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SELF CONFI GURI NG MEMORY SYSTEM 2215497 FI ELD CF THE 1 NVENTI ON Thi s

I nvention relates to a m croconput er
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hat is self-gonfiguring with respect to nenory size.
dern n1€roconputer systens typically have provisions for
ernal nmendry. :For exanple=-1t is comon to have "expan5|on

the chassis of ‘agglF GoRe ch rre ,9-may
Such-'nenory boardS’aﬁé‘Tg%gggrry—a'p#¥$¥ed C|rcuy1!£

h r ' uctor menory chips. In order for th

S ' e mcroconputéer~to store and retrieve
an expandable'nennry the CPU nust know the total size of the
menory avail able. Furthernore, the tofal nenory space nust be configured
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Oéoﬁﬁmdng With Srélifect €8 MbrYOBigel €Chnician to forget to
hes when changing the nenory size or t0 place such switches in

itions. In either case, the CPU receives erroneous information

as to the nengéggggégﬁqgﬂg, consequently, the conputer will be unable to

properly addr
a nenory card,

ry. Another problemis that a custoner may install
i nproperly set the switches and never obtain the benefits of

the extra menory capacity.

N,

uodern nicroccmputez systems typically hawn provisions

- :o::expanding internal memory. ror_axanplo, it is common to

"fh§ve'“axp;nsion slots" within the chassis of a microcomputer

into which memory boards may be 1nloétcd.' Such =memory
boards afa typieally a printed circuit card populated with
an array of semigonductor nemory chips. In order for the
central processing unit (CPU) of the microcomputer to store
and retrieve data in such an expandable memory, the CPU must
know the total size of the memory available. Furthermore,
the total memory space must be configured such that there
.are no addressing ambiguities.

In most microcomputer systems with expandable memories,
a set of switches internal to the conputer'nust be sét to
indicate the memory size whenever memory modules are
inserted or removed. It is not uncommon for a technician to
forget to set the switches when changing the memory size or
to place such switches in the wrong positions. In either
.case, the CFU receives erroneous information as to the
memory size and, consequently; the computer will be unable
to properly address the memory. Another problem is that a
customer may install a memory card, improperly set the
switches and never obtain the benefits of the extra memory

capacity.

menory system and nore partlcularly




-2- In certain other-systems, the CPU senses the presence of a menory
modul e. This is typically limted-to deterninifng whether or not a
pr.edet er mi ned nenory option ha§ been installed. Such systenms are not
capable of acconmmodati ng” menory nodul es of arbitrary 'size that may- be
inserted in any one or nore of several slots. As will be subsequently
described, thé present invention provides a fully self configuring nmenory
in whi-eh nenory nodul es of varlous st or ay®@ tapacities may be inserted in

any one:or nore of s veral |on ot s. SS bet ween t he CPU
and t hé~erory nmodul £8 %% #ﬁ& &i”ggghf' ﬁ} qﬁ?o&ﬁﬁ'ﬁﬁfarting
address. 3 SHMVA%THEA{:WEN%@N fe dioa1y 01 LKl @8Nt i nvent i on

there is provided a self configuring expandable memory in a conputer
syst em wherein mmmngemmw mtdamqﬂctpy@wd mom optionhas

digital bytes pl digital bit wherein said
data are stored 7#%1630 H ﬁBﬂ& g%aﬁi? sequentially
addressabl e locahhamo&ﬁinat Ei&‘y(ifodiihd &% Qirbatr Qﬂ,usehd: Beer

systemincluding a central processing unit (CPU) and a chassis haV|ng a
plurality of redepeutedsin onyrmmn norcdoglltﬂamnlrm-rmdul es; said self

To the CPUfor "ot or i b AT BhcRUMAdRItRY fhtes BrpgLe Y, cour "X
repr esent s the HRvhAt{dd PH1a8S @Wuﬂiy‘ Self configuring memory in vhich
B memory modules of various ltoragc capacities may be inserted
k!/}. in any one or nor;'pt several expansion slots. Signals
| passed between the CPU and the memory modules inform the
memory modules of their proper starting address.



said CPU nenory; a first signal |line coupled to each of said plurality of :
receptacl es and coupled to said'CPU, said CPU including first output neans
for providing a digital signal on said first signal |line representing‘the
value of X; a plurality of second signal |ines, each of said second signa
lines coupled between a different adjiacent-pair of said plurality of
receptacles for relaying nenory size datd froman output of a receptacle to
an input of a next receptacle; pull-up resistor neans coupled to said
second signal line at each of said plurality of receptacles for applying a
predet er m ned §bg¥ﬁ§YV6bU@Hﬁ°¥ﬁ@EﬁT§Bﬁ°”d signal line in the absence &y
menory size d expansi on nmenory board sel ectively

4 insertable in any one of said plurality of receptacles conprising: a
nmemory for storing aAeéeﬁlsiﬁgW&n@u&eéextofzﬂﬁﬁan byiése ¥Berein

Y represents the mp m nu n sai nsi on nenory board;
first and secoﬂﬁoYﬁ‘éﬁaur?eaﬂngo sirﬂf dPﬁP?BSaEiSnd??%ﬁpﬁ'éd t8 said
first and secoromputen| system whepeini daty, anporepresented bi ddgdtal -
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conblnlng t he Pihrality xof digltal bits, and wherein said data are.

stored in a contiguous ordered memory space having
sequentially addressable locations for storage of said
digital bytes, said computer System ihcluding a central .
processing unit (CPU) and a chassis having a plurality _k‘}
of receptacles for receipt of digital circuit modules; '
said self cqnfigurihg éxpandable memory comprising:

a CPU memory proximately coupled to the CPU for
storing a predetermined number X of digital bytes,
wherein X represents the maximum number of bytes in
said CPU mémory; a first signal line coupled to each of
said plurality of receptacles and coupled to said CPU,
said CPU including first dutput means for providing a
digital signal on said first signal line representing
the value of X; -

a plurality of second signal lines, each of said
second signal lines coupled bDetween a diffefent ¥Ej
adjacent pair of said plurality of receptacles for
relaying memory size data from an output of a
receptacle to an input of a next receptacle; _

pull-up resistor means couplgd to said second
signal line at each of said plurality of receptacles
for applying a predetermined signal value to said
second signal line in the absence of memory size data
thereon; .

at least one expansion memory board selectively



wi'th the value of Y if said predeter.rined value is received on said second
signal line and ot herw se conbining :the val'ue:6f Y with said relayed nenory
ste data; output neans for applying an output signal to said second signal
| ine‘representing the conbined val ue determ ned by said decode | ogi ¢ neans;
whereby said output signal represents the total nenory size of said CPU
menory, said at |east one expansion nennry“board and all intervening
expansi on menory boards. Al'so according to the present invention there is
provi ded ia self configuring expandable nenory in a conputer system wherein
data ar<representfssdytatble t fh Ay eone e6f hefid splurall Dy Df yd@sptacles '
conprising a plurall tl#gfé) digital bits, and wherein said data are stored in
a contiguous or derey® "WéSpace havi ng sequentially addressabl e | ocations

for storage of said digi tméméyyesfosaisteningit &8 - pradetérmingtl nqrunbent¥ al

! Lt i I i
Pecer ot of digitalon) SHAERL (85868, "WhEleth LNFeprllenteehtil S fiyn
menory conpri si ng:nnkEr) ofRytes i satd| expangion memare W9ardinr storing
a predeternined nunberfirf 8hai bakohi! Anputhaledind foreHerrediing i gipd UM
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: respectively, upon insertion of said expansion memory
board in said one receptacle;
means for providing a digital signal representing
v the value of Y; '
decode logic means for combining the value of X
with the value of Y if said predetermined value is
received on said second signal line and otherwise
combining the value of Y with said relayed memory size
data; _
6utput means for applying an output signal to said
second signal 1line representing the combined value
determined by said decode logic means;
whereby said output signal represents the total
memory size of said CPU memory, said at least one
expansion memory board and all intervening expansion
memory boards. '

Also according to the present invention there
is provided a self configuring expandable memory in a -
computer system wherein data are represented by digital
bytes, each of said digital bytes comprising a
plurality of digital bits, and wherein said data are
stored in a contiguous ordered memory space having
sequentially addressable locations for storage of said
digital bytes, said computer system including a central
processing unit (CPU) and a chassis having at least two
receptacles for receipt of digital circuit modules,



first output neans for providing a digital. signal on said first signal line
representing the value of X; a second signal |ine coupled between an out put
of a first receptacle and an input of a second receptacle for relaying
menory size data; a first expansi on menory board sel ectively
insertable in said first receptacle co Ising: a first menory for storing
a predeterm ned nunber [err] of digital bytes, wherein [err] represents the
maxi mum number of bytes in said first expansion nenory board; first input
means coupled to said first signal |ine upon insertion of sai d expanSJon

menory board igaishigbIif rédnffgﬁfﬂﬁ)g’icéﬁpaﬁd&blé GE@hoty Codpe e thgi t al o
signal representin nal

d
representing the IGEG fmemany . pFP?‘g’Pa&ga'Xdec‘?row r’rﬁgnsﬂ?l glcggnbf ng the
val ue of X wi tsttatﬂlmg/alauepnédéeermnedt puln:mhennsxfolf agpgital asywé ut
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second recept &Qid Qﬂﬂnﬂﬂﬂﬂﬂﬁj a second nmenory for storing a predetern1ned

Dytes i sald secand s I e e e SRRl Do
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first output means for providing a digital signal on
'said first signal line representing the value of X;
a second signal line coupled between an output of a

first receptacle and an input of a second receptacle \‘}

for relaying memory size data;

a first expansion memory board selectively
insertable in said first'receptacle comprising:

a first memory for storing a predetermined number
Yy of d1glta1 bytes, wherein Yy represents the maximum
number of bytes in said first expansion memory board;

first input means coupled to said first signal line
upon insertion of said expansion memory board in said
first receptacle for receiving said digital signal
representing the value of X;

means for providing a digital signal representing
the value of Y;;

first decode logic means for comb1n1ng the value of Sﬁf

X with the value of Y;;

output.means for applying an output signal to said-
second signal line representing the combined value X +
Y5 o
a second expansion memory board  selectively
insertable in said second receptacle compfising; a
second memory for storing a predetermined number Y, of
digital bytes, wherein Y9 represents the maximum number
of bytes in said second expansion memory board;

second input means coupled to said second signal

&



board in said second receptacle. for receiving said output signal
representing X + [err], fromsaid first expansion menory board; neans for
providing a digital signal representing the value of [err]; second decode
| ogi ¢ nmeans for conbining the value of Y2 with-the value of X + [err];
wher eby said conbined value X + [err] represents the total nenory size of
the conmputer system Further according to tée present invention there is
provide@?a nmet hod of determning total menory space in a conputer system
wherein data are represented by digital bytes, each of said digital bytes

ConE! Gubud o Doy e ol dddbedli BIC S8, SEchad o S4OIFLY dhmory,
storage of said dib(‘ﬂat’-'éiy Eﬁeg?igai#"ﬂﬂfguf&ceﬁ%ﬁl i ﬁEFucﬁﬁfb‘?l‘%il%ntsra&Id
processing unit (Guddputs SEgnaRnOrepiedentDignX a+prfdet feomnesaidimifdrsX of
digital bytes, wherein re resen?§ t he maxi mum nunber of bytes in said
CPU nenory; a cha$SREARLAT, %9%ﬁﬂjzﬂﬁﬁ of receptacles for receipt of
digital circuit nodul eeans forsprovdgdingl ismediplpabdsigneicirepresenting

plurality of recemﬁgﬂi?i&gubf led to said CPU, said CPU including first
output neans for providing a didital signal on said first signal 1ine
representing the val u@esond deepde alpgicomeansykrs combiningsthe,valye

sai d second signalgg iVeSe i e VW IE X b fl‘le;rent adj acent pair of said
plurality of rece@ﬁ§¥e5§f§§id combined value X + Y; + Y, represents the
_ total memory size of the computer system.

Further according to the present invention
there is provided a method of determining total memory
space in a computer system wherein data are répresented

'by digital bytes, each of said digital bytes comprising
a plurality of digital bits and said data are stored in
a contiguous order memory space having sequentially
addressable locations for storage of said digital
bytes, said computer system including:

a central processing unit (CPU);
a CPU memory for storing a predetermined number X
of digital bytes, wherein X represents the maximum
ot : number of bytes in said CPU memory;
' a chassis having a plurality of receptacles for
receipt of digital circuit modules;.
a first signal 1line coupled to each of said
~ plurality of receptacles and coupled to said CPU , said
CPU including first output means for providing a
digital signal on said first signal line representing
the value of X; :
a plurality of second signal lines, each of said
second signal 1lines coupled between a different
ad jacent pair of said plurality of receptacles for



7 relaying nmenory size data froman output,of one receptacle to an input of
a next receptacle; pull-up resistor’ neans coupled to said second signal
line at each of said plurality of receptacles for applying a predeterm ned
signal value to said second S|gnal line in the absence of nenory size data
t hereon; at |east one expansion nenory board sel ectively insertable in any
of the receptacles said at | east one egpansi-on nenory board having a
menory for storing a predeterm ned nunber Y of digital bytes, wherein Y
represents the maxinum nunber of bytes in said expanS|on Menor,y-.

board; said nE&EQQ?hgr ﬂ%h@%g}nb?gfthﬁakgta Eéa %ﬁ%ﬁet Ersggﬁlgltal

syst em conpri ST ng generatin
si gnal repres@ﬁ?#ﬂgapﬂé 9l a8 dnput pﬁ)areecmvmngepaaclebrst digital signal

in said at |east gae1eupansesistBED! heldd deo ehedge%rats a9 asdieginlal
oar representing

T ol e of "HLERRE" LAY BhgSRebuIRS SPRLA RIHRAL LAY cof & ceseRtAC 1e8as! one
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conputing in thedean;| east one expansion

at least one expansion memory' ‘board selectively

~insertable in any of the receptacles, said at least one
expansion memory board having a'memory for storing a
predetermined number Y of digital bytes, wherein Y o
represents the maximum number of bytes in said |
expansion memory board; :

said method for determining the total memory space
in the computer system comprising the steps of:

(a) generating in said CPU a first digital signal
repreeenting.the'value.of X;

(b) receiving said first digital signal in said at
least one expansion memory board; :

(c) generating a digital signal internal to said
at least omne expansion memory board representing the
value of Y;

(d) computing a cumulative memory size in said at :
least one expansion memory board representing the \??)
combined value of X + Y if said predetermined value is
received on said second signal 1line and otherwise -
representing the combined value of X and said relayed
memory size data;

(e) computing in said at least ome expansion
memory board a range of addresses corfesponding to said

- predetermined number Y of digital bytes; :
' (f) sending an ordered sequence of addresses from
said CPU to said at least one expansion memory board;

(g) generating in said at least one expansion



nénDry board a range of addresses corresponding to said predeterm ned
nunber Y of digital bytes; (f) sending an ordered sequence of addresses
fromsaid CPU to said at | east one expansion .nenory board; (g) generating
in said at |east one expansion 8 nmenory board an acknow edgnent- si gnal
for each address of said ordered sequence of addresses that is wthin said
range of addresses corresponding to Y; (h) receiving said acknow edgnent
signal ~'n"said CPU, whereby said total nenory space is determned by a |ast
addres%ﬁgf‘said ordered sequence for which said acknow edgnent signal is

reﬁai ve . 9 Thﬁeﬁbeﬁefﬂoﬁd:defﬁiﬂcﬁdlﬁ:fﬁwrédngﬁrm_ 1ifjwenéwn addredss a
sel f configurin mor 0 0 er._systemt U centr
processinggunitg(gguf%géiéﬁgfgﬁ§2g59353é§iéﬂ%i?ﬁaﬁéggégi§§4%3 %ngkgfg.
Menory is distribsakd bengeenfaaddmesgeshaovrrespbndingl t9 ¥sgsociated with
the CPU and additi onakyyemoyycd £pidiensadd dcRhdideliphelt UMY O MEERAY

boards that are selectively 1nsertable 1nto the expansion slots in
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chassis. The CPU &BHéry and expansion nmenories nay each have a variety of

i ndependent confi gur agzhapaby8a16P\dotadr aietforys dfadd s détérminéd cby a

conti guous nenory sgace éjdezgl nning w Eg t he CPLé menory_and fCOI’]tI nuing 44

t hrough t he last address orf sa ordered sequénce for which ®sai
: acknowledgment signal is received.



menory space of successive expansion nenmory boards, if any are installed in
the system The CPU with on board nenory and expansi on nmenory boards each
provi de signals indicating the respective sizes of their nmenories. Logic .
circuitry on each expansion nenory board receives a signal indicating the
size of the CPU nmenory and a signal indicating the size of the nenory
installed on that particular expansion nenory board. The logic circuitry on
each board then calculates the total nenory consisting of the CPU nenory,

any expansion nenory between the CPU negory and that expansion nmenorye ",
board, and the nenory resident on that board. This value is then pass®& on
to an adj acent expansion nenory board in daisy chain fashion. Logic

circuitry on eagh expansi an rv board also determ nes the.nange o
addr esses corr eiﬁ%rﬁf{%ﬁﬁrﬁ; ; ?’Pr‘%ﬁgﬂé}ﬁ Sglgﬁeﬂ’f)ﬁ“gp’é}%ﬂ&é’& B‘é?%’tldﬁﬂ%t ﬁﬁifboar d.
Wien an addr esmfiguiting mematy réorge doppabtere spsibnb phathéncRidesta eehtogilc 10

cCircuitry gengicaesind Bt Qe IME that! Bddla (chaksis AN eiBankford he CPU.
The CPU can determ ne the total avail able nenory space installed in the

conput er sysimemory stofmnt Membyyais siistributed hedvesn agssmoxyl thati ons

_ ding to. b i es b ep i of ' . As

o Lhe Py T e PrvgtPatly FesariaBed stat BER AL g aBATR IR o0 ng
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on any board in the system it retains the next |ower address as the upper
limt of the sel@csdvely inseysable into the expansion slots in the

chassis. The CPU.ngmbry_and expansion memories may each R
have a variety of 1ndepondsnt configurations. The CPU had
cperates as if there is a single contiguous memory space
beginning with the CPU memory and continuing throﬁgh the
memory space of successive expansion memory boards, it any
are installed in the systen. '

The CPU with on board memory and expansion memory
boards each provide signals indicating the respective sizes
of their memories. Logic circuitry oh each expansion memory
board receives a signal indicating the size of the CPU
memory and a signal indicating the size of the memory
installed on that particular expansion memory board. The _\;;}
logic circuitry on each board then calculates the total
nemory cdnsisting of the CPU memory, any expansion memory.
between the CPU memory ihd that expansion memory board, and
the memory resident on that board. This value is then
passed on to an adjacent expansion memory board in daisy
chain fashion.

Logic circuitry on each expansion memory board also
deternines the range of addressés corresponding to the
physical memory space resident on the board. WVhen an

address within that range is accessed by the CPU, the logic



BRI EF DESCRI PTI ONS OF THE DRAW NGS.Figure 'l is a bl ock diagramof a

m croconput er systemincorporating the présent invention. Figure 2 is a
table défining a starting address signal «utilized by menory boards of the
present invention. Figure 3 is a table defining a nmenory acknow edge si gnal
provi ded by the menory boards of the preb@nt invention. Figure 4 is a block
di agram of a nenory board of the present invention. 12 DETAI | ED

DESCRI BA1 ON OF gifeditshyEgeibrdtdsOh Mrdkinctrleahbnéitt) idignal Neha® I Y system
havi ng ‘particul ar application to mcr ocogut er applications is disclosed.

I n the™0l | owi ngetREnad $oi the Gt The csn determine the &rtalot

limtation, spegjfi ] i S| teri , r rth in
order to provi dg&%if%iﬁﬁﬁgm?é}‘sa? a%%uo ?ﬁe%‘?é’sekﬁtfﬁv‘grﬁ%n{’y
However, it wil gedpSertiipdlgnattenptiingsts  ddatesd héoryf Lothtiondie present
invention may be practiced w t‘hout these specific details. Figure 1

illustrates a nrerxeshending &9 haurdapies hetwesnsincrementssef espansionenory

boards 12 and 14 hoygh Nivrt i i cribed in terns of
two expansion _r@%%bo dgaal?t'ml giﬁo&%%%ﬁgér ggo%écf'tqh_%gt “é_ conput er system
accordi ng to thgcRhcRRligen8ie Eighalyeyherey daddcatiny thati ay daargssnunber
of expansi on nenory ' , . -

does not correspond to the physical memory space resident on

any board in the system, it retains the next lower address

as the upper limit ¢f the addressing range.



boards by appropriately increasing the nunber of bits i'n the control
signals that will be subsequentl'y déscribed. Processor 10 includes a |
central processing unit (CPU) 16 which has an internal nenory 18. CPU
menory 18 is of sufficient. size for many of the processing tasks of
processor 10. However, certain prbtessing tasks may require additional
menory such as afforded by expansion menory boards 12 and 14. Each of
menory boards _12 and 14 i ncludes nenor 20 and decode logic 22. In the
descri bed erBéui-peitenhididiie O S MRALKNEH N array of dynanic random;access
menory (DRAM chi ps as are well knowin the art. Such an array may b

either fully or half populated with chips and may use either 1 Megabit or 4
Megabi t chips.. I\Eh!m;‘mhsamaiadrm m‘enacmwaeapmw of ‘16
Megabyt es en ful%ﬁﬁ) at ed vvlth 1 gablt ~ 13 chi ps. i s apparent,
t hen, that acity of 8 Nbgabyt es when hal f
popul ated with 1 I\/bgablt Chl ps and W II have storage capacities of 32 or 64
Megabyt es when 4 Megabit chips are used. CPU nenory 18 is simlar in
configuration torigis 2 dspal tibie defining @ stibting idadressasigmulage
capacity of 8. or 32 M abyt es de end| ng on whether 1 or. 4 Megabit chips are
used. CPU 18tdpired &y 8 Of the presepy invanRki®neeory space

begi nnng with CPU nenory 18 and continui ng through the nenory space of
menory boards 12 and 14 if they are present. Lowest order addresses

correspond to nerbgurd acidsi aneahllt ABPintwyra mblory AsiaRiaeager eat er t han
t he

signal providod by the memory boards of the present T

invention.

Figure 4 is a block diagram of a memory board of the
present invention.



-capacity of CPU nenory 18 correspond to nmenory | ocati ons ‘i n menory 20 of
menory board 12. Addresses greater than the combined capacity of CPU nenory
18 and -nenory board 12 correspond to nenory.locations in nenory 20 of
memory board 14 As w | be subsequently described, CPU 16 determ nes the
total anount of menory space available2in the entire conputer systemin
order to limt the range of addresses used. Decode Iogrc 22 on each of

menory, boards 1 ¢ feb i Nt he
correspondlng . ) P y the anmount of nenory
IE me Ly 20fand t he anDunt of nmenory having | ower order addresses; i.e.

the anobunt of nenory in CPU nenory 18 in the case .of nenor 0 rd 12 and
the conbi ned anount dfsekfrerytignring HE’PRJ‘F%/'!’S ten haying, pa 8> in the
case of nenory b =:.t58ﬁhgm | ak§8fdgedy | Rhfrom
CPU 16 on'line 2 i?‘t"gémtlvggg‘e under tood t ﬁﬂfi?f%gu% a si ng.le 14 line

24 is illustrat etel follicdiing desériptiohactor gurposes of wiplahatioromngaral | el

signal lines as is customary in the art when providi inte co ctlons for
di gi tal infor namesnlimitatisnn spechfic punbe 9&@ 'c\{]"q'iﬂ :

d b
e e e e £

e para ectri uctors. mlarly, mherever
reference is m%ahesmmgabz"ﬂo@mbnawmms nbmbusutta will be to
be understood that such line rise a pluralit trzar al | el
el ectri cal conduapparent ko Mb!zi the art that

invention may be practiced without these specific details.
— Figure 1 illustrates a microcomputer system that
includes a processor 10 and memory boards 12 and 14.
Although the present invention is described in terms of two
expansion memory boards, it is to be understood that a
computer systeam according to the present invention may
include an arbitrarily large number of oxpa'ﬂi::l.on memory
boards by appropriately :I.ncrcising the number of bits in the
control signals that will be subsequently described.

Processor 10 includes a central processing unit_ (CPU)
16 which has an internal memory 18. CPU memory 18 is of
sufficient size for many of the processing tasks of
processor 10. However, certain processing tasks may require
additional menory such as aftorded by expansion memory
boards 12 and 14. Each of memory boards 12 and 14 includes
memory 20 and decode 1og:lc 22.

In the described enbodinent, memory 20 conpr:lul an
array of dynamic random access memory (DRAM) chips as are
well know in the art. Such an array may be either fully or
half pcpuleted with chips and may use either 1 Megabit or 4
Megabit chips. Memory 20 is configured to have a storage
'capacity of 16 Megabytes when fully populated with 1 Megabit



determ ned by the nunber of bits transmtted on such line. Signal SA/'I'N
provi des nenory board 12 with a signal -representing the anbunt of nenory
having | ower order addresses. As jllustrated in figure 1, nmenory board 12
i s adjacent to processor 10. Therefore, the only such menory is CPU nenory
18. As expl ai ned above, CPU nenory 18 may have a capacity of either 8
Megabyt es ‘or 32 Megabytes. Regardl 48s of the size of CPU nenory 18,
however, CPU 16 provides an output on line 24 such that all bits of SA/IN

are a | ogicg e i Hebh®©) tHanSALhAE inddiosd! 86 w1 108aedea! 00i ¢ 22 of
menory boar ?hf gt ha%@if.i%?st ﬁe b'oar'd.n\?hose rrermdri? addresses fol | ow t hege of
CPU nenpry kitor@Be dfpacity pfodiMegabytesuwherBaltzpopulatiedewdBh Thi s out put

G0 memopabit gh o wpar G v, TERbRm FoRpeIsieR Gk 3ptleflcn

enbodi ment a B@’ | t‘hﬁg" ! : axitRIabEt §5¢ ulyds: Signal CPU Sl ZE need
.conpri se oniﬁyaéa & | 4 fteg B‘ E:

I ngl e t to represent the two- possible . configurations of

core nenory 18. CpUrmencatyt l8niensimidiari dnesonfiigurgtionita e halifsi gn, decode
| ogic 22 of .nenory board 12 conbines the information &rovi edogy I nput
e

15 signal s $NPUkaked Renory 2f. Tl At has 4 Storage cappc i®st nenory
| ti ' ' ' h al ' d d
ogic 25 al SF SR Hegibitad BIBMARI o Whetsii Y10 e Hogdilt Endps 1VCTLIC

~menory 20. Afreexgedlned above, nenory 20 may conprise any of 8, 16, 32 or

64 Megabytes. Thus signal MEM SI ZE need conprise only two bits to represent
the four possi bl SPEoHS iQpaTates as cf there is a single contigucus

memory space boginn;.ng with CPU memory 18 and continuing . \__J
‘through the nm:y space of mory boards 12 and 14 if they
‘are present. lowest order addresses comlpond to memory
locations in CPU memory 18. Addresses g:nntcr than the
capacity of CPU nemory 18 co:rupond to memory 'locai_:lons in
mepory 20 of memory board 12. Addresses _gtnat-r than the
combined capacity of CPU memory 18 and memory board 12
correspond to "no'_mory locations in mdry 20 of nnno:y board
14. As will be subsequently described, CPU 16 d._t;.ornin-s
the total amount _of memory space available in the entire
computer system in order to limit the range of _nddr.lses oo

Decode logic '22' on dnch of memory boards 12 and 14
determines the'. addrnssing range within the corresponding
memory 20 based on :I.nputs'i.:hat specity thn amount of memory
in memory 20 and the amount of nenory having 1o_wcr order
addresses; i.e. _i:hé andunt of mmoty in cpyU memory 18 in the
case of nenory boa:d' 12 | and the combined amount of memory in
CPU nenory 18 and nanory board 12 in the case of memory
board 14. : -

Memory board '12 receives input signal sA/Iﬁ from CPU 16
on line 24. Tt is to be understood that although a single



trenory 20. The size of nmenory 20 i s, of course, known at the tine of
nanufacture of the nmenory board. Durlng nmanufacture of the menory board,
junpers  are installed to provide the appropriate two bit code for the MEM
SI ZE i nput to decode |ogic 22. Know ng the address of the first nenory

| ocation in nmenory 20 as previously exp&gined and know ng the anmount of
menory on its own board, decode logic 22°of nenory board 12 determ nes the

approprd ate start addr ess code for adjacent expansi.on nenory board 14 This
code i s provi de¥ing 24 dfaflipstasted infigurs 1Foit ém&sﬁscm!iiﬂas%rat i on,

figurem2 prese e f p I

associ ated wt Eﬁ%{%ﬁé&@%ﬂ#%}ﬂ}lﬁ ?f?n{i r%g'tr%?)?yg oar 8%9&9&{1? 18\2%912) I n
an enbodi nent t&ré wheh peoeidininintefodrndctions PEoYS iA1gitRIUnLoRAtISn AS

previously discussed, CPU nenory 18 of the described_enmbodi nent may have

either of two ceempaisingsa plurality:es digitadrbikss ndnothe deseribedr esent ed

by X. As also d 1 any one of
four different @@n%féﬁ{%is%&%f%¥§92% ﬁéw}& d 12 be
represented by PKérdtors)ciEnéd’a EEadi ¢heedpariilelbePectyiitiatat i ons of

menory sizes X + [err] in front of (i.e. having | ower order addresses than)
menory board l4comiuctoxssp| 8inilardye oheneyercrefexsmoe:is yadm todal 2

Vegabyt os and r kg SLinek Siahiy e, dERaiFRAE M8 P00 o board

t1(2) lisl ggwggigyg&ﬁﬁ‘(}ﬁdﬁ%ﬁ%‘Eﬁo?lﬁgﬁﬁyy%ggg??ﬁy %thusgloﬁtgr ﬁda{ ﬁatS(at
there is a _parallel electrical conductors, the nuuber of which is
- determined by the number of bits transmitted on such line.
Signal SA/IN provides memory board 12 with a signal
representing the amount of memory having lower order
addresses. As illustrated in figure 1, memory board 12 is
adjacent to processor 10. '!heroforc, the only such memory
is CPU memory 18. As explained above, CPU hamory .18 may
have a eapaciﬁy of either 8 Megabytes or 32 Megabytes.
Regardless of the size of CPU memory 18, howaver, cPU 16
provides an output on line 24 such that all bits of SA/IN
are a logical_ one. This condition of SA/IN indicates to
\‘_/ decode logic 22 of memory board 12 that it is the boarad
wvhose memory addresses follow those of CPU memory 18.

" CPU 16 also provides output CPU SIZE on line 28. This
output_ is used to indicate to the expansion memory boards
the quantity of memory in CPU memory 18. As mentioned
above, CPU memory 18 of the described embodiment may be
either 8 or 32 Megabytes. Thus, signal CPU SIZE nicd
comprise only a single bit to represent the two possible
configurations of core memory 18. Using well known
techniques of logic circuit design, decode logic 22 of
memory board 12 combines the information provided by input



total menory capacity, X + [err], of 16 Megabytes in front of it. Decqde
| ogi ¢ 22 of expansion nenory board'14 receives signal SA OUT fron1de0q?e
| ogi c 22 of menory board 12 as input SAINon line 26. In a nanner simlar =
to that described above in connection with nenory board 12, decode |ogic 22
of nmenory board 14 conbines input SAINwth signal MEM Sl ZE i ndicating.the
size of nmenory 20 installed in nenn{g board 14. Let this latter val ue be
represented by [err]. Decode |ogic'22 of nenory board 14 thus derives the
range of addresses corresponding to address space [err]. Decode |ogig 22 of

menory board Jﬁ:ﬁ!zso%gﬁﬁm b Siv it Netermir the a&Eré- 0zl tRet he T Ot al
menory avail able in U nenory 18 and in nenory boards 12 and 14. In an

embodi ment  catfxmits megory riocatiant i RAMEXNs 20 ofimemoyysboaxd 12.digitally
coded representation of ‘this vyalue js broyided to.gn_ad]acent. expansion
menory board (not ‘Qhﬂwr}h éﬁﬂﬁ?ax'of‘ﬁﬁgdf??éﬁ 3% 'ﬁ@wggfd 12 were
not install edjjguel REMSYEEE Wnich" endfcatas dnhecﬁhmgl | No#i hémbry 280 provide

for this eventuality, decode logic 22 includes pu up resistors 40 on all
bits of the S\ leXplajned shovie,upenoxy 20 mey/conprisecanyof 8, 16,t320f i nput

BT Y e T
2, decode | oGigs 343l tECARDesenR’ thd 2diir bobBibI¥ WorRdghPeiidnscogn! Y Menory
in front of it -1s CPU penory 18. I.n this manner, a nenory board may be '
i nserted Ivenoxyo 20ay Theisdize ofshemonyalcis; nth course, dovsay atned to:

the tigo ot_n;nuggctgrc of the memory board. During_ . \;‘}

manufacture of the memory board, junpnrs are installed to

provide the appropriate two bit code for the MEM SIZE input

to decode 1ogic 22.  Knowing the address of the first memory

location in nspé:y 20 as previously explained and knowing

the amount of memory on its own board, decode logic 22 of

q&néry_bcaxd 12 determines the appropriate start address

code for adjacent oxpﬁnsion menory board l4. This code is

provided by signal SA/QUT on'lin. 26.

ror.ﬁu:poses of illustration, figure 2 presents in

tabula#_torn each of the possible digital words associated o

with signal SA/OUT of a first memory board (i.e. board 12) = v’

in an embodiment that can accommodate up to two expansion

memory boards. As previously discussed, CPU memory 18 of

the described embodiment may have either of two different

sizes. lLet the size of CPU memory 18 be represented by X.

. As also discussed, memory 20 of memory board 12 may have any

one of four d;tt.rnnt_lizg:.-'not the size of memory 20 of

memory board lz.be :uprgsent.d by Y1i. Therefore, there are

eight possiblc_combinations of memory sizes X + Y3 in troht

of (i.e. having lower o:dir addresses than) nmemory board 14.

For exanplﬁ, is é.code logic 22 of memory board 12 teccives

a CPU SIZE input' indicating that CPU memory 18 is 8



~s|l ot physically adjacent processor. 10. However, in a system having nore
than two available slots, if nore than one ekpansi on nenory board is used,
such boards nust be plced in contiguous slots. Qtherwise, if there are
‘enpty slots between the boards, any board'éhavi ng an enpty slot in front of
it will appear to be the first nenory board. As described thus far,; decode

| ogi ¢ 22 of h ' board_i t i ne_th f
hdor esges ¢ hat cHROBERENS hi¥ FREAVO o wER GHUF st Ot latEn End 1o ©
board..” As sShown inambirUs€ o béaEaIL2 Iwbwﬁ%ﬂm,resﬁhm RErdé Bivaogon

| i ne 42~thé nost significant address bits enever CPU 16 accesses a nenory
location. It wil|sigpalc8MAUT,of boaxd Ji2naret st $eap| egic reroncPecsde

Che 23 Toast of GAOPABLRE SRIAREREY s, 4 Ep ian) AHFOPRSY, Foak Epee) i,
increment of expaiptal méEsEy Cablcley % 3de) es6L£de heysbyted int PoD e -

significant address bits are required as an input to decode |ogic 22. -
However, some of dthe 23 | east significant address bits may al so be provided

to decode logic 22 in_order to,s i fy a _nenpry sub-ar L] |

subsequent | ygdescri beB.‘%r‘?@?&F%ﬁ@%&ﬁ@ggﬁwﬁi%%fiém%ﬁ??g'g.ﬁond to

an address wi t hi rhifd?ﬂlrwfn%ﬂdd&i&ﬁs 108168839 a¢ Remory Buked 29i ks 22 sets
4

out put MEM ACK on Il ne to a logical zero, otherwise MEMACK is set to a
| ogi cal one. A trirghatt S86/IN fayy 1dnep2é. silgnal namex\einilax kovthat fi gure 3.

conveni ence only deRFF PR SRavE Ap, Brentehith, R mepoRe Rethgda deuldici gn
choice by one skijdfd 23 bfnelidry board 14 combines input SA/IN with signal
~~ MEM SIZE indicating the size of memory 20 installed in
nenory-board 14. let this latter value be represented by
Y2+ Decode logic 22 of memory board 14 thus derives the
range of addresses corresponding to address space Ya2.
Decode logic 22 of memory board 14 also derives thc quantity
X + Y3 + Y2 representing the total memory available in CPU
memory 18 and in memory boards 12 and 14. In an embodiment
comprising more than two expansion nombry .slot'l, a digitally
coded representation of this value is provided to an
adjacent expansicn memory board (not shown).
\,./ It should be noted that if memory boarad iz ware not
installed in the system, line 26 would be aﬁ open circuit.
To provide for this eventuality, decodo logic 22 includes
pull up resistors 40 on all bits of the SA/IN input. Pull
up resistors 40 insure that all bits of input SA/IN will
appear as a logic 1 if the line providing the input, such as
| line 26 of figure 1, is an open circuit. 1In this event, as

'shoym in tigure 2, decode logic 22 6! memory board 14 will
be informed that the only memory in front of _iﬁ is crU

memory 18. In this manner, a memory board may be inserted



18 The MEM ACK out puts of each expansion .menpry board -are connected to
input line 30 to CPU 16. An output ‘circuit (not shown) in decode |ogi.c 22
for output signal MEM ACK is configured, as is well known in the art, sugh =
that if any one output line 44 is set to a logical zero then |ine 30 w il

al so represent a |logical zero, whereas |ine 30 wll represent a |ogical .one
only if all output lines 40 are set tofa | ogi cal one. Thus, whenever CPU 16
accesses a menory location that i's within the physical address space .of any

one of the exdate sy avEilubleasltt rather Xhasi beihg coamtradnedstm W;fal
zero. In order to determ ne the total nmenory space avail able and thus™the
maxi mum r ange S3Pt RRYELCAI1Y 831 2GRNt PYOResadr d.0ac HRWSVRT i AR; & SYStem

routine. In s Jut u'f'w _ﬁﬁdd'._. ndaries = -
. correspondi ng%?gi{’ﬂ;g#r}g;tgggn S o@'teig%%éi%n nén%??oﬁrrely Q%gabyt es.in
t he descri bed expansic® niencty besmid Haundedy subly doards wmmte bat pliaced gnal MEM
ACK is tested. If MEMAC is a qui cal zero, the next boundary_address is

generat ed. WhdR FEREigYoUss seter i ds8e If (there are APtypElats
recogni zes that ne : _ \ - lJ abl e
and t her eupon%sﬁ%gggaﬁg‘e%g"oﬁ %‘%Wa%r es a'r%giﬁt %{%Nel I

‘Wi thin the capzbiiki #iXE aipearctsbé dhepLLgst ienory’ bosednary skill to wite
a conputer programto performthe stepssj ust described. As described above,
[

CPU 16 i s able to Astdespnibed thusfian, gecedeilogicc23eob@achhet her one,

Furt her more,  @PBensted Mgy, HBRES 44 3RV v asiiimiae e ABRR 0T ) ror

any conbi nat i qisessed§ il Torepdpstid EULHS PysithloRincR Wpaes 20. -,
resident on that board. As shown in figure 4, decode logic
22 a‘ilo :cee:hfu as an input on line 42 the most sign:lt:l.cant
addriu bits whenever CPU 16 accesses a memory location. It
will be recognized that since the smallest increment of
ekpan;ion memory in the described embodiment is la'xng'abytes
(223 bytes), the 23 least significant ‘address bits are
irrelevant in determining which increment of oxpaniion
memory is bci’n§ addressed. Thus, only the most significant
‘address bits are required as an :I.npnt' to decode logic 22.
Kowcvef, some of the 23 least significant address bits may
also be provided to decode logic 22 in order to specity a
menory sub-array ai will be subsequently described.

Whenovcr the address. bits | on input 42 correspond to an

addrei- within ‘the range of addrn_uc-s in memory 20, decode
1og.{c 22 uts'out'put MEM ACK on lino 44 to a logical zero,
otherwise MEM ACK is set to a logical one. A truth table
for output .signﬁl MEM ACK is shown in figure 3. It should
be noted that the described polarity of signal MEM ACK is
for convenience only, and that the 'feversc polarity n’iy be

employed as a design choice by one skilled in the art.



19 Storage and retrieval of data in nmenory 20 is.acconplished in an
essentially conventional manner. As seen in figure 4, menory 20 receives
data from processor 10 and provi des data.to processor 10 on data bus 56. A
menory address is received by -address buffer 46 from processor 10 on line
48. The address is then applied to line dfd vers 50 which in turn apply the
address to nenory 20. Processor 10 provides row address strobe (RAS) and

col um _address strobe (CAB) signals on Iines 52 and.54 respectively. The
use of .such signals %‘cﬁrﬁxg QukBRts &?himhﬂnﬁmfpﬂn&’f’ﬁ fX® The

RAS sigmal is ap&&;};ggtdare&tiab..tcoﬂﬁmty_taocpbow.veﬁn bapitteiscasel i s

appl i ed t-o decode Ic 22 In the enbodi nent described herein, nmenory 20

is partitioned i(rat fshownyuin decade bdgicei22r for Amtputceignal MEMACKdE ode

| ogi ¢ 22 processes certain of the ppst si ggi ficant .address, bi tigt gygener ate
(o]

out put MEM ACK. §9ntiguzad, am)iis yellnawn Absthe Art,,such fhat sponds

to the physi cal W?X a | §gntad . gelreMOlén ngg Of
signal s CAS1, 'CASZ, §§ g?‘%q?o&?r%nmoﬁw%#gnﬁs;kgﬁroni s%%vx\‘ngt Eot he

recei pt of the Gilliajsel représent a4logizmldeerogivheZdagelinetdos wikd ‘
Sr cosed. | 20-eEmepgtia logioal mnecmis Ak aTHERE SHIAA A0 SRR | n
a to a logical one. Thus, whenever CPU 16 accesses a nemory
' loéation that is within the physical address space of any
one of the oxpans‘i.o_x'z memory boards, line 30 will be received
as a logical zero. _ ' |
In order to determine the total memory space available
and'thus the maximum range of addresses available, CPU 16
executes an initialization routine. In such routine, CPU 16
attempts to address nemory boundaries corresponding to the
increments of expansion memory, namely 8 Megabytes in the
deséribcd embodiment. As each boundary address is
_generated, signal MEM ACK is tested. 1If ACK is a
logical zero; the next boundary address is generated. When
MEM ACK is determined to be a logical one, CPU 16 recognizes
‘\../ | that the address gen’drated exceeds the memory space
available and thereupon stores the value of the maximum
address range. It is well within the capabilities of a
computer 'progrmer of ordinary .sk:ul to write a computer
progran to perform the steps just described.

As described above, CPU 16 is able to dotoﬁino the
amount of available memory whether one, both or neither of
expansion memory boards 12 and 14 are inltgn_ed.
Furthermore, CPU 16 is able to determine the amount of
available memory for any combination of configurations of

CPU memory 18 and memories 20.



conputer system wherein data are represent.ed by digital bytes, each ‘of
said digital bytes conprising & plurality of digital bits, and wherein
said data are stored in a contiguous ordered menory space having 0
sequentially addressable | ocations for storage of said digital bytes, said
conputer systemincluding a central pwocessing unit (CPU) and a chassis
having a plurality of receptacles for receipt of digital circuit nodul es;

~said self configurg p r rising: nory e

proxi mately coupl ed 88%@%@8?@@?()‘# %gqg ib’?e ere mgﬁéiﬁunber X Qﬁ
digital byt esacadipidished inir sdabatidFlyTeshvantiviElchanhedyt As sBesart  CPU
menory; a first signal |line coupled to each of said plurality of '
receptacl es ah® + {1 MERQKY) 20preceiyes Apta; fram, pragesser 10 aPdut neans

4
for providin Yol le i Q0 “%3 =3 S liath WA sel.near nting.the
val ue of X; %g?ﬁ#’%‘lt taystgfgg?con 'él%g%é |Ir*%§+ eacr?lsc')f %a? s€écond signal
lines coupl esaaksisdenreceivid by addrest datPér PES Ifxoh pRocesgdor abi ty of
receptacles for relaying nenory size data froman output of a receptacle to

an input of aomeldne 48apt The addrems. ip thepsppplied fioydineAptears £8 said
.second signal wl’ai&?ﬁ\t ﬁ%@ﬁhaﬁ}i@tﬂ Rk&fﬁ“ % _ éﬁcw.acwéciﬂor iap' yrng
e a Y 1o second si‘gnal

a predeterm ned . si‘gha % sal lLhe ITn thé absence
of nmenory si zproides frowcaddreis lstrobe O(RAS)X AAA SCSluME NAdYedw Wttobe
oot LYol T iaRE) lonat 11BN % S reepabidaly. EREE S
conpri si ng: . _
such signals to ;ontro:l_. menory access is well known in the
art. The RAS -1gni1 is applied directly to memory 'zo,
however, the CAS signal is applied to decode logic 22. 1In
the embo_d:l.ment. described herein, memory 20 is partitioned
into tbur sub~arrays of memory. As described above, decode
logic 22 pr:oeassu certa_in of the most -ignitieant address
bits to generﬁte output MEM ACK. If d'océde"iog_ic 22
determines that the address corresponds to the physical
memory space resident in memory 20, it applies one of |
signals CaASl, "ca'_sz, 'CAS3, or CAS4 to memory 20 in
synchronism with the receipt of the CAS signal on line S4.
Decode lllog:lc. 22 _ganaratc_;'_tho appropriate CAS signal based | w
on which of the four sub-arrays is being addressed.



21 a menory for ‘storing a predeterm ned nunber Y of digital bytes,
wherein Y represents the maxi num nunber of “byt‘es in said expansi on nenory

beard; first and second i nput nmeans for receiying di GLI—EJ—SLQM;JMd
to said first and second signal |ines respectively, upon insertion of said
expansi on nmenory board in said one receptacle; means gfm"mm“m
digital signal representing the value of Y; #@@code | og¥ ”m””w
combi ni ng the value of X with the value of Y if said predételnithed value is
recei ved .on said second signal |line and otherw se conbining the value of Y
with satd rel ayed nenory size data; output figggs for applying an output

signal to said second signal I|ine represemttng the conbined val ue
determ ned by said decode | ogic. neans; whereby said output signal

represents the total nmenory fi 21 &8h#ighking Mekpandabledimd 2HE a
expansion nenory board and all _ intervening._expansion rrermrx b a{) S.,.2

The  self configurFABPEKPENARBEER EREFOLR! A8FR AFQ DREFErRRLSs PHdLdktal

| ogi ¢ nmeans i ncl udegtasans each conputsaida ddgdeadl dytesssasommrisiappndang

to S?i d _predet erméggrgﬁ.@ngr o% Oéi i@éi ab\:;.\lgy e%nd3'wh r?ixr ;Q d %%éa ar
configuring expand e nenpry of cfarm 2 efein sald a east one R
expansi on nenory batedefiurimera cooptiguoushi oxdergdt mamory f §pacecchaving an

address of a nMenDdryeqReAtigN10abArassadiad 1Bk althensPEci G itthide fOF saia
generating an acknow je:'dgrrent si gnal , . .

: digital bytes, said computer system including a central
_ processing unit (CPU) and a chassis having a plurality
e/ of receptacles for receipt of digital circuit modules;

said self configuring expandable memory comprising:

a CPU memory proximately coupled to the CPU for
'storing a predetermined number X of digital bytes,
wherein X represents the maximum number . of bytes in
said CPU memory; a first signal line coupled to each of
said plurality of rece_ptacles_and coupled to said CPU,
said CPU including first output means for providing a
digital signal on said first signal line representing
the value of )i: '

a plurality of second signal lines, each of said
second signal 1lines coupled between .a different
adjacent pair of said plurality of receptacles for
relaying memory size data from an output of a
receptacle to an input of a next receptacile;

pull-up resistor means coupled to said second
signal line at each of said plurality of receptacles
for applying a predetermined signal value to said
second signal line in the absence of memory size data
thereon; _

at least one expansion memory board selectively
insertable in any one of said plurality of 'receptacles
comprising:



to indicate when said location to be accessed by the 22 CPUis within
sai d rang spondinng to Y. 4. The self

configurin im 3 further conprising means proxi mately
coupl ed tﬂﬂmmuﬂﬂ # 'mning a total nenory space in the conputer °
system conpfs L T:0r sending an ordered sequence of addresses to

said third input neans; neans for recei vpRg sai d acknow edgenent signal;
whereby said total nmenory space is determned by a | ast address of said
ordered 'sequence for which an acknow edgenent signal is received. 5. .
A sel f configuring expandable nenory in a conputer system wherein da.t-’%lsare
represented by di @ t Zemeryes forea@tordmg s& d preédgtermingd e pumberpYi sing

a plurality ogpedi gigataldi thyrédd WrRiih S¥ OrgptesdhesS e dakithum |
conti guous ordered nmenpry space havi sequential-ly addressabl e | ocati ons
for storage oPUBREE & ibtyéil_esoﬁi“eﬁaiélg%d‘?@g\w*ep WP Ye M8k udi ng a central
processing unit (ERdstarthd méemsd sihput ngeahs| €ost reveivdngpidgiiaalf or '
Compr | si ng: - atEReRE SRR e " Eas T SRR, 9 EO T RO SURE s BARE e, Y
pr edet er m nedrespeet ixedfy,diwponl ingestionhofcisrid r eppession memanyki num
nunber of byt g3aird 3 %a@@dﬂ%’@é&eﬁé&l@;’[ signal line coupled to each of
.Sal d means for providing a digital signal representing
the value of Y; ' : :

decode lﬁgic means for combining the value of X
with the value of Y 1if said predetermined value is
received on said second signal 1line and otherwise
combining the value of Y with said relayed memory size
data;

output means for applying an output signal to said
second signal line repre's_enting' the combined value
determined by said decode logic means H _

whereby said output signal represents the total
memory size of said CPU memory, said at least one
expansion memofy board and all intervening expansion
memory boards.

2. The s_el'f - configuring expandable memory of \.J'
claim 1 wherein said decode logic means includes means
for computing a range of addresses corresponding to
said predetermined number Y of digital bytes.

3. The self configuring expandable memory of
claim 2 wherein said at 1least one expansion memory
board further comprises third input means for receiving
an address of a memory location to be accessed by the
. CPU and means for generating an acknowledgment signal
to indicate when said location to be accessed by the



receptacl es and coupled to said CPU;, said CPU including first output neans
for providing a digital signal on said first signal line representing the
val ue of X; a second signal |ine coupled between an outp ippt
receptacle and an input of a second receptacle for rel ayﬂ“ﬂ“ﬂ“mmmumr
data; a first expansion nenory board sel ectively insértéabl® ih said
first receptacle conprising: a first nenory 3dr storing a predeternined
nunber [err] of digital bytes, wherein [err] represents the maxi mum nunber
of bytes'in said first expansion nmenory board; first input neans coupled to
sai d f!‘-?—':"-"t si gnal byvaﬂgxﬁitﬁiﬁﬂééfﬁ'Eﬁn%é'Hfeéﬂ&?éb@@s"EB?E&SBGﬁ&QnF”to
said first receptacgle for receiving said digital signal representing The

val ue of X; neans f‘or providing a digital signal representing the val ue of
[err]; first decode |ogic neans for conbining the value of X with the val ue

f ; t t f I Vi t 1 . | i d . |
A S D MR
menor oard se o i :
a secgnd memory fo@é?;ﬁéfﬁkﬁiﬁ{ eherygvaad $palk difi tRE RYh %terg

wher-ein Y2 represents e max! num nunber o ytes in“said second expansi on
menory board; seco®¥St@FUCHRPFIBIN&Ipl ed to sai d second signal |ine

means for sending an ordered sequence of addresses
to said third input means; _
means for receiving said acknowledgément signal;
N whereby said total memory space is determined by a
last address of said ordered sequence for which an
acknowledgement signal is received.

5. A self configuring expandable memory in a
computer system wherein data are represented by digital
bytes, each of said digital bytes  comprising a
plurality of digital bits, and wherein said data are
stored in a contiguous ordered memory space having
sequentially addressable locations for storage of said
digital bytes, said computer system including a central
processing unit (CPU) and a chassis having at least two
receptacles for receipt of digital circuit modules,
said self configuring expandable memory comprising:

a CPU memory prdximately coupled to the CPU for
storing a predetermined number X of digital bytes, -
wherein X represents the maximum number of bytes in
-said CPU memory; _

a first signal 1line coupled to each of said
receptacles and coupled to said CPU, said CPU including
first output means for providing a digital signal om
said first signal line representing the value of X;

a second signal line coupled between an output of a



upon i nsertionof—sard Second expansi on nmenory board in said second

receptacl e m[l

f bl { d output” signal representing X + [err], from
said first !Hmi"“mml board; means for providing a digital signal
representing tree val we ©of 4.err]; second decode | egic neans for conbining -’
the value of [err] with the value of Xz+ [err]; whereby said conbined val ue
X + [err] represents the total nenory size of the conputer system 24

The self configuring expandabl e nmenory of claimb5 wherein said

first and second decode | ogic neans include nmeans for conputing a range of

addresses cor ﬁ%&%”g%{/&éfaéf‘é daBELerﬂa:ﬂ eggﬁifdd'l“@eée%nﬁi @écﬁdgﬂ%&%ﬁér ]

and [err] respectiv configuring expan nmory
of claim6 whéogi redaying memary isize sflatagecond expansi on nmenory boards

further conprises gt hi d rigtdut e gBaRS1ibAT I BEROYY NI E’th’djd_rea?l&ftiave’?y‘mry
| ocation to be accesz d by the U and neans fQr generating an

acknow edgenmeASET & dn #aidFinfk FeceRFa {GMPEIPINBHccessed by the
CPU is within sai @ réigst oheddyeTors SPor frig o dipre ded ertinjedanthniisgy |

furtner comyr i o AAEATEE RTFRe el SREGRINCELT 5eRREREBE S Sh e afAindh ng
total menory swaber of fhytempdn gaid fismt @xpansion manony fhoardndi ng an
ordered sequence @y AQdGHRAS means coupled to said first signal line
upon insertion of said expansion memory board in said
first receptacle for receiving said digital signal
representing the value of X; ' - : &,)
means for providing a digital signal representing '
the value of Y;; :
first decode logic means for combining the value of
X with the value of Yys
output means for applying an output signal to said
second signal line representing the combined value X +
Yl;

a second expansion memory board - selectively
insertable in said second receptacle comprising;' a
second memory for storing a predetermined number Y, of
digital bytes, wherein Y, represents the maximum number
of bytes in said second expansion memory bqard; |
second input means coupled to said second signal line
upon insertion of said second expansion memory board in
said sgcond'receptacle for receiving said output aighal :
representing X + Y;, from said first expansion memory
board; ' .

means for providing a digital signal representing
the value of Yjy; _ '

second decode logic means for combining the value
of Y, with the value of X + Y;; '

whereby said combined value X + Y; + Y, represents
the total memory size of the computer systenm.



to said third I nput neans; neans, for. receiving said acknow edgenent signal;
whereby said total nmenory space is determnmined by a |ast es of said
ordered sequence for which an acknow edgement signal is received. 9.

A nethod of determining total nenory space in a conpu

data are represented by digital bytes, eac of sai d dnwlﬁmmﬂm ml
conprising a plurality of digital bItS and 4id data afe Stdred

contlguou§ order nmenory space havi ng sequentially addressable Iocatlons for

storage _df said digital bytes, said conputer systemincluding: a central
processiymy. unit (CBY); a CPUTmenoselforcshblguring prexismdablhed numdryr ¥fof

digital bytes, wh X5 1 &R mg by,

CPU nenory; a chasgl S ﬁaw n %a?g?‘a rT?ﬁf.ger%:lep aclgéc&;d r&ee?e‘fdp{] i?ggc
digital circuit no#eras, iag q@ﬁ maantl for corputing aorangh of addgesses
plurality of recephaeka%p%miquup&&dsams@r@dgiumﬁaud rdiibdChedigag ki st

Cepresenting the vEFEESoRband Yo tesheFtdreldcond signal |ines, each of
sai d second signal lines coupled between a different adjacent pair of said
bne. receptacl e to 4 input of i nEeit, ceORrEibife Hbadeibiy, My, or
coupl ed to said secdndm 6 wherein each of said first and second expansion
memory boards further comprises third input means for
receiving an address of a memory location to be
L agcessed by the CPU an4 means for generating an
acknowledgement signal to indicate when said location
to be accessed by the CPU is within said range of
addresses corresponding to Y; and Y,, respectively.

8. The self configuring memory of claim 7
further comprising means proximately coupled to the CPU
for determining a total memory space in the computer
system comprising:
means for sending an ordered sequence of addresses
to said third input means;
means for receiving said acknowledgement signal;
. whereby said total memory space is determined by a last
v _ address of said ordered sequence for which an
acknowledgement signal is received. '

9. A method of determining total memory space in
a computer system wherein data are represented by
digital bytes, each of said-digital bytes comprising a
plurality of digital bits and said data are stored in a
contiguous order memory space having sequentially
addressable locations for storage of said digital
bytes, said computer syétem including:



signal line at each of said plurality of receptacl es for applying a

pr edet ermned—stgrat—value to said second -signal line in the absence of

menory Si n: at | east one expansion nenory board sel ectively
i.nsertaamﬂ | mﬂ[recept acles, said at | east one expansi on nenory *
board ha L storing a predeterm ned nunber Y of digital

bytes, wherein Y represents .the naxi mad nunber of bytes in said expansion
menory board; said nmethod for determining the total menory space in the

conput er system conprising the steps of: (a) generating in said CPU & first
digital signal regreeneralopibeessing ahi¥; (CPUI§ (b) receiving sai g4 rst

]

digital signal reareenerangprbeeuslug ahik _ receiving sai gl
2 digital 9 gnal PnEE0dencf A0 pEPRTRE & SRARRRRTRIN L dibeRRs

representing ofie digitabf byte@m]) whemetinngXa represdente tieor pagimami n sai d
at | east one igf H?EFQyiHOQEerE?ﬁeﬁﬁﬂbkgg t he conbi ned val ue of X +
g { alue™l sa :

Y if said predetermned s recelved on safd second signal |ine and
ot herwi se represedt ighpasis cbavingd aaplaralityanafsmarentagias nfagry size
~data; (e) CoEPed pEYoENdE 3L Eadl cliPaal tOREdAXEERSI On menory board a range

of addresses corrgspndLpo LpeRayd pIH SHILIE] "ML Ln™" o bt PYUeS

plurality of receptacles and coupled to said CPU , said
CPU including first output means for providing a
digital signal on said first signal line representing

the value of X; : )

a plurality of second signal lines, each of said
second signal lines coupled between a different
adjacent pair of said plurality of receptacles for
relaying memory size data from an output of one
receptacle to an input of a next receptacle;

pull-up resistor means coupled to said second
signal line at each of said plurality of receptacles
for applying a predetermined signal value to said
second signal line in the absence of memory size data
thereon; '

at least one expansion memory board selectively
insertable in any of the receptacles, said at least one

expansion memory board having a memory for storing a N

predetermined number Y of digital bytes, wherein Y
represents the maximum number of bytes in said -
expansion memory board;

said method for deterhining~the-total memory space
in the computer system coﬁprising the steps of:

(a) generating in said CPU a first digital signal
representing the value of X;



(?) sendi ng an ordered sequence,of addresses fromsaid CPU-to said at | east
one expansi on nenory board; (Q) generating i'n said at | east . one

expansi on menory board an acknow edgment si gnal forsl ﬂ'lclmg jﬂ Mu';-ai d
ordered sequence of addresses that is within saidr LOFRY .

corresponding to Y; (h) receiving said acknow edgnent signal in said CPU,
whereby said total nmenory space is deternin&$ by a | ast address of said
or der ed-“§equence for which said acknow edgnent signal is received. 10.

A self% . configuring expandabl e nenory substantially as hereinbefore
descriRéd with refereddd t caded ving maddifiixatr dligigal signal in said at

least one expansion memory board;

(c) generating a digital signal internal to said
at least one expansion memory board representing the
value of Y;

(d) computing a cumulative memory size in said at
least one expansion memory board representing the
combined value of X + Y if said predetermined value is
received on said second signal line and otherwise
representing the combined value of X and said relayed

._K\/ "memory size data;

-~ (e) computing in said at least one expansion
memory board a range of addresses corresponding to said
predetermined number Y of digital bytes;

(£) sending an ordered sequence of addresses from
said CPU to said at least one expansion memory board;

- (g) generating in said at least one expansion
memory board an acknowledgment signal for each address
of said ordered sequence of addresses that is within
said range of addresses corresponding to Y;

(h) receiving said acknowledgment signal in said
CPU; o '

whereby said total memory space is determined by a

—~ last address of said ordered sequence for which said
' | . acknowledgment signal is received. |

10. ' A self configuring expandable memory
substantially as hereinbefore described with reference
to the accompanying drawings.




