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put/output cache by the input/output devices. The present invention
provides an input/output The present invention relates generally to 1/0 bus
cache for a computer system having a plurality of in- caching.
put/output devices and a central processor connect- Computer systems
generally have several differ-   5   ed to an input/output bus, and a main
system mem- ent storage layers defining a memory hierarchy.   ory, the
cache comprising: a cache buffer connected These layers typically include
registers in a central  to said Input/output bus and to said main system
processing unit, main system memory, and mass     memory, wherein the cache
buffer is organized as a storage, such as disks. The performance of these
dif-  plurality of lines; a cache control register file having ferent
levels is quite different; the processor registers  10  a plurality of
registers, each cache control register are much faster than system memory,
which in turn  corresponding to one of the cache buffer lines and is
significantly faster than access to mass storage.  containing a main memory
address corresponding to In order to improve system  performance, a     the
corresponding cache buffer line; a channel status cache, consisting of a
small, fast memory, is often  register file having a plurality of channel
status regis- used between the central processor and system   15  ters,
each corresponding to a single input/output de- memory. The cache takes
advantage of the locality of  vice attached to the Input/output bus, and
each chan- reference phenomenon within computer programs to  nel status
register containing a control field forselect- store data which is likely
to be reused into the fast  ing one of the cache control registers and its
corre- memory.                                           sponding cache
buffer line; means for selecting one A similar bottleneck occurs between
system   20  of the channel status registers from the correspond- memory
and the much slower mass storage devices   ing input/output bus; a
comparator for comparing an and other input/output devices which need to
transfer  address placed on the input/output bus, by an in- data to and
from the system memory. Any system de-  put/output device performing a data
access, with the sign which renders more efficient data transfer be-
address contained In the cache control register se- tween input/output
devices, which term as used here-  25  lected by the selected channel
status register control in includes mass storage devices, will have a
positive  field, and for generating a cache hit signal if they impact on
overall system performance. However, tra-  match, else generating a cache
miss signal; and ditional caching technology such as Is used between  means
for, if a cache hit signal is generated, causing a central processor and
system memory does not    the output/output device to perform a data access
of work well with Input/output devices.          30  the corresponding
cache buffer line. This is due, in large part, to differences in access
Such an arrangement provides an input/output patterns found with a single
central processing unit  interface device to enable a central processor and
in- and a plurality of Input/output devices. Acentral proc-  put/output
devices to have common access to a essor is a single unit accessing memory,
and makes  shared area of main system memory and leads to a a large number
of relatively random accesses to dif-  35  mechanism whereby a portion of
the memory ad- ferent locations throughout system memory. Memory  dress
space be assigned to devices attached to an In- accesses by input/output
devices have a different  put/output bus. pattern of use. Each device
usually accesses only a   In one such arrangement disclosed in greater de-
few memory locations, but different devices access  tail hereafter, an
input/output cache is used to buffer different memory locations. In
addition, the different  40  the input/output devices from the main system
mem- devices access memory in unpredictable patterns.  ory. Each
input/output device uses a portion of the in- Since some input/output
devices access memory  put/output cache, and the central processor Is
allocat- relatively infrequently, a cache hit would seldom oc-  ed a
section of the input/output cache and accesses cur for those devices. This
is especially true when  the cache In the same manner as an input/output
de- some input/output devices, such as disks, read or  45  vice. All
requests, whether made by an input/output write a large number of
consecutive memory loca-  device or by the central processor, which are to
mem- tions. After such a transfer, a cache would tend to be  ory locations
in the system memory address space filled with data transferred by that
device. Providing  which is actually located in a device attached to the a
separate cache memory for each input/output de-  input/output bus are
automatically routed to such de- vice is not generally feasible.
50  vice in a manner transparent to the requesting in- If there are some
portions of the main system  put/output device or central processor. Only
requests memory which are accessible by both the Input/out-  for memory
locations which are actually located In the put devices and the central
processor, the central  main system memory are actually cached within the
processor may have to access such memory through  input/output cache. the
input/output cache in order to avoid a cache co-  55  Put another way, the
present invention provides herency problem which would be virtually
unavoid-  said input/output cache being used in a computersys- able if a
normal CPU cache arrangement were used.  tam, such system including a
central processor, a Such CPU use tends to interfere with use of the in-
main system memory, an input/output bus, and a plur- 2   
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input/output devices connected to the in-  ory 10 occurs through the IOCC
14. put/output bus, the cache comprising: a buffer mem-   in order to
improve the performance of the sys- ory containing data organized as a
plurality of lines,  tem memory 10, it may be interleaved as known in the
wherein the buffer memory is connected to the main  art, or may be
otherwise optimised for high speed system memory for exchanging data
therewith; a   5   block transfers. Data is transferred along signal lines
cache control memory for containing an identifying  16 using high speed,
block transfer communications, address indicating a location in main system
memory  periodically freeing the IOCC 14 to communicate with corresponding
to each of the buffer memory lines;  the devices on the I/O bus 12 as
necessary. meansforassigning atleastoneofthe buffermemory        The IOCC
14 performs the functions of data lines to a selected input/output device,
wherein a line  10  caching and virtual memory to real memory address
assigned to an input/output device is used for buffer-  translation for the
I/O bus 12. In addition, the IOCC ing data only forthat input/outputdevice,
andwherein  14 performs access authority checking on all I/O re- the
selected input/output device accesses main sys-  quests. Data writes are
not witten directly through to tem memoryonlythrough an assigned buffer
memory   the system memory 10. Instead, they are retained in line; means
for assigning at least one of the buffer  15  the IOCC 14 until such time
as the written data is re- memory lines to the central processor, wherein
the  moved from the IOCC 14. central processor accesses locations in the
main sys-  Referring to Figure 2, a detailed diagram of the tem memory
through an assigned buffer memory      IOCC 14 Is shown. I/O data buffer 20
is connected to line; a comparator connected to the input/output bus  a
cache buffer 22. This cache buffer 22 is preferably and to the buffer
memory, wherein the comparator  20  organised as 18 lines of 64 bytes each.
The cache compares identifying addresses from the cache con-  buffer 22 is
in turn connected to the system memory trol memory to addresses present on
the input/output  10. Data Is transferred between the cache buffer 22 bus,
and generates a cache hit signal if there is a  and the system memory 10
using a high speed, block match; control means for determining which In-
data transfer. The precise nature of this block transfer put/output or
central processor device has placed an   25  does not form part of the
present invention. address on the Input/output bus, and for causing the
The system memory 10 is organised into pages, comparator to compare an
identifying address, corre-  and further into lines within pages. Although
the sizes sponding to a buffer memory line assigned to the de-  of the
pages and lines do not form a part of the pres- termined device, with an
address on the Input/output  ent invention, the page size is taken to be 4K
bytes, bus; and means for allowing an input/output device  30  and the line
size, 64 bytes. There are therefore 64 which has placed an address on the
input/output bus  lines per page. Transfers to and from the system to
access a buffer line assigned to it when the com-  memory 10 are done in
minimum sized units of one parator generates a cache hit signal;
line. The present invention will be described further by  Data is
transferred between the I/O data buffer way of example with reference to an
embodiment  35  20 and the cache buffer 22 according to memory lo- thereof
as illustrated in the accompanying drawings,  cations addressed by 4 bit
address line 24 and 6 bit in which
address line 26. The value on line 24 selects one of FIGURE 1 is a block
diagram of a portion of a  the 16 lines within the cache buffer 22,while
the value computer system;                                on line 26
selects one of the 64 bytes within the se- FIGURE 2 is a diagram of an
Input/output cache   40  lected line. controller, and
Addresses from the I/O bus 12 are stored in I/O FIGURE 3, in section a - d,
is a flowchart describ-  address buffer 28. The six Least Significant Bits
Ing operation of the cache controller of Figure 2.  (LSBs) of the I/O
address buffer 28 are used as the Referring to Figure 1, a system memory 10
is con-  byte address value for the cache buffer 22 supplied nected to an
input/output (I/O) bus 12 through an in-  45  by line 26. The next six more
significant bits of the I/O put/output cache controller 14 (IOCC). A system
bus  address buffer 28 are connected through signal lines 15 connects the
system memory 10 and IOCC 14,        30 to a comparator 32, and through
lines 34 to the sys- and contains address, data, and control lines. The
tem memory 10. Within the system memory 10, the IOCC 14 is connected to the
I/O bus 12 through ad-  signals on lines 34 are used to select one line out
of dress, data, and control lines 16.            50  64 within a page. One
input/output device 17, of potentially plural  The 20 Most Significant Bits
(MSBs) of the I/O such, is shown connected to the I/O bus 12. Input/out-
address buffer 28 are connected through lines 36 to put devices can
include, for example, video displays,  a comparator 38 and a Translation
Control Word disk and tape drive controllers, and serial and parallel
(TCW) table 40. The TCW table 40 is also known in I/O ports. As will be
described below, bus memory 18  55  the art as a page table. It is a fast
dedicated memory which Is addressable as system memory is also at-  forming
part of the IOCC 14, and does not reside In tached to the I/O bus. All data
transfers between de-  the address space of the system. vices attached to
the I/O bus 12 and the system mem-  Should a large enough dedicated memory
for 3  
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table 40 not be able to be in-  field, and are communicated from the active
channel corporated, the dedicated memory can be used as a  status register
68 on line 74, which is connected to the cache for the table, with the
table actually stored in  signal lines 44, 52, and 60 as described above.
the main address space of the system, but such an ar-  The TCW table 40 is
a memory containing, at rangement is generally undesirable from a perfor-
5   each location, an entry having an identical format to mance viewpoint
However, in many systems, the 110  that of the TCW cache 50. Thus, each
entry in the devices will have access to only a small part of the  TCW
table 40 contains a real page number, a DIR en- system address space. Only
that part of the address  try, a KEY, and four control bits. When an entry
is space to which the I/O devices have access need be  read from the TCW
table 40, it is communicated to a represented in the TCW table 40. In such
systems, the   10  holding register 76 along signal lines 78. Four bits of
dedicated memory for the TCW table 40 need not be  an entry in the TCW
table 40, corresponding to the extremely large, and it should be possible
to incorpor-  DIR field, are communicated directly to the DIR field ate one
which can hold the entire TCWtable 40 need-  of the active channel status
register 68 on signal lines ed for the I/O devices. The organisation of the
TCW  80. When an entry from the TCW table 40 is loaded memory 40 is
described below.                 15  intoa TCW cache register 50, it Is
communicated from A file of cache control registers 42 contains 18  the
holding register 76 along signal lines 82. separate registers. One register
of the file 42 Is active  Each device attached to the I/O bus 12 is repre-
at any given time, with the active register being se-  sented by one of the
16 channel status registers 68. lected by a 4 bit signal on lines 44. The
20 MSBs of  The DEVICE SELECT signal connected to line 70 the currently
selected cache control register 42 are  20  uniquely identifies one of the
devices attached to the connected to the comparator 38 through signal lines
I/O bus 12. This signal indicates which device is per- 48. The next six
less significant bits of the selected  forming an I/O operation. The device
select signal cache control register 42 are connected to compara-  may be
generated in any desired manner. When the tor32 through signal lines 48.
The three LSBs are lab-  IOCC 14 is used with a computer system using an
IBM elled D, C, and I. These bits are a dirty bit (D-bit), cur-  25
microchannel bus, the DEVICE SELECT signal is pre- rent bit (C-bit), and
invalid bit (I-bit). Use of these bits  ferably the same as the bus
arbitration signal. On the is described in connection with Figure 3.
microchannel bus, each device has a unique arbitra- A file 50 of 16
registers defines a TCW cache,  tion level, and this identification can be
used as the with one active register being selected by the value on  DEVICE
SELECT signal. signal lines 52. The value on lines 52 is always the   30
When one of the channel status registers 68 is same as the value on lines
44. The 20 MSBs of the  selected by the signal on lines 70, the four LSBs
are selected TCW cache register 50 are connected to the  used as a DIR
(directory) signal to select a cache con- system memory 10 through address
lines 54. This 20  trol register42, a TCW cache register 50, and one line
bit address is used to address one real page within the  of the cache
buffer 22. Except for one situation de- system memory 10.
35  scribed below, the select circuitry 56 causes the sig- The next less
significant bits of the TCW cache  nal on lines 60 to be connected to lines
24 in order to 50 define a DIR field which is 4 bitswide. The purpose
select a line of the cache buffer 22. The selected of the DIR field the
function of the DIR signal will be  cache control register42, TCW cache
register 50, and described below. The DIR signal is connected to a se-
line in the cache buffer 22 always correspond to de- lect circuit 56
through signal lines 58. A4-bit signal on   40  scribe the virtual page
number, line number, and real lines 60 is also connected to the select
circuit 56, and  page numberof the selected line within the cache buf-
contains the same value as found on signal lines 52.  fer 22. The virtual
page number of the selected line is The 8 LSBs of the TCW cache 50 are
divided Into  stored in the 20 MSBs of the selected cache control two 4-bit
fields. The first four LSBs are control bits  register, while the system
memory line numbercorre- having functions which will be described below.
The   45  sponding to the line number of the selected line in the next four
bits define a KEY field, which is used to de-  cache buffer 22 Is stored in
the six LSBs of the cache termine access authorisation for each page in the
control register 42. The corresponding real page system memory 10. The KEY
bits and the lower two  number Is stored In the 20 MSBs of the TCW cache
control bits are connected through signal lines 62 and  register 50. 84
respectively to a DECODE/SELECT circuit 66.  50    The virtual page number
and line number from A file of channel status registers 68 contains 16  the
cache control register 42 are compared in com- registers, one of which is
active depending on the val-  parators 38 and 32, respectively, to the
virtual page ue of a four bit signal on lines 70. The signal lines 70
number and line number in the I/O address buffer 28. are driven by a DEVICE
SELECT signal as will be de-  If both of these comparisons are a match, the
signals scribed below.                               55   TCW VALID and
CACHE LINE VALID indicate this The 16 MSBs of the channel status registers
68  fact. When these signals indicate a match, the re- are connected to the
DECODE/SELECT circuitry 66   quested virtual address In the I/O address
buffer 28 through signal line 72. The four LSBs define a DIR  currently
resides in the cache buffer 22 at the line 4 
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lines 24.                     to devices on the 110 bus 12, and tothe
system central To provide an access protection mechanism,     processor,
bus memory appears the same as system each page is assigned a
subolassification, also refer-  memory 10. However, the cache buffer 22 is
not used red to as a subject. Processes and devices which are  to cache the
bus memory. The differences in handling authorised to have access to a
particular subject are   5   bus memory are shown in Figure 3. Bus memory
can allowed access to a virtual page containing that sub-  be used to
attach I/O devices with a large memory re- ject. The 16 MSBs of the channel
status register de-  quirement, such as video display controllers. fine,
for each device attached to the I/O bus 12, those  The remaining two bits
of the control field of the subjects which that device is authorised to
access.  selected TCW cache register 50 are labelled Rand C, This
authorisation is implemented as a bit map defin-  10  meaning Referenced
and Changed, and are prefer- ing an authorisation mask. Of 16 possible
subjects,  ably used by a virtual memory manager to determine those to
which a device is authorised access will have  which virtual pages should
be swapped to disk when a 1 in the corresponding bit position, and a 0
resides  a page fault occurs. Use of the RC bits for memory in those bit
positions corresponding to subjects for  management is known in the art.
which access is not authorised.              15      The design of the
cache controller of Figure 2 is The KEY field of the TCW cache 50 defines
the  such that itcan be accessed bya system central proc- subject for the
corresponding page, and is used to se-  essor as well as the I/O devices
attached to the I/O lect a bit position from the authorisation mask signal
bus 12. The flow of control described in Figure 3 is ba- present on line
72. For example, if the signal on line  sically the same regardless of
whether the IOCC 14 62 is [err] the left most bit of the activated channel
sta-  20  is being used by a central processor or an I/O device. tus
register 68 must be a 1 for the current device to  The f irst few steps of
the control description are used be authorised access to the current page.
Each page  only when a system central processor is accessing has exactly
one associated access authority classifi-  memory through the IOCC 14. The
remaining steps cation, so that one page is the minimum granularity  are
used by both the central processor and I/O devic- for access classification
mapping.           25  es. In addition to subject matter access, read and
The system central processor, presumed but not writ access is indicated by
the 2 LSBs of the TCW  shown, which is performing a load or store operation
cache register 50. These bits also indicate whether  through the IOCC 14
can be operating in one of two there is a page fault (this page is not in
system mem-  modes. If the central processor is operating in a su- ory 10,
having been paged out), or whether the ac-  30  pervisor mode, it always
has access to all memory lo- cessed memory page is found in a bus memory
in-   cations, and access checking is not performed. If the stead of system
memory 10. These signals are also  central processor is operating in
non-supervisory connected to the DECODE/SELECT circuit 66, as are  mode,
the access checks are made as described in read/write signals (not shown)
from the I/O bus 12.  Figure 3. Not all accesses to devices attached to the
These signals are used to ensure that a device is not,  35  I/O bus 12 are
routed through the IOCC 14. Only for example, attempting to perform a write
operation  those memory accesses which are to memory loca- into a read-only
virtual page. The ACCESS OK signal  tions in the normal system memory
address space in- out of the DECODE/SELECT circuit 66 determines    voke
operation of the IOCC 14. Accesses to a sepa- whether the attempted access
isvalid. The meanings  rate I/O address space, such as supported by Intel's
of the 2 LSBs in the TCW cache 50 are described in  40  80x86 family of
processors, bypass the IOCC 14 and Table I.
are routed directly to the I/O bus 12. For accesses of this type, a bypass
flag issetto indicate that the IOCC 14 is to be bypassed. Table I - 2 LSB
control bits                    Detailed operation of the IOCC 14 will now
be de- 45 scribed in connection with Figure 3. The central proc- essor
appears to the IOCC 14 as merely another I/O device, having its own
reserved channel status reg- ister 68 as described in connection with
Figure 2. 00 - Bus Memory                            The devices connected
to the I/O bus 12, these 01 - Page Fault                    50  logically
including the system central processor if it is attempting to perform a
load/store operation through 10 - Read Only                          the
IOCC 14, arbitrate to determine which device will 11 - Read/Write
have access to the IOCC 14. As described above, the winner of such
arbitration will have a unique arbitra- 55 tion level identifier, which is
used as the signal DE- As to bus memory 18 connected to the I/O bus 12,
VICE SELECT. portions of its bus memory address space can be      At
several points within the control flow, error mapped to a part of the
system address space. Thus,  checking will be performed. If an error is
detected, 
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jump to step 94, which causes the error to  from the cache line within the
buffer 22. Whenever a be logged. Preferably, a 4-bit error indicator and
the  cache line is written from the buffer 22 to system page and line from
the buffer 28 on which the error  memory, that cache line is filled with
zeros, effective- occurred are placed into the channel status register  ly
deleting the data which was previously stored 68 for the selected device.
The register 68 is reloaded   5   therein. However, when data is being read
from sys- with the authorisation maskand DIR field afterthe er-  tern
memory 10 to an I/O device, the last line of data ror is handled. The error
Is then reported to the device  loaded into the cache buffer 22 remains
untouched. 96.                                                When an I/O
transfer completes, a system supervisor The signal DEVICE SELECT is used to
select a    writes a 1 Into the corresponding I-bit unless that device
register-step 106-, and the appropriate cache   10  cache line was written
to system memory 10 and ze- line in the cache buffer 22, and corresponding
regis-  roed out. ters In the cache control register file 42 and the TCW
If the cache line Invalid test 120 gives a yes result, cache register file
50, are selected using the DIR sig-  the test of step 122 is skipped. Step
122 is a test to nal -step 108-. Alsoatthis time, the devicewinning the
determine whether the cache line was a hit If it is, arbitration battle for
the I/O bus 12 asserts the de-  15  control drops to step 124. If there is
not a cache line sired address -step 110-.                          hit,
the page is correct but the wrong line from that A page out of range test
-step 112- is made to de-  page currently resides in the cache buffer 22.
If that termine whether the asserted address is within that  cache line is
not dirty, as indicated by the D-bit in the portion of the virtual memory
space which can be ac-  cache control register 42, it does not need to be
cessed by I/O devices. If the page is out of range, con-  20  saved. If the
cache line is dirty 128, the cache line is trol passes to step 94 and an
error is logged and re-  written to memory 128 and the cache line zeroed
out ported. If the page is within the appropriate range, a  as described
above. If an error occurs In the transfer test is made to see if there Is a
page hit -step 114- be-  -step 130-, the error is logged and reported to
the tween the asserted address and the cache buffer 22.  processor. If no
error occurs, the D-bit and C-bit are This determination is made in
comparator 38, and Is  25  both reset to zero -step 132-. indicated by the
signal TCW VALID.                     Next, a test is made to see whether
this is an op- If the previously accessed page stored in the   eration to
or from bus memory -step 124-. This test cache control register 42 matches
the page within the  is made on the 2 LSBs of the selected TCW cache I/O
buffer 28, there Is a page hit and control passes  register 50 for the
pattern defined In Table I. If the op- to step 116. A test is made for a
page fault -step 116-  30  eration is a bus memory operation, control skips
di- , which is indicated by the 2 LSBs of the selected TCW  rectly ahead to
the data transfer and bypasses the re- cache register 50 using the bit
pattern shown in Table  maining cache operations. I. If there Is a page
fault, an error is logged and report-  If the operation is to system
memory, the result ed to the processor.                               of
test 124 will be no, and another test is made to see If there is no page
fault, indicating that the re-  35  If the page was previously  referenced
-step 126-. This quested virtual page currently resides in system   test is
made of the R-bit in the selected TCW cache memory 10 or In abus memory
mapped to the system   register 50, which, if set, Indicates that the
selected address space, a check Is made to see whether the  page was
previously referenced. If the page was ref- requesting device Is authorised
to access that page -  erenced, a test is made to see If the current
operation step 118-. In addition to the subject matter check   40  is a
read operation -step 128-. If It is not a read oper- made by comparing the
KEY field of the TCW cache   ation, a test is made to see if this page has
previously register 50 to the authorisation mask field ofthechan-   been
altered -step 130-. If it has, the RC bits are un- nel status register 68,
a check is made to ensure that  changed, as is the case If the current
operation is a a device is not attempting to write Into a read only  read
operation. If the page has not previously been al- page. If the signal
ACCESS OK indicates that the at-  45  tered, and this is a write operation,
the RC bits in the tempted access is not valid, an error is logged and re-
TCW table 40, and in the selected TCW cache regis- ported to the processor.
ter 50, are updated -step 132-. They are also updated If the device does
have valid access to the re-  if the test of step 126 indicates that this
page has not quested page, a check is made to see whether the se-
previously been referenced. lected cache line in the buffer 22 is Invalid.
This check  50  Next, another test Is made to see if the cache line is made
by testing the I-bit of the selected cache con-  is invalid -step 134-. As
described above, this con- trol register42. When the I-bit is set, data
exists in the  sists of a test of the I-bit. If the cache line is invalid,
selected cache line within the buffer 22 which might  the next few steps
are skipped, which forces a new not be accessible to the device making
access. This  line to be read from system memory 10 into the cache is a
security feature which prevents processes and   55   buffer -step 136-.
This destroys the data previously devices from accessing data from each
other's mem-  residing on that cache line. Reading a new line into ory
space. The I-bit is set when an I/O transfer using  the cache buffer 22
-step 136- causes the corre- 



the cache line is completed, and the datais not erased  sponding I-bit to
be reset to zero -step 137-. 6    11                  EP 0 377 971 B1
12 If the cache line was not Invalid at step 134, a  transfer is complete
-step 154-. If so, nothing further check is again made to see if the
current operation is  is done. a read operation -step 136-. If so, a check
is made to  If the transfer is not complete, a test is made to see
whetherthe C-bit is set to 1 -step 138-. if the cur-  seewhetherthis
operation is a bus memory operation rent operation is a write operation,
the other possibil-   5   -step 156-. As described above, a bus memory
oper- ity, the result of step 138 is no, and a check is made  ation is
indicated bythe2 LSBs oftheTCWcache reg- to see whether the requested
location is aligned with  ister 50. If this is a system memory operation, a
test a cache address -step 140-. This means that the re-  is made to see
whether the next address is a cache quested location is aligned with a line
boundary,  line hit-step 158-. If so, control returns to step 150 to which
is the case when the 6 LSBs of the I/O address  10  transfer the next word.
If not, a cache line boundary buffer 28 are all 0. If the requested
location is not  has been crossed, and control drops to step 160. Step
aligned, control passes tostep 138. If itis aligned, and  160 is a test to
see whether the current I/O operation if the central processor is the
device currently using  has been pre-empted by another device. If not, con-
the I/O bus -step 141-, a test is made to see if a cur-  trol returns to
step 114, and the entire cache valida- rent transfer Is less than the 84
byte cache buffer size   15  tion process is repeated. If the current
operation is -step 142-. If so, control also passes to step 138. If a
pre-empted in step 160, this operation is completed transfer larger than 64
bytes is being made, the result  for now. The central processor must then
arbitrate for of step 142 is no, and control skips around step 136.  access
to finish its transfer. The effect of reaching this point in the flow of
control  If the testof step 156 indicates thatthe current op- is that a
large write operation, one which will fill every  20  eration is a bus
memory operation, a test is made to byte of the selected line of the cache
buffer 22, is be-  see whether the current transfer has been pre-empt- ing
made. Under these circumstances, it is a waste of  ed -step 168-. If not,
and If the page of the next ad- effort to read in a line from system memory
10 since  dress matches the page of the current address indi- every single
byte of that line is about to overwritten  cating a page hit -step 168-,
control returns to step by the current write operation. Thus, the read from
25  150 to transfer the next word. If step 188 does not re- system memory
-step 138- is skipped.               sult in a page hit, control returns to
step 114 as de- If the central processor was not using the bus -  scribed
above. step 141-, atestis madetoseewhetherthe I/O device     The net effect
of the control flow of steps 156 is operating in sequential mode -step
143-. Sequen-  through 168 is to allow operations to bus memory to tial
mode is assigned to devices which read and write  30  be pre-empted at any
time, while thoseto cached sys- large blocks of data, such as disk drives.
Sequential  tem memory locations can be preempted only when mode for a
device can be indicated by a bit (not   a line boundary is crossed. shown)
in the channel status register 68. If a device  If the result of step 153
was no and If the transfer is writing in sequential mode, it is also
unnecessary  is not complete -step 162-, a check is made for a to load the
cache line. Thus, if the result of step 143   35  cache line hit -step
164-. If there is a hit, control re- is yes, control skips step 136.
Otherwise, control  turns to step 150, and the transfer continues. If not,
passes to step 138.                                control returns to step
114. In the disclosed arrange- If the cache buffer 22 load of step 138 is
made,  ment, I/O devices cannot be pre-empted so that they the I-bit is set
to zero -step 137-, and a check is made  must give up the I/O bus
voluntarily. to see if there were any errors in the transfer -step   40
Returning to Figure 3a, the operations to be un- 144-. If so, the error Is
logged and reported to the      dertaken if a page miss is detected in step
114 will processor. If not, the C-bit and D-bit in the cache con-  now be
described. If step 114 determines that there trol register42 are updated
-step 146-. The C-bit Is set  was nota page hit, thevirtual page currently
being ac- to 1. The D-bit is set to the logical OR of the current  cessed
by the device is differentfrom the virtual page value of the D-bit and a
signal indicating whether this  45  previously accessed by that device. If
this is the case, Is a write operation. That Is, if the cache line was al-
a next TCW entry is fetched -step 170- from the TCW ready dirty, or is now
being written Into, the dirty bit  table 40 and placed into holding
register 76. If there is set. At this time, the IOCC 14 is properly set up,
and  is a parity error -step 171-, it is logged and reported. the data
transfer can begin -step 148-.            The next TCW entry is thatentry
addressed bythe 20 A single word of data is transferred -step 150-.  50
MSBs of the I/O buffer 28. The 4 LSBs of the channel This word can be a
byte, two bytes, four bytes, or  status register 68 are updated -step 172-
using the some othervalue as established bythe hardware con-  DIRsignals
presenton line 80. This signal immediate- figuration of the system. In any
event, the transfer of  ly becomes available on line 74, causing a new line
step 150 isa single transfer accomplished in one bus  in the cache buffer
22, and Its corresponding regis- cycle. If there is an error in the
transfer -step 152-, it   55   ters in the cache control register file 42
and the TCW is logged and reported to the processor as described  cache
register file 50 to be selected -step 174-. Com- 



above. If the central processor is currently using the  parator 38 then
compares the newly selected previ- I/O bus -step 153-, a test os made to
see whether the  ous page available on line 46 with the page within the 7
13                 EP 0 377 971 B1                 14 I/O address buffer
28. If there is now a TCW hit -step  STRUCTIONS. 176-, the currently
requested page was accessed by    When a device is opened, often at system
power the same device at a time prior to the immediately  up, it is
allocated some memory space. At that time, preceding access, and that page
is still available in  the line or lines in cache buffer22 which itwill use
are the cache control and TCW cache registers 42, 50.   5   determined. The
DIR entries in the TCW table 40 cor- Whenever a new TCW entry is loaded
into the TCW    responding to the allocated memory space are set to cache
50, the cache line addressed by the old entry   -   point to the selected
line or lines in cache buffer 20. must first be flushed to memory 10 if it
was dirty. This  When the device Is deallocated, the lines in the cache is
performed in circuit 56 using the D-bit of cache con-  buffer 20 are freed
for use by other device. trol register 42.                             10
As will be appreciated by those skilled in the art, If the second compare
-step 176- also results in  the input/output cache controller described
above a page miss, it is necessary to load a new entry from  provides an
efficient interface between I/0 devices the TCW table 40. First, a check is
made to see if the  attached to an I/0 bus 12 and system memory 10. cache
line is invalid -step 178- using the I-bit. If not,  The use of a DIRfield
allows more than one 64 bit line a check is made to see if the currently
selected cache   15  within the cache buffer 22 to be allocated to a single
line is dirty -step 180-. This check is made of the D-  input/output
device. The described buffer 22 and con- bit within the cache control
register 42. If so, that  troller 14 appear to the user as a 16-way set
associa- cache line is written to memory -step 182- as descri-  tive cache.
)   bed above. A test is made to see if there was an error  The described
Input/output cache controller also in the transfer -step 184-, and if so it
is reported and   20  providesvirtual to real page translation, and
automat- logged. If there is no error, the D-bit and C-bit are both  ic
hardware access authorisation checking. Access is reset to 0 -step 186-.
allocated on a virtual page basis, with every access Whether or not the
cache line was dirty, the next  by an input/output device checked to see
whether step is to load the new TCW entry into the TCW cache  that device
is authorised to perform the operation. -step 188-. This entry currently
resides in the-holding   25  Since the authorisation checking is performed
In register76, and can be loaded Into the TCW cache 50  hardware, It is
fast and cannot be bypassed by soft- wlthoutthe necessity of again
accessing the TCWtable  ware without breaking a trusted error handler
within 40. The 26 MSBs of the current I/O address are then  the operating
system. loaded into the cache control register -step 190-, and control
passes to step 116.                   so In most cases, each device on the
I/O bus will be  Claims allocated a single line in the cache buffer 22. For
these devices, the DIR fields in the TCW table 40  1. An input/output cache
for a computer system should all be set to the same value as the value of
the  having a plurality of Input/output devices and a DEVICE SELECT which
corresponds to each device.  35   central processor connected to an
input/output In some cases, it will be desired for some devices to  bus,
and a main system memory, the cache com- have more than one line In the
cache buffer 22. For   prising: thesedevices, the DIR fields In the entries
in the TCW       a cache buffer (22) connected to said in- table 40 are set
to point to the appropriate lines In the  put/output bus and to said main
system memory, cache buffer 22. As described above, when there is a   40
wherein the cache buffer is organized as a plur- TCW miss, the next entry
in the TCW table 40 deter-   ality of lines; mines which line of the cache
buffer 22 is used next.      a cache control register file (42) having a By
setting the DIR fields of these entries to point to  plurality of
registers, each cache control register different lines of the cache buffer
22 which are re-  corresponding to one of the cache buffer lines served for
a single device, that device can use more  45  and containing a main memory
address corre- than one line in the cache buffer 22.
sponding to the corresponding cache buffer line; The DIR fields in the TCW
table 40 are allocated        a channel status register file (68) having a
by the user, which will typically be an operating sys-  plurality of
channel status registers, each corre- tem program. Different systems,
having different us-  sponding to a single input/output device attached age
statistics, can be reconfigured through the oper-  so  to the input/output
bus, and each channel status ating system by adjusting the values in the
DIR fields  register containing a control field (DIR) forselect- of the TCW
table 40 to make most efficient use of the  ing one of the cache control
registers (42) and its cache buffer 22. Manipulation of DIR fields in a
corresponding cache buffer line; cache, although the use thereof is
different that of the   means for selecting one of the channel present
invention, is described in U.S. Patent No.  55  status registers from the
corresponding in- 



4,719,568, by Carrubba et al, titled HIERARCHICAL     put/output bus;
MEMORY  SYSTEM   INCLUDING  SEPARATE                       a comparator for
comparing an address CACHE MEMORIES FOR STORING DATA AND IN-
placed on the input/output bus, by an input/output 8    13
EP 0 377 971 B1                 14 I/O address buffer 28. If there is now a
TCW hit -step  STRUCTIONS. 176-, the currently requested page was accessed
by    When a device is opened, often at system power the same device at a
time prior to the Immediately  up, it is allocated some memory space. At
that time, preceding access, and that page is still available in  the line
or lines in cache buffer 22 which it will useare the cache control and TCW
cache registers 42, 50.   5   determined. The DIR entries in the TCW table
40 cor- Whenever a new TCW entry is loaded into the TCW    responding to
the allocated memory space are set to cache 50, the cache line addressed by
the old entry  point to the selected line or lines In cache buffer 20. must
first be flushed to memory 10 if itwas dirty. This  When the device is
deallocated, the lines in the cache is performed in circuit 56 using the
D-bit of cache con-  buffer 20 are freed for use by other device. trol
register 42.                             10       As will be appreciated by
those skilled in the art, If the second compare -step 176- also results In
the input/output cache controller described above a page miss, it is
necessary to load a new entry from  provides an efficient interface between
I/O devices the TCW table 40. First, a check is made to see if the
attached to an I/O bus 12 and system memory 10. cache line Is invalid -step
178- using the I-bit. If not,  The use of a DIR field allows more than one
64 bit line a check is made to see If the currently selected cache   15
within the cache buffer 22 to be allocated to a single line is dirty -step
180-. This check is made of the D-  input/output device. The described
buffer22 and con- bit within the cache control register 42. If so, that
troller 14 appear to the user as a 16-way set associa- cache line is
written to memory -step 182- as descri-  tive cache. bed above. Atest is
made to see if there was an error  The described input/output cache
controller also In the transfer -step 184-, and if so it is reported and
20  provides virtual to real page translation, and automat- logged. If
there is no error, the D-bitand C-bitare both  Ic hardware access
authorisation checking. Access is reset to 0 -step 186-.
allocated on a virtual page basis, with every access Whether or not the
cache line was dirty, the next  by an Input/output device checked to see
whether step is to load the new TCW entry into the TCW cache  that device
is authorised to perform the operation. -step 188-. This entry currently
resides in the holding   25   Since the authorisation checking Is performed
In register76, and can be loaded into the TCW cache 50  hardware, it is
fast and cannot be bypassed by soft- withoutthe necessityof again accessing
the TCW table  ware without breaking a trusted error handler within 40. The
26 MSBs of the current I/O address are then  the operating system. loaded
into the cache control register -step 190-, and control passes to step 116.
so In most cases, each device on the 110 bus will be  Claims allocated a
single line In the cache buffer 22. For these devices, the DIR fields in
the TCW table 40  1. An input/output cache for a computer system should all
be set to the same value as the value of the  having a plurality of
input/output devices and a DEVICE SELECT which corresponds to each device.
35   central processor connected to an input/output In some cases, it will
be desired for some devices to  bus, and a main system memory, the cache
com- have more than one line in the cache buffer 22. For   prising: these
devices, the DIR fields In the entries in theTCW       a cache buffer (22)
connected to said in- table 40 are set to point to the appropriate lines in
the  put/output bus and to said main system memory, cache buffer 22. As
described above, when there is a   40  wherein the cache buffer is
organized as a plur- TCW miss, the next entry in the TCW table 40 deter-
ality of lines; mines which line of the cache buffer 22 is used next.
a cache control register file (42) having a By setting the DIR fields of
these entries to point to  plurality of registers, each cache control
register different lines of the cache buffer 22 which are re-
corresponding to one of the cache buffer lines served for a single device,
that device can use more  45  and containing a main memory address corre-
than one line In the cache buffer 22.                 sponding to the
corresponding cache buffer line; The DIR fields In the TCW table 40 are
allocated         a channel status register file (68) having a by the user,
which will typically be an operating sys-  plurality of channel status
registers, each corre- tem program. Different systems, having different us-
sponding to a single Input/output device attached age statistics, can be
reconfigured through the oper-  50  to the input/output bus, and each
channel status ating system by adjusting the values in the DIRfields
registercontaining a control field (DIR) for select- of the TCW table 40 to
make most efficient use of the  ing one of the cache control registers (42)
and its cache buffer 22. Manipulation of DIR fields in a      corresponding
cache buffer line; cache, although the use thereof Is different that of the
means for selecting one of the channel 



present Invention, is described in U.S. Patent No.  55  status registers
from the corresponding in- 4,719,568, by Carrubba et al, titled
HIERARCHICAL      put/output bus; MEMORY  SYSTEM   INCLUDING  SEPARATE
a comparator for comparing an address CACHE MEMORIES FOR STORING DATA AND
IN-               placed on the input/output bus, by an input/output 8
15                 EP 0 377 971 B1                 16 device performing a
data access, with the ad-           a comparator connected to the
input/out- dress contained In the cache control register se-  put bus and
to the buffer memory, wherein the lected by the selected channel status
register    comparator compares identifying addresses control field, and
for generating a cache hitsignal  from the cache control memory to
addresses if they match, else generating a cache miss sig-   5  present on
the Input/output bus, and generates a nal; and
cache hit signal if there is a match; means for, if a cache hit signal is
generat-      control means for determining which in- ed, causing the
output/output device to perform   put/output or central processor device
has a data access of the corresponding cache buffer   placed an address on
the input/output bus, and line.                                     10
for causing the comparator to compare an identi- fying address,
corresponding to a buffer memory 2. A cache as claimed in claim 1, further
comprising  line assigned to the determined device, with an means for, if a
cache miss is generated by the    address on the input/output bus; and
comparator, loading a new value into the channel        means for allowing
an input/output device status register control field for the channel status
15  which has placed an address on the input/output register corresponding
to the input/output device  bus to access a buffer line assigned to It when
the performing a data access, wherein a different     comparator generates
a cache hit signal. cache control register is selected by such chan- nel
status register, wherein one input/output de-  5. A cache as claimed in
claim 4, wherein the con- vice can select a second cache control register
20  trol means further restricts the identifying ad- after a cache miss.
dresses to a portion, less than all, of the address- es contained in the
main system memory. 3. Acache as claimed in any of claims 1 or2, further
comprising a Translation Control Work (TCW)    6. A cache as claimed In any
of claims 4 or 5, where- cache register file having a plurality of TCW
25  in the main system memory corresponds to a first cache registers, each
corresponding to a cache    portion of a main memory address space, and
control register, each TCW cache register con-    wherein a bus memory Is
attached to and acces- taining a field which holds a main memory real
sible overthe Input/output bus, and further herein page number
corresponding to a virtual page       the bus memory corresponds to a
second portion number for the buffer line corresponding to that  30  of the
main memory address space. cache control register. 7. Acache as claimed In
any of claims 4 to 6, where- 4. The input/output cache as is claimed in
Claims 1   in addresses In the bus memory are accessed di- - 3 being used
in a computersystem, such system   rectly by the central processor and
input/output including a central processor, a main system   35  devices,
without transfer of data through the buf- memory, an input/output bus, and
a plurality of in-  fer memory. put/output devices connected to the
input/output bus, the cache comprising: a buffer memory (22) containing
data or-  PatentansprOche ganized as a plurality of lines, wherein the
buffer  40 memory is connected to the main system mem-    1. Einen
Ein-/Ausgabecachespeicher ffur ein Corn- ory for exchanging data therewith;
putersystem, das elne VMeIzahl von Ein-/Ausga- a cache control memory (42)
for contain-     beeinhelten und eine Zentraleinheit hat, die mit ing an
Identifying address indicating a location in  elnem Ein-4Ausgabebus und
einem Hauptsy- main system memory corresponding to each of  45
stemspelcher verbunden  sind, wobel der the buffer memory lines;
Cachespeicher enthalt: means for assigning at least one of the      einen
Cachepuffer (22), der mit dem Ein-IAusga- buffer memory lines to a selected
input/output    bebus und dem Hauptsystsmspeicher verbun- device, wherein a
line assigned to an input/output  den let, wobel der Cachepuffer in elner
Vielzahl device is used for buffering data only for that in-  50  von
Zeilen organisiert ist; put/output device, and wherein the selected in-
sine Cachespelcher-Steuerregisterdatei (42) mit put/output device accesses
main system mem-       einer Vlelzahl von Registern, wobel jedes ory
onlythrough an assigned buffermemory line;    Cachespelcher-Steuerregister
einer der Zeilen 



means for assigning at least one of the      des Cachepuffers entspricht
und eine Haupt- buffer memory lines to the central processor,  55
speicheradresse enthilt, welche der entspre- wherein the central processor
accesses loca-      chenden Zeile im Cachepuffer entspricht; tions In the
main system memory through an as-    sine Kanalstatusregisterdatel (68) mit
einer Viel- signed buffer memory line;                        zahl von
Kanalstatusregistern, von denen jedes 9    17                 EP 0 377 971
B1                 18 einer einzelnen Ein-/Ausgabeeinhelt entspricht,
Vleizahl von Zellen organisiert sind, wobei der die mitdem
Ein-/Ausgabebusverbunden istundje-      Pufferspeicher mit dam
Hauptsystemspeicher des Kanalstatusregister ein Steuerfeld (DIR) ent-
verbunden ist, um mit diesem Daten auszutau- hait, um
einesderCachespelcher-Steuenegister(42)  schen;
unddieentsprechendeZeiidesCachepuffersaus-   c    einen Cachesteuerspeicher
(42), um sine be- zuwAhien;
stimrnte Adresse aufzunehmen, die sine Spei- Mittel, um elnes der
Kanalstatusregister aus dem  cherstelle in dam Hauptsysternspeicher angibt,
entsprechenden Ein-/Ausgabebus auszuwah-          die jeder der
Pufferspeicherzeilen entspricht; len;
Mittel, um wenigstens eine der Pufferspeicher- einen Verglelcher, um
eineAdresse, die von einer  lo  zeilen einer ausgewahlten
Ein-/Ausgabeeinheit Ein-IAusgabeeinheit, welche aenen Datenzugriff
zuzuweisen, wobei sine Zeile, die einer Eln-/Aus- durchffihrt, in den
Eln-/Ausgabebus plaziert wur-  gabeeinhelt zugeawiesen wurde, zur
Speicherung de, mit der In dam Cachespsicher-Steuerregister   von Daten fOr
ausschileBlich diese Ein-IAusga- enthaltenen Adreasse zu verglelchen, die
von dam  beeinhelt benutzt wird, und wobel die ausgewahl- Steuerfeld des
ausgewahlten Kanalstatusregi-  15  te Ein-/Ausgabeeinheit auf den
Hauptsystem- stars ausgewghitwurde, und um aln Treffersignal   speicher nur
Ober sine zugewiesene Pufferspei- des Cachespelchers be! Obereinstimmung zu
ge-     cherzelle zugreift; nerieren  und  sonst sin  Fehisignals des
Mittl, urm wenigatens eine der Pufferspeicher- Cachespeichers zu
generieren; und                 zellen der Zentraleinheit zuzuweisen, wobei
die Mittel, welche, bei Generierung sines Treffersi-  20  Zentraleinhelt
fiber sine zugewiesene Puffer- gnals des Cachespeichers, die
Ein-/Ausgabeein-    speicherzeilo auf Speicherstellen in dam Haupt- heat
veranlassen, einen Datenzugriff auf die ant-  systemspeicher zugreift;
sprechende Cachespeicherzelle durchzufulhren.    eanen Vergleicher, der mit
dam Ein-/Ausgabebus und dam Pufferspelcherverbunden Ist, wobel der 2. Einen
Cachespeicher wie in Anspruch I ange-  25    Vergleicher bestimmts Adressen
aus dam meldet, der augerdem Mittel enthalt, damit, wenn
Cachestauerspeicher mit Adressen aus dam Emn- sin Fehisignal des
Cachespelchers von dam Ver-    Ausgabebus vergleicht, und sin Treffersignal
des gleicher generiert wird, sin neuer Wert in das     Cachespeichers bei
Oberelnstimmung generiert; Stbuerfeld des Kanalstatusregisters geladen
Stbuermittel, um festzulegen, welche Ein-/Aus- wird, waicher der
Eln-/Ausgabeeinheit ant-  3o    gabeeinheit oder Zentraleinheit sine
Adresse in spricht, die eanen Datbnzugriff durchfaihrt wobel  dam
Eln-/Ausgabebus plaziert hat, und den Ver- sin anderes
Cachespebcher-Steuerregister von      gisicher zu veranlassen, sine
bestimmte Adres- dam Kanalstatusregister ausgewahit wird und sine  se, die
eaner Pufferspeicherzelle entspricht, wel- Ein-/Ausgabeeinheit sin zweitss
Cachespebcher-    che der bestimmten Emnhelt zugewiesen wurde,
Stauerregistbr nach einem  Fehisignal des  35     mit eaner Adresse in dam
Ein-/Ausgabebus zu Cachespeichers auswahlen kann.
vergieichen; und Mittel, um einer Ein-/Ausgabeeinheit, die sine 3. Einen
Cachespeicherwie in irgandeinem derrAn-      Adresse in dam Ein-/Ausgabebus
plaziert hat, spruche I oder2 angerneldet, derauBerdern sine    den Zugriff
auf sine Spelcherzeile zu erlauben, Translation Control Work (TCW)
Cachespeicher-  40  die dieserzugewlesen wird, wenn derVergleicher
Registerdatal mit einer Vidizahl von TCW          sin Treffersignal des
Cachespeichers generiers Cachespeicherregistarn enthalt, von denen je- des
einern Cachespeicher-Stbuerregister ant-   5. Ein Cachespeicher wie in
Anspruch 4 angemel- spricht, wobei jades TCW Cachespeicherregister    det,
wobei die Stbuermittel die bestimmten sin Feld enthalt, das im
Hauptspelchereine reelle  45  Adressen auf einen Teil beschranken, der
kleiner Seitsnzahl enthalt, welche einer virtuellen Sea-  als alle Adressen
ist, die in dam Hauptsystam- tbnzahl fOr die Pufferzeile entspricht, die
dam   speicher enthalten sind. Cachespelcher-Stauerregister entspricht. 6.
Ein Cachespeicher wie In Irgendelnem der An- 4. Der
Ein-/Ausgabecachespeicher, wie dieser In  5o   sprfiche 4 oder 5
angerneldet, wobei der Haupt- den AnsprOchen 1 - 3 angemeldet ist, wird in
el-  systernspelcher einem erstan Teil eines Haupt- nem Computarsystem
benutzt, wobei das Sy-         spelcheradrslaraums entspricht, und sin Bus-



stem sine Zentraleinheit, elnen Hauptsystem-      spelcher mit dam
Ein-/Ausgabebus verbunden speicher, alnen Ein-/Ausgabebus und sine Viel-
und fiber diesen zugreifbar Ist, und der Busepel- zahl von
Eln-/Ausgabeeinhelten enthalt, die mit  C5  cher herin auSerdem einern
zweiten Tell des dam Ein-/Ausgabsbus verbunden sind und in
Hauptepaicheradregraums entspricht. dam der Cachespeicher enthalt einen
Pufferspelcher (22) mit Datbn, die als sine  7. Ein Cachespeicher wie in
irgendelnern der An- 10 I 1IIIIIJ 111111   I  S11111111111    19
EP 0 377 971 B1                 20 sprOche 4 bbs 8 angemeldet, wobel auf
die Adres-  valeur dans Is champ de contrOle du registre son in dem
Busspeicher direkt von der Zentral-    d'6tat de canal pour le regiatre
d'6tat de canal einheit und den Ein-/Ausgabeelnheiten zugegrif-
correspondantau dispositif d'entreelsortie effeo- fen wird, ohne Daten Ober
den Pufferspelcher zu   tuant un acces des donnees dane lequel un regis-
Obertragen.                                c      tre de contrOle
d'antim6molre diffdrent est s6- lectbonne par un tel registre d'etat de
canal, et ob un dispositif d'entree/sortle pout selectionner un
Rovendlcatlons                                        second registre de
contrdle d'antememoire aprbs un echec d'antem6moire. 1. Antimemoire
d'entr6edsortie pour un systeme   io d'ordinateur ayant une pluralite de
dispositifs  3. Antememoire tells quo revendiquee dans une d'entreslsortie
et un processeur central conneo-  des revendications I ou 2, compronant en
outre tes a un bus d'entr6edsortlb at une memoire de    une pile do
regletres d'antem6moire de Travail de systeme principalo, I'antememoire
comprenant:     Commands de Translation (TCW) ayant une plu- une memoire
tampon d'antememoire (22)  16    raliti de registres d'antim6molre TCW,
chacun connecteo audit bus d'entr6e/sortie et A ladite   correspondant a un
registre de controls d'ante- memoire de systeme principal., ob la memolre
memoire, chaque registre d'antem6moire TCW tampon d'ant6memoire est
organbs6o en une plu-    contonant un champ qui contient un numero de
ralite de lIgnes,                                 page rMello de memoire
principals correspondant une pile de registres de contrOls d'ant6-  20  a
un numero de page virtuelle pour la lIgne de memoire (42) ayant une
pluralite de registres,    memoire tampon correspondant A ce registre de
chaque registre de contrOle d'antimemolre         contrOle d'antememoire.
correspondant a une des lignes de la memoire tampon d'antem6moire et
contenantuno adresse   4. Antem6moire d'entree/sortio tello que rovendl- de
memoire principal. correspondant A la lagne   25  que. dan leas
revendIcations 1 A 3, etant utilisee de memoire tampon d'antememoire
correspon-        dans un systeme d'ordinateur, un tel systeme danto,
compronant un processeur central, une memoire une pile de registres d'etat
de canal (68)   de systeme principal., un bus d'entreelsortle, et ayant une
pluralite de registres d'etat de canal,  uno  pluralite de dispositifs
d'entredsortie chacun correspondant A un soul dispositif d'en-  30
connectes au bus d'ontreelsortle, I'antememoire tr6e/sortie connecte au bus
d'entree/sortie, et   comprenant: chaque registre d'etat de canal contonant
un            une memoire tampon (22) contenant des champ de controle (DIR)
pour selectionner un      donnees organis~es en une pluralite de lignes,
des registres de contrOle d'antememolre (42) et   dans laquelle la memoire
tampon oet connectes sa ligne de memoire tampon d'antememoire  35      A la
memolre de systime principale pour Achan- correspondantb,
ger des donnees, un moyen pour selectionner un des regis-          une
memoire de contrOls d'antememoire tresd'tetade canal a partirdu bus
d'entrde/sortie  (42) pourcontenirune adresse d'identification in-
correspondant,                                    diquant un emplacement
dans la memoire de sys- un comparatbur pour oomparer une adres-  40  teme
principal correspondant A chacune des li- se placie sur le bus
d'entreAdsortle parun dispo-  gnes de memoire tampon, sitif d'entree/sortbe
offeoctuant un acobs de don-      un moyen pour affecter au moins une des
nees avec l'adresse contenue dans Is registre de  lignes de memoire tampon
a un dispositif d'en- controls d'antem6moire selectionnee par le
tr~olsortle ealectionne, dans lequel une ligne af- champ de contrOls de
registre d'etat de canal, et  45  fectee A un dispositif d'entr6edsortie
est utillsee pour generer un signal d'acobs d'antememoire al   pour
memoriser tomporalrement des donnees elles correspondent, ou
genererautrement un si-   seulement pour ce dispositif d'entrhelsortie, et
gnal d'echec d'antemhmoire, et                    dens loquel
ledispositlfd'entree/sorties61ectlon- un moyen pour, ai le signal d'acchs
d'an-    ne a acosa A la memoire de systbme principale tememoire oet
genere, faire effectuer par le dis-  5o  seulement au moyen d'une ligne de
memoire 



positif d'entriedsortbo un accs de donnees de la  tampon affecthe, ligne de
memoire tampon d'antememolre corres-           un moyen pour affecter au
moins une des pondantb.                                         lignes de
memoire tampon au processeur central, dens leque le processeur central
accbde A des 2. Antememoiro telle quo revendiquee dans la re-  55
emplacements dens la memoire de systbme prin- vendication 1, compronant en
outre des moyens     cipale au moyen d'une ligne de memoire tampon pour, si
un signal d'echec d'antememoire est gA-  affectee, nerA par le comparatbur,
charger une nouvelle           un comparateur connecte au bus d'en- 11
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22 tr6eesortie et a la m6molre tampon, dana loquel le comparatbur compare
les adresses d'identifl- cation A partir de la memoire de contr6le d'ante-
m6moire aux adresses presenbes sur le bus d'en- tr6e/sortle, et g6nere un
signal d'accos d'ant6-   5 m6moire s'il y a correspondance, un moyen de
contr6le pour determiner quel prooesseur central ou dispositif d'en-
tr6edsortie a plac6 une adresse sur le bus d'en- tr6elsortle et pour quo le
comparateur compare  10 une adresse d'identiflcation, correspondant a une
ligne de memoire tampon affectee au dispo- sitif d6termine, avec une
adresse sur le bus d'en- tree/sortie, et un moyen pour permettre A un
dispositif  is d'entr6e/sortie qui a place une adrosse sur le bus
d'entr6elsortie d'acc6dera une ligne de memolre tampon qul lul est affect6e
lorsque le compara- teur genere un signal d'acces d'antememolro. 20 5.
Antememoire tolio que revendlqu6e dans la re- vendlcatlon 4, dans laquelle
le moyen de controls restreint on outre les adresses d'identification A une
portion inferieure au tout, des adrosses contenues dans la m6molre de
systeme principa-  25 le. 6. Antememoire tolls quo revendiquhe dans une des
revendications 4 ou 5, dans laquelle la me- moire de systeme principale
correspond A une   3o premiere portion d'un espace d'adresses de m6- moire
principals, et dans laquelle une m6moire de bus est connectoe A et est
accessible par le bus d'entrhelsortie et en outre la m6moire de bus
correspond a une seconde portion de 'espace   35 d'adressos de m6moire
principale. 7. Antememoiro folio quo revendiqu~e dans I'une dos
revendlcations 4 a 6, dans laquelle les adres- ses de la memolre de bus
sont acc6d6as directe-  40 ment par le processeur central et les
dispositifs d'entredsortle, sans transfert de donn6es par la memoire
tampon. 45 50 55 12    


