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QAR clerdtOacdadsdio!l Ble 3 BBEbRy HonfBlted gqulfcgfi £ sORB | Qe
be ? to

browser display. The data node$ can ransferre
toneasisBlly-soundctadt applidatibor serier di28plkay . beOneadaptad digresbitain
of the present invention is a nobile client 111




conprising data nodes, which can be stored in cache
113. The data nodes can be in the XML format. The

Waatlyihbi@es at the nobile client can have an apsBekabes1732>
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15 synchroni zation state. The synchroni zation state
can indi cate whether the data node has been
synchroni zed with a server 12 The data nodes can be
synchroni zed in the background as access to the server
is made available and a display at the nobile client
11 hpplfcatiogl datasth Gl
111p1{)/v| t hout r eq(g?ra%l%gte%%l? ?eégﬁ?ﬂgég@sds{oh%egﬁgﬁt el“he chasmnauy'
1 2 eomlzeteqir@pélyﬁmr Ve aan de siapted So cteanslanc Hatd Ercﬂﬂ the external

? g&gﬁ &q§t t dag g sf was. | ocal |y created or

Ped™ AP A0P SRCTRATYSHE CHbbye SRsHISe RS A welutaryice or

Cr s@heother s ified and ready for synchronization with
server; and an indication that that the data node has
a ser veltheypphilegiertai 1 opar Q‘alpﬁéwrdilhﬁ giatzanodaschndahb @@acasionally-

t h
o108 81 G0F Y55 AUIEITORIZES Wi bh Lhey secvery
r equbpuﬁduﬁy inthdfackaemer 12@fanl dd)@lbt?@t |}P1’Mﬂlﬁge§ ﬂ@:ﬁ%é’\@afta Bodes

congklct bet ween a | ocal npodification and a serve
 cachreldd anddhe oreasionalreensaicd adatromodelat2dsfor ahezﬁe 130.

ﬁé‘%?‘?ﬂ‘é%%?ﬂ%i el BallBiiat vab it bl sRpsio i dieess to the
arastnten d200Tbagidaptvd W@@mqaechadqir@vﬂechehlef:ﬁaﬁiﬁh{ % running

epyer p%o to produce a display at the 30 nobil
cICi 18} ap ﬁ%“‘??&tﬂni eé?f"%@nahlmg@a?@ﬁ lﬁpr@ﬂuawbbmtem gonrdinary

Usel biReHaEMAIRSs 3Rd t he occasi onal I'y- connect ed
data nodel 115 wi t hodt Being in current contact WO

2005/ 1 IhegeotHETH g8 VOS¢ TR 28 applistition 1Birgahy E5ta nbB& and the

- DR R G e 119 Biou e m reopimer with the

b m&@fo@ﬁﬂjﬂ@oﬂ@te@%ﬁbﬂﬁﬁtseﬁfa tlﬁ@ A SRR ndday ?12 %O&chg' 113

an ccasjonal l y-connected application server
Pregsigabiyrcprneated slaty mpdciolrir.semmb ustlebymodghe didnt 152 at

dﬁ%ilbgg?‘gmﬂ&gellbylﬁﬁﬁo@ﬂ ﬁ% 'l acjnh a'l b[g’i’ eglﬁ%ﬁldl%s In one
f embodimehit) aemplansicon bk hlyecmrm@@ﬁc%%éllaab; N6y fowser

il(:) can pass synchroni zation states for fhe data no
bat% and forth with the nobile client 111 to

synchr z h od " s5an be

sznchr gﬁ? zg%ttal Elotg %’I a%ﬂc k(gcrc%su&%llg% g{g%cggcg a¢ odeh amy be

i synabrguizad dictvadsinaha nccasiohfll gt ciineatsd alppnmoﬁqbweﬁmo and the
% ],[i@ e u5| g data nodes at the nobil

anlogﬂef i t Zaten ed hendongciscths hagkgrhend as a

St 2 n eg Lhvention is

a rreﬁ%% ?’ 8?@3%33/ ngﬁ%%bgllgn%hégﬁ HNﬂb ﬁ%g apeplocgag{qngﬁy 8ﬂm}f°ted

rapbiiraiogeeivee 120 avaddtiiad conprises displaying a first

user iRterf on the nobile device, the first user
i nt er fate eﬂ’g’fﬁ%‘?ﬁ‘tf" Jhe Frossut, WERtaTe iss i ﬂé@ﬂsmﬁaﬂﬁeonnected
lit:Biod C3r68; 1 a_user on
:?g nobi |'e dewcﬁg@ﬂﬂﬁ at i n&hlgﬁggjﬁgﬁ%r#fztg{gl Uk as 2syne
p?aeﬁlﬁe%‘?r}'nphromze dmabtnddes cesh eedata dmd@d Aydatlge B8 eGNS client
r [ he | e devi t he second user
138 ot Bh SbbRGTOD Jainf, B e Srctiiem Bﬁfﬂ%ﬁ@e daparodsk and a
tcbﬁdlﬁoimah eelm @(ﬁtrﬁﬁﬂi
T ot o B S AR ciPmal JS1ckHh s ata
tnﬁ e%iﬁ&eﬁi RY Iﬁllﬁ’d@qagslmmiymoan@tedrdataenmddpﬂzﬂt es sel ected
based on the synchroni zation paraneter. One enbodi nent
of the present invention is a nobile unit 111
conprising a local cache 113 of data nodes in the XM
format, and an occasional ly- connected data nodel 115
defi ning node types and the rel ati ons between nodes,
wherein the nobile unit 111 uses the data nodes and
t he occasi onal | y- connect ed




25 data nodel to produce an application which is
di spl ayed at the nobile unit. A tenplate 135 can be

wo'sasl1f49 producing a interface for the data nﬂgﬁﬁsﬂbsmnsn
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the nmobile unit. One enbodi nent of the present
invention is a nobile unit 110 conprising a |loca
cache 128 of data nodes in the XM. format; an
occasi onal | y-connected 30 dat®a nodel 115 defi ni ng
node types and the rel ati ons between nodes; and

actions . that, all ow t nmodi ficatian aof th ata .,
nodes. (e %ﬁfzﬁ&og@?w% 5?‘@?%812 38 ﬂﬂ%’fg comprising, at an
enmgecisioBally-Sdnnkbed REEB&Hbn sBMBN 2 RtdrR g MRiakiBndR-donnected

110 conprisin a nenory storing an
oct¥s madell y2C dafednge diodas sandotddtions Shetwdem nades] and, at the

cache.. 1 of dat des. as defined t he

ot 0o PrubTiE PR iaf 3efifn LY Eaching dEta nodes 2n dafiued by
| NiHeUGLAGioRRIFRSMdCRNS R MYRENI NI ZathONoRh@bRIty-Qnnected
In one enbodinent, at |east one of the data nodes

i neligetiong sereers 126G ven coebo dataryodesyas Miigated by metadata in the
sy oNhzat | : used to synchroni ze the
n6§%£5§§¥§g%#gﬁﬁ§%a%§@%%E%gg?Iy-connected appl i cation

ser ver . Oild embodiassne ] thy -préein éstatordad an MReRlionkl9-dafected
include at | east one XML schema for the data node. One
erfFBUFFHOR; SSBYCT 10 GANUNISRE 7 MASHYY &7 sfoge gn occasionally-connected
0 hRnad d l 4 ' r 0 for )
oy aRaP L7 SREBRRLR IR 8 AAE IR o3 Telile b Bel Blonaity
t ranséaied domat weedel d27.er Mht. duys n6ds indudiig a6 éﬂﬂbny key and a
servi.ces. 140, and.gn occasionally-connected data

at
noRBFIIeRFation staen L hesimany Moy idagidies thesdats madat dhe data node
n %.1 3 1 i | - - -
AR SR e ot o 830888 AR, e SANARS M 5hAe cn
Sawed rieliyhehrotizerths datd nade witlansfebiledliche dEteaotmd@gally-

oSBT SRS P PR Bt R e dg notmer
cl i ent Driees@bYENIMof IRE fesbhtOMyEdi®n is an occasion\akgslr-g%nnected

occasi onal I y-connected application server 120
ampplietien seered 28y Threoemsipniliecanvested npplidation sereyd20 can

1 I Ng..t ta_nodes and .occasional ly-connected
dReL, Aoty 3h? SBREER BGeBE ) o RaRuia i anghdr 127, he
| ptessfonaly-seinetedl@Aa etdileh QY can défind hedhstde@N@lations between
browser. Mbi]le clients Ill can have a special browser

1§9dqsh #qd g seuduiignanaggio Hiktodrapsletedetween data from external systems
e e S g S L AR T

met hod Thenpndwt ngmagera 24s@inviee cbauitsStI WAhORifRe NRRESms
aE defiggd Q%%an ﬁccasionaljy-connected dat a nodel
159twgrm defadnddes defashby gecasionaliy-eenngated datsgeiodaloi2? andddata
t [ I . d odes _and

¢ RIS Rak] B 2 PonaSTor R st Eh S MLk 1807 BiS, AR e U e
ctomaned anmpiagktace a di spl ay; and transferring to

other glients 130 HTM. pages constructed at the )
server Snfrregyﬁsf Hansiarm, capy Hieiids 38 %Query function that creates outgoing

0 [ |, y indTRALE. ' f
D Aot SngBL A indTA S X O RRESLTHAL pftcsses
3incoatng 1espieise eodnordatss niytanosties yipisedles thei dricagonaNg-connected
%u%égrﬁlggo]f nodes. The nodes WO 2005/114489

# 017822 12 can be logical |y i ndependent
uni ts ohe dalRdiRE dreiE gﬂéeé%ﬁf’ e 3 ad %Eaﬂ&fa‘flglc%&ected
the rel ations between nodes. The nodes can I nclude a
r gpplicaitgieserverviagi fab mebilaclipats it 1 tcomphising @otondai enanafer 124
nobi | e browser 110 can use data nodes and the

occasi onal | y-connected data




5 nodel 115 to produce a display at a nobile unit 111.
The occasional | y-connected data nodel 115 can i ncl ude

W@ 2pEsdid+gp aph. The node graph can indicate whi pbrgdafodorrsr:
nodes to cache. The nodetypes can include a XM
definition, such as an XML schema, that is a conplex
type definition. The keyref deglaration can define a
key and key 10 ref. The key can be a primary key. The
keyref can be a foreign key definition referencing a
pr iwiECl ekekgs edtamak egb ebrvitef 1i40i dpeﬁ&ﬁwﬁﬁﬂ“ﬂé&fohﬂiﬁt hR@ader 124 can
traversal.s, P§¥ en nodes in a data g

entSe FRARitS € PRttty can Aglang ilfmsfq@s gﬁtween data defined by an
e Rl Rl s SRR o s weo

nodet ypes wh ron o
st sersragrlgf. and neta. 15 data, such as a keyref

definiti describes the,rel ati ons between
3 nodes. ?ﬁ”& € %é‘ge_ a‘i’iI ‘i’i\% IrEGRE VEDiOm e edias: camprising at an
of oﬂ@d‘sﬁ)ﬂﬂl@l@olﬁ@@@'a?Bﬁ%ﬁ%ﬁ dePRr RNBS Githe IBYARE! £ S g%g,form

met hod for” inplementing a proxy, conprising nappin
we by idate negrsrinan @ncatsmndhyaomdnmdrdam 1podx rlai?rﬁhzﬂ] gaquests and

d
robepondt T RanBcBESSTIE e i SRS oM date pt ot te

dabesasiangly-sdrnkbd i %]ﬁ’ca'tlﬂﬂ %'éﬁ/ei' q28, ﬁﬁﬁ% eRPand 'ﬂbﬂeé’"?tp provide
servi ce operation. nbodi nent  of present

10§ ndeade anmlgleaplwabiilefqm mohliquvspr fisplay. Tiw faie abdes can be
c data n t he data nodes
bzﬁﬁgfﬁ%ttﬁﬁhwl éH@hPF” %ﬁﬁb (gﬂ’j?%nal | y- connect ed

data noGet dibodiebhiniofgtheopfesbitp @sveatich tihea Zﬁobﬂe client 111

rel ati ons %ﬁtv\een nodes; and a tenplate 135 fo
. proBUISRg Gate nedssr Whick op e stased ﬂ’a@aﬁhﬁblﬁasTher ﬂ@ta nodes can be

t eiﬁﬂil@t}@vlﬂ:%nﬁaﬁn e Bl EM 8 oﬂfkf? chell-ﬁ %?Ité %gg%a% associated

- can use Spath™ expressions.
15 atﬁyeslsroalzemrr etate. pTBBe tsylmhmmzdthﬁ H4EE 251 Qllitﬁi;dte{ whther the data

con ed,dat a n&g 5... A current variable can
08 bR Sy é’i’liii Gn Sever WloodEie1 datagnodes can be

) P@%&ﬁgﬂi@&i L iR AacikoRAE of ﬁ@&g% 5 ife sé ? dﬁicrlgla A E1abP and 2

““does not nodify the occasionally-connec
nod#iay atthemebderblicit hé htis matle usingheatats hadescanhd ﬂmxe client
modi fy .data n The actions

2gltnlla W&%ggﬁ&ﬁﬁg%taatcﬁ?ﬁ fhetsﬁ’é/eﬁl g?% nodes 5

20 wi t houtTte Sackeskhish statek Ren SRIVES ad 2icaliBRs Hﬁ?@ikeahzﬁa node
135 can be usable for multiple applications,

amiﬂsi logaliyo prepigd; qarngthﬁgdom m@xwmnoﬂat the data nnmlbeidas locally

e,act d&l‘)&gxh%(ﬁﬁgd gﬂ%?eaﬁ? ‘1‘& i}@lc lgli‘ tvx_aeltii/l_e?é%reg,?@ld an lndlcatmn
i Itfhaii shat atd dms node Eas%ﬁ%r%@h@iﬁbiu@ﬁhdﬁeﬁs hesiins; z&ni%dllcgﬂgm% that

Téiiﬂl nment. of the present | nvention. In the exanple o
FiRfu 3| nqdeawas pncrquizad withothei seeved eed, sanc hridéeation that that

. .on T
25 SR 4ok AgH0E o d b, INBLEL B0 e o
_ symV'eﬁnTheImI:Ial embdifieatioronar@l &' dRbdr 0p@8e X' THRE GAD other
" incl de dat a c nstructed or nodified at the client

1&5615 AR Stages sapbeussd te ugdate dptapodes at Hisradich] Ho
activege tyee 2 and 1 the
server Tgllg%s&iréhgﬁg{&eel\ifi? gaentr Isili%oﬁ[J oggﬁaﬁ;t]tg i‘_‘fitien 5 Bfgythe
- cmﬁa@eﬂ@lbeabmyctam datapmider frvinathe 8érvéi20ab pﬁfdﬁcé\’a Hl'bﬁ}h‘y at the
30 %1 gl@ﬁ T@% ron ation The changes to "
AR IEEn i ncénﬁ%%gépli%ﬂwegﬁagdmd@meodes
1&%tﬂe%s@%u§ﬁﬂ&~connected data model 115 without being in current contact




when a connection is avail abl e. The server 1108 has a
server version of "data node B" | | 10 which has not

sent to the client 1102. The server ' <
0%@g$§§%%de B" I I 10 can be constructed fron1gaﬁg&b9ﬁﬂn2
obtained fromthe "web serV|ce B" 1116. The conduit
manager can use "conduit }&4 to translate response
dat a fron1the "web serV|ce B*-1116 into the server
version of "data node B" I I 10. The "data node B"

20 LR dcfolBARA0s: ho JIESRANE LANRUE L LA CE 920 and

sen Ion 1S aval

's htms Ihhlﬁiléid:lieual i Déhn\Mbﬁibna icfebackdroind.s made
avai l able. The client version of "data node A" 1104

can be §ugtembpdimenisel ther presapd IngwEHoRHS a8 pesagionally-connected
gg%ﬁ@%ﬁu% se]?u%E 3126090%&15#%% &%&l&ﬁq Oéé)%ﬁe&éfc{‘ %a%t 1%%831 115

I Ng sync server can cacC
5 sedsfiting o8¢ oypedfand dl@et eelativgle btwekh ibdest hmd adatidiibdes. 3 he data

er 1112 can_use "conduit A" 1.115 to construyct
m&tcag an the X3 fqrgrat.\\hhe Q@ag@ggllly_]_—fqm@gted application server

PCTidJ%Pgaé/ %}]1?1%%%12‘]1&01? Statek G6r ﬁuga aéglggéré“ﬁa&' r@”foré]&?ﬁh the

can stor ent version o
obnmbﬂeoblfenbrmmh&) spnoheonidel GB: datee node offhdada modes can be

that are.s 0 ed in the background wth server
Calt 08 1 PR unr Ao e 1o i ST Y 15 padky *GAIEDIE and a
10 S e&l‘éﬁﬁy Lothe %@ﬁ@n@ﬁ@i 1 1% $nade u!Y'ng t(‘1:31&1*}1%10Jlé%‘%@ lthe‘(rﬁélﬁlecﬁﬁent 111

data nodes. and be updated as conductivity is
maetghoutweaquicbg eurrdit ecdesd lOGhm S@V@éﬁﬁrl ption gives one

| t | at f
i s cussPBh ePRP T SELE s ar Bt e - oy fssyntironiziog o
'Sklhlbbﬂéjalbﬂhcaﬁm oﬂratmw)ﬂel dévivde r’ﬂie@ﬁ@thbﬂ%b HB&Y displ Oymg a first

i npl enmentati ons of the above-descri bed conce ts 10 can
' be‘lSGb Apteriags Opotl@nm0b1l¢ ydevicai thendirstavsse ag@lfgca/ dﬁnb@i fwm a
15 }nﬁlak?.g tsfopéde SR YE &%b{l@ {;13151& £ x‘}lgét ﬁ}:st tmgj%tt %{% userT on the

on“and 1S no

t hﬁo‘@iﬁﬁ Q]Keﬁicec Q[jdﬁmgsa Seheihatbirgiatareéict e the agebile device;
invention is a systemfor providing an occasionally

c JHFdexag aéé%‘é’sisusﬁ%% s A7 theompbils fengce Ty srerd user mterface
o Bl 1880 KRy GPRE MR s  lct ped on

| rthe mﬁa‘aﬂpmfg) and watdeving etaufsen anndppliation waverbibe diatal melddmg

from a te 1 &8 catl n server 120 t he
20 5 speioE 9 e relaoe s wifie Omﬁﬁ%ﬂn RpaIgGter.
persi stgpd elﬁ%(ﬁm%hﬁéfth@ phsERGRY oﬁqgaﬁﬁtﬁﬂ%%ﬁ 111 comprising
information wth owser. I n one enbodi nent,
"t e I@et asclonalB yofc datnemidesl inpihki XML dorrsay ved ahzeccasmnally-

SoppsetsCian TaeRRaR dofniBaonc ugise 3 ERCins Botween nodes,

OopipdiAtRé obaievmact 9P ﬁ{el &4 hodesSHIIBE oé@agmﬁam BbiRcted
a persistent data store to store application neta

25 daiate madel taprieitiee amaipdicaidd which opdisplaye 4 Ithemobile unit.
erver A¥STIER B8 8 SBLS DG PG PG FOIFE i By nods at

Vitihe MmoBRd higgt i on of Wb based synchroni zati on

services, which can extend the SyncM. standard. This
enabl et ¢mbgdivent ofifbe pmseut limesntien isa mobile unid 10 kemprising

ta h bi | it Th
JoER AT 128 oR Nt HE MO orBRR0 8t oicaShaicectea
30 kq@ﬁ ﬂlb@ﬂ fiak|defidfhgsioat wfs ahJi‘ heChelRidhs bbb a8dest AR actions

Cccasj onal l.y-connect ed application server 120 can
that allow the modification of the data nodes.




intelligently cache data based on neta data in the
occasi onal | y-connect ed data WO 2005/ 114489

WoamsIsRei / 017822 15 nodel 127. Additional |y, p¢h@sz005017822
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CQccasi onal | y-connected application server 120 can

i ncorporates a dynam c content adaptati on nechani sm

known as the Adaptive U Seryer 126, that is capable

of delivering nobile application functionality to thin
clients (e.g., HTM. Wb site, WAP, SM5). 5 in one

embodi moAE erdbbBEnRGE 35 tiRFEde i i isi
be a neta data descri ptrt?on}i%%g?ﬁgﬁr%g%irﬁ@& He'eto &o%[fbnsmg
app ISRy GO gafit Pesasonelly-asgeted fdatixmedelal 1 dand a lasw cache

be b 1 o,.enable.the effi.cient traversal and

oy hEhot e aboa AR bl i GoagGialiianrbital fohaingt 15. The
codaizndded intdwling primad, Qhd AncBIPANBn sthits.

occasi onal | y-connected data nodel can be a rel ational

nmodel tHaqne Ypbeiment, 9k deagloaiss obtheddata nfodles dmtlides es)east one
as&eg M _ ryi.ces, .and ,traversals (or

rel at i%ﬁgge%me?a% ggﬁﬁgﬁn&a@o rSY"{etx 3%})%,“3%4 g?eﬂmﬁ ¢ the mode
sedald catlt lat ocprouiipsomeeRds aficaidH SRR  The occasionally-
Rel ati on iép I\/s a1 ment (CRM application, the data
wocgglec%d;‘ijﬁt e & ﬁgd@g % e¢ katng XNdbrschems fordhidata node.
o NCTABs 61 BB AR S PRl ot
Acppligatipn t seredr| 12(e|fat eubbilodelientse cgmprifiapt @Cdodai dnanager to

P e ders)., The occasional |l y-connected data
m%%é%]g%all? eeegure#ﬁg@g fﬁgq‘% Hoheiagpdied servicesi A4Qaland an
XMccAReunRobntcicl @t BRiGEest7. VArd jeh

points to the root node i n7t hg dég?éa?%%gé]?% \é@ilﬂigoa?tfn@ndata
t §ofles) agdefngtbleiethe egersimalipfcomedtedidati moddl e 7yt adaptive user

, o k _decl aratjons. Thi bl
et AR UBRRE 16 SR Rhig ol 1L Heimetiredsibagimodes and
néteatdcarionsiecbonfedtédVASE thétel td proiYbe a Qﬁ%lagnger"ﬂge Lot Sient

d?mrregt gs SPath. In addition, the nobrl wser can
af Way8d ¢hsre clignts spgeive HIME wpagen tirqpo she i anasiondilyreonieted

d cHRGe i.Gul ar _custoner,. or set
o?ﬁ pglrc der s%e.r& éfﬁg 0?@%%?%% eC%gﬁgfcgegfblyp e@gﬁp%gfg&gggmﬁqfage server
c L6 enmg thp dsfatriodes i @egdiomiligtdagniedimNidteaiodyar i abl e

t he nobile browser 110

$current.. 2 n one _enbodi nment,

i's, or Cliérs 38@&?}?\*&5 b@%@ﬁéﬂl‘t‘m’e WEr iteadasenonies di24tdanthave a

enaiiial 8fAReE. ONRINIY HeRBe ! ot he

devices to run appl iccglgk?o%%?%g%%ﬁg%gﬁggrwgf ﬁé‘? that uses

t ¢asynarkep pattheochwiantifectnaardaof hbidleo profinee B aRYRer

can i ntﬁog %%%a{l.es h% IEame HTML renderer as current Wb

br owsers. 3 méﬂ‘ié’ 40, PESeREeR9B IS t & Misthade compisiagy et 2

fdeomar B Reting Matath SRS A GFRIEG LY idndfi &b et

s](ygrchr oni zation capabilities, Wgﬁgcgﬁldg%lgﬁé{é%%{éddatamOdel

sl Aon o e e
. e nobile

SRS 11 Y B VoL G Shemanalie popnesiod sigomodel 5o tha the

tofieg @hqfoductelBisla ;Sama&a&%erﬁh%% A qma?ded

bi ndi ngs to cache% gata usi ng Patoﬁﬁgsgﬁlggsl?gns. pPaEes

&ABs dit Hherserver diapt theedatisades and therocessisialle-connected data

pdenci es, so they can be rendered regardl ess of

the status of the browser's 5 network connection

(i . e. Omendrisii®entobf iengesent 8ARNALESs GANO@ & |

i.nt er&fq?e events, whi chﬁ)cean be capt ur egn%ysg&&aqu coriiied

Sgatpedel cpmpriFag wdeped descibing dbe bimantireoof maibs, pTHe nodes

which are able to nodify the data in the client cache

and determ ne page flow. The client synchronization

unit can automatically synchronize data accesses and

changes with the Cccasionally-




10" connected application server 120. Applications can
be provisioned to the nobile browser 1 10 by pointing

wd Ros/fadulsl, which references an XM appl i cat i girPae&hadifi7s22

5

i mpl ementing the client wuser interface and

occasi onal | y-connected data nodel for the application.

The application can then be nchroni zed to the sync
client 112. Furthernore, once an 15 application has

been depl oyed, application updates can be autonmatic

antan $835}i85y inkdBpRABnISIRRAL B  anliN@yAG ML LMB ok that describe
Server 124 can be a proxy that runs he client

apihe eitioon b¢twemphedess, page flow, actions, etc.) for

each acti,ve yser. .lt, .can geneyate HI ages . (or. SNVS
o) - VG indaipay § TR oo AL a0 SREP 46 Hhaieot node.
HTM. nfvdile Dré@ser CIq 0t dilaNiss U2 Bb&shatiaetht | JAKssiddaBY-connected data
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. apphia@addepfscacBfl conmuni cate with the server via

synchronj zati on. 25 The synchroni zati on process can

trigger 1E®AQHstYPsctncaclyde @ XMIe Helitionrsughas ane¥Mt schema,
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Wb service requests and howtg interpret their

r SITHLERE |2 PERETY bRt ext b keyre definign r9g efetingolegq)y traversals
ex&%&n&i@m§ﬁ&gg§%’m ient application nodifies the
rating code for a “particular Account node (record) ,
t h@te embedictvetiofithe presert!ineamtipn ishen syadbuadiyicoahéaed §¥h model

2005/ 114489 / US20Q5/ 017 1 chanj sm can
SRR FOIREET & O 18 i M G5t Gl 1ot RGuuiey apd meta
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Cotndge ean bhleaicelheinslgpastdeniinitstof datanechani sm can

generatg cC s . to.fetch and add .the corresponding .
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V @fro 0y SolphisH ivippen e PR EB 9 opefatibh RAdAL withR] @ﬁ%gfamming
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waBoddesysle s a1y Qogenendla-qonnenterhtdatm mgdeh resgivergnal request

S B FRRAL AR M BB, EEp Mg et

apphicadgepationer ver 120 to call these operations 10 to
update the npbj.le data cache 128. Operations can act
as get t¥resembrfliment ofrthe pesentdnyrmtion dup mobia pait iy peomgrising
cal t Y. [

WAl SR e 210 229 ghtgicn, SR iR ERE BefLERP I e o
c domufitnat eceasitmhlipoomaticdndats emidel 155 idefiing hﬁ)déﬂﬁ%ssand the
data.cache, and condujt operations. Conduits can be

¢ R PSR Hedis 1ot acelplans 43y Borusing aninicriace for the
t hee0dde types of requested actions related to the

data nodel: ™ Navigating to related data; e.g. getting
Cdie denplates sifcéamt edannKHTMD terApiatnThe €RPRLIOPES 3hn ARSSpath
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d&t ;eSSI?I%r exanpl e, creating a Contact related to an
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requesting that the Contact be dele _
openteciedriefa mbdelH 16r & capenovesiableatanriedicht thet @alkenpp@titon. In
in the
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enterprise related to sone data, but are opaque to the
data nodel; for exanple, requesting that a task be

WQpWs@at+8The Conduit neta data can map the OCAEBE®0s/017822
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nodel and 25 synchronization commands to and from

SOAP nessages associated with the correspondi ng Wb
service operations. Conduit npja data can be defined
using XM. Query or XScript. A principal disadvantage

of the current Wb browser architecture with respect

t oombmbodidheh§ thd Eengpiate B3NS Hob QS HNBE occasionally-connected
request - response nessaging 30 protocol (i.e., I—ITlI"P).

| ndatmBrodelas, nessagi ng may be asynchronous. That is,

moat 1 y1 TooarRp el e ‘e, PIRERL ) off Rl pagons can

t ombdi€y dataasdes.C OrtRestions tin alewsthd ahsdNtARN SMthe data nodes
requests may r.un asynchronously with respect to the
br B 2 oppiiestion to g sgyen B20PCT/ US2005/ 017822 FIG 2
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c &mblodineerd 10d kel praseht linvantion s dntth¢ exdrhple @EASgure 114, the client
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cl i entFighid, 118 ARWIER stptichREN R lcont2tisy & SRSARilall. The
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] « k] ssages). The server, .. ”

DPHbE B b Sooe P IO BRIBTF Bl oy TuB SIS piting syme. The

chefvieni 11108 taB 243hd @rseBas VersidtP bF Cahth Gibde aArd 181 S etTHRf conduit

condui t_definitions 324 that descri be Wb service 30

gL b canpise deprduitgdell 18 dp sprstmcoicquest data of seiVko “web

Schema definitions that_




descri be data types and relations. Conduit definitions
contain XScript and XM. WO 2005/ 114489 19

w&ﬁ]}g,}ﬁg@%/ 017822 Query (XQuery) functions thgtr1®es/017822
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i ncom ng and out goi ng SOAP nessages onto the data

nodel . The client progranmm ng nodel can conprise of

the data nodel 311 (which isuP copy of the node

defined on the server), a set of XHTM. tenpl ates 312,

and 5 a controller definition 313, which includes an

XPE sl AL ri i y »

F EhERe 1P TS ik 20, PRty b AL BE e node B 1105
becbigiesd frobetic barver 5i03gl e XML file, which is used by

the framework automatjcally to provision ggglication
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£ e il ppersin e et e Py S Gin R LRt N ST g Foneepts
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edbb contbretrof tith epertfic apn-dodiiagingflempntapen pachis 't mecaghtaplimit
nq%el}%¥%ich i§ done by the application designer) can

t aRBEFIY QEEBnt the antici pated usage of the data,

SO as (kb bMbedident H€ thobheselatidvanvasis dyyddie o Eﬁﬁﬂiding an
applications and data synchroni zati on , between the
seqopesionalyl evssicdnagorys dvichadted cauprisag. a pbevspoddp). The

e L R L

usgbvidetaended Gaterfabd) tore useenheivg@ninterfdre can be derived from a
occasj onal | y-connect ed data _nodel only describes t

e
ddeuplatenkdSp BicasRicafian faeeer |48+ tha pPiYEEPA S8 RR 2%&&&“@ to
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e ol (B feaHEbHET 16 QR R treh SHaar Oh g 120
Vi I J : ' e it & BEAS >
{ D R Pk Ul 22 LBl Rrk RSkl & B Systems
wi WhbIm gic sewvers asQorsalonglly-ommscied dapplivationp deriver i A@ raontagns a
a WD, 2005/114489 PCT/ US2005/ 01782 magi c,startin
P RHBERR S ST S8 HPREARP TR Hg SDL I H 128 to
PropedaaIRe reféked.) from whence everything flows. From
any node can be possible to access rel ated nodes via
t r aver sEhs Ochisimellyannesiidamplicgionsersghidifacan be accessible to

can.. 5 al so be
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can coordi nate changes between client and server

ddevgragpdea Ve sthdae mase} snd sachapaizebarresngfulition. t h

t t ' hanj k its.
Condut e et Prered Apgl AR PR DA fipe hun
(lseapéfitht liertS FstdadathedBdchsionAsbahboted application server 120 can

operations-XScri pt and XQuery ) i
intelligently cache data based on meta data in the occasionally-connected data




10 functions that invoke and process the results from
external Web service operations. Conduit operations

WQamsgahes st of a pair of XML Query functions pcT/us2005/017822

associated with a given keyref; one function can
format the outbound request to the appropriate Wb
service operation, the other gan process the inbound
15 response. Conduit operations can al so define
procedural logic in the associated XScript function.

Thenatet 437.oAdltiltpnaity) tee Uetasitatally CofR)cte@appi&R08SRRe 920 can
as .a data graph consisting of nodes and

t r AROFRAFES & RANBBIG FeNteat edeplatip gnechardsm, knstyineas thagdaptive Ul

hati <o (d [ f i ey.figld [P .
e e UL APl SRl i
i ndbgentent HUNI Web sttt WARSMS)t ity for exanple, a

custorrei% ﬁurc ase order, aor contact record) and can

5pe r epr =l At $5q o¢sasign Wy @anectgghdain mogiel can be a meta
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( eby optiingesd uidi ergbk Seefiinieet truvdre )and aydchrpoiesiidl Wf this data

nmul t,i pl e for.ei keys .that .reference other nodes. A
noiaeet_[’“%%]eo‘i?gﬂoﬁépyocéjg%?‘itﬁggffvﬁﬁs At YA SHcasout a

parti cufBe obydRRnafly-0O8RctddNifa GAHCl Reh Wea 3Bl model that
Schemn definition, which describes the structure 01}]

d eglﬁtﬁ %gsc%ﬁti&:i‘ of e rﬁ&ﬂgfss:’%glrléd?%g%emglglﬁgﬁah@a@}{f'&%enga? gl?téi, and

10  ndesgrabas nedrssof Aatar fore etities) pssociptedy vdilr estormalagervices, and
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relatj. W] n.two nodes. Traversal.s can. _be i
prgllgrrl}aéﬁo[{?‘i ch repﬁgléﬁ@ﬁqeg&? Foliei T Yot (BHToh SN Py gt vicg that
a mevidef accebeiverlCoaensr RERKoShAT M Bagendht {’@Rﬁﬂfh%u fi8¥ion, the
be associated with a set of Contacts and a set P ’

T MogglcRIzkE hae Igries Horrdycamiso Gostagissan Burstiassi @idess, etc.,
CopfifGlave E"%Bét%ls t&?%ﬂiﬁfoﬁth‘é}g ﬁ?&gﬁa@% ’t ﬁ% gfgg{éé}gﬂagg (ea.g., an

keyref declaration. can n

t ahgeunt) culdl yadeisd nWds 2805 CoathéB8 InPChicHTRAGRLRT. 7822 21
and can,i ncl udellfnireta data to determne cardinality or

~ the nodg€etcepsionplly-copneqied, data meylel parfp gurfacedrtorihe developer

~associated wth the keyre
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.G - . i ! . .
o SN RO bR R B Bor Wi ping o te

naeotrisdlesn dem dige modeht dthvigapidmte cklated nod@dcanve defined within

r ed. For . -ex l e, the conduit's neta data )
dgﬁee}{?ﬁg%és _tdﬁg&l‘?ﬁrt glan{gqyrflﬂgpcéaqago% krﬂb\h opables a simple
S @faveiesl YRRk alsida btisel SERPhhMBtRohkEs APRE ript for XML
Account, or for updating an Account. A specific

c8nd keewinin ibis destmenichstSHad Inyadditionythe inobilabrdveses add sedvays

t a_Nodes..Dat a. ' .
PR i B A O OB RSB o8 Bomat oy
beusdaei or Wit bf LEERHCt The tomPl@s $Ad Soript San LFeeS8his current

enbqdi nent, a traversal represents a specific
r BPHHPHREeHEh pathgpewnios vadabde Scusent. cannot 1 ef er ence

data i gsj ' r.pode: no an data jnside a .
node 5 i€ Bbodlh, 1 RonleSEnan T 5 B a el erpvduion
doCavéett brosgseibthatrekblestocobsicaslllyi dohfectddORBlopP 88d oftRF devices
exanpl e, .a purchase order may contain a sequence of

e
| o8t AP Hieations resartess\qitwheshes dhat hapee kebe esnnectad @t affline,
¢ [ , hase_ or line

TR s SIS M 9V, YL S 0o
dinitf Asceatusemintiefagp esmplbte dudepaps Fovoindch@ssn,” £ ARRRELES with

no?egf keyrefs .wthin the data nodel can define
cfeliargf isiﬁ%F?’f‘?%%aUé‘ie Fiepplalities, apdh anj exésnded seriing langhge that
WhibPidex A&kt INEIRS gt. 20 Conversely, depending on

- the needs of the application, a single purchase order

nodetype m ght be defined to contain all of the above
information in a single




schema. The decision lies with the application
desi gner-based on the need to independently |ink

wodebfaumdt nodes based on different traversal $cpus2005017822

10°

collections and tenplate requirenments. For exanple,

if line itens are never |inked or displayed 25 outside
of the purchase order then iH m ght nmake sense to
define a conposite purchase grder-line i tem nodet ype.
Rel ati onal Mbdel The occasional |l y-connected data node

can congl Sty Gfi.SG %@r’?qgexk%ﬁfaﬁgce dgh! ahRist %gls’%%%%g%emplates.

are anal ogous to the relational entity an

- 30Tdnfplatemicyd borsElDMILKeages edthsémbeided tiidingsr tp @ohled data using

For ei gn Keys, WD 2Q05/ 114489 PCT/ US2005/ 017822 22 An )
exHiffl SXPHFEYSt e (PF degeitny 6t Raypsno server side
q tor i Lot Sl ’
o SEHEREhitp o, B PATEE Blacd HEMAT RS Hap R EARE thGRsor's
DiregraincomRiojiod k., dlins br affBuk)i n FIG 4 represents the
account contact, event, and user entities. The
account TeRBRESCED ZRPTHS TSRO e s T ?@iwpmd bya
f Qbh QUi e Qontrdfer kan €911 A erip ABHRIRCHS YBIE 19 kRMiTNHe data
NOT NULL™ PRI MARY KEY, parent Pkey i NT FOREI GN KEY

REF BRENEEScanhe and detskayie page dhawr PKlas cligdt sypORRInGNtRE Yinit can
REFERE user,(pkey). . nanme VA t ype. R CREATE
TABCE AT IRIIE dpler ARGERURE PR WEe Otcatiomally-
aceRitdAkRlibMbnNeeNAd. FOREI GN KEY REFERENCES

account (pkey), ownerPkey TNT FORElI GN KEY REFERENCES
user ( pkayplicatipnscambsREppFoned tosthe wrdadmRowses fdd by pointing to

VAR R AR, O A e i

- efkdrt infFfaeehdl dbcasidlificonndctdd dh ahedel ol thedapgpdiedtion. The
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(owner); each contact entity defines a foreign key
r @pelicatien cupthsp be xesimuize 1 dhe syag cHenfcldgu Auithersnogs once an

BBl By YNy ABHE e S lpac od
Gswmiegshe primary key of an account, pa, the follow ng
S&oiﬁlh;%tgg egb}gginfecl)lgtt g tA%lsdptlSV%L[IJ:TC-S[e:VCIF 52%\/'05110@6} g %gox\gl\HtEaI}Emns
the client application (templates, page flow, actions, etc.) for each active user. It
can generate HTMIL pages (or SMS, etc.), which are sent to the browser 130, and
the HTML pages can contain suitable hyperlinks that generate HTTP requests,
which the adaptive server interprets into corresponding action calls. The adaptive
server 126 can use the same synchronization mechanism as the mobile browser
- 110.
Client applications can communicate with the server via synchronization.
The synchronization process can trigger conduit requests to fetch new or more
recent data, or to request client changes to be posted back to the external Web
services 140. Conduits 137 can contain meta-data that describes how to package
the Web service requests and how to interpret their responses in the context of the
data model.
For example, supposing a client application modifies the rating code for a

particular Account node (record) that is cached on the client; the synchronization




35 Gven the primary key of a contact, pc, the
follow ng SQL selects the account: SELECT account.*

WEROM1aGebuUNt , contact WHERE account. pkey = pcr/us2005/017822

10

cont act.account Pkey AND cont act. pkey = pc However,

given a fall contact record, c, this sinple SELECT

guery selects 40 the correspf)pdi ng account: SELECT *

FROM account WHERE account. pkey = c.account Pkey 3 WO

2005/ 114489 23 PCT/ US2005/ 017822 Joi n Tabl es Suppose

t NRkCIRMAR Sarf 3Bnd 8k OROulBid M HiBhE® (T3¢ GOUBSoAE server. If the

contacts (e.g., a sales neeting wth two accounts

pr dishepplicifips themutetiidyes Modekehssmiatg! avifhotha Adcatbiite and then

PRSP Gontet et Ihy erR i P heBigRbeqtpgenerate conmands

evignetdkeand éd%eF%lE@ﬂdﬁ%Ydﬁg%%Mnng&PB&%ﬁbe how to

accnunt pkey I N P FOREI GN KEY REFERENCES ACCOUNT ( pkey)

CRExd® thaplaHouy dVeb sweigeoperatid tequiesd tchenplamynt eachradthese
e aet,zitl%plshi p is nodeled by the event account join

ta HOl% ven the primary key of an account, pa, the

fol | oW Tig $yeleni egh exetimiardS@eb(depiitds tﬁ%x@ﬁir%eaﬂonnation with

SELECT event.* FROM event, event-account 20 WHERE

e R HIER] cdilih resods s rapd PRusiness prpcep elles copdudly mechanism can
ev. . t s el h i_mar .
i blp U BRI DIt o Bl ol sellel 329 L0 B prations
S upéite tlicsmabile Hith EiChed@80 OplerdtioliRtM a8 @e Wblters aNERdtters for

account . 25 WHERE ev?nt .account event Pkey = Pe AND .
adcRrieulkdafa 1YRs; @ngoliselin pt opmrelinnstRAE Mmnagsd anmsonduit,

XN e BRIRS 2 80 a.lftja%ftérn §ht @%ﬁ%@%cﬁ%o%ﬁﬁnﬂ@%@c{/ﬁ&ngﬁﬁm

used by the application. mas subdi rector

coeuesta firon thefDE@A R Sdlafa dacke, ahd cafdvit’3Pewttiondr ar e | oaded
by the framework. on start-up. Schema t efinitions
- can coné?%c[{l?téfcail\kﬁ e pee daifﬁfﬁaﬁ%‘isﬂ?b%g%% $ERTIEGSowith three

15

\'\M*jfr;_iéb_oﬂ?eﬁ@éét@&_&ctioﬁi@rélé‘t@&'tosthéﬁﬁtﬂ%dﬂeﬁ and a neta data
definition (using the mas nanespace), which for

exanp| eNavigdtingedo helatedodaian stgr ugstting [Colpctst assogiated with an
parti cubegoutipe. 35 For exanple, the followi ng schema

-f ragmenCRUEY bpastiddse i.eondgaedts ty preate, €dTupdate, and delete data;
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ver si onfsd lekafiple? crentimg: 5 Qhi®t related to an Account, updating the
t ar get NogRsRAeRTs WrlePed f-GuAHRE Gat 81F Contact be deleted;
= Custom operations, which are actions that need to take place in the
enterprise related to some data, but are opaque to the data model; for
example, requesting that a task be closed.
The Conduit meta data can map the OCAS data model and

synchronization commands to and from SOAP messages associated with the
corresponding Web service operations. Conduit meta data can be defined using
XML Query or XScript.

A vprincipal disadvantage of the current Web browser architecture with
respect to mobility is the synchronous (blocking) request-response messaging
protocol (i.e., HTTP). In the OCAS, messaging may be asynchronous. That is,
user interface activity (e.g., browsing pages and modifying data) can run
asynchronously with respect to the network connectivity and synchronization

requests may run asynchronously with respect to the browser.




el ement Fornj ] efaul t ="qual i fied"

attri but eFornDef aul t ="unqualifiedrr 40
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- <xsd: appi nfo> <mas: nodeAnnot‘dti on>
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<mas: | abel >$node. first + " " + $node. | ast </ mas: | abel >

</ mas: 410 tion> </

S e OSSR TR En g e mobie
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nanme="cont act Sal ut ati onEnunt' > <xsd:restri ct| on
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The follown EVILr a co t el ,
scont A T JPTFR HONBNDLASh i £E P datgerelated o the client's
&#&@ﬁﬁhije hidsB Ben 1t tre?sB@ﬁ&j ‘ﬁéﬂr@@fa?el If the cache does not

>roger (r)acre. conx/ enai | 2/ cont act > KeyRef
B%ld:&e@pﬂﬂpmatmcdﬂs (@nihk |dgtacie rstﬁez)t then ¢het synobedeizatiom unit can

¢ %nﬁ Itt?et co‘%fdmsitn?é‘n%%&‘?' ﬁxlveLsynchronization unit can then deliver the updated

data to the browser. Since there may have been multiple conduits invoked for a
particular sync request, the OCAS may deliver multiple sync messages to the
browser. ' '

When a sync message is received by the browser, the local cache can be
updated and an event sent to the confroller. If data that is currently being
-displayed has been modified (i.e., data bound to the current template) then
controller can cause the current page to be refreshed. That is, the page data
bindings can be recomputed and the page incrementally redisplayed in the

browser, without flickering or losing current user input, caret, or focus.

QCAS applications can consist of client and server components. FIG. 3

illustrates the programming model 300 for an exemplary OCAS application.
Programming model 300 includes mobile client 310, OCAS 320 and external
system 330.
In one embodiment, all communication td external systems (i.e., the
_enterprise) can be achieved via Web services (i.e., SOAP messages). The server
programming model can comprise of a data model definition 3223 for each
application, and a set of conduit definitions 324 that describe Web service
operations. The data model consists of a set of XML Schema definitions that

describe data types and relations. Conduit definitions contain XScript and XML

~




Schema definitions for all application types. The
schemas can define nodes that contain XM el enents

waePsAaifige butes that are references to ot her Pais2005/017822
nodes. The definition of these references can be made

usi ng key ref declarations. A keyref definition can
consi st of two parts: key and keyref. 45 The key
definitions can define the places in the docunent that
contain primary keys. For exanple, the follow ng key
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The occasionally-connected data model can be used to describe the data
that may be cached both on the client and on the server and can be essentially a
virtual cached view on top of data in the enterprise fetched through Web services.

30 In one embodiment, within the occasionally-connected data model, there is a




the application. xmns:app="http://exanple.comi”™ E WO

2095/ 114489 PCT/ US20051017822 26 Al so, by convention

jah=t Mg docunment), the we narnespace prefix j
W(%%)Ga"lhﬁéqgcate el enents defined by an exanple %ﬁr/ﬁ@ﬁ%mnszz

service definition (i.e., WDSL file); the sfdc prefix

is used to indicate the Sal esgﬁ?rce Web servi ce.

xm ns:ws="http://ww. openur i g/14 5

xm' ns:sfdc="urn: partner. soap.sforce.conf Schema Data

LB P HRRT ) oD AL BRI BED IS Programming

enﬁmgﬁ fionl whfdedyefiingfoRy. of bytes).
xsd: bool eanBool ean value (i.e., "true" or "false")

xsd: dat Brows duglewsidentanybel pastle dp EEEeS Arckited fipdest Via traversals.
O RopB-EBongdiifte SOHIBIR AN A IEhBl+ 35R) LA Ysals can
5 Anm@@ Bé d@medlt@ sShand Aefihid&i, ﬁﬁﬁeﬁaﬂﬁﬁcﬂécllﬁrhﬂlcﬁﬁs can be

ext ended by dec] aring nmas elements. within all <xsd:

appi nf b3 aplosprtigsynglBomZlipD 1a¢ChARISI Gl pperdinaip ehaugenleetween
typ&; S 10>

y gls aﬁ&’ Qe?yer data g‘( ?ﬂg :1}%2% ahrfélsgﬁ%haxf RO Sk ternal system
domurmn:teahmﬁ)m ﬂm&%d@cmﬁaﬁat Iaﬂﬂléu1t§bﬂ8 de aondfatt My>a set of

</ xsd: el ement> 20 Th ol ] gwi ng s¢chenma annotations are
sufspgRK dides (ﬁ%éll%/*wg tﬂ-ﬁsde ¢ sondutteaperrtions deeYCaPb and KQuery

10 9efi@blidns! ﬁpﬁ amﬂog?oé;cés {REGLANRS /it SRhi) V:{_%b service
expressi on, is u to construct a string. e
exgpreeEBinan rmy optl onal Iy ref erence the $node

;/ﬁrel ?(?/L%‘?Bﬁ@t gcgaeréag{o%g %i;!::l}? gép@lest to(if‘oa palr of Mn&uery fu%l%tlons
?”ﬁ§oduﬁ@& hﬁ&%y@eﬁ%&ﬁ ShRNTOEHRR LAPRITat Ea?éad%cﬁmat}@quest to

| om ng | abel” definition constructs a string from
t hbe cappreputats Wb sterdine dpastion3the artieer  Ere meetese 2hé nigbound
15 ?0%@?%%%2?@%%@ %rgs/e lf)af);:g%}zgefe pr%%g’du?‘gl’ lo\é\ilg in the associated

XScript function.

The occasionally-connected data model can represented as a data graph
consisting of nodes and fraversals—analogous to entities (i.e., table rows) and
relations (i.c., primary/foreign key fields) in a relational database. A node is a

20 logically independent unit of data {or entity—for example, a customer, purchase
order, or contact record) and can be represented as an XML data object, which is
defined by an XML schema. Inside the data cache, each node can include a
primary key, synchronization state (e.g., including a sequence number), and
possibly, multiple foreign keys that reference other nodes. A nodetype can

25  describe the information about a particular type of node; this can include an XML
Schema definition, which describes the structure of the data nodes. A traversal
can be a directional relationship between two nodes. Traversals can be primarity a
mechanism for navigating from one node to a set of related nodes. For example,
an Account may be associated with a set of Contacts and a set of Tasks, each of

30  which may also be associated with a Contact. Relations between nodes can be

defined by a keyref declaration. It can define both source and target nodetypes,




27 5 <xsd: el enment nanme="contact" type="contact Type">

<xsd: annot ati on> <xsd: appi nfo> <mms: | abel >$node. first
wao-2005/1144885node. | ast </ mas: | abel > </ xsd: appi nf Grrys200s017822

</ xsd: annotati on> </xsd:elenment> This is equival ent

to the follow ng expression. <mas:|label>first + " " +

| ast </ mas: | abel > 10 Label defi)pitions may al so contain

XScript functions and operators. ($node.firat) +

($node.first. length() >D? " " : I'"ll) + $node. | ast

Anaindryn gichak mMaRldeeabiRinkataa Mgy Bpfﬂerﬂo'iibé%@ (P:r exactly 1,

f ol I ow ng XM. Schema describes a sinple applicat

dat O Qe ! erelprs, - adko conduindammagar’ s oteta dalatqapd:s: astéeiated

é’g ﬁ%e]g%){ nd éﬁelg?lg?fn%e%#%: nf?&}n%ka(mcfggl Iy Eted updated,

st Ainked, /op remxm @“bﬁ BRAMp18AME TOAMRES nile¥P@ata ¥e@rmines whether or
strin 20 </ xsd:all> <xsd: attribute narre—lg

Sty pat %ﬁ@ds adppVR Vel xpuiee pragetiondlar msertisg myNiwe sk ph /Aecount,

<X @ &a?ﬂé%%y ')@c‘%tqsgf»écq fic E P%tloﬁ(iggoa @eﬁﬂkefl B a keyref

use="re
t ypartxedled stnotdesgt./ > ¢/ xsd. conplexType> 30 35 40 45
50 55 6&@ ﬁ;d conpl exType nane="cont act Type" >

<xsd: al fSel enent name="first"

typent xpy Sl%dégg:aﬁ% fathS
t ype="xsd: e string"/> b Sq!%I%L"Ferren narre—kgﬁ“m ?qument) but can
10 ¢ y atorggwith rreapgct/to trawmﬁst ia&l Ionexanbalimentha tr@versal represents

rm 4. s?ng/cbg rﬁlﬁ }]{pxigalegzgltt{!} urﬁﬁge_ r%ﬁ:&i%érp@pe data inside a

t ymﬁamaqlodetﬁdr@gn A8 Ssid ShddeGBietehce TGHferdolik] but e
nane="account | d" type="xsd: string" use="required"/>

</ xsd: cbiishes Tsipgls enterprise document may be made up of multiple
-nodetypes. For example, a purchase order may contain a sequence of line items

15 | (each with product references), and a customer reference. In this case, purchase
-order, line item, product and customer may all be represented as different
. nodetypes.
In the case of these “composite” nodes, keyrefs within the data model can
define cardinality; for example, a line item is associated with exactly one product.
20  Conversely, depending on the needs of the application, a single purchase order
nodetype might be defined to contain all of the above information in a single
schema. The decision lies with the application designer—based on the need to
| independently link different nodes based on different traversals, collections and
template requirements. For example, if line items are never linked or displayed
25  outside of the purchase order then it might make sense to define a conposite
purchase order-line item nodetype.
Relational Model
The occasionally-conmected data model can consist of schema and keyref
declarations that are analogous to the relational entity and relation
30  (primary/foreign key) constructs.
Primary and Foreign Keys




<xsd: el enent nane= "graph"> <xsd: conpl ea- conpl ex
<xsd: el enent nanme="root" type= "mas:root'rype"/>

wo6sgisepuence> <xsd: el ement nane="account" PCT/US2005/017822

type="account Type" maxQceur s="unbounded"/ >
<xsd: el errent name="contact" type="contact Type"
maxQccur s. ' unbounded"/ > </ xsd equence>

</ xsd: conpl exType> <xsd: key ngze "account Key" >
<xsd: sel ector xpath="account”/> <xsd:field

ﬁgﬁ;h‘;%?;%x: &/c om Fﬁs\fr 0 f éi%regg%% Sﬁrtokglgpm tﬁﬁs document for

aI Ipaﬁreses af iihwhitidny ivksplemeatcdefingas TeloosiAGhabase. The Entity
d; sel ect or xpat h="contact"/> <xsd:field

latiopgiie doingey (BRDY Agd dilvgipted \BIG0d Senpaenty the account,
P%éﬂ%o%9£3§a§er%ﬁt1§é3(3d el ement> </ xsd: schema> The

schema file’can consi st of three parts: nodetypes

5 ( conpl eXht ypwunt ebitacitandmsyr,enttiey apefiedd tii the @sllowilE SIOL.

15

defines the structure of the cache 5 "docunment” and a
set omEéj’iWAk 4rce<fur;§:g§gl nitions, which are relative to
the graflfl (i e %ﬁj@ﬁ@ﬁ?  Sionnp RS

Def i ni tba&ﬂfgka@cg bet@r @reiti ee égﬁt%ge u!ﬁ??lﬂy)ts of XM
schenma @&finition¥*Fhe fol | owi ng scherras define the
account "Bhd cont ac}fmnodetypes 10 <xsd:schema ...>

<xsd: %10 | exType na%— ‘account Type > <xsd:all>
<xsd: %ﬁ?’ﬂﬁéﬁéﬂ" e ReS xgd: string”/ >

</ xsd: gmagﬁefXSfET abt &bﬁﬂ%ﬁ:xéﬁﬁﬁ@—éﬁbﬁnmﬂs account (pkey) ,
type=" x%gt-’lfelvng" P crararen XY REEER=ZEE Rdsr @6y} .

mas: typess pkey"/ Shupemksd: at tribuut e name="owner| d"

20 type="xsdiist ri ng"vaese="requi red"/> <xsd:attribute

25
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40

nanme="parent| d" type="xsd.string"/>

</ xsirenpphee Typep <xsd: conpl exType name

" cont achq'iype" > INT NOT NULL PRIMARY KEY,
login VARCHAR
]

Both account and contact entities contain a forefgn key reference to a user
(owner); each contact entity defines a foreign key reference to an account. Also,
each account has an optional foreign key referencing a parent account (.e.,
accounts have sub accounts).

-Sample Queries
Given the primary key of an account, pa, the following SQL selects all

contacts:

SELECT * FROM contact WHERE accountPkey = pa

Given the primary key of a contact, pe, the following SQL selects the account:
SELECT account.* FROM account, contact

WHERE account.pkey = contact.accountbkey
AND contact.pkey = pc

However, given a full contact record, ¢, this simple SELECT query selects

the corresponding account:

SELECT * FROM account WHERE account.pkey = c.acoountPkey




wo y@es443sa; string"” /4 <xsd: el enent narre:"erﬁpd'll‘,

<xsd: al | > <xsd: el enent nane="first"

type="xsd:string"/> <xsd:elenment nanme="last"
type="xsd:string"/> </xsd:all> cxsd:attribute US2005/017822
name="id" type="xsd:string" use="required"

mas: type="pkey"/> <xsd:attri huke nanme="ownerid"
type="xsd:string" use="required"/> <xsd:attribute
name="account| d" type="xsd:string" use="required"/>

</ xsd: cdopl Bablggpe> Al |l types can define a primary key
field (g%l attrgbute), which is declared to be a key.
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i deed ficiing 4 ' esents the prinmary key =
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5key. Hhersschenm.definitions above would allow the
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fol | ow pgyi nst ancewdat ain, mageOt 1d="1. 111>
<name>AgITtss/ name> @Be.</ account > <contact id="1.2"
accountid="1, 1"> "3fF} st >Bob</fi rst>

<| ast >Har rTi s</| ast> 45 <enmi | >boboacne. conk/ emai | >
</ cont aGLemal ONUAEF o=t 1 3" account|d="1.1">

<f i r st >veggiress/ f | v xRl o) ARLHEUNGE/kadt >  <emi |
i i e@cne. comx/email > </contact> WO 9005/ 114489
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event. a

Def i mint dvait . el Den 0l caalafaLly: connect ed data nmodel can
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appl i catTo CE0HEma' s 10 <graph> el enent. The graph
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application. The schemas subdirectory may contain multiple .xsd files—all of
which are loaded by the framework on start-up.

le.

Schema type definitions can consist of two parts: a complexType

definition, which describes the type’s structure and a meta data definition (using

the mas namespace), which for example, defines how to construct a label fora
particular type.

For example, the following schema fragment defines the congact type
<?xml version="1.Q"7
<x5d: schema targetNamespace=

elementFormDefault:“qualified" attributeFormbefault=

¥mlns :xsd="http: / /www. w2 .or 20
: . . 4]
*¥mlng :mas="run:bea.con® o/ H/iLSehenar

xmlns:"http://example.com/“>

"http://example.com/"
"ungqualifiedn




<xsd: el enent nanme="root" type="root Type"/>
<xsd: conpl exType nane="graphType"> <xsd:sequence>

Woﬁgéﬁlﬁgﬁem re="root"/> </xsd:sequence> 20 PCT/US2005/017822
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npl exType> 25 30 35 <xsd: conpl exType
name="gr aphType"> <xsd: conpl exCont ent > <xsd: ext ensi on
base="nms: graphType" > <xsd: seguence m nCccur s="0"
maxQccur s""unbounded"> <xsd.7 choi ce> <xsd: el enent
nanme="nodeNane" type= "nodeType"/> </xsd:choice>
</ XS U:SEGLILRHE Grancsh oSl 1@ Xily BN SIoAR Typeh XS
conpl ex@etreentasictt xsd: conpl exType> <xsd: el enent
name="gr apt"; EYFEZ: araphType"> <key- defi nitions>
<keyr ef - def i n/ | t<n@iMSbel-sabiestirel ement yndExaapk @ Qabel>
<xsd: el enent </ARMEERgraP®S  <xsd: conpl exType>
<xsd: el gnBA CAERB. r 0ot " type="r oot Type"/>
<xsd: segueneet> <xsd: el enent nane="account"
Lype=_aceount LYD& . A FRXOLCUr =" unbounded"/ >
<xsd: e?iﬁ%ﬁﬁw cg%ttact ' J%ypez" cont act Type"
maxoccurs 3:!!99 rﬁé%ﬁyw&j: ?l@z?}‘(?d“:_s}}gﬂgﬁéﬁyalutationlﬂnum"/>
</ xsd: conpiaXI VR monbls L0 solBlidiasabhe type of the
root el enmesti;eland tdie-"sell'ofvratisdscHestd- t ypes t hat
make yporiess gﬁcati on. WD 2005/ 114489 30
PCT/ US2005/"017872 Not e, the graph structure cam be
| ar ged=d: simelefipk ementcattroficldetarfun'devel opers traverse
t he dat A GFRRBoUE A L0 K&y Keyref definitions. One
proposed <gpapheisapheaprtatd'on is flat-i.e., all
nodet ypes “gf €2fERton@iiet MEWT | dren of the <graph>
el errentq/ngikkei&mnpl e above would allow the follow ng
I NSt aifee: deefyre>

</xad: schemas .
The following XML represents a contact element.

<contackts
<saluntation>Mre</salutation>
<first>Roger<«/first>
<last>Reed</last>
<email>roger@acme . con</emails

</contact> .

. KeyRef Basics

The occasionally-connected data model can consist of standard XML
Schema definitions for ail application types. The schemas can define nodes that
contain XML elements and attributes that are references to other XML nodes.
The definition of these references can be made using key ref declarations.

A keyref definition can consist of two parts: key and keyref.

The key definitions can define the places in the document that contain
primary keys.r For example, the following key says that an accountKey occurs in

each <account> element as an atiribute called id.

<«xsd:key name="accountiey"s>
«xs5d:selector xpath="account"/>
<xsd:field zpath="@id*/>

«/xgd key>

In one embodiment, a key may uniquely identify a single node. Keys may

not be used to identify repeating elements within a node (e.g,, if line items are

T



10 15 20 <graph> <account <nanme>Acne</ name>
</ account> <contact id-4l.2" accountld-I.11>

woO bossgtaBob</first> <l ast>Harris</| ast> PCT/US2005/017822
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<emai | >bob@cne. conx/ emai | > </ contact> <cont act

I d=111. 3" accounted="1.1"> <first>Maggiec/first>

<| ast >Cheung</| ast > <enai|>q2gg|e@hcne conk/ emai | >
</ contact> <graph> Key and KeyRef Definitions The
schema definition file can also contalns key and key
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uni que d Ingfamce DYa®HR%g  nani ng convention for key

d k
SET, Ug%qa ifg;e?gg Sl st@tediod¥pe A0PL I & Lrams.

FIG. 5 illustrates the UML Entity Relationship Diagram (ERD) 500 for the
sample CRM application. In this diagram, each entity represents an application
nodetype (i.e., schema). Note, the root entity is a system nodetypes

The arcs represent relations (i.e., keyref definitions), where the black
diamond represents the target nodetype of the source nodetype’s foreign key. The
star annotation represents a many-to-one relation. Bach arc is labeled with the
corresponding keyref’s alias name. FIG. 6 illustrates a node instance diagram for
the CRM use case. '

Namespaces

An exemplary name space embodiment is given below. The server
programming model can use namespaces to distinguish between framework and
application XML elements. Namespace definitions can be included as attributes
within the top-level element of an XML source file.

Elements prefixed with the mas namespace represent system elements.

xmlns:mas="urn:bea.mas"

By convention, elements prefixed with the app namespace prefix represent

the application.

xmlins:app="http://example.com/*




31 <xsd: key name="<schema>Key" ... <xsd: keyref
nanme="<sour ceSchema><eJenentrattri bute>Ref' - ... For

wobaMlfw foonarRef neans a keyref fromthe fQo 56h6 17822

that is 5 defined by the elenment or attribute namne
bar. Z.e., (usually) the keyref's selector XPath is
"foo/bar" or "f 00/(P)bar". Ig general, the keyref
nane i s the "canel Back"” mangl @ nanme constructed from
concatenating the keyref's selector and field, and

St Ri; ppi el s. E.g., 10 <xsd: keyref. .

nafer cﬁf; %g‘%éﬂ\{g%glgﬁ]t %émf'%to%l}l%l}tg,ﬂlea‘ﬁ%é’ﬁﬁ’??@’@ﬁgﬂxeﬁx 15 used to
s elilidaed clupatth Bt Bcin banpieWebisehice definition (i.e., WDSL file);
xpat h-" @ccount1d"/> </xsd: keyref> 15 20 <xsd: keyr ef
nafs=tde praerustiRetindicate therSelesEatca W Ebradrvikey " >

<xsd: sehRed-alcXPal-NmpBssage” /> <xsd:field

5 xpat hgafd: oLz sbotsd i kEVELES ¥ sd: keyr ef

10

15

20

25

30

sel ect or XRabk

nanme="nessageToRei " refer="contact Emai | Key" >

<xsd: sel ector xpath="nessage/to"/> <xsd:field

xpat h&" §cietha T g9p&eyref > Note, the type can usually
be inferred fromifhe |ast part of the nane, since 25

t hike joblowing ¥MdnBehenurdata typesoeandersapportadhi ch f ol | owi ng

XM guidetines—shoutbt—expt-ai-i—the—purpese—ot—t-he—
cont ai ned dat a. #1% .?brarrev\ork can ensure that keyref
aregs bakee erel naxlydshasel dahericofed BY®R! arr®d] @nENdrraf b hyrH)Ed
angishoAldaases [Fbokey eiudad. aral,L 085 Gal.g9ef 1 ne
egdl:ddtcaver sal § bet ween nodes within The ata grapm:
hed@Rqapeanat or jcan used t0 traverse tthe graph, and by

efsaubidubleses tNEEK YT fidaimg pditWilRker, N al | as 1Tay
hecsdeliiteedrt 0 MHkSgAdEinERRe oMBFrafya@RGAL €. C The
Bsdastdagal T ri QUirBitde) 1dheh ﬁrﬂg_rl ng, which optionalty
has t wcBamh Annothaohs @s: al 1 as =] APalh: Jnarne™ Wiere
rai se represents the alias nane, and the optional

o SRR R ech A B8R Go s B 2ihled BTUTR weh e

alvwidiin BRORsd lapfintovdlenici.Node = srcN ode. SPat h. @hane

40 I'f_the colon delimter is not present, then the

al i as XAl Rt et X S T he®Safe* > as the keyref s

sel ect or »Pakibpintet no alias is defined, then the

keyref name_mist .be used (relative to the keyref
gmenm&%hsﬁé MAA&% tB%< /55& :documentations

</xsd:annotations>
</xsd:element>

The following schema annotations are supported:

== Ml i |

Element Meaning
mas:label Declare label XPath expression.
Labels

The mas : 1abel clement declares the defaunlt label for 2 node; it declares an
XPath expression, which is used to construct a string. The expression may
optionally reference the $node variable, which refers to the top level element of
the XML node object.
Syntax

<mas:label>spath-expresgion</mas:labels
Example

The following label definition constructs a string from the contact’s first and last

name.




PCT/ U52003/ 017822 Key definitions may al so declare a
mas. alias attribute, which indicates that a nodeset

wetb@i«ng the associ ated nodetype is traver sl gsbéRAYs2:

the root node. The alias nane for key definitions is
a sinple string, and this is also used by the @@
operator: mas: alias= "nane" ,&xanples The follow ng
XM. represents an instance of “an account node:
<account id="1.1" type="Web" ownerl| d="bob">

<nare >4Ae nesknangs bt sV ept-Sontact Type " >

<event RefszLnzsitement Ref > <event Ref >1. 3</ event Ref >

</ event s> spupGhaseorders> 15 <purchaseO der >

<l'i nel t emp<prodndeABCs.12345/,pr odl 435/ |..nelL ek,

g 5<li nel t empspy,adl d=XYZ- 4321</ prodl d></1 i nel t en>

</ purchafse der > </ purchaseOrders> 20 </account> The
key dejlgntl ons or account nodes is as fol |l ows:

<xsd; ['¢&Y“1TANE=" aecount Key" nas: al i as="account s" >
<xg“hrssw@@w@nt%pﬁxetfeli%memoressﬂcm <xsd: field

xpat haaf.hldedsh 2 +2.5.. s/ xsdikeyzeLhis allows for the

10f OLhEBl\fdélﬁnﬁale Iﬂéjr hl@ﬂ c%&h@&cm‘ﬁﬁﬁm@ﬁ@ﬁk‘ﬁfdﬁa Trators.
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$root($[Id ccount fh pro uct" alias is defined as
f ol | oW&°<xEy! R’e‘ﬁ?"éf HaheZs% 4 g Quht Pr bdtlct Sredp-tast
<xsd:s J](; g
xpat h" b ol POVILSchema, doppihes 1 Smle appiqatien el model
foll oysdngﬁexpr ession traverses to the product
i the. LikStedbipEpdst €m of the first
pur chase esdeii- 5 var product =
account . pur cﬁﬁ%é}@ﬁ;ﬂ;@rﬁé‘m[ﬂ e It}’Pﬁ 1 i
The " owneL)xs@hlds 1S def i difowscl “<xsd: keyr ef
nane=" ac C oA 10t Refrte="dgf 'e'Pe- "*sﬂbeurll@'yﬂse—' required”
<xsd: f| el eket pat-iet Opsaepdreittd> cydl<hxsdndopyr ef
f ol | oW NtFieRpr-&€steon traverses to the user node
al'i as. varxse@geb :Eeaccgmléntf rsé)v\@er% 'cll'h% " e\;ents" al i as
: : < 3 =1 £3 " e="xsd:string"/>
i s defined acﬁsgfzﬁlexeﬁ ame="1ast" ty'pyg_“xsd strz.ng?/;v
</xsd:all>
<xgd:attribute name="id" type="xsd:string" use="regquired"
<xsd:attribute name—"ownerld" type="xad:string" use="requiredv/>
<xsd:attribute name="accountId* type="xsd:string" use="required"/»

ref er -"éndduwtﬂey "Applisatiin Rata MadebDafinition 30
> defidiE docohd ax@abiactRio@élhpest > </ xsd: keyref> The
ref er engy
e [,p'] “enpr oduct ;
mas: a ?f::s@{?jé’gff u%e nal né-SGanl%li‘e%thr"xgﬁpg;t:&g" @Q %QL; dP/>
r ef er engedcdiyiethn ka%wv&fntada@ﬁeﬁ; bed by the "owner"
<xsd:element name="email" type="xsd:string"/-
mas: type—"pkey“/>
«/xsd: complexTypes>

<xsd:element name="graph®:
<xsd:complexTypes
<xsd:element name="root" type="mas:rcotTypen/>
<xsd: seguences
<xsd:element name="account® type="accountType"
maxOcours="unbounded” />
<xsd:element name="contact! type—"contactType“
maxOocurs="unbounded® />
</xsd: sequences>
</x8d:complexTypes>

<xsd:key name="accountKey"s
<xgd:selector xpath="account!/>
<xgd:field xpath=r@id"/>
</xsd:key>

«xsd:keyref name="contactAccountRef# refer:“accountKey"
mas:alias="account"® .
mas:inverseAlias='contacts" >
<xgd:selector xpath="contackt"/>
«<xgd;field xpath="®accocuntId"/>
<fxed:keyref:




45 <xsd: keyref nane="account Event sRef"
refer="event Key" mas:alias="events"> <xsd: sel ector
‘woded/Pas@ccount / event s/ event Ref "/ > <xsd: fi el d perus2005/017822
xpath="."/> </xsd: keyref> WO 2005/ 114489
PCT/ US200S/ 017822 33 The fol |l ow ng expression
traverses to all event nodes 5§fer enced by the keyref
descri bed by the "events" alias. var events = account.
a events.*; Note, the "products” alias could also be
def i ned.asqs:-trkdnows: 5 <xsd: keyr ef
nane- *aetcetmaPr oduct sRef " refer="product Key" alas :
al i as=" a6 GdRéma IO DAG! SorRisFX T B&kPmodetypes (complex type
xpat h="account/ pur chaseOr der s/ pur chaseor der /yipl nel tent/
> defggtions).elad grapht Helipifion) avlish «Jstiggs by r dfuste Thdhe cache
f olch oW na...expr essi t raver t.o al] oduct.s,.for all
5 | s T 38 RSB Bl R e Bl e
acgeutocefPitpsivthge”;, | nverse Rel ations Keyref
decl arati ons can optionally define an inverse keyref,
whi ch efelmasDeBtionsyi gation in the reverse direction.
Typi cal | - f I rse
ceyror aheeRrg T 2a e SRNER r AL Ak
t r ahefialvingechamkeysftile thanecounanid «befLx Hokeyplasre"
10 mes:alias="alias" mas:i_nverseAlias="inverseA2ias">
The i NVeLsLomiddpbulRs sadotacgglbi.ned bel ow. Attribute
mas: i nver sefkialtdxs Meaning alias for inverse relation.
20 For exappEE: S tAE KeYTer "dePPiii tf 6hBElow represent s
15 t he cont agksa>AE6BitAhancanid" aGeouAL se08t ast L@liadi ons:
<xsd: weyref hafie="cont act AccountRef"*
o or = ac CHILRRY RBS. G i AU T
I nver seAtidasmilegmeact s" > <xsd: sel ector
xpat h="g¢on - AS RS € o £l d xpat h="aaccountld"/>
</ xsd: k%%ﬂé%glﬁ%gh %‘gnt %2%%%32 contai ns an Qaccountl d
attribute (forergneckegie-tHet" tyref'erepfeéng’/an account
25 node, 1o Gares g L SRR ot - 30 The
i nver se rehaa@iama says t“ha“t the foreign ke'y can “be used
to trayer SECITOT T AT gCColf IBde-ve. Eunrati=fades. .
| . e., us¥akegeBi»aCt S = accotmt. (r ontacts.™; In one
30 enbodi ment=dtdyer iy ermseaplolts atre T dteEriplstee U payired”/>

cont ai n/'&R “H'tFiBute name (cf keyref aliases above),
and i s Allwmes cafefinoapriaanhieytiogd (easribugh wodeis declared to

be a key.

20

In the examples, all types can define an external identifier, id, which
35  represents the primary key of the external record; the contact type also defines
an atiribute, @account1d, which represents a foreign key.,

The schema definitions above would allow the following instance data:
<aceount id="1.1">
<namesAcme</name:
40 </accounts

<contact id=%1.2v accountId="1.,1">
<first>Bobe/firsts
<lasts-Harris</last>
45 <email>bob@acme. com</emails
</contact>

<gontact id="1.3" accountId=t1.1">
«<first>Maggie</Eirst>
50 <last>Cheung</last>
<emailrmaggie@acme.com</email >
</contact> o




Note, multiple keyref definitions may declare inverse
relations that "point back"” to the sane nodetype. In

wd fwseiqagses, the inverse alias nust of cour sedagyd@is/o17s22
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2005/ 114489 PCT/ US2005/ 017822 34 uni que for the target
nodet ype. For exanple, a bug node may have keyrefs for
owner and assi gnedTo, which ggfi ne inverse aliases of
bugs and assi gnedBugs respectively. Inverse relations
also allow the franework to ensure that navigation in

5 both.dir L ONS-1LS . consi i thjn t C

Keyr ef sl\91 (ft? %Iﬁé I&égslg?rb aguefs gh@éﬁ %@%é&é‘??’oﬂ%’ gkgetév%/e%enﬁ) %o ot
NeEew thdiads seritiads, dapgnde alnafdadlrial G flegyework 48 arehit visible
exanpl e, a set of nodes may be defined by a query that
ude thamegremnisanodser' s information, or other externa

i nfor ' . of 10 day, real tine data,

exter @*@?ﬁ%@‘n@%‘?"é‘f‘%f In these cases, the nodeset

may be Thatocessiedlly-@omebicirdataymodsl ehty pe surfiictt tnthe ldeveloper
data nodel . Typically, however, these nodesets are

af acHe! £k Hecuamnt ek Srepi irpliegiang o © stpuget the

‘ggip ?dcr%%f ?ﬁgﬁﬁgéis% AR dkePRFbaNaBbnUSEr  may be

r ogi n hane, defined by the
syst emHeawdvel) Ithe kdibkSusfodeclmsaiona tieemsEhes app inchatei XPaths that
may Wi,sh to define a traversal fromihe root .node to |
{ Al Mgty Tixed ol i fine doBed BE hepbuticBii sofama's
Ve defi.Ngergdhtoptional artificial foreign key value for
each ‘account node that references the root node. This
i s achiTéy ghpbytypcdenfdefihesm Fitptk esgueiceddiniods tdeadaratin.
<xsd: keyyef.JJapgs"accountRaot Ref 11
refer=11mas: root Key" nas:inverseAlias& accounts">
<xsd: setdtor ik attizgcestnitoor¥wsd: fi el d .
xpat h=1L1a0ath iz namlXshurikoyref > 25 Note, the account
schema nustd-edmgedefine the. optional Qmas : rootld
attri but e_f gt higKelfef°td>be valid: |
. <xsd: epapkaexikypee-nane="account Type"> <xsd:all >
<xsd: el egent nanme=" narreﬁ;émtsype:"xsd: string"/> 30
<xsd: eterfeftHiafearr] ¥P§'pe="xsd: string"/>
</ xsd: al 1 37 &@0 k&h&f&iﬁk&&m{wﬁmﬁ&};ﬁu type="xsd: string"
use="requir ed"<XFFBs¢qﬁag§?emiqukreyT1M§‘°°°&X%ﬂ%nmuvqeﬁ'but e
nane=f Lowner | dj | “FYREECXSM: nShlinBiide spsnatdpd-put e
nanme=11parent | d" «txypewisesd: string"/> 35
<xsd: attri byf e/FAMELFIFoat | d type="mas: root | d"
usezlloth/ggaaiﬂ;fLaontéixsd: conpl exType> The @mas :root
| d attrixbutery=gfver-ences system a definition defined by

the fragpwork:. 1;a|g§;..gs:yﬁ§ht s sehepa.definition is
i mport ed drait-@cidhieioappl i cati on's schema by the

foll ovm;ﬂglffg{fzgfegﬁﬁﬁiéif’ﬂsdo <xsd: i nport

11

namespace="Urn: bea. mas" schemalLocati on=11nas. xsd11/ >
V@X%}q&%/ 114489 PCT/ US2005/01. 7822

<x5d:element name=“graph's
«xsd:complexType>
<xsd:element name=troot" type="rootType"/-
«xsd: sequence>
<xsd:element name="account” type='accountType!
maxOccurs="unbounded" />
<xsd:element name="contact" type="contactType"
maxQcours='unbounded" />
</xsd: sequence:
</xsd: complexTypes>

This defines the type of the root element, and the set of all schema types

- that make up the application.




35 The @@ Operator Navigation is the act of noving
fromone page to the next wwthin a page flow. This

woRYs/AlaggBY not change the $context system Varﬂcal%ﬁo?iimnszz
ap
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Traversal is the act of noving within the data qr
(cache). SPath 5 expressions "traverse" the graph

usi ng the oa operator for ex§ﬁpl e: foo. @bar where foo
represents a node (or child enment of a node), and
bar is the nane of a child elenent defined to be a

foreig ey..by a keyre efinitigon (name. or ali s depa
or 5 Loy matefel EhE Tabl bt Bkl M kB et
dakelfdrowavekbe 20 Bk mapic asing tHedeyikeltefidgAeroME O proposed
<name>Acne</ nane>_ <contact s> .
<EHwhasnmanstatiey ipfebct Refl nodetypes are first level children of the
<cont %gte%%flg . 3</contact Ref> </contacts>

<pdr chaseorders> <purchaseOrder> <lineltem

@r odl dheARGnPRIBOFewould Alleivt thatofomdn tstagdaa001/ >
<lineltem (r)prodl d="EOW-2004"/> </ purchaseCr der>

<pur ¢HaséQ.dess 1<l i nel t em @r odl d=XYZ- 3000" / >

</ pur chaseereers/=shpur chaseor der s> </ account >

<cont aéf*f¥E~1. 2" accountid="1.1"> 30

<emai | >hohoacsr: .corsladrd-t>11-</ cont act <product

i d=" ABC- 18zt ok '§$tee>1000. 00</price> 35 </product>

nd the folhhMBG.KEeVLeldafinitions: <xsd: keyr ef

nanme=" acegusnt Cont act sRef " refer=" contact Pri maryxey"

mas: al L, As=! 13 GOt 3cl 8, > sxsd: sel ect or

xpat h="-aceomnmbionyaeis/ contact Ref"/> 40 <xsd:field

xpat h=". "</la£?<qh%81@1<./k?;zr efj <xsd: keyr ef

name=" agcRlnt PFEATeTS RET“"Fef er =" pr oduct Key"

mas: a=k@sn! pur chaseor der s/ purchaseOrder/ | i neltem produ
cKey and KeyRef Definitions .

The schema definition file can also contains key and key ref definitions,

which can declare the primary key and foreign key relations befween the data

types.
A key definition can define a primary key. Key’s may include multiple

field declarations (i.e., for compound keys).

A keyref definition defines a foreign kéy which references a key
definition. '

For example, the following key and keyref definitions define a many-to-1
(lookup) relation from a contact node to it’s related account node, and a 1-to-

many relation from the root to accounts.

<xgd:key name=“accountKey'>
<xsd:selector xpath="account"/>
<xsd:£ield xpath="@id"/>
</xsd:key>

<xs5d:keyref name="contacthccountRef® refer="accountKey"
mas:alias="account":»
mas:inversahlias="contacta’>
<xsd:selector xpaths="contact®/>
<xs8d: field xpath="@accountId®/>
</xsd:keyrefs :
</xsd:graph>
</x3d:schemas

Key and keyref definitions should have unique names. The following

naming convention for key and keyrefs respectively:




45 <xed: sel ector
xpat h="account / pur chaseor der s/ purchaseorder/lineltem'/

WO 200348689 i el d xpat h=" pradl d"/> </ xsd: keyr ef M t:500d%/017822
using aliases, the follow ng expressions are valid: 50
var contacts = account. contacts. *.@contactRef; var
price = 31
account . purchaseorders. *EO] . lineltens. *[C].[5p(pprodld
).price; sing aliases allows the follow ng
expr essioAgsey WB2085#&F4N89 - PCT/ US2005/ 017822 36 var

cont ac: 5@ k@%ﬁp u{%@zﬁo&ggﬁj‘n@g@ﬁmzﬁ,atyrgsutgmu l.=
accoun ) [ VAl . = .
account .Fpur%wa}gg’()t§ derag.ﬁg%.al |enag taeﬁés".l% g?&éh ¢ foo schema that is
5 pr delfireetl. byrthe eleniéay sr attribuSemmeaiienNieDh Grssally)l the xepeflakelector
re r%s. t.hat can be repregented as a node in the data
node Pl FuEeo/8¥ | ¥ too(#hague primary key (pkey): the
primar yhi(géﬁeﬂllﬂ_stﬁe E@;?@P&Pa%eeﬂ > cRAkBa R’f mtaﬂgleg\ﬁgme construcied
services SOAP interface. 1n one enbodi nenty prinary
k efremomncdienalidg derisiysditsiclcator asd fioldeaml sdppihguegaid ons
for, all ers since in some cases the franmework my
pl &6@e¥st%8obt ai ned by one user in a shared cache. The
10 external s <$9ﬁs{eeﬁ§ 'nandlRorS St ¥icE.R IR PE Fedtbi- O Son By >
optional Iy refHfTiTa. SEGlErrees | mber (seq) associated
With a parises ;ééflﬁép e, Whi (‘?%Iggabl es the systemto
15 detect updated records. Typically, the sequence number
cor r espond&{GrTE Ay ﬁjﬁﬁ%ﬁ;‘:ﬁj"gﬁfﬁﬁﬁ‘?‘ﬂ FHE Wb
servi ce does-=RDtiepr Qpatides-angequence nunber, the
f r amewor k <€6HpHEES an MD5 hash based on the record's
20 XML val uesxea Sehefaadohinidtans can detibe.akement s
t hat defi ne +hesaxtter math-"r@ppbd/cari on's identifier,
and opt i opglLTHL S SEGUENCE nunber (or timestanp). The

>

corr espQadi ﬂ\il}g it}?ﬁ%ﬂ%s@il?%fé#%gifﬁﬁﬁ & lﬂ?cﬁJai't &f%ff;éename, since

attribute, denot e system proper
25 " phisyis the elesegt or Eribeirampice wititte fdlbmiopDRdL splidstimes should
defines,.the appljigcation. contact type:
SRR PETR et T sesinslag: Ty pet > <xsd:al | >
<xsd: el BREHmARIR Talk bishle thhyRSTeDASRCS ES h&géiésh wiiPtop level

< Sdnak enBtedaiBas | ast” type="xsd:string"/>
<xsd: ellﬁf@&l name="email ." type="xsd:string"/>
>

</ xsd: a <xsd:attribute name="id" type= "xsd.string"

30 use="r &pyrefeittianzrnt wpe dgﬁk@ye"géptra%xm Bétiveeid h:ib@t7s within the
n ="timestanp. type"xsd:string” mas:type="seq"/> 30
<%§’1 SERY | f”?ﬁ@ ﬁa?%t_or Gomesedde tpyprasthe,ggaphs apd Ry default, uses
USRS kEREEhaRE." / Bowswes dad afihd TR AURE
type= f%g(sd: stri n%W?LO ’use:"lrée%bhltyreg&d@?@wd% BA4RE e code moore
<frgasldbleonpl exType> This schenma defines attributes, @

d.and cat. inme.s t ich represent the primary key
o Hae et Bk AP 2 Sk YhEY obRoRhaR pre paEHe
35 fol | owi ngm¥s="(xBG@pr esents an i nstance of the
c § t TR : t
SR E e Rl T 5 R e B (OB JTABPLRAN Blesens
aticoSRuth (relaB86ERBhaRR 3] ABAGHYSt come before the @@ operator and the
<app:fi rs}>aob</ app: first>
ahix name. Lo

var reiNede = sreNode.SPath @ @name
40 If the colon delimiter is not present, then the alias XPath prefix is the same

as the keyref’s selector XPath. If no alias is defined, then the keyref name must be
used (relative to the keyref selector XPath).




<app: |l ast>Harris</app:last> 40
<app: emai | >bob@arris. conx/ app: email > </app:contact>

wobes/sa@na can al so include appropriate key perws2o0s017822
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definitions, for exanple: WO 2005/114489 37 5 <xsd: key
name=scont act Pri maryKey"> <xsd: sel ect or

xpat h="contact"/> <xsd:fiel 2xpath2"id"/> </ xsd: key>
PCT/ US2005/ 017822 <xsd: key nanme="cont act Enai | Key" >
<xsd: sel ector xpath="contact"”"/> <xsd:field

xpat h=% kL b < : 0] (ST 3 : =4
"prey" sShé#ghzIgne%fg%ég¥§?%ﬁ?gggi%h%ggle &?b“Eﬂm%ndmaws
i deinta hyddsbiecaitainmpythk eypsdodated hedetgpe is Sanaeableyrom the root
val ues_may. be |ong, by default these val ues, gre. not

{ paks e elias Targe fatkeg P ntionT S SRR ESTFIS 8o (s faiso used by
Chyl mm ng nodel. The mas :visible attribute
ng§ﬁ@%9ggégﬁﬁied to suppress this default behavior. 15
The scheni&sget®dr'atfons are |isted bel ow

At t ri bE¥@URISSeMeani ng mas :typetpkey" | "seq"Defines
Speci abh@'é&mr%%%dﬁ% rbtSm MR dfSnHBRREANGRE O the
correspondi ng mas : pk or mas : seq attribute.
nas:vﬁgﬂﬁtsgégﬁgéﬁFFWﬁVu@?xgkﬁﬁﬁﬁt or attribute val ue

i s avall.ahke to the client progranmm ng nodel ; default

val ue i s {emduseesi-1l 3x/¢vhreRefase that a key (not keyref)

field iLa JOL-IArKEC8E " sible, any attenpt to access
the fi epcr@seotdaes-client will null (as if a

non- exi SteHCHTRT U ey 8, ALCeS S8t FUen Lf visibl e,

key fields afekaddsoiie Yz ¥al-/soFacdDinatbni d; returns
null 20 veyrehpsesrgeont Primary key and sequence nunber
val ues SGPE YET By the external system As with any

C
fiel fined 1q . be a key, attenpti to nodify the
val ue %*e‘e%(ﬁég?ﬁ%?l%“s pecopthadss aﬁr} ¥me error.
When«eeaat iuﬁ@="accﬁﬁl\ﬁl(d90d&,:al%ﬁ@%ccﬁiﬂﬁhds shoul d not be
i ncl udegd:selegtor pFhyapccgiyact = <Contact >
<fi rs,txéﬁ\?ﬁgfé?igéﬁ?éf %<l ast >Cheung</ | ast >

<emi | THREY io%es%lntﬁé %&gﬁgﬁééigatio%osyﬁ{agpm act >
var accounts = $root.@@accounts.*;

The “product” alias 1s defined as follows:

<xsdikeyref name="accountProguctskef" refer="productKey" mas:alias="product'>
<xsd:selector xpath="account/purchaseOrders/purchaseOrder/lineitem"/>
<xs5d:£field xpath="prodid"/->

</xsd:keyrefs>

The following expression fraverses to the product referenced by the first

line item of the first purchase order.

var product = account.purchaseOrders.*[0].lineltems.*[0].@@product;

The “owner” alias is defined as follows:

<xsd:keyref name="accountOwnerRef" refer="UserKey" mas:alias="owner"s>
<xad:selector xpath="account"/>
<xsd:field xpath="@ownerId"/>

</xsdkeyrefs

The following expression traverses to the user node referenced by the
keyref described by the “owner” alias.
Tar uger = agcount . @@owner;
The “events” alias is defined as follows:

<x8d:keyref name="accountEventsief" refer="eventKey" mas:alias="events“>
<xsd:selector xpath="account/events/eventRef"/>
<xgd: £ield xpath="."/>

</xgd:keyrefs>




Assi gni ng Foreign Keys by Reference Foreign key val ues
can be set by assignnent. |If the RHS of the

was®sgnIent expressi on evaluates to a node, trﬁmggyow‘msn
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is automatically coerced to the node's primry key.

WD 2005/ 114489 38 PCT/ US2005/ 017822 In the foll ow ng
exanpl e, the contact node's qgfount forei gn key

(defined by the account keyref definition to be the
account attribute) is set to reference the supplied
account TRo @tﬁlov{'iﬁg' ClehREsiE W&%%( APBLaf tnod?f £OYRNded B the
cont act . aaaccoun = account; } Assigning Forelgn
Keleyrefideserihed byfthe ’I‘ﬁyes‘r@’r’]em that is referred to by the

keyr ef..defioiti.Qn.declares a mas (visible primry
key, thﬁatet e “ﬁﬁfdﬁ@t%’ps’mlcealdfa@go%&dhﬁx@a ay éh&%% may be

set alitteral value (i.e., a no

refer ‘é‘ﬁt@yj‘fi e=§§§?gp1 PEng R 6?fF’6v'\Wrﬁ‘§‘°%i‘6¥: ount schema

def i ne&x&i vd18dcbl epap:I&&y: /b&bzbbﬁoederﬁxﬁéhagmrﬁx@&%m

nane. eb fdrgﬁﬁeﬁ“%rodii'gd con‘pl exContent> is

<xsd: éf $°ENSd: el enent nane="nane" type="xsd.string"/>

c/ xsd: aF. hﬁOHmegaﬁwrasmun gravrraes-to jallproquués=ox sl it itemg (for all

mas: type="pkey" mas:visible="true"/>

%é(f(hs? rdFIes ‘but e nane="owner| d" type="xsd:string"

use "VP’eqwﬁtrce@I sgoount<gepthaats i but e nanme="parent!| d"

t ype="Xaekirsd RERFods> </ xsd: conpl exCont ent >

</ xsd: conpl exType> Therefore, the application may

access Kﬂiﬁéﬁf\ﬁkpf;@f@m edt digtionaltp defitre aciowense keyref, which enables

a n al.so forei gn keys that
SR e debe RN BUER TohiRY o Gty iant koyret Sectares an
f lijilﬂise(l&yﬁ@‘t ve\mn léﬁ:ilﬁé‘d-‘tﬁb afedse 0BONd-Afhy FARGEAUNt =
"A-J.234" 30 } Note, ehe foreign key val ue may not

€50l V aad b BO0a L SRT LS Cac RS 1" ¥H& ¢l i ent .

Fur t herme fieverdef at@ibaad akalciiBod Belg®t, then the

associated conduit operation should fail. Relations

(étt’i(?éif‘?y t 0- One ﬂﬁ%‘k‘ﬁps) Many-to-1 relations can be

[ H,Qg%rﬂeg];%lg;é ]QIIMI’ ﬂ"\férﬁéer)é]a‘flo defirmtions——which

2862'/ Il%h4 g;ging%]?’/ §§8§"§¥ égf}%ggﬁ %el'o%’v' l%bﬂaser'ﬁs Yie convfécté account

and account->contact relations:

<xs5d:keyref name="contactAccountRef" refer="accountKey" mas:alias="account®
mas:inverseAlias="contacts”:
<xsd:gselector xpath=Ycontackt®/>
<xsd:field xpath="@accountId"/>
</xsd:keyref>
Each contact node contains an eaccountid attribute (foreign key) that
references an account node. Le.,
var account = contact.@@accountld;
The mverse relation says that the foreign key can be used to traverse from
the account node to-contact nodes. Le.,

var contacts = account.@@contacts.*;

In one embodiment, the inverse alias attribute must 6nly contain an
attribute name (cf. keyref aliases above), and is always relative to the top-level
node. -

Note, multiple keyref definitions may declare inverse relations that “point

back” to the same nodetype. In these cases, the inverse alias must of course be




39 5 cxsd: key nane="account Key"> <xsd: sel ector

xpat h="account"/> <xsd:ield xpath="@d"/> </xsd: key>
we¥Re1kayy ef name="cout act Account Ref " ref er =" agepu&oos/017822

Key"> <xsd: sel ector xpath="contact"/> <xsd:field

xpat h="@ccount 1 d"/> </xsd: keyref> 10 This key

definition above says that an ﬁccount Key (primary key)

occurs in each <account> node“as an attribute called

id. The keyref definition says that the

cont act Account Ref (f,orei ke efers to,the account

o AT IS Bt PP Py Somels oGS MGy TS s for
f oldvaw B LOSIARER,, dafich deflR MAGSORIMsed BFbdgslantl assignedBugs
<nane>Acne</ name> </account> 20 <contact id=111.2"

aceewaetvgly 1. 1"> <first>Bb</first>

<l ast >Harris</last> .<email >po che..conx/ enmai > N

) cont PSR sii%h § AR SERERR 0 A ST g payiestion in
5 an vagcditRtiofd is @onsiAEE UMK cache?S <account id="J_

.1"> The follow ng defines a foreign key froma

cont act Rogt Kewrefane account (i.e.,

cont act 0 DS . J.0= : C ~"J

T Somt b OB de (PRAE FAG ol Neb e nod R b ot topend on

W theigndiepodiueds Far kragpgna s@&bikeey mlaythe dedined bomdRry that

extending the CRM exanple to include enmil nessages
t h#gesag CHEERicsst'sd R i Rther, exfgrpalswfupptipy (g4, time of
de [ : : [ S [ t

10 R S P RaPE SRR A RE (ko) ST RIAE cBs; H8. nodgsct may be
el efhtd to frbdtary nbetypesawithindbs dge nomlel. hAyeEcaliy, thopleeer, these

to_elenents <xsd: conpl exJype nane= "nmessageType" >
35’12‘5&5@?‘ _ ]&eéﬁtoiﬁ%gg’épﬁ nt name="fron type ' 1xsd:
string” MHROCRV Sxantple, RXRE 0¥ LS@untsldesssHie % gg%ﬁlifélﬂar user

name& to" type="xsd: string" maxoccurs="unboun
<xBdy k¢ alvfned i usarly degin , namepedefingd chysthe sysitm A@iable

<xsd: el enent nane="body". t ype= "xsd: string"/>
15 3 SN 1Er foanismIng, KT G dvue gl g the root
dehbdrad thiBabdésbgieont act el enent contains an email |

var agcounts = $root.@@accounts.*;
We define an optional artificial foreign key value for each account node

that references the root node. This is achieved by the following keyref definition:

20 «<xsd:keyref name=*acccuntRootRef" refer="mag:rootKey"
mas: inverseadlias="accounts’s
<xsd:selector xpath="account"/>
<xsd:field xpath="@rootid"/>
</xsd:keyref>

25 Note, the account schema must also define the optional emas:rootid

attribute for the keyref to be valid:

<xsd: complexType name="accountType?s
<xsd:all>
- <xed:element name="name" types='xsd:string"/»>
30 <xsd:element name="type" type="xsd:string”/s
</xsd:alls )
«xgd:attribute name="id" type="xsd:string" use="required" mas:type-"pkey"/>
<xsd:attribute neme="ownerId" type="xsd:string"/> )
<xad:attribute name="parentld" type=‘xsd:string"/>
35 <xgd:attribute names"rootId" type="mas:rootId" use=“optiomnal"/>
B </%sd: complexType> :

The emas:rootId attribute references system a definition defined by the
framework; the system’s schema definition is imported into the application’s

schema by the following directive:

40 <xsd:import namespace="urn:bea.mas® schemaLocation=tmas.xsd"/>




el ement. WO 2005/ 114489 PCT/ US2005/ 017822 40
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woesli gignent nane="first" t ype= "xsd-stri ng" /PtT/USZOOSIOI7822
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<xsd: el ement nanme="|ast" type="xsd: string"/>

<xsd: el enent .name="emai | " type="xsd: string"/> 5
</xsd:all> axsd:attribute n ="id" type="xsd:string"
use="requi red" mas:type= "pkey'/> <xsd:attribute
nanme="owner | d* type="xsd: string" use="required"/>

<xsd: atﬁé%@i}p@%: account!l d" type="xsd: string

use="requi </ xsd: conpl exType> The cont act

type al Reagytichekithesctaofphoviag Yroeevhe pxgdtokBY next within a page
nape="caqont act Pri mar{Key"> <xsd: sel ector

x padH=TTHe Fay of may nokshegge fhsl iorparthsysigngvarisbles

</ xsd: > e: fpll ow Al ti eflnes

t he emal V%rge ms nﬁlevv%@ﬂh% nﬁ?}élgd S‘gﬁlﬁ%ébg nrac?%ear%gjﬁ/ (a(\;l%“té}get)'bépaﬂl
usegradsiofs kiewersdOtheeradh winoihk @y opan®sF for example:

cont actFl 'erKey" > <xsd:sel ector xpath="contact"/>

<xsd: fielad Xpath="emai |l "/> </xsd: key> The fol | owi ng

keyr ef ‘edtf fpe iremescatsta pedet (oe child efemant gha ege)e brdrbat ¢ the
wi_thin thg. a sd..keyref name= .ot
AT a3 DR R R a9 Bt dniion rame

<5 alis®)| &cd kdy atigat hm “mes sage" /> axsd:field

xpat h="from'/> </ xsd: keyref > <xsd: keyr ef

name=" 9% sagamsrEpposesr ehave tho databeloHai | Key" >
<xsd:sebeet:ar xpath=wwpssage/to"/> <xsd:field

Xxpat h="<admpncuecfogmel: keyr ef > Note, the nessageFr onRef

keyr ef €U aks0: beWeidten as fol lows (although,
t he franmewstdkcataanys/auseszdche f orm above; note, the

messageldl s;g;grrrust be witten in the form above

<purcila;

since t efgﬁrcﬂ&¥0£&>mﬂ tiple . to> elenents):
<xsd: keyr ef <harien edrpixd="argrcpePronRef " ref er ="
cont act Emai IIKELE oRSRAC-SRA61.07

xpat h="ness dormy / > <xsd:field xpath=".1/>
</ xsd: keyfrafegaseorder>

<lineltem @prodld="XYZ-30G0"/>
</purchaseCrder>
</purchaseOrders=

</accounts>

<contact id="1.2* accountId="1.1%:
<email>bob@acme .com</emails>
</contact

<product id="ARBC-1234%>
<price>1000.00</prices>
</products>

nd the following keyref definitions:

<xsd:keyref name="accountContactsRef" refer="contactPrimaryKey"
mas:alias=",:contacts">
<xgd: selector xpath="account/contacts/contactRef" /s
<xXsd: £field xpath=".4/>

</xsd:keyref>

<xsd:keyref name="accountProductsRef® refer=*"productKey"
mas:alias="purchaseOrders/purchagseOrder/lineltem: product >
<xsd:selector xpath="account/purchasaOrders/purchaseQrder/lineItem”/>
<xsd:field xpath="gprodId®/>

</xad:keyref>

Without using aliases, the following expressions are valid:
var contacts = account.c¢ontacts.*.@@contactRef;
va¥ price = account.purchaseOrders.*{0].lineTtems.* 0] .@@{@prodId) .price;

sing aliases allows the following expressions:




40 One-to-Many (Coll ections) One-to-Many rel ati onships
can be inplenented either as inverse keyrefs, as

or
wo'BeNf18ab foreign key values contained w thingadabehsois

10

15

node. Inverse Keyrefs Al many-to-one traversals nay
decl are an inverse keyref that defines a 45
one-to-many traversal. Mnifest Keyrefs WO 2005/ 114489
PCT/ US2005/ 017822 41 Certain %detype' s schema

decl arations may define conplex XM. docunents that
cont aj.n g.Lerealed,seguanse of el ements-each of which
may contain a foreign key value. Exanple 5 The

f ol | otffF reggRis chaaterrtietdoniattis&M -«deidcri bes a purchase order
entityy 1. <Xsdapl SIRALAAIE=" 1P ChASer fBraud YWPEE,

" pur chagear AharsbyRce Nunibeesl: conpl exType
nanme="purchaseO der Type" > <xsd: sequences <xsd: el ement
name=" pAll eaternglpeecrds that dau bt etprssentesidasco mpfle kihgedata model

nane="Jldi.neltens"5 . <xsd: sequence .

e AR e RHEte L fe B0 BipIgdey must be exposed aspar
r eff=tht IVt k&ficas STXAPiBAMRN L Bne EmbodsHef! fARBy keys can be
name="prodl d" type="xsd:string"/> </xsd: sequence>
</Ses8IsteninpriossT Ppemlion guygorbenss Eualhdests since in some cases the

c/ conpl e xsd; ence> sd:attribute
e AR By SOREA B BHERGF Ty SRR Bl

</ xsd: crugpbayrhiBesysEas’ fWth ewivite dRyatidee Imiabpidhally return a
defines the primary key for the purchase 25 order
ndgeyspse nusbey:(cey) Awpetiated uwith 4 partigalakegpds, which enables the
<xsd =" R fl> <xsd file
A3 SRR R Bl CEAREN] B (uerb Iuls
decdawbate mestar@p! iffihe'® cbrervidealdenhet protided stii®nce number, the
pur chase order that are foreign keys referencing

priEE Rk camputes gn MEY? Bas “on the record’s XML values.
" pur chagghde Hgﬁffi%H% Ref' defihe" sleHenty qh%e yc'l'elﬁne ) 1(:)hre external

mas: al i as="pur chaseO der: products™> <xsd: sel ec

lcc(!jrresponds to

" xpaplcatiputsclageftardend bptamiatlens skqueabe eamibee(or timestamp). The
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<xsd: field xpath-"prodld"L> </xsd: keyref > .
corresponding J?:ﬁema element defines a mas: typ% attribute, which denotes the

system property “pkey’ or “seq”.

For example, the following schema defines the application contact type:

«xad:complexType name="contactType'>
<x%sd:alls>
<xsd:element name="first" type="xsd:string"/s>
<xsd:element name="last" type="xad:string"/-
<xsd:element name="email" type=*xsd:string"/->
</xsd:alls>
<xsd:attribute nawe="id" type="xsd:string" use="required' mas:type="pkey"/>
<xgd:attribute pname=*timestamp” type="xsd:string” mas:type="seq"/>
<xsd:attribute name="ownerld” type="'xsd:string” use=Yrequired"/:
<xsd:attribute name="accountId" type="xsd:string" use="required"/>
</xsd:complexTypes

This schema defines atiributes, eid and etimestamp, which represent the
primaty key and sequence number respectively. For example, the following XML -

represents an instance of the contact node as returned by the conduit:

<app:contact id="83FEB4C3BAB36520" timestomp="12388832"

accountId="B3F234AD3342ABA6 ">
<app:first>Bob</app: £irsts
<app:last>Harris</app:last>
<app:emailsbob@harris. come«/app:email:>

</app:contact>

The schema can also include appropriate key definitions, for example:




This relationship can be illustrated by figure 12A
For exanple, the follow ng XScript expression

WO Bos/iEwyes the product referenced by the firstpdiie€oosinirsr2

10

15

20

25

30

item of the purchase order. 40 var product =

pur chaseor der. @®r oducts. *; Many-to-Many Many-to- many

relations are inplenented as ,pairs of one-to-nany

relations. An exanple is givén in figure 12B. 45 |.e

account and event declare the foll ow ng schenmas:

<xsd: conpkex.IypenhaRm-astauwatlype" > <xsd:all >

<xsd: el ement<=farret eraxpath=1 ﬁeﬁ"ksd string"/> WO

2005/ 114489, 4%, iﬁﬁ’fﬁs‘i’od%/ 17822 </xsd: al >

<xsd:attribute name="id" type="xsd: string" use="

requir ed- ‘xsﬁ’ﬁ%g T&‘é%““““@?é&f{fﬂg <xsd:attribute

name="owner | s, ﬁlyﬁexpgﬁlaueaglﬁi/ng “use=" requi red"/ >

<xsd: att ri#betleyname="parent| d" type="xsd:string"/> 5

</ xsd: o) ﬂl)éTM&)se%Qﬁfe—]ug) ;_-5?' SRR HRlBX BéPBration is needed to

name="event Type"> <xsd:al | > <xsd: el ement nane="first"

ty@@tﬁfy(‘éﬁp@marhééy for thematteel errent nanme="| ast"
att.ribute

Lgﬁ:_" ')gs&ﬁcetlgfﬁ aﬂ%g glayslgerrﬁg,. (lgezfatﬁ%( ﬁ%a% valugs:are ot transmitted

MRg iHeydhent, RbLYCoksibIEbY 3L EIRIPbRETMReMmMEdAC TR Bl Mfible
follow ng keyref definitions: <xsd: keyref nane=

actohvie Baycreecified foesuppreye iy dafoull bebgeigr-sel ect or
xpat h= " d; fi h="events"/> :
</ xsd: I;@ 8%3] <“/ie§81 HS %ﬁ%ﬁégﬁ) vent A. ccount Ref "

Il @foahute" accouwtldﬁey"> <xsd sebrdgt or xpat h="event"/>

'ygg:fieLQ_vwnfh—"innnunf > <l.xsd: bnurnfs ln_one

et ’ X Myt ”S}'F'éﬁyi !éﬁgﬁ%f;gtio napémoélaétnbute, which

iinverse keyrefs 25 since, q e rrf?%‘?ﬂﬂhﬂﬂk
woul—d ot ha _encuagh—i-nf rl

GORSISTENEy . | (9REFD- e I f BHE: HFTOYRYE Bne
felations are | npl enent ed é’é’ ww e’&jﬁgm{@m'"g

oyt ominiie CREca B ey bt Reira 0 S okmked 2 viible, amy
attempt fo access the field on the client will null {as if a non-existent field were

accessed). Even if visible, key ficlds are read-ontly.

" wvar x = contact.id; // returns null
var y = cont

Primary key and sequence number values are set by the external system.
As with any field defined to be 2 key, attempting to modify the value of the field
will generate a runtime error. When creating a new node, these fields should not

be included; e.g.,

var conkact =
<gontacks>
<first=Maggie</firsts
<last>Cheung</lasts:
<email >maggie@acue . com<s /emails
</contacts>

Assigning Foreign Keys by Reference
Foreign key values can be set by assignment. If the RHS of the
assignment expression evaluates to a node, then this is automatically coerced to

the node’s primary key.




figure 12C. |.e., contact and user define the
foll om ng keyrefs: 35 <xsd: keyr ef

wornhg[@ﬁ';%er Cont act Ref" refer="contact Key" _ PCT/US2005/017822
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s:alias="contact"” nmas:inverseAlias="user">
<xsd: sel ector xpath&'user"/> <xsd:field
xpat h="@ontact|d"/> </xsd:key> 40 One-to-one keyrefs
shoul d al ways declare an i nvé®se keyref var contact =
user. ppcontact; contact.CE(c)user == user; System Data

St hanm 18465 T WHG U (0F BO9Rct0NEa@ecaBt ke ey (defined

\2/%8'%5} &&%ﬁﬁbhégégii@gﬂ%?ﬁg #éfiﬁ@ addurt ABisuty T set to reference the

ersion=
t augdicaneapaeede. ur n: bea. nas”
el ement For i lef anl 1 = gual j.f.1.gd"
at t IrTi%BuB& ST OB Al = e A i e

xm ng: xod="http://ww. w3. or g/ 2001/ XM_Schenma"

xm nsz'%gﬂg?&@mgﬁq(eyggg ehgirent nanme="nodeType" >
<xsd: conpl'exType> <xsd: sequence> <xsd: a

n
i noccdf $he3 pohemac thad dis seedureadlc &> %ﬂ@ck%ﬁ@gdiﬁlﬁﬁm declares a
<xsd: attribut.e n =" r- </ xsd: >
S8 itenbhe HiGPOREE iR ShE bomreioti3Sls FOMRLR Vs may be st

dekianitblaDRdudBe,, HdCh Helds teigedc@).l owi ng attri butes.
Attribute Type Description state syncStateType

det er nifige sexgimplanthes follpndng cascewnti smeRradalingop Woilble pkey
Inmgg enbodi ment, for each application there is a

sﬁe ral” root node, which has the nodetype teas :

r oot <xsefrcuplepgoe WoeserbtTersit ai n appl i cati on data and

may not™BERACTIEH. The franework automatically

Creates an i<pgtanee: et hee?Ororoetd: srothe’/>whi ch is

referencedX¥id 1he $1.001.. UaLJARL & .. KOV Ef. 5. [AYar
reference weASpE-Oplyasast-Neibic--SQUECe type, Tor

exanpl e: <k&yreiburrarree aeeBlnteL- STy pre=""Fras=f ot "
t ar get Iﬁ@?ﬁ%ﬁ' HRENEATT P ORE ERodThENt , nodes
may el-dstetmpberipast anti ated by a client

Therefore, the application may access the value directly.

var account = account.@e@id;

It may also set any foreign keys that reference account nodes by value, for

example:

function setAccount {contact)
contact .@®@account = "A-12347;

} Note, the foreign key value may not reselve to a node currently cached on
the client. Furthermore, if a bad value is set, then the associated conduit operation
should fail.

Relations
Many-to-One (Lookups)
Many-to-1 relations can be implemented using key and keyref definitions,

which parallel relational primary and foreign keys.




progranmm ng or by server conduits. 25 Nodeset Schenm
Definition Apart fromthe root node, all nodes bel ong

WO o1 Hedeset, which corresponds to a keyref poAvus2005/017822
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nodeset is defined by the foll ow ngVlL Schema: <?xm
version="1.0"?> <xsd: schemn

t ar get Nanespace="r un: bea. co '930

el ement FOr nDef aul t ="qual ifi e

attri but eFor nDef aul t ="unqual i fi ed"

XM Ns: xSdsshképadénasasiieotg/ 2003/ XMZ, Schena”

Xm ns="run: EL: OIS exSeaelowirbiit name="nodeset"> 35
<xsd: conplgexd. ype> <Xsd: seqlience> <xsd: el enent

ref ="node" nmaxCccurs "unbounded"/> </xsd: sequence>

<xsd: att rT’ﬁﬁtgfjfﬂf@j;”ggﬂ@gﬁ:xﬁfé:"'Eﬁei”s'd‘?“%‘tti‘eiy'ﬁg"/ > 40

</ xsd: conpl exfaypen sixsd:Rb0@AL> he <nodeset > el enent
cont ai ns dnsduFssdnded sequence of <node> el enents.

Each nquesely eanitRaRBeESsalthat ke &funtAef (prathrP¥edMRcurs in
keyref attribute), which determ ne the nodetype of

t Rechcoecanns pslgas en ettabuts callsl By Adkksrires definitiossaysdhat the

' 2005/11448 PCT/ US2005/ 017822 44 Al | . LSt ent
R ERL G B CRIE RV Lo, R Aot RS S geibice:

syaddar oni zed with the server. Each data node can have
a state synchronization attrjibute, mas : state, which
has a Var eremde. g thy follewinginstgnea dafdipe t ype.

<xsd: sidypled y@pe: nane="syncSt at eType"> 5

<xsd: r estepeticon/dase="xsd: string"> <xsd: enuneration
val ue="a&Rt"/ > <xsd: enuneration val ue="nodi fi ed"/ >
<xsd: eanREAid-0N2Valchestapandi ng" / > <xsd: enuner ati on
val ue=" uggggggg’?/f%ﬁ%p <xsd: euuner at i on

val ue="r epRel-edelfe caxaekienumer ati on

val ue=¥/eomtdtbct "/ > <xsd: enuneration val ue="del eted"/>
<thsS8iseRk rdleﬁhés(%ﬁ‘?pﬁﬁl%iﬁﬂ{e?" OPhEIBER (12, I0&uat ALS:

vari abl e‘fcan'beIjl assed "befween client and server-to

coor di HAFE"PENDI'NG.i nsert /.updat e, sync nessage sent to
G Talant Pt C g I8 Tl e Ba sl Hgount
sfial @oNaldtabl&undRes: not di stinguish between created

and ‘nodi fi ed nodes,” since this can be distingui shed by

a gl ob¥F " &¥qtrerc® *FUHTEr *df> zero. 20 The
synchr®emetabeowe prill oems td nsegdpta sorained métioadbdgas a foreign

ondui t eration; . . .
Ckey value. For examp?e, extending the CRM example to include email messages

that are associated with contacts. The schema below describes the message node;
this contains two “natural” foreign keys represented by the from and to elements

(note, that each message may have multiple to elements).

<xs5d:complexType name="messageType">
<xsd: sequence:
<xsd:element name="from® type=“xsd:string* minOccurs="1"
maxQecurs="1"/>
<xsd:element name="to" type="xsd:string” maxOccurs="unbounded"/>
<%s5d:element name='subject" types"xsd:string"/s
<¥ad:element name="body" type="xsd:string"/>
</xgd: sequences
</xsd: complexTypes>

We have already defined that the contact element contains an email

element,




on conpletion, the server assigns each node with one
of the follow ng val ues: StateMeani ng UPTODATEnode

woUed/Agket e (synchroni zed with server) REJECTE@TQ%OOS/OUS&
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insert/update was rejected by the server or Wb
service) CONFLI CTWeb service responded with overridden
val ue DELETEDnode has been de|eted on server no | onger
exi sts) For exanple, the folloWwing table illustrates a
possible |ife cycle of a node. StateMeaning

t OMODL.E!. ERpQde creat-ed-Qkrapdi fied on client

t | PENDI deénede sent to server t2REJECETEDoperati on
NACK' ed byﬂgggﬂgﬁ e Lo AN o U t?%j t 3MODI FI EDnode
nodi fi ed QRaGhéRid nfRe="Eifrl eypeeus@rs rihed PENDI I\IGnode

resent vedgdiver {SUPTCDATEY datr A(E}E,(e_erd by serve Koy /s
synchr offe/R L. JTOE . B LA SECS. G R e
of the &el-hewbag nsd-tecoubtiat e%amdngrﬁ&YN@I oealitepe/>

cr eat i edidsred but not ready to be synchroni zed.

MODI FI Efpadataco8at hircatyohifinds oprimodi #dyed 25 Conduits

WD 2005/ 114§§(9 PCT/,1152005/ 017822 45 In one

embodi nent’; .ghd. &AL Eta;pplf CalhnRs,do not directly call

Wb servi ce <=gpéirdt eis"¢iA%tead t he conduit mechani sm
maps the &&fHAPTcs of individual (constrained) Wb
servic eTMpEﬂiawlmg] kep rdbﬁnntlbn defiogy thatithegenmidetlengai within the
t he [ i rfual XM docunment (e.g., CRUD
sé‘ﬁﬁ’ﬁ‘ﬁ%‘%‘f] eé?% eP@&dis 2fS¥ate, 5 delete),

navi gat i ng;sd&ebsﬁﬁm"emimmﬂn@' etc.) Cient data nodel
changes are"‘:egyﬁéfgt atgé‘gﬂ;x@jaf%é’ server, which then

triggers t s ﬁ;-gn rranager to invoke the external

V\éb_ Sery Cg(%l?)g/%;rgé:klggr% ec%eﬁg%tp g 62%8 qhgerw O gﬁuke elements

defi ne rvice “oper

f apittan farhésSadeiodecyr ef . Each keyr ef can be assom at ed
Wi t h"exaCt l onef 10—"1(;:\eondUIrEmRef" refszr~'cont c I'TPX >
i nterf aced 0otk NG oy oL ot SUCH - as Bha. ’és LDAP
directories <xsERReaip:|@latieaizmns and Wb si tes They may
al so be WWABPEFETthat abstract conplex |ong running
asynchr oNols: xfkac £m50 testypikith Qus)-caooesknasyed by

pr ocedur al |<Q§I %Plf(d ppatifIess3@p)o’/>l n one enbodi ment,

tiel h-— " “

al t hough Véeh. &e;e\g;c used by the system may have 15

cort RSO SIS e SHED S RS L v

35

40

45

t'(ﬂﬁﬁh e FRSRRI Bwi s Bhal Adove0RRRC IRUnedakb&roret
model Specific requirenents placed on them Therefore,

t hashMBSwnitiyn bethederm abovesnyce dioans mag bs nofltipleeses elements)

resources, |.n..Q0e | . i ASSume
hat tho (Eb B Sty iebn o hereiita

nodel in nimEpd: f(lh’étxpﬁ@““ the types passed into the
request <y Ot be i sonor phic to the nodetypes in the
dat a n@h@ffo-l\éﬁw&@ﬂéleﬁmmses may also be different.

;P‘Sr re]; h g-é\ﬂaenyc’ %elaeuonsfﬁ%s? g:al? ¥e ‘img’lemente TiREC §s InvdHE ?(eyrefs

or as manifest foreign key values contained within a data node.

Inverse Keyrefs

All many-to-one traversals may declare an inverse keyref that defines a
one-to-many traversal.

Manifest Keyrefs




do not need to be the sane as the schema for any of
the nodes in the data nodel. Conduits can contain

woredoadadses t o nap fromthe data nodel into the gEguesbsoirs

25 docunent for the Wb service operation invocation,

and to map fromthe Wb service response back into

the data nodel. These neta dat4i1 are known as

transforns, and can be expressed in the XM. Query

| anguage. | ndeed, the transform nodel is general

enough that;a Vi e

docunent th%lt n\ré\g%@ ?%’) %Cglgglrggﬁe%%%#é&ez?gy?ygﬁédwﬁn &5 AML
i ndphenetag tharwdetairaadeptdidd se@@nsuot ekafents-YearApbakich may
into the data nodel. WO 2005/ 114489 PCT/1JS2005/ 017822

46 RBER HQFee ¥t VA% crucial to the MAS cache (i.e.,

t he recg&gmbbépe' s primary Kkey and sequence

nunber/ti nestanp) can al so mapped using transforns.

5 Condui t The fdlo@ieg schewa Tefinitiondigsdribes alpoticheetopdsr eeyy.
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cont alczngMerl m&:* u.:i.’c §g& ).fiexl“e -e.a=|" urchgse Irci'h e">5 are
I Oadeebﬁby!or@héwfpé aﬁ%*‘\?élﬁﬂﬁgg&radé’rpﬁrp%é>up; %qeesép files

cont ai n“EOMIEdefi nitions. _Conduit files can

consi st of - X&CT T pt naé“ﬁap?fine?yﬁe‘fﬁsﬁc ‘fbg%?that i mpl ement
conduit opEratalentsee t=hesenditdme’s can al so contain neta
data defi ned*FH iR AL I HEKS &> annot ati ons nodel
enabl es t he devel epekediénctise both visual tools and
script editors to b¥iddewsoheRTEt" Pfoflde sypel Gedagtng" />
conduit file can goutaiLp.a.header comment that may
decl are the fokleWngidags: TagDescri ption

mas: convegggj{ﬁﬁ@ﬁ%ﬁf’ ares that the conduit is

st at ef ul/=andoeaidses nenber vari ables to be persisted.
conmon: Xt A Def e rfee=Hahegreated stydwmt e tirErictele’> condui t
file. </Boreceadplee: /,t* * Omas:conversational

shar ed=THealolowiddkey @eQMARA: MOTAS the primary key for the pyrchase

nanespace "http://schenmas. xm soap. or g/ soap/ ehvel ope

prafl¢niedsigng” * @onmon: xmi ns nane spare= "urn:

partner. sQafey %gﬁgﬂeﬁargﬁﬁfmﬁfé;x:"sdr" *rri

ecommon: Xxm nssdnghespaeert- fiutpasedexanpl e. con "

pref i x="appus - s ETEi/Sat i onal The nas :

conver tiDg@@)tha has. the faqllowi ng attributes:

Attribut®e mg i el dedamphion Hderspies othal elshgnisd within the

AlgiafdrRb GrabenbiHE forb IR RIS ANAMN brolifs. De used by

mul ti ple users. co n: Xxm ns e tonmon : xm ns tag

has the f8F% T mTETBates = sArd s Refli treeserdiirrfwh
s:alidk="purchaseCrder:b 8> . .

namespaceDefkdi081:2tRARRS-@6LH erPlifdi pliefl.nes. 2

| ogi cal nanmexdHatldimatysetbapd’t-hin the file to refer to

the names”&CEY D Service Controls 25 The conduit

file alde cdaticaship ¢qmobsiibigtrated thiypfiglreoh}AcFor example, the

d ar.atiQns that . .
%c?ﬂowmg lX%cﬁpt expression retrieves the product referenced by the first line item

of the purchase order.
var product = purchaseOrder.@@products.*;
Many-to-Many
Many-to-many relations are implemented as pairs of one-to-many

relations. An example is given in figure 12B,

Le., account and event declare the following schemas:

<xsd:complexType names="accountType's
<xad:alls>

<xsd:element name=*name" type="xsd:string"/s




represent Wb service controls. Control definitions
appear in the header block imediately before the

woSesiigeReNdi ng vari abl e decl arati on. Exanpl e Yer/us2005/017822
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2005/ 114489 47 PCT/ US2005/ 017822 * @ommon: control *
@c:location http-url="http;
/lenterprise.soap.sforce.comy, */ 5 ws = new
Webservi ceControl (); The follow ng tags are defined:
TagDescri pti on comon: control Decl ares a W.W support ed
control s/xpcaliecat i onDecl ares the initial URL of a Wb
ser vi CeTEREEAL. PRt bEainis Ther, e tmbat o mg ey />
has t helE@lLl oW AT AL iy DUt St Lt 1pLE e S 1 UPTOTT />
Descr i/ptd: omlerfived-ed URL of Web service. The
VebSeryj.cecont Lol Qbi.g6t, fmnages the invocation of Veb
servi cexsd:@zper at 1 ons. e WebserviceControl object
i npl ement sEakefoRt P figsiTerhotisd: shEkdigd Descri pt i on
i nvoke {ne0:5ends thHe. g‘g'écfy??%ﬁsdh%?é’gdé obj ect, nsg,
t 0 t he Webageiviccandefd neg-Thyd thenge apt s oduidef i i iRbipkey /-
r et urvEUt KEPFESONse nessage. Message Obj ect Message
obj ect sAsmd deqias siedfol lntvingareghref definineds:f r om t he Wb
service g%ﬁtkre e"f %aniegu\a/mo lél% lgx)ant];hla'%mCtejieg-g"eve]flgxeviar ’
response = CaBd:EQbatbN¥Q (ﬁ&%ﬁ@gﬁr) S Thé 'messSage obj ect
has t he fo} | ovh: Figlprmeperavenss”/> Pr opert yDescri pti on
header XML “SEEP header bodyXM. SOAP body errornul | if
NO error eesyeyred gy brRgabRVARE " (prerOhcRXakP L,
suppose the X@:g@@t$m53%§$age was returned from
the Web smrdikdgess. <soapenv: Enveél ope
xS Johe Bhisoaiiid hASBIRER) K8 Wit ARG Keyrets
x ginics,: in R ey, thé fHafielbAC RBTRSIOt Ha$® BiotdhGh HRARIGMEARitain
e/" _xmns:xsd="http://ww. w3. org/ 2001/ XM_Schena"
X RPRESISREY=" ht t p: / / www. W3. or g/ 2001/ XM_schema- i nst ance" >
25 <sogpgeny.djgader> <SessionHeader xm ns="urn:
partner. soap.sforce.coni>

In one embodiment, one-to-one relations are implemented as paired many-

to-one relations.
Example

Supposing each user of the system also has a contact record as shown in
figure 12C.,

Le., contact and user define the following keyrefs:

<xsd:keyref name="userContacktRef” refer='contactKey* mas:alias="contact"
mas: inverseAlias="user">
<xs8d:selector xpath="user"/»
<xsd:field xpath="@contactId"/>

</xsd:keys>

One-to-one keyrefs should always declare an inverse keyref,

var contact = user.@@contact;

contact . @@user == user;

System Data Types
Node Schema Definition
The following XML schema defines the structure of a'node.




<sessi onl d>l 2345678</ sessi onl d> </ 5essi onHeader >
c/ soapenv: Header > 30 <soapenv: Body> <cr eat eResponse

- WOKnosIsA48er n: part ner. soap. sforce. cont'>  <resul tpe @263 7822

5

10

15

xsi:nil="true"></errors> W 2005/ 114489

PCT/ US2005/ 017822 48 <i d>87654321</i d>

<success>t rue</success> </resylt> c/createResponse>
5 </ soapenv: Body> </soapenv: Envel ope> The fol |l ow ng
function first checks that there was no error

gener at@dey:ontrh@rd.nvoke () function call before

pri nt fm%gtlh@ yessiaprreleeenteafrzgm t he nessage header,

and & r ESITLELERENL T GITE ) MBRSagE- bty aef 5
functi onusehechébasg) { var response =

WS. | nyxgclgg{e%;%gl)aéle:j,nfode | Jresponse.error) { 15 20 } print
(" Sessi ggdzcomngxfygg.,pon?e. header. :
Sessoi nHeadersegesstonl d); print ("ID " +

response. hady SRRl BRESPONS BXPEUT Y 1d) ; return
response; <jsa:Hat:Seusl ubd-ds0get Hgedolsl Oudstgegpd put :

Sessi orﬁé{‘e 23uBEFe+ D 87654321 Cperation Definitions

Condui' t**6p&r ati ons can map directly onto Wb service
oper at i Werds dafigittms mpsneidotiefellawing attibeiondui t

W -

PErakl o Tdesdares—up -t gthhse functions—t—request
ransform| an XQuery function that creates an outgoi ng

—+

ogsage GonrsS s telesp Dasermimas shoent syaikhXQirekin state

funct i odtMaidepr ocesses the incomng response body,
creating MAS nodes that are processed by the conduit

30 nandBetie gnbedigieshn oy saeh epplicaHo by ps & speciivigyt node,
f unctd ' enents. . '

[ gt B hOBbads IR RIEDLS.. SHSHOR ¢ B AL LB b 8efion data and

C, creat e nmessage

. cusdyonot e mod{ftxdt Dhe &ayheoble butomaticallysdreatéd BOtIAHARB ST the
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35 Custom functions al so.include annotations in a
hdaRfeods) hich; isnistaranced yia Bt ereott Hglablen cKewigfs may reference

PrQL 0L R Es 11y so%%@, for example:

<keyref name="accounts" sourceType="mas:root" targetType="app:contact"/s
In one embodiment, nodes may either be instantiated by a client

programuting or by server conduits.
Nodeset Schema Definition
Apart from the root node, all nodes belong to a nodeset, which

corresponds to a keyref. A nodeset is defined by the following XML Schema:

<?xamnl version="1.0"7?s

«xsd:schema targetNamespace="run:bea.com”
elementFormbefault="qualified* attributeFormDefault="unqualified"
xmlns:xsd="http://www.w3.org/2001/XMLSchema”
mmlng="run:bea.comn"»

<xzG:elenent name='nodeSet?x
<xsd;:complexType:>
«xs5d: sequences
<xsd:element ref='"pode" maxOccurss="unbounded"/>
</xs5d:sequences
<xsd:attribute name="keyref' type="xsd:string"/>
</xsd: complexType>
</xsd:element:>

he <nodeset- element contains an unbounded sequence of <nodes
elements. Each nodeset corresponds to a keyref (defined by the keyref atiribute),
which determine the nodetype of the contains node elements.

Synchronization States




* C@mas: operation type=" operationType"
keyref="keyref Nane'r inverse="true" *

Wdﬁ%%%ragr ansform type=" request" function" 61?85%41017822

10

15

20

25

s:transfarmtype= "response” funct| on

response" function foo($nsg, $source) { return
ws. i nvoke($nmsg); 45 The custom function may decl are
the followi ng tags: TagDescri ﬁ)"f’i on
mas: oper ati onDecl ares the bindi ng between the
oper at i and.t he data node WO 2005/114489 49
Cher at | Bl PESHGAE s SAIEETE i OB Ry @R d oM Sttt Which are
( No@ERhroAeAl Nk ak sdEhRS FaBE dalal rﬁﬁietdéﬁ%VQ RE&i&e synchronization
tionrype" keyref="keyrefNane" 5 @ms: operation
t ypribuiopes asteicerwiligh bis avdes depud bypbe sifhethrversdype.
attri byt e dndi-cates. Lalfig.c0peration is called on
the i nve«rs@eedcﬁytle:ﬁ b sd exp&rga;tl on type=" oper a
tionType" Keyqrenezck TR Fnverse=" true" For
exanpl €, 5@&%&3&&5 J.0l2 @wp@,@figﬁ),{r ef and key
def i ni ti oRssd:<h@rek sl JeterwmhbtopgAE =" cont act Account Ref "
refer=" acé@jﬁrﬁiﬁgx gﬁagg_bggfigsz,@os/ 017822 mas

: transf or rkRchakes i asanekatRs.dF £quest and response
transf o‘r/?'iﬂs1 rfﬁ}rafsc“onharrespaceDecl ares the default nanes
ace fOF {He&TURGti on. mas :fiel dDecl ares custom source
fields Thra@taf&r‘@nﬂhlqmanéw passeshbtwesre cliant end server he condinate

i S Hfle"l'ef"d%??”*attgtpOZ%s@r‘f S GRop vt

(jestge, "se Be;mi‘ng, "I nsert’ "update", etc. keyrefKe
rieE—nane--t-h il on.——i i
tHE ool e eated oy dpedified butonotyspdy1a e aynghyerized.
INBYAE § 196 et ner at.i.ons

dST 3 as I s Serves (awaitipg response)

'<xs d sveley T@rm pﬁ@@bﬂdﬂ@mﬁ &h,etstaté vasiahie flpes wpt distinguish between
" %ﬁB%d /n?)desC/s fJe msﬁﬁgﬂ 8,0 7 ﬁ qb?1>sequence

nane- accoun
<md1bferoﬁtedoxpat h-"@d"/> </ xsd key> <xsd key

nanme= nt act Ke <xsd: se|l ector xpath="contact"/>
<xsd: fi eosy;gﬁgpﬁlza%qlﬂpyogess triggers a corresponding conduit operation;

on completion, the server assigns each node with one of the following values:

State Meaning

UPTODATE node up-to-date {synchronized with server)

REJECTED node insert/update was rejected by the server (or Web service)
CONFLICT Web service responded with overridden value

DELETED node has been deleted on server (no longer exists)

For example, the following table illustrates a possible life cycle of a node.

State Meaning

t0 { MODIFIED node created or modified on client

tl | PENDING node sent to server

t2 | REJECETED | operation NACK’ed by server (e.g., due illegal value)
t3 | MODTFIED | node modified on client {e.g., to fiX error)

t4 | PENDING node resent to server

t5 | UPTODATE | update ACK’ed by server

Conduits




</ xsd: key> 25 The conduit can inplenment the foll ow ng
sel ect operations: /** @ms: operation type-"select"

wkaywsefgiapp: Contact AccountRef" function PCT/US2005/017822

10

15

sel ect Account ($nsg, $source) return ws.invoke($nsg);
30 35 /** @ras: operation type="sel ect" keyref="app:
contact Account Ref" i nverse="tnyge" funciton

sel ect Cont act s($nsg, $source) return

ws. i nvoke($nsg); } The traversal contact. @c)account

woul d ¢ lons @hRRUAGSEE UM enf hppliatibis dGG6OHRLcHY call Web service
d cal I gel faecily call Wel

@r)contacts . * wou cal |l " sel ect Contacts

t r 8pgRBeRH-Thetepdshe condini hmchatisrg taps theesdnodnkiosvofigndividual

attr] .05 2005/114489 PCT/ US20051017822 50 )
SRR B30, Wb GRrate iiiaesse e dhe prascEle mpde Asinst the
vatlient’sf vifiekl oVBDedichin@gt (98, TEDOsen@inkidd GEl-Ne, E&ﬁﬂ I?i%date,
current file. fileSpecifies a file that contains the
si AgIFtE) f nEeEIEE, cIRenT opestionk et obent cddit ymodeh dmhges are

f:géf’?@%%ﬁ%? ﬁ%‘ %ﬁrﬁgﬁe&’ﬁ? @iﬁ% ?l%r??%s‘f%gerdg.ﬁ? cé%su%a Fegeser iy invoke the

r eepiesibl WiehRefviverapeatond. et urn an EVIL object that is
used to const%q%ct,the body. of the $nsg variable. The

respons® PRAFELSHIRBACdbie dsiinna sassiineied sof of Wéeb service

c | | ' the re t.and
regpor%ogggﬁlgr értmrgl'g%lglf rérgEgtlflgkeé?%&ﬁch blgcacs) notcg#eﬁ%ﬁlt@ieﬁﬁﬂﬁ one
t heonduitt iWelnservlcos knafydre inbeefacesstoomiaingr ttems sty b€ BataBases,

t tained in separate files
e BAPIRERToBios B npilatin gnaW ehsites. s mayekochsovsappers
ThRaiBHstradl 20BBPRE i (l)&%g dﬂ:iﬁhgf %gw%cgﬁnggé 0 a?sgefasrg%ﬂ&fows)

for the function has 't h utes:
Atcoerdseatedes procedurgrogiages SpeciPies the tar get

nanmespage _faor .t he outpyt aof transf.orns; uses a

names pg%e? n5,°8 blognﬁfé‘?’i ‘ﬁ%’ﬂ“@% \#qﬁ’es%ﬁesdfse@ E@ thg pystem may have

Mesithineleguirctidnte Py ; eidhe}eaoxuaﬂluﬁeiﬁhﬁﬁ@% &H@t'_ kﬁﬁﬁlﬁ@%@g and
ction; 1

fields that are required to call the fun
t Adeafly| 4 sequsacrembeuer §mepamp), bibers 3tp atcho®esionallyt domnected

s kbR, PR SRS e o

20

25

30

gefiemay ecnsmyneyy Mthdseeesdbataul t body |
In one embodiment, conduits do not assume that the Web service was
written with the data model in mind; that is, the types passed into the request may
not be isomorphic to the nodetypes in the data model, and the responses may also
be different. Therefore, the schema used by the Web service request and response
do not need to be the same as the schema for any of the nodes in the data model.
Conduits can contain metadata to map from the data model into the request
document for the Web service operation invocation, and to map from the Web
service response back into the data model. These meta data are known as
transforms, and can be expressed in the XML Query language. Indeed, the
transform model is general enough that a Web service may return a response
" document that maps 1o several different related nodes in the data model and still

successfully map back into the data model.




for a select operation is as follows: * Qmas:operation

type="sel ect" keyref="keyref Nane" *1 20 function

woPReE Al TypeSour ceTyr pe( $nmsg, $source) { el lliianisini7g2z
e
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25

control .invoke($nsg); } The $nmsg vari abl e references
an XML nessage object; if a matching request
transformis declared (see below) then the nessage
object's body is 25 created ffomthe XM. object
returned by the query. The $source variable can

Gneyr Vs et 5 EhTu 08 15 S e i BB 3R 57 mpjmary
FoteytRdisBGRIEe niiRB@ T estith)dah als6 E@u$i8 Srandfbens.

default body can be as 5 fol |l ows: * s:operati.on
t ype="1i et ijpdavarigel et e” keyr ef ="keyr ef Narre"

functi operation eSQurceT Sneag.. $node return. .
ool GRS TR AL R TR RN e ke A HE Which
t Oard oddes &yt tBd /et lod &t at-86l. theskOfike® coRtaUESHANt definitions.
operation, "'the body can be as follows: *

@feendgpdiles ¢arrongipieef Yevesind and XQwery oetéousfpat implement conduit

n =" 18 i " .0 .

ondr ey AR SO i A Bie s dofned iy comment ik, The
I Qind6iatives oddl kafifios dk deyelbisr o nidtnibriel toalsiaablseript editors
contains the guery object created by the client

c dp bpid cenfbiitcfiles-om operation. Transforms 20

Qper at 119115 {6’?1}11;8 Pk O dohtdi Tl H@ad&eﬂ&%ﬁ{enﬁ?ﬁatrﬁé;’?%@aﬁre the
transform ftunctions using the mas : transform
arfolivwinigams: For exanple, the foll ow ng operation

i .mplepents the-sel nar ati on.-that retri avas
T ST T e LA ~ T T CITTUACT T O 7T T oV U

doffacts given an 4cESURT" dentifiers (i.e., the

MaBE SdhvikeyAtQbndeT | INSLHNHMs ti{HR Rhaedifi GO Rtateful and Radises
% sel ect contacts f|ohemBePe&itibiYs to be persisted.

ateRditbn@d ) CONT a0 Sefinet n@ARSpacBBkad Wihin the conduit file.

type:"%lrgg,;lﬁplléfeyr ef =" app: contact Account Ref™
i nversse="true" * Emas.transformtype="request"
R} it antiat gy LS ML DR IR R
types e TponEe™ TINGt T ons" SoT St CoRTAcT YT s pongs! |
30 f unativen:selsechontactsiSney soafsgureedn"{prpfirebadem
ws. i Ny SRETEIBY)®, “THEFEGHRTY *EPansTor Bi€din Be' cal | ed
belor&tbe- 69864 t operation is 35 invoked; it
returns the XM. body of the_ outbound nessa which is

e)
i nser t dREITIE ocoVRESF By B SBY t%ﬂ@thHM@,aﬂagg@@d to the

TORFtd  OpET at T O] description

shared If the optional shared attribute is true, then the
conduit may be used by muliiple users.

common : xmlns

The common : xmlns tag has the following attributes:

Attribute Description
namespace Defines a8 namespace URN.
prefix Defines a logical hame that is used within the file to
refer to the namespace.
Web Service Controls

The conduit file also contains (possibly multiple) object declarations that
represent Web service conirols. Conirol definitions appear in the header block
immediately before the corresponding variable declaration.,

Example




* @ms: nanmespace target="sfdc" * Elanguage: body
type="xquery" 40 function

wosloett4@®nt act s_request ($source) <query> <qUeFRhEAondi 7822

10

15

20

25

30

| Property Description
header XML SOAP header
body XML SOAP body
exror null if no error occurred during invoke ()

SELECT * FROM Cont act 45 WHERE Accountld =
“{string($source/[did)}" </queryString> </query> }
WO 2005/ 114489 PCT/ US20051017822 5 10 for $i in
$response/ sfdc: queryResponse/ sfdc:result/sfdc: records
15 The response transform can be called after the
condu:;t operat‘i;on returns (unless the operati on
retur s@c%i‘\“i°“<‘é1nr )] S ssed the

rressagp “body °f Q%tﬁfuﬁgd t%? 6/@% rlssae%Jv ce con mf

i nvoke =(1)veWﬁhf$etw1mqontfl'che> iresponse transformreturns a
l'i st ofT@gghé@@tglt% E@@Q@fﬁleuo t he conduit manager. *
nas:nanespace target="app" * al anguage: body

ype=" xquery" f unc P@fﬁ”%‘é’? ect Cont act s

??3 DLk “cbf?ﬁl"c'ﬁpu' o e Ww SELASEH control,

t

T
: L&da'tib‘.r&i\ Sl m De; ares tﬁé‘fﬁt‘é’ UR,!..,Wf A Weg,ggrw Inrj%répl.
(

g w q)l IDI U —ACTOUN our ¢
|/sf

<fist>{s IJI ng?c%rgifvglg%%%g?)d% Kf/laﬂ&? ngl ﬁ?gtteg

clagigitube{ st ri ng( $i / <fﬂefe:nrttast Nane) } </ | ast >
'nnﬂll\lcfrlnm/$l de—Empil </ emait> <] coptact> 52
DY R h,LMmq...lmtlalnuRlﬂofW% SErviger o 1o 4
t he hed®EF=BirivbeePrsTol phiEctaerpEedhe EpeHin @g@wme
g ﬁ dde body is processed by the response

nsform Conduit Operations Conduit operations can
rrap Vie[Ths @ENVice i oaphatsd Doigectiinglchieatsed fdllowddy methods:
nnnrntlnnc that-are expnosed-to the tian
i rggrdanm ng nodel .| BEERBper ation can defines a pair

DEnepie(hed (hal NHEIIAG (ROLFETNAERGge 0B 143, 8'the Web

put goi ng XML rressag;%m@e@ﬁmé%doyftrh@raoﬁaef S&Mud Ehfns the
associ ated Wb sgrigbsshsopsdahaan. These transforns

conmsMés&age Ctdty) of XQUery — expr essions that
translate data fromthe external system data format,

to t heMMge 3®Jaﬁplzir@ gkt anfl orefreedd difon ébe BY et hervice
sch %@qn Types In the client programm ng

nB Sdﬁ?é‘? “©8n" be i nvoked either on nodes

(i nciraudzren@n$r=ogctn)rolonvo@ﬂméeeae'e)efs For exanpl e:

The message object has the following properties:

A

For example, suppose the following SOAP message was returned from the

Web service:

<spapenv:Envelope xmlns:SOAP-ENC="http://schemas.xmlsoap.org/scap/encoding/"
xmlns: soapenv="http: //schemas . xmlsoap . org/soap/envelope/Y
xmlns:xsd="http://www.w3.org/2001/XMLSchena¥
xmlns:xgi="http: //www.w3.0org/2001/XMLSchena-instance?>

<s50apenv: Headers>
<SessionHeader xmlns="uyn:partner.soap.sforce.com’s
<sessionid-12345678</sesgionlds>
</Bessionteaders
</socapenv:Header>

<soapenv: Body>
<createResponse xmlns="urn:partner.goap.aforce.com”>
<results
zerrors xsi:nil=t¢truets</errorss




35 $root.create(xm); node.ppkeyref.create(xm);
node. s?keyref. *; // create node create and |ink node

wo/Zood/MRidoCi t select // deep select // update .26({5/017822

custom operati on 40 node. o(c) keyref. sel ect (spath);
node. updateQ  $root.foo(xm); W 2005/ 114489,

PCT/ US2005/ 017822 53 Dependi nggon t he operation type,
different input paranmeters aré'required to be passed
to the conduit operation. Except for update and

del ete, all othas.soperat/ions are passed (part of) the
node that represests-trhe/gortext (or source) of the
operation ((/glliﬁeeﬁgimébfi eld 5 declaration detennines

5 how nuch/sedpedhmagour ce node is transferred to the

ser vefrfoapeoppiugelpre>r ef er enced by the conduit functions

usi ng t ke $olkoving duiv@iohalkechecRs HAE RS a8 fnolRER Ronerated by
oper ati ons insert, update, and custom

(i..e., '
opBieainiveksy), funpgoealhbeforserinting the s¢ssipoledernens fown the message
op I ' f [ XQuery transform using
t hgéa%tﬁllé ed (L‘}z?s:{‘gt? e.éﬁ?%gg{dlg Fﬁj%gsna,ge%{ﬁy'oper ations have

10 10 i npridet sfecése)tlo t he g§yser system vari abl e, which
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Wi r.re?ponse = WS, INVO, eéﬁ?f

contai ns i nfornation a “the current user. The

fol | ow g repeisparanet ers are defined for conduit

oper ati on ;;gﬁzgf&ﬁfer@ép%ﬁg@fi%ﬁdg oUrtesdHr tesintide of

operatipn. $nodeXM. data no I'nsert,

update, delete, and custom operations.) $keyset Set of

pri may y“°k&YTF§¥& Node’ s sequence nunber.

$user | nfarmat | on abo i the current user. The foll ow ng

tabl e shiyad¢ Oi%i‘efgélgmngtm: of operations that may

be defdimedizborrea parti cul ar conduit operation. 15

Tr ansPorfiS*®per ati on Typel nput Descri ption Sel ect set

of node@paratwerDefdtips mary key of a sel ect $sourcenode

t hat diéi es the context. The context nodetype is,

defi ne %&W*H&’S%BP% garpmap kiaregidy, prip. Wich sevidgsengratiops. Tn one

$nade c%tdo [ ' | efi ned

cont e%rﬁa{ﬁ’g%ag? g%}] ode L‘J’%ﬁ%@g dt%%]lgre% F!lb 2?1 mr{%%felﬁl?%

docuhentquestiedrsfetn o Kpleey Ainpdatethat creates an outgoing message
body;

2. response transform: an XQuery function that processes the incoming
response body, creating MAS nodes that are processed by the condnit
manager;

3. custom function: an XScript (or Java) function that implements custom
procedural logic (e.g., to create the message header, or to invoke custom
transport or any other controls).

Annotations

e (1.6 for.

Custom functions also include anmotations in a header block immediately

before the function prototype. For example:
/**

* @mas:operation type="operationType'! keyref="keyrefName' inverse=Ytrue"
* @mas:transform type="requast" function=Yfoeo_reguest"
* @mas:transform type="response”" function="foo responge"
*/ -
function foo(3msg, $source}
return ws.invoke {$msg);

The custom function may declare the following tags:

Tag Description
mas :operation Declares the binding between the operation and the
data model,




cust onbsour ce, $nodel nvoke cust om Wb servi ce
operation. sel ect_pkey$sourceSel ect set of primary

wkays1i4@$0 a particul ar association. sel ect set 25@,017822
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35

$keyset Sel ect set of nodes given set of primary

sel ect _di ff$source, $seqSel ect set of nodes from
context that have been rmdifi%g. WO 200/ 114489

PCT/ US2005/ 017822 54 [0100] Each conduit operation
may define a pair of queries (transforms) that create

angapreassoRVL 0D] eﬁéc?ar‘é@%Es%%%@éweﬁgeétgadd”f‘e‘s’b'ér{ég and
olit goi ng XM. nessagesndr&e@. ved fromand sent’ to

a$secimkeshadh Ser Vi 5&Aes T 4&8ult A PO f é%h&'ub?h

camabeideel ared USTNGeddIes B&stom SupdeShidl G
S|on the correspondi®g tﬁ@%ﬂﬁ,g? urlfctl (])n gr%By@%gen\%lntﬁiH%ﬁo

t r ansfopemdigact i OnN nanes can use the sanme name as the
condui t unctl on with the uest and__response
suf f i xed 1 PRYRAPEFtioR t%‘i‘?é Bewingad5Biiks: t r ansf or s

naxtb&er eused by nubdsirph& condui t operations:
Transforns can be | nplenented as XQuery (XM. Query)

UFES ons. 10 Exapgberatipe bingl (ean teglesher msenh) “update”, etc.
i nts the_sel t_operation that retrieves

f

|

cofEEfs_given an einnamel Hat defiees gdieat relatibe

i WVEEEES keyr of _def | Hariepihendmpleraents doei imvResk) keyrerdefigfion.

[ R9%ect contacts I Nedehypesfior insart/update/delete operations.

$accounPpeEBortcan referenee @ihes 2 bpereftn sshethy resdt pédfinttich

keyr efoas aRpccont, act ACcoupt Ref e I Aver sertr ue” =
@ras:apanstolm tyygedtregussd” nodeﬁ"nodeType'

f unct | L or m
[ yper! oS S8 RS perd B EPRRA TR O P
cheﬁ/mﬁctl on sel ect Contacts ($nsg, $source) { return

ws. i %Q‘&QM)MJ—"Jperatlogl?%e“ k%?—" Peyngﬁapne :m,verfse-"t -3

target =, sfdc" @ an y e=" xquery' function
el Sct EohehTRIe; SygbOr (Skne ki médsaidpEigions

<que r«yBt el 1@ a5 putSEEbdGhe de £ FREM-CoB4uaGE, WHERE
Aceount | %‘“Z: bt 18 gﬁ%ﬁmty@ﬁ@e?ﬁ"‘bcnt@quer yString>
</ quer )Qsd f:.@&aﬁp Jfarget ="app" *

@ anglregésiredy type—"xquery" 40 function

sel eq;sgggg%, acls.Leshense($response) { for $i in

$r esponsel sigdes-gpenyRespanse/ sdc: resul t/ sfdc: records

<x3d:field xpath="@id"/>
</xsd: keys

<xsd:key name="contactKey">
<xsd:selector xpath="contact/>
<xad:field xpath="@id"/>
</xsd:key>

The conduit can implement the following select operations:
/** @mas:operation types"select? keyref="app:contactAccountRefs */

function selectAccount ($meg, $source) |
return ws.invoke (§msq);

/** @mas:operation type="select" keyref= “app:contactAccountRef! inverse="true"
*/
funciton selectContacts ($msg, $source) {

return wa.invoke ($msqg) ;

The traversal contact . @@account would call selecticcount () , while

account .@a@contacts. * would call selectContacts ().

masg:transform

'The mas : transform tag has the following attributes:




return 45 <contact id="{string(%$i/sfdcld))"
accounti d="{string(%$i/sfdc: Accountid)}">

wojﬂﬂ%i/ilﬁfﬁd* string(%$i/sfdc: Syst emvbdst anp) } </ W/{Iéz%gamﬂszz
'S
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tring ($i/sfdc: FistNanme))</first>
<l ast>(string(%$i/sfdc:Last Nane))</I| ast>
<emai | >{string(%i/sde:Email)}</email> 50 </contact> }
WD 2005/ 114489 PCT/ US2005/ 017822 55 The request
transform can construct the body of the SOAP nessage

hat | I . o
8BHEe transform B?Sﬁ%é%ses the body of the Wb

CEYALE Operat’ on' BpEEASRRNES Foqsbt ] JIBRSALE M
SdedGA S @ SEU D SERIT @R [ra mlEP O fundtibly AP Ehs current file.
gl orms The TEY EpecifidsH RleGhat alﬁgﬁ?ég % ynction.

I %R %@E& atitori; ?c%ﬁg%m{l gamhe %&(‘;Q Fafisforms
nodel el enents. pendi ng on e oper y
OpHTaAtdrRporidly enabeve)sdobe thy Bnddeired. C&'ﬁe rrécﬁ%&teﬁ@tﬁfmm can

the follow ng system variables, which provide context
f ofetltrn@né@éLa)ﬂaj eshthal/ igrused foesasknet Shg befly of the smsg variable. The

updat e
SR RLRIER, Surautse S RRoh i AR Gl ot
and updsibe, Gﬂeiaa.ﬁl ﬂereqﬁaﬁeaﬁaor@pbnsreeQueﬁ;,eltﬂanﬂbnﬁheue either
current user 10 The se{mct conduit operation netho

theecojvegt blosk foeiRy eusterBerReration, (wmpla Hs auto
0, PSS A U S s
name "an@ryémSpa@@rrpl exType> <sequence> <el enent
name=" > .
</ compl B3 ypge >5Hegs/pa5¥ R deei%l@ ?l{! rr%amte rpsd #grp%% function
r edr@lrten desfollveinfstiboessy st em var i abl e to specify the

r‘r‘nllnt ld . faor Ql o kv ronmitrod foar tho ocniar\wv 2E %
Pl r|Bufe e ISA gt 0—ne-—guHeryY—=o

@ras: nemespace t arig etgem;'t'ofndc:" * el anguage: body
]E Vipggexquery' = 7 @&%lf@@ﬁﬁéﬂ@@@t ha@hesace $dide output of
<

oO—Hown =~

unction sel ect Contiwdrisforhef] URes b HhanidsiRle FfSURAYPadthe
queryString> top of the file.
mas:field

The mas:field tag declares custom source fields that are required fo call

the function; it has the following attributes:

Attribute Description
XPath References XML element within node object,
Generated Functions

The body of the custom function is generated by WLW. The default body

for a select operation is as follows:
/ *%

* @mas:operation type='select" keyref=‘keyrefName"
*/
function operation?ypeSourceType($msg, 4source) |
return control.invoke (Smag);

}
The $wmsg variable references an XML message object; if a matching

request transform is declared (see below) then the message object’s body is
created from the XML object returned by the query. The $source variable can

contain the source context node (e.g., node .@@keyrefName. *).




SELECT * FROM Contact WHERE Accountid =
"{string{$source/(r)id)}" </queryString> 35 c/query>

wa2009%14680anpl e, this mght generate the foll O?C%SNOSIOWSZZ
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type¥EHSE R VIOCA SR E

out goi ng SOAP nessage body: WO 2005/114489 5

PCT/ US2005/ 017822 <query xm ns="urn:enterprisd.

soap. eforce. conf'> <queryStri %%>SELECT * PROM Cont act
WHERE Accountld = 1000</queryString> </ query>

Response Transforns 5 The response transform can

proces i S

5 hode Cor g8 ey b AL SRARARE A SOGTHITbe o
ndndges:. All  response transforns can reference the
foll owi ng system variabl es: Variabl eDescription

$r esponseRRELERAGRS-LRR | e @180 AR IR Ssageshdy .
$userf(bcjc,ect repr esenting the current user. Foll ow ng

t he e%@@fﬁé’ﬁﬁ@ﬁf{f@%ﬁfﬁ?egﬁ%ﬁv9V\€f>°d§’e|{vi ce operation
returns a SOAP nessage corresponding to the foll ow ng
XM SCFI%?% 0 : =" ">
<conpl ex yﬁgéé ‘é&é’g‘g%(e%r? %g‘in%edégﬁgdr’rgetﬁ?% %s%ga‘/rﬁé%a%c?&&&%&
t ype=" ifos 2 Queoiy Rpamativrl, /the bodysmgbenis éatlowsconpl exType>
</ el epent > <conpl exType name"” QueryResul t"> <sequence>
<el enepias: cpehap® Bfpe Nbdsk @b lnem tob &b@ank™ n e &l QRGher

t ype=*/xsd: bool ean"/ >  nane="querylocator"
%’eﬁ?‘:’xﬁﬁhﬁ":ﬁ?’ etords"
m nCtcurs="0" type="ens:shject"/> <el enent
name=" 7L ihd ¥R&% ¥ithbld Lortat S g i
o/ conpl of Typeg e othtains e GEEY36fect created by the client
calling the custom operation.

W

“Transforms

Operations - may optionally define request and responmse transform
functions using the mas : trans form annotations.

For example, the following operation implements the select operation that
retrieves contacts given an accouat identifiers (i.e., the inverse keyref defined by

contactAccountRef):

/e
* select contacts for an acecount: Saccount.@@contacts,*
* @mas:operation type=“"select! keyref="app:contackAccountRef! inverse='"true®
* @mas:transform type="request" function="selectContacts reguest"
*/@mas:transform type='response" fuonction="selectContacts_response”
*

function selectContacts($msg, 5source) {

) return ws.invoke ($msq);

The request transform can be called before the conduit operation is
invoked,; it returns the XML body of the outbound message, which is inserted into

the message object, $mag, passed to the conduit operation,
/ F ok

* @mas:namespace target="sfdc"
* @language:body type="xguery"
*
/
function selectContacts_request ($source) |
<querys
<queryStrings>
SELECT * FRCM Contact )
WHERE AccountId = ¥{gtring{$scurce/@id)}r
</querysStrings
</querys>




wO
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m xQOccur s="unbounded" 30 Each <QueryResult> el enent
contains a sequence of <sObject> elenents, which is
E&%nﬁiﬁﬁ type for the <contact> schema type: p3gniQuiRi7s22
50 <conpl exType nane="sCbject" abstract="true">

<sequence> <el enment name="1d" m nQccurs="0"
type="tns: 1 D'/> c/sequence> </conpl exType>

<conpl exType nane:"Cbntact">52<coanebentent>
<extensi on base="ens:sCbject”"> <sequence> <el ement
name="Account | d" qCEcurs—" 0"

<e| e me e 15FRORSEHANFIOTIR CADD &?PEE‘%’/ gﬁert %econgult operation retuins
ﬁr%cs%tt’ﬁé ) llgﬁon ?@thﬁig%t BB obieb S tﬁflfiﬁ?assed the XML message

curs= type= stri ng"/ > enment
n&fiﬁy—"ﬂeﬁﬁﬁd\sﬁlﬁ)fn ntha %muccs :dbﬁt\:olfg/ pep:oke(gd fenationg"The response
<el ement nanme= st em\/bdst am" m ﬂ %‘iﬁ =110
t IBHOLR FetpEs @ Hshat app! @?W@ﬁ%w © LPRORIEREnAsHS
</ conpl exCont ent > </ conpl exType> <el enent
name=" @mtramﬂpacwgp@ff- =478 Cont act"/> WD 2005/ 114489
PCT/ US3508F & 7852 BFES exanple, an | ncom ng SOAP
MEeS S aget oo dyLemicghbeth eredpppst Heesbokdi ol n % )’
<sf de: qfREr RESOMeE AT s P PETE™H A BNt B 5 1°sE " Sbap.
sforce. CoBirac 1= 6lstlead (@I Llat }d)S" <sfdc:records
XSi : taws@ﬂ:fqﬁ'rﬁt@mﬁ id'és“m ‘H ">tl d%&%f § de:, L d>
<sf dc: Accourfifats ﬁfﬁf i) St
<sfdc: Enuai | >:ae@getrr@@ﬂ6sf@comssﬁr@d@1€m+ >
<sf dc: Fi r st NmESREGEr &1 Sf YCri™ S MEie> 10
<sfdg: Last Kene>Reed</ sf dc: Last Name> </ sfdc: records>
:2; gg %régg 2?[241%‘%: éﬁf)ege;ﬁolﬁr i@'agfénttoafﬁgnif)ulate the header and body of
< gerfiee Oresparte| MOBaLs hefrdcho oty dis prbbessed by the response
<sfdc: Emai | >sar aheacne. conx/ sfdc: Emai | >
<$EHOI.r st Name>Sar ah</ sf dc: Fi r st Name>

Conduit Operations

Conduit operations can map Web service operations onto framework
operations that are exposed to the application programming model.

Each operation can defines a pair of queries that map the corresponding
incoming and ouigoing XML messages received from and sent to the associated
Web service operation. These transforms consist (typically) of XQuery
expressions that translate data from the external system data format, to the MAS
application data format defined by the schemas.

Operation Types

In the client programming model, operations can be invoked either on

nodes (including $root), or on keyrefs. For example:

$root.create (xml) ; // create node
node.e@keyvref.create (xml) ; // create and 1ink node
node. @@keyref.*; // implicit select
node.e@keyref.select (spath) ; // deep select
node.update{) ; i // uvpdate node

Sroct . foo{xml) ; // custom cperation




10

15

<sfdc: Last Nane>Sni t h</ sf dc: Last Name>
</sfdc:result>
wEymbeuyari abl e points to the top-Ievel

type="
$reRROMBE feptalentdusE 3@8&&&9 RS LS

</ sfdc:records>

20 </sfdc: queryResponse> The $response
PCT/
<queryResponse> el ement (within the SOAP message USﬂmv&n&n
body). Therefore, the follow ng XPath expression

shoul d be used to reference tyge array of <contact>

el enent s.

$response/ sfdc: queryResponse/ sfdc: resul t/sfdc: records

25 The Hldn@iah thé @ﬁé&@myae Qﬁﬁ&%&%}%&%a dﬁ@&é@s% é@ﬁx?ed to

nessage and creates a |ist of <contac enen
‘@ﬁmﬁﬂﬁdnﬂypamduﬁapgetcﬂapp" * q anguage.body
X, functi on .
C%bfﬁegiy J;og ulp gts &Hé %Itee gﬂ d)ﬁ]gfg)opfrapsps e pagsed (part of) the
X (ﬁeﬁl@;l a%ﬁe?ﬁtﬂﬁ (t&E Ha8Stie1d
return <contact id="(string($i/sfd

adiﬁ@lﬂmt@ﬂiie{@mmeﬁ dopsinnglf dﬁ%@ewnﬂbd@ }s"‘wansferred to the server).

<TG Lo BRRR b PGSl Bl SRS gl Sl ' ©0”
<l ast >{lﬁt fHen@bsdi /oFf ak@sdﬂgﬂﬁﬁhs} h.bastgert, 4 Qpdate, ancAI Fustom

<emai | >{string($i/sdc Enall))</enall> <[’cont act

r émwa@@pn&)f tha dhiemede geadep dnvoka dereeonduif Dp@ahaylstrefemh@m the
and,sy. roni zed w e cli

s QN Y B oo S5 SPr st i Prsedriopy have

a igPHEW iabcede te IHE A6 et-NEsRREY @b SwililiAbolIBYs REformation about

i nvoked on correspondi ng nodesets on the client. For

e%@hﬁm@ not define an insert

Nt pfert he conduit does
t, 1,0 create

an_ i ndprol gy i Ftlr 20 Pl AT et

atverdhipt s t o |deessitire. g., in a custom action) this
will triggerl.a runtinme error. The client side
msﬁﬁﬁ‘ré?ﬁm ng-In?RYEde nppe pf operptishf or ce t hese constraints,.

NP Ss05/ 1144 Lpét?r? E%@?des/ B1 8oy wpeatpofelda cangicestom

33}?%955% abb‘ ugq of I'Hch account
Hia 2 €Nt gy e

UgE, ana t ~
PlsHES KUY' 'InfolrHation aboWtdRe curtent User.

sel ect

L el ar

wi--h—t he

+
tea
T

® T 9

U.

} H
bULaI U

erlne

orders Eeyre

/nr odld=Al</

rodl r*lsr\nf \I>1

wﬁ1§ téﬂﬁg sti%ﬁp?ﬂel }]Fffé]
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SPREFAEAP VP |

hFRES t he upd

ataDﬁﬁgwﬁtlon is deflned for

alé‘eglggégghgél a 'gérbr%%ér’éw tien geﬁect Set o¥ T R glven %he prlmary key of a
: node that defines the context. The context

nodetype is defines by the source of the keyref.

insert $source, Snode Create node and associate this with the defined
context.

update $node Update the given node (XML document),

delete snode Delete node.

custom $source, $node Invoke custom Web service operation.

select pkey Ssource Seiect set of primary keys for a particular
association.

select_set §gource, Skeyset Select set of nodes given set of primary keys.

select_d4iff

Ssource, Sseqg

Select set of nades from context that have been

Transforms

modified.
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(e.g., insert). For exanple, 15 the conduit

operation, insert, both inserts a node and traversals

it to another node using a keér ef relationship;

therefore the creation of a n éle on the client nust be
atomcally paired with a traversal operation to a

co ondi n .. _The. eseribing. )
ARG EaRG R R o ciThy SRR AR bEbGies (ranstorms)
us érat praagy andripng:enDXBAL (objetd barapsadihatie dndodyingfand outgoing
Th tomatic user 20 interface is able to use this

in GSRALCt FPCHYRG famemslssnicto e gasoqipted &Y ¢b saryae peration.
etc.) E i ' I Sm .
G 5t 1 gty SRR ke BAE 6 ROl JREAAELE e png g annotation
er ootle ¢mrgpondmgtmciolt fandionr diyg partenton aasgformafichction names

applicatjon errors (e.g., .i.nvalid 25 data). .
FUFAHER BT SAMeping exlhe SAnGE Bnstienwithdhe aresmgst and weesponse

di t _r ' .
0 BB R 50 PRRE S i L R ekt
r espang epemsemge. Error TypeSyst emApplicati on SOAP

faul t S nmessagen/ axX Congdui . _operations are .
i mpl emf’gggﬂgs lggq?@g?ntggﬁaiﬁgam( {Query)iuneiigns.

there igysffpierror in the processing of a nessage; this
can be. either due to an infrastructural failure

(e.g., Thafdporing fopetation)impdemends dbolseleat bparatidre figt | retrieves
badl ornmed WD 200511144 PCT./ US2005/ 017822 59

etk AR A ARTCAAPONIE, Ge dnt JPviiES diesrilpdsfined by
f addnetlencoysteprrors arise if there is an error
creatjng or processing the outgoing or incom ng SCAP

MeSSaY8se1 o8 clhract KQUELY adoLAPS EQLILE bE QL)L e APPI | CaL T ON

error s @#d:gerdtiont fige-e3¢l RE NAdyrEPRbp €@k 4O cbREFROT SivaRe-rtruer
oper af i “EryIegUeRT Esed Rt et rkbfegaqtharmare |

passed, as 'tbartf%%f The r%%sa%e boay “Tes g 2 hpHATE®

f ai | €dicticS@GARfuthtts fase s=airsed{ by t he SOAP st ack

dur i ng tHE FRVBEH'TBH ‘of the invoke () function on
the Wb service control. Normally the body of the XM
obj ee’t*@glet urned by the conduit operation is processed

A5 :namesgace 2

by t he oifsponsaytk,a0sfm However, if the operation
returns a system 10 <nmas . error> object, then this
obj et hLE B UPTBEEHFTEY (R Tohdui t manager. Note,
ei t her thensmémisgonduit function, or the response
transform nﬁwgggggt GF&EIEO_ ¥ ‘11 -l ror> obj ects. The <nmas
error> sehlepRaaarini ti of '8 "gIvEh*Bel ow
<xsd: cempkexType nanme="error Type"> 15 <xsd: sequence>
<xsd?el ement name="pkey" type="xsd:any" m noccurs="0"
maxOgeur s="1"/> <xsd: el enent nanme="system' type="nms:
syst enfErarege tangetrGeeur s=" 1"/ >  <xsd: el enent
name=; FESERFE Y yFEZ"REWH st ri ng"/ > <xsd: el enent
nane=inkiied deietrypet ARSpEE Qfdkbabe) dType” 20
maxoc cufB = ifietraeiatysfis: psRadren ainTes it/ stde  records
<centact id=v{string($i/sfdc:Id}}"
account¥d=*{string($i/sfdc:AccountId) } ">
<modified>{string($i/afde:SystenModstamp) j</modified:
<fist>{string($i/sfdc:FistNane) }</Ffirst>
<last>{string($i/sfdc:LastName) }</last>

<emails{string ($i/sfdc:Email) }</emails>
</contact>




</ xsd: conpl exType> <xsd: conpl exType

nane="syst enbrror Type"> 25 <xsd: sequence> 30
wo0sgli1@4genent nanme="code" type:"xsd any"/ > P T/USZOG:»/{)17822

<xsd: el ement nanme="nessage" type="xsd:string"

</ xsd: sequence> c/ xsd: conpl exType> <xsd: conplexType

nanme=" errorFieIdType"> <xsgssequence> <xsd: el enent

nane:fcode" type— xsd: any"/ >""<xsd: el enent

nanme="mnmessage" type""xsd:string"/> 35 </xsd:sequence>

<xsd: at . t 1l

</ xsd: crlg{ﬁplfégﬁ%ype ?ﬁ&P@Mc I%%gﬁtatgéi%d rocgrtﬂf“gS ﬁgc?leﬁsgge that

t havdkes tionnng v Webnservimsoperation >Thel Gespofe®: transform processes the

ﬁ)€§>pr| mary -keg//< / mas; pkey> <mas systenp

y o5 HeWED s7rvics @ggrﬁﬁgg 5 gésganse S message and constructs a set
RS ORSSags (qg}ssage string</ mas: nessage>
</ mas: systenp
5 cnmas: nMa@i‘rmsﬁng;e--st ri ng</ mas: message> 50

<nas: fl,I;E\18 ath= "spa th-ex reSS| on" > <mas:code
>error dgqi,%ﬁfagqné ~cangreate the ugang Web service message from
> | /

TRARAGR Skl DAL/ BRI f@éﬁéﬂ@%% Hig b8 L2 aneration type (see

</mas:error> 1t W 2005/ 114489
Eapéragomnso tabdbj j @otfe)rmlye dontaim tée rpferamee y thee Yollofwih g esystem

node .af f t he rro For .sel ect operations,

tﬁ?%abj\‘?sl’ W%J(? Hr?] d%B?ﬂI??‘g f?{&i}%“&“ﬁ?‘?%ry key; for update

ncighed et e oper af beasgtibhi s W 1T ref erence the updat ed
Systemerrprs can he logged by the server. All

PRI Brror val upogesst’psounse nage fpricEvadalln dorcdridate and
passed to.t hadelﬁkerwmnsm call back function. An

LRI obj ect st Node ﬂf.emenhfqrnaseiband énﬁaf@rﬂpgrat@lnsback
BEReion: this ')Qb}eﬁ rapsesenking HEegiseesponding. 1
10 the scﬁb@‘rf;eab@n/@ml@ﬂanmre@on mteh(fdmbm iyokgre thet rosry Web
retur nlerror i nvVo

 FOURSBpSRE B IIE b SDAR MBRSF i) o B impEfpnrortns o
t,meaimhgomusehmﬁa fktﬁﬁcﬁref Name"

<element name=“gquery“s

15 <complexType:
<sequences
<eélement name='"gqueryString" type=Yxsd:string“/s
</ sequence>»
</ complexType >

20 </element >
The following transform references the $souxce system variable to specify

the account1d foreign key required for the query.
/**

25 * @mas:namespace target="sfdc®
* @language:body type="xquery®
* @mas:namespace target="sfde"
*
/
function selectContacts_request ($source) {
30 guery:
<gqueryString:
SELECT * FROM Contact
WHERE AccountId = *{string($source/@id)}»
</queryString>
35 E </querys

For example, this might generate the following outgoing SOAP message
body:




function operationTypeSourceType($nsg, $source) 15
var response = control.invoke($msg); { if

wd FRSPRRSLS. error) return <mas:error> - PCT/US2005/017822

<mas: syst enp<mas: nessage>system 20

error</ nmas: nessage></ nas: systen> </ nmms:error>; }
return response; { } 25 Wiere_appropriate, it can be
the responsibility of the condbii t operation to retry
failed invoke () invocations. In this case, the
conduidue}agad:OuBNSMES Nkt 6. MBR Ser vi ce operation
eit her k@enystetqa@s:memm * M Thatct Serre dcormiof- roed<y@bly8trings
messatiMg¥i s ed. The foll ow ng operation returns
a syste @Ppﬁ%ﬁém?etryi ng the invoke ( ) 30

5 functi ofOReg E@iﬁeuﬁgnsfonrp@ﬁﬁ"gro@@&rﬂg'n%bntu}ﬁg 876 Rk&5de message
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keyref ="keyr ef functi
opaxdaticated ppesoufoc afyipstbieg is feoeasseé)by{ the Iontloit manager. All

i <3; j++ = t | ke($
() i et s B tive B e R A PRy n 45 )

<mesiaBrel OF > <IMBS| 6&edpbP<MaS. MeSSage>RetrTy
fai.led</nmes: nessage></nmas: systen» c/mas:error>; The

f P 15RPHE aper at | hReferenpes ¢haineaming SGAR ywassagebedy: i 1

t hieseryake (\ f unebjech renresantiog dhe ewrrent ussrher wi se i t

r et ur nsFadlogame tel exapplé ebvicptheerueoy Wel saific2 @pbratibd 4&89ms a
P S2005/ 017822 .61 invo e but the Wb
SRk TR sesond R eIt RS SR then |t
calls a-uti I|ty function to parse the error rressage

and r et GRS SEETIPOURTE &€ rr or > obj ect that nay

ORI

contain mu t.dsﬁl&csil eld> errors. 5 @ms: operation
typeni creat e" kayreef serekaguid Nape"tos foemrgtergn"/eper a
tion? ype§g1,4‘|{3g PE($nsg, $source) { var response =
contrr oleiemwoke($nsg); 1 O if (response.error) ( if

(responsge. grror ngmed%uerymsqu.) { return <mas: error>
<mas: sysf RfRnce> ,

<glement nawme="done” type="xsd:hoolean’/»
<element name="gquerylocator" type="tns:QueryLogator®
nillable="true"/>»
<element name="records' minOccurs="0" maxOccurs="unbounded"
type="ens:sObject"/>
<glement name="size" type="xsd:int"/>
</sequence:s
</complexType>

Each <oQueryResult> element contains a sequence of <sObjects

elements, which is the base type for the <contact> schema type;

<complexType name="sObject" abstract="true':
<seguence:s
<element name="Id" minOeccurs="0* type=*tns:ID"/>

</sequences
</ complexTypes>

<complexType name="Contackt?:
<complexContent»
<extension base=Yens:sObject"s
<Sequence:s
<element name="AccountId" minQccurs="0" type="tns:ID%/>
<element name="Email' minCccurs="0" type="xsd:string®/>
<element name="FirgtName" minOccurs="0" type="xsd:string"/-
<element pame="LastName" minOccurs="0" type="xsd:string"/>
<element name="SystemModstamp! minOccurs="0"
type=!xad:dateTine’ />

</sequence>
«</extensions
</complexContents
</complexTypes
<element name="Contact" type="ens:Contact"/>




<mas: code>(response. error. code}</mas: code>
<mas: message>syst enmt - error </ mas: nessage> 1s

~wd Masasyst enp</ mas!error>; 20 } } else { retydiysioeso1rs2
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<mas: error> <nmas: nessage>general - errors/ ms: nessage>
</mac;error>; } 2530} // if } check for

application errors (response. hody.

creat eResponse.result.errors)”{ return
process_error(response. body

creat eR ; .
7ot 1 o SRR B o SCA ni:SHlE Sol PRPARYE iy the Kflowing
pr 6eess error(errors) 35 var fields; 40 45 } for (i=0;

i <error th i+ ..path z natch Qat h{errors

(| 1 . If§ fgserfes 51’3.5& 1]P| eiycﬁs u+n_ené:e rlSFI DI'C {com
xpath-"{pa?ﬁ?&ywnkeﬁdé $Nﬁs?%¥a$tbde}</code>

<mas: nessageZEE IRESEAT: §O<7;/faua§¢cm;§ﬁage> </ mas: fiel d>
} oreturn <mastefei>{chiedlts) chamsicemiior >, CRUD

Oper ati ons CRED:Tier-gde memeeﬁ gf g@ﬁ?mﬁel et e) operations
represent<hnngggﬁs asi c

ional data operations.
These oper<a'1df-‘@¢mr<i§aﬁlr‘¥m@ “drr-r eetdcy>ont 0 the MAS dat a

model” and of Lt GO oo mdalcs50 Note, the Veb
service's Cofxt@cinaschenBachasoa/aickierient shape from

the applicats Sl </ gREEtiesi ned above. The
sel ect opefati ?ngasm ﬁ%f@gt‘/ §?ﬁ]‘a5tm TTustrates how this

mappi ng</ﬁ@caehweved Sel ect i

/Efdc:queryResponsex
The $response system variable points to the top-level <queryResponse>

element (within the SOAP message body). Therefore, the following XPath

expression should be used to reference the array of <Contact> elements.

$response/sfdc:queryResponse/sfde:result/sfdc:records
The following transform processes the incoming SOAP message and

creates a list of <contacts> elemenis.
o / %

* @mas:namespace target="app"
* @language:body type="xquery"
*
/
function selectContacts_response ($response) {
for $i in $response/sfdc:queryResponse/sfde:result/sfde:records
return
<contact id=*"{string{$i/sfdc:Id)}"
accountId="{string($i/sfdc:Accountid) } V>
<modified>{string($i/sfdc:SystemModstamp} ) </modifieds
<fist>{string($i/sfde:FigtName) } </ first>
<last»{string{$i/sfdc:LastNane} }</last>
<emalls{string($i/sfdc:Email) }</emails>
</contact>

! All request transforms generate nodes, which may be cached by the server,
and synchronized with the client’s data model.
Permissions
The operations defined by a conduit determine the operations that may be
invoked on corresponding nodesets on the client. For example, if the conduit does
not define an insert operation, then the client cannot attempt to create and insert a
node for the corresponding nodeset—if it attempts to do so (e.g., in a custom
action) this will trigger a runtime error. The client side programming model will

enforce these constraints.




WD 2005/ 114489 PCT/ US2005/ 017822 62 The sel ect

operation can enable the franework to retrieve nodes
wodebdNefho by a keyref for a particul ar source pgqd@noosn17822

Typically, all conduits define a select operation

since this is the basic nechanismused to retrieve

nodes by the client applicatjpon. 5 Subsequent sel ect

operations (for different keytefs) can be invoked to

construct the data graph. For exanple, navigating from

an account node to the urchase .orders _kevref invokes

Che geunlr Ao febLe asBraty BrbuRbpbls o kAt Lo

Vel dSREHCERint ld@8s a1 a¥doBRtdINGiTH (MR PY keSS §n BHifl €4se, unless

node to the line itens keyref will call the

geheieneh detisedopradattilgariopenatien essoeiatadiaie thewgiderd Beyref, then
se{Lvhﬁle. .Sel ect o]ﬁfeirati ons have the followng form
j #R€ 0&1%%?%‘%&?% S TEN sel ect
5 keyr ebcdtikeymuefeNamete( i nverse= "true" | ¥
(r) mas: THGISIALm LyRawW keguest . function="functionNane
fdE) f

r equest<;qdtriquée) mas: t ransf orm . type="r esponse”
funct’ion="functi onNanme_r esponse" _function

10 functi ovmapEysidess the updateyprationeis defineg forthe kayigwgiietype,
| . ' tri d
L e A R B R e L T or o
par t contdcanddess.dp =riad2edlype; e.g., selecting the

accoun referenced by the foreign key for a
parti cfﬁ‘aﬂnecsfﬁlgg feRbofhe MRdIIeRiEI08e0 P{I?l}tb‘tﬂeéatlons (e.g., the

defd { LN ; r S
- STaRRE CabaF 2E pBRAICH A oTal SRER S (i PRy Bor cxample
15  a tipacdridoifl perationpumsdert, hypth/inaerés 4 nods gml kamersalbit Keynadher node

O oS A g S0 must o
='afcRhiBd1lyOSHNRIIBNith a traversal operation to a corresponding nodeset.

mas: i nvérseAl i as="i nverse. Rel ati onNang™ > o _
cxsd: sdhecnash drisatcserthing iuplPpgated sondutiofdratians is accessible to

B B B B TR IR oo

20 f eltb@aieng abld-to eephiSintdmatiSiEkEGdnetattMaMe menus (insert, update,
keyr eftarget Type WHERE primary key = $source/foreign
keig-}35 An operation inplenenting the inverse keyref
.corres the followng SQL expression: SELECT *
FROM kggll{&g .aégllﬁltr%eType VWHERE f orei gn key
$sour c @hp conduiymiehanidi JigMiiulshéd BEwe3n RET kiddg 00er@3: system
7822 The sel ect operation's reguest transform can . .
c P d Ci2hePToleol 3B BBASParh prrogsh cande Pl isplery grrors (e.g., mvalid

25 oﬂﬁﬁftﬁu%énh;l\#l}eg ﬁﬁbﬂcﬁfi&{ 068 daiSd RhideBWn WoSEPRI ways: as a

vari‘abl es,
SOAP fault (i.e., protocol level error), and as part of the SOAP (or plain XML)

response message.

Error Type System Application
SOAP fault X X
SOAP message | n/a X

Conduit operations are implemented as SOAP calls; SOAP faults arise if
30  there is an error in the processing of a message; this can be either due to an

infrastructural failure (e.g., transport failure), a protocol failure (e.g., badly formed




provi de context for the operation: Variabl eMeani ng
$sour ceSource node associated with the ice ref.

wobeeri@gjoect representing the current user Thecgal®edsoi7s?2

operation's response transformcan map the response
nmessage 5 body onto a list of nodes. Node el enents
correspond to application defg ed schema for the
correspondi ng nodetype defines by the keyref. The
sel ect operation's response transform can reference

SO AO5PITIGE 0 155, WS SIS e

- I efherese nh icngr tieaticg or pricedsieyr the Setgeotg @yinBonmggBO KR ymessage

(I\/any-t(g- m%a%el ational foreign keys inplenent
mel§yStoReH K UeBsom 68Rup" ) 10 rel ati onshi ps. For

exanpl es, 0l MEn ¢ QhioY 8 S&84 fﬂﬂ'i%t‘fcﬁry Eot ti
defi ni tlfx%%iso, ?rtl elﬁ‘g)rsf natéljr aFl to %}%I nk ~of at e&gc%%gﬁt(fpgm on
attequdstibasedfort He vdmisathint medmsss! @& poi nf ¢he nwEssdge body (e.g.,

account,. node i.ch the nt ac ongs: . . .
e it f8 hulfuacs S5secde 86 5OAT H58 duping thp focation of
<86 Sl RN FudRA0E Vh inhd Wieb sbR@Tond§d: Sstring”/> cxsd:

el ement nane="| ast" type="xsd: string"/> <xsd:elenment

name=" vairallytthpbedy «istle XML whfettretumnedily tiel cond@it operation is

T extiepet S TS ) RIS SRE 7 i Pt oo a syt

10

20

25

nanRs: QWaer |dbject YRR thisdobjSdtrpdised dR&ty’ ROt &hduR manager.
<xsd:attribute name="accountld" type= "xsd:string rr
ug¥ete,r either ribel"main congdwll:feannone R jire sespensxEanskeayy afay return
nanme="cont ac%]Account Ref" refer="account Key"

SRR §ASE” QWEBnt ">  <xsd: sel ector xpat h="contact"/ >
<xsd: f iledmipalsy CBeetianichidiiion is svesdelo@yr ef > Thi s

woul d enable the follow ng client traversal (note, the

@ op&t Al ot Bl Er ERTEE the al i as nanme of the keyref
def i ni ti ofpe:evdEnt aGEBUREY" TyBB M@y @ReeoND" nakh@urs-"1"/>
fol | ow ng-eHRtIEY OLTACI T FIPLeIRIe hPs-keyPer=—:/
rel ation: osa. | RREFALIGOR, e YRE 05 Bl 68 fryper

keyr ef=2twpnrtwbtizétunt Ref " 35 * @ms:transformtype="

r-equggﬁﬁfﬁﬁ,ﬁ?@ﬁlﬁ;@b:"sel ect Account HyCont act _request'r *
S

@ms: transformtype="response"

f uncrigfeR Bl AETOURTBYCORPaCt response” function

sel ect ACCAUNERYGONLACLSMEg.-Bs0us6e) { 40 } return

C WS, nvok%ﬁ%ﬁ ant |nafERSOH kw4 864-PECTAUS2005/ 017822 64
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* @gy;gﬁ_‘ Thady. type="xquery" * (r)mas:nanespace
target ="sfdc"
<xs5d:complexType name="errorFieldType">
<xsd: sequence
<xsd:element name="code" type="xsd:any"/>
<xsd:element name="message’ type='"xsd:string"/>
</%s5d;: sequence:
<xsd:attribute name=“xpath” bype="xsd:stxring"/>
</xsd;: complexTypes

Le., the <mas:error> object has the following form:

<Mas:error:

<mag:pkey>primary-key</mas:pkeys>
«<mas: system>

<mas:codeserror-code</mas: codes

<mag:messagesmessage~string</mas:megsage»
</mag: gystems
<masg:message-message~string</mas: message:s
<mas: field xpath="aspath-expression"s

<mag: codeserror-codes/mas : code>

<mas :messagesmesgage~string</mas :message>
</mas:field>

</mas:error>




5* (r)mas:field xpat hW @ccount zd" 10 15 function
sel ect Account ByCont ect _r equest ($source) <query>

WO Ml i Ng> SELECT * FROM Account WHERE Iq,C—T US2005/017822
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(string($source/ @accountld)) </queryString> </query>
} | * @anguage: body type="xquery" * enas:nanmespace
target ="app" 20 - function

sel ect Account ByCont act _r espon(éoe($r esponse) { let $i : _
$response/ sfdc: queryResponse/ af dc: resul t/ sfdc: records

<otk 11 SRBCR PR Y PR PRRRBUATAN iy 2pieaffitsdy the

2 SerfoR aFESeRLt dptdtitink Sthibc/iNGEEtht S6MB8BSde’s primary ke_Pf; for update
<type>§ string($i/sf d’g: T)}pe)}</type> </ account> The

c omd uletetoprarattang this witld refensnessthe bpdated godgener at ed by

the pl at.for it 3 an refenence theg,agcount owner Ref
oy of TR ol s RRs Gl 1 S e B e
t aglusiedtto thd\GichPadasksand thesRspehdilBeibacifunction.
flnctions. * enms;operation type="sel ect" : . .
} ceyr ef Al €89t HOIEE é% tefmst tox thesappdicationns eallhack function; this
t \ =" " . .

£ it B GRorten cRpresponding fo the schema abovs
t ransf Exaniplpe="r esponse"”

functi gn="sel ect Account ByCont act -response”. function

sel ect AdCSGHOFIERRERONFFEGNS S SHEIFMITA df g, invoke () function
V\qmi,&%ggf&m%ﬂ For?0 Request Transform The request
tranzggrm can reference thg $s$ﬁr c;a variable that
repregents _the account node. The funcfion annotations
can dep@Faasfc@]iEe I"¥iguage (Xaieryy gé‘l{na t ar get

nanegpacen gbertHen Tt e?emgetmsas&g@r@h@c{unent

(refer é@ﬁtﬁgﬁﬁg:_;ﬁéﬁfégp’% *[5PEti x declared in the

conduit fid®ns header annotation). 45 The function can

al so decl are®**g fi’el d annotation indicating that the
@.CCQURL fhalel b D Ukes . Ofsedpe contact node is required

by the funckimeerdbi:s declarati on can ensure that the
forei glﬁegﬁgyre\éggngge; is sent fromthe invoking client to
the server as part of the synchronization request. WO -
1005/ 134439 apiibprilse 0 5k b Br2rebonsibllity 'of GRaogidagespesatiyn to
t )r/ef)t:?y fa)i(lgrlf ?_Ir?:oke () invocations. In this case, the conduit has to ensure that the

35 * sines

Web service operation either is idempotent, or that some form of reliable
messaging is employed.
The following operation returns a system error after retrying the invoke ()

function on failure.
/ * %

* @mas:operation type="select" keyref="keyrefName"
*
!
function operationTypeSourceType($msg, $source) |
for (i=0; i<3; i++) (
var response = contrel.invoke ($msg) ;
if (iresponse.error} {
return response; // OK
} }
return
<MaAS: erIrolrs>
<mas:systems»<mas :message>Retry failed</mas:messagesr«</mas:systemns
</mas: error>; : :

}
The following operation first checks for a system error if the invoke ()

function returns an error, otherwise it returns a general application error, If




* @ms: nanespace target="sfdc" * @ms:field
xpat h="@ccount | d" function

WGI0EEHARC ount By Cor zt act _r equest ($source) { } peguedayes/on17s22
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<queryString> SELECT * FROM Account WHERE Id =
(string($sourcel/ eaccountld)) </queryString> </query>
Response Transform 15 The resppnse transform can
reference the response variable that represents the
XM. body of the nmessage returned fromthe Wb service.
Thenvdidn e tsubdeedd) ik ahé osh CaRicl lj icati .
| anguage (XQuery) and the tar getﬁg%cgﬁngslg‘g&ésg?ppthﬁ%m%wﬁnms"
obftEB it ¢adls & HEHY fienciipe te prrdeithe eroragessageTind retimos # oompound
can_assumng. singl.e record is returned by the Wb
20" Servi cggjeég%}étr@@ éroéxgal}%g}u.efﬁp(?ﬁéff%te%’ﬁ&can transform
this /(Iﬁto a single <account > node with the

cor r espORYHG PP HEFYOREY" (Taj=HitF=8at4 fi el ds

conf ofumetngy &rerdcheryraehesppaatd nidi-0n (i ncl uding the
<nodi figﬂg:gﬁgﬁgg‘tﬁf@’pﬁﬁs@ﬁ%@ﬁg t he sequence nunber).
25 *@ angua ee;sﬁkagﬁyextr&pgoag xqyghy; * mmas: namespace
target =" app"reﬁu%giriﬂog @ % . .

sel ect Owner By ACTBIJIT L SElORSET S esponse), 3 0 let $i :=
$response/ sf dc: qu&isyﬁgsg%gge& 3y ﬁpﬁsﬁgﬂiﬁfdﬁé: records
return <agcount/"pyersfaty/aregsittsfde: 1d)}" >

<nodi fi edza{sstiri ng( $i / sfdc: Syst enmvbdst anp) } </ nodi fi ed>
<name>{stri nng(gl;sf dc: Nane) } </ nane>

<type>(string($¥F; LD Shtype> 35 </account> }
The <account > %s}ﬁ{%g%,%%g%net lljr%gé T8 1RETondui t
manager, ahd synchroni zed back to the calling
application. The conduit nmanager may also elect to

pl ace t'hebspder pmtigatifreegesver' s cache. 40 | nverse

Sel ect ™ (‘CIREEH WA T THECT AL b sBRe rlel at i onshi ps
defined by forei gn keys can, of courser be -t to?ﬁj%f’ ‘of
in the reverse directi pn as a one-to-many

rel ayi onshi p. -G ven the“ame schema and keyr ef
definitions as in the section above, it is natural to
t hi nK/ ofiliysetcth te omicast tinBdesodsel ongi ng to an

i ndi VI"gLIAE BTSN Ewe® WO 2905/ 114489

PCT/ US280 8L 1:#/822-s6ngX Sdiyconpl exType

nane=" corTg'iaéJ1 By pertshratiistrow (> Tiekd Rl 61 ement

name="fi rst <mabs MRAT ¥l (mbjbNg "/ > <xsd: el ement

name' "l ast" type={$sdtugide} Agptes >

<mas:message>{§i/wessage ) </mas:message»
</mas:fields

}

return <mas:error>{fields}</mas:errors;

CRUD Operations

CRUD (Create Read Update Delete) operatiohs represent the four basic
relational c}ata operations. These operations can map directly onto the MAS data
model and client programming model.

| Note, the Web service’s contact schema has a different shape from the

application’s contact schema defined above. The select operation examples below
illustrates how this mapping is achieved. | |

Select




5 <xsd: el erent nanme="email" type"xsd:string"/>
<xsd: el enent name= "nodi fied" type="xsd: string"/>
wohospdiegbl > <xsd:attribute nane="id" typeM XsecraiRbiddi7s2?2
use="requi red" mas:type= "pkey"/> <xsd:attribute
name="owner | d" type=" xsd: string" use=" required" />
10 <xsd:attribute nanme="account!l d" type="xsd: string"
use="required"/> </ xsd:compl€xType> <xsd: keyr ef
name="cont act Account Ref " refer="account Key"

mas: al i ’ﬁ'ée:% AL %g%ﬁt:m]érga? Igr?a}ﬁ?fir @%ﬂ‘é{@?}i}l? &9 %e%ﬁ‘éée frodks defined

<xsd: sel'ect or Xp 1 (
X Bt h&epReE gon A tpaelidtar s6lis diodeyTefizallihiagl édndBits define a select
however, the mas : inverseAlias attribute of the

k e3peratiog einics; thisois the bagie echanizm psed & ratdcyeyedes biyrihe client
trhg) [SNgLse direction: 20 var contacts =
aceBunt: ontacts.*; The follow ng conduit operation

5 1 npl emeRiibseduehs stlesesseationy r@r digfepdnt dteyrefs) can be invoked to

amas: operation type="sel ect" keyref=""_ :
csRngBichdeotiHt meIrh. | Flepreapls, magigatingghion ap AR fpde to the

t ypes: " tion=" -
SARERARE HESS AL holiGs the gprrunspageoracrs operaiion of the
. tacassitoefadaHI@eb saspentded, navigating from a purchase order node to the
function="sel ect Cont act ssyAcaount -response” 30 35 40
« line ftgms thewref sall call isrpasbinipane SDFHEIINRLIhe Prdemtbapaqe Web
10 rgEM&. ws. i nvoke($nsg); } * @ anguage: body
type="xquery" * @ras:nanespace target='sfdc" *
@ras: f iSeledt appaitions @rok tHedolidwing form:
sel egt Cont act sByAccount _- -request ($source) { <query>
<quer y Shdsk dpgeat i oSELECE fecREAME0Rt @ edvandHERERecOMBY | d =

{ st ri NEEBSaereet @y )reaueyt( faryRor &eﬂf% 1. 40
SR ET I asntgrﬁnasaf’erw%rfvﬁég" %cg‘@?“yf-f S - TR ace

t ar getretiap Finckisneing @My, ssource) {
sel ect CHMTLT SBYREE6UNt _response( $response) 50 for $i

20 §responser SIRIEhe ATHESH ShSe] VR AOde e P IRE todl  as
I ebyrdrsaodtfhed fotlFpasivilangubed midesplry.¢., selecting the account
account | :"istri ng($i / sfdc. Accounti d%}"> ) )
referenced by the foreigh key for a particular contact node. The inverse attribute
defines that the operation implements the reverse relation; e.g., selecting all
contacts that reference a particular account by via a foreign key.

25 Keyref definitions can have the following form:
<xsd:keyref name="keyrefName" refer="targetType"
mas:alias="relationName® nas:inverseAlias=YinverseRelationName'>
<xsd:selector xpath="sourceType"/>
<xsd: field xpath="foreignkey" />
30 </xsd:keyrefs
' In relational terms, the select operation corresponds to the following SQL
expression: '
SELECT * FROM keyreftargetType WHERE primary key =
$sowrce/foreign key
35 An operation implementing the inverse keyref corresponds to the
following SQL expression:
SELECT * FROM keyref.sourceType WHERE foreign key =

$source/primary key




<modi f | ed>{string($i/sfdc: Systenibdstanp)}</nodified>
55 <fist>{string(%i/sfdc:FistNanme)}c/first>

Woe@sSu st ri ng ($i /sfdc: LastName)}</Iast> PCT/US2005/017822
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<emai | >{string ($i/sfdc;Email)}</email> </contact> }
60 The conduit operation function can be auto
generated by the platform ity references the
account owner Ref keyref 'definition and has
declarations | WO 2005/ 114489 PCTI US2005/017822 67
(gener attrdielyt 69@hifon’$ SedubBs FRMWAScaBRELHE BRAASRage body for
transformfunctions. The operation also declares that
i tthe Smbessmecsoneraiiany iaras ecfkepee therfellewingraybiiem, variables, whlch

?g%{ ?%th] tl%\gla‘%‘ n?erlhglgs " i nverse="true" S5 *

3@9@@Fansforn|t ariimpequest ™ function=
)
* s:transform

\§§8ur.c:er esponse” Source node associated with the keyref.

—t

K —n CORSE rempaentingrihe cHYBRhYIer  funct i on

sel ect ChaBalElBIOBIMTEHInSG ragsfoun can map theresnonse message
V\’%oﬁﬁvoﬂkoe (OB Af 5?&9 ?\% TEI élfltg rd&r-gg_{?o &u gﬁélhcgpon defined

ransform can rerer ence sour ce
r egitemme fitrs thd errespoidizig no@&ypeTldeﬁﬁesn oyi tie Renef aThenglect
decl are .the | an (XQuery) and _target nanespace of
t RECTBYRT BT HBOE g@ﬁ%feﬁa SeuFRATEnGerae @@W&@SE@ aeahiese e

fed T X decl ar §admhgt e condui t e s header
nnotation). Thelfunction can also declare a field

AReACRRsDN i ndi caBidy of Het SOAR meisshgeaesporsat e of t he

gegiint__node i s I Ohinck eebrbyertiing theagireninyserhi s

decl ar SelbcirBjcﬁmrei@riéw@dmab -G foreign key value is

sent f i Vo client to the serve r as . part

of "t neR SRR SHPLERheO PR B My orone o1 Ioofip’)
@e@ﬁgﬂgfg& body type="xquery" * amas: nanespace
target="sdc" * @ms:field xpath="Q d" 25 function

sel ect BomexemH@y given vhe -folétqmgts(cﬁsnm rapd) kefyref<defemtions, it is

[ SELECT * RE.accountid ;
{%#Pﬁ ﬁg’(@g%%} Jbg & 6‘3‘)1“:1%@ é’?% e HQ?%%‘@ pointer t the
Respom s dd fARRicR 8 ﬁx@ad‘tﬁ&@ﬁ e transform can
reference the $response vari abI e that 35 represents

t he ?ﬁ?jﬂ}%ﬁf{wﬁ? "TRe “HEXEHFE > ret urned fromthe Wb

servi ce. <¥Eierfvgncidnonapnolypd-r-aastaan/al so decl are the

bif 1 £ d str !
| anguage JEXQUELY) 8t L 1he Y ﬂﬁ"én @é& Stﬂgrﬁ;space of the XML
obj ectqﬁsatamne 10 the condt manager. The function
can assemettifete Jmsﬁ—t'qdpIt@&ﬁ@c@@)ﬁtdsngan}ewr:@mwwedlabyypbh@key"/>
VNéb <xsd:attribute name="ownerId" type="xsd:string” use="required"/>
<xsd:attribute name="accountId® type='xsd:string" use="required"/s
</xsd: complexTypes

<xsd:keyref name='"contactAccountRef" refer="accountKey" mas:alias="account®s
«xad:selector xpath="contact®/>
«<xsd:field xpath="@accountId"/>

</xsd: keyref>

This would enable the following client traversal (note, the ea operator

references the alias name of the keyref definition):

var account = contact.@@account;
The following conduit operation implements this keyref relation:

S
* @mag:operation type="select" keyref="contactAccountRef"
* @mas:transform type="regquest" function= "selectAccountByContact request®
* @mas:transform type="response" functlon_"selectAccountEyContact _regponge?
*/
function selectAcuountByContact ($msg, $source) {
return ws.invoke ($meg) ;




servi ce <query> request. The function iterates through
the results and transforns 40 theminto a set of

wootiaes®> nodes. Each node can contain the porasz2005/017822
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corresponding primary key (id) and data fields
conformng to the schema definition; this includes
the account foreign key (accooiﬁntl d attribute) and
sequence nunber (<nodified> el enent). WO 2005/ 114489
PCT/ US20051017822 68 /** * (Q anguage: body
type="xquery" * (r)mas:nanespace target=rrapp" 5

f unctfljbq sel e_%tdCont act s%/"Account _response( $response)
fOr $ii anitinamecpace taret-raract

$r espo/m&#s:‘fedtnquer@;R@@pwse/ sfdc:resul t/sfdc:records
returd/ scontact, 1 d=m(string($ifstde:ld))”

accoufﬁnt:' —Qie?s%rfngtfécl%éts?tdge:(licé%ﬂnti (lj;]l} "> 10

<nodi fi edwl{arygwrgrig:{% /fc}c $S15} i ng sc.

yst enibdst arﬁﬁ@iﬁé L %ﬂtiiln?(lgéource/@account_ld}}

<fi st >{st riaag{<biisf dc: Fi st Nane) ) </first}

<l ast,>{*$®Ffng( $i / sfdc: Last Nane) ) </ | ast >

<emai'l >{string(%i/sfdc:Email)}</email> </contact> The
<cont/act > nodes can be returned to the conduit manager
and SYHERCEHEZEMIACH D the calling application. The
condukt manager may also elect to pl ac? t hese nodes

i Nt o fEI§Eion @pirer Ut BxChRt act Nis AR (e PO RFal nt ext Free)
Sel ecfrgz | :%F§Il‘e§p01530e§% N RN ?;Egec‘feéﬁégs%ﬁ?c Fet ween
nodes t hataccbormnot" (depertl/onc: 14)0rei gn key val ues. For
exanpl e, a SBRTHE-ERIGE éiéﬁﬁi@%ﬁﬁéﬁgﬁé@’ lsg=dtfor y ¢ hat
uses the curegat{=dtaRidigscht@ENTaty@A, or ot her external
i nformatiohacewty., tine of day, real tine data,

may. bo s b RRRERSUAGH frPa §55 BadRfl Rl P i Ehtomm, i

deérd reReletce M¥PLE@UnYownoWeY feyrdfhaeknitid® MHAdBsEtiE@cRERions
attached to the root node. Conduit select operations

c fgrnpiates nleelshtadky reped @il mesppags; trasisivea feattioast - free

sel egtss, by definition, do not require the context of
t he soareerrater tymm="orlect” enboth"crarctActderefdr e al ways

. * . =1 u i on: o I y [ .
! n‘p| eném é@iﬁﬁﬁ: @gél-éggﬁééﬂfgﬁgioi@132@3.:&@&@%;@;3&%@@%%"
illustrates how, in the CRM deno, the set of 30
accotfitsor 63 ehreoriivERfitc: (fS%r F=igF et ri eved by a
condyi t° Sel 6ct operation. The
Request Transform
The request transform can reference the $source variable that represents
the account node. The function anmotations can declare the language (XQuery)
and target namespace of the oufgoing message document (referencing a
namespace prefix declared in the conduit file’s header annotation).
The function can also declares a field annotation indicating that the
@accountId attribute of the coniact node is required by the function; this
declaration can ensure that the foreign key value is sent from the invoking client

to the server as part of the synchronization request.




account nodetype has the foll ow ng key definition.
<xsd: key nane-"account Key" nas: al i as="accounts ">

woamsilBlegect or xpat h="account "/> <xsd:field pcrus200s017822

xpat h="(r)id"/> 35 </xsd: key> The mas : alias
attribute indicates that the nodeset of accounts is
traversable fromthe root nod i.e., var accounts =
$root. @@ccounts. *; The condU| can be inmpl enmented in
the same way as the inverse keyref 40 select

oper a¥i*on (above) * (c)nmas: operation type="sel ect”

key=rr, g;gggﬁ;gxgs targ%g‘;?'e— true" * @ms: transform
type="+ eguastia LR lonmgel ectAC Count s request *

5@nas t’r/ansformté__ge— response” function=r'

1o Ws. i nvoke($ ““’M QPRI 0 pe="xqueryu
@ras: nanescpcggié;shaiggéft §H% “’*‘ 7‘1\“&6’55/ 017822 10

sel eciEu CLoudts P ‘6‘6‘?%’5‘7@““\?@6‘32‘6155751‘1:&??89 69 5 function
sel ectAcc&uwmrss(:$n§>g $source) { return

*

funcwor{qseei”ectAccounts request($source) ( <query>

<quer rin ELECT *. Account FROM Account, User
RO T

WHERE 208t ring($user/usernane)) 15 AND

15 User. | dTEe A§RMEY - (ENBRE-N car/ ﬁﬁ?éﬁé@t EH*e %a S;éo uer¥anahale that

20
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20 * (r) Iang e: body type="xquery" pace
t aicpeepents, P )ﬂ\%blb@tly@rﬁ tbe nestafe cotmbesi from the W%b seﬁn&ﬁ The

o SRARRE by, st el dhesdeneviaes (XQue):r wofhs arse
I efaiiespa6a oF B TKMIOD ¢t bétied & 18 c8Rddithbnaper.

The function can assume that a single record is returned by the Web
service <query> request. The function can transform this into a single <account >
node with the corrésponding primary key (id) and data fields conforming to the
schema definition (including the <modifieds element representing the sequence

number).

/*ix
* @language:body type="xquery"
* @mas:namespace target="app"

*/

function selectOwnerByAccount _response (§response) |
let $i := Sresponse/sfde: queryResponse/sfde:result/sfde:records
return

<account id="{string{$i/sfdc:Id}}*>
<medifieds{string($i/sfde: SystemModstamp) )} </modifieds
<name>{string (§i/sfdc:Name} }</name>
<type={string{$i/sfdc:Type} }</kype>

</accountsx

}
The <account> node can be returned to the conduit manager and

synchronized back to the calling application. The conduit manager may also elect
to place the node into the server’s cache.

Inverse Selects (One-to-Many)

The many-to-one relationships defined by foreign keys can, of course, be
thought of in the reverse direction as a one-to-many relationship.

Given the same schema and keyref definitions as in the section above, it is

natura] to think of a set of contact nodes belonging to an individual account node:




<nmodi fi ed>{string($i/sfdc: Systermodst anp) ) </ nodi fi ed>
rname>{string($i/sfdc: Nanme) } </ nane> 30
wolopehitsdor i ng($i / sfdc: Type) } </type> </ accountperyus2005/017822
Request Transform The request transform can reference
t he $user systemvariable, which is 35 used to
construct the request query sggt to the Wb service. *
@ anguage: body type="xquery" @ras: namespace
target="sfdc" 40 function
sel ect;@eew%%a %%e&&;(ﬁ&@@gc)e) { <query>
<quer ySt?rsP(x SEL_E Jy.Account PROM Account, User 45
VHERE Userl A LE50E JUsT Ftéﬁ@@%ﬁ@ﬁfiﬁ@”ﬁéﬁe)) AND
SuUser.ld. = <A@C@a&ht @macrldl sheuenySiining> </ query> }
In this /cgggﬁ siptrat sEPVediicdntremisdrérirs'd> j oi n query
t hat Selx@@ﬁ&rﬁwluie naﬁg-“a:(}c@yélt:&d tsmﬁg"afsg—”géwﬁgd“byast ="pkey"/>
cur r ent <xg&errr{utecnaneigaper1an tiow ey gy edegrreduenedt Aat
mat ch 9§s§fh§ g;ggr B RS Sh (RTS P SNt vt fravired’ />
transform does not reference the $source variable.
Respoffs€ EEdnsior ?ﬁ?ﬁﬁhg‘cr%sb@eﬂ setrr'arrsioka cenaproctessnt
15 the setZof .ackolilsntenilned by the 55 Wb service
-operat | «ezmi Firld mtlsmcomayd“as the response transforns
def i n¥ "r“f”m i ous sections. WO 2005/ 114489
PCT/ US2 ?»8 oweger; «the  masgiavrpsalbiasodiribyise of the keyref
(fé%lﬁfo‘ﬁ"ls used@%v&@@ﬁl%[% ftlr?fhg‘f"%\fe %[{Hrecéoﬂ unction
20 sel ect Account s-response( $response f -
<Y $r esgONSBFETYE: atjﬁfé‘i‘"y?%g‘ﬁéﬁéé‘f sfdc:result/sfdc:records
r et ur n BedoBowingi cdaildis bpéraiirhindséraantd thid inverse keyref relation:
<modi fj ed>{string($i/sfdc: Syst emvbdst anp) ) </ m)dyrfl ed>
10 <n2r{§—;a{;@Efﬂtﬁ/(%jdstg:%t'I\%J}ié/tf%"%édaggﬁ%zunﬂlef“ 1nve:.s}?~ 'true"
<type sy ¢ e ﬂ'? ectlprgeateRTRdcunt request”
2 Note, L fRE: o SISt b et R SRR ST Sy
conpuytetichsetch@onti& spoaduic tsnrmNagess) when t he set of
<accquﬁftﬁ‘rﬂ16§jé‘§’°"§r‘%“5?‘et urned to it. Insert Insert
30 operations can be called by the conduit nmanager when a

cliert*
* @language:body type="xquery"

10

* @mas:namespace target="sfdc"
* @mas: field xpath="@id"

35 */
function selectContactsByAccount request (§source) {
<querys
<queryStrings>
SELECT * FROM Contact
40 WHERE accountId = {string($source/@id)}
</querysString>
</querys
45 [

#* @language:body type="xguery"
* @mas: namespace targets"app®

*/

function selectContactsByhccount _response [$response) {
50 for $i := $response/sfdc:queryResponse/sfdc:result/sfdc:records
return

<contact id=¥{string ($i/sfdc:Id)}"
accountId="{string ($i/sfdc:Accountid) } ">
<modified>{string (§i/sfdc:SystemModstamp) }</modifieds
55 <fist>{string(§i/sfdc:Fisthame) }</first>
<last>{string($i/sfdc:LastName) }</last>
<emall>{string($i/sfdc:Email} }</email>
</contacks»

}
60 The conduit operation function can be auto generated by the platform; it

references the accountoOwnerref keyref ‘definition and has declarations




appl i cation synchroni zes newly created nodes to the
server. On the client, nodes can be created in one of

w0 YsMapMss i .e., the create () 20 function %T[@gzbmnsn
be called on a keyref or on the root node: var node =
sauxce. @keyref.create(<xm >); // contextual create
var node m $root.create(<xm >); // context free create
In both cases, just the node' STxm obj ect can be
transferred to the server 25 (i.e., not the source

cau in the case of a contextual
cr dBpnordd S Toch3°R3e (Salehf AR sbonsP  FERF e hetioay. The
valaperaibaklso @bemen des itrhsresan B invRRE KeylehFatAbip, 1 S
set autpnmatically by the framework based on the keyref

SdEf I NI ¥ le@d3: opbA6iRK tty&p%@l%t:é "%§re@-a¥§xt;cpﬁcgugélqle9v!no Qtrrg;"

30 [ ** *empgarsfyge caket @muésytpemctnseéetlectm Essmdﬁﬁf’m@u%t
* emas: ;@P‘Ea'snté?néfﬁw f:}s‘lpﬁ-—e“xespfr@a Bupriod={f5b9CEpEaceByAccount_response"
funct |f@rmNamee1e&q¢he&JtsBchcéJna R, LEAarsf grm

jotype=yr é%trﬂ’é’n‘sﬁem‘“fkaﬁefa’ on="functi onNane response" - 35
functl 0 Eé}gr%aggfl\larre(&rsg $source) { } return

WS |nvo nsert operatl ons can be used to

C reate rnnd eSeAT iF RS RAMM MlreterdcBehs DGR VaRERIE q%}é:tel%presents

y the nodeNanme declaration. 40 The i1nsert operati

r eal?e%‘tnt‘?th #Ad¢. ofhe Bimehere smudtationssisalpee Hedinfuapet (Query) and

We it can referenc e fallow ng

oy SR P 8 the Blieohde S30nEE WBHARER alGien e 2 nattespace
15 opprediideciarcd dm thelebadafilnghshdadaeNetaosy eat ed b the

appl i caﬁ, on. WD 2005/114489 71 Ob'ect representing the

cur r ent L& épmetipeepabsoodesiayg psfeld pasotatiere indicating that the eid

0 i nsf or an the resp
TenIAOBE I ETRARSodd ARGRITR B8P st HERERFREtion can
c osmsuyertbait the fpreigmaey vakie i6 aa@t fremp thomRbkikie SREMAD U e server as
nurrberigt of tF‘QP-l record created by the Wb service. The
ke 23jonr9a8ethonse transform can ref erence
20 the f/OH owi ng system variabl es: Vari abl eMeani ng

$r equrﬁ?ﬂfﬁlpme taé&%ﬁ‘ message response.

$user@rqm&cherdexp5@13 in the current user. The node's
25 Pr |n'afr'u§/c tnd optionally, sequence nunber) can be
retur ne@i"ﬂlgfereﬁ S B O TRATARST, SSAhERh( synchr oni zes

t hi s i nf orsreadrstomgback to the cI i ent. Nodes are

initially cr %g""ﬁﬁ’f i with a tenporary
30 primary ke/yfu‘:%ti; T 6303':1“9 rcsb’%‘“‘r”epl aced by the

ext er nal’qusryst ems primary key. Nodes typically include
forei g %‘5 ;il ueé t hat reference other nodes. If
mul ti pl BT ™ eat ed on the client that

referengg ﬁz@ﬁ&hs@t Qﬁ{s’foﬁxh &gt ?ﬁ%l%ﬁéet S ra%P&%ee %aﬁ%b ¢ that

that the insert conduit operations are
35 appvessnisahe XMbpwmdgerictheonemnge astutntd dtonp thaTWep &fV¥ice. The

Vﬁln%ﬁgn ra%lgtra 13193 E:e{no mlstoh Sec\fz?re 1] grl\fliilgrﬁlggr&Query) and the target
namespace of the XML object returned to the conduit manager.

The function can assume that multiple records are returned by the Web

service <query> request. The function iterates through the results and transforms

40  them into a set of <contact> nodes. Each node can contain the corresponding

primary key (id) and data fields conforming to the schema definition; this

includes the account foreign key (accountid atiribute) and sequence number

{<modif ied> element).




15 used to replace tenporary foreign key val ues for
pendi ng nodes. Non-Rel ational Inserts In one

woeisbodigent , non-rel ational insert operations pdq R8hosn17822
have foreign keys that reference other nodetypes

within the data node. For exanple, the user nodetype
can be defined by the foll ow ng schema: 20
<xsd: conpl exType name="user Typ€'> <xsd:all>
<xsd: el ement nane.="emai|l" type= "xsd:string"/>
</ xsd:@akl > <xsd:attri bute name="id"
type:"gs@d?rstl%iarlvgd'y/mw%%uesﬁg'xsd: conpl exType> Suppose an
admi ni 53 TaEYTORPAGPISFEAT ' PBA was able to create new
Suser s fHptithe18ysimsnhhRut] j-ait-¢R4§.1:0 @0 this m ght
be as f I§m= Brergee/ Eﬁdea’eeeyl%esponsle/sf;ic:result)/sderecords
<user ><eMalohzho e GOB,. mgil ></user>); In one
'loénbodian@mrl?ifc' hw%wngg’b%ﬁgﬁﬁg%tlhe f ol tI?FQc?\}/\/l;ﬂr‘;}gﬂhfignsert
condui t 30 OBEYGEI-OH T MO 2005 RMMBGaRD ) JealGea
PCT/ USZOOSlOlgEgigEﬁ@%\ggﬁ?&m15@5@:" insert”
node=" app. u%‘@r';l‘—-[S'trf@rﬁsf.stf@aﬂmsiflowremtagape: request
15 f unct iyon="1RZ&F T User request” * @ras:transfoglrln
type-"r 0 ¥ NGl AN = espon .
unct ] on noart Do (euet cal WEKSHRRN LEPR W% grapager and
( SRggironized/back to ih@calipgapelituion. The esidguinaper tay also clect

X ="sf dc" ti i nsertUser _
ron ARERR e el SsVeltenict o woi ! types Uaer >
<Emai | >mhmami6mqésﬁ%§pﬁgé@s%ews</ Ermai | >

</ Sobj ect s> </ create> 25 anguage: body
20 { ype=" xHuerappsible: togiefinentelationp debvdear eles "thapdo not depend on

_ T gfg»fc{_\élg tﬂ?* ﬁgﬁﬁag.%o? rexaﬁlleaf'eﬁj 3ef (gf$ hodes %Eye%e Elet}mefiul?yeert query that

( Suses fiensetaf deecs aabemamR08s 8ist dsides q%mm téd} tine of
> qu%it, Transform 30 The request transform can
Ay

i 424G SEEah YN sstait)atln rthepecmers; shd hedeset may be
attached to arbitrary nodetypes within the data model. Typically, however, these

25  nodesets are attached to the root node. .

Conduit select operations can reference a keyref definition; since contexi-
free selects, by definition, do not require the context of the source node, in one
embodiment, they are always implemented on inverse keyrefs.

The following example illustrates how, in the CRM demo, the set of

30 accounts for the current users is retrieved by a conduit select operation. The

account nodetype has the following key definition.
<xsd:key nawmes="accountKey" mas:alias="accounts"»
<xsd:selector xpath="account LI
<x5d: £ield xpath="@id"/>
35 </xsd: key>
The mas:alias atiribute indicates that the nodeset of accounts is

traversable from the root node; i.e.,
var accounts = §root.@@accounts.*;

The conduit can be implemented in the same way as the inverse keyref

40 select operation (above).
/xF

* @mas:operation types='select key="accountKey" inverse=®true"
* emas:transform type="request" function="gelectAccounts_requesi®
* @mas:transfomm type=“response" funCtion="SelectAccountsmresponse"




user node created by the application. The function
annot ati ons cans declare the |anguage (X-Query) and
wd angetiypanespace of the out goi ng message docyggiis2005/017822
(referencing a namespace prefix declared in the
conduit file's header annotation). 35 *@ anguage: body
type='rxquery" * (r)nas: namesEgce target ="sfdc"
function insertUser_request($hode) [ <create> 40
<sObj ects xsi:type="User">
<Emai 1¥{string($node/ app: email )}</Email > </sObjects>
</cr eé‘t”g’%O‘ASElF@éﬁem@W%aﬁ@ﬁmm{ The response transform
can reférence the $fesponse variable that represents
Sthe X%L* body of the nessage returned fromthe Wb
servi cg o dolNELLQn_anpot ations can al so declare
t he Im%ﬁu%%gieé%%y&=%aﬁm he target nanespace of the
o XM opjr/lc(:etct retur ned to the conduit manager. 50 On
SUCCES S quihe VN BBt FEt drn a nessage body
t hat conf etusystng-t he fol | ow ng schema definition. WO
2005/ 114489 375 PCTIUSIU0B101 T8 2per<e| enpent
15 name&" cr eat ekie Spanse: RCC;éééﬁfﬁLéi%ﬁég‘“%équence>
<el enment, namexSyregul t" m nCOccurs="1"
type= t ¥&*°8dveResul t"/> </ sequence> </ conpl exType>
</ el E/ment > <conpl exType nane-"SaveResult"> 10
<sequenge> <el epent pane="id" type="tns:|D'/> <el enent
nane='ksrg§l§;8ﬁ§§§%aéﬁmy§p§é?ﬁ§§§ﬂ: bool ean"/ > <el ement
narre:;(?:rt,rogr s" m nCccurs="0" maxCccur s="unbounded"
25 type="tst E Ir el st s eryatinenmes { </ c mpl.exType> The
transformacan create a partially constructed <udér>
node t hat <ac§ﬁg§§g§g§j{s;§jgff§dfﬁﬁyﬁyike' attribute (id)
5 defined by tha.Appkicar féﬁﬁﬁé,s,“é&ﬁgéé%“’%’*Wf?élf*ed>
@ anguage: bothpeti o dier: ywoe) 1/c@@S: nanespace
target =" a‘ﬁﬁc‘m Unction insertuserrresponse($response)
{ 25 R8st Transform
i d="(string($response/sfdc:createResponse/sfdc:result/
‘sfdc:i a‘h? 'T¢quest transform can reference the $user system variable, which is

20

35 used to construct the request query sent to the Web service.

/**
* @language:body type=Yxquery"
¥ @mas:namespace target="sfdan

*
/
40 function selectAccounts request ($source) {
<querys>
<queryStrings
SELECT *,Account FROM Account, User
45 WHERE User.Alias = {string($user/username)}
AND VUser.Id = Account.OwnerId
</querysString>
</querys )

In this case, the service can implement a join query that selects all
50 accounts that are owned by the current user (i.e., have an ownerrd foreign key that
matches the ID of the current user). Note, the transform does not reference the
$source variable. |
Response Transform
The response transform can process the set of accounts retumed by the

55  Web service operation in the same way as the response transforms defined in

previous sections.




This primary key value can be processed by the conduit
manager and synchronized with the client application.

wdalatiiQpal Inserts Relational inserts can i nvﬁﬁﬁszoowﬂszz
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40

nodes that contain foreign key val ues that

ref erence other nodes within the cache. For exan‘pl e,

t he contact schema, bel ow, dey nes foreign keys for an

owner node (@wner rd) and a Sount node

((r)accoun.tld). <xsd:conpl exType nanme& cont act Type" >

<xsd: gki > 35 <xsd: el ement name="first"

t ype=" X thrgiapg:pgh ferpe-axse el enent name="| ast”

type="xSEETPIHG" L@ el enent nanme="enmi | "

t ype="tu@hon Sticbuagiohnes_redpXSbl(sadsbansesxsd: at tri bute

nai ve=" Ifag $it yperetiveed/ stdy: picrgtspersetstder i e records

nas: type— “Fhley” {dz.[séglgﬁg.gd@&g,r}; but e nane="owner| d"

type="xsd: sk ed>us:engnse/qwcmekemdstsa@}d/nahﬁfmdbute

name="account}yr i tyie e %Fg%ﬂ‘“g”ﬂ’ =mepse="r equi red"/ >
ial |

</ xsd: conpl/ax ufﬁ;é% niti e Yieont act XML obj ect

may bé constructed by an XScrl pt assignnent: 45 var

cont act Nete, 6O Bh&CL3or & bftSbmSaLAN Lits
<l ast >Smi t h</ | ast > % 0 <emmi | >sar ah aacrﬁnéﬁcggkcomr%mfdﬁy the

/cmtmamdé@mthasetMﬁbwmtgned&ym«mnethm ine
created a nunber of ways. G ven the contact XM
obj ect a SRSe and vari abl es representi ng owner and

cont actma@t@&tﬁ)erahhﬁs fo@h IRWeIRd AN Gl Obhda eﬁ @ b :
cont act _.node by calling the V\D%QOOS/ 114450 ps When a client

PRPUSiISyyoengnizeasdy sraatedutedes rthe servére r oot node.
Not e, f must be set .before. create.Oi.s
8Punc{he%§¥l%d zgtf’fll TLORERIHO ERsetc- the create ()

cal | ed. o erg

C afnhetiin) cm%ﬁﬁéﬂﬁcamﬁﬁ @uteprefola&mw}b@t ﬂ?o@@t act . @@wner
= ovvne return $root.cr eat e COI’]t act However ,

r
the fof o ng FUhCtTons 8¢RI &8 't he s%(rﬁé’“ﬁﬁ%‘?l cregfy
f uncti=omedreateeCont@cth-account, owner/, cos@Rt a6k Jereate
cont actn @ENEAEs, FuRWiEhodelP XL object can be transferred to the server

(i.e., not the source node). This is because in the case of a contextual create
operation, the node must contain a foreign key value that references the source
node; this value is set automatically by the framework based on the keyref
definition.

Insert operations have the following form:
/ * %

* @mas:operation type="insert" node="nodeName"
* @mas:transform type="request" function="FfunctionName > regquest!
* @mas:transform type=“response” function="functionName » response!
*/
function functionName($msg, &source) {

return ws.invoke ($msg) ;

}
Insert operations can be used to create nodes corresponding to the schema

referenced by the nodeName declaration.
The insert operation’s request transform creates the message body for the
Web service operation; it can reference the following system variables, which

provide context for the operation:

Variable Meaning

Snode Node created by the application.




} return account. (&@ontacts. Create (Contact)
function createContact3(account, owner, contact) {

wEmsAaLggQ@ccount = account; return owner. GRRAYGERHo17822

contact; } Note in both of these cases, the m ssing
foreign key value is supplied by the framework before
the node is synchronized to tgﬁ server. Therefore,
regardl ess of how the node is‘created by the
appl i cation, the conduit operation need onIy be bound

1 " T Y ha
R L AAR LA i 4 2 R R o ]

defined in the previous section 30 35 * return

WS, i nvomﬁm%peran@ﬁ& ﬁé&iélﬁfbﬁﬂd%ﬁﬁi ﬁ@EéS onse pessage
node=', app.contact" s:transform type" reque

f uiRety eptea pasialncosrcsrd | rpogi et fgmiqs rti}mmnarrydn&sf(mdm
c onse
£ QBRI L) REhe (PR AR RS ind SRR SR e g msert

5 t appattidis s deponst (EheogH @i diaeNcd e 811vEHE EYstem variables:

10

15 .

20

25

30

ct_request ($node) { 40 <create> 45
D <SOEJ ects Xxsi :t)'}dﬁ@m'gCont act" >

pu |

ACEaUpBhE&LI>(STT ?QB:BEQQFH%D@@A@%%E@J i,ggbqﬁ'd'—\bbuunt o>
peresd 0>{ STT T NIUPRREt diesdn fﬁ{a I et sper+d

<F TstNames{string(snoades app TS j<l Fr-stNane>

<L, ast > fgl t Na

<Engisl ’;@ stéoi%l%g %ﬁ%@ﬁ %@ gp #’ ﬁ?ﬁa}l /5 Eﬁ}g%ﬁg nurxjn?)er) can be
</ sbhjpattosthc condwiamenager, ’%NI@TaSymMGSﬁSS : msﬁs ifogeitonaRBk to the

bod e="xquery unction
i n‘%ﬂf g"%géfeoﬂnﬁ?& %EF@{%‘?‘E’S% reeyt with aé%mr?tgftpnnéary Ikt67’ this
e:resu

;??gﬁ?%%tﬂ/ﬂ% O e R PERBRRERE 1 7622 “Thi s

pri mar yNedss tvmca%y meiusﬂlerferbl@gkem ealnes fhah sefertenansthar mdes. If

on er an

B TN T
r éab a0 esstite tHae MROidedt QIndIRT Opek@Monad Soé LA BY i Sppropriate

arHJI i cation when
ependency order, and that primary key values returned from the Web service are

AN O1T™

used to replace temporary foreign key values for pending nodes.
Non-Relational Inserts

In one embodiment, non-relational insert operations do not have foreign
keys that reference other nodetypes within the data mode.

For example, the user nodetype can be defined by the following schema:

<xsd:complexType name="userType">
<xs5d:all>
<xsd:element name="email" type="xsd: str1ng“/>
</xsd:all=
<xsd:attribute name=*id" type=“xsd:string"/»
</xsd: complexTypes

Suppose an administration application was able to create new users for the

system; the client code to do this might be as follows:

$root.create {<users<email sboh@acme . com</emall></users) ;

In one embodiment, this would require the following insert conduit
operation;




the node was first created. 5 However, in one

enbodi nent, if nmultiple nodes that reference each
wookb$11449r € Ccreated by the application, then gdyRad¥eso17s22

key val ues returned by the server nust also be used

to update foreign key val ues of nodes that reference

newly inserted nodes. For ex le, the follow ng

function first creates an own node, then 10 creates

a contact node that references it. function

creat gont act 4{account} { var owner =

$root. gr@eaat@g%ggzﬁe'rmﬁaﬁwsaﬂahe(pp)uam. conx/ emai | ></ us

. @mas : trans type='Taquest* ion="4 tU
er>); oo G OINEG teyon b By b oGS o 2 ooy Soucst

S<first>Sarah</first> <last>Smth</Tast>
<emi ["¥§ affEaCTTes conk/ adat 11> </ Cont act >;
wner = o%ef; }

cont agt . return
10 accou?ig*. create(contact). 25 The conduit insert
oper atJ gN.f.0k. 41§ cUseL agde is called before the

condui ¢ emak ASeEfacO) peEatiaatf or t he contact node, and
t hat ;ﬁgtignoggsarctg node! S, owcllwerl d attribute contains
15the appregkiate Toreign K8y val ue returned from the
first condufiiectepet:atrronserSequence Nunbers 30 I n sone
cases the Weffi&er VFTes fsfHed: vhidgt)<1%=al | ed to create
a node #ayeatenOt return a sequence nunber. The conduit
20is able to make multiple Web service calls within a
singlg~conduit operation to retrieve this infornmation.
For exagiplgesgetther condwnéryoperati on defined in the
25 previ QUE-EBEETBIF 4ot eRt¢nded bel ow. WO 2005/ 114489
PCT/ Us2@0h/ 21-48R2- &p&sd(sioRs:spRerati on type="insert"
node:}" apprr ciont! aletito ($reg@hrees/ st doagysdraremoh seperal : réRUUILSE 1) ) 1 />
functigp=z "i.Asert. Contact. request"” * @ms:transform
type=" ﬁg%qblgﬁsﬁsganﬁfm“ on.' insertContact response" -
30 Tunct | OfhelrBguedst omineat Ca FolorentR U §:7da\Rhiab RN WRfreFents the
ws. i nvoke($nsq); var id = response
. #ﬁc@@e@?@ﬁgﬁmﬂ@e@pbﬁﬂmn lés Suctivhdamiothttion® chl declare the

T BT OB A PRT et lTBih T atavios fomaee dpoument

wWerefersoied aRgREspatd prefik WetlaR@ il tHe@SREMS 8%’ d Reader annotation).
response. body += response2. body. sfdc: queryResponse;

35 return el8HRMISRY type="xquery"
* @mas:namespace target="sfdc"
*/
function insertUser request ($node} |{
«Creates

40 <sObjects xsi:type="User"s
<Emails{string ($node/app:email) }</Emails
</s0bjectss
</oreates
45 Response Transform

The response transform can reference the $response variable that
represents the XML body of the message returned from the Web service. The
function annotations can also declare the language (XQuery) and the target
namespace of the XML object returned to the conduit manager. |

50 On success, the Web service can return a message body that conforms to

the following schema definition.




} /** 20 * (r)language: body type="xquery" *
@ras: nanespace target="sfdc" function

wo snsesudd mest anp($id)  <query> 25 <queryStri nggod17s22

40 45 SELECT 1d, Systemvbdstanp FROM Contact WHERE Id
= "($id)" c/queryString> c/query>* @ anguage: body
type="xquery" * @ms:nanespa target ="sfdc"

function insertContaat_request($node) <create>

<s(bj ects xsi:type="Contact">

<Ac coumtdmels (ster i agfSraded-app: (r)account | d}) ¢/ Account | d
> cOmnetPPLSPT ng( $node/ app: sowner | d) ) </ owner | d>

<Fi r st Name>{ St1cng ($RadebAPPatbd:8L) d € F L SLNANER cucr /.

S<Last Na T >ﬁ/§i£@r;?qqq( $node/ app: | ast) } ¢/ Last Nane>

cEmai | >(8k.n0($hode/ app: enai | )) </ Emai | > </ sbj ect s>
c/create> } /** * Elanguage: body type="xquery" 50 *

10@ras: MEESHRRR e fee==app” 55 */ function

i nsert Cont atdnedcespanse (PrLeaponse) { <contact
d="(stri Pregponsershdctyer-eat eResponse/ sedc: resul t/
sfdc: itﬁa)e}lg% Srens RO FEYS minocours="0" maxOccursstunbounded”

tBrre

S{stri n)gé&lece@q@eﬂse/ sfdc: quer yResponse/ sfdc: records/ sfdc
€

20
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50

. Sysf WS¥anhp)) c/ nodified> </contact> } 60
Request 17f SRR yMhFahaeple grasiallyconsfustah canre nedd kat dudtains

SRR i T S

* @language:body type="xgquery"
* @mas:namespace target="app"
*/
function insertUser_response ($response) {
<user 1d=“{string($response/sfdc:createResponse/sfdc:result/sfdc:id)}"/>

This primary key value can be processed by the conduit manager and
synchronized with the client application.
* Relational Inserts
Relational inserts can involve nodes that contain foreign key values that
reference other nodes within the cache.
For example, the contact schema, below, defines foreign keys for an owner

node (@ownerid) and account node (eaccount1d).

<Xsd:complexType nane="contactType'>
<«x3d:all>
<xsd:element name="first® type="xsd:string"/>
<xsd:element name="lasgt" type="xsd:string"/>
<xsd:element name="emzil® type="xsd:string"/>
</xsd:alls
<xsd:attr%bute name="id" type='xsd:string" use="required" mas:type="pkey"/>
<xsd:attribute name="ownerId" type="xsd:string" uge="required" /s
<xsd:attribute name="accountIdr type=txsd:string" u " d
= H se="rea| i
</xsd:complexlypes d uiredr/>

Initially, the comtact XML object may be constructed by an XScript

assignment:

var contact =
<contackts>
<firstsSarah</firsts
<last>Smith</last>
<email>sarah@acme . come/ematls
</contacts;

Nodes that contain foreign keys may be created in a number of ways.
Given the contact XML object above, and variables representing owner and

contact nodes, the following function creates a contact node by calling the




[ ** * @ anguage: body type-"xquery" * @ms:nanmespace
target="sfdc" 5 function insertContact request($node)

wo{zgosﬁﬁﬁf@t e> csCbj acts xsi otype="Contact"> ECT/US2005/017822
< ACcount [ d>

ccount | d>{stri ng{$node/ app: @ccount | d}) </
1 <Ownerl d>{string($node/ app: @wneri d)) </ owner | d>
<Fi rst Name>(string ($node/app:first) )</FirstName~, 15
} <Last Name>{string($node/ app/ffast)} </ Last Nanme>
<Emai | >{string($riode/ app: ermail)}c/Email > </sobjects>
</creat e> %Eduit Function However, in this case, the
cofffEft® 4 BBFECYeReMaEa" ReLTi Peter Jhreigmokoxsamushae set before
modi-fied) igcdipyoke two Wb service calls. First, the
nmessage returned fromthe request transformcan be
used tEIASEFE-THE HYdouhd orer r erticevé the inserted

acocount = acccu&t-

5node’ S cabacpietiby- kay.; * @ms: operation type="insert"
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35

node=" app: cont act " * @ms:transformtype="request"”
f unct j oR=*Tn¥eTT CHHE KEt>F"buest” * @mas: transform
Lype=T ERRR0SC el MG MmO RLAd AR, giérﬁeeg& nse’ 25
function insertContact($nsg, $source var Tresponse

= ws. f"ﬁ@gﬁ@ﬁ%@ﬁ@g?j"%ggf?"dt =OPER RIASEY

sfdc: creat eResponse. stdc:result.sfdc:id; Next, a ‘new

: rressager%kﬁne'@ﬁouﬁts@%?ﬂeaitedﬁbvfgf&%ﬂng the inserted

node' 30 primary key, id, into a helper XQuery

f unct fuartrionr egureshifctestanp dhpedebidaed § N the conduit.

[ ret ri8Ve-S&qtretice 2iititber var nsg2 =

cr eat eMessageit aguestl L estanp(id));, var response2 =

ws. i nvoke(nsg2); 35 Hel per functions declare the sane

| angu agﬁoﬁdﬁ%@ﬁk pletdhigsrcensaniioe missorpsfoasign kepnaluersrsupplied by

h ef erenced the con t
L S ) R
apyitopr irtdstssaged by thdwPliattors Aletduit MPEFafbh ABed Snly be
rg}urn the sequence nunber for the newly created node:

4

opad @ %wo d',ghet it ogaatipn can bepeplawanishiacte same
AT RO BB TS 21 of wbost anp
FROM/Cont act  MHERE |.d = + {3 d%) </ ’ctgrer yString>

stoperation type=Yinsert" e="app: confac
* @mas:transform type="reguest" Ffunction="insertContact request"
* @mas:transform types="response" function="insertContact response
*/ -
function insertContact ($msg, $node) |
return ws.inveke ($mag) ;
}

/**
* @mas:namespace target="sfdc"
* @language:body type="xguery"
*
/
function insertContact request ($node) {
<creates
<sObjects xsi:type="Contact’s
<AccountIds{string ($node/app:@accountid}) </AccountIds>
<OwnerId>{5tring($node/app:@ownerId})</OwnerId>
<FirstName>{string($node/app:£izrst) }</FirstNames-
<LastName>{string($node/app:la5t)}</LastName>
<Emails{string ($node/app:email) }</Emails
</stbjects>
</creates

}
/*‘k

* @mas:namespace target="app"
* @language:body type="xquery"
*f
function ingertlontact response {$response) {
) <contact 1d="{string($resPonse/sfdc:createRe5ponse/sfdc:result/sfdc:id)}“/>




</query> Finally, the results of both Wb service
operations can be conbined by creating a single XM
woohpgtityggonposed of both nessage bodi es: WO 2@0&AkidtdR3%s22
78 /1 return both responses response. body +=
response2. body. sfdc: quer yResponse; return response;
PCT/ US2005/ 017822 5 Response P%ansforn1The response
transform can processe the XM_"object created by the
conduit function and returns a single <contact> node
cont ai nimMgs Benharlh Liar f uenc
number of t @ node?eyy*%ﬁlev%pr}éfgrﬁngee?gsggﬁé% tdisform can be
t y PECESSeq Bt thr md@rwnggﬂmlﬂas@acltr?ni%gd Wimptfaé cEi@ﬁtCaIpipﬁE‘ation.
i NGQE response( $response 5 <cont ac
| 3%is G Ak ERRRERH B GROGRS Reatasigond by Shaseniieatiantwhan
| sttsbanddd s firstrapehisdd. ed 20 }
(stringﬁ$response/sfdc:queryResponse/sfdc:records/sfdc
Syste Eladi pyec cmpadidient dbmultipdn hadds shatpefet@ice each other

Uodat td . he.,called by the conduit manager

VRS SoBRELR, 0 0p 5 e GRS e

enestpalss deised g updite doteder REALBILER LA nolils IHSt Pé%gl%h&el flewly
S

that it. will 25 refuse-either because there |
polPE{Cdeess that denies it or because someone el se

changedrdhex LI The-first problemis
unavoi dabl e ag%g@’r {éla’ uﬂlg‘gﬁ%h%{nc{l?{je fﬁﬂpﬂg‘i‘tgs dperviner dipde, then
10 | jqreated 4 cottant nede thatrefmadeeitf ai | ures. The framewor k

can dgRienent . an . onti.n §tt)if° concurrency nodel for the
second veasener Wﬂe&t@edﬂpdﬁe&m&l&w&é&h@&cﬁe $60)enlQ..8, VD
service operation it can include 30 not only the '
15 change valshéss,. but a sequence nunber that can be used
to det er m nefinghei-hercithe record was up-to-date when
it was nodi fEEETITHEEondyi t. manager cab conpute an
MD5 hash baseshron the nodes values if the Wb service
on the select operation doesn't return its own
sequence nuiber.)  Githe client, nodes can be nodified
by sEr Fprrexpressiensconhioniever, 35 updates are not
a5 Synchr i zed,to. the seryver until the update ()

funct i GRC CCUYLY YISt gperatiomter thiccuenpodroeaallédbefereathp banduit
f 4Rel bpH- i ontact.ernail =
addr esg; ag%gi‘%ﬁ%%}ﬁ%gg%‘%%%& &gﬁﬁllako%t%%t né’ﬁﬁéd’lwﬁ%‘fﬁd, attribute

neMidBY the i promiape ifomignoisy Noiluc PetatiRdOBBAhO F8stMB¥nduit
ﬁﬁ/ key values (i.e., any field described by key
detimai ons) .

Sequence Numbers

20

30 In some cases the Web service method that is called to create a node may
not return a sequence number. The conduit is able to make multiple Web service
calls within a single conduit operation to retrieve this information,

For example, the conduit operation defined in the previous section is
extended below:




WO 2005/ 114489 PCTI US2005/ 017822 79 Updat e operations
can have the followng form * c5mas: operation
wo YRemidpdat e node="nodeNane" * @as: transf orggrus200s/017822
type="request” function=" functionName_reques C %
@ras:transformtype=" response” function="functi onNane
response" */ - function functignNanme($nsg, $source) {
} return ws.invoke($nsg); 10 'I;’ﬁe operation annotation
decl ared t he nodetype, which corresponds to an
appl i gati on schema. The update operation's request
transfgrzmsm#ae®e%m=}iher¢l?®sa epodyctfor  the Vb
ser vi ce I AETIN I IERICY ST SR enE ST Iowery
Ssystemwari abl es, which  provide context for the
oper at'fiios 1T THe i dare o erdtl on' s response
t r ansf okdn Lan rmﬁiiﬁﬁ’irfé%?ﬁggggnm&age@mb&% :@nto a
10parti ally constructed node that contains the sequence
number ¢] Y GIRET Bfecord. The ypdat e operati on' s
I eSPONS eart feafdsd=0Or-M:CaRcke kLl €NCe the fol l owi ng system
vari abl 5. el 20 25 30 35 vari abl eMeani ng $nodeNode

1 _both = oS

15 cr eat ed:dYont e PP LI 0 Boay BUEELBREES L EPT €Sent i ng -
t he curremn msenseVar i abl eMeani ng $responseSod of the
SOAP ﬁessage response. $userCbject re resentin the
currept user. Exanple The follow ng functions

Ui npl eneptensuive g ape-"tupdli t operation for contact
nodes:. ¥ { P HE 0PET AT I°61" t ype="updat e" node. " app:
cont ashdtidn @mstttideans@ran t ype="request" function=

25 dupdat eCBiftact request _ * Qmas:transform -

erystry

t ype="r espOngescr TiN 6k SRzstiRE atmGantact response”
function updﬁafﬁlé;c@m abit)$nsg, $source) {
Ws. i nvobg@@i%‘ﬁﬁ TPT retrieve sequence number var msg2

30 = creat eMessage{request Ti nestanp ($source/ @d)); var
respopse2 = ws. i nvoke(nsg2); return response2; WO
2005/ }1A443%P6dd U000 17822 80

: * @mas:namespace target="gfdc”
35 */
function insertContact_request {$node) {
<Ccreate:>
_ <s0bjects xsi:type="Contact!>

<RecountIds{string($node/app:@accountid}) <« /AccountIds>

4(}_ <OwnerId>{string {$node/app:@ownerIid}) </OwnerIds
<FirstNames{string($ncde/app:first) }</FirstNames
<LastName>{string ($node/app:last} }</LastName» -
<Emails{string ($node/app:email) }</Email>

</s50bjectss>
45 </create=
/**
* @language:body type=Fxquery"
50 * @mas:namespace target="app"
*/

function insertContact_response ($response) |
<contact id=“{string($response/sfdc:createResponse/sfdc:result/sfdc:id)}“>

<modifieds .
55
{string($re5ponse/sfdc:queryResponse/sfdc:records/sfdc:SystemModstamp)}
</modifieds :
</contact>
60 Request Transform

The request transform can create the same Web service message as defined

in the previous section:




* al anguage: body type="xquery'l * @ms: nanespace
target="sfdc" 5 function updateContactrequest ($node) {

wotpsaigsy <sCbj ects xsitype="Contact"> PCT/US2005/017822

<l d>(string($node/ app:eid))</1d>

<Last Modi fi edDat e>{stri ng($node/ app: nodi fi ed)) </ Last M
di fi edDate> 10

<Account | d>{stri ng($node/ app: @ccount | d)) </ Aceount | d>
<owner | d>{stri ng{ $node/ app: eowner| d}) </ Owner| d>

<Fi r styName>(stri ng($node/ app: first)} </ FirstName>

<Last Narfegsterbadg CBroderapp: | ast) } </ Last Nane>

<Emai | ?fgisﬁa‘ﬁe@’(%ﬁ e aphiemail . )} </ Emai | > 15

5 </ sobjtectis» mséttp&aatcezec}ue&(}sdoée’j @ anguage: body
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t ype" xqu&e : nanes ace target="app" function

updat eCont a58 ﬁiti sa@g‘ﬁét Seldes A2 5 :
$response/ sf elfwnequﬁer @8 (363IS b %%g%gg&é;%]) /Acﬁﬂ%ﬁr ecor ds
return <cont e f‘f‘s{ lﬁsft”lgéno PPlsff- d‘z tigsmes

<rmodi fi ed>{ stamkiag &1 P8 P v Fampiy </ modi fi ed>
</ cont ac} >/ShiResguest Transform The request transforni
can cfedte fhe Web service nessage used to invoke the
updat e gpehatFfaRion/ ** * @ anguage: body type="xquery"
35 * @ms: nanmespace target="sfdc" 40 45 function

updat e(ﬁﬁwatftr me@se@scmg dehdiit’s aumoo%n/emtedsx:@n%r}gj)ztt/ﬁ?célon can
X str no a < >
e e B oo MRt P B By semed e the

dl&qﬁﬂmhﬁ?onn can be used to insert the node and to retrieve th t
<Account | d>(string($node/ app: @ccount|d)) n</V cceolﬂﬁet ¢ node s

<CEA7HEW’&F9¥st ri ng{ $node/ app: eowner | d}) </ Guwner | d>

<Fi r st=Name>(stri ng($node/ app: first)) </ First Nane>
<Last W pstafkion @@F\Y}d@#’a' prtagh)psthiiast Nanme>
<Errai'l*>@§§§t'§'ﬁé§$?[§ﬁélr§ﬁ@ ﬁ@ﬁtg"g‘j@igﬁ frsect 2Pl ect 5>
</ update> } 50 The request transf orm can erToSﬁs?ed in
t he rFB‘tt§1°§esQ"feF“rFaﬁt %;‘29 feauran

onse = sg)
var id = response. sfdc createResponse.sfdc:result.sfdc:id;

Next, a new message object is created by passing the inserted node’s
- primary key, id, into a helper XQuery function, requestTimestamp (), defined in

the conduit.
// retrieve sequence number
var msg2 = createMessage (requestTimestamp (id));
var response2 = ws.invoke (msg2);

Helper functions declare the same language and namespace annotations as
transforms, however they are not referenced by the conduit operation’s
annotation. The function constructs the appropriate message to invoke a conduit

operation to return the sequence number for the newly created node:

/**
* @language:hody type="xquery"
* @mas:namespace target="sfdc*

*/
function requestTimestamp ($id) {
<querys
<queryString:
SELECT Id, SystemModstamp FROM Contact
WHERE Id = n{gid}"
</queryStrings
</querys

Finally, the results of both Web service operations can be combined by

creating a single XML object composed of both message bodies:




el enent, L,astMdifiednate, that represents the
timestanp when the record was retrieved fromthe

Wos-fgw“q@g This enabl es the Wb service operatigffiBoss/017822

i npl enment optimstic concurrency; i.e., if the
ti mestanp val ue sent to the operation does not match
the current systemtinestanp | ue, then the operation

fails. 55 Conduit Function WO 2005/114489

PCTI 1 JS2005/ 017822 81 As with the insert operation,

t he condudirktuwsn asthcegenes at ed XScript function can be
modi f i edSEE TIBKE TR reH-Yer i gerratdosse: First, the
nessage retur ned from the request transfonn is used

5to updafespdise Medsfordn 5 * (r) mas: operation

typez"ugﬁat e" node="app:contact" * @ms:transform

t ype="r &}t SEPONFE feamp ﬁﬁ"‘%ﬁ@dm‘?@@snt&ctmﬂqmﬁct cfeated by the
@r@@n respgnse” functi

e R Bk B T RS P ode containing both the primary

upuatmﬁaheamdemm&samﬁ%dé 10 ws. i nvoke($nsQ);
Next, ,4 new message object can be created by passing

10t he updataﬁgdagaqﬂsy SypePLpbBFY key, id, into a hel per
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XQuery frarcticomee seguesteli mestanp () , defined in

t he Cﬁé&%ﬂ 1nééltgéo§tac§ réshc?nss Jg;_‘:é‘pof unct ion defined for the
i NSert Opesdl 1N aha e pod) JEek gaegixéges&@tgy@ﬁgemttwpt%c oy
var nmsg2 ="¥tésteMessage(request Ti nest arrp(l d)

F €S PONSE2riis W ebAkOLEL IRIR ook 2L, Yoo LE L ESUI t
the second/mgisiser vi ce oper at i o% can be 4h Fet Ul i H“Of%a‘“p”

be procé‘é"%ﬁ%y t he response transform 20 return
respon ate } Response Transform The response
transform can process the XM. object created by the

condui tUpdatenopéraiiomsnehnr isd valledl by She)0bRIuTCRBhARE FHAMLE client
cont |n| n%{qﬁ]oéﬁ the primary key and the sequence
FaligR Hhodeos @ anguage: body type="xquery"

* ;g %mﬂ%ﬁ&;{)ﬁﬁ i %qué%t%ﬁ to ugégt%tdat)a? 1tui%dp%tsse1 DA% win

ot beeauge érmagmisgwms thas tliésSit 9EbERERY Steone
e T N
update operation, like all others, can handle failures. The framework can
implement an optimistic concurrency model for the second case.
~ When an update request is sent to a Web service operation it can include
not only the changed values, but a sequence number that can be used to determine
whether the record was up-to-date when it was modified. (The conduit manager
cab compute an MDS5 hash based on the nodes values if fhe Web service on the
select operation doesn’t return its own sequence number.)
On the client, nodes can be modified by. script expressions, however,
updates are not synchronized to the server until the update () function is called on

a particular node; for example:

function wmedify (contact, address) |
contackt.email = address;

contact.update () ;

In one embodiment, neither client applications nor update operatlons may

modify key values (i.e., any field described by key definitions).




</contact> Conflict Managenent Node conflicts can
occur when a client tries to nodify and synchroni ze a

wo @l Aigenode that has al ready been updated (g zod%)ﬁnszz

another client or other exogenous change process) In
the external system A stale node is one that has a 40
di fferent sequence nunber th the current sequence
nunber held by the server. If°the MAS has cached a
nore recent version of the node than the one the
client respond

di rect | 3{/&’ \‘/ivihig ﬁbgﬁggﬁs a?%{é“etr?gggﬁ%lhéf% 2005/ 114489
PCT/US2995/017822 82 Wit hout |nvok|ng the conduit

oper ati @) el B0 Bged “E@i&iég;ﬁ;gg@ tﬁnél&nﬁémp%g%eét

5 " conf | s erabfotherpe Orrduinte” OPBT Bt OMcr@j206 Sechdne:r
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updat &nggga%glgﬁgnem doSurS ga{l e, then can return an
up- t o- dat@nnedevark tksgtNe appropriate mas : state

attribute; this may 5 involve another round-trip to
sel ect ORGSO aEotatiNG dleclard dhep nedetsree WhotH ewiasgonds to an
étjg%'h@atgﬁ%ﬁéﬂ n function checks for an error val ue

rne ie Wb service. The request transformis

t he sarﬁélleﬂqadate mj:&afratmtk @h@eeeuaﬁs@oxﬁl @rPereRR e Aie®Age body for
~ypdat.e" node"ap ontact" * s;transform

t);B%_ SHIEES PP it ne trace therfpHewingesysient variables, which
( Orfwge &m&stff@fﬂ%w.%ﬁoﬁ esponse”

function="updateContact response” - function

uﬁ’d’éif“’@ﬁ:ont act($rnsg"'eaf$§ource) { 15 var response =

202030 36 i f cheeck for—error (.l
\

V ) ]
r%b&é’:z“‘;j’:;?’ o ode createdhy g, agplication.” | ocil't  sfdc:
LA J Obieek representing the cyirentuser

c [ eat emlgéﬁ’a@tf ?@F@@P@ﬁ?ﬁi’@f“ﬁr%ﬁ@@(%@% te@sapppse message
S0P BAR & pMGiall P LOKSUERAnodt thet oS AL SedtXRAHMNA of the

node =
r @W@ﬁ\%fﬁﬁ@% Hedupdpire opReipin sespsties; tremfbrm caf deferede® the
a "conflict"; } else { } } /I
}O“élggggé%ﬁgef%%azﬂﬁunber neg =
(,W@aibé%ssage( r equrestngl nest anp($source/ @d));

esbohse--— \Ws. |n\nkp(ntﬁ\

TTrTroe

Sresponse Body of fhe SOAP message response.
Suser Object representing the current user.
Example

3

The following functions implement the update conduit operation for

contact nodes:
/ * %

* @mas:operation type="update" node="app:contact*
* @mas:iransform type="request" function="updateContact _Trequest®
*/@mas transform type="response® function="updateContact _¥responge"
*
function updateContact ($msg, $source) {
ws.inveke ($msqg) ;

// retrieve sequence number
var msg2 = createMessage(requestTlmestamp($source/@1d))
var responsez = Ws. 1nvoke(msgz)

return responsge2;




return response; * @ anguage: body, t ype="xquery" *
@ras: nanespace target="app"” 40 function

woHgi RNt act _response($response) { let $i : porms200s017822
$response/ sfdc: queryResponse/ sfdc: result/sfdcirecords
if ($.@=null) then <contact id="{string '
($i/sfdc:id)}" 45
account I d="(string($i/sfdc: AcSBunt | d))"
mas: st at e="{$response.result . Btate}">
<nodi f/i-ed>(string($i/sfdc: Systembdstanp))
</ nodi f EEdeageddis tekstinieng( $i / sfdc: Fi st 5ane) }</first>
<I ast > SPFIRYEET? §Tae- 48T Nane) ) </ | ast > 50

5<emui lemgsibd gt Sidsf.dei-ENRiochy) ) </ emmil > </contact>

el se <coME ot dd=ristring($i/sfdc:ld)}">
<modi fi ed>{S i g Lo s A aial) </1a |

10 Syst em\Vbdst arp)ousdimpaiat é-¢e2ing hode/LOMbAELD) }/1LRAMM itapates
Function WO ggiwggg‘ggg‘sg?ggﬁ;gf@g IS20EEI9) 178250 Tiie
condui t f unctd:iOing ;-,iri‘uﬁiméﬁé;gk‘”ﬁieﬂl%ﬁﬁﬁéﬁﬁ@ val ue
returned by thaetvandglstser(§ioge appblabtiNe/tsoBitme>

15 updat eCont agkE{3mE'§" " ¥SEUPCap: =1 Vkl>rdsponse =
Ws. i nvokef®esg); // check for error if (!
r espohse_body. sfdc. updat eResponse. sfdc: result. sfdc:
success) { If an error is returned, then the function

20 can s€nterepegustegteryyt o the Web service for the
entire,Nod& NeFe " the*per ati on reuses the cont ext
free Selteatudddronpes adsb@Be BrbRALLSt transform

o5 retr i e\ﬂgiéus‘fr?r:véfESgonf%efd.F@um}gsmnse/sfdc:result/sfdc:reccrds

™ creat eMes Sagals el-eGh Gant 8kl ARuUest ($sour ce/ gi d) ) ;
response = wsodifiedK efirgyi/stdheysopadaatangn./hdien 6r eat ed
an expand®°8t3t® attribute so that the response .15

30 transf q@ggq@g@&&t that the conflict record has been
retrieved fromthe server. 1/ set state expando var
node = Thegpomsetrisiymséaccreate thyRakp Qﬂﬁ@ceﬁﬁl@ﬁhﬁé 8sed! th invoke
Sfﬂgec:qﬁf cor d%.; . hode. @tate="conflict"; If the
ot PGIRTETC SREFUOB vi ce net hod succeed then the function
j ust /r’gguests 20 ju"st trle updat ed sequence nunber (as

35 above] o BT FRIYY e-S#gmdince nunber

*/

function updateContact request ($node) |
<updates
<sObjects xsi:type="Contact"s
40 <Id>{string ($node/app:@id}) </Id>

<LastModifiedDate>{string($node/app:modified})</LastModifiedDate>
<AccountIds{string ($node/app:e@accountid)) </AccountIds
<OwnerId>{stringfsnode/app:@ownerld})</DwnerId>
<FirstName>{string($node/app:first) }«/Firstiames

45 <La5tName>{string($node/app:last)]</LastName>
<Email>{string($node/app1email)}</Emai1>
</stbjectss>
</updates
50 The request transform can be passed in the node’s primary key and an

element, LastModifiedDate, that represents the timestamp when the record was
retrieved from the service. This enables the Web service operation to implement
optimisticrconcurrency; Le., if the timestamp value sent to the operation does not
match the current system timestamp value, then the operation fails.

55 Conduit Function




nsg = creat eMessage(request Ti mest anp($source/ @d));
response = ws.invoke(nsg); Regardless of whether the

wolpds§taesucceeded either response is pr ocesseq,c’lﬁ%zg()gm”szz

10

15

20

25

30

35

40

the response transform } return response; Response
Transform The response transformcan first check to

see if the state expando 30 afiri bute was created by

the conduit operation. If it s, then the transform

can construct a conplete node el enent; otherwi se it

can ret Wyl : v ence e .
as abov é&&.s%ﬂjnf?%il%%ﬂu gl;lt e tﬁfg g%?{“?@%%‘%ﬁ%g‘}%?tgg E‘?&%‘B{ fupction
| etargbe modified to invoke two Web service calls. First, the message retumed from
$response/ sfde: quer yResponse/ sfdc: resul t/sfdc:records
35§’refre‘(l?rs.t5§’ts liﬂzer?‘JPI%)’ iR 8If nadgont act

i d=FF{'string($i/sfdcld)}FF

accourlt FUEFSTRPNHEST HStdL  Aecomamtt) ) | :

mas: st-atR=t i'o @ﬁ&%ﬁ% " fﬁ&tiE;:Sngaseggzizzgriggsszse"

<nmodi f¥ed>{stri ng($i/sfdc: SystenNodstanp)}</nodi fied>

<fi st ST TLIRITSI Sruderi SPREe) ) </ first>

<I ast >( bkt BGek Shdssiddons | RShas ,
<emai | >{StFing( i RS ncgi%f”§Féjgegﬁgdlbgﬁﬁaﬁ?%%r%}%ea‘%ﬂ@eﬂsmde s
el I&I*gl_lﬂf‘wdm’aﬁia intd a(t?:p;ei' I;((;Qtﬁfy Bhdgord, gﬁ@ﬁé&;ime/stagp (f ), dgﬁned in
< i fied>{stri [ C: te st anp) } </ nodi fi ed>

<TBS RIS 5 S nciiolopiond tesibo ARpt bRTPtOmRDOVE).

Li nki ng//anribal deqiiaguitbbddi f yi ng Forei gn Keys) Nodes

can be fbAIFi BBy Kee Fptoexpreswidhs. This al so
applies_.ta forei gn ey values. - The _exanples in this

sect i oF Al theereslbolithe sasrnd Wab servicernpestippesn bamétaimed to
degl /L& i finitions. 5 <xsd: key

nam‘:@';' ag%@g’ﬁit%é%ﬁ%&ﬁgé #eelect or xpat h="account"/ >
<xsd:}f iR xpETEE @ d"/ > </ xsd: key> 10 <xsd: key

nane=" | qRryKey"> <xsd: sel ector

xpat h:%g‘%?ﬂ%ﬁ&%ngﬁ’réxsd: field xpath="@d"/> </ xsd: key>

15 <A4hd réspynsearmstonn b pidooR thBMP objestdeitd BF R conduit
xpat h="contact"/>  <xsd:field xpath="ennil"/>
nction and refumns a single <contact> node containing both the primary key

and the sequence number of the node.

[+
¥ @elanguage:body type="xquery"”
* @mas:namespace target=Fapp"
%/ '
function updateContact_response ($response) |

let $i := $response/sfdo: queryResponse/sfde:result/sfde: records
return

<contact id="{string($i/sfdc:1d}}r>

<modifieds{string{§i/sfdc:SystemModstamp) } </modifieds
</contact>

Conflict Management

Node conflicts can occur when a client tries to modify and synchronize a
“stale” node that has already been updated (either by another client or other
exogenous change process) in the external system. A stale node is one that has a
different sequence number than the current sequence number held by the server.

If the MAS has cached a more recent version of the node than the one the

client is trying to update, then it may respond directly with the updated node (i.e.,




</ xsd: key> The follow ng function would generate a
runtime error, since an attenpt is 20 nade to nodify

W(ﬁoﬂgggiss; key val ue. function foobar(contact) I{CT?‘I?SNGS/O]'}’SZZ

contact.first = $context.first; contact.last =
$contect.last; contact.email = $contect.enmmil; runtine
error However, the follow ng function successfully
changes the account attribut & which changes the
foreign key value, which references the account node.

function.foo(contact, account.) .( contact.first = ,

so g iBRE” i S GPbmldn’ SSGihenfis, mmp ssre atribute to
cont@aet s @ecountl d = account; // changes account

foreign key 35 } contact .update(); Here, the foreign

key is Hehe seadutyopdratidnotefasiei thg updste diccalme lthe addois:stale, then

<xsd: keyref nanez"cont act Account Ref " i )
r e?a&rgﬁ%%%&lﬁf Relpie Wﬁc&: Wit IeADDEORIIHE mas : seake) alidhuie this may

5 Xpakbise apshaciothd-1iY kcldcplid upnpldire decount | "/ > 40

</ xsd: keyref Simlarly, the function bel ow uses the +=
oper at oexqm@plR. a. link () function) to add a contact
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C Ol the Webldbic® Nretroquesl Wars Rl ik b datncdRfit AGsheMbbhe
foll oM Ng keyref declaration, which includes an

i nver'samtelatd.on: tyﬁai%aé@@y L&E DA ace
cont acteAocouwmtRef type-efegiestrate@ it Kpyhtecontact_requests

mas: alfj@ﬁ%si“réﬁﬁfﬁﬁi?n‘type=ﬁﬁ§?°Fﬁ0 ErEEIRPT "aRiRreEenat At Fbese" 50
<xsd:teet ee tpiacxpPbhaieontactey/ P <xsd:field

xpat h=""faateant| " fxoke &psesd: keyr ef > WO 2005/ 114489 85

PCT/ US20Q8{ 14822 Ln reality (i.e., the external
dat abage)(! trhsrsnse ped:at iienNpd edlepenst Fpdcer@nt 88abitccess) |

setting tfle SUCILTOT eIl kex. of, Lhe contagh entity
(row) to % ﬁnmiwfyvg?ﬁlﬁggo@ kﬁtqr\%e EXSalVaL ’fceéé“i”t' fng a
foreign Kfijalue in a source node (e.g., contact.

@ac cou nt ag zsgﬁibt'jljﬁﬁé%b%yaéfﬁ&’ qu%ﬁe@gépgnfg sEc?cV e[s.tfch% .sfdc:records;

t r aver sal nofi¢.esmetheobaitar get no ack to the source
node (é ¢ account. @montacts. *), and vice versa.

G ven the//abeﬁ&eved&maabet ek the followi ng functions
ar e equi vab entreatefegrrot ranedtDiotstaoisacts/e@ccount ) (
cont act. FiIFEE*= $LOHEERT i rst;

return response;

/**
* @language:body type="xquery"
* gmas:namesSpace target="app"
*/
function updateContact_response ($response) |
let i := $response/sfdc:queryResponse/sfdc:result/sfde:records
if {$i.@!'= null)
then
<contact id="{string($i/sfdc:Id)}*
accountId="{string($i/sfdc:Accountrd) }"
mas: state="{§response.result . @state}’s
<modified>{string($i/sfdc:SyStemModstamp)}</modified>
<fist>{string($i/sfdc:FigtNamne) )</ First>
<last>{atring($i/sfdc:LastName)} }</last>
<email>{string ($i/sfdc:Email) }</emails
</contacts
else
<gontact id="{string(gi/sfdc:1d)}"> .
<modified>{string ($i/sfdc: SystemModatanp) } </modifieds
</contact> .

Conduit Function




10 contact.last = $context.last; contact. @ccountld =
account; 15 20 update(contact); | function
wd oaid(1¢Qpd act, account) contact.first = PCT/US2005/017822
$context.first; contact.last = $context.| ast;
account. @@ontacts += contact; } update(contact); 25
I n one enbodi nent, the schema's foreign key el enent
(or attribute) declaration nm&tches the externa
system s constraints (or those inplied by the Véb

service e ' semant articul ar,

NOLL. f ordl JO%&%‘@ ﬁx%‘it’lﬁ’g can fé“éz’hecke@?&}le%’f% aélled‘%ﬂ%a% &y the
t ableb fdrekel) , shoul d be mirrored by xsd: use

"reqwfgnecgl'; izpq the case of an attribute and

M NQCCUK S rednonse qﬁ)&iﬁ‘( $S§‘§“‘°l{" in the case of an

5el enent. For exarrpl e, given the definitions above, the

fol | ow J.Q ]re@zlégnlsgfgod slg cdupdgc ﬁer ag esf%c réjsg}.tl gﬁ%c %Ilcrcgsrs) {

functiope
$cont ext i r st el I%@ co htﬂéec h§g oC At e;x?d g&guest query to the
Cc oIV ehcser@@ e dumentite Ao Ay ]:lere 40e ppatpibal R0$RNhAEdNiext free select

stom eries can be retrieved by inplenenting
sePBW’“%W&?ﬂP‘?Stgg’é%%‘?ons that relate to a defined

keyr ef reI/atria@nsrhlservb:ebwe@adtvvo nodetypes; i.e., a
foreign kéy varuer-rat Sebrsarct hiapesbiteounad®d) ) ;

i dent i f ORIy KeY of a rel ated node. The

o e e LS BBIEp (e e
15 setrastoropenaleiconthaCihs cBEiBORES dHARbed Bfcbd B8 m AL Qerver.

t he | ocal Facthstat th framewor k. Custom queri es can

be condui tfa 4 LQS—S;E & - }Q&)hgirdc Q'EEQ%&UES@|SEL ogés§l)c sf c re ords;

are opaqlm wletegtatdrecptlient programm ng nodel; i.e., do '
- not explfitlsi ariginal ¥ el terfive nmithd succecd that ﬂaelﬁaﬁ(&ﬂbn just requests

fore gn key rel ati onshi ps.

20 Féﬁétqﬁé %%43}/6(1 eq@eé‘&?&ﬁ‘%% %?l?od’ﬁ ‘may retuni a set of

XML obj ectsrithigte rmtt@he awpst ur al | anguage expression.

_ TEe di ffefjéd%%jif‘ﬁﬁnjg &WF%H@‘%F‘@C%’MMCteH zed by

t he matg uts and

out put tér%li i S Ogl ggﬂeﬁtledu @i%‘?‘%ééﬁg eﬁ‘tﬁ%ﬁ %{3159 DS§ 4 grgegssed
25 orbyghe reapawe trdesfarml n one enbodi ment, tenporary data

i's not .patt.Rf.the application's node graph; i.e., it

is not defined by schemn, key or keyref declarations,

and i s ResporaeTcavafonsal |y f ol ded by the framework into

the local cache. orary data is not assunmed to be
per si S&Zlﬁtrespgn@%mﬁ% ¢agly fipd check to see if the state expando

30 attribute was created by the conduit operation. If it was, then the transform can

construct a complete node element; otherwise it can return just the primary key

and sequence number as above.

function updateContact _response ($response)
let $i := $response/stfdc: gqueryResponse/sfdo:result/sfde:records
35 if ($i.@state != pull)
then
<contact id="{string($i/sfdc:rd)}n
accountId="{string ($i/sfdc:Account1d) }
. mas:state="{4i.@state}">
40 <modified»{string ($i/sfdc: SystemModstamp) }</modifieds
<fists{string($i/sfdc:FistName) }</Firsts
<last>{string (§i/sfdc:LastName} }</last>

<email>{string ($i/sfdc:Email) }</emails>
</contacts>

45 else
<contact id=*{string{¢i/sfde:Id)}ns

<modified>{string ($i/sfdc:SystemModstamp) }</modifieds
</contactx




ref erenced by system $context or $session variables,
whi ch have life cycles 15 detennined by the client

woai/i1Gabi on framework. Permanent data can corﬁj $2005/017822
' enma.

10

15

entirely of application data nodes defined by sc

In one enbodi nent, there are two nechani sns for

i npl ementi ng custom queries: 1. Custom Qperations can
allow the client to pass an ofhque, tenporary 20 XM
obj ect (docunent) to a specific conduit operation. The

operation. can nchronously return _a tenporary XM
docume m{(@gamelﬁé‘ﬁgm@a{ Wlifyios FErigERaYs) e, t he

f ol | owi QgqdsuskOBE MREEHR r -

obj ect <nyRequest > asI I np t,}{%n ?réé(%érsﬁggﬁ Qﬁ/ﬁ% gg?hes o
t Here2® kyCakluoackThg) exfampddsi mnthis section use the account and contact

$roagt. myQuexy( Requ >pr oduet bi |l e

aﬁﬁ%thBn%/ﬁ’ gﬁflﬁ}n‘%%ﬁ%ﬂ??‘éﬁo‘ew 1y|d5§0 15.30 function

ny Cal iFalch (mayHeputgref'>) 2. Cust om Obj ects can invol ve
the cregiy lef%fra “igiipersistent node (defined by
scheng)sq: ch 'becones part of the graph. The
operation can be invoked when the client "traverses

t hr oUG s e UL L ESRURHLHY K Eyref , in 35 which case, the
cust om<edgj: geta ipsrnpasaeed as the $source node into the
cor r 6§57Ei>ng sel ect conduit operation. | For exanple,
t he folliewnag-custom.ohiect <taskQuery> is sent to the

- sel ect B 20OS1:2438FREFE/ JS2005/ 017822 87 condui t
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oper akisin. 381 Wed F8Y*Yhe keyref that relates task

nodes ; ] ; = . .
r oot . G S ehEp T L BRIRRY Bokilte YA crror, since a attempt s
priage ta oty e/mejle’s kepwvalbasks = query. @@ asks. *; Custom
Oper akbQBs LHstQmn.opefati ons can be a nechani smfor

cal | i ngpeaeastore Condibete. ci@per ati ons (functions). Both

t he fu@tf-;@@:i?gp@gg%t:aﬁéa%%puts an be XM. 10

docupent literals (hot defined 65 "EEHENET" In one

enbodi FeRiever hel FoIlRMAE Kund@6s ARbekAlIF BMPL Sthe account
directly into the | ocal cache. For exanple, suppose we

watitlse, iehuple ehanaescthy fersionddey eptiel whithrefstmeesf the account node.
cont aatSod EQlcotaparicb&idyaf account) who have not opted
out of copeceifitshg et fifhe fol | owm ng code client code
cal | s F*EGst'dth opBFET I Hiit’ get List, that is 15 passed

an XM_coabjceGbaccoutiie ya2couftyNCt | Oy bbdel afeount foreign key
account .%git:.gidggtzegfquery optedQut =" 'fal se'r/ >,

CO H

cal Ipac‘R ; function call back(result) { for (i =

0, 1 <HE@SHHelfoleMOtdyiis Heffned by the following keyref declaration:
addAddress(result[il.email);
<xsd:keyref name="cohtactAccountRéf" refer="accountKey" mas:alias="account"s
© «xsd:selector xpath="contaect"/>
<xsd:field xpath="@accountId"/>
</xsd:keyrefs

Similarly, the function below uses the += operator (ak.a. link() fonction)

to add a contact node to fhe set of contacts for the account:

function bar(account, contact) {
account ,@@contacts += contact;

This one-to-many relation is defined by the following keyref declaration,

which includes an inverse relation:

<xsd:keyref name=*contactAccounthef" refer="accountKey"
mas:alias="account" mas:inverseRlias="contacts's
<xs8d:selector xpath=*contact"/>
<x8d:field xpath="@accountid"/>
</xsd:keyref>




} 25 The cal | back processes results once they are
returned fromthe MAS. The XQuery function bel ow
WO Wpi/eent s the custom request: * @rBS. - nanePRAAK2005/017822
target=rrsfdc” * @mas:field xpath="@d" 30 *
ol anguage: body type='rxquery" function
f oo_request ($source, $query) % <query> <queryString>
35 SELECT Id, Enail FROM Cont 2t 40 } WHERE Accountl d
= "{string($source/ @d)}rr AND HasOpt edQut Of Emai | =

{bool ea /% ) < 11 rj.ng> uery?
The res %ﬁ%ﬁ ?{gi"n t %ﬂ%@ asaéarb\#eggﬁ géﬁérgémgp%gé%%grg@ted by
t heettiog ttmnkcrgunt dmetgndrey d¥ahecortth® cheSUbE®) &) X%Z E)rimary key of

returned to the client _callback as a single
do fcopnle  Sefifes § sfweEn| ek pleBicedinasa nedase t hade (e.g.,

QO c .C | ) ; ; .
PSSt b gl ool OB TRR o .
51 otwrgd puris etk eppihaseyirck Mfllel @1g., $hcddint . eacontacts. *), and vice

$r e%gonse/ sfdc: queryResponse/ sfdc: resu3. t/sfdc:records
ref®th <contact id="(string($i/sfdc: 1d))IF> WD

2005/ 114438 tﬁgﬁ&%@ﬁ%@}&ﬁﬁ% f‘i@/%"ér‘n%uﬁfmti“@ are e(tllgx?lgnt}

<emai | >{stri n%(c$i [ stdc: Emal > con
=

The cliSEomh BREratTHn 2eferthilti on can declare the client
10 f unct i osnnafeasandscoethf:€0Nt ext for the operation.

[*¥* * custom o eratoin on contact:

account . gef L€t Eguer y°opttedout ="fal se"/>); *
15 @ras:hop@ﬁeaticmadtype "custom' node=" app: account”

name-"getList" * @ms:transformtype="request"

f unctdupdizonf ez (EREHEeStecound0( * emas: transform

type=" rgggg@hgggt_fs&%ﬁfoﬁﬁbt:oo_r esponse” *J function
20 foo($nsq, Bsour CETEHIEPSY { 15 } $nsg. header +=

cr eat eHeader ¢acont£@t We Aot} NVOke( $nsg); Cust om bj ects

Cust om,ghj e¢ts.can involve the creation of a
non- per si stent node (defined by schemn), which

25 beconedn paiel embodifiteng" MeNschM@’ sORGERLI REy GRIEE (or attribute)
| g%o]ked when the client "traverses through” a
c SPFIdeHen dn#ighasciiie epternal sppfcats eamerainthdor thebormplied by the

Web service operations’ semantics). In particular, ¥oT NULL foreign key values
(e.g, declared on a database table field), should be mirrored by
xsd:use"required" in the case of an atiribute and minoccurs="1"

30 maxOccurs="1" in the case of an element.
For example, given the definitions above, the following function would

generate a runtime error.

function fool(contact} |
contact.first = fcontext.first;
35 contact.last = $context.last;
contact.@@accountId = null;

40 | update (contact) ;
Custom Queries
Data can be retrieved by implementing select conduit operations that relate
to a defined keyref relationship between two nodetypes; ie., a foreign key value

contained within one node identifies the primary key of a related node. The output




20 obj ect can be passed as the $source node into the
correspondi ng sel ect conduit operation. In effect,

wol 2065/ f4$0m Obj ect can contain the input data g udeeso17822
conduit operation that will return nodes bound to tﬁe
custom object. This camenable the results to becone
part of the client cache-and for these nodes to be
referenced by 25 subsequent cPfent tenplates and
actions, and for the operation to be rerun to keep
t he results up.to date. For exanple, the follow n
S CP ek PRFTPURRSCERR tratades et asdiobisd dBidBe Jocal cachie by the
t aglebd. Which is used to select a subset of task
nodes based on the value of the priority attribute.
30 <xsdCusioml Ereiiypeambectidnitsjueier (pt vttex peboatitinal Wigid) that are

nane= fprity" type="xsd:string"/> o )

gl e iy B g st - Byt erplifitly slect (or modify)
5 enda BSsel hAtlueRel diAsk Iy | oY

<xsd: ke;r ef #amjz't agk%gj{ %ﬁ%@gﬁfga@g’ect T R example, 4

X PRI R opgEkion enay Yeturn axsat of DAVIH abjstchs=th@pmiatwhi 4 yithzal language

<‘]8§<§gé gggr ef > The foll ow ng keyref definition is used

askQuery nodes to the 40 root node; it.
decl ar eEheadidrany ki &ifWhekdbndbtd ivReriRa by {he%%tg?z‘éoo of

references the root node; the inverseAllas attri
ddlfiaPe Oreretiopsdrayalinguie and kuatphb et iodessified asheithee ternforary

t togh - B oo Proot .. (r)PtaskQueries. *. WD
10, OB AR gt B syt e BRSOy ass ot pa of the
napptatiasisQuedey BogihiRefc., fefiemel MREnEPByKeYhema, key or keyref
.dnverseAlias="taskQueries"> <xsd:sel ector
g@%‘f‘ﬁ@ﬁf’% Kadetsyngt-antemaiically efolledpbir ithe' Snmeviodotintg" the local
5 sek ke > f ol | ow e i pes,.the .
r glﬁa}%é i gﬁglj H%%ﬁ%e(tia\-%g% I?%’E\s I{é(g%/ ‘&Eé{{ eéerglg{?aﬂ fhopgh it may be
E mfﬁs:md'dabyaaygteneﬁnfntsxtbw t%&smn?laﬁiﬂay @ﬂﬁ?@ Qﬁf}é’ltﬂfﬁ Neycles
ch tas node declares a dumy tas ery foreign key
15 CAEPmhERd white rhe Eeendaesors eeANARE defer gan consist
t Bt Béhtioh dataNRd | tributed declares
a 158{%)?&5\?2?5&1 fr gir% t hgy%{%‘ér%%?grssﬁeﬁg%e to the set of
t ask nbuess cinbedimentyitberg. ar@vaskehanisms fxsiieyering custom
?ng%z"_t askTaskQueryRef " refer="TaskQuerykey"
S

GS- H n n
1 nverseA].ias="tasks"> <xsd: sel ector

xpath=Cusreki Operaftdnscosh Qb wahd cARgtdms@as %1]'3%{ rdpd
20 </ xsd: kRyr 8hjct(l6& 8 RY {0 ip@@lfﬁ'c 2y dlﬂﬁépg?ﬁn. hé E&?ﬁi}‘gm can
gs ! oegu];ogz? rie ?'cﬁﬂaéwk.

fol |l ow
o s Sl b
e R SR 0.5, e S

t askQuery own
ject <myRequests> as input, and return an XML object the

25 myCallback{) function:
- $root .myQuery («myRequest»product mobile application</myRegquests,
myCallback) ;
30 function myCallback{myOutput) {

}
2. Custom Objects can involve the creation of a non-persistent node (defined

by schema), which becomes part of the graph, The operation can be
invoked when the client “traverses through” a corresponding keyref, in

35 which case, the custom object is passed as the $source node into the
corresponding select conduit operation.

For example, the following custom object <taskQuery> is sent to the select




function init() { } var f =
$root. @@ askQueri es. creat e( <t askQuery priority="1"/>);

wWol2003ne489bodi ment, there is no conduit inserpCcrUsz005/017822

operation defined for the 25 taskQueryRootRef keyref,
so this client script does not trigger any server
activity. The following tenplgje traverses the inverse
taskTaskQuezyRef keyref definition. <netui:repeater

i d="$s" 30 source="$root. @ askQueries. where

(pri ori ¢otianit bpera@R astifod forthe MRFePBlatfdiies task nodes to

</ net Ui {aEl0P&RY nBfies: Thi s causes an inplicit sel ect “on
the associ ated conduit operation; the repeater's

5 source B iR PP Ut Eortefieraheass thetd(askiNode peikaai-ed /- ;

above, ARd.LbiSLLS Msed. 35 as the source context for

the tr ertsald I .e., the node, <taskQuery

priorit liS‘1]?7>,1?"3#&1‘”&?)%5ed into the operation as the
$sourc e(?ﬂs@(ﬁlhagggﬁ'aﬁom CedrObeCs p}‘ﬂl@ Afnf 30L Yoy etl:l?s%%onduit

operation is fined by the follow ng unctFons:

20Wsrations grgtom)T/Beg2 05/ Hhd8e? ipu@esidopeatpatsi 0 be XML

O T TR T —

—
n
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f Woes haufsldseher ihesisinteaeasdal cacpeanas: transform
type="response" function="sel ect Tasks response” 5

funct i 319t SEpERleTaIPSISWEgyadeblr tieve a settofifemail addresses for

NS, ). *x *lamas:n space . . .
¢ SobaN8f 3 BRHeutatdonn) g R E pREARGT o rspeiving omail
(r) | anghadelidoigly colp ehers @u8¢ Yallsld ottt oh@tion, getnist, thatis
sel ect Tasks request ($source) { <query> <querystring>

sepssedan SMIBpbiset kguersubj ect FROM Task WHERE Priority
= "{siakiingbhsoyrce/ @riority})" 20 </ querystring>

</ quer yesoynt 2SI st Qras Y rareSpace st ar gehweapp” *

el anguage: body type"xquery" function sel ect Tasks
respm?éory(‘baastp@nse)atﬁ ar $i in

$r espotfSel st dict queryRespbinsetsfde: resul t/sdc: records
30 r }et ur nd%ggl} Ssgt a‘é%ﬁfdég“l{ns’t ring($i/sfdc: Td)}"

The callback processes results once they are retumed from the MAS.

The XQuery function below implements the custom request:
/**

* @mas:namespace target="sfdc”
* @mas:field xpath="@id"

* @language:body type='xgquexry"
*/

function foo_request ($source, Squery) {

squery>
<queryStrings
SELECT Id, Email FROM Contact
WHERE Accountlid = "{string($source/eid) }*
AND HasOptedOutOfEmail = {boolearn{$query/@optedout) )
</queryStrings
</query> :

The response from the Web service can be processed by the following
function. Note, the results are returned to the client callback as a single XML

document—i.e., this is not interpreted as nodes that are folded into the local cache.
/* *

* @mas:nawmespace target="app"
* @language:body type="xquery"®
*/

function foo_response($response) {

foz %i in $response/sfdc:queryResponse/stde: result/stde: records
return

<contact id="{string($i/sfdc:14)}v,




priority="{string($i/sfdc:Priority)}">
<subj ect >{string(%$i/sfdc: Subject)}</subject> </task>

wOoARH/11G4@i ons can al so define conduit sel ect gREV@ BT822

10

15

20

30

35

40

to "seed" the custom objects that represent
"pre-canned"” queries. For exanple, the follow ng
operation inplenments a sel ectgo%per ation that returns a
(constant) set of taskQuery jects when the client
traverses $root. @@ askQueries. 40 * amas: operation
type="sel ect iendc@Yeafing GPfFc ERSKQIRENROOt Ref "

i nver se="tfageact>f yncti on sel ect Tasks($nsg, $source) {

45 return <t askQuery prigri.ty=' 1'/ ><t ask ery :

o' or 1 LY SieRE bR Ge il S ey tir ot fupssion naps and
r ehecaneadobtheoperafioh.! ow ng tenplate: <td>
<netuj:repeater id="sl"

sour e{h%@%Ler@xﬁ&kQﬂ@e[ck:e§cc§& ._geti_@st(cquer optedOut="false"*/>};
hr ef =* Simass@lee idaSypd=t @B @0 fidiePripdckduyit { Shd-heBE st 50

</ net (iZrtefesep -ty frgsiesi fgseticanideq redpesbbat er

i d=11s2" source="8T" select ed 651 As Ka-T"EL

</ netfwictiop Featww> ssoufded3aifhe first repeater, si,

di spl ay&s é:‘?’gcgjzkﬁ%;gg?é;%ﬂ?@éry obj ects; the second
repeater, s2, displays the resulting tasks retrieved
from t Kanstoms KQieetsy sel ected by the first repeater.

Priority 1 0 g’r eéoare,RFPwL\/}g 2005/ 114489 Priority 2
PCT/ U015 95 con invalys iap creatippf  nagrnsssivertriodg (dfined
CQY/s8fomd)! whith %le_§&n£é£ﬁt§a§( &life glggﬂefﬁ%ﬁg%l{b%ﬂah be invoked when

opérations that ins upd and “del ete custom
oltheediemnt Biravengss dhongeh’hg carrbipondiag \Wegeef! mavhipk rcases tise custom

these query objects-in effect, treating themas .
oPEﬁe %‘%ﬁ%ﬁ%ﬁgé‘iﬁ ﬁ?enﬁt%léca gpde %3’%@ comsespRding selgel comluit
o@bﬁgﬁm{]ode is nodified-either directly by the client

application, or indi rect| y by a sync sel ect
oper at loifget the raustopotient carelcanfeth thyodgsit alate e a conduit

aut onmat | | vy unl i nk romt custom.object.; i.e.,
B0 G o P s W e SRRl i syin bl he
Vadstilesto Beddtie bhit of tHr tieficakiRy 884 forhdddnbdesTibe referenced by
ensures that nodes traversed to via a custom obj ect

adespanest gligné fanerlptes pad aetians, asd for thodnsrasivsttorbeabiuedo keep
%\ég{ﬁfeg@ sﬁﬁJ t%cifateOper ations The sel ect operation can
e F]e f /

ena Framework to retrieve nodes for a
For example, the following schema declaration can define a custom object,

taskQuery, which is used to select a subset of task nodes based on the value of

the priority attribute.
<xsd:complexType name="tasgkQuery">
<xsd:attribute name="priority" type="xsd:string*/>
</xsd: complexType>
The following key definition ensures that each taskQuery object is
unique: '
<xs5d:keyref name="taskQueryKey">
<xgd:gelector xpath="tagkQuery"/>
<xsd:field xpathz"@priority®/>
</xad:keyrefs

The following keyref definition is used to bind taskQuery nodes to the
root node; it declares a dummy foreign key attribute mas : root that references the
root node; the inversenlias attribute declares a traversal from the root node to

the set of taskQuery nodes; i.e., sroot .@e@taskQueries. *.




particul ar keyref Conduits can define a sel ect
operation since this is the basic nechanismused to

WO slosilen® nodes by the client™ application. 15Mopg®bsoirszz

10

15

20

sel ect operations can trigger automatically by client
applications as they navigate the data nodel. For
exanple, the follow ng client_SPath expression causes
the accounts keyref's sel ect eration to be invoked.
$account. @montacts.* The conduit sel ect operation

can be passeded RfePEi-RREWrdOM:0le L N6 20,69k €spondi ng
account ob e‘eﬂs 1n">r¢rﬁ®1%ectasmeldeet"al | s other forns of

sel ect oge;d 2L AT HE and” Opti mi zati ons Both the
client and:MAStecan cache the data that are returned by

th f t dat h
Lraver on” ROSPRE Rt SR 6 Soah@n By b it &oaBy odes

cl arginthe anrdx sedvethat aehaSuraa by Ths Bb@ivik %ﬁ%’rﬁ ogéitaﬁoﬁ OEach task
each n@ ﬁ and nodeset that determ nes how | ong

ciMEsPsiiPhg dwnmys tel%lt%ﬂemrfotﬁegn &ey e@tnbupﬁomhatmdbmmes the

URechRs r e uest
R RsRfe B ol HENT L350 R 08 PRl cfeles =
f drdvewmah gframs ehectcasepeiat indde i $o et Eset abgetask nodes; ie
Therefore, given the availability of suitable Wb
sé?‘\‘?f‘%é@@tsﬁfsoﬁer ations, certain optinizations can be

i mpl enentaedyy skhes 'tﬁ;ikam@ﬁ@fylﬁef v MO 20. Qaslénl%rﬁ(&/g
PCT/ US2005/ @iﬂ@?ﬁrsg?ﬂl%eae‘ef%ct pkey operation is
i nvoked iﬁj@ii&i@aﬁiﬁ 'aga{jfgé,.xygnner as the select

oper at i<ond:xlgwRever, it returns only sets of primary
key valThess késoel de[hanuhﬁdeﬁﬂeetlﬁeﬁoﬁﬁﬁrngkfgyatmgﬁ@g ihefveen the

respondln sel ect, operation _on the
o SR 200 SREPEP DAY SastinadsAsEmn(n GEargP: owi ng
respongge EEQ&%@Q& Hbde'é Illl “be cr@ét@&]?ggige%[ ?grg gsmgd}ﬁ%itfub%rd

t ype=' xquery nespace
sekeﬁﬁ@b@ﬂmﬁDBByAccount response($response) { 10 for

$i Tunction inik () {

-]

~ $res pomed sheet @uﬁngesao&s&é &EQQQuEMLJré@f_QG jh ecor ds

25

30

15 }! ﬁjeurn contact id="{string($i/sfdc:ld)}!"
<nDd| f g3y §1Pp e(1$|t}1§,11ed§ no conduit insert operation deﬁned for the

then g%&% %{%)e%(eirrghﬁﬁ%a‘ @ﬁ henf nglqlf’:\taét 2 glgfﬁ'e%g%oeély server

edl&!mims are currently in the cache. For any node that
n%l %gtat%ed tttu n the cache, the franmework can
i’%e E‘%’r Ct TEBIeTERR AR BiTersthitaRkTaskeuenget
n%xL&tu rlge,ga,tl on 20 returns conplete nodes for
t e reﬂhbﬁ&t" orseam&fguepieeyméé@lpugglty__fl;hﬁ) $61.861 ..get
operzg;ggﬁ }f<GP t he exanpl e above woul d i npl enent the
foll g F&GtEst  transform * pl enguage: body

: type— T&qa@m}sm ap5impliGiiaseleva s fircassodatgd toanddidl @peration; the

35

n_sel e tacts reques eyset) <query>
rggeattér% source %Lngo‘% retceremes the tas tk{\lﬂslée )éreated above, a¥1d this is used
as the source context for the traversal; i.e., the node, <taskQuery priority="1’/>, is
passed into the operation as the $source variable,

The corresponding conduit select operation is defined by the following
functions:




<queryString> 30 SELECT * FROM Contact WHERE I1d IN 35
40 } } for $x in $keyset return {$x}, }

wododsiefaysot ri ng> </ query> { The response transfi@Qnig6h17522

S5mul tipte nodes. WO 2005/ 114489 93 PCII US3005

be the sane as for the normal select operation.

Sel ecting Conpl ex Schemas Sel ect operations may return
nodes that are defined as conpl.ex docunents that
contain repeated el enents. Th Pe isS no restriction

pl aced on the conplexity of 45 a nodetype's schenma

defi ni/¢4 on. However, there nmay be practical Iimts to
the si zé&naforarapiodevaeeiceted:” FEvetfentt tseatinonyrdet fivtige="true"
the cas G a R oAl AL ML R ey sCBRSPIE L Lt o

Exanpl&;-TPhe® sefiediel*ie) 6%fi°l dstrates a purchaseor der

reﬁgfr WS, 1INV,

nodet ype at contarns’ nmultiple lineltemelenents. 5

10 <xsd: ?l enment nanme="pur chaseorder”
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*

type=" purchaseQuder IMpa 3. <xsd: conpl exType
name="per=elrase Gderdypeis <xsd: sequence> <xsd: el enent

narre:";gﬂaé%mg@t“gﬁ’ﬂfe’éﬂei{gﬂ?ﬂéubI e"/> 10 <xsd: conpl exType

name=tdnkyied tABRTRLXSEk:8RQUSNcE maxCccur s="unbounded" >
<xsd: corqylavxTé)%pe ref="Iinelten> <xsd: sequence>

<xsd: el enefft?; o RLQdl g sLypes i xgd: string /> 15
</ Xsd: sequeneer sixst: €o@layEypes wpeixsd)sequence>
</ xsd: conp¥ eRTFyFes> 20 </ xsd: sequence>

</ xsdj cOApI €xType> For exanple, the following EVIL

docurrﬁgt illustrates the purchase order schema. 25 30
* @mas:namespace target="app"
* @language:body type="xquery"
*
/
function selectTasks response($regponse) |
for $i in $response/sfdc:queryResponse/sfdce:result/sfde:records
return
<task id="{string($i/sfdc:14)}"
priority="{string($i/sfde:Priority) }*>
<subject>{string ($i/sfdc:subject) }</subject>
</task> '

}
Applications can also define conduit select operations to “seed” the

- custom objects that represent *“pre-canned” queries. For example, the following
operation implements a select operation that returns a (constant) set of taskQuery

objects when the client traverses $root . @@taskgueries . *.
/**

* @mas:operation type="select" keyref="app:taskQueryRootRef" inverge="true"
*/
functicn selectTasks($msg, $source) |

return <taskQuery priority=’'1'/><taskQuery priority='2’/>;

This queries could, for example, be referenced by the following template:

<td>
<netui:repeater id="sl" source="$root,@@taskQueries.*ts
=a href="asl.select (sl.itexator)"sPriority {sil}</a>
</netui:repeaters
</td>
<tds>
<netul:repeater id="s2" source="sl.selected.a@@tasks.*">
<p>{s2}</p>
</netui:repeaters
</td>

The first repeater, s1, displays the set of taskouery objects; the second
repeater, s2, displays the resulting tasks retrieved from the taskQuery selected by

the first repeater.

[« Priority 1 | «  Prepare RFP |
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35 <purchaseOrder> <price>1000.00</price> <lineltenms>
<linelten> <prodl d>W dget - X</ prodl d> </lineltenp

- wotoopreldggm>  <prodl d>W dget - Y</ prodl d> </|i neZ§ cel‘ﬁz 05/617822
Oi/ I Fvﬁel tens> </ purehaseOrder> The foll ow ng con ?

function contains a nested | oop that generate a set of
purchase orders, each with a gist ed set of line itens.
40 * @ms: operation typem sel _ ) .
keyr ef =" pur chaseOr der Accour nt Ref " inverse="true

Omas: transf or

LY Bt ucbt" IUI|| Lo .
sel ect Purchasgb e‘ryr‘e%u 41 ﬁnﬁg i‘%epg'['_%an form

]tcﬁggt_l g?;ff’s %{; dbds 2lsenossible to defing copduit epsrationsnthat insert,
s e péatRuandhdedete rell et sy &D&’E@s bSsapiGeanting VAW HLESPARS ®hal"persists

Ui GBS b i, Fssb Rawingr o asaimsy dodescehidstic duta

tll

et ="

50 etrieve line itens for each purchase order for
(|n{£ﬁ%)1? i < pos.length-1; i++) { 55} } var nsg2 =
cr eat el\/B&s:agze (Cusiqmeslfbjmtnﬁodeeﬁsﬁ@@ﬁ{em_esﬂ@p diréily by MRE clicnt
%ez—v\sln\{ kb)grrsgz pos li) +=
5‘% ) técﬁl t%dydlr Iy by a sync ‘sellect operation—all correspondmg related
sfﬂﬁeﬂw@ﬁyd%eweﬂﬁﬁeaﬂfydﬁmﬁﬁég'f%?ﬁftﬂg SR dﬁ of, G odes that

response,; (r)language:

E'S?@Mh%gbjgel mdr&igﬁ (kﬁﬁlv@liﬁﬁ v ﬂ@rmeirgﬁ R BAGS null. This
at h="Q d" function

se ect iﬁgg%‘idrqygm 3o F%é’ﬁ’u%%‘f a1 hiceb yoqurately zglliest yhe state of
<q;hecqs&tm|oa . SELECT * FRC]\/I Pur chaseor der WHERE
Pur chaseOr Account | d {string($source/@d)) 1 0

</ quer y'stiap 9@>g CQ@?WOH“}

The select operation can enable the framework to retrieve nodes for a
particular keyref. Conduits can define a select operation since this is the basic
mechanism used to retrieve nodes by the client application.

Normal select operations can trigger automatically by client applications
as they navigate the data model. For example, the following client SPath
expression causes the accounts keyref’s select operation to be invoked.

$account. @@contacts. *

The conduit select operation can be passed the primary key of the
corresponding account object. This section details other forms of select
operations.

Caching and Optimizations

Both the client and MAS can cache the data that are returned by the
conduit manager. Therefore, not every data graph traversal need not generate a
select request. Both client and server caches can maintain meta data for each node
and nodeset that determines how long the corresponding set of data can be relied
upon to be up-to-date, before a new select request is generated.

Often, the amount of data that needs to be transferred following a select
operation is quite large. Therefore, given the availability of suitable Web service

operations, certain optimizations can be imple‘mented.by the framework.




* @ anguage: body type="xquery" 15 * @ras: nanmespace
target="sfdc" function selectLineltens($id) <query>

WO%HﬁfM%” ng> 20 SELECT * FROM Lineltem \AHER%T/USZOOSIOHSZI
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Li nel tem PurchaseOrderld = $id </queryString>
</query> 25 } * (r)language: body type="xquery" *

@ras: nanespace target="app"” 30 function

sel ect PurchaseOrders_response?®response) { for $po : =
$response/ sfdc: queryResponse/ sfdc: resul t/sfdc: records

return spurchaseOrder id="{string($po/ws:1d)}">
<pri ce>Fi§ FRIfGESRM P aRtigs yuyokeq dpexacty the same manner as the

<l L hel.t eqse or:. $1i i.n 0 ‘1€ et urn
REE: e‘?%?atéo%’r g%?‘%ﬁ%t'?% "o sl i %‘?‘i‘@p%‘%’é%’& pes. For
</ biangplle, dinPsdl ecx/ dregeipteitivn for thel tahapefdife bsleSpefatibA 8n the
Node Tr%(g;r(ge ect operations nmay return nodes that are
detIist GRPYSXOWE dppismrcat thsdoloysing sesponseriransum: ed

el enenits. There is no restriction placed on the

conpl gxfepraet-"oy Mertetype” s schema definition. In some
cases,, It 1S desirable to split parts of a conpl ex
docurferidqureretdondeppendent:_rodes:srboune) hy keyr ef

rel ati gi§f} ps 7 PHRSE MO TRTY IO HIE 1T e ek R=cords

synchr oni zeeahack» fe-itd@: ckd-amaty»and i ncorporated into

t he cached d%?d%fig¢%ﬁﬁ%n95%/$ﬁesmmﬁia§fe}dﬁlodsip‘ledti ting
compgund J6&UAEAts into nultiple nodes is inproved

per f or MERCABYisIBES bRt e Pl

in a si n%I e WO 2005/ 1142%3%@%%&%%%%%8%8%%%@ Slements
o[§&3 GfepRy fiethg caclsel ect all contacts for a particul ar

accountpor %99 n%ldcla #3359 Gof tcglgtained within the cache, the framework can

then call the select_set operation, which like the normal select operation
returns complete nodes for the requested set of pkey values. The select set
operation for the example above would implement the following Tequest

transform:

[**
* @language:body type="xquery"
* @mas:namespace tavget="sfdc"
*
/
function selectContacts_request {Skeyset) |
<guery:
<queryString>
SELECT * FROM Contact
WHERE Id IN

for 4x in Skeyset
return
{sx},
}
}

</queryStrings

</query>

The response transform can be the same as for the normal select operation.

Selecting Complex Schemas

Select operations may return nodes that are defined as complex documents
that contain repeated elements. There is no restriction placed on the complexity of
a nodetype’s schema definition. However, there may be practical limits to the size
of a node record. The next section details the case when a complex document may

be split into multiple nodes.




tasks). Exanple In the follow ng schema definitions,
both the purchaseorder Type and 5 lineltemlype have

whems/10agd ared as nodetypes with the foll oW NGgESGHEIRs /17522

definitions. 10 15 20 <xsd: conpl exType

name="pur chaseOr der Type"> <xsd: conpl exType>

<xsd: sequence> <xsd: el enent me-"price" type=

"xsd: doubl e"/ > <xsd: sequence> ""</ xsd: conpl exType>

<xsd: conpl exType> <xsd: el ement nanme="1i nel t enlype" >

<xsd: coqgﬁggmype> <xsd: sequence> <xsd: el enent

name="prodl d" type= -Txsd: string 31 </xsd:sequence>

</ xsd: cormgl @kﬁ'lypéwlow:h}»lumina(ﬁse{@ﬁf&ﬁb@rc&%hﬁm@tﬁesﬁat contains
%ﬂﬂ& the foliomnng key and keyref definitions: 25

?é eOrder Key"> <xsd: sel ector
xpat hziqgwﬂerhasne@ﬂleﬁ: nhofde! X Pakhmsddidid .
</xsd‘ﬁﬁygﬁggfﬁﬁsﬂW?é?“ﬁﬁﬁ%ﬁﬁﬁnﬁeitenKey"

ence

<xsd: sel eckad:expat Amel bnglt gLl sxs50:fi el d
xpat h="[di- d"/> </ xsd key> 35 <xsd: keyref name=

10 "1i nel t enP{’ g}goﬁ?glégﬁ g‘ﬁg;fg"jg‘;}fgﬁgnd ,Rur chaseor der Key"
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mas: i nver seAl | ass" dohfelt emEr>=1isxssl.sel ect or

xpat h="11inelt em'/ﬁs%ﬁ%%}ﬂfw%l d

xpat h="npur chaseOr def 1 6" S 2L G REY FE1es"70 = Fheg"/ >
Figure 12D repr esﬁn&dsse&iaececorrespondi ng keyrefs.
Whenever comgﬁf@&ﬂi@ﬁ’f@ﬁf’s are broken into individual
nodes, theheéhaﬂﬁmm@& can ensure that client
operqymgcmiqﬁmﬁﬁe constituent nodes (e.g., line

itens) @y, o) dui t or exanple, th

cli ent app gl[ i %1% %gcl;\o‘%ﬂe aﬁ%ﬁ%&‘l’ﬂl@& Ysiies thearurehypse évder
Iumhanaen1objects unl ess there is a corresponding 45
insert operation for the line it enms keyref. The

condul t<pﬁe§>hﬁbtobgpﬂp§] owis a nodified version of the
exanple above. Here, the inner | oop creates node

<linelt,

el ements" WL, fBi.p. a nodeset el ement. Note, the
<prodld-Widget-X«/prodIds>

</lineTtems
<lineItem=
<prodid-Widget-Y¥</prodlds

</lineItems

</lineIltemss
</purchage0rders

The following conduit fimction contains a nested loop that generate a set

of purchase orders, each with a nested set of line items.
/*'k
* @masg:operation types'select" ke f=h "
Lnyoras | perat yref="purchaseCrderaccountRef"

: gmas Eransiorm type="request" function='"selectPurchaseOrders _request!
as:transfo "
y m types="response® function="selectPurchaseOrders _response?
function selectPurchaseOrders($msg $source) {
var response = ws.invoke (Smsg) ;

var pos = response.sfde:queryResponse. sfdo: iresult.sfde:recoxds;

// retrieve line items for each purchase order

for (i = 0; i < pos.length-1; i++) |{
var msg2 = createMessage(requesthneItems(pos[1] sfdec:Id)) ;
var response2 = ws.invokes{msg2) ; '

pos[il += response2.body.sfdc: squeryResponse. sfdc:result . sfdc: records;

return response;

/**
* @language:body types="xquery*




i nner objects nust al so each define a primary key. WO
2005/ 114489 PCT/ US2005/ 017822 96 * Qmrms: operation

wo_tﬁ&#ﬁ'jﬁ@ ect” keyref="ipurchaseO der ACCOUNnt Refr/us2005/017822
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inverse"true" * tunas:transformtype="request"

functi on=" sel ect PurchaseOrders_request'f 5 *
Camas:transormtype="-r esponsgz'i

functionu"sel ect Purchaseorders’ response” 10 15 20 25
30 <query> <queryString> SELECT * FROM PurchaseOr der

VWHERE Petdk Ghaseos 88k:AGeaunt | d {string($source/ @d)
</ quer)&@taﬁifﬁgﬁ’ wtgterdy> } 35 /** O anguage: body .
LYPe=EtQUET Vel ecr bu @RS NATESPACE JALGEL =" app’ s function

sel ect PutnetaseOr der s_r esponse( $response) { 40 for $po
- <queryStrings

$r esponse/ sf QEidHeby RESROHoR sidcresuldlatde:f ecords
return <pwehaseQuder id="{string($po/ws:id)}">
<pri cys>‘(/§‘terr’(’ng($po/vvs: Price))</price> 45 50 function
sel ect PurchaseOrders($nsg, $source) { var response ;
WS | nﬁb@ﬁgﬁ% 4, var pos =
I €SPORSHas hiltranelyRespanse. sfdc: resul t. sfdc: records;
Il retrieve line itens for each purchase order for (i
= 0; T PE BT P+) { )} var nmeg2 w
cr eat eMessagatr-efpdest L, i neltens(posli].sfdc:1d)); var
response2 ~ %@ﬁgifr‘fv@g‘e@ws %? gtos[i 4=
response2. pedyershae - ué’r‘%‘ &LPEHLEs. $fde: resul t. sfdc: rec
ords; r<4wr response; * @ anguage: body type' "xquery"
* r}) mas: nanespace target="sfdc=" * Omas:field
xpat = O d" function
sel ec{ Plametrase@r devssmequest ($source) { cmas: nodeset
keyr et 215 KETPERPETPERaEROr der Ref " 7

function selectPurchaseOrders_;esponse($response) {

‘§:§ui£o 1= $responge/sfde:queryResponse/sfde:result/sfde: records

<purchaseOrder id="{string($po/ws:Id)}">
<prices{string($po/ws:Price) J</prices

<lineltemss
{
for $1i in %po/ws:records
return
<lineItem>
<prodId>{string {$1i/ws: ProdId) }«/prodId:

</lineItems

</lineItemss
</purchageOrders>

} Selecting Node Trees

Select operations may return nodes that are defined as complex documents
that contain repeated elements. There is no restriction placed on the complexity of
a nodetype’s schema definition.

In some cases, it is desirable to split parts of a complex document into
independent nodes,_ bound by keyref relatibnships. These nodes form a tree, which
is synchronized back to the client and incorporated into the cached data graph,

The advantage of splitting compound documents into multiple nodes is

improved performance by retrieving multiple levels of keyrefs in a single




{ for $li in $po/ws:records return clineltem
id="{string($li/ws:1d)}">

wOoR9tgss{ stri ng($l i/ ws: Prodl d) }c/ prodTd> </ | ipggli@iiR/oh7822
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c/ mas: nodeset > 55 c/purchaseorder> } Deep Select As
di scussed above, applications can traverse the data
graph using SPath expressi ongs' these traversals can
cause the framework to synchrc;ni ze the required 60
data in the background. In one enbodi nent, since the

sy [ [ ' IS 1Ny, synchronau .
YRR E e APha B a PRI RO SRR ¥ssociad
cansic). be fully eval uated against the currently

cached gata gr aph. | WD 2005/114489 PCT/1JS20051017822

97 For e, the follow ng SPath expression wll

return | [ : r counts an

cont act %nﬁg\'}@llﬁ%v%ﬂggécg r?ﬁ% r&eﬁ\li/lilﬁgﬁ)gl I)’{’y%st?}n@% rFONI 28t Oﬁ%%ﬂype and
cacivedt dmrybachavki eseh. declared as nodetypes with the following schema

$:F%%I91 e@ccounts. *. R@ontacts. *. 5atasks.*; 5 In one

e t‘r‘i’u'é‘ﬁ’t, subsequent keyref traversals cannot be

i ni tiatecnpratessnanther-pheoadimg-nodes are currently
resi derff‘ﬁ?g"“?il;’é“@:aghe. In one enbodi ment, the client
code woul & FAESE oy ubi b Stert Qpd b AUGESS. S 0Ot .
@accounts. -*; then wait for a synchronization
notifi Q@gsgﬁﬁn;‘i‘fxﬁ%@ sel ect $root. @mccounts. * . @
cont aedascompr¥xrypew@i t f Oor anot her synchroni zati on
notifigcation, then finally the expression would TO

i NVOKE fAtosybehl.oni zaton of all tasks for all

cont acts fet-sabdncgccounts. The select () function can
enabl e the EFPERE o Feytrede” the-"ser¢&fets eval uate
t he SPat h./expiegssieson on its behalf, and then to
synch/rxﬁc/flfrS éﬁg“ﬁ?éi‘m’?sul ting graph of nodes to the

chientap EQL | : .

$r oot . 38 g‘%: e%}ggoc Solres the following ke awdukeppnl defiuitiogs: 15
Her efxsﬁﬁglj’ e;rw;i"wem@ﬁq&r@r@x'pr ession is passed to the
server Lohiah SLAR b BHEEEEErVe keyref traversals and
managesi:ktdze synchroni zati on of the nodes. Note, the

ser veL, fBY, Lebu L Lhe.entire graph in one
synchr ess:zakion pRESageQfh ,,over nultiple nmessages.
SPat h %)‘_(?rf@é%ixmy'@mybal so contain predicates using
the WASFe*7) function 20 For exanpl e:
$r 0otxsS Rdvet 2@ ) iaet ot msdord@ ey C O AB S cHasBRlA8KS . *. W
her of WLLOGELE, Thie, Mittieay e expression can be

£

resol vesdi.ef:d pu@gailg&tlggc@/; he resulting nodes are

syncHrgriereé to the client. The foll owi ng expression
can belhekigi@i@uteprasents thetcorrespondimgdeyfefy. al | 25

accounmeﬁg,g} cIaIarll\f:o(é';llrtlc{1 %ogl}lnee%?s" Iét)lz.rer ggotklelan ellngrﬁlréltiﬁdual nodes, the
framework can ensure that client operations on the constituent nodes (e.g., line
items) are supported by the conduit. For example, the client application can be
prevented from creating new line item objects unless there is a corresponding
insert operation for the 1ineItems keyref. |
The conduit definition below is a modified version of the example above.
Here, the inner loop creates node elements within a nodeset element. Note, the

inner objects must also each define a primary key.




$root. sel ect (aaaccounts.where(.type=
"Direct"). keyre("contact s", "notes").*; Session

woVRiggamnt Session state can be nanaged by t Rgprs200s/017822
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conduit's custom procedural code. The conduit can
define a variable to store a session identifier. This
may be 30 created by the conduit, or returned by the
Web service-as in this case: 79 session obj ect
returned from Wb service var sessionld ~ null; WO
200- 54:114489 98 PCT/i 1S2005/ 017822 The conduit can

def i ne @af:upeiti@ntbhatel et eatesi-anensRndsaacmesgage t o
ni GRS O Sesslon. the, function, can, then processes
the r eS@@ﬂSﬁniﬁ@rmG%{:&ﬁJspca&y fu&%ﬁgj:'@,&egtéﬁc@iﬁ r:i:i_s_rig:;gnse"
i nformation returned jbf\ért he service. The function

bel ow SEpdsi L e EiLoulIe e Yalfe tt the Wb service and
5 extr act $od heeHessisan qudeRihinsekrd r-eomt hacr-espense

returned: By -the Setdihéen. L &al ¢ and §end | ogi n nessage

and proces® wseStlcteterbsmaatiicarestiogizrgg (pfs (Viakcabaay: = 10
<l ogi n> 1 Ozﬂigé?jimgﬁﬁggﬁigmgﬁg%%;s%{s?%ce-rtars]t%.@?fdc:records-
passworid>( $user . passwor d) </ passwor d> </ 10gi.n>"; var '
response = ws.invoke(body); // set session id
sessi}onﬁd1 = rirng (response .body. sfdc: result.
sfdca§*essi onld); // set URL for subsequent calls (fro
thi d. [ - Q,,V\is-endpoi nt = string

(r espo@éﬁ%ﬁﬁiﬁéﬁﬁﬁtﬁ%ﬁém t.sfdc:sexverUl); } The
Suser  Xs: figdi-apihe’eé8nt ai ns i nf ormati on about the

CU I @il 148 QErectplrohSeorBe-S YSLEM MALLAD] © accessible to

al | fumie&gns%g.E?ch conversational nethod can specify

a header the session 25 identifies; the

fol | owi ng (E%ﬁ-‘dt;ga%y Megéii‘éﬁéftidﬁﬁ‘xur;c(csi;lqr?g(fs;onlscg/@@mcks i f

a conver sdtieoitribas been started (calling login if it
hasnyt "tHéh returns the appropriate header XMW
fragnent. // create conversational header 3 0

funct’j*gﬂn&ggee@gog]}—lgy%ggg:&)en{, if (session2d == null) {

* @mas:namespace target="app"

*/

functicn selectPurchaseOrders response [$response) {
for &po := $response/sidc:gueryResponse/sfde:result/sfdo:records
return
<purchaseOrder jid="{string($po/ws:Id)}"s
<prices{string({$po/ws:Price) }</prices
«<mas:nodeset keyref="lineltembPurchaseOrderRef's
Eor $1i in $po/ws:racords
return
<lineftem id="{stxring($li/ws:zd)}">
<prodIds>{string($li/ws:Prodid) )</prodIids
</lineltem:s
</mas:nodesets>
</purchaseQxders
Deep Select

As discussed above, applications can traverse the data graph using SPath

expressions; these traversals can cause the framework to synchronize the required

data in the background. In one embodiment, since the synchronization mechanism

is invoked asynchronously, it is frequently likely that an SPath expression cannot

be fully evaluated against the currently cached data graph.




login(); 35} } return <SessionHeader>
<sessi ondl d>{ sessi on2d} c/ sessi ondl d>

wohigsau@nHeader >, For exanple, the foll ow ng p&Said2ids/o17822
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function inplenments custom session nmanagenent
required by the Web service: 40 * [snms:operation
type="sel ect" keyref="app: cog# act Acoount Ref' 1

i nverse="trite" * Peas :transformtype=" request"”
functi on="sel ectCont acts request " * lamas:transform

Z%Dfej;c%ﬁ(?% tﬁ%%&{ LF% (‘S£ le;?p%é gﬁpg\g t St\in%sa eml:?ty list if

$mh@ HEM£Ecdtmn6£ aad ebleades (h)a.ve nbEbébnpreviously synchronized and
gvog &@msg) The function is passed in a nessage

ob‘faé ¢d b isslicthat contains a body 50 created by the

I equesbott feaftsinds . FRbdcMAcc-\\Ded 003/-114489

PCT/ uszmﬁfeem,aana@ shibsdyeusit kel tfaVB1841E BMmnbabd Mitiated unless
cgtﬁatel—leader function to obf ain an XML object that

£ Arreding dnodet aigsarrpnile serdent ixt greneachedn oniesubodiment, the
f functlo above
sggg%% eg%h%%?ﬁ%g%%@%?* q%@%%% AR ‘*ﬁ %eaQEP‘“Mtﬂ“a
ohjyactirohigatidie nodbkeeidn ! mmhﬁelms&@ge odhc TGtk IV Mok dacts . %,
functioon then sends the nessage (including the header)
t gValt fE aneEPes émhé@ﬂzatfwm@é@h@m dhet dnalhofhe grpssssigadwould
user
DS LA SE S804 Bl LA U

t he cdﬂﬂugﬂa&per dhadioni Ganbemetbge ltma/@liad tolikqlle@RABE ts¥rver to
Descr i user naneNanme ., login/alias) of

oyl e Spatrbr o Pa B SR sddhe i nganize 6hq eAelting

PropgiasHonss MaReklicdht 428k access an application by
referencing its UlL on tﬁ S. The first tinme a user

does *ERAt=FrYMsronttr eritecsrirehi-A@e=8 't he conponents of
an ap ﬁ{are;aﬂneoantmrSPbm axiredsidn abhgged dowhd @aﬁ}eﬂ"wlﬁlbﬁ) MBalls

t he serve ﬁff pl.i cation 15 devel oper has onl
S SRR ket Band maamag g gy Serie e e Relldh. Nole,
d@leAsdr(dr tbBf retflal Mermeiel ﬁ e r@oﬁﬂxkﬁ%ﬂﬁ?% B%B?é%r over

data can contain enough or mat1 o
broele messagedvi de a ni ni mal user interface for the

applic ) .
PP gi’at% expressmr% may also contain predicates using the where () function

For example:
$root.select{@@aecounts.*.@@contacts.*.@@tasks.*.where[.priority == 1}7};

The predicate expression can be resolved on the server before the resulting
nodes are synchronized to the client.
The following expreésion can be retrieve all contacts and notes for all

accounts that have the type="Direct" element.
$root.select(@aaccounts.where(.type:"Direct").keyref("contacts“, bnotes®) . *;

Session Management
Session state can be managed by the conduit’s custom procedural code.

The conduit can define a variable to store a session identifier. This may be

created by the conduit, or returned by the Web service—as in this case:

// session cbject returned from Web service
var sessionId = null;




the neta data, the nobile browser can initially
di splay the root node and its keyrefs. The user can

. gatk through the application data by cli gkl
W(){‘%Héfﬂ%sg gﬁﬁ{ﬁ?ﬁ%g&mnszz

ese keyrefs. As the user selects a keyr
data sync engi ne asynchronously fetches the nodes for
that keyref and automatically displays the data when
avai | abl e. For exanple, the 8&er could traverse the
Accounts link to cause the Account nodes to be

f et ched;., and hfn t%ﬁerse an, Account's Contacts
keyref 8°\FPBRMF can E5HES @ dmctjoy, thah sreates e sends jasmessage to

nD@ffiaté $hd BRGTohORR! funbldn BAL th@ﬂgag&?eﬁée@rtw 1‘9:41)8@3?&&{6;6)&%& any

U is 25 stark and the experien "Jerky” since n
datassipy rglated infoohasthn r¥ireeddaché sarvicdescri bes how t he

b er { abh MREPE G b DS iodiar  Rawees (e Wb service and

5 Pr ©@fRTIRE eSS it R 8 réspofitd SoHy. Ztgagéd' SR HBNIRL of the

The first is "tenplates" which can be u to presen
a Wabsgvicessairol ietendddiethe servigeset of data. The

Pr ograniEdce Gad séititl%h mGééﬁ%eoma %ggeégayeéult:g WO
2005/fic4 48R PETY US2005/ 017822 100 render nodes and

10 nodeset $*YEFHG "tenpl ates” which can be XHTM
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tenpl ates WukdneRbedded:SBad)buexpLessi ons to access

dat a from<}lg‘§’§§faﬂtra>{ﬁwdelpasamdl<@n&t¥e@ed el ements to

r epeat 0&e£es%l:9@e§%§.§nvoﬂ'é1§°dgqcasi onal | y-connect ed data
nmodel itself is presented as a big virtual XM

docunent/ ¢HotEHF A a.mogic B variable $root. In One
enbodi ment, there I's a reurrent” posi tI6F=wNin t he

dat a m‘)’de'ﬂtct1P RE GPr evbammpine calis ACeouhts ardar)Cont acts for

an Agcolnty" ald™ thi's® FEPRVaPIatFd =rg* thie: sarmpP-at e

t hr oughr r [ [ . . ‘s can ...
expr oos BaurL " Do aROp e LAl inBoHEE out Bt chp g bucr itis
" g gystantvarighle acesissiblerto i duttotiopd. at e (e.g.  going to an
Account; 1.0 its ntacts). Wile t | at es can, be ]
expr esgg%l FHVEE n,ae%‘ﬂ%)‘/'arb %Gﬁﬁa?%eaﬁom%m Hgtsession
eidentifiérp thet Pllbwhes FHiyR&lRIuitl A& dn first 5@0&? i Lonversation
which is explained below. It enables to enable a

r Rashsenngaried (asllngatoginy & iwhastiRNhe vbtuner thal dppropriate header
p{(m{[i t which is possible when the client is

al so ?ﬁ%ng%htrol ler. The second artifact lets

pr ogf/ affaEr courtatimafitkdene behavior to buttons 15 and
URL' ™18 A& nade JEery URL can reference "actions”
witten Rewin&CMAScript for XM. (a.k.a. ravaSeript) in

a pagej}rf;‘tluzonw file (controller. xpf) which is also

pl aced | nsdshienchdegnt directory. This file contains a

set of sc/rig&ssiﬂrd%if@mﬁnldmﬁe&s@mxdaave full access to

t he ydat a“P6TFeT™ &8t hat they can conpute val ues,

nodi f t i [ ing _deferred .
eynchi o o REGAISERE Xssp: kBT P ER-heEm orion
amhagepentgequteddyy the Wdbescewisd: om oper ati ons, or cause
navigation to set currency to another part of the data
no d el* .@maEacﬁ)hra't':ﬂﬁtﬂy% :'Iselejcﬂ' ié}&fg'%ﬂ: EcQJ:Ac@[cocB%e{“ e:LlUJrQe: “true"
bot h} ﬁ@fﬁéﬁgf@rgy@ﬁu oFe’ Hurpt iohe selat@ompa e lreduait -
CoNTINUE T HE "3 1 B 6 e SHt N LTt Foy  Chrarrgeense"

" CUEmeYiEy selartthitactt esolaka-epdel ) and usually the

speci ﬂi@;ﬁem\ftg&#gfﬂs@’i n the context of that

Sns . . . .
curpency. For 5 exan‘pl e, an action in a page isti ng

Cont adhs fufictimeis’ glsgdde Lty TR, a
one liner to set If&he cﬁlr%%%%%?%% %me é?@é C&%%?lgc% !s:’Od.-Y
ghedted by theeequesitransformation. t enpl ates to di spl ay them

whi ch woul d be sonething like: function

showCont act sFor Account (, account) { $context.account =
$account; 30 return [$account. Qa@ontacts. *,
"ContactsTenplate.tnp]."];




Model View Controller WO 2005/114489 PCT/ US200S/ 017822
101 MAS client applications can consist of a page flow

wd edoe/1t4ggont rol | er . xpf), which may contai n XSafdtis2005/017822
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actions and functions, and a set of page tenplates (
tnpi). The client can maintain a | ocal cache of the
application data. This data |n%9 5 described by the

occasi onal | y-connect ed data del and is referenced

and nmanipul ated using SPath . Tenpl ates are XHTM

pages ' e d at.h_ex sions Thes
expr es!ﬁgﬁg tggn%i?det ergﬁgeg%%%? atdel% %Iﬁczlogaté’hgbtg an XML
sygbj@tts‘.ha'tacrqnwmheﬂlearwessﬁx@ﬂiﬁaﬂﬁﬁ&foﬁrﬂﬂ& tEip fatcdion qgggers the
on ref ence |.oca at a, they can be rendered 10

BRUEHCIBE (fiayehifchisiion bagnolorrreadrbeet sericd Techeader
(lofﬁeetlﬁﬂﬂ@ﬁh&d&té@ﬁerlﬁ&sg d.un the application
of fl'ine). The system var%ab l e, $current, can act a
cur sor Timt tostcle m@nm:noﬁahm sntls ﬂfe&hﬁs@ﬁ&@ﬁcl&dh@&he Beader) to
surggbﬁ node or. .a nodﬁ st. The val ue of $current can
S5 EvCs hid ups s raaon Meeded tohe Spesifisdesosiret om
functi o thivridtiopknown as 15 navi gation. The system
vari abl e, $context, can provide a nechani sm for
act i onslh eaﬁn@bqremdu’leesomtememhaa@mtttherpmélabu whose behalf the
anpl e tenpl ate may bind input
fi gf@g %“"%"f‘i"ﬁ%sm&i‘%‘?"é&?gwan abl es or node el enents
Wittdrertyt he cab&eiptidenpl at €s may al so contarn
rrepeat-ers, which jterate over a SDE‘CIfIEd part of the
cmﬂﬂ@@l_ﬁeﬁg%n/@hgﬁaﬁbrr@nt beert enpl ate to
ARESHE P cal | yPeRsiMord ahcurpentasaml ex | i sts and tabl es,
and enabl e the user to select individual records and
to i n¢dkst RrograonsingModetm The page flow mechani sm

i nvokes, actions in respaonse er jnterface and
ext er nZ‘T usst Eatt %cceqﬁsagrapgﬁ?a@rop :f éeéV@ﬁ% isJiRpen the MAS. The
t firgowhed Qder<does aReNGom W difthh mafcﬁﬁ'ie' CHR dp%ﬁiéa%ﬁlgﬁk of an

events can be triggered by external sync upda
t ARPlisation C@@Wl@tmﬂa padwlaaded fifoir t=he sstvar.t K,thé sppli@iion

t] it hi h f , ich
PRl B4 QR bl B RS bl e
c data berdSeani bptdowailedde @ MBnel iéth dath@ah BYRKBEnBYH h%g for
aﬁ\?ﬂl‘gﬂ{eer nal events. Actions may nodify the data,

bipwsesde pravide a yipimabuess intyefacealos tecappdisatinine Using

I
et i F A, S AL AREES A e s

ekatfesTiactieonsn havigste Qﬁt&uﬂag& Bdtfodl datPbORALEIWEDn these -
\é%) 2%0\%% 4489 102 PCT/ US2005/ 017822 Navi gati on can

s e JSETS, eq%k%% theglatagpme eagine gnglcbmnously fetches
V@B indisS®r 1Rk Wit
mai r111t ain gt hi g?ors&g?g%tg%og&lg%%%% tﬁgﬁat% Wé}ﬁn a)Yal gjle For

&m&;ﬂw wear t@tid aeverfbile Awabhte dinkhe caserthd AchaMt 884R o
c}( at?d forwards through the history and for
c B e nrgsToR 47 AEREIS CoMtRkoyre! foaviaw toFontacts

efzsxamelzascoﬁﬂitel"ﬁﬁqﬁ&helf?é ﬁhﬁéud}fal 'bﬂPHtSt R frf)a&e %Créhg

SPat h Expressi ons The cl1ent "progr can
sedi e experixie (fealy” since no data is pre-fetched. This section

describes how the application programmer can customize the user interface.
There are two basic artifacts that the programmer uses to customize a
client application. The first is “templates” which can be used to present a custom

user interface for a set of data. The programmer can attach customized ways io




XScript), which is essentially JavaScript wth native
support for XM.; SPath is an 10 XPath-1ike | anguage,

woMbo§/maggabl es applications to query the XM dat@psze0s/017822
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graph. It uses the "dot" operator to "traverse"

el ements within the graph. Elenents nay be either

regul ar XML el ements or data ])rg)gdes. XM. Oper ati ons

System vari abl es can be prefixed with the *$ synbol

and are untyped. The .15 use of other variables is

def i t ' spe The faol.l.ow n
dersraBpRss 8, L PhETTend s RIHDERTor SgTIMYpfsmplates

vatvithaembeddat chRatly " expidsgionsairio ke edr datpl #6@StHeh@ata model and
variable within the local scope of the current 20
f uprBbsddied Rlgnealp|te SrepeshtovED Nedeselie Y hgr acapsipnalhecqiingeled data

in A e [ ati t. the .
P8, bl pReaRs aTe vl U RS SNPEEhARAH 08 p f rasic
<f oariable; besat</ IrORe efobodiaient] tHdvk isobf et GBitiah SAIRE the data
creat eg and referenced as follows:; 25 var foo =

< BOSL AT SAPRRE AP GapBigRdemntacts o ap Acceunthandyihis ip gyailable
:f 1" n H t . t, 1
o théd é@é fﬂé%gg#‘% gxgitﬁé%_ maé@%/ ﬁ%llefbg% AR B CURY % %eir‘l’luéx%%ss both

whi ch ar usin oper at or,
exaapihéng vamndtber emgflato or new “current” data within the template (e.g.

i d="100" ><bar >Al cheny</bar><[fqQq>; var,id = foo. @d; .
AT D 20 ASHOBE i GO HERY c Ao (FRBlatcs apaba sypressed in

OO AIMIY thiest bADonitain  anGriBral0a:  t he XHT el ;
po T DG (Eih te St an gl d PR, e XETMIL model isel,

t hiseleglian® wfhidhhds teaptaineddbelotv. t lheenables >to ehabtend :ridhei Gmore

var, foo = o> Al cheny</ bar ></.f o>, . f.00. bar, =

! Mg Ol OGRS SRl BERAGES (0 ek if Grae rgpen the
exgiapl i€ alsephac@%rollke entire <bar> elenent: var foo ~.

<f oo><bar >Al cheny</ bar ></foo>; for.bar =

<f oobarBEwosscpd agifagtdetsaprograganers attach offtine behavior to buttons
<f 0@> opar.> illze ></fooz The +=_opefrato .
i saggsggﬂTg gnd gﬁ é; r]largé's gnf‘{eigggﬁféwcmregqr‘é%nt a‘ft]&%ﬁn Willten in

e XHCMiASgripafe HME (@men TavdSefip@Xa Aage MR fife0Qomtrolier. xpt)
<f gg><bar >Al cheny</ bar ></foo>; 15 for_bar +=
shvpb iplsp ZRlacedbisy thet Jisntdirectory. This file contains a set of script

<fyer
<tQs: r Ak </ebgr >< > )] <[ r></f00
SR S R M A5 B L
elvelent modify data on the client thus triggering deferred synchronization,

explicitly trigger synchronization and deep selects, invoke custom 'operations, or

~ cause navigation to set currency to another part of the data model. Each “action”

~‘in the controller can return both the new currency within the data model (or

CONTINUE if the action doesn’t actually change “currency” within the data model)
and usually the specific template to use in the context of that currency. For
example, an action in a page listing Contacts to see related Contacts might simply
be a one liner to set the currency to the related Contacts and use the Contact list

templates to display them which would be something Iike:
function showContactsForAccount ($account) {

Scontext.account = $zccount;
return [$account.@@contacts.*, "ContactsTemplate.tmpl"];

-Model View Controller -




var foo = <foo><bar>Al cheny</bar>e/foo> 20 delete
foo bar foo = <foo></foo> Data. G aph Qperations The

wopossidesval | y- connect ed data nodel can surfacedrud2ts/ni7s22
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devel oper as a 25 virtual XM. docunment with a
mani f est variable, $root, which points to the root
node in the data nodel. Navi ion to rel ated nodes
can nodel within the virtual M. docunent via keyr ef
definitions and using the as operator. Node
Meini pulaisison clightt NipplidRoaEeNan t Sdhstsgr namogle ﬂaﬁeusfﬁﬂv file
to indicate a data nodel node. For 30 exanplye,
f dbd>momgelsan‘p] avhighemte sordain X¥cript astems and ﬁm030moa|md a set of
<accoge ; ﬂ anexAcme</ nane> <type>Eirect</type> 35
</PEER B Lﬂl@eﬁ EBRY- embodi ment, the XML el enent is
consi denRdIRnNOMEmWARN b lodaP cadhes)%rtﬁ@gpﬁlwﬁ&ﬁ HﬁthyThJs data 1s
using the create () function) into the data cache. New
nddesibednbhehe rassesonadly-coantdiedy datse modehtand(js fefaendedn and
exanpl e, the follow ng exanple
o P e SBone hode. 40
$r oot . (Mepdpltecas umwu&géﬁema %@ﬁtﬁir?éﬂ%ﬂﬁé@BP@cﬁ'eXﬁesmons
I ndustries./name></account>); WO 2005/114489 104
PEhetsSPOUSFIONY SRpIefRrencraay dabhitalina edcha ars sfyst@mso@eables and
C ul_ar
SOEEROhs SHbe b BAR ARGy A3 TRE 1okl Yaud ShER gE ¥ yBhcerea
t mdepMﬂlehBoﬂIhe n&i@hﬂb%ﬁﬁﬁﬁorw cbhmﬂ:nbﬁ @ta&ﬁ@l&t 2a5b]@dRers to run
a count,. nane "Acme Ltd"; 5 New XML el enents may al so
CAPE ‘f'@d’n\ﬂfﬂWﬁh a node by assi gnment, for exanpl e:

accoun SSrig ><Sh T . _
Medi son2y S by 2 éelgt ><;t|) pBg%ﬁ%’;ﬁ%%i}ea ﬁ’f’*ég o the dafa; $current
Ouéerandes nsthdd aReéhgle imords doet ma@mhstodelteym& 6BRcREent can be

defi by k f_ def
B i 20, i RO B Y= fastions Wis fsrguown as
fﬂz{dlé’éﬂoﬁgTﬂg gﬂls"{‘&ﬂtv?ﬂﬁble SRBGLLL S 8ad gﬁﬁuée@?nﬁe Vs% §or actions

keyref originates fromthe roof no and co
namﬂeisnmiate;sytp @dengel mmp(cmttyo/hnalﬂesj éf‘br weain}ﬁy, aemp[werm)ay bind
<keé [rg— acco unts ourcel%/gl 'MRS:.rQ

8{3?91“1 eS0T 18 e{qq.gts(y(ﬁgﬁ {he cache.
progr an@al teg‘?ﬁi@] als euﬁtsf&lsr g@&brp SwhitRYRFRE elva:?a ﬂﬁcitﬂéﬁ part

a@ operato For exanpl e: $root. @mccounts

k@fﬁbefiet)a Cfrlﬁratﬂt ode. Repeaibrs enikde dis?e@nmdnatc @f artem‘ecaﬂia roadd up
exa {’f hgtﬁ g f@lﬁg %ﬁ} 5?1 @S%EP }1386( Ii(ig é]ual L Qordi® and to

invoke actions on them.

The page flow mechanism invokes actions in response io user interface
-and external events. User interface events can be triggered by <a»> anchors within
templates; external events can be triggered by external sync updates to the data.
When the application first starts, it can call the begin () action within the page
flow, which determines the first template to be displayed.

Actions can be XScript functions that are invoked by templates and
external events. Actions may modify the data, and $current and $context
variables that are accessible to the templates. The system variable $page
references the currently visible page document; this enables actions to access page

controls properties.




The keyref can be thought of as referencing the keyref
for the specified parent nodes. The foll ow ng

wEXespiee references all account nodes of the pEgGRHE/& 7822

10

keyref of the $root node. $root.@mccounts.* 25

$root . keyref ("accounts").* This expression returns a
nodeset where each node w || of the type account,

for exanple: <account> <nane>Acne</nanme> 30

</ account > <account> <nane>Bancr of t </ nanes

</ acco > s r.; e e :
part i caraye chl pPRR wHeR iR In o 3. 4R PERRSStch variables
expé ebaigen byednuididnl Mae felitsit cabadgintaim b héstagcabukt Sf <spage x
nodeset: $root. @xccounts.*[0] The length () function

c divubeenys &d sewtest uivaidhes. dlipEablss rouis tp miagigate backwards

n ( ool - 4

o8 3B IB et RS SoND D oL Sdec AR Bt et
f r(aud, Fhesxbniplep Biet@uad palessotinputwiidmdnis)et urns  t he

val ue i ,5 one). $root. @mccounts. length 0 5 1.e.,

$root. Eounts returns a single el ement,

<accou a graph can be filtered using the

wher e gﬁﬁ1u%}§{}i§sgﬁ?lgmhi ch takes an SPath expression as
an ar guitentlienFerogrammpige mddek chuo luse Y AsScape den XML (E4X,

Bt Do i dt e AR Gear Web Zatromappd der J0ygs Saihs an
$B&%&h-ﬁ@%g?q%es whict@hBles Hﬁlﬁaﬁons"té‘iﬁ_%ré?nthe NaVie, datDph. It

is equivale o the follow ng expr essi
$usest th@Ratl onera®r 1o (‘rivesseliclansames withinAbergtaph. Meareats may be

I I ‘ de. | i , d b
F 6P e By H QHRels BT BPh expr ossi ons.  For

- exanpl &Mt thetBlohow ng expression returns a 15 node
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list of contacts for all accounts naned "Acne".

$r oot . Gitemotariakles canher pelixedwith fens™ yyndial and e wntyped. The

Label .. Ly | ar atd on define a | abel,
WITE 9t§§§’ﬁn %ggfﬁ’ dg@?%f@%@}eg%gcﬁ%%\rééf erences the
node. The fdiRehg BedlatitidnsOfiedi€vatbiestie ag@BRLt €d 20
stri nﬁ. B g&?{ $cont ext . account . | abel ()) </ p> Keyrefs may

al sof, S Neghabghks that are returned by the [abel ()
functigpn. <p>{$raot. ecounts. .l ab </p> Th
| abel | £B5 var REMOTPTE B oy ¥HE e lae) Ran of the curren
FmcBsRMRAkigbles that do not declare var are placed in the global scope.

The following declaration set the value of foo to the newly created XML

object.:
var foo = <foo»Alchemy</foos ;
Compound XML objects can also be created and referenced as follows:

. var foo = <foos<bar-Blcheny</bars</foos;
vaxy bar = foo.bar

bar == "Alchemy”
XML object may also declare attributes, which are referenced using the
‘@’ operator, for example:

var foo = <foo id="100"»<barsalchemy</bar></foo>;
var id = foo.@id;

Attributes can be added implicitly (i.e., expando):

foo.@ping = "200";




25 Wien a node or keyref is referenced by itself,
coercion automatically invokes the |abel 0 function.

wolesAanlgow ng exanpl es are equival ent to the pcgRaIRlsRS 7822
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above. <p>($context.account)</p>

<p>($root. @accounts) </ p> 30 Nanespaces In client
progranmm ng nodel, all operat. 3ns can be i npl enent ed
in the application's own def It nanespace. The
defaul t nanespace is set u5| ng the set Def aul t Nanmespace

f t
spager o darpaH BBl BRL) ki value of b, 5t o e <vas-

WCelz0©611 114489 PCT/ US2005/ 017822 106 This

aut ompki £81.1 . 2dds, 16, delay) b, appl ication namespace
to al kooX: - w@perati ons. 'For exanpl e, the follow ng
expregsi on: _var account =

<account S<HETe SR SFTaffé¥</ account >; generates the

f ol | owi Ble Killowiry exaopdameplaces ﬂlS%ﬂﬂR‘BkDai—J ehemapt: €. conl " >
<nanezAaie s/ RAVBZ.A5hAGSAH0L 2, Syst em Vari abl es and
Funct foernsr R&ff@ba&mbellﬂaﬂsf&eﬁtl on docunents system

vari ahl es <§@g<fg§nc lLons tha ) extend the 10
ECMASCTi pt T andara, a@ Bm Vari abl es All

syst em%ﬁ r*ab?Pés‘lthaﬁ llﬁédptﬂeafddxeldnwﬁlttmmhsv XMisykeheht to an
u ri se the °$' synbol by

cge%\q/sgxlgl 8%9 %me%ag&%&%} defi nes the foll ow ng system
vari apf € = mfﬂoeﬁamﬂyhebg/baiﬁlioef erenced from both

t enplat 8% EndHETT-GAE /24T i abl eMeani ng $r oot Root node
of griaphs <SotpEENtICHfV1@Ri<cdOLBMBI1i ALY ocbizS1/ oo

$cont e)@(ﬁ%fs@fr% th A oﬂe eﬁmt]? %?écft%%m§s e@%g g obal

vari abl es mai al ne

appl i} Q%f‘?c’ ~g<§g§1555ge”€meryemar>pé@e> ‘t enpl at e.
$pageFl owCurr ent page flow. $gl obal AppThe gl obal app
obj eéte forfophéiogppl i cati on. .userCurrent user.

. devi cefaw Gedph GlRydtlasprofile. . historyStack of
navi gat| on frarres <$current x $context x $page>. The

cI | ent é @QCWIIY-@mﬂG@ﬁr@%mdM| smitfacd todtht alefeloper as a
wever I | catl on y need to
t enpor ar | i %&'ﬁ%?né WHﬁ'f aop’f?ﬁitf? §78°C i Qfiralg to the root
aﬂom?hmagetatl?gm | Nﬁﬁg’e&]onttbltrelﬁ&ﬂ Iﬁmest BLRbdQ dvittn tevirtual
is cou
N§ML document via keyref definitions and using the @e operator.
Node Manipulation

In this document, the tetm node is used to indicate a data model node. For

example, the following sample creates an XML element.

var account =
<acecount >
<namesAcme</name:>
<type>Direct«/types
</accounts>

In one embodiment, the XML element is considered a node when it is
inserted (currently using the create () function) into the data cache,
New nodes can be created by calling the create () function on a keyref.

For example, the following example creates a new account node.

$root.@@accounts.create(<account><name>Brooklyn Industries</names</accounts) ;




be used, for exanple, to inplenent "clipboards”,
"wi zards", and other nulti page 20 processes. The

wod@y@ilqmr is able to create new variabl es W tgpiud 065017822
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$context and $session objects. $context WO

2095/ 114489 PCTI US20051017822 107 The $cont ext

vari abl e represents additional data that the calling
action my w sh to pass to th%“terrpl ate. This is
anal ogous to a forward bean in JPF or HITP GET

attribu xt varj.abl es c be preserved as part

of the. gt ool i i usl o Re vabrapermd moditied
r epeing eohidart SRkh 8BRbdsfRk] THY B1l0F&RSE l;

t he *cont ext objhgg? S|t does ngt get)&lH é?é%iﬂ gsglgr %%Plue of

t hén glesiedt yithing e gconmpiceapdy  used to store
i nf or g&gﬁnenm‘{ehat.w@ Lgdel evant to the entire application

(| ecifij f Thes vari abl es survive

>for the e|Wf eB]anlSﬁ’é ya"gffh’%gleﬁ@ vafdn g mede p astignmaent, for
angxahghly-dr at ed whenever the application (and br owser)
shuts down and 10 starts up. For exanple, the

fol | oW ng FUNET o 'MiGHt**FE*1d%d to set a user defined
count”agtsé’[‘iﬁ%tr%fi eI ~f4iprct4%%isvnExt er nal sync(} 15 }
$sessi . Datac@pmaktmns&oot @ares8ages. *. lengt h(}; Each

page coyl d then include the foll ow ng XHTM. segnent,
whi ch flopspbetyypempedetyngs sAmbedsiingd Wdrervedrdefingions in the

bogiiagkiStafytdntadit A afa GHAEC For B3Rk, hﬁh e following declaration

($session’count) nessages. </ p> <p>

hr@ﬁaﬁ%dgéﬁhQWCmtgd{egrdeat@‘Bﬁ}Sﬁﬁ%ot ndde, and contains
to see thenk/p>

es. t npl her e</
?l? ﬁ‘é‘:%‘é“ﬁlﬂ‘%ﬁ‘ Iy defing I by arsghemakent s a node (or
node <|k¢y§¢f) na@¢rladeGmt 3 PloGabdyye -1l . ks € an@)ﬁt’l@pet:eagpla%@xt "

wthr el enents. to

dat . Ban FRopdthBaBhRhE BT Kedch T fe diaapotine e sa
t mpexaser Farexatmpie behal f the conduit operation is
bei ng.d.nyeked...The obj ect contains the follow ng
fngea( #8'% user na ms assword $hi story Meani ng nane
(LQgi ﬁﬁmn g%ﬁr‘beeéif te Uraehenags spmB0k e fs .
$Ni StALY xMa g(aﬁtﬁne il 63‘“ PFT &8 bYe eremeienebaracer .
The $hitst QJeIBéreY%Eth %*é' 8ot ol ARy %&wﬁﬁg%ue?\%r the specified

functions unction Meani ng WO
parent nodes. The following examples references all account nodes of the
accounts keyref of the $root node.

$root .@@accounts , *
$root . keyref {"accounts®) .+

This expression returns a nodeset where each node will be of the type

account, for example:

<agcount »
<nameshcme</name:

</account >

caccounts
<name>Bancrofte/names

</accounts

The [] operator can be used to access a particular node within a nodeset,

The following expression returns the first node in the accounts nodeset:
$root.@@accounts. * [0]
The length() function can be used to return the number of nodes in a

nodeset.

$root.@@accounts.+.length(}




108 PCT/ US2005/ 017822 hone ()nove to begi nning of
histo end ()nove to end of history stack back ()nove

wd Qo Avdeous history state forward(). move to R&Kben0s
history state length (}len th of history stack S2005/017822
position {)current position in history stack $pagefl ow
The $pageFl ow obj ect supports the foll ow ng functions.

Funct i onMeani ng reset () Appl i ca¥?on's $history,
$context, and $session variabl es navigate (SPath[,

t enpl at S Navi i on.and, sets $context and

$page v gﬁ%tg’gﬁﬁgsgéﬁ%‘? i ‘ﬁr@%r(s?:taﬁ PHAR% ?01?9@713? [CXPycsdedsviph returns

optthenaht y (seHeating timer period])that invokes the

user callhack function. delay and period are in

mlliseconds . cancerTimer (timerld)Cancels the tiner
sidentified sbyod Rgatd L ahl e. | gbal The

$gl obal App $vari a%fl&eédimrr%% gerrﬁélﬁtgg%ﬁge ?%?F%V\fan%%gn“"

f unct i odde detargraploedvilzniinged etihg srage r& MR RERES), SAtich BEes an

cligenl, S slatus bar nessage: the rressag; paraneter 1S
a String Pl hart &AM B rramgisathe Bliofeng blotssient matches

( e al) .confsbiraidet i (k) IRSSAYESvrer! i es);, as
with tenplates, the expressi nefiv‘gﬁ?%%?%gl%é’lﬁfﬁ@m”

un8e49 ¥stng data changes. Data Mbdel Functions The
10 f ol | owohQedaGtk ONS. QK 6. fdel .Jgg"g,,)qn nodes:

Funct i ONBRAMNI G cHBR18L tolt a:ﬁgg ' gause the

speci ;rl ed. node teg be s gcﬁ‘?{g}% ze ?ng%sﬁlgn‘server usi ng
t he upﬂa@%@a%cg Fai i (G %fd'tei%ﬁ'é*ﬁmﬁ'l\ﬁfth the keyref
defi ned By ¢ FE8"EBEH puglie e node Histsopmdomay heafdlbsek by a
. pasumeRfuedsit SPAEIdkphRSsibAE HIR a ' that is

i nvoked once thebsysnlc nechgﬁ?rg Iehg}%u#&g%{év?‘{keaxgﬁssmn roturns 2

15 acxadsdiseefgontants for dimachents named “Acme”,

$root.@@accounts. *.where(.name == "Acme'}  @@contacty. *;

Labels
Each nodetype declaration may define a label, which is an SPath
expression that references the node. The label () function returns the computed
20  string.

<p>{$context.account.label()}</p> )
Keyrefs may also define labels that are returned by the 1abel () function.

<p>{$root.@@accounts. label (} }</p>
The label for a node is obtained by the label() function. For example:
25 When a node or keyref is referenced by itself, coercion automatically
invokes the label() function. The following examples are equivalent to the

~ examples above.

<p>{$context .account } < /p>
<p>{$root , @@aceounts ) </ps

30 Namespaces

In client programming model, all operations can be implemented in the

application’s own default namespace.

The defanlt namespace is set using the setpefaul tNamespace function.

35 function begin() {
$pageFlow.setDefaultNamespace("http://example.com/");

}




server. select (spath, [callback, id])Ilnvoke sel ect
mechani sm for node graph described by the SPath

WO/ AS§o0N relative to the source node; OD tipRAialdzoos/moi7s22
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15

20

define a call back handi er and WD 2005/ 114489 109
Functi onMeani ng create (aanl [, callback, id])Add node
to keyref ; the optional callback paraneter specifies
the nane of a function that i4%6i nvoked once the sync
mechani sm has recei ved an acknow edgenent fromthe

server. er e(spat h- expr) The SPath expression is

eval uat gﬁi‘}’a%‘ﬁé{ﬂ&&ﬁl Xé‘lyags (B¢ dFE’I“fte?Bp?‘S%IQ%EaIH%?(H’é%%ﬁO all XML
i Bﬁeréﬁtﬁﬁ@@eéxaﬁlﬁfe,eﬂﬁqbﬁ@\ﬁing%kﬂl%sﬁBn:nOde (defined by

+= 'nodekeyref) to val ue of nodeset's source node

unl i nk* %6%?5%%“}5?;’&?%’?2 5/ 4P 18°°6F tiode (defined by

- = nodeRE TR {6 HIPH! " () Return object that

cont afngusyst hstrat/exRbteeeoldt a Functions The cli ent

shameEsAeme<

pr ogr gl ng. noder - can all ows the devel oper to access

part of Sykdie ViBbBedMEriRabndRSGERES the application.
5 neta() Data nodel neta data can be accessi bl e by

cal | i ngihiRecatenalogyménis eysten venabled atvefunctionsdigt con estend the

;%@W&&%@ﬁ@g%ﬂ?ﬁm%ﬁ ?;{) ;10 The foll ow ng

functi ofysteni ¥adgflened on the-nmeta object: Function
PCT/ 1S2005/ 017822 cooki e, which is invoked once the
sync - phBeusiem; wrighlep can de prefizeds with the ‘$” symbol; user variables

" ] . eyr ef Name; keyref,
EJP%’eMF‘%%i@W“%%?’%&%@%?@E }/) returns aﬁ XML_Li st
O keyrife (rameyke&k defites thabllotidgebystei Ivatigbles, which may be
conét ruccﬁ1 d fromschema definition . neta ()Return

oBpisERnceh Fomcit igplatanand 4p5688Y et a data. syncstate
(VREIElT M SYNT [Sheglify String for noder The foitowng
fluncti ons are |defined on keyrefs: schema() Meani ng
nekbens schend R g6e Epgrapade or keyref
fcurrent Current node or node list,
gcontext Current context for template.
$session Global variables maintained for the lifetime of the
application.
$page Current page template.
$pageFlow Current page flow. ‘
$globalipp The global app object for the application.
.uger Current user.
.device Current device profile.
-history Stack of navigation frames <$current x $Scontext x
$pages.

The client data model can represent persistent data for the application.
However, an application may need to temporarily store information that is

maintained across page transitions, but not synchronized to the MAS; this could

be used, for example, to implement “clipboards”, “wizards”, and other multi-page

processes. The developer is able to create new variables within the $context and
$session objects,

Scontext




The follow ng factions are defined on the schema
obj ect: schema() FunctionMeani ng get Fi el dLabel

wo mpgthygeet urn field nanme; this value is used IJCQ‘IUSZOOSIOUSZZ

10

15

20

25

30

construct fornms with human readabl e | abel s
corresponding to XM _ docunent el enents keyref (21*
11)return list of keyrefs that refer to this WO
2005/ 114489 PCT/ US2005/ 0178220710 schena; this
function enables the client application to navigate
t he keyg,gf graph WiIEIgUt requiring instance data
from t héf SEST A cYE g rerseaehss addifipmalrdstd 8w tiap calling action
t emalyatich 5RHRL o . 0. ~COonstruct.
t abl g repr eggnti E%e?ﬂlg%%%%g%gfrog?gﬁw?a@ﬁgﬁr j bean in JPF, or
r efdd Pt adributed. Co@ionOentablesotn bk presaived as far) of the history.
iterat Of ?} "> 5 <p>(%i)</p> <ui> <netui:repeater
i d='r s2"%W ce="$s1. sel ected. net a(). schema() .
keyref THE ddessiod ¥ DreSn bkt Roasa O . amli
</netui:r e%;eat,er > ﬁi&}%ﬂaﬁr&prf? %nétggllﬁ:il ﬁn}giﬁé%(%%é SSOFHER oiftgyalike
beh®capisxg dicageihdoet eal gov iorétk aCAM WEehe RSBy, Tt is typically
a S : er. ubAccaount uot eRequest s

Cfsgd! q{’ SSt(;lr%ol{lgO\g%aé?}l dhi evani de ktge entire gpplication (ie., not a

contac

Cepediiopagd)y TR@BRAGLEEs e THdek ﬂ%‘@ng 3?%{'%%%'{;@%@ are

descri bed in_the above Section can

d&FEL %?%"l‘“da@ehddmtth wagnex thel epplivetion Gartdbrawseah s lown and
V%fajl@%%?’ $root which 25 points to the root node. In
one enbodi nent, the nobile browser always has as

cont extFor axaiplepthe U6 ingOfan¥idhinikt: MR Wal 3 'g&dz?glse(r;:%gmed

exanpl e a particular account or set of contacts

t ERPHatELaNiads | pt can access this current position

t hr oeglarian efshes«iBAL § gst vari abl e $current. FIG

i || ust FeEpEsnr-révet schehwgediagrsamaod f.or t he CRM

appl i cati;on; the ..30 appl.icatio ef.i nes_six _
nodet ygégéh ELE\%‘%: SOHE t?l@b HF%%E © ﬂ?@o?‘@f"@% ¥ HTiHs jsegragmd, which
would be updated automatically whenever the bound status variable changes.

<p>You have {$session.count} messages.</p>

<p>Click
<a1uef="$pageFlow.navigate(Sroot.@@messages.*,
"showMessages.tmpl’)">here</a>
to see them</p>
Scurrent
The $current variable represents a node (or node list) and is typicaily
used by a template with relative SPath expression to bind UI elements to data,
Suser

The $user variable contains data about the user on whose behalf the

conduit operation is being invoked. The object contains the following fields.

Field Meaning
userna i
mz name (login) of current user
basswor : . password of current user
$history

The $history variable can be modified by the controller.

The $history variable can implement the following functions.
Ljyncﬁon |_Meaning ]




Quot eRequest. The franmework generates an XM. Schenma

that describes the entire application data nodel.
wolli§1Qa be generated using the application ShR@i®o0sn17822

and keyref definitions. For exanple, the CRM

application has the follow ng schema: 35 <?xmi

version; 11. 0" ?> <xsd: schemn

targetuanespace—"http //exatﬂ@ﬁe con "

eIenentFornbefauIt—"quaI|f|ed"

ttribut-eFormefaut="unreauakified"
||\.1ua| ICu

Théle (xsd="Yi TTp 7/ Ww/ w370 %o?f@%’t?é%ﬁ‘r&&&%@tow

TLAES() MAS=" T Un:- D€d. ToIm 44U move. rgndaojhjr- ary stack

) Mrrp: 77 exanptecon ™ WO au0ar bt Btory state
. /UJ.IOLL IJ.J. D J.U ﬂ,m\/é%& ne;gﬂﬂl cr){ ;%t@

dj_lé:‘ng'éﬂ)dp'rl", :xlbu bUIIpI eX] yenﬁﬁfn S idtor A5

VoW | rf‘—"’l"\

(D/\S'U><><><QJ

SeEELsEntTef="root > —m iy qurrent pgstmmnhitory Stack

| = dUTUUTTU MTaA OCT LUl

g n n
T TREE

<xwoktiel enent ref ="event” maXO&enmgs="unbounded" >

e =" " xOccurs="unbounded" >
x%eﬁ:‘até?)errent r ef =" quot eRequeg‘}ppiication’s $history, $context, and

mx0ccurs=11unhounded" > </ ¥S§eseipieyiiimbles

\

/RS HIXSHEFRby peIPlaFRldd: el |dinninesnayigstibroaitbaets $Thetext
graph> el enent__can representandhipapeyatiaes el enent of

hraldT Emyl (Febittiagh. dstay bhodel ;| Grates Garoptiondit repexsasd tisher
mEr&ePdt > node decl arati on,| thdtisvoldB thaluser tetiback
nstances for each node of eduadctioh. tihesaqpl beatdiGne in
chemas (account, contact, |matigecandent, task, and

weteR@duestinedi® <r oot > el camodis crntiber iddneified eedndy
he $root systemvari abl e. |Sineadaveiabaot node is a

O N =0 AN A

speterligyst em type, there is not user data object
cont ai e sgwbtidlingp dariddt implementd Shebfotlotvin@RMBcHME] S. *;

castonatby-connecteddata-npdel can defines t hp

e
C LU OO TOT

appr\ TCation nodetypes: t he¥®"8%n be constructed from

t ReciephiL@lettiyHSCNENa and KeYhE et Sl t?eﬂ'stneéé‘d@e the
¢xanpl e, the follow ng sarrpjngssgﬁg%}gmé BiALE % at?@{'

modetype; this contains thgssReRns @gﬁpé
fype), and the keyref defihr{s-68s. @Qn‘é@ﬂges Glength}

subAccounts, contacts, not eﬁessgg@gﬁ)g‘, asmkt%mpﬂﬁtds, the
juot es) . <xsd: el ement nanmere@eERibH isTeevaluated when the
cxsd: conpl exType> <xsd: sequeRe®mg data changes.

5 Data Model Functions

The following functions are defined on nodes:

Function Meaning

update ( [callback, id}) Cause the specified node to be
synchronized to the server using the
update operation associated with the
keyref defined by the SPath parameter;
the optional caliback parameter
specifies the name of a function that is
invoked once the sync mechanism has
received an acknowledgement from the
server.

select (spath, [callback, idl) | Invoke select mechanism for node
graph described by the SPath
expression relative to the source node;
optionally define a callback handler and




<xsd: el enent nanme="nane" type="xsd:string k/> 35

<xsd: el enent nanme="type" type:"accountType"/>
wobsdiqagquence> <xsd: attribute nane="owner | d"drgsa005/017822

<xsd: attribute name="parent Account| d"/>

</ xsd: conpl exType> 40 /xsd: el ement > The account - node

definition defines the elenents (and possible

attributes) described by thdOorresponding schem
~defined on the server. As above, the keyref

T I III LI UII dCt CI lII ne he trn\larenl S nnSS! b—!-@ f rom-an

1
Ccount node. For exanp 4@05 which is invoked once the sync

| "r o ,!t g%t cprs‘.:cess is complete.
aﬁﬁé%%ﬁ}ag *. @gont aqtauivalest bo | aphsyregine;
e@énf NGk v$ anpl & defines the }i?éfﬁf%\(é’f*"héﬁéf’iﬁ@ XNymist of
NN

11/1/199 112 5 10 PCTLUS2dEEIae-7822 <xsd: el enent

b=t ibnt act "> <xsd: conpleﬁﬁ?'ﬂ'é'ﬁa@s?én@éldﬂ%&@m schema

_n t i_dreetinition
%Eta‘?};on act Sal ut at i onEnum{/Retura,adjedt thategentains data model

type="xsdstriys dneta dala 4. o enent

1
1 )' t \u)r'\_e—' r addrgssT\ t 95 Ei i node.
fo wogmg-fwidfms ate defingd, Orkeyrefs: </ yod- sequence>

CTTaaT 1 LD Al 4 O

WSBUSEt ri but e names” account T 7% <xsd: attri but e

A:S:”A:N*%qu

adRatOWRE ] Gall Phack! X&) CONPA
he fol lowing XML illustrat e&%iﬁq% mg@%’: ? EH?]a{l Waame
he user accesses this datg glida indf ,slm\,&;}efgﬁeo AR the
here ever an actual ML fillgnt p@gch QS Shas! rEeibdd 3y

5 <graph> <root accounts"g ]acﬁgov{llﬁdé)é}néﬁcf%%e hgrvelal

Wers Eﬁb@bl‘: xpaf act s=" CI Cl TR elpresSVt B svaldited as 4
asks="t 1"> <name>Acne</ namBredicdthREHdrs oh the YiBEeset

/\:—o-n N e e

(laee oit@e> ~~ <account 1 d="[agt fc%f@;wkey%me of node (defined by

a¢ont agles="c3"> <name>Bancrok&yrefNayiiue of nodesets source node
[t ype>Web</type> </account|> 3 <contact id="c

I\

owneimr(nbad)” event s="e2" t dYesForknkey value of node (defined by
-= node keyref} to null,

meta () Return object that contains system state

Meta Data Functions
The client programming model can allows the developer to access part of
the meta data that describes the application.
5  meta)
Data model meta data can be accessible by calling the meta () function on

either a node, or a keyref, for example:

Sroct .meta() ;
Sroot . keyref ("accounts?) .meta () ;

10 The following functions are defined on the meta object:
Function _ Meaning
schema () returns schema object for node or keyref
schema ()}

The following functions are defined on the schema object:

Function Meaning

getFieldLabel (spath) return field name; this value is used to
construct forms with human readable
labels corresponding to XML document
elements

keyref ("*") return list of keyrefs that refer to this




<sal utation>M</salutation cfirst>Roger</first>

<l ast >Reedc/ | ast > <emai | >r oger pacne. conx/ emai | > 35
woebepiiaget > coontact id="c2" ownernibob" noteseiZrausnirs2

<sal utati on>Ms</sal utation> <first>Sarah</first>

<l ast>Snit h</| ast > 40 <emmi | >sar ah@ene. cont/ emai | >

c/ contact> <contact id="c2" owner="bob" notes="n2">

<sal ut ati on>Ms</ sal ut ati on> rst>Sarah</first> 45

<last>Sm t h</| ast> <email >sarahpacne. conk/ emai | >

<fcontact><note rd="nt*>5

— + i + I. Rm - i
formation/title> cbody>Att ﬁg]l%e@i‘aﬁ%EF%QE;;OQE{@SE;@C“ent
I

f pr products/body> </note> A
ctitle>Customer requirenent S<Er%hpﬁh 'E%a %‘iﬂag}%ma&?ﬁéj@m
documne

needs</ body> < S 0s TIRydng “terplaty samplq JRegResteds gepsaters to

<t ¢ariseuGal table ngeticngny tHellerl hiRarghgvent > <event
i d="e2" assigned="fred"> <title>product '
denon%rt%t“f$filpj%’§f1¥‘?lf 183" & PRVERTT S5 PoviD 200511 E42k8 - 118>
5 <t ask !ﬁ:,l' t1" assigned="fred"> <title>Prepare RFP
for sal exetudldepeated ed=rsxst at us>Not st art ed</ st at us>
</ t asTCHTCH="Nis kelpgfed 124 () gshimg Heldetdered™> <titl e>Send
" white papéfi.ig-iatistomer</titie>.
10 <st at usa/Genp alpdsi/est at us> </ task> 10 </ graph>
</ulx
</netui:repeaters
The output below would be generated for the CRM use cage.
accounts

owner
subAccounts

quoteRequests

contacts

notesg

events

tasks

Occasionally-connected data model

15

20

The data model described in the above Section can be surfaced to the
developer as a virtual XML document with a manifest variable, $root which
25  points to the root node. In one embodiment, the mobile browser always has as
context, a current position within the data model (for example a particular account
or set of contacts). The template and script can access this current position
through another manifest variable $current.
FIG. illustrates the schema diagram 900 for the CRM application; the
30  application defines six nodetypes: Account, Contact, Note, Event, Task, and
QuoteRequest. The framework generates an XML Schema that describes the
entire application data model. This can be generated using the application schema
and keyref definitions. |

For example, the CRM application has the following schema:

35 <?xml version="1.0v?>
<xsd: schema targetNamespace="http: //example.com/"
elementFormbefault="qualified" attributeFormbefault="unqualifieds
xmlng:xsd="http://www.wi.org/2001/XMLSchema
xmlns :mas="run:bea.com"
40 - xmlns:"http://example.com/";

.\‘, B



Overvi ew PCT/ US200a5/ 017822 I n one enbodi nent, there
are two ways for the client to nodify the data graph.
- WOrtonsfi144gonput el enents in tenplates can be bouserys2o0snirszz

directly to data nodes; this nechani smenables the

user to nodify XM el enments bel onging to existing

nodes 15 and requires no code 1Second (and typically)
the tenplate i nvokes an acti on whi ch nodifies the

data. In one enbodi nent, these changes to the data are
not syreherausdy--gepi-- to the server. Instead, a
backgrodi‘r“d)jﬁ;%&’@"%%ynchrom zes updates to and from

the server. fi.&akh, -SlNcR. th8.LNLi1 6, Dage L.l ow
>nmechani sm carsstnetendegendent:h y\a}@f:cuz?sg LBB:IuMBK (server)

connection, tHEreFI [ty %ﬁﬁ; g‘ =9 oun qupied>of f I i ne
changes to thea:daded, rdbbi i [Qni zed. and
10" econci | ed VVI"E elgrﬂggtsmgv ¥Skbn®ew§rscomp@@iea'en i's
est abl i shegea Raehloogr amti N "Bt ™2art 21 s6 gl enent
a mechanixstednolegieber t he synchroni zati on of updated
or in&¥&Ft e Etords. For exanple, a node coul d be 25
15created that represents a purchase order, but the user
may not dvvsacnlt to synchronl ze this until all of the
line i'f% ave been added and then_clicked a "

subm
but t on. ?ﬂgi'h%qr%]il?/ e & C} JEPTESSH ¢ eo D, dEYed nelement Of the
' capivitfortita i8I doftEPOGHY BRE Y- LONTOLE b, pius

ot her users, or due to external application err
20 Ea‘@ﬂlmltﬂddlésiha@w"yn cinhomideatfi canh of #eeapiiication &hﬁﬁﬁﬁ&&‘iount
b t e framework. This can 30 enable the application
co a%"r AP HGEE Hist TIAUCEERPMWAFEN records are
pendl NQTheS YASIH. 081k b
the server. Scherraé\%/gﬂl ?;g)a{) ?gﬁk\%lgﬁ& :B ﬁeﬁ%r‘gégtog(%yggm Variable.
u p%a@eetby ffol' meds Bresspariel synicokiome.tthercfis sotruser datsloisect chivgined
49 %QGA) val i dates the obj ect against the
app |cat| schena and validates all required
25 forei girk@y@@aBpoistir es that the cache is consistent
for relations that may be traversed in the reverse
di rect {10 ppeasionallyrgeinsetederlani modyl i @efits 1Hw4afplication
P%%O%ésglgaﬁzge c%&s‘%rdc{edeh‘é egleC%rl’b Eltllt%gwlfg@?g? @?d keyref

aruntine error 1S gener

cdﬁﬁmmmm @y»r Esaneplt.othe @@nomﬁg sbﬂ?lddleﬁm Yhehc oot h&ha@pe this
| so + /-= operators) are invoked.

fu n ctio
CreRing glq\ﬁg%a Ty (nove ﬁ'@i Wosmddbﬁkﬂﬂ'@ﬁdﬁéiﬂﬁlme demer,

u te functio
0 e R B e g 5P B P o 307 gk eor der >
pa. | riﬁaéﬁg gg;‘i‘:lzfc.u‘r!e- account s
<li rnel' t eERRLEAIL>ASC</ pr odTd><qt y>100</ qt y></ 1i neTt e
35 n> 10 pa.l Fzﬁeie!-@lﬁfﬂi mhfe="name" type='xsd:string"/>
<l'ineitenkg WQ@@;‘&W/W%W%F%PWM%wt y></1linelte
n>  po = $acaotibic n@die):e:pﬁ&ﬁah,a.seor ders. create (po) ;
The node o tlt Ta%emmeemwvw@v@dd by the XM assi gnnment
40 express Wow ﬁf <Y line). The second and third
expr es hdfeo Q
m&% de'ﬁﬁltPé eﬁﬁ cr it Yl?g anP &%%&‘tﬂ%l ﬁlﬁpgue[es)

need not be validated unti
céaspaleed bipdhe |cnges;kmdéslg8miremardeﬁned Ima ﬂ;ﬁpﬁdm@t AGNaboRE, the

I
rﬁ?e%éfyde%)fut%n' Hgte&%ilgsthe tragfgarrsaeICtpogsﬂ?l%Cga%I erllrg account node, For

example:

:D‘m ;:

45 var user = account.@@owmer;
var contacts = $root.@®accounts.*.@a@contacts. *;

Similarly, the following sample defines the contact nodetype.




the node's data. For exanple, the follow ng code
retrieve a particul ar purchase order, and then

woERPAsset he status and adds a new line item L B005/017822

$account . @ur cbaseorders. where (.date ==

1103/ 12/0511) [01; po. status = "getQote";
pa.lineltens +=

<l i nei t enp<pr odTd>DEF</ pr ode><qt y>300</ qt y></ 1i nel tem
> 25 $po.update O ; Again, the update () function is
cal ed‘*fdoeW‘%ﬂnF Ga?tee"cprhectm)de Creating Nodes The create

() functTobeaf-tB used to create new nodes on the

client. var l?@ﬁﬁeelement name="salutation" type= "contactSalutatloaﬁnym"/>

sour ceNode. @KEyTetrereat, é%rszhm%ﬁ sd:scahdrack

30 The funct i-@R:daRubémeabled ﬁﬁ;ﬁx‘j@;\fﬁ’gf"/t hat
supports tHesdmsents>condui t  operation. The function

10returns a BoHEDBIEC :E::,,O glr’l‘li‘gtdé/FTypeDescrl ption
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node_xm wisd: cémpreBge-XIVL. J &ct” conf or mi ng to

appli ¢ hema _f or _nodet ype.

cal | baf&iig]g@?ﬁvﬂﬁé ptMbnidlustzaied batikntpapdetabe how e |U.beIe§ccesses
th f i s i nvok

oo afou hrﬁ*é?éﬁfe%%m%ﬂ&ésmmaswaﬁﬁjeﬁr”?fertiaaa Topies like this.

servef®*fyval ueoptional id paraneter is passed into

t he calodmbaa:e&ﬁmfsuﬁ@taho/g to identify the invocation
context. . xanpl e WO 2005/ 114489 115 5 10

PCT/ Llég‘iibm’di?%"zzm%?b"é‘k S7Rp1ES="¢the2" frotdsomi nereXSerei pt
const r uote-mand3pahsont act node within the-contacts
keyr ef, ¥ 1re*dpeei fi ed $account object. var contact

= <coRba€ - amSahulalkionzM.sLsal ut ati on>
<first> deti/nses> <l ast >Janes</ | ast >
<ernau.<l/a%%g,ﬂ¥ F@Bftes. conx/ emmi | > </ contact>; node =
account. @@ont acts. create(contact); Nodes are
t ypi ééﬂ‘jgyutégé%ﬂt“ qra'bpir eentstragesskskite st an action
cr eat eSflastéﬁbeM%gZi‘uté‘F“&“ol e, and then causes a

enpl aF@SQ%EEBdlthts | a function init() { 15
$ cont, ﬁX taﬁéﬁgtggatcma. coms ema3_1>
<contc«a@fta>t<scai-dztr a,t;ﬂeenbamfnb{egtsngﬁl ast/ ><enmmi | / ></ cont act
>: rst@; E { rOoAtact . tnpl "]; Next, the tenplate

flrs >

b| nds urapcugmgg tagtq s to individual context elenents.

l 1 2 p— ] | M n
/22 <i nggg;tzsyﬁeMcmeemn /elgii @ bi nd=" $context. email

<contact id="c2" owner="bob" notes="n2"xs
<salutation>Ms</salutations
<firstssarahc/firsts
<last>Smith</lasts

<emallssarah@zome. com</emails
</contacts

<note id=%"nl¥s>
<titlesROT information</titles

<body>Attached document detajls ROI £
nopes or product</body:

<note id="n2v»
<titlex>Customer requirements</titles

<body>Attached document presents cust :
omer . .
needs</body> mer’S current and anticipated

</note=

<event id="el" assigned="fredn-
<titlesSales meeting</titles

</events>

<avent id="e2" assigned="fredhs

<title>Product demonstration</titles
</events




Next, the tenplate invokes a second action; the
framework automatically transfers HTM input val ues

‘wdRek1i4ed0 the context variable before callingdiRangso17s22

action. The action then creates the new node. function
create() { 25 $context.contact = $account. @eont acts.
create($context.contact); } return
["showContact.tnpl"]; In the 1é)?arrpl e above, the action
repl aces the current context variable 30 ($ context
cont act.), w.th-t.ha,nede.ganstructed by the create ()
funct i or:ittchirgpar€e RBDIce Sat-heannextibenpl at e

( showContaee= "t ApFyiver2Fef erence to created node.

5 Not e, -faef a1zt hesigl-eat.8a{.) function is called

$cont extticlereat thifusdrer comtsaimes /dewel | f ormed XML
el emept, o AT PEPRETES Tt Foi nts to a validated node

k!
(e.qg., that supports the various node function. 35 In

10 5ne effsdirent , keyrefs that define an insert conduit

15

20

25

30

35

oper at i B¥eH[T%w nodes to be created and attenpting to

Create - i (N e il k. cause
s el IR A R0y o i g o
al grapls (et figpua elealehizan kenfiplaies tanbe Wiind[idestly¥Hd damvieddre this
when 't he sync nmechani sm &f ej ves an acknow edgenent

f HBRRHERSISGIRpISF theytigs torpest BTy elemsaie holoning dei o pting nodes

f .. . . . .
h§1d38§ARds b ePdS Fagsid @gqggg%lgrj gg&g@gﬂngﬁxgw%aﬁl&cm

returning the new pri IO
f ovlfigh omgitfics togiddte) f WO 200 51114489

PCT/ US2005/ 017822 1 de =
account @ 8&%8&15%6.1%&1%%% 85?}1?8? fo thg Jata-arg ngt sypghreppusly sent

b t : ;
ab (st ThstbaBRMABL B Sind RobEs ‘§¥d|$§ﬁ%mie§‘ih g&%sotg}anal}ﬁ)m the

cal | back function can be passed > created e as a
paeawetlp fact,Glinceribe eita pageglo deshahen epunmendependently of

f ' an, hbe used t,0 s roni,ze node i fied on

t HESHOR2s o PEpE R bRedlf iRl Re ARiide PRfine fingdllo me
C alatoe 0rhivh aillkBYsyathibhiatd SPROGHcTed REhURS drPer GABEN bbmnection
operation. 15 Paraneter TypeDescription

ca$ ssidtiehethct i onopt i onal call back paraneter specifies
e, et B 8RR S USAE L, RO,
s eyawdironizalivalof epitedoeih sdrbd pesoade Fer exatndé a5@de Laila be
t he gegltthgﬁck fu?cti 0 tso i dent i theS [ qvocati on _ .
c GrriaEey that TRYFERARIS LIRSk ek DUl thedispigMmp X el veant fspincionize
eXRE GRS A6 théMindMidrdls FIve¥e&ifladded and then clicked a “submit” button.
The server may reject synchronization requests due to optimistic
concurrency conflicts with other users, or due to external application errors. Each
node has synchronization state which is managed by the framework. This can
enable the application to display flags that indicate which records are pending
synchronization, up-to-date, or rejected by the server.
Schema Validation |
When the create() and update() functions are invoked the framework does
the following;: '

- A) validates the object against the application schema, and validates all
required foreign keys;
B) ensures that the cache is consistent for relations that may be traversed in
the reverse direction (i.e., inverse relations).




nodes, synchronization runs as a background process.
However, a nodified node 1is not marked for

woMeghL@i-zation unl ess the update ( ) functi @@phfeesn1rs22

10

15

20

25

30

call ed. The update () function can set the syncstate
attribute of the associated node to MOD FIED. This
nmechani sm can enable nultiple edits to be nade to a
20 single node before the nodd*i s synchroni zed.
Exanple In the follow ng code, the first two
expressi ons can set the syncstate of the $contact

node taq.ns the | ast expression set the
syncSt g'tfélt%/f’d CON%‘JPF st 1%, LABEEIOF & Sencrafisly ;
cqzntsectkeya x%%sconmggérrcgsegéam%%@%i ZhPX/s EQW 8gS>;

$Qﬂlﬁ§ﬁ@(t 180s ; (&b | .Rack Qaégig) u L8l kegunct i on
may al S@Ceﬁﬁegq%yesa cal | back unction, which is

i nvoked when the sync mechani sm recei ves an
acknow 'Bedellewmingfacbom tdecrsde uapdVBiag O/ kt4489 function.
PCT/ U§2995/ Q&Zﬁzgomeuzattetb@hzhtas,dm de.nas.fesp, updat ed
(i.e., the associated conduit operation succeeded)

e > drd </ > line >
gl(.l)gt giépg té k‘(f’ﬁﬁﬁlfrﬁi %>;§§g¢%>}(¥Z<§§ggdi %E;e; 1/ §>;5/11ne$52m>

$contrext sat@sitt REgueisteorier o gueestino) ; } 10 The cal | back
f unct i dheaade.re, pasbecbistrected bathedKMIdasspaneent expression (first

CORFI" aFE ot it BiRbOgTraes metid s “Ro: Poterpmever the
S YBEHARR e bé valfdaddinidl %ecxreaéé O RRcdd Sadiedeen

updated (either by another client” or other exogenous

change UpdetimsNpdésn the external system A stale node

i's oneglb.,that, has .a di fferen uence t

e oot o A Refitn b PRGSO Rl T ol Rocessing
t iR SRlc%edath EFQCEH G 4O q‘éqwmhg GRS QettiRfe aqﬁ?udlﬁar purchase
stale, then it returns an -to-date node wth

sg¥ien aa theatahgrgestthe gats wd @ nswt linwitenaonf | i ct .

Update- QRRLAL jeaRS By al wndret Abdbacks Msoh. jo$, | Nvoked
when_the node is 20 returned fromthe server (V\,het her

or ngﬁ li‘iﬁgw@ ie§‘3§§ne9t%g LJO&%dlDEFJ/£rOQId>§J :Qﬁ)ck ty></11n tem:>
set, then the client framework autona tica répl aces
t he #rieft=8:stale node with the up-to- date node
retur né&alﬁyfhﬁ medates () dpnctiprds eatled i g lidaimtheinode.shoul d
first % dEJ‘e conflict state using the syncState
() sys emh¥l hctron. It nust then set a gl obal vari abl e

(i.e., THsessicen) funZﬁoxﬁ Odn B Bed RPtresiRine@iodes 8n the client.

functl on.  updat eCal k(! cggaegkiqde)é aﬁgse:k lQ/ncSt ateO

CO\“:L I‘C@NO e @@
CONPLT G shne38 xah ik Q313 955 Fpyrok e spaports G fnsert concvi
$qresionnThe himtlioc tetmnmO @ dede object.

Parameter Type Description

node xml well formed XML object conformlng to application
schema for nodetype,

callback | function optional callback parameter specifies the name

of a function that is invoked once the sync
mechanism has received an acknowledgement
from the server.

id value optional id parameter is passed into the callback

function to identify the invocation context.

Example




} '} In order to notify the user that a conflict has
occurred, each tenplate mght include a status area

wd et/ 1oest ai ns references this gl obal vari abl gc@u@esso1rs22
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<net ui : ht Ml >{ $sessi on. message} </ netui : htn > 35 Here,
the gl obal variable contains an HTM. anchor that
enabl es the user to navigate to an action that wl|
di splay the conflict editor ﬂéée: function
showConflict() ( 40 } $context.node =

$sessiop. conflict.: et ur "sho nflict.tnmpl"); The ..
shovvCon?‘f'rie ie‘an‘ﬁnea’?o OWHIEW i 5P Cﬁsﬁé’e\)”aF%fé@CBF‘OE‘h@“hm

st fle@ o0 s kel A tHDsdRIALE Qe ohide- by-side. VO
2005/ 114489 118 PCT/ US2005/ 017822 The Spath expression

cal | sS"FHER%nTlict {? function which is defined for
dat a nodessarithiisnmel/tnsci-he up-to-date node. Note,
al t hough thescut¥i/cirstrode may contain foreign key

) mes< agy>
val ues, th&a jaieercoﬁ;@magt, traverse froma
confli ctemede.: <p>Contact record conflicted with

serv Qarode<é Qc>co1§1t f@gggg]:aggg we;a\tae?c!:ojzt%&§ ;

<?Sgg|e rﬁgéﬁg/s ;dléégt%ﬁgﬁﬁ blehfeli G tifee siﬁgaé%' RRThP Y6 Thdids a context

<twasige.omddlxen cavees. aompldte tof he, dispisgeli</ t d> 10

<t d><Lpuh Lyper text™ netui: bind=" $context. node.
first "skomsdst domract/ 4 E&nﬁkf%sa‘ﬂtdﬁbﬁ’stfifstﬂ?last/><email/></c0ntact>;
<t d>{ $cont ext.node. conflict(},last}</td> 15 td><i nput

type3'text’ netur:blnd= $cont ext. node. | ast"/ ></td>

</tr> Nk thd Ralpae binds Siput controls to individyal context element
<t d>{ $cont ext . node. conf Iqi?ct (}.emailj</t g copfpt clements.

<t d>i% utu Yp ="t6éct=“.._fleé&:t:hind="$context.emai?~"/> .
net ui : @pngéﬁ%g%‘?ﬁl%t%ﬁ%"d‘&é adirEd-gctiopy e framewark aufqmatically

C orafigfBd “H B L inpnt attied Wabl titBaRe SRRk variable before calling the
val ue="Create"/></td> </tr> 25 </tbody></tabl e>

<pPeiEbe actipndber erspips/Blemsw(dont ext . node) " >Copy
Ser VeotSod eeM=th. ¢/ a> I f the submt button is pressed,
t hen t Prentf=oY- mnkary gkizscotitecagpdat € Geafelifcait@:t . contact) ;

return ["showContact.tmpl®];

In the example above, the action replaces the current context variable
($context.contact) with the node constructed by the create() function; this
enables the next template (showContact.tmpl) to reference to created node.

Note, before the create() function is called $context.contact just
contains a well formed XML element; afterwards it points to a

validated node {e.g., that supports the various node function.

In one embodiment, keyrefs that define an insert conduit operation allow
nodes to be created and attempting to create a node on an invalid nodeset will
cause a runtime error.

Calibacks

The create() function may also specify a callback function, which is
invoked when the sync mechanism receives an acknowledgement from the server
that the node has been created (i.e., the associated conduit operation succeeded in

tetuming the new primary key). For example:

function foolaccount, quote) |




action below 30 function updateConflict() {
$cont ext . node. update{}; 35 } $status.nmessage null;

wodststiygoconflict = null; return "RACK"]; Thlp‘éjmzb(ﬁm”szz
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30

the update () function on the current node whi ch
triggers the synchronization nechanismto try again.
Here, the controller imuedi a}ggly returns to the
previ ous page that was being spl ayed before the user
clicked on the status 40 area. The tenpl ate above

al so defcsshescannranchssc§ bakcgalls $:Rhe copyVal ues ( )
acti on bel ow when clicked: function copyVal ues(node) {

node. cARY&LNQARgonh Id ct{}); 45 return ["CONTI NUE'] ;
} Thi s w@ottkbenacepives 4 hemdsp- t 0- dat e node val ues into

. the stale node and returns to the showconf 1ict page.

Li nki n gl“fa:mﬂtllbhdlq fokétivg diadeayed 200Gt ASS: dlSarameter.
PCT/ US§1%J$/ 22 In one enbodi nent, the link ()
functi g d¥es o add a node (or list of nodes) to

o, @syiaret PaEeaaErRe i Rt F AGRE Pl yied on the

patiamet er nust reference nodes that have already 5
beenlg&pﬂﬁgg{waﬁgwynhh 1 (% function is used to.renove

a node r r Yy

repr esgﬁlm%sfdgcjﬁi lzttg rrda&ﬁg& o at? tljﬁﬁ §u§g0ﬁ$%e update conduit
@okeptied.. unl i nk (nodeli st); Exarrpl es 10 The function

bel ow renoves all "Wb" accounts fromthe associ ated
keyref of the current (contact) node. It then |inks

[ Reamddgl & THpWACCOUNT Dagdgtion passed Tnto the fumctiom:
function floo(newAccount) { contact =

SCEHRATE. QEHEEHIAN s. | ophine?letal lbypeparametmrisbecified Bie name
current. @accounts, [@fbifuRct{cddcibat &cinyoked once the sync

cont act . %bccount i Kierbanisoobas jeceied an adamulllpdgeraént
Error objdct.s_can be |[d@ieika $Ively t he server and retur

e to the BfPent w)enteesl id RaoerIeter ippassadiinin thaichlback
The error (object is i &ngtigsdoidentife thpiphocdion mahisxt.

cal | babledeserntbeomodifind ysing b@gud:al XS eapessionss As with created
CR8deES 5, y%rc]: 'orﬁgzaﬁgn trlrl}les asscahbac groung process. However, a modified node
is not marked for synchronization unless the uvpdate () function is called.
The update () funct;on can set the syncstate attribute of the associated
node to MoDIFIED. This mechanism can enable multiple edits to be made to a
single node before the node is synchronized.
Example
In the following code, the first two expressions can set the syncstate of
the $contact node to psvwc; and the -last expression set the syncState to

MODIFIED.

contact.first = "Bob";
contact .address = <address><zip»10017</zip></addresss;

$contact .update(} ;

Callbacks
The update () function may also specify a callback function, which is

invoked when the sync mechanism receives an acknowledgement from the server




An error object is returned to the application's
cal | back function; this 25 object has properties

weREesendi ng to the schema above. function PCT/US2005/017822
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updat eNode(node) { node. update(updateCal | back,
ctoken/n) } 30 function updateCall hack(id, error) var
neg = error.nessage; var nodﬁ1 = error.node(); var
fields " error.field.*; { 35 He error obj ect can al so
i npl enents the field () function which is used to

AL e T e —

t effpt etaepleror actions can directly access external
resou s Dictonnd0. VD services). Instead, external
pr oce§§g§§é§@§ e ef;e‘al %?E {data obj ects, which are
synchtoni zed by the MAS framework. WO 2005/ 114489
PCT/ US2:Qc0B10:dued 2 2 120 Most of the conduit

oper at i sRsecakstRpeant @eoRJD operati ons on node
entitle [ sel ect, create, update, etc.); these

(i.e.,

oper at | %%C%@F‘?légﬁ%ﬁ%ﬂ 7 finassedithe ergated npémas a parameter.
progr ang g cidgiciiet i ons (navigation, create,
update, etc.) Hovgever, typically, it will not be
possi blla dne empdahéntVigtde sonflicarcoperhdn £0Bcr® Hid th Rbddy and
franeli/\;ork's‘ ndar.d ogtJ ratiq%gs. For exanple, a Wb ]
sePUFERNEH &, Stale oy fha ?@»‘iﬁ# Y hegpppdstedsitherdryeansther client
t hitotBdreexdRas ' e ol f t hat.
contain txg_2 or%%?%%%@gés%jng{u?e%%ﬁg Sggggl %f ﬁ&{eh %d‘éé 15 one
c dB¥shas tahdifigppk seqishomnaebérrtban the aushosequena yigber held by
v@%&@er&&nt ains the input and output paraneters for the

Service operation. This nmechanismis known as

cust omipfiersaived Rgectd (e psRIRcAus: tHlndddns kil #aN: {éﬁl]al'{ls an

used to create new custom objects in the same way
oM@itasiale nods futh the syrohenization viate atribitereet de:onslice .

$sourc ) ref- A create {<npde>[, cal|back]); .
Cust om @EJ gec@ )98?&% RY ag%ibgpﬁﬁ\ﬁ%pgémvogﬁ Wﬁ%‘é node is
Coctoimicdl fapetiad sepverf @hetheh 6r 66 theRA8 AP HENF &fcallback is not
Instead, the custom object is used as the context ?or

18°ts 11158 &b ehint diagreayosls patonatically seglaces thel ddient s stalduiokde with

OpR A r des =

cust%m(\)koa%z? gﬁggwﬁgﬂtﬁé%ﬁé&eeyr ef declarations are

g@[(ust iffhc gdllba}ctkt f“*‘,‘\’g‘é“ |s%‘u§m gﬁrdi:c &gt’ T ﬂf‘e?bll\%g’ﬁ&‘dog(i@te ]_llsing the
eyref-R custo e eyref-B resu de Exanpl e

26 et o %’ﬁ%ﬁgg&&a%ﬂéma?s@ﬁ%gﬂa% glebalserigbledic., $session)

oRg kit dpficithat chas the

function updateCallback (node) f
if (node.syncState() == CONFLICT) f
$session.message = "<a href='showConflict ()}’ »edit conflicts</as";
$session.conflict = node;

]
p
In order to notify the user that a conflict has occurred, each template might

include a status area that contains references this global variable; e.g.,

<netui:html>{$session.message}</netui htmls
Here, the global variable contains an HTML anchor that enables the user to

navigate to an action that will display the conflict editor page:
function showConflict(} {

$context.node = $zession.conflict;
return ["showConflict.tmpl"];

The showConflict template below displays the values of the stale node

and the up-to-date node side-by-side.




foll owm ng prototype: xsd;double sutmtQuote(xsd:string
prodl d, xsd:integer qty); The operation takes prodld

W(ﬁmjb,gf_,ysg nput paraneters and returns a price p/@h @00,,017822
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25 This requires a custom XM. Schenma definition for
nodetype that will contain the prodzd and qty
paraneters, and the price response field. WO

2005/ 114489 PCT/ US2005/ 017822421 cust om nodes are
created the same as ordinary nodes. For exanpl e, the

]celt)lelrrgm e )é ath & pg'ta%‘g’i%:qtc%ll? tﬁl\éeclzc:!nf];fcrtrr(?d u?otnew ﬂ 18 deﬂned for
<0dofeloaes; @St Taiind G rRine A544) INGts Auet aReRLYS ﬁhﬁ;t node may
Typically, an action i's invoked to create a cont ext

v aEPiBindotsigndeyi vighleaghea @@ apstdtorfaanneidraxitse divres tonflict node.
cont ai e detam to¥akigSHenT e ol L. owi ng exanpl e

Cr eat esmanguoteReguestried mtﬁtmﬁn tcauses the

control FEP:T6°Wavi gate to the inputRequest tenpl ate.

10 function wa;{ﬁmat,eaequest() $cont ext . request =

<quot eRequesttﬁ FRER*E/n>a St gtirs=kaqaot eRequest >;

return " Qp&ﬁtﬂbe%f}’é"étty%ewg? T THE Petrprare whr et/ > /ta>

bi nds <i nput-> el ements to the indi VI dual field val ues.

<t abr e><t body}2 1@‘5“ I 2ot dzProduct | D</td> ctd><i nput

ntex .node ; co ast }

net ui : bi nd= "t&@a e Xt equ:QI:te £l G5 ka- Yo Z)QHIIO& '{I.atsg’>/></td>
</[tr> <tr>/tr20 <td>Quantity</td> <td><input

net ui : bi nd® = S6Qnl.ext . quot eRequest . - qty"></td> </tr>
<tr> <td col spapseidbzlicee PonsidpUinaiiypes’ subm t”

val ue="Sub 'ttd““t?H‘CF!iPE*K sexs ) prrt D6t e Retre gede ) engis /></td>
</td> </t eetbthogdy></tabl e> 30 The tenplate has a
subm t but { ondt<batt Emvokesitt relvgubrateReguest action to
create gtb@/gffj@tgbrlgmthe wel | fornmed quot eRequest

el ermmto,rm;%n%tlléor2$sutgr%s{n:t ;gégig%l?equest () ( )</

$cur reénts protiess (fep e RV eq restd) </a> 35

r et ur n f SheroRmalRIstonds prassed) theriee &r@aweoke)s theppdatesiontlict)
r eblsselbredi atel y havi ng marked the newly created
node - f or synchronl zation. As with creating nornal
node§‘m°f’r? el ’cgﬁ[’zbtl on occurs as a background
process ore “the action causes the

$statu5 massage = null;
$status.conflict = null;
return ["BACK");

This calls the update () function on the current node, which triggers the

' synchronization mechanism to try again. Here, the controller immediately retums

to the previous page that was being displayed before the user clicked on the status
area.

The template' above also defines an anchor that calls the copyValues ()

action below when clicked:

function copyValues{node} {
nede . copy {(node. conflict {});
return ["CONTINUE®] ;

This action copies the up-to-date node Vz;lues info the stale node and
returns to the showConflict page. |
Linking and Unlinking Nodes




40 navigator to display the current set of quote
requests. The showRequests tenplate references both

wd hasaipstt and out put val ues of the tenpl ate.pcNAiSo0s/017822
the response.price elenent for the newWy created
request wll initially return and enpty val ue
<net ui : repeat er id="3$quot es"
sour ce="$current. @guot es. *" 1% ator="%i"> 45 <tr>
<td>{$i.prodld}</td> <td>{$i.gty}</td>

<td>($i . i <[td> </tr> 50 )
c/ net ui :Ilﬁ g’gggﬁlg’rggﬁ%ﬁ%%%f%(i4@gcﬁ%ls eyt add 3 gpde (or list of
PCHbUIS? 00 kOAFBR! répresana Pb-Mank REaGHRGHY Oni zat i on
mechanism.gan send the created node to the server, .
whi ch Ee |tgggﬁ% JfJ e aéSoc{ ated customoperation. |f
successf Ul ” 5° {17§ 1T BT a0eich dnust égt%%%ﬂog?%ﬂﬁﬁthaé{ﬁcﬁh%dy
5 sybedir@ediges t he node back to the server.
<quot eReguest > <pr odl d>W dget - Z</ pr odl d>
<gt y>1000 et ipk () fimskipp s sed 10 repoveerodO@r 1807 prdesefrom a
</ < uest,>.1f.1he showRequests
tef{ Ig@ggﬁép rsef'%q?ﬁuaoi/"i?g?r%f%,rEI?tiﬁ%lSmI}l‘ent framewor k causes
the t Poer=f- onliek (padeliemder ed, whi ch updates the
correspBRIMPIES t abl e row. 15 Wdget-Z 1f1 00 2000. 00 |

Sel ect | T, elect ().f Jon can he called .

10 on any E%yre %glﬁdl%?%?ut{? Veﬁ( ﬁHEdiI:g{’elaﬁcQHi“fsh RB (b gesociated
THeeyfefnuftthe Ru e Ofcomiety abile dt ieaMinMstihd Bindidt ‘ém%
node. eyref.cel g(?t (spgt h, [call back, i dl]n ;e ISO ﬁ%&t node

sdlasid ipyo the Actioh nay al so be cal l ed on the root
node: rufoat ros@b@edondespet h, (cal | back, id]); The

i5 mechani gﬁ’f*ﬁa@h@a@ﬁﬁesent lgeacedupt@ . wieoe (@ eS tweby) ;
synchroni zat FOn “8F = parts @P"¢fe: virtual XML docunment
descr i bedadpyesreu-SRatdmexpsrAGS] ON. FOor exanple, the

- fol | dwi ression requests all contacts for all 25
accountlﬁg‘{r&g‘{r"dﬁP& currently in the cache.

2 rese e S ein DG ELRRN B vl andifuitig 8" ctent
acdsnevayagondinboperdtonrfaid. node.
$r oot Sf%leee%og‘(or‘t)je@f Clse ?’éhq}'nséﬂ*tb eoa%tlnﬁggﬁ%hfs) (;:allback function; this
object has properties corresponding to the schema above.
An error object is returned to the application’s callback function; this

25  object has properties corresponding to the schema above.

function updateNode (node) {
nede.update {updakeCallback, <token/s)}

30 function updateCallback(id, error) {
Var msg = error.message;

var ncde = error.noede(};

var fields = error.field,*;

B
35 The error object can also implements the field() function which is used

to access individual error fields; e.g.,

var msg = error.field{spath) .message;

Custom Objects
Neither templates nor actions can directly access external resources (e.g.,

40 Web services). Instead, external processes are modeled as data objects, which are

synchronized by the MAS framework.




30 I'n one enbodi nent, the SPath expressi on does not
reference | ocal functions; and, the expression does

woneds/helserence | ocal vari abI es that cannot be PC"TRFSQJ)O%@%S&

to non-scal ar val ues. The expression is passed to
server, which translates the expression into a
correspondlng XPat h expression. Select with Predicates
i WO 2005/ 114489 PCT/ US20054847822 123 Soni ¢ keyrefs
may be large and inpractical to fully synchronlze to

t he t n these cases, the cllent abl e t
filter Mﬂg WUPF &P F RBETRHRIS\ 438 RaR 01}10 (f:]g Pﬁﬁathﬁéron node

e)@lﬁﬂl‘:ﬁ’ t Q@i &0{:[ M E{% L@ §ticﬁ’1 |
account lr?odeg lenafiékg:}aﬁeg t(t?e \/\h%lge% 1 gfglg&?atﬁ%ﬁ gﬁe‘?ﬂyfo

s yhichir pioireatningr vodel siehetng @@ pations GI*Batd;l @pddtet stpe However,

¢ SBED. AL R SR BRI 300 3 PEb 2 beSROES e
( @READHLS. stindaWD pBrationd. YIR® &xampléba Jwew @Eﬁ%tesapelglon may

The fol | owi ng expreéssion selects al'l contacts (from
a|1¢qva@e?omﬁ 10§ pagampters thab aretnadentyy &hmngulémn nodgdderegds, or that

2 Bt Bt SRS BB e SPRTR % pancl i BlieREh ccnes

C&mu@ﬁoﬁon&&tjzt&? Gliich edrtaing tiREinp@eindt SutpitSrarfRtestior the Web
nodes that should be synchronized. For exanple, we

- caEViFeARaratiopobiis Arechargsmg iy kpayi e C@m kperations. The create ()

10

15

aG6fBh AP 4L KOP AU RIS, dllot Lefts SHAEKBR FhFHRP brdinary
saumﬁamaﬁmm@ﬂ @Ehccounts * |terator—"'"~ <tr>

<t d><=l71rnpulé£ m!VaXIQ UL C ref - ate (< cikl);

net ul : <[ tF>

</ net UI repea I8Y >6ﬁﬂk§ zy ll%ngenF%lggllSoﬁ (ié%%li)érlléetam for

wittehtorreaporaiiag tieyren Vinkieg, hﬁhe chaomestitatie Juse® uk dhe sotiext for
the sync mechanismto retrieve all contacts for all of

¢ RS YRS LBt BIg8FESe 8t OIS OpEBRoRS BB OUNt 5.

* . Whedrerebur@a@he s kedonmetetl daki@yer 5@ ONt ACL S. *) ;

cal | batks kdyref delldrhidunis areitinsiritedbe thalfbBowingeligaiher to

specify a function to be called once the entire

synchroni zation for the $Pgihnhag been conpl eted. For

30 exanpl e: $root.select t Ints. *. @@ontacts. *,
$i d, call backFn); Thi s@@e4fflle sends a sync script to

the server to retrieve all contacts for all accounts,

~and registers the functidn,gahbhackFn as a call back to

20

25

be i nvoked by the client )rk once the

synchroni zation has coR@it¥d. The $id variable is 35
passed into the function in order to identify a
particul ar sel ect invocat|i gRmoxanpl e

Example
The following example assumes a Web service operation that has the

following prototype:

xsd:double submitQuote (xsd:string prodId, xsd:integer gty);
The operation takes prodrd and gty input parameters and refurns a price

value.
This requires a custom XML Schema definition for a nodetype that will

contain the prodrd and gty parameters, and the price response field.




1 WD 2005/114489 PCT/ US2005/017822 124 For exanpl e,
one application of this nmechanism m ght be having all
wo sophaties for a particular application contaiggq@ys200s/017822
"status bar" elenent at the bottom of each page,
whi ch binds to a tenporary data value (e.g., $
session. message). <p>Status:
aspan>{ $sessi on. nessage}c/ spalr%l /p> 5 An action m ght
be called fromone tenplate that initiates a sel ect
&;“&ﬁ%ﬁ%ﬁﬁ%? )alqeli crsplsdi hg én‘l!]ig%{alsj %%&iﬁz?rg nodes. For example, the
{ a=& K™ r be g | pdat e)
'q mgenai ' ’ l@@@ﬁ‘t&@%elfﬁ) %\ﬁ)t(eRetﬁ{@'t elengeﬁﬁ.()

% , I'n this case, the begl nsear
f unct f%@te ?Sﬁé?‘%m ARt BIATHAROrRSSSent s a o
cont act *EPIEHRY PUL AAUTEESIEed d0 crrtesa genitexd grriabledy(assigning a
5 al wepcfopHed SIMLNab; bidini | lrad
el enents. The usgﬁwgtg%?ﬁg%u%ggldle%ggEva?%&ribtrrl%nﬂgﬁ%g%%teé{amlﬂe
() cregeg 8l humd =R st hdementnaidr onisgsatlicocomediee$é navigate to the
conpl etes. function onUpdate(id) { 20 if (id nme qgl) {
$slgrgpélit%?ﬁul‘?§§§e§§péat9 + " Received results."; } } The
f uncticonrinmaintliesrdadwsc idd{ i nput variable with the
10 request “CORSEMESt 25TTELEBE T BEW Y it &/ @it~/ (foterequest>;
funct i arnabaviautkdndsh@mpighanges t he $sessi on. nessage
vari abl e, which causes any tenplates binding to this
var i ablEhettemplete which dinslg < i Syricrelonintsio the indNddua [flejd values.
SyNnc &£afeLuhak-N the background. I n one enbodi nent, the
15 only Gen;trgopl dE;hqat %he user has on influencing sync is
regi steri fg- 4. Gal LHACK v a.select 30 2rat ion has
conpl etcrs l—lov\epvér F%mg§ﬁwg§%5t g thr qunotdf’?o%l%ﬁ%‘ nodes,
g it is _s‘é?fgttdl nes necessary to ensure that a set of
_ oper at | ONGaitigt Kok 1M BSnfed QUGALLYN GOMRLRLe unit.
Note, thirs is a |ower bar than requiring full
. transactiqpal,.semgntics. For exanple the function
25 bel ow changeswpithgpédbshitanehul-askonane of a 35
cont gF-icka'subpepotegisaebid) Tor ei.gn key referencing the
accounL/tlg%adé. function foo(contact, account) {
cont agbediveble= $contect.first; contact.last =
30 $cont eslhe ltemsplate4trs acmubagt bwji@achailintokts thasaiBkequest Wion

2005/ ],[14488 CTI SZOﬁSi[ 017822
0 creaie a node om the well formed quoterequest element.

function submitQuoteRequest() {
$current.@@quotes.create($context.request);

35 return ["showRequests.tmpl®];

The create() function returns immediately having marked the newly
created node for synchromization. As with creating normal nodes, the
synchronization occurs as a background process. Therefore, the action causes the

40  navigator to display the current set of quote requests. |

The showRequests template references Both the input and output values of

the template. Note, the response.price element for the newly created request

will imitially retun and empty value

<netui:repeater id="$guotes™ source="§current .@@quotes.*" iterator="$i"s
45 <tr>
<td>{$i.prodid}</td>
<td>{%i.gty}</td>
<td>{#i.response.price}</td>
</trs
50 </netui:repeaters




125 I'n one enbodi ment, when nodes are created or
nodi fi ed, they have their sync state set to DSYNC
woldedaiised sync) . However, they are not scheggrRbdloi7s22
synchroni zation until the original action invoked by
the controller returns wthout error. At this point
all nodes marked DSYNC are pronoted to MODI FIED. 5
Actions nmay invoke subsequenﬂzgctions, in which case,
the outernost action fornms the scope of this inplicit
transaction. The client framework |nplenents a single
t hreaded (per appli 3 s sYa Thi s
i ncl udes both acti of : . ontng sync
messages, and the processing of sync nessages by the

f r amewoAk sorhb @bt @ieesynchronzatioh mddhR0ssickh SeridheaReated node
incom ng sync update to "clobber"' data being operated

onfOViPe HFTYeT.afhig tWilninveks Hisrasseciajed cusi epeeionwlf suceessful,
5 u%ﬁtﬁgat&ytpg <9§ %];llse?> elgttﬁ%%t z&nﬁv ?n&? Rzesh %gtgé ga\cﬁ t%pgesrerver

tenpl at es Rege ¢
efiet-ores F‘I'ff’hgﬁog zrgttl on until the entire pageflow
has suc@ '8t ed, the 15 application nust

10 C' eat e mespgr@sp the rel evant data into context variab
les. TheXiifaf*°bat@rPeiw action then updates the

CaChe:./quL:EﬁEqumL ayed Synchroni zati on Sonetines, the

u ser WIFtheretwrbudet esmplamais 8l Wb niga! frafeWdd dauses
record is ready to be submtted (e.g., by pressing

t@%t?mnlatﬁ imbe teomderzcb vehieh diitgs| the thﬁ@pﬁmg)@}egow

tenpl ate di spl ays dn ers (for an

15 account) and a checkbox for each |tem The checkbox is
bound tgg,le@ﬁngmbpute whi ch determnes the itenis
status. <netuUi:repeater id="sl"
sour ceTiBacedentt() @mﬂoﬂasaﬂh&ercauéd dit engt Iadsy?eif ahd returns
<tr> 25 <td><i nput type="checkbox" netui:bind="
e gﬂﬂ}eélaéel); with.no, \faglge ){“B? glgtﬁlyg Fapot bg galied from thhm a template
</ net:the; qeEPeat @2t (ssdtAp M=l iydxe Tagubm t "

20 onCli cKht$pageRlduncichmay(318d be Slledlva thadvt hodwit t on
cal I s, bhe.. sty ()oaBEicd 00y, Which calls update () for

all p chas arder’s that have been set as conpl ete.
funcit igm epat; gt the clieyy: tojrequest synchronization of part of the

LsTefate! ++) { 35 var
po = gg%%%unt :&??Eﬁ%?(g gtshgosﬁggé&%ﬁs h i f ‘
{po sy Fostexaeple, =the" MOWN@ SfraasioMrquihietall esnthdibiefor all
25 D ate(; VI\D ?‘?5 14489 PCT/ US2005/ 017822 126
Tﬁ‘f Qwét)?g]?ﬁlaée?"é%fﬁ VEIEREED% he external system
i Nt erprebestdrentaraniagcdfonthe . vyGonpl ete attri bute;
i.e., dbé éollcpvmg espressgont teeuestc all dofuabis|fer MhAE@UAG accessible
p r]isn!ntétenz until the appropriate val ue has been set
% IROEodep ates 5 Tenpl ates can be wel | formed

( andsed. bdadcembpeccXildVE. cpagasest hat nmake
30 In one embodimeni, the SPath expression does not reference local

functions; and, the expression does not reference local variables that cannot be
resolved to non-scalar values. The expression is passed to the server, which
translates the expression into a corresponding XPath expression.

Select with Predicates




up the application's user interface. Tenplates
typically reference the data in the cache; they may

woalob911Gese actions to be invoked. In one enbegirRRR§os017822

10

15

20

25

30

35

templ ates do not contain script expression that can
nodi fy the data graph directly. Tenpl ates can
reference the $current systen1var|able whi ch acts a
10 cursor; $current referencé% ei ther a single node or
a node list. In one enbodi nent, the val ue of $current

can onl be cha cti o S. and an t ha

syst em YUREEF gﬁ Kq’é Isggek tﬁ’gf/ g?s]}yo el 1o the
Tedmhatmhaaycal@ Qhé Ik i dbﬁp&amas theMeéﬁBf hén%Ti WL where ()
over a specified part of the data or dat'a nod

Refpeettasr s enabl e t he ten'pl ate automatically to build
r the

| |
e abl d orenple i Tuftiad, He Sxafio Fau'e oy el nodes

aghitoling e nﬂé\fe gRpieaita®eilo bBSychidifzedy St em vari abl e,
$context, can provi de a mechani smfor acti ons and

tenpl$a % g€ t(@i“f?]un Tﬁ?ff’
exanpl e } 8%?%? T E% %%ﬁﬁ?ta?ﬁ etfe;’déhet Hla&h{’:lge?ccounts
cqiq)be@(t var| abl es or data node el enents When t he

npl.ate 20 |nvokes an actlon the e's |nput val ues

c nta

are g ok . se (@?afoun%so* whe

vari abi%%i Wf)]lgaf?(gg %%’ﬁ eg%%%?@f%‘%@% %mb#l WETTYR) fgat have
Hfl&é_méﬁmn@réﬁﬁ@lrzﬁjdré@ﬁll ch are tri gger ed when the user
clicks on them In one enbodl nen Anchors have t ree

di ff oot select (@laccounts e( emall == “ cghﬁ

speci f ﬁgﬁg&gat %S%Q%R%%;%j;aﬂn 81(3 soon used 3o aflow the user to pre-
$eeleciatide I dBiEs bt Jsynchbtiigdil. Fop %}@&111519 ewe QBhildoddded Bb&lean
change the $current variable to point to a different

n@*ae Ye. elsdleaeto thehposonry nedetime aud hind gag ton chedibox element
,{ Fe?lﬁ’ {grovide meta data that can associates

par I cu %enpl ates with certain 30 nodetypes and

keyr e‘fe§“l enebt g "% heobreo st - earcoyreet [ 'cilelarot i sel ect

t-he appramhetuet,tpeﬂmea&eeu Riui [HIVAK BORSYSE &M, /-

functi onsseFiel<frdanmewor K can i npl enent vari ous system

funct),0ff8; that..odi fy the behavior of the -

applic V. t]

navi ga? gg %"‘%‘@5?’@%@3‘ g@%@o%&%kl%zgfﬂﬁfhf%w by the

spw@litb):wbeldmaaseﬂmrﬂyns aetesharhisn $o wetrien¢ all apniabisdpr alhef the

S legfg%ﬁ ction (called within a repeater) is used
LEFLU ™ Sarti cul ar node froma list or table. 3)

I NV okdoftg s edtil @asulss 4) wvhAet jeameckay- PfuOC essnte@At+@xt

var i abCeBbaghsind to the preceding tenplate and perform

o o he Rl it O Gl (<BHE B gReey T JHIcBD to be

C&IRd adhte 4AE @nRAL BEhchRINDaHGP ThF @le §P§th%%aﬁe%ﬂ @Jﬁgﬂét@c? For

di splay is refreshed. Actions may al so cause
coranmnde:l er to change the $current and $page vari abl es,

Whi CHGalSE : @bl 0aVd. 03500k Q) QEE UL, 2URGNT ONi Zat i on
can OCEME ekfim Jﬁeseﬁé’sclf GhRUR Gt &pﬁl%sseﬁfe?% €4ri8Rall contacts for

nodi fied by the client” pass t hrough vari ous
saihadepants.zaliregiststsahe finctitn edil 1anexm ssm edibedsioledntaked by
and can be di spl ayed

t he t.e ate vja s em function
@ Ph@%@wor ouee @yﬁwﬁhaﬂl%%lep s gpaatetd- dhefi Yiatable is
SS YR nfoAHS BurloBOR L ALAS tbl?@éntl?y AflatRular select invocation.

Example




15 associ ated nodes to be instantly updated.

Expressi on Eval uation In one enbodi nent, terrpl ates can
wo MesipQgat e data form the cache directly nﬁ@ghgﬁmsmnszz
page by quoting SPath expressions within curly aces.

The result of the evaluated expression is treated as

regul ar XHTM.. 20 For exanple, the follow ng
expression di splays the | abel 134 the current node.
<p>($current. label())</p> In one enbodi nent,
expressieFons cont ai ned vvlthl n cyrly braces are

eval uat 6T FEAPET NS ARP }5’35%“ jof thiss meehasesm paight bgr baving all
r efipaphfd W@Pﬁ’t’l@ﬁl&? Y tcBlion Sont4n 2 ‘RARR 3% ﬁ:ﬁleﬁq{ Qfﬂﬂhg%ottom

action. Therefore, expressions contai ne
br axf each negn, \hich bauls toa dehporerydigtaaraie (¢al ,Uess b on. ESEB'sMge

tags. gggatgg(agping{%gsg&nf %'s'age pression eval uat es
sthe contgnich hides g@r n%qglz&fﬁtt%tha?%% %ﬁs %gagct with a

puts the result I'nto t e anc or ta
<achiitleck" ($cont ext . address) ">C i ck</ a> 30 An action
m ght .chagge the vaI ue of this context variable:
$cont ext . addr ess = "mailto:al chemy5bea. cont; This
10 Woul d Egser ?fg‘;ﬁfié@ﬂ@"?‘ewiﬁg{xmm expr essi on to be
gener abgds BhER" CONTIGOr  pREREET PakR={ 6"t he™ F5je! <a
href =Ymai | t o: aI cheny(r) bea com>C ick</a> WO
2005/ 11kmds W,/&BE@@E](S@&:?&Z fl2BioBytsites mﬁdmmétbﬁ @8t represents
Thi s stect,l onéﬁ s t he Ithre system varij ab
(skGPPERYS O Geleqls Alsoma (st allragpoutonibat having
15 onmgﬁﬁetﬁagtagﬁk@g@ﬁ{éntsn one enbodi ment. $current 5
The $current variable references a node list (one or
m)r e noﬂh%)useﬂ te§nerhycallbacka furetiph | eitpased ©r énaalibd when the
%’t% lgr &ese@til or an, ?val uat ed SPat h expression
“th AL IS FOUR'YSSst . Tenpl ates are designed to
e|theiun<1#amrd¢népdate$idmgl e node or a node list.

20 $curren3tf[ esg§ nt eed gcengg int,to, a single node.
- Also, the $current engt expr eéssi on can be used
to d tect t he nunber of nodes in the node list. For

account His ARy sPRES e AL EH B RgRh, Bf roguest constan

25 pq:laﬁﬁedtl@to&hé ls@lgii.c@ (?—‘fﬁ%&l aBQ?@ it thBA Eilzfltge hl%a};%e37% % lmes sage

<neta current= "node" /> <t|t|e>ACCOUH tall
</Masals, whish gsusexpnynicamlaies bipding to thig Yaciapte @ Becafreshed.

href— ??fﬂ&ﬁ%n% é}gw gate ($current. @contacts. *,

‘conta ">Cont act s</ a> </ body>
Normally sync can run in the background. In one embodiment, the only

control that the user has on influencing sync is registering a callback when a select
30  operation has complete.
However, when creating or modifying nodes, it is sometimes necéssary to
ensure that a set of operations are executed as a logically complete unit. Note, this
18 a lower bar than requiring full transactional semantics.
For example the function below changes the first and last name of a

35  contact, as well as the foreign key referencing the account node.

function fool{contact, account) |
contact.first = Scontext.first;
contact.last = Scontext.last;

40 contact.@@accountId = account;

}




</htm > 25 Conversely, the contacts. tnpl page
expects $current to contain a set the entire set of

weomtactsy for all accounts. <html > <head> <n@tBuys200s/017822
current= "nodel .i.st> 30 <title>Contacts</title>

</ head> <body> <t abl e><t body><tr> <netui:repeater
d="$cont acts" source="$eurr eg iterator="3%i"

focused="true"> 35 <td>first&td><t d>{$i.first}</td>
<td>last</td><td>{$i.last}</td>
<t d>enai i 1} </t d> ><a o )
hr ef =" $sﬂ1 %éuté\q}ﬁlghslée%‘t ‘gﬂéen\% %‘%§< eagrg;nteggwgt o@%ed they have their
hr e’ Sstesetib Osyiexfaekangdat dync)40Hsvegdrlinel QRLAdt&EReduled for
</tr></thoq ></tab| e> _</body> </html > Here, the
f o SHABEeHZA R uEH! the osiginal Retiqrsigroked by ibp eortrelisy getumasvithout

pCHORAH 58] BB GBR Sk AR s R M R e

5 provi deAanbm: trmlycimvpleaj ‘subseuére ngetiabs Sin anBlich Cdas@ Nhet Gutermost
they are conceptually

di
g?%tfolé’r §%‘?H?r?%%b‘§%1§}g?e1§§§‘%§°@ﬂt ext variables are
creat edTﬁé’ destl HARMorO Hg%?éﬁ%@% a exgl%t ﬁigea\ggé kt_lggr Zaﬁphca’aon)

action. $context.foo = f oo
<bacrt1;9n@ oBalck/Tas inclides thetp hetions riafaked ﬂ@tﬁlcmﬁhigesgmc niessages,

ol Bt LR Bl iR ot BRTHRGE ek e, it is nou
10 Ac ds8ibte R nGRldminf Byialard b =fcq%tef>oaht99elhg%g§ﬁw%t5&mm

Obj ect to renove current context varia :
$CHMERE. reset ();  $page The $page vari abl e contains

h te. ,Thi,s is us
L0 onP R B0 S0k el b B ovores o
t heriesirafe minhplatee NEaY, eda “W@”)Z%XH{E% cha, Bl @R&IORS defer

This section details the extensions to XHTM. supported
bysypﬂg()@[zgtém until the entire pageflow has successfully completed, the

15 application must create or copy the relevant data info context variab les.
The final pageflow action then updates the cache.
User D'elayed Synchronization
Sometimes, the user will want to defer apparent synchronization until a
record is ready to be submitted (e.g., by pressing a submit function).
20 For example, the following template displays a list of purchase orders (for
an account) and a checkbox for each item. The checkbox is bound to an attribute,

which determines the item’s status.

<netui:repeater id="sl" source="$account.e@purchaseOrders.*" iferator="i's
<tr>
25 <td><input type="checkbox" netui:bind="i.@@complete's</as</td>
<tds{il</td>
</tr>
</netui:repeaters
<input type="submit" onClick="%pageFlow.submit (}"/>

30 The submit button calls the submit () action, which calls wpdate () for all

purchase orders that have been set as complete.

funciton submit(} {

for (i = 0; i < $accounts.e@purchaseOrders.*.length(); i++) {
var po = $account.@@purchaseOrders,* [1i];
35 if (po.syncState() == “DSYNC" && po.@@complete == true) {

$po.update() ;




framework. In one enbodi nent, tenplates nust contain
well formed and validated XHTM.. The XHTM. extensi ons

wodeeeriszed in this section are defined w thinpchas2&B/017822
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netui namespace; all exanples require the foll ow ng
nanmespace decl aration. ahtm

xm ns="http://ww.w3. org/ 199 htm "

xm ns-.netui ="http;//ww. bea."com netui "> Anchor Tag

The <a> (anchor) tag creates a hyperlink, which the

user CafpiChiy I@ﬂzquﬁ‘@s fRAUDE RoteARl S5 Iﬁtaﬁgﬁ the meamn%r?f the
triggered. Anchor "are used to navigate, I|nvoke syst
fld:bmjslecmsatl(cibnml udi, dgfesploeedsingghe resos) (wlahedmbaginpvedcsistence)
actllo%s ancho an, s ecif\}/ an SPat h expression

( Bl the SpEFOpERE ValseBRBId Sk 53 HoFTch causes the

cont roITleﬁ{ 14t& change the value of the $current

vari abl e to point at a different node or nodeset;

thi s i Sekpdates e brawich dbimoed (O v2008ed] XETML. pages that make

PCT/ S2005/ 017822 13 n.i nvoke one t he

P S PRl as Rrre el *Paritaes it f T kg e 4t Sn the

( ):acfh@nﬂiey(iﬂa)nﬁ{%!é ﬁﬁis@%cﬁéhsstl@%l ifi Sk BDbRS SmBoHmSRL femplates
he $current vari abl e the sel ect él function call ed

Wﬂ@ mphcantaie parat explicssiansthdt ¢an mediftihe dataggaaph ditactly. node
fromales or tab i nvoke

noet on TR pi Toipisece AR ARbees ki RS RO hieh gets o

t eaabal 8@ Re R BRa! Siteatd C§‘I‘I§gl@ rndiRdof Ya k8- tisthen one
action may then return directly back to the current

a:gbodlmnwhh@ Maluagé samredatcal boiyrit dhongsed ey atiiopk apd enchors
gt qg gz é]élct Pné % sean essl. g £ ef reshed. Actions
’S? calksysiem Bctions, g KPS a5 DYEdithge the Scurrent
and $pRgGplitdsi Bl eko coitafilrepaiias, whRhriayaid dve0N spRified part
occur. <a href&"url"/> Anchors can use the foll ow ng

a0 the Wataes daja meda) uRepppiseTRpble the teomp piccutpmativalinto build up
?&(&ﬁo@ % '11‘\%}} an%iytﬁﬂl%E” in‘d%f § s%E té"‘fs% a8t & ect %!I'ixﬁ&ldl Yecords
i nv d e user ¢ e anchor. e un

adntd ol akecdtionsotmaoipatiof oﬁ tlenf ol | owi ng forns:
TypeFor mDescri pti.gn navi gati onspat h- expr, orThe
expr es SPo AYSHR ¢RrisRIS S opp Beyer cab ROV ¢Eeehypissn for-actions and

. ?t\gﬂlgga?ét o v‘% ugéjfeg%f%ﬁgd\%rfabﬁg F&S‘péxanﬁ_ggpi @éﬁ)lh@ HEF ind

rrent causing ati-on
Sabeicficldn $r ejffeatcontexf vanzbles or data. r)dda\ﬁd)émats Whmmhe template

function on the identified yrepeater cont
PG R AR e HRS7 Bt SATIES 520y A HRTBRIBSLIE opigdback into the

_ fﬁﬂ%ﬁgﬁﬂablég' on$pageF! ow. actl onNarne (...)lnvokes

i ned action defined in the controller
Templates can generate events by defining HTML <a> anchors, which are

user

triggered when the user clicks on them. In one embodiment, Anchors have three
different purposes:

1) Navigation
An anchor can specify an SPath expression (e.g., $current.@@orders.*),
which causes the controller to change the $current variable to point to a
different node or nodeset; this is known as navigation. The system can
provide meta data that can associates particular templates with certain
nodetypes and keyrefs, enabling the browser automatically to select the
appropriate template.

2} Invoking system functions
The framework can implement various system functions that modify the

behavior of the  application. For example, the navigate() function navigates




Anchors are typically used either to navigate to a
different page, or to 15 select data. Navigation

wd\hms/gﬂt;sgon can be achi eved by vari ous neans; liCr’lﬁJSZOOaIOITSZZ
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followi ng exanple all cause the browser to navigate
to the root node. 20 <a href=" $root Exanpl e 1</ a> <a
hr ef =" $pageFl ow. navi gate ($ r "bar.tnpl')">Exanpl e
2</ a> <a href="3$pageFl ovv.fog)‘?gr oot ,

"bar.tnpl')" Exanple 3</a> 25 functlon foo($s $p) ( WO

ﬁ?gf E‘ql ;%% t? {ap Os§{5017 $31 r e%ﬁﬂ\m tﬁlf, P t0) Fehetion
n‘gg ('J%g‘\ Ee@ga ﬁrt)é"‘lﬂgﬁeﬂ ?&‘% &si orPAgilarnqdg from a list or

eval “d directly by the controller and used to set

the vhiljeoking adliomBent. Exanple 2 calls the system

navi fhtActions fmgcpiogass eomiaxh vedatdessBurndetut thiepre¢dding template

eval uatasd p8Hatth celopiations onmodify this dstat Tiee agidnomay then return

second dizcthyrback té abs eturtdiepagt eifphhich ca@ nyasmh &odnd form

| nvokesoardiset vpdbte@nind ded iBFEy i rdRhG&R M dtdhé 8lay also cause

file), tMhic6hrdlRe3o dhRSPaRS e CLpale
a forwgheh Q@d)rﬁﬁtoccé ray)f:h% ﬁ{ﬁgﬂe ﬁtaglﬁ{ %ggésea{{r%jaﬁo%fs i g%% b cause

R I L ERTT e

Sélyeditei olierthpadsotiirongin graﬁéimﬁzﬁ:}ﬁdilﬁmﬁnl statddg vhisietar®f also
or ders, and "sel ecting” one of themto be the

" Sgiearibledo thy Pl VEq nekahgingtons andegreche diselpkedt erthe user.
| OFsd QPncrPQUEART ggdﬂ'tése 'ﬁ%g@é 4883 "cause templates that bind to

i terator="5%thisor

haﬁbmaﬁmdwiodmtmﬁnﬂﬂy&mdmd) >( $t hi sorder. | abel O) </ a>
</ net ui_: r> The Fol | owi ng exanpl e di splays one
or der gf{ rhE AReH9%¢t the user nove forward or

backwanfignd éiﬁl%!ﬁhﬁieﬁth RSBl ind RRG Hedard 7 1ftHé’g[achg directly

source=. "$current. @mrders. *" iterator="5t
f Bie thegrage lbﬁ{éluﬁtl% SP@thEXpIG&?l@Sd%ﬂuD curly braces. The result of the

d
“Holdab B s e oo

</ t d><F&>é:ﬁ1ipl§ Ofhd &b lloiR Upleskibl dispHayis' the a@be‘ftcff%he current
<t d><a href +' $f 00. previ ous() >Previ ous</a></td

HU<a href =" $f 0o. next () " >Next </ a></td> </tr>
</ nefptisch:epeates » } 35- For ns
In one embodiment, expressions contained within curly braces are

evaluated each time the page is refreshed. Pages are refreshed whenever control is
passed back from an action. Therefore, expfessions contained within curly braces
can be used fo define dynamic values for XHTML tags.

For example, the following expression evaluates the conient of the variable

$context .address and puts the result into the anchor tag’s href attribute:

<a href="{$context.address}">Click</a>
An action might change the value of this context variable:

fcontext.address = "mailto:alchemy@bea.com®;

This would case the following XHTML expression to be generated when

control passes back to the page:

<a href="mailto:alchemy@bsa.com">Click</a>




In one enbodi nent, to display data, all that is
required is an SPath enclosed in curly braces. For

woealgsei T Scurrent refers to a contact, thempcig200s5/0617822
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following would show the contact's nane and address:
40 <tr>

<td>F irst:</td><t d>($currena Hgane. first}</td>
<td>Last: </td><td>($current.nane.last)</td> </tr> But
this is a read only nodel. WO 200, 5/114489

PCTI US 432 In one enbodiment, to wite to
var i abf%@@nﬁ#éﬁ%ﬁorm el ements are supported with the
addi t i cthiofsetttom dethild thebfhnet systanh batiebleo (Saprens efcontext, and
i nput onto the . BindjngSubm t databDon't

s uipaee) e @@waa%ia %n@ﬁil@t%(@@%r? ARSTEPRIIBERE for m
with suppitne submt, formactionformaction does not

speci fies submt dat aspeci fy submt data actionaction
don't Biedcuoentachee refyences doodeHiss (oneustidgre nodes). This may

Rt LB SRS 9057 AT BB S

HEM: rEQ151:4 RGN, are supported for binding
read/ wite 5 variables. HTM. TagDescri ption

<f or mr-Hivoipdates ateodcﬁlgwén@nclﬁhearkanélee@usingks nade¢ iowra node list.

ut> ner al se put tag.tha e

PR S RersBiSkR B ol e Bk, T TBF ety reo

alekprichiitiBeantearsb@ i et HWRISR of hedds i e 94k HsQ! €

lines of text. <select>Allows user to select froma

conbo [Fesexampesthc (GRM apalieatongper impl@eniean accomithigtail.tmpl
S Ad vari abl e

cbhe i SantBREl A IEDRREES Shalb BAIGIIGE, TRL BT S

net U|<hblt1n»d " SPat h"/> The SPath expression typically

r ef erberses a $context variable. For 10 exanple:

<i nput ‘T‘ SuFEspE="node" />
" net UI S AHRE RS AA T 45 Srame" /> The variable is
used ét value of input field when the page is

rendg Comﬁaqucd@]egg ./aLe written back into the

vari |]:§:e\ﬁfﬁ'%9e%¥ﬁ5w BavS4d méurégé efBncalg + NVOked

(1 nclagehiapg . wplal) t-h@cack fpart type-"submt"> tag bel ow) or
when @ .15 navigation occurs (see anchors, above).
Input § The <input> tag is a general purpose i nput

o9 tvaﬁagwgezf, th%nyg‘cg:;sgggp& 5 fépéggﬁ% N0l 50358t & set
t theentitetetibLoonpRts fophlibedoungd=" spat h-expr"/>

<html>

<head>

<meta current=rpodelist"/>
<titlexContacts</titles

</heads

<body=

<table><tbody><tr>

<netul ;repeater id="$contacts" source="$§current" iterator="§iw focused-"true"
<tdsfirste/tdoctd>{$i. first}</tds
<tdrlast</tdr<td>{§i.last}</td=
<tdremail</td><td>{$i.email)</td>
<tds><a href="$s.previous () "sPrevious</as</tds<td><a

href="$s.next () ">Next</a»</td>

</netui:repeaters

</tr></tbody></table>
</body>
</html>
 Here, the focused repeater allows the user to cycle through

the collection of contact nodes.




20 The framework adds the netui : bind attribute to
the standard attributes supported in XHTM.. The

wd mhf/omigyg types of <input> tags are supporteGerldBigsers

Type text Variable Type string Description Al lows user

to input/edit a single line of text. WD 2005/114489

133 PCT/ US200S/ 017822 r adi qu?]beanAl | ows user to

select a single value froma 'f'rst of choices. Radio

i nputs are joined by conmon netui: bind vari abl es.

checkb %lx@anAI | ows user to check a box to add the

checkbox “value' to bound vari abl e.

passmor@sﬁtextnwalbtwspru&dé d Gscettie had Soif ichPlAbsS ARG to
-series of ,*" characters instead of the actual

st Ffé‘“itﬁn’t“éﬁlﬂ S RRSA%SEy ithepAl areweonsrRiielly \aimiler tto fession

boppdpies.eadonl ystringAl | ows read-onl value to be

bound. i magecoordi natesTriggers form subnit and can

opt i ondléntexiivadaldeoardicratedshyodssignmget @jckationt exddiufed within an

varj.abl e. buttonn/aCreates a button that does not

tralcg r form submt. submtn/ aCreates a submt

but t onrentée2s@b R/ @Reset s val ues of input elenents to

i ni tisamtsalfoesar Thecffotshovitang exanpl es illustrate the

vari ouéfhﬁdﬁmla@f refbnepess conteyt vaiiahbest usiyg dre” dpxdsiion language

10 n%l Xbl nd="3$context.contact. emil"/> <input
o
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radi 0" netui: bi nd="%aont ext.cont act. sel ect ed"
val uer® htext Fosput type="radi o"
net ui<PbiFf¢at$eofpextertoi-act . sel ectedrr val ue="no"/>
<i nput Acjipes-tahedkihex'tsyal) usntidl aede scontext object to remove

bi_nd ont t.contact. | angsSpoken"/> 10 <i nput
tggguﬂ%s@m Er : bi nd="$cont ext . | ogi n. passwor d"/ >
<i npytorttype~'dziedden”
népage bi nd="$cont ext. contact. Mai | i ngCount ry"

val ue=ThiSApige Uioizble cumtding theemirbui ¥ ﬁEﬁhdeﬁéd'téiﬁﬁlafér ?ﬁﬁ is used
tﬂ% g utton"/> radio The radio ta _be grouped so
A 1080PTilhe state ¢é HE\ Lueondre Setﬂ - the agiiently dérlered
ewl thin the sane | ogical group nust b| nd to the
sarre SPath expression. 20 <p>Sel ected: <input
t ype="XHdIML TagtBxiensions=" $cont ext . cont act . sel ect ed"

This section details the extensions to XHTMI, supported by the client
framework.

In one embodiment, templates must contain well formed and validated
XHTML. The XHTML extensions described in this section are defined within the

netui namespace; all examples require the following namespace declaration,

<html xmlns="http://www.w3.org/1999/xhtml"
xmlng:netui=*http: //www.bea.com/netui">

Anchor Tag _

The <a> (anchor) tag creates a hyperlink, which the user can click on
causing an event o be triggered. Anchor are used to navigate, invoke system
fimetions (including selecting items), and to invoke actions.

An anchor can specify an SPath expression (e.g., $current . @eorders . *),
which causes the controller to change the value of the $current variable to point

at a different node or nodeset; this is known as navigation.




val ue="yes" >Yes</i nput > <i nput type="radi 0"
net ui : bi nd="$context.contact. selected It
wovRbiiaF(990" >No</ i nput > 25 </p> The currently sehashen17822
control binds the value specified by the value
attribute to the SPath expression. If no val ue

attribute is specified then Bool ean value true is
set. Submt 30 The submt t defines an onclick
attribute, which behaves in the same way as an anchor

oo i opD Blanot Mol dREZ oF ¥ drions systeip Bpefions; Roperample.

PEH¢ LUS202% 0l TERRion IhvitheR 16! dpekae tetipiate 8RVSES tAE lscurrent
bound vari ables (on the paa%é) to be witten wth the
<

cuierigie theapeletrng Vandies stwithin Tagpate is ssadateaslect a
t&gﬁgﬂﬁphﬁe%ﬁﬁ #%(%r{ag nput and edit nmultiple lines

may | voIve di spl ayi ng scroll bars.

5 <t extarghamglodimfi Heks patdetiexprhick mie pdcase vetkxiaafbles
the netui:bind attribute to the standard attri butes
s et toetemplats it merforp calsylaipnseor medify dlateo b cKpITay then

PLARCELSIRPLER e ) SR B
r ebietrod meetbdayed diel the divpiaytsewmalesdp refrestibd XA @foe@ nivBt 416 cause

bi nd=" $current, note. coments > Select Tag The
<the spwtzolles 4iog Thpgss thenécuzemtt 80d cinsge  Baréablgs, nubigh cause

10 aﬁg\ylgﬁf&tggc &2 defined values froma dropdown

cont ect net ui : bi nd="spat h-expr"/> The

fra k"sdde the netui:bind attribute to the

st andafgchirs P%Wé&e&llﬁw&@wwﬁsmm The cont act Type
RkreuR Rt Bgond Sal utatTom 20 whirch—is

efined to have the jcontactSal utati onEnum type. 25

<Bssf: conpl 8xType nanesPathrkpresdypesystersfgttion quentier
kxsd: eI ement: nane=" |gEne, attiignls invoked when the user clicks on
ype="cant act sal ut atlithaEnak/ > <xsd: el enent

name="The st attqlpuée:ﬂaz@gwe st ofiyt following dhreisene nt

m—"= aSt "FU ]:re—‘*mu DLI I I'Tyn_ll ;CITI; S. efeh
ane="email " type— xsd-string"/> 3 sequence>
<havd daicienp sexxhyper, 3 <xsd: si npl EWE%xpressmn which must
nane" cont dctragetiat. noniEaualspads- | evaluate to a node or node list
: expr, template) is used to set the value for
Scurrent causing
navigation.
Selection | Srepeater.function(...) Invokes system function on
the identified repeater control.
Function $pageFlow. function(...) Invokes system function.
Action $pageFlow.actionName(...) Invokes user defined action
defined in the controller.

Anchors are typically used either to navigate to a different page, or to
15  select data.

Navigation
Navigation can be achieved by various means; the following example all

cause the browser to navigate to the root node.
20 <& href=*$root"sExample l</ax
<a href="$pageFlow.navigate($root, ‘bar.tmpl’)}'sExample 2<)a>
<a href="gpageFlow.foo($root, ‘bar.tmpl’'}'>Example 3</a>

25 function foo($s, $p) {




<xsd:restriction base= "xsd:string"> <xsd:
enuneration value="M"/> <xsd: enuner ati on
W a00sarubd s”/ > <xsd: enuneration val ue="Ms"/> perus2005/017822
<xsd: enuneration value="Dr"/> </xsd:restriction>
</ xsd: si npl eType> The following XHTM_ is used to
create the <sel ect> <sel ect %tlu' bi nd=" $cont ext.
contact. salutation"> 40 Opti'on val ues can be decl ared
explicitly: <select netui:bind="$context.contact.
sal ut atfeoh>iss, <@pt i on val ue="M">M </ opti on> <opti on
val uek" Ms" >Ms</ option> <option value= "Ms">M s</opt
| ON> <adibe<ORL do@RpY 8l:HE 7 W | DESLOPLL QN> el enent . :
5 el emsntExa\ﬁ@l@@%61&%%@@@%&%@55@kﬁqg%mhﬁéed dj 1e%}ly by the

</select> Alternately, option values can be cre
usqqliﬁ'ogefraéééléqcbﬁo Sek@l@ IV@h!E of $current.

net ui : nt act. sal utati
iterat or dainp 5%2@ R sysf é’g{*tvé$ate {) functlon whlch sels $current to

s dhis centishgl SRah ARPresEHEe rﬁﬁfl ﬁ%@%}aﬁﬁlﬂ%&{ohg gﬁ&\l&‘xg@rﬁéﬁ 3 set the

5 <option val ue="{$i. pvalue}">{$| oval u
</'FBplgte, repeater> </select> Note, the val ue mat chi ng

t he net re d as t def
10 option. Ii¥p %ﬁf H‘t‘)@%ﬁ% '?/% %cem i(dﬁtﬁf ﬁ?‘? nirg erfﬁlF%tW%wh uses
0 [bha parsed irs @blaﬁte&ﬁ}s td @rdaxa aplopSard h:be dc® |(£I9:W)n 911@ 4@5“%«? same
' gfds t he e]ga context variable to a text
G 23 $RRE 2r espondi ng action can ei t her be |nvoked

Sﬁ'cﬂgr EREmbR AR bR ol "LRILS furlion WAl {0 SR on the
nétidtoag bbeo=" $pageF| ow. i nput Emai | Address()"> 15

<i nput St e="text" netui:bind="$context.enmil" />

<i nput % ;'submt" val ue="Submt"/> </forne

Typi ca qtneg( NSt ant.i

pr eced?iﬁééf(g%t i on&f }?gﬂé Q?Aﬁi%@ﬁl & Se{&tor?erf an ege@? ing” orie of
dihspt taypedhe “BrlsctedT brlar by chekilgpon 1tnvokes the 20
addc@l@éu@%&@aégtlh_g@ona" sgurgg-—eéurréﬂa&e %Lz%vl"a:g:gggprt %Ct Od e,

" | >Cr eateNeweCentaTtalsasaed Ne s BE iR, 1Llel | CLE At &8 ~order

t hr e¥ ﬁ%ﬁ te‘Varl ables, then directs the cont roI | er
to dis EréATaie displays ope arder atThtimeaeni det the s move
rfgﬁpgrao%jmke@grﬁtﬂm fonLgxt variables, then creates

new vari abl es using the assi gnnent operator. 25

f uncgiuglhr%@m I’If "Eclo( }scn%—ce—" $current.a@orders.*" iterators" $thisordexr"
25 <trs

<td>OrderID: </td><tds{$thisorder.id}«/td>
<td-OrderDate: </td><td>{$thisorder.date}</tds
<td>0OrdexAmount : «</tds<tds{3sthisorder. amount } </td-
</tr>
30 <trs
: <tdr<a href="$foo.previous() "sPrevicus</a></td>
<td»<a href="$foo.next () ">Next</as</td>
</tr>
</netui :repeaters

35 Forms

15

20

In one embodiment, to display data, all that s required is an SPath

enclosed in curly braces.

For example if $current refers to a contact, then the following would

show the contact’s name and address:
40 <£r>

<td>First:</td><td>{gcurrent .name. first}e/td>

/t<td>Last «/td><td>{$current.name. last}</tds
< >

But this is a read only model.




$context.reset(); $context.account = $current;
$context.salutation = pill; 30 $context.first ="";

wobeediAx. | ast = all. Scontext.email w"!'; 3Hryszeesn17s2
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return ["addContact.tnpl"J; 40 45 The addcont act

tenpl ate displays a formw th bound input fields.

<f orm net ui : acti on="$pageFlI createContact 0 ">

<t abl e><t body> <tr> <td>Titl 2/td> <td> <sel ect

net ui . : bi nd="$cont ext. sal utati on"> <opti on

val ue="pM > f Pﬁ'ﬂ?' 0

<opti o#yt/a lﬁ%@f)‘ﬁﬁhﬁ%tggﬁg% :ugnq@yl Q@g% tio Moiih OB are
v ghpercDrithDhe hddition oBthe sk el @the aktfibute to mhp user\put onto the
200-5/ 114489 PCT/ US2005/ 017822 136 5 10 15 <tr>
<€aBredsl-</ t d><t d><i nput type="text"

T8hahg DT ad=""$TOM Xl sibhkSka/ ></ 14> </ Thont skt data
«td>,4 ast </td><td>Ki nput type="text"

nbtrdl tobiande" $cont ex| Creatd foroawitll> </ t | Sreate form with submit,
<t d>Emai | </ t d><t d><j sybumit,tforreactiext " form action does not

net ui : bi nd="$cont ex} spegifick spbrjtdaata </  gpecify submit data

rol span=11211> <t d>kaghient type="subni t'action

Y dpnie bindrteaimehe ></ t o wayttp Slodhisp Heies < Yemsubsmit/bindion

change nodes to submit | cache case, except do
them not hit submit button.

The following HTML form elements are supported for binding read/write

variables.

HTML Tag Description

<form:> Encloses form elements and specifies action.

<inputs> General purpose input tag that implements various simple

controls based on the value of the type attribute.

<textarea> | Allows user to input muitiple lines of text.

<select> Allows user to select from a combo tist.

These tags each support the netui:bind atfribuie, which references a

read/write variable using an SPath expression.

<input type="intputType" netui:bind="5Path*/>
The SPath expression typically references a $conte~ct variable. For

example:

<input type="text" netui:bind="$context.address.name"/>
The variable is used to set value of input field when the page is rendered.

Bound values are written back into the variable whenever a submit action
is invoked (including via the <input type="submit”> tag below) or when a

navigation occurs (see anchors, above).

Input Tag
The <input> tag is a general purpose inpuf tag that implements various

simple controls based on the value of its type attribute.

<input type="inputType" netui:bind="spath-expr"/>
The framework adds the netui:bind atiribute to the standard attributes

supported in XHTML.
The following types of <input> tags are supported.

Input Type Variable Type Description

text string Allows user to input/edit a single line of text.




When a tenpl ate contai ning bound vari abl es i nvokes an
action, the variables can be set wwth the current

woddMahigr m val ues. In this case, the submt @ g00s017822
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<i nput > el enent invokes the form s createContact
action below. 25 30 function createContact{) {
$cont ext . account. (r)contacts ¢4 eat e{ <contact>
<sal ut ati on>( $cont ext . sal ut afll on} </ sal ut ati on>
<first>{$contexxt.first}</first>

Jasts($CONBeNtan aSt} FAlIGN Tser to seiect o sm val from l.lst of
<emai | >{$cont ext . emai | ¢5di&RBREdIo ifs &9% @
showCont acts. t npl "] ; }le,gqngudm blekags ne U'

foncERgbCan ed tp M .
Segﬁents baggcge%ﬁ 2 cha A@c%ou ér‘i‘&at&?&é%x f'é"?dd\ﬁ’a ArecRivox

qqRdswadaat Nstgikgr > - \A!Ws%se'rrt& erjltré? aCSQHE%S [ ly a serles

defines a [SPat expres&a an,

he page is rendered. &d‘ntgr{fghs exprsélzss'ﬂ@%()cﬁl eval Ua {ng
tiaded hen g XHTVC | ARARENa&PTHIA FEHs Bhin “"jn
‘rebdinly 1 [FstriRh EMENT | GidW3SREIRH Y &Hu& a'be pollnd: Y

)dgege 1he [eHRrfiRSiedN egﬁprﬂzg nd Uén &b‘c‘ﬁj Hlnd
g¢val uate g Bool ean riggd dmat&"@f eoé’McQgg W\%?‘i% fans

-~

abhtweymal ugtgat 0 True’| G EEMd8E b
Siring") oim %) { S e anat Bednr SBper Pl

{Bebmit > {[agal 0 1 NPT GTthBktet GrSHBRIORREon. TSNP ate—Here;,

{kes&Cur r giri/acmal | 1 dBeGUaMIER dfF il ér?tEitS‘YrFftiialiv%Iues

the  VnZRilivild €, Qﬂlh’&éﬁé)ﬁ{e%gl{ff Sof Yoyt tas. >

non-nul | (1. zero len

ot hef ™4l tl?f%es”“tc?ﬁ‘ér?? “ltli}“‘i‘ ﬁ‘}%“te’%t‘ﬁbqaét>&‘tabbdy> <tr> 5

<t d>{J$pt&LH'yf:£l’hIadn.o$alaﬂ:mﬂtﬂdgﬁaoﬁéetxg%ontact selected” value="yes"/s
<t d>figetirtreattzafiof Slft)l<ﬁ°t11§>"$°°ﬂtedf>(c$xsentr@mctddasfm)m:q/"ﬁcdk

<net Ui frygRndziheurpent emmid "> 10
<t d>fPeupipentconre. ekt .damgss@émaae't/ui i f>

<imput type="password" netui:bind=%%context. login.password"/>

<input type="hidden” netui:bind="$contex:t.contact. MailingCountry"
value="USA" />

<input type="button" value="press this button"/s
radio

The radio tag may be grouped so that only a single value may be selected;
each radio tag within the same logical group must bind to the same SPath

expression.
<p>Selected:
<input type="radio* netui:bind="$context.contact.selected®
value="yes">Yes</inputs
<ipput type="radio" netuni:bind="$context.contackt. selected"
value="no">No</inputs>
</p>

The currently selected control binds the value specified by the vaiue
attribute to the SPath expression. If no value atiribute is specified then the
Boolean value true is set.

Submit

The submit type defines an onclick attribute, which behaves in the same

way as an anchor (see above).

<input type="submit® onClick="$pageFlow.submitContact (} />




</tr> </tbody></tabl e> Note, conditional tenplate can
be represented as a property sheet in the tenplate

walsRbaed. 15 Repeater Tag Tenpl ates i ncorpor Q‘@rmszogs/ﬂl‘rszz
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regul ar XHTM. el enments and data fromthe data grap

and system vari ables. They may al so contain el enents

that generate XHTM. when th§¥4are rendered (simlar

to Taglibs in JSP). A repeat is an HTM. gener at or

tag that repeats over an elenent list 20 (e.g., a

node | i £ 0 Th :

tag use 18 Irnggegatfn% ﬁguses o bo%ﬁq&bﬁs S%g Pag%)\ftf%e written

Chwitﬂtlﬁlcﬁﬁemlﬁpmftaghﬁue’snetU| . repeater> eI ement are
eated for each elenent in the evaluated SPath

exPPEeETon=Y Synt ax <net ui . repeater 25 id="tag-id"

sour ce=Ttgpaddit 83" taf @ingbiak Plie lideafid alph@-anaredit multi Ie lines of

[ sel ect ed=" spat h-expr"] [order By="or der By _expr’

30eavhichpedyinvelve dispkymesscelbasnt has a source

atLebichul eeihainadeseri-kes/.a set of nodes it should

[ . Co [ LI, the. ML id
e Bl SRR Bkl b BT BRSkal e
t hgy mqﬁ)@{ttmr,but e. The repeated XHTM. segnment can

access the iterated node instance referenced by the
i t er at gior a@etampéﬁ,ut e fhlomdpe aXHIY g edl¢mentt prsates] & ovtierrgareas

%%f%t%.ttfzﬁ elF & raci gcru eTé?r?m%%égrcﬁgd Gzed]éeé}t eolf g gate node, which is
r Q@ﬁﬁl@é@?ﬁﬂ:’éﬁc@%&ﬁﬁaﬁﬁbﬁpat h exror essi on, which

results in a node || st g % oot . @ccounnts *)

iter afegfai f‘%f‘eétll frgder TR PAig S “F’“?tﬁbfl e containing the

i terat vari abl ethis variable only has scope

wi t hi nRe contal pRdexathdd-1n80,RPQ6/ skikdt@8e 1o¥Bmany application
PCTI i JS200S/ 017822 “sel ect edSPat hcont ai ns t he cur renF

s eleBnedechlurs desps p drapdowhycontrel sel ect () functi on; reset
when _the..valuea:of «Lhe spurce expression changes
or der | WHE M RGSRRR adi® th e SQUSE YT ta’rtﬁ@ut@'ﬂf 1R BB kributes

that determ nes the sort order. The follow ng
f snppariedsn fiAMIbe cal | ed on a repeater object.

Functi gnDescr i t| on sel ect set selected attrjbut
Co'5i 08, CPORE(SRECTFERAHEIIG BRGRaF TOeHH R Sloment,
t Rehidhd Aefiedi B Bat ERRALEE act salutationEnum type.

<xsd: complexType name:"contactType“>
<x5d: sequence:>
<xsd:element name="salutation” type="contactSalutationEgum"/>
<xsd:element name="first" type="xad:string"/>
<xsd:element name="last" type="xsd:string"/>
<xsd:element name="email" type="xsd:string"/>
</xsd: gequences>
</xsd: complexType>

<xpd:gimpleType name="contactfalutationEnum"»
<xsd:restriction base="xsd:string">
<%sd:enumeration value="Mr"/=
<xsd:enumeration value=YMrs*/>
. <xsd:enumeration value="Ms"/>
<xsd:enumeration value="Dr" /-
</xsd:restrictions
</xsd:simpleTypes

The following XHTML is used to create the <select> element.

<se1ec£ netui:bind="$context ., contact.salutation’s
Option values can be declared explicitly:

<select netul:bind=*$context.contact.salutation®>
<option value="Mr'sMr</option>
<option value="Mz"-Mg</option>
<option values"Mrs"sMrs</option>
<option value="Dr'sDr</option>




source (or -1 if not found length ()return nunber of
itens in |ist Repeating Sections The foll ow ng

wd snnphatigy. segnent defines a repeater that di sglEygshiidirs:
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list of nodes defined by the accounts keyref. 5 <ul>
<net ui : repeater id="$repeaterl”

sour ce="$current. @accounts. *13 iterator="%i">
<li>{$i.label ())</li> </netui .?epeater> </ul> 10 This
creates the followi ng output: Acne Bancr of t

Cyber dissiectAl | XHTM. el enents contai ned within the
<net ui AlterepeBl eptiorey SRS be 3ftddeRR@ladpdadr: each
node in, the node list. defiped by the,source attribute
(i.e.) «ORACHACCOURL AOLET . aNAVLGAY 0d dbleelealing
15 The ¢epentaa=sietErom)ndyi.eemiedi/perasdehor s t hat

i nvokg, HETTORE6Fsystem functions. For exanple, the

r epeat e ' i st. of acc ., di splayi,n
i anchoe et Blsfine e SR p 3R BN o aoRlsTike S the
<Ulbtardineption. if dpdaned valis'i$nd]) eladnahé first option is selected.

source="$current. @mccounts. *" iterator="%$i"> 20
<1i ><a HEBRISEpageF| ow. navi gat e( $i ,

" showDetiai fo1ibiile o i3 ; P> ,
</netui:r e%ga{t%gl}%é}éfﬁl ézlb%f’fd?gtﬁ% %ngn@%ﬁého‘%mta 13 tgn% F%rt s ut
c diedd sThehenrsgpdreimgnantiopatan dithec b dnvdked heing?he i fompisetht ion

causing the controJler to navigate to the showDet ai |
tﬁﬁf‘h‘f‘%ﬁfl‘%’lﬂéanﬁt#&%ﬁ?ﬁtﬁ%nt set to point at the node

r ef er-engeeubdyctibe wajertev Gfpucibhiihdt-st he. corr espondi ng
r epeat 4R BRET IS t%ggﬁgﬁmgﬁx@@rﬁmszoow 017822 139

< ="gubmi £ 9 .
Repealsis | NPl ement the buliTt-in function, select (),

that erBplcaBy thgeriSeFiabled afiRf nsAnR@ed h?ﬂ{p%ce@ilng FBidn that
fromthe list. For exa the follow ng tenplale

| e,
f g nthe Gmmrlaentes henaispbiyed) iThe dbldemsings anchior sinvokes  the

HZM&C&R&%@% jomU > 5 <netui:repeater id="$repeaterl”
source="%current. @accounts. *" iterator="$i"> <li><a

hr ef =2 8Py &nepei ¢v. djoriapt ({ Frgreate By Chnpdyed/6) } </ a></| i >

</ net uithf gpiich bes creples thregrcppiexigpriahles, thar direets dre controller
a he_ re ' el attribute.t.o 10

o Bpisgaty BRatch. Lo RABNEE Tuf SpfGl B Hindid o sRiskifp gprex
paariablesf theh erdateapbwatvariablys usigd Beanignhdie opepeat er' s

currentd:y, sek&eteq value. <ul>

Scontext.reset () ;

Scontext.account = Scurrent;
Scontext.salutation = ",
Scontext . first = "n;
$oontext.last = "n;
Scontext.email = *¥;

return ["addContact,tmpl"’];

The addcontact template displays a form with bound input fields.

<form netui:action="$pageFlow.createContact () ">
<table><thody>
<tr>
<td>Title</td>
<bds
<select netui:bind="$context.salutation"s
<option value="Mr">Mr</options
<option value="Ma"sMs</options>
<option value="Mrs"sMrs</option>
<0ptien value="Dr">Dr</options
</select>
</tds>
</trs




<net ui :repeater id="$%repeaterl"
sour ce="$current. @accounts. *" 15 20 <li> <a

wohoefrtifpepeater| . sel ect ($i) PCT/US2005/017822
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styl e~ {$repeaterl.sel ected. contains($i)
color-yellow':"'-)> {$i.label ()}</a> </li>
</netui:repeater> </ul> Thi ? éreates the foll ow ng
out put: <p>Type: ($repeaterl 138 ect ed. type) <p> Acne
Bancr of t Cyberdi ne Type: Direct iterator="3$i"> ?
"backgroupds 25 Note, the <a> anchor above declares a
style attri buf-eirsthiteh-dedmuaitng-"amp<c" SPat h expressi on

t hat "EHANGEE. TRE“BaCkYr it col or of the el ement if
the assoeirated itemis selected. The sel ected
attribute. ca i’lﬁne::xgéé;gt‘s,fzé%%%ytmﬁﬁ@rt"r epeaters (know as
chai ni ng) -apd by subSeqlient |y invoked actions. The
repeat ed HEM. section can 30 also reference the

sel eqlg,gg:b@gdt:@tﬁ@%‘g{g tfdi‘lﬁ?/f;é}gy FYPetigii-tate the currently
sel ected <iten(s). Chai’né Repeaters Repeaters can be
chai ned togerirep=s6-t hat the selection of an el ement
in a parepts TEPBYt BF°T HIT'GeRtes WAt 78 ¢ spl ayed in
a chil d/wepedtats> For exanple, the 35 follow ng
repedf8F™di spl ays the list of messages associated with
the sel'édfed Fﬁeg@aw(%ﬁ%%) boynd; Narighles, iipinkes cive a¢tian, the
V0,280 bh4aae: @Eg/tﬁé%, { &iﬁ?&g A0 vAdLs In this case, the submit
<netui : repeater Id="%repeater

s sinpué=tigment iomok o@ifie foom s @edtéCotast atvo=bPow> <l i ><a
href Zi8repealaklsgleet (Si)">($a label ()} </a></1i> 5
</ net ubccheReatBtne . debditlaats . sk <ul > !~ <netui:
repeater ieEigre ,eat{gcrog" Source="3r egeat,erl , sel ect ed.
@@ont act s, £l hobh BR ALK By Bbees <l 158 FHbel () </ 1 >
</ net ui : r epekrsel Seontktt. bast }</1ast>

<email>{Scontext.email}</emails
</contact>s

)i -

return ["showContacts.tmpl®];

}
Conditional Tags

The <netui:if-> tag can be used to conditionally include XHTML

segments based on a computed condition.

<netui:if cond="gpath-expr"s>...</netui:ifs>
The cond attribute defines a SPath expression, which is evaluated when

the page is rendered. If this expression evaluates to true, then the XHTML
segment contained within the <netui:if> element is inserted into the XHTML
page. _

The expression uses standard XScript coercion to evaluate a Boolean

result. The following expressions all evaluate o true:

{true}
{100}
{"scme string"}

4

f<axmls}
{$root}

The example below includes the <if> tag to implement conditional

template. Here, the $current.email table column is only displayed if the




The followng tenplate illustrates nested repeaters
that create a nmulti 15 columed display (illustrated

Whzlepn448<t abl e><t body> <tr> <t d>App</t d><t daRapeveyoi7s22
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1</ td><t d>Repeat er 2</td><td>Contacts</td> </tr> 20
<tr> <t d>{$current}</td> <t d><ul > <net ui : repeater

i d="$h" source="$current. fef(' * iterator="%i">
25 <1i ><a href ="3$x. sel ect ($| § >( $i)</a></1i>
</netui:repeater> </ul></td> <td><ul >

- <n@iridbleli€ Fi’l%ﬁln%ﬂ (‘é@ "eity, YRS I'ep%t’ﬁ %@{t)e%ile&her values coerce to

iterator="9%;" 0 <lr><a href

(Ppoue>{ $j . } </ a></ li> </netui:repeater> </ul ></td>

<t d><yl;>...sRgLUI : repeater source=" $y. selected.

@xont aet-s. *" iterator="9%$k"> 35 <li>{$k}</1i>

</ net ui : r gfeaLErS: ;@/“g?t%ﬂ't/dé? </tr> </tbody></table>

40 The fiLaliiLepeater,gelerates a |ist of keyref

anchorsgui: ttheonse'e@mbnre ater binds its source

vari abl.g, fq; FHE"PF 61 &Y epeat er' s sel ected node, and

gener ats-a |ist of node anchors. The final repeater

generdtel-dtdist of contact nodes. Note, this

r epeat dYote, cppditivaalitemplatecen bpaeiresentad as a propertyeshettan the
t keyref- skipping the automated keyref

coﬁnuﬂ%@d%% en a repeater's select () function is

[ nvoke@,epéﬁteﬂmigormti cally triggers the redisplay of

the te Ia e- --nodi fying the source of dependent
JRuil

r epeat e8P aé‘??dmc‘%‘@?’fait‘?l FFevke ST elgmenlsi ang) datpfrom the data
deppRdeni siengalaisbidsO 'IFHé&E may IR %%Eﬂlﬂﬁe%%e%\ése lt@aé  Benerate

circul ar dependenci es between’ repeaters.
medhEvLsrhengheyoare conisiedaiadlar tooThgdibaavigHt i on si nce

the tenplate's. cur t_cursor is not changed. 50 The -
sanpl e E%’g% frbgs%‘i'f@%% FREHY) Ry MHFEBFADOKGE ay clggnent list

E&Ir. %{) z;. holEli QAR LR NP, 200 géé‘xjsd‘lg‘ %%& ‘Lllg'ecistojl%pélaq? the

same HTML for element; all child elements of the <netui:repeaters element
are repeated for each element in the evaluated SPath expression.

Syntax
<netui:repeater
id=*tag-id"
source="spath-expr"
[iterator="variable-name"]
[selected="spath-expr"]
[orderBy="orderBy-expr"] /=

Fach <netui.:repeaters element has a source atiribute that describes a
set of nodes it should iterate over. Conceptually, all the XHTML inside of the
template gets repeated for each node described by the soufce attribute. The
repeated XHTML ségment can access the iterated node instance referenced by the

iterator attribute.

Repeaters define the following attributes.

Attribute Type Description
id identifier | uniguely defines the repeater tag
repeater | SPath specifies SPath expression, which results in a
' nade list (e.g., $root .@@accounts. *)
iterator | iterating defines the variable containing the iterated node;
variable this variable only has scope within the contained
XHTML




accounts Acnme Bancroft Cyberdi ne PCT/ US200S/ 0l 7822
Sarah Smth Davi d Davi es The tenpl ate above

worRpraaeet s the navigation part of the U enalplgmgs:bdésmi7szz
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25

end user to traverse a series ofkeyrefs. W can
further nodify the U to represent a tabl e of nodes.
For exanple: <td> <table><t Hgg <net ui : r epeat er
source="$y. @@ontacts.*" iteratfor="%k"> <tr>
<td>{$k.email } </t d> <td>($k | abel ())</td> </tr>

creates the foll ow ng se W evalueof
Hocused Repeaters Repge Sspn P

JIELUtcd EPERtEr > </ érgi zg:h ntly élgct Trjloae s), set by -

N0

et CortEat s sa
arah Smith David Davgém rtﬁgggﬁgr 3By _a d Sﬂ)én that

e e i OGRS Ry Lt o eact-of

teratlng over Ion

Q—'

e“ﬁantIerd by the smﬁamote)n attri bute the repeater only

hows—one-—el at-a-tinme and maintains-a cursor....20Q

BELESE (540 na hrﬁﬁtfﬁ}ﬁﬁledfaﬁmbplt%mﬁmv be called on a

-—I

FORS B iRy drretuspy Beq ordinah@osigan REihe tode)in the repeater

—h

revi-ous{ )} begi rﬁourqer(gf_f_];&t@t__%yﬂd)\
length () return number of items in list

Repeating Sections
The following template segment defines a repeatel that displays the list of
nodes defined by the accounts keyref.

<uls

<netui:repeater jid="$repeaterl” source="jcurrent.@@accounts.*" iterator="gir:
<lis{%i.label() }</1i> -

</netui:repeaters

</ul>

This creates the following output:
*  Acme
+  Bancroft
*  Cyberdine

All XHTML elements contained within the <netui:repeaters elements
are repeated for each node m the node list defined by the source attribute (i.e.,
each account node).

Navigating and Selecting

The repeated section may contain anchors that invoke actions or system
fimctions. For example, the repeater below displays a list of accounts, displaying

an anchor (hyperlink) with the label of each account.

<uls>

<netui:repeater id="§repeaterl’ source="$current.@@accounts,*" iterator="$i"»
«lis<a href="$pageFlow.navigate ($i,

‘showDetail . .tupl’) "»>{$i.label ()} }</a></1i>

</netui:repeaters

</ul>

Clicking on one of the anchors causes the system navigate function to be

invoked, causing the controller to navigate to the showDetail.tmpl template
with $current set to peoint at the node referenced by the value of

$i for the corresponding repeated element.




" accounts Description if focused, nove to next item
if focused nove to previous itemif focused, nove to
wd loosisigeem i f focused, nove to last itemret pirigReRn17822

position within nodes-et In the follow ng exanple, the
focus attribute declares that a -single node fromthe
nodeset is to be displ ayed. Tlgg) action bel ow i nvokes

the tenplate containing the cused repeater and sets
$current to the node list relating to the 25

speci fi unt, s contact keyref: function

sel ect cg{% %g%}g r@%lgr@gﬁtntp y %{ul%%lo%fl%t}@’ &6t &t ) Lhat enables the user

Saac et " phficulieslenent (Fan GRUTEL Tor example, the following template
; 30 The anchors invoke

"focusedContacts. tnpl"]; :
f uffegneideRsrsantdhe E@%‘%Sé AbovgHAs @Histro{ B TiMHe anahpesat er ' s
cur soku- WO 2005/ 114489 142 5 PCTI US2005/ 017822
3 <net utrerepesrer idditggites hurge="Soupreftdcant £F At @Itor="5i">
=" $i " FnecsNeLHLo LT R URT="$¥ " Ho5 11 ot Bomexiti-cur sor)
== $.zuoount Q> <td>first</td><td>{$i.first}</td>
<t d>| asCk¢ltin eh dpafficulaaanghet tales the repeater’s selected attribute to
<t.d>enui | </td><td>ai1%ie' mail }</td5 </netuiiif>
10 . /beaggiito rtg?)gglfr%r}tg @lﬁ’{h_ei §i variable. Other parts of the template may
QRRTEES tROTHLA QN QR Kl S, > ©"> 10 <a

c
href =" $cont ext . curs
TSN L 8509 L PULBEON! XL LR oo« searaorersi
15 cond="$s. p%)slief#"ejr?g%mh{sebctzﬁ(eur”sor)l < ($s.lengthO -1)">
<a hrCQ o§"y$ﬁ_gs‘|5l¥lé3§; .réqfﬁgé}.se_.’l,enfsd.contalns($1) ¥ "background-
$curr ent{‘&.mi()t}k@n( $cont ext . cursor) +11" >next </ a>
20 </ netqyrih:_/u”if‘r%thgeiarg, creates the follow ng output: first
Sar alyuibast amth emai|l Sarah@cme. com next first
Davi g >TI ae_st{ [gaeyie% Selgﬁ(ii Ityp%?glljid( a7, acne. com previ ous
n%fs c?réft%g tﬁo&%}éwing output:
*  Acme
*  Bancroft

. Cyberdine
Type: Direct

25 Note, the <a> anchor above declares a style attribute, which contains an

SPath expression that changes the background color of the element if the
associated item is selected.
The selected attribute can be accessed by other repeaters (know as
chaining) and by subsequently invoked actions. The repeated HTML section can
30 also reference the selected attribute to visually indicate the currently selected
item(s).
Chained Repeaters
Repeaters can be chained together so that the selection of an element in a
parent repeater influences what is displayed in a child repeater. For example, the
35 fqllowing repeater displays the list of messages associated with the selected node

{Contact) in the previous repeater.




| ast Reed enmmil roger @cne.corn previous By default,
focused repeaters set the cursor to point to the fist

wonoskeiygzot he  $current node list. If the sel eqicafys200s/017822
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attribute is defined, it is used to set the cursor 20

to the appropriate node (usually defined by a context
vari abl e set by a preceding @@ti on). <netui:repeater

i d="$s" source="$current” iterdtor="$i"

sel ect ed="$cont ext . sel ect ed" >
<td>fikst</td><td>{$i.first}</td> 25

<t d>| &St‘@/$¢)‘@gﬁﬁf‘$kqphﬁstl}' <$btt1l.’d=‘.;:"$s_:urrent.@@accounts.*" iterator=s5i"s
<t d>epRl L 8L IS b AdrTY ) oy - 1o (<L epeat er >

Sort eduRepeaters Repeaters can specify the order in

whi ch®&f>ement s are enunerated by 30 declaring an
orderBy. attribute. The orderBy attribute is a string

t hat et arrrstegna="Xuerty=2| iskigce XPEesSti0kilected. @acontacts, *
<net Ui Efiegter idz"i d" source=" source"

I t er al/afs" Yapkater-0Or der By=" OrderByC ause"> \Were

or derdyiczause i's conforns to the follow ng BNF granmar
(The 3B &llowing tepplets diushatee meets@ mepaatdrs dhatl wedtaer multi-

fo ri: jtem: 40 OrderByd ause
Orcg’ér pec&léﬁ&a@ﬁﬁ%‘%@' Or der Spec $path
0der<R@éI§:FP=€‘FY> Order Modi fier ("ascendi ng" |

" descendi B app T edoteeRPlater 1 I LALSS cader | 2 fraC P Nnt scteac/tas
"l east "y3==? ("collation” StringLiteral)? Note, the

expr ess‘F’b’gcdgég,l%ggé}g Stable order (i.e., order of
equal val ugsashoul d be preserved across nmultiple

i nvogat i ons)etForerexanphes="tyect-obd-onkngekreptat er

| i sts cont a ’ts<1k3y<atll}gf_zdsgcs_&mggsg)g>{\g@g<y€gc/lgj t he
contact's | agtetwiarmpeatiér-e., $i. last). WO 2005/114489

143 PCT/ L§g§g§§F®l7822 <net ui : repeater id="3$s"
sour ce=" $CUrLLf . - HRONEAGEHS . surcd b 8 8h Qked’

h - . Sz I:il.tera’c:o..*:=" EG"

or der By="$i . | asl{z'fqg,etggfem.qqgébbwj)">{$j-}</a></1i>

<t d>| ast </t dSREHSTR="ast } </ t d>
<td>firstehtde<td>($L.first)</td> 5

std>enmai | </ f%ﬁ‘t{ﬁgﬁfﬁigﬂﬁ?*“$}’éfltea‘$d@ﬁ??e'taa?5:-r"eﬁfe&?’tt%%k%
The fol | oW nget2pepded-Sorts by [ast name in ascending
order (i.€wl><défault) and then by first nane in
descg)gﬂig 0 ,0cder. <netui:repeater id="$s

SoarCETIS S PR L 1 of KBTS G e Mint s
binds its source variable to the previous repeater’s selected node, and generates a
list of node anchors. The final repeater generates a list of contact nodes. Note,
this - repeater’s source aftribute specifically traverses to the contacts keyref—
skipping the automated keyref column.

When a repeater’s select () function is invoked, it automatically triggers
the redisplay of the template—modifying the source of dependent repeaters, and
setting the selected variable of dependent repeaters to null. Templates must avoid

~circular dependencies between repeaters. The select mechanism is not considered

to be navigation since the template’s current cursor is not changed.

The sample above results in the following display:

[ App | Repeater 1 | Repeater 2 I Contacts




in the exanpl e above,
of

Not e,
to be consi dered

| east significance.

enpty | ast nanme val ues are
Meta Dat a

weemsatems Repeaters can al so be used to repeapcp¥Singsnirsz?

neta data defined by the data 15
t he node.
keyref elenents that describﬁ i
navi gati ons fromthe correspo G

nodel .

he possible
ng nodet ype.

For exanpl e,
keyref ( * 1) function returns a list of

Thi s may

be used as the source of a repeater to display a |ist

A=ty ANt Ar !
P

of [ Keyrers, 20 Inr>_ghatui—Trepeat er —a="$repeat-er .
so’JJrce:" $current]. @@afceTef(' YleiGeLator="%$i 'z S"”’:;%“;f:;s
<li>{$1 label {))</1i> </netuilreppaiar> </ Ul> The

exanpl e Hisdueplatidbove etptesentshie hlibaitn MRS Tenabling the
$cur r,ent ints 25 to_an account node: owner
sube}g\gé’gfm? avergamtestes f keyfgfses 30 events  qutotes The
node. soheRs i r rAS. docunent_ t hat _
represents t %hgﬂgggae%% E)hr? ﬁ% rﬁ% 8‘%@ g/%%{'b%e &Cﬁfgg% :Egﬁﬁxample.
sdef i ni t '6W,, ,JThi. Ry be used as the source of a
repeater to bﬂ&di&cea&témgmgcei-@;.%co,&ﬁctgnetiggr:agogg. Ler
i d="repeaters" $ource="%current, netaf).schena F?F

tds te aid b/t

% q %I‘: d><tr>

showNul | : "true" if&Lgiqbey
10 <t d>($current . retra() . scherra{J) .get Fi el dLabel ($i))</td>

40 <t d>{ $i<),tgz)§;§?/i§§¥i‘i§te”c/ netui: repeater> The exanpl e
above pemguces the Tol I owi ng out put: sal utataj onMs
first SaThib cleates $li6 follogird hugitah(r) acme . corn WO
2007/ 114489 144 PCT/ US2005/ 017822 | mage Tag The

15 standard XHTM. <i ng> tag is used to display inmges.
ClAB_[STC="TikmRANE T STRpghyi—contents. — -
[ et wht: t yped'™c okt - t YPEW] / tme sarah@acmmo.com Sarah Smith
*  Bancroft david@Acme.com David Davies
" Cyberdine
Focused Repeaters
The repeater may also be defined to be “focused”, which means that
instead of iterating over the entire collection of elements defined by the source
attribute, the repeater only shows one element at a time and maintains a Ccursor.
20 The following additional functions may be called on a focused re;}eater
object.
Function Description ]
next .() if focused, move to next item
preYlouS () if focused, move to previous item
begin () if focused, move to first item
end_() . if focused, move to last item
position() return index position within nodeset
In the following example, the focus atiribute declares that a single node
from the nodeset is to be displayed. The action below invokes the template
containing the focused repeater and sets $current to the node list relating to the
25 specified account’s contact keyref:
function selectContacts({$account) |
Scontext .cursor = $account.*{0];
return {$account.*, "focusedContacts.tmpl®];
30 The anchors invoke functions on the repeater, which move the repeater’s

cursor.




The image tag defines the follow ng attributes.
Attri buteTypeDescription srcstringFil enane.

- wonedsiz3mont ent SPat hRaw bi nary netui : typestripgGRIQNER1 7822
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supported i mage type (e.g., "bnp", In addition to the
standard XHTM. attributes, the framework supports
netui : content and netui : type attributes to declare
an SPat h expression which 10‘¥§ferences an el ement
that contains.the inage's binary source. This requires

t hat -Qng.Qfetdheisnqdetypes-sdetine ;a suilahl e el ement
Within ftets: #Men@chmtlﬁeﬁcbnpsttl amsorFef sexamphe, the

cont act sc@ﬁéﬁtp}% OR TaS SeEi ¥kt ended to incorporate
an <i magextdataal-elaermit; e 1;@)&&;1 conpl exType

nanme=" cf{ﬁ;babtl@pe'v <xsd: seguence> <xsd: el enent
name="sal ut at; on" type="cont act sal utati onEnunt/ >
<xsd: ekerentcorarne vofictstitokypesraesds st i ng"/ > 20
<xsd: gl EnERE aFe FagE - typesr iR Rastied (rptyes: - cursor) -
<xsd: ghappit. nane="email " type="xsd:string"/>

<xsd: @P@HEF]FOWaWBW*b#l Gtontypeamtxyd: bassbdBinary" / >

<a href_"$c Tt

</ xsdeSReliRACES EL S R%L&%HP@HBX%{LS woul d be
r ef er/eduit:@=-usi ng the follow ng X 25 <l eg

net ui : cing emtted edblieningoatuct . i mge”

vyno="hnmnmn"/ | r‘l tﬁ.ﬂ
net- ‘fillst L)S‘Eai— uup > I .h_élu e T.h.e S ar’{%rarr_d
<netil : skl ude> tag i By iso i nsert| regfgd elﬁﬂféd
<neemHl . isarph@ambeont enpl a 1 cghi | ef' | email roger@acme.com

[ $¢82F ent =" spat h- expr [ §egougpext | ncl ude tctgﬁue!f_l nes a
t enpl agﬁz ddfhnilt, tfH&Li%e& F&Jeat@%’?c?t}% &uﬁé&“t@ int ?(? iR fist kt’lo%ie in the

i nsert into the current page € optlona curr
aﬁpumtﬁmt aofls ligls Hithe eeetted hﬁ'ﬂblﬁe iy defirtedyiais mbdi aa ¥t ¢ dursor

cope of the inserte | ate. For e , the
¢ S IRCRE e R Sepanby % GintoR anianl Peint Breoeding
exéfii).e, and i ncorporates a new repeater (sz), which
di spl ays a list of Contacts (for a particular
ACCOMNLy: by ST, e N AT~ P PRI U dEE215G *1"nc| udes t he
35 det aq%bflrsttgﬁpkt;{ﬂﬂphaitedam defines its S$current
vari abfg”19: 0% 1 node of the repeater
(i eqpefa:éggim&t ﬁné% %%g‘b’oos/ 114489
PCT/ USS&@@IR&;V&&-;’S 145 <td><ul > <netui: r epeat er
i d="$z! source="8$y.ppcontacts.*" iterator~"$k"> <li><a
hr ef =" Relpeatary 3@1}'@?9%%} theaeEdﬁr il wigck/ehenerits mmmted by

= $z-
%é%aﬁ‘lqgé_ %redteg‘g aﬁ{}@&t‘g..? e or fﬁ%ch&ﬂéetgtéf gl eqcéo?l ains an
t ¥Qpkmtlikd expamtioned beI OW.

<netui:repeater id="id" source="source" 1terator="var“
orderBy="OrderByClause" >

Where orderByclause is conforms to the following BNF grammar (The

SPath expression represént a field value for a particular repeater item):

OrderByClause ::= OrderSpec ("," OrderSpec)*
OrdersSpec 1= SPath OrderModifier
OrderModifier ::= (%ascending" | "descending") ?
{("empty”® "greatest") | (Pempty" "least"}) »

("collation" StringlLiteral)?
Note, the expression assumes a stable order (i.e., order of equal values

should be preserved across multiple invocations).
For example, the following repeater lists contacts by the descendmg value

of the contact’s last name (i.e., $i.1ast).




10 15 root <td> ,table><tbody>
<tr><td>Detail </td></tr>

waioes/st4age Scurrent . | abel () }</td></tr’ PCT/US2005/017822

5

<tr><td>($current.emnil) </td></tr> </tbody></table>
</td> This results in the follow ng output. Repeater i
accounts HTM. Tag beater 2 A Bancr of t
Cyberdine Contacts a Sarah Smth David Davies

Detail David Davies david@\cne.com The <netui : html >
t ag |§n€t§33edeptme:r mcszerst' sb@ve-XidEEncl b idie -Curdant. . page.

20 <net GE3FHYRITE a‘}g"fgﬁg }</netui:htm > Normally
SPat h expf>ascsu<ms<t
val ue i Std>P"ﬁtler‘§3‘r<éPééll gsid</sesing and not processed as

HTM. . </netui:repeat Pat h
cont ai ne \é‘gli%élgﬁ I?H?Q%B B@%ﬁet?\‘bls ﬁr?ﬂfnéq %&%ﬁé&%m (i.e., default)

AN

(8 .eM }u@tbed and the resulting

ht aﬁ@tlﬂeﬂ@y&ﬁﬁnahﬁﬁﬁﬁbﬁ:@ndhﬁ%@rdepe page as HTM. to be
processed by the rowser 5 For exa gi ven the

10fol | ow ag’”eﬁ ?‘g%ﬂ@;gg&ﬁé _'Fg‘ggltt % ﬁfsEﬁ'Sﬁteratdrgp:} "
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<b' gr eaNs{dm ARV ng. te
HTI\/L woul d return the %w%ﬁﬁgy a?;% :fa‘ﬂ%s e o gr‘ycoﬂﬂd@rﬂd

lgest Bignificedesur r ent . product Desc} </ nat ui: html > A
great t. 30 HTML and expressions may be
conbi ngﬁgl@tzppgfj#ﬁ %iee':tsw © html > elenment. For
exanpl eRepcatrd odd b Be ﬂs@dﬂiﬂ ?e?%at% &y ldg.tar(fetﬁ%{e&] bgzllﬁe data

out p&é't bel ow. <netui: htm
<dP9d8li >($current . product Desc) ¢/ 1i ><I i >($current. produ

ct Det aigd }</] i ><ul </.net ui : htm> reat new
f oduc tﬁ(}r é)éa{npféf the node: keyref (v4r) func on returns a list of keyret
elements that describe the possible navigations from the corresponding nodetype.

This may be used as the source of a repeater to display a list of keyrefs.

<uls
<netui:repeater id="§repeateri" source=*Scurrent.a@ke ref (1kr)n i
= . iterator="%iv
<li>{$i.label() }«/1i~ ¥ ) or="5it>
</netui:repeaters
<fuls

The example above would return the following output if $current points

o an account node:

owner
subAccounts
contacts
notes
eventg
gutotes

* s 0 s 8w

The node.schema () function returns an XML document that represents
the corresponding nodetype’s XML schema definition. This may be used as the

source of a repeater to build an input form.

<netui:repeater id="repeateri® source="*$current .metaf) . schema ()
showNull="true® iterator="$its
<tr=
<td>{$current. meta () . schema(} .getFieldLabel ($i} )< /td>
<td>{3$i) «/td>
</tr> .
</netui:repeaters

The example above produces the following output:

salutataion Mg

first Sarah

last Smith

email sarah@acme . com




From t he peopl e who brought you WebLogic. Controller
The controller can be responsible for processing
wEMeE Hagoal sed by the user 40 interface and t@er/us2o0s/017822
dat abase in response to external sync nessages. The
controller can cause action scripts to be executed
and tenplates to be instanti%h d and displayed by the
browser. The default behavior "of the controller can be
ext ended WO 2005/ 114489 146 PCT/ US20051017822 by
inpleneHﬁéégﬁ%% control ler.xpf which is witten in
ECMAScri pt® forf XM. and is essentially an ECMAScri pt
ver si onThé standbrF KH TIVIE. <doipt-riayd seised iol displaninggpet ai n
action and regul ar ECMAScript function and gl oba
var i abligcdefjemintiions. 5 Page Fl ow The controll er. xpf
5file camtdefrrecthecpage’lf| ow for the application- The

cli ent 55 B8 ST RhPTSCHAL i.on. consists of a controller
O O T e e i T SeRehihs of 2 comre

coatrib@k T €7 T1 T @€ypgean congimeberpdon XSCr 1 pt T uncti on and
action definitions 10 |Actions are invoked hy

t et ates (andSEEHEr actlifileBaMEnd. can _access the same

$ W?“iﬁﬂ?i\%?% WEEal $codtRawt bipary abl es: _they are not

b vdi et | y| EBYIRIdi fy [tBrewsglcawppered image type (e.g., “bmp”,

aari able-instead they rlefiitln .a forward arrav that is

i nt er priat additian théhe standard| XBTMLo addbwesithe Keatayesk fsopports

$current and e. Actions.are able to ify and .

St hEtosEan B Ao S B R P Cul P th gn@Bon which

10 strefeferices amdlehic@MHAagRains o Hhdge’ CHIRLS JousdeaTisl iBquires that
al so stored on the history stack. Each application

detrienel the qwdetyors eleling| & suiipblehelsment avitiimi gl KML Schema
I a definition for the begin function (or
agﬁﬁgﬁﬁn'thi s is called when an application is run.
M ni malfoy exanpleh e contacnedlican tsdiomlhds bednugiterlell ab Wadodiporate
array that contains the filenanme of the first '
t éifpiigeestGtheleeabl ayed. 20 function begin o )
15 r et UrRsd:coRBFrypet ALt dontderfppowar d Array 25 The forward
array i<ssqafragreeay of XScript “okl)/jpec":ts (i.e. . strings,
vari abl es =TSP B RERTUAR) IR AP BB ot ed
20 by the conkgeldmer te-thetierpaexstiberingxd tenplate to
di spl ay (&S TpARE VAL ANERY 00 B set, val ues for
t he $cursmentquasyst em vari abl e. ie Tol I owi ng types of
f or wargdobjreet:eear e defi ned: Forward obj ect Controll er
Act i on Thenpodd derefernd rewang Gadellawing gdt¥iled
25 tenplaktietd: : BnventS @i SBAJETL LML ek 12 8NANB - /..
- Thahde Bagdr essi onnavi gate to specified node or
nodeset; 1.e., set $current=spath-expressiion WO
200511 Thagandard <netui:include> tag 1s used to insert referenced
<netuisinclude template="templateFile" [$current="spath-expr"]/>
The inciude tag defines a template attribute that names a template to be

30 inserted into the current page. The optional current attribute is used to set the
$current variable within the scope of the inserted template.

For example, the following XHTML segnient extends the chained repeater

example, and incorporates 2 new repeater ($z), which displays a list of Contacts

(for a particular Account, ¢y). The <netui:include> tag includes the

35  detail.tmpl template and defines ifs $current variable to be the selected node

of the repeater (i.e., a contact node).




147 The forward array can consist of forward objects
in any order. It may not contain nultiple SPath
weeupsesigsons, nultiple. tenplate filenanmes, orfp& ysa00s017822
tenplate filenanme and a navigational string constan
(e.g., "CONTINUE'") . The following are all |egal
forward arrays. 5 return [ " " ] return ["hone.
tnmpl™ ] ; return [ "hone . tE@gK $root. @@mccounts.
*]1 ; return [nextAction] ; return [] ; 10 Note,
acti ons<dghat- return nothing, or an enpty forward
array, do ALl Tvertef ya-tfre sBpagesyamdorPctalbf @ftatorangkns
vari abl es;. thi5ap. iié%dﬁjfe\?%ﬂ“é’ﬁtg?}d/ﬁ”é/ﬂm ni ng
5 [ " CONTI MuE]ea> I n t he exanpl e bel ow, the action uses a
cont ext “Farj.abl e, to_ erforma calcul ation and on
suCCess</Ravi gat 6s t o the ShOwWerder “TRRpT- el oeletr or
t hBhe dBaacttndd tedbmitd Redine@befIt ext vari abl e and
instruct® the controller to remain on the current
tenpl ate. “FUSELEDIT, Gal ulag.eTotal () { if (Scontext.
order. qty Ofr-26i-ReapdeXbsl)}Ofhaz/cxError: Quantity not
15 set."; rg/ttglt’ﬁ‘ﬁ@’ oNJEiL) </§d-</Bcont ext . order. total =

$cont extzaor def - price * $context.arder.gty: return

[ " showahdemkesilmh e folewiEldu@iig, ACtions can provide a
pism-for the application to nodify the data,
Oty the—iPEERterplRerdr> or (ol GFfeci navl palion.
or ‘exanpl e| " altiols m{htLS™r eat ef br Sglat e pOYiDgvies
, conmpufe a total ¢m achghhd cul ar giggeset Gid@Acme.com
tedirect th browser 1o a different payds of fthe data
nodel . H§Medagi n one embodi nent, tenplates 30 can only
accessTﬁ ta stored itn the | ocal data cache (or in
Scont o3l ket BT -5 Uerk PRI BiMlo it thercaoent page.
20 Wit h<nekti errial seeypsdaei®/ néivi-auiihe i nternet). Actions are
 uokeboyltiiha smsims s culan g RGNS S i
R s PR ot pHRsRisd 2 Tl blowrove all kauated SPath
Sppeskiboaw cosamta de | Sehine Pl 454095/ 017822
acti on-namei nvoke gﬁ%e%lhtgrg (ﬁ)i%"tuggi ag;&agﬁlag% ?ﬁ%ﬁ%‘ﬁgbcgfg are
- gaserted dptadhe pagean i TNUEte e proicassed by tiertrotesp| at e

25 BACK ' ' Ly stack FORWARDGo forward in
hi st %&%%éghﬁv%b%@#ﬁ%& AP $988005/ 017822 148 10
$pagErF 6o L0 mAt<ae<tbdpar ainef prpaam@al, ... ] ]
1) The following template HTML would return the output below:

<netui:html>{$current.productDesc}</netui:html>
. A great new product.
30 HTML and expressions may be combined within a <netui:htmls
element. For example, the following template HTML would return the output
below: '

10

<netui:htmis

<ul><lis{$current. i i i j
35 </netui;htm£f en| productDesc}</11><11>[$current.productDetall}</1A><u1>

* A great new product.

* From the people who brought you WebLogic.
Controller

The controller can be responsible for processing events raised by the user
40 interface and the database in response to external sync messages. The controller
can cause action scripts to be executed and templates to be instantiated and

displayed by the browser. The default behavior of the controller can be extended




Exanpl es The foll owi ng anchor decl arati on invokes the
foo () action, passing in a string paraneter. <a

wotoedmadpwageFl ow. foo ("World') ">Foo</a> The @elni9s/017822
definition (defined in controller.xpf) is show bel ow.

function foo($p) { $cont ext.bar = <hell o>{$p} </ hel |l 0>;
return [" CONTI NUE"] ; Inthlgé:ase the action sets a
$cont ext vari abl e (an X.blL object containing the
i nput parameter) and returns control to the current

{ eppliAbRmeANRy b BbAN AL PYARR L SwtfbY fmﬁgmgéﬁg%drn L and is

obj ect "t hat c anges t $current varia
thessnm@bébf@tn%MAeﬂmpdv@monhéaéEEpunts keyref 1.5

A S o e A R e

t hgnd glebalRAsgble ABFNitdAs.al sO changes the current
terrpl ate. function exanpl e2($p) return [ $root,

> "bar . t BegqFloy 25 Timers Tiners inpl emant a sinpl e

t f u
o1 eor SDEPoR T RG ME p i qtngrihe ek oM g epiicahcn. The
af ¢lnt pars L&A ﬁmﬂﬁau@iﬁ&cmstsaﬂq de,ﬁhbnaédelfm% 5&%['%%& a set of

intervals. var tinerld = $pageFl ow. addTi ner{call
e‘leﬁlﬂafesperl od]); 30 The function is called on the

ot el T ey B LE AR P RsbET hlobhi and BB definitons,
10 Camﬁinﬁlmrm\@keﬂ Whh@htb§(daﬁﬁﬂhér0a&i@ﬁ®e£nd b Eédé?sr the same

$pageFl ow. addTi ner (timerl d); The function is call on
t h&Oatp SGTems\and bicattexh warighdesy iy @R nodahld direstly to:modlfy the

I
Prlcfteb Y GHBlAL kERAL hbf Perdely forlBla L% BRESS irvprpmetod oy the
nawetroifertth eiefeunﬂtel e g'omcmuokmﬂs;pagh eA@ﬁ«bﬂsbﬂ@ Kble $o modify
as the {imer a.counter
p %%%&e#%&&f f/ Plégﬂ% &gl grp aﬂsefélé? B35S (sigie to and from pages.
15 m]hﬁé.@cﬁﬁé%@@é&e is alsla%{dr&iﬂbﬁ‘ih%%%t Té)a' l'y, specifies’

-the repeat interval (in ml Par amet er Type
Descri Hachappi®anon dﬁﬁﬂwﬂﬁm’bﬂ& 1FPI@I WHS‘]&%BﬁIﬂJlﬂﬁﬁﬂally include

h I t.he fu ion fog()
S &cg?%%iolnr{& bl g@hlgm or a&rg:)l this is caﬁ cp w]tlen an apphcatlon is
run. Minimally, the begin function should return a forward array that contains the

filename of the first template to be displayed.

20 function begin()

return [*home.tmpl®];
} Forward Array
25 The forward array is an array of XScript objects (i.e., strings, variables,
SPath expressions), which are interpreted by the controller fo determine the next
template to display (i.e., $page variable), and to set values for the Scurrent
system variable.

The following types of forward objects are defined:

Forward Object © | Controller Action
| template-filename navigate to specified template;
' . i.e., set $page=template-filename
spath-expression navigate to specified node or nodeset;
i.e., set $current=spath-expression




i medi ately schedul es the bar () function, then
repeatedly at 1 second intervals. function fool) ( 5

woznostiisaer i d = $pageFl ow. addTi . ner (bar, O, 1OQQ)TIU52},03/017322
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timerxd int |dent|f|er for the timer object.

function bar(tinmerid, count) (

$root. sel ect (ppaccounts. * (r)P ntacts.*.a(r)tasks.*. w
here(.priority == 1)); if (count == 10)
$pageFIom1canceITrner(trnerrd) } } 15 Here, the

Calaebagk nb I CT T 0N, b IIIVOKES - &rl ﬁ’ctﬁ)‘ﬁ'c@%‘t@gls 571 b% e

t whi h Il )
oper ati on, ich  po hih g erver

d defined Uy tHRe—Sl cu. Tt Vnr ession——The timer
ST A T A e T i

cahcel TinerO system f@@rb%qkdﬁhlsﬂqms@ﬁ%v\ser [ ITD| enents

a EPHBRR 1 hr eaded exdd@e faswardoddistorylsiackf ore, the 20

c aI I bac Ifht: doretaidarays part cexie of fawadd dgasd ity drabNe may not

A ul?[f: {leturns Hrstoré Each tine

‘?’g% i"BHYBC %f FRECHPI ARUDSCEMPAY flepprgest 2 template
tugl&m@ I st, cessi bl
t he $hi Sﬁ?;%gﬁi%?gﬁ]{as;” CBh&a%’;(?ﬁl e&ﬁrﬁ%ack 6 §019¥wmg
sy&temacksish fCanees arhege val ues to be rolled back to
25 thecprheveard; hi story state; simlarly forward()
novesrethreSeéhotad . w@sl'ie t he next history state. If the
user Iroves "bemsk tamd'  t Besvtcausesust sdi+f f er ent navi gati on
to octur [pExt@ctigidgt ead of noving forward), then the
enti rePEiwdrd history is truncated. Mving backwards
and for%\%??dé“t%so%h retpe Bpthings )Orsﬁtlla@kmpr é@urravcesamay,e do not
3 e vaI al | eaters
vg]llﬁe are %)I 0 pr&esﬁ"lecru ved Vﬁ'g%bl%ﬁ Ithls$ ﬁﬂ@%‘leﬂ{ fo returnmg
varcaitmezer.e part of the history frame. The functions
defi neq%vgqr t he $hj stor{@obj ect are defined above.
Page Fl EELRPPE Iley, quousﬂsﬁ&tﬂe@@ﬁlmablemgwrfonn a
fl ty t 35,100 agram
o e B o bR e B L s e A 1 o, he
k eytief se)ts theti eaupr @omtedn) vambreeeﬁﬁnhﬁnfctﬁw agRrdliep\h rérﬁlélﬁ Rn the
consui ]g]fgtfour tenpl ates-each with a dotted i

®450 PCT/ US2005/ 017822 |ine indicating the

$cur rentionodetsypeca1Thi s scenari o i npl ements a custom
oper at ﬁ%rfct"tjeﬁng;fg;it 8 Yot e recLuest for a particular
account . -thirs rexainze . 11 I-0St Fafes*the process of
creati hc% cust om obj ect (quote request) which is
used aSColB oionbEX {i‘f"“ﬁe’%é’l"‘@&tpr’c’iﬂé’r%tjltte’ﬁ orferTyte: Hone
tenptate cont ai ns repeaters that enable the user to
navi gatetiois a

Actions can provide a mechanism for the application to modify the data,
modify the current template, or to affect navigation. For example, actions might
create or updaie a data node, compute a total on a particular nodeset or redirect the
browser to a different part of the data model. Since, in one embodiment, templates
can only access data stored in the local data cache (or in $context), actions
provide a mechanism to interact with external systems (via the internet).

Actions are invoked by template anchors. Action invocations use the same

- synitax as regular ECMAScript functions, except that they are invoked as methods

on the $pagerlow (controller) object.




particul ar account, which invokes the Account Det ai |
tenpl ate (see below). The AccountDetail tenplate
woS003 B 489l | St of previous price quotes and enagighasobhésirs2?
user to invoke the createQuoteRequest action (A). <a
hr ef =" $pageFl ow. creat eQuot eRequest () ">Create Quote
Request </ a> 10 Thi s causes tge foll owm ng action to be
i nvoked. function createQuot ﬁéquest(j
$Cont ext . quot eRequest . prodl d
$cont avQl eRBeauss ¥.5:0;..15 ret
I "cre%@ﬂﬁ%uest%ﬁ%ﬂ%' ]1;[' p} a'ﬁ?f[ﬂ s g{:]?i on creates a
<quot eRequest > XM. object within the Current context
and set $hy &dlleeding anchobeleplantizg ianskegtiye ebd {)dackib8Badsig in a
Note, this creates a well formed <quot eRequest >
el SHESHPIAWET s equivalent to the following 20
-5 expr te&sﬂreﬂs.s&@eﬁi&aﬁg&y%&@ﬁﬂq%&b =
<quot eRegluLS < ,
The action tﬁgﬁgﬁgt urﬁze g@&%’rgg%xﬁg%gﬂr]ﬂ%g %Egﬁ%{]gtﬁ %{BW'
i nvoKI" ALY f’gi};’r:éqlglqgg{gg}g)ﬁ%gu)e;st tenpl ate wit hout
changi ngot-ha $enrreant vari abl e. The
10 creatle%oteRequest tenplate is shown bel ow. Note, that
$currenf 8H5 |gasqothat &ctiops sety a heoatedunerislide(an3dM8b object

40 <p> . rent . | el()}</p>
SRSRPERHE B RO YERnd ] gl T o B R bt empate
net ui : bitied flfwming extansplot @Refsest fobkad! dhear/thal™ changes the
</[tr> <tr> <td>Quantity</td> <td><input
néeuTrBitigEals b peint atdﬁw@m@ﬂr@gta@d;bwmﬁcmm sckeynsf.
15 <tr> reictics akspangp2] > <i nput type=,, subnit"
val ue="submt" onCick=" subm t Quot eRequestC)"/>
</tdy T (EYPREYYS<Iable> Quote Request for Acne

:Fl’rs ‘i ductryk Qoﬁ%‘ﬁﬂfgi é})ém%lé/\@s%%g 414489 topg%gﬁpﬁz&lg 514)9#12(?&,2 and

20 also changes the current template,
- function example2 ($p) {

éééurn {$root, "bar.tmpl®];
as Timers
Timers implement a simple eventing mechanism. The addTimer ()
function is used to register a callback function, which is invoked after a specified

delay, and optionally at regular intervals.

var timerId = SpageFlow.addTimer (callback, delayl, periodi);

30 The function is called on the $pageflow object and returns an identifier,
which uniquely identifies the timer instance.
Parameter Type Description
callback | function specifies the name of the function to be invoked;
. the callback is passed the timer ID and a counter.
dela}y J:nteger specifies the initial delay (in milliseconds).
- i period integer optionally, specifies the repeat interval (in
L milliseconds).

The cancelTimer () function is used to cancel the timer.

$pageFlow.addTimer ( timerId) ;

The function is called on the $pageflow object and returns an identifier,

35  which umiquely identifies the timer instance.

| Parameter [ Type I Description |




This tenpl ate enables the user to edit the
<quot eRequest > el enent created by the previous

woembi/oma4s9The form submit action copies the curpcanis2besroays22
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val ues into the bound $context variables, then invokes
the subm t Quot eRequest action (B) below 5 function
subm t QuoteRequest () { if 49

($cont ext . quot eRequest . pr odl 4

$cont ext . quot eRequest. gty <= 0) return ["CONTI NUE"];

g'Se {10 pcurrent. egquotreaequests . create {$romntext
| gwetreRequimst ) ;1 eliddomifier BAGKE YimeFitdjael i on

per for mexawgdle dation on the <quoteRequest> element”s
values 15 and returns to the tenplate (CONTINUE) if '
there I8 the élioring orvaplg,sthe ffancligdstedie sets a timer, which

<quot eRequest > el nt t he ot eRequest s. keyref, for
© PR Bl fen TP ) Rctp gy Greasdy ah b 6ikaq it s
var i @btceicnsoali wel | - f or med <quot eRequest > el enent
cont gi AFhGEHE VEPTES" O PFontt HE%Form for
exanpl e: 20 <quot eRequest> cprodl d>W dget - Z</ pr odl d>
<qt yfi‘qgﬁgl" ﬁf%ﬂi‘e@/iq’a‘q{“ﬁ%gougsgamt sycgess, the action
navi gates " REG T he Previous Aceount 58t affrorey ==+
t enpl ateé f§cBﬁtCK% 10)The AccountDetail tenplate, bel ow,
di spl ays PRETT P P8 %G1 hr oni zed pri ceQuot es.
<p>Agcount: {$cur)::ent}</p> <td>Product
| D</ t d¥kire, thpi @allback Shhialipa) barf)inoekestaldeep select operation, which
<ne{]ui . repeater source="S$current Igezi uot eRequests. *"

3 o

i Palls theservyer for upslaigs &9{@? dgqad;at the SPath expression. The
<}iijnfe£ 3§ ghoelied to‘i‘1>th§<f(}ﬁ'> ﬁﬁ?gﬁo}ﬁ% ;Uég: ?;og\{ei ERLer¥lhdD system

</netul :repeater> 35 ca
cfimmtienuot eRequest ()) ">Create Quote Request</a> This

=

LT 2 o o U P b S BT e

Veslgatk MalRAdm fp QR MM elDAleAL B ke 8AkSy Melich RagHES!

Not e, the subm t Quot eRequest action above returns
i mredi Bi#0yy, so the new quot eRequest node will not

di spl a jce field until the server, has . r onded, .
w oh abadh BhleCRhiiof Bl cdbud D0 n. b SRS e is
Thllased a1ito tHeMlistassdiamks adcbaiblabyaid SHigeryCdykient vapablcbeen
set-up_and with a view mapping //alcheny/mas to

C: \ al chating b badkbsyskm peflanowiuses thevmuaites tode wiiad back to
the ﬁr@&i@ﬁg hiseoy Cats? Sﬁnﬁﬂ? fo?\péydbdmtot}gs Eﬂe@g%%reg 1o the next

history state. If the user moves back and then causes a different navigation to
occur (i.e., instead of moving forward), then the entire forward history is
trancated.

Moving béckwards and forwards through the history stack preserves the
currently selected values of all repeaters; form values are also preserved since ail
$context variables are part of the history frame.

The functions defined for the $history object are defined above.

Page Flow Example

FIG. 10 illustrates a simple page flow for part of the CRM application
1000; diagram a) represents part of the data model (schema and keyrefs); diagram

b) represents the page flow, which consists of four templates—each with a dotted




C \al cheny\mas> p4 sync C:.\alchenmy\mas> ant rebuild
10 Running Applications The prototype browser can be

wo nugkagkovi a the browser's ant build file PCT/US2005/017822
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40

(\al cheny\mas\ src\browser\build.xm). The follow ng
runtime variables are defined: Runtine Variable

PCT/ US2005/ 017822 Bui | di ng th?sdDr ototype To build and
run the prototype, the followng applications need to
be installed: Apache Ant, Sun Java JDK, Perforce

cl iimetin fol.l owi.ng. enyi ronnent

vari abl.gls% E@]%ﬁ?%%gﬁggﬁbéog%%' En’gl:u!r; oér?ﬁ%}o %Blieg%q%% 4 custom
Valopembemitngniietd abietANFqUEVES. a particular account. This example
"av. \?rach -ant-1..5.3-1ant hone g“'reétéory BEA .

Helsa IRSAEBPSS PEGTEER HPUqD phical (quelesequestd, Movrds used as
' avig éog&g{{(bfélse@eagﬁeﬁﬁgfg di rectory Pat hant, Java,

perforce bin paths nas.appnane client. geonetry For
exanpl e The kenfeliempldio gordainmreepdaternitbitenabledhdnansenavigate to a

- 1 i gat li cat i wth th
;gg%:u ) g{j QC%DHE O\Wr}g%/ll} gr’?vogﬁ %Pc‘? Alcgo%nh%%alwtemplatee(see below). The
.- Accduntivathil exssateRubive i of JeRSuS 6@12%1‘&* A
--Dcli ent. geonetry=400x200 run | tui gﬁco veni erﬁitentagles the user
cr ©fiEoks the exeptefdupisReauest actiom{A)bat ) to invoke this

a2 e MO 8 0. L0 8 SNUL AU Rl

set ti norj;Reada ﬂgegﬁ]gv : . %/ﬂ@l abl es:

Envi rgﬁgnentavirlkg\gf)e or pajé:P%@EalﬁV al ueMeani ng nas.
appna flepEct ey wpptiication to run. mas.

appr oot%&ﬁe%@geﬁzggﬁ@aﬁd%aﬁpl fcation directory for the
server cgnk)/&pent (only applicable if nas. singleproc

is sef TOMASTAPPRARERIKS PRAPS Meani ng nane of

app! | cafiockion THAA! a SLALL ROl RAMSReoMIERN L 28
(e.qg. 400x28(1)) Neani ng gg%%lﬁéf&u%sﬁpl i'ca i‘% “'%’P hl’ e Chrrent
amontes bandosetsovabys for the pFherpaminastdheld eVeidndd INLETAYs creates a

incly%e thefolovvin settin s: i i
woll Tormed <quoteRequest> element and is equivalent to the following

expression;

" $context.gquoteReguest = <quoteRequest><prodfd/></qty>0<qty></quoteRequests>;
The action then returns a “template” forward path, mvoking the

createQuoteRequest femplate without changing the $current variable. The
createQuoteRequest template is shown below. Note, that $current still points

- to the accouni node.

. <p>Quote Request for {current.label()}</ps>
<table><tbhodys
<trs>
<tdsProduct ID</td>
r <tds<input netui:bind="§context .quoteRequest . prodrd" /></tdx
L4 xr>
<trs>
<td>Quantity</td>
<td><input netui:bind="$context.quoteRequest.gty"/></td>
</tr>
<tr>
<td colspan="2V>
) <ipput type='"submit" value="Submit"
onClick="submitQuoteRequest (} />

</td>
</tr>
</thodys«/tablex
Quote Request for Acme
Product ID
Quantity 0




WO 2005/ 114459 PCT/ US2005/ 017522 153 For exanple, the
foll ow ng command runs the browser in client node and

w0 D683 1aRe dat a persi stence: Set MAS PROP$ PCT/US2005/017822
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- Dmas. si ngl eproc=fal se -Dpersistent=true Note, the Wb
service URL defined in the service definition (conduit
meta 5 file) can be nmapped ;@ a physical server by
decl aring a physical |P addr d in the Wndows hosts
file (C \WNDONB\ SYSTEMB2\ DRI VERS\ ETC\ host s); for
exanple, the follow rosts—fite—decharati on maps

t he Web_servi ce above-—erto—t-he—-alchemy! test server.
irlsifpiebles e 0UISE B lin dhonF et eRg mee s cloment

tr ' j i [ : . .

\ a%ﬁtgﬁ{%ﬁfﬁﬂg&u bghg :}?,lgp S‘i\pptiagté?nl 8?PIE§aE ‘C"acgv‘lrr o at form

Thealtiesih® the bomd gphesentaidbies, theh mvakek e E86HiR0NoteRequest

st r“r%fz)tﬁlzﬁ? for an individual 15 MAS application. apps/

apf RPIBF cation root directory Application sub

di r ectwsyor thpmib@bretident) start-up script schemas/

* . xsd Aﬁpfjsg’g;ﬁt,ggoﬁ;;p%ggﬁﬁypﬁm et "atiatcartert HaterQurrdidty <= 0) |

met a anpl keyrefs cl'rént/ dient application files

cont r ol #te¥ ! xpf page flowfile * tnpl Tenplate files

BT T T SEPT T RoP RSB DenD W5

P

.mas/ Cachg Tt
projects The prototype loads all files within the
schemas_and neta directories. false); note, client and
server Hpphitieatnedarmas validationes thhoatietdpeaeisitt calement’s values
MBS, - | ent AME A5 cifies an alternatiye
cl’i éllnrf3 g)setrguthne mg.ﬁggénane“a&%ﬁ?g% © e f‘gg{r\, ?hemuse, it adds the
apfubeetlda@ss tt ElbBedPlol the aPEdHg8 DB B HRNdurfent account.
(e.g., the navigator) to interpret the a lication's
meYefe. e o5 coppert - gigteRpquest variable is a well-formed <quoteRequests
aRIL RN gﬁ@/ VB i fle he. appl | gati on
di rect tct)}:gljlt%or the cp%gt%ﬁj.ﬁaqnﬁﬁ thc?fff)}énmefor.g’%lm Ber f al sel f
true, “HHEATSEr ver dat es over locally nodified nodes.
mas. siﬁ@ Eﬁi&%&fﬁé&d £{>r ue, the browser and server
runs <steisBabgre in a single JVM this

Oun success, the action navigates “Back” to the previous AccountDetail

template (BAcK). The accountbetail template, below, displays the list

of synchronized priceQuotes.

<p>Account: {%current)</p>

<td>Product ID</td><td>Quantity</tds<tdsPrice</td>
<netui:repeater source="$current . @aquoteRequests.*" iterator="ir>
<td>{8i.prodIid}</tds
<tds>{$i.qty}«/td>
<td>{$i.a@@quote.price}</td>
</netui : repeaters

<a href="$pageFlow.createQuoteRequest (} ) 'sCreate Quote Request</a>

This template would create the display below:

Account: Acme

Product ID - Quantity Price
Widget-X 106 2000.00
Widget-Y 200 1575.00
Widget-Z 100¢

[Create Quote Request]|

Note, the submitQuoteRequest action above returns immediately, so the
new quoteRequest node will not display a price field uniil the server has

responded with a synchronized quote node.




requires that applications are already |ocal!
depl oyed. mas. persi stentfal seDet erm nes whet her or not

wobisgligent cache is persistent. nas. PCT/US2005/017822
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server CachetrueDet er mi nes whet her or not the server

cache is used. mas . usernanenoneSupplies user's |ogin
name. nas. pas swordnoneSuppli %2 user's password. WO

2005/ 114489 PCT/U82005/01782 54 The application root
directory (/apps) corresponds to the mas . approot and
mas. cl i%gﬂ% runti me properties (above).
Deploylﬁgﬂgﬁ%t aﬁﬂﬁ% Appl i cations Applications can

be depl By dahiltioartch eurc ticepiotdtymn thd €oldMangr applic AGudi deBl o be
5Vbrkan§%R é Vor k hop must be running the application
melfiSgesd Serarar mbéﬁVév&P Trsfosgspriicit BEA ¥owpboed b The

(%ﬁwﬁig'e%rgﬁﬁeﬁwaﬁabm IBII] JikeBe s@nd schema 2.files

bove) 1fust first be zipped info a single file
(afgplag;t‘ ; to dd TMPﬁaSVB‘Uer eate a new%r peahing e, then
ant i v o lons £ - s\ apps\.crm

(e ok T o—r ;ﬁaxé&agadxe\aam $-3,3-1 ) -ant tlome dirgctonyr

ﬁ?%g&b 3V \'vﬁ\ "bﬁﬁ wehl ok Horm directory
th‘? B -0 cal i 1/ mas- 315 mermregtqm\,
take a while. b/di ck " Browse. and %ﬂeﬂ @c‘!ﬁr peréorge fin
i iek—"Dewl n\l" to—upl narl fhn anHg9lds onhto the

ser vor TSt RCHED BR P GEPT A @Helﬁ;h et ohp BB 1o
¥ gﬁéf}?[ﬁgy / )aaa%\égt)ly/ s W, %gf@ﬁeﬁy{?%e [ﬁef‘tﬂ% ﬁéﬁ%\%%gi c% %ryr(]is: 1o

or each application
osyndibe ddtest noyrce nodet dnd rahzhldl the ﬁ'amwwerki n single

=0

(D

5. pr eoessode. g,yvlsiugout speci fying an mas. app

pr operialtherykiass Wit deniibvoke the app sel ector dial og.
20set RABnRAZRBiptchti®S. Si ngl eproc=fal se ant -f

\src\br%REer\bul ad. xn] run 6, Enter the
aﬂl}?. RIQI9TRE LREWEFT 621 hee dBpkSpr Vit dhedrowsesse antl build file

k\a%h%\mgy{g}lclqg%&{;grﬁﬁgl lcathon Manager Server 1.Set

e foll'owmng glo environnment variabl e 25set JAVA
_CPTI Cmscfcﬂ%msngapnanableahﬂ&Hﬁny&rnas\ apps 2. Load

e e\ -rRSi-Ws—Wot-k—i-nt-o-- ok l(thh 2

_l'!ﬁg é‘ﬁéﬂigo\ S+-€ ..u\_,
Doublevcllck the ¢ORTVSI ! er. ipf file in the project

B:I

pafe afpndrie Pr onpt ¢dameloflapBlicitén lﬁ!@%ﬁ%?staﬁaﬁp HEe 1 em

Celickt | simabhy ;Fhutbrc%ermﬁo% 198 ( g 4R AGET
war ni Ng§y akLna! thel Bl1b

- WebLogic Selrﬁver " St‘g?%r@o og| o g%?ﬁ%égér 1§ the
t havigadonapplicatomavitle the Speunﬁtmmrfdowmu ng command (saf e

to 1gpake h ry\%pclw s £ 0 n&lL8 ¢lient.geometry=

C \a:haherry% IT%S > a%tk Jég%gll %H?I;Jép g })1 t. g Ery=400x200

It is convenient to create a batch file (e.g., run.bat) to invoke this

command.

The browser can also be configured by setting the following environment

variables:

Environment Variable Meaning

MAS APPNAME default application name

MAS PROPS application properties

The properties variable may include the following settings:

Property Default Value Meaning

mas . appname none Specify application to run.

mas.approot none Specifies the application directory for

) the server component (only

applicable if mas. singleproc is set to




7. From Workshop, click the run button (green
triangle) with the 35Controller.jpf file selected.

wae@stuasd y (after the standard sl ow server bogmighsRapso17s22

10

15

stuff) you should see a web page enunerating installed
applications and their URLs, along with a Depl oy
button to upload a new app. 8 3Clreate c:\tenp\apps for
client app depl oynments 409. Slesf the foll ow ng

envi ronment vari abl e: set

MAS_PROPS=-Dmas. CTirent " appr oot =c\t eRRSEROS, Gient and server
- Imas. si ngl eproc=false 10. Run the|tglida60M digct6RETBAG be
-1\

T USIO0%) GEFaDs 1587 F° Paste any Egae;‘@ﬁgae“ Lagﬁg%zﬁl’? Lkt run
in the web page (above) PRt the di affign 8Rtles dohdrb Kiente (o.0.,
Install. Eventually the applicati on{ tehévidoenlto stegktice

C -‘r\lf\ mz\ L nac) st :\fbr owser_> ant r lﬁiﬁmt-?ﬂﬂr)/ 114489

e ke e e A H—-o8—ahd—\vou—can mliﬁggiﬂn’sqnemFa. :
:ﬁaéér’fg:’i gz%ﬂl" ﬁ?}f]{oodrt;s ﬂpc:lllierél%\nras Ea@(?h e “ﬁ?ﬁ%f étrllﬁ appligation directory for

noas ¢ligmoelodbee pedldeC” MAS Schend] ¥kl tmeHSITE u;Sciafes over

bH-owing-.schenma-.di.rective:. <xsd: i nplogtly modified nodes,

AT FARESPEP R beal MEE" schenmLocat § Bbifue: fadrovser andoeguns

. B A 5 longin a s P ]
AS schema file contains definitions., %tﬁéﬂﬂ%ﬁ%ﬁ%%?ﬁewy

types. 10 <?xjmd version="1.0" jasamdeneyed

<=l N R

XBIF - EeFrafhctar get NEaESpace="ur n: beaRetmsihes whether or not the client

cache is persistent,

<
X ll.i.laléb_—uw ) I RS 2
T he S de Rt o 1 ] Mewa. or g/ 2001/ XNIEEREgRgether or not the server
el rarentFoendef aul t|zicgaal 1 1 ed” Supplies user’s login name.

nasi- brsePot nDeaul jtrehenqual 111 ed™ > | shippliessels$hERGE.TYPE

nane=" i kT \epahplesthedollewingi cbingihd runs the browser in client mode and
base="xsd; anySi npl eType"/> </ xsd: sinpl eType> 20 25 30

<UL QB Agte g"‘;‘:ﬁﬁgﬁﬁérre:" nodeSet Type"> <xsd: sequence>

CX S d:san yasmrnfEE OhidsS R ndlep3RX 6 € U dk et rue

</ xsd: dbgeighe YebsesdcaURL dufihed fiodie sk REhition (conduit meta
t;;cﬁé:"xid: string" use="required"/>. ) ‘
</} M@Pﬁﬁ‘gﬁ YeaalseysT B topeirmaphysiesd tHypdéresssin the

<XPHid6WE WB&L AN fWE%SF%%ﬁ%@B %Bg&%)%gﬁfc:\gaﬁteﬂc for example,

<xsd: conpl exType name="g p
<faifollpemarhostseile dedatatiber mapk He0Wsk getee@bove onto the alchemy

<[ xsd: conpl exType> 35 cxsd: eonpl exType
ngeﬁigergelrr or Type" > <xsd: sequence m nCccurs="0"

max 0 ECLY7s33" 14N ountke dén>
Debugging

All  emors and trace informatiom is  written  to the

\alchemy\mas\alchemy. log file.

Application Packaging
The table below represents the file and directory structure for an individual
MAS application.
apps/ icati i
Application root directory
. appName/ Application sub directory
run.bat : Client start-up script
schemas/ * . xsd Application nodetypes
metadata/ * . xtl Conduit meta and kevrefs
client/ ~ Client application files
controller.xpf Page flow file
*_tmpl Template files
Jmas/f Cache files (client/server)
workshop/ BPemo WS projects

The prototype loads all files within the schemas and meta directories,




<xsd: choi ce> <xsd: el enent nane="pkey" type="idTypee"/>
<xsd: el enent nams:"syst ent' typevv'syst et nError Type"/ >

wodBossdeel ement nanme="nessage" type="xsd: strlpﬁg,[fsaoobmﬂsn
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15

20

25

30

35

40

<xsd: el enrent nane="field" type="fiel dErrorType"/>

</ xsd: choi ce> c/ xsd: sequence> 45 </ xsd: conpl exType>
<xsd: conpl exType nane=' systenErrorType >

<xsd: sequence> <xsd: el ement 1A4dnme="code"

type, "xsd anySi npl eType"/ > <xsd: el enent
</ xsd: sequence> 50

name=" sa d string"/>
e R AL oot S0 BT e s s £ 50 o

fi Lr B rod el enent
naﬁn%i%godglg%égpe@ " ﬁgﬂnygl ﬁg‘%ﬁ% @569‘2 <xsd: el enment
nanme= "Dedeyge dnd Wﬂ@hgs‘q:phsatmmg"/ > 55
RREL AT TN by et
Usbridsh)l face WO 2005/ 114489 156 PCT/ US2005/ 017822
(cal LodVotshormgconying dhs ip icswmizmansgexhet e (reabelosd
cal Le :
t he Rodhegappfitationivenponpnts (detoliemenipthtie megefiks pieschema
from t hefileRhbevehmpise ﬁmﬁlmlpﬂ%ﬂ @ b ghOfiROGPRER); fond this,
syntax. dqédte ahew Z\ip fileS fheh RE-VBE Ehide! pggﬁh (e.g., \mas\apps\crm)
- Dnas. apg S 4ir® Plave BT &wu% tiPkethe
navi gat wa ﬂ{esgppﬁgﬁmﬁl li{mé(%kg d tﬁ‘?/’m %&ﬂow qﬂx 461 /mas.
r oot ”0 thf‘sm f%ﬁ& %‘Tgls € Too

accognts fg é ﬂclaectg the correspondl ng
nodes are %the accounts
' keyrléf | s ‘Ely atr‘?dlﬁ?ﬂ; APREGHEAR I fhetervstfin the deagtion

are K PEFIB APV oot A accouri ti
Acnet Bé‘h@ radmtn mggéiasmlafv@ th@élﬂplosaHR&dbo@am appligtios.
sel ezt d0, “imstaltthe apgdioatibs onsboclient,adn whe mobibebrowser in single
- process mode (without specifying an mas.app property; this will invoke
the app selector dialog.

© set MAS PROPS=-Dmas.singleproc=false
ant —-f ..\..\src\browser\bulid.xml run
6. Enter the application URL into the appropriate edit box and click OK.
 Running the Application Manager Server

1. Set the following global environment variable

set JAVA_OPTIONS=-Dmas.approot=c:\alchemy\mas\apps

2. Load \alchemy\mas\src\masjws.work into workshop

3. Double-click the controller.jpf file in the project pane

4. If prompted for library upgrade, say yes then click Install. The red "could
not be replaced" warnings are safe to ignore

5. Start the server (Tools = WebLogic Server > Start WebLogic Server)

6. Afier the server's started, run the following command (safe to ignore the
WebLogic deployment errors).

C:\alchemy\mas > ant deploy

7. From Workshop, click the run button (green triangle) with the
Controller.jpf file selected. Eventually (after the standard slow server
bootstrap stuff) you should see a web page enumerating installed
applications and their URLSs, along with a Deploy button to upload a new

~ app.

8. Create c:\temp\apps for client app deployments

9. Set the following environment variable:

set MAS_PROPS=-Dmas.client.approot=c:\temp\apps -Dmas.singleproc=false

10. Run the following command:

C\alchemy\mas\src\browser > ant run




account nodetype (i.e., sourceType="account") are

di spl ayed. NodeKeyr ef NodeKeyr ef root account sAcne”
wonmgii4dancr of t ~ subAceount s Cyber di ne cont acteT/u920d5a8 7822

events " tasks ' uotes 15 This navi gator uses the sane

tenpl ate repeater and navi gati on nechani sm descri bed

above. Therefore, it is possi 959 increnmentally to

extend the default navi gator1 with customtenpl ates,

actions, and page flows. The automatic UI conS| sts of

two 4enpldd 8% of tﬁ@ URLShistd 1r”jﬁ & %’e t?ita and
e e LR R A
sel ect ed” F’r?ea% Y‘?e ?l%iflhg list of cont act nodes

di spl ay, de f NodeKe ref Node root” accounts”
> Acmen %ﬂiﬁetﬁ A Bancrof t® subAccounts'

Roger |§§¢a51 d@%i&%?ﬁdji d i ! A
events ' tgsks n egﬁof ggﬁ*\?%%z%a%ﬁi&%%\ﬁu%cmg%ma file

POBIBR Gaoriny sdemasitektéser ef s that the user can

nNavi galLikQr duflpSLCONGel SR AL oSl DO na Aol | " form
Vi ew  ofheaMAR dohé&iia Ble ddRBEhs definithfis @&leﬂﬁﬁlﬂéwﬂﬁ RRVIR tFpes.

10 once a keyref is selected, the node |ist of t

aSSOQkﬁ%@:@&Q@%&Eﬁg ?‘igﬁli'bé&, ﬁaq," ax%ln%—“l I St mas"

<t abl & xelnBGEYPhers) b v . SlofsDmh Stk ent ) <7 B/ t d>
</tr> éf?mﬁntFT@Deéﬁ‘éﬁt"mm‘rléﬁéat‘érlhll‘tf%%%fa"é@utrﬂ@eﬂlfled"

15 "Scurr efda. KeMEREL ndwedidrypekd €rator="r$i "> <td><iny
src="bul | etd:g¢ktiredpt gaseiga0gsinpleType"/>
hr ef =1 TS8R EEELEI T r>($i ) </ a></td> </ netui:repeater>
</[tr> I8 shfargRehb-doaReai r. | d="3$y" source=" $x.

20 sel ect ed. =i prtrator = 13 rr> Std><a
href =r' $pagsblGibaav: gat e(fa}focwﬁs' i gator.

. tnpl! ) " >NAAgrihtediane= Gteghe tipk-e kst $page Heowenarhgat e

25 (9], ' GEEPEPPPITPP) rr>{$j} </ a></td> 20
</ net Uk:ish 80@A&E¥pe name=*rootTyps"/>

<xsd:element name="root" type="rootType"/>

<xsd:complexType name="graphType"s
30 <Xsd: sequences
<xsd:element ref="root"/>
</xsd: sequences
</xsd: complexTypes

35 <x8d: complexType name="errorType's
<xsd:sequence mindecurs="0" maxOccurs="unbounded"s>
<xsd:choices
<xsd:element name="pkey" type="idType*/-
<xsd:element name="system® type='systemErrorType®/>
40 <xsd:element name="message" type=*xsd:string’/s
<xsd:element name="field" type="fieldErrorType"/s
«/xsd:choicex»
</xsd: gequences
</xsd:complexType>
45 <x8d: complexType name="aystemErrorType's
<xsd: sequence:
<xsd:element name="code" type="xsd:anySimpleType"/>
<xsd:element name="message® type="xsd:string"/>
</xs5d:9equences>
50 </xsd:complexTypes
<x8d:complexType name="fieldBrrorType":
<xad: sequence>
<xsd:element name="code" type="xzd:anySimpleType"/>
<xsd:element name="message” type="xsd:string"/s>
55 </xsd: sequences
<xsd:atbtribute name="xpath" type=Yxsd:string"/>
</%sd: complexTypes
</xsd:schema>

Automatic User Interface

Vo




c/tr> </tbody>c/tabl e> Two anchors (hyperlinks) are
di spl ayed per node in the node list: the first

WEoHIor489" M-, enabl es the user to navigate tdes2005/017822

10

15

associ at ed node, redisplaying the current navigator
tenplate with the sel ected node, $3s as $current; the
second 25 anchor (which displays the coerced node $i's

| abel ) navigates to the detai tenpl at e bel ow.

<t abl e><t body> <tr col span=11211> 30

<t d><b> AN =Tals < < >, > .

<net ui ﬁgggfat er Glr%?}‘?ér%gé (%r};teésg% ¢ {éﬁe)g)a Sﬁfﬁﬂé‘gsrﬁr.(%ued the navigator),
i t eihathoca Berused tet travested tieSander griphname (Jutpdit Below3@ould be
<t d> $i%</td> </[tr> </netuj:repeater> )

</ EBEHRSEemhe CRM expraplsiusing dhasioflpwing emuayad lipgsyniax.,

cur r emt -mode. . habekowanthut Gninai-Res dpf-BREaLeS c1:1 4R ap-navigator
iterat®s through the node's XM. docunent and displays

the el ehdhbaviggonsns shaws alldkeyies asspdiatsporith thy makuwde (e,
Th&a%HEPS"jt of the automatic browser navigating the CRM
exanplé 1’s illustrated bel ow. Root Acne Sarah Smith

Actadant s SubAcenemts titlle M Contdcts Tirst Jarah
N

ot e®| ast Sni"t h=@yent s emai |l sarah@cne. com Tasks WO
oft—NAVL Qyber di

20051 114489158 +AYAc NAY-Banef-o ; -
NAV Sar THO&H KRTCENSEIREE theeaespRpdip e tadiseyed; in this
PCREJIROASLAL L8 A yrebNE séibéted aRPER (%?%@i)éﬁlﬁne%] Qc\f&cﬁ.@k Hodes are
tenpl ate focused oOn the root node; the us selects
t Hispdeedunt s keyref and then drills down on the "Acne"
GRegimt——Thisponavi-gatesrfothe—sare—hav-gator
tianplat €, Seril NumeUr T eMi  Lg-poi mt{to—the—"-Act
gccount node; The user thenpsedsects jthe contats keyref
nd clicks oh the contact® Cyberdine
Next, an account node is selected, and the keyrefs associated with the

account nodetype (i.e., sourceType="account~) are displayed.

Node Keyref Node Keyrer
"  root " accounts ®  jAcme " owner
®  Baneroft " subAccounis
®  Cyberdine ®  contacts
" potes
- evenls
" tagks
®  guotes

Now, when the contacts keyref is selected, the corresponding list of

contact nodes displayed.

Node Keyref Node Keyref Node
" oot " accounts 5 Acme ®  owner " Sarali Smith
®  Bancroft *  subAccounts " Roger Reed
®  Cyberdine = contacts " David Davies
= notes
u events
" fasks
' quotes

This pavigator uses the same template repeater and navigation mechanism
described above. Therefore, it is possible incrementally to extend the default
navigator with custom termnplates, actions, and page flows.

The automatic UI consists of two templates: the first is the “navigator”

template, which displays the currently “focused” node ($current) and a list of




5 record for "Sarah Sinith"; this tinme, the navigator
di splays the detail tenplate with $current set to the

W@ 2els/118p? esenti ng the contact. The browser's fagks2oo0s/017822
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button enabl es the user to navigate back fromthe

detail tenplate to the navigator tenplate. CRM Use
Case Data Model Definitions #% This section details
all of the application conpo Ats for a sanpl e CRM
application. Data Mddel As discussed above, FIG 5

il t at.i.onshin Di

t e A S S8 eSO Y 1 i BT 4ot view
sygf@mrnoldeltlgmies The root node represents the root
of the é}ig{?ual . XML docunent representing the data that
an indi Aiavigaior tomplate, Qnee ¢ lieyrol neclasted, thedwde st of the
reﬁs@cﬁ@t@&ﬁo@é@eﬂlggis 13?&@5 yfigr of the systemand is
autorratl cally genera Sby the system The root node
cont af'fiys2E¥0UNt nodes and defines the accounts
keyref. 2&-EFaghuwageounl,a0de may contain contact,
event, "dé‘?e and task nodes, and defines

corr espondﬂeﬂg KEMEES Sionedh "J&Jré”%ar £aqh conr.act, node ...

iterators

may cont ai n e¥eit,sthobejetand -<ttask no es. The account
node may a) shi¢ @ﬁ’fiér"ﬁe%%ﬁe\bﬂﬁ‘dmasdahd defines the
subAccounts keyre? Both the account and contact nodes
cont ai &N owner key ref which 25 references system
users; siimia Al Y e aSK. égg‘j e te(gﬁa‘gg,r Hgf—qrﬂ@rﬂﬁﬂu
assi gned (user>}a P echl ek d16S Bor KBV 5 }’;éi‘;;éf“
cardi nal, |‘t§}9t6’f repeatSehem and Keyref Definiti ons he

foll waa@>$%id>ons detail -the five application

schemaSwd firbeérs alihks @@cﬂ

/ sc emers/crm xgg?% | e. ) 1@&%&97%?%%51 the node list: the first

SZU@‘S’/ 091Ebles tlﬂﬁgsﬁf’?t)@mav@tﬁsioothe agsodfaad node, redlsplaymg

a e&" [ [,exampl e. cont
eI ement Eﬁ%n{%?(ggﬁ"iﬁﬁ eesg teB pode, $3, a8 $current; the second

atatiob (whchr ﬂi@plﬁwlthe U&%@'ﬂofdé s label
X{J“;’,Iﬁia Zérgd—" htt p: 7/ waw. w3. or g/ 200 /XI\/?_§C) favigate, fo the detail

8l9%yr n: bea. cont xmi ns="http://exanpl e. cont ">
Accotmabredypay-10 15 The account nodetype is defi ned by
t he fofq’fd\m g{%herra <xsd: conpl exType nane="

accounLIﬁJé‘ Rgurrent JgbR ) /Pey(Edt: el ement nane” name”

type- %’S’dﬂSft%}lfealt'%g"lfig'hl()@s&.c&l"&ﬂﬁ:ﬁit hafentdypg:. type="

account TYP8EQyod. [ > =~ </ stgl all> <xsd:attribute

name="i d" typas wad efriH§> mas: type "pkey"/>

<xsd: at gelz{libyg e hane= "tinmestanp” type="xsd: string"
Mas: AN o SR TS
The detail template displays the current node label and contains a repeater

that iterates through the node’s XML document and displays the element tag name

and the corresponding value.

The output of the automatic browser navigating the CRM example is
illustrated below.

Root Acme Sarah Smith j
*  Accounts *  SubAccounts title Ms

1 Contacts first Sarah

®*  Notes last  Smith

»  Events email sarah@acme.com

"  Tasks




<xsd:attribute nanme="ownerl d" type="xsd: string"/>
<xsd: attribute nane= "parent Accountid"

wotppeRsxed: string”/> </ xsd:conpl exType> 20  pCT/US2005/017822
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15

20

25

<xsd: si npl eType nane="account TypeEnuni >
<xsd:restriction base="xsd: string"> <xsd:enuneration
value="Direct"/> <xsd: enuner. Fi on val ue="Web"/> 25
<xsd: enunerati on val ue=" Chanr% "/> <xsd:enuneration
val ue="Partner"/> </xsd:restriction>

</ XPRGST Rk eType> Not[Gavt TR ARyt typedefines—=

si npie | Bt decl ar gt{iNgm, Reober®bedcconsi st of the nane
el ep®ht . Y6, the |ypévfikavd Dades a set Tof constrai ned
val ues ' T I Tpletype

def i ni t?ﬁ]ﬁ&?ﬂ%‘gﬁc}l o%%%vgggotgﬁ%%gs eoﬁcs’cﬂ%gﬁieorf %1% 18?t ?%dg’ the
| cadseldcicthmacgounts eyted and dleauliritly dobve dni ths t'Adee’ adednt. This
keyre gote, the application is declared in the apP

ndHfeEges do thassams pqvigplnrdpigplaio spiting Sowgentie wping to the “Acme”
X it : : -k = : . 1

CricOS Ll e (R e o a8 MRS oahlf k3R HPlicks on the contac
naeeezd fuc Gardr'Steithi; deT tipe-themavigeiot disphyg dtcldepdFteaphite with

agcount"> ... <[keyref> 45 </graphMeta> The account
k%}’lg?mrsgﬁ tgtﬂé%n?‘#ewgfg%‘?mé‘g o‘i"%ﬁ’é?ge_ to a set of e
aqgRWitbwstlof 88ck bittdhenftd aRpPhisab %i%/a?@egﬁcﬁ $roh'®he detail

only keyref bound to the root node. <ke
nasreplaigde thamayigawdempiigoe="nas: root " tar get Type="app:

account~f,x yfhe~f ' el definitions relate to

t he ac?&Mt[}-sﬁgjoag?yﬁga%.ggsy%?@%O have app : account
decl ar qUlisasectib ds@ils 6B DY Rge agglichist SdmpAESRURE S sample CRM
contai n sub- accounts (subAccounts), and sets of nodes

f 8PPlicgHeCt s, notes, events, tasks, and quote
requesis, MR 4005/ 114489 160 PCTI US2005/ 017822 <keyr ef
name="subAccount s" sourceType-"app: account"

t ar get Rgpdisteppl deseubIG/ 5 illﬁé(fbyd‘seﬂlen]&[tﬁy'Mm@gﬁif"])iagram
S elype=" ;account" target Type="app: contact"/>
c&%ﬁ)&%’rﬁé"rﬁﬁwﬂﬂ’i@aﬁ%ur ceType="app: account "

tar get THp oot fRef fodes a7k SYsih nﬁ}ﬁgtgg%s‘?\'ﬁ@trgst node represents

sourceType="app: account" targetTy app. even
<theyoefoltherentit bXNE" deonreneibppsetithpathadaiidt an individual user

target Type=" - task"'/ > <keyref nane="guotes"

S a&?%cgﬁ%%g:f[ﬁg El_ser Jﬁ]eres§n¥lsr @%ﬂqﬁﬂwggalglﬁgg of the system and is
oapsaReausHenératedbs REGRIAY, nodetype al so contains a
reference ookup) "to a single user node, which

r epr esBig soathwdenontains aoenent wides adndedimes Td scdosnts keyref,

e essed. by .the follow decl aration, .whi ch _
RERRGH Mot ol B e ks B0 P pden gnd defnes
<dorysindip RSy T RANSimilaflp U R YRG! RN ASF SHMin event, note, and
t ar get Type" mas: user ‘

task nodes. The account node may also contain sub-accounts and defines the

subAccounts keyref,

Both the account and contact nodes contain an owner keyref, which
references system users; similarly, task and event nodes define an assigned (user)
keyref. All of these keyrefs have a cardinality of 1.

Schema and Xeyref Definitions

The following sections detail the ﬁVe application schemas; these are all

defined in the /schemas/crm. xsd file,




m nCccurs="1" maxCccurs="1"/> Contact Type The cont act

nodetype is defined by the foll ow ng schena.
WO208911d#¥ent nane="contact" type="cont act Typecruskbus/o17s2:

<xsd: annot ati on> <xsd: appi nfo> <mas: nodeAnnot ati on>

<mas: | abel >$node.irst + " " + $node.| ast</mas: | abel >

</ mas: nodeAnnot ati on> 20 </ xsggg appi nf o>

</ xsd: annot ati on> </xsd: el ement > <xsd: conpl exType

name="cont act Typel > 25 <xsd: sequence> <xsd: el enent

narre:jj{sg&I‘thrﬂ.-;PIPOhﬁ"?Pyspe:""Egnt act Sal ut alti onEnunt'/ >

<xsd: ef@%ﬂyoﬁﬁiﬁﬁuﬂﬁlﬁeﬂf i@i‘ﬁ%gﬁ: gfgdlg-g'?léqialified"

<xsd: el-ementsaNairR 7/ haSt ord/ Yo &Mné ring"

5 } _u R " . " s
<xsd: el’BtREM Sﬁéjj‘ebe_ =2 epri | " type="xsd:string"/> 30
</ xsd: sﬁﬁ%fﬁ%ﬁﬁcﬁ%ﬁpl exType> <xsd: si npl eType
nane="cont ac . ut at a. onEnunm' > <xs_d: restriction
base=" XE ftbhiidicicBpe i &Hined ByeAlohigR Al HEma M " / >
<xsd: enuraer at.ion value="Ms"/> <xsd: enumeration

10 val ue="TE" P o R P BHUAETATYST val ue" Dr "/ >
</ xsd: r est r i<e4di O p=nd G/ Wgelt Shoplalypaz/Note, the
account nodef¥ipe-yet rifes=iac] ael et parinof, which
{5 COnsists obabiteirhid She-and d@Stsd) 3 ug® LIRALS 1A SO,
t he sal ut?ﬁ%;ggrﬁggl %E;@smgé%ejt t}@é="xﬁms;$amﬂeﬂpékaiedes
defined b¥.d.B&.GoNt aris gﬁ@@;gfﬁgﬁ"s}ﬁ ip1.e.type
def i ni tixedcomdtexihe f Ol I%gvi ng keyre definiti Br{g rel ate
20 to the_ggntact, nodet ype all have app : contact

i. e,

decl ar ed asa:t aci&ewgaeffuégﬁfiﬁ:but e). Accounts
cont ai n set sxsdgiurmpades vRigp="Agtes/> events, and t asks.
<keyref nanEeiiBiEEE R dBERIYHE=" app: cont act”

25 tar get Ty pe=*apprmetaelos >a1u84¢eayﬁﬁiu/nane:" event s"
sour ce;l;yfgdéf;‘fﬂg pPrdittact” target Type="app: event"/> 50

etypes |, i . "
ey eloalfe o LRl oD UERATYBERIERRAEIN Sk, which consis
RETTht/S200 Slefiiknit 22sd,Gho The: GOItasth RPHLEMRERES Yalues defined
130 contains a reference (lookup) to a single user node,
W ©F aFeptt@sen FRinyPe desiiion.owner of the node. This
is ex the. oW decl.aration, which
speci 1|‘01|q lge;%@gor‘ﬂl}{%a%éﬁlgﬂ %%Jr)f’g% rtg‘? YR O(fg c{ Fpdgyt/crm. jex file,
showing the first declared keyref. Note, the application is declared in the app

namespace.

<?xml version="1.0"?>
35 <graphMeta xmlns="run:bea.com"
xmlng:mas="run:bea.com”
xlns:app="http://exanple.com/" >

40 <keyref name="account? sourceType="mas:root" targetType="app:account"s
</keyref-
45 </graphMetas

The accounts keyref relates the user’s root node to a set of aceount

nodes. In the CRM application, this is the only keyref bound to the root node.

<keyref name="accounts® sourcelype="mas:root" targetType="app:account"/>

The following keyref definitions relate to the account nodetype (i.e., all
50  have app:account declared as the sourceType attribute). Accounts contain sub-

accounts (subAccounts), and sets of nodes for contacts, notes, events, tasks, and

quote requests.




5 <keyref nane="owner" sourceType-"app: contact”
target Type="mas: user"” m nQccurs="1" maxQCccurs=11111/>

wolthod/b14268 Not e Type The note nodetype is defi nacriprebdnarsz2
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foll owi ng schema. <xsd: el enent nane="note"
type="not eType"> <xsd: annotati on> <xsd: appi nf o>
<mas: nodeAnnot at i on> 160
<mas: | abel >$node. titl e</ mas: | aﬁoel >
</ mas: node2unot ati on> ¢/ xsd: appi nf 0>
</ XS d=erdtndiic- OBaccotAs S Ao bR Mlagp : 565Gk C O @M LV RS : account 1 /-
nane :':}]Q:ejfz% -’E:ZFE "ggg;:@ﬁ dos g@ﬂégf:assqsta‘trealieqmrg%" app:contact />
name" tid i st Hom S LA G T oo S R B toe move
nanme=“ko "natey (3@sk’s K g@r@‘meﬂ@ﬁpﬁ&coﬁf’xwéeﬁmw Bfper2sk" />
</ xsd7EEITD "X TP S NSLEETYEY " #BCRBH P FPeKRyA-tfoe : quoteRequest™ />
def i ni t LBR&ccoBMAERIYPT 9IS Conlame iartcrensadlopkup) te a single user
defd l: QWM c(gﬁ{gg ; .
nai;lr%d:h'ge S‘(/%%% IréB’t? %/S%Igtli"tg%\ﬂg%?eﬁﬁ/pe > OEEE% ﬂg(%éh gl:ﬁgﬁso%@ressed by the
<xE&dlompng ddcderati ) whirdisspadfies\ardinalify@onstraints (exactly 1).
<mas: L ]>1 o "i b3 =S' | aabglm? " tar ="mas:user”
</ ms:%ﬁé&%ﬁeg%ﬁm%%& xS O appi Nf 0o oot Typesmas ser
</ xsd: aComtettType> 35 </xsd: el enent > <xsd: conpl exType
name="eyent Type"> _<xsd: sequence> 40 <xsd: el ement
name="t 1 £ eerteghacdstine 18 defiprg ysthe Hljoyving echemc e>
</ xS dixe0aphex Typercdha avani--hadely¥pe al so contains a
referen‘e‘ed;g'}ﬂ_e‘@lki&’@ to a single user node, which
represent § CHE RiitLent. .assi gned user of the event.
This is expressed:lapy-shie. £odl-owirngsweciatakdsonpewhi ch
specifies <&§1{@;§f§ﬁwt?§b‘ﬁ‘st raints (exactly 1). 45
<keyr ef</aamRmtad&s| gned” sourceType="app: event "
t ar getY Ry péerteprgs: user" minCccurs=Fr | " maxCccurs="1"/>
TaSk <I¥'lpgomplexType name="contackType" >
<xsd: sequences

<xsd:element name="salutation" type="contactSalutationEnum"/>

<xsd:element name="first® type="xsd:string"/>

<xsd:element name="last" type="xsd:string"/s

<xsd:element name="email" type="xsd:stxing"/>

</xsd:sequences
</x8d: complexTypes

<xsd:simpleType name="contactSalutationEBnum”s
<xgd:restriction base="xad:string">
«xsd:enumeration value="Mr"/>
<xsd:enumerstion value="Mrs"/»
<xsd:enumeration value="Ms"/»
<xsd:enumeration value="Dr"/>
</xsd:restrictions>
</xsd:aimpleTypes

‘Note, the account nodetype defines a label declaration, which consists of
the first and last name elements. Also, the salutation ficld has a set of
constrained values defined by the contactsalutationEnum simple type
definition. |

The following keyref definitions relate to the contact nodetype (i.e., all
have app:contact declared as the sourceType attribute). Accounts contain sets

of nodes for notes, events, and tasks.

<keyref name="notes" sourceType="app:contact" targetType="app:note"/>
<keyref name="events" sourceType="app:contact" targetType="app:avent"/»
<keyref name="tasks" sourceType="app:contact" targetType="app:task"/>




The task nodetype is defined by the foll ow ng schena.
50 <xsd: el enent nane="task" type= "taskType">

wo@daareot at i on>  <xsd: appi nfo> ti PCT/US2005/017822
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<mas: nodeAnnot at i on>

<mas: | abel >$node. titl e</ mas: | abel >

</ mas: nodeAnnot ati on> WO 200%6%14489 PCT/ US2005/ 017822
162 </xsd : appirnfo> </xsd:annotation>

</ xsd: el ement > 5 <xsd: conpl exType nane="t askType">

<xsd: segmpe > : =4 p :

t ype="xsd: g%rﬁlaﬁaﬁyigngx@?gnetﬁeﬁﬂtg r%ftgllr?ékeg Ig0kp) to a single user
t yipte; wasdhSteptesetEn trel' durrenkbwsic 62 theemR>TAD is expressed by the

</xsd. compl exType> 15 <xsd: si npl eType ]

ndoaw ik efraiohehioR specilids papdiualiy eonsgaints (exactly 1)
base"ksgefstaneIgher scxseryeRupRcal-b@n t¥abid@res MO nsern

st arteg‘\?%c“&‘é' " EYEATEPAEE/On val ue="1n progress"/>
<xsd: eriHErdPFon val ue="Conpl eted"/> <xsd: enumerati on

val ue="ypaf k </ ' it i on>

</ xsd: gﬁﬁpns’ré%?g‘ééﬁ%eoﬁ?ﬁg‘q?‘g@i&%S@Ee‘i@%% S%Tegloa‘ contains a
r ef er&HCETroBREPI "t o=@esriiglve="user node, whi ch

repr esent &s&?taﬁ)i@furrent assi gned user of the event.
This i s expressegrudoetidte fol | ow ng decl aration, which
speci fies capdiRELTE NSt Tt s éxactly 1). <keyref
nane=" assi/gsedbiassur ceType="app: task"

tar ggftxﬂ[jg rangidigser”  mnOacurs=111" maxCccurs="1"/>
25 Quot eRequest Type The quot eRequest nodetype is

defi n’@@;:g_gpietxm@ﬁnal‘#@weme%hena. <?xm

Versi on= is@li{fr?%t ﬁé)@g':tﬁqg'e%eﬂ'xsd:stri g/ >

t ar get Namespaeest hidkpoidexalaphear. 6OMHg" />

el err(efggf%mg%a%ﬂ t="qualified"
attri 1 un i.fied" 30

xmi ns:%ﬂs} :'(aﬁt p:%%?%ﬁ%eﬁlﬁ?%ﬁll XM_Schenma"

xm ns: BeasTypa: bea. con” xm ns="http://exanpl e. con ">
35 40 <xsd: el enent nane= "quot eReques t" type=

" quot eR¥yEiEst BPpeyPsis defgedtbinilledaligwiag schema.

Naneiei aleadRe GRSt T¥pe tpe-rsxad,seguence>

<xsd:annotations
<xsd:appinfos
<mas :nodeAnnotations
<mas:labels>$node.title</mas:labels
</mas:nededmnotations
</xsd:appinfo>
</%sd:annotations
</xsd:element>

<xgd:complexType name="eventType's
<xsd:sequence:s
<xsd:element name="title" type="xsd:string"/>
</x8d: sequences>
</xsd: complexTypes

The event nodetype also contains a reference (lookup) to a single user
node, which represents the current assigned user of the event. This is expressed

by the following declaration, which specifies cardinality constraints (exactly 1).

<keyref name="assigned" sourceType="app:evenkt® targetType="mas:user"
minOccurs="1" maxOccurs="1%/>

Task Type
The task nodetype is defined by the following schema.

<xsd:element names="task" type="taskType's
<xsd:annotations
<xsd:appinfos !
<tas :nodeAnnotations
<mag:label>$node.title</mas:label>
</mas:nodeAnnotations




<xsd: el enent nanme="prodl d" type="xsd:string"/>
<xsd: el enent nanme="qty" type="xsd:integer"/>

wosiadiglsenment nane="response” ni nCccurs=110" tpy@AR2005/017822
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. r Bpdo; sy

guot eRequest ResponseType"/ > </ xsd: sequence>

</ xsd: conpl exType> 45 <xsd: conpl exType
nane"quoteRequestResponseTyp?E? 50 <xsd: sequence>
<xsd: el ement nanme="price" type="xsd: double"/>

</ xsd: sequence> </ xsd: conpl exType> </ xsd: schema>
Sanpl e Appkicabieee Schema The foll ow ng section

illust Fgas%’sﬂn@@%wneati on data for the virtual data
</xsd;elemenks . . .
graph, i"eh”i s accessed by the client progranmm ng

nodel<«xsdSbnpErgyvifer mnewaskygener at es the follow ng EVIL

Schema “tREfI°H 0N for,the, application data. i WO

2005/ 1144&‘@5@%&%@2&0&%@@ eﬁi‘ﬁs}ssﬁgé:mw; si on=

"1. 0" 73/ =skseugcte ma

t ar g&CREFECHATLERL 1Nt t p: / / exanpl e. cont *

el emﬁ&gmmq%fmfﬁzﬁﬁmgduéﬁged!

attri boters Ee=""G ‘fied' 5

xmi ns: xsdz ﬁﬁﬂﬁ%imiu ‘%%q@bﬁgﬁxm , Schema"

xmilns: nassty:emrdyed o vafte-xqrrmse=tiit t p: / / exanpl e. con’ " >

10 <xsd;, sFEEHEHAM = - H5H=%sd: conpl exType>

<xsdzsequapeepe<xsd: el enent <xsd:elenent el enent

<xsd: eThoeatk rodsigpelaoedintainex s defeleice (lookup) to a single user

</ xsd: sequence> </ xsd: conpl exType> </ xsd: el enment >
'TERYSERE thesGiTent asgianpd Upar-of the evgngs This is expressed

" . —u Ve ref= "

n@%ﬁgﬁﬁgﬁ%@&gﬂﬁ? g;?%ffﬁegtcgrﬂlﬁe{lify COMASts (exactly 1).

L C S O S eprme et eryvermasimser
urs= maxlccurs= Cﬁ'>

COLSERYGRIT

The guoteRequest nodetype is defined by the following schema.

min

max

<?xml version="1.0%?s

<xsd:schema targetNamespace="http://example.com/"
elementFormDefault="qualified" attributeFormbDefault="unqualified”
xmlns rxsd="http: //www.w3 . org/2001/XMLSchemar
xmlns:mas="run:bea,com"
amlng=rhttp://example.com/*>

<¥sd:element name="quoteRequest” type="quoteRequestType'/>

<xsd:complexType names="quoteRequestType"s
<xad:seguence:>
<xsd:element name="prodid" type="xsd:string"/»
<xsd:element name="gty" type="xsd:integer"/>
<xsd:element name="response" minOccurs="g"
type="quoteRequestResponseType" />
</xsd:sequence>
</xs8d: complexTypes

<x3d: complexType name="quoteRequestResponseType®s
<x9d:seguence>
<xsd:element name="price" type="xad:double"/»
</%s8d:sequences .
</xsd: complexTypes

«/xsd:schemas

Sample Application Schema

The following section illustrates application data for the virtual data graph,
which is accessed by the client programming model.

The framework generates the following XML Schema definition for the

application data.




ref ="task"” maxQccurs="unbounded"> 15 20 </xsd: schema>
The graph el enent represents the top | evel el enent of

wo bsapad cation data 25 nodel; this contai nspEXashbdorrsa?
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60

one root node declaration, plus unlimted

decl arations for each node of each of the application
schemas (account, contact, 2@5& event, and task).
The follow ng type definitio are generated fromthe
application schenma and keyref definitions. 30

<xsd. etsemreftionalr=-."account" 35 <xsd: conpl exType>
cxsd: S’@Q}fﬁﬂ%ﬁgiﬁs@gﬁm%ﬁpm//ﬁa;nzés-"cne[r’re" o
type=" x5S LI ROl 5 rekateel e e o AR Byl rypéies”
account fypendkdfm: @/ o68d: Sequence> </ xsd: conpl exType>
</ xsd: el"BHEM-S: deggrét €nent name="contact"> 40

<xsd: ecupl@xtpe2 45n<xsd: sequence> <xsd: el ement
nane=" salsticarioivbet ype="cont act Sal ut at i onEnuni'/ >

<xsd: el eneiit AHEE"] Lt typesixsd,string' />,
<xsd: el errent<xaaaa&me';nltasiéf-a&gﬁpe-:ﬁaa@-giré&siﬁﬁﬁgﬁiﬁ;l >
<xsd: el ement < }g%ﬁgrfgﬁ"ffon‘tay;p’e@*%s‘df?@tlrrbimnﬂgédf'>

</ xsd: SEQUENGES crehohs oL ONDLEXINDE Sl dala Rl eMENt > 50

<xsd: el enent <phpEmn b tasif Sraxtesids-Campleesaly pe>

<xsd: sequEfEES T&E¥d: el ement name="title"

t ype=/xgeisteni-ng" / > <xsd: el ement nanme="body"
type="xsd:string"/> </xsd:sequence>

</ xsd: conpl exType> </ xsd: el enent > <xSd: el enent
name='edentsts> 60 <xsd: conpl exType> <xsd: sequence>

<xsd: el ertpnglemeht feptastnts yipdop ol sltmenigsf/the application data

</ xs&f,s:%&uencetz WO 208- 5/ 114489 PCT/ US2Q05/ 017822
model; § contams exactly one root node declaration, plus unlimited

declarations for each node of each of the application schemas (account, contact,
. note, event, and task).
The following type definitions are generated from the application schema

and keyref definitions.

<xsd:element name="account¥s
<x8d: complexTypes
<xsd:sequences
<xsd:element name="name" type="xsd:string®/s
<xgd:element name="type" type="accountType"/»
</xsd:sequences
</xsd:complexTypes
</xsd:elements>

<xsd:element name="contact®:
<xs5d: conplexType>
<xgd: sequence:
<xsd:element name="salutation" type="contactSalucationEnum" />
<xsd:element name=“first’ type="xsd:string!/s
<xsd:element name="last" type="addregsTypen />
<xsd:element name="email® type="xsd:string®/s
</%sd:sequence>
</xsd: complexType>
</xsd:element>

<xsd:element name="note®s
<xsd:complexTypes>
<xsd: sequences
<xsd:element name='title” type="xsd:string" /s
<xsd:elament name=“body" type="xgd:string®/>
</xsd:sequences
</x8d:complexTypes
</xsd:element>

<xgd:element name="event"s
<xs3d: complexTypes>
=xsd: sequence>
<xsd:element name="title" type="xsd:string"/s
</xad: sequence>




164 </ xsd: conpl exType> </ xsd: el enent> <xsd: el enent
name="t ask"> 5 <xsd: conpl exType> <xsd: sequence>

wosgiakgment name="title' type "xsd string"/ >pcyus2005017822
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65

<xsd: el enent nanme="status" type-" taskStatusEnuni/>

</ xsd: sequence> 10 </xsd: conpl exType> </xsd: el enent >
Sanpl e Application Data The ﬁﬁgten1has three users,
"al ex", "bob", and "carol" (thése are system 15

obj ects not shown in the virtual graph). <graph> <root

accountsr&a&mﬂzh&%>20 <account id="al" owner="hob"
contacts— cl ¢c2" notes="nl" events="el' tasks="t1">

<nane ARSI RanRs. .skype>Di rect </ type> </account> 25
<accounixsd:dempleaRpe-owner =" bob" cont act s="c31Il >

<nane>Banc¢fof <{yRer\eb</{ ype> </ account> 30
Seontact | d=Te ez U R e kot 27
<sal ut at | efsMs=ghegt-ut at i on> <f|rst>Roger</first>

<l ast >RAEGTHET" "Zemai | >r oger @cre. conx/ emai | > 35
</ cont.act> <contact id="c2" owner="bob" notes="n2">

<sa|utdkhqﬂ@%$pﬁ&ﬂkmﬂhﬂion>' <first>Sarah</first>
<l ast > h</ St > 40 <ena|I>s§rah(Dacne conx/ emai | >
</ cont Q§Yﬁ€ Eﬁé SF Y55 Zlevwn &P 588 “cawstic {theppars system

<%$k%&qkh?ﬁ§%§ﬁ“ﬁ@bﬂﬁanggp <first>Sarah</first> 45

<] ast >Sm | ast > >Sar ah@cne. conx/ emai | >
</ corffget> <note id="nl1">

<root accounts="al a2/>

<account id="al" owner="bob" contacts="cl ¢2" notes="nl" esventg="el"
tagks="tl"s
<namesAcme</names
<typesDirect</type>
</accounts>
<account id="a2" owner="bob" contacts="g3":»
<name>Bancroft</name>
<typesWeb</type>
</account>

<¢ontact id=%cl" owner="bob" events=Ye2" tasks="t2"s
<salutation>Mr</salutations
<first>Roger</firsts
<last>Reed</last:
<emall>roger@acme.com</emails

</contacts

<gontact id="c2" owners="bob¥ notes="n2%:s
<salutationsMa</salutation:
<firsts5arah</firsts>
<last>5mith</last>
<email>sarah@zcme.com</emails>

</contacts

<contact id="c2" owner="bob" notes="n2">
<salutationsMs</salutations
<firstsSarah</firsts
<last>Smith</lasts
<email>sarah@acme.com</emails

</contacts

<note id="nl"s
<title>ROT information</titles
<body»aAttached document details ROI for product</bodys
</notex
<note id="n2"%s>
<titlesCustomer reguirements</titles
<body=Attached document presents customer’'s current and anticipated
needs</body>
</notas

zevent id="el? assigned="fred"-
<title>Sales meetinge/titles

</event»

<event id="e2" asgigned="fred"s
<titlesProduct demonstration</titles

</events




50 <title>RA information</title> <body>Attached
docunent details RO for product</body> </note> <note

WO 2be3/m¥89 <ti tl e>Custonmer requirenments</titl e>»d&pus2005/017822

<body>Att ached docunent presents custoner's current
and antici pated needs</body> </note> <event
id=."Pell, assigned="fred"> Q <t itle>Sal es
neeting</title> 65 </event> <event id="e2"

assi gned="fred"> <title>Product denonstration</title>
</ eventsk WO'2005/idk44894'165 PCT/ US2005/ 017822 <t ask

i d="t 1" “ASS I QPR iy =sl=s et tfc&3Prepare RFP for sales
cal | <itidd e> ~ <stat %fggﬁﬁ“t” started</status> </task> 5

S <t askstrejct e assgireti=t"tred" > <titl e>Send white paper

~ to cust ONECERL YT EPPL St a YT e ed</ st at us>

</t askzst0 </ graph> Sanpl e SPath Expressions The

10 fol lowing section illustrates some SPath expressions
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and thesﬁ%gcﬂﬁgﬁ)?ﬂExﬁ%sé‘i%ﬁs based on the sanpl e data
n ol 'ow

above. g expression returns the nodeset
(I'i st ofhenfotlesing Rttidgrhdlusttfiecnam@USPHh K:@Me@é‘i%ls and the expected

$root . ccounts.* <account id="al" owner=" "
C_O‘W?%é%(ﬂn tgﬁﬁfmﬂiﬂ? g%‘;ﬂ'aﬁ@l"‘e- events="el" tasks="t1">

20 <nanggA - - | < > a<LAccount >
<account | g(gﬁ)azlﬁggﬁgf Szb%g’%ﬁgé%ﬁ}féaéoéiﬂggéhit of no 559 for the
<nawrewBarieyofft </ name> .25 <type>Web</type>

</ acgouot> The follow ng expression returns a set of
name el ements for all account nodes. 30

<accoqni id="al" owner='bob" contacts="cl c2" notes=rpl* evengtg="e]l "
tasks="t1">
<name>Acme</names
<typesDirect</type>
«/account >
<account id="a2’ cuner="bob* contacts="c3's
<namesBancroft</name>
<typesWeb</types
</account >

The following expression retums a set of name elements for all account

nodes.

$root.@@accounts. * . name

Acme
Bancroft

The following expression retwrns all contacts for all accounts mamed

Acme.

$root.@@accounts.*.where {name == "Acme") .@@contacts.*

<contact id="cl" owner="hob" events="e2" tasks="t24.
<salutationsMr</salutations
<firstsRoger</firsts
<last»Reed</last>
<email>rogerdacme.com</emails

</contact>

<gontact id="c2' owner="bob" notes="nz"s
<gsalutations>Ms</salutation>
<first>8arah</first>
<last>Smith</lasts>
<email>sarah@acme.com</emails

</contacts>

The following expression returns all contacts (for all accounts) with the

. specified email address,

var §contactX = $root.@@accounts.*.@econtacts where{email == "sarah@acme.com")

<contact id="e2" owner="bob" events=Ye2" tasks="t2"s
<salutationsMs</salutations
«first>Sarah</first>
<last>Smithe/last>




$root. @mccounts. *. name Acne Bancroft The foll ow ng
expression returns all contacts for all accounts naned

“WOABIP1144835 $root. @accounts. *. where(name == pCT/US2005/017822
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"Acnme") . @@ontacts.* <contact id="cl" owner="bob"

event s="e2" tasks="t2"> <salutation>M</sal utation>
<first>aoger</first> 40 <l astfégeeddl ast >

<emai | >r oger @cmne. conk/ emai | >““</ cont act > <cont act

i d="c2" owner="bob" notes="n2", 45

<sal ut atdwan>Mbsbsad UbdldQR> <irst>Sarah</first>

<l ast >3pitedx/ | ast > <enmi | >sar ah@cne. conx/ emai | >

c/ cont adhe fallewinhg| dxprdseign esefsr s siatue fogtthe neaahfations element
Contitﬁx%ttg %for all accounts) with the 50 specified

emir I addr e¥E2e AP ont act X =

$r oot sc@BCsouhtsidn QEgont acts where(email =_

"sara ofolay} <cpnatact id=tc2) qwnper="bob"
event%%éﬁiia%&égﬁfﬁgﬁimssé utzatCE FOR>K5</ sal ut ati on>

55 <fi rgtsSEprmhfiErst > <l ast>Smith</last> WO

2005/ 114450 LT/ 82005/.047822 166

<emai {/>g&gcah(r) acme. conx/ emai | > </ contact> The

f ol | owi Hap Bllowess exqresatnscitites ¥ abwesohitact fdrdhe specified account.

<sgl utatio el ement . within the $contactx node. 5
sSSP ses M stem Faibls toyekhe e pliiuts. do oo
owners=tdoodt. coventis=rede( t asks="'rt 211>

<sal ut aftc?%?gfl\gr"%ffidgéig bappzer’><f i r st >Sar ah</first> 10

r</salutation>

<l ast >Sni thgklasie i 2ol I >sar ah@cne. conx/ emai | >

</ cont act slagireenfgb4/BasNg expressi on creates a new

cont act_ f BTt B SBELT FIed™dctount. Note, it uses the
system variable to set the owner attribute. 15

$accourithe. olipeopnegpeessionr aaites a newontladdr the specified contact; it

owner | d="$gl obal App. user" >
< ?Wﬁqlflsg@&aéfé%}e@t @n> <first>Davidc/first>

var $newTask = <tasks>
<title>Perpare RFP</titles
<gtatus»Nct started</statuss
</task>

$contactX.@@tasks . create ($newTask) ;

$newPask.@eassigned = $root.@@users.*.where (.username == TExedh) ;

CRM Use Case Web service Definitions
This section shows parts of the WSDL (generated by Workshop) for the
example CRM Web service,

<?xml] version="1.0%" encoding="utf-8"?>

<definitions xmlns="http://schemas.xmiscap.org/wadl/"
xlns:conv="http: //www.openuri.crg/2002/04/s0ap/conversation/"
xmlng:cw="http://www.openuri.org/2002/04 /wsdl/conversation/ "
xmlng:http="http://schemas.xmlsocap.org/wedl/http/r
xmlns:jme="http://www.openuri.org/2002/04/wsdl/jms/"
¥mlns:mime="http://schemzs.xmlscap. oryg/wedl /mime/ "
xmlns:s="htip://www.w3.0xg/2001/XMLSchema"
xmlns:s0="http://www.openuri.org/" )
xmlns:soap="http://schemas.xmlgoap.ovg/wsdl/soap/"
xmlns:seapenc="http://schemas.xmlsoap.org/soap/encoding/ "
targetNamespace="http://www.copenuri.org/is

'.l“'y}pe Definitions
The WSDL contains two kinds of type definitions: input and output type
definitions for message parameters; and, field type definitions’ (for individual

complex types).




<l ast >Dani el s</| ast> 20 <emai | >davi d@cne. conx/ emai | >
</contact> The foll owi ng expression creates a new task

woaoostiheisspeci fied contact; it then nodifies pEuseoso17822

assi gned keyref. 25 var $newlask = <task>
<title>Perpare RFP</tit2.e> <status>Not
started</status> </task> 30

$cont act x. (r) St asks. cr eat e($nleQX/Task) ;

$newTask. @@ssi gned = $root. @users. *. wher e(. user nane

"fred") TpER SEer Vi Laitions This .
section S%S\%I pgrstggﬁ@ %ﬁaélﬁs\é%}f&%ggeﬁ@%%%df&b?p eration input and
W oktphbiyped, and fdreomplexelangitethaRive Pescs 8¢ Mpgionpatatheters.
version='1.0" encodi ng="uytf-8"?> <definitions

xm ns=" ¢ folloveendrpesIobiniticnsy clifyiansany (qetaccountseyuser) and
XThAPE OMVGDI LBl M QREDN Lo P" O RORZEOY SQBE CORYeT e

5 xnpasicenmitibi s/ Welvserpea opératity/ 2002/ 04/ wsdl / conver sa
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tion/ L ...

s. - M NSEhEdps"Atd Ralh &S HORBS: . %0/ S0P ehalwsdl / htt p/ ™
XM ns: j rrsﬂ;llht Clpgﬁ“)it/tvwfwwm-pm@nii- oot o1 2082 HOddwe el irjamih ear
xmi ns. m ME=FRETSF7 S RIR ALY XRE0aB9/0r g/ wsdl / mi ne/ "

XM NS S&':d1bidept AduwitBo@EGHRO1/ XM.Schema"

Xm ns: sO:'“ﬁFf;E§§F7m openuri.org/" 45

xmi ns. soap=""Tt tAschée HamBs.Xqb:S QAR QLANE O LS Q8D /.
XM ns: soapengsSseueneey / schemas. xm soap. or g/ soap/ encodi n
9/ " tangSiNERRETESe="htt p: // www. openuri .org/ "> Type
Definiti g@gs 5t10 The eav;ge'DL contai ns tvvodkifnds of tyPe
def i ni t¥*ongeo Mt Seattd-otepat-=tppe="-def i ni ti ons for
nessage pésr'atg&{g;ﬂ ~.and, field type definitions' (for
i ndi vi dual compélerent ypesperrWBuR O bledrkdd 89

PCT/ USZ00%) 0T 7822487, Ihe <t ypes> section contai ns
schema defi nii:k@rsd>-0r operation i nput and out put
types, . Qgﬁsf%‘tplﬁféﬁﬁ’ﬁT ex elenments that are passed as

ement = .

oper at 91 Ra,AAE q_g[?. The. f ol Icf?ga ng_t ergefi nitions
relate to I nput g ¥ BHes,! IQF)COJJK@% Fuor parameters
( geferncalintbBypsesResppestpn deSHa68s 40ope for the 5
get Account sByiser Ve Service operation. 10 15 -types>
<s: sChemmi%%&es: ht TpY 71\ Wa. or g/ 2001/ XM_Scherma"
m ns: ope=" ht<-t=p};§fn¢wl?e]pgmmti"_t@?egfo'pg:}&ccount" nillable="txue"
el enent FoypRef bl = qliartPiceg="rmvonodear/>
t r get Nanespaegwzeht t p: / / www. openuri . org/ "> <S: el enennt
name=" gel GOt S RY L " 2158 SQIPLEXTYDE S s
<s:complexType name="Account!s
<S:sequences
<g:element mame="id" type="s:string"/>
<g:element pame="timestamp" type="s:string"/s
<s:element name="name’ type="g:string" minOocurs="0" />
<s:element name="type" type="s:string” minOecurs="0%/>
<g:element name="ownerId" type="s:string?® minCccurs="or/-
</s:sequences
</%:complexType>

</s:schemas

The following type definitions all relate to the getcontactsByAccount

and addContactToAccount Web service operations.

<g:element name="getContactsByAccounts
<5:complexTypes
<8:5equences
<s:element name="accountId" type="s:string" minOccurs="0"/>
</s:sequences
</5:complexTypes
</s:elements

<8 :element name="getContactsByAccountResponse®s




<s:sequence> <s;elenent nane="userld" type="s string"
m noccurs="0"/> sequence> </s:conpl exType>

wosbealgeent > <s: el enent PCT/US2005/017822
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name="get ACCOUnt sByUser Response”> 20 <s: conpl exType>
<s:sequence> <S: el enent

name="get Account sByUser Resul gﬁ type =" ope:

Arrayol Account” m noccurs=11 §5 725 «/s: sequence>

</ s:conpl exType> </s:elenent The follow ng type
defini tions . dgfdng..conpl ex types for paranmeters
referenced i4s:d4ehendenput/ out put operation definitions
above,, 3 Dopg:aggéﬂﬁiﬁﬁzm%‘”Wﬁ?%@a“tﬁ?ﬁi’*‘éwﬁf&%nt ">
<s:sequence> <s:eh®BRR-onane="Account" type="ope:
Account " El) I_<1/a=l§P°%@°E> true" m noccurs=110"
maxOccuy s unpoanded" /> </ s: sequence> 35

</ s:conpl exType> 40 45 <S el enent nane-"Account "

ni | | abl<@=tiFfenaneypacongsetoReettint "/ >  <S conpl exType
nanme=" Accodrkta=aequ%§c;a§equence> <s:element name="id"
type="s: st ri ng4y:slencal najeeiFpeptnt Y NEREL § yBS i toccurs=r0" />
type-"s: Stringilsmsos "Brefeit  naE="RaB Ty pergeg=-"""/>
string"” mm@eauesw:=0"/> <s:elenment name-"type"

t ype="s/SE¥FHG™ mi noccurs='ro"/> <s: el ement

nane=" QWaedk " nahdPRFCoBsSirbdBGse i Baccur s=4011/ >

</ $: sequemrcerrleteeonpl exType> </ s: schema> The

fol | ow ng tyﬁéfsﬂggﬁgq{ B«ngg’gdd@LrJtacr '?Jﬂcgl:togntkguith%ypeﬂs:str'ng"
get Cont act sByAccC ittcurbto=and addcont act ToAccount \éb
service ogg_r;éftn’ BHEe><s: el enent

nane" getLitact ssYAccount "> <s: conpl exType>

<S: sequence> 55 el ement nane="accountld" type=" s:

st ri ng** fREEERL ST 03 OrEPE S equence>

</ s: conpl ex Iy:peRent lab=-eloRARN t type-BipeitBithctM @B R 1e="t rue”
"get Cont agt %gﬁ%p‘ﬁm Resperraes woboundedr />

</s:complexTypes

<s:element name="Contact® nillable="true" type=“ope:Contacth/>
<5:complexType name='"Contagt's
<5:gequences .
<s:element name="id" type="s:string"/>
<s:element name="timestamp" type="s:string"/>
<s:element name="firgt" type="s:string” midOccurs="Q4/s
<s:element name="last" type="s:string" minCccurs="0"/>
<g:relement name="emall" types's:string" minOccurs="0%/>
</3:sequences
</3:complexTypes

</s:schemax»
</typess>

Message Definitions
Each Web service operation defines a pair of messages, which define the

input and output types.

<message name="getAccountsByUserSoapIns

<part name="parameters" element="s0:getAccountsByUser®/s
</messages>
<mesgage name="getAccountsBylUserSoapOut'x>

<part name="parameters! elemeht:“so:getAccountsEyUsefResponse“/>
</message:>

PortType, Binding and Service Definitions
Conduits are structurally similar t0 portType definitions; portType

operations are mapped onto conduit operations; input and output elements

correspond to transformout and transformin XQuery declarations.

<portType name=YCRMSoap”>




WO 2005/ 114489 PCT/ US2005/ 017822 168 5 <s: conpl exType>
<s : sequence> <s: el enent name='r

w@edSanugct sByAccount Resul t"  type="ope: Array G&pptRcinirs,
m noccurs="0"/> </s:sequence> c/s:conpl exType>
c/s:element> to <s.-el ement
name=| | addCont act ToAccount!| | > 15 20 25 30 35 40 45
<s:conpl exType> <s:sequence 69<s: el enent
nanme="accountld" type="s:string" mnoccurs="0'/>

<s: el eneftraNRAM BT CONLAGL s byPe=" | ope. Contact”
nMLnCccur s=ito@ hfsvageess: as@EHISNORIestbgiieoapl exType>

</s:ele <€E§P§§§Fﬁ§fﬁ§?ﬁ§fﬂ getAccountsByUserSoapOut” /-
5nane="ag%ContactToAccountResponse"> <S. ConplexType>
<S Seq’@@fﬁ@e@ <s: el ement

name= ﬁﬁ@@&k@%&%cg}ﬁgt@e%ggﬁp" type="s:string"
m noccu-rssaplb_h.@éhh?t SIS GUEN LR hens 51 BATRlEXIYPaS

10 s el &Rt s  camnl.exTyne, nqg\g "ArrayCf Cont act " >

<s:sequenceap: ﬁ&rﬁJlWﬁAc%gﬁBMt m%genurl org/getAccounc sByUser®
type=" ope: Cottrgetoumentct/abl e="t rue”" m noccurs="0"

15 maxCeeur s=Fthboundedsd 3:6Ls: sequence>
</ s: conpl exdype> <s: el enent nanme-" Contact" nillablc=

11 true" <°¥§P“E’0rg)éexTy, pe. nane="Contact"> <s:sequence>

<BOap:
<s: el enent ourpst-€l emen
20 </operations

</bindings

<gervice name="CRM">
25 <port name="CRMSoap" binding="s0:CRMSoap" >
<soap:address location='"http://BISHAMON: 7001 /CRMWeb/CRM, jws" />
</ports
</services

SalesForce Conduit Definitions
30 The following conduit file implements part of a conduit that connects with

the SalesForce.com Web service.
/ %

* @mag:stateful shared="false"
35 * ®common:xmins nawmespace="http://schemas, xmlsoap. org/scap/envelope/“
prefix="soap"
* @common:x¥mlns namespace="urn:partner. soap.sforce.com” prefix=tsfdg
* @common:xmlns namespace="http: //example com/" prefixe"app"

*/
44 [

* @common:control
*/@Jc:location http-url=rthttp://enterprise.soap. sforee. com/"
*
ws = new WebServiceControl();
45
// session object returned from web service
var sessionId = null;

// create and send login message and process results
50 function login{} {
var body =
<logins>
<username:>{ $user.username }</usernames
<password>{$user.password }</password>
55 </logins;
var response = ws.invoke (body) ;

// set session id :

60 sessionid = string(response.body.sfdc:result.sfdc:sessionId);
// set URL for subsequent calls (from this conduit)

ws.endPoint = string(response. hody.sfdo:result.sfdc: gerverlrl) ;




cs:elenment <s: elenment <s:elenent c/s:sequence>
</ s: conpl exType> type="ope: Cbntact"/> name="1i d"

de%n4§893t ring"/> nanme="ti mest arrp type="s: 5561*/@&065/017822
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name="First" type="s: string"” mnoccurs& 0"/>

name="| ast" type=" E string" m noccurs="0"/>
name="emi |l " type=" s: string m noccurs="011/>

</ 5:schema> c/types> Messag @efmtl ons Each Wb
service operation defines a pair of nessages, which
definﬁ(Lgﬁecégmggg&%lqgngUtpUt types' <nESS&ge
nanme=ugetAceadttd-sBy ser Soapl n" > <part nane=

" par aneitfeiﬂssslﬁ‘lr%n“eh‘tl&l'{so get Account sByUser"/ >

</ message> % ssage name="get Account sByUser soapout " >
55 <par#etyrane="par anet er s"

el ement =" S¥HELATETUNL sgB%}r@e;s‘Bs%%gﬁse"/ > </ message>
Port Type, <Bedy nﬁ@ld&g Service nitions Conduits are
structurally simlar to portType definitions;

port'sype operations are mapped onto condui t

oper atisenst; cinapui canch Subpul sekanenictntadh.~corr espond
to trafst o@i‘@@?;"” “tSF]aPﬁ'ST FACE 2CER ﬁ ETP AL inprres-" true”

cpor t Type Tafh oz a@@@i tacta poaponee!
PCTI USQOOS/ 017822 169 <operation

narme 2 GEIACEISCH PSR eI, S2r i Uk -
nmessagestiso g etvhecasnt sByUser Soapl n"/ > <out put
messadge="sQ get Account sByuser Soapout"/> </ operati on>
</ por,rt*Type> <bi ndi ng name="CRMSoap" type="sO CRMSoap" >
<soap [@mqqeha pace target-"sfdc"
t r ansp@f"ﬁ Lﬁ“@ﬁ . Xm soap. or g/ soap/ http" 10
tyl es” docurent "/ 3 <oper at| on
nanef““g@gﬂé%ffﬁ?%ﬂywweﬂtﬁsﬁe%\p{ oper ati on
soapActl:I['Joeléz1 dctRal / www. openuri . ar a/ get Account sByUser "
styl e, "docupsat™ f srRaxjqapatt> 15 <soap: body

'use—"l i teg,gj‘“"J%AccE?nlth” "£Str12%ﬁfﬁb‘ﬁcte£@li’§oap -body use=

rings

"Tit ?r algierys

/E*
* @mas:namespace target="app"
* @language:body type="xquery"
*/

function selectContacts_response ($response) {
for $i in §response/sfdc:queryResponse/sfde:result/sfde:records
return
<contact id="{string($i/sfdc:Id)}n
accouncId="{string{($i/sfdc:AccountId) } ">
<modified>{string($i/sfdc: SystemModstamp) }</modifieds
<fist>{string ($i/sfdc:PistName) }</firsts
<last>{string ($i/sfdc:LastName) }</last>
<zemail>{string (§i/sfdc:Email) J</email>
</contact>

1
/**

* insert contact: $root.create{<contacts. ..« /contacts);
* @mas:operation type="insert? node="app:contact"”
* @mas:transform type="request" function="insertContact request"
*/@mas:transform type="response" function="ingertContact_ response"
*
function insertContact ($msg, $node) {
Smsg.header += createHeader();
var regponse = ws.invoke {$msg) ;
var igd = responge.sfde: createResponse. sfdo:result.sfde: Id;

// retrieve sequence number
var Smsg2 = createMessage(
<quary>
<queryStrings
SELECT gystemModstamp FROM Contact
WHERE Id = "{id}®
= /queryStrings




20 </out put> </ operation> </bindi ng> <service
name="CRM > 25 <port nane="CRMSoap"
wdbionslingss' so: CRVBoap" > <soap: address | ocat i onpc/us2005/017822
“http:// Bl SHAMON: 7001/ CRMAeb/ CRM j ws> </ port >
</ service> Sal esForce Conduit Definitions 30 The
follow ng conduit file inpl eg&gts part of a conduit
that connects with the Sale rce.com Wb service.
/[ *x * amas: stateful shared="false" * Cconmmon: xm ns
nanmespace=rhttp: / / schemas. xm soap. or g/ soap/ envel ope/ "
35 prefix="soap"” * (c)common: xm NS nane space=
"urn: paﬁﬁ oo 0aH, MlL GRppom prefix="sfdc" =
5 (r)common: xm ns nanespace="http://exanpl e. com "
pr ef i x="/gigim" 4 th*feg"eﬁﬁonl; gontrol * ejc:location
ht t p- U demreh b fonah BN 87 Pri S “SEaPTLGFBE com " ws =
new V&bServi ceControl (); // session object returned
frommeb service var sessionld = null; // create and
send komknndtBSsS® @rdet=6kagh g an p ocess results 50
f unct i, FR=Pegk ey Wea—"dedy’ = <l ogi n> <user nane>
15 ((BUS o i SBEAHEIIE )<L HSLE RAND>(
<passw¢>{ﬂ$§1e§:§r. passwor d} </'passvvor d> 55 c/login>;
var .reSpOﬁ%EA?_CO IdLm@&tr@D@ggy:@angultlé}/)< Ac?c}oun%:[ed8>8| on id
20 ses$| onld = <FlrStNamE>{StJ:’:Lng($node/app: Eirst})</FistName> .
string(res pc{@%sé?agg(ﬂy?gﬁtgeodP@sml}ets.tS)ﬁdesxtg@ss| onld); [/
set URL fofsoSubsequant "Eal P P HOH s conduit)

10

</oreatexs
25
VAL
* @mas:pamespace target="app®
* @language:body type="xgquery"
*/
30 function insertContact_ response ($response) {
<contact id="{string($response/sfdc: createResponse/sfdc:result/sfde:1d) }vs

zmodifieds

: {string($response/sfdc:queryResponse/sfdc:records/sfdc:SystemModstamp)}
35 </modifieds
</contacts

In one embodiment, the occasionally-connected application server can
40 interact with a server bus. In one embodiment, the service bust acts like a web

sServer.

Service Bus can be a proxy that obtains information from multiple locations.
The service bus can:

45

. Bridges the gap between the message the sender sends and the receiver
expects in the area of envelope protocol, transport pfotocol, security
scheme, payload contents, one-way and request/response paradigms, sync
and async communication, and point to point and pub/sub.

50 o Provides additional computing capability in the intermediary to do tasks
like multi-destination publish, content based routing, anthentication and
authorization, and credential mapping,

. Provides monitoring capability in the intermediary with metrics collsction
and display, alert displays, fracking event collection and use, message

55 archiving and SLA management.




ws. endPoi nt = string(response. body. sfdc:result.

sfdc:serverUrl); WO 2005/114489 170 5 10 } 15 20 25 30
woodPadss S50 55 60 65 70 <SessionHeader > PCT/US2005/017822

<sessi ondl d>( sessi onl d) </ sessi ondl d>

</ Sessi onHeader>; // create conversational header

function createHeader(} { it (sessionld ;= null) {

loginO ; } return PCT/ US200513347822 * sel ect contacts

for an account: $account. @r)contacts.* *

Heas: aperation type="sel ect”
keyr ef ="app: cont act Account Ref" inverse="true"

@mas: tr%ﬁ#&lﬁ%ﬁﬁ*ﬁ@% eap djgraagdary. Yegspaep-to Servee Bomeateame in

r
AR o RS (LA OLIMAY S (AR SBhar o rowe it 10
s ett@sfoﬁnadl dort mESape enbdonsnt.ell Hendpmg .dweagsin tﬁreugh a {ransport.

: t eHead ke{$
5 GH: Fran Retpo f@@%ttﬁnﬁe&eﬂﬁt OB eplit mensasg ey be
gﬁb%é&ﬁ%ag el B YnfeYRRT FIURLY as fﬂtl'ejt{1 glégg%ergagses through, The

sel ect Contacts--- request ($source)
<auessagst pronessingSky BT inteRRiAr@orunaod diMERByAammdatal shezified

" (t tO{llgl!P %%%ggorlge/ @d)}rr </queryString> </query>

*

The service Bus can support clustering of the WebLogic managed servers.
10 Configuration and metadata is automatically propagated to the managed server for
fast local retrieval. Moniforing metrics can be automatically collected from all the

managed servers for aggregation and display on the console.

Both intermediaries {proxy services) and external services invoked by the
intermediaries can be modeled as services.

15
A service can have:

¢ aset of concrete interfaces called ports (also called an endpoint), each with

a transport address and associated configuration. The set of ports
20 constitutes load balancing and failover alternatives for the service and are
identical in characteristics.

* asingle optional abstract interface (analogy is a java interface) which is a
definition of the structure of message parts in the interface possibly broken
down by operations (analogy is methods of a java interface with

25 parameters),

* asingle binding that defines the packaging of message parts in the abstract
interface to a concrete message and the binding of that message to the
transport.

* DPolicies on WS Security (WSS) and WS reliable messaging (WS-RM),

30 authorization policies, and actions needed to be performed iransparently
by the binding layer (like logging).

In the case of standard SOAP web services based on a HTTP(S) or IMS
_transport, a WSDL representation of the abstract interface, concrete interface and

35 binding is possible. A WSDL resource or an exiting service could be used to

jumpstart the definition of 2 new service’s interface.




* (r)mas: namespace target="app" * el anguage: body

type="xquery" function o
wGeHloett«@ont act s_response( $rEsponse) { for $i iprT/US2005/017822

$response/ sfdc: quexyResponse/ sfdc: resul t/sfdc:records

return -contact id:"(st;gngg§|/sf?pa;?klrr

ount |l d="{string(%$i/sfdc: Ac nt i o
2ﬁgdified>{gtring?éi/sfdc: Syg em\bdst anp) } </ modi fi ed
<fist>{string($i/sfdc: FistNanme)}</first>

>{ Servieg Bbis/ &hoqippast ¥ar-BEAShid external id
TR Lot TGS o1 QP ) eni) S cyiemil IS apoviders),
,*HHJEP(%;,S@@EC it B6Y-RM and FTP as service transports. Service Bus can

..5lcontact>): *
T W P
t frendports. Itfoptiohdlly supports of @&l 8RN chy of mefddBEL 110c underlying

nt act ($nsg, L?gi ode) $nsg. héader +=

' t Co

> IC Pirg{lsé)ﬂga SERROYTS - 1ty Hervies ghiss ean S‘ABPQI‘S\PM( $Ifiig))$1vﬂ,a (structure
I ddascH : nse.sfdc:result.s :
| e PP Al S B AR LR Rp O (3! ad $6AP 1.1 ana
cr &4t exdls sagwfthoutgasachmentu €6ty Sbthi RPE S@@-Eagtﬁ document style)
Syst enbdst anp FROM Contact WHERE Id =""{i d}
</%fﬂ:i{?§}§g'ri ng> . ypc= reques unc ion= insert Cont act

r equest A*ei@Scah A0S frﬁl‘iﬁﬁrl{:e g@ﬁs:forr ?lf‘eos%@%%%gﬂhfﬁ% gorts can be

function="insert Cont act ponse”
10 pcased ssdadsabarg@oantinbil HveDaliermitiye&ritr service can define the load

balancing policy to use for its ports. Supported policies are round robin and
random (weighted or not weighted). The ports not only serve as load balancing
destinations but also fail over alternatives on failure. The two concepts are
coupled together for a HA load balancing scheme.

15 A service can also define the retry policies on failure and (for
request/response) a timeout policy.

_ A service can define security policies that apply to messages in its
interface. This can be specified at the service level {applies to all messages) or
indtvidual messages for the operations of the service.

20 Services can be categorized. Category schemes can be defined. Categories
are essentially key names and category values are values for the key name. A
service can have multiple values for muitiple category name. Categories arc very
useful for discovery purposes. There are a number of standard ontologies (or
category schemes) that defines the key name and allowed hierarchy of values.

25 Service Bus only allows Ieaf values in the hierarchjf to be used to categorize
services,

A set of services can be provided by an organization or an application .
called a service provider. Defining a provider for a service is optional and you can
have standalone services. These can either be internal sub organizations in an

30  enterprise or extemal partner organizations or even individual applications

(semantics is up to the user). Also a service provider can be categorized like




$nsg2. header += createfeaderQ var response2 =
ws. i nvoke($nmsg2); // return both responses

woreepanme. body +m response2. body. sfdc: queryesaniesiolrs2?
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return response; * @has:nanespace target="sfdc" *
(r) !l anguage: body type="xquery" 15 function

i nsert Cont act request($node)1§4 <creat e> <sobjects
xsi:type="Contact">

<Account|d>{str|ng($node/app @hccountld))</Aecountld>

-<E§gﬁ§ﬁam>?e(afé}ﬁr F%%:B %{'}ggg{o%) T 1{ ess)s§§ % {V\Eglségg‘enﬁ 2a9d could

<Hremidd>t0 2t visengd rat derpp e m@lbi Tor autiorizktion. Sep@ly SOVRRrs can
</create> 25 } * @ms: namespace target="app" *
@ sHYPRyECHYe PeESABEE" xquer y" 30 function

: SE ez tS tg}éf‘hgé(:gr essﬁ%%%g @dﬁf%%?ﬁtﬁé% ég%g%ﬁﬁicatmn and can only

r asnd tmhesbales | @) )réceive<ypni fre@dﬁse@ﬁ Also a service plcaw?erf gan be
strl onse/ sf dc ponse/ sfdc: regords/sfdc .
( @éﬂ%@%‘?%ﬁs fa S di SEYVAE PORSteY 1§ gssgpigted with

emeﬁﬁm@ bnd fshr%d% 6 2sdrap dam%% 6t 81es ﬁ?&hﬂhﬁﬂ,’:ﬁtﬂaﬂ

server can 40 interact wth grver bus.
enbodi rhatimpi¢recdaion ¢ abprexy acztvascel t&eba swabﬁeds éwvemipeline

¢ REEaR 1P SongEs .l GHedicst RireLin? g BaltGn abg dricaasse pipeline
Bubsiieion.! Tig: Si3RREPESH Wha LBSHAHEe 'éff@rrﬁ&f‘&?feqﬁ@ﬁ PSessages

and the receiver expects in the area of envel ope
pfothsaupxy ﬁcmdqure pnmlmgnan exlemal i(eryanoticigmexy) service, and

I t and t/ respons
o SR e b N A OB RO IRt pyony
peemfeme@r@@b/em a @BporRE.0Vi des addi tional conputing
capability in the intermediary to do tasks |ike

mul t i - Haeh pipghincorpndiest seghence o siages. Bdessercs ded infythe pipelines
ab‘ﬁ]@&dcgﬁ)&;'aﬁl@d gg% scPO 8§s @&dn?&ts@ﬁglglgg ﬁﬂﬁ ﬁci@ées variables

ppl ng rovi S noni or| capa

i thae coridinathe mehdmgmadomm)cmaﬂ eat |b@naccamﬁdobrsmloabﬁed by the
alert dIS | ays, tracking event collection and use,
Sar chi vi ng and SLA managenent .

The main stages in the pipelines are as follows.

e A transformation stage allows if struciures to be nested 1o select a
transformation to be performed that affects the context. A web services
callout or DB lookup can be an alternative to an Xquery or XSLT
transformation to set the output context variable.

¢ . A routing stage (only allowed in request pipelines) allows if structures
and case structures to be combined (and nested) to define a single endpoint
and operation to route the message to. A set of transformations that affects
context variables can be defined before the message is published to each
endpoint. A web services callout or DB lookup can be an alternative to an
Xquery or XSLT transformation to set the context variable.

* A publish stage allows if structures and case structures to be combined
(and nested) to define the set of endpoints and operations to publish the
message to. A set of transformations that affects context variables can be
defined before the message is published to each endpoint. A web services
callout or DB lookup can be an alternative to an Xquery or XSLT

transformation to set the context variable. The changes to the context is




-, WD 2005/114489 PCT/ US200S/ 017822 172 Service Bus
can be an internediary. Messages to Service Bus can

wocnaRiigs t hrough a transport, gets processed pica/us2005/017822

10

. each w

15

20

25

30

35

determ ne where to route it to and transforned for
message enrichnment. It then goes out again through a
transport. 5 The response carl],},%ol | ow t he i nverse path.
A copy of the message may be ublished to a set of
interested |isteners as the nmessage passes through.

The i: [ nter ' nb

oS e S LSRRI, LBLELRR B SO

servic C su g.r ?necl ustering.of the WeblLogic

manafed ::5‘??8?‘ ' Proqessiag 3¢ sl 28 puiharzatign ik transaemsnily

aut omatReERIMed By e hpdingdlayd. t he managed server for

f ast *| ot Stackingr stageall lowvbwitingra tngkinetretard watnsbedefined

aut omatinfoambiyorcal the tiacidng syswrakin bdresed neBagath s £13e d6fined

for aggtieghti on and di splay on the console. Both

i nt es Mg A¥chRdn BRI |

| nvokegaby, kg?if{’;gféfﬁé%f%? e Al v AL S

servj ceg. ce can _haye: _a se f concret

Tt bt %éﬁ!%ﬂl%‘?% i §% ORRnEBY Sirar e i Toe for
CPRUESYIE PURESSr ¢ address and associ at ed

conf? gdy ¥alidationptage yalidaes pédnpaqumenagainss an Xdlle of MiHdschema.

‘bal ancifnepsten stagelalows aabdrdo define/thsirbom dctiensswitv kg e

and ar émplethentakiona lof the stdgansiar elid SidecSDK. a singl e
optional abstract interface (analogy is a java

interf @ae piuligh dad Gonsfelor séRRn&d of %g%&.rm%@d% V\gfsingle

message parts in the interface possibly broken
byersise r ke plo matucsin aipshype i wighttapbideallf baarchavet iimid eofeaational

i . I .singl e..oindin t defines. ..
t hipeiides, BBRATRE o8 cnerlich A5 BB Eofhlf pucfftionat Bipetine).
| Binee fthere & spatdadewey 16 SRR tn tdpRrBioAdifE BE message
that nmessage to the transport. Policies on

WS
SeRiFnLS yihe \geigrngnglionsor dig gperatione 4% slghe dhiongh Rvpser Sected
Y o . il |
PRl B e RneO bhE e A P RIS REiBn Bielige whicn

- | tggjoigy intd asinple seasde lofel s¢sponkarpdpHnAP web servi ces

based HTTP(S) or JNB t t, a WSDL
r opr e SoRiE %P)ngé?aaﬂésﬂ%%t %i%??lr@r%g@,t PisHae @nd response
| fip&ideatid 3R0vatee Mba&e.lii Swiﬁpﬁﬁimg@al reqaé%ﬁoggg ‘HeiSages.

or an exiting service could be used to “junp
dBlig eentexd ncapf bea a rretvof gradeineds XIME evafiables.. NWO variables can be

2005/ 11 73 PCT/ US20Q5/ 017822 ice B ,
SRS A SRR B, e ERAER U AT TR IS URG PSRt variables
HRTR(Sbim& R dbouf hkSnesWreRMe mﬁs&mmﬁ%ﬁﬁdm principals, the

transports. Service Bus can support
regfadaie forcibp smentprexp verviegyandahe digadsitd for thil pRmandrouting

J . 1 tional |y. t der ed
U B Byph SBRRAS et bR, B s BB ckegbiamn b read
Sup pdified By XGaery/ g dBléSexpRBsiSHIROME siihbs, NON XM

(structure described with M-L), "binary, "M ME with
at t achiieneare( efelhp) condgid smabelthe yadables Sheader, $body and

$attachments. These are wrapper variables that contain the SOAP headers, the
SOAP body contents and the MIME attachments respectively. The context gives
the impression that all messages are soap messages and non soap messages are
mapped into this paradigm. In the case of binary or MFL data, the XML element

that represents the document in $attachments or $body refers to the actual




1.2 (with or without attachnments for both RPC style
and docunent style) packaging A service can have

wonebs/inlg ports for the same binding. These pafdBuSBis/017822

be 10 used as | oad bal ancing and fail over

alternatives. The service can define the | oad

bal anci ng policy to use for Hgg ports. Supported

policies are round robin and andom (wei ghted or not

wei ghted). The ports not only serve as | oad bal anci ng

dest | ] al.so f-ai l I nad i 0 .
r arebPEn! QBT = Mo B AL 1 b IR RYEY by coptent i
HAtdelfadwiapha Ridnitght S0 eoitaind theAysal RPC @ae@ivté@tkso define
the retry policies on failure and (fo

f
¢ equestJanEe &S pn e bt Bobpe §ysiam Shakiscavailable for use if
rea D 1 e B
ekt 3 YorB0 W Grehil oR BRIy BTESRAORT 2| Duliiion or
( apmkfoemation &l desivasisagehe variable Boi b ducthredss dageSoredr more

the operati ons of the service.,K 20 Services can be .

c AYRFOP Peflionin BFHY y SRS g R & qent A&, types are in XML
CRLRIRS NPT, RRPSOE SEliurdds! X‘hi&ec%%é‘ é&@a?raﬁ&ﬁ]rafo%k&gi? la¥vare of the
val ues "are val ues for the key nme. A setvice can
hamatirenof theptasiablel tods fyped (malat wpppeic for efpmantn afrthe types or the

T gyl AR ool e s bt SO RB Pidimeters o
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CILeGALMs fCiRaBSisifynat defines the key name and
al  owed hierarchy of values. 25 Service Bus only

al | ows Haglaktagalcare bavena sbguehie phsichy ta exdsuteuided drmr occurs in

cat rize . services.,. A set af services can b

P0Gy SROWTE A AR it et piEling, or et age- In
a a8€ikivh eﬁb@yﬂggﬁiﬁe cdnetd aéffidd FoPHRWILAE pfRlindob & WhokEproxy
is optional and you can have standal one servi ces. )
ThasEechhe bivoplescoped erpepipsiing thet exiglans swokehenian egior. This
3 r QL X rt . J0naani zati on r

ol pits Hiaff s ELE: B BB BULRRN, Broplatc
USELY respbhi®e MeSAEY | toeb rein@drtoCctiz heokat 60 did %)aﬁ(y, i€ the
WO 2005/ 114489 PCT/ US20Q05/ 017822 174 services for

s BIPgP rpntipucs aficrimediprps thgesonfaxt, L1 Jaise an s¥cemtion. Raising an
c I I - UsRl 4L can
bgﬁgﬁgaégkéﬁﬁggﬂggﬁnggFﬁ§¥¥glt?gﬁqﬁgerV|g§%%?%viders

can s@&hed paomtssieg eif ve rapesapipslinSea iconsistoos inbeuad demsport
be an organi.zati .ot. an application and can only ..
B 2ot biatap ey e i fis Sesyionoapolnd binding
SEk¥ e _ v,
. R s pRoceFAMPARES. TRE Dot B ufiRac o
cobtenpioabsingniy be peiforned like unagpiny the measagb abifimn tcontext
role% for authorization, The i IenentaﬁLonAﬁf a_ praox
SEFPPLS DareBuE s PrPackeglE Jogaer i g dojie | WS guntty and
ThitRoreAHSA SB&h gfﬁnaaryqauﬁﬁg dedtielidddCarde bl ideftiAREnd follow
response pipeline O definition. The 'pipelines
stheepargdigimat actions are perforned on request nessages
to the,pro service before.invokin n.external (or. ..
anot net Ba? Bk, PG Felfd fiapdis Hskayclhigiponst bipeline
pﬁﬁﬁ@%ﬂ%qbﬁwwgﬁﬁﬁﬁ@§@@da[on1the service invoked by the

pr oxy efore the proxy returns a response. Each

ph el sveviessrraeutdrors gutagsezoss thrpugies binlingdayuSoliewed by the

into th i pelines. 15 ca e_acconpani by a set of
e a8 Tl B pRp e B o i P BRI St es
that contain the nessage contents) that can be
accessed or nodified by the pipeline stages. 20




The main stages in the 'pi pelines are as follows. A
transformation stage allows if structures to be nested

wWaoselast a transformation to be perforned td@tus200s/017822
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affects the context. A web services callout or DB

| ookup can be an alternative to an Xquery or XSLT
transformation to set the out r.}yt context variable. 25

A routing stage (only all owea1 i'n request pipelines)

allows if structures and case structures to be

conbi ne : - | ' e oint .

cpor a1 o8 F o% SERS AR AClhBtaf YAREHERARD oReniaHT6ns or
t r gppdicatonat Aowssr tratitlad fimatks Uhidricts (tahicddhes) 6Amebaging
def i an b fo,re%élgeglrnessage i s published to each

e eS (MECT fRpredad af i3SV IcSansHieT P iflgbkup can be

an al t esgrafel WRis S ' .
fo set T ot b aoBftedulX Rkl o pinbn kTR PFA:Bhprions
i folsgntatics ané grahppicelly engbdaic forr thst twitheReonivienedn beandd by

n to define the set of endpoints and operations

r ayflle SRhiR eyt dind deBBion G drsRiemsongoss an
t heterprlidecot Aepahet! EXanpRE| dISret@itcfCare A8kdREH PRI MFL
t he, message i s published to each endpoint. "A web

s Selgeass sdiemeat Xgerpmaps,oX8bT auapsh & H0L atterdraest andeWs-

t : ery or XSLT transformation to set the
cg)r??lg%?%\%ari abl e. The changes to the context is WD

2005/ 112481 PSTHed2 Qo5 HeHnB2AndIé 2aicE Oy ahR@ 2h@ a8RGHrchical sot
p%gll hed endpoi nt and does not affect subsequent
p

CERUES nfor e 1 G 2BTh BRMA e SerwiBs Spraridary apd conssnery e be
CHESPIDE | it
{ Ratogita @ ipld Bilcfih deipht SPARPL Y hton RSV g teat

. avelesforagategonrsdhevit br leaevalaafone ehulliplé Oz[tﬁ%iriy Qfhehid.
y

can be used. to, search a user

the tr gcﬁl n‘i%t%%'St emb 1 )
def i ned“1¢R |d5$°_n B AYRES cf?ﬁ WFIH{S“_@P&@'@QW@ data; N&FL schemas
MREFRBE tiResAor ﬁf)ﬁb%ﬁ Jégﬁ.lm Qlhen d&eg‘ﬁsgs\’g% £ XML, An

keepi ng pur poses. . 0ggi hg stage a 0gging

- oKME seenudype eaneixtpotior timdudssthamchana fiks.  debuggi ng

pur poses, A validation stage validates a docunent

hgal nstTRISEE o gy cah desiabe the mappine PR OabPEASLT

am4pe dedofibg hdpPhgh T8 KNIMMAACHIIN theK ST 3fhndard

i npl ement at i or?_@ofp t he stage usiu%g tehe st age aSIDKqullgy maps

EResTibe e mvepiags feoXMls tandfnon XMuMEL) alatas tsingshe Xquery
a single service |evel request pipeline mght

optionally branch out into operational ©pipelines (at

most oAe WEDLdpgrfatd Qi RNkeAPldtd iitlal dbrdcRiedtbs and describes
oper at i onal ?I pel.ine), _Since there is no standard way

t GeaRTtEChinhatagR ob p sersice dnrlydingihernperationsigdhatonterface, and the

tergi f t.h erati.on s .don
CPs o ReoshBEpHE U, Bibhth Riphll®. FRPPhURTHEE 8%8Bes the
prindiag sif tige steasas paitt ko tHeemesshgy gk aney) ahtl ke Bindeld Hethe
whi ch é’h%n j 0i NS 'itnto a Si nﬂl e service | evel response
pREERERE. the Hangort Salsoeptopelly Hascaldentie seacipistinterthes of the
reaHe&st pipeline and response pipeline, and its val ue
s associ ated with individual requestlresponse
messaghsSWS-BicTiven destribe tse@aity had aciisble ﬁifessﬁgﬂggfd}iﬁﬁ t can
ﬁgLrﬁ)ari%RIEs.]dNew vari abl es can be added and del et ed
(SRS Wt S b5 sigaed ar PyeryRisd e Suetage 8ging Grhas plgorithms.
Rk BbRSibe what authentication mechanism should be used for the message

when received.




have i nformati on about the nessage, the transport
headers, security principals, the netadata for the

woSHigARgePr oXy service and the metadata for tl]Qnggﬁﬁ%y‘oymzz
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routing and subscription services invoked by t
proxy service. The context can be read 30 and
nodi fi ed by Xquery/ Xupdat e ex ressions by the stages.
The core of the context can t he vari abl es $header,
$body and $attachments. These are wrapper varlables

that c ntaln t QAP headers SOAP bad

bnd t nARVORE S DATHIRER O daGaTPTB-(PONFHET BGRIH Sorver
in{ R form! fp%mlqaw oS SRR bRt &Y ldeUBIepRAe SdPIBisOMhd managing
wessages and non soap nessages are 35 nmapped into this

pappldstgmedl mobite sadngenso vithi snsimple qulﬂcwmoarmmelgl\mmd that

el.emen rel?ents t he docunent in $attachnents
oﬂmﬁ%%‘ “P eéﬁl%mt%e NS PIRPIS 2005/ 114489

PCT/ US3065il OdbfpBidatiohs GnAlosdheBNbE Wb rBodHNideHSition, user interface
identifier. I'n the case of SOAP RPC, the body content

i demplpise) 4 clsmmslalpry@ntrelll@nwhlchtm@ﬂdwrlatsﬁha& ng pgliens, and,

o7 AR R e, SR YE PSRRI, Bicho ol M Tpggine

t Ibﬁﬁveeﬂ\h&ie clama tohdfd! ashdXqheersnteapfisees s e bﬁbaalonally—connected
condltl on or 5 transformati on at desi gn tine,
v APPUBLIED (S8RVaH ecale aFFEd thab A dale BiRdl &Y moPHe t%PBB%atioﬁS is

t
CSBA0 4-430h o £ o SGUEPY, 415 Bk T o
t yeta dsteldeeaiption off the escbilesapaliedtndd aﬂt[nepamhuwge offthis data, .

the variable to b pe is. aw e lerrent of
t Aad 5, qRtuniged foygna %R/%iese?fé%eﬁé@vs afgn SyaheogiZgioR PHENS data
aﬁ&\n%%ﬁ‘ Beﬁsﬁﬂaﬁf E&ﬁéct@%@w&p Canﬁ%&?éi‘ﬁél &ySies. 10

docunents I n $body easily. Each stage tan have a

‘sequendbe cfccwmmilytwnnem tigaithodel @nr descobe thes strupture (and

Bk 48850, BESHERF Rl GhEP BB T LT 38 v

ﬁﬁhid?ﬁze@a@itﬁ’ ehél efdune hrbWser tsaethwh eleCclRinP &d ke 1ﬁfe11i:genﬂy to
whol e proxy service. The | owest scoped error pipellne

t traverseddata and synchaookzsdlatsrwidintbesesier. This 15 error

. pi pel ! E)?lwerll lacfureF aatsgec%ein@ &)560&30 otbt%e %Lijv%lnhg %Qn Ee olflamgd from a
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endp0| ormu or response nessage

r edvisvnest tie tdArdsnuak ahe oflaibize FIEODSyto lbeguhdiestood that other
continue after nodifying the context, or

nessa
r atinbe«%awnex@fe&e. igientia eannbe davelenedomnd &l ithins fher epirit and

-%&B@E%the%%}ﬁoﬂ%&cﬂhﬁ@er scoped error pipeline. The

request pi peline can consist of
|nbounmh¢rﬁwﬁgﬁng deﬂﬁqmmncesqmﬂgnednmnh@hﬂﬁdmboﬁdhmgnemﬂn
| ayer, the pi ellrﬁkexecutlon outﬁg@nd bi ndi

|ave¢t10nahﬂ§ hsgh BERIAEES 1o5 HREBIIPOSSE OE #ﬁtj%@@béescwn It is
bh&din@&dg@%rb@‘ékﬂelﬂéﬁ% EQHBlmethE hﬁvﬁt&ﬁeﬁs H{égglteglsp%nns

performed |1 ke mappl hg the nessage to/Tfrom cont
vaisclatalde sObpanéiy,gnmgy andificapackag] vayxatreﬂs a@ie be apghrent to the

doi ng rity and _auth zatjon

rB@P‘i‘th@leH é@ﬁe‘ﬁ avcl.tﬁﬁgﬂan'shep%ﬁ?éﬂwaeswlﬁaq oa%mfgﬁ?%%bed in
Zérdhh{os é%@% hﬂﬁ@he? s tﬁ?é iR Ao S §B ra%ﬂ?zﬁoi'pgflcatlon,
i S |nvo he response pipeline process ol Fows
at}srebyleaabhngjﬂihersmkvhd meths/ axtdes undéistand the nmem(m fg evarious

goes t.hrou i ndi.n r foll owed b

S ahadimert g 3yt HiOR medfatods gopaee PUdadbe puticular use
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Users ‘are security principals Who can either

histtewsg daigsrandabéivegimiencappl i cati ons. A user can

ei ther invoke U interfaces (console user) or

nmessagi ng




interfaces (user nodeled as a service consuner or
provider). Service Bus resources can be reusabl e

waeppwbr4gbef i nitions or descriptions 5 of entigdessaesbig??
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are typically nmetadata for that entity. Resources can

be used by nmultiple services and are standardi zed
definitions or descriptions 3? 0SS an enterprise or
department. Exanpl es of resouftes are category

schenmes, MFL schemas, XSD schenas, Xquery maps, XSLT
maps, r{ac n@ﬂﬁ e .
Cat egoy}?Dgg grbrgstc?a%sde |n]el}{§lts?% e gatogg%ﬁ?&%gl %Sé‘gned
a integragadchiiondts os ether electvalicse thef pesenhmventic@gmay be@bBveniently
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deliwildshes, bswakbd gppapait i thoseeskatedsih ﬂwamnmmm a. ML

schemas, 15 d scrl e types for non ata. 4L .S

descri BERPTIRTSk %{/ng ‘iﬁg v red tWBarégn%Y skilled

| Wﬁmﬁ{erd Hh%bdldﬁ tie REThiSE TR ﬁﬂe&e@ﬁ dlSIfO@ﬁ]l%f 2 wat b@ﬁ‘p arent
ps can descri be the mappi ng between two types. 'F

rréi<p§h0<§@§1§!ﬂ1ﬁ@ én theppifivgse fattr Tvlindent@nusion glse e zmérnented by

PR AR U575 B AR PPORE S

AraerBﬁhatb Ni@wWbeC @ fCarmvittichal @Rlpahent f EifcudtsS QK WilP be readily
interface and describes the abstract interface of a

s@praresd to thoseiglitHed 1Be 8ter ati ons in that interface,

and th It
12 €00 R RSSO AR i 5
oftotdge mekwa g{meﬁﬂﬂ) thavihg 11hsht&wmﬁmged {ipaedeptig Whikch @ﬁﬁi be used

the binding of the 25 ssaetothetrans ort.
af S BrogH: a%amvytea &Q PFTIpER apy af thsrupeasers ot Pﬁ)gr@éntdﬂvenuon

t e s@Pp¢ikGuh MR+ ]_IE)&Illdé: ¥utRMof Bkl RS = ?Ctgﬁ %ﬁ di@P theluding

reliabl € messaging policCy. It can descr
s Aoppyd disks, sipgisald dises, dR¥Dy I8 OMs, amivestage aud imagnatvadptical

R RN, Rebie 2PROREE R SR DRANE R st memory
I @68¢ex e thag¥ic2 0P opfidal 4431, B%s?ﬁ&gg (ﬁfcﬂﬂd ZotdR1dr memory

one enbodr nment, the Occasi onal connect ed application
SIGs)eqr any typeradimadi ehdeyios saltahlafmmmwmmmm aydiarglata.

ol ut | SRECYE efF AR Ee SRS TR SuFBun Grsinbeibp prosent

t i@entionnireYidas Q;SﬁWade f@xtsinolighge Bo@r ﬂlrel BAIGRRPON MY $eneral
5 Mobil e appl i.cations may consist of a data nodel
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o‘%‘é’ and the enterprjse. The .
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t hat u %[gg&b t
per si ?!tn l(3elrl11tq yalélt 2??%0& 4 xtb g?%gl %eﬂeg%]/sREcmhzed
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7 BeSP e ter. cactuding) bt pRGligited (o asystemApdmehodyfey an
%@Mﬁﬂh]%@hﬂé&'ﬁb@i liBitndehar, between occasional Iy
connect ed devi ces gnd ext ernal systens. The
occasi o-nal |l y-connect ed data nodel can describe the
structure (and 15 other properties) of persistent
application data. The nodel itself can be




synchroni zed with the nobile browser so that the
client is able intelligently to traverse data and

wosMpoTeni ze data with the server. O her feat WHAPYS2005/017822
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aspects and objects of the invention can be obtai ned
froma reviewof the figures and the clains. It is to
be understood that other 20 abodinents of the

i nvention can be devel oped aﬂg fall within the spirit
and scope of the invention and clainms. The foregoing
description of preferred ephodiygents of the present

i nvention has been provi ded—torthe purposes of

i 'Wihet is atairoed ®nd description. It is not intended to
be exhaustive or to limt the invention to the precise

~fornms 25 disclosed. Cbviously, many nodifications and

vari ati n > . Lii.oner
s?FIIe ,ﬁ“%ﬁghgﬁf?ﬁ%E§%§ﬁ@%ﬁ?ﬁ%ﬁ?@vﬁgﬁéﬁ%ﬁgggn and
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tRe inveTtion, nd ifs ract.i cal applicat@gn, t her eby
endbi R IGeHEy SreappliralipnRcipdiag 4p eceasiopalleraimeatedda

| BY&I:i@p for various enbodiments and with various

nodi fications that are suited to the particular use 30

cont enmglcandl! manages comfi mmetbth tranatate betwemogda Hbmt dxeernal
' ti -def | h fol l.ow | ai d
¢ R T (R (el Reae s S TaaadaBEA Rt ur dRp sl

179 In addition to an enbodi ment consisting of

specifically designed integrated circuits or other
elect r dmp @scasionallyrcemntagied; app beation servayobhdaioohwdmirein they

[ [ ofelnLVj ' I er u e or a

o BB R o aPo S BB by B oG oo BELERE nBlestn e
peahicagimiic QDY fletadatatn tHieoccsAsiINgSnAdctdd @utPrRaant

5 disclosure, as will be apparent to those skilled in
the conputer art. Appropriate software codi ng can
readi | [ . DI . ed..
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inventjon may al so be inplenented by the preparation
o?X%E%A ¥t jon specific integrated circuits or by

i nterconnecting an 10 appropriate network of
conventional conponent circuits, as wll be readily
appar elfhe vecasiooally-skinetted applidatien server offvéaimr o sédrtein the

i nvent.i on includ a conput er . program pr.oduct. which is
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to perforn1any,ogq?hea%§%%gg§gg&g?&?ﬁg&gggggnt hédis and
i IevRANSEOIPr aEBecHieweb seratpe. nedi um can i nclude, but is
not limted to, any type of disk including floppy

di sks, optical discs, DvD, CD ROV, mcrodrive, and
nBgnet PhogdcasiahallydicnkscteRedicaliWsorvdeREMEm 1ERRIREOMVS,
DRAME, VRAMs, flash menory = devices, nagnetic or
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i nvention includes software for controlling both the

seasiaadlygronperied@atemedel. pur pose/ speci al i zed conput er
or mcroprocessor, and for enabling the conputer or

m croprocessor to interact with a human user or other
mechanismutilizing the results of the present

i nvention. Such software may include, but is not
limted to, 25 device drivers, operating systens, and
user applications. Included in the progranmm ng
(software) of the general/specialized conputer or

m croprocessor are software nodul es for inplenenting

t he teachings




of the present invention, including, but not limted
to, a system and nethod for an occasi onally-connected

wappkiicasd on server. 30 WO 2005/ 114489 PCT/US2005/017822
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PCT/ US2005/ 017822 180 CLAIMS What is clained is: 1.

An occasional | y-connected application server

conprising: 5 a synchronizati%ﬁ unit configured to
synchroni ze data nodes with & lient for an
application, the application including an

ocgasi o - : condui, t .
macager | Ron aanaf -t aiotah SpnlFaHE e bty Wigein at eas
exbrg ¢lant issiysusémrsedahel dathaodataadnidesasiofidliyechrhycttdata
occaaHonall -coHnegépd data nodel. 10 2. The

oct® ?&ﬂ&ﬁrﬁ@%ﬁ ey litheslieticat i on server of claim1,
wherein the occasionally-connected application server
is configured to cache data nodes in the cache as
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dat a.nmodel.. .15 3. The pccasi onal ] y-connecte .
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antici pated usage of external data. 4. The
ocPREFHIPRISERSEonnect ed appl i cation server of claim1,
wherein the 20 conduit manager is configured to use
caondui t he, condui ts defining transforns between

dg?a déipﬁgg%ﬁ§nﬁﬁguﬁkcasionalIy- connected data node
and 1 equesdetyeAMnchBFRRBSRR ddiks ¥iRREGichi & ﬂﬁgffplication
service. 5. The occasional |l y-connect ed appflc 1 on

sdreading an epegsionally-cenmepied d28 malebrandi ng an adapti ve
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applésodefined b drevicashiialip-cdheect &GOS fisatied by the
adaptive user interface server using the data nodes
and the occasionally-connected data nodel. WO
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whave qackds dagaisides tnthe chdhen indicdisdbypinefdad i iR ddBdstonally-
nodes agg %he gcasionally-connected data nodel to
pPYHsEEd 42 P§%£3y at the client. 5 7. The

occasi onal | y-connect ed application server of claim®,
wherein the at |east one client can run an

appl'i cihe osthediofglaim®, vhtmimihd escaivhatipeoneetdidanahbsel

ted..dat del with ing i tact with th
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met hod conprising: at a server, synchronizing data
nodes wth a client for an application including an
okkasi bheoetfod of plate 8awlieretn the trehslationdisat carileits ehe/@mduits

t ' n a, f.rom external. systens and the
L SRR R 03t el h e i ol isBeacid dni o

rmdédl and beq@estT hed rRpdives Rf aGhavife FebWlielgi n t he

occasi onal | y-connected application

12. The method of claim 8, wherein clients are transferred both the data nodes

and the occasionally-connected data model to produce a display at the client,

13.  Anoccasionally-connected application server comprising:

memory to store an occasionally-connected data model; and




server caches data nodes in the cache as indicated by
nmetadata in the occasionally- connected data nodel. 20

wdlfhes/11438%e method of claim 8, wherein the PCT/US2005/017822
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occasi onal | y-connected data nodel indicates a
client's anticipated usage of external data. 11. The
et hod of claim8, wherein the translation uses
conduits, the conduits defiﬂﬁﬁg transforns between
data defined by the occasionally-connected data 25

model and requests.and res es.for a specific web
servi ce? “4P¢ gﬁ'ﬁtgrerf%at%hg 651"”‘? g?iﬂ*’ﬁlb@’ ti’?\/ﬂ(é‘?aéﬁoﬁa]éY'F%‘ﬁ’cegted data
ar golislawhéein 186 oBAklbnhIb cSiiHetieA AP FcatidAdedvBEcaches data nodes
occasi onal | y-connect ed data nodel” to produce a display
at Intthecashp enindi@eedily, mpadae oude onedsionaliprenendeéad data model.
application server conprising: nenory to store an
occasi onal | y-connected data nodel ; and | WO

2006/ 117488 cREdhAUT2EN0E8eT Sipdicdsh Rré@@relalia 13! fh&ein the
data nodes as defined by the occasionally-connected

d a2csasionsdiytconpprdedanplicpieonoeres isoafigyred dn trensletg data between
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datedaivodel . 5 14. The occasional | y- connect ed
application server of claim 13, wherein the

occasi onal | y-connected application server is

conrfig : S . :
et e S P RO s BB B B o
daipdles molddé XMD. 15. The occasi onal | y- connect ed
application server of claim13, wherein data nodes

i nclude XM.. 16. The occasi onal | y-connect ed
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condui t manager, Wwherein t condui t manager i's
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application server of claim13, further” conprising an
adaptive user interface server, wherein at |east one

ly i ' . h .
otlasi AREPRERe e AP b BT B oheigy % s

conmprising ed atuptivb asardaRithaesehdR whatt @I 86 GRIRAL receives
ug{n the data nodes and the occasionally-connected
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oocasicnally-tymecied dataedodbdt a nodel to produce a displ ay
at the client. 19. The occasional |l y-connected
application server of claim 18, wherein the client
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| leagtomt gbientus trimstérecdoibe dsta andéd andahe oestietally-connected data

appl.i.cati on seryver. 2005/ 114489 183
P%?ﬂ@é?@ﬁ%@ﬁi?gﬁfhﬁﬁﬁt %@ casi onal | y- connect ed
application server of claim 20, wherein

synchroni zation of the data nodes between the

ot& asi Ghabdopsiomihecinadctap ppplicatiomservarel ¢RimadBgwhiein the

cl.ient can be done. in th ackgroun
clichit canran an app 1ca%on usmg%oﬁ‘lt e gata noges and the occasionally-

connected data model without being in contact with the occasionally-connected

application server.




5 21. An occasionally-connected application server
conprising: a first conponent configured to

weyashiasi ze data nodes with a client for an pecr/us200s017822

application, the application including an

occasi onal | y-connected data nodel; and 10 a second
conponent configured to translate between data from
external systens and the data hodes defined by the
occasi onal | y-connected data nodel. .22. A system

i ncl udi ng: an occasi onal | y-connected application

server configured to provide an 15 application to a

cl i%ht, Theeoocagspirializiconmecidd applingion seivieeof clbion 2BathaaE

up application dat i t hout requi.ring current o
e 3o g Beh et Ridbe Pelsianend Gdsiopsubanrm application
sersesyer aild\ee ORGAThOBALbYe HUNBLLERLARD! | cation ser ver
adapted to obtain application ta froman externa

Ssystemto send to the client, wherein the
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0CGasi 0 - cted | ication server i.s adapted
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data nodefirst didnpohlst EWFERIS sflcBloM 2t MIRIcE 'Wri‘thteh?ient for
externgl systemis a service bus. 24. The systemo

c| & ARl ation, dhccanplicationdreladinglan syeasomalle-cannweted data model;
sepyjce. 25 |

a second component configured to translate between data from external

systems and the data nodes defined by the occasionally-connected data model.

'22. A system including:

| an occasionally-connected application server configured o provide an
application to a client, the application allowing a client to read and update
application data without requiring current access to the occasionally-connected
application server, the occasionally-conmected application server adapted to obtain
application data from an external system to send to the client, wherein the

occasionally-connected application server is adapted to translate data from the

external system into data nodes.
23. The system of claim 22, wherein the external system is a service bus.

24.  The system of claim 22, wherein the external system 1s a web service.




