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2204721 METHOD AND APPARATUS FOR DETERM NI NG AVAI LABLE MEMORY Sl ZE 1. Field
of the Invention: The present invention relates to apparatus and net hods

for determning the size of available nmenory in a conputer system More
particularly, the present invention relates to a nethod for aufopatically
determ ning nenory size in a conputer systemin 5 which a us’érfﬁa&%él

sel ectively renove and add nenory devices. 2. Prior Art: In the conputing ~
industry, it is quite common for a centjal processing unit (CPU) to be Yo
coupl ed to nmenory devices, such as for exanple, dynam c random access 10

reory ( DRAMe ) anbEMIRID Ete Ok iekndhe: ARITAEG0 DENRY Qrzeroory devi ces)

I denti fi es SpECHTT=SToTraygT - rocar Yue address. The
nmor e nenor ylwhieidhof the dnveintiodtl e to the CPU, the hi gher the addresses
available to acc_'ess data within the mam)rg/r devices. In m

t .
systems, such aslifRPreaentiinyestipn relates (papparatys and methods WEBé‘Sg‘&“ "blé'e‘[&ﬁ&?nt
f i | abl ' | A , : K bit,
O Wyt oo o STRIROIS sy h BiboMer i S EieHE b6 e R e brptbnl et 0

t o i ncr easerdidtes toaumdthed forwbionadticallygatermyining mensory eize $s arcpmipater dgstbmfip t he
total available nenory address space in order to pernmt the CPU to access

al | of thhe Which 8 vsefimahseleglivelydemove and add memantgeyices i storical Iy, the
menory size of the systemwas identified to the CPU through the use of 20
junper wires on the main printed circuit board, or dual in-line package
(DIP) switcpeprbpagt ed adjacent to the nenory on the printed circuit board.
If a user incorrectly sets the available nenory size in the conputer system
hi gher than.it datherefpputing indestgrivisAuile eommen for a ceatral mwmm&(ﬁ@b&

non- exi st an | d [ ' ' . -2 ss whi ch
exists int oemng%lglég’y@? %%Wdf#?ése%f %‘kﬁuéryeﬂltjg%mo&rrg’gé r‘?’ln;%ﬁ‘r'ce?g rdérgd& ? g&gs menory

"wrap anoungiemohy ¢ORAM)OITHe DRAMeniory (@l semidehductarsnemorydicvicesyal |
system

o
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identifies specific storage locations of data with a unique address. The more memary

which'is available to the CPU, the higher the addresses available 1o access data within

the memory devices. In many computer systems, such as personal computers (PCs), a

user may increase the amount of available memory By adding discrele memory devices,
15  such as 256K bit, 1 M bit, etc. memory c;._hips. .

In those computer systems which permit a user o increase the amount of
available memory, it is necessary to identify the total available memory address space in
- order to permit the CPU to access all of the data locations in the now expanded memory. -

Historically, the memory size of the system was identified to the CPU through the use of €
20 jumper wires an the main printed circuit board, or dual in-line package (DIP) switches

located adjacent to the mgmory on the printed circuit board. if a user incorrectly sets the

available memory size in the computer system higher than it actually is, the CPU will '

overwrite data stored at these non-existant higher addresses into the highest real

25
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efficiency sacrificed through inproper setting of the DIP switches or
junper wires on the printed circuit board, since the CPU wi || operate under
conditions of inproper nepory 5 address space. al | ocation. As will be
described nore fully below, the present invention provides a nethod and
appar dtus which pernmits the CPU to deterninethe true nenory size avail able
to it wrthout the necessity of the user flipping swtches, junpers, or

other h3rdware to set the available memory size in the system SUMVARY
OF THE | NVENT! &dressawhjeh exisls in thednemerny systeqs ddis fagluea isccommanly refariedde as or

use in a conpu e I rl t t QVi
memory devi ces MRS QirEp B, “Rlcoldiiderbys May RAEBK, o 65 8 R AaM
etc.), such aseffi@BALYRRAFRIINBGR iniproféidetting bt iy BIFedWitchay 6Rjuhiplr Wited sl a
central processing unit (CPU coupled through a nmultiplexor to a plurality
of conti guous printéd cigduitrhomrd, singe theCEU wilk operatgrinsier conditianisrof impropenmemory
inserts a.desir nunber. of RAM nenory devi ces having a particular menory
capacity Fnto °ﬁ%ﬂﬁﬁ94ﬁ¥%ﬂ?P-A maxi mum nenory address is 10 defi ned
for each bank as 't e il YefescAtiddGhordQillyhetow, The giessmmbarﬂbeabme%%amw
menory devices avail abl e were utilized"(e.g., 16 Mbit/device). On _
power - up, the &Rlappanataswhichlpermits therGRU toodetermine thedrueumemoryasizecaidilalye to it
val ue of each pgssi bl e nemqr ddress, af that address |ocatipn, fromt

I Ghest poasi bIER e aARSRSI.a drasisst Tigping SwiEess Lmrees. o AiBet Pativerpo e he
bank. In the eygfat ' s towite to a non- 15 exi st ent
address, the Vgﬁﬂ?@?ﬁ%ﬁ@%ﬁlgﬁé g?%r ed at the highest real address in
the\systenl The CPU then sequentially reads each possible nmenory address
fromthe | owest to the highest. For each address read, the CPU conpares the
stored value with the address. The fact that the stored value equals the
address indicates that the address exists. In the event the stored val ue
does not equal the address, but rather 20 equal s the previously read
address, the address does not exist and-the highest avail able nenory is set
to the previous address value. The CPU repeats this procedure for the next

bank of nmenory until the total available nmenory of the systemis
det er m ned. :
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A bit value is assigned which corresponds to the available nenory size of
the first menory bank. This bit value is stored in a register coupled to
control logic which 25 controls the operation of the nultiplexor and v
gener ates row address (RAS) and col unm address (CAS) signals to access the
menory. Menory banks are selected by the control |ogic based upon the

|.ogi cal state of predeterm ned address2Bbits outputted by the CPU whi g
identified by the bit val ue. 'IEF DESCRIPTICN OF THE DRAW NG
FIGURE 1 illustrates a bl ockeehlpaemeb: SR ‘*-systen1|ncorporat|ng t he
.teachings of the present invention. 5 FIGURE 2 illustrates, in conceptual
form the operation of t he present invention to deternine available menory
size in a conhé pressntineentioh/prddifesappuring ambinbihods forsiss i @ coinpatepver al |
sequence of operations of the 10 resent invention as executed by the-
CPU. FI Ggxstem, agd pariculariy.a egmputen $y51ent ABPIoying memens deviges having-diseretee of

CPTLEL 1 aresdi (., B0 T 1M SR, S r%h#%ﬁ%*%ﬁe@m TRAMOTS i ng (he
t eachi ngpredent tmeﬁmﬁmahdwa%ahmrpmd‘ah nﬁ(ewpsuulg% bbu?h'dls'[ rates the

operation of the multiplexor shown in illustrates the -

present mulmiexamognugeutpmmﬁwm ttanksot memont dasines. tlmetmlm of avail abl e

NOTATI ON AND
ﬁg{,‘gr,\,ék” S Antog utser inserts a Xes;rra]dtnnﬁlbsey oit ﬁXnM men'fory JQ avices having a .

particular memory capacity into the memory banks. A maximum memory address is
10  defined for each bank as the address which would exist if the highest capacity memory o/
devices available were utilized (e.g., 16 M bit/device). On power-up, the CPU ' |
sequentially attempts to store the numerical address value of each possible memory
address at that address location, from the highest possible contiguous addreés to the
lowest, for the first memory bank. In the event that the CPU attempts to write to a non-
15 existent address. the value is automatically stored at the highest real address in the
system. The CPU then sequentially reads each posslble memory address from the
lowest to the highest. For each address read, the CPU compares the stored value with
the address. The fact that the stored valu; equals the address indicates that the
address exists. In the event the stored value does not equal the address, but rather
20 équals the previously read address, the address does not exist and the highest
available memory is set to the previous address value. The CPU repeats this procedure
for the next bank of memory until the total available memory of the system is determined.
A bit value is assigned which corresponds o the available memory size of the first
memory bank. This blt value is stored in a registef coupled to control logic which
25 controls the operation of the multiplexor-and generates row address (RAS) and column |
address (CAS) signals to access the memory. Memory banks are selected by the
control logic based upon the logical state of predetermined address bits outputted by the |
CPU which are identified by the bit value. |
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The detail ed description which follows is presented largely in terns of

al gorithns and synbolic representations of operations on data bits within a
conmput er menory. 5 These algorlthnlc descriptions and representations
are the neans used by those skilted in the data processing arts to nost
effectively convey the substance of their work to others skilled in the
art. Angabkgorithmis here, and general |y, eanceived to be a self consistent
sequence o steps leading to a ge o e those

requi ring physical 10 mani p ; s. Usually,

t hough not - necessarily, these quantities take the forntof el ectrical or
magneti c signals capable of being stored, transferred, conbined, conpared,
and ot herwi se mani p%l%t&id' illustrama)abbcb@hageam@ha qamputamxstemrmmprpraumg/thﬁor
reasons of co ref these signals as bits, values,

el enent s, synggngﬂm%ﬁﬁﬁéQ?§V§e" fnumbers or the like. It should be
kept in mgd, 15 - however, that aII of these and simlar terns are to be
associated with the appro riate physical quantities and are nerely -
conveni ent | abeI s affsy tllusttam;em qmmoptualbyn ﬁaropaanpntohtbermasqmﬁmrpnﬂnmto
perfornmed are o referre int such as addi ng or conparing, which
are commonly a armine.avajlp ﬁ’?ﬁ!ﬂ?’&ls'zad%taﬁ"mft?rﬁﬁt?@r nmed by a human
operator. No such.capablllty of a human aoperator is necessary, or desirable
in 20 nost cases, ‘in any of the operations described herein-which form
part of the present FIGURES symbolically itkeetrates the Dverall sequdticecof operatibhe osthe
Useful machines for formng the operations of the present invention

i n¢l\ade gé%eralprpsﬁmgyenﬁmgas executedbyithe EP8k ot her similar devices. In all
cases, the distinctron between the nethod operations and operating a
conputer and the nethod of computation itself should be noted. The 25
present |nvention r Baimss s Mdtd'@étafdcP v Eifin mﬁfﬂh?n H’tﬁeﬁéﬁ%ﬁm@ﬂg of
processing electrical or other (e.g. mechani cal physi cal signals
to generate ot hhe prigsent indemtiopdeseatibesd ipreihs. -~ - 6- The present invention
also relates to apparatus for performng these operations. This apparatus
may be specially constructed for the required purposes or it may :

15 FIGURE S illustrates a more detailed biock diagram of a system mcorporatmg the

teachings of the present invention.
FIGURE 6 symbolically illustrétas the operation of t_he_ r_r-lulttpl'_exor' shotvn in
" FIGURE 5. o
20 R - :
'FIGURE 7 illustrates the presgnt:tnyentjon's. use of RAMélZE bits to repres.ent the
" size'of.avai!able ‘memory in bank A of the memo_ry.it\ the system of FIGURE 5.



conprise a general conputer as selectively activated or reconfigured by a ?
conputer programstored in the conputer. The algorithns presented herein

are not inherently 5 related to any particul ar “conmput er or other
apparatus. In particular, various general purpose machines may be used with®
the teachings herein, or it may prove npre convenient to construct nore
speci al i zed apparatus to performthe required nethod steps. The required

structure for a variety of tgéﬁs ﬁﬁg es W ll_appear fromthe descri:mé}o_n
gi ven bel ow. -7- DETA : Mf/ ENTI ON The present
“invention provides apparatus and nethods for use in a conputer system

enpl oyi ng menory devi ces having discrete capacity, such as random access 5
nmenory ( RAM The@eteiled @bdriplibh WhithifoNoWs 16 prét@ntoailangblyQh terkaidf aljofithmmory in
the system In the follow ng description for purposes of explanation,

speci f i cansg symbodie representations ef aperglions an-data bits withinercompaterdeemontenor y

devi.ce cities., ete. are set forth in order.to provide a,thor

ndbr ot aTHeR et E depeiuRns B itroshntatogt BGine Fding epd b MesB AIEY 1o one
skilled jhihd aaagmscegaag altd fo moSS@Rttivel) GinvbPthe BRilstBRcds1aRdiF w8k 19! t hout 10 .
t hese specific details.. In other instances,” well known circuits and devices
are shovethens skilled in tieagk am f orm i n order not to obscure the present '
i nventi on un:}‘ec ssa&i \I"% Ref eéri n pow to, Fi ?uge 1, .one possible _

conf gur at | oAAIGHHRTE here AR Bentglyy Eorceived 19, be sl cOREAtep SaaHBNGS Bs ent

| nvent | Gfopeiediihg 108 WsirdPrdslit. I Thisd!dikhs dre Hiddelqlifing BHllf tO a bus 12 for
comuni catton.wth a variety of data processing devi ) including a
Read- Onl mahipolations( at@tysitdl. quastities. igsually tough ridOhbdebsanily; thessquunting gr anmed
operations, data, etc. which is available for execution and access by CPU .

10. cPU take thefoem oh elgetical oz magnglic:sigRals sapabia ef being-staedsiransiaread. i n one or

pank of CURRG, Ehmpaelofd ot Bfwisé LD n profAE aFNet e Ty n <

speci fi cprreipally fof Geasons aposrhingn uEage, fx ARIIEN 16 thdse Signals aybilREvalees)r i sed of RAM
chi ps havi ng 256K .bit or one negabit of m&*rmr¥‘,e which are currently on the -
mar ket . ¢AMBRgcSYrakols, ghacagters, teras; gumigrs or the like. It should be kept in mind, :

15 however, that all of these and similar terms are 1o be associated with the appropriate

physical quantities and are merely convenient labels applied to these quantities.
Further, the manipulations performed are also referred to in terms, such as adding or
comparing, which are commonly associated with mental.operation_s..performed.by. a
human operator. No such capability of a human operator is necessary, or desirable in

20 most cases, in any of the operations described herein which form part of the present

¢

invention; the operations are machine operations. Useful machines for performing the
operations of the present invention include general purpose digital computers or other
similar devices. In éll cases, the distinction between the method operations and
operating a computer and the method of computation itself should be npted. The

25 present invention relates to method steps for operating the computer and processing
electrical or other (e.g. mechanical, chemical) physical signals to generate other desired
physical signals.



menory devices into sockets on a pri nt ed Ci rcwt board conprising nenory
Bank A. Simlarly, Bank B is corrprlsed of a plurality of menory devices
having a particular capacity. In prior art systems, it was necessary for a
user to set hardware or software 25 swi tches, or physical junper wres,
in the conputer system to hotify the CPU of .the RAM nenory size which is
avai l abte in the system In the event a usér replaced, for exanple, 256K
nmenory Yevi ces W fl'he@mﬁéme@aemﬁoncai&n elates torappsgasuaafm periarmingthassbperatians.

utilize this gnhanced neno ar dwar ifications to the
bhys! cal ot ¢ ulHE AESSSRE R e Siery wnstiubtadoraRE ot hd pltpoke S RYS i ¢ ches
for nodified édﬁ‘lﬂﬂ%ﬁ% éHrﬁYﬁ%oﬁ'@utar ab B61RBHALY éb%@ateé@ﬂrecbﬁﬂéi@é@b* %Bﬁiaﬁ{ew

may result in data | oss, inefficiency, or possible systemfailure.

be descri bed frogram stoted ip theseomputery citei algmwmnsrpteseuedberem areatmlumerently

subst ract rrerm evices fr mthesste t hout t csst
e oy Tl A et cAMBHBY AL PR SRPAS ol REpICRD vAoS SB9RYeL roun

of nmenory av_ Insgket N ough
bus 12 to RA t@ﬁﬁaﬁ%%g H&ﬁ’ﬁ"ﬁ?ﬁf‘%ﬁ@'@‘?%ﬁ&&&ﬁﬁank ﬂﬁngggn"gdrt sed of a
plurality of defbmientisconstiict are spueiatized an:dnamsaspéﬂoemsthormmﬂmmd)n for
the nmenory bank is defined by a unique 5 address from[err] .t hrough N

The address |88 i Bipsrepuirad stiuhuse s W“&W@fMﬁT’@ﬂﬁwsMHﬁ%&U omithe
Simlarly, rised of a plurality of nmenory devices with
possi bl e ad?f%ésssgé\ﬁneq f"ﬁﬂrggugh [err], and therefore, it is possible in
the system of the present invention for the avail able nmenory addresses to
run~eonti guously from[err] through [err]. However, in the event that

maxi mum nenory is not utilized RAM Bank B 10 may be only partially
filled, such that the highest address is less than [err], but - -greater than
[err]. Simlarly, it is conceivable that RAM Bank A may only be partially
filled and RAM Bank B conpletely enpty. Due to the limtation that the '
menory addresses be contiguous, the presently preferred enbodi nrent woul d
not permt a partially filled Bank A and partially filled Bank B, although

t he met hods and apparatus of the present 15 invention could, wth
nodi ficati on, acconodate such a nmenory scheme. In -addition, the present
invention, as illustrated in Figure .1, . has the attribute, as do nost
conput er ' . o



systens, that any attenpt to store data at a address which does not

physically relate to a real storage |ocation wll result I n the data being
stored in the highest real physical address. This “wap around"” occurs
since a systemerror would result through any 20 attenpt to store data

at a non-existent address. Currently, dynam c RAM nenory devices are
avai |l able comercially in certai n f| xed7 renory capaC| ties. For exanple,;

devices are available i 1 Qr. nost personilé; -
conput er systens on t he Mee Yupad LR soted-that~py the year 199
4Megabit RAM density devices w i1 be ava| I abI e and possibly by the year 25

1993, 16Megabi t devices will . be provided in comercial quantities. As will
be descri bed nﬁhepfasthnhmitiow,prdﬂiﬂasmp@amnis and/mathods for useﬂlhaatemaatér_

operations may be etl m zed b the fact .that RAM densities ovided In
Per arrent SYBLEBR imsmm b0 SCTRle OABREIYa BEh 25 ENdRPAERSS o odd
d nmbodi t,
ensigl i s.mdofdRAM atﬁﬁ{fgét&gnigéc tcﬁgga;m@rﬁgmdgx?@ é\gén‘?é& GltngTbodi men

t he present |nvent| n % esl grie menor y devi ces

as the | arsystamn. dathe totiowingaescriptioh dorpurposee df explatation hepesific arghitécioreshat
t hese devices will be available |n the future. However, it will be

appr eci at ddoakidiagramiaynuts, memony davess, F‘}F"Eﬂ%ﬂé\"?%m&l%rﬁm set fﬁ@%!"gned to
e o 1| 2 ST Biicel 8 horga ekl GfiRe plsBhe InEBh PEReve KSR bET T

Figure 2, arenPfeeny sidiledai tieddnt that e rbsanprmmt&n ms,vﬁél teticet Mhdae
dlsclosed he variable "N' is defined as the total er of "binary

i ncr¥hent $hese specifig dgtails, hgotbeunatansespwﬂkgow eiFguits eae devigeHaip shawr in For |

pornt s tei 195K SR R a6 0 R o e st abelf iSRG hcBiSelilE, "

avai | abl e fal | RefariffHow & FRORM %nelﬁosgmieloohﬁg@amfrealmrammmn&yl I'led In
the art, that to determ ne whether or not a particular nmenory device is

coupl ed tmummammg@rof heopreséent invention iStdisc!psed.l Asiillustrateds 3 CPY tist at - 10
t hese bi nar crenent § not each,storage

| ocati on PURER 1A S 121eF SAEBugodiop it Varohy offite PBootii WiHGsecs of

11 ugg rat iigdiudikd'8 F*é'aﬂftjnly-mW[H’OM) 14. As is well known, ROM 14 contains

preprogrammed operatlons, data etc. whtch is available for execution and access by

CPU 10. CPU 10 may. also utilize Random-Access -Memory (RAM) situated in one or
more memory banks, such as for example Bank A and Bank B of Figure 1. Each bank of
'm'emory is comprised of a plurality of memory devices having a specific memory

20 capacity. For example, Bank A may be comprised of RAM chips having 256K bit or one
megabit of mernory. which a’re dufrenily on the market. In practice, a user inserts the \/' i
memory devices into sockets on a printed clrcuit board comprising memory Bank A.
Similarly, Bank Bis oo.mptised of a plurality of memory devices having a particutar
"capacity. In prior art systems, it was necessary for a user to set hardware or software

25 switches, or physical jumper wires, in the computer system to notify the CPU of the RAV
memory size which 'i_s available in the system. In the event a user replaced, for example,
256K memory devices with one megabit devices, the system would be unable to utilize
this enhanced memory capacity without hardware modifications to the physical structure
of the circuit. The requnrement that a user set switches for modified j jumpers proves

30 inconvenient, and, if done improperly, may result in data loss ineffucxency. or possible
system failure. As will be described below, the present invention permits a user to add

or substract memory devices from the system without the necessity of physically



increments for Bank A are identified as - [err] -and [err]. Upon power up,
CPU 10 attenpts to store, beginning at the hi'ghest possible address

i ncrement for the Bank (MN) ‘throughl gq the |owest address increment [err]
t he address of each binary increnment for 15 storage at that location. In

ot her. - wordeonfigiting1he handwars to nolity<CRld 40 of thel amasind ok memory availadls. of t he
particular nenory | ocatign at -l nor catiqn, .and_hegin r t he '
hi gh es’["d:d dr e88 "ﬁﬂ@?@f“l F'S%et"- #E@ﬁ‘éﬁg m@ai@ﬁ@&usting B@'%éér;géye nt to
one skill 50y, Hx Bahk A% 'Em ity STEAM | i mzed
and incr-eﬁg’ewt#éﬂé?f(?@fencyag#‘“t‘he syésr#tagdme{ﬁﬁgf%‘r*?he uggmgy?ae@&thitshg only
at the bigRérdinigach possitls stotdgariodationtar.the msmmry Bank is defired iyt & adigue appar at us

and operations of ihe present inveptiaon are equally applicable to those
corrpilf er %%?%Whﬁ\ﬂﬂg%h @ﬁbh‘*@#‘%ﬁ‘éq‘?@&%ﬁ @ﬂ%ﬁ%%%%‘fﬂﬂ"y? or ot her
redefined |ncrenepntgs. .ar L fdRcrer . . gh MN as
G el o5 eqand FaHeRB- iR, A Balk 836 B5itpeq of S RHRLY AERIMALET 1 7Y
stored t hgiRgesshieaddrodses My SEthroughiMyndang theesfolesit is passibilnthe sysegi ns t o
sequentially read the 25  addresses at the increnment boundary points from
| ow [ er r] of the ipreskntiaxention for the available memasny| addressesda aun eootiguayshioliB M t he
contents qof the_storage |ocagi.on he_address w.th the. It qhas

read. 11 ireuakMuar Helrishie ’%?r‘é"ﬁ‘fq‘ﬂ%\}&?’%ﬂ?"‘t“i"[‘%' wﬁ@ﬂﬁ*@?aﬁ% Bill be
appr,eci at t InSa11l, AEHAC & '- i uf sfegra real
pm%ﬁcal ?&g#&?g%%@*ﬁ%ﬁ?ﬁﬂh?ﬁ%h@?%? g?rU sg;s?td ?m%&%?%bgg%i mrJes to
sequent i akian Biy,s. Similadydtid coocaivabie thatRAMBask Asmay onlj e padiallyifiled ands f or

eadh/bi nary i ncrenent. (Niﬁ and conpares each value to the respective
address. IRAM Bank eompletein ety Dusie-helimitationshatdhe memansaddress@sd®ent equal s

e ol gl 5 ASRAY efBBmol o A o ol s Bl 11
cont i NQUOYS ity siirtialy ied BAAN B, ditheagh 18 snethiddstantrapparatld ot tise prekédt t hr ough
address [err]. In the event that a stored val ue does not equal -the address
val uts at dnysation euidawithimegification; aeermadate suchia memeryschemei i adrdiiomiha he RAM
T o et TR B SRR 8 Aol 9"
i ncrement . gkfamgl ihbt 449 ditampt loaslore'dani at@iRIdraEs WhEChIGEB Inkit physRalyfeRIteItb'a
real storage location will result in the data Being stored in the highest real physical
address. This "wrap around™ occurs s_incé a system error would result through any
20 aﬁempt fo store data at a non-exis te;xt address. '
| . Cutrently, dynamic RAM memory devices ara available commercially in certain
o/ fixed nﬁernorf c'apacitie's. For example, devices are available in 256K or 1Megabit
capacities for most persohal coﬁ\pu\er systems on the market. Itis anticipated that by
the year 1990, 4Me'g"abit'RAM density devices will be available, and possibly by the year
25 1993; '1 6Megabit devices will be provided in cdmmercial qu‘antitiés.- As will be
" described more fully below, the present invention's methods and operations may be -
: oﬁﬁmized_ by the fact that RAM densities are ptovidéd in increments of 256K, 1Megabit,
_4Mega5n and 16Megabit, as opposed 1o ogd densities. n addition, for purposes of the
pfasently prefarred embodiment, the present invention is designed to accept 16Megabit
30  memory devices as the largest devices which may be utilized, under the assumption that
" these devices will be available in the Mure. Howaver, it will be appreciated that

aithoﬁgh the presently preferred embodiment is designed to accept a maximum of 18



feature of the present invention (a feature present in virtually al
conputer systens) any attenpt to wite data to a non-exi stent address
results in the data being stored at the |ast (highest) real physical
address | ocation of the system For exanple, assune t hat the 10

contents of [err] (see Figure 2) are conpared with the address and are -
found to be equivalent. If CPU 10 sequenfi-ally Increnents to nenory address
| ocati on M3 and determines that the content's of [err]. are equal to théZg

cont ent s Miit deicel, thahihe preésentinvestivnahay be Uliled dsing avasibty(o? deviced bie t 0
.renory wap around, an attenpt to read a non-existent address (such as
[err]) r ¥8[iPYS;CanACHies. retrleval of data at the |ast highest real address in

data, for oacROBpRLEIg a2t et Eeafhlitibolih o helpl o iR B8, 007 *°

address |disehisedN Tt variablerNd iscgatinad aslHﬁomhuﬁb&foﬂ'ﬁﬁa@dﬁHr&%&mEe”] as
opposed to the value of [err]. The reading of a non-existent address such

‘as [ser r] compsaing boundampoinmum@pacpm@emmm d?oeaxamplpeiﬂ R$6K siemosy nenor y
L
real addfe%&%fﬂ{e iﬂirﬂe?ﬁ&d%hﬁé\iabwf ﬁBH 256!@&%%?1?@@'9%@&“%9 Once the

'S

menory capacity o termned using t ove-descri bed net hod,

CPU 10 f@bmdatadbyomé skillgain theaiant, tha 10 kieterminewhatiter e net arpartiogiat he amount
of menory in RAM Bank B. In the case of RAM Bank B, the |owest address

val ue i s IRQTy deyice is coupjediio FidA ﬁ?@h@ﬁ B Figuees 1,45 eply[necessaryiotestat t ot al |

o dbe Aty HREAGHT HcPorhle 13, 4R 30t B b dgtBh Wb g |,
Seéﬁr oy merenp iafest, ""“““’*’2*’“”*’“6““‘“2‘:"?‘%‘*;“3‘.%“% oy F‘éﬁf’e 30
ggm)rs :NSP‘{'?FB ﬂgr%q;%are "’%’H@ é@‘?gfﬂa%a 32 B0% M) URRD Rayer ugy GPU r‘?@nbﬁr 01;1
Pho-pr s HeREE Vo%sdrd, bolfiving 3 tng Hibheptos sequeﬁféﬁsﬁ@mﬁiﬁéﬁﬁsﬁ%é@b g
each posdhiough toithedowest addrass increment (Mphthesaidrass ob eactobinrgdnaremontyfodanks

illustrated i.n Figure 1, it ‘has been found that by using discrete
15 storage at that location. In other words, CPU 10 attempts to sequentially store the

address of the particular memory location at that memory location, and begins from the
highest address to the lowest incremental address. It will be apparent to one skilled in
the art, that although the present invention has optimized and increased the efficiency of
the system through the use of testing only at the binary idcrgments _(Mo" M1, etc.), that

20 the methods, apparatus.and operations of the present invention are equally applicable
to those computer systems in which each storage location within the memory, or other .
predefined increments, are used in place of increments Mg through My as dnsclosed

With reference to Figures 2 and 3,.once CPU 10 has sequentially _store_d the

addresses of the memory boundary points, the CPU then begins to sequentially _read the

25 addresses at.the increment boundary points fromhlow (Mo) to high addréss '(MN ) At ”
each address read, CPU 10 compares the conterits of the storage location at the o |
address with the address it has read. If the stored contents are equivalent to the addres=
read, it will be appreciated that this ind:cates,that the memory address cqnsmute_s_a_ real
physical storage location within the computer system. CPU 10 continues to sequentially

30 read and compare the contents of the stored values for each _bir;ary increment (N) gnd
compares each value to the .resbeétive address. In the event that the stored value of

each binary increment equals the address throughout the memory bank '(for example



s . ’ ' :
binary increnents. (i.e:, .256K) the nethod - of the present invention
perforns faster and nore efficiently. Since menory devices are not

commerccial ly marketed in odd sizes (for exanple 300K nenory devices), it

s kn that a user wi’ll fili menory baggs utilized by the present
invention in finite, discrete and known increnents. Once the total nunber

of 3'&; Y_BRAK AV iAdatosiit themeimity KA e Al capbcigRy b | tes { he’

ea ess, -comenci ng fromthe hi g&er d4fcrement to the | owest
i ncr ement , cortingoousjavaiiableememory igeations existfrom addrgss Modhrough addres$,MN-ct t er

“A" corresponds to an address of | ocation in nmengry bank (X). . Mpreover, .
the letter N islnéhmqeﬂmamsomﬁ%ﬂ?"%&ﬁ@m muabtmﬁ?rﬁysﬁaéa‘@&éﬁeéavﬁwﬁank (X) .
CPU 10 then, determi ol ' - - d and,
T ot colinARBEATTBES il I Sphtcied Wt ind Fu BAEH P ERAGN v el

i ncregent  addidySandif fidE MHd Fighost rdat addresgis equalt@theansrasry addiessatthe wri ting
operation has been-conpleted,. CPU 10 t hen sequentially reads the address of

each i ncr erprasiqusbinany inerementclt wilk bacrecalieds that dus to the-mpmonwWraRAIURS t o t he
hi ghest i ncrenent

10 the CPUegtAt e EsTh EARIORIp il AR ERT A e e FRY AR, Ty
data at thajy.aoiliFsme dd\a 10 aNeh@utent disresisreshs ih fhextutabsing starddsatitiealastind

physically present in the system the stored value at the address wl|
equal the’ afiifhesty reabphysical addressdocatiomef the system. Fauexasnple,mssumeiat fifes not

0T it B ke B S BRE A pilo B 11
be_, equivalent. If CPU 10 sequentially increments to memory address location M3 and
|  determines that the contents of Mg are equal to the contents of My, they are not equal to
~ the address of Ma. Dﬁe to memc_iry wrap aro_und.. an attempt to read a non-existent
address (suéh as .M3) results in the retrieval of data at the last highest real address in
15 existence (M2). Since CPU 10 had wrifte'n the address locations as data, for each
address location from the highest address to the lowest, address location Mg would
contain the value of the address_Mg_. as opposed l6 the value of Ma. The reading ofa
non-existent address such as Mg, results in retrieval of the value stored at Mp. -Since
rhemory devices are commercially manufactured having finite known capacities (i.e.,
20 256Kbit, IMbit, etc.) CPU 10 may then set the maximum contiguous real _a'c_lld'r.;e's':s atMp

at the last real binary increment detected. . . -

Once the membry c_ap_acity'ol Bank A is determined using the above-described
mathod, CPU 10 follows a similar procedure with respect to determining the amount of
memory in RAM Bank B. In the case of RAM Bank B, the lowest address valua is Mn41.

25 with the highést address being Mpax, with a total number of binary increments (N) for
thebank. - o |
| ﬁgure 4 illustrates, in a more detailed Iashion. the sequence of operations
executed by CPU io in determining the size of memory banks coupled 1o bus 12. As
illﬁstrated. upon power up of the system CPU 10 de!ermine‘s the size of the available

30 memory inthe first bank ‘and sets a variable (N) as the total number of binary
increments in the first bank (X). As previously described, although the present invention

will function by sequentially writing and reading each possible address in a memory



- 11A - the value of the highest physical address actually found wthin
the nenory -bank. . CPU 10 thereby determ nes the highest nenory
val ue physically coupled to the nenory bank, and then determines if nore
menory banks are coupled to bus 12 of the system It will be appreciated by
one skilled in the art, that although a nmenory Bank-A and a nenory Bank B
are shown in Figure 1, that nunerous additional nenory banks may .be cqupl ed
to bus 12 using the teachings of the-pldsent invention. As illustrateddgn
figure 4, the operations illustrated are repeated - for subsequent
menory banks until the total size of the available nmenory coupled to the
system il | ugipre8adi niri gmee ofi thret RepPRYd. ba@ker dildgstaated Figure 5, a
nore detai |l edgdiraCUBS| At Ohas hderREr 8biAA  HhdtenP &g | A¥8BkLeR USI Ng.

t he met hods, di scussed above w |l ,be descgribed. As |IIustrateg, a,CPU 30 is
coupl ed to QlﬁﬁFVipFBﬁSF“@QF&nd(&'Fegis§§F§§5.thﬁUIPFEP990r° 2. tB&n turn
coupl ed to pezebeat iavehetioaoperforasi fasterhand MAke s€fiejenkiyated in

T e N
Banks A andoBdi nsizesir  for Aexample 300K memory devices), it is
known that a user will fill memory banks utilized by
the present ihvention;in finite, discrete and known
increments. '

Once the total number of binéfy inc;eménts is
set for the bank as variable N, CPU 10 writes the value
of each address, commencing from the higher increment
to the lowest increment, ofwmﬁlebl'wheré in PFigure 4
and the equation MNIZAfl, the letter "A" corresponds to
an address of a location in memory_bank'(x). Moreover,
the letter N is equal to the total number of binary
increments in bank (X). CPU 10 then determines if each
increment has'been-addressed:and:stored'And, if not,
continues its writing operation to store the value of
each increment address, sequentially, from highest to
lowest. Once the writing operation has been completed, B
CPU 10 then sequentially readé_ the address of each o/
increment, from the lowest increment (i.e., My,; for
Bank B) to the highest increment (i.e., My,,). For
each increment . address read by  CPU 10, the CPU
determines whethgr or not the address value is equal to
stored data at that address., As previously discussed,
if an address is real and physically present in the
system, the stored value at the address will equal the
address value. In the event that an address increment
does not physicaliy exist in the systen, the increment
address will not equal the stored address, and the
stored address will (as a result of:"wrap_a;qund")_be



X h ’

previ ously described, these nenory banks are conprised of RAM chi ps havi ng
di screte nenory devices of specific size (e.g. 256K bit or 1 Megabit). As
in the :case of the systemillustrated in Figure 1, the conputer system of
Figure 5 delineates each possible 5 storage location for the nenory bank
by a uni que address which, 'in the case of Bank A, runs from[err] through
[err] H‘S) mlarly, RAM Bank B i.s conprised of a plurality of nenory devices
W th pdssible address [err] through [err]~ Foh Pur poses of the discussion
relative to Figure 5, the reader is referred to the description of Figures
1-4, above, w:th.res t to dhe,sequence. of er.ations ,which the CPU 30 (or
In the case of ﬁurea%i‘fecﬁjtlghe O"ibg%%?'écﬁ&ﬁir‘l’a&r dgf’g?Ssaet%??ﬁ?n ¥he
range of avail afbendeneiyhiddr ddees memowyorpadanks. ACRUW B.O | nthexédby, CPU
30 executes the o] per;akiQrs i r. I i 4 95\%
previously desc‘ri;égggﬁ%ﬁtgﬁ E’Iélg Z‘g' F%%idétﬂdﬁl,‘ﬁ%lgﬁdeéh @Fén%lgeﬁ[%e ra %Jeedof
avai | abl e nenor $9j ﬁhﬁhiéleé\éﬁﬁugémksy:ﬁ@nthw tdrtemmings | {f prere rpemory
embodi ment, CPUbgfRk4Sare Eeﬁ’giéa_eﬁoabﬁg PbtoPr eRESSPELaL Ch accesses RAM
menory | ocations based on a 32 bit address (#[err] ... [err]). As is
comon, the address of a nenory |ocation is conprised of the row address
and col um address of theIpawiltulbe ajiprerdatiedc dy @hd sXikldAMmethey

which is to b . L. tipl 32 f] i th t

the RaMwhich | SRR oS PORSTUSH & mbmeny Hartl ' o qufsdty BASR R ne
nmemory 20 - aceyessbpyne isddiguinpurle Ghatinwnereusradditionyht nendt by
control 1ogic 4§anﬁ9dfda§p%‘%&ﬁpiﬁ bt bﬁbei}% u%%.r%y iﬁﬂetgfch%é §FU has

exéeut ed a sequence o eratitons Il lustrated in Fidure .above,” a two-bit
RAMBI ZE vari abl EhesPsesens AngpRsignmunder ibiugteatedahn figuxsei #y usherat ed

in Figure 7, thepézhégofib t 121R8kWPhEEADI hgeCOLEPERLEES E6r! hEUBBERGENL
capacity of Bank 25 .A%é}g%)sislpg:léﬁt agﬂresses err, thrguq_—%err%%. agl

det ermi ned by CBO™EY: i BRCOfEAIRL sBAGEN RS o spePRRESARL®
illustrated in.megory éoupledCRU Bhessyseemt helRAbBaEEdAVvahuRignreedi 48er 35
whi ch, as ill “stdreQ%%nieﬁ.CO“p' ed to control logic 45. Control logic 45

i ncludes a nmenory having a | ook-up table (not shown) which maps the RAMSBI ZE
nunber to a particul ar address bit provided in the address ([err] through

[err]) by CPU 30 30  fORe#az23pigNthéw RAY IFiCRIdeNs, | B theror @aeAkLhEa
preferred enbodi nent, address bit "nunber 20 (A20) corresponds.,to a 1
Megabyt e menory GHFCEBEFRAOR thrudReR i efgthe PresantedBlBPP AeRor y
size is denot edusing R dethaldee disdussedr 4B6VY, will be described.

As illustrated, a CPU 30 is coupled to a multiplexor 32

- .-and a register 35. Multiplexor 32 is in turn coupled

- to a bus 36 for communication with a RAM memory

o .situated in one or more memory banks, such as for
- example, memory Bank A (40) and Bank B (42). Memofy



- 13 ) RAMSI ZE val ue of 01 refers to a four negabite RAM Bank A nenory

size, and corresponds to address bit A22. As illustrated in Figure 7, in
address bit 24 corresponds to a 16 Megabyte nmenory, and address bit 26 .
corresponds to a 64 Megabyte nmenory size. 5 . I n operation, the

| ogi cal - state of the address bit identified by the RAMSIZE vari abl e _
determ nes which nenory bank is selectedyby control |ogic 45. For exanple,

i f the RAMSI ZE variable is equal to 4, then contral 1o0gic_45 checks thee
val ue of BenlrA&0)@nd Bapks B (44) eoreespendsiormerneny Ranke Aandil infiigure s A8 of A22 s

Pogi ca - 1PRHRSRERAHSe0, hase efichRankd arp Baoited ol M chiBs Reylf fisk . ¢ 45
then i ssupgmaRPdsiiosDt Spdcilit sitkifeds: 256K bR P 1 MYabit)ad if Medaze Mt tHeess strobe
(CAS) signals, as .is well known, to access. a particular nmenory |ocation in.

the bank eystemillustaatad i Figurenl; thereompidersystem ot Hgwe & drlineates esch poasibla ¢ wi | |

cauat 1 o S0rBR R Torafs mafen a5k Kbighe Blernte Wi ML @piT BRACAL: s

wi || chechuns from/Mp tiroagh Kigtd SinitariySRANI Bank2RisfoompriSéil o plufalitytof aterhargi ¢ 45
then selects the appr&gi ate nenory bank based on the Iog‘li cal state of
addr ess bd@vigasiwilh possibla address,Mns hihrengbduax.i Rpwpeses ohthediscussioRd above,

provi des a rat an t hods, f o onput er  syst o.,det er.ni ne and
D Docat o (CRAPR TS KRS0 Igpabr sploriR T o oRFthfof PRI el e *
present i répeétite thelstiqlibhde 6F dpaRitioh® whidhMd CPU 30 (or InAAP ¢Rsd GIMigUre dSEPLES
from nmenory banks w thout the need of setting swtches, providing junper
wirdg or 10)execute in ordestadetetuine theheange ohavailahleeamery addressesinigmeonye W/
pr esent iqugt%on gas been described with reference to Figures 1-7, and

w th enph i d ﬁ"% tonput er system enpl oyi ng two banks of nenory devi ces,

it shoul d be yniignys cPU30 execuidsthe tsb@.lécﬁcﬂ'ﬁf Sg%rﬂﬁtﬁ\sfimfstﬂa{sldqﬁﬁg%{ri @angnl y and

shoul d not be taken as limtations upon the I nvention. -

cont enpl apresiously deseribpdovithmgesech tuiFigomi 1,ite doteanine tbe range ofideailable one of
ol cront & FiSMoREIn e GAmPUAT aYTerby o 8 SEpse G PRISTRAL ST EBT P CBHIOscope of
the Jgnventdniridas £356it Bo8essor which accesses RAM memory locations based on a 32 bit
address (#AQ ... A31). Asis common, thé address of a mempry location is comprised of
the row address and column address of the particular storage location in the RAM
" memory which is to be accessed. Multiplexor 32 first applies the row address to the
RAM which is then followed by a column address in order to complete the. memory
20 a_bcess cycle (see Figu'rels). Multiplexor 32 is controlled by control logic 45, and is
coupled to multiplexor 32 by line 46. ._ | -
Once CPU has executed a sequence of operations illustrated in Figure 4, above,
a two-bit RAMSIZE varigble is set to a binary number between 0 and 4. As illustrated
in Figure 7, the value of the RAMSIZE bits corresponds to the memory capacity of Bank
25 A (possible addresses Mg through My) as determined by CPU 30 through execution of
the sequence of operations illustrated in Figure 4. The CPU 30 stores the RAMSIZE
value in register 35 whiéh. as illustrated, is coupled to control logic 45. Control logic 45
includes a meinory having a Idok-up fable (not shown) which maps the RAMSIZE
number to a particular address bit provided in the address (Ag through A31) by CPU 30
30 for accessing a RAM location. In the presently preferred embodiment, address bit
number 20 (A2g) corresponds to a 1 Megabyte memory in -Bank‘ A. Asillustrated in

Figure 7, a 1 Megabit memory size i.s denoted by a RAMSIZE value of 0. Similarly, a



above. -14- CLAIMS 1. In a conputer system having a central
processing unit (CPU) coupled to a nenory bank- A having a plurality of
pfssible contiguous addresses (#[err]-[err]) and a nmenory bank B having a
plurality of possible contiguous addresses (#[err]-[err]) for storing data,
said nmenory banks configured-to receive a plurality of insertable nmenory
devi ces,. each -of said devices haV|ng a ngrallty of storage |ocations

|dentn#(ed by correspondi ng:+:< ones 'said pogsible cont i guous
addresses, SRAMSRRVAE S r@&rsiﬁ;t@fohvmaeaﬂeohm B!\nHWﬂ-lémeytsnz%dﬂﬁ@SS of a
desired storage location, a net for determ ning range of

real  menor CONQEPNSISAQ agifiiess) bé)&zzt Aqsnlh@qumaﬁnu;a bam addrawblaat eersespgndsii d -
desired stora cation s of sai d nenory
banks. -1 nt o RcieApgatyTE errEmkend apkesn it 26 GBiaspands o & ¢ MiBanvig ey o
pr edet er m neg;izenunber of contlguous possi bl e addresses; said CPU-
sequentially storing the address val ue of -each of sald I ncrenment boundari es

at | ocat Bons corIrespmald:mg'letloglcassmabf the addeess blt ideatified bycthe RAMSIZEundar y
adr essees, from t he g 0ssi bl e i ngrement  boundar ddre s to the

| owest possivgrigblede BMOYRAIkdE selected by cemirg! g ?wam'%é of
an address whi gAMKIZE vQﬁéle b duafld 4/ 18 GntroNogiB35%hedi@ thle value of address bit

A22. In the present embodiment, if the value of Ap2isa logiéal Othen Bank Ais
selected, whereas if the value of A22 is a logical 1 ihen Bank B is selected by control
O 10 'l'o.g'ic' 45. Control logic 45 then issues appropriate row address strobe (RAS) and
oplumh. address strobe (CAS) signals, as is weli known, to access a particular memory
location in the bank of RAM identitied By the logical state of the address bit. 1t will be
. appreciated by one skilled in the art that if the RAMSIZE variable is equal to 1, then in
accordance with the above discussion, control logic 45 will check the value of address
15 - bit A22 from CPU 30. Control logic 45 then selects the appropriate memory bank based
“on the logical state of address bit A22.

' Accordingly, the present invention, as described above, provides apparatus and
methods for use by cohputer system to determin'e and allocate the size of the available
memory curréntly in the system. The present i_nventio'n permits a user to insert or

20 rerhb\ie memory devices frdm memory banks without the need of _settin sWitches.
o providing jumper wires oi‘. the like to .reconfigure the memory system size. Alth’oubh the
present invention has been described with reference to Figures 1-7, and with emphasis
“on a computer system employing two banks of memory devices, it should be understood
that the figures are for illustration only and should not be taken as limitations upon the
25 invention. Itis co_rjtempla_ted thai many changes and modifications may be made, by
one of ordinary skill in the art, to the materials and arrangements of the elements in the
invention without departing from the spmt and scope of the invention as disclosed

above.



menory banks at a | ocation corresponding to the highest real address of
said one nenory bank; said CPU, for each of said nenory banks, sequentially
readi ng each  of sai d | ocati ons correspondi'ng to said increnent "
boundary adresses fromthe | owest possible increment boundary address to

t he hi ghest possible increnent boundary address; said CPU conparing the
address val ue stored -15- in each of said Iocatlons with the respective
address of such |location, such t+hd# an increnent boundary addreéﬁha

considered to be real if such incre &Mgoundary address and said stored
address value are equivalent, saigighrghest real increnent boundary
address being the highest increnment boundary address for each of said

menory ban&s in whlc&ﬁﬁnéis&gﬁﬁgtggdr§§§t§@|ﬂhd¢i ui yal eahegahd
respective I'ocatiqn addr.es providin val ue correspondlng

CPU
to the tot REOFEHFLPIs P Y gcgéﬁkcﬂ“tp&e@oﬁf’r 8™ g&'ﬁi"é’ bank Bdhs¥iRgen said

CPU and saudpuu&uyxﬁmn&s p@ssdbmyﬂddﬂtigubusEﬁm@keﬂge@nQ#ﬂb iYd menory

banks based h o fined one.add bi
of sai d muPttd oft ekt SBaFE, mchEkTngciay eaBrRIERY L eRRRIRIGC Car eos

bit identi tiondt igyous daﬂdresabse (8M4;d, cBpi¢ bl faxgi syordvigli dateoent r ol
signal s 10 g33i¢ mdnfr30bd e d L SIENUA TLEIL¥e 53 daBhbikakity of
insertable memory devices, each of said devices haﬁing
a plurality of .storage locations identified by
corresponding ones of said pbssible contiguous \,)
addresses, said CPU accessing data by providing a
multi-bit address of a desired storage location, a
method for determining the range of real. memory
addresses which exist in said memory Dbanks and
accessing said desired storage location, comprising the
‘steps of : ' | |
dividing said memory banks into N binary
increments having boﬁndaries Separéted by a
predetermined number of contiguous possible addresses;
| said CPU sequentially storing the address
value of each of said increment boundaries at locations
corresponding to respective ones of said increment
boundary adressees, from the highest possible-iﬁcreﬁént ' o/
boundary address to the lowest possible increment
boundary address, said CPU storing the value of an
address which does not physically exist in one of said
memory banks at a 1ocatlon correspondlng to the hlghest
real address of said one memory bank-
said CPU, for each of said memory banks,
sequentially reading each of  said  locations
corresponding to said increment boundary adresses from
the lowest possible increment boundary address to the
highest possible increment boundary address;
said CPU comparing the address value stored

L



address provided by said CPU, thereby accessing said desired storage

| ocation in said enabled nenory bank. 2. ' -~ The nmethod as defined by
chain1;, further including a register coupled between said CPU and said
control logic, such that said bit value is stored in said register prior to
being provided to said control logic. 3. - The met hod as defined by
claim 2, »wherein said nulti-bit address includes row address bits and

col um™&ddress bits identifying said desiked storagg | ocation. 4.

The nethod as defined by claim3, further including”a nultiplexor coupled

bet ween said CPU and - 16- banks, said nultipl exor, bein
coupled to sm(}Qxﬁﬂ?Bl°Fo§P&% é°°a€¥%&g'ﬁﬁgﬁnFﬂﬁdr§§pﬁgFgﬁgd &% ma
threln Zgld Myt | Fuhor lalcheinal, el guchuptRatsaan rxn@nnhknxﬂsﬂmumﬁaawd sai d
col um address s to D nks. . h flned
by claim5 V\/neraed‘#essaﬂ digon?ﬁTlé¥5€?c lé%na%?es eoanle 6" r@& rrg'qrr'[?%} 1:ks by
coupling a rowbmmdms' staddiress (M) sa ighals togedai ddéeeeet ek arg

The met hod as cIa S I i ses
32 bits nunbere ierr |£¥ﬁ1r oug err %Isr}' aféjaim &hcpéﬁ gé %Sﬁl fl neg
claim7, wher e@f’ oPé’-BEed’é’?q nB QBBGFes’s‘"%%‘“qrst aﬁﬂ\‘égérlbl @ddrans

for each of said memory banks in which said@ stored
~address value is _eQuivalent said respective location
- address;

U . said CPU prov:.d:.ng a bit value correspondlng
to the total memory size in Bank A to control logic
coupled between said CPU and said memory banks;

said control 1logic enabling one of sa:Ld
memory banks based on the logical state of_ a
predefined one address bit of said multi-bit address
provided by said CPU, said predefined one address bit
_identified by said bit value; |
- said control logic providing control signals
to said storage location identified by said multi-bit
address provided by said CPU, thereby accessing said
desired storage location in said enabled memory bank.

U 2, The mecthsd as defined by claim 1, furthexr
-including a register coupled between said CPU and said
~ control logic, such that said bit value is stored in
.said register prior to being pi:gv_ided_t_o said control

logic. |

3. The method as defined by claim 2, wherein
said multi-bit address includes row address bits and
column address bits id_ent:_lfy:._nga_ said ,des:.red storage
location. ' | |

- 4, The method as defined by claim 3, further
.including.a multiplexor coupled between said CPU and

* [ L ] 13 *



[ertr] if the nenory size of Bank A is 1 negabyte. 9. The nmethod as
defined by claim7, wherein said one predefined address bit is address bit.
nupber A22 if the nenory size of Bank A is 4 negabytes. 10. The
method as defined by claim 7, wherein said one predefined address bit is
address bit nunber A24 if the nmenory size of Bank A is 16 negabytes. 11.°
The nmethod as defined by claim7, wherein said one predefined addresg/hit

I s address bit nunber A26 if the nenorygs+ze of Bank A is 64 negabyté§£~12.
In a conputer system having a central processing unit (CPU) coupled
to a menory bank A having -17- a plurality of possible contiguous -
addr esses (g&id]| meaorly) bamks, msaddy mieltid (A dxor nhedng| woalpilled ofo possi bl e -
cont i guous éeééﬁéréie +%iéerr]) for storing data, said nenory banks
configured To receive a prurality of insertable nenory devices, each of
said devices having a plurality of storage locations identified by
correspondigy  ones pRE nAiHbA PASSIdULined OBY WDy ad]" GFsEseSRI d CPU
accessing data_by providing a nulti- hit addreSs of ,a desired_storage

| ocation, afRiPpBMLtdDlEFPEIANSRNALRLY neouRkeR §R1Ac AOWeRNYe 2B dr esses
whi ch exi stbitssahd SRIB'yohamhSadaresachLesi 6§ s@id Mlendf¢dbahks age

| ocati on, conprising: nmeans coupled to said CPU for addressing.said nenory
banks in N binary increnments having boundaries separated by a predeterm ned
nunber of c@ntiguous The method as defined by claim 5 wherein' said

control 1logic enables one of said memory banks by
coupling a row address strobe (RAS) signal to said <
selected bank. ' '

7. ‘The method as defined by claim 1, wherein
said multi-bit address comprises 32 bits numbered Ag
through A,;. ' '

8. The method as defined by claim 7, wherein’
said one predefined address bit is address bit number
Ajg if the memory size of Bank A is 1 megabyte.

9, The method as defined by claim 7, wherein
said one predefined address bit is address bit number
Asy if the memory size of Bank A is 4 megabytes. "/
10, The method as defined by claim 7, wherein

' said one predefined address bit is address bit number
Agy if the memory size of Bank'A'is 16 megabytes.

11. The method as defined by claim 7, wherein
said one predefined address bit is address bit number
Ajg if the memory size of Bank A is 64 megabytes.

12. In a computer system having a central
processing unit (CPU) coupled to a memory bank A having
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possi bl e  addresses, sai d means . for addressi ng sequentially
storing the address val ue of each of said increnment boundaries at |ocations
cerresponding to respective ones of i ncrenent boundary addresses, fromthe
hi ghest possi bl e increment boundary address to the | owest pOSSIb|e

i ncrenment boundary address; said CPU storing the value of an address
whi ch :does not phyS|caIIy exist in one of said nenory banks at a
Iocatlﬁf'correspondlng to the highest real7address iof. said one nmenory bank;

means coupl ed to said CPU for readi-ng each of said”l ocations correspondlng
to said increnent boundar address for each of said nenory banks 9n1the

| onest possibl & P} %Y aQdr RS$HPIe CRNGREUPUSo I stqﬂ:rzwen

address, and e@dpail mntdtq adafirss vahvﬁngt & eﬁluﬁameb .33 sgbdsh.bmet i ons
W th the respectl e addres r ement

Doundary nadr oGontioBBRE" 3a0sg =ps Wyaa vard " Eaz, S FREALA AR Bo L LR,

address and samémoirwr etanlldr esenfigutéd v ueremesivezuia/alpduralddiyd blfghest

real increment ;l e fﬁ%ﬁ: y b

hi ghest i ncr errent %o%%arwgaﬁess In [ %asalﬁfgig%?éddgeggggsﬁég S | S
equi val ent to fai oPl‘é%?’e‘e’EYveOIfocaﬂW%dr dosatdansgr ol idenft kL iRAinsBYoupl ed
bet ween sai d CRlidrads H‘in@embﬁegankéfforsdﬁfe' Yo id1é St @bhRdgaolist

value correspond filssas naia’ By Teldehity data by Brbviding a malti-
_fblt address of a desired stprage_location,,an apparatus
U -  £or determining the'_range of real memory addresses
which exist in said memory banks, and accessing said
desired storage location, cqmprising:
" means coupled to said CPU for addressing said
~memory banks in N binary increments having boundaries
separated by a predetermined nuMber of contiguous
.posslb;e addresses, sald means for addressing
sequentially storihg the address value of each of said
increment boundaries at 1locations corresponding to
respective ones of increment boundary addresses, from
the highest possible increment-boundery address to the
1owest'possible increment boundary address, said CPU
 storing the value of an address which does not
W ' physically exist in .one of said memory banks at a
location corresponding to the highest real address of
'sald one memory bank;
means coupled to said CPU for reading each of
_'sald locations correspondlng to said increment boundary
address for each of said memory banks, from the lowest
possible increment address to the highest possible
inqrement address, and cpmparing the address value
stored in each of said locations with the respective
address "of such location, such_'that an increment
.boundary address is EOnsidered to be real if such
increment boundary address and said stored address
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" Bank A, said control |ogic nmeans enabling one of said nenory banks based on.
the logical state of a predefined one address bit of said nulti-bit address
provided by said CPU, said predefined one address ‘bit identified by said *
bit value; said control |ogic neans providing control signals to said
enabl ed nenory bank, thereby accessing said desired storage |ocation in

sai d enabl ed meiory bank. 13. The apparatus as defined by clalmhég
further including a register coupled_quyeﬁn said CPU and said controf®

| ogi c, such that said bit value is stored in said register prior to belng
provided to said control logic. 14. The apparatus as defined by claim

13, wherei nygahfh Mird - RiduARAASS, | %@1‘619311@1‘@&“&%%% b'i@ﬁ:f’é‘?&r@' um

address bits identify sai d desired stora ocati on. : . The '
appar at us a®oRq %ﬂé%ﬁ%?nFBE Fafh hef ﬁ%HQKﬂ?EP€YnBFFFﬁI@ﬁi“%xmpled
bet ween sai d:hGDLhﬂ@ﬁesal dmenﬂaawﬁndsﬁydaﬂu&btsal exor wheehg sadigl ed to
wher el n sai PEATNY AURT9% PRIRS: % SHETEERS, B, SRLQIRAREE SR and a6
col um addr dssatiiton tagidsdss nenory banks. 17. The apparatus as
SSLLgegyby claim 16, vhg{Eidh SEGL& Onbans ESQbie&”BQk@@eB”%a@h‘%%6’”E”Dry
and said memory banks for receiving and storing a bit
value corresponding to the total memory size in memory
Bank A, said control_logic means enabling one of said
memory banks based on the logical state of a predefined _ \-)
one address bit ofisaid'nultiibit'address provided by
said CPU, said predefined one address bit identified by
said bit value;
'said control 1logic means providing control
- signals to said"enabled memory bank, thereby accessing
said desired storage location inpsaid enabled memory
bank.

13, .i The apparatus as defined by claim 12 further
including a register coupled between said CPU and said
control logic, such that said bit value is stored in

said register prior to being prov1ded to said control
logic. R

14, The apparatus as defined by claim 13, wherein
said multi-bit address includes row address bits and
column address bits identifying gaid desired storage
location.

15. ' The apparatus as defined by claim 14, further

'including a multiplexor coupled between said CPU and
said ‘memory banks, said mutliplexor being coupled to
said control logic.
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coupling a row address strobe (RAS) signal thereto. 18. The appar at us
as defined by claim17, wherein said nulti-bit.-address conprises 32 bits
nudmbered [err] through [err]. 19. The apparatus as defined by claim
17, wherein said one predefined address bit is address bit nunber A20 if
t he nenory size of Bank A i's 1 negabyte. 20. The apparatus as defined
by claiim;17, wherein said one predefined address bit is address bit nunber

A22 if The memory size of Bank-A is 4 megaB@es. 21, The apparatus as
defined by claim 17, wherein said one predefined address bit is address bit

nunber A24 if the nenory size of Bank A is 16 negabytes. 22. The

appar atus as de‘fqe'ned by APPRTAMRS &%h lﬂ‘etSﬁg’Qp;rcgﬂéﬂ ﬁéd YBETELD b ¢

i s address bit saibeuPfpléxdhecaltarhutelye cruBask faid Héwnaddreisas.
bits and said column address bits to said memory banks.

17. The apparatus as defined by claim 16, wherein
said control logic enables one of said memory banks by
coupling a row address strobe (RAS) signal thereto.

18. The apparatus as defined by claim 17, wherein
L said multi-bit address comprises 32 bits numbered A,
through Aqy.

19. The apparatus as defined by claim 17, wherein
said one predefined address bit is address bit number
Agp if the memory size of Bank A is 1 megabyte.

20. The apparatus as defined by claim 17, wherein
said one predefined address bit is address bit number

Ay, if the memory size of Bank A is 4 megabytes.

21, The apparatus as defined by claim 17, wherein

saidﬂqne predefined address bit is address bit number
L - Agy if the memory size of Bank A is 16 megabytes.
22, " The apparatus as defined by claim 17, wherein

said one predefined address bit is address bit number
Ayg if the memory size of Bank A is 64 megabytes.
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