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A METHOP AND SYSTEM FOR UPDATING REPLICATED ~fria+~~IVto 
IN FOREIGN AN!) HOME TELECOMMUNICATION NETWOR~~YS'I'.E~sl&',515 

FOR SUPPORTING GLOBAL MOBILITY OF N_ETWORK Ctf-$~MERS ·. . 

~~~s app:ica:.icn is related to commonly 

copendi::g pa:.en~ app2.icat.:..on filed en even da:e by :..::e sa.:::-: 

inver::.~r and ent:::. t. led "A Method And System For ~;;::.a-::.:::~ 

~ep:ica:.ed :Jat:.abases In A Telecommunication Net.work Sys:.e'.":' .. " 

FIELP OF THE INVENTION 

This invention relates to a method and sys:.em ~c~ 

updating replicated databases in a foreign ar:j h~~e 

telecommunication network system to improve call se:.~p r..:..~e 

and system availability to support global mcbi:. .:..:.v ~r: 

network customers in foreign regions. 

BACKGROUND OF THE INVENTION 

.. In the increasingly smaller world brought :.oge:..::er 

by telecommunication networks, it is desirable to global.:..ze 

a telecommunication network without building expe!;.s.:..·:e 

:.ransport networks in foreign countries. In f ac:., sc:::e 

countries will not allow domestic Unit-ed States companies :.-:::i 

enter their foreign countries to build such networks. O:.~er 

expar.sive proposals f~r supporting global mobility inc:~::ie 

~sing satellites for locating mobile customers throug~:~:. 

che world .. This design would be expensive. 

No matter what type of global syst.em is ;.;.s-::::i, 

~owever, for certain mobile customers, the number of que~:.~s 

and updates corresponding for one record of a database ·.v:·..:.:..j 

increase dramatically. Thus, it would be advantageo~s ~~ 

dist.r~bute and replicate customer records in mu:::.;:..~ 

geographical locations, i • e • / sites, of various 
. . 

sig::a_ :..:"'.q 

!1.etworks of foreign coun=ries for easy access, achiev:.:-.~ 3. 

high level of efficiency and syst:.em availabilit.y as ·.ve:.. ~ :;.s 

.:.~proved call setup time . 
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and advantages of t.he p:?:"esent 

~nvention ove:?:"come the drawback cf building expensive ca:: 

~ransport syst:ems in foreign countries. The system can be 

used with both wireless and wired networks of foreigr.. 

countries. 

In accordance with the present: ~nvention, a met:r.cd 

and system for updating replicated databases. in foreign and 

home telecommunication network systems to improve call setup 

time and system availability in a foreign region for roaming 

home network customers is disclosed. A foreign region has 

a call transport system and switches for forwarding calls 

from a telecommunication station through the call transport 

system to a destination. A signaling system is operatively 

connected to the call transport system and includes a 

visitor database within the signaling system containing 

customer records for call routing and other signaling 

functions. 

A home signaling system of a home country has a 

home database. The visitor database is connected to the 

home signaling system. A customer record is updated in the 

visitor database. Information concerning the updated 

database record is transmitted through the home signaling 

network to the home database containing the previous version 

of ·the database record. Means is responsive to the 

completion. of all calls querying the previous version of 

both the visitor and home database record for deleting the 

previous version of the database record. 

Queries ·are launched to the home database when 

calls are originated from the home country to network 

customers in the foreign region. Queries are launched to 

the visitor database when calls originate from the foreign 

region to a network customer. In one aspect of t.he 

invention, current location information in the visitor 

database is maintained for highly mobile customers traveling 
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in a foreign region. :dent~=iers contained wic~in the ~c~e 

database direc~ing calls to the visitor database -~~ 

que!'"ies. 

database 

database. 

. ... . . :'he use of identif ie:?:""s conta.!.nea J.n ::i.e 

~essens the amount of constar.t. ' . . upaat.:.ng ~c :~e 

:'he record updating ac~ivity is ---~""'" Cl- ---

t!-le 'tfis:. :.::.~ 
- . . 

:i.::: 

updated database record has been processed at 

home databases. An acknowledgement is sent :rom t:-~e .:-.c:-:-.e 

database back to the visitor database after an 
. . 

·_:;~:::::...:.::. 

dat.abase record has been processed within the heme iatai:as-:. 

Multiple versions of customer records can .::e 

maintained in the visitor and home databases so that quer.:.es 

for a call could access the same version of the assoc.:.a:ed 

record for consistent routing and signaling informat.~cr:. 

Each updated record may include a version number of t!':e 

record so as to identify the record refe~enced by queries of 

calls in progress. Records in the home database are updated 

by the version number sequence of the updated dat:abase 

records. Each version of a record includes a call count.er 

field for indicating the number of ongoing calls whose 

queries have previously accessed that version of the rec8rd. 

~he call counter field· is incremented if a new call 

references to it and decrements the call counter field when 

a call setup is completed. The previous version of the 

database record is deleted when the call counter is zero. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing features and advantages of ::.he 

present invention will be appreciated more fully from the 

following description, with reference to the accompanying 

drawings in which: 

Figure 1 is a block diagram of an illustrat~ve 

embodiment of the invention showing, a telecommunicat~on 

service using the method and system of the present inve~:i8n 

i~ a wired and wireless network. 
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Figure 2 is a timing diagram fo::::- the p::::-ima!"y-

w!"iter protocol in accordance wi::h the prese~= i~vencion. 

Figure 3 is a timi~g diagram for a primary-site 

:ocking protocol. 

Figure 4 is a timing diagram for a basic ::ime-

stamp protocol. 

Figure 5 ·is a graph showing a call misrou:.e :or a 

two-site replication in accordance wit~ the presen= 

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 pres enc 

invention. 

Figure 8 is a block diagram s~owing a centralized· 

database for global mobility using the protocol i~ 

accordance with the present invention. 

Figure 9 is a block diagram showing the use of 

distributed, home databases for global mobili::y. 

Figure 10 is a block diagram showing an extended 

signalling network with replicated databases for global 

mobility. 

Figures llA and llB are flow charts showing the 

general method of the invention. 

DETAILED DESCRlPTlON OF TBE INVENTION 

The present invention now allows replicated 

databases to be updated in a telecommunication network 

system to improve cost setup time and system availability 

without the overhead typically associated with such 

concurrency control protocols as primary-site locking and 

basic time-stamp protocols. 

In accordance with the present invention, a 

customer record is updated in a primary site database wi~hi~ 
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che signaling system of a telecommunicat:.:.on :-~e:.wcrk, w::: ::: 

includes a call transport system with switches ..::_'Y"' 

.::c:::-warding calls !:rom a local telephone statior. :::ir::;ug!': :.:::e 

::a:.:. :.!"'ar:spcrr: syste~ to a destir.ation. The ' - . 
::.n=::!:"'~a=:::-~ 

concer~i~g the updated database record is 
. . 

t.ra:r:sr:::.:. :.-:=. 

through the signaling network to at least one seccu.da:-~· s: :.-: 

database which contains the previous replicaced vers~~~ -­

the primary site database record. The customer :::-eccrd :s 

changed at the secondary site to reflect char.ges i::. :.:::e 

database at the primary site. The older versions o~ ~~e 

record are maintained at both primary and secondary s~~~ 

databases for query access until after completing t::e 

processing of all preYious calls querying the versions cf 

the record at the database site. 

The replicated database design in accordance wich 

the present invention can also be used to support global. 

mobility. It can be applied to Universal Perso~al 

Telecommunications, Personal Communication Services (wired 

and wireless) and future global mobility services offered 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 globa~ 

implementation is based on current network infrastructure, 

requiring deployment of only a small amount of equipmen::. 

The design is also consistent with existing prococol 

standards. 

The proposed design for global mobility divides 

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

covering several countries. To support global mobility, a 

single or multiple of home databases are installed in ::he 

U.S. and a visitor database is installed in each region. A 

record of signaling daca of each customer is stored in ::he 

home database. If a customer is visiting a foreign count:::-y, 

:::ie customer record is also replicated in the ·.risi:.::r 
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dat;.abase of the visited region. Calls for the roami~g 

customer originated from the U.S. and the visited region can 

be processed by the home and visitor database respectively. 

3ecause of local availability of signaling information :n 

the visited region, this design can reduce transmission 

facilities and operating cost. Call setup time and response 

time of other signaling functions are also lowered. 

Figure 1 illustrates an intelligent network, shown 

generally at io, having a transport network, indicated 

generally at 12, and signaling network such as the common 

SS7 network 14. The transport netwo.rk 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 r~cords for routing 

purposes and other signaling functions. A secondary site 28 

is geogr.aphically spaced from the primary site 26 and 

includes replicated database records from the primary si~e 

26, such as the illustrated Record A corresponding co 

general routing and signalling information for a customer. 

For purposes of understanding, a general overal~ 

description of the system basics is set forth, followed by 

more detailed specifics. 

Since the distributed database issues are com~cn 

to the PCN, the UPT services, and possibly other serv:~es 

involved in the use of databases (e.g., Network Cor::.r:::;l 

Points, NCPs) in the IN, the general terminology :~r 

distributed database systems is adopted in the follcw:::g 

specification. The computer system 30, 30a for respec:.:.·:e 

primary and secondary sites where parts of the database ~~e 

located is referred to hereafter as sites. Customer re::~js 

for call routing, features, service profiles, and :::-.-:!'" 

signaling information are called records. Reads and w~~:~s 

to the database are also referred to as queries and upc~:~5. 
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respectively. To enable recove:!:'y :rorr: syst..err. :a:..:.~res 

(except disk crashes) , each site keeps a log (alsc known as 

j o-..ir::al ~ c:: a:..::. updates made to the l.ocal database .:::.: a 

st..ab:e memory 36, 36a which can survive the =ai1ures. 

:n accordance with the present invention ~sed wirh 

t..elecommunication services, the database 26a consist..s 8= a 

collec=ion of individual records, which are distributed and 

replicated at multiple sites, such as the secondary a.:..:e 

da::abase 28a. Que!'"ies associated with a call, and ·..ipdat..es 

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 launc~ed to 

access· the associated record during the call secup time, 

which typically lasts several seconds. Although the record 

may have .been updated in the meantime, it is advantageous 

not to immediately remove an obsolete copy of the record so 

that subsequent queries of the calls in progress can be 

processed in a consistent way according to the previous 

record. This eliminates the ne~d for locking records for 

query processing without being concerned about data 

inconsistency. Additionally, calls will not be mishandled 

while the customer's record is updated. This would be more 

difficult if the readset and writeset of queries and '.lpdates 

consisted of many records and files, as in the da~abase 

systems of other applications. 

Because the readset and writeset consist of one 

rec~rd, it is advantageous to treat records as the "unit" 

:or d~stribution and replication at dif~erent sites. 

Since the readset (or writeset) of each query (or 

update) is one record, the concurrency control protocol must 

only maintain the internal and mutual consistency at the 

record level. With internal consistency, data items in each 
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record at every si~e a~a always consistent. For example, 

the routing data in a record must be valid so ~hat calls can 

be routed properly. 

copies of a record 

Mutual consistency is preserved, i: 

replicated at different sites become 

idem:.ical in a f in.:.t:.e amount of time after a number c: 
updates have been posted to the record. The commitment 

protocol is designed to enable the system to recover from 

system failures, i.e., those updates 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: 

a. All sites are connected by a signaling 

network and messages se~t from one site to 

another may be lost in the network. Even if 

messages reach their destination sites, they 

may not necessarily ·arrive in the order in 

which they are sent. 

b. Records of the database 26a are distributed 

and replicated at the sites. For example, a 

record (record A) is replicated at N sites, 

indexed by i = 1,2, ... ,N. To take advantage 

of load balancing, the initial queries of 

calls requiring access to record A are ·sent 

to those N sites according to some call 

distribution algorithm known to those 

skilled in the ~rt, 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. 



-9-

c. Each site 26, 28 can keep multip:e vers.:.~ns 

of a record so ~~ac quer.:.es :~r a ca:: 2ar. 

ac=ess :.he same version of t:he asscc::.a.:.e::. 

record for consistent rou=~~g and c=~er 

s.:.gnaling information. An obso:er.e vers.:.c::: 

of t.he record is deleted after =he 

of all calls querying it has been ccm~:ete=. 
d. For recovery purposes, each s.:.:.e 'Y",Q..-- ... -...:;c: -;...,,,::,. ------- -·"'-

update activities in a log :.::. s:.a::_e 

storage, which can survive the svst.em 

failures considered in this inver.cicn. 

For each record A, one site with a copy of ~he 

record is selected as its primary site (PS) 26 and a:l ocher 

si:.es havi~g a copy of the same record are referred to as 

the secondary sites (SS)28. (Note that the PS can also 

serve as the PS for many other records stored at this site. 

Fer simple implementations, this is likely the case.} 

Queries ~or record A are routed to the Primary Site 26 or 

any of the Secondary Sites 28 according to the call 

distr~oucion algorithm in use. 

However, all updates for record A are :.:.rst 

submitted to and processed by the primary site 26. I£ t.he 

processing of an update is completed without causing data 

inconsistency, the update is committed at the primary site. 

~hen, the information relating to the update is sent :rom 

the primary site 26 to all secondary site to update all 

~eplicated copies of the original database record. This 

~oncurrency control and commitment protocol is referred to 

as the Primary-Writer Protocol (PWP) . 

To ensure the correct operations-of the protocol, 

:.wo fields are added to each record: 1) a version number 

\VN} and 2) a call counter (CC). The version number is ~sed 

to identify the version of a record referenced by queries of 

calls in progress, while the call counter indicates ':he 

n~~ber of ongoing cal~s, thac have previously ac~essed t~at 
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version of the record. T~ the call counter is zero, and ~he 

record has been updated, the older version of the record is 

deleted. At any given time, there are probably very few 

(e.g., two) versions of the same record existing at a sice 

because all setup time lasts only a few seconds and inter­

update time is typically much longer than that. 

For purposes of understanding the details of the 

present invention, the following notations apply. R.~Jnl is 

the version of record A with the version number (VN) being 

n for n = 0,1,2,···, and call counter, CC(n) denoting the CC 

of RA(n). Assume that RA(O) initially exists in the system. 

Further, let v late be the VN of the latest version of 

record A existing at a site. U:-: denotes an update to record 

A, which successfully creates RA (n) . The primary-wr:.te 

protocol of the present invention can be further described 

as follows. 

If the query for record A is the first query of a call, then 

begin 

end 

else begin 

then 

begin 

end 

end 

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)+l 

Access RA(n) that has been accessed by 

previous queries of the call; 

. If the query is the last one of the call, 

CC(n) - CC(n)-1; 

If CC(n)=O and vn_late>n, then RA{n) is 

deleted 
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The S ir.:. 
-~- is assumed co be capable of maki~g ~~e 

determination whether the query is the las~ one of cCe =~::. 

I~ :he sice does nae have this capabi~i:y, 
. . -
it. .lS ass~:-::e·~ 

:!"le sice is notified by a separate message 
.,.,...... __ 
-!:""- ... 

comple~icn of a call processing. . In this case, :~e 

following ope:r-ations are performed when such a message :.s 

received: 

CC(n} - CC(n) -1, and 

if CC (n) = O and vn late >n, then R, ··~. 
\ 4., I 

deleted. 

Checking if CC(n) <0 prior to the operation .c _,... . 
O.L.. '--- ·.ni 

:. s 

CC \n) -1 can serve as a sanity check since CC (n) O oy 

definition. 

Details of processing an update for record A at 

che PS are as follows: 

If the update does not cause data inconsistency (e.g., 

incomelete routing data supplied by customers), t~e~ ......... 
l..V 

begin 

log; 

end 

(*Update committed*) 

Create R;.. (vn_late+l) 

vn_late+l; 

and set vn :ace 

Record the committed update, u ... ~. ; -_.;t:-=": I _ .... 

If CC (vn_late-1) =0, delete R.; (vn_lat.-e-: 

Send an 

{U.,::_~;i: ... , vn_late) , 

site's; 

update 

to a ,, ...... 
message, 

secondary. 

Start a timeout period for the update 

else begin (*Update aborted*} 

Abort the update and inform the source 

end 

Details of processing an update for record ~ .. . ~ 

secondary site i are as follows. 
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For an update message (U~,n), c~mpare n with vn la~e at the 

s.:..te; 

If ~>vn late+l then 

begin 

end 

(*Updates arrive out of sequence*} 

Add the out-of-sequence update (U.,n} 

to a update list for record A, sorted 

in the ascending order of VN' s for 

future processing 

else if n = vn late+l then 

begin (*Update with the correct VN*) 

end 

Process u~, create RA(n), and set 

vn late - vn_late l+l; 

Record the committed update, U.,!':_:a~~· 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 

else if n<vn late then 

begin (*Duplicated update which has been 

end 

previously processed*) 

Send an acknowledgement with the VN n 

and site number i to the PS 

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 log; if all 

acknowledgements associated with U!': have been rece~ved from 



.... ---·-.. ······----·· 

-13-

all secondary sites 28, the timeout is deac:.ivated ar.d ~ 

"completion" me~sage .:..s sent to inform -:~e .... --- ...... '- .. .:.a.~ a,_ -

c~pies of redord A have been updated success~~::~. 

Processing at T~meout Expiration fer Record A a~ :.~e :s ~s 
as fo:lows: 

':'he update U~-. is resent to those sites =~·~:n wh:...=~ 

the assoc~at:ed acknowledgements have not beer: rece:.~,·e·:i. 

record A As noted b~fore, all updates for 

first processed by the primary sites 26. If an uoda:.e 

causes any data inconsistency, it will be rejected (abortedi 

by the primary site 26; otherwise, the update is commit::.ed. 

The protocol of the present invention also preserves the 

internal consistency for all replicated copies of record A. 

I. If the copies of R_;(O) replicated at the 

primary site 26 and all secondary sites 28 are identical and 

inte::!:"nally consistent, the protocol of the present inve!.!t:~cn 

maintains the internal consistency for all replicated copies 

of record A. 

For example, consider a set of updaces 

{U-;n=l,2,3, · · ·} committed at the PS where U:: maps R_=,(n-i) t.o 

R., (n) . The mapping is denoted by R.; (n) =U:: {R.:.. (n-1) ) Because 

R~ (0) is consistent and the U::' s are committed by the PS on::.y 

if they . cause no inconsistency, the R~ (nl =U-. (tJ __ _ 

:(· · ·U1 (RA(O)) · · ·)) ear all n=l,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 sequence in which they are committed by 

pr~ma:?:Y site 26. Therefore, the internal consistency at 

-;....~ ........... _ 

primary site 26 implies internal consistency for record A a~ 

ai~ secondary sites 28. 

The mechanism by which the prococol of the prese~= 

invencion maintains record consistency is similar co tha~ 
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for an exclusive-writer protocol proposed in W.W. Chu and J. 

Hellerstein, "The Exclusive-Writ:er Approach To Updating 

Replicated File in Distributed Processing Systems," IEEE 

Transactions en Computers, Volume C-34, No. 6, June 1985, 

pp. 489-500, although the latter protocol does not consider 

the delayed processing of out-of-order update messages, the 

failure recovery aspects and the charac~eristics of 

telecommunication applications. It should be noted that, 

once an update is committed by the primary site 26, it can 

always be committed at the secondary sites 28. Thus, there 

is no need for database rollback. 

The method and system of the present invention 

also provides mutual consistency. If no additional updates 

are submitted to the system after a number of updates for 

record A have been sent to the primary site 26, all 

replicated copies of record A at the s~tes will eventually 

become identical in a finite time period, provided that all 

sites ar~ operational, perhaps after a failure for a finite 

amount of time. 

II. If the copi~s 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:-1;.n=l, 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 RA(O) is identical at 

all sites, copies of RA (M} , which equals u~ (U~.:­

: ( · · ·U:(RA(O)) · · ·)), at all sites are identical after updates 

{U~;n=l,2, ... ,M} are processed by all sites. 

The system allows non-identical copies of records 

replicated at different sites to be available for call 
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p:-ocessing si:nul :.a:ieous2.y. '!'hus, queries may access =!:e 

cbsolece in~ormacion ac some secondary sites while ~pda=es 

a:-e pe~di~g =or processing, thus causing.call misroutes. ~s 

discussed before, if the probability of such oc=urre~ce is 

sat:isfac:::orily small, 

updates is not needed. 

10 is deadlock free. 

exclusive access to the records 

Without exclusive access, the 

Furthermore, the system 10 does not 

a··.,.... .. - ...... '""'- _ ... ~ 
c:•'!':::::-~""" -':!---··· 

extensive message exchanges among sites which wc~:j 

otherwise be needed for concurrency control protoco:s su=~ 

as 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 ::he 

secondary sites for each update is 2(N-l) 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 oresent invention can also be used in ache:-.. .. 
applications as long as they can tolerate the record 

inconsistency, and the probability of referencing obsolete 

data is kept at an acceptable level. 

The system of the present invention also nas 

recovery ability, such as for the following situations. 

a. Loss of Messages and Link Failures: A :oss 

of update and acknowledgement messages will. 

cause the timeout to-expire on the primary 

site. When this happens, the primary si·t.e 

resends the update message to the sites 

associated with the lost messages. 

b. Site Failures: If the primary site 

before an update is committed in the leg, 

the updat:.e is simply lost. The source 

discovers that if it does not: recei. ve a 

complet:ion message from the primary si :.-: 
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a-f~ ... ~_r_ a ce_r~ .... ai'n time oer;od - ~ -... . In case t:i.e 

pr:.~ary site fails af~er a committed updace 

has been written in the log, the primary 

site can resume its operac:.ons after -::ie 

:ailure as if the update was just written i~ 

the log. 

As a result, the update is sent to a.;..._ 

secondary sites again. For those secondary 

sites which have already posted the update 

successfully, they simply discard the 

duplicated update and send an 

acknowledgement;. back to the primary s i c.e . 

If a secondary site fails, the primary site 

resends the update, if any, to the failed 

site when the timeout ~ssociated with the 

update expires. 

After resending the update to a secondary 

site for a number of times, the primary site 

may declare the secondary site no longe!:' 

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 ?S 

to resend all those updates completed dur:~g 

the failure. 

The system and method of the present invention is 

compared with two commonly used protocols: the Primary-S:~e 

Locking ( PSL) (Figure 3) and the Basic Time-Stamp 2:-s) 

protocols (Figure 4) . In addition, several numer:=al 

examples are presented to portray the typical perfor~a~=e 
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characte:?:"=..st::.cs cf c:ie system of the ::resent· i:-... v .. er4":.:::.r: 

: F:.gu::.-es 5-7). 

A fract::..on of cal2.s may be mis.routed by t!".e met.::c~ 

of :.!':e present inver:.t ion because of accessing obsc:..e:.e 

inforrnat:..on at some secondary site databases, whiie ~pdat:es 

are pending. The fraction of calls misrouted is a ~ey 

perf ormar.ce measure for determining whether or nc~ ::::.e 

method of the present invention is applicab~e to a 
'· 

par~:..cular application. 

As noted before, a record is first updated at its 

primary site under the method. A vulnerable pe:r-iod is 

defined for the record at a secondary site as the time 

interval from. the completion of an update to the record at 

the primary site until the time when the update is posted at 

the secondary site (Figure 2). As the most updated record 

has been available at the primary site _at the start of th~ 

vulnerable period, queries accessing the record at the 

secondary site during the vulnerable period reference 

obsolete data, thus causing call misroutes. Certainly, such 

misroutes 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 sit:e, 

and 2) the update response time (i.e., time from the arrival 

of an update until its processing is completed) at :he 

secondary site. These factors in turn depend on the 

characteristics of the signaling network, the design of each 

database, the traffic load, the ratio of query and update 

rates, and the service scheduling discipline for query and 

update processing. 

Based· on a performance study wich t.ypica: 

parameters·in today's ~elecommunication networks, results in 
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Figures 5-7 show that the fraction of calls misrouced under 

the method of this invention is satisfactorily small {e.g., 

less than 10-:) for a wide range of expected customer 

behavior (in term of call throughput and ratio of record 

read-write frequencies R-:;} in the Personal Communication 

Networks (PCN), wireless networks, Universal Persona: 

Telecommunication (UPT) services and other advanced services 

to be offered by the Intelligent Networks (IN). 

Furthermore, when the method of this invention is 

compared with other concurrency control protocols such as 

the primary-site locking and the basic time stamp protocols, 

Figures 3 and 4 show that since the method of this invention 

avoids extensive message exchanges required by the existing 

protocols among database sites, it reduces the vulnerable 

periods, thus reducing the call misroutes. 

Referring now to Figures 11~ and llB, there is 

illustrated a high level flow chart depicting the method of 

the pres~nt 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 updated is committed in the log 

in block 110. The information relating to the update is 

then transmitted to databases at secondary sites in block 

112. The secondary site updates by using the version number 

in block 114. Secondary site then creates a new version of 

the record in block 116. The update is committed· in the log 

at the secondary site in block 118. If the call counter of 

the last version of the record is zero in block 120, then 

the old database record is deleted in block 122. Regardless 

whether the call counter is zero or not, the secondary site 
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sends an acknowledgement to the primary site as tne ~pda=e 

~as been successfully processed in block 124. T~e pr8=ess 

cor.:.inues with the next update ir. block 126. 

Replicated Database Design For Global ·Mobility 

The protocol of the present inver;.:.ion is· a.:. so 

adap:.ed for use with a replicated database desig:: :er 

supporting global mobility with wired and wireless necwcrks, 

or a combination thereof. 

To support the service, personal, and terminal 

mobility, the communication network has to store, mai~:.a~r. 

and retrieve customers' mobility information for signali~g 

purposes. This information includes that specified in :~e 

reference environment of a customer (e.g., ~he 

characteristics of the terminal in use, the services 

subscribed, the location data and the call routing logic 1 ~ 

Thus, a key challenge for the mobility management is :.o 

develop an efficient database architecture so that t::.e 

mobility data can be readily available for signalir.g 

:unctions such as call setup and routing. 

The current approach to supporting the termi~a~ 

mobility requires a home database .(or Home Locati8:-i. 

Registers, HLR) and a visitor database (or Visitor Locati8n 

Registers, VLR). This HLR-VLR architecture actually has 

been established as an industry standard in the Globa::. 

System for. Mobile Telecommunications (GSM) for Europe a:-.:i 

:he IS-41 recommendations for North America. The he::-.: 

database can accessed by the fixed, wired or wire:.e.s.s 

network, whereas the visitor database is connected. :.:: 3. 

switch {referred to as the mobile switching center, MSC 

the wireless network. The routing and at.her sigr.a:'.. :.:-.~ 

functions of each call initiated from or destined ::::::::- :1. 

mcbile customer requires the use of the location informa::.:~ 

s~ored in the databases. The protocol and ~he asscc:~:~i 
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architecture for supporting the terminal mobility are we~l 

defined, and understood by those skilled i~ che art. 

The notion of personal and service mobilicy is 

relat:i vely new. As a result, the protocols and t.he 

architec~ure for the personal and service mobility are yet 

to be standardized. The present invention is concerned wit~ 

a signaling-network architecture based on replicated 

database for providing personal and service mobility to 

customers traveling throughout the world. 

In the following description, two alternative 

database architectural designs are examined, which might be 

adopted for mobility management. Due to the unique 

characteristics of global mobility, an extended signaling 

. network based on replicated databases to support global 

mobility is proposed. The applicability of the architecture 

to the personal and service mobility an~ its compatibility· 

to the industrial standards for terminal mobility is set 

forth. rhe system performance and cost considerations for 

the proposed architecture are also discussed. 

The system and method of the present invention can 

be applied to customer location information (i.e., routing 

data) of personal mobility. As eXplained below, the present 

invention can easily cover service 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 
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ab!"oad is shown Figure 8. The ::::ustomer :.:>ca:::..c:: 

:.::fc:!":na::::..on :..s stored in a cent~al.:zed da:::a . .base 200 

p~ysica::y located in che U.S. In order to make :r.:..s des:.q~ 

feasible, it reauires: 

l. Customers traveling abroad have t~ reg:.sr.er 

from the visited country so that t~e ne~wcrk 

is informed of thei~ current locatio~s 

(e.g., in terms of POTS numbers in wi!"ed 

networks, or mobile station roaming numbers 

in wireless networks) . This lccat.ion 

information for all customers subscribing t.o 

the UPT services is stored in t.he 

centralized database, which can be supported 

by a Network Control Point, NCP. Signa: 

transfer points 204 in the U.S. network 

communicate with signal transfer points 206 

is country 1, an~ any other country in 210. 

Country 1 includes a VLR 212 connected to a 

MSC 214 in the wireless network 216. 

Country 1 also includes a wired network 218. 

Country n also includes similar elements 

referenced by prime notation. 

2. Every time a customer changes location, the 

location data (e.g., a POTS number in a 

wired network, or a pointe?: in t!"le HI:.R 
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pointing to the VLR 212 serving the location 

area, a group of cells, where the user is 

locaced in a wireless network 216) for the 

cus~omer in the database is updated. Such 

-database updates can be initiated: a) 

explicitly by customers connected to a wi~ed 

network, as similar to the current 500 

services, or b) automatically by the 

wireless network at which the customers are 

located. 

3. When a call is destined for a OPT customer 

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 distribut,ed databases 

for mobility management is shown in Figure 9. In the 

description that follows, elements common to those described 

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

distributed database design, customer records are 

partitioned and stored (but not replicated) at different 

physical locations, which can be interpreted as the 

customers' home locations 230. For this reason, the 
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dis::.ributed database design is also ref er:-ed c~ as =~e ~=~e 

dar;abase desi·gn. Ac-:ually, the centralized da::.abase des:.~::-. 

~a~ be viewed as a special case of the distributed des:.g~ 

where a1~ data is placed at a single location. On ~he 8<:~e:­

hand, the dis::.rib~ced databases offer pot~ntial adva~=a~es 

over the centralized design such as improved availabi:.i::.::, 

reliability, and -:he flexibility of load balancing. 

This distributed database design can be used 

extensively for many services, e.g., Advanced BOO and 

Software Defined Network (SDN) services, where customer data 

for the same service is distributed and stored at mu~tip:~ 

NCP databases. Although each customer's record is stored at 

a primary and a secondary NCP for reliability reasons, on~y 

the primary copy is used for signaling_ functions at norma: 

conditions and the secondary copy is treated on:!.y 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 NC?. 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 are necessary, th~s 

making the cent:-alized database design evo::.ve inc.o :he 

distributed design. The assumptions and operations for ca:: 

set:up, routing and other funct:ions for the dist:-:..but:ed 
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da~abase design are identical to those fer the centralized 

dacabase design, as discussed above. For a given customer, 

the. signaling ne~works or switches have ~he computat~onal 

logic to determine which database among many contains the 

signaling data for the customer. 

Because a current signaling necwork provides a 

very high degree of connectivity, querying the distribuced 

databases across the U.S. does not cause unacceptable delays 

nor incur high costs for call setup and other signaling 

functions. The use of distributed databases will continue 

to be a viable approach. If the high connectivity is 

maintained in the future, there will not be a need to 

replicate customer records at multiple places for reducing 

query del·ays and associated costs. However, this is not the 

case for signaling in other global areas, as anticipated for 

supporting global mobility in the future. In thac 

situation, replicating customer records at a visitor 

database located at foreign countries will lower operating 

costs and shorten querying delays, as explai~ed below. 

A signaling network based on replicated databases 

is shown in Figure 10, which illustrates basic use of :he 

replicated database of the present invention for use 

global mobility. Like reference numerals are. used :::r 

elements common to other units of Figures 8 and 9. 
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Depending on the anticipated ~raf::.:.'= lca·:i a~ .. :r. 

o~~e~ e~ginee~ing considera~ions, 

:besides the U.S.l is divided into severa: 

regions, each of which covers a number of :::::re:.q:: 

count~ies, such as the ~llustrated Regio~ A 246 

and Region a 248. 

2. A pair of visitor databases 250 a.,....:::. 

installed physically in each region, 

connected to the signaling network in t- t,..,_Q 
\.....---

U.S., for example, via two additional ST?s 

252 physically located in that regic~. T::e 

number of STPs installed in a region and 

number of signaling links connecting c:-~-: 

STPs to the U.S. signaling network car. c-: 

adjusted and determined according to t-~Q 
i....- .. -

traffic, performance, and reliabili:.y 

requirements. 

3. In the registration process of a customer 

vi$iting a foreign country, a record of 

location and other related signaling 

information for the customer is set up in 

the visitor database 250 for the region. 

This new information will also be sent back 

to update the associate home database 230 in 

the U.S. As a result, each roaming c~stc~er 

has ~wo replicated copies of signaling data: 
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one in the home database in the U.S. and ~~e 

other in the visitor database physically 

located at or close co the visited country. 

The record in the visitor database will be 

removed when the customer leaves the regio~. 

The replicated database can be accessed for cal: 

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 visitor 

database. Calls initiated in the U.S. will query the home 

database. There are three major advantages for the use of 

replicated databases: 

1. Substantial Cost Saving 

Due to local availability of needed customer 

·data, the transmission cost for signaling 

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 which originate from the 

visited country or region, which will also be the 

case for some business customers.. Furthermore, 
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as t~e nuMber of messages se~: over _ ~-~ --·-:::::: 

be ~educed as fewer transmission faci:i~ies 

(e.g., signaling links) will be needed :o c:::: ... .,..,.""',....V"'­
--!""!""\,J- -

the same amount of call traffic. 

2. Enhanced Delay Performance 

Call setup time and response times for ot!'le'!:' 

signaling functions can be reduced. 

3 . Compati.bility with Exist.i.ng Wi:::::-eless 

The replicated database design is compati.ble with 

the industry standards such as the IS-41 and :he 

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 prc~ocols 

for wireless networks remain applicable. Upon 

receiving updates from a local wireless network, 

the visitor database is responsible for 

forwarding the updates to the home database in 

the U.S. to ensure customer data consistency in 

the home and visitor databases. Hence, the 

replicated database design indeed appl:..es not 
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only to wired services bu~ also to wireless servi=es. 

In accordance with the present invention 

consistency must be maintained between the replicated copies 

of customer data stored in the home and visi~or databases. 

The system and method of the present invention usi~g ~~e 

Primary-Writer Protocol (PWPJ can be applied to the home and 

visitor databases for global mobility. The Primary-Writer 

Protocol of the present invention is advantageous because 

telecommunication applications can tolerate inconsistency 

between replicated records for a short period of time. As 

noted above, the main consequence of accessing obsolete data 

is a call misroute. The performance analysis of the Primary 

Writer Protocol of the present invention establishes that 

the misroute probability under the present invention is 

small for the expected customer behavior in wireless 

networks and IN. The present invention preserves both the 

internal and mutual data consistency, and also allows the 

system to recover from certain types of failures. The main 

advantage ·of the Primary Writer Protocol is its low 

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 



-29-

and the heme database is designated as ::~e P1:imary Si:e a:.a 

Sec::mda1:y Sice, respectively for updati::g purp::ses. .:;s 

noted abo".,re, this arrangement is appropriate beca~se 

locacic~ ~pdates and other changes of signaling in~~r~aci=n 

are most likely generated from customers, who are roam~r.g ·-

the foreig~ countries. 

Although the above discussion focuses on ::.ie 

location information for UPT customers, it should be noted 

that the replicated database design actually applies wel: ::.2 

service mobility and reference environments. The locati8~ 

information, the services subscribed, and the y-Q.;:~,.....a=,.,.....-,::. - ---- -·-'-""'" 

environmen:. are specified on a per customer basis. Thus, 

the replicated database design and the associated protoc~:s 

can treat the per customer information related to :::e 

subscribed services and other data items included in ::.~e 

reference environment, in the same way as the location 

information. As far as the system performance of ::.he 

replicated database design is concerned, the only differe~~e 

among various data items will be their query-to-upda::.e 

ratios (e.g., the ratio of the querying rate to the loca:.:.::.::-. 

update rate for a UPT customer) . 

Nevertheless, it is expected that the :r:::.s::. 

frequently updated data item will probably be the loca::.:~~ 

inf or:nation for a mobile customer; the query-to-'..!~i.:.: e 

ratios for other signaling data items will be higher :~.:.~ 

~hat for location data. As a result, the update aigor::~~ 
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of the present invention will also apply to cust:.omer records 

containing subscribed services, reference environment and 

other signaling information. 

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 situations. 

A mobile, wireless customer is roaming in ~ 

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, especially if the customer is located far away 

from the U".S. The situation will become even worse if t:.he 

customer moves from location to location without making or 

receiving calls; i.e., no revenue is received to cover the 

cost incurred in handling the database updates. 

One way to reduce the overhead for location 

updates is to maintain the current location information for 

certain highly mobile customers only in the visitor 
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database . ':'he home database, in ccn=rast, cont:a~:ls ar 

.:.denc.:.:.:.er point:ing to the vis.:.tor database on wr.ic~ ~~e 

:::.:rr-:n~ lccat:i~n information is stored. . . . . . 
\~.e., ~~e v:s~=~~ 

dat:abase had the complete record of information assoc.:.a=ed 

with this roaming customer, and the home database has c~~y 

partial customer information.) 

As a result, the home database does not need ~= 

update the location information every time a customers 

changes its location overseas. Furthermore, calls 

originated from the U.S., destined for a customer tr~veling 

overseas first retrieves the identifier from the ::iome 

database and then accesses the current location in:ormat.:.on 

in the visitor database for call setup and other signaling 

functions. 

The enhancement approach for keeping comple:.e 

customer data only in the visitor database not only applies 

co the location information, but also applies to other data 

items with frequent updates. In addition, the enhancement 

approach should be used on a per customer basis because 

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: 
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The ratio of calls to the cust:.omer 

originated from the visited region to all 

calls destined for that customer, 

2. The database query-to-update ratio (e.g., an 

indication of mobility) , 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. 

Based on these parameters of each traveling 

customer, the signaling network can determine whether the 

enhancement approach should be applied to the customer 

(i.e., only the visitor database contains the .customer's 

full record and the home database stores only parts of the 

customer data, which are less frequently updated). In fact, 

the approach can be applied to a customer dynamically on a 

regular basis, i.e, the network can turn on or off the 

approach periodically (e.g., every night) for a traveling 

customer, depending on the customer's call throughput and 

update frequency statistics during the previous period. 

In 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 
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networks in foreign ccun~ries, whic~ the telep~one compa~~=s 

in :.he United States often are not a:..lowed or pre:er ::'."'.:::::. t::: 

de. Ye1:, the replicat:ed database design i:;. ef :ec:. makes ·...lse 

of =~~eig~ networks to support global moCi:i~y 

cus:.cmers. 

The replicated design costs less to ~mplement :.r.a~ 

other system methods such as the employment of sar:e::~:.es 

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 infrastruc~ure 

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 alterat~ve 

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 

{wired and wireless) networks of existing business partners; 

competitors' networks will not be provided with the 

signaling information stored and used in the visitor 

database. 

As a result, for calls originated in a foreigr. 

~ou~try and destined for a net:work roami~g c~stomer, only 
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networks of the company in question are equipped to carry 

t~e calls. Such an arrangement can also be used to enhance 

the U.S. network's position in partnering with service 

providers overseas. In another business arrar.gement, the 

telephone network may also choose to furnish, for a fee, 

some foreign carriers with certain signaling in=ormation to 

carry calls destined for the network customers traveling i~ 

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 t_elephone network 

and its business partner overseas can be made, instead o~ 

installing network visitor database and STPs in a foreign 

country, .. records of network customers traveling in the 

country can be downloaded directly from the home database to 

a database in the partner's network. Consequently, as in 

the original replicated database design, each traveli:ig 

customer continues to have two copies of his or her 

information for signaling purposes. The protocols ar:d 

operations· for the replicated design remain applicable ::.~ 

this new setting, although a United States 

telecommunications.network does not physically own visi~=r 

databases and STPs in that country. 

It is to be understood that the above·descript:-::~ 

is only one preferred embodiment of the invention. Nume:::--::·...:s 

other arrangemen.ts may be devised by one skilled in the 3!·: 
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wi :.!:out depar~ing the of :. ::.e 

:.::ve!lcion. 
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THIS SHEET HAS BEEN 
REPLACED 

1. A method for updating a ~eplicated database 

in foreign and home telecommunication network systems to 

improve call setup time and system availability in a foreign 

region for roaming customers comprising the steps of 

updating the customer record in a visicoY 

database contained in a foreign region within the signalling 

system of a foreign tele.communication network, wherein the 

telecommunications network includes a call transport system 

with switches for forwarding calls from a local foreign 

station through the call transport system to a destination, 

transmitting information concerning th~ 

updated database record from the visitor database through 

the signaling network of a home telecommunication system to 

a home database which contains the replicated version of the 

visitor database record in the foreign region, 

adding a field to the database record 

corresponding to a.version number of the database record so 

as to identify the versions of the records referred by 

queries of· calls in progress, and 

changing the home database record at the home 

country to reflect changes in the visitor database at the 

foreign region by using the version number seque~ce, while 

maintaining at all database sites the older version of the 

database record for query access until after completing the 

' 

. \ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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· THIS SHEET HAS BEEN 
REPLACED 

processing of al, p!"evious calls querying :he version::::= :=:e 

da:abase record .. 

2. The T.et.hod accora.:;..ng to claim l .:..!1c:.uding 

launching queries to the home database when cal:.s ar-: 

originated f rcm the home country to net.work custcmers :~ :~e 

foreign region. 

3. The method according to claim l including 

launching queries to the visitor database when calls a!"e 

originated from the foreign region to a customer. 

4. The method according to claim 3 including 

directing the query to the home database for accessing the 

cuscomer record if the customer is not roaming in a I: . .i...Oreign 

region. 

5. The method according to claim 1 including the 

step of removing records from the visitor database when the 

associated· network customers leave the foreign region. 

6. The met.hod according to claim 1 including 

committing the updated record of the visitor and home 

databases by recording the updated record activity in a log 

in a stable data storage area after the updated database 

11111111111111 1111111111111111 
* C L M S * 
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record has been processed and committed at the visitor and 

home databases respectively. 

7. The method according to claim 1 including 

sending an acknowledgement from the home database back to 

the visitor database when an updated database record has 

been processed within the home database. 

a. The method according to claim 1 including the 

step of maintaining current location information in the 

visitor database for highly mobile customers traveling in 

the foreign region and maintaining an identifier in the homa 

database directing calls to the visitor database for 

queries .. 

9. The method according to claim 8 including the 

step of maintaining the identifier in the home database 

directing the calls to the visitor database for querys on a 

per customer basis. 

10. The method according to claim 1 including 

maintaining multiple versions of records in the home and 

visitor databases so that queries for a call can ~ccess the 

same version of the associated record in the same database 

for consistent routing and signaling informat:.on. 

11111111111111 lllll lllll II ;1111 · 
* C L M S * 
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1::... The method accordi:lg to claim . .. .... 
.. inc..:.. ua:.::g 

deleting t~e previous database record ve::::-sion a:.:. 

dat:aoase sites aft:e::::- completing the processing - .. .... .. .. o: a.:.. .... ca.;.._s 

queryi~g che previous version cf :he database rec=::::-=. 

12. The method according to clai:n j_ 
I .. .. I , ,__. , .. ,,..... ... -­-·---\o.4 ...... _ ..... :: 

adding a field to the record corresponding to a call cQu~:e::::-

to indicate the number of ongoing calls whose queries have 

previously accessed that version of the record. 

13. The method according to claim 12 including 

incrementing the call counter field by one if a new ca:l 

references to it, and decrementing the call counter field by 

one when a call setup is completed. 

14. The method according to claim 13 including 

deleting the previous obsolete database record when the cal~ 

counter is zero. 

15. The method according to claim 1 including :~e 

step of verifying the updated database record in the visi:sr 

site database for data inconsistency. 

16. The method according to claim 1 wherein :~e 

call transport. system of the foreign region includes :;. 

wireless phone network and wired phoned network. 
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17. A system for updating replicated database ir. 

foreign and home telecommunication network systems to 

improve call setup time and system availability in a foreign 

region for roaming customers comprising 

a foreign telecommunication system situated in a 

foreign region and having a call transport system and 

switches for forwarding calls from a telecommunication 

station through the call transport system to a destinatic~, 

a signaling system operatively connected to the 

foreign call transport system, and including a visit.or 

database within the signaling system containing customer 

records for call routing and other signaling fu~ctions, 

a home telecommunication system having a home 

signaling system and home database, said visitor database 

being connected to said home signaling system, 

means for updating a customer record in the 

visitor database, 

means for transmitting information concerning the 

updated database record through the home signaling network 

to the home database containing the previous version of the 

database record, and 

means responsive to the completion of all calls 

querying the previous version of both the visitor and home 

database record for deleting the previous version of the 

database record. 

---------- - ----
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18. The system according to claim 17 inc:~di~; 

mea~s for launching queries to the heme dacabase whe~ =al:s 

a~Q or~gi~ated from the ·home cour.try :o network cusccrr.ers ~n 

the fore~gn region. 

19. The system according to claim 17 inc:~d~~g 

means for launching queries to the visitor database when 

calls are originated form the foreign region to a ne~wcrk 

customer. 

20. The system according to claim 17 inc~uding 

means for maintaining current location information ~n th~ 

visitor database for highly mobile customers traveling in a 

foreign ~egion, and an identifier contained within the home 

database directing calls to the visitor database for 

queries. 

21. The system according to claim 17 including 

storage means for recording updated record activity at the 

visitor and home databases after the updated database record 

has been processed and committed at the visitor and home 

databases respectively. 

22. The system according to claim 17 including 

means for sending an acknowledgement from the home dacabase 

11111111111111111111111111 1111 
* C L M S * 



-42-

back to the visitor database after an updated database 

record has been processed within the home dacabase. 

23. The system according to claim 17 including 

means for maintaining multiple versions of customer records 

in the visitor and home databases so that queries for a call 

can access the same version of the associated record in the 

same database for consistent routing and signaling 

information. 

24. The system according to claim 17 wherein each 

updated record includes an identifying field corresponding 

to a version number of the record so as to identify the 

record referenced by queries of calls in progress. 

25. The system according to claim 24 including 

means for updating the records in the· home database by the 

version number sequence of the updated database records. 

26. The system according to claim 17 wherein each 

updated record includes a call counter field for indicating 

the number of ongoing calls whose queries have previously 

accessed that version of the record. 

27. The system according to claim 26 including 

means for incre~enting the call counter field by one if a 
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new call references to it, and means for decrementing the 

call counter field by one when a call setup is comple~ed. 

28. The system according to claim 27 including 

means for deleting the previous database record when che 

call counter is zero. 

29. The system according to claim 17 wherein said 

call transport system of the foreign region includes a 

wireless phone network and a wired phone network. 
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