200005671- 8 2 09 gcor §§§ -8

Title of the Invention: Met hod for ‘controlling cache nenories, L0
conplter system hard di sk drive unit, and hard disk control un”hﬁ
Detai | ed Description of the Invention: [Field of the invention]

presgnt invention relates to a nethod for controlling a plurality of cache
menories, as well as to a conputer systeqy a hard disk drive unit, and a
hard di sk control unit used to enable those cache nenories to hol d data
efficiently. Ziftbackfridendngentionk conputer systemis usually conposed of a
CPU, a main nenory, an HDD (Hard Disk Drive) unit, etc. and those devices

of & h?;g%%ﬁétﬁé@t%ﬁcQ@X@rgiﬂn%%%hgaxﬁ A0St e ales . Lanenally, a
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for lowering the operation speed of the CPU. The data transfer rates of
such ext ernal pstoiaae pdevictesias ofn thiDXnuwitioa: CD-ROM unit, etc. are far
sl ower than that of the DRAM so the operation speed of the DRAMis often

| owered by _the. o tiqn of such a devi ce. Such an operation speed
dlfferencéE&ﬁgﬂdgge CeSVFREI®®xchange data with each other, therefore,

hi nders the intended perfornmances of those devices even when they have an
abi ity famhet ranrskatringedaianf aslatespest bvelethosi foe tdwmtioansher arate of
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anong hard disk drive unit, and a hard disk control unit used to
enable those cache memories to hold data efficiently.

[Background art)

A computer system is usually composed of a CPU, a main memory,
an HDD (Hard Disk Drive) unit, etc. and those devices of the
computer system have different data transfer rates. Generally,
a DRAM is employed as such a maln nemory. The data transfer
rate of the DRAM is far slower than that of the CPU, so the
DRAM often becomes a factor for lowering the operation speed of
the CPU. The data transfer rates of such external storage
devices as an HDD unit, a CD-ROM unit, etc. are far slower than
that of the DRAM, so the operation speed of the DRAM is often
lowered by the operation of such a device. Such an operation
speed difference among devices that exchange data with each
other, therefore, hinders the intended performances of those
devices even when they have an ability for transferring data
fast respectively, since the transfer rate of the whole systen
is dominated by a device having the slowest transfer rate among
them.

In order to reduce such a speed difference among devices,
therefore, a computer system is provided with a cache memory.
The cache memory makes the most use of the localization of the
object program and/or data, thereby storing part of the data
stored in the low-ranking device having a slow data transfer
rate. Consequently, the number of accesses to the low-ranking
device is reduced, thereby improving the data transfer rate of
the whole_cémputer system.

A typical cache memory is provided between a CPU and a main



them In order to reduce such a speed difference anong devices, therefore,
a canputer systemis provided wwth a cache nenory. The cache nenory makes

t he .nost use of the localization of the object program and/or data, thereby
storing part of the data stored in the | owranking device having a sl ow
data transfer rate. Consequently, the nunber of accesses to the

| ow-ranking device is reduced, thereby ipgproving the data transfer rate of
t he whol e conputer system A typical céache nmenory is provided between a
CPU and a main 2 menory. |If

there are a plurality of cache nenories, they are called the primary
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a so- caIIed extended card, etc. For exanple each HDD unit is provided
wth a cadﬁéﬁn%ﬁ%ﬁynwm@¥YhéEdﬂﬁgdpar# of cdabta menoredién anmeEgpiernsl di sk.

storage. Consequently, the number of accesses to the external
storage 1is reduced, thereby the oéperation speed of the main
memory can be improved. Sometimes, a cache memory is also
provided in such an external storage as a so-called extended
card, etc. For example, each HDD unit is provided with a cache
memory for holding part of data stored in a magnetic disk.
With the use of such a cache memory, the number of accesses to
the magnetic disk is reduced, thereby the data transfer rate of
the HDD unit can be improved. A cache memory provided in the
main memory, the extended card, the HDD unit, etc. in this way
is referred to as a disk cache.

Generally, a data reading method referred to as a "Look-Ahead
Method"” 1is employed for those disk caches. According to this
"look-ahead” data reading method, after it is ended to read
requested data from an area requested by a hcst system, the
data in the area following that of the requested data is also
read together. This method can thus improve the cache hitting
rate in reading data sequentially from consecutive addresses in
ascending order of their numbers.

Figure 12 shows how to read data from a conventional disk
cache.

In Figure 12, a host system means a unit that requests
reading/writing data from/in an HDD unit. Each of the host
system and the HDD unit is provided with a cache memory and
data is exchanged between the cache memories of those units.
In this case, the cache memory of the host system is regarded
as a high-ranking cache memory and the cache memory of the HDD
unit is regarded as a low-ranking cache memory. It is premised



Wth thé use of such a cache menory, the number of accesses to the magnetic
di sk is reduced, thereby the data transfer rate of the HDD unit can be

i nproved. A cache nenory provided in the main nenory, the extended card,
the HDD unit, etc. inthis way is referred to as a di sk cache. General ly,
a data reading nethod referred to as a "Look-Ahead Method" is enployed for
t hose di sk caches. According to this "Il qok-ahead" data readi ng nethod,
after it is ended to read requested dat a>from an area request ed by a host
system the data in the area following that of the requested data is al so
read together. This nmethod can thus inprove the cache hitting rate in
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this data DL. In the HDD unit, therefore, the data D3

requested from the host system is read from the object magnetic

disk and held in the cache memory to cope with this cache

mishit. The data D3 is transferred to the host system.

Consequently, the cache memory of the host system holds the

data D3. And furthermore, in the HDD unit, the data D4 in the

address following that of the transferred data D3 is read from

the magnetic disk and held in the cache memory.

Such a look-ahead data reading method is disclosed in, for
example, the official gazette of Published Unexamined Patent
Application No. 11-110139. The gazette describes both method
and apparatus for reading data in the look-ahead manner.
According to the method and the apparatus described in this
gazette, if a read operation is detected in the direction of
consecutive addresses in descending order of their numbers, the
requested data is read from an area requested from the host
system, then data is also read from an address preceding the
address of the requested data, thereby the cache hitting rate
can be improved during reading in the reverse direction of
consecutive addresses in descending order of their numbers.

[Problems to be solved by the invention]

However, according to the conventional method for holding data
in a cache memory, the same data is held in both host system
and HDD unit. If reading of data 1is requested from an
application program to the host system and the host system hits
the cache memory, therefore, the requested data is transferred
from the host system to the high-ranking cache memory. The HDD
unit is never requested to read the data. Consequently, if the



i n none %f the host system and the HDD unit. I f an application program
requests the host systemfor transfer of data D1, a cache m shit occurs in
the host system The HDD unit is thus requested for transfer of data D3
including both data D1 and data D2 in the address follow ng the address of

this data DI In the HDD wunit, therefore, the data D3 requested
from the host systemis read fronlthe obj ect magnetic disk and held in the
cache nenory to cope with this cache mshit. The data D3 is

transferred to the host system Consequently, the cache nmenory of the
host system holds the data D3. And furthernore, in the HDD unit, the data
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menory, therefore, tai1s transferred ost system
to the hlgﬁﬁ?éﬁﬁ ﬁgm@5€ﬁ€snenory The HDD unit is never requested to read
t he data. Consequently, if the

[Means for solving the problens]

A method of the present invention for controlling a plurality
of cache memories controls a plurality of cache memories
including a low-ranking cache memory and a high-ranking cache
memory so that the high-ranking and low-ranking cache memories
are operated in different swap modes.

The computer system of the present invention is provided with a
low-ranking cache memory and a high~rahking cache memory
connected to the low-ranking cache memory. The high~ranking
and low-ranking cache memories exchange select information for
selecting a swap mode respectively with each other when said
computer system is started up, thereby selecting different swap
modes according to the exchanged select information
respectively.

The hard disk drive unit of the present invention is provided
with a low-ranking cache memory for storing part of the data
stored in a magnetic disk and it is connected to a host system
having functions of a high-ranking cache memory.

BEach of the high-ranking and low-ranking cache nemories
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4 saffe data is held in the cache menory of the HDD unit at this tine,
the data will not be used effectively. Under such circunstances, it

is -an object of the present invention to provide a nethod for
controlling a plurality of cache nenories, which can solve the above
conventional problens and avoid a wasteful operation that common data is
held in both hi gh-ranking and Iomfrankln? cache nenories or reduce such
common data to be held in both high-ranking and | owranki ng cache nenori es,
t hereby hol ding data nore efficiently in each of those cache nenories, as
wel | -as to provide a conputer systen1 a hard disk drive unit, and a hard

di sk control unit that ar e all e 0 t d fo contr II|n a
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with the first connection terminal connected to an extended
connection terminal of a peripheral device provided for the
computer system, the second connection terminal connected to
the hard disk drive unit having a low-ranking cache memory for
storing part of the data stored in a magnetic disk, and a
high-ranking cache memory for holding part of the data stored
in the hard disk drive unit connected to the second connection
terminal. This hard disk control unit controls the hard disk
drive unit connected to the second connection terminal and
enables the high-ranking and low-ranking cache memecries to
exchange select information with the hard disk drive unit
connected to the second connection terminal when the computer
system connected to the first connection terminal is started up
so that the high-ranking and low-ranking cache memories are
operated in different swap modes. The hard disk control unit
then selects the swap mode of the high-ranking cache memory
according to the exchanged select information.

Another hard disk control unit of the present invention is
provided with the first connection terminal connected to an
extended connection terminal of a peripheral device provided
for a computer system provided with a host system having
functions of a high-ranking cache memory, the second connection
terminal connected to the hard disk drive unit, and a
low-ranking cache memory for holding part of the data stored in
the hard disk drive unit connected to the second connection
terminal. This hard disk control unit controls the hard disk
drive unit connected to the second connection terminal and
enables both high-ranking and low~ranking- cache memories to
exchange select information with the host system so that they
can be operated in different swap modes when the computer



sel ectihg a swap node respectively with each other when said conputer
systemis started up, thereby selecting different swap nodes accordi ng
to © the exchanged select information respectively. The hard di sk
drive unit of the present invention is provided with a | owranking cache
menpry for storing part of the data stored in a nmagnetic disk and it is
conhected to a host system having functi 8ns of a high-ranking cache nenory.
Each of the high-ranking and | ow ranki ng-cache nenori es
S exchanges select information with the host system so that the
hi gh-ranki ng and | owranki ng cache nenories are operated in different swap
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ext ended conneatdtdenternmi nal of a peripheral device provided for the
conput er system the second connection term nal connected to the hard disk
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response to a request of data transfer issued from the host

system to the low-ranking cache memory.

Further another method of the present invention for controlling
cache memories comprises the step of holding part of data held
in a low-ranking cache memory in a high-ranking cache memory;
wherein data transferred from the low-ranking cache memory to
the high-ranking cache memory in response to a request of data
transfer issued from the high-ranking cache memory to the
low-ranking cache memory is erased from the low-ranking cache
memory.

Another computer system of the present invention includes: a
low-ranking cache memory; and a high-ranking cache memory for
holding part of data stored in the low-ranking cache memory;
wherein the low-ranking cache memory, when a request of data
transfer is issued from the high-ranking cache memory to the
low-ranking cache memory, erases the data transferred from the
low-ranking cache memory to the high-ranking cache memory in
response to the request.

Another hard disk drive unit of the present invention as
provided with a cache memory for storing part of the data
stored in a magnetic disk. The cache memory is characterized
in that the cache memory erases the data transferred to the
host system in response to a request of data transfer issued
from the host system connected to this hard disk drive unit.

Another hard disk control unit of the present invention is
provided with the first connection terminal connected to an



drive unit connected to the second connection terminal and enables the
hi gh-ranki ng and | owranki ng cache nenories to exchange sel ect information
with’the hard disk drive unit connected to the second connection termni nal
when t he conputer system connected to the first connection ternminal is
started up so that the high-ranking and | owranki ng cache nenories are

operated in different swap nodes. The hard disk control unit then selects
t he swap node of the high-ranking cache nory according to the exchanged
sel ect information. Anot her hard di sk control unit of the present

invention is provided with the first connection termnal connected to an
ext ended canneelean doBhELPEn Ot An gl RhEr Al pdeyhics Ar avdwed fiiwdgqeqnput er
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menory accor n% o) ged sel ect information
system in response to the request.

[Preferred embodiments]

Hereunder, the embodiments of the present invention will be
described with reference to the accompanying drawings with
respect to a method for controlling cache memories, as well as
a computer system.

First Embodiment

A method for controlling cache memories in-a first embodiment
of the present invention enables Dboth high-ranking and
low-ranking cache memories to be operated in different swap
moedes. The "swap" means replacing old data held in a cache
memory with new data when the cache memory has no empty space.

Main swap modes to be employed for the method of the present
invention are the LRU (Least Recently Used) mode, the LEU
(Least Frequently Used) mode, and the FIFO {First-In First-oOut)
mode. The LRU mode is a mode for swapping out data that is not
accessed for the longest time. The LFU mode is a mode for
swapping out data that is accessed least frequently. The FIFO
mode 1s a mode for swapping out data that is held first
sequentially. The swap modes are not limited only to those;
for example, various other swap modes including a method for
swapping out a segment having the least amount of data may also
be employed.



Anot her® met hod of the present invention for controlling cache menories
conprises the step of erasing data froma | owranking cache nenory after
the data is transferred to a host systemin response to a request of data
transfer issued fromthe host systemto the | owranking cache nenory.

Furi her another nethod of the present invention for controlling cache
nMenori es conprises the step of holding ﬁgrt of data held in a | owranking
cache nmenory in a high-ranking cache menSry; wherein data transferred from
t he | owranki ng cache nenory to-the high-ranking cache nenory in response
to a request of data transfer issued fromthe high-ranking cache nenory to
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high-ranking and low-ranking cache memories are operated in the
FIFO mode, then the data that is held first is swapped out
sequentially from those cache memories. Consequently, the data
that is accessed most recently is held in those cache memories.

On the contrary, 1if, for example, the high-ranking cache memory
is operated in the LFU mode and the low-ranking cache memory is
operated in the FIFO mode, then the data that 1s accessed
frequently is held in the high-ranking cache memory and the
data that is accessed most recently is held in the iow~ranking
cache memory. In this way, data items of different
characteristics are held in those cache memories, and thus it
is possible to reduce the possibility that the same data is
held in both cache memories. In other words, it 1s possible to
reduce the possibility that the data held in the high-ranking
cache memory 1is also held in the low-ranking cache memory, so
data can be held in each cache memory efficiently.

Preferably, those high-ranking and low-ranking cache memories
should be operated in different swap modes of different
characteristics. This is because the possibility that
different data items are held in those high-ranking and
low-ranking cache memories becomes higher than when those cache
memories are operated in swap modes of similar characteristics,
thereby each cache memory can be wused more efficiently.
However, it should be avoided to use any swap mode that might
lower the cache hitting rate. This is because such a cache



7' extended connection terminal of a peripheral device provided for the
conmputer system the second connection termnal connected to the hard disk
drlye unit, and a cache nenory for holding part of the data stored in the
hard di sk drive unit connected to the second connection termnal. This
control unit controls the hard disk drive unit connected to the second
conhection term nal and the cache nenory, when receiving a request of data
transfer fromthe host systemthrough thé first connection term nal, erases
the data transferred to the host systemin response to the request.

[ Preferred enbodi ment s] Her eunder, the enbodi nents of the present

i nvention wil,pe ﬂ%‘?ﬁqi ak Wih refer enceidd Fig3ee0MANAIIngr alengs
W t h respe@% fapa?net odg?or gpnt éﬁﬁﬁpng cache menories, as mel? as a
conputer systerise ofi F_t2 BflSGdi-ABht°™ A method for controlling cache
menories in a first enbodi ment of the present invention enables both

hi gh-ranki ngz@ndal aedoaakicngn cache menoiddes 60 he appuated systdif fferent
swap nodes afgﬁuﬁFWﬁgs J% Sm@ﬁ9£€0(ﬂgmghghﬂﬁ%%t@@hd in a cache nenory
with new data wWher the cache memor as no enpty space. Mai n swap nodes
to be enployed for the method of the present invention are the LRU (Least
Recent |y USigijremntleshewre 4 Fighemesst Precjueditdgyatised) ansqepubie tHE- FO
(First-In Ehrehe Qutdst embodiment of the present invention.

As shown in Figure 1, this computer system comprises a CPU 11,
a secondary cache 13, a first bridge circuit 14, and a main
memory 15. The CPU 11 is provided with a primary cache 12.
The CPU 11 is connected to the secondary cache 13 through an
external bus 10a. The CPU 11 is connected to the first bridge
circuit 14 through an external bus 10b. The first bridge
circuit 14 is connected to the main memory 15 through an
external bus 10c. Each of the primary cache 12 and the
secondary cache 13 is composed of, for example, an SRAM. The
primary cache 12 is provided with a storage capacity of several
tens of kilobvtes to several hundreds of kilobytes. The
secondary cache 13 is provided with a storage capacity of, for
example, several hundreds of -kilobytes to several megabytes.
The main memory 15 is composed of, for example, a DRAM. The
main memory 15 has a storage capacity of, for example, several
tens of megabytes to several hundreds of megabytes.

The first bridge circuit 14 is connected to an expansion bus 20

used for an expanded peripheral device. The expansion bus 20
is composed of, for example, a PCI (Peripheral <Component
Interconnect) bus. The first bridge circuit 14 has functions
of, for example, a clock generator, a CPU interface, a

secondary cache controller, a main memory controller, a PCI bus
interface, etc. that are not illustrated.

An HDC (Hard Disk Controller) card 21 is connected to the
expansion bus 20. In addition, an HDD (Hard Disk Drive) unit
22 and a CD-ROM unit 23 are connected to the HDC card Z1
through a bus 24a and a bus 24b respectively. Each of the



nmode. The LRU node is a node for swapping out data that is not accessed for
the | ongest tine. The LFU node is a node for swapping out data that is
accessed, |east frequently. The FIFO node is a node for swapping out data
that is held first sequentially. The swap nodes are not limted only to
those; for exanple, various other swap nodes including a nethod for
swappi ng out a segnent having the | east anount of data nay al so be

enpl oyed. I f both hi gh-ran]nq ng and | owranki ng cache nmenories
are operated in the sanme swap node, both cache nenories cone to hold data
of the same characteristic. For exanple, if both high-ranking and
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cache nenoPysem@iehend 24b are not limited only to the ATA/ATAPI bus.

Figure 2 shows a schematic block diagram of the HDD unit shown
in Figure 1.

As shown in Figure 2, the HEDD unit 22 is provided with a
magnetic disk 41 having a data recording surface and a head
slider 43 (not shown) having a magnetic head for both recording
and regenerating.

The magnetic disk 41 is attached fixedly to the rotary shaft of
a spindle motor 42 and rotated by the spindle motor 42. The
head slider 43 is fixed to a tip portion of the head arm 44.
The head arm 44 is attached to an actuator 45 and supports the
head slider 43 elastically. The head arm 44 is rotated by the
actuator 45 above the recording surface of the magnetic disk
41. Consequently, the head slider 43 moves approximately in
the radial direction of the magnetic disk 41, thereby data is
accessed at a given position on the recording surface of the
magnetic disk 41.

Herein, one or more magnetic disks may be used as the magnetic
disk 41. A recording surface is formed at one side or both
sides of the magnetic disk 41. The head slider 43 and the head
arm 44 are provided so as to be corresponded to each recording
surface of the magnetic disk 41.

A driving mechanism, which is composed of the magnetic disk 41,



data that is accessed npst recently is held in the | owranking cache

nmenory. In this way, data itens of different characteristics are
held in those cache nenories, and thus it is possible to reduce the
pOSS|b|I|ty that the sane data is held in both cache nenories. 1n other

words, it is possible to reduce the possibility that the data held in the
hi gh-ranki ng cache nmenory is also held ifgithe | owranking cache nenory, so

data can be held in each cache nmenory efficiently. Preferably, those
hi gh-ranki ng and | owranki ng cache nenories should be operated in different
swap nodes of different characteristics. This is because the

possi bi l'i tyyet ndild R ent Qat ‘@hé tr?efé%l aRgqbel g rtﬂeh@i%ﬁdhh% «!Iéinkaldlﬁ and
IOWFranklng cache nenorjes beco hg é t han t hose ., %agge rles
are oper at &8%i ACEWRAPhoties B & qoé Cha¥ adt &PTE f? S eact*ache
menory cancbhetiged qrmcelléffﬁél eht | yprovadeder with sitouH@Che (Hebd deRitho use
any swap nodgtidmatedyl g, lonesntfra erebeyhistt i BY diake.cachdhisg, i sindecause

such a CaCHSst I/F 55 ThogFocaﬁFgﬁgﬂgg éyé”%dkﬂkht@éa¥otQaéﬁsaﬁtﬁwgf on for

maki ng t he nost "use_ of dat zat1on. description
nmade of a EEHE&FEF'§V§t@ﬁ1for realizing this cache nenory controlling
nmet hod. Figure 1. shows a schematic bl ock diagram of a conputer systemin

the first epbodiptenti okbohbeopy egpat wWhBYENHDON. unit 22 according to a
control program and/or control data stored in the control
memory 53. The HDC 51 executes an arithmetic operation for
controlling the error to occur in servo controlling and/or in
recording/regenerating, thereby driving the spindle motor 42
and the actuator 45 so as to- record data on the magnetic disk
41 through the magnetic head for recording, as well as
regenerate and read data from the magnetic disk 41 through the
magnetic head for regeneration. The HDC 51 is provided with a
cache contrcller 52 for enabling the disk cache 54 to hold part
of the data recorded on the magnetic disk 41.

The control memory 53 stores a control program executed by the
HDC 51 and control data used for the control program. The disk
cache 54 stores write data to be recorded on the magnetic disk
41 temporarily. The disk cache 54 also has functions of a
buffer memory for storing data read from the magnetic disk 41
temporarily. The HDC card 21 is connected to the host I/F 55
through a bus 2la. The host I/F 55 is an interface circuit for
exchanging data with the HDC card 21.

The disk cache 54 has a cache memory function for hcelding part
of the data recorded on the magnetic disk 41 as described

above. The disk cache 54 is equivalent to a low-ranking cache
memory. The disk cache 54 is composed of, for example, a DRAM
and has a storage capacity of several megabytes to several tens
of megabytes. The cache controller 52 controls this disk
cache. The cache controller 52 supports swap mncdes, for

example, the FIFO mode and the LRU mode.

The HDD unit 22 exchanges setup information with the HDC card



As shown in Figure 1, this conputer systemconprises a CPU 11, a secondary
cache 13, a first bridge circuit 14, and a main nenory 15: The CPU 11 is
provided with a primary cache 12. The CPU 11 is connected to the secondary
cache 13 through an external bus 10a. The CPU 11 is connected to the first
bridge circuit 14 through an external bus 10b. The first bridge
circuit 14 is connected to the main nenory 15 through an external bus

10c. Each of the primary cache 142 and the secondary cache 13 is
conposed of, for exanple, an SRAM The primary cache 12 is provided with a
st orage capacity of several tens of kilobytes to several hundreds of
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Each of the

As shown in Figure 3, the HDC card 21 is provided with an HDC

31, a control memory 33, a disk cache 34, an I/0 port 35, an

I/0 port 36, and a host I/F 37. The HDC 31, the control memory

33, +the disk cache 34, and the host I/F 37 are connected to

each another through a bus 38c. The I/0 port 35 is connected

to the HDC 31 through a bus 38a and the I/O port 36 is

connected to the HDC 31 through a bus 38b respectively.

The HDC 31 controls the whole HDC card 21 according to the
control program and control data stored in the control nemory
33. The HDC 31 is provided with a cache controller 32 for
enabling the disk cache 34 to hold part of the data stored in
the HDD unit 22.

The control memory 33 stores a control program executed by the
HDC 31 and control data used for the control program. The disk
cache 34 stores write data to be stored in the HDD unit 22
temporarily. The disk cache 34 is also provided with functions
of a buffer memory for storing data read from the HDD unit 22
temporarily. The I/0 port 35 is connected to the HDD unit 22
through a bus 24a and the I/O0 port 36 is connected to the
CD-ROM unit 23 through a bus 24b. The host I/F 37 is connected
to an expansion bus 20. The host I/F 37 is an interface

circuit for sending/receiving data through the expansion bus
20.

The disk cache 34 is provided with functions of a cache memory



10 buses 24a and 24b is, for exanple, an ATA (AT Attachnent)/ATAPI (ATA
Packet Interface) bus. The HDC card 21 is used to add another HDD unit
andtor expand the controlling functions of the HDD unit. The HDC card 21
is hot limted only to that used for expanding the controlling functions of
the HDD unit 22; it may be any card if it is provided with a cache nenory.
For*exanple, it may be an SCSI (Snall nput er System Interface) card.
The expansion bus 20 is not |limted only"to the PCI bus and the buses 24a
and 24b are not limted only to the ATA/ ATAPI bus. Figure 2 shows a
schemati c bl ock diagram of the HDD unit shown in Figure 1. As shown in

Figure 2, the HIPquRst pd2ti SPraW dedam s aamegnethe dbskudichayi ng a data
recordi ng éprfaqﬁ n%ag head ﬁllger 4§ Qgt%£h0¥m%h@§vgn L Aqmgnetic head
for both r&E3FHTAY & ‘ﬁ%%eng QtPhyS C2The Hhaghet e di SK4T 18 atTached
fixedly tohipb-¥or e gfererypividhe 4PSPEFL 450artder stidterasyet hed

spi ndl e nopebvi@ed inTheehgan wtitder .43Ths diskedatbea34 iip pompbead off t he
head arm 44, TheRgad, arm fduk S.akt aahed, t 9ean ACt UL 45 andssupparts the
head slider 43 e[astlcalky. xge head arqéfﬂ i's rqtated. by thg iuator 45
above the PEIRRYTHy SUristdads ‘FRE RAgREPHY Wk 41°¢ Bb&qash Fg‘f the head
slider 43 RBvexCcH9Lexi Hag eldiskn ¢arder adfal difRectddcheof ceHe ofrghietiL di sk
41, therebyugptatd,s accessesieat FAFQ] VERU, pastiit Lo raieshe recordi ng surface
of the magnetic disk 41. Herein, one or nore nagnetic disks may be used
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HDD unit (low-ranking unit) 22 when this computer system is
started up, and the HDC card 21 is initialized according to the
sent/received setup information. At this time, for example,
the HDC card 21 selects a swap mode that the HDD unit 22 should
select, from among the swap modes transferred from the HDD unit
22, then transfers the selected swap mode to the HDD unit 22.
And furthermore, it selects a swap mode different from that
transferred to the BHDD unit 22 as the swap mode of its cache
memory. The priority for selecting the object swap mode is set
beforehand.

Figure 4 shows an example of an operation sequence of a cache
memory for selecting a swap mode.

The computer system 1is started up, then the HDD unit 22
transfers selectable swap modes {FIFO and LRU modes) of the
cache memory to the HDC card 21 (step S1). Receiving the swap
modes from the HDD unit 22 (step S2), the HDC card 21 selects a
swap mode that should be selected by the HDD unit 22 from the
received swap modes according to the preset priority (step S3)
and responses the selected swap mode to the HDD unit 22 (step
s4).

Receiving the swap mode from the HDC card 21 (step S$S5), the HDD
unit 22 selects it as the swap mode of its cache memory {step
s6). On the other hand, the HDC card 21 selects a swap mode
(LRU mode} different from the swap mode of the HDD unit 22 as
the swap mode of 1its cache memory according to the preset



arm 44t are provided so as to be corresponded to each recording surface of
the magnetic disk 41. A driving nmechanism which is conposed of the
magneti c di sk 41, 11 t he

spindle notor 42, the head slider 43, the head arm 44, and the actuator 45,
is controlled by a control circuit 50 The control circuit 50 is provided
wi th an HDC (Hard Di sk Controller) 51, q4control menory 53, a di sk cache
54, and a host |/F 55. Those conponent's are connected to each anot her

t hrough a bus 56. The HDC 51 controls the whole HDD unit 22 according to
a control program and/or control data stored in the control nenory 53.

The HDC 5 e i\thmetic operation for controlling the error to
occur §%§§§Eg% ?SE%hggﬁ ‘and/ or in recording/regenerating, thereby
driving the spindle notor 42 and the actuator 45 so as to record data on
the magnetTre disjuebtet mhough ith@igagmebi caheadséober meoddiingseascher| as
regener at es;ahfl dRRd Jata fdgRctheaBRgNREhS: i sk1t41151 hsagRetthenmagnet i

head for re %Qhraélondefaﬁn§§§gg %%d%d(ngglogg? §%§§9Q§1§%%thﬁbler 52

for enabllng i Sk “€at ta recor on the
magneti c disk £%.- The control nmenory 53 stores a control pr ogram execut ed
by the HDC 51 and control data used for the control program The disk

cache 54 shQr effhihtesdal and® berrecasded stheimgnetind dirsk 22 is
transferred to the HDC card 21 from the HDD unit 22 (step S11)
when the computer system is started up. Receiving the swap
mode from the HDD unit 22 (step 812), the HDC card 21 selects a
swap mode {(LFU mode) different from that of the HDD unit 22 as
the swap mode of its cache memory (step S13) according to the
preset priority.

Furthermore, if the HDC card 21 does not have any swap mode
different from the default swap mode of the HDD unit 22, then
it is possible for the HDC card 21 to notify the HDD unit 22 of
the effect so that the HDD unit 22 selects a swap mode
different from the default swap mode.

In Figure 4, the HDC card 21 can decide the object swap node,
but it is also possible to enable the HDD unit 22 to decide the
object swap mode. In such a case, it is only required that the
unit that cannot decide the swap mode has at least one swap
mode. Also in Figure 5, the HDC card 21 may be replaced with
the HDD unit 22 in position so that the HDC card 21 transfers
the default swap mode to the HDD unit 22.

In this way, swap modes can be exchanged between the cache
memory (high-ranking cache memory) of the HDC card 21 and the
cache memory {low-ranking cache memory) of the HDD unit 22 when
the computer system is started up, thereby those cache memories
can select different swap modes. Consequently, each of those
cache memories can select its optimized swap mode.

The swap mode selecting operation is not limited only to that
described above; other various methods can also be employed.



41 tenporarily. The disk cache 54 al so has functions of a buffer nenory
for storing data read fromthe magnetic disk 41 tenporarily. The HDC card
21 -is connected to the host I/F 55 through a bus 2la. The host I/F 55 is an
interface circuit for exchanging data with the HDC card 21. The di sk
cache 54 has a cache nenory function for holding part of the data recorded
on-the magnetic disk 41 as described ab ye. The di sk cache 54 is
equi valent to a | owranki ng cache nenorg. The di sk cache 54 is conposed
of, for exanple, a DRAM and has a storage capacity of several negabytes to
several tens of negabytes. The cache <controller 52 controls this
g;:ﬁpf:Ch?ﬁg F%%§¥pﬁ%Ch%tdC$ﬁtr&%{frpgggibﬁ#PﬁﬂétS oS¥a[radmedesienofor
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to the exarangedrsed Wrapnhodemti on. At this tine, the HDD unit 22 transfers
the swap node (FIFO or LRU node) of the cache nenory that it can select to
the HDC card 2% and selects the swap node transferred fromthe HDC card 21
i n respons¥Et FigPt er as the swap node of its cache menory. Fi gure
3 shows a schematic bl ock diagramof the HDC card 21 shown in Figure 1.

The method for controlling cache memories in a second
embodiment of the present invention prevents the high-ranking
and low-ranking cache memories from holding common data.
Concretely, the data transferred from the low-ranking cache
memory to the high-ranking cache memory is erased from the
low~ranking cache memory. With this method, the low-ranking
cache memory can hold data more efficiently.

Figure 6 shows a schematic block diagram of a computer system
in the second embodiment of the present invention.

In Figure 6, the same symbols are given to the same components
as those shown in the first embodiment shown in Figure 1,
avoiding redundant description.

As shown in Figure 6, the second bridge circuit 71 is connected
to the expansion bus 20. And, a peripheral device (not
illustrated), an HDD unit 72, and a CD-ROM unit 73 can be
connected to the second bridge circuit 71 through a bus 70, a

bus 74a, and a bus 74b respectively. The -bus 70 is, for
example, an ISA (Industry Standard Architecture) bus. The
buses T4a and 74b are, for example, an ATA (AT

Attachment) /ATAPI (ATA Packet Interface) bus.

The second bridge circuit 71 is used to connect a peripheral
device to an expansion bus whose specification is different

from that of the expansion bus 20. The second bridge circuit
71 is provided with functions of a PCI bus interface, an
interruption controller, a DMA (Direct Memory Access)
controller, an ISA bus interface, etc. The bus 70 4is not

limited only to the ISA bus and the buses 74a and 74b are not



As shown in Figure 3, the HDC card 21 is provided with an HDC 31, a control
menory 33, a disk cache 34, an I/O port 35, an |I/O port 36, and a host |
37.- The HDC 31, the control nmenory 33, the disk cache 34, and the host |
37 are connected to each another through a bus 38c. The I/O port 35 is
connected to the HDC 31 through a bus 38a and the 1/Oport 36 is
connected to the HDC 31 through a bus 38b respectively. The HDC 31
controls the whole HDC card 21 accordi nb5to the control program and control
data stored in the control nenory 33. The HDC 31 is provided with a cache
contrgl!er ﬁz for enabling the disk cache 34 to hold part of the data
stored in the HDD upit 2 trol menory 33 stores a control program
execut ed ngw%ltoa%&ec%ﬁ%ﬁgga 3° used fgr t he control programIO Tﬁe
di sk cache 34 stores wite data to be stored in the HDD unit 22
tenporarilyhe Theifli Skeraghe184 d:shahges praamtiadewivii t HhungbP onmisf @2buf fer
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16 has a storage capacity of, for example, several megabytes to
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several tens of megabytes. The main memory controller 17
provided in the first bridge circuit 14 controls the disk cache
16.

The disk cache 16 of the main memory 15 (precisely, the main
memory controller 17), when it holds no data requested from the
CPU 11, requests the HDD unit 72 for transfer of the data
including both data requested from the CPU 11 and data
predicted to be requested next time from the CPU 11, then holds
the data transferred from the HDD unit 72 in response to the
request. The data predicted to be requested next time is, for
example, the data requested previously from the CPU 11 and/or
the look-ahead data of the data requested from the CPU 11.

The configuration of the HDD unit 72 shown in Figure 6 is the
same as that of the HDD 22 shown in Figure 1. Although the HDD
unit 72 is provided with a disk cache 75 having functions of a
low-ranking cache memory, the cache controlling of the HDD unit
72 is different from that of the disk cache 54 of the HDD unit

22. The disk cache 75 is composed so as to erase the data read
from the HDD unit 72. The disk cache 75 has a storage capacity
of, for example, several megabytes to several tens of
megabytes.

The disk cache 75 of the HDD unit 72 (precisely, it is a cache
controller (not illustrated)), when not holding the data
requested from the main memory 15, reads the data from the
magnetic disk 41. The data includes both data requested from
the main memory 15 and data predicted to be requested next time



for holding part of the data stored in the HDD unit 22 as described above.
The di sk cache 34 is thus equivalent to a high-ranking cache nmenory with
respect to the disk cache 54 provided in the HDD unit 22. The disk cache 34
is conposed of, for exanple, a DRAM and has a storage capacity of
several negabytes to several tens of negabytes. The cache controller 32
coritrols the disk cache 34. The 1 ache controller 32 supports, for
exanple, FIFQ LRU, and LFU nodes. The HDC card 21 sends/receives setup
information to/fromthe HDD unit (lowranking unit) 22 when this conputer
systemis started up, and the HDC card 21 is initialized according to the
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cache ne h (step S1). Receiving the swap nodes from
t he HDD Hﬁ?%mégh sﬁ%ﬁpggﬁg&?h%§HDC card 21 selects a swap node that should

be selected by the HDD unit 22 fromthe received swap nodes according to
the preset"Esdiserl'i iy (heeprS3ntanpersfpuriseon mhensebertedyswapsimgeoto the
HDD unit Z#teSttefanS4drred Racetnd ﬁﬁlﬁuh%eﬁi&@ﬂ npge aflréUnIIﬁa%tlﬁ% garendl (step
S5), the Fﬂlﬁﬂﬁa td%%a gtggtsvikﬁfsfla P”% tg ha acgcgg 'nngﬁg (step
86) O the O% maggggment area together w1th t e data and other
processings related to the erasure of the data, for example,

specification of those areas for the data items as empty areas.

Figure 7 shows an example of the operation of a cache memory
for holding data.

It is premised here that neither the disk cache 16 of the main
memory 15 (cache memory of the host system) nor the disk cache
75 of the HDD unit 72 (cache memory of the low-ranking unit)
holds the data requested from the CPU 11 {application program) .

At first, an application program requests the main memory 15
for transfer of data. Then, a cache mishit occurs in the disk
cache 16 of the main memory 15. The HDD unit 72 is thus
requested for transfer of data A including both data requested
from the application program and the data predicted to be
requested next time from the application program. As a result,
a cache mishit occurs in the disk cache 75 of the HDD unit 72.
The data A requested from the main memory 15 is thus read from
the magnetic disk 41 and held in the disk cache 75, and then it
is transferred to the main memory 15. Consequently, the data A
is held in the disk cache 16 of the main memory 15.

Furthermore, when the data A is transferred to the main nemory
15, the HDD unit 72 erases the data A from its disk cache 75.



(LRU nbde) different fromthe swap node of the HDD unit 22 as the swap node
of its cache nenory according to the preset

14 - priority (step S7). The sequence shown in Figure 5 can al so be used
to select a swap node of an object cache nenory. It is premised in this
case that a default swap node (FIFO node) is preset in the HDD unit 22.

Thé default swap node (FlIFO node) preset in the HDD unit 22 is transferred
to the HDC card 21 fromthe HDD unit 221§step S11) when the conmputer system
is started up. Receiving the swap node fromthe HDD unit 22 (step S12),
the HDC card 21 selects a swap node (LFU node) different fromthat of the

HDD unit 2 the .s nqge of its _cach r &st p .S13), accprding to
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Figure 12, the cache memory of the conventional HDD unit holds
both data D3 requested from the host system and data D4
(look-ahead data) in the address following that of the data D3.
On the contrary, the cache memory of the HDD unit in this
second embodiment does not hold the data A requested from the
host system, but holds only the data B (look-ahead data) in the

address following that of the data A.

Consequently, if the storage capacity is the same in both cache
memories, the cache memory of the HDD unit in the first
embodiment can hold look-ahead data much more than that of the
conventional HDD unit. In Figure 12, the data Bl means the
look-ahead data D4 that can be held in the cache memory of the
conventional HDD unit and the data B2 means the look-ahead data
following the data Bl read from the magnetic disk after the
data A is erased from the cache memory. Consequently, it is
possible to make the most use of the localization of the data
space so as to improve the hitting rate of the cache memory in
the first embodiment. This is why the cache memory in this
embodiment can hold data more efficiently.

There are two types for data localization; time localization
and space localization. The time localization means a high
possibility of accessing data in the same address repetitively.
The space localization means a high possibility of accessing
data in addresses close to the accessed data.

Figures 8 through 11 show another example of the operation of
the cache memory for holding data.

As shown in Figure 8, the disk cache 16 of the main memory 15
employs data A2 requested last from an application program as
the data predicted to be requested next time from the



obj ect: swap node. In such a case, it is only required that the unit that
cannot decide the swap node has at | east one swap node. Also in Figure 5,
the HDC card 21 may be replaced with the HDD unit 22 in position so that
the HDC card 21 transfers the default swap node to the HDD unit 22. In
this way, swap nodes can be exchanged between the cache nenory
(htgh-ranki ng cache nenory) of the HDC ﬁ?rd 21 and the cache nenory .

(I owranki ng cache nenory) of the HDD unit 22 when the conputer systemis
started up, thereby those cache nmenories can select different swap nodes.
Consequently, each of those cache nenories can sFIect gts Fpt|n12ﬁd swap
node. The node sel ectin eration is npot limted only to that
descri bed at&PﬂePr%%Fy%us%Héghbﬁ§”ﬁbﬁhﬁl§bm%e“¥ﬁﬂP69E&Pn of data

15 For exarks elsedt spsagl ko ippseivbl the Hetttone ceche fméherdisk anshers its
unsel ect abie. swap nodes to the other cache nenory and the other cache
menory selects its swap node fromthose transferred swap nodes. Second
Enbodi nment The nmethod for controlllng cache nmenories in second

enbodi nent2df SEHE pledFrEndentPond e vEnts ﬂﬁeoﬁlﬁher%ﬁﬂarﬂfmfﬁa 15
| ow r anki ngnrlactse thenbedlesafaadnmihbe dih @ fr ahmwoda it requested from an

application program as the data predicted to be requested next
time from the application program. Consequently, it is
possible to make the most use of the space localization of data
so as to improve the hitting rate of the disk cache 16.

In the example shown in Figure 10, the disk cache 16 of the
main memory 15 has a plurality of segments, for example, three
segments of segment 1, segment 2, and segment 3. In those
segments 1 to 3 are held data items requested to the HDD unit
72 repetitively according to the commands issued sequentially
from an application program.

In the segment 1 are held data Al requested by the command 1
from the application program and the look-ahead data A2 of the
data Al. In the segment 2 are held data A3 requested by the
command 2 from the application program and look-ahead data A4

of the data A3. And, in the segment 3 are held data AS
requested by the command 3 from the application program and
look-ahead data A6 of the data AS5. If a cache memory is

divided into a plurality of segments in this way, therefore, it
is possible to make the most use of the time localization of
data so as to improve the hitting rate of the disk cache 16.

On the other hand, the disk cache 75 of the HBDD unit 72 holds
the latest data A5 requested from the main memory 15 and the
look-ahead data B of the data A6. Consequently, it is possible
to make the most use of the space localization of data so as to
improve the hitting rate of the disk cache 75.

In the example shown in Figure 11, the disk cache 75 of the HDD
unit 72 also has a plurality of segments, for example, three
segments of segments 1 to 3. In those segments 1 to 3 of the



Concretely, the data transferred fromthe | owranking cache nenory to the
hi gh-ranki ng cache nenory is erased fromthe | owranking cache nenory..
W.th this nethod, the |owranking cache nenory can hold data nore
efficiently. Figure 6 shows a schematic bl ock diagram of a conputer
systemin the second enbodi nent of the present invention. In Figure 6,
the sanme synbols are given to the saneﬂgonponents as those shown in the
first enmbodi nrent shown in Figure 1, avoiding redundant descri ption. As.
shown in Figure 6, the second bridge circuit 71 is connected to the
expansion bus 20. And, a peripheral device (not illustrated), an HDD

unit 72, @i CONECHE UpH i3 2 eneopnes! g tlpelt&ﬁ?gft%cqegmpr | dge. ci ;cw7 t
(e o I irEa Ry e A rRRSesta it e d R, K RER L8 Yopgadte Yy

buses 74&° cgm@and7ip compand 2f pand escawppd, 3 raaue:m%&é Se(qﬁwntlally
At t achnentficATAR {pdlAcRaLket ptayranf aceln btise seghkatsecond tmazgetm rcuit

71 is usedle Co %Ct*/?‘ SEr kPé‘eﬁﬁt}g]at Otlf C?%t Qré‘“af§&aﬂéj§<@“d§g§ WEF

specification is different rom e expansi on e second
bridge ci rogrTa733di €3t &bt déd- \HWW1C%Lﬁ%tFB§ dapp BL p@épiidd i erf ace,
an interr ysdiieated ofirem| trey maia mpary IDisententidbhory Coseayshtly,
control | erit id3npbSAiLS Honiaké atils mBkCuse THE s tid 1&cdlQkzakiohted only

ag the IS’%aQ‘ASsg‘ngs tth)e 191B§8§e t’f}‘% %Qgt 4& ALE BPltne disk cache 75.
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The method for disposing a plurality of segments in a cache
memory 1is mnot limited only to that described above; for
example, other conventional well-known methods, such as direct
mapping, full associative, set associative, etc. can also be
employed. The size of each segment is not limited only to a
fixed one; it may be variable.

In the second embodiment, there are two stages for the storage
layer; the disk cache 16 (high-ranking cache memory) of the
main memory 15 and the disk cache 75 (low-ranking cache memory)
of the HDD unit 72. However, it is avoided that the
low-ranking cache memory holds the data transferred to the
high-ranking cache memory. On the contrary, if there are three
storage layers of main memory, extended card, and HDD unit as
described in the first embodiment, it can be specified that the
cache memory of the extended card does not hold the data
transferred from the extended card to the main memory and the
cache memory of the HDD unit does not hold the data transferred
from the HDD unit to the extended card.

In the first and second embodiments, the HDD unit is defined as
the lowest-ranking storage unit. However, the lowest-ranking
storage unit 1is not limited only to such an HDD unit; for
example, such a disk unit as a magnetic tape unit, an optical
magnetic disk unit, etc. may also be employed.

As described above, the present invention is especially
suitable for peripheral devices provided with a cache memory



limted only to the ATA/ ATAPI bus. The main nenory 15 exchanges data with
the HDD unit 72 according to the instructions issued fromthe CPU 11.

Thi.s main nenory 15 is provided with a disk cache 16 for hol ding part of
the data stored in the HDD unit 72. The disk cache 16 is equivalent to a

hi gh-ranki ng cache nenory with respect to the disk cache 75 provided in the
HDD unit 72. The disk cache 16 has a storage capacity of, for exanple,

several negabytes to several tens of gabytes. The main nmenory
controller 17 provided in the first bridge circuit 14 controls the disk
cache 16. The di sk cache 16 of the main nmenory 15 (precisely, the main

menory controller 17), when it holds no data requested fromthe CPU 11,
requests t KeSPRELiva Ly 72 Hesruseahst eprigfamyheadhta el srtiomglarpothchelat a
request ed ahcorhet h@inCiéhody amndiswdata pheedXied dro the negHest sghnext

time from e GRU Sjedhenodighds (hedlala dianalaedd Tam e LDuN L 72

in response_to t request dat'a red|c te be requeste

is, for exdfsr8, éedé"teﬁlofféaﬁe%tsedieﬁllgi}F%ué’PP”F?Jolrﬁ t e @Ulilfegﬁﬂ??ﬁ t he

| ook- ahead syatamof Phetdat cortagugst bdcivemdurd €PBvédtiondlheecophéxpir ati on
of the HDD_dunilt:egzashcam éxtdridgdr @adi S duhemigammas thad. ofrd hashibhD 22
shown I i ods ShauR,the, MDD Ao/l pLovided Wi 8.di sk cache
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22. The di gkceadhry 750i $heonposedtsdnasntbomr ase tilse aatidedeadhaftr othd he HDD
unit 72. Tbe-diskiacheadte haserryt onRgasCcapaei t Waek, Heaas eﬁlamr?e
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fromthe Wwith the most use of the localization of data. Consequently,
the method of data transfer among those memories can be
designed optimally with respect to the high-ranking storage
layer.

Furthermore, the present invention is most effective when both
high-ranking and low-ranking cache memories have approximately
the same storage capacity. This is because if the low-ranking
cache memory has a storage capacity extremely larger than the
high-ranking cache memory, the amount of the data becomes small
for the storage capacity of the low-ranking cache memory even
when the same data is held in both high-ranking and low-ranking
cache memories.

On the contrary, if both high-ranking and low-ranking cache
memories have almost the same storage capacity, the amount of
the data becomes large for the storage capacity of the
low-ranking cache memory when the same data is held in both
high-ranking and low-ranking cache memories. Consequently, it
is possible for the low-ranking cache memory to hold such data
as look-ahead data instead of the data transferred to the
high-ranking cache memory, thereby the hitting rate of the
low-ranking cache memory is relatively improved.



magnettc disk 41. The data includes both data requested fromthe main
menory 15 and data predicted to be requested next tine from
the main menory 15. The di sk cache 75 then holds the data requested from
the main menory 15 and transfers the held data to the main memory 15. Wen
the requested data is transferred to the main mermory 15, the disk cache 75
erases the data and holds the data predh ?ted to be requested next tinme from
the main menory 15. The data predicted to be requested next time includes,
for exanple, |ook-ahead data of the data requested fromthe nain nenory 15.
"Erase” in the present specification means not only erasing of data
transferred to the main nmenory, but al so updating of the control data (tag,
valid flag Pevantagss chethatdvieetdorh the nemory management area toget her
with the data and ot her processings related to the erasure of the data, for

exanpl e, saeebfamgtlortoof tﬂ@se Heaaaef ors fhgdaha 't@{@e’f‘%rsmt y}.?]cﬂ{leas

Fi 7 perati of a .cache menor di ng
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fromthe CRYd1acapplaicatdin Y Olgﬁé'inﬁigb-ranking cache memory, thereby

each of those cache memories can hold data more efficiently.

Furthermore, according to the present invention, if a request
of data transfer is issued from the host system to the
low-ranking cache memory, the low-ranking cache memory erases
the data transferred to the host system in response to the
request. If a request of data transfer is issued from the
high-ranking cache memory to the low-ranking cache memory, the
low-ranking cache memory erases the data transferred to the
high~ranking cache memory in response to the request.
Consequently, the low-ranking cache memory can hold data more
efficiently.

Brief Description of the Drawings:

Figure 1 is a schematic block diagram of a computer system in a
first embodiment of the present invention;

Figure 2 is a schematic block diagram of the HDD unit shown in
Figure 1;

Figure 3 is a schematic block diagram of the HDC card 21 shown
in Figure 1;

Figure 4 shows an example of an operation sequence of a cache
memory for selecting a swap mode;

Figure 5 shows another example of an operation sequence of a
cache memory for selecting a swap mode;

Figure 6 is a schematic block diagram of a computer system in a



At fikst, an application programrequests the main nmenory 15 for transfer
of data Then, a cache mshit occurs in the disk cache 16 of the main
menory 15. The HDD unit 72 is thus requested for transfer of data A

i ncluding both data requested fromthe application programand the data
predicted to be requested next time fromthe application program As a
result, a cache mshit occurs in the @Bsk cache 75 of the HDD unit 72. The
data A requested fromthe main nmenory 15 is thus read fromthe magnetic
disk 41 and held in the disk cache 75, and then it is transferred to the
mai n menory 15. Consequently, the data Ais held in the disk cache 16 of
the main N dabodinfeitt BEr fRY @rewben ihRndabta; A is transferred to the
main menory 15, the HDD unit 72 erases the data A fromits disk cache 75.
18 After that, the host systemreads the data B in the address follow ng
that of tHERFENST ehoPg &t £XATPEONP E heReragpretatdcdi S 41 @sdehsIcB8TY he data
Bin its diekheachey #mta; According to the conventional data readi ng nethod
shown in Figure 12, the cache nenory of the conventional HDD unit holds
bot h dat a requested fron; he host .system.and datg.D4 %Iogg-ahea dat a)
in the addrd¥Sr &l IBW Ry PRAESOF SEHP Y 0F° GPTRENBnCFaly® “Fhi%cache
menory of REFErMDECTNMLdIRg fRF& second enbodi ment does not hold the data A
requested fromthe host system but holds only the data B (| ook-ahead dat a)

in the Figure 8 shows further another example of the operation of the

cache memory for holding data;

Figure 10 shows further another example of the operation of the
cache memory for holding data;

Figure 11 shows further another example of the operation of the
cache memory for holding data; and

Figure 12 shows how data is read from a conventional disk
cache.

[Description of symbols]

10a, 10b, 10c ... External Bus

11 ... CPU

12 ... Primary Cache

13 ... Secondary Cache

14 ... First Controller

15 ... Main Memory

16 ... Cache Area (High-ranking Cache memory)
17 ... Cache Controller

20 ... Expansion Bus

21 ... HDC Card (Hard Disk Control Unit)
22 ... HDD Unit

23 ... CD~ROM Unit

24a, 24b ... Bus

31 ... HDC

32 ... Cache Controller

33 ... Control Memory



address followi ng that of the data A Consequently, if the storage
capacity is the sanme in both cache nenories, the cache nenory of the HDD
unit in the first enbodi ment can hol d | ook-ahead data nmuch nore than that
of the conventional HDD unit. |In Figure 12, the data Bl neans the

| ook- ahead data D4 that can be held in the cache nenory of the conventi onal
HDD unit and the data B2 neans the | ook-ahead data follow ng the data Bl
read fromthe magnetic disk after the d%‘?a A is erased fromthe cache
menory. Consequently, it is possible to make the npbst use of the

| ocalization of the data space so as to inprove the hitting rate of the
cache nmengyy in - g i e . This ks W . inthis
enbodi ma%llcéh' h}(g)\F\gf%aEV%hﬁg?gﬂgf@?g%gﬁ%T@.& lL?‘Hﬁ?%%P@ ?%ﬁeﬁ;\%@?‘}&zr dat a

| ocal i zat i%on; -ti ME° 1% i zati on and space localization. The tine

| ocal i zat i3n .reahéC Beiii gh possibility of accessing data in the sane
address repet.itinesy.t/Fhe space | ocalization neans a high possibility of
accessi ng gat a;gp addrB%%ses close to the accessed dat a. Fi gures 8 through
11 show angtHer exanpl e of the operation of the cache nenory for hol ding
data. Adlshow®#¥iGuPés8, the di sk cache 16 of the main nenory 15

enpl oys dat?a -A2 Sppubist ddtbast from an application programas the data
predi ct ed 420 he peguestigdnext time fromthe
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44 ... Head Arm

45 ... Actuator

51 ... HDC

52 ... Cache Controller
53 ... Control Memory

54 ... Buffer Memory (Low-ranking Cache Memory)
55 ... Host I/F

56 ... Bus

70 ... Bus

71 ... Secocond Controller
72 ... HDD Unit

73 ... CD-ROM Unit

74a, 74b ... Bus

75 ... Buffer Memory (Low-ranking Cache Memory)



application program This is why the tine |ocalization of data can be used
so as to inprove the hitting rate of the di sk cache 16. As shown in’
Figure 9, the disk cache 16 of the nmain nenory 15 enpl oys the | ook-ahead
data A2 of the data Al requested froman application programas the data
predicted to be requested next time from the application program
Cofisequently, it is possible to nake e nost use of the space

| ocalization of data so as to inprove tfie hitting rate of the disk cache
16. In the exanple shown in Figure 10, the disk cache 16 of the main
menory 15 has a plurality of segnents, for exanple, three segnents of
segnent 1, segnent 2, and segnent 3. In those segnents 1 to 3 are held
data itens regheEt®d to the HDD unit 72 repetitively according to the
commands i ssued sequentially froman application program In the segnent

1 are hel gqatg %leth%gu%tredcol}bﬁrb'ﬂ&&&”Hafb(iu}aiz[w“ Lhe .appki %@:hb?ﬂe r Ogr am
and the | ook-ahead data A2 t he He seg negm¥§hare he dat a

A3 request ed by°T?ﬁ§?ﬁﬂ$w§hd“§’ﬁ?Bﬁ%?%eC%ﬁﬁﬂ ?ﬁﬁoﬁgnaﬁpoéﬁ &apgbﬂgahead
data A4 of theaghe aneA®ry, And, in the segment 3 are held data AS
requested by the comand 3 fron1the application program and | ook-ahead data

A6 of the datauhSeein | o8:8a0he JIRAREYiAS diubied 1RLO-3 P! | Lysaf

segnents in this t her ef e nost use of the

o ocal | zat Lo iUt G5 RS HIOF DA S0e PREFFLL FRg HALEEORS RS ok
cache 16. Onme#@s ot her hand, the disk cache 75 of the HDD unit 72 hol ds
the |l atest data A5 requested fromthe nmain nenory 15 and the | ook-ahead

data B of (bhe @atanbbnog Cf)é'kse@é’rﬁﬂtolliinét | B1eRSSIR] &4 %aryﬁléenie&% Apst use
of the space Iocall at i QL%F% & S9 as, to |ggrove the hitting rate of the

di sk cache 75. ?%% 8x hEPTI A% UPe TP% RE: di sk cache 75 of

t he HDD
exchanging select information for selecting a swap mode of
each cache memory between said high-ranking cache memory
and said low-ranking cache memory when a system is started
up; and

by each cache memory, selecting a swap mode different from
one of the other cache memory based on the exchanged
select information.

(3) The method for controlling a plurality of cache memories
according to Claim 2,

wherein one of said high-ranking and low-ranking cache
memories transfers select informatidon for selecting a swap

mode of the other cache memory to the other cache memory;
and




unit 72" also has a plurality of segnents, for exanple, three segnments of
segnments 1 to 3. In those segnents 1 to 3 of the

20 °~ disk cache 16 of the main nmenory 15 are held data itens; data Al,
data A2, and data A3 requested to an HDD unit 72 according to command 1,
command 2, and command 3 requested sequentially froman application
program In the segnents 1 to 3 of the sk cache 75 of the HDD unit 72
are also held data itens; |ook-ahead data Cl, C2, and C3 of the data Al,
A2, and A3 requested fromthe main nenory 15 sequentially. Consequent |y,
it is possible to make the nost use of the tinme |ocalization of data so as
to inprove the $iidiqideratechsd nanerdi skledshe tpsswap Thedar@cgoddiey to

di sposi ng a pl ug@id t ¥e DdctS eI G thBn a teagHite JFRADI L onS 1014 | érd teskianly to
that described ghowe, for exanple, other conventional well-known nethods,
such as direct mappi'ng, full associative, set associative, etc. can also be
enpl oyed. The size of each segnent is not [imted only to a fixed one; it
may be vari(dbl eThe hethdie facavdtenbbiiigrent plutdiidyard tcashst agesries the

storage | ayer; fh&@diislk €ache ikb3(hi gh-ranking cache menory) of the main
menory 15 and the di sk cache 75 (|l owranking cache nenory) of the HDD

unit 72. However, it 1is avoided _ that the |owranking cache nenory
hol ds the data T3HhsTsr rEF EomERR: i H-SCARKRY THThdIfisnGR. teAnEhers
contrary, if thete slecthd etwast owrdgetd apdds obhenmiachgenengsyiextnidnded card,
and HDD unit as described in the first enbodinent, it can be specified that
the saild other cache memory selects a swap mode different from
' said transferred swap mode as its swap mode.

(5) The method for controlling a plurality of cache memories
accerding to Claim 3,

sald one cache memory transfers a plurality of swap modes
that it cannot select by .itself to said other cache
memory; and

said other cache memory selects one of said transferred
swap modes.

(6} The method for controlling a plurality of cache memories
according to Claim 2,

wherein one of said high-ranking and low-ranking cache
memories transfers a plurality of swap modes that it can
select by itself to the other cache memory;

said other cache memory selects one of said transferred
swap modes, which should be selected by said one cache
memory and responds said selected swap mode to said one
cache memory, then selects a swap mode different from said
responded swap mode as its swap mode; and

sald one cache memory selects said responded swap mode as
its swap mode.

AL A



cache nenory of the extended card does not hold the data transferred from
the extended card to the main nenory and the cache nenory of the HDD unit
does not hold the data transferred fromthe HDD unit to the extended card.
In the first and second enbodi nents, the HDD unit is defined as the

| owest -ranki ng storage unit. However, the |owest-ranking storage unit is

not limted only to such an HDD unit; r exanple, such a disk unit as a
magnetic tape unit, an optical nagnetic”disk unit, etc. may al so be
enpl oyed. As described above, the present invention is especially

suitable for peripheral devices provided with a cache nenory

21 respegt i yed ymeth&ecmecér{&omuﬁ@ra{ ﬁaﬁmlﬁW®§eﬁ@m@amm@agag, and
the main nennrgcé§€$fﬁ%8a %léqétalled on the nother board of the object
conput er system 1i data transfer anong those nenories is
designed optinmally as an integrated system On the contrary, because such
conventi onal penépher asaidevhitEs raskang exbénded-carkdngarcadbp wembriesc. are
us;JalllyI desitgﬂaﬂeiad@ﬂ%t t.ré denhl ¥irtdese @a&pcxﬁaﬁ@r %e@@&t@cﬁV@é%A 5@@%@1‘)@3 t
optimally wi [espec o] i.gh-ran yer q N ac ing to
t he present |nven gmon?tt#s %@8. Lgafg ?gfﬁég{ OW T & k|n cac e JC”%m)ry
hol ds the daﬁ%eaﬁﬁél dFreauentdy hi grdlankiodf cachee mefdFS as Fiich~ 53

possi bl e, therehysttomthi tdddeg ratde of mbhe Ifow rsamkpiwgy cache omenurfy £an be

improved with phe dmst, use Qfqphdigd, 0Q@hk§@tﬁdmasoﬁjﬂﬁtfbastcoﬁﬁﬂﬂﬂﬁnéfy1 t he
met hod of data transfer anong t hosé menories can

(8) The method for controlling a plurality of cache memories
according to Claim 1,

wherein said high-ranking cache memory is a disk cache
provided for a hard disk control unit for controlling a
hard disk drive unit and saild low-ranking cache memory is
a disk cache provided for said hard disk drive unit.

(9) A computer system, comprising:
a low-ranking cache memory; and

a high-ranking cache memory connected to said low-ranking
cache memory;

wherein said high-ranking and low-ranking cache memories
exchange select information for selecting a swap mnode
respectively with each other when said computer system is
started up and select different swap modes according to
said exchanged select information respectively.

(10} The computer system according to Claim 9,

wherein one of said high-ranking and low-ranking cache
memoriles has a transferring device for transferring select
information for selecting a swap mode of the other cache
memory to said other cache memory; and

W



designed optimally with respect to the high-ranking storage |ayer.
Furthernore, the present invention is nost effective when both high-ranking
and I owranki ng cache nmenori es have approxi mately the same storage
capacity. This is because if the | owranking cache nenory has a storage
capacity extrenely larger than the high-ranki ng cache nenory, the anount of
the data becones small for the storage C2Eacity of the | owranking cache
menory even when the sane data is held i A" both high-ranking and | ow ranki ng
cache nenori es. On the contrary, if both high-ranking and | ow ranking
cache nenories have al nost the same storage capacity, the anmount of the

data becomes | argedf ofthtle SPEPagENTIFAC] PS of? t RELFOW-HANKENGCE acE menory
when the sane datedecsimel dits bswdp hinghier arddcegdang | bev r aakd ngsebotie

nmenori es. Cons,&%%s{yon delcel $eRO0ESOLE1 § UWnd REchowdmki.Nng cache nenory
to hold such data as | ook-ahead data i nstead of the data fransferred to the

hi gh-ranki ng cache nmenory, thereby the hitting rate of the |owranking
cache rnenoﬁgl?s;3h§l&PWE@%%F|Sﬂﬁﬁéme%FC°rdlng to Claim 10,
22 [ Advant ages of the invention] Accordi ng to t he pr esent

invention,  thepRLQLR, saidUfe Rbghe r A RO a0 dal QYL aNkieRd i GRChE, BRI i es

can be operated £r1 selecting its swap mode and said transferring device

transfers a swap mode selected by said selecting device to
the other cache memory; and

said selecting device of said other cache memory selects a
swap mode different from said swap mode received from said
one cache memory as a swap mode of said other cache
memory.

(12} The computer system according to Claim 10,

wherein said transferring device of said one cache memory
transfers a plurality of swap modes that said one cache
menmory cannot select by itself, to the other cache memory;

said selecting device of said other cache memory selects
one of a plurality of said swap modes received from said
cne cache memory as its swap mode.

(13) The computer system according to Claim 9,
wherein one of said high-ranking and low-ranking cache
memories has a candidate mode transferring device for
transferring a plurality of swap modes that it can select
by itself to the other cache memory and a mode selecting
device for selecting said swap nmode received from said
other cache memory as its swap mode; and

sald other cache memory has;

a partner's mode selecting device for selecting a swap

g Illl"l I "llHllIl 1|



different swap nodes. It is thus possible to reduce the
possibility that the | owranking cache nenory holds the sane data as that
hel d in the high-ranking cache nenory, thereby each of those cache nenories
can hold data nore efficiently. Furthernore, according to the present
invention, if a request of data transfer is issued fromthe host systemto
t he’ Iomfranklng cache nenory, the | owranking cache nenory erases the data
transferred to the host system in respéhse to the request. If a
request of data transfer is issued from the high-ranking cache nenory
to the | owranking cache nenory, the |l owranking cache nenory erases the

data tranSferrﬁﬁbetﬁhaélygla'9 réﬂyﬂenﬁemg r@%odT@”gEXecﬂ'1Irohe%ﬁgﬂ e to

t he request. f | ow- r ank |gg cache, can ﬁ? ata

nor e eff|C|entI§ 3t lt%NPEfSE%QCFVﬁP|5W P fﬁgefY% gdPe 1 is a
schemat i ¢ bl ockcai¢bymemosy: a conput er systemin a first enbodlnent of the
present invention; Figure 2 is a schenmatic block diagramof the HDD unit

shown i n Bl gur e. LpaFLgUi & S 2,36090RLL ¢, Dhark i agr am.of bbe, (G card 21

shown in Figure 1 ows  an ex an operation seguence of
a cache nmenmory PP é‘éﬂdu@c???ﬂ%c{fdsﬁé(p i to ?Pﬁ‘ar‘é’%céﬁ%\s‘n%ﬂhefm%xaml e
of an operation sequence of a cache nenory for selecting a swap node;
Figure 6 is a sghesfigodd 08k ditaghamle0fic@ €oRPYLeEcEHE €M kRa@ mode

different from said swap mode selected by said partner's
mode selecting device as a swap mode of said other cache
memory.

{14) The computer system according to Claim 9,

wherein said  high-ranking cache memory and  said
low-ranking cache memory are operated in different swap
modes selected from LRU (Least Recently Used) mode, LFU
{Least Frequently Used) mode, FIFO (First-In First—Out).
mode, and a mode for swapping out a segment holding the
least amount of data among a plurality of segments.

(15) The computer system according to Claim 9,
wherein said high-ranking cache memory is a disk cache
provided fer said hard disk control unit for controlling

said hard disk drive unit; and

said low-ranking cache memory is a disk cache provided for
said hard disk drive unit.

(16} The computer system, comprising:

a hard disk drive unit having a low-ranking cache memory
for helding part of data stored in a magnetic disk; and

a hard disk control wunit having a high-ranking cache
memory for holding part of data stored in said hard disk
drive unit and used to control said hard disk drive unit;

N



23" 'sécond enbodi nent of the present invention; Figure 7 shows an
exanpl e of the operation of a cache nenory for hol ding data; Figure 8
shows anot her exanple of the operation of the cache nmenory for hol ding

dat a; Figure 9 shows further another exanple of the operation of the
cache nmenory for hol ding data; Figure 10 shows further another exanple of
t he operation of the cache nenory for hogging dat a; Figure 11 shows
further another exanple of the operation~of the cache nenory for hol ding
data; and Figure 12 shows how data is read froma conventional disk
cache. [ Description of synbol s] 10a, 10b, 10c ... External Bus 11

CPU wherein said high-~ranking and low-ranking cache memories
exchange select information for selecting a swap mode
respectively with each other when said computer system is
started up and select different swap modes according to

exchanged select information respectively.
(17) The computer system, comprising:

a hard disk drive unit provided with a cache memory for
holding part of data stored in a magnetic disk; and

a main memory for holding part of data stored in a hard
disk drive unit and sending/receiving data to/from said
hard disk drive unit according to an instruction issued
from a central processing unit;

wherein said cache memory and said main memory exchange
select information for selecting a swap mode respectively
with each other when said computer system is started up
and select different swap modes according to said
exchanged select information respectively.

(18) A hard disk drive unit, comprising:

a low-ranking cache memory for storing part of data stored
in a magnetic disk and connected to a host system having
functions of a high-ranking cache memory;

wherein each of said high-ranking and low-ranking cache
nemories exchanges select information for selecting a swap
mode with said host system when a system is started up so
that said high-ranking and low-ranking cache memories are
operated in different swap modes; and

said host system selects a swap mode of said low-ranking

cache memory  according to said exchanged select
information.
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12 Pri mary Cache 13 Secondary Cache 14 ... First Controller 15

Main Menory 16 Cache Area (H gh-ranking Cache nenory) 17 ... Cache

Controller 20 ... Expansion Bus 21 ... HDC Card (Hard Disk Control Unit) 22

... HDD Unit 23 ... CDOROM Unit 24a, 24b ... Bus 31 ... HDC 32 Cache

Controller 33 ... Control Menory

24 34 ... Buffer Menory (Hi gh-rankingor Lowranking Cache Menory) 35

... I/OPort 36 ... 1/OPort 37 ... Host I/F 38a, 38b ... Bus 41

Magnetic Di sk 42 Spi ndl e Motor 43 Head Slider 44 Head Arm 45
Actuator 51 ...HDC 52 ... Cache Controller 53 ,.. Control Menory 54

Buf fer Nenmbt3) ( Bobrrdrikiskgconthel Meibr yjorgEisingHost |/ F

a first connection terminal connected teo an extended
connection terminal of a peripheral device provided for a
computer system;

a second connection terminal connected to a hard disk
drive unit having a low-ranking cache memory for storing
part of data stored in a magnetic disk; and

a high-ranking cache memory for holding part of data
stored in said hard disk drive unit connected to said
second connection terminal;

wherein saild contrel unit controls said hard disk drive
unit connected to said second connection terminal;

said high-ranking and said low-ranking cache nerocries
exchange select information for selecting a swap mode of
each cache memory with said hard disk drive unit connected
to said second connection terminal respectively so as to
be operated in different swap modes when said computer
system connected to said first connection terminal is
started up; and

said control unit selects a swap mode of said high-ranking
cache memory  according to salid  exchanged select
information.

(20) A hard disk control unit, comprising:

a first connection terminal connected to an extended
connection terminal of a peripheral device provided for a
computer system provided with a host system having
functions of a high-ranking cache memory;

a second connection terminal connected to a hard disk
drive unit; and

e



56  Bus 70 Bus 71 ... Second Controller 72 ... HDD Unit 73

CD-ROM Unit 74a, 74b ... Bus 75 ... Buffer Menory (Lowranking Cache -
Menory) 25 Cl ai ns: (1) A
met hod for controlling a plurality of cache nenories conprising a

| ow-ranki ng cache nenory and a hi gh-ranking cache nenory, wher ein
sai d hi gh-ranki ng cache menory and sai d | ow- r anki ng cache
menory are operated in different swap 32 nodes. (2) The nethod for
controlling a plurality of cache nenories according to Caim1l,
conprising the steps of: exchangi ng select information for selecting

d f t h
2 swap mode of o 18RI EARNE IEITA Rt veen, saldehhole [ anki,eg sashe merory
in Said hard dlsk drive unlt connected to Sald second

connection terminal;

wherein said hard disk control unit controls said hard
disk drive unit connected to said. second <connection
terminal;

each of said high-ranking cache memory and said
low-ranking cache memory exchanges select information for
selecting a swap mode with a host system so as to be
operated in different swap modes when said computer system
connected to said first connection terminal is started up;
and

said hard disk control unit selects a swap mode of said
low~ranking cache memory according to said exchanged
select information.

{21) A method for controlling a plurality of cache memories by
erasing data from a low-ranking cache memory after said
data is transferred to a host system in response to a
request of data transfer issued from said host system to
salid low-ranking cache memory.

(22} The method for controlling a plurality of cache memories
according to Claim 21,

wherein said low—raﬁking cache memory holds data predicted
to be requested next time from said host system according
to data requested from said host system.

(23) The method for controlling a plurality of cache memories
according to Claim 22,

wherein said data predicted to be requested next time from

said host system is look-ahead data of said data requested
by said host system.
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by each cache menory, selecting a swap node different from one of the

ot her cache nenory based on t he exchanged sel ect information. (3) The
met*hod for controlling a plurality of cache nenories according to Caim
2, wherei n one of said high-ranking and | owranking cache

menories transfers select information for selecting a swap node of the
ot er cache nmenory to the other cache mggory; and

26 said other cache nmenory selects its swap node according to

said select information transferred fromsaid one cache menory. (4)
The nethod for controlling a plurality of cache nenories according to

daim3, (24) RahANE LACRENPRIMINGSE! BELSaI g SWaRSRd&ARE i kEaBsT ers

its selected s de .t o _sai t her ~cac nmenor.y; and sai d_ot her
cache nenory s\éﬁ‘g]c‘?ls)paaftsﬁpgﬁgﬁ}%% & 3n§°‘f’?rbarﬁk¥mg SATHF (1AREF ef Pell swap
node as its swapl@pd@nking cache memory,

wherein data transferred from said low-ranking cache
memory to said high~ranking cache memory in response to a
request of data transfer issued from said high-ranking
cache memory to sald low-ranking cache memory is erased
from said low-ranking cache memory.

{25) The method for controlling a plurality of cache memories
according to Claim 24,

wherein said high-ranking cache memory requests said
low-ranking cache memory for transfer of data comprising
both data requested from said host system and first data
predicted to be requested next time from said host system
according to said data requested from said host system
when said high-ranking cache memory does not hold said
data requested from said host system; and

sald low-ranking cache memory transfers said requested
data to said high-ranking cache memory and holds second
data predicted to be requested next time from said
high-ranking cache memory according to said data requested
from said high-ranking cache memory.

(26) The method for controlling a plurality of cache memories
according to Claim 25,

wherein said first predicted data is data requested
previously from said host system; and

said second predicted data is look-ahead data of said data
requested from said high-ranking cache memory.

(27) The method for controlling a plurality of cache memories
according to Claim 25,




(5) The method for controlling a plurality of cache menories accordi ng
to Caim 3, said one cache nenory transfers a plurality of swap nobdes
that it cannot select by itself to said other cache menory; and

sai d other cache nenory selects one of said transferred swap nodes.

(6) The nmethod for controlling a plurality of cache menories accordi ng
to’'Caim 2, wherein one of said h'gh-ranking and | owranki ng cache
menories transfers a plurality of swap nodes that it can sel ect by
itself to the other cache nenory; sai d other cache nenory sel ects one
of said transferred swap nodes, which should be selected by said one

ﬁ;‘;‘ﬁﬂfy threrﬁms)r h(?ﬂaqt ol es%qancﬁr%@i g;?@i@@@d?a%&amm}d—@hsaadd@m of cache
, el ects a s pde di rent fr sai responded swap
node as its smﬁa%&&quﬁ\é\%& "Hom §§?“§1e}b°nseq Sgéﬁéeg"rr%rrr%ry sel ects said
responded swap node as Its swap node.
said second predicted data is look-ahead data of said data
requested from said high-ranking cache memory.

(28) The method for controlling a plurality of cache memories
according to Claim 24,

wherein said high-ranking cache memory is a disk cache
provided for said hard disk control unit for controlling
said hard disk drive unit; and

said low-ranking cache memory is a disk cache provided for
said hard disk drive unit.

(22) A computer system, comprising:
a low-ranking cache memory; and

a high-ranking cache memory for holding part of data
stored in said low-ranking cache memory;

wherein said low-ranking cache memory, when a request of
data transfer is issued from said high-ranking cache
memory to said low-ranking cache memory, erases said data
transferred from said low-ranking cache memory to said
high~ranking cache memory in response to said request.

(30) The computer system according to Claim 29,

wherein said high-ranking cache memory, when not holding
data requested from said host system, requests said
low-ranking cache memory for transfer of data comprising
both data requested from said host system and first data
predicted to be requested next time from said host system
according to said data requested from said host system;
and

A



27 (*7) The nethod for controlling a plurality of cache nenories
according to Caiml, wherei n said high-ranking and | owranki ng cache
menori es are operated in different swap nodes sel ected respectively
fromanong the LRU (Least Recently Used) node, the LFU (Least
Frequently Used) node, the FIFO (First-In First-Qut) node, and
a node for swapping out one of a pl wzal ity of segnents, which holds the
| east anount of dat a. (8) The nethod for controlling a plurality of
cache nenories according to Caim1, wher ei n sai d hi gh-ranking
cache nmenory is a disk cache provided for a hard disk control unit for

controlling a saihanghdiskidli ¥echider®nd 8aidk | wonankhog sashieva@mory is
a disk cache P QY% Qﬁp Jéﬁﬁg%%%o Q%&g %&ﬁ% thMenghthig%ﬁ%?nkf%gcqu%&er

[
system conprising: W ranki ng_cache menor

. , G a .
hi gh-ranki ng ca8BBoRENDR§CTSHRECt 88 t 825%i Fatow r@ﬁi‘?ﬁb"‘d I heé3tEnor y;
wher ei n sai d hi phghanknighgardcheweamamlki. ng cache nenori es exchange
select information for selecting a swap node respectively with each

ot her when id conputer systemis started.u sel ect different swap
nodes acco}%?)lng'rflgngomp%téa‘lgd/ S@??ﬁ%naﬁgﬁrglé?%ctto %rl\?g??rén}?'i on respectively.

wherein said high-ranking cache memory is a disk cache
provided for said hard disk control unit for controlling
sald hard disk drive unit; and

salid low-ranking cache memory is a disk cache provided for
said hard disk drive unit. '

(32) A computer system, comprising:

a hard disk drive unit having a low-ranking cache memory
for holding part of data stored in a magnetic disk; and

a hard disk control wunit having a high-ranking cache
memory for holding part of data stored in said hard disk
drive unit and used to control said hard disk drive unit;

wherein said low-ranking cache memory, when said hard disk
control unit requests said hard disk drive unit for
transfer of data, erases said data transferred from said
hard disk drive unit to said hard disk control unit in
response to said request.

(33) A computer system, comprising:

a hard disk drive unit having a cache memory for holding
part of data stored in a magnetic disk; and

a main memory for holding part of data stored in said hard
disk drive unit and exchanging data with said hard disk
drive unit in response to an instruction issued from a
central processing unit;

—
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(10)' The conputer system according to Caim?9, wherein one of said
hi gh-ranki ng and | owranki ng cache menori es has a transferring device
for transferring sel ect information for selecting a swap node of the
ot her cache menory to said other cache nenory; and

28 sai d other cache nenory has a sel ecting device for sel ecting
its swap node according to said selgct information received from
sai d one cache nenory. (11) The conputer system according to Caim 10,
wherein said one cache nenory has a node sel ecting device for
selecting its swap node and said transferring device transfers a swap

node sel ect ed bxm%%@nssb@&tbf\gsaiﬂ@@cﬂeo memory! HﬁdOEBE& fachendmimy,y; and
said selecting d V|ce 0

el ects ,.a swap. node
different from $argd &Wd e?ﬁﬁéjffécgf$%%€ rog?§g£% Bt 6nS R CTRS ry as a
swap node of sait® GeRérheedHE sk drifengrit, er@IQ)SQH%‘%ﬁﬁpﬁféﬁsg%%ﬁﬁﬁn

according to C &remlGaid hard disk drive unit to said main memory in
response to said request.

(34) A hard disk drive unit, comprising:

a cache memory for storing part of data stored in a
magnetic disk;

wherein said cache memory, when said hard disk drive unit
is requested for transfer of data from a host system
connected to said hard disk drive unit, erases said data
transferred to said host system in response to said
reqguest.

{35) A hard disk control unit, comprising:

a first connection terminal connected to an extended
connection terminal of a peripheral device provided for a
computer system;

a second connection terminal c¢onnected to a hard disk
drive unit; and

a cache memory for holding part of data stored in said
hard disk drive unit connected to said second connection
terminal;

wherein said control unit controls said hard disk drive
unit connected to said second connection terminal; and

sald cache memory, when requested by said host system for
transfer of data through said first connection terminal,
erases sald data after said data is transferred to said
host system in response to said request.

I



wher &ih sai d transferring device of said one cache nenory transfers a

plurality of swap nodes that said one cache menory cannot sel ect by
itself, to the other cache nenory; sai d sel ecting device of said

ot her cache nenory sel ects one of a plurality of said swap nodes
received fromsaid one cache nenory as its swap node. (13) The
corfputer system according to Claim?9, 37 wherein one of said

hi gh-ranki ng and | owranki ng cache menori es has a candi date node
transferring device for transferring a plurality of swap nodes that it

Gevi o for METHOH'ES <§¢&T§%&&ﬁ9@¢§@3ﬁ@&ﬁoﬁ?@@%ﬁ% @%ﬁ@? E5kke°

menory as its swap nod i d other cache ne ,
partner's node sel ect[i) ﬁ@%&mm%g&mgl%%Rm U\}l”
29 node that sai d one cache nenory shoul d sel ect, from anong a
plurality of said swap nodes recei vedBYI®AGHI d one cache menory;

A computer system is provided with an HDC card (21) connected to an expansion bus (20) and
an HDD unit (22) connected to the HDC card (21). The HDC card (21) is provided with a disk
cache (high-ranking cache memory) and the HDD unit (22) is provided with a disk cache (54)
(low-ranking cache memory). The HDC card (21) and the HDD unit (22) exchange select
information for selecting a swap mode of each cache memory when the system is started up,
thereby selecting different swap modes according to the exchanged select information
respectively. The object is to avoid holding common data in both the high-ranking and low-
ranking cache memories, or  to reduce the data held commonly, thereby having each of the

cache memories hold data efficiently.

FIG 1



a partrer's node transferring device for transferring a swap node -

selected by itself to said one cache nenory; and a sel f-node
selecting device for selecting a swap node different fromsaid swap
node sel ected by said partner's node sel ecting device as a swap node
of said other cache menory. (14) The conputer system according to
Camo9, wherein said hi gh-ranki ng cache menory and said
| owranki ng cache nenory are operated in different swap nodes sel ect ed
from LRU (Least Recently Used) node, LE(32 (Least Frequently Used) node,
FIFO (First-1n First-Qut) node, and a node for swapping out a segment
hol di ng t he | east anmobunt of data anong a plurality of segnents. (15)
The conputer systemaccording to Claim9, wherei n sai d high-ranking
cache nenory iBL®UI& dk cache provi ded for said hard disk control unit
for controlling said hard disk drive unit; and sai d | owranki ng
cache nenory is a disk cache provided for said hard disk drive unit.
(16) The conputer system conpri sing: a hard di sk drive unit having
a | owranking cache nmenory for holding part of data stored in a
magnetic disk; and a hard di sk control unit having a high-ranking
cache
o
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menory for hol ding part of data stored in said hard disk drive unit
and used to control said hard disk drive unit;

. 30 wherei n said hi gh-ranking and Iom#ranking cache nenori es
exchange select information for selecting a swap node respectively
wi th each other when said conputer systemis started up and sel ect
di*f f erent swap nodes according to exchanged sel ect information
respectively. (17) The conputer system conprising: a hard disk
drive unit provided with a cache nenn?@ for hol di ng part of data
stored in a magnetic disk; and a main menory for holding part of
data stored ipjgubard di sk drive unit and sendi ng/receiving data
to/from said hard di sk drive unit according to an instruction issued
froma central processing unit; wherein said cache nmenory and said
mai n menory exchange select information for selecting a swap node
respectively with each other when said conputer systemis started up
and select different swap nodes ace i exchanged sel ect

i nformation respectively.
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(18) A-hard disk drive unit, conprising: a | owranki ng cache nenrory
for storing part of data stored in a magnetic disk and connected to a
host system havi ng functions of a high-ranking cache nenory;
wherein each of said high-ranking and | owranki ng cache menori es
exchanges select information for selecting a swap node with said host
system when a systemis started up so t hat sai d hi gh-ranking and
| owranki ng cache nenories are opghgted in different swap nodes; and
said host system selects a swap node o ai d | owranking cache nenory
according to said exchanged sel ect i nformation.
31 (19) A Wamdrdi 8k control unit, conprising: a first connection
term nal connected to an extended connection term nal of a peripheral
device provided for a conput er system a second connection
term nal connected to a hard disk drive unit having a | owranking
cache nenory for storing part of dgta stored in a magnetic disk; and
o
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& ‘hi gh-ranki ng cache nenory for holding part of data stored in said
hard di sk drive unit connected to said second connection term nal;
wherein said control unit controls said hard disk drive unit connected
to said second connection term nal; sai d hi gh-ranking and said

| owr anki ng cache nenories exchange sel ect information for selecting a
swap node of each cache nenory with said hard disk drive unit

connect ed to said second connectignrzterm nal respectively so as to

be operated in different swap nodes when said conputer system
connected to said first connection termnal is started up; and

sai d control Bh?¥*&e ects a swap node of said hi gh-ranking cache
menory according to said exchanged sel ect i nformation. (20) A
hard di sk control unit, conprising: a first connection term nal
connected to an extended connection term nal of a peripheral device
provided for a conputer system provided with a host system havi ng
functions of a high-ranking cache nenory,; ﬂ' econd connecti on
terminal connected toHRCkarld di sk drive uniﬁ,)éﬁﬂ‘

|
S2 S1

Enter swap mode of HDD FirFO, LRU Output selectable swap
unit. modes.

S3

Seleet swap mode (FIFO)

of HDD unit,
S4 _ ' S5
Return swap mode of HDD FIFO Enter returned swap
unit. mode.
ST S6

Select entered swap
Seleet swap mode (LRU) mode.

different from that of HDD
unit.




32 - ' a |l owranking cache nenory for holding part of data stored

in said hard disk drive unit connected to said second connection

term nal ; wherein said hard disk control unit controls said hard

di sk drive unit connected to said second connection term nal ;

each of said high-ranking cache nenory and said | ow-r anki ng

cache menory exchanges sel ect information for sel ecting a swap node

with a host systemso as to be op hgted in different swap nodes when

sai d conmputer system connected to said first connection termnal is

started up; Fi and said hard disk control unit selects a swap node

of said hmﬁ%%%éing cache nenory according to said exchanged

sel ect information. (21) A nethod for controlling a plurality of cache

menories by erasing data froma | owranking cache nenory after said

data is transferred to a host systemin response to a request of data

transfer issued fromsaid host systemto sai d | owranki ng cache

menory. (22) The nethod for controlling a plurality of cache nmenories

according to Caim 21, " wherein said | owranking cache nenory hol ds

data predicted to be requested next tinme fromsaid host system

according HDC card HDD unig
|

Enter swap mode of HDD | FIFO
unit.

Qutpul default swap
mode.

S"c_lpct swap mode (LEU)
different {rom that of HDD
unit.




to -data requested fromsaid host system (23) The nmethod for controlling
a plurality of cache nenories according to Caim 22, wher ei n
‘'sai-d data predicted to be requested next tine from said host systemis
| ook- ahead data of said data requested by said host system

33 (24) A nethod for controlling a plurality of cache nenories to

hol'd part of data held in a | owranking cache nenory in a hi gh- r anki ng
cache nenory, wherein data trangfgrred fromsaid | owranking cache
menory to said high-ranking cache nenory in response to a request of
data transfer jssued_from said high-ranking cache nenory to said

| ow r anki ng cgéﬁgrﬁeﬁnry is erased fromsaid | owranking cache nenory.
(25) The nethod for controlling a plurality of cache nmenories

according to Cl aim 24, wherei n said hi gh-ranking cache nmenory
requests said | owranki ng cache nenory for transfer of data conprising
both data requested fromsaid host systemand first data
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prredi cted to be requested next tinme fromsaid host system according to
said data requested from said host system when sai d hi gh-ranking cache
‘merrory does not hold said data requested from said host system and
sai.d | owranking cache nenory transfers said requested data to said

hi gh-ranki ng cache nenory and hol ds second data predicted to be
requested next tinme fromsaid hi gh-ranki ng cache nenory according to
sai d data requested fromsaid high nki ng cache nmenory. (26) The
met hod for controlling a plurality of cé%ﬁe menori es according to

Cl ai m 25, wherein said first predicted data is data requested
previously fr&rP8aRd’ host system and sai d second predicted data is
| ook-ahead data of said data requested from said hi gh-ranking cache
menory. (27) The nmethod for controlling a plurality of cache nmenories
according to C aim 25, 34

wherein said first predicted data is | ook- ahead dat a of data requested
fromsaid host system and

k-ahead data

data B
data B2

data Bl

Look-ahead data B1 held in conventional HDD unit + Loo

Data (to be erased) requested from main memory
B2 held as a result of erasure of data A

Look-ahead data of data A in HDD unit

data A

Amemvhaacianmresss

data A= Data requested from application program
data A

Main memory disk cache
data A
data B

HDD unit disk cache



saird second predicted data is | ook-ahead data of said data request ed
from said hi gh-ranki ng cache nenory. (28) The nethod for controlling a
‘plurality of cache nenories according to C aim 24, wherein said
hi gh-ranking cache nenory is a disk cache provided for said hard disk
control unit for controlling said hard disk drive unit; and

saird | owranki ng cache nenory is a di sk cache provided for said hard

di sk drive unit. (29) A conputer sysw\gm conprising: a | owranking
cache nenory; and a hi gh-ranki ng cache nenory for hol ding part of

dat a stored in said | owranking cache nmenory; wherein said

| ow-ranking c doHE e Enry, when a request of data transfer is issued
from sai d hi gh-ranki ng cache menory to said | owranking cache nenory,
‘erases said data transferred from said | owranking cache nenory to

sai d hi gh-ranki ng cache nenory in response to said request. (30) The
conputer system according to C aim 29, wherei n said high-ranking
cache nenory, when not hol di ng data requested from said host system
requests said | owranki ng cache nenory for transfer_of data conprising
both data requested from said host systemand first data
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predi cted to be requested next tinme fromsaid host system according to

said data requested from said host system and

35. said | owranki ng cache nenory hol ds second data predicted

to be requested next tinme from said high-ranking cache menory
according to said data requested fromsaid hi gh-ranki ng cache nenory.
(31) The conputer system according to Caim 29, wherein said

hi gh-ranki ng cache nenory is a disk 03995 provi ded for said hard disk
control unit for controlling said hard disk drive unit; and

said | owranking cache nenory is a disk cache provided for said hard
di sk drive uniBigure(32) A conputer system conprising: a hard di sk
drive unit having a | owranking cache nenory for holding part of data
stored in a magnetic di sk; and a hard disk control unit having a

hi gh-ranki ng cache
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menory*for holding part of data stored in said hard disk drive unit

and used to control said hard disk drive unit; wherein said
| ow ranki ng cache nenory, when said hard di sk control unit requests
said hard disk drive unit for transfer of data, erases said data
transferred from said hard disk drive unit to said hard disk contro
uni't in response to said request. (33) A conmputer system
conpri si ng: a hard di sk drive un ’i havi ng a cache nenory for hol ding
part of data stored in a magnetic disk, Ad a main nmenory for
hol ding part of data stored in said har d di sk drive unit and
exchangi ng datFalamirehl8ai d hard di sk drive unit in response to an
instruction issued froma central processing unit;
36 wherein both of said cache menory and said main nmenory,
when requested for transfer of data fromsaid nmain nenory to said hard
disk drive unit, erase said data transferred fromsaid hard disk drive
unit to said main nenory in response to said request.
O
<
<
S
ke
+
Wy
5 E <
& &b =
= e 3 8
o = o Il
.2 B B o
g 38 8 E .
e & = g 5
g &% = A
E &2& <4< c T
— o~ o « =
T.2av., 8 5 E E T
§<g<§? » 2
E w 8 E «© 4 4 1 =
ESESER T 5 <
8583283 2129 g 3
L g gL = 89 4 e 5 Tt -
8538938 98 B oo i
Wy vy g 9 = i o
, 2822858 -+ -+ 4 g 5 i <
£ 9 S IE8E ~ a m g < :
o oml =l o £ :g:
s 8 8 S £ & g @ i :
~ ZSE8X8 §4§ % £ o <P
v A0 a0 £ E @ £ o mi 4
© TN T (N TH | ¥ Wb ‘: a S §i :
— <+, O : :
§ 232328 900 O S
E & 8 8 € & « . < o ;
O T @ O @ ® ™ B 8 © LR
E ©wvvUTwoTO 3 ® W Dom
= Q'U'U EU{
1‘-6 Q L T -L
= 5



(34) A-hard disk drive unit, conprising: a cache nenory for storing

.part of data stored in a magneti c di sk; wherein said cache
menory, when said hard disk drive unit is requested for transfer of
data froma host system connected to said hard disk drive unit, erases
sagd dat a transferred to said host systemin response to said
request. (35) A hard disk control unit, conprising: a first
connection term nal connected to an extended connection termnal of a
peri pheral device provided for a t¥mput er system a second
connection term nal gconnected to a hard di sk drive unit; and a
cache menory 69“ﬁ8|§%ng part of data stored in said hard di sk drive
unit connected to said second connection term nal ; wherein said
control unit controls said hard disk drive unit connected to said
second connection_term nal; and said cache nenory, when requested by
sai d host systen1§or§ E transfer of data through said first connection
term nal, ergse siaid data after said data is transferred to said

host systemi.n ra§poase§to sai d request.
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Figure 12
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