TU9- 93; 081 METHCOD; AND APPARATUS FOR DATA STORAGE The present i NVeupudnQflas

rel at'e enerally to data storage systens, and nore particularly, to a data-:
storage syStem and net hod for mapping count-key-data (CKD) records to a

data nmedi um characterized by a fixed- block architecture (FBA). Providing

an ability to st,purgc_agsl ge anmounts of data (or records), which data can be

qui ckly accessed, nodified, and re-stored, is typically a mandatory

requi renent for large, internmedi ate and even snall conputing systens. These
conputing systems, for exanpl¥TEPRP AARARATEY FQROPATA STOEE processor, such as
an | BM Systenf 360 or | BM System 370 processor for conputing and

mani pul ati ng data, attepirechtt ventidrBM136B30gpb:00 8060 aaat stokdgersystdakch 1 S

further connect efatire p@ft@sPaflly, AblL£6dtaak6RTS $Ldh AL ndNsE GBS nbfASPS) such
as | BM 3380 or B&QQ-P\@S%a (%)l ?eanFs &O§tdal91r Q&Qﬁmarmtgyiizg&@y %UB&L@JV[ i al
conputing power,,.the storage C(Q%t)r_ol | er provides the necessary functions to
efficiently transter, s agefaes age, convert and generally access |arge
dat abases. These dat abases, as stored on DASDs, for exanple, can easily
exceed several gi gab§Io¥siiag 2gabiicDASBtYEo A 2arie e dtpl ©F sregdeti c or
optical disks, sihdsledathidas bafqudekln agsesmed; roditied. sidzedstvaghels tvpdraldpt i cal
altered spots Ore Mardhtlfy requirement for large, intermediate and even small computing

systems. These computing systems, for example, take the form of a‘host

processcr, such as an IBM System/360 or IBM System/370 processor for

computing and manipulating data, attached to an IBM 3990 storage

controller, which is further connected to a group of direct access

storage devices (DASDs) such as IBM 3380 or 3390 DASDs. While the host

processor provides substantial computing power, the storage controller

provides the necessary functions to efficiently transfer, stage/destage,

convert and generally access iarge databases. These databases, as stored

on DASDs, for example, can easily exceed several gigabytes of data.

DASD storage, for example, magnetic or optical disks, stores bits
of data as micrometer sized magnetic or optical altered spots on a disk
surface for representing the "ones® and *zeros® that make up those bits
of the data. Magnetic DASD, includes one or_mé}é disks that are coated
with remnant magnetic material. The disks are rotatably mounted within a
protected environment. Each disk is divided into many concentric tracks,
or closely spaced circles. The data is stored serially, bit by bit,
along each track. An access mechanism, known as a head disk assembly
(HDA), typically includes one or more read/write head;:Jand is provided
in each DASD for méving across the tracks to transfer the data tb and
from the surface of the disks as the disks are rotated past the

read/write heads.

Data or records are generally stored in DASD in count-key-data
(CKD) format or in fixed-block architecture (FBA) format. CKD record
storage is desirable because the records are stored efficiently, that is,
wasted disk space is minimized. Records stored in the CKD format include
a count area, a key area, and a data area. The count area is typically
an n-byte field that identifies the record by describing the physical
address (track number), an identifier {including a cylinder number, a

head number, and a record number), a record forma:, and the length of the
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surface for representing the "ones" and "zeros" that nmake up those bits of

the datd. Magnetic DASD, includes one or nore disks that are coated with

remmant magnetic material. The disks are rotatably nounted-within a

protected environnent.

.Each disk is divided into many concentric tracks,

or

cl osely spaced cigsCé£gs; The data is stored,serially, bit by bit, along each

track. An access nechani sm known as a head di sk assenbly (HDA),

i ncl udes one or

and . a record

nunber), a recor¥fP hﬁ?th é‘ﬁ&eftlﬂ%d ?’ﬁln’ﬁ‘t’ﬁ“ of"*t KB REPE ALEBS SEEETS SG

contiguously, with another record written at the end of the previous
record without wasting disk space between records. A drawback to the CKD
record format is that an entire track may need to be searched teo find the

key for accessing the record.

Storing data in the FBA format requires using a DASD especially
formatted for such storage. FBA record storage advantageously provides
simpler processing and faster access at a reduced storage efficiency
cost. Furthermore, FBA type DASDs are available at lower cost. DASDs
having FBA record storage capability divide the tracks into many sectors,
with each sector having a predetermined number of bytes. As an example,
each track might be divided into seventy two sectors, with each sector
capable of storing 512 bytes of data. Each sector provides both location
or address identification and data storage. In the current example, if a

record contains less than 512 bytes, then the éiéh_in the sector

following the data is unused and typically éédded (filled to thé& end with -

“zZeros").

FBA type devices generally offer better performance than the CKD
type devices. Add1tlonally, FBA type devices are w1dely avallable
offering small form factor packaging with storage capacities exceedlng
one gigabytes. Due to the proliferation of FBA devices, not
surprisingly, usexrs desire to store previously written CKD records in the
FBA format. Writing a CKD record to an FBA device requires mapping the
CKD record and sometimes converting the CKD record format. Several
different conversion techniques are known for modifying such CKD records
formats.

One method of converting CKD records into FBA records involves

placing each area of the CKD record into séparate sectors. Thus, the

-count field is written to a first sactor, the key field is written to a

second sector, and the data fi2ld is written to one or more additional

ce of
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TU9- 93- 081 2 record (how many bytes of data nake
up the reécord, and a key length (how many bytes nmake up the follow ng key
area). The key area can be nmany bytes long, for exanple fromone to 256
bytes, for uniquely identifying the record. The key could be a part nunber,
enpl oyee identi fiveaBi@n nunber, an accounts nunber or other useful
identifier. The data area is the actual data and can vary froma few bytes

to mllions of hyt@ss. G SREALKS, ofl thidAdidel OB, teBRE flbfdeséhtae:&t QJoﬁ%th

conveniently pr 2 fifd..3. reqord h se g key. Al so,
because t he G(Dq%g%greagf W L%ftodet ha éh%e Qangctg 3 'MQ% L=}rtegord can be

written contiguously,. °c°t"ﬁ er Feect?’ér da'\ﬁ/r]iaffe ﬁec’t rst h"’(g,"”ée o o} M 11

previ ous record Skt ARAGE Kﬂ/d’?f?ﬁ‘?g“‘d?‘%‘kedsﬁfé% oph FhfuEatore LD B OBt rdiisack to
the CKD record ffédelat ap yelhat uayse@prés tn theaddtanfiyldaeeth tthe behegsdandhed to
find the key forthtcecegstsigh hdyebd Qeide GL£iSiOl | fog ddadsaosl Bmall e FBhorf arzemt
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are minimal.

Another method for providing CKD record to FBA record conversion
involves packing the CKD records. In this conversion method, a first CKD
record is written to the FBA device contiguously (the count, key and data
areas are not separéted by sector boundaries). The second CKD reccrd is
written starting where the first CKD recérd finished, which location
could be in the middle of a sector. Writing CKD records in this manner
provides excellent packing density. Larger sector sizes, however, tends
to degrade system performance since data must be read starting from the
beginning of a sector and much of that data may be of the record

preceding the desired record.

Approaching the CKD record mapping problem from another perspective
involves storing the CKD records in an unpacked format. In the unpacked
format, system performance is excellent but'ﬁécking density suffers.

Each CKD record is written starting at a sector boundary and continues
for as many sectors as needed. Hence, records can be found quickly
without reading unwanted data. The space from the end of each record to
the end of the last sector is padded and hence wasted. '"”He wasted space
can be unde31rably large in cases of small records, and further

exacerbated by larger sector sizes.

Yet another CKD record to FBA record format conversion involves
storing the count and key areas of the CKD records in one area or table
of the FBA device (and copy1ng such table to electronic memory for
improving read responsge time), and storing the data fields contiguously
in the remaining sectors of the device. The tables in memory can then be
used to more quickly determine the location of data field. Additionally,
the data fields can be stored efficiently since they are stored

contiguously. A drawback of the described conversior is that in cases of



havi ng FBA record storage capability divide the tracks into many sectors,
w th each sector having a predeterm ned nunber of bytes. As an exanple,
each track m ght be divided into seventy two sectors, with each sector
capabl e of storing 512 bytes of data. Each sector provides both | ocation or
address identifi d1i°81P8nd data storage. It the current exanple, if a
record-contains |less than 512 bytes, then the area in the sector follow ng
the data i s unuseedryamaigé hpitesad by rpaatals dinckdabingtlly targbh@le@nebnid fhdiokZRr 0S") .
FBA type devi ces rgeRedahd ¥nOtd2ts BRL L&LiQer f ormance than the CKD type
devices. Additionally, FBA type devices are wdely available offering snal
form factor packagi ng,ui b, 5tqLage, caRacl Lies,exeeedlna. one, gigabytes. Due
to the proliferation of'ﬁ devices, 5ot surpfi5|ngriy users e8I Te to
store previously*Witaert EXKPPIETO HY i AFRLAES T i TS 1oy B EKD
record to an FBA2gtgrapbiqad janrgeetecenss ier et deéatCiidy rleresy d 2athdbss erreed nes
converting the ClEresefron dné BrATA¢vicEey @ncthedpdrf eqrente.c.onfrem Sinbvteechni ques
are known for nmododsybytgs ot GBrdKRnk €GO hikibef QE MRESds GBredBh ROGhcdaseaamerti ng
CKD records int 0 s5Rfudte0A) IRadpBPLMESpRY BE B 8ACY 48184 OdorddiCrefddai LCOT d
Into separate segl Q.'!eéo'rd-rorr!-ussebtégrhs%zg QUL o Sl Soplad L8 et Qo b £RS SECTOT,

the key field is wittento
different environments.

Accordingly it is desired to provide a method and storage system
for fuzzy mapping CKD records to a FBA architecture such that storage
space is efficiently used and system response time for staging such

records is improved.

The present invention provides an apparatus and method for improved
mapping of count-key-data (CKD) records to a fixed-block architecture

" (FBA) storage device.

Viewed  from one aspect the present invention provides a packing
method for mapping count-key-data (CKD) records to a fixed block
architecture DASD including a storage medium ha%ihg a predetermined
number of sectors, each sector capable of séofing a predeterminéd number
of bytes, the method comprising: determining the record size of a CKD
record to be written to the DASD; determining the first byte available as
a starting location for writing data in a current sector of the DASD; and
packing the CKD record starting at the first'byte avaizeble in the
current sector if éhe CKD record will fit entirely within a rehaining
available area of the current sector; packing the CKD starting at the
first byte available in the current sector and spanning the record across
one or more additional sectors if the size of the record means that it
would span a predetermined number of sectors if written starting at the
first byte available; and writing the CKD record starting at the first
byte for writing data after a sector boundary if the current CKD record

will span more than a predetermined number of sectors.

According to a first embodiment of the present invention, a method
for fuzzy packing CKD records to a FBA storage device is provided, such

that some CKD records are packed and other CXD records are unpacked. The
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second sector, and the data field is witten to one or nore additional

TU9- 93- 081 . 3 sectors. The efficiency of this
conversion format is dependent upon both the size of the records and the
size of the sectors. The worst case scenario occurs with small records and
| ar ge sectors, whejpe-sudxtanti al di sk space $s wasted in unused areas of
the sectors in the count and key fields, as well as unused area in the data

fields. On the ot hgL, hggingt .tutﬁodcwa. £LSd O DRYs Be: @i bawslfd clhsole by cases
of smaller sector si %Sstgﬂm%% M40 9¥et“ef h'a)éléﬁr gecug)%kgsutglp% &L“CG the

overhead of sector’s. or coun ¥ L8, m.ni tin g

records to FBA deviBER*iH° FRFE r’F’éHné f’é“’{/e ’F Va3 rse'“ﬁ‘é‘é“gaa‘éﬂl onaf n%'fopl ng
conput ati ons are nfibaiFHETet AACREe PInpadking ‘fhﬁrc“ﬁ?eﬁmcﬁ? AECOEKBF ¥t i tR8 FBA
record conver si on finstobxreavpileklienip threc@Kdtreecrcnd spanniifg Shecenyyents¢kdn

met hod, a first CkldcéracCaatehsi SheVdri hdreRadididnAP skdkbr(ef/ lacez€ 0ntthgwottshty cki he

count, key and datQ.saeas1 apd DteRRAlRl GUuldy c3efl@hs DOAMNUAAT i28ing chle
second OKD record J,s, W ickb SDecsh ALl BG WENEr PG de" S hefeKRa LR8N dedilnl ghed,

whi ch | i on
¢ ocati o the current CKD record will span more than a predetermined number of

sectors.

Viewed from another aspect the present invention provides a data
storage system for receiving host commands from a processor and fuzzy
packing count-key-data (CKD) records into a fixed-block architecture
(FBA) format, the dﬁta storage system comprising: a direct access storage
device (DASD) logically divided into sectors for storing records at
cylindrically addressable locations; a controller receiving the CKD
records and responsi?e to the host commands for mapping the CKD records;
and a control store storing instructions for directing the controller to
map a current CKD record to the DASD in a packed format if the current
CKD record can be stored, starting at a currently available addressable
location, using a same number of sectors as if the current CKD record is
stored in an unpacked format, otherwise mapping the current CKD record in
the unpacked format starting at a next available sector.

In another embodiment 65 the present invention, a data storage
system for receiving and fuzzy packing count-key-data (CKD) records into
a fixed-block architecture {FBA) formét is provided. The data storage
system comprises a direct access storage device (DASﬁTKlogically divided’
into sectors for storing records at cylindrically addressable -locations,
the DASD being coupled to a controller, wherein the controller receives
the CKD records and responds to host ccmmands for mapping the CKD
records. A control store holds instructions for directing the controller
to map a current CKD record to the DASD in a packed format if the current
CKD record can be stored, starting at a currently available addressable
location using fewer sectoxs than if the curéent CKD record is stored in
an unpacked fé%mat. otherwise mapping the current CKD record in the

unpacked format starting at a next available sectox.
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could be in the mddle of a sector. Witing CKD records in this manner
provi des excel |l ent packing density. Larger sector sizes, however, tends to
degrade system perfornmance since data nust be read starting fromthe

begi nning of a sector and nmuch of that data nay be of the record preceding
the desired record. Approaching the CKD record mappi ng probl em from anot her
perspective i nvoF¥e®3-88%ring the CKD recorfs in an unpacked format. 1In the
unpacked format, system performance is excellent but packing density
suffers. Each CKD r edergdérs thatthe dnvestpntiep Peafully SEETGPebBfAAPY and
continues for asetmRaineSBCtRESEAE 1N eeded deddeited, by eepptiexarake belyf ourd

qui ckly wi thout ¢gadinkg tdnnanteshodgin. arkiimgs pacaide om t he end of each
record to the end of the last sector is padded and hence wasted. The wasted

space can be undesirably.large in cases of r
exacer bat ed by Iarge%qas'ecl:tlc?r S%e8 Q%ﬁamacr?g r;glrgj %{%%Fr&[e%?daﬁgzé Xtcirz%éord
format conversi of"d fitFaY PSS (BP FATTEIHE" BB ARt “BHE" KBy GTeas  of 't he CKD
records in one apefexned tepbridinept of be PERRReVTER"1P%Nnd copyi ng such table to
el-ectronic nmenory for inproving read response tine), and storing the data
fields contiguously ifiel Beisr £ABiwkiAgraseGtOnehed £oheuzdewhaeng Threrdcabises in

menory can then Q FE® %QVJLQ imlg:gorGéHcG Kdi v g%&ﬁeﬂ@e@&mﬁ*ﬁmén@ Gatdnarpredentlat a

field. Additi Onalin%htion; and

FIG. 3 is a block diagram of a storage system for fuzzy packing CKD
records to an FBA DASD in accordance with a preferred embodiment of the

present invention.

Referring now to FIG. 1, a mapping diagram illustrates packed,
unpacked, and fuzzy packed count-key-data (CKD) to fixed-block
architecture (FBA) mapping. Each disk of an FBA device (not shown), for
example, as may be provided in a magnetic disk drive, has each disk not
only divided into concentric tracks, but further divided into sectors.
Several hundred or thousands of sectors can exist on a single side of a
disk. Each sector is capable of storing a predetermined number of bytes,
typically 512 of bytes, but the number of bygeé'ﬁér sector can vary. For

~ purposes of illustration, Sectors one through five are shown in-FIG. 1.

Fully packing the CKD records, R1-R4, results in each record being
written at a location where the preceding record ended. As can be seen,
fully packing CKD records most efficiently uses space-;ﬁ the FBA device.

- A performance drawback occurs, however, when trying to read rébofd R3
because most of sector $3 has to be read to find the beginning of record
R3 even though only a small portion of record R3 exists in sector s3. A
trend of increasing sector sizes from the current 512 bvte size exits,
and system time wasted reading undesired portions of sectors will
increase accordingly. Thus fully packing CKD records to FBA devices

becomes less desirable with larger sector sizes.

Storing records fully unpacked results in inefficient record
packing, but provides improved staging efficiency. Continuing with the
current example in FIG. 1, only records R1-R3 can be written to sectors

S1-SS since each record is written starting at a beginning of a sector



the data fields can be stored efficiently since they are stored _
contigupusly. A drawback of the described conversion is that in cases of
very | arge numbers of records, increasingly |arger electronic nenories for
storing the tables are required. Gven that the size of data records often
vary from one conputer application to another (e.g., enployee records may
be relatively snaisk93apgl graphi cal image retords may be relatively large),
and the sector sizes fromone FBA device to another can vary (e.g., from
512 bytes to 2048obytes Of cHiBriA}tandd tecbie RNUBCEwoOdectREOWREead BF18F 1 N A
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of the pr| or art( zeros" are written to the end of the sector). Inefficiency of the
fully unpacked records is more extreme given smaller records and larger

sectors sizes.

Fuzzy record packing takes into account record size, sector size,
and the amount of space availabie in a current sector to determine
whether to pack the record or store the record unpacked for the best
tradeoffs between packing density and system response time. In FIG. 1,
using fuzzy packing, records R1-R4 use the same number of sectors as the
packed format (though this may not hold true for an entire disk), and two
of the four records begin at sector boundaries. For best system response
time and packing density tradeoffs, a record should be started at a new
sector boundary if a large portion of a previous sector would have to be
read to retrieve the record (such as with record R3). Conversely, a CKD
record should be packed if a large portion of the previous record would
otherwise be padded or wasted, or stated in the alternative, only a small
portion of the sector would contain a previous record (such as with
record R2). The placement of records, determined during format
operations, should be fast in order to deal with large numbers of records
without undue processing overhead. @ °

FIG. 2 diagrams steps taken to fuzzy pack CKD records on an FBA
device. Fuzzy packing starts at step 20 when a CKD record is identified
to be mapped to an FBA device. At step 22 that information needed to '
make the mapping determlnatxon is retrleved, 1nclud1ng\éeet1ng a number
of bytes that make up the CKD record (RecSize), getting a number of bytes
that make up eech sector of the FBA device (SectSize), and getting a next
available location of the current sector (the end of the last record)

where the CKD record would be written if packed (FirstByte).

Step 24 involves determining how many sectors would be required to
write the current CKD record if the current CKD record is written
unpacked (thls is the fewest sectors that the current CKD record could

physically be written to, MinSect). MinSect is calculated as:

MinSect = Integer(RecSize/SectSize) Eq. -1



5 According to one aspect of the present invention there is provided in a
controller, a‘*nmethod for mapping count-key-data records to a fixed-bl ock
architecture DASD, wherein the DASD i ncludes a storage medi um having a
predet er mi ned nunber of sectors, each sector capable of storing a

pr edet er m ned nunbegr 3of 1byt es (SectSize), the nethod conprising steps of:
(a) determ ning aVedord size of a current Gount - key-data record to be

witten to the DASD, RecSize; (b) determ ning a next available starting

| ocation for witing d&t3® fHmelec yivesm RegSdéreort 60 PyeBpPd 2 fecisidertrsA®ni ng a
m ni nrum nunber of bgkeet Gher NMipgedtriddedual v iTheege{€006Y2) ent 2.c oAt “Thiegextat a
record, M nSect,; ¢ohmadictarbd BdicdablasHANTREY etinp1Re QdyOfrindaBhgCink aNde
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witten starting @ fhe.f [sLRYt sition, SectSpan; (e) determining a pad
size of the current tsecctec{)cr nbyﬁgu‘%tl‘?egcti ng FirstByte from SectSize; and (f)

witing the current count-key-data record to the DASD starting at FirstByte
in the current sector Afst& fbgHPathtfe s SUSERt SFAFerEdedliafit 678 fagni t ude of
M nSect or if a negmitipgecvfiorRet 8i erdns seetws drhdmtior theratrehto Ckheeqradl Si ze,
ot herw se writi ngwilhevetAlse Atitol £Cdjdcdn® sebrer DASIdt&inadddl N@hedbmcint BK

avai |l abl e sect or anrdrpaddiRget be scitih@bd as£Cctor starting at FirstByte.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT( S)

OvrFlw = RecSize - (SectSize - FirstByte) Eq. 2

Eq. 2 has two parts, first, a remaining area of a current sector,
or pad, is determined simply as SectSize - FirstByte. If the current CKD
record is smaller than the pad, OvrFlw will return a negative result (no
overflow) and the CKD record, in its entirety, can be written in the
remaining area of the current sector. If, on the other hand, the pad is
smaller than the current CKD record, OvrFlw will return a positive
result, and the current CKD record will not fit entirely within the

current sector.

The OvrFlw value determined at step 26 is tested at step 28 to
determine whether to pack the current CKD reqof&f If OvrFlw is negative,
or less than zero, then at step 30 the current CKD record is packed
starting at FirstByte of the current sector, and no further processing of
the current CKD record is required for fuzzy packing purposes and a next
CKD record can be assessed_(starting aéain at step 20). If OvrFlw is

- . . W
positive, or greater than zero, the process continues on to step 32.

Step 32 includes determining a number of sectors the current CKD
record will span if written starting at the first available byte of the’

current sector, SectSpan. SectSpan is determined as:
SectSpan = Integer (OvrFlw/SectSize) + 1 Eq. 3

SectSpan thus returns the number of sectors, including the
remaining portion of the current sector as one sector, and that pbrtion
of a last sector, required for storing the current CKD record. For
example, given 512 byte sectors, and an OvrFlw of 700, then three sectors

would be required to store the current CKD record if packed (the



TU9- 93- 081 6 In order that the invention may be
fully untlerstood preferred enbodi nents thereof will now be described, by
way of exanple only, with reference to the acconpanyi ng drawi ngs i n which:
FIG 1 is a mapping diagramconparing fully packed, fully unpacked, and

fuzzy packed CKD recofds on an FBA device in accordance with a preferred

enbodi nent of the preséent invention; FIG 2 is a flow di agram of a net hod
for fuzzy packing CKD, records to FBA device in accordance with a preferred
embodi nent of t HE"PPEYERATt iR AN oTiF ] R FeRrE (in-rprenh BT Hek °8i%dgramss? a

st orage syst em frytesf ofz 2he prxtkdentpr CKPA AT bytes A » ArxPtPRBACDBASRUIded ae dor dance

W th a preferredhembodisresdrynf the present invention. Referring nowto FIG
1, a mapping diagramillustrates packed, unpacked, and fuzzy packed

count - key-data ( CKD)sdef afyi GlDd QGloRLEAY §LEIMERN ((EBAkdXBRAL NG wikAGD, di sk
of an FBA devi 0g (10le Ok, O ySEAPI G, B3 IRV, REABNQUded, i) @ Tagneti c
di sk drive, has ‘éach Gl sK- N vi ded | nto concentric tracks, but

.on 1 VI )
further divided 5Ff8 “§é"cf5fte§‘f’“§éfvé’r B It ER 6~ tHEUEEHd¥oi**’dkt or s can
‘exi st on a singlracks| ge eErept (KB KecEdc hhep SeefiSPis it gprabtetinh Mafackndt a
pr edet er m ned nulgbere @ffebyi[ves:,o map the current CKD record unpacked and thus step 38
will be performed for padding the current sector and writing the current

" CKD record at the beginning of the next sector.

The following examples illustrate the fuzzy packing method. Assume
that SectSize equals 1024 bytes, and FirstByte = 777. Given a RecSize
equal to 100 bytes:

MinSect = Integer(100/1024) = 1;

OvrFlw = (100 - (1024 - 777) = Negative.

Result: pack current CKD record into a remaining portion of the

current sector.

Given a RecSize egqual to 500 bytes:

MinSect = Integer(500/1024) = 1;

SectSpan = Integer ({500 - (1024 - 777))/1024) + 1 = 2. Result:
SectSpan > MinSect, map unpacked. o
Given a RecSize equal to 1000 bytes: o e

MinSect = Integer(1000/1024) = 1;

SectSpan = Integer((1000 - (1024 - 777))/1024) + 1 = 2;
Result: SectSpan > MinSect, map unpacked.
. s
Given a RecSize eqﬁal to 1100 bytes: -
MinSect = Integer{1100/1024) = 2;
SectSpan = Integer((1100 - (1024 - 777))/1024) + 1 = 2;

Result: SectSpan egual to MinSect, pack.

Given a RecSize equal to 2000 bytes:
Minsect = Integer(2000/1024) = 2;
SectSpan = Integer((2000 - (1024 - 777))/1024) = 3;

Result: SectSpan > MinSect, map unpacked.

Referring now to FIG. 3, a block diagram depicts a storage system

for carrying out an embodiment of the present invention. A host



typically 512 of bytes, but the nunber of bytes per sector can vary. For
pur poses: of iJlustration, Sectors one through five are shown in FIG 1
Ful |y packing the CKD records, R -R4, results in each record being witten
at a location where the preceding record ended. As can be seen, fully
packi ng CKD recor dsienmsiésiefficiently uses space on the FBA device. A

per for mance drawback occurs, however, when trying to read record R3 because

st of sector S3 Hassbé: bechead £chI§s Lie Beai 3l NGr A8 Q% A3 €Ven
t hough onl y a smal Jyspe% :Ielfooé} 8; m?% ogeliatign)% osn{')§n 'Iﬁd %\ﬁ%;pq.e §tuaﬁ oreand Of

|ncrea5|ng sector glzes ron1t Sl ze eXl

time wasted readi ng" uUnSRSEFYEY sﬁ%tl"'f'l B’ﬁ’§ e ?é?ff%rdgtwlﬁceslsh’&?r %saéi ‘”eu

accordi ngly. Thus a1y TBaCRY 380 €xgEs regtorergands FRRains Pic E9npREcetfed| ess
desirable with | arvyeds $&¥¢IoFiase zbsnneSE0T tng diecessr dsedsustioyagardeaideethasmsul t s
in inefficient recapthgpackirdlunituiodpfodVinda@prdtapion waskest.agh Blureffel Gsency.
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begi nni ng of a sector
g g accessible to the CPU 200. Although the DASD storage control unlt 204 is

shown separately from the plurality of DASDs 209, it is known that the
DASD storage control unit 204 can be an integral part of the DASDs 209,
as in a DASD drawer for example. Furthermore, the DASDs 209 may be
arranged in many different configurations, including a redundant array of
inexpensive devices (RAID) configuration, as is known in the art.

Several configuration variations of RAID may be used in the present

invention without departing from the teachings herein.

The CPU 200 establishes communication with the DASDs 209 by issuing
a START I/0 instruction for connecting to an addressed DASD device(s) and
starting a channel program within the device(s). Thereafter, control is
under the CCWs sent over the channel 202, wherein the CCWs are
interpreted by a controller 203 for selecting and accessing the DASDs 209
via the controller 203, directory 219, cache 205, access circuits 218 and
223, and address and control paths 211 and 215. “Data stored in, or to be
stored in, the DASDs 209 is thus moved to aﬁé from the CPU 200 by the
controller 203, cache 205 and data path 217, or by the controller 203 and
a data path 212.

Each channel program includes a sequential list of operations
residing in CPU 200 main memory (not shown). Transmission to “and
execution at the DASD storage control unit 204 of CCWs occurs only after
initial connection between the CPU 200 and the DASD storage control unit
204 takes place. For each operation in the channel program, one or more
counterpart operations are required either at the DASD storage control
unit 204 or at the DASDs 209 device level over an active connection. The
CCW sequence need not be continucus but may be segmented. Some CCWs, for
example, SEEK and SET SECTOR, allow the DASD storage control unit 204 to
operate while electronically disconnected from the CPU 200 while a DASD
access mechanism positions over a track and the disk rotates the desired

sector over the access mechanism. A READ CCW would require a path'



(note that in this instance record R3 uses two sectors, whereas fully
packed record R3 requires three sectors). Hence, systemtine is not wasted
readi ng portions of sectors not containing the desired record. The unused
portion of a sector following a record is filled with pad ("zeros" are
witten to the ergooi-oshe sector). Ineffichency of the fully unpacked
records is nore extrene given smaller records and | arger sectors sizes.

Fuzzy record Packbiidediak 88ulel Ond GABUIL:dE CBhdo S LAR: 20356k Ui Tof Gy 40U L N
anmount of space @valk e, A a current sector to det erm ne whet her to pack

the record or store the Tecord Unpacked for the best tradeoffs between

packi ng density and systemresponse tine. In FIG 1, using fuzzy packing,
records R1-R4 use t herhgmrrtrifeh 203 phricuest wany das Phe‘eméMPPWFmt (t hough
this may not hol dutceit@sf Gor aremelit i da@a chius ksd reqi Grotnvibe GFPU t2D@ of@Uther ecor ds
begin at sector briAREIALL BFtesQRd RRS bontySh &I ERANSLiI A48 Al apACkitB]
density tradeoffg;. edebfOES: %9&;&;@# t§tt§£ Toﬁéiasaéosaang%é%‘xfsm ARUdagy 1 f a

| arge portion of aﬁgqglgus s lé ay&t exd 0 retr|evethe
ced. con rc lT %“?‘D recoa& Sf’l

record (such as wt recor d*pe™? packed
if a large porti 6% 8?"tf‘ﬁéerp?%3v ’EaPF’é‘@o'rha ‘\%Blﬂe&"r&tﬁe?\ﬁn D§‘§Dsb%°9pa&ﬁé’deor
wast ed, or st at ed°drarich@igioredereerprieingoipryruatispmFer PRFETICBIRI dthe tH@zYsect or
woul d contain a prainges CKecarkis(BayCinitialiy bdystored in the DASDs 209 and

loaded into control store 206 located in the controller 203 at initial

microcode load (IML). Alternatively, the fuzzy mapping microcode could
be loaded from another source, resident in the controller 203, or take

the form of firmware.

The microcode, once in the controller 203, provides the directions
necessary for mapping CKD records received at the controller 203 for
storage onto the DASDs 209 according to the present invention. The
controller 203 deteimines the RecSize of the received CKD record and gets
the FirstByte and SectSize from the DASDs 209 (and/or directory 219).

The mapped CKD records may move to and from the DASDs 209 directly via
data bus 212, or through electronic memory such as the cache 205 (or
through non-volatile memory).

Mapping the CKD records, though following the general form of
mapping according to the relationship of RecSize, FirstByte, SectSize,
and MinSeét, can vary in several respects. For example, the entire CKD
record can be considered and used for determining Recgiie, and then
contiguously written to the DASDs 209. Alternatively, the count and/or
.key portions of the CKD record can be considered separately from the data
portion, and may be written to separate portions of the DASDs 209
relative to the data portions. Such count and key fields could be

written to electronic memory for faster access to the data.

Also, the order of steps performed may vary according to the
relationship of record size to sector size. For example, if it is known
that the records are small relative to the sector sizs, then performing
the overflow determination may be done before determining MinSect since

many records will be packed. Alternatively, the order of calculations



record R2). The placenent of records, determ ned during format operations,
should be fast in order to deal with |arge nunbers of records w thout undue
processi ng overhead. FIG 2 diagrans steps taken to fuzzy pack CKD records
on an FBA device. Fuzzy packing starts at step 20 when a CKD record is
identified to be ggpReg,to an FBA device. A, step 22 that information
needed to make t he mappi ng determnation is retrieved, including getting a

nunber of bytes tggatrega ‘F the CKD record (RecSize), getting a number of
bytes that make up eac BI87 "8Y Pf RETeEAR ’r"c‘:‘%“sé’Sé’Etsg?“z‘é‘)wa MFrgetind ng a
next avail abl e Icf(‘f&‘t"ltcﬁ‘?"'éﬂd tehenpasle? épticgsect or (the end of the |ast record)
where the CKD record would be witten if packed (FirstByte). Step 24
i nvol ves determ ni ng howmetyy = ewkageSsydaul (b BRplacid & @dst frodbdsbe bi e

current CKD recordarnbl tsfiéh €44t r@btse &R LREK HedeSvedl dothaRBs uﬂwéﬁd@&oﬁésh' s is

the fewest SectOrgqd aeethss@eprswsggnzor%pp AT be written
to, MnSect). M nS Ct§reC?FlBg)u fg'nnae.t, erellx\'x/?a %urren CKD rec rd 1s asselsszegytge(:t Size)

Eq. 1 TU9- 93- Géi

determine whether to map the current CKD record as a packed or unpacked
record. The storage system includes a direct access storage device
(DASD) logically divided into sectors for storing records at
cylindrically addressable locations. A controller receives the CKD
records and responds to host commands for staging the CKD records. A
cache memory is coupled between the DASD and the controller for moving
records therebetween. A control store receives CKD record mapping
microcode instructions at initial microcode load (IML), wherein the
microcode instructions direct the controller to: (a) determine a next
available starting location for mapping the current CKD record to the
DASD; (b) determine a record size of the current CKD record; (c)
determine a minimum number of sectors required to pack the current CKD
record; (d) determine a number of sectors the current CKD record will
span if mapped unpacked; and (e) mapping the current CKD record packed if
packing the current CKD record spans fewer sectors than if the current
CKD record is packed, otherwise padding a remaining area of the current
sector and maﬁping the current CKD record unpacked.

An embodiment of the fuzzy mapping of CKD records to FBA devices
has been set forth herein, but variations can be made witﬂout departing
from the invention set forth. The particular CPU or controller may be
chosen and used without departing from the invention ;ZE forth.
Similarly, the particular form of the CKD records or the FBA device can
vary. For example, the number of bytes per sector can vary without

departing from the teachings herein.



As an exanple, given a RecSize of 600 bytes and a Sectsize of 512 bytes,
then M nsect .is equal to Integer(600/512) or 2. The "Integer™ command ctan

be acconplished, for exanple, by truncating the val uep& ééfﬁ&%e&f}? y wi,t hi n
t he parentheses and increnmenting (i.e., rounding up to @g

val ue). At step 2@®g-sshetiher the current CKRsrecord vmlUl IIIMM
remai ni ng portion of a current sector or whether the c ord
will overflowinto an adjacent sector is ggkg m ned. The Amount of
overflow, OvrFlw, is determned as: OvrFlw = RecSi ze - (SectSize -
FirstByte has two part irst, a remainjing area of
a currgnt ) sect or, g’a‘:km%g‘?fhf’ R AEgt PE/ kﬁ’é d§§c¢(C§P) R SRS gByt e. If
the current CKD rféﬁ‘i?r g“’FE aZTFaFqcETrer PR 1?‘?11@‘1‘;5‘8(? stOyRdE| TR Ravinst 4rn a

negative result (Relesemmitddowrbernef sdvborEKBarheeenter cimabliet of etvrinuedy, can be
witten in the rcredetémgnedr @abedf off hide€,UEHeCRth&R EdnpFisidgl:, On t he ot her hand,
the pad is smaller than the current CKD record, OvrFlww Il return a

positive result, and &Aaemawnf,eena CKRar.0corA Wil DAl & o GNLLLELY i thi
the current sect Hnsp; .The OvrFlw value determned at step 26 Is tested at

step 28 to determ ne whether to pack the current CKD record. If OurFlwis

negatlve
determining the first byte available as a starting location for

writing data in a current sector of the DASD; and

packing the CKD record stérting at the first byte available in the
current sector if the CKD record will fit entirely within a remaining

available area of the current sector;

packing the CKD starting at the first byte available in the current
sector and spanning the record across one or more additional sectors if
the size of the record means that it would span a predetermined number of

sectors if written starting at the first byte available; and

writing the CKD record starting at the first byte for writing data
after a sector boundary if the current CKD record will span more than a

predetermined number of sectors. -

2. A method as claimed in claim 1 further comprising the steps of:
- 3 . K] * o
determining Fhe minimum number of sectors required to write the

) current CKD record; ' )

‘determining the number of sectors the current CKD record will span
if the current CKD record is written starting at the first byte available

in the current sector;

determining whether the number of sectors the current CKD record
will span if written starting at the first byte, available in the current

sector is equal to the minimum number of sectors required.

* € L M 8§ *



or less than zero, then at step 30 the current CKD record is packed
starting at FirstByte of the current sector, and no fmigglﬁeftm;@eg@ﬁé,iagg of.
the current CKD record is required for fuzzy packing p ext
CKD record can be assessed (starting again at step 20). ' ﬂ[ﬁl’l r
positive, or great®@rd3t¥dn zero, the processtéconti nues " Step
32 includes determ ning a nunber of sectors the current CKD record wl |
span if witten si.artangtisd dsh@alnefSin @y aifl el eedpdlig ofainshehegeinr @@t sect or,
Sect Span. Sect Spafuridnt dRb@kMsNRPdaddSis SRCEDPALBoA 1N agadn( Ldrdfihyabaat Si ze) +

1 | £irstByte3rovOfi NG Mal PUR of QL LD ddifualinber of sectors,
I ncl udi ng the remalining portion of the current sector as one sector, and

that portion of a last sector, required for storing the current CKD record.
For exanpl e, giveh 512 ™8 scteyd inglgisan “BAeEt RADFI2P0Y, SYAYR thbee
sectors woul d be subtpartiag the firsgrivte heridahie @fta EREFNEJGFH LT IPFatiEtha(t he
TU9- 93- 081 data, from the predetermined @mbegnefi Mitegy porti on of the current
sector (increnment portion of Eq. 3), 512 bytes of the next sector, and 188

byt es of a |ast S@.Ct Ok m@El-QurkqegaHertiq claim 2 wherein the step of determining the

minimum number of sectors required to write the current CKD record

includes dividing the record size of the CKD record to be written to the
DASD by the predetermined number of bytes and rounding up to a next

integer wvalve.

6. A method as claimed in claim 4 wherein the step of determining the
number of sectors the current CKD record will span if the current CKD
record is written starting at the first byte available in the current
gector includes subtracting the pad size from the record size of the CKD
record to be written to the DASD and dividing the result by the

predetermined number of bytes and incrementing.

7. A method as claimed in any of the preceding claims wherein count,

key and data portions of the CKD record are written contiguously.

8. A data storage system for receiving host commands from a processor
and fuzzy packing count-key-data (CKD) records into a fixed-block

architecture (FBA) format, the data storage system comprising:

. 5 Dy
a direct access storage device (DASD) logically divided into

sectors for storing records at cylindrically addressable locaﬁioﬁs;

a controller receiving the CKD records and responsive to the host

commands for mapping the CKD records; and

a control store storing instructions for directing the controller
to map a current CKD record to the DASD in a packed format if the current
CKD record can be stored, starting at a curreptly available addressable
location, using a same number of sectors as if the current CKD record is
stored in an unpacked 'format, otherwise mapping the current CKD record in

the unpacked format starting at a next available sector.

’
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the next integer)). Step 34 conpares a nmagnitude of SeectSpan_to_a magnitude
of MnSedt. If SectSpan is equal to MnSect, then .the current CKD record
can be stored nore effectively by packing starti ng at ﬁilh&t@ sEBeaaneﬂ&Edap 36

packs the current CKD record. When Sect Span is greater 1 t is
nore effective to map the current CKD record unpacked a wi ||
be performed for patdrig®dhe current sector ad witing the curren D
record at the beginning of the next sector. The foll ow ng exanpl es
illustrate the fuzzy. paskdang se@tafio dystAs sl FRainbBlin SeChS Zeteguadmsribiayd
bytes, and FirstByte = 777. G ven a RecSize equal to 100 bytes: M nSect =
| nt eger ( 100/ 1024) = 1 QJJn's:l 24r deée]rgqgung anggt avalzzbz.l st ,%aiécli@mn 3%?“' t:

pack current CKD record | re ni n the current sector.

G ven a RecSize equiFPtd %’ﬁocuﬁretnes NS f’t—e ?éger(SOO/ 1024) = 1;

Sect Span = Integer((500 - (1024 - 777))/11024) + 1 = 2. Resul t:
Sect Span > M nSect, naprearpdok ddter@inienthe FReeR) 2izectfultlie tuorend (P rytwd:

means for determining the minimum number of sectors required to

pack the current CKD record;

neans for determining the number of sectors the current CKD record

will span if mapped unpacked; and

means for mapping the current CKD record unpacked if unpacking the
current CKD record spans fewer sectors than if the current CKD record is
packed, otherwise padding a remaining area of the current sector and

mapping the current CKD record unpacked.

LT



M nSect I nt eger {1000/ 1024) = 1; SectSpan = Integer((1000 - (1024 -

777))/1024) + 1 = 2; Result: Sect Span > M nSect, nmap unpacked. G ven a
RecSi ze equal to 1100 bytes: M nSect | nt eger(1100/ 1024) = 2; SectSpan = |
I nteger ((1100 - (1024 - 777))/1024) + 1 = 2; Result: Sect Span equal to

M nSect, pack. G venyg-dReg® ze equal to 000 Qytes: M nsect
| nt eger (2000/ 1024) = 2; Sect Span = Integer((2000 - (1024 - 777))/1024) = 3;

Resul t: Sect Span > M nSect, B‘?c}gggmﬂge;&rgﬁgg,mto FIG 3, a
bl ock di agram depicts a storage syst or carrying out an enbodi nent of

the present invention. A host TU9- 93- 081 10
processor or central processing unit (CPU) 3¥3®or exanple an | BM
systeni 360 or system 370, operating on an IBMnultiple virtual storage
(MVS) operating system @uewikelesageressis e inapHet 0os $ixeg-tascki &chidbdture
storage device using a fuzzing packing method that packs some count-key-
data records while writing other count-key-data records at a beginning of
a next available sector (unpacked) according to the size of the count-.
key-data record, the size of the sector, and the location of the next
available byte for writing data in the current sector. If the number of
sectors required to write the current record, if the record were written
starting at the next available byte location in the current record, is
greater than a minimum number of sectors to write that same record if
that record were written at the beginning of the next available sector,

then the record is written unpacked, otherwise the record is packed.

This Sheet Has Been Reﬂlaced .
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known. The_ CPU 200 sends host conmmands or chains of channel command words
(COV$)* %4 a channel 202 to a di rect access storage device (DASD) storage
control unit 204 for interpretation therein. A plurality of DASDs 209,
coupled to the CPU 200 by the DASD storage control unit 204, provide the

| ar ge storage space necessary for record storage and accessible to the CPU
200. Although the DASD storage control unit 204 is shown separately from
the plurality of DASDs 209, it is known that3the DASD storage control unit
204 can be an integral part of the DASDs 209, as in a DASD drawer for
exanple. Furthernore, the DASDs 209 nmay be arranged in many different
configurations, including a redundant array of inexpensive devices (RAlD)
configuration, as is known in the art. Several configuration variations of
RAID may be used in the present invention w thout departing fromthe
teachi ngs herein. The CPU 200 establishes communi cation with the DASDs 209
by issuing a START I/O instruction for connecting to an addressed DASD
device(s) and starting a channel programw thin the device(s). Thereafter,
control is under the COW sent over the channel 202, wherein the CCW are
interpreted by a controller 203 for selecting and accessing the DASDs 209
via the controller 203, directory 219, cacld 05, access circuits 218 and
223, and address and control paths 211 and 215. Data stored in, or to be
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stored in, the DASDs 209 is thus noved to and fromthe CPU 200 by the
controll er~203, cache 205 and data path 217, or by the controller 203 and a
data path 212. Each channel programincludes a sequential |ist of
operations residing in CPU 200 main nenory (not shown). Transm ssion to and
execution at the DASD storage control unit 204 of CCW occurs only after
initial connection between the CPU 200 and th3DASD storage control unit
204 takes place. For each operation in the channel program one or nore
counterpart operations are required either at the DASD storage control unit
204 or at the DASDs 209 device |level ovEt an active connection. The CCW
sequence need not be continuo bu y Dy segnented. Sone CCWs, for
exanpl e, SEEK and SET SECTOR, \all o e DASD storage control unit 204 to
operate while electronically disconngcted fromthe CPURI®, fhil e a DASD
access frechani sm positions over a trjck and tﬁ% di sk rotates the desired

sector over the access TSR W Re \¥§ | d require a path
E

TU9- 93- 081 ijon between the DASD st orage
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transfer data therebetween. The controller 203 perfornms many data or record
mani put ati &n functions, for exanple, data nay be read fromthe CPU 200 over
the channel in bytes, and the controller 209 then serializes that data into
bit streans for transmi ssion to the DASDs 209 and vice versa. Wen a CKD
record is received by the controller 203, that CKD record is analyzed in
the controller 203 for nmapping the CKD recogﬂgio the DASDs 209. In one
scenari o, mcrocode conprising instructions instructing the fuzzy
packi ng of CKD records may initially be stored in the DASDs 209 and | oaded
into control store 206 |ocated in the controller 203 at initial mcrocode
load (IM.). Alternatively, the fuzzy mappi ng m crocode coul d be | oaded from
anot her source, resident in the controller 203, or take the form of
firmvare. The m crocode, once in the controller 203, provides the
di rections necessary for mapping CKD records received at the controller 203
for storage onto the DASDs 209 according tFlGheSresent invention. The
controller 203 determ nes the RecSize of the received CKD record and gets
the FirstByte and SectSize fromthe DASDs 209 (and/or dirqc{ﬂry-ikQ)r-ThE
us

mapped CKD records nmay nove RASDHTORAGBM t he DASDs 209 dirdcdiry v a
212, or through electronic nﬁﬁqunéMEh as the cache 2052@§r N [{paspi) !
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Dkl

“t hrough-'non-vol atile menory). Mapping the CKD records, though fol | tségat he
rgeneral form of mapping according to the relationship of RecSize,
FirstByte, SectSize, and M nSect, can vary in several respects. For
exanple, the entire CKD record can be considered and used for determ ning
RecSi ze, and then contiguously witten to the DASDs 209. Alternatively,
the count and/or key portions of the CKq6record can be consi dered
separately fromthe data portion, and nmay be witten to separate portions
of the DASDs 209 relative to the data portions. Such count and key fields
could be witten to electronic nenory for faster access to the data. Al so,
the order of steps pMH@BMW&WE%WAS@QMGE onshi p of
record size to sector size. For exanple, if it is known that the records
are small relative to the sector size, then performng the overfl ow

det er m naABSTRAOTDLe done before determ ning M nSect since many records

w Il be packed. Alternatively, the order of calcul ations TU9- 93- 081

12 for record mappi ng nay be adjusted continuously by statistically

tracking Count-key-data records are mapped to a fixed-block architecture storage device (204)
using a fuzzing packing method that packs some count-key-data records while writing other
count-key-data records at a beginning of a next available sector (unpacked) according to the
size of the count-key-data record, the size of the sector, and the location of the next
available byte for writing data in the current sector. If the number of sectors required to
write the current sector. If the number of sectors required to write the current record, if the
record were written starting at the next available byte location in the current record, is
greater than a minimum number of sectors to write that same record if that record were

* written at the beginning of the next available sector, then the record is written unbacked,

otherwise the record is packed.
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recentrwpacked to unpacked ratios. In summary, a storage system i s fiewus g
t 0*& host processor by a channel such that the storage systemreceives
commands and CKD records fromthe host processor for mapping the CKD
records in a fixed-block architecture (FBA) format, wherein a current CKD
record is assessed to determ ne whether to map the current CKD record as a
packed or unpacked record. The storage systemincludes a direct access
storage device (DASD) logically divided into sectors for storing records at
cylindrically addressable locations. A controller receives the CKD
records and responds to host commands for staging the CKD records. A cache
menory i s coupled between the DASD and the controller for noving records

t her ebetween. A control store receives CKD record nappi ng m crocode
instructions at initial njcrocpde |oad (I é‘géfnereln t he m crocode
natructi 9 laree ahmbREs FROPESS) éﬁlcr?aé!ngﬁsa% t APCHamE memories o Stopgethe
starting Iugﬁati on far mapping the current CKD record to the DASD; (b)

det erm ne 7Se¥8rr8ql§{eﬁie of the current CKD record; (c) determne a mninum

nunber o Seoige BRI S’ BRE edolds GHET Sy R 65 Bl hndlRhoR B

nunber of sectors the curren recor map and -

Spans T ovarogE (" ERRITLRRE e e FladvelyP A i gHeptil’ flge LR 01 €
may be relatively large), and the sector sizes from one FBA device to another can vary
(;e.g., from 512 bytes to 2048 bytes or more), and the number of records stored in a
database vary substantially, mapping all types of records in a single format regardless of
record or sector size does not provide optimum conversion for the different
environments.
SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of

the prior art.

-
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CKD regord is packed, otherw se padding a remai ning area of the current
sector and mapping the current CKD record unpacked. An enbodi nent of the
fuzzy mapping of CKD records to FBA devices has been set forth herein, but
vari ations can be nmade w thout departing fromthe invention set forth. The
particular CPU or controller may be choséh and used without departing from
the invention set forth. Simlarly, the particular formof the CKD records
or the FBA device can vary. For exanple, the nunber of bytes per sector can
vary w thout departing fromthe teachings herein. 13 CLAIMS 1. In a
controller, a nethod for mapping count-key-data records to a fixed-bl ock
architecture DASD, wherein the DASD i ncludes a storage medi um having a
predet er mi ned nunber of sectors, each sector capable of storing a

pr edet er mi ned nunber of bytes (SectSize), the method conprising steps of:
(a) deterni ni n@cgordagOtocomni apect fof thecpriesend inventioti theryis padddedeinog corteollee, a

witten to the DASD, RecSi ze;
method for mapping count-key-data records to a fixed-block architecture DASD, wherein
the DASD includes a storage medium having a predetermined number of sectors, each
sector capable of storing a predetermined number of bytes (SectSize), the method
comprising steps of: (a) determining a record size of a current count-key-data record to
be written to the DASD, RecSize; (b) determining a ne;ct available starting location for
writing data in a current sector, FirstByte; (c) determining a minimum number of sectors
required to write the current_count—key—data record, MinSect; (d) d¢termining- a number
of sectors the current count-key-data record will span if the current count-key-data
record is written starting at the FirstByte position, SectSpan; (¢) determining a pad size
of the current sector by subtracting FirstByte from SectSize; and (f) writing the current
count-key-data record to the DASD starting at FirstByte in the current sector if a
magnitude of SectSpan is equal to a magnitude of MinSect or if a magnitude of RecSize
is less than or equal to the pad size, otherwise writing the current record to the DASD

starting at a next available sector and padding the current sector starting at FirstByte.
DESCRIPTION OF. THE PREFERRED EMBODIMENT(S)
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(b) determning a next available starting location for witing data in a
current sector, FirstByte; (c) determ hing a m ni nrum nunber of sectors
required to wite the current count-key-data record, M nSect; (d)

determ ning a nunber of sectors the currﬁgt count - key-data record will span
I f the current count-key-data record is itten starting at the FirstByte
position, SectSpan; (e) determning a pad size of the current sector by
subtracting FirstByte from Sect Si ze; Afiig Witing the current
count-key-data record to the DASD starting at FirstByte in the current

sector if B nmegNhtddErofitr, S2GhRGD fof neppily Esuntkepaitat rederdef oM FHRALLISEK | f
a magnitude of RecSize is |less than or equal to the pad size, otherw se

writing thachitecagst DASD| dwhereithethDABIASD alinclutigs at stonspet msditmaltagimpecd or

and padding the current sector starting at FirstByte. 2. The met hod

accor di ng predeternined nwimberohsectors,seach s¢atyr eapable tof storring ragpretietSmeined sumber

cal cul ated by dividing RecSize by the SectSize and rounding up to a next

i nt eger vaofiRytesy(SectSiagd the meslpderaprining;steps off ai m 2 wherein the step (d) of
determ ning SectSpan is calcul ated by _subtracting the pad si.ze from RecSi ze

and dividing t@& rdefenmining & preonksizeof @ CHFrgnt cRuNEkeyriata gecard to berwritien Fyd
accordi ng ﬁlg ﬁAgb%gg‘gr ein count, key, and data portions of the

(b) determining a next available starting location for writing data in a current
sector, FirstByte;

(c) determining a minimum number of sectors required to write the current
count-key-data record, MinSect;

(d) determining a number of sectors the cuh:ent count-key-data record will span
if the current count-key-data record is written starting at the FirstByte position,
SectSpan;

(e) determining a pad size of the current sector by subtracting FirstByte from
SectSize; and

(f) writing the current count-key-data record to the DASD starting at FirstByte
in the current sector if a magnitude of SectSpan is equal to a magnitude of MinSect or if
a magnitude of RecSize is less than or equal to the pad size, otherwise writing the
current record to the DASD starting at a next available sector and padding the current
sector starting at FirstByt_e.

2. . The method according to claim 1 wherein the step (c) of determining MinSect is
calculated by dividing RecSize by the SectSize and rounding up to a next integer value.
3. The method according to claim 2 wherein the step (d) of determining SectSpan is
calculated by subtracting the pad size from RecSize and dividing the result by the
SectSize and incrementing.

4. The method according to claim 3 wherein count, key, and data portions of the

count-key-data record are written contiguously.
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count -key-data record are witten cont i guousl y.

14
METHOD AND APPARATUS FOR DATA STORAGE

ABSTRACT

Count-key-data records are mapped to a fixed-block architecture storage device (204)
using a fuzzing packing method that packs some coﬁnt—key—_data records while writing other
count-key-data records at a beginning of a next available sector (unpacked) according to the
size of the count-key-data record, the size of the sector, and the location of the next
available byte for writing data in the current sector. If the number of sectors required to
write the current sector. If the number of sectors required to write the current record, if the
record were written starting at the next available byte; location in the current record, is
greatef than a minimum number of sectors to write that same record if that record were
written at the beginning of the next available sector, then the record is written unpacked,

otherwise the record is packed.

fig. 3 .
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