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According to the invention, there is provided a meth- od of transferring
data from a rotatable storage means This invention relates to the accessing
of data from  to a requesting processor coupledto said storage means a mass
memory storage device and specifically to the  bystorage control means
including astorage buffer, said accessing of data from a rotating memory
medium.  5  storage means having data stored thereon in sequential- Most
data processing systems require mass mem-  ly located data sectors defined
in data tracks, the method ory storage facilities that store large amounts
of data.  comprising the steps of: in response to read requests re- One
such mass memory device is a hard file or hard disk.  ceived from said
processor, issuing read commands to The hard file includes several surfaces
that have a mag-  transfer the data requested by said processor from the
netic code for the magnetic storage of data. Data is  10 storage means to
the storage buffer; determining, at said stored and retrieved by the moving
of a magnetic sensor  control means, when at least two read requests
received or head over the surfaces. The surfaces are rotated at a  from
said processor are for data that are stored in se- high speed. Heads are
located on top of each surface  quentially located sectors of said storage
means; provid- and are connected by an arm. Data is stored on the sur-
ing one or more read-ahead commands to access, from faces in concentric
channels termed tracks. Each set of 15 said storage means, data that one
stored in the next fol- tracks on different surfaces but with the same
radius is    lowing sectors and one not requested by the processor, called
a cylinder. Each track includes a series of sequen-  in response to a
determination that sequentially located tially located sectors that are
addressable forthe storage  data are being requested by said at least two
read re- and retrieval of data. When the heads are located on top  quests.
of tracks of a specific cylinder, the arm does not move  20  Further
according to the invention, there is provided for reading or writing data f
rom or to sectors on that cyl-  a data processing system comprising a
processor and a inder. When information is located on a different track,
rotatable storage means on which data is storable in se- the head will have
to be relocated over that track to read  quentially located data sectors
defined in data tracks; or write data into sectors of that track: The
movement of  and storage control means including a data buffer, cou- this
arm is termed a seek operation.           25  pling said processor to said
storage means, for control- As the speed of the data processing systems in-
ling the transfer of data between said storage means and creases, so does
the demand for a greater access   said data buffer, said storage control
means being re- speed. In some cases the speed of the rotating surface
sponsive to read requests from the processor to provide and the speed of
the head in locating tracks can limit per-    read commands to transfer
data requested by the proc- formance of the overall data processing system.
This 30 essor from the storage means to the data buffer, and re- problem
occurs when the access commands from the   sponsive to a determination that
at least two of said read data processing system are not received fast
enough to  requests are for data that are stored in sequentially lo- permit
adjacent sectors to be accessed on the hard file  cated sectors of said
storage means to provide surface in the same revolution. In other words,
the head  read-ahead commands to access, from said storage will have to
wait for a second revolution for the next sec- 35 means, data that are
stored in the next following sectors tor in the sequence to be accessed. If
sequential sectors  and are not requested by said processor. are being
accessed from a specific surface and the arm  In the preferred embodiment
of the invention to be is required to change cylinders because of an
additional  described in detail later, a data processing system is dis-
data request on another cylinder, the time to reposition  closed that
includes at least one storage device for stor- the head over the new
cylinder track to read the succes- 40 ing and retrieving data from a
plurality of rotating tracks. sive data block (seek time) increases the
access time for  Each surface contains a set of tracks and each track in-
data retrieval. Also the access time is increased by the  cludes
sequentially located sectors of storage data. A rotational delay. Once the
head is on the required cylin-  storage interface is connected to the
storage device to derthe data transfer cannot start untilthe required
sector  control the storing and retrieving of data from this device. is
under the head.                             45 The interface includes a
data buffer and a command buff- EP-A-01 09309 discloses a computer system
includ-  er. The command buffer is divided into sets of command ing a host
system connected via storage control ele-  elements and each set of command
elements is dedicat- ments to a plurality of disk data storage devices. The
edto one of the storage devices connected. Asetof com- storage control
elements include a cache and associated  mand elements is also dedicated to
reading the data cache manager which functions to determine whether 50
buffer. A storage driver is provided connected to the in- and when data not
specifically requested by the proces-    terface. The storage driver
receives storage device ac- sor should be prestaged to cache. At the
completion of  cess commands from a processor. The driver services a a read
operation, the cache manager makes this deter-  plurality of command queues
each one dedicated to a mination with reference to statistical information
relating  storage device and its respective set of command ele- to
operations which have already been completed.  55 ment buffers in the
interface. The driver further includes It is an object of the present
invention to provide an  the capability to provide commands for data that
has not apparatus to decrease the access time for data from a  been
requested by a processor for storage in the inter- rotating hard file.
face data buffer. 2    



3                 EP 0 278 471 B1                 4 In this driver, the
commands for data not requested  the present invention. In Fig. 1 a system
central proces- by the processor are generated in response to com-  sor 10
is connected by a bus 12 to an adapter 14. This mands from the processor.
The driver further includes  adapter is a hard file interface device that
is connected thecapabilityto examinethecommands inthecommand   by bus 16 to
three rotating hard file disk devices 18, 20 queues for each of the storage
devices to determine if  5  and 22. sequential sectors are being requested.
In response to  Figure 2 illustrates elements of the system proces- the
request for sequential sectors, a series of commands  sor 10 and the
adapter 14. Storage device driver soft- for adjacent sectors not requested
by the processor are  ware is executed in the CPU processor 30 to support
ap- made. These sectors that have not been requested are  plication
software tasks also being executed in the CPU then stored in the interface
data buffer. when the driver 10 processor 30. The storage device driver
software re- receives a read command in the command queue, it can  ceives
commands from three command queues 32, 34 determine if the requested data
is in the buffer. This data  and 36. Each command queue 32, 34 and 36
corre- is then retrieved from the data buffer without accessing  sponds
respectively to one of the disk devices 18,20 and the storage device.
22. The storage device driver software in CPU processor The preferred
embodiment will now be described, 15 30 communicates with the adapter 14 by
the bus 12. The by way of example, with reference to the accompanying
adapter 14 includes a command buffer having queue el- drawings in which:
ements 38, 40, 42, 44, 46 and 48. The adapter queue elements 38 and 40 are
dedicated to disk 1,18. Likewise, Figure 1 is a block diagram of a data
processingsys-  queue tem;                                       20
elements 42 and 44 are dedicated to disk 2, 20 and elements 46 and 48 are
dedicated to disk 3, 22. The Figure2 is ablockdiagramof astoragedevice
driver  adapter 14 further includes an adapter cache 56. In the connected
to an interface and storage devices;  preferred embodiment this cache
includes 16 kbytes of RAM divided into 32 blocks of 512 bytes each. Each
Figures 3A and 3B are flow charts illustrating the  25 block corresponds to
data that is retrieved from one of storage device driver procedures for
responding to    the disks 18, 20 or 22. storage device commands;
Each queue element such as 38 or40 stores a single command from the storage
device driver executing in Figure 4 is a flow chart illustrating the
storage device  CPU processor 30. The adapter 14 further includes a driver
procedures for responding to a command  30 controller 54 that provides the
adapter processing capa- complete interrupt from the storage interface; and
bility to interface to both the disk 18, 20 and 22 and the system central
processor 10. Figure 5 isaflowchart illustrating the procedure per-  The
system device driver issues one of four com- formed by the storage device
driver when serving  mands to the adapter 14. These include write, read,
read two or more storage devices.               35 ahead, and read cache.
The write command is a request that data from the system central processor
10 memory When data is accessed from a hard file in a data  (contained
internally) be written to the designated disk. processing system, a read
request is usually queued by  The read command requests that data be
retrieved from the system software. The hard file device driver then de-
the disk and provided to the system central processor 10 queues this
command and sends it to a hard file inter- 40 memory. The read ahead
command is generated by the face. If the data to be read is sequential,
i.e., requesting  storage device driver software in response to read com- a
series of data sectors located adjacently on a single  mands issued by
applications software in the CPU proc- track, it is important to issue
these new read requests to  essor 30. The read ahead command requests data
to be the interface circuit or adapter fast enough so that the  read from
the disk to one of the adapter cache blocks in disk head does not have to
wait for a second revolution  45 the adapter cache 56. The read cache
command is gen- to read the next located data block.              erated by
the storage device driver in response to a read The present system provides
three mechanisms to  command when the storage device driver has deter-
achieve a lower access time for a rotating hard file. The  mined that the
data that is being requested by the read first is a software device driver
that detects sequential  command is in fact stored in the adapter cache 56.
read patterns from a set of read commands and issues 50 Therefore, thisdata
in the adaptercache can be provided "read ahead" commands. The second is
the data buffer  without accessing any of the disks. on an adapter card
(for Hard File Device Interface). This  It should be emphasisedthat read
ahead commands buffer is divided into "cache blocks" that hold data pro-
do not require any extra disk seek (movement of the vided in response to
the Input/Output commands includ-  head) or rotation time. They are issued
for the disk sec- ing the read ahead commands. The third feature is that 55
tors that are following the sectors actually requested by the commands are
actually queued in command element  read commands that have been stored in
the command buffers on the adapter.                           queues 32,
34, 36. The number of read ahead com- Figure 1 is a block diagram of the
overall system for  mands issued in response to read commands inthecom- 3



5                 EP 0 278 471 B1                 6 mand queues 32,34, 36
is dependent upon whether the  preferred embodiment, the number of read
ahead com- system storage driver determines that such a command  mands for
sequential mode is determined in accordance is part of a sequential access
and a determination as to  with the number of disk devices in use. If only
one device the number of disks that are currently in use. Therefore,    is
in use, then six read ahead commands are issued. If the actual cost of
executing a read command at the  5  two devices are in use, then five read
ahead commands adapter is extremely small. The benefit of providing read
are issued. If three devices are in use, four read ahead ahead commands is
that data that is likely to be request-    commands are issued. ed will be
available at the adapter cache 56 and that the  The driver then proceeds to
connector 132 and to disk will not have to be accessed. This saves disk
seek  step 134 (Fig. 3B). In step 134, the driver determines if and
rotation time.                             10 the next block is in the
cache. If so, the driver proceeds The storage device driver software is
illustrated in    to step 136 to determine if an adapter queue element for
flow chart form in Figs. 3A, 3B, 4 and 5. Figures 3A and  the cache is
available. If so, then the adapter sends a 3B list the flow chart for the
software that provides the  read command from the adapter in step 138 and
pro- commands to the adapter 14. The flow charts in Figs. 3A  ceeds to step
139 to determine if the last command sent and 3B are executed for each disk
device independently. 15 was a read ahead for the current block If not, the
driver Referring to Fig. 3A, the storage device driver starts in    exits
through connector 102 back to step 106 (Fig. 3A). location 100 proceeds to
step 108 to input a command  If so; the driver proceeds to step 141 to set
the mode to from one of the system queues 32, 34 or 36. The driver
sequential, to step 143 to calculate the number of read then proceeds to
step 110 to determine if it is a read com-  ahead commands and to connector
132 to step 134. Re- mand. If not, the driver proceeds to step 112 knowing
20 turning to step 136 if an adapter queue element for the that this
command is a write command and determines  cache is not available, the
driver proceeds through con- in step 112 if an adapter queue element is
available. If    nector 300 to the software in Fig. 5. not, the driver
proceeds to step 300 which executes the  Returning to step 134, if the data
does not exist in software illustrated in Fig. 5. However, if a queue
element    the adapter cache, the driver proceeds to step 140 to is
available, the driver proceeds to step 114 to send a  25 determine if an
adapter queue element is available. If write command to the adapter queue
for storage in the  not, the driver proceeds through connector 300 to the
available queue element. The driver then switches the  software in Fig. 5
and if so, the driver proceeds to step mode to random to indicate that
onlya single read ahead  142 to send a read command for the next block to
the should be performed on the next read cycle. The driver  adapter. The
driver proceeds to step 144 to determine if then proceeds to connector 102
to step 106 to determine  30 there is a read ahead command pending. If not,
the driver if the system queue is empty. If so, the driver exits to the
proceeds through connector 102 back to step 106 (Fig. software in Fig. 5
(connector 300). If not, the driver pro-  3A). If so, the driver proceeds
to step 148 to determine coeds again to step 108.
if an adapter queue element is available for this read Returning to step
110, if the command is a read, the  ahead command. If no adapter queue
element is avail- driver proceeds to step 118 to determine which block is
35 able, the driver proceeds to connector 300 to the soft- to be read. Then
in step 120 the driver decides whether  ware in Fig. 5. If an adapter queue
element is available, or not the block is in the adapter cache. If so the
driver    the driver proceeds to step 149 to determine if there is a
proceeds to step 122 to determine if the adapter queue  pending request for
the block requested by the read element for the cache is available. If not,
the driver pro-  ahead command. If so, the driver proceeds to step 151
ceeds through connector 300 to the software in Fig. 5. If 40 to send a read
command to the adapter, then to step 153 a cache queue element is
available, the driver proceeds  to recalculate the number of read ahead
commands and to step 124 to send the read cache command to the  then to
connector 146. Returning to step 149, if there is adapter cache queue
element and returns via connector  no request for this block the driver
proceeds to step 150 102 to step 106. Returning to step 120, if the block
is not    to send a read ahead command to the adapter and then in the
adapter cache, the driver proceeds to step 122 to  45 to step 152 to
decrement the read ahead command determine if an adapter queue element is
available for  count. The driver then returns to step 144 to service the
that device. If not, the driver proceeds through connector  remaining read
ahead commands. 300 to the software in Fig. 5. If so, the driver proceeds
Figure 4 illustrates the operation of the driver soft- to step 124 to send
a read block command to the adapter  ware upon the occurrence of a command
interrupt from queue elements for that device. The driver then pro- 50 the
adapter 14. When the adapter 14 has completed a ceeds to step 126 to
determine if the next read request    read, write, read ahead, or read
cache command, the in the queue is for the following block If not, the
driver  driver is notified by a command complete interrupt. While proceeds
to step 127 to set the number of read ahead  the driver is executing the
software in Figs. 3A, 3B and commands to one and then proceeds to connector
132  5, a command complete interrupt will interrupt the oper- to the
software in Fig. 3B. If it is, the driver proceeds to  55 ation of this
software. Referring to Fig. 4, the command step 128 to switch the mode to
sequential. Then, in step  complete interrupt will cause the driver to
start at point 130, the driver calculates the number of read ahead com-
200 and proceed to step 202 in order to determine if the mands and
sendsthese commands to the adapter. In the  command that was completed was
a read ahead com- 4    
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proceeds to step 208. If not, then  said storage means by storage control
means the driver f rees an adapter cache block in step 204 and  including a
storage buffer, said storage means hav- dequeues the command from the
device queue with an    ing data stored thereon in sequentially located
data acknowledge (ACK). The driver proceeds to step 208 to  sectors defined
in data tracks, the method compris- determine if a read ahead command is
then pending. If  5  ing the steps of: not, the driver proceeds through
connector 102 to step 106 (Fig. 3A). If a read ahead command is pending,
the   in response to read requests received from said driver proceeds to
step 210 to determine if the next block  processor, issuing read commands
to transfer for the read ahead is included in one of the read com-   the
data requested by said processor from the mands in the command queues
(queues 32, 34 or 36). 10    storage means to the storage buffer; If so,
the driver proceeds to step 212 to send a read com- mand for the requested
block to the adapter and in step  determining, at said control means, when
at 214 sets the sequential mode in order to compute the     leasttwo read
requests received from said proc- number of read ahead commands as
previously dis-         essor are for datathat are stored in sequentially
cussed. Returning to step 210, if the next block is not in  15  located
sectors of said storage means; the system queue, the driver proceeds to
step 216 to send a read ahead command forthe next segment tothe
providing one or more read-ahead commands adapter and decrements the number
of pending read        to access, from said storage means, data that ahead
commands in step 218. The device driver exiting    are stored in the next
following sectors and are either step 218 or step 214 proceeds to step 220
to de- 20  not requested by the processor, in response to termine if an
adapter queue is available. If so, the driver  a determination that
sequentially located data returns to step 208. If not, the driver proceeds
to the soft-  are being requested by said at least two read ware in Fig. 5
through connector 300.                    requests. In Fig. 5, the
procedure illustrated serves as a sys- tem bookkeeper for all the storage
devices being serv- 25 2. A data processing system comprising a processor
ices. In step 302 the driver records the status and oper-  (30) and a
rotatable storage means (18) on which ations performed on the current
storage device. It is im-  data is storable in sequentially located data
sectors portant to note when no operations are performed on a  defined in
data tracks; and storage device. This fact is used not only in the compu-
storage control means including a data buffer tation of the number of read
aheads but also for deter- 30    (56), coupling said processortosaidstorage
means, mining when all devices have been sufficiently serviced.
forcontrolling the transfer of data between said stor- The driver then
proceeds to check the next device in step  age means and said data buffer,
said storage control 304. The driver then determines if the command queue
means being responsive to read requests from the is empty in step 305. If
so, the driver proceeds to step  processor to provide read commands to
transfer 306. If not, the driver proceeds to step 308. In step 308, 35
data requested by the processor from the storage the driver determines
whether or not an adapter queue  means to the data buffer, and responsive
to a deter- element is available for that device, if so, the driver pro-
mination that at least two of said read requests are ceeds to step 312 to
determine if the system queue for  for data that are stored in sequentially
located sec- that device is empty. If not, the driver proceeds through
tors of said storage means to provide read-ahead connector 104 to step 108
(Fig. 3A). If the system queue  40  commands to access, from said storage
means, element for that storage device is empty, the device driv-  data
that are stored in the next following sectors and er proceeds to step 314
to determine if any read aheads  are not requested by said processor. are
pending forthat device. If read ahead commands are pending, the driverthen
proceedsthrough connector 146  3. Adata processing system as claimed in
claim 2, said to step 144 (Fig. 3B). If no read aheads are pending the  45
storage control means comprising storage driver driver returns to step 304.
In step 308, if an adapter  means associated with the processor and a
storage queue element is not available for that device, the driver  adapter
incorporating said data buffer, said storage proceeds to step 306 to
determine if all of the devices  driver means being responsive to said
processor have been adequately serviced. In other words, has the  read
requests to issue said read commands and driver accessed the storage
devices without having to  50  read-ahead commands to said storage adapter
over perform any function. If so, the device driver exits in step  a
connecting data bus (12). 310. If not, the device driver returns to step
304. 4. A data processing system as claimed in claim 3 com- prising a
plurality of data storage means connected Claims
55    for communication with the system adapter, wherein the storage
adapter further includes a plurality of 1. A method of transferring data
from a rotatable stor-  command buffers each for storing access com- age
means to a requesting processor coupled to    mands for a respective one of
said plurality of stor-    7                 EP0278471 B1
8 



mand. If so, the driver proceeds to step 208. If not, then  said storage
means by storage control means the driver frees an adapter cache block in
step 204 and  including a storage buffer, said storage means hav- dequeues
the command from the device queue with an     ing data stored thereon in
sequentially located data acknowledge (ACK). The driver proceeds to step
208 to  sectors defined in data tracks, the method compris- determine if a
read ahead command is then pending. If  5  ing the steps of: not, the
driver proceeds through connector 102 to step 106 (Fig. 3A). If a read
ahead command is pending, the    in response to read requests received from
said driver proceeds to step 210 to determine if the next block  processor,
issuing read commands to transfer for the read ahead is included in one of
the read com-    the data requested by said processor from the mands in the
command queues (queues 32, 34 or 36).  10    storage means to the storage
buffer; If so, the driver proceeds to step 212 to send a read com- mand for
the requested block to the adapter and in step   determining, at said
control means, when at 214 sets the sequential mode in order to compute the
least two read requests received from said proc- number of read ahead
commands as previously dis-          essor are for data that are stored in
sequentially cussed. Returning to step 210, if the next block is not in  15
located sectors of said storage means; the system queue, the driver
proceeds to step 216 to send a read ahead command for the next segment to
the     providing one or more read-ahead commands adapter and decrements
the number of pending read         to access, from said storage means, data
that ahead commands in step 218. The device driver exiting     are stored
in the next following sectors and are either step 218 or step 214 proceeds
to step 220 to de- 20  not requested by the processor, in response to
termine if an adapter queue is available. If so, the driver  a
determination that sequentially located data returns to step 208. If not,
the driver proceeds tothe soft-  are being requested by said at least two
read ware in Fig. 5 through connector 300.                     requests. In
Fig. 5, the procedure illustrated serves as a sys- tem bookkeeper for all
the storage devices being serv- 25 2. A data processing system comprising a
processor ices. In step 302 the driver records the status and oper-  (30)
and a rotatable storage means (18) on which ations performed on the current
storage device. It is im-  data is storable in sequentially located data
sectors portant to note when no operations are performed on a  defined in
data tracks; and storage device. This fact is used not only in the compu-
storage control means including a data buffer tation of the number of read
aheads but also for deter- 30    (56), coupling said processorto said
storage means, mining when all devices have been sufficiently serviced.
for controlling the transfer of data between said stor- The driverthen
proceeds to checkthe next device in step  age means and said data buffer,
said storage control 304. The driver then determines if the command queue
means being responsive to read requests from the is empty in step 305. If
so, the driver proceeds to step  processor to provide read commands to
transfer 306. If not, the driver proceeds to step 308. In step 308, 35
data requested by the processor from the storage the driver determines
whether or not an adapter queue  means to the data buffer, and responsive
to a deter- element is available for that device, if so, the driver pro-
mination that at least two of said read requests are ceeds to step 312 to
determine if the system queue for  for data that are stored in sequentially
located sec- that device is empty. If not, the driver proceeds through
tors of said storage means to provide read-ahead connector 104 to step 108
(Fig. 3A). If the system queue  40  commands to access, from said storage
means, element for that storage device is empty, the device driv-  data
that are stored in the next following sectors and er proceeds to step 314
to determine if any read aheads  are not requested by said processor. are
pending for that device. If read ahead commands are pending, thedriverthen
proceedsthrough connector 146  3. Adata processing system as claimed in
claim 2, said to step 144 (Fig. 3B). If no read aheads are pending the  45
storage control means comprising storage driver driver returns to step 304.
In step 308, if an adapter  means associated with the processor and a
storage queue element is not available for that device, the driver  adapter
incorporating said data buffer, said storage proceeds to step 306 to
determine if all of the devices  driver means being responsive to said
processor have been adequately serviced. In other words, has the  read
requests to issue said read commands and driver accessed the storage
devices without having to  50  read-ahead commands to said storage adapter
over perform any function. If so, the device driver exits in step  a
connecting data bus (12). 310. If not, the device driver returns to step
304. 4. Adata processingsystem as claimed in claim 3 com- prising a
plurality of data storage means connected Claims
55    forcommunication with the system adapter, wherein the storage adapter
further includes a plurality of 1. A method of transferring data from a
rotatable stor-  command buffers each for storing access com- age means to
a requesting processor coupled to     mands for a respective one of said
plurality of stor- 5    9                 EP0278471 B1
10 



age means and for said data buffer.                einanderfolgenden
Sektoren des Speichermittels gespeicherte Daten betreffen, reagiert, indem
es 5. A data processing system as claimed in any of       Vorauslesebefehle
erteilt, um vom Speicherungs- claims 2 to claim 4, wherein the storage
driver    mittel Daten abzurufen, die im nichsten Sektor means includes
means for determining when  5       gespeichert sind und nicht vom
Prozessor angefor- access requests from  said processor include       dert
wurden. requests for data stored in the data buffer and in response thereto
for providing a read-buffer com-  3. Ein Datenverarbeitungssystem gemraB
Anspruch 2, mand to retrieve the requested data from the data  bei dem das
Speichersteuerungsmittel einen dem buffer.
10     Prozessor zugeordneten Speichertreiber und elnen Speicheradapter mit
dem Datenpuffer enthalt, wobei das Speichersteuerungsmittel auf Leseanfor-
Patentansprfche                                        derungen vom
Prozessor reagiert, indem es die Lesebefohle und die Vorauslesebefohle
fiber einen 1. EinVerfahren zur Ubertragungvon Datenaus elnem  1s
verbindenden Datenbus 12an den Speicheradapter rotierenden Speichermittel
an einen anfordemden    sendet. Prozessor, der durch ein
Speichersteuerungsmittel mit einem Datenpuffer an das Speichermittel ange-
4. Ein Datenverarbeitungssystem gemaB Anspruch 3 schlossen ist, wobei die
Daten auf dem Speicher-   mit mehreren Datenspeichermittein, die so ange-
mittel in durch Datenspuren definierten aufeinander- 20  schlossen sind,
daB sie mit dem Systemadapter folgenden Datensektoren gespeichert sind und
das   Daten austauschen, wobei der Speicheradapter Verfahren folgende
Schritte umfaBt:                aul3erdem mehrere Befehispuffer enthalt, in
denen jeweils Zugriffsbefohle fOr eines der Speichermittel als Antwort auf
Leseanforderungen vom Pro-      und fOr den Datenpuffer gespeichert sind.
zessor Erteilung von Lesebefohlen zur Obertra- 26 gung der vom Prozessor
angeforderten Daten  5. Ein Datenverarbeitungssystem gemAB Anspruch 2 aus
dem Speichermittel an den Speicherpuffer;   bis 4, bei dem der
Speichertreiber emn Mittel enthaHt, um festzustellen, wann
Zugriffsanforderungen vom Feststellung durch das Steuerungsmittel, wann
Prozessor Anforderungen der im  Datenpuffer mindestens zwei
Leseanforderungen vom Pro- 30   gespeicherten Daten enthalten, und
daraufhin einen zessor Daten betreffen, die in aufeinanderfol-
Pufferlesebefehl zu erteilen, der die angeforderten genden Sektoren des
Speichermittels gespei-     Daten aus dem Datenpuffer ausliest. chert sind;
Erteilung eines oder mehrerer Vorauslesebe- 35 Revendicatlons fohle, urn
vom Speichermittel aus auf Daten zuzugreifen, die im nachsten Sektor
gespei-  1. Procedd pour transferer des donnees entre un dis- chert sind
und nicht vom Prozessor angefordert  positif de memorisation rotatif et un
processeur wurden, als Antwort auf die Feststellung, daB   demandeur couple
au dit dispositif de m6morisation Daten an aufeinanderfolgenden Positionen
von  40  par un contrOleur de memorisation comprenant une diesen mindestens
zwei Leseanforderungen        memoire-tampon de m6morisation, des donnees
betroffen sind.                                 etant memorisees dans ledit
dispositif de memori- sation sur des secteurs de donnees positionn6es 2.
Ein Datenverarbeitungssystem mHt einem Prozes-      sequentiellement,
d6finis comme des pistes de don- sor 30 und einem rotierenden
Speichermittel 18, auf 45  nees, ledit procede comprenant les etapes
consis- dem Daten in durch Datenspuren definierten aufein-  tant A:
anderfolgenden Datensektoren gespeichert sind, und
en reponse & des demandes de lecture regues mit einem
Speichersteuerungsmittel mit           en provenance du dit processeur,
delivrer des einem Datenpuffer 56, der den Prozessor mit dem  50
commandes de lecture pour transferer les don- Speichermittel koppelt, zur
Steuerung der Daten-       nees demandees par ledit processeur entre le
Obertragung zwischen dem Speichermittel und dem        dispositif de
memorisation et la m6moire-tam- Datenpuffer, wobei das
Speichersteuerungsmittel        pon de memorisation; auf Leseanforderungen
vom Prozessor reagiert, indem es Lesebefohle zur Ubertragung der vom  55
determiner, au niveau du dit controleur de Prozessor angeforderten Daten
vom Speichermittel       memorisation, si au moins deux demandes de an den
Datenpuffer erteilt, und auf die Feststellung,  lecture regues en
provenance du dit processeur daB mindestens zwei der Leseanforderungn in
auf-       concement des donnees qui sont memoris6es 6 * C   L   M   S *
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dans des secteurs positionnes sequentielle-   ralite de dispositifs de
memorisation et ladite ment du dit dispositif de memorisation;
memoire-tampon de donneos. delivrer une ou plusieurs commandes de lecture
5. Systome de traitement de l'information selon I'une anticipeo pour
acceder, depuis ledit dispositif de  5  quelconque des revendications 2 a
4, ou l circuit memorisation, aux donneos qui sont memori-    d'attaque de
memorisation comprend un element sees dans les secteurs immediatement sul-
pour determiner si des demandes d'accbs en prove- vants et ne sont pas
demandeos par Is proces-  nance du dit processeur incluent des demandes
seur, en reponse a la determination quo des   concemant des donnees
memoriseos dans la donneos positionnoes sequentiollement sont 10
memoire-tampon de donnbes et, on reponse a cel- I'objet d'au moins doux
demandes de lecture.  les-ci, pourdelivror une commando lire-tampon pour
extraire los donneos demandeos de la 2. Systeme de traitement de
l'information comprenant  memoire-tampon de donneos. un processeur (30) et
un dispositif de memorisation rotatif (1 8) sur loquel des donnees sont
memorisa- 15 bles dans des secteurs de donnees positionnes sequentiellement
dMfinis comme des pistes de don- nies; et un controleur de memorisation
comprenant une memoire-tampon de donnees (56), connectant 20 ledit
processeur au dit dispositif de memorisation, pour controler le transfort
de donneos entre ledit dis- positif de memorlsation ot ladite
memoire-tampon de donneos, lodit controleur de memorisation etant sensible
aux dites demandes de lecture on prove- 25 nance du processeur pour
delivrer des commandes de lecture pour transferer des donnees demandees par
le processeur entre le dispositif de memorisation et la memoire-tampon de
donneos, et etant sensible & la determination qu'au moins deux des dites 30
demandes de lecture concernent des donneos qui sont memorisees dans des
secteurs positionnes sequentiellement du dit dispositif de memorisation
pour delivrer des commando de lecture anticipee pour acceder, depuis ledit
dispositif de memorisa- 35 tion, aux donneos qui sont memorisees dans les
secteurs immediatement suivants et qui ne sont pas demandeos par ledit
processeur. 3. Systeme de traitement de l'information selon la 40
revendication 2, dans loquol ledit controlour de memorisation est constitue
d'un circuit d'attaque de memorisation associe au dit processour et d'un
adaptateur de memorisation incorporant ladite memoire-tampon de donnees,
ledit circuit d'attaque  45 de memorisation etant sensible auxdites
demandes de lecture du processeur pour transmettre les dites commandos de
lecture et les dites commandes de lecture anticipee au dit adaptateur de
memorlsation via un bus de donnees de connexion (12).   50 4. Systeme de
traitement de I'information selon la revendication 3 comprenant une
pluralite de memol- res connectees pour communiquer avoc l'adapta- tour
systeme, ou l'adaptateur de memorisation com- 55 prend, de plus, une
pluralit de tampons de com- mandes pour memoriser chacun des commandos
d'accebs concernant l'un des dispositifs de ladie plu-    


