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SEM CONDUCTOR | NTEGRATED CI RCUI T, COVPUTER SYSTEM DATA PROCESSOR AND DATA
PROCESSI NG METHOD BACKGROUND OF THE | NVENTI ON The present invention
relates to a semconductor 5 integrated circuit provided with a

sem conduct or device having a data processing function, and a conputer
system a data processor and a data proc§f§ing met hod using the

gem conductor device. Figure 11 shows an exanple of a conventional conputer
10 system TIREMICONDYCIORS [N TEGRATEDAOIRCUET £r COMPUTERI ISYSTEM,

I n
Figure 11, reference nunerals 1 and 1' denote CPUs, a reference nuneral 2
denotes a host bus, aPRTH FPROCEESRR ANIOAMA PROSESSINGaMEFHOD| ogi C

¢onnected with the CPUs 1 and 1' through the host bus 2. Also, a reference

numeral 5 denotes a nenory bus, and 15 reference nunerals 6 and 7 denote
menories, which are connect

| menpry. controller 4 included in the
core logic 3 through the m%&%ﬂ%‘ﬁ@ %ﬁ%%&?@% I's connected with a
hard di sk devic DD, ro | pher-al, equi prment bus 10. Figure 12
skiows anot her e§§#§|gﬁgééfhg pg%&gﬁfgghalFﬁ}ateﬂxnéhne? sﬁ?ﬁéﬁ?ndugﬁgr
conputsr_sysiesgiledd ii.uhd ipdeludes WRER! ¥ Qi ddidokRnd ,SR RAgLfy 12
wi th an accel eration function connected wth t Bus

e peripheral equipnent
10. Howevera data [pmsiedsyiiqedusatfoR] 068ISINJchMpbPT shdR efONVENFL LRI
system of Figure 11, a processing for transferring 25 work data

(i nter medi apeockssyr Eetdvee datke ptBbeds ing line sk tukel e fikiey sematoRdGEE¥E NY

as a working area through the data bus 5 is di sadvantageously slow. Al so,
in transfer¥®wCoork data

Figure 11 shows an example of a conventional computer

10 system. This computer system has an acceleration function. 1In

Figure 11, reference numerals 1 and 1' denote CPUs, a reference

T R

numeral 2 denotes a host bus, and a reference numeral 3 denotes

a core logic connected with the CPUs 1 and 1' through the host

bus 2.

L4 eI aa.

Also, a reference numeral 5 denotes a memory bus, and

Sy

: reference numerals 6 and 7 denote memories, which are connected

with a memory controller 4 included in the core logic 3 through

the memory bus 5. The core logic 3 is connected with a hard

disk device (HDD) 11 through a peripheral equipment bus 10.
Figure 12

. '.'"‘"”

shows another example of the conventional
20 computer system. The computer system of Figure 12 includes
merely one CPU 1 and a DSP board 12 with an acceleratign
function connected with the peripheral equipment bus 10.
However, in a predetermined data processing by using the
conventional system of Figure 11, a processing for transferring
work data (intermediate data) between the CPU 1 or 1' and the
memory 6 or 7 serving as a working area through the data bus 5

is disadvantageously slow. Also, in transferring work data



-2- between the DSP board 12 and the nenory 6 or 7 in the conventi onal
systemof Figure 12, a data transferring processing through the nenory bus
5 and the peripheral equi prment bus 10 is di sadvant ageously sl ow because
data 5 transfer through the peripheral equipnent bus 10 is al so sl ow.
Accordi ngly, both the conventional conputger systens have a problemthat the
data processing ability cannot be inproveéd for their cost because of the

sl ow data tPeHEseR fthem PRR reoand ed26 amdl theermemorys & herwo? k iar etke

t hrough the_buses 5 and 10. 10 ) SUMVARY OF THE

| NVENTI ON TFRP PR} Btk ( FEs T en?f onf19uFempr b%i ngat héasat ataBeEesring

bili ' gg ' b i m ' f f work d bet we
zCi:PIU, | :[ayDISg %o(gr dsas oj?ﬁé)ﬁeﬁfﬁ!%n%rhﬁéﬁgl mﬂg@%%ggl@lt 155 eran%l nthredePg% %3%%%?%\?2 :
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this o Jecteq@i:&ﬁ)érg& ng, 4L tltbe ggesgggaa‘pggp%%%n%ﬁ]s%rf congl)u?%tﬁor %5%3

havi ng a data processing function 'S connec

includfng acr@erer Rs-Right Reiel bEei %@E t3gp sgi

wi thin the seniconductorgaeeﬁgebggﬁgggr?ﬁéé§$ S er%%g;agrgsdéﬁggpg%ggé 20
el i m nat ed mesbidengi ) eBBEhI WA PERRLEM GRIL bEoRYSEEP MRy sBRAS TR | ¥,
the conputer systemof this invention conprises a sem conguctor evi ce

connect ed vprdblemehaty thet datk prsbdmdMinggadidatd EEREESE YA niprdetiEofor

Al ternatively, the conputer systemof this invention 25 conprises a CPU;
a host bus Emiecast Wedauske oEPtheastow edd iog)i traxmfieec tfedmwicthe mmo£hbk

t hrough the host bus and including a nenory controller; a menory network
connect ed Vﬁtqpqrﬂaqﬁyﬁﬁqg as the work areas through the buses 5 and 10.

10 SUMMARY OF THE INVENTION
The object of -the invention 1s improving the data
processing ability in a data processing by eliminating transfer
of work data between a CPU, a DSP board or the like and a
memory.

15 In order to achieve this object, according to the present
invention, a semiconductor device having a data processing
function is connected with a memory network including a memory
bus or the like, so as to execute a data processing within the
semiconductor device. Thus, the transfer of work data can be

20 eliminated and the aforementioned problem can be overcome.

Specifically, the computer system of this invention
comprises a semiconductor device connected with a memory
network and having a data processing function.

Alternatively, the computer system of this invention

25 comprises a CPU; a host bus connected with the CPU:; a core
logic connected with the CPU through the host bus and including

a memory controller; a memory network connected with the memory



-3- controller included in the core logic; a sem conductor device connected
with the nenory network and having no data processing function; a

sem conduct or device connected with the nenory network and having a data
processi ng function; a peripheral 5 equi pnment bus connected with the
core logic; and a mass storage device congected with the peripheral

equi prent bus. In one aspect of the conputer system the sem conductor
devi ce haviFRPHIRLER d5istdadiiny then@aren Liogiter Aedemicandudtipe. davice

Al ternativel the coggmer systemof this invention conprises a

seni conductGIPRRRASS YadinERE BEHPTR e bRl fnfchdBing N AatagPESCAS FERSr y
accessed by, control Ler_throu t he nory network and having a data
processi ng ?lﬁnn%‘f]rocfh'. Al tsﬁnﬁﬁqr&gﬁ?,@t [Ee‘@d‘}r%)u?‘é?n§?g? rT'WEJFIYlt 1 | AYBEY on
15 CoONPri SEso ' tQr \j onnected wi.th a nmenor et woy k
and havi ng rg. ne_rr%]?yélg?ﬁ‘uﬁg?ggﬁ _ unc%laoﬁp%ﬁ%siﬁﬁlglrgﬁmﬁ_g}ﬁ]hoél ‘dat aP%¥%Bn%%§? g
met hods of Féﬁ\ﬁ.ﬂn@f&ntbh%ngﬁﬁﬂgétéﬁ%ftr}ﬁ,t§1teeeér8f 13‘§ié! hfI AakQ BEorage
processed in a predeterm ned area wthin a roomof a sem conduct or devi ce

20 havi ngevi e tebriietess Wit H Whet iperiphdraer ¥hldpAsn® BBEDIY; processing
the data by the sem conductor device and witing resultant processed data

in the predeterrimesharaspect apdt the porpeter nsPstien| cthav §BhDcdh@uE BORT
and obtaining the resultant processed data by reading the predeterm ned
area or thedewigg REvingprtddet @aba npdtoareaingt fiumdthenr gisn 6brmhkdé as a
sem conductor_device after witing the resultant processed data.

Al ternati vél3Aulgy t he data processing nethod of this invention, a data

rocessor includj a controller and a
P ?(? C}\ﬂ.gernat vely, the computer system of this invention

comprises a semiconductor device connected with a memory
network, serving as a memory accessed by a controller through
the memory network and having a data processing function.
Alternatively, the computer system of this invention
15 comprises a semiconductor device connected with a memory
network and having a memory emulation function.
Furthermore, the data processing method of this invention
comprises the steps of writing data to be processed in a
predetermined area within a room of a semiconductor device
20 having a data processing function and serving as a memory;
proceésing the data by the semiconductor device and writing
resultant processed data in the predetermined area or another
predetermined area within the room; and obtaining the resultant
processed data by reading the predetermined area or the other
25 predetermined area within the room of the semiconductor device
after writing the resultant processed data.
Alternatively, in the data processing method of this

invention, a data processor including a controller and a



-4- sem conductor device having a data processing function and serving as a
menory is used, the controller wites specification information of a
processing to be executed in a first area within a room of the

sem conductor device and wites 5 data to be processed in a second area
within the room the sem conductor device,subsequently processes the data
witten in the second area on the basis of the processing specification

i nf or mat i on® SR ERMEFOX hdevilest havdagni 2 hdateh@nasessiagd funceon esndt ant
processed data jn a third area within the 10 room, and the controller

reads the reStVi2%t PfocéssdPPBIER fL8m S hi ridhear cBORFXPLILE heWESBRS | n
one aspect his data processing nmethod, the second area and the third
area Wt hi n&E%g;él#Jo%#Jo?nt %Iér?ﬂtc]g?%d)é{](?r RFQReSE 1809 tPnBes §#ECHFES, 1B t he
sem conduct V] . _oye |t he resultant progcessed data in the
second ar eaﬂvﬁéeit?eéxﬁe?e%ggp énhés{‘%ge'{énoef\s/vrthet gﬁr.“lf:ﬂngﬁfj‘f%érf s pec 0 wFFlgeﬁat a
processi ng @gRtHodo e HUH ri & ead ' inf.ar | r i for, fhe
processing to be gxecut ed, ({'fng drae]éllfjsét %SEngula{}ae%t T@&ggglsségyd{é{?%nWh%en
20 in theehitsrhrtdr Welits 06sEQMRONY Dr9Rasks Phe (dftd §3d thiblPin
information after time corresponding to the tine information el apses.
still anot helie aspechd odréhieonathepbasesslig thet bedcekBengeagbeenduehotion
device is connected with the controller through 25 a nenory network, and

t he controlirformatient wnttiahodmattien fioskr edebowichdh phecessemg andbe

executed by the
writes resultant processed data in a third area within the

n

10 room;. and the controller reads the resultant processed data
from the third area within the room.

In one aspect_of this data processing method, the second
area and the third area within the room of the semiconductor
device are the same area, and the semiconductor device

15 overwrites the resultant processed data in the second area
where the data has been written.

In another aspect of the data processing method, the
controller reads time information required for the processing
to be executed, and reads the resultant processed data written

20 in the third area within the room on the basis of the read time
information after time corresponding to the time information
elapses.

In still another aspect of the data processing method, the
semiconductor device is connected with the controller through

25 a memory network, and the controller stores time information
required for each processing to be executed by the
semiconductor device.

In still another aspect of the data processing method,



sem conductor device. In still another aspect of the data processing

nmet hod, -5- immedi ately before executing t he processi ng by

t he sem conduct or devi ce having the data processing function, information
describing the processing to be executed is dynamically rewitten for
executing the processing. 5 Moreoyer, the data processor of this

I nvention conprises a controller; a sem conductor device connected wth the
control | er {AreEhAtal¥end?sfore worskegud ingvi ntha dawogessiassi ndyf untheon;
and informn neanéufor informng the controller that the sem conductor

devi ce has THBLGRRAUGBOr [sleydsssi Rgvinactilen dagawnmoqsssdng fungtion,

rocessin Lon. the seni cqnduct device has. Furthernore, in the data
Brocessing %¥¥§%$é§h°?rn eﬁ?ﬁéﬁﬁqganggﬁ dBFQCHPBLREsOrC | RE ufrsGused is
controller, ] : ' annect.ed wi.th the controller through a
o enor SRR ER Ll R o ANl 0a b, BREFRRA ARy o

seri copauct or deubeeFORNO0E hatd b JIRADIOL B840 BT BAYLBARPSgat 2

processing function is used, the cont repeat ed

i denti fi cataorcoregtESter Nf @f MekindBohBudtBreded#l M8 NebRAYRS #fithhetne
sem conduct or devices connected 20 wth the nenory network, mntﬂ
sem conductoontreller |itdendudh cad i awenfulsy egi tivdkes anvel havanhgeda thgta
sem conduct or device having the data processing function changes the

witten i depto¢esain@nfnagtden;i dngt ntnformimg ameandafos wnfoitnimglathe

processing function thereof; the controller repeatedly reads
controller that the semiconductor device has the data

a

10 processing function and what type of data processing function
the semiconductor deyice has.
Furthermore, in the data processing method of this
invention, a data processor including a controller, a
semiconductor device connected with the controller through a
15 memory network and having a data processing function and a
semiconductor device connected with the memory network and
having no data processing fpnction is used, the controller
repeatedly writes identification request information in a
predetermined address of the semiconductor devices connected
20 with the memory network, with a semiconductor device
identification address successively varied; the semiconductor
device having the data processing function changes the written
identification request information in accordance with the data
processing function thereof; the controller repeatedly reads
25 data stored in the predetermined address of the semiconductor
devices connected with the memory network, with the
semiconductor device identification address successively varied

again; and the controller recognizes that each of the



25 data stored in the predeterm ned address of the sem conductor devices
connected with the nenory network, wth the sem conductor device

i dentification address successively varied again; and the controller

recogni zes that each of the -6- sem conduct or device has or dose not
have a data processing function and what type of data processing function

t he sem conductor device has. In addition®-in the conputer system the data
processor ofemicondyetem depieeehapngrnstased moft theve | av@ataoprocekeingnory
network has_a bus network structure. Alternatively, in the conputer system
the data pro®RSEHIn or2fthe Wit (¥8Eesef ngdakd hdrastessiing | fuastiion, the

menory network. has. a rinq%netmork structure. 10 Mor eover, the

seniconduct%)m*?ﬂQgﬁ%ﬁ%ﬁi GYGR P95%- this invention conprises a

sem conduct or deyvl Vi ng.as menory. and _havi ng_a dat.a processing
function; and ch%dn;#ar%etr%éghsl oF By FAMRSST fyéﬁﬁﬂgiﬁbea@art@ B5OGRSRCP °F

bet weey a |ogd Clat@ddpLSSe ¥b1 N vt 1R 249118551 RPAGE1 G| Or%[ﬁ?edmér‘ﬁgﬂ)et he

Y
sem conductor 15 devi ce and an actug? pﬁy5|ca address. "Fu er nor

conputer systwitk Has tditus ITREHOE G/ Lees plural nmenory networks; and
a sem conductor device having a data processing function, wherein the

seni conduct or deddtoernetis@lyectiad thiet Bohpetdr iyl td¥eMhe Aaitwobkscasdohas a

20 data exchange function to transfer data between the plural nenory

net wor ks. Audi thendhlty, priccessimgt aretdyst efi ofhidi snventeidn Onthe memory
network has a ring network structure.

10 Moreover, the semiconductor integrated circuit of this
invention comprises a semiconductor device serving as a memory
and having a data processing function; and changing means for
dynamically changing a relationship between a logical address
within a memory address space allocated to the semiconductor

15 device and an actual physical address.

Furthermore, the‘ computer system of this invention
comprises plural memory networks; and a semiconductor device
having a data processing function, wherein the semiconductor
device is connected with the plural memory networks and has a

20 data exchange function to transfer data between the plural

. memory networks.

Additionally, the computer system of this 4invention
comprises a semiconductor device connected with a memory
network and having a data processing function and an image

25 displaying function.

As described above, when a data processing such as an
arithmetic processing is required, the semiconductor device

having a data processing function executes the data processing



conprises a sem conductor device connected with a nenory network and havi ng
a data processing function and an i mage 25 di spl ayi ng function. As

descri bed above, when a data processing such as an arithnetic processing is
requi red, the sem conductor device having a data processing function
executes the data processing -7- in thjs invention. Therefore, there
is no need to transfer work data between a CPU, a DSP board *or the |ike
and the semtRofBiet dnvegakiea .t hrheyefonesntheneetisorig meedr tsukransfer
processed data ohtai ned by the sem conductor device alone is 5

transferr edw?’gkt téPU?eF‘%‘/Fé“DSP 588 d ®r DERe boagd or Athe Adke¢l tand htheat a

processi ng il can be_greatly, inproved. BRI EF DESCRI PTI ON OF THE

DRAW NGS Fi %%Heé‘&‘){‘?‘%c i %%Yhﬁ?fﬁ‘?rg‘ﬁ%% AgUEHRTE oREFHRTF L | BRAoFeEULEAPLL er
system acc i azfirs Lnent _of the, 10 jnvention; Flgures 2(a)
t hr ough 2(8?????%%%?a?%£%_é?ﬁggﬁgaa Hrggg_Fgﬂéﬁ?ﬂﬁu?t%Et_%Kl%%pﬂig?ﬂgl§o a
secondsembogi gkatertod Rol MEN'EPY, WHET Gidh HOUEE RLAdS Ruglagramfer
showing a logical nmap of a nennry_haV|ng a data processing Tunction, 1%
Fi gure 2(b)résurt diags adﬁﬁ@rpﬁmmlga ERENEL lcaﬁaaeogrw%we;ﬂ;woﬁgéw e
conducting a copying processing and Figure 2(c) Is a diagramrftor show ng
the physical map after conducting the copying processing; Figure 3 is a

circuit diagramof an actual nmenory for 20 real i zing the dynam c address
renam ng function of the BRURFMPESCRIPTION OF THE DRAWINGS

Figure 1 is a diagram for showing the configuration of a

computer system according to a first embodiment of the
10 invention;

Figures 2(a) through 2(c) illustrate a dynamic address
renaming function according to a second embodiment of the
invention, wherein Figure 2(a) is a diagram for showing a
logical map of a memory having a data processing function,

15 Figure 2(b) is a diagram for showing a physical map of the
memory before conducting a copying processing and Figure 2(c)
is a diagram for showing the physical map after conducting the
copying processing;

Figure 3 is a circuit diagram of an actual memory for

20 realizing the dynamic address renaming function of the second
embodiment;

Figure 4 is a diagram for showing the rough configuration
of a memory having a data processing function according to a
third embodiment of the invention;

25 Figures 5(a) and 5(b) are diagrams for illustrating a
first half and a second half of the operation of the memory

having a data processing function of the third embodiment,



enbodi ment; Figure 4 is a diagramfor show ng the rough configuration of a
menory having a data processing function according to a third enbodi nent of

the invention; 25 Figures 5(a) and 5(b) are diagrans for
illustrating a first half and a second half of the operation of the nenory
havi ng a data processing function of the third enbodi nent, - 8-

respectively, Figure 6 is a diagram'for-8how ng a specific inside

confi gur at | BPSBECEBLWRL % processor according to a fourth enbodi nent of the
i nvention; 5 . Figure 7 is a diagramfor show ng a specific inside
confi guration ofFJag‘élﬁ?a%pr6§e%o¢iaﬁ§@fﬁdif@g tehewing t B esipoch fiemt iositdhe
invention; Figure 8 |s a diagramfor show ng the rough configuration of an
entire conpﬁ?lg 1gyER ﬁ?%c&fdiangd?b'aa R10’eSS9fho8FREREA1BE 1t a t feurth

i nventi on; | S | agram f.or showi ng the inside configuration of a
ér:rhlgcﬁtﬁfmgn{ ofaﬂ&gglnve%tgzi H

shared nmenory having a data proce Cﬁb function of the sixth enbodinent;

Figuresl0 is a dipghag forshow a%iapgml Edesl}énjfqu cgﬂgé\,ﬁ%laégg%gfﬁﬁgg of

programuabl e row decoder; Figure I'S a di agram

a convent i ofenf LORPAH £6n SYSE €1 ARYaF! PPbBedLotS LA 1Y SNOW BYy

anot her exanpl e of the conventional conputer system
embodiment of the invention;

Figure 8 is a diagram for showing the rough configuration

of an entire computer system according to a sixth embodiment of
10 the invention:

Figure 9 is a diagram for showing the inside configuration
of a shared memory having a data processing function of the
sixth embodiment;

Figure 10 is a diagram for showing the inside

15 configuration of a programmable row decoder;

Figure 11 1is a diagram for showing an example of a
conventional computer system; and

Figure 12 is a diagram for showing another example of the

conventional computer system.

20 DETAILED DESCRIPTION OF THE INVENTION
EMBODIMENT 1
A first embodiment of the invention will now be
described.
Figure 1 shows the entire configuration of a computer
25 system of this embodiment. In Figure 1, CPUs 1 and 1' are
connected with a core logic 3 through a host bus 2. The core

logic 3 includes a memory controller (controller) 4, which is



20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON EMBODI MENT 1 A
first enbodi mnent of the invention wll now be described. Figure 1 shows the
entire configuration of a conputer 25 system of this enbodi nent. In
Figure 1, CPUs 1 and 1' are connected with a core logic 3 through a host
bus 2. The core logic 3 includes a nenory controller (controller) 4, which
S -9- connected with a nenory bus (ﬁﬂﬁbry network) 5. The nenory bus 5
i s connect egPHRedt etk Wiithea Bemady bumt (mEtoriydadtwbtk) a6 datthepmenesyi bgs
function (sem conductor devices having no data processing function) and
nenori es 8 AntS FIMRBFLH Wk memorigdessidng hoticpromidedhwathaa data
arithnmetic processjng function (sem conductor devices having a data
processi ng FP{H&??%}B, SHNGTAON 1S ABERRARGHAT oleFicasc R r B0 t fiata
menories 6 £§§%§@.9 t og%h tﬁe ne&n&r bus 5. The sem conductor devices 8
and 9 havin e data proceddidg FafhciBiE RSy e a aho?y ARG i 6n data
functien oy ' . Each.of .the four nenories 6.

t hr ough 9 gf?(%)ér.%eg aas %nés;éljlr%r{ (ejédc | pa%orana B3 taF BFRRPSPL I\/khmgrhjeo%ore
logic 3 is coumesd (oX¥Te1a) ' I i 1 a_PCl
bus, with a hard d@kc%gi ce 1%50%6%"%;}?;%stdggggggg%lsgg?gl%ﬁggw16S,°a
gr aphi ¢ carthdtV@heC aefbry2coREral Vor Ce/cauBgnbest dtﬂél-meﬂ&i\é@scﬁﬁﬁo&%h' S

connected with a CRT device 13 and the voice/sound board 14 is connected
wth a | oud sppeakegh Ihe memory bus 5. The semiconductor devices 8 and 9
having the data processing functions have a memory emulation
10 function over the memory controller 4. Each of the four
memories 6 through 9 is formed as a single chip or a module of
SIMM or DIMM.
The core logic 3 is connected, through a peripheral
equipment bus 10 such as a PCI bus, with a hard disk device
15 (mass storage device) 11, a ROM 16, a graphic card (VGA card)
12 and a voice/sound board 14. The VGA card 12 is connected
with a CRT device 13 and the voice/sound board 14 is connected
with a loud speaker 15.
Now, the operation of the computer system of Figure 1 will
20 be described.

First, when a power source is turned on, a system starting
program is loaded from the ROM 16 into the CPU 1. As a result,
the CPU 1 starts to check the structure of the system. This
check is performed on the memories as follows: First, with a

25 semiconductor device identification address successively
varied, data corresponding to a request command (identification
request information) is written in a leading address of each of

the memories 6 through 9. Then, after a predetermined time



Now, the operation of the conmputer systemof Figure 1 wll 20 be

descri bed. First, when a power source is turned on, a systemstarting
programis | oaded fromthe ROM 16 into the CPU 1. As a result, the CPU 1
starts to check the structure of the system This check is performed on the
menories as follows: First, with a 25 igm conductor device
identification, address  successively varied, data corresponding to a
request conRERYCEr d8AERT LRathensame23dTesH Mreadinmemony iist @eadn a

| eadi ng address Qf each of the nenories 6 through 9. Then, after a

pr edet er m ned tiﬁ’érmg- f89 Fefeo@erd9ta iR £RENsefe thadmemerapse8chndeor y

[ d. Duy] h | eriod, in each of the ne ies 8 and 9 having the
th ;egr ocesé%ﬂgnéuﬁ%lﬁéf gﬁia[{t eSWF?Faﬁn?edﬁ’éﬁtW%ngg e MR d Fegﬁc'rsi%n
accordance wmg i & s HedO n | nf or o) n_a type of its own
data pr ocesg?lﬁlﬂgal?ﬁﬁlcsrfi on | se dgv%??té%c?rnd#% a %begggvﬁ%?%élﬁém% t

commang hasiheepm#kibhebn a tipleS ofStiidCiowhe d%%'&sg%ﬁtegéingnff%}@t?gn ans
and 9 have the S

for inform ng that the nenories 8 ata procéssing functions

and what typesrwiittéa pnOERESAAGrésIGINERS e cfhesth@¢hman® nas' eekh!
in the two nenories 6 and 7 having no data processing function, the data

have not beenithenged Vithdrs t béradtuesseomytd tateesseffogaing Wedrms t kerdat a
are replaced with the infornmation on their data processing functions in the
other 15 infermbngr thatgthadmempaieagst heddat Aapeodbesidagal prociessing
Accordingly, the CPU 1 and the nenory controller 4 are

functions and what types” of data processing functions they

10 have.

As a result, in the two memories 6 and 7 having no data
processing function, the data have not been changed when the
addresses are accessed again, while the data are replaced with
the information on their data processing functions in the other

15 two memories 8 and 9 having the data processing functions.
Accordingly, the CPU 1 and the memory controller 4 are
informed, by reading the data in the addresses, that a memory
having what type of data processing function is disposed in
which position in the memory map.

20 Next, the operation of the computer system of this
embodiment will be described with an actual data processing
exemplified. In the exemplified data processing described
below, a bit stream of the moving picture encoding standard
MPEG2 is decoded as in a DVD device or the 1like. In this

25 embodiment, bit stream data of the MPEG2 is assumed be stored
in the hard disk device 11.

The bit stream data stored in the hard disk device 11 is

input to the CPU 1 through the peripheral equipment bus 10 and



i nformed, by reading the data in the addresses, that a nenory havi ng what
type of data processing function is disposed in which position in the

menory map. 20 Next, the operation of the conputer system of
this enbodi ment will be described with an actual data processing
exenplified. In the exenplified data processing described below, a bit

stream of the noving_ picture encodi ng stahbard MPE® is decoded as in a DVD
devi ce or tHee|PRES loghctihifopsa prepmesssmimg. biln shieapreépracetstihg,
MPER is as uneg_ge stored in the hard disk device 11. The bit stream data
stored in the®h3t§ §itIrafedate 1is j sepamafied olntre wrrech (drtrughndhamage

peri pher al | pe bus, 10 and the core logic 3 for a preprocessing. In
this prepro%%géfng?hFﬁe B%F §FP8§ﬁFﬁat§pF§°§eﬂgF%téﬁ iﬂ?@egpéﬁEﬁ #aF9°%nd

i mage dat a. . r d_spegech data is.loaded . into a room

cor r espondi %%-ﬁ%s%é\%ﬁorfge?%e%ﬁ%ng?i S AT etshgaﬁg?% tereocd%stﬂ Rgosessing

functisns (£#@hicexsidl Gor RE:MHIYLY tHb nBRELY N6 SCRA 318 JFRES da! dubse

| oaded into another room corresponding to t t her  nenory avi ng

data procesgatg fenabaded HhdEiMYthe} hBYdm dod e S P CES SERY B'Hﬂ%f:i on
processes the speech data, and the other nenory 9 decodes (expands) the 10

i mage. dat anemorly t 1 chaebpe Cthey el e s¥iinige fadakaibasul ting fromthe
speech processing and the inmage processing in predeterm ned address areas
in their roons. The mgymrat Bohevihgt hiss edatemprioesssihg Huenaieisar ipredesbes
detail in a third enbodi nent bel ow. 15 Then, after a predeterm ned
time periodth@gtipeech fdrta, and the other memory 9 decodes (expands) the

10 image data, and the respective memories write data resulting
from the speech processing and the image processing in
predetermined address areas in their rooms. The operations of
these memories will be described in detail in a third
embodiment below.

15 Then, after a predetermined time period required.for
completing the data processing by the memories 8 and 9 having
the data processing functions, the CPU 1 accesses the address
areas storing the resultant data in the rooms of the two
memories 8 and 9 having the data processing functions, and

20 fetches the resultant data. The predetermined time period
required for completing the data processing, namely, time
information required for the data processing, is stored in the
memory controller 4 or the CPU 1 as a table listing information
on respective processing, and the controller 4 or the CPU 1

25 reads and grasps the time data corresponding to the processing
before conducting the processing. The table is previously

built in accordance with, for example, a volume of data to be

processed and the contents of the processing.



conpleting the data processing by the nenories 8 and 9 having the data
processing functions, the CPU 1 accesses the address areas storing the
resultant data in the rooms of the two nenories 8 and 9 having the data
processi ng functions, and 20 fetches the resultant data. The
predeterm ned tine period required for conpleting the data processing,
nanmely, time information required for t hel4rat a processing, is stored in the
memory control | efb ﬁnortHQM?Q§mJtPn§sdétﬁabfeth$s$m¢gphrﬁaﬂanﬂﬂqm¢86ﬂng is

respective Froce g he controller 4 or the CPU 1 25 reads and
grasps the %or %Bﬁdi‘ﬁblqeo PReTdr ddesshrgugRs drhe cBﬁH&E?P‘ﬂ”glt he

i bl e I d
xami e, 5 GBH eﬁ? %a'faf?ﬁ%%é%%? AR ﬁ%cgéxgif‘%?s%‘semt fBS' 1oua
h I t t
mocezsi 15 speatd? 31T bt esl! SR8 FOaReRhe dErRDRE, Enehle ot R

10 so gs tgpi@@cé’é'éi?h'é A% atf&hgfeif@&n the &r?éldvaﬂeaé%%fa 1236”6 dalfgg{ &he

resultant data of the imge data processing is tran

card 12 thrwghplﬁélfapeéQprrh@hteﬂus pIensobds 48 B€ a§sbﬂa§9@ddbﬁphﬁ¥eéaﬁn
the CRT device 13. In this enbodinent, anong the two nenories and

havi ng t he dewiceriessi ng functions, the nenory 8 is used for the 10
speech processing and the nmenory 9 is used for the | mage processing.
However, the datkn prlveessibegisenducasdnpythéeteo memonies & @ndo® having
necessarlly fixed, and it is possible to realize one processing as a whole
with the prﬁ%%sgﬁh@ PiREES§ANg functions, the memory 8 is used for the

10 speech processing and the memory 9 is used for the image
processing. However, the data processing conducted by these
memories are not necessarily fixed, and it is possible to
realize one processing as a whole with the processing function
of each memory varied if necessary. Specifically, information

15 required for a data processing can be written in the memories
8 and 9 having the data processing functions before conducting
the data processing, so that the memories 8 and 9 can conduct
the data processing on the basis of the information. For
example, when an image compression function is loaded into the

20 memory 8 having the data processing function before conducting
an image compression brocessing, the digital wvideo recording
can be conducted by using the image compression function.

In this computer system, separated data and a program for
processing the data are paired to be distributed to the memory

25 8 or 9 having the data processing function, and work data is
transferred within the memory 8 or 9 alone. Therefore, the
data transfer can be performed at a high speed. Accordingly,

the memory bus 5 is not used for the transfer of the work data,



of each nenory varied if necessary. Specifically, information 15

required for a data processing can be witten in the nenories 8 and 9

havi ng the data processing functions before conducting the data processing,
so that the nenories 8 and 9 can conduct the data processing on the basis
of the information. For exanpl e, when an_inmage conpression function is

| oaded into the 20 menory 8 havi ng theldat a processi ng function before
conduct i ng B8SVhetRI chRpPE_atLy pMpresihagthe hpenfoimancei@bothecenting can
be conducted by using the inmage conpression function. In this conputer
system sep‘é‘?'&g‘éﬁeﬂagﬁs%‘ﬂﬂ' a programfor processing the data are paired to

be distributed t tthe ry 25 8 or 9 havipg the data_processin
function, and wor %%?%Eingh%/r%?@?‘é'f?’édsﬁwf?n@ hebdnePRedlngnty 1§ opk. a
Ther ef or e, ster b erforned at, a _hi speed. Accordjngly,
t he nenory %@ug ge%‘gc{r:\%?guggdwﬁ g?ht E\&g@t ranster o ﬁﬂ? %r&g‘ﬁ%ﬁ%,&e g.ang

resul tsng i?FéEé?ﬁiﬂbifﬁHé%ﬁéﬁbtJE%[gaqﬂ%qﬁ%gpgﬁgég%gﬁlgﬂgiEﬁ?cgﬂggégion

system Al though the conputer systemo nent i's o0

structure ins Wi L iniec Y it s8baldsPrievihAg 4 At arer ex%ﬁi@ss{:ﬂﬁ_
functions are connected in parallel, the inventionis not limted fo this

bus struct wenmysdirnyfiem eaTheeoft AertAgPst Rictiits am ¢alchetBE RehbhP
structure in which the nenory controller 4, the nenory 6, the nenory 7
besi de, thecorimellear besithe aminate 6, Ktheamemrycds begdlly, cohaememdryng a

point-to- 10  _point, nmanner to be returned to the menory controller 4.
Si gni fi cant?P§S1id%and iR | bike frpruqaasisived vaepnpested 1n a point-to-
10 point. manner to be returned to the memory controller 4.

Significantly, the invention is applicable to any memory
network including the bus structure and the ring structure.
Furthermore, although the VGA card 12 is connected with
the peripheral equipment bus 10 in this embodiment, the VGA
15 card 12 can be omitted by providing the memory 8 or 9 having
the data processing function with an image displaying function
in addition to the data processing function or by dynamically
writing the image display function immediately before the image
display.
20 EMBODIMENT 2
A second embodiment of the invention will now be
described. The second embodiment relates to the inside
configuration of the memories 8 and 9 having the data
processing functions adopted in the computer system of the
25 first embodiment. In this embodiment, a dynamic address
renaming function relating to a copying processing in a room
widely adopted 1in an actual data processing will be

described.



network including the bus structure and the ring structure. Furthernore,

al though the VGA card 12 is connected with the peripheral equipnment bus 10
in this enbodi nent, the VGA 15 card 12 can be omtted by providing the
menory 8 or 9 having the data processing function with an image di spl ayi ng
function in addition to the data processing function or by dynamcally
writing the inmage display function imedr&dtely before the image display. 20
EVMBODI MENT 2 A sBtgnbeediiddi mhmvwsofat Reginadnmapn ofi | th@owemorgedrobed.

The second _epbodinent relates to the inside configuration of the
menori es 8 BRERIhIHenP2tR BEPSeEFdREs UG tAGRCt | ORB @doPerl descrdbed

t f.th 5 first nbodi t, In thi nbodi t,
Comut <1 SIGER a0, Ebren S PERRCHAE bt aveh e SRISHTER o
i del d i dat ' i1l be d I bed. -14-
oo el JoBdEPReC 1 S g B L9, B S e
b eSSt 19 et One, ofrsciOn e descpdieds el U8 BALOLEG, A 30, B56°

conventi onaheOFPULLEaSA intYSHHB @y ONRE ahh OBpbPitiSRIENS GrPRihgOkndat a
stored in the menory area A into the CPU and aﬁpoperation ?orrww?t?néhghe

read data apead datahagaenoiy gheamBmor¢ hepgaBedrel! PepBaEEAOPENAl itBBSe
however, a traffic volunme on a nenory bus is so large that the performance
of the entioeexgtiemsi shdwgrvededa traffic volume on a memory bus is so
large that the performance of the entire system is degraded.
10 According to this embodiment, this work is realized by using
the dynamic address renaming function.
In the dynamic address renaming function, a relationship
between a logical memory map from a view point of the CPU and
& physical memory map from a view point of the alignment of
15 memory cells in the memory is dynamically changed, thereby
realizing the data copying processing described above.
Specifically, a physical area A' corresponds to the
logical area A before conducting the copying processing as is
shown in a physical map before conducting the copying
20 processing of Figure 2(b), but after conducting the copying
processing, the phyéical area A' is made to correspond to the
logical area B as is shown in Figure 2{(c). 1In this manner, the
data can be copied without causing any traffic in the memory
bus.
25 Figure 3 shows an actual configuration for realizing this
function. A member in a memory for actually converting a
logical address into physical position information of a memory

cell is a selecting device 1like a row decoder and a column



10 According to this enbodinment, this work is realized by using the
dynam ¢ address renam ng function. In the dynam c address renam ng
function, a relationship between a |ogical nenory map froma vi ew point of
the CPU and a physical nmenory map froma view point of the alignnment of 15
menory cells in the nenory is dynam cally_changed, thereby realizing the
data copyi ng processi ng descri bed above. ° 5 ecifically, a physical area A
corr espondsdecrdér. | Gec dynamda dddmdsy ecnandugt Fuget fen ROy beg rea0Ees8i N

as is shown in a physical map before conducting the copying 20

processi ng Of FFQkEing by  pregrammarle ariudeicogetrh@ocepdi agppogeannabye t he
physical area A is made to correspond to the |ogical area B as is shown in
Fi gure 2(c)Co4Hm? H&citmet!l - Rl Ghiare Abtisd nedpPrdmakingua tawsfegodey
traffic in%h rre%b%s. %Steﬁ FiﬁureBShows an actual _
confi gur atiOn for® T ASFP G STPERErTdPle. Mddnhynaisaddoehanging
actual ky c i | cal address into physical position information of
a mam)éy c(e)lwee{lé %gsség{#c |°%g' device like a row decoder and a col umm - 15-

. pr ogr anm] & 1o e oder T8 o BATBY o A CABEGALFSSIon i ch

a programmabl e row decoder 2 a pr e “col'um

are obt ai neghdyprodeditdb TOWHLRAYaANG 08 Calsurg Qﬁsaﬁegngﬁgggw%' €y and

by dynami cally changi ng 5 their association. Figure 1 an ekanple
of the insildergonfuneratdfoprobrafRaple sty (W idRe0BS! a28. af$ghsg Shown

in Figure 10, a
SO as to dynamically change a word line selected among provided
10 word lines WL on the basis of address signal lines Ai, =xAi, Aj
and xAj and a rename signal supplied by the memory controller
4 of Figure 1. The programmable column decoder 21 can be
realized by adopting a similar inside configuration.
The effect of this embodiment can be exhibited merely in
15 the data copying proceséing within the same memory. In a
recent computer, the number of memory chips per CPU is
decreased as the improvement of the integration of a DRAM.
Therefore, this embodiment can exhibit a remarkable effect in
such a structure.
20 EMBODIMENT 3
A third embodiment of the invention will now be described.
This embodiment relates to a configuration of a memory capable
of a more complicated data processing than the copying
processing of the second embodiment in the computer system of
25 the first embodiment.
Figure 4 shows the configuration of a memory having a data
processing function of this embodiment.

As is shown in Figure 4, each of two memory arrays (memory



| ar ge number of progranmabl e switching devices PS are aligned, so as to

dynam cal ly change a word |ine sel ected anong provi ded 10 word lines W
on the basis of address signal lines Ai, xAl, Al and xAJ and a renane
signal supplied by the nenory controller 4 of Figure 1. The progranmabl e

col um decoder 21 can be realized by adopting a simlar inside
configuration. The effect of this enbodi mtht can be exhibited nerely in 15

t he data cojBaer) phoaedsitngisy ahi arthe sENMRABERT Yells! b FEQENGr CORRME er
the nunmber of menory chips per CPU is decreased as the inprovenent of the

i nt egr at i o RFLADRAN IRegefiumhen hifs memvoy wedilscadigukdbih anr agrajabl e
effect in such a structure. 20  EMBODI MENT 3 A third enbodi nent of the

i nventi on i |1aGEVNEbEEs OF Bil. 1imes extiesdiinoninr 2| calamn dixecsibngandt i on
of a menory_capable of a more conplicated data processing than the copying
processi ng %fﬁ'ﬁ%e JEERRF é’i?b&’é?irﬁenﬁf‘nﬁﬁ eRECRGIRAILIEY & yoMelgecidon. tgg
first enmbodi l.gure 4 .shows the copfiguration of a_nmenpry having a

dat a p?oceg%ﬁgé?nugr?c i h B3 RESCERBSH %n apalile of;igaRduckipggthe ﬁg‘“%ach
of two me VS ( - 1G- ) Aand (B i n array of menory
cells of g%\%%g%y%ﬁﬁ% ndgataalﬁartlr Zag%;aﬁc erl%oglﬁgﬁ%F?/'cel | s aligned in

an array, a |aragwumeragfabi rolc!egggngxt@ipdhggnbn ﬁi@lﬁ{%ﬂogﬂ.rr%]{%onbénd a

| arge nunmber of word lines extending in arow difection. At the

center, a didscRiwe®ss@ixd: CafadInfentfre Yohteid1ngrt RecgafRgure 1 writes
data processing specification information in the memory cells

10 (first area) connected with the word line ¢ in the memory array
A, so as to transfer the data procesSing specification
information to the data processor 30 in a batch. This transfer
defines the operation of the data processor 30, namely, the
processing specification.

15 Next, the memory controller 4 writes data to be processed
in the memory cells (second area) connected with the other word
line a in the memory array A, so as to transfer the data to the
data processor 30 in a batch after the definition of the
processing specification for the data processor 30. The data

20 processor 30 processes the transferred data in accordance with
the defined processing specification, and stores resultant
processed data in, for example, the memory cells (third area)
connected with the word 1line b in the memory array B.
Alternatively, the memory cells for storing the resultant data

25 can be the same as the memory c¢ells for storing the data to be
processed, so that the resultant data can be overwritten in

these memory cells.

In this manner, mass data and data processing



processing on mass data in a batch is disposed. Now, a data processing by

using this nmenory will be described. First, the nenory controller 4 of
Figure 1 wites data processing specification information in the nmenory
cells 10 (first area) connected with the word line c in the nenory array

A, so as to transfer the data processing specification information to the
data processor 30 in a batch. This transtef~defines the operation of the
dat a proces8Becibicakienyinfpemptborseragtypasférredi batwédn the membieyt
the nenory controller 4 wites data to be processed in the nenory cells

(second ar e2FFEBFHnRcRRY Bidnd tthe diefkar PROFESFPRE3Q. iand Harandidy yidthaysA,

so as to transfer tae daia to the data processor. 30 in a batch after the
definiti on BYPEha"pfBcRLLi Agte pRti e Rs (4024d®d&Spr ocessor 30. The

data 20 he.t f d data_i d i th
he. def i ned pr ocoagt no e A ERRRE: BRECSHEN e pats Lanto procecerelat a
in, f ! G d s i t.h, t d li
i n the meene snek SaBEPEIGER i SRRV REm PRI b mBrRY fhe "

resul tant dehe r?&noz(‘jy @ 1ke cbhfce888 WL N dTRERY Yof8! 1 $nd A Sty h@ﬂo?cge

data to be processed, so that the resultant data can be overwitten I'n
these nmenorgreay| sandnthé hpBocdPENEF , spedBEicat iGH A nfAFhatddnd 1sPHeaasd Ng
-17- specification information are transferred between the nenory arrays A
and B and t betdathe pdataspooc8fsonrrib tire didatwidtdyain.hypeenyi deshitadat a
of, for exanple, 1024 bits.

data stored in the memory cells connected with the word line b

10 in the memory array B is returned to the data processor 30, so
that the different processing is conducted on the resultant
data in accordance with the different data processing
specification information. This operation will now be
described with reference to Figures 5(a) and 5(b).

15 As 1is shown in Figure 5(a), the data processing
specification information stored in the memory cells connected
with the word line c in the memory array A is first transferred
to the data processor 30 in a batch. Next, the data stored in
the memory cells connected with the word line a in the memory

20 array A is transferred to the data processor 30 in a batch.
The data processor 30 processes the transferred data in
accordance with the transferred data processing specification
information, and stores resultant data as intermediate data B
in the memory cells connected with the word line b in the

25 memory array B.

Then, as is shown in Figure 5(b), the different data
processing specification information stored in the memory cells

connected with the word line @ in the memory array A is loaded



Then, when another different processing is to be executed, 5 anot her
data processing specification information is stored in the nenory cells
connected with another word line in the nenory array, and the processing
specification information is | oaded into the data processor 30 in a batch
again. Then, resultant data stored in the_ nenory cells connected with the
word line b 10 In the nenory array B is182turned to the data processor
30, so thatinhe Hhef degnt pRosessoIN@o sicomdoetetl, oand heheedolteameddata i n
accordance with the different data processing specification information.
This oper a3t BmﬂFIs“ﬁ@ﬁﬁsﬁgeHES§FﬁB§ﬁeﬁF@& Fef thendataoprpgaseersga) and

5(b). 15 As is shown _in Figure 5(a), the _data rocessi ng
speci fi cat i Dre i ARSPANREOSESSOS 1P | REPRESHRFolt ecéP¢§r@@ﬁﬁé$Fe§&W%rPth%

dli i A fi t t f d t he dat .
B sessor tPotdSndB TN ' Wnd | 3onibd] | IFRISRE] ditd | pEPbBssing
d w | § i N A d
CoNReS ot sepeififed i [ Addhdr'® JHITHores. ol bBEaInkR LERNTLERES
transferredaged aci fnaera’ faneeyWebhitNechhaBeEs! +66h dehé WEPEE$5h0% in

specification informati on, and stores resultant data as internediate data B

i n the menotlye adncry @itest ad VIhd AdeMeind Gata & i dherdhillymenaypgr ray
B. Then, as is shown in Figure 5(b), the different data processing

speci fi cat i Ume imémormtcanmtisiorear 4.0 t he nenory cells connected with the
word line d in the menory array A is | oaded -18- into the data processor
30 in a batch, af® sumh [andeitaedracessing, although overhead for rewriting

10 the processing specification is caused in the data processor
30, mass data can be processed in a batch, and hence, the data
processing ability can be 1largely improved as a whole.
Specifically, the entire data processing is decomposed so that
simple and mass data can be processed in a batch, and the

15 decomposed processing are continuously executed for realizing
the entire processing. As a result, high performance can be
attained.

EMBODIMENT 4
A fourth embodiment of the invention will now be

20 described.

Figure 6 shows the detailed inside configuration of the
memory having the data processing function of Figure 4.

In Figure 6, memory arrays A and B each including hyper-
wide-bit data buses 60 are disposed in a left portion and a

25 right portion, respectively. Between the memory arrays A and
B, switching matrix S columns 50 and programmable logics PL are
disposed in an array. The switching matrix S columns 50 and

the programmable logics PL aligned at the center constitute a



data B is successively transferred to the data processor 30. The data
processor 30 processes the internediate data B in accordance wth the

| oaded different data processing 5 specification information, and
stores thus obtained resultant data Cin the nenory cells connected with
the word line e in the menory array A. The resultant data Cis externally
read by the nmenory controller 4. In such-&9¢ata processing, although

over head fofatapregersomn 30° toife rprpregsamyalshe crédandtiigurabd ecaoged . i nAt he
data processor 30, mass data can be processed in a batch, and hence, the
data pr oces‘é?‘hbr%jo}r%’ t739 CRRTBEELE ak kR ImenaRt @rsayssAaanh® e thepeuiitichahyy,
the entire da % )g% lg?]l S decorrposed so that sinple and nmass data can
be processddtht PQ /g ghe RrogsiRpeedd eplogdssi Ry - ar e

continuously exegl for realizin he_enti r rocessin a result
hi gh performance caﬁﬁi 8 At raf ngtt® EN% S £9T8ﬁ¥tﬁeg%bgﬂ?ﬂﬁn%obf1Fhe

t det aj | ed d
cont1 gur at Y%‘%:‘mé@“hdég"n’éﬁlmyf‘%%%?ﬁg BEH. 1ing 5 0tk LY S aC kB o PumPeE o
4. In Fi gures bmeMBHPr ¥e BLE AYE16né gg?Bt@aEHe' ?§£§g'ﬂ9mg¥g£eéelw gﬁaQbHHi‘ta

buses 60 are disposed in a left I on and

respectlveIgtorémame&npfbeeﬁﬁﬂﬂﬁYSﬁééﬁﬂﬁcftﬁ@& Ehféwméﬁi&mgfﬁﬁtfhé §hta
colums 50 and progranmabl e | ogics PL are disposed in an array.

Swi t chi ng rereces®roBaims B0 serewbnidheneiroxyr asmb| grduigi Te3 Pls abbﬁﬁédtaa t he
center constitute a
with a second word line group 102, and a large number of memory
10 cells. belonging to the second memory cell group 103 store data
to be processed. Furthermore, in the memory array B, a third
memory cell group 105 is connected with a third word line group
104, and a large number of memory cells belonging to the third
memory cell group 105 are used for storing resultant processed
15 data.
In this case, each of the switching matrix S columns 50
transfers and receives data to and from the programmable logic
PL and also conducts data transfer among bits between the
hyper-wide-bit data buses 60 (in the vertical direction in
20 Figure 6).
Now, the operation of the memory having the data
processing function of this embodiment will be described.
First, the data processing specification information
stored in the first memory cell group 101 is loaded into the
25 data processor 30' from the memory array A through the hyper-
wide-bit data buses 60. This processing specification
information is composed of connection information of the

switching matrix S columns 50 and program information of the



-19- data processor 30" of re-progranmabl e reconfigurable logic. A
controller 70 controls the nenory arrays A and B, the switching matrix S
colums 50 and the progranmable logics PL. In the nmenory array A, a first
menory cell group 101 is 5 connected with a first word line group 100,
and a | arge nunber of nmenory cells belonging to the first nenory cell group
101 store data processing specification t#ormation for the data processor

30'. A sequmprmwmallecldgiroBL.103 is quRmectdd Mdih axSesongrvBEdsbane
group 102, and a |arge nunber of nmenory 10 cells belonging to the second

menory cel |S¥RTRMH WO3the recaixd mamprye qeldc gsoegh. 166r ibeloaded intdhehe
menory array B, a third nenory cell group 105 is connected with a third
word 1ine ¥t PFPCesfPTa BAr gefFeMbetheof memowyy aetray el ongRagulbanhe
third nenory cell qgo 1%% are used for storing resultant processed 15
data. In t HPEEE é%? tadaed by chhegdata ipsosesssrudls 56 stanefeir and
recei ves daéﬁetghang from.the programmable | ogic PL and al so conducts data
transfer anohy brEEloBIREY (FelhyPePuli 425h0F dhe, PRRRKY 6BTTRK Bhe A

vertical di [ ON_ N ' e 6)._Now_the eration_ .of the neppr
havi ng t he §at aéé;rggesss%?:r?g ?Igén%gloor{l%f %t hi Eogﬁﬁﬁgﬁgn i tHe b8°85§8ﬁ%€d.
First, the glsta processing specification information stored in the first
menory cell group 101 is |loaded into the 25 data processor 30' fromthe

nmenory array A thiotgs bbﬁ_fh'!?ﬁ@éti_&hdghaiﬂh iﬁatﬁé}u@és@, &  two THbfory
processing specification information is conposed of connection infornation
of the sw taxtways Matand B ad pmss iz lav sepegate@d, nbatmehess atrahe are

10 not necessarily separated.

EMBODIMENT 5

A fifth embodiment of the invention will now be described.
In this embodiment, the memory having the data processing
function of Figure 6 is further improved.

15 Figure 7 shows the configuration of a memory having a data
processing function of this embodiment. In Figure 7, hyper-
wide-bit registers 80 are aligned at the center, and data
processors 30" are disposed at right and left sides of the
hyper-wide-bit registers 80. Each of the data processors 30"

20 includes, similarly to that of the fourth embodiment, switching
matrix S columns 50 and programmable logics PL aligned in an
array.

In the memory having the data processing function of this
embodiment, the two data processors 30" can be independently

25 operated, and hence, time required for loading data processing
specification information can be apparently hidden.
Specifically, the following two phases can be alternately

repeated:



-20- programmuabl e | ogics PL. Then, the data to be processed stored
In the second nenory cell group 103 is |oaded into the data processor 30
from the nenory array A Resul tant processed data obtained by the data
processor 30" is stored in 5 the third nenory cell group 105 of the
menory array B. A series of such operati?ns are controlled by the
controller 70. In the configuration showi?tf Fi gure 6, the two nenory
arrays A and B afBaphyli cBneypresesserdenfiormsdie sdatay pracessing, aatl

necessari | ytﬁepar ated. EMBODIMENT 5 A fifth enbodi ment of the invention
will now be"d8s@FPFEFSIPY tHeCIEHssFiirantinfiormatdos: yishaloaded hantiat 4he

processi ng 391?8? on of Figure Is further inproved. 15 Figure 7
shows the con |gu?]§??%ﬁs% i nory having a data processing function of

this enbodi nent. Figur , - _wde-bit_ reqgisters 80 are aligned at
the center, and Pa%l%epr%ceg'gér sg%gge%?ie%%li §88§é§ggf‘%F?§ht“§ﬂaﬂTa§Ho%i 48s of
t he hypger-wi gdgadidt; i C e 3Q" 20

i ncludes, simlar Ililmfcg ?{ﬁg?j%gggfﬁ?f géllf?é H’Iﬂeént?gg%%eﬁ%?g%%\n&?%%eﬁg OFREES: itRes
col ums 50 aatlapppoceéssapge | ogics PL aligned in an array. In the menory
havi ng the data processing function of this enbodi nent, the two data
processors BUBORIMENE 6 ndependently 25 operated, and hence, tine
required for | oading data processing specification i nformati on can be
apparently hi ddensigpeci einbafiyent heofol thai ngnteantpbasesilan héew be

al t er nat el
ydescribed.

10 In this embodiment, a memory having a data processing
function and including hyper-wide-bit registers 80 disposed at
the center similarly to that of the fifth embodiment is used
for realizing higher dual port application.

The dual port application means a configuration as is

15 shown in Figure 8. Specifically, a memory MM having a data
processing function is shared as a shared memory by two memory
buses 90 and 91 working as memory networks. In Figure 8, Mi
and Mj indicate memories having or not having a data processing
function connected with the memory bus 90 alone, which are

20 controlled by a memory controller 93 included in a core logic
92. Similarly, Mk and M1 indicate memories having or not
having a data processing function connected with the memory bus
91 alone, which are controlled by a memory controller 95
included in a core logic 94.

25 Figure 9 shows the inside configuration of the memory MM
having the data processing function. As is shown in Figure 9,
hyper-wide-bit registers 80 are aligned at the center, and at

left and right sides thereof, data processors 30"a and 30"Db,



r epeat ed: -21- Phase 1: One processor perforns the data processing, and
t he processing specification information is | oaded into the other
processor; and Phase 2: The processing specification information is 5

| oaded into one processor, and the other processor perforns the data
processi ng. EMBODI MENT 6 A sixth enbodi nent of the invention will now be
descri bed. 10 In this enbodi nent -223 menory having a data
processi ng MeMPRYY oAaruAMSi Ackodi Bg hpgedatadénpit/oeypst eusiBd d6sanded7at
the center simlarly to that of the fifth enbodinent is used for realizing
hi gher dual 2R rEesissitivalivodispraeduetyand iapphilsaerder neditese members
configuration as is 15 in Figure 8. Specifically, a nmenory MM

havi ng a da?%® prodeRsted t?fungfl\én‘?}h‘wlsdes'lﬁr%dlaéé usgsr 8§ ARAOPY-by two
b 90 i t . Fi 8, d
o et o menor 1 & R " pelETgRLaBTon” i ik ¢ HonRcERo e cH AR e

wth the megogy S 0 iaC n I a, ennr
contro?ler 93 iﬁgguggﬂo?k gﬁgggghlggﬁg%gggui Eﬁé%#%#%ysgﬁﬁ %%HH%AC?%dPSate
menori es hayim@l ednéWis PAVd et @ processing function connected with the
menory bus 91 al one, which are controlled by a nenory controller 95
included in a core logic 94. 25 Figure 9 shows the inside
configuration of the nenory MM



havi ng the data processing function. As is shown in Figure 9,
hyper-wi de-bit registers 80 are aligned at the center, and at left and

right sides thereof, data processors 30"a and 30"b, -22- nmenory arrays A
and B, and data input/output units 96 and 97 are respeci”ﬂﬂ'kmmmﬂw E
outward in this order. These nenbers are connected by h r m’
buses 98 and 99. By adopting this configueation, the data tfansfet et ween
the two menthdT plS SLAIMER BSand the data processing can be sinul taneously

execut ed. 23 WHAT IS CLAIMED | S 1. A conputer system conprising: a
CPU. a host bus LonheCPBRUGRE S¥shen Gmumrising: a core | ogi ¢ connect ed
with said CPU throu h. sai ost bu and including a nennry controller;

menory netvvork COI’]?‘I WS SQF‘H ﬁ%n%?%ﬂeéi}r‘?@rmlltgr | ARTQIe e hvos Gnéore
| ogi c; gﬁ% ugt@gtggiy#gge%é)ﬂppecft with said nmenory network and 10

havi ng no ocessin unc 5%%nduct or devi ce connected with

said ngnory netm@rKAagghﬁﬁ@%gl §¥§§¥y g function; a peripheral
equi pnent bus connect ed sd d cor 0gi C;
a CPU;
a host bus connected with said CPU;
a core logic connected with said CPU through said host bus
and including a memory controller;
10 a memory network connected with said memory controller
included in said core logic:
a semiconductor device connected with said memory network
and having no data processing function;
a semiconductor device connected with said memory network
15 and having a data processing function;
a peripheral equipment bus connected with said core logic;
and
a mass storage device connected with said peripheral
equipment bus.
20 3. The computer system of Claim 2,
wherein said semiconductor device having the data
processing function is formed as a module.
4. A computer system comprising:
a semiconductor device connected with a memory network,
25 serving as a memory accessed by a controller through said
memory network and having a data processing function.
5. A computer system comprising:

a semiconductor device connected with a memory network and
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a nmass storage device cofinected with said peripheral equipnent 15 bus. 2.

The conputer syst 3 Jherein said sem conduct or device having
t he data processi ﬁ“lnmﬂnumm#mgrned as a nodule. 3. A conput er system
conprising: 20 + ¢asem conduct or device connected with a nenory
network and having a nenory enul ation funcfion. 4. A data processing

met hod conprising the steps of: witing H2ta to be processed in a

predet er m NRAVERS 2 \iheMOXY semwhat iors pharectdfora seni conduct or devi ce having a
data processing 25 function and serving as a nenory; processing said data
by sai d seni condRictBrddfediReocsssing tnefdad cwmparisipgotbesetepdabé: in sai d
predetermned area .or another predeterm ned area within said room and

24 obtaining s tIREurRiAt tQr Beedaressada ipy a rpERiekerrine area

pr edet er m n‘gfit ea_ or said anot her_predeterm ned area within said room of

sai d seni conductor® deVIEeY afRE7e Wi 13 PG Iustor: SRV iseobavdeg gafiatas,
A dat prﬁfgééé%%%m LY. @e%via dat a rocessor 5 including a

control l er and —a semi conduct orodevice \7isn6 SGa¥a processi ng function

and serving as aPEA®SYindhehrehn &fﬂadcﬁfgg'éﬂh' esr%r&’fd'otn%%&% Ci%%\fféei Of[i]‘?,%m of

informati on of a processing to be exe In aftirst area w n a

sai d sem comeliteiny eI Pracesesddahfat fn Dea 1 §HRRA A ndaS §ealdoar ea
10 within said room said sem conductor device subsequently processes said
data wittemother predetermined area within said room; and

obtaining said resultant processed data by reading said
10 predetermined area or said another predetermined area within
said room'of said semiconductor device after writing said
resultant processed data.
7. A data processing method by using a data processor
including a controller and a semiconductor device having a data
15 processing function and serving as a memory,
wherein said controller writes specification information
of a processing to be executed in a first area within a room of
said semiconductor device and writes data to be processed in a
second area within said room,
20 said semiconductor device subsequently processes said data
written in said second area on the basis of said processing
specification information written in said first area within

said room, and writes resultant processed data in a third area

within said room, and

N
()]

said controller reads said resultant processed data from

said third area within said room.
8. The data processing method of Claim 7,

wherein said second area and said third area within said
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in said second area on the basis of said processing specification
information witten in said first area wwthin said room

resultant processed data in a third area within said ro rm,m m'! HI’!
said controller reads said resultant processed data fronvsam

Wi thin said room 6. The data processing nethod of Caimb5, wherein sald
second area and said third area within s& room of said sem conduct or

devi ce are ¥R sehesai@asemhegonductor dewigied agmnithendaneorrdavi asd
overwites said resuyltant rocessed data in said second area where said
data has been w¥#t@n. S9m1 ORGRCHAE a B siqvpnvatites osadda mesulimBtei n
sai d contré%ler rea I nformation required for said_ processing to be

FeaTR Ztharégul SR AP deess sqdd tdakai Ragabgennir d

execut ed,

area W thin,said.foomon the basis of said read time information after tine
corresponding to Said tine |nfornat|on elapses 8. The data processing
met hodsof Caimg, ¥herehis g r&?gﬂ q |§ connected with said
controller through a nenory net sal Control ler stores tine

i nformati on Fequwm@ﬂei@rs&ﬁ&thhQES§§éﬂgrEnget§%8CEh?grB¥t§8hdreq ired
sem conduct or device. 9. The data processing nethod of Caimb 8 ?

8, wherein, formediat prycbssong esebyt ergctaibd, PaAGEEERAY Bmaah:@séltant
seni conduct or devi ce havi ng the data processing function, information

descri bi ng Be¢cepFet edaimgrr vt hen el Bl ur&mWrameacadiltyxmewauﬁt ebofmobn
executing said processing. 10. A data processor conprising:
the basis of said read +time information after time
10 corresponding to said time information elapses.
10. The data processing method of Claim 9,
wherein said semiconductor device is connected with said
controller through a memory network, and
said controller stores time information required for each
15 processing to be executed by said semiconductor device.
11. The data processing method of Claim 7, 8, 9 or 10,
wherein, immediately before executing said processing by
said semiconductor device having the data processing function,
information describing said processing to be executed is
20 dynamically rewritten for executing said processing.
12. A data processor comprising: v
a controller;
a semiconductor device connected with said controller
through a memory network and having a data processing function;
25 and
informing means for informing said controller that said
semiconductor device has the daté processing function and what

type of data processing function said semiconductor device
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a controller; 10 _a sem-conduetor device connected with said
controller through a nenory network and having a data processing function;
and i nform ng nea(r]ﬂ“l“ﬂ““i“ﬂﬂﬁ!&ﬂﬂg said controller that said

sem conduct or devi *Processing function and what type of data
processi ng function sai‘d Sem conduct or devi ce has. 15 11. A data
processing . method by using a data proceggor including a controller, a
seni conduct®®S devi ce” connected with said controller t hrough a nenory

net wor k and havi{;? a d%’[ﬁ? processing function and a sem conductor device
connected with shrd flef@N? RAKFSEINI Mefihady bib @Wedro prodatai pgotessoron,

20 In.said controller repeatedly wites identification request
informtio%%f%&%r?@a%t%? 1ot H0dre S CAGUP LT8G COPREEFREeYWith

connected w Sal , Wth a sem conductor, device

i dent i fi ca\t,\%%%da gggggﬁgé%cqul% v VarTegrY sBPEVeEH &8 or%edi fata

havi ngst he Ge | | %gﬂ{%ﬁ ALt Ldentification
request i nf%ﬁmt%ﬁ?ﬂ%{r%&gﬁiﬁ@% t?%m{]he a a°;t)‘}r1?8\é@s°ien§g{’ﬁﬁ8€:98n"’1%
thereof; sasdlicambnoly aieteboalad \hddlp mldsl 9redebR 178l ¢unbedshstm ned
address of said sem conductor devices connected with salgf nory 26
network, with waerkisesaddnebictylldle\ieiRatctart wiritali 98en2d€i858ion
successively varied again; and said controller recognizes that each of said
seni conduct®®aest celmiormrt tores ot dha\peresiedtatrmipredc e agidirg sEUN6Ei 0Baaad
what type of data 5 processing function said sem conductor device has. 12.
The conput eFeRILIMCHIHe detigesr servsetedrwitle shitd memory network, with

10 a semiconductor device identification address successively

varied;

said semiconductor device having the data processing
function changes the written identification request infermation
in accordance with the data processing function thereof;

15 said controller repeatedly reads data stored in said
predetermined address of said semiconductor devices connected
with said memory network, with said semiconductor device
identification address successively varied again; and

said controller recognizes that each of said semiconductor

20 device has or dose not have a data processing function and what
type of data processing function said semiconductor device
has.

14. The computer system, the data processor or the data
processing method of Claim 1, 2, 3, 4, 5, 10, 12 or 13,

25 wherein said memory network has a bus network structure.

15. The computer system, the data processor or the data
processing method of Claim 1, 2, 3, 4, 5, 10, 12 or 13,

wherein said memory network has a ring network
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processing nmethod of daim1l1, 2, 3, 8, 10 or 11, mherein ﬂld nenDr

network has a bus network structure. 13. The conputer sy m’ulﬂﬂ ﬂm”m
processor or the data 10 processing nmethod of daim1l, 2|

wherein said menory network has a ring network structure.

sem conductor integrated circuit conprising: a seniconductor deV|ce serving
as a nenory and having a data processinrgz2ffanction; and 15 changi ng
means for d§REWFEBFey changing a rel ationship between a | ogi cal address
within a nenory address space_allocated to said sem conductor device and an
actual physi cal éﬁdr%s§em1§°nd%@%@ﬁqﬂﬂ%ﬁgEﬂEﬁQnﬁiﬁﬂﬂmﬁ:ﬂqmyrlﬁuﬁsal menor y

net wor ks; and 20 m conduct or device having a data processing

function, wherei® §ﬁwacgﬂﬂPEBﬂHué?B?cﬁe§FE§1Pg EBnﬁe@F@SrMhPﬁdsgﬁﬂlBBuPa
menory netmgggg §9902$§1§%d§ﬁ§c§¥8ﬁaQ%? function to transfer data between

said plura
5 changing means for dynamically changing a relationship

between a logical address within a memory address space
allocated to said semiconductor device and an actual physical
address.
17. A computer system comprising:
10 plural memory networks; and
a semiconductor device having a data processing function,
wherein said semiconductor device is connected with said
plural memory networks and has a data exchange function to
transfer data between said plural memory networks.
15 18. A computer system comprising:
a semiconductor device connected with a memory network and
having a data processing function and an image displaying

function.
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