JA9- 9, ,027 T 1 MEMORY CONTROLLER AND DATA PROCE%SING
SYST DEQ@RIPTICN This invention relates to a data processing system and
to a nenorf controller- for generating physical nmenory |ocation addresses
based on the address froma CPU or a DVA controller. Interleaving nmenory
access net hdd8-94r®¢@8 been adopted by | arde conputers, but it is also
adopted by a personal conputer to increase nenory access speed. Plural
connectors or slots may be provided in a personal conputer for allow ng a
user to establish addltlonauau%sten1nennnﬁ cards. In a conventional
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personal conputer, t HEHORYSCONTRPLLER, AND, PATH RROSESHHG: SXFTH on where the

addi tional nenory cards or nodules are attached to the slots, in order to

all ow the nenory controller to operg@ggggF' erl eave nenory access
operation. For exanple, in a data p ' system where a part of the

slots for receiving menory cards are provided in an even nenory bank and
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required at the capacity o he menory car e first st Ot T the odd
bank is theen¢afkless f?heseeam@iqupwsmhb MHBADY Loeakignorddrieesés based on

the address from a CPU or a DMA controller.

Interleaving memory access methods. have been adopted by large
computers, but it is also adopted by a personal computer to increase
memory access speed. Plural connectors or slots may be provided in a
personal computer for allowiné a user to establish additional system
memory cards. In a conventional personal computer, there is a
limitation on the configuration where the additional memory cards.or
modules are attached to the slots, in order to allow the memory
controller to operate in interleave memory accsss operation. For
example, in a data processing system where a part of the slots for i
receiving memory cards are provided in an eveﬁ memory bank and the
remaining part of slots are provided in an odd memory bank, it is
required.that the capacity of the memory card on the first élot in the
odd bank is the same as the capacity of the memory card on the first
§lot in the even bank. If the capacities are different from each other.
interleave memory access operations between said two memory cards could

not be operated.

An object of the present invention is to resolve the limitation on the

configuration where memory modules are attached to the slots.

According to the present invention there is now provided a data
processing system comprising a CPU; a DHA controller; a system memory,
said memory being comprised of a plurality of memory banks, said banks
being operable in an interleave memory access operation and being
compy}s‘g of a plurality of memory umits; a memory controller fof
controlling access to said memory, said memory controller having means

for forming a plurallty of mem01¥a?aps said maps being "omprlsed of
e
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slot in the even bank. If the capacities are different from each other.

interl

be operated. An object of the present invention is to resolve the
limtation ofaghey_gonfiguration where menpry nodul es are attached to the
According to the present invention there is now provided a data
processi ng systemconprising a CPU;, a DVA controller; a system nenory,
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menory being conprised of a plurality of menory banks,

sai d banks bei ng

dave menory access operations between said two nenory cards coul d not

sai d

oper abl e i memdry Nindts erang@iihydifFeesst opdeai aocoiflg e ARe GORPer 9€d of a

plurality of_, Ly upits; Jrenory control ler .for contraqlling access t
‘sai d nmenor ﬁalg:g%'%en’g"rry rﬁ%%i",“& Té‘%eﬁ%‘?ﬁi 5o ARS IgP(S]r °f osraﬁldndﬂacﬁll:_turr";??’t
menory nap, teahe mempsy bheiihg sorpech ofdsoid maps) A@nd Ifop2generating the

2 menory u

banks,

for

VB3 SSRGS s PSP S50 B o

ng addresses DVA contr ol ot
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memory units being in different banks or the same bank; and

a bus for connecting said CPU and/or said DMA controller to said memory

controller.

Thus, in one embodiment a memory controller constructed in accordance
with the present invention, in the case where memory units are
allocated to a plurality of interleavable banks, has a function for
forming a plurality of memory maps which is comprised of the memory
units in all banks arranged in predetermined different orders according
to the number of said banks, detecting that an address area within a
predetermined range involving CPU addresses belongs to which memory
units in each of a plurality of said memory maps, and determining
whether each of the detected memory units belongs to banks

interleavable with each other.

The invention will now be described by way of example with reference to

the accompanying drawings in which:-

FIG.1 is a block diagram showing an embodiment of a memory controller

constructed in accordance with the present invention.

FIG.2 is a block diagram showing the whole construction of the

embodiment of a data processing system according to the present
invention.

FIG.3 is a block diagram showing an example of the contents of data

retained in a register of the memory controller of said embodiment.
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physical |ocation address in interleave nmenory access operation or

non-i nter| eave nenory access operation in accordance with the detected
menory units being in different banks or the sanme bank; and a bus for
connecting said CPU and/or said DVA controller to said nenory controller.

Thus, in one gg‘gg_@dzgent a nenmory controllgr constructed in accordance wth
t he present JATV n, in the case where nenory units are allocated to a

plurality of interleavabl e banks, has a function for formng a plurality of
menory maps which is conprised of the menory units in all banks arranged in

predet er m ped 4di £ fLE90L, AidGF s 3R6PIHY B8 dxamplee ofUnEiRIFy Glapsabsl dadaks,

detecting that- an address afea within a predeterm ned range invalving CPU

addresses prelosigent-o whi ch nmenory units in each of a plurality of said

menory maps, and determ ni ng whet her each of the detected nenory units

bel ongs to_banks i nggrl eayvabl e wth, each ot he{. ghe f’.nvgnt L on_ W now be
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descri bed BYS+Rays# PdResiagtan sPPRing afcE PR AccSipany ng "GFawi ngs in
whi ch: - Fl Epdming medisofik tihie agenirys bavirollem ocEndsddi enbodinénta menory
controller constructed in accordance with the present invention.
FIG.6 is a block diagram showing an example of:a second memory map

forming means in the memory controller of said embodiment.

FIG.7 is a block diagram showing an example of a first memory unit

selecting means in the memory controller of said embodiment.

FIG.8 is a block diagram showing an example of a second memory unit

selecting means in the memory controller of said embodiment.

FIG.9 is a block diagram showing an example of a part having an :
interleave/non-interleave detecting function of a control means in the

1

memory controller of said embodiment. i

FIG.10 is a block diagram showing an example of a part having a RAS
line selecting function of the control means in the memory controller

of said embodiment.

FIG.11 shows an example of a memory multiplex address table of the said

embodiment.
Embodiment

FIG.2 shows an embodiment of a data processing system according to this
invention. 1In the figure, a data processing system 1 comprises a
microprocessor (CPU) 10, a DMA controller 12, a ROM 16 for storing a
POST (Power On Self Test Program) /BIOS (Basic Input-Output System), a
memory controller 18, a system controller 30, a data bus buffer 32, a
system clock generator 20, a system bus 22, plural expansion slots 24

for additional cards, a memory bus 26, and plural memory slots 28 for



FIG 2 is a block diagram showi ng the whol e construction of the enbodi nment.
of* a ddta processing system according to the present invention. FIG3 is a
bl ock di agram showi ng an exanple of the contents of data retained in a
regi ster ofJAh8lr@R&¥ory controller of saitd enbodi nment. JA9-91- 027

3 FIG4 is a block diagram showi ng an exanple of nenory maps of said
enbodi nent. FIG 5 is a block diagram showi ng an exanple of a first nenory

map form ng means in the nmenory controller of_ said embodinment. FIG 6 is a
bl ock di aﬁF‘é‘Fﬂ‘@ﬁSvﬁ‘%r&rP‘E%anp%@eo‘?e“!?rgeéﬁﬁﬁ %Peﬁﬁ?y‘ﬁﬁé384 d'Pgr? § feans in

t he rrermlry‘eﬁ?yt sDbicr28nio sasal-1eNbeRH21ER8A-3F k. ah kgera bbhloA8Adamdyfawur show ng
an exanple of a firs i uni e] ect i ngnh S, eontroller
of said e_ﬁ‘ﬁ'&%ﬁyr’rﬁ;?{s I%P%qgo:’zélg;'b%gl?:%'d%%%?g%nfﬁgwaélg%dgg@aeﬂgnp 'g g a second
MENDry unietcls elfethésegmemenys slots.he SMofSingdatiroling HeroryaHadekeledi nent .

which is a memory module, is to be inserted. The SIMMs are divided
into single-side and double-side packaged SIMMs. RAS signals are
assigned to each side of the SIMM, respectively. Thereafter, a memory

module on a single side of the SIMM is called a memory unit.

FIG.3 shows an example of the confiquration where SIMHs are provided to
the memory slots. In the figure, memory units 0 and 1 correspond to one
side and the other side of the memory slot 28A-0, respectively.
Likewise, each of following memory units corresponds to one side of one
memory slot. In the example of FIG.3, a 8M bytes SIMM which has a 4M
bytes memory module on its one side and another 4M bytes memory module
on its other side is attached to the memory slot 28A-0. A 2M Lytes SIMM
which has a 1M bytes memory module on its one side and another 1M bytes
memory module on its other side is attached to the memory slot 28aA-1.
No SIMM is attached to the memory slots 28A-2 and 28A-3 (memory units 4
to 7). In the odd bank 28B, a 4M bytes SIMM which has a 4M bytes
module on its one side is attached to the memory slot 28B-0 (memory
units 8 and 9). A 2M bytes SIMM which has a 1M bytes memory module on
its one side and another 1M bytes memory module on its other side is
attached to the memory slot 28B-1 (memory units 10 and 11). No SIMM is
attached to the memory slots 28B-2 and 28B-3 (memory units 12 to 15).

FIG.1 shows more detailed structure of the memory controller 18. 1In
the figure, a register 40 stores information rslating to the
configuration of the memory slot 28. In more detail, the information.in
the register 40 retains each memory capacity or size attaéhed to the
memory units O to 15. Each SIMM has its own identifier. Upon system
powver on, a POST (Power On Self Test) program reads the identifiers and
creates the information to be stored into the register 40 based on the

identifiers.



FIG9 is a block diagram showi ng an exanple of a part having an

I At erl eave/ non-interl eave detecting function of a control neans in the
menory controller of said enbodinment. FIG 10 is a bl ock di agram show ng an
exanpl e of mepar4o2iravi ng a RAS |ine selecting function of the control neans
in the nmenory controller of said enbodinment. FIG 11 shows an exanple of a
menory mul ti pl ex address table of the said enbodi nent. Enbodi nent FIG 2
shows an enbodi nent of a data processing systemaccording to this
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cards, a gm%%i%ebus t%g d:&?er nlturrngnl\orqregg ore Oftormeg by lEhe memory map
formation means 42. The memory map formation means 42 is comprised of
first memory map formation means 42A and second memory map formation
means 42B. The first memory map formation means 42A arranges memory
units in the even bank 28a, based on the information in the register
40, in the ascending order of unit numbers, and then arranges memotry
units in the odd bank 28B in the ascending order of unit numbers in
order to form a first memory map 60A (Refer to FIG.4). The second
memory map formation means 42B arrangss memory units in the odd bank
28B, based on the information in the register 40, in the descending
order of memory unit numbers, and then arranges memory units in the
even bank 28A in the descending order of memory unit numbers to form a
second memory map 60B (Refer to FIG.4).

i

Memory unit selection means 44 determine that a predetermined address
range including'fhe CPU address is assigned to which of memory units in
each of the memory maps 60A aﬁd 60B. Herein, the CPU address means
address sent from the CPU 10 or the DMA controller 12; In this
embodiment, said predetermined range is an address range of 1M. If the
CPU &ddress has 32 bits width from A0 to A31, the address range of 1M
is obtained by ignoring the least significant 20 bits from A0 to Al9
from the CPU address. The memory unit selection means 44 is comprised
of first and second memory unit selection means 44A and 44B. The first
memory unit selgcting means 443 designate one of the memory units to
which the 1M address range is assigned within the first memory map 60A.
The second memory unit selection means 44B designate one of the memory
units to which the 1M address range is assigned within the second

memory map 60B.

Control means 46 have the function of detecting whether memcry units

designated by the first and the second selection means 44A and 44B are



JA9-91- 027 4 receiving menory units. The nenory
stots 28 are divided into four menory slots 28A-0, 28A-1 28A-2, 28A-3 in an
even bank 28A and four nenory slots 28B-0, 28B-1, 28B-2, and 28B-3 in an
odd bank 28Be-bbn-@&z¥ch of these nmenory sléts, a SIMM (Single In Line Menory
Modul e), which is a nenory nodule, is to be inserted. The SIMv are divided
I nt o single-side and doubl e-si de packaged SI Mvs. RAS signals are assigned
to each side of the SIMM respectively. Thereafter, a menory nodule on a
singl e si dp GfferentSbanks &oceddhedthermenurdyf - vkl tthey|age3in IddfEeremtexanpl e of

the confi gugal i efe \Maﬁwolstn%#s aeega{e%téi%@lygfeatlhedmgeéy so| Blat ahn the
figure, nmenory units O and 1 correspond to one side and the other side of

t he menor $nE§IJeavBACTPry @SHRES ioperatiop; hedip ek theJeankst 28% and v 8Rgisrenor y

units cor pesfyrnes. te e:m@ sr@leupfth@rﬁmerem ¥£ St badk,t fige @¥aYEY1em&dnsF G 3,
a 8M bytes_SI MM whi c on its one side and

anot her 4fP FfEE3 R ¥ dﬁ?gec‘% T §Hgf ﬁl@?4 %ritﬁéa?%vea?“?'&‘gﬁeﬁ“teést he menory
sl ot 28A- Gberstibh byt ese SdﬂVMud\khaﬁhsfm ar PoBbid perf@mmedy nodul e on its one
si de and anot her 1M bytes nenory nodule on its other side is attached to
the menory slot 28A-1. No SIMMis attached to the nenory slots 28A-2 and
28A- 3 (nedorghignemsdiment, each one of 16 RAS (Raw Address Strobe) lines is

connected to each one of 16 memory units in the banks, respectively. A
group of four CAS (Column Address Strobe) lines is connected to one of
the banks, and another group of four CAS lines is connected tc the
other banks. In interleave memory accsss operation, two of the 16 RAS
lines become active simultaneously and two groups of the CAS lines
become active simultaneously. The number of CAS lines within the group
which become active simultaneously is determined depending on two least
significant bits A0 and Al in the CPU address. A0 and Al correspond to
byte enable lines BEO, BEl, BE2, and BE3. In non-interleave memory
access operation, one of the 16 RAS lines becomes active and only one
group of the CAS lines connected to the bank which is activated by the
RAS signal becomes active. The number of CAS lines within the groub
which become active simultaneously is determined depending on two least
significant bits A0 and Al in the CPU address. The control means 46
receives All, A3, and A2 in the CPU éddress.and the bit enabling
signals BEO, BEl, BE2, and BE3. As mentioned above, BEO, BEl, BE2, and
BE3 correspond to A0 and Al. The control means 46 selectively activate
or decode the RAS/CAS based on All, A3, and A2 in the CPU address and
the bit enabling signals BEO, BEl, BE2, and BE3.

A RAS/CAS generator 48 genefates a timing signal based on a status
signal and a clock signal from the CPU 10. The timing signal from the
generator 48 is used for the control means 46 to output the RAS/CAS
signals. An address multiplex 50 generates a 10 bits address signal in
accordance with the RAS/CAS signal. A 20 bits address, which is

comprised-of a 10 bits address in accordance with the RAS signal and



to 7). In the odd bank 28B, a 4M bytes SI MM which has a 4M bytes nodul e on
it's ond side is attached to the menory slot 28B-O (menory units 8 and 9). A
2M bytes SI MM whi ch has a 1M bytes nmenory nodule on its one side and

anot her 1M bybes JgpAory nodule on its other side is attached to the nenory
slot 28B-1 (nenory units 10 and 11). No SIMMis attached to the nmenory
slots 28B-2 and 28B-3 (nmenory units 12 to 15). FIG 1 shows nore detail ed
structure of the menory controller 18. In the figure, a register 40 stores
i nf or mat i osnotBkAatioNyito sdficesxohi gaooadarge with hbe refosignall otaszdan |apenpr e

detail, the nf mat ko gﬁg r retains each nenory capacity or
si ze attac'Puemé)r %cﬁtéi?rrg#ﬁ??imuﬁ"tg tgg rlagige Each SIMM has its own P Y

i dentifier. Upon system power on, a POST (Power On Self Test) program reads

the identifjeesspRd ehEaiest tnﬂﬁnoi'flfngsr@ctﬂmﬁﬂl&pmb&xssuﬁkeﬂx nBf & delﬂelI.EQI ster
40 based on the 1dentifiers.
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adder 42A-1 adds the address size (capacity or address range) of the
memory unit O onto the start address 00000000Hex of the first memory
map 60A in order to obtain the start address of the memory unit 1 in
the first memory map 60A. The adder 42A-2 adds the address size of the
memory unit 1 onto the start address of the memory unit 1 in order to
obtajn the start address of the memory unit 2 in the first memory map
60A. Each of the adders 42A-3 through 42A-15 work similarly as the
adders 42a-1 and 42A-2. The adder 42A-16 adds the address size of the
memory unit 15 onto the start address of the memory unit 15 in order to
obtain the end address of the memory unit 15 on the first memory map
60A. An address size of each memory unit is proﬁided by the register
40,

FIG.6 shows the second memory map formation means 42B in more detail.
The means 42B includes adders 42B-1 to 42B-16 arranged in series. The
adder 42B-1 adds the address size of the memory unit 15 onto the start
address 00000000Hex of the second memory map 60B in order to cbtain the
start address of the memory unit 14 in the second memory map 60B. The
adder 42B-2 adds the address size of the memory unit 14 onto the start
address of the memory unit 14 in order to obtain the start address of
the memory unit 13 in the second memory map 60B. The adders 42B-3
through 42B-15 work similarly aé the adders 42B-1 and 42B-2. The adder
42B-16 adds the address size of the memory unit 0 onto the start
address of the memory unit O in order to obtain the end address of the
memory unit 0 on the second memory map 60B. An address size of each

memory unit is provided by the register 40.

FIG.7 shows an example of a logic cirzuit of the first memory unit
selecting means. 44A, which includes comparators 44A-0 to 42A-16
arranged in parallel. Inputted to the X and the ¥ inputs of the



of which is conprised of the nenory units 0 to 15, based on the infornation
ir the ‘register 40, in different orders according to the nunber of said
banks 28A and 28B. Since two banks are used in the enbodi nent, two

di fferent ngpguqf-ggps are fornmed by the genory map formation means- 42. The
menmory map formation nmeans 42 is conprised of first menory map formation
means 42A and second menmory mep fornation means 42B. The first nenory nmap
formati on neans 42A arranges nenory units in the even bank 28A, based on

t he i nf or rewinpera ton 441&nr (agriateen =10, 1n .t.helfdssendinngddregeronpddrissepunbers,
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of unit nurbers 'rcfer to orma firrst menory map 6 60A (Refer to FIG 4).
The secondl-l’cbmﬁdfrnaf) ther fiksitonenaranBap Zprpindafeans ﬁ%'olrﬁsliﬁﬁtt’-geh’n t he odd
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CPU addr esfroneéxrs-Y) if the address (X) from the CPU, etc. is greater than or
~equal to the start address (Y) of the memory unit n on the first memory
map €0A, and outputs "true" from (X<Y¥) if the address (X) from CPU,
etc. is less than the start address (¥) of the memory unit n on the

first memory map 60A.

Similarly, the comparator 44A-(n+l) compares an address (X) from the
CPU, etc. with the start address (Y) of the memory unit (n+l) on the
first memory map 60A and outputs "true" from (X>=Y) if the address (X)
from the CPU, etc. is greater than or equal to the start address (¥Y) of
the memory unit (n+l1) on the first memory map 60A and outputs "true"
from (X<Y) if the'address (X) from the CPU, etc. is less than the start
address (¥) of the memory unit (n+l) on the first memory map 60A. An
AND circuit 54A-n makes a line for selecting the memory unit n active
if both the (X>=Y) output of the comparator 44A-n and the (X<Y) output
of the comparator 44A-(n+l) are true. Similarly, other comparators and

AND circuits make lines for selecting respective memory units active.

FIG.8 shows an example of a logic circuit of the second memory'unit
selecting means 44B, which includes comparators 44B-0 to 44B-16
arranged in parallel. Inputted to the X and the Y inputs of the
comparator 44B-(n+1) (where n = 15, 14, ... 0) are an address from the
CPU, etc. and an output from the adder 42B-(15-n), which is the
(15-n)th adder of the second memory map forming means 42B,
respectively. The output from said adder indicates the start address
of the memory unit n on the second memory map 60B. Therefore, the
comparatdr 44B-(n+1) compares an address (X) from the CPU, etc. with

the start address (Y) of the memory unit n on the second memory map 60B



address sent fromthe CPU 10 or the DVA controller 12. In this enmbodi nent,
said predeterm ned range is an address range of 1M |If the CPU address has
32 bits width fromAO to A31l, the address range of 1N is obtained by

i gnoring t hd®PeHsP2%j gnificant 20 bits fPom A0 to A19 fromthe CPU address.
The nmenory unit selection neans 44 is conprised of first and second nenory
unit sel ection nmeans 44A and 44B. The first nmenory unit sel ecting neans 44A

desi gnate gone of the,menpry units . to.which the 1M address r e i.s assigned
within theé |?‘§*iputt notry . e °80Q>_¥he1§we{é8n Jf}rﬁﬁ)r’\@%‘u i E"e\? Zzgﬁ'ro%tcﬁe’a%s 44B
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sel ecti on (Fafeom SRU aredc44is dees thag Athegstpr7address (Y} of the memory 6 in

di fferent RARKS dnOtRER AN Genby Rb-6gel. they are in different banks, the
control neans 46 generate physical addresses so that an

Similarly, the comparator 44B-n compares an address (X) from the CPU,
.etc. with the start address (¥) of the memory unit (n~1) on the second
memory map 60B and outputs "true" from (X>=Y) if the address (X) from
the CPU, etc. is greater than or equal to the start address (Y) of the
memory unit (n-1) on the second memory map 60B and outputs "true" from
(X<Y) if the address (X) from the CPU, etc. is less than the start
address (Y) of the memory unit (n-1) on the second memory map 60B. An
AND circuit 54B-n makes a line for selecting the memory unit n active
if both the (X<Y) output of the comparator 44B-n and the (X>=Y) output
of the comparator 44B-(n+l) are true. Similarly, other comparators and
AND circuits make lines for selecting respective memory units active.
FIG.9 shows an interleave/non-interleave selecting circuit 80 for
outputting a signal indicating whether the memory units designated by
the first and the second memory unit sélecting means 44A and 448,
respectively, belong to different banks each other. The circuit 80 is
in the control means 46. Referring to FIG.9, connected to a 8-input OR
circuit 80A;1,_are eight selection lines for the memory units 0 to 7 in
the even bank 28A, of 16 memory unit selection lines from the first
memory unit selecting means 44A and, on the other hand, connected to a
8-input OR circuit 80B-1, are eight selection lines for the memory
units 8 to 15 in the odd bank 28B, of 16 memory unit selection lines
from the second memory unit selecting means 44B. Outputs from the OR
circuits 80A-1 and 80B-1 are provided to inputs of an AND circuit 80C.
When an output of thé AND circuit 80C is "true", both outputs of the OR
circuit 80A-1 and the OR circuit 80B-1 are "true", This means that a
memory'unit which includes an address area (address size) within the
address range of 1M involving a CPU address according to the first

memory map 60AR and a memory unit which includes an address area within



i nterl eave nenory access operation between the banks 28A and 28B is
perfornmed. If they are in the sanme one of the banks, the control neans 46
generate physical address so that non-interl eave nenory access operation to
one of thejhanrysgzZBA or 28B is perfornmegdo In this enbodi ment, each one of
16 RAS (Raw Address Strobe) lines is connected to each one of 16 nenory
units in the banks, respectively. A group of four CAS (Colum Address
Strobe) lines is connected to one of the banks, and another group of four
CAS | i nesthess e mengecdctarding i ltbe drmokd memary mtapr 608 aee rAawreRge dress
operati on

wo_ Qf ' ' ' dt
gr oups ofddtd%%ss(:%§e,¥|]er%§é§b§§§ngéé§?? P@?@Fﬁﬂﬁ% %ié‘%l}:%za;e%ﬁg&gg%gragf C\zg
8

i nes wi thiyaic¢dle agdngs wp GRChehoymeindifve $hatildsan Yor¥s uakter mi ned

dependi ng,38,4 W kfA&Irefit Painks Cidh Bidrs offkrand Al in the CPU address. AO
and Al correspond to byte enable lines BEO, BE1l, BE2, and BE3. In

non-interl eave menory access operation, one of the 16 RAS |ines becones
active argbnaettedne meetppulf ORheirCAS: |d0he?, aoansighédselectimn Bamds fhich i s

fhe o ous WMERTceaHe Soft g8 57 TR, 5L buf 2880 J1 T Hen o A endi ng on two
| east si uHleitiom lbness £A0M dihg Alrstnmenprycmitagelesddng meane M 1d.n88ns 46
the other hand, connected to a 8-input OR circuit 80B-2, are eight
selection lines for the memory units 9 to 7 in the even bank 28A, of 16
memory unit selection lines from the second memory unit gelecting means
44B. Outputs from the OR circuits 80A-2 and 80B-2 are provided to
inputs of an AND circuit 80D. When an output of the AND circuit 80D is
"true", both outputs of the OR circuit 80A-2 and the OR circuit 80B-2
are "true". This means that a memory unit which includes an address
area (address size) within the range of 1M involving a CPU address
according to the first memory map 60A and a memory unit which includes
an address area within the same range according to the second memory
map €0B are arranged in the same physical address area half below on
the physical address map 60C shown in FIG.4, that is, two memory units
belong to different bgnks to each other. An output from an OR circuit

80E therefore indicafes "interleavable®.

FIG.10 shows a RAS generating circuit 90 in the control means 46. The
circuit 90 outputs a RAS signal, based on an output from the -
interleave/non-interleave selecting 80, to each of two memory units
belonging to different banks simultaneously if interleaving is

possible, or only to one memory unit if interleaving is not possible.

FIG.11 shows an example of a multiplex address table. when signals
appearing in ten address bins MAO to MA9 for memory units are latched
at the rising edge of a RAS signal, row addresses can be obtained and
when they are latched at the falling edge of a CAS signal, column
addresses”can be obtained. For interleave access, memory units in two

banks 282 and 28B are selected simultaneously. The table of FIG.11



receives All, A3, and A2 in the CPU address and the bit enabling signals
BEO, BEl, BE2, and BE3. As nentioned above, BEO, BEl, BE2, and BE3
correspond to AO and Al. The control means 46 selectively activate or
decode the h¥/ogAgepased on All, A3, andiA2 in the CPU address and the bit
enabling signals BEO, BEl, BE2, and BE3. A RAS/CAS generator 48 generates a
timng signal based on a status signal and a clock signal fromthe CPU 10.
The timng signal fromthe generator 48 is used for the control nmeans 46 to
out put t hehBWE/IORSadirgrats fran thedFBEs efvel tarp| abdosatefonépativsenlepyepit s

address sigpale | Qoaﬁ%é?&"rgim‘i‘;sv\&ﬁ hink ey RASHEAS B 1 haathe Add Bakt 28mddr ess,

which is co rlsed of a 10 bits addr
and JAGhet - 7the table shows concret(:aeslsy lln?w %Cgo aggseef\(l)mf%ﬁbq §-p‘§ gszl Igﬂal

aggm dancew, télrlgf gm&%eal gal nendA9i GILLOGE HReMEITst! Wamiry omepV60R| andl i/
addr ess rane 5 sh the first rrerm n 1& in nore
detail . % RERNSEE |tﬁﬁl iﬁf@gdd?fﬂ'@i”% '"Z'T‘?A- iffidg%& é:(rgr%ﬂr;ggg n%éerl es.
The FIG.11 if an address A2 from the CPU, etc. is 0, a memory unit on the

first memory map 60A is selected and if A2 is 1, a memory unit on the

second memory map 60B is selected.

The table in FIG.11 also shows how addresses from the CPU, etc. are
allocated, for non-interleave access, to memory units in the even bank
28A and the odd bank 28B. That is, the table shows concretely how the
addresses from the CPU, etc. are allocated to a memory unit on the
first memory map 60A and a memory unit on the second.memory map 60B.

" For non-interleave access, -either one memory unit on the first memory
map 60A or one memory unit on the !second memory map 60B are selected.
According to the table of FIG.11, whether a memory unit on the first
memory map 60A is selected or a mémory unit on the second memory map
60B is selected, is determined by the value of an address All from the
CPU, etc. If All=0, a memory unit on the first memory map 60A is
selected, and if All=1, a memory unit on the second memory map 60B is

selected.

According to the above embodiment, even if SIMMs are inserted into the
memory slots for the even bank 28R and the odd bank 28B in any order,
inter leave access can be always made to a memory address within the
maximum range. That is, the embodiment has an advantage that an
interleave access operation can be always performed within the range of
the twice the lower memory capacity éf the even bank 282 and the odd
bank 28B, regardless of the configuration of the SIMMs inserted.

As DOS or 0S/2 is located at lower or higher physical addresses in the
system memory, respectively, so an opsrating system is generally
located af lower or higher physical-addresses in the system memory. In

the embodiment, as is obvious from the physical address map 60C shown



adder 42A-1 adds the address size (capacity or address range) of the nenory
unit O ‘onto the start address 00000000Hex of the first nemory map 60A in
order to obtain the start address of the nenory unit 1 in the first nmenory
map 60A. Thepaadgerg242A-2 adds the addresg,size of the nmenory unit 1 onto
the start address of the nmenory unit 1 in order to obtain the start address
of the nmenory unit 2 in the first nenory map 60A. Each of the adders 42A-3
t hrough 42A-15 work simlarly as the adders 42A-1 and 42A-2. The adder

42A- 16 addin tFhie. a,ddheSﬂuts'rZ@vablé hadmmn-y?]gs%i 'ﬁ.r&ﬁcﬂggnt& hbﬁers'fﬁﬁatth%ddr ess t
of the ne u 15.in der obtain.the end addrgss of,the nmenory uni
75 on the ToFE: Meaedond B0 a6 BhE et $80es BEER, Bhis = Areprt
provi ded b§u«1hhes riéwgl gpematilﬂg SESGnﬁ tohmanEréduensdy crxdcneatoiy stped Drtgabé On

means 42B e The bngl S 110 42B-16
rranged | o Ser Betohl has (F <5HR08 5 WAE 1URE: JLEARAER ShOioor
unit 15 om®HPrpgraf-art address 00000000Hex of the second menory map 608 I n
order to obtain the start address of the nenory unit 14 in the second
menory map_60B, The adder 42B-2 adds the address size of the nmenory unit 14
onto the s{’hrsﬁ"%c?d’lbtgg’é“e&f: tihe fEr Jennt mapy compisdag ths weroaynunits &t art

addr ess ofthe even bank arranged in the ascending order and memory units in the
odd bank'arranged in the ascending order and the second memory map
comprising the memory units arranged in the reverse order relative to
said first memory map are formed. However, it will be appreciated that
other memory map configﬁration is allowed if the arrangement cof the
memory units varies from memory map to memory map. However, if the
memory units in the even bank are arranged in the ascending order and
then the memory units in the odd bank are arranged to form the Ffirst
map, and the memory units are arranged in the reverse order relative to
said first memory map to form the second mémory map, it is advantageous
that the interleavable address ranges involve the upper and the lower
locations, as descrabed above, within the full address range, and
therefore interleaving can be made to.the address ranges within which a
program such as the operating system to be frequently executed is

stored.

Further, it will be appreciated also that the present invention can be
applied not only to two-way interleaving, but also to more than two

interleavable memory banks.

As described above, according to the present invention, even if plural
memory modules are installed, or added as a system memory in whatever
state or configuration by an user, a maximum possible memory range

accessed in interleave operation can be obtained,



the menory unit 13 in the second nenory map 60B. The adders 42B-3 through
42B- 15" work simlarly as the adders 42B-1 and 42B-2. The adder 42B- 16 adds
the address size of the nmenory unit 0 onto the start address of the nenory

unit O in gigleq-gg obtain the end addresg of the memory unit—0 on f the

second nmenory map 60B. An address size of each rrermry by
the register 40. FIG 7 shows an exanple of a logic cir “l“‘mﬂﬂ“ﬁm ﬁ
menory unit sel ecting neans 44A, which includes conpara

ores

arranged in parallel. Inputted to thaaXusind the Y inputs of the
JA9-91-027 - 8 conparator 44A-n (where n = 0,

15) are an address or addresses fromthe CPU, etc.

42A- 16

1,

and an output fromt t he

adder 42A-n, Midiath procesming- systeadesmpofisidge first nenory map forning neans

42A,

respectively. The output from said adder
of the nmenor
44A-n corp&F

a DM2 controller;

a system memory, said memory being comprised of a plurality of memory
banks, said banks being operable in an interleave memory access

operation and being comprised of a plurality of memory units;

a memory controller for controlling;access to said memory, said memory
controller having means for forming a plurality of memory maps, said
maps being comprised of memory units arranged in different orders
according to the number of said banks, for relating addresses from said
CPU or said DMA controllFr to the memory units in each of sasid maps,
and for generating the physical location address in interleave memory
access operation or non-interleave memory access operation in
accordance with the detected memory units being in different banks or

the same bank; and

a bus for connecting said CPU and/or said DMA controller to said memory

controller.

2. A data processing system as defined in claim 1, vherein said

memory controller has:

register means for storing information, said information being relating

to the address sizes of said memory units and the allocation of said

memory units in each of said banks;

memory map formation means for forming a plurality of memory maps based
on the 1nformatlon stored in sald reglster in which said memery units

are arranged in different orders according to the number of said bahnks;

i ndi cates the start address
% unit n.on the first nmenory map 60A. Therefore, the conparator
5 an address (X) fromthe CPU, etc. with the start address (Y)



of the menmory unit n on the first nenory map 60A and—outputs "true" from
(X>=Y) "if the address (X) fromthe CPU, etc. is greater than or equal to

the start address of the menory unit n on the fi u mf and
out puts "trué‘!‘-’-ﬁiréﬁi/’% X<Y) if the address ¥4X) from CPM*ﬂ !’ﬂlm'mmnw han
the start address (Y) of the menmory unit n on the first renbry” mgp 60A.
Simlarly, the conparator 44A-(n+l) conpares an address (X) fromthe CPU,
etc. with the start address (Y) of the nemory unit (n+l) on the first
menory map™BAYaRibseltrtdonipepes £oro e locking wiichief ghelrrenery Xnits oin t he

CPU, etc. kaclgoasaid nkes the sdfiraks tfrohhéist 85U o2dsH Q6 BML Vonofollle fENOIY
irst.menory map 60A and outputs "true" from (Xerr]Y) if

unit (n+1) _on th
t he addresgg%%eﬁrg)om ??lde CPU, etc. is less than the start address (Y) of
the nmenory unit (n+l) on the first nmenory map 60A. An AND circuit 54A-n

makes a |i CEd | g t | f th the (X>=Y)
out put of [Rn esmarar ot gshore RNk BRkdioh Seskfon walfled st 2 or
44A- (n+1) aPterdeaee mepory AEF¢ss ophertionnprananvingentrhvANEEMDIry cardess make

lines for spde@ibMdn B6RAGRKYE WIRHDINE YL dc3edGiniYE heThG &isIHOVS iﬁns\i‘xaﬁp' e
of alogic.circuit . of the igcond menpry unit selecting neansS 44B, I ch

f >
i ncl udes cBMFEFaRDPEERRr0thG s Bapk, " respectively.

3. A data processing system as defined in claim 1 or 2, wherein
said banks are comprised of first and second memory banks;

said memory maps are comprised of a first memory map and a second
memory map, said first memory map being comprised of memory units in
the first bank arranged in a predetermined order and memory units in
the second bank arranged in a predetermined order, said second map
being comprised of memory units arranged in reverse order relative to

that of the first map{

4, A memory controller for use in the system of claim 1, 2 or 3

wherein said controller has:

means for forming a plurality of memory maps, each of said maps being

comprised of said memory units arrangsd in different order each other;

means for detecting which memory units in each of said maps the address

from the CPU or the DMA controller is assigned to;

means for generating said physical location address in interleave
memory access operation or non-interleave memory access operation in
accordance with whether the detected memory units are in interleavable

banks or not, respectively.

.



arranged in parallel. Inputted to the X and the Y inputs of the conparator
44B- (n+1l) (where n = 15, 14, ... 0) are an address fromthe CPU, etc. and
an out put fromthe adder 42B-(15-n), which is the (53 he
second nmenmgrg-gEq@270or m ng nmeans 42B, regpectively. @ (o] Eﬂt HAS BEENTi d
adder indicates the start address of the nemory uni}_n orREPbACERCcond |nenory
map 60B. Therefore, the conparator 44B-(n+l) conpares an addresstX—from
the CPU, etc. with the start address (Y) of the nmenory unit n on the second
menory nmap 60B J AGTMPRY(OCONTROLLER AND DATA PROCESSING SYSIEMnd out puts "true"
from (X>=Y) if the address (X) fromthe CPU, etc. is greater than or equal
to the start address (Y) of the mem)é[é unit n on the second nenpry map 60B,
and outputs "true" from (X<Y) if th@BalAss (X) from CPU, etc. is |ess
than the start address (Y) of the menory unit n on the second nenory map
60B. Simlarly, the conparator 44B-n conpares an address (X) fromthe CPU,
etc. w t h® tF&OY fontreidessts of) ao‘F“ﬁh@"%ﬁﬁ?‘% §HF M RONYrodf 395ESE b id

memory having a plurality of memory banks of memory units. The banks

operate in either an interleave or non-interleave access operation. -
The controller has map forming means 422 and 42B to map the memory
units arranged in first and second predetermined orders, the second map

beng in reverse order relative to the first map.

Memory unit selection means 44A and 44B select which of the memory
units in each of the maps an address from a cpu or a DMA controller is
assigned to and control means 46 generates the physical location
address in interleave or non-interleave operation in accordance with

the selected unit being assigned to different banks or the same bank.’

as Been Rep‘laced

" il



nﬁﬁcfyiﬁﬁp_608 and outputs "true" from (X>=Y) if the address (X) fromthe
CPW, ‘etc.”i-s, greater than or equal to the start address (Y) of the menory
unit (n-1) on the second nenory nmap 60B and outputs "true" from (X<Y) if
the address (X) fromthe CPU, etc. is less than the start address (Y) of
the nmenory unit (n-1) on the second nmenory p 60B. An AND circuit 54B-n
makes a line for selecting the nenory unﬂf‘ﬁaactive if both the (X<VY)

out put of the conparator 44B-n and the (X>=Y) output of the conparator
44B- (n+l) are true. Simlarly, other conmparators and AND circuits nmake
lines for selecting respective nenory units active. FIG 9 shows an

interl eave/ non-interl eave selecting circuit 80 for outputting.a.signal

i ndi cati ng whether the nenory units designated by the first and the second
menory unit .selecting neans 44A and 44B, respectively, belong to different
banks each other. The.circuit 80 is in the control neans 46. Referring to
FIG 9, connected to a 8-input OR circuit 80A-1, are eight selection |lines
for the nenory units" 0 to 7 in the even bank 28A, of 16 nmenory unit
selection lines fromthe first nmenory unit selecting neans 44A and, on the
ot her hand, connected to a 8-input ORcircuit 80B-1, are ei.ght selection
lines for the nmenory units 8 to 15 in the odd bank 28B, of 16 nenory unit
selection lines FIG. 1

- 40
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- CPU
address
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F .

from t hefsecond menory unit selecting neans 44B. Qutputs fromthe OR
circuits 80A-1 and 80B-1 are provided to inputs of an AND circuit 80C \Wen
.an output of the AND circuit 80Cis "true", both outputs of the OR circuit
80A-1 and the OR circuit 80B-1 are "true". This neans that a nenory unit
whi ch includes an address area (address size) within-the address range of
1AM i nvol ving a CPU address according to t2d10irst menory map 60A and a
menory unit which includes an address area within JA9- 91- 027

10 the sane range according to the second nenory map 60B are arranged in
‘address areas | ess than 00600000 Hex of physical address on the physical
address map 60C shown in FIG 4, that is, two nenory units- belonrg to

di fferent banks from each other. Connected to a 8-input OR circuiit 80A-2,
are eight selection lines for the nenory units 8 to 15 in the odd bank 28B,
of 16 nenory unit selection lines fromthe first menory unit selecting

means 44A and, on the other hand, connected to a 8-input OR circuit 80B-2,
are eight

FIG. 2
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sel ectifon lines for the menory units O to 7 in the even bank 28A, of 16
menory unit selection lines fromthe second nenory unit sel ecting neans
44B. Qutputs fromthe OR circuits 80A-2 and 80B-2 are provided to inputs of
an AND circuit 80D. Wen an output of the AND circuit 80D is "true", both
outputs of the ORcircuit 80A-2 and the O gygcuit 80B-2 are "true". This
means that a nmenory unit which includes an address area (address size)
within the range of 1Minvolving a CPU address according to the first
menory map 60A and a nmenory unit which includes an address area within the
sane range according to the second nenory map 60B are arranged in the sane
physi cal address area half bel ow on the physical address map 60C shown in
FIG 4, that is, two nenory units belong to different banks to eath ot her.
An output froman OR circuit 80E therefore indicates "interl eavabl e".
FI G 10 shows a RAS generating circuit 90 in the-control neans 46. The
circuit 90 outputs a RAS signal, based on an output fromthe

i nterl eave/ non-interl eave selecting 80, to each of two nenory units

bel onging to di fferent banks sinultaneously if interleaving is possible, or
only to one ne cunit if interleaving is not possible. FIG 11 shows an
exanple of a nmultiplex address table. Wen signals

Memory

configuration |Cven bank 28A 0dd bank 28B

Memory unit number| 01234567(89101112131415

Merory size (MB) | 44110000)40 1 1 00 00

FIG. 5
Register{” 10
First memory map
/formi_ng means 42A
Size of Size of - ) Size of
Memory nemory Memory
unit 0 unit 1 unit 15
Y \ 1 .
¢ : End address
—+%»| Adder 1 Adder 1 Adder % of memory 15
. N ) ' +1
\ A\ N
42A-1 420-2 42A-16
. Start address
» of memory 15
Start address
> of memory 2
_ Start address
* ' = » of memory 1 .
? — ¢



apfpearimg in ten address bins MAOto MA9 for nenory units are | atched at
the rising edge of a RAS signal, row addresses can be obtained and when
they are latched at the falling edge of a CAS signal, colum addresses can
be obtained. For interleave access, nenory units in tw banks 28A and 28B
are selected sinmultaneously. The table of FIG 11 JA9- 91- 027

11 shows how addresses fromthe CPU, etc. aké1@llocated, for interleave
access, to nenory units in the even bank 28A and the odd bank 28B. That is,
the table shows concretely how the addresses fromthe CPU, etc. are
allocated to a nenory unit on the first nmenory map 60A and a nenory unit on
. the second nenory map 60B. According to the table of FIG 11, if an address

. A2 fromthe CPU, etc. is 0, a nenory unit on the first menory nmap 60A is

. selected and if A2 is 1, a nenory unit on the second nenory map 60B is
selected. The table in FIG 11 al so shows how addresses fromthe CPU, etc.
.are allocated, for non-interl eave access, to nenory units in the even bank -

FIG. 4

60C
z

Q0F00000{Eerleave Memory units 11 and

Mon-interleave Either memory unit 2 or 1
Non-interleave Either memory unit 1 or-2
Interleave Memory units 1 and 8

Non-interleave Either memory wnit 3 or 1

Interleave Memory units 8 and 0
Interleave Memoxy units 8 and 1

{Interleave Memory units 0 and 8

Physical
address
01000000
00C00000
00900000
00800000
00200000

608
z

1IMB Memo unitj Non-interl Either memory unit 1 or 3
Y 00600000 | Non-interleave Elther memory

2B Memory wit 0 00E00000 Interleave Memory units 10 and {

4B Memory unit 1 00A00000
1B Merory undt 00400000

1MB Meory unit 10
00100000 Y 00100000 |Rterleave  Memory units 0 and 14
00000000 [XB Moy Wit 0 ago|Interleave Memory units 0 and 13

00700000 [2 MR € 311700000

Physical
address
01000000
00300000

dMB Memory unit 8| 00C00000

604
/
M8 Memory unit 11

AMB Memory unit of 00200000

4B Memory unit 1| 00600000

IMB Memory unit 2

00E00000 1MB Menory unit 10
00900000 [VB Memory wnit 3

01000000
00F00000
00400000

Physical
address
00800000
00400000
00000000

e



28A and the odd bank 28B. That is, the table shows concretely how the
addresses fromthe CPU, etc. are allocated to a nenory unit on the first
menory map 60A and a nmenory unit on the second nenory map 60B. For
non-interl eave access, either one nenory unit on the first nmenory nap 60A
or one menory unit on the second nenory nmap 60B are sel ected. According to
the table of  FIG 11, whether a nmenory unig/qm the first menory map 60A is
selected or a nenory unit on the second nmenory nap 60B is selected, is
determ ned by the value of an address Al fromthe CPU, etc. If A11l=0, a
menory unit on the first menory map 60A is selected, and if All=1l, a nenory
unit on the second nenory map 60B is selected. According to the above
enbodi ment, even if SIMW are inserted into the nenory slots for-the even
bank 28A and the odd bank 28B in any order, interleave access can be al ways
made to a nenory address within the maxi numrange. That is, the enbodi nent
has an advantage that an interl eave access operation can be al ways
performed within the range of the twice the ['ower nmenory capacity of the
even bank 28A and the odd bank 28B, regardl ess of the configuration of the
SIM inserted. As DOS or OS/2 is |located at | ower or higher physical
addresses in the .

FIG. 6
. 1~ 40
Register - Second memory map
forming means 42B
Size of Size of Size of
memory memory memory
unit 15 unit 14 unit O _ ;
A A i Y
" End address
—1*1 Adder. > Adder . ¥ Adder [—> of memory 0
N Y LY : LY +1
) A N
42B-1 , 42B-2 42B-16
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® of memory 0

» Start address
of memory 13

_ Start address
* of memory 14
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syéten1ﬁennry, respectively, so an operating systemis generally |ocated at
| ower or higher physical -addresses in the system nenory. In the enbodi nent,
as is obvious fromthe physical address nmap 60C shown JA9- 91- 027

12 in FIG 4, the interl eavabl e address ranges involve the upper and the

| ower -l ocations. This allows the address ranges within which a program such
as the operating systemto be frequently executed is stored; to be

i nterl eaved and has an advant age of the higheréz &ed of the execution of
program In said enbodinent, the first nenory E conprising the nmenory:
units in the even bank arranged in the ascending order and nmenory units in
t he odd bank arranged in the ascending order and the second nmenory map
conprising the menory units arranged in the reverse order relative to said
- first menory map are forned. However, it wll be appreciated that+-other

- menmory map configuration is allowed if the arrangenent of the nmenory units
“varies fromnenory nmap to nenory nap. However, if the

FIG. 7
CPU
address . . First memory unit
/Ml\-n selecting means 44A
X X<y / :
Comparator 54A<n
Start addr
of mewry n —|Y  X2Y Memory n
selection signal
440~ (n+1)
X X<Y
Comparator .
54A-(n+1)
Start addr
e Y Xy —election signal

(n=0,1, .... ,15)

+ : Indicates the end address of memory unit 15+1
when n=15,



neﬁDry nits in the even bank are arranged in the ascending order and then
the nmenory units in the odd bank are arranged to formthe first map, and
the nenory units are arranged in the reverse order relative to said first
menory map to formthe second nenory map, it is advantageous that the

i nterleavabl e address ranges involve the upper and the | ower |ocations, as
descri bed above, within the full address range, and therefore interleaving
can be made to.the address ranges w thin which @/¥rogram such as the
operating systemto be frequently executed is stored. Further, it will be
appreci ated al so-that the present invention can be applied not only to
two-way interleaving, but also to nore than two interl eavabl e nenory banks.
- As described above, according to the present invention, even if plural
menory nodul es are installed, or added as a systemnenory in whatever state
or configuration by an user, a nmaxi mum possible nenory range accessed in
~interleave operation can be obtai ned.

FIG. 8 '
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JAS-91-B27 13 CLAI M5 1. A data processing system
conprising: a CPU;, a DVA controller; a systemnenory, said nenory being
conprised of a plurality of menory banks, said banks bei ng operable in an
“interleave nenory access operation and being conprised of a plurality of"’
- menory units; a menory controller for controlling access to said nenory,
~said nenory control |l er having neans for fagmong a plurality of nemory nmaps
sai d maps being conprised of menory units arranged in different orders
according to the nunber of said banks, for relating addresses from said CPU
or said DVA controller to the menory units in each of said maps, and for
gener ati-ng the physical |ocation address in interleave nenory access
operation or non-interleave nmenory access operation in accordance with the
detected nmenory units being in different banks or the sane bank; and a bus
for connecting said CPU and/or said DVA controller to said nenory
controller.

FIG. 9
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2. " A Hata processing systemas defined in claim1, wherein said nmenory
controller has: register neans for storing infornmation, said information
being relating to the address sizes of said nmenory units and the allocation
of said nmenory units in each of said banks; nenory map fornmati on neans for
formng a plurality of nmenory nmaps based %? the information stored in said
register, in which said nenory units are a 4Ehged in different orders
according to the nunber of said banks; menory unit selection neans for
sel ecting which of the nenory units in each of said maps the address from
said CPU or said DVA controller is assigned to; and control means for
generating the physical |ocation address in interleave nenory access
operation or non-interleave nmenory access operation-in accordance with the
sel ected units being assigned in to different banks or the sane bank,

- respectively. 3. A data processing systemas defined in claim 1 or 2,
wher ei n
FIG. 10
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sal d banks are conprised of first and second nenory banks; said nenory nmaps
are conprised of a first nmenory map and a second nenory map, said first
menory nmap-bei ng conprised of nmenory units in the first bank arranged in a
predeterm ned order and nmenory units in.the second bank arranged in a
predeterm ned order, said second map being conprised of nmenory units
arranged in reverse order relative to thégldﬂ the first map. 4. A nenory
controller for use in the systemof claiml1l, 2 or 3 wherein sai.d controller
has: nmeans for formng a plurality of nmenory maps, each of said maps being
conprised of said menory units arranged in different order each other

nmeans for detecting which nenory units in each of said maps the address
fromthe CPU or the DVA controller is assigned t-o; nmeans for generating -
sai d physical |ocation address in interleave nmenory access operation or
non-interl eave nmenory access operation in accordance w th whether the
detected nenory units are in interleavabl e banks or not, respectively.

FIG. 11
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| MEMORY CONTROLLER AND DATA PROCESSING SYSTEM

ABSTRACT

A memory controller (18) of a data processing system controls access to a
memory having a plurality of memory banks of memory units. The banks operate in
either an interleave or non-interleave access operation. The controller has map forming
means (42A and 42B) to map the memory units arranged in first and second
predetermined orders, the second map being in reverse order relative to the first map.

Memory unit selection means (44A and 44B) select which of the memory units in
each of the maps an address from a cpu or a DMA controller is assigned to and control
means (46) generates the physical location address in interleave or non-interleave
operation in accordance with the selected unit ﬁeing assigned to different banks or the

same bank.
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