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May 04, 2001. 15 TH BE§FR11HEOBN@W?‘E' %QDEMMW*@M@ 5a: JagreaRB¥et o exchangi ng

instructions and/pgfer ﬂ@%@nh@i&%ﬁﬁal?%‘f&?%ﬂ% Fi&tiféﬁ %ﬁl#b@/@@,?ﬁss to
transfer, exchan rocess data, or'to esPabllsh at | east one or nore

e, or
20 paraneters fo%lftdrl\éhtsg‘bﬂﬁ@lng data between the applications, and
controlling the paranmeters in order to facilitate data transfer and
~communi cation. The invention further relates to integrating dissimlar
appl i catisons one IM&EERANSY CHOMMESSAGTES METAMODI. Bynsityhevieidkeawt i ng i n

anot her Pl at  or Mg aun B! LB GoF QTS 5o MILPLIE, BR3%BE 1 g syster.

mul ti pl e application conpon ve nt ~énvironnents,
mul ti pl e depl oynent 25 environments, or nmultiple testing and processing,

establishing a di =) 1 I .ln order to
establish connecgﬁtﬁgw‘sﬁgﬁﬁsﬁaﬁgﬁgﬁ\?gg S@Q{VJ%{%W@WQ@#% bet ween

t he appl i cati ons M@ Hus BeigathingShtdtd, & vés Helefontbs] and Cherghhisi JoGhiahg dat a or
portions thereof to.acconmpli .l goal.. The paraneters nmay include
one or nbre of f&PﬁEP'j’o nﬁﬂf(i}@ggz]%giez%ﬁﬁﬁc%%]es, or commands. 30 35 2

- 7 FEB 2005 WD 02/ 13007 PCT/ US01/ 24280 Background The growth of e-business
has created a siqgQifi t n i e l.i.cations and bring
themto the Int e%#ds'%é}}ﬁgﬁgmﬁggmphém‘ﬁﬂm’élﬁ%ﬁﬁﬁappI i cations
is to enbrace VeMs&tr)dad@KrabiabnSBapdnih Bhend appsiedtionRBldl gabigag7gnnst ruct i on
and scal ability. reovg{ Rg&s new applications are created, it is crucial

to sean essly i ntfbgtMpe with existing systenms while facilitating the
i ntroducid on of new busi ness processes and paradi gns. |Integrating new
applications with existing applications is especially critical since
industry t0 analysts estinmate that nore than seventy percent of corporate
data, including data highly rel evapfldd tke GRERIRMCE, |ives on mainfrane
conputers. Mpreover, while nany e-commerce transactions are initiated on
W ndows, NacThedﬁ\fF“EP‘h[‘fJ@teéﬁ%le’ifg@rg“‘ﬁl‘%&tﬁl‘&ﬁ’q{’é ?“Clﬁ@idﬁij bgtwrah pRATIGAtPS tRetignal
browsers, andadifest R ieuaerar, YW dneiasorWocdQdakdNbrto SRAVYEK S ledsh@¥ cRfRrdil ti mat el y
conpl eted on mai nframe conputers, running mai nframe applications, and

) Tal. ppl. ]
i npact i ng da¥PTRYYF &Y UepsieBngdathueRs raPabesess, arifepoltipeihe PHABREEIY
pressures t riditie califte 885 WaIsfek MMEJonBRMidaGEL, 1198 $nv3REbrLHAG rditeot 0 the
Internet. However, there is no_ conplete and easy nmechanismto integrate or

e- busi ness &R&BTAENE ASSTHHE PRURTIGIONe PrCuyIEatithgOnewsiora and #ioBsh prepEgagi ng,
procedur e Cahlafoth& pisftRPAS Snultiple computers, multiple operating systems, multiple

application components, multiple development environments, multiple deployment

25 environments, or multiple testing and processing, establishing a dialog (e.g., a negotiation)
with one another in order to establish connectivity for transferring data and/or instructions
between the applications so as to facilitate performing tasks on the data or portions thereof
to accomplish an overall goal. The parameters may include one or more of format, data

types, data structures, or commands.
30
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20 . queries) is key to solving many of today's business probl ens.
Integrating | egacy applications with new software is a difficult anwFEBZMS
expensi ve task due, in large part, to the need to custom ze each connecti on
that ties together two disparate applications. There is nQ sin Ie mechani sm
to describe 6“?6“@7appllcat|on may allow itself 25 to be AGHISRES )y

anot her, One consequence is an e- con§§v§ envi ronnent of nultiple
applications, devel oped by multiple gﬁwﬂént teans, running on different
platfornms, with different data types, data structures) commands, and

comand syntax's. This environment is stitched togt;et her with 30 a i cation
program i nt e &Rah effabusiienehas sreated pERERINS Pecddp & e&l‘ﬁt%@g@ﬁf‘Pﬁlcmﬂ%‘F ta“%f t he
total appli gah) MRmltb fITEWRKE: TIRL is@eGRNRE 6 renCREIGSEE RNSapPidabibnsi i lo@n{A4R
requirenents of disparate applications and map between disparate

i nterfacds. Webstandmpgthpoompiip <0 psesampricHET/ costre g scalipdity roieayr: as

I nter CO””eCtnlexgg @cqt%x{i oG J?é‘d"’n%@&&éi\ﬁft@seﬁbﬁ?ésﬁg‘?nt%ﬂe aeRIWifkisaRSsysiaas | ed
to various Pe var e app Ications and connector applications, interface
speci fi cat i ovigle ficiitaingdbeinttediction ¢forw, business puagessesew padigng. for the

i nterconnection and interaction of markup | anguages (such as HTM.,, XM,
Dynam ¢ HTM., WM., and the |ike), through object 5 oriented | anguages such
as Snal | Tal Kntagratinew aﬂphbauloamgtﬂhg%mghppl'egmxw isaquﬂciadiatiitdml gagevtustry

appl i cations ese interf cigf i catip i t| ons,
and code' shc?ﬂ% ?ﬂstg %Bwtegg%&(}ée frai G ége‘c‘%’“ Ofcorp et |?:a’fduon§s dataqﬁém

syst ens, andelaennworeknaoertd)divesam rmndranm:e:pmempesr |Mma:esr M’née hnan)kq Cdrmebrce and

responses of e3s at| ~¢ L he
brofi ferat § otupi QR afeiRGRTof FErBRs o ch@Eiith ol sl SR smetIhER 51 "o
code, e.g., \@aﬂmmm&bjae@go W&ﬂmeﬁfv@l@ﬂ ar(c[KDRBAawermlmmm Whimetely chpgdieted
(COM, bject Li, and ct . Broker,

O bl has. TRl koI A rans SAGATE RS apien e Sk ik B ot

appl i cat ipn mahfegicedatadasesr € ubi qui tous: frominstalling an ERP system to
15 updating an Operational Data Store (ODS) with I M5 transactions or

i nvoki ng CRM systens from MXeries; each of these requires the sane basic
steps. FirstTher dﬂ§ebusﬁﬂlh&§ prlebsfbs 'tchﬁtegﬂatejsEMeSllaeel\ApmtcStlanamﬂfﬂﬁgrﬂie@ﬂbehw t h

t hen she nust f_i? ut how to invoke the enti % i nal IQ/

provi de tran8iedef OerrVSFn”t?hee‘sﬁﬁf‘?r%“Fé %“é%mesﬁai“ Wt c&h%et?fer “S’FSSc?ay, these
st eps usual |emalb’lewlapphdiﬁmallntbgimmtWl@t@]ﬁdrmomdnésmgmgcp}dwﬂgre-calanﬁk dagbue t he
devel opers with a ra go nest ? g 0- mai Nt ai n connecti ons between
appl i cat PbnsIUeAzS @r‘ﬁﬁi’%"s{o DEREEP f“rﬁiia%s TS8R vol ve application program
interfaces and connectors, which are frequently built on Interface
Definition Lang es. Int erface fini t;on Langﬁaggs are decltaggtl ve,

def i ni ng appiieBRfNBEHYEPIHHPITEPMERsTVaTg s a fiffictf apd expensive sk MiadN o5 gych
asderror Panldllgbﬁl@t tb/uetneémﬁoemétagae E&flicﬂrihdebtﬁljh tham@uiﬁgﬁﬁer&w&ﬂx@pa‘iﬂbset hof CH++,
and specify a conmponent's attributes, the nt class &s that it inherits
from the exielitalians thesis pe sipglf Bgehanispdo ¢ gewemegpg FFAon rf’aye‘”}lr]io'ﬁ"’s‘tse(f h

met hods bis ohk@ivbREeEnySdRRRILS, i nput and output paraneters, and data
types. The goal of Interface Definition Languages within connectors is to
enabl e col | aboration between dissimlar applications w thout hard coded

applicati on prOGhSRuSRe idAR-EGBEce dndea{nhem oﬁ Ih@ltlple'faﬂj’llfcﬂﬁﬂs dieﬁdwpea bon

| anguage, and the connector of which it cilita e full
run-time sof BWKiPE d&pedwmﬂ%wem%@ﬁ@@ﬁpﬂ %H&Sgl”i”tgdg l%fi%%%s -7
FEB 2005 -s g MefuhQd.dniiNaea tah@ Borihida s§ﬁtﬁ>@@91“ﬂlé/&ﬁ/1r6m&1|fls@gbchedRUghﬁelr mi:thrret hod
i nvocation with greater fllexibility and run time binding | evel

| anguage i NBDHEALORIPEAETM MG HESI2NAERINSEYET HP PTG %“Wéseﬂmilpé‘gﬁmlaiqt@n An

interface r e?@?& %h*aﬁ@@%ﬁi o} Qg%ﬁlﬁé}l:e tddBeditik Q{a@%tg%cmeﬁﬁc{n‘{@l[s drunctions

and paranete t1ona e connector and its interface definition

| anguage, shdiapadatbeppiaaiions erid‘mm ketiween disparaloliicrfases. t abl e, support

nmet acl asses, support syntactic |evel extensions, and support semantic |evel
ext ensi ons. SUMVARY According to a first aspect of the invention, there is
provi ded a nmet hod of processing an application request on an end user
application and an application server conprising the steps o a) initiating
t he application request on the end user application in a first source

| anguage with a first application progrdam b) transmtting the application
request to the server and converting the application request fromthe first
source | anguage of the first end user application to a first target

| anguage running on the application server; c¢) processing said application
request on the application server;



d) transmtting a response to the application request fromthe application
server to the end user application, and converting the response to t AEFEB 2005
application request fromthe first target |anguage running on the
application rver to the first | anguage of the first end | i cation;
and e) wher e?v otzﬁ%oo nd user application and the applicati szsrgjé?%%ohave at
| east one ccmnec_t or therebet ween an&i t he . teeos of iCP con ert| nq&he
. . 1S lowmg]mtelco nﬁctlo Of bldand new softwar sdstems %pﬁ 1CallONs, nas ?’I {0
application requestefromthé Tirst source ['anguage O e 11rst end user
appl i cati on vasod nsiddie eard @pplitseiges dno connectbt applicaiansgditerfaceigpacientions)ni ng on

the application seryer. as target | anguage, and (ii onverting a, response

e PP o tsaact Bl hBoarrcp B, itk P S e P e oy e Sk B e Bt o

server as algRGaiRe (saendsaeTMRNENAYByhonit MM, Vi1 afighaiae) ahrobdheotidct st end
each conprise the steps of:

user application as a second target |anguage,

1) invoki’ng CEBH BrareT ah BRI 8K af@glg-écwh/@n%&?@é gy PBYGHPD AYGuages;
[ R\ LI BQ 243@pidagoRd8ich as COBOER 2R3 intdifadd spe@Pbdtidhd, Q&Fiditiéhs C20 064 Bbuld

nmet anodel s wth netanodel data of each of the respective source and target

| anguages WHBPRAFOEIBNSHEEANEEIe| 2PBIRPHONSOPRSFALIEE 8YSISHP CRAPBIOTIesP b aropnd

met adat a,  apRlriet AlrieRtts BUTBOK) fdeN b Ieg%sm%gemgh@,lsem%% Roati G4 hkY Pe
descriptor netanbdel netadata; and 3) converting the source |anguage to the
t ar get | angldttgénal. Amslerdithegprelieratienef siaadaidy protocels, sperifidationsndéfigitionsaade i s
provi ded,a t ctd r I ISl i rver, and
at Ieastloongggég)g'%é?togﬁoﬁhe g%g%%@ﬁ%g@ﬁgﬁg@@m n?/@%%%ﬁmégﬁ’ser

appl i cat i on,Otggeti Linkinggné Embedslin g2 @LENS @nORE Bius dObject Broket, &1rkix s appelad cat i on

request with thg aﬁ%—rc\ﬂﬁ]rme'{%e‘%oivie:r&%aﬁé?}’”Ce | anguage with a first application

programand to transmt appl1cation request to the server; b) the
connector being configured and controlled to receive the application

request fro i - - I LLeak]on t first
source | angt?é‘é@%lgg l){ zﬁ@'?%tfr&gtﬁh \%ﬁ%“’hg%r‘%g@g‘lﬁf’ﬁ%cg? ﬁgéﬁgaﬁﬂ%ﬁaﬁ%{ I{)S%H%rh!e]t%cl ient to
a first tsar getatingngegeatipnah Pandtan (PDL) widr IMF (rarsjctivieor smvoliang ORNI nyptems
configured -0l | ecel. t er ¥ i L.QN from
the connect oy iRiseh B B el CERLE Yl PRIGE TBRRL A S FERY

t arget | anguageanis todromnamdimatedyidp fien slat haan fipure gutdiowrte givdkatge emity,hed §sallyer

and to thereafter. transmt, a response..to the | i catj.on uest through
the connect oP° BeP A0 FRnblpflork PO i au eprtSsaPiRfp LoraPsher rlodiy it by The
connect or beismiycoquireguaned iavestigagmt andlhhedcddogr-ackieve the deyslopans eith @ ritkhe
app! I cat ioon nrég“t%lfl%a%i—tf—qn%imnttih%oSgc!tlx{)eg et\%gcnca?)nl\llc%(iénsa response to the

appl i cation reques From The™ s ar get Pangua'ge running on the
application server to the first source |anguage of the first application
program runnj t ljient: .and &) wherein connectaor hetween the client
Pt he. sor viMhetoblifed d E JhuaiBN e MIRLEP sRANPELRLS B REIATR, ot Fon
request fromwhitteart fregtengpbwiten lmeruaefinifion hagodgee nintespgel Defmiticon on t he
client as a,squrce | age to.the first target .l anguage, runni ng on the
application Iéaé]g\]/aérgs Eggg%lﬂ?%}vﬁe%ﬁ?]g éﬁgbcét,lonapﬁ%‘gf‘rp ] tergagﬁs\’/er TRe ercgsffidshsg%s to
t he appl 2catsuchasreeguiaidlifig. oMot haeifice DiefihiabgEinghagey ragauisensfidig, anl spbefy

licati . I to the.first I f th
ol lent appl iRR0TPBRET B ARTRGC o e PHEN A h he0 Mheyts Py F rtsblga PRy &
met hod conprthsiyped ¢vaats sliae pemit, thelheth@lshifs @Mérfige QOPPOES Intit ane oapioik Sneddrs,

respective soyrce and target Janguages from a netanpdel nefadata
repository;Eﬁydﬂﬁﬁﬁpét%W@th@IUB&%@%F@P“W%E%W%@%F@” YCROEOEHD Pt 5t a from
t he met anodejolamiradabacweePpasiihOidaphati@actheht Halecod epapphiaive pogtance and
target | anguages, said netanodel data conprising invocation netanode

met adat a?9 agpPifésti on domain interface metanodel netadata, and type
descriptor netanodel netadata and [k:\LIBQ 2430. doc: edg - 7 FEB 2005 3)
invoking the retrieved, popul ated connector netanodels and converting the
sour ce | anguaemlys be i@ Tace defunitiandpguaageandabeeonpiciny of whigh ¢1A5  Pirtaghsald of t he

| nvent | on, t{gried U AEAhERA LBRSAG! baRbREASARBLAMEY RheRsenf | gured and
controlled to interact with a clrent application, and conprising a server,
and at | east one connector between the server and the client application,
where the client has an end user application, and is controlled and
configured to initiate an application request with the server in a first
source language with a first applicatioh programand to transmt the
application request to the server, wherein: a) the connector being
configured and controlled to receive an application request fromthe
client, convert the application request fromthe first source | anguage of
the first end user application running on the client to a first target

| anguage running on the server; b) the server being configured and

e o - oy e



_g_ According to a fourth aspect of the invention, there is provided a
groupware system having a plurality of end user applications, said. rF(éBlilﬁﬁr
applications each conprising an e-nmail client, a content database client,
and a content replication client, said system further conprising an e-nmil
server, a content database server, and a content replication server, said
gyoupware system pei Nf%tlfo%ri[ﬂf&ld{igxgw gtr&?%{}%glch&ﬂinto comuni cat e between

i sparate end user applications, said gr war e sfStem conprising at |east
one connector bet weeRua-tiser methoditthosatiotneitigeateafgdibitiat arehun wier hdinghe end
user application is ¢controlled and configured tq participate wth a server
inafirst source®l aﬁgﬁr}‘adé"% angupee; pudings itk atheo RS é?ﬁaéﬁﬁ‘itfﬁ%msél?‘?/er
is configured and copfgiehkfdidp Participate with the client in a first
target |anguage, and wherein: a) the connector is configured and controlled
to recei ve an appPi caniinierfeexyepstitory oonteinmgend tuse infompdtiooatfiserver Guwtieny
the application requ S f{uggg II;She first source | anguage of the first end
user application to ?a‘ﬁpafrl Fet target |anguage running on the server; b) the
server being configured and controlled to receive the converted application

request from the connector and cess.th ai.d licatio equest.i.n a
[second] | angadgesly ke conoeionat iy ineser dririoy Fameso PP st REdSHy er
and to thergaldhdd, gor@pRNMshppoRemeRASRRS SsupPork REntBOR] ieval bansiRRUasd shgPopugh
t he connector back to the,end user application; c) the connector being
confi gured &avRNEIGAEYCHEXIERBIONS. r ecei ve the response to the application
request fromthe server, to convert a response to the application request

fromthe | anguage running on the application server as a second source
| anguage to the first source | anguageSGMMARYnd user application as a

second target |anguage, and wher ei n. connect or tween the end uger
Spplicat o pr ogr Sire fea dlpl Bpers O S PEGH S AR mPaired. e of
convert thepapgdsingadd applicatore séqustadn hbend k&t apphedtion dnangagificefiord bavend
user application as a source |anguage to the first target |anguage running
on the appl F%PW%’F%@&S?FQE °fs a target | anguage, and (ii) convert the
response to,f he ai?lﬁ’t'idti‘h%tm@%pbﬁﬁﬁ%ﬁtre%degﬁbﬁ hie Ehd Sikert %fpﬁ@&tidnaﬂﬂh'efﬁ?c $dddY N9
on the application server as a second source | anguage to the source

| anguage of langeagsrvdtius Grst apiicatien prograas a second target | anguage, each by a

met hod conpyy si ng . el retrieyi n t apndel .. adat a
of respecti ()/je S outrr‘{l:rte}’gléﬁfcrﬁﬁ g? gé‘%h%%%{b ﬁe%ggst %? }lg%eg&e&;éﬁg %é%?qgﬁ%p};ea%p g%}on
reposi t ory; regpespdinmh ahd figst tsherce dnpaagoof et frpeed asam dpblicaioanode firstadrgetof
each of the rese{)ecti ve SOﬂ{FCE ﬁnd. target | anguages fromthe netanodel

met adat a r e|fB8H4E5T YR OR MFAPPAGAIORSCIEE i eved, popul ated connect or

net anmodel s, cywher epacéssiRgRBidappHE iofl *EcheSIUMRRE gﬂﬂichtwps‘e@wr,on net anodel

nmet adat a, application _domain I nterface netanodel netadata, and type

descri ptor et anpddIsTHbing faesponspép (hr:applicationgsvicgiofomdhe applicptigiEgeryer® - 9
3) converti . n : . j a
(11eh aspeckocPoehg HBEa R ahe G oRile Ve AR (b HOUAARAIGEFALEL Honk the
conpri sing frsstagadeguegt mmming\anrthe apploetn smveree thedfthel langtagd af the first end
applicati onus%(r)gaihncahgrtl_%glziace met anodel netadata, and | anguage net anodel
nmet adat a, corrpu?per rAstructions for building a nmetanodel netadata
repository ef souwheremnthet @rdgeder lappliadige anetthsrapisiicariel aaatahivy dhRast one
conpri sing conputer instructi o(gal to bui lo& a connector for carrying out the
steps of 1) PEEFIPRICHYLTReRIGIC HAPEIRE IS Converingihe mplw&cﬁb@am%@m}@e
and target ; ' ' leatd Ng
t he connectgr%?rg}évlfﬂgﬁg%%{lg@wb?ﬁle%g%g%erd Fggﬁ%ﬂeﬁgﬁ%réfa%g?%p@gp?\fggﬂ
source and tagegéanghageguanieg ohrthernpriisationt sl anegetdanguagepodi(iibegnvariohg

i nvoking th [ |l at ed connect or et anodel s, d erein the
ot amodel - aaraovireha BRI ShuSRRRRChE TR SRE pati ol Rl s,
appl i cat i onadaredandi sotirkeflaggiape t@iedfitst Mamigasirt 6f tharfitstt stheusde appliqation as a

met anodel netadata and 3) converting the source |anguage to the target
| anguage. [’“F?W’E‘?%@eé@@.u%ﬁ?c? Omp-“ge/t}\‘i’EE?p?GgS The Figures Various el ements

of the invention gre l!i|nU§1Eiﬁ€t 86hnlebtot hefahfddBES oA PRELEe NEREL - anll! GlEE 1
illustrates a systemwi th nmultiple application conponents, including a

Net scape Inlaéglﬂf’&eS;Expl orer browser, Net.Commerce on a Sun Sol aris server,
Oracl e and DB2 on a dat abase server, SAP running on Al x, a CICS 390 server,
an I M5 390 server, DB2 and DLII on a S/390 platform a Wndows 200 client,
and Baan running on an HP Unix server. FIGURE 2 illustrates the roles of
nmessage sets, SQ. stored procedures, |egacy applications, and progranm ng

| anguages am\liBypydsoctd® t he nmet adata repository of the Common Application



Met ani odel to facilitate enterprise application integration at run tine.
FIGURE 3 illustrates that the Conmon Application Metanodel of the d4A¥ERYjIPN
consists of three kinds of netanpdels, i.e., an invocation netanodel, an
appl i cati on-domain interface netanodel, afd a | anguage netanodel . For any
gi ven application-domai n netanodel it nmay use one or many | anguage

nmet anodel s, and there cquld be zero or many, i hvocat.i,on t a el s.. FI.GURE 4
illustrates an 1N2?C)T I\/Apﬂ%"ﬂgtmﬁj e,coﬂl?%orawggﬁgéglﬁrw} ﬁegﬁoﬁﬂgﬁ&feﬁ@ QEE
IMS Tr ansactth®Reddestpageolybd amadateebMphgitged @hetdih ahé aaetamobélC Hata Ocdrbrikes a
COBOL Metampdel , .a C Metanpdel ,. or ot her |anguage netanodel s, FIGURE 5

i |1 ustrat es "RERAEOR Bistamods! ptadaiaq apriicgdere femaindtexivee mstamrdsl mekadata gpdg
applicati 0n_t%&%&@tb%@ﬂxﬁ@@l-m&h&a‘%&;)anén obj ect model, i.e., a CAM _
met anodel , i's created to capture interface definitions about an application
server. Then a tod) readenningthe seurce lhngeagaite thedagelanguags. of an

application progr ner.ates .an. X ocunent retrievi he abj ect
model o i nfor et ONpA B s et 4R TV Riaherh 38 PR 440 RS
PCT/ US01/ 24 8dckssmgRIfenbeorhprissiig atiisit,aa sdewee) apdre bastphasemseanalidrébethesne a
Common Applicatio tanpdel Rose file, e.q., a OL net anpdel , PL/ |

met anodel , &h MFS! SRR RIS 41 BN AaHator R DFPEGOGo e dpp Bewed to
tool kit, tojgigmerai epRicRibh 28¢hedMyithClhe RrRPdn TVt %QQGfEﬁ%ﬁgg%i% ok A
source file of an application, as a COBOL source file, a PL/I "source file,
an MFS sour @ephqatien pEogeie asd ey Eanshiil the applicatien reguest tq e seesi nt o an
inporter. T i np : t an
X0 1 ot anct 11 | 609 ARG D BRKE B A oRE (RERE i app TSl Rlfhest
Rose nodel dfon the cippl, icomtertothe applicatiof irdgasst fFdnGtiEIrét sdurcesstangdage od the first
met anodel for . applicati.on interfaces,. e nables integration of to

Toph i cat on S RRE ARFRetiPh i ot B Blietde B e gy g ARGt e BRFTEER | ow
nodel s. Thecf | ow aedseis R @nfigtebdeanddoak6Be BRIt &iaé iNSortvBFE 8pplicAgon
application interface, These interfaces are access points to the

appl i cat i on&eqQURSIORIRIA thhFcaten angpiacessing BaspidtappEcationrrequestin otfiet target

m ddl ewar e. 11Rga 4486 ACES BT i%% | - f O [

I nterface I\/E%%n%.édegl S. %rgﬁggoﬁggﬁt%ﬁ rglgggéésﬁg 8gotrhgitgﬁaégo£¢%fe:&;ng¥éger?ggrel
coul d t ake uBnphihcerdsponsoup db¢ @pplésationppfuestathrargh, theagogetctapphdkett thenszst or
a gateway. pe application of the Common Application
Met anodel As shown, the CAM nodel facilitates
connect i vi t ¥) bet weencennbetok -being tdddigupsl atdiconfoldsddton rabébyef & Iresposd to tREOAP
conpl ai nt XM .docunent s This is acconplished by 20 using. i nformati

: n
captured i n?PHEAHSRHEIAUES TFRoR 5 ST 65 1 CORXGIE R ESRafsedAdhe srplication rauest g‘PFﬁ to
anot her in ehefiethricMHERgE RMInZAH BB lappiciBn sEived I3RS firktl d8tceahBhadObaNg
base cl asses, where the Type Descriptor netanodel is used as a recipe or
tenpl at e f ofherfifst anplicationprogramyneningondhe clisntlend he | anguage specific
retanndel 29) 101 Qefl LoiRlidr BLUMGH HeRTiAU hEL BATES A0 Mo Qlbiled
duplicating the aggregation associations present 1nt & guage nodel .

FI GURE 10 i kd (Bt catver the Afpficetias sequestt fiooe that firstesdvied darguages ofl (hy peient
Descri pt or I\/btlarrpdel. 30 FIGURE 1 1 ill | ust r at gs tq associ ation betvvegn a
TOLangEl emeALP 08 1H SR REF SRBGEIREHESF © BF St drrar canaries MU pe OB NG he
Type Descri ppfcatiei agrwetehs a drget langualgEBarkOA@D cORV @R He3REonse to the application

request from the first target language running on the application server as a source

F - illustrates. t
o EpTatial pholgratd bh e ich

language to the first source language of the client application running on the client as a
target language, each by a method comprising the steps of*

1) retrieving connector metamodels of respective source and target
languages from a metamodel metadata repository;

2) populating the connector metamodels with metamodel data from the
metamodel metadata repository for each of the respective source and target languages,
said metamodel data comprising invocation metamodel metadata, application domain

interface metamodel metadata, and type descriptor metamodel metadata and

[RALIBQ]2430.doc:edg



PCT/ US01/ 27280 FIGURE 12 illustrates various enuneration types for the Type
Descri ptor Metanodel, e.g., sign coding, length encoding, floati ngy thg)Zﬂﬂs
accessor, packed decimal sign) and bitMdel Pad. FIGJRE 13 illustrates

COBOL net anpdel to define data structure-demantics which 5 represent
connector interfaces. This netanodel is also a MOF Class instance at the M
|l evel . FIGURE 14,111 us clati del
wi th the TDLang bg e cl g@g}éls { ‘?g tﬁ%’feg’ @‘ﬁ’é‘@%ﬁ%"ﬁ’g’%’g&eﬁﬁt‘l@r@ t ecg}?‘%’%‘gg

TDLanguage Colrgsoaad Typmagatoctht eget QanghglgEl ement . FIGURE 15 illustrates an
enuneration of the OL usage. val ues i n the COBOL Metanodel, 15 FI GURE 16
illustrates a PL/AF% B@a@eaﬁg{r‘gﬁéﬂﬂ Yol vihe dRVanon,s hsTee ispproxjsisd & HengRtion
prograns topdekidg dakdn TohHElI 8d hEDIECRS GRgat: #RANEEHAH dlggfi@ﬁi%ﬁ,cﬁéd
This metanodel is an” MOF class Instance at the M level. FIGURE 17 =

i |1 ustrat es comprising oxiseiven nandpet Iwash oné ecopngdtorbetaeoal dhe \wervier tand el elient

b 20 cl | the T i fi . the T edType,
o the 70t 3pEaliGh het thefchndls A 336 b mio, e (B RARRE TPREAILY
enumner at i onso afitidbdm dplivaton Basest Vdthuts, sebendh hTimee souren thnghagengilly pefat ues
f t he PL1I t del . 25 RE 19.illystrates th Mai n Language

Vot andel - EPRGREOB BTt and ta nseridne et GRucshi Gedi P s et aodel

Wi th the TDgpng bﬁﬁeeonﬁéél%%r%’gb 1R atd @ontiliad 8k &efefdnSdpplication request

TDLangConposedType, and the TDLangEl enent. 30 FIGURE 21 illustrates the
TypedEl enenfrogsheclicn cenieriche appjiratien rauastdtien therfirst smreeplanguags of dreelirstiser

defined typ - de i ' [ t i.n the

C Languags’ Bt L abytfeafiof R e s 5l 4ol b ¥ 86 el R i Sy e

23 i |l ustrabgs t héheDmtat ppmgStonifiggred reckdtdoatréfddatoypeeeive tlegeamyverad wgdlicaten t he

enuneration_of argument and return for the Di.rect.i onki nd nd .th

onuner at 1 onrgpefly BUTRY Pheclst i prieadhf o SRbLAPELRARFHR b firv donags

Met anodel . BanghégdRivitR4a sédoudtappliegionhgrogram Maidind/®hate detvewhartintd tHeedaltes

fromthe C Main Metanodel. This npdel i ncl udgﬁ_ lghri ved, St ruc%ed?

Behavi or al FEARURIES Topponse (o dhg apRiiGayanh resqesle tirough theeconnectfiepatkolfethe firsh

FI GURE 25 i k%ﬂﬁraﬁgﬁ?l%é@dﬁl SRWEdNRRE-on of the visibility types for the C++

Met anodel . te tha ++ 1S an object oriented | anguage, useful in object

oriented prejramihegonaetorshapppeardigouddl dnd)coptrolled ®, reaeide fhrecapplicasivn request

K/L:ISglglel t Lg?&og}Fk}}celrlJSg%%Y%S éo'e lctl)rllJVSCtI'tr E?' trgs%o}lsr%:eto teag{)?) 1ga|1tiofnorrqugst If{’\(/)%’l -H;ea I%S%Ctgllggp
language running on the application server to the first source language of the first

application program running on the client; and

d) wherein connector between the client and the server is configured and controlled
to (i) convert the application request from the first source language of the client
application on the client as a source language to the first target language running on the
application server as a target language, and (ii) convert the response to the application
request from the first target language running on the application server as a second source
language to the first source language of the client application running on the client as a
second target language, each by a method comprising the steps of:

1) retrieving connector metamodel metadata of respective source and
target languages from a metamodel metadata repository;,

2) populating the connector metamodels with metamodel data of each of
the respective source and target languages from the metamodel metadata repository and
invoking the retrieved, populated connector metamodels and wherein the metamodel data
comprises invocation metamodel metadata, application domain interface metamodel
metadata, and type descriptor metamodel metadata; and

3) converting the source language to the target language.

[RALIBQ]J2430.doc:edg



15 types of transaction nessages, the | M5-OTVA Messages with a prefix, IM
nmessages wthout a prefix where a default OTMA prefix can be built l% | MS,
and TMS basi c nessages to be sent to application prograns, di rect’IK/. FRUURE
27 illustrates the OTMA prefix metadata nBdel. 20 FIGURE 28 illustrates the
OTMA prefix in control data defined data types. FIGURE 29 illustrates the

OTMA prefix in stagte defined dat.a t Sp o250, FI GURE 30 i.l lustrates the OTMA
orefix in securtt eRRTIELR ?ypEUT sheBs s invpRiey B d® HRV QS Rebiffyi
primtives ispstéehdvidy Mﬁ}flafmidﬁlo.f dnd CLiisE a?a?liédtious,t sd emdauddr gipplieatidhs each
Assenbl y Language (HLASM . netanodel to define 30 data structure semantics
whi ch repr eSERPTISBE fBcE-Biall; glieah faganient flatabaseetliohb pad|a pantentysplcaiionr clipnls

i nstance at .t I B :

FLGURE 331 1T Gy P e P cobtbrisie of, RAIISINE St ARG B Reh e
TDLang basereil@sas sdnvarh suice gioepwikansydeas defrigerconfipered and controlled to
TDLanguageCorrnglosedT e, and,.t he TDL(gn%EI enienE.. FIg%JRE 34 ill u§t rat es.an
enuner at i on SOF TR RENFUT-YTETE PTG ESST APRITRUPRSASKA REQURNGHetYStHt EXrRrisias
i |1 ustrat es adleadtGhe BMmdcasr@etgen iicaspdrd an e Gder hpplicatibh,evityeia bl ¢riadseon
prograns to define data Sti ctures ty\/ni ch represent cgnnector,int rfaces.

FI GURE 36 i PPRIRHER &8 cqpiroliady,ands configuredsto Rerticipgis with 4 seyer Hapsiirsh fgpree
attributes ofhohhe BYRMEHRMBScatidH AdRFan? dnd tHelUthVeR i Sorftidtred ARNEHRGRed to

met anodel , which is usable by application progranms ~5 to define data
structures \nhﬁtl@matee\pﬁleﬁ@rﬁllentdnmég*stdargiehltaeguagc&ld VHeRIRE 38 illustrates the
associ ati ong, bet n . anpndel . Fl = 39

T ust r at o Penamersounee G AR R By AREcSBBUEPATRAL wn ppR R Benest g
St ri ngTypeVahiauasl dser apgptieatidnS cdfptettnthel @pplicatiéaRiquédd fionk tirt first @airek 1ahguage bf ed
network configuration for a 'ri cT"atLgransacltion where, for exanple, an order
i's entered 41° st HAHSALIPPIGHIPY 1 (H{istiarechlanpypee FInsth R AEEVSEr ver to a
nmanuf act urep) s appld fpkdr MRingeeoniguredRd ARG &' REcife ARPEFBIED gp;ﬁ@w&{
searches through 25 it's own database server, as well as its vendors'

di ssinilar ¥cstdroniigiqonnecterand precsssibe vaid appliratignrogyasidn a [secandljenmage v
connect ed b¥v'fhh§s@c%ﬂﬁ'%gél?éaﬁoﬁl?:ﬁggrrﬁrgergsi@iﬂg%'nntheq,:'l‘%xy land tb roa et Y36isinit the
prices, and éellvery es, O onponents, and plading orders for needed
conponent s respeseits the appbicasiodeequeSCthfonGURE cdhnedtdonisick &t the ead gsaapplization;

' d l.tipL. | i ' ' | tiple,
G apar at o peht for HE Cupecteh RrBeiant BuitRmeramusiRbms agis e e BrPhet vt

descri bed hepslication request from the server, to convert a response to the application request from

t he

the language running on the application server as a second source language to the first
source language of the end user application as a second target language; and

d) wherein connector between the end user application program and the server is
configured and controlled to (i) convert the application request from the first source
language of the end user application as a source language to the first target language
running on the application server as a target language, and (ii) convert the response to the
application request from the first target language running on the application server as a
second source language to the source language of the end user application as a second
target language, each by a method comprising the steps of:

1) retrieving connector metamodel metadata of respective source and
target languages from a metamodel metadata repository;

2) populating the connector metamodels with metamodel data of each of
the respective source and target languages from the metamodel metadata repository and
invoking the retrieved, populated connector metamodels, wherein the metamodel data
comprises invocation metamodel metadata, application domain interface metamodel

metadata, and type descriptor metamodel metadata; and

[RALIBQJ2430.doc:edg



FIGURE 42 illustrates a commercial transaction where real goods are shi pped
froma seller to 35 a buyer, and various fornms of electronic paynen17qgg 005
secured el ectronic paynent are used by 1.1 -15 - 7 FEB 2005 the buyer go
pay the seller, with banks and financial -Pnstitutions connected using the
common application netanodel described herein. DETAI LED DESCRI PTI ON

Overvi ew The probl,ens associated with jnteqgrating new applications, for
exanpl e, e comer appfs?rbve?ftf%ﬁg? S%rf$fap%‘ba§83° g‘ﬁgﬁﬁ&%?@%eare obvi at ed by
the Conmon Appl i caiccordiddetoaniie hspeoodf, theriivieation, aing beided e pesdr@hré@icei n.
The Common Apg%antionl¥g?ag?delﬂﬁ%thod, toolflande§¥§ien1of%fﬁ%_iggention
facilitate COUPHNGSEESIUrETRES MaIdId N BYRRHER Brstamadg] Dsteriiai Pplicipnadognain
col I'abor at i e NBEAMBUSIShEtdAS, a%ﬁqar%uggé;ﬁfﬂa?ncﬁl@pme%ﬁﬂa%@n?lﬂér WtrhctidRs

full run-tinme software application collaboration through an interface wth
t he appl i catforobnikiéng &matamede] ausaddtmuepasitoThof spurcaend tapgétdaeghagh netaghodel

metadata in i .1 on ipvocation, Wth stro type

cheoki ng, 1 L FARLARIERAATTAL omBt PR RS T bl Hgomafot e siaF g o

| anguage binigisigpsofi th the interface separated fromthe inplenentation, and
an interface repozgtory containing real tine Lnfornation of client and

server interface phranefHEMASINRGENaMe{amadst mefadata pli rrspectiyp gsoygest and of
the inventi eig@naidudgesifBsh theahéthmbltmetalith £padiRY,e 1 nterconnectivity

i ndependent |y of any tool or_mddleware, are reusable and portable, and
support netacl assés, syhemdating thegennesfaranetpmadels avith metpmndet dataoéleach of

ext ensi ons, i f i ] e
Cormon App! (ot T e FAZEE AP hact e @3 14 Bordnilel HetdaiteioRy adld
for providi myokingdhardriewedf poputated dvanedtsr metadiodelst dndneteréiatthemptamodkl ditd
application.aﬁ% a sgrver %Pglicati?n trans dttin co nds and data both
ways bet weefl TESFPRUSfomPTizes nyacatiogpetamedel mstadsta, apnlicafigp dempingpieace o
COBCL, PL/ I, n¥fanidd@hmle@Mela, ARISOPOIQEriFRPMetdiddeme@tata R8I WeEN an HTM. or XM
application and a_Java, C, or C++ application, or between a Java

appl i cation and a3kt or eanveHing thespuresangyige knihedraellengegehe i nvention is
a nethod of processing a application request on or between an end user
application and one or nore application servers. The nmethod conprises the
steps of initiating the application request on the end user application in
a first language with a first application program transmtting the
application request to the server, and converting the application request
fromthe first |anguage of the first end user application to a | anguage
runni ng on the application server. Typically, as described above, the
client will be a thin client or a Wb browser, the application running on
the client will be a Wb browser application or a thin client connectivity
application, and the | anguage [ R \LIBQ 2430. doc: edg - 7 FEB 2005 - 15a
of the client application will be Java, C, C++, or a markup | anguage, as
HTML or a derivative of HTM,, such as XML or Dynam c HTM. or WML, or the

| i ke, and the | anguage running on the server nmay be COBOL, PL/1, HLASM (H gh
Level Assenbler) or the |like. The invention facilitates transforners which
convert the application request fromthe first |anguage of the end user
application to a | anguage running on the application server. After
conversion, the converted application request is processed on the
application server. The application processes the request and then sends
the response fromthe application server back to the end user application.
Typi cal ly, as described above, the application server will be running a
COBOL based application, and the client will be a thin client witten in
Java or C or C++, or a Web browser, running a Wb browser application or a
thin client connectivity application, in a markup | anguage, as HTML or a
derivative of HTM., such as XML or Dynamic HTM.,, or the like. The invention
provi des data transforners which convert the response fromthe | anguage or
| anguages running on the application server or servers to the first

| anguage of the first end user application. The end user application and
the application server have at |east one data transforner between them In
this way, the steps of (i) converting the request fromthe first |anguage
of the first end user application as a source |anguage to the | anguage
runni ng on an application server as a target |anguage, and (ii) converting
the response fromthe | anguage running on the application server, as a
subsequent source | anguage, back to the first |anguage of the first end
user application, as a subsequent target |anguage, each conprise the steps
of i nvoki ngrtygepsdesesi pt or and | anguage netanodel s of respective source
and target |anguages, populating the netanodels with each of the respective

I . M I o N 1 o - M



- 1 Sb type descriptor netanodel. Exenplary invocation netanodel iD?'HﬂFﬁ
i nformati on chosen fromthe group consisting of nmessage contr ol 05
information, security data, transactional semantics, trace and debug
information, pre-condition and post-condition resources, and user data,

etc. Exenplary application domain interface nmetanodel conprises information
chosen frominput paraneter signatures, output paraneter signatures, and
return types. Application domain interface nmetanodel uses one or nore

| anguage netanodel s, such as COBOL and PL/I netanodels. The type descri ptor
met anodel defines physical realizations, storage mapping, data types, data
structures, and realization constraints. The nethod of the invention is
applicable. to situations where one of the source or target |anguages is
object oriented, and the other of the target or source |anguages is not
object oriented. In this situation, the | anguage netanodel and the type
descri ptor netanodel together map encapsul at ed objects of the object
oriented |anguage into code and daharlurée | anguage that is not object
oriented. Additionally, the |anguage nmetanodel and the type descriptor

nmet anodel maps obj ect inheritances of the object oriented | anguage into

' ef e encog ARdRRMALLER ilBnidiGd BIUALS IHGURES hpefBaiefyr | ented. The
met hod of the 1 nvention i1s SO app |cab Si tions where different

obj ect oriented | anguages are running on dlfferent pl atfornms, and

encapsul j.ects of the s | an code and data) are mapped into
encapsul gﬁ@gl}gg-nlﬁgggtesoqsyftﬁ@ W r’E}ﬁ. plp Tﬁ@eﬁﬁt‘ﬁﬂﬁwgwﬁﬁcﬁ‘pﬁventl onis
al so appim&ﬁé@m ke bWkl N&r@ﬂ{m&é&ﬁﬁm{fnaéolJr@@&b‘&gﬁﬁacl@raﬁd bEPRLhAY on

di fferent platforns or appllcatlons and commands and data of the source

pr ocedur 8italaghgines S Adr mniagpedih. at8CH RO seayegan IMSGOR suvel PRaaylLiabe.

Accordin FELD ality of
appl|cat?%%gm%eﬁmvert?sgqa?%§§8§ﬁ¥?g%h%%ghﬁpﬁﬁgHg??Hg%mgg%éﬁéent)
processi ng, for horizontal (parallel in tine) processing, or both

hori zont ssing. Thi S_to support rich transactlons to
and ¢ nr oL ARsERre RIS S PR se0er & AR R ERER ety PR P8 ences. o
processi mgi pra'gmmmr@wankgaagebes @AaEtd the Me@iAL&PodiOryi He@s@ndn Apgiaaidnons
drawi ng upon financial, manufacturing, scheduling, supply, and shipping

dat abas eMeigmedeldp jaci date eiperpiiseiapplicatie D iELTaEORatdWhBsci al security
instrunments. A further aspect of the invention is a client-server
processi ng systemhaving a client, a server, and at |east one transfornmer
bet ween FHE/RE B dhustraipathgilee Gymmeyr ApmisatiasrMetanodst pf the fnyerttioe comsstsedt of t he

| vent | OfhdeSifhsRE REESRUON 1 Y 81 SREAM hauEd AT SR bRl eract with
a client application. I'n I s aspect t he i nvent on system

conpr i semgtamoder andn, la@uageanetdlms{lst metgl\anslbmilcatmn doetameﬂamcbrm gerayer and

t he client(%R }L P 2430. q (P% £t lﬁ g gﬁllcatlon wher e
the cli el RS BAVSHIBUGELPAPNT A 3‘?{6 COM ?%er%%rr{ﬁnéfl”lwé) BAd configured to
initiatemataiegelest with the server in a first |anguage with a first
application programand to transmt the request through a transfornmer to
the server or servers. The server processes the request in a second

sof twar eRRBYE §3fsRhles HIMOOAAGHARAIARIHAI DT h ok Mo fmsRpRRNSE 1O

t he cllent through a transforner. her aspect of the invention is a

gr oupwar BVS 'saneariihalyicsrg caMplampdgl apghcaﬁonennerﬂade elnelbtomit land AQROL

appl.icationps,. suc e-mi | qQr d SSi spreadsheet, sinple database
nanagenek@ag?dg a?Q%%8PﬂgﬁﬂbgP%g%ﬁwgg Tﬁ%@‘%gft Access), graphics and
graphics editing, audio and audio editing, and conputer-tel ephony

integrati with client |evel content database client

on
servi cest m%éﬁﬂ%mte&@b‘l 4 ogh B he Bief dhgengaiein oML deugigpl i & ting egr at es
these e- nhatﬁ)ﬂgmg% HRBLabE Aits0 B ol G AAD, PI% CAMTREEnd RSN GRGS _and
application progr an1|nter aces W th transport services, dlrectory servi ces,
and st or egpoirs arterfacedsfinitivat ahdiray appltation sepeer.vEnen agou refadphndqarsemheser vVers.
The groupware tem.s confiqgured and controll tp co ni cat e anong
di spar at écr?djeﬁ@ AN ia%pi’f?tlﬁ)ﬁyogéﬁ%%j HhYALE Q{gﬁéé}%swg”[mé HeREween
di spar at gc9BjevEh&icANthi@RdidSFdm appbsiaf.i ons. The groupware system conpri ses
at | east one transforner between a server and an end user application. The
end user application is controlled and configured to participate with a
server in a first language of a firgt application programand the server is
configured and controlled to participate with the client in a second
| anguage of a second program The transforner is configured and controlled
to receive a request fromthe end user application, and convert the request
fron1the flrst Ianguage of t he flrst end user appllcatlon to a Ianguage

o o ——y o




"Handshaki ng" is the exchange of information between two applications and
the resulting agreenent about which Ianguages capabilities, and prog El?b[ﬁ!i
to use that precedes each connection. An "application programi nterfac
(APl) is a passive specific nmethod prescribed by a conputer operating
system or bywamoiier application program by which a progr ﬁﬁ?fﬁg‘”(&f‘%st’l ng an
application-programcan make requests of the operating system or another

[ R\ LI BQ) 2430GURE 6athgptrates a deveEBM2@@Hase sdFerio appk i €minn AgEJd@thary i s SAX
(Sinmple API or caonn 10 MR et a
Veb file th ﬂ%%dsgki‘ﬂ%%&teéng‘ﬁqﬁoﬁ\ﬁ%m%{aﬁ’gmg‘ag’g RS Bl BON B D

descri bes apM$ hﬁdéll anholfikedatead anODlSkltan geneeait a Dﬂ‘D\ﬁed XIMIIL eth:lae end J"EM@

programmer spec S an nt th en an it do g gets
control and® %11!8!% Oi"r@o@y?ﬁsﬁ’ﬁc&ﬁ Ogﬁﬂg( Wg{é% oy d%?#él‘\ﬁ?utlﬁe arn %ﬁ?f(par ser.
"connect Gr" sgscaiRIarEFS kburkesile, 20BN BdGee fileor theﬂ‘&e, ib m@fni@manipettmmhe
pl atforns that stores the functions and par anet er f the atform
or program IR PR i JoNroeederaad é%'“teraé‘?sai‘sf%‘ AR 3P %&&dﬂ%@"ﬁe A
"stub" is a g sPBhdntddbP MY OHE [a0E cddRAE iR FiSde] 5 @b hp?phbﬂtcmrst;memet 0
servers. Preconpil ed stubs define how clients invoke corresponding services
on the server. The stub substitutes for a | onger programon the server, and
acts as a | q§8URea |lluﬂfate§-aln%%bd@lrf&xébpfu%loﬁ hﬁerﬁl@ésvﬁﬁlcﬂgiabﬁﬁ'integ-fzhﬁmSafUb
accepts the request and then forwards it (through another rogran) to the
renot e pilocaapliaationgremponpiis 1“5’(”@(%%P@eﬁﬁ?“@é‘ﬁﬁP\é‘@@d‘“?lt‘%‘“&gi’%’@ém S 0% et ur ns
the results qu, &td*}ﬁéssa%h% Hdik hvbhe aﬁﬁl%@h&ﬁ'tf?rbuéﬂ"%@eseﬁ)%héahorbﬁrﬁé?fa%@ tiee program
t hat made the request erver services are defined in the stub using an
| nter f ace Defterfades ere aceesgpragieto(thq mpligatiomntdrasph which phipuiand PRtPYtish for each
server | nter oﬁ)?e%te&igg{helnjﬁdﬁg\gﬁésﬁ%lﬁtggadepgﬂeldgs%ﬁb&ﬂﬁwerﬁ@oﬂﬁéf %1'?@21{7@:{ shal |i ng.
Server stubs provide static IAterfaces to each service exported by the
server. [R \InueH@ezsaa@mdde éktgpsforat RERrQEeH AAC-Oding 0B metprreUseid 2280
"Cl CSs" st rol. IS A | ine transaction
processi % grogr a%rﬁc%éﬁ §E}P %? i, t?lj'é%te%té ]téc'r%m@\‘n]sfﬂ at%%“gcgmn Busi ness
Ori ented Language progranmm ng Ianguage is a set of tools for building
custoner tr RS RS €
i nf rame. cang iy epRRis bRl B b ealor HoPpeai “?%5“?“&9“:\? a s to
Wite to cusixeemionang. dislsbewn dediAdd H(Cdﬁloféqﬂbtateis hwmtwrtybfrtwgfwe@c €S r
data, and so_f G0 JreTn0 y
com‘rum cate W[’%M&% %’&naeﬁlggglﬁs%ghégr ead g o{tn a dget/% a@se)pﬁ“ﬂgfja ;ﬁ‘?gf‘lcgrbr ed to
as " dat azsetwwig inkrmgicGlc@Sueddi the mods tcrmlﬁven d@thaﬁnﬂfCBMﬂ%Ofﬁé@é’S@eIﬂﬁtﬂ%ﬂs
directly. C CS ensur conpleted and, if not, it can
undo partly C(?H%t %rt%%%? %%ﬁéﬂ c%%%%rﬁlgpoé%%ﬁgtg&?he integrity of dat a records i's
mai nt ai ned. CI CS products are 10 provided for OS5/ 390, UNI X, and Intel PC
oper at i ng SYR 99111%&1@5' ﬂa@lé%%‘é@la@@g wiRf Re ﬁ“ﬁw%crlp%\%%t%ﬁc%@ﬁ@%éd%@
Server to handle e-business transactions frominternet users and forward
these to a naienipeanterpte/for nintiae dee besegabgn, eih drilnguae cscificdastanes!
i nvent ory_ dat abas ~5 . i s the
yst om fFom IR LI b e R A B R Bl . ot ur e
(1 M8/ ESA) pr ss¢oda®napteseanisdiet lhagvageamedgbr and a hi erarchi cal dat abase
server. "MJ' is the MXenes |IBM software fam |y whose conponents are used
to tie together other 20 software applications so that they can work
t oget her. ThFEGURPeO dfus@ggl anMOF classiisstpkt erthkM@uevebes allyge Pessipiont egr ati on
software or pjddl enare. Functionally, MXeries provides a conmuni cation
mechani sm be H%ppl i cations on different platforms, an integrator which
centralizes and applies business operations rules, and a workflow rranager

whi ch enables the c ure, |sua |za i.on matl

processes. N%&JR@?&%HH@@H © FFIFAPR ?t”vfglgﬁﬁb mﬂ/ QggleolfD 3}11 v@?osdgl
geogr aphi cal @Gat s Coushiadryge s6thaillygy Ddstriptof Mashodett ures, so that a
seanl ess operation can be gun. I1BMs MXeries supplies comunications

bet ween applications, and between users and a set of applications on
dissimlar systens. Additionally, MXeries' nessaging schene requires the
application that receives a nessage to confirmreceipt. Zf no confirmation
materializes, the nessage is resent by the MXeries. 30 "Rose" is an

obj ect-oriented Unified Mdeling Language (UM.) software design tool

i nt ended for visual nodeling and conponent construction of enterprise-|evel
software applications. It enables a software designer to visually create
(rmodel ) the framework for an application by bl ocking out classes with
actors (stick figures), use case elenents (ovals), tr



- 7 FEB 2005 WD 02/ 13007 PCT/ US01/ 24280 objects (rectangles) and
nmessages/rel ati onships (arrows) in a sequence di agram using dr agand7dpr<Bp2005
synbol s. Rose docunents the diagramas it is being constructed and then
generates code in the designer's choice of C++) Visual Ba?E‘F/UanlﬁY

Oracl e8, CorW8%30at a Definition Language. 5 Common Application Metanodel

Overvi ew. The Commpbn i cati on Met anpdel brings..l. ivit
to the envi qu’l%ﬁtlzi”f‘iéggfsr"éf‘@ﬂs ‘?"Hmﬁrla@ﬁﬁﬁpffgrgﬁ%%ﬁﬁ e@ﬁfqt%sﬁ\%l %é’tﬁg%ng 'y pi c)elll

system 101 wigh taom%nén@lhemacmm{gi, f&dting By pe paEpess@ Nfizskedi deciimatisigrg and NeYisdsdird.
I nternet Explorer browses i 03, Net.Commerce 1 OS on a Sun Sol aris server
107, Oracle 109 to and DB2 1 1 1 on a database server 113, SAP 115 runni ng

on AIX 1 17, @UﬁF%iﬁ%Qat@@é FOBOL Hbtarddtle] WReBRdatatrvuetirel sethantiOBRhitR3 and DL/ |
125 on a S/ éo p '

atforml 27, a Wndows 2000 client é29,, and Bﬁﬁn@?’l
runni ng 6n agprégentidannectss injasfacess This Tiéanegsisiis Alsap PGSR HSE AWBUEY (cAaM) i s
net adat a int]g\)'ephange nmet hod, tool, and system for marshaling and applying
i nformati on heéded for accessing enterprise applications, such as in Fl GURE
|, in 15 a source | anguage and converting themto a target |anguage. CAM
consi sts of e ar , i i i Nod frRC®Lan
nmet anodel s) ﬁé@ﬂgﬁg\%ﬁuﬁ%ﬁ%&%ﬁfb\%?@ﬁ/k%rﬁf}%g? r!B z(a)fti gga%rﬂh%dcpgﬁgs of me%sage
sets 203, S@asesddsadvhithoreds TOLadWassifiey deyTRimpEuagefarereseddype. aghe
pr ogr ami ng ,@?%Uﬁ@es t209 as inputs to the netadata repository 21 1 of the
Common A}@pl i T8H NEY anodel to facilitate enterprise application
integration 221 . 20 Exenplary netanodels include C, C++, Java, COBQ.,

VOSe! i o5 moddaie fralielss SUSERsER: RS EABRL W laRe M T e0HRL 207 1,

Common Appl iMakinedel Vet anodel of the invention, with an invocation netanodel
301, an application-donmain interface netanodel 303, and a | anguage 25

nmet anodel305. FIGURE 4 illustrates an 1 M5 OTMA application interface

met anodels 41FIGURE fdlladtral MALINMQeak intmanielc Amb ik is usatde byappliIMBIoTPEIREASE | on
Message Met anodel 423, a COB Met anndel 425 a 4 ~0

FI GURE 5 i | I'q&eting data Spetuges &%Chfcpf‘??%rcﬂ’é‘}ef%hfn%e?‘ggﬁsaﬁ%%&aﬁﬁgﬁgﬁ%ﬁb&ti on
501, throughaeiishihes faeaMd@3elt 0 an obj ect nodel containi ng application
interface netadata. This application interface netanodel is stored in the
net adata repository 505, and, at an appropriate lime, retrieved fromthe
met adat a r epEBIUKE Y7 506 rates areissvedtimistatvaees dePEd ntagrdahwB0theTiPlang Fase 7 FEB

2005 wo 02nsqo~ rcT/ usov?2 0 ner.atio ol 50 generate a
target fple §assgs whieh %{ﬁ“’Rﬁfﬂiﬁf‘g@?“lf‘.eé.“?eng@g‘}%%’i‘a%e‘g% @Eg@?’??&é‘mﬁm is highly
reusabl e andrbngepentenienofor @PLAMdtimetdedr t ool or ni ddl eware. Devel opnent
Stage. Wth CAM tooling can now easily provide solutions to access
enterprise applications, e.g. | M applications. By parsing each source file
and gener at i pEGGURE 1 9 DokRRResuhasies ohMobe VaA, BedlajueCOB@RthEpygeyzodk, PL/ |
copybook, MS Source, BI\%S%OEE_@% etc tool s can provi de connector

sol utions t oStiNElyReYalues esthe -0 Me¥Mede-s regard, FIGURE 6 illustrates a
devel opmgnt phase scenari o where a Common Application Metanodel Rose file
60l, e.g., a COBOL netanodel, a PL‘I met e}\qodeld an MFS net anodel, a BMS
model , or t hBIGYRE 19 dlusigales the,¢ Hai beansPpgeMEF8°d4 o generate a DD and schemn
for a Rose nodel and Java code for a Rose nodel 605. A source file of an
application 607, as a COBOL source file, a PL source file n S source
file, a BVS EHYRE 2Pjljustralgythe peoqigtigns beé%e”t%feémméfs‘d’@t"f‘l‘d? TP%%“ gse nmodel
609 are read j,0M.0wiidh LRRRY T8 adRChsdifier, THEangComposedType, and the TDLangElement.

30
FIGURE 21 illustrates the T'ypedElement aspect of the C Language Metamodel.

FIGURE 22 illustrates user defined types for the C Metamodel, including user defined data

types in the C Language Metamodel.



| S inporter parses the source code and provides, as output, an XM i nst ance
file 613, i.e., XM docunents, of the application source files. G{J?IE
shows a CAM net anodel for application interfaces. This Figure depic B 2005
runtime connector 701 with invocation and transfornation ﬁ&@@é’ 2%%16 es,
i nterfaci ng WPPHI34Y 20 existing application program 703 t f
interface 705 containing the existing application programs interface
definition, in accordance with the application interface netanodel 707. The
Application F‘I@UREfzaql%sHﬁE@tﬂabatat §e:smfgaﬁd ihe DhReaaiBte, SRSk thery 709. The
flow and nmessagi ng m ddl eware 7f i nvokes applications 703 through the
appl i cat i on epgM¢raaardl atgegxemd refyye @ th%?’é?ofla'é@§d’m§ﬂﬁreéu‘%’?ié“%‘é{f &8 A nt s
to the appli i i d output is connected to
t he m ddl emgfglgé@g@%%@gmf&rﬁiég hg%@%ﬂg@%ﬂggl\gﬁgﬁﬁclﬁged in ternms of the
Applicatison Interface Metanodel. Transformation processing according to the
met anodel e ty i et
2ol i cati ong OGREIGLRLRESE £ AR ek FRBNAGEL A yePea
repr esent at |Maamef>dedafﬂas my@émcaldds Bervred.diruntaredi Behavioratiepiyst Figat and
transfornmation, i n _enterpri cation integration environnent, it
enabl es Wb %‘rv\i}tir’]ggyé’e 12’}&1 Q‘{ ﬁﬁ?tf“ggéezlippl | cations. At devel opnent tinme CAM
captures information that faC| i tat es - 7 FEB 2005 WO 02/ 13b07 a).
- connect or a n ector' -buil d T usqy/ iven

i npact  alfal Qgt/pg'r F‘tle%%ﬂ THRe F? NERY ity % % ﬁgé\@g{s@}ogﬁcg\ﬂ%nd c).
vi ewi ng of Qhﬂ@{&Mﬁ@]dC&ﬂWﬂﬂl@ﬁﬁ@, wheful anrca)jdcous’r&:ntw pdg\mhrmpg,rahd suppags CAM
nmet anodel files are inputs to to |kltS used to generate DID files, XM
schemas, and" gﬁ‘%ﬁé’”(‘f‘?t%é‘gégmﬁi eéP{‘S Wi%sent the CAM model . | nporters parse
each source file (e.g. COBCL or PL/1 copybook, MFS source and BMS, etc.),
and then gener at e XM. docu i g XN)tMé {llstance s sed ﬁﬂ Java
cl asses geneflSURF yillysyatesioe; odehSf @ BRGH° st‘?%g T'Uﬂg fe cAm
provi des;d nf@ﬁWh@tﬂaMﬁh(ﬁﬁsJa@@s' {hbHHE&STMA&»m&EQEmtth oprefin, IMB @edsagepr i se

application integratjon envir e it a ng
bet ween mi xeWtoahgprajeeh C'Fééleﬁl’@&warﬁ ’écz{”rba?ﬁ)é’ﬁ ydlﬁ/ﬁssa #M%ﬁ QEP jage
and pl at f or moBer®it B dpphi@tianpiodeims, dteGRE 8 il lustrates the appl i cat| on of

t he Conmon Application Metanodel during nrn 15 tinme. As shown, SOAP
conpliant XML docunents 803 are received in, for exanple, |1BM WbSphere

m ddl ewar e) BRI mhstﬁ&@ftm:l@Tﬂ\wpréfNSEam&Gh@:el for Java 807, and is in
contact with an XM. Repository 809, containing the XM instance files for
t he CAM #bdel . The | BM WebSphere ni ddi eware sends the transfornmed file to
the | M5 syst i 8ils 43 iR 1Ot MiANSefiin chsiodnaeddined M Gpenect 813 and the
1MS transactional application program815. 20 CAM facilitates connectivity
bet ween the back-end | Ms application 815 and the Wb file (e.g., SOAP
conpl i ant XMercH oewp®emt&)ate8 @3 OTa, b iacaerplinahae ks by usi ng CAM nodel
information (fromrepository 809) to performdata transformations from one
platformto another in the m xed | anguage environnent shown. 25 Type
Descri pt ¢ Nﬁcﬁmﬂ%mum&slumoormrﬁreﬁmtsw;ﬂLypfeﬂmmct?aphsby CAM is the Type
Descriptor netanodel. The Type Descriptor netanodel defines the physical
real i zation) storage mapping, and the constraints on the realization (such
as justifi Cainich E 3 M HuSud@ e Mpand ibdesivas RINSIMSMeapagsent ati on of

i ndi vi dual s of a given data structure. \Wen supporting data
transformation in an enterprise application integration environnent) 30 the
model provi deg;ERE 8 [P dEBRRi 9 REWVERBIyTlaK gk ot ANONREPBictabdd kS Befine

facilitates data ' . '
30 data structure semantics which represent connector interfaces. This metamodel is also a

MOF Class instance at the M2 level.

13



transl ati ons fromone | anguage and platform domain into another. The

nmet anodel is used for runtine data transformation (or marshaling) with a

| anguage- speci fi c netanodel for overall data structures and field mahEEB 2009
- 7 FEB 2005 WD 02113007 PCT/ US01/2d280 1. Conmon Application I\/gt nodel for
Appl i cati on WR¥P8Tes The interconnection of di sparate ahGVdre& | ar
applications _running on different software platfornms, as sho .0 FI GURE 1,
with differ dREUBSSRANYsHAteS (e pEsgationg peives) thf)ﬁWB{ Wet,amaﬁfd Vi ag ahang

real i zati ong, keS| RGN 206 TDREORARR mwaﬁgm@cm}g&e&me,@wtmhe _

i nterconnecti on netadata. Connectors are a central part of the application
framewor k f ofDleangBi$inass. The end user demand is to connect to anything
interesting as quickly, and as easily) as possible. A connector is required
to match the interface requirenents of the adapter and the | egacy to

appl i cat i on. FIGUREs34dllsstrates quématration ohifhe BéAndbrsaghealuagin ihatdiiSdtes.

St andar di zedVietetnadabdel s for application interfaces presented herein allow

reuse of information in nultiple connector tools. These standardized

met anodel s rﬁﬁlﬁiﬂ%ﬁm@&ﬂllﬁ@éa\%‘g&%@ lepgagemelameichedidris ussble bylagplicaiuce wor k
needed to deyslon, GUIRREARL sl AGhidiBhSoent onfhR: fRAREEL OTs bullt uSing
the comon appfication netanodel of our I nvention provide interoperability
with exi $ting applications. The connectors support |everaging and reuse of
data and busiiighss 40ghGalehflitthdidla £k AhlEBLALE SRS ALK bPIRE,  The 10D
of a connector 1S to connect tromone application systemserver "interface
t o anot her. BMéMstamodel. an applicati ondomain interface netanodel describes
signatures for input and output paraneters and return 20 types for a given
application systemdomain (e.g. IM5, MXeries); it is not for a particular
1MS or MXSer FIGJRIpHI illgsitaienn MiFOnamee Mhemped ,artochel usblettyiapslidsoerhpregramact i ¢

and semantic interface netadata. 1. a. End-to-End Connector Usage Using
Common A;')?)I i%’i@f’fﬁ%&aﬁ%ﬁ%ﬂﬁ%ﬁélﬁfg rﬁ"f{eem%oc%ﬁmwfﬁﬁ?%egti on Met anodel (CAM
consists of nete-definitions of nessage signatures, independent of any

particul ar t 1.ddl eware. Different connector W hde 0 can use
this infor mﬁg&ﬁ %ﬂélﬁgl??c\é\%ehaésqchaéﬂrﬂssq%g ﬁe?]gw Cﬁgﬁe%%tﬁy Pgsréetga‘g%4cﬁcat i on
prograns, across different tools, |anguages, and m ddl eware. For exanpl e,

if you have Loyoke a eri. es ligat i build a
VD ossage uERiE AR RS MRERAGFE oL O A1 Bace WM LIURANTREE P D11

Simlarl gy wleingyweValaesiow e diedsageddlr om t he MXSeri es application, you
woul d need to get the buffer from MXeries, parse it and then put it into a
QU tool data structure. These functions can be designed and i npl enent ed
211 - 7 FEBIQORS 40 D24tk ICGIpI PET bSO I ARG 0ativh ffoicd ‘@ieh yarl3yctian ebandot or

bui | der tool using CAM as standardi ze t anodel s f.or _appld.cation

i nterfaces, W%’%ﬁ" Brglerdf)f)wr ¢ af ?%H‘ﬂh@gﬁﬁf pé’ﬁsﬁgtoeaé'fi?"ﬂ'éﬁﬁad%gs%\be&o books,
to generat e HiMfadtoenSagplienidn davaSahy eanPagee(sJkpPlication sqgatr hen¢hagthronpt s and
returni ng_outputs, An exanple of a.connector .as depicted in th revi ous
figure i €thits Qt“ﬂ‘eda*agﬁs\ﬁls%rg%’ ety éts%erzfﬁfse\gﬁﬁ?rgﬁ%ﬁﬁgéncgm?ﬁ% %a(t)aﬁaggg "'to an
enterprise appl dgtédhieonrapypacally cargedttdey wormeat@s dashiitel hefeen qeayihgfor he

enterprise application APlL.. The connector does |anguage and data type
mappi ngs, foﬁggﬁ‘ﬁnﬁl’cﬁf’ a{’(gdethr\&‘ﬁs a‘é?f’eorflﬁ%rflwg S’mp‘a‘a@%%@ﬁﬁ 2"‘&‘%%“%8:05@ i nput
and out put dabmpsiefits & darisf$ teas@s. on CAM  Connectors and CAM provide the
end-to-end integration between the middl eware and the enterprise
applications. Using I M5 as an exanple. Let's say that you nust pass an
account ngnberGUREAN illdyﬁltésraf\‘lﬂ&@}ﬁ%x@Bes@i@@bﬂré‘aﬂtai:l@% Rilage aroubram Yelitatdaskt op
to withdraw $50.00. Wth CAM and a ~5 connector builder. tool) you wll
first generatenang aniptiPlpreiaPaispitiorRs. arf Wirssird vigpthegpmmeawaplisplion

m ddl ewar e cogle, NeEERS@I¥d h@eigupport the request. The desktop application
fills the request data structure (i.e, an input HTM. forn) with values and
calls the m ddl eware. The m ddl eware service code will take the data from
the GU tool, kkd- @ eTaleT=Toy S (VK Bt L i | i té he
nmessage to tﬁé@PBqugi'tﬂ g\%ﬁ“}% (1 .eﬁ&%lﬁ}s Saﬁﬁ(ge%&%‘?gl g%/?hi@%glﬂﬁ/@ aégﬁér{ect
transl at es betbugenandheriXBVpimsdd clestemicspagment ehbscP B plegaisadmed astusetdr es
in COBOL using the netadata definitions captured in CAM It then in turn
sends the | M5 nessage data structures to I M5 via Qpen Transacti on Manager
Access (OIMA). The I Ms COBOL application program~l ~ns, and returns the
out put message back to the m ddl eware service code via I M5 Connect, The

m ddl eware servi ce code gets the nessage



25 and popul ates the output JSP page (i.e. previously generated GU t ool
reply data structures) with the reply data. The transaction output data

wi Il then be presented to the user. 2. Common Application Metanodel_ 73% Cﬁ%
is used to describe information needed t-oleasily integrate applicati/o EB
devel oped in common progr arrm' ng nodel s with other systens. The C, AM

nmet anodel e used fo sy.nc nous, and ynchronous i nvocation
e Comon AQH PR BrpaiiaAalek o Datks AR ANSISGS D BaEReciel teing the
PCT/ US01/ 2428Rnideappasardn rﬁ&%b&ﬂhb@ﬂb@@hé}%de' depicted as follows
consi sts of an invocation netanodel and an application-domain interface

nmet anodel whi ch uses | anguage net anodels. For any given application-domain
interface netanodel, it may usepifeAR'ENHBSE 5 met anodel s, but,
there could be zero or nore invocation netanodels. The common connect or
met anodel |§)‘|,er girated in FIGURE 3. It has an Invocation Metanodel 301,
an Applicati in Interface Metanodel 303, and a Language Met anodel
30S. 2. a. i. . Thavpowatdntn abéatamddedlthﬂmﬁegmumgatei“ompphtaajmsl,elfor?)@iamplﬁsiest S

of one or nore of the ollovvln ssi bl e tadata el e for a
U1 oul r RRUGHTS GppliAIoRu T ERi5de BRIGOgNL 6F. RAT9eR; oY nava crdrBioRg

net adat a_el expylicftionl MéBRsAdCtdefNifetlod Hha" §Ridn® Ndesdribed hBelddeRe r@&ﬁﬁeﬁ
control information, such as the message connecti on nanme, nessage type

sequence nurRpligatiqry Maigmodehrigethed.i hab #ndagystemanti Hgi wweniion feniliites Eﬁ@h@ﬁ
commi t - conf it ARLAO YatadehsREBH CRR RShRRLLARR MY MG aGorf bétekn ‘Elfssﬁxﬁ

o e "
control nessage processing to be synchronous or asynchronous,
connect i on mlasperataapphicatiedasyeli h&aﬁdhplh'rthm i;qfrw&ry gpplivaien velrlattooatmstbmugh e

| d
That  the modddgBrRed wh ol SnRRRlbE Sl BlorRlh sohdfte ROt RRRE Hiblf2,
al so i ndi catngetsdita/@teretishpe infolaiatiohOmethed élvioeation With Strdrtypé Bidekingatd- tﬁrﬁet he

server. 25 Securjty data -- This, includes authentication nmechanism and
security dataethed gvoestign; win tiag Pinfilncsa@%hlghd%‘f?ﬂ languageshipdingnwith the wiafager d,

etc. It may s@;&a?@feél Ned dRe aHY ?m{énéﬁ%ho Bnd r!ifnofn@a'?dcg nreg 1ﬂoP}d'c8%Frl %@E:ﬁeﬁmg he

data can be authorized via role based or ACL (access contro based
aut hori zat i enforrggionrafiedignttand sefvesisbaaface paramete®ii s will carry transaction

i nformati on, e. l,0 t wo- phase AR, -
one- phase comm tg\ dd} t9§l%l at?%gé 11 %%hgg’n%{bs%%&e g \r@‘é%t%?il régeﬁgggfgs-t’-gf’??lgrété
and debuggi ngd |scn°1aiﬂmttemmr&cews>pmde;ﬁenddm380myttoolfomh&idﬂmae:mielreusﬂﬂe and 7
FEB 2005 WO 02/,13007 ,PCT/ US01/ 24280 Precondi t.i and s;t:l)ost condi tion

resource -- PPRPUCyELE  SURRAT A BisFACIastSso FYRIREHG IBYe@c semantic level
post - condi t ie@fen§i6hAbh®Behhdpenddnebf 8t Farticulathbst dr&ﬁh&l@%reany speci al

i nformation reqw red by the client. I't can contain any 5 data.
The Comrnon Application Metamodel tool, method, and system is especially useful
for providing a data transformer that is bi-directional between a client application and a
server application, transmitting commands and data both ways between, for example, a
Java, HTML, XML, C, or C++ application and a COBOL,PL/I, or High Level Assembler
application, or, between an HTML or XML application and a Java, C, or C++ application,
or between a Java application and a C or C++ application.

One embodiment of the invention is a method of processing a application request on
or between an end user application and one or more application servers. The method
comprises the steps of initiating the application request on the end user application in a
first language with a first application program, transmitting the application request to the
server, and converting the application request from the first language of the first end user
application to a language running on the application server. Typically, as described above,

the client will be a thin client or a Web browser, the application running on the client will

be a Web browser application or a thin client connectivity application, and the language
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2, a. 1i. Application-Domain Interface Metanodel The application-domain
interface netanodel 303, as discussed earlier) describes signatures 1 b FEB 1005
i nput and output paranmeters and return types for application system

domains. 2, a, iii. Language metanodel THé2Fanguage netanodel 305, e.g.
COBOL netanodel, is used by enterprise application 15 prograns to define

data structures nt i . Wh| . ent nnec N C i
mpor tant to corfiant St opieHF il BP IR RC G E TR b fh e S TN oF o
| anguage, t [eriva&ivgedf HENJYa@eh aarKMLha hio I DRI e WMILE ok whe lift&eandAle

| anguage netanodel al so includes the declaratjion text in the rroﬁijgssv\hi chis

not edit abl a3Euage TYNBHE Fhibs sspgemay s QRO P, TEASME (Gighakey embler)

devel oper weplge RkOPAR MvaitRhChcilitit&CRardsREmRR Whith @Rt 4 fppdlation request
decl aration, including conments and any ot her docunentation that would help

hi mf her unddros dhel firkle languagee 9§ thelend pisey epphicatieacte fi lenguage rumaing on the
decl aration._The . i I ’ t . dr i t
anal ysi s PR RSB AT LBIRTn e et B i RR rel D i e RS
not the inteapplicaonkertvlie CAM t o support 25 reproducti on of copybooks.) The
| anguage met anodel s descri bi ng connector data.are listed as follows: ~ C
30 7 G+ ¥ cogfff applicgon paocesses e eyt 4 cihept Fddha sERansg dfom _th
FEB 2005 WO,8gickdBR terved b0 8R2&A JRE afyRatiDRSTIpiBAIRY, aSRleacial aboSe, the

| anguage neutral and defines the physical realization, storage nmapping and
t he const r aiappléicasian spves wall be aunrng 4 cPBAE. hased applicatipwrandTthe sligt witbere
provi des physi.c tati f iRl Vi [ of .a: g

St ructure. Thn dest SBERSH Ay 3R o O b W Vel RS il ¥ 06 Hhbfuser

t r ansf or nat iapplicationor e this chientenpgpivity apploratiomtia grmarkop lauguageo astHAME or a

provi de data _t.ypes i bet wee 1 X_| anguage al so f.aciljtates .data
Pr o at + onJeTT BT Eoe LM S50 8 a -t BYHHARH BT, B s, iRFihe S
met anode) Wipkdvili® difsetrafFomndreaihidh Edivertuhé irés?oﬁh%t Rorhr Ao SAPuAEE be ing®dges
mar shal i ng) with Iagguage speci fic metanodel for_overall data structures

and fiel ds M&HERE ondghg application spver 8 sexypisdA e dieclenguagstofbaditst g usava
(Open Tr ansqﬁ,lii&ﬁoh(anager Access) is a transaction-based, connectionless
client/server protocol within an OS/ 390 sysplex environnment. An | M5 OTMVA
transacti on nesJhgecmwbnsérsagplishtiom adiMheprpiflicatiopl sgsvenrebavgget denghremesddtar

[ d T h.i d
contai n 11 o3eHoghREd e 2Ula R Ine e ot @Y ol B ARG RERRR Him the

appl i cat i on figt langagk yoft the fitetr ynd us&t applipationn®s 3 a@arcepAgidgeWol the Clangaige
transaction code in froni, of the applicatigon data. I M3 transaction
appl i cat i on "HIUEF QRENCAPRIGRIONy SEFYE (S aEes) Apeupge. and| () GaRYEUne dhegrespensey |

PL/T) C  androdd¥i® laﬁg@agemﬁrﬁiﬁé %h?thetagﬁlic?aﬂ%isﬁﬁ’feh% ad@ﬁb’%,ﬁ%?éﬂt RSurc 1ApMag)e
of these | anguages. 20 As shown in )?I GURE 4, an | M5 OTMA connect or
net amodel 4®&ack do dbadfustetrngragenof Mo diatti oWl Hear aaapdisption) Asap csubsequye target

transacti on &H@%I 4 : : ngﬁlgo acC
nmet anodel 46%%%3%3%%‘%?%[9 I ﬁhim%ﬁlhéqﬁnﬁ%cat orng%eta gggllﬂ%éﬁn%?ésist he
OTMA pr ef i x of aespetthes JouBet andnteget ilarguages s popmlatiigatio dedtamiO8els svittheacASof the
application-domain interface anodel  for. the | application. system which
565, | anguadETRR e s gretd e e gp R sy kb SRR Ryl Bh GHHEE.
Type Descri pinguagétoandaiedet Bagliie. t ype descriptor netanodel presents a.

| anguage and pl at f orm i ndependent. way of describing inplenentation_ types,

i ncl udi ng ar r ayd hasad dserplicaipn Splsquentysa Wepdmadesta 3 tinslgg Whsn the

mar shal i ng apg uE&raSE%&g%ﬁtis% NebbtbGher! @2Rd Lifertit @&ﬁfeefemtgﬂﬁajpgigm&%mr

| anguage and pl atf omain into anot her. | nspections o pe nodel
for differ ettrongihgwehesrvenrcdedaatondurthe entdrodonendof ¢hepossition| fheiveeb seorert he

| anguage ty . Far. I | o in 2.1 - 7 EEB 2005 .

(127150111 R ERonRrioF D afect G 20 IR ol desd ot gyt the
(conput at i oVdéb Sgrvenn@@BRdlectlprdniért sige rdgaestf ypdRatigyy r&festntod rmessapgecfromda
wi t hout si d; ef f ect.. % t he ot her . .hand, an al phanuneric,type .in (B‘,CBC]_ IS
fixed in si PO OTiFntAfEBGiom) ARPHCRan Sorer fantiags of f an pdspediage, bupiasss or
converted bagknidr@Brnkara rﬁgk%q;)guagtepﬁmgggwy uncation rul es may not

apply, resulti ng_éli n conput ation anomalies. In addition, tools that m x

| anguages in a déeveAMemvdtanerdebised do gonstiuey dharedn GIROLCOMPriSELCSN anvodalis)
shoul d find nllettangtﬁefl,qu gﬁplﬁaﬁ\@ﬁ/ dEn%alcrileltn?errEfCQ Efnagr\l%cfhg,' gqgryglula e r]e?amodel, and a
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| anguage can represent the types of another. Therefore, an instance of the
type descriptor netanodel describes the physical representation of ay fpp 2005
specific data type for a particular platformand conpiler. to 4. a, TDLang "
Met anodel The TDLang met anpdel serves aslbase classes to CAM | anguage

met anodel s by providing a | ayer of abstraction between the Type Descri ptor
met anodel and a CAM | angua to netanodel . A1l TDLang.cl asses .are ..
Bbsiract an@ReoNUETPIG BTRREL CRRTRRAG, DM MOEn ool ArERaEs B Emeting
bet ween TDLahgsea! 868L3hérgouRrdeasistagy of Omeésah@, confrbl dnfeinanfion, Sdcurifleidategd”
to reflect that the association is derived fromthe | anguage netanodel.. The
TDLang nodeliraggastionpdisempapiisy draghond dabug BMomations piseendpion gnd pestcprdifigpe
target for' .the;, @fs‘gg'?ggrida&ycpmthe Type Descriptor metanodel to the

| anguage net am)é:e ’S, FIGURE 9 illustrates the structure of the TDLang
Met anodel ) wi t h ExbmpleEy app)Catiers domain iB@tface metafibidah g@oprisss dafbypaticGOchasen

t he TDLangEl.enent 5t05' Wth the TDLan bz%se cl asses, the Ty Descri ptor
met anodel ngrr?xrbelngged)aéagneat{err éﬁnﬁté'r?smg{&%ur@ﬁ?a f 4 SRS rrlfﬁtflfrbr{%(?ﬁ

mar shal i ng) Apiplibatioheddnedig) iagEacs Metarhode] IBds M0 @€ ndr® langu&deahbtafhdtiéls, such as
structures apd field names, w thout duplicating the aggregation

associ at i on§GBR58ne PLA metampdelyuage model . 30 4. b. Type Descri ptor

Met an~odel ' Thi §ER{RRL&ntbSmelaMeclddiRgs pRRIANAIIAtioh8&stdRad fUBhing FdEHIRE
10 shows the relationshi psp vvirtnhi?n ;ﬁe typs_eblﬁgscri ptlorlol\/b’t arm%em, Eé)lﬁg’l Ui ng
t he Pl atf or iDssyslatastimepecssand rephzationspagiaOBase 603, the ArrayTD 605, the
Aggr egat el nst an 7 . S . . 02/ 1

PCT/ US01/ 24280 ﬁﬁg&%g"e t@gﬁ’ egﬁéé’?%sﬁ%pf‘%%btle;r@%%‘(eg’ggfm%e %e&?tﬁéts%{geeﬂ/pe
611 conpri seésgedinguapesoin obiEct dbhient&t, rand gHeDothdr3)f thb eareldurespaitP 1Ga3magéshie not
Nunmber TD 617,. and the Floaj.TD.619. FIGURE 1 1 illustrate hi gher | evel
view of t heOI?ﬁEtaﬁBﬁ’étQ‘é'E}IIéﬁéﬁt flﬁﬁHOT’hg‘eP a&ﬁ??ﬁenﬁﬁqu@f?yae&éoﬁ%e FHeSEEoT 2

i |1 ustrat es nRauigictdRtter @{apsérﬁmmtémotg&ls of %%H?@i'%‘?i‘éhﬁ%ﬁ 18bhage ifth @84J Y Pe
805, accessor 807, EgckedDem mal Si tgrn 809, and bitlvlodePad 811. 4. c. Type
Descri pt or &nddataedihedengwsaethst smorplieatysiendstddifewlynthedrngusgametantadgl t o

the CAM L I : | Fati: I d
| nst anceToBots o re derKnfor AHAPALE pABE AL BREIE T, B8, Bt

represent alahgubger extb defbmnédseand poieters Binthenshgnge tdt ia oy pbject nsicand.cThBase

| ol ement at MRG0 1 B Piep dn o bRl Eonb ety HFaR gk phiget orented
| nst anceTDBiguages ads trimtihg onSdidleteyit Phefodhs,i 4kl entapytngsd dyeckeof the source
i nstanti at ega. Tt iépgossi ble that a data itemdeclared in a programmn

] g
| anguage naiPIRERES GPFS ARLAEtY) 5 BARRRdaINf G RRCAPSHiIeE oblertsertetie darest lngwasttc ed
by har dwar e TRE atdiigy, i GEHERd i £ '
possibility is. %dﬂ%t%%iﬁ%%?ga?%@n%%ggﬂ er Tyggferrrég%g{[&{egg%?%gga%ﬁ are
associ at i onrygingeen drffergnigplatfpens onadplRiationoamCoopitandTape daga nfithe s@irome,
and the assQci.ati thor 1lerT d I nstanceTDBase i s one
to one. To ﬁ%\??%da?l g arﬁ’@%ﬁ?? %elﬁ)%lpg’ﬁé8%5596%@5#3?0@(&{%?%&8%%% ary to know what
Pl at f or nConpi | eAty@éingstotthe betlmgsafitee invehtidrs tips sidyl tee 4 phAiralan of applications

i npl enent ati.on, u i rting,. del instance, will w sh to renov rom
e modol -t 8 YsrtiPY Grenibal 1care ol R o eRadt Racessine, ook Srhf Hacdiel iy
The associ atiheh piedessieg) diDbatMuRETRM 2A0 vdriiGl FRE6REMBAS ThisSisNRdalppdrti Ackt hi s
manner to allow for extending the nodel to include an association between
Pl at f or mConPARBFtYS0 AR thio pliple higrachigs} levels and mydidple ppradicl sequensesiohr e
platform t f.0 t:he | Len o : E es
may be defi ng’éé%?g??ﬁ’géaﬁ aﬁgsglrt%eﬁg%eolp %‘?S?{agﬁés .tg'Pﬁlslggslsgﬁ &n%ggtbogxgeg%wg&z% o]
many associ hampmlbetanefanturingt seheddliD@asepmpdand ehipping ydeabasddeind yereers,That e

woul d be one,.Ar.rayTD i nstance jn thti S ?SSOC{ ation for each di nmension,
subscript . BHHRELHIS SR Saletayrty st

HSUYEESel ement, These i nstances hol d
i nfornmation about further hepsrdsf ane IRCEESS NG ARAPLErAdr MasessiEe systeny hbrdBg 2005

client, a server, and at least one transformer between the client and one or more servers.

A still further aspect of the invention is a processing system configured and
controlled to interact with a client application. In this aspect of the invention, the system

comprises, a server, and at least one transformer between the server and the client
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WO 02/ 13007 PCT/ US01/ 24280 The association is ordered in the sane order as
the correspondi ng association in the | anguage nodel, acid reflecty FEBE)qs
syntactic ordering of the indices as defined by the progranm ng | anguage.
The rationale for this choice is the resdfting equival ence of navigation
and 5 processing algorithns between the | anguage nodel and the Type

Descri ptor nodel .. Anot her, choi ce, perhaps noy.e .advant.ageous, t,0 rsphal i ng
engi nes, viodpBialoRgvhelt healenCis R eng G5 PRUCaA: diu Pt ieand nanhaLed
stride to theidigiteastquedtivith el @Weer th Mk alohilte WIKH ARt FHIRAASEPfogtdMe aRd I aY
inits natural storage order, assuming it is laid out in the usual

conti guous fabARsHHt tha requestilirqualy adiagsfaemerdn theosepisr er sqivers.ofhfeserysy processes
re-sorting e assqcihag eibnkNodfhik AGARGAM %y hQetdiRl Bhbh4R, HAE THAR 4f
desi red. Arraymlqﬁ?or mat isgér?nnafgﬁ;g agﬁc;‘grrpﬁei psr%pertey of t%e&%éta el ement or
of its typerespanseatheclient inepghgdmnafodmpr. ogr anm ng practices seemto fall

on either side. ,The,typedef facility of C and C+-a- Q fienitj.on
of sone array tf/quug hf¥gsr%e(§tfgé%e¥l¥?nt 0t 8 %}lp 4L% ¢ Sfeﬁfghélvrl? f/tp?‘galg‘gqu%f‘%‘%ugns

are appl i ed ehgbledhenltl opeb applidadony) tsaciofast gprilefvord pre@ating, sgreadshea)pingle
consider the follow ng typedef; typedef str-uct (. .jnt A, 20 str~uct i.t GC
char- D; st da@pgsej manggengyt j(suck; ascLows Approaciy, ondylicrespfe Aseessa Braphicss afd ¢ o
create a ne RU&itid O auioc b dudib 2Rt AMd BriputerTeIBRIRy (it ghddopicTByy, 1t
i's not poss;létf)%p\’e6 to érl_eéé)ltaé1 a new?ype ef g1Er_omCX 'Hat ?rakesyalgyg%m%em
subconponentaingf wdh ckienielayel content databiase oliemt serviegs. anthicententareplieatindclingby

 anguaga. | 35 vtles. GfuplAEy et Oulise Bim AL AL AN et R or e o
type has twiransfhanet earsiRipplesion Sprogtasd niateafacesT brithn draAgite gatwvitess tdrecT.
Si mpl el nst anceTD nodel s data el enments .w t hout subco neni. i

S,.while
Aggr egat el nSPXHEETHhSQEAES WAHESe|! P& RPERt SUBESIGnERISAIoR sy ey The
S ubcormonentgsm%fwae@sﬁw %%hﬁ%ﬁ%& ane ediitholied & SBHSinuRidite AaioRgiipradtOertd ser
corresponding 5 data el enment declaration in the CAM | anguage nodel. There,
t he associ afPRirajensednongn digatatey seraersy gad deiweans dspaatspervelst andrepd peser
navi gat ed, | i q@.@ ]
has one or It @gda@grrl%' gggéﬁﬁpﬁ‘g‘&? %?%ggg@aﬁ%%taﬁ@y@g sgzor?{ngfgg&ﬁtg)%g}lgf@h%ﬂi S
i nt roduces sodennodelsenappli@atipenTioepd exdrt applitattonams ciodroHerh hnd abnfigpred ¢o
aggregation _hierarchy, in both the | angua t he Type Descriptor nodels.
TR addi t 1 omAEHBE TR aTeR Rt I 4 S LR YF a2 AP lcalioR Sropa gl sl S
consi der abl eosfiggrtd hnd adritiled $o phrtiaipardyitinthal dient inhigecbhdlangadecofiashicbyd t he
nodel to add, delete or rearrange subconponents in an aggregation. A
Si npl el nst aREEIH'nodel type is al so associated one to one with a BaseTD

model type. 15 ing yBasehiirTeesh fiduydPardSconRElePlo BEGve 8 r&ilest rdR s @t ON

information that is common for all data el ements of the sane | anguage type.
The i nf or maRppliratinat apksonyesbdhe raquepl from dhedirsli fmgyagenvédghe st endpessr fi c

har dwar e/ sof, j I nst I J I el
st ant | at 1 GRE agoR e LG Tuldbe oh PR BREL A4ESeRBt 4 BRARED oy SonififlefTRe'
type. 20 Oneewby thorbevgicdtrequant fismoihe atansforhat ameproddsk ding Cqassti ihi aeseceand
BaseTD rratcflﬂ rélg t he.associ at i Onl'bﬁt ween TDLangEl enent and Insléﬁ ceTDBase.
However, thi@8Ha8% M) 2 7aeond aPRUCHION RIGRRP} IR o0t G SCHHFE ¢ Bq, geatter
regards as $iafi§th#® atrydpease(tBrofigh a HlahéfoHEdr VAW toE ehdised apMfdativn.t 0 si npl e

har dwar e/ sof t war e types. Rat ﬁer_ than i ntroduce nore nmechani sns into the 25
Type Descri ptor Arré@li|futtberd%‘aqqltn@1ts@f‘r theginversioBnis ntha trevision ofspdt transaghen on

of BaseTD i Ld:d zed: whi i gm tdol i g}?gﬂ i

Var i ous att?f%?%@éiﬁlcpﬁgg%gg%g?g??%?%pﬁﬁ% é gpét s?h???;%glu t thgglg)t% ?i ng
"formul a." ThdggleattvershuTlessmoningiaardasshesterhsdroes ket benbgrizontad ottvet samealebe

i npossible tQ ¢ te w.thout acces Q data.creat only at run-tine. An
exenple i o CRRRR L hE At yBORE Bel § G usbRERT Bafilod Rish i Bppd o
to an el enmemiayt alonigolived\angding anfsaelieie ot coMpRe isiRsd-B-BUdinesK Gaidacadns,
run-tinme. Such jnformation could be included as values. in a nodel instance,
but this wodfRFcRyuose avithderltiples depfadenciss e RniRgneiche VPSICaREd, Pramg!t
woul d mean bhghel@istBdfl, &Y ALIOBLY aRE BRNFLIHERCPeliiédNadd Witk ' fftclch O
the nodel definition to include factories and other apparatus to create
nodel i nst ameeesssang,r weht dsrelectromodetters ldtcredih Hectroms illsc pé€dadingnelegironic 7

FEB 2005 payment guarantees, electronic payment, escrow, security interests in the goods, and the
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WO 02/ 13007 PCT/ US01/ 24280 pl atform and conpil er know edge is éﬁﬁf
useful, and the fornulas provide a way to define concrete val ues mﬁ 03 he
run-time information is available. These fornulas may be interpreted by
mar shal i ng engi nes, or they may be used- ﬂiﬂgenerate mar shal i ng code, which
i s | oaded and executed by the marshaling englne on denmand. 4 d. Formul as
10 As used e.C nnechuon wi.t h fornula éefers to § onenHiof a
| anguage da rulf aanaaecélep.%aowemomﬁf AnPENYt PHYEP rﬁ% P POfjopes as

“attribute’ Cﬁiﬁﬂ@t&@ﬁl R&fect &f othBetrima@lons dndcdrtam albvaﬁmacﬁcﬁﬂaﬁﬁﬂ@ﬁg up@hearich
"property"” of the field. Thus the value of a field nmeans a run-tine val ue

in a parti ciBsaciionst ance of a | anguage data structure, whereas the val ue of
an ~5 attribute I

ctructur e, appl {ouF BhePtmbOAERAG HPIHRRIGH ik b v 1f ol dekidREE
det er mi ned Whechatdsterutad 2 an thar the progean sproﬂmldtails eadstorwgﬁmmbgm (as atapeuflepyi diskan

i nst ance of tdba Meo |(f%tvor0 glocf-)ill ves A e 001; %’%t)l’hl b1 t(—:.-1 |0 nown
when t he |nstance I's rb%uflrt bEFAeE rP'I r?rnoblgr ey Sf)mPH ar'{8 he |Cﬁé
descri bed, sietdmaklss Iapphcalltldn afohiiit interfdvenmetamodels farsi [anghageemetifitddels, and
invariant. But if afieldin a.data structure is. 20 defined t he, COBCL

OCOURS  DEPERBITRESCUSBRHANS et isding i Msianyodel reppsitask of sonses ap &sgéd%%uage
properties gfetdniRiels. efig bﬁ%@ﬁ%&ﬁ&l A% %m@hﬁeéorﬁpﬁ&d%sftﬂﬂaqoﬂeﬂﬁngmmlg hat
field s value) cannot be determ ned Instance I1s buil
Properties ctornectoarstubs e, thedn@t@mn@elﬁ hElseepr@ngnagedmrfgrth@rcmneﬁ eorgputcng

| engt hs and. perty that could indirectly depend on

t hese | angugﬁ{er{lgt}(gor?ég? gg@ﬁ‘gﬁan@%e egf fset of a field wwthin a structure, if
the field foll owsWhileahe aivestian 78 beeredabcribed iarsdmimary fdransll lewvingessinglahgehge
constructs, Ero erties of f| el d E?hat coul epe d on these c%r?structs

(and thus tRe“Vdl® 0L, 4k 15¢ C%?eré% Bridfrston tt FHSYETR SoNegiors Jdy; GraRfeHnt At
strings thavardhssleeds iy ti %@Eéﬁ%g Hlaaitchgafbrt&aﬂml biivesh WANCLisifs ARAaV et S
used. However, if a property of a field is known when the nodel instance is
bui I t, thenSeHesabeteetebtssrven and ppplioptien serveise betaieen pplieatiop eriers mut
exarrpl e, if a

TIT o | ARS A CRe iy SORhD ARG eyt OLSR, (Lt bF pb AL VakiSus
limited to smiaﬂicdrdmpmig)rie& Unsi gned integers * The following arithmetic

i nt eger functlons ( . o=xl 1o prefi regat ea

nddstb(x,y) ¢ 2 U b vderpeBl el i TG FRERGEa o) g iharicdd i
r;rw ti E)l ydteﬂ(lx of Individual | cyiehts iand hﬁdlddl\{ald;eﬂ/em th¥d Pﬁay%j‘)): multrprerdhaizﬂ(sgmultlpﬁe
y)nrarr (. X, reifri 0 =X Irro yrchsonasoTe
trod functi 6%9?% and m&&aé%n%%@tg rf}lon 45" Rtle clients  apd; spgvessreds @eqmplified by
non- negat i vgrolumvs&eapﬁwahoﬂé dnd@theXes mibft %E%hbﬁpﬂé Yasille] §inkYy %d/d%%tfﬁﬂlﬁe? 4)
is 3, but d(-7,4) ) f’ylsapower of 2, then nmod(x,y) is equal to
the bitw sehlgmcmﬁauew09anpllcath1héerV@r5, qlaﬁm@rvc:)rrs, b dstabastsy rastin civstems fphs

t he val ue o;lc@trgﬁsghgo,%escrl bed by the nodel. The vat function takes 20 one

or nore argunents, the first argunent refers to the level-1 data
structure containing the field, and nust be either: * the nane of a |level-

1
dat a structgre ir}.thgéaﬁggaﬂetrmdel " the integer- |, indicating the
| evel -1 par ize field. In this case, the variabl e-size
field and t Sfleld eC|f| S, its size are.in arre,data structure,
and so 25 hﬂ\‘?g“ﬁ“’é’a Hsefi Eqm %‘63 Hsipg t efﬂ’éhéﬁ‘bg’@d%‘ilﬁ“lte PGENBEts are
integers that the specify the ordinal nunber within its substructure of the

(sub)field that should be dereferenced. 30 By default, COBOL data fields
wi thin a strHetdshakiag elsﬁhﬁe?@hﬁ@@éﬂ nafnrmgtpm-@p\é@antwo applieations esd the renudtingye.

For exanpl e%%%}ﬁent%} Htr @}nchal!i % lltiaes]c I#H %%chc:%ls it es%et!'lﬁtlegreg‘ed];y le.lslchwor d

st orage bou peci y usin
SYNCHRONI Z| ddilnebtmnse on the

An “application program interface” (API) is a passive specific method prescribed by a

computer operating system or by another application program by which a programmer

writing an application program can make requests of the operating system or another
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decl aration, O herdvise, data fields start imediately after the end of the
preceding field in the structure. Since COBOL does not have bit data, FEB 2005
fields always start on a whol e byte boundary. 35 31) - 7 FEB 2005 V&)

02/ 13007 rcTlusov2aaso For PL/I, the sitd2®ion is nore conplicated.
Alignment is controlled by the Aligned and Unaligned declaration

ttribut t ta,
?I O;.![I ﬁgegs)m P%?lw%ﬁﬁ%éfﬁée 151]9’ i gned(gmﬁ)ﬁ S?P?efﬁg?é ’ gocl?rﬁ}gg?{))}eg aE%ﬂ%‘%aul t.
5 I4 d. i)4. grognramxgelr mh&rmxaﬁwasﬁm)th@@&&h € th;étﬁ(tm@b‘rpd Il\garkwls éanglmgp,rthptus,eml
nlin nt tor ! " mt r t andar It t
| egal 00BOL WEale it dStssihes aerollehion 81 (6% roARacageear I pbimenaser 1fg
Offset ~ 5 @, gpﬁﬁﬁep@pé'mﬁeska?l e@n%aﬁ%ﬁ Rapp¥n and, @'1930&43 SJAQ@ ggts SonkoBend

~ >"0"03 Model™ pie x(4 VIN pr:c X 03 Caol or
pi.c x(10). handlwhssltlmé@nx/@wX werksrder@ctlssmtmnnt Iﬁé’lal'ﬁér wm . 88 Bl ue
value 'Blue'.02 H story. *> "103"25 03 M| eage pie 9(6). *> I03"03

Nuadl airrrs hia. ry pie 9.~> "109"03 hasCode pie x. ~" >"11l "03 dairn.s.

'~>"112"04 @ dtomnectotir & hisetlchePein iis @sBhaniap eun-ting, mtbifaceGyeawidrs platformss thatle( 1

= "157"0s d ai i.e X 1 OS C airazAat bi |e9 Sr.rrer
Di o x(8) . B BbaMEHRE A bersspy e rBE e el of ohb ) b s i e
"add( 112, rpy;(rg@e pldtforr Iﬁ-},gﬂlﬁﬂﬂorea]-ﬁm of fset of 1|1 ~I odel is straightf orvvard
and is given by the fornula "36". So is that of Clai.rras, which is "I112"

40 But because the array Caim can occur a variable nunber of times, the
structure Hisid ?ll“y, ',F ﬁl W?Héﬁ%%lﬁhﬁ%it 8 Hdes WihicSnfehBe &t §@x’i/e@f PPécbﬁﬁnled

whi ch immediately rrrs qwresam)re conplicated formula,
i nvol vi ng thmbarddmeshmwdehe@tmm\cbkstmpdmim@@avwec@sg veepkr. Thy §iER
2005 WO 021130 ov2a2eo el emrent SRec

CI aim ther&4® gz% %nﬁf{ %Oﬁs?%ﬁﬁheér‘? e oar%tszPs fPCM ﬁsqurg#zgg}?x B
"154". Thus tlteh&rffﬁrcbﬂjé@ fTHe §the aoéépsdethleeqlEHst aed Itl&,n forwards it (through another
add(II2 nzpy(val (7,2 | 54)) 5t0£g§f|rst r nt of H

function isPIOBIaRAH H‘{j’ ’Eeﬁ%&te tPFRé’e@‘i‘réi dWaghthat mragpdp e Fafqreplgte IEf‘nfeirWE‘e it

Nunzd ai nzs retlu?fs Ithe tOB1S %F%tﬂe? ‘é@itusltostth@ L&ﬁlﬂjﬁvﬁlch%é&q{i'back & tHehsrobtadt ehat

Price, whose set 1s specif by the fornula.” The other two argunents
are 2 and 2maflaghd request2 S@V@rssrvn@sm@dsfe@dnm thenyai eaing e be pinition
Hi story, Iy bR E P t f

is the seconéJﬁ ﬁp%n%)n 1)1 %‘r@as'gﬁhat §tnﬁtf ugr&g}zls glldlr?tt&fﬁ t% ?E%

DEPENDI NG C]hlnd)ll]}cdlldes\ﬂbdi@td perﬁomlerpan'shalhngt Semzbustebs prlogidetstatos mtdnfaoq:mtormnh of
| evel - | structure Car-Data, say, then the vat function would be "val (Car
Data, 3) ". STEICEEEPYI BYYF §F ¥ Tmppi ng is top- down, al though the direction
doesn't nmake any difference unless the SYNCHRONI ZED cl ause is specified on
the data declaration. Specifying SYNCHRONI ZED forces alignnent of

i ndi vidual fields on their natural boundaries, and thus introduces "gaps"
into the structure mapping. Consider the follow ng data structure, which is
identical to the previous exanple, except for the SYNCHRON ZED cl ause: 20
"~~> Field Ofset
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A Used-Car- SYNCHRONI ZED 02 Srrrrznrary *> "0" 25 30 03 Make pic 2(3?)F 2005
x>"0"03 Model pic x(44). *>"36"03 VIN pic x(13). *>"80"03 Col orpi. (EP
*>"93"88 Red vczl zze Red' .88 Wzrae unlace 'Wite' .88 Blzce val zt.e

"Blue'. 02 Hstory 'r> "103" 35 40 03 M | eage pi.c 9(6)

Nzur zd ai nt S,WW’Z”r#4 Yar~~ pic 9. ~~~> "170" 03 IrzsCode pi CP(;(T/US‘()%/QEEIZ 03
Caims. '~ > "173" 04 C mocurs s depe

Nr. znzO ai r rZSS” Eanseamgr ApfRiertion O”tfo(]%ﬁs)tem)c'%hél gﬁr‘ﬁﬁ?azn [)é‘ }?lP&gsr"g%/aBéc 9(5)

GS hzsu.rer fl@h]%Mtﬁ&) 0 %x%’ﬂﬁtbé SoGn B(sifHY On@lﬂedjl:an(gﬁage@mglapnmng( 5)v99.

'~'> stri.de(7 J = 8 "acl dé}add (173, n \{)g%val &éi 2,2%, 1@0% l(géff'l 32 - 7
FEB 2005 V\daowageo@arsepeﬁﬁowsé@/bz& BO)CURESH ERYSAS PP A9 i g%t hei r
appr opri at ecﬂﬁ%xﬂse"iﬁe{n‘ijﬁé}ﬁe Edﬁkﬂu’u\’l‘@ (ding iR AgLalPURdREIfRS provdBOby I(IICS@cduces _
paddi ng, known as "slack bytes into the structure. Wrking this

paddi ng bs Whiterto dusteroeriantretieniced §s (Bisieisr i8VankRsY fiRwie) ChiRseRr g aﬂ"P a&f%‘ﬁ m g
there is ong C?é@o&ggl Qrﬂfi%gf WRL F\%gerMhla@&grﬁthel\umnﬁné ®rs af@Feadfrodyl I ay,
m only ad

such as d al dding within an el ement, but
al so the al againtest (tl@tiallelaeﬂqrred @rﬁérﬁathst)hlémaﬁﬁ%faqlwe%r}a@%sbérhlal\ésaftCﬁ%-:S first

f u
?ic g :J I:I r 81 ;ie nﬁfgthgd?&wec&i S Qi ept‘(l%t?tl a %@tﬁon@ afeo EWdQn@W af dn uRRCAMEE the

'S an act nu it ends one byte
past a ful | ewopleted oarsdetions scstbatctiﬁmgglm@édatgrepmdeé ripjteiBedo fCIBS AEdHgYS are

subsequet* 8RS St ot NI e elpE I ftestd BicEle @R b B O
boundary | i ke IBMs Tiah&t:uoramhe:ramhwhlase hamessamni;ademmfwai Inteonef wsgusraad i on,

COBOL adds thre S addl n t he f. 5
Finally, af %Wﬂﬁéﬁ%?ﬁogﬂ maix, rﬁmSc 'LgYFratéatélcces %éa%‘llsrtﬁ% (sa%a;rl) ;hgmgé one byte

past a ful | dwatade.boundary, so COBOL puts three bytes of paddi ng before the
binary field Price. As a result of all these extra bytes, the forrmula for
the offset of Price has changed considerably fromthe unaligned exanpl e,
and is ngw. “RAS” @ekdfradidh N Bapgpien( Syateh) I tBe Ytet6DIr) B thatHegethenwish e al

opti on. | St oF G P RLBE Sl VBT oy ey AP A M i mum

si ze, V\hereaix&nd?&.m&alaitémémea are allocated at the actual size specified by
the Refer option. It is 25 |l egal and usual to change the nunber of
occurrences in a particular instance of a variable-size COBCL array, and

this has thewgffieaie MOSeRITEM G tvEe féerax'tﬁdwcanpbnemﬁ sretsedfto nipgétheloder t hat
followthe array. For PL/1, the value of t ef i.cul ar
i nst anceof S frt‘g‘%'? Gﬁfﬁ‘ﬁf‘téo"is§° it @%@8 WORK tlgaet? xﬁﬂ dﬁ?? %glxaet@htlsfogﬁﬁ#h%\gy

al i gned obj egbssifead in@giatign aofmm abhlédlswme Humetﬁctﬂxala)r M@Sewawrowmsreect |y

aligned for each | nstanc he stru CIRE AT din
30 is conputCBE?“lﬁ‘HiCatLPé‘l‘pe ?‘S@ Etl’?’ef'haspf’ nac'%nS On el%ﬁ }?lifbﬁe M{A% ?cﬁl )

option. By cemtdlia&tand hﬂﬂle@ﬂ@ﬁﬁﬁss qferapambdmg amﬂ aoma«ﬂpwahangmdzhfqh@hdges the
following a variabl e-siz |sc g}
T Al
arr ay si ze, c&p]tale gxstfaih%zgﬁmai) Iszria[ %p %/f h%mesHJ oc sses enes cg r% L Ler han its
Maxi mum & Zeomptiensystaas dtidgrse deoghpblical ppitioad, Iuym@elsmmdnrrlﬁ‘exdtastnﬁan68, Ast ance
in this exanple:
that a seamless operation can be run. IBM's MQSeries supplies communications between

applications, and between users and a set of applications on dissimilar systems. Additionally,

MQSeries’ messaging scheme requires the application that receives a message to confirm

receipt. If no confirmation materializes, the message is resent by the MQSeries.

30

“Rose” is an object-oriented Unified Modeling Language (UML) software design tool

intended for visnal modeling and component construction of enterprise-level software

applications. It enables a software designer to visually create (model) the framework for an

application by blocking out classes with actors (stick figures), use case elements (ovals),
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33 wo oansno~ | a. sync. 2 b birra.ry pic 9. 2 ¢ pac x occer.r.s 1 tf) E
tirraes deperadirrg orz b. 2 d binary pic 9(9J. 5 - 7 FEB 2005 rc' rnso mggéﬂ%
COBOL inserts one byte between ¢ and d. The alignnent of d is therefore
correct for nI two val ues of b, the maximum 5, and 2. As noted above,

the formul as fé/&?q%e not only offsets of fields within ang‘lpﬁ@(Zﬂ;sg but

also | o pr u s not
nave true mper s grnafled MW S BURuBTaRY U5y BH0. Mobl EF Bagiehithe SO

mul tiple sulasabldroptssmbblnsReadgloc(mm@tthhdmgamfaytss béingeanstyeiedasd thnnt he

foll owi ng si !~

L7 Ot o TR g e of P s gt Pl b ety BH' doi 1)

"1 GS" 3 dZ)e@mﬂmnsLaﬁ\gt\agern es. a < offset = "0" *< | bouaad(2) _ " 20
~' < hbourr. d(2) G ~ < stride(2) "28" ~ el birra.ry pic 9(9) occurs 7
tinges. ®< of fset = "0" ~< dbourr. d(3) "I " *< hbound(3) "7" 25 ~~~<

stride(3) (f(ﬂnma_lhf& En@aroﬂmamod@merﬁ@v ik @%ﬁmﬁiﬁ AIpBﬁ‘caﬂBxH Métah%de]
subscrlptlnggthe

er-|level container fi Q}\IJE LH’E 3“9
d2(3, 4) P’Hé’”ﬁ&“rWCORPWHVWtOF‘@feéW’éW"F éluﬁt@tqdnm FrévéﬁG Behent s

using the f Uildstn%ﬂh‘%@ﬁl QbtemUd$ Gith Riuipld Slplikidh @&ﬁﬁmelﬁk (lﬁloluoti_)ng aq\)letsc-gﬁe | ocate
el ement el (n rr, 0) 30 using these stri g formulas) one woul t he

addr ess of a{ntarﬁat%@%brwse(ﬂ L NptGgpmarce H05 qnya Sunfplayis gesvar 197, Qraclqzb@ COoBOL,

the | owey, bqu@@BQfx1@%@%@&@%@?&%Hots;uﬁngh r%eo%-Aﬁhaty,Aé})cstsf@@sérbérst
el ement i1s always elenent(1), and vice versa. edl ess to say, any

di mensi on of! 1978 IS 380 serapr dviaB? he andEURS] DErENA Ne!aderB 3252 dvisdowand t he
b .
array can boobeLianesd, i BAS51 hfhd'sn sl Qi GIRY | £20185 chltfch @Hkmn

| ot . Consider the exanple , larary pic pic 9. 40
2 X3 bi.rr. é\figiarmded:(CQAMIiSdﬂdtacta@cmtcrnlsanlgemth@d,tteold@p@ystqjm fvrgwaahahmglandv

?L‘;fﬁld(: ) 0% pﬁlyﬁg@r&fgﬁﬁattlon J)ef,l?z_jgtligfok 6%%58&%%85%{1\’3%% Riohs, Sudfab FOMGTR

“a source language and converting them to a target language. CAM consists of language
metamodels and application domain interface metamodels, as shown in FIGURE 2, which
illustrates the roles of message sets 203, SQL stored procedures 205, legacy applications 207,
and programming languages 209 as inputs to the metadata repository 21 [ of the Common

Application Metamodel to facilitate enterprise application integration 221.

Exemplary metamodels include C, C++, Java, COBOL, PL/I, HL Assembler, IMS

transaction messages, IMS MES, CICS BMS, and MQSeries messages models, as shown in
FIGURE 3, which illustrates the Common Application Metamodel of the invention, with an
invocation metamodel 301, an application-domain interface metamodel 303, and a language

25  metamodel 3035,

FIGURE 4 illustrates an IMS OTMA application interface metamodel 411, with an OTMA
Invocation Metamodel 421, an IMS Transaction Message Metamodel 423, a COBOL
Metamodel 425, and a C Metamodel 427.

30
FIGURE 5 illustrates the flow of information from an existing application 501, through an
interface 503 to an object model containing application interface metadata. This application
interface metamodel is stored in the metadata repository 505, and, at an appropriate time,

retrieved from the metadata repository 505, combined with a source program 507 in a
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'~< labourad(l ) _ "val(l, | )" ~"< stride(l) _
"rarpy(va.l(l,2),rrapy(val(1,3),4))" 3 d2 occurs 1 to 6 ti.rnes ~ < ~df FER1005
= "ledgse.dl.rag ora x2. '~'< |boccrrd(2) _ "I " 5 "'~ < hbou.ra.d(2)

"va ,2)" < stri.de(2) _ "rrap7~(val(l1,3),4)" 4 el bi.a. ' 9) *<
offset = "6"WVBHY | to 7 tina.es '~ < Ibourad(3) = "1 " i’@g%‘?é‘éﬁ%érg 0 X3.

' ~< | abound( 3) "va. L(1,3)" to *< stri.de(. "4, . bi a.r ic 9(5).
"' < of fset ge—“"“""?@%toﬁéféﬁnﬂ‘?‘iﬁé‘ Pl%ﬁ?ﬂitﬁﬂé??éé%g%ﬁt 1549 )g\ﬁlé%gdh?’eags)&\gf a 5
particul ar glsppgkleSTAM isihiphel @ableasd Siiéfeddent of amy pasiculliubol bhmédllearaes. no

| onger sinple integers. The address of element el(m n, o) in the above
exanple is given 15 by taking the address of a and adding to it: (na-1

) *str ! de(| ei"el&gcmént Et"ka?&r i e(CAMHtobBngleah he ¥ lebdli§ (pRovidel soRtions to access

(r-1)*4*val (1,3)*va.l(l,2) + (.-1)'E 4*val (I,3) + (0-1)*4. Sinm|arly) these
stride for mantespriss eplisatians, a.at WES arplipations f B parHes Geh srcedile gd ggpprating
"a.cld(6, rp d 1R¥%0 B akiel . AR ORI dop@Bobk) BL/ReopPbook)MF®) . PLIT 1.
G ven the ho %\%i\ngﬁgl%%sru%?é?e d% * C)‘%get*l ZSOPgQC %Jraa(?olplg.og. ’)eci,/~: "o, 2
cl/ a: " ~"*/ 3 So@ke S Bpuregletc), toolean pfovBle catriegtetsobrtiopnodMB) andIICH) eto
c4/,:~~8"" 130 ,3 c5fixed bi.(3l)/~".0" :/,3 cGixed bira(3l)I~="4" al,3
c7fixed bi (31 )1*"8",2 c8fixed I ~ira(3l)/'~"20" */,2 c9claar( '~ refer(c7)
) |* "24" 35 Iy thiclefaol, FAGURE 6 Madd (e 4 develapment, hpjerscenarip where a Common
cllclaar(4)l*"add(add(24 v 1, ). 6)" ~AnT f.S5qt | d be
gi ven by'%t h@pgﬁﬁ%'lggggcé%dfgﬁésgIﬁ'%ﬁ%lﬁg t ﬁec Ocﬁci%gg{aﬁg?g]’cai%/{/\g%tf“‘ég@gﬂﬁ. 0 given
by the fO01' MESmtamoddodBRs madal, pdthe Rke Bydad'int@a toolkit 603 REReROYSa DGR 13007
rcT/ usol na2ao The fifrst argu t in.the ghove f LOFh i ki

i cat e REE PehRSeRUE Tp 4 vasoi g Ritiodtios! ANSLAMe LParepoliOUER

i ndi cati ng t60atastaEOBOL schrel fdemritly/1 sodice Gfe, (M FS eowerdfile aABMS Zour¢edilel orc4, is

the field to be dereferenced.. 5 The offset.,of cl,.l. | ; e of fset
of ¢10 plus tli‘eh]gkel’ i o] “%{85‘3%@‘)%‘1“8‘ ({98 i r\eaednlhgya%tlﬁg&?e (%Pflgv?n'thr}%g for nul a:
" add( add(s24,impaddriparses tB3 Jourdd)cddePinkl Ipreddidesicit umtputmapldMa gnstagcerfde 6 tlope.ddd, and
this can be jl| ust ra&tﬁgé%)%cexam ni nglgt he mapping 10 of the follow ng

structure: dOFPens:g MOMOYCDASEd, 1* "~ 'kl 2 b, /;i: 3 bl fixed
bi (1'S), |* "0" 15 3 b2 fiared birr. (1), la "2" **| 363 fixed bi.(31),
~ll ll4ll * '

FIGURE 7 shows a CAM metamodel for application interfaces. This Figure depicts a

runtime connector 701 with invocation and transformation capabilities, interfacing with an
20  existing application program 703 through an interface 705 containing the existing applicatibn

program’s interface definition, in accordance with the application interface metamodel 707.

The Application Interface metadata is stored in a metadata repository 709.

The flow and messaging middleware 713 invokes applications 703 through the application

25  interfaces 705. These interfaces 705 are the access points to the applications 703 through
which all input and output is connected to the middleware 713. The interfaces 705 are
described in terms of the Application Interface Metamodel. Transformation processing
according to the metamodel could take place in source/client applications, target applications,
or a gateway.

30
Because CAM also provides physical representation of data types and slorage mapping to
support data transformation in an enterprise application integration environment, it enables
Web services for enterprise applications.

At development time CAM captures information that facilitates:

18



2c, |~ "add(8,zod(eg(val (I, I)) 4))" *I 3 cl clza.r-( arefer-(bl)), Ix 3
c2 fixed bi (37) ~': "val (1, I, )" :1 20 The value of b I is given7BER 2005
vat( I ,1, | ), and in order to put c2 on a 4- byt e boundary, PL/I puts any
needed paddi n% before ¢ (yes, not between cl and c2), and hence the offset

of ¢ woul d bWOJRA¥AT by the fol l owing formul a: "add(8,tod( 8GTVEHN2HEP) |, |
)).,4))" 25 Soif b1 C%?e,ﬁ}ai ns t_h_g) ¥%§ue 3, then this fornula becones

add( 8, mod( negP3§OrA§9Lor ARFOEFPNBS AP 19989 Le., there is one byte of

paddi ng bet Wepydth @rivdnliphcd A yRisAChpbliutish maﬁdmwy gd iRy ARdRhcabk®o uses
t hese fornmul as to specify the bounds and strides in an array) where the 30

stride i s def$nEgvHe of ROSHIYTIAHEBSUIEE AR ACHARRIIOBLREIEPREES el ement's in an
array. For exanple, in the followi ng structure, the second dinension of a.e
has a stride specified by the fornula "4", and the first dinension by the
formul a "520 The §AM 3B tamagel filgsare @pqtg@[toe;lkl't&usegtotgengx atp D{TEfilps. (L schpma:bf f set

;t r ?'('je(~| l) - ap%,[al\@(al'égs% w}nohxéyl'eﬁglé?éco%% } T 8|tté géﬁllge each souflce 1163 (efgI wed

hirt( 31 ), |GOBQE bsBL/I copyb@tk, MES spiot, andi BMS) etc.),"and then Eéncrabﬁom'hld(opu ents

borcrtd(7 < ﬁ’?ém#aves T L R S el Lt s PP

flxed b| rt(3l ); Ix offset = "68"I* Ibound(l) "7 *1 1 *hbou. rtd(1l) _
" 5.. i : : f é)ts;[, rlglél( | mg', /Qt B! tlr%eOCA}V; pr})w %)térgétg)n h.TfﬁCl]ltateS tr anlgponhgti q( r?)lri Scat e

t he el enent eateq(lm; applicativa wmg:htcbntcakxeomatmt ablote e$sa\fmtés datzetygmrﬂxaﬂdmg Beowéeh (nt-1
|)*30f2 ]9 s;t( mléﬁd l)angqagesr @8'{1%&1?’(5%“51 trams, atxogg\f élg O%Q%H@ed S%;(lgé)g %mmnmio/another a(),
stride(l ) = "40"*12 b fixed biat(3l ), Is' offset - "0"2 c fixed birr(3l

), I* off SetFI%i}J}{% 8211195&1.'{55@{6(35% lichGdh off éfé@Coﬂ‘xﬁlon QEE)I%?ﬁonMgtgmg&l guxﬁ{gff)m fixed

blrt(3l) | * oarr bor cnd
"S"s' | | *15st rtingfe (As shown ~SO4P compljant XML docpmgﬁs 8 Weare feprbyed in stlrfééIT@jPlﬁg‘B%t ween

d and e, butwwsgathz?&?gﬁ,dmw&@%os mﬁch%ﬁ&ms%%se@rmea&@hméw Lyd dpawar e and

sinply use the e and offset formulas to | ocate any given array
el enent . Th@OBth"d@ gno¥ M¥, Regositgy 809 qeatadning We XM insgnpes 1Wff0' thy G M Fwdelf f set

for ais "2 " eﬁ'ﬁﬁ{é% I'ltl g@gwfgrg)sénﬁgﬁﬁ%ﬂﬁﬂgmﬁ%h%@Q%ﬁ%@?syﬁéﬁ)&ll Q»nﬁ"chmu' d

take the ad ress o a an
Finally, if cph@n@x@@_nptagcwﬁms(g}van@eﬁjl39_@@|tlfrpIIMJS transactional application program 815

20 CAM facilitates connectivity between the back-end IMS application 815 and the Web file
(e.g., SOAP compliant XML documents) 803. The CAM accomplishes this by using CAM
model information (from repository 809) to perform data transformations from one platform

to another in the mixed language environment shown.

25 Type Descriptor Metamode!l. One important feature provided by CAM is the Type
Descriptor metamodel. The Type Descriptor metamode] defines the physical realization,
storage mapping, and the constraints on the realization (such as justification). This
metamodel provides a physical representation of individual fields of a given data structure.
When supporting data transformation in an enterprise application integration environment,

30  the model provides data type mapping between mixed languages. It also facilitates data
translations from one language and platform domain into another. The metamodel is used for
runtime data transformation (or marshaling) with a [anguage-specific metamodel for overall

data structures and field names.



del | a.(), Is'" gffset ="0" ~I |* lbourtd(7 j = ~~I" :,:/ 3~ - 7 FEB
2005 WO @Q2/13007 PCTIUS01124280 | * hbou.d(l ) - "" *I I* stride(l Q"

:,;1|25b/fiXﬁd hidra(SI ), 1" offset = "0" *I 2 c(8) bi.t(), I~ JFE%&UO&
o ~ Lhorcd(7 ~~i .,/ 1* hbocr.d(l "g" * stride(l
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'~ str-ideld) CO“""‘PHMPI'%‘OBM?}B?’QFF'cfﬂ‘éAPE)lfcaﬂo'éhﬁFréa‘ieﬁe same as above,
but the conputations for a.c beconme interesting. 15 20 The stride for a is
still "40", the stride for c is "4" (but this "4" is a count of bits, not
bytes), andThhiategspneeceen @féilsplﬁ@#e gadidigsmylar applicatigepiianipgien diflgiFametyeNg) . c(n),

one needs b?%ﬂoﬁn byd sﬂox%lﬁ\rﬁé‘@ \gxttpﬂh%fex@i[]tfo?}%tlgi:ﬁlﬁtefn@j)h?éféa‘P pl@@@’rﬁﬁsaﬁld one

woul d t ake daresd’ s )*4)/'8. The
bit of fset physa:@hr)sala@m@nsmadmmbbshgd demugbywmdt@(srthallr)cmpoet)et mrnteeconwpen

De t
Crassed - cuRBrAr Cibrdadie Fenhp rALom AP Rene PR LORKLRTERETY, o

25 between asyy d&AdMd ianguaget tadghingirderthiag 3y @edds and gstamsxlyrrmj@lssxbla nce any
CAM | anguage nodel can plug into the TDLang nodel, the Type Descri ptor

nodel only needs to understand how to interface with TDLang in order to
?ccess any GAMhharg ikgeuirn tematck e 3TeTive réfblrangntsafdied addprersand dte lggaoy i de any
unction on its own _and therefore on dto a
| anguagd® moABicatigy I qﬁosre%r %”’?pobcé%emﬁe tw&ﬂ%'§§ﬁgﬁs§%%daﬁiﬁz&ef"s am%gg?s t he
t y3e| tar %g': férQF;lnltda&ora:ﬁ&ﬁ’ﬁ&eabre@ntefdrh@m:ﬁl' yMpeDeserf pfanitibrointidtiplanguays

nodel s. e a

ol 10t il by S8 SLASRERALE SRS 0 e S S e
PCT/ US01/ 242&&&%%95&@&%%1@;5 cmmaham@haam ier is the parent class of
all language-specific C assifier
15  The connectors built using the common application metamodel of our invention provide
interoperability with existing applications. The connectors support leveraging and reuse of
data and business logic held within existing application systems. The job of a connector is to
connect from one application system server "interface" to another. Therefore, an application-
domain interface metamodel describes signatures for input and output parameters and return
20 types for a given application system domain (e.g. IMS, MQSeries); it is not for a particuléxr
IMS or MQSeries application program. The metamodel contains both syntactic and semantic

interface metadata.

1. a. End-to-End Connector Usage Using Common Application Metamodel

25
The Common Application Metamodel (CAM) consists of meta-definitions of message
signatures, independent of any particular tool or middleware. Different connector builder
tools can use this information to ensure the "handshaking" between these application
programs, across different tools, languages, and middleware. For example, if you have to

30 invoke a MQSeries application, you would need to build a MQ message using data from a
GUT tool and deliver it using the MQ API. Similarly, when you receive a message from the
MQSeries application, you would need to get the buffer from MQSeries, parse it and then put

it into a GUT too} data structure. These functions can be designed and implemented

20



cl asses and TDLangConposedType. The TDLangShar edType associ ation is derived
fromthe | anguage's "+sharedType" association fromElenment to C assi_f7eﬁ

cl ass. The associ ation should be nmarked "volatile,” "transient," or EB 2005
"derived" to reflect that the association is derived 5 fr guage
nodel . The TR &M 7assifier is derived from TDLangMbdel El g%%ﬁ/zlﬂp

TDLangEl enent . TDLangEl enent | s th arent .class, of all | e-specific
El emrent cl a§f§‘é§9tlmﬁéﬂ?°ﬂE%@'WBgﬂl§?oiH§% &fﬁqula%ihzeﬁg e&f‘éﬁ;%iia\g}gg&f romthe
l'anguage’ s 3hxRRAEEMRE." association from dassifer to El ement class. The
associ ation should be 10 marked "vol atile", "transient”, and "derived" to
reflect that the association is derived fromthe | anguage nodel. The
tdLangEl ene@fd\@éaﬁ%i bh19¥8d kr8mAfinly\$6elcds! REMEINE coBNOURYE genrate|HIMEDfotms
association fromC assifier to Elenent class. The associ,ati on should be

mar ked " Vol avd JagaServer Pegedi e for gatheringinpefe prd BN YRS AL VARE Cthe

associ at i on o} & A8l I Bl Mt BlodngHaoR wRdalionTikanaGaamamadtnikeThe
TDLangConposedType i s the parent class of all | anguagespecific

Conpos ed Ty pésctiftheal TDuaeyGposerpakication by ¢adingthe epapsoies viighshsaals fanguage’ s
"+group” association,from sgPci ation
shoul d be Zgntﬁ?flﬁeezﬂ’ph(\:/agggﬁ%glﬁ%rt“regtﬁ'sc‘?degg%% g&g??@q@;ﬁg%mlﬁngr@éf | ect that

t he associ atekanplé,30 darsiaweltteeo HNhdoduaregsage CRBEY inpufiaed R AHEERITEEEd Ty pe
is derived fromT gCl assi fier. ne i f del

Speci fi c&ti (?ﬁseg] “%QT%%”CB&S&" d p@‘gl}/[ pg%% éatazgﬁieﬁéﬁ%r%gg?%%@ﬂgescri bi ng
t he physi calmiddipkeeent ht emarpafe zppiatians. t em t ype. This nodel is | anguage
neutral and can be used to describe the types of many | anguages.

| nspections of the type nodel for different |anguages can determ ne the
conf or mance RAKSIMS dsiah ieesmflarict heay tanguagest pyspes acchunt nexberie a1 IMS | ong t ype

in Java is often.identical to a binary in. L types
may be int ert@BW%‘?r{@(ﬂhﬁ?’PHBiﬂgraﬂ ‘k(f)i%mél% 'eﬁ'@‘%ﬂ"%ﬁ(‘-‘? ggﬁsgﬁqgwtﬁuaén : aé%@
al phanungy i GohyeR®r bitldeOBE), yowswill fiedkehrasiaa énpand TML. fomp peldintogtpat [F&vandt ype,

wll lose this prope ."\When converted back fr Y con b oL
truncation rdsreer 'f‘rgv[dﬁ%“fa'ea‘ﬁ?gig )')?Cef‘sééytff’ts'ilpr?ﬁgi%}? rg%%ufﬁﬁgﬁg%%%%gbﬁggf -
7 FEB 2005 Weqe?rda&Qmu@erbiseaaadaol Nydfegatvetnetuen aeldlls o midhetard. Akt ance
of an aggregate

there is an instance of tHhi ST, i gl dren
of this aggr'@@&k&f“eéﬁ‘é‘cﬁﬁg‘% %‘g\}%é{’]ee(%tt%fféor%gjs?g%ﬁat? i bl?lusll-ggigéﬂlé@;t SBFhSFlguage
Cl assifier t{ghtdaweasd, shdddangtagesstgnp asdiSTaapavagtice. IME Connect gia
association to its children. Derived,f l.nst a I
Attributél: Trf/fnD SE&BP@&H‘“@?%CS&Q’CW @i uﬂ%%ggﬁ\%ﬁgﬁg?ﬁ§ ﬁlreépég ééc}aéagati on
i s inclusi vegBtuks iCOBOWGisng ele a¢tadarcdefigitives daptuged im GOk Jhen inptuinfserdsi on =
true, storage mght be gverlaid and as.a.result t.he,;} j of the
content may HeAcestass fats {rCHYeeLe ﬂ\ﬁsr‘ é?yac}iﬁ“ﬁfgﬁ“aas"r“f"h%‘d (%E‘Irlﬁ?{ F%%Esﬁgjrﬁg?)f ay
types. Publ i ghsAMS COBOESipplicatian p@dpyAl ug) and detatnsAbd gupne ntessagofick wrtkht s i n
addressible units for each el enent.in ar. .. Stri.deF . jng A
formul a t hat ™ASHFYHE GEEF CL° E‘é?@g Icﬂgeci‘ﬁ@e B}Ié%%‘géeegr%vﬁ% ngégégés@e S}E&g%éy
el ement e tRet J%Eﬁlahéé thgioV @0t JBF pafl@x. prafostyrgedehaBGUI tooBeplyshan sFrdiees)
indicates strideFornula value in bits False. 'Ltgdi cates st {Oitgee\@glr mul a val ue
in bytes uppiRSETeER, A3 e raapRrionpuinst Witk Ber P EoUET 19987 Y5 i nst ances
when this value is referenced by a variable. This attribute supplies the

upper bound val ue of a variable sjze arJ f\y
2 Common Application Metamode

30 CAM is used to describe information needed to easily integrate applications developed in
common programming models with other systems. The CAM metamodel can be used for

both synchronous and asynchronous invocations.

2. a. Common Application Metamodel
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Upper bound is required when traversing back up the entire structure.

| ower BoundFornula : String Declared as a String for instances when tHiEEB 2005
value is referenced by a variable. This 30 attribute supplies the

| ower bound val ue of a variable size array. |nstanceTDBase, Iﬂot%f?z%?TD has

i nstances f oWVO&&EWOUecl ared variable and structure el errenf".:T/.gd - 7 FEB
2005 WO (121 13(1(17 PCT/USO1/ 2428(1 To find the parent of any instance (if
it has one) one nust navigate the associations back to TDLangEl enent, ~

fol low the ag3e6hAbh AlitQioh MeaReidePEpicicd @t flliowh 6siRise of Beinpade8it methinede]
foll ow the associations back into the TypeDescriptor nodel. Public

Attributes: apd of ipphearontlaupia interface memRdeloyHgh uses Bpereat BEPRPY FRBY of f set
to the start_. i Sp: 1. 1 j i i i beGaisse this field
may not al mﬂ‘ggﬁwgalqn@é%&%%f %Her.ﬁet%géaeg%{lnﬁld&goﬁglﬁg n) %%4) could be a
possi bl e svalmmamdddls NOTEherd bail b zeet orvedre invpeatiommedmedds from t he t op- nost

parent. (e.g., for a binary tree A-->B, A-->C, B-->D, B-->E. The offset to
Dis calculated fromA to D, >lot Bto D) contentSizeForrmula : string 15

Formul a for Talkenimah coapettiemetamodants iBispetedn RIBYREGt lemssin dbMoodiSh zeFor nul a

string Fo~7l ~ul a cal cul atj.ng. the alloca i f [ nce

f or mul al nBi tMeta %ﬁé‘gna g‘%hciahﬂ\g@aw%’gq‘bt?]?%cgﬁ\@gaﬁﬁ%@&b%ﬁ? gﬁlltn %ﬁ%égFor nul a,
and al | ocSi z2¢&emoadl a0sval ues are 20 in bits Fal se indicates offsetFormula,
content Si zeFornul a, and alJ ocSi.zeEornul a . val ues are in bytes

def aul t Effcodirng 2 String PRySsEgR %%’B%‘%hg - how many bits used to encode
code points, how are the code 25 points nmapped onto bit patterns Contains
info on how string content | ncoded: . EBCDI C, ASCI.|,, UNI . UTE

UTE- 16, codeisderontimargamadeE 0T toRegeiseat ot mih ghile &y 1eaaM s i
access-ri ghtgeridats. Hhlvsvep| renEprrticul® it tivh tiiog Mnakiiade onlyBoeloeaanylofuie i f this
element is Big Endian format. floatType : enuneracton Specifies this

el ement's f |f@&<@w1pg,ﬁ@gadata elements.

15 Message-control information. This includes message control information, such as the
message connection name, message type, sequence numbers (if any), and various flags and
indicators for response, commit-confirmation, and processing options by which a client or

server can control message processing to be synchronous or asynchronous, etc.

20 The connection name can be used by the application system server to associate all input and
output with a particular client. The message type specifies that the message is a response
message; or that commit is complete. It can also indicate server output data to the client, or

client input data to the server.
25 Security data -- This includes authentication mechanism, and security data, e.g. digital
certificates, identity, user name and password, etc. It may also include authorization

information to indicate whether the data can be authorized via a role based or ACL (access

control list) based authorization.

30  Transactional semantics -- This will carry transaction information, e.g. local vs. global

transaction; two-phase commit vs. one-phase commit, and transaction context, etc.

Trace and debug -~ Trace and debugging information are specified as part of the metamodel.
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ol I - 7 FEB 2005 WD 02/13007 PCT/ US01/ 24280 Pl atfornConpi |l er Type. A
specific data type for a particular platformand conpiler, NOTE Th_e gE
needs to be some way to identify the platformand conpiler. This clas @gLWS
be specializedor have an attribute, or be sinplified by puttlnﬁ

attribute owo esmericeTDBase, Public Attributes: 5 platforHos f“é’f“l’ype ;
String This attribute specifies the type of ¢ r to cr he
data in thePreangiiayanhpribrondiyey geoyse t‘ﬁ%?f %TW@%&I’PEC%QI] ?t dlf 'econd%%gln%or
nanme, | angu tpé;}gt platform (e,g,, "IBM COBOL, 0S390, 390" or
"I BM PLI) WFT\?P%PHt el” gs Si mpl el nstanceTD. An instance of a Sinple type
in the | anguage nodel . Derl ved from | nstanceTDBase Nunber TD Al l nunbers

represent atb %at}a rﬁ%ﬁﬁésl% &eJquﬁmmmnee@mdapmeBa&kadcdaeﬁhtnmlasy Not e

required fié ese typ nbers: "~Integer* Base=2 20 MSBU=0 or
1 Si gnedsUnditgned Size (i n~byt es) = I,2,4,8 (16) *Packed Decimal = 25
Base=JO MSBU=0 Si gned Wdth=1-63 30 Float"' Base=2(LEEE), 16(Hex) MsSBU=0
or 1 Signed Size {in bytes)=4,8,16 :12 - 7 FEB 2005 WO 02| 13007

PCT/ US01/ 24280 Eqcodiiing Datpplitaion-IReudiv &derffacerMBaswidte) 5 Public Attri butes:
base : int The base representation of this nunber. 2=binary, 10=deci mal,
16=hex, baseWdth : int Nunber of bits used to represent base: e.g, binary

= 1, deci ”B-h“he-aﬁa,hcsﬂﬁ»ﬁlﬂ@ﬁam idicHasetcmhcdel 303 astdissusstbearlidh, despsiGVWSIRDANERSi t s i n
addr essabl e st or age, uni ry = 8 where
t he addr '@ssé‘ﬁl”é’“ﬁ%‘idto“l{%‘tBa‘BV‘EtE‘% a??”ﬁﬁ‘l@ﬁdﬁ? %pfgg?%%ﬁg?fﬁéopv\%g@a 32 bit

word, decimal would be 4, packed would be 8, and binary would be 32.
baseUnits : int Nunber of base units in.the nunber, This tinmes the base
width must Be |e3s tHin orllaé‘éﬁfhﬁerﬂil?fa'flﬂ elwidth tinmes the addrUnit. For
exanple, a 24 bit address right aligned in a 32 bit word would have base 20

= 1, basew dt h=24, basel nAddr =8 i dt h=4. si COdI n Li.apaA set of
enumner at | ongrhe 1322%3% SIAMAGEIN0S, &2 ?‘%ﬁﬂpws gﬁlaecgli)ygeﬁ%? gni fp de For

bi nary; ﬁ) egﬁ’sstofd@ﬁnedcﬁ@d st bwrep aekadics) \gnsh :fepxresqmaodﬂeebtdemenfmbg Itand

unsi gned bi nary, unsigned deci mal v the target
1mportant to connectm tools to show a connector developer the source langnage, the targe

language, and the mapping between the two. The CAM language metamodel also includes

the declaration text in the model which is not editable (i.e. read-only model). Because the
connector/adapter developer would probably prefer to see the entire COBOL data

20  declaration, including comments and any other documentation that would help hin/ber

understand the business role played by each field in the declaration.

The language metamodel is also to support data driven impact analysis for application

productivity and quality assurance. (But, it is not the intention of the CAM to support

25  reproduction of copybooks.)

The language metamodels describing connector data are listed as follows:

*C
30 FCH+t

* COBOL

* PL/I

2. a. iv, Type Descriptor Metamodel
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25 checkValidity : Boolean True if |anguage nodel is required for picture

stri'ng support packedDeci nal Sign : enuneration Used to determ ne the- Fl
poi nt of the sign in COBOL deci mal nunbers, where the sign is conbi negovmpqw%

tlae leading or trailing nunmeric digit. so FloatTD Floatin ints Derived
from BaseTD W@32/130077 FEB 2005 WO 02/ 13007 Public Attri bulpgg’glg# P%%{)Type ;
enuneration Specifies this element's float type, 5 1 StringTD Al phanuneric
type Derived from BaseTD rcT/usov2a2so Public Attributes: encoding : String

Physi cal enggd ingedD%JrZ:ﬁ%Yo BmBidi & 1385k iRu BN aRTIGROCS. El%isﬁhls teali@odr e the

code points ‘nap | It patterns ntains info on how striiZg content
i s encoded: sEBE@DNGppIASAId the tONsUNNGODERe regtizatdn suptras jestifieatiga pHtEMpiaMpE
etc... lengthEncodi - at | ; [ Qdin; -
Ficed 1 engt B NREPE sl ePRHEELE) bORITREA CRIGE of ARNER ol il 8RO TR BBEL ot
prefi xed s( whiesceiptontretaniodeigs to seppeat detadapsfamengios iy dnregternsiig applightiod | engt h 20

of header bytes; .usually 1. .2 o - 1 ( as
varyingz st r‘?tﬁﬂét‘?rhenﬁﬂ?'ﬁ’cnf Wé?ve'deaﬁhaﬁﬁe%aaﬁglgg ld{:tg' e%ﬁ]{e{'d%gggﬁel@%mof |
stri lr)lg; SO tfhglicaRx 4 fd seingidfram odedardpagemnt! platfemh doreain sitta anoghel.€Rys h pl us
one byte to represent null character xLengt hEormul a : Stri For mul a
speci fyi ng t’ﬁ%‘l‘)rﬁ%(f?i' wihbe ‘l@ﬁ‘b?sﬁ‘ ‘B‘f'Petfﬁf é’”&?’? :fiﬁtaga ﬁg%rgﬁ%a(iomnfsﬂﬁﬁ%lm%}o‘g ean True
lfllaln_gua?e \}mf%%ge_ sip@cliﬁ@ﬁ_ﬁia_ﬁﬁdelff&ro\v[@'ialqlﬂuﬁetrLB:tm'ésmgdSiul}ﬂpmmcst ext Type : String
= Implici alue is' Inmplicit' or'Visual' 3~ orientation : StringTD = LTR
Val ue is'0 LTR) 'AFFI‘E"“,“‘P‘B%?%'%F'BHICOEW‘:?"@Fta“@g extual RTL' V\/ngre LTR =
Left to Rght and RTL = Right to Left Symmetric : Boolean = true a~ - 7

FEB 2005 WO 02/ 13007 PCT/ USO01/ 2d i i i K
nuner al ShapeIMS. OEMA @)e&Tmﬁqcﬁgq I%l%r?agg cecelssg iss t%@;{c iél%b;%‘é@%gﬁn%&ic!n%ssal | oved

client/server protocol within an 0S/390 sysplex environment. An IMS OTMA transaction
message consists of an OTMA prefix, plus message segments for input and output requests.
15 Both input and output message segments contain llzz (i.e. length of the segment and reserved
field), and application data. Only the very first input message segment will contain
transaction code in front of the application data. IMS transaction application programs can
be written in a variety of languages, e.g. COBOL, PL/I, C, and Java, etc. Therefore, the
application data can be in any one of these languages.
20 |
As shown in FIGURE 4, an IMS OTMA connector metamodel 401 is composed of an
invocation metamodel 403 and an IMS transaction message metamode] 405, as well as a
COBOL metamodel 407 and a C metamodel 409. As depicted in FIGURE 4, the invocation
metamodel 401 is the OTMA prefix, and the IMS transaction message metamodel 405 is the
25  application-domain interface metamodel for the IMS application system which uses language

metamodels. Metamodels for COBOL, 407 and C 409 are shown.
4, Type Descriptor Metamodel

30 The type descriptor metamodel presents a language and platform independent way of
describing implementation types, including arrays and structured types. This information is
needed for marshaling and for connectors, which have to transform data from one language
and platform domain into another. Inspections of the type model for different languages can

determine the conformance possibilities for the Janguage types. For example, a long type in
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Value is "Nomnal', 'National', or'Contextual' textShape : String = Nom nal
Value is 'Nominal®, 'Shaped', 'Initial’, "Mddle, "Final', or 'lsolgatgg'y
Addr essTD Type to represent pointers/addresses Rationale for this class: @E)
Addr esses shoul d be consi dered separate from Nunber TD cl ass because sone

| anguages orw@ert#dm machi nes (e.g., |BM 400) represent aBEFEILEELYth

addi tional information, such as perm ssion type (which is not represented
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t ypeDescri pt or. ase del type js _specializ L Q. ifmpl.ement ati on
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type. f_Thslhi a;g&ﬁdlﬁ?.ilﬁ)]cﬂddmﬂns:tbolfslﬁ&?ﬁﬁmﬁsgmgﬁzn bidrvesiegvieminisiinamy Jivaneger on a
speci fi c hardwar e/ sof t war e tformis thus instantiated onl: in a

gi ven nodel qqmlam(?@iaﬁ%mg}fﬂﬁ‘ﬂgf‘@? ISR A Ay 2 q%ct%f"é?%eq}?tw silapr(r‘g@%%edecl ar ed
yvith this typ uagQcﬁ’ﬁlﬁbie&nﬁhkﬁip@yémbth&ddr Unit : enuneration Number of bits
in storage addressable unit - bit/bytel wor %\A@éd .15 i 7 F_EB_ ZOPﬁOlV\D

02/ 13007 PCThessrs. 26 785 Al type deecrmiRrnstamopelagtirbeshp Py ipgPgE it s in
the descri b%ﬁ'a%&ﬁm ARishedah PRickiar Blatfdiéh and20Mplie. al i gnment : int 5
Required alignnent of type in address space - e.g. word aligned 32 bit

i nteger Moul d have alignnment of 4 nickname : int Nane of the base el enent.

Thi's shoul d 4uni qyel y kﬁﬁﬂﬁémtaﬂ{bdklns'[ ance of a sinple type to allow | ogic
based on name rather t ogi ¢ based on | o conbinations of attributes.

E.g. "S390Binary31 0" for a 32 bit S/ 390 unsealed binary integer ,
2 8o s BETHESIRLEMRAD 0 SRRl LB el gresio oy
64bit 12$bi tlayer of abstraction between the Type Descriptor metamodel and any CAM language
15  metamodel. All TDLang classes are abstract and common to all the CAM language
metamodels. All associations between TDLang classes are marked as "volatile," "transient,”
or "derived" to reflect that the association is derived from the language metamodel. The
TDLang model does not provide any function on its own, but it is the type target for the -
association from the Type Descriptor metamodel to the language metamodels.
20
FIGURE 9 illustrates the structure of the TDLang Metamodel, with the TDLangClassifier

501, the TDLangComposedType 503 and the TDLangElement 505.

With the TDLang base classes, the Type Descriptor metamodel can be used as a recipe for
25  runtime data transformation (or marshaling) with the language-specific metamodel for overall
data structures and field names, without duplicating the aggregation associations present in

the language model.

30 .
4. b. Type Descriptor Metamodel

This metamodel is a MOF Class instance at the M2 level. FIGURE 10 shows the
relationships within the type descriptor Metamodel, including ;hc PlatformCompilerType

601, the InstanceTDBase 603, the ArrayTD 605, the AggregatelnstanceTD 607, the Simple
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25 signCoding Note that this nodel does not include the followi ng COBOL
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ReadOnl y s W lflb@tfﬁzﬂ:a/sos,ﬁeaﬁwsmepawmaﬁﬁlmags@mmm@mm1. - 7 FEB 2005
WO 02/ 13007 packedDeci mal Si gn Public Attributes: MVS MVSCustom 5 NT/ OS21Al X
5. Language Metanpdels 5. a. COBOL Metanodell to rcTiusov2a2so The COBOL
met anodel is used by enterprise application prograns to define data
structures (senmantics) which represent connector interfaces. FIGURE |3

i | lustratesda COBOL nByRaweseriptopapblppguagemedels r yct ure senmantics which
represent connector interfaces. This netanmodel is also a IVIOF O ass
instance at the M2 level. FIGURE 14 illustrates the associatiops between
the COBOL nefthaifupePessiipter mhde! TRItAgd Babe CAM barguagpineds! by 2navigole

TDLangQ assiyfioGhiol BEwddd R0 AUERRITRRS RERYREDBARI TD s ERk-ang i BaRs . FI GURE
15 illustrates an enuneration of the COBOL usage values in the 20 COBCL

Met amodel . Timguagsahodst typhssd GOBDEsbyEtciFe 4o iEapt & @ PHIP Af PREL i on t hat
vould be T o4ndalcBrivBie RALALTL W5d OlberdBi Rodeph uled b Rb@Miethet 0 be used onl y

as read-only to conver ( a division into it's XM equivalent. This
nmodel i s notimplementation-specific instance of this same declared data item. InstanceTDBase 1s abstract;

15 only one of its subtypes may be instantiated.

It is possible that a data item declared in a programming language may have different
implementations. These differences are induced by hardware platform, system platform, and
compiler differences. This possibility is modeled by the PlatformCompilerType model type.

20  The association between TDLangElement and PlatformCompilerType is many to one, and
the association between PlatformCompilerType and InstanceTDBase is one to one. To
navigate from the [anguage model, it is necessary to know what PlatformCompilerType is to
be assumed. It is possible that an implementation, upon importing a model instance, will wish
to remove from the model the PlatformCompilerType instances that are not of interest.

25  The association between TDLangElement and InstanceTDBase is modeled in this manner to
allow for extending the model to include an association between PlatformCompilerType and

a new type that more fully describes the hardware platform, the system platform, and the

compiler.

30 Data element instances may be defined as repeating groups or arrays. This is modeled as a
one to many association between InstanceTDBase and the ArrayTD model type. There would
be one ArrayTD instance in this association for each dimension, subscript, or independent
index of the data element. These instances hold information about the bounds and accessing

computations.
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25 intended to be used as a converter from XM. code into a COBOL data
division equivalent. As a result, initialValues of elenents are not. 7 F
captured in the nodel. COBCLSI npl eType COBOLSI npl eType is an abstract %E]%OQ%
that contains attributes shared by all sinple types in the COBCOL | anguage.
30 Derived fW@M/GBBOLCl assifier Public Attributes: usage PCTRBHBELgeval ues
35 Usage contains the data type as defined in COBOLUsageVal ues. Usage
defines the format of the data in nenory. If none is specified in the COBOL
source, the.de Lt 1S ~dl . : BY L &6 ci VRN ShellShenage

equi val ent ?@c %S%Jﬁ‘(até‘ﬁh&%?ﬁ%%o“%‘%%ﬁ? é}%ﬁ% f(;rllgepda%ﬂtarglaﬂsg This is a gcagnoni cal
f orm of t hempilet andeefbdctsithosysieeit drieaigiof the hedicss ag dedined by {hg progrpgming

necessarily, identigal to the pictL ri ' ' r =t8 - 7
Fee 2005 WODBRESGD BT bAD b Tl b it LIRMRIAT, e
form of §hepiieskingalgstithin@etwken fx papehgampdgand teflysé Pestriptoamaddl eprotizer
Construct parenthesi zed representation,.for an ' ¥

charact ers GHI'¢hPEPESIHHGE Va'ftﬁ%eﬁuSitoélﬁaé'srhez{@rf'ge%n§¥le§q@grﬁrbgggrﬁ%{eeﬂ?qu%’rng %\k;vi th
XXX999( 3) afHeqhdisdsEnilthy enalet strid X099 8esalThiarallsyepmarshding gagine KOKSES) Thi s
canonical formyields the shortest equivalent. . picture string. npni cal
formis ben8faEayin {patyy §ioage 8ifce a?ﬂ@‘é’lﬁ ‘L'd .1a"§38/?1télf1bI]SHf‘lzagaaon:“%ggg?%gﬁﬁ':gf al se
Thi's Bool eaﬂm@hﬁlﬁﬁg@ﬁgﬁne%%é RNHES ofder byhe-soiviNghiR@MotiatvotargBitNocdiagi®e t hat
may optionally be specified for an elenent. Note that the COBOL | anguage
defi nes 1an #udiidedaamulesihdpsised - R GHT/ LEFT - which may fol | ow t he

SYNCHRONI ZED cl ause. However, IBMs inplenentation of COBOL does support
this additional CLAUSE as docunentation only -- ?II el Lefgeniys defi ned as
SYNCHRONI ZEB ey dnfalieasivamay RF P OBl FOBFILL da dapaelemsyt os i 1t YPesf AFT Bis

get Canoni cal RioG1ddt & froBdmbitieGrattiSsatseh @ fall Sh EitRg3ide. THe tipedefRetlity 08Ct he
condensed val ue of this string. For exanple, alth utgg’ th pihct LgtgeStari ng
attribute mapdEdmdews ke geliinnel §PTRG HERYGYPed §gB) e detdput only Where the array

get CanonjscalBifilibe sl Eégﬁg& do ¥ topmb & ElehRnS b YeePaggaspatef Fovalatple, consider
COBOLElI enrent A COBOLEl et nent represents every data definition in the COBCL
program 30 tFofollewmapyredefol EMPLOYEE 03 SERI AL- NUMBER PIC 9(5). 03
DEPARTMENT PIC (5). 35 EMPLOYEE, SERI AL- NUMBER, and DEPARTMENT are all
COBOLEI enents. Derived from TDLangEl enment 40 Public Attributes: |evel

String typedef struct {
intA;
20 struct {
int C;
char D;
struct {
int F;
25 int G;
}E;
} B
/X

30  This typedef can be used to create a new typedef for a fixed size array, e.g.

typedef X Q[10];

But it is not possible to create a new typedef from X that makes any of the subcomponents of
35 X, e.g., D or E, into an array. This example and many others point out the unclear status of

array definitions in typed languages.
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Level refers to the data nunber this el enent was declared in. redefined :
Bool ean = fal se 45 COBOLVari abl eLengt hArray A COBOLVari abl eLengt hArr

shoul d_ be instanti ated whenever the source for a COBOLElI enent has t e¥EB 2005
foll owi ng syntax: =t9 - 7 FEB 2005 WO 02113007 10 PCT/ US01/ 24280 LEVEL
ELEVENTNANEWQ@EDIFS X1 TO X2 TI MES DEPENDI NG ON ELENVENTNAREDUSHEEFL X 1 and

X2 can be any integers 0 and higher and X2 > X 1. ELENENTNAVE2 nust be

defi _neddbef & dnEnENEDBRSAYES has [@OBCROVHS pubbipet. SHER elAstpIEE TR AR 3 singl e

required asgo i i £ T, MBI Ui S on,
Derived fr o%@ﬁ%&@%@@hﬁ?’ﬁ%ﬁ%ﬁ%ubl ?ngs?&aﬁ ri buetntesgjzl I&r%%%gyoggﬂ?@?ﬁt eger In
the case whenileAgiipgeengtamasTdppdels baupldnenievishsubcompargptsan g‘ﬂrtF“*ay) nmaxUpper

denotes the absol ute upper bhou f | t5in
menory. Th_eSQJS?‘aB‘P“eP#éQF?%%%‘c agﬁg%sgaf]gﬁfﬁ{ ﬁg%\;\g{\g%e g%ﬂttﬁgleg%méngﬁ{(ﬁi%t refers
EO_; whi ch Iuatgetgaqehx)declaﬂatid)mig theh@AMdengmagh moreh ' Thasstbe pepdiatipn baiwsepper

m ni mum upper bound) is used to capture the ‘ OCCURS
4to 7 Tl wsgwmw%ﬁdms compprenispay béé’%‘&ga‘?na’ nlé%plﬂg¥%%{%%%g%o§{p§ﬁgﬁd

maxU. pper  equaleRménts @ach dffiehiciCiay ahe oipfee chroupuhdibgiesteaiseson thelfypy Besseipof X
Lower (lower bound) is always 1

_ ne) i.n the. c f No) hS | -
for consi st &Mdg. W ntofvrss Sq"éFn‘Q?é?gB%‘)‘@HH“ ?Od?pl?fﬁ?tgﬁ?@?‘f&%%limgég g 1 not uded
COBOLRedef i QF@'Q@H@%QF&@E@% bR MeSa 2l adi8e Tapt DeRripotmbdelsi The aiditfemaient
data description entries to describe the sane ¢ ter orage area,.
Exanpl e 18f trrRcessiiegemplexityfdravarsapgspt grogt, ﬁladé" 'SP;T . Wpﬁﬁtéﬁﬁ&’? ﬁ@%’a\Pe%ﬂ'NARY
PIC 9(5) Typelefnm thalwesidfidifResiahbdrelcldut Qiebedriraten fo 06eopBaki ianent
COBOLConposedType 40 The COBOLConposedType cl ass represents a nested

decl ar at i on 2g&agatiebnt ai ns addi ti onal el ements. COBOLConposedType class is
an aggregate of COBOLEl enents COBOLConposedType is al so the parent class of

COBOLRede. fines. 45 For exanple: 01 STUDENT. OS CL
CLASSNAME P"@Swmﬁm“ﬂi@r@‘,&%w ipglge gpopjatedgyge goonepv\vsnﬁEaSB AT RS typel

15 The BaseTD model type is specialized to hold implementation information that is common
for all data elements of the same language type. The information that describes a 32-bit
signed binary integer on a specific hardware/software platform is thus instantiated only once
in a given model instantiation, no matter how many data elements may be declared with this
type.

20
One may contemplate an association between TDLangClassifier and BaseTD matching the
association between TDLangElement and InstanceTDBase. However, this is problematic in
that constructions that the language regards as simple types (e.g., strings) may not map
directly to simple hardware/software types. Rather than introduce more mechanisms into the

25 Type Descriptor model to describe string implementations, a specialization of BaseTD is
utilized which describes the common string implementations. Various attributes in the
TypeDescriptor model are suffixed with the string "formula.” These attributes contain
information that may in some cases be impossib]e to compute without access to data created
only at run-time. An example is the current upper bound of a variable-sized array or the offset

20 to an element that follows another element whose size is only known at run-time. Such
information could be included as values in a model instance, but this would require a model
instance for each run-time instance, and would mean that the model could only be
constructed at run-time, requiring the model definition to include factories and other

apparatus to create model instances at run-time. A model that can be constructed from
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- 7 FEB 2005 WD 02/ 13007 PCT/US01/2d280 STUDENT is defined by
COBOLConposedEl enent . |ts aggregation only point to the CLASSES item which
is a COBOLEl enment. CLASSES is itself defined by a CCBC]_ConposedEI ement . FEB 2005
Derived from COBOLCl assifier) TDLangConposedType COBOL88E!l ene

COBOL8SE!l ene¥i@ 02/8399%esent s the COBOL 88 data |evel . For exﬁﬂBP%““‘i”“rESTx Pl C
. 88 TRUER VALUE T"t'. *(TRUEX has 2 val ues) 88 FALSER VALUE F"f'

' (FALSER Iplgfot v copw)leniemiedprismmch mprenefoErnd he f‘EfHW&iSﬁ’Iodf?eﬁeW%éofor t he

TESTX vari abl 5 (s dvailddle. Thdse foBRRSRE ¥El Y. ~ 5
So if TESTX%— nc.lqongr@c%?l,ugsﬁﬁ@ﬁqéﬁué tm% mifg)n&ﬁfgg ) Ié’z]LS EGR n SEALI SE | fyTESTX

=F or 'f nrheipleﬁ%@ll_tSERrshaﬁmE\gawd oTRIGERy bEpgesto gaatsie margeling sdedichianme -

Stri ng 20 , n f COBOL88EI enent .
COBOL8SE! erré??{a?é?‘ g Zeﬁﬁwrlﬁ%?mgﬁ%‘@gcf%sﬁ. dr?h‘gfs?de 25 1 TESTX PIC X. 88

TRUER VALUE' T"t'. *(TRUEX has 2 val ues) 88 FALSER VALUE' F' 'f. ~(FALSEX has
2 values) 88 LIAVALUE'A THRU'f '1' THRU'R 'S THRU'Z '"& '-'. ""UA
has 5 values; the first 3 are ranges 30 Rationale for this class: -- This
cl ass exi sts because each COBOL88El enment can contain nore than 1 value. For
exanpl e, TRUER contains 2 values) 'T" and 't'. Thus this class can be
instatiated nore than once (but at |east once) per CCBO_88EI etnent (and 35
thus the 1..4* cardi nphivhds -- For range values such as "A THRU 'f in UA)
lowerLimt = A , upperLimt =f, and range = true. Al so note that when
using th& THRU keyword, lowerLimt nust be less thin upperLinmt. -- For

non-range VaAéj@s%d sHGnR8on With 8tfutas, "NEIdNRYRs ﬁ@\%ﬁ\@&dﬂh@ﬂa ]W&guu@u‘ad use 40
lowerLimt field to represent the val ue. Publlc"AtHyf es ﬁV\FLL imt :
String | owersiopmre deagribpdby Ge Tpe Pesgrptoradel vrle #i igleﬂ@f—?srpér !
upperLimt Qi 'aﬂ@ hé&%ﬂe'ré‘ﬂr&seﬁtﬂfg@ Srdpert§ e tHeFRRY. THasithd valie bheﬁél’d-ﬁﬂd@H
range Range : Boolean If range is set to true, literal-1 nust ess t han

literal -2, unluagine vbieAs s petighl Hdnypnca ol & lahgupge %’fltwrﬁaawe&h?{aflséhef‘ia&’le& A0 q1
7 FEB 2009 Vg'&n%g!ejrgga? of telde b pHibr 8256k ﬁg@é@dﬂt&@ﬁttﬁ%}’ﬂ@ha&w afPl CTURE

character-string nu consi st of either of e follown 6‘% synbol .
Conbi nat i onsingtindehef thy ddsotecaire, xnd ig deregnipe ‘tétl*f"&rtl?al-’cd(a@rs”é‘ﬁtf‘fed@”‘e 6fdal ning all

As or all gchq(?ﬁ“o%t Afoudetd ﬁQnﬁ%c@Bﬂh@@Wés%ﬂt@ﬁm&], the value of the attribute is
knbwn when the instance is built, because the properties of the fields being described, such as
size and offset within the data structure, arc invariant. But if a field in a data structure is

20  defined using the COBOL OCCURS DEPENDING ON construict or the PL/I Refer
construct, then some propetties of the field (and properties of other fields that depend on that

field's value) cannot be determined when the model instance is built.

Properties that can be defined using these language constructs are string lengths and array
25 bounds. A property that could indirectly depend on these language constructs is the offset of

a field within a structure, if the field follows a variable-size field.

In order to handle these language constructs, properties of a field that could depend on these
constructs (and thus the values of the corresponding attributes), are defined with strings that

30  specify a formula that can be evaluated when the model is used.

However, if a property of a field is known when the model instance is built, then the attribute
formula simply specifies an integer value. For example, if a string has length 17, then the

formula for its length is “17".
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O her clauses: USAGE DI SPLA' SC nust be specified or inplied. Any associ ated
VALUE cl ause nust specify a nonnuneric literal or a figurative constant. 10
Derived from COBOLSI npl eType Public Attributes: JustifyRight : BooleArER 2005
fal se This Bool ean corresponds to the JUSTIFIED (or JUST) cl ause. Note that
JUST and JUSYORR@#97 carry the same meaning. 20 COBOLNuner PEEFSVEIH®)pe The
Pl CTURE character-string can contain the following synbols: BPV Z 9 0/ ,
. + - CR DB~ c¢s Oher clauses: USAGE D SPLAY mnmust be specified or

| mpl i e_d. ?5 'ﬁl@¥or?n%§a?%1le &1%<+¥€$vlé|1:a eclkrﬁi%%.et‘o'[ﬁ@%llo%\ﬁ) /| fy a nonnureri ¢ l ! tgr al

or a figurative constant. The Fifferal i treate exactly as specified; no
editing i s dbbesigkediittegtrsTypes are different fromnon-edited types in that

t he deci nal QQErf\ﬁt er 30 ist.stﬁred,irl. menory for edited types and not
stored in nonlBuioflR¥ng aRthaICtitysEGEAMEO8E, coBOLSI npl eType Public Attri butes:
Bl ankWhersZer o : Begfxgar 35 Thi & pBgilregine corresponds to the BLANK WHEN ZERO
clause. True if BldaMg) BN ZERGfixcaddr encySign @ String This string
represents differ@bfxycts £9ncy gigmsubtaed in the world, for exanple, 40 $,
~, DM etc... DeGipwty).=Bopl eaninfibewbBpoi mal Bool ean exchanges the functions
of the peroid andigepyE s pi Cyue ddlide Nngs and nuneric values. 45 |f TRUE,
deci mal sjar e usedud@x 9= ndaxd3#. 50) 1 f FALSE, commas are used (e.g.,
1.234,56) ,2 - infiEB 2097 Y0 02/ 13007 PCT/ US01/ 24280 COBOLNunericType
Types of numeric j,4R0%) .anGnedy Binary . Packed decimal (internal decimal)
Zoned decimal (external decimal) 1 The PICTURE character-string can contain
only the synbols 9, P) S, and V. For nuneric date fields, the PI CTURE

char act er - st Fliequpddanction iftdefinednsimodthey) skwiset sis thegrdlist noEegatcarietst SYedl i d
ranges PICTUEE Al bikafRnagyRly YabUESIO998 0niiighy) A998 1599 o of hr ough
+99 S999V9 -999.9 through +995._9 PPP999 0 t hrough . 000999 S999PPP -1 000

t hrough - 999DOUMaHE Y HEGOEG! thihebighise-9ubda@ndy-l1zero 20 Ot her cl auses: The
USAGE of thexide0y¢@nibe D SPLAY, BI NARY, COVPUTATI ONAL, PACKED- DECI MAL,
COVPUTATI ONAL- 3, COWVPUTATI ONAL- 4, or COVPUTATI ONAL-5. 2S Possi bl e usage
values for this class are 'binary', 'packedDecimal' and 'display', which
are repr eseﬁl%%a;?ﬂm&%ét%n@% VERERT 2168 bRFiBd Mo mb&S ASE VhiMBAYion [RES Ved

from COBOLSI npl eType o
20  one or more arguments, and the first argument refers to the level-1 data structure containing

the field, and must be either:

* the name of a level-1 data structure in the language model

* the integer 1, indicating the level-1 parent of the variable-size field. In this case, the
variable-size field and the field that specifies its size are in the same data structure, and so

25 have a common level-1 parent.

The subsequent arguments are integers that the specify the ordinal number within its

substructure of the (sub)field that should be dereferenced.

30 By default, COBOL data fields within a structure are not aligned on type-specific boundaries
in storage. For example, the "natural" alignment for a four-byte integer is a full-word storage
boundary. Such alignment can be specified by using the SYNCHRONIZED clause on the
declaration. Otherwise, data fields start immediately after the end of the preceding field in the
structure. Since COBOL does not have bit data, fields always start on a whole byte boundary.

35
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30 Public Attributes: Signed : Bool ean This Bool ean corresponds to the SIGN
clause. True if nunber is signed. 35 SignLeading : Boolean This attribute
corresponds to the LEADI NG (versus TRAILING clause. True if LEADI N& FEB 2005
Si gnSeparate : Bool ean 40 This Bool ean corresponds to the SEPARATE cl ause.
True i s SEPARAMA3M@Ur rencySynbol : char This character rep€BYEN24280 he
synbol used in COBOL to represent 45 currencySign. Qi\&.sg., $ % L~ , D=DM
etc...) truRo PL/Stheisitgptibhes MperromplisaicdnAlizamenhis sesrofpelbhiae Adeesdtaf picture

constraints st onor.ed .f or Ri nar) i T runt
are: sTo,  oPteg s i) SfibRG. B S OB0Tmes Bt saR Bibkg

TRUNC( STD) banfy@r fisating-poive n@GoBEk, a5l iShainoaha) nauhal ouidaipciycieianltand
TRUNC(BIN) are | BM extensions. For nore information on the Trunc attribute,
pl ease refer to "COBOLI VSE Programm ng Gui de"” nunproc : String Nunproc(PDF)
i nposes strictergstangar dxopuReganiples Si gn val ues. 1o Val ues for Nunproc
are: NOPDF, PDF, and MG Use NUVPROC(NCOPFD) if you want the conpiler to
performinvalid sign processing. This option is not as efficient as
NUMPROC( PFDY; obgect jpode a55 sicoBom. || be increased, and there may be an
increase in run-tine overhead to validate all signed data. NUMPROC( NOPFD)
and NUMPROC(M G) conformto the COBOL 85 Standard. 20 Decinal : Bool ean The
Deci mal - Bookhgap, 3fR 808 ptdpesddiilnt cahseRlindififorPes Ofrdh aRdrafoRadard Tt pi Ct ur e
strings and nunerirc values. 25 If TRUE, decinals are used (e.g., 1,234.56)
| f FALSBEO conmwsticgs €QR@Hvgageg. , 1.234,56) COBOL66El enent COBOL66El enent
represents the C%QBG;S% Q@q&vilﬁgﬂdesgfﬁ,tiggr exanpl e: A DATA-GROUP PIC 9. 03
DATA | VALUE 1. ATA2 VAL 2. 03 DATA3 VALUE 3. 35 66 SUB- DATA RENAMES
DATA1 THROUGH DATA2. 66 AKA-D. 4TA3 RENAMES DATA3. In this exanpl e SUB- DATA
refers to contents #4n,DATAl and DApAL,, 40 Public Attributes: name : String

15 01 Used-Car. *> 0"
02 Summary. ks Q"
03 Make pic x(36). > 0"
03 Model pic x(44). *> 0 "36"
03 VIN pic x(13). > 80"
20 03 Color pic x(10). > 193"

88 Red value 'Red'.
88 White value 'White'.
88 Blue value 'Blue’.

02 History. *> 103"
25 03 Mileage pic 9(6). > "]03"
03 NumClaims binary pic9.  *>  "109"
03 InsCode pic x. L A
03 Claims. > "]]2"
04 Claim occurs 1 to 9 times
30 depending on NumClaims. *> stride(1)="157"

05 ClaimNo pic x(12).
05 ClaimAmzt binary pic 9(5).
05 Insurer pic x(38).
05 Details pic x(100).
15 02 Price comp pic 9(5)v99. *>  add(112,mpy(val(1,2,2),157))"

The offset of Model is straightforward, and is given by the formula "36". So is that of Claims,
which is "1712".

40  But because the array Claim can occur a variable number of times, the structure History is a
variable-size field. Thus the offset of Price, which immediately follows Claims, requires a

more complicated formula, involving the array stride (the distance between successive
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Specifies the nane or handl e of the COBCOL66El e, nent. 45

COBOLFi xedLengt h. 4rray A COBOLFi xedLengt hArray shoul d be instanti ated
v~henever the source for a COBOLEl enent has the Foll owi ng syntax: LEVEEER 2005
ELEMENTNAME OCCURS X TI MES. where X can be any integer 1 or higher. 50 5:1
- 7 FEB 20057 Qu2/t®hs00~ rcT/trsovaai so In the case when nBXUSPER4®hax upper
bound) bel ongs to Fi xedArray, maxUpper denotes the upper bound of the array
that is all geakfe alofg MEFERITY dithesln). Fbogetm, tewnid pniyonatineysod agbthe) in the
case of COBOL but is included for consi st?tq,nc% V\ﬁftﬂ her. | anguages and for
clarity. cofompBdaiEwideie" PrCTORENE FIFAET Y De PV ‘d4% Eont ai n t he

symbol s) G G andg By ormNvdraee)@s+4)P or N represents a single DBCS
character position. The éntire range of characters for a DBCS literal can
be used. to O her clauses: Wen PICTURE cl ause synbol G is used, USAGE

DI SPLAY % Me§L fips‘?%@gﬁgﬁtfg'fgﬁa/al\é@ﬁﬁioﬁ)lisqf%ﬂﬁ% Bd6iBe GYITROAtaiNNE SheUarRE at WBAGE

DI SPLAY-1 is assu es not need to be specified. 20 An%/
associ at ed VibleURweChise istodte ssmelbvelyl srupBesUsdd @rads the figlfhd rfcegtiiost piisst

constant SPACH. SE ‘QB%TH}{ S SHRLERs Zre DUAES, MRTirGha¢r@Gkethe Derived

from COBQSi’%%F%ﬁWK pha u%grt\?c%ﬁlgﬁgryge 25 The lIgl CTURE |

char act er - stsedond inmediste sttebmporteet, Hotdrpvif Bhjeds Cab dhe secand meays ghat thyHgldde rj ng

must cont ai t |east,.one A or tey: S ; zero) or /. The
efer QDR Chimb. ( )

contents of %Fﬁﬁleheé’ﬁﬂ 'qulnsctsgicrl0 gr@“ﬁ%\ggto?(ﬁl%@?’%st be two of more characters

fromthejcharacter set of the conputer. 30 O her clauses: USAGE DI SPLAY

st be Spegt i es Qfed BbESH AR ATSPELAL ARG, SRS, st Speci(y

nonnuneric | 've tons iteral is treated exactly
as speci f i edubdoenpeslént bhigvdld stoctere C35-Daek, sd thEy gesabiivaction fwoslddst valiCewn

non- edi t ed tﬁ(}éeg Jn that the decimal character is stored in nmenory for
edited type #dnot stored in non-edited types, Derived from

COBOLSI npl eType 40 COBOLCl assifier COBOLClassifier class is the parent

cla of COBCOL osedType .and QLS npl eTyne.. I . ef
attribut & 'I(H(%Bcﬁggf"g?}\%f?%{?@p’f‘?\i‘srﬁ(%:l%?w? hgpo&g? é@tderQ%@g%@bsq Re %@%%_a%?s as
| exi cal 45 syfast iHe StYINOTHR GNIABDAE aiise isspeqifiel o6 thadatodeclaReioh dipecifyireg TYPE

cl ause by everythin l.owi ng t he TYPEDEF ke ra. . Then t.er j i ng
the | evel nu%‘é?gRQg‘Biglbrf?‘é"tsea%ﬁ?m?'%f ‘F‘E‘gﬁlu?ll%h%&é&f’ gh%enqﬁéﬁg?&négﬁﬁ%g%ept
for the adj usteshckeaps" misrbrrisgudie MaepivigConviiérahe followies dete srubngd, whithds

Gescri be. t hodgiiegp degu G Lo b OF sTatHR ORI il TaLREr Than

20 *> Field Offset
01 Used-Car SYNCHRONIZED ~ *> "0"
02 Summary. *> 0"
03 Make pic x(36). *¥> 0"
25 03 Model pic x(44). k> 136"
03 VIN pic x(13). *> 80"
03 Color pic x(10). > 193"

88 Red value 'Red'.
88 White value 'White',

30 88 Blue value 'Blue'.
02 History. > "]03"
03 Mileage pic 9(6). k> "]03"
03 NumClaims binary pic9.  *> "110"
03 InsCode pic x. ks "]12"
35 03 Claims. ks 113"

04 Claim occurs 1 to 9 times
depending on NumClaims. *> stride(1) = "160"
05 ClaimNo pic x(14).
05 ClaimAmit binary pic 9(5).
40 05 Insurer pic x(39).
035 Details pic x(100).
02 Price comp pic 9(5)v99. *>  add(add(1]3,mpy(val(1,2,2),160)),3)"
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- 7 FEB 2005 wo 02n3o00~ rCInsoma2so A sinple way of enforcin

standards for financial data: Definiti on:rrpl uni %lormam)unt tgnggl‘o usage
comp pic s9(QVvI99 synchroni zed. Reference: 1 account-record. 5 -7 FEB 2005
prior-balance type uniformanmunt. 5 current-balance type to

uni f or m anowe 02/B®7Der i ved from TDLangC assifier Public ARGy Typedef
: Boolean |5 User-defined types are introduced by using the TYPEDEF
attribute, and referred to by the TYPE clause. If type is user-defined,

'‘typedef’ = true, TypeDef = False for Redefi \ o '

Speci fies thePesyine t%‘i’b‘ﬂﬂﬁgﬁ‘leléjs 8¢ ﬁ’?ﬁé‘”&‘:&%@ﬁ’“‘g%@g@ ﬁﬁ“%é%%%ﬁ?%ﬁ%@g? ?aé’?l'gpe
The PI CTURECph®! Agt&fucsd fall gz daowe antshtinbyred"yintohise syntbrsl WArkizstoglewaont ent s
of the itemin standard data formas st . nﬁl st qof any of ot he . l.epters of
the Engli shthid psRdipets afefiveromepsdtae’y e g Bpfie S %§A§3@%DI SPLAY
nmust be spe tgbie&lldg{nglbgweb,ggjﬁle, Vin@&sRciahed VALUE cl ause nust specify a

nonnuneri c %’tera containing 30 only al phabetic characters, SPACE, or a
synbol i c-character as the value of a figurative constant. Derived from

CO_30_Si npl eRyp i i Y ad i ; s
Thi s Bool eaEchag'raﬁgg’%g%ﬁ%t&tlgﬁ’ﬁ?g}dﬁgﬁtg?l IS J‘(dlgt% ﬁc?pamécg'm \gllﬂgﬁgg‘.ﬂaamtzb‘{t ﬁlg?e\] UST
and JUST R @GdRligameny of ¢neh slgmentrpd Hisiapgy- IEEBS@’SW%&‘PER’)@F‘&C%WFQW &P obj ect

ref erence type poi.nts Jolo)! ec 1 S BS)mNS Akt - BIE~
CRIECT RerEMER B e A BB o b oo mate L o
opt i onal (oDeffli+edrds tang) ICOBEIOSE byse paFYyp &ullrword bogndayps XEBBONREBY tg’%ﬁé?tes of

PCT/ US01/ 2d280, Publ i ¢. ALtT | . class e 0eSEN
the obj ect PRI RUGHLY Pl @ IR e bRt o B i® ontar ne ¢ he

IeDml;) : re Zour @gcmmd&s(s’onmmnbiym@ stawhame iy ks)pastaduli-werddpy pdar wikedhs fiisk 2B iASer
ublic Attributes: source : Stri i o i ' Th
Uni code typéh‘}‘sélﬁéer%’s‘gﬂ}tlgscfg{ﬂiguéétt@rg’e%é#ﬁb%g?sctglggg?gmt. 1 rt[l)g%?\d/ggy??om ©
COBOLSI npl eT¢perence.

15
Finally, after padding, each occurrence of Claim (starts and) ends one byte past a full-word
boundary, so COBOL puts three bytes of padding before the binary field Price. As a result of
all these extra bytes, the formula for the offset of Price has changed considerably from the
unaligned example, and is now:

20 “add(add(113,mpy(val(1,2,2),160)),3)"

There are several differences between the OCCURS DEPENDING ON construct and PL/I's
Refer option.' Storage for COBOL structures is always allocated at the maximum size,
whereas PL/I structures are allocated at the actual size specified by the Refer option. It is

25 legal and usual to change the number of occurrences in a particular instance of a variable-size
COBOL array, and this has the effect of changing the Jocation and offset of any fields that
follow the array. For PL/I, the value of the Refer object of a particular instance of a structure
is intended to be fixed during execution Thus aligned objects following a variable-size field
are always correctly aligned for each instance of the structure, because the amount of padding

30 is computed uniquely for each instance, as determined by the Refer option. By contrast, the
amount of padding for any aligned fields following a variable-size COBOL array is
computed assuming the maximum array size, and is fixed at compile time. If the array is
smaller than its maximum size, then the alignment will typically be incorrect. For instance in

this example:
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COBOLI nt er nal Fl oat Type The COBCLI nternal Fl oat type captures the way
floating points are 2p represented in nenory. For exanple, the value 123.45
is represented internally as 12345 with the inplied deci mal narked ﬁﬁﬁﬁ
3 and 4. Possible usage values for this class are 'float'_and do%)

whi ch are repPéEBAt’ed by conp-1 and conp-2 decl arations, ?%BB%%?T ely. 25
Derived from COBOLSI npl eType COBOLExt er nal Fl oat Type The COBOLExt er nal Fl oat
type captures theawswe fl oating points are displayed to the user.

COBOLExt er nal Fl oat fyipery par® t he same as 30 COBOLNuneri cCditedTypes with the
exception that theepb&obass brot/timesidgrendizgoné. t he manti ssa and the exponent.
For exanple, the vabmerykd(45 may be represented in ExternaIFIoatType as
+I2345 Es-2 Possibl e usage values for this class are 'binary',

' packedDecimal ' and 'dis . 35 Derjved fro

COBOLAddr es §ORPyipeer ﬁﬁ @?@ﬁﬁ@?ﬁp@hq§%ﬂggﬁcgggkﬁ%§§%cmyﬁﬁg§On]ointer
val ues, andt@ggggg%tgﬂgéagghuMabqg&z 40 Possi bl e usage values for this
class are'index', 'pointer', and procedurePointer'. Derived from
COBOLSI npl eType 45 CCBCLEIenentInltiaIVaIue Derived from TDLangEl enent 57
- 7 FEB 200%@&%&\%0&2f?ﬂlam&%%%m?ubt;dwomudﬁ whbinestuitoiel Maklso St ring
val ueKi nd : I'ni tialValueKind = string value TOTALS: 5 1 Eo gi cal
Packages!023 pGipagisesf 4r@%. &h PhACRACHAISTIISSTOREOL defs@al have BHF wyih o TDLang
5 b. PL/I %Ré\@foﬂg%lua;]sh thPLr%h J ARG GG Rl asRdelultipte %ﬁﬁdtpﬂylnaﬂicﬁmﬂ(ﬂ_e
application prograns t e data 15 structures (semantics) which
repr esent cmamGUWQDfMHWBmta@bshnqwmgSWﬁﬂaﬁﬁﬁ@F is a MOF C ass instance at
the M2 |evel. FlI RE 16 illustrategs,a,PL/sh» | anguage nmetanodel, which is
usabl e by appllcagdp <$599%9ﬂ5 t 0. defl ne «gata structures mhlch r epr esent
connector i nterl ac&s”Ih oSy AL MP cl ass instance at the M
level . FI°GURE 17 illustrates theﬂ‘ 30 ] sifier, the

TDLanguageCowposedType and the TDLap ﬂd@went for the 20 PL/I
Met anodel . FI GURE ygtr {es £ ;3t.ons of Mbde Val ues, Base Val ues,
Lengt hTypes) and rlng ypeVva

uesk PLj/l Metanodel. 5. b. i. PL/I
Met anode]  Specification 25 PLI " gpgu age netanodel is used by
enterpriSe application prograns tp lad»a structures (semantics) which

represent connectoy jnfer , angrage.grodel for PLII attenpts to
descri be PL/I decl%?él"?%é%gﬁéoa%F??ﬁh‘sigg «| ass of either PARAMETER,

STATI C or BASED. CONTROLLED, AUT FI NED are not supported 35 In
the PL/I_|anguages, extents( thatut |l engths, area sizes and array
bounds) Hﬁy, in general, be declare constants as expressions to be
eval uated at run-tinme, as asterisks, or as defined via the REFER o option;
however, nomEneafrogriesen ehoicsdisesar erevalay By buncraling e disagidlers! sayager folds,

for example, d/(2) or d2(3, 4), but the normal kind of reference is to the low-level elements
using the full sequence of subscripts, for instance, el(4, 5, 6). To locate element el(m, n, o)

30 using these stride formulas, one would take the address of a and add to it (m-1)*168 + (n-
1)*28 + (0-1)*4. For COBOL, the lower bound of an array subscript is always 1. That is, the

first element is always element(1), and vice versa.

NeedJess to say, any dimension of the array can have the OCCURS DEPENDING ON
35 clause, and the array can be followed by other fields, which complicates the formulas a lot.

Consider the example:

] a.
2 x1 binary pic 9. *< offset = "0"
2 x2 binary pic 9. *< offser = "2"
40 2 x3 binary pic 9. *< offset = "4"
2d] occurs 1 10 5 times *< offset = "6"
depending on x1. *< lbound(l) = "1"
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- 7 FEB 2005 WO 02113007 PCT/ US01/24280 Based vari abl es whose extents are
not constant and not defined via the REFER option are excluded fromthis
nmodel , as are paranmeters whose extents are specified via asterisks.7 F68 2005
TNITIAL attribute (which is not valid for parameters in an case% will be

i gnored by tweonsasl . PLI Si nxpl eType PLI Sinpl eType is an %%‘%'t’ﬁ"é[c’: 8¢ ass
that contains attributes shared by all tp sinple types in the PLI |anguage.
Derived from PLI C assi fier Rlbbhoadd(@heritalt/5)* A PLI Decl aration represents
every data definition in the sRide(rotpratmi(~2) Femvad{apl)e: DCL 1 Enpl oyee, 2
Narne, 3 Last chaB@29)curs2lod thidsdk offsar'29), 2 Deparnment char(5); where
Eenpl oyee, Nane, Lagpendhiglontx2. artd [hepd2y ment are all PLI El ements. ntation.
25 Derived from TDLangEl enent plubdicg=Atdiflihutes: level : String 30

PLI ConposedType PLI Conposediypedi(3) a "epyladii)en’ of nmenber el enents that can
be structure, uni oNgpin@fy Mt §OENEALRevarcabl es and arrays. PLI ConposedType
has a singl e aggreggtd,A LT s lwdboali3s) he" el ements that are a part of
this conposition. 33,8,85FBEIHr e iBommddt-2aggBRgat e whose el enents need
not have identical attributesgsylike=ap array, the entire structure 1S given
a nane that can bfbgﬁ,ﬁ@ﬁipg(ﬁﬁf el tred e sEAdue aggr egat e of data. Unlike an
array, however, each el’enent” of a Structure also has a nane. 40 A structure
has different levels. At the first level is the structure n called a

nej or st ruct@menting thaadthespef a pastiaiar glegentisill ipebss B S%GB&‘"F‘H%&’%@"‘%&H ed

m nor st ruct yngs.., é?\tnplteh‘rﬁegqg‘se@ﬁeszrxdd?crsseofteh@ne%{ QBN oNaRSabed d@fhpRliegeat ary
names. An el'@mgmt ary name” 1 n a structure can represent an array, in which
case it iss rgttaldiy theadshresmein andaddiapkelt: but an array variable. The

or gani zati on of ng(ms_ LUSHAY . o1 sRRgkd) £6.1 PufaRECLARE statenent through the
use of level ﬁ;lr )k egf!g}*{jcg i %&39@43']\:91?1?9 Dahpsy. | evel nunbers nust be
S is de

i ntegers. A mgjor ructure na clared ' wth the | evel nunber 1. -
7 FEB Z005 WD 02/ 13007 PCT/US01/ 24280 M nor structures and el enentary names
are decl ar edSiwiiltdy, krevedtridefrverlss ay ead erthe feamula forfkreoffese i pti on of a mgj or
structure nane is,term nat j ng: The decl aration of
anot her ft emwithags{é’é'\zf’gﬁ}aﬁﬂrlrg'é]fﬁgﬁq(i?g'%g{glvg&g??)gan of another itemwth no
| evel nunber A semicolon termnating the DECLARE statenent A delimter
(usual Iy a bl ank), nust sep@rat q,ﬂ/*]e | evel number and its associated nane.
For exanpl e, 't he q'tem‘:)' of @ payroll can be declared as follows: ~5 DECLARE
| PAYROLL, 2 I1NAME;ivéh thASTIo@HARI@DYre 3 FI RST CHAR( |5), 20 2 HOURS)

del /* offset #/
25 1 ¢ unaligned /g st/
,2c¢l /% "o" */
3 ¢2 fixed bin(31) AL %/
,3¢3 fixedbin(31) /¥ "4" */
,2 c4 /a0 18" %/
30 , 3¢5 fixed bin(31) VAR N i/
,3¢6  fixed bin(31) VAT k)
,3¢7 fixed bin(31) /% 18" %/
2 ¢8  fixed bin(31) /%207 */
2¢9  char( * refer(c7)) /¥ 24" i/
35 ,2¢10  char(6) /% "add(24,val(1,2,3)" Y/
2c¢ll char(4) /* "add(add(24,val(1,2,3)),6)" */

The offset of ¢3 would be given by the simple formula "4", but the offset of ¢10 would be

40 given by the formula:

"add(24,val(]1,2,3))"

(%]
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3 REGULAR FI XED DEC(5, 2), 3 OVERTI ME FI XED DEC(5, 2), 2 RATE, 3 REGULAR

FI XED DEC(3,2)) 25 3 OVERTIME FI XED DEC(3, 2); Indentation is only for-7 FEB 705
readability. The statenent could be witten in a continuous string as

DECLARE 1 PAYROLL, 2 NAME, 3 LAST CHAR(20), 3p etc. PAYROLL is declared as

a maj or st MBNont ai ning the ninor structures NAVE, HSJREMZHY RATE.

Each m nor structure contains tw el enentary nanes. You can refer to the

entire strughdfi@ Qk’urﬁéﬁ@mﬂﬁ&ﬁao?&ﬂ?@d&:ho@fs 1t @hlﬁﬁnﬂmatei; toesunént stetwse, cutiteur e by
the m nor structurée nanes. You can refer to a eferrln\%ltzo an

el ementary AEDSRIUETHENEYERIER AR Sy § %&Pgé%é%ﬂetplf‘g?]e@%tcgséﬁ tb‘aéTecon AN

llevel s needspat O 1GOHFEGWeldéRicréhced, NOr structure at |evel n contains all
t he nanes vvlth (ieve 40 nunbers greater than n that |ie between that mnor

stlvcture name and the next name with a | evel number |ess than or equ_

to n. Ddeskaet Btud il lop of@@%&\%uﬂd HRANREbY- , 45 4
NAMVE, 5 EAS#“%R&%F é'fo‘{ﬁysseq@?z FeRRe 150% REGULAR FI XED
DEC(5>2), 5theSoldERYfoEulr] XED DEC( 5, 2), 2 RATE ~~o ~ FHB zo~~ WD

02/ 13007 3 REGULAR D y 3 OVERTIME FI XED DEC( 3, 2); rcTiusom2so0
5 This decl arati oﬂ ‘F‘é‘é@t‘gﬁﬁgéﬁa{ctly the sane structuring as the previous
declaration. Derived from PLIC assifier, TDLangConposedType Public

Attri butes: i 0l ol ean P I RlsHEted b AEnih N hkpin
attribute sﬁgﬁsgfwégregwp? REEi'S HO\)‘/)%SX@E%? ﬂ\%{:dﬁlgdg\{asss?%ne%ﬁao Ig;lllé\)l!arl agﬁ) e a
the timeost of agdolicvied suactateed for it. Only one initial value can be
specified for anAFLement vari );) More than ape can be specified for an
array vari abl e. tructure or ?ﬁ n variable cap be initialized only by
separate initial i 7 Lia »of 20 ,el enentary nes, whether they are

el ement or array v I?] e I/ITI,, | attrlbute/cannot be given to
constants, defi ned € ’nt r l I ed. par anet er s)/ and non-LIM TED static
entry valSi abl es. g;f tribute has thre/e forms. 1.The first
form INTIAL, spec?f’ dé’H“

% 3@%&&, ‘f“’](ﬁxm‘ﬁfs"/on or function

ref erence, for whié e vaI ? abl e when storage is
allocated to it. 30? 2 g%’cﬁ)f QI\}I}I'IAL CALL,, speC|f|es (with the
CALL optl on) that a3b%é"c? (nvg\ﬁ‘g o) perform | nitialization. The
variabl e s initialized by assignment during the execution of the called
routine. (Thgen@mtonsr i %w@ﬁ)by Sﬁ(u l]V)Q&ﬁeldn asieatofpunmmm -bytaboundbryr MgI pitval ue

to the point of invocation |, TL AL T i t hat
the pointer qymeeded B3dgeE bﬁﬁ?“?ﬁ @'F%')”O l?twer‘?f‘tcﬁ 3’“@% d%rhce tth%g ?gé@h@?et he
character stg,{,ég,ggystp@gguéwm fdrtutahe NI TIAL LI ST. The string also has the 40

attributes indi cata%g((gl?md(wg(m[?] 5%\/\9} r,d. Derived from TDLangEl emenc

25
So if bl contains the value 3, then this formula becomes add(8,mod(neg(3),4)), which

evaluates to 9. Le., there is one byte of padding between the structure b and the structure c.

The model also uses these formulas to specify the bounds and strides in an array, where the

30 stride is defined as the distance between two successive elements in an array.

For example, in the following structure, the second dimension of a.e has a stride specified by
the formula "4", and the first dimension by the formula “20":

dcl
35 la, /* offset = "0" */
2 b(4) fixed bin(31), /% offset = "0" */
/% [bound(1) = "1" k/
/% hbound(1) = "4" #/
/% stride(1) = "4" */
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~g Public Attributes: initialValue : String ValueType : PLIIn.ital Val ueType
- 7 FEB 2005 WO 02/13007 PCT/US01/24280 PLIC assifier PLI type Derivedrhn
TDLangC assifier 5 PLI SourceText This class contains the entire source co
(including coments) and its associated |ine nunber. Public Attributes; 1o
source : St M@ep/Bi7eName : String PLI Coni putational Type |BCEBHYAEY i onal
types represent values that are used in conputionals to produce a desired
result. Arthmetic ang /skd bingidat aregfnsEt'ut'e corputi onal data Derived from
PLI Si npl eType 20 PLI Arithreti/elivpei(Ar+tneti ¢/data are rational nunbers 25
Deri ved from PLI Conput at i onal FypanRubkit¢” At t+i but es: node : MdeVal ues 30
PLIStringType a string is a se@uRRAGe=0k" con¥i guous characters, bit,

ci dechars, or gra@g(gﬁc;;agay va@piBe,t I padseel 2@ si ngl/e data item Derived from
PLI Conput ati onal Type 3s PLI I niggmrdype “Pecl ayed as Fixed Bin. with
precision and scale factors. Ahg,phg)si-gn isxthe total nunber of digits and

the scale is the nunber of digifg,.t/p=tge right of the binary point. 40
Exanpl e DCL bi ndata

| sIN/ k (/% ,3%; 490Ul dxpe used to present the’
nunber 1 D 1 | .11“1e(%5t)|\ﬁ”§tybi"g§éogg gﬁﬁ{nys, 3,0of which is to the right of
&?g(]

the binafy point. r2 - 7 FEBZ D 442118( 1i 17 PCT/ US01/ 24280 Deri ved
from PLI ArithneticType /¥ stride(1) = "20" %/
/* lbound(2) = "1" */
/* hbound(2) = "5" */
15 /¥ stride(1) = "4" */

This means that to locate the element a.e(m,n), one would take the address of a.e and add to it

(m-1)*¥20 + (n-1)*4.

20  If the example were changed slightly to:

del
I al4), /* offset = "0" */
/¥ lbound(1} = "1" */
25 ' /% hbound(1) = "4" */
/% stride(1) = "40" */
2 b fixed bin(31), /* offset = "0" */
2 ¢ fixed bin(31), /% offset = "4" */
2 d char(7) varying,  /* offset = "8" L7
30 2 e(5) fixed bin(31);  /* offset = "20" ¥/
/¥ lbound(1)="1" */

/% hbound(l) = "5" */
/¥ stride(1) = "4" */

35 then there is padding between d and e, but the user of the type descriptor can be blissfully
unaware and simply use the stride and offset formulas to locate any given array element. -
The stride for a is "40", the stride for e is "4", and the offset for e is "20". This means that to
locate the element a(m).e(n), one would take the address of a and add to it (m-1)*40 + 20 +
(n-1)%*4.

40
Finally, if the example were changed again (o:

del
! a-(4), /* OffSef = "0" =|~'/
/% lbound(1) = "1" i/
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Public Attributes: precision : Integer scale : Integer Signed : Bool ean

Bi gEndi an : Boolean = true to 15 20 25 PLII',|o0at Type has precision_z F%A
deci mal floating-point constant is a manti ssa foll owed by an exponen?. '?HBUS
mantissa is a decimal fixed-point constant. The exponent inT)g%@l/ZI“%ter E
fol | owed by ¥®8BA#N%nal |y signed integer, which specifies wer of ten.
Deci mal fl oating-point constants have a precision (p)) where p is the
nunber of digits of the mant isklaumdixenfd’es dfe: | SE-23 15E23 4E-3 1. 96E+07
438E0 3141593E-6 003141593E3/hasdgieci€i'on *# 2 has precision = 2) has
precision = 1 has pnewesbifsly 3 Hagfspre®i'sion*s 3 has precision = 7 has
precision = 9 The bagd) pirg exanlofse: €@l esent/ t he sane val ue (al though with
di fferents precisions). 30 The* halal Bt ti"but & for decl aring deci nal

fl oati ng-point vari abl es are /DEkduviL) angl’ FLGAT. For exanpl e: 35 DECLARE

LI GHT YEARS DECI MAL FLQAT(5) y/+ bd-#8(T) YEARS reepresents deci mal fl oati ng- point
data itens W th at )l gast7pard mal: gisgit 8" 40 45 A binary floating-point
constant is a mantissf el hiowes by Ak exponent sand the letter B. The

mant i ssa“%)s a binary fixed-poiMouefnst ant . Fhe exponent is the letter E,
foll owed by an optionally sigrgg,ggghaek-intseger, ~~~hich specifies a power
of n{)WO Ei Bary floating- poi nt/.copgtpntg hawe akpreci Si Oﬂ? (pd) \é}/neredE)I is the
number o i L Hhdisi argt 88 camputatiddd fdr aClbeSihenas
preci si on = @g'[‘\ébig‘%%"@t?%?éQ'Sragﬁi%agﬁaiat?gs?& O 505 WD 02/ 13007
11101 E-28B he@sespreci sion = 5 11. 0l E+42B has precision = 4 5

PCT/ USOl/l§4280 The data attributes for declaring, binary floating-point

vari abl es” are BI NARY and FLOAT. For exanple: DECLARE S BI NARY FLOAT (16); S
represents bTeastrydeffbiormit sty =400i the stdde far ¢ seAs(owi this "4 BRETELHN S0t PEEH: nar y

g;g: Er:l =5 The e l];y%éj LiksePEEEESUOR G Scatedtle dleme & HRONGRneERMAM A tBXCRBEsS hr ee

and a bit offset. For the byte address, one would take the address of a and add to it (m-1)*40
+4 + ((n-1)*4)/8. The bit offset of a(m).c(n) would be given by mod((n-1)*4,8).
20
4. e Type Descriptor Specification
4. e. i. TDLang Metamodel Specification

TDLang Classes - General Overview. TDLang classes serve as a layer of abstraction

25  between any CAM language model and the TypeDescriptor model.

Since any CAM language model can plug into the TDLang model, the Type Descriptor

model only needs to understand how to interface with TDLang in order to access any CAM

language model.

30
The TDLang model does not provide any function on its own and therefore only makes sense
when it is attached to a language model. TDLang is common to all the CAM language
models and is the type target for the association from TypeDescriptors to the language
models.

35

Note all TDLang classes are abstract and they serve as the base classes to the language

metamodels.
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digits. Binary floating-point data is stored as nornalized hex

_ adeci nal
floatingpoint. .lf the declared precision is Iess than or equal to (21 BEB 2005
short floating point formis used. If the declared precision is greater

than (21 ) and less than 2p or equal to (53), long floatin i
used. If thewdevi®ed precision is greater than (23) ext B %Hﬁ 1kaaf O S

floating-point formis used. Derived fromPLIArithneticType 25 Public
ALLT T but es:rhasecisaGe I IUASCING AR Bitrparent tiaegénll IBEBge-sBodicédssificr al se

Bi gEndi an : Bool éan = true :~0 PLIP cke The. dat
ggcgar: ng debsm&ndfTD(leﬂilgﬁémﬁQse‘i/Tafﬁ’F d’a%‘ gﬁ?ﬂerl\ylﬁ??asg?fg&“tﬁ{flﬁfé%w%or exanpl e:
ecl are e "
1 xed- pol nt Al GG R R Sre fo 1o the. T ght o1 m{“{i‘““*
€

poi nt. Theseahdubbenakpd é@*atltﬁé'c'ﬁfa'?see"B" o1, "gedyed’7 g pTIReL fptihg as Efaé’oﬁés g eaecBI !

fixed degi n%:o'griaqe la_gg‘;f@@%g%og% f/% @agsﬁ&ﬁ %ﬂb&dﬂrMW@m@demldn@tts Thi s

exanpl e 5p 13007 declare C fixed (7,-2) deci ;
. mal ;
rcTmsona2so speC| f| es that C has a scaling factor of -2. Thi(s ma?ans that C

|h (r)ll:?ZmZ:n? !sgl ’#’B& ! ag gi nﬁ%\en%gtgl? Z;alllglnt &%@ of 8] l%ggﬁgeg%ecﬁ@@lexﬂeﬁt

decimal fiXxed real (3,2 to
speci fi es thadssd mpmcﬁmegir)aaeﬂlﬁlmedﬂp&spmtmﬂa& gerped ﬂomltbq lt‘%g“a&est()f V\/Z’ll ch are

T ractional. Deri Xlﬁgm{r)réogs]rsop%éﬁ)trplﬁl C%Sm?e-!:_yl.cpﬁlegr'\lntpd‘l% LT nddsbdi Rish Sould®eeci sion

| nteger scaPEe ur e Umer i c

picture data is nuneric
dat a thafg i sniRédh vblatxléha[xa:@sﬁeet” frar mrmedime@flefcwgmtrwmqamhmqeewe;dﬁ@ﬂz the
Public Attributes: pjctureString : String |I'LICodedStringType 30 Derived

fromPLIStri‘ﬁ’@ﬁP?%fe‘“W?lic Attributes: type : Stri i ;
Lonat hryoe 55 ype : ri ngTypeVal ues varying :

The tdLangElement association is derived from the Janguage's "+element" association from
Classifer to Element class. The association should be marked "volatile,” "transient," or

15 "derived" to reflect that the association is derived from the language model.

TDLangComposedType. The TDLangComposedType is the parent class of all language-
specific ComposedTypes.- The TDLangGroup association is derived from the language's
"tgroup" association from Element to ComposedType class. The association should be

20 marked "volatile," "transient," or "derived” to reflect that the association is derived from the

language model. The TDLangComposedType is derived from TDLangClassifier.
4. e ii. Type Descriptor Metamodel Specification

25 The Type Descriptor package defines a model for describing the physical implementation of
a data item type. This model is language neutral and can be used to describe the types of
many languages. Inspections of the type model for different languages can determine the
conformance possibilities for the language types. For example, a long type in Java is often
identical to a binary type in COBOL, and if so, the types may be interconverted without side

30 effect. On the other hand, an alphanumeric type in COBOL is fixed in size and if mapped to a
Java type, will lose this property. When converted back from Java to COBOL, the COBOL

truncation rules may not apply, resulting in computation anomalies.



PLI Pi ctureStringType A character picture specification describes a
fixed-length character data item wth the additional facility of -7 FEB 5
i ndicating that any position in the data itemcan 40 only contain
characters fromcertain subsets of the conplete set of avail able
characters. WOUH43MEter picture specification is recogni z&4TH§*1 0
occurrence of an A or X picture specification character. The only valid
characters iApgeegalaBisatde®D. P teuhensics pleai dziegdte, dreraisen Jgstaace dtils dassEach of

these specifies the presence of one character si tdon.in ter
val e, it crodi Boran of 1 aeaiepiont mop ogeat B ska b ohopts BRAE
PCTI USOL12428RsFier en dSwntadiylashiageComposed Tygean@ Bflopabsiskdottion to its

conbi nati ons represented by the 8bit byte. A Any al phabetic character, #,

Q $, or bl &Hdrem Any digit, or blank. (Note that the 9 picture

speci fication chgy.g¢tfhorh hsRHEBDBEseChar acter specifications is different in
that the correspondi ng character can only be a digit). Wen a character

val ue i s assi gnedBubbie Attribwef erred, to a pictured character data item the

particul ar character [uqoga&jg]egpgifgl%eon is checked for validity) as specified
by the corresponding picture specification character, and the CONVERSI ON
condition is rai destingaisheawhetherths Egrdzaicncs sxlusiveise ¢ SFUCtyre) GLEIEe{§E: t he
val ue either vi a reco doriented transm ssion or using an alias, there is no
checki ng). For exanplé: DECLARE PART# Pl CTURE ' AAAQ9X' ; PUT EDI T ( PART#)

(P AAA9OX ); 20 Thenibrok trosisterpee alight be aveslaidzni ds § wpul FhRTerprelafien o3 bbb0oof
~ 5 '"XYZb 13 Th% }‘]tgllltlrr(])zy\,ibggmé/e%{ﬁes are not valid for PART# (the invalid
characters are underscored): 35 40 ' AB 123M 'ABCi | 2' ' Mo#A5;' Derived
fromPLI StringType Public Attributes: pictureString : String

PLI NonComput gl 0! TYhe, AERYGSGAL SufliGay gk 27 o used o cont ro

execution of consists ol l owi ng data types--area,
entry, 45 | abel) HublieAtifioutesat, poi nter, and offset. Derived from

PLI Si npl eType PLI Label Txrpgd.A _I.apel is a |label constant or the value of a
| abel valiable. GG ~ Arayaisn:-m

Alignment requirements in addressible units for each element in the array.

strideFormula : string

A formula that can be used to calculate the displacement address of any element in the
array, given an index.
20
strideInBit : boolean
True indicates strideFormula value in bits
False indicates strideFormula value in bytes
upperBoundFormula : String
25 Declared as a String for instances when this value is referenced by a variable. This
attribute supplies the upperbound value of a variable size array
Upperbound is required when traversing back up the entire structure.
lowerBoundFormula : String
Declared as a String for instances when this value is referenced by a variable. This

30 attribute supplies the lowerbound value of a variable size array.

InstanceTDBase. InstanceTD has instances for each declared variable and structure

element.
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- 7 FEB Z005 WO 02/ 13007 PCT/USO 1/ 24280 A | abel constant is a name witten
as the label prefix of a statenent (other than PROCEDURE, ENTRY, PACKAGE
or FORNVAT) so that during execution, programcontrol can be transfemnrgg

that statenment through a reference to it. 5 1In the follown line o code
for exanpl e,wébspdersi s a | abel constant. Abcde: Mles = SPEIPLHEUMRY. The

| abel | ed statenent can be executed either by nornal sequentl al execution of

i nstructi ong, ar4 hy h'x%h 48 ah Vst Ti lﬂtf’rﬁ%@%mmﬁ@nﬁm@ltstﬁeassmnmtonoback@ it from
sonme ot her pol n‘% At he I

program A | abel varj ah ve ano el
vari abl e or TBLhr@Edaelmemc)rﬁ@sltoshht e arseqiajign & TBLangGlassin W%ﬁ@ﬁ@ﬁ pﬁlﬁnagg??or%ircr)eaﬁt is
made, the epvironnen assigned to the target. If you
pgtai;sgclgt i bgcfl%l}ﬂ{a‘?%é'ﬁ?él@@schﬁt@?ho&e‘i

declare a s to have initial values, the array is
treated as nonasm\lgrcamldmtezo A | abel variable used in a GO TO st at enent

must have as its a{ %%%? constant that is used in a block that is
active af the ti ém % s executed. Consider the foll owi ng exanpl e:
25 decl are Lbl _xal phebla fdrkhleaatirgttiae effsehio thegtary ¢|thipinstancst enent ; 35 40 Lbl _x
= Lbl a; 45 sp go to Lbl x; =7 FEB 2005 WD 02113007 PCTI US01124280

Lbl _a and Lbl b are |abel constants) and Lbl_x is a |abel variable. By

assi gning Lbl _a tmisldakibdte lstmengsﬂeammmaaoﬂ@mlwaxs be aiseerryabent?ol “to

the Lbl _a st atenent . El sevvh contain a statenent
assi gning Lbl b ggnmle fyaluen Tﬁ%ﬁ"“‘cg?fj; P‘%f@#nev%@% to Lbl x woul d be the sanme

as a refgrence to Lbl _b. ThIS vaI ue of Lbl_x is retained until another
value is assigned to-it | abel vari h I Yo U8
det ection of suchNOIE: eF’FhF(S?FfS‘?%alH%tS C@lﬁ%llfltﬁﬂ?l ghe @ﬁ nfb@teﬂ P%F ('e%l ng aex?';larlﬁl) | e,
transfer is madeytoaaspant-bcus-asp,@-eiferhetoffsofio Dhecabmlbateyl fRnbade B B & e
value of |. go tc[)))Z(I) t5 20 2S
contentSizeFormula : string
15 Formula for calculating the current size of the contents

allocSizeFormula : string
Formula for calculating the allocated size of the instance
formulalnBit : boolean
True indicates offsetFormula, contentSizeFormula, and allocSizeFormula values are
20 in bits
False indicates offsetFormula, contentSizeFormula, and allocSizeFormula values are
in bytes
defaultEncoding : String
Phjsical encoding - how many bits used to encode code points, how are the code
25 points mapped onto bit patterns
Contains info on how string content is encoded: EBCDIC, ASCII, UNICODE, UTF-
8, UTF-16, codepage numbers, etc...
accessor : enumeration
Specifies access-rights for this element.
30
defaultBigEndian : boolean
True if this element is Big Endian format.
floatType : enumeration

Specifies this element's float type.
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3038 Z( 1 ): if X=Ythen return; Z2(2): A=A+B+C* D Z3); A=A+
10; 40 If Z(2) is omtted, GO TO Z(I) when | =2 raises the ERROR cthhﬁdeﬂ%
GO TO Z(1) when | < LBClJND(Z) or | > HBOUND(Z) causes unpredictable results
if the SUBSCRI PTRANGE condition is disabled. Derived from

PLI | ~TOnConpwoa2i1amal Type 45 nLlrormat Type The renote (or PRI/USBYMEO item
specifies that the format list in a FORMAT statenent is to be used. 50 The
R format it emitngCohgilaDael fA estcFioRMATY R fait epretivhlanplatiorbeandrbmpiial to the
same bl ock, and_they he sane, i tion,of that_black. r

FEB 2008 WoNaT ot rrse%/tmgw%wd% CRRTRP PR oo E’heﬂ?‘s Jaioat B |
contai n an RpbQsiFedorinb@BntaRAbutE,f 8¢ ﬁﬁ?ﬁﬁed dys@ittfng as a@idveds] litaRtEDBSRCE, nNor
can it reference anot her renpte FORMAT statenent that |eads to the

ef erenci ng dtublindtgbylgi nal FORVAT stat enent . Condi tions enabled for the GET
or PUT steat enent m&rm@oﬁ,,?,lge@n for' the renote FORVAT staterrents)

that are referred to UT statenment is the-single statenent
of an ON-unit, t s atribete ppeaifics gledym Jermpidgs gsqdtto egpta e dare Hiehrnguasenot e

f
oL YRRl TR R ARG 0 LASEL CET FILE(L N L“ZE@'EEF?DE)

(WX, Y,2) (R sw T®ehdor nane, laﬁmro%mard@axeaalatform b(e12: TROFFABOL4 39 .

SW TCH has beeg cfgﬂ LFQN%.)&T IabeI vari abl e; the second GET st at enent
can be nmade to operei r of the two FORVAT statenents. 25 Data
f or mat |trerrsSxd1eha¢msrdneeltDwAmhnat|amt0éa Sonplgtyaphi the Represwndadt i on of a single

data item TB yveadrfeor{lﬁggA%TDggg acter B - Bit C- Conplex E - Floating

point F - Fi x68d poin aphic P - Picture The renote format item
specifies a | abel reference whose value is the | abel constant of a FORVAT
st at ement |O§ § 1 gl sewhere. The q0 FORMAT statenment contains the remotely
situated for-PRA¥ 'T'tens. The |abel reference itemis: R The first data
format itemis asAdmhmbedremdséntzttﬂoesfi rst data list item the second data
format itemwth ]S nd so g.s on. If a format |ist
cont ai ns'¥ ewer da#"ﬁref‘ Wﬁt"lg?sq n%e' ]dPa %egrﬂeecgqrag itens in the associated
data list, the faverateghirsitficlds fm&hsedypeis 6f Nunghrees: ar e excessive fornmat itens,
they are ignored. Suppose a format |list contains five data format itens and
its associated data 50 list specifies ten itens to be transmtted. 1'he
sixth itemin *Integer*

Base=2

20 MSBU=0 or |
Signed/Unsigned
Size (in'bytes) = 1,2,4,8 (16)

*Packed Decimal *
25 Base=10
MSBU=0
Signed
Width=1-63

30 *Float*
Base=2(IEEE), 16(Hex)
MSBU=0 or |
Signed
Size (in bytes)=4,8,16
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- 7 FEB 2005 WO 02313007 PCT/US01/24280 the data list is associated with
the first data format item) and so forth. Suppose a format |i st Conta-iﬁ%EBZ[][]S
ten data format itens and its associated data |ist specifies only five
items. The sixth through the tenth format itens are ignorﬁg /Ugﬁﬁmbe: GET
EDI T ( NAMVE, WATAREALARY) (A(N), X{2), A(b), F(6,2)); to T L xanpl e
specifies that the first N characters in the streamare treated as a
character stringpagdin@gsdigred to NAME. The next 2 characters are skipped.
The next 6 are assigned to DATA in character format. The next 6 characters
are considered an optionally 15 signed decimal fixed-point constant and
assi gned to SALARY:,dtdnyBekefpom PLI NonConput at i onal Type PLIEntryType Entry
data can be an entry constant or the value of an entry variable. 20 An
entry constant is a nanme witten as a |abel prefix to a PROCEDURE or ENTRY
statenent, or a Rape. de@l@sed with the ENTRY attribute and not the VAR ABLE
attribute, or the nane of a mathematical built-in function. 25 An entry
constant can be ass¢ gned to an entry variable. For exanple: P: PROCEDURE;
DECLARE EV ENTRY MARI AB : TR bidaM, TeEldeciedl, L 68k, .. EV = E2;
g5 CALL EV; P, HE ?/heg)r?ae Eregeﬁ%héﬁg??%%ﬁ@i?}s. is an entry variable. The
first CALL statenentWidivokkes the entry point E 1. The second CALL 40

i nvokes the entry_pojnt ol f j exanpl e contains a subscripted
entry reference: BE@?%{FQEE %?%&&B?‘JE%&%%Y, as DECLARE F(5) ENTRY VARI ABLE
I NI TIAL (14 B, C, D, E), bilddy k 17dekifdD=53, p@hed =F(1) (X Y,2); END, 50 71l - 7
FEB 2005 wo 02n3n8~ %l T~_s_ovt2a250 The five entries A, B, © D, and E are
each invoked with°#H %ngr'dpreters X, Y, and Z. Wen an entry constant which
is an entry poi nt NafnbamofibatedVindlunps moddiassebli somgaurisgSeddecHnadT lent ry

vari abl e, the assi gned L ue r i Vad il VAN & . Oehidassablee bl ock
that the entry coﬂigp%:ty Wﬁ?e%’ﬁ%sth%%ddtegsﬁg{ér%“gﬁ?@iH{(tgnd for recursive
procedures, curr epti)wasENERYADRDR devinial wbwid behatarksd ol hsSe atfRiZAY abl e al | ows
you to get or set | %hg address of the entry point of a PROCEDURE or an
ENTRY in &n entryWQ‘gFli &bfe. The address of the entry point is the address
of the first instng&Unan: hhat woul d be executed if the entry were invoked.
For exanpl e: Number of base units in the number. This times the base width must be less

than or equal to the width times the addrUnit.
For example, a 24 bit address right aligned in a 32 bit word would have base
20 = 1, basewidth=24, baseInAddr=8, width=4.
signCoding : enumeration
A set of enumerations - 2's complement, 1's complement, and sign magnitude
for binary; zone signs for decimal, packed signs for packed decimal, and
unsigned binary, unsigned decimal.
25 checkValidity : boolean
True if language model is required for picture string support
packedDecimalSign : enumeration
Used to determine the code point of the sign in COBOL decimal numbers,
where the sign is combined with the leading or trailing numeric digit.
30
FloatTD
Floating points
Derived from BaseTD
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~ 5 PTR 1 = ENTRYADDR(ENTRY_VBL); obtains the address of the entry point,
and 2p ENTRYADDR(ENTRY VI 3L) = PTR2; Derived from PLI NonConput at i onaL'fyﬂl%
Public Attributes: Limted : Bool ean 25 PLI AreaType Area vari abl es descr'-bzgﬂ5
areas of storage that are reserved for the allocation of based vari abl es.
Thi s reservewodpas@ge can be. allocated to, and freed froRfTARBASLq

vari abl es by the ALLOCATE and FREE statenents. Area variables can have any
storage cl ass andumishttbeuted i gned. When a based variable is allocated and
an area is not specified, the storage is obtained fromwherever it is

avai | abl e. Conse-JiRehtypP§: SWMeHSt ed based 35 vari abl es can be scattered

w dely thr oughoutsﬁg@ihgs @is@lengar's fldat gpe.s not significant for internal
operations because itens are readily accessed using the pointers.

Ho~.vever, if these allocations are transmtted to a data set, the itens
have to he Cloétl-iﬁgf‘l?d together. Itens allocated within an area variable are
al ready collected and can be transmtted or assigned as a unit while still
40 retaining theipAlpbapaeds &PPdentities. You might want to identify the

| ocati ons of bas V.ak kahl hthin an area variable relative to the start
of the area vari :gflg&agggs%%e%ri abl es are provided for this purpose. 45 An
area can be assigned or transmtted conplete with its contai ned

al l ocations; thusy, & +.0f .based allocations can be treated as one unit
for assignnent an%uq%ﬁ%%{”))ge?'t put while each allocation retains its

i ndi vi duad identi ¢necodidg: String7 FEB 2005 WO 02/ 13007 PCT/ US01/ 24280 The five
entries A B, O and E are i 1 NRJue , Y, and Z
When an entry cong?)g'ﬁ le\}\]ﬁ?af’:lﬁkﬁT@Q\gﬂawtgé%gé%lﬁcg%éf&S%Bié‘ﬁ?’erna{réglrgocedure is
5 assigned to an ceté painty ampieddlcafo kitgatlawsi gned val ue remains valid only for
as long as the block that the entry constant was internal to remains active
(and, for recursive procedures, current). ENTRYADDR built-in function and
pseudovari abl e al Comsinyoifio drohayestring cangnt ispndoded: EBEPISsAYFILt he entry poi nt

of a PROCEDURE or i tr ri ..Jhe address of the entry
point is'the addr%@ﬁt@’f‘\gﬁﬁfeﬁf?ﬂ?iﬁ-?%g ek t'{u"g’%‘?heé‘i‘“mul d be executed if the
entry were invoketkngfhBfricoditgnmpheneratida PTR 1 = ENTRYADDR(ENTRY_VBL); obtains
the address of the entr oi.n 2p ENTRYADDR( ENTRY_VI 3L) = PTRZ;
Derived from PLI Ng'ﬂséﬂ’ﬁfp%ﬂ%f f%:\éﬁg %g“éo flic Attributes: Limted : Bool ean
25 PLI AreaType Ar e&@ix¢dlehgthl(@serdesa ldnigeh eqnaadechfedstrivgdgaetthat are reserved

for the allocation of based variabl es, ' eryved: stera08uCRibe-
al l ocated to, and'f“?'égékbpllgﬁéerdn(W%f)re%é@g%flgg/_hgérqlﬁg ?%sl y H%[e ,@L%U:AT% and FREE
st at enentzs. Ar ea yfafehdebbess; oanlihdyk oafipytst)or age cl ass and nust be aligned.
When a based varia is.allocated and. It O SRS Gl Lethor t he
storage i s obtai négJuﬁﬁ%ﬁﬁ'%cg?gr\’/ogrn E}S?arl 'sn%g\;'gilrngg]gl e. 51gonse~uenty$,y,o al |l ocat ed
based 35 vari abl ep adéda thehesod bt eriexl soihd elayintunr lowgihead baimiogedaede. This is
not significant for. internal operations he . did€Ms are readily accessed
usi ng the pointer &M Qgtbg\fj}llélpf‘gl?)fte{ E 'gsegﬁq%gggi%?ct)ﬁg are transnitted to a
data set, the itenmaxhavehfoemtle: Soingect ed together. Itens allocated within
an area vari abl e e glready collected and, capn.be.transmtted or assigned
as a unit®while s&formﬁﬁapef‘g%% ﬁ’leﬁ'baxfrﬂue’? irie“gtgﬁg{ra’ést)sgmﬁgdenti ties. You m ght
want to identify tdaeckivagdityi:ansiemf based variables within an area variable
relative to the start of the area variable. Ofse rj.abl es are provided
for this purpose. 4&eiAlAngpass mody ‘Bbeqyé%it}ﬁh%ccfmgrsgin?é%/@ﬁ%ttted conpl ete with
its contained all agalrRnSiridghtmupliaitset of based all ocations can be treated
as one unit for assignment and [npU/otltput while each allocation retains
its individual ide¥aligiy ImpjicitorVisual
30 orientation : StringTD = LTR

Value is 'LTR', 'RTL', 'Contextual LTR', or ‘Contextual RTL'

where LTR = Left to Right

and RTL = Right to Left

Symmetric : boolean = true
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- 7 FEB 2005 WD 02/ 13007 rcTiuso2aaso The FILE attribute can be inplied for
a file constant by any of the file description attributes. A nane ca,_n7l%§
contextually declared as a file constant through its appearance in the ?@@5
option of any input or output statenment) or in an ON statenent for any

i nput / out putwoemdiod? on. Derived from PLI NonConput ati onal T%EUW_’IZ@? set Type
You m ght want to identify the |ocations of based variables within an area
vari abl e rel ati variedf $yimenatiaswappingtihadloaeda vari able. O fset variables are
provided 10 for this PS'T'Ixr os_%. . De_g{lved from PLI NonConput ati onal Type Public
Attributes: Bi gEREMERASIaRES,SELE=NYPY 15 pLiAlias An alias is a type nane
that can be used ywhRLEWRMIAY, MapbdraL,or 'Gbateabtlype is al |l owed. Using the

DEFI NE ALI AS st at enent g/o_u can 2o define an alias for a collection of data
attributes. In tHe4ShAag: SYeE =84 si gn neani ngful names to data types and
i mprove the undergfandalinihdly sefped, Bi0g) MiddByFidsif, onlsolptedh al i as, you can .
al so provide a shorter notation for a set of data attributes, which can
decrease typographical errors. 25 Exanple define alias Name char(31)

varyi ng; defkgﬁe@rkas Sal ary fixed dec(7); /* real by default ~~"/ 30
define alias Zip char(5) |* nonvarying by default */ Derived from

PLTNaned Ty peT@® tArdpres¢nitpeinfhigfaddtasses but es t hat can be specified are any of
the attributes.for -vag. s shat can be returned by a function (for

exanpl e, thoggtloél1 lterf%/lg&fgggs\?al idin the RETURNS option and attribute). That
i's, you ecmnnatidsgecitbylddn cabsidesedmeparaihiiem Mayber! Lhclass Perapissae L?P%‘M‘EB e

list. However .vou 4o can | | i YiR6nal MAdrmbsond@ichaed in a
DEFI NE ORDI NA{™ e e R R R e R L1 A
statenent. Apesmissiastyba(Which RESURNSseolst indiumabrdlAct2#9)but e, any string | engths
or area Si zeg, nust. be rs%gbri cted expressions, 45 Mssing data attributes
are supplied GE}"??JV%?_F? efaults. Public Attributes: attribute : String 73
- 7 FEB 2005 WO 02/ 13007 PCT/ US01/ 24280 PLI Ordinal An ordinal is a naned
set of or der%dblvgéy St Usi ng the DEFI NE ORDI NAL statenent, you can define
an ordi ndf ahnd™¥ H’E’H %eani ngful names to be used to refer to that set: For
exanpl e, you pe@fissttaf:iSmengan ordi nal called "color"”. The "col or" ordinal

coul d include th nbers "red". . " ed prilhNE for £5/800 siB@mirenbers of the
"col or" set %Qﬁc't?‘ﬁgﬁe%eém‘rsg %?Orréhsfl%d?%%%g e ﬁlaﬁeqs)1 i nstes-al;d of by their
associ at ed f ibxprbdeRadaeyurwahticer, maki ng code nuch nore sel fdocunenti ng.

Furthernmore, a variable dec d W eylydl, paluky PRGN be assigned and
conpared onl yP§IHE B BPRH ﬁé?'{%f“ IF‘ﬁéstr%PmUtg{?pe, or tWIBt hﬁ% nenber of that

ordi nal tygpe. This automatic checking

BaseTD
The base class of typeDescriptor.

The BaseTD model type is specialized to hold implementation information
25 which is common for all data elements of the same language type. The
information which describes a 32 bit signed binary integer on a specific
hardware/software platform is thus instantiated only once in a given model
instantiation, no matter how many data elements may be declared with this
type.
30 Public Attributes:
addrUnit : enumeration
Number of bits in storage addressable unit

- bit/byte/word/dword
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provides for better' programreliability. In the follow ng exanple, Red has
the value 0, Orange has the value 1, etc. But Low has the value 2 and7 ffp 2005
Medi um has the value 3. 20 Exanple define ordinal Color ( Red, /'~ is O,
since VALUE is omtted "/ Orange, Yellow, 25 Geen, Blue, Indigo, 'Violet

); define orwonaiswhtensity ( Low val ue(2), Medium H gh VU183 Deri ved
from PLI NamedType Public Attributes. precision : int isSigned : bool ean 40
Or di nal Val ue O diwighValtue specifies the value of a particular nenber wthin

the set, If the VALUE attribute is om.ited for the f] , a val ue of
zero is used. |f Nufwer 'Lflg@'esaSPP]FiStﬂlﬁg%uri"&'B R4 %?Ogtyp%@&gﬁgﬁr%’enber, t he
next greater integeppual ue is used. 45 The value in the given (or assuned)
VALUE attribute nmust be an integer, can be signed, and nust be strictly

i ncreasi ng. The wigMENtAIthe given (or assumed) VALUE attributed may al so
be specified as g iNCHIRGANGS type imaddrebsiEBact0Q0. WOk AE00 bitRkidgaS01/ 24280
Exanpl e éefl ne ordinal Intesity FI ow vcalue(2), mddle, high value (5));
will giive | ow awaldhevosligpmentiofidl e a val ue of 3, and high a val ue of 5.
Public Attribute cei e String value @ int to PLIStructure A sttlicture
is a collection of nenber elenents that can be structure, unions, or

el enentary vari abB¥amse afrib base elyment Urhisovguld paiggely ilentédfy @p itaase Hdnber el ement s

that over!ay each Sif1ch (ORBHMDGING BAR.ALARALE: bitene can be used to

decl are variant fecor Ically contain a commobn part, a selector
part, and a vari anhbipaidns DERIriNEeS FRUCITIIRBIngtyAt chderta 320ii3Y wneralefeci fy a
named structure Qr union. Structures are stronly typed. That is only
vari abl es decl ar 8F?Rd"%8% st ruct ures can be assi gned to vari abl es or

par anet ers decl arggEmi$anstboolesrur es. Deri ved from PLI NanedType,

PLI ConposedType PLI Handl eTypg. . HA E to declare a variable as a
pointer to a strﬁ?ﬁh&%ﬁ%@?m#ﬁﬁ@@ﬁg@ﬁafongl y typed - they can be

assigned to or conpared with handles for the sane structure type Derived
from PLTNoant 'uE ational Type 30 Public Attributes: structure :
t PLI St r uét ur B®S8YBES NanedType PLI1 allows you to define your own named
types using bidoldbalit-in data types. These include user-defined types
(aliases, ordinal s @.truc_@fgre_s, and unions), declarations of variables with
t hese types, hand‘J ‘,CA:;{H rte§/pe functions. Derived fromPLIC assifier 40
PLI Array An arrayldwst:an n-di nensional collection of elenents that have
i deni cal attribut L5
1t
20 31bit:
32bit :
64bit :
128bit :

25 signCoding
Note that this model does not include the following COBOL usages:
1 POINTER
PROCEDURE-POINTER
OBJECT REFERENCE
30 Public Attributes:
twosComplement :
onesComplement :
signMagnitude :

zoneSigns :
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45 Exanpl es dcl List fixed decimal (3) dinmension(8) 75 - 7 FEB 2005 WO
02113007 PCT/US01/2d280 is a 1 dinensional array with 8 fi xed-point deci nal
el enent's dcl table (4,2) fixed dec (3) is a 2 dinensional array of T hrfE8 2005
fixed -point decinmal elenents the 2 dinensions of table have | ower bounds
of 1 and uppeoobowerds of 4 for 1 dimension and | ower bound@STEPMR4¥kd upper
bounds of 2 for the other 1 o The REFER option is used in the declaration
of a based structyye.dsqngpeci fy that, on allocation of the structure, the
val ue of an expression is assigned to a variable in the structure and
represents the | emgignedoaild, or size of another variable in the structure.
The syntax for a nd, or size wwth a REFER option is: 15

expressi on REFER %&&g&@%ﬁgﬂ) The variabl e, known as the object of the
REFER option, nust be a menber of the declared structure. The REFER obj ect
must conformto t 18 tLBII]JO?I\/r\{i ng 20 rules: It nust be REAL FI XED Bl NARY(p, 0) .
It nust psrecede t TSPt Fevel - 2 el ement that has the REFER option or 25
cont ai ns an el enehtblichatribbes: t he REFER option. It nust not be

| ocat or-qualified_.or su% cripted. It nust not be part of an array. :to For
exanpl e: DECLARE 1*$HY lJSl\SED( P), 2 X FIXED BINARY, s5 2 Y (L REFER (X)), L
FI XED BI NARY >( NI TeagiPRJixedthi s decl aration specifies that the based
structure STR consi f’lts- of an array Y and an el ement X. Wien STR i s

al | ocated, the upP¥fiBIAGis set to the 4o current value of L which is
assigned§ o Poatf®ie any other reference to Y, such as a READ statenment that
sets P, the bound _value is taken from X |[|f both the REFER option and the
INITIAL attri but ePHPlE A8 or the sane menber,. initialization occurs
after the object @fhsfb@ielREFER has been assigned 45 its value. Any nunber of
REFER options can_be used jn the declaration of a structure) provided that
at | east one of t HeEResfenesiHel ‘restrictions is satisfied: so Al objects of
REFER opti ons ar e pdeHew Renadd ldagirealind @vRtel PM@ornt hat s, not decl ared
within a mnor srrlttlare. For exanple: - 7 FEB 2005 WO f12/13(1117
DECLARE 15 STR BASEHEXtpfigddiX :2 ARR(1 REFER (M), J REFER(N)), 2 X;

For IEEE extended floats running on AIX Platform
IEEEextended0S390 :
For IEEE extended floats running on OS/390 Platform
IEEEextended AS400 :

20 For IEEE extended floats running on AS400 Platform
IEEEnonextended :
For IEEE non-extended floats
IBM390Hex :
For Hexadecimal floats running on IBM 0S/390

25 IBM400Hex :
For Hexadecimal floats running on IBM AS400

accessor
Public Attributes:
30 ReadOnly :
WriteOnly :
ReadWrite :

NoAccess :
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PCT/ US01/ 24280 When this structure is allocated, the values assigned to |
and J set the bounds of the two-dinensional array ARR to The structgr'_et-Bir_@
decl ared so that no paddi ng between nenbers of the structure can occur. Q5
exanpl e: DECLARE 1 STR UNAL BASED (P), | S 2 B FI XED BI NAEXBE% 1&,& g D FLOAT
DECI MAL, 3 EWQIRMPFER (D)) CHAR(J REFER (B)), 20 2 G FI XE { f_; Al |
itenms require only byte alignnment because this structure has the UNALI GNED
attribute. Thekaietemalsiggardl ess of the values of B and D (the 25 REFER

obj ects) no padding .occurs. Note that Dis declared wthin a m nor
structure. |f thep‘%ﬁﬁtéﬂ"é‘ﬁ?si'on is used only once in a structure

decl aration) the jwg .preceding restrictions can be ignored provided that:
30 For a string length or area size, the option is applied to the |ast

el ement of the stM fl@M For an array bound, the option is applied either
to the | ast el emegiyify/ ke 35 structure or to a mnor structure that
contains the last elenent. The array bound nust be the upper bound of the

| eadi ng di mension. For exanple: DCL 1 STR BASED (P), 2 X FI XED BI NARY, 40 2

Y, 3 Z FLOAT. DECI k&SR DECI MAL, 2 D (L REFER (M), 3 E (SO, 45 3
F (~0); The ﬁ'eadiﬂr\lggilgg?%ensi on of an array can be inherited from a higher

|l evel. If we had declared STR(4) in the above exanple, the | eading
di mensi on woul d 50 be 4 iNi&5mbdgm STR(~E) and so it woul d not be
possi bl e to Use the Ré‘éﬁﬁﬁgé‘?}&or} A 77 %7 FEB 2005 WD 02/ 13007

PCT/ US01/124280 Thi s decl aration does not satisfy the two previous bulleted

restrictions. The RIIZ'EEBO% h & GdtardeSis A6E Iﬂfre%gnﬂl"isé R pRcAioApRgfanstto defingrdetaand
paddi ng occurs. However  this r GhiDBehSonmbiopfitedcdhecause the REFER
option is applied t?)me‘acmrrrlcsrl(orn%gpr&z%dtﬁreﬁt?hgt gont gi ns the |l ast elenent. The
followi ng exanpl e i : s ngf;% TR« BASERG Bfineatk sEhomD sBhANARY( 31 ),
t o~2Y, 32Z FLOA%KI%]é%?I\I/Kﬂ!US%mﬁ %§B| &lARY(sl )fne?,_ N FI Xﬁg: aiNARY(sl),
2 D, 3 E(50), 15 3 RMhichREFER(cMecOHmRrfcREARR natgrjodebis alse a M Fue of the
obj ect of a REFER option. varl ripRguRRE 4RNAEETME Ressiatihebdedichdr e nust
not be freed until f'ﬁéﬂnﬁeb?tglcetﬁ?lseq%{égﬁlrjed to the value it had when

al l ocated. 25 The stoQROLmetamoddl witbthaBDIatrigttresrlaseps W1 Phe obj ect has a
val ue greater than val.ue.Jd .t wesyall 35 8 tah 4l ee UMTEL a6 @FledaentwWr i t t en
out when the object a"gél\z}sasf”ﬁ’étequa " g“‘\% Iggss@?ﬁar? the value jt had when
al | ocated. The nunbeGUREAISeimates antememetatipmel BpCPBRGuRAgeIRIUEY BAS ze

actually witten is indi cated by the current value of the object. For
exanpl e: PCL 1 REC ék%%‘w?@@cﬂ

The goal of this COBOL model is to capture the information that would be found

in the Data Division. This model is intended to be used only as read-only to

convert COBOL data division into it's XML equivalent. This model is not

25 intended to be used as a converter from XML code into a COBOL Fiata division
equivalent. As a result, initialValues of elements are not captured in the model.
- COBOLSimpleType _ .

COBOLSimpleType is an abstract class that contains attributes shared by all
simple types in the COBOL language.

30
Derived from COBOLClassifier
Public Attributes:
usage : COBOLUsageValues
35 Usage contains the data type as defined in COBOLUsageValues.

Usage defines the format of the data in memory. If none is specified in tl?e
COBOL source, the default is "display". Note that the popular COMP-3 is
: equivalent to packed Decimal.
40 pictureString : String - '
This is a canonical form of the picture string specified in the source. Itis
#not* necessarily identical to the picture string given in the program!
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3s 2 A(MREFER(N)), MIN TIAL ( 100); ALLOCATE REC, N=8G WRI TE FI LE (X)
FROM (REC); 40 8G elenents of REC are witten. It would be an error to
attenpt to free REC at this point, since N nust be restored to the- \ya}:[_q;ezms
had when allocated (that is, 100). If Nis assigned a value greater than
100, an erroyo@enmuss when the WRI TE stat enment i s encount eP@HUSIGI28en t he
val ue of a refer object is changed, the next reference to the structure
causes renappi ng. ForpxaiPliri vt Belcadonfa BASED( By picRudstrif@ - 7 FEB 2005
WO 02/ 13007 ' 2 C (| |Rekfaki B)y parchtiiasizdd dndiadtérs10) ; ALLOCATE A; B=5; PCT/ USO
1/24280 The next refer @&%ﬁu@t%ax@nﬁfﬁlﬁdxéﬂ?@eﬂﬁﬁdtﬁﬂmtse(;wncﬁs D‘éldﬁ‘plsﬁlt he
structure to |0 redU(‘cﬁmB&@rsWEQﬁralehQ diraf 4 Chdiown. 10 to 5, and to allocate
to D storage i medi atg| yxfld oW ng the new [ ast elenment of C. Although the
sructure is remapped,starl]tqyl 9§9 g)easa gned--the contents of the part of
storage originally OCa‘?cHlpé gtepg()@)t;ggggg ure A are unchanged. If you do not
consi der renmappi ng, gg&xg(gpna der the follow ng exanple, in
which there are two Qi tne ;ﬂaﬁe& (Sl Gt EstrifgClrhd. A BASED
(P), ZBFIXEDBINAR Lotefit g? Bk, 20 D FI XED BI NARY
(1 5,0), 2 E CHAR Sn,= ,|2) INIT(10) ALLOCATE A; 25 B = 5;

|
. S :
30 The. mapping of 54 ?"”e o DRI MR NRONSZESS of PhiOWSasel B C

IDDEIL I I 111 IBI eglzm;é:

|| AW hefiers to data that was
originally part of tngt”%ﬁ e%gld&" s 5@&4?%490%@% VRIGIHLEFE. Thi s
data is interpreted acto Infc?h ceS g

is TRONTESD Qhyudd HobRled BM@s a
e ot b e Tl J@qqﬁ L eﬁ@g ?cfgﬁggggrvsd
PLI CodedSt ri ngType 45 %EIIB?'I R Otnryl o) teneg nt eger - 7 FEB

2.005 WD 112! 13111 17 ‘iﬂL‘iWi‘é‘F? VBT AS i ng Derived from
PLI Codedz%t ringType

t

Public Operations:

getCanonicalPictureString (pictureString : String) : String
Returns the condensed value of this string, For example, although the
pictureString attribute may contain a picture string of 9999v99,

25 getCanonicalPictureString() will return O(4)v9(2) as the value.
COBOLElement _
A COBOLElement represents every data definition in the COBOL program.
30 For example:

01 EMPLOYEE
03 SERIAL-NUMBER PIC 9(5).
03 DEPARTMENT PIC (5).

35 EMPLOYEE, SERIAL-NUMBER, and DEPARTMENT are all
COBOLElements.

Derived from TDLangElement

40 Public Attributes:
level : String '
Level refers to the data number this element was declared in.

redefined : Boolean = false

45

COBOLVariableLengthArray
A COBOLVariableLengthArray should be instantiated whenever the source
for a COBOLElement has the
following syntax:
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Public Attributes: |engthToAl locate : String PLIFi xedLengt hArea Deri ved
fromPLI AreaType 10 Private Attributes: length : Integer PCT/US11112a28(1
PLI Vari abl eLengt hArea ~5 The size of an area is adjustable in the sArhEBwal
as a string length or an array bound and therefore it can be specified by
an expressi oM00Y13¢7 asteri sk (for~a controlled area or pa?%%ft"g/lz‘)mbr by a
REFER option (for a based area). Derived from PLI AreaType 20 Private
Attributes: |engt hToAlHwagatEEMERINAME POCBURSIBOTO KA, TIVEBS REPHDEPINCe@NT r om
PLI Array Public AttrifquinesnTNR®d @ | nteger abound : Integer 30
PLI Fi xedLboundArray Defd&gdafd gidildeAny aitesdh 0RbB higgerAntir i but es: ! bound :
| nteger Hboundt oAl | ocgy &%) Fi RMENTIARER HRRURRfina)beRet i ved from PLI Array
8U - 7.FEB 2005 WO @ZhpReKaksdl i ¢ Attributes: LboundtoAllocate @ String
ubound : “Integer 5 P fﬁbL@Q‘i&%@éH&ﬁ)ﬁ.ﬂ- hadPBlsingRGeduiean PLI Array Public
Atributes: LboundTolloeabe i, sthiiffidutipybafid pagte - String TOTALS: |
Logi cal Packages 39 e%é)ﬁﬁ%n'l LOG CAL PACKﬁ\C;E STRI U(I?EI Logi f:alj Vi ew PLI
TDLang z0 5. c¢. C Net.anpde > the C netanodel including C Miin
and User Types (i. .e”t\j%ermram%ﬁtgfgé 1|Q£a-§a MOF Cl ass instance at the M
level . F’GURE 19 illustrates the C Language Metanodel. FI GURE 20
illustrates the TDPahigChagsitdsi er, TDLangConposedType, and the TDLangEl enent
for the C 25 LanguagieUptvaimetet . FI GURE 21 illustrates the TypedEl enent
aspect of the C Langukgke ddst whodeixUpBbiGURE uger bpunds belenss &0 Hartadlepyiges
i ncl udi ng user def i nedadagmr denpes therbsohee Mreaynd gethdverartbdein berligesed 23
illustratses the Dat at ypeenSiry.i Tige &hdl hipembDeatiadanpted bpthegelue ohthe plsinentds t he
enuner ati on of ar gunerterantwhieh itrgats b caltimgtheX' depetding®i’ asgociatind. t he
enuneration of true and false for the Bool ean datatype in the C Language
Met anpdel . 30 5, c. imifDpyet@nmden Spediohhdat isod toldaptuE@ theCaBblayntrstased by
enterprise applicati ofafy OQCERS 4tt07 AEVER®EPENDINGrQN Xur &sthishiagshmidippers ent
connect ofp i nt er f aces. e@hals@ aag aiakUpper 8quals 7, and the actual upper bound depends on the

value of X1.

lower (lower bound) is always 1 (one) in the case of COBOL but is included
for consistency with other languages and for clarity.

COBOLRedefiningElement o
The REDEFINES clause allows you to use different data description entries to
describe the same computer storage area.
30
Example of this class in use:
1 TEST
2Y PIC X(4)
2 YR REDEFINES Y BINARY PIC 9(5)
35
TypeDef = False for Redefine/UNION
Derived from COBOLE]ement

COBOLComposedType - '
40 The COBOLComposedType class represents a nested declaration that contains

additional elements. COBOLComposedType class is an aggregate of
COBOLElements .
COBOLComposedType is also the parent class of COBOLRedefines.

45 For example:
01 STUDENT,
05 CLASSES OCCURS 5.
10 CLASSNAME PIC X(20).
10 CLASSNUM PIC 9(4).
50
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- 7 FEB 2005 WD 02/ 13007 rcT/ uson2a2so Type specifiers indicate the type of
the object or function you are declaring. The fundanental data types are:
Characters Floating-Point Nunmbers 5 Integers Enunerations Void Fr oY t k8805
types, you can derive; to Pointers Arrays Structures Unions 15 Functions
The integralygyppse-are char, wehar_t( C++ only), and int BET/EIN24BFes.
Fl oati ngpoi nt nunbers can have types float, double, or |ong double. You can
collectively refer tgruBmer aldefid dyl coBONGompbsetEleyprs Itasgmedatibmetly ¢
types. In 20 C++ onl Yooy RUKE BNABKES itdhe] Wieh i ReCOBDILBwWintgt. RefSSESnTits!f
Cl asses Pointers to NeAh&rsy A20B0OLEsHiposdRIEMmERAL i ons are not an integral
type, but they CanDQEV%]L{PJn?@bBtdeI&Is%ﬂQbLBﬁ%UBﬂ{ﬂo@enimbes is the base cl ass
in as

t hat defi_nes types aln. It provides a ¢ sification of instances

t hr ough 4 30 set of Features it contains, Classifiers are defined |ar gely
by a conpositi onCOBOES&Elemes. 82 WO 02/ 13007 Derived from

TDLangd assi fi er Publ COBOL88E!buens seprasentpthe CEBQLSS datleydct ured This is the
abstract class fox stFuetamme types. - 7 FEB Z005 PCT/ US01/2a280 Deri ved
from d assifier, TDLanGESIp®¥edType, - Deri vabl eType, 10 StructureContents
Struct Agstructure congs®TREEXVALUBIBY. gHERPESHhagdtvaluedj ects. Unli ke the
el enents of an array, BhBAHSER WAEEHFSTw tHALSEXhasdorlye® 15 can have

vari ed data types. Each data object in a structure is a nmenber or field. .
Use structures to groumeleOQUALEEN hyd FALSE e opyjditongianes for deatBnTE vafigPlaff| ocat e
storage for the conpongmt&uab (Dre 'tadd{ssT), dspéctieel20 t he fol | ow ng

variabl ess int streetsaaTESITAr= "Ts6ir'eeen HRWEX <HRYE wnd FALSBX =ditdSE pr ov;
char *postal code;  IfTESTX ='F or'f'then FALSEX = TRUE and TRUEX = FALSE;

Public Attributes:
name : String _

20 _ Specifies the name or handle of the COBOL&8Element.
COBOLS88ElementValue
Example of this class in use:
25 | TESTX PIC X.

88 TRUEX VALUE 'T't. *(TRUEX has 2 values)
38 FALSEX VALUE 'F''f. *(FALSEX has 2 valucs)
88 UA VALUE 'A' THRU 'T''I' THRU 'R' 'S' THRU 'Z ‘&' -
*UA has 5 values; the first 3 are ranges
30
Rationale for this class:
-~ This class exists because each COBOL88Element can contain more than 1

value. For example, TRUEX contains 2 values, 'T' and 't'. Thus this class can
be instatiated more than once (but at jeast once) per COBOLS88Element (and

35 thus the 1...* cardinality) . .
' - For range values such as 'A' THRU T in UA, lowerLimit ='A', upperLimit
=T, and range = true. Also note that when using the THRU keyword,

lowerLimit must be less than upperLimit. .
- For non-range values such as 'T" and 't' we have decided that we would use

40 JowerLimit field to represent the value.

Public Attributes:
JowerLimit : String
lowerLimit refers to the lower bound of the THROUGH range
45 upperLimit : String
upperLimit refers to the upper bound of the THROUGH range

Range : Boolean ' -~
If range is set to true, literal-1 must be Jess than literal-2, unless the associated

data item is a windowed date field.
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To all ocate storage for nore than one address, group the conponents of each
address by defining a structure data type and 30 as nany vari abl es a§7yﬁ%
need to have the structure data type. In the follow ng exanple, l|ines’l 2005
through 7 declare the structure tag address: 83 VWO 02/ 13007 1 st~~uct
address 2 i Ryosisemt _no; 3 char ~street name; 4 char *cit}ET/BSM288%

a prov; 6 char *postal code; 7 }; 8 stilict address perm address; 9 struct
addr ess tenp_addégﬁgLAthNU%gkgt gict address '' p_perm address = &perm
address; - 7 FEB ?. O4f BEITURSQHd 2428 Ring heusyamiiatlf eshepef the &ddwess and
tenp_address are instanceghfyipg structure data type address. Both contain
the nmenbers described in (g piggbaAH@pmbdls AdHT 8. (ATdherapei-nitiey
p_permaddress ~ 5 p%%ﬁl'ﬁg‘%l@\ﬁﬂaﬂ@% H6 nof defidée e siphaatdlericsitann) ti al i zed to
poi nt to perm address. Refer to a menber of a structure by specifying the
structure variabl e nape it h.t 1§ ABRIDIGPEA RISt be dpeBfiec@om@bléder with the 20
arrow operator (->) anq’the Terber yRaEse fdf sRidPhémuReidiiehl dfe fol | owing

assign a pointer to the siring. Ontario” to the pointer prov that is in the
structure pern1addre§§§"%gFﬁﬂ§8ﬂfess.prov = "Ontario"; 25 p_perm address ->
prov = "Entario"; 30 All references to structures must be fully qualified.

In the exanple, yo Qaqr t 3§g§$%$%el%h% fourth field by prov al one. You
nmust reference thi Ve 4B 1 A8Gr &Ss. prov. Structures with identical

menbers but different nanes are not conpati ble and cannot be assigned to
each other. Struct wibkc Atgbnet | ntended to conserve storage. |If you need

direct centrol of hyitgyRighp@aoan addsepoi nters. 8:1 - 7 FEB ?.005 WO
02/ 13007 Derived fronTiSt bowtdnrcedtesponds to the JUSTIFIED (or JUST) clause. Note that

JUST and JUST RIGHT carry the same meaning.

20 COBOLNumericEditedType .
The PICTURE character-string can contain the following symbols:
BPVZ90/,.+-CRDB *cs

Other clauses: USAGE DISPLAY must be specified or il?]pl'ied.'

25 Any associated VALUE clause must specify a nonnumeric literal ora
figurative constant. The literal is treated exactly as specified; no editing 18
done.

Edited Types are different from non-edited types in that the decimal character
30 is stored in memory for edited types and not stored in non-edited types.
Derived from COBOLSimpleType

Public Attributes:
BlankWhenZero : Boolean
35 This boolean corresponds to the BLANK WHEN ZERO clause.

True if BLANK WHEN ZERO.
currencySign : String
This string represents different currency signs used in the world, for example,
40 $, £, DM, etc...
Decimal : Boolean

The Decimal boolean exchanges the functions of the peroid and comma in
picture strings and numeric values.

45 If TRUE, decimals are used (e.g., 1,234.56)

If FALSE, commas are used (e.g., 1.234,56)



PCT/ US01/ 24280 Union A union is an object that can hold any one of .a set of
named nenbers. The nenbers of the naned set can be of any data 5 type.

C/ C++ overlays the nembers in storage. The storage allocated for a unf dhBig5
the storage required for the |argest nenber of the union ggl us ? A paddi ng
that is requvoer1®® that the union wll end at a natural UH%M{} of its
strictest nenber). 10 C++ Notes: 1. In C++, a union can have nenber
functions, includoBQLNonmsticyptors and destructors, but not virtual nenber
functions. You cannotTypseofaumeriotenssira base cl ass nor derive it froma base
class. 2. A C++ union nentesargannot be a class object that has a
constructor, destruct.or, @ackeddedinddatrmbgsciaasi gnment 20 operator. |In C++,
you canngt decl are a .menb@on@f deaimahi{eaternai dehintahe keyword static. Derived
from Structured Behavioral Feature 25 This defines a dynam c characteristic
of the Mdel El ement thatpICOUREIchS adtdr-strizgBemeoniton anlFdwmtsymeols 8, St daY -Feat ur e
and a Namespace. Publ gy fiderit btk @8lds, iRPECTUBEchaget@estTyepad Bbreare Atly el s i s
the base class for attyyy ®andmraneter and constant whose definition
requires a type specification. The TypeEl enent type is an abstraction of
Model El ement s t hat reg*gn{peesa,fn,MQq-a@ggs part of their definition. A

TypeEl enent does not ItsehfrdREI V81iERANPES VEUés i S associated with a
Classifier. RS 7 FEB 2005 WD 02/13007 PCT/ USO1/2d280 Derived from

TDL. angEl enent  Struct ural bggf t ighigobdh 8651 Nnes a static characteristic of the
Model El enent that contai nsgdot . _od ypodgtbyed from TypedEl ement,
StructureContents Public fbbyhbWed thdagerooeString 1 Paraneter’ A Paraneter

provides a means of commyyipead i iy whihoGueesati ons and ot her
Behavi oral Features. A pa@g@%@r PSRIGSu g -0990B0URE cat es val ues of its
defined type. r5 A function +ng@{h%%;+§@@@@&n§,-can identifier that nanes a
function, and a contains a |ist of the function paranmeters. 1'ou should
al ways u$t prototype FUCt,00.HGEk AKHN RGPS BYASPIAD, BRMEY,t he
function parameters w by bhglirdNAL PIGKEOISECIMAL, COMPUTATIONAL-3,
COMPUTATIONAL-4, or
COMPUTATIONAL-S.

25 M 1 [ o t
Possible usage values for this class are 'binary', 'packedDecimal an'd display’,
which are represented by comp-1 and comp-2 declarations, respectively.

Derived from COBOLSimpleType

30 Public Attributes:

Signed : Boolean
This boolean corresponds to the SIGN clause.

True if number is signed.

35 SignLeading : Boolean .
This attribute corresponds to the LEADING (versus TRAILING) clause.

True if LEADING.

SignSeparate : Boolean
40 This boolean corresponds to the SEPARATE clause.

True is SEPARATE.

currencySymbol : char
This character represents the symbol used in COBOL to represent

45 : currencySign. (e.g., $=9$, L=£, D=DM, etc...)
trunc : String . .
The Trunc option determines whether decimal picture constraints must be

honored for binary data items.

50 Values for Trunc are:
STD, OPT, and BIN



must have prototype function declarators. 20 Prototype Function

Decl arators: You shoul d decl are each paraneter within the function -7 FEB 2005
declarator. Any calls to the function nust pass the sane nunber of
argunents as there are paraneters in the declaration. 25 Nonprotocype
Functi on Deckanaiwoes: You shoul d decl are each paraneter i RCHUpaR&RRt er’
declaration list followng the declarator. If you do not declare a
paraneter, it has tygRUNCSTE)cdiiens ok I0DB Ol shiendhhwhaaGRENG(OPT)
paranmeters to int, angdw dens float paraneters to double. The conpiler

perfornms no type cheaungcpatyeemNReteadigianent type and the paranmeter type
for nonprototyped functions. As well) it does not check to ensure that the

nunber of arguments 1Rt GlaesinfdnRatiod Bhee BindAfBIR] HESe referto "COBGLAEE 2005 WO
02/ 13007 PCT/ US01/ 24280 Yamighoudesd decl are each value that a function
receives in a par am&%‘{gmﬂgr ation list for nonprototype function

definitions that foll bABDEERIpAL8 5@k er éarﬁa%%ﬁﬂ?&ﬁﬁl sHRGhREAL I ON
determ nes the storage class specifies and the data type of the value. The

only starage class S &Sk ({.C++ allows is the register storage
cl ass sgle)cl fies. PYG@I\JS N ﬂ%ca IO specifies for a paranmeter. If you do
not specify the regl ster storage c ass specifies, the parameter w Il have

the auto storage cl aséi Wﬁbﬁb@?@d’ﬁiﬁf 611|\¥an 't e. CXRIH 1 erf‘oli]rﬁ 1&%9@8%96‘0' fies

and you are not using {he.pr hs%ﬁg Qb lste! by, Bectlc

par arret e]rj WI ll have t !l m&g%g {I’U-l] lTlCOVCI]hG g) have
type int™*l 20 In Co va1XateXl? are a parame er he parameter

declaration list if it Ts no?’grfls ed W|th|nthe declarator Derlvedfrom
TypedEl enent 25 Publ i r I%&I vad e
Attributes: 30 nane I\CIt dgct%%g?ﬁ]?{/and bﬁlﬁ)g(l%d?} %%f"é@g% hgg:dt%hf g]%)es and
native t /pes. Deri vedS "Classifier WO 02/ 13007 Derived Derived from
D.eriva eType) d EbSSI f|

cimal : ﬁoolean
The Decimal boolean exchanges the functions of the peroid and comma in
picture strings and numeric values.

’inc sed

25 If TRUE, decimals are used (e.g., 1,234.56)
If FALSE, commas are used (e.g., 1.234,56)
COBOLG66Element
COBOLG6Element represents the COBOL 66 data level.
30 For example:

0! DATA-GROUP PIC9.
03 DATAI VALUE 1.
03 DATA2 VALUE 2.
03 DATA3 VALUE 3.
35 66 SUB-DATA RENAMES DATA1 THROUGH DATA2.
66 AKA-DATA3 RENAMES DATA3.

In this example SUB-DATA refers to contents in DATA1 and DATAZ.

40 Public Attributes:
name : String
Specifies the name or handle of the COBOL66Element.

45 COBOLFixedLengthArray
A COBOLFixedLengthArray should be instantiated whenever the source for a
COBOLElement has the following syntax:
LEVEL ELEMENTNAME OCCURS X TIMES.
where X can be any integer | or higher.

50
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Field 5 Field is attribute. Derived from Structural Feature Function Derived
from Behavi oral Feature, Derivabl eType to Public Attributes: isVar Arg7 X
Bool ean StructureContents 15 Structured This is the abstract class fofEB 2005
structured types. Derived fromC assifier, TDLangConposedType,
Deri vabl eTyp®o 02@308t r uct ureContents - 7 FED 7(1B5 PCTJUSQPCIT/2angd280
TypedEl enent This is the base class for attribute, paranmeter and constant
whose definition requinitescase whspensippe (maaupmen boulidebeynge [ Bktsirayype is an
abstraction of 25 MdghEgerdthstes thatppeehoindef tetaymethalss pigcatedin meraory.
definition. A TypeEl ement does not itself define a type, but is associated
with a Oassifier. Depiwedowsr omniPlsangdksener) infipesess GOB Dkl thefudein
Derived Rerived Deri ved cédsRmmbenikvahéradnmeges ahdfesdlhitger 88 WO 021 13007 - 7
FHB 2005 PCT/ USOHo#G9sAsTy3Y An array is an ordered group of data objects.
Refer to each object @f pTOREMRRbctetHingtaRBMEIS halshMbol (A6, &randyB, haNe t he
same data type. 5 Use m@pygl ¥ BENS@RGkt 8SingR IETSdha@Medgfitiont i on or
declaration. Array el efRihS. fARe BeheiactBRY00ADBCS YRR caX@aned.f unction or, in
C++, a rﬁ)f erence. You can, ﬁowever, declare an array of pointers to
functions. Derived froibellysyhih PEatie Mkt e is el ISAO DISHIRger
Poi nter 15 A pointer LYRG vari abl e holds the address of a data object or a
function. A pointer cal Ir)ecl;fk%r to an object of any one data type except to a
d

bit field or a refer er\éﬁsée gbhb% Gs ustd, RRIAMEHIFRANAY ifRiuedt O an

t
. : ! Hol'N
object with the regi st el nstsor age Eél%gés%.m 20 Some conmon uses for poi nters

) ; e . .
are: To Sccess dynam (‘%nog{q%egt?sgersﬁg&%aes such as linked lists, trees, and
gqueues. To access elenments of an array, or nenbers of a structure, or

menbers of 25 a C++ cl ass,  T0 AGFASSE BRu@ hiY spplinyBRAS IiRhA oRfhedighlafivelg. To
pass the address of a var,l gﬁg gCF%P% Hégnction. (Ir‘? C++, you can also use a
r

30 reference to do thicso.nﬁtal 'y eterencing a variable through its address; a

functi on*tan change t h[%e(\D%S%‘%esoc%piés%ytéé%ref aRlErer, Deri ved from Derived s~
Derived from COBOLSimpleType

COBOLAlphaNumericEditedType
25 The PICTURE character-string can contain the following symbols:
AX9BO/

The string must contain at least one A or X, and at least one B or O (zero) or /.
The contents of the item in standard data format must be two or more
characters from the character set of the computer.

3

” Other clauses: USAGE DISPLAY must be specified or implied.
Any associated VALUE clause must specify a nonnumeric literal ora
figurative constant. The literal is treated exactly as specified; no editing is
done.

35
Edited Types are different from non-edited types in that the decimal character
is stored in memory for edited types and not stored in non-edited types.

Derived from COBOLSimpleType

40 COBOLClassifier
COBOLClassifier class is the parent class of COBOLComposedType and

COBOLSimpleType and contains the 'typedef" attribute.

The best way to think of the effect of TYPEDEFs in COBOL is as lexical
45 substitution, similar (o simple C macros. Replace the TYPE clau§c by
everything following the TYPEDEF keyword. Then, after adjusting the level
numbers appropriately, the result has to be legal COBOL (except for the
adjusted level numbers themselves, which can exceed 49). The‘actua] rules
are quite complicated, as you might expect, so rather than describe those, here
50 are some examples:



- 7 FEB 2005 WD 02/13007 Function Derived from Behavi oral Feat ure,

Deri vabl eType Public Attributes: 5 isVarArg : Bool ean Deri vabl eTypﬁkﬁ. E
C-r+ Metarnodel PCT/US01/24280 The C++ netanodel, based on the. AN KIFE2905
C++ REFERENCE MANUAL book (authors: Margaret A Ellis, B ﬁ;"ﬂﬁs §/FHH(§trup),
1990, is a MBFO3BYs instance at the M2 |evel. The C++ ne el consi sts
of C++ Main, and Mddel Types described as follows: ~ @ azﬁ d. i. C++ Main
Met anodel : Thi's et arosiebleiwiyef prfercingshon ndedpbar AintRstafiditiel . FI GURE 24
illustrates the C++Mibefinidet:anodel , i ncluding Derived, Structured,

Behavi or al Feat ures, Hi Lmlifdx;m-axmotha'rprbiiagEy@éBPiF@Q(QVﬁg syserogRedinndel . FI GURE
ZS illustrates an enuegraice.on of the visibility types for the C++

Met anodek. Note that |Gteounsreatrdobj ect oriented | anguage, useful in object
oriented 20 programm ng, and supports public, private, and protected
visibilities. Mdel Typgs-bimepgeunifd@m-aoount.. C++ Met anmodel Specificiation
25 G |-+ The C net anodedurb@-bdsed thye tenhidsrpris@mnappl i cati on prograns to
define data structures which represent connector interfaces. Cass The C++
class isggan extension of the C-language structure. The only difference
between a 30 structplGeriidh @DEhBTIaskifiet hat structure menbers have public
access by default and cl ass nenbers have private access by default.
Consequently, you can use the keywords class or struct to define equival ent
classes. 90 WO O0AubBodtrites) n this exanple, class X is equivalent to
struct Y class X { Typpdef:bpolepd private by defaul t 81‘) G bt Qi { return
a =5 -5 |/ public Wedeined typss jgptyoducs by ppingtheg X M?‘F‘f l.u_f;,l{eturn a ~
5: }: Il public by defefamet tofryi thead &PE iclapses If thpe s ANt PRI MeT 1S

PCT/ USOL/ 2d280 FEB zZOOS If you define a structure and then declare an

obj ect of that structTyrsDast RyjsaReReE{MFEANass, the members of the object
are still public bynagefating. In the follow ng e | e, main() has access to
the nmenbars of X evenSIPdﬁifiﬁgﬁleXa‘P%Ofcfé’('ifﬂétoéﬁlegg)q@?cﬁgss;’ﬁ"t he keyword cl ass:
Derived from Structured Public Attributes: isAbstract : Bool ean

COBOLAIlphabeticType
The PICTURE character-string can contain only the symbol A.
25 The contents of the item in standard data format must consist of any of the
letters of the English alphabet and the space character.

Other clauses: USAGE DISPLAY must be specified or impl.ied. o
Any associated VALUE clause must specify a nonnumeric literal containing
30 only alphabetic characters, SPACE, or a symbolic-character as the value of a

figurative constant.

Derived from COBOLSimpleType
35

Public Attributes:
JustifyRight : Boolean = false
This boolean corresponds to the JUSTIFIED (or JUST) clause. Note that

JUST and JUST RIGHT carry the same meaning.

40
COBOLObjectReferenceType .
The object reference type points to an object declared in COBOL as USAGE
IS INDEX OBJECT REFERENCE METACLASS OF class-name-1" where
45 class-name-1 is optional

Derived from COBOLSimpleType



zs isVolatile : Boolean Private Attributes: visibility : VisibilityKind
Menber 3d Data nenbers include nenbers that are declared with any of %Eﬁ

f undanental types, as well as other types, including pointer, referéeh ,2005
array types, and user-defined types. You can declare a data nenber the sane
way as a vanvabietotHov~ever, you 91 7 FEB 2005 WO 021 1386%VEGF#¥501/ 24280
cannot place explicit initializers inside the class definition. If you
declare an array agusliTmsduadsi c cl ass nenber, you nust specify all the
array di mensions. %aB¥Ndmeedtirgom Fi el d, Derivabl eType Public Attributes:
isStatie : Bool ean 10R4PErk Yathe ndhé 6f theiblgeact thisivethme rdfers f0. Bool ean i sRegi st er
Bool ean visibility : VisibilityKind 15 Reference Derived from Derived
Oper at or ;20 Derived from Behavioraireature, StructureContents Private
Attributes: islnline : Boolean visibility : VisibilityKind 25 Operation
Derived from Fun&OBSH-Sosice Tt ur eCont ent s Publ i.c Att Li but es: tsignd sStatic :
Bool ean i sExtern : Bobhigghssicentains fie entigseyreserdp S0k P{'ﬂ%f "MEodl*ean i sPure :
Bool ean '12 WD 02/ 13007t lnegiupibey - VisibilityKind i sCtor : Bool ean
Private Attributes:Publi¢ dfixibites: Bool ean Extern Extern is a kind of Derived
type. Itids used tcomssotiidge with C. Derived fromDerived 10 Private
Attributes: |inkagéefileN8ngi¥gngeneralization 15 Private Attributes:
visibility : VisibilityKind isVirtual : Bool ean Const 20 Derived from

Derived COBOLUnicodeType | |
The Unicode type reperesents data stored in Unicode format.

Derived from COBOLSimpleType

COBOLInternalFloatType ‘ .
The COBOLInternalFloat type captures the way floating points are
20 represented in memory. For example, the value 123.45 is represented
internally as 12345 with the implied decimal marked between 3 and 4.

Possible usage values for this class are ‘float' and 'double_‘, which are
represented by comp-1 and comp-2 declarations, respectively.
25 Derived from COBOLSimpleType

COBOLEXxternalFloatType .
The COBOLExternalFloat type captures the way floating points are displayed
to the user. COBOLExternalFloatTypes are the same as '
30 COBOLNumericEditedTypes with the exception that the PIC has a +/- sign
before the mantissa and the exponent. For example, the value 123.45 may be
represented in ExternalFloatType as +12345E -2

Possible usage values for this class are 'binary', 'packedDecimal’ and 'display'.
35 Derived from COBOLSimpleType

COBOLAddressingType .
COBOLAddressingType is used for index values, pointer values, and

procedurePointer values.

40 ' ‘
Possible usage values for this class are 'index’, 'pointer', and
'procedurePointer’,
Derived from COBOLSimpleType
45 COBOLElementlnitiaiValue

Derived from TDLangElement
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- 7 FEB 2005 rcTlusQll 2a2so Tenplate ~ The declaration in a tenplate
decl aration nust define or declare one of the followng: 25 A class A
function A static nmenber of a tenplate class The identifier of a typerfpyym

type nane in the scope of the tenplate declaration. A tenF $§8
decl ar ati on wanzmopear as a gl obal declaration only. The gﬁﬂﬁﬁ argunents
(within the < and > delimters) specify the types and the constants within
the tenplate that yaoliomsiou®sd: - 7 FEB 2005 WO 02/13007 specify when the
tenpl ate is instantjptgdsuigzven the Followi ng tenplate: S tenplate<class L>
class Key | L k; L*%akpfind : COBOIERghValutRind =ptblgl ealuekey (L) ; 11 ..; 11 )> 15
The declarations create the follow ng objects: i of type Key<int> c of type
Key<char~> 20 m of type Key<mytype> PCT/US01/ 24280 Note that these three

cl asses havd@iflferent names. The types that are contained within the angle
braces are n LoﬁE@%ﬁ%ﬂ% to the class names, but part of the class nanes
thenselves E@ d Key<char*> are class nanmes. Wthin the context of

t he exanpl e, ass that is 25 called Key (with no tenplate argunent |ist)
i s undefi ned. C ~- permts default initializers in tenplate argunents under
t he foH(mMrED@mnﬂjPA@KQGEBWBU@WW&EappIy to nontype tenpl ate argunents.
They only a§ﬁ§¥§ 9 tralllng argunents, |ike functions. 30 Subsequent

tenpl ate de B¥'s add default initializers, but cannot redefine

existing default init zers. They only apply to class tenpl ate

decl aratibns, not to 8? on tenplate declarations. 9:1 - 7 FEB 2005
PL/I Metamodel

The PLI language metamodel is used by enterprise application programs to define data

15 structures (semantics) which represent connector interfaces. This metamodel is a MOF Class
instance at the M2 level. FIGURE 16 illustrates a PL/I language metamodel, which is usable
by application programs to define data structures which represent connector interfaces. This
metamodel is an MOF class instance at the M2 level. FIGURE 17 illustrates the
TDLangClassifier, the TDLanguageComposedType, and the TDLanguageElement for the

20  PL/I Metamodel. FIGURE 18 illustrates enumerations of Mode Values, Base Values,
LengthTypes, and StringTypeValues for the PL/I Metamodel.

. b. i. PL/I Metamodel Specification
25

PLI

The PLI language metamodel is used by enterprise application programs to define
data structures (semantics) which represent connector interfaces,

30 This language model for PL/I attempts to describe PL/I declares that have the

storage class of either
PARAMETER, STATIC or BASED. CONTROLLED, AUTOMATIC and

DEFINED are not supported.

35 In the PL/I languages, extents( that is string lengths, area sizes and array bounds)
may, in general, be declared
as constants, as expressions to be evaluated at run- -time, as asterisks, or as defined
via the REFER option; ‘
however, none of these choices are valid for all storage classes.

S8



WO 02/ 13007 PCT/ USO01/ 24280 Note: C++ treats a tenplate that defines a
menber function of a class tenplate as a function tenplate. Such aS-{VI? | at e
cannot have default initializers, Derived fromDerived 5 5. e. HLA Eﬁl’?@h
Level Assenbler} This is HLASM for OS390. FIGURE 32 illustrates a High
Level Assenbyobemguage to (HLASM metanodel to define daPQTEPNEEBUr e
semanti cs which represent connector interfaces. FIGURE 33 illustrates the
associ ati ons bet wegpsdaharikiaSMosetacmadet naticbistanhendTor defgred aivehedtBlERes whi ch
are the TDLangd asghfididre cidi@led DLanguageConposedType, and the

TDLangEl ement . Fl @t rhddebgd ar@gﬁamaa-s MRy xaintsaire gbcifitevikhskSvkusage
values in tile HLASM Met anodel . 15 hl asm HLASMDeci nal HLASMDeci mal types

are used by deci malpp 'T!t%ﬁl!elitahﬂﬂﬁe AhiG0g ot valid B phrine@8Gh B catey pal) berachi ne
format: packed dechgrf%lr g rtﬁpgngde]_Code is 'Z for decimal type (machine
format: zoned deci Tormat ) . Exanpl es: AP AREA, PCON 25 PCON DC P 100

AREA DS P Deri veghg%i

§I\/Bi npl eType Private Attributes: 30 exponent
i nt The exponent

OmleHL I X . .
nt “HOU B} 0D SPRGLH Gk AR ik BYoWe) Gl beanor nal
val ue of a decimal cops é:q 1%, hOpPE mjlf‘h ké_ed before it is converted to
its intethal binary r%ﬁ]lpesé%eta ion. packed T Bool ean 35 Thi s Bool ean
corresponds to the machine format .for decimal type. True is Packed (Code is
P) False is Zoned (@H&dﬁgmﬁ“l as‘ﬁnfleﬁr: int 40 The scale nodifier specifies

t he amount of internal scaling you want for decimal constants. 9S - 7 FEB
2005 WD 02113007 prgfwa@naa2so HLASMAAdAr ess HLASMAdAress hol ds address

i nformat jon mai nly for A PlelDesieradén fepeedtspoenydatadefinvtiorein theydtlpingfatdns Code
is'"A for address typeronaahiphe format: val ue of address; normally a
fullword). 5 Code is DAD | Edplogetdr ess type (nmachine format: val ue of
address; normally a doubNemerd). Code is 'Y for address type (nmachine
format: val ue of address3 paarcha{29y a hal fword). Code is 'S for address
type (maghi ne format: base@irkeghtlogr and di spl acenent to val ue; a hal fword).
Code is 'V for address2pDypeméiabir(Me format: space reserved for external
synbol address; nor maltigredEdmpldyanndine, Cod@irbstsatdDephomerd dtradldy-1 Hlagentnachi ne
format: space reserved for length of class or DXD, normally a fullword). 15
Code is 'Q for addresgtibype (rmachine format: space reserved for external

dummy secki on of f seb)rivddaeten TBLAMREId®@At addr ess type (machine format: space
reserved for PSECT addresses; normally a ful lword).

Public Attributes:
level : String

30

PLIComposedType
PLIComposedType is a collection of member elements that can be strugturc,
unions, or elementary variables and arrays. PLIComposedType has ‘a'smgle
aggregation to include all the elements that are a part of this composition.

B A structure is a data aggregate whose elements need not have identical
attributes. Like an array, the entire tructure is given a name that can be used
to refer to the entire aggregate of data. Unlike an array, however, each element
of a structure also has a name.

40 .

A structure has different levels. At the first level is the structure name called a

major structure. At a deeper level are the names of substructures called minor

structures. At the deepest are the element names called elementary names. An
elementary name in a structure can represent an array, in which case it is not

45 an element variable, but an array variable.

The organization of a structure is specified in a DECLARE statement through

the use of level numbers preceding the associated names; level numbers must
be integers. A major structure name is declared with the level number 1.
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20 Exanple: L S, ADCON ADCON DC A( SOMMHERE) Derived from HLASMVSI npl eType 25
Private Attributes: type : HLASMAddAressType Specifies this elenent's FER. 2005
address type. 30 HLASMBi nary HLASMBi nary defines bit patterns. Code 73' é
for binary type (machine format: binary format). Exanple: 35 FLAG DC

B' 00010000' wwewni/aeer fr om HLASVSI npl eType Private Attribut BSVUIMBHAbNt : int
40 The exponent nodifier specifies the power of 10 by which the nom nal

val ue of a binary condgianitricsirdsanbeemeitary phinescarpddctiras with Ipvel pmREr ted to

its infernal binary regiesentiation. scale : int The scale nodifier
specifies the amount of internal scaling you want for 45 binary constants.
HLASMChar act er HLASMahar@edietiorista masr sahaneatme isseuniings! yronprekibages. WO

021 13007 .- 7 FEB 200 Bidyidp01/ 24280 Code is 'C for character type (nachine
format: § bit for each character). Code is 'CU for unicode character type
(machine format: | 6- bi4y,CRASO ofeasheGlrar et £leyel nGotler lis G for graphic
type (machine format: Lf;dcbiafR0E0fAbtheaeh witafakl@mmberExanpl e: CHAR DC

Cstring of characters’ ,lericNedidhomfdaShBrnARESEy®nBo Private
Attri butle(\)s: graphic : boolean Specifies whether the el enent is graphic or

not, True for Graphic (Code is 'G). ~5 False for regular character type.

type . HLASMCharact er TN&]'EH@ L {af5 2 bIRKIS nflseaBirhie Sheolb@ AGHIRE add/ipe. 20

HLASMFi xedPoi nt  HLASMEI X6 3 mBleCinb 66l S fah@Iifdax Bsliepraieatas and ot her
instructions. Code ig/fsﬁe’(&\ OCI% |extgé’?popgte’type (rrac%?ne format: signed,

fixed-point binary fo]FOr]rlﬁf";: normally a fullword). Code is 'FD for

fixed- pofsnt type (machi Bed %'i{'ﬁalt}f)A kreped, fixed-point binary 25 format;
Erbaici enrhg

normal Iy a doubl eword). or fixed-point type (machine fornat:

si gned, fixed-point binary 9 . ( |1y a halfword). 30 Exanple: L
3, FCON FCON DC F' 100" Deri v;je% Sﬁ(ﬁ%ﬁ%@?/ﬁi nmpl eType 35 Private Attributes:
exponent ;i nt The exponent Mgt speci 'ies the power of 10 by which the
noni nal ¢4l ue of a fixed- poff -E;%%tkaﬁB(EbHDE(E()SZ‘i)S to be nultiplied before
it is converted to its int erg‘%ﬁ,ﬁ&ﬂﬁﬁ#ﬁgﬁfﬁ%’@}z’ﬁti on.

2 RATE,

3 REGULAR FIXED DEC(3,2),

25 3 OVERTIME FIXED DEC(3,2);

Indentation is only for readability. The statement could be written in a
continuous string as DECLARE | PAYROLL, 2 NAME, 3 LAST CHAR(20),

30 etc.

PAYROLL is declared as a major structure containing the minor structures
NAME, HOURS, and RATE. Each minor structure contains two elementary
names. You can refer to the entire structure by the name PAYROLL, or to

35 portions of the structure by the minor structure names. You can refer to an
element by referring to an elementary name.

The level numbers you choose for successively deeper levels need not be
consecutive. A minor structure at level n contains all the names with level

40 numbers greater than n that lie between that minor structure name and the next
name with a level number less than or equal to n. PAYROLL might have been

declared as follows:

DECLARE ! PAYROLL,
45 4 NAME,
5 LAST CHAR(20),
5 FIRST CHAR(15),
2 HOURS,
6 REGULAR FIXED DEC(5,2),
50 5 OVERTIME FIXED DEC(5,2),
2 RATE,
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40 The exponent nodifier is witten as En, where n can be either- a deci nal
selfdefining term or an absolute expression enclosed in parentheses. The
deci mal self-defining termor the expression can be preceded by a s7ggB
no sign is present, a plus sign is assunmed. The range for_the (ﬁ/xﬁg(pent
nodi fier 45 weoyB80mto +75. |If using the type extension to PEEPIYYE
floating-point constant, the exponent nodifier can be in the range -2(31 )
to 2(31 )-1. If the noni nal 3RBGHE-AFLHRGID BECtBPr esent ed exactly, a warning
message i s issued. scale : BQVERIEMECHXEDBBCG %8y specifies the anount of
internal scaling you want for 50 binary digits for fixed-point constants:
(H F), i,e. the power of two by which ~~? - 7 FEB 2005 WD 02/ 13007
PCT1U801/524280 the fixed-point constant must be nmultiplied after its

noni nal val ue has beeThi¢@uuetivetstles in bsacty thesyme gpeesienisht BirYiogel t before
it is assenbled in itgchatafiah. scaled form Scaling causes the binary point
to nove fromits assyNBdndhPetIpesict, TDLaagCdnesedTyie of the extrene right
bit position. 5 The range for each type of constant is: Fixed-point
constant H -187 to 15 10 FI xed poi nt constant F -187 to 30 The scale

nodi fier!%is wi tter?“ﬁ%céﬁ’)‘ ere nis either a decimal self-defining term
or an absol ute expr‘éﬁ%‘?oﬁ“‘é?ﬂﬂ osed in parentheses. ~5 1 Both forns of the
nodi fier's value n can be preceded by a sign; if no sign is present, a plus
sign is assunmed. Notes: 20 1. Wen the scale nodifier has a positive val ue,
it indicates the nunber of b| n p05| tions occupi ed by the fractional
portion of the bPhdElementn “3"5‘?/ S6al e mdidipr has a

negati velsval ue) it m@h%%‘fé@%}%ﬁ%’@ﬁ?ﬂﬁﬁg fi"f%l@% e m[mons ggc\et ed from
the integer portion of#t d are

| ost because of scal i Agp iptial Yaliecappe Pegipd, 8mer5 Va”a%z)ecgiuorrésaﬂﬁﬁn&de%§

extreme left bit of thesneeiéied foat py Vaﬁ*ﬂ ®roundi n ref
extreme right positi offreayeer UNqrAGK N 'lgﬁi“ g‘ﬂ)@ i h‘g (l)ilaﬂ%l;%pes

are used2by fl oati ng- FOFRMCRIHYOATES I er g- poi nt
type (machi ne fornat: ¢$RGRYOr fa’fr%ya;g;ﬁ e 8H§ fr‘rﬁttt”bUte CannﬂtFL’ Q%* @I | word). 35

—

Code is 'D for floati tﬁﬂ&?r Ing ?'] goia WE& Iongfloatlng poi nt
format; normally a do@ ]MITE F%t’rl"a”lﬂ?)lfs fl oati ng-poi nt type (machine
format: extended floatin oint format; nornmally doubl ewords). 40 Exanpl es:
LE 2, EC-R6 ECON DC E' fitve DSHFIA b Rshap hsps SRS mpl eType 45 Private.
Attributes: exponent:int The exponent nodi f% 'E] ?C]]I fls(éa ttr)gel Rower . of 10 by
whi ch the nominal val uel ‘Bie figstifpgatNHdoboiPAt! "Etsoaﬁé AT 5P'S c? § is to be
multiplied before it ifancsioniedsense FPLWHIER theyeldf o L3y repr esent ation. 50

98 assigned to a variable when storage 1s ahoca

30 ‘
2 The second form, INITIAL CALL, specifies (with the CALL option) that

a procedure is invoked to perform
initialization. The variable is initialized by assignment during the execution

of the called routine. (The routine is not . ' .
15 invoked as a function that returns a value to the point of invocation.)

3 The third form, INITIAL TO, specifies that the pointer (or array of
pointers) is initialized with the address of the
character string specified in the INITIAL LIST. The string also has the

40 attributes indicated by the TO keyword.

Derived from TDLangElement

45 Public Attributes:
' initialValue : String
ValueType : PLIInitalValueType
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- 7 FEB 2005 WD 02/13007 PCT/ US01/ 24280 The exponent nodifier is witten as
En, where n can be either a decimal selfdefining term or an absol t[_e
expression encl osed in parentheses. The deci mal self-defining terim ol £ 485
expression can be preceded by a sign: If 5 no sign is present J%' us sign
is assunmed. waexraemge for the exponent nodifier is -85 topgp/g_Sm e Y ng the
type extension to define a floating-point constant, the exponent nodifier
can be in the rapgamsftt ) to 2(31 )-1. If the nom nal val ue cannot be
represented exactly, g waeni Nng nessage i s i ssued. round :
HLASMFI oat i ngPoi nt Raungii¥ne ThPamieesssitiees this el enment's floating point
round type. scale : int The scale nodifier specifies the anount of internal
scal ing you want for hexadecimal digits for floating-point constants (E, D,
L)) i.e. sthe powBEIgurealgxby which the fixed-point constant nust. be
miltiplied after its Foatlasiconainybe eaiigAM R © GRuATE ST L nary
representation, but bwskeiaedlineinsmb&senbl ed in its final scaled form
Scal i ng causes the binary point to nove fromits assuned fixed position at
the right of the exXtubbeattribwést bit position. The range for each type of
constantigi s: 20 Fl catreegSpiagit constant E O to 5 Fl oating-point constant D
0 to 13 25 Fl oati ndilgidame : Stwimgt ant L O to 27 The scale nodifier is witten
as Sn, where n is either a decimal self-defining term or an absol ute
expression enclosed in parentheses. 30 ( Both forns of the nodifier's val ue
n can be preceded by a sign; if no signis present, a plus sign is assuned.
Scal e Modifier f®LIBempdtationdLypd oati ng- Poi nt Constants: The s&:al e rGr[Ddi fier
for hexadeci mal fl oat Cogpplotional ypesseripest Yirss thakareussd FHMAWRNasP BT 35
specifies the nunber ofledies st Amimgsissing ssing datheansipie cIPRICNI N8R porti on
of the binary representation of a floating-point constant is shifted to the
right. The hexadecinmal point is assuned to be fixed at the left of the
extreme | eft positiDerived fiohePlilfmytidlypal fiel d. Wien scaling is specified,
it causesy an unnornualized hexadecimal fraction to be assenbl ed
(unnornal i zed ne t tmost positions of the fraction contain
hexadeci mal  zer Oggﬁ%’tlhgﬁé%f&a%atﬁqgm%n&ltagmggglstant is retained, because the
exponent in the characterrstic portion of the constant is adjusted upward
accordi ngly. When non-zero hexadeci mal positions are |ost, rounding occurs
in the extrene |eft _hexadeci i 1 the lost portion. The rounding
is reflected in the &% e?dg{arf)em Eﬁgﬁﬁ‘gg%glb%%@fesaved. 45 type :
HLASMFI oat i ngPoi nt Type Specifies this element's floating point type. 50
HLASMHexadeci nal HLRSMHeXtadmesmal defines large bit patterns. ~).| - 7
FEB . 7_005 WO 02/ 13@@de POIodg¥olue2d280 Code is ' X' for hexadeci nal type
(machine format: 4-bit code for each hexadecimal digit), Exanple: 5 PATTERN
DC X FFOQEFOO' Derived from HLASMSI npl eType HLASMCI assi fer HLASMCI assifier
is the abstract parent class of HLASMConposedType and 1 o HLASMSI npl eType,
Derived from TDLaRyteingTYReer HLASMEl enent A HLASMEI enent LLEPpresent s, every
DC instruction in the #IASNS peestpimol IEntieBPusERAFRSTE Pl CHIRNBE CEEPHIRG  of
characters' PCON DC P argQeate P FFOOFFO0!

Derived from PLIComputationalType

5

PLIIntegerType L
Declared as Fixed Bin. with precision and scale factors. The preision s the

total number of digits and the scale is the number of digits to the right of the
binary point.

40
Example
DCL bindata BINARY FIXED (7,3)
. 45 could be used (o present the number J011.111B that is 7 data bits, 3 of which

is to the right of the binary point.
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20 CHAR, PCON, and PATTERN are all DC instructions Derived from
TDLangEl ement . HLASMSI npl eType HLASMSI npl eType is an abstract clasg trggpgs
contains attributes shared by all z5 sinple types in the HLASM | anguage.
Derived from HLASMCl assifier Private Attributes: 30 length U%‘H} 2 j;e | engt h
nodi fier indwoate®ot he nunber of bytes of storage into whi EHUP &4 nst ant
is to be assenbled. It is witten as Ln, where n is either a decinmal
sel f-defini ng ter mmsivanfr@bFolAritemenqiiyessi on encl osed by parentheses. It
must have a positive value. 35 Wen the length nodifier is specified: Its
val ue determ nes the num%_ r of bytes of storage allocated to a constant. It
therefore determ néaé‘b\},\‘h‘éi’ yiest he nom nal value of a constant nust be padded
40 or truncated to WPHsSIPiBUESE space al l ocated. No boundary ali gnment,
accordi ng to const &6tet §E8ei s provided. Its val ue nust not exceed the
maxi num | engt h al | cWERedr BOOeAR vari ous types 45 of constant defined, The
|l engt h nodi fier nusBighedian ; Baelsdn= H8Ghl e~ byte data in a Ctype constant. |
The length nodifier 117LI5t be a multiple of .2 in a Gtype or CU-type t00
- 7 FEB . 2005 WD 021 13007 | constant. PCT/US01/24280 When no length is
specified, for crﬁégﬁ)t &mgnd graphic constants (C acid G, hexadeci nal
constant 80 ( X), bi 1pa tants (B), .and_decinmal co t t he
whol e constant is ass8#bl BEH B(Zf*td§c‘fl. f a@P%'p .lgtncof]%.%m]%ar&g ‘%ﬁoﬁd)zggwpe
e ( . . . m xe[q%p t cSnsbelt. T t
Specifies this el emeng® §XP198W1-%‘F§““%W§ 4 ! @%rﬁp SSeLyAe phler
HLASMConposedType cl a8 letispEdallayted by af grtiquy! 36?3;}63#%1 %eo’po @ ?Wh%%rﬁ Ahns
addi tional el ements. PfIKSNPSSHPRSOHRERO R CALENESIANG A BIEGH Y ?’e of ~b
HLASMEI enent s. HLASMCHEmpoSEAE)hel heMaulissht of HLASMUni on. Derived from
HLASMCI assi fi er, TDLakg@spPiap¥&edType 20 Private Attributes: union : Bool ean
Speci fi es whether the elenent is a union or not. True for union. 25 False
ot herwi se. HLASMArray HLASMArray holds inforpation for array instructions.
30 Private Attributes: size :155“3%% Q?Sz@e‘a%%f s the. one-di nensional size of
the arrapothat is allocated ##E4PenmBrSPeASHEASM Jl enent I nitial Val ue This
class contains the initial vaffé ofa}PecEPESIEl enent. Derived from

TDLangEl enent Public Attri bdf@&+07 has precision =3
438E0  has precision =3

3141593E-6  has precision =7 .
25 .003141593E3 has precision =9

The last two examples represent the same value (although with different

precisions).
30
The data attributes for declaring decimal floating-point variables are
DECIMAL and FLOAT. For example:
35 DECLARE LIGHT_YEARS DECIMAL ELOAT(S);
LIGHT_YEARS represents decimal floating-point data items with at least 5
decimal digits.
40 . ‘ i
A binary floating-point constant is a mantissa followed by an exponent an the
Jetter B. The mantissa is a binary fixed-point constant. The exponent is Fhe
letter B, followed by an optionally signed decimal integer, \’.\/thh specifies a
power of two. Binary floating-point constants have a precision (p) where p is
45 the number of binary digits of the mantissa. Examples are:
101101ESB has precision =6
101.101E2B has precision =6
50
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initVal : String 40 Specifies the initial value of the el enent, exanple:

"MN, '"rVIAX , etc. HLASMsSourceTe~a This class contains the entire source
code (including coments) and its 45 associated |ine number. Public -7 FEB 2005
Attributes: source : String Specify the source file string. - 7 FEB 2005

WO @/ 13007 ioheidave : String Specifies the path of the sBeVERR42pE.
TOTALS: 1 Logical Packages 5 14 O asses LOd CAL PACKAGE STRUCTURE Logi cal
Vi ew TDLang hl asm t o 1GI0&p}RE bastirenisi®oTai n | nterface Metampdel G a. | M5
Transacti on Message Metanodel IS rcTnsnv2a2so The | M5 Transacti on Message
met anodel depi ct ed aslishBwIB hms FéBWRE=26 ( FIGURE 26 illustrates the

Met anpodel for an I M5 Transacti on Message, containing three types of
transactison nessages, the | M5-OTA Messages with a prefix) | M5 nessages

w thout a prefix where a default OTMA prefix can be built by IM5, and I M
basi ¢ messages to be spdataattdButepiol ilactring hinprydlpatmespointi vagal¢sy@ye  cont ai ni ng
three types of | M5 t rgmeact W@ FLORSE apeexardiplé:MS OTMA nessages With prefix *
| M5 nessages wi thout prefix - A default OTMA prefix can be built by IMS ~
| M5 basig messages to bepSEARESBIMPRY EEOADNIQr ograns directly 25 G a. i.
| M5 OTMA Prefix An I M5 OTMA nessage prefix is conmposed of the follow ng
conponents, FIGURE 27 kldustiiabigsy Flogingiivint pateitens wih agacaionoted . bIFGURE 28
illustrates the OTMVA (mgi%f_i x in control data defined data types. FlIGURE 29
illustrates the OTMA prefix in state defined data 30 types. FlI GURE 30
iIIustra{ses the OTMA prefix in security defined types. Fl GURE 31
illustrates the il ‘g\@ AUSPecRIdnT {21Y. e bXpohéi carvb: detaimdedecirhal Cont r ol
data: This section ing h’? b\ Boalih ARSI s cRRs NHTRizdIRBSAYEm)feting-
sequence nunbers, fla gn@‘ d A ea bt Rion is Bisah® diab@l to @), shostebhiinn

incl udes a destinati of OVert|d.q R QRARd pARisfINS feasi At 207 and éssethan commi t
mode, tokens and ser Vgl 08l 853), Ydngioating-foiEBm? A0S D R2deb BEA bracBmBoMa2s 0

greater than (53), extended floating-point form is used.

Derived from PLIArithmeticType

25 Public Attributes:
base : BaseValues
precision : Integer
IEEE : Boolean = false
BigEndian : Boolean = true

30
PLIPackedType ‘
The data attributes for declaring decimal fixed-point variables are DECIMAL
and FIXED. For example:
35
declare A fixed decimal (5,4);
specifies that A represents decimal fixed-point data of 5 digits, 4 of which are
40 to the right of the decimal point.
These two examples:
declare B fixed (7,0) decimal;
45 declare B fixed decimal(7);
both specify that B represents integers of 7 digits.
This example
50
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~ Security data: This section includes the user 1D, user token, and
security f | ags. '~ User data: This section includes any speci al

i nformation needed by the client. 5 The OTMA prefix metanodel is =7 FEB 2005
characterized as follows. J ) OIMA Prefix - Control Data Defined Types 2)
OTMA Prefi x woSaier Data Defined Types 3) OTMA Prefix - SBeUV§#N*Bht a

Defined Types to 6. a. ii. II\/B_I\/Essa%es.Pri mtive Types 6. a. i. a).
| MSTr ansact i onMessage Meedmedelixegidcd) dedmel on ~5 | MSTr ansact i onMessage
met anodel includes the follow ng | M5 nessages scenarios: - | M5 OTMVA

nmessages wWith the prefix - I M5 OTMA nessages wi thout the prefix - .1 basi c
messages to be sent tspedifies tBgoS] hos atstaing factoy phri Bhip Bepsyhat Sgiopls 7 Jigits that

Attributes: OTMAPY ef ipefgerfromt -099TIDIRM0sH PIISBPIHOQ. ixingreancss #h H¥r dFi el dsFl ag :
Bool ean OTMAPrefi xFormats 25 Private Attributes: one two StandardFi el ds 30
St andar dFi el ds (consiBiis &@mple ZZ and transaction code) are not included in

the followi ng scenarios: - Sending XM. docunents directly to the I M
transaction application REe&TREEimal-fixdCi€alnd 2NAK messages to | M5
applicatjpns 1113 - 7 FEB QQO05 WD 02/13007 Private Attributes: Length :

TwoByt eFi el d Also known as LL. ReservedField : TwoBytePield 5 Also known as
ZZ, PCT/ USQCLI 2d280 Tr gias@ed hanSageesentVixddaing tanot hiigad, d oTheicransact i on
Code field can be frofpdichf, 8 bytes in length. Transacti onCode appears wth

first segment of ingyl, .0Es5H398AiMYicTypeansacti onCode cones after LLZZ. to
OTMAPref i x OTMAPrefi x . An IM5 OTMA prefi x can appear ei ther before al 1

nmessage segnments, or on | y 15 before the first segnent of the nmessage.
However, the OTMA pPlé’IhF)(\“i'lg“té%iti onal. If it is not specified, the IMS
gateway W || build pregsipngintegife for the request. Control Data. 20 Control
data i s message- conscalsl: InG§gSr mati on. It includes the transaction-pipe

20

PLIPictureType' '
Numeric picture data is numeric data that is held in character form

Derived from PLIArithmeticType

25 Public Attributes:
pictureString : String

PLICodedStringType
30 Derived from PLIStringType

Public Attributes:

type : StringTypeValues

varying : LengthType
35

PLIPictureStringType .
A character picture specification describes a fixed-length character data item,
with the additional facility of indicating that any position in the data item can
40 only contain characters from certain subsets of the complete set of available
characters.

A character picture specification is recognized by the occurrence of an A. or X

picture specification character. The only valid characters in a character picture
45 specification are X, A, and 9. Each of these specifies the presence of one

character position in the character value, which can contain the following:
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nane, nessage type, sequence nunbers, flags and indicators. Private
Attributes: ArchitecturelLevel : OneByteField Specifies the OIMA
architecture level. The client specifies an architecture 25 |evel ,- BRER %
server indicates in the. response nessage which architecture 4@!&0 it is
usi ng. The awvohi/tsext ure | evels used by a client and a ser¥efl mat ch.
Wth 1IMS Version 6, the only valid value is X 01'. Mndator fto atlhle i
messages. 30 MessageT§pe Any Tiviacicigbthy 3a6 mpsaibleriiteemMPHRN GRS SPLGE" ?{/lf)ye. Every
OTMA nessage nust spédgilfye.a val ue for the nessage type. The val ues are not
nmut ual Iy excl usive. For exanple, when the server sends an ACK nessage to a
client-submtted t r ansactAingn|phiistin chiamster.fia @ e 0 Wkand response flags axe
set, ioas - 7 FEB ?005 WD 02113007 PCT/ USO01/ 24280 ResponseFlag ; .

OneByt eFi el d Specifies einpdigittdratank {Noteska s nigtuig spedffahchpds€ide or
that a response is reguesicetaradalspoificedesnediffsrenidn thahihg agrresptdinicl ude
attributes (for that gHaedeeacin ah)beiadigit)t he application-data section of the
nessage prefix only ifWhehe chdransasité Bnssigred, d itressfeadetndaiiResggrnsis data
Request egyy Conmi t Conf jigBhd panfdudg charab@o imeatiCpositianat | onFl ag Speci fies the
success of a commit rgguRStfor REBity, byspetiéiedsipy the cortaspertiimgaiidtesa specificgtion

comi t-confirmation NMEssRES. and ARIHONEERSIGEEcadition i yiseddpt i cabl e for sendtO
then-commit transacti gngvaaidhadEer. sweatd §obedndnye theealsy eidter viarecatd- on- | evel
flag in the state-dat g & k@bmigfiod Masigas ags, therefid no ch&kimgandTy pe
TCommandType Specifi egotdy@mplEMA prot ocol command type. |MS MIO commands are
"specified in the application-data section of the 15 nesage. ProcessingFl ag
. TProcessi ngFl ag Speci s ARY pARE: BCTURECAARIK ent or a server can
control message processipig: EOIT (PRRBARPAAADXBYt eFi el d Specifies the
transacti on-pi pe nane. For IM5, this nane is used to override 20 the LTERM
name on the 11O PCB. This field is applicable for all transaction, data,
and conmit-confirmati g, FRRIALE h¥PRE valld fol BARI#0 applicable for certain
response and command nessage types. ChainFlag : TChai nFl ag Specifies how
many segnents are in the,gessade. This flag is applicable to 25 transaction
and data nessage types, gijgoit is mandatory for nufti-segnent nessages.
PrefixFlag : TPrefixFl agyppgpifies the sections of the message prefix that
are attached to the OTMA nessage. Every message nust have. the
message-control information section, 30 but any conbi nation of other
sections can be sent wfy IzlatnNigMﬂle@'ﬁ§5@gﬂrlidm@MeNMHhMrac:ters are

Four Byt eFi el d Speci fi g4t & &89uence nunber for a transaction pipe. This
sequence 1[aurrber is updated by the client and server when sendi ng nessage or
transacti'ons. Recommendapigespgl ncrenment the nunmber separately for each
transaction pipe. 111S . ,gcfFEB 2005 WO 02/ 13007 r CTIUSQO | 2a2so This
nunber can al so be used {fuRgtch an ACK or NAK message with the

35
Derived from PLIStringType

Public Attributes:
pictureString : String
40

PLINonComputationalType .
Represents values that are used to control execution of your program. It

consists of the following data types--area, entry,
45 Jabel, file, format, pointer, and offset.
Derived from PLISimpleType

PLILabelType '
A label is a label constant or the value of a label variable.
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speci fic nmessage bei ng acknow edged. SenseCode : TwoByteField Specifies the
sense code that acconpani es a NAK nessage. 5 ReasonCode : TwoByteFi el d
Speci fies the reason code that acconpani es a NAK nessage. This codd EERNM
further qualify a sense code. Recoverabl eSequenceNunber : FourByteFieId
Speci fi es t hgonpoowver abl e sequence nunber for a transacti BRVEFPE4%40
I ncrenented on every send orf a recoverabl e nessage using a synchronized
transaction pipe. Both the client and the server increment their
recoverabl e send- sequéabel qoustive i snaavechritten ms Hiebehrsefis efpestasgreany (Ofep AR he
send- sequence nunber , PRGCISRYRENEISERYighe@KMGREbar FORMWIBya bt dariee SSEHoN es
the sequence nunber fgbgramsegiaehn of ransferred fo-tea giatentenitbroygiyereferics onbinber
must be ypdated for emahe BaowRpline because nessages are not necessarily
del i vered sequenti al | yf daje, ¥sslexanlple, Abetrberatelisinstastve a val ue of 0 (zero} if
t he nessage has only one 20 segnent. Reserved : TwoByteFi el d Defi nedTypes
25 TMessageType Private sgddeiNadsesspet®iiaus; Siring Data (val ue X $0')
Speci fies server out pyge |deHlied S@Bedt@art bcexetitandithel Hy tone@alcbquenttal sxpeutidni es
synchronjzation | evel GaghicfidhsoPby fighgshaGe- TR btatementto amsid corve! weskerge
prefix, the server al goh,sSgts Response Requested for the response flag. If
the client does not sgﬁghﬁmm%ﬂﬁygﬁhronization | evel , the server uses the
default, Confirm Tranhsaction :  String Transaction (value X 40') 111G - 7

FEB 2005 WD 02/ 13007 RGR/MEAL6R42PMyvSRAGA: 1188 riblBbr 4 P8 combainpaskignddiie
server. Response : St {geResPAN28igh Mt iemaielBe kndRAmehd o clshiate fabe imessage
s a response nessage,. S only set if the 5 nmessage for which this
message is the respongg {B&CH &@&‘ecliﬁ‘ém&lﬁemﬁ?gpﬁsépm Hh@f infihEval@s pengaeyf | ag.
If this flag is set) {Ne LRIPPNS& bR specifies either ACK or NAK. The
send- sequence nunbers_nust mat ch %pr the original data message and the
response,fressage. Chainegl, { £aRRAL A GO IESHAGES b e vaes ¥Rbelnust 10
al ways réguest a respmgnp%tqgsseah{ea%tsaahatrimasmme@mecm@ng| cul ar

transaction pipe) is %gggrd,(ﬁga i

nd ring Conmand (value X 10')-
Speci fies an OTMA pro .OTMA commands nust al ways specify
ttl? lov%g le
esponse

Response Requested for the ‘flag. 15 CommitConfirmation : String
CownitCOnéirnation (val ug, X980 x Tabstpeci fies that commt is conplete. This
is sent BY the server whep, @ §%Qﬁwgpint has conpleted, and is only
applicable for send-then-conmit transactions. The commit-confirmation flag
is also set.

30

Lbl_b: statement;
35

40

Lbl_x =Lbl_a;

45

50 go to Lbl_x;
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20 TResponseFlag Private Attributes: ACK : Siring ACK (value X 80')
Specifies a positive acknow edgenment. NAK : String 25 NAK (val ue X 40')
Speci fies a negative acknow edgenent. See the sense code field for-foER 2005
information on the reason for the NAK ResponseRequested : String Response
Request ed ( wed we13720' ) Specifies that a response is requ‘&qwl@%f’othi s
nmessage. This can be set for nessage types of Data, Trarisa%tsisgn, or 30
Conmand. Wien sendi nd.téerrdihbh-atedahel eonsmEs cafdhhd iotiepyary diges  not
request an ACK regar dssgsnpEblthe Ly ncte sriemeni R TOARILX transfers control to the

) Jxt endedResponseRequéasted : String 1n7 WO 02/ 13007 WO 02/ 13007

PCT/ US01/ 24280 Ext endederRes[BistsberRabriprogienh qay apniain xstapgrent assighipg iRl ¢ hat
an ext ended response lis_x.dtere st eefefance toHibd_needdbethe care da rdeensy0a cl i ent
only for transactionsLas. for transactions that specify an TM5 conmand
instead of a transactfiggvaeds)Lbl_kfis tehired ih@gnbtersatuefivassignediaisact i on, 1 MS
returns the 5 architegtegheptdiablbbisas ihalid vilat, detectivaaf suchan piortiyeot

appl i cati on-dat a sect y@mnekdTheeASiewiRssanple, trinstehissndde togp pasticytar eledenta
command, | M5 returns %ihﬁe af4hd tected attributes in the application-data
section of the ACK neggafsn thd Miige di1ag can be set for the 1: M5 commands

/ DI SPLAY TRANSACTI ON and /DI SPLAY TRANSACTI ON ALL. io

TCommi t Confirmati onFlag Rrivahe Attributes: Committed : String Comm tted
(value X' 80") - Specifies that the server commtted successfully. 15
Aborted ) String Aborted {value X 40') - Specifies that the server aborted
the commt. TCommandType Private Attributes: 20 CientBid : String
Cient-Bid (value X 04')- Specifies the first nessage a client sends to the
OTMA server. This conmand nmust al so set the response-requested flag and the
security flag in the nessage-control information section of the nessage
prefix. é’&;e appropriate stat-data fields (for exanple, Menber Nane) nust 25
al so be Set. The security lq.apfgiplyqﬁgn&etqy@t specify a Utoken field so the
OTMA server can validate {h'e client's authority to act as an OIMA client.
Because the server can respond to the client-bid request, this nessage
should nto be sent until the client is ready to start accepting data
messages. ServerAvail able : String

Z2): A=A+B+C*D;
30

35 . X

7(3): A=A+ 10;

40 If Z(2) is omitted, GO TO Z(I) when 1=2 raises the ERROR Copdition. GO TO
Z(I) when I < LBOUND(Z) or I > HBOUND(Z) causes unpredictable results

if the
SUBSCRIPTRANGE condition is disabled.
Derived from PLINonComputational Type

45

PLIFormatType o
The remote (or R) format item specifies that the format list in a FORMAT

statement is to be used.

The R format item and the specified FORMAT statement must be internal to

50 . . . - ,
the same black, and they must be in the same invocation of that block.
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30 Server Available (value X 08") - Specifie.s the first nmessage the server
sends to a client. It is sent when the server has connected to the %&F
group before the client has connected. The client replies to the se &P 2005
Avai | abl e nessage with a client-bid request. T he appropriate state data
fields (for waanphe, Menber 1118 - 7 FEB 2005 WO 02/ 1300F/#EY43¥01/ 24280
Name) nust al so be set. If the client connects first, 'it is notified by
XCF when the server conrmectRORMAT shegians capngcerisingy Riptmat dew|thad ffergpess
request. CBresynch : iftlf inglaEBrdaynehndneal tiesfaeoeayother Sppetp FPRY AT
client-bid message Wisidierent dgiiestt tdiye Bfeteneing bi theoriginnl FORMMAE MetsmEHat i on.
This command is optional and causes the server to send an SRVresynch
nessage t0 the clientgoplitRnéEiabisy s khed@ffrakUT gatthent hivssalsatessalgediohat a
client sends to the GEMAnRS RERMWIentdniends)ttenptesefewedtesynchroni ze with 1NMS
and exi sting synchr onjzR&GHPHFERT fatérBént isahe silge ahtewatt of Gt GBFunithénlt t he
CBresynch nessage i ndjigahé& isialbldReanduissage coitsif b xemdtOfotthat ifent or mat i on
required for the nmessage prefix should be identical to the client-bid
command., I f | M5 receiygx@nMéi ent-bid request for themclient and IMSis
awar e of existing synchronized Tpipes, | M issues informational nessage
DFS23941 to the MIO | MSprEsRESWITEH1ECRNEr abl e send- or receive sequence
nunbers to 0 (zero) forgsatlept gﬂqxgﬁﬁkgygged Tpi pes. 15

SuspendPr ocessi ngFor Al | =1 String Suspend Processing for Al Tpipes
~(val ue XG 14') - Specifieg yrhPg =g9rver i s suspending all nessage
activitywith the client.g W gyent data input receives a NAK nessage
fromthe server. SimlagkyprtgfnEngtv shegld send a NAK nessage for any
subsequent server messageg s Cﬁnylient w shes to 20 suspend processing for
a particular transactiop;prgRmaT (4Bgs)Hsubmt a /STOP TPI PE command as an
OTMA nes age. ResunmePr o %Sﬁ%%q{@lﬂd@é)&es . String Resune processing for
Al'l Tpipes (value X 18 ) - Specifies that the server is resum ng nessage
activity with the client. If a client wishes to resune 25 processing For a

particul ar transacti oRyAirPg 08 AEFaLeRMeSUMRPEHiab b thdReebnSCBTT e Ment START

TPI PE command as an ! TEORAT sididng. Suspend

| nput fo[J Tpi pe (val us? eqﬁgd%%?&{er pggt??l?{eeg%hgﬁot he server is overl oaded
and ist orarily suspending input for the transaction pipe. Al 30
subsequent client inp ata 1oensar 1t %lﬁﬁﬁé&gﬁc@(ﬁp& gﬁ'z{bﬁictréﬁﬁhﬁali&f‘oﬂ:ﬂsﬂ%le _
specified in the ness £-6Qn ﬁet Lnformation section of the nmessage prefix.
A response is not requested To %hi's command. This architected command is
al so sent by IMS when the, master termnal operator enters a /STOP TPI PE
command. 39 Il ~) wo Q¢/ gdon~ Resunel nput For Tpi pe @ String - 7 FEB .2005
PCT1USO01/ 24280 Resune ol p]‘eggr Tpi pe (value X 20') Specifies that the
server is ready to restimg, Gl elmmi nput follow ng an earlier Suspend | nput
for Tpipe command. A LPE'S QR$&ihS not requested for this command. This
command i s al so sent é(-gri;uc when the I M5 nmaster term nal operator issues

3 a
a / START ¥P1PE b Pitare

4

The remote format item specifies a label reference whose value is the label
constant of a FORMAT statement located elsewhere. The ‘
40 FORMAT statement contains the remotely situated format items. The label

reference item is; R.

The first data format item is associated with the first data list item, the second
data format item with the second data list item, and so

45 on. If a format list contains fewer data format items than there are items in the
associated data list, the format list is reused. If there are
excessive format items, they are ignored.

Suppose a format list contains five data format items and its associated data
50 list specifies ten items to be transmitted. The sixth item in
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command. SRVresynch : String SRvresynch (value X 2C } - Specifies the
server's response to a client's CBresynch conmmand. This command sp_efi EB?O?JS
the states of synchronized to transaction pipes within the server ( EE

send- and receive-sequence nunbers). This command is sent as a single
message (Wi tosimghie or nultiple segments), and an ACK | FGTARIEERY].
REQresynch : String REQresynch (value X 30') - Specifies the send-seguence
number and the 15 r ecieidae Iseyusndated with shefhstdpedorgat o gad Sﬁﬁiﬂ"ﬁ‘yﬂ(&sﬂ is
send from I M to a chifemtat lifREGn@sye Hata f@mat iggs REPIesynch (val ue X 34') -
Specifies the client assotiasi dad listspdoifids ohigrfivaitton Thesixd trppgethe &) j ent
sends the REPresynch fg@mmeisng 2 ighiedn response to the 20 REQ esynch command
recei vedsfrom I Ms. TBresynch : String TBresynch (value X 38') - Specifies
that the client is raggyplco receive the REQresynch command from 1M5. 25
TProcessingFl ag Private Attributes: Synchroni zedTpipe ; String Synchronized
Tpipe (value X 40') - SREEEHIEANAMBIDATR, $ ABAREIADNGNXH) p&(6).$(6.8)he
synchroni zed. Allows the client to resynchronize a transaction pipe if
there i§,30 . 1 a failure. Only valid for comt-then-send transactions.
This flag causes i npujy;andnBiatsBetifics Ak eRERs MLUKRAES:s tiothbetrauai are aeataithsfaor t he
transaction pipe. All.brasqGld H09ssighed eONAREOTBmekhE transaction pipe nust
specify this flag conglSteRtlyskigphd N8E n&R 6Qfe #ifned td DAL bhomous@utput
String - 7 FEB 20050\MQ.02d 330RCié:sracelédnsigirbpdssptibsaipchr onous out put {val ue
X 20') - Specifies th&éneh S B kRE-pbS SRREARGY MAFAE BisheARiueued out put to
the clieht. This ¢ Se[.gmngm\yﬁ &do%u{agg&nﬁy@@a nessage to an al ternate PCB.

Certain | M5 conman en submtted as conmit-then-send, can cause IM5 to
send the output to a client with this flag 5 set. In this case, the OIMA
prefi xes cont ai nPhdEnaighkypef yi ng information that the client can use to
correl ate the output Euarydrée anibgamettiyrignidyaaie v Hesd§&00Y VafiR€e conmand
out put data nessages sinply identify the transaction-pip can
al so send sone unsol i &nteeldy emstent ima%’@éf‘g‘é%tt@\maﬁﬂl?t?ﬁlwefi’ﬁé aﬁpﬁ@&[#é}ﬁr— pi pe
name. Error MessageFol EUWngsta&lnﬂnhgl'Eﬂ?‘ﬁ‘?d%‘,ﬁ,“é‘é’?stf‘%ﬁwgs\g val ue X' 10') -
Specifies that an err ettritmssmdget thol ARSABLE Aitbufe githe Ramergfiaamaieiiticd et £ or
NAK nessages from t hebsilirivémction addi tional error nessage is then sent to
the cliem. The asynchronous-output flag is not set in the error data
nmessage, because the adutepuy constaniorn e asigaetiony evty WHaYRBapHMPEat i on.
TChai nFl ag Private Attributes: FirstinChain : String 20 First-1In-Chain
(value X 80') - Specifi & PROEEDIYRKE; segnent in a chain of segments which
conprise a multi -segrrenﬂDEﬁisﬁé%EgEYEsmﬁsﬁg‘dﬁBh‘bBls%grrents of the nessage only
need t heaoressage-control (EhE_QYEMIRYn section of the message prefix. O her
applicable prefix segnents (for exanple, those specified by the client on
t he transacti on nessage)EVarElsent only with the first segnent (with 25 the
first-in-chain flag set)CALIfEYhe OTMA nessage has only one segnent, the
| ast-in-chain flag shoulkV aEg€p be set.

35 CALLEV;

P, El, and E2 are entry constants. EV is an entry variable. The first CALL
statement invokes the entry point E1. The second CALL
40 invokes the entry point E2.

The following example contains a subscripted entry reference:

- DECLARE (A,B,C,D,E) ENTRY,
45 DECLARE F(5) ENTRY VARIABLE
INITIAL (A,B,C,D,E);
DO1=1TOS5;
CALL F() (X,Y,Z);
END;
50
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M ddl el nChain : String Mddle-In-Chain (value X 40") - Specifies a segnent
that is Neither first nor last in a chain of segnents that conprise

mul ti-segnent nmessage. These 30 segnents only need the massage-cont'rZIFEB 2005
infornation section of the nessage prefix. Restriction: Because the client
and server LpkgpSe@re in the state-data section of the neSAGEVPRERi x, they
cannot be used to correl ate and conbi ne segnent ed nessages. The

transacti on- pi pe nanerhamide sefiek-A,68 e Beendiuimrb exch invoked with thepEBMBHSK D

02/ 13007 PCT/ US01/ 2428@7can be used for this purpose; they are in the
message-control information section of the nmessage prefix for each segnent.
LastInChai n : String WastmlearEbaisant Wiathie axXeR/ point oSpeinieiabpropdtsrd igst
segnent Qf a nulti-segyBRl (PalB@E§agabldiiRessighetaalne reninsi ng Di scard Chain
{value X"10") - Specifaligsnll/hditas 1d1@ a8 theiblork gathe emfy eonstanttwas égeresiio message
is to be discarded. E@ﬁailn@%ti'via (ﬁnﬁﬁ@i Robrbiagpotiatreglcameh set. 10 TPrefixFl ag
Private Attributes: StateData : String State Data (value X 80') - Specifies
that the message inclydesyhpersyat-frdadi@n SeChkeapvaiabidione seaggepmati x. 15
SecurityData : Stringdy Sectirl bymt ¥ahHein of OPROCESPRE driags that the nmessage

i ncludesthe securitysdahq ;SRELQNaRIbIL The MRBEQEBNPERTy point i4SBE ddaltas of String
User Data (value X' 20y) g SRECHH 85 H{RL bd HRcESS A@eninC] udes the user-data
20 section of the ”ES‘%%%%\B Fél.i%g IcationData : String Application Data
(value X 10") - Specirties at the ssage includes the application-data
section of the nessage 1 Xons &%th{ teData This includes a

desti nati®on overri de, ng{)ﬂ;fé)%\ﬁgv‘%%om zat”ﬁ)B%)’l evel, commt node, tokens
and server state. Note that this is state data for a transaction. 30 OIMA
al so supports state data head f | owi ng: Server Avail abl e
Command, dient Bid OBWB%%‘C a%k%ffé’ﬁ%‘ﬁ%ﬁ‘%‘%%% REQ esynch Command,

REPresynch Command. Ho S @NGRITRAES - waghd never be generated by a
client d&Vice, and éo.% i § ’
ﬁ‘ € 10%

S5ages never cone into the. |l M
Connect interface, ooﬁo?ngpﬁ‘zaggﬁﬁ%ﬁodel them nP - 7 FEB 2005

wo n2300~ Private Attributes:
Public Attributes:
Limited : Boolean
25

PLIAreaType .
Area variables describe arcas of storage that are reserved for the aljocation of
pased variables. This reserved storage can be allocated to, and freed from,
30 based variables by the ALLOCATE and FREE statements. Area variables can
have any storage class and must be aligned.

When a based variable is allocated and an area is not specified, the storage is
obtained from wherever it is available. Consequently, allocated based

35 variables can be scattered widely throughout main storage. This is not .
significant for internal operations because items are readily accessed using the
pointers. However, if these allocations are transmitted to a data .set, the items
have to be collected together. Items allocated within an area vangble are
already collected and can be transmitted or assigned as a unit while still

40 retaining their separate identities.

You might want to identify the locations of based variables within an area
variable relative to the start of the area variable. Offset variables are provided
for this purpose. o .

45 An area can be assigned or transmitted complete with its contamed.
allocations; thus, a set of based allocations can be treated as one unit for
assignment and input/output while each allocation retains its individual
identity.
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rcT~sovzai so Length : TwoByteField ServerState : TServerState Specifies the
node in which the transaction is running. 5 Synchroni zationFl ag :

TSynchroni zationFlag - Specifies the conmt node of the transacti-onfFpghs
flag controls and synchroni zes the fl ow of data between the client and
server. Synghy @sgati onLevel : TSynchroni zationLevel - Speci/gsoeg4zshe
transaction synchroni zation level, the way in which the client and server
transaction 10 progr amesizebf @xaemis adjudtddl apiE damatwagns pstoigg Empth onarearayt s

wi th program out put mREsEARIherdBR itlehaukpecified Gpaf expmessioivBr @l aamyisk (fequest s a
response when sendi ngog@dITEl bardh ReParaater) OLELREFER aptidni (Bt bafeéserved :

OneByt eFi el d MapNanme : EightByteField - Specifies the formatting map used
by the sgrver 15 to raR ;QutREYodRa8 uRt KR8 MR shi Qe cR¥REPIUTOMETIC dat a
streans). Although G@@N@ﬁ@ﬁLﬂQtls PivaVih e NpressidaRAsé intdgetivah@npaesfiss tiiee map

nane to define the o ta stream” The nane is an 8-byte MOD nane that
is placed in the IIO % sJeplaces this field in the prefix with the
map name in the 110 R tﬁ@Bﬁgﬁﬁ"%\g@bdt@ tHe RS s128 Grus2 ahNfieFBRANIBRNR: | S

optional , ServerToken,., ; )ﬁ;e 1%@1B<yft Ee% SQLlctm'cQ‘Qﬁ&fhE REFERNGLSLL Y. hane. The
Server T8ken must be fétur ne by the client to the server on response

messages (ACKs or Kﬁ)eds qu&t %Qag\éfgﬁt?ct §t<9gg%lcl%§ ARSBEpRMTR ab REinegerver Token

must 25 al so be returne I'ent” on subsequent conversational input.

Correl at or Token : een ifies a client token to correl ate
i nput with output. Xé Eﬁ)ééﬁ R%Adetc%ac%’ﬁgﬁs aEaénd is not used by the server.

RecommenWation: d i ents EE @B@n to hel p manage their 3o

transactions. Concext| D! %ﬁ%ﬂéﬁ%& peci fies the RRS/ WS token t hat
is used with SYNCLVL=02 an PotEerdd conversatl ons. | 13 - 7 FEB 2005 WO
02/ 13007 PCT/ USO1/ 24280 Desti nationOverri de . EightByteField - Specifies an

LTERM napre used to OV " ahde gdt% If'l }]RM size, an IE%ytla ARRLIiER 480, Program s

|/ O PCB. 2Thi s overri d ildgmﬁ [e VRl&iygle the
LTERM nane in 5 the IP % R S’ZE‘[Or ans ra on ppt% CW& .S&Cf?da e

hi's opti onal
override is not used P‘Po‘?“tt O%Sé%‘? Fs"W%h a bla

nk. Server User Dat aLength :
IQQF%L%F: Zlngt;l (?]Peflhl;\l es;?r{}(glrent Eﬁgetdgltcmgsgg% 1esra}:/te£l] ulﬁ%&el %ngn ijsthea&Ye'ntaThe
Vari abl efengt hFiel d - E&re?l‘g a8 cfaﬁg AY i dqnc! uded
in a transaction rressﬁ tb Fheh “m ?Xt[en 'é?'?pé?sn';r e z'dn teésf?qga?/gr in the
out put data nessages. VA Béf?rhlée a‘l‘éé‘rﬁ% yihin p, I5r| va ttributes:
Conversational State : eﬁcpﬁuﬁlglhus vai g the extent of an area.

30 When a based variable is freed, the storage it occupied is available for other
allocations. A chain of available storage within an area is maintained; the head
of the chain is held within the 16 bytes of control information. Inevitably, as
based variables with different storage requirements are allocated and freed,
gaps occur in the area when allocations do not fit available spaces. These gaps

35 are included in the extent of the area.

No operators, including comparison, can be applied (o area variables.
Derived from PLINonComputationalType

40 PLIPointerType
A pointer variable is declared contextually if it appears in the declaration of a

based variable, as a locator qualifier, in a BASED
attribute, or in the SET option of an ALLOCATE, LOCATE, or READ

statement. It can also be declared explicitly.
45 Derived from PLINonComputationalType

PLIFileType

The FILE attribute specifies that the associated name is a file constant or file
variable.
50
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20 Conversational State (value X 80') - Specifies a conversational node
transaction. The server sets this state when processing a

conversational -node transaction. This state is also set by the cl i eht ERAWH
sendi ng subsequent | M5 conversational data nessages to | M5. ResponseMbde :
String 25 RegpengeMode (value X 40') - Specifies a respotfSElstheraso
transaction. Set by the server when processing a response-node transaction.
This state has |ittl erhsiRyoE hivttacen beimplied GFuMilseanyient bysay elisefiGrMA does
not use sessions or tdakdtipriah stritBes TSyamodwao bi zertéxtual deplaPed wsatfde parstaput es:
| Conmi t ThenSend : St rchi@ghlitdappeatartfcEB BOBBEADLORH{1:BH OrpuPTTULSOXALLH OB O

Conmi t - t hen- Send (valiyan ¥NHattment Sreay fipstdougue enditiont hen- send transacti on.
The server commi t s RuRLoRSTMNECoRpancaiType  or exanpl e, | M5 inserts the
output to the I M5 nessage queue. SendThenCommit : String 5 Send-then-Conmt
{value X 20'") - Specifies a send-then-commt transaction. The server sends
output to the cl PEHffseeT e committing it. TSynchroni Z%F' onlevel Private
Attributes: to None :YtmighyWagneidenHy the loeapeyisy! bas@‘ﬁ%@l I:‘a’% ’tﬁﬂﬁf’ )
synchroni zation is revuiesleaeativeiethesiay ef tha aise ivaigdleo R SyaRIFs AELLoGE
request #n ACK nessagler iirepirpase.sends output to a client. None is only valid
for send-t hen- conmiRerivedfiemdlilerConpymiiptayPe St ring 1S Confirm (val ue

X 01') - Specifies that synchronization is requested. The server sends
transaction output pphibalukesponse flag set to Response Requested in the
nmessage- contr ol i”fﬁ}'gﬁﬁﬁihﬂrz‘B%ﬁlQHQ@rqu t he nessage prefix. Confirm can be
used forI ither comTt-theta-send or send-then-commt transactions. 20
SYNCPT : "String SYNCPT (value X 02') - Specifies that the prograns
participate in coordinated conmt processing on resources updated during

t he conversion uqqﬁgﬁ%ﬂe RRS/ WS recovery platform A conversation with

this level is also ca qa@isQ"tﬁte%‘é%@%a@&mé@ﬁ&@t\z&ih@féver%ﬁ efRitdata yipatia
Securitybata This incﬁ&&%, {86 HRSIEHNRE AUSRS sthikeR, yandn security flags. 30
The securjty-data sechi@n 4,5 iBQAALBkMiohQF Y Ebulct ANBACK LR Hou andistgn be
present for OTMA COMMBPG,ABSEAARS to dakd tyits @ndMnlgideukees: Length : -
TwoByteFi el d - Speci fkﬁ&ersﬁ%aﬁiﬁ@%'ﬂpm 1By 28GMhg hyvaldatydu s&Cddoqiovade 4 he
message prefix, incl ugidie higdnSBol b b laGinibkS, which éaf EB 2005 WO 02/ 13007
PCT/ USO1/ 24280 Secur i tdggﬁgg ypograbiiH LioyEl ag - Specifies the type of
security2 hecki ng to be perftgr med. It is assuned that the user )D and
password are al ready \E(;E]in{jjeed.

define alias Name char(31) varying;
define alias Salary fixed dec(7);  /* real by default */
30 v define alias Zip char(5) /* nonvarying by default */

Derived from PLINamedType

35 Attribute . .
The attributes that can be specified are any of the attributes for variables that

can be returned by a function (for example, those

attributes valid in the RETURNS option and attribute). That is, you

cannot specify an alias for an array or a structured attribute list. However, you
40 can specify an alias for a type that is defined in a

DEFINE ORDINAL, or DEFINE STRUCTURE statement or in another

DEFINE ALIAS statement. Also, as in the RETURNS option and attribute,

any string lengths or area sizes must be restricted expressions.

45 Missing data attributes are supplied using PL/1 defaults.

Public Attributes:
attribute : String
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Lengt hOF SecurityFields : OneByteField - Specifies the length of the
security 5 data fields: User ID, Profile, and U oken. These three fields
can appear in any order, or they can be omtted. Each has the fol |-WFERZ005
structure: Length field, then Field type, then Data field. The actual
|l ength of thgoseiey) D or Profile should |1t be |ess t hanPE€HESWHAIBE
specified for the length of each field. Length can be 0. 10 tokenLength :
OneByt eFi el d Specifies the length of the user token. Length does not
i nclude length fj ﬁg&g{i @elf Ut okenType : OneByteField - Specifies that
this field conta oken. L
Vari abl eLengt hFi el d ;Sé%tgggﬁg‘;“%gﬁ Jﬁgggﬂi}% éﬁ%gs s'&%géérgEF%QEaﬂléDg\ﬁ%fl le are
used to create the u LMS
dependentS region. |f DEAING ! SANCY ge eflé%(i e to h§ts él %gal%lg%ﬂ%a]l %etplggss t he
Ut oken with field typd8 X diga callggl '€ %0 'Pa o lgq A2 Nyr 0 Mai abl e
length, from1l to 80 1@9@é%th€@§é}b&fi7l|_gn MOW %EﬁéF eITc] éﬁo ecifies the
length of the user | et camiembedefesedigrd yl”?‘?é‘f'ﬂ?d’esl' ¢R |eI d ttself. |
User | DType : OneByt ePiheir @ssosipied fixgddunary,pluey fe ‘“ dEpn ese a_ user
(Val ue Xi02'). 25 Usedd@menWFlaBlP’él%?}Qt‘ﬁF‘i‘bé‘P "é‘ %r m?ﬁt aCt\H‘ﬁ user
)D. Variable | ength, ¢andmagsignsd 2l xed oply yifh @L&BQEH the &y PRl By
Speci fies the |ength wembeeofhabeidinal typee A RUABEYC Pl ude length field
itself. ProfileType : pOnisByfoebstist Erosﬁ@dF‘Fqb%Yt hat this field contains a
profile. (Value 30 X 03"). Profile : Variabl eLengthFl eI qﬁ gpe If;r s t he
syst em aut hori zati on Irate Faltoyi l(ggAF)lplpvrl%ﬁdlhla%theF pe gAgneehas Qevallg hé'%r oup
nane. Variable | engt hBuf Lowrhds thevahl Aapdddedivm pas the vajiedep 2005 WO 02/ 13007
PCT/ US01/ 24280 DefinedTypes TSecurityFlag Private Attributes: 5 NoSecurity

String No Security (value X N) - Specifies that no security checking is
to be done. Check : String Check (value X C) - Specifies that transaction
and command security Ereefdeng is to be performed. 1o Full : String Full
(value X')") Specifies that transaction, command, and MPP region security
checking is to be perfor efhe ordnalSetoDaRed. User/Da%%Smﬁ?¥APH@I‘&€?§§t°$r(y speci al
i nformati on needed by the client. Ofdnge.user-data section is variable | ength
and follows the security-data seclellow.24 of the nessage prefix. It can
contain apy data. Private AttribuGesn Length : TwoByteFi el d Specifies the
| ength of the user-data section oBluehe nessage prefix, including the length
field. The maxi mumlength of the Uslgo.data is 1024. bytes, 25 UserData :
Vari abl eLengt hFi el d Specifies t he Vagitti)onal user data. This data is nanaged
by the client, and can be created and updated usi ng the DFSYDRUO exit
routine. sfhe server r et urdagnd dvilisaldeensitpflavichahged to the client as the
first segnent of any out put nessageMedigo,

High value(5));
Derived from PLINamedType

35 Public Attributes:
precision : int
isSigned : boolean

40 OrdinalValue
OrdinalValue specmes the value of a particular member within the set. If the

VALUE attribute is omitted for the {irst member,
a value of zero is used. If the VALUE attribute is omitted for any other

member, the next greater integer value is used.

45 . .
The value in the given (or assumed) VALUE attribute must be an integer, can

be signed, and must be strictly increasing. The value in
the given (or assumed) VALUE attributed may also be specitied as an XN

constant.,
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Primtives OneByteField TwoBytePield 1t7 - 7 FEB 2005 Wo o0oznsoo~

Four Byt eFi el d Ei ght ByteFi el d Si xteenByteField SixByteField 5

Vari abl eLengt hFi el d ApplicationData ApplicationData rcTnmsoma2so to- TIFeg 2005
application data class contains all the nessage data except for LL, ZZ, and
the transactygiyefage. Note: this nodel does not capture t PRT/BIRER of
nmessage segnents. Wien using this nodel you have to bear in mnd whether
the systemyou are usE,&g] has any limtations such as a maxi mum segnent

si ze. 1M5 connectors ée‘ﬁ'n@orhﬁlam%tﬁﬂo@b%)uem%ndﬂhtp}pgln valteh@))capabi ity of
breaki ng the "application data" into | M5 nessage segnents. For instance, if

you are sending this HWEWQ%I\EQde?ﬁﬁcwléfmaﬂdw)fBj\didmitgﬁslagmcqﬂ@ue and if
t he ness&ge gueue qﬂ@ %Fégrnt then you have to take your XM. nessage
and breakK it up |nto nks. The application on 1M5s will then have to
gat her up the 32k c ﬁkqn one by one. I MS new applications that receive
XM. docunent s dlrec Yy,  nmust be capabl e of receiving XM. docunents in
mul ti pl e segnments. For ACK or NAK nessages, there is no application data
included in the nessage. Field 25 Each data field, defined in a copybook
for the %Pplicaégqgﬁgg% e W1l be associated with type descriptor for data

types. b. C ' DeldYRinBTRA 8An tel strulbtire i
illust rat es a BMS | an %gal;% o n%;f\ﬁf@%&lesl usabl e bny asppl i gat |loonrs; 01;0
cHﬁé’cﬁ m?’éa

programs to define da Riop ﬁe‘?%ﬁéﬂmhas:&,@n@cetaa{othat erfaces.
FIGURE 36 il lustrat es | f but e val ues, maps, and

t
attributes of the BMBL g?é ggg tbahieS cBinfdoh Bhf &S,
fields, &tribute val ﬁ fd glé Va” " 5![0%\ glgto %ﬁg BVBMet ampdel . its -

7 FEB 2005 WD (12/ 1311?3"'}0‘ ’Ugglv réa?fé ' BIBF el dAttrl butes Private
Attributes: justify f tis L,(.Lf rﬁﬁl'e@&mctu@@dnor Val ue
- "DEFALLT' i Li ght E}ﬁ%& e S A ot e

outl i neVal ues sosi : mcmﬁ@ re Stlg pdmge Hecl ke as GARE
caseVal ué’ps : psval uétrupmr@ACé'Ebeé §t°t gﬁ%ﬁ&'l nted by DFEHVDI naéeﬁo

MAPNAME is the name of the map and consists of 1-7 characters. COLUWN

specifies the col u t FS,.t 0 be placed, that is,
it establishes the T'YEngO"?P’S %meﬁ‘@ %ﬁ%pﬁm%ﬁ)ﬁ)&Y control s whet her map
and page margin selection and colum 20 counting are to be fromthe left or
right side of theppHgmdiellypecol umms between the specified map mar g| n and
the page nargin are natse HwDldbiogletlare agyahabéaRserPOINGRs 60 HHTUCHE P&:‘g ¥e any
lines included in the magonYMBER- they tirebecesigned (9 piermphied Weh hanghes f91dht  page
mar gi n where the 25 | efineetiuctirghtpemap margin is to be established.

Derived from PLINonComputationalType

30

Public Attributes:
structure : tPLIStructure

35 PLINamedType
PI1/1 allows you to define your own named types using the built-in data types.

These include user-defined types (aliases,ordinals, structures, and unions),
declarations of variables with these types, handles, and type functions.

Derived from PLIClassifier
40

PLIArray
An array is an n-dimensional collection of elements that have idenical
attributes.

45 Examples

del List fixed decimal(3) dimension(8)
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NEXTi ndi cates that the left or right map margin is to be placed in the next
avail able colum fromthe left or right on the current line. 30 SAN%F 2005
indicates that the left or right map margin is to be established in tf%
sanme colum a.s the | ast nonheader or nontrailer nmap used that specified
COLUMNEnunbavo eendotrhe same JUSTI FY operands as this macr ot CHER M 243t
operations, the map is positioned at the extrene | eft-hand or right-hand

si de, dependi ng on wiet héimeddsTal FyyVBHE $5edpoigidsTR\lENYT has been
specified. LINE specifies the starting line on a page in which data for a
map is to be formatt ed tadlO@NBERIdcE3Rn val ue in the range 1-240, specifying
a starting line nunber. A request to nmap, on a line and colum, data that
has beensfornmatted i ns#2dipensenal aray gf tieceiiiedgp@nsiegoahaiements badses t he
current page to be trdaatmednas tithohayh lovarpbetde of Threl uppey bennds of 4 fordr mat t ed at
the requested |ine angméerjodm on a new page. 45 NEXT specifies that
formatting of data i sl @vwWeeBhRdOST Itdnd uppsttboadaiof 2kdrehetirepl et el y enpty | i ne.
I f LINE=NEXT is specified in the DFHVDI macro, it is ignored for input
operatiqgs and LI NE=lhj.REeRWpR6h is DdFAME depleaiidd @ tabwistrioumns sfedfy of dat a
is to begin on the safR, i MBcaAdSn bBE stfcbfle, iy vatiepf ecegiaagoBivassgwuttra. | f
COLUMN=NEXT i s speci fy,gghle infthd Srudth® and repfesbitBthé 0éngthy62uda/ k320 8f another

PCT/ US01/ 24280 i gnor edqHME inf thPdtucORETAS byabs fande ol, Ubive] o SzeasistmBRBEER f t he
data does not fit on dhg,sanme line, it is placed on the next available line

that is conpletely enmpty. 5 SIZE(argl,arg2) specifies the size of a map.

arg2 = Iine is a val g itbhREFBRYEVABA0), Specifying the.depth of a map as
a nunber of lines, argl” = colum is a value in the range (-240, specifying
the width of a map aspg@ AHNEkn®in £2hs!BB)St off iht REPBRI0PAGh, histb@quhdngdr 6 t he

follow ng cases: 1o Ag. & @h&re! EYR66;6ct Wiukdtohfdem RObe oplemand i s
used. Th%% map is to bgLeferred to in a SEND MAP command with the ACCUM
5

opti on. The map is to be used when referring to i nput data from ot her
than a 3270 termnal in g%E\A@M%Imem@g., CSl i ndicates that the
field may contain a m x%ta‘rug%o ~EBCDI C and DB Ozat a. The DBCS subfields
within an EBCDIC field ﬁ'ﬁ%st L &8 6P ¥ev@0r Pndn® trdf fas GetRERERMpBbn bshi ft i n)
charactels. SO and S| kil el iR thiiBl REPERBI0OST L1 on (nor mal | y

di spl ayed as a bl ank). ey can be i1 ncluded in any non-DBCS field on

output, Tf they are corfeeli b BlctAd-quiifed GifsTlRAbeaiser can transmt them
inbound if they are already present in the field, but can add themto an

EBCDIC field only if th Fdi 6L hrh@Sintahgy. SOSH attribute. TI OAPFX specifies
whet her @dvs shoul d i ncl gé‘gl : ftls%ﬁgr iR thye synbolic description maps to

al I ow for” the unused LA, fix. This operand overrides 30 the TI OAPFX
operand specified for the HVBD macro. YES specifies that the filler

shoul d be included int | ¢ pgption maps. |f TIOAPFX=YES is
specified, all maps wtwg?%? $§§s§§§§@§@’the filler. TIOAPFX=YES shoul d

al ways bg used for conmmand- ei,vﬁ%@}% Bi’cati on prograns. NO is the default
and speci?i es that the fill O%%Emt 3pm&imgj.uded. 40 Derived from
117

BMSSt at ement Q20 - 7 FEB WO (12/13( 'Private Attributes: colum :
String This declaration specifies that the based structure STR consi.sts of an array Y
and an element X. When STR is allocated, the upper bound is set to the
40 current value of L which is assigned to X. For any other reference to Y, such

as a READ statement that sets P, the bound value is taken from X.

If both the REFER option and the INITIAL attribute are used for the same
member, initialization occurs after the object of the REFER has been assigned

45 its value.

Any number of REFER options can be used in the declaration of a structure,
provided that at least one of the following restrictions is satisfied:

50 All objects of REFER options are declared at logical level two, that is, not
declared within a minor structure. For example:
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color : BMSCol or Type control : BMSControl Type cursorlLocation : bool ean data
. BMBDat aType descriptionAttributes : BVMSMapAttri butesType

extendedAttri butes : BMSExtendedAttri butesType fields : bool ean |o. -7 FEB 2005
fieldSeparator : String header : Bool ean highlighting : BNVSHi g.hl i ghtingType
justify : BMegusiidryType line : String 15 mapAttributes :PCT/USI24280
BVSMapAttri but esType out boardFormatti ng : Bool ean outlining :

BVMBQut | i ni ngType partiti onDECBAREASTR B4FEPri medSynbol : String 20
shiftQutShiftin : Bool ean size2 (MBYSSI . zeType terminal : String tioaPrefix

: Bool ean trailer : Bool ean trasRparREFER (MBpol ean validation :

BMSVal i dati onType BMSMapset 3o JIRFEHER(®NL ed by the DFHI t ~1 SD macr o
Programming attributes in thisyglass 35 PCTIUS111/2d28(1 type=DSECT ~ NAP ~
FI NAL. Mandatory, this generates the two bits of a BM5 entity node=CQUT ~ LN
~ INQUT. QUT is default. 1INOUT says do both IN and OQUT processing. Wth IN,
| is appended to mapnanghemhisBusddie iQuiosatad perdiaeks dseignepn daml 146t thang=ASM-
COBOL ~ COBOL2 ~ PLI ypyfeis faMthve-diifémidhblanbp W@RLOAER ;| UPPER LOJER is
defaul t. 001I y applies to C. dsect=AD5 ~ ADSL. ADS is default. ADSL requires
lung = C” 45 trigraph ~ThEERuQk Ys RRRIIES tH@nd patding bEweBADEmb@eot the es t hat
the same storage basegi s HsefofQf Ed@xsypRol i ¢ description maps from nore

t han one mapset. The sane nane Is specified for 50 each napset that is to
share the sane storage baSﬁ?C{%kElsTﬁmgg@_@D\@,oz/ 13b07 PCT/ US01/ 24280
Because al .| mapsets with the sypxasgndgseri be the same storage, data

rel ated to a previously used ngpset nmay be overwitten when a new mapset is
used. Different maps within the,s Repagiivaliso overlay one another. This
operand is not valid for asserrbg 1 RRRERAOH Prograns, and cannot be used
when STORAGE=AUTO has been spem%hggu BEER @yh,ype. Each term nal type is
represented by a character. 3272%13%{15(5%@@11{“@@ is a blank. Added to MAPSET
nane) or?0 10 suffix = nunchar which is al so added to mapset nane. 15
CURSLOC i ndicates that for all RECEIVE MAP operations using this map on

3270 termnals, BMS sets a flag i i i i el enent
. ’ 108y @RALI A b@Rusd @i dstRiclukCRad kiR _
for thg 1(‘1 i el ddwhere t i‘gﬁgﬁé%%ﬁf%ﬁﬂg%&g k', e fﬂé%ﬂ@ﬁd&ﬁmﬂwd@ (thdi s
oper an epends upon uage whl ARBlHERD 9 QedPMrOOWAKE a @fifor
witten, 2as follows: CEg_rOb Ct@:ﬁ&aia%]r gram STORAGEZAUTO speci fies that
the synbolic descripti o n%ps in the mapset are to occupy separate (that

IS, not redefined) area ftgf RE%I?&%??M ig_meﬁ.ogf}%rn@@ﬂ alsudta@Uchieliorn, B teybol i ¢
description mps are copl et ™l (to; nE%aWJi%h&&fﬁ%@ﬁ&ﬂﬁa@eC“ on and the

st or age Bﬁ(})r the separ &€ H¥pS 1'n'The rnapset 1s to be used concurrently. 25
For a C program STORAGE=AUTO hid ale. HROpENTTRAbHIRd dLHE ldsdldrant MBPS
are to be defined as thli %Or%ﬁgpéﬁb%hngt??%bst%r agg cl asféﬂ. | f STORAGE=AUTO i s

not specified, they ar Gl Ared as poi nters. You cannot specify both
BASE=name and STO:\’AGE=AUT901; A ar}:a@eooﬁm'anc%%tiwg%ﬁﬁlied either to the last element of the

35 structure or to a minor structure that contains the last element. The array
bound must be the upper bound of the leading dimension. For example:

DCL 1 STR BASED (P),
2 X FIXED BINARY,
40 2Y,
3 Z FLOAT DECIMAL,
3 M FIXED DECIMAL,
2 D (L REFER (M)),
3 E (50),
45 3 F (20);

The leading dimension of an array can be inherited from a hig}}er level.
If we had declared STR(4) in the above example, the leading dimension would
50 be inherited from STR(4) and so it would not be possible to use the REFER

option in D.
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I'f STORAGE=AUTO is specified and TI OQAPFX i s not, TIQOAPFX=YES is assuned.

For a PL/I program STORAGE=AUTO specifies that the synbolic 35 de_sc;‘rFiEEchU(gn
maps are to be declared as having the AUTOVATI C storage class. |f
STORAGE=AUTO i s not specified, they are declared as BASED. T)/‘%F /g4q§])not

speci fy bot w@#dEmname and STORAGE=AUTO for the sane rrapspé:[. }

STORAGE- AUTO i s specified and TIOAPFX is not, TlIOAPFX=YES is assuned. 40
For an assenbl er - | anguag@hprdegination GEORAGRISAUTONGRIEY PHERIERLIESTRING dual
maps within a mapset Tae@®BFERab{EopY isdburest veithan & B4N0H pUUCiUse %Fé‘é’?f“ﬁ%%ﬁ_%&?&rsof
over | ayi ng one anot halowe4br, Dey festaictiohriomtiSivE Seeansmbn REABR optian iyageped ®dos wWo
021 13007 Private Att rjaut@sctofsBat corhing thg et aement. BMSCol or Typecont r ol

BMSCont r gl TypeScursor Location : bool eandata :

BMSDat aTypedescri pti onAt t1Hebsti@sng exaibapAsd validut esTypeext endedAttri butes
BVSExt endedAt t ri but esTypefi el dSeparator : Stringfold :

BMSFol dTypehi ghl i ghting : BMSHhghliisgitBASEDY@PEhor i zont al Tabs : i1 ntl anguage :
BMSLanguageTypel ogi cal Devi ceCodes x FIRED BINKRA @B I), but es

BVSMapAt f ri butesTypenode : BMSMWbdegTypeout boardFormatting : bool eanoutli ni ng
. BMBQut I'i ni ngTypepartition : Stripzog?eNOOEemsiSynbol
StringshiftQutShiftin : bool eanst 9hagXED POARBEIUf fix : Stringterm nal :
String25tioaPrefix : bool eantranspay@RiEp: Bi@®gant ri graph : Bool eantype :
BVMSMapset Typeval i dation : BMSVal hgati onType3overtical Tabs @ int PCT/ USO
1124280 BMSFi el d | npl emented by tBhedgyHVDF macro. 35 GRPNAME is the name
used to bsenerate synbolic storageyﬁgjkgﬁggm% and to conbi ne specific
fields under one group nane. The smgmm@m);wst be specified for each
field that is to belong to the group. The length of the name is up to 30
characters though you should refer to your conpiler manual to nake sure

that there are no other, restr | QF RE¥ER &igh RaridQuilidg thbpegapehand i s
speci fi ed® the OCCUI?QSY:\fé}f)‘;’e\r"lzlﬁleddfgljjef'nocri:J ttﬁfre}t speciﬁ&ed. The fields in a group

must follow on; there c SicHE SLVRERed RRMihdWbtechiotesapdtas tifeivaludst from
out side the group. A ngﬁﬁ%hﬁ:‘%‘g@%t tbe sf)eci fied ?or 45 every field that
bel ongs to the group, Ahd"fre operand nust al so be specified to ensure

that the fields follow eael QhIehus/Abivd BichohMATIITHCoGE: Hafd valuogrdatee

fields ofa group nust, b qQgelhgr, and in the correct order
(ascendi ng nuneric or ear"?%%)va?%g%%s val ue). 123 - 7 FEB 2005 WO 02/ 13007

PCT/ USOL/ 24280 For examgle. . f Q6. Ll sty ri@n 60 wiERShetbjdchiastalvamit eqiaktoldriiess  of
a map can be defined as I P l?jd wHeX afidGledSThe@dsmbaNg eRmehiahd @ifmd ni ng
col ums on the first fl zwﬁ-‘, bl DeSsiA 20 whgdd vat: Adichte&bdte cditat IR the
operand sPecified on t IS Ealdlo the group applies to all of the
fields wthin the grod’ J.eCtI'_ENCSIXﬂngpécifi es the length (1-256 bytes) of the
field or group of fields. This | d be the maxi mum | ength required
for application program 10 galct%a;]?%@tgg%%gir’ed into the field; it should not
include the one-byte attribute, | ndiGat r(Nngended to the field by CICS for
use in suBsequent processi ng'MIRI‘%TI' . 0f each individual subfield within
a group nust not exceed 256A {bﬁAT H can be omitted if PICIN or PICOUT
is specified, but is requir [ gt.herw se. You can specify a length of zero
only if you omt the | abel

i el f the DFHVDF macro. That i s,
R &d:i:rhé (RPPROM REDY;

the fiel dﬁ’LS not part of the ap cation data structure and the application
program cahnot nodify the attrib of L b &lidbe A0Lof A hrdmBt @ fleb el d
R o C o e Yo AT e 8 e apnanm e
specified in the Sl ZE %B‘éﬁé}l} pé?{gi['ﬁéss 1 \Eahpéaé‘gz{?e 'QI?Jn' 110 cﬁ'op@d&n%a\fhebe
i § N ig pestelp e Y B e ned Tor the term nal .

smal | er than the act uaithﬁ%%raér S

I'f the LENGTH speci fi cBeiOR B PALISECWEEIS causes the map25 defi ned
boundary #n the sane line to be exceeded, the field on the output screen is
continued by w apping. OCCURS specifies that the indicated. e
entries for the field Zfent ‘B@?@éﬁéerf%{'togﬁcfi‘ﬁClgnﬁ%jp?lgé’%)glﬁﬁlgﬁ&?ﬁg{eﬁgg‘mﬂ
definition is to be geRRSetERPIISGRHFXATBYS way that the fields are
addressable as entries in a matrix or an array. This permts several data
fields tosbe addressed bPGlheAdHRERBhe (subscripted) without generating a
uni que nane for each fiel d.2B5 OCCURS and GRPNAME are nutual |y excl usive;
that is, OCCURS cannot be used when fields have been defined under a group
name, If this operand is omtted, a value of OCCURS=1 is assuned.



PICIN (COBCOL and PL/I only) specifies a picture to be applied to an 4o
input field in an IN or INOUT map; this picture serves as an editing
specification that is passed to the application program thus peraytREBrIg05
the user to exploit the editing capabilities of COBOL or PL/I. BMS checks
t hat the spewiofizashocharacters are valid picture specifi catriconsofzaesot he

| anguage of the map. 45 However, the validity of the input data is not
checked by BM5 or the high-¢ grgiFHRapguage when the trap is used, so any
desired checking nust be pegsformed by the application program The |ength
of the data associated wnNir(foy.al ue” should be the same as that specified in
the LENGTH operand if 50 LENGIH is specified. If both PICIN and PI COUT are
used, an grror nessage izgppadyced if their calculated | engths do not
agree; the shorter of the 4w 12: 1 WD 021 13007 PCT/ US01/ 24280 7 FEB 2005
|l engths is used. If PICIN or PICOUT is not coded for the field definition,
a character definition of the field is automati cal |y generat ed regardl ess

of other operands tha ﬁee(t&(pgggetéggﬁeﬂﬁ @meﬂ} cl
pi cture Y@' gE/S| for C%t od P ?D T@% te\{@.bl i%l cture
val ues for i npu E“ﬁpfﬁt 0”0 n a Vi {

gy S

12367%9I +-, *$and( Happd ou ht estruc(ure, is
|

n daals 1eassx co ent a Q sora R oft 1 al?y ure
character. The 15 syr’r{) P

PRI E8 (M Sgu iyt é‘? a;%g ! %ﬁ e i
manual for the correc lrors "&??CL" h Sdeth U :ﬁ%ﬁ‘t"?mge ew TEEBOL and
PL/ | only% is sinilar A C(?B?Sfﬁéf a picture to be applledto an

pi cture éharacter. The sy guence of characters enclosed in
< and >, for exanple < ropri ate | anguage reference
manual for t he correcthﬁﬁp f the PICTURE attri bute. Note: COBOL
supports nultiple curregié£¥#gQ§éand mul ti-character’ currency signs in

Pl CTURE specifications fault currency picture synbol is the

dol I ar sﬁgn {$), which rgpr%sents t he national currency synbol; for exanple
the dollar' ($), the pound {)) or the yen (). The default. currency picture
synbol nmay be replaced by a different 50 currency picture synbol that is

defined in the SPEC Al‘[‘he'z\l'raﬁ'yll)zpsmgé w1lh B—%& and B= 571€spectxve y, 1s as follows:

output field in the CUI' |s generated 25 The valid picture

val ues for COBOL out put . +-$CRDB/ and( 30 The valid

picture values for PLII EFGHI KMPRSTVXYandZ

1236789/ +-, . * $CRDBand( 35 'ncy synbol can be used as a
1

30
IBI  C IDI E |
| I

iIBl C IDlI E
35 | I

D now refers to data that was originally part of that assigned to the character-
40 string variable C. This data is interpreted according to the attributes of D--that
is, as a fixed-point binary number--and the value obtained is the length of E.
Hence, the length of E is unpredictable.
PLIFixedLengthString
Derived from PLICodedStringType
45

Public Attributes:
length : Integer
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WO 1121 13(111? PCT/ USO01/ 24280 The currency sign represented by the picture
synbol is defined in the sane clause. For exanpl e: SPECI AL NAMES, CU}R@E@J%&
SIGN 1S$ WTH PICTURE SYMBOL'S . CURRENCY SIGN IS '' WTH PI CTURE
SYMBOL''. CURRENCY SIGN IS '"EUR WTH PICTURE SYMBOL '#'. to WORKI NG
STORAGE SECW®EMN/13@2 USPRICE PIC $99.99. O | UKPRI CE Pl C R T8N 24280 ECPRI CE
Pl C #99.99. IS LENGTH nust be specified when PI COUT specifies a COBOL
pi ct ure cont ai nifigVariahleLenmgthStingbol that will be replaced by a currency
sign of |ength grepegredtfftanPLICodédSBingfem fi es the | ocation of a field. This
operand specifies the 20 individually addressabl e character location in a
map at which the a tl’lb te that precedes the field is positioned.
nunber specifies tEF ’q‘,ﬁég Eaé Q% (grel ative to zero) fromthe beginning of
the map Being defi IFREIPRNOLRE LSEE, m) specify |ines and col umns (rel ative
to one) within the map being defined. The |l ocation of data on the output
mediumis al so dependent on 30 ' DFHVDI operands. The first position of a
fieldis reserv g iﬂ gﬁh rlbute byt e. When supplying data for input
mappi ng froth n ,Fe i nput data mnmust allow space for this
attribute 35 byte. eﬁb"tﬁ ‘Hg Ar‘ﬁﬁ% Phot start in colum 1 but may start in
col umm 219 The POS Sp¥tandrdifiys contains the location of the first
position in a fiel dengfihi Infeges normal ly the attribute byte when
cornmuni cating with the 40 3270. For the second and subsequent fields of a
group, the PCS operand points to an assumed attri bute-byte position, ahead
of the startfof htEfYag?ﬂﬁeIrevﬁ%t hough no act ualfattri bute byte is
necessary. If t L a r S 45
operand Shoul d poi nt T]B’“ szi‘?é’flaﬁé EP?SW § ymfe"’?aﬁ a%%i, %fﬁ}zilgﬁfér )Jlael d
in the group. 50 Wen Oét‘ ﬁ'éj['thf“ ?1'{1%’ Spec e§ éﬂf; g%l nts t he
| ast character positiGH" Oéf,?r@mettemﬁl 536% ) s a 1% - 7 FEB
2005 WO 1121130i 17 Lseirs BT/ %6' WFTRI B=I C shoul d not be coded The cursor
can be set to |ocation zero by using the CURSOR option of a SEND MAP, SEND
CONTROL, ,or SEND TEXTaeoummads: | f the field is to be used in an out put
mappi ng operati on VeddinBoAldAR=BATAONLY on the SEND MAP conmand, an
attribute byte for that field nust be supplied in the synbolic map data
structure by the application program PS specifies that progranmed synbol s
are to be used. This overrides any 10 PS operand set by the DFHVDI nmacro or
t he DFHVED macr o PIBRSEIBsaundderdef aul t and specifies that the base synbol
set is tgsbe used. Psivddspeackiflbesya singl e EBCDI C character, or a
hexadeci mal code of the 15 form X nn', that identifies the set of
programed synbol s g) m% d,. The PS operand is ignored unless the
term nal supports pi rr@(7 §ynbo| s. SOSI indicates that the field may

0 ol

contain a mxture A= d 20 DBCS data. The DBCS subfields wthin an
EBCDI C fleld are del'im" & SO(shlft out) and Sl (shift in) characters.
SO and SF%bot h occupy a single screen position (normally displayed as a

bl ank) . They can be included in any non-DBCS field on output, if they are
correctly pai red.PJﬁ%‘e&EB%mrrwer can transmt theminbound if they are

Derived from PLIArray

35 Public Attributes:
Ibound : Integer
HboundtoAllocate : String

40 PLIHboundArray
Derived from PLIAray
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25 already present in the field, but can add themto an EBCDIC field only
if the field has the SOSI attribute. TRANSP determ nes whet her the
background of an al phanuneric field is transparent or' opaque, t hat/ FEB 2005
whet her an underlying (graphic) presentation 30 space is visible between

t he charact eweozDeei ved from BVBSt atement 127 7 FEB 2005CT#88214%007

PCT/ US01/ 24280 Private Attributes: attributes : BMSAttri butesType case :
Bool ean col or : BMBoolicoAtfytpeesS5 group : String highlighting :

BMSHI ghl i ght i ngTypd.bioahdtoAllMaltereStrinSt ri ng justify :. BMBJustifyType length :
int 10 occurs : intubowid i hiteggr: BMSQut | i ni ngType picturelnput : String

pi ctureQutput : String position : BMSPositionType ~ 5 programedSynbol
String shiftQutShiftlin : String transparent : Bool ean validation :

BVBVal i dati onType 20 BMSSt at ement Private Attributes; |abel : String
coments : StringLPGarl4PléBsandArtayLogi cal Packages 4 O asses LOGd CAL PACKAGE
STRUCTURE Logi cal \fh@wedQoRMEIlrayxc. | MS MS (Messaging Formatting Service)
FIGURE 37 illustrates a MFS | anguage net anodel, which is usable by
application 35 pr og%ugms tQ defl ne dat a structur es which represent connector
interfaces. FI GURE 1‘?1°‘F t.he associ ations between the M-S

met anodel® wi th t he Fi9 5, Eg%s which are the TDLangd assifier, the
TDLanguageConposedT@'b‘é‘“ ﬁé“f’??ée BeguageEl enent for the MES Met amodel .
FIGURE 39 illustrates enunerations of Mdde Val ues, Base Val ues,

Lengt hTypes,t@pgr.§t ri ngTypeval ues for the M-S 40 Met anodel . 128 - 7 FEB
2005 WO 02/ 13007 Package Docunention for MFS The foll owi ng device types are

supported; 51Logpa@aglsge3270- An - 3270P
39 Classes

15 LOGICAL PACKAGE STRUCTURE

Logical View
PLI
TDLang
20 5. c. C Metamodel

The C metamodel including C Main and User Types (i.e. user defined types) is a MOF Class
instance at the M2 level. FIGURE 19 illustrates the C Language Metamodel. FIGURE 20
illustrates the TDLangClassifier, TDLangComposedType, and the TDLangElement for the C
25  Language Metamodel. FIGURE 21 illustrates the TypedElement aspect of the C Language
Metamodel. FIGURE 22 illustrates data types, including user defined data types in the C
Language Metamodel. FIGURE 23 illustrates the Datatype-String and the Datatype-Integer,
as well as the enumeration of argument and return for the DirectionKind, and the
enumeration of true and false for the Boolean datatype in the C Language Metamodel.
30
5, c. i. C Metamodel Specification
The C metamodel! is used by enterprise application programs to define data structures which

represent connector interfaces.

15 Classifier
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The foll ow ng device types are not supported; 10 - 2740 or 2741 - 3600 or
4700 - PIN - Fn7S) FD~S3, FIDS4 or FI17S7 PIJP, FTPB or F1FP IS -

SCS2 - DPM An - DPMBn 20 Statenents inplicitly supported through~ ;ZaEE'BeZﬂ%
ALPHA - COPY -DO 25 - END - ENDDO - EQU - FMTEND - MSGEND 30 - RESCAN -
TABLEEND Tolves et/sah7st at ements: - EJECT 35 - PD - PDB - PDBENWII/BRHGE -

PRI NT 40 - RCD - SPACE - STACK - TI TLE r‘HENSTA ] C 45 I\gle;iesc arVI ceTyhe DEV
st at ement PCT/ USBZ[HCZHWGFFST‘H@CWEQP& H’é Jegt T ISEOY 8RN TR KT St er i st s

for a specific dguifgRaREntidha thRshermats for a specific devi ce type. The
DFLD statements followi ng this DE~~ ~z~ 7 FEB 2005 WO 02/ 13007

PCT/ US01/ 24280 st afbai#ate’s ar e mapped usi ng the characteristics specified

until the next E%tlf,‘? Bu%;b@;senent i's encountered, Unsupported
attributes: - ERAS ORM5 - HT HTAB - LDEL 10 - MODE -SLD - VERSM

-VT - VTAB | S Deri Integefsr om MFSSt at enent Private Attributes: card : String
CARD attribute 20 ngif{}%ﬁm he input field nanme to receive operator
identification car en that data is entered. This nane can be
referenced by an Mvkld statenent and nust not be used as the | abel of a DFLD
statement within this DEV definition. This operand is valid only if a 3270
display is specified. If FEAT=NOCD is

From these types, you can derive:

10
Pointers
Arrays
Structures
Unions

15 Functions

The integral types are char, wchar_t( C++ only), and int of all sizes. Floating-
point numbers can have types float, double, or long double. You can
collectively refer to integra) and floating-point types as arithmetic types. In

20 C++ only, you can also derive the following:

References
Classes

Pointers to Members

25
In C++, enumerations are not an integral type, but they can be subject to
integral promotionThis is the base class that defines types in CMain.
It provides a classification of instances through a
30 set of Fealures it contains.

Classifiers are defined largely by a composition of

Features.
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z5 specified for a 3270 display, it is changed to CARD. All control
characters axe renoved fromnmagnetic card i nput before the data is
presented to the input MELD that refers to this card field nane.-fqgg%@ﬂo
di spl ays, an unprotected field |large enough to contain the magnetic 30 card
data and conwook/shar act ers nust be defined through a DFLECEUSHE#ASAL .
Position the cursor to this field and insert the card in the reader to
enter card i nfor rRarivehfromA®Leas(dasgifien i s | ogical |y associated with the
CARD= field nane, not the nanme used in the DFLD statenent. dsca : String 35
DSCA attribute Specifies a default systemcontrol area (DSCA) for out put
nmessages usi ng t hiwlidaurioeesf or mat. The DSCA supersedes any SCA specified in
a nmessage out put desqr'Ptor if there are conflicting specifications.

Normal 1y, the furffi®o E’ﬁo specified in both SCAB are performed. If the
DSCA= operand is specified for 3270P, it is ignored, except for the bit
setting for "sound device alarm” If this bit is specified on the DSCA SCA
option, it is sem™B84he device. The val ue specified here nust be a

deci mal nunber nothiexarediiig B&bED swictddd Xpehhh' . 1 f the nunber is
specified, the nunber is internally converted to X hhhh'. If byte 1 bit 5
is set to B 1' (unprotect screen option) for a 3275 display, and both

i nput and Qut put P&HIA [BinMhdkRRE TOEhaY (f&]%ﬁ%@ﬂ%@ﬂ)ariveﬂ)ibﬁ“yﬂtﬁw ce is 50

di sconnected. For non-3275 devi ces, t%e CA option is ignored. If byte 1
bit 5 islbset to BugctureCAyesppl i cati on program can reduest aut opaged out put
by setting 13(1 WO 02! 13b07 rcTiusov2az o F~~ ~~~~ the SCA value to B

('". This request is honored only if present in the first segnent of the
first LPAGE of th&rusit put nessage. |If a nonzero value is specified for byte
0, or for bit 6 Of ofdilte PYfnd an oM%%doé{“@lHﬂ drdas oi)ﬁi@ts.amﬁ&btﬂe%%n\éﬁ{s%e with
zero. features : MSFeaturelype FEAT attribute Specifies features for this
devi ce or progrargrayupe da Fis Qb 4 lastutehat device features are to be

i gnored {or this %Wa?ee\vari@d&ggéés.zﬁﬁchjd%?a oBRECih his@Scrhit R&: heaned:r f or 3284,
and 3286 device types (TYPE=3270P). CARD Specifies that the device has a
3270 operator iddmid-fication card reader. NOCD specifies the absence of the
CARD feature. 20 DEKYBD Specifies data entry keyboard feature. This feature
inmplies PFK feature; therefore, PFK is invalid if DEKYBD is specified.
NOPFK i npl i es t heUsbgenwes &f srppkoging yDERYBObeta thar @empEstopiRcaheci fi es t hat
t he devi ce has pr [Wolal ifies the absence of the
PFI C and DEKYBD fggéﬁgggHQ%%NﬁggmgﬁigFy§§§§fﬁgﬁgelector | i ght pen detect

f eat ur e. 20NOPEN spéeifflioesng aeadéssence of the PEN feature.
112131415161718191L0 Specifies customer-defined features for the 3270P
device type. ~i 5 For 3270P devices, FEAT= allows grouping of devices with
speci al devi ce char actteirdestnpcs. For exanpl e, FEAT~1 coul d group devices
with a maxi mum of 80 .prixt..PAshd.i ons and no VFC) and FEAT=2 coul d group
devices with 132 print positions and the VFC feature. FEAT=I GNORE shoul d be
specified to group tebEthes devices with a nmini numset of device

capabi | i ges. When w%¥1mﬁ.gs speci fied, FEAT=(1...10) nust also be
specified. If FEAT=( y PP ) is specified but WDTH= is not specified,

W DTH= defaults to 128ar *A&td\¥vede;l GNORE i s specified, no other val ues shoul d
be coded in the FEAT= operand. When FEAT=I GNORE is not specified in the
TERMINAL rmacro during systemdefinition) the MSG statenent nust specify

| GNORE in the S ORs atiparcandagedor mive thdewhesldias, matup WietdemphieenfsGlieRE
specification. Un_ |ess, FEAT=I RE LS - JFEAT= nmust specify exactly what
was specified in g%m?ﬁQY$@ﬁWﬁﬁ&‘“nd%?gggﬁgfﬂg | VS systemdefinition. If it
does not 30t he DFSQbthagy veoinblaesyaygeeddso hesukeostruvhenlalEME=1 GNORE or 1-10 is
specified

In the following example, lines 1 through 7 declare the structure tag address:
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731 - 7 FEB 2005 WO (12113(1 117 PCT/ US01/ 24280 for 3270 devices, the
operands PEN=, CARD=, and PFK= can still be specified. Wien TYPE=3270F and
FEAT=I GNORE, MFS allows a line width of 120 characters. 5 CARD, ?FHE
DEKYBD, and PEN feature values are valid only for 3270 displays.’| Btzﬂﬂé
FEAT= oper argh j5i3ei tted, the default features are CARD, WHRJSOHWASOPEN f or
3270 displays; the default line width is 120 for TYPE=3270P. 10 1, 2, 3, 4,
5 ~6, 7, 8, 9, and |lQuastadmads {id values only for 3270, 3270P and 3270An.
For 3270 displays, the FEAT:,sg)eci.fi_cati ons of | to 5 can be used to group
devices w th speci fi< featur 88509y dwar e data stream dependenci es.
Restriction: This keyword i s cpptigeahaaed cannot be used with any ot her
feature specification for 3270 displays. 15 Feature operand val ues can be
specified in any ordkr, and 6M'YCt¥ose val ues desired need be specified.
The undetlined val ues do not ;haug ko0 be specified because they are

defaults” Only one value in each vertical list can be specified. page :
MFSPageType 20 PAGE @ttri but sh@gpeitsliedeout put paraneters as fol |l ows;
nunber 25 For printer devices, nunber defines the number of print lines on

a printed page; for card devi'ces, nunber defines the nunber of cards~to be
punched per DPAGE or 8 ptysi aldtesyree_gdidfesyyp paraneter is used in the DFLD
statenents). This value_i r- .idity checking. The nunber

speci fied nust be gr%aﬁ%‘?éa{dﬁgegﬂgﬁl&eﬁgé 'to | and less than 256. The default
is 55. 3@ DEFN Specifoi @sudthddress i'pegsireaddisssar &pero_pddigsesi nt ed/ punched as
defined by DFLD statenents (no lines/cards are to be renpbved or added to

t he out put page). 35 SPACE Specifies that each output- page contains the
exact nunber of |ThHeassistadsgsrnspededsiaed temp_tddecsnamivstangrsod HEISERCUIEL QAT 4U
Speci fies that Iines/carcg_s \é\f’ittg ng.d%a (all blank or NULL) after
formatting are t JABLYPEEFUPBSORE _@5 P devi ces, sone |lines having no data
(that is, all bl afkméis dusdribed Misé deetiative ofleddedse dhepdiater p erh oldiBH ng
circunstances: 45 The |line conatagi ns one or nore set |line density (SLDx=)
speci fichtions. AROFISEP A SEIFEEF P5 Y8 RAVi ng extended attributes spans nore
t han one |ine. penitalifdtd pgntio ptNaddrései but e | 32 - 7 FEB 2005 WO 02/ 13007
PCT/ US01/ 24280 Defines an input field name to contain literal data when an
i nmedi ate |ight pen detection of a field with a space or null designator
charact er occurs. rdBeolhinie@ital ofdatracting bgtepdcifenl g v strheuwPMaintde zeenent wit h

t he PEN= operand. ,in?ee PEN= Of)@{ and on, twht% t}I]%FLD statenent.) This nanme can
be referred to by’ Hh&IReEPHH St W YA ENE " Mist not be used as the |abel of
a DFLD st@tenent widhbperdtbi(s-) Bivihd @feinbt icare, FalearRiid-botpditlend i s valid only
for 3270 displays, |f FEAT=NOPEN is, 6 specified. .,it is changed to PEN. If an
i mredi at e det ect ‘SECUPEAHHE"E Pf"inéelr(tfta%gtil%dbrg\nmé% ‘A space or null 10

desi gnat or char acti@lpein@ngroritid 8rin aatrirewre bérel_dddiass: been sel ected or

nodi fied or has the MOD attribute, or the PEN= operand is not defined for
the DFLD, a question mark (?) is inserted in the PEN= field nanme. If no

i mredi at e det ecti onp@atuddesoprolke'Onmametli at e det ect occurs on a field I5
defined with an anpersand d%&) des_ivg_na(s r.gharacter, the PEN= operand is
padded wi2fh the fil P-RFBIFICT” IRt he” VLD st at enent. pfk :

| VBr' SFuncti onKeyType PFK attribute 20 Defines an input field nane to

contain program function key literal or ntrol. ncti o ata (first
subpar amet er) and,All‘ﬁfetfcﬂé‘?stt%/étﬁﬁfm%P‘%E%ﬁﬁﬁq‘f%bﬁ%ﬁ f it nre’yﬁue literal data
to be placed in thgnshesichicate foueh Helddy ptdvalmentswol function to be

performed when the correspondi _ngi; Funct i OH key is entered (remaining
subpar anet ers). must reference this field by perm_address.prov.
30

Structures with identical members but different names are not compatible and
cannot be assigned to each other. Structures

are not intended to conserve storage. If you need direct control of byte

mapping, usc pointers.
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25 The nane of the first subparaneter (the input field name that wll
contain the programfunction key literal or control function data) f?? 9%
referred to by an MFLD statenent and nust not be used as the | abel” o0 B, 7005
DFLD statenment within this DEV definition. The remaini ng subparapeters can
be specifiedvom/poti ti onal or keyword format. If the subpﬁpgﬁﬂy@gg]are in
keyword format, the integer specified nmust be from1l to 36, inclusive, and
not duplicated. Owriyedfnem PFretigper and format (positional or keyword) can be
specified on a DRY.st at ement . This operand is valid only for 3270 displ ays.
At the time the actual format blocks are created, each literal is padded on
the right with blAamksn tsanbbject3%at camipidanyfone piea sehpigasted mepdpigi Then t he | st.
The maximum|literal ,length is 25 | f..the device supports the I M
copy function, tﬂ?Wbﬁﬁﬂg ePIv%ﬁ%£°$%%%§g39ﬁgunction and the definition of
PFK12 in & he DEV wgpeatc@enbvdriays tyaoeetiers ot theagst se, the definition of PFK12
is honored. ao If FEAT=NOPFK is specified, it is changed to PFK The
maxi mum nunber of user-defined PFKs is 36. Control functions that can be
speci fied are: aSrNEXFRR-aRAGE fADMANNGEs Bpewidpe espaed foqthesargdsor t he next
physi cal page i n the current output SS .. If.no output nessage is in
progress, no expleaiver ¢f R BEIEPINS 2phpAddin MG RESSAGE ADVANCE 50
Specifies a requegfihd thedRBHOHR chd@ atupibourasgag s strictpstagrdss. (i f any) and
to send the next output nessage in the queue (if any). 133 - 7 FEB 2005
WO 02/ 13007 PCT/ US01/ 24280 NEXTMSGP- - MESSAGE ADVANCE PROTECT Specifies a
request to dequeuecthg Ut put nessage in progress (if any), and send the
next output nessage or return an information nmessage indicating that no
next message exists. 5 NEXTLP--NEXT LOd CAL PAGE Specifies a request for
the next |ogical pagg,ef.tNGiGikaheNe FBsRAIActidINMNting ENRridsTdinBLE PAGE

I NPUT |0 Specifies the end of a nmultiple physical page input nessage.
substitution : StdeptrgtosuButat Yirtsateen®seci fi es the character used by MFS to
replace gny X 3F' GHRaA0E &I Gnddl ubdlfurlich dsABe cfiaé forSlefi adiiTrola bhgeans| at i on
occurs if this paraneter Is specified as X 3F or this paraneter is not
specified, or theclispput received bypasses MFS editing. The specified SUB
character should not appear el sewhere in the data stream therefore, it
shoul d be nongraphic. 20 X hh" Character whose hexadeci mal representation
is 'hh' replaces all AXC3{Funiop niefbes ¢ipuat bejac/assbjestihnt hes g o8 Har act er' ¢
replaces all X 3R i nhs dOfitled@h asighf@m type : String TYPE attribute
Specifies the device type and nodel "nunber of a device using this format 30
descri ptizon. The 388#03 IpEi-htver catpbdeniar aempesofaunian Wiih g 'F%’H)r‘inl y as
TYPE=3270P. The npgdel nunber specified when defining a format for a 3284-3
is the nodel nunber of the associated 3275. TYPE=3270- An specifies a
synbol i ¢ name for BAYS! fagrel SSpatpred di spl ays with 35 the screen size defined
during I M5 systemdefinition) feature nunbers n=I-15. This specification
causes the MFS Language utility to read the MFS device characteristics
tabl e (DFSUDTOx) tHshexarrlfeatiiehe screen size. width : int WD~-TH attri bute 40
Speci fi es, the nB‘Xi’IrmrHeH\eQ% CMWQT’HIB Rkl RS o EMVbY B AR nIANE cOftains it. Munber  of
print positions per line of 'Input or output data - Nunber of punch

posi tions per car BelofvioraiPeatureis bothtafieatugeand aN3mespest-d wi dth for card reader

i nput data Public Attributes:
name : String
30 TypedElement

This is the base class for attribute, parameter and constant whose definition
requires a type specification. The TypeElement type is an abstraction of
ModelElements that require a type as part of their definition. A TypeElement

does not itself define a type, but is associated with a Classifier.
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The default is 120 for 3270P output. Line width is specified relative to
colum 1, regardless of whether a left margin value is specified in the
HTAB= keyword. The wi dth specified nust be greater than or equal t 6 71FEBSHS
13-4 - 7 FEB 2005 1~' O 02/13007 PCT/ US01/ 24280 For 3270P,€ﬁ%985$% if
WI~TH i s spE@i#138¢, then FEAT=( 1...10) nust also be spe%? ik FEAT=(
1...10) is specified, and WDTH= is not specified, WDTH= defaults to 120.
MFSMessageDescr i Beorediison JPdweeshtiethe MSG statenent initiates and names a
nmessage i nput or Jnition. to Unsupported attributes: - All
attributes are sﬁﬁgggﬁgﬁg%k%ived from MFSSt at enent 15 Private Attri butes:

fill : String FI Uldedineyd paticeh@peteristic ebtha ModplEleaieat Baicaptaing i out put devi ce
fields. This operand is valid only if 2t7 TYPE=OUTPUT. The, default is C'.
The fill specifiéation is ignored unless FILL=NONE is specified on the

DPAGE st at enent  iDerivhefretT ygedHlemdnt, ShructsCoBeRO out put when EGCS fiel ds are
present, only FILL=PT or FILL=NULL should be specified. A FILL=PT erases an
output field (either a 1- or 2-byte field) only when data is seat to the
field, and thus ce@scAatibeease the DFLD if 25 the application program
message omts the MFLD. C c¢' Character 'c' is used to fill device fields.
For 3270 displ ay WBGiCE®E any specification with a value |ess than X 3F is
changed to X 00' for control 30 characters or to X 40" for other nongraphic
characters. For all other devices, any FILL=C c¢' specification with a val ue
|l ess that? X 3F i1¥4ffdFed and defaulted to X 3F (which is equivalent to a
speci fication of Klphlamldkblovidbidtacdd® oSpaaini@soMatth bpeedtdss ardetieot to be
filled. PT Is identical to NULL except for 3270 display. F L $§79 di spl ay,
PT specifies thatBeBitigaiFestpEs fsPaHRHCT @gSsHuYT CPI“M““'FPFES 6%‘{?? é’g‘% SPE (DFLD)
are foll owed by qﬂﬁo programtab character to erase data previously in the
field. ignoreSource : Boolean SOR attribute Specifies the source nane of
the FMI statenent which, with the DEV 45 statement, defines the term nal or
renmote program daja,fkich 1 R5CR8e aPWehitics tHiESHRGR felRE6N, iapd or . Speci fyi ng
| GNORE for TYPE=QUTPUT causes MFS to use data fields specified for the

devi ce whose FEATenigisep sl SidEnqtiPa8a POfeRE 9 t he devi ce for mat

definition. Fox TYRERINPAT.usd SDIERE: fhvetidnticbigrasperdcinise dowdinychedk thehe
correspondi ng nmessage out'put descriptor specified 13a - 7 FEB 2005 WO

02/ 13007 t0 pcT/ Uywitiea 2a8meeNCRE: them- igifUpi@"SOR=1 GNORE, you nust specify

| GNORE on bot h thﬁNHEQS@Q%u#ﬁB@&mﬂ&$&khﬂ&9& and t he nessage out put
descriptor. option : Int OPT attribute Specifies the nmessage formatting
option used by MFS to edit nessages. The default is 1. paging : bool ean

PAGE attribute Prototype Function Declarators: You should declare each parameter within

the function declarator. Any calls to the

function must pass the same number of arguments as there are parameters in

the declaration.

25
Nonprototype Function Declarators: You should declare each parameter in a
parameter declaration list following the
declarator. If you do not declare a parameter, it has type int.

30 The compiler widens char and short parameters to int, and widens float

parameters to double. The compiler performs
no type checking between the argument type and the parameter type for
nonprototyped functions. As well, it does not check

to ensure that the number of arguments matches the number of parameters.
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Specifies whether (YES) or not (NO operator |ogical paging (forward and
backward paging) is to be provided for nessages edited using this control

bl ock. This operand is valid only if TYPE=QUTPUT. The default is NQ 7VRERQ{S
means that only forward pagi ng of physical pages is provided. t 5 type :
MFSDescr i pt gidyHBoohYPE attri bute Defines this definition psresmessage | NPUT
or QUTPUT control block. The default is INPUT. 20 MFSLogi cal Page LPAGE
statement 25 The vgpih@@declRASEh $41ad @ARTIn@ieh reiSesAinapameef segnments
conprising a logical page. It is inplied if not present. Unsupported
attributes: - AIfieckﬂfﬂt“f)ﬂ%Eﬁtf@’s"‘)&P@t%mﬁﬁ‘éﬂ‘@Hde\fb"tlﬁé'ﬁ thged from MESSt at ement 35
Private Attribut @§jowe@ietia@fh: MSCondi tionType COND attribute Describes a
conditional test that, if successful, specifies that the segnent and field
definitions following this LPAGE are to be used for output editing of this
| ogi cal page. Th I fi i f 4 g{;ﬁg} ogi cal page
is exam llr%ed to de @?ﬁé&%qﬁgarﬁ? &f(ﬁs&ég?@g% g‘? ?g(oﬁg%%%;sﬁ's? estsam?trll]ggat% <), greater
t han or 40 equal typoof{the viless t han or equal to (), equal to (_), or not
equal to (ne) the specified literal value to determne if this LPAGEis to
be used for editing. COND=is riot required for the |last LPAGE statenment in
t he MSG defi ni ti dhe oflg&todage alaexpadifiedhat aliClhe aldefd ined répysta sforaged nane

(nfl dnane), an oflfset |Hn alleig{fielf nfl dname(pp) where pp is the offset in
the nanmed fi el d)“*5rPEH Gt &5 PRE segnent (segoffset). If the

nf | dnamefopp) f or RpdcHficd $@dh, papmefel 1f1gdu domogspeeit ethe tdpisrer ooragetiads to 1. 1' he

| ength of the conpare i.s the I[epvgkg of the specified literal. If OPT=3 is
speci fied on t heSH5FEGH SPARBEL HEME 2 %e area to be exam ned nust be

w t hin one fiel dsasagdefasngdcifier. BC Ml D gdvadngin®Btype Sfkcifid( and ybukfeB 2005 WO
02113007 PCT/ US0112d280 to If S%?Offgfﬁ{tg is used, it is relative to zero,
and the specifi cBRUSHESE RIHAYPHIFB LR deting thedyRhqf or LLZZ of the segnent
(that is) the fingdphiahaetiyill@ateyinOhfoBéwd). |f pp is used, the offset is
relative to 1 with respect to the naned field (that is, the first byte of
data in the field is at offset 1, not zero). If the rnfldnane specified is
defined with ATTR:YEﬁ,tﬁ;nla@,j)pp of fset nmust be used. The m ni mum of f set
specified nust be 3. That Is, the first byte of data in the field is at

of fset 3) follow ng the two bytes of attributes. If ATTR=nn is specified,
the m ni mum of fset nugt | b jaaee Rhaime v ce nn. Thus, if ATTR=2 is specified,
pp must be at least S, and, if ATTR=(YES, 2) is specified, pp nust be at
least 7. 15 If the conditional tests for all LPAGEs fail, the |ast LPAGE in
this MSGgefinition is used for editing. If LPACE selection is to be
specified using the command data field, that i|s, / Fd?_l\rf/éT mydnane. . . (data))
the MFLD speci fi &8 G Y-HEY ERREIC AT GO HhARBHATEHEF @ ISHENITd be wi thin
the first 8 byt eg i9fotliRRd 35ERChEdeRrakdfAGES of the MOD, pronptValue : String
25 MFSSegnent SEG statenment The SEG statenent delineates nmessage segnents
and is required only if nultisegnent nessage processing is required by the
application progrpénved@ofub\RUdEISRSSage segments cannot exceed your

speci fied queue buffer length. Only one segnent should be defined for

TYPE=I NPET M5Gs when the input nessage destination is defined as a single
segnent command op,iik ansid6kson. | f nore than one segnent is defined, and
the definition is used to input a single segnent command or transaction,
care nust be useddifestidhsipiFrestiotdnd your i nput

Private Attributes:

30 name : String

Datatype
This is to represent data types and native types.

Derived from Classifier
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35 produces only one segnent after editing. It is inplied if not present.
Unsupported attributes: - Al attributes are supported Derived from
MFSSt at ement 40 Private Attributes: exit : MSExitType EXIT attri_?ug ﬁﬂ
Descri bes the‘gagg nt edit exit routine interface for this nessag @'b ht .
exitnumis th 1% out i ne nunber and exitvect is a val uePCDUkR/2mesed to
the exit routine W@ﬁ@edit is invoked for this segnent, exiinum can range
fromO to 127. exitvect can range fromO to 255. The SEG exit is invoked
when processing Cﬁﬁmfaeltf&ﬁnD@fivdblflﬂ%jéé?mﬂssiﬁﬁgnent- 137 WD 021 13007 graphic
. Bool ean GRAPHIC attribute - 7 FEB 2005 PCT/ US01/ 24280 Specifies for MG
TYPE=I NPUT whet her (YES) or not (NO |M should 5 perform upper case

transl ati on on thFgigsegment if the destination definition requests it (see
the EDI T=_parameter of the TRANSACT or NAME macro). The default is YES. If
i nput seghent dat g‘e‘désf‘tr‘r‘th‘éﬁﬂgr aphic format (packed decimal, EGCS, binary,
and so forth), GRABHGTNG shouil drbgspeci fied. Wen GRAPHI C=NO is

speci fied, FILL=NULL is inval id For LDs within 10 this segnent. ~5 20 The
| i st bel ow shows the translation that occurs when GRAPHI C=YES is specified
and the input nesgggg,festination is defined as requesting upper case
transl ation: Before Translation After Translation a through z A through Z
X 81" through X 8Berived ot BetaviouaiffeadireCDerivib®T'ypd hr ough X 99' 25 X' D 1

t hrough }; D9' X A2' through X A9" X E2' througﬁ X E9'" 30 If FILL=NULL is
specified for any MELD in a segnment defined as GRAPHI C=YES, the hexadeci mal
character X 3F iRubbodyribssed out of the segment. |f GRAPHI C=NO and

FI LL=NULL are Sp%wrk?g- 'cr)lolg krlle SEG statenent, any X 3F in the non-graphic
data streamis conpresse out’ of the segnent and undesirable results m ght
be produced. Non-graphic data should 35 be sent on output as fixed |length
output fields an e of FILL=NULL is not recommended in this case. For
MSG TYPE=QUTPUT, %tﬁgﬁaﬁﬁﬁf}[‘; keyword applies only for DPM It specifies
whet her [YES) or not (NO nongraphic control characters (X 00 to 40 X 3F')
in the data fromstut&gtul_ws application programare to be replaced by bl anks.
The default value i's VI‘:;{S if NOis specified, MFS allows any bit string
recei ved from an ThifSs applbitert ¢las fETse@@ea tyded. | ow unnodi fied through MFS to
the renote program 45 Restriction: Wen PHI C=1v0 is specified, I M
application progranms using Options 1 and 2 cannot omt segnents in the
mddl e. of an LPA@,ve@frommmmheT@La@ddnigbsefdfrgf)éﬂﬁ)ehCthe"F?pe?engent using the
nul | chag acter th F 50 t38 - 7 FEB 200

ructureontents

TypedElement

This is the base class for attribute, parameter and constant whose definition
requires a type specification. The TypeElement type is an abstraction of
ModelElements that require a type as part of their definition. A TypeElement
does not itself define a type, but is associated with a Classifier.

Derived from TDLangElement

Typedef

30 Derived from Derived

Derived

Derived from DerivableType, Classifier
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WO 02/ 13007 MFSMessageFi el d MFLD stat ement PCT/ USOLl/2d280 The MELD
statenent defines a nessage field as it will be presented to an application
program as part of a nessage out put segnent, At |east one M-LD st at enent
must be specified for each MSG definition. Unsupported attributes:7-FERI805
attributes am® eup@orted to Derived from MFSSt at ement Pri vai@ust/A4bdobut es:
attributes : boolean ATTR attri bute 15 Specifies whether (YES) or not (NO
the application ppogyram can nodify the 3270 attributes and the extended

attributes (nn). YES. .2 _hytes nus e reserved for the 3270 attribute
data to be fille llt"ﬁ“%y”S 5'3)0'?%'8&5'&5? P{:%f‘?zl ey B&rf%é%eﬁ)‘i’i‘ BifchHtaand to be
initialized to bletnlest dil clanuls withhemerdy Byfane drsidataydencl uded in the LTH=

specification. The value supplied for nn is the nunber of extended
attributes that can be 25 dynam cally nodified. The value of nn can be a

nunber frsom 1 to Gse 2AN typd ¥pdcifdr mRAGHEY &M oMabdiactiRhallihy §ifmdms TWO
addi tional byt esagﬂ;‘: ttribute nmust be reserved for the extended attribute

data to be fille VWY Ade Gppieirect fUoptignagram on out put and to be

initialized to bl@pks réBrehdPWbn callNBsfeyal hkd MRt RE4gs! uded in
the MFLD LTI -1= specifi claeti on.u%qo Exar¥p|’e: ]@ﬁ%\ﬁ%%tgﬁ%ﬂgéem@gﬂ]%ﬁ

speci fi cations fdreriktdfemdipgivethe number of bytes that nust be reserved for
each different specification: MELD , ATTR=(YES,nn) 35 2 + (2 x nn) M-LD

, ATTR=(NO, nn) 2xnn 40 MFLD , ATTR=(nn) 2xnn 45 MFLD , ATTR=YES MFLD , ATTR=NO
0 ATTR=YHES and nrf'kHeAttHbwesd if a |iteral value has been specified through
the 50 positionalgpaifeliRket N an output message. 139 - 7 FEB 2005 WO
02/ 13007 PCT/ USOLl 24280 The attributes in a field sent to another I M5 | SC
subsystem are treated as input data by MFS regardl ess of any ATTR=
specifications impghg format of the receiving subsystem For exanple, a
nmessage field (MELD} defined as ATTR=(YES, 1 ),LTH=5 woul d contain the

foll owing: 5 OOAOCC2F1C8C5D3D3D6 If the MFLD in the receiving subsystemis

defined gs LTH=9 apd.w ; t he appl.ication programreceives: t0
OOAOCZF10805D3D3D6.B piptet hggk%f@%ﬁﬁﬁf t 4y esi"\?f‘ﬁéagﬁs%féf‘gmci' -@ef i ned as
LTH=I 3 and ATTR=pYES! dan)refet than apjpétiof aty @r dataegieam r ecei ves: | S

4040404000ACC2F jex%%qs@?@d or a reference. Additionally, in C, a pointer cannot point
to an object with the register storage class.
20 Some common uses for pointers are:

To access dynamic data structures such as linked lists, trees, and queues.

To access elements of an array, or members of a structure, or members of

25 a C++ class.
To access an array of characters as a string,
To pass the address of a variable to a function. (In C++, you can also use a

30 reference to do this.) By referencing a

variable through its address, a function can change the contents of that

variable.
Derived from Derived
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If the MELD in the receiving subsystemis defined as LTH=5 and ATTR=(YES, J
), the application programreceives: 20 4040404000A0C2F1C8 The i nput SEG
statement shoul d be specified as GRAPHIC=NO to prevent translation of FE??UUS
attribute da%szz 3§Bper case. 25 exit : MFS)XitType EXIT attribute )
Descri bes the P¥edit exit routine interface for this nBeEEY&2428k| d. The
exit routine nu .S specified in exitnum and exitvect is a value to be
passed to the exi F%‘U‘tlne when it is invoked for this fireld. The val ue of
exitnum can 30 rabgevdrem BeifioddieantliDekuieryph exitvect can range from 0
to 255. The address of the field as it exists after M-S editing, (but
before NULL conpression for option 1 and 2), is passed to the edit exit
routine, along w phbiichanwget.or defined for the field. (If NOFLDEXIT is
specified for a DPM device, the exit routine will not be invoked.) The exit
routine can retur#VArgBdBodsni th a value from0 to 255. MFS maintains the
hi ghest such code returned for each segnent for use by the segnent edit
routine. EXIT=is invalid if '"literal' is specified on the same MELD

stat ement. ext endPdivablelppet es : int ATTR attribute 40 Specifies whet her
(YES) or not (NO the application programcan nodify the 3270 attri butes
and the extended attributes (nn). If YES, 2 bytes nust be reserved for the
3270 attribui.e dat.a t oCeeMeidmhealdl i N by 45 the application program on out put
and to be,initialized to blanks on input. These 2 bytes must be included in
the LTH= specification.. The value supplied for nn is the nunber of

ext ended at t ThoGire metanatielc Baseden tﬁEElAdW(arﬂmb O+ FERIEREE MRRE! e of nn
can beanungﬁrh Srﬁa,a fQ in SR |f|cat|on will default to 1.
Two addi tional Byt &a BR&r ot P ‘Jf“é 't”P& ?O is a MF§3as3 gutncemethetdd 1124280

be reserved kol Theeextendat! aintists bHCS+ d@hﬁaﬁ&M‘é@elWybésQﬂsdm‘Be@Ns tbiws:
application programon output and to be initialized to blanks on i nput,
These attribute bytes nmust be included in the MFLD LTH= specification.
Exanpl e: 1Shdan bel.ow ar e vaki MaswpRetdrhédl:i ons for ATTR= and the nunber of
byt es t hat rrﬂ be rgaerved for ch d|fferentwq£)e0|f| cation: MLD

, ATTR=( YES, nh}> 2e@mpeel inhgrils frpgp tﬂmﬁﬁlalmwm URE il ngtraps thaTCRR=YIain) 15 2
X nn MELD , AVMISRmYES 12clh@h@)exﬁ-Ea'R&N@u?éa QelﬁTBFﬁleégéré%nﬂel'ananﬁr[?m1'v£ﬁ{@wpgs T a
literal val ue gﬂa%+$ﬁ {) fl ﬁ roug the positional paranmeter ’in an

out put message:® qder i EZ?H‘"é T§psAn e nyBerRtiane dlitotisikitity (g F@The
subsyst em ar@r Meatredel aBloien P C+dad & &byecwEﬁnEe%gﬁfgdég%S&em in ecPQ;Eﬁt%
speC|f|c§0t|ons in the format of the receiving sub sgs em Fo exarrp

message T1 el"d"{ NFTEP ﬂ‘éistPl%)dtSB%b'ﬁTﬂ*R‘aEeYE@ H‘?te{tq‘i—lﬂﬂ Wiged d contain the
foll ow ng: 30 OOACC2F1 C8Co5D3D3D6 If the MFLD in the receiving subsystemis
defined as LTH: and thou} ATTR=, the application programreceives: 35
O0AOC2F 1 a“fcﬁié MFLD i n the receiving subsystemis defined as
LTH=13 and ATTR-( YES 1), the application programreceives: 40
4040404000A C8€$D3 If the MFLD in the receiving subsystemis
defined as L and RTTRI e efamodel$pegifisiationt i on program recei ves: 45
4040404OBOACE25 1 C8

The C metamodel is used by enterprise application programs to define data structures which

represent connector interfaces.
Class

The C++ class is an extension of the C-language structure. The only difference between a

30 structure and a class is that

structure members have public access by default and class members have private access by

default. Consequently, you can

use the keywords class or struct to define equivalent classes.
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The input SEG statenent should be specified as GRAPHI C=NO t o prevent
translation of the attribute data to uppercase. fill : String 50 FILL
attribute 1dl - 7 FEB 2005 wo o2n3on~ rcT~usovza2so Specifies a c?g&gcter
to be used t is field when the length of the data rﬁﬁ%& /i0fhe
device is Ieggﬂﬁﬂg@bthe | ength of this field. This character f%sg%%b used
to pad when ng.data is received for this field (except when MSG st at enent
specifies opt o .f)xm?ﬁl.'esﬁ%%éﬁaﬁ%uYaéenahiswe;‘é(id i f TYPE=I NPUT. 5 The
default is X 40'. X hh' Character whose hexadeci mal representation is hhis
used to fill fielqi. FILL=X 3F is the same as FILL=NULL. to C c' Character
c is used to fF13%ields, NULL I5 Causes conpression of the nessage segnent
to the left by(the ambunt of missing data in the field. justify :

MFSJusti fyType 1UST attribute 20 Specifies that the data field is to be
Ieft-just?fied"ﬁ@)”ﬁ?vﬁqﬁmﬁﬁTwstified (R) and right- or left- truncated as
required, depe@gmng upon the anount of data expected or presented by the
device format control block. The default is L. length : M SLengthType 25
LTH attri bute Cari"tf® losiun &d i | //zpubli¢ emberifancsipeci fied in the positional
operand ( TYPE=ILNPUT), in which case, length specified for literal is used.
|f LTH= is specified for a literal field, the specified literal is either
truncated or pé&déed 30 with blanks to the specified length. If the MFLD
statenenqoappeqrs bet ween a DO and an ENDDO statenent, a length value is
printed on the ‘generated MFLD statenment, regardl ess of whether LTH= is
specified in thefQFuBuscu &d; st dmiBaby defallue : String 35 value attribute
Thi s correspon%§v&9 the "literal' field in the follow ng description. 40
The device fiefd nanme is specified via the 'deviceFields' relationship.
Speci fi es the devinca /forightd damamembekef i ned via the DEV or DFLD stat enment)
from whi ch inpqt data is extracted or into which output data is placed, If
this paranmeter 'is onmtted when defining a nmessage out put control block, the
data suppbied by the application programis not displayed on the out put

ENDDO st at et 0 =V 1 A RO (ena® PPt B Tseblechimb i

| engt h. Whentheasmbespéthetobprt aod t he statement is generated, a 2-character

sequence nunb t o, 99) i ended to dfldnanme. If the dfldna

spect 11 ed hergl paotl bRt s s TRRETDE el malgRRT fopie qeiREPBEA O X cyeba)

df | dname is thouglcltisdbchatedaoudngharacters and a 2-character sequence nunber

i s appquedt%ﬂﬁ%orn1 n 8character nane. No error nmessage is provided if
57 e o Bl

this la2 "WO 112/ 13(1117 PCT/ US01/ 24280 occurs. This

par anet er carDdoigedspeniStiwadeiin one of the following formats; dfl dname
Identifies the device field nane fromwhich input data is extracted or into
whi ch output data is placed, 'literal' Can be specified if a literal value
is to be insaubikdAitribwags: i nput nessage, '

isAbstract : Boolean

25 isVolatile : Boolean

Private Attributes:
visibility : VisibilityKind
Member
30
Data members include members that are declared with any of the fundamental types, as well
as other types, including pointer,
reference, array types, and user-defined types. You can declare a data member the same way

" as a variable. However, you
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10 (dfldname,' | iteral') If TYPE=QUTPUT, this describes the literal data to
be placed in the naned DFLD. When this formis specified, space fagr F¢§7U5
literal must not be allocated in the output nessage segnent supplied Phe
application program t5 If TYPE=INPUT, this describes the |l ata to
be pl aced inR@Hgﬂﬂﬁgsage field when no data for this fielgckégéﬁ%gﬁved from
t he device. | ' nap® ik S ' araneter of a DEV

st at enent tﬁ%ghppiggg#qﬁg%gfm%V§ﬁggﬂ#gggg%gﬁﬁpﬂg PF key literal or control
function. However, when this dfldname is 20 specified in the PFK paraneter,
but the PF k i s, not used, the literal specified | atenment is
noved into tﬁgy%%cg%ém ]arir@i 4.2 Wgﬁtlcp%%?gplgﬁﬁelpéogui ‘ﬁlg'gslt P%e%ggaelmﬁ %t? ’h@t literal is
inserted in #hendibel d but is not processed until after the |ast physica
page of the |ogical page has been displayed. 25 In both cases) if the LTH=
operand i & specified, the length of the literal is truncated or padded as
necessary to fidiged PRTERIDDeLMIdTIEE specification. If the length of the
specified literal is less than the defined field length, the literal is
padded with blanks if TYPE=OUTPUT and with the specified fill character
(FILL=) if TYRbm NRbfies! f no fill character is specified for input, the
literal is padded with blanks (the default). The length of the literal

val ue cannot iBSiEedods® byt es. (dfl dname, systemliteral) Specifies a name
froma lijgt of systemliterals. A systemliteral functions |ike a 35 norna
literal except that the literal value is created during fot7natting prior
to transm ssiliyaeditiibetesievi ce. The LTH=, ATTR=, and 1UST= operands cannot
be specifiedjsym§ﬂe;ﬁgﬁb$orn1is speci fied, space for the literal nust not
be allocated In the output nessage segnent supplied by the application
program 40 (isEs@hjerpBédlesds this output field as the systemcontrol area

whi ch is not i a : . out put device. There can be only one such
fieldin a |d§?§§b'é§§%ﬁ?5%@EE) and it must be in the first nessage segnent
~of that péage. If no |ogical pages are defined, only one SCA field can be
defined and if st be in the first 45 segnent of the output nmessage. This
specification i1s valid only if TYPE=OUTPUT was specified on the previous
MBG st at ementDerBed B8DevivagePage DPAGE statenment 143 - 7 FEB Z005 WO

021 13007 PCT/ US01/ 2a280 The DPAGE statenent defines a | ogical page of a
device format. This statenent can be omtted if none of the nessage
descriptors refeestoiing to this device format (FMI) contains LPAGE statenents

and if nq,,spegifj.c.dew . OptL an. i i It isinplied if not present.
Unsuppor?zé)d a ‘H‘Jie lfjtg@\sﬁ:eﬁ%“%wpﬁ’ @%Q%QOE%A - ORIGINt o - PD - SELECT
Derived from MFSSt at ement Private Attributes: t5 cursor : MSCursorType
CURSOR attrquk%wggﬁﬁh&Les the position of the cursor on a physical page.
Mul tiple cursor positions may be required if a logical page or nessage
consi sts of nslnting] BooR@n physi cal pages. The val ue 111 specifies line
nunber, ccc s hE].8S.. . both 111 and ccc nust be greater than or

equal to I . @ﬁgmghsé%gﬂb65| ion nust either be on a defined field or

defaul teds The default I1l,ccc .value for 3270 displays is 1,2. For Finance
di spl ay conpogent s. if no cursor position is specified, MFS will not
position the cUrSOr--the cursor is normal Iy placed at the end of the 25

out put dat a oberivee fdevivogionFBrudRire@entcmtsdi spl ay conponents, all cursor
positioning is absolute, regardless of the ORIG N= paraneter specified. The
df I d paranmeter provides a nethod for supplying the application programwth
cur sor i nfor npdtlioAteibutesiput and all ow ng the application programto 30
specify cursor osk%% n on output. Recommendation: Use the cursor attribute
facility %%pe@?@?c' %@WES in the MELD statenent) for output cursor
positioning. RbxiEhe Bdblesh paraneter specifies the nane of a field containing
the cursor position. This nane may be referenced by an MFLD st atenent and
nust not be uBBdnNasBYEEN| abel of a DFLD statement in this DEV definition
The format of jt/hhs) fiRldni s two binary hal fwords containing |ine and col um
nunber, respectively. Wen this field is referred to by a nessage input 4o
descriptor, i#PWelBodeditain the cursor position at message entry. |f
referred to by
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a nessage out put descriptor, the application program places the desired
cursor position into this field as two binary hal fwords containing |Iine and
colum, respectively. Binary zeros in the named field cause the spd€Bi§led
[1'l,ccc to be used for cursor positioning during output. During input,
bi nary zer osWOP##0% 45 field indicate that the cursor poéllcfrfuéﬁ”%" not
defined. The jnput MFLD referring to this dfld should be defined within a
segnment wi t hVERABH CsNS¥REEi fi ed or shoul d use EXIT=(0,2) to convert the
bi nary nunbei@id opdgesqral . fill : String FILL attribute 50 1:~:J ' ~ FEB
2005 WO 02/ 13007 PCT/ USO1/242B0 Specifies a fill character for output
device fields. Default value for all device types except the 3270 displ ay
is X 40" ; debgihd sfiQbudshe 3270 display is PT. For 3270 output when EGCS
fields are present, only FILL=PT or FILL=NULL should be specified. A

FI LL=PT ef as&dtanBoaleput field (either a 1- or 2-byte field) only when data
is sent to the field) and thus does not erase the DFLD if the application
program nmessage omits the MFLD. NONE | 0 Must be specified if the fill

character frdémetrhe nessage output descriptor is to be used to fill the
device fields,, X.hh'. ct er. whose hexadecinel..representation is 'hh'

w il be used%f(t(‘):rl ’lsf‘lkmtgrzfgbl%gv%iet |ecg§%‘fsg(?§’sa95%gag‘?m&§r acter'c' will be used
to fill the @Mesveddrdm Pedeed 20 NULL Specifies that fields are not to be
filled. For devices other than the 3270 display, 'conpacted lines' are

pr oduced 'when nmessage data does not fill the device fields. 25 PT Specifies

t hat out put fiiedteatitibats:do not fill the device field (DFLD) are foll owed by
a programtag 1E:hargc.ter to erase data previously in the field; otherw se,
this operati OR48&  PE@Atical to FILL=NULL. 30 For 3270 display devices, any
specification with a value less than X 3F is changed to X 00" for control
characters or,to X 40' for other nongraphic characters. niultiplePages :
bool ean MULT %&P¥7i%HPE 35 Specifies that multiple physical page input
nmessages W | Ipribge akitibvved for this DPAGE. 40 M SDevi cerield DFLD st at enment
The DFLD statenent defipnes,a field within a device format which is read
from or Writt"éﬂ’%ftb' ’Sﬂlﬁﬁ‘ﬁff(ﬁél or renote program Only those areas which are
of 45 interesdvittgnlt BeolddfS or renote application program shoul d be defi ned.
Nul | space in the format does not need to be defined. Unsupported
attributes; -SLD 50 Derived from MFSSt: atenent | as - 7 FEB 2005 WO

02/ 13007 PCT/Adgil/ 24280 Private Attributes: . attributes : MSAttri buteType

20 Derived from Derived

Template

‘ The declaration in a template declaration must define or declare one of the following:

25 A class
A function

A static member of a template class

The identifier of a type is a type_name in the scope of the template declaration. A template
30  declaration can appear as a

global declaration only.

The template arguments (within the < and > delimiters) specify the types and the constants

within the template that you must
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ATTR attri bute extendedAttri butes : M-SExtendedAttri buteType EATTR
attribute length : int LTH attri bute Specifies the length of the fi_ell gEBZUUS
Thi's operand should be omitted if' literal' is to specified in the
positional parameter, in which case the length of literal is used as
field I ength. Unpr 8 4% e output formatting can occur if this cﬂTélllSﬁHﬁ‘z?O
used in conjunctio two lengths are different. The
specified LTH= canﬁ%&%ggég‘etgé %&Eﬁivgﬁc&g &t‘gagge size of the device. ~5 The
maxi mum al [ owabl e Iength for all devices except 3270, 3604 display, and DPM
wi t h RCDCT=NOSPAN | ﬁ“ogr lEhara ter For 3270 displays, the maxi mum | ength
is one | ess than scté8 f)%wmg: rrpl e, for a 480-character display, the
maxi mum | ength is 479 characters. A | ength of O nust not be specified. If
SCA and LTH= are both specified, LTH nust be 2. 20 POS= and LTH= do not
include the att¥ibut gglapeh> pasikeYon reserved for a 3270 display device
or a DFLD with ATTR=YES speci fi ed The inclusion of this byte in the design
of display/printer formats i s necessary because it occupies the
screen/ printed page poskiion preceding each displayed/printed 25 field even
though it is not accessife by an application program Wen defining DFLDs
for 3270 printers, a hardware ATTRI BUTE character is not used. Therefore,
fields nust be defi nedniiergibia j uxtaposition that does not allow for the
attribute char g eF] F\Lbe,gs ATTR=YES is specified. However, 30 for printers
defined as 327 e last colum of a print line (based on FEAT=, W 17TH=,
or the device default ¥bh) cannot be used. The | ast colum of the line is
reserved for carriage gontrol operations performed by IM5. Thus, if the
print line specifies 120" (FEAT=120) and the DFLD specifies P$=( 1,1
),LTH=1 20 then 1 18.characters are printed on line 1 and one 35 character
on line 2. Detectablﬁ Fiel ds (DET or )DET) nust include four positions in
POS and LTH for Yt e detection designator character and 3 pad
characters, unliess the detectable field is the last field on a display
line, in whi ch casep ggg%{aﬂﬁ 40. R Qﬂn%&r Jdde detection designator
character is require fection designatof character nust precede
field data, and pad characters (if required) follow field data. Detection
desi gnator and requir acters nmust be supplied by the application
program or MELD i tergfjtyﬁﬁiﬁf{lﬁ% field data. Pad characters can al so be
required in the precedfngefKegkadhadn t he device. 45 pen : String PEN
attribute SpeC|f| es a || terlgtE tqQ . he selected or an operator control
function to be perforrredty'i)ﬁn A TH®Field is detected. |f (1) '"literal' is
specified, (2) the field is 50 defined as imedi ately detectable (ATTR=
operand), and (3) t I c t
specified literal :szs%&pt aceaEE Jﬂﬁee{l %éielq:ﬁgevlc?% e?ﬁégﬂ% %565%%5'%% 1§£med {ihin he
PcTnsnv2a2at ~e 200%nglobiages kiranoPERLmERY @nite dfissthhmep begrdioh theDiEv st dippglves.
when the field is N f Vi I
anot her field on t%ﬁ&%ﬁt&l gceigdeg«%% 9 r% dasggamegeW{tBS tlge oﬁ{(e?t(e}otm:g)!a%g)e adltas& that is
i nstead of the 5 t esled Kei(wil ad tehmphgatdngtmmthsmm uelefieeld 25b bytes. If (1) a
control function is specified, (2) the field is defined as inmediately
detectabl e (ATTR= operand), and (3) contains the null or space designator
character, the Spe(ﬂ—l-ﬁ-ipedm(smﬁfalunhnnﬁa.ma'slrﬁﬂnblﬁtep@lﬂfrﬁnmddankterfolﬂd\’eng coatlitionss
detected and no ot her deV|]ce f]I, %n%}j | f another to field on
the device is nodifi eH”eygnéL?B%? ?10“%’? mp e‘i‘%““ﬂ)etnbgvl ded and the function is
not performed. Contr ofhel dnigtabpinso frdidig LQMERE, 1s@eﬁncfubml are: NEXTPP- - PAGE
ADVANCE Speci fi es a re uest for th hysi cal page in the current
out put nessage. ¥ f 15° Be%ﬁitﬁ%‘fpl%gescgfb‘@opg dFﬁdcbqeéﬂ‘ﬂtég‘é’al'ng Y spqngf rpdefine
response i s made. NE)QR&@Egd@(EﬁtSAﬁEhAQVANCE specifies a request to dequeue
the output nessage in_progress (if any) and to send the next output nessage
in the queue (if any)Th %@“Q@PNES@IW MpEsisAtaratipmyANce | ‘PRWE@‘FP'Sgéié‘ilTTP‘e%“S
request to dequeue the output nmessage in progress (if any), and send the
next output nessage or return an information nessage indicating that no
next message exists. NEXTLP--NEXT LOQd CAL PAGE Specifies a request for the
next | ogical page of the current nessage. ENDMPPI - - END MULTTPLE PAGE | NPUT
30 Specifies the end of a nmultiple physical page input nessage.
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ENDVPPI is valid only if data has been received and will not term nate

mul tiple page input (MPPn in the absence of data entry. position :

MFSPosi tionType 35 POS attribute Defines the first data position of 7t BEE205
field in terms of line (IIl), colum {ccc), and physical page (pp) of the
di splay form¥Q0¥1B043p is omtted, 1 is assuned. 40 For D PCTIOREZGR7O,
3270-An, or 3270P II1l,ccc;pp Specifies the Iine, colum, and optionally,

t he physi cal NgeigE+nimien tehmplataihatCefitgs laimenfiiee fugictidnl df a chsstemplae app funagén be
greater tha q t F ] .ays, POS=( 1,1 ) nust not be
speci fi ed. gfgﬁﬁg'%&%ﬁtﬁgéaﬁggagg$ﬁgéggﬁgwﬁ@h%¥&they wrap fromthe bottom
to the top. Restriction: On sone nodels of 3270s, the display screen cannot
be copi ed . ield starting on line 1, colum 2, has both al phabetic
and prot ec%ﬁ‘@ﬁ‘r"ﬁ”ﬁ%ﬁ&@ t.J7 7 FEB 2005 wo 02n3on~ value : String
MFSTabl e  TABLE statenment rcTiusnina2so The TABLE statenent initiates and
names an operator control table that can be referred to by the OPCTL
keyword of the DFLD statenment. The TABLE statenent, and the |F and TABLEEND
statenents that follow, nust be outside 10 of a M5G or FMI definition.
Unsupport ed attriebut e ILASMI(Higatllevél At dsblar)e supported Derived from
MFSSt at ement ~s MFSDevi ceDi vi sion DIV statenment The DIV statenent defines
device formats within a DIF or DOF. The formats 20 are identified as input,
out put, or both s HhddMilor §890. SRGURER2GBustrkiss a Highrhel¢liAskentihlaigoage

Podes MY DR R AR RGN b BB AP REISER) BB 257 -

MFSSt at enent  Pr i veeacas. t FIGHIREES: ill@ratey the assofFBDe betmiept the HypSMBEMaddir i but e

CauTPuny or bot 1 ROLRY 3% st yich s BT @Rtk < peci 1 ea.

certain DEV st at didanglegyVmnmbseddiype, appihe TBblegElaoempr ESXIREB4 illustrates an

M-SConpr essi onTy Egyf ™) ' Request nove, trailing bl anks
fromshort fiel dgﬁu I xe@-?%teﬂﬁlcg}%uh%h?él & g?%bl?s 15%5?'\%:1?%%1\84\&&%%8“ ed by the
appl i cation program 1-18 _

hlasm
HLASMDecimal

HLASMDecimal types are used by decimal instructions

20 Code is 'P' for decimal type (machine format: packed decimal format).
Code is "Z' for decimal type (machine format: zoned decimal format).
Examples:

AP AREA,PCON
25 PCON DC P'100

AREA DS P
Derived from HLASMSimpleType

Private Attributes:
30 exponent : int
The exponent modifier specifies the power of 10 by which the nominal value
of a decimal constant is to be multiplied before it is converted to its internal
binary representation.
packed : boolean
35 This boolean corresponds to the machine format for decimal type.

True is Packed (Code is P)
False is Zoned (Code is Z)
scale : int

40 The scale modifier specifies the amount of internal scaling you want for
decimal constants.
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- 7 FEB 2005 WO 02/13007 MFSIfCondition |IF statenent PCT/US01/24280 The IF
statenent defines an entry in the table nanmed by the previous TABLE
statenent. Each |IF statenment defines a conditional operation and arr 7 FEB 2005
associ ated control or branching function to be performed if the condition
is true. UnsiOPPO¥BeY attributes: - All attributes are suppbf¥eW/438PDeri ved
from MFSStatenent |S Private Attributes: condition : M-SConditionType

condi tion attri buHbASHMMdresSn has the following format: |F (DATA | LENGTH]
{=,<> -~, ) (literdLASMAddeisdalgshidressnfpimtionDaiDATAr Speed dfifizsd-pdiat t he
condi ti onal oper ati on angd other ingrupagrisor mechdadraAlfet addimes tyae Gnacbmeforadt: faloe t he
device for the field. JfEdERs REn8heciulivesl)t hat the conditional operation is
testing the nunber of GllaisdéDelosadeindse typd (thaohineH@nthi: ebklde ofThidress; nernlallpiat f or
this field is the sansloaslefad).DFLDs (see "DFLD Statenent™ in topic
2.5.1.5.8). -,<,> -,Codeis38 fBpaididsy typh eénmbindifdrinan adlu¢ f mtieenahinally hat nust
be true to invoke the mmffecidf.i ed control function. 'literal' Is a litera
string to which input Gaks '$'Sotaddiees §panpackitde fofhst: BREPRIs@r bid dpPMedbntbef or e
t he i nputioi s transl at ediuea hiffpergase. If "literal' is specified, DATA nust
be specified in the figsk isopeondidrest fypt Bachimb WrmdRtgict RBGVA foSexdhalequal to
the literal string Iemg@b@anme%gmﬂﬁ@ngahﬁwmﬂgforne wth the snaller.

I ength, unless the corclideisonar al@batt) R siakind BrmatapstelibRAatd 1dngMIrRIaksS
zero, in which case thgoantbshakureiwea).is 40 performed. |If the input is
in |overgase, the ALPH#dstsadedRdrehBpt tnRBink $Gmhadthet REerbdd BF lerfgded in

| oner case. dat a- | engt lyapgcklticgdrad.i nt eger value to which the nunmber of
characters of input datqiciOR' fbadafies fyb€liihchie ERMBALSHE. reNPFING: Baget f i es

t hat conditional functjjeRstesbinid h%ulﬁ%#ﬁ term nated. 50 NEXTPP--PAGE
ADVANCE t. 19 7 FEB 2005 WO 02/ 13047 PCT/ US01/ 24280 Specifies a request
for the pext physical mpaggel n the current output nessage. |If no output
message is in progress, no gxpliciiapegpense is made. NEXTMSG - MESSAGE

ADVANCE Specifies a requesi bHe deql;i\%S'@MvVﬁERE)t put nessage in progress (if

any) and to send theenexdrWiPUEMERERIG. N the queue (if any).
NEXTMSGP- - MESSAGE ADVANCE PROTECT Specities a request to dequeue the output

nmessage in progress (if any), and 1o either send the next output nmessage or
return ar’inf or mat i SHY#HeSEHMESS ndi cating that no next nessage exi sts.
NEXTLP- - NEXT LOG cAtymeadH-ApMApdyesslyper equest for the next [ogical page of
the current nmessage. ~Specifies this element's address type.

30 HLASMBinary
HLASMBinary defines bit patterns.
Code is 'B' for binary type (machine format: binary format).

Example:
35 FLAG DC B'00010000'
Derived from HLASMSimpleType

Private Attributes:
exponent ; int
40 The exponent modifier specifies the power of 10 by which the nominal value
of a binary constant is to be multiplied before it is converted to its internal
binary representation.
scale : int
The scale modifier specifies the amount of internal scaling you want for
45 binary constants.

HLASMCharacter
HLASMCharacter defines character strings or messages.
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PAGEREQ - LOG CAL PAGE REQUEST Specifies that the second through | ast
characters of input data are to be considered as a | ogical page request. 20
ENDVPPI - - END MULTI PLE PAGE | NPUT Specifies the end of multiple phys_igc?é
page input (this input is the last for the nessage being created). ac 803905.
String 25 N WEP3R¥Abrd PASSWORD st at ement The PASSWORD st EEWEH(24388ent i fi es
one or nore fields to be used as an | M5 password. \Wen used, the PASSWORD
statenent and its assb6edais & fvrhmectgoypaisrchiredomens: &-bibfor pachichSRB 3t at ement
in an input LPAGE or B id&l fertunisade dpracior pdfriathise frmate ht-bit cede feeach
specified after the PABSSWERD statenent but the total password |ength Il ust
not exceed 8 char act efsde iTkefof gtaphic tpe dwnasineforstat: H 6-b¥ cdd® for Fash clgtdton 1 and
2 messages, the first 8 characters of data after editing are used for the

| M5 35 password. For Bpammlen 3 nessages, the data content of the first field
after editing i s usedCH®&R t HeCl V5 @masigvadrcharacterpassword for 3270 i nput can
al so be defined in BerPell RomtKILASKSmpldTfypoot h password met hods are used, the
password specified in the MSG definition is 40 used. Unsupported
attributes: - Al tributes are supported Derived from MFSSt at ement 45

M SDevi cEDescri pt or “TERHP 4 rﬁi“?ﬁent The FMI statenent initiates and nanes a
format definition t#HAPREAHEP one 50 or nore device formats differing
only in the device typeecHifd "eleribedemybis B oInet - 7 FEB 2p05 WO

02/ 13007 PCT/ US01/ 24280 in the DEV statenent. Each device format included
in the format definit [LBI5 f¥f&EPYs €deeCayout for data sent to or received
froma dEvice or a reﬁﬂ?eefob‘feélglgg“rli‘\a”‘stewgﬁpported attributes: - All
attributes are suppdpteHlpoM a‘ft?ﬂﬁPR/FSSt at ement MFSFuncti onKeyType tO
Private Attributes: fPRciigais slemgnt’s phpraglestRpct i onKey V al ueType 15 Private
Attributes: index : int function : String 20 MFSFormatLi brary This class is
designed to duplicate the effects of a FORMATLIB. In other words, it acts
as a censyal poi HLASMEBdPheh MFS sources files are grouped. This class

was introduced to addpgaSMMRdPsARy SN0 ush AP AxdRNHE 24P o BLAREARIN R,
referring to MSG stat eoBd: & fd‘ﬂﬁ%dﬂﬁ‘dint& r(ﬁﬁcﬂ‘ihe‘ f@fmat: n@@,rﬁx‘é_@-p&ﬁ{ !Siﬁar&he user
to parse every sourcefJ,.mIa@nd,rnmﬁﬁ%m%r yormatlib at once, this class was

added to act as a contBhdeIrr &rMREa-POhM S GracBhERRBat SNBSS ROSRRAY Nt er
document gg i on for nor eringf asHRIY @Reytivoi@t € Attributes? 30 name @ String
MFSMessagePoi nter Thi £08d RS8 b Fixd@pbANGHe tntcREL foRBatdsipleaceltaldel bihary MSG
statenments. Rather thafgmadnfeall ahordGhyal MSG statenments from the NXT
attribute (next Message rel ationship), MSG and LPAGE statenents will point
to an instance of this class.

30 Example:

L 3,FCON
FCON DC F100
Derived from HLASMSimpleType

35 Private Attributes:
exponent : int
The exponent modifier specifies the power of 10 by which the nominal value
of a fixed-point constant (H, F) is to be multiplied before it is converted to its
internal binary representation.
40 ,
The exponent modifier is written as En, where n can be either a decimal self-
defining term, or an absolute expression enclosed in parentheses.
The decimal self-defining term or the expression can be preceded by a sign: If
no sign is present, a plus sign is assumed. The range for the exponent modifier
45 is -85 to +75. If using the type extension to define a floating-point constant,
the exponent modifier can be in the range -2(31) to 2(31)-1. If the nominal
value cannot be represented exactly, a warning message is issued.
scale : int
The scale modifier specifies the amount of internal scaling you want for
50 binary digits for fixed-point constants (H, F), i.e. the power of two by which
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A new instance of this class will be created when a M5SG or LPAGE st at enent
40 points to a MSG statenent that is not represented in this parti‘?“l-fi
FORMATLI B. A new instance will also be created when an MSG st at ement 2005
parsed, if that statenment is not already represented here, Private
Attributes: WRP#130G:rjng 45 TOTALS: 1 Logi cal Packages 18§T/USM248RES 7005
WO 1121 130(17 PCT/ US01/ 24280 16 Cl asses LOG CAL PACKAGE STRUCTURE Logi cal
View nfs 5 7. |11 ustrteifived-pgipl dopsiantamst sfmyltipliedafiendis napyinal ealts ham begst anmodel
and System Vari ous cogilvessediie dnbiaetyiremeseniaidam putigfogcit issssembled im g finay of

i ndi vidual platforns scelgdifore. Berding causbetde hiogry pamtitotmaeye Sivar isresumsh fixed
Common Appl i cati on Mepaitivdel the Tighsd thecatrsme tiglo g posidénude "ri ch”
transactions, high | evel group ware, and financial transactions. 10 FI GURE
40 illustrates a si npThdiaegk foetasbtypeobpdnsguriati on for a "rich" transaction
where, for exanple, an order is entered at a termnal, and is passed to and
t hrough a Web server Foedpotaneshstattdf er' s application server. The

manuf acturer's applicayeniserver searches through it's own dat abase
server, as well as it gixedpeiarsonstdhtgsi m |l ar and inconpatibl e database
servers 15 and dat abas@3to 8¢ ansparently connected by the connectors

descri bed herein, querying for statuses, prices, and delivery dates; of
conponents, and pl aci mge @RSkl s WeRMAed SEOMRANEREShd: @ dsahbsk-dbfign®r der .
Strictly for purposesegh, drlahUsoNad &xPRes@bFlemiPsed inlphleAbhéen, a rich
transactipn is ill ust@éBeorsohththddRrPUNENASA behredsicabl @RBRI if fo sifd @M

configuring and order brentAgIRaEMAsAQIR&.| € through financing the
aut onobil e, collecting the elenments and conponents the new aut onobil e,

assenbl i ng the autonokjleg, and delivering it to the custoner. In
configuring the autonobile, consider the inclusion of, e.g., a traction

control gpdul e, whi ch|M@fed BEWaAEmbdifierHACA PIAB vAile, HRdiSHE (BERunMer &MY NES,
whi I e precluding the baghysiabhdccqiQidiahe SitBosbo@bn 8MEE BRSry niRber? S
exanpl e, for technical or ‘performance reasons. Simlarly, thé selection of
one col or may precludg Mg SE5EH hONHAThaS SRR WREA! ShRLNs GOTRLARLE ONs)
for exanpl e, for reas s QositiBifrdh e VitldeARtidrl o tndBin PHlifer. 11 YOU
don't sehect an engine and a transm ssion, you don't have an autonobile.
Certain ChO! CeSI ”}JSt QEW'H?@%W—J;B& pggiﬂprls%_'f@ lb?tlbg@ﬁsecgf sc':'allif]g Yd?lilacp'o?'&al:ing),’ you
nust also pick 'Y an%ungélﬁ opd-lﬁ'i's hfiheQUeRt Félft bit bf _the)(&%’p@ra&].ﬁ@& rcglﬁéiing or

"B, and you 30 have alf.ea8 ®elarehRFighhositiod Bakq.1 S) sel ection of “one
conponent or sub-system may renove sofre previously sel ected conponents or

sub-systegs fromthe system After configuring the car, frequently based on
the availability of selected elements in the supply pipeline, the order is
sent to the nanuffAbASMEoatingBeiver for fulfillnent, including manufacturing
schedul i ng. The manuf &AMEFloHBEPIN R prersed RiHAER&SPYIRS IDHBICU/MBpl y chai n,

for exanple, a trans niCeds §rE {ardloating-pyimt typsdgachine format: short floating-point
format; normally a fullword).

35 Code is D' for floating-point type (machine format: long floating-point
format; normally a doubleword).
Code is 'L' for floating-point type (machine format: extended floating-point
format; normally doublewords).

40 Examples:
LE 2,ECON
ECON DC E'100.50'
Derived from HLASMSimpleType

45 Private Attributes:
exponent : int
The exponent modifier specifies the power of 10 by which the nominal value
of a floating-point constant (E, D, and L) is lo be multiplied before it is
converted to its internal binary representation.
50
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WO 112/130117 PCT/ US01/ 24280 vendor, who would, in turn, query controller
vendors, gear vendors, housing vendors, hydraulic conduit vendors, and the
| i ke. These vendor's would, in turn query their sub vendors. 5 Using the
connector nethod and system the deal er and custoner would confr uF&?BMﬁ
order the caWod®1¥%% ermi nal 3901. The configuration and oFHEVSEAEE) woul d
be sent to the manufacturer's server 391 1. The manufacturer's server

queri es the servers 3Bbelexpgeemt modifighig waiganas Enywbere ngap Yegithgopdecignlisedf- be t he
server for the manuf adafmgriersn, opahgyelateceprpsivonspalossd & preanthesssd for its
purchasing function) or its direct vendors, who in turn query third sub 10
vendors, 3923) 3933, e selfrtefinipgaerimes theoaxbrdsdien dan be hiecdded by afigt:flf | | i n
t he bl anks' SQL quer i esq sigubjpessentt oplacsgsis amuméd The engofes the Ehponsntimodiied or
servers, 3923, 3933) an8h 8443. Epcog tkitype dxtenstongo tefirtehrdloagmgprintsosemyer s
3921, 3931, 3441, as thkieepinsnt raduiifidy cambetinithe ravwge 23 PrtegEn}-1 dptenahinzled vi ews
to the manufacturer' svaercsenotdI8lreplesaedexattlyentvarniigandedga iviehet. ned to t he
manuf acturer's ser ugund9HLASMFWatiegFopitRoudypwi t h optim zation and
producti en 15 schedul spgifkpis ahemadoating ppinesent type.seri al nunber and
delivery date to theraleuustr at the dealer's server. A Further application of
the connectors of theTh @sRmiodifiet@pecifRR the Smbiht ©OMALEH k@lndWduhwAE RpWar e,
and especi al 'y |inki ngexaddhradl disyi@ forgloatiuiirg Cors@@BYBED, L), (. MPBREST tws a
broad 20 term appliedpy @hick e@@Wint baktant Sndese 1BNBHliddAftEAG oAl ealdche wor k
of groupsgs G oupware hRGREAPLAEYrtdiBY itDBinkS erdsentARATBIR beBA: is GRMRBE@INGLs
coordi nate, solve profhgREaledfoiResclingQausBeUe bindilydoi M dF IV Rs Ablinked Of
applications is conpr tig&hdafioR hOGE AR of hebxth@lRigheGPpRinMar K t oget her
collectively, even if located renotely fromeach other. G oupware services
can include the shari frge QhgSRk BRARY R of 68shaGL:i ve writing, e-mail handling,
shared dgj abase 25 access, el ectronic neetings, video conferencing, and
other activities. FlGgiflpdihldadirdEes a group wave session spread across
mul tiple group ware agmggcagions running on nultiple, disparate platforns,
and connected by the ggﬁ@ﬁg%gﬁ§m9§§§[jbed herein. Specifically illustrated
are two groupware syshespz 4010 and 4020. Each system contains e 30 mai
enabl es applications, pdQdd-ghek ARdaht 1such as e-mail, schedul el cal endar

word processor, spreagsheet, graphics, and CTI (conputer telephony
integration). These are supported by nmessage API's 4015, 4025 and operating

systenms, 4017 and 402+fye Al hQhA: iOWAURNERE WRFYPEitHD ddcidRte#Qedningach of
the local groupware sgr¥esSin bt cARdsid0tiosdlfs parep@pRECt Or of the present

i nvent ' oRy an e-mail  $SBEUSEms¥ e iEdifer S AR PR Se pﬁecgdeﬁ%g?ta@irg)f; iPEd M& s and a
1~-3 7 FEB 2005 WO,Q4nl 300y & &mlistspngp2so repl ication database.” The two

groupware servers 401 1 and 4021 communi cate over a tel econmuni cations

medi um as the Net, agkANvoRifldPRyr IRkadeMBR HIBRinEPINt ChadiRts TheSsch¥ nlodifier t hE
nost common and basi ¢ fgneURMEKAI AR S&h GRstanfiihh€ hhke REsLCvadet gChnol ogy
is desigped to pass sigpmRlres IRIVABESorMELWEENIREARbE th& WML &Rl do¥fnbr slpl e
emai | systens today typgabh¥senBEbiioe: ARAldpES btark AT WREAINE: ARRSAGES. |
filing messages, creafindediRhl joid i QMR to W¥keAhE RE NG ifel hBSmdMefch a
message. Q her featur egqthiah hoy&ibee Rei@Whal dineRCidddGeL ALRRL o pased
sorting and processi ng,ofHEAIFIeRIecimANHLMn tQ%égﬁer}) Wi WidoRfaifRSRAMGE: and

structur gd communi cat | G, L ESSRACST h AL At hdabdl )L QB IBHI il
Vor 71 o Gystems ar e SR AT B ) AR f&%ﬁﬁﬁ WY GRSy al | ow
) - _

docurent SAt 0 bel route fth rcgl?'@ﬁt %rag% gag\}/a?d’lfccgl r)x? I%1@n S84 ¥&adec nllﬁfed .
process. tSI rrp- € exanpl&o area]o}?lprro ﬁ 53RO f8d ! erlla’{ ﬁe@(at?)éﬁneﬂgﬁg%{troﬁ%frt n
an or gam za !On' an etlelg%/tégrt{%n. fl"f’]esrot?hrfirﬁgl I c:sc(taedrinﬁi%%&trmPeaHgtsgsmons ve'd , @

copy is qgchlved t hen rou 0 e enplFoyee™ s managér tor°approval, 15 the

manager receives th? %Qiﬂ; {(pteq&ﬁq?iqglly approves it and sends it on
and the expense is P& | SLEIE i lPﬁ&ég 6ﬂp'stgccount and forwarded to the
accounti ng departnent%kd?‘%a Fstyfnen ﬁ@ﬁ%ﬁﬂ%?@%ens may provide features
such as routing, devel opnent of forms, and support for differing roles and
privileges. 20 Hypertext is a systemfor linking text docunents to each

ot her, wisph the VEbASdIgadecimhyi ous exanpl e. However, whenever nultiple
peopl e aut hor and |i nkJIkENMERMdSsimbINRif S MibReemes group work, constantly
evol ving and responding to others' work. Another' comon nulti-user feature
in hypertext (that is not found on the %eb) is allow ng any user' to create
i nks fromany page, so that others can be infornmed when there are rel evant
| inks 25 that the original author was unaware of. G oup calendaring is

anot her aspect of groupware and facilitates scheduling, project managenent,
and coordi nati on anong nmany people, and may provide support for scheduling
equi pnrent as well. Typical features detect when schedul es coni 7ict or find

. . N » o N o o o




- 7 FEB 2005 WD 112/1311(17 PCT/US01/ 24280 docunent may al so be given tools
to help plan and coordi nate the authoring process, such as nethods zoFr

| ocki ng parts of the document or |inking separately-authored docune sEB 2005
Synchronous support allows authors to see each other's changes as they nake
them and usW®W2430eeds to pr ovi de an additional 5 communiP€AtUst24e¥annel to
the authors as they work., Group nay be synchronous or real tinme, such as
shared whit eboards t Hagdeds I}%W'ﬁ‘wdﬁfr'“‘ﬁldV@ (Fuepnefofmati4-bicadsdorgagiv on a
shared drawi ng surfackexadesiindl digih di fferent | ocations. This can be used, for
i nstance, during a phone call, where each person can jot down notes (e.g. a
name, |0 phone nunberEXikb‘"rPIWap) or to work coll aboratively on a visual

probl em SWbst shared WhTTEeREar BE 2EO08BEIOyned for infornmal conversation,

but they may al so derived EomdbtASMSimpteTfiypsi cat i ons or nore sophi sticat ed
drawi ng tasks, such as col |l aborative graphic design, publishing, or

engi neering appl ![-ﬁ?\él\ﬁ& s1§ red whi teboar ds can indicate where each person
is drawi ng or poin coI or codeg or

Qi nter
| abel ed {o identify 1 as\é\‘f'e'g‘SE glaﬁ%aéer“&l%%eoégﬂés 06"&8\5\%?@"% L%i deo
conf er encl ng. \/de ?F gﬁﬁ%¢1¥tenﬁ al l ow two way or mul ti-way
calling with live e&l’é{S Q0 L ARREASSITET ¢ o ephone system with an additi onal
vi sual conponent, with time stanping for coordination. 20 Deci sion support
systens are anot BrASMBRaienof groupware and are designed to facilitate
groups in deci si on- makiHIigASMBRyneprropedsats baal D iagtrubiai in sHedInA SN prapidnt.i qui ng
i deas, pwtting weights and probabilities on events and alternatives, and
voting. Such systens Bsrakheplpr esumably nore rational and evenhanded
decisions. Primarily A@HaRgnedDCo d'agnd dftcBéiracterd neeti ngs, they encourage
equal participation bpcoNor ibst@iee, providing anonymty or enforcing
turn-taking. Milti-pl PXETERENBE aFEO0EFERYS been reasonably common in
ar cades, 2but are becoGHAR, RUONG aGDPAIDTERN afehf DNin@fueabns Many of the
earliest el ectroni maiveademgaesgPementnul ti-user, 30 for exanple, Pong,
Space Wars, and car raci ng gamnes. Garres are the prototypical exanple of

mul ti-user si tua " no oq%per ative", t hough even corrpeti tive ganes
require player's nfoIIovvln e rules ane. S can
be enhanced by ot he f aé?&i‘iéss t%&w% ”é‘h‘g‘[‘tg%ﬁha(?figggﬁ
systems. 155 7 FEB %@ Wﬁs Llﬂé‘f)l/ 24280 Some product exanpl es
of groupware incl u mﬁggr crosoft Exchange) both of which
facilitate cal endar %rH’ﬁ rﬂ@) [ii%dling, and the replication of files

across a distributed systemso that all users can view the sane
information. What rmakas Atkbueennectors of the present invention

particul aly attrackngth:f@r groupware applications is the diversity of
groupwar e of ferings afbe ghghpodiiey BticatCie hefbdd bEBytes ITRlogIFR Mt@whionghe and
platfornms. The connectaistaafis tdige dsievddi BN w@tenasin aghete f K @Mker @AECiMEI gat eway
to the groupware servedf-ddfinfdgRErndet ah hbddfitd &pRSsiéh GRITIRIGI Alenthe@BIagtidton
where real goods are Bihieppeeitib¢ oiea seller to t o a buyer, and various
forns of 3l ectroni c paynment and secured el ectronic paynent are used by the
buyer to pay the sell &henwielbndatambkdsifiarigsgetifiamci al i nstitutions connected

t hrough the connectors described herein. Specifically, a nerchant or

nmanuf act urer 4101 sel lits valupdddeigies the nBmGeSIf e ey ofbldaetaladatddeo hashsAm. It
"history' with. The pueeet deEmsifdspRRthediBOBomitWRNEHLS a EdiBtalUNEE bdtpdddeadoes
not w shygo be partedofnmm]ﬂaaa)mmeme&/ﬁ&delallb&a@dgoods are received, 15

i nspected, approved, and "accepted” ile the seller 4101 does not want to

give up control of thecaResmHRighhettCacl@ainkeEtnh@hdype]; p?’ovﬁdéﬁ'da”ent al
comer ci al confl ict has led to various paradigns, nost involving hard copy

"near moneys" or instpdBRRL §1uanop&@ecfdcfﬁer%Wnnaﬁ% 3R allod Q8 RY thetvgﬁcgjs peoci al
transactiyons are nost  f EeQUENHkYeqt hOose i nvol ving el ectronic fund transfers,
and el ectronic versions of notes, instr urrent S, negotl abl e i nstrunents,

docunentary 20 drafts;rhpg%ggg d?fﬁ'eﬁj&r Fvn L €818E Softh yt?ﬁ'ét{un a"@'i@@%ﬂ%?a L.

recei pts, delivery orders, ading, i1nc ud| s, that
is, docunents of titl I RO, I cust ody
of goods to the bearefT%$@§%pgm§%ﬁedB%8%égﬂﬁﬂ% §%3ur&? ?ﬁ? @sts in
goods. Typically, the custonmer 4103 executes an |nstrunent in favor of the
seller 4101, directing the buyer's banko4l2l1 to pay buyer's noney to the
seller 4101 through seller's bank 4125. 25 Normally, this is a sinple

el ectronic transaction between buyers and sellers who have dealt with each
ot her before, dealing through banks or financial internediaries who have
dealt with each other before, and who are using the same or conpatible
softmare appllcatlons However, in the extraordlnary case wher e t hese

Y L L, __‘.._.::__I M T o Y T L Y L Y L



15G - 7 FEB 2005 WO (12! 130(17 PCT/USO1/ 24280 servers and application
servers, between application servers and database servers, and between

appl i cation servers or database servers or both and various speci/aFER g
repositories. It is also to be understood, that while the invention has
been descri b#&D ®A3007| | ustrated with respect to certain prdf@yiSen24280

enbodi nents and exenplification having individual clients and individual
servers, there may beldoabthitpl e clients) nultiple servers) and applications
that function as both clients and servers, as exenplified by groupware
applications, and themeennghdnginas spatified)fqr cpanatd @b glaphie sortdls @C andIGh,i pl e

hi erarchical |evels ohexapflimgabnsenisIEy,\eiady cohdtams SO MRIr@cimANnslattafrasas, as
in systers for rich tzpnisaekdonmstaitGs ddnhifed AW itsmpndid lempithas been descri bed
with respect to certain preferred enbodi nents and exenplifications, it is
not intended to limt the scope of the invention thereby, but solely by the
cl ai ms appended herspie0 HERSMSizeEpt W claim 7 FEB 2005 1. A nethod of
processing an appli cagb&!me_rsgqy@%e,@pb@,mdg?q“gﬁﬁ{mappl ication and an

appl i catjpn server conprising the steps of: a) initiating the application
request on the end user application in a first source | anguage with a first
application program b) transmtting the application request to the server
and converting tﬁﬂl‘%}ﬁg“iﬂmﬁﬂﬂﬂ"yv%quest fromthe first source |anguage of
the first end user apph¢ BEASHComposedTipestass sapepsenty aﬁwag@wmitm on the
appl i cation server; cyopaincasdisiony cloaientsapPpASyHIanmesaddspresiass sran ppgregate of

appl i cation server; dHLASMEmhenty. d-ASMesppersdlpe it precnapidili-aHYVoians equest
fromthe application server to the end user application, and converting the
response to the application request fromthe first target |anguage running
on the applicati on I3&ivediropoliABM iassifier] Habuw§empdsedFipef i r st end user
application; and e) wherein the end user application and the application
server hgye at | easp,Qpeagipect or therebetween, and the steps of (i)
converting the appljgghtghuitpduest fromthe first source |anguage of the
first end user appliCablsibsamefeRblgEaldolAGRolG, Lhe TiTst target =

| anguage pinning on t application server as a target |anguage, and (ii)
converting a responseq{Q dhe,;application request fromthe | anguage running
on the application sepyel AswieSecond source | anguage to the first |anguage
of the first end user app?l cation as a second target |anguage, each
conprise the steps of: 1) invoking connector netanodels of respective
source and target |anguages; 2) popul ating the connector netanodels with
met anodel dat a offlleABMAdftax he respective source and target |anguages

wher ei n the met anmodel %Wé@%ﬂlgéﬁoinwionﬁt"iadw metraehoerel net adat a,

appl i cat Pon domai n Fritaér Aiidmitayet anndel netadata, and type descri ptor

met anodel et adat a; SiggvdnB) converting the source |anguage to the target

| anguage. 2. The net h&tredpnagsahamene-dithensisnpl sizeef hadrrygsdat iagsicitedininpymdry. a
web browser. 3. The nmethod of claim2 wherein the end user application is
connected to the application server through a web server, and the web

server cqiprises @y &908ShM tnififfvhibf! Q 02418. doc: PIM  -159 - 7 FEB 2005

This class contains the initial value of the HLASMelement.
Derived from TDLangElement
Public Attribufes:
initVal : String

40 Specifies the initial value of the element, example: 'MIN', ' MAX, etc.
HLASMSourceText
This class contains the entire source code (including comments) and its
45 associated line number.

Public Attributes:
source : String
Specify the source file string.
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4. The nmethod of claim1 wherein the invocation netanodel netadata is
chosen fromthe group consisting of nmessage control information, EE#E %y
data, transactional semantics, trace and debug infornmation, pre-co 0
and post-condition resources, and user data. 5. The method of claim1
wherein the WRPPAP4E i on donain interface metanpdel metadalSTESHH#es i nput
par anet er signatures, output parameter signatures, and return types. 6. The
met hod of claim 1 Jle¥ama: $thagappl i cation domain interface metanodel

met adat a further incl3rteifics hngahgbthreowemitlel nmet adata. 7. The nmet hod of
claim6 wherein the | anguage net anodel netadata includes mappi ngs between
source and ,ggi l'anguages. 8. The nethod of claim7 wherein one of the
source or t ‘Fanguages is object oriented, the other of the target or
source Ianguag@éscalseamgesobj ect oriented, and the | anguage net anodel

met adat a smaps ersepsul at ed objects into code and data. 9. The nethod of
claim8 wherein the | anguage netanpdel netadata maps object inheritances
into references_and pointers e nmet hod of claim7 wherein the source
| anguage andﬂ%&cfthrl’p@é%mgﬁgﬁfdﬁécﬁmd. fferent object oriented |anguages,
and the | angyagg vRfanodel netadata maps encapsul ated code and data between
the | anguages.” 11. Theppgihod of claim1l wherein the type descriptor

met anodel met adata defjL,ggs physical realizations, storage nmapping, data
types, dgta structures, and realization constraints. 12. The nethod of
claim1l wherein the transaction is a rich transaction conprising a
plurality of individual transactions, and further conprising processing the
plurality of6.j ndiArpHieationt Pemain dnterfaee Matasredebnd user application and a
plurality of application servers. [R\LI~Q 0241 B.doc: P7fTM -160 - 7 FEB
2005 13. The method of claim 12 conprising passing individual transactions
anong i ndi vidual aappl IMatTransaséenMessage Metapppdehet hod of claim 1 wherein one
of the squrce |anguage or the target |anguage is chosen fromthe group
consisting of C and C++. 15. A transaction processin stem conpri si ng
client, a sérhedMS Bnesagtionessage orsanmodelrvspicise as H@rvebet%xééﬁli 28 H G| rTEREIZISent
having an er]ﬂuétlsa?e tt%%ethlﬁgée'l%pan I'M@Tpa%h gor?mgsragé k&ﬂaxﬂﬂﬁ'th‘?&ﬂ%e@‘df ed to
initiate an application request e server In a first source | anguage
with a fi rsttxeapaplupremptsegﬁsﬁheg\ﬁ&m'rmatqegqsrwath@mntfw BdS apsprhgesatiihew rmefilest to
the server: Dot DE.GANOe RELA e SR, AMCoh A GRNHALLRA, bOsdiPeeT Ve the
application request rom I ent vert the applicatiron request from

t he firsgo soppieationppsays. @fectt‘ﬁecomﬂrrsmg thred typse et BBplrangastipomessegedi ng on t he
client to a fig&tq HRAGEr{ unni ng on the server; c) the server

bei ng confi gurntgI %@Aggéﬁtdrg@ﬁged tCl))[I’ECEI ve the converted application
request from*tME messrges wishovhprdlipr Hclekyit R MA prefiaicen @Pdpllﬂtb)aﬁﬂ%n request in
the first tar rogramresiding on the
server, and tgﬁtshdeargigg#tg%gestﬂr) g%%e% lﬁqgﬁ]}g%%ﬂﬂéée&?%a]t%gpappl i cation request
through the connector back to the first application programon the client;
d) the con nnegt or Epel ng confj Pradpdggontrol led to receive a response to
the application r'equest fromt e server, to convert a response to the
application request fromthe first target | anguage runni ng on the
application ser t S i6ation
programr unn?\ngv[gn #‘thA g ﬁ%méé E”%hx §Scfld r‘%gv\hgfggﬁaggﬁl JOQ} OaclﬁlbEeS \t/l\:/tla%lﬁﬁjt:hz client
and the SerVEhhtsﬂzSesGhm@TMwledﬁamdadBmmodﬂ |IRFGURE %lxuuwmwtecOTMt’eplappin cation

request fromthe fir S e

cl |qent as a %%‘HPE%)“} %ﬁ‘ﬁu‘%ﬂ Ay Besf}ﬁ{g#ﬁ&fégo 'fllPStrages eI angti &ge'xrlﬁgttra\ e(rzli ﬁneﬁ dtdEe

appl i cat izon §@ey EHIGERESBOLi Buisgates thaDFVaY PrefiairdseCinity defirmey efpts. tFFI@UR@sBponse to

t he application reque omthe first a | anguage runni ng on the

app! i Egti on %‘F%?ng%ﬁis &%Eﬁa%eé pl‘QH@G%tlj‘et‘ @9?%@@3 gsour ce | gnguage of the
client applicati onChatrondig This statt@nclldlteuat tha$raﬁ>sat:t&:l’ngﬂ15e laglaguagee tgrch by a

nmet hod conprising the ste {fl retrieving connector netanodels of
respective source*dfd°t %H’Ef@t %ﬁﬁg}ﬂt‘éﬁl&catf”rsom a met anodel met adat a
repository; 2) popplaftdaRgThiBScEANNEGIR: ERnAMMLRLEid hip mlieanodel data from

t he o
35 synchronization level, commit mode, tokens and server stale.

102



met anodel netadata repository for each of the respective source and target

| anguages, sai d netanodel data conprising invocation netanodel rret‘azjzﬁf&Z(]US
[R"'.LIBQ02418.doc: PIM -161 - 7 FEB 200S application domain interface
nmet anodel netadata, and type descriptor netanodel nmetadata; and 3) invoking
the retrieve®O BYpWIl at ed connector metanodel s and conver t if§d/USHE4S8ur ce

| anguage to the target |anguage. 16, The systemof claim1l S wherein the
end user appl i cat'i SR datanEls prehor Beludgsane gegplll yaar igkenfand fesiiiy 16 wher ei n
the end user applfiaggti on is connected to the application server through a
web server, and the web server conprises a connector. 18. The system of
claim 1 S wherei i Ysseditpiibisaestion irrbudasratieipeqialticfdanation seedérbinethe f r om t he
group consisting gt message control information, security data,
transactional semantics, trace and debug information, pre-condition and
post-condition resources, and user data. 19. The systemof claiml ~
wherein the i iLon. daomai n.i.nterface mnme del netadata conprises input
par amet er si3&@?3&?&?“@6?&&?03%{#%%{38 er%?dgﬁ%g‘?[é?"é‘s, and return types. 20.
The system of) OTMAPEfix - GherodDatatDeéinapPypesat i on domai n i nterface net anodel
met adata fur j ncl udes, | e netanodel netadata. 21. The system of
claim 15 \/\he?g@ﬁmg‘eﬁéhéﬁﬁ?&‘%&ﬁﬁﬁéﬁsmt adat a i ncl udes mappi ngs bet ween
source and tay QEMA hwefkagesurityBata D€in&yBfpesm of cl aim 21 wherein one of the
source or target |anguages is object oriented, the other of the target or
source Iéonguages is not object oriented, and the | anguage netanodel

met adat a maps encapsuliiat ed IMSjMedsSgek PriniGociEypped data. 23. The system of

cl aim 22 wherein the | anguage netanodel netadata nmaps obj ect inheritances
into references and pointers. 24. The systemof claim 22 wherein the source
| anguage ande.t he d ar get | agguagsiar@nshiclibavienigeMiembodaSpeati@dichanguages,
and t he | anguage net anodel netadata maps encapsul ated code and data between
t he | anguages. [ R vLIBQ 02419. doc: PIM -162 - 7 FEB 2005 25. The system
of cl ai msl8 mEreisactioRRiciMREmERR6dd RcRide®E AMBARL IBtAdales defdipes physi cal
real i zations, storage mappi ng, data types, data structures, and realization
constraints. 26. The systemof claim 15 wherein said systemhas a plurality
of application senvereTMRGndssigEONH Bhagixkand controlled to process rich
transactions. 27. The system of claim 15 wherein one of the source or
target |anguages iI¥MSCABYSIeptage VifougheepFfidonsi sting of C and C++. 28. A
transaction procegsmisngsie ietagds ORS dcathoqtk APRBOMNbbelahatet® . i Nteract with a
client a%)(ﬁl icatiqn, and conprising a server, and af | east ‘one connector

bet ween the servdriVaRARBEE| i ent application, where the client has an end .
user applicati on,oandpric$ixBamht -adTad randrsanlsi-gieed to initiate an
application request with the server in a first source | anguage with a first
application progrséﬁ‘ﬂdé'i‘ilgfefdéﬂf‘%'al?%’ﬂﬁa'@ the application request to the server,
wherein: a) the connector being configured and controlled to receive an
application request fromthe client, convert the application request from
the first sddf Hr%fﬁ‘ésﬂ'é@@és of the first end user application running on the
client tes a firstpfakaelish@nguage running on the server; b) the server
bei ng configured and controlled to receive the converted application
request fromthe @6nnector and process the said application request in the
first target | angygge with a second application programresiding on the
server, and to thereafter transmt a response to the application request

t hrough the connector back to the first application programon the client;

StandardFields
30 StandardFields (consisting LL, ZZ and transaction code) are not included in
the following scenarios:
- Sending XML documents directly to the IMS transaction application
programs

- ACK or NAK messages to IMS applications
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c) the connector being configured and controlled to receive the application
request fromthe server, to convert a response to the application re%uest
fromthe first target |anguage running on the application server T 6 RER005
first source | anguage of the first application programrunning on the
client; and 0 &#Hé¥ei n connector between the client and tRETAISPNHERI0; s
configured and controlled to (i) convert the application request fromthe
first source | angbie Mfribgs: cl i ent application on the client as a source

| anguage to the fténzth R SElerldNouage running on the application server as
a target |anguage, and (|O|%§ convert the response to the application request
fromthe first taAfekndvanglddge running on the application server as a
second source [R )L 18. doc.. PJ -163 7 FEB 2005 | anguage to the
first source Iangggsﬁg%lgéﬁhzwgﬁ??%ﬁ?%appI ication running on the client as a
second tar get | angisageowredsdy. by a net hod conprising the steps of: 1)
retrieving connector net del, data.qf respective source and target

| anguages from a ﬁ;’éqfl%ﬁ%od‘g:long‘?&ﬂg‘g{e e'?gé@:d‘g?tory; 2) popul ating the connector
met anodel s with H‘Fhfﬁnﬁﬁt@d:tié)di’ﬂoaeﬁélgembb@cﬁmﬂh@SbﬂS@i@géﬂgme Eour cehand target
| anguages fromthe neta met adat a repository and invokjing the

ret ?i eged, popul af@asa tbqg”ﬁgge[ WE%W&@%F%W%OW{F@F BFf28A8N et anndel dat a
conpri ses i nvocat TRRsRinasis@mesit@data,. appl i cati on domain interface

nmet anodel netadata, and type descriptor netanodel netadata; and 3)

converti My the source |anguage to the target |anguage. 29. The system of

cl ai m 28 whegaivpabRex end user application is a web browser. 30. The system
of claim 29 wherein the end user application is connected to the
application server through a web server, and the web server conprises a
connector. 3dTvMMHIgersystem of claim 28 wherein.the invocation netanodel

met adata i s chosen fromthe group consisting of nmessage contr ol

i nformation, secutt NS BEMA Pelinerdappeas pislier dafprmall wessagesegreenisner abdbug

i nformatipn, pre-weendint FRNRRENRI M RABEL! HBRTLIALOPRR pigfidisuser data. 32.
The system of claim 28 wheréin the application domain Interface metanodel

nmet adat a conpri setipiah it it sapbspeeiBed, Shegh aateagy wolibwlst a dsfaviirase &1 the gnat ur es,
and return types...adst. The system of claim28 wherein the application donain
interface netanodel netadata further includes | anguage netanodel netadata.
34. The system of claim 28 wherein the | anguage netanodel netadata includes
mappi ngs betwggrsayrce and target | anguages. 35. The system of claim 34
wherein one of the source or target |anguages is object oriented, the other
of the t# get or &Wiedatyigmgisagrenirg! intormasispelt inclydpsethe sansaciinotpitke | anguage
met anodel et adatramg,aﬁ&sa%@@@e,sgeléﬁq@@nmeﬁgh slafi Raf@dR, and data.
[ R\ LI ~Q102418. doc: PIM - FEB 2005 -164 36. The nethod of claim 34
wherei n the sour d&ivREMYihYes:and the target |anguage are different object
oriented | anguagegchiaBidbg) t BRAUAGE.1FEL anndel netadata maps encapsul at ed
code and data between the | anguages. 37. The system of claim 36 wherein the
| anguage net anodelresifiesdb®iMAupishispiiedevel. nRwrdlierinpesifias g archigdcarences and
PoiNLErSys 38. ThacRYShEH lry& hitith S WRSLEU, HiRaboWRcHIERGILRECT et anndel
met adat a defines physical realizations, storage ppi ng, data types, data
structures, and rlegl it sasingn Toowshiteaivr lsvel3ged Theclepsandmsefvechaitm 28 wher ei n
said system has g pljrality of application servers and is configured and
controlled to process rich transactions. 40. The system of claim 28 wherein
one of the sourceWsh IMaVgsionltathgwalyeslid salghioZ&'.f rom t he group consi sting
of C and C++. 41. em having a plurality of end user
appl i cations, sailgé]éﬂé%%ﬁfg}é\@hgﬁ%%{%%gati ons each conprising an e-mail client,
a cont ento dat abaddessdge®yyte,: TMrdsageTypat ent replication client, said system
cont ent 1 epl | cat FaR D Uere sk el P R R R S a5 i ed and
control |l ed to cormhumegsdeeydeeTheesuddispat aueaBnekcisbe. Apmxbnpk) Wi, said
Ind User - appl i catTGIeGHaRCITACHE Seiee el BT LA MaHATEncot ol | ed and
configured to partt-gjngjcp@{@dv@s@&]gaﬂgga\{@wi na first source | anguage with a
first application programand the server is configured and controlled to
participate with the client in a first target |anguage, and wherein:
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a) the connector is configured and controlled to receive an application
request fromthe end user application, convert the application request from
the first source language of the first end user application to firdtFhiBaliget
| anguage running on the server; b) the server being configured and

controll ed tW0o2¢¥ie t he converted application request fFPEMBEHEBONNect or
and process the said application request in a | anguage wth a second

appl i cati on progﬁ&?ﬁoﬂ%‘grﬂﬁii RgeByickipld server, and to thereafter transnit the

oot appl i cat 1 on PPl Pl B RSGast BlHther s SOD Rl BB 1) ° fpo” o

connect or bei ng copedtgured and controlled to receive the response to the

application request. fro h r . to gopvert a response to the

appl i cation requzxsck(nw]%drgmﬁjﬁlgs Fogth%ga;cagnsr'ﬁc ‘h‘!%r%’g”‘%%“t(ﬁ’é%‘gagB’F‘?Sé%{t"f‘%‘ﬂ server as
a second source ltlengpi@dot-dath keetibit 6f3he Siedstgeeprdfxngliaif theafansabgonend user
application as a secpn tacgg { Ian%]ga%e; nd d) wherein connector between
the end user applSPEHF GRS gﬁ‘é?ﬁ“é *PFde%Server is configured and
controlled to (i)Coa@@hfirmhdi@nBpg| TCaAhMACodfRAEGSIFIdgr om the first source

| anguage of the %lrﬁd,ﬁuser ag{)lication.as a squrce | anguage to the first
target |anguage rERHTSEMGHCREOIAFMMIGEISS Sepipytheserver PApeelient Baguage, and

(ii) convert the cbpERAdERiztioh hRssARP| THedd h@BageeABEY applRablt R séidc st t ar get
| anguage running on the application server as a second source |anguage to

.app
the sour¢& | angudbfd-ommiHENgasHoRFs ¥ APt etisddy thssyacerighienieaeyet
| anguage, each b)ﬂa@inmﬂ&&Q@-dﬁ@@&ftioﬁbﬁ&e%@saé& gx 0f 1 1) retrieving connector
nmet anodel metadata of respective source an arget | anguages from a
net anodel et adat@mresdEyres irommandbypg| at i ng t he connector metanmpdels with
met anodel data ofspeaghl vf oTHR freRPachiMandqpL ce and target | anguages from
the metanodel netadata repository and invoking the retrieved, popul ated
connect or net amodBSMThemenands e spasifighiniar apicetiopslafsrseeios of Agocat i on
nmet anodel;s met adatgesaappl i cati on domain interface metanodel netadata, and
type descriptor netanodel netadata; _and 3) converting the source | anguage
to the target | arfgeratpinetles : TRsessinglptar e system of cl ai m 41 wherein the
i nvocation et amgelird®ipAGAE vbtﬁclﬁd’@éﬁtrbrfa&?\mrEih%o%w%@es&@@%h%&s’siﬂ@. of
nmessage control information, "security data, transactional Semantrcs, trace
and debug i nf or meliniRsNampy BighByérisldn and post-condition resources, and user

data. 43. The gr QypUBLEnSHRERRbEipE hahd) Aok IMREMGI MAmb EusBPR! dvERuk on domai n
i nterface nmetanodel netadata conprises i nput paraneter signatures, output

par amet eR0 si gnat UhekTERMdameppths UG/BER. Thia fieRthwapglieabpfar |! wapsaceon.of cl ai m
41 wherein the appli mtcb%ml-rnado%%esfaggg SELAIRLACL,RBIAORE Grdatdr t hET

i ncl udes | anguage netanodel netadata. 45. Re groupware system of claim44
wherei n the | anguayenssBnasaseeindaseagaty®es ncl udes mappi ngs bet ween source
and target |anguagesrdsRrichhihBGE0241B. doc: PIM -166 2 f ~~ 2005 46. The
groupware system of claim45 wherein one of the source or target |anguages
i s obj ect orient ewecifipphopt REYY segmerieare drthemespges dhisdBglisapglicagiedo i s not

obj ect oniented, QAR LNe.liARGYALIEIRLATRAG! isTRhadal 2o A psapsul at ed
objects into code and data. 47. Tﬁe groupwar e systém of claim45 wherein

t he source | anguagesagpd the target | anguage are different object oriented
| anguages, and t .e#i)ﬁ%qqg@ef%}agmdel met adat a maps encapsul ated code and
data between the languages. 48. "The system of claim45 wherein the | anguage
met anodel et adat Ipeprfipsthobiceerts of Hiserdssagnprefx that oe pttdckeden tlesOBM4 poi nt er s.
49. . The syst em of mgsls%e.nhf}é]r Y\‘Q?srdgé lqus'ttrﬂgvettm)%esqg%gcr ht%]%foxq;?atﬁ%n C(’:lém,mat adata
defi nes physical realdzati 6ns, torage mappl ng, dat a types, data
structures, and reahiyz@mbontigoofstheasations can be sent with an OTMA message.

SendSequenceNumber : FourByteField
Specifies the sequence number for a transaction pipe. This sequence number
is updated by the client and server when sending message or transactions.

Recommendation: Increment the number separately for each transaction pipe.
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50. The system of claim4l wherein one of the source or target |anguages is
chosen fromthe group consisting of C and C++. 51. A program pr odL}c’g
conprising a storage nedi um havi ng i nvocati on netanodel netadata, EB 200
application domain interface metanodel netadata, and | anguage net anodel

met adata, compUf®P™ nstructions for building a metanodel nRETAGFAY 24280
repository of source and target |anguage netanodel petadata further

conpri si ng conpu'?lé}ls ?“H?fi’r‘t?@ta?s(?ﬁ@ “f?Squm%FCB an ALEREA R mepsee Wik i ng out t he
steps of: 1) retspesdvd NEsHRRRGleknoBddgemdel netadata of respective source
and target |anguages from.the netanodel nmetadata repository; 2) popul ating
t he connector net W&Q?%:%W?Wt‘?@?lémdel data of each of the respective
source and targetSpE@lﬂ@ltﬁéJﬂzfasJJo‘é@”tﬁah&‘cc@?ﬁﬁﬁ%@@ﬂAl@ﬁk%qgéa repository and

i nvoking the retrieved, populated connector netanodels, and wherein the

met anodel ° dat a i r{{etaﬁé‘CP@fp:o'EWW‘iFlﬁérrpri ses invocation netanpdel metadat a,
application domaigye; : YRe:..descri pt or

nmet anodel et adat%egﬂ%sq% é%%ﬁ\%?ﬁ%%%@@%?@%ﬁ @%Sgﬁéﬁggﬁ {Sgofeﬁ:ént ar get

| anguage. ~R ~. ~0Othsz quilifa samse godat - 7 FEB 2005 -167 52. The program
product of claim I.S]. | ter instructions for building
connect or stubs f%ﬂeﬁgegg%ﬁgﬁfggﬁ'%tugé z'f.l($53. The program product of

cl ai m 51 wher ei n Iphafi¢sriboratvemblaegenodeimbaebadat@actonpipesen from t he group
consi sting of ne ntrol inforpation ecurity data, transactional
senant i cs]é-J tr ace%g(%%ﬁg]g%uogn e?’ﬁﬁ%sf rr‘rqgt '?Bﬁe,co\ﬁa«gfedg?‘fﬁﬁg?%&qg é\ﬁﬂ“:b@g‘?@ ondi tion
resources, and usensadddnepips4Boti e cpeogndtire giad ileientdht Gkiakdviabher ei n t he
application dorraisnm{_&%ueerngaguem&gt a delt .rrﬁ)tgadat a conprises input paramneter
signatures, output paranst er &l ghat upEan tepsepargtply W%Eyfndﬁ UA9%e progr am
product of clai mmihbewherein the application domain interface netanodel

net adata further includes |anguage netanodel netadata. 56. The program
product of claimb55 wherein the | anguage netanodel netadata includes

mappi ngs lHet ween LguenseqaacteNampat: ThaBguhigas. 57. The program product of

cl aim 56 wherein frelgﬁgsftht he source or target éfaa:}%ulages IS object oriented,
the other of the TaFget " HIISr UL Y dagEent Y IGHERTY M58P&nt ed, and t he
| anguage net anodethisveirbdiahast vappdaeddanatt @pachthiaGt mebdiq 2kade and dat a.
58. The. program pnrgecgu&:* (geﬁ cl gi m %@ M\her)ghg t he source | anguage and the
target |anguage are diPrErEded S5 elrbPY & ted | anguages, and the | anguage
met anodel et adatBismapheencapsw @iaed of 0¢RrfdheabRagaiane@n okdie | anguages.
59. The program pS‘riodeugt of claim58 wherein the | anguage net anodel netadata
maps obj €ct i nherriances into references and pointers. 60. The program
product of cl ai mEeierwhierisiaBytdifeld ype descri ptor netanodel netadata defines
physi cal realizations, storage mapping, data types, data structures, and
realization constraints. 61. The program product of claim51 wherein one of
t he source amdfitaiTgets | anguages i s chosen fromthe group consisting of C
and C++, [R\LIBQ 0241 B.doc: PIM.A&(.A9.y. ALN@. A&

. ANS. Au. Af. Al . AS. A9{Y. A9f . A9(y. AON. AL. A. A. . A{ @ A5. A. AAf . AY. A. Ah. A&@ . Aa. A&h
AL{. A&y 2ALT TM@AgTAYY . Ay. AL. A9. A&e. A9{. A& . A,

CA&a. A&, . A A . Agy.. A %f .A8Le. ALNR Ay. A'y. ALAy. A9, . Asy. Asy. A9R. A&; y. A9;

2. A&e. A9. y. AR A9e KA YRPYES ALue. AQy. A9: Ly. AD. AL;

S. A&Ue. ALNy. A" u9yDALystAgay . A&Ny. Aae. A&?. A&?. A9aR. AL&e. ALa9R. A(e. AhR A9;

. ALR A&y. A9y. AR 9n‘§. A&R, AlLu. AL. A&L, . Ay. A, . A&s. A . Ay. A3n. Ay. A9Ly. A’ y. A9y. A
Lu. A9y. A9; y. A9?. AG"A HP%&?.‘) “.ALH A9. ALHs. ALay. A e. A" . A

y.As,y. A . Asu& Asp@fid seifvB: Apu il sk iA@Y 1ANS Ri AP i)éciﬁés

. A9Hy. Aue. A@. A&?. AL9R A 11 2. AL ?. A&L. A9@R Al R A&59%e. AL?. A", . A ;

.. A59, . ABR Agy. AISRICATONIZANQLleyd Sopfimpin Al stte-daspsestigroef the message prefix,

"y, AZS?. ALe. ASae. iR eARIIRAH R Y RE AR Bk éésfe&nsf\h@-xﬁh@-c RGYADNS) Ul N9 6
B@ xsni d_Z] ca] ca] ca] ca] ca] ca] ca] cRa] c: a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ¢ajc} esticn] BdFarahigatiop 1dBel, the server uses the default, Confirm.

Transaction : String

Transaction (value X'40"%)
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n$#

@ MDR} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca] cajc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal Rovgt -7 FEB 2005

rrrrrpe w+444~yt oj e ca] ca] ca] ca]ca] ca]ca]calca ca] cal] ca
aﬁoeé yJ[W]]]]]]]@%Z‘]]U]]

cal] ca] caU] c¥P ] cal ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]

| El'I JJJJpKoLLLIVQ%VDN]d\I

OG0OPMQQ xsni d_Z]PEE]! %ﬁcélﬁ]‘é%ﬁ”éﬁé]‘%&]té% “%€%fca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] ca] ca]resjaned c&}m;@] ca] ca] ca] ca] ca! QQISSS/ TUUUUUDVHWN XYZi ZZ\ D\ \ P]
|111]27r AXANAAY ) xsnl d cal.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca]ca] ca
] ca] ca] ca] ca] ca] E%‘fec B‘S{ )ca] calca]ca]ca)lcajcal!V__ """ aaaabb
c3c6ckcddaddddddgge @tefsftrglvgﬁ&k&es Dis h6Rk GRbmel, aal sahsakeglea] ca) ca] cal cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] caJca] ca] ca] ca] ca] ca] ca] ca] calca]cal! hiiViii%v
i kk$kvikkk. 111 Mspramion onich SHbpessaes:s Hlezqsea]seawﬁré%pwp@é}eaaﬁ%] ca] ca] ca]
ca] ca] ca] ca] ca] cg, ,gg}]o &]ﬁ@] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal grdrkr
pr}rrss!svvLww3Xx| |“TJ| wr thc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] Ha]neélpga]seh}r@aqspow tlag sratitiad dHipcACKay ddjical | HS@VA % ! : GO-:

1 | gb
n Lg?cg] ]:(?;] ]:;?]:; f&lnﬁ%]: %@acfr@(}ir??c af@gﬁfrﬂl@ﬁdﬁ nge&?Jgﬁ@ﬂ S8l fialgekeahe al cal cal ¢
gnt'or f #} xsni d_Z] ]e]qu]sca]easagq;aqf@al]ﬂéa]lltsaqtba]ilm] ma]se@]s (cfat]lcae]rcta]rma] ca] ca] ca] ca]

a] ca] ca)cajca]c l snid Z]]]ca]ca
caJ ca] ca ca] cal ca cal ca ca] cal ca] ca] ca]
caj ca| ] ]Q%gl%é‘sﬁ%o% %fﬂ palt 11]ca] ca]
ca] ca] ca] ca] ca] cahths#wdh\m&Pdcspwq Wr nhc’\Y] ]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] calU] ca] ca] ca] ca ca] ca] ca] ca] ca]ca]ca] ca]ca]calca]calcalwzzZ-Tt! P
syda@w mhc”Y] ] ] ga }: l5¥ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca
] ca] ca] ca] ca] ca] c:a]\m]aca\]ama])ca])ea]@aﬂd]s axao@fﬂ] piREcAdbommand. OTMA

o] oa cal oa] ca] CH AT LU G4] AAF CUPEL) ARTIERY HNRUVREDS By Rerons e 1 €] ce] oa]

>LR} xsni &_Z] ]]] cabmalicahtapaiahcafiog] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

Pytol 62Ut cal calr BT CaP B IR O 63 G crfu R e eA e b e ) caV] cal o
a] caV] caV] ca] ca] tsxeste]yahd eajec ahead gat pahﬂ Ha's. E&teted,(abd )sonly) app)igabte* B+z+++K, j ,

Ueal ba) cal oa) cal GAFER CATEaE LR LT Ea] c AT Ca 1T OUOR B PRI S o o

2" 2p2s2233- 3335333k4} 444444555zt o) d_YTI gb] ] caV] ca] caV] ca] ca]caV]ca]caV]ca]c
aV] ca] caV] cal.caV] cal caV] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
5$5=5C55555: d%G??? 7.717777777n8wW8z888~ysnhc] Xj d_YTI gb] ] ca] caV]ca] c
aV] ca] caV] ca] caVipeiajte avfieakca] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] caV] ca
] caV] ca] caV]ca] c a 88889b9| 999990 R ]; d; ~;
Do Z<O<r <u<<b5£B= 1(‘]5] d"YSj d_VYTI gV] ca] caV] caV] caV] ca] ca] caV] ca] caV] ca]c
aV] ca] ca] caV] ca\ﬂAIEK/]wa&M}C?H])ca}]eca]]ecab(]sﬁ%’]aclax]oc&‘dkmﬂc]ma\/] ca] caV]ca] caV] ca===
=>>>) >: ?R?Z?MN?j ? GCEEEEGEH7HDHQHHH| vpkf a\ W gV] c] ca] ca] ca] ca] caV] c
aV] caV] ca] ca] ca] W?@QFcav] ca] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca
V] caV] capxa NAK (value X'40") Specifies a negative acknowledgement.
HI\J_JKKKKLG.| LLLLL NN6 A QUO~ b a\ W c]]ca] ca]ca
caVv] caV] ca] cal\/] c?f%%%] b*&?ﬂedge%t}]ﬂeaﬁgq ‘Jé E?akheé\g‘]\%a] I:av} ca} caa
ca] caV] ca] caV] ca]reatdNdRRR N QORRRV RRRRSOSQSTSSSSSr TWTTTUU" UoU| UUU} wr mhc” XS
| g] caV] ca] ca] ca] ca] ca] caV] ca] ca a\S/] ] cal caV] ca] ca]caV] ca] ca] caV]c
aj caV] ca] ca] ca] ¢ Mw%%gqﬂu&%?%(éq}}lag 0") Specifies that a résponse is requested for
UUUUMVVEMB VEVWANNGKXRKYEY Y2 2 ah b 88 Fdr ekt |yl of el 4 aledceial 6@l caV] ca] caV] ¢
a)J ca] ca] ca] ca] ca] caV]ca ca] ca\/] ca] caV] ca] ca\#ca] ca] ca]caV] ca] ca] ca] ca] ca] ca
] cal ca \ ¥R\ \ | Aanffogngand “ab
b#bRobbbbbccodyt aj/gé Ys'éhm% gcamﬁmcea\ﬂlqﬁﬂs%hﬁ%&%%aah\sqahga\ﬁba@aﬂe@tal ca] ca] ca
V] ca] caV] ca] caV] ca] caV] ca] ca] ca ca] ca] ca] caV] caV] caj ca] ca
9dddddf Cf kf f ggggH#hi‘y ql‘iieéﬁqqieﬁv@ﬁ whqhirenizetiostsd e r } xsni d ~Z]ca]]ca]ca]ca]ca]ca
ca] ca] ca]ca] ca a a] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca
] ca} ca} ca]I r) ]r 4r kﬁ%@?k@éﬁ% ﬁeg]ﬁgv%/t\?\l/ﬂé\mi#x]ox?io;(]l?yy]?z: ]zz>} } x]sni LI_Z] ca} lc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] cal >{{{{\|[~|| }w}}}}~" ~ ~
~V~~s" GTo3} xsni d_Z] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢&] ca] ca! 3mage~P=@H s%&R| wr mhc] X] ca] ¢
aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca!) - Sn[ kr. p~9<| w mhc”X] caV] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
<?LOXUCZ>#
"| w1 gb] X] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c



qqrr +rs$s4s}xsni d_Z] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 4sAtt ouuu7vgv* wBwW WWWC W Wwx
SxxyyyXyyyzzze{ X{f{| |||} xsnid_Z] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal CPE}BC@A ca]
cal calca]calc éqz(,&aca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cacé]él%g%“&

. 1[ %25>MH wgl¥¥ #fca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] cal calcalc

. mhc”
Teal cal cal ba o) carearsAeRaRy R el R A e e TS ol el o
a] ca] ca] ca] ca] ca]resppuos!i pég@st<lfilis message. Can be set by a client only for

vpkfa\ W c] ca] cal.ca a cal cal cal.c aj ca] ca] ca] ca
}Cg] ca] X\L] La] Lalﬂtlé\g%ac?%)rggvrlfcatlaa]szlcg sctﬁqt spe Jl‘fl@l} coAxmaAcleteaad] 0? a] ] ] ]
r ul] p{ ]68Z] * ]14_]] mMtxeqbagbdngaelt) dbthive]agad %ﬂoﬁ&hﬁ@hﬁ@hpﬁ]&&%ﬂ&]htﬁﬁ] cal ca]zga\/] ca]
calca]ca]calca]ca al t Ksv} >x toje
[V]] ca] ca] ca] ca] @g‘]i’é ‘]tE% l‘? %é} b‘é‘]é %‘éﬂfé ‘13 P1!’51]34:‘ ]“(:58‘]“859% @8?[] ca]/caj] ca
] ca] ca] ca] cal] ca] gek Gaksigd. apthda }é]se?%pTcéfﬁlﬂanEQMS returns the architected

bg} xsnid_Y]]c]c”ta] ca] ca] ca] ca]caJca] ca]ca ca]} %ca] cal ca ca ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] c&ihenpdbyg @a]"@a%ﬁqt&éﬂ%%?fg 65K mespageZ Mg flpgedca) cal cal ca
] gg] gg] gg] ca] ca] qrlsea@brt aab cahnMe 2D HPLAY FRARSAEIGRhsADEGHhGRY ca] ca] ca] ca
2bBf q08Gh9y) q} xsMiRANPAETIQRARER] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] ¢f] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! gx/ S] 6C}| w mhc”Y] ] c] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca] ca] cal c meﬂon}qlm@vp lag

U+#03<Px| wr | gb] X] p i galgadscal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] cal] ca] cafc%ﬁa?c%ﬁa] calcalca]ca]ca! *[HAgdily}xrmhc”rY]]]]ca]ca]ca
] ca] caU] ca] ca] ca] cefhoudesiaStagca) cal ca] ca] ca] ca] ca] cal ca]ca]cal calca]ca]calc

I 5 i
Teal ca) bal cal o) cop oY ap Rl CErehy Sar T Bt e SRR ) Col cal ko
IOM ' =f O}3 wr rrhc"Y]\]J]n]t@a]S@a]gca] ca] ca] cal] ca] ca] ca] ca] cal ca] cajca]ca]ca]ca]ca

calJca)ca]ca]ca]c
%)C} Ls n% d ]Z] ] ] 11 I:a '?Jdc(%& ?J ?k&ffle%?la??&k%?v%}’a‘\éé{t Fc ]]Lca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] cal ca] ca] caj ca] cal
v7k0t } @ wr mhg w&}l %]pcea] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca
] ca] ca] ca] ca] ca calcaUca]lcalcalcalcalfo D# @

. #H#S, @%]e%@@&]es(sm d_Z]1]11]ca]ca]ca]ca]ca]ca]ca]ca]cal ca] ca] ca]
ca] ca] ca]z(ca] ca] Caé]%% _@}%ga] calcalca]calcalcalcalcalcalcalcale&=" """ ("()(
4000))))., 4555} xsnid_Z]]]]]ca]ca]ca] ca]ca] ca]ca]ca]ca]ca]
ca] ca] ca] ca] ca] ca]lw] Bad] (alpcEPen] Sadaifidsclad fmat]mfa]szrga]lca]ntaqnda]oaaq ca] cal 555555

517=78.888999: : Sij
a] ca] ca] ca] ca] ca] ca]]v/[caﬁeca )ﬁ]’ cgﬁ% caz]ﬂc\a%re %Jcn}'s;]]—%ﬁ}ega g%%ga gg] gg] EZ]U]C

ca! 4AuAABCCDDEOF@vé-Hdicility Jig Iﬂ(htmmwmﬁ(lﬂéaﬂ}tws lamiorZ])i] tht resshema] cal cal cal ¢

2] cal cal oPP, CRRRIILS YESHRRe VTR PRUED, SRLFR SO <3 C3) <a <

a] ca] ca] ea] ca] ca] erb@]lz;a]atca]lfca]\ua\] dai} pla]?ma]usas]pca]y@a]toaq%a:]ct@] tt@aP&MAca) cal] calc
I'cCccd

o s R L Ll

] ca] ca] ca] ca] ca] dh¢ &s@ CavissHid touhwﬁnmﬂvaqmwm;(w:@mge{ fhpds}d e } AJ} xsnid_Z

| t4] o] o] a] oa] cat b ST BB EEH SR SR RY T FYE8] 2] ca] oa] oa] oa] oa] oa

] ca] ca] ca] ca] ca] cseoajcalabla} sahga] ca] cal cal cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

'} @Rm %&6Z

u} {val gbPX] ] ] ca] o VAP AP R PR h Sapcdfigsdn s essragafiear e ¥a95Ra] ca cal ¢

a] cal] ca] ca] ca] caj @arhcal @@&nﬁ@h&ﬂh@@&@ea'hamﬁec?eﬁt@%@]xc@lgvbhp before the

| wmhc”Y]]]] ca] cé]ica caj cal %j]aca] ca] cal ca] calca] calc I]3ca caug Lca] ca) cal ca

] ca] ca] ca] ca] ca] CAFRH]AS 595q ek [ba T et regfies Quligrierven Y9 labip 9@ hea]ca]calc

al cal ca] ca] ca] cal qwheah 6] m]agabglat@ate@L@@L@mp@a&ﬁl@wm@&lcal ca] ca] cal

ca!

JM 0" B"{ | wmhc”Y]]]]ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]calca]ca]calcalcalc

a)J ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]calcal!> ;>wHT

vu69o} xsnid_Z]]]]]ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal

caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caiea! ;

ory4n{vqgl gb] X] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ( $f |

~/ " vEf } xsmhc”Y]]]] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca! fi 8H Ww>S72E} xsnid_Z]]]]]ca]ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
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& ()-'y! 10%4| & ()th&blifeh). )Pthor)iei@ CBresynch message indicator in the message prefix,
10 the information required for the message prefix should be identical to the

client-bid command. If IMS receives a client-bid request for them client and
IMS is aware of existing synchronized Tpipes, IMS issues informational
message DFS23941 to the MTO. IMS resets the recoverable send- or receive-
sequence nmﬁbers to O (zero) for all the synchronized Tpipes.

15 SuspendProcessingForAllTpipes : String
Suspend Processing for All Tpipes (value X'14") - Specifies that the server is
suspending all message activity with the client. All subsequent data input
receives a NAK message from the server. Similarly, the client should send a
NAK message for any subsequent server messages. If a client wishes to

20 suspend processing for a particular transaction pipe, it must submit a /STOP
TPIPE command as an OTMA message.
ResumeProcessingForAllTpipes : String
Resume processing for All Tpipes (value X'18') - Specifies that the server is
resuming message activity with the client. If a client wishes to resume

25 processing for a particular transaction pipe that has been stopped, it must
submit a /START TPIPE command as an OTMA message.
SuspendInputForTpipe : String
Suspend Input for Tpipe (value X'1C") - Specifies that the server is
overloaded and is temporarily suspending input for the transaction pipe. All

30 subsequent client input receive NAK messages for the transation pipe
specified in the message-control information section of the message prefix. A
response is not requested for this command. This architected command is also
sent by IMS when the master terminal operator enters a /STOP TPIPE

command.
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Resume Input for Tpipe (value X'20") Specifies that the server is ready to
resume client input following an earlier Suspend Input for Tpipe command. A
response is not requested for this command. This command is also sent by
IMS when the IMS master terminal operator issues a /START TPIPE
command.

SRVresynch : String

SRVresynch (value X'2C") - Specifies the server's response to a client's
CBresynch command. This command specifies the states of synchronized
transaction pipes within the server (the send- and receive-sequence numbers).
This command is sent as a single message (with single or multiple segments),
and an ACK is requested.

REQresynch : String

REQresynch (value X'30") - Specifies the send-sequence number and the
receive sequence-for a particular Tpipe. REQresynch is send from IMS to a
client.

REPresynch : String

REPresynch (value X'34") - Specifies the client's desired state information for
a Tpipe. A client sends the REPresynch comand to IMS in response to the
REQresynch command received from IMS.

TBresynch : String _

TBresynch (value X'38") - Specifies that the client is ready to receive the
REQresynch command from IMS.

TProcessingFlag

Private Attributes:

SynchronizedTpipe : String

Synchronized Tpipe (value X'40") - Specifies that the transaction pipe is to.be
synchronized. Allows the client to resynchronize a transaction pipe if there is
a failure. Only valid for commit-then-send transactions. This flag causes
input and output sequence numbers to be maintained for the transaction pipe.
All transactions routed through the transaction pipe must specify this flag
consistently (either on or off).

1 AsynchronousOutput : String
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Asynchronous output (value X'20') - Specifies that the server is sending
unsolicited queued output to the client. This can occur when IMS inserts a
message to an alternate PCB. Certain IMS commands, when submitted as
commit-then-send, can cause IMS to send the output to a client with this flag
set. In this case, the OTMA prefixes contain no identifying information that
the client can use to correlate the output to the originating command message.
. These command output data messages simply identify the transaction-pipe
name. IMS can also send some unsolicited error messages with only the
transaction-pipe name.
ErrorMessageFollows : String
Error Message Follows (value X'[0') - Specifies that an error message follows
this message. This flag is set for NAK messages from the server. An
additional error message is then sent to the client. The asynchronous-output
flag is not set in the error data message, because the output is not generaed by

an IMS application.

TChainFlag
Private Attributes:
FirstInChain : String
First-In-Chain (value X'80") - Specifies the first segment in a chain of
segments which comprise a multi-segment message. Subsequent segments of
the message only need the message-control information section of the message
prefix. Other applicable prefix segments (for example, those specified by the
client on the transaction message) are sent only with the first segment (with
the first-in-chain flag set). If the OTMA message has only one segment, the
last-in-chain flag should also be set.
MiddleInChain : String
Middle-In-Chain (value X'40") - Specifies a segment that is neither first nor
last in a chain of segments that comprise a multi-segment message. These
segments only need the message-control information section of the message
prefix.
Restriction: Because the client and server tokens are in the state-data section
of the message prefix, they cannot be used to correlate and combine

segmented messages. The transaction-pipe name and send-sequence numbers
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segment message is to be discarded. The last-in-chain flag must also be set.

10 TPrefixFlag
Private Attributes:
StateData : String
State Data (value X'80") - Specifies that the message includes the state-data
section of the message prefix.
15 SecurityData : String
Security (value X'40") - Specifies that the message includes the security-data
section of the message prefix.
UserData : String
User Data (value X'20") - Specifies that the message includes the user-data
20 section of the message prefix.
ApplicationData : String
Application Data (value X'10") - Specifies that the message includes the

application-data section of the message prefix.
25 StateData

StateData
This includes a destination override, map name, synchronization level, commit
mode, tokens and server state. Note that this is state data for a transaction,
30 OTMA also supports state data headers for the following: Server Available
Command, Client Bid Command, SRVresynch Command, REQresynch
Command, REPresynch Command. However, these commands would never
be generated by a client device, and so command messages would never come

into the.IMS Connect interface, and so we do not need to model them.
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"109B& ()-!! 10%&y1{c}1rdﬁlzatxaxom, tﬁé w?(y in Wthh the client and server transaction

10 program (for example, IMS application program) interacts with program
output messages. The default is Confirm. IMS always requests a response
when sending commit-then-send output to a client.
Reserved : OneByteField
MapName : EightByteField - Specifies the formatting map used by the server

15 to map output data streams (for example, 3270 data streams). Although
OTMA does not provide MFS support, you can use the map name to define
the output data streamn. The name is an 8-byte MOD name that is placed in the
[/O PCB. IMS replaces this field in the prefix with the map name in the /O
PCB when the message is inserted.

20 The map name is optional.

ServerToken : SixteenByteField - Specifies the server name. The Server
Token must be returned by the client to the server on response messages
(ACKs or NAKs). For conversational transactions, the Server Token must

25 also be returned by the client on subsequent conversational input.

CorrelatorToken : SixteenByteField - Specifies a client token to correlate
input with output. This token is optional and is not used by the server.
Recommendation: Clients should use this token to help manage their

30 transactions.
ContextID : SixteenByteField
Specifies the RRS/MVS token that is used with SYNCLVL=02 and protected

conversations.
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DestinationOverride : EightByteField - Specifies an LTERM name used to

override the LTERM name in the IMS application program's /O PCB. This

override is used if the client does not want to override the LTERM name in
5 the /O PCB with the transaction-pipe name. This optional override is not

used if it begins with a blank.

ServerUserDatalength : TwoByteField - Specifies the length of the server

user data, if any. The maximum length of the server use data is 256 bytes.

ServerUserData : VariableLengthField - Specifies any data needed by the
server. If included in a transaction message by the client, it is returned by the

server in the output data messages.
15 DefinedTypes

TServerState

Private Attributes:
ConversationalState : String

20 Conversational State (value X'80') - Specifies a conversational mode
transaction. The server sets this state when processing a conversational-mode
transaction. This state is also set by the client when sending subsequent IMS
conversational data messages to IMS.
ResponseMode : String

25 Response Mode (value X'40") - Specifies a response-mode transaction. Set by
the server when processing a response-mode transaction. This state has little
significance for an OTMA server, because OTMA does not use sessions or

terminals.
30  TSynchronizationFlag

Private Attributes:

[CommitThenSend : String

114



(!@"109UMJE ()- !D "10% U U& ()- "10% U& ()- {\= 10
h!f109B& ()-9% 109B& ()- 10 U 10 U 10 U?10% U& ()-!6 "10% U U& () -

UU& ()- (MUIE{\= 10 h!F S/ 1098B& () -

f109B& () -

20

25

30

WO 02/1300

Commit-then-Send (value X'40") - Specifies a commit-then-send transaction.
The server commits output before sending it; for example, IMS inserts the
output to the IMS message queue.

SendThenCommit : String

Send-then-Commit (value X'20') - Specifies a send-then-commit transaction.

The server sends output to the client before committing it.

TSynchronizationLevel

Private Attributes:

None : String

None (value X'00) - Specifies that no synchronization is requested. The
server application program does not request an ACK message when it sends
output to a client. None is only valid for send-then-commit transactions.
Confirm : String

Confirm (value X'01") - Specifies that synchronization is requested. The
server sends transaction output with the response flag set to Response
Requested in the message-control information section of the message prefix.
Confirm can be used for either commit-then-send or send-then-commit )
transactions.

SYNCPT : String

SYNCPT (value X'02") - Specifies that the programs participate in
coordinated commit processing on resources updated during the conversion

under the RRS/MVS recovery platform. A conversation with this level is also

called a protected conversation.
SecurityData

SecurityData

This includes the user ID, user token, and security flags.

The security-data section is mandatory for every transaction, and can be -
present for OTMA command messages.

Private Attributes:

Length : TwoByteField - Specifies the length of the security data section of

the message prefix, including the length field,
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10 U 10 U 10 U, ?Beowritdlgs -TSecuryklag - Specifies the type of security checking to be

performed. It is assumed that the user ID and password are already verified.

LengthOfSecurityFields : OneByteField - Specifies the length of the security
5 data fields: User ID, Profile, and Utoken. These three fields can appear in any
order, or they can be omitted. Each has the following structure: Length field,
then Field type, then Data field. The actual length of the User ID or Profile
should not be less than the value specified for the length of each field. Length
can be 0.
10 tokenLength : OneByteField
Specifies the length of the user token.

Length does not include length field itself.

UtokenType : OneByteField - Specifies that this field contains a user token.
15 (Value X'00%
Utoken : VariableLengthField - Specifies the user token. The user ID and
profile are used to create the user token. The user token is passed along to the
IMS dependent region. If the client has already called FACF, it should pass
the Utoken with field type X'00' so that RACF is not called again.
20 Variable length, from | to 80 bytes.
UserIDLength : OneByteField - Specifies the length of the user ID. Length
does not include length field itself,
UserIDType : OneByteField. Specifies that this field contains a user ID.
(Value X'024.
25 UserID : VariableLengthField - Specifies the actual user ID.
Variable length, from | to 10 bytes.
ProfileLength : OneByteField. Specifies the length of the profile. Length
does not include length field itself.
ProfileType : OneByteField Specifies that this field contains a profile. (Value
30 X'03Y.
Profile : VariableLengthField. Specifies the system authorization facility
(SAF) profile. For RACEF, thiis is the group name.
Variable length, from | to 10 bytes.
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10 Full : String

Full (value X'F")
Specifies that transaction, command, and MPP region security checking is to

be performed.
15 UserData

UserData

This includes any special information needed by the client.
The user-data section is variable length and follows the security-data section

20 of the message prefix. It can contain any data. |
Private Attributes:
Length : TwoByteField
Specifies the length of the user-data section of the message prefix, including
the length field. The maximum length of the user data is 1024 bytes,

25 UserData : VariablelLengthField
Specifies the optional user data. This data is managed by the client, and can
be created and updated using the DESYDRUO exit routine. The server returns
this section unchanged to the client as the first segment of any output
messages.

30

Primitives

OneByteField
TwoByteField
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ApplicationData

ApplicationData

10 The application data class contains all the message data except for LL, ZZ, -
and the transaction code.
Note: this model does not capture the notion of message segments. When
using this model you have to bear in mind whether the system you are using
has any limitations such as a maximum segment size. IMS connectors (via

15 OTMA or SNA) must support the capability of breaking the "application
data" into IMS message segments. For instance, if you are sending this XML
message directly to the IMS message queue and if the message queue has a
32k limit, then you have to take your XML message and break it up into 32k
chunks. The application on IMS will then have to gather up the 32k chunks

20 one by one. IMS new applications that receive XML documents dfrectly,
must be capable of receiving XML documents in multiple segments. For

ACK or NAK messages, there is no application data included in the message.

Field
25 Each data field, defined in a copybook for the application data, will be

associated with type descriptor for data types.

6. b. CICS BMS (Basic Mapping Support) Metamodel

FIGURE 35 illustrates a BMS language metamodel, which is usable by application

30 programs to define data structures which represent connector interfaces. FIGURE 36
illustrates attributes, fields, attribute values, maps, and attributes of the BM\S
Language Model. FIGURE 36 illustrates attributes, fields, attribute values, maps, and
attributes of the BMSMetamodel.
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&' 109 ()-z! & 10Yomkdf ) vadiddaVhea' () - B8} ?g\ = 10!y4 10%& ()- ~210%& ()-f
109%0& () -!Lf ) " 1095 5&itl{ne-: obilling VARV VE' () -
sosi : yesno = "NO"
10 transp : yesno = "YES"
caSe : caseValue
ps : psValue = "BASE"

BMSMap
15 Implemented by DFHMDI macro
MAPNAME is the name of the map and consists of 1-7 characters.
COLUMN specifies the column in a line at which the map is to be placed,
that is, it establishes the left or right map margin.
JUSTIFY controls whether map and page margin selection and column
20 counting are to be from the left or right side of the page. The columns between
the specified map margin and the page margin are not available for subsequent
use on the page for any lines included in the map.

NUMBER s the column from the left or right page margin where the
25 left or right map margin is to be established.

- NEXTindicates that the left or right map margin is to be placed in the next
available column from the left or right on the current line.

30 SAME indicates that the left or right map margin is to be established in
the same column as the last nonheader or
nontrailer map used that specified COLUMN=number and the same JUSTIFY
operands as this macro. For input operations, the map is positioned at the
extreme left-hand or right-hand side, depending on whether JUSTIFY=LEFT

35 or JUSTIFY=RIGHT has been specified.
LINE specifies the starting line on a page in which data for a map is to be
formatted.
40 NUMBER is a value in the range 1-240, specifying a starting line number.

A request to map, on a line and column, data that has been formatted in
response to a preceding BMS command, causes the current page to be treated
as though complete. The new data is formatted at the requested line and
column on a new page.

45
NEXT specifies that formatting of data is to begin on the next available
completely empty line. If LINE=NEXT is specified in the DFHMDI macro, it
is ignored for input operations and LINE=1 is assumed.
50 SAME specifies that formatting of data is to begin on the same line as thal

used for a preceding BMS command. If COLUMN=NEXT is specified, it is
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range 1-240, specifying the depth of a map as a number of lines, argl =

column is a value in the range [-240, specifying the width of amap as a

number of columns.

This operand is required in the following cases:

10 An associated DFHMDF macro with the POS operand is used.
The map is to be referred to in a SEND MAP command with the
ACCUM option.
15 The map is to be used when referring to input data from other than a

3270 terminal in a RECEIVE MAP command.

SOSI indicates that the field may contain a mixture of EBCDIC and

DBCS data. The DBCS subfields within an EBCDIC field are delimited by
20 SO (shift out) and SI (shift in) characters, SO and SI both occupy a single

screen position (normally displayed as a blank). They can be included in any

non-DBCS field on output, if they are correctly paired. The terminal user can

transmit them inbound if they are

already present in the field, but can add them to an EBCDIC field only if the
25 field has the SOSI attribute. '

TIOAPFX specifies whether BMS should include a filler in the symbolic
description maps to allow for the unused TIOA prefix. This operand overrides
30 the TIOAPFX operand specified for the DFHMSD macro.

YES specifies that the fi}ler should be included in the symbolic
description maps. If TIOAPFX=YES is specified, all maps within the mapset
have the filler. TIOAPFX=YES should always be used for command-level

35 application programs.

NO is the default and specifies that the filler is not to be included.

Derived from BMSStatement
40
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9! g1098%& ()-K, |, , GursorLbdatibftbodlan" 10989%&’ ()- 9f *109BY%&' ()-f 9L' 109BY&' () -
of I$nTLO%#&: ()-S 9" 108881 ISDataSfe 1098%&' ()-,/////11//0]| obU4
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9LOYYE ()- 9!y O :(hoplea?. @ELOYKYE () - 016171811 1R11j 1) 3 10%KY%& ()-
&&! 10% %%_ ()- &31q01@&§%'p£u)a'tér :String
header : boolean
highlighting : BMSHighlightingType
justify : BMSJustifyType
line : String
15 mapAttributes : BMSMapAttributesType
outboardFormatting : boolean
outlining : BMSOutliningType
partition : String
programmedSymbol : String
20 shiftQutShiftIn : boolean
size : BMSSizeType
terminal : String
tioaPrefix : boolean
trailer : boolean
25 transparent : boolean
validation : BMSValidationType

BMSMapset
30 Implemented by the DFHMSD macro
Programming attributes in this class

type=DSECT ! MAP | FINAL. Mandatory, this generates the two bits of a
BMS entity

35
mode=0OUT ! IN | INOUT. QUT is default. INOUT says do both IN and OUT

pracessing. With IN, I is appended to mapname, with OUT, O is appended to
mapname

40 lang=ASM} COBOL { COBOL2 i PLI!C. ASM is default.
fold=LOWER { UPPER. LOWER is default. Only applies to C.
dsect=ADS ! ADSL. ADS is default. ADSL requires lang = C.
K trigraph = YES only applies to lang = C.
BASE specifies that the same storage base is used for the symbolic

description maps from more than one mapset. The same name is specified for
50 each mapset that is to share the same storage base.
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the name is up to 30 chm actexs though you should 1efel to your compiler
manual to make sure that there are no other restrictions on the length.

40
If this operand is specified, the OCCURS operand cannot be specified.

The fields in a group must follow on; there can be gaps between them, but
not other fields from outside the group. A field name must be specified for
45 every field that belongs to the group, and the POS operand must also be
specified to ensure that the fields follow each other. All the DFHMDF macros
defining the fields of a group must be placed together, and in the correct order
(ascending numeric order of the POS value).
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10 data to be entered into the field; it should not include the one-byte attribute

indicator appended to the field by CICS for use in subsequent processing. The
length of each individual subfield within a group must not exceed 256 bytes.
LENGTH can be omitted if PICIN or PICOUT is specified, but is required
otherwise. You can specify a length of zero only if you omit the label (field

15 name) from the DFHMDF macro. That is, the field is not part of the
application data structure and the application program cannot modify the
attributes of the field. You can use a field with zero length to delimit an input
field on a map.

20 The map dimensions specified in the SIZE operand of the DFHMDI
macro defining a map can be smaller than the actual page size or screen size
defined for the terminal.

If the LENGTH specification in a DFHMDF macro causes the map-
25 defined boundary on the same line to be exceeded, the field on the output
screen is continued by wrapping.

OCCURS specifies that the indicated number of entries for the field are to
be generated in a map, and that the map definition is to be generated in such a
30 way that the fields are addressable as entries in a matrix or an array. This
permits several data fields to be addressed by the same name (subscripted)
without generating a unique name for each
field.

35 OCCURS and GRPNAME are mutually exclusive; that is, OCCURS
cannot be used when fields have been defined under a group name. If this
operand is omitted, a value of OCCURS=1 is assumed.

PICIN (COBOL and PL/I only) specifies a picture to be applied to an
40 input field in an IN or INOUT map; this picture serves as an editing
specification that is passed to the application program, thus permitting the user
to exploit the
editing capabilities of COBOL or PL/I. BMS checks that the specified
characters are valid picture specifications for the language of the map.
45
However, the validity of the input data is not checked by BMS or the
high-level language when the map is used, so any desired checking must be
performed by the application program. The length of the data associated with
: "value" should be the same as that specified in the ~ LENGTH operand if
50 LENGTH is specified. If both PICIN and PICOUT are used, an error message
is produced if their calculated lengths do not agree; the shorter of the two
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03! 10%& ()-M 3!10% %  Refer to the appropriate language reference manual for the correct syntax
of the PICTURE attribute.
20
PICOUT (COBOL and PL/T only) is similar to PICIN, except that a
picture to be applied to an output field in the OUT or INOUT map is
generated.

25 The valid picture values for COBOL output maps are:
ABEPSVXZ09,.+-$CRDB/and(

The valid picture values for PL/I output maps are:
30
ABEFGHIKMPRSTVX YandZ

1236789/+-,.* 3 CRDB and (

35 For PL/1, a currency symbol can be used as a picture character. The
symbol can be any sequence of characters enclosed in < and >, for example
<DM>.

Refer to the appropriate language reference manual for the correct syntax
40 of the PICTURE attribute.

Note: COBOL supports multiple currency signs and multi-character
currency signs in PICTURE specifications.

45 The default currency picture symbol is the dollar sign
($),which represents the national currency symbol; for example the dollar ($),
the pound (£), or the yen (¥).

The defauit currency picture symbol may be replaced by a different
50 currency picture symbol that is defined in the ~ SPECIAL NAMES clause.
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10 WORKING STORAGE SECTION.,
01 USPRICE PIC $99.99.
01 UKPRICE PIC £99.99.
01 ECPRICE PIC #99.99.

15 LENGTH must be specified when PICOUT specifies a COBOL picture
containing a currency symbol that will be replaced by a currency sign of
length greater than 1.

POS specifies the location of a field. This operand specifies the
20 individually addressable character location in a map at which the attribute byte
that precedes the field is positioned.

number specifies the di‘splacement (relative to zero) from the beginning
of the map being defined.
25
(line,column) specify lines and columns (relative to one) within the map
being defined.

The location of data on the output medium is also dependent on
30 DFHMDI operands.

The first position of a field is reserved for an attribute
byte. When supplying data for input mapping from non-3270
devices, the input data must allow space for this attribute

35 byte. Input data must not start in column 1 but may start
in column 2.

The POS operand always contains the location of the first position in a

field, which is normally the attribute byte  when communicating with the
40 3270. For the second and

subsequent fields of a group, the POS operand points to an

assumed attribute-byte position, ahead of the start of the

data, even though no actual attribute byte is necessary. If

the fields follow on immediately from one another, the POS
45 operand should point to the last character position in the

previous field in the group.

When a position number is specified that represents the last character

position in the 3270, two special rules apply:
50
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PS specifies that programmed symbols are to be used. This overrides any
10 PS operand set by the DFHMDI macro or the DFHMSD macro.

BASE is the default and specifies that the base symbol set is to be used.

psid specifies a single EBCDIC character, or a hexadecimal code of the
15 form X'nn', that identifies the set of programmed symbols to be used.

The PS operand is ignored unless the terminal supports programmed
symbols.
SOS] indicates that the field may contain a mixture of EBCDIC and
20 : DBCS data. The DBCS subfields within an EBCDIC field are delimited by
SO (shift out) and SI (shift in) characters. SO and SI both occupy a single
screen position (normally displayed as a blank). They can be included in any
non-DBCS field on output, if they are correctly paired. The terminal user can
transmit them inbound if they are
25 already present in the field, but can add them to an EBCDIC field only if the
field has the SOSI attribute.

TRANSP determines whether the background of an alphanumeric field is
transparent or opaque, that is, whether an underlying (graphic) presentation

30 space is visible between the characters.

Derived from BMSStatement
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L3" 109& () - "Lf/lO%{g, ,;h)g ihd O/ Y . 10%%& ()- ., 10%%& ()- +uT3
S109KY%E ()- & mlOY%SYir )Bmg;ggﬁ% Oq%f 10%1%' ()-10L3"10%e& ()- q

L3" 109857 & () - +: RY|§ int | ()-! _9"10%h& ()-

10 occurs : int
outlining : BMSOutliningType
picturelnput : String
pictureQutput : String
position : BMSPositionType

LS programmedSymbol : String
shiftOutShiftIn : String
transparent : boolean
validation : BMSValidationType

20
BMSStatement
Private Attributes:
label : String
comments : String
25  TOTALS:
I Logical Packages
4 Classes
LOGICAL PACKAGE STRUCTURE
Logical View
30 bms
6. c. IMS MFS (Messaging Formatting Service)
FIGURE 37 illustrates a MES language metamodel, which is usable by application
35 programs to define data structures which represent connector interfaces. FIGURE 38
illustrates the associations between the MFS metamodel with the TDLang base
classes which are the TDLangClassifier, the TDLanguageComposedType, and the
TDLanguageElement for the MFS Metamodel. FIGURE 39 illustrates enumerations
of Mode Values, Base Values, LengthTypes, and StringTypeValues for the MES
40 Metamodel.
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109 () - T 109K () - - (5)
10 - 2740 or 2741

- 3600 or 4700

- FIN

- FIDS, FIDS3, FIDS4 or FIDS7

- FIJP, FIPB or FIFP

15 -SCS1

- SCS2

- DPM-An

- DPM-Bn

20 Statements implicitly supported through parser:

- ALPHA

- COPY

-DO
25 - END

- ENDDO

-EQU

- FMTEND

- MSGEND
30 - RESCAN

- TABLEEND

Tolerated statements:
, - BJECT
35 -PD

-PDB

- PDBEND

- PPAGE

- PRINT
40 -RCD

- SPACE

- STACK

- TITLE

- UNSTACK
45 -
MT'SDeviceType

DEYV statement

The DEV statement defines device characteristics for a specific device or data
50 formats for a specific device type. The DFLD statements following this DEV
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Private Attributes:
card : String
CARD attribute
20
Defines the input field name to receive operator identification card data when
that data is entered. This name can be referenced by an MFLD statement and
must not be used as the label of a DFLD statement within this DEV definition.
This operand is valid only if a 3270 display is specified. If FEAT=NOCD is
25 specified for a 3270 display, it is changed to CARD. All control characters are
removed from magnetic card input before the data is presented to the input
MFLD that refers to this:card field name.

For 3270 displays, an unprotected field large enough to contain the magnetic
30 card data and control characters must be defined through a DFLD statement.
Position the cursor to this field and insert the card in the reader to enter card:
information. The card data is logically associated with the CARD= field name,
not the name used in the DFLD statement.
dsca : String
35 DSCA attribute

Specifies a default system control area (DSCA) for output messages using this
device format. The DSCA supersedes any SCA specified in a message output
descriptor if there are conflicting specifications. Normally, the functions

40 specified in both SCAs are performed. If the DSCA= operand is specified for
3270P, it is ignored, except for the bit setting for "sound device alarm." If this
bit is specified on the DSCA/SCA option, it is sent to the device.

The value specified here must be a decimal number not exceeding 65535 or
45 X'hhhh'. If the number is specified, the number is internally converted to
X'hhhh'.

If byte 1 bit 5 is set to B'1' (unprotect screen option) for a 3275 display, and
both input and output occur simultaneously (contention), the device is

50 disconnected. For non-3275 devices, the SCA option is ignored. If byte 1 bit 5
is set to B'0', the application program can request antopaged output by setting
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@F1098% () - eeerfLOO/(faf%i 8] 10M%10M%10A% 109%9& ()- 2|[:vUA10 Lnl0%: ()-
pexifi

B8R () - 080
BLnlO%B% () - LI 1098 es Eh e\gge has a 3270 operator identification card reader. NOCD
specifies the absence of the CARD feature.

20 DEKYBD
Specifies data entry keyboard feature. This feature implies PFK feature;
therefore, PFK is invalid if DEKYBD is specified. NOPFK implies the
absence of PFK and DEKYBD features.

25 PFK
Specifies that the device has program function keys. NOPFK specifies the
absence of the PFK and DEKYBD features.

PEN
30 Specifies the selector light pen detect feature. NOPEN specifies the absence of
the PEN feature.

11213141516171819110
Specifies customer-defined features for the 3270P device type.
35
For 3270P devices, FEAT= allows grouping of devices with special device
characteristics. For example, FEAT=1 could group devices with a maximum
of 80 print positions and no VFC, and FEAT=2 could group devices with 132
print positions and the VFC feature. FEAT=IGNORE should be specified to
40 group together devices with a minimum set of device capabilities. When
WIDTH= is specified, FEAT=(1...10) must also be specified. If
FEAT=(1...10) is specified but WIDTH= is not specified, WIDTH= defaults
to 120.

45 When IGNORE is specified, no other values should be coded in the FEAT=
operand. When FEAT=IGNORE is not specified in the TERMINAL macro
during system definition, the MSG statement must specify IGNORE in the
SOR= operand for the device format with the IGNORE specification. Unless
FEAT=IGNORE is used, FEAT= must specify exactly what was specified in

50 the TERMINAL macro during IMS system definition. If it does not, the
DFS057 error message is issued. When FEAT=IGNORE or 1-10 is specified
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width of 120 characters.

5 CARD, PFK, DEKYBD, and PEN feature values are valid only for 3270
displays. If the FEAT= operand is omitted, the default features are CARD,
PFK, and PEN for
3270 displays; the default line width is 120 for TYPE=3270P.

10 [,2,3,4,5, ‘6, 7, 8,9, and [0 are valid values only for 3270, 3270P and 3270-
An. For 3270 displays, the FEAT= specifications of 1 to 5 can be used to
group devices with specific features or hardware data stream dependencies.
Restriction: This keyword is optional and cannot be used with any other
feature specification for 3270 displays.

Feature operand values can be specified in any order, and only those values
desired need be specified. The underlined values do not have to be specified
because they are defaults. Only one value in each vertical list can be specified.
page : MFSPageType
20 PAGE attribute

Specifies output parameters as follows:

number .

25 For printer devices, number defines the number of print lines on a printed
page; for card devices, number defines the number of cards to be punched per
DPAGE or physical page (if pp parameter is used in the DFLD statements).
This value is used for validity checking. The number specified must be greater
than or equal to | and less than 256. The default is 55.

30
DEFN
Specifies that lines/cards are to be printed/punched as defined by DFLD
statements (no lines/cards are to be removed or added to the output page).

3s SPACE

Specifies that each output page contains the exact number of lines/cards
specified in the number parameter,

FLOAT

40 Specifies that lines/cards with no data (all blank or NULL) after formatting are
to be deleted.

For 3270P devices, some lines having no data (that is, all blank or null) must
not be deleted under the following circumstances:

45

' The line contains one or more set line density (SLDx=) specifications.

A tield specified as having extended attributes spans more than one line.

pen : String
50 PEN attribute
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If no immediate detection occurs or the immediate detect occurs on a field
15 defined with an ampersand (&) designator character, the PEN= operand is
padded with the fill specified in the MFLD statement,
pfk : MESFunctionKeyType
PFK attribute

20 Defines an input field name to contain program function key literal or control
function data (first subparameter) and, in positional or keyword format, either
the literal data to be placed in the specified field, or the control function to be
performed when the corresponding function key is entered (remaining
subparameters).

25
The name of the first subparameter (the input field name that will contain the
program function key literal or control function data) can be referred to by an _
MEFLD statement and must not be used as the label of a DFLD statement
within this DEV definition. The remaining subparameters can be specified in

30 positional or keyword format. If the subparameters are in keyword format, the
integer specified must be from 1 to 36, inclusive, and not duplicated. Only one
PFK= operand format (positional or keyword) can be specified on a DEV
statement. This operand is valid only for 3270 displays. At the time the actual
format blocks are created, each literal is padded on the right with blanks to the

35 length of the largest literal in the list. The maximum literal length is 256 bytes.

If the device supports the IMS copy function, then PFK12 invokes the copy
function and the definition of PFK12 in the DEV statement is ignored,
otherwise, the definition of PFK12 is honored.

40
If FEAT=NOPFK is specified, it is changed to PFK. The maximum number of
user-defined PFKs is 36.
Contro] functions that can be specified are:

45 NEXTPP--PAGE ADVANCE

Specifies a request for the next physical page in the current output message. If
no output message is in progress, no explicit response is made.

NEXTMSG--MESSAGE ADVANCE

50 Specifies a request to dequeue the output message in progress (if any) and to
send the next output message in the queue (if any).
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C ENDMPPI--END MULTIPLE PAGE INPUT
10 Specifies the end of a multiple physical page input message.

substitution : String
SUB attribute

Specifies the character used by MFS to replace any X'3F' characters in the

15 input data stream. No translation occurs if this parameter is specified as X'3F'
or this parameter is not specified, or the input
received bypasses MFS editing. The specified SUB character should not
appear elsewhere in the data stream; therefore, it should be nongraphic.

20 X'hi'
Character whose hexadecimal representation is 'hh' replaces all X'3F' in the
input data stream.

C'c'
25 Character 'c' replaces all X'3F' in the input data stream.
type : String
TYPE attribute

Specifies the device type and model number of a device using this format

30 description. The 3284-3 printer attached to a 3275 is supported only as
TYPE=3270P. The model number specified when defining a format for a
3284-3 is the model number of the associated 3275.

TYPE=3270-An specifies a symbolic name for 3270 and SLU 2 displays with
s the screen size defined during IMS system definition, feature numbers n=1-15.
This specification causes the MES Language utility to read the MFS device
characteristics table (DFSUDTOx) to extract the screen size.
width : int
WIDTH attribute
40

Specifies the maximum line width for this DEV type as one of:

- Number of print positions per line of input or output data
- Number of punch positions per card of input or output data
45 - Card width for card reader input data

The default is 120 for 3270P output. Line width is specified relative to column
1, regardless of whether a left margin value is specified in the HTAB=
keyword. The width specified must be greater than or equal to 1.

50
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Unsupported attributes:
- All attributes are supported
Derived from MFSStatement

15 Private Attributes:
fill : String
FILL attribute

Specifies a fill character for output device fields. This operand is valid only if
20 TYPE=OUTPUT. The default is C'". The fill specification is ignored unless

FILL=NONE is specified on the DPAGE statement in the FMT definition. For

3270 output when EGCS fields are present, only FILL=PT or FILL=NULL

should be specified. A FILL=PT erases an output field (either a 1- or 2-byte

field) only when data is sent to the field, and thus does not erase the DFLD if
25 the application program message omits the MELD.

C¢'
Character 'c' is used to fill device fields. For 3270 display devices, any
specification with a value less than X'3F' is changed to X'00' for control

30 characters or to X'40' for other nongraphic characters. For all other devices,
any FILL=C'c' specification with a value less than X'3F' is ignored and
defaulted to X'3F' (which is equivalent to a specification of FILL=NULL).

NULL
35 Specifies that fields are not to be filled.

PT
Is identical to NULL except for 3270 display. For 3270 display, PT specifies
that output fields that do not fill the device field (DFLD) are followed by a
40 program tab character to erase data previously in the field.
ignoreSource : boolean
SOR attribute

Specifies the source name of the FMT statement which, with the DEV

45 statement, defines the terminal or remote program data fields processed by this
message descriptor. Specifying IGNORE for TYPE=OUTPUT causes MFS to
use data fields specified for the device whose FEAT= operand specifies
IGNORE in the device format definition. For TYPE=INPUT, IGNORE should
be specified only if the corresponding message output descriptor specified
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PAGE attribute
10
Specifies whether (YES) or not (NO) operator logical paging (forward and
backward paging) is to be provided for messages edited using this control
block. This operand is valid only if TYPE=OUTPUT. The default is NO,
which means that only forward paging of physical pages is provided.
15 type : MI'SDescriptorType
TYPE attribute
Defines this definition as a message INPUT or OUTPUT control block. The
default is INPUT.
20
MFSLogicalPage
LPAGE statement
25 The optional LPAGE statement defines a group of segments comprising a
logical page. It is implied if not present.
Unsupported attributes:
- All attributes are supported
30 Derived from MFSStatement
Private Attributes:
condition : MFSConditionType
COND attribute
35

Describes a conditional test that, if successful, specifies that the segment and
field definitions following this LPAGE are to be used for output editing of this
logical page. The specified portion of the first segment of a logical page is
examined to determine if it is greater than (>), less than (<), greater than or

40 equal to (°), less than or equal to (°), equal to (=), or not equal to (ne) the
specified literal value to determine if this LPAGE is to be used for editing.
COND:-= is not required for the last LPAGE statement in the MSG definition.

The area examined can be defined by a field name (mfldname), an offset in a
45 field (mfldname(pp) where pp is the offset in the named field), or an offset in
the segment (segoffset). If the mfldname(pp) form is used, pp must be greater
than or equal to 1. The length of the compare is the length of the specified
literal. If OPT=3 is specified on the previous MSG statement, the area o be
examined must be within one field as defined on an MELD statement.
50
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the field is at offset 3, following the two bytes of

attributes.

10
If ATTR=nn is specified, the minimum offset must be one plus twice nn.
Thus, if ATTR=2 is specified, pp must be at least 5, and, if ATTR=(YES,2) is
specified, pp must be at least 7.

15 If the conditional tests for all LPAGE:s fail, the last LPAGE in this MSG

definition is used for editing.

If LPAGE selection is to be specified using the command data field, that is,
/FORMAT modname...(data), the MFLD specified in the LPAGE
20 COND=mfldname parameter should be within the first 8 bytes of the
associated LPAGESs of the MOD.
promptValue : String

25 MFSSegment
SEG statement

The SEG statement delineates message segments and is required only if
multisegment message processing is required by the application program.

30 Output message segments cannot exceed your specified queue buffer length.
Only one segment should be defined for TYPE=INPUT MSGs when the input
message destination is defined as a single segment command or transaction. If
more than one segment is defined, and the definition is used to input a single
segment command or transaction, care must be used to ensure that your input

35 produces only one segment after editing. It is implied if not present.

Unsupported attributes:
- All attributes are supported
Derived from MESStatement

40
Private Attributes:
exit : MFSExitType
EXIT attribute
45 Describes the segment edit exit routine interface for this message segment.

exitnum is the exit routine number and exitvect is a value to be passed to the
exit routine when it is invoked for this segment. exitnum can range from 0 to
§27. exitvect can range from O to 255. The SEG exit is invoked when
processing completes for the input segment.
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X'81" through X'89'
X'C1’' through X'C9'

X'91" through X'99'
25 X'D1' through X'D9'

X'A2' through X'A9'
X'E2' through X'E9'

30 If FILL=NULL is specified for any MFLD in a segment defined as
GRAPHIC=YES, the hexadecimal character X'3F' is compressed out of the
segment. If GRAPHIC=NO and FILL=NULL are specified in the SEG
statement, any X'3F' in the non-graphic data stream is compressed out of the
segment and undesirable results might be produced. Non-graphic data should

35 be sent on output as fixed length output fields and the use of FILL=NULL is
not recommended in this case.

For MSG TYPE=OUTPUT, the GRAPHIC= keyword applies only for DPM.
It specifies whether (YES) or not (NO) nongraphic control characters (X'00' to

40 X'3F") in the data from the IMS application program are to be replaced by
blanks. The default value is YES. If NO is specified, MFS allows any bit
string received from an IMS application program to flow unmodified through
MFS to the remote progran.

45 Restriction: When GRAPHIC=NO is specified, IMS application programs
using Options | and 2 cannot omit segments in the middle of an LPAGE, or
truncate or omit fields in the segment using the null
character (X'3F",

50
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Private Attributes:
attributes : boolean
ATTR attribute
15
Specifies whether (YES) or not (NO) the application program can modify the
3270 attributes and the extended attributes (nn).

If YES, 2 bytes must be reserved for the 3270 attribute data to be filled in by
20 the application program on output and to be initialized to blanks on input.

These 2 bytes must be included in the LTH=

specification.

The value supplied for nn is the number of extended attributes that can be

25 dynamically modified. The value of nn can be a number from 1 to 6. An
invalid specification will default to 1. Two additional bytes per attribute must
be reserved for the extended attribute data to be filled in by the application
program on output and to be initialized to blanks on input. These attribute
bytes must be included in the MFLD LTH= specification.

30
Example: Shown below are valid specifications for ATTR= and the number of
bytes that must be reserved for each different specification:

MFLD ,ATTR=(YES,nn)
35 2+ (2 x nn)

MFLD ,ATTR=(NO,nn)
2 X nn

40 MFLD ,ATTR=(nn)
- 2xnn

MFLD ,ATTR=YES
2

P4

45
MFLD ,ATTR=NO
0

ATTR=YES and nn are invalid if a literal value has been specified through the
50 positional parameter in an output message.
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If the MFLD in the receiving subsystem is defined as LTH=5 and
ATTR=(YES,]), the application program receives:

20
4040404000A0C2F1C8
The input SEG statement should be specified as GRAPHIC=NO to prevent
translation of the attribute data to uppercase.
25 exit : MFSExitType

EXIT attribute
Describes the Field edit exit routine interface for this message field. The exit
routine number is specified in exitnum, and exitvect is a value to be passed to
the exit routine when it is invoked for this field. The value of exitnum can

30 range from 0 to 127. The value of exitvect can range from 0 to 255. The
address of the field as it exists after MFS editing, (but before NULL
compression for option 1 and 2), is passed to the edit exit routine, along with
the vector defined for the field. (If NOFLDEXIT is specified for a DPM
device, the exit routine will not be invoked.) The exit routine can return a code

35 with a value from 0 to 255. MFS maintains the highest such code returned for
each segment for use by the segment edit routine. EXIT= is invalid if hteral' is
specified on the same MFLD statement.

extendedAttributes : int

ATTR attribute

40

- Specifies whether (YES) or not (NO) the application program can modify the
3270 attributes and the extended attributes (nn).

If YES, 2 bytes must be reserved for the 3270 attribute data to be filled in by
45 the application program on output and to be initialized to blanks on input.

These 2 bytes must be included in the LTH=

specification..

The value supplied for nn is the number of extended attributes that can be

50 dynamically modified. The value of nn can be a number from 1 to 6. An
invalid specification will default to 1. Two additional bytes per attribute must
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25 The attributes in a field sent to another IMS ISC subsystem are treated as input
data by MFS regardless of any ATTR= specifications in the format of the
receiving subsystem. For example, a message field (MFLD) defined as
ATTR=(YES,1),L.TH=5 would contain the following:

30 00A0C2F1C8C5D3D3D6

If the MFLD in the receiving subsystem is defined as LTH=9 and without
ATTR=, the application program receives:

35 00AO0C2F1C8C5D3D3D6

If the MFLD in the receiving subsystem is defined as LTH=13 and
ATTR=(YES, 1), the application program receives:

40 4040404000A0C2F1C8C5D3D3D6

If the MFLD in the receiving subsystem is defined as LTH=5 and
ATTR=(YES,1), the application program receives:

45 4040404000A0C2F1C8

The input SEG statement should be specified as GRAPHIC=NO to prevent
translation of the attribute data to uppercase.
fill ; String
50 FILL attribute
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Character whose hexadecimal representation is hh is used to fill fields.
FILL=X"3F' is the same as FILL=NULL.

Cc'
Character ¢ is used to fill fields.

NULL
15 Causes compression of the message segment to the left by the amount of
missing data in the field.
justify : MFSJustifyType
JUST attribute

20 Specifies that the data field is to be left-justified (L) or right-justified (R) and
right- or left- trancated as required, depending upon the amount of data
expected or presented by the device format control block.

The default is L.
length : MFSLengthType

25 LTH attribute

Can be omitted if a literal is specified in the positional operand
(TYPE=INPUT), in which case, length specified for literal is used. If LTH=is
specified for a literal field, the specified literal is either truncated or padded

30 with blanks to the specified length. If the MFLD statement appears between a
DO and an ENDDO statement, a length value is printed on the generated
MFLD statement, regardless of
whether LTH= is specified in the MFLD source statement.

value : String
35 value attribute

This corresponds to the 'literal' tield in the following description.

The device field name is specified via the 'deviceFields' relationship.
40
Specifies the device field name (defined via the DEV or DFLD statement)
from which input data is extracted or into which output data is placed. If this
parameter is omitted when defining a message output control block, the data
supplied by the application program is not displayed on the output device. If
45 the repetitive generation function of MFS is used (DO and ENDDO
stalements), dfldname should be restricted to 6 characters maximum length.
When each repetition of the statement is generated, a 2-character sequence
number (01 to 99) is appended to dfldname. If the dfldname specified here is
greater than 6 bytes and repetitive generation is used, dfldname is truncated at
50 6 characters and a 2-character sequence number is appended to form an 8-
character name. No error message is provided if this
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literal’
Can be specified if a literal value is to be inserted in an input message.

10 (dfldname,literal")
If TYPE=OUTPUT, this describes the literal data to be placed in the named
DFLD. When this form is specified, space for the literal must not be allocated
in the output message segment supplied by the
application program.

If TYPE=INPUT, this describes the literal data to be placed in the message
field when no data for this field is received from the device. If this dfldname is
used in the PFK parameter of a DEV statement, this literal is always replaced
by the PF key literal or control function. However, when this dfidname is

20 specified in the PFK parameter, but the PF key is not used, the literal specified
in the MFLD statement is moved into the message field. When physical
paging is used, the literal is inserted in the field but is not processed until after
the last physical page of the logical page has been displayed.

25 In both cases, if the LTH= operand is specified, the length of the literal is
- truncated or padded as necessary to the length of the LTH= specification. If
the length of the specified literal is less than the defined field length, the literal
is padded with blanks if TYPE=OUTPUT and with the specified fill character
(FILL=) if TYPE=INPUT. If no fill character is specified for input, the literal
" 30 is padded with blanks (the default). The length of the literal value cannot
exceed 256 bytes. '

(dfldname,system-literal)

Specifies a name from a list of system literals. A system literal functions like a
35 normal literal except that the literal value is created during formatting prior to

transmission to the device. The LTH=, ATTR=, and JUST= operands cannot

be specified. When this form is specified, space for the literal must not be

allocated in the output message segment supplied by the application program.

40 (,SCA)
Defines this output field as the system control area which is not displayed on
the output device. There can be only one such field in a logical page (LPAGE)
and it must be in the first message segment of that page. If no logical pages
are defined, only one SCA field can be defined and it must be in the first

45 segment of the output message. This specification is valid only if
TYPE=OUTPUT was specified on the
previous MSG statement.

50 MFESDevicePage
DPAGE statement
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1099 () - Specifies the position of the cursor on a physical page. Multiple cursor
positions may be required if a logical page or message consists of multiple
20 physical pages. The value 11l specifies line number, ccc specifies column; both

Il and ccc must be greater than or equal to 1. The cursor position must either
be on a defined field or defaulted. The default Ill,ccc value for 3270 displays is
1,2. For Finance display components, if no cursor position is specified, MFS
will not position the cursor--the cursor is normally placed at the end of the

25 output data on the device. For Finance display components, all cursor
positioning is absolute, regardless of the ORIGIN= parameter specified.

The dfld parameter provides a method for supplying the application program
with cursor information on input and allowing the application program to
30 specify cursor position on output.

Recommendation: Use the cursor attribute facility (specify ATTR=YES in the
MFLD statement) for output cursor positioning.

35 The dfld parameter specifies the name of a field containing the cursor
position. This name may be referenced by an MFLD statement and must not
be used as the label of a DFLD statement in this DEV
definition. The format of this field is two binary halfwords containing line and
column number, respectively. When this field is referred to by a message input

40 descriptor, it will contain the cursor position at message entry. If referred to by
a message output descriptor, the application program places the desired cursor
position into this field as two binary halfwords containing line and column,
respectively. Binary zeros in the named field cause the specified 11l,ccc to be
used for cursor positioning during output. During input, binary zeros in this

45 field indicate that the cursor position is not defined. The input MELD referring
to this dfld should be defined within a segment with GRAPHIC=NO specified
or should use EXIT=(0,2) to convert the binary numbers to decimal.

fill : String
FILL attribute
50
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10 Must be specified if the fill character from the message output descriptor is to

be used to fill the device fields.

X'hh'
Character whose hexadecimal representation is 'hh' will be used to fill the
15 device fields.

Cc
Character 'c' will be used to fill the device fieids.

20 NULL
Specifies that fields are not to be filled. For devices other than the 3270
display, 'compacted lines' are produced when message data does not fill the
device fields.

25 PT
Specifies that output fields that do not fill the device field (DFLD) are
followed by a program tab character to erase data previously in the field;
otherwise, this operation is identical to FILL=NULL.

30 For 3270 display devices, any specification with a value less than X'3F' is
changed to X'00' for control characters or to X'40' for other nongraphic
characters.

multiplePages : boolean
MULT attribute

35
Specifies that multiple physical page input messages will be allowed for this
DPAGE.

40 MFSDeviceField

DFLD stalement

The DFLD statement defines a field within a device format which is read from
or written to a terminal or remote program. Only those areas which are of

45 interest to the IMS or remote application program
should be defined. Null space in the format does not need to be defined.

Unsupported attributes:

~-SLD
50 Derived from MESStatement
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The maximum a]lowable length for all devices except 3270, 3604 display, and
DPM with RCDCT=NOSPAN is 8000 characters. For 3270 displays, the
maximum length is one less than screen size. For example, for a 480-character
display, the maximum length is 479 characters. A length of 0 must not be
specified. If SCA and LTH= are both specified, LTH must be 2.
20
POS= and LTH= do not include the attribute character position reserved for a
3270 display device or a DELD with ATTR=YES specified. The inclusion of
this byte in the design of display/printer formats is necessary because it
occupies the screen/printed page position preceding each displayed/printed
25 field even though it is not accessible by an application program.

When defining DFLDs for 3270 printers, a hardware ATTRIBUTE character
is not used. Therefore, fields must be defined with a juxtaposition that does
not allow for the attribute character unless ATTR=YES is specified. However,

30 for printers defined as 3270P the last column of a print line (based on FEAT=,
WIDTH=, or the device default width) cannot be used. The last column of the
line is reserved for carriage control operations performed by IMS. Thus, if the
print line specifies 120 (FEAT=120) and the DFLD specifies
POS=(1,1),LTH=120 then 119 characters are printed on line | and one

35 character on line 2.

Detectable fields (DET or IDET) must include four positions in POS and LTH
for a 1-byte detection designator character and 3 pad characters, unless the
detectable field is the last field on a display line, in which case only one

40 position for the detection designator character is required. The detection
designator character must precede field data, and pad characters (if required)
follow field data. Detection designator and required pad characters must be
supplied by the application program or MFLD literal with the field data. Pad
characters can also be required in the preceding field on the device.

45 pen : String
PEN attribute

Specifies a literal to be selected or an operator control function to be

performed when this field is detected. If (1) 'literal' is specified, (2) the field is
50 defined as immediately detectable (ATTR= operand), and (3) contains the null

or space designator character, the specified literal is placed in the field referred
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Specifies a request for the next physical page in the current output message. If
15 no output message is in progress, no explicit response is made.

NEXTMSG--MESSAGE ADVANCE
specifies a request to dequeue the output message in progress (if any) and to
send the next output message in the queue (if any).

20
NEXTMSGP--MESSAGE ADVANCE PROTECT
Specifies a request to dequeue the output message in progress (if any), and
send the next output message or return an information message indicating that
no next message exists.

25
NEXTLP--NEXT LOGICAL PAGE
Specifies a request for the next logical page of the current message.

ENDMPPI--END MULTIPLE PAGE INPUT
30 Specifies the end of a multiple physical page input message.

ENDMPPI is valid only if data has been received and will not terminate
multiple page input (MPPI) in the absence of data entry.
position : MFSPositionType
35 POS attribute

Defines the first data position of this field in terms of line (Il1), column {cec),
and physical page (pp) of the display format. If pp is omitted, 1 is assumed.

40 For DEV TYPE=3270, 3270-An, or 3270P

Il,cce.pp
Specifies the line, column, and optionally, the physical page number for an
output field. 1l, ccee, and pp must be greater than or equal to 1.
45
For 3270 displays, POS=(1,1) must not be specified. Fields must not be
defined such that they wrap from the bottom to the top.
Restriction: On some models of 3270s, the display screen cannot be copied
when a field starting on line 1, column 2, has both alphabetic and protect
50 attributes.
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10 of a MSG or FMT definition.

Unsupported attributes:
. - All attributes are supported
Derived from MFSStatement

MTFSDeviceDivision
DIV statement

The DIV statement defines device formats within a DIF or DOF. The formats
20 are identified as input, output, or both input and output, and can consist of
multiple physical pages. Only one DIV statement per DEV is allowed.

Unsupported attributes:
- RCDCTL
25 - HDRCTL
- OPTIONS
- OFTAB
- DPN
-PRN
30 - RDPN
- RPRN
Derived from MFSStatement

Private Attributes:
35 type : MFSDescriptorType
TYPE attribute

Describes an input only format (INPUT), an output only format (OUTPUT),
or both (INOUT).

40
If DIV TYPE=OUTPUT or TYPE=INPUT is specified, certain DEV
statement keywords are applicable.
compression : MFSCompressionType
COMPR attribute ‘
45

K

Requests MFS to remove trailing blanks from short fields, fixed-length fields
or all fields presented by the application program.
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- All attributes are supported
10 Derived from MFSStatement

Private Attributes:
condition : MFSConditionType
condition attribute
15
Condition has the following format:
IF (DATA | LENGTH) (=,<,>, ,°,°
(literal | data-length) function

20 DATA
Specifies that the conditional operation is to be performed against the data
received from the device for the field.

LENGTH

25 Specifies that the conditional operation is testing the number of characters
entered for the field. The size limit for this field is the same as for DFLDs (see
"DFLD Statement" in topic 2.5.1.5.8).

=,<>, 7,°%°
30 Specify the conditional relationship that must be true to invoke the specified
control function.

literal'
Is a literal string to which input data is to be compared. The compare is done
35 before the input is translated to upper case. If 'literal' is specified, DATA must
be specified in the first operand. If the input data length is not equal to the
litera) string length, the compare is performed with the smaller length, unless
the conditional relationship is = and the data length is zero, in which case the
control function is
40 performed. If the input is in lowercase, the ALPHA statement should be used
and the literal coded in lowercase.

data-length
Specifies an integer value to which the number of characters of input data for

45 the field is compared.

NOFUNC
Specifies that conditional function testing is to be terminated.

50 NEXTPP--PAGE ADVANCE
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Specifies a request to dequeue the output message in progress (if any), and

10 either send the next output message or return an information message
indicating that no next message exists.

NEXTLP--NEXT LOGICAL PAGE
Specifies a request for the next logical page of the current message.

PAGEREQ--LOGICAL PAGE REQUEST

Specifies that the second through last characters of input data are to be
considered as a logical page request.

20 ENDMPPI--END MULTIPLE PAGE INPUT
Specifies the end of multiple physical page input (this input is the last for the
message being created).
action : String

25 MFSPassword
PASSWORD statement

The PASSWORD statement identifies one or more fields to be used as an IMS
password. When used, the PASSWORD statement and its associated MFLDs
30 must precede the first SEG statement in an '
input LPAGE or MSG definition. Up to 8 MFLD statements can be specified
after the PASSWORD statement but the total password length must not
exceed 8 characters. The fill character must be X'40'. For option 1 and 2
‘messages, the first 8 characters of data after editing are used for the IMS
35 password. For option 3 messages, the data content of the first field after
editing is used for the IMS password.

A password for 3270 input can also be defined in a DFLD statement. If both
password methods are used, the password specified in the MSG definition is
40 used.

Unsupported attributes:
- All attributes are supported
Derived from MFSStatement

45
MFSDeviceDescriptor
FMT statement
The FMT statement initiates and names a format definition that includes one
50 or more device formats differing only in the device type and features specified
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20 MFSFormatLibrary

This class is designed to dupllcate the effects of a FORMATLIB. In other
words, it acts as a central point around which MFS sources files are grouped.

This class was introduced to address the problem of MSG and LPAGE
25 statements referring to MSG statements in other source files. Rather to force
the user to parse every source file in a given formatlib at once, this class was
added to act as a container to MSG pointers. Please see MFSMessagePointer
documentation for more information.
Private Attributes:
30 name : String

MFSMessagePointer
This class is designed to act as a placeholder for MSG statements. Rather than
35 point to actual MSG statements from the NXT attribute (nextMessage
relationship), MSG and LPAGE statements will point to an instance of this
class.

A new instance of this class will be created when a MSG or LPAGE statement
40 points to a MSG statement that is not represented in this particular
FORMATLIB. A new instance will also be created when an MSG statement
is parsed, if that statement is not already represented here.
Private Atfributes:
name : String

45 TOTALS:

1 Logical Packages
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FIGURE 40 illustrates a simplified network configuration for a “rich” transaction where, for
example, an order is entered at a terminal, and is passed to and through a Web server to a
manufacturer’s application server. The manufacturer’s application server searches through
it’s own database server, as well as its vendors® dissimilar and incompatible database servers

15  and databases, transparently connected by the connectors described herein, querying for
statuses, prices, and delivery dates, of components, and placing orders for needed

components to satisfy the order.

Strictly for purposes of illustration and not limitation, a rich transaction is illustrated with the

20  purchase of an automobile, from configuring and ordering the new automobile through
financing the automobile, collecting the elements and components the new automobile,
assembling the automobile, and delivering it to the customer. In configuring the automobile,
consider the inclusion of, e.g., a traction control module, which may require the inclusion of
one sub-set of engines, while precluding the inclusion of another sub-set of engines, for

25 example, for technical or performance reasons. Similarly, the selection of one color may
preclude the selection of certain upholstery combinations, for example, for reasons of
inventory or availability. Of course, if you don't select an engine and a transmission, you
don't have an automobile. Certain choices must be made. The problem is one of "If you pick
X, you must also pick “Y" and “Z’, but if you pick Y, you can not get "A’ or "B’, and you

30  have already selected "A™." That is, selection of one component or sub-system may remove
some previously selected components or sub-systems from the system. After configuring the
car, frequently based on the availability of selected elements in the supply pipeline, the order
is sent to the manufacturer’s server for fulfiflment, including manufacturing scheduling. The

manufacturer would query the vendors in the supply chain, for example, a transmission



S'10%!1"& ()- "~ @10% & ()- "L10% & ()- ~9Z"10% & ()-

109 & () -4] [NA41010" 10" 10" *; 10% & ()- ° f&m 100 & ()- S 109%& 4)
S'109%" 0& ()-  S'10%&" & ()- =c|[: NA41010 s310%#& ()-& " 0310%& ()* &EB 2005

i 310% & ()-& d310% & ()-& " 10%t& ()- s' @L0%#He& ()- 7|[: NA4L010 ~ 109%& () -

$310%." & ()-%ou3Ad & ()-& s310% & ()-& ~310%A& ()-& PCT/US01/24280
n031096& ()- & 9@ ZONA4L1010 " F(10%*& ()- tF(10% & ()- " &F 109%#& ()-!!Z10% +
& () - & ! Z10%entog: Who- \8ovfid-1 D8 &ugry Cammim QrAEAT /S IRPTO AU AL Vendpongts: () -

S 8109#& ()- g g%‘ - 1098 '(%—f s &ofult- Y &S
10% o5: & () PRRCSRR eototde dpse RSl W S o57e ()
T &L0% e$: &'vendors. YK} | [ NA41010 91 g1l0% & () - ~ &f 10% e$: & ()- doYglo%>& () -
g9Yg10‘V<>M>&' ()- 9Ygl0%e3$& ()- VIYQgl0o%® 0& ()-&<|[:NA41010 LY(m 10%! & () -
LLY(m 10% A & ()- " [L'Y10%e$: & ()- 919glo%es$& ()- 91 glo% 2#: & () -
91 g10%H& ( )Usﬁ{‘gﬁb@({nn%]rﬁétﬂod‘ 8 lsystehi) Yheatbaldt aix)d—cuétbm&]s@ﬁﬁcb&n&gl(rg and dAef( m
109 & () - ILYm100 %8 h @_& O‘V&'d(c% rpd 0% J
@EFGR UA14h e‘tﬁ“ a%al‘Gb?&"Q‘ 901. The Gefsigydation an %%’e‘b&w yld %Lseétltﬁ%&' 0)-
18 %sé 10: e$: II%(él}lg’g’ﬁ:(?"éturer%se11191"/9|:951‘$ &hd thanubredir 8\l Oqueri€s the SDERIRI2(,)3931, ahd
O- 3441, (where server 3921 could be the server for the manufacturer’s in house components
business and for its purchasing function) or its direct vendors, who in turn query third sub-
10  vendors, 3923, 3933, and 3933. The queries could be in the form of “fill in the blank” SQL
queries, subject to access authorizations. The sub-vendor servers, 3923, 3933, and 3443
specialized views to the vendor’s servers 3921, 3931, 3441, as clients, which in turn would
present specialized views to the manufacturer’s server 3911 as a client. The data returned to
the manufacturer’s server 3911 could be optimized with optimization and production

15 scheduling applications, to present a serial number and delivery date to the buyer at the

dealer’s server.

A further application of the connectors of the present invention is in connection with
groupware, and especially linking “islands of groupware” together. “Groupware” is a broad

20 term applied to technology that is designed to facilitate the work of groups. Groupware
technology may be used to communicate, cooperate, coordinate, solve problems, compete, or
negotiate. A Groupware suite of applications is comprised of programs that help people
work together collectively, even if located remotely from each other. Groupware services
can include the sharing of calendars, collective writing, e-mail handling, shared database

25  access, electronic meetings, video conferencing, and other activities.

FIGURE 41 illustrates a group ware session spread across multiple group ware applications
running on multiple, disparate platforms, and connected by the connectors described herein,
Specifically illustrated are two groupware systems 4010 and 4020. Each system contains e-
30 mail enables applications, 4013 and 4023, such as e-mail, schedule/calendar, word processor,
spread sheet, graphics, and CTI (computer telephony integration). These are supported by
message APT’s 4015, 4025 and operating systems, 4017 and 4027, and local groupware
servers 4011 and 4021. Each of the local groupware servers, 4011 and 4021, has a connector

of the present invention, an e-mail server, an e-mail data base, a directory server, and a
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explored include content based sorting and processing of messages, content based routing of

messages, and structured communication (messages requiring certain information).

Workflow systems are another element of groupware. Work flow systems allow documents
to be routed through organizations through a relatively-fixed process. A simple example of a
workflow application is an expense report in an organization: an employee enters an expense
report and submits it, a copy is archived then routed to the employee's manager for approval,
15  the manager receives the document, electronically approves it and sends it on and the expense
is registered to the group's account and forwarded to the accounting department for payment.
Workflow systems may provide features such as'routing, development of forms, and support

for differing roles and privileges.

20  Hypertext is a system for linking text documents to each other, with the Web being an
obvious example. However, whenever multiple people author and link documents, the
system becomes group work, constantly evolving and responding to others' work. Another
common multi-user feature in hypertext (that is not found on the Web) is allowing any user
to create links from any page, so that others can be informed when there are relevant links

25  that the original author was unaware of.

Group calendaring is another aspect of groupware and facilitates scheduling, project
management, and coordination among many people, and may provide support for scheduling
equipment as well. Typical features detect when schedules conflict or find meeting times that

30 will work for everyone. Group calendars also help to locate people.

Collaborative writing systems may provide both realtime support and non-realtime support.
Word processors may provide asynchronous support by showing authorship and by allowing

users to track changes and make annotations to documents. Authors collaborating on a
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people to view and draw on a shared drawing surface even from different locations. This can

be used, for instance, during a phone call, where each person can jot down notes (e.g. a name,
10 phone number, or map) or to work collaboratively on a visual problem. Most shared
whiteboards are designed for informal conversation, but they may also serve structured
communications or more sophisticated drawing tasks, such as collaborative graphic design,
publishing, or engineering applications. Shared whiteboards can indicate where each person
is drawing or pointing by showing telepointers, which are color-coded or labeled to identify

15  each person.

A further aspect of groupware is video confcrencfng. Video conferencing systems allow two-
way or multi-way calling with live video, essentially a telephone system with an additional
visual component, with time stamping for coordination.

20
Decision support systems are another aspect of groupware and are designed to facilitate
groups in decision-making. They provide tools for brainstorming, critiquing ideas, putting
weights and probabilities on events and alternatives, and voting. Such systems enable
presumably more rational and evenhanded decisions. Primarily designed to facilitate

25  meetings, they encourage equal participation by, for instance, providing anonymity or

enforcing turn-taking.

Multi-player games have always been reasonably common in arcades, but are becoming
quite common on the Internet. Many of the earliest electronic arcade games were multi-user,

30  for example, Pong, Space Wars, and car racing games. Games are the prototypical example
of multi-user situations "non-cooperative", though even competitive games require players
to cooperate in  following the rules of the game. Games can be enhanced by other

communication media, such as chat or video systems.
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gateway to the groupware server.
FIGURE 42 illustrates a commercial transaction where real goods are shipped from a seller to

10 abuyer, and various forms of electronic payment and secured electronic payment are used by
the buyer to pay the seller, with banks and financial institutions connected through the
connectors described herein. Specifically, a merchant or manufacturer 4101 sells a product to
a customer 4103 that he has no “history” with. The product is shipped 4605. However, the
buyer 4103 does not wish to be parted from his money until the goods are received,

15  inspected, approved, and “accepted”, while the seller 4101 does not want to give up control
of the goods until he has been paid. This fundamental commercial conflict has led to various
paradigms, most involving hard copy “near moneys” or instruments of one form or another.
Today, the financial transactions are most frequently those involving electronic fund
transfers, and electronic versions of notes, instruments, negotiable instruments, documentary

20  drafts, payment orders, letters of credit, warehouse receipts, delivery orders, bills of lading,
including claims on goods, that is, documents of title that purport to transfer title or physical
custody of goods to the bearer or to a named person, and security interests in goods.
Typically, the customer 4103 executes an instrument in favor of the seller 4101, directing the
buyer’s bank 4121 to pay buyer’s money to the seller 4101 through seller’s bank 4125.

25  Normally, this is a simple electronic transaction between buyers and sellers who have dealt
with each other before, dealing through banks or financial intermediaries who have dealt with
each other before, and who are using the same or compatible software applications.
However, in the extraordinary case where these preconditions are not satisfied, the
connectors of the invention facilitate the electronic, bank-to-bank, side of the transaction.

3o
While the invention has been described and illustrated with respect to applications having a
single level of application program interfaces or converters, it is, of course, to be understood
that such application program interfaces or converters may be present at various levels in the

procesﬁng hierarchy, for example between Web Clients and Web servers, between web
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might be multiple parallel lines and/or multiple hierarchical levels of application servers, data

servers, and databases, as in systems for rich transactions.
While the invention has been described with respect to certain preferred embodiments and

exemplifications, it is not intended to limit the scope of the invention thereby, but solely by

the claims appended hereto.
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language running on the application server;
c) processing said application request on the application server;
d) transmitting a response to the application request from the application server to
the end user application, and converting the response to the application request from the
first target language running on the application server to the first language of the first end
user application; and
e) wherein the end user application and the application server have at least one
connector therebetween, and the steps of (i) converting the application request from the
first source language of the first end user application as a source language to the first
target language running on the application server as a target language, and (ii) converting
a response to the application request from the language running on the application server
as a second source language to the first language of the first end user application as a

second target language, each comprise the steps of:

1) invoking connector metamodels of respective source and target
languages;
2) populating the connector metamodels with metamodel data of each of

the respective source and target languages wherein the metamodel data
comprises invocation metamodel metadata, application domain interface

metamodel metadata, and type descriptor metamodel metadata; and

3) converting the source language to the target language.
2. The method of claim 1 wherein the end user application is a web browser.
3. The method of claim 2 wherein the end user application is connected to the

application server through a web server, and the web server comprises a connector.
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user data.

5. The method of claim 1 wherein the application domain interface metamodel

metadata comprises input parameter signatures, output parameter signatures, and return

types.

6. The method of claim 1 wherein the application domain interface metamodel

metadata further includes language metamodel metadata.

7. The method of claim 6 wherein the language metamodel metadata includes

mappings between source and target languages.

8. The method of claim 7 wherein one of the source or target languages is object
oriented, the other of the target or source languages is not object oriented, and the

language metamodel metadata maps encapsulated objects into code and data.

9. The method of claim 8 wherein the language metamodel metadata maps object

inheritances into references and pointers.

10. The method of claim 7 wherein the source language and the target language are
different object oriented languages, and the language metamodel metadata maps

encapsulated code and data between the languages.

11. The method of claim 1 wherein the type descriptor metamodel metadata defines
physical realizations, storage mapping, data types, data structures, and realization

constraints.

12. The method of claim 1 wherein the transaction is a rich transaction comprising a
plurality of individual transactions, and further comprising processing the plurality of

individual transactions on one end user application and a plurality of application servers.
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is chosen from the group consisting of C and C++.

15. A transaction processing system comprising a client, a server, and at least one
connector therebetween,
a) the client having an end user application, and being controlled and configured to

initiate an application request with the server in a first source language with a first
application program and to transmit the application request to the server;
b) the connector being configured and controlled to receive the application réquest
from the client, convert the application request from the first source language of the first
end user application running on the client to a first target language running on the server;
c) the server being configured and controlled to receive the converted application
request from the connector and processing the said application request in the first target
language with a second application program residing on the server, and to thereafter
transmit a response to the application request through the connector back to the first
application program on the client;
d) the connector being configured and controlled to receive a response to the
application request from the server, to convert a response to the application request from
the first target language running on the application server to the first source language of
the first application program running on the client; and
e) wherein connector between the client and the server is configured and controlled
to (i) convert the application request from the first source language of the client
application on the client as a source language to the first target language running on the
application server as a target language, and (ii) convert the response to the application
request from the first target language running on the application server as a source
language to the first source language of the client application running on the client as a
target language, each by a method comprising the steps of:

1) retrieving connector metamodels of respective source and target

languages from a metamodel metadata repository;

2) populating the connector metamodels with metamodel data from the

metamodel metadata repository for each of the respective source and target

languages, said metamodel data comprising invocation metamodel metadata,
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17. The system of claim 16 wherein the end user application is connected to the

application server through a web server, and the web server comprises a connector.

18. The system of claim 15 wherein the invocation metamodel metadata is chosen
from the group consisting of message control information, security data, transactional
semantics, trace and debug information, pre-condition and post-condition resources, and

user data.

19. The system of claim 15 wherein the application domain interface metamodel

metadata comprises input parameter signatures, output parameter signatures, and return

types.

20. The system of claim 15 wherein the application domain interface metamodel

metadata further includes language metamodel metadata.

21. The system of claim 15 wherein the language metamodel metadata includes

mappings between source and target languages.

22. The system of claim 21 wherein one of the source or target languages is object
oriented, the other of the target or source languages is not object oriented, and the

language metamodel metadata maps encapsulated objects into code and data.

23. The system of claim 22 wherein the language metamodel metadata maps object

inheritances into references and pointers.
24. The system of claim 22 wherein the source language and the target language are

different object oriented languages, and the language metamodel metadata maps

encapsulated code and data between the languages.
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&7() - TRE Sfatdd YRERKIh )15 whe¥6in one of the source or target languages is chosen

from the group consisting of C and C++.

28. A transaction processing system configured and controlled to interact with a
client application, and comprising a server, and at least one connector between the server
and the client application, where the client has an end user application, and is controlled
and configured to initiate an application request with the server in a first source language
with a first application program and to transmit the application request to the server,
wherein:

a) the connector being configured and controlled to receive an application request
from the client, convert the application request from the first source language of the first
end user application running on the client to a first target language running on the server;
b) the server being configured and controlled to receive the converted application
request from the connector and process the said application request in the first target
language with a second application program residing on the server, and to thereafter
transmit a response to the application request through the connector back to the first
application program on the client;

C) the connector being configured and controlled to receive the application request
from the server, to convert a response to the application request from the first target
language running on the application server to the first source language of the first
application program running on the client; and

d) wherein connector between the client and the server is configured and controlled
to (i) convert the application request from the first source language of the client
application on the client as a source language to the first target language running on the
application server as a target language, and (ii) convert the response to the application

request from the first target language running on the application server as a second source
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34. The system of claim 28 wherein the language metamodel metadata includes

mappings between source and target languages.
35. The system of claim 34 wherein one of the source or target languages is object

oriented, the other of the target or source languages is not object oriented, and the

language metamodel metadata maps encapsulated objects into code and data.

[R:ALIBQ]02418.doc:PIM



'109%" Z& ()-Z ° "109&Z"Z& ()-Z % |[:-410Z"Z * ?109%Z" Z& () -

f1:1092"Z& ()-" Cf3710%"Z& ()- " f3710%ZZ& ()- "y510%Z"Z& () - -7 FEB 79
"109%Z" Z& ()-,qbA410Z"Z * " @0%n' m& ()- "~ @ 10%n m& ()- " @O0%n m& () 03
& 10% & ()-  yl0% n& ()-10Z"Z10Z"ZM@4~A410Z2"Z T 10%r m& () -

T10%d g ()- CF10%d m& ()-  C 10%m & () - Cy!10%d n& ()- " SF10%m m&' () -
|-|[:A410Z"Z " 41 10%n m& ()-z *-!110% n& ()-4 *)!10%m n& ()-

U $110% & ()-y T !-10% m& ()- ! 10%r m& ()-gvU410 " !10% n& ()-

S&MLO%M m&36) - ThE HeekHpa df)cialﬁrﬁurmzﬁ)éf%iﬁﬂtﬁérﬁdurée?&ﬁgﬁﬁgaﬁnd the tafilef RDHBHaP8 ad -
gh"Q [:vU410 110%d m&' () - " 110% m& ()- > ° !10% & ()-,  f!10%m m& ()-
“f F10%0 m&’ @)fferentle%ﬁvtn&rleytcé&ka&gwpf AR otizeniaﬁﬁwmmﬁawdei MeBgtARMEPS °

* %1 109 8! 0 ( o4 “$110%n n& ()-)/: R|[: NA41010
* SS10%ME (%)‘Qaps %&6@{’%@& %{%%@g T10%m me: () y&lO%#" 48 ()-3
109 m8! () - RR| [: NA41010 " s$! 10% m&! ()~ " L!! 10% m&! ( | 10% m8: () -

) Lovat me (-~ LS POV AR PARSOORE ldepgediids A S

“9A.0% M8 (ntevitiht€s infd b@YICEERd Pointets1 0%G " G& () -~ 10%a " G& () -

" &@L0%3 " G& () - 310n miOnt niLOmt'm 210% n& ()-"[[:vU410 ° °,"

"109G MG ()< 1I0%E TGR ()< 11 10% "GR! () - T GLOYEr" Gy () -

10%5 " &

109" 78 (§)3§ oG @é%st%o@%famgﬁ%g%% G&/ﬁége@ngf%r@e'tﬁnodel metatd)ata defines
"10%r " & (phy\q1@alvte4hzatxons f gtop@e Z&apping, dﬂtﬁOO@ez&th)a struc;mw gl (ryalrzatlon
11002 Z& () 1 109" Z& ()- C1109Z"Z& ()-. ' A[[:vUAL0 8109 Z& ()-

“s*1 109" z&PYAHNS 100" Z& () - ‘f9$210fVZ"Z&' ()- “f1s10%"Z& ()-S
“f1109&" Z& () - AE "#|[:-410Z"Z ?109%"Z& ()-  © :!109%&"Z& () -

> 0 0" 78

IO (s | OPEEE Ll BRI IO 28 )i ashanior 7
~10% n&' () wA@% Bh@ ul%g@dl Eorﬁ{"ollgat rocésqé'rfbﬁ%ﬂléﬁ%tlf)ﬂs ' 10%71 & () -

F10%' m& ()- ! 10% n& ( 10%' - 1 10%ﬂ m& () - 6>X| ObU410

T &@O%Z" Z&' () - 10rT1rTﬂ.0rT1rTﬂ.OFT1m 710%nrr&() f,10%n m& ()- f, 10%m m& () -

“f, 10% m& 1)

L oo G 1) S0 i A dlor WS G MR £kl
" 91'109%Z" Z&' (om fhl:(g‘iﬂijnél)ang o0t C&+() - 1110%" Z2& () -

S0zt Z& ()--d|[:bU4L0 . 4'10°/<Z Z& ()- "010%"z& ()- "y/!10%"Zz& () -
TS, MLO%Z" Z& ()- T,)!'10%Z"Z& ()-z "T"'10%Z"Z& ()- !'||[:bu4l0 * °

41 109%" Z& (4. 010&@1‘0&&%’6.1)6‘5 s@ﬁﬂﬁ@rl@a(ﬂluraht}ﬂéﬂm ekt (abpl)/catlb’ﬂsgls@&izetﬂ&lde)
"5110%2" Z& () -, Normal " "Heading 13]c" ."Heading 23] c" "Headi ngt ‘é‘L

"Headi ng 43PePlicefignypag @@}szlsln%haﬁwgl Bisqré a Criish dajabase chienta .ar@né@}c
"Headi ng 93 I (@21 @ %Y

LRIY . fo"u. %é)l@g%&%v\?éﬁé saP & s?ﬁéﬁpﬂﬁrtﬁé}ng:&rﬁﬁs; aﬁ%ﬁﬂls@%e?uak'c& Yabade D,
(% +26| =EL RBeivexs ZAU8 1% phm@mte;teph@@mﬁeg@g,&a@ groupware system belng configured and

RIOV hwaReP BRI SATELEres PN Bl Ehd e nnliptions. 14 s

I H#UR () *+ systélﬁlcﬁﬁﬁﬁﬁﬁ@&lt Jleast one connector between a server and an end user application,

<= >’>@\BCDEFGHI JKL abcdef

ot ! "9, 49z2B¥hersip W 2P ﬁpwcafgfeﬁéapp%@?e i @Qm@%mﬂ%&wﬂm@&éﬁ%p
##' () ) 8"t * Kiip h QR kowred Tod 55%%2\&11‘91?@ fifSPappl cﬁﬁﬁpﬁoﬁﬁﬁﬁhﬂld@ﬂe server is configured and
OvO) QUSd SSSSST8TeTTTU % s’\ > U

btézgg) i . m{ gantralipdie pysicipage W@E@N‘-‘E’Gﬁ[lflﬁq gvma%mﬁ,tww&mpk) q? MV
"BSYR(*- 0 1ra%68 <_1@\<§€BE%? fyis co%%d ﬁofufd tobrgg%i] ¢ 1? Iigflj)lkcatm?] E)eq FSA{sﬁﬂﬂrgl;vV\w
xg E@{\lDIS—L}] EK;/&S@W&’[_FY dde a@\;g%alil\tln\ﬁ; cem‘fe’r‘etﬁib aﬁplli@tlbﬂ ret]]u@’& 'f{om thel A5 bHBB:c, language of

I{,]p q@t Fvl Wy?l}%;ﬁ anppl\xﬁtjcgr\tg ﬁfﬁtéygetslgngg}igglrunmng on the server;

the server being configured and controlled to receive the converted application

} n—

request from the connector and process the said application request in a language with a
second application program residing on the server, and to thereafter transmit the response

to the application request through the connector back to the end user application;
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second source language to the source language of the end user application as a second
target language, each by a method comprising the steps of:
1) retrieving connector metamodel metadata of respective source and
target languages from a metamodel metadata repository;
2) populating the connector metamodels with metamodel data of each of
the respective source and target languages from the metamodel metadata
repository and invoking the retrieved, populated connector metamodels, wherein

the metamodel data comprises invocation metamodel metadata, application

domain interface metamodel metadata, and type descriptor metamodel metadata;

and
3) converting the source language to the target language.
42. The groupware system of claim 41 wherein the invocation metamodel metadata

is chosen from the group consisting of message control information, security data,
transactional semantics, trace and debug information, pre-condition and post-condition

resources, and user data.
43. The groupware system of claim 41 wherein the application domain interface
metamodel metadata comprises input parameter signatures, output parameter signatures,

and return types.

44. The groupware system of claim 41 wherein the application domain interface

metamodel metadata further includes language metamodel metadata.

45. The groupware system of claim 44 wherein the language metamodel metadata

includes mappings between source and target languages.
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46. The groupware system of claim 45 wherein one of the source or target languages
is object oriented, the other of the target or source languages is not object oriented, and

the language metamodel metadata maps encapsulated objects into code and data.

47, The groupware system of claim 45 wherein the source language and the target
language are different object oriented languages, and the language metamodel metadata

maps encapsulated code and data between the languages.

48. The system of claim 45 wherein the language metamodel metadata maps object

inheritances into references and pointers.

49, The system of claim 41 wherein the type descriptor metamodel metadata defines
physical realizations, storage mapping, data types, data structures, and realization

constraints.

50. The system of claim 41 wherein one of the source or target languages is chosen

from the group consisting of C and C++.

51. A program product comprising a storage medium having invocation metamodel
metadata, application domain interface metamodel metadata, and language metamodel
metadata, computer instructions for building a metamodel metadata repository of source
and target language metamodel metadata further comprising computer instructions to
build a connector for carrying out the steps of:
1) retrieving connector metamodel metadata of respective source and
target languages from the metamodel metadata repository;
2) populating the connector metamodels with metamodel data of each of
the respective source and target languages from the metamodel metadata
repository and invoking the retrieved, populated connector metamodels, and
wherein the metamodel data in the repository comprises invocation metamodel
metadata, application domain interface metamodel metadata, and type descriptor
metamodel metadata and

3) converting the source language to the target language.
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52. The program product of claim 51 further comprising computer instructions for

building connector stubs from said metamodel metadata.

53. The program product of claim 51 wherein the invocation metamodel metadata is
chosen from the group consisting of message control information, security data,
transactional semantics, trace and debug information, pre-condition and post-condition

resources, and user data.

54. The program product of claim 51 wherein the application domain interface
metamodel metadata comprises input parameter signatures, output parameter signatures,

and return types.

55. The program product of claim 51 wherein the application domain interface

metamodel metadata further includes language metamodel metadata.

56. The program product of claim 55 wherein the language metamodel metadata

includes mappings between source and target languages.

57. The program product of claim 56 wherein one of the source or target languages
is object oriented, the other of the target or source languages is not object oriented, and

the language metamodel metadata maps encapsulated objects into code and data.

58. The program product of claim 56 wherein the source language and the target
language are different object oriented languages, and the language metamodel metadata

maps encapsulated code and data between the languages.

59. The program product of claim 58 wherein the language metamodel metadata

maps object inheritances into references and pointers.
60. The program product of claim 51 wherein the type descriptor metamodel
metadata defines physical realizations, storage mapping, data types, data structures, and

realization constraints.

61. The program product of claim 51 wherein one of the source and target languages

is chosen from the group consisting of C and C++.
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