DATA PROCESSI NG APPARATUS AND | MAGE FORM NG APPARATUS BACKGROUND 1.
Technical Field The present invention relates to a data processing
apparatus and an inmage funning apparatus. 2. Related Art In a data
processi ng apparatus, when power is inputted (turned on), hardware is

initialized , rati A i cation
progran1(prnggh%ﬁ§ﬁ§%5b§§éﬂﬂ?ﬂggﬁgSQ;H?Hﬁgﬁgfﬁgﬁﬁﬁhg%§$§gﬁﬁh address on
the main nmenory storing beginning address of a programto be executed is
set in a programcounter (PC). As a result, 'he data processing apparatus
beconmes an operabl e state. JP-2005-0 10897- Adi scl oses a cal cul at or
systemin which a systemis ini tBAtKOEROYYNPa nain menory i mage stored. in a
nonvol atile nmenmory unit. file nonvolatile nenory unit constitutes a part of
a mai nl.Mmeomriyaldésidce. When a witing access occurs for the first tine after
the systemis operated for every area of a. predeterm ned width of the main

NMENDry i Magehe PdbéntahvdniionaeReesits £ otk @lodessiag \Wppdraddk @ndnd inexgdabheingai n
menory unit constituting another part of the main nmenory device to wite on

the copyars@nd thereafter, the access to the main nenory inmage area which is
conpl et d w th the copy is switched into the access to the copy.

JP-20 | 0-026674- A discloses a sem conductor integrated circuit that uses
the nonvolatile nmenory without restricting the nunber of rewite tinesas an
operatéﬂg%q%% storing area. The sem conductor integrated circuit includes
a CPU orns a predetermned operation with respect to a plurality

of data mhlch a stored in an address desi gnated 0|nter and
stored in aInp?é{i'éq EFGFFHERe ﬁHﬁ’Pﬁ%tPS’oWﬁ%’Hcﬂ’Pé@E $ IER]{S@QM? On Rarawars' is

initialized and thereafter, an operating system (OS) and an application program (program) are
loaded (written) into a main memory. An address on the main memory storing the beginning
address of a program to be executed is set in a program counter (PC). As a result, the data
processing apparatus becomes an operable state.

JP-2005-010897-A discloses a calculator system in which a system is initiated from a
main memory image stored in a nonvolatile memory unit. The nonvolatile memory unit
constitutes a part of a main memory device. When a writing access occurs for the first time
after the system is operated for every area of a predetermined width of the main memory
image, data of the area is copied to a writable and readable main memory unit constituting
another part of the main memory device to write on the copy, and thereafter, the access to the
main memory image area which is completed with the copy is switched into the access to the
copy.

JP-2010-026674-A discloses a semiconductor integrated circuit that uses the
nonvolatile memory without restricting the number of rewrite times as an operation data
storing area. The semiconductor integrated circuit includes a CPU that performs a
predetermined operation with respect to a plurality of data which are stored in an address

designated by a stack pointer and stored in a predetermined number of addresses subsequent
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to the designated address in the nonvolatile nenory. The CPU stores an
operation result of the predeterm ned operation in the address designated
by the stack pointer. And, when a power supply of the CPUis turned off, a
val ue of the stack pointer in a cycle when a power supply of the CPU is
turned off .is stored first in a. predeterm pned ress in the nonvplatile
rermor 1 T e LS 1 e TR BTG Yot TG TLPUOTS 9f GPHEGC DI SOMMRY
However, when an off state is switched to an on state, the dat ocessi ng
appar dherédsteragnedr epgrationriatthe mddiepedesagnatsd by the,gadk aeiaiery n‘ge ]ir’J‘?nea bei ng
switched to the off state and continuously process information fromthe

st at e jowst shgflproé tireCRY iswirneheff, ¢ valan oftlie Yack eointer in a cyHe WheR 8aptver

i nvention has been made in an effort to provide a data processing apparatus
that capplgasttthe @S iy tupkedce® s stofedriirat incanpfetetarmainsd atdregsuist thbeboy@atdei ng
switched to an off state by returning to the state just before being

swWi t chgenb®, hlterhefehfist Ble§owReurplPomaE CPUPRItmes oW t ched to an on state.
(1) Accordi'ng to an aspect of the invention, a data processing apparatus

i ncludes an operation unit, a witable and readable volatile register, a
writable and readabl e nonvol atile nenory, a first witing unit, a second
witing unit and a wite-back uniFUhﬁagdgperation unit perfornms an
arithnmetic operation and a | ogi cal "operation. The witable and readabl e
vol atile register stores data used in the operatjions perfornmed b h.
operation URPYEVernEnSH b FEeIR SWHERHHBI8 FoiiG th? af’% PRI S }r/agﬁs The
data in parallel with the volatile register. The dat tored |n the

nonvol avires feerrbiy immedigelyaioaths tséite dist Petaie b&mgaw@eﬁ? dgiths aff stahdnd; r st
witing unit wites the data in the volatile register. The second witing
uni t 1BtiBuaslyt preceratzfoimatidneor theitaie juse beferroreyng #igdedr &l oRS@I-t he first
witing unit every tine the data is witten in the volatile register. The
Wit e-back Timd prasentt esetrinok hadh deeatnaadst or ed déffort he providolaatitheproesssing t o
the volatile register when a power supply of the data processing apparatus
I s turgdra@it that can confiroudlp@ré@bainisraneiss fingn apparjatibeidrabting switniddudes a
data transm ssion bus. 'the data transm ssion bus is between the

nonvol %f bitg QafERP LuAME foNBe VRlAub 1168 Welotfwitthed W iHeeTbasis withta yavidres
back the data stored in the norivolatile nenory to the volatile register

t hr Ougq;gé!}elts%@Et@hédrtﬁ‘%ﬁ%%ﬂté?n bus. (3) I'n the data processing

appara% e nonvolatile nmenory stores a reset vector for resetting the

data proces l) {}ﬁc&gg%rgg: § ilqus) ﬁslpgcﬁtla%dt'h%.hrgv%géﬁ%t §aed ?r&:egﬁﬁ 6. 5§ i e@thons

performed b processi ng ratus further

i ncl udes a, desi.gnati.on uni i.ch desi gnat es whi one . of the dat d the
reset QRSERHM ‘i‘@gv@r Wf‘fagHi H&tf@%@q‘? HBI%{SA?I %lsfeé’ ?3‘6}%&1‘5?@ T?‘Pé]a%ciqogy?a)%@ uni t
wites back any one of the data and the reset ve%t or whi c,B]i s desi qlnat ed by
the dewkgeat AJHSUHINENE BifHesegoIhYTIHBE Paigipag arvrite-back unit. The operationtinit

performs an arithmetic operation and a logical operation. The writable and readable volatile
register stores data used in the operations performed by the operation unit. The writable and
readable nonvolatile memory stores the data in parallel with the volatile register. The data
stored in the nonvolatile memory is the data stored in the volatile register. The first writing
unit writes the data in the volatile register. The second writing unit writes the data in the
nonvolatile memory in parallel with the first writing unit every time the data is written in the
volatile register. The write-back unit writes back the data stored in the nonvolatile memory
to the volatile register when a power supply of the data processing apparatus is turned on.

(2) The data processing apparatus further includes a data transmission bus. The data
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(4) The data processing apparatus further includes a nonvol atile reset
vector nmenory, a designation unit and a switching unit. The nonvol atile
reset vector menory stores a reset vector for resetting the data processing
apparatus. The designation unit designates which one of the data and the
reset vector.is witten back to the volatile i ster. The sw.tching unit
Swi t ¢ HESRISS st ’isol?‘F?‘f’?Fna r@ﬁgo%?letwgnﬂgn%‘{ ﬁ%l Y& TS5t g Fhe dat a
and the nonvolatile reset vector nenpry st(ﬁrlng the reset vector which is

desi grick iy Wiles breki Gsadatestaied i thiaoprqlstp FBRmeky: (nfer ¥aBSIeESIFE any
one of the data and the reset vector to the volatile register o the

nonvol thtauigh theedats frammissien bisnvol atil e reset vector menory to which the
connection is switched by the switch unit. (5) The data processing
appar at us @y rhée dancprodessing. apperans) Hicidoavotatile memorystorthe resshvedtat fore nai n
menory stores a programfor controlling at |east an operation of the data

pr ocesgidiihARRArdatalprocessing appAratub Nint A@lidét ao ptheC&ss iuzgd appaeabpesatidnbe
nonvol atil e nmenory is any one of an MRAM a FeRAM a PRAM and a KeRAM

(7) i t C i ar S h i i jsSaan
AL sy N e e e A Wt St

(of " NRAM "a FeRAW &'PRAW and . | cor
R e R e A AL o P

For i e SHIEHTE SRS noPREE T ORebATL THET Dbt SRk The Fosk R o o
and readabl e volatile register, a witable and .
which is designated by the designation unit to the volatlﬁe register.

(4) The data processing apparatus further includes a nonvolatile reset vector memory, a
designation unit and a switching unit. The nonvolatile reset vector memory stores a reset
vector for resetting the data processing apparatus. The designation unit designates which
one of the data and the reset vector is written back to the volatile register. The switching
unit switches a connection to any one of the nonvolatile memory storing the data and the
nonvolatile reset vector memory storing the reset vector which is designated by the
designation unit. The write-back unit writes back the any one of the data and the reset vector
to the volatile register from the nonvolatile memory or the nonvolatile reset vector memory to
which the connection is switched by the switch unit.

(5) The data processing apparatus further includes a nonvolatile main memory. The
nonvolatile main memory stores a program for controlling at least an operation of the data
processing apparatus.

(6) In the data processing apparatus, the nonvolatile memory is any one of an MRAM,
a FeRAM, a PRAM, and a ReRAM.

(7) In the data processing apparatus, the nonvolatile main memory is any one of a
MRAM, a FeERAM, a PRAM, and a ReRAM.

(8) According to another aspect of the invention, an image forming apparatus includes
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readabl e nonvol atile nmenory; a first witing unit, a second witing unit
and a wite-back unit The operation unit perforns an arithnetic operation
and a | ogical operation. The witable and readable volatile register stores
data used in the operations performed by the operation unit. The witable

and readabl e onvol ati | st or. he dat I el with the

vol at i Pe!MaEgi ’F‘é‘Pg “?Héangé‘f’élq%?%?%u’i“ g?%’i“flg ﬁe mory™ & %m fat a
stored in the volatile register Theflrs Witi unit . :j,ﬁa}}sthe data in
the volegeiding Wegigt erlh eﬁﬁ%ﬂ%&@ﬂ&ltvﬁomrpﬁé fHpes 9?%% PHE dHeanPHqR
nonvol atile nmenory in parallel with the first witing unit every ti ne t he
dat a iwnitvindedss donopdratigrplaiti pevri@plestnst reagtplde iralatde Fagirten m twrmb ¢ @gdhack.
the data stored in the nonvolatile nenory to the volatile register when a
power mtgyblynafvotdiige meagey, fadirsi wgtisgpait,at sesondswriting edit end a write-badkcewt.di ng
to the invention of (1), as conpared with a case where a nonvol atile nmenory

I'S notTIY eydratesh unih@BrfemBome hrithtRpt Ypbstioh nRd aological ogdratiqar 0d@s siritgble
apparatus can be restored to a state just before the power supply is turned

of f 10y erch @b %l‘aﬁfesl%gﬁgar GRIES BHQUSEY irf ReMBpehRions ?Eﬁoﬂrﬂb‘élt bpeleiRrdida pover
supply I's turned of ccordlng to the invention of (2), as conpared

Wth a,g8as efh%&lhgibﬁ@gncp "y {281 HhRRy IstrfOthePdRY '19%]qrallteh%vl?ixaﬁ1%

processi ng apparatus can e rapl Fy restored to the state just before the

power s i.s tur to t.he i b and
(4) as ‘ggtﬂﬁlél?%ﬁ T tTn etdl"?ga $oed IWr%mf'?lg rg%% 1821}, fa{%pta {9 oﬁ ﬂi?é V&g%le

provi ded, when the power suppl: tur ned on e data ocessi ar at us
can s e‘leékﬂqrveﬂ}/e Bé“ STt unrlgg’Fg‘isetg e dgtaipdhg QIPE{% HEE Pef @i‘eesetcﬂlé‘? g’é&ﬁg
supply is turned off or reset. According to the invention of (5), as
conpar et writds thdate as@emev@a&llﬁénw%émpareBﬁfW’gluF@tﬁréthﬂ%nwvt presy iened,

power for storing the information of a main nenory or a transmtting tine
of mai themletaos writgnan tloe volatile deglitek  dihieveritedackenis wpidescleask dhe data storefdaor di ng
to the inventions of (6) and (7), as conpared with the case where the

pr esenthe @Rl olgtikaheon ® thetvoitiy raéder when deomeasepdy ofthopeagat foonmlg speed
of the data processing apparatus can be suppressed. According to the

i nvent iyar@ls it Bdmedsn.conpared with a case where the present configuration
i s not provided, Wien a power supply is turned on, an inmage form ng

appar at us Cﬁ&xﬂ&n et peedviRid §f b ak ‘b%hﬂﬁFJdOW@tht DRaROWBEreS i RiInYolhglet Ur ned
of f and continuouSly forman i mage fromthe state just before the power
suppl y eﬁlo}*}p{s%q p?(wlded when a power supply is turned on, a data processing apparatus can
be restored to a state just before the power supply is turned off to perform processing
continuously from the state just before the power supply is turned off.

According to the invention of (2), as compared with a case where the present
configuration is not provided, the data processing apparatus can be rapidly restored to the
state just before the power supply is turned off.

According to the inventions of (3) and (4), as compared with the case where the
present configuration is not provided, when the power supply is turned on, the data processing
apparatus can selectively be either restored to the state just before the power supply is turned
off or reset.

According to the invention of (5), as compared with the case where the present

configuration is not provided, power for storing the information of a main memory or a
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BRI EF DESCRI PTI ON OF THE DRAW NGS Exenpl ary enbodi nents of the
rnventions will be described in detail based on the follow ng figures,
wher ei n: Fig. | is a diagram showi ng an exanple of an overall
configuration of a data processing apparatus according to a first

enbodi pent ;... .. Figs. 2A and_ 2 f i: ns i exanpl e of

conf i gtﬁ?nﬁﬂltgﬁg ugie 9';1'8%? gfeinlloéy (ra%tﬁ E% grgr‘gdﬁgggﬁ‘ﬁeo%\%ﬁ%\%ﬁﬂ 5_&?}% r, gﬁ; Fig.
becomos. operdBrunt ananmaornel sphge ()7 a8 CofrRicd Fa JhgieaBr AFdeZer i bi ng
a route through which data (a reset vector) being stored in a nonvalatile
menor yPIENRE)CONEZHatens it 1ok Pre\aded. \iBE aierteass alyiagt erergtmopl speed; e thyy dotaof

Fig. 35 ~ Fig. 5is a flowhart describing an operation of a data
pr ocesgogsiagpapatius cambasuppBBsalor n nond; Fig. 6 is a diagram descri bing
t he novenent of data in an ADD command routi ne; 7 is a flowhart

descri bi ng Acddréing uot the Avestidna opr(8% ess coigpappawah us checoies drpepabée when
a power supply unit of the data processing apparatus is turned on again
(rest agdn@@hsation is not provided, when a power supply is turned on, an image forming apparatus

can be restored to a state just before the power supply is tuned off and continuously form an

image from the state just before the power supply is turned off.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the inventions will be described in detail based on the
following figures, wherein:

Fig. 1 is a diagram showing an example of an overall configuration of a data
processing apparatus according to a first embodiment;

Figs. 2A and 2B are diagrams showing an example of configurations of a volatile
register and a nonvolatile memory;

Fig. 3 is a flowchart describing a flow until a data processing apparatus becomes
operable from an initial state;

Fig. 4 is a diagram describing a route through which data (a reset vector) being stored
in a nonvolatile memory (NPC) is transmitted to a volatile register (PC) at step S102 of Fig. 3;

Fig. 5 is a flowchart describing an operation of a data processing apparatus in an ADD
command;

Fig. 6 is a diagram describing the movement of data in an ADD command routine;

Fig. 7 is a flowchart describing a flow until a data processing apparatus becomes
operable when a power supply unit of the data processing apparatus is turned on again

(restarted);



Fig. 8 is a diagram show ng an exanple of a configuration of an inmage

form ng appar at us; Fig. 9 is a diagram describing the relationship
between the image form ng apparatus and an apparatus that is connected to a
conmuni cation |ine; Figs. 10A and 108 are di agrans show ng a

conpari son hetyeen g. nornma] nmode and a .power-savi ng. node of. the
forni ng app‘!a)lg'a us;2 diagram Iﬁliﬁwmflaq §Xaén}?llgé)3‘reaaﬁ?whodl Sﬁ ABXENPY efo%?lgg
configuration of a data processing apparatus according to a second
errbodﬂ?@ﬁlta,mSE Fig. 12 is a diagram showi ng an exanple of a
configuration of a data processing alppar atus according to a third
enbodi ment ;Fign®lis a diagrfzn glescrdpingsthg relatigrshim betveen Biengnagn fesoaingappaptug
configuration of a nonvolatile nmenory in a data processing apparatus
accor dindgntapparafus ulidt s @mbededrend conDETALAED IDESCRI PTI ON Her ei nafter,
enbodi ments of the present invention will be described in detail with
reference tigé NeAas@OMBRAYYE idgrafiayoddsg a comparison between a normal mode and a
power-saving mode of the image forming apparatus;
Fig. 11 is a diagram showing an example of a configuration of a data processing
apparatus according to a second embodiment;
Fig. 12 is a diagram showing an example of a configuration of a data processing
apparatus according to a third embodiment; and

Fig. 13 is a diagram describing an example of a configuration of a nonvolatile memory

in a data processing apparatus according to a fourth embodiment.

DETAILED DESCRIPTION

Hereinafter, embodiments of the present invention will be described in detail with
reference to the accompanying drawings.

(Data processing apparatus 1)

Fig. 1 is a diagram showing an example of an overall configuration of a data
processing apparatus 1 according to a first embodiment.

The data processing apparatus 1 includes a central processing unit (hereinafter,
referred to as a CPU) 10, a nonvolatile main memory 31 constituted by a writable and
readable nonvolatile memory element, a volatile main memory 32 constituted by a writable
and readable volatile memory element, a bus bridge 40 connected to a data/address bus 41 and
an external bus 42 to be described below, a user input interface (UIIF) 50 into which a signal
for controlling the data processing apparatus 1 is inputted from a user, a communication

interface (IF) 60 connected to a communication line such as the Internet or a telephone
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(Dat a processing apparatus 1) Fig. 1 is a diagram show ng an exanpl e
of an overall configuration of a data processing apparatus | according to a
first enmbodi nent. The data processing apparatus | includes a central
processing unit (hereinafter, referred to as a CPU) 10, a nonvolatile main

menory 31 const.itute a Wi nd readabl.e nanvol atile ry.

o1 enertetvdy aniret il a8MCHERTE a0y e SRS rhp SRR o

vol atile menory el enent, a bus bridge 40 connected tq a data/address, bus 41
and arPusxpisriacH (SBIE) Hbwhereiserigl oy “cftlﬁgll%%rﬁ’émﬁg’é}n%i ARsLeer ismpinf PE §0-( VHF)
50 into which a signal for controlling the data processing apparatus 1 is

i nputted from datagwecessing wpiaiusat ifermharninelufesc gie( daty/addressohie t dadtbea
comuni cation |ine such as the Internet or a tel ephone network, an

i nput /ourpaltbusA2er f ace (1 ON 70 connected with an external apparatus, a
serial bus interface (8131F) 80 where serial conmunication is perforned,

and a powerB&Hpfak Wolktilé nSnory elemerthendddican@rvotaeiss nrgna@p pasmentsrefrebentt her
i ncl udes the data/address bus 41 and the external bus 42. Bot h t he

vol at i d1&m BRIBLYinE eABA orAROMERS HNRMKRb D o] BorBBMREMated e 1B NEOT)E PFESIEtle”
CCTICIAS having a function (a nmenory function) to store information

("1 " 00 dos 11 NQh @RI Bon [IRE Mt trudddBn] HNGbICAR: (iHEMRARE V446 biDdcl O
rs i Gh b R bl it

store e infornmation I'S provi en power is supplied, while

the function (the ry.functi.on). to.stor he infqr i Y1/ 0") QS
ost , Vi S S RuPRIRRC SREBH PR R doBuRb et Fab oM idorpgpion
supplied, Neanwhile, nonyolatile” nmeans that the function (the nmenpr
f unct i(oﬂ)/ 4\{5 18 Rt ﬁ@b&%ltbe dRIGFRA P FREPY @5’ Htewfr?’ﬁlf‘ EQ‘?TEPW% gs( “‘?E"%“Pgﬁﬁ‘{ is
provi ded even when the power is not supplied as well as when the power is
suppl i Maanvehiten “senohilyomeens dhahfbe Awiiisn dtha eememn fyncdioa éhcentiguopsiye
described in detail bel ow.

store (memorize) the information (“17/0”) is provided even when the power is not supplied

as well as when the power is supplied.

Each of the volatile and nonvolatile memory elements will be described in detail
below.

Herein, the nonvolatile main memory 31 and the volatile main memory 32 constitute a
main memory 30. The nonvolatile main memory 31 stores an operating system (hereinafter,
referred to as an OS), an application program (hereinafter, referred to as a program), texts,
constants, and variables. Meanwhile, the volatile main memory 32 is used as a work area
that temporarily stores data. The OS may not be required.

The main memory 30 has a function (the memory function) to store the information
(“17/“0”), an address can be designated by the CPU 10, and then the information (“17/%0”)
stored in the area (address) of the main memory 30 designated by the address can be directly
written and read (accessed).

Subsequently, the configuration of the CPU 10 will be described.

The CPU 10 includes an arithmetic logical unit (ALU) 11 performing a logical
operation and an arithmetic operation as an example of an operation unit, a floating point unit

7



Herein, t
constitut
operati ng
progran1(

he nonvol atile Maul nmenory 31 and the volatile main nenory 32
e a main nenory 30. The nonvol atile main nenory 31 stores an
system (hereinafter, referred to as an OS), an application
hereinafter, referred to as a program, texts, constants, and

B T
menory 30 has a function (the nmenory f t t f t
y function) C£@§§§£F gﬂﬁﬁn 0 i on

("1"/ "@d)an IBerHRHEEE &3 @sﬁowéna@&l@tﬁlafl@cpragﬁwﬁ%

i nformati

BIRCPRES 2

on ("1"/"V) stored in the area (address) of the main nenory 30

desi griafade bsgisthie] Aderssssed Ay aberidbleeand sgadgble velatigriacinesdel paerds 6Ty .

Subsequently, the configuration of the CPU 10 will he descri bed. The

CPU 1(Q(nienadrizdp sheadatarantl hietaddrdso gitlal exeniting Alekd) oppdrapenr fand tha gracessog. cal

operation

and an arithnetic operation as an exanple of an operation unit,

f1 oat i RgreROtHtdatiird ad(FRStoded ipelid wilailegegistéd joadre gegraied o bpafatddon as

simlarly

perforggng an interrupt processing. The CPU 10 further includes a volatile
14 constituted by a witable and readabl e volatile nenory el enent

regi ster
to store
operation
vol atil e

to an. exanple of the operation unit, and an interrupt unit 13

(;‘ﬁ%‘){:gﬁe 0 tﬁﬂ%e?%&u@%ea& hea54 Whit! @ 1%&%&5{19 LARSE5 1o

e proceSS|ng rein, the data a SS s ored in the

contrE)ngeSrte%méL %10 51ng ra%;[te%gmtgo(sg)%néef £ {hree(%ta Ind% éjoerlnr%and unit 16

decoding a command.

The CPU 10 further includes a nonvolatile memory 17 constituted by the writable and

readable nonvolatile memory element. As described below, the nonvolatile memory 17

collaterally stores the data that are stored in the volatile register 14.

The CPU 10 further includes a data cache 18 caching the data, an instruction cache 19

caching the command, and a bus interface (a bus IF) 20 connected with the bus bridge 40.

The CPU 10 further includes an instruction unit 21 that controls the ALU 11, the FPU

12, the interrupt unit 13, the volatile register 14, the LOAD/STORE unit 15, the command

unit 16, the nonvolatile memory 17, the data cache 18, the instruction cache 19, and the bus IF

20.

FPU

The CPU 10 further includes an internal bus 22 that is connected with the ALU 11, the

12, the interrupt unit 13, the volatile register 14, the LOAD/STORE unit 15, the

command unit 16, and the instruction unit 21 to input and output the data or command

thereamong.

Herein, it is assumed that various components constituting the CPU 10 such as the

ALU 11, the FPU 12, the interrupt unit 13, the volatile register 14, the LOAD/STORE unit 15,

the command unit 16, the nonvolatile memory 17, the data cache 18, the instruction cache 19,

the bus IF 20, the instruction unit 21, and the internal bus 22 are configured as one

8
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The CPU 10 further includes an LOAD/ STORE unit (a |oading/storing unit) 15
to control the reading (loading) and maintaining (storing) of the data, and
a command unit 16 decodi ng a conmmand. The CPU 10 further includes a

nonvol atile menory 17 constituted by the witable and readabl e nonvol atile

menory el.ement. descri.bed bel ow ..nonvaol.atil.e menory 17 col | at | Ly

T or eoserHETt e PR ot O bR STy Qr B el SRk wpifs GRonR gy
10 further includes a data cache 18 caching the data, an nst ion cache
19 cacHIgnaHe Cuheaied as apefher smécandbept gl tq be Blaced @}Sl%theél’m@-ed Wi t h

t he bus bridge 40. The CPU 10 further udes instruction unit_ 21 that
control s tha theg)CPN10 efide fipstienipdimend, thadatarcgphe Lihind the insiyetigrpeashp 18

regi ster 14, the LOAD/ STORE unit 15, the command unit 16, the nonvolatile
menor yhalé thd menoay fincache &8e thhénfonsdtiondt 1’810 "¢ adies thidpowaerds s@plisdsbutF 20.
The CPU 10 further includes an internal bus 22 that is connected with the
ALU 11do hiestbrRihd inkdsmadtida windnethe wotvet (b fiot kdpplidie Ratlabt tie ABYI St &1d thd, the
LOAD/ STORE unit 15, the command unit 16, and the instruction unit 21 to

input @id PULRWESG AR RizitQoTRAdint Bed SAFAAY - memory fillRfi6h Ro dtbrel fhe
assuned that various conponents constituting the. CPU 10 such as the ALL)

Lk S0 RS O LA 00
1e. 18, . LN i e 1 E 3 i i
Sat e e ) AP SH R S0EPE whEb DE rh BRATEEBE T o

made of for example, silicon. Meanwhile, several units or sone of .these

uni ts GREYIHE EB‘ﬁfli%GI?eehusaéF gﬁoﬁﬂ‘gﬁh%é?ﬁ@ﬁ?mh&?%rzlcw&‘d?% OBEF AP, LSt si de
t he CPU 10. In the CPU 10 of the first enbodiment. the data cache 18
and t heiciserdibey e wampey bochen & sthee henpfymptior (1lon O b wden tlee power is
intimation ("1"/"0") when the power is supplied, but do not store the

i nf or nappbed, wive rlogehghp oxvenory sfunotiors npiptd stdre Bechnfgmatine (AI'X 0 valrat thke FPU
12 includes operationregisters therein and has the nenory function to store
t he i ndaawerad harsupplied. " Gayh vhihe bukéripgawl, the USIFR, ilecdonbutnitamedFtletheenor y
function not to store the information ("1"/"0") when the power is not

suppl i gdF 762t @b Sm_FSOEﬁzﬁ_édbiﬁﬁlale}ioFer%ﬁ:d.the conmand unit 16, the bus IF
20, and the instruction unit 21 includes operation registers therein and

has the menpg YedHBEd LR el theStARBItEmhN RBRBH 91 ahd e vlanileWhaR thdiorhover

is supplied, but |oses the nenory function not to store the information
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siml argllai% .t n%r?ltﬁdc'an be written and read by using a series of addresses.

The nonvolatile main memory 31 and the volatile main memory 32 may be placed in
such a way that the addresses are not overlapped with each other in the main memory 30. In
this case, the nonvolatile main memory 31 and the volatile main memory 32 may be placed so
that the addresses are consecutive or may be skipped between the nonvolatile main memory
31 and the volatile main memory 32. Further, any one of the nonvolatile main memory 31
and the volatile main memory 32 may be earlier (in the order in which the addresses are
earlier).

At least one of the nonvolatile main memory 31 and the volatile main memory 32 is

divided into two or more, such that the addresses may be configured to be inserted into each

other.



As descri bed above, the nonvolatile main menory $1 and the volatile main
menory 32 constitute the main nenory 30. That is, the nonvolatile main
menory 31 and the volatile main nmenory 32 can be witten and read by using
a series of addresses. The nonvol atile main nmenory 31 and the

vol atile i,n mepory 32 gpy b | aced in such a t hat the.addresses are
not over | app&d™ft ACBLER g@t"rﬁéﬁe 5%%9@“??&?’% %%qugﬁl?y ?’ﬁ ‘ioﬂFtétu@asbé',t he
nonvol atile main nmenory 31 and the volatile nmain nenpry 32 may be placed so
that thEvalidiedBas BICEIOR, nkle @ty el hioughyexplaingd; ﬁbe@l%t‘iﬁéétﬁu%éﬁeby the
nonvol atile main nmenory 31 and the volatile main nenory 32.. Further, any
one of narvelatibmmeiol ¢y Jwind thenaatle3aimmgntone 3ol atil e mai n nenory 32 may
be earlier (in the order in which the addresses are earlier). At

| east one ofubisbquentdnubed adninketiominnherda® pyocdsksirarubpbiaaisviolal bd desosbed. ni enory
32 is divided into two or nore, such that the addresses nmay he confi gured

to be insertedbisMF2EaCthe @MENO is connected@ theabuy BripRr40 s30asab tidaemetaind
processi ng apparatus 1 may be constituted by the nonvolatile main Mei TkOry

31 al ongivalf-hopghealal nad raschishit GaRskichyigd by the nonvol atile main
1 an tE}g VO f

menory atil'e main nmenory 32. Subsequently, the connection in

he d ) ) ;
the data prfﬁeeéﬁmgdr{%g%&{sg&lgﬁ%dlgl\gséx{tﬁrﬁaggbgﬁ}grAsrg %gnnected to tﬁQ%u{J leg%f,’: 4(?0 .Of

the CPU 10 1's connéec as to trans receive

t he data, the address, and the c nd hidireetionally. . .. The .

it ) bkt BESURLC Mo B L R Vool oA e R L e M e b | dge
40. The nonvol atile main nmenory 31 and the volatile main nenory 32

const i BERPRESE #e cransstaddpdisdatadiressdyaiéct ed to the datal address bus 41.

The dat a/ address bus 41 includes art address bus and a. data bus.
The data/address bus 41 includes an address bus and a data bus.

When the address bus, as a signal line for transmitting a signal for the CPU 10 to
designate (access) the address of the main memory 30, accesses the address with, for example,
a 32-bit width, the address bus is constituted by 32 signal lines.

The data bus is the signal line for transmitting the data or command as the signal in
order to read the data or command from the area (address) of the main memory 30 designated
by the address. Further, the data bus may be the signal line for transmitting the data as the
signal in order to write the data on the area of the main memory 30 designated by the address.
That is, when the address of the main memory 30 is designated, the data or command is read
from the main memory 30 or the data may be written on the main memory 30.

For example, when the data or command is transmitted and received with the 32-bit
width, the data bus is constituted by 32 signal lines.

As described above, the main memory 30 is placed in an address space, for example, a
space of 4G when the address is 32 bits, which the CPU 10 can access to transmit and receive
data or command of a predetermined bit width (e.g., 4 bytes when the bit width is 32 bits) to
and from the area of the main memory 30 designated by the address in parallel bits.

Herein, the data/address bus 41 is separately constituted by the data bus and the

10



When the address bus, as a signal line for transmtting a signal for the
CPU 10 to designate (access) the address of the main nmenory 30, accesses
the address with, for exanple, a 32-bit wdth, the address bus is

constituted by 32 signal Ines. The data bus is the signal line thr
t i1l t h t d t h i | i der t d t he, dat
oo 8 5w BRI BinbhE BuRed o SBub Qb OEp e

address. Further, the data _bus may be the signal line for transmtting the
dat a a%nt’crﬁ@f%Cgrﬁ’zﬁlda'iar}i’uéla%ﬂletaéd’(ﬁﬁ P¥-the data on the area of the main

menory 30 designated by the address. That is, when the address of the main
menory 30 i Shelb&liFgWathed ontrmenieritoa 15160¢c bl 79.sanddb@ISBHOMR tigecorpgotedienor y
30 or the data may be witten on the main nmenory 30. For exanple, when the
dat a othecatermahtus 42 tortearsmiittdnddeaind the datawedominahd.t he 32bit he data bus is
constituted by 32 signal I|ines. A.s descri bed above, the main nmenory

30 is placegliniinran thddnesaldspadds 410rthexaplag,bud Lpacesefcodfitibernyt the
address is 32 bits, which the CPU 10 can access to transnmt and receive

dat a Oﬁurﬁm%&ﬂfhrﬁs Qﬁﬁgﬁoﬁﬂﬂg%dthgiﬂit Wik Ro (tBinSmit £hdbdt&Se WheRathhg bit
width is 32 hits) to and fromthe area of the main nenory 30 designated by

t he ad(fdc;n?ﬁgmi)n parallel bits. Herein, the data/address bus 41 is separately
constituted by the data bus and the address bus, but the data/address bus

bus and ¢ ho B Resupeld v SO S By Rvirdfsli s SRR B ne
LoLE Buindh BTSSR 1P G 0P By Db T
the external bus 42 is also constituted by the nunber of ignal |ines

eor r esipdnigi I adinedor swephing peverrHrons theemerFEPPAn Wnif 8@ & 1o shaygn.dat a or

commnd. Subsequently, an internal connection relationship of the CPU 10 will be described.

The ALU 11, the FPU 12, the interrupt unit 13, the volatile register 14, the
LOAD/STORE unit 15, the command unit 16, and the instruction unit 21 are connected to the
internal bus 22 of the CPU 10 in parallel. The data and the address may be bidirectionally
transmit and received between the ALU 11, the FPU 12, the interrupt unit 13, the volatile
register 14, the LOAD/STORE unit 15, the command unit 16, and the instruction unit 21, and
the internal bus 22.

The internal bus 22 is constituted by 32 signal lines corresponding to the bit width in
the case of the bit width in which the data and the address are transmitted/received, for
example, 32 bits.

The nonvolatile memory 17 is connected to the LOAD/STORE unit 15 to transmit and
receive the data bidirectionally.

The data cache 18 is connected to the LOAD/STORE unit 15 to transmit and receive
the data bidirectionally. Further, the data cache 18 is connected to the bus IF 20 to transmit
and receive the data to and from the main memory 30 bidirectionally.

The instruction cache 19 is connected to transmit the command to the command unit

11



The power supply unit 90 is connected to supply power to each of the CPU
10, the bus bridge 40, the UHF 50, the communication IF 60, the |ON70, and
the SBIF 80. Meanwhile, in. Fig. 1, a line for supplying power fromthe
power supply unit 90 is not shown. Subsequently, an internal connection

he i nftor npt it mesioionealt 1 1S e RagraREie tas 1A DanehSrbfeobfipl 1,

the command unit 16, and the instruction unt. 21 are connected to the

i nt er nEPMphgMam BempR3lepy 10 in parallel. The data and the address may be
bidirectionally transmt and recei ved between the ALU 11, the FPU 12, the
i nterrupt ufi tescgbed povgothgmioneolpidgineereery 114, andrke pa@yplasiomeEin mamery1dl, t he
ommd unit 16, and the instruction unit 21, and the internal bus 22.

The i nvkichadre wosst2&ted Hycteswritabteeshdyeafizbls i rpnablatilenmsmogr ckespotsdihage 8o t he
bit width in the case of the bit width in which the dah and. the address

arc t riapgeht fiedfisieertongduodstr stexeahP liforndaioi ('57/40”) even When fiepoaleats ha
menory 17 is connected to the LOAD/ STORE unit 15 to transmt and receive

the dast@féécﬂésr %81 LORB the power is st @n tEATRRr @pﬂl%_uﬁi@gﬁ'.ec'[ ed to the

LOAD/ ST unit 15 to transmt and receive the data bidirectionally.
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tor ect%i s\t/oere tt}?eein c())rrnr]g?igr? (‘t lr”g%l’jt Qvﬁenn&ienpor\gvlaeg?sl’ g/upig)ﬁéd from the power supply unit 90,
but lose the memory function and does not store the information (“17/“0””) when the power is
not supplied.
Hereinafter, the nonvolatile memory element will be described while being compared
with the volatile memory element. Meanwhile, in the volatile and nonvolatile memory
elements, a part (a DRAM to be described below) and a device (an HDD to be described
below) configured by collecting cells are also represented as the “element” in addition to
elements constituting the cell which is the unit of memory (primarily a bit).
An example of the volatile memory element includes a dynamic RAM (DRAM)
storing the information (“17/0”) depending on the existence of an electric charge stored in a
capacitor and a static RAM (SRAM) storing the information (“1”/“0”) by a latch effect
through a flip-flop (FF). In the DRAM and the SRAM, the cells which are the unit of the
memory are placed in matrix in a semiconductor chip. By wirings installed between the
cells in a grating pattern and a driving circuit connected to the wirings, any cell can be
accessed to write and read the information (“17/“0”). Therefore, the DRAM and the SRAM
are called a random access memory (RAM).
Since the DRAM has the smaller cell size and is used for higher integration than the

SRAM, the DRAM is used as the volatile main memory 32 which is required to have a large
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As descri bed above, the nonvolatile nmenory 17 a id the nonvolatile main
menory 31, which are constituted by the witable and readabl e nonvol atile
menory el ements, have a Illertlury function to continuously store the
information ("1"/"0") even when the power is not supplied as well as when

the power .is lied from.it Qwer . suppl nit, .9 . Meanwhi l.e, the
vol at 1 earibg; SHHBRER T e P o i et B sy Mdse cqpeln” BrBtEsHEN: ¢ ot ed
by the writable and readabl e volatile nenory el ements, have the nenory

f unct i R EBPESor 35%@8%?6?frﬁéi4inbw51(°h1th? clegirip ol lsrf@stﬁ@aé? 3P eNgHALTHEd from
| e power supply unit 90, but |ose the nenory function and does not store

t he i rétor pesdpiermined timemyeryipleis made pooefo Pevartthe giped adormation (“17/407)
Hereinafter, the nonvolatile nenory element will be described while being
conpar fednwictrg lbftes violeatlagses. menory el enent. Meanwhile, in the volatile and.
nonvol atile nmenory elements, a part (a DRAMto be described bolo and a

devi ce (an HISRAMetodeshE idfotmitrinowt) /c@nfhyotie estclb yffeal Uyebt iffig-flopl (FB).ar e

al so represented a.s the "ciement” in addition to elenents constituting

the ceflle YRAGH hh$tHeNErekNEdll Qe FRARRY DRANMIBAL s YvidtaBletahd readable A3 18¥@Pl e of
the volatile nmenory el'enment includes a dynamic RAM (DRAM storing the

| nf OF ML thah the AN, M'& R8d m}%@a@ Al 18nnelsGIhite Hange

store N a capacitor and a static orlndt e I nformati on

("1v/" Q" a latch effect through a .flip-flop (FE). hi the DRAM and the
SRAM ,tgf’%'irg%gﬁl?%ce\fﬁﬂ:ﬁ are the unit of the nenory are placed in matrix in a

sem conductor chi.p. By wirings installed bet n the cells. in t.i ng
patteni an ar&’i’hl?l% ﬁ]@g BP‘i’Yﬂlj‘i‘tﬁe dBHRAYY: damey ’t“ﬁmﬁl%ﬁﬁ F‘ﬂ?’i’é@ ,dll%fng/n%ee?]ﬁgbjdnbe
accessed to wite and read the information ("1"/"0"). Therefore, the DRAM
and t hehisRAvmagaciiamedim siagigomcatéasptingnioly (Rap a direction Gifypagiehie DRAM
has the smaller cell size and is used for higher integration than the SRAM
t he DRANAtty igsfedned onhe diskl aflihedIPBI hasrentorgy @Ragity, dhit iveritee @od rreatlst ehave a
| arge capacity However, in the DRAM the electric charge stored in the
capaciinformagdiu el /d@8) biyrne nekhpsesd .méhagisme suiting andr ehdiag hspeedswancdectdie
electric charge is restored to an original state at a predetermned tine

ner val spesd)adie Borastibe (‘Arevedrekidey. stored informtion. ("1"/"0") From
being lost as tine el apses. The SRAM stores the information ("1"/"0")

by the [ at Oﬂleefnt)%latgél thB8ofy ERn{hPRndIF&Ds: arf REecBRANY h@gsabhe ptafr4Bmabld! t

si ze than the DRAM but is wntable and readable at a higher speed than the
the | risorL BT PROSOUREC (ol Rent@ Ui, bt o o BRI I, o
e By S T R T R
L TR A ST PR R LS A
Spee{j)thg fwrtitihneg ;n%f rct)egdim;l; isgged(s o]f‘tllle ?l'e'ls?h r%rer%oi}ll gr\llﬁ the EEPROM are expressly slower
than the writing and reading speeds of the SRAM and the DRAM. Also, the flash memory
and the EEPROM are limited in the number of rewriting times.
The nonvolatile memory element includes a magnetoresistive RAM (referred to as an
MRAM), a ferroelectric RAM (referred to as a FERAM), a phase change RAM (referred to as
a PRAM), and a resistance RAM (referred to as a ReRAM).
The MRAM stores the information (“17°/“0”) by a magnetoresistive (MR) effect in
which resistance of a tunnel magnetoresistive film is changed by a relative angle formed by

magnetization of overlapped magnetic laminated films with two magnetic laminated films
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The nonvol atile nmenory el enment includes an electrically erasable
programmabl e ROM (EEPROM) and a flash nenory storing the information.
("1"7"011) depending on the existence the electric charge stored in a. gate
el ectrode (floating gate) of an MOS transistor. The flash nenory and the

Ei EFROM y electrically wite and re t tate (n1"/210" t . the
Wit n@s?{ﬁg W@h B Mgﬁ CIRFSISHEE %S%HM%G%MI@M%@E 4 e(§<§r essly
sl ower than the witing and readi ng speeds of the SRAM and the DRAM Al so,
the fl&sHarpetrgationdt héerrmebmeg sk 15 RELdEO(% dhOshundisr PRAM stpres theg

tines. The nonvol atile nmenory el enent includes a magnetoresistive RAM
(r ef erinfemaboms(“alV “VRANY) a eesfstve oelriation | accRANREie@f o reephpge deriatioFeRAM) , a
phase change RAM (referred to as a PR AM, and a resistance RAM (referred
to as ¢haReR&Mlle. The ReRAY MaAd tht anifesmitiven {“hF/O07Tyeiy tie residtive" Gitatiby ofia

i nagnetoresis e (MR) effect in which resistance of a tunnel

nagi i efo]Q¥s81S bkbiryfesidtd¥ei @ BHABHEd BY wiidhebiattry ecsanglce ik darRl, Pyried by
magneti zati on of overl apped magnetic lamnated filns with two magnetic

| am naf ed £l 3 inserted with the tunnel magnetoresistive film The
FeRAM éjtebg}?e% ?%aeg?e'-rrat on ("1 "/"0") by the polarization of a ferroeleetric

such as P21 (P Brucn ) 83k TG ERAM,SH o 6 RN WAORRAN (AR G B 2

resistive variation accomnmpan ase varli ation tal cogeni cle. The
Refr A s, the ;tbrtnation ("1"/".0"), by t resistiv ariation of a

ol ossRERANEan PElisbRk bAbisel chey scaripelhstion sl b Yy SFsuf g Bl 2

| argely varied by applying voltage. in the nonvol atile nenory .

el ementisl Q{?cwghsgp?%’gwﬁtﬂpm %eﬁ@ngémbet%gm&bya%dirlﬁglgAﬁhrC‘Fthg’?lFél ¥s may
be placed on a sem conductor substrate with high density in matrix, and the
hi gh- sipéaggaliyr forinad, bired theeRBiAM andytho SRV ol herd ByinapiidiRlpnge &l thewhi ch
is integrally fornmed, |like the DRAM and the SRAM There is, in principle,
no | i mdmber of hevritimbemeodr thewninbengf teivmigiag timdasheveryitree (lofreinafiar] tefamgpdt | mes
is very large thereinafter. referred that the nonvolatile nenory el ements

have | g@asthk inBhtdbtile mdntory BRnitumake 0fss ligMeatibn igtht no®bed of rewriting fihes &f or e,
the nonvolatile nmenory el enents such as the VRAM the FeRAM the PRAM and

ReRAM ar e egpdrbshraRRé inBAvIRilk NBeBiynclMBERE YsucB Qs thOI@IRIANE GaTRRANS, ttRnd t he
instruction cache 19, simlar to the SRAM and t he DRAM
PRAM, and ReRAM are easily applied to the main memory 30, the data cache 18, and the
instruction cache 19, similar to the SRAM and the DRAM.

In the present embodiment, it will be described that the nonvolatile memory 17 and the
nonvolatile main memory 31 are constituted by the MRAM as an example. Meanwhile, the
nonvolatile memory 17 and the nonvolatile main memory 31 may be constituted by the
FeRAM, the PRAM, and the ReRAM in addition to the MRAM. And the nonvolatile
memory 17 and the nonvolatile main memory 31 may be the HDD, the flash memory, and the
EEPROM when there is no limit in the access speed or the number of rewriting times.

Meanwhile, description will be made assuming that the volatile register 14 is
constituted by the SRAM and the volatile main memory 32 is constituted by the DRAM.

(Volatile register 14 and nonvolatile memory 17)

Subsequently, the volatile register 14 and the nonvolatile memory 17 will be described.

Figs. 2A and 2B are diagrams describing an example of configurations of the volatile
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In the present enbodinent, it wll be described that the nonvolatile nmenory
17 and the nonvolatile main nmenory 31 are constituted by the I NMAN as an
exanpl e. Meanwhil e, the nonvolatile nenory 17 and the nonvolatile main
menory 31 may be constituted by the FeRAM the PRAM and the ReRAMin

addition, to the M And. the nonvygl atj | nory, 17 d the nvol.at.il e

i BRI 14 P e GRS DEBSTY e Fieadh TENSLYE CHn@UrHEn CEBRA AHEn
there is no lim in the access speed or the nunmber of rewiting tines.
Meanwhiegister désad Fig: 2Brshewp the ealigaationebihginapvelpae memorvdiatil e register 14
is constituted by the SRAM and the volatile main nmenory 32 is constituted
by the DRAMhgMolvatatileregistyi 3¢ ehoviinaliig. Do mildbadedcabedrirsbry 17)
Subsequently; the volatile register 14 and the nonvolatile menory 17 will
be descri bethe Folgsle 2gibteand idBudssea divagitams vobsity rdgisngs dA-letoatdpB@ agfan
configurations of the volatile register 14 and the nonvolatile nmenory 17.

Fig. 2&aahs Tievagmbirgsiets PRl ab 4my uelhriki ddrds@gi(8besholé) aRdpdetigely 2B
shows the configuration of the nonvolatile nenory 17. The nonvol atil e

regi stgyy &édaﬂﬂgm%ﬂea tg? ﬁ‘f"sfé%g'l he described first. The volatile

regi ster 14 1 ncfudes Ity of volatile registers 14-1 to 14-37 as an

exanpl e. Thfhev}(?(l;lgttilie;;ee%{%t ! I%EF(E:PSl 45 hrd g‘ﬁ%ﬁ‘ﬂ gxér;{oﬁéé ke%%%ﬁrggfégegfeﬁgﬁ ab @ﬂ%lﬁe

shown), respective are distrngui
o R s 0 5SS ETRE PhaPHBERER L R IR
registers 14-1 to 14-32 are used to store the data and the dress for the
oper at footiotstthe Klatasgnd the ddegsy fornthg ppeedion (f tg@ Al Jdi anden) a(ggesé ER
formed on the main nenory $0. Meanwhile, the stack tenporarily store the
dat a. pointer) of a stack formed on the main memory 30. Meanwhile, the stack temporarily stores

the data.

The volatile register 14-33 is a floating point register (referred to as the FPR) storing
an operation result of the FPU 12.

The volatile register 14-34 as a condition register (status register) (referred to as a CR)
stores the condition (status) of the CPU 10. The condition (status) includes an overflow flag
which is set when an overflow is generated, a carry flag which is set when a carry is generated,
and a negative flag which is set when a minus value is acquired, in the operation of the ALU
11.

The volatile register 14-35 is a link register (referred to as an LR) and stores a
restoration address when the volatile register is branched by a subroutine call.

The volatile register 14-36 is a control register (referred to as a CTR) and resets
(cancels) various flags of the condition register or makes the CPU 10 to be a low power
consumption state by decreasing an operational speed of the CPU 10. As such, the volatile
register 14-36 instructs the CPU 10 to be in a special state.

The volatile register 14-37 is a program counter (referred to as a PC) and stores an

address of the main memory 30 storing a subsequently executed command.

15



The volatile register 14-33 is a floating point register referred to as the
"PPR) storing an operation result of the FPU 12. The volatile
register 14-34 as a. condition register (status register) (referred to as a
CR) stores the condition (status) of the CPU 10. The condition (status)

i ncludes an,pverflow flajr ich.is set when 7erfl ow j enerated, a . early
12 whi o ALIGieh b drpeBbiskFitstn el ateaier ddavay Helle fract e Sindh | s
set when a mnus value is acquired, in the operation_ of the ALU 11.

The vot sagmeat regiia ey depignating & lageq adglkesp appics tath the small pagbeipfddtsan LR) and
stores a restoration address when the volatile register is branched by a
subrout i ne Bl Volatile registfhé4 v yainclude ne gindaxeregibier 3B ring aa ofdwt fwlreladiyelst er
(referred to as a CTR) and resets (cancels) various flags of the condition

regi st @&signatimphe adtfess dRLk it meeryy3d.ow power consunption state by
decreasi ng an operational speed of the CPU 10. As such, the volatile

register 14A86udh)sid WalhSletrbgistePUs Hoayt Airtder intlRleSPREIsBr iBdtalled. in a generalhe
volatile register 14-37 is a programcounter (referred to as a PC) and

storescpy) address of the main nenmory 30 storing a subsequently executed
command. Al t hough not described herein, the volatile register 14 may

adar oss. spatBHPTR PrcoeeRA BcRRERC folcfth Hetoke RASLONEHL IR BlBE, 14

may i ncl ude i ndex, register storing an offSet for relatively designating
the a ré’fge{'eggoflﬁ 4i3fa memory 30. As such, the volatile register 14 may

thrther include a reqgister Installed in,a?eneral , .
As described above, since the volatile register T4 is the SRAM, the volatile register 14

can perform the writing and the reading at the high speed.

Subsequently, the nonvolatile memory 17 shown in Fig. 2B will be described. The
nonvolatile memory 17 includes a plurality of nonvolatile memories 17-1 to 17-37 installed to
correspond to the volatile registers 14-1 to 14-37 of the volatile register 14, respectively.
Each of the nonvolatile memories 17-1 to 17-37 includes addresses (not shown) and is
distinguished by the addresses.

As described below, each of the nonvolatile memories 17-1 to 17-37 stores
(memorizes) the same data as each of the corresponding volatile registers 14-1 to 14-37. For
example, the nonvolatile memory 17-1 (NR1) stores the data of the volatile register 14-1 (R1).
Meanwhile, in Fig. 2B, each of the nonvolatile memories 17-1 to 17-37 of the nonvolatile
memory 17 is represented by NR1 to NR32, NFPR, NCR, NLR, NCTR, and NPC by adding
N to reference numerals R1 to R32, FPR, CR, LR, CTR, and PC of the volatile registers 14-1
to 14-37.

(Operation of data processing apparatus 1)

Subsequently, the operation of the data processing apparatus 1 will be described.

First, a state (an initial state) just before the power supply unit 90 is turned on in order

to use the data processing apparatus 1 at the first time will be described.
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CPU. Her after, the data and the address stored in the volatile
register 14 are integrated to be referred to as the data. As

descri bed above, since the. volatile register 14 is the SRAM the volatile
register 14 can performthe witing and the reading at the high speed..

Subsequently, .the nonvol atile menory 17 o) in Fig, .28 wl| he .descri bed.
The nanvol 2 the st Srac g dsevmst Rl ie geBrerhisyBe abbareid db i o 171
to 17-37 installed to correspond to the volatile reuisters 14-1 to 14-37 of
t he voitalei(d gatedpvareya main mepacimageisconfigeredhin whish 4 Rroingtd PeSHBhYFi es
17-1 to 17-37 includes addresses (not shown) and is distinguished by the
addr eswgtien in the nagvaletslernpisdmbmbni3 | eefctheomainhmenony d0aini the indimbrsiads 17- 1
to 17-37 stores (nenorizes) the sanme data as each of the corresponding

vol at i Fathegdt Stasanddithat o rebdt Fétor Foset éx dnplayolahie memunl Hi-8k (NB@poiytheT!
(NP,.1) stores the data of the volatile register 14-1 (RI). Meanwhile, in

Fig. 2&nvemel @bmbRelnonvol atile nenmories 17-1 to 17-37 of the nonvolatile
menory 17 is represented by NRI. to NR 32, NEPR, NCR, NLR, NCTR, and NPC by

adding N tq{éx%fn?ﬂﬁﬂﬁﬁn%’éﬁl?gﬁ% > ddOnERZet FRRr vilkbeldBscribdd, 1R, and PC of

. a .
the volatile registers 144 37. (Operation of data processing

| ' f '
apparat us )y, ﬁlﬁgg%%“c%ﬂ&d&egittﬁag ttf;?@gf’gt ia(f@oe? not RS AL %og{(g%tg)g %%g%&qgaamt us 1

will be descr an initial before the
pover SHREL Yot Tk S0k 4 1SS 20 B Sont Ao ERE8 1 SRl
processing apparatus 1.
When the power is supplied from the power supply unit 90 (turned on), a power-
on- reset circuit (not shown) operates to set the reset vector in the volatile register 14-37 (PC)
of the volatile register 14. The reset vector is configured to instruct the start address of a
boot program stored in the flash memory that is installed outside the data processing
apparatus 1. When power-on- resetting is cancelled, the OS and the program which are
stored in the HDD or the flash memory installed outside the data processing apparatus 1 are
sequentially read through the SBIF 80 by the boot program and then written in the main
memory 30 constituted by the volatile main memory 32. The texts and the constants used in
the OS and the program are written in the main memory 30. If the OS and/or the program
stored in the HDD and the flash memory are compressed, the OS and/or the program are
extracted to be written (deployed) in the main memory 30.
A series of data set in the main memory 30 by writing (deploying) the OS and the
program are referred to as the main memory image.
When the main memory image is written (set) in the main memory 30, the volatile
register 14-37 (PC) is changed to an OS starting portion of the main memory 30, such that the
data processing apparatus 1 becomes an operable state.

Since the nonvolatile memory media such as the HDD and the flash memory are
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in the present enbodinent, it is assunmed that the data processing apparatus
lisin astate (a state in. which a main nenory image is configured) in
which an OS and a programare witten Mthe nonvolatile main nenory 31 of
the main menory 30 in the initial state. Further, it is assuned that a
reset vector s set in the nonvolatile nmeno th vol atile
nenor ys\{‘l"?‘?r %lw{ltll‘cgh@dnr&iaﬁ’fngrém (F(‘rFﬁﬁseSp(fﬁ‘éiyg’ﬁ'é tl?eé@%ﬂ@ @8% e WCM

descri bed. It has been considered that the CPU 10 does not ha\(le t he
nonvol tng ereraired (o wnteare Puaher ProBETHH HeraHBry oY des /Hot THaVe"E he
nonvol atile main nenory 31 in the data processing apparatus 1.

the polus piiosessingpippedtusr lorannheinpoedatelyugnsiate avint when the mowsd senpjy vait 90
power-on' reset circuit (not shown) operates to set the reset vector in the
vol at iikeurhedost er 14-37 (PC) of the volatile register 14. The reset vector
is configured to instruct the start address of a boot programstored in the

fl ash memoryeddiilel s ﬂh@%ﬁ'ﬂr@@ks@d% sheigatub e ol AfiRt eaBsdimee:, sippathatrhsnl.
When power-on' resetting is cancell ed, ~the OS and the program which are

store %Elﬂom P48 thk fﬁ%nﬂl@@lg rﬁ%‘frﬁ{] o Ei ak k&%ﬁﬁtl&n%%tnlﬂﬁﬁéjﬁtvﬁlt%QQ essi ng

appar at us e sequentl ally rea th.e SH P 80 e boot program
and thep witt i mai_n 0 t in
rrem)rya 3ne e~I'lr]i’e ngogﬁl qe' {:nons r%’fisﬂﬁsg M(Pth%gp% Eq‘tﬁ%g‘? gﬁ’] are
witten.in th mal.n nmenor : the OS d|o in tore. t WD and
the 1 L auHOH Gy Eeetm e adisa the PSS /%W %%5%?18@9% Pl AR e o
be ertten(deployed) in the main nmenory series of data.set in
the malthineiifss yhespomiplafie WWdepf‘}%?yT‘ﬁ%f) VQCHE ey Qﬁd”rftF‘Fé‘ ‘Br@ﬁr"&ﬁ?"g?@ef to
as the main nenory i nmage. Wien the main menmory image is wiflen (set)

i n t hemembry Hedd(lyPGDss thadataol atile register 14-37 (PC) is changed to an OS
starting portion of the main nenory 30, such that the data processing

appar at us 1ThedQrie sheainitap stathd fethe ﬂaltaepro@issing appezatnedvadithe fitse embodimentredi a
such as the HDD and the -flash nmenory are slower in the witing and

readi N@e SRARASerh @GCiBREe SPOLTfentihadvime ibRAVnandblitie nRAManddyrtd asl thequi r ed
to wite the OS and the programin the main nenory 30. As a result, the

data pr.aGeesbig vﬁ@@&rlﬁ&h@ndnv%ﬁﬁw&leﬂnwm 3y elyCcpRehatgaeven when t he power
supply unit 90 is turned on.

In the case of writing (setting) the main memory image in the nonvolatile main
memory 31, the OS and the program may be sequentially read from the HDD and the flash
memory installed outside the data processing apparatus 1 through the SBIF 80, and then
written in the nonvolatile main memory 31, similar to the data processing apparatus 1 in
which the main memory 30 does not have the nonvolatile main memory 31 and the CPU 10
does not have the nonvolatile memory 17. The main memory image may be read through
the communication line (network) connected to the communication IF 60 instead of the HDD.

The main memory image itself which is separately configured as the data is read
through the SBIF 80 or the communication IF 60, such that the main memory image may be
written in the nonvolatile main memory 31. Also, the nonvolatile main memory 31 written
with the main memory image may be mounted.

In the case of writing the reset vector in the nonvolatile memory 17-37 (NPC), the

reset vector may be written in the nonvolatile memory 17-37 (NPC) from the bus IF 20
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Meanwhil e, in the data processing apparatus 1 of the first enbodi nent,
since the main nenory 30 includes the nonvolatile main nenor_, 31, if the
main menory inage is witten in advance in the nonvolatile main nenory 31,
the OS and the program do not need to be witten in the main nmenory 30 when

nony ! el thEshle faccy 19 is%?eteﬁémé‘é’@gﬁs%ﬁiﬁot et AR AR ) o

meno 7-37 (NFQC) asthed is,. inthe initial state of }ihe
data pReBessIAYcRsHHY Beuess vestot HEO‘Fth@F o8- melhe, Tob &/ SRIST MAYeRorPdi mage
is witten in advance in the nonvolatile main nmenory 31 and the reset

vect orthraigiuthe cemmiunicatien Hon{msiteaeik) eomrasisdyto 1ire sqm(nltumytl(aslﬂ pé instpag of

In the case of witing (setting) the nain nmenory inage in the nonvolatile
mai n needi3D31, the OS and the program may be sequentially read fromthe

I 1DD and the flash nmenory installed outside the data processi ng apparatus |

through t hes$BkducBfly, @fbvi R@NtoMilie bedtatinly e moRY dhatnitisl pRicnofmedyta3l,
simlar to the data processing apparatus 1 in which the main nmenory 30 does

not hays %s'é‘ﬁ %ﬁg&fﬁ’t‘uétl'&lﬁ%eﬁbrfﬁ%ﬁmy 31 and the CPU 10 does not have the
nonvol at | %e . The main nenory i mage may be read through the

819 n’{mh ni ﬁ?)}:)l A dgécpi%‘ﬁi, '3860’&0 rulf }hecg’eﬂg %%C%gséﬁé) gé%??tﬁsmm ﬁhig Zﬁﬂslglgsatétg @.IQ hift ead

f d t he. dat dt h the SBLF th I F
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31. Al th latil h th .
b i e R b 4 R TR A S e B o

in the nonvolatile nmenory 17-3 (NPC), the reset vector may he witten in
the nonvopatile |emory 17-37 (NPC) fromthe bus IF 20 18 through the data
cache 18 and the LOAD/ STORE unit 15 by accessing the |iDD and the flash
merory wr i tFign3 wi 4 flowtieredssarbing ndloghur ethSBpEaBog stitedrore et initad tote afay be
read through the comunication [ine (network) connected to the
comunthe @kiagitoddssif appaht@ad. oHetdigafldr, meferring to [Sghsle @uenid 3B, the flbewpup t o
the operating state fromdie Mial state of the data processing apparatus 1
W 1 be @88atihPeAte from the initial state of the data processing apparatus 1 will be described
according to the flowchart of Fig. 3.
When the power supply unit 90 of the data processing apparatus 1 is turned on,
hardware of the data processing apparatus 1 is initialized (hardware initialization) (step S101).
The hardware initialization means that all of the ALU 11, the FPU 12, the interrupt unit 13,
the volatile register 14, the LOAD/STORE unit 15, the command unit 16, the data cache 18,
the instruction cache 19, the bus IF 20, the volatile RAM 32, the bus bridge 40, the UIIF 50,
the communication IF 60, the IOIF 70, and the SBIF 80 are reset except for the nonvolatile
memory 17 and the nonvolatile main memory 31.
Herein, the reset means that information stored by registers incorporated in each of the
ALU 11, the FPU 12, the interrupt unit 13, the LOAD/STORE unit 15, the command unit 16,
the bus IF 20, the bus bridge 40, the UIIF 50, the communication IF 60, the IOIF 70, and the

SBIF 80 are set to initial values.

Similarly, the devices that are connected to the communication IF 60, the IOIF 70, and
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As described above, in the data processing apparatus 1 in the initial
state, the main nenory image is witten in the nonvolatile main nenory 31
of the main nenory 30 and further, the reset vector is witten in the
nonvol atil e rrermry 17-37 (NPC) of the nonvolatile nenory 17. Fig. $
is af crl bing a flow up to the operating state fromthe initial
state %F%ﬂggé& SR G8essi ng apparatus 1. Hereinafter, referring to Figs.
1, 2A and 2B, the flow up to the operating state fromthe |£||t|al state of
the data pr%ﬁ@sﬁten@aréwp@r HHiizatiqR, | the H@t%g@é‘?ti Wééprbét%%il% e pgnyqjgtile
flowmchart of Fig. VWhen the power supf unit 90 of the data

pr ocessemgryalbhar d‘ﬂB@) ik virgtemun pedvadatile hepidevalde b%i’Q)r(etem& @)pr ocessi ng
apparatus 1 is initialized (hardware initialization) (step SI)1). The

har dwar e i nifigi 4lid z didgenn esnditghatoudd throfigh WwhichAlthe ddta (tehet FedotPstoteden
interrupt unit 13, the volatile register 14, the LOAD/ STORE unit 15, the

comange Whholdifie rﬁéﬁﬂ)rgqvam@qitg id Gandohigted mﬂ{eu@tat@@rdgasedimlyz (Pihenbus | F
20, the volatile RAM t he bus bridge 40, the UHF 50, the conmmunication

TF 60,5ipe,dQL R 70, and the SBIF SO are reset except for the nonvolatile
rrenDry 17 an the nonvol at i | e mai n nenory 31. Herein, the reset neans

that information $i:9 Yip & 11,

t he FPI rrgh ?r %Sf?‘n @?rogp untt Esléghl %ﬁoﬁwm% ﬁ{éd%& }; h’ﬁneﬁ\l(;t!}){ﬁ”rrand
uni t the t he e UHF 50, t | F
60, -t REYAe oL 1%&@%?;@0% Gutl et hr gt BSOS ETHTIERY. *The
devi ces that are connected to communi cation.l F 60, the 101F 70, _.and

Che SEu SR dO g SOnFELELY the instrugRpAN Ré. hHRTHIBES PO 25 9ERSAdH, thehe
data (reset vector) stored in the nonvolatile nmenmory 17-37 (NPC) is witten

i n t hehaydwareisheh aseigye stived lagic Brefepey t¢ 8¢ byydwagxpntrol. Fig. 4 is a diagram
descri bing route through which the data (reset vector) stored in the
nonvol at i | eFiremtirey addreS7 fFGNEQignhsingr thes mbnvodatile anehery ol €7i (MPCegifsther
14-37 (PC) in step 8102 of Fig.
nonvolatile memory 17 is set, such that the data (reset vector) stored in the nonvolatile
memory 17-37 (NPC) is read by the internal bus 22 through the LOAD/STORE unit 15.
And, the address of the volatile register 14-37 (PC) of the volatile register 14 is set to write
the reset vector in the volatile register 14-37 (PC).

The writing (transmission of the data) of the data stored in the nonvolatile memory 17-
37 (NPC) into the volatile register 14-37 (PC) may be executed in a short time by the
hardware control as described above. Meanwhile, the transmission of the data may be
executed by the control by software (software control).

As described above, since the main memory image is memorized in the nonvolatile
main memory 31 of the main memory 30, when the reset vector is written in the volatile
register 14-37 (PC), the data processing apparatus 1 is in the operating state.

Herein, the data (reset vector) stored in the nonvolatile memory 17-37 (NPC) is
written in the volatile register 14-37 (PC). In this case, data of other volatile registers 14-1

to 14-36 are sequentially set by the boot program which is started by the reset vector.

In this case, the data of other volatile registers 14-1 to 14-36 may also be written when
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The transm ssion of the data is achieved by the hardware i medi ately when
the hardware initialization is termnated. For exanple, the transm ssion of
the data is achieved by a wired logic controlled by the instruction unit

21. Herein, the control perfornmed by the hardware such as the wired | ogic
is referred to as hardware control . Fi address for .

desi gn‘§F idAG (Faset vrsHubsiared|ia tWQIaTIF-@W?Wng%f&QQE%H&& lﬁtﬂ% witdkory 17
is set, such that the data (reset vector) stored in. the nonvol ati% menory
17- 37 1By 1#37r(BEY bip thewifidstate she dls woitien Ky ba gRlatikaregisigty Srore! gﬁt 15.
And, the address of the volatile register 14-37 (PC) of the volatile

r egi stae wirdttansingb¢ novokatile ntehericed @t welch-36 comesphadingtlerétpe Meyersb92,14- 37
(PO . The witing (transm ssion of the data) of the data stored in

t he nomydbatdfltie: m@velayilelmem3iied NRCo I M36 atheequaltilylread 2yl tbéreseqiientBily ( PC)
may be executed in a short tine by the hardware control as described above.
Neanm&,}igen;mewglaﬁfg@?is@fg of1thes-dgt a may be executed by the control by
software (software confrol). As descri bed above, since the nain

menory | mg%ﬂé%qt{éﬁgar%%?ﬂiohg 2k 810NN Rh ahd L 61aMR ﬁgmﬁhﬁlthefnohb&aﬂﬂ@i n

menory 30, reset vector 1s witten in the volatile register 14-37

(PO, the dat.a. progessing apparatus hSain. .af | : -

tor o) nopRE tapant Pag et el RE ML ubey P LR SROS: b8 i HRteseriped,
(NPC) is wjtten. in the volatile regjster 14- (PO..In this se, .data of
ot her vol atim ti‘e ;}E& gpediment. ¢ %Oglf&%%s%ccawa@sééé(n P arfype %tgétheb(f??% ReSoot
pro ramwhich is started by the reset vector. In this case, the data, of
ot he valptdei registesgildmedlaerain, m tiy inipgges Ryl aFPsé7)oé’fvﬁ’iet V%lﬁﬁkﬁhé%lst?fhz“dat a
(reset vector) stored in the nonvolatile nenory 17-37 (NPC) is witten in

t he volimmitheeonslyidssignatésiedn the@yitingrftredadtnin thginosyelpéle merporyai’an @f thet en i n
the volatile registers 14-1 to 14-36 are witten in the nonvolatile

menor i esmvbltile thembry BR CDiiat és plonshinmgddth ereewctted m lsdth pheSt@atiletrb@stdat 4nof t he
nonvol atile nmenories 17-1 to 17-36 are sequentially read and then

sequeniddahb Mor¥dldtlle mehidry M@nvol atile registers 14-i to 14-36.
Subsequent |y operations associated with the volatile register 14 and the

nonvol ati | epdfeafylel 7 chintdh8 (ABRcALRERSShABuARPANkUS td tHDAKD 11l Swillibet he
operating state wll be described
described.

It is assumed that the ADD command has four operands and is represented by ADD;
R3; NR3; RI1; R2.

That is, the ADD command instructs data (an addition result) acquired by adding data
stored in the volatile register 14-2 (R2) to the data stored in the volatile register 14-1 (R1) to
be written in the volatile register 14-3 (R3) and the nonvolatile memory 17-3 (NR3).

Fig. 5 is a flowchart describing the operation of the data processing apparatus 1 with
respect to the ADD command. Fig. 6 is a diagram describing the movement of data with
respect to the ADD command.

Referring to Figs. 5 and 6, the operation of the data processing apparatus 1 with
respect to the ADD command will be described.

It is assumed that the ADD command is read from the nonvolatile main memory 31 by

the address set in the volatile register 14-37 (PC). When the command unit 16 decodes the
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In the first enbodi nent, a command acconpanied by the witing of the data
inthe volatile register 14-n (herein nis integers of I to 37) of the

vol atile register 14 simnultaneously designates even the witing of the data
in the nonvolatile menory 17-n of the nonvolatile nmenory 17. That is, the

monvol AP Eorieyhy mptrton thit IE sty S B TrantetefebB bl i O

instructing addition to the ALL! ii w |l be described, . _. It is.assuned
that tRemppErddiharelaniisscsisicr [opdRanard daty (ﬁegre?@ﬁ?fg@éﬁtlwlw)mﬁ?(ﬂﬁ@a NR3;
R ; Rz, That is, the ADD conmand instructs data (an addition result)

acqui riedhdyoladidiregjstdat &2 {R3) eftthe molatiks rogibtar 14 & the ditemal busf 220 seithe dgat he
data stored in the volatile register 14-1 (R1) to he witten in the

vol at itheopagiiet ecgidtdes3X( RBJ Enchot howanwdiielt idre imempomted 743 IENRS)U 11,

is a flowhart describing the operation of the data processing apparatus 1

wth ﬁ@ﬁﬂ@ﬁbd&@uﬁhgﬂﬁ@D command. Fig. 6 is a diagram describing the
novenent of data with respect to the ADD command. Referring to Figs,

5 and 6, theLepelahi On 0fkebhtes HRLRARIAGATI NS 2BMALATS]t %A%? by depap@et to
the ADD command wi || be descri bed. It 1s assuned that the ADD conmand

b e
is rea i I . t inth
| e ISP AL s TRAoL Ak e, Pdigipegt [0 the
Commrd, L NS Rl PR YN L M GRS P S et & A
(represented by Bin Fig, 6) nenprized in th latil i St 14-2 (R2
of FnareabI<ats Pht &giLA{ bfb tha miGEHuS A BhL H20P5TE UE APBCaAE B
operation registers X and Y (not shomnﬁ whi ch are incorporated in the ALL.
11, r etbpe@iahg@re)gls@gtlé@ R>0(sjep S203).  The addition result (A+B) is transmitted to the

LOAD/STORE unit 15 simultaneously with the writing (step S203) of the addition result
(A+B) in the volatile register 14-3 (R3). Therefore, the LOAD/STORE unit 15 writes the
addition result (A+B) in the nonvolatile memory 17-3 (NR3) (step S204).

The instruction unit 21 performs a next operation in transmitting the addition result to
the LOAD/STORE unit 15 without waiting for completion of the writing of the addition result
in the nonvolatile memory 17-3 (NR3). That is, in terms of the instruction unit 21, the data
is only written in the nonvolatile memory 17. Therefore, an overhead in the operation of the
data processing apparatus 1 can be suppressed.

The writing of the data to the volatile register 14-3 (R3) in the ADD command is
executed by the hardware such as the wired logic that is controlled by the instruction unit 21
as an example of a first writing unit (the hardware control). Similarly, the writing of the data
to the nonvolatile memory 17-3 (NR3) is executed by the hardware such as the wired logic
that is controlled by the instruction unit 21 and the LOAD/STORE unit 15 as an example of a
second writing unit (the hardware control).

As described above, by using the ADD command as an example, the operations of the

volatile register 14 and the nonvolatile memory 17 was described.
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When the ALL1 11 executes the addition (ADD), an addition result (AtB) is
set in the operation register X (not shown) which is incorporated in the
ALL 11 (step S202). Subsequently, the instruction unit 21 reads th.e
addition result (A-1-B) of the operation register X of the ALU 11 to the

internal b 2 fromthe ALU 11 to ite.the addition result.in the .

vol ati e r g 6 deleiosSFiregprigisyl Bbes s rECaaen gner dhtneh (ailies | s
transmtted to the LOAD/ STORE unjt 15 sinultaneously with the witing (step
S203) Wfittehin awdpres 6h theexlpiileragistes) 14-4 tong-361the srae \rglétj‘i e gyritien. 13 iRs) |
"Therefore, the LOAD/ STORE unit 15 wites the addition result (A+B) in the
nonv ol mmivblatiteemenyri¢s I77-Btq N-BB portespepdig@ 0ryeto in parallefhe i nstruction unit 21
perfornms a next operation in transmtting the addition result to the

LOAD/ STORE Ewuntthdiighwihtieaud davaiptdvixenstyowrittemnipl it monvaitile henvaries ilfigl ©f 1 7% he
addition result in the nonvolatile menory 17-3 (NR3). That is, in terns of

t he | nst HgEtdadhardiviervditert herhdatsawhen ey p’ov\/h!’ristlﬁ)%ﬁ unit 90N teey ohatdchefmenory
17. Therefore,an overhead in the operation of the data processing apparatus

|- can t?g)n%ﬂg)&ﬁ S@Bmories 17-171381M87 k& afe Hb& Sakg L%)@akb%av£§t@§édl & fhegi ster

14-3 ( in the ADD command is executed by the hardware such as the wred

d
logic that is. tr ol ) ruction unit 21 as an exanple of a
first Y/&I*%PFH%%IS&%?tlﬁt‘Iﬁglqh%géés fgced c@ihtrol). Simlarly, the witing of the

data to the_ nonvol atile nmenory,17-3 (N i S, .ex t he har.dware such
25 the i r oH DU S TEOGh o IPBU By e o SOF AL PEEHL A P TIATE AT he
LOAD STORE unit 15 as an _exanple of a second witing unit (the hardware
cont r gieadable at the highgencedi bl Ay, OBy Waftery 17 fle RB\?Y‘Q%tHﬁB{Hﬁn%}' éﬂ as
exanmpl e, the operati..ns of the volatile register 14 and the nonvol atile
menor ydesqrigasabgwe c r Thesefore, even thopgh theedadaisawpitet &5 Sierpnapigtleanesony bt t he
first enbodi nent., even though the data is witten in any one of the

vol at i the opegiist ef the #4ta proaessidg Zhardtie] Samwppeated famebeing titleyed. n t he

nonvol atile menories 17-1 to 17-37 corresponding thereto in parallel.

Even t houghsithieqienay,ehélaperatpinesm thel Ghty pyadetdigappardtine]l ndhvoladctibed, wermnr i es
17-1 to 17- 37, new data are overwitten. That is, when the power supply

uni t 9fe ipdwH My ARit 9936 hethed e (f@_&&t@h)ﬁaﬁérqlh%m@f 8$pply udit VO kihSdatst or es

the nost newy updated data stored in the volatile registers 14-1 to 14-37,

rESpecéxnge\‘%,%il}ﬁ{ggBParatusétié‘ﬁm@brl?’tgl atile nmenory 17 is constituted by the ?ARAM

whi ch pble and rea at the high speed. The data is only witten
N e, norvel g Le RTBE AL, ABSGNRES, ROANTRETELAL e o oy e
PT Oces(faita? Bro%gs%?nrgagp%eslra%usi Isshsolwrp 1rnel*sisg?i1 15528';}1 %%rgcp inq'(()arlrﬁle i%g'(“O”/“l”) except for

the nonvolatile memory 17 and the nonvolatile main memory 31 of the main memory 30.

That is, the information (“17/“0™) is lost, which are stored in the ALU 11, the FPU 12, the

interrupt unit 13, the volatile register 14, the LOAD/STORE unit 15, the command unit 16,

the data cache 18, the instruction cache 19, the bus IF 20, the volatile RAM 32 of the main

memory 30, the bus bridge 40, the UIIF 50, the communication IF 60, the IOIF 70, and the

SBIF 80.

Meanwhile, the data stored in the volatile register 14 (the volatile registers 14-1 to 14-
37) just before the power supply unit 90 is turned off are stored in the nonvolatile memory 17
(the nonvolatile memories 17-1 to 17-37).

The data are stored in the nonvolatile main memory 31 without losing the main
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Subsequently; the operation of the data processing apparatus 1 wll be
descri bed, when the power supply unit 90 is turned on (restarted) after the
power supply unit 90 of the data processing apparatus 1 is tamed off

Wien a series of processing are tenninated to turn off the power supply

unit 90, the data uqces appar at us shown in Fi | os al | ored
dor | naBEBIR e JIGh Ex6 405 1 OF PR HOMF oAt IS SHer: (X7 Aahahe Fsabt

nonvol atile main nmenory 31 of the main nennry 30. That is, the information
(" 1"/ "porpd just before thapphr sapelysto ¥hisitmedhefALU 11, the FPU 12, the
internicit unit 13, the volatile register 14, the LOAD/ STORE unit 15, the
command. urfig. 18,a ﬂcbmclmatd;:scrdnn@a flow urtié therdsta pnot:q:sgmgcaaparetuig is pperaldas | F
20, the volatile RAM 32 of the nmain nenory 30, the bus 'bridge 40, the UHF
50, t hehaohzusiveatsupplyl ini690 of hite HEMVptOcessing appara@BlFis8imed on (reMn&mi)hi l e,
the data stored in the volatile register 14 (the volatile registers 14-1 to
14- 3z;ahpst before the power supply unit 90 is turned off are stored in

t he nonvolatlle menmory 17 (the nonvolatile nmenories 17-1 to 17-37). The

data are stgied ﬂll po W& %@Bfégﬁrﬂt bb & MRhdy ﬁ?ﬁé Yiardvafh {hQktali @8 kiRblaki)&o mam

nﬁnvry I mages suc PR e program e constants and the texts, and

t he varl S or efore the power supply unit 90 is turned off.

Fi g. 191?€®%H£&F%§§®&?lblng a flowuntil the data processing apparatus
lis opera n t ower su t 90 e data ceSS|n

appar at us ka§ﬁqﬁ W%EW@% %Wﬁ%?éﬁ‘b&?eggm'“mﬁ EWIWHQ'B Pw§55% nit 90
is turned on, the hardware is initialized simlarly to step é Flg 3
(st ep B@BMjttcdipithe volnaleagisiintbta b Wiiken-bagkitgihe Y‘Hétlla AfESt8Y b"r #Pi T 0%he

nonvol atile nmen .017 is
The write-back is executed by the hardware such as the wired logic controlled by the

instruction unit 21 and the LOAD/STORE unit as an example of a write-back unit,
immediately after the hardware initialization is terminated (the hardware control).

In this case, the data of the nonvolatile memories 17-1 to 17-37 are sequentially
written back to the volatile registers 14-1 to 14-37, respectively. Specifically, the data stored
in the nonvolatile memory 17-1 is read to the internal bus 22 through the LOAD/STORE unit
15. Then, the data is written back to the volatile register 14-1. Subsequently, the data
stored in the nonvolatile memory 17-2 is read to the internal bus 22 through the
LOAD/STORE unit 15 to be written back to the volatile register 14-2. In the same manner
as above, finally, the data stored in the nonvolatile memory 17-37 is read to the internal bus
22 through the LOAD/STORE unit 15 to be written back to the volatile register 14-37 and the
process is terminated.

That is, in a case where the data stored in the volatile register 14 just before the power
supply unit 90 is turned off is stored in the nonvolatile memory 17, the data of the nonvolatile
memory 17 is written back to the volatile register 14 by the hardware control when the power
supply unit 90 is turned on. By the hardware control, a time required for transmission and

write-back may be shortened as compared to the case of the software control.
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transmtted to the volatile register 14 to be witten-back to the volatile
register 14 (step 5302). The wite-back is executed by the hardware such as
the wired logic controlled by the instruction unit 21 and the LOAD/ STORE
unit as an exanple of a write back UPI ( imedi ately after the hardware

initializat on is t har dwa ntro in this case,
the data of ?ﬁéesﬁﬁﬂ%lvﬁpaius ﬁ4é%re£t7)r@et[o&8iga@hgrbé:fcggmfém\yeéls I5’/‘)‘\‘l?f\n'i tten
bath to the volatile registers 14-1 to 14-37, respectively. 86 e data
st or edin9q Fretumshaii.at Thenomsivhitie mpim megoread of dhg HEN MEBIORA @632

t hrough the LOAD/ STORE unit 15. Then the data is witten back to the

vol at i theinreginstyeimagel. Thebsequbntdailingt the aparaansk Gowd thenaddiess mdriheIBainl e mem
ny 17-2 is read to the internal bus 22 through the LOAD/ STORE unit 15 to be
Wi tt efelapk3d desidratedak alid deea (lgiest)etordd irRthe volatiheregamme 1ABNTHEL) ke ditove,
finally, the data stored in the nonvolatile nmenory 17-37 is read to the

i nter nabelbisg %?)pﬁﬁﬁft@tﬂgﬁla&%rﬂe%[yreca_e@ﬁﬁg WBhfinubBslyofrfie the stateejushbetkret thet he
volatlle regrs 14-37 and the process is term nated. That is. in a

ease e‘?%&ﬁxf&?ﬁ%%%%dfp the volatile register 14 just before the

power Is turned off is stored in the nonvolatile nenory 17,

the data Of l%)%;he% Eﬁ)nﬁalr atrcl)cle(s?&%%{)) ?t&%\ﬁ%'rﬁa%é 5 59019%85&&@&12%0\{1?%185 Lhe

reg| ster war e en -t ower supp nit IS turned
e hardware cont time re fo on

write. Jr:-}a@v@ %JE%QO@%WB e 0 b Gl WS et BP IR VR EReRRE 1 s

control . aresult the volatile register §4|s restored to the

state ﬁe%fedﬁéﬁ]@ﬁr%mﬁwt b’éﬁ%"rt@lﬁﬁ]ﬂ?gﬁ‘lﬁ’ﬁmu@wq s Wigph el of f Th_e nonvol atile

mai n nmenory 31 of the main nenory 30 stores the main nenory inma

Ther ef or e,  Wherdh¢ sioged Asa cdrthamanyelatite tthemerddt & ik waitten rb@dﬁﬁ@ Hlen’é‘?ﬂﬁ?ﬂ)‘? 30
designated as the data (address) stored in the volatile register 14-37
(PO, iehBtedaltdabpribe dmsiwige appaolatewsn Thormp peniftamrmptpregeiegsémgocsont inntheus| y
fromthe state just before the power supply unit 90 is turned off

That iisuermlpe uelat @, pr acessibigtapaanaitiushd imayupbec@penaht gust afiti theopsier from
t he stat ust before the power supply unit 90 is turned off when the data
of thegy gl}p‘;dl{@f’s@ﬁingagﬁ_ 14 is restored to the state just before the power
supply u 901s turned off When the stored data of the nonvolatile

me, morv 17 Tt?e 1&1&1% SR 1RHEs A 9 NPV Olatifel thembBO1 Blsichide®¥n bASIAALEHBE

control, even an I nterrupt I’eC]UI r enent OCCUI’S inthe interrupt unit

i b L with th h
povor SHDREST ﬁw b e Pabllahf T4 LR SRR BT Blackile &bl 0°

l ati| 17 _achi eved th th data t
he. vol dEFHBNFLG) SEEr ofATorRERg I T W Aare pigioalitnd) a%&gp%é g e e

term nates a series of processi ng, such that the power 4 uni t

t ur nedP@Fessing (prusEel B g itmedsioring) theglatapd t ﬁ? N@latl?tfsgiSWﬁ lﬁé%dé?elé{d&fl

‘vol atile register 14 in the nonvolatile nenory 17 does not need to be
addi t i mealohy | éodsarotreed to be addifiendhupaitirpedi n the first enbodi ment, when
the data processing apparatus 1 term nates a series of processing, the o
suppl y uni t ABébrdimplybin thonfiedicatbedimdnty wisech the fafihpmocesspg apwrdas & tamindies

vol atile register 14 can be suppressed fromnot being transmtted to

(st or egl géris dffpeod%@swg)ltﬁé pbwen@FpIyurl7onbanbd fempdinerty sl off. uritat 80 thes

suddenly turned off
data of the volatile register 14 can be suppressed from not being transmitted to (stored in) the
nonvolatile memory 17 when the power supply unit 90 is suddenly turned off.
When the nonvolatile memory 17 is constituted by the nonvolatile memory element
which is writable and readable at the high speed and has less limitation in the number of
writing times, the operation of the CPU 10 may not be slow by giving a standby (waiting) for

writing in the nonvolatile memory 17 or setting a clock frequency to a small value.
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When the nonvolatile nenory 17 is constituted by the nonvolatile nenory

el ement which is witable and readable at the high speed and has | ess
l[imtation in the nunber of \kHz:rig tinmes, the operation of the CPU 10 may
not be slow by giving a standby (waiting) for witing in the nonvolatile

menory 17 or setting a clock frequen t.0 spmal | lue, ... Therefore,. in the
first BrbdaTmentt eefg'éh eFWBé’é‘FF“f’h‘é e&aﬁ'éuél? t?‘héla OPEE{? é’?la}léegir%gtlg?r ﬁ Ps
transmitted to (stored in) the nonvol atilenenmory 17, . an oper.atignal speed
of t herapgmatesy Bt éxaticd gnagpamepyelatile; Gepgty Higma{lémefaﬂongl Sl?eﬁdtﬁ*fea’&bé%p
description, the nonvolatile nmain nmenory 31 is included in the main nmenory
$0. Hawesassing bypazainsi it watilmeftadne nain menory 30 by only the volatile main
menory 32, the nmain nenory 30 may be namintained to be the on state or may
be backed up thetaboee dedctiptiyn, the nonvélatifchmaiabovmodest s ptdlwledtinegheymainng of
the data to the volatile register 14 and the nonvolatile nenory 17 and the

wr i t e-RaekryoBot hEo@at&, sy d@dﬂimﬁn%h@e ol adho® BE®MST ynld 7tht ovdldide wodiat i | e
register 14 are perfornmed by the hardware control, but nmay be performed by

the 5%5%@13932% #Qln Ihémbﬂﬁﬁ@niag pRGndih@idedith b8 tIRY HE ok d}gnagpwslackéd apge
form ng apparatus 100) Subsequently, a case will be described where
t he abv%\{ﬁacggttt%a%pr ocessing apparatus 1 is configured as an instruction unit

of thle |rr?ge rmng apparat]lcjs 100. Fig. 8 is a diagram show ng an
exanple o onfigurati.on of  the.image,fornng.a ratus 100. The

i mage for mlaﬁgt Sﬁbgg%fiﬁgé’nﬁgﬁn’i he e gfﬁ?e aty ﬁ(?é}%%)g@gé tri%gl)spegzlé P 0S user
to transm}t a signal, such as._a button, an inmage formn nit 130 ch as a
pri nt tonvalitijemgaonekamhtha iy rfte?&é‘ %ﬁ@ﬁ data Séorggéf’rﬁh@ﬂon&‘ﬂan ¢ merory 1716
atransmtti n_gp/repei ving unit 150 transmtting/r ng data to/froma

commurihe ablabke tegister Agoare pedormag. bmth@&aﬁbvaiw@mr%egutﬁé%h& performgeddist thén t o

the data processing .ppa atus 1 shown in Fig. 1.
software control if there is no limit in a processing speed.

(Image forming apparatus 100)

Subsequently, a case will be described where the above data processing apparatus 1 is
configured as an instruction unit of the image forming apparatus 100.

Fig. 8 is a diagram showing an example of a configuration of the image forming
apparatus 100.

The image forming apparatus 100 includes a user interface (UI) 120 for a user to
transmit a signal, such as a button, an image forming unit 130 such as a printer, an image
reading unit 140 such as a scanner, and a transmitting/receiving unit 150
transmitting/receiving data to/from a communication line 200 (see Fig. 9 to be described
below), in addition to the data processing apparatus 1 shown in Fig. 1.

Herein, the UI 120 is connected to the UIIF 50 of the data processing apparatus 1, the
image forming unit 130 is connected to the IOIF 70 of the data processing apparatus 1, the
image reading unit 140 is connected to the SBIF 80, and the transmitting/receiving unit 150 is
connected to the communication IF 60, respectively.

Fig. 9 is a diagram describing the relationship between the image forming apparatus
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Herein, the UT 120 is connected to the UHF 50 of the data processing
apparatus 1, the image formng unit 130 is connected to the 10l F 70 of the
data processing apparatus 1, the inage reading unit 140 is connected to the
SBIF 80, and the transmtting/receiving unit 150 is connected to the

communj cation J F 60, respectively. Fi.g. .9 is a diagramdescribing the
reIatiBﬁ@ﬁﬁﬁgﬁﬁFﬁﬁgﬁegﬁiﬁ?&ﬁﬁg aﬂg“&ﬁﬁé&étus 100 and devi ces connect ed

to the comunication |ine 200. ~ [he inmage form ng apparatus 100 is
connect ed tbha inage dprmiing APRAaateh 19§ secopnertedioithasommenicatien Her 2¢herchiie

t el ephone network through the trans glreeelving unit 150. A conputer (COM
300, atht dogirmit| snddérei tdephO0g nanwbrl therugbr the0Qammnettiogneatting g tHe A
comumni cation |ine .200. The basic operation of the image form ng apparatus
100 Wi ddmpreerd@SOM)b®RD, a facsimild dehiee | 408gention rsengr afPas@t cmn2f8d tanthemage
read fromthe inmage reading unit 140 is printed on a witing nmedi um such as

paper Qynhh€citmaage200m ng unit 130. The image formng unit 130 may
be a type in which a latent inage is witten in a photosensitive drum by an

LED and in Y et %rzhi%h%?theiiggggfdt@lgggeﬁagﬁsg%dwwﬂi BODgeEritrad transferred

to the witing nediumor may au Image is fornmed on the

0, e SR ST ROl R M M I, Py B VP

in which a an-ay~< i § scanne ich the

imge is read by. using.an i i ng device such as a ) I n the inmage
form r&f“ﬁifg‘é‘? %\F‘%/E’émﬁ / l%lﬂéugg%apagarcdfw PR JoRaYge Wct;ﬁgm tted fromthe ’

conputer (COM 300 or the facsimle device 400 through the ¢, onmunic, ation
line 200 i sllgrimagedfopningnanity 3Q mey brediituig Bywhishiglaidhé imaARQE WBHMR Hy2uni t
130 photosensitive drum by an LED and in which the latent image is developed by a toner and
transferred to the writing medium or may be a type in which an image is formed on the
writing medium by using an inkjet. The image reading unit 140 may be a type in which a
light receiving element array is scanned or a type in which the image is read by using an
imaging device such as a CCD.
In the image forming apparatus 100, the data such as the image transmitted from the
computer (COM) 300 or the facsimile device 400 through the communication line 200 is
printed on the writing medium by using the image forming unit 130.
Meanwhile, in the image forming apparatus 100, the data such as the image read by
the image reading unit 140 is transmitted to the computer (COM) 300 and/or the facsimile
device 400 which are placed outside the image forming apparatus 100 from the
transmitting/receiving unit 150 through the communication line 200.
In the image forming apparatus 100, a main memory image or a reset vector stored in
the server 500 may be written in the nonvolatile main memory 31 or the nonvolatile memory
17-37 (NPC) of the data processing apparatus 1 from the server 500 through the
communication line 200.

The image forming apparatus 100 may not be energized when not being used.
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Meanwhil e, in the image form ng apparatus 100, the data such as the inmage
read by the inmage reading unit 140 is transmtted to the conmputer (COM 300
andl or the facsim |l e device 400 which are placed outside the image form ng
appar at us 100 fromthe u-ansmtting/reeeiving unit 150 through the

cormunlc llne 00, In the i e.formng. a tus 10 a main
menor y* Fm%gerés%fng\ﬁé’é’fi@?usslf@rlgay fgg%mélys@ﬁvgﬂe %gn %e\%’ﬁnﬁlflén t he
nonvol atl I e main menory 31 or the nonvolatile nmenory 17-37 (NPC) of the
dat a pipoeessilog lets@%ﬁrta%g@slsqdfromthe server 500 through the communication
line 200. The image form ng apparatus 100 nmay not be energi zed when not

bei ng used.In fharintrge, forheng rpmeathorlfdng wppaf aveds K0O/hidy ahefunetfsing| are

oper abl e when the i mage form ng apparatus 100 i ntends to be used. In
t he i ng@ebioon Agepppps power-thg @odoimwhichaéy somaviiinctiosd dre fopaableqns ar e
operable (on state) and a power-saving node in which only sone functions
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are provided. The image formng apparatus 100 in the power-saving node is

ret ur ney ?a{aﬂ]onﬂﬁ)l Olrhgglémée? ‘s!%ﬁ‘%?ﬁbcfqu ebihig 8 tfl@?l%hi |l Bodd haEgRedeRBng a

conmuni ne rece| ving a signal for starting the use from

It hoepomar RO e niRER M 200 RIVE TR it BhTHERRE RSP O o

CPU 10, the main nmenory 30, and the bus br| dge 40 of t he data processing
apparaf{r the USTt he instruction unit may al so be in the off state. Firthei
the power supply unit 90 may also be_in the off state: That is, in the
power - savi ngherRser-saying node Vﬂllbfﬁﬁscntbﬁ@“tﬂiharﬁgeﬁqnﬁ? f“hE’/gr &cei ving unit 150,
and a power feeding control circuit 90a of the power supply unit 90 of the
data proceslsithg pappasaringsmode,onisedatds dmptsed thepoverasagingnefdss tohCElat®, and
the CPU 10, the main nenory 30, the bus bridge 40, and pads except for the
f eedi nye canhroemoiy 60j tn®Gze bdhis thelgpllenf shepdhty pmi:d:ss'@@ afpatahes datsathe
processi ng apparatus |, and the inmage formng unit 130 and the inage

r eadi ngstdithtion LA nefy 18bd iage offarafd. Nngruapa et pisvet sOfblangit OO nidyerlaffe iat at e.
.A signal line is provided to transmt the signal to the power feeding

contr Qe %'fff Gkt 90a IQfInEKee%Wéﬁavﬁ RIS, bRty ithdD1aD0 e ndAditii PeEsSindg
apparatus 1 from each of e U and thé tran.smtting/receivilig unit

150. unit 150, and a power feeding control circuit 90a of the power supply unit 90 of the data

processing apparatus 1 to be described below are in the on state, and the CPU 10, the main
memory 30, the bus bridge 40, and parts except for the power feeding control circuit 90a of
the power supply unit 90 of the data processing apparatus 1, and the image forming unit 130
and the image reading unit 140 of the image forming apparatus 100 are in the off state.

A signal line is provided to transmit the signal to the power feeding control circuit 90a
of the power supply unit 90 of the data processing apparatus 1 from each of the UI 120 and
the transmitting/receiving unit 150.

The power feeding control circuit 90a installed in the power supply unit 90 turns on
the power supply unit 90 by receiving the signal from the UI 120 or the transmitting/receiving
unit 150 and starts to supply power to the CPU 10, the main memory 30 and the bus bridge 40
of the data processing apparatus 1, the image forming unit 130, and the image reading unit
140 which are in the off state.

28



The power feeding control circuit 90a installed in the power supply unit 90
turns on the power supply unit 90 by receiving the signal fromthe 01120 or
the transmitting/receiving unit 150 and starts to supply power to the CPU
10, the main nenory 30 and the bus bridge 40 of the data processing

appar at us the image formng unit 130, and.the inmage readin i 40
Shoh are It e el s case OLhe poweirpeying ot B o SHETERLE TerUL gt
power - savi ng node, power is supplied to the UT 120, the.
t r ansrie tiapgniterETegeinaeumit 1A mnddhe pewer frsdime oabal AgEbRA of theitodist 90a
of the power supply unit 90 of the data processing apparatus | froma power
supp! ysupplytunstfivef)the data procassitgapghratisel fiomerposigp pinplufict sGOvdf t he data
processi ng apparatus 1 supplies power to the image formng unit 130 and the
i mge r eadiAghaiightthd #Owert sui@ppomer 9G e dhicniytacotessing apparaius Iswppli@paviee power
feeding control circuit 90a may be provided so as to start supplying power
to thegl HBGRaEO Tehiigg WAitt13D3thdaind itfage rdmige; tBaduogthenidwet 46dig therati gnal
fromthe 1L11 120 or the transmitting/receiving unit 150. Figs. 10A
and 10 ' ' [ t he
B gud g%fhg#%t\x%p @é@dﬂ%e&%lﬁem?cﬁﬁtm REJ WS yide E? 85 Eﬂigalg@ﬁfplﬁﬁg

power savi ng no e 1 na orm ng apparat us 100. shows 't he
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dot s. anwhile, parts whi.ch are_in the off state are surrounded by a
dashed{\éll?)l‘?{\éﬁe transnﬁttmrgﬁe‘feh‘@n%BP‘rtrgF(l)'n’ode shown in Fig. 10A, the data
processi ng apparatus 1, the LH 120, the imge form ng unit 13?, t he rage
readi ng unikigz46A add OBharediagiams shavrng p SeBPIi TR b.’fﬁ‘i"?enltg@)nﬁ?%a #9deiadt he on
state. Meanwhile, in the power-saving node shown in Fig. 10B, the D 120,
t he t rthngomier-savinhewdeifrge umege {GoingAPParHYs ﬁ@QerFltgeégAr@oweﬁm 8pmedlr cui t
9th of the power supply unit 90 of the data processing apparatus 1 are in
t he ommsiated RigdlAbhehowadke pawei-sayinginiode.]1 3Partst whidhnageinr dadimeaignite 140,
and the data processing apparatus 1 except for the power supply control

ci r cui gurRAadef by BeoROWBE 288 PRhdhednivith Q8lfiahe doR. t Mraawhilgtpite wWhich ar indl e
state). In the powersaving node, when the inage reading unit 140 is

a scanBebfr stdie b sBESWRE tyhadashhielimser rai ses an upper cover of the scanner
in order to use the imge form ng apparatus 100. Since the upper cover of

the scannerpig. ﬂaﬁ&%gné%e%ﬁo'v&;n 111215:15 0481 @P @kt BbcdsBREPEAARY 1t BR UIMeeS

[
form ng apparatus eing stdrted Is transmtted ?o the power feeding
control circuit 90a of e,.power_ s Ly unj .dat . i.ng
appar at'tidm1e¢ f%l?%gn]@'ll%?? “d898% eé&ﬁ )e{lrn“r LI%OS 3@&@%“&%&3&31 %S‘g‘{lagg %?‘ Lte
scanney, As a.result, the power.supply unit Q is turned on.. escr i bed
above, fS[()rfge Gﬁt‘%aé"t%’r i n qnghléngﬁﬁ'w@rﬁawﬂg Jnogs SB?WP et ﬁ%g’pti?)péssi ng
apparatus 1 is transmtted to the volatile register 14, such_ that e data
pr ocesEithghea pipnsmitting receizingasiind & and threPosyestieeqipg copEploriuit ap%"fAfg\e

g

supply unit 90 is turned off (the state before the data processin
appar apayeerisupplyerst 9hef pondata paadepringropisyatus 1 are in the on state, and the image

forming unit 130, the image reading unit 140, and the data processing apparatus 1 except for
the power supply control circuit 90a of the power supply unit 90 are in the off state (in an idle
state).

In the power-saving mode, when the image reading unit 140 is a scanner, it is assumed
that the user raises an upper cover of the scanner in order to use the image forming apparatus
100. Since the upper cover of the scanner is one of the UI 120, a signal for instructing the
image forming apparatus 100 to being started is transmitted to the power feeding control
circuit 90a of the power supply unit 90 of the data processing apparatus 1 from the UI 120 as
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Power is supplied fromthe power supply unit 90 even to the inmage form ng
unit 130 and the inmage reading unit 140, and then each of them becones the
operating state. As a result, the image form ng apparatus 100 is
(rjestorgddt obt he state just before entering the power-saving node. As
escri bed above |ncethed stored in the nonvol atile. nme A7
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is stored in the nonvolatile main nmenory 31 of the main_nenpry t he
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to the normal node. Simlarly, in the power-saving node, when the
dat a i ®ppaets vsdrasmitietdtie thaodatit registev] 4 sud0dat the datgtpro¢rssiog apaasatead i on
line 200, the transmitting/receiving unit 150 detects the reception of the
dat a ti@ rédt@as m thetdigte pisgbaford the ponst sugily ngitYbds hmageoffdtheistge befosr theus 100
to he started to the power feeding control circuit 9th of the power supply

uni t  99,0prokbRindalhBaRiRACHHIH theIRRAE ddvise hodSi Ml arly to the
above-nenti oned case, the data processing apparatus 1 is restored to the

state just pefane Jfheicape tlﬁuwérf]tsgﬁ}slgftv.ﬁg JoSevieH Bk A dge (fotﬁﬂng L] 3bef oré

t he data p{jO?ESSI ng "appar at us e power-savi ng nmod e Power
IS su i rom t
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i mge form ng apparatus 100 is restored fromthe power-savi ng m)de to the
nor mal CIHYHE Qp@Wﬁll'$at’YHt&I§P<§ﬁ perform processing fromthe state just before
entering the power-saving node. Therefore, the data processing appar atus |
descri bed i s theribed sboenttientatdatgtornd nsdd nesvelasls memencd 7 o ramdly of
the i mage form ng apparatus 100.

written back to the volatile register 14 and the main memory image is stored in the nonvolatile

main memory 31 of the main memory 30, the image forming apparatus 100 is rapidly restored
from the power-saving mode to the normal mode.

Similarly, in the power-saving mode, when the data is received from the facsimile
device 400 through the communication line 200, the transmitting/receiving unit 150 detects
the reception of the data to transmit the signal for instructing the image forming apparatus 100
to be started to the power feeding control circuit 90a of the power supply unit 90 of the data
processing apparatus 1. Similarly to the above-mentioned case, the data processing
apparatus 1 is restored to the state just before the power supply unit 90 is turned off (the state
before the data processing apparatus 1 enters the power-saving mode).

Power is supplied from the power supply unit 90 even to the image forming unit 130
and the image reading unit 140, and then each of them becomes the operating state.

As a result, the image forming apparatus 100 is restored to the state just before
entering the power-saving mode.

The image forming apparatus 100 is restored from the power-saving mode to the
normal mode to continuously perform processing from the state just before entering the
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In a ease where the instruction unit of the inmage form ng apparatus 100 is
the data processing apparatus 1 that does not include the nonvolatile
menory 1.7 and the nonvolatile main nmenory 31, the data of the volatile
regi ster 14 may be maintained to be the on state or be stored in the
volatile main. nenpry 32 ich is, backed up with the batt ré when %hg

nor mal PAPEASATIEE SHPYE he HF SO h ehp ottt PLOFFFIE MBRF SN FoREDE B NP i n
the volatile main nmenory 32 is witten back to the volatile register 14
when  tdvebqsiimentsahagsedvel theiinstaifipe Haig of tetmashirming apastuisHdever, in this
met hod, when the nortnal node is switched to the power-saving node, a tine
(routine) flora siserwinge tieirdttctionf utihef thel iateigk domaig spparatig 1108 if ee JBRati | e
main menory 32 is required and when the power-saving node is switched to

t he nogroedssiipd@paratustli et eedutol iejudecthe wohtdlmije agkoryhg atsit the mbntdiatile
volatile main nmenory 32 to the volatile register 14 is required simlarly.

Ther ef @58 m@So§ O MELGhtiVot hel Vifatil PGestéOrNinag ba PRAfAINGS td 60 thesimgatele dat a
processi ng apparatus 1 of the present enbodi ment as the instruction unit,

the standBy. it j "B v%lﬁpé grlgaggq?gigﬁ}t #1 &bl (FRBCL I REATLB 0w ARRRY Bhiusy 1PRni e

switched to the norma e power saving node, and is switched to
t he power savi,ng no f.rom t he nor nal e . .

suppl i e moﬁ%?sn?\g?zﬁw{i ﬁ%%/eo? %4 ?rfsgg%%inﬁng&r%é%dr §/he3(5l t{)g[g%rg IP ﬁgéjg%lafshtea eor
back up the volatile majn nenory.32 with the hattery. . n t he .ahove
descr i PEMEH, 3% e THM%@ LeppitiliRgistes gf} i“ﬂlfn?r@’d%o‘?%‘sgwntgé%o q i f)wfcﬁ’ggnor nmal
node has been descri bed. - Even a case that is st op node idP whi ch.
the 110 tho@ormplempdenddpvevenginrBiseneinag When theserrmehgnadgds saehed Wetheng
control circuit 90a of the power supply unit 90 are all_in the off state is
swi t chedvareaving mederal time deotitive)s for stening thsadata jo§ the valetlet iegistiat !4 ©t'deed in

the nonvolatile nmenory 17 is rapidly witten back to the volatile register
14, t heolatitageaif anerhory Hpparegtired 200 vitenrtapipdivgr-sastpmedefis omitthal &t dp node

to the normal, node. When the main nenory 30 includes the
nonvol @riaPm@aé,m tﬁiﬁegxfoﬁtiﬁéb fbowsitias Badkhie Madary f ey ytile imge mehdoey 32 apthwode i s
nore rapidly switched to the normal node. in the first enbodi nent,

when tHg,newesiseHRRlY réflifed Wmiisly. UrMREIOR, a§ h@m?aﬂea Wish eHeefndatBimmpor ed
in the nonvolatile menory 17 is witten back to the volatile register 14

throug '—%}?{P’ th:-‘ ugy tBalafllsel A thBUSredeht dnfholdfthént MR fhad,
based %’r?td{]aﬁg’ ar dl\%agl e go%t%&w%esagﬁe%??}%%ug{@on Eejriet 21, the data of the
nonvol atile menories 17-1 to 17-37 are sequ I t i nher.nal
bus 22‘“?tﬁ?cglﬁah“‘l’{aetﬁiékﬁﬁé>f&5§ { el BRSNS iflbbd AR Bodilifis OS2 |
registers 14-1 to 14-37. In the dat.a progcessing apparatus 1 according
0t e 40 dho BRI ROt rom e e SanE Tenane 0r BB T oge Pever
transmtting the data is provi ded between the nonvolatile nenory 17 and the
vol at i fawingagpds spm e n njoge. the data is not transnitted through the
LOADY STORE unit 15 in the data processing apparatus | of the first

enbodi ment . Pdwgrinetds te, bessupplnaal toavpintaiuthe golgtile maipaukmetysd 2datbg the on Hate

nonvol atile nmenmory 17 to the volatile register 14 is decreased. Fi g,

11 is érldichgpalm sdimvie ngri@meenrcayP? evithfthabateeng.i gur ati on of the data
processing app, ants 1 in the second enbodi nent.

In the above description, the case where the power-saving mode is switched to the
normal mode has been described.

Even a case that is a stop mode in which the UI 120, the transmitting/receiving unit
150, and the power feeding control circuit 90a of the power supply unit 90 are all in the off
state is switched to the normal mode is similar. That is, since the data stored in the
nonvolatile memory 17 is rapidly written back to the volatile register 14, the image forming

apparatus 100 is rapidly restored from the stop mode to the normal mode.
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As a result, in the data processing apparatus 1 of the second enbodi nent,
power supply unit 90 is turned on, the data of the nonvolatile nmenory 17 is
witten back to the volatile register 14 through the data transm ssion bus
23. The wi ne-back of the data of the nonvolatile menory 17 to the

vol atile r 14 t hrou tran si on bus perfonned
by har dwar e ﬁ}" alwnenpcggr}g ﬁ‘b‘? Ié‘fiml}g?rﬁary;ﬁ tBGﬁWéﬁ’

exanpl e, the nurrber of the data to be vvrltten back is set in the counter
and t hecrapamsEes the stapmasicas moee weidhy ywiched fe theawiaaknads-y transnitted to
the volatile register 14 and witten-back until a value of the counter
becones zerlo thhifirg edbodmasit,gherhide pavaesuiply heit 00 ihtvencdome the date (Berek may
be perforned by hardware control using direct nmenory access 32 (DVA). In
this cs®,stdryd $ethe mgivalabikgimemong 1 addwesgsn bhck foetha onlatilateiglseer menbropgh 7
which is a transm ssion source, the nunber of the data to be witten-back

and a feioWbarcrduaas 50indthe iMemat bhie2T e dhshemdifodWbacdll b1t Har@ngasl ssi on
destination, the data stored in the nonvolatile nmenory |? can be

trans otrﬁr‘caspbgqea?rﬁtﬁgtll&{]hhl? rle%estt.lzﬁ% ot4nd QoRRIMIE A ERNRCK-1 to 17-37 fret hi' S

met ho sinc e data can be successively transmtted as a snal |

As m;:; gﬁrﬁ%ﬁgﬁc K14 @ &m el 54 thr%%l"‘{fh'e tL(?‘ﬁD%af(:fRE N8Rt fhd 19' Gfieased.

bove & second e nme requi re or wlting

back the daao he nonvol at i | nmory 17 to the volatile register 14|s
short QANERC thseY ;eg%%&?'jﬂll?ﬁg is turned on, such that a time until
the data processing apparatus | is operable js decrea npared wi th

e
the first engbedagmrocessing apmr@t%&@ﬁccgdeettarth%épcaeé ERy agrraﬂ%.ae USYVEd, the
data processing apparatus 1 in the second enbodi nent may he the instruction
uni t (dma drapsocessi iy appar dransmitlingfthe eta rageovidednbeiycapphe arokolade
described in the first enbodi nent, In the first enbodi nent and the
secondmeibndil Frentl , thevveitilch eegim«mem.s UPtglt yis, uthie tda@0isi sott twansedttainthroush that a
stored in the nonvolatile nenory 17, that the data of the volatile register
14 j ustOhe//STOREN@NPOYEIinS tHePldjtaupidceRthg Sippartmed] odfT thes finsti tindodibagk t o
the volatile register 14.
Therefore, a time required to write back the data of the nonvolatile memory 17 to the volatile
register 14 is decreased.
Fig. 11 is a diagram showing an example of a configuration of the data processing
apparatus 1 in the second embodiment.
As a result, in the data processing apparatus 1 of the second embodiment, when the
power supply unit 90 is turned on, the data of the nonvolatile memory 17 is written back to
the volatile register 14 through the data transmission bus 23.
The write-back of the data of the nonvolatile memory 17 to the volatile register 14
through the data transmission bus 23 may be performed by hardware control by, for example,
a sequencer using a counter. For example, the number of the data to be written-back is set in
the counter, and the data of the nonvolatile memory 17 are sequentially transmitted to the
volatile register 14 and written-back until a value of the counter becomes zero while

decreasing the value of the counter.

The write-back may be performed by hardware control using direct memory access
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However, in sonme cases the data of the volatile register 14 just before the
power supply unit 90 is turned off is not witten, back but the volatile
regi ster 14-37 (PC) nmay need to be used as the reset vector. That is, the
data processing apparatus | may need to be reset. in this case, the data

processi appar at us becones operabl e when the reset vector. is.set. in the
vol ati@q&gig‘t%}s Cfﬂ@’iﬁ SepiEg, a beginnin ‘ﬁﬁ‘é? ietPnys ke MERoph L f”ihiciltlsl

enbodi ment and the second enbodi ment, the data of the volatile register

14- 37 { P@)sny#sieheoucmy thonymbesidrbrdatato e writieppackand Rebegypnng adshicssoft he
data processing apparatus 1 is in prowess. As a result, the data of the
nonvol tat vbatiteregister 17-\8rick NPCjrasonissisip dedinagon, dhe Aata wisired inl e megydatde 14- 37
(PC) is al so changed. Therefore, in the third enbodi nent, a

nonvol @embe resetbeentoittatenticyd4tils tagidterd 4thdemaiieh baelct or is provi ded.
Fig. 12 is a diagram show ng an exanple of a configuration of the data

processi ng RPPa Aethddl sinde teheh bhithél dgabedi b Bliccessively ThasHada RroHe@aBI ng
apparatus | of the third enbodi ment further includes the nonvolatile reset

vect Ornm g)y gl\%‘él%szh%&ﬂquﬂﬁl% fof Witin %ﬁ&l@fhfgl'aﬁ; i8d&dsel unit 25 as an

exanple o ing unit, as conpared the data processing apparatus 1

of the Se00§€ ggs%?lggd gl‘)eoq}e isnhgjf\/én %eif;.(pndF&Qboq][réF?tr & t%eng%irggtf(gn\gﬁﬁﬁgglﬁﬂhgn bus

23 i s conne 0 any ohe € nonvo nonvol atil e
reset yector nmenory.24 by the switchjng of.the switc nit, 25. Si nce
ot her Mg%ﬁ’togv%l t‘%ﬁﬁe%%yaﬁpp\g%ﬁgg!aﬂge 'ﬁﬁﬁiﬂif‘d% S}iorgf”lﬁ?’ﬁihet?ﬁwe& SERSYdi ment
are the sane as those of the data processing apparatus | of the second

enbodi #EnP is FEmed PResENERNY tEefrEBiHeedali PIOCBISINgARISEER] hdy operable is
Therefore, in the third enbodi nent, by switching the connection of the data
t r ans ndessdasdtl, baisorzaredwithyheofiest ehbedimenbnvol atile menory 17 and the
nonvol ati | evect or

Although a detailed description is omitted, the data processing apparatus 1 in the

second embodiment may be the instruction unit (data processing apparatus 1) of the image
forming apparatus 100 described in the first embodiment.

In the first embodiment and the second embodiment, when the power supply unit 90 is
turned on, the data stored in the nonvolatile memory 17, that is, the data of the volatile
register 14 just before the power supply unit 90 is turned off is written back to the volatile
register 14.

However, in some cases, the data of the volatile register 14 just before the power
supply unit 90 is turned off is not written back but the volatile register 14-37 (PC) may need
to be used as the reset vector. That is, the data processing apparatus 1 may need to be reset.
In this case, the data processing apparatus 1 becomes operable when the reset vector is set in
the volatile register 14-37 (PC).

As described above, in the first embodiment and the second embodiment, the data of
the volatile register 14-37 (PC) of the CPU 10 is changed at all times as the operation of the
data processing apparatus 1 is in progress. As a result, the data of the nonvolatile memory
17-37 (NPC) corresponding to the volatile register 14-37 (PC) is also changed.
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menory 24 by using the switch unit 25, the data of the volatile register 14
just before the power supply unit 90 is turned off can be witten, back to
or the reset vector can be witten the volatile register 14 when the power
supply unit 90 is turned on. The nonvol atile reset vector nenory 24
may he constituted. by the nonvqlatile nenpry el enents, which are.wjitable
and r eadablﬁ‘eé‘%o‘feng‘ ﬁ@gtﬁlrg ﬁg@@gwt,ﬁagoqvgggi/q FERFT A0 ARG %él SHUHSEC of
rewiting times, such as the MRAM the FeRAM the PRAM and the ReRAM

si mi | aeset yeethreismeriididat i | e menory 17 and the nonvol atile main menory 31.

tio'iiever, when the number of rewiting tinmes or the operational speed is
not |imtedfigt hkineniagranishewinesat examaploof meeanfigupdioney the datenyosassingd by

the FEPROM the flash ITICIT3017, and the |1 DD. Subsequently, the
oper atdppara@fs Itineheldia eptbodasaitng apparatus 1 in the third enbodi ment will
be descri bed. The switch unit 25 switches the connection of the data

transm ssi ofheDusta?BrdcBssdlpy appfatdf t g pRNUstdaebediRPr Hirthdr atthdehethe
nonvol atil e reset vector nmenory 24 based on a signal front the outside of

the dafaBRLARCRILNIARP RIS - std; Qlfé(ﬁrr{& t R¥cibNendi08@icH LAt St he aput si de

of the data processing apparatus 1, ﬁe power supply unit 90 is turned

, the d f the,. latil M
vol at et i Er MG, & bafulEl R g Gl ARSI bR T MG 0

hé” reset vector ca e Vo
regi sterl?%l4. As an\}ﬁxanpl e of the signal fromthe outside of the data
pr ocesEiBEHaPAVRLE K18 When the data processing apparatus | is actuated

(when a switch of the power sugply unit 90 is pressed) whil,(-f the U i,zo
shown in Filhe ¢ptagapsmisten Aus Bdot Corgiesird tte pny 9npoddaehonvordilymenssy 44 an
exanpl e of a designation unit may transmt a signal tior selecting the
reset anddhononvisevsistteeciaharentde 24 by shpvvotbsng ¢ighappédhatnis? i s act uat ed
(when the switch of the power supply unit 90 is pressed) w thout pressing
t he speci alSihaobdihagcempdmhis dfhihe ldatal POcesaingt appasitrist | af giegthad dngrodgeéndct i ng
the data of the nonvolatile nenory 17. When the data processing
appar atrgshd sifie agttadeeds (hohedta pibRssig tappartus tihef panwsscosd ppibydinmdnt, G0 i s
pressed) while a plurality of switches which are connected to the U 120

are Sié&l}eﬁlt%gﬁﬁigséo\fnﬁn%ﬁ%\gllnbhﬁe&&crll?éﬁ. may transmt the signal for

sel ecting e reset vector, and when the data processing apparatus 1 is

act uat ed (V‘ﬂf‘e??f%ﬁe S ;P4 érﬁ'@o&’rﬂ%,: ab?é@@'it}fhiﬂgi tlllgggoﬂn%cf?(grﬁ%?teme Whdahout

pressing the plurality swtches sinmu ously, [ 120 may transmt the
signal, for .selecti the data.of th nvo+ Of) [ . n a
but't ori PR RS E i0p R onAR epfrd RNR o) P B R s ls il
processing a rat us is.pressed for ar tively longer. ti he.U 120
nmay tr%ﬁ@%ﬂ E‘F%@ ‘?i‘@néﬁ Slwd{)ci‘slg’ll ’itﬁ% df”i"‘}e‘%]rtgg é’PﬁWi‘?:fe&‘S?erah Jus %tlﬂre[%
button (the switch of the power supply unit 90) tor actuating is. pressed
for a PeyeasrRRYyny R8s 8rmed ot can he WIHIEN Pogk togqr the ERsshyactarsan BF gridien o8y
sel ecting the data of the nonvolatile nmenory 17. VWen the reset
vect orthe sokélesegistr 14 mdhed sheapaweanspily sndA0bugxg dns connected to the
nonvol atil e reset vector nmenory 24 through the switch unit 25. Meanwhil e,
t he connectTlan nonvolatile reset vector memory 24 may be constituted by the nonvolatile
memory elements, which are writable and readable at the high speed and has less limitation in
the number of rewriting times, such as the MRAM, the FeRAM, the PRAM, and the ReRAM,
similar to the nonvolatile memory 17 and the nonvolatile main memory 31. However, when
the number of rewriting times or the operational speed is not limited, the nonvolatile reset
vector memory 24 may be constituted by the EEPROM, the flash memory, and the HDD.
Subsequently, the operation of the data processing apparatus 1 in the third embodiment

will be described.
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of the data transm ssion bus 23 to the nonvolatile reset vector nenory 24
through the swtch 5 is perkirncd by hardware control such as sw tching of
a transistor switch by a signal fromthe outside of the data processing
apparatus 1. Simlarly to the wite-back of the data stored in the

nonvol atile menory 17 to the vqglatile register 14 in.the secpond enbodi nment,
the reset vE ISP ﬁmtq%ﬁ%%?ﬁﬁ%?cgpplg’éa}ee@? RSP “rﬁc)ﬁytofﬁyioge
witten on the volatile register 14-37 (PC). As a result, the data

pr ocess thg napyrdatile weemory ddcrndahp agRviatile resgtyedy BEMPR2HPEEH o B8
executed froman address of the main nenory 30 designated by the reset

vect orfrom theantsido of pke da. processingMypaneitis &, Wherafordebyhdrev szl frempidgor y 17
is selected, the data transm ssion bus 23 is connected to the onvolatile
menor Youkdidé Bf eiegdntd becewitgChppanitis R5whei tite [pamiey stgply heit SOcie manedrbodihrent |
the data stored in the nonvolatile nmenory 17 is transmtted to the volatile

regi st@ha dfthe OBV SHhQkEneBoNel BE et WaARET bk tanhd helagRfrepislel 1her ard detd.
Al t hough the detail ed description is omtted, the data processi ng apparatus

1lin tr%%g&?%ﬁg?W@giomvﬁﬁ%y%&ge@nstructi on unit (the data processing

oppe s D U (e e Tor D Ampratus, 10 descr e e ahe
o sy o O e PP PP
nonvol e PRSE PSR e 90@%;%@%&%1& 0f e ThaPE ol T S8
nonvol Bl waHtofy 7120 shown Thidsh s oppoceseRHGE apdh B uesrdgre d Pour

embodi ment further includes the nonvolatile menory 17-38 storing the reset
vect orasagtdegarnplet ¢fea nisrigodtami Wt meyoirgnsirt ofsigieé feasdecpingcies s"FW(g VEBIB&T at us
| (see Fig. 1) of the first enbodi ment. Pig. 13 is a diagram
descr i bieagwkite, etanphe dath proessifig gppaadtioh iphcthach onbal Givisketcheftireypdweri n t he
data processing apparatus 1 of the fourth enbodi nent.
supply unit 90 is pressed) without pressing the special booting switch, the UI 120 may
transmit a signal for selecting the data of the nonvolatile memory 17.

When the data processing apparatus 1 is actuated (when the switch of the power
supply unit 90 is pressed) while a plurality of switches which are connected to the UI 120 are
simultaneously pressed, the UI 120 may transmit the signal for selecting the reset vector, and
when the data processing apparatus 1 is actuated (when the switch of the power supply unit 90
is pressed) without pressing the plurality of switches simultaneously, the UI 120 may transmit
the signal for selecting the data of the nonvolatile memory 17.

When a button (the switch of the power supply unit 90) for actuating the data
processing apparatus 1 is pressed for a relatively longer time, the Ul 120 may transmit the
signal for selecting the reset vector, and when the button (the switch of the power supply unit
90) for actuating is pressed for a relatively shorter time, the UI 120 may transmit the signal
for selecting the data of the nonvolatile memory 17.

When the reset vector is selected, the data transmission bus 23 is connected to the

nonvolatile reset vector memory 24 through the switch unit 25. Meanwhile, the connection
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The nonvol atile nmenory 17 of the data processing apparatus 1 of the fourth
enbodi nent includes the nonvolatile nmenories 174 to 17-37 maintaining
(storing) the data of the volatile register 14 just before the power supply
unit 90 is turned off and a nonvol atile menory 17-38 storing the reset

vector. The nonvol atile nenories {o 17-37 are the%ég}ir}e a}s; t he.
nonvol &ftthe datadiegsmissionpug 2¢ do I3§’7“’P UieEsqtiveelor BITHOEY OuFL SHck; g.
2B, The nonvol atil e neno 17-38 storing the reset vector is_ installed
subsequeniy is nesformed hy rlnarygxaatrﬁr Fentypd guehyasispigrhing of a trangesigriiiiich bythd et a
processing apparatus 1 of the fourth enbodi nent does not include the data
ansm sﬁbmmhdamstsiaaoﬁﬂletdlampjad:easipgammmhs\g. apparatus 1 of the second

enbodi ment. Therefore, the sr "ea) of the CPU 10 is snaller than that in

the case Whihglatijeodat avine0aels St Mg agpat@atdisn thd nohwdiese tivenaatld to the
transm ssi on bus 23. Subsequently" referring to Fig. 1, an operation

when t \nﬁatﬁe‘{’@élstéﬂjpphﬁ/ thi @béon%c&ﬁb%dhﬁérﬁ eflc AbsevbdtolRoaSE Eheblﬂﬂlvolatlle reséthen
t he power supply unit 90 is turne on, the reset vector is selected in the

sane nner i4S , the address of the
nonvol a Hﬁmeﬁr’r&; %g'hgtgng ori ng rég?‘gtésljgt %/F;é@ﬁ%r i s designated. The reset
vect or read to,t nternal . bus 22 nonv.ol at.i

t hr ough the‘gib&ﬁf“‘gT a%?‘ioc‘isglng'laﬁgarflglge}tre@ c?’ B?gl%lg %%lfhle Sne |ntp)e(r%]'1’arifl bus
22 is witten in the volatile register PC) escri be

first ehsgaraEnd I romﬁrsa4d§65é>9 Ehf BANEYOrRER, ez‘ba#% W@P@fﬁﬁ%ﬁFSWﬁfﬂ% WJ'stait®
instruction unit 21 (hardware control). As a result, the data

pr ocestoiapgraéppar at us 1 reads the begi nning address of the executing program
fromthe address of the main nmenory 30 designaed by the reset vector to
start the odemathibewhen the ndvvatwit inemomhEhistselscisduidie dstagingminsion 199 23s
turned on and the instruction unit 21 does not receive the signal for

desi gnigtdongedtfie t¢ Bsehometitids mdnhey addtiessehr gadsvitahnitih@5noRinailaatyi toetheenor y
17 is set in the nonvolatile menory 17-1. And, the data of the nonvolatile

MenDr i &3odd ehbb@irdeht, StheadRa SRALE M ith |nh5n{'(ﬂ§tﬂet1ﬁeﬁlbﬁy i1ntiertrmbmbted @2tHer om
the nonvol atile memory 17 through the LOAD/ STORE unit 15. The data are

Seque dl%lk)‘eg\égtblt ten HRcdolk0a bOGIIMPIREiHior 888t RIIPbldhitled. 14- 37 of the
vol atile register 14.

Although the detailed description is omitted, the data processing apparatus 1 in the
third embodiment may be the instruction unit (the data processing apparatus 1) of the image
forming apparatus 100 described in the first embodiment.

In the third embodiment, as shown in Fig. 12, each of the nonvolatile memory 17 and
the nonvolatile reset vector memory 24 is installed separately. —However, both the
nonvolatile memory 17 and the nonvolatile reset vector memory 24 are nonvolatile.
Therefore, a nonvolatile memory 17-38 storing the reset vector may be installed in the
nonvolatile memory 17.

The data processing apparatus 1 of the fourth embodiment further includes the
nonvolatile memory 17-38 storing the reset vector added to the nonvolatile memory 17 of the
data processing apparatus 1 (see Fig. 1) of the first embodiment.

Fig. 13 is a diagram describing an example of a configuration of the nonvolatile

memory 17 in the data processing apparatus 1 of the fourth embodiment.
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As a result, the data processing apparatus 1 is restored to the state just
before the power supply unit 90 is turned off, and the data processing
apparatus 1 executes processing continuously fromthe state just before the
power supply unit 90 is turned off Al t hough the detail ed description
is omtted, the data.processin% agparatus 1in the fourth engoﬁi nt may be
t he i nst r uctheomonypletiles mem@at d /pPbdBe siaty RIpERIFAe PPRSatEY 1t Ak ¢ ?%Brﬂf‘or m ng
apparatus 100 described in the first enbodi nent. ~ Inthe fifth

enbodi ememtdimettenelodssotha tmoheolpdrongmaries3F - s tod 73g muataire{sterae) dhe flafaadded
to the nonvolatile nenory 17 of the data processing apparatus 1 of the
second fehbediatizntgiske ¢ 9kt bgfoye tHelp@weo swgllatinit 0re trongd dfY ahdig nanodatile
figuration shown in Fig. 13 simlarly to the fourth enbodi nent. In

the fiftRo/MpRdBNReting tHaeresatRcREOrEEE hontdiRiloamvedradsi 1721 nermori7esrelifiel to
17-37 are witten back to the volatile register 14 or the reset vector

stor eds(ak%) &sht?ﬁ %Bﬂx\/ﬂ!it?lkirhﬁnmrﬂl 1 38-37SinWhé & Nenbdthéht 4RO WA iih ®ig € St er

14- 37 rough the data transm ssion bus 23. Si nce the net hod

nonvor Uit PERGARTY, 88858 1708 G638 A€ AN SIS TR SIRERERD T

enbodi nent .h?e nethﬁﬁ %dll not be descri bed. The write-back of each

of t heWXPRUFMEREYN Y596l atile menories 17-1 to 17-37 to the vol atil e

register 14 and the wijiting of the reset vector ﬁf %hg,nongolatile nenory
UK §I0g

17-38 on t Wegwhils the daggprapessing appgratug d it iment dogs gt wshig
enbodi nent shown in Fig. 11 and through the data transm ssion bus 23.
Ther ef the elataatratstragsiandbuie3T of Prei date prasewsoTe sitbaratisel ohithe gggond embodigephough
the detailed description is onmtted, the data processing apparatus 1 in the
fifth Enbefdiayeht sivey(abre) tofighé P 10t is omalle( thea that an preocass svirge dppdatat us 1)
of the image form ng apparatus 100 described in the first enbodi nent.
processing apparatus 1 includes the data transmission bus 23.
Subsequently, referring to Fig. 1, an operation when the power supply unit 90 is turned
on will be described.
When the power supply unit 90 is turned on, the reset vector is selected in the same
manner as the third embodiment. In this case, the address of the nonvolatile memory 17-38
storing the reset vector is designated. The reset vector is read to the internal bus 22 from the
nonvolatile memory 17-38 through the LOAD/STORE unit 15. The reset vector read to the
internal bus 22 is written in the volatile register 14-37 (PC). As described in the first
embodiment, this is executed by hardware controlled by the instruction unit 21 (hardware
control).
As a result, the data processing apparatus 1 reads the beginning address of the
executing program from the address of the main memory 30 designated by the reset vector to
start the operation.
Meanwhile, when the power supply unit 90 is turned on and the instruction unit 21
does not receive the signal for designating the reset vector, the address read from the

nonvolatile memory 17 is set in the nonvolatile memory 17-1. And, the data of the
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As described above, the data processing apparatuses | according to the
first to fifth enbodi nents include the nonvol atile nmenory 17 constituted by
t he nonvol atile nmenories, which are witable and readable at the high speed
and has less limtation in the nunber of rewiting tinmes, such as the MRAM
the FeRAM the PRAM and the_ ReRAM such that the sane data i itten on
t he ndwpsPatile wemerss | /11719 ﬁ7'}§§raz£? SequeRft lﬁ}y fRd tQrthei tﬁ”@?tbflﬁgﬁdﬁg‘%rﬁ tbﬂ t he
volatile register 14. As a result, when the power supply unit 90 is turned
of f ambnyplenafesiory t1ir Heaughn theg AOAD/BY O/ tnHgl backia Hea e 5cqu@iiddYi n t he
nonvol atile menory 17 to the volatile register 14, the data processing
appar avtigenlbararno be wodstloragistare 14-Hgo d#a/efjtsvolatile eegistiiel oower supply uni t
90 is turned off. Accordingly; the operation of the data processing
appar at us Jladrayrefigt, 'tes datat gdcdssipptapph@nst hierdsustd betlar gatehestpoier tappl y
unit 90 is turned off In the first to fifth enbodi nents, the
nonvow&%uﬁﬁy%ﬁ 9’07is'tﬁrﬂeﬂ%tfﬁla%@%es@ﬁﬁw&bﬁfn%ﬁ@ﬁatﬁﬁﬁ eaduiesGREERsihS .

r,

Howev the data cache 18 may be constituted by the nonvolatile nmenory

el emn&oﬁtin@ghﬁ?ﬂ% &géhﬁgﬁgﬁs? bEf&ﬁf gxtgfplog%y s%@w&ﬁpb@ﬁ thidgq pgnvol atil e menory

17. nonvo mernory 17 1s constituted by the

vol af i ?2: NGy ol R o KB g '*éﬁli%giﬁ%ée‘:ﬂ‘a%ﬁeﬁ 4558 oG tﬁéf%é@% 15%0‘?‘%2:318 |
[ ) . I ! i
TeroryToRTh SROUHSTUALS (EAR AR AV AR PE B EPapbisc) o R AR oy

be witten (saved) in the nonvolatile nenory 17 at the access speed of the
dat a clashimgrgparatus 100idgsaribed 11 the firgtgnbiodimeiénbodi nent' s, the nonvol atil e
main nmenory 31 and the volatile main nmenory 32 are installed, but only the
nonvol at i | elnnthi rfiftte eobpdiBdentratie bwnivalstikel ngaory 17-38 storimgh hef eselgwictey 1s
description of the exenplary enbodi nents of the present invention has been
provi delded ab thbendquybpdkesmenfory | 17usf i idatn arndestesc pppptraton.l bf the sewind
intended to he exhaustive or to limt the invention, to the precise forns

di scl aggshdiemi OUskyrdidBy ¥hdBstivbititd meRSra T hyvad taifingionishbwhen &ppdsent to
practitioners skilled in the art. The 39 enbodi nents were hosen and

described Pt PihdesutiPeEStimeXP! @i n the principles of the invention and its
practi clgﬁaagpﬂ catli1 on?s, tkllrélr eby enabling others skilled in. the art to

indet st a0 1 YA L KapSURFIPAULIRRY B 0 v P
;gée? ﬂ\%ﬁ}télﬂﬁ%ﬁk{}gﬁ@i\?@ﬁﬁe (r)ggigtfr:]reléli SMEL %ésgtnvetg{%r gt%freidr}%qhg%n%Fatiieolklle&%@)nﬁ-cl ai ms
38 is written on the volatile register 14-37 (PC), through the data transmission bus 23.
Since the method for selecting any one of the reset vector and the data stored in the
nonvolatile memories 17-1 to 17-37 is the same as that of the fourth embodiment, the method
will not be described.
The write-back of each of the data of the nonvolatile memories 17-1 to 17-37 to the
volatile register 14 and the writing of the reset vector of the nonvolatile memory 17-38 on the
volatile register 14 are achieved similarly to the second embodiment shown in Fig. 11 and
through the data transmission bus 23. Therefore, a detailed description thereof will be
omitted.
Although the detailed description is omitted, the data processing apparatus 1 in the

fifth embodiment may be the instruction unit (the data processing apparatus 1) of the image
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TIS CLAIMED I S: 1. A data processing apparatus conprising: an operation
"nit that perforns an arithnmetic operation and a | ogi cal operation;
writable and readable volatile register that stores data used in the

oper alti ons perfornmed by the operation unit; a witable and readabl e

nonvol ati|le nenory that stores the dataparallel with. the volatile

regi stiermingeperatl 190 deey P%thhs?%ﬁv%&mqné menory being the data stored
in the volatile register; a first witing unit that wites the data_in the
vol ati | e redys dessribed above, gheséatomepogpsing ARpazFPiestlnageoiing &s thenarsyix Bfthn t he

nonvol atile menory in parallel with. the first witing unit every tinme the
dat a i anbudimtes includdthevimnablatiee megiosy é ;coastifuted by the nonvolatile memories,

which are writable and readable at the high speed and has less limitation in the number of
rewriting times, such as the MRAM, the FeRAM, the PRAM, and the ReRAM, such that the
same data is written on the nonvolatile memory 17 in parallel with the writing of the data on
the volatile register 14. As a result, when the power supply unit 90 is turned off and
thereafter, tumed on again, by writing back the data stored in the nonvolatile memory 17 to
the volatile register 14, the data processing apparatus 1 can be restored to the state just after
the power supply unit 90 is turned off. Accordingly, the operation of the data processing
apparatus 1 may be restarted from the state just before the power supply unit 90 is turned off.

In the first to fifth embodiments, the nonvolatile memory 17 is installed separately
from the data cache 18. However, the data cache 18 may be constituted by the nonvolatile
memory elements, and some elements thereof may be used as the nonvolatile memory 17.

Even though the nonvolatile memory 17 is constituted by the nonvolatile memory
element and the data cache 18 is constituted by the volatile memory element, the nonvolatile
memory 17 and the data cache 18 may be placed in one memory space (address space).

If the nonvolatile memory 17 and the data cache 18 have the same access speed, the
data may be written (saved) in the nonvolatile memory 17 at the access speed of the data
cache 18.

In the first to fifth embodiments, the nonvolatile main memory 31 and the volatile
main memory 32 are installed, but only the nonvolatile main memory 31 may be installed.

The foregoing description of the exemplary embodiments of the present invention
has been provided for the purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise forms disclosed. Obviously, many

modifications and variations will be apparent to practitioners skilled in the art. The
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a wite-back unit that wites back the data stored. in the nonvolatile
menoo the volatile register when a power supply of the data processing

apparatus is turned on. 2. The data processing apparatus according to
claiml, further conprising: a data transm ssion bus that is between t he
nonvol at| le nenory a d t he atil ter e- back
unit vIERREMERE KWEReC é?lh a§¥o‘$‘eé?fﬂ? 6&901?6'8{ |e?‘31a}?eﬁt?r 9“‘?%&??1 atile

regi ster through the data transm ssi on bus e data processi
appar anuentisocor dismpctisalapalieationgtharebypnapling others Skﬂleﬁﬁ% th?&‘ﬁ/’@l"é‘flﬁls'@ngrerror y
stores a reset vector for resetting the data processing apparatus in

addi t i tha itventitve fatatsous edbodimehis aopevitt tho neripsrhedifreatioy as e soffed et then
unit, the data processing apparatus further includes a designation
uni t  thaticdasisgahempiditd:h lonenehdédthatitieacamndoft the imeation bedefhreditsy thei t t en
hack to the volatile register, and the wite-back unit wites back any one

of thepdahthAfndshad iesedqurtdd®. which is
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designated by the designation unit to the volatile register. 4. The
data processing apparatus according to claim1 or 2, further conprising: a
nonvol atil e reset vector nmenory that stores a reset vector for resetting

t he data processi ng appar at us; a designation unit that designates

whi ch WA’HS E:E%n@ﬁ:“lﬁs?‘”d the reset vector is witten back to the volatile
register: and a switching unit that switches a connection to any one
of the nonv Iaéile mem)rgy storing the data and the nonvolatile reset vector
menory st or i-AYStHBIOCESHEIE APREEGIS ‘\%ﬂ’ipﬁlﬁmgs desi gnated by the designation
unit, wherein the wite-back unit wites back the any one of the data
and the res@toperajionunitdhatiperfoppsn aEhmels epaptiqn Hidh a IRsicAMFHIRR | e nmenory
or the nonvolatile reset vector nenory to which the connection is swtched
by the swi txhvritable. and readablg. votpide dggiatepribate sorasgdaip peedtinsthacersrdtiong t o
any one of clains | to 4, further conprising a nonvolatile main nenory that
st or espafopmedbsaithe dperatoantitpl | i ng at | east an operation of the data
processi ng appar at us. 6. The data processing apparatus according to any

one of cl aidMeritatll® ahd readable nUAGSIRTIR h&@oROMYOLBEds |tRe TRIATN YpatSleBRYthothe of an
MRAM a FeRAM a PRAM fflid a ReR AM 7. The data processing apparatus
accor ay fglk Pegrdtdl feRal stbred in the nonvolatile memory being the data stored in the volatile
register;
a first writing unit that writes the data in the volatile register;
a second writing unit that writes the data in the nonvolatile memory in parallel with
the first writing unit every time the data is written in the volatile register; and

a write-back unit that writes back the data stored in the nonvolatile memory to the

volatile register when a power supply of the data processing apparatus is turned on.

2. The data processing apparatus according to claim 1, further comprising:

a data transmission bus that is between the nonvolatile memory and the volatile
register,

wherein the write-back unit writes back the data stored in the nonvolatile memory to

the volatile register through the data transmission bus.

3. The data processing apparatus according to claim 1 or 2, wherein:

the nonvolatile memory stores a reset vector for resetting the data processing apparatus
in addition to the data used in the operations performed by the operation unit,

the data processing apparatus further includes a designation unit that designates which
one of the data and the reset vector is written back to the volatile register, and

the write-back unit writes back any one of the data and the reset vector which is
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wherein the nonvolatile main nenory is any one of a MRAM a Fe M a PRAM
and a ReRAM 8. An image fatim na apparatus conprising: an i mage form ng
unit that fornms an inage in a recording nedium and an instruction unit
that controls the inmage formng unit, wherein the instruction unit

CONpr i §&Smated bi'?h@ﬁ’&'ig?uta'ti%ufﬁg}&thE%fatiFégxgé@{e}.”s an arithmetic operation and

a logical” operation; a witable and re ble volatile register that stores
data used in the operations perforned by the operation unit.; a
writable and readabl e nonvolatile nmenory that stores the data in parall el

with the vo ile register, the data stored.in,th onvol atile nmenory bein
the dat e Sebab i TRSVEE apiarus auoebis o daibt | LT, TR e o PRt e € oo

the data in the volatile register; )
a nonvolatile reset vector memory that stores a reset vector for resetting the data

processing apparatus;

a designation unit that designates which one of the data and the reset vector is written
back to the volatile register; and

a switching unit that switches a connection to any one of the nonvolatile memory
storing the data and the nonvolatile reset vector memory storing the reset vector which is
designated by the designation unit,

wherein the write-back unit writes back the any one of the data and the reset vector to
the volatile register from the nonvolatile memory or the nonvolatile reset vector memory to

which the connection is switched by the switch unit.

5. The data processing apparatus according to any one of claims 1 to 4, further
comprising a nonvolatile main memory that stores a program for controlling at least an

operation of the data processing apparatus.

6. The data processing apparatus according to any one of claims 1 to 5,
wherein the nonvolatile memory is any one of an MRAM, a FeRAM, a PRAM, and a

ReRAM.
7. The data processing apparatus according to claim 5 or 6,
wherein the nonvolatile main memory is any one of a MRAM, a FeRAM, a PRAM,

and a ReRAM.
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a second witing unit that wites the data in the nonvolatile nenory in
parallel with the first witing unit every tinme the data is witten in the
volatile register; and hack unit that wites back the data
stored in the nonvolaile nenory to the volatile register when a power

supply of the| fBee S AGAE A ARRREFhMSsidg turned on.
an image forming unit that forms an image in a recording medium; and
an instruction unit that controls the image forming unit,
wherein the instruction unit comprises:

an operation unit that performs an arithmetic operation and a logical operation;

a writable and readable volatile register that stores data used in the operations
performed by the operation unit;

a writable and readable nonvolatile memory that stores the data in parallel with
the volatile register, the data stored in the nonvolatile memory being the data stored in
the volatile register;

a first writing unit that writes the data in the volatile register;

a second writing unit that writes the data in the nonvolatile memory in parallel
with the first writing unit every time the data is written in the volatile register; and

a write-back unit that writes back the data stored in the nonvolatile memory to

the volatile register when a power supply of the image forming apparatus is turned on.

43



