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METHOD AND APPARATUS FOR IMPLEMENTING AUTOMATIC CACHE
VARIABLE UPDATE

Field of the Invention-

The present invention relates generally to the data processing field,
and more particularly, relates to @ method and apparatus for implementing
automatic cache variable update.

Description of the Related Art

Computer have become increasingly faster and one of the ways in
which to increase the speed of computers is to minimize storage access
time. In order to reduce data access time, special purpose high-speed
memory spaces of static random access memory (RAM) called a cache are
used to temporarily store data which are cufrently in use. For example, a
processor cache typically is positioned near or integral with the processor.
Data stored in the cache advantageously may be accessed by the processor
in only one processor cycle retrieving the data necessary to continue
processing; rather than having to stall and wait for the retrieval of data from a

secondary memory, such as a higher level cache memory or a direct access.
storage device.

Storage devices often use a cache to speed access to stored data.
The cache retains data transmitted to and from a requesting device or data
that may be requested in the future. To retrieve data from the cache, the
storage device must maintain variables that indicate what data Is valid in the
cache. These variables are typically maintained by software at the beginning
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Summary of the Invention

A principal object of the present invention is to provide an improved
method and apparatus for implementing automatic cache variable update.
Other objects are to provide method and apparatus for implementing
automatic cache variable update substantially without negative effects and
that overcomes many of the disadvantages of prior art arrangements.

In brief, a method and apparatus are provided for implementing
automatic cache variable update. A cache variable update hardware
maintains a plurality of variables indicative of a data segment in the cache.
The plurality of varjables include a segment state variable, a segment
starting address variable, a segment length variable and a segment offset
variable. The cache variable update hardware monitors the cache to identify
a selection of a segment for a data transfer to and from the cache and to
identify data transfers. The plurality of variables are initialized responsive to
an identified cache search. The segment length variable is incremented
responsive to a data block written to the cache and the segment state
variable is modified responsive to a data transfer complete.

Brief Description of the Drawings
The present invention together with the above and other objects and

advantages may best be understood from the following detailed description

of the preferred embodiments of the invention illustrated in the drawings,
wherein:

FIG. 1A is a block diagram representation of a computer system of the
preferred embodiment;

FIG. 1B is a diagram illustrating cache variable update hardware



Storage devices often use a cache to speed access to stored data. The
cache retains data transmtted to and froma requesting device or data

that may be requested in the future. To retrieve data fromthe cache, the
storage device nust maintain variables that Indicate what data is valid in
‘the cache. These variables are typically n-%i_nt ai ned by software at the
begi nni ng . L ) -2- or end of a
transfer. Ther eYd&iables maittainedby s cashastarighlecupdate haedware functioniof shelur i ng
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update the variable for each transter conplete 0 e reduester, adding
overhead to the code execution tinme which sl ows product perfornmance.

FIGS. 2-5 are logic flow diagrams illustrating the method and
apparatus of the preferred embodiment,

Detailed Description of the Preferred Embodiments

Having reference now to the drawings, in FIG. 1A, there is shown a
computer system generally designated by the reference character 100.
Computer system 100 includes a central processor unit (CPU) 102, a
memory controller 104, a first main cache memory 106 and a second cache
108 connected together via a system bus. Computer system 100 includes a
cache variable update hardware 110 of the preferred embodiment used
together with a cache buffer management logic 112 of the preferred
embodiment. Computer system 100 includes a controller 114 coupled to a
disk drive or direct access storage device {DASD) 116 and a
communications adapter 120 coupled to a host computer 122. It should be
understood that the present invention is not limited to use with the illustrated
computer system 100 of FIG. 1. For example, one or multiple CPUs 102 and

one or multiple memories 106, 108, 116 can be included within the computer -
system 100. '

In accordance with features of the invention, cache variable update
hardware 110 monitors the cache buffer management logic 112 for cache
search or selection of a data segment for a transfer, host data transfers, and
storage medium data transfer. Cache variable update hardware 110 can be
implemented as an integral unit with memory controller 104 or DASD
controller 114, for example, within a hard disk controller module. Cache
variable update hardware 110 provides automatic cache variable update

that advantageously is used to improve the performance of the disk drive
116. '

In accordance with features of the invention, automatic cache variable
update hardware 110 decreases command overhead in the software.
Traditionally, the cache variables have been maintained by software, adding
overhead to the beginning or end of the transfer, The overhead of cache
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does not return an accurate representation of segments that are actively
transferring data.

~ Referring to FIG. 1B, the cache variable update hardware block 110
maintains a plurality of cache variable update variables 130 to indicate the
contents of each associated cache 106, 108. Cache variable update
variables 130 include a Segment_State variable 132, a Segment_Start_LBA
variable 134, a Segment_Length variable 136 and a Segment_Offset
variable 138. Ina mhlti-segmented cache 106, 108, a copy of the cache
variable update variables 130 is maintained for each segment. The
Segment_State variable 132 maintains flags indicating the type of activity
currently being performed in the segment. These activities indicated by the
Segment_State variable 132 include:

-Segment Reading/Writing
Host Active

Disk Active

Host Pending

Disk Pending

The Segment_Start_LBA variable 134 indicates a first valid block of data in
the segment. The Segment_Length variable 136 indicates a number of valid
blocks in the segment. A Segment_Offset variable 138 indicates a pointer
into physical memory of the Segment_Start_LBA variable 134.

The cache variable update hardware 110 updates the variables 132,
134, 136 and 138 at a cache search, a host data transfer, a drive data
transfer, a host transfer complete, and a disk transfer complete. For cache
search all variables are initialized for the segment, to prepare for data
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- 3- transfer to/from the cache. For a host data transfer, as each block of data is

written into a cache buffer segment from the host, the Segment_Length 214
is incremented. If the Segment_Length 214 reaches its maximum value,
then the Segment_Start_LBA 212 and Segment_Offset 216 are
incremented. For a drive data transfer, as each block of data is written into a
cache buffer segment from the storage medium, the Segment_Length 214 is
incremented. If the Segment_Length 214 reaches its maximum value, then
the Segment_Start_LBA 210 and the Segment_Offset 216 are incremented.
For a host transfer complete, the segment state to host is set to idle. For a
disk transfer complete, the segment state to disk is set to idle.

Referring now to FIGS, 2-5, sequential operations for automatic cache
variable update by the cache variable update hardware 110 are shown. In
FIG. 2, sequential operations for cache variable update after cache search
are shown. As indicated at a block 202, the cache search output includes a
search data logical block address or Search_Data_LBA, a Search_Type,
(read or write), a Search_Hit_Segment, and a Search_Hit_Type. The
Segment_State of Search_Hit_Segment is read as indicated at a block 204.
Then the Segment_State variable 132 is modified and the
Search_Hit_Segment and Segment_State are written as indicated at a biock
206. Examples of the Segment_State are shown at block 208 including
Segment is a read or write, host is active and storage medium is idle,
pending or active. Next the Segment_Start_LBA variable 134 is written as
indicated at a block 210. The Segment_Length variable 136 is written as
indicated at a block 212. The Segment_Offset variable 138 is written as

indicated at a block 214. This completes the cache variable update after
cache search as indicated at a block 216.

Referring now to FIG., 3, sequential cache variable update operations
after a host data block is written to the cache buffer are shown. As indicated
at a block 302, a host block is written from the host DMA controller. The
Segment_Length from the host active segment is read as indicated at a
block 304. The Segment_Length is compared with the Blocks_per_Segment
as indicated at a decision block 306. When determined at decision block 306
that the Segment_Length is equal to the Blocks_per_Segment, then the
Segment_Start_LBA and Segment_Offset are read as Indicated at a block
308. The Segment_Start_LBA variable 134 and Segment_Offset variable
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variable 136 is written as indicated at a block 318.

Referring now to FIG. 4, sequential cache variable update operations
after a drive data block is written to the cache buffer are shown: As indicated
at a block 402, a drive data block is written from the drive DMA controller.
The Segment_Length from the drive active segment is read as indicated at a
block 404. The Segment_Length is compared with the Blocks_per_Segment
as indicated at a decision block 406. When determined at decision block 406
that the Segment _Length is equal to the Blocks_per_Segment, then the
Segment_Start_LBA and Segment_Offset are read as indicated at a block
408. The Segment_Start_LBA variable 134 and Segment_Offset variable
138 are incremented as indicated at a block 410. Then the
Segment_Start_LBA variable 134 and Segment_Offset variable 138 are
written as indicated at a block 412. This completes the cache variable
update after the drive block is written to the cache buffer as indicated at a
block 414. When determined at decision block 406 that the Segment_Length
is not equal to the Blocks_per_Segment, then the Segment_Length is
incremented as indicated at a block 416, Then the Segment_Length
variable 136 is written as indicated at a block 418. This completes the cache
variable update after the drive block is written to the cache buffer.

Referring now to FIG. 5, sequential cache variable update operations

- after a host transfer complete are shown. As indicated at a block 502, a host
transfer complete in the segment is received from the host DMA controlier.
The Segment_State variable 132 is read from the host active segment as
indicated at a block 504. The host flag in the Segment_State variable 132 is
modified as indicated at a block 506. The Segment_State variable 132 is
written to from the host active segment as indicated at a block 508, Thls
completes the cache variable update after the host transfer complete as
indicated at a block §10.



one or multiple nmenories 106, 108, 116 can be included within the conputer
system 100. I n accordance with features of the invention, cache
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variable 132 is modified as indicated at a block 606. The Segment_State

variable 132 is written to from the drive active segment as indicated at a

block 608. This completes the cache variable update after the drive transfer

complete as indicated at a block 610.

While the present invention has been described with reference to the
details of the embodiments of the invention shown in the drawing, these
details are not intended to limit the scope of the invention as claimed in the
appended claims. -



-4- variable update has typically been addressed by increasing processor
performance to reduce overhead. Reducing software overhead with the cache

vari abl e update hardware \“e preferred enbodi nent all ows nore
operations to be m‘“‘\ mm“ nterval of time, ingregg 'u.r h e
per f or mance of thg\ wewi cé. Since the variableg are ppggte
real -time basis, tHe atalntegrlty expos@res are grea 2 ] re
is able to upgﬁlﬁ,g he vari abl es at the beginning or end of a transfer As a
result, with conventional software arrangenents the cache search operation
does not return an accurate representation of segnents that are actively
transferring data. Whatis cldifegrisi ng to FIG 1B, the cache vari abl e update

har dwar e bl ock 110 maintains a plurality of cache variable update vari abl es
130 to indicate the contents of each associated cache 106, 108. Cache

vari abl e update 1. Apparatus for implementing automatic cache variable update
comprising:
a cache;

a cache variable update hardware coupled to said cache;

said cache variable update hardware maintaining a plurality of
variables; said variables indicative of a data segment in said cache; and

said plurality of variables including a segment state variable, a

segment starting address variable, a segment length variable and a segment
offset variable.

2, Apparatus for implementing automatic cache variable update
as recited in claim 1 whereln said cache variable update hardware cache
variable update hardware maintains a plurality of flags in said segment state
variable, said flags indicating, a type of activity being performed in said data
segment in said.cache.

3. Apparatus for implementing automatic cache variable update
as recited in claim 2 wherein said cache variable update hardware maintains
said flags indicating a read or a write being performed in said data segment
in said cache and said flags indicating a host active and pending and a disk
active and pending. '

4, Apparatus for implementing automatic cache variable update
as recited in claim 1 wherein said cache variable update hardware maintains
said segment starting address variable to indicate a first valid block of data in

- said segment. |

5. Apparatus for implementing automatic cache variable update
as recited in claim 1 wherein said cache variable update hardware maintains

said segment length variable to indicate a number of valid blocks of data in
said segment.
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variabl es 130 include a Segnent State variable 132, a Segnment Start LBA

vari abl e 134, variable 136 and a Segnent O fset variable
138. In a mul tﬂmlﬂﬂ Iml “Fm 106, 108, a copy of theygasHEETMHLY BlENe
update variabl e 180 ts maintal ned for each segnent. he Sggp]gmmﬁt ate
- variable 132 maintains flags indicating the type of a
being performed in the segment. These acfYVities Indicated by the Segment

State variabl e 13%.i ncl Agigaratus for implementing automatic cache variable Gpgatent
[R)'eggl Rg{ Y\(/gt 'di%ecited in claim 1 wherein said cache vanq%%yﬁggi]edﬁ‘ﬁ@v)’aere maintains
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as recited in claim 1 wherein said cache variable update hardware updates
said plurality of variables with host and drive data transfers to said cache and
after a cache search.

8. A method for implementing automatic cache variable update
with a cache, said method performed by a cache variable update hardware
comprising the steps of:

maintaining a plurality of variables indicative of a data segment in said
cache; said plurality of variables including a segment state variable, a
segment starting address variable, a segment length variable and a segment
offset variable

monitoring the cache to identify a selection of a segment for a data
transfer to and from said cache and to identify data transfers;

initializing said plurality of variables responsive to an identified cache
search;

incrementing said segment length variable responsive to a data block
written to said cache; and

modifying said segment state variable responsive to a data transfer
complete.

8. The method for implementing automatic cache variable update
. as recited in claim 8 includes the steps of identifying a maximum value for
said segment length variable and incrementing said segment starting
.address variable and said segment offset variable. '

10.  The method for implementing automatic cache variable update
as recited in claim 9 wherein said segment st6arting address variable
indicates a first valid block of data in a cache segment.
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134, 136 and 138 at -a—eache search, a host data transfer, a drive data
transfer, a host tran d a disk transfer conplete. For cache
search all vari abl es ! Il‘m L‘Wfam or the segnent, ot a
-5- transfer to/from cache.n For

G
a host data trans e‘?‘}lgﬁagé:%%@gﬁ%ck of
data is witten into a cache buffer segnent fromthe H

Segnent _Length 214 is increnented. If t hel®egnent Length 214 reaches its
maxi mum val ue, then theﬁf?ﬁ% W@

increnented. For a_drjve data trans? E{é ngr%t rz.'tag‘éata ?éb%mﬁatq?en
into a cache BSireeited Eyealm &Wﬂﬂﬁeﬂmﬁa@ts&?ﬁﬁ "T?HH?EWQ sald pluibhelengt h 214
i's increment edaniabletshnd&weotaIdermtsbgr%ﬂt rnw@eachémmm@s@by@f t hen

the Segment St ‘?‘rﬁalrl‘i{zél"l'\mr2\g:;LOsa‘i"ci1 segrpngntS et%fm{}anacgle 1] lnd2 ca(ie a segnqgﬁie rea% or a
segment write operation being performed in said segment,

12.  The method for implementing automatic cache variable update
as recited in claim 11 includes the steps of maintaining sald segment state
variable to indicate an active or a pending operation being performed in said
segment. ‘
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For a host transfer conplete, the segnent state to host is set to idle. For
a disk transfer conplete, the segnent state to disk is set to idle.
Referring now to FIGS. 2-5, sequential operations for aut-emati-c—cache
variabl e update by the cache variabl e update hardware ]1G1SSHEERBWA BEEN
-~ FIG 2, sequential operations for cache variabl e updat ¢ _af t StEREAERR searkh
are shown. As indicated at a bl ock 202, the cache search output includes a
search data | ogical block address or SearchDatalLBA, a SearchType, (read or
wite), a SearchHitSegnent, and a Search_ Ht_Type. The Segnent State of
Sear chHi t SegnMETHOD AND ABPARMN TS EORAMBLENMBBRTINGAUTORMATI(E CACHE
Segnent _State variable 132 i s nodViARABLRIUPDATEear chHi t Segnent and
Segnent State are witten as indicated at a bl ock 206. Exanpl es of the
_Segnment State are shown at bl ock 208 iswspglhog Segnent is a read or wite,
host is active and storage nediumis idle, pending or active. Next the -

. . . natng ook T
Seoment LengrrtodaidhpPasdid brofodd tof WR AR ARMEE Blop? s Bultidygidde, T
Segnent O f gedach@wargdbleupdite hadwinet(l ) nednthing a hirality af varidblezdidieditve offal s

conpl etes the cache vari abl e update after cache search as indicated at a
bl glé k 216. data segment in the cache (10%,10%). 'l@hep uraﬁty of variables (130) include a segment

state variable (132), a segment starting address variable (134), a segment length variable
(136) and a segment offset variable (138). The cache variable update hardware (110)
monitors the cache (106,108) to identify a selection of a segment for a data transfer to and
from the cache (106,108) and to identify data transfers. The pluralitir of variables (130) are
initialized responsive to an identified cache search. The segment length variable (136) is
incremented responsive to a data block written to the cache (106,108). The segment state

variable (132) is modified responsive to a data transfer complete.

FIG 1A
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Referring nowto FIG 3, sequential cache variable update operations after
a host data block is witten to the cache buffer are shown. As indicated
at a block 302, a host block is witten fromthe host DVA controller. The
Segnent _Length fromthe host active segnent is read as indicated at a

bl ock 304. The SegnentlLength is conpared with the Bl ocksper Segnent as

i ndi cated at a decision block 306. When determ ned at deci sion bl ock 306
that the Segnent Length is equal to the Bl ocks_per_Segnent, then the
Segment _ Start _LBA and Segnent _Offset are reftf as Indicated at a bl ock
-308. The Segnent StartLBA variable 134 and Segnment O fset variable

138 are increnented as indicated at a block 310. Then the Segnent Start LBA
vari abl e 134 and Segnment O fset variable 138 are
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witten as indicated at a block 312. This conpletes the cache vari able
update after host block is witten to the cache buffer as indicated at a

bl ock 314. Wen determ ned at decision block 306 that the SegnmentlLength is
'not equal to the Blocks_per_Segnent, then the Segnment-Length is
increnented as indicated at a block 316. Then the Segnent _Length vari abl e
136 is witten as indicated at a bl ock 318. Referring now to FIG

4, sequential cache variabl e update operatigg? after a drive data block is
witten to the cache buffer are shown. As i cated at a block 402, a drive
data block Is witten fromthe drive DVA controller. The SegnentLength from
the drive active segnent is read as indi-cated at a bl ock 404. The

Segnent _Length is conpared with the Bl ocks_per Segnent as indicated at a
‘deci si on bl ock 406. \When determ ned at decision block 406 that the
Segnent-Length is equal to the Bl ocks_per_Segnent, then the

Segnent Start LBA and Segnent O fset are read as indicated at a bl ock 408.
The Segnent Start LBA variable 134 and Segnent O fset variable 138 are
increnented as indicated at a block 410. Then the Segnent StartLBA vari abl e
134 and Segnment _Offset variable 138 are witten as indicated at a bl ock
412. This conpletes the cache variable update after the drive block Is
witten to the cache buffer as Indicated at a

CACHE VARIABLE UPDATE
HARDWARE VARIABLES 130

"SEGMENT_STATE VARIABLE 132

SEGMENT_START_LBA VARIABLE 134

SEGMENT_LENGTH VARIABLE 136

SEGMENT_OFFSET VARIABLE 138

FIG. 1B




bl ock 414. Wen determ ned at decision block 406 that the Segnment Length is
not equal to the Bl ocksper Segnent, then the Segnent Length is increnented
as indicated at a block 416. Then the Segnent Length variable 136 is
witten as indicated at a block 418. This conpletes the cache vari abl e
update after the drive block is witten to the cache buffer. -
Referring nowto FIG 5, sequential cache variable update operations after
a host transfer conplete are shown. As indicated at a bl ock 502, a host
transfer conplete in the segnment is r&di ved fromthe host DVA controller.
The Segnent State variable 132 is read fromthe host active segnent as

I ndi cated at a block 504. The host flag in the Segnent _State variable 132
is nodified as indicated at a bl ock 506. The Segnent State variable 132 is
witten to fromthe host active segnent as Indicated at a block 508. This
conpl etes the cache variable update after the host transfer conplete as

I ndicated at Fop & BUTPUT: SEARCH _DATA LBA: SEARCH_TYPE(READ OR
. WRITE); SEARCH_HIT SEGMENT; SEARCH_HIT_TYPE
202

Y
READ SEGMENT_STATE
OF
SEARCH_HIT_SEGMENT
204 EXAMPLES:
¥ SEGMENT IS

MODIFY SEGMENT_STATE, READ OR WR,
WRITE TO SEARCH_HIT_SEGMENT,| | HOST IS ACTIVE,

SEGMENT STATE | STORAGE
208 MEDIUM IS IDLE,

i ¥ PENDING OR
ACTIVE
WRITE 208
SEGMENT_START_LBA
210

Y

WRITE
SEGMENT_LENGTH
212

Y

WRITE
SEGMENT_OFFSET
214




-7- Referring nowto FIG 6, sequenti al

cache vari abl e update

operations after a drive transfer conplete are shown. As indicated at a

bl ock 602,
drive DVA controller.

a -drive transfer conplete in the segnent

is received fromthe

The Segnent State variable 132 is read fromthe drive

active segnent as indicated at a block 604, The drive flag in the
Segnent State variable 132 is nodified as indicated at a bl ock 606. The
Segnent _State variable 132 is witten to fromthe drive active segnent as

i ndicated at a block 608. This conpl etes t he 4;

pr esent

cl ai ns.

HOST BLOCK WRITTEN (1 LBA)
FROM HOST DMA
CONTROLLER
302

y

READ SEGMENT_LENGTH
FROM HOST ACTIVE SEGMENT
304

- SEGMENT_
. LENGTH =

dche variabl e update after
the drive transfer conplete as indicated at a bl ock 610.

I nvention has been described with reference to the
enbodi ments of the invention shown in the draw ng,
intended to limt the scope of the Invention as clainmed in the

Wil e the

details of the
details are not
appended

t hese

FIG.3

LOCKS_PER_SEGMEN
306

SEGMENT_OFFSET
312

WRITE SEGMEN:I'_START_LBA. |

. Y
READ SEGMENT_START_LBA, INC
SEGMENT_OFFSET SEGMENT_LENGTH
308 316
Y Y
INC SEGMENT_START_LBA, - WRITE
SEGMENT_OFFSET SEGMENT LENGTH
310 318
Y




Cl ai nms What is clained is: 1. Appar atus for

I'nmpl ementi ng aut omati ¢ cache-vari abl e update conpri si ng: a cache;

a cache vari abl e update hardware coupled to said cache; sai d cache
vari abl e update hardware maintaining a plurality of variables; said

vari ables indicative of a data segnent in said cache; said plurality
of variables including a segnent state variable, a segnent starting

517

DRIVE BLOCK WRITTEN (1 LBA)

FROM DRVE DA CONTROLLER FIG.4

v
READ SEGMENT_LENGTH
FROM DRIVE ACTIVE
SEGMENT
404

F
Y
READ SEGMENT_START_LBA INC
SEGMENT_OFFSET, SEGMENT_LENGTH
. 408 416 -
¥ Y
INC SEGMENT_START_LBA, "~ WRITE
SEGMENT_OFFSET SEGMENT LENGTH
410 418
Y
WRITE SEGMENT_START_LBA,
SEGMENT_OFFSET
412




address variable, a segnent |ength variable and a segnment offset variable;
and sai d cache vari abl e update hardware maintaining a plurality of
flags in said segnent state variable, said flags indicating a type of
activity being perforned in said data segnent in said cache.

Apparatus for inplenenting automatic cache variable update as recited in
claim1l wherein said cache variabl e update hardware nai ntains said flags
indicating a read or a wite being perfornmed in said data segnent in said
cache and said flags indicating a host acti@f7and pending and a di sk active
and pendi ng. 3. Apparatus for inplenenting automatic cache
vari abl e update as recited in claim1l wherein said cache variabl e update
hardware naintains said segment starting address variable to indicate a
first valid block of data in said segnent. 4, Appar atus for

i npl enenting autonmatic cache variable update as recited in claim1 wherein
sai d cache vari abl e update hardware nmai ntains said segnent |ength variable
to indicate a nunber of valid blocks of data in said segnent.

HOST DMA COMPLETE IN SEGMENT
FROM HOST DMA CONTROLLER
502

Y
READ SEGMENT_STATE FROM
HOST ACTIVE SEGMENT
504

Y
MODIFY HOST FLAG IN
SEGMENT_STATE
506

Y
WRITE SEGMENT_STATE TO HOST
ACTIVE SEGMENT
508




5. - Apparatus for inplenmenting automati c cache vari able update as recited
in claiml wherein said cache vari abl e update hardware mai ntains said
segnent offset variable as a pointer into a physical nmenory of said first
~valid block of data in said segnent.

-9- 6. Apparatus for inplenenting automatic cache variable
update as recited in claim1l wherein said cache vari abl e update hardware
updates said plurality of variables with h037/7and drive data transfers to
sai d cache and after a cache search.

DRIVE DMA COMPLETE IN
SEGMENT FROM DRIVE DMA
CONTROLLER
602

Y

READ SEGMENT_STATE FROM
DRIVE ACTIVE SEGMENT
604

] Y

MODIFY DRIVE (STORAGE MEDIUM)
FLAG IN SEGMENT_STATE
606

Y

WRITE SEGMENT_STATE TO DRIVE
ACTIVE SEGMENT
608




7. _-~ A method for inplenenting automatic cache variable update with a

cache, said nmethod perforned by a cache variabl e update .e,_co.m;),Lng_n@
t he steps of: . maintaining a plurality of variabl (.BEPhACEMENVeSH]E '
data segnent in said cache; said plurality of variabl es}i ficrudrrg-a—se nt

vari abl e and a segnent offset variable; and naintainingfa
flags in said segnent state variable,_said flags indicajil

activity KdaW@s perforned in said dat ' cache;
moni toring the cache to identify a saww\mﬁamne‘ —pe
transfer to and fromsaid cache and | ™My &at & transfers;

i nitializing saWhatis clamhédtiy: of vari abl es responsive to an identified cache
sear ch; i ncrenenting said segnent | ength variable responsive to a
data block witten to said cache; and nodi fying said segnent state
vari abl e responsi ve e o W _vari t hod
for inplenenti rrllg autﬁo‘%aaﬁ C cgglélﬁeléx\&}glfrlt?{a%o e u%tﬁta(?gh%gar#ag(lﬁ ltlpe(%'tei cr? mcpﬁgﬁr%?‘;

i ncl udes the stagpshef identifying a maxi num value for said segnent |ength

vari able and incr nt i sai d,segnent s ti ng address vari able and sai d
segnment of f set a\pgg}?cgﬁr@g% up%ate harcﬂvare couptlead’ to saq% caghe;

said cache variable update hardware maintaining a plurality of variables; said

state variable, a segnent starting addreds variable, a e g?lr}ia[?ﬁ]%h&f

variables indicative of a data segment in said cache;

said plurality of variables including a segment state variable, a segment starting
address variable, a segment length variable and a segment offset variable; and

said cache variable update hardware maintaining a plurality of flags in said segment
state variable, said flags indicating a type of activity being performed in said data segment

in said cache.

2. Apparatus for implementing automatic cache variable update as recited in
claim 1 wherein said cache variable update hardware maintains said flags indicating a read
or a write being performed in said data segment in said cache and said flags indicating a

host active and pending and a disk active and pending.

"3. Apparatus for implementing automatic cache variable update as recited in
claim 1 wherein said cache variable update hardware maintains said segment starting

address variable to indicate a first valid block of data in said segment.

4, Apparatus for implementing automatic cache variable update as recited in
claim 1 wherein said cache variable update hardware maintains said segment length variable

to indicate a number of valid blocks of data in said segment.

5. Apparatus for implementing automatic cache variable update as recited in
claim 1 wherein said cache variable update hardware maintains said segment offset variable

as a pointer into a physical memory of said first valid block of data in said segment.

PXAUNE



9. -~ The nethod for Tmplenenting automatic cache vari abl e BM@E&{%’ET
recited in clai gy mmsegment starting address var)able indicatégs
afirst valid b@‘@! mﬂuﬂl cache segnent. ELjo 2 {THBEGropgyod
for inplenentings omat iMc &ache variable update as recite n claim
wherein said step of maintaining said-@urality of variablpgs Tnarcarrve
a data segnent in said cache includes the steps of maintaiplLng _said segnent
state vari abl e6t o i Agparatue for srplementinge atomatia cadgmeariabler ipdato pe rediied nin

bei ng perforned . in, sai,d segnent.. 11. The .net hod for . .

ol St FIRG LOYhSTRER P coR g aablp aBdate hduee Undeled SRORRTARY St Heisbles with

| ncl udes 88 Ve dia FRIKS Ul b ta S9FAMacid @hRhyar i abl € 1o indicate

an active or a pending operation being perforned in said segnent.

7. A method for implementing automatic cache variable update with a cache,
said method performed by a cache variable update i1ardware comprising the steps of:

maintaining a plurality of variables indicative of a data segment in said cache; said
plurality of variables including a segment state variable, a segment starting address variable,
a segment length variable and a segment offset variable; and maintaining a plurality of flags
in said segment state variable, said flags indicating a type of activity being performed in
said data segment in said cache;

monitoring the cache to identify a selection of a segment for a data transfer to and
from said cache and to identify data transfers;

initializing said plurality of variables responsive to an identified cache search;

incrementing said segment length variable responsive to a data block written to said
cache; and |

modifying said segment state variable responsive to a data transfer complete.

8. The method for implementing automatic cache variable update as recited in
claim 7 includes the steps of identifying a maximum value for said segment length variable

and incrementing said segment starting address variable and said segment offset variable.

9. The method for implementing automatic cache variable update as recited in
claim 8 wherein said segment starting address variable indicates a first valid block of data in

a cache segment.

10.  The method for implementing automatic cache variable update as recited in
claim 7 wherein said step of maintaining said plurality of variables indicative of a data
segment in said cache includes the steps of maintaining said segment state variable to

indicate a segment read or a segment write operation being performed in said segment.

11.  The method for implementing automatic cache variable update as recited in
claim 10 includes the steps of maintaining said segment state variable to indicate an active

or a pending operation being performed in said segment.
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-10- -  11. The nethod for inplenmenting automatic R
update as recited in claim8 wherein said step of maint |
plurality of variables indicative of a data segment in pald cache I nclydd
the steps of maintaining said segnent state variable to}
read or a segnent wite operation being %erforned I n saj df segnent
12. The nethod for inplenenting aut omat¥¢ cache vari ab) e pdate as™~recit

in claim11l includes the steps of maintaining said segnenl.state vari abl

to indicate an active or a pending operation being perforned in said

‘segment . METHOD AND APPARATUS FOR IMPLEMENTING AUTOMATIC CACHE
VARIABLE UPDATE

ABSTRACT

A method and apparatus are provided for impleménting automatic cache variable update.
A cache variable update hardware (110) maintains a plurality of variables indicative of a
data segment in the cache (106,108). The plurality of variables (130) include a segmeht
state variable (132), a segment starting address variable (134), a segment length variable
(136) and a segment offset variable (138). The cache variable update hardware (110)
monitors the cache (106,108) to identify a selection of a segment for a data transfer to and
from the cache (106,108) and to identify data transfers. The plurality of variables (130) are
initialized responsive to an identified cache search. The segment length variable (136) is
incremented responsive to a data block written to the cache (106,108). The segment state

variable (132) is modified responsive to a data transfer complete.

FIG 1A



