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This invention relates to a method and syszem Icor
updating replicated databases in a foreign nd hcme
telecommunication network system to improve call sezup tinm
and system availability to support global mwmcrilizv o
network customers in foreign regions.

BACKGROUND OF THE INVENTION

. In the increasingly smaller world brought cocgetinsr
by telecommunication networks, it is desirable to gliobalize
a telecommunication network without building expensi-ve
~ransport networks in foreign countries. In fac:t, scme
countries will not allow domestic United States companies =

enter their foreign countries to build such networks. Cchar
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sive proposals for supporting global mobility includs
sing satellites for locating mobile customers thrcoughzu:z
the world. This design would be expensive.

No matter what type of global system is us=d,
nowever, for certain mobile customers, the number of qusr:-=s
and updates corresponding for one record of a database wc.ld
increase dramatically. Thus, it would be advantageocus =D
distribute and replicate customer records in wmulz-c.=2
geographical locations, i.e., sites, of various signa.:.ng
networks of foreign countries for easy access, achisvinz a

high level of efficiency and system availability as ws.. :s3

-




No matter wgat type of global systemis used, however, for certain nobile
custoners, the number of qguries and Updates correspondlng for one record of
a database woul d increase dramatically. Thus, it woul d:be advantageous to
di stri'bute and replicate custoner records |nznult|ple g eg'aphlcal
| ocaténs, i.e., S|tes ~of varlous signal i ng networks o reign countries
for -2asy access; A Q. ot of eff|C|ency and system

lability as well as |qproved cal | setup, t SUMVARY OF THE
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availability ina foreign region for roam ng
In accordance with the present invention, a metnc
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and system for updating replicated databases in foreign and
home telecommunication network systems to improve call setup
time and system availability in a foreign region for roaming
home network customers is disclosed. A foreign region has
a call transport system and switches for forwarding calls
from a'telecommunication station through the call transport
system to a destination. A signaling system is operatively
connected to the call transport system and includes a
visitor database within the signaling system containing-
customer records for call routing and other signaling
functions. .

A home signaling system of a home country has a
home database. The visitor database is connected to the
home signaling system. A customer record is updated in the
visitor database. Information concerning the updated
database record is transmitted through the home signaling
network to the home database containing the previous version
of the database record. Means is responsive to the
completion of all calls querying the previous version of
both the visitor and home database record for deleting the
previous version of the database record.

Queries -are launched to the home database when
calls are originated from the home country to network
customers in the foreign region. Queries are launched to
the visitor database when calls originate from the foreign
region to a network customer. In one aspect of the
invention, current location information in the visitor

database is maintained for highly mobile customers traveling



home netwoyk custoners is disclosed. A foreign region has a call transport
system and switches for forwarding calls froma tel ecomruni cati on station
t hroygh the call transport systemto .a destination. A signaling systemis
operatively connected to the call transporj_systemand includes a visitor
dat albase within the signaling system contalning custoner records for cal
routing and qtNef Ryr@Ndd RRSHWRCEI 9BRrncAZherR Signaling system ofsa honp
country has a_home database. . The visitor database is connected to the
hone signal i MF <SR A EICEOREr FREeofd FS updRt e FH-Phe SRSRPRFS =°
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originate fromthe foreign region to a ne custoner. I'n One aspect
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of the database back to the visitor database after an ucds

database reccrd has been processed within the home dataca
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Multiple versions of customer records can te
maintained in the visitor and home databases so that querizs
for a call could access the same version of che asscciazad
record for consistent routing and signaling informacicn.
Each updated record may include a version number of th
record so as to identify the record referenced by queries of

(

calls in progress. Records in the home database are updatcsd
by the version number sequence of the updated datacase
records. Each version of a record includes a call councer
field £for indicating the number of ongoing calls whcss

The <call counter field:. is incremented if a new call
raferences to it and decrements the call counter field when
a call setup is completed. The previous version of the

database record is deleted when the call counter is zero.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing features and advantages of the
present invention will be appreciated more fully frem the
following description, with reference to the accompanying
drawings in which:

Figure 1 is a block diagram of an illustrative
embodiment of the invention showing, a telecommunication
service using the method and system of the present inventisgn

in a wired and wireless network.



I nventi.om, s€urrent | ocation information in the visitor database is

mai nt'ai ned for highly nobile customers traveling in a foreign region.
Identifiers contained within the hone database directing calls to the
visitor database for queries. The use of _identifiers contained in the
hone dat abase | essens the anmobunt of constant updating to the home dat abase.

The record updating actiyity is,regorded.affer an updated database.record
has been processed at t§é§§¥§[?%r‘%rEhogﬁﬂaé§a5§§é§g$‘Aﬁgécaﬁ§MA§UgéﬂEﬁt i s
sent from t hevhoher darabaselbaock acgorid@ngdssiwiorh datalisesatt einaanupdat ed

dat abase record has bee@iB&?%eﬁﬁeﬂs“étEkﬂiﬁBedEQG%aﬂ@Hﬁﬂﬁﬁﬁ-$P%ﬁ%9%gsige

versions of custoner records can be maintained in the visito ne
dat abases so 1A UPFRECFBF-a call could access the same version of the

associ ated record for cppghgkent {OULI RAmAMY SAONMARIFbR or Bdd on. - Eagb
updat ed recorQ_qgi i nclude_a version nunber of the record so as to identify
the record r T HEAREPE) Gberies of calls in progress. Records in the hone

dat abase are updated byFideryessionangrdel sieswienee afalhenipeated database
. two-site replication in accordance with the present
invention.

Figure 6 is a graph showing a call misroute for a
five-site replication in accordance with the present
invention.

Figure 7 1s a graph showing a call misroute for
ron-uniform traffic load in accordance with the presenc
invention.

Figure 8 is a block diagram showing a centralized
database for giobal mobility wusing the protocol in
accordance with the present invention.

Figure 9 is a block diagram showing the use of
distributed, home databases for global mobility.

Figure 10 is a block diagram showing an extended
signalling network with replicated databases for global
mobility.

Figures 11A and 11B are flow charts showing the
general method of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention now allows replicated
databases to be updated in a telecommunication network
system to improve cost setup time and system availability
without the overhead typically associated with such
concurrency control protocols as primary-site locking and
basic time-stamp protocols.

In accordance with the present invention, a
customer record is updated in a primary site database within



records: Each version of a record includes a call counter field for

I ndi cating the nunber of ongoing calls whose queries have previously
accessed that version of the record. The call ~counter field is
incremented if a new call references to.it and decrenents the cal
counter field when a call setup is conpleted. The previous version of the

dat abase recqr n_the.cal erq. BRI FE.DE BTI ON
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the primary site database record. The customer reccrd is
changed at the secondary site to reflect changes in zihs=
database at the primary site. The older versions of the

record are maintained at both primary and secondary sitcs
databases for query access until after completing th
processing of all previous calls querying the versions ct
the record at the database site.

The replicated database design in accordance with
the present invention can also be used to suppor:t global.
mobility. It can be applied to Universal Perscnal

Telecommunications, Personal Communication Services {wire

‘.).:

and wireless) and future global mobility services offersd }

U
<

Intelligent NetworKs. The design will provide a significant

r

saving in transmissicn facility and operating costs, and
minimize delays.associated with call setup time. There is
a shorter implementation time because the design with global
implementation is based on current network infrastructures,
requiring deployment of only a small amount of equipmentc.
The design is also consistent with existing protoscol
standards.

the world (besides the U.S.) into several regions typical

.__l

The proposed design for global mobility divides.

covering several countries. To support globail mobility, a
single or multiple of home databases are instalied in :the
U.S. and a visitor database is installed in each regicon. A
record of signaling daca of each customer is stored
home database. If a customer is visiting a foreign country,

the customer record is also replicated in the wvisitcocr



| ocking pratocol. Figure 4 is a timng diagramfor a basic tinme- stanp
protocol. Figure 5 is a graph showng a call msroute for a two-site
replication in accordance wth the present invention. Figure 6 is a
graph showing a call msroute for a five-sigte replication in accordance

with the present invention. Figure 7 is a graph showing a call msroute for

non- uni form ta&é&bsshoa&fgghécwgfﬁ&&ge% e presend Egyenbion.ofhotge 8

is a block diagram show hg a centralize ase for gLBBaI no ty usi
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di agramshowwﬁ- 458 0Tl Sid e hndar]s dalahasesodor gbepake Ipbility.

Figure 10 is a ock di agram showi ng an. extended signalling network with
replicated da3aBades Pér lQHal bl #P1yILE gbr & ofiPx i FAROHRRE+PBW-1
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THE INVENTIO\%acilities and operating cost. Call setup time and response
time of other signaling functions are alsc lowered.

Figure 1 illustrates an intelligent network, shown
generally at 16, having a transport network, indicated
generally at 12, and signaling network such as the common
S87 network 1l4. The transport network 12 includes a wired
network 20, and could include a wireless network 16 for
mobile units 22. The transport network 12 connects to the
local central office 23 and the local telephone station 24.

The signaling network includes at least a primary
site 26, which contains database records £for routing
purposes and other signaling functions. A secondary site 28
is geographically spaced from the primary site 26 and
includes replicated database records from the primary site
26, such as the illustrated Record A corresponding to
general routing and signalling information for a customer.

For pﬁrposes of understanding, a general overall
description of the system basics is set forth, followed by
more detailed specifics.

Since the.distributed database issues are commcn
to the PCN, the UPT services, and possibly other servicass
involved in the use of databases (e.g., Network Conzrsi
Points, NCPs) in the 1IN, the general terminoleogy ::

=

distributed database systems is adopted in the follcw:ing
specification. The computer system 30, 30a for respec:t:.ve
primary and secondary sites where parts of the database are

located is referred to hereafter as sites. Customer rec:cr

$1
w

for call routing, features, service profiles, and ciner
signaling information are called records. Reads and wr.-=s

OF



The present; i nvention now allows replicated databases to be updated in a

t el ecommuni cati on network systemto inprove cost setup.tine and system
availability w thout the overhead typically associated wth such
concurrency control protocols as primary-sjte |ocking and basic tine-stanp
protocols. In accordance wth the present invention, a custoner

record is updalged s, ;L%;![ mar—{osﬁ] ‘ﬂﬁ; yg,l‘}'n Byom tgu@ssg,gnai.l <Ng..system
et wor I ncl

of a tel ecomuni‘cation a call transport System
With switche@dcspT Ghwkr Graghes) s ~—ﬁ|€5msé Fo&&ﬁbﬁelaeph&e‘%-tﬁl"erp"f'hr?ﬁlgh

theq cal | transperdisystemitio L@od’@5$énﬁtfab‘én to Theel rlfdzramtwﬂaﬁagsew ng
the updated database reco% S trapsmtted through thg~s|gpallng
network to atS9%axst HHES da?éasVPéc aFéBa§'YWhW@hﬂﬁﬁﬂ1ﬂ1ﬁrfﬁ% previ ous

replicated version of the guddmiagncd wWe thntdkaseecsendr dnvedbecrussofewich

record is chan edaﬂm&jm;secondar site t refI cé hag&p I n the database
at the primary S1t8 "irhe? ot Yer S ve Ys?oﬁs ey HEEPRRSFY 43P SRS hetr at
bot h pri mary cid esecondady indtiei daaabasesrdéorwwuemyanaxuaatvnnuné" mid er

conpl eting tm%o_1Cated at multiple sites, such as the secondary si:cs
dactabase 28a. Qu ries associated with a call, and updatas
for a customer, access a particular record in the database.
Thus, the readset and writeset of a query and an update ‘are
cne record. As a result, 1if queries and updatss are
processed atomically, unnecessary data inconsistency can be
avoided.

Furthermore, several queries may be launched to
access the associated record during the call secup time,
which typically lasts several seconds. Although the record
may have been updated in the meantime, it is advantagecus
not to immediately remove an obsolete copy of the record so
.that subsequent queries of the calls in progress can be
processed in a consistent way according to the previous
recerd. This eliminates the need for locking records for
query processing without being concerned about data
inconsistency. Additionally, calls will not be mishandled
while the customer's record is updated. This would be more.

o

ifficult if the readset and writeset of queries and updates
consisted of many records and files, as in the database

0]

ystems of other applications. .

' Because the readset and writeset consist of one
record, it is advantageous to treat records as the "unit"
for distribution and replication at different sites.

Since the readset (or writeset) of each query {orxr
update! is one record, the concurrency control protoccl must
only maintain the internal and mutual consistency at the

record level. With internal consistency, data items in each



processi ng 6f all previous calls querying the versions of the record at the
dat abase site. The replicated database design in accordance with the
present invention can also be used to support global nobility. It can be
applied to Universal Personal Tel ecomunicgtions, Personal Communication
Services (wred and wireless) and future global nmobility services offered

by IntelligenteNetWorks evEis, designae | h1RaQY dona isigRicl | Cardr Saxhngikn
transm ssi on jaC|I|t .and operating costs, and. mninize del ays a%§90|ated
with call settpStFAHeCiAReia~dsih % s 51 e MEnVatliiGn SO r8eheEaase CAB
design with ghebalouvsd esetbetlpn | sirtasadd consistentynebWiideserved, 1
infrastructure, requirdng depl oyyent of oply a small_.ampunt of equjipment.
The design i sC8P85%¢c sigtéﬁgqmﬁrré&Té??Eaxpf%ig§b¥r§tﬁﬁﬁaﬁﬁ§'ﬁh BcShe
proposed desi paefivicglobal apliinine damodes tdfe whmed aflxest des ridmody Scf
I nto several regi l.cally.cC [ % | .co | €S [0 ne
gl obal nobi | i?éﬁgégggi %ﬁwg géé"r'r’ﬁl g%%ltg@gféﬁo%ada{ea asc{e's ar‘gl-gl né?lgﬁ?éﬁei‘n
the U S. andpaowpsplor sdsiesianed st nerabledths sysitemedionte?OYeEof§obf

signaling datg, gfRacha¢tak@REr IS eStOr@thddd t R ANE: datiabasenave! Been
custoner is visiting a foreign country, the custoner. record _is also
replicated inC@mglgggﬁtypll not be undone. As illustrated below, the
present invention provides a single protocol which performs
the concurrency control and the commitment functions.
The telecommunications system of the invention has

basic operating parameters:

a. All sites are connected by a signaling
network and messages sent from one site to.
another may be lost in the network. Even if
messages reach their destination sites, they
may not necessarily arrive in the order in
which they are sent. '

b. Records of the database 26a are distributed
and replicated at the sites. For example, a
record (record A) is replicated at N sites,
indexed by i = 1,2,...,N. To take advantage
of load balancing, the initial queries of
calls requiring access to record A are ‘sent
to those N sites according to some call
distribution algorithm known to those
skilled in the art, such as the generalized
round-robin algorithm, or a static scheme.
To avoid unnecessary data inconsistency if a
call setup involves multiple gqueries to the
same record, subsequent queries of a call
are routed to the same site where the
initiai query of the call is processed.



dat abase ‘of f'the visited region. Calls for the roam ng custoner
originated fromthe U.S. and the visited region can be processed by the
hone and vi sitor database respectively. Because of |ocal availability of
signaling information in the visited regi-@n, this design can reduce

transm ssion facilities and operating cost. Call setup tine and response
time of other signaling functiemssite 265028008fkeleckl gULE iblidl Fusstd:dras an
intelligent network, shown geperally at 10, having a trans ort network,

i ndi cated general |y at 12, and 3i GRaPFAgSPetwttk SiRFr3: thRe Gomformr SSF
network 14. The transport nedowmsks 12hendamkesvaratioad afet woek a2@carat <dul d
include a wirel ess network 16 for e 2 jr Qrt netwark
12 connects to the local central” OPE¥%£ f%ﬂgme%%YIoch 'g?ee%é%e §tg$fon
24. The signali'ng network i nglgriebling ieéerma”pcnrrar;\ spbego *36= whihen

contains database records Iornerggkbgg RY etger aggmMAJgg:

functions. A secondary site 2 geoqraphlcal pace “¥romihe 5 primary
site 26 and includes repli c&%e(ﬁldlat%afﬁe e flrtomalsh@eﬁr‘—l IFERTE <4335 26

such as the illustrated; ReCOfgk A-LUVAIPUIRELL each site reccrds za

-

update activities in a iog In stakl
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storage, which can survive the systam
failures considered in this invention.

For each record A, one site with a copy oI =he
record is selected as its primary site (PS) 26 and ail other
sites having a copy of the same record are refarred to as
the secondary sites (SS)28. (Note that the PS can also
serve as the PS for many other records stored at this site.
Fcr simple implementations, this is 1likely the case.j
Queries for record A are routed to the Primary Site 26 or
ny of the Secondary Siteés 28 according to the call

V]

Q.

istribution algorithm in use.

However, all wupdates for record A are £irst
submitted to and processed by the primary site 26. £ che
processing of an update is completed without causing data

inconsistency, the update is committed at the primary site.
Then, the information relating to the update is sent from

T

the primary site 26 to all secondary site to update all

plicated copies of the original database record. This
concurrency contrcl and commitment protocol is referred to
as the Primary-Writer Protocol (PWP).

To ensure the correct operations of the protocol,
two fields are added to each record: 1) a version number
{VN) and 2) a call counter (CC). The version number is used
te identify the version of a record referenced by queriss of
calls in progress, while the call counter indicates the

number of ongoing calls, that have previously accessed that



general routing and signalling information for a custoner. For purposes of
under 3t andi ng, a general overall description of the systembasics is set
forth, followed by nore detail ed specifics. Since the distributed database
i ssues are conmmon to the PCN, the UPT sekébges, and possi bly ot her services
I nvolved in the use of dat abases (e.g., work Control Points, NCPs) in

the IN. the deneral, ey wolagyter distilbuted database: systeqs iasadgpt ed

in the follomnng s Seci T it conmput er Sys 02 fof Tespective
primary and S@Eﬁﬁaaﬁﬁ%ﬂq%%lmﬁ@@éGSartbeoﬁlﬁﬁé yarsbese ofr & hecreard sis

referred to hereafder aﬁts'érﬁﬁ dgﬁ@ﬁoe%ere%red% fOFe CBLLPEBEY Rbry few
features, service proflles ot her si nallng I nformation are call ed

records. Read< Zhd vw“l’?)esV?BS%WéSd‘afaBa§eS§F‘§ RSO e Pistd D afs JuBrTes
and updates becahise raelspe@éwslmme I@seaabheyr acqwéensefcrdam§ya&t&rantw-
failures (exqgﬁi di sk, crashes fﬂ Si egg %%](also known as
journal) “upddtest i‘%a ¥ W“BEQI 8295852583 23t abl e nenory 36,
36a which can survive tm@rfpmfpoess of understanding the details of the
present invention, the following notations apply. R:(n) is
the version of record A with the version number (VN) being
n forn=20,1,2,---, and call counter, CC{(n) denoting the CC
of R:(n). Assume that R;(0) initially exists in the system.
Further, let v_late be the VN of the latest version of
record A existing at a site. U, denotes an update to record
A, which successfully creates R,(n). The primary-write
protocol of the present invention can be further described
as follows. B
If the query for record A is the first query of a call, then

begin _ _
Access R:(vn_late); (*Access to the
latest version of record A at the
site*)
Record the VN, vn_late, for the call;
CC(vn_late) - CC(vn_late)+1

end

else begin
' Access R,{n) that has been accessed by
previous queries of the call; :
" If the query is the last one of the call,

then
begin
' cC(n) - cCin)-1
If CC(n)=0 and vn_late>n, then R,(n) is
deleted
end

end



In accordance with the present invention used with tel ecomrunication
services, the database 26a consists of a collection of individual records,
which are distributed and replicated at nmultiple sites, such as the
secondary site database 28a. Queries assogiqated with a call, and updates
for a customer, access a particular record i n the database. Thus, the
readset and writeset of rg.quary and A0supdat 8.8Le AR adi@F U nay ASya-=s
result, if queries and updates are processed atonically, unnecessary _dat a
i nconsi st encydRERFHE AR SN FRY Hethoer s evfertdle dddS O8eney B&=| d8rehed
to access therassgei af:ed r@sos dngdr nagd hental bapablp ke i Wi ghaty¥pheal |y
| asts several seconds. Al.though the record may have been updated in the_
meantine, it Ts2advaht afeofs n6t PBCFAmEdi aP¥I VP r SARAF 30T oFESPEEE copy of
the record socthalestibsequénta queties pfoddwsimd | S | rMmpr agriesscasar ,bezxz
processed in a consistent way according to.the Br% iQus record. This_ .._
el i mi nates the°negd>f'sr OIp(?cflayttTéJ Fec%zf%sp?bfoﬁﬂs y “proceSSihd Wt HotE - bs"ng
concer ned abomgcegavedinconsi stency. Additionally, calls will not be

m shandl ed whil e the custoneEangequ@('g quat This woul d be nore
difficult if the readset and witeset of queries and updates consisted of
many records and files, as in the database

if CC{n) = O and vn_late >n, then R. (n; is

Q,

i_..!

eleted.

Checking if CC(n) <0 prior to the operation of CC: ni

)
(9]

n)-1 can serve as a sanity check since CCin} 0 by

{n)
Efinmitri
einition.

o}

Details of processing an update for record A a

(8]

the PS are as follows:

If the update does not cause data inconsistency (e.g., du=z
to incomplete routing data supplied by customers), then
begin (*Update committed*) |
- Create R;{(vn_late+l) and set vn_lacs
vn_late+l;
Record the committed update, U.. ..,in 22
log;
If CC(vn_late-1)=0, delete R.(vn_late- ;
Send an update message,
(Uyz 522, vn_late), to all seccndarv.
site's;
Start a timeout period for the update T
end
slse begin (*Update aborted*)

Abort the update and inform the source
end
Details of processing an update for record & 2~ a

secondary site i are as follows.



systens .of ;other applications. Because the readset and witeset consist of
one-record, it is advantageous to treat records as the "unit" for
distribution and replication at different sites. Since the readset (or
writeset) of each query (or update) is ongjsecord, the concurrency control
protocol nust only maintain the internal and nutual consistency at the

record level . JMithqi phaLRal neQBs5at §BCYn) dat8mbhedBni i ACHn 1azkeGRr ¢rat
every site are always consistent” Fof exanple, the routing data in a

record rmust b&=¥&l‘id so that calls can be routed properly. Mut ua
consi stency i 3spreser iede+1 freapi es of a record replicated at different
sites becone identjcal. in a fGﬂ}H; anount _of tine att a _nu r of updates

er a
have been posted t &EEHE r ecor . "PdtHe® cdfht YReRt - pPot 5EGHSFSE gsigned to
enabl e the systemto recover Eddnthgsteam faf 4 se@sente enpdaltese(l@padat es t hat

have been comm tted will not be und As JlJustr bel o he present
I nvention provides a single ﬁf%t%c%ga%ﬁﬁc&ﬁﬁﬁf%)%srgégg%oﬁéugpgh6§ contro

and the conmitnent functions.iiThéheel asormdiingat podsrsysf eMdfs t Hor

i nvention has future processing

end
else if n = vn_late+1 then
begin (*Update with the correct VN*)
- Process U,, create R;(n), and set
-vn_late - vn_late 1+1;
Record the committed update, U, ...., in
the log;
If CC(vn_late-1)=0, delete Rﬁ(vﬁ_late-l);
Send an acknowledgement with the VN
vn_late and the site number i to the
PS;
Repeat this procedure to process the
first update in the update list for
record A if its VN equals vn_late+i
end
else if n<vn_late then
begin (*Duplicated update which has been
previously processed*)
Send an acknowledgement with the VN n
and site number i to the PS
end _
Details of acknowledgement processing for Record
A at the PS are as follows. . '
If the acknowledgement has been received before,
it is discarded; otherwise, the acknowledgement for update
U. from site i is recorded in cthe log; if all

acknowledgements'associated with U. have been received from



basi c operating paraneters: a. All sites are connected by a
signating network and nessages sent fromone site to another nmay be lost in
the network. Even if nessages reach their destination sites, they may not
necessarily arrive in the order in mhich_ggey are sent. b. Records of the
dat abase 26a are distributed and replicated at the sites. For exanple, a
record (record A skSoh8Rki i@ A2 SELES ¢ ilddianed; BYgbat:lvired ol a0
take advantage of |oad bafancing, the initial queries of calls requiring
access to reCSWRAShPRetet32¢hosE REBFt £ d8EOTM g FIBIRE dlat a--
distributioncsjigyithm kaewwd ta thpse skébheduphatlRe arducsidE as: the
generalized round-robin algorithm gr a static _schene, To avoid unnecessary
dat a i nconsi SEEYGF I % &l t*@%?% FRTSF #ES UG p e Gt it ST o the San®
record, subsegueniilgwesies of a call are routed to the sanme site where the
initial query of the(R%Aelﬁbégégﬁis?g'resent to those sites from which

the assoclated acknowledgements have noct been r

0
O
0]

As noted before, all updates for reccrd A ars
first processéd by the primary sites 26. if an updact=
causes any data inconsistency, it will be rejected {aborted;
by the primary site 26; otherwise, the update is commitczed.
The protocol of the present invention also preserves ths
internal consistency for all replicated copies of reccrd A.

I. If the copies of R.(0) replicated at the
primary site 26 and all secondary sites 28 are identical ancd
internally consistent, the protocol of the present inventicn
maintains the internal consistency for all replicated copies
of record A. '

For éxample, consider a set of updatss
{C.;n=1,2,3,---} committed at the PS where U. maps R.(n-i) to
R.{n}. The mapping is denoted by R.(n)=U.(R,(n-1)). Becauss
R.{0) is consistent and the U.'s are committed by the PS only
if they . cause no inconsistency, the R.{n)=U. {U__
{-+-U.,(R;(0))--+)) for all n=1,2,3,... is always internalily
consistent at the primary site 26. By use of the VN's, the
rrotocol forces the U.'s to be posted at each secondary site
28 in the same sequence in which they are committed by the
primary site 26. Therefore, the internal consistency at the
primary site 26 implies internal consistency for record A at
all secondary sites 28.

The mechanism by which the protocol of the presentc

invention maintains record consistency is similar to tha:t



-9 - Each site 26, 28 can keep nmultiple versions of a record so that quries
for ‘a call ~can access the sane version of the associated record for '
consi stent routing and other signaling information. An obsolete version of

the record is deleted after the process 5£$3ﬂl calls querying it has been
conpleted. d. For recovery purposes, each site records the update
activities ip I 1484 I§%?éé t l‘ﬁg LA n SRV V8,
systen1faiIuré%rg%%sgg%r%g Y% t Tszfﬂgén i on, é%QEE%ﬁ fecord X?do%gasffe

with a copy ofietherstesdnd i sThel &t@idsikve t¥rprsrmAppsiQac PSP 26paadingl

other sites hauingc-aceapyiofe t N8 AR F80A0dE apBokebgihgd dys@snd he jEsr
secondary sites (SS)28. (Note that the PS .can also serve as_the PS™For
nmany ‘ot her r ecbRBEASESLEE RO +4REBRULSES, FYPLUBRN R84 /i A erfent A¢F®N3285¢ hi s
is likely the. geses)oQeTilsudlortiecittdr ProtoubBdidest het PebABiYeDi t e
26 or any of the gbfondar Sites. 28 %?cordi to.the qgll di stribution,
algorithmin Eg%. elayed gfoceSSLng of out-of-order update messages, th

failure recovery aspects and the characteristics o

th ®

telecommunication applications. It should be noted that,
once an update is committed by the primary site 26, it can
always be committed at the secondary sites 28. Thus, there
is no need for database rollback.

The method and system of the present invention
also provides mutual consistency. If no additional updates
are submitted to the system after a number of updates for
record A have been sent to the primary site 26, all
replicated copies of record A at the sites will eventually
become identical in a finite time period, provided that all
sites are operational, perhaps after a failure for a finite
amount of time. _

II. If the copies of R.(0) replicated at the
primary site and all secondary sites are identical, the
protocol of thé present invention maintains the mutual
consistency for all replicated copies of record A. '

Suppose that updates {U.,;n=1,2,...,M} have been
committed by the primary site and no further updates will be
submitted. The use of VN's by the system and the method of
the present invention forces the updates U.'s to be posted
at all secondary sites in the sequence in which they are
committed at the primary site. Since R,{(0) is identical at
all sites, copies of R,(M), which equals U, (U...
(U (Ry(0))--+)), at all sites are identical after updates
{U.;n=1,2,...,M} are processed by all sites. '

The system allows non-identical copies of records
replicated at different sites to be available for call



However, *alt updates for record A are first submtted to and processed by
the primary site 26. |If the processing of an update is conpl eted w thout
causi ng data inconsistency, the update is commtted at the primary site.
Then,_ the information relating to the updgge is sent fromthe primary site
26 to all secondary site to update all replicated copies of the original
dat abase rec@xbcaddlirss CONGULEQASKUGIRL.T Ol TR, cgﬁ@»t@@nnéyoggsgg sl She
referred to as_t Prlnar -Witer Protocol é é To ensure the cor[gpj_
operati ons oFﬂﬁ? RGP | 8t 0SOBT eS300BAREY SAERS ¥R PP =S
version nunbewa(%ﬁyuang ZbractatéssmuatethﬁﬁI&auélmgw&ﬁEﬁcmnguﬁdﬁﬂsjs Assed
to identify he_v 0 Qf r ecor r|e of calls in.
progress, whilé t“ﬁsreﬂ‘ical co%nter %ngcéf én% 531: oﬁ’ Cfl‘lﬁg"Ca‘l‘I s°

t hat have pr@@FQ§§EV~§§¢éysemaﬂhat=xclu$0vev@¢se©m Dd the records dufizdie
cal | count er 228504 s0d- HeohEROT dufiefohe el udal od o dlec ol date varaian of
the record i s-deleted t any given trne, ere are proba %)y very few
(e.qg., tvvo) ‘J-@rs?—lsoﬁf?a(ﬁ*qch"em record existing at a site

Furthermore, the system 10 does not reguire
extensive message exchanges among sites which wculd
otherwise be needed for concurrency control protocols such
as locking to provide the exclusive access. Because

o

record is replicated at N sites, the total number of
messages exchanged between the primary site and <the
secondary sites for each update is 2(N-1) at normal
situations. This is the minimum number of message exchanges
to support the degree of mutual and internal consistency.
needed for call routing and signaling. The system and
method of the present invention can also be used in cther

Q,

applications as 1long as they can tolerate the recor
inconsistency, and the probability of referencing obsoiste .
data is kept at an acceptable level.

The s?stent of the present invention alsc

)
)

recovery ability, such as for the following situaticns

a. Loss of Messages and Link Failures: A loss
of update and acknowledgement messages wilil.
cause the timeout to-expire on the primary
site. When this happens, the primary site
resends the update message to the sites
associated with the lost messages.

b. Site Failures: If the primary site £ails
before an update is committed in the lcg,
the update is simply lost. The socurce
discovers that if it does not receive

W

1}

complietion message £rom the primary sic



because allsetup tine lasts only a few seconds and inter- update tinme is
typically much | onger than that. For purposes of understanding the details
of the present invention, the follow ng notations apply. [err] is the
version of record Awth the version nunbei (VN) being n for n=20,1,2,---,
and call counter, CC(n) denoting the CC of ferr]. Assune that [err]
initially exists in the system.further,. . gt Vv, latg.bg3he V{\hofcaége -
| at est version of record A existing at é"éfte. Terrf dénotes an update”
record A, which successful | y R¥eeames site]fan}s aithe pricommitwmect aipdac
protocol of the present invenidonpean berftgiherdesgsi hed asehol laws, 5 -f
the query for record Ais the first query of a call, then’begin Access °
[err] (vn late); (*Access tB*%F hE2FRatESTURRr &itéh BPer8EerdSA At-fhe =€
site*) Record the VN, vn |atesaifiaird ke g ltheCopdalat ehs Q6EY wdiatednt ki -end
el se begin Access RA (n) thaH:Q9g<g$en accessed by previous queries of the
cal l; wEAYe -

e
0]

As a result, the update 1is sent to ail
secondary sites again. For those secondary
sites which have already posted the updats
successfully, they simply discard the
duplicated update and send an
acknowledgement back to the primary sice.
If a secondary site fails, the primary site
resends the update, if any, to the failed
site when the timeout associated with the
update expires.

After resending the update to a secondary
site for a number of times, the primary site
may declare the secondary site no 1longer
accessible. In this case, other recovery
érocedures may be taken when the secondary
sites resume operations. When the failed
secondary site recovers, it can also resume
its operations as if the last update was
just written in the log and request the 28
to resend all those updates completed during
the failure. '

The system and method of the present invention is
compared with two commonly used protocols: the Primary-3.:
Locking (PSL) (Figure 3) and the Basic Time-Stamp =7S)
protocols (Figure 4). In addition, several numer::sl
examples are presented to portray the typical performance



If the query is the last one of the call, then begin CC(n) - CC(n)-1; If
CC(m) =0 and.vn_l ate>n, then RA(n) is deleted end end . The site is assuned
to be capabl e of nmaking the determ nation whether the query is the |ast one
of the call. If the site does not have this capability, it is assumed that
the ~site is notified by a separate neSé%bE upon conpletion of a cal
processi ng. _In this. case, -the follown oggrqpions are perforned, when
such a message feRervedS-EEFN)C: ) SYEE=Ahd T "G nFrE5F End>viiSFate™>n
then [err] is:degetred. sehecking if CC(n) <0 prior to the operation of [err]
[err] can serve as a sagi ky,ghegk $kngg: QURly Ghisrouted by the methcs

- SR — el wh
of <the presant 1nvention because of accessing cbsclezs
information at scme secondary site databases, whiie updatss
are pending. The fraction of calls misrouted is a ksy
performarnce measure for determining whether or nct =the
method of the present invention is applicabls tc a
varcticular application.

As noted before, a record is first updated at ics
priméry site under the method. A wvulnerable period :is
defined for the reccrd at a secondary site as the time

interval from. the completion of an update to the recor

0.
4))
ct

the primary site until the time when the update is pocste

Q.
)
cr

the secondary site (Figure 2). As the most updated record
has been available at the primary site at the start of the

1]

vulnerable period, queries accessing the record at «th
secondary site during the vulnerable period reference
obsolete data, thus causing call misroutes. Certainly, such
misroutes will not occur, should there be no reccrd
replication. Figure 2 presents a timing diagram'for the
method of the invention. For example, the vulnerable pericd
for update U. at the secondary site i is from time A to B.

The length of a vulnerable period mainly depends
on two factors: 1) the network delay incurred by an update
message sent from the primary site to the secondary site,
and 2) the update response time (i.e., time from the arrival
of an update until its processing 1is completed) at <:the
secondary site. These factors in turn depend on the
characteristics of the signaling network, the design of each
database, the traffic load, the ratio of gquery and update
rates, and the service scheduling discipline for query and
update prccessing.

Based on a performance study with typical

parameters in tcday's telecommunication networks, results in



definition, Details of processing an update for record A at -he PS are as
foltews: |If the update does not cause data inconsistency (e.g., due to

i nconpl ete routing data supplied by custonmers), then begin (*Updat e
commtted*) Create [err] (vn_late+l) and §f§_vn_late vnl at e+1l; Record the
coommitted update, [err] on the log; If CC(vnlate-1)=0, delete [err] Send

st oo BiprepnE o8Bl AL cop Bralllon SECCRYAIaIELE et
Abort the updahe aaghpdfefnthheé sBUeREieAdiPesarisiaftprédyssmaglareugdat e
for record [efeksat rRagecOFdar yeStt & | wAlR aahgk! WE. expected customer
' behavior (in term of call throughput and ratio of record
read-write frequencies R.) in the Personal Ccmmunication
Networks (PCN), wireless networks, Universal Persocnal
Telecommunication (UPT) services and other advanced servicss
to be offered by the intelligent Networks (IN).

Furthermore, when the method of this invention is
compared with other concurrency control protocols such as
the primary-site locking and the basic time stamp protocols,
Figures 3 and 4 show that since the method of this invention
avoids extensive message exchanges required by the existing
protocols among database sites, it reduces the vulnerable
periods, thus réducing the call misroutes.

Referring now to Figures 11A and 11B, there is
illustrated a high level flow chart depicting the method of
the present invention using the primary writer protocol of
the present invention.

As shown in block 100, the customer record at the
primary site is first updated. The update is then checked
for any data iﬂconsistency in block 102. If there is an
inconsistency, the update program is terminated in block
104. If there is no data inconsistency, the update is then
processed in block 106 and a new version of the record is
created in block 108. The updated is committed in the log
in block 110. The information relating to the update is
then transmitted to databases at secondary sites in block
112. The secondary site updates by using the version number
in block 114. Secondary site then creates a new version of
the record in block 116. The update is committed in the log
at the secondary site in block 118. If the call counter of
the last version of the record is zero in block 120, then
the old database record is deleted in block 122. Regardless
whether the call counter is zero or not, the secondary site



-12- For an update nessage (U.,n), conpare n wth vn_late at the site; If
n>vn-l ate+l then begin (*Updates arrive out of sequence*) Add the
out - of - sequence update [err] to a update list for record A sorted in the
ascending order of VN s for future processigng end else if n = vn |ate+

t hen” begin

(*Update with the correct VN*) Process [err], create

[err], and seaeias/raratsckmym@ﬁaeaaéﬂr Bex:ezwé tdl&nca}mné t-ed a@dﬁia@m:ﬁﬁéfé

in the | og;

I.f v =0 .delete [err enentﬂmnth
el Ve Vo] P SiE 420 06" sleckenle Sead b apkpoviedgerenl o
process the farstinpzateitn the uvpgat epdast fior biock 126.

licated Da ge Desi or obal Mobilit

The protocol of the present inventicn is also
adapted for use with a replicated databa design ZIcx

-

upporting global mobility with wired and wireless necwcrks,
cr a combination thereof.

To support the service, personal, and terminal
mcbility, the communication network has to store, maintain
and retrieve customers' mobility information for signaling

0,

b
3
1
y
D

purposes. This information includes that specifie
reference environment of a customer (e.g., the
characteristics of the terminal in use, the services
subscribed, the location data and the call routing logic! -
Thus, a key challenge for the mobility management is ¢

Q

1]

develop an efficient database architecture so that th
mopbility data can be readily available for signalin

lQ

functions such as call setup and routing.
The current approach to supporting the terminal
mobility requires a home database (or Home Locati

Q
8]

Registers, HLR) and a visitor database (or Visitor Locaticn
Registers, VLR). This HLR-VLR architecture actually has
been established as an industry standard in the Glokal
System for Mobile Telecommunications (GSM) for Europe ani
the IS-41 recommendations for North America. The hcme
database can accessed by the fixed, wired or wireless
network, whereas the visitor database is connected <z 3
witch (referred to as the mobile switching center, MSC. =

1]

the wireless network. The routing and other sigral: =z
functions of each call initiated from or destined f<zr a
mcbile customer requires the use of the location informaz.:n

storad in the databases. The protocol and the assccilaz-:



record Aif its VN equals vnlate+l end else if n<vnlate then begin
(*Duplicated wupdate which has been previously processed*) Send an
acknow edgenment with the VN n and site nunber i to the PS end Details of
acknow edgement processing for Record A ahqotthe PS are as follows. If the
acknow edgenent has been received before, it is discarded; otherw se, the

acknowl edgerr%[uc-}( Hespdalerber Elip 5&9%93%% t'awdfrj 27 Gpasdedy idie then 1
log; if all now edgenent s aSSOCIate th Lerr ‘have beer recei ved
from  -13- 4gft on%l%ﬁiyu§ﬁ1?§§t28d Ph’etthi"r?@o@t’( il afbdel vt REhd  a

"conpl etion” nEssageIEWﬁ@ﬂhdﬂldﬂﬁ@Enpgﬁgoﬁqughdhgé,@LEnC%@dmi*dy is
record A have been, updated éyccessfullﬁ ro%g55|ng at Tereoutd h
Expiration f o= rcofer R #¥he PSS s3as FEH DIOTOCOLS the

architecture for the personal and service mcbility are yet
to be standardized. The present invention is concerned with
a signaling-network architecture based on repiicated
database for providing personal and service mobility to
customers traveling throughout the wcrld.

In the following description, two alternative
database architectural designs are examined, which might be
adopted for mobility management. Due to the unique
characteristics of global mobility, an extended signaling
_network based on replicated databases to support global
mobility is proposed. The applicability of the architecture
to the personal and service mobility and its compatibility-
to the industrial standards for terminal mobility is set
forth. The system performance and cost considerations for
the proposed architecture are also discussed.

The system and method of the present invention can

be applied to customer location information {(i.e., routing
data) of personal mobility. As explained below, the present
invention can easily cover service moﬁility and reference
environments, such as Uhiversal.Personal Telecommunications
(UPT) serﬁices. In order for the IN to support the
services, it has to rely on the extensive use of databases
for call routing and other signaling functions. Each oﬁ the
originating and receiving ends of a UPT call can be a
wireless or wired terminal. |

| An example of an existing database architectural

design to support the UPT services for custcmers traveling



The update:[err] is resent to those sites from which the associated
acknow edgenents have not been recieved. As noted before, all updates for
record A are first processed by the primary sites 26. | f an update causes
any data inconsistency, it will be rejected-(aborted) by the primary site
26; Otherwise, the update is committed. The protocol of the present

i nvention al sihseseriees stHevd ntier nak goeesi st encyTor aldtomgpt i Catedt capi es
of record A 1. If the copies of [err] replicated at the primary site 26
and al |l seconddiorsdias 28 arestdeatdi cah aad iostemsdldzecords st s 1200
protocol of the present invention naintains the internal consistency for
al | replicat etysdmiaés vofiocacedd 1A cRer U. Sexadpl erdercbashadke this deeisn of
updates [err] conmtted at the PS where [err] maps [err] to [err] The
mappi ng i s ddEdssd by, [EFrfequiBegause [err] is consistent and the [err]
are commtted by the PS only if t hey cause no inconsistency, t he
[err] [err] for all n=i;2, 3CUSt°m§”§Iﬁé?gerﬁpérﬁﬂﬂQEQXﬂﬁﬁ%nfﬂur%ﬂ Tter
primary site 26. By use of the VN's t he rotocol forc th err] to be
posted at each secondary si tBF B T‘i”?t‘hes’s q\ﬁrﬁ e‘"% he‘y!’é?

fﬁgﬂ1tt6d by the primary S|te 261nr£¥%£8foo% E e |nt%U¥yeé§wmistenqy at

(e.g., in terms of POTS numbers in wirad
nétworks, or mobile station roaming numkers
in wireless networks). This lccation
information for all customers subs riping to
the UPT services is stored in the
centralized database, which can be supportad:
by a Network Control Point, NCP. Signa:
transfer points 204 in the U.S. network
communicate with signal transfer points 206
is country 1, and any other country in 210.
Country 1 includes a VLR 212 connected to a
MSC 214 in the wireless network 216.
Country 1 also includes a wired network 218.

Country n also includes similar elements

referenced by prime notation.

2. Every time a customer changes location, the
location data (e.g., a POTS number in a

wired network, or a pointer in the HIR



primary sitee 26 inplies internal consistency for record A at all secondary
sites 28. The nechani sm by which the protocol of the present invention

mai ntai ns record consistency is simlar to that -14- for an
exclusive-witer protocol proposed in WWh2Chu and J. Hellerstein, "The
Excl usi ve-Witer Approach To Updating Replicated File in Distributed

Processing Systems,” |EEE Tpansaghyons ©RHe CPNRULEE SseMPlndier ke 3%ochliof,
June 1985, pp. 489-500, although the latter protocol does not consider.the

del ayed processing of out-of ageder aipgdatepnessages)s t hwhéael whe dssovesy
aspects and the characteristics of telecomunication applications. It
shoul d be noted that, once ahocpdaide irs xombréledsbpetwenk i2M8)y £otetBS,
it can always be conmitted at the secondary sites 28. Thus, there is no
need for database rollback. Thetwsehodmmtheydavabatet ¢ progdasadi nv8ntihon
al so provides nutual consistency. If no additional updates are submtted to
the system after a nunber ofdapahese fvpdesesr dcAnhave bégatdatedt:o t hai
primary site 26, all o . o
explicitly by customers connectad to a wired
network, as similar to the current 500
services, or b) automatically by the
wireless network at which the customers are

located.

3.. When a call is destined for a UPT customer
located either in the ﬁ.s. or abroad, the
signaling network quéries the centralized
database 200 for the location information
for call setup and other signaling

functions.

The'signaling network using distributed databases
for mobility management is shown in Figure 9. In the
description that follows, elements common to those described
in Figure 8 are given the same reference numerals. In this
distributed database design, customer records ate
partitioned and stored (but not replicated) at different
physical 1locations, which can be interpreted as the

customers' home locations 230. For this reason, the



replicated copies of record A at the sites wll eventually becone identical
inafinite tine period, provided that all sites are operational, perhaps
after a failure for a finite amount of time. Il. |If the copies of [err]
replicated at the primary site and all sggggdary sites are identical, the
protocol of the present invention maintai t he nutual consistency for al

replicated copi&s §f,/LLYA AU s&.t hat _wpdates _[err] have heen . _ _
commi tted by ‘T‘h’e"p*(rglurﬁa'r“y(ysal tagE asﬁdaglg‘ urf e?‘ggdéfge@“v‘vi“l e Bubritt tad" - The

use of VN S sy iipnd bhe amtpodoal EOR-PLESSl IqIaHdan ol ags

t he updates [er? to be posted at all ‘Secondary sités in the sequence 1n

whi ch they arg.copan {{6fedt abha RideMlr ddfe o Bae LeLhl iivtiddend£al- at
all sites, copies of RA(M, which equals J[err] [err] at all sites

are identi calwrafdeeraiupdaizes ilseihcateapr aC8s88Ue byoaht i 6ht €Scn Thige sysiem
al l ows non-identical copies of records replicated at different sites to be
?\ﬁgl | abl e fomaad| the piDsesshgesi dutibasaessb¥fer PBtSncqUar iRB Y PEEESS
over the centralized design such. as improved availabilicy,
reliability, ana the flexibility of load balancing.
This distributed database design can be us=ad
extensively for many services, e.g.,' Advanced 80¢ and
Software Defined Network (SDN) services, where customer data
for the same service is distributed and stored at mulitipl=s
NCP databases. Although each customer's record is stored at
a primary and a secondary NCP for reliability reasons, oniy
the primary copy is used for signaling functions at normal
conditions and the secondary copy is treated only as a
backup in case of failures. Thus the systems in use should

be classified as the distributed design.

"The major motivation for such wide use o

Crh

distributed databases is to overcome the limitation of the
processing power and memory constraint of each NC?. A
single or at moét a few databases (i.e., NCPs) are needed at
the initial deployment of a new service. As the service’

demand grows, additional databases are necessary, thu

0]

making the centralized database design evolve into :the
distributed design. The assumptions and operations for call

se

1

up, routing and other functions for the distributed



obsol ete informati on at sonme secondary sites while updates are pending for
processing, thus caus ng call misroutes. As discussed before, if the
probability of such occurrence is satisfactorily-small, exclusive access to
the records during updates is not needed.,,Wthout exclusive access, the
system 10 i s deadl ock free. Furthernore, the system 10 does not require

extensive ng3sapg8secyehanfesreaBBgigalieto WH ol h ot her v ?i?ﬁd
needed for concurrency control protocols such as |locking to provide the

excl usive acggsspase B8SAUSE, ad BEYMdsed APt ekt N $id&s, chbeohotal
nunber of nmessages exchanged between the primary site and the secondary

sites for eashsidpdateg ifecwtdtsl)or aéwibehsBl heivisuatieOconphiiSat Sohhe

m ni rum nunber of nessage exchanges to support the degree of mutual and

i nternal consbsiency rizadedniry wieldh rdatabgsandmengnalanyy.conddensyshem
and nethod of the present invention can also be used in other applications
as long as si¢meyliag daohefatretheheustemexd i nconsi stency, and the
probability of referencing obsolete data is kept at an acceptable |evel.
The system of the presBatausaventtenranto signaldgwyengtubrki prowidss ag f or

the followng situations. a. Loss of Messages and Link Failures: A |oss
very high degree of connectivity, gquerying the distributed

databases across the U.S. does not cause unacceptable delays
nor incur high costs for call setup and other signa;ing
functions. The use of distributed databases will continue
to be a viable approach. If the high connectivity 1is
maintained in the future, there will not be a need té_
replicate customer records at multiple blaces for reducing
query delays and associated costs. However, this is not the
case for signaling in otherlglobal areas, as anticipated for
supporting global mobility in the future. In that
situation, replicating customer records at a visiter
database located at foreign countries will lower operating
costs and shorten querying delays, as explained below.

A signaling network based on replicated databases
is shown in Figure 10, which illustrates basic use of :he
replicated database of the present invention for use :n
globél mobility. Like reference numerals are. used Zcr

elements common to other units of Figures 8 and 9.



of update and acknow edgenent nessages will cause the tineout to expire on
the primary site. Wen this happens, the primary site resends the update
nessage to the sites associated with the |ost nessages. b. Site
Fai |l ures: If the primary site fails bef2se an update is conmitted in the
|l og, the wupdate is sinply |lost. The source discovers that if it
does not recei.ve a conlextdroii mpssagetiie ormrtthie ipramsy yocsatftéic 1463 after a
certain tine period. In case the primary site fails after a conmtted
updat e has been witterdiet heeh:ggneehéngri mans i@ Tams esuppei t ycr.2
operations after the failure as if the update was just witten in the |og.
As a result, the updatelesisiaf t¥ @l |Usecbndafy SivédedgaiiRtorosef1isse
secondary sites which have al ready_ posted the update . o
regions, each of which covers a number of Zcrsign

countries, such as the illustrated Regicn A 246
and Region B 248.

2. A pair of visitor databases 250

[\

b

Lol

installed physically in each region, an

[9D)

connected to the signaling network in the
U.S., for example, via two additionai S8TPs
252 physically located in that regicn. The
nhumber of STPs installed in a region and the
number of signaling liﬁks connecting th=a
STPs to the U.S. signaling network can o2

adjusted and determined according to the

traffic, performance, and reliability
requirements.
3. In the registration process of a customer

visiting a foreign country, a récord of
location and other related signaling
information for the customer is set up in
the visitor database 250 for the region.
This new information will also be‘sent back
to update the associate home database 230 in
the U.S. As a result, each roaming custcmer

has two replicated copies of signaling dacta:



successful lvy, they sinply discard the duplicated updat e and

send © an acknow edgenent back to the primary site. |If a secondary site
fails, the primary site resends the update, if any, to the failed site when
the tineout associated with the update exppges. After resending the update
to a secondary site for a nunber of times, the primary site may declare the

secondary site no |onger accessd bire.the IHonddidate@sge 2hhehel EGGVEREYId the
procedures may be taken when the secondary sites resune operations. When

the failed secondary site recssss, i che arS9itesURtdmpepalisiraldy i f
the | ast update was just witten in the | og and request the PS to resend
all those updates conpl et ed diwcampd het far| ateseThe siet eisanedretluod xof.
the present invention is conpared with two commonly used protocols: the
Primary-Site Locking (PSL) The gueeo8)l and tthee Bosiweodi datSbasp wBIZ) be
protocols (Figure 4). In addition, several nunerical exanples are
presented to portray the typizetovysst fwirarartde customer leaves the region.

The replicated database can be accessed for call
setup and other signaling purposes. For call originating
from the visited country or region and déstined for the
roaming customers, queries can be launched to the visitor
database. Calls initiated in the U.S. will query the home
database. There are three major advantages for the use of

replicated databases:

1. Substantial Cost Saving

Due to local availability of needed customer
‘data, the transmission cost for signaling
meésages for calls originated from the visited
country or region can be saved. The saving will
be substantial for: a) customers roaming half way
around the world, b) calls requiring multiple
queries into the database, which will likely be
the case for advanced services in the future, and
c) a majority of calls which originate from the
visited country or region, which will also be the

case for some business customers.. Furthermore,



-17- characteristics of the system of the present invention ( Figures
5-7).” A fraction of calls nmay be misrouted by the nethod of the present

invention because of accessing obsolete information at sone secondary site
dat abases, whil e updates are pendi ng.

Thggfraction of calls nmisrouted is

a key performance neasure for determ ning whether or not the nmethod of the
present invention is appld cable Lo-dar birCuhaksabpli cakhon. 5As-not ed -~

-t A

before, a record is first updated at its prinmary Site under the method. ~

vul nerabl e period is defjiredfer iheiaoeaicdddt deSeaendary idse as-the 44 ne
interval fromthe conpletion of an update to the record at the primary site

until the time when the gipdateiicedosied ptwebhe seaasaagyisint e JF:gur-e 32) .

As the nost updated record has been available at the primary site at the
start of the. vul nerabl e [gerd.qd sigmeliiey ddadssi ng ilheer aeerdddatc o lexcoers
secondary site during the vul nerable period reference obsol ete data, thus

causi ng call

m Sr out es.

e tswimd ygmounh of call traffic.

2. Enhanced Delay Performance
Call setup time and response times £or other

signaling functions can be reduced.
3. Compatibility  with  Existing Wireless

The replicated database desigﬁ is compatibie with
the industry standards such as the IS-41 and the
GSM specifications for wireless networks. The
visitor database in a region can be treated as
the HLR by the wireless network in the visited
country. The rest of the standardized prctocols
for wireless networks remain applicable. Upon
receiving updates from a local wireless network,
the visitor database is responsible for

forwarding the updates to the home database in

the U.S. to ensure customer data consistency in

the home and visitor databases. Hence, the

replicated database design indeed applies not

A



m sroutes will not occur, should there be no record replication. Figure 2
presents a timng diagramfor the nmethod of the invention. For exanple, the
vul nerabl e period for update [err] at thﬁéﬁﬁcondary sitei is fromtime A
to B. The length of a vulnerable period n&thly depends on two factors: 1)
t he network del ay incurreg by an update nessage sent fromthe primary site
to the secondary site, SRaY25° t'Hé&STpaat & TE3PosB 17 M P eSSt iH 1 6Mm't he
arrival of an update until its processing is conpleted) at the secondary
site. These factors in turn depend on the characteristics of the

sianaling network. the desidacobreaniedatabane. e tpabbend oadnybliesbdt | 0

of query and update ratés, and the service sche I sci pline for query

and update proggsstiencPanest e andiid L1 A8 e Sy oMd RdpiRicatledPRipHREE S
in today's tel econmuni cation networks, results in -18- "Figures 5-7 show

that the frachfosustomal! Satiasieered uifaind ometdwd $isibbe HA¥EBRLEB.I S
satisfactorily small (e.g., less than [err]) for a w de range of expected
cust oner The system and method of the present invention using the
Primary-Writer Protocol (PWP} can be applied to the home and
visitor databases for.global mobility. The Primary-Writer
Protocol of the present invention is advantageous because
telecommunication applications can tolerate inconsistency
between replicated records for a short period of time. As
noted above, the main consequence of accessing obsolete data
is a call misroute. The performance anaiysis of the Primarf
Writer Protocol of the present in&ent;on establishes that
the misroute probability under the present invention is
small for the expected customer behavior in wireless
networks and IN; The present invention preserves both the
internal and mutual data consistency, and also allows the
system to recover from certain types of failures. The main
advantage -of the Primary Writer Profocol is its 1low
overhead, especially when compared with existing protocols
for computer systems (e.g., banking systems), which are
intended for maintaining stronger_data consistency at all
times. | |
Using the Primary Writer Protocol of the present

invention to support global mobility, the visitor database



behavi or (i-n term of call throughput and ratio of record read-wite
freguencies [err]) in the Personal Comrunication Networks (PCN), wireless
net wor ks, Universal Personal Tel econmuni cation (UPT) services and ot her
advanced services to be offered. by the Intgdligent: Networks (IN).
Furthernore, when the nethod of this invention is conpared wi th other
concurrency cgREl 6hePhohoCQLSa54EH BS AIEi PHATBd VaSi t el pekinAGaRd clsheng
basic time stanp protocols, Figures 3 and 4 show that since the nethod of
this inventi ogsavoidisexfens| ve aapssagereke hdnge supdapi ted phy ctohe sexi stisng
protocol s anong dat abase sites, it reduces the vul nerable periods, thus
reduci ng the cakkdn sioutes. tRefer raxupanyamenc Fi gsir espptdpandc2lBpetherse i s
illustrated a high I evel flow chart depicting the nethod of the present

i nvention usi Agcehécpr LRGeSy AR@roprey ochanets tdf pieBRALNENUBALKORL IAS
shown in block 100, the custoner record at the primary site is first
updat ed. TheadpdaPEti 51kabY EaRekeLd of remyCURE Qe Ffoo YE1Gs t3gife rdam I cle
102. If there is _an inconsistency, the update programis termnated in

bl ock 104. |ftfReFEYPSSRo P& L4 onsi stency, the update is then processed

in block 106 and a new version ofhhhe record i;s created iP.QIock 108. The
updat ed is committed InAt..h.éIOIUSél the above i1sCcussion ocuses <n ne

location information for UPT cqstomers, it should be nct=d
that the replicated database design actually applies well =z
service mobility and reference environments. The locaticn
information, the services subscribed, and the resfsrercs
environment are specified on a per customer basis. Thuéh
the replicated database design and the associated protocolis
can treat the per customer information related to :the
subscribed services and other data items included iﬁ the
reference environment, in the same way as the lccation
information. As far as the system performahce of <the
replicated database design is concerned, the only differsnce
among various data items wili be their gquery-to-upda:z=
ratios (e.g., the ratio of the querying rate to the locatizn
update rate for a UPT customer).

Nevertheless, it 1is expected that the mcs:
frequently updated data item will probably be the locact::c=n
information for a mobile customer; the gquery-to-urdz:zs2
ratios for other signaling data items will be higher =:nan

that for location data. As a result, the update algor:::nm



in block 110. The information relating to the update is then transmtted
to dat abases at secondary sites in block 112. The secondary site updates by
using the version nunber in block 114. Secondary site then creates a new
version of the record in block 116. The ugpdate is commtted in the |og at
t he secondary site.in block 118. If the call counter of the |ast version of

the record [ SEan ifrdldank dRnckBaNANE 21dodahabaseo eattents fobstad in

bl ock 122. Regardless whether the call counter ro or not

secondary sit&sncaidbhg 8€8deraBeaclaowiedaenenird fahBe BhvIBOAMEHE &A%t he
updat e has been successfully processed in bl'ock 124. The process continues

W th the nextodHiatei dra blwgkid26rm&epbhcat ed Dat abase Design For d obal
Mobility The protocol of the present invention is also adapted for use with

a replicated dat abase desfamtéortcsappnatyi dggghdkak heolpdrfiormdrnde w i echand
wi rel ess networks, or a conbination thereof. To support the service,
personal , and-eptinatadd ndeislighy,is heheoruercato-orpdet @omathias. t o It orke
mai nt ai n :
ratio is high (i.e., the customer information is seldom
changed), the overheéd in updating the replicated records
will be minimal. Otherwise (e.g., for a mobile customer
moving from location to location), the update overhead can
be significant. The following strategy will enhance the
performance of the replicated design, in such situations.
A mobile, wireless customer is roaming in a
foreign country. As a customer moves frém one location area
to another, the customer location information in the visitor
database is updated frequently. The corresponding customer
record in the home database is.also updated. Thus, the
transmission and processing costs for maintaining the
current location information in the home database will be
significant, especially if the customer is located far away
from the U.S. The situation will become even worse if the
customer moves from location to location without making or
receiving calls; i.e., no revenue is received to cover the
cost incurred in handling the database updates.
One way to reduce the overhead for location

updates is to maintain the current location information for

certain highly mobile customers only in the visitor



and retrieye custonmers' nobility information for signaling purposes. This
i nfor-mation includes that specified in the reference envi r onnent of a
cust oner (e.qg., the characteristics of the terminal in use, the

servi ces subscribed, the |ocation data and3zibe call routing logic) Thus, a
key .chal | enge for the nobility managenent .is to devel op an efficient

dat abase archigeGidds: SO tHad hbeenthitabysedati:n esA-rBet,r e@@ht¥ins ar
avai lable for signaling functions such as call setup and routing. The
current approaeferi:x Zppobbingihbe tershdalisbbeli acdiemd res waichomhs
database (or Honme Location Registers, HLR) and a visitor database (or

Vi sitor Locat carrRegi $tessicul RriormThienHLR- $t&radchi tieckeur,e tast waldiy:- dms
been established as an industry standard in the G obal System for Mbile
Tel ecomuni catiearsys@BMad arhErtrlere reecrs-4f informasdeni assdadaiNoit h
Anmeri ca. The hone dat abase can accessed by the fixed, wred or wreless
net wor k, wher @asht hdid steaninthtebisemes, canfetchedhppea dariabalse referaed t o

as the nobile switching center, MSC in the wreless network.

and ot her si gRaMtiGY FHIGURRY oFNEAEPRPERPP- i nitiated from or
nobi | e custoner requires the use if the l.gcation information
dat abases. The protocol®&nd FREUaSscitafedome database does

The routing
destined for a

stored in the
nct neeg CcC

update the location information every time a customers

changes its location overseas. - Furthermore, calls

originated from the U.S., destined for a customer traveling
overseas first retrieves the identifier from the home
database and then accesses the current location information

in the visitor database for call setup and other signaliing

The eﬂhancement approach for keeping comple:cs
customer data only in ﬁhe visitor database not only applies
to the location information, but also applies to other data
items with frequent updates. In addition, the enhancement
approach should be used on a per customer basis because

ifferent customers have different mobility and calling
patterns. As discussed above, the key parameters for
identifying these customers for whom the enhancement scheme

may apply include:



-20- arehitecture for supporting the termnal nobility are well defined,
and wnderstood by those skilled in the art. The notion of personal and
service nobility is relatively new As a result, the protocols and
the architecture for the personal and sergigce nobility are yet to be
standardi zed. The present invention is concerned with a signaling-network
architecture based on replicahed daiwdbmsedfor @advsdi R pechenal custbmer
service nobility to custoners ' traveling t hr oughout t he
world. In the foll ow ng descerpgionretwe @it ethat missidsddbasgianchic ezl r al
designs are exam ned, which m ght be adopted for nobility managenent.
Due to the wunique characteaissi dessfingidofalr milsit iqustemerxt ended
signaling network based on replicated databases to support gl obal nobility
i s proposed. The appli cabil i The ofatabase ciire eyt euRpdRGh&PerS ofl g andan
service nobility and its conpatibility- to the_industrial standards for
terminal nmobility is set fortRILIFRELISNsPEnMOLILdYENc@Rthd cost

consi derations for the groposed archjtecture are al so discussed. . .
. The ratio of cost for updating the home

database (with update requeéts sent from the
visited region) and that for remote gquerying
the visitor database for calls originated

from the U.S.

Based on these parameters of each traveling
customer, the signaling network can de£ermine whether the
enhancement approach should be applied to the customer
(i.e., only the visitor database contaiﬁs the customer's
full record and the home database stores only parts of the
customer data, which are less frequently updated). In fact,
the approach can be applied to a customer dynamically on a
regular basis, i.e, the network can turn on or off the
approach periodically (e.g., every night) for a traveling
customer, depending on the customer's call throughput and
update frequency statistics during the previous period.

In acéordange with the present invention, the
extended signaling network baéed on replicated database has
many benefits and can be viewed as a means to globalize the

telephone network without actually building transport



The system ane-net hod of the present invention can be applied to custoner

| ocat’ion information (i.e., routing data) of personal nobility. As
expl ai ned bel ow, the present invention can easily cover service nobility
and reference environnents, such as Univef3al Personal Tel ecomunications
(UPT) services. ~ In order for the [INto support the services, it has
to rely on t RETE¥RFERsiveloseign dababaies. f YR1E3| FRRobR I BREARRI TRF--2S
signal i ng functions, Eaca of the originating and.ceceiving ends of a UPT

cal | can be a™w-Pgl dBsT6F wFPEESt BrrhaPTeAnCExEmpPY¥est n %88-&5 ng - ©°

dat abase architectural _design.to_suppqrt_the URT services.for, custoners.
travel i ng “Y21-‘abroédg rgp‘§ﬁ8mﬁg aﬁ£aﬁfaﬁrge5§?n The--Tustomer” ==

| ocation infqormation _.Js £ed _in ent.k Eize -dat.abase .. 20Q.. ...
physical |y Pdcaréd i the .‘s&j = %Lrlgg?gt'o&ﬁg 8t t‘".“s“de“s’iag‘n“f éasible, it
requires: 1. . cCustoners traveling abroad have to register fromthe visited
country so t At the network is informed of their current |ocations

The replicated design costs less to implement than

for locating mobile customers throughout the world (i.e.,
global, terminal mobility). More importantly, the system of
the present invention is based on the current infrastructure
of wired and wireless networks, and it conforms wicth
existing standards of cellular networks. Thus, :hg
replicated design not only reduces the.operating costs and
calls Se;up delay when compared with other alterative
database designs, but also enables the United States
telernone network to offer global mobility services to
customers sooner.

‘The proposed design can also help the U.S. network
compete with some foreign telephone companies. The network
may choose  to allow access to the visitor database conly by
(wired and wireless) networks of existing business partners;

competitors' networks will not be provided with th

[

signaiing information stored and used in the visitor
database.
As a result, for calls originated in a foreign

country and destined for a network roamin ustomey, onis



(e.g., ‘internms of POTS nunbers in wred networks, or nobi|e station
roam ng nunbers in wreless networks). This location information for
all customers subscribing to the UPT services: is stored in the
centralized database, which can be supporiggd by a Network Control Point,
NCP.” Signal transfer points 204 in the U S. network conmmunicate with

signal transfrycoikd SoB06nks coripaldy ih @Jnéls@ﬂanoaber e@;@lil%@a Iy 2y
Country 1 includes a VLR 212 connected to a fhe wreless

network 216.cHeowaing.l aues Ia&hC|a&d'a&géanlte@a&e'fa\M§d< b%l&se@ttﬂ:l rehHhd S0

I ncludes simlar elenents referenced by prine notation. 2. Every tinme a

custonmer changes DoGatinerwbhk'kogadsdDhidat air epgrrnerR@ES wughersdfrice

wired network, or a pointer in the HLR -22- pointing to the VLR 212

serving the kpocatiders overseas. In another business arrangement, the
teiephone network may also choose to furnish, for a fes,
some foreign carriers with certain signaling information to
carry calls destined for the network customers traveling in
the country. Furthermore, if tlHe telephone network can work
with its business partners abroad, the replicated database
design can be implemented in an alternative way.

If an arrangement between the telephone network
and its business partner overseas can be made, instead of
installing network visitor database and STPs in a foreign
country, - records of network customers traveling in the
country can be downloaded directly from the home database to
a database in the partner's network. Consequently, as in
the original replicated database design, each traveling
customer continues to have two copies of his or her
information for signaling purposes. The protocols and
operations for the replicated design remain applicable :o
this new setting, although a United States
telecommunications network does not physically own visizcr
databases and STPs in that country.

It is to be understood that the above descript:cn

is only one preferred embodiment of the inventicn. Numercus

other arrangements may be devised by one skilled in the 3ar:



area, a group of cells, where the user is located in a wireless network
216).for the custoner in the database is updated. Such database updates
can be initiated: a) explicitly by custonmers connected to a wred
network, as simlar to the current 500 services, or b) automatically by
the wireless network at _which the tqers are located. Feoc-pWedr a Gad |

i s destined Wb?n%“UPTasﬁérdﬁéfgldﬁ%qidqgﬁ%her inthe U.S.%Br'abroad, t he
signaling network_gqueries the centralized database 200 for the | ocation
infornation'¥%Yen“t§§r setup and other signaling functions. The
signaling network using distributed databases for nobility managenent is
shown in Figure 9. In the description that follows, elenents conmon to

t hose described in Figure 8 are given the sanme reference nunerals. In this
distributed  database desi gn, cust oner records are partitioned and
stored (but not replicated) at different physical |ocations, which can be
interpreted as the.custoners' hone |ocations 230. For this reason,

t he



speci al case of the di n where all data is placed at a single
| ocation. On the othe trilugged databases offer potentia
advant ages over the centralized design such as inproved availability,
reliability, epsiymbe flexibility of |oad balancing. This distributed

dat abase desi gn can be used extensively for many services, e.g., Advanced
800 and Software Defi ned.Net wormk thSAN)E crermddees, ngwhereslist ated datavhse
the sane service is distributed and stored at nultiple NCP dat abases.

Al t hough eachigugtomddrs am@ohdmes tslyaummain iocpriomr neawdrk ssesehas vyt bICP
for reliability reasons, only the primary copy is used for signaling
functions at irpneve condl tsesrep dhidng ad avstéar wvadgdpbiid ityedned dokpigs a
backup in case of failures. Thus the systens in use should be classified as
the distributeegiesi §ar TRaMARZoCUSSOMENS GPMRITLsing Whelesteps obf

di stri buted databases is to overcone the limtation of the
updating the customer record in a visitor

-23- di-strj but ed database design is aI o referred to as t ETﬁg%%fgﬁggé%§ﬁEN'*
deS|gn Actual ly, th qﬁﬂ m myﬁ base design can be \i -

database contained in a foreign region within the signalling
system of a foreign telecommunication network, wherein the
telecommunications network includes a call transport system
- with switches for forwarding calls from a local foreign
station through the call transport system to a destination,
transmitting information concerning the
updated database record from the visitor database through
the signaling network of a home telecommunication system to
a home database which contains the replicated version of the
visitor databasg record in the foreign region,
adding a field to the database record
corresponding to a.version number of the database record so
as to identify the versions of the records referred by
queries of calls in progress, and
changing the home database record at the home
country to reflect changes in the visitor database at the
foreign region by using the version number sequence, while
maintaining at all database sites the older version of the

database record for query access until after complering the

e

T



processi ng, powhis Slred nReplastt r i nt of each NCP. A si ngl[eT'¥P SHEETAAS BEEN
f ew dat abases (i} . E needed at the-initial deployn#nt QLBEE}QQFD
servi ce. As th nd grows, additional databases are

necessary, thus making the centralized.gdgatabase design evolve into the
di stributed design. The assunptions and operations for call setup, routing

and ot her fungtdcuysify dMheidi shishhidiugdcalis24uedatl ADaSRe 0GSLGNCAI 85 ~he
identical to those for the cenfralized database design, as discussed above.
For a given cusiibese +decrgignaling networks or switches have the
conputational logic to determ ne which database anbng nmany contains the
signaling data for the custoner. Because a current signaling network
provi-des a very high degree of connectivity, querying the distributed
dat abases across the U3, doBsenoecbads cacmaciepy alile ol &y s tnarnd heditndni gh
costs for call setup and other signaling functions. The use of distributed
dat abases wi llawontinge qQuetices icabrheappacidatabase hwhkinghcgohrecarwity
is maintained in the future, there will not be a need to

originated frcm the home country to network custcmers -n the

foreign region.

3. The method according to claim 1 including

launching queries to the visitor database when calls are

originated from the foreign region t6 a customer.

4. The method according to claim 3 including
directing the query to the home database for accessing the
customer record if the customer is not roaming in a foreign

region.

5. The method according to c¢laim 1 including the
step of removing records from the visitor database when the

associated network customers leave the foreign region.

6. The method according to claim 1 including
committing the updated record of the visitor and home
databases by recording the updated record activity in a log

in a stable data storage area after the updated database
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replicate customer records at nultiple places for reducing query delays and
associ ated costs. However, this is not the case for signaling in other

gl obal areas, as anticipated for supporting global nobility in the
future. In that situation, replicatinggeustoner records at a visitor
dat abase | ocated at foreign countries will |ower operating costs and

shorten queryidg,fgl BYS. basneypbakbagdabghaWeommdi-gR 100 el Wol ki basegh g
replicated databases is shown in Figure 10, which illustrates basic use of

t he repl|cateqmﬂ@t@§@§pagéstbgspéggeog1ynvent|on for use in gl obal
mobi lity. Li ke reference nunerals are used for elenents common to other

units of Figures 8 and 9. -25- Depending on the anticipated traffic |oas
and other engineering considerations, the world (besides the US.) is
divided into several 7egi ofke emthod abcohdingens achaihen oinébuéigy
countries, such as the illustrated Region A 246 and Region B 248. 2. A
pair of visséemiindatabasdicwls@igement from the home database back to
the visitor database when an updated database record has

been processed within the home database.

8. The method according to claim 1 including the
step of maintaining current location information in the
visitor database for highly mobile customers traveling in
the foreign region and maintaining an identifier in ﬁhe home.
database directing calls to the visitor database for

qgueries. .

9. The method according to claim 8 including the
step of maintaining the identifier in the home database
directing the calls to the visitor database for querys on a

per customer basis.

10. The method according to claim 1 including
mainﬁaining multiple versions of records in the home and
visitor databases so that queries for a call can access the
same version of the associated record in the same database

for consistent routing and signaling information.
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installed physically in each region, and connected to the signaling network
in the U S, for exanple, via two additional STPs 252 physically located in
that region. The nunber of STPs installed in a region and the nunber of
signaling links connecting the STPs to thé23 S. signaling network can be
adj usted and determ ned according to the traffic, performance, _and
reliability requirenent$?-3. The| feHHoq e§FSOXEEREN 45t 0€£85Mofl a2 RESRBABE
visiting a foreign country, a record of |ocation and ot her rel at ed
signal i ng i nf3RHBELSA f 5Pt hBX8USCHRer IR52BEFupTPROFAe VPEFPESR dafabidse
250 for the regian. This new.information wll_.also be sent back_to update
the associ at edRoMe Tt BbERe P30T T THE TS89 ANS BRABTS IR~ r dani hig=-S

customer has Lo, 1enli eated, CORLES Yo, VidlldAL A A canasiecors

l o]
- | 954 —a P
p~ -

12. The method according to claim 1 including
adding a field to the record corresronding to a call ccuntex
£o indicate the number of ongoing calls whose queries have

previously accessed that version of the record.

13. The method according to claim 12 including
incrementing the call counter field by one if a new call
references to it, and decrementing the call counter field by

one when a call setup is completed..

14. The method according to claim 13 including
deleting the previous obsolete database record when the calil

councer is zero.

15. The method according to claim 1 including zhe
step of verifying the updated database record in the visiztcr

site database for data inconsistency.

16. The method according to claim 1 wherein t-n=2
call transport system of the foreign region includes s

wireless phone network and wired phoned network.
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one in the hone database in the U S. and the other in the visitor database
physi cal 'y | ocated at or close to the visited country. The record in the
vi sitor database will be renoved when the custoner |eaves the region. The
replicated database can be accessed for A setup and ot her signaling

purposes. For call ori |naé{ &ron1the VlgttEd countr% % teglon and
destined for the roamin Fers™ qodr PRS2 cah® pePatrthed T3-7Ra Vi sf't or

dat abase. Cai3§~igﬁt'$%§gs*$%%ht $i§%oMﬁ#h tgnth wgggggéggg%ﬁs Thgre

are three maJor advan fe 05e"8 rep |cate

Substantial CastSaving E%{&d;? d Ol 5, AY Ay AR | b'l‘?.qurd iGUL GRRL ; g?rom

the transmsSion - cost si'gnal1 ng nessage o1 gi nat ed-

the visited £ounthYsQF E@Qh@ ?c%ﬁgggﬁg»gugom can w || be substantial
for: a) custoners roaning hal f way around the world, b) calls requiring

- multiple queries into jhecdatgpase] eMimmuntddt ldkedystant beccasedf on a
advanced services in the future, and c¢) a majority of calls which originate

fromthe visféedi gauntéyioh rfod Ohawiigchawi ¢dl Bl sedsddec system and
switches for forwardiﬁg calls from a telecommunication
station through the call transport system to a destinatiocn,
a.signaling system operatively connected to the
foreign call transport system, and including a visitor
database within the signaling system containing customer

records for call routing and other signaling functions,

a home telecommunication syétem having a home
signaling system and home database, said visitor database
being coﬂhected to said home signaling system,

means for quating a customer record in the
visitor database,

means for transmitting information concerning the
updated database record through the home signaling network
to the home database containing the previous version of the
database record, and

means responsive to the completion of all calls
querying the previous version of both the visito; and home
database record for deleting the previous version of the

database record.
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case for sone business custoners. Furthernore, -27- as the nunber of
nmessages sent over a long distance is decreased, the facility cost can
al so be reduced as fewer transmssion facilities (e.g., signaling
links) will be needed to support the same-.ggount of call traffic. 2.
Enhanced Del ay Perfornmance Call setup tine and response tines for other
‘signaling functions caniBe r atiecesl;sSem afetpdinbi ltid elaivhth7 ihEx(SEERG
Wrel ess Standards The replicated database design is conpatible with the
i ndustry st andasgds Sorhlasnthind Syddromal tdetlisSMVhepecibtanbsenghkar calls
wi rel ess networks. The visitor database in a region can be treated as the
HLR by the w aetessigetabed frcnheheikined ooty y-o TREweast ofstdmers in
standardi zed protocols for wreless networks remain applicable. Upon
recei vi ng updakesipreiga kegdlonw rel ess network,

19. The system according to claim 17 including
means for launching queries to the visitor database when
calls are originated form the foreign region to a nezwork

customer.

20. The system according to claim 17 incliuding
means for maintaining current location information in the
visitor database for highly mobile customers traveling in a
foreign region, and an identifier contained within the home
database directing calls to the visitor databasé for

queries.

21. The syétem according to claim 17 including
storage means for recording updated record activity at the
visitor and home databases after the updated database recérd
has been processed and committed at the wvisitor and home

databases respectively.

22. The system according to claim 17 including

means for sending an acknowledgement from the home database
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t he vi si tor dat abase S responsi bl e for forwarding the updates to
t he: hoe database in the U.S. to ensure custoner data consistency in the

hone and visitor databases. Hence, the replicated database design
i ndeed applies not -28- only to wired sgpvices but also to wireless
services. In accordance with the present |nvent|on consi stency nust

be mai nt ai ned,ejveey e, 1 gpLYEALediGOD) 3¢ 0% AUS! OUR! (81 84 O ) e

home and VISI abases e systen1an he “present ‘I nven

using the Pri &reexsr\éf 'hta%r et %ceﬁ%/g’a &aehps apg! HSElet fatheakeme and

visitor databases for global nobility. The Primary-Witer Protocol of the
present invention is advantageous because tel ecormunication applications
can tol erate inconsistency between replicated records for a short period of

time. As noted above, th3 miThe oggegernaccelrdderessd nglabaohet e ndatdiing a
call msroute. The performance analysis of the Primary Witer Protocol of

t he present i meanki orembahtashengtinaltipkenvyerotibaspodbahiskicke rundeoridse
present invention is
in the visitor and home databases so that queries for a call
can access the same version of the associated record in the

same database for consistent routing and signaling

information.

24. The system according to claim 17 wherein each
updated record includes an identifying field corresponding
to a version number of the record so as to identify the

record referenced by queries of calls in progress.

25. The eystem according to claim 24 including
.means for updating the records in the home database by the

version number sequence of the updated database records.

26. The system according to claim 17 wherein each
updated record includes a call counter field for indicating
the number of ongoing calls whose queries have previously

accessed that version of the record.

27. The system according to claim 26 including

means for incrementing the call counter field by one if a

- ——
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smal |- for the expected custoner behavior in wireless networks and IN. The
present invention preserves both the internal and nutual data consistency,
and also allows the systemto recover fromcertain types of failures. The
mai n advantage of the Primary Witer Proto£d+ is its | ow overhead,
espeti al ly when conpared with existing protocols for conputer systens
(e.g., banki ngesystadiis)re idwencas econtiendedid greares nfar ndagrsmeonges daea
consistency at all tines. Using the Primary Witer Protocol of the present
i nvention to seppocpugiteralf ivdid 19y yone eheh satorllasebupeis complegsd .t he
hone database is designated as the Primary Site and Secondary Site,
respectively for updating purposes. As noted above, this arrangenent 1is
appropriate because |ocation updates and ot her changes, of signaling

information are nost |i K8y JeWerSYTRTr BRFEGSEIFeS GhRIBr & 7r dAFING NG
the foreign countries. Although the above discussion_ focuses on the _
| ocat o | nf OPRARRLrE r SRTLLIE! e ST FTLeRBURREREARS cifcord wheR che

call counter is zero.

29. The system according to claim 17 wherein said
call transport system of the foreign region includes a

wireless phone network and a wired phone network.
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that the replicated database design actually applies well to service
mobility and reference environments. The location information, the services
subscri bed, and the reference environnment are specified on a per custoner
basis. Thus, thé replicated database design and the associ ated protocol s
can treat the per custoner information rélated to the subscribed services
and other data itens included in the reference environnent, in the sane way
as the location information. As far asFIG_,sysj em performance of the
replicated database design is concerned, the only difference anong nfrious
data itens wll be their query-to-update ratios (e.g., the ratngGT he
querying rate to the | ocation update fatse_for € UP HSH-OTTE

Nevert hel ess, it S Expe het the Trequently deated'o._, item
wi || probably be Ahe |ocation ihformation for a nobil) custoner; the
query-t o- updat gt TTOS_T QT _OTer Siumaiimng fata temewtt— rghpr §han
that for locafion|data. As a resylt, thd upflat -30- "ofl {he
present invengion vrll 3 0 cuTtonei ecords Y 262 i

| 36] | | \\-______—’/j 36a | |

| 11 |1 nepLrcaren |
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cont ai ni ng subscri bed services, reference environnment and ot her signaling

i nformation. A factor that may degrade the performance of the replicated
design is the query-to-update ratio. If the ratio is high (i.e., the
custonmer information is seldomchanged), J§he overhead in updating the
replicated records will be mninmal. O herw se (e.g., for a nobile
custoner noving fromlocation to | ocation), the update overhead can be
significant. The followi ng strategy will enhance the performance of the
replicated design, in such situations. A nobile, wreless custoner is
roamng in a foreign country. As a cu#fgﬂ;[ @Bves fromone location area to
anot her, the customer location information in the visitor database is
updat ed frequently. The correspondi ng custonmer record in the hone database
i s al so updat ed. Thus, the transm ssion and processing costs for

mai ntai ning the current location information in the hone database wll be
significant, especially if the custoner is |located far away fromthe U S
The situation will beconme &§en worse if the cuf§onmer noves fron159qation to
| ocati on without making or rleceiving calls; i.d., no revenue is rgceived to
cover the cost incurred in RHandling the databasle updates. One way [to reduce
t he overhead for |ocation in —=
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updates i,s to maintain the current location information for certain highly
nobil e customers only in the visitor -31- dat abase. The hone dat abase,
in contrast, contains an identifier p& nting to the visitor database on
which the current location information is,stored. (i.e., the visitor

dat abase had the conplete record of inforéation associated wth this

roam ng custoner, and the hone database has only partial custoner
information.) As a result, the hone database does not need to update the

| ocation information every tinme a custonmers changes its |ocation

over seas. Furt her nore, calls originated fromthe U S., destined
for a custoner traveling overseas firzrlzﬁtri ves the identifier fromthe
honme dat abase and then accesses the cur t ™cation information in the

vi sitor database for call setup and other signaling functions. The
enhancenent approach for keeping conplete custoner data only in the visitor
dat abase not only applies to the location information, but also applies to
ot her data
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itens W t.h frequent updates. In addition, the enhancenment approach should
be-used on a per custoner basis because different custoners have different

nobility and calling patterns. As di sgussed above, the key paraneters

for identifying these custoners for whomthe enhancenent schenme may apply
i ncl ude: -32- 1. The ratio of call4 to the custoner originated
fromthe visited region to all calls destined for that custoner, 2. The

dat abase query-to-update ratio (e.g., an indication of nobility), and 3.
The ratio of cost for updating the hone database (W th update requests sent
- fromthe visited region) and that for renote querying the visitor database
for calls originated fromthe U S. Based on these paraneters of each
traveling custoner, the signaling network can determ ne whet her the
enhancenent approach shoul d be appli eFIQ.t heq cust oner

SITE § ' SITE §
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(i.e., only the visitor database contains the custoner's full record and
t he *hone "dat abase stores only parts of the custoner data, which are |ess
frequently updated). In fact, the approach can be applied to a custoner
dynam cally on a regular basis, i.e. the network can turn on or off the
approach periodically (e.g., every night) fér a traveling custoner,
dependi ng on the custoner's call throughput and update frequency statistics
during the previous period. In accordance with the present invention, the
ext ended signaling network based on replicated database has nmany benefits
and can be viewed as a neans to globalize the tel ephone network w thout
actual ly building transport -33 - vgggfrkgzin foreign countries, which
t he tel ephone conpanies in the United ts "0ften are not all owed or
prefer not to do. Yet, the replicated database .design in efect makes use
of foreign networks to support global nmobility for network customers. The

replicated design costs less to tK[E'rﬁ%ﬁdlﬁEtF'ﬂﬁ'é-%@eﬁEPﬂﬁfﬁﬁ‘ nmet hods such as

t he enpl oynent of satellites

1.0e0- NO. OF SITES = 2

- AHO = 0.9
Ag=1
10
100
FRACTION OF
CALLS 1, 000
MISROUTED
10, 000

1.060 1.0et 1.082 1.0e3 1.0ed 1.0e5 1.0e6
TOTAL CALL THROUGHPUT FOR RECORD A AT ALL SITES (CALLS/HOUR)



for |ocat.ing nobile custonmers throughout the world (i.e., global, term nal
nmobility). More inportantly, the system of the present invention is based
on the current infrastructure of wired and wireless networks, and it
conforns with existing standards of cgllular -networks. Thus, the
replicated design not only reduces the &gerating costs and calls setup
del ay when conpared with other alterative database designs, but also
enables the United States tel ephone network to offer global nobility
services to custoners sooner. The proposed design can also help the U S
network conpete with sone foreign tel ephone conpani es. The network may
choose to all ow access to the visitor Fq{gpas only by (wred and wrel ess)
net wor ks of existing business partners, Mpet tors networks will not be
provided with the signaling information stored and used in the
visitor database. As a result, for calls originated in a foreign country

and destined for a network roam ng CALIS MISAGUTE POH S-SITE ﬂ@HCATIDN

2004 N0 OF SITES = 5
1.090_ RHO = 09

Ag =1
{.0e-1- 10
1.0e-2 100
ks
MISROUTED 1.0e-3- 1,000
10, 000

{.0e~-4-

1.0e-5+

1.0e-6-

1000 1.0t 1.0e2 1.0e3 1.0e4 1.065 1.0¢6
TOTAL CALL THROUGHPUT FOR RECORD A AT ALL SITES (CALLS/HOUR)




net wor ks ,of the conpany in question are equipped to carry the calls. Such
an-arrangenent can al so be used to enhance the U S. network's position in
partnering with service providers overseas. I n anot her busi ness
arrangenent, the tel ephone network may al so choose to furnish, for a fee,
sonme foreign carriers with certain signating information to carry calls
destined for the network custoners traveling in the country. Furthernore,
if the tel ephone network can work with its business partners abroad, the
replicated database design can be inplenented in an alternative way. If an
arrangenment between the tel ephone network and its business partner overseas
can be nmade, instead of installing netwdrk visitor database and STPs in a
foreign country, records of network daguanerz'travellng in the country can
be downl oaded directly fromthe hone database to a database in the .
partner's network. Consequently, as in the original replicated database
design, each traveling customer continues to have two copies of his or her

i nformation for signaling e pISRUTE FOR SOMUNIRORTRARKIGI LOREEr ati ons for the

replicated design remain applicable to this new setting, al t hough
a United St at es teleconnunlcatlons net wor k does not physically own
visitor databases and STPs]i nyf hgt spgard Y. QUERIES SENT T0 SS
| | Rﬂ 10, ooo 50
HO =
5.0e-5-
25%
108
~ 5.0e-6-
FRACTION OF
CALLS
MISROUTED
5.0e-7-
1.0e-7+ |
{.0e2 {03 1.0ed {.0¢5 1.0¢6

TOTAL CALL THROUGHPUT FOR RECORD A AT ALL SITES (CALLS/HOUR)



It is to_be understood that the above description is only one preferred
enbodi nent of the invention. Numerous other arrangenents nay be devised by
one skilled in the art - 35 - without departing fromthe invention.

-36 - REPLACEMENT SHEET CLAI 1. A nmethod for updating a
replicated database in foreign and hone tel econmunicati on network systens
to inprove call setup tinme and systemavailability in a foreign region for
roam ng custoners conprising the steps of updating the custonmer record in a
vi sitor database contained in a foreign region within the signalling system
of a foreign tel ecommunication network, wherein the tel econmunications

network includes a call transport systemw th swtches for forwarding calls
froma |l ocal foreign '
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station through the call transport systemto a destination, transmtting

i nf.dr mat i on concerning the updated database record fromthe visitor

dat abase through the signalling network of a hone tel econmunication system
to a hone database which contains the repljcated version of the visitor
dat abase record in the foreign region, adding a field to the database
record corresponding to a version nunber of the database record so as to
identify the versions of the records referred by queries of calls in
progress, and changi ng the hone database record in the hone

t el ecommuni cations network systemto reflect changes in the visitor

dat abase at the foreign region by using the version number sequence, while
mai ntai ning at all database sites the ol der version of the database record
for query access until after conpleting the processing of all previous
calls querying the version gf the database record, 2_ The nethod according
to claim1 including | aunchi&hg querle&gto t he hone dg;abase.whqg calls are
originated fromwthin theﬁ)ma teﬁecommnlcatlons ndg wor k <3 o -«
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systemtqQ network custonmers in the foreign region. 3. The met hod according
to-claim 1 including |aunching queries to the visitor database when calls .
are originated fromthe foreign region to a custoner. 4. The net hod
according to claim3 including directing the query to the hone database for
accessing the custoner record if the customgp is not roamng in a foreign
region. 5. The nmethod according to claim1 including the step of renoving
records fromthe visitor database when the associ ated network custoners

| eave the foreign region. 6. The nethod according to claim 1 including
comitting the updated record of jthe visity and hone databases by
recording the updated record acggvity Eﬁ axdog in a stable data storage

area after the updated database -38- regord has been processed and
conmmitted at the visitor [an 0 at abgs =71 The net hod
according to claim11 incliudimy sendrmg apknow edgerent<frofn t he hone
dat abase back to o 1 = ! !
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the visitor database when an updated database record has been processed

w thin the hone database. 8. The met hod according to claim1 including
the step of maintaining current |ocation information in the visitor

dat abase for highly nobile custoners traﬁzling in the foreign region and
mai ntai ning an identifier in the hone database directing calls to the

vi sitor database for queries. 9. The met hod according to claim$8
including the step of maintaining the identifier in the hone database
directing the calls to the visitor database for querys on a per custoner
basis. 10. The nethod according to i@, 1 ggﬁ‘uding mai ntaining nultiple
versions of records in the hone and visitor databases so that queries for a
call can access the same version of the associated record in the sane

dat abase for consistent routing and. si ng i nformation. -39- 11. The

met hod according to claiml id&d udi/ngPpARg et ifhg the previous database
record version at all CUSTOMER
RECORD
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dat abase sites after conpleting the processing of all calls querying the
prewvi ous version of the database record. 12. The nethod according to claim
1 including adding a field to the record corresponding to a call counter to
i ndicate the nunber of ongoing calls whose queries have previously accessed
that version of the record. 13. The netl2d according to claim 12 including
incrementing the call counter field by one if a new call references to it,
and decrenmenting the call counter field by one when a call setup is

conpl eted. 14. The nmethod according to claim 13 including deleting the
previ ous obsol ete dat abase record when the call counter is zero. 15. The
nmet hod according to claim1 incl udiFgIGhe 4t of verifying the updated

dat abase record in the visitor site database for data inconsistency. 16.
The met hod according to claim1 wherein the call transport system of the
foreign region includes a wirel ess FAPhEIGetidork and wired phoned network.
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7. A system for updating replicated database in foreign an# TH&thEETHASBEEN;

t el &cofmuni cation network systems to i nprove call setup tije an@E?ﬁ&GEm

l

availability in a foregn region for roanm ng custoners conpri STy a 1orergn
t el ecommuni cation systemsituated in a foreign region and having a call
transport systemand switches for forwarding calls froma tel ecomunication
station throughat NETHOD! ANDASYSTEM FOR UPDATENG QSipiP¢APED BASABASESNY
system operatively connected to the foreign call transport system and
including a visiMbrFOREXENSANDV BEOME TBEECOMMUNT 08 TION NETWOKER S¥ S¥EMS
custoner. records for call routing and other signaling functions, a hone

t el ecommuni cat i oFQR SURRORTING GLOBAL MOBELRITNMgOFYyNETWORK] qUSTOMERSIbase,
said visitor database belng connected to said hone signaling system nmeans
for updati ng aie iAo 2 LIONhe visitor database, nmeans for
transmtting |nfornat|on concernlng t he updat ed dat abase record through the
home signaling network & omekioonndiasyissen ctox aupidad inge pr enspduiscatesdi on
of the database record, and neans responsive to the conpletion of all calls
queryi ng t he GRtARFAR %Bréu&P%ﬁl&Rnﬂn@héomay%Qﬁe@@mm%@n@atlon network

system to improve call setup time and system availability in

a foreign region for roaming customers -is disclosed.
Customer records are updated in a visitbr database contained
in a foreign region within the signaling system of foreign
telecommunications network. Information concerning' the
updated datébase record ié transmitted from the visitor
database through the signaling network of a home country to
a home database which contains the replicated version of the
visitor database record in the foreign region. A field is
added to the database record corresponding to a version
number of the database record so as to identify the record
referenced by queries of calls in progress. The home
database record at the home country.is changed to reflect
changes in the visitor database at the foreign region by
using the version number sequence while maintaining at all
database sites the older version of the database record for
query access until after completing the processing of ali

previous calls querying the database record.

Fig. 10
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dat abase' record for deleting the previousg version of the data a%%P'?%%Ed'\FEdh.“ SHE‘"T

-41- 18. The system according to claim 17 including neans fo _b%gndhlngAR 1996
e

queries to the hone database when calls are originated fromté QT

country to network custonmers in the foreign region. 19. The system _
according to claim 17 including neans for |aunching queries to the visitor
dat abase when calls are originated formthe 4t ei gn region to a network
custoner. 20.. The system according to claim 17 including neans for

mai ntaining curr eny NRGHOBUND P SPEMPORTUPDATING REPIFCAPEDDATABASES Y
mobi l e customers traveling in a foreign reqi

within the home dJEYZQREIGN AND H@ME&@E&QW%@@Fb@%&@mgmmg
queries. 21. The SYyGRYUIFORTING GL.OBALMOBILITY OF NEFWORECUSTOMERS
recordi ng updated record activity at the visitor and honme dat abases after

the updated dat abAbStragt:or d | _ _
' 5 Information concerning an updated database record is transmitted from a

visitor database through the signaling network of a home country to a home database
* which contains the'replicated version of the visitor database record in the foreign

region. A field is added to the database record corresponding to a version number of
the database record so as to identify the record referenced by queries of calls in

10 progress. The home database record is changed to reflect changes in the visitor
database by using the version number sequence while maintaining at all database
sites the older version of the database record for query access until after completing
the processing of all previous calls querying the database record.

Jigure 10



has been processed and committed at the visitor and hone databases
respectively. 22. The systemaccording to claim17 including neans for
sendi ng an acknow edgenent fromthe hone dat abase -42- back to the

vi si t'or database after an updated dat abasgg-ecord has been Lt D

t he hone dat abase. 23. The system according to claim17 iﬁ@*ﬁé&é@ﬁggggg&é?
for naintainijg nmul ti ple versions of custonmer records in the visitor and
honme dat abas@&AZMSt hat queries for a call can access the same version of

the associated record in the sane database for consistent routing and
signaling information. 24. The system according to claim217 wherein each

updat ed record i ncl udes an i]_geI %{'éltﬁ%g%ipgo%ihﬂp%a%qﬁ@efgéggg'grﬂcéggé \{faftsai.k%se

nunber of the record so as$ to € -recor nce guertes of

call's in proghesoreyn THRGS VR AUt 4 fbi At twdrkUdsper BRaNS:d OF
updating the records 7 n the hone database by the version nunber” sequence of
the updated fiapabeeechadOogdsup time and system availability in a foreign
region for roaming customers comprising the steps of
updating the customer record in a visitor
database contained in a foreign region within the signalling
system of a foreign telecommunication network, wherein the
telecommunications network includes a call transport system
with switches for forwarding calls from a local foreign
station through the call transport system to a destination,
transmitting information concerning the
updated database record from the visitor database through
the signalling network of a home telecommunication system.to
a home database which contains the replicated version of the
visitor database record in the foreign region,
adding a field to the database record
corresponding to a version number of the database record so
as to identify the versions of the records referred by
queries of calls in progress, and

changing the home database record in the home

telecommunications network system to reflect changes in the

vigitor database at the foreign region by using the version
number sequence, while maintaining at all database sites the

older version of the database record for query access until

REPLACEMENT SHEET
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26. The system according to claim217 wherein each updated record includes a
call caunter field for indicating the nunber of ongoing calls whose queries
have previously accessed that version of the record. 27. The s

according to claim 26 including neans for-gmncrenenting the c&ﬁﬁiéﬁgNﬁﬁﬁ SHEET
field by one if a -43- new call references to it, and neans for
decrenmenting the call counter field by one when a call setup is conpleted.

28. The systaftg&coFempdetdng aithex7 oneaasfiing madfhs Flor dHtestions t lralls
previ ous database,record when the call couynter is zero. 29. The system
accor di ng to%?ﬂ%??téﬂ}?er"&’??’s"&? cP’gatFIFet ak_PBFE EFSPERvof the foreign

region includes a wireless phone network and a wi red phone network.

2. The method according to c¢laim 1 including
launching queries to the home database when calls are

originated from within the home telecommunications network

system to network customers in the foreign region.

3. The method according to claim 1 including
launching queries to the visitor database when calls are

originated from the foreign region to a customer.

4. The method according to claim 3 including
directing the query to the home database for accessing the
customer record if the customer is not roaming in a foreign

region.

5. The method according to claim 1 including the
step of removing records from the visitor database when the

associated network customers leave the foreign region.

6. The method according to claim 1 including
committing the updated record of the visitor and home
databases by recording the updated record activity in a log

in a stable data storage area after the updated database

e
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