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- FIELD OF THE INVENTION

This invention relates to a method for handling
communications of variable length records from a host
processor to a disk drive which stores the variable length:
records in the form of fixed length sectors and, more
particularly, to such a method which enables interface
. circuitry between -the disk drive and "host proces'sor to
handle data transfers therebetween in ‘such a manner that
the data format differences are transparent - to the
communicating devices.

'BACKGROUND OF THE INVENTION

Currently, arrays of small disk drives are used as
main storage facilities for mainframe host processors.
Such small disk drives employ resident microprocessors
which restrict reads and writes to fixed blo_ck/sector
sizes. Such drives are further configured to handle data
records and/or logical tracks that are spread across plural

drives (with parity) to enable data recovery in the event
of the malfunction of one or more disk drives.

Host processors generally employ a variable length
record configuration when communicating with disk memory-.
For instance, many host processors configure their data in
the form of count, key and data fields, with the count
field being of a fixed length and the key and data fields
being of variable length. To write a variable length field
into a fixed length sector on a disk drive requires that
the microprocessor associated with the disk drive segment
the variable length record into fixed length sector sizes.
Further, provision is made to enable a variable length
record to start or end at other than a sector break, to
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for mai nfrane host processors. Such small disk drives enploy resident

m croprocessors which restrict reads and wites to fixed bl ock/sector

- sizes. Such drives are further configured to handl e data records and/ or
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data recovery in the event of the mal function of one or nore disk drives.
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employing fixed length sector formats. In accomplishing
such a transparency, a number of further requirements are
placed upon the interface .circuitry. "For instance,
accomplishment of transpai'ency must not exact a substantial
penalty in data throughput rate; must enable efficient use
of the disk space; must enable accommodation of altered
record sizes, and preferably, be able to extract small
amounts of data from large blocks .of data (e.g., full
track). . ' o '

i Accordingly, it is an object of this invention to
provide an improved method for transfer of variable length
records from a host processor to a disk drive which stores
data in fixed length sectors.

It is another object of this invention-to provide a
method of data transfer which enables compressed data to be
handled and accommodated in a disk drive's fixed length
sectors.

It is yet another object of this invention to provide
a method of data transfer which enables a variable length
record input data stream to be reblocked for storage in
fixed length sectors on disk, using a minimum amount of
disk capacity. '

It is still another object. of this invention to enable
a disk, having fixed length sectors, to transfer data from
any point in a track, without requiring such a transfer to
begin at the commencement of the track.



enabl'e an efficient use of disk storage space. For efficient
transfers of data to occur between a host processor and a plurality of
smal |l disk drives, it is preferable that each disk drive |look to the host
processor as though it is enploying variable length records, and that the
host processor |ook to each disk drive a% though it is enploying fixed

| engt h sect fo s. |l n acconplishing such a transparency, a nunber of
further redw ¥ §Eﬁ#%§@§E§%§$ the interface circuitry. -~ For
I nstance, acconplishnent of transparency must not exact a substanti al
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whi ch enabl es cogpressed data to be handl ed and accommbdat ed.,in_a di sk
drive's fik@%F?EaBtht Ctd&é;st contro ata structure including
information describing segments of the update VL record; b)
determining a disk track that includes a FL sector wherein
am old VL record commences that coqresponds to the update
.VL record; c¢) reading each FL sector in the disk track and
creating a control data .structure which includes
information describing each VL record stored in the disk
track; d) substituting in a control data structure for the
old VL record that corresponds to the update VL record,
information regarding update data from the first control
~ data structure; e) recording in the disk track, data
indicated by each control data structure determined in
steps ¢) and d); and £) if the old VL record ends at other
than a sector break of a FL sector, reblocking VL records
into FL sectors which are recorded thereafter on the disk
track. '

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a system incorporating
the invention.

Fig. 2 is a schematic showing of the format of a
variable length record, as transmitted from and received by
the host processor in Fig. 1.

Fig. 3 is a schematic showing of fixed length sector
format data which is read from and written to the disk

drive shown in Fig. 1.

Fig. 4 is a schematic indication of a track descriptor



It .is yet another object of this invention to provide a nethod of data
transfer which enables a variable length record input data streamto be
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illustrating the manner of extraction of sector format data
and the revision thereof in accordance with variable length

data received from a host processor.

Figs. 6a and 6b comprise a logic flow diagram
illustrating the manner of revision of a fixed length
. sector/sectors in a disk -track in accordance with revision
data received from a host processor, wherein the entire
track is £first accessed, the relevant sector/sector_s
revised, and the revised data rewritten to disk.

_ Fig. 7 illustrates a flow diagram wherein a track read
operation is enabled from any point on a track, without
requiring the read to commence at the beginning of a track.

DETAILED DESCRIPTION OF THE INVENTION

Host processor 10 configures data to be stored to disk
into a variable length (VL) record format and transmits
each VL record to a system ‘interface module 12. Prior to
receipt of the VL record, s_ystem interface module 12
establishes a control data block. Upon receipt of the VL
record, the control data block is "filled in" with data
which fully defines the structure of the received VL
record. As the VL record is received, segments thereof are
buffered in a cache module 14, and at the same time,
entries regarding the structure of the VL record and the
location in cache module 14 where various portions thereof
are buffered, are noted in the control data block.

Thus, system interface module 12 prepares an initial
control data structure that defines the structure of the VL
record and further includes pointers to additional control



determning a disk track that includes a FL sector wherein amold VL record
- comences that corresponds to the update VL record; c) reading each FL

sector in the disk track and creating a control data structure which
includes information describing each VL record stored in the disk track; d)
substituting in a control data structure §or the old VL record that
corresponds to the update VL record, information regardi ng update data from
the first codatal hkvekst rwiciche; im)icaterdfrhgre' nimhecarbr tmedwuledats,
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24, 16, 28, etc. where:Ln a fixed length sector is stored
which corresponds to the received VL record. The software
which controls processor' 16 and enables execution of the
invention hereof, may be loaded from a “magnetic d:.sk or

_other suitable source .of. operating code. -

As will be hereafter understood, processor 16, via a
disk . controller, can _'acc'ess_ those f:i.:fed length sectors
directly involved with a received VL record or may access:
all sectors from a track. In either case, as sectors are
read from a disk drive track, ;a control data structure is
created for each record which defines its structure and
location in buffer store. The data read from one or more
disk drives 24, 26, 28, etc. are buffered in cache module
14.

Next, under control of processor 16, the contents of
the record read from disk which corresponds to the received
VL record from host prdcessor 10 is updated with data from
the VL record. Thereafter, a write action occurs wherein
either just the updated fixed length sectors are rewritten
to disk, including pad data if the data is compressed and

"the length of the data section of the record has therefore
decreased, or the entire track is rewritten to disk and the
records following the record which has been updated are
resegmented in accordance with subsequent fixed length
sector structures. Note that disk controllers 18, 20 and
22 only have the capability to read and/or write a full
fixed length sector from disk.

Prior to describing the detailed operation of the



Fig. 4 4s a schematic indication of a track descriptor

4 vector (TDV) table showng entries therein and their relationship to
ot her control data bl ocks and associ ated buffer storage areas. Fi gs.
5a and b5b conprise a logic flow diagramillustrating the manner of
extraction of sector format data and €he revision thereof in accordance
with variable | ength data received froma host E‘aocessor Figs. 6a
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dat a rewmainefiiedddi, sk. count (C) field, a key (K) f:.eld and a data
- (D) field. Each field is preceded by a field descriptor
(i.e., FD1, FD2, FD3 respectively), which includes certain
data regarding the immediately following field. The VL
record format shown in Fig. 2 is well known in the prior
art as the CKD format.

The count field coﬁtains, among others, the address of
the record in the form CCHHR -.(ICC=¢y_._linder__' number, HH=head
number, R=record number) and the length of the data field.
The key field contains the record's key and may be of
variable length. The key field is a name “ascribed to the
record which may be séarchéd, rather than the record
number. The data field is of variable length and includes
all of the data associated with the particular record.
Immediately after each of the count, key and- data fields is
a field redundancy check. (FRC) character which is used for
parity checking.

Referring to Fig. 3, the fixed length" (FL) sector
format found on each of disks 24, 26 and 28 is illustrated.
Each FL sector is of an identical length in bytes and may
store a portion of a VL record, a full VL record, or
multiple VL. records, depending on the length of each VL
record. Each FL sector commences with a sector infor.,'ma'tion
block (SIB) which includes data identifying the particular
FL sector. A PFL sector number can be calculated, knowing
the coumon length of each FL sector and the number of FL .
sectors in a track. After the SIB, comes a field
descriptor (e.g., FD1l) which describes the record field
that immediately follows.

For example, in sector 30, a complete CKD VL record is
present and FD1 describes the field £fragment that
immediately follows it. The description includes field



Fig: 7 idlustrates a flow diagram wherein a track read operation is enabl ed
fromany point on a track, without requiring the read to conmence at the
begi nning of a track. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Host
processor 10 configures data to be stored to disk into a variable Iength
(VL) record format and transnits each VLsecord to a systeminterface
nodul e 12. Prior to receipt of the VL record, systeminterface nodule 12
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further inclu ornters”to ad cont
chec field and an FD3 field descriptor for field 3 are

- found, with FD3. describing the type and length of the
immediately following data field. ‘

Note that, as an example, each FL sector in Fig. 3 is
. shown to comprise 512 bytes, with each FL sector ending
with a field redundancy check field and a sector redundancy
check field. S:ane, however, the data field of the firét
record is longer- than the space available in FL sector 30,
the data ‘field extends over into FL sector: 32 and is
preceded by an FD3 descriptor which describes the length of
the data field in FL sector 32. In the examplé of Fig. 3,
the data field extends further than the limits of FL sector
32 and into sector 34. There, the data field terminates
and is immediately followed by the beginning of the next VL
record and an FD1l descriptor which defines the immediately
succeeding count field, etc. o

~ Notice that the data field in FL sector 34 extends
over and into FL sector 36, but terminates prior to the end
of FL sector 36. Rather than a new VL record commencing
within sector 36, a plurality of pad bytes immediately
. follow the end of the data field of the previcus VL record
and fill out the remainder of FL sector 36. The pad bytes
are inserted to £ill out the length in a FL sector (or
sectors) wherein data has been updated and rewritten, but
now occupies less than the number of bytes occupied by the
original data of the VL record. The pad bytes fill out the
unoccupied remainder of the FL sector.

Pad bytes are used when a "home area sector extract"
read/write technique is used by the invention. More



5 .data.bl ocks which indicate where in cache nodul e 14, various portions of
the received VL record are buffered. After the buffering action is
conpl ete, a processor 16 within cache nodule 14 commences an update
procedure and provi des commands to one or nore disk controllers 18, 20, 22,
etc. to access a disk track in a connected disk drive 24, 16, 28, etc.
wherein a fixed length sector is stored which corresponds to the received
VL record. Specificaddy waiadtheorithan srqzndmrgﬁrfu]]ﬂ anrhaoaiy esbtexdgusi on
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drives 24, 2laoffs WHicK $14dw' 84 'Hb€ 508N Bel%eformatted or
"reblocked" across the succeeding FL sectors. Pad bytes
are not required if the entire track is read; the VL record
of interest updated; and the entire track rewritten, with
VL records succeeding the updated VL record being
automatlcally reblocked

The control data structures which enable operation of
the invention will hereafter be described. Data processing
systems include many different types of control data blocks

.to-enable a functioning of the various data processing
actions. The control data blocks to be described
hereinbelow are just those necessary to enable operation of
the invention. When data is read from a track of a disk,
a track descriptor vector (TDV) table is constructed which
fully describes each VL record contained within the
associated track. A TDV includes a track descriptor vector
element (TDVE) which is a control block that describes a
record contained within a track. Thus, each TDV includes
plural TDVE's, each TDVE defining a logical VL record
contained within the track. Obviously, if there is only
one VL record in the track, the TDV includes only a single
TDVE.

It is to be understood that a TDV is constructed when
data is read from disk into cache module 14 so as to fully
describe the data from the track and to enable any portion
thereof to be located, modified, and rewritten to the same
or another track.

As described above, a TDV table contains a separate



Next, umder control of processor 16, the contents of the record read from
di sk whi ch corresponds to the received VL record from host processor 10 is
updated with data fromthe VL record. Thereafter, a wite action occurs

- wherein either just the updated fixed length sectors are rewitten to disk,
i ncluding pad data if the data is conpres®ed and the length of the data
section of the record has therefore decreased, or the entire track is
rewitten toTBVEK ey hEor¥ eearcls Hegaxd ngWhihder ac SP¥EMdadia helsrbeenre
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Prior to describing the detail ed operation of the

6 systemof Fig. 1, h sprt the VL record
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illustrated and conpri seFIBkRel nRAFAS |(€DUN§I‘)a count . (C) field, a key (K)
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- FIELD 3 LENGTH (e.g. DATA) |

- FLAGS: -MULTIPLE SECTIONS IN TDVE
-STARTS ON SECTOR BREAK

- FIRST BCB

- LAST SECTOR BREAK BCB

- PAD LENGTH

Assuming that VL records on a disk track are arranged
using the known "count, kéy, data" format, the above-noted
TDVE data structure includes field descriptors for each of
the count, key and data fields. Field 1 (the entire count
field) includes the actual record number, whereas the field
2 and 3 values include pointers to further control
structures which indicate where the key and data portions
of the record are buffered. As will be described below,
those further control structures are buffer control blocks
(BCBs) .

The field 2 length includes the length of the .record
name and the field 3 value indicates the length of the data
in the data portion of the VL record and the type of the

field. The flags included in a TDVE indicate whether

multiple FL sectors are present in the TDVE and whether the
VL record starts on a séctor break (i.e., starts at the
beginning of a FL sector). |

A TDVE further includes a pointer to a first BCB which
is a data structure that includes control data to enable
set up and identification of physical buffer space that is
employed in the storage of the record defined by the TDVE.
As will hereafter be understood, BCB's can be chained, one



(i.é., FDL, FD2, FD3 respectively), which includes certain data regarding
the inmmediately following field. The VL record format shown in Fig. 2 is
wel | known in the prior art as the CKD fornat. The count field
cont ai ns, anong others, the address of the record in the form CCHHR
(CC=cyl i nder nunber, HH=head nunber, R=rggord nunber) and the length of the
data field. The key field contains the record' s key and may be of variable
| engt h. Thérbmythéebdhbr gonahatasnilibtHet fitbe BER meedibe hindicathed

sear ched, F ED n the record nunber. The data field is of variable

| engt h and |nc es dll of the data associated with the particular record.

| medi ately after each of the count, key and data fields is a field
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know ng the common | ength of each FL sect'or and the nunber of FL sectors

in a track. After the SIB, <cones a field descriptor (e.g., FD1) which
describes the re8o0BEB idat tskxructurdi dseshownl below: _

BUFFER L_BLOC

NEXT BCB POINTER
DATA BYTES IN BUFFER
BUFFER SIZE

BUFFER ADDRESS

i

Each BCB data structure includes a pointer to a next
BCB (if any), it being realized that plural buffer
locatidns may be allocated to a data caching action. Each
BCB further includes an entry "data bytes in buffer" which
indicates the number of data bytes stored in the physical
buffer space. The "buffer size" entry indicates the total
size of the associated buffer and the "buffer address"
indicates the address of the area in cache memory wherein
the actual data is stored which corresponds to the BCB
control structure.

Referring now to Fig. 4, the relationship between a
TDV, TDVE and various BCB's is illustrated. TDV 50 defines
all the VL records in a track, from record RO to record Rn.
Each row in TDV 50 corresponds to a TDVE which, in tuzrn,
corresponds to a specific VL record number contained in the
track. The "first BCB" entry in a TDVE points to a first
BCB that, in turn, provides information regarding where in
cache memory 14 the associated data is stored. As
indicated above, BCB's can be chained so as to enable data



For. exanple, in sector 30, a conplete CKD VL record is present and FD1
describes the field fragnent that imediately follows it. The description
i ncludes field 7 type, status and
| ength of the field. Immediately after_FDl is a count field which includes
the record nunber of the variable Iengt:h record data which follows. A field
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Si nce, hov‘@ﬁgr’"la@t dé&%t%'re'é’ré’ékt rﬁ%ﬁ” rpo:mts to data which, when
stored in a FL sector, starts on a sector boundary.

Turning to Figs. 5a and 5b, a first method for
updating a record stored in FL sectors will be described.
In this embodiment, the method accesses the FL sectors
1nclud:|.ng the VL record; updates ‘the portion of the VL
record and rewrites the updated VL record back to the same
FL sectors. Further, to the extent that pad bytes at the
end of a VL record need to be added (or deletéd) ; 8Such
actions are accompl:l.shed during the rewrite procedure.
This' first update method is thereby termed the "home area"
'sect?r extract and update.

The procedure commences as shown at box 100, wherein
a VL record "N" is received from host processor 10 by
system interface module 12. System interface module 12
creates a VL record TDVE for VL record N and buffers the
count, key and data fields thereof, using chained BCB's
(box 102) to record control information which will allow
1ater access thereto. Thereafter, processor 16 (in cache
module 14) computes a fixed length sector-number (e.g., X)
wherein the to-be updated VL record N commences and the
number (n) of FL sectors required to store VL record N.
Processor 16 is able to compute the position of FL sector
X by virtue of having previously created a table which
indicates the length of each VL record in the disk track
and the number of FL sectors in the track. From this data,
the position of the start of VL record N in a FL sector can
be readily calculated (box 104).

For purposes of describing the invention, it will be
assumed that VL record N both begins and terminates at



record Ls longer than the space available in FL sector 30, the data -field
.extends over into FL sector 32 and is preceded by an FD3 descriptor which

describes the length of the data field in FL sector 32. In the exanple of

Fig. 3, the data field extends further than the limts of FL sector 32 and
into sector 34. There, the data field %€ i nates and is I edi ately

fol | oned L pAi : t X recorgd. +ED. lspt.or which
defi nes t%?ﬁ%#%%ﬁgéggyﬁgﬁg%gég?hgﬁt%ﬁ¥#ofgéIdglg?g.ﬁﬂlg ésg%%ﬁ&€g§yhat t he
data fiel PEAFFISQECLOr e85 adUigRs cverleast | Weve® TBY¥E: 6RtIF eshutone

term nat esgy i 9f, RedddeMd 107 EheSEIOTvEOreBaie vt AAR BEWeNE RACOrd
connenC|n3:MAth n_sector_ 36, a urality of pad bytes_imedi atel,y foll ow

| ]
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a FL sector.(or tor wher ei n a_has_heen_ updated.and .
rew i ttenp%tﬁotﬁﬁﬁ/ @%%#Jpﬁé‘?i%éf%s'%*h nerftﬁeo%gﬁ%e’?e%?r%yﬁé%'oc%ﬁ]‘ﬁ%@ﬁrﬂy t he
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includes an initial portion of VL record N+1 (box 106).

All of this information is readily calculated by processor

16, given the known VL record lengths in the track and the

number of FL sectors in the track.:

Processor 16 next controls a disk controller (e.g.
disk controller 18) to read FL sector X (récall_that the
first portion of VL record N appears in FL sector X). The
first data field read from FL sector X is the sector
information block (SIB) which is immediately followed by
the field descriptor for the end portion of VL record N-1
which is resident in FL sector X. The data from the SIB
and count field descriptor is used to build a partial TDVE
for the accessed last portion of VL record N-1. A BCB is
established which points to the buffer address where the
portion of record N-1 that is in FL sector X is buffered.
Further, a pointér value to the BCB is inserted into the
TDVE as the "last sector break BCB" for VL record N-1.(box
108).

As shown in box 110, reading of FL sector X is
continued, thereby accessing the initial portions of VL
record N and inserting the relevant data with respect
thereto into the TDVE which corresponds to VL record N. As
FL sectors X+1, X+2... are read, the necessary data is
inserted into the TDVE for VL record N until the FL sector
is reached that stores the last portion of VL record N (box
112). The last FL sector is determined from its sector
information block (which is sequentially numbered) and
enables the number of sectors since the first sector



8 sspecifically, rather than reading a full track to obtain a VL record to
be updated, only the FL sectors including the VL record to be updated are
read; updated and then rewitten to disk, with pad bytes being included at
the end of the data to fill in any unug_%d portion of a FL sector or sectors
at the end of the VL record. In such manner, VL records which follow do not

need to becaﬁééziﬁ%geaz.% £h! Reksbe Qﬁt‘é&?ﬂfﬁlﬁi% %%%réqa@eoﬁ%tﬂfs Pad

bytes are re ui red eentlretra,ck I'S rea record_ of
i nt er est t R tQrg r F8EWERG t £en, SWFﬁOL ré&&sYd N
succeedi ng(ddsneemﬂﬁéddlﬂLbroe@qrcch)b,el ng automati cal |y rebl ocked. The

control data structures which enable operation of the invention wll
hereafter be described. Data processing systens include many different
types of controAsdmkblsetSOro X¥enfibre Vi frewdrdnNAl, ofa tBEBvpoiatexat a

process! NG, 26 088 encdlies SR milgh Arol! ekhrd Ay bEscACRREHISD

herei nbel oware jus | € 0pération o Inventi on.
Wien dat a agcesad tir ophe bufdenfadduesk, wheaneckheed@sitptperyien oo TDV)

table s oAstrucheciuhiotindd | undesrsd Deaceaghell £asar Epsoniabnognyi thin

t he associ at ed track V i nclu a track descri tor vector ement
(TDVE) whi®9F%Qrg é"ﬁm &C%mn?ﬂ’ét"%%%r%@ﬁt@ SR TRYE &St hin a

track. Thushe eeTdsD¥etiohUda%®ak BCB" for VL record N.

Thereafter, data from the latter portion. of the last
FL. sector is used to build TDVE for VL record N+l1. More
specifically, the buffer area where data is st_or_ed from the
last sector is indicated (indirectly) by the "first BCB*®
pointer value inserted in the TDVE as the data i's._read from
the last FL sector. o

At this point, a TDVE exists for VL record N as
received from host processor 10 (with the update data); and
a TDVE exists for VL record N (to-be-updated) as derived
from the track just read f£rom disk. All data for the FL
sectors comprising record N and portions of record N-1 and
record N+1 have been buffered and are indicated by BCB's
which are, in turn, noted in the associated TDVE's. The
update action is accomplished by changing the pointer value
in the TDVE for the VL record N read from disk (hereafter
referred to as the updated TDVE), to point to the “first
BCB" indicated in the TDVE for VL record N, as. received
from host processor 10. Thus, when the updated TDVE for
record N is employed to re-write data onto the disk track,
when the FL sector is reached which stores the £first
portion of VL record N, the updated TDVE for record N
causes the BCB to be accessed which points to buffer
address where is stored the update data received from host
processor 10 (box 114).

If the length of VL record N changes as a result of



. plural TIDVE' s, each TDVE defining a |ogical VL record contained within the
track. Qoviously, if there-is only one VL record in the track, the TDV

i ncludes only a single TDVE. It is to be understood that a TDV is

constructed when data is read fromdi sk into cache nodule 14 so as to fully

describe the data fromthe track and tg enable any portion thereof to be

| ocated, nodified, and rewitten to the sane or another track. As
descri bedtﬁéo‘iﬁdl%a@ét@ﬁﬁﬁtéo'&@dﬂb% BprREPSbdbLession thereof, pad

9 TDVE e trg for each record b Wi |l e a TDVE dat a struc% ure can CI§de many
entries, PRECEnAESesRTREtER LRENESRe iR d’qvﬁl%n‘?m%nf’ y ‘?'Eé t ed

i mredl at eiaigdbeth@/vp051tlon in TMQ@ESCELP%MT%EEEI&E&BI(J DvE)
begins (box 116). That action is accomplished by inserting
into the TDVE for VL record N the number of pad bytes to be
inserted at the end of the record to f£ill out the area of
the last FL sector originally occupied by the non-updated
version of record N. Thereafter (box 118) the further FL
sectors_ are rewritten to disk, using TDVE's for VL records
N-1, N and N+1. More épecificaily, the TDVE for VL record
N-1 causes the data buffered from 'the'-end of record N-1 to
be accessed and written 'to disk in FL sector X.
Thereafter, the TDVE for- VL record N is accessed and
controls the writing to disk of buffered information
indicated to by the BCB's that are found by initially
accessing the "first BCB" listed in.the TDVE. At the -end
of VL record N (in the last FL sector), the TDVE for VL
record N+1 is accessed and causes the latter portion of the
last FL sector to be written with the beginning :Lnformatlon
from VL record N+1

Note that from the above action, no “reblocking"
(i.e., rearrangement) of subsequent VL records into FL
sectors is required, as they all remain distributed
throughout the FL sectors as they were before the update
action. However, under certain conditions it is desired to
save disk space by compressing all records as they are
written to disk, thus avoiding the necessity for insertion
of padding therebetween. In such case, the 'procedure
illustrated in Figs. 6a and 6b is utilized.

Similar to the procedure described in Figs. 5a and 5b,
a VL record N including update data is received from host
processor 10 (box 150) . System interface module 12 creates
a TDVE for the update VL record N and buffers the count,
key and data fields (box 152). From a stored track format
descriptor which enables a matching of the received VL
record N to a particular track, system interface module 12
computes a first FL sector of the track and the number of



- FLELD 1 DATA ( COUNT) - FIELD 2 LENGTH (e.g. KEY)

FIELD 3 LENGTH (e.g. DATA) - - FLAGS: - MULTI PLE SECTI ONS | N TDVE
- STARTS ON SECTOR BREAK - FIRST BCB - LAST SECTOR BREAK
BCB - PAD LENGTH Assum' ng that VL records on a disk track

are arranged using the known "count, % data" format, the above-noted
TDVE data structure includes field des& | ptors for each of the count, key

Fecord nulBercShLan (HaS T FER, RS S00hr ucEP P REREEE poPneeVs PEXH ur t her
contr ol stsuﬁﬁmmmmmradtanacm@asst baélkegcamdsdanatper tiragk dfs t he
record ar @i ba Ak 1589 ggngew&vckt heseebir ihieh eadhio!
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(i.e., st a‘.rdmtatfid:mt:begl ofi ithef raspecsteedy) stored VI records and
their re-storage to disk (box 158).

When the read action arrives at the FL sector which
includes non-updated VL recond'N;.the'corresponding TDVE
therefor is filled in with: information from the VL record
N. However, instead of the '“flrst BCB" entry in the TDVE
for VL record N_pointing to the;303 for the non-updated
data, the "first BCB" from the TDVE for the update VL
record N is inserted .into the TDVE for the first FL sector
which includes VL record N (box 160). The first BCB entry
points to the BCB which further defines where the initial
portion of updated VL record N is buffered.

After all of the sectors of the accessed track have
been read, and the TDVEs for the VL records completed, a
write action can proceed wherein each of the FL sectors are
re-written destaged to the same track. As shown in box
162, the rewrite of the track commences with FL sector O
and, using the buffered TDVE data, each sector is rewritten
to disk. When the write action arrives at the sector
wherein VL record N commences, the associated TDVE causes
the recording therein to be in accordance with the BCB data
previously entered into the non-updated TDVE from the
update VL record N TDVE. Thereafter, succeeding VL records
are written into succeeding FL sectors, but are reblocked,
starting from the end of updated VL record N (box 164) . The
reblocking action segments the VL. records into FL sectors
and inserts the necessary data into the FL sectors!'
respective SIBs and field descriptors to identify and
describe the stored VL records.



A TBVE further includes a pointer to a first BCB which is a data structure
that includes control data to enable set up and identification of physical
buffer space that is enployed in the storage of the record defined by the
TDVE. As will hereafter be understood, BCB' s can be chained, one

10 fromthe other so that only the firgg BCB need be indicated in a TDVE
A TDVE further includes a pointer to a BCB which points to the buffer

storing the |asthaagi®ygt nol dat Fiig. the d asdplflt sesddr whocddaker edlihe VL

ecor e P Sead bl Ll Sl B G Ul G ELIL L BB

shown bel owo multiple FL sectorBUERER@DMIRE BLOZHy sector and to
continue until all FL sectors of interest have been
accessed and respective TDVE's for VL records stored
therein completed. The field descriptor 1 (FD_1), field
descriptor 2 (FD_2), and field. descriptor 3 (FD_3), are
each provided with a VL record number va;ue which
identifies the record which is stored in the FL sector.
Further, all SIBs are numbered sequentially. Thus, during
a read action, if either an FD 1, FD 2, or FD_3 is
accessed, processor 16 immediately knows the VL record with
which the incoming data is associated and the FL sector's
sequence number. Further, since a TDV has been established
with separate TDVE's for each VL record in the track (with
each TDVE- including a corresponding record mno. .entry),
processor 16 can compare the read record number from a
‘field: descriptor and determine to which TDVE Ehe
forthcoming data belongs.

Thus, as shown in box 180 in Fig. 7, when a FL sector
is read, the field descriptor data is read and the record
number is extracted therefrom. Thereafter,-the TDVE with
the same VL record number entry is determined and the
corresponding TDVE is- filled in with data that follows the
field descriptor (box 182). Thereafter (box 184),; the
procedure is repeated for each field descriptor until the
TDVE for the VL record that was initially sensed in box 180
is completed (i.e., when the track has rotated 360°). At
such point,ﬂthe'entire TDV for the track looks identical to
the way it would have looked had the sector read operation
commenced at the beginning of a first FL sector including
the VL record. At such time, the track read action is
complete and an update can occur.

More precisely, when a FL sector including a split VL
record arrives, the FL sector information is processed,
field descriptor by field descriptor until a field



. - NEXT -BCB PO NTER _ - DATA BYTES I N BUFFER -
BUFFER SI ZE - BUFFER ADDRESS Each BCB data structure
i ncludes a pointer to a next BCB (if any), it being realized that plural
buffer locations may be allocated to a data caching action. Each BCB
further includes an entry "data bytes in buffer” which indicates the nunber
of data bytes stored in the physical buffer space. The "buffer size" entry
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i nformation regar ere 1n cache nmenory 14 the associated data is
stored. qut&ﬁ RNAHERESESCR CRRY: R Eﬁamﬁg& é’@ &9 ofehgb| BCBat a

pointer from the TDVE. This sector and subsequent ones are
processed as normal. When the last sector has. been
processed, a copy of the first BCB is stored into the "last
BCB" entry in the chain of BCB's for the TDVE. This
completes the entire BCB chain for the record.

It should be understood that the forego:.ng description

is . only illustrative of the invention. Various

alternatives and wmodifications can be devised by those

skilled in the art without departing from the invention.

'Accordingly, the present invention is intended to embrace

all such alternatives, modifications and variances which
fall within the scope of the appended claims.



. froma.VL record to be positioned at various locations in the cache. The
“last sector break BCB" entry in a TDVE points to the BCB which, in turn,
poi nt s—te—t+he—-area—of—cache which contains the data fromthe FL sector that

stores a Iast'!ﬂ(irtion of a FL record. More specifically, the "last sector

br eak I ﬂ '""IﬂlH“la whi ch, whengfored in a FL sector, starts on a
sect or "

. Turning to Figs. 5a and 5b, a first nethod for
updating a record stored in FL sect @saAIMd | be described. In this
enbodi ment, the nethod accesses the FL sectors including the VL record;
updates the portiqn of the VL record; and rewites the updated VL, record
back to the sake FA metthed. fortenabking ha chesht BFRECHAATHWRECH: the

econl | SHBLEre Taaab1 BengRe i R o e oo

€ A ur e. AlS Irs U e ne
t her eby t@*%’éds'%ﬂ’éggﬁo%a&seé?h‘s‘g'tﬂp %N%&q}ﬁfaﬁg{?ﬂ) SeCt‘%ﬁ%I >
pr ocedur efspNEEOLaGeadfSBald ML hecckdl, Waldkcmethdd cammrising tlke

recei ved éégg]shgas:t: processor 10 by

a) deriving a first control data structure for an
update VL record, said €£first control data
structure including information describing
segments of said update VL record;

b) determining a disk track that includes a FL
sector wherein an old VL record commences that
.-corresponds to .said update VL record;

c) reading each FL sector in said disk track and
creating a control data structure which includes
information describing each VL record stored in
said disk track; '

d) substituting in a control data structure for
said old VL record that corresponds to said
update VL record, information regarding update
data from said first control data structure; and

e) recording in said disk track, data indicated by
each control data structure determined in steps
c) and 4).

2. The mwmethod as recited in claim 1, further
comprising the steps of:

£) if said old VL record ends at other than a
sector break of a FL sector, reblocking VL



systemi.nterface nodule 12. Systeminterface nodule 12 creates a VL record
TDVE for VL record N ana DuTTers the count, key and data fields thereof,
usi ng chai ned BCB!

cord control i nformati on which wll
allow | ater access rH er processor 16 (in cache nodul e 14)
se

*- conputes a fixed I C vor snu (1.9 g., X) wherein the to-be updated

VL record N comTences and the nunber (n) of FL sectors required to store VL
record N. Processor #écosdabl éntte c@ipusecthespowhicbn areFLrseorgedX by

virtue of having prﬁe/ H§E¥t%&e%r?dsd£1c%a@i&‘@f§&' ndi cates the | ength of

each VL record int

Fromthis data,

track an e nunber of FL sectors in the track.
the position of the start of VL record Nin a FL sector can

be readily cal cul ated (box 104) For purposes of describing the
invention, it wll _be ass that VL,re or N h
at 3. The Method ab recig 8 d ot eg| s(?f%nd e md1at es

sectors. @ebarbdltﬁﬁgaﬁwm:%ena Qegmeaemnglﬁf w;cabrw;s moa:d Imm dma” ee
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additional data which describes VL record data stored
therein.

4, The method as recited in claim 1, wherein step 4)
1nser'cs po:.nter data to one or more additional control data
structures wh:l.ch define buffer storage areas where data
from said update VL record is stored, said pointer data
being the information regarding update data from said first
control data. structure. ' '

5. A memory media for enabling a host processor which
employs variable length (VL) records to communicate with
disk storage means which employs fixed length (FL) sectors
for storage of said VL records, . .said memory media
comprising: o

a) means for controlling a processor to derive a
first control data structure for an update VL
record, said €first control -data structure
:-'.ncluding' information describing segments of
said update VL record; a

b) means for enabling a disk controller to
determining a disk track that includes a FL
sector wherein am old VL record commences that
corresponds to said update VL record;

c) means for enabliug a disk drive coupled to said
disk controller to read each FL sector in said
disk track and to enable said processor to



record N+1. The three TDVE s are required becg t hat t he
first FL sector in which VL record Nis tobmﬁﬂ I!! mﬁ de the end of
VL record N-1. Further, it is also known gl i'Ph, that the

| ast FL sector which cont ains a porti-on of VL record N aI so includes an
initial portion of VL record N+1 (box,d06). All of this information is
readily cal cul ated by processor 16, given the known VL record lengths in

the track and the riydgkeoh @erﬁ:%‘épréatﬁ tsheut:ta%b which iReDe@sgor 16
next controls a disk fontroller di sk contrgller 18) to read,FL sector

X (recal |l that the ¥ BiPRoAe blln&(ﬂatf FEFLT FEPTERciBr X) .
The first data fielshicieaﬂllékotmab]@ector X is the sector information bl ock
(SIB) which is imediately followed by the field descriptor for the end
portion of VL record N-1 which is resident in FL sector X. The data from
the SIB and c8dnt fmears 6o iqausing esdd ProgesBOTa YsursubstitwEefor the

accessed last portigy of Yonteee dadtd. sbaAidRure e2babldafied ot chrpoi nts

to the buffer address wh the portion of record N-1 that (s in FL sector

X is buffered. Furt4RFor pEPﬁFer COALRSRRGs e t80B §A&14 nIRIRESI nVE t he
TDVE as the "l ast assterd)pr dalfdzaRition :b@gamm Updatk0odai8) from As

the i tial port] ot WHEPECERRERCIn AR @%ﬁ%d ASEuant data wi ih
respect thereto into the TDVE which corresponds to VL record N. As
e) means for. controlling said disk controller and
said disk dr:.ve to record in said disk track,
data indicated by each control data structure
determined by said means c) and d).

6.' The memory media as recited in claim 5, further
comprising:

£) means responsive to said old VL record ending at
other than a sector break of a FL sector, to
cause said processor to reblock VL records into
FL sectors which are recorded thereafter on said
disk track.

7. The memory media as recited in claim 6, wherein
said reblocking involves a segmenting of each VL record
into one or wore FL sectors, each FL sector further
including additional data which describes VL record data
stored therein.

8. The memory media recited in claim 5, wherein means
d) causes said processor to insert pointer data to one or
more additional control data structures which define buffer
storage areas where data from said update VL record is
stored, said pointer data being the information regarding



FL sectors—X+i,—X¥2. . are read, the necessary data is inserted into the

TDVE f or V the FL sector is reached that stores the |ast

portion of £ﬁ“ﬂuﬁu H 112). The last FL sector is determ ned from
its sector sbl'©Ck (which is sequentially nunbered) and enabl es
t he nunber of sectors since the first gsgctor

13 containing VL record Nto be determned and correlated with the nunber
of sect or apdape r@sdchofeom eadd rebost dbfeeber datadstruatarks) . As
with sector X for VL record N1, a BCB pointer value is entered in the TDVE
for record N which_enabl es access to the buffer address where the | ast
portion of recd?d W imeshodedfand awebking i svereddingt lof | astvatiakslos or .

That BCB poidyek m,\ferééofatﬁfel 181 @cbhga TIYEnia dii ¢ | eisled adpiclp” cak

BCB" for VL record rea ter, data atter_portion of the
last FL se@lor §aCkRE8 o8 Bufigkravivieor boL cormenEaat amwt FL sector

which includes a portion of said V1 record, said wmethod
comprising the steps of:

(a) including in each said multiple FL sectors,
field descriptors which describe each portion of
a VL record that is stored therein;

"(b) deriving a control data block for at least one
said VL record;

(c) commencing to read FL sectors from said disk
drive at a FL sector that includes an
intermediate field descriptor other than a first
field descriptor which occurs at a beginning of
a VL record, and employing information from said
intermediate £field descriptor to identify a
corresponding control data block; and

(d) 1later, during a rotation of said disk drive,
employing information £from one or wmore FL
sectors to enter data into said corresponding
control data block, up to and including a FL
sector which J.ncludes said 1ntermed:|.ate field
descriptor.

10. The method as recited in claim 9, wherein step (c¢)
further causes a control indication to be generated when it
is determined that a FL sector with an intermediate field
descriptor of a VL record to be accessed, is being read,
said control indication enabling operation of step (d).



specifically, the buffer area where data.is stored fromthe |ast sector is
i ndi cated (indirectly) by the "first BCB" pointer value inserted in the
TDVE as the data is read fromthe | ast FL sector. _ At this point, a
TDVE exists for VL record N as received,§rom host: processor 10 (with the
update data); and a TDVE exists for VL record N (to- be-updated) as derived
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The update action is acconpl y n ointer value in the TDVE
for the VL record N read froﬁ?g gﬁg ﬁgge% tggrtrRi grred to as the updated
TDVE), t ABBIRACYo the "first BCB" |nd|cated in the TDVE for VL record N,
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a)

If the Ieng anges as ares
deriving a first control data structure for an

update VL record (100); b) determining a disk track wherein
an old VL record commences; c¢) reading each FL sector and
creating a control data structure; d) substituting in a
control data structure information regarding update data from
the first control data structure; e) recording data indicated
by each control data structure; and f) if the old VL records
ends at other than a sector break of a FL sector, réblocking
VL records into FL sectors which are recorded théréafter on
the disk track. The invention also enables a readfaction to
be accomplished in one rotation of a disk.

Fig. 5a



14 “the-i ndi cated update action and conpression thereof, pad bytes are

i nserted between the new ending of VL record N and the position in the [|ast
FL sector where record N+1 begins (box 116). That. action is acconplished by
inserting into the TDVE for VL record N the nunber of pad bytes to be
inserted at the end of the record to fill out the area o '
sector originally occupied by the non-updated- version of}ﬁ%ﬁp I'W-S BEEN
Thereafter (box 118) the further FL d6ttors are rewittentq dE qu. ng
TDVE's for VL records N-1, N and N+1. Mre specifically, the TDVE for VL

record N1 causes t _of record. N1 to he
accessed and witjten to disk i FL |sector | X Py hereafter t he TDVE
for VL record Nis acce%d—:a-nd DIIESS AN w11 NG to disk ot buf f er ed

i nformation i ndi caged to by the BCB' s that are flound by initially accessing
the "first BCB" Ii dinthe TDVE. At the endfof VL récdrd N (in the |ast
FL sector), the TDVE Tor VL recpr IS accessed and causes the latter

portion of the last FL sector tfo be witten with the beginning information

from VL TeCTOTT N+ Notg—that—fronT t e above aﬁaﬁn, ﬁ&s
"rebl ocki ng" (i.e., rearrangen'gn_t) oV ariablechiength- Regoraso rL
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sectors is required, as they all remain distributed throughout the FL
sectors as they were before the update action. However, under certain
conditions it is desited to save disk space by conpressing all records as
they are witten to disk, thus avoiding the necessity for insertion of
paddi ng t herebetween. In such case, the procedure illustrated_in Flﬂﬁnﬁau¥

and 6b i's utilized. Simlar to the procedure descri Qegys SHEEYHASBEEM
5b, a VL record N including update gata is received fromjhost RepcaGEPOr 1
(box 150). Systeminterface nodule 12 creates a TDVE for- .L.h.a—u-ps-errc
record-N and buffers the count, key and data & s (bdx 152). Froma
stored-Track format descri ptor-whirchena “npt R -pf—theTeceived-Vi

record NpkiOsiet Pad Bdes R d rack, systeminterfaf 12 computes a first

FL sector nd +he—nurber—ef——— ] 5Ee+-e+-5—-h—the—traek
(box 154)1 t'& Iﬂgﬂm a TDV with sufficient JOVE. g t rncorrpass al |
records o Sl .est-abldeshed (bhox-156) 1 NexI __t track is read into
cache m)dule 14 (fromrecofd-0 to the last rec ‘rw track) ‘and during
the re roce 16 inserfs | NAOPT & o o
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‘corresponding TDVE's, data fromeach FL sector to enable identification of
the respectively stored VL records and their re-storage to disk (box 158).
When the read action arrives at the FL sector which includes non-updated VL
record N, the corresponding TDVE therefor is filled in with information
fromthe VL record N. However, instead of the "first BCB" entry in the TDVE
for VL record N pointing to the BCB_for the non-updated data, the "first
BCB" fromthe TDVE for the update VB record Nis inserted into the TDVE for

the first FL sector which includes VL record N (box 160) .W‘??’ EEES‘_EE%B%%
:gL‘ﬁi the

entry points to the BCB which further defines where the
updated VL record N is buffered. After all of thd_sect
accessed track have been read, and the TDVEs for the VL records conpleted,
a wite action can proceedpwheqeimrepch of the FL_gectors.are re-witten

destaged to the sane track}] . As|shog#i n box 162, the rewite of the track
commences wWith FL sector@ 3 the buffere DVE data, each sector

m
nd,
is rewitten to disk. ;-%—Hae wiid e action arrMes at the sector wherein
VL record N commences, t\he i TDVE causes the recording therein to
be in accordance with th eviously entered into the non-updated
TDVE from the update VI« -, Thereafter, succeeding VL records
are witten into succeZ¢¥n 's, but are rebl ocked, starting from

the end of updated VL/ra&go .1g 1febl ggkxing action segnments
the Vit records into L sec @ B '
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and ihserts the necessary data into the FL sectors' respective SIBs and
field descriptors to identify and describe the stored VL records.

16 Turning nowto Fig. 7, a "split read" procedure will be described
whi ch enabl es a read action requiring access to nultiple FL sectors to

commence at any sector and to continue until all FL i
have been accessed and respective TDVE s for VL reco (ﬂill&SHEEH*
conpleted. The field descriptor 1 fhﬁ'D_l) field des¢ript (REPLP@ hnd

fiel d- descriptor 3.(FD 3), are each provided with a“A-—record nurrber val ue
which identifies the record which is stored in the FL sector. Further, all
SIBs are nunbered sequentially. Thus, during a read action, if either an

FD 1, FD 2, Eﬁq?eAi‘e%%éégér Exteact aifd hwgg |y knows the VL

record W|th Whl C I ncom ng data s assocl at e FL sector's
sequenceﬂmnber—Fu-rt-heT—srﬂce—a‘-?B‘v‘—ha

TDVE' s for each VL record in the tradk (with each TDVE |ncI uding a
COr r esPere-RA 6=t e R o B O C 83304 =Tl

nunber froma ,e_,cf.,ué Ve, l{p&_.“(a A/ .
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field:descriptor and determ ne to which TDVE the forthcom ng data bel ongs.
Thus, as shown in box 180 in Fig. 7, when a FL sector is read, the field
descriptor data is read and the record nunbeér is extracted therefrom
Thereafter,-the TDVE with the sane VL record nunber entry is determ ned and
the corresponding TDVE is filled in with data that foll T 146
Fﬁﬁ. E&l'_éjPéEaN_or
La

descriptor (box 182). Thereafter (box 184), the procqgd r
each field descriptor until the TDVEX¥br the VL recordjtha g“ﬁ _
sensed in box 180 is conpl eted (irJ‘Ae., when the track has rotated 360[err]).
At such point, the entire TDV fq he-t+rack-looks—ident+cal to the way it

woul d have | ooked dasktAreszect oyeézeﬁ/@ger,@té&kgomvénced at the begi nni ng
of a first FL sg¢ctor including the VI record. At such ti¥e~ e track read

action is conpl ete and grrupdat & CONQCENly Suce 7WE Precisely, when a
FL sectorTnctudimg a Spirt VL record-arrives, the FL se¢gtor inmornatton 13

processed, field deggtd F)?E-%J?eyﬂf il d idescriptor until a field

_ / R
| - AT RAST SECTON L2 ITH Kecoeo N, | &//’ {1
' CUTEl. 8 Poizgre 73 “RAs7T : f

3 BV BB BEG S ETRe -

! - Bereo TDVE fox Becacd Nt - STRETA
l GITH  esr Bc8 " Peilrep

\1/ ' | g I "‘7

F INSER 7 LoMTEL, TO /7 58 o< UL Rezorto N TIVE /

(From HosT7) 1M70 (67 Bep o W Reorp AN 70U /
/N Seezse X | l

B— ey

(E_PRTH RensTH__OF fecots A Has

CHAMGED, AP LAY SAES 7o fos/7red

WHERE _Rezocy N+('_BEGINS (W KA SEc7me {

. —

eV ——
] =ty

//49’)
7

[ QmTE  SECTiES X o Lasr SECTOC Uiy ]

L Sgeret TOUS ok Rpcoeos N —(, p
| F Nl '

]

. This Sheet Has BeenReﬁlaced F ig Sb

i




17 descriptor is reached with a "continuation of field" indicator set to
0. This is a flag which is established to mark fields following an
initial field descriptor associated with a record. Essentially, this flag
indicates a "start of record in TDVE'. This flag causes an access of the
TDVE specified by the record nunber in the field descriptor and causes a
copy to be nade of the first BCB poi:%z1 r fromthe TDVE. {(Thi-s-seector—ant ]
subsequent ones are processed as nor When t he Iast TéhStSdﬂEE'ﬁ]és'\ab 11k

Tl -4'
processed, a copy of the sto to the " ast BREPLAGEDY y i n,
the chain of BCB s for t@ﬂﬂkﬁﬂ&&ﬂéﬁﬁp @ he etrre—BCB CRATN for

the record. _ 1t _should be unde.Ls_t_md._I.h.a.t..Lhe_i.ox.eggm description
is only illustrhfive of the invention. ri ou aIt né' es and
modi fi cations can| b&gevraed byé(dﬁos@sdmkl/éd A/n /ﬁ%é’/a’r j ?e/partl ng.
fromthe 41 nventio Arert-rorTts utended to

enbrace all such alternatives, npdi |cat|ons and vari ances which fall
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18 CLAI M5 1. A nethod for enabling a host
processor which enploys variable length (VL) records to comrunicate with
di sk storage neans which enploys fixed Ilength (FL) sectors for storage of

said VL records, said nethod conprising the steps of: a) deriving
a first control data structure for an update VL record, said
first control  data ) structure_ including infor ‘LC Rng
segnents of said update VL record; 7/7 b) det er ni{nyrig Sﬁhﬁs‘ §E
that includes a FL sector wherein an old VI recoﬂ&P
_that corresponds to said update VL record; read| ng
each FL sector in said disk track ' a.control data
structure vhich ifficl udés it or mat i gn descri{tgi ng each VA record
stored in bl SK ;('a Co,fp p) CRAMIEV T ing inla gpatrol
dat a structure—fpr— AE A T
(2 174 /é'kcaeﬁ Nel B KEploce: MN7O
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id okd VL record th d i d d ' d-
said ol record that corresponds to sai LP a?fggﬂaﬁwgt*

i if or mati on' regar di ng update data fromsaid firs

structure, and e) recording in said disk track, data indi ?gyiby
each control data structure determined in steps c) and d

2. The nethod as recited in claim 1, further conprising the steps
of : f) if said old VL record ends at other than a .
sector break of a FL sector, reblockipg VL records into
FL sectors which are recorded ‘thereafter on said disk track

- REPLACEMENT SHEET |
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3. .The nethod as recited in claim2 wherein said rebl ockirﬁg
E

segnenting of each VL record into one or nore FL sectors,

further including additional
t herein. 4. The nethod as recited in claiml1, where
pointer data to one or nore additional c@#tZol data struc
buf fer storage areas where data from said update VL recorf
poi nter data being the information regardi npg update data

ol ves a

PLATEMERT!

SHEET

e
dat a whi ch descri bes VL recoifd
n
u

£ 3
dat a st o-eg——

stae i nserts
e?e&hm.mmi he
stored. said

romsaid first

ot

5. A nmenory nedia fdr ena

control data structure. FTg—e—hest
processor which enpl oys vari abl=Tengtp—&As orld t 0 conmuni cate with
di sk storage rrw whi ch enpl oys fli xeq length (FL)] $ectors for storage of
said VL recordss said nmenory n"diajconprising: a) nmeans
controlling a Pcessor to derivela . ffrdt 'control data stgpture
for an update m record,| said First] dohtrol -data str&dure
i ncluding info i on describing gegngns Qfey sai d updat e ML
record, 1
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b). means for enabling a disk controller to ' determ ning a

disk track that includes a FL sector wherein amold VL record
comences t hat corresponds to said update VL record; c)
means for enabling a disk drive coupled to said di sk-centrather
to read each FL sector in said disk track a OhEpQ_A@EMHﬂESﬁﬂH
processor to 53/7 f20 Treat e -
control data structure which include i nf or mat § on

VL record stored in said di sk track; d rr&lgsfﬁ‘c%wcsgw
sai d processor to substitute in a control datja|st

old VL record that corresponds to said updatgq VL recoiid,

i nformati on regardi ng update data from
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e

said first control data structure; and e) neans for controlling said

di sk controller and

data indicated by each control data structure

means c) and d).
further conprising: f) means responsive to sai d[ L4
ot her than a sector break of a FL sector,
sai d processor to reblock VL recordg/ynto FL
recorded thereafter on said ' '
" nedia as recited in claim®6, wherein said rebl ocking
of each VL record into one or nore FL sectors,
i ncl udi ng additional data which describes VL record dat#

at

di sk track.

& UPDATE

each FL

said disk drive to record in said disk track

determ ned by said

6. The nenory nedia as recited in clajm

L XEEMENDISHEENd) ng
auSe

RECEIVE VL RECORD N
FROM HOST

[ 100

%

CREATE TDVE FOR VL RECORD N

- BUFFER: COUNT, KEY, DATA
FIELDS (USING CHAINED BCBs)

102

l

COMPUTE FL SECTOR X FOR RECORD N
AND No. OF SECTORS IN RECORD N

104

|

CREATE TDV WITH CONTROL BLOCK
- TDVE'S N-1, N, AND N+1

106

|

-—~READ SECTOR X, SIB, FIELD DESCRIPTOR
(FOR VL RECORD N—1 DATA FIELD PORTION)
~BUILD BCB FIC RECORD N—1 DATA FIELD

PORTION & INSERT POINTER INTO
TDVE N—1 FOR BCB AS ‘“LAST SECTOR
BREAK BCB"

108

l

FIG.5a



8. The.menory nmedia recited in claim5, wherein neans d) causes said
processor to insert pointer data to one or nore additional control data
structures which define buffer storage areas where data fromsaid update
record is stored, said pointer data being the informatio oo

21 wupdate data from said first control data structure. F

mul tiple fixed |length (FL) sectors on,§/$|sk drive, to co
sector which includes a portion of sai&/Vl record, said ngth
the steps of: (a) including.in each said nultiple R
field descriptors which describe each portion of
is stored therein;

CONTINUE READING RECORD N 110
IN SECTOR X, X+1, ... & BUILD TDVE -
FOR RECORD. N .

=

—AT LAST SECTOR WITH RECORD N,
ENTER BCB. POINTER TO "LAST SECTOR
BREAK BCB” FOR SECTOR N

—BUILD TDVE FOR RECORD N+i1,
STARTING WITH "FIRST BCB” POINTER

INSERT POINTER TO 1st BCB OF VL RECORD N TDVE | 114
(FROM HOST) INTO 1st BCB OF VL RECORD N TDVE
IN SECTOR X

l-

IF DATA LENGTH OF RECORD N HAS 116
CHANGED, ADD PAD BYTES TO POSITION
WHERE RECORD N+1 BEGINS IN LAST SECTOR

WRITE SECTORS X TO LAST SECTOR USING 118

FL SECTOR TDVES FOR RECORDS N-1, N
& N+1

FIG.5b



(b) deriving a control data block for at |east one said VL
record; (c) commencing to read FL sectors fromsaid disk

drive at a FL sector that includes an internediate field .
descriptor other than a first field descriptor whigch occumswgt..»u
begi nni ng of , a VL record, and enpl oyi ng |nfornat|wa»x,ﬁ.~ \
internmedi ate field descriptor to |dent|fy a cor r e} poBctamRee

data bl ock; and (d) later, during a rotation of sai _n|%£
ﬁtxﬂ“m

enpl oyi ng |nfornat|on fromone or nore l sect or s
Into said correspondi ng control data block, up tq @
FL sector which includes said internediate field .
descri ptor. 10. The method as recited in claim9, ot

further causes a control indication TRAOK READaReUPDATEIt is detern1ned

that a FL sector with an internedi ate fTergdescrrprorof-a VL recordto be

accessed, is being read, s; on of step
(d). RECEIVE VL. RECORD N ~150
B FROM HOST

CREATE TOVE FOR VL RECORD N; 152
BUFFER: COUNT, KEY, DATA FIELDS

- COMPUTE FIRST SECTOR AND No OF 154
SECTORS IN TRACK ON DISK

BUILD TDV &TDVE'S FOR VL SECTORS | ~156
IN TRACK '

READ TRACK (FROM FIRST TO 158
LAST SECTOR) & COMPLETE TDVE'S

|

INSERT FIRST BCB POINTER
FROM VL RECORD N 160

FROM HOST INTO FIRST BCB POINTER
FIELD OF VL RECORD N FROM TRACK

|

FIG.6a




7/7

1

REWRITE SECTORS TO TRACK USING
VL RECORD TDVE'S FROM DISK; START
ON SECTOR BOUNDARY & AT EACH NULL

BCB POINTER, STEP TO NEXT TDVE

162

AFTER VL RECORD N, CONTINUE
WITH RECORD N+1 & REBLOCK INTO
SECTOR SIZES, WHILE INSERTING FIELD
DEFINITION DATA , UNTIL END OF TRACK

164

FIG.6b

SPLIT READ

READ. FIELD- DESCRIPTOR IN SECTORAND | ~180

DETERMINE RECORD No

Y

"ACCESS TDVE WITH SAME RECORD No. | ~182

AND, FILL Ig WITH DATA THAT FOLLOWS
S

FIELD* DESCRIPTOR * FROM SECTOR

l

REPEAT FOR EACH SUCCEEDING FIELD /184.

DESCRIPTOR (AND VL RECORD) UNTIL

SAME SECTOR No IS AGAIN READ
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