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HEHORY CONTROLLER AND DATA PROCESSING SYSTEM 

This invention relates to a data processing system, and to a memory 
controller for generating physical memory location addresses based on 
the ?.ddress from a CPU or a DHA 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 prmrided in a 
personC1l computer for allowing 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 access operation. For 
example, in a data processing system where a part of the slots for 
receiving memory cards are provided in an even memory bank a!nd 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 slot in the 
odd bank is the same as t~e capacit}' of the memory card on the first 
sl•:>t in the even bank. If the capacities are different. from ea.ch other. 
interleave memory access operations between said two memory ca.rds could 
not 'be operated. 

An object of the present invention :ts to resolve the limitation on the 
configuration where memory modules are attached to the slots. 

According to the present invention there is no-.., provided a clat.a 
proce·ssing system comprising a CPU; a DHA controller_; a system memory, 
said memory being comprised of a plurality of memory banks, said banks 
be.inc;t operable in an interleave memory access operation and being 
comprise.4l of a plurality of memory unHr-: a mO?:nory controller for 
controlling ac~ess to said memory, said memory controller having means 
for forming a pluralit"y of memQrY, ti!CIPS.,. said maps being comprised of 
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memory units arranged in different orders according to the number of 

said banks, for relating addresses from said .CPU or said DMA controller 

to the memory units in each of said maps, and for generating the. 

physical location address in interleave memory access operation or 

non-interleave memory access operation in accordance with the detected 

memor·y 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 a.re 

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 

inter-leavable ·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 pr~sent 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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FIG.4 is a block diagram showing an example of memory maps of said 

embodiment. -
FIG.5 is a block diagram showing an example of a first memory map 

forming means in the memory controller of said embodiment. 

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 F.howing 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 

memory controller of said embodiment. 

FIG.10 is a block diagram showing an ~Y.ample of a part having a RAS 

line selecting function of the control means in the memory controller 

of saiq embodiment. 

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

embodimen·t • 

FIG.2 shows an embodiment of a data processing system according to this 

invention. In the figure, a data processing system 1 cbmprises a 

microprocessor (CPU) 10, a OMA controller 12, a ROM 16 for storing a 

POST (Power On Self Test Program) /BIOS (Basic Input-Output system), a 

mernor-y 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 
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r~ceiving memory units. The memory slots 28 are divided into four 

memory slots 28A-0, 28A-1, 28A-2, 28A-3 in an even bank 28A and four 

memory slots 288-0, 288-1, 288-2, and 288-3 in an odd bank 288. ··~In 

each of these memory slots, a SIMM (Single In Line Memory Module), 

which is a memory module, is to be inserted. The SIHMs are divided 

into single-side and double-side packaged SIHMs. RAS signals are 

assigned to each side of the SIHM, respectively. Thereafter, a memory 

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

FIG.3 shows an example of the configuration where snms 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-O, respectively. 

Likewise, each of following memory units corresponds t9 one side of one 

memory slot. In the example of FIG.3, a SH 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-O. A 2H bytes snm 
which has a lM bytes memory module on its one side and another lM bytes 

memory module on its other side is attached to the memory slot 28A-1. 

No SIMM is attached to the memory slots 28A-2 and 28A-3 (memory units 4 

to 7). In the odd bank 288, a 4M bytes SIMM which has a 4M bytes 

module on its one side is attached to the memory slot 288-0 (memory 

units 8 and 9). A 2M bytes SIHM which has a lli bytes memory module on 

its one side and another lM bytes memory module on its other side is 

attached to the memory slot 288-1 (memory units 10 and 11). No SIMM is 

attached to the memory slots 28B-2 and 288-3 (memory units 12 to 15}. 

FIG.I shows more detailed structure of the memory controller 18. In 

the figure, a register 40 stores information ndating to the 

configuration of the memory slot 28. In more detail, the information in 

the register 40 retains each memory c:ipacity or size attached to the 

memory units 0 to 15. Each SIHM has its own identifier. Upon system 

power on, a POST (Power On Self Test} program reads the iclentif.iers and 

creates the information t::i be stored into the register 40 ba.sed on the 

identifiers. 
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In FIG.l, memory map formation means 42 forms plural memory maps each 

of which is comprised of the memory units 0 to 15, based on the 

information in the register 40, in different orders according to ··the 

number of said banks 28A and 28B. S:i.nce two banks are used in the 

embodiment, two differen_t memory maps are formed by the 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 memory 

units in the odd bank 28B in the ascending order of unit numbers in 

order to form a first memory map GOA {Refer to FIG.4}. The second 

memory map formation means 428 arranges 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 number:s to form a 

second memory map GOB (Refer to FIG.4). 

. I I I • I Memory unit selection means 44 determ1.ne that a predeterm1.ned address 

range including ·the CPU address is assigned to which of memory units in 

each of the memory maps GOA and 60B. Herein, the CPU adclt-ess. means 

address sent from the CPU 10 or the 0}1A controller 12. In this 

embodiment, said predetermined range is an address range of lM. If the 

CPU c.ddress has 32 bits width from AO to A31, the address range of lM 

is obtained by ignoring the least significant 20 bits from AO to Al9 

from the CPU address. The memory unit selection means 44 is comprised 

of fjrst and second memory unit selection means 44A and 44B. The first 

memory unit selecting means 44A designate one of the memory units to 

wh:lch the lM address range is assigne:i within the first memory map GOA. 

The second memory unit selection means 44B designate one of the memory 

units. to which the lM address range is assigned within the second 

mernory map GOB. 

Control nl'eans 4G ha.ve the function of detecting whether memory units 

designated by the first and the second selec:tion means 44A and 44B are 
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in di.fferent banks to each other,ot· n•:>t.. If they are in different 

banks, the control means 46 generate physical addresses so that an 

interleave memory access operation between the banks 28A and 28B ·is 

performed. If they are in the same one of the banks, the control means 

46 generate physical address so that non-interleave memory access 

operation to one of the banks 28A or 28B is performed. 

In this embodiment, 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 to the 

other banks. In interleave memory acc~ss 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 AO and Al in the CPU address. AO 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 act.:i.vated by the 

RAS signal becomes active. The number of CAS lines within the group 

which become active simultaneously is determined depending on two least 

significant bits AO and Al in the CPU address. The control means 46 

re1:ei.ves All, A3, and A2 in the CPU address and the bit enabling 

signals BEO, BEl, BE2, and BE3. As mentioned above, BEO, BEl, BE2, and 

BE3 correspond to AO 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 generates 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 

signa.ls. An address multiplex SO 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 signai and 
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another 10 bits address in accordance with the CAS signal, assign one 

mernor·y location within lM address range. 
. . ._ 

FIG.5 shows the first memory map formation means 42A in more detail. 

The means 42A includes adders 42A-l to 42A-16 arranged in series. The 

adder 42A-l adds the address size {capacity or address range) of the 

memory unit 0 onto the start address OOOOOOOOHex of the first memory 

map GOA in order to obtain the start address of the memory unit 1 in 

the first memory map GOA. 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 

obtain the start address of the memory unit 2 in the first memory map 

GOA. Each of the adders 42A-3 through 42A-15 work similarly as the 

adders 42A-l and 42A-2. The adder 42A-1G 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 

GOA. An address size of each memory unit is provided 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-l.G arranged in series. The 

adder 42B-l adds the address size of the memory unit 15 onto the start 

address OOOOOOOOHex of the second memory map GOB in order to obtain the 

start address of the memory unit 14 in the second memory map 608. 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 GOB. The adders 428-3 

through 428-15 work similarly as the adders 428-1 and 428-2. 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 GOB. An address size of each 

memory unit is pro"·ided by the register 40. 

FIG.7 shows an example of a logic circuit of the first memory unit 

select~~ mean~ 44A, which includes comparators 44A-O to 42A-16 

arranged in parallel. Inputted to the X and the Y inputs of the 
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comparator 44A-n {where n = 0, 1, •.• 15) are an address or addresses 

from the CPU, etc. and an output from the adder 42A-n, which is the 

n-th adder of the first memory map forming means 42A, respective!y. 

·The output from said adder indicates the start address of the memory 

unit n on the first memory map GOA. Therefore, the comparator 44A-n 

compares an address (X) from the CPU, etc. with the start address (Y) 

of the memory unit n on the first memory map GOA and outputs 11 true 11 

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 on the first memory 

map E.OA, and outputs 11 true 11 from (X<Y) if the address (X) from CPU, 

etc. is less than the start address (Y) of the memory unit n on the 

first memory map GOA. 

Similarly, the comparator 4'4A-(n+l) compares an address (X) from tl~e 

CPU, etc. with the start address (Y) of the memory unit (n+l) on the 

first memory map GOA 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+l) on the first memory map GOA 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+l) ·:m the first memory map GOA. An 

AND circuit 54A-n makes a line for selecting the memory unit n active 

if be.th 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 mem~ry unit 

selecting means 44B, which includes comparators 44B-O to 44B-16 

arranged in parallel. Inputted to the X and the Y inputs of the 

comparator 44·B-(n+l) (where n = 15, 14, ••• O) 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 GOB. Therefore, the 

comparator 44B-(n+l) compares an address (X) from the CPU, etc. with 

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



.,JAS-91-027 9 

and outputs 11 true 11 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 on 

the second memory map 608, and outputs 11 true 11 from (X<Y) if the address· 

(X) from CPU, etc. is less than the start address (Y) of the memory 

unit n on the second memory map GOB. 

Similarly, the comparator 44B-n compares an address (X) from the CPU, 

etc. with the start address (Y) of the memory unit (n-1) on the second 

memory map GOB and outputs 11 true 11 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 GOB and outputs 11 true 11 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 GOB. An 

AND circuit 54B-n makes a line for selecting the memory unit n active 

if both the (X<Y) output of the comparator 448-n and t.he (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-interle:i~:e selecting ci rc:ui t BO for 

outputting a signal indicating whether the rnemo~y units designated by 
. . 

the first and the second memory unit selecting means 4·4A and 4-4B, 

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 BOA-1, arl! eight selection lines for the memory units 0 to 7 in 

the even bank 28A, of lG memory unit selection lines from the first 

memory unit selecting means 44A ancl, on the other hand, connected to a 

8-input OR circuit BOB-1, are eight selection lines for the memory 

units 8 to 15 in the odd bank 288, of lG memory unit selection lines 

from the second memory unit selecting means 44B. Outputs from the OR 

circuits BOA-1 and BOB-1 are provided to inputs of an AND circuit BOC. 

Wh1:m an output of the AND circuit SOC is 11 true 11
, both outputs of the OR 

circuit BOA-1 and the OR circuit BOB-1 are 11 true 11
• This means that a 

memory unit which j_ncludes an address area {address size) within the 

address fange of lM involvi~g a CPU address according to the first 

memory map GOA and a memory unit which includes an address area within 
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the same range according to the second memory map GOB are arranged in 

address areas 1:ess than 00600000 Hex of physical address on the 

physical address map 60C shown in FIG.4, that is, two memory units-· 

belong to different banks from e~ch other. 

Connected to a 8-input OR circuit 80A-2, are e.ight selection lines for 

the memory units 8 to 15 in the odd bank 28B, 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 808-2, are eight 

selection lines for the memory units •) to 7 in the even bank 28A, of 16 

memory unit selection lines from the second memory unit selecting means 

44B. Outputs from the OR circuits 80A-2 and 80B-2 are provided to 

inputs of an AND circuit 800. When an output of the AND circuit BOD is 

11 true 11
, both outputs of the OR circuit 80A-2 and the OR circuit 808-2 

are 11 true 11 • This means that a memory unit which includes an address 

area {address size) within the range of lM involving a CPU address 

according to the first memory map GOA and a memory unit which includes 

an address area within the same range accordi11g to the second memory 

map 60B are arranged in the same physical address area half below on 

the physical address map GOC shown in F'IG.4, that is, two memory units 

belong to different banks to each other. An output from an OR circuit 

BOE therefore indicates 11 interleavable 11
• 

FIG.IO shows a RAS generating circuit 90 in the con·trol means 46. The 

circuit 90 outputs a RAS signal, pased on an output from the 

in~erleave/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 28A and 28B are selected. simultaneously. The table of FIG.11 
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shows how addresses from the CPU, etc. are allocated, for interleave 

access, to memory units in the even b:mk 28A and the odd bank 28B. 

That is, the table shows concretely h~w the addresses from the CPU, 

etc. are allocated to a memory unit on the first memory map GOA and a 

memory unit on the second memory map GOB. According to the table of 

FIG.11, if an address A2 from the CPU, etc. is 0, a memory unit on the 

first memory map GOA is selected and if A2 is 1, a memory unit on the. 

second memory map GOB 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 GOA and a memory unit on the second memory map GOB. 

For r1on-interleave access, either one memory unit on the first memory 

map GOA or one memory unit on the :sec~nd memory map GOB are selected. 

According to the table of FIG.11, whether a memory unit on the first 

memory map GOA is selected or a m~mory unit on the second memory map 

GOB is selected, is determined by the value of an address All from the 

CPU, etc. If All=O, a memory unit on the first memory map GOA is 

selected, and if All=l, a memory unit on the second memory map GOB is 

selected. 

According to the above embodiment, even if SIMMs are inserted into the 

memory slots for the even bank 28A and the odd bank 288 in any order, 

interleave 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 of the even bank 28A and the odd 

bank 28B, regardless of the configuration of the snms inserted. 

As DOS or OS/2 is located at lower or higher physical addresses in the 

system memory, respectively, so an operating system is general.1-i 

located at lower or higher physical-addresses in the system memory. In 

the embodiment, as is obvious from the physical address map GOC shown 
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in FIG.4, the interleavable address ranges involve the upper and the 
lower locations. This allows the address ranges within which a program 

suc:h as the operating system to be frequently executed is stored·;· to be 

interleaved and has an advantage of the higher speed of the execution 
of program. 

In said embodiment, the. first memory map comprising the memory units in 
the 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. Howe\•er, it will be appreciated that 
other memory map configuration is allowed if the arrangement of the 

memory uni ts varies from memory map to memory map. Howe\rer, 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 first 
map, and the memory units are arranged in the reverse order relative to 
said first memory map to form the sec~nd memory map, it is ~.d'l.·antageous 

that the interleavable address ranges involve the upper and the lower 
i 

locations, as described above, within the full address range, and 

therefore interleav:ing cari be made to. the address ranges within which a 

prc:>gram 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 interlea'l.•ing, but also to moi·e 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 • 

... 
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1. A data processing system comprising: 

a CPU: 

a DMA controller; 

a system memory, sa.:j.d memory being comprised of a plurality of memory 

banks, said banks being operable in an interleave memory acc;ess 

op1~ra tion 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 DM..7!. controller to the memol"Y uni ts in each of said maps, 
f 

and for generating the physical location address in interlea.ve memory 

access operation or non-interleave memory access <>peration in 

accordance with th-e 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. 1l. data processing system as defined in claim l, wherein 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 formin; a plurality of memory maps based 
.... 

on the information stored in said register, in which said memory units 

are arranged in different orders _according to the number of said batiks; 
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memory unit selection means for selecting which of the memory units in 
each of said maps the address from said CPU or said DHA controller is 
assigned to; and 

control means for generating the physical location address in 
interleave memory access operation or non-interleave memory access 
operation in accordance with the selected units being assigned in to. 
different banks or the same bank, 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 fit·st memory map and a second 
memor·y map, said first memory map being comprised of memory units in 
the first bank arranged in a predeter.mined order and memory units in 
the second bank arranged in a predetermined order, said second map 
be.ing 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 
compr·ised of said memory units arranged 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 lo=ation address in interleave 
memory access operatio~ or non-interleave memory access operation in 
accordance with whether the detected memory units are in interleavable 
banks or not, respectively • 

..... 


