ay data

is calculated as addr = winl_addr + (xel - xsl + 1) * (L -
ysl) + (xs2 - xsl1l) (Step D5). It is then judged if the line
10 No. L is even or odd in Step D6, and the data transfer to the
line memory 1l6a (Step D7) or the data transfer to the line
memory 16b (Step D8) is switched.
The size of the data transfer to the line memory l6a
or the line memory 16b will become xpr - xpl, since the display
15 area is xpl, xpr - 1. Since the write position into the line
memory léa and the line memory 16b is xpl, the data transfer
to the line memory l6a or the line memory 16b means that the
data of ((xel + 1) - xs2) is transferred from addr to xs2 of
the line memory 16a or the line memory 16b. After the
20 completion of the data transfer, it is judged if there is
another data to be a -blended or not with respect to the data
in Step D9. In this case, the window 1 and the window 2 are
to bea -blended, and the top address addr which stores the
window 2 even data corresponding to the line No. L of this

25 display data is calculated as addr = win2e_addr + (xe2 - xs2



10 No. L is even or odd in Step D6, and the data transfer to the line
menory 16a (Step D7) or the data transfer to the line menory 16b (Step D8)
is switched. The size of the data transfer to the Iine nenory 16a or the
line menory 16b will beconme xpr - xpl, st hce the di splay 15 area is
xpl, xpr - 1. Since the wite position into the line nenory 16a and the
line menory 16b is xpl, the data transfer to the line nenory 16a or the
line menory 16b neans that the data of ((xel + 1) - xs2) is transferred
fromaddr to x 2; he Iini rrermrﬁ ga or the line menory 16b. After the
20 corrpr"eﬁ' th&S¢al§tePahdp is judged if there is another
data to be a -bl ended or,.not with respe Q the data in Step D9..In this
case, the wi ndow 151Gt t HEE T REER D 14 égﬁoibﬁﬁ HPentiett SHRM e °SSp18ddr ess
addr which stores_the wi ndow 2 even data corresponding to the |ine No. L of

this 25 S&ePpPhY - BRG The é&FéuPﬁ?%ﬂf%E LRy dhe=Lhn A 2BepRF Y 415(Cxé§ ersz

27 + 1) * (L_- ys2)(Step D10). Is then judged if the line ) IS even
or odd in StE&F%D19T th8 @%Ea&eﬁaé‘%ﬁ%@th?ol%ﬂ% ‘F?fh%rifrelrﬁﬁ'%slt@é’ Pé@ép D12)
or the data transfer to the line nmenory 16d (Step D13) 5 IS sw tched.

The | Pne mendSySY6ECRAE -t HeRe |1r3ré‘en’§ﬁﬁP§Y1%@° #nq I’ﬁh§ {iRe BEROFY e rdfori es
for the a-blendi n% The size of the data transfer to the line nenory 16¢
and the |inethésoltymec@reeddresmeprriegpforsithge & HlanGHiay Fheasigexpl ,

Xpr - of the data transfer to the line memory 16c and the line memory
164 becomes xpr - xpl, since the display area is xpl, xpr -
1. Since the write position into the line memory 16c and the

10 line memory 164 is xpl, the data transfer to the line memory
16c or the line memory 16d means that the data of (xel + 1)
- x52) is transferred from addr to xs2 of the line memory 1l6c
or the line memory 16d. Normally, the line memory can have
the data not to be o -blended, and the line memory for the

15 o -blending can have the data to be a -blended, separately,
to make it possible to perform the synthesized display by the
a ~-blending processing of the hardware. The following
processing in the Step D14 and Step D15 is the same as the
normal line transfer.

20 The display of the cursor can be also displayed by the
motion procedure described above, but it is also realized by
providing the coordinates of the cursor, the size in the X
direction of the cursor, the size in the Y direction of the
cursor, the top address curs_addr for storing the cursor data

25 and the like after the transfer of the display data for one



1. Since the wite position into the line nenory 16c and the 10 i ne
menory 16d is xpl, the data transfer to the line nmenory 16¢c or the line
menory 16d neans that the data of (xel + %) - Xs2) is transferred from addr
to xs2 of the line nmenory 16¢ or the liné menory 16d. Normally, the line
menory can have the data not to be a-blended, and the [ine menory for the
15 a- bl endi ng can have the data to be a-bl ended, separately, to nake
it possible to performthe synthesized display by the a -bl ending

processing of_the hardware... The foll ow nq processing in the Step D14 and
B ep D15 s thiSatd abht hding: MATTite PPong ialDy Syntnesizinghand ol
of the cursor_can_ be al so displayed by the _notion procedure described
above, but it3}SPRRERRY ddEMredWBR gt iddisRd aihés dsiaiPRat R dsrta RE 18 sor,
the size in the X direction of the cursor, the size in the Y direction of
the cursor, tRedEREME-cE8eGHRIRTIFARIPe SiEPLFYachBY Mrkoingapiolzoth

and the like after the transfer of the display data for one 28 line to
the |ine nenobye negdadi ke Pevoav g Fhad HRIMEMeprEAH§heerh LeAding he

di splay is made on, the daﬂﬁ,Of theI%err_ -bl.endi n t he cursor,  can be

di spl a%:ed by WitPHR RSP Bote RIS e PAHEYRefBPy t3RIPTHRTT Fhe #ory

for the [err], -blending., 5 In this method, the cursor .is al ways {he
top priofity, tAREIMRETIIG NG CABoRS cIFTRAT ST 0B DHPAE BALLER A | on

of the displa rocessor 21 has been descr.i bed above,
P ¥hg gisp ay processor 21 has been 5gscribed above.

Next, other motions performed by the display processor
21 will be described.

10 First, the processing of expansion, contraction and
skip of the display data will be described. As shown in FIG.
4, the display processor 21 has two sets of the buffer memories
for transfer therein. The display data read in from the main
memory 12 is stored in the first set of the buffer memories

15 for transfer 25a and 25b, and then stored in the other set
of the buffer memories for transfer 26a and 26b, and
thereafter stored in the line memory 16 for display. The
readout and write between the buffer memories for transfer
can be precisely controlled by the program provided to the

20 display processor 21.

Specifically, processing can be done at an optional
position per unit of a pixel, such as start/stop of the readout
counter of the first set of the buffer memories for transfer
25a and 25b (referred to as "readout memory"), start/stop of

25 the write counter into the other set of the buffer memories



‘Next, other notions performed by the display processor 21 will be

descri bed. 10 First, the processing of expansion, contraction
and skip of the display data will be desgrlbed As shown in FIG 4, the

di spl ay processor 21 has two sets of the Buffer menories for transfer
therein. The display data read in fromthe main nenory 12 is stored in the
first set of the buffer nenories 15 for transfer 25a and 25b, and then
stored in the other set of the buffer nenories for transfer 26a and 26b,

and thereafter stored _in fhe line pe 16 r splay. The readout and
wite bet ween‘g?rhérﬁﬁtsff@rr %@ %SGPOCD?’%/%?%& c%ﬁ @El&%@?@@ry gorﬂrt |l ed
by the progra rovided to . the, 20 di spl ay prqcessor Speci fically,
processi ng ca“??“g QAR Sopfi APRE Yot ofPFO G LR ezép%x?%qu Luch as

start/stop of the readout counter_of the first set of the buffer nenories

for transfer PUALIRREEY OF efBPr & SPJ3Ys 1MRGfouth ﬁeﬁﬁpﬁeFSlQPar%oﬂa of

25 the wjte counter, into the_other set of the buffer mem)rle

for transfer DR LRSS (d%CABRIEITTEMR C8F T3 RATIPOR 1englihee elrnthe

wite |s done, or not, enabling the_expansi on or contraction of the display
i mage, >t he exﬁ?%s%‘t%ﬁ @H&Fcétlgf‘gﬁ?dh‘a d-o9kfe 1kl FE Nt S 2 8PS hnpU%ert i on

is slipped in,5 the right direction and it looks like there is a hole

in the | mge ¥Ra9eritafarFesd tosRep" 5kaRd) t#rA dibfhgdange: he Hreplisplay

data in which those are mixed become possible.
The motion of the expansion, contraction and skip are
controlled as shown in the diagram illustrating the motion
10 of the control data in FIG. 15. The control data has 2 bits
information for one pixel, and controls the readout counter
and the write counter between the buffer memories 25a, 25D,
26a and 26b for transfer, or if the write is to be done or
not, for each pixel unit. FIG. 16 is a diagram showing the
15 transfer motion between the buffer memories for transfer when
the size 1is the same as the original without expansion,
contraction and skip, and in this case, "00" is continuously
provided as the control data. Then, both the readout counter
and the write counter are counted up by 1 continuously and
20 the same data as the readout memory is written in the write
memory, thus the data is transferred in the same size.
When the data is contracted, provide "01" to the data
corresponding to the pixel you want to omit in the control
data. In FIG. 17 showing the contraction motion, the display

25 data is written sequentiallyup to 0, 1, 2 and 3 into the write



data in which those are m xed becone possible. The notion of the expansion,
contraction and skip are controlled as shown in the diagramillustrating
the nmotion 10 of the control data in FIG 15. The control data has 2
bits information for one pixel, and contP8l's the readout counter and the
wite counter between the buffer nenories 25a, 25b, 26a and 26b for
transfer, or if the wite is to be done or not, for each pixel unit. FIG
16 is a diagram showi ng the 15 transfer notion between the buffer
menories for transfer when the size is the sanme as the original wthout

expansi on, cdMT¥EYi frtafdreg phearanFrotiatz &l 2 POSEtAeNC 3Nt nUbls v
provi ded as the control data. Then, both the readout counter and the wite
counter are CothiEd tepCoY e EGHiIRTroaEAytRpFTF 4 1s qeE it egdaPB He t he
readout nmenory is witten in the wite nenory, thus the data is transferred
in the sanme KTt 1+ hdRGRLRYI stRerieRt BN dafdiSdeondractgdi g Nk a
corresponding to the pixel you want to omt in the control data. In FIG 17
showi ng t he Ht®hct ildnthetsUHraheadashs fptoto "01" exexy sthertRirel,
sequentially up to 0, 1, 2 and 3 into the wite 30 nenory, but since the
contro? data e APdAM G dirgctden of hehquinage dencertsespsd Bad the data
4 is overwitten on the position 3. Thereby, the display data is contracted
by one pi xel .anq ifhEhe Figteofo ftta” P dét changpd ranterdt bf hEPTismnis,
the horizontal direction of the image is contracted to 1/2,
the image becomes cylindrical shape.
When the data is expanded, "10" 1is set to the
corresponding position of the control data. In FIG. 18, the
10 display data is written sequentially up to 0, 1, 2 and 3 into
the write memory, but since the control data at a position
3 is "10", the readout counter stops, and the data 3 is
rewritten again to the next position of 3. Thereby, the
display data is expanded by one pixel.
15 When the control data is "11", it is skipped. 1In FIG.
19, up to 0, 1 and 2, the data is written as it is, but since
the control data of position 3 is "11", the readout address
stops. Hence, the display data of position 3 is written in
the next pixel on the right side. In addition, write to the
20 write memory is not performed, and nothing is written in the
position 3 of the write memory. Thus, the skip for one pixel
is performed.
As described above, by setting the value of the control

data, expansion, contraction and skip are possible.

25 Furthermore, by setting the expansion, contraction and skip



and if the rate to set "01" is changed partially, for exanple, the inmage
becones cylindrical shape. Wien the data is expanded, "10" is set to the
correspondi ng position of the control data. In FIG 18, the 10 di spl ay
data is witten sequentially up to O, 1,35 and 3 into the wite menory, but
since the control data at a position 3 is "10", the readout counter stops,
and the data 3 is rewitten again to the next position of 3. Thereby, the
di splay data is expanded by one pixel. 15 When the control data
is "11", it is skipped. . In FIG_ 19, up to O, 1 and_ 2, the data is witten
as it i6, butlREBIRE o5t PEI ShAYA T Bi A0HO3FRE: 447 e isRAdeL
address stops,; Hence, the display data of position 3 is witten in_the next
pi xel on the %fg%tlss@af@.anﬁﬁdaaa#?eh,lyww Rt FRched Partigie WSy is
not performed, and nothing is witten in the position_ 3 of the wite
menory. Thus,2 Fl‘?é‘pél%icﬁ‘tﬁgrmeﬁéfﬁ?ﬁEFOPso%érhf%fi%é@.laXsdaE%cH RaFsiihfe, by
setting the value of the control data, expansion,_ contraction and skip are
possi bl e. 25 Elr DABY nBRESS pytRet e ¥rans P SHh e achitt a5 and
ski p 31 in conbination, as shown in FIG 20 to FIG 22, the display data
i s expanded FRRSENY InHe bortirgetad Paresaly, apduit dhestpragasedhe

nmodi fication of the display data is possible. In nmany cases, the expansion
and contract iSHtzalkdata is repeated in the same pattern. In the present

embediment, by setting the repeated patterns and the repeated
points, the expansion, contraction and the like can be
specified with a fewer data compared to the case where the
10 control data for one horizontal line is written. For example,
when the data is contracted to 0.75 times, the control data
will be repeated in the order of "00", "00", "00" and "O1",
as shown in FIG. 23, In this case, by setting the control
data for 4 pixels and the repeated point so that repetition
15 is performed per a unit of 4 pixels, the same control data
is repeatedly used to perform the contraction motion. FIG.
24 shows the case where the data is expanded similarly to 1.75
times.
In the present embodiment, 2 kinds of video input are
20 provided, and the display processor 21 can take in the video
image data thereby. The video image signal is stored in the
line memory for the video input, after being A/D converted.
There are two line memories for the video input per one kind
of video input, and they are used for readout and for write

25 by switching alternately, as in other line memories. The



5 constant in the horizontal direction, and in these cases, the
control data is repeated in the sane pattern. In the present enbodi nent, by
setting the repeated patterns and the regﬁa:ed poi nts, the expansion,
contraction and the |like can be specifie ith a fewer data conpared to the

case where the 10 control data for one horizontal line is witten.
Forexanpl e, when the data is contracted to 0.75 tinmes, the control data
will be repeated in the order of "00", "00", "00" and "01", as shown in

repeatca poi iS85 Tate T B 43¢ £ gl Bokond g 3808, 410

i xels, th t d t edl dt f h t t
Mot on FI G 298nalt: (FE thEe SHEERY e aKPASTE ddpanted & elea?% 13°1 75
times. In the ese i deo. i nput

br ovi ded, ancSPRESaFSpI by bhBcREasseShREsef: sbaRR oRe GoREEaFige eata
ottt or BhiR0 WERSERERT o ey eﬂ?'ﬁ%&%ﬁl%@engem”msf? o The i doo
it B O E'yni' %’%"1\4: RES A4 heeBfes BT e St EY ¢l henasree say o
the di spl ay. pFOEELSHLa¥ S8R Fiahad & B&%%ﬂff@%ﬁ%ﬁ‘?%% Shed et or

r I on
expansi on, Cont aaggrr?\al% format but also in various data format. While

the display data is read out from the main memory 12 by the

display processor 21 and written into the line memory 16, the

10 display data in various kinds of data formats are converted

to the RBG format through the processing circuits, such as

the YUV decoder 27a, the run length evolving circuit 27b, the

color extension circuit 27c¢ and the color pallet 274, 27e,

and stored in the line memory 16. The display processor 21

15 instructs the selector 28 which data processing circuit is

to be selected for the conversion for every pixel. There can

be a plurality of color pallets, and for example, a pallet

can be changed for every window. Moreover, other data

processing circuits may be added, thereby the display

20 processor 21 can correspond to various formats of the display
data.

The display data past through the data processing

circuit 13 is written in the line memory 16, but some values

among the display data can be set as a write-through data which

25 is not actually displayed. When the display processor 21



skip, transferred to the |ine nenory 16. 5 Next, the data
processing circuit 13 will be described. The display data stored in the
main menory are stored not only in a normal RBG format but also in various
data format. Wiile the display data is réad out fromthe main nenory 12 by
the display processor 21 and witten into the line nenory 16, the 10
display data in various kinds of data formats are converted to the RBG
format through the processing circuits, such as the YUV decoder 27a, the
run | ength evol vin CIrCUIt 27b, the color extension circuit_27c and the
col or pall et E?ﬂns BS B Sty idRtahENoh & hReREAD TEMOTHel di 3pt aie
processor 21 |nstructs the selector 28 which data processin
circuit is tod%EasE’Pééﬁé'd lf%rt?héh@onVé?eslBﬁm‘PBY dber yiHi %gﬁreTHé;r etR&n be
a plurality of color paIIe and for exanp a pallet can be changed for
every wi ndow Wrikdr bavery h state. H&?apb’l‘%%thétdi’?’ém‘?% 1rFa§7‘°BeW%H%Fé%P

t hereby the display 20 processor 21 can correspond to various formats
of the displ ay"dt@. i RAGTAY Grat & tpast efﬁ?ﬁﬁ@ﬁet Ferdhha $FeRE3E| Ny
circuit 13 is witten in the line nenory 16, but sone val ues anong the

di spl ay dat a AABEeEIIGR 15 ARt AU JEPE SHATRH- €252 MOUSE) GURRAT -
actual |y displayed. Wen the display processor 21 33 transfers the

di spl ay data from NeEbraithenBabign 1P0RREIMAYRSD D FOLEer BYt BSLAS Thee

menory 16, if there is the )
used line information will be described. Normally, the line

memories for display function in a pair. This is because the
display processor 21 cannot access for the write to the line
10 memory which is now performing readout for the display, thus
the display processor 21 writes the display data in the next
line to the other line memory independent £from the line memory
which is now performing readout. Every time the line to be
displayed is changed, the line memories which perform readout
15 and write are alternately switched to continue the display.
However, when a plurality of screens are synthesized and
displayed, as shown in FIG. 5B and FIG. 5C, and when the
background is not particularly displayed, in some cases,
write of the display data into the line memory is only
20 performed with respect to the portion where the window is
displayed, and the display data of the former line remains
in other portions. Therefore, it is required to clear the
line memory before the write, and the time for clearing
becomes necessary. The used line information makes it

25 unnecessary to clear the line memory.



wite-through data, the pixel of that portion is not witten in the |ine
menory 16. It is effective for the display of 5 an i mage which is not
a rectangle, for exanple, a nouse cursor,  Next, the notion for displaying a
screen by using the used |ine infornatioﬁ4mnll be described. Normally, the
line menories for display function in a pair. This is because the display
processor 21 cannot access for the wite to the line 10 menory whi ch
is now perform ng readout for the display, thus the display processor 21
wites the display line.to the other _line

t h
i ndependent fromt Hglal ?lﬁ:? rriﬁg?gex ?E’HaFﬁoﬂog\Pﬁre?T%?W%gt‘? e%LﬂlS%Pé’ry
tlmethellnedté) be dlsla edllsc g the |ine nmenori ﬁperiorm
readout 15 ARF \ﬁal PaFe Q1 etp}‘Fa éf‘? YAPPERHE t%r&tiﬂﬂ Atel the W%pl ay.

Ho , wh | | d d | a

Shown i h F G 515 %‘r‘?&arsbe%hs%lscr drtiityd ﬁaggéiéﬁw WP s, |,
di | d, in, t f_.the di d to the |

SRHAT S e R R 0 lqgﬁtPLE obiks aaﬁgvﬁet 1#«%5 s

di spl ayed, and the di spl ay data of the forrrer I|ne remai ns i n other
porti ohs. The’r%f”&ﬁ%e "? an sthreet?&l r BYTPETE| bAF the PrRECRefb?§ bRrlr?P the
wite, and the t r..cl e | becones nec ssarﬁ/ The. used_| | ne
't ormati on nEkeA. Tt 95t5) iR R SaEreRs. LEBarTiTRET (AP RERb A the 34

The used line infornption corresponds to the dis
vertica dlrectgon of the screen + 1% P gng}i/for the same numbers

of the pixels as the display data in each line memory, that
is, for the numbers of the horizontal pixels.

10 FIG. 25 is a block diagram showing the display memory
section 14 for storing the used line information. To the line
memories 16a ~ 16f are connected comparators 31 ~ 36 and AND
circuits 37 ~ 42, respectively. The line memories l6e and
16f are the memories to store the background data described

15 below. The comparators 31 ~ 36 compare the display line
numbers and the used line information, and if the values agree,
output the theoretical value 1, and if the values do not agree,
output the theoretical value 0. The AND circuits 37 ~ 42 output
the display dataas it is when the theoretical value 1 is input,

20 and do not output the display data when the theoretical value
0 is input.

Now, the motion to display the screen will be described
based on FIG. 26. FIG. 26A is an example of the display screen,
FIG. 26B is the memory map and the output data of the line

25 memory when the used line information is N, FIG. 26C is the



data of each pixel on the line menory at a ratio of 1:1, and shows in which
line the display data is used. The used line information corresponding to
one pixel of the display data 5 gﬁre than the bit nunbers (if the
screen size is 1280 x 1024, 11 bits) Whl can express (the nunber of pixel
in the vertical direction of the screen + 1), and for the sane nunbers of
the pixels as the display data in each line nenory, that is, for the
nunbers of the horizontal pixels. 10 FIG 25 is a block diagram

i or mat | on. TGP REURERG PREPTBOREaGHE (HEE Chifie R b MR Bs 31 -
are the memoied Et&nst speotiat B At M aae s i dg She erone figg 16fThe
ot or mat  on, S8 e PR (e Sv',féﬁ' & TS S0, 0 SRR LEE o
f Che, valuey n%% BRI LRV spiisy SHGKR L8 110 fiv—'seaﬁé‘%ﬁ?m% v@%ﬁ%@n
value 1 is in and do not oui}gut t he dis g data when the

t heor ét i cal éf‘ﬁ“slu)ﬁﬁ‘dln%ﬁ/betw FEsrmed- & §P%ﬁ}§ BIOGESFSR || be

descri bed based on FI G G 26A is an ex e of the display screen,
FIG 268 i s %Wﬁéﬁﬁ?ytl}ﬁaﬁlaﬁﬁaw%a%tosu*ehaa@”g%n?rﬂ@ el 3ad memozg, oy

when the used |i I rmation is N, Fl 26C i s the 35
%n tlr'le Ntnh 9.1ne there is window 1, an while the display data

of the window 1 is written, N is simultanecusly written in
the used line information. When the Nth line is displayved,

10 the line number N which is being displayed and the used line
information are compared for every pixel of the line memory,
and only when they are identical, it is considered that the
display data is effective, and the display data ih the line
memory is output.

15 The write into the same line memory is done in the (N
+ 2)th line, because the two line memories are used
alternately. As shown in FIG. 26C, in the (N + 2)th line,
there are window 1 and window 2, and (N + 2) is written into
the display data and the used line information. Thus, the

20 display is performed.

Next, the write of the (N + 4)th line is performed. The
(N + 4)th line is only for window 2, and as shown in FIG. 26D,
(N + 4) is written into the display data and the used line
information. At this time, the data of window 1 which was

25 written in the (N + 2)th line remains, and if processing is



menory map and the output data of the line nmenory when the used |ine
information is N+2, and FIG 26D is the nenory map and the output data of
the line nmenory when the used |ine inforg%tion is N4, As shown in FIG
26B, while the display 5 of the (N "1)th line is being perforned, the
di splay processor 21 wites the display data of the Nth line in the line
menory. In the Nth line, there is wndow 1, and while the display data of
the window 1 is witten, Nis sinultaneously witten in the used |ine

uhi ch s el A R ARRCER IR RN RR LT AR BIF SR o kB e Y
cons, der ed MY e (TGHRT AR SORe B PRaT, 8, YAnhe: REoRLER 557688 n "t he
done 1 the (3¢ ERSRETIRE enpaginente RSERT | AEOHAA L0 earat it Ton © ' °
T and wi ndow® S PRFEI9S DS he. PA Ppgornd Gepiay dhl & ik Thithced
B e s o, B A BN Wbundl B
2, and as shown in FJG 26D, (N+ 4) is witten into the display data and

the used |inefPiorefion. At this time, the data of wi ndow 1 which was 25

' ' + 2 liner i nd i f pr i ng_i
witten in the (N The) tdgsplaj,e( f(e)gaagi, lgngs arg 8&? grm d gs described

above, it is required to clear the used line information of
all the line memories for every vertical retrace period. It
10 is to prevent the display data of the previous vertical
display period from being displayed. Clearing is performed
by writing an unused value as the used line information.
Next, the repeated display of the same pattern will be
explained. As is often seen in the background screen of the
15 window system, sometimes the same pattern is repeatedly
displayed in the horizontal direction. In this case, by
making it possible to loop the readout address read out from
the line memory 16 in an optional range, a particular pattern
can be repeatedly displayed. Thereby, in particular, in the
20 case where the background data is stored in the main memory
12, the data volume to be read out can be reduced, hence the
traffic of the data bus of the main CPU 11 can be reduced.
When using this function, it is necessary to have a pair of
line memories l6e and 16f for exclusive use for storing the

25 repeated pattern other than the normal line memories.



36 carried out without taking any particul ar neasure, the above wll be
di spl ayed, subsequently a wong display conmes out. In the present
enbodi ment, however, the used line inforpation of the portion of the old

wi ndow 1 remains (N + 2) which 5 subsequently is ignored, and only the
wi ndow 2 is displayed correctly. The display for all lines are performed as
descri bed above, it is required to clear the used line information of al
the line nmenories for every vertical retrace period. It 10 isto
prevent the djspl data of the previaqus vertical display period _from being
G Splayed. O BEHaRTS BERAca BT VARt L SeBoT Ll aetaat HeAfded
line information. Next, the repeated display of the sane pattern wll be

expl ai ned. A4 8n8f vRan s 4 nolerdirg g sdAdlsanesysdy upedimt leasy ndow
system sonetines the sanme pattern is repeatedly displayed in the

hori zont al difr-ecERaf. TPROFRES UHERLak FURREING PE BB TIRCHELT o5 tere
readout address read oQut fromthe line nenory 16 in an optional range, a
particul ar p3tittdr R PHEESSFdREEH y di spl ayed. Thereby, in particular, in
the 20 case where the background data is stored in the main nmenory 12,
the data vol une to BESrdigud Trm dddiisdd a tidyk éhenBot i grihehthene
data bus of the main CPU 11 can be reduced. When usin%Fthis function, it is

necessary to RFSIITOPS LsorensHe daheeds 18enddier8atprRt dhe NER Ve gse for

storing the 25 .. repeated pattern other than the normal |ine nenories.
is written to the line memory, first the display data of the

window and the used line information N are written in the line
memory which stores the window data, as in the normal case.
10 Next, the display data of the background and the used line
information N are written in the line memory which stores the
background data, and the repeated point is set. There are
several methods to set the repeated point, such as a method
to provide a register for exclusive use, to write a value
15 dinstinguishable from the normal case into the used line
information and the display data, or to prepare a 1line memory

for exclusive use.
In order to display, first compare the used line
information in the line memory for storing the window data
20 with the line number being displayed. If they agree, the
display data of the window is output, and if they don't agree,
the background data is output. Though the background data
is not shown, the background data shown by the background data
readout counter inside thereof is output. If the value of

25 this readout counter agrees with the value of the repeated



37 Therefore, it is necessary that the line nenories are at |east 4, and
when the a-blending is sinmultaneously used, at least 6. This repeated

di splay function of this specific pattergém |1 now be described. 5

FIG 27 is a diagramillustrating the notion when the background is
repeatedly used. When the data of the Nth line is witten to the line
menory, first the display data of the wi ndow and the used line information
N are witten in the line nmenory which stores the wi ndow data, as in the
normal case. 1

0, t,..th i spl d f the back d dt d
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back d dat d t t ed pnt | ._Th , I t hod
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| usi t it I 15 .dinsti i.shabl e f th I
case I nto t hedhSEE I1HR® MRMGR¥af Pons PRl SHGKFTRRNG CBEar o pfelife a
line menory for exclusévg?use In order to disp]ay, first conpare the used
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the wi Rdow 1 5 out pHEXbndNeT SEFRPHIGeR LAgroe! ShacRERgrdandoial e
out pu | Thoudl, LS, BREKY! Gud S2CaLt 3,000, sligun e ackgr pund, gt g, ehown
value of 25 5 spl By Sal 8290 At oYM e 295202 L sb0e  KaLHE, 07 LO§ fSpeat ed
pattern is set may be stored in the data buffer 15. The
display data stored in the data buffer 15 can be written in
10 the line memory 16 by the display processor 21. Moreover,
the display data can be transferred not to the line memory
16, but to the program memory 19 or the data memory 20 of the
display processor 21, or the main memory 12, therefore, the
display data can be used for the general purpose, not limited
15 to the display of the cursor.
Furthermore, there are several methods to set the
combination ratio of two screens by the o -blending. One of
them is to prepare a register for exclusive use which stores
the combination ratio and read out the combination ratio from
20 the register at the time of a-blending. In this case, it
is necessary for the display processor 21 to rewrite the
content of the register every time the combination ratio is
changed. Another method is to prepare a LUT which stores a

plurality of combination ratio, and write the display data

25 together with the call address of the LUT for every pixel,



38 point, the value of the readout counter is cleared. The background data
out put thereby returns to the initial stage of the line nenory for storing
t he background data, and the background ta is output repeatedly. 5

Next, the data buffer 15 will be describ&d. Normally, the display data is
stored in the main nenory 12, but the display data in which the size of
cursor is small, and the pattern is set may be stored in the data buffer

15. The display data stored in the data buffer 15 can be witten in 10

the line nenory.16. by the display. processor 21. reover, the display data
can be transf%%/ eghﬁot"tth(?rt H%&fl?‘#e e "i%l,t%uﬁ\l/go 1BACRm '??oa/y 19
or the data jror 0 of the djspla rocessor 21, or the main nenory 12,
therefore, tH W%Bf%yt%laﬁkhec%{‘egé“%‘écgﬂyfﬁrt%"eelb‘ér%]r’%ﬁl'purpose, not
limted 15 to the display of the cursor. Furthernore, there are

several nethods to set the conbination ratio of two screens by the [err]
-blending. One of themis to prepare a register for exclusive use which
stores the coh®fPStTHal (2RRH &30 out the conbination ratio from 20
the register at the tinme of [err] -blending. _In this case, it is necessary
f or thg di spl ay pr 8688&EANS1te & \M“V?Bt%ﬂg WottentSBECt e F8Gi St I ery
time the conbination.ratio is changed. Another nethod is tQ prepare a LUT
whi ch stores €1t LﬂgltthyPBFtl:%?rb‘T Frnf At the GHee 5 Od seréYat s pteat a

25 together with the call address_of the LUT for eve_rt}/

i xel
out from the main memory and used. Therefore, i 8

is possible
to take out the data at an optional position in the main memory
and combine them optionally. This control is performed by

10 the display control section, thus the processing load of the
main control section in the software can be reduced when a
plurality of windows are simultaneously displayed on the
screen. Hence, the speed of movement and switching of each
window can be increased.

15 According to the invention of the aspect 2, when the
data in the line memory is read out, and if the data is to
be repeated in the line direction (as the background in. the
window system), the readout line memory address can be looped
in an optional position. Hence, redundant processing is not

- 20 necessary and the processing can be performed at a high speed.
According to the invention of the aspect 3, since the

cursor and the repeated background can be stored in the data

buffer memory, it is not necessary to read out the routine

data from the main memory. Thus, the load of the data bus

25 can be reduced, redundant processing is not necessary and the



39 and the other nethod is to wite the conbination ratio directly to the
line menory for every pixel. Industrial Applicability 5

According to the invention of the aspect 1, the display data of the portion
required at the time of display is taken®®ut fromthe main nenory and used.
Therefore, it is possible to take out the data at an optional position in
the main nmenory and conbine themoptionally. This control is performed by
10 the display control section, thus the processing | oad of the nain
control section in the software can be reduced when a plurality of w ndows
are si mul t an@RRA8FHRDIBRe POoPIHOTHE &t aHHEA e€Speed of npvenent
and switching of each wi_ndow can be increased. 15 According to
the invention of tRECIEPERE PO MR AR RS Ofh thgeaPPREtNEnDL Y 1% Nad
out, and if the data is to be repeated in the |line direction (as the
background i MYIRESATIIP BAFGHT e FRATFHON/|GRO TRAFFAP TR RFCSS LAY be

| ooped in an optional position. Hence, redundant processing is not 20
necessary and”ﬂﬂbIﬁﬁﬁﬁégsﬁﬂgt@&ndﬁéapEPFth%ddhﬁpgaﬁifﬂl%ﬁ%ﬁ&ﬁe¢¥ﬁﬁHQﬂ ng to
the invention of the aspect 3, since the cursor and the repeated background
can bé st or ed-heh epRNFdCR ePMtERCHd Py ProresEingol s neeEEERGA th e dd O ut
the routine data fromthe main nmenory. Thus, the |oad of the data bus 25
can be reducéHSHEH Addt 15r bead Py, inensst thecesfaryenry pheusing the

bus can be increased. 1In addition, when the video input
picture is displayed, it is normal that the change of the
picture size 1is required, but by performing the
10 expansion/contraction processing at the output stage, the
expansion/contraction c¢ircuit can be utilized more
effectively. Thereby, while taking in the video data always
in a full size, the display can be set in an optional size
without the need of transferring the data to the frame memory
15 or the like.

According to the invention of the aspect 5, expansion
and contraction at a certain magnification can be performed
with a simple processing, by repeating the stop/motion of the
readout address count from the first buffer memory in a

20 predetermined order, hence the processing can be performed
at a high speed.

According to the invention of the aspect 6, since the
display control section can perform the data conversion based
on the data format information in the stored information, the

25 format to store the data for the display is not 1imited. Hence



40 processing can be perfornmed at a high speed. According to the invention
of the aspect 4, it is not necessary to performthe expansion/contraction
processing with respect to the data for the display in advance, since 5
t he expansi on/contraction processing is pé?forned when the display data is
read out, hence the efficiency of using the bus can be increased. In
addition, when the video input picture is displayed, it is normal that the
change of the picture size is required, but by performng the 10
expansi on/ contraction processin% at the outﬁut S
t i ¢

t age, the
expansi on/ cont XS off 19 Pes% tochirangEeryf %ﬂpgﬁﬁr%h%¥?%E?Fv%ﬂ@:the
Thereby, while taking in the videg data always in a full size, the display
can be set in ST 1g; the Ha%oBEmORd hRecthof Hamgn SpELf R ngthpe Wita t o
the frame nenory 15 or the like. According tqo the invention of the

aspect 5, expdHIGGEHRE AR REcBHT Hmed &y it Fagihes%ati on can be
performed with a sinple processing, by repeating the stop/notion of the
readout address couRCCPFERPENES fils dnyeptdonRfptle jaspectp7? . since said
predeterm ned order, hence the ﬁrpcessing can be perfornmed at a high ifeed.
Accordithg to tHeSRIRRAOASHOSf ST HEL M FERTBV1deH ¢ thhd REQPIMEBATY AR

section can performthe data conversi on based on the data fornat
i nformation i P RS SSPIRREY iEFOFHEFLRE, thh@ecessary program and the data,

it is not necessary to read out the data from the main memory

every time of processing. Hence, the number to use the data

bus can be reduced, thus the processing can be performed at
10 a high speed.

According to the invention of the aspect 8, said display
control section can flexibly correspond to the change of the
screen mode or the graphic area so as to transfer the
information necessary for said program memory and said data

15 memory from the main memory. Since the program or the data
exceeding the capacity can be read out from the main memory,
the capacity of the memory may be small, thus a compact system
can be built at a low cost.

According to the invention of the aspect 9, when the

20 display data is transferred to each line memory, the line
number which used the data is written simultaneously in the
used line information memory corresponding to every one dot,
and it is judged if the data on the line memory is effective
or not by comparing it with the line number which is to be

25 displayed at the time of display, thereby it is not required



25 format to store the data for the display is not limted. Hence

41 there is no need to transfer the display character and the |ike stored
in the data nenory to the frane buffer, thus the processing can be
performed at a high speed. According to th% invention of the aspect 7,
since said 5 di splay control section is provided with a program nmenory
and a data nenory for storing the necessary programand the data, it is not
necessary to read out the data fromthe nmain nmenory every tine of

processi ng. Hence, the nunber to use the data bus can be reduced, thus the
processi ng caﬁob%l‘i)%%’fgﬁ"réi?“aﬁenifo"f the 1l 1ne eiay eVAIdotdMeg the Hhee

i nvention of the aspect 8, said display contral section can fl exi_bl
correspond t O"ERRT¥EnAFgesed- MR rideh BRRE S G €38y QﬁhpérgPéﬁegoagsat o)
transfer the informati on necessary for said program nenory and said data 15
menory from t REIRETRFSEnDARA tRE NS hiner Hrl Gt 1d0CBMMAEY t he
capacity can be read out fromthe main nenory, the_capacity_of the nenory
may be snal |, APREsAL CBFPACEC R tdshakft BOHEVETYat 18S BWSEOY. PAECBREi ng
to the_ invention of the aspect 9, when the 20 =  display data is
transférred t®neEdP fehetadhsrysed Adne et arndleromAr & usRe 1ife Befery s
witten simultaneously in the used |ine _information nmenory corresponding to
every one dotfOEn@VEFY|ReTIRYKRf ierHEdarrs IR ChelPNRE FBROPFOFESE RSt ve

can be performed at a high speed.



or not by conparing it with the [ine nunber which is to be 25

di spl ayed at the tine of display, thereby it is not i cl ear
the content of the line nenory every tinme_the |ine mmmwwﬁgm&ce
the processing can be performed at a hi gh3speed. And*thé usedr [ s
information in the line nenory does not have to be deleted for every line
di splay but has 5 only to delete the used line information in all the
line menory for every period of vertical retrace, hence the processing can
be perforned at a high speed. 43 CLAIMS 1. A programmbl e di splay device
conprising: a main nenory which storesCEA&MEi spl ay data; a data processing
circuit which converts_the data format 5 of said display data into the
data format of thelscrRePTagsPBgPle ¢isRERY ofeTifR FRPBFIE%hich store

t he display data converted by said data processing circuit per unit of the
display line; 10 @ main memgry; ¥high éBﬁFPSItg@cgﬂéﬁlﬁﬁiéﬁtééntrols t he

transfer and storage_of the display data fromsaid main nmenory to/in
a data processing circuit which converts the data format

*

5 of said display data into the data format of the screen
display:

a number of line memories which store the display data
converted by said data processing circuit per unit of the
display line;

10 a display control section which controls the transfer
and storage of the display data from said main memory to/in
said line memory and the readout of the necessary display data
from said line memory to display it on the screen; and

a main control section which controls the storage of

15 said display data in said main memory, and the transfer of
the stored information including the data format and the
storage address to said display control section, wherein

said display control section reading out said display
data by specifying the address of the display data for one

20 line which has a possibility to be displayed on the screen
to said main memory fromwhich the display data is transferred,
based on said stored information, causing said data
processing circuit to perform the data transfer and select
said line memory to store said display data.

25 2. A programmable display device according to claim



said line nenory and the readout of the necessary display data fromsaid

line menory to display it on the screen; and a nain% h ction which
controls the storage of 15 said display data i mmmﬂm myy and
the transfer of the stored information i#& uding the*data " t he
storage address to said display control section, wherein said display
control section reading out said display data by specifying the address of
the display data for one 20 | ine which has a possibility to be

di spl ayed on the screen to said main nenory fromwhich the display data is
transferred, bad@RPIsHEPdIsIHFRIPY FOSTRRL SRCTEQRFHYL AT th8t 8t PFBSRssi ng
circuit to performthe data transfer and select said |ine nenory to store
sai d di spl ay ®htEhe display data tp bg wtddizetabrecaitsfiliyinered 4ER®r di ng
to claim 1, wherein said display control section controls _the storage of
the di splay dBeBOYY. 50 bt veen ridpe aeesryedndsap 4y idit adsod{SPiayefat
when the repeated display data _is displayed, said repeated display data is
read out fronf3hfrenertefdsplay datapis 3ead PYLnEreme B HAdee NEABPEDf and
di spl ayed on the screen. 3. A progranmabl e display device according to
claimi, furthespesigiviisionthe addrassushereqieaptydfsnlatest PRGENHECHESPI ay
data to be utilized repeatedly, and when said data is displayed on_the
screen, said displ &r cAnPreprapapdf ddsplay dguics 3ararfépgatedcdfspl ay

data to be read out fromsaid data buffer nenory and di splayed on the
scr een. 1, further comprising a data buffer memory for storing the

display data to be utilized repeatedly, and when said data
is displayed on the screen, said display control section
10 causes said repeated display data to be read out from said
data buffer memory and displayed on the screen.
4. A programmable display device according to claim
1, which includes:
a first buffer'memory'for storing the display data read
15 out from said main memory:
a second buffer memory for storing the display data read
out from said first buffer memory; and
an address counter for counting the readout address and
the write address of said first and the second buffer
20 " memories; wherein
said display control section controlling the stop and
motion of the readout address count and the write address
count, respectively, with respect to said address counter,
performing the processing of expansion, contraction and skip

25 and storing the data in said line memory.



4. A programmabl e di splay device according to claim11, which includes: a
first buffer nmenory for storing the display data read 15 out fromsaid

mai n menory; a second buffer nenory for storing th “ d out
fromsaid first buffer nmenory; and an address counguﬂ"m ﬂ ﬁ'ﬂ‘m

readout address and the wite address of said first *and the secon buffer
20 menories; wherein said display control section controlling the stop

and notion of the readout address count and the wite address count,
respectively, with respect to said address counter, performng the
processing of exparsi oft, PEGAFARERPLR dhgpipypdesice acgapdipgr FAGCAdMdat a
in said |ine nmenor 5.. A programmabl e di splay devi ce according to claim
4, wherein satd "ﬂi‘%‘fﬁla‘} St OdisPd 8yt FeRtEQLsBRC RN s‘?t%bsea‘-hd:hr?oﬁfCBﬁ 8rdt he
readout address count to be repeated in a predeterm ned order.

6. A progranBBFeoui 8f| PSRRI He AW RS t SRR R ﬁPlbe\/\mﬁ’I@#%ﬁalH’dat a
processing circuit has a plurality of conversion processing circuits for

converting vaPF%@%tGEPéFPGrﬂﬁggr and said display control section selects

sai d conversion 10 processing circuits based on the data format
inforndtion of said stér@HOHﬁPGWﬁgiFOHFSPlaY device according to claim

1, wherein said data processing circuit has a plurality of
conversion processing circuits for converting various data
formats, and

said display control section selects said conversion

10 processing circuits based on the data format information of
said stored information.

7. A programmable display device according to claim
1, wherein said display control section is provided with a
program memory and a data memory for storing the necessary

15 programs and data.

8. A programmable display device according to claim
7. wherein said display .control section causes the
information necessary for said program memory and said data
memory to be transferred from said main memory.

20 9. A programmable display device according to claim
1, wherein said display control section adds the line
information showing in which line the data is to be used when
storing the display data in said line memory, and controls
the display of the data in such a manner that when reading

25 out the display data from said line memory., the line



7. A programmabl e di splay device according to claim1, wherein said display
control section is provided with a program nenory a data nenory for
storing the necessary 15 programs and data. €1m M 'MMBM di spl ay
devi ce according to claim7, wherein sai 86display auses
the information necessary for sai d program nenory and sal d dat’a fenory to
be transferred fromsaid nain nenory. 20 9. A programmbl e

di spl ay device according to claiml, wherein said display control section
adds the line informati on showing in which line the data is to be used when
storing the AARIAERHRD if FHd |P¥e ﬁéﬁﬂﬂ-ffanﬁﬁé}sééintﬁfﬂ sthee dgitepl 3§ of
the data in such a nmanner that when reading out the display data
from said |irEiselwgd onliyewhppethe 14me Whélcﬁa‘tlﬁ;%ﬁ Sald ddgrdgy data is

si mul taneously and the data is displayed only when the |ine which uses said
di spl ay dat a e t$ame afetini the thine i i QmasiaR{ on.



