_ “1- | MPROVED MEMORY ACCESS SYSTEM BACKGROUND OF THE | NVENTI ON 1 FE&ARBONT.
the Invention: The present invention relates to nenory systens for
cehput ers, and nore particulary, to nmethods and appar at us fO( i ncreasi ng
data agcess speed: and efficiency. 2. Aty Background: In many data
processing systems, it.is conmon to utilize a high speed buffer menory,
referred to as a "cache" coupl cyPROVEDIMEMBRY ACBESS (RYBIEMSSIi ng unit (CPU) to
i nprove the average menory accegacktAooM® drotuet hwengraacessor. The use of a
cache is basef uppiial be theCHiveRtiol OVer tine, a data processing system
will access certain locallzed areas of menory with high frequency. The
cache typically con{Fsprregent dauentipnt ralagesiocpencsyt sysfens foFperRpYLeTs t he
mai n nenory, d ' TV IRVIETAY, iCll e 4.\
necessity of drye&a %ip? ﬁ%&&gﬁéﬁl-ggat | ocr'f'g:l'yiaﬁht#’é’la %r%él'% ﬁé?ﬁl}f' %‘iﬁg&u‘%&gof
cache adds .caseserspeed andngtticleéncyt.0 a data processi ng system and
substantially increases systemcost. Hi storically, nmenory access
requi rements were such to justify the increased expense and conpl exity of
cache basedeaxﬂ&*eqﬁumggmnan new generati on Reduced Instruction Set
Computers (RI SC) proce55|ng Speeds require singlé cycle nenory access. Mst
nodern menory syst e TARY Aata: PEGIRESLRG SYSEORR a4t L6 comnenr PR MtiBEER\VR) whi ch
generally ha 0, NESEre I | . M el ' time from
the initiati \(;lﬁ'ggf%%g nennrgg/ﬂgc‘c 's?‘g%{%% é%%céan“%gg?r?g eﬂpar r(geieaoled by the
menory devi cadent?dX iprocdssingiundt (@RO)ctpdepraie £ avermgRcnemutycycdesst i Nes,
t he col um acgess/c e tinme for the particul ar devigce is generall nly 45
nanaseconds (Wér@z%t-&rg“"t"ﬁre The '??Pe ofi 'Pnf‘f’?b%’t ﬁ?%bﬁ?‘bi{’? (ﬂ’fxﬂf“a-
col um addr eghati GRd tide)Sh dithi proddbfine system will access certain localized
areas of memory with high frequency. The cache typically contains a

subset of the complete data set disposed in the main memory, and can
be accessed very quickly by the CPU without the necessity of reading
the.data locations in the main memory.

The use of a cache adds considerable complexity to a data
processing system and substantially increases system cost.
Historically, memory access requirements were such to justify the
increased expense and complexity of cache based architectures. In new
generation Reduced Instruction Set CQiputcrs (RISC} processing speeds
require singlc'cycle memory access. Most modern menory systems

_untilize dynamic random access memories (DRAMs) uhich-generally have
200 nanosecond cycle times ("cycle* time being the time from the
initiation of the mamory access until data can again be provided by
the memory device). Although typical DRAMs provide 200 nanosecond
cycle times, the column access/cycle time for the paxtibular device is
generaily only 45 nanoseconds (where "access" time is the time from

the application of a column address signal (CAS) until data is



- 2- provided on a data bus). Accordingly, .the cycle tine for a -

comrercially avail able DRAM may be up to five tinmes the colum access/cycle
time for the same device.- As will be described, by property allocating data
storage in the DRAM nenory and using the teachings of the present T

i nvention, IR f..the compnt?er may be effectively Used 'as a .
cache. The H}g‘s’gﬁdn?nvenég%%haf'scl'lﬁggg‘ﬁgﬂwr &gﬁ,s“l_'&ﬁﬂ tHeentREsafor use in a*
conput er sysemexcjaily availadid EAM Si¥ bel Yp 26CESR tifed RHY Welhms I N
menory to OQ\[‘/’Lﬁ’e"wﬁ%rﬁ]ﬁg for_a separate cache. The present invention
utilizes statlc fiidv NOTi the,malie devieart ure which permits very fast
access to a |ocal i xedianhseaeiéribie, BY Brofat®y Ya11806k dny BALT eyl Al ¥, Suited
~for use in iés,tems enpl oying. virt ual menory t .eqﬁjnl qgues. L 3 _'Kc,g(?o i ng

to the pre ﬂtom#rﬁ%l' APd psing: the Legrhingscol thacpmespntchwastivnst exe
cCoNpri si Ng: mAER HeMoRE 3 i al 4. gqenory. neans. i ncl udi ng N
banks of menory ar rfgs, ﬁgﬁoﬁ%g{%ﬁ%tfig#ggﬁ PP A £5Re -y T8 ¢
random acce®Eesantpinventionm disclases appavatument aethodetorugdalia 4 S stored at
a plurality j ) f sajd atjons specified by a real row
address and a p&éﬁﬁ%‘*‘gg’?ﬂrﬁgﬁ&gﬂ%’mﬂa QF#) PHLY APGess tha i eenpliten's; waln

| ocation | semcxycts sbduiatal thé needCfirda sépfarabéicdchéd! i Wyeadsy €ss fol | owned
by a row adgr‘-’es§ strg? ’d&QAS signal and said -colum address Tollowed by a
col urm addr E2ERELFR, 8 f ) StatifaFolunn PRAMSSin ganexchitectureavisichor

gener ati Nng periits Walry’ SaEtogekasSt ' | L. ad s cqQrresponding to a
desired dat-f | ocat i cf_% in one of _._siirkg;sng&n%rzgaaér%f/g,gégﬁﬁ | 'ﬂr%’é'@’ﬁeﬁ'@ ation
means conpri%PATEiFuIaEe gudted for use in systems employing virtual memory %

techniques. ' e



latch. means electrically connected to said address generation neans,
said |atch.nmeans including N tatches, one for each of said N banks of
nenory arrays, for receiving said virtual row address and storing said
virtual row. address upon receipt of a clock signal; conparator mneans
electyically connected to said Ilatch neans and said address generation
means, said conparator neans including N-cBnparators, one for each of said
N banks of nenory arrays, for conparing a current virtual row address from
'sai d address generation neans to a preceding virtual row address currently
stored in said |atch nmeansAesdrdingprowi dihey presemtut inventionngthage is

resul ts of said 5PEPRREEOR: mAdLY CHPEESS ObyBERRS coipr13ngC! mikhd¥y afle S

o
gate for receiving the outputs of sald_co Qgrators gﬁg provi din an output
a nenory ‘nmanagenEff &¥oripgvda teor qa%smawﬁ@ waAns AncIading, thhamwks o

into a real rovieRdfiyeHrrays CYeéach it said Wadry chfeaysCddnprdwiimect &d
to said out put (0] Sal at c

menory neans fora¥838#$|ﬁ@nggwd%ﬁﬁﬁ&%%ﬂ%ﬂ°§#nﬁﬁﬁiQ§ufﬁ?ﬁgﬂﬁ%ﬁ#ﬁﬁﬂgaggfas’
real row and col vheredldr dsses imndstsered RAS an@lGAslditgnaifs lmcsamha)neeach

-3A - menory arr gy, A o dbavd she ea*eéfsfﬁisal g?ssa aPgls P Raddte¥i?! al Ca

provided to said one nenory array ar at or out put |nd|cates
that said curref®lympt gddress aﬂﬁﬁeﬁhqrsﬁiﬂbt sahd sﬂeﬂﬁ!} ‘a8tsAaldr speaifiyed

virtui'vll row addrgﬁéatﬂaﬂ vm@rea&@é%ydsaaﬁaol wateadft €9F ardidai desAdS row
oronal e oVl it 8e° Bht SR, it AT P 6QIBRAS) O g
precedi ng virtuabaldwcadumnssgddress followed by a column address strobe
(CAS) signal; address generation means for generating a

virtual row address and said column address corresponding

to a desired data location in one of said memory arrays,

said address generation means comprising a processor;

latch means .-electrically connected to said address

generation means, said latch means including N latches,

‘one - for each of - said N banks of memory arrays, for

receiving said virtual row address 'and storing ~said

virtual row' address upon receipt of a clock signal;

comparator meéans electrically connected to said 1latch
means and said address generation means, said comparator

" means including N comparators, one for each of said N

e '~ banks of memory arrays, for comparing a current virtual
' row address - from said address generation means to a
-preceding virtual row -address currently stored in said

latch means and for providing an output indicating the

results of said comparison, said comparator means further

including an OR gate for receiving the outputs of said
comparators and providing an output; a memory management

unit (MMU) for translating said virtual row address into a

" 'real row address; cycle control means electrically

connected to said’ output of -said OR gate, said 1latch

' means, said MMU, and said memory means for receiving said
‘comparator - output and for providing said real row and

column addresses and ‘said RAS and CAS signals to said one



said cycle control nmeans including c¢lock neans for providing said

cl ock signal when said conparator output indicates that said current
virtual row address is not the sane as said preceding virtual 'row address.
Al;so according to the present invention there is provided ,an, inproved .
met hod for accessing a conmputer nmenmpry including N banks of - CMEMDry
arrays, each of said nenory arrays conﬁ$|5|ng a dynam c, random access
menory having static colum access, wherein data is stored in at least one

of said nenor arra Iura It f locatjons, eac ai d

| ocat.i ons spe’&F%P'é réyr'ea‘fh?ﬁ#) dag §s¥5ﬁ3 T %ﬂrﬁgg éﬁaavw“e“rsel n
sai d ggta atfsagdaiparlef iprdvideal it saidicorssmematyearregcioplyofi fSaaid eal
row address S ng c

i ass ot 1 ooRRBEEELBY BBl ERA N HEal (R%‘ cHpRept St R,
steps of.:. steddngsa A8t @9t r thea®amessapn saikdhpresedimgorvicteabt new a

cl ock si gnal addrdshat 6RdTURRTLAC by G aNd ok A i sad o d
N banks of mam)ry arra %ﬁ eratin I.n a. rocessor a current virt aI
ﬁt&yn proyd ido g

row address afd88aly add? e88- pORBORY tar EA%| WhangAail
sai d one nenneympataybr wmaw nhdidatesir tieat suidt carreay addtemd tnmsal d

Vor dacn of SAARERBASHEL #%mga'ﬁ 100 PEAN N R e
bei ng i nput. t said onyc@,at e conur | ameamys i he »aluéimgy ndna@eMM| tfor

(ML), said Cy%eghﬂigr té@idr@l’oﬁﬂdr '{'t fh8nCW comgg BQalouf-rM

addr ess;- ovi sald “current TOow . a ress “current o
col um- addres%nQﬁB%&PdthAS gﬁa.dcggrrent virtual row address is not the

same as said. preceding virtual row address. : -

Also according to the present invention there is

. provided an improved method .for accessing a computer
memory inclgding N banks of memory arrays, each of said
memory arrays comprising a dynamic. random access memory

. having static column access, wherein data is stored in at
- least one of said memory arrays at a plurality of
locations, each of said locations specified by-a real row

- address and a column address and wherein said data at said
specified location is accessed after receipt of said real

- row address followed by _arro_w address strobe (RAS) signal
and said column address. fpllowed by a column address U

strobe (CAS) signal, _coni_prising.the steps of:  storing a
virtual row address in latch means upon receipt of a clock
signal, said latch means including N latches, one for each
of said N banks of memory arrays; generating in a
processor, a current virtual row address and. a current
_column_____addreSs_corre_sppr_xdj,ng to desired data in said one
. memory array; _com‘parinig'.-. said curren® virtual row address
. to said virtual row address storec 'n said latch means
~-using N comparators, one for each of said N banks of
- memory arrays, outputs of said N comparators being input
to an OR. gate; . translating, in a memory management unit
(MMU), said current virtual row address. into a current



signals to said one nmenory array as a function of said conparison such that
said current real row address:-and said RAS signal are provided to said one
nenory array.only if said current virtual row address:.is not the same as

sai d yirtual, row, address stored in said |atch neans and such that only said
col uigi address .and sai d CAS S|gnal are provided if said current virtual row
address is the sane as said virtual row address stored in said | atch neans;
provi ding said clock signal to-store said current wvifrtual row address in
said | atch means when said current virtual row address is not the same as

said virtual rowreddr ekpwt Rddrassisaj d pravddingnsaid, sunrenty segdni Xow
data in {he memDiaAdzdies prawRdi dit vedDato A CALARL s FORRAY sBREI X wsoras;d CAS

access the sane r ni ficantly increased. sin
such ancnganlza98§¥rh%egﬁr&§£{n$#ﬁeﬂfpgﬁymﬁﬁﬁﬁﬁsaﬂaﬁa weticn, g said
speeds on the = ordmparisomashehbatmt neabdy curxtesrh f vead smbseaddredat and
stored. Data s gﬁﬂ; { %&ﬁg t
speeds four to f.ts\%re% rresr?laé‘pﬁ arﬁ!cqﬁ?e ‘{é&ne%r eqq%l%wre n?&?e ¥, only
nenory fetch cycli€ smidr cozzemtrTyrtwrl TRRVDRAdTGES Fi gum@t 1the ssaje as
bl ock di agram m@pwﬁthnlkwsta&ﬁﬁe%tb@of@auaa sﬁié hea PERSARBRNS and

an Cexanpi e of RuD Utk ARty sapdia i affrhanAnDELL (A AheaT are
Figure 3 is apﬁﬂvlﬂedﬁﬁmtsaidemhm&;mugvﬂﬁun&kxpmmcedﬁfespeiatmhmssﬂme
the enmbodi ment '”susééf‘&e@ir'ﬁua'lgqo% 2a.=xc1dress stored in said latch means;
\_ : providing said clock signal to store said current virtual
. row .address in said latch means when said current virtual
row address is not the same as said virtual roﬁ_address
stored in said latch means. |

By properly“orgaﬁizing data in the memory, the
probability that sequential memory operations access the
" same row in the DRAM may be significantly increased. By
=+ 'using such an organization, the presentfinvenﬁion provides
data retrieval at speeds on the order of a cache based
memory system for a subset. of data stored. Data. stored
: along the same row in the DRAM may be accessed at Speeds
_ four to five times faster than the time required for a
S’ - complete memory fetch cycle. ' |
' | ‘BRIEF DESCRIPTION OF THE DRAWINGS
Figure ‘1 1is a block diagram conceptually
illustrating the nature of the present invention.

Figure 2 is a more detailed block..diagram
_illustrating an  example of the presently preferred
embodiment of the invention.

:--Figure “3I£is a flow chart:'identifying the
sequence of operations of the embodiment illustrated in
Figure 2.



- 5- DETAI LED DESCRI PTI ON OF THE | NVENTI ON An i nproved nenory architecture
I s disclosed, having particular application for use in conputer systens
enpl oyi ng virtual nenory.techniques. In the follow rig description for,

ur poses of explanation, specific nenory devices, data rates, , .

r.chitectures, and conpopgfiries veseRiprIoiidr THE AfvERtId® provide a thorcﬁgh
under st andi ng of the preSent 1nvention. However, It wll be apparent to one

skilled in the ahp isprovedmemoxy Architecsure d8 disclssed, davinged wit hout
oh L e . . . | "
ese Speﬁafrltfcﬁ‘i#g#ﬁilica{ﬁ gw?_ "usl " %Eﬁsi@lx}e: #%t%rggé\%r}%&liﬁ% \iigei® Shown

I n bl ock agram n-order not to o ret ention
unnecessarnengry \Wethnigiee: e the flollowingldesdrdpbicrs ot purpesds off i S

di scl osed copceptual |y i | ock di ggram fo A dynani ¢ .random access
Tenr v ( DRARR SRS oR, PP Lete Bamon ARt on, ale GpEas. IarShisRBRaREr Aoy st om
I n the prexapbnditiosid et  £ddBAMr Qradi tdiprovd detiRhbraighinddrsthfaingbe
havi ng .row and col um. addresses identifying the |Iocation of data within the

array. DrRAVEh® REg§entoApyentdon. c Howeyar.gdhSriddi bs apparenty%pi enecrkid 8¢ nani ¢
‘RAM'W th sgagi ‘Iﬁmz CeSS o add) Y waevice ‘-‘ﬁ*&' JLinme from
t he i.niti:t{n?%ir’\?c#qt e rrggr% y ggégguﬁc}itgﬁ;wﬁg’g?h%?iﬁ‘éés%e ataéesltes on the
order of Zpacbtioaetailes. Idaokhers iastoses waldnkhdwhl\elifeulysfaresshawrovi di ng
a row address, whi¢ch identifies g ‘particul row wi thin the, menp array in
Whi ch ¢ he ABablodk afagzsncforn. 15 erde? #pt, €p AhaqHs She Breamss LIASFISH gnal . A
col um addinagcedsartiypn provided to DRAM 10 which identifies the particular

columm withi'n the enabled row having the desired data, along with a col um..
addr ess st-robe ( #AS) msfgrence Yo Rigure i, the prasent doventi isekosedne
fromthe. ' ' fit U - addr ess | hanal. | t put of
data by t%@é%&%@sﬁa‘ﬁ%%?% e y@%'na%o%cggéga __ea‘t"."%% ?)'gfg?% from

t he appl i c@RrRARY) 10f conppices e mewbrysdevied ¢\ Qatw Protessihng systpni qh data
is referred to as the "colum access", .tine-of the nmenory device,

Accor di ngltpe Eﬁ?@%r?”@?&’é‘q's%%ﬂ%’ﬂ@*? & peRmoxny| % RE e EYRP of the
colum ac Qﬁﬁiﬁ@%&r?&r@%ﬂuﬂf aliffeddey i i&ntitying the location of data

. withinthe ar}ray.___l nmlo may co'm'pri,se:_ a cufren_t generation one
.ljtelgh_'ah:lt. cuMos dy"t\.gxipic'm.w'itl_.x ast:a.:t::_:l.c c.oi&mn ;écess. In such memory
devices, the cycle time from 'the'. initiation of tfxe memory access. to
the output of desired .data is on the grder of 200 nanoseconds. Data
18 accessed from DRAM 10 by first providing a row address, which

o 1&6:11‘.12105 a partic&i.a_'r row within the memory array in which the data

_:I.s iocateﬁ, along with a :ow a_dfi_r_éu strobe (RAS) signal. A column : U

address is then prmdde;_l to DRM 10_whi_c_h -1denti£1‘cs'the 'particular
~eolumn within thecnablcd féw_hav;hg the desired data, along with a
éolm address strobe ."-(CASJ s:l.gﬂal_. Typically, in static column DRAMs
the time from the application of the column address and CAS signal to
the output of data by fhc device is approximately 45 nanoseconds. The
‘time period from the application of the column address and CAS signal
to the output of data is referred to as the "éo_lunn access" time of
_ thq nenory _t_lev._l.ce. Aecordi.nglg, & memory cycle is approximately five
_fi_nie_si the lc_nqt,_l_; of the cp]_.unn_acc.eu/_.cyg;l_.g_;peed of the device.

<«



I'n nost new generation Static col um. 'DRAM nenory devi ces, once the row
address and RAS strobe signal - have been applied, any data el enment disposed
w thin the ermabl’ed row nay be accessed by applying the appropriate colum
address and .CAS signal, w thout the necessity of reapplying the row address

and BRAS signal .. As goted, access.tq,.databsiored within a previously enabl ed
oy oceur very JimaeES6E SRPetatied teEl e Rl bR aRnBLP dsllie) I3
accessi ng datshestéw addidssandd BARs stadbavis{gnal hiee BEgATappliédyy any tdata -conmoN

in high speed data processin agprications to use_a "cache" nenory. coupled
to a central ﬁﬂ%gﬂ?@'ﬁﬁi‘lﬂ% i ther eRabled ray, B3y, be agqessed n%pﬁ%ﬁ"? he

processor. TheeCGhiepriithdtdiind sddrass ARl &3 1450091 LNt UM héesEBey
menmory of the system and can be accessed very qui ckly by the processor

wi t hout the refceearpiying thexéwnaddress ndaRAOSdghalns A notiedy mcress tolt is
general ly ass d.t i | gh 1N ens, that -a_cache nmenory
IS required t‘%@gcﬁ"gs% Jsj’?ﬁg%% B§§ﬁ§‘qﬁ§r§§§§%g cgos‘z )‘%% ??"é‘t*’g‘?% e_?g%?‘.'hﬁ
However, as [appradinhtelyois hanbléconds) s eppraelcts agtedsingrdaty: sturedahies
the conplexity and cost .of the data processing system As w || be. described
in this Speci®PEBRY SAV within, the MAmOX¥\AFTBYon provi des a mendry system whi ch’

obviates the need fgt & eafibh 1XHigh' fpeedCaathl phocuaachly %ﬁgfﬁ:’iﬂ'&;d Realdezed
areas within main nenory. It wll be appreciated by one skilled in the art,
that if data® Scagheopedony ctappied hogecentral PreFeRaing witgte dupyove fhe any
data el enent di q 1 ' I d : e i ien a
single cl ock ‘S?%%‘Sg&ﬁeé%@'{s?éﬁ c%z(')r ?g{’g v, &ﬁgéﬁbgﬁf@%@z?i %’5’ %{uf :
wi thin the nulabayicratey withimdhbimdd mexiosptofhithée heystan) andneany bamcckesed

ffectivel d he by th wReferri in to
Figure 1, a JPoRaBlRY K3 S SiyeasPt BT, the pereapitt of eadie 98/ um
address 14 t Qada QReatéhs 18 Galal fexdip] C3tMd geheddIAY dédbundd arae! tiMigldr eSS

14 is applied to a _
speed processing systems that a cache memory is required to achieve

single cycle memory access by the processor. However, as previously
noted, the use of a cache significantly increases the conple_:tity and
~.cost of the data processing system. As will be described in this
Specification, the present invention provides a memory system which
cbviates the need for a cache, yet provides high~speed access to

. localized areas within main memory. It will be appreciated by one

skilled in the art, that if data is dppropriately arranged within DRAM
10 (Pigure 1), that any data element disposed in a previously enabled
row may be accessed within a single qiock'- cycle of the system.
Accordingly, by properly storing data within the ‘Bebory array, a .

. localized subset of the main memory may be effectively used as a cache
by the processor. ' .

: Referring once again to Figure 1, a processor (not shown)
'provides a.-row address 12 and a eolimn address 14 to access desired
data stored within DRAM 10. The column address 14 is applied to a
multiplexer 16, which, as will be described, selectively applies
sither the row or column address to DRAM 10. Row address 12 is

'applidd to a latch 18 and a comparator 20. A cycle control circuit 22



mul tipl exer 16, which, as will be described, selectively applies either the *
row or colum address to DRAM 10. Row address 12 is applied to a latch 16
and a conparator 20. A cycle control circuit 22 i § coupled'tosatch.18,
conpar at or 20, as well as nultipl exer 16, and provides both the RAS and CAB

signal s }8 % aldd i dreé?ﬁl‘ﬁ“ 96, ¥PLdAA 05 e g?ﬂéje'r”i&' gharOW .

addr ess’ colum a he henory system osed in Figure
1, conpapadeides(bathrbbe RASt amd CASrsignale ko DRKE IO 1P acRéks )dptm t Wipotne .

preV|ous r es whi ch _had een us d to_gcces on the
previ ous ® ‘gg« EAQ"R%&BW 5°gl%£rff't ouE? pdgress ﬁé é?/\niPﬁi n the

| at ch dOﬁSn&qt mmdlheaeuarmmgm adoba@s:mq&phoentmbxzimeharocessor,
cycle control 22 claqocks latch éhbSUCh that the current row address is then

stored WPBFFEDY Few a4AEess 334 (RA(GN) \Hth Fhe previqus) goy addreds,. (RAE-A)} r ent
row addr gfgenl Aalt hdedR Med to £3cess &tal bR thelpfdvibl  ed19SRES, afAS signal to

DRAM 10 such that the desired rowwthin the nenmory array is enabled. Cycle
control QﬁmlhenyerpI | ES; the| vewn adddesss stared withighthe latpghcdees 1@ to t he

DRAM 10, ap | sue %%QVQRJ;-.%E u%o‘ilﬁ&%naha rt?h‘es%k%%lch |tge{1t|f|es

t he partf’& o Be accessed rray REh provi des
t he sel echechdiahmd&htm RUCK ahderthd yprretit! yommn:essjabatlmssﬁm shown) .
In the event that the curren#row address RA(i s the sane as the previ ous

row addr ¥&thiRathe Patehoangd pignale pRltdplexan s c”'c?n??%’ry 5he LRIFERE e
current oghlips 25dChRAM 40l 0 YAV ddht2BE d25SUPhed fdued! 87¥0ls sffnaldlf €Viously

di scussed, once a particular row within DRAM 10 is enabl ed, access to a ..
data el ekerRRAN thwcbrmatrmrﬂ”iw @HG’WV the Damory hm'!n'nésenbodl ment N/

o appl y “TRERo (Y8 e 17 ERSRRRRAEF cBL G adfienn 14 e8P W (i m a
row enabherhmeﬁe:puckuodm Qy¢ | dnd &ewsdmwppropﬂathecmscgmew the
current row address is the sane as the imedi ately preceedi ngnrovev address, .
it i s n othe DRAM which identitics the particular data to be accessed

array. The DRAM 10 then provides the selected data to the processor,

typically over a data bus (not shown).. '

. In the event that the current rou address RA(i) is the same as

the previcus row address RA(i~-1) stored in latch 18, cycle controi 22

applies the current column address 14 to DRAM 10 and issues a CAS

signal. As previously discussed, once a particular row within DRAM 10

is enabled, access to a data element within that row may be done very

quickly. In the embodiment illustrated in Figure 1, it will be U

appreciated that it is only necessary to apply the column address 14

to DRAM 10 to access datla'j'stored within a row enabled on a previbus

data cycle. Accordingly, in the case whof:e the current row address is

the sane ss the 1m.diatc1§ preceeding row address, it is not

mc..suy to'_reapply the current row address to the DRAM and provide

an additional RAS signal, but rather, it is oxi_ly necessary to apply

the current column address and apply the Cas _signpl to access the -

mnemory. Ih. a typical application, the use of the presexit invention

permits access to data stored within DRAM 10 in appréxinatcly 45

nanoseconds instead of the typical 200 nanoseconds.



necessary to reapply the current row address to the DRAM and provi de an
addi tional RAS signal, but rather, it is only necessary to apply the
cwrent columm address and apply the CAS signal to access the nenory. In a
typi cal application,. the use of the present invention pernits access to
data stfored within DRAM 10 in approxi mat.gd ¥ 45 nanoseconds instead of the
typi cal 200 nanosecnadﬂll be mzwmalb,benammmmadem aghp inkalvezingn

the art Ki { tiple b f
i1 et 1ot MEPOTH STUSL AREY AP R, PRt Aoy gt b vt bR AR Pt o

outlined in Higyie dimiummm :nlé:ae& £6 GRRGE ¥hb Chyatsﬁrtgmdﬁaca ini tigure
mul ti pl e banks of menory, such that probability of nultiple sequenti.al

accesses to t’-hE‘-'%‘-Ia‘r*E‘}O\ﬁtV\H ReFeSsaRInER ATEAREe FS‘% M§hin andtEinle hanksactg.

I f frequentl z [ | ner,
mai n menory )réa‘géﬁ‘g ut% I'zed 1 n 9%?';& ?ﬂ 1#11% “Eg‘eg%%nﬁlc&gsﬁdé%ong | ex
cache syst emsainefimmwr whgtimowuemoﬁyghmk 2; dibaiﬂeeaem incxemsedon Mi | | be

|IIustrated d de r|be th refer a i ment _hayi t wo nenory
banke, | DRAM BIRTSRIYRra A5 BaK e goceiizaa JheRTE Wecketery Lo i

utilizing Vi iradaér, "REDE Yeh6H) Haguss utEQizelaUh‘i)Qﬁ.QEe e hmﬁ:nsaeﬂ fekp@risioa,
and in order to avoid unnecessary conplication, only those address, control

and data |in@®neRmpdeR spche SYstERtrate the present invention have been

di sclosed in the Fi Hi&ﬁ-i (I}Qqeggru ke, knd%raR AnG1gkipdl ed in
the art that other |nes ,ng evi ces, ,gh h supp?)’r’:ta %ﬁgﬁﬁﬁomy be required
in any parti ddlastnppﬂmut ﬂmriberpmichmereﬁhe:@mnmmem thavihe twenory

oot pus RnB Bahke.. KRR AR, AR e Sati n HnR et pen iy
addr esses i n gyBfed thﬁinwimbi tmewtfla:ecniy@eeal |Bor Wﬁswﬁtﬁﬁ/ use

addr ess buses between 16 and 32 bits, in which the bits are transmtted in
Specitication, and in order to avoid unnecessary complication, only

those address, control and data lines necessary to illustrate, the :

present invention have been disclosed in the rigures. However, it

will be apparent to one skilled in the art that other lines, devices, L
'" and eupport circuitry may be required in any particular appyicatien.

~ A processor 30 communicates with the memory system © "‘-"the

preeent invention aleng a virtual address bus 32. Virtual addrees.' bus
32 includes a plurality of individual lines vhich carry addreseee in
| the form of multi-bit words. Typically, proeeesere nmay use eddreee
\’*“/ buses bei:ween 16 and 32 laite , in vhich the bits are transmitred in
parallel along individu_al lines or wires which form the address bus.
In _the present invention, addresses transmitted over virtual L'address
- l:ue 32 are structured such that low ordered bite. forn a direct (real)
addrese- eegment for the DRAH neinory, with the low order bits being
separated tr__eu the virtual address bus 32 along line 34. As will be
deecribed io:. fully below, the low order (real) address bits comprise
the_ colunn address for desired data eeered witﬁin DRAM bank A’ and DRAM
bank B. Hi__éh order address bits forn a virtual address segment
c_orr_upondi_ng lto the row_a_ddrees for data 'et.ore_d_ within the main

memory DRAM banks A and B. (See, for sxample, U.S. Patents Nos.



&

parall el along individual lines or wires which formthe address bus. In the
present invention, addresses transmtted over wvirtual address bus 32 are
structured such that |ow ordered bits forma direct (real) address segnent
fqr the DRAM nenory,. with the |ow ordgr. bits being separated fromthe -
vittual aq(sgpeidusndd,s80nes iddaighed A6 tid Asiiyndeser ithedprementful |y W
bel ow, the | ow order (real) address bits conprise the columm address for
desired d®PRI498%488-Mi t hi ' DRAM bank A and DRAM bank S. High order address
bits forma virt rd SEME P3Gk ® o ol JhESSe f OF
data stored withi*ﬁkt gdnﬁééﬁghﬁhiﬁ%ﬁﬁgdi{%ﬁggém?ég\gé?gﬁézianpI e,
U.S. Pat erxesaied on the GiXtualladdrdss MB0IBGSAs abldughrateds thre bAghi gnee of

the present .apRld.catq e high.order hits comrisidg. b he it t4al

addr bss o SgeRhVarbdls e oEd apiulaa 4SS nllord LRMBEBEL SolOln) 16 | oy
the hi gh cotetranslatizn intcs ashighnppder physicalneddressiangthe rresent ' (M)
38 for translation’into.a high qrder physical agddress.- |In the present
enbodi nent‘,"g?%“e' Qgﬁi %gé'ral’é&‘ggvﬁlo%ﬁﬂ’ apag ﬁ’aﬁ%rﬁ"&‘,ﬂ%&” ry unit,
such as’ aund€] subftde-aRfddt stREidihie, 39nk RS 38 takids AW Lhguthtsd or der
virtual address supplied by processor 30 and provides as an output a

trans| at edighyenden| virtual jaddznese suppl ind by inrecasson AP ands previdessas pn

act ual phygsi r e Ny j - Qanks. ,Avand B. MW
36 may | abupR o SARIRERE poRhidll (BBl Ritabthddho TN 4B GihsentS Bt oy
No. 4, 527 spé2ditielsctiis actusliphyafcalhzai addrésc of pkhrealesiredr data iy DRaMer ence.
A latch 42 is coupled to virtual ,address_ bus 32 and a conparator 43 .is —~
coupl ed t PaBKE M #RE By (4T, (38, ek sake fhe” Sorm of £ mavory mepademantings” [
Simlarlygedctfieanin' .65 FiteRtNb.t @,547,208) tddddfitiobie 3¢ MiMEni $si N turn

coupled to a conparator 48, such that the conparator 48 conpares . the
contents dneprperated harein dycrefarenge. virtual address supplied over virtual
address bus"'32 _f 59m%0;f“sﬁoﬁoupled to virtual address bus 32 and a =
qoﬁparator 43 is couphd to both thc virtual address bus 32 as well as
t_b the latch 42. Similarly, a latch 44 is 'cbupled to virtual address
‘bus 36 and is in turn coupled to a comparator 48, such that the
_ éomparatof 48 é_dﬁpares fﬁc éontents' of iatéh 44 vith the currerij;_
v:l.rtual address supplied over _v:l.rt':'}:al address bus 32 from processor
30. As illuétrated; the oﬁép_uts of comparators 43 and 48 are passed
| t:r:s.rqugh.'an ORl §it§ 50 and are 6cﬁp1§d to a cycle control ci’r'c\i'iﬁ 55,
'l'I'._he_ result of the.OR ope:atfon between the outputs of comparators 43 =
gnd_la' @rc chilarly eoupléd to cycle c'ontrol 85, Cycle éontro’l
| 'ci_:.cuit 55, as will be described more fully below, controls the .
| .c'l_.éc_king of latches 42 and 44, the selection of multiplexer 60, as
':.well as provides appropriate RAS and CAS signals to DRAM banks ‘A and
. | MMU 38 provides the lovest translated physical ‘bits of the
virtual address -t_ippiiod by processor 30 to the chip enable (CE) port
of latches 42 and 44 over line 62. The state of the lowest translated
_ p}z;?liéﬁl bits (:f_.li .th-' pzudﬂt sxample for two nemory banks only the
iowui: ‘translated "phjrl:l;-.al bit 1- rc‘i;u’ir.'d) may be used to select

- et evestata By T



3D. As illustrated, the outputs of conparators 43 and 48 are passed through
an OR gate.50 and are coupled:to a cycle control circuit 55. The result of
‘the OR operation between the outputs of conparators 43 and 46 are sinmlarly
couplzed to cycle,control 55. Cycle control circuit 55, as wi'll be described
rmreiully bel ow, controls the clocking of |latches 42 and 44, the sel ection
of nmultiplexer 60, as well as provides appropriate RAS and CAS signals to
DRAM banks A and B. MWJ 38 provides - the |owest translated physical bits of
the virtual address supplied- by processor1B0 to the-chip enable (CE) port
of |atches 42e&theridatahed2|omdatch 4¥he Foraexanpie| M thadovest Axsnsiated

physi cal bi ts§£¥ +Q §e41t1 | red%’ Ihqr Lyp gﬁ(ﬁ?dom Xa& dgovest

transl ated phys 'S req nmay ®be us e i t her
| atch 42 or | gbath s«iﬂce Fleriexﬁnpie would triee enauaetiam:anu)ateed yuidi ueal bit is

| ogi cal hi's bi.t ld b dt h 44 (but t 0it
roul S Fal onabTueRtan o) inpartab e Sapliion Hych Veulgohe aepatsd 3o |
| ogi cal 1 whi gheatpybyl @ﬁrgﬂgldnemma Vel 4$2. cohvdrdaYy Snakbhn@ Wahrd pé2.

Conversely, -I'atch-44 woul e-enabled in the event the | owest -transl ated
physi cal bit enalzlné m rtheaeventdthe Jovesty tranflaged phypica) bitofthe Vigtual

Figure 2, the % ra'ﬂ?%?éa‘gdiphﬂ' u.éfitdas%é'ﬁguw&m tRdl deQest/C! ©

control 55, an its in the case of nore than.two nenory
banks) identi trmslhted:mh(eicalnbit)lisSSIsmnuppﬂidl\»tdaawhleiactoatrel 55, bend this

accessed fro for. e of exa e t the ce es a
vi rtual addrggéésoéé' i l"ﬁaﬁ“aﬁfﬁ’é? n%s’ |8W°@8E¥3§'§%ﬂg °8tg§af €8

di sposed in D@Mdoaaktm 86 whieN i DNAR| darkcased 180to Macadduisea dfombi t S
correspondi ng to the col umaddress within the bank conprise -a real address

segment, and are sephfS¥ReGIom &ake ffcmxanple, |HE the PEOSRASCF 3L PEPVIRRS &he
virtual Seg”eoirﬂ;alt K@dﬁggr&&% GNP E PARLLEY tu8 32 which ‘corresponds to data

disposed in DRAM bank A. &s previously described, the low order bits
corresponding to the column address within the bank comprise a real
“address segment, and are separated and passed over line 34 to
multiplexer 60. The virtual eegment of the address corresponding to
the row address within DRAM pank A ie applied to virtual address bus
32, and is immediately translated by MMU 38 such that the translated
high order bits are coupled along line 40 to multiplexer 60. In
addition, the lowest translated physical bit is coupled over line 62
to latches 42 and 44. For purposes of the present example, it is
assumed ‘that if the lowest translated phyaical bit is a logical o,
u latch 42 is enahled since the logical +] will be inverted to a logical
'.Jl by inverter 63. The virtual address is concurrently applied to
' enahled latch 42 as well as to comparator 43. It uill be noted that
':'although the current virtual row address is applied to latch 42, that
latch 42 contains the preceeding virtual row addrese, and will
continue to contain the preceeding virtual row address until the latch
| ie clocked. _ '
Comparator 43 compares the current virtual row address to the
preceeding virtual Tow address etored in latch 42. The output of
'comparatore 43 and 48 are coupled to OR gate 50 and cycle control 55.

In the event that either comparator 43 or comparator 48 identities a



the row address within DRAM bank A is applied to virtual address bus 32, <
and is imediately translated by MMJ 38 such that.the translated high order:

bits are coupled along line 40 to nultiplexer 60. In-addition, the [ owest
transl ated physical bit is coupled over line 62 to |atches 42 and 44. For v
‘purposes of the present exanple, it is assuned that if the [owest 'HJj
transl ated physical bit is a logical 0, latch 42 is enabl ed since the
~logical O wll he.inverted to a |ogical -11by inverter 63. The virtual

address i s ®a5fR Fetusen Fha pHrrent (xovevittived ddirens Ahdashevaiontestd 62 the
corrparatorﬂ@ dt h h e cyrrent..virtual row
address is- apf)lllel edoit(\noé,:tgt%%%fd’f'ﬁgg&f at?:’ ngg "Eg%f aﬁ"xg ts F?@dpP’&’ééﬂlhg
virtual romigerl o¥er lind €8 ito cycliei coretriod SHNt @hé JutBuP ACEELHE N Vi rt ual
row addresg tch is;cC Conpar at or -43 conpar.es the current
virtual row g%ﬁ r‘%‘s’éhﬁ °? e Sore ’cﬁtgﬁﬁﬁt\}?r?ﬁoﬂ”%vﬁ%ﬁbﬁ Secldentity | at ch
42. The ouwhith Qhtemcoapaiatos dircalie Hiantif1eO0LRl ?‘14.-&9 R e end 'ld cycle

control 55. In_the.event that either .conparator 4 conpara STEoE
i dent i f i es®XaWPle, where m%ﬁhbﬁ%emmeenwheemrm vow wigtusdddadsessand

t he- co'n'"'t'enhﬁdqht cate that a.match exists
and provide a srg?gl‘éeg\i/gr tB%g fo c?/'g}% %ﬁ?d!lfﬁ gg"‘ ’Tﬂ'é“b‘l??-ﬂ’éﬂr &P each
conpar at or t¢ £oxpe téieu#aéd addrast hygﬁmtcyﬁpﬁ-iﬁﬁ”& ek SSiukd ad¥abi fgp Whi ch

| at ch/ conp. |de ified the match. -In.the ceurrent exanple, -
where a rra?ﬂ’ﬁﬁ%?(}g%({&g {V\h?é'gn R ORY  RRDK . vFr ti®aPonkFelesS almd t he
contents oprdvides tha, necdserﬁmmuﬁn e@érﬁéﬂ%gﬁam&pi exe{mﬁp xum e the

real addre s se r&t conpr.i si ng: t he. col unn -address, t o physt ca ess bub
70 and DRA REovd es| Hhe fleg SF“BG%FSlbtprm dagttslmwnpaﬂ&nanytmol um :

gg?;ezﬁsskﬁbggﬁ)%ﬁhﬁ%e access ﬁ?ﬂn (r)% ﬁggg;’tf ge%l?lr ggmdg;ﬁa;?ca
RANl(approngnogeggnﬁsas Accordingly, in the case where a netch exists, the
present inventicn does not rsepply the virtual rcw eddress ncr is an
edditionel RAS signel required, to eccess desired dete.. It will be
~ noted by ons skilled in the ert thet typically cns signel lines remain
” in a high state and are eppliod in a low condition, end RAS lines are
' typically in a low state for purposes ct detc access. uoreover,
reference is made to rigure 3 which sets forth the sequence ot
opereticns oz the present invention as described herein.'
In ‘the event that there is nc netch between the current - —~
.virtual row address end the previous rcw address stcred in letch 42,
| cycle control S5 signels nultiplexer 60 to couple the trensleted (now
roal) row address on line 40 to nenory benk n elong physical eddress
. bus 70. Concurrently, cycle contrcl 55 issues a nas bigh signel to
“.benk A end prcvides e clock signal elong clock linee 72 vhich clocks
the enebled 1etcn, nensly 1etch 42, such tnet the current virtuel oW
I:leddress is stored therein. The RAs line is then brought to a low
 condition end nutiplsxer 60 then epplies the reel eddress segnent
) defining ths colunn eddress to benk A end epplies a low cas signel.
Atter conpleting this tull nemcry cycls eccess including the updating
_ cf latch 42, end the applicetion of the row end column eddresses along
with their respective strobes, dete is prcvided by nenory benk A to

- e s ata e o v ey e
Satwd e amMt s e smma L L. aa



nanoseconds). Accordingly, in the case where a match exists, the present
I nvention does not reapply the virtual row address nor is an additional RAS
signal required, to access desired data. It will be noted by one skilled
be art that typically CA signal lines remain in a high state and are
appIL,ed in alaw condition, and RAS |lines are typically in a |ow state for
pur poses of data access. Mdreover, reference is nade to Figure 3 which
sets forth the sequence of operatlons.(pi _the present. invention as described
herein. In tHie pyeséssobailonhetife datadusbindt Begwgen :wmnnmeappmumul r ow
address and the previgus row address stglhed in latch 42 cle control

si gnal s nul t’PleéRe'f’déb"P o 50 (arty bty In dha: et B éaf"‘)‘ t W%ﬁ’df’%%?son
line 40 to n@pakyidFakuired, oeﬂauohwaab £ RS Spriedent AnvesiNvRaUEs ibthin

cycle control 55 issues S hi gh s:sgnal to bank A and provides a clock
si gnal al ongthsl dekinqdnéstarésmmabub e sape a5 AHRELN Sther coERBYEFr | atch
42, such th r RAS
line is the?ﬁ #Eﬁ?;ﬁ#&? W“F‘gév‘l“icj?ﬁﬂgwéﬁg%?ﬁﬁ’ﬁ&? ége%dg%&%ena%%pw?s t he
real addr esscompgnmtmadnfneuong. t Mewevdryrin Ahdse sinstendesn whéreaminatshl | es a

| ow CAS signal. After co et| his fu]l cycle _access,ingcl udi ng
t he updat i n&?ﬁ“’?a&?ﬁ"ﬁ? f‘%@gaﬁﬁt%ﬁt’iﬁngg’%ﬁﬁe‘% t-Y 1o o 36?‘1]’?{*
addresses al iige Hl-thbﬁ'fowr s&m&&; Vight £00a0E. adlabhladds RhONrded duceBBNDIY
bank A to - 12 - the processor along the data bus (not shown). It wll

be appr eci atmesyamecbhwqdewuwetmsant inventiom the event that a full
menory access cycl ej:(fa%if‘l'i' E@&he?h@pt %Qfaéed ot ﬁﬁ?‘%sﬂr gfﬁ%? %:FL‘Q%H{:' on to

obt@n t he desired ta 1Ts genera sané as I'n O onputer
systens usi nfhvehefeifiad DEIUBLtyatel &aFigacdd peesitsothe cpmpatchahastay so
conputer main nmenpry. However, in those instances where ccurs

bet weén t he BHHOFBRS mpmpry Ranks, for gertalin types,of dats, hased, on tgP o vi rtual
row addr ess, ¢ findBhfdd ¥akeiHly 26k AdATesd) BRI PaYtHGNAETy, the lovestl -

translated physical row address bits. Generally, it has be ;ﬁ\

fetches are for instructions, and approximately 50% of the memo
fetches are for data. In current generation RISC processors,
approximately 20% of the memory fetéh operations are to obtain data
and approximately 80% of the fetch operations are to obtain |
instructions. Accordingly, the use of the present invention permits
_ an effective "“cache" to be defined in one or more memory banks, such
B that localized subsets of memory may be accessed very quickly. In
other words, the computer system's operating system may keep‘track of
the data and instructions stored in memory and place data in, for
example, even numbered memory banks and instructions in odd number
memory banks, or vice versa. Accordingly, the probability for
sequential memory access by the processor for any DRAM bank having
identical virtual row addresses may be significantly increased. The
use of such a memory system architecture in conjunction with the
hardware of the present invention, as illustrated in Figure 2,
obviates in many cases the need for a separate cache based system. 1In
addition, it will be noted by one skilled in the art that although
Figure 2 illustrates two banks of dynﬁnic RAM memory, that the



speed are achieved by the present invention. It will be further

appreci ated, that the use of the present invention as illustrated in Figure
2 permts the -conputer systemto allocate menory banks for certain types of ,
dat a based on the translated virtual row address,. and particularly, the ..
| owest transl ated physical row address bits. Generally, it has-been foune
that in nost conputer systens approxi mately .50% of processor nenory fetches
are for instructions, and approxi matelyg 50% of the nmenory fetches are for
data. | neapédigeht dANEsEEaLEA MAyChe NHPAARED D, a FANrRXitPR 02| Vanka}o edeh! he

menory fetch operations are to obtain data and approxi mately 80% of the

f et ch” opebark May¥ing & cerxaspandingnlatchc and penpayaterdrinpuit, (vhergdn e  he
present i Qyaoti ' otk 1 Gé +R€a 851N j{@yQne or nore
menory ba%ﬁs, sgghﬁt%%g% 3?5}%‘&%5%%?8%2&% e“n%érf‘;rt 39 ?r%yl__esg'cdéggged very
qui ckl y. Ratdtescis \wtusctiohcot dhpununbesyet dynsnip RAKibankssysildarday keep

track of the dat nd j nstructions,stored i.n. nenory.and.pl.acge.data in, for
bxanpl o even nuRtaReh HhinPosasah . Lovanh Eon tie RO, HeStRa NI 0L onor
banks, or riférencerAFrif\Rea g+30/iy, vinepprapracidted tRit LQULIYures aFenOry
access by the processor for any DRAM bank having identical virtual row
addr esses TABilustraticn qndyy | 404 khat Hheqprepeat investian may bemesd insy st em
ar chi t ect yhfedoie CMHed tadncy ¥bdiichbforadr dware of the present invention, as
iltustrated in Figure 2, obviates in many cases the need for a separate
cache based system In addition, it will be - noted by one skilled in the art
that although Figure 2 illustrates two banks of dynam c RAM nenory, that .
t he - 13 - enbodinent illustrated may be expanded to a plurality of W/
banks, each bank having-a correspondi ng | atch and conparator circuit,
wherein the nunber of |owest translated physical bits used to enable
specific latches is a function of the nunber of dynam ¢ RAM banks
utilized. S :



Al t hough 't he present invention has been-described with reference to Figures

1-3, it vill be appreciated that the Figures are for illystration only, and
that the present invention nmay be used in nunerous other nenory
appl i cations. - 14 - CLAILMS 1. A nmenory access system conpri sing:

mendry neans fof storing data, said menmory means including N banks of
mendiy arrays, each of said nenmory arrays conprising a dynamic random
access nmenory having static colum 5 access, wherein data is stored

at a plurality of locations, each of 18a+d | ocations specified by a real row
address and a colum address and \M‘_tgrgg,i,lg said data at said specified

| ocation is accessed after receipt id real row address followed by a

row address strobeq( RAS) mandPf aceBss s_@gggnpggmsg,%: address followed by a
col um address strobe .(CAS) signal; ag ress gaeﬁge ation means for generating
S °

;
a virtual row address afgeEi®ees| (5 skering r$EGEIE R BB a desi r ed
data | ocation in odAchidingiNd bamkEObY nembry Brréys,desshd b =hid arembay isrnayeans

conprising a processor;.. 15 . ) ci Ljscal dto
sai d address gener SETOR S#égar?s?ynsagll%i Iiazl';? %’ﬁ Qﬁegg%ga?ﬁécr&u%\}%éal\ﬁ%g %E&gﬁﬁgne
for each of s d Nabeedes diergbmodgtarisagtoredrat ecpiurehitysaf dogptiangh row

address and st oringasRidd ¥isd YatatioNs adeEaPsed YN 1RELI Rk Sldrdss| gk
signal; 20 : nparat or neans el ectricall %Pnnﬁcted to said latch

- co L
means and sai d addPeSYlUjBrRAEESS RnAekeEein sPIF Bt Atab?Hd AREFIEI®YCcI uding N
conparators, one fQbcgfieh 1 abodsdell dFaak sreebipie @Prsaidr realsrof atddremspari ng a

Slr”ez:ggf n\él \r/;[ lrjf? lu alr O?‘g&fq&:&ﬁf@ysér £ Sg c'irdes%ds o83 %ﬂgs asti'gﬂgﬁ. TR8"&h1bCAumn
~ 10 address followed by a column address strobe (CAS) signal;
address generation means fbr generating a virtual rouw
address and said column addréss.corresponding to a desired
data location in one of said memory arrays, said address
generation meahs compriéing'a processor;

15 latch means electribally connected to said address
generation means, said latch means including N latches, one for
each of said N banks of memory arrays,for receiving said virtual
row address énd'storing said Qirtuai rou address upon receipt
of a clock signal; |

20 ' comparator means eléétrically'connected to said latch
means and said address generéﬁion meéns, said comparator means
including N comparators, one for each of said N banks of

' memory arrays, for comparing a current virtual rouw address from
said addressgeneratinn meéns to a preceding virtual row address
25 'fcurrently stored in said latch means and for providing an
output indicating the reéulfs of said éomparison, said
comparator means further including an OR gate for receiving the
' outpﬁts of séid comparato:é and providing an output;
a memory hanagement'uhit (MMu) for translating said virtual

30 row address into a real rﬁu'addressj |

cycle control means electrically connected to said .
output of said OR gate,:said }atch means, said Mmu; and said
memory meahs for féteiﬁing said combarator output and for
providing said real roU and column addresses and said RAS and

35 CAS signals to said one mémory array, wherein said real

I




' ' ’ I di ng an out put
ly stored in said latch neans .and for provi
?adicafgnée?heyresults of said conpa:llson'E s?|dO?oggsgazgapgfz?zrLu;%ger
[ [ OR gate for receiving the outputs
LPSLFS:ES 22 outgut; a nmenory managenment unhg (Nmmbcgg[etgnglgflzgaﬁgld
i T | row address
virtual 30 row address into a rea ( t e contro, means
' ' ected to said output of said OR gate, ,
ggegtkkaalgydcggnd menory means for receiving said gonpa&a;zg gﬁgpg% andCAS
i di i ' | uim addr esses and sai /
for providing said real row and co _ : e O s
i i whdSe+n said real row a _
signals to said' one nenory. array, [ Ow acdress and o
RAS Signal are proviegddidssSaid safig dﬂg@iﬁ ?rarﬁaeyagé'ulé\g’gé te sakd ohe oaie as
output indicates that said.current virtu 0 A
sai d preceding vi r TUSFY rRReaRMYsif sgid qmpaeamromdtpuseirﬂiséﬂe%”th

=

when sai'd
e st o ot bt gl e an a0 ¥l bk ud RICHRE TR0 o bl 1077 2
t es.tha
ggxagt ggu gut)fgceéqug TR g ”aﬁowuaﬁﬁ‘i’re%& angli vherpih eonlpnsaial commns

i ncl udi ng cl'®ck nedfesesp@andOsaid CAR e¥orlNgrs Préy fdedClo %b@@ad when sai d

r

addressr's not

conparator out put el apieRsedidibogAble Gt bl EN YLLLUE, o Aodiers T8 00t
the sane as said precgqc{:a %VI rtual row ad S that seddo

f
system as defi ned BFT tualrows iafdness is thbesamst §31tsai@ pr‘éé‘étﬁnﬁ

| e control
el\drtmamabd, depected to sai d cyc
%’ﬁgp?rs?r;?ysag::gss system yade i ned by claim 2, wherein. Y |owest transl at ed

iQ@luding cdnoeaiceds tfersai d N
bits from sai d WM CXFLe SoBET) maens,
Fgﬁlhggl sulchsﬂt hat P@ﬁ\elcbhgsssld d:hickhefgdai mbgﬁy e&&rgwtohgn of t he val U.J

of said Y bits. jndicates that said current v1rtual row address is not the
same as sa1d precedlng v1rtua1 rou address.

2. The memory access system as defined by cla1m 1,wherein
15 the outputs of said N comparators are slectrlcally connected to
' sald cycle control means.'

3. The memory access system as deflned by clslm 2, wherein

Y lowest translated physical bits from said MMU are electrically
20 connected to said N latches such that one of said latches

is enabled as a function of the value of sald Y bits.

4, The memory access system as deflned by claim 3, wherein
data in said N banks of memory arrays are organized such that

25 certain of said banks store a higher percentage of instructions
“than data compared to other of said banks.

5.  The memory access system as defined by cla1m 4,

wherein said data is organized to 1ncrease the probability of
30 consecutive memory accesses to the same rov address as

prev1ous accesses.

6. The memory access system as defined by claim 5 wherein
said data organization is controlled by an operating system
35 comprising 1nstructions executed by Sald processor.
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vig The nmenory access system as defined by claim3, wherein data in said

N banks of nenory arrays are organi zed such that 25 certain of said
banks store a hi gher percentage of instructions than data’ conpared to other
of said banks. 5. , The nmenory access system as defined by claim 4,

V\/nerQ,Ln said data is organized to increase the probability of 30
consecutive menory accesses to the sanme row address as previ ous accesses.

6. The nenory access system as defined by claim5 wherein said data
organi zation is controlled by an operatithg system 35 conpri sing
I nstructions executed by said processor. - 16 - 7. The nenory access

system as defined by claim®6, wherein said colum addresses supplied by

sai d address genera¥%i on rnBenserurg awess osjdtes sasdefined by8claim 6, vbensiror y
access system as de C ' ' t row
address and said reg%’ﬂ’eg E)rﬁr'ﬂ é%‘ér%%ess \gg@ﬁgp %ﬁ%giecf ;E/'aé%lﬁgl%g' %%ﬂgﬁe of said
menory arrays by a WeAns| prexeal @Sd?ﬁst,sﬁmrand of said cycle control neans. 10

9. An inproved nethod for accessing a conputer nenDry |nclud|ng N banks
of menory arrays, each of_said [err] arra corrprl Si c random
access nenory havi ng statie Bgp %na‘!f@ ﬁW\éseF?f’ﬂﬁga\’yl %‘f"o ed in at

| eas said menory arulmteiatssddpinsnelatey ﬁéall paltadorsss aal baid real lcadatn ons
specified by a real re c d \ ' |, d data
0o el o sponi 11 ea | SR HC8a B0y RATRe MRS B LSRR AR
address fol | oned bybwy a owl tHgdexsrs ugen ebmnanRAS) ssn-@;rm{bl%mdn ldmwlswm

address followed by a colum address strobe (CAS) si gnal , nprising the%

steps of: 20 - - storing a virtual.row address in lAatch means upo-‘
r ecei pt 10 9. An improved method for accessing a comp gr memory . VR

~ including N banks of memory arrays, each of said memnny :
arrays comprlslng a dynamic random access memor Eh@Vlng static' f’
column access, wherein data is stored in at leastioqpfg?”“
said memory arrays at a plurality of locations, each O
15 locations specified by a real rou address and a column address
and wherein said data at said specified location is accessed
after receipt of said real row address followed by a row address
strobe (RAS) signal and said column address followed by a
-column address strobe (CAS) signal, comprising the steps of:
20 - storing a virtual row address in latch means upon receipt
of a clock signal, said latcH means including N latches,
one for each of said N banks of memory arrays;
- generating in a processor, & current virtual rouw
address and a current column address corresponding to desired
25 data in said one memory array;
comparing said current virtual row address to said
virtual row address stored in said latch means using N
comparators, one for each of -said N banks of memory arrays,
- outputs of said N comparators being input to an OR gate;
30 * translating, in a memory management unit (MMU), said
current virtual row address into a current real row address;
providing said current real rou address, said current
column address and said RAS and CAS signals to said one memory
array as a function of said cbmparison such that said current
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of a clock signal, said latch nmeans includi.ng N |atches, one for each of
said N banks of nmenory arrays; generating in a -precessor, a current virtual
row address and a current-colum address correspondi ng to desired 25°

data in said one menory array; conparing said current virtual row address__
to said virtual row address stored in said |atch means using N conparatorg'
one for each of said N banks of nenory arrays, outputs of said N
conparators being input to an OR gate; 30 translating, in a
menory managenent unit (MWJ), said current virtual row address into a
current-real row address; providing said current real row address, said
current columm address and said RAS and CAS signals to said one nmenory
array as a function of said conparison such that said current 35 - 17 -
real row address and said RAS signal are provided to said one nenory array
only if said current virtual row address is 1ot the same as said virtua
row address stored in said | atch neans and such that only said colum
address and said 5 CAS signal are provided if said current virtual row
address is the s&f8lFovsaddress endsaiddifSaignadsara previded tmisdid at ch neans;

provi ding said clofgkneiogy drrép oﬁl?rﬂ g ol cGrgheNirtlbl %L. ddippggldress in
said | atch neans Wnerkrgaf!d curren irtual row address Is not the

sane as said Vi r ti§afe g&a?epssssgic%yé{]tqa oy gdgrassstoggdsin said "“The
nmet hod as defi nddtily mebrs mnd SJuchhihati only éﬁd colimnesddresangidagsid physi cal

bits from sagd %%&QP%L%&%&&&F dadbClEFemt Wit B! b Qal@lale Of said
Y bits correspo
is the same as said virtual row address stored in said H.)
latch means, ' '
prnviding ‘said clock signel to store said current
virtual row address in said latch means when said current
_;Q- virtual Tou address 'is not the same as ‘said virtual TOUW
. address stored in said lstch means._'

10. - The method as defined by claim 9, wherein Y
15 lowest translated physical bits from said MU are coupled
- to said latches such that the value of - said Y bits corresponds
to at least one of said latches and memory banks, thereby
enabling said corresponding latch.

20 11. The method as defined by claim 10, wherein data
in said N banks of memory arrays are organized such that
certain of said banks store a higher percentage of
instructions than data compared to other of said banks.

25 12, ~  The method es defined by claim 11, wherein said
data is organized to increase the probability of consecutive

- memory accesses to the same row addrass_as-previous
accesses.

30
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to at | east one of said | atches and nenory banks, thereby enabling said
corresponding latch. 20 v 11, - The nmet hod as defined by cl aim 10,
mhereln data in said N banks of menory arrays are organi zed such that
certain of said banks store a hi gher percentage of instructions than data
conpared to other of said banks. 25 12. The net hod as defined by
claith 11, wherein said data is organi zed to increase the probability of
consecutive nenory accesses to the same row address as previ ous accesses.

30 - 18 - 13. The net hod as defised by claim 12, wherein said data
organi zation is controlled by an operating systen1conprising i nstructions
executed by said processor. t hod

g defi ned ey cl aim
13, wherein said geh®rated EBIW°§&§r E%%’-"Fg ‘%Y F’%%\‘Im 16y wbersin gaid datg,

menory access syst emganbsétﬁahlfé I yore&ommcewlmf epsradsg sybtsh vbhprieghger ence

to the acconpanyi ngilgsrt%% hs execuéec? gy gai processor.

5 14.  The method as defined by claim 13, wherein said
generated column address is a real address.

15. A memory access system substantially as hereinbefore
described with reference to the accompanying drawings.
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