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a main memory was not only used as a CPU working store but also as a buffer
for peripheral The present invention relates to multilevel data-  devices.
storage hierarchies, more particularly to the con-   The performance
monitoring referred to above trol thereof with respect to data storage
allocated    5    has indicated that it is not always in the best for data
resident in upper levels of the data-      interests of total
data-processing performance storage hierarchies.
and integrity to always use a caching buffer Peripheral storage hierarchies
have been used     interposed between a using unit and a backing for years
for providing an apparent store as        store. For example, U. S. Patent
4,075,686 teaches suggested by Eden, et al in U. S. Patent 3,569,938.   10
that a cache can be turned on and off by special Eden, et al teach that in
a demand paging or        instructions for selectively bypassing the cache.
request system, caching data in a cache-type,       Further, the backing
store or memory was seg- high-speed front store (buffer) can make a peri-
mented into various devices with some of the pheral storage system appear
to have a large        devices or segments being bypassed, such as for
capacity, yet provide rapid access to data; rapid   15   serial or
sequential input/output operations. U. S. access being faster than that
provided by the       Patent 4,268,907 teaches that for a command normal
backing store. Eden, et al also teach that   specifying the fetching of
data words, an indicator the backing store can be a retentive store, such
as  flag is set to a predetermined state. Such flag magnetic tape recorders
and magnetic disk           conditions replacement circuits to respond to
recorders while the front store can be a volatile   20   subsequent
predetermined commands to bypass store, such as a magnetic core store. With
the      cache storage for subsequently fetched data advances in
data-storage technology, the front      words when the indicator flag is in
the predeter- store typically includes semiconductive type data-  mined
state to prevent replacement of extensive storage  elements. Patent
3,839,704  shows          numbers of data instructions already stored in
another form of such a storage hierarchy. An    25   cache during the
execution of such instructions. important aspect of storage hierarchies is
good     Interestingly, patent 4,189,770 shows bypassing performance at low
cost.                            cache for operands, but using cache for
storing Storage hierarchies have taken diverse forms.    instructions. For
example, in accordance with the Eden, et al       Disk storage apparatus,
also referred to as patent 3,569,938 a single high-speed store ser-   30
direct access storage devices (DASD), provide viced several users. U. S.
Patent 3,735,360 shows   large quantities of random-access nonvolatile that
each processor can have its own high-speed     data storage for data
processing. Caching the store or cache. Performance of storage hierar-
DASD, as suggested above, provides a storage chies also is affected by the
algorithms and other  hierarchy with the performance and throughput
controls used to place predetermined data into   35   capability better
than that of DASD. Such per- the cache or high-speed storage portion. Along
formance improvement is obtained principally by this line, U. S. Patent
3,898,624 shows that vary-  maximizing the number of data-storage accesses
ing the time of fetching data from a backing store  which can be satisfied
by accessing a copy of the to a front or caching store can be selected by
data in the cache rather than by directly accessing computer operator in
accordance with the pro-   40   the DASD. Management of the data-storage
grams being executed in a using CPU. In this        hierarchy includes
dynamically entering data into manner, it is hoped that the data resident
in the   and deleting data from the cache with the intent cache or upper
level of the hierarchy will be that  of increasing the proportion of the
number of data needed bythe CPU while other excess data is    accesses that
can be satisfied through the cache. not resident in the cache. This
arrangement   45   While such management tends to reduce the size allows
more useful data to be stored in the higher  of a front store for
controlling its costs, it has been level storage portion. All of these
operations      observed that data does not always fill the record become
quite intricate. Accordingly, evaluation    tracks of DASD, hence further
savings may be programs for storage hierarchies have been used
available. All of the above shows a need for to evaluate how best to manage
a storage hierar-   50   carefully managing utilization of data-storage
chy. U. S. Patents 3,964,028 and 4,068,304 show     space in a front store
for controlling its costs. performance monitoring of storage hierarchies
Such cost control is important where large blocks for achieving these
goals. Even at that, much       of data, such as 30 kilobytes or more are
cached in remains to be done in various types of storage     a front store
and such blocks are not always filled hierarchies for enhancing optimum
performance   55    with data signals. while ensuring data integrity. Much
of the work      The management of data-storage apparatus for with respect
to storage hierarchies has occurred    ensuring full utilization of such
space available in in the cache and main memory combinations          any
data storage unit includes storing variable- connected to a using CPU. The
principles and       length data. For example, U. S. Patent 3,739,352,
teachings from a cached main memory relate   so   shows a microprogrammed
processor associated directly to caching and buffering peripheral
with a so-called "free-field" memory in which systems, as originally
suggested by Eden et al,     operands of any length in terms of number of
bits supra. Of course, main memory has been used        can be processed.
The free-field memory is prior to Eden, et al for buffering or caching data
addressed by an address register that points to from a magnetic tape and
disk unit for a CPU, i.e.   65  the boundary between any two bits stored in
the 2   
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a field and indicates the  processor which optimizes the allocation by
number of bits in the field up to a maximum bit   adjusting the size of the
working set for each capacity of the memory. While this technique
competing program. In a sense, the working certainly appears to provide for
a maximal pack-  memory can be considered as a buffer in the ing of a given
memory (data-storage unit), when-    5    data-storage hierarchy wherein
the host pro- such data is replaced by other data the           cessor has
a close-working association with the probability of the replacing data
having an extent  front store, i.e. the working memory. The tech- (number
of bits) equal to the data being replaced  niques of this patent also
relate to replacement is relatively small. This means that each time
controls such that the allocations of the working data is replaced that the
memory must be refor-   10   space is adjusted through replacement tech-
matted if the storage efficiency is to be main-   niques. Peripheral
data-storage  hierarchies, tained. Accordingly, this technique, while prob-
because of the loose-coupling to the host pro- ably valuable for many
applications, is not       cessor, cannot take advantage of the described
applicable to a front-store/ back-store data-    technique. storage
hierarchy because of the data replace-   15    In a peripheral data-storage
unit, U. S. Patent ment operations. As a result of such a scheme, it
4,103,329 shows handling data represented by can be easily envisioned that
fragmentation of    variable field length for using less data storage. data
would occur which requires extensive and     The bit fields are handled
independently in the time-consuming management techniques not
natural storage addressing elements and bound- desired in a peripheral
data-storage hierarchy.  20   aries. This patent shows initializing a
displace- A second U. S. Patent 3,824,561 relates to      ment register to
contain an element displace- storing groups of variable-length data
elements   ment from a base address which contains the which are allocated
to storage addresses by       first bit of a desired bit field. While such
a means of apparatus and methods using charac-     technique is certainly
appropriate for packing teristic data sets which define the characteristics
25   data into a main memory for use by a host of each data element in the
group to be stored.   processor, the complexity and tracking of all of This
technique requires that the data sets be     such data wherein the quantity
of data is in the scanned in two directions. On a first pass, infor-
megabyte range becomes excessively expensive. mation as to the length and
boundary require-     Accordingly, these later-described techniques are
ments of each element are accumulated, then on   30   also not fully
satisfactory for managing a front a second pass addresses are allocated to
each     store of a peripheral data-storage hierarchy. element to eliminate
gaps in the group while        Yet other techniques employed for improving
maintaining proper boundary alignment. Again,     utilization of data
storage apparatus include that this technique has value in certain
applications  described in the IBM TECHNICAL DISCLOSURE but in the
data-storage hierarchy, the replace-   35   BULLETIN by Paddock, et al,
Vol. 14, No. 7, ment requirements plus the requirement of rela-   December,
1971, pages 1955 through 1957. This tively low cost prohibit the
complicated control.  article  shows an  asymmetrical high-speed
Performance requirements of a peripheral data-    storage consisting of an
8KB (kilobytes) area and storage hierarchy are at odds with the first and
two 4KB areas, each area has a separate direc- second time-consuming pass
requirements for   40   tory. Apparently smaller sets of data would be
doing an allocation. Accordingly, while this tech-  stored in the 4KB areas
while larger sets of data nique can provide efficient utilization of a
data-  would be stored in the 8KB area. Such a tech- storage unit, the
techniques are not applicable to  nique does not address the suitability of
manag- a data-storage hierarchy front store management   ing a front store
where relatively large blocks of where replacement and performance are
inter-   45   variable length data, i.e. 30KB or greater are to mingled
with allocations of data-storage space   be transferred as units. In
another IBM TECHNI- for variable length data.                         CAL
DISCLOSURE BULLETIN article by Gates, et U. S. Patent 4,027,288 shows using
a character  al, "Multiword Size Storage" in Vol. 14, No. 8, set including
a beginning delimiter character and  January, 1969, pages 1019-20 shows
managing a an ending delimiter character such that infor-   50
data-storage apparatus for avoiding wasting or mation segments may be of
any length up to the    nonuse of storage bits due to difference in word
capacity of the storage mechanism. Automatic      sizes of data. The
techniques of this article relate data-storage allocation  and  reclamation
of     to storing words having two different sizes and unused storage space
as strings of data increase  alternating the storage such that no unused
disks or decrease in size is provided for. This system    55   are
employed. This article approaches the employs symbolic addressing data on a
mag-        management of a data-storage apparatus only netic tape wherein
delimiter signals and sequen-  for an extremely limited set of data formats
and tial operations can take advantage of the         hence is not
applicable to a general storage described data-packing technique. For a
random-   apparatus. access memory which is found in most front   60
Even with all of the above-described apparatus stores of a data-storage
hierarchy, this technique  and techniques for managing a data-storage is
not applicable for achieving data packing while  apparatus for maximizing
utilization there still is maintaining low cost and good performance.
needed a relatively simple but effective manage- U. S. Patent 4,035,778
shows allocation of      ment apparatus and method which can handle working
space in a main memory of a host   65   large units of data at relatively
low cost while 3  
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data-storage utilization and preserv-    directory 16. A using unit 10
requests data access ing high performance.                               to
the storage subsystem including front store or The present invention is
disclosed in the         cache 15 and backing store or DASD 14 by using
attached claims.                                    an address identified
for DASD 14. Such address, In accordance with the invention, data-storage
5    when stored in directory 16, refers to data stored apparatus has
allocatable data storage segments    in cache. 15 such that the data-access
request can each having a data-storage capacity less than a     be
satisfied without referring to DASD 14. Oper- maximal capacity required for
given data trans-     ations of the storage system is under control of a
fers. Upon each incoming data transfer, an initial  programmed processor 17
which includes a con- maximal allocation of data storage segments in   10
trol memory 18 and a processing unit 19. Control the data storage unit is
made for the expected      memory 18 stores program indicia for enabling
data. The data is then transferred to the allocated  the processing unit 19
to exercise suitable control data storage segments. Upon completion of the
over cache 15, directory 16 and DASD 14 and data transfer, an examination
is made of which      facilitate communications with using units 10.
allocated data storage segments actually received   15   Most of the
functions performed by programmed none of the Incoming data. All of those
allocated   processor 17 in response to the stored program data storage
segments receiving no such data are    indicia are well known data-storage
functions for then deallocated and allowed to be used for         storage
systems of the type described and which storing other data.
are not detailed for that reason. In another context, a maximal initial
allocation    20  Directory 16 has a plurality of registers, as later of
data storage segments is made in accordance      detailed with respect to
Figure 5; each of which with the size of a maximal data transfer and upon
includes a stored DASD address (DASD ADDR) 20 completion of the data
transfer the initial alloca-  which identifies the DASD 14 address which is
tion is reduced to the size of the actual data      intended to store or is
actually storing data that is transfer with all remaining allocated data
storage    25   currently stored at an addressable portion of segments
being deallocated.                         cache 15. The cache 15 storage
location is indi- The foregoing objects, features, and advan-       cated
by cache address pointer P1 contained in tages of the invention will be
apparent from the    section 22 of each directory 16 register or can be
following more particular description of the pre-   indicated by which
directory 16 register is storing ferred embodiments of the invention, as
illus-   30   DASD ADDR; i.e. directory 16 register addresses trated in the
accompanying drawings.                are mapped to cache 15 addressable
data-storage spaces. In accordance with the invention, cache Description of
the Drawings                         15 has allocatable data-storage spaces
(sets of Figure 1 is a block-flow diagram illustrating an  addressable data
storage register which are allo- operation of the present invention for a
data-   35   cated as a single unit) having a capacity smaller storage unit
accessible through a data-storage      than the data-storage capacity of a
data-storage directory.                                          track 21
on DASD 14 pointed to by the DASD Figure 2 is a block diagram of a
preferred        address 20 in directory 16. Preferably the capacity
implementation of the invention within a peri-       of the allocatable
data-storage space in cache 15 pheral data-storage hierarchy for
implementing    40   is an integral submultiple of the maximum the
techniques shown in Figure 1.                   capacity of the
data-storage track 21. For the Figure 3 is a machine operations chart
illustrat-  present description the allocatable data storage ing the
operations of the Figure 2 illustrated      space of cache 15 is one-third
the capacity of the system using methods shown in Figure 1.
DASD 14 track capacity. Three cache 15 addresses Figure 4 is a logic
diagram for showing transfer-   45   are required to address contents of a
complete ring a plurality of segments of data into a data-   DASD track
stored in cache 15. This addressing is storage apparatus using the
techniques set forth    achieved by having an address pointer P1 in in
Figure 1.                                        section 22 of directory 16
identifying an allocat- Figure 5 shows a directory usable with the
able data-storage space 23 of cache 15 for storing Figures  1  and  2
illustrated  data-storage   so   a first one-third portion of a DASD 14
track. In this apparatus.                                          one
portion of allocatable data-storage space 23 are a pair of pointers P2, P3,
respectively in Detailed Description                                spaces
24 and 26. P2 contains an address pointing Referring now more particularly
to the draw-      to allocatable data storage space 25 of cache 15 ings,
like numerals indicate like parts and struc-   55    which stores the
second one-third portion of track tural features in the various diagrams.
As shown    14 while P3 points to an addressable, allocatable in Figs. 1
and 2, one or more using units 10, such  data storage space 27 of cache 15
which stores as central processing units, host processors and    the third
one-third portion of track 14. In this the like, are connected via
peripheral connections  manner the three allocatable data-storage spaces 11
to storage director 12. Storage director 12 is   60   of cache 15 are
concatenated to store the data suitably connected via a device interface 13
to a   contents of one track It is to be understood that plurality of
direct access storage devices (DASD)   the number of said multiples of
allocatable units 14. A cache 15 selectively couples DASD 14 to one   in
cache 15 may be a number other than three and or more of the units 10 via
input/output connec-   that the additional pointers such as pointers P2
tion 11. Access to data stored in the cache 15 is via   65   and P3 instead
of being stored in the first allocat- 4 
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to by directory 16 may in     activates processing unit 19 to access
control fact be stored in area 22 along with pointer P1 in  store 18 for
executing program 36 which may directory 16. Storing the addresses P2, P3
within   result in transferring data from DASD 14 to cache cache 15
simplifies directory 16's structure; it    15. Further, a cache write-hit,
which indicates data does require one additional access to cache 15 for
5    will be transferred from a using unit 10 into cache setting up data
transfers, as will become           15, results in programmed processor 17
respond- apparent.                                          ing, as
indicated by arrow 37, to use program 36 In accordance with the invention,
when cache      for preparing cache 15 to receive data from host 15 is to
receive data from either a using unit 10 or  10, which may include up to a
full track of data the from DASD 14, programmed processor 17 will not   10
extent of which, of course, is not presently known have an indication of
the extent of data which      to the data-storage system. In such a host
write, cache 15 will receive. That is, it may be a full track  the host
data is preferably simultaneously written of data or less than a full track
of data. Accord-  to DASD 14. ingly, each time cache 15 is to receive data,
three   In any event, for cache 15 to receive data allocatable data-storage
spaces of cache 15 are   15   without any overrun exposure results in pro-
allocated for the upcoming data transfer. Follow-   grammed processor 17 in
responding to program ing such allocation, the data transfer ensues.
36 to execute program 40 for allocating one DASD Upon completion of the
data transfer, pro-          track capacity in cache 15 and setting the
pointers grammed processor [err]  examines which of the.        P1, P2 and
P3 as may be required. For example, if allocated data-storage spaces, such
as 23, 25 and    20   no cache 15 data-storage space has been allo- 27,
have in fact received data for storage. Those   cated, then three cache 15
data-storage spaces allocated data-storage spaces of cache 15 not       are
allocated with the corresponding pointers receiving any data during such
data transfer are    being generated. If on the other hand only one then
deallocated, via appropriate pointers being    data-storage space is
currently allocated, then zeroed and are made available for reallocation of
25   two more data-storage spaces are allocated with data not related to
the just-addressed DASD 14      the corresponding pointers being generated,
all track. In this manner, management of cache 15       of which is
detailed later with respect to Figure 3. data-storage space allows a
greater number of       Upon completion of executing program 40, pro-
tracks to be effectively stored in cache 15 with a  grammed processor 17
executes program  41 relatively smaller cache capacity, i.e. reduces   30
which actually causes the transfer of data to the cost. In another view, if
the same size cache 15 is  cache 15 from either host 10 or DASD 14, as the
used, then a greater performance is provided        case may be. Upon
completion of the data trans- because the contents of a greater number of
fer, programmed processor 17 checks the ending addressable DASD 14
data-storage tracks can be      address of the last byte of data
transferred into stored in cache 15. Cache 15, of course, has a    35
cache 15 by executing program 42. This check large plurality of such
allocatable data-storage    identifies which allocated data-storage spaces
in spaces, as collectively indicated by numeral 28.    fact received no
data during the data transfer; i.e. The  scattering  of data  from  a
single         the ending address check determines which of the addressable
data-storage track into a plurality of  three allocated data-storage space
last received unrelated segments or data-storage spaces of   40   data.
Then programmed processor 17 by execut- cache 15 when high-speed data
transfers are         ing program 43 deallocates any unused cache involved
requires rapid concatenation and some      allocations made for the data
transfer. Of course, buffering during the data transfer. For enhanced
preparatory to the execution of programs 36 and flow of data signals into
and out of cache 15, as   43 and thereafter, other programs 44 which are
best seen in Figs. 1 and 2, a plurality of system    45   commonly found in
data-storage subsystems are storage-address registers 30 are provided.
SSAR-    executed. Since such programs do not have a 0 receives pointer P1
from directory 16 in pre-     bearing on an understanding of the present
paration for accessing allocated data-storage       invention, they are not
detailed. space 23  SSAR-1 and SSAR-2 respectively             In program
40 it may be required that pro- receive pointers P2 and P3 from areas 24,
26 of   50   grammed processor 17 replaced existing data in allocated
data-storage space 23. This action com-   cache 15. Free or unallocated
data-storage spaces pletes the preparation for an ensuing data trans-
must be identified. This action is achieved by an fer. Figure 4 shows how a
plurality of address      LRU (least recently used) replacement control
list registers can quickly concatenate a plurality of    47, usually found
in data-storage hierarchies, addressable data-storage spaces for receiving
a   55   explained with respect to Figure 5. LRU 47 high-speed burst of
data signals.                  includes identification of those allocatable
data- Upon each received data-access request, pro-      storage spaces
which are available for allocation. grammed processor 17 examines directory
16 to       Accordingly, execution of program 40 by pro- determine whether
or not an associated allocat-     grammed processor 17 results in usage of
able data-storage space has been allocated to the    60   MRU-LRU program
46 for scanning LRU 47 to DASD address received from using unit 10. If
allocate data-storage spaces. If sufficient allocat- there is no match,
then a cache-miss occurs, as     able data-storage spaces are found, then
those indicated by numeral 35. Such a cache-miss can      spaces are
allocated with no further activity. result in a data promotion from DASD 14
into        However, if no allocatable data-storage spaces cache 15, as
will be later detailed. Such a miss   65   are found, then programmed
processor 17 uses 
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45 for transferring data from a   cache 15 are also stored in system store
57. replaced one of the allocated data-storage spaces  Additionally, any
using unit 10 can command the to DASD 14 using known replacement
techniques.    storage directors 12 to keep data in cache, i.e. pin When
DASD 14 is updated concurrently with         or bind the data to cache 15.
For all bound tracks, cache 15, the cache 15 space is immediately    5
it records a cache bound list 60, stored within reallocated to the incoming
data without any      directory 16 but shown separately for clarity,
prereplacing data transfers to DASD 14. In this  indicates to both storage
directors 12 which data manner, cache 15 can be always filled with pro-
stored in cache 15 is to remain in cache 15. Such moted data. Program 48
enables programmed         bound data is not listed in LRU 47 for
preventing processor 17 to access cache 15 using known    to   replace
program 45 from reallocating cache 15 techniques; accordingly, this program
is not     space. detailed.
Access to DASDs 14 is via a so-called daisy Figure 2 illustrates a
preferred embodiment of  string arrangement in which a plurality of DASDs
the invention as employed in a two-storage direc-  14 are connected to the
storage directors 12 via tor 12 data-storage arrangement. Each storage   15
controllers 65, separately denominated as DCA director 12 includes a
plurality of so-called    through DCD. Each storage director 12 connects
channel adaptors 50, also separately denomi-     to the controllers 65 via
a daisy-chain device nated as CAA through CAH, which connect the
connection 13. A radial connection of known respective storage directors 12
to a plurality of  design may also be employed. The operation of using
units 10 via a plurality of input/output   20   the Figure 2 illustrated
system in accordance with connections 11. Each storage director 12 includes
the invention is best understood by referring to a programmed processor 17
which, as usual,        Figure 3, a machine operations chart. includes a
processing unit 19 having a control      Programmed processor 17 at 70
receives a store 18 which contains computer programs for     storage-access
request. This request is decoded performing the storage-director functions.
Fig. 2   25   and evaluated in ACE 52 using known techniques. shows the
logical structure; i.e. the functions   At 71, programmed processor 17 DAC
53 portion performed by processor 19 in executing the pro-   examines the
CD latch 59 (Fig. 2) related to the grams in control store 18. The
programmed pro-    DASD 14 addressed in the received storage- cessor 17
includes programs constituting address  access request to determine whether
cache 15 or and command evaluator ACE 52 which receive   30   only DASD 14
to the exclusion of cache 15 is to be and evaluate using unit 10 supplied
peripheral    accessed. For a direct access, DASD 14 is acces- commands.
Such functions are also performed in    sed at 72 using usual DASD access
methods. For a present day storage directors for noncached       cache C
access, programmed processor 17 sear- DASD as widely sold throughout the
world and      ches directory 16 at 73 to determine whether or are a part
of other programs 44 in Figure 1. The   35   not the track requested in the
received storage- programmed processor 17 also includes pro-        access
request (I/O command) has allocated grams for direct access control DAC 53
which      space in cache 15. In this regard it is noted that responds to
commands evaluated and decoded        some commands will require a direct
connection by ACE 52 to control data transfers between using  to DASD 14 to
the exclusion of cache 15. Accord- units 10 and DASD 14, as well as
providing device   40   ingly, ACE 52 in detecting such a received I/O
commands to DASD 14 for performing well           command sets latch 59 for
the addressed DASD known DASD access and control functions. DAC      14 to
the direct mode "D". An example of such an 53 includes program 41 as well
as programs for   I/O command is to recalibrate a DASD 14. Sear- accessing
DASD 14 included in other programs 44   ches and SEARCH ID EQUAL commands
can be relating to accessing DASDs 14 and transferring   45   performed for
cache 15 accesses within directory data between using units 10 and DASDs
14, all of  16, i.e. the.commands are performed in a virtual which is well
known. Programmed processor 17      manner not involving DASD 14. In the
preferred further includes programs CAC 54 which is a       embodiment
directory 16 does not separately cache access control for accessing cache
15. CD   identify records in a track; only tracks are iden- latches 59, one
for each of the DASDs 14, are   50   tified, no limitation thereto
intended. Upon com- accessed by DAC 53 and CAC 54 respectively for
pletion of the directory 16 search, programmed determining whether to
access cache 15 or DASD    processor 17 at 74 determines whether or not a
14 directly and for setting the latches to D upon a  cache-hit has
occurred. If a cache-hit occurred, cache miss. Connections from storage
director 12  which is preferred programmed processor 17 at to DASDs 14 are
via DASD circuits 55 which are   55  74A transfers the P1 stored in section
22 of the constructed using known device adaptor and        directory 16
register identified by the received data-flow design techniques. Cache 15
is acces-   DASD 14 address to SSAR-0; then it transfers P2 sed via memory
circuits (MEM CCTS) 56 which       and P3 respectively to SSAR-1 and SSAR-2
from includes those circuits for generating addresses  their respective
storage locations. and access requests including SSARs 30. Cache   60  At
step 75, director 12 examines cache 15 to 15 is a portion of a large
random-access store 57,  determine whether or not the record to be acces-
hereinafter referred to as a system store. It is  sed is stored in cache 15
(record hit). If the preferred that cache 15 can simultaneously and
addressed record is in cache 15 (record hit is yes), independently handle
data transfers with a DASD   then additional segments may not be needed to 



14 and a host 10. The directory 16 and LRU 47 for   65   successfully
complete the ensuing data transfer. 6    11               EP  0112442  B1
12 Then at step 76 the type of data transfer oper-      other data
processing operations through logic ation to be performed is examined. For
a read        path 78. Path 78 is also entered from steps 91 operation R
(transfer of data to a host 10), direc-  and 93, as well. tor 12 at step 77
transfers the requested data         For a cache miss at 74 (hit = 0),
director 12 in from cache 15 to the requesting host 10. Such    5    steps
95 and 96 allocates three segments in transfer completes the operation
permitting         cache 15 (XY, XM, YM) for the ensuing data director 12
to exit the machine operation at 78      transfer to cache 15 and sets the
corresponding for performing other data processing operations.     pointers
P1, P2 and P3 in the respective SSAR's For a write operation W (transfer of
data from a     0, 1 and 2. Then director 12 proceeds to the data host 10)
indicated at step 76, director 12 at step    10   transfer operation
performed in step 87, as pre- 80 examines the received host 10 supplied
com-       viously described. mand for ascertaining if the write is a
FORMAT         In one embodiment of directory 16, each of the write (access
to DASD 14 is requested to the         registers in directory 16
corresponded to a space exclusion of cache 15) or any other form of write
28 in cache 15. Hence, area 22 is dispensed with (cache 15 is to be
utilized) is requested. For a    15   the register address within directory
16 also FORMAT write, director 12 in step 81 deallocates    indicating
(using base plus offset addressing) the any allocated cache 15 data-storage
space and        beginning address in cache 15 of an associated transfers
the received data to DASD 14. For a        space. Allocation then consists
of inserting the nonformat write (FORMAT=0) at step 80, director
appropriate DASD address in section 20 of such 12 in step 82 transfers data
from the requesting    20   register. Addresses XM  and YM  respectively
host 10 to both cache 15 and DASD 14 respective      become pointers P2 and
P3 and are stored in addressed data-storage areas. In this manner,
areas 24, 26 of the area 23 corresponding to cache 15 and DASD 14 always
have identical            address XY. Note there are no changes in direc-
copies of the same data. From steps 81 and 82,       tory 16 for these last
two pointers. In the event director 12 proceeds to other data processing
25   that the last above-described directory 16 struc- operations via logic
path 78. This operation         tures wherein a given register always is
asso- allows less than a full track allocation in cache to  ciated with a
data storage area of cache 15, then handle successive data transfers
(partial track      addresses P2 and P3 are inserted in these allocations).
respective directory 16 registers; the registers for Returning to step 75,
when director 12 does   30   P2 and P3 are then omitted from LRU 47. The
not find the addressed record (record hit is no),    above completes
setting up the pointers for the then for the impending data transfer to the
ensuing data transfer. cache, additional segments may be allocated for
Figure 4 illustrates cache 15 addressing circuits the ensuing data
transfer. In steps 85 and 86        usable with the present invention. The
data paths director 12 examines the values of P2 and P3. For   35   100
extend from cache 15 through memory cir- either or both pointers being zero
(no corre-        cuits 56 thence to DASD circuits 55 for data sponding
space has been allocated in cache 15),      transfers with DASD 14. The
data paths also director 12 in step 86 allocates an additional       extend
to the channel adaptors 50 for data trans- segment to the track, as
previously described        fers with using unit 10, all as shown in Figure
2. and then proceeds to transfer data to cache 15 at   40    The data
transfers between cache 15, adaptors 87. The step 87 data transfer can be a
write from    50 and DASD circuits 55 are under the control of a host 10 to
DASD 14 and cache 15, a read from       usual automatic data-transfer
circuits of known DASD 14 to cache 15 and a host 10, or a staging
design and of current use in DASD storage data operation from DASD 14 to
cache 15.             systems. Such automatic transfer control circuits The
post-transfer machine operations find    45   are shown as autocontrol 101
in Figure 4 as director 12 examining cache 15 to determine          being a
part of memory circuits 56. Programmed which of the three allocated
segments in fact        processor 17 supplies a suitable start signal over
received data from the just completed data trans-    line 102 to
autocontrol 101. The description fer. In step 88, director 12 examines a
later-       assumes the storage system address registers 30 described
"k-counter" 129 (Fig. 4) to ascertain   50   have been loaded with the
appropriate addresses the values 1, 2 or 3 which respectively indicate
P1, P2 and P3 received from programmed pro- that one, two or three
allocated segments (corre-    cessor 17 respectively over address busses
110, sponding to P1, P2, P3) in fact received and are     111 and 112. Such
loading of address registers currently storing data. For k = 1, director 12
in    by a programmed processor is well known. Once step 90 takes the
segments 2 and 3 (also termed   55   autocontrol 101 receives the START
signal, it XM  and YM, respectively) identifications and        supplies a
cache 15 access enabling signal over inserts same into the LRU list for
making these     line 103 to cache 15. As a result, cache 15 will segments
available for allocation. In step 91, the   receive addresses as later
described for acces- corresponding pointers P2 and P3 are set to zero.
sing data-storage registers within the cache. The For a value k = 2 in step
88, director 12 in steps    60   access-control signal on line 103. will
carry an 92 and 93 inserts the third segment YM into the      indication of
whether the operation is a read- LRU list and sets pointer P3 to zero. For
a value    from-cache operation or a write-to-cache oper- of k = 3 in step
88, director 12 knows that all      ation. Many caches 15 contain known
refresh 



three segments have received and are currently       circuits which
interleave refresh cycles with data- storing data, hence it proceeds
directly to do    65   access cycles. Each time cache 15 transfers a set 7
13              EP 0112442  B1                     14 of data signals over
data path 100, it indicates a  the address-incrementing signal on line 115
to cycle of operation to autocontrol 101 over line    increment SSAR-1 and
then to supply address 104. Autocontrol 101 has been preset in a known
signals through AND circuits 121 to cache 15. In a manner for transferring
a given number of data     similar manner SSAR-1 supplies its carry signal
signals between cache 15 and either DASD 14 or    5    over line 127 to
also increment segment counter host 10. When data signals are being written
into  129 resulting in a two signal being supplied over cache 15,
autocontrol 101 may not know the         line 143 to decoder 131. This
causes decoder 131 number of signals to be received. In this instance,  to
add two to the received SSAR address resulting a second signal is supplied
over start line 102 to  in an AND-circuit enabling signal being sent only
turn autocontrol 101 off for removing the signal   10   over line 134 to
AND circuits 118 and 122 asso- on line 103. For example, in a host-to-cache
data  ciated with SSAR-2. SSAR-2 then receives the transfer, the host using
the IBM 370 interface     address-incrementing signal and supplies the
architecture can send a so-called COMMAND          cache datastorage
location signals to cache 15 for OUT I/O tag signal indicating the end of
the data   the third datastorage space being addressed in transfer. Such
I/O tag signal results in pro-   15  the sequence of operation. grammed
processor 17 sending a second signal         Segment counter 129 is not
restricted to count- on start line 102 to indicate to autocontrol 101 to
ing segments of [err] sizes. By providing a segment terminate the data
transfer. Termination of the    size register, the counter 129 can count
segments data transfer either internally to autocontrol 101  having any
arbitrary size or variably sized seg- or to externally received commands is
indicated   20   ments. For simplicity segment sizes of [err] are to
programmed processor 17 by an END signal        preferred. supplied over
line 105. For each cycle of cache 15  It is to be appreciated that a larger
plurality of operation, autocontrol 101 emits an address        SSARs 30
may be provided, as indicated by incrementing signal over line 115. The
increment-  ellipsis 147. As such, any three of the larger ing signal goes
to one and only one of the SSARs   25   plurality of storage address
registers may be used 30 as selected by an SSAR address received over    in
sequencing cache 15 operation in accordance bus 130 from programmed
processor 17. The          with the invention. Accordingly, there are a
like addressing of a plurality of address registers is  greater plurality
of AND circuits enabling lines well known and not described for that
reason.      indicated by ellipsis 148. In any event, the first When P1, P2
and P3 are loaded, the SSAR address   30   storage address register which
receives P1 is signals received from programmed processor 17      selected
by programmed processor 17 in the will select SSAR-0. Decoder 131 decodes
the        usual manner. Programmed processor 17 then address signal and
supplies an AND circuit         indicates which SSAR received the P1
address enabling signal over line 132 to AND circuits 116  which  starts a
sequence  of concatenated and 120; AND circuit 116 passes the address   35
addresses within cache 15 for successively-acces- incrementing signal on
line 115 to SSAR-0 for      sed data-storage spaces 28. Accordingly, a
vari- incrementing the address contained therein.        able number of
data-storage spaces 28 can be Decrementing can be used as well. Each time
used with a diversity of sizes of address spaces SSAR-0 is incremented, it
supplies a set of        for receiving data signals. For example, if two
address signals to AND circuits 120 for transmit-   40   types of DASD 14s
are attached to the directors ting same over the address bus 123 to cache
15     12, two different sizes of data transfer units (data for selecting
the next data-storage location within  contents of two DASD tracks have
different num- the cache 15 addressed data-storage space for the  bers of
stored data bits) may be involved. From a data transfer. When the SSAR-0
has counted         first DASD 14 three data-storage spaces 28 may through
all of the addressable data storage loca-   45   be concatenated for
receiving data signals. For a tions within one data storage space 28 of
cache   larger and newer DASD 14, five of the data- 15, it supplies a carry
signal over line 126 through  storage spaces 28 of cache 14 may be used,
and OR circuit 125 for incrementing segment counter    so forth. In the
latter instance the director 12 129. Segment counter 129, which counts seg-
keeps a table (not shown) relating each DASD ments having [err] data
storage locations (k is an   50   device address with a unit size of data
transfer integer), has been preset to zero through a reset  such that the
appropriate number of datastorage signal received from programmed processor
17       spaces 28 may be selected for each receiving overline 140. Segment
counter 129 supplies a       data-transfer operation. Some DASD 14s are
zero signal over line 141 to decoder 131 for       operated in a front
store/back store concept such passing the received SSAR-0 address signal to
55   that a portion of the DASD is addressable decoding circuits resulting
in the line 132 and    separately in a track subunit such as one-third or
enabling signal. When segment counter 129 is       one-fourth of a track.
Other tracks within the same incremented by the SSAR-0 carry signal, it
then    DASD 14 may be addressed only as whole track suppliesaone signal
overline 142to decoder 131.    units. In this case the same principles of
the Decoder 131 is of the type that can add one to   60   invention can be
applied equally. Of course, the received SSAR address such that the line
132   segment counter 129 has to be adjusted accord- AND-circuit enabling
signal is removed and a new   ingly. 



AND-circuit enabling signal is supplied over line    To effect the
deallocation of spaces 28, segment 133. Such signal enables AND circuits
117 and 121  counter 129 supplies the number of segments associated with
SSAR-1. AND circuit 117 enables   65   over bus 145 that have been accessed
in the 8    15              EP 0112442 B1                       16 current
sequence of data transfer operations.       used than the data storage
space pointed to by Referring back momentarily to Figure 3, step 88     the
current register. In a similar manner, section determines the value of
segment counter 129.        168 has a more-recently-used pointer pointing
to Figure 5 illustrates the operation of directory   a directory 16
register corresponding to a data 16. Directory 16 includes a plurality of
registers,    5    storage space 28 which is more recently used. each of
which is uniquely associated with one       Accordingly, sections 167 and
168 are a doubly- and only one of the data storage spaces 28 of
linked list of directory 16 registers constituting an cache 15. Access to
directory 16 is based upon a    indication of the recentness of usage of
the received DASD 14 address as received over bus       various data
storage areas. The least recently 150 from using units 10 via programmed
pro-   10   used data storage areas represented by a special cessor 17. A
hash circuit 151 analyzes and parses   code in the LRUP area. While the
most recently the received DASD address into well known hash      used data
storage areas indicated by a special classes. The entire address base of
all DASDs 14    code in the MRUP area. of a particular data-storage system
are divided       Control store 18 of programmed processor 17 into classes
in accordance with track number,   15   contains so-called LRU and MRU
anchors 165 device number and DASD cylinder number              and 166.
The LRU anchor 165 contains the (cylinders are all record tracks at one
radial      address of a directory 16 register which is least location or
address). Each hash class has a single  recently used, while MRU anchor 166
points to register in a scatter index table SIT 152. The      the directory
16 register corresponding to the output of hash circuit 151 addresses one
andonly   20   data-storage space 28 which is most recently one register in
SIT 152. SIT 152 stores the         used. The updating of the doubly-linked
list 167, address of a directory 16 register having a DASD    168 and the
anchors 165, 166 is well known and address in its section 20 residing in
the hash     not described for that reason. When either P2 or class defined
for the given SIT 152 register. Such  P3 is set to zero, as in steps 91 or
93 of Figure 3, address is supplied, as indicated by arrow 154,   25
director 17 updates the doubly-linked list 167, for selecting the indicated
one of the directory 16  168 by making the corresponding cache 15 seg-
registers. Within each directory 16 register is a   ments free (F-bit 171
is set to unity) and relink hash pointer (HASH P) 155 which points to the
the freed segments at the LRU end portion of the next directory 16 register
containing a DASD       linked list. Additionally, when DASD 14 is not
address within the same hash class. The last   30   concurrently updated
with data updates in cache directory 16 register in the singly-linked list
con-  15, LRU 47 then includes a status indicator for tains all zeros or a
special code indicating it is at  the corresponding datastorage spaces 28.
M-BIT the end-of-chain. Accordingly, to scan the direc-   170 indicates
whether or not the data contents of tory 16 registers, programmed processor
17          the corresponding data-storage space 28 has activates hashing
circuit 151 for accessing the    35   been modified by using unit 10. When
M-BIT 170 directory 16 registers from SIT 152 and accesses    is zero, the
corresponding data-storage space is the first register for comparing the
DASD           available for deallocation. Since no data transfer address
contained in its section 20 with the        from cache 15 to DASD 14 is
required for reallo- received DASD address on bus 150, as indicated
cation, when M-BIT 170 is equal to one (data in by compare circuit 157. If
there is a favorable   40   cache 15 has been changed), before the corre-
compare, a cache hit has occurred as indicated      sponding data-storage
space is available for by a signal on line 158. In the practical embodi-
reallocation, the data contents of the corre- ment, line 158 is a logic
path within programmed    sponding data-storage space 28 has to be moved
processor 17 in a program of instruction, such as   to the associated
data'storage area of DASD 14. program  36. A noncompare is indicated by
45   When DASD 14 and cache 15 are concurrently numeral 159, then the hash
pointer 155 is read      updated, M-BIT 170 is dispensed with. F-BIT 171
and the directory 16 register pointed to by that   indicates whether or not
the data-storage space hash pointer has its DASD address portion com-
28 is free (unallocated) and available for alloca- pared in a like manner.
This cycle repeats until   tion. The LRU scan described with respect to
either a favorable compare indicates a cache hit  so   steps 101 and 95 of
Figure 3 begins with the LRU or an end-of-chain (EOC) occurs. In the case
of     anchor 165 indicated directory 16 register and EOC, as indicated by
numeral 160, a cache miss      scans the registers for F-BIT 171 equal to 1
using has occurred.                                      the doubly-linked
list 167 and 168. If the scan Each of the directory 16 addresses can
contain    finds no free spaces from the F-BITs 171 indi- a P1 pointer in
section 22. As mentioned earlier,   55   cated data-storage spaces, then a
second scan the actual address of the directory 16 register     for the
M-BITs 170 = 0 is made. Of course, each may be associated with a data
storage area 28 in    directory 16 register contains additional control a
linear fashion. By having a P1 section 22 no      information as indicated
by numeral 175. ordered relationship between directory 16 struc- ture and
the organization of cache 15 is required.   60   Claims LRU 47 also resides
within directory 16. Each 



of the registers of directory 16 has a portion 167    1. The method of
managing data-storage space which contains a pointer which points to a
direc-  in a data-storage hierarchy including a data- tory 16 register
corresponding to a data storage    storage unit for storing data receivable
in space 28 of cache 15 which is one less recently   65   address spaces,
wherein the data contents in 9    15              EP  0112 442 B1
16 current sequence of data transfer operations.       used than the data
storage space pointed to by Referring back momentarily to Figure 3, step 88
the current register. In a similar manner, section determines the value of
segment counter 129.        168 has a more-recently-used pointer pointing
to Figure 5 illustrates the operation of directory    a directory 16
register corresponding to a data 16. Directory 16 includes a plurality of
registers,    5    storage space 28 which is more recently used. each of
which is uniquely associated with one       Accordingly, sections 167 and
168 are a doubly- and only one of the data storage spaces 28 of
linked list of directory 16 registers constituting an cache 15. Access to
directory 16 is based upon a    indication of the recentness of usage of
the received DASD 14 address as received over bus       various data
storage areas. The least recently 150 from using units 10 via programmed
pro-   io   used data storage areas represented by a special cessor 17. A
hash circuit 151 analyzes and parses   code in the LRUP area. While the
most recently the received DASD address into well known hash       used
data storage areas indicated by a special classes. The entire address base
of all DASDs 14    code in the MRUP area. of a particular data-storage
system are divided       Control store 18 of programmed processor 17 into
classes in accordance with track number,   15   contains so-called LRU and
MRU anchors 165 device number and DASD cylinder number              and
166. The LRU anchor 165 contains the (cylinders are all record tracks at
one radial      address of a directory 16 register which is least location
or address). Each hash class has a single  recently used, while MRU anchor
166 points to register in a scatter index table SIT 152. The      the
directory 16 register corresponding to the output of hash circuit 151
addresses one andonly   20   data-storage space 28 which is most recently
one register in SIT 152. SIT 152 stores the          used. The updating of
the doubly-linked list 167, address of a directory 16 register having a
DASD     168 and the anchors 165, 166 is well known and address in its
section 20 residing in the hash       not described for that reason. When
either P2 or class defined for the given SIT 152 register. Such   P3 is set
to zero, as in steps 91 or 93 of Figure 3, address is supplied, as
indicated by arrow 154,   25   director 17 updates the doubly-linked list
167, for selecting the indicated one of the directory 16  168 by making the
corresponding cache 15 seg- registers. Within each directory 16 register is
a   ments free (F-bit 171 is set to unity) and relink hash pointer (HASH P)
155 which points to the       the freed segments at the LRU end portion of
the next directory 16 register containing a DASD         linked list.
Additionally, when DASD 14 is not address within the same hash class. The
last   30   concurrently updated with data updates in cache directory 16
register in the singly-linked list con-  15, LRU 47 then includes a status
indicator for tains all zeros or a special code indicating it is at  the
corresponding datastorage spaces 28. M-BIT the end-of-chain. Accordingly,
to scan the direc-    170 indicates whether or not the data contents of
tory 16 registers, programmed processor 17          the corresponding
data-storage space 28 has activates hashing circuit 151 for accessing the
35   been modified by using unit 10. When M-BIT 170 directory 16 registers
from SIT 152 and accesses    is zero, the corresponding data-storage space
is the first register for comparing the DASD           available for
deallocation. Since no data transfer address contained in its section 20
with the        from cache 15 to DASD 14 is required for reallo- received
DASD address on bus 150, as indicated      cation, when M-BIT 170 is equal
to one (data in by compare circuit 157. If there is a favorable   40
cache 15 has been changed), before the corre- compare, a cache hit has
occurred as indicated      sponding data-storage space is available for by
a signal on line 158. In the practical embodi-   reallocation, the data
contents of the corre- ment, line 158 is a logic path within programmed
sponding data-storage space 28 has to be moved processor 17 in a program of
instruction, such as   to the associated data'storage area of DASD 14.
program  36. A noncompare is indicated by   45   When DASD 14 and cache 15
are concurrently numeral 159, then the hash pointer 155 is read
updated, M-BIT 170 is dispensed with. F-BIT 171 and the directory 16
register pointed to by that    indicates whether or not the data-storage
space hash pointer has its DASD address portion com-     28 is free
(unallocated) and available for alloca- pared in a like manner. This cycle
repeats until    tion. The LRU scan described with respect to either a
favorable compare indicates a cache hit   50   steps 101 and 95 of Figure 3
begins with the LRU or an end-of-chain (EOC) occurs. In the case of
anchor 165 indicated directory 16 register and EOC, as indicated by numeral
160, a cache miss      scans the registers for F-BIT 171 equal to 1 using
has occurred.                                       the doubly-linked list
167 and 168. If the scan Each of the directory 16 addresses can contain
finds no free spaces from the F-BITs 171 indi- a P1 pointer in section 22.
As mentioned earlier,   55   cated data-storage spaces, then a second scan
the actual address of the directory 16 register     for the M-BITs 170 = 0
is made. Of course, each may be associated with a data storage area 28 in
directory 16 register contains additional control a linear fashion. By
having a P1 section 22 no      information as indicated by numeral 175.
ordered relationship between directory 16 struc- ture and the organization
of cache 15 is required.   60   Claims 



LRU 47 also resides within directory 16. Each of the registers of directory
16 has a portion 167    1. The method of managing data-storage space which
contains a pointer which points to a direc-   in a data-storage hierarchy
including a data- tory 16 register corresponding to a data storage
storage unit for storing data receivable in space 28 of cache 15 which is
one less recently   65   address spaces, wherein the data contents in 9
17               EP 0112442B1                         18 said address
spaces is often much less than the       said address space omitting said
allocating, deter- data-storage capacity thereof, characterized by
mining and deallocating selected segments. establishing  allocatable
addressable  data          5. The method set forth in claim  1 further
storage segments (28) within said data-storage        including the step
of, unit (15) that are a submultiple of capacity of said    5  indicating
that said address space has a given address space,
extent and allocating a number of said segments receiving a request to
store data in said data-     (28) in said allocating steps in
accordancewith said storage unit (15) which is receivable within one of
indicated extent such that a successive one of said said address spaces,
data transfers may have a diversity of numbers of allocating a number of
said segments (23,25,27)    10   said segments allocated for such
successive data in response to said received request such that the
transfer. total allocated space equals the data-storage           6. The
method set forth in claims 1 or 2 further capacity (21) of said address
space,                  including the steps of, transferring data to said
data storage segments       listing all of said segments in a list (47) in
(23, 25, 27) allocated for the data requested to be    15   accordance with
usage, stored beginning with a first of said segments (23),    whenever a
plurality of segments (23,25,27) are filling the segment and storing data
in successive     allocated for a given address base concatenating ones of
said segments (25, 27) until all data to be   all of said segments (23, 25,
27) to a one of said stored is in fact stored;
segments and using said one segment (23) as an determining which, if any,
of said allocated ones    20    addressforall of said concatenated
segments, and of said segments (23,25,27) are in factstoring data
binding all of said concatenated segments (23, and which of said allocated
segments are not          25, 27) to said one segment (23) such that when-
storing data, and                                     ever said one segment
has its data contents deallocating those allocated segments which
replaced by other data, all of said concatenated are not in fact storing
data for later reallocation for   25   segments are concurrently made
available for storing other data yet to be received and outside
allocation. said address space.                                     7. A
data-storage apparatus having a backing 2. The method set forth in claim  1
further         store (14) coupled to a front store (15), each store
including the steps of,                                having a plurality
of address spaces, said data- providing a directory (16) of data stored in
said   30    storeage apparatus being adapted to be coupled to data-storage
unit (15) including a pointer address    a host processor (10) for
exchanging data signals (22) to said first segment (23) for the respective
therewith, means (12) for coupling the host pro- address space having
allocated space in said data     cessor and said front and back stores
together for storage unit, and
transferring data signals therebetween, charac- storing a pointer address
(27,26) of another one    35   terized by of said allocated segments
(25,27) associated with      means (52) for indicating that data is to be
said first segment (23) whereby the directory         written into said
front store, structure is independent of the number of seg-
allocationmeans(17,40)coupledtosaidindicat- ments allocated to any data
storage from any          ing means (51) for allocating a plurality of
allocat- address space.                                  40    able sets of
addressable data storage segments 3.Themethodsetforth inclaims 1 or2wherein
a          (23, 25, 27) in said front store for said data source of data to
be stored in said data-storage      indicated to be written therein, said
allocation unit(15)isfromadirectaccessstoragedevice(14)          means also
indicating that each of said address having a plurality of addressable
data-storage        spacesofsaidbackingstorehasagivenmultipleof tracks
(21), each of said tracks having a data-   45    data storage segments (28)
equal to the storage storage capacity equal to the capacity of said
capacity of the number of data storage segments address space, including
the steps of,                in each set of data storage segments of said
front after allocating said segments supplying said       store, pointer
addresses (22, 24, 26) of all of said           means (30, 131) responsive
to said allocation segments (23, 25,27) to a like plurality of address
50    means (17, 40) for allocating  said sets of registers (30) in said
data-storage unit (15) wherein  addressable data storage segments to
activate each of said address registers (30) stores the        said
coupling means (12) to transfer said indicated address of a respective
segment, and                  data into said front store, transferring data
from said direct access storage     examining means (88,129) coupled to
said front device (14) to said data-storage unit (15) and    55   store for
examining said sets of data storage switching addressing from a one of said
address       segments (23,25,27) for determining which of said registers
to another during said data transfer for    allocated data storage segments
in fact received not interrupting data transfer in switching from      data
signals during said indicated data transfer, one segment to another.
and 



4. The method set forth in claim 1 including the    60  deallocation means
(43,90-93) coupled to said steps of,
examining means (88,129) and to said front store indicating that a transfer
of data into said data-  for deallocating all of said data storage segments
storage unit (15) is less than the capacity of said   (25, 27) that in fact
did not receive and store data address space,
during said indicated data transfer and that were for each data transfer
less than the capacity of   65   allocated therefor. 10    19
EP 0112442  B1                     20 8. The data-storage apparatus of
claim 7 further  (23,25, 27), die den zum Spelchern angeforderten
including,                                         Daten zugeordnet sind,
Gbertragen, wobei mit concatenation means (152, 155) coupled to said
einem ersten Segment (23) begonnen wird, daB front store and said
allocation and deallocation   Segment ausgefOllt und Daten in
aufeinanderfol- means for concatenating all of said data storage    5
gende Segmente (25, 27) eingespeichert warden, segments in each of said
respective sets of data   bis alle zu speichernden Daten tatsachlich
gespei- storage segments, and                              chart sind;
replacement control means (45) coupled to said     es wird bestimmt,
welche, falls welche vorhan- allocation, said deallocation and said
concatena-  den, der zugeordneten Segmente (23, 25, 27) tion means for
selectively replacing data stored in   to  tatsachlich Daten speichern und
welche der zuge- said data storage segments in accordance with
ordneten Segmente keine Daten speichem, und usage of a predetermined one of
said data            die Zuordnung von den zugewiesenen Seg- storage
segments in each of said sets of data      menten, die in der Tat keine
Daten speichem, wird storage segments such that the data storage        zur
spitere Wiederzuordnung zum  Speichern segments in one of said sets are
simultaneously   15   anderer Daten, die noch zu empfangen und available
for allocation,                          auBerhalb des AdreBraurmes sind,
aufgehoben. 9. The data-storage apparatus of claim  7          2. Verfahren
nach Anspruch 1, mit den weiteren wherein said front store is volatile
random-access  Schritten: memory, said backing store is a plurality of
ein Adressbuch (16) von in der Datenspeicher- addressable  direct access
storage  devices   20   einheit (15) gespeicherten Daten wird aufgestellt
wherein an addressable portion (21) of said direct  mit einer Zeigeradresse
(22) zum ersten Segment access storage devices has a given number of
(23) fOr den entsprechenden AdreBraum, der bytes of data which is a
predetermined multiple of  zugeordneten Raum in der Datenspeichereinheit
the data storage segments of said front store,     aufweist, und including
25      eine Zeigeradresse (24,26) eines anderen zuge- directory means (16)
coupled to said front store  ordenten Segments (25, 27), das mit dem ersten
and adapted for receiving address signals from     Segment (23) verknOpft
ist, wird gespeichert, the coupled host processor, said address signals
wobei die AdreBbuchstruktur von der Anzahl der are for said direct access
storage devices and     Segmente, die irgendeinem Datenspeicher von means
in said directory (16) for directing access to   30   irgendeinem
AdreBraum  zugewiesen wurden, said front store whenever data storage
segments    unabhangig ist. in said front store have been allocated to the
3. Verfahren nach Anspruch 1 oder2, bei dem corresponding received direct
access storage       sin Ursprung der in der Datenspeichereinheit (15)
device address,                                    zu speichernden Daten in
einem Direktzugriffs- least recently used (LRU) means (47) for indicat-
35   speichergerit (14) liegt, das mehrere adressier- ing usage of said
data storage segments and said   bare Datenspeicherspuren (21) aufweist,
von allocation means coupled to said LRU means for     denen jede
Speicherspur sine Datenspeicherka- selecting those data storage segments of
said      pazitit hat, die der Kapazitat des AdreBraumes front store having
a least-recent usage for alloca-  gleichkommt, mit den Schritten: tion to
said indicated data transfer.         40     nach Zuordnen der Segmente
warden die Zei- geradressen (22, 24, 26) aller Segmente (23, 25,
Patentanspriche                                    27) einer gleicher Menge
von AdreBregistern (30) in der Datenspeichereinheit (15) zugefuhrt, wobei
1. Verfahren zum Verwalten der Datenspeicher-    jades AdreBregister (30)
die Adresse eines ant- kapazitit in einer Datenspeicherhierarchie, die   45
sprechenden Segments speichert, und eane Datenspeichereinheit zum Speichern
von        I Daten warden von dem Direktzugriffsspeicher- Daten, die in
AdreBraumen empfangbar sind,         gerat (14) zu der Datenspeichereinheit
(15) uber- beinhaltet, wobei der Dateninhalt in dem Spei-     tragen, und
die Adressierung wird wahrend der cherraum oft vial kleiner ist als dessen
Datenspei-  Datenubertragurig von einem der AdreBregister cherkapazitit,
gekennzeichnet durch,         50   Zu elnem anderen umgeschaltet, um die
Daten- zuweisbare adressierbare Datenspeicherseg-       Obertragung durch
das Umschalten von elnem mente (28), die eanen ganzzahligen Bruchteil der
Segment zu anderen nicht zu unterbrechen. Kapazitit des AdreBraumes
darstellen, warden         4. Verfahren nach Anspruch 1, mit den Schrit-
innerhalb der Datenspeichereinheit (15) einge-     ten: richtet,
55      es wird angezeigt, daB eine Obertragung der aine Anforderung zum
Speichern von Daten in      Daten in die Datenspeichereinheit (15) kleiner
ist der Datenspeichereinheit (15), die innerhalb eines  als die Kapazitat
des AdreBraums, und der AdreBriume empfangbar ist, wird empfan-         fOr
jade Datenubertragung die kleiner ist als die 



gen,                                               Kapazitat des
AdreBraumes wird das Zuordnen, mehrere Segmenta (23, 25, 27) warden als
6o   Bestimmen und Aufheben der Zuordnung ausge- Reaktion auf die
empfangene Anforderung derart     wih iter Segmente weggelassen.
zugeordnet, daB der gesamte zugeordnete Raum         5. Verfahren nach
Anspruch 1, mit den weiteren der DatenspeicherkapazitAt (21) des Adregraums
Schritten: gleicht,                                             es wird
angegeben, daB der AdreBraum einen Daten warden zu den
Datenspeichersegmenten    6s   vorgegebenen Bereich hat, und mehrere Seg-
11    21              EP 0112 442 B1                    22 mente (28)
werden gemaB dem angegebenen           nen Datenubertragung tatsachlich
keine Daten Bereich mittels der Zuweisungsschritte derart     empfangen und
gespeichert haben und die dazu zugeordnet, daB Bine folgende
Datenubertragung    zugeteilt waren, aufzuheben. sine Manigfaltigkeit an
Segmenten haben kann,       8. Datenspeichervorrichtung nach Anspruch 7,
die fur einen solchen folgenden Datentransfer    5    die auBerdem enthalt:
zugeordnet sind.                                    ein Verkettungsglied
(152, 155), das an den 6. Verfahren nach Anspruch 1 oder 2, mit den
Frontspeicher, das Zuordnungsglied und die Frei- weiteren Schritten:
gabeeinrichtung angeschlossen ist, um alle Daten- alle Segments werden in
einer Lists (47) gemAB  speichersegmente in jeder jeweiligen Gruppe von der
Verwendung aufgelistet,                 to   Datenspeichersegmenten zu
verketten, und wann immer mehrere Segments (23, 25, 27)          sine
Austausch-Steuervorrichtung (45), die an einer vorgegebenen Adresse
zugeordnet sind,       dos Zuordnungsglied, die Freigabeeinrichtung werden
alle diese Segments (23,25,27) mit einem   und das Verkettungsglied
angeschlossen ist, um der Segmente (23) basisverkettet und das sine
Daten, die in den Datenspeichersegmenten Segment (23) wird als Adresse fr
alle verketteten   i5   gespeichert sind, gembB dem Gebrauch sines Segments
verwendet und                            vorbestimmten
Datenspeichersegments in jeder alle verketteten Segments (23, 25, 27)
werden   der Gruppen von Datenspeichersegmenten selek- mit dem einen
Segments (23) derart verbunden,     tiv zu ersetzen, so daB die
Datenspeichersegmente daB, immer wenn das sine Segment seinen Daten-    in
einer der Gruppen Simultan fOr die Zuordnung inhalt durch andere Daten
ersetzt bekommt, alle   20   zur Verfugung stehen. verketteten  Segmento
gemeinschaftlich  zum         9. Datenspeichervorrichtung nach Anspruch 7,
Zuordnen zur.Verfugung gestellt werden.           bei der der Frontspeicher
ein fluchtiger Schreib- 7.Datenspeichervorrichtungmiteinemperiphe-
Lese-Speicher ist, der periphere Speicher durch ren Speicher (14), der an
einen Frontspeicher (15)  mehrere adressierbare, Direktzugriffsspeicherge-
gekoppelt ist, wobei jeder Speicher mehrere   25   rate gebildet wird,
wobei ein adressierbarer Teil AdrelBriume aufweist, wobei die
Datenspeicher-    (21) der Direktzugriffsspeichergerate sine vorge-
varrichtung zum AnschluB an einen Verarbei-       gebene Anzahl Datenbits
aufweist, die ein vorbe- tungsrechner (10) ausgebildet ist, um mit ihm
stimmtes Vielfaches der Datenspeichersegmente Datensignale auszutauschen,
mit einem Verknflp-   des Frontspeichers ausmacht, mit fungsglied (12) um
den Verarbeitungsrechner und   30  einer Adreibucheinrichtung (16), die an
den den peripheren Speicher und den Frontspeicher     Frontspeicher
angeschlossen und zum Empfan- miteinander zu verknupfen, um zwischen ihnen
gen der Adrelsignale von dem angekoppelten Datensignale zu  Obertragen,
gekennzeichnet       Verarbeitsrechner ausgebildet ist, wobei die durch
AdreBsignale fMr die Direktzugriffspeichergerate Anzeigemittel (52), um
anzugeben, daB Daten in   35   sind und mit Mitteln in dem AdreBbuch (16)
um den Frontspeicher einzuschrsiben sind,            den Zugriff an den
Frontspeicher zu richten, wann sin Zuordnungsglied (17, 40), das an die
Anzei-  immer Datenspeichersegmente in dem Frontspei- gemittel (52)
gekoppelt ist, um mehrere zuwei-    cher an die entsprechende empfangene
Direktzu- sungsfihige Gruppen adressierbarer Datenspei-
griffsspeichergerateadresse zugeordnet wurden, chersegmente (23,25,27) in
dem FrontspeicherfOr   40    schlieBlich zuletztverwendeter (LRU)
Schaltglie- die Daten, die zum Einschreiben darin angogeben   der (47) zum
Anzeigen des Gebrauches der Daten- sind, zuzuteilen, wobei dos
Zuordnungsglied       speichersegmente, wobei das Zuordnungsglied ebenfalls
angibt, daB jeder Adrelraum des per-    an die LRU-Einrichtung
angeschlossen ist, urn pheren Speichers ein vorgegebenes Vielfaches
solche Datenspeichersegmente des Frontspei- von Datenspeichersegmenten (28)
aufweist, ent-  45   chers auszuwahlen, die sine am wenigsten - sprechend
der Speicherkapazitit der Anzahl der    kOrzliche - Verwendung zur
Zuordnung zu der Datenspeichersegmente in jeder Gruppe von
angegebenen Datenubertragung aufweisen. Datenspeichersegmente des
Frontspeichers, sine Einrichtung (30, 131), die auf das Zuord-
Revendications nungsglied (17, 40) reagiert, um die Gruppen   50
adressierbarer Datenspeichersegmente zuzuord-       1. Procede de gestion
de lespace de memorisa- non, damit dos VerknOpfungsglied (12) aktiviert
tion de donnees dans une hierarchie de memorisa- wird, die angegebenen
Daten in den Frontspeicher  tion de donn~es comprenant une unite de memori-
zu Obertragen,                                    sation de donnees pour
memoriser des donnees ein Prifglied (88 129) daB an den Frontspeicher   ss
recevables dans des espaces d'adresses, dans angeschlossen ist, um die
Gruppen von Daten-     lequel le contenu des donnees dans lesdits
speichersegmenten (23, 25, 27) zu untersuchen,    espaces d'adresses est
souvent beaucoup moins 



um zu bestimmen, welche der zugeordneten          important quo la capacite
de memorisation de Datenspeichersegmente wahrend der angegebe-
donnees de ceux-ci, caracterise en ce qu'il com- nen Datenulbertragung
tatsachlich Datensignale   60   prend les etapes suivantes: empfangen
haben, und                                etablir des segments (28) de
memorisation de sine Freigabeeinrichtung (43,90-93), die an das  donnees
adressables attribuables A I'interieur de PrOfglied (88, 129) und den
Frontspeicher ange-  ladite unite (15) de memorisation de donnees qui
schlossen ist, um die Zuordnung aller Datenspei-  sont un sous-multiple de
la capacite desdits chersegmente (25,27), die wahrend der angegebe-   65
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24 recevoir une requete pour m6moriser des don-      donnees pour ne pas
interrompre le transfert de n6es dans ladite unit6 (15) de m6morisation de
donnees en commutant d'un segment 3 un autre. donn6es qui est recevable a
l'interieur de l'un       4. Proc6d6 solon la revendication 1, compre-
desdits espaces d'adresses,                         nant les 6tapes
suivantes: attribuer un nombre dedits segments (23, 25,    5   indiquer
qu'un transfert de donnees dans ladite 27) en reponse 3 ladite requ6te
reoue de telle      unite (15) de memorisation de donnees est infe- fagon
quo l'espace attribu6 total soit 6gal A la    riour a la capacite dudit
espace d'adresses, capacit6 (21) de m6morisation de donees dudit
pour chaque transfert de donn6es inf6riour A la espace d'adresses,
capacit6 dudit espace d'adresses omettant ladite transf6rer des donnees
auxdits segments (23,   10   attribution, determiner et desattribuer les
seg- 25, 27) de m6morisation de donnees attribu6s        ments
s6lectionnes. pour les don6es requises quo l'on doit m6moriser      5.
Proc6d6 solon la revendication 1, compre- en commengant avec un premier
desdits seg-          nant en outre les 6tapes suivantes: ments (23), en
remplissant le segment et en           indiquer quo ledit espace d'adresses
a une taille m6morisant les donnees dans les segments suc-   75   donnee et
attribuer un nombre de dits segments cessifs (25, 27) jusqu'3 ce quo toutes
les donn6es  (28) dans lesdites 6tapes d'attribution en accord A memoriser
soient effectivement memoris6es;        avec ladite taille indiqu6e de
telle facon quo l'un determiner lesquels, s'il y en a, desdits seg-
successif desdits transferts de donnees puisse ments attribu6s parmi
lesdits segments (23, 25,     avoir une diversit6 de nombres de dits
segments 27) m6morisent effectivement des donn6es et   20   attribu6s pour
un tel transfert de donnees succes- lesquels desdits segments attribu6s ne
m6mori-     sif. sent pas de donn6es, et                               6.
Proced6 selon l'une des revendications 1 ou d6sattribuer ceux des segments
attribu6s qui      2, comprenant en outre les 6tapes suivantes: ne
m6morisent pas effectivement des donnaes           lister l'onsemble
desdits segments dans une pour une reattribution ult6rieure pour m6moriser
25  . Iiste (47) en accord avec l'utilisation, d'autres donnees a recevoir
encore et en dehors       chaque fois qu'une pluralit6 de segments (23,
dudit espace d'adresses.                            25, 27) est attribuee A
une base d'adresses don- 2. Proced6 solon la revendication 1, compre-
n6e, enchatner l'ensemble desdits segments (23, nant en outre les 6tapes
suivantes:                 25,27) A I'un desdits segments (23) et utiliser
ledit fournir un repertoire (16) de donn6es memori-   30   segment (23) en
tant qu'adresse pour l'ensemble s6es dans ladite unit6 (15) de m6morisation
de      desdits segments enchatn6s, et donnees comprenant une adresse (22)
de poin-          Her l'ensemble desdits segments enchatnes (23, tour vers
ledit premier segment (23) pour 'espace   25, 27) audit segment (23) de
telle fagon que, d'adresses respectif ayant un espace attribu6       chaque
fois quo ledit segment a son contenu de dans ladite unite de m6morisation
de donn6es, et   35   donnees remplace par d'autres donn6es, lensem-
m6moriser une adresse (24, 26) de pointeur        ble desdits segments
enchatnes sont couram- d'un autre desdits segments attribu6s (25, 27)
ment rendus disponibles pour une attribution. associes audit premier
segment (23), d'ou il         7. Appareil de memorisation de donn6es ayant
r6sulte quo la structure du repertoire est ind6pen-  une memoire d'appoint
(14) coupl6e A une ante- dante du nombre de segments attribu6s pour   40
m6moire (15), chaque m6moire ayant une plura- n'importe quelle m6morisation
de donnees A          lite d'espaces d'adresses, ledit appareil de m6mo-
partir de nWimporte quel espace d'adresses.        risation de donn6es
etant adapte a Otre coupl6 a 3. Procede solon l'une des revendications 1 ou
un processeur hote (10) pour echanger des Yw, 2, dans lequel une source de
donnees a memori-       signaux de donn6es avec lui, des moyens (12) ser
dans ladite unite (15) de memorisation de   45   pour coupler le processeur
hote et lesdites ant6- donnees est constituee a partir d'un dispositif (14)
memoire et memoire d'appoint ensemble pour de memorisation a acces direct
ayant une plura-     6changer des signaux de donnees, caracterise lite de
pistes (21) de memorisation de donnees      par: adressables, chacune
desdites pistes ayant une       des moyens (52) pour indiquer celles des
don- capacit6 de m6morisation de donn6es egale A la   50   n6es qui doivent
etre ecrites dans ladite ant6me- capacit6 dudit espace d'adresses,
comprenant les    moire, 6tapes suivantes:
des moyens d'attribution (17, 40) couples aux- apres l'attribution desdits
segments, fournir     dits moyens d'indication (52) pour attribuer une
lesdites adresses (22, 24, 26) de pointeurs de      pluralit6 d'ensembles
attribuables de segments l'ensemble desdits segments (23, 25, 27) a une
55   (23,25,27) de memorisation de donn6es adressa- pluraiite
correspondante  de  registres  (30)      bles dans ladite ant6m6moire pour
lesdites don- 



d'adresses dans ladite unite (15) do memorisation   n6es qui sont indiquees
comme devant etre de donn6es dans laquelle chacun desdits regis-
6crites dedans, lesdits moyens d'attribution indi- tres (30) d'adresses
memorise l'adresse d'un seg-   quant aussi quo  chacun  desdits espaces
ment respectif, et                            60   d'adresses de ladite
m6moire d'appoint a un transferer les donnees A partir dudit dispositif
multiple donde de segments (28) de memorisa- (14) de m6morisation a accbs
direct a ladite unite  tiod de donnees egal A la capacite de memorisa- (15)
de memorisation de donnees et commuter        tion du nombre de segments de
memorisation de l'adressage A partir de l'un desdits registres      donnees
dans chaque ensemble de segments de d'adresses a un autre pendant ledit
transfert de   85   memorisation de donn6es de ladite ant6m6moire, 1 3
25              EP 0112442  B1                    26 des moyens (30, 131)
r6pondant auxdits          dans chacun desdits ensembles de segments de
moyens d'attribution (17, 40) pour attribuer les-  m6morisation de donnees
de tells fagon que les dits ensembles de segmeunts de m6morisation
segments de memorisation de donnees dans l'un de donn6es adressables pour
activer lesdits       desdits ensembles sont disponibles simultan6- moyens
(12) de couplage pour transferer lesdites    5    ment pour une
attribution. donn6es indiqu6es dans ladite ant6m6moire,          9.
Appareil de m6morisation de donnees selon des moyens d'examen (88,129)
coupl6s A ladite   la revendication 7, dans lequel ladite anteme-
ant6m6moire pour examiner lesdits ensembles       moire est une m6moire
vive volatile, ladite de segments (23, 25, 27) de m6morisation de
m6moire d'appoint est une pluralit6 de dispositifs donnees pour determiner
lesquels desdits seg-   10   de memorisation A acces direct adressables
dans ments de m6morisation de donnees attribu6s ont   laquelle une partie
(21) adressable desdits dispo- recu effectivement des signaux de donn6es
pen-    sitifs de m6morisation a acces direct a un nombre dant ledit
transfert de donn6es indiquees, et     donn6 de multiplets de donn6es qui
est un multi- des moyens de d6sattribution (43,90-93) cou-    pie
predetermin6 des segments de m6morisation pl6s auxdits moyens d'examen (88,
129) et 3    15   de donn6es de ladite ant6m6moire, comprenant: ladite
antem6moire pour d6sattribuer i'ensemble     un moyen de repertoire (16)
coupl6 A ladite desdits segments (25, 27) de memorisation de
antememoire et adapt6 a recevoir des signaux donn6es qui n'ont
effectivement pas recu et       d'adresses A partir du processeur h6te
coupl6, m6moris6 des donnees pendant ledit transfort de   lesdits signaux
d'adresses sont pour lesdits dis- donn6es indiqu6es et qui etaient
attribu6s pour   20   positifs de memorisation a acces direct et des cela.
moyens dans ledit repertoire (16) pour diriger. 8. Appareil de m6morisation
de donnees selon    I'accbs a ladite antem6moire chaque fois quo des la
revendication 7, comprenant en outre:          segments de m6morisation de
donn6es dans des moyens d'enchatnement (152, 155) coupl6s    ladite
ant6m6moire ont ete attribu6s A l'adresse A ladite antem6moire et auxdits
moyens d'attribu-   25   correspondante de dispositif de m6morisation A
tion et de d6sattribution pour enchatner l'ensem-  acces direct reoue, ble
desdits segments de m6morisation de don-        des moyens (47) de
determination d'utilisation n6es dans chacun desdits ensembles respectifs
la moins r6cente (LRU) pour indiquer l'utilisation de segments de
m6morisation de donn6es, et        desdits segments de m6morisation de
donn6es et des moyens de commando de remplacement   30   desdits moyens
d'attribution coupl6s auxdits (45) coupl6s auxdits moyens d'attribution, de
moyens LRU pour s6lectionner ceux des seg- d6sattribution et d'onchainement
pour remplacer   ments de m6morisatibn de donn6es de ladite de fagon
s6lective les donn6es m6morisees dans    ant6m6moire ayant une utilisation
moins-recente lesdits segments de m6morisation de donn6es en    pour une
attribution pour ledit transfert de don- accord avec l'utilisation de l'un
pr6d6termin6   35   n6es indiqu6es. desdits segments de memorisation de
donn6es 40 45 50 55 60 65 14    


