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OnedgithediseEinter@te bditerPiR6sAN ConIMGENHITML pSges fiomb tHe&lata nodes
client 111 conprising data nodes, which can_be_stored

i n iz thenacha 328 wrd theapagasiorplly-comneqied dafarmedoxni” oy ehents 130.
Th %lféﬂ{sal 39%‘18?11 detljr']a%itggﬁlai 4&/@[{ BJ‘OIW%QIEF tﬁﬁ%a@@ﬁ&sﬁ’s@em access to the
assocl at éd synchroni zat1'on state. The synchroni zat on
10st gtwec &20.i Tith AdbystiwehEI Servet 26 dah provade ahaschasigm for running
synchroni zed, with server 0. The data _nodes can be
sy REFRGRP L esions op fhe Ay Plaﬂ]@ﬁag ASCeA gr@glsﬂ% clis Gog gidinary
I s gt Il i splay at the nobile client
111 |s&ﬁa gkhépﬁgﬂ? g*%%?a modes at the nobile client
111 wi t Abetmoteguiliehihtl lceanrrentan appksséion esingehs date @pdes and the
120. The nchroni,zation stat C i nclude. an .
| naPeesiPait comse data o medelh 45 ol ReiG it dapiagt gpith the
15 MdiEdsRihall ARohieicaabbAtatioakrieh g 20l atihe nRten MRS ih AfAddcte 113
created or” nodified and ready for synchronization with
s eané occasinalyrcomuctsdt dabmmodelt 1 5hean bdrasedaryna spaieclizg 112 at
a server, synchrani zation is. pending; an j.hadicatio
C hao e 11 R A BPED b es AR ERAE HebCTp. 1 ome
andmbafinkdheli teAbia@} dahdk dsbd@to HvaeEY MBidldyost tW@sobile browser
rejected by the server; an indication that there was a
codflPi ct between a local nodification and a server
updat e. esg,.a her,s roni zat i t S b
20used toTﬁgda g’§g¥§gngﬁesxg%gP%gbégﬁgﬁgei1?%§Tﬁé&ﬁﬂ Gan  be
nmokindbralizeibetdddn tharocb&idnatingbaidced ipplicstidnosenaatel20 and the
and the qccasi onal l.y-connected data nodel . fromthe

semdile1chsnt 41y obfiE svachaenigAtiap e bhdonp it (e brokgrrund as a
TNEoRRELE Ghedt e InRTk cign@n 18PBhd GAET ORAHSHAE ddiGeoted
data noées and the occasi ona ?y-connected data node
115pplicationterbei 129 is availableent contactwi th a server. The
h | zat i .of the dat d bet t he .

2520 o e e T b Boeb bl fomece
ba . ' f Nl NEd BN d
B R R A

compgins,i tngyachroticadate matiésy sednasedatetodkatin cacheel 281 #4th a client
def i ni.ng node. t ype nd the rel ations between nodes;
and ! Bi05eh gogicaib Qe fiib e BanHlE-RmPREL Sfe model; and o
f oeamtuit hike:gRE CAFIcORRsIale KRRERLARA BRPEI &AL YBteRRAHE the data
120 can pass synchroni zation states for the data nodes

30 baskdesriglined bhthsiachasidnally-connected data model 127.



nobile client 1 11 to synchronize the data node. The

data nodes can be synchroni zed in the background as
W@e@wsasH48D t he server is made avail abl e and a PCEPEAYS/017822

at the nobile client 111 is nmade usi ng data nodes at

the nobile client 11 1 wthout requiring current

access to the server 120. One §nbodinent of the

present invention is a method tor synchronizing a

nobi | e application on a nobile device. The nethod

conpr i sgsydESBb@W AL oft tid Bfetserﬁ_siﬁ{reﬂt@hefsflggﬁog rbghﬁ)?igir%g,a at an

mobi |l e device, the first user interface derive

t emetasianaly-coeutctad dppdicativin deeved 420 ceorimg ar bvdasipnally-connected

fir in fro user on th bil e device; dati.n

. iR A2 SRR aheeer 7, HRGOR B BcUPdR; nd, Bt dhe
di DpbANANY BoSRERApHBAtidn HePfeck 408, QRhNBIAMPRLAR as defined by
devi ce, the second usSer interface derived froma

5sedlomdoacasiphadlyecosnested! éata t medetoli2le d@he c eccasignally-connected

sel ect ed based the user jnput; and.retrieving data .

rr GRoIRiaR ARen ol O FoBp doPREbe B il By Wred in e
Mohoecdstmallpkesndeakiatiadohaser. on the synchroni zation
paranmeter. One enbodi nent of the present invention is

a nobi | &ngnembadimeniond thes prggerd ipvarion dg dmeoacrgiondlleanamected

no ‘] o asional n t ed
288l Mt s 83 B0eRE L L RAAR) S

10 betdaemoded ded , andhecehe 128eo sk Hgta wodés dsldeflikd Dyt fiasionally-
dat a nodes ,and the occasi onal | y-connect ed data nodel

t o Sprnsatededatn mpdali Bt i othewdpiehngds Hickysling adpamarhkey and a
. il _ duci
T oA RSP CPRLHETLSHD L REOCHS! g s

enbadalsenhclofe théeapr @sesdcondure ey orilhessymchiohizatdon Biate can be

110 conprising.a |ocal, cache 128 of data _nodes.in the

XMES3% Hhrachsihice, 38 aitanedr. oBfing _d’fl%‘a?ed slientrodép cepasionally-
15 detbilietfd MatEmbya a8y @Mintﬁmae bR AT QBRenRek o éa’f%grtﬁ%

and actions that allow the nDdIflcqthn 0
nodes. Otmeegrbloafiimenit o fhet presqut éxeantion riv ent dw@asipsally-connected

nmobi l.e unit 110 i sing.a nor tori n
oc CRRIBHER PV MECTt Srspiobaeomadd peplialicn, ggrver 120 can
cagheudtld @kmdal 3o "RERS aRSoWefibMEN-dMnéd&l data model 127, the
occasi onal | y-connected data nodel "115. The data nodes
i nescagionglpeomgeipd ldatssmadel E/hedir defineanddss and atletiony between
on j La, s I ne _of the dat es

20 B SR E I Hork 04 TR G o b Ball B oxtoma sysems

sy ahd08haddsidefingd By the@abastmallgeEniRtcdyiatioddlae7t he
node data with an occasionally-connected agflication
server . LipgopdEbBapeer |14 sanaee sandiaisal 3fowhich defne siansforms

in I .
o B 28], 40BN o SGUBERL bl 88527 8 s
ocfrasequreals|ayid cespoass €or @ pgcifvak etosersee 1€0. TAO tfa@§forms can be
nobile clients conprising a conduit manager to

25 ¢ r SOMMEEEALBEREBI- ext er nal systens, such as web
service i I : .
127 & Bacha) SA%13M PEFASHADE MORR) ATEHER R RE Wlgoine
defriessage bydy.hA wemase trandfoyn dwhniecineQdatyafureiitel thiPFrocesses
and adaptive user _ interface serve 6. .Sone nobil e
o AT iR SR sirafes o dtiee dobed Thb e arpTHe conneced
ocgash@asl 1y connect ed data nodel to produce a display

at the nobile client _
30 One embodiment of the present invention is an occasionally-connected

application server 120 for mobile clients 111 comprising a conduit manager 124



111 and other clients receive HTM. pages fromthe

occasi onal | y-connect ed application server 120 which
wa@ae@saonss ruct ed by the adaptive user interfaceCHERW65/017822

126 using the data nodes and occasional | y-connect ed

data nodel. Cients 130 served by the adaptive user

interface server 124 can have @ traditional browser.

Mobil e clients 111 can have a special browser 110 that

uses data nodes and the occasionally-connected data

nod@tich evdked xtetnad web Spivive. 140mpeentivosli Trentondit temager 124 can

2 et | ia e fOHBY SN defre Rt yeroch difs defned by an

0CGASIHRAN %oﬁx‘?&%caa?gmgﬁ&laadﬁ%gﬁes@sZaZld%ﬂ)th& for a specific web

occasl onal ty-connected data nod 127; and

traaxs/ﬁ@rlréﬁOng to soms clients 111 the data nodes and

t he occasi ona nect ed da el .so that the ..

el ent - dOHF PRBRIEETLOR HehEgAnt SRFRRS: S AaPHRR CPprising at an
ot fb%as%ﬂaﬁplc%nﬂe%@édfﬂmlcmle&ﬁ&nmr Yeinedeadiduftd @37 €6 tRihsform
fromthe data nodes and the occasi onal | y-connect ed

datbetwesdalata iQdes mmo@ncmmalldfcomnectg} dafa modehl&mndgrqyests and

an occasi opal | connect t

nod&RPEEE %és‘@%ﬁ? B?rﬁbcefhl g}% ?t rréo %(F%IIO es. ]_T_%ata and at the
no%@é‘s@cﬁlaﬁ? cofiictall hpplichEapesrdent20)nisty O died aodand provide
keyref declarations that describe the relations

10betdnteew howbie chrmt Hddfé‘é agagbilerupyer displantThsglpa ngdes can be
\1/?3} ab}ﬁgﬁézﬁ\o télg 1le eﬁﬂei&rf?ﬁ&e% S?ﬁ?,l A nobil e browser

de€™4an e ocC onal | y- connect ed
data nodBhe ]ehﬂ)oﬁﬁn@’fwdﬂ ctle apidbesip| myemtiona imxbi thebilmidlient 111
111. The, occasional | y-connected data no

| nePRRES ST SBpH il R R tiersgh A sHoR . R Gt nodes can be
ﬁgl %%\fﬂr 3 t eccﬁg]ﬁodeila? tﬁéoxﬁgﬁﬂ'@@l?en‘% 3 hivd M 8ssBciated
inition, sC

as an Is a
1SComyhﬁnomwta)rdaﬁtem Tho syno]ifmuiaﬁym estateleeh andicatowister the data

define a key and he ke pr,i mar
keyrodghas Wﬂefsylééﬁglﬁ ﬂxﬁfej%ef Thet g nddes can be
r efs‘?’fl&ﬁShﬁ & Bl BRE oﬁﬁd’ as E@&sgﬁyﬁ%f se?lxeefr'@ itddehvadble and a

defrne legal traversals between nodes in a data graph.
Onehs;ﬁ:l@oatl thentobdf clitre 131 dsentle nsing thd data modesat the mobile client

occ al | y-connect ed, dat a i si ng nodet ypes
@ﬁv nl ﬁeqkﬂngocélﬁeﬂ § 39CE tgﬁxeﬁgaf&@(ﬁ.r ucture; and
2olmi‘t a dat”Phe SHehroafzaflok 8iteR  cal 8hEINEd bR MnditdiRins dRECthE W@t node
the rel ati ons between nodes. The nodes can be

| ogivasaldeglly werairdnee modifisd snoindisatien timhdhe datsdneenivagflocally

:) p gggga’rteeci g%aropl?/ ﬁgatnh,%g yﬁ%)? g%m%ﬁlg&q%%t@:ﬁc\{éﬂg %)eg'?%? 5 hd 9{1 Fndication

dattBathhtth® datalode hasiisagen®eichronfidtibn &Speuding; an mdlcatlon that
occasi onal Igéfsconnect ed data nodel, receiving a_req

r eghe dlatig neds o apeelranized (HE! e BSTVeR dnfn F‘Fllﬁ‘{hlcﬁ‘bona that that
' nv dalrg&[zgtuﬁlo@ésef‘eg '?eqi' th%?rv%ﬁ ra)ﬁ' ifi§c AR tﬁ%t' @Qre ngea conflict

rese rnvention 1s a no e unit
111be®xomr i 51 logala nhdlﬁﬁ&atmﬁc hed 133 sex‘fs/elapnﬂamat i Oihestatand other

nodes, the data nodes bein h t,. a
oc CHBFRAVAYO BHABEATRP Wi 3 \*aﬂa%q Gogan %OQféfar ﬁ?ﬁ&ewgdé-
types anfhd hfohile client 111 can be transferred the data nodes and the
occasionally-connected data model from the server 120 to produce a display at the
30 mobile client. The mobile client 111 can run an application using the data nodes

and the occasionally-connected data model 115 without being in current contact



rel ati ons between nodes; and a tenplate 135 for
producing an interface for the data nodes. The

WO eowpl1at469 135 can be an XHTM. tenpl ate. The t ep@l/asm05/017822
135 can use Spath expressions. The tenplate 135 can
access a current position in the occasionallyconnected
data nodel 115. A current varigple can indicate the
current position. Inone enbodinent, the tenplate 135
does not nodify the occasionally-connected data nodel .

I n Witk agsbetli TEBéltsyndh‘ftﬁuia@iﬁﬁ lo@itie: daddnéd’ HetWedhethe server 120 and
actions. Actions can nodify data nodes. The acti ons

cant ﬁmrwph@tﬂdéuwnéaﬂpwndheP%ga%mﬁ nodes without a
connect i T

usabl e f(gfrile te btoﬁﬁil*xe%‘? \fetFj i)%%e%tngﬁeﬂ cﬂ:ﬁ sagu? o%g’ %cﬁl%ﬁy annected
havappiication @amnerod:@(a&bmpalsﬂng mnnmioadllgdabmenmdeﬂatandodel 115
dat ode. Thete?IéLte 350nbe valldawgg
Sor oVewing neste ekt olglignsbetvees ppdas g ngdes. The data
SY i Bi? B PN OrRht. ONR mﬁ%ﬂg@onﬁ&t&h &pplication server
present Invention. In the exanple of Figure h

cl i Bt cablpads |syn¢hndmzata)ncsttatemfon/the siatnnaodes "ehak and ddseh AVith the

1104.. The_.cl.i ver si of "dat.a node A" 1104 has,the
oy b0l s, Jh1, 4Rt ol Rk " TR i Gpacs S be
" dafy@chiefRed\in HeOhackafduhd &b Wegess ad ﬁlecmrrlb' %&E a%ulable and a
nodified at the client 1102. In the exanple i gure
10HA, distey at the mebilactientd 1¢ ommed@ ong date wensies tahtéae @hqbelntchent 111
1102.6? the servert1108t ?¢ version of "data
nod&tt ff’(')‘&mcgawnﬁg e Byh ﬁ?r"a?ﬁg ‘cation at the
client vOhd@Hbodigichi HOhE PresEiMIBNENIBN A8k n@hodTfbe synchronizing a
changes to "data node A" can be included in a nessage
i n mebkiisadppliguianeon 2 geohils dssicserfiheviprthod cowpritsstdispiaying a first
av h V, S v [ n
dalest REetack g 286 RO, WhilenaR BEL1RL: KR dfived from

ISCI Itellnplalelﬁtared'l'd}eﬂ&ahu‘aﬂe delisd; eecedfing dafirst ﬁ@defer éllﬂé} on the
can be constructed fromdata obtained fromthe '
serfolile devie;1ppdafmg @ ciyacirenizaliety Paramgiery ik the émhﬂet device;

B d]rgp]raémgf %ﬁd}@ﬂlu@éﬁn eﬁﬁ%’ 83 telRbgd &%eépﬁe sg@?&l user, mterface

servic nto the server version
B" dbtived frdmen Scdand tengree Blorabm the nicbileuldeide iand aelected based on

nes age i.n nessage .queue 1 to be.sent when
orR® Bt AP 238 TP 3atﬁ'1%m an ppplication, sehien < dateiprluding
OWh hedr GRPORAIIIABs bFediBRseY & HRRYSehrdi Bﬁatﬁngﬁ?%meter.

version of "data node A" 1104 can”be sent t
server 1@8smbedimenteofthe presenténwintinn of a hvdila unsdd 1 Admprising

1104.can have. its C state_ s "awai ting,sync". .
The SERDGRaRET b cafn A s Ta o e e et B2 Rapegosionally-
no@@nrtctekldata nid¥R] ¢ 09 dbfitinF R0 Bfped hid KAFE14RAs between nodes,
"conduit A" 1115 to construct request data to send to

" welweein e mabile 111117t 1TTHseg theeduta ndd¥8 apdrihe pegagioaally-connected
5 .obt.ai,ned fr. n1the

250, G mf 3 BhRls wtAiheRRP R bt BR bt !

synchr o zegblate 1tsla Qai@ ae kgsofoRdrotiutMga iBREMEE ftlthOWata nodes at
clients with intermttent connectivity to the server

t o themobilprnibat i ons
One embodiment of the present invention is a mobile unit 110 comprising

a local cache 128 of data nodes in the XML format; an occasionally-connected
30  datamodel 115 defining node types and the relations between nodes; and actions

that allow the modification of the data nodes.



with the | ocal version of the data nodes and be
updated as conductivity is nade avail able. The

wo edosawn48y description gives one non-limting PCT/US2005/017822
i npl enentati on of one enbodi ment. The di scussi on bel ow
gi ves one enbodi nent, but those skilled in the art
wi || understand that other inpjenmentations of the
above-descri bed concepts can be done. Any potentially
limting | anguage given belowis to be interpreted in
t he conOe¥tenttodiriént DPEE preSend @vehfidhl {si W@obile unit 110 comprlsmg
i npl ementation and is not neant to limt the gen
corcepnery pang #pegrarignellpicoppstadr dae mocteh\}éﬁtarlér@ l%alacache
sy rQyi A

LT o LRG58 BRIV oARO0ET L A5G ETEs e

caﬂaﬂaelodmhclgdfngq;rmmrpkeymkie;mtraﬁzammtm| | e deV| ce
111 and _provide a user interface to a user. The

i nt er 1 ad OBRFmBOTHRTIV eI ORF 21tBh PR Bodégsiciuges @ loast one
apQ%doﬁ rﬂg?&ys efﬁ’ee%ynél%%mzta{f&l R LoAd QRdSE's ygéhargnglge the mode

configu e a persistent data sto
r edetavevithnen t dsc&asnnallyl-m‘rmeatm i applivdtton  séreebr olberocchsionally-

O SRR R g 55 BB S ] SR M
appl i Cabngnerﬁl%dﬁﬁémt SUER ARsBEAAFHLENE anV6Rh868hAly-connected

server. Cccaslonal ly-connected application server "120
10 conpicatiom seeresi EX0efior maabalesﬂmns pompnsmg apohilwhtmanger to

met a ta, and a data,cac 128 ptimze cli

e itk ® e B R ce{Fso stish 8" W) Flfekb o, and an
Sew&@m%a@y@@meb@daﬁ@ﬁﬁﬁaal B 7t OAtRAEhe PR lcal BE Q&R0 MbR data
a collecti'on of Web based synchroni zati on servi ces,

whinodieseaeBredebiithe lnecajane Ni-connastedrdata mpde 187 ad51denslaptive user
diff
rr:) gg%&‘%ﬁ&a@{;ﬁgz? O%c];rge @He C é‘f)%{%) %¥F talaeggaﬁs%?remﬁe %%{aanodes and

15 Cc gasocagbhilhCamneste dat@ﬂﬁbde@% ipedtiuse Vdispld? &t theadotily client
keeg the full state of the client. |Instead, the
dabiwdadihgr chemedeedvaphiVEapigss upythe acesipaaily-connected

oSS M PN RESELRTOIBIA RN, s e erver
t he26@asiag itendakd yodes aind odcasioagipl-conatctod dste hwelel. 120 can
i ncorporates a dynani c content adaptati on mechagic{b

pan have a

known aSTeRE 18Qassryedebyythequdapliye yses infeFfage sAVely
20 Of t1qaﬁ|tlbﬂ?rﬂr5‘\9séfo)_m1ﬁb@§%‘pscﬁtl' &R Ha%‘ Gl %)9(951' Brb¥sdro 10NthA uses

clients I one
enatd inoded anditheoaesiasalipedrnyeted date az’to&idl tzbqtraduuec&eiis;ﬂ@n

ont o peecEissgBeg o Cleatrsine iienton i o BBt fRrpgHink ot o
t 05§04k, Etaﬁng fifth Qb8 astdeBUET §)Ia£n %Bﬁsﬁﬂﬂf}hé&ﬁ‘ﬂeét@& H&A model

of this data between occasionally connectéd devi ces
and2éxané rthalocsa,ssctneﬂs -comMimstedcdais inpotsl 1127 emh él@nefdrrum tp some

nDd | ,c e node| at desc

7 €Tt By e BRaFiont B PR mO8 88 that the
S e ENéft @8n pRétthck raadﬁ%lﬁﬁez@hd( ®@dnsfeetiag k®Bthkr BE&M@ @B0 tHEML pages
For exanple, given a service that provides access

t ocenstysted ﬁgthepa@rvgr fiensthe piatagm@lg@ the(ogp@gonally—connected data
apgl 'd%f‘t ion, the

One embodiment of the present invention is an occasionally-connected

30 data model comprising nodetypes describing the structure of nodes. The nodes



data nodel m ght have nodes for Accounts, Contacts,
and Purchase Orders, etc., with traversals that |et
WO b@sap@kd cati on "navigate"” froma given node PET/YS2005017822
Account) to all related nodes (e.g., Contacts and
Purchase Orders). The occasional | y-connected data
nodel can be surfaced to the devel oper as a virtual
XML docunent with a manifest variable, $root which
points to the root node in the data nodel. Navigation
to ¢ee1| bzt legicaliylésdapamddne uditd o édamirichkeyrefdeclaratianal thaMescribe

doc t.vi 31"5’5 ref .declarations. This enables a

ée phioRs endAPSx using a subset of XPath _
not at i onTws Rekics Rak GRE 4 Riot hede. MMyadiiie Keﬁpig@ni b #BSot node.
docunment as SPath. In addition, the nobil rowser can
al whysolite, brogsser M esa Dse defarnodas ambéhet pemasipnally-eonmieted data

at a for, exa r mer or set
or BpdRnay i BERARaRy R Bitp 0T TR Rk oomnected
curdninddesits em iﬂumégilnadwwﬁn e At grish cablRlicate which
$current. hi one enbodi ment, e nmobile browser 110
i s, date modey igdashe. an ext ensi on of a Web browser that
enabl es C L1 nec a and .ot her
devi ces t0 ﬁ%dne%g)% Iolyucl: ‘i}[?d]%%es& ?g\éﬂér& ““QC%O Tof 9%}1%‘? AR M {T Sphema,

hapfetnis h&ob@l@&oﬂyﬁe défrdtion. TQfefHelybe’deaThﬁtlbﬁ QHYp eéﬁrwkey and key
i ncorporates the samg HTM. renderer as current, Wb

10y gigk ebhe keyiipanabe @ nymparyrkeynbe kepef cambe 2 ©reiga sy glefinition
fl I
synei oo g iy R, TSR BeAh ch@hne logal traversals
scrhqtnwenglddamglm@p&agiwh pr ovi des access to the data
rowser' s user, |nterface can cons

cac e. The b|Ie
AbolieaR e PSR et Beoosd el g R hia model
il RS, LRichaRh ar a1 2RI TR sructure; and meta

expreSS|ons I 1" one enbodi nen have no
155 erdatn, sgéldas dkg}&nﬂé&ﬁm@m, tlsad desreipes ﬁw eltioenbletween nodes. The

dl t t f th t wor k
Coriags FaipeCpekally EpratBedunt BrHg) ~ Tenpl at oo can
gener at eoﬁbS&ﬁbMiﬁ@ﬁtf SCfie ?Y&Bﬁtsinvéﬁﬂioﬁris 6 At FRRinYletnting a

by a controller; the controller can call action
SCrHTPEY Complising amappilsl awelpservids Pyeretien @edaéa withinreeprogramming

| d d f
Sy b 9 Bt bR ARG 1 e, ML i o rosuest

20datragardieg 35T iatetlvith eitg®Ea; Wintl hinitileng a invoke to a corresponding web
Cccasi onal | yconnected application server 120.

Apr?IeIVé%?tQR?ﬁ?élO@an be provisioned to the nobile browser

110 by ..

appl | Caﬁﬁljcljennéﬂﬁac %grétaofj‘tlﬁ%gre% tq}i‘vé’nﬁﬁﬁ i &%%%Igﬁni)e(?ﬁl comprising

i ntaelotaiceachad 18 adapplitaionydato nods] ek diﬁh aloﬂ‘éujbéméﬁﬁ the XML

the _application. The application can the

sy rieRRSn3 Qcasnphe cgwete& aéaﬂnoﬁflzllﬁcd@ﬁweg ode, tyRsiicand the
25an y Ql{%ﬁl)ﬁsc@ét{&f@&l HBGesLER a%@fﬁé&‘f@‘f"‘ss 3OPhoBRL g'ﬁnLiH%?ﬁaﬁé for the

can be autommtic and seani ess. In one erbod ment, the

Adalatainoglet)) Server 124 can be a proxy that runs the

client appli i 0 (te page 0 cti
ot I8 tegplais S ey b ﬁﬁ%ﬁ@m i ﬁ*ﬁetea% gfica%aé%Spath
(o%ﬁgg%mﬁgc.), mhlch are sent to the browser 130, and

t he M. pages can contain suitable hyperlinks that
gener at &heTEmplggquiist san access a current position in the occasionally-

-

30  connected data model 115. A current variable can indicate the current position. In

-



whi ch the adaptive server interprets into
correspondi ng action calls. The adaptive server 126

W@ 2508884 he sane synchroni zati on mechani sm aspP¢hes2005/017822
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nobi | e browser 110. Cient applications can

conmuni cate with the server via synchronization. The
synchroni zati on process can tisgger conduit requests

to fetch new or nore recent data, or to request client
changes to be posted back to the external Wb services
14@pne CRIMAHINtht, 11BE t6@PlateO M Al SesMRItan bR tHeh@dcaslegdllyi-dudaected
how to package the Vb service request’s and how to

i ndefapnedelt hei r responses in the context of the data
nodel . For exa SupnO t. I 0

rodi 11 o4 oRE TRy RolS P 13 Rl ir AR AR, P Metigns can

(r elify) ddth abdéss THE heiﬁiormrbdnhﬁlcﬁl' itlentodifivation of the data nodes
synchroni zati onmechani sm can generate an update
coniteut 2 pepmeptionstethe sesvarHdlserver. If the cli ent

apRh L ¢al 9 0%1%{% 1t3§ﬁc§n?)%tursé‘tﬁ¥ g néﬁ?lﬁgféca%gh@éﬁ)ﬂg'e%Eﬁ%qﬁctaﬁon having

t he en ad S ntact, then

Sy e lmw@&ailbmnymhemcs date arodgbaet ddte nodemiEha enipdate 135 can
fetch and add ghe correspondi ng data nodes. Conduits

cane yakdatedly mBRvsEr { yoke the various Wb service

operati ‘ii‘?rénéﬁqlfArﬁdalreolﬂugﬂétﬁﬁ@ nbe %ag)bhcﬁforﬁﬁﬁ§ﬁ method of one
6]

oper at i he system can use standard Wb servi ces
to eﬁpbohmmj]e off ieoprendrit dmventibh dx ey eedmplatod Figegeld Aeshe client

T
HQ A@’aill 041 {8 SRe SRRY Al ONRad P fitRFate trhe cHBR Vessislaba “data

cac Operations can act as gétters and setters
fo mode [Aérlt1|0é wlaanncﬂiedeadatay p@nstract@@ lor sradified @fthe plerdtlilhsh the

gggﬁgrgpﬁa%ugeoﬁ%atpg r%hri% ﬁ& Bty tiv s aénongs&lo Ibﬁeg\%ee%sthgghent 1102 and

SY R EQ0EZ BL0SONTHE &S hverdidrD BT t'lita @64S A tiEacapalsdgsed by an
and conduit operations. Conduits can be the neta data

us etplicatian s dhechenewitbet\Waitse ipr FyndhreuzatippesThy changes to

r eo, ghe%qﬁ Eﬁ{lﬁ?a ngc O@%g:{%ta .gggggeda{ @e g%g%?uec%ls% to be sent

aSSﬂﬁ:h%tcﬁ)ﬂnWtﬁ)h iggvafigsleunt ; CRUD oper at| ons; i.e.,

requests to create, read, update d del et e
exanpl e, Therseer hbogah@rﬂeﬁ‘@tr VF@}Oé'tQ,fd "dné’ﬂe&cc]gdhtwm‘;h has not

UD%%%OQ%%&?%BeC&Wﬁ et"ﬂgjérvéi’ vefst&of Wﬁ&dé"ﬁ” 4R8d can be

stom operations, which are
aclcomdisictddafromedata tobtdiddefrpimathe ‘fwebt kegvienthst ptiGe The conduit

| ated t dat Wt to th t «
o dResorrp R g Fh g PR, e i fpm ghe “web
Thee O 1§ 1 {8 o HRt s%rxfé?%ﬁﬁﬁ’l dhelafGfodednt 1 P ABhe &a8ka node

synchroni zat1 on commands to and from SOAP nessages
asBiccat bd inclhied headuesseg)unmqsgtg‘dﬁbwgerl\llhﬁeto be sent when a
oper ati ans. dbLi neta data can be defined using XM
QJéPSJnfiS’POl?@carvag? ®A principal disadvantage of the

current NehehnBWHEH B GithdtRAWEE AMdhection is made available. The
client version of “data node A” 1104 can be sent to the server 1108; and the client
version of “data node A” 1104 can have its sync state set to “awaiting sync”. The
server 1108 can cache a server version of “data node A” 1111. The conduit

manager 1112 can use “conduit A” 1115 to construct request data to send to “web



respect to nobility is the synchronous (bl ocking)
request -response nessagi ng protocol (i.e., HITP). In

WO b@5D0AS) nessagi ng may be asynchronous. That PCBUS2M88017822
interface activity (e.g., browsing pages and nodifying
data) can run asynchronously with respect to the
network connectivity and synchgoni zati on requests may
run asynchronously with respect to the browser.FIG 2
illustrates an exenplary asynchronous interaction
betwoRR ATODII7e The@sE 1122 @an (AT 224t valibnextt dataabd Bl 1105
services 230. The steminplenents reliable, ordered,
e bteired dinny the %@Wié@\g ‘the browser and the OCAS, and

may useﬁgr@sglﬁ d]aI}@ USRSt Qf‘et %Hlotnﬁk%d%?e %?k%@ﬁﬁid with a
services (for asynchronous operation ca
br egyserallosv olﬁﬂntmnh ﬁﬂtenmlstymtmoﬁmmagg:to trerseber enomeapplications
and |l ater sent to e e
5 syﬁ‘éﬂ’r%‘ﬁl loGhl NIl e QAR k@éﬁs i e gitalef s conustiviy is made
%Fmﬁ%ates sync nessages whenever a connection is
esta

ed. On the server, if the OCAS has cached _
dat a r elTaeefdllvwinghdesciiptent gisesyme howhiuting onplemgoteion of one

t hen can r nd at el If t .
hoFbofl B R belop ofivis, @i o G, TuE TR aRed in
th %heséf‘f‘%ﬂ[ Qﬁﬁ&ﬁéﬂ@ﬂﬁaﬁﬁlhér 1ﬁ1@[bn‘féi‘1|ta{t1oh§‘ 8f YLV d-dERAB&PEoncepts

The synchroni zation unit can then deliver the updated
10 datcan bodetee Aryppeentiallgilimisng ﬂveﬁngeangmb@ow éetp be interpreted in

mul ti ondui ts invoked for .a particul ar .syn .
e St RE tiscelfly Rt e uRihondeding TS mpan o timit
t 0 th@enbrPWsReptsVWien a sync nmessage is received by the
browser, the |ocal cache can be updated and an event

sent t o Quiseeralonstiment ef they pregeat Anventen iis actysteah foryproviding an
bei ng di spl aye d

t h@“e rorngﬁ¥ gr’ge#gcfea)%%ﬁeﬁl% anErdl ngfl&é%lrl}g 2&6130%9\9%’%611(9 The

15 CUbk®Mer RQ&ah beb@nfighted 30 8@ impiaherited oh hempbide debdt@ 111 and
bi ndi ngs can bhe reconputed and the pag |ncrerre tally
r e@r%q?eayae@er AnteHacan o dsser- Tha HesitiInfarfack S21 Ry ?ﬂved from a

| o?%xﬁ&ga‘t%q@%e% #ﬁﬁéatfoﬁ%g ?@(? he afMlich@GY Serv&HDB configured to

appl i 6R5 Can consi st of ent "and server
comppavidntspersibtent 3ath | dtarstandt eseivt eangdr wgrsantminfgronabal with the
300 for an exenplary OCAS application. Progranm ng
no@EYWSHO i ncl udes nobile client 310, OCAS 320 and

20 €Xt er naly, $y3t &M ciddent! 'th«1D oRcaihRdy 'E%Hﬁectéﬂl Epphcatlon server 120

conmuni cation to extefrnal syst errs e.
ent(®iAR)irsey ondop being Maﬂ\afcanvap@hwtmns@rw,cwh(as BEA Systems’

O&E?h'@%?%% b0t St EIAES RS v algp contains @

?lsfsfs@én't Qfata 8M3fk Fo SBIre AbpEOUHAHI thetdeddts)i dddoBSdab24adtRal28 to
cribe Wb service operatl ons. The data nodel

comptigtizs aientregedstsof XML Schenma definiti ons that

25 000t R YR SN R oo GhLAL e

M fhd MEBIE Pdwahdvie ldtcgﬂédﬁﬁnWeHTB@%@Gﬁ&hﬁﬁﬁ@tfbh ee@mea, which
nodel . The cli ent}yELrogr amm n&hm)del can conpri se

t hear xtendode| Syme clantled. | dhis erablesodifferrat fyRRs| of clients to
e MBSk RRl 1A% B8 HBlbt arll SRGli- A NaphiRAT €5 312,

The Occasionally-connected application server 120 need not keep the full
30  state of the client. Instead, the Occasionally-connected application server 120 can

intelligently cache data based on meta data in the occasionally-connected data



a controller definition 313, which includes an XPF
page flow definition and XScript actions and

wo wvstiieass. The contents of the entire appli cap@DOSIA5017822
be described by a single XML file, which is used by
the framework automatically to provision application
conponents to the client. In qRe enbodi nent, each OCAS
application may have its own occasional |l y-connect ed
data nodel. The occasi onal | y-connected data nodel can
desgddebe27. haddaneRy, thé 0scisisllyabandtdiedppbicstigy $eres)120 can
of the application data, as exposed by the back-end. .
appnGoERARIEHE dypamiggentent giaptationppgehanism, known as the Adaptive Ul

0CGas| I n i st :
nodtriEa2s: UEPRIBEARE ol Hofy FBRPna SN ARSI Fulipnaliy to thin
t helidat ée. gHAML &Vieb ditey WeAR, ,SMB).ch defi ne the

rel ati onshi psejgetween Lhe nodet ypes.
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i '&Qiéadegca?@t'iﬁﬁ o‘fstl?éjmgﬂiléh gﬁéﬁﬁﬁkﬁf’s e AURAPEBE Sxtbial data, and
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ac deTRen oAl PReE e B0 PP HemS) a6 1o

opt i m zerRogdeaslahAlyacnBesed atahBioBbll €44 baRPkdI&RIdaPRfodel that
and data synchroni Zati on between the server and

10 oc dasriribas | Hofet crindda el@r denvitics)s assodigiedi vrthl extermal dervaces, and

can al so,be specified to ke it easier for .
apgﬂ‘ﬁv 1 {Soﬁg I%lgu%ﬁsi‘. E’FWGH gﬁ%@d r}it°\5 ee?fg?ip!’ee gven 4 Yreh TEyee that
US @ovifdseickasas a Cikiene Re@sisiRManddethent (CRM) application, the
occasi onal | y-connected data nodel only describes the

datdata mpdel ought bassunadss forabccanntsobentasth ol PurghageiQrders, etc,,
t or.ad . the. |
iS. g)e;lﬁl tr%&sﬁ?ﬁ?}? 9 fh%\é\%%gﬂ::ggc%ﬁ &%}ﬁe{’/ ’efrgﬁll %gvc‘eitnﬁﬂ?ﬁ]ee(e.g., an

., NO operatl ona mane res

15 OCAGcoliitp toodiCitdtanad dey (€ gnCeaihetd andParchmdadrdesi be
used to describe the data that rrad)é be cached hoth or&
the cli dhe osReripllytrenaesteredata mepdehpaphe sudanstlitg)ths dgveloper

Vi L léa«gﬂtaﬁgggfgih%%ﬁ&@ WitPa Manf@liddrAble §r R bSifits to the

f etche services. I n one enbodi ,
W trétmoidhen oloe dath amadel.y Navigaton el rdatd nodetedan behdefmeid swithin

amagi c.start]ng node, kno as :rqot (ref.erenced by,

5r Qo il My GGPURAI B anbREr SFREARenc L ERYER: T gimple
20 | QM¥Sersl SMRNKiTROH SutfseNoPRPRASRIAHOR 1sed & BEIPASSiALBEXML

nodes via“traversals. Nodes can conformto XM. Schema

defandikbown s (hisddvanment-asSiifh. Mrasddionaths neenledirgwsdssan always

defined b h definiti . ' K :
oS S S R D SR L o vt et
CaRuasRerichatbe cENAIGSS DRleVRADIAE iaﬁﬂtscﬁgﬂ cBRra¢BEss daisaeurrent
Data can be retrieved and exchanged wi th external

sy ppaitivy tyoeghanotten inga fkstowriatds Sewrabi t s. Conduits can

be confi.gured a set, of nquit files ([C [ t/* .
25 oy 1 A n el R ot 1 G RO an extension

XQa¢ yWhbl bedwn shat Rakblenyassiondlt) Qimdeess 14piepsr @Rlldth& devices

fromexternal Wb service operations. Conduit

op&e a1 enplicatiensaserirlises of whethen theyhapaen teybsrgpnnected or offline.
fu "ﬁ]% ib%W%e‘?t%ﬁlg ﬁigg%pg)gatgg tthQ s8m8 iH’ﬁ\?L l?@ﬁ’(fe?gr;as %ﬂﬁrelfltu\ﬁ% ibf’cﬂ)vsers,

can T orna ound request to
but also a user interface template and page flow mechanism, a data cache with

30 intelligent synchronization capabilities, and an extended scripting language that

provides access to the data cache.



the appropriate Wb service operation, the other can
process the inbound response. Conduit operations can
w@b®se/ 10889 ne procedural logic in the associ at eBCKHBSI00H017822

function. The occasional |l y-connected data nodel can
represented as a data graph consisting of nodes and
traversal s-anal ogous to enti t'Pgs (i.e., table rows)

and relations (i.e., primary/foreign key fields) in a

rel ati onal database. A node is a logically independent

unit of Tgat obRE BB usdr axafRleecarn c@ﬂﬁ&toﬂﬁfpage templates.
purchase order, or contact record) and can

r eﬂ“ree@éarﬁ@Se@Bnalse ZH DML ragesawishjcsgheddeth bdings ta &petied flagy using
schema. Inside th c
it PRy Reyee SRR B BB MO Gn Mrver side
| NlbpitidBacics, $6GHSNEs B fdrlejed repatdles ot ey statu Iotflt]:l)é Browser’s
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10becam&m&ﬂampﬂmﬂxmhmaeﬁbhlact Rel ati ons bet ween nodes

can be define a keyref. dec| a ati 2. It ca fine..

both soufBRf 8“ st rﬂ‘é‘ﬁ’é’?%%’ tlh E‘S#Y?‘ﬁ%ﬁfﬁég%x&? fitmg to

datayRe, Geh&Y farfendeR i Xeii ﬁpﬁnlﬁﬁu&h 9a &5@blehR®nfing the client

exactly’ 1, O or nore, 1 or nore, he conduit

rrarmagem‘t@fanetaad ctwpaslmﬂy@ema@mdcdm emodml tfor theeappdigaticn. The

CpdBPEaRoT bt Tyt e S B 13, AR Ebre, once an

1500ragpl1héau§n NBiA bdat addpriyed mMappiicanbet iigdat@r caotbd hatdndte and
a known Web service operation for inserting a hbte

abeeamlgss. Account or for updating an Account.

speci fi f '

be call %%ég e’?en? lﬂa%1 %%Eg egﬁga? gekb%tgg&ggégf?o nga 3t runs
St RKECEIENE %ﬁiﬁiaﬁoﬁ (te@iplateadNpagd fielocactiond, )etc })fdir eaanadiive user. It
atomc wt resEect to traversals;, i

entsew igprarete TRIVEDagesor SMprebsh m@clhm@ﬁ@’éﬁ tntge browser 130, and
20" el Tﬂrﬁg éﬁgp Eoht 1‘ﬁDsuﬂQ%l§Shyﬁgllr1‘ﬂﬂé ‘i‘ff‘ag‘%en&%fee ‘T@Zrequests,

data insi |cu ar no a insi _
noaehictethe radnpiszeesaMeh atterpoteintdEdremspending gétwnantler phe sdaptive

docunent may be de up of. nultj.ple nodet
ex AP 126 Bl Pé%gﬁeesaandwcmg}m&%ﬁi a}eﬁﬁaéu%é 5 die Bopile browser
linggitens (each with product references), and a

custoner reference. In this case, purchase order, |ine
item prﬁﬁmtappmhtlouscmrmnnmmcatb |w1tieth|e@prves @mseyuclagmzatlon

d|f er ent. nodet in the cas f.these "co
25p0dde. SREYPBFEIYE DR, HE (GRET SROGEI TAfroiscp| [ how or more
Cafrgdeﬂahmta{ or f&feqﬁés’%rﬂﬁleﬁb cliinkés"® bd PHRLES bagksSRCIhatektbmal Web
exactly one product. Conversely, depending on the

n eadyiess ldfe Copghitc 517 @ﬁm coatain mytaed@a tlhet detcripegiBew to package
glg? %get%l ssﬂgclf%t reggessg ﬁ%}id ttoolnf:e%}etat'hglr ?éslpoﬂges DG ABREE: of the

data model.
30 For example, supposing a client application modifies the rating code for a

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



schema. The decision lies with the application

desi gner-based on the need to i ndependently |ink
waledosaiass nodes based on different traversal SPCT/US2005/017822

collections and tenpl ate requirenents. For exanple, if

line itenms are never |inked or displayed outside of

the purchase order then it m ght make sense to define

a conposite purchase order-line item nodetype.

Rel ati onal Mbdel The occasional |l y-connected data node

CafheERAAHN? tcaﬁfgﬁﬁ&ﬁé”ﬁl Bpdhtk Qymffand aRdtak alehOfsS tHehgver €f the
anal ogous to the relational entity and rel ation

( pphevrmapphmt@ngthelk egitieves fsamtasts gssowﬁeﬁafrlﬁl HieaAmpual gid then

cobithenee T bPnch Asate iR E Ay Rl Bhfmancs

usw Gtéh bRd afd Q]ﬂ@boﬁ'@sbaﬂcﬂﬁg datEhl@ocE@t I@‘()thﬁ‘s atn Qllesd'mbp how to
Di agram (ERD) 400 illustrated in FIG represents

5 ac soeke the vaneust Vel saiice ansmtigses rre%meldttp dapleppgnt each of these
% ounk s cont act and user entities are defined by the
PR NG SQL. CREATE TABLE account ( pkey | NT NOT

NULL PRITWARYstéhcan pﬁé efahﬂ‘kéWVhMelﬁﬂé’Elt&kdfﬁi{ge information with
REFERENCES account % owner Pkey El GN KEY
REFHRERCES! 3 ESPUICHK évi USiRFEPOAREHAR ’Fy ghanism can

|
A e g@%ﬁ&%@%@é’;@@%%%a“"ns
10 ac aouptitd ik epdbile datmerch 95.| GPBARE @ i€Evs BERERENCRSers for

k f t | VA R,
AR (ST A BB ST AP P NSTIRDEE by @ conduit

PRUMARYCl85Y od KO3 %ﬁ%lﬁuﬁ%ﬁlag&%ﬂQbo@%t&%h%hzaﬁon

entitlea contarn a foreign key reférence to a user
( ovenmedts fremcthe QP Sis datarvachey antbéandsd opefabiprs. gn key

f t. h h
L_St Iegﬁgf(?qrgl?lgﬁagwla Eg;l?ﬁj 4 t@%@iﬂmﬁg%g assgo%g %e@c%ﬁ‘ﬁ?& with three
15 (1 tfpes oPEGALMEFadNRUSrelbd RABOUMEModeFanpl e Queri es

» Navigating to related data; e.g. getting Contacts associated with an
Account;

» CRUD operations; i.e., requests to create, read, update, and delete data;
for example, creating a Contact related to an Account, updating the

20 Contact details, or even requesting that the 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

25  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 principal disadvantage of the current Web browser architecture with
respect to mobility is the synchronous (blocking) request-response messaging

30 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.



G ven the primary key of an account, pa, the follow ng
SQ selects all contacts: SELECT * FROM contact WHERE
waec@sun4BPkey = pa G ven the primary key of a cpOl/aisto05/017822

pc, the follow ng SQ selects the account: SELECT

account .* FROM account , contact WHERE account. pkey

= contact .account Pkey AND copy act. pkey = pc However,
given a full contact record, c, this sinple SELECT

query sel ects the correspondi ng account: SELECT * FROM

account pMHERELhR&§0Y Bh exBKSMry-ancidefdisNhi¥ayidaitetween mobile
Tabl es Suppose that events can belong to nmultiple

acbowrses2 Hh @Gbh 2 3G tasd Estegnal Websseragesnad: g syptem implements

accounts present). Thi S} [ | OI

© airanter geEIC Hstue! At Bn DRSS A P PRA dha may
NUlde RRBYARVISKEbuct bétiveeVABGARS aidt kb servVARCHBRasynchronous
CREATE TABLE event _account ( eventPkey | NT FORElI GN KEY

5 REFFEREMOESIIENVENT (pkey), account Pkey | NT FOREI GN KEY

REF EREN%%WN g(e@élgﬁ%t}}))e? S EmesBedTRAY be Qflég@éﬁ)éd and later

rel ationship is no event _account join

]E aiaa:ne to Gever A% e Otidrwisey theesynclironizattmconibtan gegp triek of these
ol l owi ng SQ Coi n) sel ect 1 I € ;

e e ko b S Lt ST

event _agGoHRL serdGS gy r’c&g KGYAS, ﬁ% CNRc@ Ve - reRKRY (5 the client’s

event _account .evéntPkey Sinilarly, given the pri mar y
10 keyymohroaivatve néquegte thenhie cémtdspeardgniB@liatsky. eltthe gadhe does not

re|] ated accounts:, SELE ccount.* F accaunt. .. .
evé?aifi _tg% eaprﬁmlate\ﬁé@ \%‘?ﬁi‘%&% ity ﬂ?ﬁ?&%ﬁéw OWZZIOTARGHY can
ac e e coBKEY nanEY@NTIRCGSAMIbnizaAtOuMAt ElrethexMelivg ARS8 dated
XML Schenmas can define the nodeté%gs in the data node

usédata by thehbrosysp. iStactei there e havehkaensmeliiplti eandpis ynvielkgd for a
C Bt e O O5S" el B R ARREREDY e
15 COBgywkr. Of two parts: a conpl exType definition, which
describes the type's structure and a neta data
def i ni t i\Whe ashpgmessage is received by the browser, the local cache can be
updated and an event sent to the controller. 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
20  bindings can be recomputed and the page incrementally redisplayed in the
browser, without flickering or losing current user input, caret, or focus.

OCAS 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

25  system 330.

In one embodiment, all communication to 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

30 operations. The data model consists of a set of XML Schema definitions that

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



the mas nanespace), which for exanple, defines howto
construct a label for a particular type. For exanple,

wo b@sfiol4bowi ng schema fragnent defines the conP@mUS2005/017822
type. <?xm version="| .0"?> <xsd :schemmn
target Nanespace= "http ://exanple .conm "

el ement For nDef aul t= "qual i fiedl9attri buteFornDefaul t=
"unqual i fied" xm ns:xsd="http://ww. w3

.org/ 200l / XM_Schema" xm ns: mas="run: bea. conf’ xm ns=
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$n od e . |abd cemeprogtan@ing f6detSan mﬂﬁmw&% a&@ﬁwﬁé?éﬂq (which

|nf 0> </ xsd :annot ation> </xsd: element> <x

co n‘ﬁ 2Seny 96 theanedel é@fmealcqrrrﬁ}np gerverkya ept of XGUBYIEdemplesd 312, and
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The followi ng  XM. represents a el enen
<cHpael>brdhd (hagk-end dppkéamhsitad i Wab sefvicet >RAbgescoadionally-

' F ¥ofnected data model can consists of nodetypes, which describe the nodes (or

entities) in the data model, and keyrefs, which define the relationships between
15  the nodetypes. The occasionally-connected data model can act as the lingua
JSranca used by the other OCAS components to process data or to exchange data
with each other.

The actual design of an application’s data model (which is done by the
application designer) can take into account the anticipated usage of the data, so as
20  to optimize both data access by the client applications and data synchronization
between the server and occasionally connected devices.

Additional meta-data can also be specified to make it easier for
applications to display data-driven (i.e., automatic) user interfaces. In one
embodiment, the occasionally-connected data model only describes the data; the
25 OCAS assumes that all operational data is stored and managed (owned) by the
external systems i.e., no operational data permanently resides in the OCAS.

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
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that are references to other Xg. nodes. The definition

of these references can be nade using key ref
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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 primarily 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,
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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 composite
purchase order-line item nodetype.
Relational Model
The occasionally-connected 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 :annotation> <xsd: appinf o> <mas :| abel >$node

first + " " + $node .last </mas :label > </xsd:
wapmsni448 </ xsd: annotation> </ xsd: el enment >PThiUS2005017822

equi valent to the followi ng expression. <mas
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>07?" " : "") + $node. |l ast Anatony of an Application
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Both account and contact entities contain a foreign 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 (i.e.,
30  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

35  Given the primary key of a contact, pc, the following SQL selects the account:

SELECT account.* FROM account, contact
WHERE account.pkey = contact.accountPkey
AND contact.pkey = pc

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

40  the corresponding account:

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



<xsd: sequences <xsd: el enent nane=" accoynt"
t ype="account Type" maxQccur s= "unbounded" />
wozediel4erent name=" contact” type="contact TypeCT/US2005/017822
maxQOccur s= "unbounded "/> </xsd: sequence> <éxsd:
conpl exType> <xsd: key nane="account Key"> <xsd: )
sergctorygpath:" account "/> <gsd: field xpath:"gid />
</ xsd. - key> <xsd: keyr ef name="cont act Account Ref
ref er="account Key" mas :alias=" account” nas
- i nver selmin Zablezont act s" > <xsd: selectO{dx?ath:"
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ccoun
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20 <xsd: afiml Zrerf&x@dj e|eeé'ﬁE_r&t:czﬂ1&|'.yT&€ﬁtﬁ>]ke§St " type="xsd: string

" | Similarly, given the primary key of an event, pe, the following SQL selects all

related accounts:
SELECT account.* FROM account, event_account
WHERE event_account.eventPkey = pe
25 AND account.pkey = event_account.accountbkey

XML Schemas

XML Schemas can define the nodetypes in the data model used by the
application. The schemas subdirectory may contain multiple .xsd files—all of

30  which are loaded by the framework on start-up.

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 for a
particular type.

35 For example, the following schema fragment defines the contact type.

<?xml version="1.0"?s>
<xsd:schema targetNamespace="http://example.com/"
elementFormDefault="qualified" attributeFormDefault="unqualified®
xmlns:xsd:"http://www.wB.org/2001/XMLSchema"
40 ¥mlns:mag="run:bea.com"
xmlus="http://example.com/">



<xsd :elenent nane="|ast" type="xsd: string"/>
<xsd: el enent nanme="email" type="xsd: string"/>
waLoosdieaBd > <xsd: attribute name="id" type="XSBPCT/US2005/017822
string” use=" required" tnas:tgpe="pkey"/> <xsd:
attri bute nane="ownerl d" tgpe="xsd: string" use=
"required" /> <xsd: attribute2nane="account| d"
type="xsd: string" use="required"/> </xsd
:conpl exType> All types can define a primary key field
(or atT¥ijQence) iiFrercrs “@eTraf ¥ P be a key. In the
exanpl es, 1 Bes can define an external identifier,
5i d, which repm@sr@MAsnotaﬁéonp(Ei, mary key odf 1the ex;lergal
record; the confBELaEVAR AIES" def | ied &n at{'¥i bute,
(c) account i/dsa:sbiedr represents a foreign key. The
schena/xdégfﬁﬁzitgﬁﬁﬁ@mbove woul d al |l ow t he foll ow ng
10i nst ance data: <account id= "1 .1"> <pane >Acne</ name
> </ acedunirlETaEoRtEtioniadsye' 2" account| d="1.1">
<fir St >5696< sﬁ:fﬁgn% ngllnegssta_ﬁllg?crigd“St%é:ac%Lf?actSalutationEnum"/>
<emai | >bob@ac:rBn&d Ml Matd: > txleant: actiz" A<cont act
151 d="1.3" aeedy ?I’g:ﬂa‘f‘ej:.:ii”?ﬁl'"tégﬁzfggfi\@;%ﬁﬁd first >
<| ast >ChgubgsfLass > <emal I >nHggi e@cne . conx/ emai | >
</ contact=deteryrthe i dentifier val ues shown are
illustrative; Qb d1E0c :€S..d0. not show the mas
20attri B}G%Q@;Ee\ﬁ}yl?i: %&aée%?mgﬁgg%’% 1%Lhe framework and are
not vi si bl estierrretior sgjrentii’ iy nodel . Data Graph
Def i ni ti onS IHE BERESE Ohall.Ymeonnect ed data nodel can
25be surf acedsteninhrecidevehoper/-as a virtual XMW
docurrgp}gé’_‘:@ﬁﬁéit:ém@? aph. Applications define the
structure “of the data graph by specifying schema and
keyref--decl arati ons. However, the key keyref
decl aratkQns.t.hensel ves can include XPaths that are
F ehakiYifowide XNIL 8t AG @Ibacs tletiehtir €_defined by the
appl I cakt£e schema’ s <graph> el enent. The graph type
can def i<§ﬁés§a§i°nw;dﬁa%“‘§éfqﬂence of node decl arati ons.
<xsd: camfgxEVpe..bane="root Type"/>
<emailsroger@acme.com</enails>
</contacts>

KeyRef Basics

30

35

40 The occasionally-connected data model can consist of standard XML
Schema definitions for all 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.

45 The key definitions can define the places in the document that contain

primary keys. For example, the following key says that an accountKey occurs in

each <account> element as an attribute called id.

<xsd:key name="accountKey">
<xsd:selector xpath="account"/»>
50 <xgd:field xpath='@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
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</ xsd: conpl exType> <xsd :conpl exType nanme="graphType">
<xsd : conpl exCont ent > <xsd: extension base="nmas

: graphType"> <xsd: sequence mi f§ccurs="0" max qccurs=
"unbounded "> <xsd :choi ce> <xsd: el enent nane
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UML is used to illustrate nodetype and keyref diagrams.

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. Each 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.

xmlns:app="http://example.com/"



<graph> <account id="I.1"> <first>Bob</first>
<last>Harris< /last > <emnil >bob@cne .conk/emil >

wab@sni4ass > <contact id="I|,3" account |d= "1. 1PCT/US2005/017822

<first>Maggie< /first > <l ast>Cheung</| ast>

<emai | >maggi e@cne .conk/ emai |l > </ cont act > <graph> Key

and KeyRef Definitions The schgyma definition file can

al so contains key and key ref definitions, which can
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Schema Annotations

Standard XSD schema definitions can be extended by declaring mas elements

within an <xsd:appinfos> element.

<xsd:element name="typeName" type="type":>
<xsd:annotation>
<xsd:appinfo>

</xsd:appinfo>
<xsd:documentation>schema documentation</xsd:documentations
</xsd:annotation>
</xsd:element>

The following schema annotations are supported:
Element Meaning
mas:label Declare label XPath expression.
Labels

The mas: Label element declares the default label for a 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-expression</mas:labels>
Example

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

name.



In general, the keyref nanme is the "canel Back" mangl ed

name constructed from concatenating the keyref s
waelosai«s and field, and stripping any nas el eP€nUS2005/017822

E.g., <xsd:keyref name="contact Account Ref
ref er="account Key"> <xsd: sel ector xpath="contact"/>

<xsd: field xpath="@ccountl|d"> </xsd :keyref > <xsd:

keyref name="nessageFronRef " refer="contact Email Key">

<xsd: sel ector xpat h="nessage"/> <xsd: field
xpat h=%f: gntieht nagfex'sehtadk b yrref "oontagktge">keyr ef

name="nessagedeRef- " refer="con.tact Email Key"> <xsd:

sel ect or xpathspimessage/to"/> <xsd: field xpath=" ."/>

</ xsd : keyr ef uz:Not®snctdheirtype Canndasuadck padeavennf err ed

sfromthe | astq.patitc0f the nane, since this is the

el ement ofsabtdsllyte name, which follow ng XM
gui del jngs.,shoul d explain the purpose of the contained
dat ,‘{'he T ramewor k @)n .ensure that keyref names do

. G
notﬂé? isequiyialent todpe fllpaying pawessiotat t ri but ed narmes.

Al | asesaKeyeetirsec ar athansacamedef i ne | egal
10t r dvabebddfsitieiswesnlswocesainiXiSetipt fuhetichataad gpaptors. The @@

15

20

25

oper at <9£od£.§£‘rs%‘>sﬁqs tOQe.Ei&%‘{?e&ét% ot D& graph..,and By,
defaul t, uses t elkeyre nanme._ However, .an alias may

be defi HaepieBY RhRRAPRlcationatpModelidefiblian The

mas: al i ak b : fd -0Q, Wi i i
nas. o s PRV RAFE R Ach el NG AR Butamode
r eple@iamgtascdune and c@gactandstypasd t he optional XPath
prefix represents the SPath (relative to the graph)
that nMiSksCoRp.DeiosRethR@@pper at or and the alias
name. |.e. s>v¥a&tl>ref Node = srcNode. SPfirt. ame |If the
col on del i ni tzéiiiziéﬁﬁbﬂ:;“ﬁi.é%‘;énttﬁ:i.ﬁéii:&ih‘;«g-ﬁl ias XPath
prefix is thei:sape as the keyref s selector XPath. If
no alias, i SSHEF|HEE FRE Rt eeKEY reef  Hatfe™ Hilt e used
(rel at Ve Caalbe ikey hat-sRbast ofpeXRat f) ik Yse-rrequirear/>
def i ni ti onsxspaycréfusonaiecbareId fyas "xsalstdss"attri but e,
whi ch i F¢FEHPES"FHST a nodeset containing the

associ ated: aogetypendans-rthaversabl e fromthe root node.

~ The alias m&fg far key definitions is a siople string,

30

35

40

45

50

55

60

. . me="firs e="xsd:strin
and this i s aksOeidwed nby_le. QELORET. a0kt />
mas: al i as=" nax=deletlent name="email" type="xsd:string"/>
</xsd:alls
«xsd:attribute name="id" type="xsd:string" use="required"
mas:type="pkey"/> ‘
<xsd:attribute name='"ownerId" type=‘xsd:string" use="required"/>
<xsd:attribute name="accountId" type="xsd:string" use="required"/>
</xsd:complexTypes>

<xsd:element name="graph">
<xs8d:complexType>
<xsd:element name="root" type="mas:rootType"/>
<xsd: sequence>
<xsd:element name="account" type="accountType"
max0Occurs="unbounded" />
<xsd:element name="contact" type="contactType"
maxOccurs="unbounded" />
</xsd:sequence>
</xsd:complexType>

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

<xsd:keyref name="contactAccountRef" refer="accountKey"
mas:alias="account"
mas:inverseAlias="contacts">
<xsd:selector xpath="contact"/>
<xsd:field xpath="@accountIid"/>
</xsd:keyref>



Exanpl es The follow ng XM represents an instance of
an account node: <ascount id="I.1" type="Wb"
woumsni4dsy bob" > <nane >Acne< /nane > <event s> REVERLIRRH17822
>1 . 2</event Ref > <eventRef >1 .3</eventRef > </events
> <purchase qrders > <purshase qrder>
<l i nelteraxprodl d>ABC- 1234</ prpgdl dx/ | i nel t en®
<l i nel t emp<pr odl d>XYZ- 4321</ prodl dx/ | i nel tenr
</ purchaseOrder > </purchaseOrder s> </accouht> The
key def ivirgidesettor account nodes is as follows:
<xsd: K&PUHEEE" account Key" mas : al i as="account s">
<xsd: selhecsdhemepfichein govssinef ‘thrse pasid: hpdétypespeompiex type

" " >. </ xsd: ke is.allo fqr.the. .fol | own
GG S b alE el fiRn egiiope” kRS of the cache
5. ( CMO6UAERDWAE S set of Ke§/kepep dbfiition, ivafic Gred@fdtivedo aBe graph
foll ows: <xsd: keyref nane="account Product sRef "
r ef(@e=dpuoerndsk@gturgras : al i as= "product "> <xsd:
sel ector e
xpat h=" asc‘%lc%%lﬁt]?e&l}%t%: MSseOr ders/ purchaseOrder/lineltent/
> <xsd: A edforexatdata ' moddd lcoiidists of XML sohymafdefiditiens.
foll owi ng expression traverses to the product
r ef Biedglevingyscharpasrdofige the arsoptepdotonthet podagypes.
10pur chases. @hger...var product = account . purchaseOrder s
¥ [0]  .kemedblergee #anpOiccopelfcy product ; The "owner”
alias is dézfsflﬁéﬁel@§ent Q.Lriegmén;e" %ﬁg":xgcgy{rgg"/>
name="accountOaner Ref " refer="UserKey" .
Bmas: al | as="oqeise<ase: i Setert B Kkpathueaevaft "/ >
<xsd: TT 61 QX Rl MBSkl b %56k k@ ehac ThRrear/>
fol |l ow ng expreesshonniredversed tvoe-t'iré: susies'/node
20f ef er encéF By R e Reyref described by the "owner"
al i as. \afd: tsRlexFpaa el tintac@@mner |

<xsd:alls>
<xsd:element name="first" type="xsd:string"/>
<x3d:element name="last" type="xsd:string"/>

25 <xsd:element name="email" type="xsd:string"/>
</%xsd:alls
<xsd:attribute name="id" type="xsd:string" use="required"
mas: type=%pkey*/> <xsd:attribute name="ownerId" type="xsd:string®
uge="required"/>
30 <xsd:attribute name="accountId" type="xsd:string" use="required”/>

</xsd:complexTypes>

All types can define a primary key field (or attribute), which is declared to
be a key.
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 attribute, @account1d, which represents a foreign key.

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

<contact id=%"1.2" accountId="1.1"»>
<first>Bob</firsts>
<last>Harris</last>
45 <email>bob@acme.com</emails>
</contact>

<contact id="1.3" accountId="1.1">
<first>Maggie</first>
50 <last>Cheung</last>
<email>maggie@acme.com</emails>
</contacts>



The "events" alias is defined as follows: <xsd:keyref
name="account Event sRef " refer="event Key" nas

w0 adosasasevent s" > <xsd: sel ector PCT/US2005/017822

xpat h="account/events/eventRef "/> <xsd:field

xpat h="."/> </ xsd: keyref >The foll ow ng expression

traverses to all event nodes ygferenced by the keyref

descri bed by the "events" alias. var events = account
.(c)(c)events. * ; Note, the "products" alias could

al s0 beNgf%f {88 cf 9£lhé§’ﬁlowﬁxﬁgllkﬁﬁﬁﬁe also, the examples do not
name="account Product sRef " ref er=' productK

. ajliomsthtare attnibutep rvltols b managsd by led @@mQWObkpﬁldrﬁfe not visible

" accgunt /ngr chas ders / purchaseOrder/1 ineltem™/>

<x@he o rodl d"/> </xsd: keyref > The

fol | ow Dgta%{%ﬁggﬁﬁﬁlohr averses to all products for all

line items (for all purchase orders). var products =

account The Qc)C(aapmlbdeCted datp masieleanrs surfagagkfo K]é‘ilii@‘felopef

B

10

15

20

> nanme (cf. keyr eFsBpITaBEsmapGwsy’

30

35

40

45

50

keyre

Ty@atsghipﬁ,by% %ﬂl{n% aheme ak@ kel drtdraies. an lnver se
mhlc enabl es the reverse one-to-nan

traver SHIOWG’@GS therdesyrienrad seelarafigne "hefl@f:]é(ﬁm%wluﬁﬁ pefaths that
:al I
Tk e A SRR g o7t S s

thggﬁ%ﬁgefendﬁfl nition bel ow represents the contact-"
account and account-”~contact_rel ati ons:. <xs

nane=" thQ gEephbns san defines & ‘dlagy squgrg@@ﬁpg@i,ge%g ons

al i as=" aGEQURLexTFBSane-1rBMBe€AHAS= " contacts ">
<xsd: selector xpath=" contact " [ > <xsd : field
xpat h= “FEPERREURTT 8" 3 FREE" Keyr ef > Each cont act
node contsaichslanypé cpaceedphtypet>attri bute (forei gn key)
t hat refer%‘??c%eg“ ?F@cc ynt t,n/ode |.e., var account =
cont act QE e'Inverse relation says that

t he fore/lxgcn kesaxw be used to traverse fromthe
account node to-contact nodes. |.e., var contacts =

account “*CETTFLTEEACARLS ™" TR one enbodi nent, the

i nver se al | asxsalektehdiod @ashiIsds: mﬁhyypevnt ain an at,; ribute
AT 5B
relative to the t Op Jxﬁilejement name="nodeName" type="nodeType"/>
</xsd:choice>
«/xsd:sequence>
</xsd:extension>
</xsd:complexContent>
</xsd:complexType>

<xgd:element name="graph" type="graphType'">
<key-definitions>
<keyref-definitions>

</xsd:element>

Example

<xs5d:element name="graph">
<xsd:complexType>
<xsd:element name="root" type='"rootType"/>
<xsd: sequence>
<xsd:element name="account" type="accountType”
maxOccurs="unbounded" />
«xsd:element name="contact" type="contactType"
maxOceurs="unbounded"/>
</xsd:sequences>
</xsd:complexType>

This defines the type of the root element, and the set of all schema types
that make up the application.



node. Note, multiple keyref definitions may declare
inverse relations that "point back" to the sane
woowstiyae? | n these cases, the inverse alias nest/usf005/017822
course beunique for the target nodetype. For exanpl e,
a bug node may have keyrefs for owner and assi gnedTo,
whi ch define inverse aliases gf bugs and assi gnedBugs
respectively. Inverse relations also allow the
framework to ensure that navigation in both directions
i s consigteenthe WirkpH Rirh&tareC agficbe RagtlyKey rigdpsenhdntitin detail—
possible to define relations between nodes.that do not
defevslppsrs troieseghe Ratp syanhuising the kewkayrst defingtins; Ogg proposed
no efin Yy -3 Q -
oDy TblFerlohnS o P Y IR HP TR T ERIEH of he
(e«@rapnticement. day, real tinme data, external system
state). In these cases, the nodeset may be atf{ached to
5 ar bi t r ad}ie pRRly ghavaweud allew dheollgwingdastancadiiadal | v,
howevefrapnt hese nodesets are attached to the root node.
In the ERMuexéE "> the set of accounts accessible to
a parti culAfn. /174y be defined by the user's |ogin
10 nane, defined by the system variable $user/usernane.
The appfiegfi S il 23Psh'e-tefine a traversal from
the root nogde.-He-ifdiscnodeset; i.e.: var accounts =
15 $r oot .(c)ﬁt;)imek@we-swdem?ilv\é define an opti onal
artificr&P™f3fei gn key val ue for each account node
that retenences t.headooticpode> This is achieved by the
fol I owi ng #&yF Zﬁibzg;@tti on: <xsd : keyref
20 nat ne=" accagdii f e . col<@f@1=" mMas : root Key" nmas :
i nver seAlcpast*>account s" <xsd: sel ector xpath= "account

"> <SEP™ field. xpath="@ootld" / > </xsd : keyref >
l\loK@}’aflgpgeé{%@g]bﬁﬁmgg%na must al so define the optional
@ras :rqatistheald Aéfitioh HRY cdnhAsk evtgihs key Qﬁd\k%Frier definitions,
<xsd: conpl exType name="account Type" > <xsd:all>

25 <xwitichl eamedeclarateeprismey key pad fresign key relgfions begwepn the data
celement nanme="fcype" type="xsd: string"/> </xsd:all>
<x8®%-attribute nane="id" type="xsd: string" use="
requi r ed\' kgpaefidiPecapldefinéd a pisay layt Kebutmayoisdude multiple
attribute <xsd: attribute name="rootld" type="raas
i r Held declagpiions G BHeampoemdke¥y): conpl exType>

A keyref definition defines a foreign key which references a key

30  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.

<¥%sd:key name="accountKey":>

35 <xsd:selector xpath="account'/>
<xsd:field xpath="@id"/>
</xsd:key>

<xsd:keyref name="contactAccountRef" refer="accountKey"
40 mas:alias="account>
mas:inverseAlias="contacts">
<xsd:selector xpath="contact"/>
<xsd:field xpath="@accountId"/>
</xsd:keyref>
45 </xsd:graph>
</xsd:schema>

Key and keyref definitions should have unique names. The following

naming convention for key and keyrefs respectively:



The @ms :rootid attribute references systema

definition defined by the framework; the systenis
waelsmasgef i nition is inmported into the appli cBtT/082085/017822

schema by the follow ng directive: <xsd: inmport n

at nespace="urn: bea .tnas" schemalLocati on="mas .xsd" /

>The @@ Operator Navigation igjthe act of noving from

one page to the next within a page flow. This may or

may not change the $context system variable. Traversal

IS the astd:el nmv‘i<ﬁgzew7>ftehi n--the data graph (cache).

gggtr gt gﬁ@!frde@we@rﬁm L AYEESEnas LG QJ@%&@;RQQ the

ok Ycafh %rrqossa Rgeox@enodege@ or® %B!Ses%ﬁéih§ that is

a node el enent and bar is the

5n armﬁnéd by thei dlehelt @metitibute hivmed vt o e, (@asdably ihgrkeymsf’ stpglector
a keyref definition (name or alias), or a key alias.

For la}?plféo/%pﬁés%o%@b%ve t he data bel ow. <account

4= | T ERa, M&g FRARE is¥AS PB BRI Margdt QWA Sohstructed
<sont act nt act Ret >

<c drina corRefenitiixthe kayratt Reéctordncidingld cind strippingdnyse.s
grder s> < urchase qrder> <lineltem
r‘”‘gfalil 1234"/ > <l i nel tem @r odl d=" XYZ- 3000"/ >
10<I ineltem @a @elire=ndneINR OO fen i P UeeraseOnd gy >
<pur chase qr d&s Ct‘?iFe’FPF“élr‘ﬁ' g}gg&q >d " XYZ- 3000"/ >

sd:fie M@ace
</ purchasegxgﬁﬁge;reg p fchase ers > </account >

<contact id="1.2" acsountl d="lI 1"

I5<emai | >bob () ALHE, POIFISREPTL e, ,c:ﬁﬁ -t ST VT
i d=" ABC- 1234"zsaspiklsC (0om» BO</ pri ce> </ product> nd
the fol | owrifef:keyafef definitions: <xsd: keyref

20nanme=" account oAt aed.sRefcagetfofs@ rzter 666t &€k RkdyBAI Y Key"

<xsd:selector xpath="message/to"/>
<xsd:field xpath="."/>
</xsd:keyref>

Note, the type can usually be inferred from the last part of the name, since
25  this is the element or attribute name, which following XML guidelines should
explain the purpose of the contained data.

The framework can ensure that keyref names do not clash with top level
element attributed names.
Aliases

30 Keyref declarations can define legal traversals between nodes within the
data graph. The @@ operator can used to traverse the graph, and by default, uses
the keyref name. However, an alias may be defined to make the code more
readable.

The mas:alias attribute defines a string, which optionally has two parts:
35 mas:alias="[XPath:]name"

Where name represents the alias name, and the optional XPath prefix represents
the SPath (relative to the graph) that must come before the @@ operator and the

alias name. lLe.,
var refNode = srcNode.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).



mas :alias=" .:contacts "> <xsd: sel ectox"

xpat h="account/contacts/contactRef "/> <xsd: field
wop@shs4sy "/ > </ xsd : keyref > <xsd: keyr ef PCT/US2005/017822

name="account Product sRef " refer="product Key" nas

ralias= "purchaseOrder s/purchaseOrder /1ineltem

:product "> <xsd: selector 132

xpat h="account/ pur chaseOr der s/ purchaseOrder/lineltent/

> <xsd: field xpath="@rodld"/> </xsd : keyref >

W t hout KUy idefinifibhf 8RS aldoN@eci2b la0¥MsNg1 exptestaitgnshial endicates

valid: var contacts = account .contacts .*

. (e @)m$@@mr}mg dhe pysoeiated ‘nodstypsigttraversable from the root

( ?u ' " 25 adser{g?ne' fgl* ké}péeﬁm#u%ng A8 ?Wgﬁ strink 0%{1‘1’ tP{S)I{ fibo used by

sing allases oW ng

exm@@@@fbi‘,awar contacts = account (c)(c)cont acts .*;
s var emal | aﬁ oynt .(c)(c)contacts [0] .emil; var
price = acc purchaseOrders ¥ lineltens .* [0Q]
(c)(c) .price; Keys and Sequence Nunbers Al |

ext er nafhé ﬁﬁl@wﬂﬁg Kivatt 1@Meﬁeanﬂmtemsenfadamunt modde in
the data no delul must ql owneamqrglbque primry key
(pkeyjaccﬁaﬁgezqggg/;mg‘ﬂ? &y mist “be exposed as part of the
10 Wb serwivees- SOAP i nterface. |In one enbodi ment,
primary keg§ el e/ XuELst ent across operation
i nvocat L/ens&tfor al'l” users since in sone cases the
franemmﬂ%rcﬁrayoﬁlﬂace data obtai ned by one user in a
shared cachE T riHE EXtarnalcs: 5556178 < Meheser vi ce
oper ati ons mayprgpink-@pald-yrzretyrmmoddségadghee nunber
(segq) as/scfélfl"éf‘;é BOWFth a particular node, which enables

urcnase

20t he Sy/stcémtto et ect updat ed records. Typically, the
sequenc ti nest anp.
If the Egg&«s\(/f}ngtg&{ gélg&%gﬁmtn%d& gg& g&g&%uence nunber ,
t he frafeaorket oy awtl‘efs" Bt =heshtBased on t he
record' §oxNELiETIBE L SEREm Wef i nitions can define
25 el enentxsa:kdyat defi ne the external application's
| denti f'l“ﬁgs al ngf&pché ﬁﬂﬁ)'v\lldg n&vigfMaRaxnuNber (or
ti mest . The correspon fng Schema el enent defines a
mas : typEcatteri Blfj’t"e@@a\?\ﬁi‘“&ﬁ *denotes the system property
" pkey" @he prediict” ks ie defiqedens follws: ol | owi ng schenm
defines %he 2ppLi.cation LONLACt I YD oaTXRYr mas:alias=rproduct s
30:conp r € X« e1 eg@gecpathQ'Q&BﬁG IpIﬁbB&eOrZexﬁ)iﬁdﬂjﬁebﬂer /lineItem"/>
<xsd: el empriteldames"piopBY /> t ype="xsd: string"/>
<xsd: &€V &R nane="1ast" type="xsd: string"/> <xs
eI ement Tharfeliomnglebcpresglgeﬁ‘a)(@@less@rﬂlﬁgfﬂPCBlCEI@fQT@n@qu 1>Y the first

15

attri e na ="jd' type="xsd: string" use="
B B o e DR EReg el L
35 var product = account.purchaseOrders. *[0] .lineItems.* [0] .@@product;

The “owner” alias is defined as follows:

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

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

45 <xsd:keyref name="accountEventsRef" refer="eventKey" mas:alias="events">
<xsd:selector xpath="account/events/eventRef"/>
<xs5d:field xpath="."/>
</xsd:keyref>



<xsd: attribute nane=" tine stanp" tgpe="xsd: string"
mas: type="seq"/> <xsd: attribute nane="ownerl| d"

WO yeaisasd: string” use="required"/> <xsd: attprCbusmos/017822

name="accountl d" type="xsd: string" use="required"/>

</ xsd: conpl exType> This schema defines attributes, i

d and (c)tinmestanp, which repggsent the primary key

and sequence numnber respectively. For exanple, the
following XML represents an instance of the contact

node as Thetneeekptdision aRddisks taP Rve@Ni@iet referenced by the
i d="83FEB4C38AB3 8” ti mest anp="12388832 "
actaﬂﬁf®ﬁﬁﬂ@3ﬁ%®hAﬁ®GwEﬁBhﬁﬂ> <app : first>Bob</app
firsts sapp - lashokantis</ app :last> < pp

:emai | >hipd@i FrSduct? iAaednld g8 bE defilcdnp folews:act >
The schena can al so include a pro riate key

5 defi nl iﬁgﬁﬁsfame~"éicountgroductsRe " r—" oductKeycont act

10

5

0these fie

25

30

35

Pri mar ykey mc@xsdaths'@bcemtmurdcpabdaer'b/z.:@o:mta@eztdef'/ﬂmeﬁxrs'd>
field x ﬁ“ﬁ?d@?$'?r%§ﬂ/?ey> <xsd :key nane=
"cont a "> <xsd: selector_xpath=" caonptact "/>
<xsd: f ffép éolipdﬁfla SUDPIEFRIQT traverses ya il RWECM?@H lﬂ#‘elt%% (for all
it chena el enent declaration is needed to
idéﬁﬁﬁ?%Kﬁ ersprlmary key for the node. Since key

val uegmmydihe t orrguntiffrdereurt t hese val ues are not

t ransm faweesetReldttomscl i ent, nor accessi ble by the

client %ﬁogrannln nodel . The mas_rvisible attrjbut

ey be syl dpedara len%‘aﬁ@p:-p@@@allweéin&@pamftlseo@ya@fp W“C% enables
T
ﬁ?agﬁg@ndﬁ( REQE egyegg%c%f)ﬁ.e}rga 8. RGN 1d-Ind R&xEAGSares an

VI sivielse kequrey, veltitle ﬁmibldscthamelss ohééo-friaay thaversdlhe cli ent
wi |l null it a non.exist, g,&*elgmwgggyaccessed)
Even |?m¥ﬂéw auuﬁsymﬁ Kﬂsﬂare read-onl y. var X =
cont act The elivefde aktgibuifel arendéfined Bélow: = cont Primary key

and_seguence nunber v

sy&WEHE As with alf§?FPel d defined to be a key,

At LEINL B L A0 UL Y PV RIRIonl Ne T1efd wi Il

gemer at 0138%&@}11% g;:%f de }ﬂﬁgﬂn %gl%@} }eg&sénté‘% &S}H&t—)account

be 1 ncluded; e.g., var contact
= andadcanht>>contact relatlons

<xsd:keyref name="contactAccountRef" refer="accountKey" mas:alias="account"
mas:inverseAlias="contacts">
<xsd:selector xpath=%contact"/>
<xsd:field xpath="@accountId"/>

</xsd:keyref>

Each contact node contains an @accountId attribute (foreign key) that

references an account node. Le.,
var account = contact.@@accountlId;

The inverse relation says that the foreign key can be used to traverse from

the account node to-contact nodes. ILe.,
var contacts = account.@@contacts.*;

In one embodiment, the inverse alias attribute must only 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



<first>Maggi e</f irst> <l ast>Cheung</| ast>

<emai | >nmaggi e@cne .conk/ emai |l > </ contact > Assi gni ng

wao-eosilgraskKeys by Reference Forei gn key val ues BPemuUbm05/017822

set by assignnment. If the RHS of the assignnent

expression evaluates to a node, then this is

automatically coerced to the npgde's primary key.In the

foll owi ng exanpl e, the contact node's account foreign

key (defined by the account keyref definition to be

t heuAGEO I tth@kdrb et Riyp SFSebxdnt1s,ef SLENG8e Wt have keyrefs for

suppl i ed account node. ction set Account (contact,

ac ccemlmr)and @b dwtedTQOuich dafihelinverse @bages of Asss gad ﬁg519nedBugs

Fore| n,. s by Value If the schema that is referred
§r%19 eyref definition declares a mas rvisible

prl mary Ia@¥se trblgflodshals€ allb @ Sthe TelinivdrR 6| @Buteeiialy adwigfion in

may be set by a literal value (i.e., not a node

5r eftatle degtionF iy consisiept withini{le ¢ashe.owi ng account scherm

defi nes @ v[| (lejk?éfg pkey attri bute: <xsd :conpl exType

nane= "account'Type" > <xsd: conpl exContent> <xsd: al |l >

<xsd : elerepbsdiypeas" dthe I&Ianbmbeﬂmmlmaeh ﬂidt Rlo<ﬂc$tddepend on

attribute name="id" t ype="xsd:; string" use="required"

mas orqlgxbggy vzﬁg@sy-- F. qfa@{amplleg ,abqe@of nedeganay be d by a query that

att . p .

i eql{Jsl ?e da 15%%?13 %V\éqg{fltn?:la u%{egrn gfrfr%f_j gxt%ﬁ{aﬁ n]?fapﬂétﬁm (e.g., time of

10t ypcbp]" xepll tinst datagexternal sgstém statq)l dn@heﬂeewsep the xedtset may be

e e> Ther ef pljcati cess the
© SRR B i, e e DB Qe pacL. [Topichlipy hipygr, these

al %dggettsﬁ,gyéttg(g{eglt(gﬂlelggyﬁwﬁgat reference account nodes
by val ue, for exanple: function setAccount (contact)

cont act In(‘rh¢ (@RMcowemple, the setlcfattouts Motessiblehte & particylar user

key val u npt resolve to. a node .c tly cached .
on 16 261 A By bR oA 0Bt nA o dePid By, oo B varisble
15t heputhru 25506, atrgé apANAHIA nRIFONRA t®efine a traversal from the root

node to this nodeset; i.e.:

var accounts = $Sroot.@@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="accountRootRef" refer="mas:rootKey"
mas:inverseAlias="accounts">

<xsd:gelector 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:alls>

<xsd:element name="name" type="xsd:string"/>

30 <xsd:element name="type” type="xsd:string"/>
</xsd:all>
<xsd:attribute name="id" type='"xsd:string" use="required" mas:type="pkey"/>
<xsd:attribute name="ownerId" type="xsd:string"/>
<xsd:attribute name="parentId! type='"xsd:string"/s
35 <xsd:attribute name="rootId" type="mas:rootId" use="optional"/>
</xsd:complexTypes>

The emas:rootrd 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="mas.xsd"/>



should fail. Relations Many-to-One (Lookups) Many-to-1

relati ons can be inplenented using key and keyr ef
waledosni44sons, which parallel relational primarpCENS2005/017822

forei gn keys. <xsd: key nane=" account Key" > <xsd:

sel ector xpat h=" account "/> <xsd: field xpath="@d"/>

</ xsd: key> <xsd: keyref nane="ggntact Account Ref "

ref er="account Key"> <xsd: sel ector xpath=" contact "/>

<xsd: field xpath="@ccountld"/> </xsd: keyref > This

key def i says that an accountKey (primary

key) ocgili}rkts@@bgé}gﬁiaccount> node as an attribute

cal | ed Nhvigatien ketheefct d&frioning fnwnsmﬁs)atghm thengext within a page

cont ac count Ref (fore ke refer account
at o dilis By Bt i Ehgne Mg il ot %ﬁ?/en the
foll ow 'Tgax}eﬁscﬁ 381GRe %i df Iﬁﬁﬂﬂ% affthindtheldaa graph (cache). SPath
account | "> <first>Bob</first>
5 <| aspresdonsi‘travérastthe gephasingiovha@ opazator Gmekamplel >

</conta§£§ hpe follow ng defines the prinary key for
an accoun ., account count

C

The fol N&ﬁf%@o%@mr%@% I éP@ﬁhlﬁieﬁleW%ﬁﬁé B%‘?Ft)a%ftd b3y is the

th HeALTAGERURY Bl keyraeRtiafib

| age R g ek oBiined VAL RAGERACY B7 wikey T Ao (name

wabt atiaz), uﬁakégtahas:ont a| ned W|th| n a node as a foreign

key val For exa e CRM exanmple to
101021 b ele Hoh e e S e BB bEWar od wit b

cont acisountd he-"s.cherm-10vel"ow descrl bes the nmessage node;

this coﬁf%ﬁ;@%‘;if/\%“e” natural" foreign keys represented

by the fFo. oxgbﬁa&ilagbpz@l:&meﬁe&(note t hat each nessage
15may have mebtthpRe-1-sgcetenteit s) . <xsd : sonpl exType

name=" rrééjﬁaﬁdgeﬁ@g > <xsd :sequence > <xsd: el enent

name="' frOMpuicyﬁe@&é@Sd stri ng" m nqccurs="1" rmeccur

—n n ABC g4an —n
20S="1"/> <xsd: A t Pféfmxyz gos.type="xsd: string"

maxqccur s=" unp; Flatas x@,oé ejue;rrent nanme=" subj ect"”

t ype="xsd: </s¢rphaﬁ?%defr>>

<purchaseOrdexr>
<lineItem @prodId="XYZ-3000"/>
25 </purchaseOrder>
</purchaseOrders>
</account>

<contact id="1.2" accountId="1.1l">
30 <emaill>bob@acme.com</email>
</contact

<product 1d="ABC-1234">
<price>1000.00</prices>
35 </products>

nd the following keyref definitions:

<xsd:keyref name="accountContactsRef" refers"contactPrimaryKey"
mas:alias=".:contacts">
<xsd:selector xpath="account/contacts/contactRef"/>
40 <xsd:field xpath="."/>
</xsd:keyref>

<xsd:keyref name="accountProductsRef" refer="“productKey"
masg:alias="purchaseOrders/purchaseOrder/lineltem:product">
45 <xsd:selector xpath="account/purchaseOrders/purchaseOrder/lineltem"/>
<xsd:field xpath="@prodId"/>
</xsd:keyref>

Without using aliases, the following expressions are valid:

var contacts = account.contacts.*.@@contactRef;

50

var price = account.purchaseOrders.* {0].lineItems.*{0].@@(@prodid).price;

sing aliases allows the following expressions:



<xsd: el ement nane="body" type="xsd: string "/> </xsd:
sequences </ xsd: conpl exType> W have al ready defi ned

w0 bas/114389 cont act el enent contains an enai | PCT/US2005/017822
el enment . <xsd : conpl exType nanme= "contact Type "
<xsd: al | > <xsd: el enent nane="f irst" type="xsd:

string" /> <xsd.-el enment naneszgl ast”

type="xsd: string"/> <xsd: el ement nanme="emai | "
type="xsd: string "/> </xsd:all> <xsd: attribute
name="vatl cort ype="xstst .gdepicags. xuse=" requi red" mas
ctype=.pkey'/> <xsd. attrihute .name="ownerl d"

type=" )?ga:ax'{lst ralcﬁognt'%@se:tﬁ trgg'utlnr g'd" /> <xsd: attribute
nane="vat eoign t=| agtoupty prorsiagepefierss t A igegreny § B eprradncy-eded >
</ xsd: conpisertypsescnrpdugdstsact type al ready defines a

ri mar < : =" ' r "> <xs:
Dol ot o A Eiertin fedits AT 6OMARLRY RIS . (B 3ftia model
</ %fitkt gefize 4 igiqhophigmaigyKyedethi PRy keemubiEtse dxpated as part
the emai|l elenent within the contact node may_ al so be

used the VHelk sgrvices SPAK aferfapgein vne giihedirpt. IREparykeys can be

<xsd; C =" contaet "f> \e Fdiel d: =
5P e R SRR 7 T B L 000 s
defframeevidil mayplicerdtpebthkiayd By eneides inn tHared dadohe.message

node. <xsd: keyref nane=!npessageFronRef, " )

r ef er =" cloift FeEImAks SyREYsS VWehs gervice| qpetagions may optionally return a
Xp =|| ||/ > . K H | . __|| 1 > d

‘Reprar R (5D el R REpEp e, Shitencbles the
r efsgstethctordeteet hpduté Kepdds <Rgdcallye thecdequnence number corresponds to

xpat h="nessage/to" /> < . field xpath="_."/> </ xsd:
L3k ey dabasqdpesiampelf fass ggéﬁm?ﬁgﬁs RelyReride 3 dpepeareippler, the
W v 3R cB%ﬁnhﬁ!"ﬁn b3 RN sed HEME FETRIRBEVIBIVARKS

uses the fornm above: note, the messageToRef nust be
wr i tt en Schemhe defmibivabosen dlefive elemeaisnehatbalefme t ihsl external

<t %Epﬁclza%%g%t %%ﬁtiﬁer, and optionally, a sequence number {(or timestamp). The

wn

corresponding schema element defines a mas:type attribute, which denotes the
20  system property “pkey” or “seq”.

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

<xs8d:complexType name="contactType">
<xsd:all>
<xsd:element name="first" type="xsd:string"/>
25 <xsd:element name="last" type="xsd:string"/s>
<xsd:element name="email" type="xgd:string"/>
</xsd:alls>
<xsd:attribute name="1id" type="xsd:string" use="required" mas:type="pkey"/>
<xsd:attribute name="timestamp" type="xsd:string" mas:type="seq"/>
30 <xsd:attribute name="ownerId” type="xsd:string"” use="required"/>
<xsd:attribute name="accountId" type="xsd:string" use="required"/>
</xsd: complexTypes>

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

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

<app:contact id="83FEB4C38RB36520" timestamp="12388832"
accountId="B3F234AD3342ABA6" >
<app: first>Bob</app: firsts>
<app:last>Harris</app:last>
40 <app:email>bobeharris.com</app:email>
</app:contact>

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



<xsd: keyref nane= "nessageFr onRef "
refer="contact Enai | Key"> <xsd: sel ector

wopashrusessage/ fronl'/ > <xsd: field xpat h="."/>P&rl/KS105/017822
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- keyref > One-to-Many (Coll ections) One-to-Mny
rel ati onshi ps can be inplenented either as inverse
keyrefs, or as nmanifest forei key val ues cont ai ned
within a data node. |Inverse Keyrefs AU nany-to-one
traversals may declare an inverse keyref that defines
a gne to- ﬂﬁﬁ%ﬁ@ﬁﬁMﬁﬁﬁﬁkﬁmﬂhﬂzgfﬁg KeyrefsCertain
nodet ype's s Bt EORST defi ne conpl ex XML
docunent s ymﬁsg@ﬁél?@ :giga}r Epeat edysequence o?p
el enents-each of which may contain a foreign key
val ve. ExfpLE e S FREERHHCKehena def i ni ti on
descri bes a puschasepahdedieniity. <xsd: el enent
nanme="pur ctieedeeygr der " type="purchaseO der Type" > <xsd
conpl exibypahd anBreyRUFshase sl Tylpaeit> dsladtion is needed to
. sequence> <xsd: el ement nanme="price"
t y plsntifysthie grimerekgysfortheodeonpl exType name="1i nel
terns " ;
ocsd: oSSt 5ty RS BS BB AR HUEPRHACRRC 3t ransmitcd
<X §fihelcHERN hc/nﬂingsslelé B?ﬂ It}da'_'rclie)dppm srestthingtmoded)” The whxsd sible
: sequence> </ Xxs conpl ex e> </ X seguence> </ xsd:
co ﬁiﬁm@_}&r ¥ bs specief tossgaprg}plgtgg d%@”itqbe ?YlgT but e
name="i ¢ Féﬁ%ﬁla&é &?H&rlsrér stellBSlowk YPE="pkey" />
exlype>

</ xsd: conp e fo omnnq key declaration

depitbes t he prvaﬂmry key fo l"lﬁﬁ@@purchase or der

nndnfunn, <XS ArnA=—!

seMaet é’ipexpat ‘Lmkea/’é uegeOrc éflﬁ"a° <C§<§ er?é’nttjogrié O(ﬁe_mwmch
id" /> </ xsd key> The fol|l'? Wa e‘i’% Free P

| rlnnf I fioc th al nt o \as t aS Seq
T e et S—Wt

mas:visible | booléamn 'If frue, éement or attrlbute va!ue is
available to the client programming
model; default value is false.

In the case that a key (not keyref) field is not marked as visible, any
attempt to access the field on the client will nuil (as if a non-existent field were

accessed). Even if visible, key fields are read-only.

var 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 a 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 contact =
<contact>
<first>Maggie</firsts>
<last>Cheung</last>
<email>maggie@acme.com</emails>
</contact>

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.



purchase order that are foreign keys referencing
products. <xsd :keyref nane= "purchaseO der Product Ref
wO 2008fl1i@se= " product Key " mas :alias= "purchaselrmies2005/017822
: product s"> <xsd: selector
xpat h="purchaseOrder/lineltens/lineltent/> <xsd: field
xpat h="prodl d"/ > </ xsd: keyr ef % This rel ationship can
be illustrated by figure 12A." For exanple, the
followi ng XScript expression retrieves the product
ref erengede & e e'xﬁrﬁEJIe ‘hl%%og gml&fe B e (defined
order. var produc cP 2 rchase (c)(c)product s .
Matheyacbaﬂft/&ﬁyreﬁ/ﬁaﬁmtlon baby theelceduinb atribute) isrspl rmeferente the
as palrs of one- to many relations. An exanple is given
i nsyppged accppmEnodee | account and event declare the
foll own&gorssehm&t(c@tsﬁ ae@nph exType
5 hane=" aewbuhteTypend Sasdrall > <xsd: el enent name="nane”
type—“}xsd string" /></xsd : all> <xsd: attribute
name="i dssigyipsFoxeign KQYSrb}hijaluese—"reqw red" nas
: type= @kﬁ}é Pcﬁxem)ﬁsﬂxat % ,t,rrefepxlé& eto Nfs 1&: r(!léhm%on declares a

t ype="x8d use="regui > <xsd: attri
nages:Rarent ﬁrﬁii'laﬁyyl{e@—théﬁ dhe édrfdsp@ dirzg forelgn key values may be set
</ xsd: conpl exType>00 <xsd ; conpl exType nane=

10" ebﬁﬂﬂﬂﬁ}p@ahw kﬁséo‘faﬂ ﬂ@leiﬁ@épnéF)enent name="first"

Egg:: igg’- ex% {ég" g f giga%]b%m gﬂa‘ﬁ? - fgl%g a visible pkey

naamﬁ{,‘utg" type—"xsd st r| ng" use=" required" mas
st 'iéx? </ XSdnacé:an | exType> And declare the
foI I 0\7\/| DG KeVh Af ek ni t1ons: <xsd: keyr ef
15 name="account:Brent Ref " refer=" event Ke)é" > <xsd:
sel ector xpaffid e ATEBUIT /S <X EE ¥ &t %X pat h="_event
s"/> </ xsdxkﬁwrlﬁmdxakeeyfde&m;cﬁte% temntuéa:c:@umxﬁef !
ref er =" accoumsKey*Srkexsips agp _‘re"s t.h= "event. /1>
0 55t 11 ol TN Rahe: T s ORg e e et
one enbetkdrenblextrarysst 0- many keyrefs cannot decl are
i nver s&skEFPEFYPe>

Therefore, the application may access the value directly.

25 var account = account.@eid;

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

example:

function setAccount (contact)
contact .@@account = "A-1234";

¥ ! Note, the foreign key value may not resolve to a node currently cached on
the client. Furthermore, if a bad value is set, then the associated conduit operation
should fail.
Relations
35 Many-to-One (Lookups)
Many-to-1 relations can be implemented using key and keyref definitions,

which parallel relational primary and foreign keys.



since, in general, the framework woul d not have enough
information to nmai ntain consistency. One-to-One In one
weniwsdisaent , one-to-one relations are inpl emrenP@mUsS®05/017822
paired maiiyto- one relations. Exanple Supposing each
user of the system al so has a contact record as shown
in figure 12C. 1.e., contact d user define the
foll owi ng keyrefs: <xsd: keyret nanme="user Cont act Ref
mas :inverseAlias="user "> <xsd: selector
xpat h=" us e&ksd: ey <sx&dtacédutlkexpat h=" @ont act 1 d"/ > -one
keyrefs shouFt#dg l@?“y’g i) ajcé‘mé" >i nverse keyref. var
contact = ygg key jcontact; contact .(c)(c)user ==
Suser; System Data Types Node Schepa Defnl nition The
fol | owi ng megfggg@g‘igﬁﬁé;ﬁ’rﬁ%f STPUET T8~
a' node. <?xm Melssd10Rpath-reddciizg)ysd: schenmn
t ar get Nanesydcez'efr n: bea. mas" el enent For nDef aul t ="
1o qualifi gdisi@ H&ﬁﬂﬁbﬁ Ebs vl athiat #h adHdQHekdyf (peidiarxkdy) vccurs in
xsd= "http:/ .org/ 2001/ XM_.Schema"
X ntwél:i‘aupnurbeethfia@s sn aigbute spligders Tha kexreh defintlipsays that the

<xsd . conp IexT <xsd: an
m AT @ﬁ Fé %%fx@re{ﬁsndk%fﬁ ?%ant%’etﬁ ag g%%ngn%‘ﬁgl;)utex O% <contacts

ath@dégute narre—"st ate" type="mas :syncStateType"/>
</ xsd :conpl exType> </xsd: el ement > Node definitions
may i ncFodexampde. fevandhg %10%4&1115@?@‘5 atRoot Node In one
15 enbodi meftound @d-n£ach application there is a speci al
r oot node <nglaircte<frage>t he nodetype mas :root; this node
does nof/*EBHtai n application data and may not be
nodi f i edeontbbe id-ramewarlccadtonat i cal ly creates an
0 nstance offlll:h;é;g’%éfe s‘node, which is referenced via the
$root varidbien S<ge£n§/éqmly ref erence mas :root as
their setsrgecttype, for exanpl e:

the following defines the primary key for an account (i.e., accountkey):

25 <account id="1.1%>
The following defines a foreign key from a contact to the same account

(i.e., contactAccountRef):

<contact id="1.2" accountId="1.1">

Sometimes we will want to use data contained within a node as a foreign

30 key value. For example, 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 muitiple to elements).

<xsd:complexType name="messageType">
35 <xsd:sequence>
<xsd:element name="from" type="xsd:string" minOccurs="1"
maxOccurs="1"/>
<xsd:element name="to" type="xsd:string" maxQccurs="unbounded"/>
<xsd:element name="subject" type="xsd:string"/>
40 <xsd:element name="body" type="xsd:string"/>
</xsd:sequences
</xsd:complexTypes>

We have already defined that the contact element contains an email

element.



<keyref nanme="accounts" sourceType= "mas :root"
target Type="app: contact"/> hi one enbodi nent, nodes
woraysai44eer be instantiated by a client prograp@i/ng2005/017822
by server conduits. Nodeset Schema Definition Apart
fromthe root node, all nodes belong to a nodeset,
whi ch corresponds to a keyref 459A nodeset is defined by
the followi ng XML Schema: <?x version="1 .0"?> <xsd
:schema t ar get Nanespace= "run :bea .conf
el errenkdéo:rog%)?&ml tame- gorakdtfdeed” attri but eFor nDef aul t =
"unqual i*fied?> xmd ns: xsd="hitp: [/ Wy W3,
o1 g/ 2001/ KB SRR R e B GOt >
5<xsd: el enmentdnamer"RodeSeatl" ityeex'sel: ol ex Type> <xsd:
Sequencéé}sﬁ%x%ﬁbuté ngnlleg'qg‘nt: E:e'tcs:d" J?:QQQ-'-' use="required" mas:type="pkey"/>
MAX O C UN-55d 4 IBUE GG fomesTax SPleS G SNITR> usSthyuired"/>
jpattrib zt;§dﬂ%§?é§“t§ EffteefaceoneuPselEd: STy "nigpe7 "sequired"/>
</ xsd:*cCOnplexType> </ xsd: el ement> he <nodeset >
el ement Thewpaipisypnalieidy datiess auinen&eyof <node>
el ements. EaghenQdeseh-Lortespends to a keyref
(defined by t<ra:dcearrefratitfopiyatte)>, whi ch deternine the
15nodeLype of [ To ’5’?;?|§'|@h‘bd>e el ement s. I |
Synchroni zat1 on, StatesAll ,persistent gpplication data .
can be disrisdowimenkeiedetiniion detpes @%aﬁr %?ﬁlief‘dewl%th"vﬁmn the

the, Etvrﬁ)rdetlﬁgcﬂsoq?et e@%jﬁk%n have a state

synchroni zation attribute, nmas : state, which has a
val ue deflﬂ@ﬁkgy§:§“g§§§§ t&;gt‘éftegc“gl(ge type. <xsd:

20si npl eType nafé@,:fieﬁy}[g,g E@mﬁcﬁl/pe > <xsd: restriction
base="xsd: </s¢rkemg"” > <xsd :enunmerat ion val ue= "dsync
"> <xsdheefoiaRiR) keyrel deHBons MREhE itRH tha foX&ih key elements
enuner ation val ue= "pendi ng" /> <xsd :enunerat ion
valwithin thgpnesdageenode> <xsd: enuner ati on
Val ue="r ej gc@&:Q@;é?naﬁé(-slgéssa%&umgiatnje%="contactEmailKey">
25val ue="conf | i<g4d" Jereceesabathemuasraseat-i on val ue="del et ed"/ >
</ xsd :rest ity RS EFRST romi>mpl eType> The state
. </xsdrkeyref> .
vari abl e can be passed between client and server to
30C00r di nat essyhoHromrzatdcgacToTHb "elel WA SBTS I NE node
state to one %3 BbE LollEBWIRGTAIUE:

</xsd:keyref>
Note, the messageFromref keyref could also be written as follows

(although, the framework always uses the form above; note, the messageToRef

35  must be written in the form above since there may be multiple <to> elements):

<xsd:keyref name="messageFromRef" refer="contactEmailKey"s>
<xsd:selector xpath="message/from"/>
<xsd:field xpath="."/>

</xs8d:keyrefs>

40 One-to-Many (Collections)
One-to-Many relationships can be implemented either as inverse keyrefs,
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
45  one-to-many traversal.

Manifest Keyrefs



Note, In one enbodi ment, the state variabl e does not
di sti ngui sh between created and nodi fi ed nodes, since

wo bios/1cas9 be di stingui shed by a gl obal seguenceCTiusi»es/017822
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of zero. The synchroni zation process triggers a
correspondi ng conduit operation; on conpletion, the

server assigns each node withgne of the follow ng

val ues: For exanple, the following table illustrates a
possible |ife cycle of a node. Conduitsln one

enbodi Metdraif | AdRtypaRPkéeald QRSIafRioROtmEY r &dieY co@blex XML
Web service operations-instead the conduit nmechani sm
mapkcuments ghatnedntain of rapraled isdeeencé ob rdemerithedycheh which may

service operations .onto the progranm ng nodel agai nst
CneoRFER PRIy Yl docurent (e. g, ORUD
semant i Gxabfpl€at e, read, update, delete), navigating,
custom operations, etc.) Client data nodel changes are
synchr onlitedgllewingtsehayes defiitigidespripasearpurehiage exdst eHay.
CONdUI 4sdMRBRGE hark O phdMRkRad- N €y RXLOLNAL- YR 61 Vi Ce
oper at<sginsrrlesyonenetoderererTyvondui t s define a
coor di nat BEERI0, Weh. sesvige operations for a

h keyref can be associated with
exact |y on@‘séﬁ?g@%HXT@evgﬁ;'§é‘ie§?egésdrgq be interfaces to
exi Sting SySteMb.slibhas,0atabasasem .- DAP directories,
ERP appl i cations, <awdseWheesi tes. They may al so be
wr appers that abstraBtdCORp e g URRPTIge?: stxing"/>
asynchronous procegsesequskrekf | ows) coordi nated by
procedural | odgi e/xgeigilfxw* JPD). In one enbodi nent,

xa8d:s.

eryi.tes..used by the system may have

certain <requerenents (e.g., each record nust include a

uni que pPriYPEFyPReYand" FREArY A g eftfeney "Hander or

t i nestamp)IrotrEPe> are no occasi onal | y-connect ed dat a

nmodel sphei followirgdkey ésotarhisorplatied the piiheRy kEhdveiirr purchase
the MAS nmay be one of many consunmers of these

r e 9817 884etYPH one enbodi ment, conduits do not assume

that the Weha.s8r MnE&LrdaS=bFdetdeen W th t he data nodel

in mnd; that<X'~’ig$§?1ﬁt°hf€ h_l,ezgulﬁa@s@éleri"hto t he request

may not be_is8orpHi €210 ‘tHe nodetypes in the data

nodel , d r.espons al sa be. different. i
Ther ef o?@l,e %‘H@‘@%QW%E gg&%ﬁ“‘?rhe‘d?@g% el Elsmegti, gdthin the
anghufcRaRIas: iR d?@foragﬁqie%sore&@eﬂchﬁg $ofR:t@s the schema

for any of the nodes in the data nodel. Conduits can

contai n metaYSFA L B K et mstrer PTG ¥ he

request docurentsei@tort:RRnVlr--5RE0tEaE iI016dmal1ERBen />

35§ nvocati on Jid: deermpof roadid'fre Web service response

45

back into A& TAtA npdel . These meta data are known as
t r ansf orlis, redafepnship pan &g pillasisated iy figerexiZAQlfer yexample, the

| a @&ﬁﬁgﬁ% g{ﬁgﬁg@@résgi%n.trét%gﬁe&&ﬁ% 'B‘aﬂ'cet' ref.‘efeggg% ﬁg @1'6 first line item

enoug Servi ce urn-a
doottmeipurdHasd ordeps to several different related nodes
in th(‘a,_%rdgftog}1 nmodel _and still successfully map back into
t he da '

‘:Mﬂ&%l-:' FHEdata FhHat  Ts' crucial to the MAS
cache (i.e the*record type's prinmary key and
sequenc/fiyroandity rreRtiang)ar€ athyslesente@PRE it BY one-to-many

transforns. Conduit File Overview
relations. An example is given in figure 12B.

L.e., account and event declare the following schemas:

<xsd:complexType name="accountType">
<xsd:all>
<xsd:element name='"name" type="xsd:string"/>



The conduits subdirectory may contain nultiple . j sx

files-all of which are | oaded by the framework on
wat@stiiaapy these files contain conduit definitPONES2005/017822

Conduit files can consist of XScript and XQuery

functions that inplenent conduit operations; these

files can also contain neta daja defined in conment

bl ocks. The annot ati ons nodel enabl es the devel oper to

use both visual tools and script editors to build

condui t ¥Fi%¥!> Fach conduit file can contaln a header

c orment LBHE Ry SRl ale. A TR LU oW, AT S i@aS.;sz““Pkey"/ >
xanpl e: <xp&:tctriblie) m&“par@@m/ eysatsoraknshar ed— se'

* (c) cdf‘ﬁ‘?‘o‘i‘?mpli’fW?'?§°°nanespace—" http: //schemas
. Xm soapu: G:rmgleS'QﬁepﬁﬂQ:\/'eJthﬁ%e'u prefix="soap" * (c)comon
1 xm ns rEfesgace= n:.partner .soap. sforce .conf
10pr ef i x="sEda 015t iiﬁe_ fm’t' XSS face="ht t p:
//exanplﬁxsdcaom " prefix=" app" */ mas : conversational
The %ﬁgmgi‘iﬁﬂaﬁw&d" t“BRG Fiers sStEHRe" o=l tsmiipRg" mas:type="pkey"/>
attri but es; .commpn ; xm ns The common: xnlns tag has
the fol |%%%laé?thf91]%§1gwféeﬁmn@@s Controls The
15condui t fi keaakser aapt-aibsctpossh bby mildiple) object
decl arati ons %Wagelﬁegr@s?ﬁtacwwéer vice controls.
Control def /i k yglﬁs BpEaT =T h /Tt he header bl ock
i medi ately bef ore the correspondi ng vari abl e

204ecl ar at | OR* ERAF llc F*';;’::ﬁfg@j‘tgbﬁﬁ‘rﬁﬁfert' erreyofey™ @ c
1l ocation ht t<psdu RtdDiocdol: IB:QI/EF pri se soap, sforce
.com 1 */<Aged: keyneéw WebSer VI ceContr ol The

fol I ow Mg oh@gmbadienee irh 8 cko-nlH/ Nﬁ/\geg?rcéﬁhfb? 808k Ghverse keyrefs

Obj ect manages the i nvocat| on of service

25 op &sei Brasnerph dhgvpmeworic wowldtog havb peuighiinformagot ® maintain
th%oﬁs‘?gté&g" ng net hods: Message (bj ect Message objects

are passed into and returned fromthe Wb service

control 'CGneitbMdee ( ) function. var response = control,

I nvoke (nmessage) ; The message obj ect has the

fol | owi HyORF gﬁ‘@(p(ym@gt:, one-to-one relations are implemented as paired many-

to-one relations.

30 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:

35 <xs8d:keyref name="userContactRef" refer="contactKey" mas:alias="contact"
mas:inverseAlias="user">

<xsd:selector xpath="user"/>
<xsd:field xpath="@contactId"/>
</%sd:key>

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

var contact = user.@@contact;

contact.@@user == user;

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



For exanpl e, suppose the follow ng SOAP nessage was
returned fromthe Web service: <soapenv : Envel ope

woRisa14480AP- ENC= "http ://schemas .xnl soap  PCT/US2005/017822
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.org/ soap/ encodi ng/ " xmns :soapenv="http ://schenmas
.xm soap .org/ soap/envel ope/" xmns: xsd=
"http://ww. w3 . org/ 200l /XI\/LSgEerm xm ns :xsi=
“http://ww. w3 .org/ 2001/ XM_.Schema- i nstance ">
<soapenv: Header > <Sessi onHeader xm ns= "urn: partner
. Soap.<»Sif GeGeon=00k> > <sessi onl d>12345678</ sessi onl d>
AP L e F@ﬁ@é?@mb’iﬁﬂﬁ [ 2o S0 aRENY:, ROty 2,
<cr eat eF?@ﬁ, EncXIT) e w3 B el 00 Paick iciar. Soap . ST orce
conf >xme€u#r¢hﬁa<ne$”|>ors Xsi:nil="t-
e" ></ er1.0h g5l 487694324/ 1d> <success >t rue</ success>
</ r esul tamasdogsreateResponse> </ soapenv: Body> </ soapeii v
: Envel opeﬁSTﬁ@u?ﬁlﬁF Lowi ng function ,,flg rst checks that
there was no-BLiatcgenerat ed by the i'ivoke () function
cal bef or ecsprarmthurﬁgnatnhﬂstseessqm“reh evreﬁtatﬂmfﬁ% he
messag? et = ara a resul t elenent fromthe nessage
body unctl 0;11 sel ect Qnse = ws

i nvoke Nsiglgfimitions m(ayuncr Vé%?p%% §%1ﬁ“’@1r3§ g ljlbl{tespr i nt

( ;qaﬁ.gjteon “Iyge T ESPONSE| plIGRae . SesSSoi nHeader .
sassionld) |; printCID " + response. bhody

. drséateRespongeStatetyna d¢t§nmme$ cmemtrsynr:bﬁmtiﬁaan state

Thi s woRabt Nogdet he foll ovm ng out | put: Session: 12345678

I D: 87554321 tion ns..Condui t. oper at i.ons

can nap 9“@0%6 ’ﬁ‘le’?_)t b g’r \%’@bcag%:}g T i Srfei’?l%r{got node,
enadiNEthe ﬁ@&é@ymh@u H;oto PGS abdPdbed B6t AdiRsin UPplicition data and
three functions: 1. uest transform an XQuer

y,
f umezyi oot bdqaatodtﬁedat "éhe wogo awigmatiealbigereates an instance of the

root node, which is referenced via the $root variable. Keyrefs may reference

mas : root as their source type, for example:

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

programming 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:

<?xml version="1,0"?>

«<xsd:schema targetNamespace="run:bea.com"
elementFormDefault="qualified" attributeFormDefault="unqualified"
xmlns:xsd="http://www.w3.0org/2001/XMLSchema"
xmlns="run:bea.com">

<xsd:element name=“nodeSeti>
<xsd:complexType>
<xsd: sequence>
<xsd:element ref="node" maxOccurs="unbounded"/>
</xsd:sequence>
<xsd:attribute name="keyref" type="xsd:string"/>
</xsd:complexTypes>
</xsd:element>

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

Synchronization States



body; 2. response transform an XQuery function that
processes the incom ng response body, creating MAS

woowsdi44ent are processed by the conduit manageeT/US2005/017822
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custom function: an XScript (or Java) function that

i npl ements custom procedural logic (e.g., to create
the nmessage header, or to invgke customtransport or
any other controls). Annotations Custom functions al so
i nclude annotations in a header block i medi ately

before tAie JeiisehORpplicitiohY8fa EQY HRXBIBRIE in/ iddes, which are
(c)mas: operation type= erati onType"

ke)%mf&omqu ithathe seivay eE@gfdatar vede ean byveas stafg synehemigation
t" f =" f
Y Plifbuey “sf%baete» %'v?xic B el MRS R L heragb S R e e

*/ fune@%mlé@ge( w@%gwrxpe)i return ws. invoke
2($meg ) ¥ THELCIS ML HACEL 8N may decl are the
fol | owi ng t-agsakpetat wam&uﬁqamécefﬁr ence either a
keyref or sehermaet myg sereres n(:l(; : operation
type=" opeLaticoR &%nvleynéftect Jef Name .S
operation txy emﬂher@ nat-lrueﬂal'o% petcrrrode=" nodeType" The
i nverse g FrURHIIE AU TATEE tHAY> t he operation is
cal | ed,-aa. smi},eewmverse keyref @ras: operation type =
oper a tI'hI%rgéfQ Q/amﬁoq%/ cgﬁp 258 e 'ﬂechfeh{]ng{ Ee%velt foUdordinate
exanpl e iven th SIFy OW ng keyre
defsymuhtrmﬁmxonl ’!lle<e<lsed1t sdteﬂreelfodaalﬁm @nabﬂmbébnmmg Rafue

r efer="acco " accouht' mes
il A& seAl j [geani

ontacts" > <xsd :sel ect or xpat h=

" CORTRET T Ro&AiREridiel Or MbHiAkd but) ik tORY to e SYnERFbnized.

KEYBEBTFEED! - | rodetollly diédted of rideHEJREY > <XxSd Sselector

XP@ERSINGAC COHBErt/update’syfc MdsSade %‘dﬂﬁ‘&@iél@ég'(éﬁalﬂng response)

</ XSA. KQYfe, W te ‘%ﬁiﬁoﬂ T 1?19 @fa@é:{/ #] L c?c)}ﬁﬁi)t d%ﬁhgﬁ%l? between

xpat h=""corit act Ield xpat
created and modified nodes, since this can be distinguished by a global sequence
number of zero.

The synchronization process 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 | MODIFIED 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> 5 The conduit can inplenent the follow ng

sel ect operations: /** (c)nmas: operation type="select"
wheysaisasapp: Cont act Account Ref " */ functi on sSeCBUE2005/017822

Account ($nmsg, $source) { return ws .invoke ($nsg) ;

0" /** (c)mas: operation type="select" keyref ="app:

cont act Account Ref " i nverse="trgse" */ funciton

sel ect Contacts ($nsg, $source) { return ws .invoke

($nsg) ; The traversal contact .(c)(c)account woul d

cal | seilacdndcanbisdiment) clietwipbHcaons dotnot (dijecty caltweh Service

.* woul d call selectContacts ( ) . mas ;transform The .

masCPeratigns-asadalie nepndik anechiapisi APa1the isserlcsTak individual

fr apenaLk ' I : :

r ez(ponse te?);?g o%érjggi%ll3 fabg&?glrlér: gg%o{rlllg ?Iﬁgg%gl?hg?? gdne%fag?lr%ﬁ the

t agrliest’ sl enituieed eXIMITdecureeyie®te.,t CRRAY cemantaes (aetaie,nread, update,

XML j.ect that is used to construct the pody of. the

S g5 a0y O 15 O PG st bl GHE 251 el Phages are

I eSPRERENi2Ed fBe GOREU Whi APREAR I QRrs t‘h@tc@nddiﬂmﬂ%}@%r td M9oke the

request and response Query tranStorms are either
corexéarmad Vel sevine pperaidansnent bl ock for the custom
operatign (which i.s auto generated), or..are,contaihed .
P e partd et et CnfGR Rk codiifHeh s of VBFC service
MaSpeREBRS R GSpathicul ity T ARBARG L cas) b8 A§dod1a8%l Wil exactly one
defaul t nanespace for the function and has the

10f olcondiing Waaht sarpigesemiay pagnterfpees| tg cRistingmystems isuehag defabases,
S:Iilfﬁ%‘ﬁ Zdlr%&%h?@%’%§pqﬁéggx{sg énc’ lg?‘e%b ales. {“ﬁegfurlnﬁ %%stggj:e wrappers

unctron, owng attri

Cenkdtatabsirdcunedmples Tdig Goaingf adjmehousio mrotersés qmvoklflows)
generated by W.W _ The default bo for a sel ect
opépaidinsted by procedwraldogc (9.25 WELIPO)nas : operation

type=" sglaetrps T R A é’ '
0 SRS RIS MR ) ULy
15conrtrtah requirencdots (e.$magh recdrd Thestdimelgdy arumdleeprimary key, and
ref.erences an XML nessage object; if a matching
r edifESY % FURERSST RUPSCTs Flglre#ampée@eﬁﬁe@rsmo PFEFIOpAy-connected
”e%%ﬁ%o&@kﬁ&ﬁﬁ@l‘eﬁﬁﬁ‘éﬁnérﬁ%gfa SPHEMO ‘Théllggoré%e RPAS Ry be one
returned by the query. T source vari abl e can
of many consumers of these resources.
In one embodiment, conduits do not assume that the Web service was
20 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
25  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 to several different related nodes in the data model and still

30  successfully map back into the data model.



contain the source context node (e.g., node. (r)keyref
Nanme. *).For an insert, update, and del ete operations,

wo b@sdefssul t body can be as follows: / ** * anBST/US2005/017822
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operation type="insert| update |delete"
keyref =" A eyref Vanme" */ function

oper ati onTypeSour ceType ($nmsgys$node) { return w s

.invoke ($nsg) ; } The $node variable contains the

node to be inserted/ updated/ del eted. For a custom

oper at i Qista AR tRRAdY chridl RethRMAS! daois(i.e/, the reto@MBpe’s primary
operation type="custon' node=" podeWane"

natkap andsrapendequptbes/faestamp) cancalsomappsdyusinedransiorms.

eSour ce , rce , $node) { return ws .

I nvoke %?@g%?ﬁ?@)}veﬁé%’ t he $node vari abl e contains

the querTheQBh&EisGiBdik&tory ndynsonedin anltiglal. b énfldsheall of which

custom operation. Transforms Qperati gns nmay optiq %\%/'t'
1f1ons.

n
defrantoadedihedhe Gpmewadoem s@rtypaikese dHeS eandain &ﬁgdluka

th L forn ' .
o 15307 IR A AL AR QRS EHATRL B et coni
t haperatbils; @wes firhaalss cghtanmata datcdafinied id eorhivfeneblscks. The
(i.e., theinv% keyr ef eiiefined

rs : : :
coREBRIEIS SutfleReRabless Ry dey it PoitpYisu toplg gighperivt editors
$a‘%&8ﬁﬂﬁ or&lﬁ?t(fﬁésgom acts.* Omas :operation
type= seT ect” keyref="app: contact Account Ref"
i nver se®uth wehd(itis cat rcangfm rnhdaggecommguiethat may declare the
function="sel ect Contacts_request” (c)mas :transform
tyg 1OWIRg 8a9Snse” funct| on="sel ect Cont acts_r esponse" /

f yrgg T on sel'ect Cont adke&rigtbAsg, $source) { return ws

.ilnvoke ($nsg) ; The request transfarmcan be called
befaF ecarferoAataY  gRackreowat she ernsiids siatefubang pauses
t he_ XM __body of t he |d0@BEemvpriablesiade Reksisied; s

i NEOFPI XS t he nudefijes ppmespacesysed Withindibe copduip dle.

condui t Fopexaeplen. * (c)nmas : nanespace target="sfdc" *

* . ] ) [1] * H
(C)laﬁ@%%%%bm%%%&@&M&%&ﬁ:gHSQJ [ function
sel ect Cobdnat m1d=CGHRIce rHSOUY £Imad. xmlsoap . org/soap/envelope/"
prefix="goap"
* @common:xmlns namespace='urn:partner,soap.sforce.com" prefix="sfdc"
* @common:xmlns namespace="http://example.com/" prefix="app"

*/

mas:conversational
The mas : conversational tag has the following attributes:
Attribute Description
shared If the optional shared attribute is true, then the
conduit may be used by multiple users.

common : xmlns

The common : xmlns tag has the following attributes:

Attribute Description

namespace Defines a namespace URN.

prefix Defines a logical name 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 controls. Control definitions appear in the header block
immediately before the corresponding variable declaration.

Example



<query> <queryString> SELECT * FROM Contact WHERE
Accountld = "{string ($source/ @d) } " </query Str

w0 n@s/11d4guery >The response transform can be cedT/@82005/017822
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after the conduit operation returns (unless the
operation returns an <error> object). It is passed the
XML nessage body returned fromthe service control's
invoke ( ) function. The response transformreturns a
list of application nodes to the conduit manager. /**
* mas/*- nanespace target ="app" * (c)language : body

t ype="%§@2§2§;"‘i’2‘;f§itpu.m;.lhwg: 56k.66t.0ont.acks. L esponse
($respognse {tfnor $Iin

$r espons epsiiterygeioyResponse/ sfdc :resul t/sfdc

I r ecor dsh¢ RilMIngRentRdefihets" { st ring($i/sfdc:1d) } "
count ld=" {string ($i/sfdc.Accountld) "> <ppdif

TS {string ($i/sf|dB88t emvbdst anp) }</nodif ied>

Sttt SE3]eBt ST 7 STOSe il =L NGEW stiphbrté® Eontrdiast >

TNy ST OC (RS NEI e hitdl SRL of 5OWEb beriEldonfial.

ﬁé:qlog&tio@lui H—f<fremm <fcontact> J Note, the

R R e i

body of service response nessage before the bady

—— AT

| sApibeessed by thePesedPense transform Conduit

orati nne Cond AR

et o o oo Beaaa-—-—\AA | H
ot OO ——CSOTrautr ¢ O CT |V atlr 11 vl STT1T VITLTT
nttp-url > -0 7 | initial URL of Web'service, -
VVOT \J ) Uildl %

operatd S At &t ’(ﬁl a ”%he LS ? ?-L"Z)bclfiViCG
to the APPIFRSSEYbFFCHR Fanpgrsie EYRHIgREr A Fow
caggéiigédnggs a pair of queries that map the

correspondi ng i ncom ng and out goi ng XML nessages

r ecei ve@hé nesaeaniksent rdlootjéne imploehistieelfofiowirgmetheds:

nar at i an Theocon trancfa Aol

r o ot [ st 1.1 AY £
T T OTT T TCcotC—C1 b{TIOHD CUTTST S1 \typrevarty) Ul

0 Yom
. 3
;ﬂeet?‘%/ expr essi ons that translate data fromthe

X
exierdralmsyist em dat|adnas Bmd spdctficdneddibe apiact,Galy] enthe Web
d

at a format defi ned dyitd@efircdeyathe COpBbRddfMItichy petirhsithe
the client programiiragpdiedehessegrar ati ons can be

I nvokedpeisigiomertnodes (including $root), or on
keyrefs. For exanpl e: ) .
Message objects are passed into and returned from the Web service

control’s invoke () function.

var. response = control.invoke (message) ;

The message object has the following properties:

Property Description

header XML SOAP header

body XML SOAP body

error null if no error occurred during invoke ()

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

Web service:

<soapenv:Envelope xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/"
xmlns:soapenv="http://schemas.xmlsoap.org/soap/envelope/"
xmlnsg:xsd="http://www.w3.0org/2001/XMLSchema"
xmlns:xsi="http://www.w3.0org/2001/XMLSchema-instance">

<soapenv:Header>
<SessionHeader xmlns="urn:partner.soap.sforce.com">
<gessionId>12345678</sessionld>
</SessionHeader>
</socapenv:Headers

<soapenv: Body>
<createResponse xmlns="urn:partner.soap.sforce.com">
<results
<errors xsi:nil="true's></errors>



$root .create (xm) ; // create node node. @deyref.
create {xm) ; // create and |link node node. @deyref.*
WO 2005/1143pd i cit sel ect node. (r) @eyref. sel ect PCEPS1003/017822
; /1l deep select node. update ( ) ; // update node
$root .foo(xm) ; // custom operationDepending on the
operation type, different inpug paraneters are
required to be passed to the conduit operation. Except
for update and delete, all other operations are passed
(part of) the noelﬁés”tSP@Pk(?Fresents the context (or
source) of thg.Qp&tation (tfHie s : field declaration
et er m nes <lowteg¢edonet t he source node is transferred
to the, §;§§?§§?‘E‘Zv’§§§§@;s is referenced by the conduit
functlons u |ngth source variable. In the case of
updat e op# fioBias @P“C@OH firstscheeks Wiptthere wanh ao smor ggmerated by
Opetflétlhx(})&?e) 0 ﬂlﬂ%loq;aéaﬂ 1%:%1% p?%ﬁgg(%g ée@é’i?& Glehikht %r%&dﬁ]le message
operation 1§ reference ranstor musing
t hehefiderdandvardsal blemehtframidhé mﬁsagabd)dp perations have
10l Mpl i ci, gctgogcsee§ect{$msg he $user systemvariable, which
cont ai nsvakr:}fa@ma I Ninadd@Utsst he current user. The
fol |l ow ng | in L onJaaramsters are defined for conduit
oper at i ofis;, {FaESI B 501001, Fach. S0ntUidaQPSLALLAN
15may def i nepanpaim: "of reesd sy (dréansioiBpeatinad) ;creat e
and procless XM. objects corresponding to inconing and
out goi ng:emrg@s,ﬁages received fromand sent to the
associlated Web service operation. Transform functions
20can be defi Fo8R 168 kRKOlIBRT tpdty ansf orm annot ati on on
t he correspondl n condwt unctl on. By convention
transfgPMEUdE I Bn nanes can use the sane name as the

conduit functi t.h the _request and _response
suf fi xes: p%’&g?ﬂ“ fP0Ssone cases, response transforns

nmay be rEded d%)éra!ﬁ‘éhé bzﬁi fha ?Ql'ﬂ‘éé‘t'l}t ofpBefah | &@?ce erations. In one
Transf orns can I emen as XQuery Qf 5
25fu mthdnsentEaahprumefamioh cieclaggs opéo ﬂtre@funcnqnise ment s

the sel ect o era eve ontacts given an

account t[re}n[sgc}rm( e E&ﬁ,ue%@%%ﬁ@gc IRUGH & O%S’Pllnﬁ &yfssage

by cont é’ )&ccount Ref) sel ect contacts for an account:

$accofntresPeBSq EJnsfrma ap XQuerygiastionihat propesses the incoming

t ype="s&pmense hasly; @lﬁatﬁigaMp‘iS easkes that m@cmsmﬂéfby the conduit
30i nver seshanager; @mas: transform type= "request”

f unct B.oralterl fatifoon baXSeripe@uéeata) fugrden tHak anslebments custom

type=" mesrednsblogidiRql i toRFEateSHE BivhsagdRbadelor to invoke custom

S_I eSPOoR&Es mﬂy%&%ﬁ%lgont acts ($nsg, $source)

return \Q@mu@%gge ($nsQ) ;

35 Custom functions also include annotations in a header block immediately

before the function prototype. For example:
/ %k

* @mas:operation type="operationType" keyref="keyrefName" inverse="true"
* @mas:transform type="request" function="foo request"
40 * @mas:transform type="response" function="foo_response"
*/
function foo{$msg, $source) (
return ws.invoke ($msg) ;
}

45 The custom function may declare the following tags:
Tag Description
mas:operation Declares the binding between the operation and the
data model.




(c)mas: nanespace target="sfdc" * (c)language: body

type="xquery" */ function sel ectContacts_reguest
w@ smearaey { <query> <gueryString> SELECT * FRENM/US2005/017822

Contact WHERE Accountld = "{string ($source/@d) } "
</queryString> </query> /** * (c)mas :nanmespace
target="app" * (c)language: bagy type="xquery" */
function selectConta sts_response ($response) { for $i
in $response/ sfdc: queryResponse/ sfdc:result/sfdc

| I leser: d:sarrsebm n <conhiaelardOassdciatesiragudsbans frekponkd) }
" laccount | d="{ stri ngran$foksbdc: Accountld) }1"> <nodif

| edras): sémdspgced $i / st dOecBysH eMatatianghegpacatsti theifenktion.

<flimsts>fislidri ng ($i / $Ddelards atshanepudcs fiefdsrtbbit are required to
<llast >{stri ng($i/ sf dcall tst Nanwdn.} </ | ast > <emi |

{ stwasngedrpiciedt dc: Email) }</email > </contact> } The
t f t he SOAP
request HAR AL a0, TRl RTbybRmeags.el; the

nessage ervi ce operation.

Theatriegponse transf O¥eparipfoocesses the body of the Wb

S r\II I"Q nnnr ﬁf | nn recnonse SOA W‘DQ(‘QHQ ﬁ

TTO T

conté’ipleucts a set of Q%ﬁv%fyfexér?es“se o “'§Fert"' “update”, etc.

Trgncf orne The raom Qct +rgnc'F rm-can—create e

T 1T GEXTT T

es.select Lrela“ Aot 5

c %::,,ﬁhﬁlténl 'U'Fhériguﬁﬁvmevﬁser yret definition.
abl-e_abdiedetyhe for insedt/update/delere pperations

0 QTQFI fa¥al t
A} LY LA "A %1l

the ol IRGTREPNSFab EFfPIPhss AHIcEa KeYiRT QrFchead (@é@k@@%@&n-
for theaopefraldOfpe-Tderasahesd epRelkd rapaeati on net hod
Sabove TR eRESIPHeryReF R ANEPR eredd=tasdgdimst at | on, whi ch

expect s BheSQHEr FEsGaRe iididates O ehe dﬂ%ﬁdtmﬁ@@&meﬂfantt@e inverse
the follow ng XML Schema definition. <elenment nane="

quésyrefs <conpl exType>

@mas:operation type="operationType" keyref="keyrefName" inverse="true"
For example, given the following keyref and key definitions:

10 <xsd:keyref name="contactAccountRef" refer="accountKey"
mas:alias="account" mas:inverseAlias="contacts"s>
<xsd:selector xpath="contact"/»>
<xsd:field xpath="®account"/>
</xsd:keyref>
15
<xsd:key name="accountKey">
<xsd:selector xpath="account"/»>
<xsd:field xpath="@id"/>
</xsd:key>
20
<xsd:key name="contactKey">
<xsd:selector xpath="contact"/>
<xgd:field xpath="@id"/>
</xsd:key>

25 The conduit can implement the following select operations:

/** @mas:operation type="select" keyref="app:contactAccountRef" */
function selectAccount ($msg, $source) {
return ws.invoke ($msqg) ;

30

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

return ws.invoke ($msg) ;

35 }
The traversal contact .@e@account would call selectAccount (), while

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

mas:transform

The mas : transform tag has the following attributes:



<sequence> <el ement nanme="queryString" type="xsd:
string"/> </seguence> </ conpl exType> </ el ement > The

wo odosow4sy transformreferences the $source sSyBCENS2005/017822

10

15

20

25

vari able to specify the Ac count i d foreign key
required for the query. [ ** * @mas: namespace

target ="sfdc" * (c)language: RBgdy type="xquery" * @mas
: namespace target="sfdc" */ function

sel ect Cont acts_request ($ source) { <guery>

<queryc Ti ng SELECT oeschftioM Contact WHERE Accountld =
"{string ($source/@d) } " </queryString> </query> 1}
FQtYBRanpl e, this riRgsareenseatest restonks ¥aluAg

oUtfgBF HPNSOAP nessddg@enifidy theynamng ok ﬁtfn@,etlonun rthe current file.
- |&Aterprise, soap.| Soedifiesadie AHISRE SIS

* FROM GiwetframevittERE owmtioaitt ¢auh c:all]tb@mq)uqa]@nﬁ scsppn@iransforms

</ ery> Response Tr ansforrrs The r transf

3t B cbeseniRg e riRg: Ybi2Eds JPUR Sfos Digisdlirsy Tensform can
cr ‘%éthﬁzﬁarﬁxﬂﬂﬁ %Je&rthttqg BRIt chhddttuct Theiod§8s ﬁ%‘%n@%} va8ble. The
condui't nanager. response transforns can reference
t heesfpohetedvanﬂ@)rmmn@mom&ﬂlamSegnseszftﬂhmndgltppeta‘emwpI e
above peration~returns.a SOAP
Sressage Nitr B JEH g TEQEehand PRl (SRR g cither

<elceffited "AiKiT the UGS Pege for%héw&ﬁyﬁﬁﬁl (which is auto
<sequence> <el ement name=" result" type="tns

Qgenqrat@dh lot ayexcoptaiied dy senveals files yanel ag Tyigeenced by apotations.

mag:namespace

The mas :namespace tag declares the default namespace for the function

and has the following attributes:
Attribute Description
target Specifies the target namespace for the output of

transforms; uses a namespace prefix defined at the
top of the file.

mas:field
The mas:field tag declares custom source fields that are required to 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:
VAL

* @mas:operation type=“select" keyref="keyrefName"

*/

function operationTypeSourceType($msg, $source) {
return control.invake ($wmsg);

}
The $msg 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. *).



<conpl exType name="QueryResult" > ,\J <sequence>
<el ene pt nane="d ane" type="xsci: bool ean" />
woelosrensd name="queryLocator" type="tns : Quer yROT/HSIN5/017822
nillable="true"/> <el ement nane-" records”
m nCccur s="0" raaxCccur s="unbounded"” ,5 type= "ens
:subject "/> <el enment nane="sgge" type="xsd:int"/>
</ sequence> </ conpl exType> 0 Each <QueryResult>
el enent contai ns a sequence of <sgbject> el enents,
whi ch i Boit e IRRRE upINE dndr ddidte opearibag ke ﬁefwl’faoddyp@n be as
<conpl exType nat ne="sgbject" abstract-: "true ">
<s&i ce > <elenment nane="1d" m nCccurs="0" type="tns
11 D'/ »«</ sequence> </ conpl exType> <conpl exType nane=
" Cont at@mag sparien APk ExCoTH witts| ddekt errgtebr “yasdareens
: sqbj Etlon > ?ﬂ&'&?&@%m&@bﬁ&%&; BREB=( " ACCOU”“ d"
m NOc C UG En00 inycpkecsmstgns D'/ > <e| enment nanme="Email"
m nQcéur s=" O" type="xsd: string" /> 5 <el enent
nane=" FThé kNaevariableCoataiis tdHodeyp &8 inserted/apdaitedjddlsted.
<el enent nane="LastNa tne" m nCccurs="0" type="xsd:
10 st r i ng" Fesa cystpenerationyhe @ﬁé’t%ﬁ%&%fﬁ}%ﬂ“:
m nCcegur s="0" tyre="xsd: dateTi ne"/> 0 </seguence>
</ ext efn@waewpere:vleromhﬂx‘@mf epdes negefanp heRTyprest i@ hent
name=4./Cont ag L;'mtny}qg@mrc@gée<$r§;9,n%@gce:_' kzkQr ; exanpl e, an
151 ncom ngetsm@ megseage) body m ght be in the fol |l owi ng
form !'<sfdc :queryResponse xm ns :sfdc= "urn:
ent er pr Hse, .tlse)apodesfra’i{abte caxmaitis the<gialy olbjiﬁ’u kteatedHydthe client
records xsi: type="urn:Contact"> <sfdc :1d>1234</sf dc
| eplling the CUBORIRASEALB1000</ sf dc:  Account | d>

‘Transforms

5.

20 Operations may optionally define request and response transform
functions using the mas : transform annotations.

For example, the following operation implements the select operation that

retrieves contacts given an account identifiers (i.e., the inverse keyref defined by

contactAccountRef):

25 VAL
* gelect contacts for an account: $account.@econtacts.*
* @mas:operation type="select" keyref="app:contactAccountRef" inverse="true"
* @mas:transform type="request" function="selectContacts_request"
30 * @mas:transform type="response" function="selectContacts_response"
*
/
function selectContacts($msg, $source)
return ws.invoke ($msg) ;
}

The request transform can be called before the conduit operation is
35  invoked; it returns the XML body of the outbound message, which is inserted into

the message object, $msg, passed to the conduit operation.
/**

* @mas:namespace target="sfdc"
* @language:body type="xquery"

40 */
function selectContacts_request {$source) (
<querys
<queryString>
SELECT * FROM Contact
45 WHERE AccountId = "{string($source/@id)}"
</queryStrings

</query>

}



<sfdc: Emai | >r eoger @ucne . conx/sfdc : Email > <sfdc
: Fi rst Name>Roger </ sf dc : First Nanme> <sfdc
WO b@stiNase>Reed</ sf dc :Last Name> </sfdc :recorPdpBS2005/017822
<sfdc :records xsi :type="urn :Contact "> <sfdc
| d>5678</sf dc :1d> <sfdc :Ascountl d>1000</sf dc
: Account | d> <sfdc : Emmil >sara crae .conx/sf dc -.
Emai | > <sfdc : First Nane>Sar ah</ sf dc :FirstNatne>
<sfdc :LastNane>Sm t h</sf dc :LastNane> </sfdc
. Fecor d%he ?é e %rtrf ot & gglledqéf?err%ﬁ?%%@Speﬁtﬁ)n returns
$response Sy temvarla e points to the top-Ievel
<q etlasRalp oparatioreteturas tin (dak-td>notj be). SOAPpasegktigeXML message
body). Therefagre, the follow ng XPath expression
sh&0i rBEmede o the fserase: 8019‘#3 SafPEgedt @ﬁ?%c? Be Tesponse

ﬁgﬁﬁf)ﬁ‘n réﬁlﬁ§ Q%ts@lia?ﬁ) i86ion HBEYBIEL ARGt HhardGer. F €SUI T

recor ovm ng transform processes the
5| ncon¥ifg SOAP eSS and creates a |ist of <contact>
I ;ﬁ&

el ement 512151.3!,329: boty @ s.xmﬁa,rrespace t arget ="app" *

(c)l anguage : body guer */ functl on

10sel eCF@Bﬁ@%&%f ?2% Z"}éeﬁipt Eé’é&ib&ﬁ?ﬁhai rEQ[t/ﬁsédc rBeords

$respons&/t& dc : ueryResponse :result/sfdc

records regm y iy qfde: d’étrl ng ($i/sfdc: 1d) }
" accoURtTa=s K'L'}mo f g«"f/s‘f { A@ﬁ@&mmpd};/ﬁbdﬁlem
15 <nodi fi ed> {stuspmg}r r@K#l&ﬁ‘f@lchl np) }</ nodif

i ed> <fist>{ it@ “€§" Zﬁmﬁmm % jﬁéﬁ‘@ Jeitirsts

<l ast >{ StJ/I:d’:igac dc: Last Nar ae }</last> <emai |l >{
string ($i/sfdc : Erml ) }</emanil > </contact>} All

20 r equest Notébé osithitgsRedtvhes nblies  matipulhterthy hbalec andbéddy of
by the server, and synchronized with the cli %2% s data
modlsl serpise nicsRINSR InaY§AS<o PEioAT il doderis HEacesyeds by ofha Jiegponse

dettr%éﬁ)ﬂl? the operations that nmay be

Conduit Operations
Conduit operations can map Web service operations onto framework
25  operations that are exposed to the application programming model.
Each operation can defines a pair of queries that map the corresponding
incoming and outgoing 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
30  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:

35 $root.create (xml) ; // create node
node.@ekeyref.create (xml) ; // create and link node
node.@@keyref.*; // implicit select

40 node.@ekeyref.select (spath) ; // deep select
node.update () ; // update node

$root.foo (xml) ; // custom operation



WO p@sald4em,

I nvoked on correspondi ng nodesets on the client. For
exanple, if the conduit does not define an insert

then the client cannot attenpt to BPCRES®05/017822
and insert a node for the correspondi ng nodeset-if it
attenpts to do so (e.g., in a customaction) this wll
trigger a runtine error. The s3ient side progranm ng

nodel will enforce these constraints. For exanpl e,

suppose account is pointing to a particul ar account

node, amg Ethﬁlﬁg & fielwpkranio epeadigfeass apuapadmeaterdart hequired to
orders keyr In.this case, unless there is a defined
coh@ﬁﬁ$e¢%&@Ppmﬁb@ﬂﬁFW$WnaSSOC|ated with the orders

keyr ef,, Fég% b dafd Lﬁ?i’\ﬁél&ecélﬁ BiHeP Hg 2 RSr8 Pad Part of) the
account uot'es. create ( <quot eRequest >

<phodd d?a@xlxspmsemﬂ d)eqb(ymé:&ﬁoqtspurce) ofidche }a@qmasn (the) mas:field
Simlarly, unless at e erati

haelGaiid ASRBaBEy By THRBP HS 5P BIerS EOdERg (e serven).
al %ﬁwﬁ%‘%g@reﬁceﬂrﬂﬁ e c&ﬂﬁlﬁt&fﬁﬁ&ﬂﬁﬁ Gsing %ﬂ%sour@g%iole I'n
oné e ment e | npl enent at i on Eot ol ient
oper at i @nsthéecage, of hepdatee ape@idumdi.¢.onpsat, eupdatg;heod custom
h d [ | .
Y“hép@éﬁ%ﬁittﬁ%%? aptcred o Giie tisSPRiH esrelor ARt odin the
?@@Ie?f"ltr%néff)rrﬁ @s gcﬂ‘lg QLo d0de HSINg B KRNHE&, all operations have

ionship; therefore the creation of a node on the

10 cI iraplicitrastesd®d ticosrseal slystepayariabilewivtticta containg ifatmation about

15

gtﬂrtl on to a correspondi ng nodeset. The neta data
‘iuﬁﬁeﬂb‘lﬁeﬁpl ement ed conduit operations is

ac cessi e f('ilfbv@}lﬁg 1@%%%1@&5%%%6&6? toddbitbplhfions:

associ ated keyref) e gutomatic user interface is

LILILA 2 oJ

n I ;Ant\lr\

S-l

a lgkg}[,géltl cat

abVeiably use thPescPiifor mati on to generate basic nenus
! f'p,erat D o
» llu LLEE=A LN alté)lnlaf Vo OTT
jons. Pr 0(1
Fotst BT TToT e, aiiles GaldcRt: ,q;nq&ps can be raised TN TWO
difsf 8L ENT WaYSinfAmatondodit thadlferk use®. , Pr ot ocol T evel
error), TABGoASwinglthbleTshbWe tROB¥frel &t tHeR! oT c}fMﬁétlons thadt may be

t
(I 'ncnrf ] dat e’ etc ) Handl i nn Tha r\nn_chn t
St fsnggagf
Ker el MeRil gﬁSpo‘?
fHhary &ByJ-
response nmessage. Conduit operations are inplenen

- qé\ Err or—Hand
e 210 et e
U uras
OIL & rmval i ddatay.
anMfoaapsrtwmrfdaUIOﬂ)sraaﬂnse |f there is an error

I erat:.&"r "C"""lIn of—a ||1:SS&('%' scn {:lon can—be—either—due
t O SRR PRt % hral failuré EE'S transport
fakl{ce), a pleEtagel fairure (S@Pegc set HIYs given the primary key of a

u

el

S

f or mednessage),

Appbds€at i on el

pbdate fail ed).

or an applica
System error 4

thb @ thst @dfifeLihe @EntéR. The, context
naddtge is fleftnae byetHesoame of the keyref.

DAP nmessage

Edercl eat | ng $86urpé, OCRSSI ng
e.g.,

XQuery tr

toh&t® hd 9@ GinB GsREiatetBi® it Ghe defined
aogéxarm error).

rass arise I f ¢

& ey diddn R XdBddcoment).

I €RElks an OpE€lsakdeon T equest

@a{%@gn@@ the val ues that

a

e ggsedas

Rl Ol st ddE TTES

IRke Ql.%% W%b%ervnce operation.

select_pkey $source Select set of primary keys for a particular
association.
select_set $source, Skeyset Select set of nodes given set of primary keys.
select_diff ssource, Sseq Select set of nodes from context that have been
modified.
Transforms




update failed). SOAP faults are raised by the SOAP

stack during the invocation of the invoke () function
wo@roosheu¥eb service control. Normally the bodyPof/ustves/o17822

XM. obj ect returned by the conduit operation is

processed by the response transform However, if the

operation returns a system <mesy :error > object, then

this object passed directly to the conduit nanager.

Note, either the main conduit function, or the

r esjgaosie tranBidh ¢ondait opetaubil nidYBSefuR 4 PhiY oFRjuEKES (transforms)

The <mas :error> schema definition is_given bel ow

<xst(1}at eISAiS| AdTioscs AR objepls ropyisapondingy ey mcomang ik eytgoing
ﬁl\/ﬂﬂn@ggﬁg%%reééged fr&b%ﬂg At 3 tch% assaoi a“E%FW b s)érs(/gce 0 eratlon
elene CU T 02 W SRE foUnh 5 g% 58 ehca

</ xsd: coTfahefoiiy Ferctions can Bodglexd ysitg Mo s : transform annotation
"systenkError Type" > <xsd: sequencer <xsd:el enent
nan‘t‘%l-%@cﬁﬂ’g'esﬂ dpdmng-coaduil fynction.« By cosy et r%ﬁaém function names

e " uence> </ xsd
CO(%%lﬁgg etpée{ig%g%(a?ﬁ%d‘dssthé bﬂ%ﬂ#ﬁﬂétﬁ%ﬁ&é@ﬁ ﬁl%r_r Sdye etI d‘ifl response
"> suffixbs: SRONEYEE G SoS Cises Irespenlste tRes foRrmS mﬂze)e reused by multiple
type— xsd: any"/ > <xsd: el enent nane= "nessage"

t y &= dyi gpera Sng" / > </ xsd: sequence> <xsd: attribute

R e

10<nmas : erExamplemas : pkey>pri mary- key</na s : pkey> <nas

syste code>error co e</na . cqde> <
message n?@g’ én%tOPFW&O? Jp et é%gct&g%@mn that retrieves

sysdoﬁfa@ts«gwen RS AP THISATRS Sel.rei.,n%/ NByetse MRSRAIEBSfined by

contactAccountRef):

/**
15 * select contacts for an account: $account.@@contacts.*

* @mas:operation type="select" keyref='app:contactAccountRef" inverse="true"

* @mas:transform type="request" function="selectlontacts_request”

* @mas:transform type="response" function="selectContacts_response"

*/

20 function selectContacts(smsg, $source) {
return ws.invoke ($msg) ;

wn

/**
25 * @mas:namespace target="sfdc"
* @language:body type="xquery"
*
/
function selectContacts_request ($source) {
<querys
30 <gueryStrings>
SELECT * FROM Contact
WHERE AccountId = "{string($source/@id)}*
</queryStrings>
</querys

35
/**

* @mas:namespace target="app"
* @language:body type="xquery"
40 */
function selectContacts_response ($response) (
for $i in $response/sfdec:queryResponse/sfdc:result/sfde:records
return
<contact id="{string($i/sfdc:Id)}"

45 accountId="{string($i/sfdc:AccountId) }">
<modifieds>{string($i/sfdc:SystemModstamp) }</modified>
<fist>{string($i/sfdc:FistName) }</first>
<last>{string($i/sfdc:LastName) }</last>
<emails{string ($i/sfdc:Email) }</email>

50 </contact>



<mas: field xpath=" spa th- express! on "> <mas :code>
error -code</nmas :codes <mas

WO p@sSdagesnmessasre- stri ng- </ mas : nessages </ naBCT/Usm0E617822

5

15

20

25

30

35

.". </mas: errorsEach error object may contain the
primary key of the node affected by the error. For

sel ect operations, this wll ke the source node's

primary key; for update and del ete operations this

will reference the updated node. Systemerrors can be

| ogged hO¥ie trbfucsChMfornAbdn &nighict&hé Bbdy af HESSOAP Message that
returned to the client and passed to the correspondi ng
calinvoliek theumvetriy OMeb servise raperatipn.eEle Tesponse ransigrm pregrsses the

or By B 8 Ve Fis? bty S efiheett e s Sk Affametnuct s

Thertelde@ut Ngodeger ati on returns a systemerror if the

i nvoke () function invocation returns an error. [ ** *
@ras : opereest Sransips@s” sel ect" keyref = "keyref Nane"

*[ functd gn tkonType T : :

var 1 os R detES S RHRTTRE R LA T (PHELERE et from
er fameworl eihdr datsmasded rdl@nentsnBspersiyisy enxilmsoperation type (see

. message>systenerror</ mas ; nessagex/nms :systen?.

</ enargtions, fiahls aboye) ke, tFAnsOEHoREE; refergycgy fie following system
ap ' I : ppility of the

cona S b Bick o B8 Aol 1o AERPARRLE e ()

| nVEedEE ons. I n thibsscédise, the conduit has to ensure

t hat—t-he-Web-servi-ee—eperatton—ei-ther—-s—i-gdenpotent
of *ERECCsone for m| SPIEEEAR -.%cen:‘éaggéa%avqngﬁigzr%f gy and
i gdelete operations).

.

ha ol W R-O—0Rne0 a .t DKol af +. .
AP That ho muobods st foringert FRNIELS Glerflid |
658F i on—t ype=" | QLIS {SPRRFA I LU PRL Yoo
The select conduit operatloﬁ method above invokes the query Web

service operation, which expects a SOAP message with a body that conforms to

the following XML Schema definition.

<element name="guery">
<complexType>
<sequence>
<element name="gqueryString" type="xsd:string"/>
</sequence>
</complexType>
</element>

The following transform references the $source system variable to specify

the account1d foreign key required for the query.
/ k%

* @mas:namespace target="sfdc"
* @language:body type="xquery"
* @mas:namespace target="sfdec"

*/

function selectContacts_request ($source) (
<querys>
<queryStrings>
SELECT * FROM Contact
WHERE AccountId = "{string($source/@id)}"
</queryString>
</query>

For example, this might generate the following outgoing SOAP message
body:



function operationTypeSourceType ($nsg, $source) { for
(1=0; i<3; i++) { var response = con trol. invoke
w@ So0aapsy i f (! response. error) { return respPOBEES2008/017822
K} } return <mas :error> <mas :Systenxnas
s message>Retry fail ed</mas :tnessagex/ mas :systenp
</mas :error > ; } The foll owgg operation first
checks for a systemerror if the invoke () function
returns an error, otherwise it returns a genera
appl|eakmpﬁueﬁmaﬁemhhwmﬂﬂkﬁpé%m@u@ﬁeeds but the Wb
servic <ﬁ1€§¥§6’f‘r§%’S‘FLﬁ‘a AR PP BERS MR aT K000V BSHYSFTine>
calls akgs@ﬂste)héﬂé@o%d on to parse the error nessage
and returns a conpoung <error> object that may contain
5mul ti pl &hefresminde tI@,ﬁS’fOfl’B caﬁ’préceés:)}rm'moomh%r Webogervice message
type="create"

) Sy et S BMsse) S8 guyoepsedapy Li bOYG Daneger. Al
contdBhse trMiRIfis Q%gg%él encé tfle f(§1ﬁ)?ﬂ19§ Sfsten® 551?2{9163{ i f

(response .error return <nmms :error>

<1 érla‘§9sten> <may: Deefﬂat@ﬁ {response error.

adal = AW~ O Ao 2 AAD R DD QAL | me
Cg%géilﬂnug. 7;,.;; B Ee?e\r dEoot%%clae oi Clg 1 | Ot Slallg
ChEUEEE “Ohig: cmn&e,smth eciur§enfyl %SE

s s agdOTOM g expEPIeAbOVE, the. gaery PSP SSHPY GRATFAR retums 2
er Iy &p hfesgagsém&fosndlggqythe%wlﬁ 8D G Femh S Ul t

errors eturn process_error esponse. body
. creat eRnge%Q%Qme_,rqgéygegpmer,>r ors) ; } return response;
K

// <complexType>
<sequences>
<element name="result" type="tns:QueryResult"/>
15 </sequences>
</complexType>
</element>

10°

<complexType name="QueryResult"s>
20 <sequences
<element nawme="done” type="xsd:boolean”/-
<element name="gqueryLocator" type="tns:QueryLocator"
nillable="true"/>
<element name="records" minOccurs="0" maxOccurs="unbounded"

25 type="ens:sObject"/>
<element name="size" type="xsd:int"/>
</sequences
</complexType>
30 Each <QueryResult> element contains a sequence of <sObjects

elements, which is the base type for the <Contact> schema type:

<complexType name="sObject" abstract="true's>
<sequence>
35 <element name="Id" minOccurs="0" type="tns:ID"/>
</sequences>
</complexType>

<complexType name='"Contact"s
40 <complexContents>
<extension base="ens:sObject"s
<sequences

<element name="AccountId" minOccurs="0" type="tng:ID"/>
<element name="Email" minOccurs="0" type="xsd:string"/>

45 <element name="FirstName" minOccurs="0" type="xgd:string"/>
<element name="LastName" minOccurs="0" type='xsd:string"/>
<element name="SystemModstamp" minOccurs="0"

type="xsd:dateTime” />

50 </sequences>
</extensions
</complexContents
</complexType>
<element name="Contact" type="ens:Contact"/>



} // utility function to process field errors function
process _error (errors) { var fields; for (i=0;
WO z@snons9 . | ength i ++) { var path = match_pat hP(PUSING 017822
[i] .fields [Q); fields += <mas: field xpath=" {path)
"> <code>{$i /st atusCode}</code>
<mes: nessage>{ $i / nessage} </ magynessage> </ nmas :field>
} return <mas :error >{fields }</mas :error>; } CRUD
Operations CRUD (Create Read Update Del ete) operations
I epr eserfor eR@mpleUin PRsithg SOAPIRERgcORIdS BiRaf BE irOMS following
These operations can map directly onto the MAS data
modeiniand client progranm ng nodel . Note, the Wb
Ser Vi G8rdS. cQeBlhsSENENB NS Antlif.h &1 £ sshaneonfy oM
t he appl<s@atront>s cont act schenma defi ned above. The
sel ect opef Aty i e dMpies Hef GWF1'f ustrates how this
mappi ng i s achiewedun:Seh@ct/Hwe:sehect- operati on can
enabl e t he f raffedorkPucrerriceyéstogesttel i ned by a
jokeyref for a Bt hLiilaleaoilrie oade. Typically, all
condui ts deffxecersel ect operation since this is the
basi ¢ mech&iSHIUSRE L WEF eI €Vé°iodes by the client
application. -sibseqguend-1cel/eat:operaii ons (for
I3different keyrifspaizanabecienyoiletforferitonst ruct the
data graph. Fois.BXAtReEm:hotidatiagel fom an account
node to thespurehase orders keyref invokes the

poget Pur clIg¥ETXRI’s operation of the Account Manager \éb

servi ce; N, _Nnavl 3 er.n N
to the ITEdTrrRetcas ey bR ep ¢ BRI Af S O Baponse
opetentano N(wathin the GOKRP Muessgge BOtl). sThatefore, Bel &dlowing XPath
operations have the followng form * * @ms :operat
i ofxPippden shauithe used o Exferencsyibe piayf <qongaesdementse |
*  (@BSresbdnad1sfa0iaR PR ase/ Jred uRSit /s chdipecetds ON="f apcti o

251 Vame_r dteefillowingtmasfotn amotases thep @reongsd SGAP message and
functions” functionName_resp snse” */ function
f uisEsetes iNishel (s gt > JeBette) {

/**

* @mas:namespace target="app"
* @language:body type="xquery"
30 %/
function selectContacts_response ($response) {
for $i in $response/sfdc:queryResponse/sfdce:result/sfdc:records
return
<contact id="{string($i/sfdc:Id)}"

35 accountId="{string($i/sfdc:Accountid) }"»
<modifieds>{string($i/sfdc:SystemModstamp) }</modifieds
<fist>{string($i/sfdc:FistName) }</first>
<last>{string($i/efdc:LastName) }</lasts>
<emails{string($i/sfdc:Email) }</emails>

40 </contact>

}
All request transforms generate nodes, which may be cached by the server,

5

and synchronized with the client’s data model.
Permissions
45 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

50 enforce these constraints.



return ws .invoke ($tnsg) ; } Select operations are
used to retrieve nodes corresponding to the keyref

wovs/ 10889 ned for a particul ar source nodetypePCEUS§2005/017822
sel ecting the account referenced by the foreign key
for a particular contact node. The inverse attribute
defines that the operation inggements the reverse
relation; e.g., selecting all contacts that reference
a particular account by via a foreign key. Keyref
definit 'F%P%x&&%\glelﬂ Yok 8o b Qnk AIRENtnST @1 2 pXFidulak @Yd0RAL node,
name="Jceyref Vane" refer=" targéetType" nmas : alias=
" r @hd thad adéwet nodes are assoaated Mithabe'briers keyref. In this case, unless

versei ?el ati onWane". > <xsd : .sel ect.or ,xpat h=
Y S e v Pt Ry foser Beitificpaoriter SRR R eugece keyref, then
</ xpdiollb@¥iedods wonld &dsehhenat. terns, the select

soper ation corresponds to the followi ng SQL expression:
SELECT* R LT 8Tt ar get Type WHERE prinmary_key =
$sour ce/ f opebgnakeyrodia-aqperatden i npl enenting the
i nver§e<k%yfr6é€fqu??mresponds to the follow ng SQ

Si

10757 o gn U0y SL e il T P SRR RE 7 Kt naceome

I equsthe fSIRMEHS todeowsuld aBaauseherfessage body for the
Web service operation: it can reference the follow ng
syst e‘%ﬁW-P‘é‘BP@sZ}PWnilmlpirovi de context for the

operatiqp: ..Lh . ration s.res t ;

o mp iont SoBSiREh:, REGADIRERODRR: JREFR R.g, the
nodeste(N\bheti et )ere ntasched withsqpouddit bperafipis @at,i insergeForrexdmple,
schema for the correspondi hg nodetype defines by th

15 ke;tlaee‘wndvﬁ@pg@@ewnaﬁsgga% BRTS & BYsATAYEH iplayinedhpr node
r eﬁleﬁlg %C&ﬁa?m@aéﬁs%g; GerSibRd &R c‘x‘éa&ibﬁ@ff%ﬁio_d@%hecﬁé cB¥ht must be

Forel gn Keéy ny-t o-One) Rel ationa orei gn keys
i matcamealty peared-with otrevetsil opdratddmuio’s) corkssparidorgstideset. For

exanpl e,,gi ven t he, fol.l.owm ng sche and keyref . .

o | i ¢ TRUHeH dhi ot ERe o R pipHi in prcgestote to
at ijhd Rsdrep@bra &%%b@élt (V0@ assodiaRRal KdyeEN).t Phé h@tomatic user
account node to ich the contact bel ongs: <xsd

20 : ¢ amptfaceTip pdlatonese" hisnnfunmiioe to- genesae dlasis menwy:(insert, update,
el epgnt nanme=" first" type="xsd: string" />
<x§f-%el ement name="1 ast " type="xsd: string"/> <xsd

. el ementBraRmdeR@I | " type="xsd:string"/>
The conduit mechanism distinguishes between two kinds of errors: system
errors (e.g., protocol and transport errors), and application errors (e.g., invalid
25  data). Furthermore, application errors can be raised in two different ways: as a
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



</xsd:all> <xsd: attribute name="id" type="xsd:
string" use-" required" mas :type-="pkey"/> <xsd:

wa@rdaosilbuse nane="owner| d" type="xsd: string" PCT/US2005/017822
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use="required"/ > <xsd: attribute nanme=" accountid"
type="xsd: string" use=" required" /> </xsd:
conpl exType> <xsd: keyref nanes QContactAccountRef
ref er ="account Key" mas allas— account "> <xsd:
sel ect or xpat h=" contact /> <xsd: field

XP@hdisa %@%%%t’ cdtion shatd @rmlk?%yg elpdateThiisd\VSyétemeRaRd Brise if
the following client travers note, the operator

r eftleare m:asenrrxrecraaurmsomn@esaﬁg ttlmaaowtggmgfor degonring iSEHYP message
var, ac = ntact (c)(c)account ; The follow ng
corgﬁgt’mﬁg ?f"t%‘?%rrent s this keyref relation: /

wEox @f%ph@ﬂﬁfnabﬂr&@ Ar6BEIE the %lx%ﬁﬁal apphcatlon rejects an operation
keyref ="cont act AccountRef " * (c)nas trans ormty

r edemsst: basge on i values dhatxre pascBysahef thecrgasge %edy (e.g.,
anal at% %ﬁf}ﬁg %{(59&1B YR&5 r?fJBI%%% geﬂtle SOAP stack,,dup]ng fthe 1nvocat10n of

fun i ON="S¢€l ect ACeou response

Se|t1&CInwAﬁ8@Uﬁﬁ18M@Dm a@tWéﬁme&mwme) { return w s
anguage:

. invoke $tnﬁg) 1 *
t ype="x y he@ﬁgg ofﬁgﬁ]%g%{a@@e@tgp@rgged-@f the condygpeperation is

fi tld
sel?’g(gct %% HS’ %%8#%01!{&}%0%6“ ( E‘ggﬂtrhc? Spefatlon retu§n>s @ system
<queky Sirt-bAg obfskt, Hodn thik RBMcApassedt divdERHol the =co&1dtu|t Ingrlager

($source/@hccountld </ queryString> </ uery> * %
o e | "08&?}“ 1"%%’“ ' RgEPG on ﬂ(@oﬁ%ﬁ%ﬂ nfaci)fpégo@atcgmy return

tar % ARP. ohibetf unct i on
sel‘ec ﬁgcodﬁﬂg ébntact_response ($response) {
The <mas : error> schema definition is given below:

<xsd:complexType name="errorType">
<xsd: sequences
<xsd:element name="pkey" type="xsd:any" minOccurs="0" maxOccurs="1"/>
<xsd:element name="gystem" type="mag:gystemErrorType” wmaxdccurs=?17/s
<xsd:element name="message" type="xsd:string"/>
<xsd:element name="field" type="mas:errorFieldType"
maxOccurs="unbounded"/>
</xsd:sequences>
</xsd:complexType>

<xsd:complexType name="systemErrorType">
<xsd: sequence>
<xsd:element name="code" type="xsd:any"/>
<xsd:element name='message’ type="xsd:string"/>
</xsd:sequences
</xsd:complexType>

<xsd:complexType name="errorFieldType">
<xsd: sequence>
<xsd:element name="code" type="xsd:any"/>
<xsd:element name="message" type='"xsd:string"/s>
</xsd:sequence>
<xgd:attribute name="xpath” type="xsd:string"/>
</xsd:complexType>

Le., the <mas :error> object has the following form:

<Mmas:errors>
<mag:pkey>primary-key</mas:pkey>
<mas:system>
<mas: codes>error-code«/mas: code>
<mas:messages>message-string</mas:message>
</mas:system>
<mas:messages>message-string</mas:message>
<mas:field xpath="gpath-expression">
<mas:codes>error-code</mas:code>
<mas:messagesmessage~string</mas:messages>
</mas:£ield>

</mas:errors>



let $i := $response/sfdc :queryResponse/sf dc
cresult/sfdc :records return <account id=" {string

w@ Shosaiase 1d) }"> <nodified>{str ing PCT/US2005/017822
($i/sds: SystenVods tanp) }</nodified>
<nanme>{string($i/sfdc: Name) }</name> <type>{ string
($i/sfdc: Type) }</type> </accgynt> } The conduit
operation function can be auto generated by the
platform it can reference the account Omer Ref keyref
def i ni t gafh &Rsk dhiset 4ol Bhfid ﬂfésprﬁﬂ&?%?‘b? thehbde @Pe8tkd by the
to the request and response transformftunctions. ** *
( cpurers Foopdect openationsp ghis wilkbe the'soneggrnefle’s primary key; for update

="co ct Account Ref " * s ;transformtype=" request”

F oftd hEE BERO s il RSt SRR B P ) s

s transf gpsehYRRrs EAFBOMSEed by the server. All other error values can be
functi on="sel ect Account ByCont act _response” */ function

5 serasemnpd totha cBgtend aatsed Bnihg cogespandiay cpllbask funetiay.
I nvoke ek Req ny i.e e thi
t ransf o%n%g%l P%’%Cetr %nlt:ég'ﬂ—tl%de E[(gg%gu %@éﬁc\; g??gb{’agﬁ? ﬁ{atﬁ'1 netion; this
I ephjesteiak propeicd ceatdpondiageo thelehdmmaidven annot at i ons
can declare the | anguage (XQuery) and target nanespace
of the E¥ampledg nessage docunent (referencing a
nanmespa j ; WA it pl.e d :
annot at a0 be {EEteAbE totuhe' 4 BBk if o2 lPR Rinction
10 aniisbaitiodrrefunth madriorg t hat t he oaccountid attri bute of
the contact node is required by the function; this
decl ar abdORp&an o Bguleathatkefbe fQreiger key val ue is
sent fromt hee [ nvokieno rcI [ e(r$1t t%)otuhcg erver as part of
15 the syREHPRBIZEN IO -IRTARET SIe8r, ™" (€) 'anguage: body
t ype=" xguefeyponde. IA@S {: NAMESpace target="sfdc" * @rmas:
field xpatHy&® account | d* */ function
sel ect Aecount By&ontacdsmequesde{Ssour ce) { <query >
20 <quer ySpr<imgmeSEeFCTastsyRREM Account WHERE | d = {string
($sour cg/ @cECEHETE '} </ queryString>

return response;

25 } Where appropriate, it can be the responsibility of the conduit operation to

retry failed invoke () invocations. In this case, the conduit has to ensure that the

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 ()

30 function on failure.

/**
* @mas:operation type=*select" keyref="keyrefName"
*/
function operationTypeSourceType($msg, $source)
35 for (i=0; i<3; di++) {
var response = control.invoke ($msg);
if (!respounse.error) {
return response; // OK
}
40 }

return
<Mmas:errors
<mas:system><mas :message>Retry failed</mas:message></mas:systems
</mas:erroxr>;

45 }
The following operation first checks for a system error if the invoke ()

function returns an error, otherwise it returns a general application etror. If



</query > } Response Transform The response transform
can reference the $response variable that represents

wo b@sxXM4sbody of the message returned from t heP@WiDS2005/017822
service. The function annotations can al so declare the
| anguage (XQuery) and the target nanespace of the XM
object returned to the conduitgymanager. The function
can assunme that a single record is returned by the Wb
servi ce <query> request. The function can transform
thisSvhid @ Sucséddd] Bur<BRCAWB! s2riesl@espbhde fldRides application errors,
cor respondi ng _FI‘I mary key (id) and data fields
cortha iiicalls & atitinefuselamie rkesd the eiton n{essage @dil mefurtse compound

ook A R BT8O

5 nanmespace target ="app” */ function .
sel ect QMY BYARCTOUHR" rESHONEE (IFESH0HEe) { let $i :=
$r espanse!sfdeatqueryhesponseds fdaxsesul t / sfdc:
records YI;’EF%fPWS‘Za(FG’%fﬁgt'ini"?fﬁ('$m{9ét ring ($i/sfdc: 1d) }">
jo<nmodi f i"edE {RELEAT (S dosd deac:Syst enModst anp)  } </ nodi f
i ed> <name> {rsturt ng ($i/sfdc: Nane) }</name> <type>

{string ($i/sfde [ERNCPIINRes. S/ a660UnL 2.4, The
<account > node Cahfash@sdagd-Uphedeta<eneandul t manager
15and synchr pni zed/™raeietamo/pateeeatd i ng appl i cati on. The
conduit napager may also elect to place the node into
t he server's reaehe. |Inverse Selects (One-to-Many) The

oohany-to-one rel 8¢ GRS s defined by, foreign keys can,

simegs

of course, be tmﬁh&"ﬁéf In the reverse direction as a
one-to-nmany rel ati onship. G ven the sane schema and
keyref definitions as in the section above, it is
25nat ur al /t enéchisak a@fiicacisetrrefs cont act nodes bel ongi ng
to an i i ‘YicErat PuE CotptReHeRe: U."‘rrgﬁgryl exType _
pons?.r ult.errors) ;

" returll progess_error (respgnse.body.crea
nane="cagnt actr‘?ypeq% <xsoi: all > <xsd -el enen
joname="first" type="xsd: string "/> <xsd: el ement
name=")| &§t*" £76&<"'xsd: ¢{fng" /> <xsd : el ement
name="emai |l " type="xsd: string" /> <xsd:el enent nane=
" modi f/v edilidyypectionse: prederd APl Brrors
function process_error (errors) {
35 var fields;
for (i=0; i<errors.length i++) {
var path = match path(errors[i].fields[0]);
fields +=
<mas:field xpath="{path}">
40 <codes{$i/statusCode}</code>
<mas:message>{$i/message}</mas:message>
</mas:field>

}

return <mas:errors>{fields}</mas:errors;

* CRUD Operations
CRUD (Create Read Update Delete) operations represent the four basic
relational data operations. These operations can map directly onto the MAS data
model and\client programming model.
50 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



</xsd:all> <xsd: attribute name="id" type="xsd:
string" use=" required" mas :type="pkey"/> <xsd:

wa@rdaosilbuse nane="owner| d" type="xsd: string" PCT/US2005/017822
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use="reguired"/> <xsd: attribute name="account! d"
type="xsd: string" use="required"/> </xsd:

conpl exType> <xsd: keyr ef nane%écontactAccountRef
ref er="account Key" mas :alias="account" nas
sinverseAlias=" contacts "> <xsd: sel ector

xpat h=" Rt AGL .{ Zpsrsdh cdil &laflREHAMERAC RFfHe/mdes defined
</ xsd : keyreft > Tﬁls time, however, the mas

- i royez keyaef &w aptrtichlat sowte nhée. Keypiailydell iconduitndéfme a select

oSSR LIRS L 5, BRI St Bt S OU I A e

f olahpMéaigncondui t operation inplements this inverse
keyref relation: ** * (c)mas: operation type="select"
keyr ef ='SobsequentAsdent napResftions i(fvedisterent kgprefs) egmabe invoked to

transf.orm.t ="r equest " .

£ U BiL el et ey JEor somple, dYispting, fop an apqappttode to the
t r gsdhagen drM@@zkeég‘@iS RAVEXRS the getPurchaseorders operation of the
functi on="sel ect Cont act sByAccount _r esponse" */

f unctoortvseiect YohsewicsBjan.cvuigating oy a haehase @yde node to the

return Ws ..inwok Q) ...  [** * (c)|anguage. body
{y e el R S P ol QAP B chioer web
@asrvidel el d xpat h="@d" v function

sel ect Cont act sByAccount request ($source) { <query>

<quer y StSelaghspestiqashave @iRg M WHERE account| d =
{string ($source/@d) } </queryString> </query> } [**

* (c)l ar@g@a@eﬁat@@d:ypet=}ipbaz&'"x!egweﬁy"key’ref(\fegenﬁngemmg'ace

t ar get *a aiz-transform type="request” rfunction="functionName request"
g * @ F%ransform‘type="response“ function="functionName_response"
*/ .
function functionName($msg, $source) {
return ws.invoke ($msg);

}
Select operations are used to retrieve nodes corresponding to the

keyrefName defined for a particular source nodetype; e.g., selecting the account
referenced by the foreign 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.

Keyref definitions can have the following form:
<xsd:keyref name="keyrefName" refer="targetType"
mas:alias="relationName" mas:inverseAlias="inverseRelationName">
<xsd:selector xpath="sourceType"/>
<xsgd:field xpath="foreignkKey"/>
</xsd:keyrefs>
In relational terms, the select operation corresponds to the following SQL
expression:
SELECT * FROM keyreftargetType WHERE primary key =
$source/foreign_key
An operation implementing the inverse keyref corresponds to the
following SQL expression:
SELECT * FROM keyref.sourceType WHERE foreign key =

$source/primary key



*/ function
sel ect Cont act sByAccount response($response) { for $i

wO 2008nesponse/ sf dc: quer yResponse/ sfdc: resul t/BETUTS2005/017822
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records return <contact id="{ string ($i/sfdc: Id) } "
account |d=" {string ($i/sfdc: Account Id) }"> <nodif
ied> {string ($i/sfdc :Systemddpdstanp) }</nodif ied>

<fist>{string($i/sfdc: FistName) }</first>

<l ast>{string($i/sfdc: Last Nane) }</last> <email >

{ stri ngTkShdied IperabithisIrpqlest amifdrm sdcoRhtache njessge body for
condui t operation function can be auto generated

t hie Vel sasviee operatiemdf earcisserens the EJlavingsvione f’aﬁgﬁ?se pvhich
?ﬁé%?{dtg'cgﬂrte%ﬁgr H;% gxea‘ﬁoﬁr ations(generated by tools) to

and ret ponse transform functions. The

operabicon al so derhanies that |t represents the inverse
k ti-onshi-b Lxx * -at--eR—tvpe= n

sepEPEee I.(a\/r ef="¢ § LEF@ ﬂpde\h%‘foé@ﬁed Wﬁ.ﬁ_&ﬁg}ﬁé%‘_&f ; tl.c:" *

5 e
$q'ﬁ§&: tr :mcf orn Jﬁ gt re the current user

(
f unct | o seled PEIFHiPR CSTRPRET BARIOIE b B12p the ggfggnse message

n | d t 1 tion defined
LA G108 LARE S ARRETRG, stemeny cpsmpond fo applia

f usshemanfesetirec bﬁi@fﬂ%)gndmgymgqmt déﬁmgby%eukmﬁ {The select
return.ws .invoke tns Tr.ansf rmTh
r ePRFERHOT; $ TERRINSE HARSIPTTR g?%ﬁﬁé%@éceg P‘%@%%%VS ¥ varpplss:

t PR apresent s TheedPgl act nodé. The functi on
apnotations declare the |anguage (XQuery) and target

npfesspaete of t he ap@bphwerﬁ%&%a@swlmsmnse

&fsmrenci ng a nah®bfest eepresdntingdbe cuirent ¥sers he

( .

condui t SélettBsFdremddieydMimtyetoi@re). The functi on can

al so decl are a field annotation |nd| catin ”

(c)id a%?lz B‘ﬁ?ﬁéorfj ¥ HRRIGAR R REIor e, (8]8 l}lo{)%ﬂ) y the
fupgdtic@hipd.hi s declaration can ensure that the foreign
key val ue Is sent fromthe invoking client to the

ser ver Her peaniplef givive tb@/ rfehewing zsehPon @@qlﬁ@@@f dgfimtiensy it is

(hBnoNEgSs Dofly Lypes KANSEY, o AEAIDS ATESR 8 e o he
Seb&%ﬁﬁﬁf&d@% SRINGEOsHtadt BElASS: ($sour ce) { <guer y>

«xsd:complexType name="contactType">
<xsd:all>
<xsd:element name="first" type="xsd:string"/>
<xsd:element name="last" type='"xsd:string"/>
<xsd:element name="email" type="xsd:string"/>
</xsd:all>
<xsd:attribute name="id" type="xsd:string" use="required" mas:type="pkey"/>
<xsd:attribute name="ownerId" type="xsd:string" use="required"/>
<xsd:attribute name="accountId" type="xsd:string" use="required"/>
</xsd:complexType>

<xs8d:keyref name="contactAccountRef" refer="accountKey" mas:alias="account">
<xsd:selector xpath="contact"/>
<xsd:field xpath=*@accountId"/>

</xsd:keyref>

This would enable the following client traversal (note, the ee operator

references the alias name of the keyref definition):

var account = contact.@@account;
The following conduit operation implements this keyref relation:

/**
* @mag:operation type="select" keyref="contactAccountRef"
* @mas:transform type="request" function="selectAccountByContact_request"”
* @mas:transform type="response" function="selectAccountByContact_ response"
*/
function selectAccountByContact ($msg, $source) {
return ws.invoke ($msg) ;

}



<queryStrlng> SELECT * FROM Cont act WHERE accountld =
{string ($source/ @d) } </queryString> </query > }
woeepane Tr ansf orm The response transform canPCT/US2005/017822
reference the $response variable that represents the
XML body of the message returned fromthe Wb service.
The function annotations can ghso declare the | anguage
(XQuery) and the target namespace of the XM. object
returned to the conduit manager. The function can
assung t hat nultlple records are returned by the Wb
servi g query> regu mhe function iterates through
t he reSl@tatsgSllla%Jiﬁﬁg rtg?rg,sf%o}faé theminto a set of
5 <cont atesroddsrafaehecppdE’ can contain the
corr e%&ﬁa&@h leepJAl:Mtyngxﬁyct(llegl)estggéiu}g@)t @ fields
conf or m<ag:t>0 the schema definition; this includes the
jp@ccount f of®f ‘?E Y dagcount |l d attribut e) and sequence
nunber (<nodm§£eda “efe %;mnm@@%haﬁgmage body
type—"xquew’y&ﬂ?*st :nanespace target="app" . */
f unct i,on/E&act Cont actsByAccount _response ($response)
15{ for &i :=
$r espdiis sel/sfdc: g sponse/ sfdc:result/sfdc: records

return. agee?&a%eeﬁac s

s ging ($i/sfdc: 1d) }" account
I d=" {string i /sfdc : Account |d "> 0

20 o %F‘éétﬁi STYEAECH ?;Eﬁ:ﬁgit éﬁiﬁiﬁ@%ﬁﬁﬁﬁmﬁ/s}@/ i

i ed> <firsduz{ strlng |sthbne) }</first>

<l ast> {st¥ tf"ﬁ‘ﬂig‘“ll/_ tM ast> semil >
25{string ($i/ p m st;%&f’w?nf $é?§§= moésta odif 'Ea

cont act> 5 }
The <cont act >twedesigah/dféc:petllrfteg>t 0 t he conduit
nmanager ant*&tiEhr oni zed back to the calling

appl i caiqiyg raonolgﬁ of QR Ry BOR g8 b%ﬁtoaée%%ra%@5§ theplatform; it

pl ace these nodes Into server's cacth
30 NowaRedefrérmaathe( €ontuex bwitereed l&/lr@fcdsﬁmtlbm argl hes sieblagations

to define reI a bet ween .nodes t hat .do not. depend
on (FSFEGHP5915) £ B uEg v P =080 (5o may

be def/med by a query that uses the current user's

I nf or nﬁt@wzés izgglobti}%—::iﬁggrﬁﬁzidgﬁ@Qﬁccountg; ’c req‘urr&"
350f day* oh8 Mrads EFAIR tHAL @espEt € Fdd 1or§}"s$ﬁ.&9ﬂc&tua¢B bt _response’
t hese tlases, the nodeset mm

function selectAccountByContact( msg, $source) {
return ws.invoke ($msg) ;

40 Request Transform
The request transform can reference the $source variable that represents
the account node. The function annotations can declare the language (XQuery)
and target namespace of the outgoing message document (referencing a
namespace prefix declared in the conduit file’s header annotation).
45 The function can also declares a field annotation indicating that the
@accountId attribute of the contact 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.



attached to arbitrary nodetypes within the data nodel.
Typi cally, however, these nodesets are attached to the

wo ows/1nage. Conduit sel ect operations can ref eP€NUS2085/017822

keyref definition; since contextfree selects, by
definition, do not require the context of the source
node, in one enbodi nent, they gre always inplenented
on inverse keyrefs. The follow ng exanple illustrates
how, in the CRM denpb, the set of accounts for the
current*users is retrieved by a conduit sel ect
oper at i, 37T 2R Pt “bEitlet ype has the fol lowing key
defln|bmﬂﬂ;ﬁémsﬁmhﬁymaamﬁghaccountKey nas

raliasZ accounts'> <xsd: sel ecto %ﬂ " account "/>

XRa .
<xsd: T n@l L, XP afpﬁcqm@%qp?tm XS54 REYS"THe mas :alias
attri bute kndiveatws that the nodeset of accounts i s

1ot raversabl e fjﬁgﬂﬁltdﬁéo’jtiﬁﬁg‘; boggcg,@a!:dognud)yar accounts =

$root . (c)tepaceoust S. ; The conduit can be
|npleqenV@Gﬂ1n the sane way as the inverse keyref
sel ect erat | bov e). / ** * (c)mas: operation

type=" sel BC s r% St count Key" inverse="true" *

15(c) mas: THeaR&pOAdH tivASoTm I €4 @8ference the $response variable that

functi on="sel ect Accounts_request"” * (c)mas: transform

t y peeresenss onSML bodic of dhe-message traweradniremys ths Pk service. The
f A
u%{é R)ﬂ o%iifon Cc%i{n% 5% l(%ﬁ%gea é@es ‘i’%{g@ yget BXQE},:% anvc)fS the, target

Qmﬁmeqme speX M dgéct rainged td the fcumimt manager
sel ect Accounts_request ($source), { <q
<quer ysﬂhen@w@m RET sSuig s iy sms!@l\ﬁeAeréownfetur@e% Py the Web

OV\HIEBEI <que ?St{@m dﬁg e[fé(nls! ntﬂgq)lto} a Mge ><ac}zcount>
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User. uery trlng> </ gue
| **1otle &Gﬁhl the gmﬁg@onbﬂ@)prhﬂﬂ?%eycw@)r and data fields conforming to the

schema definition (including the <modifieds> element representing the sequence

number).

/**
* @language:body type="xquery"
* @mas:namespace target="app"
*
/
function selectOwnerByAccount response ($response) {
let $i := $response/sfdc:queryResponse/sfdc:result/sfdc:records
return
<account id="{string($i/sfdc:1d)}">
<modifieds>{string($i/sfdc:SystemModstamp) }</modified>
<name>{string($i/sfdc:Name) }</name>
<type>{string ($i/sfdc:Type) }</type>
</accounts>

}
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

natural to think of a set of contact nodes belonging to an individual account node:



(c)mas: namespace target="app" */ function
sel ect Account s®esponse ($response) { for $i :=

wee@sponse/ sf dc : quer yResponse/ sfdc :resul t/ sfBCT/US2005/017822

:records return <account id=" {string ($i/sfdc:1d) }">
<nmodi f ied> {string {$i/sfdc :Systemvbdstanp) }</nodif
i ed> <natne>{ string ($i/sfdc gcNane) }</nane> <type>{
string ($i/sfdc: Type) }</type> </account> } Request
Transform The request transform can reference the
$user systemeyard abb-econwhiwbe"t S used to construct the
request ﬁﬂieilj e§ Qrgt &ame—tH?st\(\Q:b S‘er ICeng"/> o

(¢) | anguagexsa kogyntt ype= laXiqu@E:él—"x Cﬁr)l : nanespace

t ar get =" sf d’@g eieimerfzwnm |"@ﬁllsecb'@etxﬁg§:e@wwt'é r equest

($sour ce)xd s gUErY>"LHUEI ST iWys"8REECE ™ . Account
FROM Ac C@WittrlwsernaWEREtﬂse'ﬁcsd Alrias use_{zst;wlkdag mas : type="pkey" />

10( $user / USEFHAREY: e}ﬁi@@:@ﬁ 'Ia-- ed;"ffisd ot 6;253@2"513;?

</quer<y>8tardorﬁi>gaw eguery > Ris™case, e se
can mEI ement aﬁxm n query that sel ects aII accounts

Chat PG SUHAASI, CHAC CIFFOHE GYarTTroEier hageriing"scom-

LISowner | d <@ eLgrokeyeithatcagmmt-ches the I D of the current
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user) .. Ngidefl%dtfé’a‘thfgﬁﬁwm“ﬁoes not reference the

$sour ce | e onse Transform.The r

t r ansf orr[\rfﬁ%[: an érjr 8%‘?%2691 E@e JEF BT SRR bRE s ? &%‘ﬁg? n%fd thg, keyref
t helelidition 64 wded €o apedred theReyrdf fnhtBe SABERse\Wakci@dsn: t he

response tgapsforns defined in previous sections./ * *

* gl anguage . bo ntc?@@fqpiacfuery * @ms_ : nanespace
target = Té],gé’ollowmg conduit operation implements this inverse keyref relation:

/**
* @mas:operation type="select" keyref="contactAccountRef" inverse="true"
* @mas:transform type="request" function="selectContactsByAccount_ request"
* @mas:transform type="response" function:"selectContactsByAccount_response"
*/
function selectContactsByAccount ($msg, $source) {
return ws.invoke ($msqg) ;

/**
* @language:body type="xquery"
* @mas:namespace target="sfde"
* @mas:field xpath="e@id"

*
/
function selectContactsByAccount request ($source) {
<querys
<queryString>
SELECT * FROM Contact
WHERE accountId = {string($source/e@id)}
</queryStrings
</query>
/**

* @language:body type="xquery"
* @mas:namespace target="app"

*/
function selectContactsByAccount_response ($response) {
for $i := $response/sfdc:queryResponse/sfdc:result/sfdc:records
return

<contact id="{string($i/sfdc:1d)}*
accountId="{string($i/sfdc:Accountid) }">
<modified>{string($i/sfdc:SystemModstamp) }</modifieds>
<fist>{string($i/sfdc:FistName) }</first>
<last>{string($i/sfdc:LastName) }</last>
<emails{string($i/sfdc:Email) }</emails>
</contacts>

}
The conduit operation function can be auto generated by the platform; it

references the accountownerref keyref ‘definition and has declarations



D function sel ect Accountsjresponse ($response) { for
$i : = $response/sfdc: queryResponse/ sfdc: resul t/sfdc:

WO e@s o8y et urn <account id=" {string ($i/sfdcrCT/uyp20p5/017822

<nmodi fied>{ string ($i/sfdc: Systenvbdstanp) }</nodif
i ed> 0 <name>{string($i/sfdc: Nane) }</nanme> <type>
{string ($i/sfdc: Type) }</typ637> </account > } Note,
the @ms :rootid attribute can be automatically
conputed by the 5 conduit manager when the set of
<ac@ehdthted "PHa80RY Qo I BbUF3GELtt #hd trespbRSehlandBRE r\f/l\.ﬁctions. The
operations can be called by the congwt manager en a

cl i envratwpysildocdeciares thatritiepresente ennwirse loayesftreldtiomstigs t o
the senver. On the client, nodes can be created in one

f twWo *wanys brekatéon, %YSﬁesecéc@gk?réf)cmﬂ:acﬁtlelﬁﬁﬁﬂtﬂiﬂ" G&Brse="true"

ei t her ;b g o = O A o’ seifePUottshagteuntyguuest” |
node = *$%1\u3r:'?e. @tér)p? r-elf .éy;csree af't:lré:t g_X Fﬁ gjtc?nt?c):sByAccount_response
cont extuggloncrebat ntpaysBriochenttin@y. opburcer eat e (<xm >)

10/ / cont eXtF rae"CrE&P€ ‘'hi both cases, just the node's

1

20

W

XM obj eRéquedrRgrbansferred to the server 5 (i.e.,
not the source node). This is because in the case of a

cont ext ublie reest ¢rangfematcannefetchee thedescnuss vedablaihut depresents
foreign key val that.references the source node;

t i e PR EP pades Z@e HeHRe ?IE)&FWHWG@W& t?lﬁ dresiges (BQuew) and
on thidet KaMéphed 6§“ }tlibl éﬁtg&%;ﬁﬁﬁée ARShht PREERS bNBmespace

follow ng form ) S . oOperation type=
i ndwefix derbaed-inthd ewadvit fite’seader annotatiwf)or m t ype="

. A : ; ) Ay _
tr regﬁgfs ng fetj thé‘ti&nn Faég%]gﬂlé%gfalfq? Hgl{aqflct Iﬁﬁ.rrorta?ttlgobrl1eisntdicatin{gmltﬁat'the @id
" uleiblienMRR_IReRANSRIe & feqhirdNbf KO il GBNANEs (8EBEStion can
$source) { return ws .invoke ($nmsy) ; } Insert "
opeREHE dhpd thaafpreien dsr dalug it pesd tfeonn Svainvelong ekgunditegserver as
to h%% refere y the nodeNane decl arati on.
Thé)tdﬂﬁosfzk?t opePa]tzlg%%I{]s?a?%sg‘uest transformcreates the
messag¥ body for the Web service operation; it can
ref er enge.aL aﬁ;ﬁhﬁltﬁ@ﬁﬁiiﬁ,st em vari abl es, which
provi de ecentient xoh@r eidte operati on: The insert

/o
250per atlonics LesRoNse. LLANSI LM san my fhe response
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nmessage <kRey onto a partralty co Fucted node that
contai ns ttweerpitrirar y key (and optionally sequence

nunber) of t lﬁﬁgﬁgq’g@c@%ﬂ;ﬂﬁé@r@r@(ggurgggidyyéb service. The
I nsert </qu2{:3\ierystring>

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.

The function can assume that multiple records are returned by the Web
service <query> request. The function iterates through the results and transforms
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 attribute) and sequence number

(<modified> element).



operation's response transformcan reference the
follow ng systemvari abl es: The node's primry key

w@ amwd/114ape i onal |y, sequence nunber) can be retPCTES2008017822
t he conduit manager, which synchronizes this
informati on back to the client. Nodes are initially
created on the client with a t%?porary primary key;
this value nust be replaced by the external systems
primary key. Nodes typically include foreign key
val ues/t*hat reference other nodes. If nultiple nodes

are creafig%ai PIfe (ELEM T 'hat reference each ot her,

hen the system has to ensure that the insert conduit

per at FHsoareegapit e sivreetne - e{¥risadnes) dependency
or der, SEO uilha‘t ?%S |°??§fs§d°l<‘°e‘lﬁry\l7aqggg§gfdéfﬁiflﬂé/d??cr"iﬁﬁ‘irf‘he
V\élb ser%/%}ggﬁaﬁgﬁtuﬁ?ds%@g&ﬁ@fa?mé}}'en”por alry foreign key
1yal ues?° endrTRy Sotfes MRghimREPat | onal I nserts In

one enbodi mant<fi:mﬁﬁﬁgﬁ%ﬁﬁ%s&iggﬁ%ﬁﬁﬁgfa‘?"iil&heg)do

not have forergﬁ‘;;kgz'slgﬁh&tfdcr@#@Pr@mbeleetmer nodet ypes
within the dafa.ppde: “Fot “EXERple/THé> user nodet ype
lxan beldefined by the follow ng schema: <xsd: el enent

name="en#élhé "<doypest>x addess tar g rédtirnsd xwditrl kandwis &ianager and
attribute.n =" d! type="xsd: string" />
</ x%‘."ﬁ@ eaﬁ%@h&%‘g‘agép@w%ﬂﬁ Hiesequgpit gpanager may also elect

applol sladel Bk WAtk QeiG LAt LnBEW users for the
system the client code to do this mght be as

f ol | ows: Nondialationad §€entext Free) Selects
<user xepai | >ho cme. conxk/ emai | x/user>) ; In one

zoérrbodi ok R%Tlg%%ﬁ%ﬁ?eﬁiﬂ?ﬁ%s ORBYSEBI1996F Hpti desap depend on
CONfbiidi gn RBE K alubOFor "ekarhpleC h¥BEof ARRE 3hdyOBk defined by a query that
type="insert" node="app :user" * (c)mas :trans orm
t ypses thegiaant userh énfoiorationn or pthes extermd uetrhatior) (@s; time of
tr = SE.
fureipt ek ata, EBRALSiem stotel, o (PR Gesebaadeset may be
( $ragcheBnioceditbry addotypedsyithin K eats 3681, Typically, however, these

(c)l anguage: body type="xquery" * (c)mas :nanmeSpace
25¢ arrlj’gf"—t%?raé‘t'taéi’ﬁgﬁ%ﬁ@trp@ﬁlqdﬂ-sert User request ($node) {

<creat expseabi & " =" User"> <Eroail.>.{strin
($node/ app er?aﬁnsgﬁét}o%?? réﬁ% %%?%Fggeﬁmuén, sincd Context-
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 name="accountKey" mas:alias="accounts"s
<xsd:selector xpath='"account "/>

<xsd:field xpath="@id"/>
35 </xsd:key>

The mas:alias attribute indicates that the nodeset of accounts 1is

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).
[**

* @mas:operation type="select" key="accountKey" inverse="true"
* @mas:transform type="request" function="selectAccounts request"
* @mas:transform type="response'! function="selectAccounts response"



</create> } /** * (c)language: body type="xguery" *
(c)mas .-nanespace target="ap r" */ function

WO p@s1448€r _response ($resronse) { <user id=" BGI/UBIVG5/017822

($response/ sfdc :createResponse/sfdc:result/sfdc: 1d)
}"/> 1} Request Transform The request transform can
reference the $node variable that represents the user
node created by the application. The function

annot ati ons cani decl are the | anguage (XQuery) and

t arget *namespace of the outgoi ng nessage docunent

(ref er SRIEL TG oA SRR HaEEe pt€FPR tecl ared in the
conduit file's header annotation). / ** * (c)language:
5body type="xquery" * (c)nmas :nanespace target="sfdc"
*[ functdiQRuighsedt Ysaeraeguest ($node) { <create>
<sgbj ect@axsinedrypeatoesertaz <Emai | >{ string ($node/ app:
].Oerml l )fuic?:ééfrnsg!LJC?AC&!u%tg)Jegu%gts(? oE:.lcg)r at e> } Response

Tr ansf orsueltite response transiorm can reference the
$response varivabliw-t hat eg}réesents t he XML body of the
{

r
message I et Unagd d-LOMiLne MEBoset IPEe, e function

15annot at i ons cen vedrso -dechar ewiche | anguage (XQuery) and
the tar Qggu;@?’fé%tﬁ’é‘éé of the XML object returned to the
conduiit nmanager. On success, the Wb service can
sof eturn_a nessage body that conforns to the follow ng
schen&*@@inggg;:gg&p.tﬂ@q@@;" nanme= "creat eResponse ">
<conpl E/)@ﬂfe;spu@mesﬁesaeqaeacea@" <el ement name-" result™ mn
gccur SfEncL:i ntsgi%gt:A gonn s:r§§ap\c/>nes5%§ys|p£nsé)>{ </ sequence>
25</ COpr' X y:pe?$ﬁ£&ﬁ@ﬂ&ﬁ$:EueryResponse/sfdc:result/sfdc:records
. return
<account id="{string($i/sfdc:I1d))}"> -
<modified>{string ($i/sfdc:SystemModstamp) }</modifieds
<name>{string ($i/sfdc:Name) }</name>

30 <types{string($i/sfdc:Type) }</type>
| </accounts

Request Transform

The request transform can reference the $user system variable, which is

35  used to construct the request query sent to the Web service.

/**
* @language:body type="xquery"
* @mas:namespace target="sfdc"

*/
4() function selectAccounts_request ($source) {
<query>
<queryStrings>
SELECT *.Account FROM Account, User
WHERE User.Alias = {string($user/username))
45 AND User.Id = Account.OwnerId
</queryStrings>
</querys

50

55

In this case, the service can implement a join query that selects all
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 returned by the
Web service operation in the same way as the response transforms defined in

previous sections.



<conpl exType nat ne="SaveResul t"> <sequence> <el enent
panme="id" type="tns: ID'/> <el enent nanme="success"

wo yweaimsd: bool ean”/ > <el enent nane="errors" PCT/US2005/017822
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m nCccur s="0" raaxqccurs= "unbounded" type ="tns
:Error "/> </sequence> </conpl exType> The transform
can create a partially construgted <user> node that
contains the primary key attribute (id) defined by the
application's schema. / ** * (c)language: body
type="AXtuery" * @ms :nanespace target="app" */

funct i (5%; HEEE PR erP T gSifghse ($response) { <user id="
{strinfg/($response/s dc: createRespgnse/ sfdc: result
| sf dc:fepgijon}eetestAccoppisgrepnopasiiirgerkeey) Val ue can be

process ;dtuéi ‘T RE R8T ﬂﬁd?;rreﬁ Rﬁfé’?sezsﬁ%“’?fﬁl&zsrf%cﬁ Foad=wi t h

the client <apphi ¢&at isorins (Reb@tizonal | nserts Rel ational

i nserts can i:ﬂﬁgf}@ﬁi@ﬁé%éﬁ?ﬁj@@ﬂ:@ﬁmﬁ)b‘r’%‘?dgfﬁe%ey

val ues that referencs (@bt rROesW-t hi n t he cache.

For exanpl &2<®Mé>cont act schemn, bel ow, defines

forei én keys for an owner node ((c)ownerid) and

account Magetht aresotmtIfl affyibutexsul be entolrexidaihe computed by the

"cont act Type "> <xsd:a] |l > <xsd: el enent name="first"
vy SBhAGE ARG eer Rno B L of -agr e OBy TG 10 5
type="xgfserist ri ng" /> <xsd: el emrent nanme="emil "

type="xsd:string"/> </xsd:all> <xsd: attribute
name="i dnserly pperatieng: cant b¢ eglledsbg=the raogdiit exnager when a client

o= | 1oy pee (be glteds duit exbnager
Uy aeban Shrgees TRl ettt P CRERRRNT T ou o

name=" acguothatlieht, hyd@BTax b6 creatddi il Bne % 870 WAYSI L dhé Zreate ()
</ xsd: conpl exType> Initially, the contact XW. object

mafunséion a eithes e galisd anne keseef gitongbsraphneds: 1 var
cont achr modsGCORLRC logkeyrer. create (<xmis) ; // contextual create
var node = $root.create (<xmls); // context free create

In both cases, just the node’s XML 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"
* e@mas:transform type="request" function="functionName request"
* @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

$node Node created by the application.




<first>Sarah</first> <last>Sm t h</| ast>
<emai | >sarah@cnme .conk/emnil > </contact> Nodes that

W@ omsai4asd or ei gn keys nay be created in a nunbeeT/082005/017822
ways. G ven the contact XM. object above, and
vari abl es representi ng owner and contact nodes, the
follow ng function creates a ntact node by calling
thecreate ( ) function on the root node. Note, foreign
keys nust be set before create ( ) is called. function
crlealsEont act I T aclgpiaky rpPEuEhting E AftdntlusEP aCt ]
.(€)(c)yaccount =account , contact .(cJy(c)yowner =
owner; return $root .Create (contact) ; } However, the
foI | owi nbhef msert doarsticchiespunst han&famtacgomhp tifeliegdonS¢message

" Al Chartalf RaRleied BP0 kBt fepliareshedend
C  §foRallyF QahasdeInum el ithOR SR A %gt%}; e et 9&9199 nﬁle insert

owner, contact) { contact .(c)(c)ac = accoun
r etqnerﬂt@metespoqlee) (rm)s&cum wtrefermﬂﬂwc&)ﬂo‘}lnfgxyetenmdmbhs

TRV E-1 He | S
ot

Of_?x;tgggﬂg CAasStES, LII b4ééhfkfl Ilg f Of-e1 ull nt:y \'mva
suppl i ed by the friamewor k before the node is

synciespoiszed t 0t heB&®BY oftthe SUM BEYa@e re§BaEd] €SS Of
hgwuske node is crieabjeat Ryrdsaatid®Md aatdlisef.Ne
conduit operation need only be bound to the nodetype.

The condttet no@€E afrirfyCREy Rand, n@étﬁﬁiﬁﬂ? ededuendd %uﬁt%gﬁ can be
way as the operation defined in'the previous section:

| * %wﬂ(eé)tﬁéhe C@ﬂ@rtanmﬁert W@ﬂﬂ'symnlgemzes Hrsgliformympion back to the

? 8 %tcl:ltg]i%to IIrI?IQ FS%% ?]?%%In)% r e q ues %‘(]&) if erﬁ‘)q?r%?pof & ﬁ’&t‘@? Yfey; this

10t y pakie mwss po napdacetl lbtytthet @ﬂemhll’@@ﬂé ety kegsponse” */
functio%i EsertCDntact ($nt, $node) { return ws

.i nvoke 3p1ca1¥y inelude foreigngey yedps thptareéerence other nodes. If
t 2nQ@tifleHolEs are ckéald EROMRYRent R F¥RRE XAUSHY then the system

has to ensure that the insert conduit operations are called in the appropriate

wn

dependency order, and that primary key values returned from the Web service are
15 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:

20 <xsd:complexType name="userType"s>
<xXsd:alls>
<xsd:element name="email" type="xsd: str1ng"/>
</xsd:all>
<xsd:attribute name="id" type="xsd: string"/>
25 </xsd:complexType>

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(<user><email>bob@acme.com</email></user>);

In one embodiment, this would require the following insert conduit
30  operation:



*/ function insertContact_reguest ($node) { <create>
<sqgbj ects xsi:type=" Contact "> <Account Idifstr ing

W@ svsdessapp: (c)account 1d}) </ Account |d> <OWPET/US2005/017822

{string ($node/app :(c)ownerld })</Ownerld>

<Fi rst Name> {string ($node/app :first) }</FirstNane>
<Last Nane>{ string ($node/ app: 73 ast) }</Last Nane>
<Emai |l > {string ($node/app :email) }</Email >
</sObjects> </create> " [** ; ((jc) mas: namespace /
target £*app" * é&%l anguage; body type="xquery" *

funct | onc ERSEEECHNEAET S hOReE TSt Eshanse). L. seont act

g cj:"{ st ®Ma§rgra@sform type="responge" function="insertUser_ response"

r esponggé st dc"rrggteg(lgngspgn%gl fdc.-result/sfdc: id)

tion inse no

1/ ST Secpirs BT vk Al Ue 1 6t ur ned by the response
transfbrm can be processed by the conduit nanager and

1synchrani zed with the client application. This val ue

r epl aceselt@act @apOtvAEyxpidyMary key assigned by the
appl i cgtieTi"WREAct Heoshddewas first created. However,
I N onerued¥DRdinBB M ser kdudMishisp) @ nodes that reference

Seach ot hereagge cr eated by the application, then

pri mary kefs??émsil{ﬁgﬁ';‘?Ztéeﬁa;pxm;ibﬁa gryer must also be

used to updabeiet@eei gn key val ues nodes t hat

2Orefere}nc<é°1ﬁ€w>y i nserted nodes. For exanple, the

followi ng function first creates an owner node, then
creates*a contact node that references it. function

cr eat eCEHIEET PHRAIATY"]" var owner = $root .create

. 1YY : .
25( <user »<enmi | >sar ah@cme. conx/ emai | x/ user>) ; var

cont actreEioadatr et >regbprgtz>Sargh</ first> "
<I ast 3Sr'{h LG g Ry Ay St AT 1/
</ cont a®eqnet AMRAEIm (C) (¢) owner = owner; return

Oaccount .Create (contact) ; }

35

40

45

50

The request transform can reference the $node variable that represents the
user node created by the application. The function annotations can declare the
language (XQuery) and target namespace of the outgoing message document

(referencing a namespace prefix declared in the conduit file’s header annotation).

/**
* @language:body type="xquery"
* @mas:namespace target="sfdc"
*
/
function insertUser_request ($node) {
<create>
<sObjects xsi:type="User"s
<Emails{string($node/app:email) }</Email>
</sObjects>
</creates

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.

On success, the Web service can return a message body that conforms to

the following schema definition.



The conduit insert operation for the user node is
call ed before the conduit insert operation for the
w@omsac4snode, and that the contact node's ownRC€T/US2005/017822
attribute contains the appropriate foreign key val ue
returned fromthe first conduit operation. Sequence
Nunbers I n sone cases the Wb gervice nmethod that is
called to create a node may not return a sequence
nunber. The conduit is able to nake nultiple Wb
servi celemry 327ei rdspusRarwiaigl e conduit operation to
retrieve tHLSulgf.or mati on. For exanple, the conduit
58per ation def knednd muthe-sprewiots-seot dypd ins: sexkanded
el ow * gﬂﬁgiigggfation type=" insert" node="app
ccont agklendnt{ c)'Mas :transformtype=" request”
functigcrgm:"ljexr%sgrnt Cgpst act {gquest " * (c)mas: transform
10 ype="respanse. “TUncéITOR="T nsert Cont act _r esponse" */
function iﬁ@emﬁemm&aa&’@$esgw:$8ource)§{ var response
= Ws .invoKg® = Susres itpe= *PRRyeNIzE> . sf dc )
- creat @E@sﬁ%%gﬁg% aérr:ofsesmdfl%ccu.rgifgg?g‘:“axfcﬁ?rsf 8% eve
sequence/mpder> var nsg2 = creat eMessage

r eque¥FFPITERFY i d - var.response2 = ws .invoke .
§ g2 ) ;Ege/ s F s DA S@%lﬁ@ﬁge.sewemat contains
r es{pe E}ﬁﬁl%r% Pé%ﬂéttrib‘ﬁfed?d)' QBT HRREOYPPHati Pl Whlma,
response; [** * (c)language! bo type="xquery" *

/ . n n M
20(c) mas’.:f P3G Jg%e:r sfdc" */ function
request*'lamgggﬁaﬁpc%(g%):u pp¥query> <queryString> SELECT

Id, SygtenModstarap FROM Contact WHERE Id = "{$id}"

asponse (51 nge) .
</ query Eérn.igg'{ trﬁgférésj’py}se sggg:iﬁeﬁ@eL;@H&y&gzgresgﬂ?j%dc:id) /s
St ype:"}quye;r y" * anas: nanespace target="sfdc" *
his 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
30  reference other nodes within the cache.
For example, the contact schema, below, defines foreign keys for an owner

node (eownerxd) and account node (eaccount1d).

<xsd:complexType name="contactType'"s>
<xsd:alls>
35 <xsd:element name="first" type="xsd:string"/s>
<xsd:element name="last" type="xsd:string"/s
<xsd:element name="email" type="xsd:string"/s>

</xsd:alls
<xsd:attribute name="id" type="xsd:string" use="required" mas:types="pkey"/>
40 <xsd:attribute name="ownerId" type="xsd:string" use="required" />

<xsd:attribute name="accountId" type="xsd:string" use="required"/>
</xsd:complexTypes

Initially, the contact XML object may be constructed by an XScript
assignment:

45 var contact =
<contact>
<first>Sarah</firsts>
<last>Smith</lasts>
<email>sarah@acme.com</emails>
50 </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



function insertContact_request ($node) { <create>
<sgbj ects xsi :type=" Contact "> <Account| d>{
wa eosngi$node/ app: @ccount | d} )</ Account | d> <P@mes1ods/§17822
string ($node/ app: @wnerl d} )</ Oaner 1d>
<Fi rst Name>{stri ng($node/ app: first) }</FirstNanme>
<Last Nane> {string ($node/ app 74 ast) }</Last Name>
<Emai |l > {string ($node/ app erral ) }</Email >
</sObjects> </create>} /** * (Sl anguage: Pody
typ@rea%@@)erﬂ{nctlonm 1hd126BR SisHeC N(ﬁé gﬁ}r(ﬁ" RRys 1‘{1ust be set before
function insertContact_response ($response <cont act
i d=trepsef) isgalled. _
($r espansessida-cLeal.eRespo n&ﬁérsfc%a%t‘?sul t/stdc: id)
}" > <nD0dchtabeasacdositr # Agoln$r esponse/ s
. quer yRe$SpEAsEIsTdc F&eor ds/ sf dc : Syst emvbdst anp) }
</'modi f deeds s7do€ QRdadG bt dorREQUEST Transf or m The
request transformcan create the same Wb service
message Bewenet, the fllowing 8imgtiens avhieve tet saome: goak: *
10( ) | anghags: bRl YReZe KBS ey, oGBS  NaMespace
t ar get ="whdet" edovney =nwhdzon i nsert Cont act _request
($node) L. sereate>.ss % L ect ste><<conta Lype=" Contact ">
<Account 1d> {string % app fc) account 1d})
154 Account d> gO/vner d>£ stri ng($node/ app: @wner | d})
</ OvmerTCé}fggt T sLNAME St sl T | WY ( SHOHE) dpp: first)
} </ Fi r st Name> <Last Nane> {'string ($node/app :|ast)
20} </ Last NAe> “EER@PPE'st rPHEFe( $node/ app: emai | )

} </ Emai hgorshss HBineSt fidse cases, the missing foreign key value is supplied by

the framework before the node is synchronized to the server. Therefore, regardless

.

of how the node is created by the application, the conduit operation need only be
bound to the nodetype. The conduit operation can be implemented in the same

25  way as the operation defined in the previous section: -
/**

* @mas:operation type="insert" node="app:contact"
* @mas:transform type="request" function="insertContact _request"
30 * @mas:transform type="response" function="insertContact _response"
*/
function insertContact ($msg, $node) {
return ws.invoke ($msg) ;

35 /**

* @mas:namespace target="sfdc"
* @language:body type="xquery"
*

function insertContact_request ($node) {
40 <create>
<sObjects xsi:type="Contact"s>
<AccountId>{string($node/app:@account1d})</AccountId>
<OwnerId>{string($node/app:@ownerId})</OwnerId>
<FirstName>{string($node/app:first) }</FirstName>
45 <bastName>{string($node/app:last) }</LastName>
<Emails{string ($node/app: email) }</Emails>
</sObjects>
</creates>

50
/**
* @mas:namespace target="app"
* @language:body type='"xquery"
*
/
55 function insertContact_response($response) {
<contact id=“{string($response/sfdc:createResponse/sfdc:result/sfdc:id)}"/>



</create> } Conduit Function However, in this case,
the conduit's auto generated XScript function can be

woesfi«asd t o i nvoke two Web service calls. FirBCT/Us1005/017822

k id .
3 equest THREEYS{S $4o crafndimtedt. Fimp

1086(:&;

nmessage returned fromthe request transform can be
used to insert the node and to retrieve the inserted
node's primary key. / ** * (c)nms: operation
type="insert" node="app: contact" * (c)mas: transform
type=" request” function="insertContact_request" *

@mas: trdhsf primaty fkey" vales poNS®d by the response transform can be
functi on=" hnsgrtCo tact response” */ function

i nsBYPESRt §¥tthe sAndyit waBager and syRdhronieadhwithdhe clignt application.
1 YRS Al BB ehce B arh Gy sfdc. L
creat eRes p?ﬁgecésst?gée:lh er%ra/lr m@&g%y a?%gﬁ?\dle% ,theaapll?gﬁ?ﬁon when
meséggedoppelirst ceatedeat ed by passing the inserted

ode' s i mar nto a. he r XQuery function,
Ph Jﬁlg)?ec%q%iﬂ@g[ reference each other

I et drb @¥Eat&P HY QRS Appliiieh, ek ;ﬁlﬁ»&% Fe§" RRALC
(requestTi mess‘t arrpp}?li d) ) ; var regpg s@gdegl\%s. |n1\)/}6lgée server
( et alsq-be peed tappdate feretinckeyr galtibe of avdes thagveg@nce newly
an g{;}g annotations as transforns, however they

ar ginﬁo ?@?és‘r?enced by the conduit operation's

annot at i Kut. exbigplé, UR6 tfoDbwRRNEMENSH SirdtNG AR LA I%Lﬁ%g%ode then
rress%%e to i nvoke a conduit operation to return the ?

eSe? FnAst podathat gkerensgs if. cr eat ed node: / ** *
(c) | anguage c-beeyndhypeccxgyery" * (c)ms: name space
t ar get ="v&f deter */sréqgrrctatoRuseegere st-Far e sdna i< haiit)/uders) ;
<query> gguekystring> SELECT 1d, Systenibdstanp FROM

15Cont act WHEREabd = " {$id}" </queryString>} </ qUery>

Finally, the :f;’égigﬁ;iﬁgﬁiﬁfet h Web service operations

can be conbi ned:hVa.cleati 08, @500l e XM obj ect

0c:orrposed of/cpoedi>message bodies:// return both

25

30

res po ns %gntact .@@owner = owner;
return account.create(contact);
The conduit insert operation for the user node is called before the conduit
insert operation for the contact node, and that the contact node’s ownerTd attribute

contains the appropriate foreign key value returned from the first conduit

operation.

Sequence Numbers

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:



response .body += response2 .body .sfdc

: gueryResponse; return response; } Response Transform
wab@sneggonse transform can processe the XM oP{BUS2005/017822

created by the conduit function and returns a single

<cont act > node containing both the primary key and the

sequence nunber of the node. /7¢"* * (c)language: body

type="xquery" * @ms: nanespace target="app" */

function insertContact_response ($response) {

<: cont/dtt i'd:"a {string é:zr“espoqse/ sfdc

. Cr e.at e%ﬂ@ﬁﬁé Eﬁ%i " ;2 Sé*lPjﬁEZt%gflgﬁiZZExﬁ)th:tEre@est"

<nodi f i*edax: {3tdEbRGyhBI LRSPORS ElincSIoAC insgttednyRE Spaase/ sf
Sdc T ef‘érécri:go%/inSer ont:ac { rr'l:engvsbogrscg)a ap) } </ modi fi ed>

</ cont aGk> résp acgtv%.silgﬁg’@sﬁsgp;per tions can be called by

t he condart td nemeger - sifrefregetdsp@rd. sfdppbducatidonidnodi f i ed
10a node. /chg&ig‘gesa%rggcgrlgwée is requested to update

dat a, i tvat 8sqp0SGhelle®estdiatredubstmintdtadpefause- ei t her

because Phérec ¥ avpétickyffsst’ocess that denies it or

because SaarENG.8l.88.Ranged the data first. The first
15pr obl emmesormasdi cratssernen chotveefds esyrebatset he updat e

oper at,i Gfi;""} FK8&Fl others, can handle failures. The

framewor k can i nplenent an optim stic concurrency

omodel /t*%gathee_gedcotnd_pase." Wien an update request is

sent to s Nbho skt Lia..opatation it can include not

only the changed val ues, but a sequence nunber that

can béf“‘tigigﬁyff%‘eﬁtg’t‘“ésrtﬁ’i“’ﬁ%dmet her the record was
25up-t o- dat e<gkesrrid- was nodi fi ed. (The conduit manager

cab conpute @}?ﬁﬁﬁ@?ﬁﬁ fripasew BAM fireachodes val ues i f

the Wb seryiLgcOigt gel ect operation doesn't return
Its own<gegwence nunber.) On the client, nodes can be
nodi f i'ed by script expressions, however, updates are
not symchronized to the server until the update ()
functi piftdrgreeabiedvion'>geepdr t i cul ar node; for exanpl e:
35functi g nodr Ty -t ¢8HEact*'address) { contact .emmil

addr essictioont@edconcapdatnesy hioad) h{ one enbodi nent ,

i <goe : . .
nei t her &1 i;@gjtect%p}gk:|t§(,:paet=,|cgnrg§ctm>or updat e operati ons nay
<AccountIds>{string($node/app:@accountId}) </AccountIds
40 <Ownerlds>{string($node/app:@ownerId}) </OwnerIids
<FirstNames{string($node/app:first) }</FirstNames
<LastName> {string ($node/app:last) } </LastName>
<Email>{string ($node/app:email) }</Email>

30

</sObjects>
45 </create>
VAL
* @language:body type="xquery"
50 */@mas:namespace target="app"
*

function insertContact_response ($response) {
<contact id=“{string($response/sfdc:createResponse/sfdc:result/sfdc:id)}“>

<modifieds>
S5
{string($response/sfdc:queryResponse/sfdc:records/sfdc:SystemModstamp))
</modifieds
</contacts>
}
60 Request Transform

The request transform can create the same Web service message as defined

in the previous section:



nodi fy key values (i.e., any field described by key
definitions). Update operations can have the follow ng
WO 005111448 * @ras: operation type= "update" nOPEEUS2005/017822
nodeNanme" * @ms: transformtype=" request"” function-"
functi onNane_request"” * nmas: transforn1type—"
response” function-: "functio nme__response" */
function functio pNane($nmsg, $source) { return w s
.invoke ($nsg) ; } The operation annotation decl ared
the nottet ype, which corresponds to an application
schena., JHE" ﬁ@g@@jyet _E‘??%Ecpn s request transform can
create+fhe nessage or the Web service operation;
3 t caﬁurc@f@r@rﬁfecoeqqet_fmqsmﬁmg> $ystem vari abl es, which

creace>

provi de coqicgggct;;;gl dhe.Qpgration: The update
operation's r@@p@ﬂsfe{sttr:a(?sﬁcgémmmcﬁa;pdbhﬂccroe.&mnse
jomessage body QI A HaPd Pt Freumstidicieerftde t hat
contai ns the &&qﬁg@m v r Hd &f:/a/@ o Eie'}:l At et recor d.
The update sgéfraah EFHirs<$Fl@s¢mnsent>r affsfior m can
refer enc‘@czre gffe T owi ng system vari abl es: Exanpl e The
15f ol | owi ng functions inplenent the update conduit
oper at i dPorfdoit Fooeticact nodes: /** * @ras: operatlon
type= "ypdate" no e="a onfact” * @ms :transform
(ypoc " HERUREE R i cas e G GNP #Eetaied Jedapt dunction can

@: % médlﬁét’ﬁfo(ﬁl%ﬁe%ﬁ% eb §SMRRAIs, First, the message returned from the
functi on="updat eCont act _response™ */ “funct |oﬁ
u pdm@ﬁdmnaﬁmn(@rrbg us@biounsad the nadsand towekievé Steriagprted node’s
20l ! Sl %\E/e sequence nunber var nsg2 = creat eMessage
(ré’ques Yrestanp ($source/ @d) ); var response2 = ws
.1 nvok& (nmsg2 é ; return responsez 3 el SI anguage:

body tyﬁ%ﬁ"?@iﬁi 1Y e (QRss,  TaTTE gﬂe’@“ft sfde”

functi OI’@ma{sl &ts&(a@ra e'tredrpe;quresltnc i rt ono,% é&,@@en

<sqbj % h s, xs yp QuCt "> <ld>{ string
($n0de atépres ﬁcdﬁi im O ?ti:g)rce) {

var id = response.sfdc:createResponse.sfdc:result.sfdc:id;

25

Next, a new message object is created by passing the inserted node’s
30  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);

35 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:

/**
40 * @language:body type="xquery"
* @mas:namespace target="sfdc"
*/
function requestTimestamp ($id) {
<querys
45 <queryString>
SELECT Id, SystemModstamp FROM Contact
WHERE Id = "{$id}"
</queryStrings

50 </query>

Finally, the results of both Web service operations can be combined by

creating a single XML object composed of both message bodies:



<Last Modi fi edDat e>{ string ($node/ app: nodified})
</ Last Modi f i edDat e>
wo2asousd d>{stri ng($node/ app: @ccount | d} ) </ ALCDURL0DH 017822
<Owner | d> {string ($node/ app: @wner | d} )</ Owner I|d>
<Fi rst Name>{ string ($node/app: first) }</FirstNane>
<Last Nanme> {string ($node/app 7% ast) }</Last Nane>
<Email > {string ($node/app: emnil) }</Email>
</ sObj ectﬁé> </n£bpd}gt2e>(§l} [* * * (c) lt angﬁg?QpB-?d%
t e:" X :: Oo res sleil:re-] . DO Sg C'e era on: ; .
fﬁﬁcti ogrdugp%akléégaatj%tp_r ezgggiﬁsgg(%lr §§%8n§%) { let $i
- = $reSponse/ sfdc: quer yResponse/ sf dc: resul t/sfdc
5t ecor dsRewponselapefarmct i d="]£dstrisng ($i lzf?c: | d)
"> < i ied> {stri $i [sfdc : t st.anp
<7 roat 1 e AR bt e ek e MDY affecreated by the
r eqersitiit furmnish andretais @sBRlE< ddiea Ve GRIVheiNE BSRYIR: primary
used to .i phvoke the update operation: / ** *
(cﬁf%‘?ﬁ'ﬁé SCapeRey npbeeeiifiaapde. * (c) nas : namespace
10t ar gets=*sfdc" */ funca’ita;)n updat geCo?t actrr(e:gﬁtezgt .
$node), = eRp>tvesidapeet s xsi types= _
(<| d>{ )sy%‘;ﬁrgﬁ‘(sﬁﬁédté‘fgsﬁp% d}) </1d> <Last Modi f
i edDatfesstiogt inpargrofBnoeesapsremalef ijed}) _
15</ Last l\/bﬂ?’fljlmgg@:tjétil%/b?cf@@eﬁ%/]sais{crsattpﬁep@nse/sfdc:result/sflcic:ld) s
($node/ app: @ccount | d} )</ Accountld> <Ownerld>{ string
{ $node/ dptrif@imertd)sfiot@unenbes st foat-MNaBRS {5y S buibddBanp) )
($node/ apirtir §t) }</ Fi r st Name> <Last Nane>{ string
20( $node/ app: |ast) }</LastName> <Kmail>{ string
( $node/ dpptateermai | ) } </ Kmai | > </ sCbj ect s>

Update operations can be called by the conduit manager when a client
application modified a node.
When the enterprise is requested to update data, it is possible that it will
25  refuse—either because there is a policy/process that denies it or because someone
else changed the data first. The first problem is unavoidable and requires that the
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
30 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 the Web service on the
select operation doesn’t return its own sequence number.)
On the client, nodes can be modified by script expressions, however,
35  updates are not synchronized to the server until the update () function is called on

a particular node; for example:

function modify (contact, address) {
contact.email = address;

40 contact .update () ;

}
In one embodiment, neither client applications nor update operations may

modify key values (i.e., any field described by key definitions).



</update> } The request transform can be passed in the
node's primary key and an el enent, LastModif iedDate,

W0 b@s/114apy esent s the timestanp when the recor dP@EES2005/017822
retrieved fromthe service. This enables the Wb
service operation to inplenment optimstic concurrency;
i.e., if the timestanp value sgnt to the operation
does not match the current systemtinestanp val ue,
then the operation fails. Conduit FunctionAs with the

i nsert dpgdasd dpefatidnb earc B@UhE folloauhOf@@ner at ed XScri pt
functign can be nodified to invoke two Vb service

cal | s.” »FhkfsStoerd: N2 YRSERER T Slabl-RevFd0m t he request

5t ransf orems: sraded dvee-Update tuheimedenctionthlie_tegh@)}mas:
oper at i, fi*t JREEo UBtfat € oT5 0 € HpR: b TeEet o) nas:
t r ansfroddmnch ypeEionfREURS! Yscurce) |
functi orremarpd%ttl@e%ﬁﬁfna@) or equest (c) mas: transform

type=""r spon " funct sponse” */
10¢ Uinct i or;ﬁlup f? rﬁ‘%%ﬁ“‘@%ﬁ%%g @élg ’il% yp{e_ngd%lWE}éonds to an
($m§g])1ca,t10hleaqiemaa new message object can be created by
passi ng the updated node's primary key, id, into a
hel per  XdSemylate nperation’s reaupseEansiorescamyredty thedwtssageibody for
in f| ned.
th etﬂ?g\geg)%{éﬂg%ete one %Hoor?il iatgca}l Q?feiseﬁp‘?the&rgﬁé\k;lgl sgrs em vaga{)f)es, which
numnde/afntm@é’rtheopﬁaﬁ@i\/bssage (request Txrrest amp (i d)

)- v-aF racpnnca? = WS.invoke (nnn? \ : Elnallv the

Varniable b o T
restl't of the secohd b service operation can be

r 6EUERET 10 De DT 04498 Feadt¥d b ehd GoRaGR.L T ansform

tr ¢lUE&r I esponses O‘bgé&%ﬁ*%%wti\ﬁ%% OFRe. U§‘err CSPUTSE
ransft orRm QEE TopE
B condui t funct ?tgr? and returns a sﬁﬁ‘g &ﬁﬁﬁ%ﬁglgt%sﬁm{ge fnessage
cobbdy nhtoga pantihlly henqmmicmirmdk ¢lyat apdtair3eths eeirACLnumber of the
nunber. . of the * ,anguage : bod
t ypeadi %{1 gregid. s They Pé%e Da%lr%%%rp 3 dnOMpey RS iy oan jreference the

fum{dv@ﬁgg%ﬁ@gqﬂ;@sct res ronse($response) { let $i
= _Sresponse/sfdc: quervResoonse/ sfdc:result/sfdc:

redSidec return Meaning
$response Body of the SOAP message response.
suser Object representing the current user.
Example
20 The following functions implement the update conduit operation for
contact nodes:
/**

* @mas:operation type="update" node="app:contact"
* @mas:transform type="request" function="updateContact _request"
25 * @mas:transform type="response" function="updateContact_response”
*/
function updateContact ($msg, $source) {
ws . invoke ($msq) ;

30 // retrieve sequence number
var msg2 = createMessage (requestTimestamp($source/@id)) ;
var response2 = ws.invoke (msg2) ;

return response2;

35 }



<contact id="{ string ($i/sfdc: Id) }"> <nodif ied>
{string (%i/sfdc :Systemvbdstanp) }</nodif ied>
woat@sni#ass > } Conflict Managenment Node confl i cPGT/TS2005/017822
occur when a client tries to nodify and synchroni ze a
"stal e" node that has al ready been updated (either by
another client or other exogengys change process) in
the external system A stale node is one that has a
di fferent sequence nunber than the current sequence
nunmber/*hel d by the server. If the MAS has cached a
nor e racﬁ@iﬁiﬁéﬁﬁiﬁoﬁﬁ@ifﬁ@ﬁé: node than the one the
lient *¥s trying to update, then it may respond
di r ect TCiant iR tiptiatert foefe (i . e., wi thout invoking
the conduf s@petatiionye-r&atLing the mas : state
attribute to ‘édnfritogintde/dob:ctdie</coOndui t operation
10°ej ects the uREELEHECAIR CLARIOHE TSRt o b ettt ctothrce
return an up-doeetat BtAegdenct bip: ihe-rapprapital € ms :
state attribuffersihizsstring Shoigbobneizanot/Riercipmand- tri p
to sel ect th&E%Ii{&'r%ﬁéﬁ&iéiziﬁ%b%ﬁﬁi?ﬁ%bf ol I owi ng
15updat e operatobisrest uncti on checks for an error val ue
retur n}ea‘/wattehe Web service. The request transformis
t he sa/lrjrg as is defined above. / ** * (c)mas :operation
t ype=" ate" node="app: contact" * (c)mas: transform
20; ype=" uﬁaﬁﬁﬁéi%iﬁﬁtﬁﬁjﬁ%ﬂeq "updat eCont act _request" *
(c) masfg/ tL_r ansform type:; éegsponse')' p
funct i1 © freee) 1/ fu i.on
250t bonmi e R RO e LA o
i nvoke ($meyytact i9="chdeksf/oficaprior if (! response.
body . sf dc: uplak eRESPOTSE  SFaE =t PEEEHREP | CPafsied>
:success) { // retrieve server's record nsg = ‘
30cr eat e VBemaes [smisbutCont act _request ($source/ @d) );

response,= wW.s ,jnvake (ns e t state expandg .

var nodgrhg ?‘é@ﬁ%ﬁ%‘??"rﬁ’o .‘gé‘ftﬁl g?egﬁégﬁﬁé%fﬁdﬁgsé?g%‘ﬁwé to invoke
r eshd ipdaff sfferdtR@or ds; node. (state="conflict" ; } else

{ /] retrieve sequence nunber nmsg =

creat éﬁ?gﬁggge(:gqnggpgt:.&%gﬁ; a_rrp( $source/ @d) );

351 eSpPONSs enss: naBespdch L rlger %)
*/
function updateContact_ request ($node) {
<updates
<sObjects xsi:type="Contact"s
40 <Id>{string($node/app:@id})</Id>

<LastModifiedDates{string($node/app:modified}) </LastModifiedDates
<AccountIds>{string($node/app:@accountId})«/AccountIds
<OwnerId>{string ($node/app:@ownerId}) </Ownerids>
<FirstName>{string($node/app:first) }</FirstName>

45 <LastName>{string($node/app:last) }</LastName>
<Emails{string($node/app:email) }</Email>
</sObjectss>
</update>
50 The request transform can be passed in the node’s primary key and an

clement, LastModifiedDate, that represents the timestamp when the record was
retrieved from the service. This enables the Web service operation to implement
optimistic concurrency; i.e., if the timestamp value sent to the operation does not
match the current system timestamp value, then the operation fails.

55 Conduit Function



} * @mas: nanmespace target="app" */ function
updat eCont act _response ($response) { let $i :=

wee@sponse/ sf dc : quer yResponse/ sfdc: resul t/ sf dBCT/US2005/017822

:records if ($i.@= null) then <contact id=" {string
($i/sfdc: 1d) } " accountld=" {string

($i/sfdc: Accountld) } " mas: sgjate="{$response. result
.(c)state} ">

<nmodi fi ed>{string($i/sfdc: Systemvbdstanp) }</nodif ied

> <fist>A{#ithitginkdt dperhtits, 1 Shiars autoddnetaksit SR Hinction

> {string ($i/sfdc :LastNanme) }</last> <email>{ string
( $i%e8 g @odehed to)inyekedivgi Wb sgreisaralls: Firal, the messpgeaetuned from

(s Sraet ElnBn KB o hacks A FERE, 1L contact > )

SCondui/ii* FunctionThe conduit function can first check

10r esponses. ibaEly(snssi;

15

20

25

30

35

40

for an.@hifaelae it abnad B IHRE HEHSLIM Soiestr
functio /r@mawpdaztse@o niyeee tre{oBimg g fusiotH @@tefonvRt_reLERONSE
= WS . Jovoke. ($insd) ., /L Gheck for error if (!

e & %g%:(ﬁﬁgda% eﬁegp nse. sfdc: result
.sfdc: Nwxeessgw mesfagambiict &dn bscregibd ibgqﬁssiﬁélﬂfé ipdgted node’s
function can send a request query to the Wb service ]
f oPTHIHEY K7t iifelniba BelppeKQuetyHEng g, sedusat 7 iteseany fedefined in
CORhEHIndlift 8is%E R fanRASHA O ifed RY VRS %e%t?ornrgbo/vé).
retrieve server's record nsg = createMessa

(sel ect Coneaete retgres rPssour ce/ f@md ). ; response = w
s .invoKe Egigcg:)::fi‘qﬁwgﬁi E@{Eﬁéi)f%nes e ld)dr eated an

expando.,state.attribu so t the response transform
caﬁ det gs&a?]yhg%e TPt %%ﬁFISF‘ﬂB?\&%FWWSsO% A CaR BFé%H‘ed to
f r @EpkdRsseabYehe robporibtrafdfedng €xpando var node =
response. body .sfdc :query-Response .sfdc :result
.sfdc: FECEY HST"f6de. @tate=" conflict" ,- If the
ori gi nalReMedhss Fratisfgmh®et hod succeed then the function
just requests
The response transform can process the XML object created by the conduit

function and returns a single <contact> node containing both the primary key

and the sequence number of the node.

/**
* @language:body type="xgquery"
* @mas:namespace target="app"

*/

function updateContact_response ($response) {
let $i := $response/sfdc:queryResponse/sfdc:result/sfdc:records
return

<contact id="{string($i/sfdc:I1d)}">
<modified>{string($i/sfdc:SystemModstamp) }</modified>
</contacts>

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.,



just the updated sequence nunber (as above). //
retrieve sequence nunber nsg = creat eMessage

WO c@guessdi nest anp ($source/ @)) ; response = RCEUS2005/017822
.invoke (msg) ; Regardl ess of whether the update
succeeded either response is processed by the response
transform return response; } dp Response Transform The
response transformcan first check to see if the state
expando attribute was created by the conduit
opeylidu@Ninvbling t theesondlift €shdrdifon, SHFALItHE GRR . CONSL bHGbute to
a conpl ete node el enent; otherwise it can return j ust
t he' gorEherty. key and sequence nunber as above. function

updat e pons $r.espons

F eoponaL 1 bR REich SHEEP I Eedta bidends e moe dn gl then

| dafbiretufiCais ipke dhic HodE With A8 RpFeBALRG sl 87t {RtfbuRRY this may

($i/sfdc: 1d) } " accountld=" fstrl ng

( $ilpytlve aptbauipendirip to spigst the amo-ﬂat{ewde (c)state} "

<nodi fi eé;iag he i ng($i/sfdc: Systemvbdst anp) } </ nodi fi ed>

<fist> {stri'ng ($i/sf dc :FistNane) }</f irst >

<l ast >{ Hierforlowing dpaﬁ«émpb@abﬂlﬁmahofn Shéoks For anesir vaRik returned

Stl‘ln |/sfdc Email) }</email > /contact > <csntact
?@ brigries: /L& srquestdyanyiors isihs gpme aglis dedined algpve.

($| /sf/elc Syst emvbdst anp) } </ nodi fi ed> </ cont act >

}L| nki hgmﬁn@etémmrmeﬁgp B drkisA" ¥rg damaa"gn Keys) Nodes

i

can be LR s éﬁﬁﬁﬁﬁgﬁbﬁig Zﬁﬂ §r & §t%ev-

applies/to foreig val ues. The exanples in th
155€ect i GIPcise u?ﬁé“gl&fe?fuzlg (Q?‘quré‘ﬁni act nodetypes, V\,hl ch

VOKEe

decl are the foll ovV/lsnlﬁ Aefinitions. 5 <xsd: key

nane-"adé@lﬂfmc}( 'élrfozxsd sel ector xpath= "account "/>
<xsd: fiel'f” zgi’gl{ T H T PO TR T I FO L ST laEsress) |

20nanme="cont mt?&nemm#my(sae&x&daqt sehest(@oucpath
"cont act "Yyesponse = ws . invoke (msg) ;

// set state expando

var node = response.body.sfdc:queryResponse.sfdc:result.sfdc:records;
25 node.@state="conflict";

else {
// retrieve sequence number
msg = createMessage (requestTimestamp ($source/@id)) ;
30 response = ws.invoke(msg) ;

}

return responsge;

35
/**
* @language:body type="xquery"
* @mas:namespace target="app"
*/
40 function updateContact_response ($§response) {
let $i := Sresponse/sfdc:queryResponse/sfdc:result/sfdc:records
if ($i.@!= null)
then
<contact id="{string($i/sfdc:I1d)}"

45 accountld="{string($i/sfdc:AccountId) }"
mas:state="{%response.result.@state}">
<modified>{string($i/sfdc:SystemModstamp) }</modifieds
<fist>{string($i/sfdc:FistName) }</first>
<last>{string($i/sfdc:LastName) }</last>

50 <email>{string($i/sfdc:Email) }</emails

</contacts
else
<contact id="{string($i/sfdc:I1d)}">
<modified>{string($i/sfdc:SystemModstamp) }</modifieds
55 </contact>

Conduit Function



<xsd:field xpath="@d"/> </xsd: key> 15 <xsd: key nane
= "contactEmai | Key "> <xsd: sel ector xpath=" contact
WO tossaxesy field xpath="email"/> </ xsd: key> ThRCT/US2005/017822
followi ng function would generate a runtinme error,
since an attenpt is 20 nade to nodify a node's key
val ue. function foobar (cont a08t3) { contact .first =
$context .first ; contact. last = $context .l|ast;
contact .emmil = $context .emmil; // runtime error
However , THehgorddalt! @bt E4Gtst %He&éiﬁﬁeﬁlséﬂﬂéﬂ Yalfd HIfRd by the
the account attribute, which changes the foreign key
val Web semiceh ref erences the account node. function foo
(cont aGlor; ACEOMI ) af: (6RO 8CL cef [ FSt = $ssntext. first;
JV cont aet redpast -ssSeont @xd) ;. | ast; cont act
.(c)(c) aiiccgycgtfol d_= account; // changes account
_for ei gn 1§ ey r@@ﬂﬁsﬂ%dy.Hdag:_aﬁoﬁt&;s;podée.rs%czgegﬁ.t fs_@cfcegug&ssbey
i s defi rednkyrok e rdt@hbdVWhag theefinefior €41 sdndtd Rduest query to the
<xsd: keyref nane="cont act Account Ref "
r ef WEL-Sg¥ics (it theentiFparodenhergsthe ogevatiomreusss theggntext free select
sel 3 = t"/> <xsd: field xpath=
1O"(c g%@%ﬂﬁ?aﬁgmmﬁggg%%"</xsd skeyref > Simlarly, the
function bél B igsesertdie #eoxgper at or %a. k.a. lLink ()
function) RS, CHTE SR N TR Bt ont act s
for the TaeGpUftion NGt HtExphAs QUL attBHeA0 thatlthe response
account .(c)(c)contacts += contact; 45 } This
15 onédrangforrsgn detbeitthanhg eondledtirensnd has hider rétobvaifirorn the server.
keyref dec)aratdQn, . hiech includes an inverse
rel ation: wxsdikeyepnsname=reontasthecoumticRebult. stac: records;
ref er =" %ﬂﬁfﬁgr"" iet%l i as=" account" mas .
Ci nver sz‘gj Luingg N hetegvice Biefhod,sygpeed dhepcthe function just requests
Xp y a e t h="@ccountl d"/>
20 </ %sﬂ&e&%%?@f&iﬁ r?nr egﬁ??%g%&g?&?ﬁt he ext ernal
dat abase) “§/iS7 1ol BI PO E e | nplenented by setting
t he accoun&iﬁa&g§%iii§¥ua Mf%e CORtAE e%%?ﬂfy (row) to
the pri Regyrdiesy oofwhictter agcapdate sudeédded Githed RERIEO iKBdocessed

value in a source node (e.qg.,
25 by the response transform. (e-g

wn

return response;

}
Response Transform

The response transform can first 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 := $response/sfdc:queryResponse/sfdc:result/sfde:records
35 if ($i.estate != null)
then

<contact id="{string($i/sfdc:Id)}"
accountId="{string($i/sfdc:AccountId) }"
‘ mas:state="{$i.@state}">
40 <modified>{string ($i/sfdc:SystemModstamp) })</modifieds
<fist>{string($i/sfdc:FistName) }</first>
<last>{string($i/sfdc:LastName) }</last>
<emails{string($i/sfdc:Email) }</email>
</contact>
45 else
<contact id="{string($i/sfdc:Id)}">

<modified>{string($i/sfdc:SystemModstamp) }</modifieds
</contact>



contact .ooaccountid) should naturally enable a
reverse traversal fromthe target node back to the

waouwsaesode (e.g., account .(c)(c)contacts . PQT/USI0A5/017822

vice versa. Gven the above definition, the foll ow ng
functions are equivalent. function fool (contact |,
account) { contact .first = $ggntext .first ; contact.

| ast = $context .last; contact ".(c)(c)account Id =
account; update (contact) ; function foo2 (contact,
account )y if1: kil F; NZ-St;

cont act HSEEHE Chiinbink o FRETOREH Keld

. (c) (c) dNotteactas be- pwdifiet tby ¥Sdapte emossianst JThis hlsbnapplies to

nbodi t,t chenp' s foreign ke | ement (or
ot PR £5Y GRUar AP SHARAES RSN RS RS v die Spetngtel contact
COmBHESpI WhicAldetRASHe fERIVHREKEY ddhiBH YD service
operations' semantics). In particular, NOT NULL

>forei G Y oL BB, wacdleC] ared on a database tabl e

field), <shoubd Benmeid'py ed by xsd: use"required” in the
case of*&fevattri bute and mingccurs="1" maxqccurs="i"

10i n t hexHase nof-amcelemeite.,For exanpl e, given the

15 gcont exed:key agre: "conspftyEug glkey”

20

25

def i ni t i<egpdssegyovepatbheofeadtl 6w ng functi on woul d
gener g} &4 T UACPHE@I'6Y . function foo (contact) {
contact. first = $context .first; contact. last =
kv a cosemtmeter’f c) (c)accountld = null;
updat e (EQItaGTharnr ;a@s/fcor#@eri es Data can be
retri exxettkdy i npl enenti ng sel ect conduit operations
t hat r elThedoliawing diefcting avondd galferate b atritioms érirqr, biatevaeattempt is

t wo_nodet . i.6e., a foreign key val ue contai ned

Wi P}ﬁﬂﬁgooﬂ]éeﬁiéémfiﬁéﬁﬂl?@@% the primary key of a

r el at édieriodéechFiengut)plt of these sel ect operations can
be node§ Al Hf € QI o the | ocal cache by the

f r ameWoEdracElbsd 0 fHdRkke&a=0an be /condihte-guderi es (or

ot her !procedural |ogic) that are opaque to the client
pr ogr anfoRgVe dide; follawing dfmgten esusressfidlyy changsst theomccount

Eg)g/f.tlfiy te q@ﬁi@h Ell?aglggs @)é ?&ﬂé%‘iﬁ%b’&aﬂg, &Efcﬁ?%%re%ggs t I(e) %ﬁcio?rtg‘g/node.

rel@tions searc opera
ret ur fingtigefordfol, hfredt that match a natural

30' anguag@mtact.last = $context.last;

35

40

45

50

contact.@@accountId = account; // changes account foreign key

contact.update () ;

Here, the foreign key is defined by the following keyref declaration:

<xsd:keyref name="contactAccountRef" refer="accountKey" mas:alias="account"s
<xsd:selector xpath="contact"/>
<xsd:field xpath="@accountid"/»

</xsd:keyref>

Similarly, the function below uses the += operator (a.k.a. 1ink () function)

to add a contact node to the 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="contactAccountRef" refer="accountKey"
mas:alias="account" mas:inverseAlias="contacts"s
<xsd:selector xpath="contact"/>
<xsd:field xpath="@accountId"/>
</xsd:keyref>



expression. The different kinds of operations are

characterized by the matrix 800 of FIG 8. QOperations
whaws/1i4aput s and out put that is classified as BCT/H82005/017822

tenporary data or permanent data hi one enbodi nent,

tenporary data is not part of the application's node

graph; i.e., it is not definedgpy schema, key or

keyref declarations, and is no% automatically fol ded

by the framework into the |ocal cache. Tenporary data

i S not apSk [

ref erenced E@s@gt g%%?%%tl gitt%%sre gé «g&%%%nv%P:ﬁgXng‘emented by

whi gfitingathe dcchentciprtign kee b thei ceathchyntitiéraw)i torthe primary key of

apphication. fr wor Kk er.manent dat acan consi st
entglhreel A o) %%IFI&%U ontP E%Ieé’ &f ifRed bSPUEEheRRde (e.g.

hl enraehRdLERRk ra) B q{aﬁlrEH‘P eﬁﬁﬂgaﬁ'ré\'@}sé ®aversal from the
mpl erment | n%acust om queries: 1. Custom Operations can
|

5al | tevget mede |baelnto tthe sorrse andor(agueaccbemnm@amytaxk/k *), and vice
Obj@&% (docunent) to a specific conduit operation. The
operation can asynchronously return a tenporary XM

docunment Given hetdbo?8 Hefidibh) aRK follGRin EHABRR ard H%uvalent.
foll ovg ng.cust om oper ation, nyQuery, takes an

obj ect Sy Be e &5 5 2 RBhL ! and return an XM obj ect
10t he ny Cadonthec kasO- fslsbmttaxtmnst $ oot . myQuery
(<rryReq > gc%gn Jrohi, cIoe appl i cati on</ myRequest >,
uc%%ta Db unct i on MyCal | back (rayQutput) { } 2.
Cust ogl (%?aéeﬂcsntewah i nvolve the creation of a
non persi stent node (defined by schema), which becones
part chnthe @vaphtaca'h&c@per ation can be i nvoked when
the cli izt faver Sgs-Thitiagh” a corresponding keyref,
20i n whi ch case, fhe “CUst om Obj ect is passed as the
Ssour ce ¥odE - ¢aatrgacthe=- carraespondi ng sel ect conduit
oper at i QPsacFQLc£XANPl €, the follow ng custom obj ect
<taskQuery> is sent to the selectconduit operation

25def i ned Ifi osnet kmbkédiyrent, thleatchemlaa;t ﬁ&eigﬁske QteSent Oor attribute)
t ask node ar _query = $root .(c¢)(c)taskQueries
et taRssohy IO mpiens copstniaon des Tmplicd by the
querYH s (0] t 0
opgyat [ %ﬁ?éggﬁéﬁgﬁ% srerg]cgﬁgél (?%{rla%:lbjl Irlhl%n gqql[gl'us 561 key values
cofelgi t deplaredt | ams a( fdaltahas&)nm)ble Béitld),t hshoilhcbé ORnirrored by
i nputs apd out pyts. can be XM. docunent Ilterals (not

de?‘Fﬂe‘ﬁebEFqél&ﬁ%qm) in”| the o 852 b didpe rittributfe #tdneiwadeurs="1"
30 0000k 0hd i Wbl o dnlefgihdr I N0 the |ocal cache.

For exanpl e, suppose we want to retrieve a set of

emai | addr @s&np;lef giver ¢t defisitiphisonbavepdiet fotlokatig function would

account)3 have not opted out of receiving email.
generat aruntlme error.

function foo(contact) {
contact.first = $context.first;
35 contact.last = $context.last;
contact.@@accountId = null;

update (contact) ;

40 }
Custom Queries

Data can be retrieved by implementing select conduit operations that relate
to a defined keyref relationship between two nodetypes; i.e., a foreign key value

contained within one node identifies the primary key of a related node. The output



The follow ng code client code calls a custom
operation, getList, that is passed an XM. obj ect,

wooweny44s9 function bar() { account .getList (RCIERI05/017822

5

opt edQut ="fal se"/> cal | back); } function call back

(result) { for (i =0 ; i <result .length; i++) {
addAddress (result [i] enall) } The cal | back

processes results once they arg returned fromthe MAS

The XQuery function below inplenments the custom

r e%@ﬁésa séfeét %pegﬁﬁ‘)ﬁs c&?ﬂ?ﬁ@@&qhﬁtaa&g (%I'de(f{n?& thelocal cache by the
xpat h y type— xquery" function foo_reques
($ihnmnmnk $query) { <query> <queryString> SELECT I d,

(So0ur cOMET 8ERes 0D Ders e et ﬁrhquaaw@aﬁ) hat ar
( Spaqgu @Rk @H&%tp}%%‘mﬁﬁﬂﬁ?ﬁﬁb@élr {.89 ao ﬁ@ﬂ lg}dsegé?;? Qﬁ modify)

response fromthe service can be pro ess
f oldatsvbasgd fexelosively. onNoimarytand foresgn key mlationslips. rimi dxample, a

t he cllent al | back, as a

¢ el SR fin mif s L o Lo f 8N obieaB EataRGh qutfivimk lgnguage
t hexp@edbn.cache. ** * (c) mas : namespace target ="app" *

(c) l anguage: body type="xquery" V function foo_resp

snse ( $ridepbfewent kinflyof $petatioty aspamelesizad by the matrix 800 of

y%%&g&?&f& th%e 11 ?I%I } /of’ %uq(p:utlt etcl‘%rc%ss{feed i Either temporary

<contact tTi hg

10} " ds@anedi perfrmhentn@t$i Iséric edib®dimend <fé1ﬁ13@ah>d§té<i@ ﬁfoﬂ@aﬁﬁ of the
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The custom operation definition can declare the
c| PBPcCatiOn St oS APl di§g 1t 1s not defined by schema, key or keyref

declarations, and is not automatically folded by the framework into the local
cache. Temporary data is not assumed to be persistent, although it may be
referenced by system $context or $session variables, which have life cycles
determined by the client application framework. Permanent data can consist
entirely of application data nodes defined by schema.

In one embodiment, there are two mechanisms for implementing custom
queries:

1. Custom Operations can allow the client to pass an opaque, temporary
XML object (document) to a specific conduit operation. The operation can
asynchronously return a temporary XML document to a client callback.

For example, the following custom operation, myQuery, takes an XML
object <myRequest> as input, and return an XML object the

myCallback () function:
$root.myQuery (<myRequest>product mobile application</myRequests,
myCallback) ;

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
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



the context for the operation. / ** * custom operatoin
on contact: account .getlList (<query

wopisdQ4Bs"fal se"/>) ; * @ms :operation type=PCT/US1005)17822
node="app: account” nane="getList" * (c)mas: transform
type=" request"” function="foo_reguest" * @ms:
transformtype=" response" fungtion="foo_response" */
function foo($nsg, $source, S$query) { $nsg. header +=
creat eHeader (); return ws .invoke ($nsg) ; } Custom
Obj ect s dou8hioBpbii@rdeFined for thY REWES thic Rk Rakdkabded o2
non- per shigrty AQHe: (defined by schema), which becones
part of the graph. The operation can be invoked when

sthe cli €At ™y aversestareuehiregetorv-espomdprigr-keyref
i N whi chafasks -tfe,Cddsd-am obj ect can be passed as the
$source cﬂoge i1t o t he correspondi ng sel ect conduit
oper at i on > CRFFUPES  he cust om obj ect can contain
the i npuWustdh eofdepdtiochs CMAYE 2 GREIMBRISAN 6N 3h1IWE! tustom conduit
return nodes bound to the custom object. This cam
endprrtiphe (funstipny). Betbabeonfngizon infuts Fmdcbitpnts can be XML
ca - t he od tg be.referenced.b

10gC G AR, fBlas (15 BeRERE P Pt LB P bagiplons th fpmenvork
opeloasd hdfoldgeditts dreetly info Heestal BRHES. results up to
date. For exanple, the follow ng schema decl aration
can def 98 c8aBple; HHAPOBT @/@tWaltt%{%%Q?@ﬂ@}V,e it annilyadslgesses for

to t-he val ue o
" SSBeS 1 URRS g QoA 09SSPSR AN B B
t askQuerTie following codé tlitlwoge ballEsclighrh @pktayion, getrist, that is
type="xsd._string" /> </xsd: conpl exType> The
15§ oppesest AR <AL oBEEl e ensures that each taskQuery
obj ectudcSionBEQUE: <xsd: keyref nane="t askQueryKey" >

<xsd :}scheEIttCﬁeﬂ)éaatcnﬂf'flpa%lk'(tga'@ﬁyé"/ﬁ:>cadi<1®dls):fi el d
xpatii'=" priority"/> </xsd: keyref > The follow ng
20 keyr efurdeifh nitbeR-bsiwisied to bind taskQuery nodes to

i 0; i< t h;ni ;
the roof°nfde. it theel e “durmy foreign key
attribute mas :root that references the root node; the
inverseAlias attribute declares a traversal fromthe

251 oot nodée callhagk prasesses rasakkansertheyrayd extyrnied &om e ddAS.
()0 KUy s RS R BT E oAASK UgLY oot et

29
refe na
i nver $8Al i as="t askQuerij es">
¥ @mas:namespace target="sgfdcg"
* @mas:field xpath="@id"
30 * @language:body type="xquery"
*
/
function foo_request ($source, Squery) {
<querys
<queryString>
35 SELECT Id, Email FROM Contact
WHERE AccountId = "{string($source/e@id)}"
AND HasOptedOutOfEmail = {boolean($query/@optedout) }
</queryString>
</querys

40
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.

/**
45 * @mas:namespace target="app"
* @language:body type="xquery"

*/
function foo_response ($response) {

for $i in $response/sfdc:queryResponse/sfdc:result/sfdc:records
50 return

<contact 1d="{string($i/sfdc:1d))}">



<xsd :selector xpath= "taskQuery "/> <xsd:field

xpath="(r) pias :rootld"/> </xsd: keyref> The foll ow ng
wheysaissgef i nes the rel ati onshi p bet ween t ask@&T/¥S2005/017822

nodes and the task nodes that are returns by the

conduit query operation. Each task node declares a

dummy taskQuery foreign key aggribute that identifies

the correspondi ng query that selected it; the

inverseAlias attributed declares a traversal fromthe

taskQuery nodewilp{dthias getstgfembdsk/modes; i.e., query

.(c)(g)t asK&€ % <xsd: keyref nane="t askTaskQuer yRef "

refer=" 1:AS e y

eed: soreerapn SRR YRR e f1R3E Rncfion name and
5" (¢het conke@téomythe pperationsd : keyref > These keyr ef

definiti ons define the follow ng rel ationshi ps between

t he rootudiodepcaeint asdofied: yacansk tasikt RAAESS o@SacsHiomse! 1) ;

fi gur el £ THE S SSRQUET g o Somayecte. crealset by
10cl i ent - Setid ng%% ei.nei‘ggigg@ﬂaﬁ oxhgcﬁa_répif)s@functi on.

function init() { var f = $root. @@ askQueries. create

(<t asﬁ@@é%ﬁﬁﬁ“ﬁi'icii\z‘gﬁ ~i25 } hi one enbodi ment,

t here i setith eondeketsutsert operation defined for the
15tastber Root Ref keyref, so this client script does

not tri ‘iOUhQPJe@ér ver activity. The foll ow ng

t enpl at VEL: | t‘@k [ {Ibl

dof i CorPRLBURES ol BubRedhe BohLonT Bl Bkl S5 fefined

. Oby acliequrwiish badveried paprdfolid grpis The operatios céit bé &846Red when

* s <1p>i§s </E¥> </ netui :repeater> This causes an
Pt SEH%

i i € s dovsle asewepardne keralile Wpeh stieofe custom
20t hSEjre@boc%tl?er% s g%ﬁl% @oﬁ%%@?{zl@e 185 ﬁ{eegbg'f‘eg%&{zﬁneg select conduit

taskNode create ove, a IS 1S Uus source
conpaatiorf.or the traversal; i.e., the node, <taskQuery

riority="l_."'"/> 1is passed into the operation as_the .
Ssour cel &fPebithe CRHEM. BPiFEls fsh APHEIne B IP datofyr a conduit

opgpchti R thhSwiletdnachoays bogdl 8! th@%éﬂ&nfd%j}ﬂ.i THIS cAm "enable the
(c)mas :operation type="sel ect" keyref="app:
t asTiistegeoyfRpart of thecdicsteathe terid for @iras nodasdn b€ osfarenced by

25 t ygu%igqlfeggéi?e% Itlenflpligtgg !eu?cp z?c"tlsb%ls,ea%td-rofc’ Sé—orpeegalfi%ic’ltt; be rerun to keep
these results up to date.

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.
30 <xsd:complexType name="tagkQuery"s
<xsd:attribute name="priority" type="xsd:string"/>
</xsd:complexType>
The following key definition ensures that each taskQuery object is
unique:
35 <xsd:keyref name="taskQueryKey"s>
<xsd:selector xpath="taskQuery"/»>
<xsd:field xpath="@priority"/>
</xsd:keyrefs>

The following keyref definition is used to bind taskQuery nodes to the
40  root node; it declares a dummy foreign key attribute mas : root that references the
root node; the inversealias attribute declares a traversal from the root node to

the set of taskQuery nodes; i.e., $root .@@taskQueries. *.



* @as :transformtype="response"
functi on="sel ect Tasks_response" */ function

waedosatdissks ($nsg, $source) { return ws. i nvoRET/($2088)17822
; } /** * (c)nas: namsspace target="sfdc" * @ms:
field xpat h-" @riority" (c)l anguage: body
type="xquery" */ function sel gt Tasks_request
($source) { <:query> <queryString> SELECT Id,
Priority, Subject FROM Task WHERE Priority = "{string
( $sourc eks@){eyz@f intne} "t)stue?/Rsidiley SEi’elr:?‘ga)El FebfERr Y >b} OI/ o

(r)rm i g"af; ?1 s">* (c) | anguage: body
type=" xquerxyd o bl ﬁﬁgﬁ i SRIR¢f Tasks_response
5($response¥kfy=fr $i in o
$respon f Jsﬂ,t s
eturn Sraap ARG IR, (RORRD P, o RpRL nodes
{ stand e £$i¥ sddbs:th@rareretuyds By the<somidjie afuefy spe:ratngl Each task
$i /sfdc:. Subject </subje st> </task> } Applications

t(:aﬂo‘i &% clg i%’léfuegﬂ%iu?aﬁkg‘g?réfctfor%rg o @Ff%lbWS thap ddentifies the
t NGobpbRNME YiRE} 5\that‘c h&iecfe%p [tEShD t:l.nvep.z.rs%Agw Sfributed declares a
queri es. For exdnpl e, ol I'owi ng operation

10 nfaiaeweah s&canseh@ctasjmeajl oodd ht thet wensof task nodes; ie.,
(const an 2 set of taskQuery objects when the client

t r W88 FSot- . t askQuer i es . *. /** * Oms:

oper at i @ikdtkyﬁeﬁnanﬁek&@i‘ sxgeayref =empprdsamkQaer yRoot Ref
" inverse=t ik m"“ﬁ#’gﬁﬁ@ﬁ%ﬁ' sel ect Tasks ($msg,

ector xpa
15 $sour Ce) {<xsd field xpath="@taskQuery"/>
</xsd:keyrefs>

These keyref definitions define the following relationships between the

root node and taskquery and task nodes as shown in figure 12D.
The taskouery nodes may be created by client script using the standard

20  create () function.

function init() {
var £ = $root.eetaskQueries.create (<taskQuery priority="1"/s);

In one embodiment, there is no conduit insert operation defined for the

25  taskQueryRootRef keyref, so this client script does not trigger any server

activity.
The following template traverses the inverse taskTaskQueryRef
keyref definition.
<netui:repeater id="$s"
30 source="§root .@@taskQueries.where (priority=='1') .@etasks.*">

<p>{$s}</p>
</netui:repeaters

This causes an implicit select on the associated conduit operation; the
repeater’s source attribute references the taskNode created above, and this is used
35  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:



return <taskQuery priority=" 1 '/xtaskQuery priority=
2 '/>;, This queries could, for exanple, be referenced

whgooshesBol | owi ng tenpl ate: <td> <netui :repeaP@r/US2005/017822

5

id="sl" source="%$root .@@askQueries.*"> <a href="s|.
select (si. iterator) ">Priority {sl}</a>
</netui:repeater> </td> <td> <qetui :repeater id="s2"
source= "si .selected. @@ asks.*"> <p>{s2}</p>

</ netui:repeater> </td> The first repeater, si,

di spl a/S{S@mtsh_e set of taskQuery objects; the second
repeat ar o8 2o HERPEAYC e, FSHLLPHO RSk it tere = one
fromt hz@mtaasieﬁﬁeﬁnytysﬁlneeﬁoe&" Byinck a- ke Sira i pERLRE
Priorify 1 | . Prepare RFPOF course, it is also

possi bﬁt et O i%igz(éﬂg?du Sf’ur(%%e{:]ati ons that insert,
updat &, and del ete custom objects by inplenmenting a

10V¢b service that persists these query objects-in

15

ef f ect » duieadnkdpeeet faepr-as:sor di nary nodes within the

dat a mjﬁgjfi\ﬂﬁ%iﬁaﬁft@gﬁoewﬂpbj ect node is

nodi fi ed-ertHer directiy by the client application, or
i ndi r €etdtionpplegtsincregebigetonopefl at i on- al |

cor r espofftfiifig, kel ated nodes can be autonatically

unl i nked fr oreetdae 1€ ust@m,Oljueets rdom @ask Nodes t hat

of ef erence t @H%%?éwiﬁvi?"{ﬁwa(@quﬁwpvmimgz have this

</queryStrings

forei gn kay-se onull. This ensures that nodes
traverised to via a custom object accurately reflect
the state of the custom object. Advanced Sel ect

25Oper at k eas:tEhepselteate-0per ati on can enabl e t he

30

frarrem@)@kanﬁ‘@g?@tdp’itemﬁe“’ﬂ@d@s for a particul ar keyref.

Conduistsc LaneAeihis 858k 8EL,QREr ation since this is
t he baSife%lﬁ%@h&ﬁk@meWS@dque@yRé@bz[sie&Vﬁ::fh@deﬁsfkbyrécMs
client dappfigatdon...Nornal. select operations can
trigger auttomaiﬁkg@jnl{g%? gﬁéﬁéz riaPRhjxcations as they
navi gat e t he <g@ttiedéls(siFghc: evbderpl le/sutihe>f ol | owi ng

sk

35client SPat’® expressi on causes the accounts keyrefs

40
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sel ect opfpiliitiddR ¢ BRol &Bfﬁféeg%ndﬁgccgéiéﬁt %}%@g{saﬁt i:‘se’rced” the

The conduit sel ect operation can be pass primary
k epusiemt ¢hieat® thaé sepyestnh przeeoned” q@isriestForxampie ¢hé Gsllowing

details other forns of, sel ect erations. Cachi ng _and
opP POt rhlemess A selfe SRl il aeibies % Ghneanthis! O gaskuery
dabBjetBathedlthe EIRNHIRRIsRE LHE eetaskoueries . +.

/**

* @mas:operation type="select" keyref="app:taskQueryRootRef" inverse='"true"
*/
function selectTasks ($msg, $source) {
return <taskQuery priority=’'1’/><taskQuery priority='2‘/s;

!
This queries could, for example, be referenced by the following template:

<td>
<netui:repeater id="sl" source="$root.e@taskQueries.*">
<a href="sl.select(sl.iterator)">Priority {sl}</a>
</netui:repeaters
</td>
<td>
<netui:repeater id="s2" source="gl.selected.@@tasks.*">
<p>{s2}</p>
</netui:repeaters
</td>

The first repeater, s1, displays the set of taskQuery objects; the second

repeater, s2, displays the resulting tasks retrieved from the taskouery selected by

the first repeater.

| e Priority 1 | e Prepare RFP |




condui t manager. Therefore, not every data graph

traversal need not generate a select request. Both
w@bhiosni448nd server caches can maintain nmeta dap@Er/iis2005/017822

each node and nodeset that determ nes how | ong the

correspondi ng set of data can be relied upon to be

up-to-date, before a new sel ec§; request is generated.

Oten, the amount of data that needs to be transferred

followi ng a sel ect operation is quite |arge.

Therefore, given thgoyai abiTity SdlesSMet@id € Veb

service operatijons, certain opfinm Z@tuaPRsporan be

i mpl enenOedobiget l’t%sﬂil@d@)‘&@ﬂﬂe Tloedsiice&dndali CHpPRRIHA thAN; insert,
IS |nvoked in exactly t he same manner as the sel ect

opetrsteo And Kglgks, evstorn tobjestabyi émplementing ¢ Wieb seiviear fhat persists

?g?/th{\:[%le&%? 0b ﬁ‘gn %egtél ttrg&?m%p ethsJooﬁﬁgﬁr}{) ﬁ% o8 o‘ﬁ&&&@e data

keymeeﬂelabove vvoul d inplement the follow ng response
** % | - bod t - -

}\/gg il orn@?ﬁ'/&(?ec‘ﬂ%‘gfg)&biet’g }O%C"IS *1718(111 ﬁ@«()i[%geiherx Egtﬁ(/ by the client

sel a o

°C| G CRLGH SRARGROUD I GRPRUSE LHARAONIE ofcbBhit sl

r ecmdds caether a[utemamnaﬂgt unhfihkéd {fadni Ith%l?bfrﬁ f)bhféct |1@) ﬂodf;és that
di.f i t / - Syste sta di

oS et Sy SalbRt fhaa% V& fosolabiey aetie.null. This

whi éhgul(eé tha@ﬁ%&esotf“avtefk%d e Q/%afl: obicdf Qcc‘ﬁﬁtélg%h%(% t 'tk state of

the cache. For any node t I'S not- contal ne
10t héhe enstram objeet. f r amewor k can then call the seiect set

operatio the normal sel ect operation
rgtur ns %%V%F%f%lﬁ%gﬁ’?ﬁﬁaiﬂ the requested set of pkey
val ues. ﬂféesei%lcgfo?eﬁiﬁbn QREeAkB10Rhd Wanfe%rl@&?‘%@vea}?&%@ for a

woul d i npl enent | om ng request transform /
* wytloa}ﬂg Uespeet: Ggmdultsmg:de;fmaa gelect o(pcyalmnn sinceathissisathe basic

(eBFhaph e i U IR PR Rt dpfceon. drom

1SCont act NNﬂfﬂREsécht'd}ie{aubns can trigger automatically by client applications

i

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
20 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
25 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

30  operations, certain optimizations can be implemented by the framework.



for $x in $keyset return {$*} , } ) </queryString>
</query> } The response transform can be the sane as

wo orostihasnor mal sel ect operation. Sel ecting Cop@l/8%2005/017822

5.

Schemas Sel ect operations may return nodes that are
defined as conpl ex docunents that contain repeated

el ements. There is no restri ct9bon pl aced on the

conpl exity of a nodetype's schéma definition. However,
there may be practical limts to the size of a node
record. THREAEX! %@%E&'ﬂugﬂs%békédhﬁ F{Q&FF}I I&3m? manner as the
conpl ex docurrent may

nocese&x applatofhbowetesmit betlrsy anlly ustsr af @sineary key values. For

I
o1 ERERDE: e oA iopENERETAAIRLY Bl <SS aloct operation om the

Uy RBmabl k@ﬂgﬁ%@%&ﬂ@ﬁﬁ eﬁen (y}ﬁg FARNRLEXTY R ¢ fransform.

name= pirc e / |
- el emeédt, nanes,, [l G 8 feY e="xsd: double "/> <xs
: conpl emx%l'a)é%ggda;rigfaﬂgbﬁgpp??er ns "> 10 <xsd :sequence
max q%bhrs— 'unbounded" > <xsd :co IexTy e ref =

e split into nu

seOrder Type™> <xs sequente> <xs

10" li nei %nCt i SElECtCEEtaCtS Accouné;i:éggﬁgafsféingéﬁig sfdc :records
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nat ne=" pﬁtGCH d" type="xsd strl n </ xsd: sequence
> </ xsd Cﬁﬁﬁlﬁ%?.(frtﬂy;d ?t%;—lné( fdc gte%lg
</ xsd: conpl/eaﬁIa)epe </ xsd sequence
S</xsdi conpl exType>. For exarrpl e, the follow ng XM
documsntT he |NLAStip dhamsalile éo é@tﬁﬁhlas,eWblChe(rf anyhefthe node elements
<pYLS ({ﬁ?%ﬁﬂgﬁ%%%aéﬁf' ce>1000 . 00</price> .

ens

<| i ne

gs%ang)) </modifieds>

For any node that is not contained 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 request

transform:

[**
* @language:body type="xquery"
* @mas:namespace target="sfdc*
*
/
function selectContacts_request ($keyset) {
<querys>
<queryString>
SELECT * FROM Contact
WHERE Id IN (

for $x in $keyset
return

{sx},
)
</queryString>
</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.



<lineltenm> <prodl d>Wdget-X</prodld> 3 0 </lineltenp
<lineltenr <prodl d>W dget-Y</prodld> </lineltenr 35

waedosned48ens> </ purchaseOrder> The fol | owi ng cPemUs1005/017822
function contains a nested | oop that generate a set of
purchase orders, each with a nested set of line itens.

40 /** * QOmras: operation typegpel ect”
keyr ef =" pur chaseOr der Account Ref ' inverse="true" *

@mas: transformtype=" request”
unct i on=Esahiet Pur chaseOrders_request” * onmas
ctransformtype="response" _
funct i onhe gfhserapprleydluskaies 8 mesherroetier Hodgtype that contains
fUrlﬁﬁft@fbfi%'a‘f@&?éi&ﬁ@@ﬁaders ($msg, $source) { var
response = W s .Invoke ($nsg) ; var pos = respgnse.5 0

sfdc: £ § gefiss @urcafserdert ggnek ruzchfsgderierreeor ds;

&y ret%%@%%ﬁ%ﬁftm?" P PCERE R Dar chase order for (i
= 0 ; i < pos:dleng!immdpridet)tyfe-vead:anBO2/-Cr eat eMessage
request Li nglt.ens.. adelliisfde i1d) ); var response2

10(: Ws i nvoﬂ“%%?ﬁiai ge,%mar%&ﬁluiseé“ nsbmak®sponse2 . body.
sfdc: queryRespomdecmedfgips resiih¢itensf dc: records; J }
return response; ) BOSEFEE. (o)l an0ua0e;, hady ...,

15type:"xquery"* @ras: - nanespace target="stdc" * ](c) mas

:field xpatb="@gus . FHRTT on
sel ect Purcha&e;@anie&usn_ceeguest ($source) { 5 <query>
<queryStriSﬂq$1=$EtlE@?Pe"> FROM Pur chaseOr der WHERE

20Pur chagg @,’@Eﬁ?%&lount Id = {string ($source/ @d) }
</ guery $lok eXdirple, the following XML document illustrates the purchase order

schema.

<purchaseOrder:
<price>1000.00</prices>
25
<lineIltems>
<lineItem>
<prodId>Widget-X</prodIds

30 </lineltem>
<lineItems
<prodIds>Widget-Y</prodIds

</lineItem>
35
</lineItems>
</purchaseOrders

The following conduit function contains a nested loop that generate a set

of purchase orders, each with a nested set of line items.
40 /**

* @mas:operation type="select" keyref="purchaseOrderAccountRef"
inverse="true
* @mas:transform type="request" function:"selectPurchaseOrders_request"
45 :/@mas:transform type="response" function:"se1ectPurchaseOrders_response"
function selectPurchaseOrders ($msg, $source) |
var response = ws.invoke ($msg) ;
var pos = response.sfdc:queryResponse.sfdc:result.sfde:records;

50 // retrieve line items for each purchase order
for (1 = 0; i < pos.length-1; i++) |
var msg2 = createMessage (requestlhineltems (pos[i] .sfdc:1d));
var response2 = ws.invoke (msg2);
pos[i] += response2.body.sfdc:queryResponse. sfdc:result.sfdc:records;

55

return response;

}
60 [

* @language:body type="xquery"



|U </query>} /** * (c)language: body type="xquery" 15
* (c)mas: nanespace target="sfdc" */ function
waelsatdBnel tens ($id) { <query> <queryStri ng>POr/BELOBSIT7822
* FROM Li nel tem WHERE Li nel tem PurchaseOrderld = $id
</queryString> </query> 5" /[/** * (c)language: body
type="xguery" * @ms: nanmespaag target="app" */ 0
function sel ect PurchaseOrders_response ($response) {
for $po : =
$r esporjsetshizfesreserryRespunse/ sfde: resul t/sfdc: records
retufniﬁaﬁ‘ﬁsr’ﬁﬁé% aﬁl}%‘;’?? id= "{string ($po/ws :ld) }">
<pri cemndtsdnr dengt {udpelewSiesPreinGer) (sdosdcpr Xce> <l i nel t ens>
5{ for S$IT9W _$po/ws :records return O <lineltenp

<

<prodl d> { ST Taner kbl WecraRoadl d) }</ prodl d>
</lineltenp WHE‘% refdhpspeite A ounipU chias B&uderein |}
10Sel ect i rquu&i}jeé”y FE€s Sel ect operations may return
nodes jt hat are defined as conpl ex docunents 0 that
containp, repeated el enments. There is no restriction

pl aced « Qflankhlge GOHNLEXLM-0f @ nodetype's schema

ls(jefi Nni t i%3p:namespace target="sfdc"
*/

function selectLineItems ($id) {
<querys
<queryStrings
20 SELECT * FROM LineItem
WHERE LinelItem.PurchaseOrderId = $id
</queryString>
</query>

25
/**
* @language:body type="xquery"
* @mas:namespace target="app"
*/
30 function selectPurchaseOrders_response ($response) {
for $po := $response/sfdc:queryResponse/sfdc:result/sfdc:records
‘return
<purchaseOrder id="{string($po/ws:Id)}">
35 <prices{string(épo/ws:Price) }</prices
<lineltemss>
{
for $1li in $po/ws:records
return
40 <lineItem>
<prodId>{string($1li/ws:ProdId) }</prodids>

</lineItems>

}

45 </lineItems>
</purchaseOrders>

Selecting Node Trees
Select operations may return nodes that are defined as complex documents
50  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 relationships. These nodes form a tree, which
is synchronized back to the client and incorporated into the cached data graph.

55 The advantage of splitting compound documents into multiple nodes is

improved performance by retrieving multiple levels of keyrefs in a single



In sone cases, it is desirable to split parts of a
conpl ex docunent into independent nodes, bound by
wheysais4gel ati onshi ps. These nodes form a treePCWOBN5/017822
i's synchroni zed back to the client and incorporated
into the cached data graph. 5 The advant age of
splitting compound docunents iggto nmultiple nodes is
i nproved performance by retrieving multiple I evels of
keyrefs in a singl eoperation (e.g., select al
COI@)E)at‘atiSn f(@le., BselRt talICethrdict A 6O Hartihl RlcbuidtS 80¢ 1At 8ociated
tasks). Exanple In the foll ow ng schema defihitions,
bott#skEhe pur chaseor der Type and iineitenlype have been
decl are X%rchp%odetypes with the foll owi ng schema
definitions.” <xsd: conpl exType
nanme=" pln chagelldwiap Ts¢hema defixididns, COUTR tBX TYP&=se¥ 88k rType and
: sequence> <xsd: el ement nanme="price" type="xsd: double
St IeggnTgreyhave dser ) deslarede asrglodstypere withk dhep following schema
Coﬁ@ﬁﬁﬁg e> <xsd: el enent nane="lineltenmlype"> <xsd
:conpl exType> <xsd: sequence> <xsd : el enent
narre:'“ﬁﬁdﬂ‘méx; BeSlmyphasspydpnigpef> </ xsd: sequences
</ xsd: éosnj;ﬁfge% €3 </xsd :element > The schena al so
10decl ar es t he <f=6ldiomhtngenkeyriandykeyseladedini ti ons:
<xsd:fcey nangz.hurchase qrder key"> <xsd: sel ector
xpat h=" puschasetrder "/ > <xsd:field xpath="@d"/ >
5 </ ksd=Regowiefwsd: key> <xsd: keyr ef
name="Jkhneltenurchasergder.Ref "
refer=" wlﬂ@g%se@pder Key" mas :inverseAlias="linel
terns "> <XE-iEBfEctor xpath='lineltenl/> <xsd: field
20 xpat h=" @ur chase agtrT Hﬁ‘/‘g gf}x?a’ H Ifedyérstefn% "The Figure
12D r epr esértsetiecegor r espondi ng keyrefs. Whenever
corrpou,@é‘é‘%iﬁﬂﬁfﬁ *’are broken into individual nodes,
the frampeHénfaasotte k& t%n?ﬁ&ellowmgeﬁéy Qﬂq{e%éfg@ﬁniﬁgng:he

constituent nodes (e.g

25 <xsd:key name="purchaseOrderKey">
<xsd:gselector xpath="purchaseOrder"/>
<xsd:field xpath="@id"/>

</xsd:key>

30 <xsd:key name="lineItemKey">
<xsd:selector xpath="lineItem"/>
<x8d:field xpath="e@id"/>

</xsd:key>

35 <xsd:keyref name="lineItemPurchaseOrderRef" refer="purchaseOrderKey"
mas:inverseAlias="lineltems">
<xsd:selector xpath="lineItem"/s>
<x8d:field xpath="@purchaseOrderIid”/>
</xsd:keyref>

40 The Figure 12D represents the corresponding keyrefs.

Whenever compound documents are broken into individual 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

45  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.



itens) are supported by the conduit. For exanple, the
client application can be prevented from creating new

WO 2008/11448 obj ects unl ess there is a corresponPCTYS2005/017822

insert operation for the lineitens keyref. The conduit
definition belowis a nodified version of the exanple
above. Here, the inner |oop cggates node el ements
within a nodeset elenment. Note, the i nner objects nust
al so each define a pri mary key./** * (c)rmas: operation
type=7sel ect” keyref ="purchaseO der Account Ref "

i nver §1everse[‘1‘g%§25“°n 5" s er A NSO TP fFessrdeataestrer”
functi eRmsse rﬁﬁctrﬁ)lﬂﬁﬁhasﬁgtd&E&tfo@ﬂH@S(Itpurchaslogaegﬁ§equest"

5. tr ansf @Ipwt{rwé)fm tmsp‘gemsr@é" furptc b= quagectPurchaseOrders response"

"sel eghBuLg Q@%@c@&:dersgmae%ramsesour o frunction
sel ect Puarchaseta det Snvofiegy) : source) { var response =

10Ws. i nvEKePEINEGEY S SVaPUs T redForse.t Yhdgecords:

15

25

30

35

40

45

50

55

60

quer yRegpo&is e s{dGiets@3tlelcn. p%f‘cﬁlgee d-ggords; //

retrievéed ine o tenersflorstieach+pur chase order for (x =0

. i < pos vif Eths iteﬁfi i Ssg;frtl’ﬁﬁ’gtﬁ“‘sip°ér1éaﬂf‘ecl\/féﬂééage
(request Limelit ensedpprsz.pdd) sfc&fcﬁkerdesdc)nse s£dd aksull S PRNS&24as ;
= ws. imvoke (nsg2 ) ; pos [i] += response2 . body.

sfdc: qu&n,lees@Qme. sfdc: result .sfdc: records; }

returmn response; " /** * (c)language: body
type:7xquery * Chas nanespace target="sfdc" * @ms:
field xpatdisge@ody tyok-"kaRGE i ON

sel ect PE Yerectredirést ($source) { <query>
<querys5t§gra| 1232;??@9 E?Ci * FROM Pur chaseOr der WHERE
Pur chase@rdesiectAgcipmtrdegs_teahist r$is<nzgceQ $source/ @d) }
</query§“Fﬁmﬁg}%tr<méquery> | (c)l anguage : body
t ype="xquer yssuicrana®y rhanBsfpase t ar get =" app”

WHERE PurchaseOrder.AccountId = {string($source/@id)}

</queryString>
</querys

/**
* @language:body type="xquery"
* @mas:namespace target='"app"
*
/
function selectPurchaseOrders_response ($response) {
for $po := $response/sfdc:queryResponse/sfdc:result/sfdc:records
return
<purchaseOrder id="{string($po/ws:1d)}">
<prices{string($po/ws:Price) }</prices

<mas :nodeset keyref="lineItemPurchaseOrderRef!>

{

for $1i in $po/ws:records
return
<lineItem id="{string($li/ws:Id)}">
<prodIds>{string($1i/ws:ProdId) }</prodIds>

</lineltemns

</mas:nodeset >
</purchaseOrders

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.



*/ function sel ect PurchaseOrders_response ($response)
{ for $po :=

wee@sponse/ sf dc: guer yResponse/ sfdc: resul t/ sf dcPCT/Eesmosi617822

5

return <purchase grder id= "{string ($po/ws :1d) }">
<price> {string ($po/ws :Price) }</price> <mas: nodeset
keyref="1ineltenPurchaseOderief "> { for $li in

$ps/ws :records return <lineltemid=" {string ($li/ws

:1d) }"> <prodld> [string ($li/ws:Prodld) }</prodld>

</l'i nel tRIRxkmplelTlfe oNOHRAELEPatE/RPFEHGS ¥ G8uth hn PBRRY list if
Sel ect As di scussed above, applications can traverse

t héhelkexe§ramphunisi 41 SPaehtehpreendihsas pravieusty synchronized and
tr I n_cause the framework to synchroni ze the
re%é%egi)yﬁg%alefn%‘ t he background. I n one enbodi nent,

Si nce *t¢re- eByrpehrson PerattpoR- *neecdvanrem i s i nvoked

asynchr dhene egbodiment sphssquantkeyref iresirsals ¢aanotdre igivhatdd unless
expy essi cannot_be ful eval yat ed against the. ..

el SRR BRAR sty et BB sPER. TR ont SFbodionsge. the
SPalibni@shé 8®aidofrsihdve et tavese 8ARILY ebd ouhf s M hen wait for a
keyrefs accounts and contacts have not been previously

sy iEbsenizaipnapefificatipedthsy selest éirbenteeagraots . *.@econtacts. *,

(SAERSER SR SRS o, LG B SPlppivont

10 be inwakt itled Sdcluohasor Sfalaseadt MYcARsRsiorbR abebun@nt | y

15

resident in the cache. In one enbodinent, the client

code wodibg g4lest Ohrctipnrepn enable Hirepkent gpoghuest the server to
o ¥ el V&l [ ch I.zat 1,0n .
ot RGP cxpressi o 6 i Behoth Mg BnGYREIRAROER: Y cputing
actgraph.of hpdesatb thd eliena ot Begmgsiynchr oni zat i on

not i fi$go%t .isgl.re]ét(é@lg(:ecrguzftg.q.qg@l c%éta!:cbse.*.%gx)( gkess’gl on woul d invoke

the synchroni zati1 on of ar tasks for all contacts for

al | acc &gt sthe Tgpdire; SPay expryssiagnist Passed 4 teh apver, twlich calls
cli : r 0,4 eV h
xpiBes S KGRATR R PR b OB PRI 1B gy, Note
r eshd $arng gayppdtunf theodeise gaphhia dlel gathrofiohti@X 8i8esage or over
$root .. select ((c)(c)accounts . * . (c)(c)contacts .

*+ m t(‘})lfé‘)ets%?gﬁ% . * ) ; Here, the entire SPath

expr eSSSPch'e?cyfé@?iﬁﬁsdeQ alsBSofElniEdic il & ?%g{elw%ere( ) function

successi ve keyret traversals an manages

20 syHohexaniptat i on of the nodes. Note,

25

30

$root .select (@@accounts. *.@contacts. *.@@tasks. * .where (.priority == 1));
The predicate expression can be resolved on the server before the resulting
nodes are synchronized to the client.
The following expression can be retrieve all contacts and notes for all

accounts that have the type="Direct" element.
$root.select (@@accounts.where (. type="Direct") .keyref ("contacts", "notes").*;

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 object returned from Web service
var sessionId = null;



the server may return the entire graph in one
synchroni zati on nessage or over nultiple nessages.

w@ERPash1aspr essi ons may al so contai n predi cat esSPUFUSZYP05/017822

N

the where () function For exanple: $root .select

((c)(c)accounts. * .(c)(c)contacts.* .(c)(c)tasks.*

.where (.priority == 1)) ; Thegredicate expression

can be resolved on the server before the resulting

nodes are synchronized to the client. The follow ng

expr essi T 6@ftiuiiecdnCdéfiVE filchiof ARAAGkste@Afd RBAGRSa i¥ssage to

all accounts that have the type="Direct" elenent.

$r dsttiatesreesession; cihe dyactionmanshempencesses thepespdse e eixtrhct any

kK 1 2 Sition rotMOLE S . *: .Sessi on Managenent
es%ﬁs%n 1(6 é;tl?d’]ﬁl 1001 retﬁrgsggy ¢ s(eﬁv

SecStagn efated mfothiation ret d°Conduit's custom

procedurkie fimton bélowc@Rdylte CRIYiHEMdA8agd 6atht ADLE séfice and
store a sessiqgn identifier. This may be created by the

corfeftipets thy sesdpn idratifipy fremehenaspenseiods.- Melsorsetsithe URL of the
casg; i %}EI I [ from Wb service var
se:jgf%éﬁr&ﬁg%ﬁl{l}ﬁ];r e%gtgp{éﬁ% %"er{ég% define a function

that qf eageess mﬁn?éwél%m@smsas@g@ctsg depilts at e the

sessi on; vingey UNction can then processes the response

0t o extract<lasiy>session related information returned by

the service. JHETIMELTOIPRIDW SEIIS t he <i ogi n>

WOor 4§asswor

nessage to<t&en:\Web service an xtracts the session

sidentifi®r fepomethes fedpdede: body. It also sets the

20 <user na

LGRL of phe.\Mbh:seryice control returned by the
ServVi ce. sskfiog eatteimNdsi®ed thoby0 giah: rERES aye: saditond) 9CESS
resul ts function login € ). & var body = <l ogin>
weéﬁu&ex stﬂﬂ@eqlﬁaaéﬂsiﬁoéf.u%?@QHE%EE%PS@%MM>
{$uset . Eassvvord </ password> </|ogi n> var response =
ws . i nvéke seeed WML varialde conteins informationedsiothe durrent user; it is

stri . dy. .sftdc:. result .sfdc: sessionld)

; ?S%%ré&gﬁéﬂgagcgf$@6¥? ?@ﬁ‘iu{cﬂf’%s'condui t) = string
(responEach batl¢rsatiblt mdtRSdibdn sfdctS:a BOIEL E&Hthihing thBSession
$user . XML variabl e contains i nformati on about thg

25 ¢ uldentifier, therfollpwings(opdingry} eqndusirfimgsion firstemskbife ¢amversation
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al hasf G 400 (clz:tﬂﬁ:g lg)gﬂvﬁ’r iP %énoﬁ ?tgxglgte}%tphﬁlg rtﬁg ?aﬁéz%%%la{ey header

a header contal ni € Session )
f oKMiwiragméwr di nary) conduit function first checks if

a conyersatiQn. has been started (calling login if it
hasn'iu)lctﬁth:e{;e{teﬁeld&eﬂn& fhhaé appropri ate header
if (sessionId == null) {
login() ;

return
<SesgsionHeaders>

<sessiondId>{sessionId}</sessiondId>
</SessionHeaders;

}
For example, the following XScript function implements custom session

management required by the Web service:
/**

* @mas:operation type=‘select! keyref="app:contactAcoountRef" inverse="true"
* @mas:transform type=Yrequest" function="selectContacts request”
:/@mas:transform type="response" function:"selectContactE_response"
function selectContacts ($msg, $source) {

$msg.header += createHeader();

return ws.invoke ($msg) ;

}
The function is passed in a message object, $msg, that contains a body

created by the request transformation.



XM. fragnent. // create conversational header function
createHeader ( ) { if (sessionld == null) { login ();

WQ 2008114489 <Sessi onHeader > <sessi ondl d> {sessi oPCTPS2005/017822
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</ sessi ondl d> </ Sessi onHeader> ; } For exanple, the

following XScript function inplenents custom session

managenent required by the Wl serV|ce [** * @ras:

oper ati on type:" select" keyre? app.contactAcoountRef

" inverse="true" * (c)mas :transformtype="request"”

functi omvexs etRCARGRChBs eaMeEtader (§ CluilBEon 6 AbefifTdR XML

type=" response" function=" selecthntacts _response” */

f ubiachthat eprisincdhe aetessafBheaigr iffouvative) Thissfugtion trlggers the
+= return ws

} et rimpr B REaatiiert reiel sl B el th header

th@bje@ﬂlltl@énfhﬁdédﬁpt%n%sﬁa%%ed by the request
transformati on. Next, the function calls createHeader

(
) funct ilba ingokbt afunctien then seljsetbe metsaageo(mqhadmg thehlgeader) to

ne head i nfqr t| on, Thi ction. ers
R WD X o3 s et AT s pePPicia bY 26K it g
current mebhﬁﬁrﬁﬁlﬁbﬁed The header object is then

added to the nessage. The invoke () function then
sends t A nisssageriableceauniding detacativahdles yiseroon fvehogehehalf the

sery, 4{1 [Htl%#ff‘ﬁén%& 0}( Fnsport provi ded by the

speC| nf ormati on The $user vari abl e

C( ﬁtoaqerhts data lédgcrlptlont he user on vvhose behalf t he

Pr rmr amm nn

from a cI [ ent machl ne, all the conpnents of an
appl i caflient RragranuniagModsl i cal | y "downl oaded" fromthe

Spect 11 At B BRRs B bb B BT PR ne BT ppps. Toe
dafiest ftafie tshesedadcs nbsiefroman dient veh@Rdad. thdé N@niPndnts of an
daggphcc::gtrllorf gagltbael arllltc?nrllz(a)tlljc%{qu I“crllgvgrrﬂggctieldgri]‘lo;? {he server. If the application
developer has only specified a data model for the application, the meta data for the
data model can be downloaded. The meta data can contain enough information for
the mobile browser to provide a minimal user interface for the application. Using
the meta data, the mobile browser can initially display the root node and its
keyrefs. The user can navigate through the application data by clicking on these
keyrefs. As the user selects a keyref, the data sync engine asynchronously fetches
the nodes for that keyref and automatically displays the data when available. For
example, the user could traverse the Accounts link to cause the Account nodes to
be fetched; and then traverse an Account’s Contacts keyref to view its Contacts
for the Account. This model is functional, but not particularly pleasant—the UI is
stark and the experience “jerky” 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 to



the nobile browser to provide a mninmal user interface
for the application. Using the neta data, the nobile
whe@sdenscan initially display the root node aPdI/US®05/017822
keyrefs. The user can navigate through the application
data by clicking on these keyrefs. As the user selects
a keyref, the data sync engi ngygpasynchronously fetches
the nodes for that keyref and automatically displays
the data when avail able. For exanple, the user could

LT 3¥Rief QolECat GOURES skt “feMphddsS ByhibE oAk HRURLITMIU &Smplates
to be fetched; and then traverse an Account's Contacts

keyridi embeddesySPath expressians tooecaese dagec Stomt thertdain model and
nodel, i tional not rt{ic r n
“Flpelfed MR R, ot P @RS VO oS il e
| s npddet figeleHe chreskhted @eﬁtblgmlﬁ&ﬁcmeﬂobm%ﬁthﬁ)oted in a magic
appl i cation progranmer can custom ze the user
5| ntvarigiecsrovherld Queemhdimernyi herris pf gerentt pegitietwithin the data

P SRS e LB B AP PTR
Cusd die tumplaté thr@rghametieo magicseliable, $atrent. 'UEL s can express both

progr agmer can attach custom zed ways torender nodes
an THIGAEE o sandhiss Jemplath PR e “GHFicEh datp mallw#hwmplate (c.g.
d il e
R e T had b Glo 8] et P g otpressed in
10r epﬁﬁTde dicynonesetsn ail hapotad sikensiohyte ¢ drenEHTML datdal itself,

BT PSR 2, b 1, e o
enbadipend UIttB% GHTlﬁLanor?dM X‘%ﬁbvrd@@ Bt b ﬁbs@,ﬂh@ Svhen the
data nodel (for exanple an Account or a Contacts for

an chegduals) ﬂan?@ntrhlﬂ@ is available to the ten‘pl ate

t hr ough ~anot her variable, Scu

expr ess StC ﬁ%‘ﬁﬁd“ﬁ PraFaTmsrs @?@1 Rbel??érwf to buttons
15" cuhd eORT dahathi tpapd Heryt el abs (r8feBoncOidifioh®” aitten in

Account to its Contacts). Wile tenplates can be

ex HCAdASeriptiox M (a klﬁle)ra\@%ﬂldbm alpﬁg‘?ﬂﬂOWrrﬁ)]Qr(t:amroller xpf)

CHORO] 9 g B R B ACHGRDBRT st of s

ri chaionsrActiont @ae Fily acddss thame ddldMmoder s kHaY tikyo¥dnd@smpute
but which i s possible when the client is also the

coivfelues, | medifyhdats i tbe plient dads frigesripg odpfenierk synchronization,
t t
202 LRSI TBE PRIRN BBl L 85 A0V Gl Hfaions, o
ECMi\Se miapigafiar toxdd: cﬁﬁeﬂcya‘,o ahathaSpart pf jhel dutampdele EEzd:IDWLcUon

file (contrq]ler. xpf) ich is also placed in th
cl ieife arlrt@ﬂeb (50 19HS DOt Bhechiiy SUFSNGY $athitfhe éatap}flodel (or

 OEbIARSE if AELLANPASRN obibhily BEARS Sclertcl® WA HIREE! model)
so that they can conpute values, frodi y data on

cl mmdtustdilys ther sppoHici tegnpdeié eo resd inythe hoomisxt atfi that, currency For
explrcrtl trigger s hroni zati on and deep, sel ects

23§ nigerle 88%?&@%%&%% oA %ﬁaw@fs? Comtaets aight simply
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"action” in the controller can return both the new

c utengmatys toi display thiam which wootiche S(omethm\ﬂikNUE if the

acti oeungltqsas@horcOggeréérkyco&beg&@untp rrency” within the
data D ekehtexta Adtows Hadakypuithe specific tenplate to use

0in the eshmeleccam: ©peeptagtsr telfeyractEtsrelaseatipt'é; an

actio g Contacts to see rel ated

Cont acts r%%bﬁfegﬁckﬁtféliege a one liner to set the

currency to the related Contacts and use the Contact

list




tenpl ates to display them which woul d be sonet hi ng

i ke: function showContact sFor Account ($account) {
w@emstienss . account = $account; return [ $accounpPCT/US2005/017822

.(c)(c)contacts. * , "ContactsTenplate.tnpl™] ; }

Model View ControllerMAS client applications can

consi st of a page flow file (gentroller .xpf), which

may contain XScript actions and functions, and a set

of page tenplates ( .tnpi). The client can maintain a

| ocal caehe flichhe appIRfatiedd | @ dabasistTVbf dat aphge flow file

descri bed by the occasionally-connected data nodel and

i s(qoetevldrcexb fnuhich mayoatasy XS siipipctprg and, furretinsis sandsa set of

are XHTM_, pages i ch contain enbedded SPat h

exB"?ggs,tS’frl?)]r‘i‘Ee.s TH&S& expressions can reference any data

i n the ¢REBReAREN BY5HtGH5a 163A1 @hesf iRhpplbaidnadita. IIHE Gata is
tenpl ates can only reference |ocal data, they can be

5 r efeseribetl ihyd dpse wdeastonglly-comnesiedhilafe’ Bodel wad kdis referenced and
conn i st at i.e., enabling users to run the
apr&aﬁﬁ)gl{a?eo%nuséqagrﬁa&%) . The systemvariable, S$current,

can act Tamplakes@fe XBITML Pagstaridch Sentaihenibed@ddcsRank espressions.
either a single node or a node |ist. The val ue of

$c hResePRPEAHOBECHIHARERI Y £8ta 18rise sprhede Rypieme fygriables and

in ; i

rritEor® ShET CrlPblos R o] sFelhoc 1A 35, U6 U8 bl endered
10 f oindapdnidemsofahelniaeiipé’amesydrk comeodet oy etateg(iip 9 eaahting users to run

vari abl es.. For_exanple, a tenplate may bind input

f i begepiGtignefflinel ont ext vari abl es or node el enents

Wi thin i 2 6 the data;

Fepoat et i SGRTARarifBET AL 88 T 308 oG O e dat grgmrent

dateficremced afithera deingl Reydatoe ras nedeaiste Thhevalenpf aterdeat can be

automatjcally build up conplex Jists a t abl es, and

enclipesd fg stiers sl wishais, T ghvo ke uern Q%W@gl_ssa% Eomown as
15 1 NYRKERA! TRO Sy HASBle, 181 PAGE chld BI¥VIRCARERMsm for actions

i nvokes actions in response to user Interface and

e x4k teniplatesgn tes chagge tenipurany fvacebley dlot sxapgple retemplate may bind

triqgge .<a> anchors within.tenpl at es... .ext er nal

e G S T et S e RRp STl A

the dat emMRA rﬁz%fyeal@@ Rbitgat ﬂeﬁéhtérb,r\ﬁhicﬁ GRFAS ovér 2 Q@éihﬁed part

e

call the begin () action within the page flow, w _
d eefethaidatasortdatn mpde tRepentptsameble shetemtilalp te gratamagiealiydmsid up

can _be XScript, functiqgns {h are invopked by.t | at es
20 & brafles Pt 8 aHPE A b e Qo b RS irivigld ToecRfiand to
Scwkpenictiansodarnt ext variables that are accessible to
the tenplates. The system vari abl e, $page references .
t he cur Fenprge dpwi mechapisge inyekemediions ihirespepshioeyser interface
act | s n S..pr Vi s
B AR e L SRR TS RO i
vV afehipidi€ss elfeenat Ragnge dabyic atigg@edd By extthal eyrceiidagaio the data.

mai ntain a history stack of <$page x $current x
25 gcBmenths application sisst statss itegantiaisthe hegim@raction yeithin dhe page

baﬁ%ﬂﬁh 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
30 references the currently visible page document; this enables actions to access page

controls properties.



and forwards through the history and for the tenplate
to maintain their context (and, for exanple, the bound
wo a008a84489 | nput el enents). XScript SPath ExprRCSHUSIN85/017822
The client progranmm ng nodel can use ECMAScript for
XML (E4X, XScript), which is essentially JavaScri pt
with native support for XM, jgPath is an XPath-Iike
| anguage, which enabl es applications to query the XM
data graph. It uses the "dot" operator to "traverse"

el enent NaWightiddlcdnRcOf ®Réh cifflef RMNpSg8BY s e rRht Bitem variables
regul ar XI\/I% el ements or data nodes. XM. Operations

Systeathangad bypkesciem Be gicaf calethamttin a history' staﬁly m§6I$pa9e X
and are untyped. The us of .ot her, ,vari abl e .def
Py P XSt | e e YTRBIT T Ay o APar BRAEEE bRars

Vaﬁﬂ@kﬂrﬁ/ﬁr(fs AR uBAdhd dlstorl Q\ﬁd’foﬁﬂﬁe tempdite BRimaintain thelr context
"Al che ; The var keyword places the_variable within

5t héanﬂoi@apx&n@p,ethobomndevamﬁsmé iPUf gl§Bensh; vari abl es
t hat do%(ﬁg}l decl are var are placed in the gl obal
scope. ?ol | om ng decl aration set the value of foo

to the ppwh¥Expressibegd XML obj ect: var foo =
<f 00>Al cheny</foo>; Compound XM. objects can al so bﬁ
cr eat edThn ¢liedlr BIOGFERAMESMPEF! effis uss, BCMAScrpt for (E4X,

S a
B
10 V\hKPhthalﬂe ]laﬂilmlge,n\chndh leﬁah_igs aﬁpdacat@hs opgonatyahe XML data graph. It
te ﬁ@%ﬁ’ lﬂ;‘-‘r‘# Oggc?gtof, gf ‘f‘t}ava}se. Fltlgglents AY ar 7 ,cgclgagl& al%le%nts may be

ﬁ%ﬁ@hﬁ%&%éﬂmﬁmw foo . Oping = "200 "

ow ng exanpl e changes the val ue of the text
node of XiVile Opbrtione| ement : var foo =

<f ooxbap,>Al chemy</ bar x/ f ooz: .faq. ar, S MAS': foo ==

S oo ST A Ies Gt pred o s, S p® P ainsmed: The
15  hsefiHdiie? vaRabiss BldeiRd by thaX Schipt Spec.

<f ooxbar >Al cheny</ bar x/ f 6o>; for. =

<f oobar $h@ﬁnllowvz®|d¢cﬂarm:sr¢amavambles foo and bar.
<f ooxfQabay,>Mobi | i zed</ f oobar x/ foo> -

var bar = "Alchemy";
The var keyword places the variable within the local scope of the current
20  function; variables 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 = <foosAlchemy</£00>;

Compound XML objects can also be created and referenced as follows:

25 var foo = <foos<bar>Alchemy</bar></foo>;
var bar = foo.bar

bar == "Alchemy”

XML object may also declare attributes, which are referenced using the

30 ‘@’ operator, for example:

var foo = <foo id="100"><bars>Alchemy</bars></foo>;
var id = foo.@id;

Attributes can be added implicitly (i.e., expando):

foo.@ping = "200";



The += operator is used to add or insert an new XM
el ement to an existing parent elenent, for exanple:

wao a005floaskf ooxbar >Al cheny</ bar x/ foo> ; for . baPCHES2005/017822
<bar >Mobi | i zed</ bar> foo == <fooxbar>Al ch. eny</ bar xf
oobar >Mbobi | i zed</f oobar x/ f o0o> Conversely, the delete
operator is used to renove el ggents. var foo =
<f ooxbar >Al cheny</ bar x/ f oo>; del ete foo. bar foo ==
<f oox/foo> Data G aph Operations The
occasi orgel ﬁéil@ﬁmge@a%q)l@'@h 5@@@1@ vAaS of Wid REEnb& bMhe <bars>
devel oper as a virtual cunent with a manifest
varelaging  $root, which p0| nts to the root node in the

data redel. - Na;\éw@thgﬁm;@ba&ﬁl/aiogd nodes can nodel
Wi t hi rfed-ber vi'msual XML docunent via keyref definitions

and usinhg. tggxggr%gg/ggrx/fowe Mani pul ation In this
docunent he termnode’'is used to indicate a data

nodel n%’@ oMeWingexample replpees il ¢riife nepragiementer eat es
an XMua:€ k@Ne Bioos MatriaeUWit-<Fosgcsount > <nane >Acne
</ namgesratt y postpr et iepd<yfremr</ account > I n one

ebOdichP0l sobhe: XM EhenENtod. sensi der ed a node when

it is inserted %current % u5| g the create HEM

functi o:?fl)il S it SPYRIT dae¢ 4@ e %ew%@esn% L clement to an

Cr%ﬁfsﬁﬁ E eﬁtaélérhé}g foP%xé%ﬁ}?@te (/) function on a

keyr ef or exa ol | owi ng exanpl e creates a
15new a@ﬁoﬁf;@tkﬁf@fgﬁm ﬂ;?‘gﬁﬁ;ﬁfﬁéﬁ"&j accounts , create

{<account xnanme>Br oo n I'ndustries</ nat nex/ account >)

; The det=r efe%%ﬂlr?éelflew<f11°rr>ﬁf°abalﬂm@bﬂmeéﬁéqwareﬂﬁwbe

ref er encREvaReynheiubiad dpeidiar ik Q8 18 rembRd flements.

expressions. The follow ng exanpl e changes the text
soval ue [BE-8A. FET arfMChe?‘yh(br%bt Fffé$cont act node. account

.hame = "Acne Ltd"; New XM. el enents may al so be

cr eat é?f" AP/ 8o node by assignnent, for exanple:

account Daﬁaﬂ@r@h&()peramddr essxstreet >335 Madi son<

/ street ><zi >11 11</ zi p>< [ address > Data Ofxeratl ons

5

Rel at i on&¢ 98 %‘é’é‘ﬁ Yserreg aﬁaaﬁloé%l e susiage by theedpvelpper as a
25 deffiaf } dbﬂhntlé}? vfl 25 nected o JIR@% the root
For exanpl e ol 'ow ng ar a i on speci

t hBo@:mdlhn stakmydadf valggldmabeslafadomdbh ear ﬁmﬂeln@ﬂﬁm tAd elirtual
¢ OSHI\?IL rcics)curnent via keyref definitions and using the @@ operator.

Node Manipulation

In this document, the term node is used to indicate a data model node. For

30  example, the following sample creates an XML element.

var account =
<accounts>
<names>Acme</names
<types>Direct</type>
35 </account>

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.

40 $root.@@accounts.create (<account><name>Brooklyn Industries</names</accounts) ;



nodes of type account (which is defined by a schem).
<keyref nane=" accounts" sourceType= "mas :root"

WO ar0gaidigpe="app: account " In the client progPENIBsI095/017822

nodel , keyrefs can be traversed using the operator.

For exanple: $root .(c)(c)accounts The keyref ( )

function can also b e used tollbﬁference named keyrefs.

The foll owi ng exanple is equivalent to the exanple

above: $root .keyref ("accounts") The keyref can be
thought Phe asta L6ABRAGH N bABIKEXNEA LAIhd B SRETI:hk Stbified
parent nodes. The foll ow ng exanples references al

ac ceuwg ragolie SPath exheessions (it folkeying exafiplelvhaiges alie text value of

node. ,$root ..(.c)(c)accounts, .* $root .keyref
(" a%%%ﬁf’%t"‘ylﬂ?(m)ﬂ%#‘?néiﬁ%%i on returns a nodeset

wher e waght-node weitd tbe of the type account, for

sexanpl e: NeR et cmaia B AR 9&}1&? FhBCE LMY assi
<account > <nama>Banr%%r oft2/ nan§>&< ac‘c’:vclaun agﬁ#%eb}ﬁsmgmmm’ for

opegxample:can be used to access a particul ar node

wi t hi nca,nodeset - Ihe.f.ollowi g expression returns the

first neds.n.dhe. accounts nodeset: $root .
(c)(c) agg%uﬁ{gsetp *%flg'?ﬂﬁepl/g%gﬁ () function can be

used to &8 STARBS nunber of nodes in a nodeset. $root

. ] * i i i .. .
O X S AN 0 B o

t heocvsdiarelly-cooneted Fatotmodel:) Fo) age@ply, Sthe! AMBWng declaration
t .(c)(c) acc&\%nts returns_a single el enent,

l.e., .
<a§SB%‘i}ﬁigsg at %amt_a piet ozigistest fomethe doefsnarly, an@ contains
WhejoBed of thddSEd Q0+ )@Mycﬁ@s &%@&ng s§f?§1tx _expression as

anpl e, the I

an argunent. For e OW Nng- st at enment
mat che&YATT “ROMCaTEt s GaeseTYRe- thes Tert L GenatSyreeprrefocnint Tr

15speci f i dd thasliemgregranthih € mddes I@yfb@éj@%ﬂ béltltrjava"s%thsing the ee
cme") ; e,

.(c)(c)accounts . * .where( .nane ==

thioggli"%ore%i%‘m}% to the follow ng expression. $root

. @R&CGednkeactoumntst hi SXML. name == "Acne”); Were

cl ausescanevaliabe {0 9ode ki SIS tgrl‘%fgra‘é/nclgenamed keyrefs.

f olrhe 1&){1@ example is equivalent to the example above:

0 $root .keyref ("accounts")

25

30

35

The keyref can be thought of as referencing the keyref for the specified
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:

<accounts
<names>Acme</names

</accounts

<accounts>
<names>Bancroft</name>

</account >

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 ()



W
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subsequent SPat h expressions. For exanple, the

follow ng expression returns a node |ist of contacts

6 orosald48account s named "Acne". $root . (c)(c)arPCDURL095/017822
* .where (.name == "Acne") .(c)(c)contacts. * ; Labels
Each nodetype declaration nmay define a | abel, which is

an SPath expression that refergrces the node. The

| abel () function returns the Conputed string.
<p>{$context .account .label ( ) }</p> Keyrefs may

al so def Noge, ltiibed guitdadss l :
function. <p>{$%$r ogt . (C)e(?{:fg:o?%%epgﬁoﬁg%ée%{ é?%&féﬂfh returns
Thetheatsbie ¥@heh node is obtained by the |abel ()

functi eRec. FREEXANPIE; ) Wien a node or keyref is

referenced by itself, coercion automatically invokes

X he | abel.e $Jodcumeddcomnt sTietrfind siapleripneond nglcesuiis.

equi val e to the exanples apove. <p> {$cont ext )

. account T&‘%flﬂgg@b%% flteredcysing Becdare © fuagtion, which takes an
m”SBﬁH%ﬁﬁrleE‘dior? hd 8 LrRLRAL 3T REmPRIB]e foﬁuvin%g?efétgﬁeﬁtnl%atches

can be inplenented in the application s own
nan#lb pere.ct Hedediaf thellat corame ket with petified 140 nthe and returns a
setDOe la%litl\lamsspace function. function begin () {
$pa‘§e I'B%. set Def aui t Nanespace ("http://exanple.com")
» Thi s ‘aottormadcbead -k ywhaddsakhe dekaul t application
names pacotepthid is exiivalepteto ahé foliewirgosxpesssion) e, t he
f< ol | OW:0g ZHRLESS! qgism.rnaﬁcgo|%@£e--ﬁ ,
accoun ANBEAGIES nggﬁﬁ : r ,
foll ow n‘gﬁ)e(l\/L: <accoulnt X t%g‘ﬁﬁ%?%?%t“‘g/ gx@%ﬁ”@ Pﬁlowed by a
. cofwbsequeniaBRath Az messionsaFer exathples tienfollowSys beitession returns a
ns Referenceg This section

Var. | abl. d F ti
134 gé{u"?& A@éo@c?gg{agﬁ]@%élf AsPpuds 5?116‘64: gﬁ@iﬁ?’o ns that can

ext endredy ceel=GMASG r iwdre f. Oime XMuagit @ i@dadneher Sy St €m
Var i abl dsabpld syst em vari abl es can be prefixed with the

'$ | : i abl | the '$ nbol
by comveEl ol SERmE (PBHB ke 5008 #nisbpp| VBiGhnY an SPth
Sysdx?f@séd&ﬁ it r €8 ren¥dY BB nEBY. B { aﬁ;fegr( )e@iﬁﬁ:ﬁgfé {f&gt{ﬁ%g computed

tenpl ates and actions: The client data no

20y esftEgent persistent data for the application.

Howevep.s@aheaPRlbGaliLan, By, need to tenporarily store
i nf or Mt Sietk BAY als® define labels that are returned by the 1abel () function.

<p>{$root.@eaccounts.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.@@accounts}</p>

30 Namespaces

35

In client programming model, all operations can be implemented in the
application’s own default namespace.

The default namespace is set using the setpefaultNamespace function.

function begin() {
$pageFlow. setDefaultNamespace ("http://example.com/") ;

}



mai nt ai ned across page transitions, but not
synchroni zed to the MAS; this could be used, for

wex@splago to i npl enent "cli pboards”, "w zards"PCEHOS2005/017822

ot her nmulti-page processes. The devel oper is able to
create new variables within the $context and $session

obj ects. $cont ext The $cont ext g riabl e represents

addi tional data that the caII'r1 @ action may wish to

pass to the tenplate. This is anal ogous to a forward

bean i n BEF, gy : i.ahl

can be p?kgsea}l veoia_l-g %ﬂf}ﬁgﬁé g% ?%@L?@P%%gh%éls% on h%is XML
$setzmr@mns1d?owab¢mple,ethe folkotisg emESSiimpl ication's

'sessi gp slat e ki ke Lhe. Seont ext object, it does

not get g?etngpaqgsa%ﬁgﬂg\t,,ngf ﬁ hi's ory. It is typically

5used to store i nf ornﬁtlon th t is relevant to the

accou ="http; example CO

entire a@;ﬂetA @i’yrg‘gg 1ot a specific page). These
var i ab¥&sowsur vi ve for the lifetime of the application

and ar e Jyetesi &’aléabIMdd’emszﬁimmtIafemhmever t he
appl i cat nd br ows hut S wn starts u
For ex ar?thl%se ? 11, dpeym %?' ef“h?ﬁ"?ﬂq%g‘ﬁ Wﬁ&ﬂ‘t"%@s H?éafrt gxtend the

10S etE@VIWSRfipt®l XN seaiti, st atus vari abI e. function

15

20

onExternal Sync .( ) { $session. count $r oot
.(c)(c) r%’§@ag‘ééﬁab‘168 length () ; } Each page coul d

e A S AU e SN SEATRRL: WLEh Yol i

varm@hdle eRang s sympsliiedaaviondsessi on. count }
messages . </ p> <p>Cick <a href="$pageFl ow. navi gate

($r oot The) @@?%@@a@%@es the folowimg\pstesn yadables, plich Jmay be
>rﬂ§f"e€epé@d>fr&n%oﬁ?§n{ptﬂa%§%ﬁ a(:%&%r rent The S$current

vari abl e represents™a no of hode |list) and is

t ypercakl y used |Imgaringt enpl ate with relative SPath
expression to hind U elenents to data. $user The

$useseotyari abl e | Ront nodsofdabphabout t he user on whose

belalfrenbe condl@utregpﬁé@é b,oﬁ]odesl,ggel ng I nvoked. The

OBfsEGTe &ZONT al n‘Ed—J'Pn%nt Qéﬁt%"(t@ térh LAsTShistory —The

Sl ol. oy Vvat & T can—pue1b y—the—coentrolter
Th E‘loflory vaGlchal ¥ariahles Wﬁlr@ﬂ'ﬁﬁ@ *Q'}'F@ef“&tl"@%vPﬁH‘e
f PPIRLIR $pageFiow object supports the

!
f pFPR¥HE ng f unct iCorrent sageoteatpigle. The $qi obai App

vakpagereow npl emeatent pagd Adbw.owi ng functions.

$globalApp The global app object for the application.
.user Current user.
.device Current device profile.
.history Stack of navigation frames <$current x $context x
Spages.

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.

$context



Dat a Mobdel Functions The follow ng functions are
defi ned on nodes: The foll owi ng functions are defi ned

worokay#ed s: Meta Data Functions The client prpgrasmoosgL7s22

nodel can allows the devel oper to access part of the

neta data that describes the application. neta() Data
nodel neta data can be accessw,}e by calling the neta

( ) function on either a node; or a keyref, for

exanpl e: $root .neta (); $root .keyref (" accounts'l'q)

. met aO ; S fine - .
P20 B EL P L SIS AP el s acion
apphayxatshon fass tvathie gehplateh hisdy mpilogsapb a\l\fot'\hﬁlidtbean in JPF, or

equliri i nstance data fromthe | ocal cache For )

et b TR CHT oGPk GHAPISE BVt FETUSLAS neEt g history.
repeaterﬁegsgmconstruct a table representing the keyref
hi erarchy. <netui : repeater id= "sl " SOUrce= "$root

5. keyr ef 1(he>$*ses$1 ‘i'ar'mbEtrepreﬁerﬂ thaPappﬂiEati(ﬁi’s }seésﬂén ’<8ﬂd1té unhke

:repeater id="s2" ="$ | ect ed

<n%fles éﬁ%}cf ° qugylf gpes( nc*t- e} storerq & gqr& ,oil-tlﬁ history It 4s mplcally
} <hske t6°/sR2é lihfonﬁ@h?(ﬁ?ﬁ?art is ?élglfﬁlt b "Rk %tl&ﬁﬁﬁﬁtaﬁéﬁ élT d€ 1ot 2

out put bel ow woul d be generated for
ac cpenifis pagepnEhese yatisblcosmyive fouthe deetgue of she apphitatidnsand are

it bkl B B BE R lsB08 SELEuAcHh g down and

10sursfaage@. to the devel oper as a virtual XML document

15

with a mani fest variable, $root which
For example, the followmg function might be used to set a user defined

count status variable.

function onExternalSync() {
| $session.count = $root.@emessages.*.length();
Each page could then include the following XHTML segment, which

would be updated automatically whenever the bound status variable changes.

<p>You have {$session.count} messages.</p>

<p>Click

20 <a nret="$pageFlow.navigate (§root.@@messages. *,

25

‘showMessages.tmpl’) ">here</as>
to see them</p>

Scurrent

The $current variable represents a node (or node list) and is typically
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

username name (login) of current user

password password of current user

$history

30 The $history variable can be modified by the controller.

The $history variable can implement the following functions.

| _Function [ Meaning




points to the root node. In one enbodi nent, the nobile

browser always has as context, a current position
wowakiin4Bhe data nodel (for exanple a parti cul BET/US2005/017822

account or set of contacts). The tenplate and script

can access this current position through another

mani f est variable $current. F illustrates the

schema di agram 900 for the CRM application; the

appl i cation defines six nodetypes: Account, contact,

Ngte, Evént, Task, and QuotgRequest. The framework

gernematles an XML Schena t hat| @les€td beginhiRg of Ristérg

appinacat i on dat a nodel . Thi s| gave beegEBeRiatord stiekNg

t hevaappl 1 cation schema and kleybed tddpfdviukindtsry dtafe

examphe;d () he CRM appl i cati on| hage tdReltaiSOW &t Chena:

<Prhgtten si on="1".0"7> <Xsd [ |crG@BE HistbgeSthaeEsSpace=

" Nidopit{chgxanpl € . com = €l CN&iene paLEaN lid fistory stack

"qu;@lagéﬂled attribut eFornmDef aul t= " unqualified xm p
s @ xsd= Thlatssoagéz/www&t suppbtt? R Ko Muas FedBionk M NS : mas

‘run:_hea. com

xHFHE% ht t p: / / exanpl e. com " ><X&WNE| enent name= " gr aph" >

NSHseC@NplexType>—<xsd—sequ P elenent—ref
'foot” mangccurs="1" max gccyf Ebﬁ atnoﬁ%‘é’h éoﬁyé co?tex » and

r ef=rpecaynt hfax gectrs= BT seighvatiables erent
re fn avcoant acl%at & qecu ate L ung:ag?‘fﬁer&?‘”g;t'gﬂsaﬂ‘d Sgtsef*fiélﬁ‘ﬂ:
r ot e max nr-r*ur o= "||nbouﬁn ﬁpa%e@[ esﬂl anent

re faddqé\gél‘ Galihecic gﬁ?‘%"—[ " unbp GFRRSEP an ortianpllydeaeating timer
r ¢f max gccur s= "unbolfEdnvekes fhg ugsreipdaback
ref =" quot eRequest” max gccur $ N YABodfider@Ndpazsigdgre in

seguence> </ xsd: r-rmml exType; milliseqends epnt > </ xsd:

S¢S THAY (GOPE® el ement ¢ &ANGelgFhectimer idratifieghby the
| evel element of the applica th‘PﬁréﬁtVﬁ”ﬁh'ﬁpl this can

coffa?Hil8RRct |y one <r sot > node decl arati on, pl us
unl i mi t ddeiFasehaiens Vinblekatenmente therfolawmadhngtisas.

arrﬁWUﬁ—sthms*(—aCtvun]tMeah,gduau note;—event;
task, and quot eRequest). The <root> el enent can be

r efetarcegk gssdre) $r oot sy sft BehtharcliarilsestatSisroae nidssage; the
root node is a special syst|emdsype patdmester isa stoihg disarcan
data obj ect contai ned w t hijncomtaiodbund&ath expressions (e.g.,
$root. @@xccounts. *; The occ@asisonat lepmesrngest ‘©d cdaithd
mbdel can defines the applicesiseges"); as with templates, the
expression is reevaluated when the
underlying 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 callback parameter
specifies the name of a function that is
invoked once the sync mechanism has
received an acknowledgement from the
server,

select (spath, [callback, id]) Invoke select mechanism for node
graph described by the SPath
expression relative to the source node;
optionally define a callback handler and




nodet ypes; these can be constructed fromthe

application schema and keyref definitions. For
wexasplagd t he fol l ow ng sanpl e detail s the accPUmUS2005/017822

nodetype; this contains the schema el enents (nane and

type), and the keyref definitions (owner, subAccounts,

contacts, notes, events, task 9 and quotes). <xsd:

el ement nane=" account "> <xst” conpl exType> <xsd :

sequence> <xsd : el enment nanme="nane" type="xsd:

St ng —>—<xsd : et et RIS YR h s invokgd once the sync
type="account Type” / > </xsd| , Sedlencps Sxsa -

AUt Ll @ DA, fOMyeT a7 > EfgValeRt & T dBHLPr e frame;
nanerEgRrent foeont Loyl > <l XS oe FATRlER IR 2 ey
. n 10 e

ekeram(t» )The account node reﬁs efines

el guEnts—tand—possibte—attr-pyres Ldescribed—by—the
corresp(gndi ng schena defined sﬁfiuiﬂi Ia%f@‘r%?/nesrr.ucfg fg%rg\;gfmema

t he—keyref—defini-tton—detern {‘;: trayersals:
posgi bl'e from an account node‘ige }%Et%fg%aéi&\‘/%}nsudsaé? mode|

AECYIE e B ( Ty OWTer —var —Conk gt s sun U8R string for nade,

(TR GRS Hinttions afeCdefined QU@ tdFs: + o mtarty, the

f OlehfeuW, Ty Sanpt e def T nes t e yeif;act nodetype—~<xsd:
el enment nanme- "contact "> <xsd :conpl exType> <xsd

: seqerrrderl kKxsdl ke ) namadd reak ubd &byn" the optional
tyre="cont act Sal ut at i onEnuni} /ca1 wx&d: pachrae®nispecifies the name
name="first" type="xsd: stri ngfa¥urectu: tabheigemoked once the
name="1| ast" type="addr essTypsyncmeristhisralhageedeived an
nane="emai | " type="xsd: st ri natknovdédeanent gume bioeserver.

<xgHeredspe figkprinane=" accolithe [S#ath exprassibn @tdvaivatddeas a
nane="owner 1 d"/ > </ xsd: conplpesdicate fordiliesil on éhe neddset

néiflolmedel ng XML i | | ust r at ¢ Setfarkigerkey vatlel offrede l{defined by
ne=UEEE accesses this data|&byrefughvale ofrodeseatts s®irce node
nere_ever an actual XM fille that looks like this. <g

penbinkd{gede)account s="al a2'| Bet faxeigokey viatlre'aflbde (defined by
wer®d6oh" contact s="cl c2| keyeBse"mill! _event s="el "

0@ — ~+ -

BRIt | " > 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:

$root.metal();
$root .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




<nane >Acne </nane > <type>Direct</type> </account>
<ascount id="a2" owner="bob" contacts="c3">

wapaserBancr of t </ nane> <t ype>Web</type> </ accoR@it/Us2005/017822
tasks="t2"> <sal ut ati on>Ms</sal utati on>

fir

st >Sarah</first> <l ast>Sm t h</| ast >

<emai | >sarah@cne. conx/ emai | > jghcont act > <note
id="nl"> <title>RA information</title> <body>Att
ached docunent details RO for product</body> </note>

<npte id="n2"> <title>Cust onelschema; tIREBINcEohEnEbRS the client
<bpdy>At t ached docunent pr eseraljbn@é@drpﬁmné@&gltﬁ@ggymf

and anti ci pated nees</body> </gHapRwitRUEPquirthg Bhtance data
asgig ed="fred"> <titl e>Sal es| rsraahé ngal tEddhke> </ event

> <eventFéodexadplea s BIRWing redphite-shhpR>edMtsled repeaters to
denons tration</t itle> </event ><task id="tl

as sTyseetertallg represeptingthpkeprsf bierrehy. or sal es

cal

o

| </ Lddeherrepabad:usaNat . starkeds/ status>. st task>, .o,

<t ask i d=>ts2}</@SSi gned:";‘red"> <title>Send white paper

cust offer </titl e> <status>Conpl et ed</ stat us> </task>

</ >STEY8E ABGATST offe *&nbodi nent there are two
s PO R U T RO Ty b eV

10
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W
<lis{j}</1i>
</netui :repeaters>
</uls>
</netui:repeaters
The output below would be generated for the CRM use case.
accounts

owner
subAccounts

quoteRequests

contacts

notes

events

tasks

Occasionally-connected data model

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
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
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:

<?xml version="1l.0"?>

<xsd:schema targetNamespace="http://example.com/"
elementFormDefault="qualified" attributeFormDefault="unqualified"
xmlns:xsd="http://www.w3.org/2001/XMLSchema"
xmlns:mas="run:bea.com"
xmlns="http://example.com/">




graph. First, input elenents in tenplates can be bound
directly to data nodes; this nechani sm enabl es the

was@s/11asnodi fy XML el enments bel ongi ng to exi SPCTYS2005/017822

nodes and requires no code. Second, (and typically)
the tenplate i nvokes an action, which nodifies the
data. In one enbodinent, thesgig¢hanges to the data are
not synchronously sent to the server. Instead, a
background process synchroni zes updates to and from

t he serg&plendon shmetorapgi>-nce the entire page fl ow
mechani st I Jndependent Iy of network (server)
connecti on, thed:eienbnk|retypboahihyche-muhibphe-affline

>changes to th@sy%eaentmﬁwwwm yesyrickeonized and

108_mechani sm t FIHENRT

mént ref=7contact” max anb

Gens BEM @l ONaE0 Bue OIREGaLOD TS

0

reconci | ed w Ldg

est abl i shed. <khge m@grramﬁvﬁq" m@beeburaeia@b@h@ae"ﬂ npl enment
GO SINCHENOT ZHEI Nt updat ed or
i nserted recatdsuedker exanple, a node coul d be creat ed
t hat r<gg|{ié§§z§§e’§warchase order, but the user may not
want to sync"hroni ze this until all of the line itens

I5have been added and then clicked a "submit" button.

20¢ | Fpdinptedingtanges derecaghinode of ca¢

The seyyar. gmy. reject synchronization requests due to
opti m stjyp cQn reep]a(h;{ opf | i L th_of her e r
due to exter<%a% a>pp |c%n?i on. errlsrrcgasfe\g.t %gct]c’%né%\}eﬁhéalgmel% of the
sy rephlicationalataanoddl pthis cahicofitainsexaeiaged ke & hede declaration, plus
framewar k.., This can enabl e the appl ication to display

hyer fecapplipdiomgschemas (account,

sy j ' -t.p-dat e rej.ected by the

se%&gFfQ&Sé e%f%%a#%é%?’i %ﬁ q\ll\ﬁté%etqﬁgétﬁ'r eate() and

updat eQ Thenetdoansclanenti cunoke defefticdd BYEMBIdcdOasstehevariable.
f ol .ow&gg: A) yalidates the object against the )
ap PRt Mpt dedeiss spsral sysiemdape dhere is Retgserrdage ehipdicgntained
KeysiihiBh r§1$4aes that the cache is consistent for
relations that may be traversed in the reverse

25di r ect i dnodti@@accaumist;se rel ations). | f either

condi ti IS not t, arugtime error is generated. o
Al so, keyrkagrastonallyeonniegied, dptagmodel, cap deines thee application
i mlsdtySds; UhseNdanChl WBRSthRAY 8 + Tl ’

are | n.\}/l_lgised. SCr eati ng Nodes Theh?gllel . mﬁagggts?%eﬁgazéﬁd keyref
cr dafivitians dide exanplg, thh doltavang sarhplefdetadls itnacasant podetype; this

< h Od d >03/ 12/ 05</ dat e></ i >:
pg%g)ﬁtiaﬁ]% ?l?ee gl)ﬁg%ie%len S (name an t?pe , andptﬁg %e}llrg? S%n?t?gns (owner,

30 <! is0sAdRMNEY, R AABGR ko x gt 2k 00 </t YXfdk el tem>

po. lineltens +=
<l i nertEXEEHIIASXYZ72rbrodl dxqt y>200</ qt yx/ | i nel t eny
po = $acCouBd:se ¢if chase qrders .create (po) ; The

zghode, po, camjereorstaectet bystird:sXiMas'dssi gnment

expr essi on (ff Taslendel NE) . The SETOHIER®T fi r d
expr essi onssqradrfoycet age=-XVhernode. However, the node
need not /@ﬁi@g@iﬁﬁﬁ%’gﬁzﬁﬁRaF‘fn“’tcﬁ%m"éF'é(at e () function is

40 cal | edixsdJpdadnkng

45

The account node definition defines the elements (and possible attributes)
described by the corresponding schema defined on the server. As above, the
keyref definition determine the traversals possible from an account node. For

example:

var user = account.@@owner;
var contacts = $root.@@accounts.*.@@contacts.*;

Similarly, the following sample defines the contact nodetype.



Simlarly, the application can nodify existing nodes
by directly accessing the node's data. For exanple,

W b@sfiol4Bowi ng code retrieve a particul ar pur chEBES2005/017822
order, and then changes the status and adds a new line
item po = $account .(c)QourchaseOders .where (.date
== "03/12/05") .* [0] ; po. stHRuUsS = "getQuote" ; po.
lineltens +=
<l'ineltenxprodl d>DEF</ pr odl dxqt y>300</ gt yx/ | i nel t en>
$po. upég:('tsgcgfcpiex&eggf"ﬁt,“% Re update () function is
called to \Fa$ci=¢aatte§cet>he nogeaé Creating Nodes The create
{) function calizRelflelrtosicietre ew" rodesadnadifigmm />
it var o Rty ot e
{<node> [ ,_ /cz;?“bae@%}t ferl=)emaiThevdetinaed: ki@ihgean be cal | ed
on a keyref<x3csi..s gﬁ@hg{ebsacgoﬂﬁﬂ"??e” CondUit

10oper ati on, <fdeatfringt inar=roedettans a node obj ect.

Exanpl gEdFSSeseamfTee>t he fol | owi ng XScript constructs a

new cont ok [t contacts keyref for the

speci f | e%%gdg%gﬁnm% gg@;ﬁ%\t’egra Elb‘ﬂ'& z%fd%}-: farlnvy dlaq vser accesses

<s dhistdatai athohhs s ab titmetis tlre el B harPMB0RY Filk i ol like this.
15<l ast >Japgps</| ast > <emai | >sydney@ anes . cora</emall>

</contact>; node = account .(c)(c)contacts .create

(cont &&1°F acconprde'st at'é>typically created in three

St agesacchint Sh-ah A6llaP, cleales.q gontext variable,

20and 't tesrscauses a tenp%P%tgegt%tS@be?dp?sp SVed. FERiRYFon
init() {:E?‘g@:@w:@’&?‘;‘;;gont act =
<cont ackassal ut atron/ xfirst/><l ast/ ><ei nai |l / ></ cont act

25>, r et iedry Comtabte". donphktslicars} Next, the tenplate

bi nds | DRBLEORLLOT St 0 i ndividual context el enents.

<i nput/stgpe="t ext " netui :bind=" $context . email" /

> Nextoondpe;fenplate inyokes a second action; the
30fr arrevvoEdﬁlﬂu&i&rrm<i/£aaltttyioﬁ%lﬁ§‘f & SAHTVE2 Pnput  val ues
back i ntigrtthRescoffiext vari able before calling the

acti on. B ALYEBR then,reates the new node. function
creat g¢futyer{ $context .contact = $account. @@ontacts.

— 1
3 creat TS0t ERt omepribat mytes="p@t urn [ " showCont act
" oi>Ms</salutations
i tlTp| ]<firs}>Sarah</first>
<last>Smith</lasts
40 <emailssarah@acme.com</emails
</contact>
<contact id="c2" owner="bob" notes="n3"s
<salutation>Ms</salutations
<first>Sarah</firsts
4 <last>Smith</lasts
5 <emai1>sarah@acme.com</emai1>
</contacts

<note id="ni"s
50 <titlesROI information</titles
<body>Attached document details ROI £
vty or product</bodys
<note id="n2vs
<title>Customer requirements</titles
<body>Attached document pr ' Lci
55 nectnerpodis DPresents customer’s current and anticipated
</notex

<event id="el" assigned="fred"s
60 <title>Sales meeting</titles
</events>
<event id="e2" assigned="fred"s
<title>Product demonstration</titles
</events



In the exanpl e above, the action replaces the current

context variable ($context .contact) with the node
w@omsiit4484 ed by the create () function; this PCHDE®E5/017822

the next tenplate (showContact .tnpl) to reference to

created node. Note, before the create ( ) function is

cal l ed $context .contact just 1 fpnt ains a well forned

XM. el enment; afterwards i t points t o a validated

node (e .g. , that supports the various node function.

I n oneterhedinmesnkignkeyreds that define an insert

condui t BpérarPYn P FowsRedesd Yot created and

.<gtatus>Not started</status . . ,

att emtbibg 1% creéate 4 node on an invalid nodeset will
Scause <aeskUpt'tireasefamer"tx@at | backs The create ()

functi oS RGN S6. SORLT LY A €HFI/bEK function, which

IS 1 nwoleed when the sync nechani smreceives an
1Oacknov¥{ erd ement fromthe server that the node has been

created{i o . the associ ated conduit operation

succeeded T -t et ur ni ng the new primary key). For

exanpl e:nbHeeibedinfeas) thae 84D wayd Yot B chaRUeniodify the data
account .(c)(cerequest,s. create (quote, bar);

f urEtho Rirgfambpt elguents yn fenplaien eantbe boyad da@qqsfy'stp}data nodes; this
i’ |l €t t .
cr dEBhnigh shAeS e WAATE IS NUAT GARRTLARRSER S Bilsingpodes

15() ahdnejuirenne andd Secmdd(and tyyyicuily) diel tz@phediasolkasdinfactech,
on the client. node. update ([callback, id] ); The
fur‘f\‘,b(l?lbwofl’éﬂég}quéa-on a keyref that supports the

updat e GpRAlEHbORSIAL Rfle HRIES1oTAN RS oDl I R iR sent

regul ar XScri pt expréssions. creat ed” nodes,

sy e thesaiveatihgead; abaciesomdyacdegs spmetromizes apdated-iovand drom the

armdif't[ﬁganode i.s not marked for synchronization

unPEYET th ok e N9 FRUFR AR Y Prechamp s gan FiRdndppgadaatly of
20) TeREIk %r&@ﬁc&ﬁ%ct%}}%}@é\%ﬁi %x_‘%aﬁ& b& Hﬁﬂﬁ}ﬁe fnihd @hangfseto the

associ ated node to I'S mechani'sm can ena
muldefapvbichdvitld ytsynghwomaetbandaecorsilad véthribel serverfonce a commection
node 'tso .er%(,;\gr oni zed. Exanple In the foll ow ng code,
thés?sla]‘gtg? expressions can set the syncstate of the

$cont actThe @ﬁfgrﬁlﬁlr%gﬁﬁdel%ﬁﬂ alsb @mpREdenX RIcEBMiRN tS@ifer the
the syncstate to | FI ED. contact .first = "Bob";

c oRYnsdronizatien of ypdatedorinsasied zeqesdn B oreanips, 2andde sguld:be

25  created that represents a purchase order, but the user may not want to synchronize
this until all of the line items have been added and then clicked a “submit” button.
The server may reject synchronization requests due to optimistic
concutrency conflicts with other users, or due to external application errors. Each
node has synchronization state which is managed by the framework. This can
30  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:

35 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).



$contact .update ( ) ; Callbacks The update ( )
function may al so specify a call back function, which
w0 g005nv@aked when the sync nechani smrecei ves apCT/US2005/017822
acknow edgenent fromthe serverthat the node has been
updated (i.e., the associated conduit operation
succeeded). For exanpl e: func“'[ n foo (account, quote)
{ quote. update (bar) ; } function bar (request) {
$context .l astRequest = request; } The call back
functi on can be passed the created node as a
par anet : . LaRrnt, node
confli ctq gelgggg{)ﬁ%{)erh a 2%%@%{}&?¢@%gﬁﬁloﬁ:%g%? 1g%ﬁ'and
Sy’dhe Orkez tkeyreSt@ineistrade itshatfdrasd atheeache Des() or
updat ek (( efudvsioly (abot kel -<loberrtogs) Gtrheinwwkegenous
Schange piredngdyoden t he external system A stale node
i s one at. has. a di.fferent sequence nunber than the
current L@&fﬁ]@%‘@‘@gﬁﬁ?ﬂ}b‘fmﬁé‘?a&e% OfG s éF?a‘iq‘()&H‘é“tmn
ser verar gj echgcizheraspdad-e-obecansecbhepunddeotssrs-st al e,
then it .return n -t 0- nod i th .
TR i et s i a3 T b e S G R AV ot
Updat e operations may set a call back, which is invoked
when Fﬁ=$ﬁ‘6°8§nti@$p”f‘§ia ﬁdéﬁs'frfﬁljgp["g’e erver. (whet her or
not t her@em9ds Poofif} Pegopstrygedby, }e|)g1}§ﬁ.kas§ pit expession (first
t hgiRef. hane |se€dtd AdPIBNOEHHrANATRIJER! th¥ X0R! AGRS HdWover, the
client's stale node with the up-to-date node returneg
15 by npdenesd mpebe vatidatedaintib helerkaret) i foncteinaskallddi r st t est
for the nfligt ,state using the syncstate ( ) system
functi o}lﬁ)%'f“tlmgrﬁg‘ilest hen set a global variable (i.e.,
$sessi og)milay, &ﬁ@gﬁﬂ’i@hﬂi&ﬁ&dn%bdi@y BxistidgA6deks B directly accessing
updat eCal | back( nodé) if (node.” syncstate () ==
CONFLIIGERjs datgsBersexgmplondbe dejéoveing <adéreifieve a particular purchase

sh ict ' >edj.t, con j cts</@a>". : Ssession.

co IRt iy chadecs TR QS AR pdds 1T, B tsm” beer 1 hat
203 confd F Ghechas - cometrrreedersedett ( tderrpi-atoe/mioght. * iohcl ude a

st at uga,_ggagg 1 hat,.cQntains references this gl obal

vari apd.gine®e. 4= <etisn-<phrtndoer{/$8081Si®M 300RRSHAYCneTten>
25} </ nefui p;iahttep'b Her e, I the gl obal variable contains an

HTM. an at _.en e r nayvli gate .to an

ot on (R ERE-SRERI o dE: R R B Sukoe

Creating Nodes

The create () function can be used to create new nodes on the client.

var node = sourceNode.@@keyref.create (<node>[, callback, id]);

30 The function can be called on a keyref that supports the insert conduit
operation. The function returns a node object.
Parameter Type Description
node xml well formed XML object conforming 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




function showConflict ( ) { $context .node = $session.
conflict; return ["showConflict .tnpl "] ; } The

weh@aTonBd i ct tenpl ate bel ow di spl ays t he val urGT/OB20051¢17822

stal e node and the up-to-date node side-by-side. The

Spath expression calls the conflict ( ) function which

is defined for data nodes; thhs5 returns the up-to-date
node. Note, although the confiict node nmay contain
foreign key values, the @@ operator cannot traverse
froma %Pgﬂrgéle,ntﬁg ollo%ﬂﬁé:%.tcﬁﬁtt conbE@idla ﬁgngclo'ng;cetdnode within
W th server. p> <t orm net ul

. achd en=aSpakiéffor thedptdfahfaddoght (hjeet. <t abl ext body>

<tr> std>Fjrst</td> <td>{$ context .node. conflict ()
first kedutddss <t dxi nput type="text" netui

5: bi nd="$comtexttiomydisalufatiar "/ ></td> </tr> <tr>

<t d>Last </ LS 2V AS$EGHT ext . node. conflict ()
.| ast } </ t dendidieydrpustarky.pé</chexs " netui : bi nd="$

gcont ext </AEEE> | ast"/x/td> </tr> <tr> <td>Emai | </ td>

<t d>{ Sode ANE RNt . a6l e s CRO:L (ic&'ItaC(t) ;) .emai |l }</td>

<t dxi npWodtypeTypiealy cré@bdlin thileN@zeSoHEdt SXActioN @ERites a context
emai | "/></td> </tr> <tr col span="3"> <tdxi nput type="

suBaigble, aad thenceysesedemplateds bedisplayedt bodyx/ t abl e>
</ f or BRcsSan hkief) F" copyVal ues ($context .node) ">Copy

Sserver' §copegprehtact/-ascopthettFralusathen/ t<tbut b oRst/sepriessdhtacts;

20= nul L,

25

30

35

40

t hen the.f9r megigyoggggt,;équ .updat eConflict() action
bel ows function updateConflict ( ) { $context .node

. updat eNgkt, tikstemblase bimdsmpgecontolsl tb indisidailudntex Dslbne ot

<imput type="text" netui:bind="$context.email"/>
Next, the template invokes a second action; the framework automatically

transfers HTML input values back into the context variable before calling the

action. The action then creates the new node.

function create() {
$context.contact = $account.@@contacts.create ($context.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.

Callbacks

The create() function may also specify a callback finction, 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

returning the new primary key). For example:

function foo(account, gquote) |



return ["BACK"'] ; } This calls the update () function
on the current node, which triggers the

w@ywshi4se zati on nechanismto try agai n. Here, P€H©S2005/017822
controller imrediately returns to the previ ous page
that was being displayed before the user clicked on
the status area. The tenpl atejpgpove al so defines an
anchor that calls the copyvaiues O action bel ow when
clicked: function copyVal ues (node) { node .copy (node

conf |.i @pde(5 yecoymptegrepuept'sQERFEE NWES | paz): Thi s acti on

cop|e§ the up-to-date node values into the stal e node
and r eti¢ens shigrddhecsihowconf | i ct page. Linking and

SUnl i nki AEPRREEE8TReoBTfE “eTrset ment, the |ink O function
is used to add a node (or Iist of nodes) to a keyr ef
that reghesaliask function caphg Passedithesiratadnode@g e parameter.

@Ekeyx dalh§Kbﬁ odeLi St) ; Note, the nodeLi st

paranet reference nodes that have already been
cr eat ed Thehgaatd () findtjonf dan el 138d tSsysB@niR dodsPMBdHied on the
node (or list of nodes) froma keyref that represents
0a plieny. many rel ationship. node . @&eyref .unlink
(nodehmﬁhi&ﬁe&&awpbe&dmhe functi on bel ow renoves- al
"Veb"  aqheufuhstidi gnchhiel ass ockaiedtisewupporef tHeh@pdate conduit
current, (contact) node. It then links the single
neRBEEBMt node passed into the function. function foo
(newAccount) { contact = $current .(c)(c)accounts. *
.where (.type == "Web"): current .(c)(c)accounts

.uﬁd’riarr'ﬂ%er($cdm°act) ; c@nicam,tlpn (c)(c)account .link

( ct-s—cah bhe

LAY

Wizaaaos dHE ST T A Ppﬁqaa'rcé?a@woowﬂ% spesifieg the name
whenever a condU|t opePg? BRctiog;that isyaypksp ﬁggqgﬁgF
i$ returned to the app Im%g\'fh"cciﬁ‘ S r&F?'B%%R”iaﬁ ment

f\nnnl no L

1
OUTTOT T

t hizg—object—haspropert

rror obj ect

?ﬁ %gassea into tﬁe hiback
ify, theJpyegation gontext.

pr opert : “SBo P?’@SP& TGN LML PG X ESRIONS. As with created

nodes, synchronization runs as a background process. However, a modified node
is not marked for synchronization unless the update () function is called.

The update () function can set the syncsState attribute of the associated
node to MoDIFIED. This mechanism can enable multiple edits to be made to a

20  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 psyNc; and the -last expression set the syncState to

MODIFIED.

25 contact.first = "Bob";
contact.address = <address><zip>10017</zip></addresss;

$contact.update() ;

Callbacks

30 The update () function may also specify a callback function, which is

invoked when the sync mechanism receives an acknowledgement from the server



functi on updat eNode (node) { node. update
(updat eCal | back, <token/>) } function updateCall back

W@ e@s/1enusdr) { var nsg = error. message; var nPABUS2005/017822
error .node (); var fields = error .field. * ; } The
error object can also inplenents the f ield ()
function which is used to accegs individual error
fields; e.g., var nmeg = error , f ield (spatii)

. message; Custom Objects Neither tenplates nor actions
canhsti the abdy/ hackRs ip@xbe (iN| the @sRLIaERISconBuif operdidn succeeded).
services). Instead, external processes are nodel ed as
daﬁEW@EP@EWS whi ch are synchroni zed by the MAS
f r amewesdkidvost (&kudhgueondui t operations can nmap onto
5CRUD 3pewaﬁh@ﬁ%E@ﬂﬂnode entities (i.e., select,
creat update, etc.); these operations correspondi ng
di r ectauetticd vt r@péstprogr anm ng nodel functions
(navi gat eois*t dreitEsst uptratsst’ et c. ) However, typically,
it will t ervice

10, per at i LS califaTBngah 8s PR e oGR8 & mapgcter
For exarGundlictA@gemeritvi ce operatlon may require a set
of paranetersg%hat are made up frommultiple node

el ement 41 08¢ crRadimeghmafle C?‘éhﬁfé 8eYF When fedlieqnhgigs tegpodify and
th g b e
c u§ om no et y%gl% V\:EI cgﬁalcl)%sthagﬁengy% aﬁﬂd‘&&d‘t@{t}ﬁ g’a’ta%aiher client
parargicerexofaious ebanfelpreess)i inethe peteaial C%ysteﬂihiASstale node is one
hag}la g.knomn as custon1§$€rat|ons The create

P ity EeaysRee Tpnber dhqte thecRiriens SNy inler .fwld by
t h@hes%rway that ordinary nodes are created. var
cust omNode = $sourceNode . (r)(r)keyref -A create
(<node> If the sewet traesky the; up@tstb@musb jtectsletiy platea e ithwturns an

not nser uit on for the
corpeSRaRaRAg ByhERHchrbfan Sehbi Rl bhjeer i
used as UgdgteCspRtfivhs bk s%ﬂ@%ﬁ%%ﬁtwhlrcﬁ\{@ ﬁﬁz@kéd thed the node is
trigger select conduit operations. E.g., var

20 1 e seiiumgd deosn thecsesyasrindgier or n@xtbyprees a- cBm’ﬂwt) The dellyachfis not

d II d.by th d
oS URb o Bl Jreni ik e BficHin eplist e R SRR wien
Exaﬁphﬁuﬂambﬁ@ﬂdﬂnmﬂuaby&gggﬁemassunes a Wb service

operation that has the
The callback function should first test for the conflict state using the

syncState () system function. It must then set a global variable (i.e., $session)

25  for the application; e.g.,

function updateCallback (node) {
if (node.syncState() == CONFLICT) {
$session.message = "<a href='showConflict () ’>edit confllcts</a>"-
$session.conflict = node;

30
}

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
35  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 = $session.conflict;
return ["showConflict.tmpl"];

40
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 subm tQuote (xsd:

string prodld, xsd:integer qty); The operation takes
wee@ditdi4end qty i nput paraneters and returns aP@I/USH®05/017822

value. This requires a custom XM. Scherma definition

for a nodetype that will contain the prodid and qty

paranmeters, and the price respppnse field.Custom nodes

are created the sane as ordi nary nodes. For exanple,

the followng XM. represents a well forned

quot eReqriRSSHAh 8XFBIsion calls the conflict () function which is defined for

<quot eRequest xpr odl d/ xgt y: >0</ qt yx/ quot eRequest > ‘

Ty plateanadgs; this rgsmnsothe jup-tprdatskedet Notey algttomgh throetindlidt node may

varj apl e. by _assi gni ng,,a | formed XM. object .
corehT gl R PRLG2 AR snes B FitgRl e conflict node.
5Cr eat eg>CantgeroteeRequesictel enentrvandreauses t he
cont r SFPRETEG: AV GHE™ 8 PIEPHPtA Reuest tenpl ate.
function imictl ateRequest ( ) { $context .request
<quoteRequest:)‘(EF%glﬂngxnt >0</ gt yx/ quot eRequest >;
1oreturn ["i nputke gésﬁi;git?{enpnfii‘%ﬁi){gfn soJhE el at.e. whi/ch
bi nds <i npufttr>el enents to the individual field val ues.
<tabl e ><t B8tyz <tr 2, <td>Product |D</td> <tdxinput
net ui : bi nd="<$conbext: nogiledeRegyuasit)pd-0dl d"/ x/t d>
Be/tr> <tr>_ <tra=Oranticey st tiseuat diotripepcaopeie last"/></cd>
: bi nd="$coHLEXt. quoteRequest. qty"/x/td> </tr> <tr>
<td col span="% 'Engdzmtplut a%ypg;" (?mel}g;’\tdéal ue=" Submt"
ond i ck="subnri UL e SYd> <[tr>.
20 </t bodyx/ tabEEj; TE% ttyg;gpﬁe’étt eigﬁasb A sUBm T But foR { RAE
i nvokes thersaipritReguest action to create a node from
the wel |l fgrAEd gost €REqUREE" & atrert2 ¥ uHedi on
25submi t QuoveRRequest () { $current . (c)(c)quotes .create
($cont: F:;é“rzzgpg{ngl?ets)$cé>nt£x%'.:n%£er)] "J-C:;psyhs%\r/\égag’%ug§§r§f<t/£p ! "] ;
If the submit button is pressed, then the form invokes the updateConflict()

action below:

30 function updateConflict () {
$context.node.update () ;

$status.message = null;
$status.conflict = null;
35 return ["BACK"];

This calls the update () function on the current node, which triggers the
synchronization mechanism to try again. Here, the controller immediately returns
to the previous page that was being displayed before the user clicked on the status

40  area.
The template above also defines an anchor that calls the copyvalues ()

action below when clicked:

function copyValues(node) {
node.copy (node.conflict (}));
45 return ["CONTINUE"] ;

}
This action copies the up-to-date node values into the stale node and

returns to the showConflict page.
Linking and Unlinking Nodes



} The create () function returns i medi ately having
mar ked the newly created node for synchronization. As
wowak/1cueat i ng normal nodes, the synchroni zat i POT/OSIV05/617822
as a background process. Therefore, the action causes
the navigator to display the current set of quote
requests. The showRequests te?@ate references both
the i nput and output values of the tenplate. Note, the
response .price elenent for the newy created request
wi TT i ni T gilel smBoRHER, SR GIPE Yunkabi §s ALY add CRRRISGS list of
i d="3$quot es" source="$current .(c)(c)quotes.*"
i t arodedrieagieyrsf that sepresantp $il-tormattickatiodship.
<t d>{ Sicadlbattyslt. 02 sbl2: L3I . response .price }</td>
</tr> </MgkUiie’ SpR2LSE PNAGEE Audt 1908 Y nSRITEHLRO gQ\;e already
t he synchroni zati on nechani sm can send the create
nodwer grepted. server, which will invoke the associ ated
cust om oger at.i,o f successful, this creates the
<r esponsey lg‘ltléﬂgﬂt h‘é?ﬁé“%?r}@ﬁ‘ﬁ ghfe?é@etarﬂé)dﬁ S’éﬁﬁ Riogles) from a
t he&keRAL VIRK reprébefts @RefLBS yrefioastif >W dget - Z</ pr odl d>
<qt y?lngcti)eo@f@/ $r¥f>u <r esponse> <pri ce>2000. 00</price>
</respog§e E qUOtEREHUEE> 1 f the showRequest s
tenpl at e V&P 11 visible, the client framework causes
10t he tenmitRt RinkQo® deldy TEASRLEH “Whiph aé&%eﬁo&hgﬁ associated
corresponding table row. I Wdget-Z I 1000 2000. I
Selksrief af thNodesr sThdcemtat node. Jit thendinke thecsingloenegatde@at node
on ef d returns imediately with no val ue.
Thgﬁ{b‘éﬁ?ﬁ%(%}he f(‘:%%ﬁo& be called fromw thin a tenpl ate.
node. fkocgipn fogpewncegmbledt {spath, [cal |l back, id] ) ;
15The sel G 3, AT RIS, al85 Bemcan T on ( he 1 oot
node: $root .select (spath, [callback, id]); The
mechani SPRERAT AR ESE HenkEleaspt ot o r equest
i i . part of the virtual XM. docunent
Sfop st

synchro
descri be at h expression. For exanple, the

20 ol | owi EgroeXbicesstamnbe eanasts 1 theCRMawnd foifma to the client

accounts that _are currently in the cache.
whenever a conduit operation fails.

wn

The error object is returned to the application’s callback 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)
node.update (updateCallback, <token/>)

30 function updateCallback(id, error) {
var msg = error.message;
var node = error.node() ;
var fields = error.field.¥;

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.



$root .(c)(c)accounts .*.select ((c)(c)contacts .*);

The foll owi ng expression requests all contacts for al
wa@e@sani489 accessi bl e fromthe root node. $root PCHERM0$/017822

((c)(c)accounts .*.(c)(c)contacts .* ) ; La one

enbodi nent, the SPath expression does not reference

| ocal functions; and, the exp{ﬁ§5|on does not

reference | ocal variables that”cannot be resolved to

non-scal ar val ues. The expression is passed to the

server S it ;

cor  asponch G 2RRIE Geridtfs RR G (RS dperations on node

Pr Mtlnw(essmtk@yate,fupdmyetbe thesegpperatidns cmr&spmiuﬁag dirextly to

ful synchroni ze t e cli nt hi. t hese cas

ol U FOEEAnE g et ifotERe (RiygAdPb SR, B RLT & Hopever
fURGHiEAR, iFWill AR BosstHE té QhdpO Wil NW B @kRGde BYRAESRI Sfto the
causes only account nodes natching the where ()

Spr é@uxmtoek sostiyulagd; eperaberisz dwr meie s & edcservice operation may

it o plaFien mol BR et By G il AR, or ha

ac @@ﬂtﬁhﬁteﬂﬂp@t«a@y vaLePinpuss) Setusé ¢ (Hey@ER6) e applicWi& efines
(.type == ) ) .contacts .*; The f Ilomnn

ex @r%@@irbnock@rme il gongaing ﬁl@tlgpt(tfwdmuamt pate@mm dyr the Web
E?g% g}oagﬁ gﬁ?lg ﬂ{e?ﬂf}n?r%? mfo‘%ﬂ{ gfustvcﬁr Oéériltlon ﬁ%e create (

10" bCﬂ‘Dno&@ﬁEan ®onked Jo créddie npivedisat 6bjsetk &€ theBagidanh s that aﬂlmary
al so_be used to allow the user to pre sel ect nodes

t hapdessargatsd synchroni zed. For exanple, we coul d add
a Boolveamsadmbdak b%&rc@hﬁ%ﬁ@rafkﬂ cdchr (<60 n&alnﬁ&j@i;y pe
and bi n@ustons objecta tyqd‘@ﬂﬁyhimm&hm;s&menw isert 2oh@ipbsdr&ion for
<netU|: repeater id="sX" source="$rq
(&Y Egrg@g@gﬁ@g keyref. Ip@tpg} the custom thgc;t igtuged ap e context for

ty a></td>
15 Y BEen SR RERals Bl e o B B o ng
expr es¥ fﬁﬁ“l(”ii"dfﬂ alch%ﬂmvﬁet@ﬁi‘?frmérﬁ &ction invoked by the
t enpl at éfekevrefidecharaiionsyage dlpseatpedh by s fQH‘PW@gldﬁgf 18y e
all contacts for all of the checked accounts. $root.
sel ect (@m@counts.* .wherg futatddec) checked == true)
.(c)(c)contacts.*); Cal % Ks fThe—cal | back mechani sm
enables the caller to specify |a function to be called
once the entire synchroni zlal.i n-faor the SPath has been

S -

conpl eted. For exanpl e: customNode

@@keyref-B

resuftNode

20 The following example assumes a Web service operation that has the

Example

following prototype:

xsd:double submitQuote (xsd:string prodld, xsd:integer gty);
The operation takes prodzd and gty input parameters and returns a price

value.
25 This requires a custom XML Schema definition for a nodetype that will

contain the prod1d and gty parameters, and the price response field.



$root .select ((c)(c)accounts. * .(c)(c)contacts .* ,

$id, callbackFn) ; This exanple sends a sync script to
WO b@saenser to retrieve all contacts for all aPCDURL085/017822

and registers the function call backFn as a call back to

be i nvoked by the client framework once the

synchroni zati on has conpleted The $id variable is

passed into the function in ord%r to identify a

particul ar sel ect invocation. Exanpl eFor exanple, one

appl i catdRpbnolitd éer@&ﬁ&f‘f&r@afﬂeg&t odfhal\ A RbAG, @H example, the

tenpl ates for a particular application contaln

" stfatlomingMLakemesmts atvell lﬁtmrteadtcﬁlem:KEquearchlemagte, whi ch

bi nds mtgem&pgm&ao>9q§§>@</\4@)>u/guocsze&egtﬁsessi on

- MBSSage)yy;ig invoked t
<span>{ $§’é’s§’|ﬂgn messzralg;}% ey s|%anox7reate,&ncomt (‘)’%m}%le RY a%SIgmng a

Scalwedld fémned m&Lt@nﬂt atamtdihiap defoilt atabes. aTheI feﬁbwmg Bxample
a cal | back functi on begi nSearch (emnail

$r 86%“633@%6%8%8@&7% e #hd cauSee e BBRL goto navibatt to the

\M1g @t}{quggg enipTat€ Ml I ), ql, onUpdate) ; } In this
case, rft he begi nSear ch (git) functi on takes a pararreter
t hat COH§ é’@:ttéatégewﬁﬁ ere e8 r 9 r eS el eC
10al | coﬁr{gacts (For al Iquac%oo‘rﬁn °fﬁh “IH. ‘ﬁté 2%‘(°teﬁeque

emai | .}adehuesé“lmueﬁmmsstmﬂ‘he user defl ned cal | back

functlo onu 0 aIIedV\/n n the s t
request J5 dgh @f’{? hl?%ﬁ]&lﬁ? SRR NS f‘élts(ﬁOdg }‘flglﬁ%g‘ ldVatues.
gl ) { <$sessibeir> nessage = + " Received results v} )
The funéfﬁ>qd>ng&hl%s Lhe i d input variable with the
request consiaphe passedad;ne&oate&heuosade@ﬁ;t Dobdnct jeen
above; |<1‘trt hen changes the $session. nmessage vari abl e,
20Wwhi ch caus<e§>Q@e@1ylt§,<eggl ates binding to this variable to

be r ef r eshed:<iBynedhnopingatdcorexiNaiciBklgstSYRT>cad run in

t he back@‘bund In one enbodi nent, the only control

that the u&ercoﬂea& @R, i nfluencing sync is registering a
25cal | back wherinautsepetbuperate-onbhas conpl ete.

Howev & RHER™ CPEATTRG Ot /irodi fyi ng nodes, it is

sonet i rre&rnecessary to ensure that a set of oper ati ons

15

are exet edt >3 | ogi cal.l nBI ete unit. Note, this
30i's a I okér tesaplaterhes arwgomy Wf@nf # mwlaﬁﬁéhwmmaaequest action

sefpy 643 on anges the

fi rstE%t§31’1° ?ronarregwo? ft)HIEGOC{n eqéle %}%eglg t he

forei §ﬁ$cue3/ezlﬁ°e¥té‘r°eﬁe¢“ﬁg(’t the account ‘node.

t.@e@quotes.creat®t (Scontext . request) ;

35 return ["showRequests.tmpl”];

}
The create() function returns immediately having marked the newly

created node for synchronization. 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 initially return and empty value

<netui:repeater id="$quotes" source="$current.@@quotes.*" iterator="$i"s
45 <tr>
<td>{$i.prodid}</td>
<td>{$i.qgty}</td>
<td>{$i.response.price}</td>
</trs>
50 </netui:repeaters



function foo( contact, account) { contact .first =
$context .first ; contact .last = $context .last ;
w@omsact48? (c) (c)accountld = account; }1n one PCT/US2005/017822
enbodi nent, when nodes are created or nodified, they
have their sync state set to DSYNC (deferred sync)
However, they are not schedul for synchroni zation
until the original action invokéd by the controller
returns without error. At this point all nodes marked
DSYNC are pronoted to MODI FlI ED. Actions may invoke
subsequent actions, Wil Chr[Gase, ] the ont er nost
action fornms the scope of this inplicit transaction.
The client framework inplenments a single threaded (per
appl i catdoipmepeinbHs sypelepnizatignsmielsndere sar &ﬁﬂd the tcragtesl node
'OP\Qg ktﬁ% s%gllggﬁggﬂ Q&gllsiﬁ%q?er anemrka‘tefrﬁlgstoé{l]eo r 1Ces sugcessful,
5n ottlm@se&tdsltﬁe tfgspaﬂsémaﬁbﬂt%&mfchmﬁ@as&hé @odeqia@b Bethe server.
data bei ng operated on within an action. In some
cases, < godﬁg tlagetvmygmlg@ updated by a pagefl ow t hat
i nvokes <acyserpigsyof tenpl ates (e.g., a "wi zard"), hi
1ot hese cas¥§iry eggogg ger..t 9. defer synchr oni zation unti |
t he entiwespagef | ﬁas successfully conpl eted, the
appl i (féftuP“f?ﬁeqm%t cr eate or copy the rel evant data into
cont ext 1§ #ie siovReiesThéemnplaiglis gl erisioy thetcliont frdmeework causes

qg&% fer ﬁe{ig lbz‘?fenﬁ W%Cl %(pc?l&es q((: cgorrrp Nl zat) O{Able Tow.

e user WI

synchr onl zatl on unt |Mmmwt o be

15submitted (e.g., by pressing a submit function). For
exanpl e Setdeting dlodesni ng tenpl ate di splays a |ist of
purchasi%%rders (for, an account) and a checkbox for

each it TRECEHE ¢ KB5lon scamo hisd Ci*]%?dar?natawl kewref and returns
wh '11%6@%%@& WitheR, \Fa@fe irthe 'ﬁln%tl E‘eﬁ%? érom (&fftﬁﬁﬁ fehnplate.
id sour ce=" $account . aseCrders .

iter af“ﬂfi*e*@@k‘iym'f sslegf psmatly Esef fvpift pe—" checkbox" net ui
20. . pj ng="The se@dm&t@ns@mmw fed on the 100t pefe: </ ¢ r >

</ net @ioot . sE1RPA adalH, >[csuaaput iqype=" submt " onCick="

3pa0°F| ¥ AL by o ol YD SR o

puvirhas XML demnaﬂu dtaschlavaabj@ dRrSrael expessionpl et e.
funciton submt i < $accounts .

Qour cha @h%?’é’le *the| @%MQ 9Xpr58$1¢n) requeshy ablo centacts for all
25 $aGERURHs that Y SRRt BleSache. [ 1]

$root.@@accounts. *.select (@@contacts.*) ;
The following expression requests all contacts for all accounts accessible

from the root node.

$root.select (@@accounts. *.@acontacts. *) ;
30 In one embodiment, 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



if (po.syncStateO == "DSYNC' po .(c)(c)conplete ==

true) { $po. updated ; This exanple requires that the
WwWe@a08nneB9 system i nterpret the neaning of the PONPE®I&017822

attribute; i.e., defer processing the record (while

managi ng persistence) until the appropriate val ue has

been set by the user. Tenpl at Tenpl ates can be wel |

formed (and val i dated) XHTM. pages that make up the

application's user interface. Tenplates typically

ref er enggnieReydart dndy bk h%g@ Sy }Malnﬁyﬁﬂﬂ ‘1@%%%6 Jo the

actions to be’invoked. In"one enbodi nent, | at es

notcliewnimitiese cabgst thex pliens 96 @blet toafilteraihe rimd"reffyusuﬂgeﬂ@am&re ()

grigh directly. Tenpl ates can reference the $current

Uari abl e, which acts a cursor; $current

r ef er engas eRirhplel th'é ﬁ)’llﬁﬁfﬁr% S8E8 eQPredsiHiP @@us'eé Shly hddof@ftenodes

enbodi ment, the value of $current can only be changed
5bynaﬁdﬂm%§Wamdr®hQNBd@mwh@be&awmvgy@den1funct|ons

this isg.KROMO @RcNAL JallanTenplales my al so

cont ai N TheBAbRID: eﬂﬂi‘és%ﬁn' deRlcAl 8] Q¥Rhctd ﬁPﬁf‘e‘ ﬁaht%ﬂm%aéécounts
of the data or data nodel. Repeaters enable

t enpdet e autonatlcally to build up conpl ex Ilsts and

t abl e%root_aggl_egtceé@agcnﬁ:sus@{ere]:(ocyge—ﬁh/«,eg' ); Qoﬁ@Jt?C*t

10i ndi vi dggb fél‘?d?vﬂhg%xﬁx%ﬁ’s1619séléb¥s°§l?c@rﬁ£dt9(l§o1ﬁ rall%&élﬁﬁé)'tﬂeﬂ have
on them The system variable, $context, can provid

ne@hanwshmg@nmdaﬂdﬁﬁs and tenpl ates to exchange
t enPOLALY. M3k (@Rl LSt s FUacBXRP! Lere® LML LB BY i d

i nput firgk %ﬁecﬁ&t@éeﬁ&@ RIS lcalY 8lsb ARIRSd &Y alli B @LB1o pre-
el enent s. he tenpl ate i nvokes an action, the

pageled rHodputhay shawdd ba rsEncdummmﬂt iFon bka,m}de,pwe @obldoaddl nBoolean
the nd_.v Iate can
de1a tﬁﬁﬁ ?}ﬁedag% %?n%ﬁ%g ﬁ%’gﬁ a 51 % ﬁ%ﬁfgﬂx Ylement

thenm&egteﬁ{pmks on them In one enbodi rrent Anchors
have three different purposes: NBV|ggt|on An anchor
can Speeéhlitrepea e Sﬁatsﬁ écf(uﬁreéf 06 %Céounts iterator="i"s

20 $current . @Ddets tvbys" chahibed causesi-t hesceardar ol/d-ercat o
change the"$détrf¥nt variable to point to a different
node oﬁmﬂ@de§£&u>thls i s known as navigation. The

system Taa fpllowingeexprtRiohaldntaifld ®@Ninass aetish Qﬁvoked by the
parti cuI ar tenplates with certain nodetypes an

kelfrarae) wRBl avee theesyBE gupsbpnigiitte ﬁﬁme@@pﬂf@@c@eﬁo& all of the

5thauggg{gﬁ£ e tenplate. 2) Invoking system functions
The framework can inplenent various system functions

t hat Foei £ %th‘@a%ﬁa\n Heredfecttheeh pp FiuearicortactEgy ;
exanpl eCallpackp qv i gate() function navigatesto spe(:| fic

tenpl at gpan, H?a%g mg{lﬁmﬁﬁy EhLs ﬁ]@rnl)a‘ﬁg} % s %?{yz 1(8{1 to be

function n a repeater) 1s us
a patedi amdeaﬂhe remties ﬁymﬂnrcimiatlsh for thealSPeth Bgs bMOMlﬂ@eted. For

acti on
30 example:

Sroot.select (@@accounts.*.@@contacts.*, $id, callbackFn) ;
This example sends a sync script to the server to retrieve all contacts for

all accounts, and registers the function callbackFn as a callback to be invoked by
the client framework once the synchronization has completed. The $id variable is
35  passed into the function in order to identify a particular select invocation.

Example



4) Actions may process context variables bound to the
precedi ng tenpl ate and perform cal cul ati ons or nodify
wo b@sdat48? The action may then return direct! yPORUK2005017822
the current page, in which case any data bound form
control are updated and the display is refreshed.
Actions may al so cause the coq%ol | er to change the
$current and $page vari abl es, i ch cause navigation
to occur. Synchronization can occur in the background.
Nodes cr ss: khrough -
vari ous f;‘(;lln < ﬁgzgi?éjoﬁblg%talg% Sc;fhf\%sc IrtLe%ﬂﬁmHﬁl 1’21%#11? B Hgk/lng all
ac cteswpiditsefor @ plattmutae applatation cantsinst Etatfisibat’ iebensendatthe bottom
n be displa e t.o, the user. Al so synchronization
o%é) @ py glbélé#%}e@tean%rérx%m% §-hitesHiprt message).
assom Bt ekun0d@sn-t Gedd@onl. RSdaad)k Isyantipdat ed. Expressi on
SEval uat i An attioromeégle readile® fiom dwehplas tledinitiates a select with a
|nc Borate data formthe cache directly into the page
‘ii‘i} g SPat h expressions within curly braces. The
resul ta1of "dlh;e eval uat ed expressi on is treated as
regul afrunctl g chex l.e, the follow ng expression
10di spl aySs-bdies @&urrtgent w0 Cena 5P dmPGYI LENT
I ab@InszlétE} </ p> I n one “enbodi ment, expressions
re.eval uated each tine

contai'n thin _curly braces
t he page'e‘(Ell ﬁn S 8% géeﬁ??@){n%ég cligl fakehz patgmstes fat represents
CONY EsHtadts RASH ﬁ&*drbﬁ%df SRR %Bhﬂaetg (frgl Qéc%ﬁﬁtsb that having
expressions contained within curly braces can se
15t o math emaid gpadmiscelunénies f or XHFI\/L tags. For exanpl e,
the foll e eva es the content of th
vari abl eﬂ‘§ Syt ined, el hack éﬂﬁ l%togUPCF?eter(ésm Paliqﬁ‘t Fhen the
th%yﬁaﬁ&ggaﬂo@qe@ggf&{mﬁggegl bute: <a href="{$cont ext
.address} ">Cick</a> An action m ght change the val ue
of th|f§n%ﬁ@5°§3?ﬁi§\‘?&ﬂ bl e: $context .address =
20" mai | t 0: al chemp@esmge e, » ﬂ'elaesszed/\whﬂsoase t he
fol | ow ng XHTM. expression to be generat ed when
contrql passes back to the page: <a href ="mail to
- al chenmyeefimcsMmatdiek chs/ R mipat %mé'\@f% Gfe TBdust constant
section details the three system variables ($current,
25 $c@ﬁ$5é§lﬂnt0éhﬂﬁ$lpage)) funetion abeventtithera¢haagesothe tthession. message

hi k |n one enb rrent. The. $c n

vasf%lg%ﬁie’swﬁ Foren e’nlggagesr{)‘e%‘{m%%’ Isoarighle o h%&%ﬁﬁsﬁe‘{

Thi s na;syhalrangmi icit reference to a node or

nodeset, or an eval uated SPath expression that results

in a nodormply synteeam mngs the bagkeseugde dint eneedmiagliment, the only

gag?ﬂgﬁelg}éag'tws%r H%doq} ﬁﬁu&cﬂ?ggﬁfélc 1331t ng? lﬁrggaec%ih wﬁen a select
30 $coperation harnghdp(dte.

However, when creating or modifying nodes, it is sometimes necessary to
ensure that a set of operations are executed as a logically complete unit. Note, this
is 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 foo(contact, account) {
contact.first = $context.first;
contact.last = $context.last;

40 contact.@@accountId = account;



expression can be used to detect the nunber of nodes
in the node list. For exanple, the CRM application nay

woppsamase an account Detail . tnpl page that exprCI/FS2005/017822

$current to point to a single account node. <htm >
<head> <neta current="node"/> <title>Account

Detail </title> </ head> <body>15%>Account

{$current}</p> <a href = "$page

($current .(c)(c)contacts . * , vcontacts . tnpl ' )

" >Cont agh e &mbodRAshH >whéh holes 0 NafederYmodifiBd, they have their
contacts .tnpl page expects $current to contain a set

t hesyan slateesct ot DYINCc (detfactesd fsgnclal Hosewe they. arehbhdcheduled for
<headx <net.a current="nodeij.st"/> )

< it Y S Al Sty theppfrgller retums withou
><tpREYAt thiz potflallinoded BRGAH SEvitare PERNSRE tSMOD FOHS.
se="$current " iterator="3%i" focused="true">

| ow. navi gate

S<t d>f i r Shetjongxpeys ifvpke, subpequent) agtions, i ovblichs caset dhe dntermost

$i_ .. </1d> <td>email</tdxtd> {$i . emil }</td>
{<t C?Q%O%?%%ls}éh%gp%?% fscalﬁ(?h(: ﬁ)trangalgﬁglq./i ous</ a></t dxt dxa
href ="%he. olfotit framowhiX triplambiitd>a ﬂn% Yhreaddde Pt ﬁd’pgication)
re,

</trx/tbod¥xlta_bl e> </ body> </ html >
r e FEHeS My

' ) t o
CoLbSh S S8 SHETAE AL St 5 oo

i </ ht | _ the focuse
tlohsistipeludeseboth agtiegscinvoked Byidrcontiag sync messages,

varl

10actpossilsle tfor aromcainivey eynke nipdate-tp &glebberd dagisiasng beited ol within
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concegt ually simlar to session variabl es.

an action.

In some cases, the cache will be updated by a pageflow that invokes a
series of templates (e.g., a “wizard”). In these cases, in order to defer
synchronization until the entire pageflow has successfully completed, the
application must create or copy the relevant data into context variab les.

The final pageflow action then updates the cache.
User Delayed 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).

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="$account.@@purchaseOrders.*" iterator="i"s>
<trs>
<td><input type="checkbox" netui:bind="i.@@complete"></a></td>
<td>{i}</td>
</tr>
</netui:repeaters
<input type="submit" onClick="$pageFlow.submit ()"/>

The submit button calls the submit () action, which calls update () for all

purchase orders that have been set as complete.

funciton submit() {

for (i = 0; i < $accounts.@@purchaseOrders.*.length(); i++) {
var po = $account.@epurchaseOrders.*[i];
if (po.syncState() == "DSYNC" && po.@@complete == true) {

$po.update() ;



Context variables are created by assignnment operations
executed within an action. $context. foo = 100;

w@e@siiems . f 0o. bar = <bar >FooBar </ bar > The t enpCHUS2005/017822

5

ref erences context variables using the expression

| anguage syntax. <p> {$context . f oo} </p> <p>

{$context . f oo . bar }</p>Agtions can call the

reset O function on the $context object to renove all

current context variables. $context .reset ( ) ; $page

The $paghiswabmale reqEa it e é}h@nﬁwyﬁl%ﬁi injerprenghe m@sdning of the

tenplate. This is used by actions to access the state

of cemNiete oHtibYPsl au defprproprssiag theiverid (Wild anaasipaqersistence)

X tails the
gg;ﬁ%@%ﬁ%ég%ﬁe@?g eng client framework.

In one gelehikeyent, tenplates szt contain well formed

and val i dated XHTM.. The XHT ext ensi ons_descri bed in
t h| s sedemplitesrcands Wﬁlééowqdhﬁaﬂd valdafed) KHA ik Spgesdhat make

al {,,, gy lﬁﬁtl&ﬁg ﬁ#érei nfePGcd. Gﬂ‘éﬁlﬁ@%@? mv\gr@fe?ence the data in the

decl arati o ns=-
oc:g;hiﬂﬂh@y xiyrdlfo eavseactiomsttoiibe itiwvdkep. I/ dnsvambdidaentc tendplates

net ui "> Anchor Tag The <a anc Cr es . a
Py 8PP} R AT eSS Sihaah TR ke L SERa reaty
event t 9ohite BRLTAgandGOCAER SEhD BRIV acts

i nvoke s em functions (including selecting ite

10 andunsm [ mﬂkentaa'efemmes /mthanwcsmgt@mo&dpeor fay nade It An one
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g 1I{nro§gt gleﬁ]?q,lgq gé?éx{rggéh g%g) c) or('g'lﬁ nged Tyt gqtﬁ)gs ancg1 anchors
$c of 41 sy tﬁfﬂ Rl%t‘??(ﬂsoth?sol' s Kho@h aénQ\h%itﬁih‘?m node or

nodeset ; I's I's known as navigation. An anchor can
i nvoke demphifestthay 2lao |colutalnsgepmmfwhi¢hi1’®lm6 oferr a specified part

CpRbTe fataof P b8 Borraters SREISBE R FhEimaifany fpvitd wp

set&s ﬁ%leﬁ 1stsf daciabied) ddl fof thoMideh it bd abRPBARLt RliHERH records
to select a partlcul ar node froma list or table. An

anaibio ln’ﬂ:)kelantl@’l@eoralan@tl@lDﬂn theil.ch may process cont ext
m cal.cul ati.ons

vari abl ndtotlrr$pateto erfo d
vo Ty T SR bl TRAL S} RaP Boh R R R ks an
t Otelifat6d!td’ 8XhaRed mpolaryhi S1AbIAS BoraBYangiat,2a Bawske! BAMbind

control are updated and the display seanl essl

r efpabfields toeithes weniesl, vaiables o et nade eé%mﬁ%l%% the template
CNAREEes! .’Hleac?%}f,r fh rHralgéiL g ‘iinp%? ey 3 aﬁl%lﬁg‘tlcaw 'cSBieS ¥4 into the

bound variables.

Templates can generate events by defining HTML <a> anchors, which are
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



navi gation to occur. <a href=" url"/> Anchors can use
the following attributes. The url attribute can have
woer@saisshe follow ng forms: Anchors are typi cetT/yS20e8017822

either to navigate to a different page, or to select

data. Navi gati on Navi gati on can be achieved by various
nmeans; the follow ng exanple §l7l cause the browser to
navigate to the root node. <a href="%root">Exanpl e

| </a> <a href ="$pageFl OW. navi gate ($root, bar .tnpl'

)" >Exg éc?ﬁ@t%ﬁﬁﬂ’at anh§f§§ $'ﬂﬁ9 $Eﬁr§éﬂt f\%ﬁﬁﬁEo‘?ﬁe selp&() function

t ”pl (cgleiﬁ %;ﬂﬂ a%e;%a{e?)) is lléé}f g‘%i\pé)o( %Ia or x Bﬁé lﬁro[‘h( a list or

Exafple 4</ a> Exanpl e 1 declares a SPath expr eSSI on
vvh| c é’\lfgﬁ & direct] bg/rB%he control er an d
Sto se”t) EO%F% msposst, PRk gq%ptr%mé A eraoeding tomplate
syst em AR PEAYEN calewaidensorr, mogfy: esdata Tﬁ@uﬁl@ﬁtm%th@ﬁéetum
eval uat éu‘emabzwkeﬁmtb@s@lrmm ragel inswbichheasepny glegd bound form
second partadetenpdatedsatd theedispdmp isatefrestiedadoliens3may also cause
i nvokestle emiollacto ohangdehe rfedrremt drde$@et vaplabkes, which cause
10file), whvighionsescétie passed in parameters to create a

for War ds h@&hza(t%rcaﬂ)occdrhh%mk Bnd N&Ie8 f@fdd A8 modified
exanp 4 invokes the hone () system

fuhy:tﬁhgnchqml mw @r@mhl Farign sﬁ@@hnzaénocr statshj edtich are also
Sel ect |.

or E%F%Sl@ﬁ &0 t eglé):la[?% 51&1 eémonﬁln?ﬂczr%ov}%l 51{ cglgplayesc’i to tﬁe user.

" S allRC bptthraiZigion DipdatdsC kg tRN sbiiver €@l templeReah&r bind to
i d="foo0" source="3$current (c)(c)orders C*

15 i t agsagiated ngder te be drstanslyapdpiedf =" $f 0o, sel ect
($thi Soﬁgﬁﬁe%%oni%l sqrder . label () }</a> </netui

‘repeater OW ng exan‘pl e di spl ays one order at
a time Bnehd @ﬁbdcﬁlﬁemsempﬂmmﬁaoﬁmp@fawrdalwaﬁ)hmhdSache directly

through them <netui_:repeater id=
Somt(bgw "DREE ,by@ﬁptmg §}3:(1t13)e5p1@§sr1gns WrchmI cp@lyé)g‘%p,eg The result of the

) ]?}Cﬁgﬁg <td>Order | D
</ t\gllhfadi Is‘é@??&@a’wd ésrljé?%L <td>OrderDate : </tdxtd>
20 { $t hi soFoieexanniﬂe ethp <bllowing expression displays the label of the current

node.

<p>{8current.label () }</p>
In one embodiment, expressions contained within curly braces are

evaluated each time the page is refreshed. Pages are refreshed whenever control is

25" passed back from an action. Therefore, expressions contained within curly braces
can be used to define dynamic values for XHTML tags.

For example, the following expression evaluates the content of the variable

Scontext .address and puts the result into the anchor tag’s href attribute:

<a href="{$context.address}">Click</a>
30 An action might change the value of this context variable:

$context.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@bea.com">Click</a>



<t d>Or der Amount : </tdxtd> {$thisorder .amount }</td>
</[tr> <tr> <tdxa href="%$foo. previous 0

WO 20058v4480Us </ ax/ t d> <tdxa href="$f 00. next ( ) PCT/US2005/017822

">Next</ax/td> </tr> </netui :repeater> Forns In one
enbodi nent, to display data, all that is required is
an SPath enclosed in curly brages. For exanple if
$current refers to a contact, then the foll ow ng woul d
show the contact's name and address: <tr> <td>First

L </t dxt g3stbhCVEriBs - hame . first }</td> <td>Last
c</tdxtd> {$current .nanme .last }</td> </tr> But this
i s a reddisosaciionutetdils| the dhise exyblenl FatkRblest Gewrrpnte Spentext, and
vakg] : I ; [ r . W th the
aadpiie Bl BlR TRy Bhly BRI

I nput oBtwrdee data nodel. The followi ng HTM. form

el enents_are supported for binding read/ wit

. . € .
Svari abl e Sepeak varge edenness sowde lishieng et grore nggeghy This may

at L iaR %{Eg%g{l’ LR LTEh HRGE ST Fo p%?ﬁj { O%aiélt &aﬁﬁfé.d y% ee;;pression

using an expressi on. <in ="' nt put
nethai resbitsit='nddedist.h" / > The SPath expression

el e Toup RS, sieyianeds o-ciflet B ek Rt 2 node list
: a@&&%ﬁﬂo; Ré&@BarahRed li‘(ﬁ pY i 1180 ﬁn%l% HRRd ALQ, SRS g&ﬁlr length()

of Tnput field when the page i s Fendered. Bound val ues

10 ar exmessianeranibgaiged 1ot detach thevnunibgh bEnadee methemode Hstbi t

SChme S CRAE RO RSl T BB s ARGt oo
angiy that APEEScurtdhP polfdo ARgheTd MRbEnthoiay is a
gener akll purpose input tag that inplenments various
S|t{rpl % t'drt}ljtr_ol S tbaf,ed on _the ;/_&;I ue of |tt_s t)éped )
attri eoSLnput type=’ inputType" netui :bind=" spa
met rent="nbde N
i’%ﬁcgﬂglgr?e Ek/@gglse; he netui : bind

th_exprztiéﬁe .
attribLsLo standard 'attri butes supported in
XHTM_«bolye foll owing types of <input >tags are

suppoepedcdhe f Obdawend gxanples illustrate the

20 vari oks hfrefﬂ'spa@éFl@i.ﬁhpﬁ,d,'at@(t(ﬂgnent .@@contacts.*,
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‘contacts.tmpl’) ">Contacts</a>

</body>
</html>
Conversely, the contacts.tmpl page expects $current to contain a set

the entire set of contacts for all accounts.

<html>

<head>
<meta current="nodelist"/>
<titles>Contacts</title>

</head>

<body>

<tables><tbody><tr>

<netui:repeater id="$contacts" source="$current! iterator="$i" Ffocused="true'>
<td>first</td><td>{$i.first}</td>
<tdslast</td><td>{%$i.last}</td>
<tdsemail</td><td>{$i.email}</td>
<tds><a href="§s.previous () ">Previous</a></td><td><a

href="$s.next () ">Next</as></td>

</netui:repeaters>

</tr></tbody></table>
</body>
</html>
Here, the focused repeater allows the user to cycle through

the collection of contact nodes.



<i nput type="text" netui :bind="$ context .contact
.email"/> <input type="radi 0" netui :bind="3$context

WO c@siiaEBI . sel ect ed” val ue="yes"/> <input typekRCT/a81005/017822

5

netui :bind="$context .contact .selected" value="no"/>

<i nput type=" checkbox" val ue=" Chi nese" net ui

. bi nd="$context .contact .langsSpoken"/> <input

t ype="password” netui: bi nd="$cont ext .l ogin.

password"/> <input type= "hidden" netui :bind="$

cont ext gce@pttact . Mai |l i ngCountry" val ue="USA"/ > <i nput
type= "button" val ue="press this button"/> radio The .

radi o t Aoty edaljevppadds e ‘tspratchopad) for dpmplatesyanidyections to
may be.sel e d: each radiostag within the s . .
ogeagia dfiBrine " Brhoh Py ol st 3l g sesson
<pxaeimed ed: <input type="radi 0" netui :bind="3$context
.contact_.sel ected" value=" yes ">Yes</ input > <input .

t ype="r &gmipxt Merahles: 35 frpated by pedgrment aRemsens gxqcated gyjthin an
value='no" >No</input> </ P> The currently sel ected

contr5T bi nds the val ue specified by the val ue

attri Bedneext go¢ RaoGPat h expression. |If no val ue
attriBﬁE,xF§“§ ¢l F1PEd°tHEP*rhe Bool ean val ue true is

set. SubfftemRBtsIRitreRoes \PoRtcH Y HRDLes s e Gipression language

roat it e, which behaves in the same way as an anchor
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(see above). <input type=" submt
onCIiGRt{'%’ﬁag@Ftl-éaP}@B mtContact ( ) "/>Wen clicked,
this GRUEES BRI bOR3 Vi abl es (on the page) to. be

wr i tt enARipRs eHecallihe aieset Aptictieyon e tsontaes phieelto remove
Ta t : g enabl es the user to input and
edi‘g%l-gﬁﬁfr%iicgﬁ{g%%gkgf text, which may involve

di spl dgemgxsecraslekbar s. <t extarea netui :bind= "spa
thsesgr " /> The framework adds the netui .-bind o

at t r i buflge tspageharigblmeriteing therquisign@y rendpysdricmglate This is used

or BY i T RGR, B lf il B Mol B Bty renderea

co its child elenent of a note node, which is
referenced bé t he $cont ext variable. <textarea netui
- bi nd="$¢lkMbrkag Bidensionsonment s "/ > Sel ect Tag

This section details the extensions to XHTML 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.o0rg/1999/xhtml"
xmlns:netui="http://www.bea.com/netui">
Anchor Tag
The <a> (anchor) tag creates a hyperlink, which the user can click on
causing an event to be triggered. Anchor are used to navigate, invoke system
functions (including selecting items), and to invoke actions.
An anchor can specify an SPath expression (e.g., $current.e@orders. *),
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.



The <seiect> tag enables the user to sel ect one of
many application defined values froma dropdown

W@ o489 <sel ect netui :bind=" spa th-expr" /PCI/UR®05/017822

framewor k adds the netui :bind attribute to the
standard attri butes supported in HTM.. The contact Type
schema definition contains a jgal utation el enent, which
is defined to have the contact Sal utati onEnum type .
<xsd :conpl exType name= "contact Type "> <xsd:
sequenceasn aneh6k cHpl BB oMAGEhe vafibtd SfstedN Tunctions. For example,
type="cont act Sal ut ati onEnunf/ > <xsd: el enent
nathe=tifiigste ()t W@mms@wgg@ it? QWC}ﬁGd@@PléﬂeeﬂménQetS the $current
nane=kLast” Strij xsd: el e
nangblIhg <ed G0 ROGiSY lF i et Gl et to select 2
</ﬁaﬁcumﬂﬂ&kﬁﬁiﬂﬁeﬁtéﬁﬁﬁb si npl eType nanme=

‘cont act Sal ut ati onEnunf’ > <xsd: restriction base="xsd:
st ri ng" AR aneber meayuinEelks poacten, pekichmayspregess: context variables

e=" " e
e TBEE, BPodl 15l Laamitt STUERSIUMAN hy geion may ton

; rmﬁml ditectl9rack/ ssthe Girfdpt pdypdan Whieh foakd anl nixtaXbdddd form
is used to create the <select> elenment, <sel ect net ui

: beeitiel grecdatediand éb% fi'ﬁekay sgaigesdy redrpshed. dntiops mpy|algoscause

cap.b red I etU|
bl{hr? dgqlgcon et)§t ck nt ac t $¥ur eﬁt@a?& page v r{ables which cause

10vahm&gﬁkhkobhn&optlon> <opt|on vaIue-"Nt">N@</opt|on>
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<optigh, val,uer M s">M s</option> <option

val ue=" %cl*? <£r%'tﬁ@?oﬁo§f‘?ﬁqge§t{n%u@ sgernately, option

vaI ues can be created USind a repeater: <sel ect netui

Nﬁ@wﬁ$cohfﬂmt .contab$ﬂm@mlutat|on" |terator—"i"
< ~repeat-er sourm—"‘t"'n contcm
Sa}l?uet ationERGM )"> < B R ﬂ@i" G@g c
"p{$i . @al Lie} </ opt i ony E?‘?*Iéﬁf'ﬂ? 'SHBY §é1585 ks on
t-e; ra ﬂéfpif¥r—whfﬁ?-expfessveﬁ~+9wm-
sel ect eﬁﬁea ﬁ@ u?e can ha%e one ot the tollowing formis:
Type Form Description
navigation | spath-expr, or The expression, which must
SpageFlow.navigate (spath- | evaluate to a node or node list
expr, template) is used to set the value for
$current causing
navigation.
Selection | $repeater.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
select data.

Navigation

Navigation can be achieved by various means; the following example all

cause the browser to navigate to the root node.
<a href="$root">Example l</a>
<a href='"$pageFlow.navigate ($root, ‘bar.tmpl’)"sExample 2</a>
<a href="$pageFlow.foo ($root, ‘bar.tmpl’)"s>Example 3</a>

function foo($s, $p) {



default option. If the bound value is null, then the
first option is selected. Exanples The foll ow ng
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input field. The corresponding action can either be
i nvoked using the fornmis action attribute, or with a
nested anchor tag. <form netuiz
»action="$pageFl ow. i nput Emai | Address ( ) "> <i nput
type="text" netui :bind="$context .emil"/> <input
type=" satbm ts¥. %¥dl Ue=" Submt "/> </forn> Typically
context variables are first instantiated in a
pr ecedd Agraedibimgh hatcoganses sthepitenplate to be
di spl ayE&damplec deldresna RBathrsphessiomwaiiels ist dvaluated directly by the
addCont act O action: <a href="%$pagePl ow. addContact ( )
v | cpEliepandgsedin il diayalys ofificugestton t hen creat es
t hr ee C c
to di syt Sl Bairt PERCILE BPRREASE 0 K b Bfrvenc 10
r etheteyalmhted SHatit expgessnmt and uscaltheadqitmal gcbemd paremttes to set the
W v r| abl es using the assignnent operator. function
#8ct O { $context .reset (); $context .account =
$Cur I eNfxa E@tlﬁ%kes%"ﬂséité&lbﬂ (‘de?n ed in &%%Bﬁt‘?&ﬁer H1é gr %wﬁ uses
"', $cont ex = ""; $context .emmil =
[ "&ddmmdaiﬂ paramplmS' o cleafbhe famiched wbrct (areayp) t-hlsehas the same
dis wi th bound input fields. <form netui
: %@<“§g% eFl ow . createContact ()"> <tabl extbody>
<tr> <t Ekﬁhﬁlk%éﬁv@keﬁlﬁ%oﬁ%@; %?Eteﬁhefu%bhorp'\ﬁlﬁ_h $¢ M &Xbn the
salutation"> <option val ue="M">M </option> <option
v abhiet s bbikei</ opt | on> <opt i on
vaI ue—"%ls?l\/r s</option> <option
value—" </opt|on> </select> </td>
The following example shows listing a set of orders and “selecting” one of

them to be the “selected” order by clicking on it.

<netui:repeater id="foo" source="$current.@@orders.*" iterator="$thisorder"s
<a href="§foo.select ($thisorder) ">{$thisorder.label () }</a>
</netui:repeaters>

The Following example displays one order at a time and let the user move

forward or backwards through them.

<netuil:repeater id="foo" source="$current.@@orders.*" iterator="$thisorder"
focused="true">
<trs
<td>OrderID: </td><tds>{$thisorder.id}</td>
<td>OrderDate: </td><td>{$thisorder.date}</td>
<td>OrderAmount: </tds<td>{$thisorder.amount}</td>
</tr>
<trs>
<td><a href="$foo.previous () ">Previous</a></td>
<tds><a href="$foo.next () "s>Next</as</td>
</tr>
</netui:repeaters

Forms

In one embodiment, to display data, all that is 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:

<trs>
<td>First:</td><td>{$current .name.first}</td>
<td>Last:</td><td>{$current .name.last}</td>
</tr>

But this is a read only model.



</[tr><tr> <td>Fir st </tdxt iJ>< input type="text"
netui :bind=" $context . first '7></td> </tr> 5 <tr>

wot@shagsx/ t dxt d>< i nput type= "text " netui :BPCTUS2005/017822
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$context . last" /x/td> </tr> <tr> 10
<t d>Emai | </ tdxtdxi nput type="text " netui :bind="
$context .emmil "/x/td> </trx3xtr sol span=" 2">

<t dxi nput type=" submt" value="Create"/x/td> 15 </tr>
</t bodyx/tabl e> </fornm> Wien a tenpl ate contai ning

bound vRyr badl@thodinakeso arritacthi variabldie H/PMIaIﬁdrﬁS etemmts are
be set with the current. XHTML formvalues. In th

c a%i’@POltt%W% e addptpnagfihemerug | RinsrRUTINEIR &aaD YRSt F’BPM’@O the
cr§a gltgg act action below. function createContact ( )

{ .account .(c)(c)contacts .create (

cemiract > <sal ut at | drﬁbbrﬁiwﬁ@nt ext saI ut aDLOh tmleit data

' gal utation>2 5 <flirst>

<

< UI

et ie gedfift ext . la Ereers wgﬂgm | >{ submit,
} S gg ? | §'E/gtlor{ %’ijot

</ emai | > </ contact 3 ¥
By

} Condltl onal Tags gg%%%ff" C?%l% t°§3p§

gy Tk 13 Jeer 'UW
e g
by ' o b ton.
Fendor ol FCTHE 1? G %‘1‘ 139“3&6%9@?%?%’&‘ 17 eifdipg ggad/write

t heardbleYL segnent contained within the <netui :if>
elenment_is_inserted into. the XHTIM

HTML Tag Description

<form> Encloses form elements and specifies action.

<input> 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 list.
These tags each support the netui:bind attribute, which references a

read/write variable using an SPath expression.

<input type="intputType" netui:bind="SPath"/>
The SPath expression typically references a $context 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 input 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 attribute 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.
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to evaluate a Bool ean result. The foll ow ng

eval uate to true: {true } LC B¢DUS3008017822
{"sonme string" } {<xm >} {$root} The exanpl e bel ow
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tenplate. Here, the $cur r enfzzemail table colum is
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r epeat efThé Estlovting exainfib'les:?it];lust%e-tl x&ﬁaust folfms @R Pinput > tag.
[|terator—" v r| ct ed=" spa th-expr"”

] [or dlef’méy— e_or Igt‘nnbu%'% nt}xSC oStant . cmailn/

<input type_"radlo" netui:bind="$context.contact.selected" value="yes"/>
<input type="radio" netui:bind="$context.contact.selected" value="no"/>

<input type="checkbox" value="chinese"
netui:bind="$context .contact.langsSpoken"/>

<input type="password" netui:bind="$context.login.password"/>

<input type="hidden" netui:bind="$context.contact.MailingCountry"
value="USA"/>

<input type="button" value="press this button"/>
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

CXpression.
<p>Selected:
<input type="radio" netui:bind="$context.contact.selected"
value="yes">Yes</input>
<input type="radio" netui:bind="$context.contact.selected"
value="no">No</input>
</p>

The currently selected control binds the value specified by the value
attribute to the SPath expression. If no value attribute 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 ()"/>



Each <netui :repeater> elenent has a source attribute
that describes a set of nodes it should iterate over.
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gets repeated for each node described by the source
attribute. The repeated XHTM. segnent can access the
iterated node instance referenged by the iterator

attri bute. Repeaters define the follow ng

attributes. The followi ng functions may be called on a

r epeat enyihj @ieked, BBl &3tdcR Gl Gt abiBe (dnofhk PakEdto be written
templ ate segnment defines a repeater that displays the

| | stithdhe pigeres inpat tage@lusy- t he accounts keyref. <ul >

<ngtuia Lepgater id="$repeaterl” source=" $current
.(c)(c)accolnts .*" iterator="%i"> §Ii>{$i.labeIS) )
1</ 1i> Thpeteitareepdag enables) the Msamiosinpyiegndeedit putltiple lines of

foll ow ; berdi ne Al XHTM
e|%ﬁgﬁ%§9%§ﬁ%ﬁﬁh@ﬁﬁaﬁﬁﬁﬁﬁgﬁﬁgﬁ@%§¥ui : repeater>
el erreRts =he repéweedePdr> each node in the node |ist

def i nedThY fhwiPk88s e AdUt Bifd at@ibut&as heaSaRRd attributes
node). Navigating and Sel ecting The repeated section

mayupportedimXHAdor s that i nvoke actions or system

functions. For ex I t he er, bel ow di.spl ays a
115t of T eotnp Y sBlayitey Rk RisPRh SR, i Setareas
W blandehetHafRebowld @GR ARROMY chifdlbRneAEbHL riot€R6ad, SFhich is
i d="$repeaterl” source= "$current .(c)(c)accounts.*"

i t eafereneed 9ithe Sedriveat Na@dble" $pageFl ow. navi gate ($i,

' ShowL&tc@.l:ela net:l.npxli'nd=)'$té€:£r§1it-.nok:e§b§n'men(:s")/> } </ ax/li> </netui
: repeat gkjeqt welgul > Clicking on one of the anchors

causes the system navigate function to be invoked, o
causi ngThhe:sedeto-otageenables rtheiugat ¢o selecthenss lobwbatyaipplication

t i .t ate with $current set t o point at the node
rgﬁ‘%ﬁ@ﬁg}éh’eﬁ oPhaeHVEﬁ%‘gnéiO?tr i for the corresponding

Ir epeatetece lnemmidtind-Repeaters | npl enent the built-in ]

f unct i oifthe Smhewtork adds Het nemabbiest athréubs ér theostamlast tttebutes

particul ar nt fromthe list. For exanple, the
foF‘%’\Rﬁﬁ@lqgh‘&ﬁgt e fragment represents the node |i st
above agng ddnshc@f pETdheR CiiStion<Wbiitains a salutation element,

which is defined to have the contactSalutationEnum type.

<xsd:complexType name="contactType'>
<xsd:sequence>
<xsd:element name="salutation" type="contactSalutationEnum"/>
<xsd:element name="first" type="xsd:string"/>
<xsd:element name="last" type="xsd:string"/>
<xsd:element name="email" type="xsd:string"/>
</xs8d:sequences>
</xsd:complexType>

<x8d:simpleType name="contactSalutationEnum">
<xgd:restriction base="xsd:string">
<xsd:enumeration value="Mxr"/>
<xsd:enumeration value="Mrsg"/>
. <xsd:enumeration value="Ms"/>
<xsd:enumeration value="Dr"/>
</xsd:restriction>
</xsd:simpleType>

The following XHTML is used to create the <select> element.

<select netui:bind="$context.contact.salutation"s>

Option values can be declared explicitly:

<select netui:bind="$context.contact.salutation'>
<option value="Mr"sMr</option>
<option value="Ms"s>Ms</options>
<option value="Mrs">Mrs</options
<option value="Dr"sDr</options>



<netui :repeater id="$repeaterl” source="$current
.(c)(c)accounts .* " iterator="8%i"> <lixa href
woidsapast erl . select ($i) ">{$i. label () }<Pawibionso17822
</netui :repeater > </ul> dicking on a particular
anchor causes the repeater's selected attribute to be
set to the current val ue of t $i variable. Oher
parts of the tenplate nay reference the repeater's
currently sel ected value. <ul> <netui: repeater
i d=" $kepeater| " source="S$current .(c)(c)accounts .* "
i t er at oAlteiately,<dpition waluks edn be' $eapbuting b repsefesct ($i)
" Styl ez [ BLeneAl Allnte8 8lRGL e GONL AL NS, (31 ), 7
" backgr orRaiC aheiter so)dﬁieL“@WbbaﬁlZ'&'pp'.'scﬁeﬁa {‘ &ntackﬁb&htiénE)mm’ yr>
Sy</a> <kipeisnaphretiit erbpatidreraletlylstiep>Type

</netui:re

{ $r epeptEri  "S¥TE¢ted . type }<p> This creates the

fol | owl RghtQuhdWhiueARBhIRBNEE OfctuDHR8E ciax?&sﬁweié sblet8@tas the
Not e, the <a> anchor above declares a style attribute,
whidefaul optien. AEtha hosmhyHueispruds tep the first ontiearigeeeated

10 backgr og{?}d Cf)| or of the elenent if the associated item
i s sel elt 8P Fhe selected attribute can be accessed by
ot her r gpegbRswingksr@mipas bRt BEY1128htdXy varilsIe qbentelky input
i nvoked actions. The repeated HTM. section can al so
r efigldede comesprading: asdiontaaniditheebe invpksd asing thedpeasection

the_ currentl.y selected, itenms). Chained Repeaters
Reﬁ%% %?’sor(%ﬁl %Iéesg a"lln?ilé%rt?%(get her so that the
15 S€l ectioon ol artiel Brenlioy AnatipanEitess @peat er
i nf| uené"%gﬁt s S B AR T 8 ¥R O repeater. For
he

exanmpkep ol  owi ng repeater displays the Iist of

nmessagedypiesihy cartexd warinbies hee first mstantatnd dea p@madiagtaption that

in the previous repeater_.<ul> <netui,  repeater .
| GEMFS BS( PTPlaig e displaefonthe. (Ywinge eBgieF sinvokes the
201 tg%&@&ﬁa—c'{éiaaﬁorﬁl i xa href ="$repeaterl. select ($i)
">{$i. label ( }</fa c /li> </netui :repeater>
<a href="$pageFlow.addContact (} “/>Create New Contact</a>

The action then creates three context variables, then directs the controller
to display the addcontact template. The action first resets all existing context

variables, then creates new variables using the assignment operator.

25 function addContact () {
Scontext.reset () ;

Scontext.account = $current;
Scontext.salutation = "';
30 $context.first = "v;
Scontext.last = w*;
Scontext.email = "";

return ["addContact.tmpl"];

35 }
The addcontact template displays a form with bound input fields.

<form netui:action="$pageFlow.createContact () ">
<tables><tbody>
<trs>
40 <td>Title</td>
<td>
<gselect netui:bind="$context.salutation”>
<option value="Mr">Mr«/options>
<option value="Ms">Ms</option>

45 <option value="Mrs">Mrs</options>
<option value="Dr">Dr</option>
</select>
</tds>

</tr>



</ul> <br/> <ul > <netui :repeater id="%repeater2"
source="$%$repeaterl .selected. <3@ontact S .* "

wo t@sataesx"3$j "> <li>3$] .label ()</li> </netuiPCT/US2005/017822
:repeater> </ul> The following tenplate illustrates
nested repeaters that create a multicol umed displ ay
(illustrated bel ow). <tabl ext y> <tr>
<t d>App</ t dxt d>Repeat er | </t dxt d>Repeat er
2</tdxtd>Contacts</td> </tr> <tr> <td> {$current
}</td> <t dxut ;%Enetuid :t'riepeaz er ig:%"$x" source=
"$current . (CIOREFTEI{TIpnt Freratdls " $i "> <lixa
hr ef él’?%l)l(:.bjf(séésec?j %ﬁjt"/ﬁ/ ?}</ ax/|i> </ net ui

5:repeater srx/ul x/td> <tdxul > <netui :repeater id="$y"
SOUN COF X inaS BLECLE donct fre st SV OFE"$) "> <lixa href
="$y. seleetr($]) ">{$ }</ax/li> </netui :repeater>
</ ul x/td> gFdxyl > <net yi. .repeater sources "$y

1075 el catatsbt MATAOAACTE T TEerdior =" Sk >
<l'i >{ $k} </4/k> </netui :repeaters </ulx/td> </tr>
</t bodyx/ t%fﬁlfé%fffﬁﬁé T hd St EPeatel.0aparates a list of

I5keyref anchrerss; the second repeater binds its source
vari agl/fgém‘tfﬁytﬁ?bWevi ous repeater's se:c ect Ied node, and
ener at I i n .anch . L ha eat er,.
gener at ?Zhegl i §e§npg%te cgon ?%%?gn%g%g : q;%g%bé?s t“h\fog( &P gcuon’ the
I epaditdss aindeueCwithtid dudtdhe XSHIRCL ffomavilied. LaReS &88, the submit
the contacts keyref- )

20  <input> element invokes the form’s createContact action below.

function createContact() {
$context.account .@@contacts.create (
<contacts
<salutations>{$context.salutation}</salutation>
25 <first>{$context.first}</firsts
<last>{$context.last}</last>
<emails>{$context.email}</email>
</contact>
)i -
30

return ["showContacts.tmpl"];

Conditional Tags
The <netui:if> tag can be used to conditionally include XHTML

35  segments based on a computed condition.

<netui:if cond="gpath-expr's...</netui:if>
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

40  page.
The expression uses standard XScript coercion to evaluate a Boolean

result. The following expressions all evaluate to true:

{true}
{100}
45 {"some string"}
{<xml>}
{$root}

The example below includes the <if> tag to implement conditional

template. Here, the $current.email table column is only displayed if the



ski ppi ng the automated keyref columm. When a
repeater's select O function is invoked, it
wa@odosetBeal |y triggers the redisplay of the PCT/US2005/017822
tenpl at e-nodi fyi ng the source of dependent repeaters,
and setting the selected variable of dependent
repeaters to null. Tenpl ates st avoid circul ar
dependenci es between repeaters. The sel ect nmechani sm
is not considered to be navigation since the
t eRi M E 1SnGHAIE e, Coth ﬁt? of $erBqbn ARG all biifer SAMRS Qoerce to
above results in the follow ng display’ App | Repeater
1 kriRepeater 2 | Cont actsThe tenpl at e above represents
t he navigatiQp. part of the U-enabling the end user to
traversewra series of keyrefs. We can further nodify
Sthe U to<tt &r i ;ﬁ‘;ttazgg}e/‘iﬁ‘f nodes. For exanpl e:
<td> <t abl<e g& a-. repeater source="3%y
(c)(eéee@ntfa@bdf"ecﬁrr'éntl errerlat or="%$k"> <tr> <td> {3k
10 - emei L, ) sAEESTLea $RIVrdlel () }</td> </tr> </netui
:repeaterss </tbodyx/table> </td> This creates the
f ol | ovdtbR{YTUEPISt: Focused Repeaters The repeat er nay
al so beNgks icRBditiopal femplal cajebe renkpseated msahBropREy sheet in the
mﬁg@& rating over the entire collection of
el e dse?lﬁér?]ed by the source attribute, the repeater
15 only shBepecapsrdagl ement at a tine and mai ntains a

cursor. The foll owi ng addi ct| ons b
cal | ed SRMAlafeSINeygo ?p?&?éf%&g’k emﬁmts r?é\ﬁafét% gwrhaw data
gfsgh €and! Egst&ﬁcuaaqaeiésr Y e[gge 3{1&{ eamfaﬁlatemeﬁw YR generate

e fromt nodeset 1s to I spl ayed. The action
beK&I¥NIhwdice sheyhare rendptedt(sintlon taaT aglibg in Iﬁ’)f ocused

repeater, and sets S nt to,the relati .

ot he BoDPHRCH st CHME tentBirmte Beyenras i o glftaent lst
20 Se[Le! QﬁB&@ﬁit%f (@BeAmRY M e {nchGQ nﬁ&?&%tef&“fssaotrag Tsed to re eat the

$account .* [0] ; return [$account.*, "focusédContac

. t sanpd HTML Toreelamehpradl ¢hidokeménts of itnsnemit hepeaters element

re eat er he re ate ur sor..<net ui

"B Beteatod o Sobb PGy dbe GORIAMER SPaf P RE L 61 >
<netU| g{ntegend="$s . position($context .cursor) ==
$i.count()"> <td>f|rst</tdxtd>{$| first}</td>

<netul:repeater
25 id="tag-id"
source="spath-expr"
[iterator="variable-name"]
[selected="spath-expr"]
[orderBy="orderBy-expr"] />

30 Each <netui :repeaters element has a source attribute 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 source attribute. The
repeated XHTML segment can access the iterated node instance referenced by the

iterator attribute.

35 Repeaters define the following attributes.

Attribute Type Description

id identifier | uniquely defines the repeater tag

repeater | SPath specifies SPath expression, which results in a
node list (e.g., $root .@@accounts. *)

iterator | iterating defines the variable containing the iterated node;

variable this variable only has scope within the contained

XHTML




<t

d>l ast</tdxtd>{$i.last}</td> <td>email </tdxtd>{$i.

emai|l }</td> </netui :if> </netui :repeater >

wop@sai4484 cond= "$s. position ($context . curspeI/USLBS/017822
<a href="$context .cursor = $current [$s .position
($context .cursor) 1 ] ">previous</a> </netui:if >
<netui:if sond="$s. position($pgntext. cursor) < (3$s.
length ( ) -1) "> <a href ="$context .cursor =

$current [$s. position ($context .cursor) +1]
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| ast Davi es| | ast Reed \eiRisbusalaBI@sizR- hapy& i |

\oh-8e@sTe. |Cyniegal 1 1 EiGRG AR XGERBrPKE BRIFEKpAEERIORQNEL
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net ui R.ei’%aﬁ]élﬁtsgfémgort ed Repeaters Repeaters c

speci fy ThBgo Wik téfiph hbmehedetsa @épﬁ:aﬁ:ﬁﬂ[ﬁ@ﬁﬁbfﬂgs BBé list of

decl ari n% an orderBy attribute. The orderBy attri
i s ngdestde

ute
Ined byithe aseennds keyrefn XQuery-|i ke expressi on:

5<net Ui,y repeater id=" id" source=" source" iterator=

"var" <orderdByrer’ Q=theedSyEhiausete2sdfhenge@rderBy Cliaus@r="5i">

i's conf ORISR <fE1 1 owi ng BNF grammar (The spa th

expresshon represent a field value for a particul ar

10 r epeat efThistezegtes the dsitdByifiy ampet:: : = O der Spec (", "
——+—=SPath Order

15

20

25

Order Spec) * O der Spec——

Modi f ier

OrderModifier ::= ("ascendig’ | "desdending") ?

e Cyberdine
All XHTML elements contained within the <netui:repeaters elements

are repeated for each node in 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
functions. 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="$i"s>
<li><a href="$pageFlow.navigate ($i,

‘showbDetail.tmpl’) ">{$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 point at the node referenced by the value of

$i for the corresponding repeated element.



(("enmpty"” "greatest") | ("enpty" "least")) ?
("collation" StringLiteral) ? Note, the expression

was@amessa stable order (i.e., order of equal PEI/USH05/017822
shoul d be preserved across nultiple invocations). For
exanple, the follow ng repeater lists contacts by the
descendi ng val ue of the cont aigés | ast nane (i.e., $i
. last).<netui: repeater id="3$5" source="$current
.(c)(c)contacts. * " iterator="$i" orderBy="%i.l ast
descendiwg,. - / > [ winhast }</td>
<tdsfir sItQ /e?tgf(s{ %@{%ﬁ%ﬁ g}itlégﬁs(l%lﬂ-}lré ﬁﬁ‘l&goh, éelett { ), %at enables the user
<t doesslect a/padicubir ehimene fiminl tHelst dPor<éxaetplé, the dgikatigg remplate

The. foll ow ng repeater sorts by |ast me i n ascendi ng

or oféarg“‘(qn?é‘?PF%B’éth‘Eﬂ laqdre istehoe ﬁgsysﬁ‘ A1V pshors
5descenﬂi»ng order. <gletui .repeater id="$s"
SourCéEeZ%t;qulﬁ?:@E"lg%E X 532 ;rg ﬁ§u$§ua:rent' @Fcaltlttfr*ﬂll%.?rator="$i">
or der Bymt '=x4pae$&rfe %Egeql egsgc’g R f‘]?eé{) d&stendi ng" >

Not e, <V®>the exanpl e above, enpty |ast name val ues are

to be cdryikig erda pirticelas anchpyeAusescthncepeatdes aseDadtad attribute to

Repeat er s Repeat ers. ca | so be. use 0 repe over

1Omalt%g S(?glma ﬂbee?'ilrﬁeélg VBlpey Cﬂret%_ﬁ fﬁavel'ﬂi‘ggq' %t{i?frl_’aé%a%‘pﬁhé,telinﬂléte may
nogeferdtBy fiRfrepeater’s)culienGy sdettéeydnds a |ist of keyref
el ements that descri be the possible navigations from

the cqiiespoodings PAURLYDE. ooThS o« BYenDEaUSEL .85 408 orovsins
source @fi-a repeater to display a |ist of keyrefs.

I
<ul > <net uf® “FEEpEFaEerst de Srlgpeat er| "  sour ce="$current
. (¢) okeyk gty ?%‘??&eﬁetaﬁﬁf %?‘ggcgfqngalﬁ ‘fli{ 5> EBET ()
}</li> </ netuirbelpepeat er > </ ul > The exanpl e above
2owoul d . &fliFn she. fol lowing output if $current points
to an<ageount node: owner subAccounts contacts notes
events gut ot es Ee node scEema ( ) function returns

e
<p>Type: repeagerl.selected.type}<p> .

an XM. éﬁ E’ FeSents the corresponding

noa—etyp;eg)tpgH I\{Fosl,lc %&J%—o‘n—'ﬂm—s may be used as

t he e  Bancroft
[ Cyberdine
Type: Direct

25 Note, the <a> anchor above declares a style attribute, which contains an

15

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  following repeater displays the list of messages associated with the selected node

(Contact) in the previous repeater.



source of a repeater to build an input form <netui

:repeater id="repeaterl" source="$ current ,neta()
WO s@iamaB) " showNul | ="true" iterator="3$i"> <tPCI/US2005/017822

<td>{$current .netaO .schemaO . getFi el dLabel ($i)

}</td> <td>{$i)</td>r </tr> </netui :repeater> The

exanpl e above produces the fol}ow ng output:I|mage Tag

The standard XHTM. <ing> tag i s used to display

i mages. <itng [src= "filenanme" ] [netui : content=

" spat huexpr"] [ne(tiui :t%/qpe:" conte.nt-type" | / > The .

i rmge <f1 Jl_>ga T.e gl r;t"ea zja Z “o u i" t: riseize1 . ié:g;n:n ?ﬂ*" iterator="§i">

additi@;ﬁg&ioigﬁegt Andar ¢ %ﬁ%ﬁga fl:l?%g?ig {%é

Sframewdflk supports netui :content and netui :type

attribGt’ds to declare an SPath expression which

referenaces an el enent that contains the image's binary
{oSourc élgezmﬁg’gfgﬁ afY' ESPPirat” eEcoFrPriéc R odttclyeecdefEne”

a suitabhgsehbaent within it's XM. Schenma defi nition.

For egzrrrptliel;epetahgmont act schema bel ow has been

exten “to.incorporate an <i e> data e] enent <xsd )

:conpl e f&?p@llﬁgﬁ‘é&%&’ﬂﬂf‘tﬁdﬁ&ﬁfﬁgggn@ ?e@éﬁﬁﬁenﬁ@éﬁr% & multi-
15el eBRmMinddak ‘"ﬁi%'tﬁdfe@tlie%}.

type="cont act Sal ut at i onEnuni'/ > <xsd: el enent nane="

irst” tYPB=PREA: string"/> <xsd: el enent nane="| ast"

t ype="xsd: «tgtappneHsLea-repackrel eRpat- iR E 2 FRi <k d>contact s</tas
Zotype:"xggﬁfst ring" /> <xsd:el erent nane="i nage"

type:"xsd: basgedBih.oayyt/ > </ xsd: sequence> </ xsd

: conpl exType-»L-Thi s woul d be referred to usi ngz t he

f ol | 0w g XTI &Py S het- Ui eBRt-eiftt = $ctrem’ ™"
25. contact . i nmage<iin@tubs=tdkydanst BOP- k2 <JhRchuwde Tag The

st andard <gg£§f}i%‘iin1’@t>%él§> tag is used to insert

ref erenced.cgfigt.ur :include tenplate="tenpl ateFile"
30[flScurrent =" spathzexpe: ja-/ sy Fhecd-nel wtecday definesia

tenpl ate attr) hifees Tl Waites® @t dipl-are*to be

i nserted into<tthe current page. The optional current

attribute it¢<t’ged to set

(S
<netuil:repeater source="§y.selected.@@contacts.*" iterator="gk">

35 <li>{$k}</1i>
</netui:repeaters
</uls></td>
</tr>
</tbody></tables> .
40 The first repeater generates a list of keyref anchors; the second repeater

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 attribute specifically traverses to the contacts keyref—
skipping the automated keyref column.

45 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.

50 The sample above results in the following display:

[ App [ Repeater 1 | Repeater 2 | Contacts




$current variable within the scope of the inserted
tenpl ate. For exanple, the follow ng XHTM. segnent

wei0enoese he chai ned repeater exanple, and i nCRCPUSENES17822

a new repeater ($z), which displays a list of Contacts
(for a particular Account, $y). The <netui :include>
tag includes the detail .tnpl npl ate and defines its
$current variable to be the sélected node of the
repeater (i.e., a contact node).<tdxul > <net ui

repeatel 1 d=" $7] « S@hCe—" Y[ s (e C) CONT A0LS suah Smith
itlerator=" $k" X <lixa href=" sel @gdof $k) " >{ BK} David Davies
</lax/li> </netuil : repeater> <[t xghtedpe <t d> <dnetui :

i ncl ude B template aigwe reprebasts d navigatxepartos de il enabling the
tnpl” > </td> The.detail _tnpi tenplate is defined
be|éélv‘6.‘(s‘2rtt8zm¥ rg%fié?(’i‘eéo"f’z‘gy@fsr xt d>Det ai | </ tdx/tr>

<trxt d> Wéeuh figtHer moablthd U} &/ depebdnt 2 15818 ¥F Aoded Crtirle’Bhple:
.emai |l }</tdx/tr> </tbodyx/table> </td> This results

5in the f%flgmeggb&y; put. HTML Tag The <netui :htm >

10

tag i s used twoectunseakiter awird=TdVlectdterd. e iGNk page.
<netui :htm> {étﬁajtg};{g{xgn[ail}f/t&et ui :htrnl> Nornally
SPat h expressi ons agegsevaliugtad. and the resulting

val ue is inter/&lé/et_ed as a string and not processed as
HTM.. Hovevgfeyald.oiyarl dat ed SPath expressi ons

cont ai nedtdbet ween t he openi ng and cl osi ng <net ui

s ht m > tTys ereates thedolfledingoutput:he page as HTML to be

15processed by the browser. For exanple, given the

20

25

30

followi ng acti on code: S$current .productDesc = "<p>A

<H3@gr eat </ b>[ R@wlr OJUCT [ Kepepers ;  TNE T[Moddo NT

terpl ate HTM_.*wothwls r et ur n* t Aemeout put Qetrad@acmecpret U Sarah Smith
thtml > {$current . productDesédeg netui | H@TRYr elt?vid Pavics

b .
HFM—and—expresSI8HE may Be conbined

newproguct—HMM—and—expresseris—may-bBe conbined
wi t hin FOCsed ReDSHES > ol emmnt . For exanpl e, the
fol | owl et BaBla faTitbo WUddhink 1t b *RRuSU’P WP hRMAs 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 cursor.

The following additional functions may be called on a focused repeater
object.
Function Description
next {) if focused, move to next item
previous () 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 attribute 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

specified account’s contact keyref:

function selectContacts{$account) {
$context.cursor = $account.*[0];
return [$account.*, "focusedContacts.tmpl"];

The anchors invoke functions on the repeater, which move the repeater’s

cursor.



<ul xI'i> {$current .productDesc }</lixli> {$current
productDetail }</lixul> </netui :htm> A great new
w@e@dact489 From t he peopl e who brought you WebLbPQI/TS2005/017822
Controller The controller can be responsible for
processing events raised by the user interface and the
dat abase in response to extern b sync nessages. The
controller can cause action scripts to be executed and
tenplates to be instantiated and di spl ayed by the
br OmsahetuTiTaJ§d®f a-liﬂ”ﬁs"b@lgﬁ‘dgs&urﬁfxt"t hersg@nigial | er can be
ext endedB§°} DICEHRITE iPAY, & COME 0| Fer xpf s wprivet) s
witten i m%ﬁéﬁ;%ﬁé?%)ﬁﬁb&ﬁ%ﬁd is essentially an
SECVASCT i pt <WermsilsfrapkadsiPR)Ll</Fre control ler file can
cont aig)nénitf‘ﬁjgbi@qd regul ar ECMAScri pt function and
gl obal variable definitions. Page Fl ow The

LoEont T OFTRHEAFR 3 e-air depiae Siepnbe 11 ow for e
app! i c]atspeﬁa}ifﬁ:@tc’%' ent par orfttighp %%T i({lglftl Gryeurser) -

consi st=tgfifa controll er definition, actions, and a

set of "TRhpL ATES.cS THECCDIETOTF &P =r7 | & (Calt €bAsPST of
I5XScri prudkennctiosicantcatticon-definidians. Actions are

i nvoked byt tfenpl at es_(and ot her actions) and can

access tHBs ¢S thedolowmeoumskt and $cont ext

var iral eSsant ey ar e nof mabt g Tecttyt o ramdi-kythe

$cun rgnt Swifiy | abl e-i nst eled, Pdigy return f orwar deear r ay

t hat2E5— by -{He_giremsiaer 1t o | dBier c.com

val 188 or scurrent | and“$FRHEEE Acti ong af 824BHe t o
modi fy @Byddefeidt, fovustd oepeatets seatheadur®s to Pbint b tieefisti 866k in the
to pass state.t O#SPd from pages. This context state is
al S6UETBERdplist dhppetesited siEbite ixdadined,ipisi usad toset the cursor
20defd gRs bd BbdSfusidll '%8 S i 10Rly i
i ncl gdea@r efinit ieg@lsf oﬁeﬁfg@%e i %u%r%(gylg}é%lgg%t%aprecedmg
actaq:twy).; this is called when an application is run.
M ni Mk s, -bhe-bedia. funcLian.shoul d.return a forvard
arraysélha:tedfemztakmmtdﬁe;"t|}Lyenarre of the first tenpl ate
a5to0 be dif >£§%§ Sotmetforrlpedin () { return ["hone
.tnp 1"]<§3 a Q?S&B&E&ﬁ%&&é fjﬁg@forvvard array is an
ar r ay <gktuXSerseptc> obj-ects (i.e., strings, variabl es,
SPat h eXpriedBepatrs which are interpreted by the

conc o cheh @ SShEIR? ALSrE AR 5ol 4 2B b

30 Scusdlaitig &Y St RFeY attiBleeThd Brad Al la¥big it ¥RE$hOfhat contains an
forward objects are defined: The Torward array can

con&usty-Bke expression: obj ects in any order. It may not
cont aerétMeEéapAreidSBa‘t Qou@é&p'r£§§£"0ﬂ§rat£wlJalnm et elTpl ate
fi | eneutesy="ordekytlewrpl-at e
Where orderByclause is conforms to the following BNF grammar (The

35 spath expression represent a field value for a particular repeater item):

OrderByClause ::= OrderSpec ("," OrderSpec)*
OrderSpec ::= SPath OrderModifier
OrderModifier ::= ("ascending" | "descending") ?
(("empty" Vgreatest") | ("empty" "least")) ?
40 ("collation® StringLiteral)?

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 descending value

of the contact’s last name (i.e., $i.last).



filenane and a navigational string constant (e.g.,
"CONTINUE") . The following are all legal forward
wW@reoays#489 return ["BACK'] return ["honme . tnplPCT/PS2005/017822
et urn ["home . tnpl" , $root .@mccounts . *] ;
return [nextAction] ; return [] ; Note, actions that
return nothing, or an enpty fquward array, do not
nodi fy the $page and $current variables; this is
equi val ent to returning ["CONTINUE'] . In the exanple
bel ow, <=¢ ra@tf%ntdﬂeessw@eﬁ@e@t verraplse 't gepert e m a
cal cul at Lt@ﬁiﬁqﬁdbjﬁdﬁﬁé@é?g/gagw gates to the showor der
5terrpl at e<td@ﬁ1r£f/|t®=r<t;d>tsheelaaet4/eﬁ sets the error context
vari ab) geté’r?ﬂaﬁlf@f’f%f% THa! et rol | er to remain on the
rren I
((:gcoﬁt Eext %W?ng Ie# Q‘%&J 5%8t G@ IH% ta i Ceg’g%'ﬁgf)orrder (Le., default)
" Erangrthen b}aﬁrﬂt name I[IOdesSﬁidmg order. r et ur n [" CONT I NUE" ] ;
} $congex coftder Lot context. order.. e *
10$cont e%(lgﬁgﬁﬁﬁ@i la&tt %mptf agt[ %$ll_rf hg)(i[@('[t (@Tglg" y rahCT-‘ $l
Acti ons Wefe] nthe @RAMPIeAIboUE enpiP tixeRbSBVhRIes bhReto be con31dered
appl jcation to nodify the data, nodify the current
erfflleasbsignificarpeat f ect navi gation. For exanpl e,
act| ons M‘eﬂﬁ)a&rﬁﬁfe‘a «&{ update a data node, conpute a
total on a partic nodeset or redirect the browser
to a di fReeetets qar dlsobe ub&l thatopesrndel merl 8@, deifilc®B9 the data
15en‘ood%}ment tenpl ates can only access data stored in
t hé"%lal data cache (or in $context), actions provide
a necha t e vi
i nter netrP;CE‘rextaﬁlrp oé%gﬁ%?lgﬁ? #\?&Eede‘% {{%hrr%?%t %J%e{:ﬁ%%oﬂsg Opkeyref
Ac teilfmlﬁntmﬂxat: dttscuhe; thﬁs;msmh}e maipatisynfrax @ coRepbading nodetype.
crlgh ct| except t hat the}/ are invoked as
ePﬁ Béﬁ %WW (AERTA P displayis list of lwai@fém
20qW actionNane [ par ani , paran? [, . ] 1
Exanpl%"st“rﬁ? 61, (g\'/'\jrﬁya“&ﬁ’d hesk=cdeiéareat Pemyaehv Ok estetr#rer~"$l">
f 00 () neaﬁtﬂeﬁeﬁterp ssing in a string paraneter. <a
hr ef —'km}agePI own f OO World ) ">Foo</a> The action
def i ni t iITde cxaaplerabdve woulietuh ter follaping dwpwhbpeeleaw. points

25f ugs§ rllagtgcgu%ggl%gg {

owner

L]
. subAccounts
. contacts
. notes
30 . events
. qutotes
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.
35 <netui:repeater id="repeaterl® source="$current.meta () .schema()"

showNull="true" iterator="$i">

<trs>
<td>{$current.meta () .schema() .getFieldLabel ($i) }</td>
<td>{$i)</td>

40 I </tr>

</netui:repeaters
The example above produces the following output:

salutataion Ms

first Sarah

last Smith

email sarah@acme.com




$context. bar = <hell o>{$p}</hell o> return
["CONTINUE"]; } In this case, the action sets a

w@e@siiemss vari abl e (an XML obj ect contai ni ng t PET/URIO$/017822

paranmeter) and returns control to the current

tenpl ate. The follow ng exanple returns a forward

obj ect that changes the $currgpt variable to point at
t he nodeset contained by the accounts keyref. function
exanpl el ($p) { return [$root .(c)(c)accounts. * ] ; }
The fol Iipwbegagxanpl e change $current to point at the
root node, and al so changes the current tenplate.
functi oﬁ@ﬁ%#@ﬂ@ML fimgst tag is Ussdl dodisplapamagaspl "]

} TinekLg Tiners inplement a sinple eventing nmechani sm
The add!tsrcrfetflle(ta@e"lf unction is used to register a

Scal | back? 5‘”@@ e fAiEH j.s i nvoked after a speci fi ed
del ay, val var
tinerl dam]1 élglg%%% glvevhgdﬁ%l? ﬁcgg)w(l ﬁéaﬁtr'g%%i deI ayl ,

per’\Ft@fd'}e) The [fupetion i sPealrlied on the Spagefl ow

obi-ect—and—retiurns—an—t-de f]ificu, v
[ c.JSEa‘ fes—th %LJ fg st ANt e The—eaneerTrer
III

l)

Ada T i’ﬁﬁ%?g““”“ nEOREE PP 6 @aﬁs&% (& e PP

e TN aaiior s e amaad S bl T M nE Ve supports

TYRerBeSeht Rl M JEXARIE bl td Qédlé}@"aﬁ$}%ﬁ@€ﬁ¥r€sslon which
the function foo ( ) sets a tinmer, which imuedi ately

10 sc mefeiighess anhelemygnt tbytt dontrgns the imapes birgpe atwdé.yThas refjuires that

15

20

25

30

35

second flo\%l c! Vg ldgﬁt | onsul?a%i%c%srﬁ/gr{t ‘tavLH rl d% XML Schema

(tuaﬁmhdn count) { $root .select ((c)(c) accounts *
(c)(c)contacts ¥ .(c)(c)tasks .* .where (.priority
== 1)); Fpr pangg}g,ntiae sentacf) schergp hglom bag been sxtearlad teincorporate

(t| ; t he cal | back function,
ar{{;z,lma e>lggéa a %g%tp sel ect operation, which

<xsd:complexType name="contactType"s>
<xsd: sequence>
<xsd:element name="salutation" type="contactSalutationEnum"/>
<xsd:element name="first" type="xsd:string"/>
<xsd:element name="last" type="xsd:string"/>
<xsd:element name="email" type="xsd:string"/>
<xsd:element name="image" type="xsd:base64Binary"/>
</xsd:sequences>
</xsd:complexType>

This would be referred to using the following XHTML.:

<img netui:content="$current.contact.image” netui:type="bmp?/>

Include Tag

The standard <netui:include> tag is used to insert referenced

<netui:include template="templateFile" [$current="spath-expr"]/>
The include tag defines a template attribute that names a template to be

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 segment extends the chained repeater
example, and incorporates a new repeater ($z), which displays a list of Contacts
(for a particular Account, $y). The <netui:includes tag includes the
detail.tmpl template and defines its $current variable to be the selected node

of the repeater (i.€., a contact node).



polls the server for updates on the data set defined
by the SPath expression. The tiner is cancelled on the
wadaos/11438ocat i on, by calling the cancel Ti mer () PGY/ESMN5/017822
function. The browser inplenments a single threaded
execution nodel; therefore, the call back function
isn"t executed at |east until;the calling function
returns. History Each tinme navigation occurs a
<$current x $context x $page> tuple is placed onto the
hi story<s¢>%g;(,_ %ccesslidblée by the ?gﬁl s%otlryhs%/ts%gm o
vari abl e. ViR iR e S DaEk L Sy SY CACE ot Tatrses
t hese val U%e}.l{):r h{l:gms%legk%zc?j& o/ tﬁg previ ous history
Sstate; s:i’gifﬂ/%l y forwardQ noves these values to the
next hi Sf O_In)étu%tig&lgde J:Jrré.abﬁszuﬁgct@véﬁlpég'%eéggtrrrptl'.]'e/g
causes a/@dkfferent navigation to occur (i.e., instead
1Oof Tiveviehgr . omwa kethplatenieefined belbivie forward history is
truncat éb“.itg%\éL@&d}Qackvvar ds and forwards through the
hi story stackeprRseemesed-bercurrently sel ected val ues
of all repeaterssd>fformnayabises ldre<akso preserved since
15al | $cont ext, (AT aBLEE"arE PAf ¥ 8t he history frane.
The funetdisons defined for the $history object are
def i ned ThxoesultsRage bllowingammpite FIG 10 illustrates a

i l A nanp laow for nart nf the CR annlic i 000
sSiripe—page Ty ou T orpaii_of tae-CRM-appil-catlon_- ’

dirggrggra) TEPT gk PadLt Rint e dala Jpget (S ol
and keyrefs)| diagram b) «r epngsent s|t hespage f | ewid@Acme.com
M,ﬂlCh consi sts of four tenptyatese each wwatih a
dot

ted-ne ihdicating the Scurrent hoddidvigs is

scenari @t%l%&ent s' ; customoperation to initiate a

guote r e .Q j . i I

st r AEEBb e 20k i o BB AN B G R Rt page.
20(quot FEqESt P2 tire/ Tyids®d as the context of a .

sel ect Ofenally oyPathriggpisssiens, erppryalvatedfndi the respliageyalue is

th ' rtijcukar
DBeBRAS) 4 Ao SE obPoRBRSAPLEN TR IRAILE U Al ey spa
bekxpssiobs ecoAcaimudnbddetan thd epanigt end kwsmega<ddist : ¥fm1> tag are
previ ous, price quotes and enabl es the user to invoke
 hipserebiplie paseaIalM Taiotegiogeaged bydhp PEmser spager! ow

25 . Creat pQuat.eRe 1R G - Request </ a>
Thi s (F:ausetf ﬁéaggl%ﬁéfﬁﬁoéﬁg%t 03510?38 bg [ nv;aked.
f unct rORCET BREEERT6T e REGHe81I=(Rt Y/ P nBeRyATERt</P>";
. quot eR&HE Edlowing E?&}PéatEH'TMLM’rlé elym e wpeisinrest
. Oty =mebuijnthiB{ditiedt Gb@airedoteRaguest . html "] ; }
This action creates a AgrebeReqpesivet. XML obj ect within

30 t he cur HEOML cant expressionss ahsy \bal yembined tBinPra0dnktdh :html>

andﬁ’g%g/ hild elenments. Note, this creates a well
f of! Qé:l%teéﬂé‘al?eélﬁ% fllasviag tteraplate HTdE i wenlé aetugn the gutput
f ohdigw ng

<netui :htmls>

<ul><li>{$current.productbesc}«/li><li>{$current.productDetail }</li><ul>
35 </netui:htmls>

e 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



expressi on: $context .quoteRequest =
<quot eRequest ><pr odl d/ x/ gt y>0<qt y></ quot eRequest >; The

wa@easaon4shen returns a "tenplate” forward pat hPCT/US2005/017822

5

i nvoki ng the createQuot eRequest tenpl ate w thout

changing the $current variable. The createQuot eRequest
tenplate is shown bel ow. Note,jgghat $current Still

points to the account node. <p>Quote Request for

{current .label O }</p> <tabl extbody> <tr> <td>Product

| Dby insptersérigrindointrd Béupf v hiels Svrenti HCMASeE SR AN®SL, and is
.prodld"/x/td> </tr> <tr> <td>Quantity</td> <tdxi nput
netFentiln ae EEMAReEtversitioRieRbddest . qty"/ x/td> </ tr>

<tr> <t = ' - 1 =" 5 = .
S - SRR e Ol KRBT n B e AR fcion
</ tand@yobial mdniabicldefmitienspl at e enabl es the user to edit

t he <quoI; eRequest > el enment created by the previous

action. "HFEYY m submit action copies the current form

val ues iTHeOcdnnB 1150 SRRt RARL tlY@f)é%be(%?’fof l&f‘enapplication. The
i nvokes the subm t Quot eRequest actto bel ow.

f ursdientorarisefizm apgliciteRequests of » contidllet Hefimitiontactions, and a set of
.qurotgﬁF uest .prodld !'=" " $context .quoteRequest

.qt‘flm 4 ") return ["CONTINUE']; } else { $current .

<j uot eRagunkollerStile c%fl%hﬁst(mg&?ﬁftfun&ibﬂteﬁﬁie.%ﬁgﬁtd)eﬁﬁitions.

return ["BACK" } The action perforns validation

. . - :
100n Aﬁ@n%@%tlé’RL@fh by tismplatese(and othes|agtiens) reddranuacnssstthe same
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qudcelranuasiablekdystedd, iy fehien @UoHeDY @SHOMAL is interpreted by the
controller to determine values for $current and $page. Actions are able to modify
and add new $context variables, which are used to pass state to and from pages.
This context state is also stored on the history stack.
Each application defines a controller file, which should minimally include
a definition for the begin function (or action); this is called when an application is
run. Minimally, the begin function should return a forward array that contains the

filename of the first template to be displayed.

function begin()

return ["home.tmpl"];

}
Forward Array

The forward array is an array of XScript objects (i.e., strings, variables,
SPath expressions), which are interpreted by the controller to determine the next
template to display (i.e., $page variable), and to set values for the $current
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




Note, the $context . quoteRequest variable is a
wel | -fornmed <quot eRequest > el enent containing the
wo adogastaBound fromthe form for exanple: PCT/US2005/017822
<quot eRequest > <pr odl d>w dget - z</ pr odl d>
<qt y>1000</ qt y> </ quot eRequest > On success, the
action navigates "BACK' to thggprevious AccountDetaii
tenpl ate (BACK). The AccountDetail tenplate, bel ow,
di splays the list o f synchronized priceQuotes .

<p>Aadotitame {$CUrTent invok®ancthdHia@RY%etion (actions can be
| </t dxtd>Quanti ty</t dxtids eﬁb)CG</ td> <netul : repeater

S OB ThuE peurTent - erator="
" + Al [

i ta {¢| p PIUU‘T%%@%&%&%?%@&W&?GI ";;
<t \ACK (Y Onuot e Gthag‘]glﬂQ?tpmSt;@T( ety -

1 ~/+d
J’ U

N
ORFASR, <o href=" sphepravard i bisiosrpiacke Request ()

r T p T . . .
1" >Cr eat BrepsvardRatpyessn <ppsistTHi ferwasdpbiects incay drdareliteay not

t he dj spl .bel Not e, .the_subnit Reguest action
abov g{a?rg t“ﬁg un@gi %}H F%\Qrg?s§/°,ns’s g‘#tfpg]e ﬁ%}%ﬁ%ﬁ%ﬂ%‘&ﬁ% st a Winplate
nodieinhd a4 n&iisatloRd] Arikg tEBtdnk €. £, ubdiIntHS . SeEY 851 10wing
has responded with a synchroni zed quot e node. Bui |l di ng
thearlgr?)f]otlﬁﬁ%l TOTYRRY 8@ run the prototype, the

5f ol | owetign apgidkent i ons need to be installed: Apache

Ant , Searrrd dVizem@DeplPér f orce client, BEA Wrkshop 8. 1.

The f oktwowilNegprentirldnngivet vegacapids - shoul d al so be

set. TRMS™ BT 0AFEto"dssunes that a Perforce client has

been gEEED AAd with a vi ew mapping //al cheny/ mas to -
10¢ ai chgﬁéff%’nﬁ%t?onﬁlst aty FFéul?lthg’?Oign G B FRRks %?Wag ey ndo not
| atgsdi d U i g f . -
G VATARE e RaSe e RN IS | R livalept 1 otuming
RunmcogrzApptli.cat i ons The prot otype browser can be

i nvoked .via the browser's ant. build file )
(\al _cherH}\tﬁ_%se?‘@?lB(eb‘\P/%%ean%ﬁhlo& US55 2 coptextrwiriablgi tegperform a
FunRbiciRti¥A na e RES ﬁ%fga&ﬁdtbbtﬁe rsh%%@fﬁ%&%mhgﬁ% Qn error, the

foll ow ng command i nvokes the browser, runni
15 nawctgert sats thepirior abitext wirtahlet dnd inpaitd ihe donirolirvo sémain on the
ant_ -f .. \._\src\browser\bulid.xm -Dmas .aprnane=crm
_ DEMEH B ivet r y=400x200 run It is convenient to
cr eat gugtipatcelrldtpioeni(le{ g. , {r un. bat) to invoke this

if ($context.order.gty <= 0)
S$context.error = "Error: Quantity not set.";
20 return ["CONTINUE"];

}
Scontext.order.total = $context.order.price * Scontext.order.qgty;
return ["showOrder.tmpl"];

25 Actions
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 update 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
30  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
syntax as regular ECMAScript functions, except that they are invoked as methods

on the $pageFlow (controller) object.



conmand. The browser can al so be configured by setting
the follow ng environnent vari abl es: For exanple, the
wo odosow48y command runs the browser in client POTESENN017822
turns on data persistence: set
MAS PROPS=- Dmas. si ngl eproc=f al se - Dpersistent=true
Note, the Web service URL defigped in the service
definition (conduit neta file;1 can be napped to a
physi cal server by declaring a physical |IP address in
t he Wenpdoaml ok0sd s ohivhm ( (aram) W ABRGWS\ S .191)
st EMB2\ Diia \ Et c\ hosts); for exanple, the follow ng
hosts file declaration maps the Wb service above onto
t he al chidwyfolleyingsanoher declaratiany iygkeuthextaep) @cdompassing in a
rrors and trace information is witten
%ﬁ%l{}gﬁrﬁ%{eﬁy\ mas\ al cheny . log file. Application
5Packagp ngetTspapetilos . bel (owrrepresent s the file and
di r ect orFhesctioictiefirdtidrofdefined indiovi dotale r MAT) apghowcipdlown.
apps/ fégplo;lc‘fgg(gqn root directory appNane/ Application

sub di r eednedy. bE:{UQ<hha$> (&hiento-start-up script schema
10s/ *, sdeprI[‘iC@WIiUéﬁ nodetypes net adata/ *.xm Conduit

rota an S, Shsencti Hiign, T4 & ﬁggﬁ%%a%"@ﬁ%lf (@5 T XMl obiect
mﬁﬁtaﬁ@@?ﬁe ﬁﬁﬂu@ ?al(aﬁiete@ﬁ&{dsr%fuw c)on‘lﬂ@f %O BhrrdR rf@i‘nﬁ/fﬁe

pr oj ect otype 1oads all les within
enenas ing r eemplé estunise aarfptwarét plojactr cbhﬁt changes the

d| rector s.to root. and
33 h@ﬁb‘igé%&v%{ AR PR Padns vy kSReE
15 Depl oywrngicaresknMeh@gi hg Applications Applications can
be depl e¥ed, tQ.Lhe.&li.ent, . fromthe MAS (running wthin
5 Wor kshop). 1. Workshop nust be running the
appl i caflhe rfonmnmgeexaﬁ@ia/ehangs geubaln@Wb. podnt dihie root node, and
pJé t| on _conponent s (tcont roller tenplates, neta
2Ofl B %%SQI?W@H’&H?"Pmé?%bove) nust first be zi pped
into wnsul&gkﬁmﬁlbi(em(app zip); to do this, create a new
zip file n q}gath entire appfolder (e.qg.,
\ mas\ appst\ | ﬁto 'nZip (make sure "save full
25 path i nfrg{leﬂsn I\IOT checked). 3. View the application

adm n page: http://ww.| ocal host.com 7001/ mas.
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 = $pageFlow.addTimer (callback, delay[, 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.

delay integer specifies the initial delay (in milliseconds).

period integer optionally, specifies the repeat interval (in
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 uniquely identifies the timer instance.

| Parameter [ Type | Description




Note, this may take a while. a. Cick "Browse..." and

select the zip file; b. dick "Deploy" to upload the
wa@ppsitcasd on to the server (in the |ocation 15pdEUSI06#017822

by the nmas. approot property above). 4. The adm n page

di spl ays the deploy URL for each application. 5. To

"install" the application on { client, run the
nobi | e browser in single process node (w thout
specifying an mas. app property; this will invoke the

app _selectdr dialog. et MAS PROPS=~Dnms .

smgiegridc=fldinse ant - | fdentifier\for the timecbbjectwser \ bul i d

.xm  ruixémpknt er the application URL into the
appropri at it box and cli ck K. .Running the
Appl i cat? &ﬁ N%Hawg sppale; 1the smnctions fog)( P offithg ¢iessalwhich

e ooﬁﬁm‘en (SRRl S g e
\aI chémgiimmssady ¢\ masj ws nto workshop 3.
> Doubl ;Pg "] tlﬁertI e szBE’ES’thFlOWIa dg?mef Bt 1%€°9 h the project

pane 4 4, E (t ted for Ilbrary upgr ade, say yes then
click 11 @gﬁ? 1z=_ct Eﬁ@g (égc%lntg;lc&ol @Q:gslé’se"pju ageqdprlorlty == 1));
10war ni ngs are safe to I gnore 3 . Start thhe server

(Tool s lf>(Wt§ o¢ %Tme - > St art Weblogi c Server) 6.

After the §aegrever RS &d*"Flin the fol | owi ng command

(safelto ignore the WebLogi c depl oynment errors).
15 C: \ al chEleye, s callback figwpionybaz(),ifvakes \Addep select opdration, which

th but t t I ith.,the. 3 .

oot e apivepfornBIEEE ahiche e Sk dbindamoing Spedy exprssion. The

st aAkALd calceNed 8hMBE 1080insbéatln S by fchilingOe %ﬁé@l@'m%&@ fystem
web page enunerating installed appl ications and therr

Rﬂglcmatll ong wth a Deploy button to upI oad a new app

8. Crea ar..clien ne
G oS il BB L AP RPRERb R YRR 5o, e
20 NAEallBBﬁPﬁﬁcﬁhfﬁﬁnQbk@dﬁtecﬁeﬂ PeR bl the @M BRPStion returns.
- Dmas. singl eproc=fal se 10. Run the follow ng comuand:

C.\al ch as\ src\ browser > ant runll. Paste any of

t he URL
e il S DR RS AN e e
Wi placdaieorito Sfeddstory stdvk, aweaisiblbbdy theHisiory @Elﬁmymnabhn

| og in. S Sch Definitions Appllcatlon sche
def i ni t Celige ThiohackO RFETR 26D GAYSES thegpagpl wHerke Toflpd back to

25 ﬁ:ﬁ#ggpraﬁ%u; %ért(%w fifdeS ﬁﬂﬁm,ydfoﬁﬁ&td Vﬁxovtég(ﬁ%se 'VQR@E bo tgg next
/ >hlsto?}‘;Jl gt?lt_e I;‘J the use? 6:11ovr238back Safld ethen 2;:1?86; 21 ci_lfferent n;emga‘aon to
occur (i.e., instead of moving forward), then the entire forward history is
truncated.
Moving backwards and forwards through the history stack preserves the
30  currently selected values of all repeaters; form values are also preserved since all
$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
35  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



The MAS schema file contains definitions for all

framewor k XML types. <?xm version="1.0" encodi ng-:
WO I0BA14889> <xsd :schena target Nanespace= " ur nPCHE82005/017822

.mas " xmns= "urn :bea .mas " xmns: xsd=

"http://ww. w3 .org/ 200l / XM_.Schema" el enent

For nDef aul t =" qualified" 150 .

attri but eFormDef aul t ="unqual i f i1 ed"> <xsd: sinpleType

name="i dType"> <xsd: restriction _

baskse xadlcaing Sthep beuyRe ' dodetsp¥s d Thid RBnakY PRaplekStts a custom

- conpl exType nane="nodeSet Type" > <xsd :sequence?

<xs%l?eé%fymnf% IRl r & qupte yeaRe clor g=particulax ageqgmt.  This example

se : eIN: =" ttype= "xsd..

ot rifaanite B Bcelldf kM8 SNOTRR 526 Mot [o4B5D, e s used o
contﬂxbemﬁyxi&)fmesﬁbct'opemioﬁype/ "> <>(§sd s el Iemer;_t
name="roqt" type="root Type"/> <xsd :co exType .
name="g r'g]bqw}@%g'@nﬁlﬁgeom% Peaders thag élg?béﬂé thegiger to navigate to a
r efﬁéfﬁ&ﬂir"a{c%oﬁ{tz(méhsﬁl‘wglcﬁé ALSR Ue@a?ln&hﬁffélzg Rz b<3f§\9) The
:conpl exType nanme="error Type"> <xsd: sequence .
m niSecountetg! template shovesa 1‘istrd:fq1nﬂ_dgﬁ_§'pri>ce/<yasd:'s agh @flﬂﬂé’s tthe user
<xsd:. el.enent nape="pkey" typez" ype"/ > <xsd: el enen
narfgémé%?%ﬁm%ﬁggo—mg%%é}ﬁg}g%ﬁ;pe"/ > <xsd: el ement
name= <&ressagegetygpesrésduotRbintg (/20548 Guil GOROL: < /2>
10name=""fTik cdustymeLsidveing Eetia hHRSYoked/ XSd : choi ce>

</ xsd . sequence? u</e1)2(eSd S:t(c;zg'pl exType> <xsd :conpl exType

name=""SY&Rukl fobive: 3-axsd i sequence? <xsd: el ement

name=" c cdetted: ype=lexsdt atyy Sionpl eType"/ > <xsd: el enent
1snane="message. LYRES XS SLLLNG"/ > </ xsd : sequence?

</ xsd:} conpl exType™ <xsd cconpl exType nanme=

"fi el dErTiis Ryfen ceates a <quoteRequest> XML object within the current

n

context and sets values for the prodrd and gty child elements. Note, this creates a
well formed <quoteRequest> element and is equivalent to the following

20 expression:
$context.quoteRequest = <quoteRequest><prodId/></qty>0<gty></quoteRequests;
The action then returns a “template” forward path, invoking the

createQuoteRequest template without changing the $current variable. The
createQuoteRequest template is shown below. Note, that $current still points

25  to the account node.

<p>Quote Request for {current.label()}</p>
<table><tbody>
<tr>
<td>Product ID</td>
30 <td><input netui:bind="$context.quoteRequest.prodid"/></tds>
</tr>
<trs>
<td>Quantity</td>
<td><input netui:bind="$context.quoteRequest.qty"/></td>
35 </tr>
<tr>
<td colspan="2">
<input type="submit" value='"Submit"
onClick="submitQuoteRequest () "/>
40 </td>
</tr>
</tbody></table>

Quote Request for Acme

Product ID
Quantity 0




<xsd: sequence? <xsd: el enent nanme="code"
t ype="xsd: anySi npl eType"/? <xsd: el enent nane="nessage"
WO yeaimsd: string"/? </xsd: sequence? <xsd: aPCT/URDE017822
name="xpat h" type="xsd: string"/? </xsd: conpl exType?
</ xsd: schema? Automatic User InterfaceThe franmework
i ncorporates an automatic browser (called the
navi gator), which can be used to traverse the node
graph. The output bel ow woul d be gener ated fromthe
CRM exan‘pl e using thefpt: i ne syntax.
ant \src\ br <t-—=Dnas =crm
E[‘h|1 AP Slﬁ pZ THE t%v‘f%‘ﬁf%? eqppfisy element
sh@yafateal by &eyﬁletleuﬁam qulectoﬂm tsibiiteactieR tcopRe @hd burfent form
accounts). Wien a keyref is selected, the
C oWﬂ@Q%mﬁdtmdﬁom &soreeat apEtlesy tien invpkeh e dpétoucheRequest
ey ref is selected and the correspondi ng
ac%‘gtﬁ&t(%alg €3 are di spl ayed Next, an account node is
Ssel ectfeetloaﬁ@mm@tkl’eweﬂs associ at ed with the account
nodet yp&® (i L ST e 'ééi':duﬁf"“fexéﬁe"ta‘?eg‘ﬁﬁ‘aﬁ%’d“ 0)
Now, when the cont acts keyref is selected, the
jpcorrespéifaing i st of. copiacl. nodes o@'a ed,, Thi s
navi gator A4s8s [t&&uea Fepeat nd
navi g t| on mechani sm descri bed above Ther efore, it is

pOSSi |ncr errenial |y a;]g extend the default naV| gat,or
Wit h cu Sﬁlfffll%thg?r piQIhan theneryesgReFIEE s © eqq;egt s values

15 QUL RS W meqeﬁgﬁté(c%ﬁm § e%%ﬁ erfoP €OfhbFwike, | 1f5?dds the

t he "navi gat or npl at e ch displays the curré
"f equsediquiede efpoant tethe) gandreqldsst kofief forethe duhraht account.

S can navigate to; the .secand tenplate is the
" d&ogq the FEPHREFF eWOSERIAUSAF (VRHERIE S Rofell n??wetihfézuoteRequesb

naEEe%hPJontaerﬁ'fBE Weval@RBBuAd K8 BE fdith, 38! &G fn?ﬂa the
node |ist of tRe associ ated nodeset I's di splayed as a

20list. <‘¥f§§j“§%§§ggg¥<>/p§oldtdr> <tdxb> {$current }</b>< /td>
</[tr> <tgpishelgty- : repeater id="$x" source="$ current
. keyr gfauqtereteste" i t er at or =" $i "> <t dxi rrg src="bul | et
Lgi " >Ontspscess.dhg aptiet ravigepecBaqrEity the-pgivious sackpertbetail

</ Eﬁ%plﬂte (gf&?af eer.l‘?ccountDetall template, below, displays the list

25 of synchronized priceQuotes.

<p>Account: {$current}</p>

<td>Product ID</tds><td>Quantity</tds><td>Price</td>
<netui:repeater source="$current.@@quoteRequests.*" iterator="i"s
30 <td>{$i.prodIid}</td>
<td>{4%i.qty}</td>
<td>{$i.@equote.price}</td>
</netui:repeaters

35 <a href="$pageFlow.createQuoteRequest () }">Create Quote Request</a>
This template would create the display below:

Account: Acme

Product ID _Quantity Price
Widget-X 100 2000.00
Widget-Y 200 1575.00
Widget-Z 1000

[Create Quote Request|

Note, the submitQuoteRequest action above returns immediately, so the
new quoteRequest node will not display a price field until the server has

responded with a synchronized quote node.



</tr> <tr> <netui:

repeater id="$y" source="$x.

selected.*" iterator="%$j "> <tdxa href ="$pageFl ow.
Wo005084489 ($) , ' navigator .tnpl ')">NAV</ax/t BCT/ABNH017822
href ="$pageFl ow. navigate ($ , 'detail. tnpl ")">{$]

} </ ax/td> </ net ui

yed per

:repeater> </tr> </tbodyx/tabl e> Two

node in the

10

15

20

anchors (liyperlinks) are dise
node list: the first anchor, "NAV, enables the user to

navigate to the associ ated node, redisplaying the N
J

current BQth@ﬁgqugﬁﬁkate with the sel ected node,
as $current; the second anchor (which displays the

coer ced hodwildjand g ﬁl@emlptqm gm &allqvoing repplettimins need to be

<t g@%@% %ﬁaﬁ&i@’%{mﬁfﬁ' ex%?%?ﬁ{ E?f‘%e %lléilf’tn}?’@AZWé’flfﬁth 8.1. The

r epfotiveing ehwirdiheéntsaviablesstbult 4185be set” iterator="$i "

<t><td>{$current . name() t</td> <td>{$il</td> </tr>

</ |nAtEFepeat ef T¥p'°27\fab'8dyx/ tabl e> TheM“dé'f‘%l

t empiTaiémedl Splrays L SRR S

a [TEae i Blaftdim directory

JOCGHRHownT dr ST 'cd%ayé]\h'éédﬁ ST tag e A it
rgEsponding-val re—output—of—th € -

brjowser navigating the CRM exanple is %ng Lpggeree bin

beTowW. e Ivb _wu ct ;

first Sar gﬁmi:tg‘i ﬁa %fﬂ??g?y-\ \Fenilgntehrarltsa pen set-up anﬁ‘ with a view

S armaip@hyTe /@Qﬁbﬁ(ﬁ&lﬁs NO\E A NEn NP Vma22 38R 1BE1fbloW¥ commands to
Bancroft NAV Roger Reed NAV berdnme NAV Davi d Vi es

ThéYR§ ﬂ@tlatﬁ%{éeu@ﬁ §96la and rﬁ@vldgct\ﬁ@ Hlemewopf-ate fo the

C:\alchemy\mas> p4 sync
C:\alchemy\mass> ant rebuild

Running Applications
The prototype browser can be invoked via the browser’s ant build file
(\alchemy\mas\src\browser\build.xml).

The following runtime variables are defined:

Runtime Variable Meaning

mas . appname name of application to run at start-up or “”

client.geometry browser window size (e.g., 400x200)

For example, the following command invokes the browser, running the

navigator application with the specified window size.

ant -f ..\..\src\browser\bulid.xml -Dmas.appname=crm -Dclient .geometry=400x200

run
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 iIf mas.singleproc is set to




user selects the accounts keyref and then drills down
on the "Acne" account. This navigates to the sane

woa00sQat489 tenpl ate, setting $current to poi nt PEDUSINES5/017822

"Acnme" account node. The user then selects the contats
keyref and clicks on the contact record for "Sarah
Smth"; this tinme, the navi gatlgf] di spl ays the detail
tenplate with $current set to the node representing
the contact. The browser's back button enables the

uger to navigate bgck from the det aillfaiéedMatepdientafd eher
navi gat or terrpl ate. CRM Use Case Dat a'ﬂPNmIeh directories should be
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cache Is persjstént.

NOLE: . st @he MOUTE p@nd def T mes COy g R IRE or not the server
keyrefs. Simlarly,| each contact nodead@y usant al n

eV@at . useapare gnd t agkneodes. The acgéurdiesnezie logiayarad. SO

cafpaiRRsswdirdaccount somhd defi nes t he Ssrphgiciesys pgssword.

keyr ef . FBotXampie, the fallowing nomownd agds the iesvseoit dient ade and
owner r.ef Whl ch references system users;
Si rtHrIn%?ﬁl Al PESISIISE event nodes define an assi gned
(user petkenprmafrs=-Mefsitdregec-keys ebsrshave-aucardi nal ity
of 1. SoleterdhaWeb KeW@fUmfdeﬁhtd onhe $éreick aefinition gconduit meta
ons . det aj ve a at.i qn.schepas; . the X
5 o 1R HE P 19,8 bty SRR BT el Py B s in the
Veivwnaaws ?hasts @Te =N R
/] oxa -- @Jﬁ%ﬁ)ﬁr%ﬁ%&?ﬁ%@%wﬂg% i Rxample,
at thei fo P‘éfmgrhﬂ%ffdg [deedaration maps fliecWeb )vans abwalontdlhe gchemy
i3 . or g/ 2001 / XMLS enema" xm ns :mas="ur n: bea.
corﬁ xra ns—" http: //exanple. coml "> Account Type The
accouhnt?- Hodeisy peaipte.¢af | ned by the fol |l owi ng schema.

0 <xsd :c&ﬁbbu@mg/pe name= "account Type "> <xsd:al | > <xsd

15

sel errenkunarre— nane

efrors andtyq PR EL PN

> .
race”  1nformati 1o 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/ Application root directory
appName/ Application sub directory
run.bat Client start-up script
schemas/ * . xsd Application nodetypes
mei_:adata/ * . xml Conduit meta and keyrefs
client/ Client application files
controller.xpf Page flow file
* . tmpl Template files
.mas/ Cache files (client/server)
workshop/ Demo WS projects

The prototype loads all files within the schemas and meta directories.



<xsd: el enment nane="type" type="account TypeEm ani/>

</xsd:al |l > <xsd: attribute nane="id" type="xsd:
wareosnglusaras: t ype="pkey"/ > <xsd: attribute PCT/US2005/017822

name="ti mest anp” type="xsd: string" mas:type="seq"/>

<xsd: attribute nane="ownerl d" type:"xsd: string" />

<xsd: attribute nane:"parentAgg untld t ype="xsd:

string" /> </ xsd ; conpl exType> <xsd. - si npl eType

nane=' accountTypeEnun1> <xsd: restriction base="xsd:

String” ppepd atﬁ)%,%gﬁsr%&ggzy glaﬁgajc&ers Ghds {0 the%s

1i a%:.approot
enumer ati1on va mera I On val ue=

" Chadnes. cjjlén&m@ﬂl ocMuntma tprapertis| (atesve).Par t ner " />
</xsd :res ct| on> </ xsd: si npl eType> Note, the
account I?%P a&"%%ﬁﬁplécail%%l decl aration, which

consi st g, watnﬁls g e%%@%g&t g?eﬁe Bent B8 HPRIAS gﬁ%&gﬁwmn

a set of constrai n by the acco
5si r‘ﬂéblétshqme definition. The foll ow ng secti on shows

the t he /condui t/.cr fi show n
(st g P Psﬁumﬂmﬂ? obfcatign PhasdeRgRns (ses below).
decl af PREALGR GORRABLRS ntrQH%rFin &) Blete files qand>schema
<gr aphl\/btfsle& Abays:mpush fifs he zappedyipions singlestile (ppimzip); to do this,
bea. cont oxeHtng newpip=filehthep drag/ thx entjye epp Eddgr (t.8., esiaps\crm)
10 nanme=" adoUWinZip uekesiypbsatverfid] path atfy” in NOT checked).
t ar ged. T\wiew" thp papplicatinn bdmin ?bgfeyhtqf://ww.@balhhMbbﬁWOOI/mas.
The accoudts, thisyhisf takeh ah@s. t he user's root node to a
set of accoH&K “Bedes..” kit it GRMi#BR!;i cation, this is
the oply keyuetpRAaNdot @ IddienE aslshdaagﬁ to TSR (B Tocation
15accounts deﬁﬁéﬁ%)‘f Qﬁas aﬁi%ootc Ve
tar ge& T ] he € é’EE?M) 1ca on.
def i niti ﬁﬁd?‘ag,%agg e gy Bélpg I al |
have Jpp°: stall’ the ? jeq %og ﬂbeng e browser in single
attri but @FOCeRRPOdf lﬂa@ﬂtsa?%ﬁ@%% E@ﬁ AP pr0perty, this will invoke
50 (SUbAccod P_Seb%?@félé%l@,g .of nodes for contacts, notes,
event$’ "%a8R 'Dé\fffdsﬂ%{”’éc‘rféﬁﬁest s. <keyr ef
?Z?Seq :E;I' AC\C O\ltht ?” §6 Tl}g‘}t]g twgf&maccgpg{%%land click OK.
cont act W@@ﬁﬂmﬁgﬂ“%bﬁa@%@&?ﬁ‘fﬂ t ar get Type="app:
cont aot Setahekdlpvang glohelenvipementsatiable Ty pe=" app:
25 accouwet JAY Ar ORITTONS="Dipps. appradtFc: \atdtepryihasapps ="
eventls" LeadaiuheyyRedsippmageaousrk intoav@rshopy pe =" app:
event3.” Dduble-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
30 5. Start the server (Tools = WebLogic Server = Start WebLogic Server)
6. After 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
35 Controller.jpf file selected. Eventually (after the standard slow server
bootstrap stuff) you should see a web page enumerating installed
applications and their URLS, along with a Deploy button to upload a new
app.
8. Create c:\temp\apps for client app deployments
40 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




5 <keyref nane="tasks" source type="app: account”
t arget Type="app: task"/> <Jceyref nane= "quotes"
WG owsaefligpe="app: account" PCT/US2005/017822
t ar get Type="app: quot eRequest "/ > The account nodetype
al so contains a reference (lookup) to a single user
node, which represents the c ent owner of the node.
This is expressed by the follow ng declaration, which
specifies cardinality constraints (exactly 1). U

<keyrgf PAGE BTy QWAR! URES Wsfel Y REcwaH PagdGbBY& into the dialog and
39Sty L, sl G Al oPRSGEE S e v
the foll g‘hq% asgﬁ’gﬁa. Ié)sgslg': el enent nane= "contact”

5type:"cmgggll{%ﬁ%bgﬁ%%ﬁqsd: annot ati on> ocsd : appi nf

0> <mas . n 5 cnas: | abel >$node. first + " "

+ $node App#isitioh sch@fia défalieby ﬁbﬁﬂﬁmpﬂﬁdﬁépﬁﬂloaﬁlﬂ@@h@ma file
</ xsd: appi nf o> </ xsd: annot ati on> </ xsd :elenment > <xsd

- cHFipg dieTiplewigrishesadiretivType "> 5 <xsd: sequence>
<xsd: <}%hﬁ.ﬂi§:‘9¢ nﬂla%d:'e":"@la:hné&t.ﬁtsi QﬁlnemaLocations'mas.xsd“/>

type="c ont LA SNl file 0BG defimisas B alf¥RAmework XML types.
nane="first" oti)/,,[f%f"xsd; string"/> <xsd: el ement

O nat ne S alT b s YA S IOl 1 S TR
name=" erElh4 :ksat ype=//xec3stui2ag /esPerstf Xsd: Sequence>
</ xsd: &]GF%]TOW S"%&éﬁ‘?@'i ﬁ.ﬁfl@q‘:ﬁ]ﬁ)émefault="unquallfled">
15 nane=" c ot acdpSatpit ahsconpdid’ > <xsd :restriction base=
"xsd : st; igﬁg%*r%;ﬂécfé%s’ehse%mrﬁersaml@m&va# ue="M"/> <xsd:
enuner at "ot VAISGES" M s" /> <xsd: enumerati on
9 val ue=" Msd{comptexstbe nemddnBdeadtr@a >val ue="Dr"/ > </ xsd:
Orestrictidﬁ“b“ﬁT?gﬁ%§%usL§T%:<> Not.&,, t he account

<xsd:any m cocurs="

nodet ype defdnes.emel abel declaration,” which consists
of the f)’ r;sfd=a:ﬂ£ﬁb#tas{amqameé‘l emeTits: stfjng'ouset yequired" />
a5 sal ut at F’6F FI8ISH™"R4¥s a set of constrained val ues

def i ned<by: ctpeexcen thatt saicutrat/ onEnum si npl e type
definit fﬁﬁﬁielement name="root" type="rootType"/>

<xsd:complexType name="graphType">
30 <xsd:sequence>
<xsd:element ref="root"/>
</xsd:sequences
</xsd:complexType>

35 <xsd:complexType name="errorType"s>
<xsd:sequence minOccurs="0" maxOccurs="unbounded":>
<xsd:choices>
<xsd:element name="pkey" type="idType"/>
<xsd:element name="system" type="systemErrorType"/>
40 <xsd:element name="message" type="xsd:string’/>
<xsd:element name="field" type="fieldErrorType"/>
</xs8d:choice>
</xsd: sequencex
</xsd:complexTypes>
45 <xsd:complexType name="systemErrorType"s>
<xsd:sequence>
<xsd:element name="code" type="xsd:anySimpleType"/>
<xsd:element name="message" type="xsd:string"/>
</xsd:sequences
50 </xsd:complexType>
<xs8d:complexType name="fieldErrorType'"s
<xsd: sequence>
<xsd:element name="code® type='xsd:anySimpleType"/>
<xsd:element name="message" type="xsd:string"/>
55 </xsd:sequences
<xsd:attribute name="xpath" type="xsd:string"/>
</xsd:complexTypes>
</xsd:schema>

Automatic User Interface
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5 The follow ng keyref definitions relate to the
contact nodetype (i.e.,

AcCCcounPG&TI/US2005/017822

app:
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contact"
event s"
event
contact"
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to a single user
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. | abel > Nexhpahl aerieniode ds sploeisd,<indsthe: lmtyquﬁfasmmted with the

</ )éggouaht%%td%bg l& €., sourceType="account”) are displayed.
Node Keyref Node Keyref
" oot ®  accounts " Acme " owner
®  Bancroft ®  subAccounts
" Cyberdine "  contacts
- notes
- events
|

tasks
quotes

Now, when the contacts keyref is selected, the corresponding list of

contact nodes displayed.

Node Keyref Node Keyref Node
" root " accountg = Acme - owner ®  Sarah Smith
" Bancroft . subAccounts ®  Roger Reed
" Cyberdine " Contacts ¥ David Davies
- notes
u events
" tasks
" quotes

This navigator uses the same template repeater and navigation mechanism

described above. Therefore, it is possible incrementally to extend the default

navigator with custom templates, 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




</xsd: elenment > <xsd :conpl exType nanme= "event Type ">
<xsd :sequence> <xsd: el enent nane="title"

W0 p@eaiwsd: string”/> </ xsd: sequence> </ xsd: conpCEKI0pH017822
The event nodetype al so contains a reference (Il ookup)
to a single user node, which represents the current
assi gned user of the event. 113 is expressed by the
foll ow ng decl aration, which Bicifies cardinality
constraints (exactly 1) <keyref nane="assi gned"
SO ’ = . e » .

i nergi AT e oY Rilhgart B O sfBRTicm PR I AG dotgl form view

nodéhpp@muhad@daned by the foll owi ng schema. <xsd:

2'X§[F nt ,gtgal?ﬁ @é&%&%ﬂ%@@;ﬁ%@ el s sek #32?1% BB of the
a @%Eﬁ%ﬂ%ﬁese& istcﬁ%ﬁ}%ﬁ%s ahigpel > </ rms - nodeAnnot at

5| on></ xsd Qg 6> </ xsd: annot ati on> </ xsd : el ement >
<xsd Eﬁ t@ ype nane—"taskType"> <xsd :sequence>
<xsd: E|enEﬂExﬂﬂﬁﬁmmﬁﬂthﬁdt&ype—"XSd strlng" / >
<xsd: el e/rPEm nane=" status" type="taskStatusEnum'/>

10</ xsd: SEAUENESZ.S/X S GONRL LY FYRER S XS ez (Si Pl edy DB vgins
name="t ask St atusknem-rouxixsdic sgst-ri cti on base="xsd:
string"> <5§3§f§¥§ﬁ§fﬁ?ﬁﬁﬁ ValteL e start ed”/ > <xsd:
enuner atiton val ue="In progress"/> <xsd: enuneration

15val ue=" EK}FEQLt% ed'/> <x_s"%/ enuneration valuye= " D@f erred
1> <l xsd: VS I hNg . Bt S T BT e TR T Al e
nodet ype al S@tde@nftraf—ﬂﬁmﬁﬂoafreﬁ@&ﬁaj( |' @@kl Pt D'>a$; </a></td>

20single u é/nﬁﬁb‘déepea\}wﬁ ch represents the current
assi gn/& dH:S:Wabﬁt the event. This is expressed by the
fol | owi Tgodaches thpwhmm bhdisgridijee fod@imtihealodt Yist: the first

constraints (exactIK
anchor, “Nav~, enables the user to navigate to the associated node, redlsplaymg

the current navigator template with the selected node, $3, as $current; the second

25 anchor (which displays the coerced node $i’s label) navigates to the detail

template below.

<table><tbody>
<tr colspan="2">
<td><b>{%current.label () }</b></td>
30 </tr>
<netui:repeater id="$i1l" source="$current.*" iterator="$i"s>
<trs>
<td>{$current.name () }</td>
<td>{$i}</td>
35 </tr>
</netui:repeaters
</tbody></table>

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
40  and the corresponding value.

The output of the automatic browser navigating the CRM example is

illustrated below.
Root Acme Sarah Smith
= Accounts = SubAccounts title Ms
»  Contacts first Sarah
" Notes last  Smith
»  Events email sarah@acme.com
"  Tasks




<keyr ef nanme="assi gned" sourceType="app: task"
target Type="mas :user" mnQccur s= "1 " maxCccur s= "1

wO toosQuaseRequest Type The quot eRequest nodet yPET/1US2005/017822
defined by the follow ng schema. <?xnml versi on="
.0"?> <xsd: schema target Nanmespace="http: //exanple
.com " el ement For nDef aul t =" qual ified"
attri but eFornDefaul t= "unqual 1 fied" xtnlns: xsd=
“http://ww. w3 .org/ 2001/ XM_.Schema" xml ns :mas= "run
:bEENAEOﬂ%mxp1nS:"htt NAV / @xamphigh . CO >
<xsd: 8l et nanme= "|qubt\e REeaseReet
typeﬁgu%ﬁ%uest Type" s BRYGPVEHNpl exType
nane="qUuok eI lsh¥Wehe ngvightor &REPISE TECsEX O 1B BB Hode; the
name="prodl d" type="xsd:string"/> <xsd: el enent _
nasersglogts the prsatns feyrehanskiben dyills dovwil on gheeifemme ragneunt. This
re " o m,nQccurs="0" . . « ’
ty PROERE (R R rREienion mpls- 148 SETeBb f Rpieble the “Acme
</ 8¢bunt A6QY. ThEVRe>ther $dlects AP bentdiy kyref and clicks on the contact
name="guot eRequest ResponseType" > <xsd :sequence>

S <x $epord e Rerah SUHEET By twe, thy padzaterdigplal de dstailtemplate with
se > : " > < : schema> Sanpl e
Ang'?lg%?f%ﬁéé%ﬁéogggéﬁ%é&?ggggﬁcﬁg@gcti on illustrates
apfThe dadwedn’sdback buttort beablésr theahsetl ad alangawhlr)]adMﬁfrﬁﬂl it detail
accessed by the, client progranm ng nodel. The
frQﬁﬂiﬂfQoé@ﬁ@W5¥E§t@ﬁ@?@ol!omﬁng XML Schena
defi ni ticRMiiAe dRepaRVbaa DAk, <2
version="1.0"?> <xsd :schenm target Namespace="http
10: / / exanfihss section deteileald of For afgpdicationt cdmpprehisf foed"sample CRM
attribu&eFornDefault: "unqual i fied" xmns: xsd=
" hEPRAEw, w3 . or g/ 2001 / XMLSchema” xm ns :mas = "run:
bea. compadimas http: //exanple. conml "> <xsd: el enent

name="gr aph"> <xsd :conpl exType> <xsd: sequence>
As discussed above, FIG. 5 illustrates the Entity Relationship Diagram

(ERD) for the CRM application.

15 The root and user nodes are system nodetypes. The root node represents
the root of the virtual XML document representing the data that an individual user
has access to. The user node represents an individual user of the system and is
automatically generated by the system.

The root node contains account nodes and defines the accounts keyref.

20 Each account node may contain contact, event, note, and task nodes, and defines
corresponding keyrefs. Similarly, each contact node may contain event, note, and
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

25  references system users; similarly, task and event nodes define an assigned (user)
keyref. All of these keyrefs have a cardinality of 1.

Schema and Keyref Definitions
The following sections detail the five application schemas; these are all

defined in the /schemas/crm.xsd file.



<xsd: el ement ref="root" m nqccurs= max qccurs="[">
<xsd: elenent ref=" account"” max gccurs= "unbounded" >

waediedsenent ref="contact" maxOccur s="unboundrdl/ES20050al7822

celement ref="note" maxCccurs="unbounded"> <xsd:

el ement ref=" event" max qccurs= "unbounded" > <xsd:
el ement ref="task" max qccursfg' unbounded” > </ xsd

: sequences </ xsd :conpl exType> </ xsd: elenment > </xsd:
schema> The graph el enment represents the top | evel

el eneRtxmpfretsimm="a pp?#catlon data nodel; this contains

exact 7% é‘“ﬁé@i:ﬁ@@fé"aﬁq" é"ré{ﬁiﬁﬁﬁtamﬁuymn@a& 89.a

decl ar abchmascsof_artt;e el:@,/xa 1/eaehent the application

5schenas:f&€@ ﬁFnbebﬁWé note, event, and task). The

1ostr|ng"f

fol | ow ]ngh%hggi ﬁ“iloﬁs are generated from t he

application sc and keyref definitions.

<xsd: el ameRLcHdPEodeHHE MHHined by wadoll6RHR eKrdHpe> <xsd
: sequence> <x d: el ement name="nane" type="xsd:

om éle;c;f e name— acaogﬁté‘ypet ype

type=" accountJBﬁp@édebt rﬂmxschme'saqekemesrmg"b

</ xsd: conp] eXTHHES Y X8t “@F 'ehgfit' s-°LREYP="BI"éftent  nare-

11 cont act <xs& atse% S0t CORPH X EYREZX L X&Mng" SREUBROBRy<XSd:

5 el ement |1gﬁ$§§:ﬁtt5{§Pthq§pq Ot thestamp " type-"xsd strlng" mas:type="seq"/>

t ype="cont ZEd Sl .8 LOMET] 2SS HE, 2 éiﬁé Dling' />

nane="f krst: contagep%axsd string"/> <xsd: el ement

o hame=' 'l ast." Bg—"addressTMpe"/> <xsd: el enent

25
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<Xsd; s;m ame='laccoun

NAME=" TRl drad EPR XS BiseShdai figingl> </ xsd: sequences
</ xsd corrpl e};@? esrakiopsdivegbenerit>s <xsd: el enent

name="note"s u“eﬁétﬁﬁlg}ﬁf"ﬁ%ﬁén sxgd: sequences

<xsd:e|enent<ﬂanﬁ t&tﬁemhtype:mxsd string" /s
</xsd:restriction>
</xsd:simpleType>

Note, the account type defines a simple label declaration, which consists
of the name element. Also, the type field has a set of constrained values defined
by the accoutType simple type definition.

The following section shows the top of the /conduit/crm.jsx file,
showing the first declared keyref. Note, the application is declared in the app

namespace.

<?xml version="1.0"?>
<graphMeta xmlns="run:bea.com"
xmlns:mas="run:bea.com"
xmlns:app="http://example.com/">
<keyref name="account" sourceType="mas:root" targetType="app:account"s>

</keyref>
</graphMetas>

The accounts keyref relates the user’s root node to a set of account

nodes. In the CRM application, this is the only keyref bound to the root node.

<keyref name="accounts" sourceType="mas:root" targetType="app:account"/>
The following keyref definitions relate to the account nodetype (i.e., all

have app:account declared as the sourceType attribute). Accounts contain sub-
accounts (subaAccounts), and sets of nodes for contacts, notes, events, tasks, and

quote requests.



<xsd .- elenment nane="body" type="xsd.-string"/s

</ xsd: sequences </xsd: conpl exTypes </xsd: elenents
wo@dia1aBenment name-" event "s <xsd: conpl ex TyPEBUS2088017822

sequences <xsd: el ement nane="title"

type="xsd:string"/s </xsd: sequences</xsd

:conpl exType> </ xsd :element jgsxsd: el ement

nanme="t ask" > <xsd: conpl exType> <xsd :sequence>

<xsd: el emrent nane="title" type="xsd: string"/>

<xsd: efcementarerd pecogt gt 498tcelyyqzamd taastvlf@t' abigs Bt aps :cchjr/m ">

S/ xso- SRR XL, KU e DT A ST e, e

Sanpl exAppd hGal b@msbabace =’Sy§5&mnh‘38a1§iﬂ}1"p ="@§££v§ntn/>

" al ex"kevrpiotine="gate " wacelyte- Pheseudl dasySyeniebest/s

not Sh<oe e : rham%hglo{:/eisé sauéri:eT re-—a(F ::.accglgffa Eﬁrget P, bflpp.quote:Request />

account s=-a1°°gs"y 40 5&’@503(} Cquiging 2 eigghes dogjgip) to a single user

confode} whichl repsentotiRScuritht o®¥ENSStheSode! RBHKSE ekpressed by the

<nar ae>Acne </ nanme > <type>Direct</type> </ac count >

<adebemingidgetapion owhich spasafes cerstimality semsrgints (exactly 1).
10<nanmexBaher ohshnane >solfftc¥19§e2%p:§é&me%arg_ét@%g‘%gé:u?er“

<cspt actrizosairsst' Ht meavreWs<tisal ut at i on> <first >Roger </ f

i rst> <IGuteeRdepe/ | ast > <emai | >r oger @cne . conx/ enai | >

</ cont 3% contact nodetype is defined by the following schema.

<xsd:element name="contact" type="contactType"s>
15 <xsd:annotations>
<xsd:appinfo>
<mas:nodeAnnotations
<mas:label>$node.first + " * 4+ $node.last</mas:labels
</mas :nodeAnnotations
20 </xsd:appinfo>
</xsd:annotations>
</xsd:element>

<xsd:complexType name="contactType”>
25 <xsd:sequences
<xsd:element name="salutation" type="contactSalutationEnum"/>
<xsd:element name="first" type="xsd:string"/>
<xsd:element name="last" type="xsd:string"/>
<xsd:element name="email" type="xsd:string"/>
30 </xsd:sequences>
</xsd:complexTypes>

<xsd:simpleType name="contactSalutationEnum”s
<xsd:restriction base="xsd:string”s
35 <xsd:enumeration value="Mr"/>
<xsd:enumeration value="Mrs"/>
<xsd:enumeration value="Ms"/>
<xsd:enumeration value="Dr"/»>
</xsd:restrictions>
40 </xsd:simpleType>

Note, the account nodetype defines a label declaration, which consists of
the first and last name elements. Also, the salutation field has a set of
constrained values defined by the contactSalutationEnum simple type
definition.

45 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:event"/>
50 <keyref name="tasks" sourceType="app:contact" targetType="app:task"/>



<contact i1d="c2" ovner="bob" notes="n2":>

<sal utati on>Ms</salutatlon> <first>Sarah<:/ first >
wak@str8re t h</ | ast > <emai | >sar ah@cne. conk/ emaPCEUS2005/017822

</ cont act > <contact id="c2" owner="bob" notes="n2">

<sal ut ati on>Ms</ sal utati on> <first>Sarah</first>

<l ast >Smi t h</| ast > <emai | >sargh@cne .conx/email >

</contact> <note id="nl"> <titl e>RA

information</title> <body>Attached docunent details

RO f or TRE educdt/Moadype alsb@bainsRAkbR e (vékep) to a single user

<title>Custoner requirenment s</title> <body>£t ache

dobede ithigl sapeerents dhe current' ovener of tegnodm dThamis einpessediby the

ne </. </note>.<event jd='el”" Lgned="f red\ >
< P e M s Bl QLS i

5 assi grieus=" peredopnext pekERRegarpcionUertORSISEaPs-Ome/ et | e>
</ event ‘li?%"tc SR dEPPT*emak € gned="fred"> <titl e>Prepare
RFP for "9 6%%al | </titl e> <stat us>Not

st ar t edthshatdisoteRpbashctinet dgkhd fflokving ftsmaned= "fred
"> <title>Send white paper t0 custoner</title>

<st at TSSOAN e B St APUS5 " ask> </ graph> Sanpl e

10 SPat h Expressapngo>' The foll owi ng section illustrates
sone SPat h expfexs t;'@ {the expected val ues based
on t he Saer| Q/mdgis.{;g{{gi(ﬁoi;t EP </ asRSD £>

</xsd:appinfo>
15 </xsd:annotations>
</xsd:element>

<xsd:complexType name="noteType">
<xsd:sequence>
20 <xsd:element name="title" type="xsd:string"/>
<xsd:element name="body" type="xsd:string"/>
</xsd:sequences
</xsd:complexType>

Notes do not contain keyref definitions.
25 Event Type
The event nodetype is defined by the following schema.

<xsd:element name="event" type="eventType'>
<xsd:annotations
<xsd:appinfo>
30 <mas :nodeAnnotations
<mas:labels>$node.title</mas:label>
</mas:nodeAnnotations
</xsd:appinfo>
</xsd:annotation>
35 </xsd:element>

<xs8d:complexType name="eventType"s>
<xsd:sequence>
<xsd:element name="title" type="xsd:string"/>
40 </xsd: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).

45 <keyref name="assigned" sourceType="app:event" targetType='"mas:user"
minOccurs="1" maxOccurs="1"/>
Task Type

The task nodetype is defined by the following schema.

<xsd:element name="task" type="taskType's>
50 <xsd:annotations>
<xsd:appinfo>
<mas:nodeAnnotations
<mas:labels>$node.title</mas:labels>
</mas :nodeAnnotations>

§



The follow ng expression returns the nodeset (list of
nodes) for the accounts keyref. $root .(c)(c)accounts

WO 200sac@8unt i d="al" owner="bob" contacts="cl PBCI/US2005/017822
notes="nl" events="el" tasks="tl"> <name>Acne</nane>
<type>Di rect </type> </account > <account id="a2"
owner ="bob" contacts="c3"> <ngpae>Bancr of t </ nanme>
<t ype>Web</type> </account> The foll owi ng expression
returns a set of nanme elenents for all account nodes.
$r oot (c) s)da@emmts .* .nanme Acne Bancroft The
follo ,gj HrEsEron returns all contacts for all
accounts narred Acme. $root (c)(c) accounts .* .where
(nama“"s"‘i1 < COPERBYE na‘cec)t(aﬁi‘)f@@hi acts.* <contact id="cl"
owner =" BODeE VRS Tadel @211 BPKSTdl Rrigr/>
<sal ut at | orsdvkichg neteatstamsy sebd-rstrsRogems/ f r st >

10<! ast >RESIXLIATES <emai | 2r oger @cne . conx/ emai | >
</ contact > £contact id="c2" owner="bob" notes="n2"s
<sal ut'gt | greiaey watGrattonsiafy r st ?Sar ah</first>
<l ast >Sr<ﬁ‘:?J;§§E 108 PehRT a@érrlgaj}@cge corn</ emai | >

15 </ cont act xxThenfaphtionia -emmr@sswn returns all

contacts (¥ ;@gg;;ggt@ggg eferred ‘the specified email
addr ess«</xMake $eentact x = $root (c)(c) accounts. *

. (¢) (erebmimaereenhere (emmil == "sarah@cne. cont)
20 <cont ache @%ézlodd\m@ra opxesmtaies, e neforenge (laokuR)ste’ @ aingle user

ssgoc&]et, %}hlcﬁ re%)/? uet c?utrrle?lp 2561 ifglmra tu?esraorfa%ﬂé /exfzent Sfms is expressed

by the following declaration, which specifies cardinality constraints (exactly 1).

<keyref name="assigned" sourceType="app:task" targetType="mas:usexr"
minOccurs="1" maxOccurs="1"/>

25 QuoteRequest Type

The quoteRequest nodetype is defined by the following schema.

<?xml vergion=%1.0"?>
<xsd:schema targetNamespace="http://example.com/"
elementFormDefault="qualified" attributeFormDefault="unqualified"
30 xmlns:xsd="http://www.w3.0org/2001/XMLSchema"
xmlns :mas="run:bea.com"
xmlns="http://example.com/">

35 <xsd:element name='"quoteRequest” type="quoteRequestType'/>
<xsd:complexType name='"quoteRequestType">
<xsd:sequences
<xsd:element name="prodId" type="xsd:string"/>
<xsd:element name="gty" type="xsd:integer"/>
40 <xsd:element name="response" minOccurs="0"
type="quoteRequestResponseType" />
</xsd:sequences>
</xsd:complexType>

45 <x8d:complexType names="quoteRequestResponseType"s>
<x8d:sequences>
<xsd:element name="price" type="xgd:double"/>
</xsd:sequences
</xsd:complexTypes>

50
</xsd:schema>
Sample Application Schema
The following section illustrates application data for the virtual data graph,
which is accessed by the client programming model.
55 The framework generates the following XML Schema definition for the

application data.



<l ast>Sm t h</| ast ><emai | >sarah@cnme . conk/etnail >
</contact> The foll owi ng expression sets the value for

wWo h@sasasut ati on> el enent within the $cont act XPeDUS2005/017822
$contact X. salutation = "Ms" <contact id="c2 "
owner ="bob" events="e2 " tasks="t2 ">
<sal ut ati on>M s</ sal ut ati on> ﬁg3 i r st >Sarah< /first
> <l ast>Sm th</| ast> <etnail >sarah@cne . conk/email >
</contact> The foll ow ng expression creates a new
cont aefmﬁoprsttclme"lspeelfi ed account. Note, it uses the

SySt eﬁfv@i‘mﬁm&%ﬁ@ﬁ gég‘i lléleg.b\/\ﬁé bu ?&‘gﬂ;@auate "unq-uallgled"

$account>a(1n QRO B S .63 .8V B o/xsEeBEACT  OwWner

" $gl obal magrgptbea cand 9| ut at i on>Dr </ sal ut ati on>

<f |gr st > Xp%??_"h YT FEPYS M4t >Dani el s< /| ast ?

<enai I<z=edlae\uar®@ewe="e:®nm/> emai | > </contact> ) ; The
10f ol | owi NEPeXPrESEEON creates a new task for the

SpGCl fied COQE@CJlemehiI r&fh‘&gotmdﬂoﬁéue&"It"hrﬁx@,@'&sl"lgﬁed

keyref. var $H@W‘Fa§kt ref=tagepkns " apiordups-Pap <Feé“

RFP</titl e> SSLALUSANGE SPACT.eders i“éi'"?ﬁg ol f dsk>

IS5gcont act X. @ehGisKEnentC Fgate@ent SREWEASK Junounded” >
$newTask. GRsE] i?ﬁig‘tcint-rﬁr"ébstk" TeIS@EY urkoundiET e
(. user naymRa <ampl xﬁ@sﬁ') CRM Use Case Wb service
ODefl ni<tisgmzenditb s secti on shows parts of the WSDL
(generated by Wrkshop) for the exanple CRM VWb
service. <?xm version="l .0" encodi ng="utf-8"7?>

def i ni*CFEHRg%¥H ns=" http://schemas. xm soap. org/ wsdl /"
xm ns: cdmgSTaRh g,lempyltvmesents the top level element of the application data

25 Opfﬁ{bldl'é% ; aLg/ 8&%{19441&&339 PLa80 )’%E?f.atn' ﬁ?co decfTL S  pHis untimited

WWW. Openur i NVEer Sa

X nﬂexslarahomqo@t leattpnodd stheiras th apsiagon el dhédduhp/contact,

" n)é;)rge even andtas}< /[ /www . openuri .org/ 2002/ 04/ wsdl/
j g

The following type definitions are generated from the application schema

and keyref definitions.

30 <xsd:element name="account"s
<xsd:complexType>
<xsd:sequence>
<xsd:element name="name" type="xsd:string"/>
<xgd:element name="type" type="accountType"/>
35 </xsd:sequences
</xsd:complexTypes>
</xsd:element>

<xsd:element name="contact">
40 <xsd:complexType>
<xsd:sequence>
<xsd:element name="salutation" type='"contactSalutationBnum"/>
<xsd:element name="first” type=t'xsd:string"/>
<xsd:element names="last" type="addressType"/>
45 <xsd:element name="email" type="xsd:string"/>
</xs8d:sequences>
</xsd:complexType>
</xsd:element>

50 <xsd:element name="note">
<xsd:complexType>
<xsd: sequence>
<xsd:element name="title" type="xsd:string"/>
<xsd:element name="body" type="xsd:string"/s
55 </xsd:sequence>
</xsd:complexType>
</xsd:element>

<xsd:element name="event”s>
60 <xsd:complexType>
<xsd:sequence>
<xsd:element name="title" type="xsd:string"/>
</xsd:sequences>



xmns :mme="http ://schemas .xm soap .org/wsdl/mne/"
xm ns: S="http://ww. w3. org/ 2001/ XM_.Schema" xm ns
WO @s/iht48p ://www. openuri .org/ " xm ns :soapeCTUS®05/017822

/'l schemas . xm soap. org/ wsdl / soap/" xm ns
:soapenc="http: //schemas .xnl soap. org/ soap/ encodi ng/"
target Namespace="http ://ww y@penuri .org/ "> Type
Definitions The WSDL contai ns two kinds of type
definitions: input and output type definitions for
nessage <paftameterss> and, field type definitions' (for
i ndi vidyal.,&onpl ex types). The <types> section contains
schemaxdefibnbd hopgtfsor- operati on i nput and out put

St ypes, &t £HEEoipl ex el enents that are passed as
oper at i on Par.anehers. nkbe: foll Qui-ngatyne.definitions
relate to i npud:{igettAcoemasBy Uger takpdtecatyput

10( get Accgm}{%ﬁ%ﬁﬁﬁésponse) message type for the
get AcepuatsByser Web service operation. <types> <s
:schema xrnlns :s="http ://ww. w3 . org/ 2001/ XM_Schema"

m ns : oﬁé@PiﬁiﬁﬁpﬁCﬁﬁMaﬁ%penuri .org/ " el enment
Fort nm%s‘?em%ﬂ@kﬂr&é g sﬁt‘ége:e:g”gllahé%%n%”g@%deécarol” (these are system

"http:// openuri. or

15 napBfetiy abt\doounihsity\s@al graply. : conpl exType> <s:
sequenge> <s: el ement nane="userl d" type="s: string"
m nOccurs="0"/> </s:sequence> </s :conpl exType>
</ s: ekeneRtounks "aleddrent

20na”E—<£§&£@§£Mﬂﬁ3@%&5@&ﬁ©§9$8§§wfc§5mﬁ&QﬂHL%&£Mﬂ@ﬁufs-
sequepses"<S> : el enent nanme="get Account sByUser Resul t
— n and /. " . — n 1
type= "OpE AT E tYP'»A(:(:ount mn qF:curs Q/>
</ s:segu e> </s i conpl exType> </s: el ement> The
25 f ol | ovdcmnt ygea2d efieni berorsntdebine>conpl ex types for
e> < H H 1
par anet g%sejgfﬁ@eéﬁ’@%’ in the input/output operation
def i nktsk@nRs>above. <S:conpl exType nane-" Array™f
30 Accoupgonta?t f:"c%.eq)ymeegg'gi" eventg="e2" tasks="t2">
<salutation>Mr</salutations>
<first>Roger</firsts>
<last>Reed</lasts>
<email>roger@acme.com</emails>
35 </contact>
<contact id="c2" owner="bob" notes="n2"s
<salutation>Ms</salutations
<first>Sarah</firsts>
<last>Smith</last>
40 <emails>sarah@acme.com</emails>
</contact>
<contact id="c2" owner="bob" notes="n2"s
<salutation>Ms</salutations>
<first>Sarah</firsts>
45 <last>Smith</last>
<email>sarah@acme.com</emails>
</contacts>

<note id="ni"»>
50 <title>ROI information</titles>
<body>Attached document details ROI for product</body>
</note>
<note id="n2">
<titlesCustomer requirements</title>
55 <body>Attached document presents customer’s current and anticipated
needs</body>
</notes

<event id="el'" asgsigned="fred"s>
60 <titlesSales meeting</titles
</events>
<event id="e2" assigned="fred"s
<titles>Product demonstration</titles
</events>

65



<s:elenment nanme ="Account" type=" ope: Account”
nillable="true" m nCccurs="0" nmaxCccur s="unbounded"/ >

weL®s/1saguence> </ s :conpl exType> <s: el ement nBOEES2005/017822

Account” nill abl e="true" type=" ope: Account "/>

<s:conpl exType nanme ="Account "> <S:sequence> <s:

el ement name="id" type="s :st{gng" /> <s:elenent

nane="ti mest anp” type="s:string"/> <s:elenment

nanme="nanme" type="s: string" m nOccurs:" 0"/ >

<s: el enaemldﬂalr’reas%:tg e“fretdx pe="s :string"

m nQccurEiPrese z%lfggﬁ g RS Saner | d type="s:

st r| ng}tammOccur s—" 0"/> </s : sequence> </s
I‘@?WX 52"43’5%13“515??6#&» 'I;he follow ng type

def| Ni tiZ05 8o Lah ALE 1.0 THEGEtELTHt act sByAccount and

addComtaeJ«bToAccount Web service operations. <s:

10€! enen s-0are="get Cont act sByAccount "> <s :conpl exType>

15:

<s: sequ%g&?gtﬁgﬁggﬁ ofldnme="account| d" type="s:

string" m > </s: sequence> </s
: conpl exhy pfeliom/ng seatlcanndteatessontel SHanexpressions and the expected

nanme t cts count Response"” ><s : conpl exType>
<s V@@%ﬁ@ﬁo@ XA
"get Contmetﬁ)ﬁx%%mé%@@s%h |bturdsY BR=no®REt Qfs;tr@fy Ghdes) for the

Contact " mnQccurs="0"/> </s :sequence>
canphexFkprel.</ s: el enent > <s: el enent

nat nez.addfent.act.ToAccount "> <s : conpl exType> <s

: sequence> <s: el ement nane= "accountld" type="s
cstri ngmﬁﬁ ABLE rogeet§Pebs centaghsgvent" rRARELL" comtaiel"

otype— op@mﬁgag@g;me m nCccurs="0"/> </s: sequence>

25

30

35

40

45

50

55

<type>Direct</type>

</account>

<account id="a2" owner="bob" contacts="c3">
<names>Bancroft</names>
<type>Web</type>

</accounts>

The following expression returns a set of name elements for all account

nodes.

Sroot.@@accounts.*.name

Acme
Bancroft

The following expression returns all contacts for all accounts named

Acme.

$root.@@accounts.*.where (name == "Acme") .@@contacts. *

<contact id="cl" owner="bob" events="e2" tasks="t2">
<salutation>Mr</salutations
<firsts>Roger</first>
<last>Reed</lasts>
<emails>rogere@acme.com</emails>

</contact>

<contact id="c2" owner="bob" notes="n2":
<salutation>Ms</salutations>
<first>Sarah</firsts>
<last>Smith</last>
<email>sarah@acme.com</emails>

</contacts>

The following expression returns all contacts (for all accounts) with the

specified email address.

var $contactX = $root.@@accounts.*.@@contacts where(email == "garah®@acme.com")

<contact id="c2" owner="bob" events="e2" tasks="t2">
<salutationsMs</salutations>
<first>Sarah</firsts
<last>Smith</last>



</s :conpl exType> </s: elenment > <s :el enent
nanme="addCont act ToAccount Response" > <s :conpl exType>
wWag0054eg8ence > <s: el enent PCT/US2005/017822
nanme="addCont act ToAccount Resul t" type="s: string"
m nqccurs= "0"/> </s: sequence> </s:conpl exType> </s
el ement> <s :conpl exType nan%; 5 ArrayOdf Contact "> <s
: sequence> <s: el enent nane= ntact" type=" ope:
Contact™ nillable="true" tninCccurs="0" maxCc
sur s=" unvouhdedhdaue. cchgemag@qUENCE> </s con‘pl exType>
<s:el € f Iy " Contact” nillable="true" t ype="ope
Cont act ﬁﬁ% RIPTESST 6t Ao vala fpr Ehe ssadgtation> “element
M‘FH%? co%tgétgmte nane= "i d" type="s :string" />
erren”éf name="t1 nmest anp" type:"s :stri ng"/ >
5<s el éﬁ%‘ﬁf"tﬁaﬁ"éwﬂ*ﬁﬁrﬂ" type="s: string"
m NOccdS e Qald <Smel-epntiveRat®z' Lagl itype="s
cstri ng"<Sfﬁuw©e@w$d§@ﬂt/amons el enent nane="email"
10t ype="s gﬁi;ﬁifﬁ’fjﬁgﬁﬁcccurs—" 0"/> </s:sequence> </s
: conpl ekEryépBbax@A@scnsoiaw&alsl types> Message Definitions
Each \ﬁé‘tﬁ’n"s"é‘i’M ce operatjion defines a pair_ of messages,
whi ch defherfellowing qaﬁstﬁwamrwsmew goriact feprthesypgeified account.
na . art
e e A LR A6 R e SRR A BB >
15</ nes§a@e®tx<§%>o§;§;§ : ﬁ'g%l‘}\ getA"\ccountsByUserSoapOJt >
<part naneafﬂmtasm PR =" s g
: 9et AccountgBylseniResponse” / > </ nmessage> Port Type,

20Bi ndi ng animﬁéizwé%;éiﬁzéi DL, on

</contact>

)i
The following expression creates a new task for the specified contact; it

then modifies the assigned keyref.
25 var $newTlTask = <tasks>

<title>Perpare RFP</titles
<status>Not started</status>

</task>
30 $contactX.@@tasks.create ($newTask) ;
$newTask.@@assigned = $root.@@users.*.where(.username == "fred");

CRM Use Case Web service Definitions
This section shows parts of the WSDL (generated by Workshop) for the
35  example CRM Web service.

<?xml version="1.0" encoding="utf-8"?>
<definitions xmlns="http://schemas.xmlsoap.org/wsdl/"
xmlns:conv="http://www.openuri.org/2002/04/soap/conversation/"
xmlns:cw="http://www.openuri.org/2002/04/wsdl/conversation/"
40 xmlnsg:http="http://schemas.xmlsoap.oxrg/wsdl/http/"
xmlns:jms="http://www.openuri.org/2002/04/wsdl/jms/"
xmlns:mime="http://schemas.xmlsoap.org/wsdl/mime/"
xmlns:s="http://www.w3.0rg/2001/XMLSchema"
xmlns:s0="http://www.openuri.org/"
45 xmlns:soap="http://schemas.xmlsoap.org/wsdl/soap/"
xmlns:soapenc="http://schemas.xmlsoap.org/soap/encoding/v
targetNamespace="http://www.openuri.org/">

"I“'y‘pe Definitions
50 The WSDL contains two kinds of type definitions: input and output type
definitions for message parameters; and, field type definitions’ (for individual

complex types).



Conduits are structurally simlar to portType
definitions; portType operations are nmapped onto
w@omndai448oper ati ons; i nput and out put el ement SPCT/US2005/017822
correspond to transf ornout and transf orm n XQuery
decl arati ons. <port Type name="CRVSoap" ><oper ation
nat ne="get Account sByUser "> <ipyput nessage="s (
:get Account sByUser Soapl n"/ > <out put nessage="s (
: get Account sByUser SoapQut "/ > </operation> . . .
</ por t Tyjpg> 2t yPL 1040 BFREInCRMRARD deANIBGT ' fBr Gperation input and
: CRVBoap" > <soap :binding transport="http ://schemas
. X nu’g)gg‘pq)es; jang fq;r(;ap‘fpﬂﬁxt giémenty t}@t:areq)@md@n ppemuon parameters.
;82;;\?: :Igl fn ﬁ?\ylﬁlggc ?Aaﬁ%gmgt 55 ﬁee Eo mput Seat%cco necrsgﬁglll'soeg) and
. Obfitpaet AC@@umc%@Mu@%sem%tsw)&e "dogieaRit "/ ®ypsi NPYér > the
<soap: body use="literal"/> </i nput > <out put >
5 <s gapidvodycapygstt Webmsatvigeoperationput ? </ oper at i on>
</ bi ndgygg; <servi ce name="CRM > <port nane="CRMSoap"
bi ndi ng=#:schgiCRMBoaLep L 80aP3 . ommo]”e/s%;;:ougg?% [ ﬂn_" hlté pd
/ / Bl ESFV\P«:!HM RBF%O@W? Eﬂ%ﬁﬂ . 0%, e lene ay "gualified"
10</ ser vi ce> Etgiglg orce ¢ b(/?r?‘éwdv T Def i ti ons The
fol | ow ﬂsgehemduiﬁrue fortrecourpbverrett s part of a conduit
t hat connett §“‘R§(§;L§fghe Sal esForce. com Wb service. /
** * (c)mas : statetnen n@haneds" tf@ksesiring( aoanrmn />
15 xm ns na sp Attp: //schemas . xni soap. or g/
s mpﬁiu
soap/envpsla £ pryg?l x="soap" * (c)comon :xnlns
nanespace= "urn: partner. soap. sforce. cont pr ef
20' x=" Sf dés' e]kemxﬁg)lgﬁ " t'ﬁ-\ccokxi;ﬁswgserliesponse's
nanespace=" htd:psabdnexxanpl e. com’ " prefi x="app” */

<s:element name="getAccountsByUserResult"
type="ope:ArrayOfAccount"
minOccurs="0"/>
25 </s:sequence>
</s:complexType>
</s:element>

The following type definitions define complex types for parameters

referenced in the input/output operation definitions above.

30 <s:complexType name="ArrayOfAccount"s
<S:gequence>
<s:element name="Account" type="ope:Account" nillable="true"
minOccurs="0" maxOccurs="unbounded"/>
</s:sequence>
35 </s:complexTypes>

<s:element name="Account" nillable="true" type="ope:Account"/>
<s:complexType name="Account”s
<S:sequences>
40 <s:element name="id" type="s:string"/>
<s:element name="timestamp" type="s:string"/>
<s:element name="name" type="g:string" minOccurs="0"/>
<s:element name='"type" type="s:string" minOccurs="0"/>
<s:element name="ownerId" type="g:string" minOccurs="0"/>
45 </s:sequence>
</s:complexType>

</s:schemas>

The following type definitions all relate to the getContactsByAccount

50  and addContactToAccount Web service operations.

<s:element name="getContactsByAccount's
<s:complexTypes
<s:sequences
<s:element name="accountId" type="s:string” minOccurs="0"/>
55 </s:sequences>
</s:complexTypes>
</s:element>

<g:element name="getContactsByAccountResponse"s



[** * (c)common :control * @c :location
http-url="http: //enterprise. soap. sforce.conm" */ ws
we 2008 MebSer vi ceControl (); // session objectPCEUSION®G7822
fromweb service var sessionld = null; // create and
send | ogi n message and process results function |ogin
() { var body = <login> <usejgfame> {$user .usernatne
} </ user name> <passwor d> {$user . password} </ password>
</l ogi n> var response = ws .invoke (body) ; // set
sessi on i d<ssessleombd =
string(responSESHONY: fngm%_,r It dc.  sessjonld) ;
/1 setty;lARlopJ@Jra@uJ@sﬁqg-ent cgi% S (?romt F}Ssq'gondwt)
Sws. endPoi nt = strv;g%ur%stpéﬂse. body. sfdc: result

. sfdc: sery/grgl;quue‘“ 7" create conversational header
functi on/scmeastnel—lea er () { if (sessionld == null) {
ol 0ogin () icudne/ LU a%é'?s“essfl onHeader > <sessi ondl d>{

T
O5essi onl “df cendcams s on 7'SeSsi onHeader >; } /** *

sel ect cont agtgedugnee:gn account : $account

() () cont act S5 s~ HEAIY GHPT VR t‘“ﬁé”“ﬁﬁi‘éi?;ﬁﬂl

ISkeyr ef =" app. ~comza@taAccount Ref " 1 nverse=
(c)mas: {reAsPBrtype=" request”
qf " .
functi on="Sefect Cont act s _request” * (c)mas :transform
zotype— Fesmﬁgeiémq‘—bﬁd@qomapﬂﬁpsedumes@@m'acts response" */
function s?l“é@iﬁgﬁcgcts ($nsg, $source) { $nsg. header
+= cr eat eHeader <s( 91pneh© btk 1 adhicGrt ack ToU @It §eBh1AS G)pests}stringn

minOccurs="0"/>
</s:sequence>
25 </s:complexType>
</s:element>

<g:complexType name="ArrayOfContact">
<s:sequences>
30 <s:element name="Contact' type="ope:Contact" nillable="true"
minOccurs="0" maxOccurs="unbounded"/>
</s:sequence>
</s:complexType>

35 <s:element name="Contact" nillable="true" type=‘ope:Contact"/>
<g:complexType name="Contact"s>
<s:sequences>
<s:element name="id" type="s:string"/>
<s:element name="timestamp" type="s:string"/>
40 <s:element name="first" type="s:string" minOccurs="0"/>
<s:element name="last" type="s:string" minOccurs="0"/>
<s:element name="email" type='s:string" minOccurs="0"/>
</s:sequence>
45 </s:complexTypes>
</s:schema>
</types>

Message Definitions
Each Web service operation defines a pair of messages, which define the

50  input and output types.

<message name="getAccountsByUserSoapIn's>
<part name="parameters" element="s0:getAccountsByUser"/>
</messages
<message name="getAccountsByUserSoapOut"s
55 <part name="parameters" element="s0:getAccountsByUserResponse"/>
</message>

PortType, Binding and Service Definitions
Conduits are structurally similar to portType definitions; portType

operations are mapped onto conduit operations; input and output elements

60  correspond to transformout and transformin XQuery declarations.

<portType name="CRMSoap'>



** * (c)mas :nanespace target="sfdc" * (c)mas: field
xpatb.= "(r)id" * (c)language :body type="xquery" */
wo eovstii4ase sel ect Cont act s_reguest ($source) { <PUBUF2005/017822
<queryString> SELECT * FROM Cont act WHERE Accountld =
“{string ($source/@d) } " </queryString> </query> [**
* (c)mas :nanespace target="app’ * Sl anguage :body
type="xquery" */ function sel ectContacts_response
($response) { for $i in
$r esponsejesiide: GuerssResponsaksaidc: resul t/ sfdc: records
return <coRPEEI™eFgee="Lsrepsc PybsgrgRertnl ) 1 "
account I&@Zﬁ?ﬁifﬁsﬁ?gﬁs;g’até?%gz%ga RET A% <nodi f i ed>
S{string-($i/sfdc : SystenMbdstanp) }</nodif ied>
<fist 5?""%??“16?19 ($i/sfdc: FistNane) }</first> <l ast>
{ st ri RBindiby hsfe-dansodpa StiNan® )cryssdph ast > |
o <enai Isgﬁgﬁj&; grt$| Yrafepet EhaP /Y scheape wPdan- og/cernthaet > /
i nser £ COREA . nadl-0Rt rcchlLalEe-( <CONt ACt >,
. </ cont act $=par; orf1G) 1A SSoarpesna thic on/ Anypperstiuri &R §drAccount sByUser”
node="app: _,cGBf ECto"EHES : t ransform type=" request”
15f uncti on="i nsek Centaet 1equest " (c)mas -.transform
type=" resp‘dl%ltt?ét'> function="insert Contact_response" /
function i NSErLCentact.($bEe:, > $node) { $nsg. header +=
creat eHeaderutbuty var response = ws. invoke ($nmsg) ;
var id =/PE&pSise. sfdc: createResponse. sfdc :result
.sfdc<mhighingds/ retrieve sequence number var $msg2 =
createMessage (, . ..

<service
25 <port name="CRMSoap" binding="s0:CRMSoap">
<goap:address location="http://BISHAMON:7001/CRMWeb/CRM.jws"/>
</ports>
</service>

SalesForce Conduit Definitions

20

30 The following conduit file implements part of a conduit that connects with

the SalesForce.com Web service.
/**

* @mas:stateful shared="falge"

* @common:xmlns namespace="http://schemas.xmlsoap.org/soap/envelope/"
35 prefix="soap" :

* @common:xmlns namespace="urn:partner.soap.sforce.com" prefix="sfdc"

* @common:xmlns namespace="http://example.com/" prefix="app"

*/
40 /¥

* @common:control
* @jc:location http-url="http://enterprise.soap.sforce.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
<usernames> { $user .username}</usernames
<password>{$user.password}</passwords
55 </login>;
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.body.sfdc:result.sfdc:serverlrl) ;



<query> <queryString> SELECT Systenibdstanp FROM
Contact WHERE Id = "{id}" </queryString></query> )

w@ewgli44Beader += createHeader (); var respo pRERUS2005017822

pe=ateConteagtionss wAggount 1d>{ str ing

($nodéPapee Sre)seestht 1d}) </ Account |d> <Fir
st Name> ?S:L)lj}ni()n% (§n%§je{/ app: first}) </FistNanme>

5<Last Nate>{ string ($node/app: last}) </LastName>

<Emai | Y. ipa.L$node/ app: enmil}) </Email >
</ sChj ect s> <Jeetiodli@Pscssibitl]} s @pMBS: NaMESpace

otarget=" appfes*iofEjdcanguage . - body type="xguery" */

15 dc : quespRespenseFwb-"deuest € COrEsd-Sfc1d€contacts_request®
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enbodkment, s1bRcReLaskRpaklyeonnect ed application
server éwp header += createHeader() ;

return ws.invoke ($msg) ;

}
/**

* @mas:namespace target="sfdc"
* @mas:field xpath="@id"
* @language:body type="xquery"

*
/
function selectContacts_request ($source) {
<querys
<queryStrings
SELECT * FROM Contact
WHERE AccountId = "{string($source/@id)}"
</queryString>
</querys>
[**

* @mas:namespace target="app"
* @language:body type="xquery"
*
/
function selectContacts_response ($response) {
for $i in $response/sfdc:queryResponse/sfdc:result/sfdc:records
return
<contact id="{string($i/sfdc:Id)}"
accountId="{string($i/sfdc:Accountid)}">
<modified>{string($i/sfdc:SystemModstamp) }</modifieds
<fist>{string($i/sfdc:FistName) }</first>
<last>{string($i/sfdc:LastName) }</last>
<emails{string($i/sfdc:Email) }</emails>
</contact>

13

}
/**

* 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:"insertContact_response"
*

/
function insertContact ($msg, $node) {

$msg.header += createHeader();

var response = ws.invoke ($msg) ;

var id = respounse.sfdc:createResponse,sfdc:result.sfdc:Id;

// retrieve sequence number
var $msg2 = createMessage (
<query>
<queryStrings
SELECT SystemModstamp FROM Contact
WHERE Id = "{id}"
</queryString>

.invoke ($nsg2 ) ; // return both responses response.
body += response2 . body. sfdc: queryResponse; return
response; / ' ** * (c)mas: n space target="sfdc" *
(c)l anguage: body type="xquery"™ */ function
i nsert Contact _request ($node) { <create> <sqgb jects

function insertContact_response ($response) { <contact
1d=" {string géresgonse/ sfdc :createResponse/sf dc

‘resull éﬁﬁfigﬁatiﬁﬁ%wéﬁéﬁﬁiﬁi e R Ao A LT T ATV A



interact with a server bus. In one enbodi nent, the
service bust acts like a web server. Service Bus can

wheood/1prexy that obtains information from nul t PET/ES2005/017822
| ocati ons. The service bus can: Bridges the gap
bet ween the nessage the sender sends and the receiver
expects in the area of envelo prot ocol, transport
protocol, security schenme, payload contents, one-way
and request/response paradi gns, sync and async
communi cat kmmsry-and point to point and pub/sub.
ProvidegﬁgqugipggLe%% ) thg capability in the
i nternme ﬁgégp 00200 o ;&Jmlg},ée,. mul ti-destination

Spubl i sh, contegt based routing, authentication and
aut hor i ZaEHH, A EERAROLLA) . ARORLG.pon kY OV des
noni t or ireg-Cagadid;i ty in the internediary with netrics
col l edtion and display, alert displays, tracking event
col | egti on and use, nessage archiving and SLA
manageernds: BSessyice gafBets"gagt be an i nternedi ary.
Messages T8 °SepPy C¥°Bif$*t4n come in through a

15t r ansp@iction gRdeSecpitat esGaek (kadet er m ne where to route
it to aréFetteansformed for nmessage enrichnent. It then

<gObjects, xsi:type="Contact?s
goes out agalfchREQU iég@r[oéé)%%atcou@f%!@&%@fa@ can
foll ow t he i nviergenep@tiing (Modgpyp: BFsth heripmssage nay be

*Opubl i shed t o ERET (- tiERRPRILSE | SEBTEFE as t he
nmessage passeasedthr ough.” The nmessage processing by the
i nt er nedi@eypecan be driven by netadata specified
25througﬁ the consol e. The service Bus can support
clusteéri ng of the WebLogi ¢ nanaged servers.
Cbnfigb@ﬁﬁggﬁf pgggg;&gga is automatically propagated
to thesmanaged server for fast local retrieval.
30 Mbni t Gk n FErContact.angsHoese Hytperat) cally collected from
al | the “FRESHSR ﬁf%%%?%f”af@aféega?f%ﬁm%{ﬁadcoﬁeéﬁr/éf/dcow e
the console. Both intermediaries (proxy services) and
35 ext er nall i i grag=t/ Ao KRV ifyPr frd= TPE oo FRs CHEdr Fissertiedrratyd |
nodel ed<asa:s@kVI ces. A service can have: a set of
concrete interfaces called ports (also called an
endpoint), each with a transport address and
associ afedne osmhbhagiimentj dine oF¢esiopelly-obnipotetisappdiostiont séreer can

| oad bal anci ng and fail over alternatjves for, the .
40 (oRpRD SR P ¥ Bune 1 1S FBefEAE b Rem@eus fots like a web
Si pgt&. optional abstract interface (analogy is a java

interface) which is a definition of the structure of
nmessage parts in the interface possibly broken down by

operatians (anal o i hods .of java interface.

o S s e BBEp By Bl et imafob i ke Bofiers

patTkagdriige blis p@Ssage parts in the abstract interface

to a concrete nessage and the binding of that nessage
45to the transport.

° Bridges the gap between the message the sender sends and the receiver
expects in the area of envelope protocol, transport protocol, security
scheme, payload contents, one-way and request/response paradigms, sync
and async communication, and point to point and pub/sub.

50 e Provides additional computing capability in the intermediary to do tasks
like multi-destination publish, content based routing, authentication and
authorization, and credential mapping,

. Provides monitoring capability in the intermediary with metrics collection
and display, alert displays, tracking event collection and use, message

55 archiving and SLA management.




Policies on W5 Security (W5S) and W5 reliable
nmessagi ng (Ws-RM), authorization policies, and actions

woe@dat4Bo be performed transparently by the bpPemusmos/017822

| ayer (like logging). In the case of standard SOAP web
services based on a HTTP(S) or JMS transport, a WSDL
representation of the abstracf7interface, concrete
interface and binding is possible. A WSDL resource or
an exiting service could be used to junpstart the
definition of a new service's interface. Servi ce Bus

can 20RO e FERFDY SBRLCl SRR S come

t r #irepglr tas traffgpovt, cgetBypsoasedstepdotetmbnet Where to route it to and
request/ response and one-wa radi gns for HITP and
J ma%ft e %m%é@&es@nﬁmaa{ iltg%ﬁmgyg% AppREaTs thgpygdy g gransport,

5 detphy ey, ke MBASAUSY e f¥ersH
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35

1 % Bgpy RNRROGE b
supports it. Service Bus can gﬂag%ort %io non XK age may be

( sprblshed do de setr obaderasted liviehyrs & ther yesdepd/Pawdes Hhrough. The
attachnments (email and SOAP 1.1 and . 1.2 (with or .

i PGS B DSSC AR e s BrheRbta (o (it Db specified
st WrelglP@elk8MoNg. A service can have multiple ports

for the same binding. These ports can be used as | oad

bal anci A§e aervicedius canepprort dnsieting elsthe Weblagic/ingnagedservers.

def4 he | bal,anci o). | to use . for. its ports.
sucpbneban AR AT T PRoRR T ol Pl shinddSl bever for
( Wesg ok gidre@fevalD MoMeiogiA Lk @sbkricsTdaa tRAltdindtiRhll P Bbecslr f¥@m all the
as | oad bal ancing destinations but also fail over

al tappgedisperolor pagregation ang display anghe epnselear e coupl ed

t oget he 0 . i i

al 50 depPiEiideRehSs udfy S15Rg AR Sl flef pibicaBy e
I efit@niclioeiep omsle) madéledmeossivipesl i cy. A service can

define security policies that apply to nessages in its
interface. This can be specified at the service |evel

( appieraee ¢ have: nessages) or indivi dual nessages for

t he operations of the service. Services can be

cat egor a zeichf ciadregdntyrisak eatbs] man (bso delldduwctndpoint), each with
Cat egor h @angpoet RIFEROhhBAdsycike coiRsationd Thab& 98 pyrts

val ues asftiMAésussd bAhndifLaddeMiloRNBltcriaBRi\MbERe SaNid3ANE are
mul tipl geMad ‘ﬁ?c}ia?éct Litd pl e category nane. Categories

nunbér b Fl‘ﬁégeaf’i%i §ragﬁ%%ﬁ ﬁ%?%%eaiééﬁt%%éﬁéﬁggﬁeﬁ%@s fhich s

i

that deffHEdO éw Zr§sae Pate Ot og§ibly broken
val ues. %R Dy ererglinsdanslogy ’I%@\%“P‘ga%‘f ayaya jaterfape ppa
hi er ar cP3ramgtepd, used to categori ze services. A set of

ser vieces single tiedipg that defthes yheapackagjagmdfmessage partsain the abstract
appl i cainterface & h echcacts eregsage apd theildeding Bfhatinessage to the
provi defradspbrta service is optional and you can have

st andal PHgi &S WaESecuity SIS S Pahda S heliathem M snBRW S HRY),
or gani Zakh §93tibh pBiiciEN b Q@tio% n?édeﬁ)f Bég ford di'tpcl%gparently
or gani zat LaRs, oF F%’S{%IEQSJ%\Q% aa appl I cati ons

(semantits is u "Al'so a service provider

can be categorized |jk rvi ces for searching. A

ser vi cepiG\RetfeP sanded 3G ;w&gﬁweéfbéaféﬂ?ra AIESTEHE) or IMS
COhrfdpSie, 4 WISDL Pepedtafllion Of il ARRaRGhRAGcd QoAGERInfkMace and

aut hori zation. Service providers can
binding is possible. A WSDL resource or an exiting service could be used to

Jumpstart the definition of a new service’s interface.



send and recei ve nessages. Service consuners can be an
organi zati on or an application and can only send

wore®sagas9 (or recei ve sync responses). Al so a BET/VUBM5/017822

provi der can be categorized |ike services for

searching. A service consuner is associated with
credentials and is tied to a ysgr so it can belong to
roles for authorization. The inplenentation of a proxy
service can be specified by a pipeline definition.

Thi s conSérsics Biis aar &ttt JPISP et BEA&iNEdtéaAl Y Broviders),

res pi pel.ine definition. The pipelines specif
V\haﬁﬁg’&ﬁoﬁ@aﬁr len VPt MetndoR TP egussiicarirenspges. S@Vt%heBuS can

; . ) | h
D1 onpBR DO ARy isbobdd 016 A8 L SHLRERS fof BITTRIRNUS asyme
r estpanspass. flr optidrally sepphirtseordered idetivdry dfhBesasgs)if B8 @dRrlying

t he proxy returns, a_ response. Each pipeline can b
Ssediibieat

e a
oTPRYSdL . SRELEa58S PBASYARPE SMLpings| Xpdls (structure
Cary & RAGARPIILS doiRdy MRS t
variables (that ig’(rj]l?:l%rggs vaEr?’g[Bqug t attsc@glr?? iarﬁldt%wOeAP 1.1 and
meskag@vitoet ewitbutt sttachmants bfor aoate SREG  stylenend fdeedmeit style)
thezﬁigeline stages. The namin stages in the pipelines
ar @%5H 81 ows. A transformation stage allows if

St 1 uct urRservitclen AESS @l |
ervitelR@n tfpk% %g{sef% 8 shfn@ b3 Qafthegélnpcaér% can be

be perforned that affects context. A web serv

10¢ g used s knad helansiagavd faih over alierrtives. (e sesvi¢cocandefine the load

Xq ransfor.mation o set.the output .
SISl AR, & BRSRR AAL A PRl b o and
r eqargiin p\iveighieﬂ&ﬁ)noaw@gbﬁed?f ThE bBfRé HoEEnHErie@RCload balancing
structures to be conbined (and nested) to define a
si (§FtEaEaw bith@lsan thilo peeragliesnatives ra tiluree The swageoricepts are
A I [ ffects context

%Sﬁ%l?(ﬁ tdgbias og aﬁé.l@%}a&%@f&ggc{l%ne.

varil abl es can In € nessage i's

15publ i shed teovieactenenitipoidefine Ahveketserpoliers 6! @ube Ynd (for

DB | oo can be an alternative to an Xquery or XSLT
tré??é‘f”g&ﬁﬂopﬁ ATECE PP cont ext variable. A publish

stage aljg idef r r s to be . .
conbi nod (o onedl iy (ESuTTRARTE B PTG b m i
anthtefaseatThisnemt e gpebified hat tthe sereiss dgwee] t(applids $€tallahessages) or

transf.qrmati ons th affects nt ext. vari abl es can be
de?ﬂcﬁggu%eﬁa&geﬁ h}g%&g}gﬁg@t@nisg‘f Cfd¢fed t o each

20 endpoi NBervitc¥Rhn 5 Eé‘tb%ﬁqi%g?i@%c?éﬂ)zé‘é_ﬁrhéa%skcgﬁ R AR, kaft:r‘a(t:)egories

an alternative to an transtormation
sefret gpsertigHy dsety neandsadiidecatdfoey vhlanyes valutshforcthatkeytname. A

I Sj ach.puhl i shed endpoi nt and do not,

L 1A %ﬁ%&é‘ﬁeueﬁﬁl%‘f e aﬂﬁgﬂ? G BpI3 a1t Categories are very
WBu el ufoir t disdoks EpO&s ATh¥R! dre 35 n@MbAObT 2@hAAE drifologies (or
transparently S)er orned in the binding layer. A

t r SRRGORY selenges) dhat gledingy thei key name avdiabigwed doerdrohiy tdf values.

25 usggrvﬁ:%fl.kﬁke gnlhfn%gorv&agafegp Qra@g? ltnhh Zlbet %fe%%lglﬁg g)s y3tem 9 rJ:at%gorize
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used to searc user

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
enterprise or external partner organizations or even individual applications

(semantics is up to the user). Also a service provider can be categorized like



An archiving stage wites the nessage to an archive
for historical and record keeping purposes. A |ogging
waet@gal14aBd ows | oggi ng of selected context to tPET/EyRDEM7822
| og for debuggi ng purposes. A validation stage
val i dates a docunent agai nst an XM. of MFL schema. A
custom stage allows a user t efine their own actions
with an inplenentation of the stage using the stage
SDK. Each pipeline can consist of a sequence of
St 389fes HRWBMBHInG, AlsBBI® HEVMLCR akRtled RAN@RIdentials and could
pi pel ine m ght optionally branch out into operational
pi pelticdde a(uaer soois camhelopgto wiesriat hethorzationpBéwivalnrgviders can
def au) t 0) erational pipeline). Since there is no
st § a"}‘néi1 635 $'8°%a¥LSr m ne an operation fromthe
message SeAideeetinSumén @ afl e @nMarbalizondr dnhd ﬂﬁﬁ[o’ﬁt arfdcan only
is done through a user selected criteria. The response
5 pr stk §1o8pLes 4% geww SYiife 19spprspaint Alsped aervine proyeder ean be
[ S e. | e
o1 SEPELR S Rl Pordhcalcllel o5 BEH S oos By 1 3BRHRRA win
r eqredsiitiahd gl it tied amlusreew firae bplopg ko rdes fanguthészaviahue
IS assom ated wth jndiyidual request/respon
messaged e TRl Qb mBexy S%Pétceocfanpbeea@wfg% by_pipeline

vayLaRhies - TING Wo @&t % a%qﬁ%p p%@h {)]I‘El afi§ laeLre%nEé) pipeline

t he context dynam ca | ne cont ext
10 vadaﬁnhtlem Heev@pelindes spmﬂﬁyomhﬁiaoluﬁnstdne perferasgegn teljeest messages

ngport header securit | nC| p nmet adat a.
{sf*%eprew ﬁ%’ﬁwe%ﬁ&@ ) gc ﬁéorrf’é’@ﬂﬁapaow seRvifg, and
pr WHBY ProbQtnlsNgp M%%é&hbé%rﬁo%ﬁ Fiyd é‘e@ﬁcé ﬁwals&ﬂbpme PIOXy

t he proxy servi ce The context can be read and
nmobetbiesttic pyoxxqeeumns Mdgppisise expr essi ons by the stages.

Shodyaeub R st lBey s o PGPS vetines
15t hadn B@ﬁﬂc@%@aﬁ@@ QAR PERERESe cdriékt SN BOENat GRIEARRMAriables

and the M attachnments respectively. The context
gi that coplain s awssagn qoméants)| thatreers Hgeaccessed syapodified by the

d non soap nessages are mapped into this
paﬁggld%$%$ﬁ the case of binary or MFL data, the XM

el ement that represents the docunent in $attachnments

or Thb A dt8de8 S tHePipdiResewdlfsingrment with a uni que
20identifier. In the case of SOAP RPC t he body content

is itself,. %% n §h JT%WWMP 5% rés ts ﬁt&gggcqa

oyst par i el%iatlgqi? lggs?réorff@fl‘f%g F?ts et Hiees

tine. fA “é’rFaR E@P)? t%t%ﬁ‘il\éesfé’l%‘ ‘il‘ﬁ‘r)éor

condi ti t—;ﬁn%mtaﬁlanéq 8t th PPt gonigRE YLl e, t he
25 vari abl 4 neatingstage (drdy eldowesl lbere@iesunpelmes)-rdtoevsivj pleactims

an edi t and tase siswitaes tonbeeasnliyedo(and hested) ttih defiiap kesivigle Bhépoint

types augl operafidn t6 ehaethe issagto \IBskt dfas@ufoe@stionsiha affects

type degdméatvafibley @maechifedVEHR tﬁé nieBfi B & pibisdd tbREch

vari abl @ncfp@u@eAW%%grv(dé cé‘lld‘ift @PD@ lo Eﬁ @ﬁleé%a?teﬂfatlwﬁo an
30 types ofigﬁé}? o YRGS f % 0 st the® oﬁ%xp{lé}}’a

Iaveis

assi sta
T $bod%nl)§‘§’§1sfl et g f»féﬁaﬂiwe §%§ ginbined
steps t PEStEddo 5t epdRQipts ap oper 10ns to pu lish the
message to. A set o transfomlatlons that affects context variables can be
defined before the message is published to each endpoint. A web services
35 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




that stage. This sequence of steps constitute an error
pi peline for that stage. In addition an error pipeline

w@avshesef i ned for the whol e pipeline or a whpCEHUR2005%917822

service. The | owest scoped error pipeline that exists
is invoked on an error. This error pipeline allows the
nmessage to be published to an dpoint, fornulate an
error response nmessage to be réturned to the invoker
of the proxy, log the nmessage, continue after

modi fyi nél)la{taftocé%eﬁ ¥blishOd efidoPft aR8 dSEXCRR GBS suﬁ@qﬁérﬁg

an exce 6&5& ﬁ’ﬁeﬁeq‘l ntrol to the next higher
d
seopey § : tszgos s R

an i nbol} OIE‘?erﬁidP 18 8 1a¥%he pi pel i ne executi on,

5 out bound: BReking gtagagdews whding atitseking reqoxhupibruser defined

pr ocessiinfgrmatmpsso thihadkingisysteni eandre wsad tmsaaech yoaneseo flefined
t he procegsiang to be perforned |ike mapping the

nessage AnodrchivinE fagewtited @id MBdsESe toRAGKSAE fbr %Ilﬁoncal and
unpackagidagd KRpEagaSpees doi ng S security and

Sl %fw%%né B o s o

primary IS |nvoked the r on

pi pell né ]ﬁ'ftg g.SW@e%ﬁ% dpcumeny %ﬂalr%a%ﬁ}fme schema.
servited awkom stage pBew a2 s de dgloessthein opmgistiansovith amg

| ayer f aohplowsdtatipn phthetstagnuping thd siygerSDRhe cal | out

15response follows the inverse path.Users are security

25 schbersontereganc be absst edtreedaiingd &MLt harmblet&

princi paash wigeliaarcaai ¢dmeist € hyoqRace OF Ghdped.aHb@@erOf single
appl i catl ons. A user can either Invoke U interfaces
( cEMEBPeleyslergausst RipsHagimighi mpsiopalbe Pringhe punirfa| apprational
\r
DR RO RS AP o f il A ot E YA oFAions! pipeline).
deSarcepherens wd santartli wsy anokl@armﬂquanoqjel@tloﬁefmdaﬂm message
for that entit .Resources can he used by mul

i ple
20 sofoiels BRcieimiettingal dhe SRCIALPR F (OBRNBHEh & user sclected
deéﬁfethTl%s;ﬁﬁl"s@??bc@ﬁlr?gr@t%%itﬁ ?hé’lreleQIQ Spteﬁﬁﬂ)'h pipeline which

arrp es of resoufces are cat egory schene
sctrenmeins KEba singteresvicodgue myspoapspipAB8ieT nmaps, V\BDL

interfa nd WSPol i ! es. r che
defi ne iﬁgl ﬂ% )ét %@gf‘]}aﬁ%‘e‘{] l?fjgﬁléﬁeﬁ @x‘f‘;ﬁ? atfesponse
of pialinke Snfidts V18e §RhRBOREINAAR mcﬁeﬁwcl%auem& bl%rﬁessages
and consuners can be categorized using a b? er ed

ew

yvarigbles can be

a4t b B B o i Blhall P BitiEas g gariabes

f Ohawerihfirinbii€n Sous tHelfitddhgs btk hsp o hefiehe BRSrieHehdigs, the
types for non XM. data. XM. Schema descri bes types for

xMuetadptaxior thecqareat pioxy seavics apbihe wetafae fordeqrinesry routing

SC beslgjgﬁﬁm S-E['\ﬁge%f @{I&Petdi Wwﬁxj Qél\élgg z’fllgé.bgo%téﬂ %arrl] gg read

mappl ng ween two

30 f oandéivbdidiat dy oﬁlueg//xhpdaz@éxbrestsmd ay the skgpeer y nmaps
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descri be the mappings for XML and non XML (MFL) dat
usi ng t hBe Xquersl Sheasanicat cap WRsmhe  variables ciheader b"@oﬁy and

t efRathBehir ThesS &Y Wisppdt [ RTbBIES tRR%olBSE WM8OAP 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



the abstract interface of a service including the
operations in that interface, and the types of nessage

WQ@arosa14489 t he operation signature. It optional PET/EER05/017822

descri bes the binding of the nessage parts to the

nmessage (packagi ng) and the binding of the nessage to

the transport. It also optionglly describes the

concrete interface of the service. A W5-Policy can
descri be security and reliable nessaging policy. It
CagodfRGh Wit MidhuSIRH P feA&APSORPRNPRE bblly Sontent is
nmessage using what algorithns. |t can describe what
auitkaht wrarpenelemestthal contagisabé typee RiP€ephrimetetshe

nmessage when recei ved. | n.one.enbodi npnt he . .
Oocact oREMG: BER UL R GO Eatrma B, Byt if ayelsplf for use if
Pr @¥dida Sat alek iz WS WheR lcrsHEMe | DPXGGery kXptda¥ioR dn 3 Eondition or
managi ng sophi sticated nobile solutions, with a sinple

5 e ransferngsion gt dasih dimee thel varishlc ¢anthegdesiased g béof one or more

et ) ' . . . _
N e R R R R
t epghegiag MFI2 oL WSIDL ré&fodfes. OTHS Ofpeadeclavhtionprodesh igigsare of the
scripts that define actions, and, on the server side,

a BYPreceh thervaprble dodgityred Gihp drrapss dpr plengsly qfghe types or the
me%gg %eﬂﬁ%l‘(&%@”ltta'i‘s% ﬂg%ﬁeﬂ QQ%katn@é‘go LNCLOHRPREPE g)araﬁfé?ers or
occas y- ed applicati assune

I Ona onnect on server can

10 t hdscumhdntiat$bodps eabilpy nobi |l e applications is

persistently stored and nmanaged. by external .systens. i
The dat BAHOHAE® E3MAE & SRIEnce Rk HERFOCTICRHP éh i eriphgeours in

MORaf 81280 PT1iS ’EHRACS oP@feF&b@&Qiﬁﬂ? ;é?xgc-?l:or:}fi?élmesfog Astage. In

and 1s optimzed to enablte the e n raversal an
syadditionaz etroopipetinet daindediefined foanibe whobccpipeloreadr aywhole proxy

o CRREE b e RaTL ot RSN, S fEprhon i error. This

15 ST js'i?_@liﬁeaﬁllqjov@é ﬂl%rmé’isﬁ?ﬁse’lfot be&phbkehe@ e Sainsirﬁﬁéint, formulate an
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application data. The nodel itself can be hchroni zed

W etnon Fespemsisi nessegows dre saiumpdittot the invokeant off theaptoay, log the
intelligent].y to.traverse data and synchronjze.datg . .

w P e Wit SRRt A Do S ERFC A BB Ratsing an
of exdaptiomir@iRFdrOord td e Ak ichified st erof pipeBie. Of t he
figures and the clainms. It is to be understood that

ot her eRBO@FOREAYIRE Of & FRAUEFvRIREHM cimsOoRNstarfy Ebgprd) transport
a : [ : Q [ .y
argrobftsingy FbubIBABE tyeE Ml HiRe Vspbilfon, BBGIP Binding
enfageli amhbstbodnd tespore pritkssinpveeisi The bagingeleyerpumaecsome
for the purposes of i ltJ ustration and description, It

i sohiie PrRFesstedtor Be perfasmed $Ke veanping 819 messase He/from context
i QN [, eGi [ din; £7QUS .
e PR Bk T L 2R oif WM ekrity and
t hautiorazation.i Both rprakarly | revtinghdeshiaations. andhmbdistp destimativss follow
were chosen and described in order to best explain the
prPHAF1 €8 of the invention and its practical

appl i capken thd Bﬁhﬁ?% SRR AP RANR $nvdikkd, 8- féapérﬁ@ pipeline
art to understand the invention for various
empocésymgtiellewsia sitilar wdelous nodi fications that are

ited to.th ticul tenplated. 1t |
| SHideR Vg cal iRl BB BoRE TRRVAIR PO Tis i PHiRueby the

t h@ansport layer. The callout response follows the inverse path.
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following clainms and their equivalence.ln addition to
an enbodi nent consisting of specifically designed
WO niosgreaBed circuits or other electronics, theP@FrESHN$/017822
i nvention may be conveniently inplenented using a
conventional general purpose or a specialized digital
conputer or m croprocessor pregramed according to the
teachi ngs of the present disclosure, as will be
apparent to those skilled in the conmputer art.
Appr opr (RER #OLENRTE ﬁﬁapﬂg vARNcameatiel ¥e Qﬁnﬂh@ﬂﬁgﬁﬁ&a@ﬂéns or
skill ed progranmers Based on the teachings of the
pr egldmatldmd gsancen eathervmwkdobﬂ appiéac@ﬁt(ccmoltehtss@ or messaging
sk|II g a% & The nventkgg may al so be
cﬁf ‘Ee’o‘;&“’ g E)sraef)eéylﬁ?lc%tﬁug]ferg’bﬁov Pt on” specific
| nt egr aResyicd BedebSureds dayt bietb@abRPIAHhd@efBhtions or descriptions
appropriate network of conventional conponent

5 m pE gntitics ang e |typipdly mgthdpip famtiw@mnx éiqscmf@@s e be aged by
r e [ t

pr sl m@pstrelév g%t ar?é]ea‘?ﬁ %andgﬁld?% Séhﬂlﬁg c{e@cr&%@g across an
haehtegprise sdrr deplattaneat. SExxungiled bﬁrres@nfdem atblo@fegsgn séi®mes, MFL
used to programa cqonputer to _performany of. the
pr SETEEsXSP ChENES: SRR PARS Slélhmamewépéf g fageyidth WS-
cap 11%}9{'1 ude, but is not limted to, any type of disk
i ncf ing floppy disks, optical discs, DVD CD ROV,

10 m cr odr Cﬂ‘&goarﬁi:hnn@m @drodefmbiamigledbaikg)ry Redb andRAMEsrarchical set

fl ash devi ces,
rra@% Sefugs gor % cef&gowap%}ge a?flfﬁpspr@efig%(ﬁ At (f@PsHgners can be
mo E@c@%ﬁrﬁ'éd SR A \edititded sherR)YTAHREN B c%gbﬁzéarwﬂ?ﬂlhﬁg)le leaf
suitabl e for st or| ng instructions and/ or “data. Store
.onvalngs fone caiﬁgmyeclmrmm leaf vammmmm natégmyi seheme.
des. s. ftvvar

Ezgﬁt nggﬁ?@l | nvelatF | nc%\,g?ré)rglﬁl VR Q1 atglﬁ:éllxrgﬁ data. MFL schemas

15 PUBBREBS ARG ot hé&Q(ME'H%%E XM/ SEHetl0MBEEESQpes ARKML. An
for enabling the conputer or mcroprocessor fo

i nX&Tagchematthipacanimpartues énclede dherschenae fiteai sm

utilizi sults sent anentlo uch

ot twar Smal AT ireBs Bin AooEr R B Flppl RSP b g oL

dr niB$ desceibe mnedppiigs Ty XOMS dagnghings te X@Dl“lsmﬁm@n S(query maps

I ncluded in the programm ng (software) of the

gefescabs dirorianpinge dorc SHblutaad non XV ¢WHBQ edpdp psing dhe Xquery
20 SOkt g nodul es for inplementing the teachings of the

present i nvention, including, but not limted to, a

syst em AndvVSBLhattrfacs caarbeoa:te&qﬂam fbrl dyseedontdréde and describes

appl i cation server.CLAIMS Wiat is claiped,i

ocibs bt }rgter@wﬁ Réasericappihding s PRsEiipas Hb@lﬁvfntegfaﬁ@ and the

a B [

odBe of FReAEE pRES HE SPARLE Ul IURERARDRE diflrbes the

appinidingtafahe inmsbagei pagts 40 tioc masiage fpdckagingnast e dating of the

nodel ; d.a .condu on to transl ate
25 pobigesian? Haftt (PSRRI i 5 ap ey Dy desctied tha g eamﬁeatﬂég of the
defd-igsl by the occasionally-connected data nodel .
The occasi onal | y-connect ed application server of cI aim
1, wher A WS-haicyceasdeseritiel sscmﬁyrmldn@lialdpmmse@mg)pohcy It can

Se(ﬁélsglrlbe whgtosrl]l]:){lﬂl%eeggﬁe o%%%lgr%/p e%tlg annqessg’ge us1nghwhat algorithms.

It can describe what authentication mechanism should be used for the message

30  whenreceived.



cache as indicated by nmetadata in the
occasi onal | y-connected data nodel. 3. The
woewasiasal | y- connected application server of BCHUA2005/017822
wherein the occasionally-connected dat a node
indicates a client's anticipated usage of externa
data. 4. The occasional ly- conpgct ed application server
of claim1l, wherein the condui't manager is configured
to use conduits, the conduits defining transforns
bet weenygaga d&ﬁﬁ&ﬁﬁeﬁ}’ ﬁl@ed&maﬂz‘@ohﬂe&&f‘ h@ jon  server
data nodel and requests and respons for a sj
we plasfernai pmvides Eheframmk ofval ﬂwe&mmgctde;ﬂoamgl |andit mcanagmg

server. of ¢l ai further, co n apti ve use
botsiRaed ale Soliiomns: Yith e Bl WBRE AR R Pyl cha
mM’fGﬁ@@?%ﬂh%@[@hﬁE enfeffRS boRBbhantconnect ed application

server which are constructed by the adaptive user
5| nt er f ab@bslerapehcaﬁ@nﬁgiawmndaﬁd andate magbdefimation, user interface

o ERIRG  JieBE RS Eh R eE iR s P 0Es e dgfing pgtiprs. and,

Wheh ehe safvel @R, 00611¢tibeNf tdhduitanwhRhr @dctibe hdat & mediate
nodes and the occasi onal | y-connect ‘ed data nodel to

pr beftean athdi dpfpaymogdel tand #g enterprise. Thehe occasionally-connected

ocC I c p tian Vg

oo SARIA00, 24P OBh SR B! S L 3815 Aol iRy i
10 uspagistehtly defred andlesnaged by extennhsysians. | sme mtaelclhedel can be a

data nodel wi fhout being in contact with t

ocwga adesripgRn ity H@&ﬁpuaeah%lﬁn@ewéwateé usageraf g data,
{sSd iz &H toaerﬁﬁ{ VRE effRIdHE Hapl) 851' 4d s?{ﬁ&ﬂoﬁh‘igt% ¢ okl data

a clien or an application |nclu

ocbetsicamatdayiondiynenmeded d¢vacavmdéd Iextearaﬂ sytterhdie server,

transl atdr'gng0 bet ween dat a frgm ext er nal % yst en‘a@and the

dat a nod&8 “qeFsie ywm't‘%&‘*do A3 PSR | R - Stgpgtige (and
15 Mdkr o ?Jﬂgs )8 NodsiQentC laBp MR aBion VABLE 1 The! Rodel itself can be

occasl onal | y- connect ed app |cat|on server caches dat

nosbeshxomztetievn:ladﬂmanmblle dowser ed thyt thetdidat & able tnhtelhgently to

ocgasi on ted e 10. The met hod of
ﬁlﬂﬁr%f‘ 3&7\% HBIZS%&tES‘YIgﬁ%FISVV%nneCt ed data nodel
i ndl cat eghed f@dtm@m WtasSect ddCdbpsttLsk tHs afRn@én & 1S dWhined from a

data. 11. The nmethod of claim 8, wherein the
t r eavisvatafotheu Sigures omutliithes claiis. ¢ dhdsi tos beemndersiepd that other

transf or def| g ..
20 oo BRBo Sk, S AR TR R SR BBost . flovithin g spivt and
rem?gssemeflmenaoﬁaﬁ@u&{rﬁs vveb service. 12. The net hod
aim8, wherein clients are transferred both the

data nodBe BrrEoge dsecsipiippned [Pyefenath copadipanty wodeg present
to C

o LBERLH D Sh DAL Aclr RSOk iR g oo, 1
menatr intdnded ttortee amhamsmaes oonal lingit ctharigedngidn diat ﬁlenpféabe forms

anda cache tq store data nodes as defjned by e
25 oc@lé%lpiﬁﬁlal PhueEHheBramadicateind Wﬁé&l@@%wﬂhée apparent to the

@aéﬁt&mﬁk 'sb(ﬂl%@ri ehd 6, érﬁ% iR &f M che%hﬁﬁhg@smbed in

es i n the Cac e as in Cate by met adata 1 n
occst tnixdst yxwemrtbe tpﬂdclplﬁ afripglalvention and its practical application,

thereby enabling others skilled in the art to understand the invention for various

embodiments and with various modifications that are suited to the particular use
30 contemplated. It is intended that the scope of the invention be defined by the

following claims and their equivalence.



14. The occasional | y-connected application server of
claim 13, wherein the occasionally-connected

wa@ppbitcas? on server is configured to transl at ePdEUS2005/017822

5 whéiselpsurgtas|valdre appares tp

bet ween external systens and data nodes defined by the
occasi onal | y-connected data nodel. 15. The

occasi onal I y-connect ed appli ¢gagi on server of claim13,
wher ei n data nodes incl ude XI\}L. 16. The

occasi onal | y-connected application server of claim 13,
further pCoMaitdch N an CemBbdineARNRAGKIingS &bBcifibAly designed
conduit nmanager is configured to use conduits, the )
coindegratsd giseuitsi arptheraatectronivs, the present igeandiod efdynlesicdmyeniently
occa ionatl I ygonnect ed data m)d%l and request s andl. d digital
r eB'ﬁ@ﬁ@S‘% °f OFIIE &, SETYSIHORl, S]] RUPOSE; OF 1§, gpecialized  digi
0CEfhABEdH icEoPROREER PraRRhineabbRdiag tv te tédchigdioMtbresent
further conprising an a gﬁgive user I nterface server,

se skidled iretielqpmpuisages fr om

t he occasj y- cted. applicati ry | C r
are conappbRey sSAMRE BRnR VA TR, ME Kbt Py siled
usprograniiterd dhsednares teustinigh ef dreqrsdeandistlysuaeuagiliesd apparent
dat a_nodel . 18. The occasionally-connected agpl_i cation

sefo/Bpsetkifledimihesoltyaes @it-n The invadion ghay ¢lf9 Bfdmplemented by
tr t : s . .
oc BRI LAty IpR R Aol SHER0° Ny sianiercy tspappe o

10 at afipheprdté ertwork9 of osvartivasi ooapbnyent onrais,eds will be readily
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application server of claim18, wherein the client can
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computer or microprocessor are software modules for implementing the teachings

of the present invention, including, but not limited to, a system and method for an

occasionally-connected application server.



23. The system of claim 22, wherein the external
systemis a service bus. 24. The system of claim 22,
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CLAIMS
What is claimed is:
1. An occasionally-connected application server comprising:

a synchronization unit configured to synchronize data nodes with a client
for an application, the application including an occasionally-connected data
model; and

a conduit manager configured to translate between data from external

systems and the data nodes defined by the occasionally-connected data model.

2, The occasionally-connected application server of claim 1, wherein the
occasionally-connected application server is configured to cache data nodes in the

cache as indicated by metadata in the occasionally-connected data model.

3. The occasionally-connected application server of claim 1, wherein the
occasionally-connected data model indicates a client’s anticipated usage of

external data.

4, The occasionally-connected application server of claim 1, wherein the
conduit manager is configured to use conduits, the conduits defining transforms
between data defined by the occasionally-connected data model and requests and

responses for a specific web service.

5. The occasionally-connected application server of claim 1, further
comprising an adaptive user interface server, wherein at least one client receives
HTML pages from the occasionally-connected application server which are
constructed by the adaptive user interface server using the data nodes and the

occasionally-connected data model.
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6. The occasionally-connected application server of claim 1, wherein at least
one client is transferred the data nodes and the occasionally-connected data

model to produce a display at the client.

7. The occasionally-connected application server of claim 6, wherein the at
least one client can run an application using the data nodes and the occasionally-
connected data model without being in contact with the occasionally-connected

application server.

8. A method comprising:

at a server, synchronizing data nodes with a client for an application
including an occasionally-connected data model; and

at the server, translating between data from external systems and the data

nodes defined by the occasionally-connected data model.

9. The method of claim 8, wherein the occasionally-connected application
server caches data nodes in the cache as indicated by metadata in the occasionally-

connected data model.

10.  The method of claim 8, wherein the occasionally-connected data model

indicates a client’s anticipated usage of external data.

11. The method of claim 8, wherein the translation uses conduits, the conduits
defining transforms between data defined by the occasionally-connected data

model and requests and responses for a specific web service.

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.  An occasionally-connected application server comprising:

memory to store an occasionally-connected data model; and
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a cache to store data nodes as defined by the occasionally-connected data
model, wherein the occasionally-connected application server caches data nodes

in the cache as indicated by metadata in the occasionally-connected data model.

14.  The occasionally-connected application server of claim 13, wherein the
occasionally-connected application server is configured to translate data between
external systems and data nodes defined by the occasionally-connected data

model.

15.  The occasionally-connected application server of claim 13, wherein data

nodes include XML.

16.  The occasionally-connected application server of claim 13, further
comprising a conduit manager, wherein the conduit manager is configured to use
conduits, the conduits defining transforms between data defined by occasionally-

connected data model and requests and responses for a specific web service.

17.  The occasionally-connected application server of claim 13, further
comprising an adaptive user interface server, wherein at least one client receives
HTML pages from the occasionally-connected application server which are
constructed by the adaptive user interface server using the data nodes and the

occasionally-connected data model.

18.  The occasionally-connected application server of claim 13, wherein at
least one client is transferred the data nodes and the occasionally-connected data

model to produce a display at the client.

19.  The occasionally-connected application server of claim 18, wherein the
client can run an application using both the data nodes and the occasionally-
connected data model without being in contact with the occasionally-connected

application server.
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20.  The occasionally-connected application server of claim 20, wherein
synchronization of the data nodes between the occasionally-connected application

server and the client can be done in the background.

21. Anoccasionally-connected application server comprising;

a first component configured to synchronize data nodes with a client for

- an application, the application including an occasionally-connected data model;

and
a second component configured to translate between data from external

systemns and the data nodes defined by the occasionally-connected data model.

22. A system including:

an occasionally-connected application server configured to 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-connected 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 is a web service.



