B o & - -y

APPLICATIGN,PROGRANNING | NTERFACE FOR DI STRI BUTED

P 'SSI NG | N NETWORKS = TECHNI CAL FI ELD Tht s invention

rel at o an applications 5 progranmng interface for distributed
processing in - -~ networks. More particularly, this invention relates to an
applications programinterface and associ ated m ddl eware i brary which
converts streamoriented protocol to message 1 - orjented protocol, and

whi ch nul ti pl exes nU|tI$EF |cal'10 connecti ons between client and server

platforns over a QFUB3OMIFG INTERFACEKEARURESTRIBUTED
| NVENTI ON A majority GrovaEBING alN NETWORKE K architectures

currently in use_utilize_|ayered protocol architectures to 15 acconplish
net wor k connunl05§§§§§§£L¢;§E¥%3Iy, the | ayers are arranged in a

hi erarchi cal confi gurati orhiEBhdnventfivic nelatey tHoowr dpplkicattions O

provi de-a congec ers S. & tern1na|

user or a 5 #kggppii" c Q’g\gg&p%rfcgarcfmf%ﬁﬁglfﬁé%%%}eéﬁr (ﬁeesﬁfﬁ'b%r o

| ayers are to pruetwerk@(;urmeda:taa:t@miax@es i dmudntion rshattesrto an

processes. Genergbéilc g&%ﬂ Igfﬂﬂ fﬁ%%rfacéjiﬂé” o#ﬂ %&x*faéféware

[l

performtheir designated funclio es a common
| ayered archit ectibEary waishn e@@mm&res]@mqnﬁ%d mmqurtq Qspysage

Ref erence 25 Modgliwhiceld b&*&t‘o@ﬁ 2 a3 GihilcdY S 1A i a8 %ﬂtﬁﬁfe Logical
architecture ihomn r epr esent oglcal connecti on between

appl i cati ons® aﬁﬂn?ec\ﬁlpﬁsoi?@tl“ﬁeé’r (fediete anst Seraer Plaﬁ‘@‘@?ﬁi ‘b‘fﬁ?\t%,

information fl owsihbleugirdlals@daruit. | ayers, but at the internediate
node or nodes, information 30 passes through the |lower three layers. Fig. 1

also  illustrates peer-to-peer conmunications between correspondi ng
| ayers. BACK! OF THE : nanely the physical, data

link and network layers, RrQuide i AREOY Gk SUUISH] Hetwork architectures

currently in use utilize layered protocol architectures to’
15 accomplish network communications. Typically, the layers
are arranged in a hieraréhical-configuration. The
functions of lower layers are to provide a connection
between users or processes, such as a terminal user or a
data application program. The functions of the upper
20 layers are to pfovide accurate data exchanges between the
users or processes. Generally, each layer utilizes
different protocols to perform their designated function.
Fig. 1 illﬁstrates a common layered architecture
knowa_gs the Open System Interconnection (0SI) Reference
25 Model which utilizes a seven.layer architecture. The
architecture shown répresents a logical connection between
data applications X and Y, with one intermediate node. At
the end points, information flows through all seven
layers, but at the intermediate node or nodes, information
30 passes through the lower three layers. Fig. 1 also
illustrates peer-to-peer communications between
corresponding layers.
The lower three layers, namely the physical, data
link and network layers, provide transparent connections



- 2- bet ween users and operate.primarily on a hop-by-hop basis,

handl i ng conmuni cati ons over individual data |inks between - nodes. The

upper three layers, nanely the application, presentation and session

| ayer sure that information 5 is transferred iin the proper format. The
glddfékfgger,‘ i.e., the transport layer, is an interface between the
ppey? and| | ower |ayers and ensures a transparedt-end-to- end | ogi cal

C ecti on between data applications. . Fig. 2 illustrates

~exanpl e oPeRVESPe NE@TE0 3RS, PPSXEt® PULMaMLlys dtha Dup-af-diamdeasis,

Model . The DoD  haRafi¢heneomdoddlcatiions? @ved foidividie A tl%’h&%]eo en
was devel oped fgé use th a wide variety of heterogeneous . hos

conputers interfatld®fo aTCSnHERSEATERE ﬁEFMoP@m§1Y\Fh¥(ﬁﬁﬁﬁkﬁ%§ﬁ¢Qm
processors. Such povesanteaationnahd pess&smoﬂage&@Lu@@9u&@g&ﬂﬁg§jgg§§§g§%%ﬁn
processors (I MP' s L,cations subnet processors (, 'S). e
f our I ayerl\gs) O%stﬁgagggeﬁggg‘r" ghcgi’ﬁbgz'f)pg?"e%{oﬁgl et V\ZP%? gé%ie ?zayer,

| ayer, the internktelaythe tﬁenﬁogrthdswekayés,aandpmh&face|ﬁfﬂW§§#§tﬂéi
application | ayer d Ny S iQn . networks utilizing
t he above des%?laggdagrc ﬂvg(]::t'ur 5_9§r gﬁ?ﬂ%&%ﬁ%@y |%n ttf%_sPa?et#r Q?Tbcﬁor(f?
the world. Such rR@doiRgifahgeonnertionabeswegn dataecamplisatdonisi ng

i ndi vi dual buil di ngs or cappgses gglustrgkgg aAneRhee! WLks1%P !é“%éJE}ed
gl obe. Sone ﬁ% t hese, 25 netmortﬁ are dedjcated for specific applications,
whi l e ot el s FEPHFEARIFey FROWR 25 5BEDOD; BrdersnseaModadnt e The DoD

| ocations, such RefesenceeMsleli ngilliizeki anffbae’ Yeker arabiiltidedhirdsand Was

such networks, t titude, .platfor usi di fferent

oper ati ng systengigg?g$§e%mﬁ§% %%gvﬂkﬁgwg,wéﬁﬁ BEEF%?MD@&E%%&%}Q$qn%94§u
net wor k protocol $host cemguteféPinﬁerBEéadttoaadcéﬁﬁﬁhﬁdﬁt&og&ssmbﬁﬁ?ﬁdrk
seanl ess distrib ﬂﬁﬁﬁ Lo ] LE to Le .bet ween data
applications in ﬁhgﬂ'génu t??gﬁégﬁ,B%BEE%%F%Fbrosgggl%§W9P &ﬁéSﬁgn

Met hodol ogi estudrecesee¥s nincigdeninterfacegmessage processorsf i (IMP’s)
tr?nsfer have beghdSESmmunications subnet processors (CSNP’s). The four

layers- of the DoD Reference Model are the network access

layer, the internet layer, the host-host layer, and the
process/data application layer.

20 Numerous communication networks utilizing the
above described architectures are currently in use
throughout the world. Such networks range from local area
networks servicing individual buildings or campuses to
wide area networks spanning the globe. Some of these

25 networks are dedicated for specific applications, while
others are primarily used to access functions at remote
locations, such as resource sharingrin client/server
applications. In such networks, there are a multitude of
platforms using different operating systems, e.g., UNIX,

30 VAX/VMS, and DOS/WINDOWS, and different network protocols,
e.g., TCP/IP, DECnet, -and APPC/LU6.2. As a result,
seamless distributed processing is difficult to achieve
between data applications in such a multivendor,
multiprotocol environment. Methodologies such as terminal

35 emulation, gateways and batch file transfer have been used



-3-+ "~ *-go provide interoperability between vendor platforms. However,

such reet hodol ogies fail to provide seanl ess connecti ons between peer
applications, and they are user i ntensive. 5 I nt erfaces have
al so been used to inprove the interoperability between platforns. For

exanpl e, the’

transport-level interface (TLl) or the socket interface

have been utilized in client/server appllcatTo%sT These I nterfaces are
sets of functlons mhlch aab e._netwo 8 ypgﬁlcatlons to be transport
i ndependent . FEOELER lnteFﬂP@FPQ& it E¥eeRe VMRG0T, RIS EAESri ch

transfer dat

a

Hmwewebytsuohlmethddsubgaﬁsnﬁdil A% @rh&ﬁdé,sédmﬂé%s

Ciraui 1S when comtiraarLagd, BBRvERE' b8 Apb15ERE 1 onsa: ARG SR ARS, Sea,

addi tion, each(ﬂﬁnﬁenSlEQpllcatlon is required to nmanage the potentia

| ar ge numer of virtuatneh Eabéé ha%eaxsbnsteaﬁ%ggdt b&% %mve e e

tilme allotted by each data ap f I cat1on

connunlcatlo

ns.

IntRERPetab: éFYehﬁﬁyeevepleg om§| | cEPFfoﬁ?stamleeh the

i nterfaces do nOttﬁﬂQ;ﬁbﬁ@-lé@eDUiﬂEErface' TRee§dopnthat Bokbhetch h%%trﬁ
a

server platforns .t

In addition,

us virtual circuits establishe

rn% %%r?%i%%z?QpFEaF yeBtéSpEvels 8PPLicatdopsand These

require experiemxntemiamék @regseﬁEEbs Eﬁnaehbﬁ#ewﬂichpbﬁthéWhetwork

|nteroperam

Ide_distrihuted.a |on
|nteroperabH|t)/§§§%%§9F%P?S SP C§FF8ﬁ§°F s ﬁBeFﬂeR% WEVETy FEGHor
pl atforms and utiinterfpces ue;lnae netwbakepedtnebﬂsrhhnnhraxansdburdata

having mul tiple Meplpagise PieApOll CRELOR REAQ!ATRLNY !cQEﬁ&E

associ at ed nmessage- orient e
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( A&ﬂndﬁIhI 6pi feuLet weesy dakavARR! bsﬁhha%a%&ﬂgn FHR Khe
e remote §Agle23p5322§§3£?n ?gtggggtlon,peach data
application is required to manage the potential large
number of virtual circuits thereby increasing the CPU
cycle time allotted by each data application to manage
network communications. In wide scale client/server
applications, such interfaces do not diminish the burden
impoéed on both the client and server platforms to manage
the numerous virtual circuits established. 1In addition,
such interfaces typically are not user friendly and
require experienced network programmers to achieve
platform interoperability.

To provide distributed application
interoperability between data appliéations residing in
different vendor platforms and utilizing the wvarious
layered network infrastructures having multiple protocols,
application programming interfaces and associated message-
oriented middleware have been developed. Message-oriented
middleware is a layer of application programming interface
(API) which reside between data applications and network
infrastructure to provide a seamless connection between
peer applications.



-4-- s An exanpl e of message-oriented mddl eware is the

message EXPRESS interface produced by Horizon Strategies, - Inc. of
Needham Mass. The nmessage EXPRESS interface is resi dent between a
standard vendor APl and the business 5 (or data) application and is
interactive with the standard vendor API é)resolve error conditions
whi ch the standard vendor APl woul d report to the business appllcatlon

Ho th EXPR t

opol ogl e i ch requi 1 es 5 SRPEPLE BEabbEAEs-BEieRReA, pidliRVRES et
and a byte streaﬁm@ﬁ$im@e@KBRE$ScbnterfasacpraéucednbylHsrazonoﬁtmategles,
protocol (TCP). 1nc. of Need#éhadﬁaééon gﬂgrhggsgﬁéehﬂBgﬁgg 95t%§¥%ce is

appl i cations, designers are often require t WOrK error
peer process erréﬁ@%ﬁeﬁﬁrh?tﬂgﬁndﬁtﬁtQEdaﬁépVﬁadProAPﬁrebﬂe#he bu51ness

correcting these (ymoiLeE) éﬂ?l:Lcatﬂaﬁaaﬁaph.'sc§ht€9a€i:@9éa%l€ﬁc?_ﬁ%5 sl gﬁa&‘é
wth system| evel services naklfge it difficul devel og t est

mai ntain t he VERIPLAFT &R BRSO error c°n$hEF8P6rU ighntbe §%ﬁ§@§rd
for client/servereiionB®i coduDA ﬁép@faﬁﬁbnﬂhenbﬁéiﬁéﬁs appudeahbat ween

client and s | at f.or to at oL an mul ti -
protocol inter opz'{ "ﬁ?‘f‘?o tla%g‘ﬁ\?%sgga gg?@ﬁﬁ?l g,nf;gagege u F'FfeﬁaFuEFF&El t
managenent reqwlnatWQrkxt¢p¢lmgrésemhlahdrequlsesvprlvhaefvirsuawhbh&cults

roviding tr t e t_on.the
Cl ent and satvertct edgif i cdeiol SRR BoP ERERAINoRSHERA' 20tb251
The present |nvemﬂQh1%ﬂ(ﬁﬁﬁn§m¥§§a9®l¢@at¥©h propeogiafkTCRier f ace for

transport i ndependent comwa&aiefénSOaafmseae%nsgﬁeﬁer Ber aaeE' ' Cat i ons.
The application raminterface | ncludes peans for establls

singl e V|rtuaIQB¥ 91QR§MWQ?F%9$$E$a?F?y°SFeEIFﬁﬁPlﬁﬁﬁlF@af?éﬁ ve

|l ogically COﬂneCTn%i:v&dr]ﬁ SEf e, WéGCi'b@éssTéﬁréksea’i: othakPhbsatiaéas are

resi dent. on iSC|Q%£ 1c tféhrgégga

In correcting these problems, the
data application program becomes riddled.with system level
services making it difficult to devélop, test and maintain
the data application.

Therefore, a need exists for client/server

20 application programming interfaces resident between client
and server platforms, to enhance multi-platform and multi-
protocol interoperability, and to significantly reduce
virtual circuit management required by both the client and
server piatforms, while providing transparent transport

25 between applications resident on the client and server
platE;;ms.

SUMMARY OF THE INVENTION

The present invention provides an application
program interface for transport independent communications

30 between client-server applications. The application

program interface includes means for establishing a single
virtual circuit between a plurality of client applications
logically connected to a server applicatioh. The client
applications are resident on a client platform and the



server application is resident on a renote server platform The

I nterface” al so includes neans for mul tipl exi ng and demul ti pl exi ng data
comuni+cat i ons between the client and server applications on the
virtual 5 circuit. Typical network based data conmunications are in a
byte stream'oriented protocol, thus for nultiplexing pur poses the means
for multiplexing and denultiplexing data Tonmmuni cations preferably
converts data in y a e .t ssa e oriented data
packet. 10 Ident P H}ga? ‘L’lﬁ)plfl rcqsng:%tsj'g%ﬂ %°q%?e&%’6’%%t a or
i nformati on fronpla&foamuer Thpplmctanf@m:a al;soowmhidldgs meansiefnr fi cati on
codes or nunbers LG ' j.ent The

i dentification CI(I)I ﬁtﬁglgﬁpgzgg@n t%%’g' rresgag(aed t?;cﬁ(&?m#s@ééf&s

a preferred enmbobfhWren the sdients @und serger, iAoHiaRs ions mp he rvuatual

circuit incl Uslescﬁrf:hﬁ.%t Typikaal ke or® Hade G4t W&Mﬁtﬁ:ﬁ@&[ﬁlons are in
i nt er process muni cati on based V. rtual ci_r cui.t ggn%a second

i nterface conflgﬁr Lo SEEEAYOTAET PROLRGAL b s Ml Aniexing .
The present i nveptrposelssaher fielates far mulq-mpmm lZd reEnl tkip Déxing

client-server ca .Th | t i on net rkyi.ncludes a SeLyer
pl at f or m havi ng gal: E?@F\%‘QF‘ Egﬁpflga ﬁg) & &S5 Vt%atq 2 Bh ré? {
resi dent 25 ther sbneamnthode keaatm@wsaga(anlqﬂuad(ﬂaudtnpakéﬁy

connect ed tolbhexc‘igﬁié%ﬁ%%%ﬂbﬁr Ot gﬁlﬂc%t Jﬂ%%tt aHpIL Oﬁékborrb kreercﬁlééé el ”@Q@é

at | east one clien conmuni I esl

t her eon. or 1nfpma@mm )fronhéth@om;meaatam:mm 8 orovided dovit
between the cli eﬂaeﬁeﬁfaeaﬁbnaesue%afdxolmmrs wHY W 4% NEdgded to each
communi cat i ons betmeen | i cat1ons which are transparent to the
applications. The 1entc§9ﬁﬁﬁFé§ﬂP@ﬁs Fhe ddsptidfdnaleen £edRukR HW?%E@Fd
circuit manageneRt ResBdgel pagkietd data communi cations between the 35
appl i cat i ons gn a single ¥h' & rtua Ierx%:lél errIm 1%%%@' Itsne means for

establlshlng_a 51ngle virtual circuit 1ncludes a first

interface configured to provide an interproceés

communication based virtual circuit, and a second

interface configured to provide an internetwork based
20 wvirtual circuit.

The present invention also provides a
communication network for client-server applications. The
communication network includes a server platform having a
server application and a communication broker resident

25 thereon, and at least one client platform logically
conn;;;ed to the server platform.. The at least one client
platform has at least one client appiication and a
communication broker resident thereon.

Preferably, the communication brokers are

30 resident between the client and server applications to
provide network communications between the applications
which are transparent to the applications. The '
communications are also provided to reduce virtual circuit
management by multiplexing data communications between the

35 applications on a single virtual circuit. To accomplish



- 6- " these functions the communi cation brokers are confi gured to

i ncl ude means for establishing the single virtual circuit between the
at |east one client application and t he server application, and neans
for multiplexing and 5 denultiplexing data conmmunications between the
applications on the single virtual circuit. A travel er

I nformati on service network is provided t®d permt clients (e.qg.,
custoners) to obtain personal i zed travel information, such as a

poi nt-to-poi nt 1(FhesevErnebiens, the compuricatjoncbubkerss aravelonfigured
information, such@siherade thiddhs Cf@fdegeabﬂféhﬁgadthtb_oeingle .gﬁ}%u%&a"e' er
r er

informati on network i ncludes at | east one I nfornation ovi i
| ogi cal |y connect®FTdth Patween the) akcipdftpPraer 61AERAdaPPALCation aad

transrer gata 15 tliélesrab@émeqsp” lﬁcéefdﬂ]E ahatﬁegﬁhceairi ﬁuneéph@xriﬁgf!ahathe
traveler data draq . ection platfor apd at ] east one Client
platfornllogiéilf§%%§ﬁ% T é%@gs%?vﬂvglcagb?ﬁﬁfgﬁﬁweenTﬁQeServer

pl atform has a sapriicaplinstomnthe simgleowimbiaat chpchiaker resi dent
thereon. 20 The at | east | Vi | east one,

client application and a 5%2§ﬁ%+%§?%o%%gé%@églggs%ggxgae ge?W?F oftS

The present inve@Mﬂyidﬂdgﬁ?wEﬁimE% @lhemhsd(eog-{ custometrsati kg obtain
communi cati ons bejayeedh £l 204 @ SE 1 1Eoglﬁat§8i?|, | §8LRORS: o §Bﬁnv£?-tt%2 oint
i ncl udes the _fol 'ow ng steps, establ ishing a"single virttal circurt
between a pl difal i%ERVEL XRUESs oY dpp| PRbRIBGeRAT2 1Ay rayppl i cati on,
converting byte shifamdtaicon | raueh hes Ploealit¥aptiel baat weathéﬁpbbﬁﬁﬂi'ﬂ%s.
to message packets, %59 nqﬁtlpjgéln t he 30 nessage Eackets onto the
singl e virtual mﬁhﬁn Foi-er 14 %ﬁé%%&°¥dn?ﬁ%°§5r Brlugdssi ki leastosae t he
nmessage | pa‘ckéjr&mttjraf\quﬁaﬁbf Olcb@:BcSBIyetﬁoﬁﬁébtédt téna Hhea )
server applicati emyl i S the nessage_packets._an conyerts the
nessage packets '?:oerJ %y%%?&@%%%‘f? 258 °885e £55£ 8% 8 Erans £E2 HELS

.15 therebetween, a server platform configured to receive the

traveler data from data collection platform, and at least
one client platform logically connected to the server
platform. The server platform has a server application
and communication broker resident thereon.

20 The at least one client platform having at least one
client application and a communication broker resident
thereon.

The present invention also provides a method for
interfacing data communications between client and server

25 appligcations. The method includes the following steps,
establishing a single virtual circuit between a plurality
of client applications and a server application,
converting byte stream data from the plurality of client
applications to message packets, and multiplexing the

30 message packets onto the single virtual circuit for
transfer to the server application. Once the message
packets are transferred to the server application, the
server application demultiplexes the message packets and
converts the message packets to byte stream data.



-7- ‘BRI EF DESCRI PTI ON OF THE DRAW NGS ' ' Preferred
enbodi ments of the invention are descri bed herei nbel ow-with reference

to the draw ngs

wher ei n: 5 Fig. 1 illustrates a prior art

| ayered . architecture for a communication network; Fig. 2
illustrates another prior art |ayered architecture for a conmmunication

net wor K;

Fig. 3 is a block diagrgm_of a nulti-platform 10

comuni cati on network i ncorporating the comuni cation br oker according

i nBRIEF DESCRIPTION OF THIY. DEAWINGS!'ates a Comguni Cgt i on
sequence bet ween client %ﬁiser er [Torns, I g. is a
Brt SFRRELTSRES (of

to the present

fl ow di agram of connecti on

dshanincenkion argal

circuits; descripieg heresinbdlaw witdyrrefefecanest g daklengs
processing for clggpgi.rtual circuits; Fig. 7is a block
di agram of an alternative enbodi ment of a mul ti-platform comunication

network 20 accdrding to th&ig- eéemlluﬂmuemazpuﬁ.or art layeredig. 8 is a
bl ock di agram of areBikeditedd Tor a JHHMRI fBAEHeéﬁbfig 3,
|

illustrating traffic-weather, cl.ient-server appl

DESCRI PTI ON 25

OM's DETAI LED
THe9r & dilushraheas manthen arior @t | karewsd

program i nt er f aceat Rl kecrueeaEorya wdnﬁuﬁuraaﬂﬁcﬁwa{eﬁ;%ordel 3r ?r y which
abstracts system oriented serviges o networ k based data
applications to sinplify t% S Sﬁﬁ¥#ﬁ Yragyam of b mulisalatforn
appl i cations.1®0 CQmmpnhbacabnoneawﬁTm\ﬁmdoﬂgﬁratfyﬁﬂuﬁénddﬁﬁhﬁiééygbn
system devel %h nment .an esting tine
necessary to brlﬁgfgﬁﬁ ﬁESQE?EP gatgxgp BN ERs Fﬁé?éﬁﬁ to market .

15
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Flg 4 illustrates a communication sequence
between client and server platforms;

Fig. 5 is a flow diagram of connection table

processing for establishing virtual circuits;

Fig. 6 is a flow diagram of connection table
processing for closing virtual circuits;

Fig. 7 is a block diagram of an alternative
embodiment of a multi-platform communication network
according to th? present invention; and

Fig. 8 is a block diagram of a communication
network similar to Fig. 3, illustrating traffic-weather
client-server applications.

DETARLED DESCRIPTION

The present invention provides an application
program interface (API) interactive with a middleware
library which abstracts system oriented services out of
network based data applications to simplify the
development of the network based data applications.
Simplification of network based applications allows system
developers to reduce the development and testing time
necessary to bring a high quality data application program
to market.



Fig.: 3 ill'ustrates a multi-platformclient-server conmuni cati on

ar chi tect ure 10 enpl oyi ng comuni cati on brokers 12 between a server
platform 14 and different client platforns 16 and 18. The conmuni cati on
broker 12 5 includes the APl and an associated m ddl eware |ibrary. The
APl has two conponents, the first conponent is a conmuni cati on broker
to client or server application interface,8identified in Fig. 3 as
interface "A", and the second component is a comuni cation broker to 10
communi cati on broker interFige, 3i #dhubtragesnarmylti-pdatformnrdiente seBver
The Ainterface C&smmﬂéaeieﬁl Qf’éhﬁﬁecturénl@r&‘nﬁ@@ nQOEBHﬂ.h gba@.&oh' PC)

based virtual circuit bet ween the client aE plT.calions
communi cati on 15 PERIERES 12 betyvgen p, EeXVEEeP: §t696m|34da9é §B§?ﬁ5@PtIPC

comTuB: cati ggl Serd/l:r@‘it oplaefoihe aephndam?tn ?he temmufieationt B%klteﬁ qlzpc
reusabl e m maxe rar e_(hereinafte e
nodul e"). The %E?dggk aﬁglﬁntﬁﬁsesﬁﬁﬁﬁgcﬂfﬁaigwﬂFﬁk& Ef?ry'The
primtives for tfﬂhé\ﬁﬂﬂ has etwaceomponenesi thel fidestheofmpbhentnds a

() (01 et eleciumuns B4R ByBkeb b LLPRRLTEL Beky e B00EEi Lot son .

(3) (int) status interfage, idénvifiedain)Big. Bi as)buterfherg’A", and the
(int)ipc__ref) ?n? com?%ﬁéﬂt(igti é ﬁﬁ9 1éatlon iroker to

I pc__ read((char** | engt h, #? ef (5)
(int) status1@ jgomm Qﬂ%ﬁﬁ%%?ﬂt§_959r ;@F;rggce, 1den ifipd Bnj Figrf dcas
conponent provi dgghtdyrfacel MBe€r network based virtual circuit, such as a

transm ssi on cont rol rotggolllntgrnet r ot ocol ETCP/IP) based vi rtual
circuit, between communi catfor®biBkEFEa9S. CHHROBENt PrAVEARS AR s provi ded
to abstract net \Adrritempm‘buﬂes@t ¢commdnicaeighCc¢EPayt baéeahemnnh&c etireniand

to store themin at sablﬁl dle thrar nﬁmg herelnafgg%1 n
referred toaﬁ? W?ﬁ?r1 () u?%ﬂ? & ﬂﬁt r B e SRy L °© ,

15 broker 12. The A interface is provided to abstract IPC
communlcatlon services out of the application and to store
them in a reusable middleware library module (hereinafter
referred to as "the IPC module®”). The IPC module resides
in the communications broker 12. The primitives for the 2

20 interface component include the following:

(1) (int;) ipc___ref =
ipc__server_ _init((long)network address)

{2) (int) ipc__ref =
ipc__client__init({long)network _address)

25 (3) (int) status =
ipc__write((char*)buf, (int)buf__length, (int)ipc__ref)

{4) (int) status = )
ipc__read((char**)buf, (int*)buf__length, (int)ipc__ref)
(5) (int) status = ipc__close((int)ipc__ref)

30 The B interface component provides an
internetwork based virtual circuit, such as a transmission
control protocol/internet protocol (TCP/IP) based virtual
circuit, between communication brokers 12. The B
interface is provided to abstract network communication

35 services out of the application and to store them in a
reusable middleware library module (hereinafter referred

to as "the network module"). The network module also



-9- - *resides in the communi cation broker 12. The prinmitives for the

B interface conponent include the follow ng: (6) (int)

net  ref = net server__init((long)network address) 5 (7)
(int) net__ref = net __client_init((long)network _address)

(8) (int) net__ref = net_Mwite((char*)buf,gint)buflength,(int)net
__ref) (9) (int). status = 10 - -

net __read((char**)buf, (int*)buf__length, (int)net__ref) (10)

(int) status = neFeSéfgSelp khpnéommugdration broker 12| fhe waind ties

initialize server fapptheaB 9Ater faceMEdfipotian®) ircifide RS N IdHinges

perform server endpoing }QEté@LLEatLPQ and instruct the server 1
application to beggn to li ﬁen For "8 cfTent connection request.
Prinmitives 2 and PSnFEivsFa t( (1enT) "spATeerd95?s)  communi cation, i.e.,

these prinitives perform cliflerint) negpaebi=nt initialization and establjsh a
virtual circuit net urlienthdndetileng)appbirkatdddness}0 Primtives 3
and 8 are conmuni cation wi$e (int) heiCkeprs used by the client application

to send requests pet_ {nitel)fena®s MRk, ﬁm%ﬁ&aii&'ath,_a(QQt%@g_z%)t he server
application to send responggs t De. il ent application. Primtives 4

and 9 are co nication.r #EQ@EI ngs sed 25 hy the server application to
read requests from ]éeagl(?%ﬁf*%%u a%ﬁff@é&%o]r‘?f‘g%dlﬁ@élatﬁefhe client

application to read r e$HBn$EE) | PIATHE He PeerFRPsed hiftt) Bat-+-5RE) | n
primtives (3) and (4) Prhmibafeer lnasdade inditialize smerorgrt etppdxtation
uni t defi ned ; s Leul ar cappld i (At Qs

Prinmitives 5 and ?%méﬁglgg%%ﬁgt %f?éﬂLFh%%ggg%ﬂmrﬁ#%%%f%ﬁ%?o | ¥ Take down
the virtual circueRdpeinEehnifdalizagipananghdnsérust &hs isexveshs.

Utilizing theps A&’ﬂ:plicaﬁ?ﬂﬁoﬂéggé?ri]ﬂekwﬂ.'istt%ﬁ”%BQ*ta 214 dritt YRUHREESTon

communi cations are transparent e client and server 35 _applications
requiring such trE®QP8Ft: FPElmitivegser gpds7 initialize client application,

communication, i.e., these primitives perform client
endpoint initialization and establish a virtual circuit
with the server application.

20 Primitives 3 and 8 are communication write
functions used by the client application to send requests
to the server §pplication, and used by the server
application to send responses to the client application.
Primitives 4 and 9 are communication read functions used

25 by the server application to read requests from the client
application, and used by the client application to read
respanses from the server application. In primitives (3)
and (4) the buffer message contains a complete data unit
defined by the particular application protocol.

30 Primitives 5 and 10 are virtual circuit close
functions which take down the virtual circuit between the
client and server applications. Utilizing these API
components, network transport and interprocess .
communications are transparent to the client and server

35 applications requiring such transport. Fig. 4 illustrates

| a network communication model which implements transparent
transport between client and server applications by the



a networ k ‘communi cati on model whi ch I npl ements transparent transport
bet ween client and server applications by the '

- 10 - above described A and B interface conponents, i.e., the API
of the present invention. The m ddl eware associated with these
primitives ' is storedin a nmddleware library within each 5

communi cati on broker. Appendix A represent§ ddde whi ch perfornms the

desired functions_associ,ated. . As
descri bed above, %6 ?oF Q?Fcﬁéﬁ%grﬁsapgppcapgfrggcequﬂpﬁgeHQﬁnuﬂ-Qﬁqwﬁhq
protocols to transbbrofdahe preseft@ ihyeatdonented stream node. As noted

above, these protocol sg gqﬂiaal%ag Iogg ogkg%gta%g%é %%gs%riﬁgﬁﬁéﬂggﬁé

establ i sh i ndi vi dual V|rtu clircui conmuni
renpote server applscatered Ihus, middlﬂwaﬁe libreaiye wikthdmt esetyer

applicati ons, y'rééﬁﬁuﬁié&ﬂiénlﬁroﬁégage génaﬁxa PepTeseible LAY which

| nundat es both the cllent serv resour ces.

Referring to Fig.Pet ?¥E§cBhﬁuﬁ?EhF?@nfBPEEéPnéfassocﬂﬁéeﬁrywﬁh sagkent i on
is configured to prihipies. and derul ti pl ex conmuni cati on data between a
plurality of 20 «client a tIODE éOa 20x or 20b- 20{ and a server
application 22 on a singl ﬁﬁFl pdcabPpveasPrigrnart netyoxks jtamically

platform 16 and e hbbza ‘pintaalttglﬁéuitl pﬁbtocoleplﬂbl tanepdrs T80 a

h i th, h Oa: 20x f | at f
16c" and 20b- 65 arEeSELeht o8 s fiean AR, PRY ARR6R 30T, HERS one |
bet ween apm|pmntqnglseneqesreh9he|hecallo&aEnnnapp&ncaedoum ttioe
client and serverodl fi{ QLiEA81 FRAALL LRECHREtUArchlite!bhin conBRiRER )P

client platforns an e server
nul tiplex the | ogVicdh %I@mrﬁmeoﬁgmoge serveroappiiication.br Ghws ,c forentisle

the byte stream ojd£rd eéjllen@f QéP@Qf égpﬂlcaigghst OvﬁgEﬁiia%r%hﬁ:m ed

format. This function is f or med the wite and read primtives and ,
associ at ed mixddl SARRRIINRG, d%éE?Fb%HlSBBVEaSASnéﬂﬂndates oth the client

and the server platform resources.

Referring to Fig. 3, the communication broker of
the present invention is configured to multiplex and
demultiplex communication data between a plurality of

20 client applications 20a-20x or 20b-20y and a server
application 22 on a single virtual circuit. As shown,
each client platform 16 and 18 has a plurality of client
applications associated therewith, which are identified as
applications 20a-20x for platform 16, and 20b-20y for

25 platform 18. Multiplexing data communications between
applications reduces the time allocations imposed on the
client and server platforms to manaée the virtual circuits
between the client platforms and the server platform.

In order to multiplex the logical connections,

30 the communication broker converts the byte stream oriented
protocol (e.g., TCP) to a message oriented format. This
function is performed by the write and read primitives and
associated middleware library described above. A more
detailed description of the operation of the communication

35 broker will be described below.



detai |l ed description of the operation of the conmunication 35 broker will
be descri bed bel ow. An exanpl e of the nultiplex
comuni tati ons bet ween client and server applications is described

bel ow with reference to Fig. 3. To initiate comrunications bet ween
client application 20a associated with the Ioigl 5 client platform 16 and
renpte server application 22 on renote Se eF platforn114; the client

application 20a i ssue for npl g, net init().fupction call
whi ch includes the address jﬂﬁﬁmaﬁﬁa?ﬁoﬁﬁ? ?ﬁ fEF_g?mm 1?@Eﬁ?ﬁsserver
application 22. Tetwesyuskients andl sedvéey applheationstlsldeﬁormbed below

communi cat}on br Qi Yedfbnce €01 141 95ESSpEONNEL SOLT ODnblRE:aPLAAY

i nterface A cation broke 1271 ni érm nes
virtual circuit @ﬁQﬂﬁﬁnmﬁLﬁﬁﬂﬁt@Ep%i¢@ﬁ1°nna0%e@Sé@Clatedpwitbathsnéocaﬂen

a conmuni cati @ Rngkait @ d ot Ces éédpfézhéé’é”kéﬁéi-eépﬁlibéﬂah 8br gl t

bet ween the | ocal client application and te server g I cation,
#o

t he connunlc&ﬁWﬂFQN§ﬁE¥e¥d%%a¥ﬁ%nEo%ﬁeth%nC1heﬁtc%ﬁﬁéé?? n 20gap) e.
Ggger al | y],c tccr)]nnecits'tsu*eé,abfder edtkdmSTe Al & ﬁ@ﬁ]@@k [ ﬁgdne__qlﬁitthefﬁﬁa’eiennehmrk
address o e virtual Ci ocket descri pt used for.witin
and readi ng fronﬁ@ﬁg ?éﬁ#%%]g%?r%Q§¥es§hﬂga??%ﬁggﬁﬁleﬁnggﬁtFhﬁ kar9 ¢
l'i nk) count |nemqnﬁ|sqr¢amvappW1¢mgian220nnEhisoneqaestussnglemded by

virtual el oy Rt fgons 108 SoTUNRRGRLLOD B L2 79 igates a

virtual circdit on nmoni cat 1 on br oker
conpares the reqmmnaﬂpnqgﬁssucommummmammonohlaﬂihalhngcunnecfaossAlogged

in the connecti 0'&0 ?{%@1&9 BEsIeE A1 {18 iﬁ é‘lé{iifruéétﬁﬁfﬂé& %ﬁé?h\%g a

bet ween t he Ioca a target renot e |cat|ons a virt
circuit exists, HE Eﬁﬂ#%ﬁﬁ%ﬁ%&%rbﬁ ween ckhehglient sandesey¥ssr i pt or

in the table for gaTIHAON aen a d:&ﬁrﬁ&'i@@éélbﬂebi'bﬁércéﬂnthe' fLogal
virtual circyit dQes not exi st, ope is,created t he copne tIOQ S
| ogged in this platform creates a virtual circuit etween the
client application and a remote server application, the
communication broker logs the connection in a connection
table.
Generally, connection table entries are composed
20 of the remote network address of the virtual circuit, a
socket descriptor used for writing to and reading from the
virtual circuit, and a logical connection (or link) count
indicating how many logical connections are using the
virtual circuit. Thus, before the communication broker 12
25 creates a virtual circuit on the A and B interfaces, the
commﬁaication broker compares the requested logical
connection with the connections logéed in the connection
table to determine if a virtual circuit exists between the
local and target remote applications. If a virtual
30 circuit exists, the communication broker utilizes the
socket descriptor in the table for communication and
increments the link count. If a virtual circuit does not
exist, one is created and the connection is logged in the
connection table. In this instance the link count is

35 initialized to 1. Fig. 5 illustrates the above described



connectior table. In this instance the link count is 35 initialized to 1.

Fig. 5 illustrates the above descri bed

- 12 - = flow for connection table processing for establishing _
virtual circuits. Once the conmuni cati on broker determ nes
that a virtual circuit exists or creates a virtual circuit 5 between
applications, the conmuni cations broker 12 onl2ha Iocal client platform
16 assigns the next avail abl e | ogj C L%channel the | ocal client
application's A t1o% ?ﬁf%ﬁ%ﬁeﬁﬁ%ﬁﬁlﬁ 5853%§S?¥Bﬂ1 A€ 2srabéifhdadare

assi gned the | ogiviattwdlbnnerchixsand i ncom ng nessages 10 fromthe B

the' | ogi cal channat 1. a 0rd8 B REARANAL Sari on, BE3ke? PRel EPiBRa kAR a1 o
conmuni cati on br&@mtuail¢mm¢ustd%&1©t8the oreates aivintual ciroudnabl e
the multipl exisng indyedgmy j%bf&é%%f@hgpefﬁé'eee unlﬁétlons bfoke¥hia b€ the

| ocal client appllcatlon | onger tual circu
connection to the-aSSot %ﬁﬂ%m?latf°€mp1§c%§$bﬂn§2th?h@exﬁcévaélﬁbﬁ?

appl i cation 20a ilsgieaR chanrﬁ@l_:ElbO@@(&héUm&apncﬁﬁéht%?mlbétibﬁ“Qeﬂ by
the client pl; atfor[{g onm;cpl catjon broker 12, This results i

| ogi cal connecti dRH83 WP FeSSRIR Fram: bhesA intepfacs are

connecti on tabled@ylgduﬁ\nhéLE&ginalnmhaMﬁeﬁ Ibp and fAdbhing. mkBsages
connunicatiogobrgg re are no. ot

nk . _.CO er. . |f
logical circtits u5|ng é%ﬁf%%%Jaﬁ?r%ﬁf??€$ﬁﬁé,t?ft%ﬁeaPPﬁﬁpféﬁﬁFer
i s decrenented 2&odai:apnll¢amnamr2Q§ubzithei1ogbuaﬂ tkanheieliDandAr enoved
fromthe connecti té%? i gat ig. 6
illustrates the é%%& escfﬁgugpqp% or C%%Hg%#npggﬁga % %gproce53|ng
for closing virtgomminigation brokers on both sides of vh@TzlctuaRoplzp@mt
to enable the multiplexing and demultiplexing operations.

15 ' When the local client applicétion 20a no longer
needs the virtual circuit connection to the remote server
application 22, the local client application 20a issues a
net_close() function call which is fielded by the client
platform communication broker 12. This results in the

20 logical connection ID used being freed in both platforms
logical connection table for the virtual circuit used. 1In
addition, the communication broker decrements the link
counter. If there are no other logical circuits using the
virtual circuit, i.e., if the link counter is decremented

25 to zeré, the virtual circuit would be closed and removed
from the connection table for each communication broker.
Fig. 6 illustrates the above described flow for conmection
table processing for closing virtual circuits.

WRITE CONTROL FLOW
30 To transport information to the remote server
application 22, the local client application 22, creates
network packets which include a message (the information)
and the message length. The message contains an



30 C To transport information to the renote server application

22, the local client application 22, creates net wor k packets which

i nclude a nmessage (the infornmation) and the nessage | ength. The nessage
contains an : - 13 - application
protocol based data unit. The |ocal client application then calls, for

exanpl e, a net_ wite () function, which-cdd3ses the network packets to

be sent along the A interface via interprocess 5 conmunication (e.g., a
byt e stream ori erapRilbeadtben| protocotfhbasedndateaundfts bfblecdotalr ediicerit
on client p|atfCﬂégpllcé@léhetﬁéntEglmgtMQBE Qﬁ&&ﬁﬁé agd converts the byte

stream data to nmessage_ori ented data_for mat the nmessage to be

transnmitted is Ieﬂ%ﬁﬁw¥%%ﬁ lﬁ%nﬁﬁkPﬁunwgéﬁﬁeﬁFu§P§etPG negyesi Packetshdo

transport nechanikgnsént. almgetﬁecn Bnterfabeevsam@eeg&beesw oker
fragments the ssage into

e m nus n
Each fragnent s éh?ﬂ%ﬁﬁé%@ﬁ &?tﬂ a Snggggt§tFSéWCQF1§H§ﬁﬂébrpﬁ%§ﬁ§5a one
byt e next expectéﬂmseqmmmmwlmmhbens Bhekezasil2paekétenn dh bﬂ&e&&qg&mﬁfdzm

R L e

segnent bypas$BE¢eﬁpnﬁum@$%ﬂganquhatﬂdxdasapéoraatseqﬁén@henmmbaage to
s set to zero. My dlifedihi fdOis 28A6Er  PhahNBnkORakiinA) seblAMCls iR Of
t he next expected sequence numnber, rtrary nessag can

supported fortthn SHRRIFERY Byinbae E?anSP°§FnﬂPFBﬁ§é§§hcénﬁeat P-@rﬁ‘@rface B,

READ CONTROL FLOWhe commurdfc#€déni Bfekast EQagfnéﬁEbt Eﬁer ﬁ@%%&g%e&h%b 25
application 22, the comrunications, broker 12_1i

I ent
P/t form 16 read@EPHINHE FREGR, FLERBLIEA ghain "EvERRIlc FrchySFagmeRt s
i.e., the B intenfmgendedl whth sa onethetpalsgiecalbychagnedl IDoARdC A @hd D.

The connunlcatlo%&te né&émé§pééiéérégéu Léeth ogtca&h%hi %nggkqu .t he

15 the sequence is given a next expected sequence number of
zero which indicates that no more segments are to be
expected. Messages which £it into one transport segment
bypass fragmentation and the next expected sequence number
is set to zero. By allocating more space for the logical

20 channel ID or the next expected sequence number, arbitrary
sized messages can be supported for an arbitrary number of
simultaneous connections.

READ CONTROL FLOW
‘w—. To read information from the remote server

25 application 22, the communications broker 12 in the locall
client platform 16 reads in the network packets on the
single virtual circuit, i.e., the B interface, and sorts
the packets by logical connection ID. The communications
broker 12 strips off the logical channel ID and the

30 sequence numbers and stores the fragments in a buffer
memory until the packet with a next expected segquence
number of zero is received. When the last packet is
received and stored in the buffer memory, a block of
message memory is allocated to support the fragments



30 sequerice nunbers and stores the fragnents in a buffer menory unti |

t he packet’ with a next expected sequence nunber of zerois received.
When the | ast packet is recei ved and stored in the buffer nenory, a
block of  nessage nenory is allocated to support the fragnents

- 14 - currently in the buffer. The conpl ete nessage in the buffer
Is then transferred to the |ocal client appliggtion (e.g., application.
20a- 20x or 20b-20y) identified by the | ogi cal connection ID via the A

}nt erface. The rrm&gaexd ug:y fnrtlﬁiéimeﬂel 2By, Tl@élw:appé_ Dé€e ﬁe@@&gée@ﬁ();hle
unction initiat y. t.he local client cation. . dn_,
Lt on to the RuEfeTs i et daanasrEsd SE8 L68; 16Ra1 et iape, mppicasipn
i nvention, other (lengw applidatricrcs0are30becont20bz20y) oidenpiéiedt bg the
network. As 10 s iR Fl [ ti r Ovi d .
coll ection inter?%@gféxﬁgﬁﬁqééf as #%?%g¥a%§gw%rgxggﬁf%ég° a%%?amessége 18
col | ection i nPer rgtxicyeseinnr fgmplexanpls, iatretaread() fudehiohi ddindated

interface "D " akg RhRViIdRGPTINME Mpplicatisnfaces. 15 The C
interface inports data into the data col l ection_application 24 resident
on data coll ection pl ¥ AIATEIR 50 VERS Aisand i Br HREPERAGR 0T PEEPBERES
and 30, €. g. oft heeAran b fvaiid Qréddt NPVt DHRY | 6EhEr kdBANC _
interface may uti,lize known file tragnsfer protocols SUCQBZO as a 1K- XModem
error correcting*PrEEBEA™ AR ROt 1zed 3 FOMPLPEY TRAMEEVBRE - oS

transferri nglOnsshoetnuied Fda.a 3, arf i ireformat omnpteviden soi dabae protoco

I s PROCOWM PLUS[ gr . for, \¥ ' ' | S: D2C | ft,uare
package [ nstg F]ét(?c(%r%otfnhé'n%%%?’l éﬁ%i%%%%ﬁéﬁé?ﬁgég &% %and a
Referring agai n dath goldeatiomD interfage to servesfapplitetiohointerface,
provider data frogehh§ rdld as irﬁ?{f%@é Ofb'apé’}é%fé:Oi‘déée%QO#;Qgt%géver

application 22. Preferably, nterface i's conpos wor k
file servi ceipRegfasest-he TCP/ I P protocol stack which transfers 30 the ,

data files. A5 exanple of heSW@ tiAY S FAUELTIASSrtS dA€a into the data
collection application 24 resident on data collection
platform 26 from various information providers 28 and 30,
e.g., travel and weather information providers. The C
interface may utilize known file transfer protocols, such

20 as a 1lRK-XModem error correcting file transfer protocol
over dialed connections for transferring unstructured data
files. An example of a suitable protocol is PROCOMM PLUS®
for Windows, which is a commercial software package
installed on the data collection platform 26.

25 “w. Referring again to Fig. 3, the D interface

~ transfers the information provider data from the data

collection application 24 to the server application 22.
Preferably, the D interface is composed of a network file
service (NFS) on the TCP/IP protocol stack which transfers

30 the data files. An example of a suitable interface is the
Chameleon NFS for WINDOWS which is also a commercial
software package installed on the data collection platform
26.

The Linkage between the C and D interfaces is
35 provided by the data collection application and is



Chanel eoh "NFS for W NDOWS which is also a conmerci al sof t ware package

install ed on the data collection platform 26. ' The Li nkage
between‘the C and D interfaces is 35 provided by the data collection
application and is - 15 -
preferably a'10 Iine WNDOWS Aspect Script contained in t he PROCOW
PLUS[ err] environment. The Aspect Script buffegs— the incom ng data
files on the data collection platform during file transfers and when

the file transfempisfelalsDphei @, 11he WINPOWS ASpeet térip¥i cbdehifedven

supported by the r ' service coryespqndi to_a_file system
on the server m:ﬁh?néﬁagﬁhﬁ HbSe enVlr?ﬂmﬁﬂéalt@ﬂﬁagggﬁcﬁnﬁﬁﬁFﬁEn P%gﬁERn
in Fig. 7, t ttheD imtemingedaty bilespbacthewdabat belleandoB platform
interfaces and c ' Lcat] e 12. A and B
i nterfaces and tﬁ%hggﬁﬁﬂﬁ%ggiggﬁgggéggréﬂgégﬁgé %% rg%%eagr%ggg?Fb%g above
to multiplex &ndahaplete) ekhe fitenhancepiedntooa wirtngledviveusupported

circuit, as well L g ngs t Lcat i
bet ween the 15 clﬁnﬁh%n%%é)\%rE%lié?_lgégﬁgﬁsgaf}&gbgnagﬂgueéi 3 Eg'ié system
il lustrates an<a@§nﬂh§;§%ﬁ?%ﬁt9%%€ 14. application incorporating the

conmuni cation brokers of 11§ an aPEE€PRAEIvEVEMbLAIMerdPE ShbRA! 1ACFYE. 7,
application shown.is

[FRffic 20 and whlihd iHferEare dray Jae HEb baethVE Pl Entsh, B Bht
platforns 161and ifterfubesl dndl coreaspdbndingatomheriléation buéRess 12.
|nierfaces A 210 dig Hiold S| BRI ch SRSt SoR2000:81 27
information) 25 opelaire gescdescribed| abeperts frelygiplércahdt dembiltipiex
hetwork archi ¢ ectii i HALonE o' Slnale Hphdi SLikbfic, as'fell®as

In operation, tr®fawiding ieaneparent netwaoktconurnicationsi heswesn she |
providers 32318Nd 34 ent and server applications. :

Fig. 8 illustrates an exemplary client-server
application incorporating the communication brokers of the
present invention. The client-server application shown is
a traveler information service (TIS) composed of traffic

20 and weather data servers 29 and 31, multiple user client
platforms 16 and 18, and multiple real-time data feeds,
such as interfaces A and B. The traveler information
service is capable of supplying users (clients) with
personalized (e.g., home-to-work travel information)

25 and/é=-general travel reports (e.g}, local traffic and
weather). The network architecture .for the TIS is similar
to the network architecture shown in Fig. 3 and described
above. |

In operation, traffic and weather data are

30 transferred by information providers 32 and 34 '
respectively to corresponding data collection platforms 26
and 27 via the C interface. The traffic and weather data
are transferred on the D interface to the TIS server
application 22 resident on the server platform 14. The

35 traffic and weather data are segmented and recombined



respectively to corresponding data collection platfornms 26 and 27 via
the Cintéerface. The traffic and weat her data are transferred on the D
interface to the TIS server application 22 resident on the server
platform 14. The 35 traffic and weat her data are segnmented and reconbi ned
- 16 - ° ' using known val ue added process techniques and are then

stored in TI'S server platform database 36. Vallfe -added processi ng

facilitates transm ssion of personalized travel er reports or
i nformation from Pﬁéngemﬁ”npf"étlﬂ’(ﬁ @ddeq pracess taahnimies andare tyenhe

client. _ storBdf énr mm ts‘ézﬁ*e@:s PIAtTIS ddthdbhe' 7 | OVLiud Nedded
TIS network will be descr.i be t he server Iatform 4 initiralized
é‘&l ed

by prinitives 1 aR§°6°G&EE eghd:rans isgign Rf marsonakize
requests. To retrtravederr aepgoetsl®r eprﬁdzmadi@mlﬂmnt o esntferd (F1dt form

client applicagiop,2Qge F(:)L Pq: %‘Pf;ﬁ%ﬁ@:}eét@ br &'Le[ gqlﬁgtess t echni ques

and nmakes a request rave I weat h TIS client
application 20a nakes a neReferriaguds Figs.sduianfl &,0the opexatien @f the

i pc_client Imt()chgnﬁ&%rﬁawu%b%h&%dﬂ%@d@%ﬁéﬁ%@dﬁ%ﬁﬁ%&am 14

information for the tar renot e [ication 1nto the ne ?nt

(e.g., the byte stPéhiplizegdypy) P&ﬁml&éﬁ@é’skﬁélddét deassnidest mbayre tmdA

i nt erf ace Vi aliBtéthQCQ%& ATt GRiuRistsihe TP PRl QD éﬂf&kﬁer
pla

12 in the | oc client form,16 fields in the | ocal 20 client orm
To the Iocal Lhpl FEEOFEn ROEoHHSAL AEcEeses the JHEICLHaRE ARRAAFATE R 402

connection tabl e ¥ba knowat diailrdni fora'I\li/IIfsmi aded itetfildudtae® mdkes a

178 virtual ol v cErRunges ER, CRRoRL el ord VReliRE, B T) L Y chaest

net ref = netappil.éqatﬁ.pnt @Olaomg)qest mmlea:mluh:d:sz)eqmesﬁ i e smieing hefor
Blnterface ty %@ t he
comuni catlon br oker E%ei'n t%g gé‘?éhrt ?"fl |§:I513>éls bjl ata wite .
primtive (i.¥5, intermelatesr gﬂdress:mg 1nformat10n for the target remote

application into the network packet (e.g., the byte stream
data) and causes the data to be sent on the A interface
via interprocess communication. The communication broker
12 in the local client platform 16 fields in the local

20 client platform 16 the local application network request
and checks the virtual circuit connection table to
determine if a virtual circuit exists between the local
client application 20a and the remote server application
22. If a virtual circuit does not exist, one is created

25 by issuing the int net_ref =
net_client_init((long)network_address) primitive over the
B interface. '

Once the virtual circuit is established, the

communication broker 12 in the local platform 16 issues

30 the data write primitive (i.e., the int net_ref =
net_write ((char*)buf, (int)buf_length, (int)net_ref) _
primitive) which converts the byte oriented stream data to
the message oriented data packets and transfers the data
request over the B interface. The communication broker 12

35 resident on the sever platform 14, fields the data request



netwrite{(char*)buf, (int)buf _|ength, (int)net_ref) primtive) which

converts the byte oriented streamdata to the nmessage oriented data
packets and transfers the data request over the B interface. The
comuni cation broker 12 35 resident on the sever platform 14, fields the
dat a request - 17 - and issues
the data wite primtive (i.e., the int statud7 - = ipcwite

((char*)buf, (int)buf_|ength, (int)ipc_ref primtive) which sends the

data to the serveandpp$svasi bhe data’wyisei prémisdseA. (i. 5 , the intTlatus
server applicatian reﬁPQEQS(gehgge)ﬂﬁka(lnt)ﬁ ugghg% (igggi tNeaf

requested data onto I nterface %@ st an trea
oriented protocolPTimitive) cWhithi egnfsntheo ﬁalzooﬁhﬁh§e§§EIEﬁgmL¥qaﬁmnn

14 fields t hea s epfla doheer€8d8Sh . and i ssues the data wite primtive 10
(e.g., the |nt5net ref = h netmmlte%%cg ar*) buf, &lnt)buf Ien%EQ, :
(int)net ref primitiveyhe| SEEVRY PRBLASALIRM £2 FRSPPTAFe tooihe d8the

byt e oriented(ﬁufeqmésﬁnamd gendssape Qéq&abeédddhta ont&tthéﬁm.&hterface
ol atform 16 via (s | RS Fiatdra’ BYRCBLran 2eiBntlR pRGRacad ok e,
in the |ocal mzﬂdmmmunlcauﬁonehﬁekehelﬂeonetheespmner b&amfsumng4aﬁiﬁmﬂs

read primtiy [ u ad¢(c s

(i nt*)buf | ength, {1 nt 4 E%“Pé \%{é) and Qg%ar[egcgir?\(}’erﬁ?q:azwgkg REiTLfdve
oriented datdihtr@%nito %h@ b?tenetLéﬁﬁea dat a stream and transfers the
information to thprpPete (téhar* Bﬁfe@iné hECQEhQEhZO(!h%)bQ% ?
interface. The TIS cljent gg L cation Eroce sses .the data

recei ved and BYARELYR) dat LSFiRgctRe Fa.wrﬂ € H€§FFE&VFbFHEWeF§§ she

known_di al -in or bhitd S awcedsdaeahsteean. to a message o¥liehtlds daten
deoct bed 15 1T Stk US4d LS Sheg chle, SRRl ERHL2ReEh LhE BLACESR
i npl enent ed b thmsaﬂnklldenu|uliéntaplamfbhmunsdvmarthegBB&ntemﬁabhe
spirit and scope of the pnﬁi@”&bﬁﬂﬂﬁf&éQEQn broker 12 in the local platform
16 reads the server response by issuing a data read
primitive (i.e., the int status = net_read((char**)buf,
(int*)buf_length, (int)net_ref primitive), which reconverts
20 the message oriented data stream to the byte oriented data
stream and transfers the information to the proper TIS
client application 20 via the A interface. The TIS client
application 20 then processes the data received and
transfers data to the client in the desired format via
25 known.dial-in or T1/ISDN access techniques.

What has been described is merely illustrative of
the application of the principles of the present
invention. Other arrangements and methods can be
implemented by those skilled in the art without departing

30 from.the spirit and scope of the present invention.



- 18 - °°  CLAIME: | 1. An application interface for transport

|ndependent communi cations in client-server applications, - whi ch
conprises: 5 means for establishing a single vi r lmmﬂlj n “ll
between a plurality of client applications associated with I! ,I""n
platforn1and a server application associated with a server platfd *
and means for multiplexi ng and-dasukti pl exi ng data 10 '
comuni cati ons between the cIient and server applications on said
virtual circuit. CLATMS: : The application interface according to

claim 1, wherein said feansAL%Pgmaehsw 3620408, %5%&%5@%5 (1 eam

dat a connunlcatlons i ncl udes neans convertin
mode to a nessagelnieRemdentoppppunications in clignt-Seeveppeppdications,
interface aCCOFChﬁKhéK)@é fises: 1, mhereln said neans for establishing a

single virtual_ CIrCUIt |ncluges a f|r | nterface configured_to provide
an interproceé% comuni catPeARBated 9FF?9 FSEFPSuPt51&H&eav2§t§ééoﬁérCU1t

interface confi gl}:liéilﬂnééh paogldzeaaﬂtynberami&ﬁtkappllba%e.én\él abddlkiaitednith
4. A conmuni cation rk f cl |en% server gg %atlons Conpeﬁfaﬁg#l
a server platforftH éP§% %rmaﬁﬁ BatPHHSEnBPPS152ERRUARPERCE G
resi dent thereon;a server platfatm}eanfl one client platformlogically

connect ed to said server p a££?rthé@ggeﬁgghﬁgﬁﬁc§%ﬁ8§kk%&tgﬁ%%t%%rm

having at |east one client application an
resi dent therlddon;communications between the client and server applications

on said wvirtual circuit.

2. The application. interface according to claim
1, wherein said means for multiplexing and demultiplexing
data communications includes means for converting data in
15 a byte stream mode to a message oriented format.

3. The application interface according to claim
1, wherein said means for establishing a single virtual
circuit includes a first interface configured to provide
an interprocess'communication based virtual circuit, and a
20 second interface configured to provide an internetwork
based virtual circuit.

e 4. A communication network for client-server
applications, comprising: '
a server platform having a server application and
25 a communication broker resident thereon; ' _
at least one client platform logically connected
to said éerver platform, said at. least one client platform
having at least one client application and a communication
broker resident thereon;
30 wherein said communications brokers include means
for establishing a single virtual circuit between said at
least one client application and said server application,



30 ° "> wherein said communications brokers include means for
establishing a single virtual circuit between said at

g SO 2T meansTor mul Tyl o ng and deml i pl exi nl| IHIIII | lulll
on |a sdl
5.

communi cati ons between said at |east one client applicatl
server application on said single virtual 18i Fcui t .
travel er information provider network, whi ch conprises. at

| east one i nfor neandnmeansi fer mujtiplexing andndemtidtipdexidat datal | ecti on
pl at f orm and conf} t e ; a .
server platforn1€%%#ﬁ&ﬂ%% t%gn?e%29§égéaggia BE iggg% S%aféqFPghlsald dat a
col l ection pIatfdMW?léﬁﬁﬂlon a§€rﬁéidpsarvsrnﬁpainqgtaoseDnesaaﬁpmmngleon
and comuni Cafi PPuR Okercfi €81 dent t hereon; at | east one
client platformlogically connected 15 to sai d server platform said at
| east one client platform havi ng at | east one client application and a
comuni cation s br oker rgsi demttt+8¢e®e€R; information prédeHR N nedWbrk,
conmuni cation bra |nclude neans - for establishing a single virtual
circuit between s %F tCHPL12EEE one client application and said server
application, and neansatoleamttonéeinﬂgrmadldnnptbvmaerlmggd&bﬁly
conmuni cat i ons be t_| ica |on nd sai
égﬁﬁgbéé%dtg §ael ggf}éégfo% p%at?89?5an 1gq§e

server application on sard Si n | e
met hod for |nterf%nan@ﬁﬂmiéatanﬁharebetueen. bet ween client and server

applications,jgonprising: 5 gerve }atféfﬁbé?ﬁgiggrédsEggkgcéﬁ5%u§a1d

circuit between a Iurallt 0 lent a Serve
appl i cati on; traveler @%ﬁ%eﬁ??ﬁgs%yﬂed% aeﬁﬁibaﬁﬁlpnoﬁigﬁﬁermbuﬁ@ud3/

30 of client appld&atd©Ns1dOEsRRRIPINGtR f8Lk8LSapplication and
communlcatlon broker resident thereon;

at least one client platform logically connected
15 to said server platform, said at least one client platform
having at least one client application and a communication
broker resident thereon;
wherein said communication brokers include means
for establishing a single virtual circuit between said at
20 least one clieﬁt application and said server application,
and means for multiplexing and demultiplexing data
communications between said at least one client
application and said server application on said single
virtual circuit.
25 6. A method for interfacing data communications
between client and server applications, comprising:
establishing a single virtual circuit between a
plurality of client applications and a server application;
converting byte stream data from said plurality
30 of client applications to message data packets and '
multiplexing said message data onto said single virtual
circuit for transfer to said server application;
demultiplexing said message data packets at said

server application;



mul t'i pl eXi ng said nessage data onto said single virtual circuit for

transfer to said server application; denul ti pl exi ng said
message data packets at said server application; H “Ll“l““luummll
- 20 - o converting said nessage data packets to . I RSN WAl
data; and transferring said byte streamdata to 3ai 8l server
application. 5 7. The nmethod aec»dding to claim6 further

conprising taking down said single virtual circuit after data is
transferred between said ptamasrtingfsald emessagepiatat packetadteabgteer ver

appl i cations. stream data; and
transferring said byte stream data to said server
application.

5 7. The method according to claim 6 further
comprising taking down said single virtual circuit after
data is transferred between said plurality of client
applications and said server applicatioms.



