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2 ~ MAR 2005 WO 02/ 31696 PCT/ Nz01/ 00206 METHOD AND APPARATUS?%W% 5
PROCESSI NG 5 Field of the Invention The present invention relate Q

nmet hod a tus for data processing. Mre particul arl but not

excl usi vﬁ?@?ﬂ%@i nvention relates to a method and appar alf%"éN?Q)‘r‘“O%Pét abase
replication. 10 Background of the Invention In a nunber of data: processing
applications fragnents of data sent froma source system nmust be processed
into a required data format 15 on a target system |In nmany instances it is
desired to replicate a database on a target conputer systemfroma

dat abase on a source %yﬁ,tl.ﬁgbA } SAfs Vi } i,ng j ournal
entries fromthe source dat ab-aﬁg?aitﬁg}qgﬁ oW Egﬁu%%g%iwﬁéfcﬁﬂb tar get
dat abase. Dat abases may consist of one or nore library, each of which

contains one or nore files, each file having one or nore nenbers. Each
menber consists of a table having one or nore rows. A journal entry may

-contai n an isenFiegld et thefintdifidni brary; file; file menber and a row of

changed data for the file nmenber. This 25 journal entry nmay be tsed by the

target conputer ﬁ%/stemt,o ugdate its database. "It is inportant that
dat abase entri e5"F PEREAT Gvgition lates & @ mpdad @adiapparaies furdaset sequence

and t hat lnt?r-b@c§§§ﬁg.nﬁﬂﬂ?§ﬁa§n%?arwpgﬁ{ f8: Lty IR G SERE Sequence.  To
ensure that journal entries are properly processed ‘a receive process of the
t ar get conput er redgigs serarasihod eng apeamtusoigralttahraaeeglidatioar y/ f i | e/ menber)
wi th a datahpse of objects stored on the target conputer system Wen a
mat chi ng 02/ 31696 2 3 MAR 2005

Background of the Invention

fn a number of data processing applications fragments of data sent
from a source system must be processed into a fequired data format

15 on a target system.

In many instances it is desired to replicate a database on a target
éomputer system from a database on a source system. This process
may involve s_ending journal entries from the source database to allow
20  updating of the target database. Databases may éonsist of one or
more fibrary, each of which contains one or more files, each file having
one or morg members. Each member consists of a table having one or
more rows. A‘ joumal entry may cantain an identifier of the library;
file; file membef and_ a row of changed data for the file member. This
25  journal entry may be uséd by the target computer systém to update its

database.

“It is important that database entries from a given table are updated in
the correct sequence and that inter-related members are updated in the
30 correct se.quence. To ensure that journal entries are properly
processed a receive process of the target computer system may
compare an object name (library/file/member) with a database of

objects stored on the target computer system. When a matching



PCT/ Nz01/ 00206 2 object is located the processing informati 6'2 gssoci at ed
with that object naybe used to process. the journal entry. #h NARA@]ggonal

approacg‘b nto transfer journal entries, store th @%&} ﬁéicate

t he dat ‘g@zﬂgﬁ‘ﬁ ising a single engine. This approach |EHJ£ lé(ﬁ conpl ex.
to It would be desirable for a databaseZreplication systemto neet the
follow ng requirenents: 1. Ensure that journal entries are serialised by

dat abase nmenber (at a mininmum and by any user specified groupings. 2.
Support an extokieed ig [pcated thruproeessifg vitratsdiss aappligteprwitiesisds 15 so t hat

dat abase 1/0 (input/output) can be easil naged. 3. Process journal

entries in a m%*i}g‘\%f&ﬁ“é}ﬁtbﬁﬁ#ﬁn%%85°ﬁeﬁ%%é%§m%8P9V3yst em 1/ 0 (e.g. paging)
between the tine the entries are obtained fromthe journal and the tine it
is applied to the replica 20 database. 4. The functions support any type

of data packet §® Hagitio08anpeeachd1as ke tp dkanstes jnehertdes.fie'@r e ext ensi ons
to other typesy@h ah§Pdieae' B defatiise Qﬁliﬁﬁ% sﬂd’l@@ﬁ%iﬁé.l §hietC). 25 5. The
f nagenen

system hi des the conplexity of the nenory functions from ot her
conponent s. | tagpsoagh BlylewtandfeorimdeXpr esent i nvention to provi de a nethod
and 30 apparatus for information replication which neets these requirenents
or to at |least provide the public with a useful choice. 3 ~ MAR 2005

It would be desirable for a database replication system to meet the
foilowingr requiremen{s:
10 |
1. Ensure that journal entries are serialised by database member

{at a minimum)}, and by any user specified groupings.

2. Support an extremely large number of database apply processes

15 so that database /O (input/output) can be éasily managed.

3. Process journal entries in a way which minimises the amount of
system /O (e.g. paging) between the time the entries are
obtained from the journal and the time it is applied to the replica

20 database.

4. The functions support any iype of data packets, not just journal
entries, to allow for future extensions to other types of

replication {e.g. ohject, siream files etc).

5. The system hides the complexity of the memory management

functions from other compohents.

It is an object of the present invention to provide a method and
30 apparatus for information replication which mests these requirements

or to at least provide the public with a useful choice.



WO 02/ 31696 PCT/ N701/ 00206 3 Di sclosure of the Invention Acg?Qf@Bﬁlﬁﬁﬁg
first aspect of the invention-there is provided ? nmet hod 5 he St;gg

i nformati a source systemat a target system conp

of : 1) réggﬁ%Pﬁgblnfornatlon strings fron1the source systékﬁh%gﬂ&mW6 i)
assigning the information strings to seridalisation groups for processing
such that inter-related information strings are processed in the sane
serialisation group. IS The information strings may be journal entries from
a source database which nay be allocated to serialisation groups so that
journal entri espiciodufe o BN YREn OF Which are related to other journal
entries, are processed Ih the sane serialisation group. 20 According to a
further aspect of the invention there is prOV|ded a nethod of managi ng

i fer ion |S|ng the steps of: 25 30
imlamd):a?‘/i ?\Fﬁgeal' B (GeS] |r%% %QE toﬂs% %hﬁé“"aﬁ“@ﬁ herpis Qravide Beted o a fir st

« st or age spack avbBegpliastthg information from a source system at a target system

LS

comprising the steps of:

i) receiving information strings from the source system;
and
10
i) assigning the information strings to serialisation
groups for processing such that inter-related information

strings are processed in the same serialisation group.

15 The information strings may be journal entries from a source database
which may be allocated to serialisation groups so that journal entries of
the same type, or which are related to other journal entries, are

processed in the same serialisation group.
20 According to a further aspect of the invention there is provided a
method of managing memory space in a data transfer operation

comprising the steps of:

i/ defining a plurality of storage space areas;

25
i/ writing data to a first storage space area; and
iii/ reading data from the first storage space area whilst no data
is written to the first storage space aréa,
30

The method may enable multiple simultaneous reads from other data
storage space areas whilst information is written to only the first

siorage sphace area,



iii/ reading data fromthe first storage space area whils g%ﬁ IS
witten to the first storage space area. The nethod may ehabl ﬂﬁple

Si nultanﬁ;%u(ﬁ ds fromother data storage space areas j i nf or mati on
is witten t’gﬁfgﬁly the first storage Cpa~P area. 2 3 N\li\\g:%g%b&b%zlsm%

PCT/ NZ01/ 00206 4 According to a furthert aspect of the invention there is
provided a nethod of replicating a database froma source conputer system
at a target conputer systemconprising: 5 10 15 20 i) receiving journal
entries fromthe source conputer system ii) checking the journal entries

to see if an e j ' } G - Qi Mi_ng. i_ng information
relating to a r)g at gﬁggzzn%ei’#gg?r ?%bé\[/g\ﬁ?}c et'ﬂgg'jﬁgg{r%#g iesgf{rrggﬁ?’glaat es; and iii)
if an entry exirsd¢thodftragicdyingai datdtask dronpacoessd agmpler systaimngd a ent ry .

according to the associ at,edyprocessi ng information; or iv) if an entry

does not exi st ‘PIPEEHBMRAUNYESThERRPFBSki ng up the related processing

i nformati onsfor the database nenber in an assignnent database, creating an,
entry and storing it in the dynam c index; and processing the journal
entry according to tthe prigeaisispigrrnafaiines irem thptrouess ¢gmpwtet he dynami c

i ndex may provide infor nabt\)s%.as to whether the nenber needs to be
processed with other nenbers. ‘A journal 25 entry may be tenporarily stored
bef ore being processed according to the processing information.

i) checking the journal entries to see if an entry exists in a
10 dynamic index giving processing information relating to a

database member to which the journal entry relates; and

i) if an entry exists in the dynamic table, processing the
journal entry according to the associated processing

15 . information; or

iv) if an entry does not exist in the dynamic index; looking
up the related processing information for the database
member in an assignment database, creating an entry

20 and storing it in the dynamic index; and processing the

journal entry according to the processing information.

The entry in the dynamic index may provide information as to whether
the member needs to be processed with other members. A journal
25  entry may be temporarily stored before being processed according to

the processing information.

According to a further aspect of the invention there is provided a
methoed of replicating a database from a source computer system 1o a _

30  target computer system comprising:

i) receiving journal entries from the source computer

system; and



According to a further aspect of the invention there is pr ovi'g'e @Z{ ‘ﬁbémd
of replicating a database froma source conputer systemto a $0"t Rg
conput er \g»sbBRegONPrising: i) receiving journal entries f he source
conputer system a;,” . 2 3 MAR 2005 WO 02/ 31696 PCT/ NZJEO%%B@’OZ% i)

al | ocating program conponents to process3ournal entries and update the
target database, wherein a control programallocates tasks to program
conponents and 5 controls the program conponents substantially w thout
program conponents interacting with one another. Preferably the target
conputer systemis ajmul tigfl-P08 S5 a0, 10 Brief Description
of the drawi ngs The imentapoﬁa V\,isﬁbl$ r(E)u\(/hv ge ’ esegFSngOZé%%s%oﬁmbafl S8 S¥pl e with
.reference 15 to the accompdnpimg tle asvigpydatiabasd)ivehereini gossrdt: shows a

schemati c diagram of a source coqgut er s%;tem whi ch provi des journal
entries to a target conpuPEI9 ¥YHARFAICS TS AT M SOBPIRAES Rdtal di agr am

<illTustrating the processegontdghhegrdgham @B3hiHIReKts {PktARklPNidhbyuf target
conputer system Figure 3. shows the mapping of storage space within the
target conputer system ' PEAram components interacting with one another.

Preferably the target computer system is a muiti-processor computer
system.

10

Brief Description of the drawings

The invention will now be described by way of example with reference

15  to the accompanying drawings in which:

Figure 1: shows a schematic diagram of a source computer system

which provides journal entries to a target computer system.

20 Figure 2: is a functional diagram illustrating the processes involved in

database replication at a target computer system.

Figure 3:. shows the mapping of storage space within the target
computer system.

25
Figure 4: shows a flow diagram illustrating the process for alloeating

Jjournal entries to serialisation groups. -

30 Detailed Description of the Preferred Embodiment

The following description describes a daiabase replication method

where the source and target computer systems are |IBM AS/400



Figure 4. shows a flow diagramillustrating the process for E/| I3a‘dARi2I}@5
journal entries to serialisation groups. 30 Detailed Description of the
Preferr pment The foll ow ng description describes

repli ca??%ﬁﬂ?rfe%%od Where the source and target Conputer P%y@?ie@r@@r%e | BM
AS/ 400 2 3 MAR 20U5 WD 02/ 31696 PCT/ Nz#1/ 00206 6 conputers operating
under the 05/400 operating system It will be appreciated that the nethod
is applicable to other systenms with appropriate nodification. 5 Referring
to figure 1, se6aQMP&iyyoperatingcodeaiesOY 490 onerstingasvsibeme Mwill Pe | nary

dat abase 1 nay i L i cont ai n-one
or nore file.’ Eé@%tcfa:t?de%n&gﬁﬂéon é‘?%‘so%{@ﬂégblﬁn%é%r%ﬁgé%@% Vw%éch menber
conpri ses a tabpprdpaigtengodifieatisn.nore rows. A uni.que |library fil e/ menber
conbination is referred to as an object. 10 Wen a row of any nenber of
primary database 1 is nodified a journal entry including the object nane
and the nodifi ededrBkg ks fighid 1! ur&E §steh N GBAaidLS BliMBFy datab®&R). | our nal
receiver 2 sends the journal entry via conmunications links to a renpte
journal recei vErimpryfiatpbege janay solgitpenceer e birpl. Paddlitapaseay eplication
process > rece'cgﬁéairli—gﬁe ol Rw%rrg?i‘e..(a?égh' g o cémgfnfdn%s' rtrﬂgceclgg}n%wss. of
replica database to maintain it 1rn conformTty Wt h primary “dat abase 1.
Ref erri ng now Eaclh ingaumileer Zohlieisps acebls tanthgappadrano® fodys. r Apdnigiat i ng 20
target dat abasF 6 of the tar%et conput er ?siy%iemwi |1 be described. To
ensure proper PRRYERMEMPSE Crapinalign faielyietinas aachisste nenbers are
updated iniyhe replica database 6 in the same order as they are nodified
in the primary database 1. To achieve this a nunber of serialisation
groups 8 are d¥¥hered rogairany memben efsprimsnyriptatifseshisenodfietjpdetrnabine are
grouped into a eri.al i I r _t hat h [ ted in the
correct order: e@ﬁ%@ﬁg‘ﬁéﬁg g?}%&‘mﬁ%grag\ﬂﬁg%%%}ﬁeg rrOSaIY g“%/?eg’ﬁg%:'l"g‘%?w th ot her
dat abase nenbejarthlioeosvat 2) Lacd jearnalygceiber 2ssnhdnes jbornal eaanoia
serialisation grou t.0 ens IE all int er\.—,r‘elr%ged _rreHbegrs are updated in the
correct sequenE8MMUNIGHONSIOYS tha GHBRS 198 MRalPCeES * R BI9Y ournal entri es
for a nunbgs otoRpRiestsysteth®. UR Yatlbass Wellica@bh 8ldcedd 5QB: V&P enabl es
~database replication to be conducted in the appropriate sequence as well
as facilitatinipuengl witeer aphmedifigs tpe geresis gl replica database 6.1o

maintain it in eonformity with primary database 1.

~ Referring now to figure 2 the process and apparatus for replicating

20 farget database 6 of thé target computer system wili be described. To
ensure proper replication of replica database 6, databasé members are
ulpdated in the replica database 6 in the same order as they are
modified in the primary database 1. To achieve this a number of
serialisation groups 8 are defined. Journal entries having the same

25  object name are grouped into a common serialisation group so that
they are updated in the correct order. Certain database members may
have relationships with other database members (joins etc) and SO may
be assigned to a common serialisation group to ensure all inter-refated
members are updated in the correct sequence. A serialisation group

30  may thus contain journhal entries for a number of objects. The use of
such seria[isation groups enables database replication to be conducted

in the appropriate sequence as well as facilitating efficient para[lei.



2 3 MAR 2005 WD 02/ 31696 PCT/ NZ01/ 00206 Receive process 7 miy3diAma0ln
assign. a received journal entry to a serialisation group, assign a

journal evooysilos a default serialisation group or discar gc&n&ohﬁ&wal
entry. Serialisation group assignnment is_5 perforned based upon an

assi gnnment dat abase (MXSGVBAS) and a ter?‘por ary OS/ 400 user index abject.
The journal entry assignnent functions. are provided via an |ILE service
program -which allows the underlying inplénentation to be nodified w thout
reconpi |l e/ bi.nd of the calling functions. to The assi gnnment database

MXSGVBAS cont ai Recetvd p@iie8s v Snay Bighdr ask@hal jeeBisbi Ruthdi el hgr, Obj ects (i . e.
do they need to be grouped with other gbj ec?ts dugbiung ppgi/essa: ng) and their

. requi red mannerSYRISHIBLEOLP ngpsionsa iqunndl entiyftoa defavinabriaisttign t 0 a
serialisation C i_ply by conparing the object
S50 8 st ool OO LSt BB Kb AR

nane of each recelved journal € "assi e MXSGVBAS
and assi gni’ng retéorjredr resled epbn pntassignsent dhisbatd (Mxgemendaseds upon t he

associ ated i nf tion. ver, .the assig nt dat abase A MXSGVBAS cont ai ns
nmany obj ects a%%&ﬁ%riya%%eusﬁ 5'5@&9%!?@1 %l%nf"ser}t@’qﬁﬁ%‘%ﬂ“%fﬁ_ performa
dat abase | ocat efunpesmd hipratide@Xidh A ILE dMPvicd BHRYARL Wh%eazmniégth'e”f or mation.
According to the invention a nenber assignnent (MBI X) index tenporary.

obj ect is used YSeEViRgIMpseREiionyto bemmdiiad withpwrreaomplig/biot.of Thi s is an
i ndex of obj ect$eQain@% hbBGlls, associated serialisation group and related.
processing information 25 (including a link to their associated control
structures)l? Referring nowto figures 2 and 4 the serialisation group

assignment w |}, be described.. W journal entry is received instep 11
receive pr oces+sh%asgbq{%%qtsd%gab@cﬁﬁ%ggm%%c%qt@‘ﬁs P}ZI opipcsedbafet her t he
obj ect 30 is prrekeiohship wikteoldBlt SbjeBtex e. b 188 nQRelAld Qﬂ%uBé@Gﬁ%&éS to step

13 and a serial 'hsati,on group nunber and database file index FIDX) is
returned and prP¥seRipgscbmng mreeessinghamrd thedr requirghednseréfal i sation  croup

2 3 MAR 2005 WQ,02ds3H0 6aKSGdd MNIA Y PRAE 4 entry 1o a serialisation group 8

15 could be conducted simply by comparing the abject name of each
receiyed Jeurnal entry with the assignment database MXSGMBAS and
assigning the journal entry to a serialisation group based upon the
associated information. However, the assignment database
MXSGMBAS contains many objects and considerable processing time

20  is required to perform a database locate operation and extract the
relevant processing information. According to the invention a member
assignment (MBIX} index temporary object is used to store processing
information for an object.  This is an index of objects giving their
associated serialisation group and related processing information

25 {including a link to their associated control structures).

Referring now to figures 2 and 4 the serialisation group assignment
will be described. When a journal entry is received in step ;11 receive
process 7 conducts a comparison in step 12 to see whether the object
30 is present in the MBIX index. {f so, operation proceeds to step 13 and
a serialisation group number and database file index {(DBFIDX} is
returned and processing continues within the assigned serialisation

aroup.




If the object nanme is not stored in the MBI X i ndex then a @FBnggj name
| ookup is conducted in the MXSGVWBAS dat abase 9 in step 14. t kup is

succes a serialisation group is returned, a 5 pe&,sgﬁﬁ il e |Index
S@ﬂ 37698 . . . . &0
( DBFI DX ﬁg;235|gned which will point to the processing I'n ornatﬁ%n stored

in a dynamc array maintained by the a¥sociated serialization group and an
entry is .added to.the MBI X index in step 15. Each Database File | ndex
(DBFIDX} is created sinply by increnenting an index that is unique by
serialisation group. 10 If a match is not achieved in step 14 then a

generic nane |pgkup.is conducted in.ste ,.Thi s involves.a search by a
library/file llfﬁ\el gbé?'n%f NPRER B ﬁq?’ﬁﬁé? @g'};{\]ﬁ%*’%‘?ﬁ’{. thep aa}”ée%é‘?qtc match is
achi eved the frahle IdakEp isScorditided ihahé MXIBUEAIEbAdE StigRch/1ANd
processing continues in steps 15 15 and 13 as before. If no-match can

be' achi eved ‘t #efedapkit iseicrgssiyl than acerialisption wewpisigtuaedot dingly, at
Startup. L er abbdsciSIeNRUBNISAS] R JARAMPLIERYSK plfle roAfe ] OUT Nl -entries .
are processed, serialisation groups and'the procgsm ng I nformation for

obj ects will eccddind interivBtidh straed inld dyndhies areayvi mkirgainedygheup and
processing informatign e. much nmore rapi.dly, optajne rom MBI X tabl e
0 Chan 1 om Feeg baapiasdcn S0 A, fu ohY i et ek st no:
significant, peefey MNCacheReiHks Fild IndEREDSEIDA iSalchey grpupsy do not need
to search for a menber's related processing information. They sinply

mai ntain the PRFBEEEENGGnindexthat somiaye By agialisplomBrayp-with t he Dat abase
30 File Ingdex as the neans of access. 2 3 MAR 2005 WO 02/ 31696

PCT/ Nz01/ 00206 2. All operations relating to a particular nenber nane may
refer to thelsemath satdtoachipvedpn atap Dhiledres gendiid pammadeckupdbue t o

uniquely identify the nb . "handle"). 5 Referring.now to figure 3 the
o hod o mondepiiekd S FRIORE . this ORkeS e hoap St ibteRR B Mel Brty P be
descri bed. St anageyabiegt*agpane I 5 geférit Batbhlip dchicQed aheWmbedmefs st or age

units SU -SUN. Each stor aB(%e unit has a storage unit header 20. The storage
unit header 2@9gpY e thnMBIX iaein sterstf pad PERASSHIAY GOFtIBYeMR EAPhave | our nal

entries insthegsiQf §88s before. If no match can be achieved the journal entry is

discarded in step 18.

Accordingly, at startup, there will be no entries in the MBIX index 10.
As journal entries are processed, serialisation groups and the
20  processing information for objects will be added to MBIX index 10.
The serialisation group and processing information may be much more
* rapidly obtained from MBIX table 10 than from MXSGMBAS
database 9

25  This method gives the following, significant, performance benefits:

1. ' The serialisation groups do not need to search for a member's
related processing information. They simply maintain the
" processing information in a dynamic array with the Database

30 " File Index as the means of access.



10 unit. Each data segnent consists of a storage entry header %]M&gdZﬂﬁ,ﬁ
storage entry 22. Storage entries are aligned on 16 byte boukdar! Fth
paddi ng kveeksisded filling any space between an entry and ?’&é@g ti)ﬁﬁe
boundary. 15 Journal entries are passed on fromreceive p FOUPO306,
storage in a storage object space 24. TRe journal entries fromreceive
process 7 are stored in storage space object 24 in blocks 22. -Each
journal entry 22 has an associated storage entry header 21 (or handle)
whi ch cont ai ns i rfrof\He@PeEHioas refatingiéo dipspiiada meethberondrhe mmxtefgragr nal

entry in 20 the storage lid e Qr i.alisation groyp and an associ at ed
Dat abase File Indexﬂ-%DsBellg'%k)%%ﬂogoqﬁ%‘gl?tﬁPﬁgfatt%)é"'SS%gE2@% n Lfﬁ”?‘]f%l"ﬂ‘ﬁ%‘?[bﬂn for the
. menber associ at ed w dentityethe onembér @nthayidieThe processing information is
mai ntai ned in dynamc nmenory with the Database File Index as the neans of
access. 25 In normal operation journal entries are consecutively witten to
-one  storage uniéfekttg hov o igufd & R& nifod BEMhRI Rna§0iHchESid@fe Witten
to the next available storage unit. Once witing to a“storage unit has
been conpl et ed"FSAIAFAICOBRE I Sy SieRy Wik be slggcriiedm Stheageophjbait pacs ior age
unit. 30 Parti ahliiedibl; IS regd out, when system
resources ar eaaﬁgl%ée%g#)ﬂggo%hg%\?mgﬁgpg%ﬁq{@ﬁts?lﬁ*égaﬁo%Fﬁ'& SHIAYP g‘aﬁr nal
entries need theshesrageed)it hedlidr €2, TG Srotiyeurf MARe? 30bgivECHNZ01/ 00206
Thi s approach neans \tﬂl}at memory |ocks are not required during reading and.
witing. Duri ndw["Pnl%er istef'ﬂ’&aBP%éJé%‘éPStW toheiayp yeupplgwadas in theadorege| usi ve
access to wui t eudi0 Badi @4ra@egmBhi eorN@st%%Q‘&SstéJaﬁefeﬁW'ﬂe%‘&ef 2?‘5@!1 -

y r

read. operations and so journal entries maybe. sinultaneous ead to

their associ at ed°§@reRlYs%d-i Stpragoapiriesse aligned| ackf byte bouidagds is to
decrenent the vaiye.hehd o tar it _header 20 when the |last .journal
entry for. a.seri a?iasatgghd&ggoz%pﬁ?@g lrég\é&p%%e?g&f‘ﬁagnas\rl]awté\bﬁ'éd 5’?1(9' age units
queue (ASUQ ) 2¥igboumddrg. the order in 10 which free storage units are
utilised. ASUO 25 includes a last in first out (LIFO buffer which stores
addresses of free storage units. Journal entries of a serialisation group

are read outs ofJoarrsl @hBEE @ bhsddat b franidcki MR 1B dr WD oL ¥ st or age
entry header. As each storage entry 22 isC Iyg@ou? tfher sto?%@egunit header

20 i s decr enentS&fa9qRweischrpageott-ndine isureat ¢rtdes tipe neeeairequbcaserl et el y from
a storage unit i Q wil | decr.enented to zero and
Ao& c‘é’grﬁ?tgréb;ée#acg%g%%'i % 'H%A%%%ndg?%h JtOHéna?f"PgY st or age

the storage unit nu urned’ tothe
unit re-assi gnéd hdremn assigted stvahgeatiry @sadaisti e hahdlkel ehidiit 0 st or age

space. In this. it he nost recentl sed storage units are maintained
cg"Bps ISR oo dBe eI EOAE LAk pedtiBum kPRI - When

active to reduce

al | j our nal2oentthé esorige ani'EF&rtﬁgﬁsé%miitsaﬂft%/ﬁro%%drﬁ%sﬁﬁgtédqﬁatagéger age unit
is released the entire address range of the storage unit nay be purged

wi t hout requi r i ¥ (ORFIRN) epataining thexirpéessipgdtiormgtion for the

member associated with the journal entry. The processing information
is maintained in dynamic memory with the Database File Index as the
means of access.

25
In normal operation journal entries are consecutively written to one
storage unit until it is filled and then journal entries are written to the
next available storage unit. Once writing to a storage unit has been
completed journal entries may be read from the populated stcérage unit.

30 Partially filled storage units may be read out when system resources
are not being otherwise utilised {i.e. no incoming journal entries need

to be st_ored).




25 Referring .again to Figure 2 the manner of processing will_be further
descri bed. Control process 19 oversees the replication proces% %M«AR 200

contro sing in the receive process 7 and within i,alisation
wo @ﬁ%ﬁ Fﬁ%zﬁ %Lzﬂéo

groups 8. i S manner processing can be conducted w thinh eac
serialisation group without regard to ¥¥rocessing wthin another
serialisation group. By having the whol e process controlled by an
overarching control process 19 each serialisation group can conduct its 2
3 MAR 2005 WO 268066 hPOIdNADLT 0GRG6Y Ibbkp oz essiaygired dissied at i on wi t hout

regard to the c | exity. .of the overall. operation. As each serialisation
group recei verga?'ggraﬁ'g: WY'BH?T :‘%‘g‘“?&ﬁ%wﬁ’é'ﬂﬁﬁo?%s t&%%%ﬁj‘éeneré’c???ej}updati ng of
that nenber ihhstd@iusd bécbsdab pnso B dtbrage UMD Malockk $Pe rdByirBHOCESSI NY

| i nked nenbers in a particular serialisation group processing is

streant i ned. ‘dufiRgHeadapsratioas dad 949w nel griries MY - htetieuliapsquslit y dat abase
partially s t Go8RRb kil O34 Thiibiishor SRKEdrnd b7 idakind AuFERI MOl PrOCESS .
19 suspends receive process and processi hg by se I Gl 1 Sation groups 8.
Control pr océdsgo Hectemaenti the vkiuki ledd gl dtoragpemit ot EOgrioupthe(lesy.  commi t

I Ds that have not K yet recei veq. a.commt .or roll back journal entry?. These
are process“ed?u'%’l’%%w;?r?‘P?)rﬁq"ﬁﬂgo%rsc’tupr'%& °f e. the 15 commit group
that has the nost recent journal entry) to the oldest as follows: i) a

recei ve process of receive process 7 receives the commt group's journal
entries from JBunyriRblectterageruniig; auzge (ASURN 25cgnanitiolssther @daisisi gned to a

et e RIS by, RBUIL 95 G prpE lsp  poe Vt

the list is the (L&€) budfer vhichn stdnes sddressge adrirde, staragh Unitsksloamovalng backwar d

until the f ie!n%heseg% géeirirallistattllgnsgtrgépag‘% rgz?r.il E)zx{ of a storage unit until a null
value is found in a s{orage entry header. As each storage entry 22 is
read out the storage unit header 20 is decremented. When all journal

15 entries are read out completely from a storage unit the storage unit

header 20 will be decremented to zero and the storage unit number is
returned to the ASUQ and is the first storage unit re-assigned when
new journal entries must be written into storage space. In this way
the most recently used storage units are maintained active to reduce

20 the working set of storage uniis to a minimum.

- When all journal entries in a storage unit have been read and the
storage unit is released the entire address range of the storage unit

may be purged without requiring writing of data to auxiiiary storage.

Referring again to Figure 2 the manner of processing will be further
described. Control process 19 oversees the replication process and
controls processing in the receive process 7 and within the serialisation
groups 8. In this manner processing can be conducted within each

30 serialisation group without regard to processing within another
serialisation group. By having the whole process controlled by an

overarching control process 19 each serialisation group can conduct its



25 1v) if a storage unit is filled before that conmt group' ﬁﬂ&?}gg?re
conplete, the storage unit is pushed onto LIFO queue TLQ 27 ?i 0

rel easi Nngywint he default serialisation group). Then a torage unit
is all ocg‘ygdm}(;gﬁsgknor mal ) and entries continue to be stor Wl&f en the
commt group's available journal entrieslhre conpletely received and
stored in storage units, the storage 23 MAR 2005 WO 02/ 31696

PCT/ NZ01/ 00206 12 units are dispatched to the default serialisation groups
in LIFO order. pidressiogln isdisgiongvithaitt repardserthakbsatextn of tbelpvéadei ves t he
journal entries in reverse order (fromnost recent to oldest); vi) the
default seriali éjgﬂaélﬁngroup processes the entries as 5 "reverse" entries

.(the entries include a flag to indicate that they are "reverse" entries).

Pl

This results in all inserts being processed as deletes, updates being
removed to thei ASHFAHrSeigbgpdicaRHOURI EScetves ipanal gnitigsefor ednember ianl y j our nal
entries which h gﬁl‘i i i rocessing) to
the 10 dat abgsegg?ue%&%g@g)ségg ;o ?‘lo a%ﬁgerﬁdg?gﬁi{%uéeg?ﬁgaaﬁ%a |eo§ ISgroup does -
not perform a ceanigntiphalsphdy' prevessig lirdet mersbaratin b pattidugzei ves t he "dat a
comm t group” jngrlnaJci en}_gé Thi s. ensures E.ha if afailure is encountered
during the "cl edn-up~teh& Gk (IBESE %S Seamen state. This 15 enables the
"clean-up" to be restarted. Once all of the "open" conmt groups have been
"renoved" the control process 19 suspends t-he other processes and the
replica dat aba¥¥hgrsayepiige dagahigee Gsisdo ks roare prisarydatabegsagastiallo Thi s

method al | oys raphhd' & ﬁ'llﬂ's WRGst W AAGLLLE ‘lFXS@RQhé %gnt(?@%(égss% ch does not
requi re processing capability of the systemto be utilise unl ess a
secondary dat abagepaidesetaivd poicesmVent promsrinddy seripidatpnygrogat abase. 25
Control process 19 then identifies all “open” commit groups (e.g.
commit |Ds that have not yet re_ceived a commit or roil back journal
entry}). These are processed, serially, from the most recent {i.e. the
15 commit group that has the most recent journal entry) to the oldest as

follows:

i) a recejve process of receive process 7 receives the commit

group’s journal entries from journal receiver 26;
20 i) all entries are assigned to a “default” serialisation group;

iii) the entries are stored in storage unit 24 in the usual manner but
are linked in reverse order {i.e. the head of the list is the last
entry in the storage unit, with links moving backward until the

first entry in the storage unit);

25 i) if a storage unit is filled before that commit group’s entries are
complete, the storage unit is pushed‘ohto LiFO queue TLQ 27
{instead of releasing it to the defaul_t serialisation group). Then
a new storage unit is allocated {as normal) and entries continue

to be stored;

30 wv) when the commit group’s available journal entries are

completely received and stored in storage units, the storage



MAR ZUU3

The met hod and apparatus of the invention provide a nunbez gf advant ages
as follows: 1. The allocation of storage unit blocks within a storage space

30 obj ontrol of read/wites avoids the need for
r ead/ weﬁpeﬁgg‘sr?gurrency i ssues, WD 02/ 31696 23 MAR 2005 RN EBP 206 15

2. The use of serialisation groups enaliles nenbers to be updated in a
serial manner and for inter-related nenbers to be updated 1in correct
chronol ogy. Serialisation groups enable multiple streans of journal
entries to :be siminitareedispytghed cessedetahitisstialisapipo geswisng LilFd er r el at ed
menbers together. 3. ,The.use of .the i nde reatly reduces, | ookup tinme
for each jgournal eoﬁ?gfryénﬁe}'u'éesﬂggeg'lg tgfl?%){%gseengﬁ?aﬁ?"tﬁg%%rr%ce?'fs(tﬁﬁndI es)
enabl es the next | qourhal erfibs i @fede SeddratriofpinognNregeftifo bideds 10 | ocat ed
rapidly, 4. The use of a control process to oversee the operation of ‘the
recei ve process and. proce: within serialisation groups enables the
sub- processes o p"'tﬁgé@

Sing W}
‘ﬁ?ﬁﬁ%'gh%ﬁtioﬁrg”é'fﬁ P‘Eﬂ‘?@ﬁftqsytheieé‘gwst%ut the need to

interact wsth ot her @fpsessfes Bhe Shifsendlatdlhisng 8finGeMY that WG e
secondary database is to be mnmade primary database. 20 Where 1n’'the

f or egoi ng descri pt i3k “revbeaed wotriashs Thisaasultadie allonsérts bejog Sranessehponent s

havi ng known equi va| ch. equival ents are herein incorporated as
i f individually se%sﬁé?%ﬁ%’h%ﬁaﬁ%u%ﬂnq |”s‘°\fer?\3tgnt’?‘lf"'(5r‘imﬁélsm e nd(;escri bed by

way of exanple it ideldtes b@hgheseppdraci @rddjouhad entfpsonBidBMag and/ or
nodi fications may b? ngdg ' , ) .
already been applied {e.g. during normal processing) to the

10 database are processed;_

vii} the default serialisatiori group does not perform a commit on

. the “reverse” entries until it receives the “data commit group”
journal entry. This ensures that if a failure is encountered
during the “clean-up” the database is in a known state. This

15 enables the “clean-up” to be restarted.

Once all of the “open” commit groups have been “removed” the
control process 19 suspends the other processes and the replica
database is ready to be used as the primary database.

20 | |
This method allows rapid ”clean-up”rof partially applied commits which
does not require processing capability of the system to be utilised
unless a secondary database does in fact have to be made a primary
database.

25
The methdd and apparatus of thé invention provide a number of

advantages as follows:

1. The allocation of storage unit blocks within a storage space
30 object and control of read/writes avoids the need for locks and

read/write concurrency issues,



thereto without departing fromthe scope or spirit of the pr s;nt
invention. 2 3 MAR 2005 WO 02/31696 PCT/ NZ01/ 00206 14 CLAI Ms:S M -;?Agm hod

of repli eapbngiehs)f ormation froma source systemat a targ
conprising the steps of: 5 ij receiving information strlnggﬁFﬁ%ﬁ&&ﬁé source
system and ii) assigning the informatilédn strings to serialisation groups

for processing such that interrelated information strings are processed in

the sane serialisation group. 10 2. 3. 15 4. 20 255.
2. The use ot serialisation groups enables members to be updated

in a serial manner and for inter-related members to be updated
in correct chronology. Serialisation groups enable multiple
streams.of journal entries to be simultaneously processed whilst

5 processing interrelated members together.

3. The use of the MBIX index greatly reduces lookup time for each
journal entry. The use of storage entry headers 21 {handies)
enables the next journal entry of a serialisation group to be

10 located rapidly.

4. The use of a control process to oversee the operation of the
receive process and processing within serialisation groups
" enables the sub-processes to process information efficiently

15 without the need to interact with other processes.

5. Simple handling of commits where secondary database is to be

made primary database.

20  Where in the foregoing description reference has been made to
integers or components having known equivalents then such

equivalents are herein incorporated as if individually set forth.

Although this invention has been described by way of example it is to
25  be appreciated that improvements and/or modifications may be made
thereto without departing from the scope or spirit of the present

invention.




6. 30 A nethod as claimed in claim1 wherein the informatidd MARI 20§§ ate
journal entries froma source database. A nethod as clainmed in claim?2

wher ei r;wbrag/ i@urnal entries are allocated to serialisatioongfiR¥Rg such

t hat journaF entries of the same type or related to other journal entries
are processed in the sane serialisatidh group. A nethod as clained in
claim2 or claim3 wherein, when each database object is first encountered
in a processing operation a tenporary index object is generated containing
t he serial i saCLétMSgr oup and rel ated processing information for that

dat abase object. A nmethod as clained in claim4 wherein, if a tenporary

i ndex object already exists the serialisation group for a database object
i s assigned based upgRiAdiot RBROHRYiInFAERXI0ARIRS b bt sydtdmtdbed as clainmed .
inclaim4 wherein if a tenporary index object does not exist a ful
obj ect name ‘| ook- uparget AYSteRsEAroRIiT thfa$t4PasgE i s conducted, the

Cemporary Tndex ob) eat "o abaerarEaRA SR BRL R T Ree

PCT/ Nz01/ 00206 15 7. Aamdt hod as clainmed in any one of the proceeding

clainms wherein processing information for a database. ohject is maintained
in dynanic menory. 'S5 | Oagggﬂ”ﬁeti‘ﬁé'?f%maw%%'i”ﬁ@ ‘ﬂéﬁ%ﬁ?agbﬁg@%ﬁ a data
transfer operation conppi gicRdsding sGéieRsat Mhterrblatdteinfdtinigion selingsal ity of

storage space areas; ii) witing data to a first storage space area; and
iii) reading data from t#ePfqaessecsingihgfamepsrcialisation 9t@HPY st no data is
witten tqg,the first storage space area.

2, A method as claimed in claim 1 wherein the information strings

are journal entries from a source database.

3. A method as claimed in claim 2 wherein the journal entries are
15 allocated to serialisation groups such that journal entries of the
same type or related to other journal entries are processed in

the same serialisation group.

4, A method as claimed in claim 2 or ¢laim 3 wherein, when each
20 database object is first encountered in a processing operation a-
temporary index object is generated coniaining_the serialisation
- group and related processing information for that database

object.

25 b, A method as claimed in claim 4 wherein, if a temporary index
| object already exists the serialisation group for a database

object Is assigned based upon the temporary index objéc’t data.

6. A method as claimed in claim 4 wherein if a temporary index
30 : object does not exist a full object name look-up of an’
assignment database is conducted, the serialisation group is
obtained from the assignment_r database and a temporary index

object is generated.



9, 15 1 O 20 11. 25 12. 30 13. A method as clained in cl a@n3diARel8in the
data is database journal entries. A nmethod as clainmed in claim9 wherein

t he jour les are consecutively witten to the fir e space
ar eaJ unt imi%btogiegwgﬁ rst storage space area is at | east substsl;a%ﬁ%g W@zqﬁl 'l ed

and then data is witten to the next stérage space area. A nethod as
claimed in claim9 or claim10 wherein each journal entry has an

associ ated header that records the displacenment to the next journal entry
havi ng the sane seriali sation group. A nethod as clained in any one of

claims 8 to 1 1-wher i ttento econd storage space whil st
data is read frdm t |rs ?8‘%5] nAYLe tﬁ@tpﬁ?ﬁ?egg‘gc‘? ™ed in any one

.of clains 8 to 12 V\hwmrﬁn@a@&bssﬁb%ﬁﬁﬂaﬁcﬂﬁﬁﬁ H@faBasel SHjagGsspace header

“which records the 2 3_MAR 2005
- maintained in dynamic memory.

8. A method of managing memory space in a data transfer
operation comprising the steps of:
i} defining a plurality of storage space areas;
i) writing data to a first storage space area; and
10 jii} reading data from the first storage space area
whilst no data is written to the first storage space

- area.

9. ° A method as claimed in claim 8 wherein the data is database

15 journal entries.

10. A 'method as claimed in claim 9 wherein the journal entries are
consecutively written to the first storage space area until the
first storage space area is at least substantially filled and then

20 data is written to the next storage space area.

11. A miethod as claimed in claim 9 or claim 10 wherein each
journal entry has an associated header that records the
displacement fo the next journal entry having the same

25 serialisation group.

12. A method as claimed in any cne of claims 8 to 11 wherein data
is written to a second storage space whilst data is read from
the first storage space.

30
13. A method as claimed in any one of claims 8 to 12 wherein each

storage space has a storage space header which records the




WO 02/ 31696 PCT/ NZ01/ 00206 16 nunber of serialisation gro pg Wl@ j our nal
entries within -that storage space. 14. A nethod as cl ai med¥i I 13

wherein data is read out of a.storage space;the, ra pace
header @gﬂﬂgé enented and the storage space i s nmade av%f:lsréﬁqﬂé’%%(?? dat a
to be witten to. to 15 20 25 15. A netiwd of replicating $ database froma

source conputer systemat a target conputer systemconprising: i)
receiving journal entries fromthe source conputer system ii) checking

the journal entriesntdbsees sdriaBEatic®NgroMps RAHES Fourflal nByd¥ARItRIn thEEX Qi Vi ng
processing information relating to a database nenber to which the journal
entry rel ates; and PFI9P99 §P3&R- entry exists in the dynam c table, processing

the journal eniry a@GALHicAGs! Qaildid iﬁyﬁ@i@@merm WA I gl on; - or

iv) if an entry does not exist I1nt nam c | ndex Ing up the
rel at ed processi ng. buf or amtdrage -$wace; threstomdeepace haadeassi gnnment dat abase;

Fournal “entty accor arigregiand fectell® BT nrarmt romeoRao e hod as

clainmed in clai ml15twBergitted e dynam c index includes information as to

whet her a dat abase nenber needs to be processed with one or nore other

dat abase nmenber. 30 17. A nethod as clained in claim15 or claim 16 wherein

journal entri&8. ar & methedradrreplicating reedbtbledserfeomn lResouegd compiion process is

per f or med. system at a target computer system comprising:

10 i} receiving journal entries from the source computer
system;

i) checking the journal entries to see if any entry
exists in a dynamic index giving processing
information relating to a database member to

15 which the journal entry relates; and

iii} if an entry exists in the dynamic table, processing
t'h_e journal entry according to the associated
processing information; or

iv) if an entr\} does not exist in the dynamic index,

20 o | looking up the related processing information for
the member in an assignment database; creating
an entry and storing it in the dynamic index; and

processing the journal eniry according to the

processing infermation.

25
18. A method as claimed in claim 15 wherein the dynamic index
includes information as to whether a database member needs to
be processed with one or more other database member.
30 17. A method as claimed in claim 15 or claim 16 wherein journal

entries are temporarily stored before the replication process is

performed.



WO 02/ 31696 2 3 MAR 2005 PCT/ NZ01/ 00206 17 18. A nethod as clze)u med-i A any

one of clains 15 to 17 wherein the nenory managenent nethod

clains 8 W0 03A14o§

15 to i

8 wherein the replication nethod of any one of cl

one ofzﬂﬂsal ns

loyed. 5 19. A nethod as clained in
he re Bz g, o

enpl oyed. 20. A nethod of replicating a _él7a_t abase froma source conputer
systemto a target conputer systemconprising: 10 i) receiving journal
entries fromthe_source conputer system and ii) allocating program
conponents to pi8cesé 16 s claifitadi is snyrheugidédimst Hetd a7 geerdiatthbase,

wherein a ]_-5 21. 20 ?r%m&?%ﬁana%ément method of any one of claims 8 to 14 is

10

15

25

30

19.

20.

21.

22.

23.

24.

25.

employed.

A.method as claimed in any one of claims 15 to 18 wherein the

replication method of any one of claims 1 to 7 is employed.

A method of replicating a database from a source computer
system to a target computer system comprising;
i} receiving journal entries from the source computer
’ system; and _
i} allocating program components to process journal
' entries and update the target database, wherein a
controi program allocates tasks to program
components and controls the program
components substantially without program

components interacting with one another.

A method as claimed in claim 20 wherein the target computer

system.implements parallel processing.

_ A method as claimed in claim 20 or claim 21 wherein the target

computer system is a multi-processsor computer.

A computer system programmed to operate according to the

method of any one of the preceding claims.

A computer program adapted to carry out the method of any

one of claims 1 to 22,

A computer readable medium containing a computer program as

claimed in claim 24,



30 25. control program allocates tasks to program conponents,and controls

the program conponents substantially w thout program corrpon% 2{905
i nteract W one another. A nethod as clainmed in clai he

t ar get c%’%%‘t”? systeminplenents parallel processing. %&?@ﬂ(%&g cl ai ned
in claim?20 or claim2l1 wherein the tardet conputer systemis a

mul ti-processsor conputer. A computer system progranmmed to operate
according to the nmethod of any one of the preceding clainms. A conputer
program adapt e®6.o cadaiebast régieatedtdyodheahetdog ofcng ole &fl daging 1tdo 22. A
conput er readabl e nmedi um containing a conputer programas clained in claim
24. 23 MAR 2005 WO 2/ 31696 PCT/ Nz01/ 00206 18 26. A database replicated by
t he nethod of any one of clainms 1 to 22.



