DESCRI PTION Title of Invention STATE DI SPLAY DEVI CE AND DI SPLAY METHOD OF
STATE DI SPLAY DEVI CE Technical Field [0001] The present invention rel ates
to a state display device which displays a state of a hone el ectri cal

appl iance such as an air conditioner and a display nmethod enpl oyed by the
state display device. Background AtsdRIF06R] Enbedded devi ces such
as air conditioners and hone el ectrical appliances accelerate to have

mul ti f umigeicdm@ldrition Then, it is difficult to operate, in a conventional
way, such an enbedded device only using a conbination of a plurality of

but t onsSBATED ISRPAYIDEMIC EaANDI BIFIPLAY BIEETH@PD @F SSTRTEN DISIPQAY DEVNCE al

di spl ay) which displays fixed 15content directly relating to the buttons
Ther ef ofeghnidaddtieldc appar at uses enpl oyi ng display devices which use general
liquid crystal (so-called full-dot liquid crystal) and which includes

so- cal | 88031 aphi cal user interfaces (GU's) have been fabricated. As the
QU s, arbitrary diagrans and i mages are displayed.in a_|liquid cryst

screen, and TR PYSSEREIVERHPH f@a'@ﬂolﬁs%@@?q ﬁﬁ?'%r@%\ﬁ’ﬁt%‘r@éﬂ'%?aaStﬁ@tcPfod of
switchi ng screen dlﬁ @Y in the liquid %\g}/stal S g (arom ne t o anot her
or a net RBMSFIEStKR Sp "é}?lea?g}lcl?fasaa%ﬁ‘ﬁlqo tiodshat é’d eBlaYeRENeFati on in the
screen r ef ers..c easi use functions of electric devices, and
accor dl‘?‘@fﬁ) S&JQSﬁ%’T‘W'FQaVrﬁ%ﬂW}e{d [ 0003] 25However, in the display

devi ce IQ%C@ﬁaﬁdﬂlrteCt ric devices, content to be displ ayed inaliquid
crystal ay and an operation device have considerable restrictions from

ide vi ]'1t of fabrication cost. [0004] a personal conputer. As for a
performance ratio thereof, a speed is 1/100 or | ower conpared to the

e o EpEcABS 1ROk B0Schn TR S U0 M gl i 000 o
accelerate to have multifunctionality. Then, it is difficult to operate, in a conventional
way, such an embedded device only using a combination of a plurality of buttons and
a liquid crystal display (such as a segment liquid crystal display) which displays fixed

15 content directly relating to the buttons.

Therefore, electric apparatuses employing display devices which use general
liquid crystal (so-called full-dot liquid crystal) and which includes so-called graphical
user interfaces (GUIs) have been fabricated. As the GUIs, arbitrary diagrams and
images are displayed in a liquid crystal screen, and multifunctionality and usability are

20 supported by a method of switching screen displays in the liquid crystal screen from
one to another or a method of adding display of a small window used for explanation
in the screen. Therefore, users can easily use functions of electric devices, and
accordingly, operability is improved.

[0003]

25 However, in the display device of these electric devices, content to be
displayed in a liquid crystal display and an operation device have considerable
restrictions from the viewpoint of fabrication cost.

[0004]
Considering cost, heat generation, and power consumption, a microcomputer

30 used in an embedded device has low processing performance compared with that in



[ 0005] 5Since the full dot liquid crystal described above realizes display
havi ng a hi gh degree of freedom by conbining small | um nous points, the
full dot liquid crystal requires a nunber of instructions in order to

di splay a single diagram Wen a diagramof 1 cmsquare is to be rendered,

for exad*pé@onapwrﬁgbﬂéﬂt ehy fér HpBAbRAaNe AR theldbh aggée@@ M190draser be

changed, and accordi ngly, approximately a thousand 10i nstructions are

requi r edmideaed the micrwbampmertdfeh%@m| gompon&Tarf alstrage capacitpiat er i s

consuned to realize a GUJI process of conbining such display diagrans with
one anol/hed0 antbviered dies miyragentfputen ofghe grdsrnal gomputdraingnost alisepl ay screens
fromone to another, and 15furthernore, nost of the storage capacity is
consungdO®% performinternediate i nformati on processi ng. Therefore,
execution of a control application programwhich realizes an original

funct i on of Sinke thetfol det liaddictystaegesssibgd| abpye replizes disglaythaving deidhes
difficult to design the control application prograr? and accordingly, it is

TS se b1 & 1B o o Spect oty i el ne. ot s nay uar (o aphi <
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fohat perdiaraRds sk g sRdd ware. This is because the m croconputer performs
processes 1 n synchronization with a mnimmunit clock on a

[0006]
Most of the processing power of the microcomputer is consumed to realize a
GUI process of combining such display diagrams with one another and frequently
performing rendering by changing display screens from one to another, and
15 furthermore, most of the storage capacity is consumed to perform intermediate
information processing. Therefore, execution of a control application program which
realizes an original function of the embedded device may be delayed. As a result, it
becomes difficult to design the control application program, and accordingly, it is
possible that the number of developing processes is increased.
20 [0007]
To address this problem, an apparatus including dedicated hardware (graphic
accelerator) used to execute part of the GUI process has been proposed (refer to
Patent Literature 1, for example).
Citation List
25 Patent Literature
[0008]
Patent Literature 1: Japanese Unexamined Patent Application Publication No.
2006-185195 (Page 4)
[0009]



process-by-process basis whereas the hardware perforns a parallel process
5i ndependently fromthe clock and furthernore a degree of the parallel
process can be optim zed. In this way, by performng the GU process using
t he dedi cated hardware, a main control application can occupy the

processing QQEEdce‘éEinb%é@d%ﬁﬁe@UFﬁfocelé‘pérf@ﬁﬁéd‘ﬁ@ﬁfgehér’ﬂ@\/a@is process is

performed usi the hardware, for exanple, when a diagramof 1 cmsquare is

to be resead&dblyapBiePthamtiedtpepldined ingeSoftwaty. UCTHi® Rshetauseanygi red to
cal cul ate edge points. Furthernore, when the GQUI process is performed using

har dwar micracomputediperforesdaeotegsesamsgndhonidatias With aeningnal@runigélock onlaor
cal cul ation", or the hke is used. [0010] However, when the GJ process is
per f or nerbcasshy-gracesmbasiasvivaeas threbatbedyoperionmsrd parsflebpnoeasier i ng
command, processes relating to GU s are not conpletely separated fromthe
n® cr ocoimpependenthyafromnghe whaak antiiriherdoraaidngres ofithspbarpdel wACesCan i d
crystal screen as diagrans or inmages and a display screen is switched, a
r ender i ARfimigdesin this paygeREIPryERdhat@d! prasepetising, theriedisatedconput er

consunes npst of the processing,.power to performthe process regardin
render i PRYIMEGBR MAIN ?gﬁgeb‘?‘%ﬁlﬁgpg? Céf‘tor?GHEYl t'@(@[ﬁfﬁsﬁ‘rﬁ‘%cﬂov\’eérfgéﬁgng co?mands

ks Y
150 BT PSR e e ORI GBI
19°, hor IAFEr gl o BRGTUT R LGS USLBEH. Pl ambarreassesay, ore

har dvar grjcgs§ @Héﬁ&%é&asiﬁgmra«walé,%a&ﬁwaf refRGhdERfNEhd e ACgARdi ngl y,

a large burden and |l arge cost are required. Summary of Invention

30Techn}é;ﬂbriﬁgqbb@|m chRAEZbn", or theTike iPusesS@Nt inventi on has been nade to
sol ve the probl ens descri bed above, and provides a state display device

whi ch c@oriepponds to a display device in which part of a GU process is

perfornmed using hardware and whi ch reduces a processing 5l oad of a

m cr oconput dioweaviet, whenthé &Uheoseds &f perfiensidusng inspdwgreday degcribed

15 above in unit of a rendering command, processes relating to GUIs are not completely
separated from the microcomputer. That is, when much information is displayed on
the liquid crystal screen as diagrams or images and a display screen is switched, a
rendering request is frequently generated. Therefore, the microcomputer consumes
most of the processing power to perform the process regarding rendering requests.

20 Accordingly, although execution of rendering commands can be performed
independently from the microcomputer, the process regarding the rendering requests
should be performed by the microcomputer, and consequently, a processing load
applied to the microcomputer is heavy.

[0011]

25 Conversely, it is difficult to perform all the GUI processes using the hardware.
This is because, since different GUI display processes are performed for different
applications or different products, dedicated hardware is required for each application
or each product, and accordingly, a large burden and large cost are required.

Summary of Invention

30 Technical Problem



Solution to Problem [0013] A state display device according to the present
invention includes a liquid crystal display unit, and 10a renderi ng
generation unit which generates display content to be displayed in the
liquid crystal display unit, wherein the rendering generation unit includes
a centq@b1QTocessing unit, a rendering processing unit, first storage
means, and second storage neans, the first storage neans is readable and

writabl e by Thetfrebbat ©@8htich has deeashade Lbuslve tihe gradiemsenderibad apbosessi ng
unit, the second storage neans is readable and witable by the

render iagd provicEssa state digplandevieaddlitrectryesends tgua dispraysdealicedinswhiall uni t
the central processing unit interprets and executes a display program and

i nst r uctart ohe GUIrpoces® s Tforpmtsusiog fuodware arthddidhipduegsi@sirobassod on a
result of the 20execution, ~ the rendering processing unit includes an
inst r udeadwf addicesspmpdfiestand aisphasinethad ahtherdateudeplal dgdiveess serving as
an address of the rendering request to be executed, and perforns a series
of a repelefPmip BXAIEH on process including a process of interpreting the
renderi BB éfquest stored in the first storage neans in accordance 25with
the i ndPPUetion address, a process of calculating a coordinate and a col or

?Lq['ig;t’”? R «iévi%’%gf%ﬁrﬁﬁtq%gg‘é%%%%ﬁai@@?ﬁf ﬁ?iﬁéﬁlﬁ?%ﬁgd?#e”g h
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coordi nate }g&%gﬁg%gﬁﬂgghﬁe&@s e resu o] e calculation in e

second stor rocess of updating the instruction address,

fge liquid ‘Hﬁé?nh%kig&ig%{ﬁ%fé(tid%ﬁit %@‘é@eﬁ%ﬁ?ﬁ%éplgicﬁhﬁerﬁfto bg%cié{ﬁlggkgsdjin

crystal to genera I'n accor coordinates an st ored
in the peipLl &yelrarp®BaNSt, the rendering processing unit includes a

start/end instruction register which 5stores a starting command for
i nstructing wHetein Bk reRgernsg denengiofXBRtihtiRbed 20sRa/I pRstessing unit, a
rendering processing unit, first storage means, and second storage means,
the first storage means is readable and writable by both the central processing
15 unit and the rendering processing unit,
the second storage means is readable and writable by the rendering
processing unit and readable by the liquid crystal display unit,
the central processing unit interprets and executes a display program and
instructs the first storage means to store a rendering request based on a result of the
20 execution,
the rendering processing unit includes an instruction address register which
stores an instruction address serving as an address of the rendering request to be
executed, and performs a series of a rendering execution process including a process
of interpreting the rendering request stored in the first storage means in accordance
25 with the instruction address, a process of calculating a coordinate and a color of a
luminous point of liquid crystal when the interpreted rendering request is a rendering
execution request, a process of storing the coordinate and the color obtained as the

result of the calculation in the second storage means, and a process of updating the

instruction address,



an interruption factor register which stores a factor of an interruption

i ssued to the central processing unit, and the rendering processing
unit starts a process in accordance with the rendering request stored in
the first storage neans when the starting command is stored in the
10start/end thashidcl ORI HRBIH &t al USTIRFHESs PBMtP bPERSR G CRBtAgsT or med i n
accordance mpthhtﬁgIYendeﬁ?ﬁgtrequest when thg renderingqreqﬁggt specified

by the %éf%rét&&él@ﬂinﬁé@cﬁéénééwﬂhrc@ﬁ?lﬁhét@ﬁ drRf col6Rt dtered RAHE SecoRd Or €S an
termnation factor in the interruption factor register, and issues an

i nt err ugtbtaye ineahbe central processing unit. Advantageous Effects of

I nvention 15[ 0014] According to the present invention, the rendering
processi ng rthamsngenidfppreessiagranidaciudgs pr siedssidrigsipuceesregisidepbicient | y
fromthe central processing unit in a period of tine fromwhen the starting
commandstorean istarting commend farringteuniingratat of theorendegingtexectionhercesa@nd
rendering request for requesting performance of the rendering 20term nation
pr ocessan ftetepligretactor registelowbichisteiey, a ackrof propteysgdiondssiied gthe cul are
perfornmed using hardware, a high-speed effect can be obtai ned.

Furt her $RIHE pf‘gf‘eestsmﬂj!é'i“ﬁrﬂj‘%r ocessing unit may execute a series of

Ther ef or o, _ AHE ERSRIT PRERPSBELITRIETR AL REo SO R MY Hoh 5B es
by oneacERREr LR PRt (SR ERERS WHEIE b Tofihapd I sREER [t -
! ?g:;'l?gﬁ.f%n%ﬁﬁg%@eﬂ@@?%@?g%é{si (s 555 BihG heftontath A85okdies] |
£} ove o KRR renderin/IaBEERRen 1R RiHdeARg reqyiestldpedificd] byt infirbtich

Enbodi ngidreds &f a rEGddRFRAiAdNGRNey08st, 8ldTed an3krrhingtios factorindhagr am

illustrating an exenplar configuration of a rendering request region.
interruption factor register, and issues an interruption to the central processing unit.
Advantageous Effects of Invention
15 [0014]
According to the present invention, the rendering processing means performs
the rendering processing process independently from the central processing unit in a
period of time from when the starting command is written to the start/end instruction
register to when the rendering request for requesting performance of the rendering
20 termination process is executed.
Accordingly, since processes regarding a GUI are performed using hardware, a
high-speed effect can be obtained.
Furthermore, the rendering processing unit may execute a series of rendering
commands independently from the central processing unit. Therefore, the central
25 processing unit may assign calculation resources to processes other than the
processes regarding the GUI, and accordingly, a processing load applied to the
central processing unit at a time of a rendering process can be reduced.

Brief Description of Drawings

[0015]



[Fig. 4 Fig. 4 is a flowhart illustrating a rendering request process
showmn in Fig. 2. [Fig. 5] Fig. 5is a flowhart illustrating a rendering
execution process shown in 10Fi g. 4. [Fig. 6] Fig. 6 is a flowhart
illustrating a rendering-range limtation updating process shown in Fig. 4.
[Fig. 7] Figrig71] Big@1fi i jti 7 Hinatibon process
shown in Fi 35'94.1] Pig?! 1 I% %}’%Sé‘g?'dﬂir%w%ﬁsﬁﬁsdt'ggdﬁgfﬁ%‘?%s%?%‘{Fyﬁ‘g tgn exenpl ar
conf i gurRbbaiMaNt Bof BBIRESEE iRASIHMRSL - [Fig. 9] Fig. 9 includes
diagrams illustrating exenplar display perforned in response to the
rendering r ¢Riges] Fighavie ai flowkdhgart Bustrating operation of ke dispEg]ddvige adébrdimga
diagramillustrating an exenplar configuration of another 20rendering

r equestto Embodipterg.1 dfithe rgsertinvardiondes di agrans il lustrating exenpl ar

di splay performed in response to the rendering request shown in Fig. 10.

[5Fi g. 12] Fillgig. 3PFigs 3ds ai diggram illustrstinganmyesxaaptenfiasoationyof arergesings
rendering request regions according to Enbodi nent 2 of the present

i nvent ireAuestsepiaf. 13] Fig. 13 is a flowhart illustrating a rendering
request process cording to Enbodi ment 2 of the present invention.

[Filg. 14] FiGO. 4hFide4as A MRt aerir B RaUEshP9eoas ANONNY devi ce
accor dgg]g %o Enbodi nent 2 of the present invention. [Fig. 15] Fig.
15 is d'™®i4gramillustrating content of data stored in a rendering request

region 121 ipn a te .di_spl N cordi ng. to '

present i nvéﬁpi 8f1't:% 3 'g a%ov%@b&i@%@?&&@%qgse%ﬁggﬁﬁ#q% éj{sotmtr"gﬁ ng

@ont ent; f4rendered data in a rendering 5result region 122 in the state
I spl ay device according to Enbodi ment 3 of the present invention,

[Fig. 6] Fig. 6 is a flowchart illustrating a rendering-range limitation updating

process shown in Fig. 4.
[Fig. 7] Fig. 7 is a flowchart illustrating a rendering termination process shown
in Fig. 4.
15 [Fig. 8] Fig. 8 is a diagram illustrating an exemplar configuration of a rendering
request.
[Fig. 9] Fig. 9 includes diagrams illustrating exemplar display performed in
response to the rendering request shown in Fig. 8.
[Fig. 10] Fig. 10 is a diagram illustrating an exemplar configuration of another
20 rendering request.
[Fig. 11] Fig. 11 includes diagrams illustrating exemplar display performed in
response to the rendering request shown in Fig. 10.
[Fig. 12] Fig. 12 is a diagram illustrating exemplar configurations of rendering
request regions according to Embodiment 2 of the present invention.
25 [Fig. 13] Fig. 13 is a flowchart illustrating a rendering request process
according to Embodiment 2 of the present invention.
[Fig. 14] Fig. 14 is a flowchart illustrating operation of a display device

according to Embodiment 2 of the present invention.



[Fig. 17] Fig. 17 includes diagrans illustrating a size of imge data 602
and a size of a rendering range 701. [Fig. 18] Fig. 18 includes diagrans
illustrating a process of repeatedly witing 10the i mage data 602 to the
rendering result region 122 perfornmed by rendering processing neans 104 in

the state d'[E!ﬂgﬁSlg]@"él%gsaa%giQ anqgldsg’\?gﬁg‘r&?hf@ﬂrofaagstb% PRI & 8&fHerlngventi on

in detail. s a fl Illustrating a proceduré of
repetitic¢@esERGPEA NP1 ina state,diwlégaeei@etaccbhﬁng ehERfibBmRhPgRF g means
104 in the state display device 1baccording to Enbodi nent 3 of the present
i nvent i piesent invehfidrg. 20] Fig. 20 is a diagramillustrating a button

obt ai ned by repeatedly rendering i mage data in a rendering range 1101 in a
st at e di spl dFigdd6] €&. dEceradilingraro illastratingeohteht of rertered esénin & nerederingn.

[Fig. 21] Fig. 21 includes diagrans illustrating content of data stored in
& 20r eneultnggivediZesin the gitaia display devicstagcerding g Eynhnslimest acdrali ng to
Enbodi nent 5 of the present invention. [Fig. 22] Fig, 22 includes

di agr angresPnUSVEati9hg content of another data stored in the rendering
request region 121 in the state display devjce according to Eqbodi ment 5 of
the present [Figvddd Fish1728plHrAgs dmra%sgﬁusxﬁtmca a&ssofdmagﬁméa gBﬁ@@firaati ng
cont ent .of Fenderi Er? dat a z& a rendering result region 122 in the state

di spl aySigR O 8deRdediY 3PS (0 Enbodi ment 5 of the present invention.

i spi ay  deviltls- d6L bR tegneeheBal A st B A Bh st P ot SRRl .
19016] Fanedi AEME 02 1o &B%(Igéhdde:évl:ﬁ@gfe@ﬁﬂtreéion%ﬁSér?orme}f’l%f}’eﬁﬁ%\ﬂnﬁe whi ch is

I ncor porated®n an enbe such™as an air con oner and whi ch

i P! 2rofosdify fndind 164 H he 08 4 RG aethdd adtrdif 16 Etfodimet sae! o

present invention in detail.

[Fig. 19] Fig. 19 is a flowchart illustrating a procedure of repetitive rendering
performed by the rendering processing means 104 in the state display device

15 according to Embodiment 3 of the present invention.

[Fig. 20] Fig. 20 is a diagram illustrating a button obtained by repeatedly
rendering image data in a rendering range 1101 in a state display device according to
Embodiment 4 of the present invention.

[Fig. 21] Fig. 21 includes diagrams illustrating content of data stored in a

20 rendering request region 121 in a state display device according to Embodiment 5 of
the present invention.

[Fig. 22] Fig. 22 includes diagrams illustrating content of another data stored in
the rendering request region 121 in the state display device according to Embodiment
5 of the present invention.

25 [Fig. 23] Fig. 23 includes diagrams illustrating content of rendering data in a
rendering result region 122 in the state display device according to Embodiment 5 of
the present invention.

[Fig. 24] Fig. 24 is a block diagram illustrating functions of a state display
device according to Embodiment 6.

30 Description of Embodiments



Fig. 1 is a block diagramillustrating a state display device 1 according
to Enbodi nent 1 of the present invention. In Fig. 1, the state display
device 1 includes central processing neans 101, rendering processing neans
104, storage neans 118, 10and a liquid crystal display unit 123 including a
quuidggowﬂtal screen 125. Note that the central processing neans 101 and
the renderi'ng processing neans 104 are preferably integrated on an

i dent i @hbsHiefeonmput er LSI. [0018] First, the storage neans 118 will be
descri bed. 15The storage neans 116 nmay be accessed by both the central
processi ng me&nsbddiheand, 4 Beate eligteay dgvipe addsls isnigcopanstetidd anaartdbstideds
various prograns to be executed by the central processing neans 101 and the
r ender idayiqe £0aEa$ Ay arecorslitidversand which uligtlayma iséatalaf $he aheostidicagewiteans
118 includes a display programregion 119, a device control programregion
0, atxewaanm@gaﬁeqmssanmggion 20121, and a rendering result region 122.

[ 0010] The di splay programregion 119 stores a display program used
to perflBPhldisplay in the liquid crystal display unit 123. The device

ent' 1o oper Hi9-ohisgt DRl AUPE USRS Bsie Py SeHESc: SHRNgBgr am and
e do e o IR SRR 9 PR R SRR ) SRS ALY,
e BB E o 1DF PR AP RER s TR St e P e
1 2‘;_“5[ %g-%i]ﬁn TG Q) GiEPRG U PRinMUdinSa ibfid 8FstafBERENTDY. eqiR ALY ON
the central processing means 101 and the rendering processing means 104 are
preferably integrated on an identical microcomputer LSI.
[0018]
First, the storage means 118 will be described.
15 The storage means 118 may be accessed by both the central processing
means 101 and the rendering processing means 104, and stores various programs to
be executed by the central processing means 101 and the rendering processing
means 104 and calculation results. The storage means 118 includes a display
program region 119, a device control program region 120, a rendering request region
20 121, and a rendering result region 122.
[0019]
The display program region 119 stores a display program used to perform
display in the liquid crystal display unit 123. The device control program region 120
stores a device control program used to control entire operation of the state display
25 device 1. The display program and the device control program are executed by the
central processing means 101.
[0020]
The rendering request region 121 stores various rendering request to be

executed by the rendering processing means 104. In accordance with results of



The rendering result region 122 is a storage region which stores rendering
data to be displayed in the liquid crystal screen 125, and is generally
referred to as a frane buffer. The rendering result region 122 incl udes
storage spaces assigned to addresses of | um nous-point coordinates of

l'iqui d GRysiPtalOliatifes bélqulirﬁ'e&b¥$ﬁé‘keﬁir§%r@¥e§§lh§ neshs M1 heHabyiRy case

where the rendering result region 122 corresponds to a | um nous- poi nt

coor di naieRieais AlewlittdVtdither iepiatingfredisstiregiohdizryst al  di splay unit 123 on
a 10one-to-one basis is taken as an exanple in Enbodinent 1, a plurality of
renderifo@2rigsul t regions may be provided for the liquid crystal display
unit 123. [0022] Note that the display programregion 119 and the

devi ce cont rbte mragriam reegit ozgid2d 22rie aptefageaiegioncwhichi stotesdebgeriamdataat i | e
storage devices such as a DRAM or an 15SRAM and the rendering request

r2gi on tole displayed indheldauidgeryeelsereendizdn and s geeciallerefesiehioasn freme ed
by volatile storage devices such as Furt hernore, the storage

e oo e Rt oot e
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Va”Ousre%@lt‘?@gir%h%h‘?ﬁ%)ﬁbg?f@ﬁ&éd f60RE&4luid crystal ER@IAPuMt Aegi ster 102 incl udes

a data regi st orns various calculation processes and an address
regi ste[roggg'!ch specifies an address used to access the storage neans 118.
However, in Enbodinent 1, only a conmand address register 103 is shown in

t he draw ng.Note that the display program region 119 and the device control program region

120 are preferably constituted by nonvolatile storage devices such as a DRAM or an

15 SRAM, and the rendering request region 121 and the rendering result region 122 are
preferably constituted by volatile storage devices such as a ROM.

Furthermore, the storage means 118 is preferably implemented on the
microcomputer LSI on which the central processing means 101 and the rendering
processing means 104 are implemented, and the microcomputer LSI preferably

20 corresponds to a system LSI.

[0023]

Next, the central processing means 101 will be described.

The central processing means 101 is constituted by a microcomputer, for
example, and includes a main register 102 and a controller 100.

25 The controller 100 executes a device control program to control the entire state
display device 1 in a unit of clock, executes a display program used to perform
display in the liquid crystal display unit 123, and performs various calculation
processes.

[0024]



5The command address register 103 store addresses in the storage neans 118
correspondi ng to commands executed by the controller 100. In Fig. 1, arrow
mar ks 131 and 132 which extend fromthe conmand address register 103 to the
storage neans 118 represent that the command address register 103 specifies

addr esses - ofyiafi RIS BRI o HAORZRLeNAKIon A4oRROARIILRG processi ng

means 104 will be descri bed. e rendering processing neans 104 is a

| ogi ¢ cddieMbfiors pRSdeakeg afldfer address rdyibtbr whish spedlfisPhaladanssshasedtof uncti on
of reading fromand witing to the storage neans 118. The rendering

pr oces sadigsstiad stokfge imednsdel8. a Hewdesr iIngEmbgidihent 1,Gnlpadomrhanénder i ng
processing unit 110. Furthernore, the rendering register 105 includes an

i nst r ucaddrasadelyietes 108gs shewn 10&he drasviagt / end i nstruction regi ster 107, an
interruption factor register 108, and a rendering address register 109.
[9026] The iThsteanmand aditiess egistgr 408 stareadsiressas iathastnregs neansh11& in
the storage 20neans 118 and which corresponds to an instruction

( her ei regrfasPoNgingr oceprimands gxecalieddry the qasdigdet 190+ olnpeiget ediliowdnBiKSt he

the i nsTTLERS G52 aUbFe Exlenetrainehe conTunal AN sHROIs LXShertie bor age.
Start i MCRBIRARRRRRt PALY RO BN SUATHS? ToRIotr dDRSOrRICH A IRoY start
"t or r OPE e RRRaT S AR The - | Yondering processing means 104 | ssued
AN i nt E{bbﬂ?]t ion signal to the central 30processing neans 101.
Next, the rendering processing means 104 will be described.
The rendering processing means 104 is a logic circuit specialized for the liquid
crystal display and has a function of reading from and writing to the storage means
118. The rendering processing means 104 includes a rendering register 105 and a
15 rendering processing unit 110. Furthermore, the rendering register 105 includes an
instruction address register 106, a start/end instruction register 107, an interruption
factor register 108, and a rendering address register 109.
[0026]
The instruction address register 106 stores an address which is in the storage
20 means 118 and which corresponds to an instruction (hereinafter referred to as a
"rendering request") to be executed by the rendering processing unit 110. In Fig. 1,
an arrow mark 133 represents that the instruction address register 106 specifies an
address of the storage means 118.
[0027]
25 The start/end instruction register 107 stores a starting command which instructs
the rendering processing unit 110 to start a rendering process.
[0028]
The interruption factor register 108 stores an interruption factor when the
rendering processing means 104 issued an interruption signal to the central

30 processing means 101.
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[ 0029] The rendering address register 109 stores an address in the
storage neans 118 to which a result of the rendering process perfornmed by
the rendering processing unit 110 is witten. Note that an arrow nark 134
extending fromthe rendering 5address register 109 to the storage neans 118
repr eseod9 hat the rendering address register 109 specifies an address
included in"the storage neans 118. [0030] The rendering processing

unit 110 i ncThsleshddningridRireseteistél 109Istgres a0 dddress iniHehsteper meanender i ng
functions conprising a line rendering circuit 112, a square frane

10r endef1&tp whiotiua tesllidf the sehdetirgppacess ppdermad byithe uenddring preocdssingi nage
rendering circuit 115, a rendering range limtation storage unit 116, and a
r ender i ngit AVQid whittent yNeoteatrat snoarage markt13axtendiog fiormitke rendaripget er 111
interprets a rendering request and activates one of the |line 15rendering

c r cui t address regists 18Pdofthe storpendeeany 118 repupsents shatthe readedng gadiess
rendering . circuit 114, and the image rendering circuit 115 Note that, in a
descri ptadtiendde spaefiepansaddrese incused igibe sitigoeimeans 162, the square
frame r @%ml ng circuit 113, the solid square rendering circuit 114, and

t he i na ndering circuit 115 are collectively referred to as a rendering

|7 tat i on st deesRBpobes3hg pat Y 03ades anmteGeRRery. R fdfs witn
pr ocessLog manse A4 GRRRE LA RNLSHb G A% Lidlt £ Ad apgfranfbial i
g processing neans 0oes not pertormrendéring I n tregions

goher ! faieling Jie0g9151 sbﬁ@gauéﬁeofe%ﬁggngtcneuﬁ q044nd'dn iRAGE rehdbiRy | on

S orage unit rend_erlng ran ) !mt_atlon_ storage uni
i ncl udegjrdoq B r%n@ériﬁ@’ﬂ%@dé ReithBStdrage LAl18B, ahd Q-renaﬁﬁﬁglhleéﬂability

limtation 118a and a rendering limtation 116b. [0033] The Tequest
i mtatstafe dbbsgeanit@sponds to a rendering limtation range

[0031]
The interpreter 111 interprets a rendering request and activates one of the line
15 rendering circuit 112, the square frame rendering circuit 113, the solid square
rendering circuit 114, and the image rendering circuit 115. Note that, in a description
described below, the line rendering circuit 112, the square frame rendering circuit 113,
the solid square rendering circuit 114, and the image rendering circuit 115 are
collectively referred to as a rendering logic circuit where appropriate.
20 [0032]

The rendering range limitation storage unit 116 stores a range in which the
rendering processing means 104 can perform rendering as a limitation range. That
is, the rendering processing means 104 does not perform rendering in regions other
than the rendering range stored in the rendering range limitation storage unit 116.

25 The rendering range limitation storage unit 116 includes two sorts of rendering range
limitation, i.e., a request limitation 116a and a rendering limitation 116b.
[0033]

The request limitation 116a corresponds to a rendering limitation range

specified by a rendering request. In other words, the request limitation 116a

30 corresponds to a range which is a limit of rendering in accordance with a result of
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specified by a rendering request. in other words, the request limtation
116a 30corresponds to a range which is alimt of rendering in accordance
with a result of execution of a display program The rendering processing
nmeans 104 does not performrendering in regions other than the range

repr esesieedti®ty of AelisRaYprdgrhiT tiid RmdéliAg prdbessitparRiangd 04 dadsston 116b
corresponds to a rendering limtation range 5cal cul ated in accordance with
t he renidgformgenhesthg in egiiomns dir tamtie tangerreprayanted by she tequegt on 122
corresponds to an address of a | um nous point coordinate, the rendering

i mtatlindtatibh6ld6as basically translated into a range which can be di spl ayed
inthe liquid crystal screen 125 in the liquid crystal display unit 123.

Not e that; wWherneadeling fimitajionfl16le sasespgndeton renegjingninifaticinangef fers) are
10assigned to the quuid-cnystal screen 125 of the liquid crystal display
dni t 1Zculated iy acapidance yvithhbegendaring resWiegiay 124 t REceithairendsring al
screen 125 may b epar at el tored as a syepdering limtatjon range. Note
Lhat a TPPUIfedien de?iagerRRBds fa Anaderess oa LREBHEseIt coRTRFEofe

fgéégfﬁﬁaé'é%wmrﬁ iaét?,l‘f? é%%l"%&[v‘e@%ﬁ%?dbﬁ 4§ Earigse bt Gerire AisE e TRa,
! ofT TSLOTTes] | s is .
EepreLgﬂﬁﬁﬂé@ﬁi&h@?ﬂ%ﬁ&?ﬁhghéﬁg%é%nﬁstf%é@%@%ﬁéﬁ%# he rendering result
resel . : |
ool on 125, SREPETMER FPRIR) ob RARGRATESME feiths (FrhERURRIIBIESS] g
feNnder iAgigHeg! tb‘%ﬁ{e 'n'gtii;: MpElaplbReATR554rANE BiqLiy &)Stal 8RARIY Mgt ®YRid Aidel tY

state storage uni
which can be actually displayed in the liquid crystal screen 125 may be separately

stored as a rendering limitation range.

Note that a first rendering range limitation of the present invention corresponds

to the rendering limitation 116b whereas a second rendering range limitation
15 corresponds to the request limitation 116a.
[0034]

The rendering availability state storage unit 117 stores information representing
whether rendering has been performed on the rendering result region 122 or
rendering has not been performed on the rendering result region 122.

20 Note that first rendering availability variable and second rendering availability
variable are stored in the rendering availability state storage unit 117.
[0035]

The liquid crystal display unit 123 includes a liquid crystal controller 126, a

display address register 124, and the liquid crystal screen 125 and is stored in a
25 housing not shown.

It is assumed that full dot liquid crystal is used in the liquid crystal display unit
123 and the full dot liquid crystal emits light at high speed in accordance with a
change of a display position from an upper left side to a right side of the screen and
further to a lower side with time so that a two-dimensional image is generated by an

30 effect of an afterimage which remains in eyes.
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[ 0035] The liquid crystal display unit 123 includes a liquid
crystal controller 126, a display address register 124, and the liquid
crystal screen 125 and is stored in a 25housi ng not shown. It is
assuned that full dot liquid crystal is used in the liquid crystal display
unit 123o0apg the full dot liquid crystal emts light at high speed in
accordance Wth a change of a display position froman upper left side to a

ri ght side ofhd hguig orggal ardrdiier t Delis & LED ovetroltdrdenivh performe dipldyhat a
t wo- di nensional inmage is generated by an 30effect of an afterimage which

r emai nscontradyoé $he liqid By stal scredhd 2biigaicdociayse alithcemdedht elatd #othes an LCD
controll er which perforns display control of the |iquid crystal screen 125
i n accorafaecegwesit regide2dg data in the rendering result region 122. 5The
liquid crystal screen 125 has the liquid crystal which is aggregate of
stral | | um nol faiidcsysdalcsgseen azw@gheéﬁu Gpsia) Whirdels agiosedats dsmalbl of
the liquid crystal controller 126. [0037] The displ a a(gdress,re_ ister 124
stores WA BSES ANY RETOMP sgEeaT jRRIaY UndE ARRAY SR il
and col or V@Iﬁﬁa used to nmake the lum nous points in the liquid crystal
screen 998 12Pi ght . The Iiquid crystal controller 126 obtains rendering
dat a Sp@@ |f7i)ed by the display address register 124 fromthe rendering
result 3 n 122 so as to nake the | um nous points of the liquid crystal

sereen 125 effid s aadete ddab, 1043500 APdudd0 PLOdl e feam e |

di spl ay address’r he storage mneans esen

fé&sp' aywﬁféﬂrsggr%sr|ﬁmiﬁa®Yéqaés éps%idr%lﬁh @%H@Sﬁaka thdfrahelLageidEans 118.
0 Xt

38] , an outli1ne of an operation of displaying a screen in the

I qui d GeVRfu c8&tAeRek?P1 2% bnibRyHiesThé Ngdid #95tabcorrolrera 26l diigiRar t

illustrating an operation of the state display device 1
rendering data specified by the display address register 124 from the rendering result
region 122 so as to make the luminous points of the liquid crystal screen 125 emit
light. Note that an arrow mark 135 extending from the display address register 124

15 to the storage means 118 represents that the display address register 124 specifies
an address in the storage means 118.

[0038]
Next, an outline of an operation of displaying a screen in the liquid crystal
screen 125 will be described.

20 Fig. 2 is a flowchart illustrating an operation of the state display device 1
regarding display performed by the liquid crystal screen 125, that is, outlines of
operations performed by the central processing means 101, the rendering processing
means 104, and the liquid crystal display unit 123.

[0039]

25 (1) Operation of Central Processing Means 101
(Step S11)

The central processing means 101 executes a predetermined calculation
process in accordance with a display program (in step S11). Specifically, the central
processing means 101 specifies a command in the display program region 119 in

30 accordance with a command address stored in the command address register 103.
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regardi ng display performed by the liquid crystal screen 125, that is,
outlines of operations perforned by the central processing neans 101, the
rendering processing nmeans 104, and the liquid crystal display unit 123.

[ 0039] 25(1) Operation of Central Processing Means 101 (Step S11) The

cent r al THEM GRS SbABal®aBesdifg nexart ®FinkeRisEahe spkbifidd @ahfbh/d irPn process
in accordance with a display program (in step 811). Specifically, the

cent r al aquood®ss With ceateht b0 dafieitiohi insha centrabmdcessihy enetirspl Gdyapd ogr am
region 119 in 30accordance with a command address stored in the conmmand
addr es speréyitst requit68 proddsses intlediogrioundrithnudteseiargtioem @slog@al opemtipnet s
the spec Wed command in accordance with content of a definition in the

cent r aldgia deestirng cheage oien instalqlienfasiiess, &g & ebapge ebar egndiienadi ng f our
arithmetic operations, a |ogical operation, data transfer, a change of an
ithst r udhsigctipiarddiess.anlihe ceRlAgYosesHRY EarrNS 1@ hapntselashisnlay Pbinedigiidss.
The centr

A AT TS G AT D B RIS

t i ith. . i,n Fig. 2, th

ente ihr Lﬁﬁﬁ\é\ﬁ(gtm@g%ggﬁh@%ét gﬁé%dﬁt'“égf%@‘%atasfﬁ STB\(’)‘}Q @%?Q\'\.%:t‘q%&'nﬁ;? accgr Sance
it I . 4 . |

or oceosTHaSafigh, OME FateRisged evidl it intiateio bebrdance MifIER IR . e

regi on &1%'17 torage neans 118 based on a result of the execution of
the disp a;?ll BFécééfsgfn (in step 512). 1510041] Here, an exanple of a

genfi gL[()ggb]_on of a rendering request group 200 stored in the rendering
request region 121 is shown in Fig. 3, Note that only the rendering request
regi on (88dp 832) n the storage neans 118 shown in Fig, 3, The rendering
request group 200 includes rendering requests 201 to 206. in 20Fig. 3, text
“rendering &hectdnteinprocassirdemniengs nangaites @ teadeang upgiadst'in trnkndeeinder i ng
end"” in the rendering requests 201 to 206 represent types of rendering
r equestrequbstakegion 12 b thesstoidgedneans 41 &ibhsae oai an edsudirgf th&endeutiargof the
processes corresponding to the types of rendering request are performned.
display program (in step S12).
15 [0041]
Here, an example of a configuration of a rendering request group 200 stored in
the rendering request region 121 is shown in Fig. 3. Note that only the rendering
request region 121 is in the storage means 118 shown in Fig. 3.
The rendering request group 200 includes rendering requests 201 to 206. In
20 Fig. 3, text "rendering execution", "rendering range limitation update", and "rendering
end" in the rendering requests 201 to 206 represent types of rendering request (which
will be described in detail hereinafter). Rendering processes corresponding to the
types of rendering request are performed.
[0042]
25 (Step S13)
The central processing means writes a starting command to the start/end
instruction register 107 in the rendering processing means 104. The writing of the
starting command serves as a trigger of start of a process performed by the rendering
processing means 104.

30 (Step S14)
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[0042] 25(Step 313) The central processing means wites a starting
command to the start/end instruction register 107 in the rendering
processi ng neans 104. The witing of the starting command serves as a
trigger of start of a process perfornmed by the rendering processing neans

104, 30( St epridiéifter, the centfigir8aédsifig nidihscstdrals #prR&RSSIdIGoRBaIMAgPer f or s
a process of controlling another control application in accordance with the

devi ce gaotheptomtroigppicali®®#3dcdobtiemcdlih th¥bienicelmntrengesgrag. pr ocessi ng
means 104 issued an interruption comrand, the central processing neans

per f or n0&3pr edeterm ned interruption process. Here, the central processing
means may refer to the interruption factor register 108 and performthe

i nt errugitep® I ocess in accordance with stored information. [0044] 10(Step
816) When the process of the rendering_ processing neans 104 is to be
réstarted, céiendhe senderig PYCRBEIAG Y’W?@"ﬂ%éo I@u&ﬂtam@t@mﬁwcmm@né,
start/end instruction register 107. (Step Ql %iSTher eafter, rocess of
cont r ol TherePniiad PHGESSHIR 8?"%[98[“%‘9&309@9@"% i }?é‘acfrWlt'%{'tE'iﬂcﬁﬁ cel®&h the

moans. 107 SR %%s%”n%@%%ﬁ?. A (Eleere A e P RS aar feirioh B 88 n
means 104+8%0 hRY MRerriistidl SO2hEL A HEDrhBhES RIS AR ABESR:

[0044]
10 (Step S16)

When the process of the rendering processing means 104 is to be restarted,
central processing means writes a starting command to the start/end instruction
register 107.

(Step S17)

15 Thereafter, a process of controlling another control application is performed in
accordance with the device control program.
(Step S18)

When the rendering processing means 104 issued an interruption command
again, the central processing means 101 performs the predetermined interruption

20 process.
[0045]

That is, the central processing means 101 performs the control process
separately from the rendering processing means 104 in a period of time from when
the starting command is written to the start/end instruction register 107 to when the

25 rendering processing means 104 issues the interruption command.
[0046]
(2) Operation of Rendering processing means 104
Next, operation of the rendering processing means 104 will be described.

(Step S21)

s



[ 0045] That is, the central processing neans 101 perforns the control
process separately fromthe rendering processing neans 104 in a period of
time fromwhen the starting conmand is witten to the start/end instruction
regi ster 107 to when the 25rendering processing nmeans 104 issues the

i nterrupti onyvaeAMRNStaritPdShniahd Reiittdr RthefstiierMerihseudioPcegiitérd e NS
104 Next operation of the rendering processing neans 104 will| be descri bed,

(Step 52hfering requédheroddig isarformedadn aramd ange wiit themehdeittg reguasst / end
instruction register 107, a rendering request process is perfornmed in

accor dastoediintthe rbed erengdegjuegt regjoredfP1st ored in the rendering request
region 121. [0047] 5Here, an operation of the rendering request process
shown i[A0#Yh. 2 will be described. Fig, 4 is a flowhart illustrating the
operation of the rendering request process. [0048] In Fig. 4, the rendering
Ff? ocessi ng elAsan Operatipnsofdihe saadening redpst Brocess shenn iBdigy2 uiil be
instruction address stored in the instruction address register 106 fromthe
render i $RPCFIBEHest region 121 (in step 81201). Then, the rendering

processi ng ans. 104 interprets.the read renderjng reguest usi t he

PhCer pr et or T [8 @968y uRBtng fhe SR BaLTohe fendinooH BaLESESSs o | o
renderugg g quest "rendering execution" used to execute rendering of a line
and a r ﬁ gul ar shape, a rendering request 15"rendering range limtation

updat e | Sy S e g b S04 MR Sleidimguradiurg, e

{@ ter daied Bfah FIRIBE IUPEES StofdLiPheh&Rtktion address register 106 from
the rendering request region 121 (in step S1201). Then, the rendering processing
means 104 interprets the read rendering request using the interpreter 111 (in S1202).
Here, three types of rendering request, i.e., a rendering request "rendering execution”
used to execute rendering of a line and a rectangular shape, a rendering request

15 "rendering range limitation update" used to update the request limitation 116a of the
rendering range limitation storage unit 116, and a rendering request "rendering end"
used to terminate the rendering process are provided.
[0049]

The process branches in accordance with the types of rendering request (in

20 step $1203), and processes corresponding to the rendering requests are performed
(in step $S1204, step S1205, and step S1206).

After the processes are terminated, the instruction address in the instruction
address register 106 is updated to a next instruction address (in step $S1206), and the
process is terminated.

25 [0050]

Accordingly, when the rendering request process is performed again, a
rendering request specified by the instruction address updated in step S1206 is
executed. In this way, processes corresponding to rendering requests stored in the

rendering request region 121 are sequentially executed.

30 [0051]
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[ 0049] The process branches in accordance with the types of rendering
request On 20step 81203), and processes corresponding to the rendering
requests are performed On step 61204, step 81205, and step S1206),
After the processes are termnated, the instruction address in the

i nstruction pgklpeemtioAdtIIhe red@irSradpdat Bckos AaBHekni discribedi on addr ess
(in step 81206), and the process is term nated. 25[0050] Accordi ngly,

when t hpere@igleiveng request process is perforned again, a rendering request
specified by the instruction address updated in step 81206 is executed. In
this way, prNegsaapeoatiaspbihdi negdenng erdeuntiamgproeqse shewastinFad 4 willtbee
rendering request region 121 are sequentially executed, 30[0051]

The opedasdrinedof Intiee rentdeingrexacetjoe progassc ¥agotmealpelatiod seeaased for

her ei nabove. Next, an operation of the rendering execution process
shown i Rep@ning randering:sdels as irgRAerinnof & bne enddendgingetaspyargiraresye

various cal cul ati on processes for 5perform ng render.l such as renderin
of a |i Rerameed aesrsiginstenand galass PP%&?% r qﬁsoqfr{,gg cagptRS e nat esg
and col ors obt ai ned as resul%s of 552 cal cul ations are stored in the
render i RQTPLELINE [FOGPBAY 1o [Es¥Hb] 26 g. 5 is a flowchart illustrating the
renderiﬂﬁFﬁiecution process. Wen 10starting the rendering execution
process! rendering processing neans 104 initializes the rendering

aval | abi | i tyFiéE ﬁﬁa?@g\fcﬁgﬁ d”ﬂéﬁatﬂ‘nﬂgﬁgégggaégﬂq 2330 Hon epc[og?ssriglte\?\/{leni tis

determ ned wh e rendering er m nat I'n step

302) . halogibil: . 1€ .
i )mﬁf\egflgfgbsfﬂv%ﬁe%t%ﬁfem%é&bﬁdh gﬁ:c‘éfs&,'t'h@%husmnéepﬁ‘c%d%resefg@%egﬁgqgg s to step

308 en determnation is negatiV t he ocess proc_eed_s to
step 313(kIizEE e rarfiimgniliBBlitAsths SoRddd ORIt A0Ndintdtep I180npt sati sti ed,

and therefore, it is defermned that the Tendering process is not

term nated, Kbg, RIiOEEESTIEL RBEthdrehs remlerihz0SrocEOdEIerminated or not (in
step S1302). When the determination is affirmative, the process proceeds to step
S$1308 whereas when the determination is negative, the process proceeds to step

15 S1303. Here, assuming that a termination condition is not satisfied, and therefore, it
is determined that the rendering process is not terminated, the process proceeds to
step S1303.
[0053]

In step $1303, a coordinate to be subjected to the rendering is calculated in

20 accordance with the rendering request (in step S1303). Then, it is determined
whether the calculated rendering coordinate is in the rendering limitation 116b stored
in the rendering range limitation storage unit 116 or not (in step S1304). The fact
that the calculated rendering coordinate is included in the rendering limitation 116b
means that a graphic to be rendered, for example, can be rendered in the rendering

25 result region 122. This determination is made by comparing a coordinate of the
calculation result of the rendering coordinate in a horizontal direction with a
coordinate of the rendering limitation 116b in the horizontal direction and comparing a
coordinate of the calculation result of the rendering coordinate in a vertical direction

with a coordinate of the rendering limitation 116b in the vertical direction. When the
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In step 31303, a coordinate to be subjected to the rendering is cal cul ated
in 20accordance with the rendering request (in step S1303). Then, it is

determ ned whet her the cal cul ated rendering coordinate is in the rendering
limtation 116b stored in the rendering range limtation storage unit 116

or not |di8rrsihgRor i3ffiimatite thaproddiatprbbeedCstbpteBOPRHEIdARAVEAPHE Nat e

is included In the rendering limtation 116b neans that a graphic to be

r ender efbtefPihaBXRh&gatianthepfoeede bestdausttbataesdeoBng 25result region
122. This determ nation is made by conparing a coordi nate of the

cal cul go0®4] result of the rendering coordinate in a horizontal direction
with a coordinate of the rendering limtation 116b in the horizontal
direction ahustpnPasdngt is dedemdinadivenaihet the reatietingcoordinate daicuidted i
rendering coordinate in a vertical direction with a-coordinate of the
ender istep 513084¢ inntuderbip tha regeestdinitation Hitaesderesnn thespndering range
determ nation is affirmative, the process proceeds to step 51305 whereas

when t HEnitadiogrstpiage; Wit 115 aegat (v atep HE3BR)oc &d8epiaskddhs 15hetiasy og,
0054 In step.81305, it i et erm ped whet her the renderin

Coor df e saEns asiiEdn Siep S140¢ sTuben e RsiBaterh s 4l refitedhe Pbsesat i on
116a stored in the r ri range ljmtation stora ni t 0 ot (in
step orIBssedsiaaeRct bF Widerintien IR dERPDafRE 'EiRaMl idBriesdy e,
S1304. iyxation is affirmative, the process proceeds to ste
81306 %?@%@Sﬁgﬁbg{gdggt ermnation is negative, Itohe pr ocgss pr oceeds top
&} €ep 8][§Q§ 1 10[ 0055] When the rendering coordinate is included in the
renderi‘ng ?i mtation 116b and the request limtation 116a, col or val ues of

the renderi Whéﬁm&}&ﬂeﬁng%bwﬁgté i8 itdlede@ i r%ﬁdéﬁﬁ?"lihit"aﬂgh qneB ARdi S

changed (in step 51306). Subsequently, information inclTuded in the

render itRg ray@ddt Aikiilatiby 196at oI5k Qalage oftd rekiiéring coadigate ineludetian mwé i on
15representing a rendering avail able state (in step 61307) and a next

render irggdedey chdudtregion t20 sutrare@d((imsiepe RIBF08PubbOPSE]tlyT méomadtiosr , it

is determ ned whether the rendering process is termnated or not (in step
31302) .indihdegirnthesentedny stvaaldlityGlatecstetage BiBOE isschamgedttedhfpraetien f or med
on all coordinates of a region specified by the rendering request. For
¥xanpl gepuasenting regndsting evailanastatadinestepIS 130y aad e nextiresdedd t he process
fromstep 61303 to step 81308 is repeatedly perforned on all coordinates

i ncl udewordinater isgiadwiadedt(iesten|S PBEYuare. After the process from step S1303
to step 81308 has been performed on the coordinates to be rendered, the
render i[985§]er m nation condition is 25satisfied (in step S1302),

Thereafter, it is determined whether the rendering process is terminated or not
(in step $1302). The process from step S1303 to step S1308 is repeatedly
20 performed on all coordinates of a region specified by the rendering request. For
example, when a request for rendering a solid square is issued, the process from step
S$1303 to step S1308 is repeatedly performed on all coordinates included in a region
of the solid square. After the process from step S1303 to step S1308 has been
performed on the coordinates to be rendered, the rendering termination condition is
25 satisfied (in step S1302).
[0057]
When the termination condition of the rendering process is satisfied in step
S1302, it is determined whether the rendering availability state is an initial state or not
(in step S1309). When the rendering availability state stored in the rendering

30 availability state storage unit 117 is not the initial state, the rendering availability state
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[ 00571 When the term nation condition of the rendering process is
satisfied in step 61302, it is determ ned whether the rendering
availability state is an initial state or not (in step 81309). Wen the
rendering availability state stored in the rendering 30availability state

st or agenabbed thah§ed sttegesis’dﬁ A r&idtridg Hdtendanperbgedvnithébehddringst at e
has been changed I1h step S1307 and rendering has been perforned on the

render i R@ult@sgibh 12291 9 tHid LaskntHehiendeAsg extbetiorepdeess ¢ @xemite@inpr ocess
is termnated in step 81313). [0058] On the other hand, when it is

det er mi steg 313t3)t he rendering availability state is the initial state in
step 81309, the rendering has not been perfornmed on the rendering result
region [0228] In this case, an interruption factor "out of rendering range"
is set inthe interruption factor register 108 On step 81310). Then,  an

i ¢t er r upt i orOn dagietherihandswihiea it is deiermiiead that the seedeiingavriandity otet¢ isn step
81311), and_the rendering 10execution process is term nated {i n steg

s1312) . thernitia] stageestep ive! 309 8in regidesingihas ntheen RrITerBRERR the BFEeENg: sel 1
i s stopped 0059 Note that, an exegcutign state storage, ,not shown,
5 pr orEHIrbIRACtRAedn thcrSe: SR AL HEIS VST OhishdE TR 1aue T RaeTa
determngtion as t.o ther.ar [i ulation is,t i upt ed
s per 1B heaner uelio e Boidab 08 Th' R 1A 0 o Batit sl s et Brb St

repr esent. \V [ . i lculat i IS - upt ed
wnor casired iR R0 BlREBsrh Hehfy 161 (BREE e 3l BRR sERlEAnd

flgvel OPéBFéBugiop Rgoéﬁéggrtéﬁﬁinﬁ?éocﬁﬁ g{éﬁog B‘FQG)r.‘OtIn kb %55&,%%%@8@2% #RThe

operation o ering executio roceéss has been descri

her ei naﬁé‘h\ﬂ%ringie%ulaé\ﬂ?%bceé fRdgrstépdaange |imtation updating process

shown in Fig. | "be described. I'n the rendering-range limtation

updat i n@ogppcess, the request limtation 116a stored in the rendering range
limtation storage unit 116 is updated in accordance with a rendering
request. [ 00¢dfe thagantexesutiof lstate ktarage] hotsthoatn, g ptdferabdn thetudegh indhge
limtation updating process.
rendering processing means 104 so that a determination as to whether a rendering
15 calculation is to be interrupted is performed in step S1312. That is, when the
execution state memory represents a developing state, the rendering calculation is
interrupted whereas when the execution state memory represents completion of
development, the rendering calculation is not interrupted.
[0060]
20 The operation of the rendering execution process has been described
hereinabove.

Next, a rendering-range limitation updating process shown in Fig. 4 will be
described. In the rendering-range limitation updating process, the request limitation
116a stored in the rendering range limitation storage unit 116 is updated in

25 accordance with a rendering request.
[0061]
Fig. 6 is a flowchart illustrating the rendering-range limitation updating process.
When starting the process, the rendering processing means 104 updates the

request limitation 116a stored in the rendering range limitation storage unit 116 in

30 accordance with a condition specified by the rendering request (in step S1401). For
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When starting the process, the rendering processing neans 104 updates the
request limtation 116a stored in the rendering range limtation storage
unit 116 in 30accordance with a condition specified by the rendering
request (in step 81401). For exanple, when the rendering request

r epr esediigindBalvhan RS FeHtHndl ret 08510 praxanitsl tid sarctiReiar reflorcineidingat e (1,
1) and a | ower right coordinate (10, 10) which are diagonally arranged is

set as d#h uppelaefi _gordingte, (1t hpaneatleneutight cegdomaté $16t1D)echiels atdie request
limtation 116a 5[ 0062] The rendering-range limtation updating

pr oces dihgendiyearratemect is lsed aber mindaking eange, the Nestangalar ezgleniimgtored asnat i on
process shown in Fig, 4 will be described. In the rendering term nation

pr ocesshetragugstdiodtadiopelifar ned by the rendering processing 10neans 104 is
term nated, [0063] - Fig. 7 is a flowhart illustrating an operation of
the rer@8f2hg termination process. Wen the rendering ternination process
is started, _the interruptiopn factor is. 15witten tq the interruption factor
regi ster 109 NEi rﬁng?ﬂﬁgﬂgmym't%?n HRAMNEProgTER mﬁg’wr'ﬁsdpfocess is
term nat ed. dge to generation of a "termnation factor x", the "term nation
factor BCIN@OQPtten to the interruption factor regi ster 108. The

) A A e B BT R0 ol S
0. 3 HAGLA A 8t OB OBy PGP st .

fRct or 56509844 is te(STi,tha_, an interruption is issued to the central

processi ng neans 1 I'n step S1502) and the process is term nated. 25The
centrallogsglcessi ng neans 101 perfornms a required interruption process in

Fig. 7 is a flowchart illustrating an operation of the rendering termination
process.
When the rendering termination process is started, the interruption factor is

15 written to the interruption factor register 108 (in step S1501). For example, when the
rendering process is terminated due to generation of a "termination factor x", the
"termination factor x" is written to the interruption factor register 108. The
interruption factor written to the interruption factor register 108 may be arbitrarily
determined. Although the rendering request group 200 shown in Fig. 3 includes

20 rendering requests 203 and 206 representing "rendering termination”, different
termination factors may be stored as interruption factors.

[0064]
Then, an interruption is issued to the central processing means 101 (in step
S$1502) and the process is terminated.

25 The central processing means 101 performs a required interruption process in
response to the issuance of the interruption, and a reason of the issuance of the
interruption can be recognized with reference to the interruption factor register 108.
[0065]

The operation of the rendering termination process has been described

30 hereinabove.
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response to the issuance of the interruption, and a reason of the issuance
of the interruption can be recognized with reference to the interruption
factor register 108. [0065] The operation of the rendering term nation
process has been descri bed herei nabove. Referring back to Fig, 2,

the operati oqReReidPpaBEDYIg RetHeensELBE pRifOEABE IYXhERAGe R pictesdingi nued.
[ 0000] (Step 821 to Step 823) 5The renderp!éng pr ocwggm ng rregﬁggp104 s

successineahy 1eddae toatintid® rendering request processes in accordance with
content of the rendering request. After the rendering term nation process
is perf@0®6¢, the operation is stopped. (Step 824 to Step 526)
When the starting conmand is witten to the startiend instruction register
107 10a#ep S2The Jtepdsd)ng request process is started in response to the
renderlng request stored in the rendering request region 121. [0067]
is, aftde f&t‘éiegmarnrpﬁgsatmsl W4 pucaeshively erreuiesing REErAgt r uct i on
FEELELE&eo&%& aé@s&%&ﬁééﬁd%ﬁﬁ R e A P FEEHES C oeR he -
123" NextenigpRRdeTaRatf pﬁ%cehsé%)pa%ﬁb‘é‘%;ﬁ%@ﬁéem&“ rtEPHS i 1) SEL""V e
descri b(“é{ (53481% §39§ saigj Step 532)
When the starting command is written to the start/end instruction register 107
10 again, the rendering request process is started in response to the rendering request
stored in the rendering request region 121.
[0067]
That is, after the starting command is written to the start/end instruction register
107, the rendering processing means 104 performs the process in response to the
15 rendering request independently from the central processing means 101.
[0068]
(3) Operation of Liquid Crystal Display Unit 123
Next, operation of the liquid crystal display unit 123 will be described.
(Step S31 and Step S32)
20 The liquid crystal display unit 123 successively reads rendering data specified
by display addresses of the display address register 124 from the rendering result
region 122, and obtains the coordinate values and the color values used to emit light
from the liquid crystal included in the liquid crystal screen 125 so that the liquid crystal
of the liquid crystal screen 125 emits light. By this, a diagram or an image is
25 displayed in the liquid crystal screen 125.
[0069]
As described above, the central processing means 101 executes the display
program and writes the rendering request to the storage means 118, and in response

to the rendering request, the rendering processing means 104 executes the rendering

30 request process and writes a rendering result to the storage means 118. Then, in
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20The liquid crystal display unit 123 successively reads rendering data
specified by display addresses of the display address register 124 fromthe
rendering result region 122, and obtains the coordi nate val ues and the
color values used to emt light fromthe liquid crystal included in the

i qui d gaatsdahceSwiteehe larfiergtfeatilttthe liqutbt g st vdoidy ohit 1 D8 petfakihg crystal
screen 125 emts light. By this, a diagramor an inmage is 25bdisplayed in

the |i odisplagrarsthalliqeitt egstal 2bredr00B] n this sAsicdasfprobesteabthesliquidieryeeait r al
processi ng neans 101 executes the display programand wites the rendering
r equestsdreen H25stenfoage soeaars disp&y. and i n response to the rendering request,
the rendering processing neans 104 executes the rendering 30request process
and wri[0620h rendering result to the storage neans 118. Then, in

accordance with the rendering result, the liquid crystal display unit 123
perforns di sifieagpresation@erfogued viissihg sceer dispiasis Raifarfies eitediaud
processes, the qul;Ji d crgsta screen 125 perforns screen display. [0070]
5The opgdvaler 8678 oy hasiPapR ATiehe e8¢ éss- di splay is perfornmed on the Iiquid
crystal screen 125 has, been bjf;e deacr.i bed. xt, a concrfé\te% exanpl e of
the renderi ﬁge’?teﬂﬁgegeéﬂﬁxaﬁ'p ghisedes eF'%‘P.&%W%N?g B ALPXRBPIEPT esponse to
the rendering.r i i 07 I i S..a . di agram
illust rrgppﬁaﬁ% p%ﬁfﬁ?rfléﬂ%%s&ﬁo%gge@%{)%E%gqeirhﬂ% rreélﬁég@"g?eoﬁﬁé’%@%dm ored in the

renderi[%?ligquest region 121, and the rendering request group 300 incl udes
rendering requests 301 to 304. [0072] Furthernore, Fig. 9 includes diagrans

10 | ustrati ngig LAY RratBuSBRHRS 4 R8nfiguration of a rendering request group 300
stored in the rendering request region 121, and the rendering request group 300
includes rendering requests 301 to 304.
[0072]
Furthermore, Fig. 9 includes diagrams illustrating content of the rendering
15 result region 122 rendered in accordance with the rendering request group 200
shown in Fig. 8. Note that, since the rendering result region 122 corresponds to a
storage space, the content of the rendering result region 122 is shown as a display
image displayed in the liquid crystal screen 125 in Fig. 9 for simplicity of a description.
Hereinafter, the description will be made on the basis of Figs. 8 and 9 with
20 reference to Fig. 5.

[0073]

In Fig. 8, the rendering request group 300 includes the rendering requests 301
to 304. The rendering requests 301, 303, and 304 are used to perform "rendering
execution" and the rendering request 302 is used to perform "rendering-range

25 limitation update".
[0074]

Each of the rendering requests 301 to 304 includes various parameters.

Taking the rendering request 301 as an example, the parameters include a command

type 301a, a rendering function type 301b, an upper-left coordinate 301c, a lower-
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result region 122 rendered in accordance with the rendering request group
200 shown in Fig. 8. Note that, since the rendering result region 122
corresponds to a storage space, the content of the rendering result region
122 is shown as a display imge displayed in the liquid crystal screen 125
in Fig. rig?ngggdUoréih% 561d Ya Ml thidlgResi FMi0Bnd HeFidRhg @oloridna f degehichit bPN

w il be e on the basis of Figs. 8 and 9 with 20reference to Fig. 5.

[0073] the parahitéristHepdndsitt é&iteer b rémidtiegtreguesty 300 incl udes the
rendering requests 301 to 304. The rendering requests 301, 303, and 304 are

used to[0eesform "rendering execution" and the rendering request 302 is used
to perform"rendering-range 25limtation update. [0074] Each of the

renderi ng retheestrsledidg requésia30hislisslesl Wwagperbursn padambpeush thaka aguaree
renderi ng reguest 301 as an exanple, the paraneters include a command type
31a, aframed8Pilhghaving @napresdeft soawlinaig (QpPk301el end edpwensiobt 301c, a

| ower - right coordi nate 301d, a line thickness 301le, and a rendering col or
301f. cerAramatef9.t(hd3padawiicarare shaeenally girangeddatendergd ey dingg r equest ,

[ 0075] The rendering. request 301 is issued to performrendering such that a
squar e BYGKARES 61(381%@'?&@ ] "T“Ql?&%(] oordinate (0, 0) (301c) and a
Iower-rﬂ?%\lﬁ5 coordinate (9, 9) (301d) which are diagonally arranged is
render e lh a this thickness of 1 (301e) and a col or of black (3010.

07Ol P BT SO o SRBER b I REES BRI TRE 2o
F9- S rendering request 301 will be mainly described with reference to Fig. 5.

In Fig. 5, coordinates (0, 0) used to render the square frame are calculated (in
step S1303), and it is determined whether the coordinates are included in the
rendering limitation 116b or not (in step S1304).

It is assumed here that a rectangular region with the upper-left coordinates (0,

15 0) and a lower-right coordinates (320, 240) being a diagonal is specified as the
rendering limitation 116b. Since the coordinates (0, 0) are included in the rendering
limitation 116b, the process proceeds to step S1305 and it is determined whether the
coordinates (0, 0) are included in the requested limitation 116a (in step S1305).

It is assumed here that the rectangular region including the upper-left

20 coordinate (0, 0) and a lower-right coordinate (320, 240) which are diagonally
arranged is specified as the request limitation 116a. Since the coordinate (0, 0) is
included in the request limitation 116a, the process proceeds to step S1306 where
color values of the coordinate (0, 0) is changed (in step S1306), a rendering
availability state is changed (in step S1307), and a next rendering coordinate (1, 0) is

25 calculated (in step S1308), and thereafter, the process returns to step S1302.

[0077]

Thereafter, the process from step S1303 to step S1308 is repeatedly performed
on all coordinates included in the square frame. After the process is performed on
all the coordinates included in the square frame, that is, the rendering termination

30 condition is satisfied (in step S1302), the process proceeds to step S1309 where the
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In Fig. 5, coordinates (0, 0) used to render the square frane are
calculated (in step S1303), and it is determ ned whet her the coordi nates
are included in the rendering limtation 116b or not (in step 81304). It is
assunmed here that a rectangular region with the upper-left coordi nates (O,

150) arrgnée:'. Oaldtﬂlh% stfenigdbRaties (P3fp S480o)beigieatd RaaBAhgi S specified

as the rend atron 116b. Since the coordl nates (0, 0) are included

in the d\/%ﬂd@llltyrﬂa{e igidhaihgea id tfp S1BE7 preressefbradeadstHeonkiaeptatd, 306 and it
i s determ ned whether the coordinates (0 0) are included in the requested

l'i m t atdederndibBtion inedatived30E) S1809iandahe werderirey exéduiontgrecesxisangul ar
region including the upper-left 20coordinate (0, 0) and a | ower-right
coor di rtatrein@8&D(in 2% SMWBI8h are diagonally arranged is specified as the
request limtation 116a. Since the coordinate (0, 0) is included in the
reequest[0078ii t ati on 116a, the pr ocess proceeds to step 81306 where col or
val ues of the coordinate is changed (in step 81306), a rendering
avai | abi | i tf'%t%f\éshgwﬂﬁaﬁ@@éﬂ O(fﬂhe &'&?r'ggmom@ﬁdndemser ntBGrl ng
coordinate (1, 0) is, 25calculated (| tep 81308 an her r t he
pr oces§eF‘€?W91§e‘%L@5§t3Qg 3f‘§(§f‘°"‘[rb'@7t|7f" Fsg B sfivare Hpms 40 Lffﬁ from

fﬁif’ggiﬁ?neﬁﬁ%@g@%%% QPR teﬁv%'{%'@%ﬁ?@@@”@qrggp@\rtaﬁeadd@ﬂaa@la"rhe
Corm natTaesoecrifeedn e TR uofdt Ried B 4w HEPEF SBR1den 10, cous
@i’ Ste%a%ﬁﬁ?@cq&gﬁieetﬁéq&orﬁﬂé‘i’&' ﬁé’ rt?iiéa'h'n@?'a'réhlﬁt Sh&WR rlrl?] E d;ﬁ:lﬁ%é.ked (in step

309) rendering avail abi state 1s ¢ In step 61307,
andthqgggjre i s not thelnltlal state, the determ nation is negative in
stop S1309 ‘and the rendering execution process is termnated (in step

61313), 5[ 0@(Bthermore, tﬁe PenddriNg &Pwst 302 eRtivh i9Fid. ecdrestRindegoper f or ned

in response to the rend ering request 301. As shown in the Fig., a square

frame 4ednderitigudinge linfiatioppeydatein vetdol direatadg(ir rédioaridciubimgl amepper- ght
coordinate (9, 9) which are diagonally arranged is rendered. Note that,

al t houdéft cobetindter(és 1 paed sHower-righFeaprdhate (&ré)evhich at®digionglly erraggede t he

coordinates, the ruled lines are not shown in practice. [0079]

15 is set as the request limitation 116a. A detailed process is the same as that
described hereinabove. A result of the rendering performed by the rendering
processing unit 110 is restricted by the request limitation 116a, and coordinates which
are not included in the request limitation 116a are not subjected to the rendering.
Note that, at a time when the rendering request 302 is executed, the content of the

20 rendering result region 122 is not changed.

[0080]

Furthermore, the rendering request 303 shown in Fig. 8 is issued to paint a
rectangular region including an upper-left coordinate (0, 0) and a lower-right
coordinate (9, 9) which are diagonally arranged with gray.

25 [0081]

An important section of a rendering execution process performed in response
to the rendering request 303 will be mainly described with reference to Fig. 5.

In Fig. 5, the coordinate (0, 0) used to render a solid square is calculated (in

step $1303), and it is determined whether this coordinate is included in the rendering

30 limitation 116b or not (in step S1304). Since the coordinate (0, 0) is included in the
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Furthernore, the rendering request 302 shown in Fig. 8 corresponds to
"rendering range limtation update” in which a rectangular region including
an upper-left coordinate (1, 1) and a | ower-right coordinate (8, 8) which
are diagonally arranged 15is set as the request limtation 116a. A detailed
proc eS_SrelnaeFihg liffEBoAS 1bBathedasebidpEbJartsithakgy 81366 kb it i9tetdtined
rendering perforned by the rendering processing unit 110 is restricted by

t he reaquRrsthel tig Eadidiinatd 1620) ismecisdsd I thatreguwbi rhitatiod NMEa dmedtyestepn t he
request limtation 116a are not subjected to the rendering. Note that, at a
ti me whendddle Sinckethencpordimaes(0,302s bat elkbeutqdest Imeitatmnt Eitia wfddtbe by a
20rendering result region 122 is not changed. [0080] Furthernore, the

r ender i negdedng esquesi202n vnpiaceFs gro@eds tosdee & 1868 peiate aanexddeadefingr

regi on incl udi ng}) an upper-left coordinate (0, 0) and a | ower-ri

ht
coor di eaasdinate oY, Qins edlculated{ingéeraSy08) aé%gw%mqeﬁs gelaynby 6@319;1 HR.

i nportant section of a rendering executjon process perfornmed in response to
t he renb@tingheeqeedipaten®. {) 19 n‘%éeﬁﬂ?'fﬂqﬂndég(F?P‘E')%W‘%qslﬁmr@g'@f‘e% to Fig.

5. In Fig. 5 the coordinate (0, 0) used to render a solid
square 0982k cul at ed (in step 61303), and it is determ ned whether this

S35 S AR s (6 G SR BB et
| 2L LGy de 1RIREES PGSR AR, S AR BT ML & i mtito ned

Lg (1 %g;&@@é&%ﬁmﬁgeg% EH@s&gaoécﬂlé‘ré,tfﬁaﬁ B u%z Bézrfdegwg BfmiraGohequest

mtati ated by a rendering request process proceeds to

step 5@%iﬁ&?ﬁ%%a@isﬂ@d%in@@ﬁ'@%bg),5599?6&%%3906&@ td &eF%ﬂdgahﬁére(ﬂhe step
51308) and the process returns to step 8130Z. That is, the coordinate (O,
0) is r\@hdéﬁﬁﬂ%ﬁléﬂbbimy@mer@l&ﬁééké’d}(irﬁ%&xﬁ £1869). OrAIhdAgh[H& oordinates
Thereafter, the process fromstep 81303 to step 51308 is repeatedly

per f or nediudingathe coaodidateaf{te D)) avel nadeéd biersubljectsdltd thes gunaleeing Afuiecto thee
process is perfornmed on all 10the coordinates included in the solici

squar e, linikettoni of, the iequestdienitatignt €6ai thet ¢aordinates included in the rectangular

15 region including an upper-left coordinate (1, 1) and a lower-right coordinate (8, 8)
which are diagonally arranged are subjected to the rendering. Therefore, the
rendering availability state is not the initial state, and accordingly, the determination is
negative in step S1309 and the rendering execution process is terminated (in step
S1313).

20 [0083]

Fig. 9(B) shows a result of rendering performed in response to the rendering
request 303. In Fig. 9(B), a solid square 402 rendered in response to the rendering
request 303 is hatched. Although the rendering request 303 specifies the upper-left
coordinate (0, 0) and the lower-right coordinate (9, 9), only a rectangular region

25 including an upper-left coordinate (1, 1) and a lower-right coordinate (8, 8) which are
arranged at opposing corners is painted due to the limitation of the request limitation
116a regarding the rendering request 302 and the square frame 401 is not
overwritten.

[0084]
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condition is satisfied (in step 51302), the process proceeds to step 81309
where the rendering availability state is checked (in step 81309). Although
some coordi nates including the coordinate (0, 0), are not to be subjected
to the rendering due to the limtation of the request |[imtation 116a, the
coor di nat es Ayttt ithe réeddrit RRQEERB04 Bhe@han Fid iddsneedi pepen | ef t
coordinate (1, 1) and a lower-right coordinate (8,8) which are diagonally
ar r angadgndegng obp diatdacltudinglestaetirdepoint (0, T enelf at endinh airtn@e8) which are
availability state is not the initial state, and accordingly, the

det er mareangad atoppegitg erds witbteelnestttddesadftirand awdriafigplaskecut i on process
is termnated (in step 51313). 20[0083] Fig. 9(13) shows a result of
renderilAg@8Plerfornmed in response to the rendering request 303. In Fig. 9(3),
a solid square 402 rendered in response to the renderjng request 303 is

Fat ched. Al fhEHGETNEEXEEHIRT PIRgesa JuERTPODES te pee rendasingieausple?(4 isf t

coor di nat 0,,.0) and, the | qgwer-right coordinat 9, ,only a rectangul ar
Feg! on DSOS A5 A asadp ThePIoceR et © 119: 5 et t PRteleds

coor di rrhate .F}8 ag) whi ch are arranged at opposing corners is painted due to
the i Me&PEA33PYEhe request limtation 116a regarding the rendering

request 302,@%‘5&?%@%% Feshftadﬁhé Pé@ﬁisr@gﬁer?ovrﬁ{q\g |Btr%§Bon4e0%8fﬂe

Furt her nore nderi ng reques Whn i's 1ssued to perform

render ir\%ﬁggﬁniréddb%t kg uﬂ%%o@vrﬁiﬁ%éilﬂgﬁﬂaﬂhgé%ﬁ g“ﬁ r@nd@ﬂﬂgggﬁﬁé@m poi nt

(9, 9 re'arranged at opposi ng S W ine t ess of 1 and a

7Pl or ofh RliRckenlOSPbf the mqéiﬁeré@mgﬁameegtsmrﬁgi rSHIan{OS@?&ﬁditlﬁ‘e ERAPRNSENt 0 the

rendering request 304 is perforned n accordance he process “shown in

Fig. 5 (8i 0 Waldhysdroe tBppoairRsendie 36 iibmttioh oy the o@iesBikitatdipneea resul t

of the rendering perforned in response to the rendering request 304. As
shown ireghhtind-tiee renaletingugbuddtes02eisdpipliad. r ehersbre30dlyldtipedoBiiedudiegder i ng
of the Iine including the starting point (0, 0) and the ending point (9, 9)
whi ch sestadirappoippOlihandratsendihg daimti (8a8) whichf sarie asegppesing émdg iat i on 116a
regarding the rendering request 302 is applied. Therefore, only a |line 403
| ncl udiragderest, andithg cpordinates (0,10) andi(%r?) endineg opeiwiitten8, 8) which serve as
opposi n8 ends is rendered, and the coordinates (0, 0) and (9, 9) are not

erw i[P98@l 151:0086] Next, exanpl es of another rendering request
and anot her renderin rocess performed in response, to the renderin

ek febd i

request wil INGXé Q¥R apAthgeranderngresues 8NGISr &eny ?r@ﬂj%ﬁqcﬁagpr ocess
ie)s( aprglt _e%ﬁ*r@g@g]régpcgnessept%qﬁg rztar?déarirqgepedqeur(-:‘isgI %ilfgggggériggd |]n é)ee’}al‘ﬂesﬁé}et?%d as an
case where a rendering process is not performed in response to a rendering request
will be described as an example.
20 [0087]
Fig. 10 is a diagram illustrating a configuration of a rendering request group
300A stored in the rendering request region 121. Only a rendering request 303A is
different from the rendering request shown in Fig. 8 described above, and other
configurations are the same as those shown in Fig. 8. Furthermore, Fig. 11 includes
25 diagrams illustrating content of the rendering result region 122 rendered in response
to the rendering request group 300A shown in Fig. 10. Hereinafter, portions different
from those shown in Figs. 8 and 9 will be mainly described.
[0088]

Rendering execution process is performed based on the rendering requests

30 301 and 302 as described above.
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Fig. 10 is a diagramillustrating a configuration of a rendering request
group 300A stored in the rendering request region 121. Only a rendering
request 303A is different fromthe rendering request shown in Fig. 8

descri bed above, and other configurations are the sanme as those shown in

Fig. 8. Furtfhgrmp shE\ivg;reﬂdeﬂirggcies@ﬁg ob®4in€dl agepire ie'nbéﬁhﬂaéém&t@%ﬂent of
the rendering result region 122 rendered in response to the rendering

requestargt 80P addBRreqUtedn A8 wWitlgtheléhsehefrgnafX)ea sqpard frame 40 f iser ent from
t hose shown in Figs. 8 and 9 will be nmainly described. [0088] Rendering
execut irendprastess i s perforned based on the rendering requests 30301 and
302 as described above. Fig. 11(A) shows rendering results obtained after
t he renderi fyriheguese Asshe requesimigativrekia, eagctangui@rragionevidate of Fi g.
9(A), a square frame 401 is rendered. Furthernpre, as the request .

19 mi t atyRRErdabgoodinales 4hgl) and egowierwighh copElinalpp 8 -§)1aing 6 aPpRYiRe (1,
1) and the | ower-rj %ht coordi nates (8, 8) being the opposing corner is
speci f i €YNel GGPSLTEY enderi ng request 303A shown in Fig. 10 is issued to
pai nt %QE Pr ay a rectangul ar region including an upper-|left coordinate
(10, 0) 8 a 1 ower-ri ght 10coordinate (20, 10) which are diagonally

o anaec | 00 RRks g ERGS AT/ .o E PS8 RS R oo
Sg: ar 't g%gtea# g#ﬁgggioﬁ’inélﬂﬂir@oﬂ dbpat-elctorafhtd 1 0° ) SHbat BleRsight coor di nat e
10 coordinate (20, 10) which are diagonally arranged.
[0090]
An important portion of a rendering execution process performed in response
to the rendering request 303A will be mainly described.
In Fig. 5, the coordinate (10, 0) is calculated as a coordinate used to render a
15 solid square (in step S1303), and it is determined whether this coordinate is included
in the rendering limitation 116b of the rendering result region or not (in step S1304).
Since the coordinate (10, 0) is included in the rendering limitation 116b, the process
proceeds to step S1305 where it is determined whether the coordinate (10, 0) is
included in the request limitation 116a or not (in step S1305). Here, since the
20 coordinate (10, 0) is out of the request limitation 116a, the process proceeds to step
S$1308 where a next rendering coordinate (11, 0) is calculated (in step $1308), and
thereafter, the process returns to step S1302.
[0091]
Thereafter, the process from step S1303 to step S1308 is repeatedly performed
25 on all coordinates included in the solid square. After the process performed on all
the coordinates included in the solid square is terminated, that is, the rendering
termination condition is satisfied (in step S1302), the process proceeds to step S1309

where the rendering availability state is checked (in step S1309).

[0092]
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15solid square (in step 81303), and it is determ ned whether this
coordinate is included in the rendering limtation 116b of the rendering
result region or not (in step 81304). Since the coordinate (10, 0) is
included in the rendering limtation 116b, the process proceeds to step

81305 wher e Hdrel 8l 6 856vdnRdedRINRY | hhﬁec‘r@@tbﬁgnmee ﬂ,m&o:dmg th@eppeed in
the request |imtation 116a or not (in step 81 since the

20coor diefiaberdidéte @D, 0)3aﬁdﬂth@foWér&lg‘rﬁweﬁdmbﬂer(QOaﬂ opWhithaare diigonligcess
proceeds to step S1308 where a next rendering coordinate (11, 0) is

cal cul adgreashdacharsd epidil3@83pediiat byarreafierng redieesp268Asse lataied sut of theep
81302. [0091] Thereafter, the process fromstep 51303 to step S1308 is

r epeat eelqyepidirhitatined! on laldtheogedisn theetedtanguiaeegion tohee subjedtesifodhne.
After the process perforned on al| the coordi nates included in the soI id
Syuar e egdeBngimease@nsenathe eendefiagrreadest 2pA dees nat ingrrsedidith then |
satisfied (in step 61302), the process proceeds to step S1309 where the
renderﬂﬁ@'%\l‘&ﬂhﬁﬂ?ﬂi‘?%ﬁ lighitgtion K6ahecked (in step 51309). [0092]

Her e, alQ gﬂe coordi nates included in the rectangul ar region including the
upper - PR3k oor di nat e (10, 0) and the lower-right coordinate (20, 10) which

e | ocat ea AsternTRENRYfel ol nATGrFETEhY B Mo EbRE SERuct =
rect angilafin Sg'tlﬁ’é‘ Hﬁ%ﬁgatéu bfr‘ﬁ%?é?g é Ghd B@téhﬁﬁ%ﬁﬂ Q%ﬂm’r‘héﬂt%ﬂﬂﬁée‘p 593bge

rendering request 0es not rsect w req uest

@ M tatig g?gﬁééﬁeglﬁgoﬁet%cﬂéqhw%tloﬁ eRdsF |d‘$e'|ﬁté?%t|8ﬁrf£&6ﬂg€g %@91059

renderin state remi as the initial state ore, the

det er m matiedns| $1@f b imBErupton FedieaR isS5308d té%@é@ntﬁﬁl pre6csiind teans 19at as

the interruption factor in the interruption factor register 108 (in step

61310) . (nﬂQteb@ﬁ!ﬁ?Péh@mé estidesingickecasoe frdceskhe imentped (pr slepssi3n@)means
101 (in step 6131 and the rendering execution process is |nterrupted (in

st ep 6184R)that\sired thetrendenog ekbeuticenplecesy isinernipted, prawkEsmg grocess is
interrupted, a rendering process is not executed in response to the
r ender i mgt exequtest in384pdrsmtothierreRlgrind Bqugsdt894](shown in Fig. 10).
15 [0094]
A rendering result obtained after the process performed in response to the
rendering request 303A is shown in Fig. 11(B). In Fig. 11(B), a rectangular region
404 to be the solid square in response to the rendering request 303A is virtually
shown by a dotted line. As shown in Fig. 11(B), since the rectangular region 404 is
20 out of the rectangular region specified by the request limitation 116a, the gray painting
is not performed, and as a result, content of the rendering performed on the rendering
result region 122 is the same as that shown in Fig. 11(A).
[0095]
Note that, although the case where the rendering range of the rendering
25 request 303A is out of the request limitation 116a has been described above, also
when a case where the rendering range of the rendering request 303A is out of the
request limitation 116b, the process in Fig. 5 can be performed. Furthermore, when
the interruption factor is written in step S1310 of Fig. 5, the interruption factor to be

written may be determined depending on whether the rendering region is located out

30 of the request limitation 116a or out of the rendering limitation 116b.
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A rendering result obtained after the process performed in response to the
rendering request 303A is shown in Fig. 11(13). In Fig. 11(B), a

rectangul ar region 404 to be the solid square in response to the rendering
request 303A is virtually shown by a dotted Iine. As shown in Fig. 11(3),
since t[hggs ctangul ar region 404 is 20 out of the rectangul ar region
specified by the request |[imtation 116a, the gray painting is not
performed, agdascribedessdvie, toslatntisplayt devicendrcordnges Eaibtement 1 he
rendering result region 122 is the sane as that shown in Fi g. 11(A). [0095]
Not e t hiatludektheugiidring masessing needize104 seeirigngs tadgeataf hardevare mdech ng
25request 303A is out of the request |limtation 116a has been descri bed
above, aleotethte @ndasegwhesesstdeparateticiromghe aegtrabprackesingmieansn@0t equest
303A is out of the request limtation 116b, the process in Fig. 5 can be
fer f or nebich Rentrioksy iherentireistate whigplan devicadt | dicooadingly, aprogessingnlopd st ep
81310 of Fig. 5, the interruption factor to be witten nay be determ ned
dependi #rplies tarbe weptrahrrocenzingimranedd bat the tirpe af die rRJEIDEProRRsS effliest

limtation 116a or. out of the renderi dimtation 116b. 009 As
descr | Hearesbisen FHENEapes. dngs Wy 1E00FUR0 DIoRsSI HEans 1HBITR e

i ncl udes the renderin rocessin ans 104 ser.vi ng..as dedi cat ed hardware
whi ch %80aHRY p{(h(‘ees'seﬁlfglpIgﬁgsp&eggrgg‘éeg%gf%qe&s)}s f?%%eﬁhe central processing
means iﬁh xﬁfi ch controls the entire state display device 1. Accordingly, a
proces 8 oad applied to the central processing neans 101 at the tine of

i ; | e !
ge render i g, Hpmese, ptggpgﬁg;%ﬁ@gmsa@p%gs.ﬁmos eHoRns tﬁ?g%rfd%?@ fing

processi ng nmeans ren i ng process, the sp

render i (g-REORRRPehdehBPlrbAelie i&@l%?br&&%gfnbhﬁéﬁﬁé Q014N deridesfitiee

processi ng neans 104 pertorns the rendering process independently fromthe

cent r al frfyh QEeSS tHOstARMAScoHIfang i3 waRfenad thé stdriend iraiudien rédietest1@i7ftong
command is witten to the staffiend instruction register 107 to when the

render i wigen efdarricriog termnagsn ipsodyslie peeidrinadrie sespBetto thd esnderier i ng
request. Therefore, in the central processing neans 101, processing

resour creguase ISeoefooe,dophe debirat precessidg meangt @t geeceeifigprassdrins atee
rendering processing neans 104, and accordingly, the processing resources
tan be matfdacopieat by thesrengdatng poogassorsiamest by the ieaidering paocassmacmeans|
application and the |ike. Consequently, oriainal functions of the state

di spl ayl @eAndeaccostiaglyuiier PrOsesenNg das@ppas a0 s ificianthiyassigned t e di spl ay
device 1 can be executed at hi %gaspeed._ 20 urt hernore, since

0098 .
the r erRIBPPRYPAIFALLIRY a8 © Ho_l%?F'?'hcﬁél{"é@“fj]ﬁ@er"EﬁdeEPH@e‘ﬂH% ss in
F cquestoridi AR Hgnprcteinnigy dedne 48 LGS e arpar A e
i tl I j 101. On the oth
Pand, - SpdaBanenaY 96viseeb ko Ge bR G 3BE W equi red 1o monitor the |
ééanderi ngghoces_s performed by the rendering processing means 104 and is
not req[m red to instruct the rendering processing neans 104 to term nate

the renderi g, NAFBRS. sifRCEAIRHAG Yoot sRIPRREPE N0 @AdireRLSAR byt he
g and 1ssuance of the instruction to the rendering processing

means l@hdbfing PAbKERd in response to the "rendering termination" request serving as the
rendering request, the rendering processing means 104 terminates the rendering
process independently from the central processing means 101.  On the other hand,

25 the central processing means 101 is not required to monitor the rendering process
performed by the rendering processing means 104 and is not required to instruct the
rendering processing means 104 to terminate the rendering process, and accordingly,
a processing load caused by the monitoring and issuance of the instruction to the

rendering processing means 104 is reduced.

30 [0099]
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30[ 0099] Furthernore, in the rendering term nation process perforned
in response to the "rendering term nation" request, the term nation factor
is stored in the interruption factor register 108 as the interruption
factor. Since an arbitrary interruption factor can be stored, the central
processi ng mepherhBle, iR 498 eFRSIngy teRARINoATprobesDpeeiatdin IeBpoihsd fitthe
rendering process of the rendering processing neans 104. For exanple, when
an i nt evémgerirgntetaiizdionr eggesstnthengrmination fectoeizdgotetdgnphedeeguptiomeans 104
is merely in a tenporary halt state is stored in the interruption factor
regi st efiacttdBegistee 108mds thle ipteyngdi®nrigctioranSintd larr abdoary s rruption faor
rendering processing neans 104 has tenporarily stopped the process.

Mor eovesgn vhetorad, theiaendial ppadesainpaveans i Bpresegnizerya réagorn dkthent i r e
process is termnated is stored in the interruption factor register 108,
tthe cerfteiiuptipoddke rNJAsIGPIO0esT etibgricrdsring arotassinghinenas Jldcesdri s
conpleted. [0100] Furthernore, since the tenqgéin request may he stored in
the st dP@iePlfeWhsn sninteriyptiomianios rertreantite thal M FEF g Rieses§Iag

L2 A F 45 ESEERD G0 L R 712

S BT b 5o o PSS HTRERT ookl e
. i h

R Y e L e T

b e . _ er, i
4 sp aWn%‘?EUSp?BnJFafIBr g@gggﬁﬁg 1t:ff\]aft tﬁ@sgﬁ@%&éw@t@ﬂﬂﬁ%&éd lsOstBRed pRaat edl y

per f or e nmerely e rendering request region 121 as a set of

a rendghididipiiBfYsstor B QsRr 10Bethe @Htdal BYodSstigebig 19t abbbdlizeO tRERALe t O
the start/end instruction register 107, the rendering processing neans 104

r epeat eshtife Pxesassas cohpletedderi ng request group stored in the 25rendering
request region 121. [0101] Furthernore, when the rendering of coordinates
are not[opeof orned in the rendering execution process (in Fig. 5), the
interruption factor is witten to the interruption factor register 108, and
i n addi ti onFurtherinotersings therendgtieg reduest ssaele tstored in the storage means

15 118 in advance, when the rendering request is repeatedly performed, the process can
be efficiently performed. That is, when an FIFO (First In First Out) buffer is used to
consecutively issue rendering requests to a graphic processor, for example, all the
rendering requests should be stored in the FIFO buffer. Accordingly, rendering
requests to be repeatedly executed are stored in the FIFO buffer for the number

20 corresponding to repetitions. However, according to the state display device 1 of
Embodiment 1, the rendering requests to be repeatedly performed is merely stored in
the rendering request region 121 as a set of a rendering request group. Then, only
by writing the starting command to the start/end instruction register 107, the rendering
processing means 104 repeatedly executes the rendering request group stored in the

25 rendering request region 121.

[0101]

Furthermore, when the rendering of coordinates are not performed in the
rendering execution process (in Fig. 5), the interruption factor is written to the
interruption factor register 108, and in addition, the interruption request is issued to

30 the central processing means 101. Accordingly, the central processing means 101

30



30t he central processing neans 101. Accordingly, the central processing
nmeans 101 recognizes an occurrence of an error. Consequently, the central
processi ng neans 101 can di stingui sh whether the display is not perforned
on purpose or the display is not perforned due to an error. Wen the

di spl ayretsgmoés BArdcuedcd e ah@rast. eCoPkeqldethe e Eahtrdlnneesssimgmuzags 101
perfornms an appropriate process. Furthernore, the request limtation

116a antD1 ten distidguishgvhéthiet thiel displadGbnat penforonedien psiopddeadr thealisgay isal
processi ng nmeans 101 can recogni ze that rendering of coordinates is not
per f or med patrfoainedmue amoarrof. Wheh thé dispday ismatpeofiormef! dusnigean error,
Accordingly, the central processing neans 101 can perform an appropriate
pr ocesshasentatipwcessipgroeans 101 peietmeafrrophale RIACE$mge di spl ayed on

the screen is noved lithe by little in accordance with an,oPeratl on
per for med by Uithesperattbe regirat limitatigh i Samndehedendepraimitatipn 16k e, a

xecut GOV R ek fe Lot FHec SR MIREsI ) GRiCCooDZaEHBOHERCT 1, a
15pl lity. ender i ' ti t d
T enddiHnBlEs e T PEHOPBRG SLE) g 2Son el Tt rEl ok PhdeS Dosi ¢ Fon
t the i . : . ot ) '
Then, - UNELRGREP: I P RELE o Rutd eBEe R R BTO S TR T Ao e
commandg Witl,p predetermned interval (0.1 second, for exanple) so as to
cause the rendering processing nmeans 104 to 20successively perform

{ender ifpgopr ocesses. After term nation of the processes perforned in
accor d&nce ith the rendering request groups, the rendering term nation

factors havepeeimst®ngaeen antimage digaw bethd acleen is eghweliantid 69 littRyint hi s,
even when rendering processes are consecutively perforned, that is, when

t he anigmbeathribespitiayni chepatidroparorméd by exeopdratortthat ispivmeprarieaseder f or med
by the central processing 25nmeans 101 is hardly interrupted. In general,

i nt er r ujisplay ippedessed ofendeeingeatuedt fpr owesw mgositianf H0d imagerssde t o he

m ni m zed so that high-speed responses are realized and the nmain process is
not di gepediedly exeisrted.hi ko thisrcanes ér thecetata displaytdaviagpi od Enkastivent éga st er
108 can i ndependently perform an appropriate rendering process w thout

Toef er rimgrality of r@ﬂde@n@requﬁ;stﬂa@wqo&ow%@gnna@de%w ERavgisy ang @ renpgring

i S LR a0

; gﬁd;reﬁséférﬁ’_ﬂw??% ?&ﬁaaagf?ﬁi@g%ﬁv?;{egg bszgae § %ﬁ%ﬁm%i he

(rjlezg: ;yﬁal%gbiggcgé;sssjl%egghs §8§ch%e§ R% a% eigﬂ’pl eF..) thegberr n??l vgﬁ;c/i,adgtﬁ%“ntﬁ .
hﬁd 1%’?%% rPéé)@o é% ?d‘b&'u&:! S Efiéﬁﬁg%g?éseé‘égg;g@%aﬂg 104%b

size of the renderi resu regiron 1 e range of the

40 YR PR AR BB ARt S prdccoder [ 1
performed in accordance with the rendering request groups, the rendering termination
factors have been stored in the interruption factor register 108. By this, even when
rendering processes are consecutively performed, that is, when the animated display
is performed, for example, the main process performed by the central processing

25 means 101 is hardly interrupted. In general, interruption processes of the central
processing means 101is made to be minimized so that high-speed responses are
realized and the main process is not disturbed. Under this circumference, the

interruption factor register 108 can independently perform an appropriate rendering

process without referring to a state of the main process, and accordingly, this is
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storage unit 116. Furthernore, the rendering availability state is

preferably stored in the rendering availability state storage unit 117 for
each rendering range stored in the rendering range limtation storage unit
116. [0104] 15Furthernore, in step 61307 of Fig. 5 according to Enbodi nent

1, onl ycoMipierablyastetii@oranercdintal prdcesting! Heats 101 fifich 608€hongndugh t at i on
116b (in step S1304) and included in the request limtation 116a (in step

81305) ,powadiue sievatedatitigh Bpeeendering availability state storage unit 117
is changed (in step 81307). That is, in Enbodinment 1, the first rendering
avai | abnO8y vari abl e and the second rendering 20availability variable
according to the present invention are represented by single value.
However, a Matedhathin Bodiodinent 1 thetcase wiererbe rerdriincigndedinitatioon 116b
and a rendering availability state of the request |limtation 116a may be

sﬁsp?r at%ﬁﬂ?%t Wikd16 mﬂnﬁie\g thirgauagidimitation Eb@@éﬁpacéie@&x 61 repdgring
. [010 25E ' 2 | i , wh . wWh
o 1 T e oo o BIBRUA TG Gopd cRy Rt °
t : . separ dor
?28ueiire'ﬁﬁg?%éﬁﬁﬁg%”@%%iﬁéﬁi%;’&%aééﬂ%%%Frﬁa@-f "B rpalieVubEhE o oxampl .
Note t I i ; i I f 3 i 1
WL e R Pl oA g RS SRR
Con  OHERHeGRG ly BUGL 198, HERSRA GaNR. PR RIM LRADYSERRIEN RO,
A r angqgk ﬁﬂ@gbﬁ&@ht}y $ops §§‘é*}eﬂHEﬁﬁ%iréhg$é Pr REGcABEMSy Pk lirh @A The

rendering request regions 121a and 121b i nclude rendering request groups

501 andst§Rfe s PEEL | M@khermbie, thendatinag beguasiity atatens gf&feiarw gesd in
rendering requests 502 to 505. The rendering requests 502 to 504 are

commandie ¥8ha¢rim gusiBibilg seatectdrags woit T@rfdeeady refdairgouage stor@denaine t he
like. On the other hand, the rendering request region 506 includes

r ender iregdesng esnge bioatian S@@agdbeitriéGderi ng requests 507 and 508 are
commands for requesting execution of rendering, and the rendering request
509 is [@186hmand for requesting ternination of the rendering.

15 Furthermore, in step S1307 of Fig. 5 according to Embodiment 1, only when a
rendering coordinate is included in the rendering limitation 116b (in step S1304) and
included in the request limitation 116a (in step S1305), value stored in the rendering
availability state storage unit 117 is changed (in step S1307). That is, in
Embodiment 1, the first rendering availability variable and the second rendering

20 availability variable according to the present invention are represented by single
value. However, a rendering availability state of the rendering limitation 116b and a
rendering availability state of the request limitation 116a may be separately stored,
and in this case, more accurate control can be performed.

[0105]
25 Embodiment 2
In Embodiment 2, a case where, when a plurality of rendering request regions
are arranged separately from one another in storage means, rendering requests
stored in the rendering request regions are consecutively executed will be described
as an example. Note that, in Embodiment 2, portions different from those of

30 Embodiment 1 will be mainly described.
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15[ 0106] Furthernore, the rendering request 505 is a conmmand for replacing
an instruction address stored in an instruction address register 106 by an
address where a rendering request to be processed next is stored, and is a
characteristic of Enbodiment 2. The rendering request 505 has the
i nstruqphop) address which is a 20destination of the changing as a
par aneter. en the instruction address of the instruction address register

106 speci fi ¢tgtfeisredieramgllustcatiest cdiguratymdesfirogdérimy esgicsyragans 104
perforns an address changi ng process (which will be described hereinafter).
[ 0109] 5 and 121b acaofdimgvhBntbadirheast 2.at imigiga 12 ethéenendgring geepsist pr ocess
performed by the rendering processing neans 104 accordi ng to Enbodi nent 2
of the rnegEwent2 ianerhi bl are arrangpil gepagtely framsiaghtathen i ster@geaneans Fig. 4
descri bed above except for step S1208. In step S1208, when a rendering
request1ior r esponds to "address change", the instruction address of the
instruction address register 106 is replaced by an 30instruction address of
a destilfdP7bn of the change. The instruction address of the destination of

Fepr esent i ng MEFAPELEO CPAN TSR R SAIRGTE 12 T ReL T RIS e

b oces S PuPERDL A G dPhne AR} cIErREeRE eat g e SRR NRE " omes!

TSP oBASE R A donr THERCRAZHR RN et SBERI Lol 1 °

10 for requesting execution of rendering of a square frame and the like. On the other
hand, the rendering request region 506 includes rendering requests 507 to 509. The
rendering requests 507 and 508 are commands for requesting execution of rendering,
and the rendering request 509 is a command for requesting termination of the
rendering.

15 [0108]

Furthermore, the rendering request 505 is a command for replacing an

instruction address stored in an instruction address register 106 by an address where
a rendering request to be processed next is stored, and is a characteristic of
Embodiment 2. The rendering request 505 has the instruction address which is a

20 destination of the changing as a parameter. When the instruction address of the
instruction address register 106 specified the rendering request 505, rendering
processing means 104 performs an address changing process (which will be
described hereinafter).
[0109]

25 Fig. 13 is a flowchart illustrating a rendering request process performed by the
rendering processing means 104 according to Embodiment 2 of the present invention.

Fig. 13 is substantially the same as Fig. 4 described above except for step

S$1208. In step S1208, when a rendering request corresponds to "address change",
the instruction address of the instruction address register 106 is replaced by an

30 instruction address of a destination of the change. The instruction address of the
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10renderi ng request groups 501 and 506 shown in Fig. 12. In Fig. 14, an
operation of central processing neans 101 and an operation of the rendering
processi ng neans 104 will be described. Nate that the rendering request
groups 501 and 506 have been witten in the rendering request regions 12la

and 12]&3t{{3@ﬁ8ﬁ@fitl‘Y@l:Handé)i%]sﬂ_ppﬁéG1r) r&RRInakitehe terferitingdleqRESCEEE| Ng means

101 he central processing neans 101 wites a starting command to a

st art/ eRprédisitihgCadanssegiapiger ah@ s (Whers bapndding rdiassesas beproddigedent r al
processi ng neans executes a required control process in accordance with a

devi ce maxtis eforpdogram (i n step 842). Subsequently, when the rendering
processi ng neans 104 issues an 20i nterruption request, the central
processfiOngOheans 101 interrupts the process of step 842 and perforns a
predeterm ned interruption process (in step 843). That is, in a period from
when the st dkadondinglynwhad the repderingnracyiesherosess iy exrruted egatt fhsh regi ster

107 to when the interruption request is issued, the central processing
nmeans p@NASFiRg resees sReFded MJB@éBSV%@BEﬁ%ﬁﬁﬁ 9h?'ﬁgﬁffﬂ§ep gﬁgﬁl g

pr ocessi ngc K%ims 25104. [0113] (2) Operation of Rendering Processing Means
104 EexeCUlgkt , the operation of the rendering processing means 104 wil |

be desc i,@ d. When the starting conmmand is witten to the start/end
i nstruchi regi ster 107, 30the rendering processing neans 104 perfornms a

rendering r ﬁﬂgeﬂehsﬁée @@%ﬁaﬁﬂlus@ﬁﬂé%ﬁqr&&ﬁ {/J@rfE)ﬁﬂggriﬁ Q&féfﬁgH@é itih’IQIaUded

in a render region an 1 nstruction addres

ored | i 1 i 616i N 5 9@4@ ] t hat
f(%e insﬂter?'ggpﬁgrq&z%éd%{?gg%egldgt%gra%ngl%fgnsﬁgh1?hsﬁﬁ§)§)i1§hég(§) res‘s!mag
repr esegditng tr&%srsﬁggﬁébﬂg 108 BRFAN 2PratnP6fARE FENESHHTESRRBISIAYG rhdaridhe
5renderi ng rgquest 2 I's executed. Subsequent |y, processes

A e e el e
r esponsisedrowtittentir tiskeranaigring request regions 121a and 121b, respectively.
[0112]
15 (1) Operation of Central processing means 101
The central processing means 101 writes a starting command to a start/end
instruction register 107 (in step S41). Thereafter, the central processing means
executes a required control process in accordance with a device control program (in
step S42). Subsequently, when the rendering processing means 104 issues an
20 interruption request, the central processing means 101 interrupts the process of step
S42 and performs a predetermined interruption process (in step S43). Thatis, in a
period from when the starting command is written to the start/end instruction register
107 to when the interruption request is issued, the central processing means
performs the control process independently from the rendering processing means
25 104.
[0113]
(2) Operation of Rendering Processing Means 104
Next, the operation of the rendering processing means 104 will be described.

When the starting command is written to the start/end instruction register 107,

30 the rendering processing means 104 performs a rendering request process in
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10r equest 505 representing "address change" (in step 854). As shown in Fig.
13, in the address changi ng process, an address where the rendering request
507 to be processed next is stored is stored in the instruction address
regi ster 106. Accordingly, in the next rendering request process, the

r ender i GOk @AMRSKitR A reNBE By FSqudtd aRaMERNtn 4 FeNBdriMg regnest e eaiest group

501 is executed, [0115] Subsequently, rendering request processes are

per f or rgskdified 195 8O Wsructioh kel diesidstorein thauasthscton/adindsSiften 166 €ip 855
and step 856), and thereafter, a rendering term nation process is perforned

in resmiep&Sa1). t Assuramdethahthe iegtrastiorb@8dmrespregieteri 10§ Stoessdam instruction
termnation". Then, the rendering processing neans 104 20i ssues the

i nt er r Lgrddress reggaestingtherendering aeqyrs S€8s amgoerssneraspondindhie thender i ng
term nation process g n step 857), and term nates the process.  [0116] As
descri beadatog eequast SPdiimgxeeutedbodi nent 2, the rendering request

representing "address change" is provided as a rendering re st, t he
i nstruction gHesldy, progenses roreserngdingdadpe san eé'ﬁ]gsﬁegPe§%£Q%arﬂfgg§f'ed in

accordance wth the re repres | ng "address change". Accordingly, by
separ at%ﬁf%%&i(ﬂbswgm Pﬂési%ggéi groups in a piurality of regions

i ncl Ud3ﬂ1i| the storage neans 118 and providing the rendering request
repres jr':lg "address change" for changing an address to a | eadi ng address

of the r endq\ié){f,ga,ﬁ %8&,%%& é!eh(ra?'hg{br E%@es% ReL &AL ﬁ@/’re% gg egjst%%sreggering

cor respondi ng eren equéest s 'separate can

Nt | NueYaLY Soepiedent 'n%%d?edgéﬂa{%e@ginaﬁee%@sSAErs@.wnhﬁ FigMerih ng

request region 121a to the rendering request region 121b can be perforned

i ndepenfeniddredd RISy pRIHLSE! aR HREIRSSE WEeEABTeAldring rdt{ REE 587 Ag bkoad
applied to the central™ processing neans 101 is not increased. 5[0117]

Fur t hergraegssetheeias Blordelis Sforéc nthdlel ingtructipesddress eedisiguiioed for
perform ng conplicated rendering, the rendering requests are arranged in

di f f er eddcaréinghns thealexd eehdearindeggiest pgeeseahe réhdesng tdrptesa 507 mtiedis
region of the storage neans 118 is efficiently used. 10[0118]
independent from the rendering request group 501 is executed.
15 [0115]
Subsequently, rendering request processes are performed in response to the
rendering requests 507 and 508 (in step S55 and step S56), and thereafter, a
rendering termination process is performed in response to the rendering request 509
representing "rendering termination”. Then, the rendering processing means 104
20 issues the interruption request to the central processing means 101 in the rendering
termination process (in step S57), and terminates the process.
[0116]
As described above, according to Embodiment 2, the rendering request
representing "address change" is provided as a rendering request, and the instruction
25 address of the instruction address register 106 is updated in accordance with the
request representing "address change". Accordingly, by separately arranging
rendering request groups in a plurality of regions included in the storage means 118
and providing the rendering request representing "address change" for changing an

address to a leading address of the rendering request region 506, the rendering

30 processes corresponding to the rendering requests separately located can be
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Furthernore, since the rendering requests can be divided into a plurality
of units so that the plurality of units are arranged in the storage neans
118, an efficient programconfiguration for displaying a plurality of
screens hayi ng common portions and different portions can be attained. That

i's, rengdgitindBusig@xeshedd! dihee a%ﬁéﬂpejdimrédd?%s f8fh thendatensg Fegquast s of
the different portions are separately stored in the storage neans 118, and

when t hegi®gUeH ® tearehdehrg edgioh e 1beswtetsé pgrfoened fdepaihdehtly
different portions are issued foll owed by the requests of the comon

por t i onsom$hacentrakpnoerdsing myearex) @6t 3 pofceshimgdoadrapplied ta tescanteal not
required to be stored in the storage neans 118 in an intersecting manner, a
si ze ofprohessieg degansg! @Disepidserepegiion 121 can be reduced. [0119]

Enbodi ment 3 I n Enbodi ment 3, portions different fromthose of the
state dPdprlay device according to Enmbodiment 1 will be mainly described. A
configuration of a state 25di splay .device according to this_enbodi nent

el 71 5 s THrTRer RS, e B THeS Q! dEBOGH A Bt Fist ST BH dogETT ey TG
Enbodi ment 1. In this enmpodi nent, .a single renderjng request includes
= F endereicatssbeandshig: theRnasnnodRaLsiRATS SPanar dh ot BRTE: ocess! ng

dl ¢ . . ,
tho. r erldGkIRE 77 Lcal- S bRATE: U Sd FRY s FREEL It tor e oliberrigangarss &' '
di agr an%ielﬂlidi'éﬁtfft%é@ an exanpl e of contents of data stored in a rendering
request region-1 stored in the state di splay device according to

farbodi n[ggﬁ) ]3 of the present invention. 5As shown in Fig. 15, a rendering
request q is stored in the rendering request region 121 in storage neans

ilﬁgi r [0121] Furtherrhbee, ssREetH@NHEAHE $6qGékts icaﬁltiédﬁﬁidédﬁm@d@gimn?bﬁ” i ng
uction 60la, a rendering function instruction (inmage) 601b, a
render i figts’ soB@t tHEBIUrAIRf bf 0ARs dienafranged in the storage means 118, an efficient
program configuration for displaying a plurality of screens having common portions
and different portions can be attained. That is, rendering requests of the common
15 portions and rendering requests of the different portions are separately stored in the
storage means 118, and when the requests are to be executed, the rendering
requests of the different portions are issued followed by the requests of the common
portions. Since the rendering requests of the common portions are not required to
be stored in the storage means 118 in an intersecting manner, a size of the rendering
20 request region 121 can be reduced.
[0119]
Embodiment 3
In Embodiment 3, portions different from those of the state display device
according to Embodiment 1 will be mainly described. A configuration of a state
25 display device according to this embodiment itself is similar to that of the state display
device according to Embodiment 1.
In this embodiment, a single rendering request includes a rendering repeat
condition, and an example in which rendering processing means 104 repeatedly

performs the same rendering process in accordance with the rendering repeat

30 condition will be described.
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10601c, a rendering-range |ower-right coordinate 601d, a rendering repeat
condition 601le, and a rendering inmage address 601f. [0122] When an
instruction for rendering inage data is issued in accordance with the
rendering function instruction (inmage) 601b, an address of inage data 602
to be Ib ered included in a storage neans 118 is stored in the rendering
i mge address 601f. Furthernore, a repeat condition for repeatedly
rendering t IFy. S 4 dageardadlistiagingtaor @darplet dfeonente of bgta stpesd incondi ti on
60le. [0123] Fig. 16 is a diagramillustrating content of the rendered data
i ncl udednderirg Byuesti exdiog 124 sibtedringhestate 2isphay defede iaccoigngtaat e di spl ay
devi ce according to Enbodi nent 3 of the present invention. Fig. 16 shows

t he corftrehodiofentiBeofrtbadeesen ioeertiost ored in the rendering result region 122

as a result of execution of the rendering request shown in Fig. 15. For
faRe of a vifsudIoveEckiDpl foa rerdeyinge@auphdR! Bosored tﬂ\tBGITQQGQF"iWQ&Neﬁhw d
crystal screen 125 instead of ghe rendering data. 25[0124] The

render|rﬁ§'oﬁr%1e@s§tﬁ@9%ﬁ§nidl repeatedly renders the image data 602 in
accor dgﬁﬁ:% Wi th the rendering repeat condition 60le. Here, a case where the
i mge l602 i s repeatedly rendered in a horizontal direction within a

Cende 9, ¢ RBafRiuh g BB ARSI e A Sl nstupten BpPard o ®
e RS AR Lo RSy reondl U S5Ok R SPpaEBRRgA o 2
i L e
the i nggeedaha d ,@nagﬂﬁgr,ﬁggé@d@?@sg éonsi d crystal screen 125.
[0122]
When an instruction for rendering image data is issued in accordance with the
rendering function instruction (image) 601b, an address of image data 602 to be
15 rendered included in a storage means 118 is stored in the rendering image address
601f. Furthermore, a repeat condition for repeatedly rendering the same image data
is stored in the rendering repeat condition 601e.
[0123]
Fig. 16 is a diagram illustrating content of the rendered data included in a
20 rendering result region 122 included in the state display device according to
Embodiment 3 of the present invention. Fig. 16 shows the content of the rendering
data stored in the rendering result region 122 as a result of execution of the rendering
request shown in Fig. 15. For sake of a visual description, a screen image 305 is
displayed in a liquid crystal screen 125 instead of the rendering data.
25 [0124]
The rendering processing means 104 repeatedly renders the image data 602 in
accordance with the rendering repeat condition 601e. Here, a case where the image
data 602 is repeatedly rendered in a horizontal direction within a rendering range 701
is shown as an example.

30 [0125]

37



[0128] 10 A rendering width 955 corresponds to a size of the rendering
range 701 in the horizontal direction when the rendering range is rendered
inthe liquid crystal screen 125. [0129] A rendering hei ght 956 corresponds
to a size of the rendering range 701 in the 15vertical direction when the

rendering range17 & 4 q%ﬁﬁmwaréth@ 4 bEreiof thé ahak d3€d 662 ahd% sik6 of e
exanpl e, the rendering height 956 and the i mage hei ght 951 coincide with

each otmederin§136je F0y. 18 is a diagramillustrating a process of
repeatedly witing the image data 20602 in the rendering result region 122
perforn@d26y rendering processing neans 104 included in the state display
devi ce according to Enbodi nent 3 of the present invention in detail. As
shown i n Fi An inBage height@§é coaeapends fna isirgesf thadmaggraafa feEtiaagraeal
regions 961 and 981, and a |arge gray rectangul ar regi on arranged beneath
the smedlirectiogruien tha iman dataris gerirreddn tha idwd crystalsaieendee; it is
assuned that the repetitive process is performed on the individual

rect ang@ar] regi ons. Herei nafter, content of the repetitive process

atr ess | nciatbies e GroPie bl S 2 BRUSIG fyAniR lalidafon
i t J 8 . , i
| ner oasBERRT Al et R mags drid RS BT B R SR BB TR ol ' cgi on

122. Tt@ﬁ?Lr espondence rel ati onshi ps between the addresses and | um nous
poi nts of e liquid crystal screen 125 will be described bel ow. [0132]

10 A rendering width 955 corresponds to a size of the rendering range 701 in the
horizontal direction when the rendering range is rendered in the liquid crystal screen
125.
[0129]
A rendering height 956 corresponds to a size of the rendering range 701 in the
15 vertical direction when the rendering range is rendered in the liquid crystal screen
125. In this example, the rendering height 956 and the image height 951 coincide
with each other.
[0130]
Fig. 18 is a diagram illustrating a process of repeatedly writing the image data
20 602 in the rendering result region 122 performed by rendering processing means 104
included in the state display device according to Embodiment 3 of the present
invention in detail.
As shown in Fig. 18, the image data 602 includes small gray rectangular
regions 961 and 981, and a large gray rectangular region arranged beneath the small
25 gray rectangular regions 961 and 981. Furthermore, it is assumed that the repetitive
process is performed on the individual rectangular regions.
Hereinafter, content of the repetitive process will be described in addition to the
correspondence relationship with an address included in the storage means 118.
[0131]
30 (1) Address Assignation in Storage Means 118
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(1. 1) An uppernost-left |um nous point of the liquid crystal screen 125
corresponds to the snallest address in the rendering result region 122,
(1. 2) Hereinafter, |um nous points toward the right side of the liquid
crystal screen 125 correspond to addresses in the rendering result region

122 in the as@endioRsye ARIHR118( AddRss¥Beihidh IHemdAaiicia i0hddertitiesded the

rightnost end of the liquid crystal screen 125, the next address is

assi gneffetgsiyriedrtonas eendisriny rdsotaegidnat22a Tefd carsésppmdenbe aclativhships
i mredi atel y beneath the processed row by one | um nance point.

4) Thertasfveen thé aduremses aodi lotsnafs priatsr avthé diqomd af/stal ecreieght25cwillitess pond t o
15addresses in the rendering result region 122 in the ascendi ng order

[ 0133] dezrriRegdatovirange in Hori zontal Direction Next, a horizontal

rendering range of the rendering range 701 will be described. [0134]

20( 2. 1)[0%@21]deri ng of rectangul ar region 961 The rendering processing
means 104 repeatedly wites rendering data used to displ the rect aq ul ar

et on ot Frdirerteelnichinpsant O b Guisasakaciasr Lscoresiiriion

crve oSl SRR io (G BIREU ARRAeP o rrom ot To o
T ) et
render oA DLt R s e, RELIA LS FANISELRG HheR ebasLitn o

rtion,gf.the rendering range 701. This is because, since, anbng the
addresses Included in the storage neans 118, an address foll ow ng 30t he

addr esg108) (Wier 4 Aifhm@Rde PRirticomef totthe rignaesi &g bateSilMd chystasstaed to
aleft- end portion of the rendering range 701, wong repetitive rendering

i s per forgmege hbxt Adreep s addiyieed RNAQIrhMgncs podittibcuted at BAdBmbst @nd@)n a
Renderi ng of Rectangul ar Regi on 081 The rendering processing nmeans

104 perrbarimemediptsly beneathethdgroogssea rolaeby ené dunginaacepagiton 981 sinmilarly
to the rectangular region 961. Furthernore, as with the repeat condition of
t he redtiadyliharcaftegilomirgdte pdiatsraf maerrongfrpmde’ $s right eeragspornoi4oi nt er r upt s
the repetitive rendering when a wi ti%posi tion corresponding to the
Wi ti nqpdsiessassindhe eaderingerasosiregion indbp @sEEAGINgPre@e ri ght - end portion
of the 10rendering range 701.
[0133]
(2) Repeat Range in Horizontal Direction
Next, a horizontal rendering range of the rendering range 701 will be described.
[0134]
20 (2.1) Rendering of rectangular region 961
The rendering processing means 104 repeatedly writes rendering data used to
display the rectangular region 961 into the rendering result region 122. An address
of a writing destination is incremented in an ascending order. By this, in the liquid
crystal screen 125, rendering is repeatedly performed from left to right. Furthermore,
25 the rendering processing means 104 increments the address of the writing destination
in the ascending order in course of the repetitive rendering, and interrupts the
repetitive rendering when a position of writing of the address exceeds a position
corresponding to a right-end portion of the rendering range 701. This is because,

since, among the addresses included in the storage means 118, an address following

30 the address of the right-end portion of the rendering range 701 is assigned to a left-
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[0136] (2.3) First Item Conmon to Rectangul ar Regions 961 and 981 The
rendering processing neans 104 interrupts the repetitive rendering
performed for each rectangul ar region when a witing position correspondi ng
to an 1l5address of a witing destination exceeds a position correspondi ng

to the gh@PBbriRMbMAE refdery tRyel ERHSITORY repadfe@hdeling ingaifessasifitns! uded
in the storage neans 118 are not ended af the right end of the rendering

range 7fpelitive eshtidringad coatihded | eft end thereof. Therefore, a determ nation
as to whether the position corresponding to the right-end portion of the
renderi@d36hnge 701 has been exceeded may be 20determ ned using a surplus
obt ai ned by dividing a value of an address by a total nunber of | um nous
poi nts (202} RendeningohRettadgrectRegion P81 exanpl e. [0137] (2.4) Second Item
Common to Rectangul ar Regions 961 and 981 Simlarly, the rendering

p? ocessi ng nE¥nhEENCeNnD freeesFine masas Kdepeforms remcsfive rendpringedn thee writing
position corresponding to the address of the wiiti destination exceeds a
posi t i oifcERIFUA TEINNEZE T 8imilarlydaitbe fectangylrbreden 19%3 I ?Hﬂh@rrﬁ?ﬂﬁslaélw' reen
125. Thjs is because the rendering is not L.owed to. be perfarned on

req onohEeBPBOTa Of e TG EdSarn e K8 rnr SR BEeL TP dBie s vhen
adiffe ce bet n_an address obtajned at.. i me. when t ring is

2t art ed Ghier i 8 S E BATefR) MG Bl BB s Pl PR B coeds
t he nu - ' ' L: j i [ j titive
pr ocesg;;a ﬁén%rggbt&gg%lileﬁgﬁé EB%IQahQPH%%QW@Q?%%@%P?&%@@ﬁghgﬁ (IS]ﬁH ertical

hrecti ; g}%é @ rending range in the vertical direction of the
B’enderi%&dregﬂ & 17\9vill be descri bed.

[0136]
(2.3) First Item Common to Rectangular Regions 961 and 981
The rendering processing means 104 interrupts the repetitive rendering
performed for each rectangular region when a writing position corresponding to an
15 address of a writing destination exceeds a position corresponding to the right-end
portion of the rendering range 701. The addresses included in the storage means
118 are not ended at the right end of the rendering range 701 but continued to the left
end thereof. Therefore, a determination as to whether the position corresponding to
the right-end portion of the rendering range 701 has been exceeded may be
20 determined using a surplus obtained by dividing a value of an address by a total
number of luminous points in the horizontal direction, for example.
[0137]
(2.4) Second ltem Common to Rectangular Regions 961 and 981
Similarly, the rendering processing means 104 interrupts the repetitive
25 rendering when the writing position corresponding to the address of the writing
destination exceeds a position corresponding to a right-end portion of the liquid
crystal screen 125. This is because the rendering is not allowed to be performed on
regions located out of the right end of the liquid crystal screen 125. When a

difference between an address obtained at a time when the rendering is started and
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[01391 (3.1) Rendering of Rectangul ar Region 961 After the imge data 602
is repeatedly rendered in the horizontal direction in a 10first row, the
rendering processing nmeans 104 cal cul ates a position of the repetitive

rendering in a second row. In the exanple shown in Fig. 18, as denoted by

an arr quo BRHkKes3/dnthe vAFigldlinatioh B cERERNEME @YcBB8S thd REmbEE bAN@Yhals
region 961 is to be rendéred is obtained. Specifically, an address of a

Wi ti ngoestin R hefzattal diesdtiont tiegiebatitivee grovess b pieferabdy ewemnggddunt i | the
address is shifted fromthe position at 15the left-end portion of the

renderi[pg38jange 701 in the vertical direction by an anmount corresponding to
the image height 951. As a result of the increnent of the witing

dest i nd8) BepatiilrceBangefireWettival Biféctes i s | arger than an address
corresponding to a lower-right end portion of the rendering range 701, it
i% det er mi ndlgxt leatendirg vanad inghpyeriigad Airesiieeakthenendenae rande 7311@3@' bo1.
Accordingly, the rendering processing 20nmeans 104 interrupts the repetitive
render i98§cPed.40] (3.2) Rendering of Rectangul ar Regi on 981 The
renderi n?%é)r ocessing nmeans 104 repeatedly renders the rectangul ar region
981 si ¥l ]Iy to the case of the rectangul ar region 961. That is, after the

25i 602. i | d i i i i

ai ng?ﬁaﬁﬁ‘%mﬁ%@bqu{r%&%éﬁ@af REGRBEAT, on in & second row i< cal cul at od.
in the exa 0 i i , ; L

posidti on i M@ﬂ%@@#?g@%&%%&e@ %g %tﬁ%ﬁ%%ﬁ%%ﬁ%#%@%%ﬁ%n ﬁwea
r-ender ; A i kit d i

T angirDes M ARErn6 HrbOELR fredhs 104 CalbhRdCRBRSIBRR S RbAVE s the

repeti thugerfifRes SBEoNDRSW A W thii X@nRAS ishb®m if i SRP URUEHbIE® by e awdwi ng
destination address exceeds the position corresponding to the right-Iower

end porhhof, 4 hesifie iethengcond dewiPhere] thd4dttahiguR) régiemoBansnn bo
Rect angul ar Regi ons 961 and 981
rendered is obtained. Specifically, an address of a writing destination of the
rectangular region 961 is incremented until the address is shifted from the position at
i® the left-end portion of the rendering range 701 in the vertical direction by an amount
corresponding to the image height 951. As a result of the increment of the writing
destination address, when the address is larger than an address corresponding to a
lower-right end portion of the rendering range 701, it is determined that the writing
position exceeds the rendering range 701. Accordingly, the rendering processing
20 means 104 interrupts the repetitive rendering.
[0140]
(3.2) Rendering of Rectangular Region 981
The rendering processing means 104 repeatedly renders the rectangular
region 981 similarly to the case of the rectangular region 961. That is, after the
25 image data 602 is repeatedly rendered in a first row in the horizontal direction, a
repetitive rendering position in a second row is calculated. In the example shown in
Fig. 18, as denoted by an arrow mark 991, a position in the second row where the
rectangular region 981 is to be rendered is obtained. Furthermore, as with the
repeat condition of the rectangular region 961, the rendering processing means 104

30 interrupts the repetitive rendering when a writing position corresponding to the writing
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Simlarly, the rendering processing neans 104 interrupts the repetitive
rendering when the witing position corresponding to the witing
destinati on address exceeds a position corresponding to the | ower-end
portion of the liquid crystal screen 125. This is because the rendering is

not al '&é{&ﬁhaﬁen%dﬂ@srsfésrd&@smeb@git@n&d@@epaﬁdmpetoltﬁwghemve?fertdwpthibﬁui d
crystal screen 125. 10[ 0142] Fig. 19 is a flowhart illustrating a

pr ocedusfahefrebdieringepgiget7ve rendering perforned by the rendering processing
means 104 included in the state display device according to Enbodi ment 3 of

the pre9ddt]invention. Hereinafter, steps shown in Fig. 19 wll be

descri bed. 15[0143] (Step S1001) The rendering processing neans 104
starts @.3)dteterGargmendodsectanguanReginnsi 9yl andOBliction is witten to the
start/end instruction register 107. [0144] 20(Step S1002) .. The

renderi ng pr%aélgdv,rtberf@agsnng)nm@ﬁémrneanw%@ terruRts thegepetitivge rendering

is continued or not in accordance with the rendering repeat condition 601le
usi ng t1REAEFing ethesnthgewdtingees tips HOF@%‘P%‘ﬁE%?‘? ﬂﬂq:wagnqéseS%?etr?w IESS

&E2?teL%é%%@hg?ﬁéééiﬁ%&%réé’%&%ﬁ&E%h{‘q“ﬁ%ée'h%ﬁ T R HEE S s
. 1006, 1 : [
b1 ocessizty mouR Roein bandehin st obe gﬁﬁ?fﬂ@?ﬁaﬁ@?ﬁﬁ%ﬂg stor age
_ _ SSIShICH P ne stor
o be. pEMPLK R BRY RE B e daREH) 1281 e er ance to Fig. 18.

W:MG] L@%{gﬁ 81004) The rendering processing neans 104 determ nes whet her
e position corresponding to the address calculated in step 81003 is

ir gggggggei Po'i@% 9_5 %’Eﬁbwggﬁ;ﬂ%@g% BYcBAULENGS thBirbpEiitRe @adefihged with
performed by the rendering processing means 104 included in the state display
device according to Embodiment 3 of the present invention. Hereinafter, steps
shown in Fig. 19 will be described.
15 [0143]
(Step S1001)

The rendering processing means 104 starts a rendering process when a
starting instruction is written to the start/end instruction register 107.

[0144]
20 (Step $1002)

The rendering processing means 104 determines whether the repetitive
rendering is continued or not in accordance with the rendering repeat condition 601e
using the criterion described with reference to Fig. 18. When the repetitive rendering
is to be continued, the process proceeds to step S1003 whereas when the repetitive

25 rendering is to be terminated, the process proceeds to step S1006.
[0145]
(Step S1003)

The rendering processing means 104 calculates an address which is included

in the storage means 118 and which corresponds to a position in which the rendering

30 is to be performed using the method described with reference to Fig. 18.
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t he process proceeds to step S1005, and when not included, the process
returns to step S1002 and the sanme process is repeated. [0147] (Step 81005)
10The rendering processing neans 104 wites rendering data in the address
corresponding to the position in which the rendering is to be perforned.

For exappieg, the rendering processing neans 104 wites col or val ue
specified by a rendering request in the address. (Step 81008) The rendering
procesgGmp Seams) 104 termi nates the rendering process. [0148] Not e
that, in the description of the procedure of the repetitive rendering
descri bed abbteeendéring pe=ssid mbans t1hé dedpratines whetleerdbeipogition per f or med
in the horizontal and vertical directions. However, the sane process may be
per f or redrezpohdingtth éhe egdtassi calculaiedanistep S40p81s thchisted in thalrgndgrindof t he
hori zontal and vertical directions. [0149 As descri bed above, since
the rendege M§1psinets ¢ieriendesaird wik seleaence nier 48t héVheraigelugigda 602
whil e increnmenting the witin estination address .in an 25ascendi ng order

i n accdPARMREESHRIACESRS i:aR 148)@, é‘ﬂgé’i’h%ﬂﬂﬁ mp[y,qegot?p,prpﬁ@sq‘» ERHETS g
processiq9§ﬁﬁﬁgs 04 operates inde end?n ly fromthe central processing
nmeans PG PIGRESPEHETRFA'YE rendering. Accordingly, a |oad
appliegoi$7the central processing neans 101 can be reduced. Furthernore,
this i éferable in terms of save of the storage region since the nunber
of reanﬁ%y§16¢%Pests can be 30reduced. [0150] Furthernore, the
imge i's Tepeatedly rendered so that a pattern or the like is fornmed sinply

b T b T i L
corresponding to the position in which the rendering is to be performed. For
example, the rendering processing means 104 writes color value specified by a
rendering request in the address.

(Step S1006)

15 The rendering processing means 104 terminates the rendering process.
[0148]

Note that, in the description of the procedure of the repetitive rendering
described above, it is assumed that the repetitive rendering is performed in the
horizontal and vertical directions. However, the same process may be performed

20 when the repetitive rendering is performed in only one of the horizontal and vertical
directions.
[0149]

As described above, since the rendering processing means 104 repeatedly
renders the image data 602 while incrementing the writing destination address in an

25 ascending order in accordance with the rendering repeat condition 601e, the
rendering processing means 104 operates independently from the central processing
means 101 while performing the repetitive rendering. Accordingly, a load applied to
the central processing means 101 can be reduced. Furthermore, this is preferable in

terms of save of the storage region since the number of rendering requests can be

30 reduced.
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S5pattern is rendered by line rendering, efficiency of the rendering process
can be inproved. [0151] Furt hernore, the rendering processing neans
104 interrupts the repetitive rendering when the witing destination
address included in the storage neans 118 10exceeds the position
corresppRgpng to the right end of the rendering range 701 or the liquid
crystal screen 125, the rendering processing neans 104 can appropriately

per f or m t he Pigpekinbrey,ehe endgeiin eepdadddiglre fdereiasombaea patiern entay likegis
processing nmeans 104 interrupts the repetitive 15rendering when the witing
dest i nafbiraed aitdplgssy providigdmiati inbgestata agedverares BySthéx ceremsthieeinlosni t i on
corresponding to the lower end of the rendering range 701 or the liquid
cryst al ofgenéernng 2slcutations eaddre negluped o'dssi eompamdswilna asse velpgredpei at el y
performthe repetitive rendering. [0153] 20Note that it is preferable that,
vhen t atiesnderandgred by dissiragdemam $ifiganenet begrndeting PIRGESSF@NRSt i nat i on
address included in the storage neans 118 in the ascending order, while the
wri ti ngMPE8Y¢that i on address has not reached an address corresponding to the
upper-lgf% end portion of the rendering range 701, the rendering processing
means 104°8bes not performwiting. If the witing is perfornmed before 25

i i S
upper, Sifefifo A ho il SOt RS, FENARY Aohg Spfsed earkOMREL |

f4 spl aye)&%léhg‘fhtfgf)ﬁgi"ti%%rr&?ggﬁg@gi}ﬁﬁé riﬁh&bé}opﬁ'ler@ngl:eﬁgﬁﬁéﬁgé B84 .orfhe

configuration of "a state evice o i's enmbo t he sane as

that ofjifgpedisiREreen 125, the Irendlé’riﬁd‘bﬁm@@@iﬂ@irﬁ@éﬁs 104 cBN AR Spratften

operation of "displaying a GJ conponent 5such as a button in a liquid

cryst al pe&ifdratiheliépetitid Hsiriéring. @ | i quid crystal display unit
[0152]

Furthermore, the rendering processing means 104 interrupts the repetitive

15 rendering when the writing destination address included in the storage means 118
exceeds the position corresponding to the lower end of the rendering range 701 or
the liquid crystal screen 125, the rendering processing means 104 can appropriately
perform the repetitive rendering.

[0153]

20 Note that it is preferable that, when the rendering processing means 104
increments the writing destination address included in the storage means 118 in the
ascending order, while the writing destination address has not reached an address
corresponding to the upper-left end portion of the rendering range 701, the rendering
processing means 104 does not perform writing.  If the writing is performed before

25 the writing destination address reaches the address corresponding to the upper-left
end portion of the rendering range 701, an image is rendered an upper side or a left
side relative to the rendering range 701.

[0154]

Embodiment 4
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123 will be described. [01551 Fig. 20 is a diagramillustrating a button
configured by repeatedly rendering image data in a rendering range 1101 in
the state display device according to 10Enbodi nent 4 of the present
invention. Fig. 20 shows an exanple of content of rendering data stored in

a rendering |h eptddim@at 2Na fgﬁﬁq@aﬁemﬂ%n@mm@@diméﬁ& desdrimge® 1 n

the liquid crystal screen instead of the rendering data for sake of a

vi sual mapedinfdritonwilAse 6130V deBcib@d. 24 coafigliratiah iopa stargtismihy clevice ain
i mge having a color 15 gradually lightened is repeatedly rendered around

t he butthisrembaodihant is the seemeasdbat ogEmbpdenditOll i ncl uded in the screen
image 305. in this way, a visual effect is achieved such that the button
"button" i s lsthis eortueiiment, preekeampleaif s eparation édispieyirg 8ilnPl eornpass)t
20Sim larly, by repeatedly.-rendering i mage data including two colors_around
tthe butsush assabutgan in a liguisLenyst seen B ainrlusegdnaukiduid patstalkispiay vBk
"button" is surrounded by shadow. Furthernore, a visual effect such as
shi ny hiZghwilld desgiibgd. achi eved. [01571 Enbodi ment 5 251 n Enmbodi nent 5,
porti orlé g‘jé}iferent fromthe state display device of Enbodinent 1 will be
mai nly & i bed. The configuration of a state display device of this
enbodi nent

enbodi nent, '@tﬂiﬁﬁaﬂ%gﬁméﬁ;@&ﬁﬁé%Bl@fgrblé%fgqntﬁgﬂg;@grg%g%@gwrﬁgﬁlgﬁggesS from
oo R ISP el 07 (RS AR R PR o0 e
fERcer obORAENYGL 1S AL RGO, A0 oyl R e LA Ly
st or ed (pRd&rihGBERS $tBEd in a rendering result region 122, and shows a screen image
305 displayed in the liquid crystal screen 125 instead of the rendering data for sake of
a visual description.
As shown in Fig. 20, a gradation image which is an image having a color
15 gradually lightened is repeatedly rendered around the button "button" in the rendering
range 1101 included in the screen image 305. In this way, a visual effect is achieved
such that the button "button" is surrounded by gradational frame instead of a simple
line.
[0156]
20 Similarly, by repeatedly rendering image data including two colors around the
button "button", a visual effect is achieved such that the button "button" is surrounded
by shadow. Furthermore, a visual effect such as shiny highlight can be achieved.
[0157]
Embodiment 5
25 In Embodiment 5, portions different from the state display device of
Embodiment 1 will be mainly described. The configuration of a state display device
of this embodiment is the same as that described in Embodiment 1.
In this embodiment, an example of operations of performing a rendering

process from a position on image data by shifting the image data by a surplus
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5request region 121 included in the state di splay device according to
Enbodi nent 5 of the present invention. As shown in Fig. 21(a), the
rendering request region 121 included in storage neans 118 stores a
rendering request 801. [0159] 10The rendering request 801 includes a

render '(g&g@%gr y di0RANdEAERBoS¥tate FallRNSEHEND NG OB dinktes BEtHeon (i mage

surpl us a renderi ng-range upper-left coordinate 801c, a

r ender i legdEARY ahEBY thé Aidth ceRr e Mlighte e imageddel wilhe egeaibetiondi tion
801e, and a rendering i nage address 801f. [0160] 15Wen an instruction for

renderifog58mage data using a surplus is issued in accordance with the
rendering function instruction (image surplus) 801h, an address of i mge
data 602 to Hig 2timbardss dibgems Blustialinglednient phdatatsioeegenrectamnsleting i s
stored in the rendering image address 801f. Furthernore, a repeat condition
for perrfeguasinggiapé 1 inakededindbeistefehsnlay dewiceraggerdiag 40 Fenkadimeatd @i ng
the surplus is 20stored in the rendering repeat condition 80le. [0161]

Fig. 21hB)presmdne@diiatat of the rendering data stored in a rendering result

Here, ' scr AETHE Bis 21 aHEpTeaysHng reaHes P! 21 pekseOdh A0 o
i nstead of t deri 25dat a f ke of [ | d i ption. Ref [
o Fi o.meant A8 EIER A BT REKAN TGN he | mge data using the sur plus will

be des_clrgi ggf in step (1) to step (5) hereinafter. [0162] (1) As with the
operati A Enbodi nrent 1 shown in Fig. 2, rendering processing neans 104

tains a refferd adihg JUETEstdh 13RERHERCR LAY AR BEfors BRI &G | N an
%er 1 an perplgrn% Jg

i nstruction address~regi s a rendering process in

B e T e

the i ns¢ddiginaenseddrLeshdeeBigshage 160er-ligdcdordinate 801d, a rendering repeat
condition 801e, and a rendering image address 801f.

[0160]

15 When an instruction for rendering image data using a surplus is issued in
accordance with the rendering function instruction (image surplus) 801b, an address
of image data 602 to be rendered which is included in the storage means 118 is
stored in the rendering image address 801f. Furthermore, a repeat condition for
performing repetitive rendering while the image data is shifted using the surplus is

20 stored in the rendering repeat condition 801e.

[0161]

Fig. 21(b) shows content of the rendering data stored in a rendering result
region 122 in response to the rendering request 801 shown in Fig. 21(a). Here, a
screen image 305 is displayed in the liquid crystal screen 125 instead of the rendering

25 data for sake of a visual description. Referring to Fig. 21, a procedure of rendering
the image data using the surplus will be described in step (1) to step (5) hereinafter.
[0162]

(1) As with the operation of Embodiment 1 shown in Fig. 2, rendering processing

means 104 obtains a rendering request in accordance with an address stored in an

30 instruction address register 106 and performs a rendering process in response to the
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5(2) The rendering processing neans 104 determnes that the inmage data is
to be rendered using a surplus in this rendering process in accordance with
the rendering function instruction (inmage surplus) 801b. [0164] (3) The
rendering processing neans 104 cal cul ates a surplus (hereinafter referred

to 10agendbiigVequeldy diyé dhmrmghftotésihgmen tinabrideeaenaéiieg referred

to as an "X coordi nate") at an upper-| ef?l coordi nate of a rendering range

610 repegsestisEd inyadcbeddrerdeith fg: sadges wpped-ih efd insoactibmatidre38registera
wi dth of the image data 602. Here, since the X coordinate at the upper-|left

coordi n@wce of the rendering range 610 is "0", the surplus obtained by
dividing the coordinate by a value "2" of the wdth of the 15i mage data 602
is repfesedited as follows: Mdd(X) a 0. [0165] (4) The rendering processing
nmeans 104 cal cul ates a surplus (hereinafter referred to as "tViod(Y)") by
& vi di 1g) dhe sendering R'GsEasinareednfel & Agiararinestnat fhejinagedaty isyo be

coordi nate") at .the upper-left coordinate of  the rgnderi [‘{8 é%nge 610

r epr es ARSI EBUDING ASWIRIHA SN fHg IPRARIARYFERST Kt RCCUBRAEHWIE thprendeling,

hei ght .of the ipage data 602. Her since the Y coordinate at the
upper-If%??t'%ﬂﬁﬁpﬁﬁrba@?g?r?é'rPlﬂﬁth?tﬁg range 610 is "0", the surplus

obt ai n8g1$¥] dividing the coordinate by a value of the height of the inmage
data 6 represented as follows: Mdd(Y) = 0. [0166] 25(5) The rendering

Fender A PaTaRarty P Hea8h Al Tnedtly 107 cURBRies SRR IR R RS o,
| ' I H 4
B per vy ARt oY PR ORI Coptire (R Pltte: K el s B™t

render ?o@%iﬁafé"ﬂ&t ARUPpangiduimatt bf #RARINGPRAGe @t re@iré‘é!r'énté’cﬂo?I ;cllﬁeé the

i mge data 602 onto positions fromthe upper-left coordinate of

render irégdémf\%mr@@upp)ertlbﬂ codvdthatel &t IBpandimadiahefimabe daenderi npler@nge
610. [0167] te that the surpluses Md(X) and Mdd(Y) of all coordinates

i ncl udeghdenthiehé cbortitketeiaighe apper-Bficomginbée oflheukatedng santhe B1@&c'®"of t he
coordi nates, pixel data
the surplus obtained by dividing the coordinate by a value "2" of the width of the
15 image data 602 is represented as follows: Mod(X) = 0.
[0165]
(4) The rendering processing means 104 calculates a surplus (hereinafter referred to
as "Mod(Y)") by dividing a vertical coordinate (hereinafter referred toas a Y
coordinate") at the upper-left coordinate of the rendering range 610 represented by
20 the rendering-range upper-left coordinate 801c by a height of the image data 602.
Here, since the Y coordinate at the upper-left coordinate of the rendering range 610 is
"0", the surplus obtained by dividing the coordinate by a value of the height of the
image data 602 is represented as follows: Mod(Y) = 0.
[0166]
25 (5) The rendering processing means 104 displays, at the upper left coordinate of the
rendering range 610, pixel data at a position shifted rightward by the surplus Mod(X)
and shifted downward by the surplus Mod(Y) from an upper-left pixel data of the

image data 602 first, and subsequently, renders data rightward and downward from

the upper-left pixel data of the image data 602 onto positions from the upper-left
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obtained by shifting the upper-left pixel data of the image data 602

ri ghtward by the surplus Mdd(X) and downward by the surplus Md(Y) nay be
di spl ayed. [0168] Results of the rendering perforned as descri bed above are
shown in Fig. 1021(b). Here, since the surplus of the X coordinate and the
sur pl US?dUranB?e & $RALAHBAKE ravfide 690 to BRdioNerirkmit @botditatb RS ré1tdrmage 610
is equal to a size of the Tnmage data 602, the 1 mge data 602 is displayed
in the pz@pdeyiong range 610 without change. [0160] 15 Fig. 22 is a diagram
illustrating other contents of data to be stored in the rendering request

regi on [0267] ncl uded in the state display device according to Enbodi ment 5

of the present invention. As shown in Fig. 22(a), a rendering request
802 is st or ddbterthatthersempleses dlaodilasd MedYowf 8l toordinatesdndudge imtwns 118.
20[ 0170] The rendering request 802 includes -a rendering start

i;st r ucendarisgzangebi @y bagatauited oind ifseadivel (e qoRkigatosuPprlgstaso2b, a

rendering-range upper-|eft coordinate 802c, a rendering-ranpge | qwer-right
coor di neft é'@d%ﬁ’, SERWSHBEMHPGHI%B'&Q @Q}ﬁcﬁftth%H“BQQ@?taaﬁgz ng'&‘ﬁfgr Yi§€i mage

address 80pf. 2 171 n.an instruction for rendering i mge data
st g seunisiMSI rcl s A BE Sl B Py e PPy anct o
instrughhgg (i mage surplus) 802b, an address of the imge data 602 which is
i ncl ud ]the storage neans 118 is stored in the rendering i mage address

802f. Furt h%%&gﬂtgafghé PR rirgOnstrdrh iy %%He?&fﬂqqé%&% arreeﬁgofy@/ﬁ invplﬁ;enderi ng

while the i I s™shi usi ng e surplus'is stor int

jgnder i%“gbgepﬁéfe %ﬂ{eb%i Il}mlﬁ%?%ﬁlgg%f élﬁ@g(l%orﬁnﬁﬁ gﬁé e SHPNE SoREent of the

renderi ata stor e rendering resu egion 122 in response to

the r e%%irbfﬁ%t%ﬁﬂ#@? afd4% sﬁf@%tﬂé}eﬁHGring%ﬁée 68li€eqdald6Lshe bffge 305 is

di splayed 1n the liquid crystal screen 125 instead of the rendering data
for sakma#fe datictzathalipssdé Bhiz0602 Redigplaiyod in thehichiderRg range 6¢e duthouof
rendering the image data using the surplus will be described in step (1) to
step (Sghdmefeei nafter. [0173] 10(1) As with the operation of Enbodinent 1
shown in Fig. 2, the rendering processing

[0169]

15 Fig. 22 is a diagram illustrating other contents of data to be stored in the
rendering request region 121 included in the state display device according to
Embodiment 5 of the present invention.

As shown in Fig. 22(a), a rendering request 802 is stored in the rendering
request region 121 in the storage means 118.

20 [0170]

The rendering request 802 includes a rendering start instruction 802a, a
rendering function instruction (image surplus) 802b, a rendering-range upper-left
coordinate 802c, a rendering-range lower-right coordinate 802d, a rendering repeat
condition 802e, and a rendering image address 802f.

25 [0171]

When an instruction for rendering image data using a surplus is issued in
accordance with the rendering function instruction (image surplus) 802b, an address
of the image data 602 which is included in the storage means 118 is stored in the

rendering image address 802f. Furthermore, a repeat condition for performing
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means 104 obtains a rendering request in accordance with an address stored
in an instruction address register 106 and perforns a rendering process in
response to the rendering request. The rendering processing neans 104

obtains the rendering request 802 in accordance with the address stored in

the In%ﬁé{ﬁwe%naeﬁﬁgs\mné&ae%ageJa@%é)%sm@é&ﬂzh aheEhy 08 stk dWirPhecessi ng
means 104 determnes that the inage data is to be ren ered using a surplus

in thi sen@m(ﬂ;g tepapcondsisnign2accor dance with the rendering function
instruction (1 mge surplus) 802b 20[ 0175] (3) The rendering processing
means J0#472jal cul ates a surplus "Mdd(X) " by dividing an X coordinate at an
upper-left coordinate of a rendering range 710 represented by the

render i ng- r &iy@2(ppErcwetonteobotiiheaesdeone defa steecdvrdthie rendetieg remdfe dat a
602. Here, since the X coordinate at the upper-I|eft coordi nate of the
Bender iragionalgenTespersel the repderiagireaunst S8 Aheuem 'B;F'Gi 22@)- ng ?Ff-'é a
coordinate by a value "2" of the vmdta of tC? E ata& % resent ed
as fol IS6/RSN ww@@%lsldlsp@y?d]méhs lietpid e qrﬁ@ﬂﬁ éd@%tgﬁ g thenFendpsiag

opper - Feft sttt ustldarerilier Mol o rim o2 apfedEfi o By fadind. ™
s02, 1 bnags Geld Biba e suidin LB Aephert b B P fteribp dpHhr B rREn .

renderlgwélange 710 is "0", the surplus obtained by dividing the coor d| nat e
b a veg " of the height of the inmage data 602 is represented as

| |
10t ag 0 XS B cbordfifr] 1 Efupodfient £RAGKN 1A FRY 208 IR OTR%SINg e
dat a atmé’alféoﬂ)ri beblﬁ:*ﬂ!afréﬁﬂlerr Y%J%d@"s@'urpé{cddﬂéaﬁég Wt an\Hr&ds afted M Bhed

downward by the surplus Md froman upper-left pixel data of the inmage

dat a 6GZstfuctivh, ad@lrﬁés§t&gsﬁqu¢06 layid pesfiigrssa esideringgrbvesgiinardpdevatpthd from
t he upper-left pixel data of the inage data 602 onto positions fromthe

upper - Irefideririis eayudish at EBheferideginggirdeessigg neeays MkDobtairtshibel remderimg ght
coordi nate of the rendering
request 802 in accordance with the address stored in the instruction address register
15 106.
[0174]
(2) The rendering processing means 104 determines that the image data is to be
rendered using a surplus in this rendering process in accordance with the rendering
function instruction (image surplus) 802b.
20 [0175]
(3) The rendering processing means 104 calculates a surplus "Mod(X)" by dividing an
X coordinate at an upper-left coordinate of a rendering range 710 represented by the
rendering-range upper-left coordinate 802c by the width of the image data 602.
Here, since the X coordinate at the upper-left coordinate of the rendering range 710 is
25 "1", the surplus obtained by dividing the coordinate by a value "2" of the width of the
image data 602 is represented as follows: Mod(X) = 1.
[0176]
(4) The rendering processing means 104 calculates a surplus "Mod(Y)" by dividing a

Y coordinate at the upper-left coordinate of the rendering range 710 represented by

30 the rendering-range upper-left coordinate 802c by the height of the image data 602.
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range 710. Here, a pixel data cones to the right end of the inmage data 602
before comng to the right end of the rendering range 710, and in this
case, rendering is further performed starting frompixel data at the |eft
end of the inage data 602. That is, when comng to the right end of the

i mge dakm RE{QBeOPESbRIHIE ot e Lpsbtiefnbopdindfe biBelreRdEdind ear ist he

rendering is perforned starting fromthe left end of the inage data whereas

when com ngetgurplus @Mesined byadiviting theage rdiabite behamtuetticighe delyht ofire end
of the rendering range, the rendering is perforned starting from an upper
end of infme detges0aibacpicdentid 29 Mdbevst haflod(Y)  lises Mod( X) and Mod(Y) of
all coordinates included in the rendering range 710 may be cal cul ated, and
i n eacH08¥7} he coordi nates, pixel data obtained by shifting pixel data at
t he upper left of the image data 602 rightward by the surpl us, I\/bd(><t3~I and
downwar (@) dyetrradeting plrcessigy)eany 10é diskpyayaddhe popeoleftresidingtesf e

Rt SoSh 4B LT T Gt A BB

e o2 gl oo, S8 Ao A h Bty hiPe® o2
o A B SR ko SRR MO, e
' Lhe. kel SRlRY 5K e e og Lo Eabor Rt Ronl idprseent

ﬁS IS Shaumatdst ﬁ%zrseﬂtsiﬁlgag réfilﬁd%?gb ‘&g gf?@b@vé(rgfgrﬁ 2kErdfhatd ofithélAnderin

escription. rendering requests 901 to 905 are

st ored jaRgble o engiael aqxieqqae\%&;om%git@rﬂhéa%ht & BliheTiRmadeeastargopbéfersiest
901 has a“data configuration simlar to those of the 10rendering requests

801 andcdtRidgBane right Eh@f trklraritiériag.rangs e ot anelirythislonsy aendenndisg. 23,
only a rendering-range upper-|left coordinate 901lc, a rendering-range | ower-

ri ght cloetheéi petferr@éd dtartingl frant pixdedatagatithedeft endicéte BtHdde data @#owThathe

rendering requests 902 to 905 are simlarly configured. [0182]
is, when coming to the right end of the image data before coming to the right end of

15 the rendering range, the rendering is performed starting from the left end of the image
data whereas when coming to a lower end of the image data before coming to a lower
end of the rendering range, the rendering is performed starting from an upper end of
the image data.

[0178]

20 Note that surpluses Mod(X) and Mod(Y) of all coordinates included in the
rendering range 710 may be calculated, and in each of the coordinates, pixel data
obtained by shifting pixel data at the upper left of the image data 602 rightward by the
surplus Mod(X) and downward by the surplus Mod(Y) may be displayed.

[0179]

25 Results of the rendering by the above operations are shown in Fig. 22(b).

Here, since a surplus of the X coordinate is "1", a surplus of the Y coordinate is "0",
and the size of the rendering range 710 is equal to the size of the image data 602, the

image data 602 is displayed in the rendering range 710 in a mirror-reversed state.

[0180]

50



The rendering request 902 includes a rendering-range upper-|left coordinate
902c, a rendering-range |ower-right coordinate 902d, and a rendering inage
address 902f. [0183] The rendering request 903 includes rendering-range
upper -1l eft coordi nate 20903c, a rendering-range | ower-right coordinate

903d, and apendehchdes MeGaftidnesttatitBiontbRlSnother dsadesicadn teguest 904

i ncl udes rendering-range upper-|eft coordinate 904c, a rendering-range

| ower - e @l ik asdiitnagR ndPincaiddanrtee dete Rils plapdeviad dicesslidpaO4f . [ 0185]
The rendering request 905 includes rendering-range upper-|left coordinate
905c, &mbodietemd ofehgorésawtrinvergion. c dterd] aatedDibtgeaddb dispéayedrintdige i mage
address 905f. 30[ 0186] Referring to Fig. 23, aipr ocedure of

r ender iliqgicofrystee screegel Zmisshmsimigsteasiloighaegepdefing de@ fonsake pbasisuab a
plurality of rendering requests will be described in step (1) to step (5)
%er ei nateseriptiot e t hat the rendering process performed in response to a
plurality of rendering reguests is the sane as the operations descrjbed
with refer efdshown B Fgg43, rendgEng JegrestHditadid are sigrgdiindp@feRaeringnl v
operations of the rendering process performed in response to each of the
r ender ifRGUEEJGEON {ﬂfl be described. [0187] (1) The rendering processing
nmeans 3[84 ﬁal cul ates a surplus Mdd(X) by dividing an X coordi nate at an
upper - | ?@ coordi nate of a rendering range 911 represented by the

anc . sur o LRGP DT PR RS P g Sgme = o2
[ i . d -
oot reriefln | GReRIAgh 08 SRRt B 2130093, Rephavi gl eaer 0

L5 ST Dot naNie b Eousianie o0 maeraerostane e o1 1
coor di e cByrdinatal 90e d’ 8ndef rdridering dingefaddiesd gBfeardahawe03 T

rendering requests 902 to 905 are similarly configured.

[0182]

15 The rendering request 902 includes a rendering-range upper-left coordinate
902c, a rendering-range lower-right coordinate 902d, and a rendering image address
902f.

[0183]

The rendering request 903 includes rendering-range upper-left coordinate

20 903c, a rendering-range lower-right coordinate 903d, and a rendering image address
903f.

[0184]

The rendering request 904 includes rendering-range upper-left coordinate
904c, a rendering-range lower-right coordinate 904d, and a rendering image address

25 904f.

[0185]

The rendering request 905 includes rendering-range upper-left coordinate
905c¢, a rendering-range lower-right coordinate 905d, and a rendering image address
905f.

30 [0186]
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represented as follows: Mdd(X) = 0 and Mbd(Y) = 0. Then, the rendering
processi ng neans 104 di spl ays, at the upper left coordinate of the
rendering range 911, pixel data at a position shifted rightward from pi xel
data at the upper left of the image data 603 by the surplus Mod(X) = 0 and

shi fted dowpeksidd RIFighe3ph pebedtiira of Pariddriigy sMAgimbgbidaed ubing 4 segrisdat a
603 by the surpl lljsg I\/bdrP() g Sﬂf)(i;rst, and sJE?equentl y,g render?gdafggguntil

conmi ng perfEmeer respehte epapliadtyeofabntibéng exflestagilrendes&bked ihGiE8]1) (2)
The rendering processing nmeans 104 cal cul ates a surplus Md(X) by dividing
an X 25wpostedi(Sphereitaften. uNpes tHatthe coaledinggireceds penfemokst imgspange tda 2
represented by the rendering-range upper-left coordinate 902c by the wi dth
of i mageludalityobEhdenidgaeguests us thebenme asytheiopedatiansedesaribed wittntedergncehe
ugper-l eft coordinate of the rendering range 912 represented by the

render i iogFigang@ndpideet Embpdirarntdl, maddheeiere pnihereiatighs obthe Ikhderige dat a
603. Here, since the X coordinate aky tg'gﬁgé)rﬂg:l eft 30cogrdi nate, of the

r ender i RPCEERHGETOIMEd dn fepPORsR 1P Kack of rigg;request willihe derahibgles

obt ai neg)t §¥ di viding the coordinate by the value "8" of the width of the

i mge d 187603 i s represented as follows: Mdd(X) = 0 and Mdd(Y) = 0. Then,

of 1 ILEZ&i TGRS DO IR edRe g Midresdl pod s BREDOLS UERRGAD &€ rom
b and sErfoRitd ARAHRRRENE CoRtlinté of BRERASME VS P1 IehfesstiBl by MEFLD =
fata GOI%lﬂérihﬁﬁaﬁb‘% R ﬁgi\%?fgé%@rpinit@9655%§11a Reh %Ppﬁggélgafd 8§03 hRAGEr s

I nformation u ower rig coordi nate” of the rendering range

912. [ 0d&8)ysiPod)y)THedhRIME BINBotiReERS St fite UBAESIekQbotdhatd atthe ransatin us

Mod(X) by dividing an X coordinate at an upper-left coordinate of a

render i phgedbercPtSsdrtdd 5ené eshduridgi@angendsrdrigh ceoginate@riclBf 4 height
coor di natg QOBOG%y the wi Zth of image data 003 and a surplus Md(Y) by

di vi di ngf theVmeagerdiita®08. aHdraesinpp ére Xefdordioatadattaeeaipplerddfe coeniirate 0§ r ange
913 represented by the rendering-range upper-|left coordinate 903c by the
15hei ghtheakentdheng nange 84t & B0RndHbed! cedmivmte fie"K, theosurphses atainge by
upper-left coordinate of the renderi 2& range 913 is "12" and the Y
thor di ndividing thepcqordinate by & alee "8befthaaddbyoldheiimasg dat@ 688d# di nate by t he
val ue 118" of the wdth of the inmage data 603 is_represented as follows:
Mod(X) reprasefiad medeNows: oMogiyéh™ Orand ModEer Ty JheReg IRydeERds 104
di spl ays, at the upper |eft coordinate of the 20renderjng range 913, pixel
data at POCESSNGIBRANH 4 Qtﬁpﬁ@q@gﬁﬁu&rﬁp%fd?ﬁi%a IREIE T 40 FRRISIRILFEE | of
t he i mage, dat 3 t he. surpl us .Mbd( X), .= 4 i ft romthe
oixel dalh tixdl dis aﬁéamﬁ' Sifued H&Pﬁ“ﬁéémﬁﬁf’ﬁ‘%gﬂ%{‘)’oét tﬁ%ﬁ%ﬂ(ﬁ@f tbﬁd( Y) =
0 first d , i {0 I j ] r
i ght - cBERA AEHBEFET RIS Y EHRERL D 0B RE W ek Rt piel 82
20 at the upper left of the image data 603 by the surplus Mod(Y) = O first, and
subsequently, renders data until coming to a lower-right coordinate of the rendering
range 911.
[0188]
(2) The rendering processing means 104 calculates a surplus Mod(X) by dividing an X
25 coordinate at an upper-left coordinate of a rendering range 912 represented by the
rendering-range upper-left coordinate 902c by the width of image data 603 and a
surplus Mod(Y) by dividing a Y coordinate at the upper-left coordinate of the rendering
range 912 represented by the rendering-range upper-left coordinate 902¢ by the
height of the image data 603. Here, since the X coordinate at the upper-left

30 coordinate of the rendering range 912 is "8" and the Y coordinate is "0", the surpluses
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25[ 0190] (4) The rendering processing neans 104 cal cul ates a surplus Md())
by obtained dividing an X coordi nate at the upper-left coordinate of a
rendering range 914 represented by the rendering-range upper-|eft

coordi nate 904c of the rendering request 904 by the width of inmage data 603

and a yiphbg pyRflivingolbbaidirginbie BPeHaisllagsaohtheasiteh bRthe iftageltata 603
upper-left coordinate of the rendering range 914 represented by the

render iiggeprapgstedpReiolbebt  Mi(H) rdl en@ W (WY =the Tiedrghhe eéndéring mage dat a
603. Here, since the X coordinate of the upper-left coordinate in the

r ender iprgcessiyg mizbhsi K04' di§plagadat the uppeoefticoatinats of #ig renderisgrphgs es
obtai ned by dividing the coordinate by the value "r of the width of the

i mge ®it2a pb@ddata sz poeitientséifteasrighdwachirompiieigiata @ taadppeeietof the 4,
Then, the rendering processing neans 104 displays, from the upper |eft
&oor di riaegs dsta ﬁﬁ@%VethéeSMng'S%A%é() F10 ,anﬂistuffedj@@wn\e@rdafreﬁbhhﬁ Rixeldata t ed

rightward from pi xel data at the er left of the i ata, 603 by the
sur pl u#tipe uppet leftpfihe IvAge Caép @@mhﬁsﬁwlyﬁéﬁ%ﬁ?{kgﬁgﬁrﬁg(ﬁ“@ = 4, and
renders until comng,to.a |ower right coordinates of,the rendering 10range
S R R R B LR A e S R AT e
Mod( X) b ddi.vi di’g%s%X coordi nate at an upper-left coordinate of a
renderirﬁé ?%’?}%Ea presented by the rendering-range upper-|eft

coor din t‘§9]905c by the width of inmage data 603 and a 15surplus Md(Y) by

di vi di g "(coordinate at the upper-left coordinate of the rendering range

e e s e R

upper - | &fohdipary st A1 BpSLICHNR Jr@RERY bW rdritdmgThhgk D 1318 pretrhtddBy &eor di nat e
is "0", the surpluses obtained by dividing the coordinate by the value "8"

of the rahdéfn@tarideugdempaecdadina0R3sby tHy wiithbeihage tatd @& and/d(X) Lr--
0 and Mbd(Y) = 4. Then, the rendering processing neans 104 displ ays, at the

upper lsirplue ddodiivh dyelivitlinghe Yrewdeinategat thegep @t Seft poaelinatatad the rendsosigt i on
shifted rightward from pi xel data at the upper left of the inmage data 603
by the rang@lod8 rivposkntedd by thentersleiringedndewmperdeft ceoordiraée p0Rebydbea at t he
upper left of the inmge data 603 by the surplus Md(Y) = 4 25first, and

Kubsequwightyof the irdege diated 60%mt Here, $itgd theokicagrdivate atdhe trpegleft coor di nat e

of the rendering range 915. [0192 ) )
coordinate gf the rgndering ra[nge 9]3 is "12" and the Y coordinate is "0", the

surpluses obtained by dividing the coordinate by the value "8" of the width of the
image data 603 is represented as follows: Mod(X) = 4 and Mod(Y) =0. Then, the
rendering processing means 104 displays, at the upper left coordinate of the

20 rendering range 913, pixel data at a position shifted rightward from pixel data at the
upper left of the image data 603 by the surplus Mod(X) = 4 and shifted downward
from the pixel data at the upper left of the image data 603 by the surplus Mod(Y) =0
first, and subsequently, renders information until coming to a lower right coordinate of
the rendering range 913.

25 [0190]
(4) The rendering processing means 104 calculates a surplus Mod(X) by obtained
dividing an X coordinate at the upper-left coordinate of a rendering range 914
represented by the rendering-range upper-left coordinate 904c of the rendering
request 904 by the width of image data 603 and a surplus Mod(Y) obtained by

30 dividing a Y coordinate at the upper-left coordinate of the rendering range 914
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As descri bed above, since the rendering processing neans 104 repeatedly
renders image data while increnmenting witing destination addresses in an
ascendi ng order in accordance with a rendering repeat condition, the
rendering processing mneans 104 can operate independently fromthe central

pr oces SicRgdBaas b} Ale WhdirgPRNgERRPdrii¥e cherfieste MDicshP@ef HigRthf the

Accordingly, a load applied to the central processing neans 101 can be

r educedmdges ddtarsoy. e Héraesingahies Xofoardimdes ohthe gepeades coandibateriedheeed whi ch
is preferable in terns of save of a storage region. 5[0193]

Fur t herrenderingyapgs Do4 s ' "tdrel thend eoomiingieds 84's the aurplusgsfotdainad bypper
portion of image data obtained by shifting i mage data by surpl uses obtai ned
by di vidividinatherctiardinates by ths valued” opther widgh of teoimigeatatadiO3aisr enderi ng
range by a width and a height of the image data, portions of the inmage data
can be 'epresanted asialloveyi slﬁpdﬁ)@d: Qrﬂ!‘d/MP%()YDf Aenap@ﬁﬂnﬁ‘qo'méléﬂ%s can be

PEELQFE&%@%E&&%&“@ ﬁﬁi%amﬁ&%ﬁfq%ﬁ“cﬁgw@aﬁ%%éf NGBS can be
r , n rdi . .

i ﬁﬁé?g@;%ﬂ?ﬁ%f’xé HAtth Tﬁﬂﬁl‘tléhes’ﬂﬁ‘?’éd"rﬁs'i}w%éiﬁ?eweéfxgﬁs&%%f’aﬁﬁé% R R or

. ' Reliod data Bl B GubbEaiodoai Bariaiiria AERLEITHY ik FIRTR, "
Fander | MBI R ant 360 (PP EGERT o o g SRR R R,

i®9i sterranéé@mt_a solid square rendering function register 114b, and an

I mage rendering function register 115b. These registers are collectively
referrggqbgras "function registers". Furthernore, storage neans 118 does
not include a rendering request region 121. 25Qther configurations are the

sane as(5) Tpeaehticfnd pebdaBinglmeans riodeskiahace a anglueivd (8 by gioidingas Xar e
shown ?(r?gFi g. 24.El[ﬂ%195] I n Enbodi ment 1 descri bed above, the central

pr ocesst¢owgdimasnat 40 Lippediefi ch@atinatewf aesndenmderangg 9 Eqrepsesertted blydhe

rendering request region 121.
rendering-range upper-left coordinate 905c¢ by the width of image data 603 and a

15 surplus Mod(Y) by dividing a Y coordinate at the upper-left coordinate of the rendering
range 915 represented by the rendering-range upper-left coordinate 905¢ by the
height of the image data 603. Here, since the X coordinate at the upper-left
coordinate of the rendering range 915 is "16" and the Y coordinate is "0", the
surpluses obtained by dividing the coordinate by the value "8" of the width of the

20 image data 603 is represented as follows: Mod(X) = 0 and Mod(Y) =4. Then, the
rendering processing means 104 displays, at the upper left coordinate of the
rendering range 915, pixel data at a position shifted rightward from pixel data at the
upper left of the image data 603 by the surplus Mod(X) = 0 and shifted downward
from the pixel data at the upper left of the image data 603 by the surplus Mod(Y) = 4

25 first, and subsequently, renders information until coming to a lower right coordinate of
the rendering range 915.
[0192]

As described above, since the rendering processing means 104 repeatedly

renders image data while incrementing writing destination addresses in an ascending

30 order in accordance with a rendering repeat condition, the rendering processing
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However, in Enbodi ment 6, central processing nmeans 101 wites rendering
requests regarding various rendering functions to the line rendering
function register 112b, the square frame rendering function register 113b,
the solid square rendering function register 114b, and the inmage rendering

functi QRes89H B8l @anbbekateaMhE e RIS H M8e CEAYESIrocOEdiRg RRSHsMD1 @hase of
the function registers is witten, "a correspondi ng one of the rendering

funct i qns rggsttReentenaeid Parformet c okctndiagh, hhoddapphediey ihegcareailiest .
[ 0196] According to this nmethod, the rendering request is not

r equi r egdotesdieg nsssned! MOtdm bagbdades. stRurdgemueantheIiBnbemaf randerinly ngl y, an
I/ O process | oad regarding the rendering process can be reduced. [0197]
The st aequestsplaaybeadmduced veuchisiprejenadlcEimiednawihsate vbaBtdyaderregions are
?£pl icable to a display device which displays a state of an air

ndi ti[6m€8], and in 15addition, are applicable to display devices of
various electric devices which display a power-activation state, a power

S o R B O o: ooy 7 o tage, “@IUILGPRAT VAT, or Lhe

101 ce rﬂorrg‘P” Bf g'&%%"g Bﬂt@ ﬁﬁ'ﬁaw[?dl%%ﬁ@wgd”}a&&. %qq@rsbe’ %Bﬂéﬁﬁﬁﬁtﬁi”%‘gm ess ’
o St g A0S 980 3 P P BBerc e L ATBHES B 6 = 8B

[t er ' U] SRl ST ikl Shvg, BRI RT0L DFpBETRR 8ol BEIcHBLIecld T ender i ng
15" [ ATRIEAdEd bRG VBYEGUinaeHh Selbdeai BoTRRURRERD MIEH his dokB, | moe

requestyphditbAphry witi &lcdeandefd AUnt rdhdedriProcédd id Sasiidy tay auhdrl ity

state storage unit, 118 storage means, 119 display programregion, 120
devi ce gfeBhd&indPEHBUIRIDAEGRADe EAlicéENdle] hogbrir@ue stficiawyaT thd 2dedérender i ng

request region, 121b rendering request 30region, 122 rendering result
regi on,pré2&sd capubd impysiteal. di splay unit, 124 display
[0194]
15 Embodiment 6
Fig. 24 is a block diagram illustrating a function of a state display device
according to Embodiment 6.
The state display device of Embodiment 6 has a configuration the same as that
described in Embodiment 1, and additionally includes a line rendering function
20 register 112b, a square frame rendering function register 113b, a solid square
rendering function register 114b, and an image rendering function register 115b.
These registers are collectively referred to as "function registers".
Furthermore, storage means 118 does not include a rendering request region
121.
25 Other configurations are the same as those of Embodiment 1 described above,
and only main portions are shown in Fig. 24.
[0195]

In Embodiment 1 described above, the central processing means 101

individually writes rendering requests to the rendering request region 121.
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address register, 125 liquid crystal screen, 126 liquid crystal controller,
131 to 135 arrow mark, 200 rendering request group, 201 to 206 rendering
request, 203A rendering request, 300 rendering request group, 300A
rendering request group, 301 to 304 rendering request, 30la instruction
type, 301b resgevémm Emwbairﬁen@,ydmr_aBEﬂdcelse rmkghé 1008 aésderyld

| ower-right coordinate, 301le line thickness, 3011 rendering color, 303A

r ender i pgueetuegardid yasous eenderrgefundtidnsauiedinkrrenderidg ursstiondegigtar e,
403 line, 404 rectangul ar region, 501 and 506 rendering request group, 502
to 505 tElddne sgquaegiuase, rebo@ring flst®ioneadistarmy 3betheesalid SNbre eaodening
request, 60la rendering starting instruction, 601c 10rendering range

upper - | ihction cegibieat!@4b sand theeintkgd repdeangdunatiosy regisiat 1tdor di nate, 601e
rendering repeat condition, 601f rendering i mage address, 602 i mge dat a,
693 i mage dafVaenguEndenne readeT agEesPe0dingdadas ofghe dwerionTregisteigder i ng
range, 801 rendering rciaquest, 80la r nglj_&rf' ng_start i nstruction, 801c

r ender | WHLeRR EO(IBHRONTIBY CNE Stk FRRAET N YACH NP IS NGB - ri ght
coordi nate, ,801e égr nder i ng&re eat, condition, 8011 rendering inmage

addr ess2CEIANCHYENthG 'eRARIEG €9865% rendering start instruction, 802c
renderi @q Bjinge upper-left coordi nate, 802d rendering-range | ower-right
coordin tg, 802e rendering repeat condition, 8021 rendering i nage address,
901 renderi ! : ran I N0 = coandi o P01d
rendering-r %‘{é’?ﬁ'ﬁﬁég’? ?'?gﬁ%thggb&g Ene@tg gﬁﬁggﬁlﬁ%ﬁ%gbfﬁé&uﬁﬁgég b%g%(gi}ud?(gss, 902

ygnderi gy H%S]é,tor r‘heraﬁquBi,Q %%ear%i%g% h@&froe@g%a&bgam@ﬁ&ﬁqe

renderi ng-range o -ri1ght coordil nate, 1 rendering I nage addriess, 903

render i RehdefflY PrbcesiOih bENERIdL- range upper-left coordinate, 903d
rendering- range | ower-right coordinate, 9031 rendering inmage address, 904

renderijogorgquest, 904c rendering-range upper-left coordinate, 904d
renderi ng-range | ower- 25right coordinate, 9041 rendering i mage address,
905 render i nthe sitedisplf0fevicendesdrdipgaodembpgierentdf to Embodinmertd a@05d
rendering-range |ower-right coordinate, 905f rendering i mage address, 911
r ender i aygplicablpeto @ dBptayndevicawhicndieplags statalel amgircandiéionel anddnder i ng
range, 915 rendering range, 951 i mage height, 952 image w dth, 955

tender i additipritare aw%cablﬁd@rdlwahéeglﬁw ohgaripus eleslin dgvicesewhish, dismay & r ow
mar k, 981 rectangul ar region, 091 arrow mark, 1101 rendering range, 112b
line rePREEI-ACtMAIRBISIAE, PRV shut-gows Rgthade apdahdevien giate %y FURKRISH AR
register, 114b solid square rendering function register, 115b inmage
render i W@gf%ﬂcﬁxgr?rgﬁﬁﬂg?er CLAI M5

Reference Signs List
[0198]

20 1 state display device, 100 controller, 101 central processing means, 102
main register, 103 command address register, 104 rendering processing means, 105
rendering register, 106 instruction address register, 107 start/end instruction
register, 108 interruption factor register, 109 rendering address register, 110
rendering processing unit, 111 interpreter, 112 line rendering circuit, 113 square

25 frame rendering circuit, 114 solid square rendering circuit, 115 image rendering
circuit, 116 rendering range limitation storage unit, 116a request limitation, 116b
rendering limitation, 117 rendering availability state storage unit, 118 storage
means, 119 display program region, 120 device control program region, 121
rendering request region, 121a rendering request region, 121b rendering request

30 region, 122 rendering result region, 123 liquid crystal display unit, 124 display
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[Claim1l] A state display device conprising: a liquid crystal display unit;
a draw processing unit that perforns draw processing necessary for the
liquid crystal display unit to display a screen; a central processing
unit that generates a draw request causing the draw processing unit to

e ondibl e u TR 12 ] envstal s BT ol oY s SRRRER S e o2

; . . ]
i cacuty ik 209  rendGiBERE o207 SRS BOLUARS Badcdiaeange | P
centr a'renagﬁrgq gérggaste,%do S@@L@hﬁqggasggﬁg%@@/v Nehfri rsaaésvgvidup,t he

menory uni I'mage C phics or text, The draw processing

unit 309 tdmuméﬁrfge@qabﬁa 3ohat ihgira@uomyaesism a&nddringrunbgodr aw

request 1s being stored in the menory unit, acqui res the draw request

being {98 ethid LpseRRRdbrdiRbte, B0 1HheoR@siigheEobldtnAddBeRs Nekmigickedsd, i n
the register, perfornms draw processing in accordance with the draw

r equest3andenloni®S clof,ES0IA ﬁéndeh'mgdég\aleﬂr, G08s Hongen imhde, 4ENDEYuAR dr aw
data necessary for the liquid crystal display unit to display a screen, and
i n the fease, 402 aselimsqasid, ¥e3nekte, d0dw reetpresiar regione $§0aranaidsli®ess of t he

next draw request to the register, and the liquid crystal display
uni t i geaderng rédwst droyd, H02 ta Fiar eendemingireqbest) 506fto 5he deadedaga bei ng
stored in the nenory unit, and in the case in which the draw request

i s an ireggesty 66hi neadednavequashediiayi venpringsstatiogiiosisuctiondb8ict he i mage
date according to a renai nder, the draw processing unit perforns draw
18} ocesgendetingrangmpppessiefl coerdinaige 6038t dendering randa @weg-rtahs gpardinate,
coordinates on the liquid crystal display unit indicated by the draw range
by a wi@ltle ofendesingriggeatieansitieh #0jénspadedng Weaas ad@'@&fSaGé/%aﬂmag% SRk
mage (G IMATESH, 80y SReERD RaRGR. /01 GAHRED RS oTH o FnSTRy "devi ce
"rmge. reREEAGT | aPEHPSLiRAMESt R0 BIOBHBE SLLT RS TURTn BUTE fendering” "
range upper-left coordinate, 801d rendering-range lower-right coordinate, 801e
15 rendering repeat condition, 801f rendering image address, 802 rendering request,
802a rendering start instruction, 802¢c rendering-range upper-left coordinate, 802d
rendering-range lower-right coordinate, 802e rendering repeat condition, 802f
rendering image address, 901 rendering request, 901c  rendering-range upper-left
coordinate, 901d rendering-range lower-right coordinate, 901f rendering image
20 address, 902 rendering request, 902c rendering-range upper-left coordinate, 902d
rendering-range lower-right coordinate, 902f rendering image address, 903
rendering request, 903c rendering-range upper-left coordinate, 903d rendering-
range lower-right coordinate, 903f rendering image address, 904 rendering
request, 904c rendering-range upper-left coordinate, 904d rendering-range lower-
25 right coordinate, 904f rendering image address, 905 rendering request, 905¢
rendering-range upper-left coordinate, 905d rendering-range lower-right coordinate,
905f rendering image address, 911 rendering range, 912 rendering range, 913
rendering range, 914 rendering range, 915 rendering range, 951 image height,

952 image width, 955 rendering width, 956 rendering height, 961 rectangular
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conputes a renai nder obtained by dividing display coordinates on the |iquid
crystal display unit indicated by the draw range by a hei ght of the draw
data, and generates the draw data that displays data offset downward
by the renmai nder value fromthe top edge of the inmage data in the display
coor di nat es. aj ] e di j ce LSRG aaqddQui d crysta
di spl ayraelgﬁqr{,;éﬁ 5%®én§]'£\?/%gr Or%ggag{g?%ar&%moﬁt ﬁg?%@gmrkdﬁa%ﬂpr ocessi ng
necess f t i id € I j o hEpl n; a
Cont r ar ofeislhg fige, ", fiQ RrBloroahaorRidictbh 11360 Rlcfe KEMREE. ar

pr OCeSS?é?ﬂempngﬁﬁio?ﬁreb%rté‘ﬂ, @Mgfg’l @oﬂ&?ﬁﬁbf@ierﬁfé?ing functiorPre¥RITBF M18pI t Wi th

respect to ata i's read e and witable by the draw processing unit
and t hejeeqd fé}{deﬁhgqgﬁ&id’,\grelgmtéﬁ wherein the draw request includes a
draw range that indicates a'range to be displayed on the liquid crystal
ddbsplay unit, the central processing unit stores the draw request in the
menory unit, the nmenory unit stores i mge data such as graphics or text,

t he draw processing unit i ncludes a register that hol ds an address
at which the draw request is being stored in the nmenory unit,

acquires the draw request being stored in the nenory unit on the basis of
the address being held in the register, perfornms draw processing in
accordance with the draw request, and stores a result of the draw
processing in the nenory as draw data necessary for the liquid crystal

di splay unit to display a screen, and in the case of a consecutive
next draw request, wites an address of the next draw request to the

regi ster, and the liquid crystal display unit is a unit that

di splays a screen on the basis of the draw data being stored in the nenory
unit, and in the case in which the draw request is an inmge

remai nder draw request giving instructions to draw the i mage data accordi ng
to a remai nder, the draw processing unit perforns draw processing that
conputes a renai nder obtained by dividing | eft-edge display coordi nates on
the liquid crystal display unit indicated by the draw range by a w dth of
the inmage data, and generates the draw data that, starting from displ ay
coordinates on the left edge of the draw range, and treating data offset to
the right by the remainder value fromthe |l eft edge of the inmage data as a
reference point, displays data on the right side of the reference point,
and in the case of reaching data on the right edge of the imge data before
reachi ng di splay coordinates on the right edge of the draw range, displays
data on the right side staffing fromdata on the |eft edge of the inmage
data. [C ai m 4]
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The state display device of claim3, wherein in the case in which
the draw request is the inmage renai nder draw request, the draw processing

unit conput es a remrmai nder obtai ned by dividing top-edge display
coordinates of the liquid crystal display unit indicated by the draw range
by a height of the inmage data, and generates the draw data that,

starting fromdisplay coordinates oGLAKS op edge of the draw range, and
treati ngééj_ata of fset downward by the renai nder value fromthe top edge of
the i nd§d@idath as a reference poi nt, displays data bel ow the reference

poi nt, and i@s{gﬂﬁid% géYiE:é%mc??%f ta on the bottom edge of the inage

data before reac play co ates on the bottom edge of the draw
range, di splajiguidargstbkedioplagtuanitti ng from data on the top edge of the inmage

data. [Claim5] The state di.spl a vice of any of claiml t i 4,
wherei h ' dlaw, Broqesaing g Qe PerPBH Ay ocesotnst neeesary (@R, pe
I'iqui d Gyl aksp@ySitliets dieyag® screen; the draw processing unit causes
information I ndicating an e ssion position on the liquid crystal display
unit and an @nestsalgrocessing uhithafganeraless dravdraqvesheavgingite dFAW as t he

the bagt 0ostsonuniip o5 s eFELTE A ehi 2Xi on col or specified by the
draw data. g memory unit with respect to which data is readable and writable by the draw

processing unit and the central processing unit;

wherein the draw request includes a draw range that indicates a range to be
displayed on the liquid crystal display unit,

the central processing unit stores the draw request in the memory unit,

the memory unit stores image data such as graphics or text,

the draw processing unit

includes a register that holds an address at which the draw request is being
stored in the memory unit,

acquires the draw request being stored in the memory unit on the basis of the
address being held in the register,

performs draw processing in accordance with the draw request, and stores a
result of the draw processing in the memory as draw data necessary for the liquid
crystal display unit to display a screen, and

in the case of a consecutive next draw request, writes an address of the next
draw request to the register, and

the liquid crystal display unit is a unit that displays a screen on the basis of the
draw data being stored in the memory unit, and

in the case in which the draw request is an image remainder draw request
giving instructions to draw the image date according to a remainder, the draw
processing unit performs draw processing that computes a remainder obtained by
dividing display coordinates on the liquid crystal display unit indicated by the draw
range by a width of the image date, and generates the draw data that displays data
offset to the right by the remainder value from the left edge of the image data in the

display coordinates.
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[Claim 2]

The state display device of claim 1, wherein

in the case in which the draw request is the image remainder draw request,
the draw processing unit

computes a remainder obtained by dividing display coordinates on the liquid
crystal display unit indicated by the draw range by a height of the draw data, and

generates the draw data that displays data offset downward by the remainder
value from the top edge of the image data in the display coordinates.
[Claim 3]

A state display device comprising:

a liquid crystal display unit; ‘

a draw processing unit that performs draw processing necessary for the liquid
crystal display unit to display a screen;

a central processing unit that generates a draw request causing the draw
processing unit to perform draw processing; and

a memory unit with respect to which data is readable and writable by the draw
processing unit and the central processing unit;

wherein the draw request includes a draw range that indicates a range to be
displayed on the liquid crystal display unit,

the central processing unit stores the draw request in the memory unit,

the memory unit stores image data such as graphics or text,

the draw processing unit

includes a register that holds an address at which the draw request is being
stored in the memory unit,

acquires the draw request being stored in the memory unit on the basis of the
address being held in the register,

performs draw processing in accordance with the draw request, and stores a
result of the draw processing in the memory as draw data necessary for the liquid
crystal display unit to display a screen, and

in the case of a consecutive next draw request, writes an address of the next
draw request to the register, and

the liquid crystal display unit is a unit that displays a screen on the basis of the

draw data being stored in the memory unit, and
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in the case in which the draw request is an image remainder draw request
giving instructions to draw the image data according to a remainder, the draw
processing unit performs draw processing that computes a remainder obtained by
dividing left-edge display coordinates on the liquid crystal display unit indicated by
the draw range by a width of the image data, and generates the draw data that,
starting from display coordinates on the left edge of the draw range, and treating
data offset to the right by the remainder value from the left edge of the image data as
a reference point, displays data on the right side of the reference point, and in the
case of reaching data on the right edge of the image data before reaching display
coordinates on the right edge of the draw range, displays data on the right side
starting from data on the left edge of the image data.
[Claim 4]

The state display device of claim 3, wherein

in the case in which the draw request is the image remainder draw request,
the draw processing unit

computes a remainder obtained by dividing top-edge display coordinates of
the liquid crystal display unit indicated by the draw range by a height of the image
data, and

generates the draw data that, starting from display coordinates on the top
edge of the draw range, and treating data offset downward by the remainder value
from the top edge of the image data as a reference point, displays data below the
reference point, and in the case of reaching data on the bottom edge of the image
data before reaching display coordinates on the bottom edge of the draw range,
displays data below starting from data on the top edge of the image data.
[Claim 5]

The state display device of any of claim 1 to claim 4, wherein

the liquid crystal display unit comprises a full-dot type liquid crystal display
device,

the draw processing unit causes information indicating an emission position
on the liquid crystal display unit and an emission color thereof to be stored in the
memory unit as the draw data, and

the liquid crystal display unit displays a screen on the basis of the emission

position and the emission color specified by the draw data.
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