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I)ISCLAIMER

'l'his lc¡rorI u,as l¡lcp¿ucrl ls an accourìt of rvoll< sponsor.ecl by an agency of'lhc
L.lnitcrl St¿les Covculnrr:nt. Ncithel thc UlÌil.ed Sl.ales Govcnurcnl lìor auy
lugcncy lhclcol', uor ¿ur)/ o1' theil ernployecs, uor any of thcil colìtractols,
strtrcontractoLs, or' {lrcil cnrpJoyccs, rnakcs auy warr¡nty. cxprcss or irl¡rliccl, or'

assulìrc,\ iìlì)/ Ìeq ìl liairility ol responsibility fix the accuracy, corr¡rlctencss, or nny
thilil palt¡,'s rrsc or lirc lc,sLrlls of such ì-rse of ¡ny inforllation, apllar'âtLrs. ploduct,
or l)Il)ccss clisclusecl, ol relllescrìts that i1s use would not infringc prrvatcly owned
nghls. Ili:lclcncc llclcjn 1o any spccilic collrnc¡ cial procluc(. ¡rlorcss, or scrvicc
by tllrlc llalnc, lra(ìcnìallt, rl¿ulufacturcr, or othelwise, (locs rìot lcccssarily
conslitrì(c ol iurpÌ¡, i{s cnclo¡scnrcut, r'ecomrlenclation, ol favoling by the lJnited
Statcs (ìovcnlurclìl or rìu)/ agcncy thereof or il.s corlract.ors or s u bcorÌlr'act ors.
'l'hc vicr¡'s ancl opìnions of aullìors explessecl her.ein clo uot rìecess¡rily state ol
lef lccl tllose o1'thc llnitcd Slatcs Govemr¡ent ol ar.ìy agency theleof.
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A h.sf.rrLc/

Tltis papct prcsct]ls ¿t ncw cxtcrsiou k) ill)l(lS,
ap¡rtoachir¡r thc D¿ìt¿Ì DislribLrted Sctvicc (l)l)S) i tcrlàcc
b¡scd on thc Channel Access protocol. I)l)S is lhc ucxt
gener'¡{ion of miilcllcit,arc in(fu-\ltiill slirnd¡u(ls, blinging a
(lata-ccntr ic publish-subsc|ibc pa|adignr ro distr jbutcrl
con(r'ol sys{cms. ln contparison u'i{h cxistilg r¡icltlle*,al.c
lcc¡rrologics, thc dâ(a centric npproaclt is al)ìc k) l)rovidc
¡ co¡rsìstcut collsolitl¿led nroclcl su¡t¡to|ting difl¡lclrl (lal¡
clisscmin¿tion sccn¡rios ¡nd in(c¡lra(iug nlany illlpolt¡r)t
issucs, such âs (ìilrlity ol scrvicc, uscr-sllccilìc cl¿ta

slruclulcr, ¡rd olhcts. l'hc ¡rapcI co¡si<lcls clilfclcnt
lèatu.cs of-the UPIClij-DDS layc| in thc contcxt ol (hc

high lovcl accclclalor c¡ì\,tì onutcnt

RAI'IONAI,II
'l'he Accelcrator O¡linc Model (^Ol\4) is .,Ì collcc{io¡

of chalâctcli$lios {nd ¿!ssociate(l thcorclic¡l apltlouchcs
rcquirc(l lor {hc successlìll irnalysis ancl contt.ol of'
¿ìccelerât0l pcr-1b|ntancc lls pârtictìliìl iDll)lcnìcntiÌ{iotl
dc¡rcurls on llâ¡ty f¡cklrs, sllch ls scopc trncl cornplcritv
ol opcra(ionâl (asks, (ype ol itocc¡cmlor coDtlol syslcnl,
and o(hers. Usu¿lly, ,AOM is built¿rs onc or scvcr¿rl
rniddle-laycl se|vc¡s ol a thlcc {icr itl)l)ljclÌtio
envilonlnc¡( cncontpassing a lorv-luycr' \\,ith dis{rit)Lì{cd
lionl-cntl coD¡Irtcls coutlolling lthysical clcViccs tncl itn
oPe¡r collcction ol high-lcvcl thick ând thin clicrrt
applicllions. Ilespìte thc 0o¡lltrlou inlÌas{l ucturc,
rcqutrcll]cuts ol'cach laver atc djll¡rcnt. As a rcsr¡lt, thc
middlc-layel sclvcrs i¡l presclt acccletîtor
lìrcilrtics u'rlk rtldrtilrr:rll¡ ,r\ giìtc\\':ìys ri,rìtì, (lirrË .rt

Ieâst two ooullìlllticatiolì llotocols ¿ìnd iD{crlàccs.
'l'his p¿rpor pr-oposes a llcw cxtellsion nâulc(l IIPICIS-

DDS l'ol devcloping a honrogcneorìs high-levcl
aì)plic¿r(ion environ¡llcul (scc Figurc I) basccl on thc
IIPICS distr ibutcri inlìast¡ uctr¡r'c I I I rud thc Data
IlislÍibution Selvicc (DDS l2ì) (latâ-ccntric nrocìel ll this
a¡rp|oach, clillèr'cut Iayels ancl conToncnts collr¡runica(0
via lhe comurl)n llPlCS lorr lcvcl protocol, Channcl
,Acccss (CA), ancl the high-lcvc! inlc[fàcc [reIrvcen sclvc|s
¿ìlÌd opplic¡{ioDs is ììn¡rlcnrcn(ccl a( thc âddilional I)l)S-
oricnlcd ìaycr. Iu coltcxt ol {hc Dl)S s¡rccilication, thc
dil'lcrcnt ruirlcllc Iaycrs sclvcls arc considc¡cd as thc
cottcsponcling l)llS pùblishcrs closignccl lo provi(lc thc
slatcs ol tlìc associatc(l (ìat¡ strrìctures shârcd by high,
l()vcl clicDl-subsc¡ iile! s.

'l'hc rcs{ c¡1 this rcl)oìt is brokcrì into t\\,o p¿ìtts. S0otion
2 givcs a blicl'ovclvicrv ol'thc DDS mtx{cl and scctiolt 3
clesc¡ibes thc clifllrcnt fèatu|cs ol' {hc ITPICS-l)DS
cxteusion rÌsi¡)g thc lìst ol clcclioatcci exarr¡rlcs

;Wo;k suppdlù(l Lry DoL corìrrncr I)t!^c02-91ì(ll{ l0l.Ìlló

,*,rrnu L ç{tl1o1l l¿,151iòcl I c,\s/ocl
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l;il_lurc Ii I{igh-l.,cvcl Ap¡licltion Lìnviloltrrren( b¡scrl o¡
rlru Ill'lt S-l)l ,S cxlr .,tnll.

DI)S DA I,\-C'IIN'I'IìI(] ÄIìC]I{¡TIìC]'U RTì

l)DS is thc Icxt gcncr¿Ìtion ol rÌliclcìlcri'¡¡c inclusl¡ial
stitnrlalrls, blinging ¿t (ltt¡,ccltric publishsLrbscr'ìbc
(ìl('PS) llrchi{cctùrc 1o distributed co trol syslcnìs. Ihc
ovctrll r:onccp(ual ntodcl is shown in l.'igurc 2 ancl
c¡ciÌl)srìli¡tcs thc follo\\,iûg tll¿!o¡ oo¡lccl)tsl

lìigrìrc 2: Dalâ-(lcntric I,Lrblish-Subscr ibc N4o(lcl [3]

o l'opics of l'ypcd Clobai I)ata Sl)¿cc: r logical (l¿lâ

s¡race in which rpl)licâtiols rc¡cl ¿rnd writc data
ilecoLrltlctl in spacc aud lintc

. D¿ìln Writcì | clata protlucer ol tltc gívcn lopic

. Datâ llcadc¡] data consunlct ol tlrc givcn tol)ic Dttít
r-cír(lcì c¡n obtîiD d¿ìta vi¿Ì two \\,¡ysi (l) listcncl-
bascd asynchlonous utcch¿ìuisnl and (2) rvaitsct-
blsccl synchronous al)proâch that blocks lhc
application Lrntil dcsignâted coldi(iolls arc nÌct.

. QoS policics: a rich set ol'chârac(crìs{ics that de1ìne
thc bchavior ol'the DDS systems (such as t.cliability.
livcl¡ncss, dur¿bility, h(cDcy brrdget, clc.)
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Si¡rilar' 1o the OM(ì (lOIlllA spccilìcitiorì, I)l)S ìs

languagc neu(ríl iìrìd c¡¡) bc irìlllcrnoD{cd in p|ogranrnring
laugrtagcs Iikc J¡vi¡ iìn(l (1.1 1. ln contrils( with ClOlulA,
lhc l)ì)S i¡rlcrl¡0e is iÌlso l)rotocol rìeutr¡1, fììcilitâting ils
rlc¡rloynrcnt iu diff¡lent ilisllibL¡tccl syslclD$. Morcovor,
thc I)DS technology cxtcnds pì cscnl run-[lnlc
cnvironnìcrìts u,ilh thc tcl¡tional-oricDtc(l rnodcl. It
LrLirl('s ir hir.i\ l,'t ,Ir.],'litìr' (,,ll\islr'rìl tl t t ìtù

iu(erliìccs to cornplcx hìerarchical structrìrcs using th0
rvell-establishecl sofìrvalc cngilccliug tcchniqucs.

IIPICS-DDS MIDDI.,I4\ryAIIII
Iloth IÌl'lCS (lh o¡cl Acccss ônd DDS rcprcscn{ unìqrìc

approachcs and oLr prìmaly task was to idcn{ify thc
coìrDror) corìccìrls dccorolcd by thcsc diflèrcll(
tcrrìirtologics.'l'lrc rlci,clo¡rcr's inluitiou an(l ol)tillistn
was bnscd on thc lììct tlì¿rl bolh tcchlologics havc a lo¡g
hislory ol' succcsslirl proÌec{s in ùcìghbo|iug clonrains.
Molcovct, lhc over'¿ll gotl \r¿ts nlorc placlicali
Lùr(lclslanding ho\\, the DDS dâtâ,ren(tic ¡roclcl can
cx(en(l lhc CIA intcrliìce 1òr rlcvcloping high-lci,cl
a¡rplicalions 

^s 
r rosrìl(, an initial soopc ol the []PICS-

DDS uricldlcu,arc rvas n¿rrorvctl to tltc f¡llo\\,ing lhrec
l)l)S conccl)1s expre$scd i0 the CA tclnrs

. l'rlric: coilcclion of v¡ll¡cs (or othcI r'cco|d lìclds)
l)elon!:i¡g to thc dill¡rcrrt PV iùstanccs ol thc sanlc
rccord lypc.

. D¿fâ Ilcadcr nlilin{âlncr ol lhc (l^ chtr¡ncls lbr
gcttiDg ([ìtâ lionr {hc collcc{ion ol' PV Iìcl¡is
associ¿rtcd $,ilh lhc D¡lâ Iìcadcr's toPic.

. Data \\/riler: rrain{¡Ìi¡rcr ol thc CA ch¿¡ncls f'o¡'

pulting dâl¡ to thc collcction ol thc PV lìclcls
,rss.r.ir¡tccl rvrlh rhc l)¡t¡ \Àr'itc¡'s r,,Piu.

1-hese sùggcstc(l associations cxplicitly idcrìtily thc core
architcolrìr'c ol IiPICS-l)DS scttitlg thc DDS I'ypccl
(ilobal Da(a SP¿cc o¡ìto thc Ill'lClS I/(J Controllers ¿ìnd

considclilg thc l)l)S palticipar)ts ¿s wrâppcls ol'thc CA
clicnts. Startjng iiorn this point, u'c consistcn(ly aud
inotctncntally oonlorrìo(l (o tacklc diffelcnt fì:atules of thc
(l^ i¡rlcrlàc(] towards lhe thrce{ier high levcl âpplìcatio¡ì
c¡vi|onnrcnt. 1'hc ¡r|escnt lis{ ol' thcsc 1èaturcs is
illus(r'.tlccl by thc fullou,ing ÌrPlCiS-DDS cxanrplcsr

cai\'lonitorApp: classical asynchronous cx¿ tpfc t o¡n {hc
IIPICS Applicalion Dc!clopcr's Guiclc l.1l rlcmonst|ating
thc iuìjllcnrcnt¡tion of thc DDS l)ot¿rlìcadcrl,istcncr bascd
on thc CA c¡llback lìrnclion. Acco|cìing to {hc DDS
sllecilic¿tio¡, l)¡t¡l{caclcrl-istener has sevcral rnctho(ls
u4rich can bc sclcctccl u,ith a corlcsponclirrg stiÌtus nlask
'l'his nl¡sk-basecl iìpproach providcs direct map¡ring fìonr
lhc t)l)S objcct{r'icn(cd utodÒl 10 ¿r list ol' CIA C-
fììncliorls. Followirg {hc (l^ ¡pproach, âll DDS
D¡l¡lìcir(lcrl-istc¡cr 's lùclhcxls c¡n Lrc clivirlccl into trvir
uDcvcn c¡tcgorics. l'he lirst cllcgory iucluclcs oDIy ol]c
trrc(ho(l or..../dk¿ atuilubl<: <lc,tlitg wt{h d¡ta ¡cquisitiorl
and inrplcnrcnlcd iry the CIA (d .r'cdte subscript¡ou.'l'hc
scc!nd ciÌ{cgoly is ¡tssoci¿rlccl with llonilo|ing of QoS
policics. 'l'hc currcnt Iil)lClS DDS vclsion con(rols thc

lìr,clincss of l)ulaWlitcr's \\'ifll tllc ( 
^ 

1ìtnclion
t(t d(kl .e.\(ption a\!nt.

câlirânìplc^Þpì extcnsioD ol rnotheI clussìc¡l cxlrntplc
lìonr IìPI(lS Apl)lic¿Ìlion [)cvclopcr's (iLrirlcl4],
dcrìorìslrating fhc i)DS syrchlorous iutcr licc iìn(i it

clÌrcnss ol thc lrl'l(lS l)l)S nriildlc liìycr scrvcr. ln DDS,
synchronous ircccss is rcllrcscIl{cd L))'¡ W¡itSct u,hic,h can
¿ttiìch ¡ sct of lìcaclCbnditior's ¿rrì(l waits lì)l thenl to
roturl. l:ìâch Iìcâd(lon(litio¡l is ¡ssociatcd rvith an
indivi(lu{l Ilâtalìcâder ìrronl llris pe|spcctive. 1hc I)l)S
syrìchroDorìs rnoclcl dilcctl¡, cor-rcspontls 1o onc ol' (hc

nr¿ìlor C'A conrnruniciltio¡1 app|oachcs allcirYin¡l thc
accLìl]rrìlalioD ol nu¡tctoLrs rcqucs(s inlo a sin.{le t¡cssagc.
'l'hc oliginaì calìxamltle rvls inrplcntcn(crl ns ¡Ì clicnt
ptogranr. In our vclsion. u,c ¿clclccl ¡n lO(l scrvcr
cxtcn(lcd \\,ith lhc lpl)li(r¡ti(rì oL)icct rLlnning itì tlìc
dcclic¡lcd threacl. 'fhis cxant¡tlc (lcnlonslratcs thc rnost
straightib|waId Íìpproa0lì [5] Ibl bLrilcling thc rritldlc laycl
scrvcrs in (hc IiPICS-DDS envilon¡tcn1.

câ l'i¡Ì¡c,{ppì irìDle lltctì(a{iou ol thc cotÏcsl)onding ( A
conrnrantl linc utilily iì)l bcnchnrarking thc (l,A-bâscd

conrnr!¡nication. 'llìc bcrclìnìtrk nìeâsiucs lltc I¡(crcy of'
rccciving scqrìcuccs of' vâlt¡os. I ltis ap¡tlicalion also
highlights thc linrilalioìr oi'1hc Prcscnt I)l)S spccifìciìtion
lìeiìtjDg lhc scqrìcnces with rlillelcltt sizcs as llìc dillcrctlt
rlalâ typcs. Thc ncx( âpplicatiou sho\\,s how this ltroLrlcnt
ca¡ bc lcsol!c(l with tlìc PvDûtÂ app|oach intloducccl in
(hc IlPl(iS 4 r,orsion.

Pvl)atar\pp: I'vD¿!la-b¿rscd irnp lc¡lonla tio¡l ol' thc
calilììcApp cxânrple. I)vl)0ta is ¡ hjcratchic¡l trcc of'
cont¿rirìers dcsigrìc(l {fìcl thc (ìolnpositc pâltcIn. l'hc l0iÌf'
Dodcs ilrc rcplcsc lecl by scalals and al.lays ol' {l]c
plirrilrvc (l¡ta typcs, srÌch as intcgcr, flciat. clc.-Ihc
colnposite nodgs scr-vc to âcoomoda(c ncsted strllclurcs.
As a lcsult, thc PvData app¡oach provides ¡ /di¿rlc
Incch¿rnisrr fìrl builcling thc l)V spcciljc /acd data tyl)cs
in âr'un-tinle ellvrronrncnt I'ar-ticLrlarly, P!D¡ìtaApp
prototypcs thc PVfloatÂüay coDt¡iner wherc the Dumbcl
01'cfcrncnts is clclinc¡l ¡J'lcl cle¿(ing lhc C^ chauuel. 1 hìs
ap¡rroach ldchcsscs (hc rcocnt OMCì rcqucst of proposals
"Ex{cnsiblc and Dynarnic Topic'l'ypes 1ilr IIDS" and wc
cxpccl {o considcr rnd apply it lo the (lilïercn( Uscr-
s¡recilic lypes o1' accelclator âpplications

'I'\riss,{pp: cxaLlple which ilhìstÍatc-\ (hc c¡{cìtsiou o1'thc
lil'l(lS 3 d¿t¡ tyl)cl' \\,itlì thc ¿rpplical ion-sPcciflc (la{¡
shr¡cturcs, e g l'rviss. fhc ap¡rroirch is bûse(l ill (hc

llPlClS wavcloln rccorcl hostiug au arlay of charactcls
which cîn bc scli¿lizcrl/dcscri¿rlizcd in tho BPI(lS-DI)S
laycr'. 'l'hc scrializ¿r(ioD algolithnr is eucâPsulrtcd in thc
ByteBuf fir(AC class clcsignccl ancr the corrlspolldìng
cl¡ss fioDr (hc JâvÍì NÌO packagc. Cul|cntly. a bytc buf'fcr
rs clcatcd 1ìor¡ valucs o1' pliuritive typcs (âud thcir
qouìpositions) by cli|ectly copyilg their nrcurory blocks
using ,r¿r?qr),. '[ hel'c ¿¡ c älso scvcral ì)ortiìblo
approÍÌchcs, lol examplc OMG Conrnton Diìtl
lìeprcscntation (CDR) ol Googlc's Plobool IlLrflèls l'hc



ljrìiìl vilriârìf ho\\,cvcr will bc cìc{el¡i¡ccl alìcr. Iinalizing
thc LIPI('S 4 ptotocol.

Iluiltin'lÌlpicApp irÌrplenl0ntatiorr ol onc rrÍ thc bt¡ilt-in
lol)ic diÌ(r s(lrìclurcs \\,ith inlbl.llli¡ljon ltL)o t tltc l)DS
p¿Ìrticipiìn1s. 'l'his exíìllrplc idcntilìcs ¡ (ljrcc{ion in thc
(lcv0lopnìcn( ol rhc LÌlrlClS-DIIS lirll-scak: rlìrcc(oIy
scrvicc basctl on i{s o$,n fia¡lcrvork \\,ithoùt Ltsc ol'{llc
¡<ldiliorr¡l cor¡¡runioillio¡l systcrns, such ¡s (lOIìllÂ.
It4o|cover', thc al)ì)roach iìllows lo au{olt't¡tically inhcr.it

t[ìc distriLrulcd and ¡lrtrlish/subsclibc lilturcs ol'1hc l)l)S
irìliâslrùcturc.

Wc ¡rhn {o IìrrlhcI extencl this list ol'fc¡tu¡cs rvith othcr
DDS clcurents, such ls QoS, contcn( fil(c¡cd topic. clc.
Ilowcvcr', lhc prcse¡)t ¡:ÌPICS-DDS vcrsion âl.ciÌdy crc¿rlcs
a ncccssary basis fol stârliog (hc dcvclopnrcììf 0l thc
rnLrltì-ticr high lcvcl âpplication cn\/ìronnrcnt.

CONCI,UDING IìEì\{A.RI(S
'l'his papel prcscìtts i! uc\\, cxtcnsiol to Iìl'l(lS,

aPptoachiug thc Diìt¡ DistriL)utcd Servicc (l)l)S) iDlerl¡cc
l)ascd o¡r thc Clhaunel ,Accl:ss l)lo(ocol Ihe iDtcgì.¡{ion 01'

lhc¡ic lwo tcchnologics ldcl¡csses livc rnajor f¡sks. ìr'irst,
DDS b|ings an illclLlslrial st¿DClar(i intcrfàcc (o thc
rìcccloralol onlinc c¡vìron¡rcnf ¡llo\\,ing to rlccouplc a

vuricty ol high-lcvcl îpplicatiuDs â d toolki(s fì!or {hc
runclctlying fow-levcl coutlol systetns, such ¡s LìPì(lS,
l'lNl:1, 'l',\NGO, and othcrs. Scco¡rd, thc I)l)S (opìc
orieDtcd âlll)ro¿cll elevâ{cs thc ljl,lCS (lha¡ncl Acccss

lltotocol to thc high-lcvcl apPlicatious rcl)liÌcirìg thc
n¡ldilional lìPCl-likc cornurLrnìca(ion iDtcrfiìccs.'l'lìi¡ d, rhc
I)l)S spccil¡c¿rliotr intlodr¡ceii somc guidancc 1br

cxlcnding fho LPICS inlìastructurc \\,illì thc rclcvaDl se(

ol qtrality o1'scrvìcc. I.-ourth, DDS ctc¿Ì1cs a b¿rsis of'
Sclvicc-Olientccl ArclÌitecturc (SOA) prorìrotiug
decoupling ol thc sorvicc iD(crlÌrccs lìoDr thcll l]lolcc(-
orientcd implcncnliìliorÌs. In cooloxt ol tlrc high-lcvcl
application cuvironmcnt, ì{ lneaus flcxiLrility in sclcc(ing
and coDnccting thc !nost apl)ropriatc lr. oclcling algot ithnts
and plograms. lìinrlly, thc DDS technologl, extcn(ls (hc

Ìlì'lClS rLrn-tinrc cuvirotìrì1e¡ìt with tltc Iclation¡l ntoclcl
crcatirg â platfor-nr fbr aclding r.clationaf qucries anci
iulcgr{tiou o1' lilll-sc¿lc Data StlcaDt Managcutcnl
Iiys{cnls (l)SMS) lbr rlrta s{l canr ploccssing a|cl
archiving. Moleovcr', adhclcnce t() the [clationiìl .ìpp'oûch

fiìcilil¿rlcs (hc (lcsign ol'consistont run,liuìc ir)tcrliìccs to
thc conl)lcx hicr'¡rchicll s(nlclulcs îccording {o thc q,cll-
es(rìblishc(l softrvarc onginccling (qclìnìqucs. sltch as
ol)Ìcct lcl lioDirl ¡ll¡ppitìg.

l"rol]l thc othcl side, lilPl(lS rcpÍcscnts .1c /¿r(yo ,(lÂndard
opcn sorìrce solìrvarc r¡,ith I ntulli-yclrr hisk)ry ol
nr¡mc|oirs sùccessful proicc(s. As it rcsUIt, il ctc¿Ì{cs â

soJiri b¡sis fbr-dcvelopìng {hc opcn soùlce jlllplcDtcn(ittiorì

ol'fhc I)DS s¡rocilìoalion. Morcovcr, thc sl)ccial leûiules
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