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. FIELD OF THE INVENTION
This invention relates to a method and system for
updating replicated databases in a telecommunications

network system to improve call setup time and system
availability.

BACKGROUND OF THE INVENTION

The Intelligent Network (IN) and associated
Universal Personal Telecommunication (UPT), and Personal
Communication Network .(PCN) gservices are becoming more
important as the amount of mobile communications and other
similar telecommunication services increase. In a proposed
PCN, for example; a wired information network and a wireless
network will be maintained. A PCN would allow a large
number of mobile customers to initiate and receive calls
while moving from one location to another. Customer
positions would be tracked and their location information
maintained in network databases.

' A proposed method to support terminal mobility
requires a home database (or Home Location Register, HLR)
and a visitor database (or Visitor Location Register, VLR).
In a proposed design, the home database is accessed by a

'fixed, wired network while the visitor database is connected
to a switch in the wireless network. The routing and other
signaling functiong of each call initiated from or destined
for mobile cusﬁomers requires a use of the information
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extensive use of signaling databases, i.e., network
databases, for call routing and other signaling functions is
required.

As these services become more popular and the
traffic load associated with these services grow, the number
of queries and updates (corresponding to one customer
record) to the databases will also increase dramatically.
As a result, it will be advantageous to distribute and
replicate customer records in multiple geographical
locations, i.e., sites, of the signaling network for easy
access, achieving a high level of efficiency and system
availability as well as an improved call setup time.

Typically, the drawback of data distribution and
replication is the overhead incurred by the concurrency
control protocols ‘'to maintain the correctness and
consistency of records stored at various sites. To allow
recovery after system failure at different sites, a set of
commitment protocols becomes necessary. These commitment
protocols not only complicate the system design, but also
add more overhead t. the system operations. Thus, there is
a trade off between the performaﬁce gained by data
distribution and replication, and 1loss of efficiency
resulting from overhead.

Some high security computer database systems, such
as used by banks, require stringent protocol, e.g., Primary-
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- 3- such occurrences, secondary databases are locked until
updated so that no withdrawals can occur. This could
dramatically slow down banking time.

In telecommunications, however, inconsistency
between replicated copies of customer records for a brief
period of time can be tolerated because the major
consequence of accessing obsolete information will be a
"call misroute”. The network can allow a small fraction of
calls misrouted as long as the number of misrouted calls is
very small compared to the overall call volume.

SUMMARY OF THE INVENTION

The features- and advantages of the present
invention overcome using concurrency control protocols such
as a Primary-Site Locking and Basic Time-Stamp which would
add overhead to the system and delay the processing of
calls.

In accordance with the present invention, a method
and system for wupdating repliéated databases in a
telecommunications network system to improve call setup time
and system availability is uisclosed, and otherwise known as
a primary writer protocol. The system includes a call
transport system having switches for forwarding calls from
a local station through the call transport system to a
destination. A signaling system is operatively connected to
the call transﬁort system, and includes a primary site
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is incremented if a new call setup references to it and _
decremented when the call setup is completed. The previous
(i.e., obsolete) database record is deleted when the call
counter is zero.

In still another aspect of the present invention,
the updated database record in the primary site database is
also verified for data inéonsistency. If there is data
inconsistency, then the update is discarded and/or the
database record is updated again from its source before
being transmitted to the secondary site database.

If the customer record is updated in the primary
site database successfully, information concerning the
updated database record is transmitted through the signaling
network to the secondary site database containing the
previous replicated version of the record. Updates at the
secondary site database are processed in the sequence of the
version number. The processing of all calls querying both
the primary and 'secondary' site databases are completed
before the previous version of the database record is
deleted. These multiple versions of records are maintained .
in the primary and secondary databases so that queries for

a call can access the same version of the associated reccrd
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Figure 2 is a timing diagram for the primary
writer protocol in accordance with the present invention.

Figure 3 is a timing diagram for a primary-site
locking protocol.

Figure 4 is a timing. diagram for a basic time-
stamp protocol.

Figure 5 is a graph showing a call misroute for a
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 is a graph showing a call misroute for
non-uniform traffic load in accordance with the present
invention.

. Figure 8 is a block diagram showing a centralized
database for global 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
signaling network with replicated databases for global
mobility. '

Figures 11A and 11B are flow charts showing the
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In accordance with the present invention, a

customer record is updated in a primary site database within
the signaling system of a telecommunication network, which
includes a call transport system with switches for
forwarding calls from a local telephone station through the .
call transport system to a destination. The information
concerning the updated database record is transmitted
through the signaling network to at least one secondary site
database which contains the previous replicated version of
the primary site database record. The customer record is
changed at the secondary site to reflect changes in the
database at the primary site. The older versions of the
record are maintained at both primary and secondary site
databases for query access until after completing the
processing of all previous calls querying the versions of
the record at the database site.

The replicated database design in accordance with
the present invention can also be used to 'support global
mobility. It can be applied to Universal Personal
Telecommunications, Personal Communication Services (wired
and wireless) and future global mobility services o.fered by
Intelligent Networks. The design will provide a significant
saving in transmission 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 infrastructure,
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Figures 11 A ansind Idhtdifadd OW BN & lustlmiird sl Resiting a foreign country,
the customer record is also replicated in the visitor
database of the visited region. ' Calls for the roaming
customer originated from the U.S. and the visited region can
be processed by the home and visitor database respectively.
Because of local availability of signaling information in
the visited region, this design can reduce transmission
facilities and operating cost. Call setup time and response
time of other signaiing functions are also lowered.

Figure 1 illustrates an intelligent network, shown
generally at 10, having a transport network, indicated
generally at 12, and signaling network such as the common
SS7 network 14. 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 signaling information for a customer.

For purposes of understanding, a general overall
description of the system basics is set forth, followed by

more detailed specifics.
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to the database are also referred to as queries and updates,
respectively. 'To enable recovery from system failures
(except disk crashes), each site keeps a log (also known as
journal) of all updates made to the local database in a
stable memory 36, 36a which can survive the failures.

In accordance with the present invention used with
telecommunication services, the database 26a consists of a
collection of iﬁdividual records, which are distributed and
replicated at multiple sites, such as the secondary site
database 28a. Queries associated with a call, and updates
for a customer, access a particular record in the database.
Thus, the readset and writeset of a query and an update are
one record. As a result, if queries and updates are
processed atomically, unnecessary data inconsistency can be
avoided.

Furthermore, several queries may be launched to
access the associated record during the call setup time,
which typically lasts several seconds. Although the record
may have been updated in the meantime, it is advantageous
not to immediately remove an obsolete copy of the record so
that subsequent queries of the callé in progress can be
processed in a consistent way according to the previous
record. This eliminates the need for locking records for
query processing without being concerned about data

inconsistency. Additionally, calls will not be mishandled
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record level. With internal consistency, data items in each

record at every site are always consistent. For example,
the routing data in a record must be valid so that calls can
be routed properly. Mutual consistency is preserved, if
copies of a record replicated at different sites become
identical in a finite amount of time after a number of
updates have been posted to the record. The commitment
protocol is designed to enable the system'to recover from
system failures, i.e., those wupdates that have been
committed will 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:

(1) 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.
(2) Records of the database 26a
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- 8- Since the distributed databasgsi S8eEs MI$itCBording 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
queries to the same record,
subsequent queries of a call
are routed to the same site
where the initial query of
the call is processed.

(3) Each site 26, 28 can keep
multiple versions of a record
so that queries for a call
can access the same version
of the associated record for
consistent routing and other
signaling information. An
obsolete version of the
record is deleted after the
process of all calls querying
it has been completed.

(4) For recovery purposes, each
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wites to the database are also referred tqg M eg ggﬂat Srvive
respectively. To enable recovery fromsystemftallures (except di sﬁ :

crashes), each site keeps a | og (al so knowtRS8 jourdebrest al | fagdatessnmade

to the | ocal database in a stable mendry 3GomGaeddhnCahisURYkvEaLEBER .
failures. | n_accor dqaﬂgce W t he@glr esent inyention used wth
2

t el ecommuni cati on servi ¢és,c3He HRE3bAs Comsiet¥ibh 3 GARY%eRF ohlef

i ndi vi dual reeocodd, ishseheated dast it yheithaand gia@ i (@) edsatandubllipbehekt es,
such as the d | te. d a a. eries associated_with.a call,
and updat es ?g%g% %%%%Lr%r? g%‘%gségagggr Fr0m &° S cdts)ﬂf? T e Hat ab2sas
Thus, the rehbsetsemmhdgry esbtesf (§S)@d.y arfosr upuxtt ethee PSnecarecatdo

As a result, c.l{a0uerigs aad r]_g_p@_sc?% ) y ngeessary
data i nconsi g?gﬁgygga{ﬁlﬁﬁe%vgﬁg?ﬁ? .&r}?erp Furt] e&n%%@a%%v%?gg %ggéfes
may be | aunched t8imeéessimplensabataora, r cloid dif i dgkely cahe seaap-iine,

whi ch typi cablirliasl SEeVeddbr&eR0qds. rltRaugh e recoid-yoyi favesbggn
updated in the neaptine, it is advantageous not to i nmedi ately renove_an
obsol et e cop§=¥f ?Ee ?%‘Eor%ﬁ%‘bﬂ‘?ﬁl’ ﬁr‘%s%ﬁu@rﬂ FRSATEERG  tRe E8Rl sCRAL
progress candbetpibaedsadallyoxichnsiisd ade Way according to the previous
record. This elim nat e%o%%e@:e,edaﬁ‘ir LB&ELQ% r ggrdgegcg)xr'd A are first
submitted to and processed by the primary site 26. If the
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
the primary site 26 to all secondary site to update all
replicated copies of the original database record. This
concurrency control 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
to identify the version of a record referenced by queries of
calls in progress, while the call coﬁnter indicates the
number of ongoing calls, that have previously accessed that
version of the record. If the call codnter is zero, and the
record has been updated, the older version of the record is
deleted. At ahy given time, there are probably very few
(e.g., .two) versions of the same record existing at a site
because all setup time lasts only a few seconds and inter-

update time is typically much longer than that.



query prdcessing without being concerned about data inconsistency.
Additionally, calls wll not be m shandl ed

-9- while the custoner's record is updated. This would be nore difficult
if the readset and witeset of queries ark updat es consi sted of many

records and files, as a t f.-.Qfh appl,i cat

Because t he readset anggwr g%%gc%o%gl Z%‘% ng:r?gldrgl ftc;‘e 4) a]asd\ﬁaﬁttﬁeeous
to treat recpregens %¢m¢n¢n¢n" tiheg ﬁnkﬁqwimg|@¢ﬁ@hdomep$PDéYLonRahn is
different sitgs. version of §b@%§dtﬁewﬁ%%d%%k Q%&é@ﬂﬂ‘ﬁﬁﬂﬁﬁfﬁ (ARC i

(or update) is_one record he concurrency control protoc nmust

mai ntai n t heti APErhat Ankr ?r'u’t ual %ﬁaétleﬁwnéﬁrt'hSCr(ééoiﬁﬂ"l‘Pé%@g CW%ICFF

i nt er nal con@fsme(rmoy, Galsamet €RBLI R, ﬂﬁchr{ﬂﬁ@ld.yafeﬁ\éﬂfé’ i tenar &y M YRYS
consi stent. ﬁxanp thelrgutl d@t %#Q a re%I nust_be valid so_that
calls can be E &8 prister Yyt atRutisal SRondtst @hc 1RESRY V¥R TSP R es
of a record repbrdad cekigtihd fagr entsisiet.es Uhedenetesleat i pdat e oo frended
anount of ti f d v n po d er ord
The com‘ntms%‘f3 %{%f%%oﬁﬂg@%gfgllgp ogi%ggl g{ ?ﬁz sys Eél% téxol“t‘%r ‘S\Ich%m
system fai l u?é@to¢°b oft hb@epﬁpéanés inyenthiore dsserbe dutthed descr boedbe
undone.  Aszil kysisaked bel ow, the present invention provides a single

 protocol mhlch per f or ns _
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 _
CcC(n) - CC(n)-1;
If CC(n)=0 and vn_late>n, then R,(n) is
deleted | o |
end '
end

The site is assumed to be capable of making the
determination whether the query is the last one of the call.
If the site does not have this capability, it is assumed
that the site is notified by a separate message upon
completion of a call processing. - In this case, the
following operations are performed when such a message is



t he. eoncurrency control and the comm tnent functions. : The
t el ecommuni cati ons system of the invention has basic operating paraneters:

(D) Al'l sites are connected by a -13 -

si ghal i ng net wor k and _ messages sent from
one site recgﬁved: to another may be lost in the
network. Even If nessages reach their

desti nati on CC(n) - CC{n) sikesnd they may not
necessarily arrive in the ~order in which they
are sent. . Records of_  t he dat abase 26 .

-10 - are di stirf b%%é’a) = Oyapd vn_late zq; BhEBq Rafn} pis
sites. For exanpl e dedgmebrd. (record A) is replicated at

oy creckddSPUEddh i Bricr No e operaribgiBy Ateglnae
requiring CC{(n)-1 can serve as a sanity check since CC(n):0 by
definition.
Details of processing an update for record A at
the PS are as follows:
If the update does not cause data inconsistency (e.g., due
to incomplete routing data supplied by customers), then
begin (*Update committed*)
Create Ry(vn_late+l) and set wvn_late -
- vn_late+l;

Record the committed update, U, :....,in the

log;
If CC(vn_late-1)=0, delete Ra(vn_late-1);
Send an update message,
(Umiaé,vn_late), to all secondary
site's; ,
Start a timeout period for the update Ui, ...

end ' '
else begin (*Update aborted*)

Abort the update and inform the source
end , ' .
Details of processing an update for record A at a

secondary site i are as follows.

For an update message (U.,n), compare n with vn_late at the
site;
If n>vn_late+l then
begin (*Updates arrive out of sequencet*)
Add the out-of-sequence update (U,,n)
to a update list for record A, sorted



access to*record A are sent to those N sites according to

sone call di stribution al gorithm known to those
skilled in the art, such as the generalized round-robin
algorithm or a static schene. To avoi d unnecessary

data inconsistency if a call in the a88tHBing NYpE¥ELS of Multiple

queries to the same record, VN's f bseq¥ent uerjes of a cal

are routed to the same site S OI'%ngg RFITHIFHIY query of

the call is processed. (3) Each site 26, 28 can keep

nultiple versi,ons 9k g LeGQr9,ces1 thers© that queries for a cal
on

can access the sane versi

- of the associated record for

consi stent routingbagdnot her (*Update wiitdndihencorermaiion. An

obsolete version of the process r@,clorq:gecaggleﬁe&)aftea{dﬂhe er
i ed. (4

process of all calls querying i't _has been conpl'et For
recovery purposes, each vn_late - vn_late 1+1;
Record the committed update, U.. :...., in
the log; '
If CC{vn_late-1)=0, delete R,(vn_late-1);
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+l
end
else if n<vn_late then
begin (*Duplicated wupdate which has been

previously processedx)
Send an acknowledgement with the VN n
ahd 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 the 1log; if all
acknowledgements associated with U. have been received from
all secondary sites 28, the timeout is deactivated and a
"completion" message 1s sent to inform the source that all
copies of record A have been updated successfully.
Processing at Timeout Expiration for Record A at the PS is
as follows:

The update U. is resent to those sites from which



-11. : site records the wupdate

act|V|t|eS|nang|n stabl e st orage, which
can survive o ' t he system failures
considered in this invention. Fb® each record A one site with a

copy of the record is selecte t rimary site and all .other
sites having 'ﬁ"%cﬁﬁﬁ‘?ﬁlﬁ ‘(ﬁj]g‘ t%aﬂg'a?’ét?ehé?’?eﬁg ;’3§nt RECEE¥SRdar y
sites (SS)28. (Note that the PS can al so serve as the PS for many ot her

records stored at this gétﬁote%r géﬁg)%gt Og@% r@‘iﬁégngbfemz%déd IAkgl the

case.) Queries for record are rou r1nary or any 0
Secondary Sitfds<t8 prooedsad thy t hbec itimkisy r shoesor2@l gorift hani m:@g@e

However, all déQfl%tse%nEPrdaﬁ:‘faCQB@oﬁségﬁeBb stléubmtsé 18 S DT QARHRRA)DY

the primary site 26. processi n an update 1s conpleted WlthOUt

causi ng datahyhé&?slpﬁléﬁ'é?’ sifke Gﬁdapghﬁp’éﬁﬁm thed urdatre 1§ iGPEME t

gge? t|hfa 'nfTQ{%mfatQﬂofzéh?Tdﬁgzﬁf pblélsuﬁdatlwet&z%em d190 phespriarr )t:h‘él te
o all secondary site to update a e ate pi es o e ori a

dat abase recdftFeTr &F“hlcé’n@&ﬁGG?’Fé(n chFlﬁ'r g?p ﬁ&agﬁancf’ﬁ?éﬁ? &‘%ﬁ?&ﬂ‘% rsl‘

referred to as the Primary Witer. Protocol (PWP). To ensure the

correct operations of the proto t |eI t C 1

a version nunber (VN) ahd Z)fg cgjﬁ E%nFer c?%?} ?q'ﬁ rlsl%oaﬁzae%nég q"rl% )

used to i dentgrfipnartye sidresi2én aokd allesecdndekyr ented B9 qnerl@%nbic‘%]alarsil n

progress, Vw"ﬂﬁ%éﬁﬁ%fﬁylcdﬂ%f@ﬂ@hthn@h%abgﬁtEESI of the present invention

maintains the internal consistency for all replicated copies
of record A.

For example, consider a set of |updates
(U.;n=1,2,3,---} committed at the PS where U, maps R,(n-1) to
R.(n). The mapping is denoted by Ra(n)=U,(Ra(n-1)). Because
R.(0) is consistent and the U,'s are committed by the PS only
if they cause no inconsistency, the Ra(n) =U,(U..
(- -U.(Ra(0)) ---)) for all n=1,2,3,... is always internally

consistent at the primary site 26. By use of the VN's, the
protocol forces the U,'s to be posted at each secondary site
28 in the same séquence in which they are committed by the
primary site 26. Therefore, the internal consistency at the
primary site 26 implies internal cbnsistency for record A at
all secondary sites 28. _

The mechanism by which the protocol of the present
invention maintains record consistency is similar to that
for an exclusive-writer protocol proposed in W.W. Chu and J.
Hellerstein, "The Exclusive-Writer Approach To Updating
Replicated Fiie in Distributed Processing Systems," IEEE
Transactions on Computers, Volume C—34, No. 6, June 1985,
pp. 489-500, although the latter protocol does not consider
the delayed procéssing of out-of-order update messages, the



nunber of:ongoing calls, that have previously accessed that version of the
record. If the call counter is zero, and the record has been updated, the
ol der version of the record is deleted. any given tinme, there are
probably very few (e.g., tw) versions of tThe sane record existing at a

.S'stteyg.eﬁiffﬁf% A P dedifed D 8508 s LAY SISl (L5 I 8e ) TP

- Pdﬁommﬂmfowomn%@%%%@iﬂgﬂ he Igetsdiduwl bfbe hropedsehac,

i nvention, tBeckolanoWige vt | Uim APy - bﬂ@lﬁé]ﬁf‘imé? tQ?tééeﬁé' OR Of5n

record A mnth the vgr5|on nuggg éVNé bei ng n % .., and ca

counter, COC(fl%g¥FoPPnGoMmatEedoRt RE ?r???ﬁn a?&sﬁhﬁe§h%? R[EPPF(C}he*e

initially exiist sid meldie fytstbaband hesllbaek. vl ate be the VN of the | atest

version of record A EXHE}IH @&fg Si t Syé{errLS notes an update to.record
n)

A, which successful |y creates RS \RIFTER- prBY 6851 OBf
t he present RAgenprowides bettaitbensiesencped af hol hddscibhalhepdaeeg for

record Ais %?%V L{at§?€3 6ﬁtﬁeC§§Etekh%Qter a BEMHEer of  updages £

Access Rer Access versi on
of record AecgEkd the ave been Sentsmté’*)the primary SltF%c@er t BélVN,

vn late, fofbbBeicdltled 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. '

IT. If the copies of R,{0) replicated at the
primary site and all secondary sites are identical, the
protocol of the 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
processing'simultaneously. Thus,  queries may access the
obsolete information at some secondary sites while updates
are pending for processing, thus causing call misroutes. As
discussed before, if the probability of such occurrence is
satisfactorily small, exclusive access to the records during
updates is not néeded. Without exclusive access, the system



CC(vnlate)*- CC(vnlate)+1 end el se begin Access RA (n)

t hat has been accessed by previ ous queries of the call

If the query is the |ast one of the call, then begi n

co(ny - CC(n)-1; | f CC(n)—G%md vnl ate>n, then Rlerr](n) is
del et ed d e The site is assunmed to be capabl e of
maki ng t he deﬁ@ h %%ﬁ}Qﬁﬁﬂqﬁﬁ the query is the last one of the call. If

the site does not havetﬂun;hﬁﬂmnrdatyphdt systassu®d tibes t hetsi requsre

notified by acseR ‘i&h MERSA0L,4IP0Bx EATRLEL O@amo & { ﬂEP&xﬁSS&Bgld
In this case, e follomnn 0 eratlon are perforne en such_a nessage
i s otherwise be neede for .qancyrrang¥deontrol protocolscepah -

CIXn).-l, andas locking to provide the exclusive  access. Because a
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 other
applications as long as they can tolerate the record
inconsistency, and the probability 6f referencing obsolete
data is kept at an acceptable level.

The system of the present invention also has
recovery ability, such as for the following'situations.

a. Loss of Messages and Link Failures: A loss
of update and acknowledgement méssages will
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 fails
before an update is committed in the log,
the wupdate is simply lost. The source
discovers that if it does not receive a
completion message from the primary site
after a certain time period. 1In case the
primary site fails after a committed update
has been written in the log, the primary
site can resume its operations after the
ﬁaiiure as if the update was just written in
the log.



if GC{n) =0 and vn_late >n, then Rerr](n) is del et ed.
Checking if -€C(n) <O prior to the operation of CC(n) - CC(n)-1 can serve as
a sanity check since CC(n)[err]0 by definition. Det ai | s of
processing an update for record A at the-RS are as follows: |f the update
does not -cause data inconsistency (e.g., due to inconplete routing data
suppl i ed by custoners), thenAs 2 peRfFwlt, theypypdateonts tsegt) to all

Create Rerr](vn_late+l) aBédcos@arywRik®e€ again. For those SEtdiifH ;
Record the conmitted update, | f

Ulerr] .i.n.the |og;
CC(vn_l ate-1)=0, delete R[erff'{:(aﬁ"n]ﬂkﬁtceh r11')‘?,“"‘3 already postedgfjie updafe

updat e- nmessage, successfullyerr ] vtheyat @implyt 0 dakktardecaniary
site's; : Start this peri r. the ate rr] end
el se begin (*Updat e abor?gg’g)lr&%d Aboriigfi%geupdat%‘?gnd [ #F‘%Fim t hé?

sour ce end _ Deggknowdedgepesssi packin topdehe boimagyorsie at a
secondary site i are as follggsg seE%hd%'}XJ%q%tee f?lﬁ.%‘%g%l{&[ggfirdar}msite
1 then egin

conpare n with vnlate at the site; |If n>vn |ate+l .
(*Updates arrive out of sequER€&nfs the update, ifjprne ’éetl%‘*—sfe%]h‘eﬁée

update (U err],n) site when the timeout associated with the
update expires.
After resending the update to a secondary
site for a number of times, the primafy site
may declare the secondary site no longer
accessible. In this case, other recovery .
procedures 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 PS
to resend all those updates completed during
the failure.

The system and method of the present invention is
compared with two commonly'uéed protocols: the Primary-Site
Locking (PSL) (Figure 3) and the Basic Time-Stamp (BTS)
protocols (Figure 4). In addition, several numerical
examples aré presented to portray the typical performance
characteristics of the system of the present invention
(Figures 5-7).

_ A fraction of calls may be misrouted by the method
of the present invention because of accessing obsolete
information at some secondary site databases, while updates
are pending. The fraction of calls misrouted is a key
performance measure for determining whether or not the
method of the present invention is applicable to a



to a Update list for record A sorted -14

- I n the ascendi ng order of VN s for future
processi ng end else if n=vn_late+l then begi n (*Update with
t he correct VN¥) Process Uerr], create Rerr](n), and
set i % 1Lat L late 1+1; - Record the
comm tted upda ?artbF ? Qpbﬁ et the | og; | f

CC(vn_| ate-1) =0 delete RFeﬂPFG@nbﬁﬁ?eea)a record is first Smdated at its
.?ﬁknOMAedge”Enﬁr“thgtmﬁé@Junder the meth%@lateAaW$ﬂAE%éﬁi§ peRben i %ﬁ
e

Eeat this grocedure to rocess t
first update |ﬂthBe pdfie Ehg; gesord @ secon §€%0§&§Q|QS|F§ew$1me

equal s vnl at etinterval froendhel gempletivh loft &d @late to the hefgHdrd at

(*Dupl i cated C . revi ousl|
processed*) HREF il Q’St;e@nzlf atnﬁa& oW & SRS ERe prlﬁggvkﬁ npos‘té/d at
and site nunbeth¢ secchdapg site (Figure 2). As the most updated record

has been available at the primary site at the start of the
vulnerable period, gqueries accessing the record at the
secondary site during the vulnerable period reference
obsolete data, thus causing call misroutes. Certainly, such
mieroutes will not occur, should there be no record
replication. Figure 2 presents a timing diagram for the
method of the invention. For example, the vulnerable period
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 is completed) at the
secondary site. These factors in tufn depend on the
characteristics ef the signaling network, the design of each
database, the traffic load, the ratio of query and update
rates, and the service scheduling discipline for query and
update processing. .

Based on a performance study with typical
parameters in today's telecommunication networks, results in
Figures 5-7 show that the fraction of calls misrouted under
the method of this invention is satisfactorily small (e.g.,
less than 107%) for a wide range of expected custom.:r
behavior (in term of call throughput and ratio of record
read-write frequencies R;) in the Personal Communication
Networks (PCN), wireless networks, Universal Personal
Telecommunication (UPT) services and other advanced services
to be offered by the Intelligent Networks (IN).



end -’ . Detail s of acknow edgenent processing for Record A at the PS

are as foll ows. I f the acknow edgenent has been recei ved before,
it is discarded; otherw se, the acknow ed nt for update Uerr] from
siteg i is recorded in the log; if "all acknow edgenents associ ated

with Uerr] have been reeir#edmbiaM ahbnSERONHA Nodi dES iNGadd [BQUI 1S

deactivated and a "caonpl.etion” nmessage 1s sent to intormthe source tha

al | copies of PEPGEEIA WL PP UPORFRETENEY cSONGKPY. PRIt eesdisnFugh as

Ti meout Expirahéoprimarﬁ@sﬂtﬁ Po@kiﬁéma$&5dﬁéiﬁhﬁ?3|d¥ﬂ%3stamp protod8€s,
update U err] i ent se sites fromwhic o )

-15 - the asg% nggdga%éﬁo%ﬁgga%n%m?% ?ﬁﬁﬁ?:ﬁh@ BE&tode i FBds invention
As noted bef oRr¥Pid$| expenstve fnessagorekdhanged iretujrat dsgethdyethet ing

primary sitesp2Brocolls %&@a&&%%€5328¥sda§.@ LGRS L& Y.

CY.,. .4 | be
rejected (aborted) by the primary si %kX%J?%rab‘e

n
. of hérwi'se,” the up
conmi tted. TheepiBtScofhye Frdusisg khe maddl iniergukedr eserves t he

internal consistency foRe#HdrrieR) ikdledoCRiRYY 1£604AdA11B, 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 inconsistency 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 update 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
sends an acknowledgement to the primary site as the update
has been successfully processed in block 124. The process

continues with the next update in block 126.

The protocol of the present invention is also
adapted for use with a replicated database design for
supporting global mobility with wired and wireless networks,



. -1f tHe copies of RACO replicated at the primary site 26 and all
secondary sites 28 are identical and internally consi stent, the protocol of
the present invention maintains the inter consi st ency for all replicated
copi'es of record A For examr)l% consi der a set of

dat U «C dgd at the PS where U err] maps
lIil[oe(rﬁir]e?n{ 1; e'[oL:RF EO%F%natl}Ph cHﬁgﬁlpl ﬁ':g Is denoted by R err](n)=U err]

(Rlerr](n-1)). Because™ eﬁurypfén) Fbecm‘sn@mt Rersohelln'andar eexmimal t ed

by the PS onl f e Q@”%
R%/err](n) U[e)r’h?lbllng(S}J: Xhe 0 (R[err 0)) Emaf@c;r al% e Jratntain g
al ways inter néf‘%jy 55&@%’1%1‘1’&15510"9?@ "prIcRErlE t'—'é’l mqg:yl%efqﬁ 'gignahing

the protocol porpeseshe Whis tiafenpasicd iaiclRams aﬁféﬁlds?gsé/cﬁi&i 28n i ¢nd he

same sequence ilch they are co tted by the Slt

Ther ef or e, thge?ﬁ%nﬁal c S E rmt?at t1re p matr‘81 E&ﬂges i ntR% nal
consi stency foharectediftdicsal ofsethedatgrsinad 28n use, theTi'@emi:df@@I sm
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t he functions such as call setup and routing.

The current approach to supporting the terminal
mobility requires a home database (or Home Location
Registers, HLR) and a visitor database (or Visitor Location
Registers, VLR). This HLR-VLR architecture actually has
been established as an industry standard in the Global
System for Mobile Telecommunications (GSM) for Europe and
the IS-41 recommendations for North America. The home
database can be accessed by the fixed, wired or wireless
network, whereas the visitor ‘database is connected to a
switch (referred to as the mobile switching center, MSC) in
the wireless network. The routing and other signaling
functions of each call initiated from or destined for a
mobile customer requires the use of the location information
stored in the databases. The protocol and the associated
architecture for supporting the terminal mobility are well
defined, and understood by those skilled in the art.

The notion of personal and service mobility is
relatively new. As a result, the protocols and the
architecture for the personal and service mobility are: yet
to be standardized. The present invention is concerned with
a signaling~nétwork architecture based on replicated
‘database for providing personal and service mobility to

customers traveling throughout the world.
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failure récovery aspects and the characteristics of tel econmmunication
applications. It should be noted that, once an update is conmtted by the
primary site 26, it can al ways be comitted at the secondary sites 28.
Thus, there is no need for dat abase rol | baék.” The met hod and
system of the present ipvention al owges myt ual consi stency. |If no

addi ti onal updates are éﬂbnﬁqﬁeéoﬁ BERFAPEAPNA nttiBerd ISRt
for record A m@bmmmwaaﬁm mesmms atrteee&&mlaﬂéd ramlldratnﬁdgr&ome_es
of record A a é E 8It§ b lYegtual ¥ beco i de finlte tinme
period, provided that F sﬂ?g aré ope %??%ﬁ% perha s ta‘?te'i’ S HHMHSe
for afinite gh@nacterlstmss of globalImobllityheanopxesmméd{sygﬂaxiﬁg
replicated athd hgopki BYsedi bR %Pléaéé’&()aggmsaébgesc@r guFéSQE' @Tobélhe

protocol of the present invention malntalns _mutual consrstenc or all
replicated cOpPRSLBEY rstdxrpesed. The applégppédétvhaf theasrschitgeryge

n=1,2,..., M havenbeparsennit had Bkérﬁr'i%epfnbmﬂit? Ta%@&fﬁ&%én&ﬁé@%}w es
wi | be subn1tted e of VN s g g ysten1an ngtho of, the
present .nventi?oﬁhﬁorlaéﬁlﬁ%lé&pdaf%e BFEF, £o1; otedam;f&{ eWORLLAFY décotRfary
sites in the SeptlenceThe whischmt berfamm&&mahued:o&tt ideh ildd i Srid Efor
Since R err] %(% LS |degt ca I.tes Rerr](M, which

equals Uerr ? arcPlEechgFrffﬁ[ggﬁfkgkfcusﬁﬂd at all sites are

i dentical after updatesThe 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 mobility and reference
environments, such as Universal Personal Telecommunications -
(UPT) services. 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 of 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 customers traveling
abroad is shown in Figure 8. The customer location
information is stored in a centralized database 200
physically located in the U.S. In order to make this design
feasible, it requires:

1. Customers traveling abroad have to register
from the visited country so that the network
is informed of their current locations
(e.g., in terms of POTS numbers in wired
networks, or mobile station roaming numbers
in wireless netwérks). This location
information for all customers subscribing to
the UPT services -is stored in ‘the
centralized database, which can be supported
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i nvention can al so §@f9§éaceg-thBrimpphbmamumms as long as they

2.

Every time a customer changes location, the
location data (e.g., a POTS number in a
wired network, or a pointer in the HLR
pointing to the VLR 212 serving thellocation
area, a group of cells, where the user is
located in a wireless network 216) for the
customer in the database is updated. Such
database updates can be initiated: a)
explicitly by customers connected to a wired
network, as similar to the current 500
services, or b) automatically by the
wireless network at which the customers are
located.

When a call is destined for a UPT éustomer
located either in the U.S. or abroad, the
signaling network queries 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

0 description that follows, elements common to those described

in Figure 8 are given the same reference numerals. 1In this



data s ke€pt at an acceptable |evel. The system of the present

I nvention also has recovery ability, such as for the follow ng situations.
a. Loss of Messages and Link Fail ures: Azhoss of update and
acknowl edgenent nessages wil | cause the tineout to expire on

the primary distributed Sid&atM@D t S fiappens, ué@oﬁ%snrrar Od-"%/ﬁethatrﬁe

resends the update nessage to the sites oci'a .
| ost nessages.Partitioned ang tstqmgd ufeut notf newlivatedl att difffierent

bef ore an updqﬁﬁysﬁcﬁbnﬂlééﬁﬂiéﬂslhethQh can be nte&??etggqa%% e
simply |ost. The discovers_th oes no

receive a custond?s! g’?ﬁﬂ'%t 'GT AT e 230%m t hECHr ity siqason, th_e
after a certaldu.stlmw:ad ditabhsecdesigheis also referreBl kBRRY iHee hf&rlé S

ofter 8 com UM Roren,  pecyaity " SpeeR bl ted 0L L0,

primary ~- site-can resufe fts
failure as if Gafe Rpdatewedsapust speicitadn dase of the distrtibatkdgdesign
- 18- where a3 @a&%SEEtplBB@dquaéesiﬁgfgnioé&%fgﬁ On the other

hand the distributed databases offer potential advantages
. over the centralized design such as improved availability,
reliability, and the flexibility of load balancing.

This distributed database design can be used
extensively for many services, e.g., Advanced 800 and
Software Defined Network (SDN) services, where customer data
for the same service is distributed and stored at multiple
NCP databases. Although each customer's record is stored at
a primary and a secondary NCP for reliability reasons, only
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 of
distributed databases is to overcome the limitation of the
processing power and memory constraint of each NCP. A
single or at most a few databases (i.e., NCPs) are needed at
the initial deployment of a new service. As the service
demand grows, additional databases fare necessary, thus
making the centralized database design evolve into the
distributed design. The assumptions and operations for call
setup, routing and other functions for the distributed
database design are identical to those for the centralized
database design, as discussed above. For a given customer,
the signaling networks or switches have the computational
logic to determine which database among many contains the
signaling data for the customer. |



secondary sites again. For those secondary sites which have

al ready posted the update - - successfully, they sinply
discard the - duplicated _Bgdqte and send an
acknow edgenent back to the primary site.” If a secondary
site fails, the prinmaryggkig c
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secondary S|te no | an sible. In_thi-s case, other

e
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A fraction ofSHRRIEHY b% ouPeBiby ¥ he 1Ret Sor eserFt &t i on
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whi | e updat esdatabase 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 the
replicated database of the present invention for use in
global mobility. Like reference numerals are used for
elements common to other units of Figures 8 and 9.

1. Depending on the anticipated traffic load and
other ' engineering considerations, the world
(besides the U.S.) is divided into several
regions, each of which covers a number of foreign
countries, such as the illustrated Region A 246
and Region B 248. '

2. A pair of vi.éitor databases 250 are
 installed physically in each region, and
connected to the signaling network in the
U.S., for example, via two additional STPs

252 physically located in that region. The
number of STPs installed in a region and the
number of signaling links connecting the
STPs to the U.S. signaling network can be
a&justed and determined according to the



are-pendi hg. The fraction of calls msrouted is a key. performance neasure
for determ ning whether or not the nethod of the present invention is
applicable to a ) ) -19 - particular
application. As noted before, d%%cord is first updated at its
primary site under the netho vulnerabl e period is defined for. the
record at a secondary site agﬁaﬁéﬁ’m ﬁjrﬁrgérc\’fféﬁ%rﬁ%'mth@ orrp?%]fjr%kﬁl%%"%n
update to the record at the peawargmantg.until the tinme when the update is
posted at the secondaryssi te rhFih ex2hishsakhenmsioapdat g8 rLcoyd: has.

been avail able at the prinar%,sLte at The_start of the vul nerabl e period,
queries accessing the recordVafitHESsetonfRF§iant Rt Ty t e Verrsdabbd

period reference obsol ete dallacadivn caugidg eghern srouhesd Cesighsl yrg
such misroutes will not occur, ul.d there no record replication.

ho £ bg 3
Figure 2 presents a_ timng dﬁggﬁﬁﬂﬁcﬁOQh Cheth§d BHSHIRET nhE8nSeEn. UP FoR
exanpl e, the vul nerabl e peri atief ovispdare datadagde25ecofstar ¥ hei t fedibs.

fromtinme Ato B. I §= VU erwif riod nainly, .
depends on two factors: 1) t;@gﬁeﬁ%&% rk1n eqrgi/atlt&rfg%rvf]e b#%%%ﬁpd%ﬁ‘%%@%gﬁge
sent fromthe primary site t&oct hpdsgeohber asspcbatanony damabpsat230 in
response tinme (i.e., tinme fremtpegarrpyal pfsafe UPdALL fggﬁinétéustomer
processing is conpleted) at the _ _
has two replicated copies of signaling data:
one in the home database in the U.S. and the
other in the wvisitor database physically
located at or close to the visited country.
The record in the visitor database will be

removed when the 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 destined for the
roaming customers, queries can be launched to the visitcr
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
messages 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 originate from the visited



secontary *site. These factors in turn depend on the characteristics of
the signaling network, the design of each database, the traffic |oad, the
rati o of query and update rates, and the_§§yyjce schedul i ng discipline for
guery and updat e processing. Based on a performance study with

typi cal parameters int ' C | cat net.wor k esul I n
Fi gures 5-7 show t hat t%gﬁ%rtz'ﬁé{ ;%orﬁ g@gg{lf swr%q's% rh 03‘{1\(,3@' u%]d%é ?’%et&rrlgt hod of
this invention is satisfatt spneybyainess ccystonens. t Fartigiumeyy, fag then de
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of record read-wite frg uenC|e%sREE%r] i.n the Personal” Communi cation _
Net wor ks (PCN), wir el esSEREEREPKs, TOS &Cégiltﬁer%QﬁPawarb@ééﬂnﬁﬁﬁ%@w

(UPT) services and ot heasafewsgetragsnisebon of f1ei i i d(dyg t hesidhigl ingent
Net works (I N).
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Furthernore, when the nethSE ofithi &8 RESASDFI SURRREL 'Sy §alDamRgunt
concurrency control probbcokdlstichfddct.he primary-site |ocking and the
basic time stanp protocols, Figures 3 and 4 show that since the nethod of
this invention avoi ds extensive nessage exchanges required by the existing
prot ocol s anong dat abasé-sit E8hancedededey ther fanmaaremhl e peri ods, thus

rliguci ng the call misroghes. setup timeRehBH | AdsPOMsd O il egotl Aot
, ere is _ :
signaling functions can be reduced.

3. Compatibility with  Existing Wireless

standards _ .
The replicated database design is compatible 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 protocols
for wireless networks remain applicable. Upon
recei%ing 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
only to wired services but also to wireless
services.

In accordance with the present invention
consistency must be maintained between the replicated copies
of customer data stored in the home and visitor databases.
The system and method of the present invention using the
Primary Writer Protocol (PWP) can be épplied to the home and



illustrated a high I evel flow chart depicting the nmethod of the present
invention using the primary writer protocol of the present invention.

As shown in block 100, the custoner recorgdgat the primary site is first
updat ed. The update is then checked for any data inconsistency in block

102. I thenrgditcn dAEHSsSS eF6Y. glEBaUPHabe1REPIr afhis phemArpaired ikl
bl ock 104. If thereﬁgwpgo ata i nconsi stenc the update i s then processed

in bl ock 106 BRRFSF eFBRORTEFE e VRIS %?e%?%ﬂnFﬁgﬁPBEkbfGSus?he
update is coraé]tetcam&\mmnidfmti@g applhliecak ibhd dJddre toferaeéi anb@.batsltegclyo

the update i d r t ages at _secondar It s I.n _blo
112. The sec%ﬁ %%én dgfgd §9§%$§g§§ﬁegv8§8F npﬁﬁéﬁér t&ﬂ&Ck %f4.
Secondary si tr@tteldeﬁtb@(\f@at @:heamnew vensequentet bt aece;ssiirilg] dﬁsnﬂlethl@.at”éhe
update is corg tf F‘c@l'ln mie e at gh@te é%@BQﬂQg?éeSéﬁ&l l'&elngr Irﬂca

call counter of the |ast version e record I's zer
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call counter die zm&@r@htréo dpréﬂi'@bﬁﬁﬁ@?dﬁrﬁﬁe% t ens e sthrackhouhedegmyt to
the primary sit i:ré etgnate has been successfull rocessed in block
124. The procsé‘?g' orftTuds S (SRR SEXCUTHRRY | PDECT 28R WReHLSSH ed
Dat abase Desirgit wark <3 axbdl I]M)blThéypresent 1nv€helphomeeler<vfest h;etm etshent

i nvention is ,also a pLe for a replicated da abase de
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system to recover from certain types of failures. The main
advantage of the Primary Writer Protocol 1is 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
and the home database is designated as the Primary Site and
Secondary Site, respectively for updating purposes. As
noted above, this arrangement is appropriate because
location updates and other changes of signaling information
are most likely generated from customers, who are roaming in
the foreign countries.

Although the above discussion focuses on the
location information for UPT customers, it should be noted
that the replicated database design actually applies well to
service mobility and reference environments. The location
information, the services subscribed, and the reference
environment are specified on a per customer basis. Thus,
the replicated database design and the associated protocols
can treat the per customer information related to the
subscribed services and other data items included in the

reference environment, in the same way as the location



-21.+ or:a conbination thereof. To support the service,
personal, and termnal nobility, the comuni cati on network has to store,
mai ntain and retrieve customers’ mobility,information for signaling
purposes. This information includes that Specified in the reference

envi ronment . . _cust oger e.q., h a E S f 4dhe
termnal in &sng?’i“}%%ls%‘?w ceggsuft?srf:r?geq%h% h%yfég%gnt %%%%%%&zﬁg tcﬁ:'g Egﬁ
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devel op an effififeniadabalasgaes Chideid Uwe130 BdateHele nghelkit ¥odapaagan be
readily avail abl e for S|gnablng functions such as call setup,an ro%ting.
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destined for a nobile custoner reqU|re$hhhe use of . the |ocation infornation
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supporting thedwiifiita sebstripedr @et®iilces, reference environment and

other signaling informatiocn.

' 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 customer information is seldom
changed), the overhead 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 situatioms.

A mobile, wireless customer is roaming in a
foreign country. As a customer moves from 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, espeqially 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



defimed, and understood 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 p_earosqnal and service nobility are
yet-to be standardized. The present invention is concerned with a
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its conpatibility to the Indu Ial ar
forth. The sparehRpernstpuste iaformestiogonsi derations for the proposed

architecture are also dagcyss&thule, the hofﬁ@edﬁl‘.ﬁb‘ig’ba%e@ew r?%eci he,
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such as Uni Ver?fl 11'1-:)aet'[esc9n?ror;|1-et|:1$ecot?rrsum Cdaetslt%.r}led 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 signaling
functions.

The enhancement 'approach for keeping complete
customer data only in the visitor database not only applies
to the location information, but also applies to other data
items with frequent updates. 1In addition, the enhancement
approach should be used on a per customer basis because
different 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:

1. The ratio of calls to the customer
originated from the visited region to all
calls destined for that customer,

2. The database query-to-update ratio (e.g., an
indication oflmobility), and

3. The ratio of cost for updating the home

| database (with update requests sent from the

" visited region) and that for remote querying
the visitor database for calls originated
from the U.S.



(UPT)* serwi ces. In order for the INto support the services, it has to
rely on the extensive use of databases for call routing and other signaling
functions. Each of the originating and recgiving ends of a UPT call can be
a witeless or wired termnal. Kn”ex'arrpl e of an existing database

architectural design to.su rt._th PT servi for custo s travelin
abroad is shown in ﬁaﬁﬁgg 8. %?E < c8§F8ﬁ§§3rFoc3 io%QE%foﬁﬂ%Y? h¥s
stored in a cemstamezrod W abigra LG phgsworkl ganodetedriine wheatiger | the
order to make R AeRign § ?§bQ|:ﬁ1 ol FUMeLSapplied to the USLOORES
travel i ng abroad have to regrster . - ?ronythe-V|S|ted country
so that the nédwSrk ©only the visigor jdatrbase oFonkaipsciieruseener bas

(e.g., in terfglaf ;ROETAWHEChd hoMd @thtabase stores ofByWikés 8F eRbile
station roan1ngsgunber rel es net.wor

. in ). hi s
| ocati on . customer aaFﬁfoVﬁﬁf?oﬁr?o}e%ﬁIg%ﬁﬁﬁ yéu§95§8é3bin§ntgaCt'
the UPT  sethecapproach staor db appliddieco a customer dymamicallgedn a

arabase, W SRId- RPN Mibi Wi PEFBRIn IR CPUTIg QhoPT OFF tne®

transfer poi nepp2@4acn pewiddiSahkey wbekg., every night) foxroamumnaveléngith

signal transfepReayS f¥bending on the customer's call throughput and
update frequency statistics during the previous period.

In accordance with the present invention, the
extended signaling network based on replicated database has
many benefits and can be viewed as a means to globalize the
telephone network without actually "building transport
networks in foreign countries, which the telephone companieé
in the United States often are not allowed or prefer not to
do. Yet, the replicated database design in effect makes use
of foreign networks to support global mobility for network
customers. _ _

The replicated design costs less to implement than
other system methods such as the employment of satellites
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 with
existing standards of cellular networks. Thus, the
replicated design not only reduces the operating costs and
calls setup delay when compared with other alterative
database designs, but. also enables the United States
telephone 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 only by



is cointry 1, and any other country in 210. Country 1

ipcludes a VLR 212 connected to a MSC 214 in the
W reless network 216. jg%nury 1 also includes a wired
net work 218. Country.-n so includes simlar elenents

referenced by (REE@E aﬁaamealesm networks of e&ist gaf@r xsuts'lﬁasé 5&%&3&?&

changes | ocati on, : | ocati on dat/a .
nurmber in a Competltors' netWarksy ekidor KOs k%ﬁp(ﬁlfﬂ‘é:\‘d?% t‘ﬁéth-ILRthe
pointing to thegWaR izt derfdrm@titn | eealied and used in the aveditér

group Ef ce;I?,Fgggr% the user is | ocated in a wrel ess
network 216 ’ customer in the database is
usdated. Such As a resudat alfase calpdat esigtaatetle in it fatredgn

a 5?% | y stongr, nected d o

net wor k, as i II¥C) éagﬁéé%%? Eég OB (hé c&gy%%gg Og%y b)

aut omat i cal | ynewoxthsie of the company in quessiess anst wIkipmRedhtehcahey

CUStoners ar€the calls. Such an &f%ﬁﬁé%hent can also be used ¥HeBngafak!
is destined for a UPT cust oner | ocat ed e?ther |ﬁ ? he

U S. or abroa@hethg.S. network's positdioghalinPafiiRrinqueritds gRevice
centralized prov1ders overseadlat abﬁsanaeae&orbdéimésmaérmhgaﬁ@ﬁﬂat tas

The sf gnal i ng RIRRITISFRGAarE | PRBUAAF o RRgsto furnish, tof el 228,
some foreign carriers with certain signaling information to
carry calls destined for the network customers traveling in
the country. Furthermore, if the 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 parther 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 tﬁe 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 to
this new setting, although a United States
telecommunications network does not physically own visitor

. databases and STPs in that country.

It is to be understood that the above description
is ohly one preferred embodiment of the invention. Numerous
other arrangements may be devised by one skilled in the art
without departing from the | scope of the

invention.



for.mobilrty managenent is shown in Figure 9. In the 30 desc
foll ows, elenents commpn to those descri bed in Figu
same reference nunerals. In this
distributed database design, custorer Tecords
stored (but gg&thglicated) at different physical |odb W
I nterpreted ‘custoners' hone locations 230. For this reason,
éhe di stributed dat abase dedi gretitodalfsr rgfdationg ta 2eplieatededatabaace
esi gn. Actuall y, raki égﬁﬁ ' | d a
speci al caseagfgtﬁéthggﬁ%bﬁ%gﬁ e2€§n_ .gfgﬁgkgﬂﬁg$gng %Fgggdtgﬁeaagfngle
| ocation. OnsvE&ed Ry idakdlite RTIHRDE Rt SERR®CHf fer potenti al
advant ages over the central igzrthtdesd Ofhés UelisB6meRPreeddVviai | abiiht hpase
reliability, and the flexibility of |oad balancing. . : Thig
distributed §2PkBISELET éh ﬁﬁ?tﬁ#ﬁf(ﬂékﬁﬁ?vgg? $HINARADIsBY GFERs OF
- e.g., Advanceadt8QephordeSnétwark, Defierein Netevordl ¢ Sidhe seevwork, inkéndes

custoner data for.the s er\iGe i [y sty S - hpl.e

NCP dat abasef. Cﬂlltlh(gﬁéiﬁl EAC cs&sﬁctoenr%r%”%k?eéc%%ﬁﬁgs g?glfe%g%?gga%?gungrg} R%nd a

secondary NCErbar aelocdl|tejepbasenstasion tierqudinetlye copyli sransporsy

signaling fug&%g@ﬁ;gg DY, ié#gggﬁions and the secondary copy is treated
cku

only as a ba p 1h case o allures. Thus the systens in use should
: transmitting information concerning the

updated database record through the signaling network to at
‘least one secondary site database which contains the
replicated version of the primary site database record,
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 database record at the secondary
site to reflect changes in the database at the primary site
by using the #ersion number sequence of the updated database
records, 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
version of the database record.

2. The method according to claim 1 including
committing the updated record of the primary and secondary
site databases by recording the updated record activity in
a log in a stable data storage area after the updated
database record has been processed and committed at the

primary and secondary sites respectively.

3. The method according to claim 1 including
sending an acknowledgement from the secondary site database

This Sheet Has Been Reilaced .
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be classified as the distributed design. T, rmi nr notivation for

such wi de use of distributed databases is to overco ﬁ*ﬁﬂ§%§kﬂ) t he
proceSS| ng power and nenory constraint oftsgach NCP. FAYER Ht a
f ew dat abases (i.e., NCPs) are needed at the initial w

service. As baekseovihe ﬁeﬂﬁaﬂygéfw@ daadﬂabboﬂr&('?n Gat %%:%%d Qfa?:abtahse
necessary, t e_centra |z aba esign evolve into the
di stributed eéélgﬁEl #%Q % =5hnBt Pong=ss dwbgéﬁgtﬁgﬁ ndany §dt§p, routing
and ot her functions for the distributed dat abase design are identical to

those for the centralizgd dagg ga&%t‘i’l%% an cg; éc%%seéil r&)v;t .For aq%bqven

custoner, the signaling networks or swtc e Tot
to deterni ne SHACH At FhakEManeng rlaﬁfqusfbnwhiaﬁs the nrgmlnyngsdaea deordd he

cust oner. information concernlng the updéﬁéd databa?e reBSEAUSS 311
current signali nc%}c?etv\ork&g vi des very hi gh degree of connectivity,
t

queryi ng t he HSTHITHY Bt E%Q%sﬁﬁross the U.S. does not cause .
unaccept abl e del ays nor incur high costs for call setup and other signaling
functions. The use of distri ted bases wi continue tp be a viahle
approach. If the hi ghé tonn ?.‘R‘ﬁf’if’“f?%rﬁ&éﬁgn&& Fhatfetf R eding Hdie
w Il not be steredfi casendingt énfostmantonr eontdsndngmilhiel pipdapedt asedard
reduci ng, to the secondary site databases again if an acknowledgement
of processing completion is not received from the site prior

to the expiration of the timeout.

6. The method according to claim 1 including
sending an acknowledgment with the version number of the
associated record and the identification of the secondary
site database to the primary site, when information
concerning an updated database record is received by the
secondary site in duplication.

7. The method according to claim 1 including
storing information concerning an updated database record
for future processing at a secondary site, if processing of
the information leads to a new version of the associated

record with an out-of-sequence version number.

8. The method according to claim 1 including
discarding acknowledgments at the primary site, if they are
received in duyplication.

9. The method according to claim 1 including
deleting the previous database record version at the all
database sites after completing the processing of all calls
querying the prévious version of the database record.

Hllllll Il IIIH i
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query’deléys and associ ated costs. However, this is not the case for

signaling in other global areas, as anticipated for supporting gl obal
nobility in the future. In that sit t|on replicating custoner
records at a visitor database |ocated at Porelgn countries will |ower

operating costs and shoppen ewer Widihoig! QXEgr@inﬁé@s .Qfglge::_lpv&nclli%lng A

signaling network based on replicated databases own I n Figure
whi ch il T ust r BR&EtRIRIRT Bl b¥pke) 7 %giqneniad kaaQusiss oo ft hehomiramntand

i nvention forsa&endargldbwabﬁgﬂéléd'thaé'&@ef@égrQB%ean%ﬁﬁﬁmé%ﬁ”§Eé§§Q
for elements ¢ ?éo of her. Unltﬁ of, Figures .8 and 9. Dependi ng
d

on the antici paFeas %f ¢ 5363 QA the associgfred eﬁﬁFﬁE@rllﬁb the same
consi der ati ondatahasaofbd consistentbesutdng hamd).f5.gnd ki ViriEskmad Don .
sever al regi ons, each of which covers a nunber of foreign
countries, such as the illustrated Region A 246 and Regi on B 248.
2. A pair of visitotl-daThBaseethadoacgpeding to claim ilnsimtlweding

physical ly |na&@£ﬂgr£9E£HEdf¥Bjthe record corf%%%@%ﬁﬁ %bE d%hgafig 3é§€§r

network in th U S , for exam via t I ona
252 phy5|calI§°Ibﬁﬁiﬁat?ntpﬁaFuWPQFbﬁf PWQOlng calls whosgfpeerigs Srwee

installed in preegbaslgndctBesed that versiomdrereny sdagyding |inks
connecting the STPs to the U S. signaling network can be

adj usted and determ ned according to the
12. The method according to claim 11 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.

13. The method according to claim 12 including
deleting the previous version of the database record when
the call counter is zero.

14. The method according to claim 1 including the
step of verifying the updated database record in the primary
site database for data inconsistency.

15. The method according to claim 1 wherein the
call transport system includes a wireless phone network and
a wired phone network.

16. A system for updating replicated databases in
a telephone network system to improve call setup time and
system availability comprising
_ a call transport system having switches for
forwarding calls from a local telephone station through the
call transport system to a destination,
| é signaling system operatively connected to

QT



-26--' * ~traffic, performance, and reliability

requi renents. 3. In the registration process of a custoner
visiting a foreign country, a record of _3g - | ocation and

ot her related signaling information for the custoner is

set up in the call trifSpytsi s¥sténi,abase 2aQ1uFirddearedifdry sice
Thi s new i nf or t%on w .l .al so be sent qack 0 update the
a

L
associ at e honB2HAPABRs&1F4gH ~he Signaling systenq gongginipgs Fystqigsh
roam ng cust onecords for call rohasngwandepltiheat ed grediiesy dfursitginals ngnd
dat a: 0 | N 356 J e ;abg t
other in-the %Fs}Fgftdgﬁgiagéggﬁéggga%?§%p éﬂhé@ FShgfégggng%:%ﬁa% ose
to the visite®Beupfriyhe customer recorfige ofeddied puimany \Aigie clatthbagmse

will be r enovadawie R ol @ peatliiEa I%éﬁeré{g&r&n the

The replicated database cap be accessed for call setup and ot signal 1 ng
purposes. FRTEBRFY oP+GendRFAE2FRom t he visited country or region and

destined for the roam ng cusihefhsSfoflUSfartsmioadi Mf inFermaedohOcbheeh Shd OF

dat ab . Calls initiated,in.the U.S wll he h dat ab . Th
et abase. Col ! A SADALE, et I BBty haC e doLhsec. L

the secondary site database containing the previous version
of the database record, and '

means responsive to the completion of all
calls querying the previous version of both pfimary and
secondary database records for deleting the previous version
of the database record.

17. The system according to claim 16 including
storage means for recording updated record activity after
the updated database record has been processed at the
primary and secondary sites.

18. The system according to c¢laim 16 including
means for sending an acknowledgement from the secondary site
database back to the primary site database after an updated
database record has been processed within the secondary site
database. ' '

19. The system according to claim 16 including
means for maintaining multiple versions of customer records
in the primary and secondary watabases 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.

20. The system according'to claim 16 wherein each

T



1. -Substantial Cost Saving Due to | ocal availability of needed
custoner data, the transmssion cost for signaling

messages for calls originated fromthe visi+ed country or region
can-be saved. The saving wll be substantial for: a) custoners

roam ng hal f ated recordaﬁﬁﬁﬂ@dkﬁﬁdﬁ“ﬂdéné@f#%ﬁdEfféiﬁ“édfﬁbéﬁﬁﬁdfﬁf
queries into the database, whi w | | ly- t he, case for

advanced seer€e§|Y?¥§%P¢UPHW§eramf the recoq% %PrﬁﬁoFPt}qﬂnQ%ﬂﬁs$ e
originate fropeébedvieEbednced by queries of calls in progres/ -

country or region, which will also be the case for sone business

custoners. Furthernore, as the nunber of nmessages sent over a

| ong distance is 21. dftecanssten h&céa::ciiingytoos:tladan 2 sinbkudenmced
as fewer tra a ( be

meeded t o su&%%% Po£ ﬁ%ﬁ&é&fﬁg Gk fﬂéqu theffsec5h35§§ Wile

Enhanced Del a«}aP@bagﬁmﬁCethe versmu:amunﬁ@mpsggﬁ@nmd ¢3’ésy§@1¢seul><|'1%§dfor
ot her datshgBal kegohdacti ons can be reduced.

22. The system according to claim 16 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.

23. The system according to claim 22 including
means for incrementing the call counter field if a new call
references to it, and means for decrementing the call
counter field when a call setup is completed.

24. The system according to claim 23 including
means for deleting the previous version of the database

record when the call counter is zero.

'25. The system according to claim 16 wherein said
call transport'system'includes a wireless phone network and

a wired phone network.
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3. -Conpatibility W th Exi sting Wrel ess Standards The

replicated database design is conpatible with the industry
standards such as the 1S-41 and the GSM speci fications for

W rel ess networks. The _ visitor database in a region can be
treated as the HLR by the wirdl ess network in the visited
country. The rest of the standardi zed protocols for wrel ess

net wor ks renmai n appli cabl e. Upon F regcei ving updates froma | ocal
wi rel ess network, . the wvisitor dat dbase S responsi ble for
forwardi ng the updates to the honme database in the U S_ollensure
custoner data consistency in Qe hope~ anmeisi-tet~Jd#M abases.
Hence, the repteatgd vatabase dEST gn i ndee ppl i es™Qt

‘only to wired seryfces but al ;?X)VMFE|ESS Servi ces.

In accordance Awth__tTHhe—present Ryt '

‘tHe
velti on
and

mai nt ai ned betfween presig
honme and vi si tlor dj e q
using the Prinpary

587

16




-28.+ visitor databases for global nobility. The Primary Witer Protocol

of the present invention is advantageous because tel ecommunication
applications can tolerate inconsistency between replicated records for a
short period of tinme. As noted above, tgf mai n- consequence of accessing
obsolete data is a call msroute. The pefformance analysis of the Primary
Witer Protocol of the present invention establishes that the msroute
probability under the present invention is snmall for the expected custoner
behavior in wireless networks and I N. J_hj.ére nt invention preserves both
the internal and nutual data consistendyd@nd&l so allows the systemto
recover fromcertain types of failures. The main advantage of the Primary
Witer Protocol is its | ow overhead, especially when conpared with existing
protocols for conputer systens (e.g., banking systens), which are intended
for maintaining stronger data consistency at all tines. Usi ng the
Primary Witer Protocol of §§ present inventiogstO support globaéﬁ.
nmobility, the visitor datab and the hone datgbase is designate s the
Primary Site and Secondary Sijte, respectively fqr updating purposes. As
noted above, this arrangenent is appy i gile because | ocation updates
and ot her changes of signaling information are st likely generatgd from
custoners, who are roamng in the foreign countr|i es. Al t hgugh t he
above di scussion focuses on tlhe | ocati t df tion for UPT custorners, it
shoul d be noted that the repl|icated database deqign actually appligs well
to service nobility and; referlence environnents. |The | ocation infornfation,

t he services subscribed] and {the reference A
Un ' Un '
D
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environment are specified on a per customer basis. Thus, the replicated

dat abase design and the associ ated protocols can treat the per custoner
information related to the subscribed services and other data itens
inctuded in the reference environment, inpthe sanme way as the | ocation

-29 - information. As far as the system performance of the replicated

dat abase design is concerned, the only difference anong various data itens
will be their query-to-update ratios (e.g., the ratio of the querying rate
to the location update rate for a UPT custoner). Nevert hel ess, it
is expected that the nost frequently updated data itemw || probably be the
| ocation information for a nobile custogﬁf' tk@iquery-to-Update rati os for
ot her signaling data itenms will be highker G%an hat for | ocation data. As a
result, the update algorithmof the present invention will also apply to
custoner records containing subscribed services, reference environnent and
ot her signaling information. A factor that nay degrade the
performance of the replicated design is the query-to-update ratio. If the
ratio is high (i.e., $$ cust omer inform%#<n1is seldon1cha§9ed), t he

over head in updating replicated recor'ds will be niniml9 )Ctherw se
(e.g., for a nobile cusgtoner
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novimg fremlocation to | ocation), the update overhead can be significant.
The followi ng strategy will enhance the performance of the replicated
design, in such situations. A nmobile, wireless custonmer is
roamng in a foreign country. As a custoper noves fromone | ocation area to
anot her, the custoner |location information in the visitor database is
updated frequently. The correspondi ng custoner record in the hone database

i s al so updat ed. Thus, the transmission and processing costs for

mai ntai ning the current |ocation information in the hone database will be
significant, especially if the custoner is |located far away fromthe U S
The situation will beconme even worse if the custoner noves fromlocation to
| ocation without maeking or receiving calls; i.e., no revenue is received to
cover the cost incurred in handling thefﬁﬁﬁhbast updat es. One way
to reduce the overhead for |ocation updates is to maintain the current

| ocation information for -30 - certain

hi ghly nobile customers only in the visitor database. The hone dat abase,
in contrast, <contains an identifier pointing to the visitor database on
which the current location information is stored. (i.e., the visitor

dat abase has the conplegﬂfagcord of information associated with thls
roam ng custoner, and the,honme dat abase has only

Un ——e=t —Jn ¢ 4
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partial customer information.) As a result, the hone database does
not need to update the |location information every tinme a custoners changes
its location overseas. Furt her nore, calls originated fromthe

U S., destined for a custoner traveling @erseas first retrieves the
identifier fromthe hone database and then accesses the current |ocation
information in the visitor database for call setup and other signaling
functi ons. The enhancenent approach for keeping conpl ete custoner
data only in the visitor database not only applies to the | ocation
information, but also applies to other data itens with frequent updates. In
addi tion, the enhancenent approach shoulp‘tpg usgd on a per custoner basis
because different customers have differenl nbbility and calling patterns.
As di scussed above, the key paraneters for identifying these custoners
for whom t he enhancenent scheme may apply incl ude: 1. The

ratio of <calls to the custone - i g fromthe
CAL HISHUTE S8 2P A

visited region to all st1 ne t" cust omer,
2. The database query-to-upddte ratio (e.g., an i ndi cation
of mobility), and 1.0e81 NOhGFr3iTEP=F cost for updating the hone
dat abase (wi'th update requestd senRHif#@ndt he : vi sited region)
and that for renote querying the visitor databaseigf#q calls
origi nated ' fromjthe U S
1.08"1' 10
{.0e-2- 100
FRACTION OF 4 po_3-
cuLs  10ed 1,000
MISROUTED y
$.0e-41 10, 000

1{690 1.6e1 1.5&2 1.6e3 1.6e4 1.6e5 1:556
IOTAL CALL THROUGHPUT FOR RECORD A AT ALL SITES (CALLS/HOUR)



-31-- o Based on these paraneters of each traveling custoner, the
signaling network can determ ne whet her the enhancenent approach shoul d be
applied to the customer (i.e., only the visitor database contains the
custoner's full record and the hone datanse stores only parts of the
custoner data, which are less frequently ‘updated). In fact, the approach
can be applied to a custoner dynamcally on a regular basis, i..e, the
network can turn on or off the approach periodically (e.g., every night)
for a traveling custoner, depending on the custoner's call throughput and

update frequency statistics during the previous period. In
accordance with the present invention, ﬁexysnded signal i ng network based
on replicated database .has nmany benefit'’s d n be viewed as a neans to

gl obalize the tel ephone network wthout actually building transport
networks in foreign countries, which the tel ephone conpanies in the United

States often are not allowed or preCAliL WISROUTE m'S-yﬂtE’HEPPRAT | i cated

dat abase design i.n effect makes use of foreign networks o sUpport gl obal
nmobility for network custoners. The replicated design costs |ess
to inplement than other $y080dmN0etQfoSdESFch as the enpl oyment of satellites
for locating nobile custoner thrBﬂbﬁth the world (i.e., global, term na
nmobility). More inportantly, |the system of the present invenid nRQS based
on the current infrastructurg

1.0e-1- 10

1.0e-2+ 100
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1.0e-4- 10, 000
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of -wired~ and wireless networks, and it conforns wth existing
standards of cellular networks. Thus, the replicated design not only
reduces the operating costs and calls setup delay when conpared w th other
al terative 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
forei gn tel ephone conpani es. The network nmay choose to allow access to the

vi sitor database only by -32 - (wired and
wi rel ess) networks of existing business partners conpetitors' networks

w ll not be provided with the signaling information stored and used in the
vi si tor dat abase. As a result ,FT@, cadpls originated in a foreign

country and destined for a network roaning customer, only networks 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

etvork hay also choose to f i FISPR FOY RORSREQRLTIRPETERD, 77 S PR

certain signaling information to carry calls destined for the network

customers traveling In 1 yo. gF SITES = 2 ‘QUERTES SENT T0 S8
Ag = 10, 000 o
AH0 = 0.9
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the county. Furthernore, if the tel ephone network can work with its
busi ness partners abroad, the replicated database design can be inpl enent ed
in an alternative way. - | f an arrangenent between the tel ephone
network and its business partner overseasgcan be made, instead of
installing network visitor database and STPs in a foreign country, records
of network custoners traveling in the country can be downl oaded directly
fromthe honme database to a database in the partner's network
Consequently, as in the original replicated database design, each traveling
custoner continues to have two copies of his or her information for
si gnal i ng purposes. The protocol s and operations for the replicated
design remain applicable to this new setting, al t hough a Uni ted
St ates tel ecommuni cations network does not physically own visitor databases
and STPs in that country. o It is to be understood that the above
description is only one preferged enbodi ggnt of the iné@ntiona Nusrer ous
ot her arrangenents may be devifed by§§nea3killed in the art mE!hoﬁﬁ
departing from the _fi scope ( of the inveghjon. < {
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1. -"A metthod for updating a replicated database in a tel ephone network

systemto inprove call setup tinme and system avail ability conprising
the steps of updating a custoner record in a database
5 contained in a primary site withint signaling system of a

t el ephone network, wherein the tel ephone” network includes a cal
transport systemwith switches for forwarding calls froma | ocal

t el ephone station through the call transport systemto a destination,
10 transmtting information concerning the updat ed
dat abase record through the signaling network to at I east one
secondary site database which contains the replicated version of
the primary site database record, adding a field to the
dat abase record 15 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 &he dat abase record at
t he secondary site to réMect chang®s in the data&Base at thg prinmary
site 20 by using the version\wunberfNseqdence of the u datedgaatibase
records, while naintainipg-_ ald-d se sites ﬁhe der (e

t he database record for query acg 1 h gfter CONP |t -
processing of all previous calls )| t3e i version

record. 25 g. JxﬁdLnglt‘ '

comitting the updatéﬁ ERe~sp
dat abases by recording dhe;g thiﬂy

e 518
data storage area after i e af 1%ase rief

and committed at the 30[prinary dgé se§b1

FIG. 9
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3. .Fhe met hod according to claim1 including sendi ng an acknow edgenent

fromthe secondary site database -34
- O back to the primary site database when an updated database record
has -been processed within the secondary Sié 4. The
met hod according to claim3 including tarting a time-out period when
the primary site sends I nformati on concerning the updated dat abase
record to all 5 secondary site databases. 5. The net hod
accordlng to claim4 including the step of resending information
concerning the updated record St 0 the segpndary site databases again if
an acknow edgenent 10 of proces$nng co IeFIon iIs not received fromthe
site prior to the expiration pf the {ingout. 6. The
met hod according to claimfl 1ncluding \
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sendi’ng ari acknow edgnment with the version nunber of the 15 associ ated

record and the identification of the secondary site database to the
primary site, when information concerni ng an updat ed database record is
received by the secondary site in duRIication. T 7. The
met hod according to claim11 including 20 1storing i nformation concerning an
updat ed dat abase record for future processing at a secondary site, if
processi ng of the information | eads to a new.version of the associ ated
record with an out-of -sequence version nurber. 8. The

met hod according to any of clains 3 toFfi-éS hg}&udi ng di scarding

acknowl edgenents at the primary site, Pt Mare received in

dupl i cation. 9. The nmethod according to claim11 including
del eting the previous database record version at the all dat abase sites

BO querying the previous
-35 -
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1Q.~ The«net hod according to claim 1 including maintaining nultiple versions
of records in the primary and secondary databases so that queries for a
call can access the sane version of the associated record in the sane
dat abase for consistent routing and sigmling information. 11
The net hod according to claim1l including adding a field to the record
corresponding to a call counter to indicate the nunber of ongoing calls
whose queries have previously accessed that version of the record.
12. The method according to claim 1l including incrementing the call
counter field by one if a nemrcallg§r&§re to it, and decrenenting the
call counter field by one when a c etagf conpl et ed. 13.
The net hod according to claim 12 including deleting the previous version of
t he dat abase record when the call CEARLFSG H A Zero. 14. The
met hod according to claim 1 including the step of verifying the updated
dat abase record in the primary site dat%base for data inconsistency.
15. The method according to claim 1 _whefein the call transport system
includes a wirel ess phone network gn ' hone net wor K.
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16r”ﬂ“§§§tenrfor updating replicated databases in g- :
systemto inprove call setup tinme and systenravallrbnm&@wtéa
a call transport system having switches for forwarging cREPLAY 3
t el ephone station through the call transport systeu— e gesti nati on,
a signaling system @ D |2 R , , REP :
-36 - the call trashospsyHich b LRg
wi thin the signaling systemcon alnlng C mer T g o] outing
and ot her signaling functlons and at |east. one secondary site dat abase
cont ai ni ng aARkEeR2 ® R EOS er records of the primary site

dat abase, ags for pdatin custoner ,record in_the
primary site database, # method an s¥§5ﬁ8 t PRARKLREi Ay TRPLEFRERSN
concer ni ng téatapdaeed afit ahas e glemmmininicugioidie ﬁegwakkngsygwmﬂk ie the

Fecord and EseTb888°C TAL BhEuichd Tt I e ST CE PR ot TBROYF S Po el |
querying thesetepi bimevandi systém bavad labikity and seddndxanspatrabagstem
records for Hggegdﬁléﬁgépf8¥'%B%dﬂ?&yd§1calls from a local telephone

station through the call transport system to a destination.

A signaling system is operatively connected to the call
transport system and includes a primary site databases
within the signaling system containing customer records for
call routing and other signaling functions and at least one
secondary site database containing the customer records of
the primary site database. Both primary and secondary site
database maintain multiple versions of the same customer
record so that queries of a call can use a version number to
access the corresponding version of the record in the same
database for «consistent routing and other signaling
information. A customer record is updated in the primary
site database and then information concerning the updated
database record is transmitted through the signaling network
to the secondary site database containing the replicated
version of the record. The records are then updated
according to the sequence of the version number. The
processing of all calls querying the previous version of the
primary and secondary site database record are completed
before the previous version of the database record is
deleted. | |

Fig. 10
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L

of the database record. ' 17. The system according to clai'm 16
i ncl-udi ng storage nmeans for recording updated recor djfact Tty —:-.L—Ja-.%
updat ed dat abase record has been processed at the pr

sites. 18. The system according to clai for
- sendi ng an acknow edgenent fromthe secondary site db H

primary site database after an updated dat ab&se record ,-.“._,.-L:,

within the secondary site database. 19. The system accordl ng to

cl ai mie '“tC'hud' ng MEARM m@nmd | SYSPENUFORPUPDATING REFEICATTED T ¥
records in the prinar secon ca
can access the sa %Béﬁ Sl NA&M&QW*@&E&&&[W&@)% ase.
for consistent ropdtif@ and signaling information. 20. The
system accor dingto craim 16 wher ein each ' S

Both a primary and at least one secondary site database maintain multiple ; versions
5 of the same customer record so that queries of a call can use a version number to

access the corresponding version of the record in the same database for consistent
rou't_ing and other signaling information. A customer record is updated in the
primary site database and then information concerning the updated database record is
transmitted through the signaling network to the secondary site database containing

10 the replicated version of the record. The records are then updated according to the
sequence of the version number. The processing of all calls querying the previous
version of the pnmary and secondary site database record are completed before the
‘previous version of the database record is deleted.

Figure 10



-37 - updated record includes a 'REBDAGEMENQSHEEFd correspgﬁép
leﬁ%céé&hbl} SHEET

ver st on nunber of the record so gs to | pecord r
gueri'es of calls in progress. ststgs:,"m, ording to claim
20 including neans for updating tHeTee ecpndeary:si-ts msqiggaﬂe

by the version nunber sequence of the upda%%d dat abase
22. The syste rding to claim16 wherein each updaj erBpONHd ies a
call counter Ekgﬁg%f i ndi cating the nunber of ongoi ak 3&?6MH%§{“

have previously accessed.trqu\maﬁhmﬂlﬁ&rt@pdaetngda repllcated d23 abEwe

system accordipg.t 2L fo

counter fiel dELHf aa&ﬁgle g%’% gr%%cgg g?&ﬁmfo 1:{:1%1: rrean% clperrﬁ |anrglgd
t he cal | counSEStﬁmeB&aMiabkikﬁyICanIm51@gcbhpleteﬁs of 24. The
system according to claim 23, QPaE§sEB&é¥ﬂf§d6EHtDﬁ B el se

version of the database recor mhen e‘ca counter 1s zero.
25. The sy3t eRPBERSIASPNGT & ATATRIIS SiHes é’i’ht%hll'ldtbal FlgRandper sysrammE

includes a wi getesspRBABEn8EWYPkKK WHélrein the telephone network includes
a call transport system with switches for forwarding calls

from a local telephone station through the call transport
system to a destination, '

10 transmitting information concerning the
updated database record through the signaling network to at
least one secondary site database which contains the
replicated version of the primary site database record, . _

_ adding a field to the database record

15 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 database record at the secondary
site to reflect changes in the database at the primary site

20 by using the version number sequence of the updated database
records, 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 quérying the

version of the database qecord.

25 2. The method according to claim 1 including
committing the updated record of the primary and secondary
site databases by recording the updated record activity in
a log in a stable data storage area after the updated
database record has been processed and committed at the

30 primary and secondary sites respectively.

3. The method according to c¢laim 1 including
sending an acknowledgement from the secondary site database

(L
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0 back to the primary site database when an updated database
record has been processed within the secondary site.

4. The method according to claim 3 including
starting a time-out period when the primary site sends
information concerning the updated database record to all

5 secondary site databases.

5. The method according to claim 4 including the
step of resending information concerning the updated record
to the secondary site databases again if an acknowledgement

10 of processing completion is not received from the site prior
to the expiration of the timeout.

6. The method according to claim 1 including

sending an acknowledgment with the version number of the

15 associated record and the identification of the secondary
site database to the primary site, when information
concerning an updated database record is received by the

secondary site in duplication.

7. The method according to claim 1 including

20 storing information concerning an updated database record
for future processing at a secondary site, if processing of

the information leads to a new version of the associated

record with an out-of-sequence version number.

8. The method according to any of claims 3 to 6
25 including discarding acknowledgements at the primary site,

if they are received in duplication.

9. The methbd according to claim 1 including
deleting the previous database record version at the all
database sitesqafteracompleting the processing of all calls

30 querying'the'previous version of the database record.
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