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relates to storage systens that have a direct access storage de

as a disk nenory, and a cache nenory. In particular, the |nvent|on relates
to a nethod and a systemthat provides enhanced performance by reducing
host conputer and channel wait tines for ldata accesses to the storage
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(DASD), such as one or nore nmagnetic @aglfse- Applications running on the
host conputer access address locations in the DASD for reading and witing
data. Such an access is known as a disk input/output (1/0O operation. The
host conputer operates at a much higher speed than the DASD such that 1/0
di sk operations cause the running application to wait for the

This invention relates to storage systems that have a
direct access storage device, such as a disk memory, and a
cache memory. In particular, the invention relates to a
method and a system that provides enhanced performance by
reducing host computer and channel wait times for data

accesses to the storage system.
BACKGROUND OQF THE INVENTION

A typical computer system includes a host computer and
a direct access storage device (DASD), such as one or more
magnetic disks. Applications running on the host computer
access address locations in the DASD for reading and
writing data. Such an access is known as a disk
input/output {(I/0) operation. The host computer operates
at a much higher speed than the DASD such that I/O disk
operations cause the running application to wait for the
I/0 operations to be completed. The result is that the
host computer throughput is impeded. To avoid this, a
separate high speed cache memory is employed to store data

that is most frequently used by the application.

A storage system manager is used to control the I/0
» disk operations and accessing of the cache memory.
Generally, the data is organized into data objects, such as

records. When a running application requests a record, the
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requested record from the DASD and to write the requested

record to the cache memory.

Typically, the storage system manager manages record
retention in the cache memory by a least recently used
(LRU) technique. The LRU technique uses a chain or gqueue
of control blocks. Each control block identifies (a) the
address of a record, (b) a forward chain pointer that
identifies the address of the next consecutive record in
the chain and (c) a backward pointer that identifies the
address-of the preceding record in the chain. The storage
system manager maintains a first anchor pointer that
identifies the LRU record, e. g., the top end of the cpain.

The storage system manager also maintains a second anchor

pointer that identifies the most recently used (MRU) record,

€. g., the bottom end of the chain.

Each time a cache hit occurs, the control block for
the hit record is dequeued and then enqueued as the MRU
record at the bottom end of the LRU chain. Each time a
cache miss occurs, the LRU control block is dequeued from
the top end of the chain. The newly requested record is
staged from DASD to an allocated address in the cache
memory. The dequeued control block is updated with the

identities of the staged record and the allocated address
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a cache nenory that is partitioned into a global cache and a
menory that is partitioned into a global cache and a
plurality of destaging local.caéhes, with each local cache
being allocated to storing data records of a specific type.
Data records of all types are destaged to the global cache
from the local caches or from the disk storage system. In
accordance with an LRU algorithm, an LRU data record is
demoted from the global cache to the local cache whose data
type matches the data type of the demoted LRU record. When
a local cache is full, an LRU record is destaged to the
storage system. The cache hit rate is increased because
the partitioning scheme can be designed to allocate more
cache to data record types that are more frequently used.
There is also a feature that permits logical and dynamic
resizing of the partitions so that cache can be increased
for more frequently used data types and concomitantly

decreased for less frequently used data types.

Other prior art schemes increase the cache hit rate by
eliminating data record duplications in cache. Typical
schemes of this type are disclosed in U.S. Patent Nos.
5,802,572 and 5,627,990.

DASD systems have been improved with the use of
multiple small storage modules configured in geometries

that assure data recovery in the event of a failure. These
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operations, this geometry requires two separate write

accesses, one access to the disk upon which the data
portion is stored and another access to the disk upon which

the parity is stored.

In another geometry, known as RAID level 5, the disks
are partitioned to distribute the data and parity
information across the active disks in the array. Each
partition is commonly referred to as a stripe. The parity
information for a stripe is usually placed on one disk and
the data is placed on the remaining disks of the stripe.
The disk that contains parity information varies from
stripe to stripe. This allows multiple stripes to be
manipulated in parallel, thereby enabling rather large

chunks of data to be staged or destaged.

The aforementioned schemes for increasing the cache
hit rate are concerned with rather small data objects, such
as a page, a table or the like. They do not take advantage
of the ability of a RAID system to handle much larger
objects of data, such as a stripe, that contains a large

number of the smaller page objects.
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runs applications that require data objects from a storage
system. The storage system has a storage device, such as a
disk storage device, and a cache memory. Data objects that
are frequently used by the host computer are stored in the
cache memory. The data objects are also stored in the
storage device logically arranged in segments of data
objects and groups of segments. The cache memory is

logically partitioned into a first cache and a second cache.

The method of the present invention uses the
first cache for storage of segments that have a small
granularity and the second cache for storage of groups of
segments that have a large granularity. When the host
computer requests access to data, the method of the
invention determines if the requested data is stored in the
first cache. If the requested data is not stored in the |
first cache, the method determines if the requested data is
stored in the second cache. If the requested data is not
stored in the second cache, a group of segments stored in
the storage device is accessed, the requested data being
contained in one of these segments. The group of segments
is then stored in the second cache and the first segment

that includes the requested data is stored in the first
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the first and second caches.

The logical partitioning of the cache memory into a
first cache and a second cache together with storing
segments in the first cache and groups in the second cache
is an important feature of the present invention. This
feature takes advantage of the likelihood that an
application that requests a data object in a group will
also need other data objects in the same group, but not

necessarily in the same segment.

The cache memory system of the present invention
employs a multi-granular cache manager program that
includes the procedure of the method of the invention

described above.

The memory medium according to the present invention
controls a cache memory to perform the procedure of the

method of the invention described above.



6 -cache. The requested data is then accessed fromthe first cache.

If the nethod determ nes that the requested data is stored in the second
cache, but not in the first cache, a copy of the segnment containing
requested data is transferred to the first cache. The net hod uses
separate LRU procedures to control destaging of |east recently used
segnents fromthe first cache and gr oups mf segnents fromthe second cache
to all ocate storage for ! : SN inthe first and
second caches. TheTogical pa i ng he cache nmenory into a
first cache and a second cache together Wi th storing segnents in the first
cache and groups. in the second cache is an inportant fegt%re of the present
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denote like elements of structure and:

FIG. 1 is a block diagram of a computer system that
includes a multi-granular cache memory according to the

present invention;

FIG. 2 is a flow diagram of the read procedure of a
multi-granular program according to the present invention;

and

FIGS. 3 through 5 are flow diagrams that depict a
write procedure of a multi-granular program according to

the present invention.
DESCRIPTION OF PREFERRED EMBODIMENT

With reference to FIG. 1, there is provided a computer
system 10. Computer system 10 includes a host computer 12
and a storage system 14. Storage system 14 includes a host
adapter 16, a storage device 18 and a multi-granular cache
memory 30 according to the present invention. Multi-
granular cache memory 30 together with host adapter 16 is

coupled in a data path between host computer 12 and storage

device 18.



The nmenory nmedi um according to the present invention controls a cache
menory to perform.the procedure of the nethod of the invention described

above. 7 BRI EF
DESCRI PTI ON OF THE DRAW NGS O her and further objects, advantages
and features of the present invention will be understood by reference to

the follow ng specification in conjunctiof with the acconpanying draw ngs,
|n which 11ke Il GeneiIAATLIQpA8N00e IR LB odinsde uct ure and:
FIG 1is a bloc I agram of a comput er stemthat includes a
er! ti -g][ ?nLﬁlgfce:mfs N Yirware cappell i oot she plrre@ermoqeﬁﬁecms gy run a |G
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di agrams thaf ﬁ@Pér?E Bindd [ &r RESEakFen©fy 2 cswlémygf@mﬂﬁtmrogﬂeémof
according to t resent 1nvention.

The appllcatlons use data objects that constitute logical

data structures. A logical data structure may typically be

a record such as a page, a table or the like. For storage

purposes, a plurality of data objects are arranged

logically in a segment and a plurality of segments are

arranged logically in a group.

In the preferred embodiment for a RAID-5 array, a
group corresponds to a stripe (also, sometimes known in the
art as an array cylinder) and a segment corresponds to one
disk of a stripe (also, sometimes known in the art as an
array track). The present invention contemplates that
logical data structures of object, segment and group may,
however, be defined in a flexible manner. Also, those
skilled in the art will recognize that alternative physical

layouts corresponding to these logical data structures are

possible.

Host adapter 16 may suitably be a conventional
facility that has sending and receiving capability for
exchanging data records between storage system 14 and host

computer 12.

Storage device 18 may suitably be a disk storage
device that has a plurality of disks 19. Preferably,
storage device 18 uses disks 19 in a RAID storage scheme so

that the multi-granular cache memory 30 can take advantage



DESCRI PTI ON OF PREFERRED EMBODI MENT Wth reference to FIG 1, there
i's provided a conputer system 10. Conputer system 10 includes a host -
conputer 12 and a storage system 14. Storage system 14 includes a host
adapter 16, a storage device 18 and a nulti-granular cache mermory 30
according to the present invention. Miulti- granular cache nenory 30
together with host adapter 16 is coupl ed én a data path between host
conputer 12 and storage device 18.
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Manager 36 responds to data access requests from host
computer 12 to cause data structures of smaller granularity,
such as segments to be stored in first cache 32. Manager
36 responds to data access requests from host computer 12
to cause data structures of a higher granularity, such as
groups to be stored in second cache 34. First and second
caches 32 and 34 may be designated physical areas of cache

memory 30 or may be logical areas.

The logical partitioning of cache memory 30 into first
cache 32 and second cache 34 together with storing segments
in first cache 32 and groups in second cache 34 is an
important feature of the present invention. It takes
advantage of the likelihood that an application that
requests a data object in a group will also need other data
objects in the same group/ but not necessarily in the same
segment. It is expected that the cache miss ratio will be

reduced by a factor of about four.

Manager 36 includes a segment LRU list 35 and a first
cache manager 37 for managing segment LRU list 35 for first
cache 32, utilizing a conventional LRU procedure. Manager
36 also includes a group LRU list 38 and a group manager 39
for managing group LRU list 38 for second cache 32,

utilizing a conventional LRU procedure. Manager 36 further
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LRU list 35, step 57 transfers a copy of the requested data

from first cache 32 to host computer 12.

If the requested data is not in segment LRU list 35 (a
first cache miss), step 52 determines if the requested data
is in group LRU list 38. If the requested data is in group
LRU list 38, step 54 stages a copy of the segment that
contains the requested data from second cache 34 to first
cache 32. Step 54 also cooperates with first cache manager
37 to update. segment LRU list 35 to include the address of
such staged segment in its MRU position of the list. Step
57 then transfers a copy of the requested data to host

computer 12.

If the requested data is not in group LRU list 38 {(a
second cache miss), step 55 stages a copy of a group that
contains the requested data from disk storage device 18 to
second cache 34. Step 55 also cooperates with second cache
manager to update group LRU list 38 to include the address
of such staged group in the MRU position of the list. Step
54 then stages the segment that contains the requested data
from second cache 34 to first cache 32 as described above.
Step 57 then transfers a copy of the requested record to

host computer 12.



such as segnments to be stored in first cache 32. Manager 36 responds to
data access requests from host conputer 12 to cause data structures of a

hi gher granularity, such as groups to be stored in second cache 34. First
and second caches 32 and 34 may be designated physical areas of cache
menory 30 or may be | ogical areas. The | ogical partitioning of cache
menory 30 into first cache 32 and secondjgache 34 together with-storing
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write procedure
written to segment LRU cache 32 so as to modify the

existing data. Step 64 also updates segment LRU list 35.
Step 64 also sets a segment wait flag for this segment to O.

If step 62 determines that the requested data is not
in segment LRU list 35, step 63 allocates a location in
first cache 32. Step 64 is then performed as described
above, except that the data to be written does not modify a

pre-existing version.

Referring to FIG. 4, asynchronous process 70 is
normally in sleep mode and is awakened by step 71 when
there is a modified segment in first cache 32 that needs to
be destaged to second cache 34 and/or to disk storage
device 18. When step 71 determines that there is destaging
work to be done, step 72 finds the next modified segment in
segment LRU list 35. Step 73 determines if this segment is
in group LRU 1list 38. If not, step 74 determines if the
segment wait flag is set to 0. If so, step 77 sets the
segment wait flag to 1. Asynchronous process 70 then
either progresées to the next modified segment in segment
LRU list 35, or enters the sleep mode for a short time if
it has completed its current scan for work. This affords a
wait feature that allows other modifications to the segment

to be made before staging to disk storage device 18.



Referring to FIG 2, read procedure 50 begins when host conputer 12
requests a data access for a read operation.. Step 51 determnes if the
requested data is in segnent LRU list 35. If the requested data is in
segnent LRU |ist 35, step 57 transfers a copy of the requested data from
first cache 32 to host computer 12. If the requested data is not in
segnent LRU list 35 (a first cache mss) jastep 52 determnes if the
requested data is in group LRUIlist 38. If the requested data is in group
LRU [ist 38, step 54 stages a copy of the segnent that contains the

requested data &tep 3€COAENCAGAEN34whRehbl 85yRABNENEEs SE8BeS4 absand
cooperates with first cache nmanager 37 to update s%%nent LRU list 35 to
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segnent that contains the request ata from second cache 34 to first
cache 32 asntleser thedsdbepemo8tefob7at kbartr tnmeeif atcbpy obmphetedquest ed

record to Qggtcﬁgggg e%c%%"for work.

If step 73 determines that the modified segment is in
group LRU list 38, step 75 transfers the modified segment
to second cache 34 so as to modify the existing group.
Step 75 also updates group LRU list 38. Step 75 also sets
a group wait flag for this group to 0. Asynchronous

process 70 then enters its sleep mode.

Referring to FIG. 5, group write procedure 80 is also
an asynchronous process that.awakens at step 81 when there
is group destaging work to be done. When group write
procedure 80 is awakened by step 81, step 82 finds the next’
modified group in group LRU list 38. Step 83 determines if
the group wait flag is set to 0. If so, step 84 sets the
group wait flag to 1. Group write procedure 80 then enters
the sleep mode for a short time. This affords a wait
feature that allows other modifications to the group to be

made before staging to disk storage device 18.

Step 81 then again awakens group write procedure 80
and steps 82 and 83 are repeated. Step 83 will now
determine that the group wait flag is not set to 0. Step
85 will then destage the modified group to disk storage



Referring to FIGS. 3 and 4, segnent wite procedure 60 includes a
synchronous process 61 shown in FIG 3 and-an asynchronous process 70 shown
in FIG 4. Referring first to FIG 3, synchronous process 61 begins when
host conputer 12 requests a data access for wite operation. Step. 62
determnes if the requested data already exists in segnent LRUIist 35. If
so, step 64 transfers the data to be witjgen to segnment LRU cache 32 so as

to nodify the existing data. Step 64 also u tes segnent LRU list 35. Step
69 also sellEH ottt G Mg S AT fbrh ey Ghters the |flegty 60

determ nes pidsd. t he requested data is not in segnent LRU list 35, step 63
allocates a location in first cache 32. Step 64 is then perforned as
descri bed above, except that the data to be witten does not nodify a

pre-existing versgion. . Referring tao Fl 4, .asynchronous process 70
is normally in s eeeg)rr?osaeentar%d“feg’ a?voxé}(g’r?evd‘riﬂ/%seteéb t%}/svw%?%ﬂ?g’reéfl"‘é“g’

nodi fi ed sqgEniculny idste arhe 32 dthatpnerds dd Rantedrged £,0 jgecond
cache .34 and/or to disk storage device 18. Wen step 71 determi nes that
there is déstldgiRfy FiouD Yo omeiaierrrgandand modidicatdding amsegment
i n segnment St : t ] | f I e oS ] roup LRU
list 38. Ifﬂér?(lglﬁdéstte}%%ej%gﬁ}}%%sﬁ@ﬁ}dsefgllr?gdnft h\?\c}ai r]itlégg a|nsdq S%oq% 0.

| f so, stepi/tlsetpradentseagrnenttivai tadf |degfitredl. i rAyhe ippeaitke Pradeeisss .70
then either progresses to the next nodified segnent in segment LRU Iist 35,
or enters the sleep node for a short tinme if it has conpleted its current
scan for work. This affords a wait feature that allows other nodifications
to the segnent to be made before staging to di sk storage device 18.



12 Step 71 then agai n awakens asynchronous process 70 _and steps 72
through 74 are repeated. Step 74 will now determ ne that.the"seﬂne wai t

flag is not set to 0. Step 76 will then destage then\mﬂmu‘ﬁ to
di sk storage device 18. Asynchronous process 70 the 1R s to
the next nodified segnent in segnent LRU |ist 35, or &nters the sleep node

for a short tine if it has conpleted itsigurrent scan for work. |
step 73 de i nes he _nodified segnent is in group LRU list 38, step
75 transfehﬁkghggnﬁégﬁhgb iégnent to second cache 34 so as to nodify the
exi sting group. Step 75 also updates group LRU list 38. Step 75 also sets a

group wait flag for this group to 0. Asynchronous process 70 then enters
its sleep Apde. A methodrdper mahgIldgFRGCashegnetoryr ithetpiscéagiealddyi s

al so an as%&%&%&%&%dp&%%%sﬁﬁ%t aaekens at -3teR 81 g”CSEEEe bhodyOUP
dest agi ng kK to be done. en group Wt e proce&ure 80 FECanakens by
step 81, sbennd? lbicaded e Bexhtaodaithedegiveen anhgseupomBUtkrstnd8a St ep
83 determnes if the group wait flag is set to 0. If so, step 84 sets the
group wai t StP&§ 9o IEVicLouFaid Methrec QUPEiganglien enters the sl eep node
for a short time. This affords a wait feature that allows other

nodi fications to the group to be nade before staging to di sk storage device
18. (a) in response to a request from said host computer

to access data, determining if said requested data is
stored in said first cache and if said requested data is
not stored in said first cache, determining if said

requested data is stored in said second cache;

(b) if said requested data is not stored in said
second cache, accessing a group of segments stored in said
storage device, a first segment included in said group of

segments including said requested data;

(c) storing said group of segments in said second
cache and storing said first segment that includes said

requested data in said first cache; and

(d) accessing said requested data from said first
cache if step (a) determines that said requested data is
stored in said first cache or when step (c) has stored said

first segment in said first cache.
2. The method of claim 1, further comprising:
(e) if step (a) determines that the requested data is

stored in said second cache but not in said first cache,

accessing in said second cache a second segment that



Step 81 then again amakens group wite procedure 80 3 are
repeated. Step 83 will now determ ne that the group mmmmmﬂﬁ Iﬂ:m et to
0. Step 85 will t hen destage the nodified group to di sk Stokage s *

13 device 18. G oup wite procedure 80 then enters the sleep node.

The present invention having been thus described with particul ar reference
to the preferred forns thereof, it will g obvious that various changes and
nodi fications may be made therein w thout de arting mthe spirit and
scope of tRENEREEEnEAyERANEATES dafPneadi & Pﬁén&pﬁéﬁgeaeEPﬁéns

14 WHAT | SsEbfleMEPihSsaid first cache; and

(f) accessing said requested data from said first
cache when step (e) has stored said second segment in said

first cache.

3. The method of claim 2, further comprising:

(g) if step (a) determines that the requested data is
not stored in said first cache, destaging a least recently
used segment from said first cache according to a least

recently used procedure; and

(h) if step (a) determines that the requested data is
not stored in said second cache, destaging a least recently
used group of said segments from said second cache

according to a least recently used procedure.

4. The method of claim 3, further comprising:

(i) maintaining a first least recently used list for

said first cache that is used by step (g); and

(j) maintaining a second least recently used list for

said second cache that is used by step (h).
5. The method of claim 2, further comprising:
(g) if said access request is a request to write a

modified version of said requested data, transferring said

modified version to said first cache; and



1.- A method for nanaging a cache nenmory that is logically partitioned into
first and second caches, said cache nenory being Iocﬂuﬂmmlltl“ﬂiﬂmlﬁ Ilh

bet ween a host conputer and a storage device, said

(&) in response to a request fromsaid host conputer t0 atcess "dat'a,
determining if said requested data is stored in said first cache and if
said requested data is not stored in saiggfirst cache, determning if said

requested data is stored in said second che; (b) if said requested
data is not stored in said second cache, accessing a group of segnents

stored in said ghor ageadevtee®ing tbr shidegiBprhgknakyded hncspgiydogroup of
segrments including said requestéd data; (c) storing said group of

segment s |ﬁa§d|G0§éééﬁd @aéﬁéoanJIQNOSBhé gargtf crshesdgmeatlyhar incl udes
sai d reque |d first cache;,and (d) accessing said
request ed gh?q g sal FF%9t5858H§ cﬁtg?ép (a) determ nes that said
requested data is stored in said first cache or mhen step (c) has stored
said first segnent in said first cache. he nmet hod of claim1,
further coRprisith§: method O(fe)clﬁftmstSepwb&)reaet éﬁﬁpnééh ﬁé?nﬁﬁérl’sequested

data is st Qﬁ?gc'tﬂxﬁﬁ'fd s%%lo'}%qg@%%db&%tﬁois' Rotald GLEJ! s6RERA: <AGRRSSI Ny

in said second cache a secon egnent
and indirectly if sald requested data is in said second

cache.

7. The method of claim 6 wherein said storage device is a
RAID storage device and wherein each of said segments is a
logical array track and each of said groups is a logical

array cylinder.

8. A multi-granular cache memory system that is located
in a data path between a host computer and a storage device,

-said multi-granular cache memory system comprising:

a cache memory that is logically partitioned into a

first cache and a second cache; and

a multi-granular manager for processing requests from
said host computer for access to data, said multi-granular

manager performing a procedure that includes:

(a) 1in response to a request from said host
computer to access data, determining if said requested
data is stored in said first cache and if said
requested data is not stored in said first cache,
determining if said requested data is stored in said

second cache;



15 contains said requested data and storing said second segnent in said
first cache; .and . (f) accessing said req uested data fromsaid first

cache when step (e) has stored said second segnent |n”| "Il"“! Hlﬁ
3. The met hod of claim 2, further conprising:
d

determ nes that the requested data is not stored in sai i r'st ‘cache’
destaging a | east recently used segnent fhremsaid first cache according to
a |l east recently used procedure; and (h) if step (a) determ nes that
the requested data is not stored in said second cache, destaging a | east
recently used group qfy)saigd s%elgﬁﬁ‘:%h% dst@d Ritd SCHt GRIRAGEOIERY to a
| east recently used procedure. The nmethod of claim 3, further

conpri si ng: secqnd thﬂ,alammsanfgi es g rioarps to fr @(@@ﬁﬁrsthHQ%tlﬁ or

said first CaCh%Jﬂgﬂst6% éga%é$&ce,e% &Q%st @%gment included in said

group of segments including said requested data;

(c) storing said group of segments in said
second cache and storing said first segment that

includes said requested data in said first cache; and

(d) accessing said requested data from said
first cache if step (a) determines that said requested
data is stored in said first cache or when step (c)

has stored said first segment in said first cache.

9. The multi-granular memory system of claim 8, wherein

said procedure further comprises:

(e) 4if step (a) determines that the requested
data is stored in said second cache but not in said
first cache, accessing in said second cache a second
segment that contains said requested data and storing

said second segment in said first cache; and

(f) accessing said requested data from said
first cache when step (e) has stored said second

segment in said first cache.

10. The multi-granular memory system of claim 9, wherein

said procedure further comprises:



(}j) maintaining a second | east recently used list for. saLd sec. ~cache
that is used by step (h). 5. The net hod of cl ai ?Jm mla U si ng:
(g) if said access request is a request to wite a L sai d

requested data, transferring said nodified version to said first cache; and
16 (h) transferring to said storage device a copy of said nodified
version fromsaid first cache directly ori8 ndirectly.via said second cache.

6. The method of claim5, wherein ste h) . transfers directly jf said
requested data is not ($h skfdsEeRomd) ¢ gﬁér%hﬁe?nﬁ??éthﬁ ??q%%?ée?equested

data i's in said §8eQNdsCAGRestordy inTHE1APENPLLOFachal Mbsvhgs £hNasal d

storage device is a RAID storage device and wherein each of said segnents
is a |logical arrhgastackcentlgavhedfsegienyrbups s58id Foystataaheay

cylinder. according to a least recently used procedure; and

(h) if step (a) determines that the requested
data is not stored in said second cache, destaging a
least recently used group of said segments from said
second cache according to a least recently used

procedure.

11. The multi-granular memory system of claim 10, wherein

said procedure further comprises:

(1) maintaining a first least recently used list

for said first cache that is used by step (g); and

(3J) maintaining a second least recently used

list for said second cache that is used by step (h).

12. The multi-granular memory system of claim 9, wherein

said procedure further comprises:

(g) 1if said access request is a request to write
a modified version of said requested data,
transferring said modified version to said first

cache; and

(h) transferring to said storage device a copy
of said modified version from said first cache

directly or indirectly via said second cache.



8.- A multi-granular cache nenory systemthat is located in a data path

between a host conputer and a storage device, said mul mnﬂ“ﬂl ““HH“‘
menory system conpri si ng: a cache nenory that
partitioned into a first cache and a second cache; and *

mul ti-granul ar manager for processing requests fromsaid host conputer for
access to data, said nulti-granul ar manager perfornlng a procedure that

i ncl udes: ) shonse to WA Qm id host

conput er t% accgg§ 8%9&%'§%f%§¥%rn %&%QF 5V3t git i%’dﬁ rF& stored
in said fisslepcaehe tangsiflersaidd rectlyr aquestied sltSedn@tat&t drsechdtn said
first cache, determning if said requested data is stored in said
second CaCH@ said second cache and indirectly if said rpguested data (b)

i f said requested.daf ad ﬂgﬁtégﬁged in said second cache, accessing a
group of segnents store sai d storage device, a first segnent

I ncluded in said group of segnents including said requested data;

said
(c) Stor'nQ4sa'qj§gO%H.%Tg%% %&Sﬂéﬁory system of claim 13, wherein

said storage device is a RAID storage device and wherein
each of said segments is a logical array track and each of

said groups is a logical array cylinder.

15. A memory medium for controlling a multi-granular cache
memory system that is located in a data path between a host
computer and a storage device, said cache memory system
including a cache manager and a cache memory that is

logically partitioned into a first cache and a second cache,

said memory medium comprising:

means for controlling said multi-granular cache memory

system with a procedure that comprises:

(a) 1in response to a request from said host computer
to access data, determiniﬁg if said requested data is
stored in said first cache and if said requested data is
not stored in said first cache, determining if said

requested data is stored in said second cache;

(b) if said requested data is not stored in said
second cache, accessing a group of segments stored in said
storage deVice, a first segment included in said group of

segments including said requested data;



second cache and storing said first segnent that i_ mmgid
requested data in said first cache; and ek ““S(\\M 3‘\ g sai d
r e

requested data from said first cache if st ne$ that said
request ed data is stored in said first cache*or” when step (c) has
stored said first segnment in said first cache. . 9. The mul ti-granul ar

menory system of claim@8, wherein said pbcedure further conprises:

if st det ' that .th t ed dat a_ i i id
Serond cache. pufFor SThEEas Rl SobEloE hfdments L8] §aldl SEEORA L0 o6

cache a seggBHe and $€8FEAY Lhad €0PLBI Beghehtd traueshelludasasapd storing
sai d second segnent in said first cache; and (f) accessing said

request ed dafguestesh datd in sajdrfirghchechmenaBep (e) has stored said
second segnent in said first cache. 10. The mul ti-granul ar nenory
systemof claim9, wherein said procedure further conprises:

18 (g)xdif astepsiay defiar pegasstbdtdbbe feqmestgd first

cache if step (a) determines that said requested data is
stored in said first cache or when step (c) has stored said

first segment in said first cache.

16. The memory medium of claim 15, wherein said procedure

further comprises:

(e} if step (a) determines that the requested data is
stored in said second cache but not in said first cache,
accessing in said second cache a second segment that
contains said requested data and storing said second

segment in said first cache; and

(f) accessing said requested data from said first

cache when step (e) has stored said second segment in said

first cache.

17. The memory medium of claim 16, wherein said procedure

further comprises:

(g) if step (a) determines that the requested data is
not stored in said first cache, destaging a least recently
used segmentAfrom said first cache according to a least

recently used procedure; and

(h) if step (a) determines that the requested data is

not stored in said second cache, destaging a least recently



- L a3

data is not stored in said first cache, destaging a "’"um, y used
segnent fromsaid_first cache - according to a | ed uﬂmtmuq
procedure; and (h) if step (a) determ nes t Hat 't hé request ed
data is not stored in said second cache, destaging a | east recently
used group of said segnments from said second cache according to a | east
recently used procedure. 11. The mgiti-granul ar memory system of

cl aim 10, mhereln sai d procedure further conprises: (1)

mai nt ai ni ng!Se iFLERUR @a‘gtsaﬂéﬂceﬁrﬁqnxﬁnﬁecﬁnqnstsald secomds 3¢ r st cache t hat

is used by st 4 second | east
cfﬁﬂ:c(ﬁ}ql least ecent(a)cac Lp‘?]:'h erlﬂlr%

recently use Sai d Secon I'S used by step (h).
12. The multi-granul ar nenory systen1of cIa|n19 mhereln sai d procedure
further conprls

g) If said _access request, Jjs a reguest to
wite &"S*Y*‘r é@%&lwld‘&“ o Flredquésted said H%Pr‘?sq‘dglr’%% ng
said nDdlflfukﬁﬁgENéghﬁflggngflrst cache; and (h) -
transferring to said storage device a copy of said nodified version

fromsaid first cache directly or indirectly via said second cache.

(1) maintaining a first least recently used list for

said first cache that is used by step (g); and

(j) maintaining a second least recently used list for

said second cache that is used by step (h).

19. The memory medium of claim 16, wherein said procedure

further comprises:

(g) if said access request is a request to write a
modified version of said requested data, transferring said

modified version to said first cache; and

(h) transferring to said storage device a copy of
said modified version from said first cache directly or

indirectly via said second cache.

20. The memory medium of claim 19, wherein step (h)
transfers directly if said requested data is not in said
second cache and indirectly if said requested data is in

said second cache.

21. The memory medium of claim 20, wherein said storage
device is a RAID storage device and wherein each of said
segments is a logical array track and each of said groups

is a logical array cylinder.



19 13. The nulti-granular nmenory systemof claim 12, wherein step (h)
transfers directly if said requested data is not in said second cache and’
indirectly i'f said requested data is in said second cache. 14  The

mul ti-granular menory system of claim 13, wherein said storage device is a
RAI D st orage device and wherein each of said segnents is a |ogical array
track and each of said groups is a logic2@ array cylinder. 15. A nenory
medi um for controlling a rmulti-granular cache nenory systemthat is | ocated
in a data path between a host conputer and a storage device, said cache
nmenory system incl udi ng a FESTHODHNDSYSTEMFORMENAGINGY that is

|l ogically partitioned into a first cache and a second cache, said nenory
medi um conpri si ng: Aggﬁfﬁsﬁ-mgwmgvﬁ@j @A@F{%i -granul ar cache
menory systemwi th a procedure that conprises: a) in response to a

request fromsaid host conputer to ac , determning if said
requested data is stored in said firmgﬁnd if said requested data is

not stored in said first cache, determ ni if said requested . data is .
stored i ' SYPMRUISE B éL@H@,s a host compyjer (1{5? that reps, @ﬂf@%{oea regyticing datg pbjects
stored in said

from a storage system (14). The storage system (14) has a storage device (18), and a cache

memory (30). Data objects frequently used by the host computer (12) are stored in the cache
memory (30). The data objects are also stored in the storage device (18) logically arranged in
segments of data objects, and groups of segments. The cache memory (30) is logically
partitioned into a segment cache and a group cache. Data of a small granular nature are stored in
the segment cache. Data of a larger granular nature, is stored in the group cache. When the host
computer (12) requests accesses to read or write data objects, groups of segments are staged or
destaged between the storage device (18) and the group cache, with at least one segment of each

staged group containing one of the requested data objects.

FIG 1



second cache, accessing a group of segnents stored in said storage device,
~a first segnment included in said group of segnments including said requested

dat a; 20 (c) storing said group
of segnments in said second cache and storing said first segnent that
i ncludes said requested data in said first cache; and (d) accessing

said requested data fromsaid first cache if step (a) determ nes that said
requested data is stored in said first igg&che or when step (c) has stored
said first segment in said first cache. 16. The menory medi um of cl aim
15, wherein said procedure further conprises: (e) if step (a)
determ nes that the requested data is stored in said second cache but not
in said first cache, accessing in said second cach 5@ second segnent that
contains said requested data and storing said secéﬁ segnent in said first
cache; and (f) accessing said requested datalfromsaid first cache
when step (e) hég“giored sai d |secondH@EOMPUTER n sai d first cache.
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17. The menory medi um of claim 16, wherein said procedure further
conprises: " (g) if step (a) determnes that the requested data is
not stored in said first cache, destaging a | east recently used segnent
fromsaid first cache according to a | east recently used procedure; and
(h) if step (a) determ nes that the requested data is not stored in said
second cache, destaging a | east recently

21 used group of said segnents fron1saiqﬂ§econd cache according to a | east

recently used procedure. 18. The menory nmedi um of claim17, wherein said
procedure further conprises: RAD (i) maintainigpg a first |least recently
used list for said first cachdtiSht i s used by/Step (g); and (i)
mai nt ai ni ng a second | east recefftly used list/for said second cache that is
used by step (h). f67
TRANSFER
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19, The nenory medi um of claim 16, wherein said procedure further
conprises: . . (g) if said access request is a request to wite a

nodi fied version of said requested data, transferring said nodified version
to said first cache; and (h) transferring to said storage device a
copy of said nodified version fromsaid first cache directly or indirectly
via said second cache. 20. The nenory medi um of claim 19, wherein step
(h) transfers directly if said request@&® data is not in said second cache
and indirectly if said requested data is %ﬂ7§aid second cache. 21. The

menory nmedi um of cl aim 20, wherein said sforage device is a RAID storage
devi ce and wherein each of—sard begmeutb is—Ra logical array track and each

of said groups is a fogiepallf #Ray0 09, VAKBEIP. =
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