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Background
10 Computers are powerful tools for storing, managing and providing access to vast
amounts of information. Computer databases are one common mechanism for storing
information on a computer while providing access to users. Common computer
implementations of databases store data and indexes in various files or object.
Typically, users do not have direct access to the objects in which the data and/or
15  indexes comprising a database are stored. Users are often provided indirect access to the data
and indexes via a database management system (“DBMS”), or an application communicating
with a DBMS. A DBMS is responsible for responding to requests from users or applications
to change, update, delete; and insert data into the physical objects. In this way, the DBMS
acts as a buffer between the end-user and the physical data storage mechanism, thereby
20  shielding the end user from having to know or consider the underlying hardware-level details
of the table he is using.
There are several common database management systems including, for example,
DB2 which employs tablespace and index objects to store and access data. Another example

of a common DBMS implementation is IMS which employs database and index objects to
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10 Typical tables and indexes may include thousands of records. In many DBMS’s, all
changes, updates, deletions and insertions to the objects are recorded to a log file. The log
function is one of the busiest functions in a DBMS due to the large number of records and the
high volume of changes being made to objects. A typical DBMS log function also allows for
a log exit. Namely, before the DBMS writes each log record, it calls a log exit routine and

15  passes the address of the log record to the routine.

Over time, changes, additions and deletions from a table and/or index may result in an
inefficient organization of the stored data, and may affect the ability of the DBMS to timely
respond to requests from end-users and applications. To maintain efficient data storage and
access, utilities have been developed to reorganize data and index objects. Such utilities may

20  be periodically executed to correct the inefficient organization of data caused by the
processing of requests since the last time the reorganization utility was executed.
Reorganization utilities are employed periodically because of the time and resources required
to perform the reorganization of data.

While a reorganization utility is executing, batch and online applications which



hi gh vol une of changes being nade to objects. A typical DBMS | og function
also allows for a log exit. Nanely, before the DBMS wites each | og
record, iwoorloB®7@ | og exit routine and 15 passes the addcgasopiizshe | og
regﬁrd tg/the routine. Over tine, chadges, additions and deletions froma
tabl e and/or index may result _in an inefficient organizatiop of the stored
dat a, JRMIFFaPCEEES det thengata mnd/qry index ¢ thieqtizisIngo r?qrﬁ%lff"d P@pg‘?\oexteﬁut’rn@quest s
fromend-users and applications. To nmaintain efficient data storage and
access,conturtdntlye Fdnakie reesen, wexgahizpich titlitiesdypiaalily exahsina aad dedrgaimze i) ect s.
Such utilities may 20 be periodically executed to correct the inefficient

or gani zahieeotbctdat @ oo HasARd 1hXnd hAt pRALCHS SiijectQbjéce diRbEanTEdESadcBend ast
time the reorganization utility was executed.” Reorganization utilities are

enpl oye riodically. because of tine.and.resources requj.red to

per o rivt RECHBErymhie BET R cbredim I Mok BaT P SRS R By s
executing, batch and online applications which WO 02/082276 PCT/ US02/ 11254
3 réquire adodkssacond hbasgathg tpienl seoratieatiopnjtidiey acasuntsgor alb chpges ¥hickay be
executing concurrently. For this reason, reorganization utilities

t ypi caltaye @¥affiddedding the @kegamiod eftthe reddgdiictivn albjliect Thisnistavcorpplashed byl n t he
first phase, the subject object is reorganized to account for all changes

whi ch have, 0ccuf 8 s Rcbis ibfecBi S Shilnof relliedifny BRIAAL AL bAth hd bifne: 5 1N
p th r e% i or all

the secon ase, e typlca rgaff zation utility accounts for

changes which ) . o
applications. Before completing the reorganization, the utility processes all of the changes

written to the log file, thereby providing an up to date reorganization of the subject data or
10  index object.
A typical DBMS environment is illustrated in Figure 1. As shown, the environment
includes a database 110 for maintaining and allowing access to stored information. Database
110 includes at least one data object 112 for storing rows and columns of data. Database 110
preferably includes one or more indexes 114 and 116 associated with data object 112 to assist
15  in accessing the data stored therein. Of course, indexes 114 and 116 are optional, and data
object 112 is not required to have any index.
Access to database 110 is provided by Database Management System (“DBMS”) 120.
DBMS 120 enables user 130 to access database 110. DBMS 120 also enables user 150 to-
access database 110 indirectly through application 140. DBMS 120 includes routines for
20 reading, adding, deleting and changing the data stored in database 110. DBMS 120 also
includes at least one routine for logging all changes made to any object managed by DBMS
120. The logging function may utilize a log database 122 embodied as a data object 124 and
an index object 126. In addition to routines for logging changes, DBMS 120 further includes

utilities for maintaining the integrity of the data stored in data object 112 and indexes 114 and
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record of the affected file and describes the type of activity that resulted in a change to the
10 record. At step 212, a log exit routine is called. The log exit routine is called prior to the
writing of the log record, and the address of the log record is passed as part of the call. At step
214, the log record is actually written to the log file.
Referring generally to Figures 3A and 3B, there is depicted a block diagram
illustrating the steps that a conventional reorganization utility performs to more efficiently
15 store data. The steps are collectively referred to by reference numeral 300. Although
conventional reorganization utilities may operate on both data and index objects, Figures 2,
3A, and 3B are described in terms of reorganizing a data object. Of course, analogous steps
are performed when reorganizing an index.
Reorganization utility 300 operates in two phase. During the first phase, depicted in
20  Figure 3A, the utility individually copies each record from the data object as it exists at the
beginning of the reorganization. During the second phase, depicted in Figure 3B, the
reorganization utility accounts for any changes that are made to the data object while

processing the first phase. Such changes may be requested by users, online applications or

batch applications that require access to the data object concurrently with processing the first



WO 02/ 082276 PCT/US02/11254 4 116. Certain utilities nmay be used to
rebuild the files or objects wthin database 110 in the event they becone
corrupt edwo@hen27atilities, specifically a reorgani zati onpatriusSor/yi2say be
used to rearrange the data stored i nSdatabase 110 for nore efficient
access. The reorgani zation wutility may operate on data object 112, index
114, i rithese afithe reapgnizalloRonbi nati on thereof. 5 Referring now to Figure 2,
there is depicted the steps that a conventional DBMS | og routine executes
each tinme a Ridtrmingr nowdex Reatre y3As theldeps oflthd ditsomphasediof | & ctoni¢ntonelp 210
a log recordis created in alog file. The log file contains changes nade

by t heexgﬁ%%irzﬁio‘?ﬁ'}tﬁg}é )?Flaggéiﬁctkdi‘.d% Sl B0k $he EORahRALSEGRNE dreQ8 A bRt he

af f ect ata or J'ect, identifies the record of 'the affected file

and describes, the 1ype of  actjvi.t h resul.ted,in hange t.o th 0
record. sh&‘{%& effitd ﬁféfégtabarsf)‘b Oﬁih‘f f ioi&,\hq Eealég?tfié)(??ecﬁ'ﬁoe%F 63&5%1%edr oﬁ%ﬁlhne is
called prior to the witing of the |log record, and the address of the |og
recdr d reeorpad sheireab dptarabjest 13 readcadistep [2. sfspllustrated by deqigign blackrH 4 &f
actually witten to the log file. Referring generally to Figures 3A and 3B,

there igteHPRhEtedead Praokd dorgihateall ddtaiSbjedt dtngep BE2 sésaps it AtEm-of-File
conventional reorganization utility perforns to nore efficiently 15 store

data. THE &l &P L6 SALLEG LRl ekl Ghe Shoh dsd 6F HIRBGHRNUITEL AlcorP R
n Zt}ig %IIISITayg gqon{)

A ghoug;’_nconve ion reorgani on u per at oth data and
i ndex objects, Figures 2 3A, and 3B are descrjbed in ternms of
r eor garfussestfully epafat sip 443 theecerds ?@fte%%ﬁﬁé %dé’“%gaé"bgblea at step 316.

Referring now to Figure 3B, the steps of the second phase of a conventional
10  reorganization utility are depicted. Upon entering the second phase of processing, at step
318, the reorganization utility searches for the first record in the log file that pertains to a
record of the data object being reorganized, where the logged change occurred after the
reorganization utility was invoked. In subsequent iterations, step 318 will search for the next
record in the log file that pertains to a record of the data object being reorganized. At step

15 320, the record is read from the log file.

As illustrated by decision block 322, if attempting to read a record from the log file at
step 320 results in an End-of-File condition, the reorganization utility completes the
reorganization process by performing step 326. If a log file record is successfully read at step
320, the change described by the log file record is applied to the shadow index at step 324,

20  and processing is directed back to step 318. After all concurrent changes to the data object
have been applied, the newly reorganized shadow data object is renamed to become the real
data object at step 326, thereby allowing access to the reorganized data object.

Consequently, a need exists for an improved method and system for reorganizing data

that enables a reorganization utility to operate more efficiently than conventional
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steps of reading each log record of the log file and processing each record of the log file to
10  effect the associated change to the destination file. The method still further includes the step
of replacing the source file with the destination file.
A method for logging changes by a database management system is also described.
The method includes the steps of identifying a change to be logged and creating a log record
based on the change. The method also includes the step of determining whether the change
15 affects a reorganization process. If the change affects the reorganization process, the log
record is stored in a first log file. The first log file records only selected changes. The
method further includes the step of storing the log record in a second log file. The second log
file records all changes.
An first apparatus for reorganizing data is also described. The apparatus includes a
20  means for reading each record of a source file and a means for writing each record to a
destination file. The apparatus also includes a means for creating a log file containing
selected log records. Each log record is associated with a change to be made to the
destination file. The apparatus further includes a means for reading each log record of the log

file and a means for processing each record of the log file to effect the associated change to
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Summary

readable storage medium encoded with processing instructions for implementing the
described method for reorganizing data.

10 The objects, features and advantages of the disclosed method and system are readily
apparent from the following description of the preferred embodiments when taken in

connection with the accompanying drawings.

Brief Description of the Drawings
15 For a more complete understanding of the disclosed method and system and the
advantages thereof, reference is now made to the following description taken in conjunction
with the accompanying drawings in which like reference numbers indicate like features and
wherein:
Figure 1 is a schematic block diagram illustrating a typical DBMS environment;
20 Figure 2 is a functional flow diagram illustrating the primary steps employed by a
conventional DBMS log routine;
Figures 3A-3B are a functional flow diagram illustrating the primary steps typically
employed by a conventional reorganization utility;

Figure 4 is a schematic block diagram illustrating the environment of an embodiment



5 A nethod for reorgani zing data is described. The nethod includes the
steps of reading each record of a source file and witing each record to a
dest i nat i wo (o876 The met hod al so includes the step of creatisogyieskéog file
containing selected | og records. Each8log record is associated with a
change to be made to the destination file. The nethod further includes the
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file records all changes. An first apparatus for reorganizing data is also
descri bed. The apparatus includes a 20 neans for reading each record of a
source file and a nmeans for witing each record to a destination file. The
apparatus also includes a neans for creating a log file containing

selected I og records. Each log record is associated with a change to be
made to the destination file. The apparatus further includes a neans for
readi ng each | og record of the |og



file and a neans for processing each record of the log file to effect the
associ at ed change to WO 02/ 082276 PCT/US02/ 11254 7 the destination file.
The apparwiour/812761 further includes a neans for repl aci npameozoizsee fil e
with the destination file. A second apparatus is described for reorganizing
data. The second apparatus includes a processor, and a nenory connected to
t he protefaded Desgtiptilnpry stores a programto 5 control the operation of
processor to carry out the steps of the described nmethod for reorgani zing
dat a. Afnaronimehe of manufacture is al so described. The article of
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are optional, and data object 412 is not required to have any index.
Access to database 410 is provided by Database Management System (“DBMS”) 420.
DBMS 420 enables user 430 to access database 410. DBMS 420 also enables user 450 to
10  access database 410 indirectly through application 440. DBMS 420 includes routines for
reading, adding, deleting and changing the data stored in database 410.
A logging routine of DBMS 420 logs all changes made to any object managed by
DBMS 420 in a log database 422 embodied as a data object 424 and an index object 426. In
addition to routines for logging changes, DBMS 420 further includes utilities for maintaining
15  the integrity of the data stored in data object 412 and indexes 414 and 416. Certain utilities
may be used to rebuild the files or objects within database 410 in the event they become
corrupted. Other utilities, specifically a reorganization utility may be used to rearrange the
data stored in database 410 for more efficient access. The reorganization utility may operate
on data object 412, index 414, index 416, and any combination thereof. The reorganization
20 utility utilizes log database 427 including log data object 428 and log index object 429. Log
database 427 stores a subset of changes logged in log database 422.
Generally referring now to Figures S5A and 5B, there is depicted a block diagram

illustrating the steps of one embodiment of a reorganization utility according to the present

application. The steps are collectively referred to by reference numeral 500. Although the



wherein: Figure 1 is a schematic block diagramillustrating a typical DBVMS
environment; 20 Figure 2 is a functional flow diagramillustrating the
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a reorgani zation utility according to the described reorganization method;
and Fg& ogm@d \wwheft xfebﬁgﬁﬁibg%l%az{nF oY Al agE 2Bhdilidrid 6 Bkl WEhihNBe REOPERLY tifet €PS
of an odinent 5 of a M5 | og routine according to the descri bed
reorganj zat.i qn net hod. WO 02/082276 PCT/US02/ 11254 9 Detail ed Description
Envirod#@ﬁp”%Tﬂ%EﬂfﬁgV%E@HLnethod of reorganizing data preferably operates

i n an environnment such _ _
5 Improved reorganization utility 500 operates in two phases. During the first phase,

depicted in Figure 5A, the improved reorganization utility establishes a program call to be

used by the DBSM log routine and individually copies each record from the data object as it

existed‘at the beginning of the reorganization. During the second phase, depicted in Figure

5B, the improved reorganization utility utilizes an duplicated subset of log records to account
10  for changes made to the data object during the first phase.

Referring now to Figure 5A, the steps of the first phase of the improved
reorganization utility are depicted. At step 510, the improved reorganization utility creates an
empty shadow data object based on the format of the real data object to be reorganized. At
step 512, the improved reorganization utility establishes a program call to be used by the

15 DBMS log routine, described in more detail with reference to Figure 6. The established
program call examines the log records and makes a copy of log records associated with
changes to the object being reorganized. These selected log records may be stored to a log
file, but are preferably stored in memory to improve the efficiency of the reorganization
utility. In the event a threshold is reached in memory utilization, the log records may be

20 stored in DASD. Accordingly, the memory and duplicate log file will only include the log
records that are to be processed by the reorganization utility, thereby more efficiently
processing the second phase.

Each record of the real data object is read at step 514. As illustrated by decision block

516, if attempting to read a record from the real data object at step 514 results in an End-of-
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routines for reading, adding, deleting and changing the data stored in
dat abasfgg410. A | ogging routine of DBMS 420 |ogs all changes made to any
obj ect managed by DBMsS 420 in a | og database 422 enbodi ed as a data obj ect

424 and an i x. obj ect, 426. | agdi tion to,routines,for l.ogqi; nges,
DBVB 420 furﬁ%gﬁnngn ‘I)Vﬁdté’s%tﬁui“f irBtPi’egwf %thSrm?i%ntth%i Sr?lE ér)fbff%’a?el'né)fi t% e‘%ﬁ?@‘%g t he
data stored in data object 412 and indexes 414 and 416. Certain utilities
nay She reerganigioneWility dre Hepigtefl.edUpan Grgratg dheieeondnrhpse o6 pseceasing. i siqpe
event they becone corrupted. OQher utilities, specifically a

r eor garg2oathe Feoddanizatiyn mliyinbacdesed the areaainr megery hed/olaha daplidaedldgnfile

dat abase 410 for nore efficient access. The reorgani zation utility may

operat GonRfhifFi% ARbEE rofbdan (b1 R A pAIDE Hdcessifb lulliadOIRI A1 D

t her eof . e Teorganization 20 utility og dat abase 427 includi ng
Subset B1oTaN drYBESag EHR RSt B S apIee 58 BexiGBea 1 Werl i ng now t o
Figures 5A and 5B, there is depicted a bl ock diagram
At decision block 522, the improved reorganization utility determines whether step
10 520 resulted in an End-of-File condition. If so, the reorganization utility continues processing
at step 526. If a log file record is successfully read at step 520, the change described by the
log file record is applied to the shadow index at step 524, and processing is directed back to
step 520. After all logged changes to the data object have been applied, the program call is
removed at step 526 and the newly reorganized shadow data obj ect is renamed to become the
15 real data object at step 528, thereby allowing access to the reorganized data object.
Referring now to Figure 6, there is depicted the steps that an improved DBMS log
routine executes each time a data or index entry is added, deleted or modified, according to
the described method and system. At step 610 a log record is created in a log file that
contains changes made by the DBMS to data and/or index objects. At step 612, a log exit
20  routine is called, and the address of the log record is passed as part of the call. As shown by
decision block 614, if the program call has been established by the improved reorganization
utility, as previously discussed with reference to step 512 of Figure SA, the log routine
processes step 616.

At step 616, if the log record represents a change to a file currently being reorganized,



illustrating the steps of one enbodinent of a reorganization utility

according to the present application. The steps are collectively referred

to by refwoenome2naneral 500. Al though the WO 02/082276 PCPCOSxA2/iR%4 10

di scl osed reorgani zation utility nmay ©perate on both data and i ndex

objects, Figures 5A, 5B and 6, are describgp in ternms of reor aniz'qg a
dﬁ%f i ng an

dat a othedes repordolsr epicdiial b gynlicals dpg fileofor puser By fhey seipad PUASE

index and are considered to be within the scope of the described nethod

and systemuanizationprf\vedprogangeail hast been establishey, s00p@permpletng processinghefses.

During the first phase, depicted in Figure 5A the inproved reorganization

utili tﬁt%ﬁl%piﬁeq&fl%cardgﬁ QGRS fMelcoh®enBiBnal YSEHIRY step&18BSM | og routine and
u

i ndi vi y copies each record fromthe data object as it existed at the

begi nni ng of_ the_reqrganjzation. .Duri the secopd .phase,. depicted i.n
Figure 86, TRE IMpievederamgan iose ibiet m Myt ot e, b Fosiey
subset of log records to account 10 for changes nmade to the data object
dur iSng dhiegesiand magkeationRiafthe displgsedonethed prdysystens Such AEPERVERENtSS CHaRESSf j r st
phase of the inproved reorganization utility are depicted. At step 510,

t he i npmavaedifesionavinah itad skilli bff thy £r et @tended t€ptopvsieddonidaimpendidect
based on the format of the real data object to be reorganized. At step
512, tQﬁihgproved reorgani zation utility establishes a programcall to be
used by the 15 DBMVs | og routine, described in nore detail with reference to

Figure 6. The established : e e
g Accordingly, it 1s to be understood that the drawings and description in this disclosure

are proffered to facilitate comprehension of the disclosed method and system, and should not
10  be construed to limit the scope thereof. It should be understood that various changes,
substitutions and alterations can be made without departing from the spirit and scope of the

disclosed method and system as defined solely by the appended claims.



program call exam nes the |og records and nmakes a copy of |og records
associated with changes to the object being reorganized. These sel ected

| og record® axmg220e¢ stored to a log file, but are preferalpcg/soonedsin
menory to inprove the efficiency of tise reorganization wutility. In the
event a threshold is reached in nenory utilization, the log records may be
20 st or ed WYhatppeaimed iso, g ngly, the nmenory and duplicate log file will only
include the log records that are to be processed by the reorganization
utility, thereby nore efficiently processing the second phase. Each record
of the real data object is read at step 514. As illustrated by decision

bl ogk $16, Aﬁn@ﬁgcpﬂgp;éognt@ng@gg c@mgﬁﬁﬂ d fromthe real data object at
step 514 results in an End-of WD 02/082276 PCT/US02/11254 11 File

congi tion, thedii ”Qrchvedo crlggzrlgauniez ltei- on utility begins the second phase of
processi ng. P8 SFLIEFEC P52 &ULCKLYStul 1y read at step 514, the record is
witten to the shadow data object at_step 518. Referring now to Figure 5B,
t he 3st eps of Wiheg eash aererdivasdestnationdilpinpr oved 5 reorgani zation utility are
depi cted. Upon entering the second phase of processing, at step 520, the
reorgani zat i @eatisigia log Yileamessies s¢lbgedlogaedondsyeadr yg agvdtdassvdigtediwithiacat e | og
file containing the records relevant for the second phase of processing,

and e i rd.q1l.n subsequent iterations, step 520 will
read a&én%&% He rﬁé&e&h?l% C%erﬁgﬁqlgg ﬁ1‘1‘%1 e.

t he next recor
6 reading each log record of the log file;
7 processing each record of the log file to effect the associated change to the destination
8 file; and
9 replacing the source file with the destination file.
1 2 A method according to claim 1 wherein the source file is an index file.
1 3. A method according to claim 1 wherein the source file 1s a data file.
1 4 A method according to claim 1 wherein the step of creating a log file is performed in

2 accordance with instructions of a DBMS log routine.

1 5. A method according to claim 4 wherein the log file contains a subset of all records

2 processed by the DBMS log routine.

1 6. A method according to claim 4 wherein the log file records are selected based on a

2 program call established by a reorganization utility.



At decision block 522, the inproved reorganization utility determ nes

whet her step 10 520 resulted in an End-of-File condition. If so, the
reorgani zeioaans2wél ity continues processing at step 526. PiT/@sobonsiil e
record is successfully read at step 5RO, the change described by the | og
file record is applied to the shadow i ndex at step 524, and processing is
directed back to step 520. After all |ogged changes to the data object
have been applied, the programcall is renoved at step 526 and the newy

r eorigari.zed A hattod adadrdingtp ebtimitswhereiartecprograbecaine retheved ifior éml dat a
object at step 528, thereby allow ng access to the reorgani zed data object.
Ref er 1 i {3GniA%: & thd #dFRnfatib@filey! S depi cted the steps that an inproved
DBMS | og routine executes each yine a data or index entry is added,

del eted or nodified, according to the described nethod and system At step
610 a log record is created in a log file that contains changes made by
the DBMS to data and/or index objects. At step 612, a log exit 20 routine
is called, and the address of the log record is passed as part of the call.
As shown by decision block 614, if the programcall has been established
by the inproved reorgani zation wutility, as previously discussed with
reference to step 512 of Figure 5A, the log routine processes step 616. At
step 616, if the log.record represents a change to a file currently being
reorgani zed, WD 02/082276 PCT/ US02/ 11254 12 the log record is copied to a
duplicate log file for use in the second phase of the



reorgani zation. If no programcall has been established, or upon conpleting
processing of step 616, the log record is witten to the conventional |og
file at swem268R76 From t he above descri ption, those skill edTiusor/mesart wl |
percei ve inprovenents, 5 changes andismodifications in the disclosed nethod
and system Such inprovenents, changes and nodifications within the skill
of the art are intended to be covered by the appended «clains. Accordingly,
it is to be understood that the draw ngs and description in this disclosure
ar e 1pr iff.f er edl methdddor loggmiehanges by helatibase mdnagemendisysibmseamprstngyd and
system and should not 10 be construed to |limt the scope thereof. It

shoyl d be qu&{tgﬁggq chihdle (Y BEIGP4ed.changes, substitutions and alterations
can be nmade w t hout departing fromthe spirit and scope of the disclosed

met hod and system as defined sol gly. by the appended cl ai ns. WO 02/ 082276
PCTEUSOZ/ 11%%tln§§e}°%e§?rdiq§as%qs%rfﬁ’ﬁ&h?‘ée’ 1 1. Anethod for reorgani zing
data, conprising: 2 reading each record of a source file; 3 witing each
recdrd to a d¢tssmimag wWhathey the change aEgets A GeAgIBERIPN PEOCEEMt ai ni ng sel ected | og

records, each log record associated with a 5 change to be nmade to the
destsi nat i on stérirg; the log record in a first log file recording selected changes if the change affects

6 the reorganization process; and

7 storing the log record in a second log file recording all changes.

1 0 A method according to claim 8 wherein the first log file resides in virtual storage.
1 10. A method according to claim 8 wherein the first log file resides in dataspace.

1 11. A method according to claim 8 wherein the first log file resides in hiperspace.

1 12, A method according to claim 8 wherein the first log file resides in DASD.



6 reading each log record of the log file; 7 processing each record of the
log file to effect the associated change to the destination 8 file; and 9
repl aci ngwohe/saéce file with the destination file. 1 2. PETEOhODRS4
according to claim1 wherein the sourtse file is an index file. 1 3. A

met hod according to claim1l wherein the source file is a data file. 1 4. A
nmet hod according to claim1l wherein the step of creating alog file is
performed in 2 accordance with instructions of a DBM5S log routine. 1 5. A
met hod 18c corA agparauscioareordanidieg éita cohprising: fil e contains a subset of all
records 2 processed by the DBMS log routine. 1 6. A nethod according to

cl aiym 4 whergifs th&eABfg Edcheedo?@ O dsowrésrigel ected based on a 2 program
call established by a reorganization utility. WO 02/082276 PCT/ US02/ 11254

14 1 7. A nethod_.according, to claimb6.wherein the programcall is renoved
prior to 2 PEANRIHAYRENS hf‘?f&“i@o"rn‘}geéﬁﬁ‘a&?@é% utility. WD 02/ 082276

PCT/ US02/ 11254 15 1 8. A nethod for |oggi ng changes by a database
nmandgenent gyeansfier creativegiadp le containing selected log records, each log record

5  associated with a change to be made to the destination file;

6 means for reading each log record of the log file;

7 means for processing each record of the log file to effect the associated change to the
8  destination file; and

9 means for replacing the source file with the destination file.
1 14.  An apparatus according to claim 13 wherein the source file is an index file.
1 15.  Anapparatus according to claim 13 wherein the source file is a data file.

1 16.  An apparatus according to claim 13 wherein the log file is created in accordance with

2 instructions of a DBMS log routine.

1 17.  An apparatus according to claim 16 wherein the log file contains a subset of all

2 records processed by the DBMS log routine.

1 18.  Anapparatus according to claim 16 wherein the log file records are selected based on

2 aprogram call established by a reorganization utility.



2 identifying a change to be |logged; 3 creating a |log record based on the
change; 4 determ ning whether the change affects a reorgani zation process;
5 storingwohe/oBzzgérecord in a first log file recordi ng selpeatiesd2/iatranges i f
the change affects 6 the reorgani zati®on process; and 7 storing the |og
record in a second log file recordi ng all changes. 9. A nmethod according
to dl ailf s wherrRFAtESRCcerding tojclyms 18 whereig thigarogram qalk 1§ [gmegPIge™© 1 10. A
met hod according to claim8 wherein the first log file resides in

dat as paemenindtichlof the reetgaodatacarldyng to claim 8 wherein the first log file
resides in hiperspace. 1 12. A nethod according to claim8 wherein the
first log file resides in DASD. WD 02/082276 PCT/US02/11254 16 1 13. An
apparatus for reorgani zing data, conprising: 2 nmeans for reading each
record of a source file; 3 neans for witing each record to a destination
file; 4 means for creating a log file containing selected | og records, each
|l og record 5 associated with a change to be nade to the destination file;
6 means for reading each log record of the log file; 7 means for processing
each record of the log file to effect the associated change to the



8 destination file; and 9 nmeans for replacing the source file with the
destination file. 1 14. An apparatus according to claim 13 wherein the
source fiweassanei ndex file. 1 15. An apparatus accordi mrgTiEsozhesm 13
wherein the source file is a data fil®8 1 16. An apparatus according to
claim 13 wherein the log file is created in accordance with 2 instructions
of a DBMS |l og routine. 1 17. An apparatus according to claim 16 wherein the
log file contains a subset of all 2 records processed by the DBMS | og
routli ne20. 1 18n apjrappfor efongananeddada,mgmposiogai m 16 wherein the log file
records are selected based on 2 a programcall established by a

reongani zat i Qosdstdrt ty. WO 02/082276 PCT/US02/11254 17 1 19. An apparatus
according to claim18 wherein the programcall is renoved prior to 2

ternmination of the reorgani zation utiljty. WO 02/082276 .PCT/ USQ2/ 11254 18
1720, "n' appHpatty EERTEDPSRn o slonhe estpra ooy T GERELST s a
menory connected to said processor storing a programto control the

operat isenl ppcessor;

5 the processor operative with the program in the memory to:
6 read each record of a source file;
7 write each record to a destination file;
8 create a log file containing selected log records, each log record associated
9 with a change to be made to the destination file;
10 read each log record of the log file;
11 process each record of the log file to effect the associated change to the
12 destination file; and
13 replace the source file with the destination file.
1 21.  Anapparatus according to claim 20 wherein the source file is an index file.
1 22.  Anapparatus according to claim 20 wherein the source file is an data file.
1 23.  Anapparatus according to claim 20 wherein the processor is further operative with the

2 program in the memory to create the log file in accordance with instructions of a DBMS log

3  routine.

1 24,  An apparatus according to claim 23 wherein the log file contains a subset of all



4 said processor; 5 the processor operative with the programin the nenory
to: 6 read each record of a source file; 7 wite each record to a
destinatiwo ioBR768 create a log file containing sel ect ed Hoogisoeersds, each
| og record associated 9 with a chang® to be nmade to the destination file;
10 read each log record of the log file; 11 process each record of the lo
filé tdeerdeppcessed RshsdiBYedog & to the 12 destination file; and 13 °
repl ace the source file with the destination file. 1 21. An apparatus
according to claim 20 wherein the source file is an index file. 1 22. An
apparatus according to claim20 wherein the source file is an data file. 1

23. 1An Aappar i 4$HaRREAEbithd 18 cFdifi 20 vtk hehrBcdshr iPRAaRS §€ératii'$e. Widh tHeer
operative with the 2 programin the nmenory to create the log file in

accqrdance wi.th instructions of a Ve | 3 routine. 1 .\ tus

Rccdr d mges it g HEBASGRSPEREL 1B ELRpI et bl kOBl el RN §

02/ 082276 PCT/ US02/ 11254 19 2 records processed by the DBMS | og routine.
3 reorganization utility.

1 26. An apparatus according to claim 23 wherein the processor is further operative with the
2 program in the memory to remove the program call prior to termination of the reorganization

3 utility.



1 25. An apparatus according to claim20 wherein the processor is further
operative with the 2 programin the nenory to select the log file records
based on woprmgraen cal |l established by a 3 reorgani zati orrcatidoptiiess 1 26.
An apparatus according to claim23 wh#rein the processor is further
operative with the 2 programin the nenory to renove the program cal

prior to termnation of the reorganization 3 utility. WO 02/082276

PCT/ US02/ 11254 20 1 27. A conputer-readabl e storage nedi um encoded with
proaessimg iAsbvmpatei-esadatfle storage inmgalienmentodad wathrpeodessing ostmetomgden zi ng dat a,
the processing instructions for directing a 3 conputer to performthe
steps q;né)tléhién?i?g :agﬁ’etﬁé"cpfbr b &fr QArfizi R 8§a,]§t?élz‘f)ﬁ)%e§cslﬂgﬁhstﬁlc%hst foRQir€akig & ecord to

a destination ; 6 creatihg a e containing selected | 0g records,
each log record associated with a 7 change to be nade to the destination
fileg, & rﬁbpﬁiﬁﬁl$8§mP%§%rd of the log file; 9 processing each record
of the log file to effect the associ ated change to the destination 10

file and 1lreadipg eashmecorthef seanrexfifel e with the destination file.

5 writing each record to a destination file;
6 creating a log file containing selected log records, each log record associated with a

7  change to be made to the destination file;

8 reading each log record of the log file;
9 processing each record of the log file to effect the associated change to the destination
10 file; and

11 replacing the source file with the destination file.



