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ments and replacement of allocations is based on LRU-Scheme. The present
invention relates to control of a      The present invention dynamically
reallocates peripheral data storage subsystem, particularly to  allocatable
memory segments between a plurality allocation and reallocation of
allocatable segments   5   of users on a normalized elapsed-time periodic
of a random-access data buffer in such a storage     basis. Reallocation,
in one aspect of the Invention, subsystem.
depends upon the activity of data transfers by a Data buffers having
allocatable data storage    user and in another aspect, reallocation
depends segments have been employed for enhancing the      upon record
size. In the context of the description, data transfer characteristics of a
peripheral data  10   a user is a magnetic tape recorder and the data
storage system, including those employing mag-     storage unit is the data
buffer for all of the mag- netic tape  recorders. U.S. patents 4423480,
netic tape recorders. 4403286 and 4428084 illustrate such a system and
In another aspect of the invention, the normal- are hereby incorporated in
this specification. Patent  ized elapsed time is indicated by the total
number 4,403,286, for example, indicates that total periph-  15  of
accesses to all of the magnetic tape recorders, eral system performance can
be enhanced by ad-     or users, in a peripheral system. In other words,
justing the peripheral system operation for balanc-  elapsed time is
normalized to total system activity. ing the workloads between various data
buffers in  This time normalization enables dynamic realloca- the
peripheral system. The performance, i.e., short  tion in a more frequent
basis in a busy tape sys- access time, of the peripheral data storage
system   20  tem, which normally means higher performance; san be further
enhanced by managing the opera-      while in a slower tape system, the
dynamic real- tion of the data buffer in diverse ways.           location
employs greater actual elapsed time. Nor- For example, the  Casey, et al
article          malized elapsed time is measured in two ways. "Replacement
Algorithms for Storage Management     First is an intensity measurement
indicated by the in Relational Data Bases" IEEE COMPUTER   25  number of
channel command retries (CCRs), or JOURNAL, November 1976, pp. 306-314
teaches        processing delays incurred because of data stor- that
relations in a data base are variably sized.  age unit (buffer) status. For
example, when an Each defined relation can have a plurality of al-
allocated data storage segment is to receive data locatable memory units or
segments. Each relation  for storage, and it is full, then a channel
command has but one entry in a replacement control, which   30  retry is
sent to the requesting host; on the other includes a least-recently used
(LRU) linked list.  hand, in a read operation, where data is transferred
This reference shows grouping allocatable seg-     from the data buffer to
a connected host processor, ments as a single unit on an LRU linked list.
a time delay occurs when the allocated segment is The U. S. Patent
4,099,235, Hoschler, shows a   empty. The more time delays, the greater the
in- telephone switching system  having a plurality of  35  tensity of data
transfer activity. The second indica- control computers, which balance
their loading     tor relates to whether any access at all has been based
upon a "current measured utilization ratio".  made to the data buffer by a
connected host pro- This ratio is a quotient of call waiting time divided
cessor during the normalized elapsed time period. by computer free or
available time. Upon reaching  This indicates whether there is any activity
at all predetermined thresholds, incoming calls are as-  40  irrespective
of intensity. signed to various control Computers (task reassign-    The
foregoing and other objects, features, and ment, or reallocation). This
patent therefore teaches  advantages of the invention will be apparent from
that workloading is a factor in determining reconfig-  the following more
particular description of pre- uration, or task  reassignment. U. S. Patent
ferred embodiments of the invention, as illustrated 4,008,460 is an example
of timestamping an LRU   45  in the accompanying drawings. linked list for
enabling early cast out, or deal-      Figure 1 is a simplified block
diagram of a data location of allocated data storage segments of a
processing system employing the present inven- memory. Patent 3,898,624
shows varying the band-   tion. width of a data cache by varying the
prefetching       Figure 2 is a simplified flowchart illustrating time so
that more or less allocation in the cache   50  operations of the Figure 1
illustrated system in depends on operator-inputted controls.
determining whether the activity status of the pe- Patent 4,403,286 shows
the use of counting     ripheral system  should be checked for possible
channel command retries (CCRs) far the purpose     data segment
reallocation. of load balancing.
Figures 3 and 4 respectively shove data struc- EP-A-0 059 829 discloses a
data storage trans-  55  tures used in practicing the present invention in
a fer system that uses a buffer for transfers between  microprocessor
controlled Figure 1 illustrated sys- host processors and peripheral
devices. Data trans-  tem. fers to/from devices are allocated to buffer
seg- 2    
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flowchart showing allocation pro-  to devices 13 are normally maintained
between cedures for establishing a control input to the dy-  successive
data transfers in each independent se- namic allocation operations of the
Figure 1 illus-  ries of data transfers or chains of commands. trated
system.                                       Communications between buffer
15 and de- Figures 6 and 7 are flowcharts illustrating the   5   vices 13
are conducted through an automatic data operation of the Figure 1
illustrated system during  transfer circuit DX 83. Connections from DX 83
to activity checking and dynamic reallocation.       devices 13 are via a
pair of cables 90 and 94, as Referring now more particularly to the
drawing,  detailed in U. S. Patents 4,403,286 and 4,423,480. like numerals
indicate like parts and structural fea-  In a similar manner, CU-1 is
connected to the tures in the various diagrams. The invention is  10
devices 13 by another pair of cables 93, 95. illustrated as being
incorporated into storage sys-  The control of storage system 10 resides
joint- tem  10 having a pair of control units 11, also   ly in the two
control units 11. The showing in denominated as CU-0 and CU-1. Storage
system      Figure 1 is simplified in that those control circuits 10 is
connectable to a plurality of hosts 12 for  not pertinent to an
understanding of the present receiving, storing and supplying data signals
from   is  invention are not detailed. Each control unit 11 and to the
respective hosts under control of host  includes a control 33, preferably
including a pro- operations, as is practiced in the data processing
grammed digital computer or microprocessor as art. Storage system 10 stores
data signals on be-  shown in patents 4403286 and 4423480. Miscella- half
of the host in a plurality of data storage de-  neous controls are
indicated by numeral 34. Since vices 13. Such data storage devices 13
include,  20  the control of storage system 10 is shared between without
limitation, magnetic tape or optically    CU-0 and CU-1, interconnecting
bus 109 provides sensed tape recorders, magnetic or optical disk
communications between the two control units 11 recorders, magnetic or
optical card recorders and  for exchanging control data necessary to the
logical unit record equipment. Communications between     control of
storage system 10. Miscellaneous control hosts 12 and storage system 10 are
via a plurality  25  34 also controls automatic data transfer circuits CX
of input/output channels 14, constructed generally  16 and DX 83 and the
operations of buffer 15. in accordance with the input/output channels set
Connections 81, 35 and 36 represent these con- forth in Amdahl, et al., U.
S. Patent No. 3,400,371.  trols. For enhancing system 10 operations, each
control     A first portion of the invention relates to sepa- unit 11
includes a data buffer 15, preferably con-  30  rate measurements of data
transfer activity in CU-0 structed of semiconductive random-access mem-
and CU-1 to ensure that the work is efficiently ory elements. Buffers 15
are the prime conduits for  performed by the two control units on a dynamic
data transfer between hosts 12 and devices 13; the  basis. Since the
buffers 15 of CU-0 and CU-I are arrangement is such that a host 12 can
commu-     the prime conduits for data transfers between hosts nicate with
a given device 13 through either buffer  35  12 and devices 13, the status
of the two buffers 15 15 and via either control unit 11. Communications  at
the time of a request for data is an indication of from input/output
channels 14 to a buffer 15 are via  the current ability of the respective
control units 11 channel adapter CXX 80 and bus 81 in CU-0 and     for
efficiently satisfying hosts 12 requests. For ex- via bus 96 to CU-1. It is
understood that CU-1 is  ample, whenever a host 12 requests data from
constructed identically to CU-0 with complementary  40  storage system 10
and that data is not in the buffer connections (not shown) in CU-1. For
example, bus  15, then that event is used as an indication of 97 connects a
channel adapter (not shown) of CU-1  control unit work load and, hence,
data transfer to buffer 15 of CU-0 via channel data transfer    efficiency.
In a similar manner, if a host 12 desires circuits 16. Circuits 16 are
known automatic data  to record data on a device 13 and the buffer 15
transfer circuits commonly used in the data pro-  45  data storage segment
allocated to the device is full cessing art.
of data, that status is another indication of control Since a plurality of
devices 13 communicate    unit 11 work load. Also, when a buffer 15 segment
through a single buffer 15 to a plurality of hosts 12,  is not allocated to
a device 13 when a host 12 buffer 15 is dynamically managed as a plurality
of  requests the use of that device 13 which requires allocatable data
storage segments indicated by   50  buffer operation is an indication of
control unit work dashed lines 17. That is, when a given device 13 is
load. Such indications are determined by control 34 communicating with a
host 12, the given device 13  while responding to a host 12 supplied
input/output is assigned or allocated a data storage segment of  channel
commands determining that the command buffer 15 for handling the data
transfers. Devices  cannot be immediately performed. Control 34 then 13
that are not currently transferring data need not  55  indicates the delay
by supplying a channel com- be assigned such data storage segments; this
free-  mand retry (CCR) signal over line 40 through CXX dom allows buffer
15 to be relatively small, such as  80 to the requesting host 12. Such
channel com- 256,000 bytes of data storage. Buffer 15 allocations  mand
retries are fully explained in R. L. Cormier, et 3    
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to this  embodiment, the equivalent program function is invention, each
control unit 11 includes circuitry  performed) each time an operation Is
started with a and controls for utilizing the CCR signals to main-  device
13. There is one counter 45 in each control tain efficiency in each of the
control units 11. The  unit 11. Register 47 stores the numerical limit
value tally of CCR signals indicates intensity of oper-   5   indicating
the expiration of a normalized elapsed ations for each of the devices 13
during each    time. Compare circuit 46 compares the count value normalized
elapsed time period.                    of counter 45 with limit value in
register 47. Each For each allocated segment of a buffer 15, a    time
control 34 selects or activates a device 13 separate tally "CCRK" is
provided for the number  control 34 supplies a signal over line 49 for
activat- of CCRs. The tallies, CCRK, are held in counter  10  ing compare
circuit 46. When compare circuit 46 registers 41, 42. The CCR signal on
line 40 also   detects that the numerical contents of counter 45 goes to
respective counter registers 41, 42 for    are less than the limit value in
register 47, a signal increasing the respective CCRK counts. Each CCR
travels over line 50 through OR circuit 51 to control signal is associated
with an addressed device 13   34 signifying that the normalized time period
has (the device to which the segment represented by   15  not yet elapsed.
When compare circuit 46 finds registers 41, 42 is allocated); registers 41,
42 are  that the numerical contents of counter 45 are equal addressed
accordingly. In this manner, the activity  to, or greater than, the limit
value of contents of intensity state for each of the allocated buffer seg-
register 47, an activity checking signal travels over ments is maintained
in the separate CCR tallies.   line 54 for sampling AND circuit 55, as well
as These separate tallies also indicate the relative   20   AND/NOT circuit
57. When there is a contention for responsiveness of the respective devices
13 and     the data storage segment of data buffer 15 to be associated
buffer 15 segments to hosts 12 re-      used with the current data
transfer, i.e., associated quested operations.
with the addressed device 13, then no activity All activities of the
storage system  10 are    checking is to ensue. Contend latch 56 is set, as
based upon device 13 addresses. The combination   25  later described, any
time there is a contention for of an allocated buffer 15 segment with a
recorder  any of the buffer 15 data storage segments. AND or device 13 is
termed a logical devise, i.e., to  circuit 55 responds to the contend latch
56 being hosts 12 the device 13 and allocated segment       set for passing
a continue and no checking signal appear as a single unit. Each host 12 in
its commu-  through OR circuit 51 to control 34. On the other nications
with storage system 10 always addresses   30  hand, when contend latch 56
is not set (no buffer a device 13; accordingly, the buffer 15 segments   15
contention), AND/NOT circuit 57 responds to the are not explicitly
addressed by hosts 12 but are   line 54 signal to reset the counter 45 for
starting a implicitly addressed by a device 13 address. Con-  new
normalized time period. The AND/NOT circuit trol 34 responds to the
received input/output com-  57 output signal also goes to control 34 for
initiat- mands issued by hosts 12 as set forth in the  35  ing activity
checking as later described and as incorporated documents. When a CCR is
supplied     illustrated in Figure 1 by reallocation control 65. to a host
12, as set forth above, control 34 supplies  Line 66 carries the AND/NOT
circuit 57 output an address signal over bus 43 to select one of the
signal for actuating reallocation control 65. registers 41, 42 representing
the logical device       Upon each activation, reallocation control 65
being addressed and increments the count CCRK   40  examines a buffer
record table BRT 141, the buffer in the addressed counter register. To
implement    status table (BST) 137, and the logical device table the
invention in a preferred mode for measuring    (LDT) 133 for measuring the
activity intensity for normalized elapsed time, each control unit 11
each of the logical devices during the just-expired, maintains a total
device operations count in device  normalized elapsed time period.
operations counter 45. Each time a device 13 is  45    Reallocation control
65 employs a plurality of accessed by a control unit 11, the counter 45
registers for storing counts for creating an indica- contents are
incremented by unity. To check for    tion of the maximum intensity of the
devices 13, expiration of a normalized elapsed time, each time  and hence
the data storage segments of data buff- counter 45 is incremented, the
numerical contents  er 15. It also determines whether any of the de-
therein after incrementing are compared by com-   5o  vices 13 had activity
at all and the data storage pare circuit 46 with a threshold or limit value
stored  status in data buffer 15. FICOUNT 68 is set to unity in register
47. When the counter 45 contents equal  whenever a data storage segment of
buffer 15 is or exceed the register 47 threshold, then data     free or
inactive during an activity check. Register buffer 15 data transfer
activity should be investi-  FC 69 stores the maximum fault count (heroin
CCR gated.                                        55  count CCRK) for all
of the data storage segments The normalized elapsed time is generated by
of data buffer 15. This maximum count is used for control 34 incrementing
counter 45 by unity by     identifying which of the data storage segments
had supplying a signal over line 48 (in the programmed  the most CCRs
(greatest intensity of activity) dur- 4    
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just-preceding normalized time period. Reg-  because reallocation is inapt
at this time. In other ister SEG 70 stores the identification of the data
words, when there is a pending request for addi- storage segment of data
buffer 15 which exper-   tional data storage space in buffer 15, dynamic
ienced the maximum count indicated in FC 69.      reallocation should not
go forward until that conten- - Register S 71 identifies the data storage
segment   5   tion has been removed. In this regard, two alter- of the data
buffer 15 currently being examined by  natives can be used in practicing
the present in- reallocation control 65. Register DECCR 72 in-    vention.
The counter 45 may not be reset to zero dicates whether a deallocate
procedure should be  whenever there is buffer contention. Accordingly,
invoked when the next channel command retry       each time a device 13 is
to be selected for an CCR is sent to a host 12. During the read mode,  10
ensuing data transfer operation, the compare cir- this bit indicates
deallocation and purging data  cuits 46 are activated as indicated at step
117. This from data buffer 15 (as taught in patent 4,403,286)  occurs until
the contention for data buffer 15 space for enabling pairing buffer
segments. Register ACT  is removed such that dynamic reallocation can be
262 contains a bit for each of the data storage   performed without
interfering with the current buffer segments of data buffer 15. The
respective bits in  15  15 data storage space contention. In an alternate
ACT 262 are set by control 34 during the normal-  embodiment, the activity
checking for possible real- ized time period whenever the respective data
stor-  location can be deferred until the end of the next age segments of
data buffer 15 are accessed for   ensuing normalized time period. In the
preferred any purpose at all. These bits indicate whether any  mode, the
first described mode, the normalized activity has occurred at all for the
respective data  20  elapsed time period is extended a small amount by
storage segments during the normalized time pe-    any data buffer 15
contention. riod. In the preferred embodiment, register ACT      Retuming
to Figure 2, if at step 118 buffer 262 is a portion of BST 137.
contention is detected, then other machine oper- Turning now to Figure 2,
the determination by  ations (not shown) are performed, as indicated at
control 34 whether a data buffer 15 activity check   25  503, by control
34. If there is no buffer contention should occur is described. This figure
corresponds  at step 118, then control 34 in step 119 resets to the flow of
control by a microprocessor in con-  counter 45 to zero for starting a new
normalized trol 34 in performing the functions represented by  time period.
Then control 34 proceeds to check the Items 45 through 57 of Figure 1. The
activity be-  activity of data buffer 15 during the just-terminated, gins
whenever a device 13 is selected such as a   30  normalized time period and
perform a dynamic result of executing microprogram module termed    buffer
segment reallocation, as required. "DM SDO". Numeral 543 represents the
device 13       The data structures for implementing the inven- selection
processes not pertinent to an understand-  tion are described next. The
logical devices are ing of the present invention. Assuming a device 13
identified and controlled via LDT 133 (Fig. 4) while is to be actuated for
an ensuing data transfer  35  the data buffer 15 segments of the respective
logi- operations, then control 34 at step 115 starts the  cal devices are
controlled via PST 137 (Fig. 3). device 13 operation. This step can follow
known   There is one entry register in BST 137 for each of procedures for
starting operations of peripheral de-  the buffer 15 segments in the
respective control vices. As soon as a device 13 has received a      units
11. Since all host processor 12 issued com- "start" signal from control 34,
then control 34 at  40  mands received by storage system 10 are based step
116 increments the counter 45 by unity. In   upon device 13 addresses and
not upon buffer 15 step 117 control 34 actuates compare circuit 46 to
segment addresses, LDT 133 provides an indirect compare the numerical
contents of counter 45 with  address base for BST 137. In this regard, BSTP
the numerical contents of register 47. If the count is  253 in each of the
registers of LDT 133 indicates not equal to, or greater than, the threshold
repre-  45  the address of the corresponding entry in BST 137. sented by
the numerical contents of register 47,  Counter registers CCRK 41, 42 are
in LDT 133. then control 34 performs to other machine oper-  IRAH 225 is a
bit indicating inhibit read ahead; that ations as indicated by numeral 503.
Numeral 502  is, the storage system 10 will not transfer data from
indicates that return to other operations may be  a device 13 to data
buffer 15 without a command effected by control 34 from other machine oper-
50  received by a host 12. DECCR 254 (came as ations, not pertinent to an
understanding of the  DECCR 72) is a hit signifying to control unit 11 that
present invention. In the event in step 117 the   when a CCR is sent for
the addressed device 13 numerical contents of counter 45 are greater than,
represented by the register in LDT 133, the cor- or equal to, the numerical
contents of register 47,  responding data storage segment of data buffer 15
then in step 118 control 34 examines buffer con-  55  is to be deallocated.
This bit is useful when dy- tend latch 56. If there was contention for any
of  namic reallocation involves a data storage segment data buffers 15
storage segments, as later de-    storing data read from a device 13. Other
LDT 133 scribed, then the activity checking will not occur  fields, not
pertinent to the present invention, relat-    9                 EP 0 163
553 B1                   10 



ing to logical devices consisting of a device 13 and  paired bit P 135 for
indicating whether one or two an allocated buffer 15 segment are indicated
by   data storage segments are to be allocated. When ellipsis 256.
P = 0, one data storage segment is allocated, when BST 137 (Fig. 3)
relating to buffer 15 segment  P =1 two data storage segments are
allocated. The operations has a plurality of fields in each of its   5
beginning of the allocation list device 13 addresses registers for the
respective buffer 15 segments.  is indicated by the character "I" and the
bottom of DADDR 260 stores the address of a device 13 to   the list is
indicated by the character "O". which the data storage segment is
allocated. This    At step 280, control 34 determines whether the
allocation is indicated by A bit 263 being set to  pending allocation table
(PAT) 134 is empty; if unity. If the data storage segment is not allocated,
10  table pointers in control 34 (not shown) to the first then A bit 263 is
zero. The contents of DADDR 260  entry and table pointers (not shown) to
the last are then ignored. Field LRU 261 relates to the LRU  entry in PAT
134 are equal, then PAT 134 is linked list used for managing data buffer
15. When  empty. With PAT 134 empty, control 34 proceeds the represented
data storage segment is allocated  at 288 to other machine operations. On
the other with another data storage segment to one device   15  hand, if
PAT 134 is not empty (an allocation of a 13, the corresponding LRU 261
ertries are nulled;  data storage segment is pending), then at 281 the
other data storage segment LRU 251 entry      control 34 checks the data
contents of BSTP field represents both of the data storage segments for
253 in LDT 133 for the addressed device 13. If that allocation and
replacement control purposes. ACT  BSTP 253 is not zero, the logical device
address bit 262 indicates that the represented data storage   20  has both
a pending allocation and deallocation. segment was accessed during the
current normal-   Control 34 then proceeds to other machine oper- ized time
period as indicated by selection of its  ations via return point 288. If
the examined BSTP corresponding device 13. E field 264 indicates that  253
of LDT 133 is zero, then allocation of a data the buffer 15 segment
currently is engaged; that is,  buffer 15 segment is appropriate. At 282
control 34 a data processing operation is currently being per-  25
examines the P bit 135 for the pending allocation formed involving the
buffer 15 segment represent-  request. If P=0, then a single segment of
data ed by the BST 137 entry. F field 265 indicates that  buffer 15 is to
be allocated to the addressed device the segment has been scheduled for
freeing, i.e.,  13 for constituting a logical device. For a single
deallocation. RANGE 268 indicates relative size of  segment to be
allocated, control 34 at 283 ac- data records in blocks currently being
transferred,  30  tivates logic module BM ASE (not shown) which i.e.,
small, medium, large or extra large. D      allocates a free one of the
data buffer 15 data (direction) field 267 indicates forward or backward
storage segments using known allocation methods. magnetic tape operations.
P bit 270, when set,    A "free list" of free data storage segments is kept
indicates that the segment is paired with another  in the usual manner.
Upon completion of an at- segment. Ellipsis 269 indicates that, in a
construct-  35  tempt to allocate a single segment In step 283, ed
embodiment, other fields not necessary for de-  control 34 at step 284
checks the return code (RC) scribing the present invention may be included
in a  from logic module BM ASE. When RC= 0, a data typical BST 137. By
convention, only even num-    buffer 15 segment was successfully allocated
to bered data storage segments (0,2,4, .... ) of a pair of  the addressed
device 13. Then, in step 285, the data storage segments will be on the LRU
linked  40  output pointer 0 of PAT 134 is incremented by list while the
odd numbered data storage segments  unity. At step 286, following step 285,
control 34 (1,3,5...), when paired, are omitted from the LRU  alters the
BST 137 corresponding entry to the just- linked list.
allocated buffer segment by setting its bit A 263 Setting contend bit 56 is
achieved during al-  and E bit 264 to unity for indicating that the in-
location processing, as shown in Figure 5. Any  45  dicated segment is
allocated and engaged and requests for a data transfer received from a host
resets P bit 270 to indicate allocation of a single processor 12 wherein no
current allocation exists  data storage segment. Control 34 also sets DADDR
(indicated LDT 133 by its BSTP 253 equalling zero)  260 to the address of
the addressed device 13. causes the machine operations illustrated in
Figure  Control 34 then returns to the activating logic mod- 5 to be
performed. Activation of control 34 to  so  ule (not shown) at 288 for
performing other ma- perform the Figure 5 illustrated machine operations
chine operations. occurs at 274. Firstly, control 34 examines a pend-
Returning to step 284, when the return code ing allocation table (PAT 134)
which identifies the  (RC) is not equal to zero, control 34 knows that the
addresses of all devices 13 requiring allocation of a  attempted allocation
was unsuccessful. This means data storage segment of data buffer 15.
Pointers  55  that there is contention for data storage segments within PAT
134 indicate the beginning and end of  of data buffer 15. Accordingly, at
step 287 contend the list of devices 13 using known table construc-  bit or
latch 56 (Fig. 1) is set to unity. Then, control tion techniques. Each
entry of PAT 134 includes   34 proceeds to other machine activities via
point    11                EP 0 13 553 B1                   12 288.
examined data storage segment designated by the 



When control 34 at stop 282 finds the paired  contents of register S 71 is
free. If ACT 262 is bit P 135 equals unity, then two data storage     zero,
the segment has been inactive for the entire segments are allocated to the
addressed device    normalized elapsed time period. For a free or inac- 13.
This paired allocation can be initiated by sev-   5   tive segment,
controls 65 at step 293 set FICOUNT eral means, one of which is in
accordance with the  bit 68 to unity for indicating that at the end of the
present invention during dynamic reallocation. The  normalized elapsed time
period, at least one of the identification of the pairing bit will become
apparent  data storage segments of data buffer 15 was free from Figures 6
and 7. When a pair of data storage  or inactive. From step 293, control 34
proceeds to segments are to be allocated, control 34 at 289   10  index the
loop as will be described. activates a logic module BM APR (not shown)
When controls 65 find that the data storage which using known techniques
allocate two of the  segment being examined is not free or not inactive,
data storage segments to the address device 13. In  then at step 294
controls 65 determine whether the the constructed embodiment, an even
numbered      data storage segment being examined is a can- data storage
segment is the lower numbered seg-  is  didate for reallocation. First,
controls 65 examines ment in each pair of data storage segments. As
RANGE 268 of BST 137 (Fig. 3) to determine the indicated with respect to
BST 137 of Figure 3,    size of data being transferred through the data
when more than once data storage segment is       storage segment being
examined. RANGE 268 allocated to a given device 13, only the even
stores a general indication of the size of data numbered data storage
segment has an entry in  20  records or blocks being transferred. Length
detec- LRU linked list 261. By convention, in the preferred  tor 75 (Fig.
1) counts the number of data bytes in embodiment, the segments of data
buffer 15 are    each block or record being transferred either enumerated
zero through N. The even numbered     through CX 16 or DX 83. Four ranges
are set up: segments are always on the LRU list 261, while the  small,
medium, large and extra large. odd numbered segments are on the LRU list
only  25   To obtain the range, control 34 at the end of when they are
singly allocated to an addressed   transferring a record or block of data
receives the device 13. Grouping of allocation segments with   byte count
from length detector 75. Control 34 then one of the allocation segments
only being on an   compares the received byte count with three LRU
replacement control list, such as list 261, is  thresholds (one threshold
between two of the four known and not described for that reason. Upon   30
ranges), and indicates the range. The RANGE 268 completion of attempting to
allocate a buffer pair in  of BST 137 is updated. This action may occur
once step 289, control 34 proceeds to step 284 as      in each series of
block or record transfers or once previously described. With respect to
step 286,  in a single chain of I/O commands. PST 137 is amended in
accordance with the paired     By arbitrary definition, only the large and
extra allocation by setting both the A bit 263 and E bit  35  large
block-sized transfers are eligible for real- 264 of both data storage
segments to unity and the  location in a first-constructed embodiment of
the P bits 270 to unity for both data storage segments.  invention. The
reason for this determination is that Figure 6 illustrates the machine
operations of  when small and medium size data blocks are being controls
65, which are preferably microprocessor  transferred, the possibility of
needing more than executed and controlled, for examining the activity  40
one data storage segment of data buffer 15 for of data buffer 15 as to
intensity of activity for  accommodating the data transfers is highly
remote; (devices 13) a just-terminated, normalized elapsed  there is no
need to pair the current data storage time period. Controls 65 at step 290
initializes its  segment being used with any other data storage, registers
of Figure 1 for performing the logical  segment. Therefore, for small sized
data blocks, device activity examination. Initialization consists of  45
the segment indicated in S 71 is not a candidate setting registers S 71, FC
69, SEG  70 and        for reallocation, Also, certain error conditions may
FICOUNT 68 to zero (or other null value). Examina-  make the respective
data storage segments un- tion of the activity of all data storage segments
of  available for dynamic reallocation. data buffer 15 is achieved within
iterative loop 291  Assuming that the examined data storage seg- which
serially examines the CCR-indicated activi-  so  ment is a candidate for
dynamic reallocation, then ties of each of the data storage segments begin-
controls 65 in step 295 compare the numerical ning with the segment
designated by numeral zero  contents of FC 69 with the numerical contents
of and proceeding arithmetically to segment number   the CCRK register 41,
42 for the identified data N. Because of pairing, the number of loop iter-
storage segment. When the current fault count in ations can vary from N/2
through N. At step 292,  55  FC 69 is greater than, or equal to, the fault
count in controls 65 access BST 137 to determine whether   the respective
CCRK register, then the numerical the data storage segment identified in
register S 71  contents of FC 69 are not altered. On the other is inactive
or free. If bit F 265 equals, then that  hand, when the numerical count
contents of FC 69 7    13                EP 0 153 553 B1
14 are less than the respective CCRK register con-  chine activities not
pertinent to the present inven- 



tents, then at step 296 the count contents of the  tion. respective CCRK
register are transferred to FC 69   When dynamic reallocation is possible,
then for storing the largest fault count found in the  controls 65 in step
307 examine R bit 266 of BST intensity examinations to the present data
storage   5   137 for the data storage segment identified in SEG egment
being examined. Also, the contents of    register 70 to determine whether
that data storage SEC 70 are set equal to the identification of the
segment is in the read or write mode. When R bit data storage segment
associated with the CCRK    266 is unity, the read mode is indicated; this
count just-loaded into FC 69.                    causes controls 65 in step
308 to inhibit read Controls 65 from either step 295 or 296 then  10  ahead
by setting IRAH bit 225 and DECCR bit 254 access ACT 262 in the respective
register of BST  of LDT 133 for the logical device having the SEG 137 for
resetting that hit to zero. This primes BST  70 identified storage segment
to unity. The oper- 137 for the ensuing normalized elapsed time period
ative effect on storage system  10 is to inhibit as indicating no activity
has occurred for the re-  further reading of data into the SEG 70
identified spective data storage segment.              15  data storage
segment and primes the control unit Controls 65 from either step 293 or 297
then  11 to lock for a deallocation when the next CCR is index the loop
291. In step 298 control 34 com-  sent to host 12 for the related logical
device. The pares the contents of S 71 with the number N of  practical
effect is that the host 12, which has a read data storage segments existing
in data buffer 15. If  operation pending with the device 13 associated the
just-examined data storage segment is the Nth  20  with the SEG 70
identified data storage segment data storage segment, this means the last
data      will read data from that data storage segment of storage segment
has been examined. Accordingly,  buffer 15 until a channel command retry
(CCR) is control 34 exits the loop as indicated by following  required, as
described with respect to Figure 7; line 305. When the just-examined data
storage    then, that segment will be deallocated for permit- segment is
not the last data storage segment, then   25  ting a later paired
allocation of data storage seg- in step 299 controls 65 examine the
contents of  ments to the corresponding device 13, as fully register S 71
for odd-even value. If the examined S  explained with respect to Figure 7.
When the mode value is odd, then controls 65 in step 301 incre-  of
operation for the SEG 70 identified data storage ment S by unity. If the
examined S value is even,  segments is not the read mode, then controls 65
at then P bit 270 in the corresponding entry of BST   30  step 309 proceed
with deallocation by activating a 137 is examined to determine whether the
even    logic module (not shown) termed "BM DBS" which numbered data
storage segment is paired with an  causes controls 65 to deallocate the SEG
70 iden- odd numbered segment. If it is not paired, then the  tified data
storage segment. Deallocation follows odd numbered segment has to be
examined; the     normal and known procedures; such deallocation value S is
incremented by unity in step 301. If P bit  35  can include writing data
from the SEG 70 identified 270 is unity, then the odd numbered segment is
data storage segment to the corresponding device not to be examined.
Controls 65 then increment S  13. by two in step 300 for omitting the
examination of   Then controls 65 in step 310 examine the other the next
high odd numbered segment. Following    data storage segment in the segment
pair that step 300 or 301, steps 292 through 297 are re-  40  corresponds
to the data storage segment just deal- peated until all necessary segments
have been    located in step 309. When the just-deallocated seg- examined
for intensity of activity as indicated by  ment is an odd numbered segment,
then the next the respective CCRK counts.                      lower
numbered even segment is the other seg- Upon completion of examination loop
291, con-  ment. When the just-deallocated segment is an trols 65 then
determine whether dynamic realloca-  45  even numbered segment, then the
next higher odd ton should be initiated. Firstly, front line 305 at
numbered segment is the other segment. If such step 306, controls 65
examine the numerical con-  other segment is allocated, then it must be
deal- tent of registers FC 69 and FICOUNT 68. If the   located for
permitting dynamic reallocation with the data contents of both registers
are nonzero, then at  just-deallocated data storage segment. According-
least one CCR has been sent to a host 12 during   so  ly, in step 311,
controls 65 again activate logic the immediately preceding normalized
elapsed     module BM DBS for deallocating the identified oth- time period,
and at least one data storage segment  er segment. Upon completion of step
311, or if the is either free or inactive for permitting a possible  other
segment was not allocated at step 310 (bit D dynamic reallocation. If
either of the registers FC  267 of BST 137 equalled zero), there are two
data 69 or FICOUNT 68 are zero, then a dynamic real-  55  storage segments
which are pairable and deal- location should not be performed. Controls 65
then  located. These two data storage segments are now indicate to control
34 over line 67 (Fig. 1) to return  available for allocation as a pair for
the device 13 from step 306 via point 503 (Fig. 6) to other ma-  which
formerly had the SEG 70 identified data 8    15                EP 0 153 553
B1                  16 storage segment for completing its logical device.
If the examined data storage segment is not 



On the other hand, if in step 310 the identified  full, then at 403 ACT bit
262 of BST 137 is set to other segment is free, then no deallocation is re-
unity. Then at 416, control 34 determines whether quired. Then controls 65
in step 312 adds the SEG  a CCR has been sent, such as at step 402 and 70
identified device 13 address (DADDR) Into PAT   5   CCR bit 245 of CST 131
. When a CCR is sent, the 134 of Figure 5 and sets the corresponding P bit
logic module BM IDF (not shown) is activated at 135 to unity. This primes
the allocation procedures  step 337 for incrementing the respective CCRK of
of control 34 for allocating a pair of data storage,  count 41, 42 using
known data processing counting segment of data buffer 15 to the SEG 70
Identified  techniques. At 420, additional functions of the com- device 13.
The actual allocation occurs as de-  10  mand decoding are performed not
pertinent to an scribed with respect to Figure 7 and does not
understanding of the present invention. Then con- occur until a host 12
requires further data transfer  trol 34 in step 421 examines BSTP 253 for
the activity with such identified device 13. Then con-  addressed device
13. If BSTP 253 is equal to zero, trols 65 at 503 enables control 34 to
perform other  then no data storage segment of data buffer 15 is machine
activities pending receipt of the next data  15  currently allocated to the
addressed device. At 430, transfer command from a host 12.
control 34 activates logic module BM ABS which Figure 7 illustrates hots
the dynamic realloca-  performs the functions described with respect to
tion is completed upon receipt of a host-issued  Figure 5. Upon completion
of the allocation, which command after the above-described deallocation
will include a paired allocation during dynamic real- operations. Certain
functions are performed in de-  20  location, a DEVICE END (DE) is sent to
host 12 coding the received host-issued command as in-   using the channel
command retry procedure de- dicated by the legend CS DCD. At step 400 the
scribed in U. S. Patent 3,688,274. Then control 34 mode of operation
identified in BST 137 for the  proceeds to other machine activities at 503
await- addressed device 13 is examined. If it is in the  Ing retransmission
of the same command received read mode, as indicated by R bit 266, then at
404   25  as indicated at the beginning of the description of control 34
examines BST 137 to determine whether  Figure 7. Then the steps are
repeated, however, the corresponding data storage segment is empty  the
next iteration of the command execution finds (MT) by examining the
corresponding buffer record  the allocation completed through step 430 and
the table as referred to earlier. If the buffer record table  requested
data transfer ensues. shows data stored in the data storage segment of  30
Returning to step 421, when BSTP has a non- the addressed logical device
(as by having an    zero value in it, the, ACT 262 corresponding to the
entry identify a data record) then at step 405 ACT  addressed device 13 is
set to unity for showing bit 262 of the corresponding BST 137 register is
activity during a normalized elapsed time period. set to unity. Then at
407-411 further machine oper-  Then at 423, bit DECCR 254 of LDT 133 is
exam- ations with respect to command execution, not  35  ined. If it is
zero, then no additional control activity pertinent to an understanding of
the present inven-  is needed; the addressed device 13 is started in tion,
are performed.                             step 424. Then control 34
proceeds to other ma- Returning to step 400, when the write mode is  chine
activity pending the device 13 bringing the indicated in BST 137 by R bit
266 being equal to  magnetic tape (not shown) up to speed across its zero,
control 34 in step 401 determines whether  40  transducer. At step 423,
when DECOR bit 423 is data is stored within the data storage segment   set
to unity and a CCR was sent at step 402, or corresponding to the addressed
device 13. If the  earlier, with respect to the date storage segment data
storage segment is full, it cannot receive any  (the COR was actually sent
with respect to the additional data. Accordingly, a channel command
logical device to which the data storage segment is retry is sent to the
command-issuing host 12 at  45  allocated); then the currently allocated
data storage step 402. When the host 12 accepts the CCR, CCR  segment is
deallocated at step 425 and at 426 bit 245 of command status table 131 is
set to unity.  DECOR bit 254 is reset to zero. Steps 430 and 427 See patent
4403286 for more detail.              are performed when either BSTP 253
for the ad- In some instances, channel adapter CXX 80     dressed device 13
equals zero or null at step 421, may have sent a CCR without involving
control 34  50  or upon the completion of step 426. In step 427, (a normal
known practice of IBM control units). In  control 34 allocates a pair of
the data storage such a case, no additional CCR is sent at step 402.
segments of buffer 15, such as the data storage When CCX 80 sends a CCR, it
notifies control 34  segments which have been deallocated, to the ad- such
that CCR bit 245 of command status table    dressed device 13. Figure 5
illustrates the alloca- CST 131 is set. Control 34 before sending a CCR
56  tion procedure. The allocation of the segments to CXX 80 examines the
CST 131 OCR bit 245; if   completes the dynamic reallocation procedures en-
set, a CCR has been sent and no additional CCR   abling storage system 10
to proceed with the re- will be sent in step 402.
quested data transfer with a buffer allocation which    17
EP 0153 553 B1                     18 now can handle ensuing data transfers
for the          to said data storage segment identified for addressed
device 13 more efficiently. This fact is    reallocation. 



signalled to the requesting host 12 by storage system 10 sending a DEVICE
END (DE) at step        2. The data storage system set forth in claim 1,
430 via CXX 80. While the storage system  10   5       further including:
proceeds to other machine activity by control 34          reset means in
said checking means, con- exiting the illustrating procedures at 503, the
re-    nected to said system  means and to said questing host 12 responds
to the DE by retransmit-    intensity means, for responding to said indica-
ting the data transfer requesting command to stor-    tion of said
predetermined elapsed time to age system 10.
10      initiate measurement of another predetermined elapsed time and to
reset said intensity means Claims
to restart said intensity measurements. 1. A data storage system  (10) for
handling a      3  The data storage system set forth in claim 2, plurality
of independent data transfers between   15  further including: a host
processor (12) and a plurality of addres-       buffer status table means
(137), connected sable data storage devices (13), each of said      to said
buffer, for storing indications of: the data transfers including the
transfer of a pre-    status of each of said data storage segments
determined succession of data blocks to or         wherein said status
shows the allocation of from  one of said addressable data storage   20
said data storage segments to respective in- devices, said data storage
system including:        dependent data transfers; the availability of a
data buffer (15) having a plurality of        each data storage segment for
allocation; and allocatable data storage segments (17), each       whether
a data storage segment is allocated of said segments having a plurality of
addres-     with another data storage segment to one in- sable data storage
registers and being capable  25  dependent data transfer as a paired
allocation, of storing one or more data blocks;                said buffer
storage table means being con- and transfer means (16, 83) coupled to the
nected to said allocation control means for data buffer for transferring
said data blocks      receiving and storing allocation changes; into and
out of said data buffer in said plurality    availability means in said
checking means, of independent data transfers;             30
connected to said buffer status table means and characterised by:
and to said reset means, for indicating that system means (34, 45, 46, 47)
for indicat-      none of said data storage segments are avail- ing a
predetermined elapsed time;                  able for allocation and to
inhibit said reset intensity means (34, 41, 42), connected to      means
and said allocation means from allocat- said transfer means and to said
data buffer, for  35  ing any of said data storage segments while sensing
and recording the intensity of activity    said none indication is active;
and of each individual data storage segment during         deallocation
means, connected to said said predetermined elapsed time;
buffer and to said availability means, for deal- block length means (137,
268), connected       locating data storage segments from said re- to said
data buffer and to said transfer means,  40   spective independent data
transfers and then for indicating for each individual data storage
activitating said availability means to remove segment the length of the
data blocks currently    said none indication. being stored therein;
checking means (34, 65), connected to       4. The data storage system set
forth in any pre- said block length means, said system means,  45    ceding
claim, further including: and to said intensity means, responsive to said
attachment means (80) for connecting said system  means indicating a
predetermined           data storage system to said host processor, elapsed
time, for identifying a data storage       and connected to said transfer
means for segment for reallocation that has the greatest     transferring
data between said data buffer and recorded intensity of activity during
said pre-  so  said host processor; determined elapsed time and that also
has             said system  means being connected to stored data blocks
exceeding a predetermined       said transfer means and having counting
block length;                                      means (45) for counting
the number of ac- and allocation control means (34, 45), con-     cesses to
any of said data storage devices; nected to said checking means and to said
55         limit value means (47) in said system data buffer, responsive to
the identification of   means for storing a limit value indicating ex- the
data storage segment for reallocation, for     piration of the  normalized
predetermined allocating an additional data storage segment      elapsed
time period, compare means (46) in 10    17                 EP0153563B1
18 now can handle ensuing data transfers for the          to said data
storage segment identified for addressed device 13 more efficiently. This
fact is     reallocation. signalled to the requesting host 12 by storage 



system 10 sending a DEVICE END (DE) at step         2. The data storage
system set forth in claim 1, 430 via CXX 80. While the storage system  10
5       further including: Oroceeds to other machine activity by control 34
reset means in said checking means, con- exiting the illustrating
procedures at 503, the re-     nected to said system  means and to said
questing host 12 responds to the DE by retransmit-      intensity means,
for responding to said indica- ting the data transfer requesting command to
stor-      tion of said predetermined elapsed time to age system 10.
10       initiate measurement of another predetermined elapsed time and to
reset said intensity means Claims
to restart said intensity measurements. 1. A data storage system  (10) for
handling a       3. The data storage system set forth in claim 2. plurality
of independent data transfers between   15  further including: a host
processor (12) and a plurality of addres-        buffer status table means
(137), connected sable data storage devices (13), each of said       to
said buffer, for storing indications of: the data transfers including the
transfer of a pre-     status of each of said data storage segments
determined succession of data blocks to or          wherein said status
shows the allocation of from one of said addressable data storage   20
said data storage segments to respective in- devices, said data storage
system including:        dependent data transfers; the availability of a
data buffer (15) having a plurality of         each data storage segment
for allocation; and allocatable data storage segments (17). each
whether a data storage segment Is allocated of said segments having a
plurality of addres-      with another data storage segment to one in-
sable data storage registers and being capable  25  dependent data transfer
as a paired allocation, of storing one or more data blocks;
said buffer storage table means being con- and transfer means (16, 83)
coupled to the       nected to said allocation control means for data
buffer for transferring said data blocks       receiving and storing
allocation changes; into and out of said data buffer in said plurality
availability means in said checking means, of independent data transfers;
30       connected to said buffer status table means and characterised by:
and to said reset means, for indicating that system means (34, 45, 46, 47)
for indicat-       none of said data storage segments are avail- ing a
predetermined elapsed time;                   able for allocation and to
inhibit said reset intensity means (34, 41, 42), connected to       means
and said allocation means from allocat- said transfer means and to said
data buffer, for  35  ing any of said data storage segments while sensing
and recording the intensity of activity     said none indication is active;
and of each individual data storage segment during          deallocation
means, connected to said said predetermined elapsed time;
buffer and to said availability means, for deal- block length means (137,
268), connected        locating data storage segments from said re- to said
data buffer and to said transfer means,  40  spective independent data
transfers and then for indicating for each individual data storage
activitating said availability means to remove segment the length of the
data blocks currently     said none indication. being stored therein;
checking means (34, 65), connected to        4. The data storage system set
forth in any pre- said block length means, said system means,  45
ceding claim, further including: and to said intensity means, responsive to
said         attachment means (80) for connecting said system  means
indicating a predetermined            data storage system to said host
processor, elapsed time, for identifying a data storage        and
connected to said transfer means for segment for reallocation that has the
greatest      transferring data between said data buffer and recorded
intensity of activity during said pre-   50  said host processor;
determined elapsed time and that also has               said system  means
being connected to stored data blocks exceeding a predetermined        said
transfer means and having counting block length;
means (45) for counting the number of ac- and allocation control means (34,
45), con-     cesses to any of said data storage devices; nected to said
checking means and to said  55          limit..value means (47) in said
system data buffer, responsive to the identification of    means for
storing a limit value indicating ex- the data storage segment for
reallocation, for      piration  of the  normalized  predetermined
allocating an additional data storage segment       elapsed time period,
compare means (46) in 10    19                EP 0153 553 B1
20 said system  means and connected to said              transferring data
by said independent data counting means and said limit value means for
transfers in data blocks; comparing said counted number of accesses
measuring the length of data blocks being with said limit value, and when
said counted       transferred in said respective independent data 



number of accesses equals or exceeds said   5      transfers; limit value
supplying said elapsed time indica-        memorizing the amount of data
stored and tion.                                              the free
space available for data storage in each of said data storage segments as
data 5. The data storage system set forth in any pre-       storage status;
ceding claim, further including:           10         respectively counting
the number of data activity indicating means (262), connected      transfer
delays encountered by each of said to said transfer means, for recording
whether      independent data transfers due to the data or not any activity
has occurred with respect to   storage requirements of any given data
trans- respective ones of said data storage segments;     fer not being
met; and                                        15          establishing a
time period normalized rela- deallocation means, connected to said ac-
tive to the activity of said data buffer for all of tivity indicating means
and to said checking       said independent data transfers; means, for
indicating said data storage seg-           measuring elapsed time in a
normalized ments not having any activity recorded by said     manner;
activity indicating means as eligible for alloca-  20  comparing said
measured time with said tion as said additional storage segment to said
established time period, and when said mea- data storage segment having the
greatest re-       sured time exceeds or equals said established corded
intensity of activity.                      time, comparing the number of
delays counted for each of said data storage segments, and 6. The data
storage system set forth in any pre-  25   allocating an additional data
storage segment ceding claim, further including:                   to the
independent data transfer allocated to contend means (56), connected to
said           the data storage segment with the greatest allocation
control means and to said data buff-    number of delays that also has
stored data er, for sensing attempted allocations of said      blocks
exceeding  a  predetermined  block data storage segments that fail and for
indicat-  30  length, when said measured time is less than ing a sensed
failed allocation as a contention     said established time, continuing the
transfer of indication;                                        data.
inhibit means in said checking means, connected to said contend means, and
respon-    8. The method set forth in claim 7, further includ- sive to said
contention indication to inhibit said  36  ing the steps of: checking means
from responding to said sys-           in said measuring elapsed time step,
tem means indicating a predetermined elapsed       counting the number of
accesses to said data time so long as said contention indication is
storage segments as an indication of normal- indicating a failed
allocation; and                ized elapsed time; means connected to said
contend means   40         in said establishing step, setting a count for
resetting said contention indication for per-  value as representing said
normalized elapsed miffing said checking means to respond to          time
period; and said system means.                                     in said
comparing step, comparing said set count value with said access count as
repre- 7. A method of operating a data storage system    45   senting the
comparison of said measured time (10) for handling a plurality of
independent       with said established time period. data transfers-
between a host processor (12) and a plurality of addressable data storage
9. The method set forth in claim 7 or 8, further devices (13), said data
storage system includ-     including the steps of: ing a data buffer (15)
having a plurality of  so       when attempting to allocate said additional
allocatable data storage segments (17), each       data storage segment to
an independent data of said segments having a plurality of addres-
transfer and detecting that none of said data sable data storage registers
and being capable     storage segments are available to be said ad- of
storing one or more data blocks;                ditional data storage
segment, setting a con- said method including the steps of:    55
tention indication signifying contention for al- allocating predetermined
ones of said data     location; storage segments for respective independent
deallocating one of said allocated data data transfers;
storage segments and removing said conten-    21                EP 0 163
553 B1                    22     1 tion indication;
geschlossen Ist und auf die Identifikation des and delaying said comparing
step until         Datenspeichersegments far die Neuzuordnung after said
contention indication has ben re-      reagiert, um dem flr die
Nouzuordnung identi- moved so that said deal location step is com-
fizierten Datenspeichersegment ein neues Da- pleted before any reallocation
steps are per-   5  tenspeichersegment zuzuordnen. 



k'- formed. 2. Das in Anspruch 1 beschriebene Datenspel- Patentansproche
chersystem, einschliellich: Einstellungsmittel in diesem PrOfmittel, das 1.
Ein Datenspeichersystem  (10) zur DurchfOh-  i7    an das Systemmittel und
an das Intensititsmit- rung einer Mehrzahl an unabhIngigen Daten-
tel angeschlossen ist, um auf die Anzeige der Obertragungen zwischen einem
Host-Prozessor       vorbestimmten durchlaufenen Zeit zu reagle- (12) und
einer Mehrzahl an adressierbaren Da-     ren, um eine Messung einer anderen
vorbe- tenspeichereinrichtungen (13), wobei jede der      stimmten
durchlaufenen Zeit zu bewirken und Daten~bertragungen die (3bertragung
einer  15    um das Intensititsmittel neu einzustellen, um vorbestimmten
Folge von Datenblocken zu           die Intensitatsmessungen neu zu
starten. oder von einer der adressierbaren Datenspei- chereinrichtungen mit
einschlieBt, wobei dieses  3. Das in Anspruch 2 beschriobene Datenspei-
Datenspeichersystern folgendes umfaft:            chersystem,
einschliefflich: einen Datenpuffer (15) mit einer Mehrzahl  20
Pufferstatustabellenmittel (137), das an an zuteilbaren
Datenspeichersegmenten (17),        den Puffer angeschlossen ist, um
folgende An- wobei jedes dieser Segmente mit einer Mehr-       zeigen zu
speichern: den Status jedes Daten- zahl an adressierbaren
Datenspeicherregistern      speichersegments, wobei der Status die Zu-
ausgestattet und zur Speicherung eines oder       ordnung der
Datenspeichersegmente zu den mehrerer Datenblocke in der Lage ist;     25
entsprechenden unabhangigen Daten~bertra- Ein Obertragungsmittel (16, 83),
das an        gungen, die Verflgbarkeit jedes Datenspei- den Datenpuffer
gekoppelt ist, um die Daten-       chersegments fOr die Zuordnung und die
Tat- bl6cke in dieser Mehrzahl an unabhangigen         sache, ob ein
Datenspeichersegment einem Daten~bertragungen in den und aus dem Da-
anderen Datenspeichersegment ftr eine einzi- tenpuffer zu Obertragen,
30       ge unabhangige Datenilbertragung als gepaar- dadurch
gekennzeichnet, daB folgende           te Zuordnung zugeordnet ist, zeigt,
wobei das Mittel vorhanden sind:
Pufferspeichertabellenmittel an  das Zuord- Ein Systemmittel (34, 45, 46,
47) zur An-      nungssteuermittel angeschlossen ist, um Zu- zeige einer
vorbestimmten durchlaufenen Zeit;      ordnungsanderungen zu empfangen und
zu Ein Intensititsmittel (34, 41, 42), das an   35  speichern; dieses
Obertragungsmittel und an den Daten-           VerfUgbarkeitsmittel im
Prfrfmittel, das an puffer angeschlossen ist, um die AktivitItsin-    das
Pufferstatustabellenmittel und an das Neu- tensitit jedes einzelnen
Datenspeicherseg-        einstellungsmittel angeschlosssn ist, um anzu-
ments wahrend der vorbostimmten durchlaufe-       zeigen, daBt keines der
Datenspeichersegmen- tv'   nen Zeit zu messen und autzuzeichnen;     40
te far die Zuordnung verf~gbar ist und um das Ein BlocklIngenmittel (137,
268), das an       Neueinstellungsmittel und das Zuordnungsmit- diesen
Datenpuffer und an die Obertragungs-       tel davon abzuhalten, eines der
Datenspeicher- mittel angeschlossen ist, um fMr jedes einzelne   segmente
zuzuordnen, wahrend eine Nichtan- Datenspeichersegment die Lange des
derzeit        zeige aktiv ist; und gespeicherten Datenblocks anzuzeigen;
45          Zuordnungsaufl6sungsmittel, das an den Ein PrUfmittel (34, 65),
das an das Block-     Puffer und an das VerfUgbarkeitsmittel ange-
lfngenmittel, an das Systerrmnittel und an das    schlossen ist, um eine
Zuordnungsaufl6sung Systemmittel angeschlossen ist und auf das        der
Datenspeichersegmente in den entspre- Systemmittel reagiert und eine
vorbestimmte       chenden unabhIngigen  Daten~bertragungen durchlaufsne
Zeit anzeigt, um ein Datenspel-  5o  durchzufahren und dann dieses
VerFUgbar- chersegment far die Neuzuordnung zu identiffi-    keitXmittel
aktiviert, urn die Nichtanzeige zu zieren, welches die gro te
aufgezeichnete Akti-   entfernen. vititsintensitit wihrend der
vorbestirnmten durchlaufenen Zeit aufweist und welches go-    4. Das
Datenspeichersystem, wie es in allen bis- speicherte Datenbl6cke aufweist,
die elne vor-  5s  her aufgefUhrten AnsprUchen beschrieben wur- bestlmmte
Blocklinge Oberschreiten;               de, einschlieillich: Ein
Zuordnungssteuermittel (34, 45), das          Zusatzmittel (80) far das
Anschllefen des an das PrOfmittel und an den Datenpuffer an-
Datenspeichersystems an den Host-Prozessor 12    23                EP 0 153
553 B1                    24   I I!tILI 111111 hh !  ! und angeschlossen an
das Obertragungsmittel       neu einzustellen, um dem PrUfmittel zu ermog-
far die Daten~bertragung zwischen dem Da-         lichen, auf das
Systemmittel anzusprechen. tenpuffer und dem Host-Prozessor; das
Systemmittel ist an das Obertragungs-  7. Eine Methode zum Betreiben eines
Datenspei- mittel angeschlossen und besitzt ein Z~hImiftel   5  chersystems
(10) far den Umgang mit einer 



(45) zur Zahlung der Anzahl an Zugriffen auf       Mehrzahl an unabhangigen
Datenlbertragun- ein beliebiges Datenspeicher-Device;              gen
zwischen einem Host-Prozessor (12) und Grenzwertmittel (47) im Systemmittel
flr       einer    Mehrzahl   an    adressierbaren die Speicherung eines
Grenzwerts, der den          Datenspeicher-Devices (13), wobei das Daten-
Ablauf  der  normalisierten  vorbestimmten   10    speichersystem einen
Datenpuffer (15) mit ei- durchlaufenen Zeitperiode anzeigt, ein Ver-
ner Mehrzahl an einteilbaren Datenspeicher- gleichsmittel (4B) im
Systemmittel, welches an     segmenten (17) enthalt, wobei jedes der Seg-
das Zlhlmittel und an das Grenzwertmittel an-      mente mit einer Mehrzahl
an adressierbaren geschlossen ist, um die gezAhite Anzahl an
Datenspeicherregistern ausgestattet ist und ei- Zugriffen mit dem Grenzwert
zu vergleichen   i5   nen oder mehrere Datenblocke speichern und welches,
wenn die gezlhlte Anzahl an          kann; Zugriffen den Grenzwert erreicht
oder Uber-           wobei diese Methode die folgenden Schrit- schreitet,
die Anzeige der durchlaufenen Zeit     te enthait: liefert.
Zuordnung von vorbestimmten Datenspel- 20      chersegmenten far
entsprechende unabhangi- \,<;  5. Das Datenspeichersystem, wie es in alien
bis-    ge Datenabertragungen; her aufgef0hrten Ansprachen beschrieben wur-
Obertragung von Daten durch unabhangige de, einschlie~lich:
Datenlbertragungen in Datenblocken; En aktivitatsanzeigendes Mittel (262),
das         Messung der I.Unge der Datenblocke, die an das
Obertragungsmittel angeschlossen ist,  25  durch die entsprechenden
unabhangigen Da- um aufzuzeichnen, ob eine Aktivitat in bezug
tenlbertragungen Ubertragen werden; auf entsprechende Aktivitaten der
Datenspei-          Aufzeichnung der Menge an gespeicherten chersegmente
aufgetreten ist;                      Daten und verfUgbarer freier
Speicherplatz fUr ein Zuordnungsauflosungsmittel, das an         die
Datenspeicherung in jedem der Datenspel- das aktivitatsanzeigende Mittel
und an das  30     chersegmente als Datenspeicherstatus; PrUtfmittel
angeschlossen ist, um Datenspel-          Zahlung der Anzahl an
DatenUbertra- chersegmente, die keine durch ein aktivitatsan-
gungsverzogerungen, die bei Jeder unabh~n- zeigendes Mittel aufgezeichnete
Aktivitat auf-     gigen Daten~bertragung aufgetreten sind, well weisen,
als bereit flr die Zuordnung als zu-       die
Datenspeicherungsanforderungen einer ge- satzliches Speichersegment zum
Datenspei-  35    gebenen Daten0bertragung nicht erfUllt wur- chersegment
mit der gr6Bten aufgezeichneten       den; Aktivit~tsintensitit zu
kennzeichnen.                 Festlegung einer relativ zur Aktivitat des
Datenpuffers normalisierten Zeitperiode fUr alle 6. Das
Datenspeichersystem, wie es in alien bis-      unabhangigen
DatenUbertragungen; her aufgefUhrten AnsprUchen beschrieben wur-  40
Messung der durchlaufenen Zeit in einer de, einschlieBllch:
normalisierten Weise; ein Konkurrenzmittel (56), das an das Zu-
Vergleich der gemessenen Zeit mit der ordnungssteuermittel und an den
Datenpuffer       festgelegten Zeitperiode, und, wenn die ge- angeschlossen
ist, urn versuchte Zuordnungen       messene Zeit die festgelegte
Zeitperiode er- von Datenspeichersegmenten zu registrieren,  45    reicht
oder Uberschreitet, Vergleich der Anzahl die gescheitert sind und zur
Anzeige von regi-    an gezghtten Verz6gerungen fir Jedes der strierten
gescheiterten Zuordnungen als Kon-       Datenspeichersegmente und
Zuordnung eines kurrenzanzeige;
zusdtzlichen Datenspeichersegments zur unab- ein Verhinderungsmittel im
PrUtmittel, das     hangigen DatenUbertragung, die dem Daten- mit dem
Konkurrenzmittel verbunden ist und   50   speichersegment mit der groBten
Anzahl an auf diese Konkurrenzanzeige reagiert, urn zu      Verz6gerungen
zugeordnet ist und die eben- verhindern, daB das PrUfmittel auf das System-
falls gespeicherte Datenblocke aufweist, die mittel reagiert und eine
vorbestimmte durch-      eine vorbestimmte Blockl~nge Uberschreiten;
laufene Zeit solange anzeigt, wie diese Konkur-   wenn die gemessene Zeit
unterhalb der fest- renzanzeige eine gescheiterte Zuordnung an-  65
gelegten Zeit liegt, folgt eine Fortsetzung der zeigt;
DatenUbertragung. ein Mittel, das an das Konkurrenzmittel angeschlossen
ist, um die Konkurrenzanzeige 13    25                EP 0 163 653 B1
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Methode, ein-         et caracteris4 par: schlielflich folgender Schritte:
un moyen de systhme (34,45, 46, 47) Im Schritt der Messung der
durchlaufonen      pour indiquer un temps d'ex6cution prdd6ter- Zeit
Zdhlung der Anzahl an Zugriffen auf die     mine; Datenspeichersegmente als
Anzeige der nor-   6       un moyen d'intensitd (34, 41, 42) connectd 



i_    malisierten durchlaufonon Zeit;                  audit moyen de
transfert et & ladito m6moire Im Zeiffestlegungsschrift Einstellung eines
tampon de donndes, pour d6tecter at enregie- Zahlwerts zur Darstellung der
normalisiorten     trer I'intensitd de l'activit4 de chaque segment
durchlaufenen Zeitperiode;                       de memorisation de donndes
individual pen- Im Vergleichsschritt Vergleich des einge-  70  dant le
temps d'ex~cution pr6detormin6; stellten Z~hlwerts mit der Zahlung der
Zugriffe      un moyen de longueur de bloc (137, 268) zur Darstellung des
Vergiolchs der gemesse-      connecte a la mdmoire tampon de donnees et nen
Zeit mit der festgologton Zeitperiode.       audit moyen de transfert, pour
indiquer pour chaque segment de mdmorisation de donnees 9. Die in Anspruch
7 oder 8 beschriebene Metho-  76  la longueur des blocs de donnees qui sont
de, einschlieolich folgender Schritte:           actuellement memorisds
dans colui-ci; Beim Versuch der Zuordnung des zusitzli-         un moyen de
verification (34, 65) connect6 chen Datenspoichersegments zu einer unab-
audit moyen de longueur de bloc, audit moyen hangigen Daten~bertragung und
bei der Fest-      de systbme at audit moyen d'intensit6, repon- stellung,
daB keines der Datenspoicherseg-  20   dant audit moyen de systbme
indiquant un _,    mente verfUgbar ist, um dieses Datenspoicher-     temps
d'execution prdddtermin6, pour identifier segment darzustellen, Einstellung
einer Kon-     un segment de memorisation de donndes pour kurrenzanzeige,
die der Zuordnung einen Kon-     reattribution qui prdsente l'intensitd
d'activite kurrenzzustand anzeigt;                          enregistr6o la
plus grande pendant ledit temps Zuordnungsauflosung eines der zugeord-  26
d'exdcution preddtermin4, et qui egalement noten Datenspeichersegmente und
Entfernen        comporto des blocs de donndes mdmorisds der
Konkurrenzanzeige;                           d6passant une longueur de bloc
prtddtermindo Verzogerung des Vergloichsschrittes, bis die
Konkurrenzanzeige entfernt ist, so daB der       et un moyen de commando
d'attribution Verzogerungsvergleichsschritt beendet ist, be-  30  (34, 45),
connectd audit moyen de verification vor jegliche Nouzuordnungsschritte
ausgefUhrt    et a ladito mdmoire tampon de donnees, rd- worden.
pondant & l'identification du segment de md- morisation de donndees pour
reattribution, pour Revendlcatlons
attribuor un segment de mdmorisation de don- 36      ndes suppldmentaire
audit segment de m~mo- 1. Systbme de memorisation de donndes (10)
risation de donn6ees identifid pour r6attribution. pour traitor une
pluralitd de transferts de don- nees inddpendants entre un processeur
central  2. Systbme de mdmorisation de donndes selon la (12) et une
pluralite de dispositifs de mdmori-  revendication 1, comportant de plus:
sation de donndes adressables (13), chacun   40      un moyen de remise a
zero dans ledit desdits transferts de donn~es comportant le      moyen de
varification, connect4 audit moyen transfert d'une suite predetorminee de
blocs     de systbme et audit moyen d'intensite, pour de donn6es vers ou
depuis un desdits disposi-    r6pondre & ladite indication dudit temps
d'ex5- tifs de memorisation de donn6es adressables,     cution pr~determine
pour lancer la mesure ledit systbme de mdmorisation de donnees  45     d'un
autre temps d'exdcution predetermine et comportant:
pour remettre & zAro ledit moyen d'intensitE une mdmoire tampon de donndes
(15)            pour recommencer lesdites mesures d'intonsi- comportant une
pluralit6 de segments de m6-      t. morisation de donndes attribuables
(17), cha- cun desdits segments comportant une pluralite  5o  &  Systeme de
mdmorisation de donndes selon la de registres de memorisation de donndes
revendication 2, comportant de plus: adressables et pouvant mdmoriser un ou
plu-          un moyen de table d'etats de mdmoire sieurs blocs de donndes;
tampon (137) connectE & ladite mdmoire tam- et un moyen de transfert (16,
83) coupIl &    pon, pour mdmoriser des indications so rap- la m6moire
tampon de donnees pour transftrer  5s  portant & : N'Wtat de chacun des
segments de lesdits blocs de donndes dans et hors la me-     mdmorisation
de donndes, dans loquel ledit moire tampon de donnees dans ladite pluralite
6tat represente l'attribution desdits segments de transferts de donndes
ind~pendants;           de mdmorisation de donndes aux transferts de 14
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II donneos ind~pendant respectifs ; la disponibili-  tes, comportant de
plus: te de chaque segment de m~morisation de              un moyen
d'indication d'activitd (262), donneos pour attribution ; et si un segment
de   connect4 audit moyen de transfort, pour enre- m6morisation de donn6es
est attribu6 avec un     gistrer si oul ou non une Wctivit4 quelconque
autre segment de m6morlsation de donn6es a   5   s'est produite par rapport
au segments de md- 



un transfort de donndes inddpendant comme        morisation respectifs
parmi lesdits segments attribution apparid6e, ledit moyen de table d'etat
de memorisation de donnoes, et de mdmoire tampon etant connecte au moyon
un moyen de desattribution, connect4 au- de commando d'attribution pour
recevoir et       dit moyen d'indication d'activit4 et audit moyen
memoriser les changements d'attribution;  10     de verification, pour
indiquer lesdits segments un moyen de disponibilit4 dans ledit          de
m6morisation de donndes n'ayant aucune moyen de vArification, connectd
audit moyen      activitd enregistrde par ledit moyen d'indication de table
d'6tats de mdmoire tampon et audit      d'activit4 comme pouvant tre choisi
pour attri- moyen de remiss a zdro pour indiquer qu'au-      bution comme
dit segment de mdmorisation cun desdits segments de mdmorisation de   15
suppl~mentaire audit segment de m~morisa- donn6es n'est disponible pour
attribution et     tion de donn~es ayant l'intensit4 d'activitd en- pour
interdire audit moyen de remiso a zero ot   registree la plus grande. audit
moyen d'attribution d'attribuer l'un quel- conque desdits moyens de
memorisation de      &  Systeme de mdmorisation de donndes salon donn~es
tant quo ladite indication de no nen  20  l'une quelconque des
revendications pr~ceden- faire oet active, et
tes, comportant de plus: un moyen de desattribution, connect4 a
un moyen de conflit (56), connect4 audit ladite memoire tampon et audit
moyen de dis-     moyen de commando d'attribution et & ladite ponibilit6,
pour ddsattribuer les segments de    memoire tampon de donndes, pour
detecter m6morisation de donn6es A partir desdits  25     des essais
d'attribution desdits segments de transforts de donn~es inddpendants
respectifs    mdmorisation de donn6es qui echouent et pour et activer
ensuite ledit moyen de disponibilitd  indiquer une attribution dchoude
detectde com- pour supprimer ladito indication de no den       me
indication de conflit; faire.
un moyen d'interdiction dans ledit moyen 30      de verification, connecte
audit moyen de conflit 4. Systbme de m~monisation de donnees solon
et repondant & l'indication de conflit pour inter- l'uns quelconque des
revendications prdcdden-    dire audit moyen de verification de repondre
tes, comportant de plus:                         audit moyen de systbme
indiquant un temps un moyen de connexion (80) pour connec-
d'execution pr~determin6 tant quo ladite indi- ter ledit systbme de
mdmorisation de donnees  S5  cation de conflit indique une attribution qui
a audit processeur central, et connecte audit      dchouE, et moyen de
transfert pour transferer les donn~es       un moyen connoctE audit moyen
de conflit entre ladite mdmoire tampon de donn~es et        pour remettre &
zAro l'indication de conflit pour ledit processeur central;
permettre audit moyen de vArification de rE- K>        ledit moyen de
systeme etant connect6  4o      pondre audit moyen de systeme. audit moyen
de transfert et comportant un moyon de comptage (45) pour compter le
7. Procedd pour mettre en oeuvre un systeme de nombre d'accbs a Pun
quelconque desdits dis-     memorisation de donnees (10) pour traitor une
positifs de memorisation de donnees;             pluralite de transforts de
donnies inddpen- un moyen de valeur limite (47) dans ledit  4s  dants entre
un processeur central (12) ot une moyen de syst me pour me moriser une
valeur      pluralite de dispositifs de mdmorisation de limits indiquant la
fin de l'intervalle de temps  donnies adressables (13), ledit systbme de
doexEcution prEdEterminE normalise, un moyen     mdmorisation de donndes
comportant une me- de comparaison (46) dans ledit moyen de sys-     moire
tampon de donneos (15) comportant une time, ot connectd audit moyen de
comptage  6o    pluralite de segments de mdmorisation de et audit moyen de
valeur limito pour comparer    donndes attribuables (17), chacun desdits
seg- l nombre compte d'acobs & ladite valeur limi-   ments comportant une
pluralitE de registres de to, et lorsque ledit nombre compte d'accbs
mdmorisation de donndes adressables et pou- egal ou depasse ladite valeur
limits, delivrer   vant mdmoriser un ou plusieurs blocs de don- ladite
indication de temps d'exdcution.  55      ndes; ledit procede comportant
les dtapes 8. Systbme de m~morisation de donn~es solon          consistent
&: I'une quelconque des revendications prdcden-         attribuer un des
segments de mdmorisa- 15    29                EP0153553B1
I l!I1111 1111 11 IM II tion prddetermin6 parmi les segments de me-    9.
Procedd  salon la revendication 7 ou 8, corn- morisation de donndes pour
transferts de don-     portent de plus les etapes consistent &: n~es
inddpendants respectifs;                         lorsqu'on essaie
d'attribuer ledit segment transferer les donn6es par lesdits trans-      de
memorisafeon de donn6es supplementaire a forts de donnees indepondants on
blocs de   5      un transfert de donnees independant et lors- 



b-'  donndes;                                           qu'on essaele do
detecter qu'aucun des seg- mesurer la longueur des blocs de donn6es
ments de m6morisation de donneos n'est dis- qui sont transferes dans
lesdits transferts de     ponible pour etre le segment de memorisation
donndes inddpendants respectifs;                   de donndes
suppldmentaire, etablir une indica- m6moriser la quantite de donn6es stoc-
70    tion de conflit signifiant le conflit pour attribu- ktes et l'ospace
libre disponible pour memori-    tion; sation de donnees dans chacun
desdits seg-            desattribuor un desdits segments de m6- ments de
mdmorisation de donndes en tant           morisation de donnees attribu6s
et supprimer qu'4tat de memorisation de donndes;               ladite
indication du conflit; compter respectivement le nombre de re-  t5       et
retarder ladite 6tape de comparaison tards de transfert de donntes
rencontrds par      jusqu'au moment oO l'indication de conflit a chacun
desdits transforts de donnees indepen-      ete enlevee, de sorto quo
ladito etape de des- dants dO aux exigences de memorisation de
attribution est achevee avant quo toute etape donnees de tout transfert de
donndes donne        de reattribution quelconque ne soit effectu6e. qui
n'ost pas satisfait;                  20 6tablir un intervalle de temps
normalis4 par rapport & l'activite de ladite memoire tam- pon de donn6es
pour la totalit4 desdits trans- forts de donnees independants; mesurer le
temps d'ex~cution d'une me-  25 nAre normalisee; comparer ledit temps
mesure audit inter- valle de temps 4tabli, et lorsque ledit temps mesure
dtpasse ou est egal audit temps dta- bli, comparer le nombre de retards
compt6s  3o pour chacun desdits segments de memorisa- tion de donn6es, et
attribuer un segment de memorisation de donn6es suppl6mentaire au transfert
de donn6es independant attribut au segment de memorisation de donn6es ayant
le  3s nombre de retards le plus important, qui a egalement m6morisd des
blocs de donnees dtpassant une longueur de bloc detorminee, et lorsque
ledit temps mesure est infdrieur audit temps etabli, poursulvre le
transfert de don-  40 nees. &  Procede solon la revendication 7, comportant
de plus les 6tapes consistent a: dans ladite etape de mesure du temps   45
d'ex6cution, compter le nombre d'acces aux- dits segments de memorisation
de donnees comme une indication du temps d'execution normalise; dans ladite
etape d'6tablissement, etablir  5o une valour de compte comme representant
ledit intervelle de temps d'exdcution normalise, et dans ladite etape de
comparaison, compa- rer ladite valour de compte 6tablie audit comp-  55 to
d'accbs comme repr~sentant la comparal- son dudit temps mesur6 audit
intervelle de temps etabli. 16    


