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WD 2004/ 036436 PCT/ NZ2003/ 000228 METHCOD, SYSTEM AND
SOFTWARE FOR JOURNALI NG SYSTEM OBJECTS Field of

wo nooansd4en 5 The present invention rel ates to pCTEEZNDG/N00228

system and software for journaling creation, change
and del etion of system objects. Mre particularly, but
not exclusively, the presentiinvention relates to a
net hod, system and software for ournal changes tao
HETHan, SYSTEIR A3 ORTARE FOR 1ERYALING S TEM pBJERTs
obj ects, configuration objects, queues and
space/ menory mapped obj ects) in order to replicate
s on the 10 sanme or a renbte system

Background to the Invention The | BM OS/ 400 operating
T%stem provi des journaling of database changes via. )

¢ BEpsaidavesyiop splateq i a1 d, $¥stem;agd rsﬁﬁ‘f"?VI‘FSO'TJBWB?'MSrFrea“O”:
bﬁaﬂ@;‘é'dﬁ%rdéléﬁoﬁ lof §Y¥téth %ejet:@wﬂbfé Ptic sy’ Bl Vbt ER4IGHARHE the

record | evel ch antt;es f or system recovegy comm t nent
pEsseRtINVantiop refates Te.a Slathod, Fysiarm @pd SAMtWE feriPyEalng changes to

gERErhl OS/4008¢steA higRRO(irclUdy ﬂr@@"aﬁfb/o ct§ fb@ﬂﬁigmaﬁdh dbjects,

repli ca database (renote or 1oca %ﬁq
gHpusstand spaesmeB oy BigPReHR;ORIsds) I8 8 éﬂﬁ%ﬁ’i'?%% “I?SF &ghanges on the
8480e BPh réHBRQyEReh. DY the dat abase journaling function.
For these other system objects an independent System

it Journal is maintained. The creation, 20 deletion
ﬁﬁgk«,..u.. e lovenllon: o obj ects may be recorded in the
Audit Journal for the primary purpose of providing an
audi t of act|V|ttyqreI ated to these objects. Wen ‘

Vhe i OS/{feGoraraling veiam Bievides [upAliag ﬁbd?té%*é‘@?ﬂ% o2

iMé&fateaki ﬁ@ﬁ‘ﬁuﬁ&loﬁs rm@k@rr@rnd RBaton(is PRMArify RFientAteditbward
Jour nal has several ni fi cant drawbacks, nanel 1.
Wﬁ’ﬂt@?ent control (e.g.

Terordingyiatabase rraprd é‘?ﬂe} 988 [or §¥PETI "BEYEBH O

&Y édurdirndaetioi Wndarég) esfiRfg, R t@rbubESrt ESepIAY @NéNanges to a
after the associated object activit A

RAliey ptaRase (rempte qréOCﬁB Qg system QB%FﬁgSH%@S&S?@éWS and
26figurdtisn oBfectst aﬂéﬂ'ﬂﬁ)§G|§porte5rb'y$héTM9§aseqadrlnbllr@T§hctlon For these

processi ng of the object by another system proces

ather PYStgm objeqtsean iRdePeprBteySteMANUh/QUENSds 'F‘BF‘Fﬁ ’FF‘g? f i creation,

aBlefiért arf ERatiging. of Isf»stémlﬁbiectst Ray BE kecRPFATR thesARuditRurnal for the
obj ect before the rela udi.t. Journal entr

BB'f“éeréﬂPW of prRvIding ﬁ’@)ﬁ?"i'b‘? |aﬁ@"'tg¥r'8|@§'§’st° these c%)jects V\?hen viewed

with the intention of providing replication of these objects to a remote or local (copy) the

Audit Journal has several significant drawbacks, namely:

1. The Audit Journal entries are deposited and made available to other processes
on the system only after the associated object activity has been performed.
There is no way of trapping the object activity “as-it-happens”. This makes
additional processing of the object by another system process difficult since the
process, which is performing the object activity, is likely to lock and/or use the
object before the related Audit Journal entry can be obtained by some
monitoring process.

2. The Audit Journal entries are “system-wide” — there is one journal for all objects
on the entire system. This requires any monitoring process to retrieve all of the
journal entries even if only a small subset is required for replication.
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2. The Audit Journal entries are "systemw de" - there
is one journal for all objects on the entire system

wahoog/08@Gali res any nonitoring process to retri BOENARI03/000228

of the journal entries even if only a small subset is
required for replication. WO 2004/ 036436
PCT/ Nz2003/ 000228 2 3. The Amdit Journal entries do

not_ c nough nforrra ion to erfo

s B i e Sofee bt i anhasn Bl-Enafieh tgrperigmmthe

copy) ass'BbiaEedrcﬂi}Bt:ltt aa&gy lbatanomaysmn {@Mbdzy cwy@cmsremusés that
ocate an oC

attenpt to . h soci at

2 at PRHPTIENRRRSSRS ELGYAUTIRNS PEaE BEEsK B dxsidted objectin

bei nga@enérﬁptrtedmake atdopy 5r|6|bt|o€2mbthef f:hmgecu@mgquonnéd bethe
act -state o ate

made
oot Sbiggial & SPRLPArEaibB s tud Sheck ptat.o e BPBEL i sate i
provi tiestt 1Rl & aplieion @bc)déet wilk 15 @nabledtodpréédenthe doarect object state

I I I I Aud
Jour nif® LS 13 GERL 705 SMFeBast J our nal 1S Lo at tempi
Dok nie Sy WAL S Pt iR @Ry i Eiged o ital s o

j our natterepttto uesthe‘[d:ursakmitrymmmnmsgmrrﬁergame AuditrJoaal entries
in pro

PR R fFoinEr 8atebose iokfHal SEReL THis Gifsause sioniesnt
ti rresbw?&d?g IpI?stdg trre e:(ntnmhqdenxdapMatuoonwticm?ﬂyayvheota system
o B Sirs Ey BE A S EONERE 1 Pl BRGIB 18Hals may ot

sy nc haamnirately gefiegsthe rexedtj sequerdeani gpsrations h associ at ed

dat abase changes using the Audit Journal has not been
avai l able. A nethod of capturing the content and

state of system objects using the sane dat abase
Bivenribgseafawisadss exifoppracd meaihad oftsynetroniaing dpstemanbiect changes

St Lo SRS 150 S PLBD At
metmideof @apturnjg)thb@oaﬂentmwgtatgytﬁtsgstem&hfapes GHigihe sepetdatabase
jg)pIn%‘f be ﬁqfsgg td %%Iﬁfrg ’th{Q&P&eo%tab%Qg ré:I;%I'cﬁIe%I cﬂéh% \ﬁould ensure
thal trei datakiase abd abjettraanges eouichbe repiicated a¢auratelyda anrgmgte (or

ject) is to provide replacenent commands
IéIagIIlcggI)n%Igg% t a 25 command exit program There are

significant drawbacks to both of these approaches

Since 0S/400 system objects are created, ch'anged, and deleted using a standard
(finite) set of commands, the most obvious solution to obtaining state information (or
making a copy of an object) is to provide replacement commands or to implément a
command exit program. There are significant drawbacks to both of these approaches

The replacement system commands approach has the following drawbacks:

1. System command parameter interfaces to the associated OS/400 command
processing programs can (and often do) change with each release of 0S/400. This
would cause significant dependency between the replication software and a given
release of 0OS/400.

2. The number and complexity of the commands that would need to be replaced is
high (over 150 commands, several with nested lists of parameters). Each command
would need it's own replacement processing program as well as significant effort to
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The repl acenent system conmmands approach has the
foll ow ng drawbacks: 1. System command par anet er

wonwensases to the associ ated OS/ 400 command PCT/NZ2003/000228

processi ng prograns can (and often do) change with
each rel ease of 0OS/400. This 30 would cause
significant dependency bet weem the replication
software and a given release of OS/400. 2. The nunb

an@nggeihabaach pafarmeﬁ%r is. BFRFRPRES QOFEELINISH- @S itvawid Be B\éthe

r eRrigmafobmooltosimdnayer 150 commands, several with
nested |lists of paraneters). Each cormand woul d need

it's own replacenent processing programas well as

$hee¢ﬁ1meaabxneb$.ﬁtr;srogr@mvxapza&%/r&%fiﬁe%uaﬁﬁ MQOOZZS

3 ensure each araneter IS orrec

7 NEhGEon e Bestieastaiob Nt sro e OmAaB eI redtepciated
Thexﬁem@m &%k bcmwdawwaﬂmm RaChedhasketitéd. Therefore, in
fol | owi ng dr awbacks ither of t

r eéh%F%?ele objgct Crﬁé'i'%‘t Qh?ﬂgﬁvl\kéd@*df’rb‘}i’”&?%ﬁothél §xfhpragham is unable
asqggro@bggltheeggmm{grwdm to be activat ed after the

comand ee Therefore the. c
§ TR BN RS SOHMANR P baH T Shnured 55 re B fufoer of
Pr @Yt pradramyl b ban bé Fegist@re@SHhis beuld ﬁfdvlaht: s.fb@'lellhls_ﬁﬁﬁeés from
i nt so limted as

{0 tsfhe Thi AKL PO o etvars Heey Brdwt RairE con b

regi stered. This coul d prevent sone custoners from

sin thls Xit int if other oft re uses

i ifobipety RegreSy Bventar priovidee bAad, S BAG sgftwdre for
ummdgasyttémtobj@dts viricH mr@crmlessmétawveadrfamacusmu tan&f ledd provide
ﬁ%spﬁ)%wgéects |ch overcones the above drawbacks or

£ YsP €15 the public with a useful
choi ce. Sunmary of the I nvention According to a first

Ssgect o{ g?e inE.venti on there is provided a nethod of

nges to system objects including the
steps of: i) subs_tituting a dummy function for a
3%% |rnngf 3 Ht 8%59&? %thg)l(rg'%u“ nlﬂﬁltregg p%%?dle%rg r%lejt?\od oP journaling
changes to system objects including the steps of:
i) substituting a dummy function for a system function;
ii) executing the system function under operation of the dummy function;
iii) generating copies of system objects, changed by execution of the system function,
for journaling; and

iv) completing execution of the dummy function.

The dummy function may substitute the system function by having a duplicate calling
name, and pre-empting the execution of the system function.

An exit point may be associated with the dummy function and an exit program may be
registered for the exit point so that during operation of the dummy function the exit

program may be executed.

The exit program may handle execution of the system function and capture changes to
system objects occurring during such execution. Copies of the changes are generated
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iii) generating copies of system objects, changed by
execution of the systemfunction, for journaling; and

wQ@30mw3ede®npl eti ng executi on of the dummy funcPCDNZ2005/000228

dummy function may substitute the system function by
having a duplicate calling name,- and pre-enpting the
execution of the systemfuncthon 30 An exit p0| nt may
be associated with the dumyy function and an

BY therexthnfegrameandraay ke taved ¢ gisk Pheireamed descy t%%d?tﬁﬁ?se
dystérA SorgeRhalngon of the dummy function the exit
program may be executed. The exit program nmay handl e

execution of the system function and capture changes

h@ern&@éﬁ?{ﬂ&éﬁnt@?b@ﬁh&né&ﬁ@@ﬂééd’l@ rétieveg comatangs tferﬁe
Copi es t he changes_ are ner t ed é\ﬁl") 200%036

PSteTUusen 8o yaes hthtﬁba% € Jenydunction

friay @6bri I9aridieSéxeRtich dfeRe1btah fﬁﬁfléryarﬁd)c@t@l@toﬂbﬁgé% to system
stemfor jaournalip Al ternativel t he, exéq ram

Aliect8 Bocigind YAt ch et ORI SIS Shés. GGDRS P R Bnatges Bre

gyﬁrgtgufbwﬁé u@;ﬁmgmmd.b.ansmt this back to the dummy
unction. The dummy function may then handle

execution of the system function and capture changes

Peefénably et d@xhjnﬁi,ﬂﬂjﬁcmqhkﬂlﬁdelsgh 1@placefieAteImmaTatd @ fepldcBment
such a case, BI es of the changes are generated by

£eEMANAR{P cFﬁﬂBQ B®9™@M:0 Preferably, the dummy function

|ncludes a replacement conmand and a repl acenent

R B Rhe S D6 Y 2B oee B o PSR i /g By Yeplcat

Er%IthlaﬁQéﬁto dtrh@ I@dmag@mdt@dahuwesl ocal or renote
dat abases. 15 Messages or exceptions generated by the

system function nmay be captured into a queue. The

We‘swﬁ ekéaptionByerinated 6 thecsyetant fumitidymby baeaptured into a
%Egessages or 20 exceptions generated by the system
ion back to the process which called the

The dummy function may complete execution by forwarding any messages or
exceptions generated by the system function back to the process which called the

system function.

The system objects include program objects, configuration objects, queues and
space/memory mapped objects.

Changes to system objects include creation, change, and deletion of system objects.
Preferably the system functions are those found on an OS/400 processor.

According to a further aspect of the invention there is provided a method of journaling
changes to system objects including the steps of:

i) executing a system function during which changes to system objects occur; and
ii) journaling changes to system objects during execution of the system function.
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system function. The system objects include program
obj ects, configuration objects, queues and

wa paaesamseror y mapped obj ects. 25 Changes to SyBCENZ2003/000228

obj ects include creation, change, and del eti on of
system obj ects. Preferably the system functions are
those found on an OS/ 400 procgssor. 30 According to a

further aspect of the invention there. i rovi ded. a
Rae Mey that CF@Rﬂeﬁé? PYRiem @bisktpenay be goymaé%ﬂs %ﬁ]ﬂ@&xgcuﬂon of the

égféfénhl flinefor! BBy Hrite@ratifd joutnalifX ErHinaRgs ittcSHie tcade bithe bistem
uring which changes to system objects occur; and 11i)
fupeHaRal i ng changes to system objects during execution
of the system function. WO 2004/ 036436

PCT/ Nz2003/ 000228 5 One way .t hat changes to .system
Aiftaei @y st BRNGSR 1orRIFEm ShiGth GaLPEIHTIARA giringigxeciition of the
S8k FinktidEik 109 asbscidtingl exit @BINGS Willthe Gystaa fuRgticbGaTBatdiring
into the code of .the system functions. ﬁ A,;ﬂot her vva%
exesHtion Rl iR sYstem dnctienB SRk RIS Tk (NaY & Glishin IRy nalthe Rgstem
epjesyt i on of the systemfunction is by associating

exi't points with the system function so that during
execution of the systemfunction an exit program may

h@:o@@.lfwdj miah fustheoaspaat of%th@ ir?smtoanhere% ﬁltblri]/lﬁed b&ye@mdjgngaanng
to a further aspect .the invention there is provide
changes yﬁﬁm?@gftﬁmqﬁ)‘fqﬁ‘g'changes to system objects
if) acﬁrwé'sskg:adabtlea to éﬁ@@ﬁéf @ﬂumda/pfnf ecliohdn plaee of & systél fanction

ncti.on in ace. of a system functign erein,the .
i Fe i Cidion seda s b SyepBifhb o Mg FeBptes topies o
St abjests coqittRy faim spsterh émotiby egdcuition fouljdurmaling y ana

ystem functi on execut i og for j ouwal ing; and 15 ii)
ﬁé%F'?’yFﬂrusﬁsbé{ BS PEITESISY QU BRECHIRN ng execut i on.
Preferably the processor is an AS/ 400 processor.

ccor di to a furthe ect of the invention there
PErerpBl Mhurrociepl s A9B08RReeRong 20 the. et hod of
the first and second aspects of the invention.
According to a further aspect of the invention there is provided software for effecting

the method of the first and second aspects of the invention.

Brief Description of the Drawing

The invention will now be described by way of example with reference to the
accompanying drawing in which:

Figure 1: shows an illustration of object journaling in relation to a OS/400 Class
object.

Figure 2: shows an illustration of an alternative embodiment of the invention.
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Brief Description of the Drawing 25 The invention w ||
now be described by way of exanple with reference to

WO b@4/0ae®npanyi ng drawi ng i n which: Figure 1:Pcha%s00an00228

illustration of object journaling in relation to a
0S5/ 400 Class object. 30 Figure 2: shows an
illustration of an alternative enbodi nent of the
[ nvent| on. V\D 2004/ 036436 PCT/ NZ2003/ 000228 6

464 LgSeHD! pregrEmbodiments y Enbodi nents The
foI I oW ng descrl pt| on descrl bes a system obj ect

I
eloloving tesinain SorcThP B SueH A Iodnalng Aihadgperating under

Rt dedoo %pé\ﬁmhg §)%|t?érﬁ It Qlllﬁ)e@pﬁﬁ&mdé’@ﬂﬁﬂmemétl‘ﬂod is applicable to
eglrorlatem) fications e nethod uses a

%?WW%W't'&ﬁB‘?rSBﬁerg@ﬁﬁ'%\?e the desired result;

SI gnificantly reducing the drawbacks associated with

3 Rl R aEorbineig aptiost icieht oot Rl siffearny

FITEIAE therGranbacseitsytistad theel skigRgppsoachs made into a
new I irbrary. ii. The comrand processi ng program of

each duplicate command is changed to a 15 conmmon
ALRIN Y oPthe \stepef fHeoBEthad Ydilows: does not need to

process any of the command paraneters (and therefore

is not affected by command paraneter changes). iii. A

Q BM_XerexdEhd plibadaNPeget OS@O0 Rbmpiapgaasadisted agth sbrechanges
for each gdrﬁgl [ catl%%ﬁcorrrrand in the new library. This
means 't Ag0 agdeM K bgr am wi | | 20 be cal l ed before

the. a oc:| at ed Processi.n

pr obyr ai®s 815“?’1"e‘6°?‘??sg‘9e°;5°9'?9’ of egc 'Cﬂé\/ﬁ%@&’ﬁﬁ{%ﬁ{ﬁ changed to a
|'i br argpminsonpd pppiet prmuddstﬁprsgmhewhlbh boes yotsead tdplocess any of the
above the nornma

caus e REPIRY pagyg?tgm/ égglﬂiex SRle s P e £y emimand patameter

changes).

ii. A QIBM_QCA_RTV_COMMAND exit point program is registered for each
(duplicate) command in the new library. This means that the exit program will
be called before the associated Command Processing Program (e.g. the
program specified in step ii).

iv. The new command library is placed in the system library search list, above the
normal OS/400 system library (QSYS). This causes normal system users and
application programs to invoke the commands from the new library rather than
their counterparts in the OS/400 system library (QSYS).

v. The exit point program uses the passed command string, to execute the
specified command using the original 0S/400 command (in the OS/400 system
library). The exit point program is then able to perform it's own processing (to
capture the object changes) after the OS/400 command has been executed.
Any messages sent by the OS/400 command to the exit point program are
stored in a temporary queue so that they may be “resent” to the original
requestor (e.g. the user and/or application program which submitted the
command).
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application prograns to i nvoke the commands fromthe
new |library rather than 25 their counterparts in the

wW@BI0408643¢/stem | i brary (QSYS). v. The exit poi PCT/NZ2003/000228

program uses the passed conmand string, to execute the
speci'fied conmand using the original OS/ 400 command

(in the OS/ 400 system library). The exit point

programis then able to performit's own _processing

(t oVi- Jagtraplacemant (i plicateLhempasy Paeqessing RECIr@npthen called by
CoManss/HeG (RAMNE SREHSIRbrogan'¥Es JHRFHAEHS TREBEmRYNT he

OS/ 400 command to the exit point programare stored
in a tERRSEREN GoBRANSProReRSINGTIPITARY SIFRIY TS any rpessages

t he ordogiafidl in tHRAERPLRFY s (plbad thefd indfsH VI
appl i cation program whi'ch submtted the conmmand). WO

2004/ 036436 PCT/ NzZ2003/ 000228 7 vi. The repl acenent
(duplicate) Comrand Processing Programis then called

Ryan Skrddife EMIRAIMdNE oftkk ImdiRddéte ¥ WEAAUN h@sbe replaced with:
conpl eted). The common (replacenent) Conmand

Pr qfe.ssn[jt@. é?(it?ﬁfnﬂ?ﬂo‘gi'dm bassreesmd@nmlaud atg‘a?,amsg a datatqueue, to
cont al ne I N e e ora ueue ace ere I n ste

O I e bR el e Piotsssng Baorat st one

v and vi_.may be replaced w rh: v. e exit i nt

o am T aaCam R s CPimagd PidsRgng PR qregutes the
TD 0 the spepified eommbnd dsing treadrilnaCoB0oRmaret@n thg 0S/400
rogram_ vij

. The repl acepent licat Conma .

pr oceosisHgieR BiuhnBe dERPEEmehE oot R Bl maamy i ther
usi ng t hebleotol @rfomh ite@wh(irocassmarith dapture tre diféct @Banges) after the
system | . Th repl acenent,) . Conmand. Pr ocessi n
B oo a0 Kmmad ne¥ BT EREERK AR FESipes SEERLRs 00
(t o captodfrendritito thy @eplacEmaertieGommihe PrddeesingBledém are stored in
command has been execut ed. Ag)é ﬁ%ssag%i sent, by the
081400 T GTIRRRY eia RN resgnt de e el Rkt
Processing Programare stored in 15 a tenporary queue

‘e N Qi .
306 e e bGP O A SRR leos Bl
progeas forregch duplicated command — a single, common program is used for each
command. The use of the duplicate version of the commands to attach the exit point
program, allows the exit point program (or the replacement Command Processing
Program in the alternative embodiment) to control the processing of the actual system
command — performing replication activities both before and after the associated object

is created/changed/deleted.

-Referring to Figure 1, the invention will be described in relation to journaling of a

system object on a primary system for replication to a remote journal where the change
to the system object is the creation of a 0OS/400 Class object by a user application and
where an exit point program is used to control the processing of the actual system

" command.

The user application 1 runs with a system library search list 2 that places 3 the
duplicate command library 4 (MAXSYS) above the operating system command library
5 (QSYS).
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program for each duplicated command - a single, common
programis used for each command. The use of the

waelepkiodase version of the commands to attach tPET/AZ2003/000228

point program allows the exit point program (or the

repl acenent Conmand Processing 20 Programin the
alternative enbodinent) to costrol the processing of

t he actual system conman orm ng, replication

Tiole payachdbe IR GRECH dCmelaiogh Petdeseneeina alyoind 7
foXhé€ MRS Rdrandeedich4 ef the commrinarat ritdtirhe. Fi gure 1,

the invention will be described in relation to

journaling of a 25 system object on a primary system

for replication to a renote journal where the change

Tlﬁle tepfcaih (pPegram MUCNCARTE N8 iCregitdrod ad bn @xiObfogfin Qsafgsme

i?@?tg?f’%éj %'ggﬁqggﬁﬁ—%ﬁ&ﬁ@%?ﬂ% gor(gtF Xplﬁ\é(%(vs version of

e CRICIS 6érafané. mm‘eaMseé%QweTmnoAmrEam&gr@mta tomelalled$0

| stem |ibr ch list_2 that place t h :
BEEORE P ShB i S e P reoeRHoeRs Aot & GHIES. The' & poin
inferfadd pagses)ind RINcommanddtringlied s sfectfidd ¥$)the WEr application, to
%004/ 036436 PCT/ NZ2003/ 000228 8 This causes the
DESILPIIY 8cRTCLS (Create O ass Descri ption) command
6 to bind 7 to the MAXSYS library version 4 of the
conmmand at run time. The replication program

L T AL L

Sysotiated: dbjedVIDUE Bed &or sepinatidn. Théey<eth GZbSmmﬁMsbec‘lﬂelds

G 0 O BT L BB e,

MXIIICA&TETh&o@nntS pad arfy mesdages geﬁerpmgdsbytthe sysiérh command are
mand  strin tue)ﬁ 5aS specified by the user

chﬁ %gt?rgﬂ o E‘tﬁe exi t program 8. 10 The exit

program 8 perforns any required pre-processing to

determine if the associated object is defined for

Jﬁ%) Li’fecgédlgr;] ct-q%?h I%gr%&vgés%s\éec{%kr‘?% &&ﬂcowrﬂrﬁaﬁ]@;ié IQ%Ied 17to a

E)mxocarg da\léﬂ/bynyﬁm&eMXllCARTET program.

The temporary save file is then copied 18 to a temporary OS/400 Integrated File
System (IFS) stream file 19 which is journaled to the journal 20 used by the associated
replication configuration (e.g. the same journal as used for the database files defined
for replication). This effectively stores the save image into the journal.

The generated journal data is then transmitted 21 to the remote system(s) for
replication using the standard OS/400 remote journal support.

The MXICARTET program then returns control to its caller 9 (the system exit point),
which then calls 22 the Command Processing Program (for the CRTCLS command in
the MAXSYS library). For each command in the MAXSYS library, the Command
Processing Program is MXCPPNULL 10.
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MXI | CARTET program 8 and any nessages generated 14 by

the system command are 15 stored in a tenporary queue
wda 3004/0b@3@f f ect ed obj ect 16 (the new cl ass desPCT/NEZ2008/000228

in this exanple) is saved 17 to a tenporary save file

by the MXI | CARTET program 20 The tenporary save file

is then copied 18 to a tenporary OS/ 400 Integrated

File stem (IFS) streamfile 19 which is journal ed

The RCRRTT.proatsim, 26 tigresias Toe Tisesaes slop e Frvrary 15

g@éﬁe @Y RS MXNCARTET préfami TRatividieé BaheratedusyaHe bahdiri&ystem
at_abzﬁeflles defi ne for rﬁgllcatlon%. T{ns_ ,

¥erpiont A e canypRRd. @R S%’%F&'ezﬂ getoithg YserRRPiGstpm Ay Thiggllows

tHeeuseeagslizhish 1 RUIrbedssditd Mebsagel @RadtiyaRSNt hieealidd thedsystem

the reppte %e%%{for replication using the

¥eraiea sy Hels "% j ournal support. The MXI | CARTET

programthen returns control to its caller 9 (the

systemexit point), which then calls 22 the Command

o T e e T TR
500, D3t BOTL NE2ORY, 00228 o The MRCPEMLLL chonde

. e .
DG ST S S £ie%0ep P ORALD GRS Qest 3% o e pRPiston and
waanear @placémenplanmand Prdadessihg<Prdgidth B usedatgrcantrol thdpriocessing

tée gﬁﬁgr aEeed %}4 thg standard system version 12 of
?ﬁ © AR A AU Y8A%s 24 themto the user application
1. This allows the user application 1 to process the
Lty if it had.called th t 5

767 LRdteaiedih 28 ffuttn pyed@D 62N Egarb iy S8R0t Blags 27 the
duplichte domnearid libnarywi2Bl(MAXSYS3 aboveettie ioperatihgsystémtcommand library

J?g gggi ng of a systemobject on a primary systemfor
gﬁs ‘ion to a renote journal where the change to

the system object is the creation of a OS/400 d ass
obj ect by a user application and 10 where a

0l ; ' 4 i S. .
58 AGFTIL RRAE CRIEESTEI D ELRIERBoln Ry oo o in
Théo e dMAXRPYS ilibraty wEmsied 28 ofhthewotrimandsat stretimei br ar y
search list 26 that places 27 the duplicate command
l'ibrary 28 (MAXSYS) above the operating system conmand

l'ibrary
The replication program MXIICARTET 32 is registered as an exit program (using the

system defined QIBM_QCA_RTV_COMMAND exit point 33) for the MAXSYS version
of the CRTCLS command. This causes the MXIICARTET program 32 to be called 34
BEFORE the command’s Command Processing Program 35 is called. The exit point
interface passes the full command string text, as specified by the user application, to |
the exit program 32.

The exit program passes the full command string through a data queue 36 to the
Command Processing Program (for the CRTCLS command in the MAXSYS library).
For each command in the MAXSYS library, the Command Processing Program is
MXCPPNULL 35.

The MXIICARTET program 32 then returns control to its caller 33 (the system exit
point), and the MXCPPNULL 35 program is executed.



15 29 (QSYS). This causes the unqualified CRTCLS
(Create O ass Description) command 30 to bind 31 to

WO b@40BedSH'S | i brary version 28 of the comand BCT/NZ2003/000228
run-time. 20 The replication program MXI | CARTET 32 is
regi stered as an exit program (using the system
defined Q BM QCA RTV_COVVMAND mxit point 33) for the
MAXSYS version of the CRTCLS command. This gauses the
he %‘Sgwaafamp@réormé Py required pre-piogesging ioLdetermine if

hR¥BEhtEd 6BjEBES defficdCp &blichtibh OtHeXN 8Smmang @{ringqis extPRted
exit point ‘interface passes the full copmand

femind S gpeed #6 and fip DT FOAGHE SRERUR Coramans 37 kg this

8adel the'CRITAs 8dmmA&Re) |§>éké0t.ﬁ)éd33£ WﬂrﬁaﬂXQPPNUﬁpr% ram 35 and
comand string through a at%ﬁgueue 36 to the mmand

- PYORETERRY gﬁfﬂ%@?eérﬁg(tfyotheﬁ}'%e mrEndARaioed i qtﬁgwporary queue
MAXSYS library). For each conmand in the MAXSYS
l'ibrary, the Command Processing Programis 30
MXCPPNULL 35. The MXI | CARTET program 32 then returns
control to its caller 33 (the systemexit point), and

The afigstddtibdt 43 therrmer €8s desergtiontie this HAnAIEAS 0@ to a
CT/ I\IZZOOB/&O?) 3"‘ é(g;%’?‘@ MXCPPNULL,_ 35 program
OeEYSaghte PEif M LERIeUeT 3y to determine if

the associ ated object is defined for replication. The

full command string is extracted fromthe data queue

nd the sys ersian ecif n
e, BPinolaly saUEhETS 8 Re08a%e 4 Alerihorr QPAR0 PERIG )
SVs&teM@GBPBldéﬁm fifeodpt wm\cBE's jaurhaled dotherjesrmalgésuspertyrtae associated
Epadpoh B AR BRI A Bk APRRRY Wes comea
td;esmlcqﬂon)) IThisneffeatigely stargsithe save ismge dhtd Zhet joumnal.
tenporary save file by the MXCPPNULL program 35. 10
The tenporary save file is then copied 43 to a

tenporary OS/ 400 Integrated File System (IFS) stream
Theé genbtatetl jarinnal siajeoia tmel testhsmitted#6 todloe remhotd Sysisrats) for

Felﬁﬁca%%ﬁ %giinattﬁéjstandard 0S/400 remote journal support.

The MXCPPNULL program 35 retrieves 47 the messages stored in the temporary 40 -
queue, that were generated by the standard system version 37 of the command, and
sends 48 them to the user application 25. This allows the user application 25 to
process the messages exactly as if it had called the system version of the comm'and

directly.
Definitions
Class (Class Description) An object that identifies the run attributes of a job.
Command A statement used to request a function of the system. A
command consists of the command name abbreviation,
which identifies the requested function, and its parameters.
Command Processing A program that processes a command. This program

Program (CPP) performs some validity checking and processes the
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replication configuration (e.g. the sane journal as
used for the database files defined for replication).

waboog/oad4Bect i vel y stores the save i nage into tPEI/NZ2003/000228

journal. 15 The generated journal data is then
transmtted 46 to the renote systen(s) for
replication using the standard OS/ 400 renote journal
support. The MXCPPNULL program 35 retrieves 47 the

nmessages stored in the tgMALR ¥ that théPedlieatRy fuﬁ:ﬂ%ﬁ is performed.
were generated by the standard system version

t , and sends {8t th
Ak Fga grgl o “Thie gl Iﬁ g})”rt’lﬁggsl% ath gnve£ control during

process the nessages exaft J@gc’rg lé?'?%n%l t%@sééﬁrom an exit point.
system versi on of the comm

Dgéé\nelg |e2NS Gass (d ass%f% a%!:ﬁéé 91”3 xi‘hgryo bl% E %Ln be used to store

ntifies the run attri
st atement used to reques ?unc‘%n i on 'thP Sk%esortapes)

i sts_of the orrrrand n abbrew at on
|d‘g"ff[] f .Hnérg he re gy( cﬂg r;ystgﬂbtolktegparecord of security-
pararreters Conmand Pr oce&y F"ﬁt ?;t SRt hat

processes a command. This program Program ( CPP)

perfornms sone validity checking and processes the WO

m%lt %gr§§€nut Wn%ﬂ%é%&?%g%@m@gﬁ& Bh‘ﬂé ek’%@dlments

reques nction
maeeofmndtwreie the @@badmeimtﬂ have hgen daseribad nrbcor@mrat@e detall, it is

ﬂgﬁ'hgthté’rﬂloﬂfof ﬂwes%fb;l@é'ﬂt ftdjl%‘%fricp&' in %n?{ﬁapr %ﬂ ﬁé"'%__éttf?)e"gi’ keh

contro asse roman exit )
fabp@d@rﬂlclwm tadsuch dgtatli Aﬂ@h%ai;e@\ra@g@es lead medificetionsswil readily

%Pg{ér% fhosS aXifch @a@nﬂ%’recfgr et |H\%‘|‘ﬁloﬁ ﬁﬂfﬁ Brbader aspects is not
ttes or tapes stem ournal A journa

limded to,the lseegfysd Str@pneéerpiawermranus)ands@@tmom gnd illustrative
'é?érﬁﬁl@@gh idé&% ) Gdbrdin E%érﬂ edfh8y 88'made fron']l such

i nventi on een | ustrat e destription

dewile witlut n‘gmrgure from the spirit or scope of applicant's general inventive

concept.
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thereof, and while the enbodi nents have been descri bed
in considerable detail, it is not the intention of

WO b@4apgBé cant to restrict or in any way |im t PCHaZ2003/000228

scope of the 5 appended clains to such detail.
Addi ti onal advantages and nodifications will readily
appear to those skilled in the art. Therefore, the

invent&&n inits broader aspects is not |imted to
thé"'s‘ﬂ fic details representative apparatus and
met hod, and illustrative exanples shown and

descri bed. Accordingly, departures nmay be nmade from -
such Adiathed & IQHDHINGChaRgRS fo BV EleRy S G BOWBIRBIThe BEPS of
scope ofi) applsubstiiting 0duheh A Furichiorefor b\s9stém faactoapt . WO
2004/ 036436 PCT/ Nz2003/ 0902 8 .12 CLAIMNS, 1. éprret hod

of j our WAl i n§¥eFEAGRe sty nctionupdse creratian AlfhR Jummy
steps-of: i)ustibstituting a dummy function for a

system functi on; i) .executing the systemfunction
nder ol at ISBRATBING FRPIER Ay SR LTS hangq by Sxecufion of the
generating cepstem fohctidysforjountdiegtshd changed by

execution of the stem f unfthi on our nal i ng; and

) f i
Tv) comet i #GMBIEHRS EReHISE Of his Y UPHREL i on. 10 2.

A nethod as clainmed in claim1 wherein the dumy

function substitutes the .systemfunction by havi a
| BRTRDA PR e 4 HRES TR ] Rrcted SisPid the
of t heystams fgittibrumchaviny a dbplidate’calting macheasndopraieneding ithe
any one o&oclfe}'rrs t? 2.wherein an exit point is
assocP¥iH Wthefﬁefauwo?'uncti on and an exit program

regi stered for the exit point. 4. A nmethod as cl ai ned
inclaim erein during opgratiaq t he du L

f Ui RoTPthosb At aimbel Ty oy S B RS o wistngh SRt it 5

as cl assvetadwith tae rumnwhianetion dnkdeanessitpudgram redistehe for the exit
syst egg)iﬁtuncti on is

4. A method as claimed in claim 3 wherein during operation of the dummy function

the exit program is executed.

5. A method as claimed in claim 4 wherein the execution of the system function is
handled by the exit program. |

6. A method as claimed in claim 5 wherein the system objects changed by
execution of the system function are captured by the exit program.

7. A method as claimed in claim 6 wherein the exit program generates copies of
the system objects captured by the exit program.

8. A method as claimed in claim 4 wherein the execution of the system function is
handled by the dummy function.

9. A method as claimed in claim 8 wherein the system objects changed by
execution of the system function are captured by the dummy function.
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handl ed by the exit program 25 6. A nethod as cl ai ned
in claim5 wherein the system objects changed by

wez@a08d4en of the system function are capt ur edPOYNEZE®3/000228

exit program 7. A nmethod as clainmed in claim®6

wherein the exit program generates copies of  the
system obj ects captured by thg exit program 30 8. A
nmet hod as clainmed in claim4 wherein_the execution of
t helOshdnathed aneeimad ip glainy §ywhesein e exlPreQlAMIaN§IAteS eapies of
9. A MRidye@nAsujédtebapiahetbyGhabimMy\Wetishn t he system
obj ects changed by '35 execution of the system
function are captured by the dumry function. WO

2004 R30tRE BEiAiNE40R 3h P8R 3Bclaifd1 #010 WhéreintRéE cagsies of the
claimed in claim9 wherein the exit program generates
copi e8YSAM opieats AR pAYRAIB ISkt s captured by the dummy

function. 11. A nethod as clainmed in any one of claim

1 to 10 wherein the copies of the 5 system objects

ar el sAegihedagislainedin ?ﬁwﬂ%ma"% fo 1&?%6@3“%&%% the
of cl gyst@m bbjetts bte “iGiRed ol )18at6OMeasysRn fohpurriiRg.em
objects are streanmed to a database system for

journaling. 10 13. A nethod as clainmed in claim 12

whereAmdthed satiairraan siafh @ wHerdin 6@ RAdRIse @ystemtis indorporated
replication system 14. A nethod as clained in claim

13 wh¥HR ALeRIGRIQNSYSI®Mt i on system replicates the

copi es of the system objects to one or nore | ocal or

renpt e databases. 15 15, A_nethaod,as clai.nmed in any:
onellof R BOHES Gaimstin oRire A3 WHerS LiayeBlaHon SR foRrates the
gener abmek Hhithé Bystéry dbmsltt dak iop Mofd Rcalaprehetd datdbaseés.
queue. 16. A nmethod as clained in claim15 wherein the

system function is originally called 20 by a process

and 8, henétre® agesinted if aa ¢ phé oNdaidise! fooravitgteitl nhasskigésoor

t he rocess by the du function. ,
gxcepﬁons g%eraqed gy {E‘éy system Funct?on are captured into a queue.

16. A method as claimed in claim 15 wherein the system function is originally called
by a process and the messages or exceptions are forwarded back to the
process by the dummy function.

17. A method as claimed in any one of claims 1 to 16 wherein the system objects
are one or more of the set of program objects, configuration objects, queues,
and space/memory mapped objects.

18. A method as claimed in any one of claims 1 to 17 wherein the changed system
objects are those system objects which have been created, changed or deleted.

19. A method as claimed in any one of claims 1 to 18 wherein the system functions
are 0S/400 system functions.

20. A method of journaling changes to system objects including the steps of:
i) executing a system function during which changes to system objects

occur; and
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17. A nmethod as clained in any one of clains 1 to 16
wherein the system objects are one or nore of the set

wobomgnegsam obj ects, configuration objects, qUPOENZ2002500228

and space/ nenory mapped objects. 18. A nethod as

claimed in any one of clains 1 to 17 wherein the

changed system objects are tiaose systen1objects whi-ch
have been created, changed or deleted. 30

met hod d$ cl é?%%!'”ﬂr‘?ha'ﬁqﬁs&ﬂéy%ﬁmcqbﬁcﬁ%dl{'”ﬂ&xi@“\ﬁﬁé’f tersystem
the system f ygsdtiopns are OS/ 400 system functions. 20.

A net hod of journaling changes to system objects

including the steps of: i) executing a system function

durding méthedas BameERSn b@.rﬁzeweswbbﬁ&tg%s tSSysBsre @bjec&raae
WO 2004/ 036436 PCT/ NZ2003/ 000228 14

changBYEAP R ieaTaUBg ROERI8 FPRE eRe iR fhe/roge of e Sstem

syst efiincfieHact i on. 21. A nethod as clainmed in claim 20
wherei n changes to system objects are 5 journal ed by
integrating journaling commands into the code of the

\?\%ﬁﬁmmétﬁ@@% GE?nedZﬂ claitn Izemdeuaahaﬂgas wgiystéiT. GJgj%bma?-@
erel n chnanges O em Q ar e rnal e
ek sassoda tmans v e eism ROREN 410 <Hlipe an ext

callip fg?din Qiifilg exEQutigrO ItiReTs it ﬂﬂmﬁdreCUtl on of the
system function. 23. A systemfor journaling changes

to systemobjects including: i) a processor adapted to
ex egUAystefH Mo ufriangd émg'egl tPdya6n Objeéts um}mﬁr@n

function wherein the f uncti.on xecu

Cyerem Do T A RBptoL A G B FRUgrUR aice of a
obj ects r eSU|§ybt@ﬁ1 mhawwamﬁmmmw;mmaieoofesﬂm system
journaling; use cess

for b ro
dur | ng. exccutiaion 2T SANEHss Shpiss ot PterE abRRSarsi oo
wherei n the dysiyh fubtivhiexactiohSor jbuin@ling:; bﬂd 20 system -

functi onby havl ng & Jugl cale, call L og Pal, Ao

24. A system as claimed in claim 23 wherein the dummy function substitutes the
system function by having a duplicate calling name and pre-empting the
execution of the system function.

25. A system as claimed in any one of claims 23 to 24 wherein an exit point is
associated with the dummy function and an exit program registered for the exit

point.

26. A system as claimed in claim 25 wherein during execution of the dummy
function the exit program is executed.

27. A system as claimed in claim 26 wherein the execution of the system function is

handled by the exit program.

28. A system as claimed in claim 27 wherein the system objects changed by
execution of the system function are captured by the exit program.
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execution of the systemfunction. 25. A system as
clainmed in any one of clains 23 to 24 wherein an exit

wW@eioa3d436 associ ated with the dumry function BOTINZZN03/000228

exit programregistered for the exit 25 point. 26. A
systemas clainmed in claim25 wherein during execution
of the dummy function the exist programis executed.
30 27. A system.as claipned in claim26 erein the

as clai 6 wh h _
ex@@ufisyrenras JRIMEY 1 elain &% whewsin the exit RFRErAM 9g)e'Rlns copies of
exit [HeQQERM obfébts Captiieti PtRS el srogReh.i n cl ai m 27

wherein the system obj ects changed by execution of
the system function are captured by the exit program

35 300n 29 MO0 Mmel (AT LIDE? OO FBRIPE8 exdbutidf of thesgysteRMunction is

as clained in claim?28 wherein the exit program

gener BardletRihe dupmy RIR8radY st em obj ect's capt ured by
the exit program 30. A systemas clainmed in claim 26
wherein the ex?c_uti on of %he s%gt m function,is

hardt AFVEIEM 3l TRN Ry PAMheren the systemopierts e*raégﬁ%&v

i n cl akdBuBiéh YRE eysterh Mignchiys bRNtapRIres by tdungad pragram.
execution of the systemfunction are captured by the

dummy program 10 32. A systemas clainmed in claim31
whegze Arsyétam fxdldimed agciaim genBemircthe@XRiphsyrarh gehérates copies of

system obj ects .capt ured t he du rogram 33. A
syst emeﬁg@ﬂhﬁ’ F?P%W%ﬁ%e E'mew?&a@s to 32

wherein the copies of the systemobjects are saved to -
disk. 15 34. A systemas clained in.a ne.of cl ains
s T As At AEHa Bpot S stain 3 € JE vt fneCioB g g the
st r eagpdterh @bRclalré@basal to\ikem for journaling. 35. A
systemas clained in claim34 wherein the database

systemis incorporated 20 with a replication system
34. A system as claimed in any one of claims 23 to 33 wherein the copies of the

system objects are streamed to a database system for journaling.

35. A system as claimed in claim 34 wherein the database system is incorporated

with a replication system.

36. A system as claimed in claim 35 wherein the replication system replicates the
copies of the system objects to one or more local or remote databases.

37. A system as claimed in any one of claims 23 to 36 wherein messages or
exceptions generated by the system function are captured into a queue.

38. A system as claimed in claim 37 wherein the system function is originally called
by a process and the messages or exceptions are forwarded back to the
process by the dummy function.

39. A system as claimed in any one of claims 23 to 38 wherein the system objects
are one or more of the set of program objects, configuration objects, queues,

and space/memory mapped objects.
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36. A systemas clainmed in claim35 wherein the
replication systemreplicates the copies of the

WG y®uesm4ehj ects to one or nore | ocal or renpt ePCT/NZ2003/000228

dat abases. 25 37. A systemas clained in any one of

claims 23 to 36 wherein nessages or exceptions

generated by the system functieon are captured into a
gqueue. 38. A systemas clained . in claim37 wherein the

sys“(oeﬁ‘l SYeieat %ﬂamedda POy pRg PhCIRinS|Z8do gyherein theghangggsystem
t he nBggaEePe Hos€XFerhi Jf'é‘étsamﬁctf REWESARLrOAEK chanddifor deleted.
30 process by the dummy nction. 39. A system as
claimed in any one of clainms 23 to 38 wherein the
Sy§ep éybdeﬁpéssclalﬁ{e@l iRBRY e BNEAMRI23ttH A0SR erdih tHe RIE8EERRDr is an
obj ects, configuration objects, queues, and
spacefRMAORORESHed obj ects. 35 WD 2004/ 036436
PCT/ Nz2003/ 000228 16 40. A systemas clained in any
one of clains 23 to 39 mherein,the chang&% 5%sten1 _
obj ¥ f\sYaieR helaigedya apy P Pllaias 43ite 4 1 wieein g processor is
cr eat gferafifPORA the O8RI001opErating 4stefd. system as cl ai med
in any one of clains 23 to 40 wherein the processor is
an 5 AS/ 400 processor. 42. A systemas clained in any
ones DA dBhituter s¥steinGoridifesting Bleméthed Bf Aes=RAT ciaims 1 to 22.
operating under the OS/ 400 operating system 10 43. A
computer systemfor effecting the nethod of any one of
cl adqrsofiwhie féPeffectiflg theahéthed er £y@tenebf &5t driedf chensretd4s!
or systemof any one of clainms 1 to 43. 45. Storage
nmedi a containing software as clained in claim44.

45, Storage media containing software as claimed in claim 44.



