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METHOD AND APPARATUS SUPPORTI NG NON- GEOGRAPHI C TELEPHONE
NUMBERS =5 wéGHeROUND OF THE | NVENTI ON Field of tiernbssgeqabs on
The present invention relates to wirel ess comunications and, nore

particularly, to a nethod and device for |dent|fy| ng the | ocation of
subscri ber information for)&rg ) o;t device (such as a
portabl e tel ephone) user -U){- as the only

i denti fying i nf or mat i off: Background Art

Most wireline tel ephone nunbers are geographic tel ephone 15 nunbers. For
exanpl e, 2 f | BACRGROENIY | N 40 a wreline tel ephone,
facsimle (fax) rmpium,o QﬁSOﬂQ{yent ,corrputer or the like, has a tel ephone

nunber with an are rea next three nunmbers of
The " L bl ephone THABEFSERR L AR F SRR, T SASGTARR, LoMRERGH 55
i nf or mati on tand) lneweapazticuliarigt.etiot @ methageand adsicen fnbeidentifyinge
properly Chaneﬁéedxé.éua%h Tolee LRS- A s ANCE dph@RRBAC for |4 NgsuWRi1eh may

be owned and/or operated y a l.ong di stance serw ce provider) to the
proper | ot&l F%‘F“é‘ﬁfh‘cﬁ?é‘ﬂ"inﬁe %ech such 1\ 3S Be RRRTEPLEnJ/AIEPHRERAL 8§%By a
different, Iouaingelaaphmme-g%graphﬂccmm ders) . the only Mxian vl fiydngs s
communi cat i on$ £8%n such as cel |l ul ar t el ephones, al so have
geographic te ep one nunbers Because the comuni cations device is
portable, it b s . t he geographic area

i ndi cat ed by the am&a:@ddelxne telephone numbers are geographic telephone

15 numbers. For example, a fixed communlcations device, such as

a wireline telephone, facsimile (fax)}) machine, personal
computer or the like, has a telephone number with an area
code. The area code and the next three numbers of the
telephone number {(the exchange) contain geographic location
20 information to allow a call directed to the geographic number
to be properly channeled through the long distance telephone
lines (which may be owned and/or operated by a long distance
service provider) to the proper local telephone lines {(which
may be owned and/or operated by a different, local telephone
25 service provider). )

Many wireless communications devices, such as cellular
telephones, also have geographic telephone numbers. Because
the communications device is portable, it may not always be
-located in the geographic area. indicated by the area code.

30 The exchange may identify a wireless communications service
provider. These geographic telephone numbers do, however,
provide sufficient information about the wireless subscriber
to successfully connect a call.

Fig. 1 is a greatly simplified illustration of a wireless

35 communications network, called a Personal Communications
System (PCS) network 100. The PCS is similar to other types
of wireless networks and is described to provide background to
the following discussion of the invention; it is not intended
by any means to limit the invention to use with PCS systems.
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|1 nks links 112 to several Local Signaling Transfer Points {(LSTPs)

114. Bach LSTP 114 is connected via a number of local links

116 to a number of switches such as Service Switching Points

(SSP) 118. The SSP 118 connects to customer premises to

20 provide for premises equipment, such as a wireline telephone

120. An SSP 118 may also connect to one or more Wireless

Switching Centers {(WSC), Mobile Switching Centers (MSC), or

Radio Port Control Units (RPCU) 122, which are part of the

wireless communications system 104. The WSC (or MSC ox RPCU)

25 122 is connected to a number of Base Stations (BS} {or Radio

Ports {(RP)) 124, which monitor a "cell" (or "coverage area")

126. One or more WSC 122 are connected to a second database
called the Visiting Location Register (VLR) 128.

The HLR 106 contains a database maintained by a user’s

30 local telecommunications service provider at the user’s home

location. This database includes information about the user,

called the user profile. The VLR 128 is maintained by a

telecommunications service provider at the location the

portable device user and portable device 130 are visiting.

35 The portable device 130 may be a wireless telephone, a

personal digital assistant (PDA) having wireless communication

applications, or other device. The VLR 128 stores a subset of



116 to a nunber of switches such as Service Switching Points (SSP) 118.
The SSP 118 coqg_zﬁ,}s to custoner premses to 20 provide f
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When t he Rgrtabl

c% as proposed PCS service, do not use geographic telephone
numbers. Such telephone numbers, called non-geographic
{tele}phone numbers or NGPN, do not contain the information
identifying the subscriber’s signaling network database, which
contains, for example, the service provider’s HLR containing

20 the subscriber’s user profile. They also do not contain the
information necessary to identify the service provider serving
that subscriber, from which the identity of the signaling
network database may be obtained. :

Each wireless service provider may have one or more HLRs.

25 Moreover, a service provider may need to add HLRs as it
obtains additional subscribers when the current HLR(s) have
run out of storage space or the current HLR({s) cannot
efficiently process information for all of the subscribers
contained in the existing HLRs. Also, a service provider may

30 have HLRs located in a number of geographic locations to
reduce communications costs to subscribers having home
locations in those geographic regions.

One currently proposed manner in which the appropriate
signaling network database is identified from a NGPN is Global

35 Title Translation (GTT). GIT is performed by the local and
regional signaling transfer ©points and translates a
subscriber’s NGPN to the identity of the appropriate HLR 106
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HLR 106 Three of these situations are:

20 (1) When a subscriber travels from an area covered by a
first VLR into an area covered by a second VLR, the
HLR must be updated so that calls may be routed to
the proper -location. The subscribexr’s HLR needs to
be identified in order to update the usexr profile.

25 {(2) When a call is directed to the subscriber having a .
NGPN, the translation is used to locate the HLR so
that (a) the portable device may be located, and (b)
call delivery opticns ~-- such as call forwarding or
call screening -- may be obtained.

30 3) When a subscriber having a NGPN originates (places)
a call, the translation may be used to identify the
subscriber’s HLR so that authentication information
and gervice profile information (such as billing
information, long distance carrier, etc¢.) may be

35 obtained.
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for that subscriber. These signaling transfer points' main function is
to handl e calWO$BUY and calls. Use of the LSTP and RSTP BCI§a¢/84484 { o
performthe NGPN translation ties u val uabl e signaling resources. 5

In addition to the &haWieRX topnsTptier anacessségeiniGinted whgsy asoNGHE is
practical in f'ﬁﬁ&s@n&é&ﬂwiéfﬂét@&&ksﬁﬁﬁﬁf@-inTla:h& of the dw&us(e;@rﬁwﬁs.
communi cati ons ,gyste use .asynchronous rangf.er e /
networks as th r n??{gg%orﬁﬁﬁﬁ%é%t 1“8%5%3_ anetv\;\%r‘kg’%g’r %%’no?rbe':’%d
because an ATMYigwedihgent? usetworkthentd®y.physi &9k netdmplidigy, the
transmtting SigyaakicRgabess ricali$CdsbOmeSt e N Ss2BdebOhted to a
transmtting the _calls : etPr(repeI VES. éoj%entli?;,“,m%arat,l ng essages are
sent on a dfnal ithgShRMHO e UBSerSEQO RfRE HEPY) o) IIF Sl LA AR &t ROk
Because t he sarmtietywmak belduimbleed for call set up and the 15 actual

data transmi ssion, §i gg%:_trp%]} {b&%]bé{ %%.ap,gilg{-jom +é%1»f3§ shoulﬁemé.’éﬁgsa%\l%éaqe

net wor k, and t herefor , [ e avail a o
transl ation naFriéerdaui r Ed4rsh nbhyShgtishtieofast andrgfficient hesgecond,
si tuati ons1are:thd0 translatlipn \$ioala Bessbidetot bavgertbrnedamyareiiely

covered by a . . fi VLR. .0t Q_an area V. b secon R,
t he dlscﬁlfﬁuﬁﬁgt nggﬁé%laale géag%gfhats%:al Ia(;soqg{’/f %’e %(S)g?'ed%? odsc\g_
t he proper | oc@sxyAngTRBe sEdkksy beThdrA, REALcEEaRplation method shepuld be

identified in wdgablie ypdabfdlideanSHichtiddd it tHe number(3F sWbefrDbad |
Is directed toa{[n si&gﬁﬂﬁg%’atg%\éisgg gsing NGPNs. Fourth, the translation
18 wmethod should be flexible so that changes in the NGPN-to-HLR
mapping (such as a subscriber changing gservice providers, two
service providers merging into a single company, the HLR
becomes saturated, a subscriber moves to a different
geographic location, etc.) may be made dynamically, without
20 halting the service provider’s operation. It may also be
desirable for a NGPN translation scheme to permit an
independent entity, such as a Numbering Plan Administrator, to
chose NGPNs for subscribers without considering how the
nurtbers will map to HLRs (i.e., without regard to service
25 provider, geographic laocation, etc.).

Therefore, it is an object of the present invention to
provide a NGPN translation system that may be used in the
absence of signaling transfer points or other entity
pexrforming GTT.

30 It is a further object of the present invention to
provide a NGPN translation system that is fast and efficient.

It is yet another object of the present invention to
provide a NGPN translation system that may be performed by
widely distributed network entities.

3s It is an even further object of the present invention to
provide a NGPN translation system that is scalable.



NGPN, the translation is used to |locate the HLR so that (a)
the portabl e device nay be |ocated, and (b) call delivery
options -- wogie7ay call forwarding or cal | gcrmsyéioagd- - nay
be obtai ned. 30 3) When a subscrlber havi ng a NGPN_ori gi nat es

(pl aces) It is Ygt eyen apREDEr FRISHS OF FRBS RReassEdineeRtem Py t he
subscri ber' sprhiid® at NGPN autdmitbicdahi @ystev chant permits dynamic changed

servi ce prof ol £n (such as billing i nformati on,

| ong dIStanCEéS%$€IeF£BétC may be 35 obt ai ned.
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The NGPNkst, r aps | P d Vil GONGPN schdnd thated1nbes £ :Jii@blﬁnaent exﬂ{(:.&:%e'&bed to
a network entit in ove Si ti,.0ns The network entity may
be'a VLR, S bR, o tRoBE dodid 1 KER mapp g i ot ty. For

sinplicity, t he 5 speC|f|cat|on generically assunes the NGPN i s
present ed t OggmMaRY we understood that any "intelligent"
net wor k entl A practical .NGPN translation
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contains a NGPN-to-HLR mapping table.
Translation servers (TS) may be configured in several
ways. In a first preferred embodiment, the translation server
15 is a single, centralized translation server. A VLR queries
the central TS to obtain the appropriate BLR address. In a
second preferred embodiment, a number of translation servers
may be distributed in the signaling network.
When a number of translation servers are used, a VLR
20 receiving an NGPN should be able to determine which
translation server contains the mapping for that NGPN. This
may be done in geveral ways. In a first preferred embodiment,
a subscriber that has roamed ocut of his "home" region serviced
by his service provider, will have his NGPN presented to the
25 TS of a service provider at his current location (a "foreign"
service provider). The foreign TS may broadcast a query to
all other TSs in the signaling network either simultaneously
or in stages. In a second preferred embodiment, a VLR
receiving a NGPN performs a hash function on the NGPN. The
30 hash function identifies a translation server. The VLR may
then query the translation server and obtain the NGPN-to-HLR
mapping.
Where a hash function is used, one preferred embodiment
uses an extendable hash function to accommodate the addition
35 of new TSs without changing the VLR operating systems. In
another embodiment of the translation servers identified with
hash functions, further additional TSs are accommodated by a
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The present invention is described with reference to the

15 following figures:

Fig. 1 is a diagram of an illustrative wireless communications
gystem;

Fig. 2 is a block diagram of a high-lewvel architecture of a
communications system having a translation server according to

20 the present invention;

Fig. 3 is a block diagram of a communications system having a
VLR which determines the translation server address using hash
functions, according to one embodiment of the present
invention;

25 Fig. 4 is a block diagram of a communications system having a
VLR which determines the translation server address using hash
functions and has a cache memory, according to one embodiment
of the present invention;

Figs. 5A and SB illustrate extendible hashing as used in the

30 present invention; and
Fig. 6 illustrates an architecture for a communications
network having a translation sexrver according te another
embodiment of the present invention;

Fig. 7 is a block diagram of a communications syst:em having a

35 VLR which determines the translation server address for a
subscriber having more than one communications service,
according to one embodiment of the present invention; and
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Fig. 2 illustrates a high-level architecture of a

20 communications system 200 having a translation sexrver 202

according to the present invention. Pig. 2 shows the TS as a

separate network entity, but it need not be a separate entity.

When a NGPN is presented to a VLR 128 by a SSP 118, the VLR

has a pointer or performs a hash function {(described below)

25 which directs the number to the TS 202. The TS includes a

database, such as a look-up table, which receives the NGPN and

maps it to the appropriate HLR 106. This mapping may be a

standard file or database search and may be performed in any

number of ways obvious to a perscn skilled in the art. If the

30 NGPN-to-HLR mapping has to be changed for any reason (i.e.,

subscribers are added, deleted, or changed, for example), only

the TS -- not the VLRs -- should be updated. This is much

simpler to accomplish. One reason for this is that a large

number of VLRs are distributed throughout a communications

35 network; here, only the TS 202 needs to be updated, rather
than a large number of network entities (VLRs).
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according to oRe € I ment of the gl)r esent I nvention;
Another way to alleviate this problem i5 to use a cache

memory 204 at the VLRs, as seen in Fig. 2. Each VLR may have
15 an associated cache memory 204 which will maintain a number of
recently called NGPNs and the associated HLR addresses. When
an NGPN is received by a VLR, it will compare the received
NGPN with the NGPNs in memory; if the NGPN is stored in the
cache memory 204, the HLR address is already available, and
20 the TS need not be queried. If the NGPN is not stored in the
cache memory, the VLR queries the TS and obtains the
appropriate HLR address. The NGPN and HLR address may be
stored in the cache memory and, if necessary (e.g., if the
cache is full), another NGPN and identifier (perhaps the least
25 recently used NGPN) is deleted from the cache memory 204.
Alternatively (or in addition), the TS 202 may have a cache
memory 206.
Where a cache is used, information stored in the cache
may become invalid if the NGPN-to-HLR mapping is changed.
30 Several alternatives exist for insuring that the information
in the cache is eventually updated. In one alterative, the
cache is not immediately updated when the mapping is changed;
instead, when the VLR queries the HLR indicated in the cache,
the HLR returns a message indicating that the mapping is not
35 found. The VLR then uses the usual non-caching procedure for
querying the appropriate TS as before. A person skilled in
the art recognizes other alternatives are equally suitable.
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With this alternative, a system should be provided for
the case where a subscriber roams outside of a service
provider’s "home” region (the geographical region served by
the service provider) into a "foreign" region. When an NGPN
is presented to a foreign MSC or RPCU 122, the NGPN may be
forwarded to the foreign service provider’s TS. The foreign
service provider's TS obtains the appropriate HLR address
using one of the following methods:

1. The foreign TS broadcasts a query to all other TSs.

This may be done in a single, parallel broadcast or
in a chain of queries., The "home" TS sends the
foreign TS the NGPN-to-HLR mapping.

2. A combination of broadcast and other schemes. For
example, broadcasts may be made in stages, with
certain TSs queried first. The TS queried by each
stage may be determined on a variety of criteria,
such as a service provider’s total number of
subscriber, geographic location with respect to the
inquiring TS, etc.

This method is equally applicable to any multiple TS
configuration, regardless of who maintains each TS.

Some decrease in processing time may be achieved by
caching at either the VLR of the TS. As described above, a
cache is a 1limited memory containing all of the NGPN
translation information for a number of recently accessed
numbexrs.
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the translation fromother entities in the network. The

Transl ati on Server One enbodi nent of the present invention is to
provi de a * WO¥EME] ati on server (TS) configured to perfor ACEHUSEMNIMO- HLR
15 mapping. The TS rray be a separate netvvork entlty, it may be

di stributed al ongZEansiabiem Sexvers Uain ing, Funesdongf entities,

cF>r ltzmalyI be Io;:at-*eg Im ﬁé\ca b@bcn&nmﬂenemfl hycoﬁm&mca:m&% gyst&nofod/LR
g | ustr at.es

I eve rchl t cture Lcati'ons system
200 having a BYahe &'i‘%ﬂ" iBho S eﬁ?cSrgi'ﬁglﬁg 1 ﬁ’g‘r{g}{ deht T MHRRt i on.
Fig. 2 shows tdhee TS a.sieatzflcslei;m'r atsinmgt bash efundbionsut | Theeesystodm be a

separate gnt |1tn¥:1udes W&&M@w’ﬁcﬁiﬁée&rﬁﬁﬁ Oz R é@é By Re §§P 118,

the VLR n'g‘é f.or s function escrl bed el ovv) 25
whi ch direct Whézﬁu Vipg ?h‘éa#s Bupctiop, pregesgerydle 2 T
such as a Ioaﬂahlp BabLeondeﬁlmo&ecESuesozheaM\lrﬁmﬁer ofrmmsutoeto the

appropriate HLR é{@ggl B9, r@)ﬁﬁtﬁn%ay O?SEM thef t,%lrjase

search and may be per orne ways o VIOUS son
skilled in tmangegr. |W %%@Gamarelmn%em psHeed o syehc H’&n

any rleaSQa (:ozegmauoﬁubéﬂl hesnidiae iaddedr dakehagd%@f) chfmgecprﬁ qrs
(ran)jgkrlm ®) Ogﬂ*elgef%egcconﬁl Ig%@é&%% ei;é%n v]‘or thts i sretw)a&eﬁ%arggll B 'S

nunber of VLRwikchk #pddsi Bb@eeaihrm@hwwﬂ%rﬁhmﬁ%ﬂﬂ Otes BV LFek2f0r K ;
here, only tb@;eTGLQO;Zeeeedés ttheb®aERdat edn Iddterio2 anih@brdaldd oe: ngTber

of network er?:thtI h( V:J.‘unc)tlon processor 304. The VLR performs a Ei-xash

15 function (described in more detail below) on the NGPN,

preferably to a binary representation of the NGPN, to obtain

a value f(NGPN), where f is a hash function.

The hash function result typically is not a network

address. If it is not, the function result may be sent to a

20 TS mapping table 306. The TS mapping table contains a table

of hash function results and associated TS addresses. The TS

mapping table receives the NGPN and obtains the appropriate TS
address. Once the TS address is obtained, the VLR 128°
gqueries the identified TS to determine the HLR address for the

25 NGPN. This may be done by forwarding the NGPN to the TS. The
TS looks up the identifier of the HLR serving that NGPN and
forwards it to the VLR. The VLR contacts the identified HLR
.and continues the call set up. After the call is set up, the
"call is connected from the switch.

30 To implement this architecture, the VLR operations
support system will load hash functions, manage the NGPN-to-
HLR mapping, and provide other administrative functions {if
any} for supporting the translation scheme.

The Hash Pupction

35 Hash functions are well known. For the present
invention, two desirable traits of a hash function are (1)
easy computation; and (2) maps roughly the same number of

11
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There may be a TS 202 associated with each HLR 106. On t he ot her hand,

it may be p |l e to provide a single, centralized @Q?! a
server ZOZW enﬁg switch receives a NGPN, it forwar dg&f %'f]e VLR
128. The VLRGB! t8Sehdte Td central TS (the call will be held at the switch

until it receives further instr 0 ) to abtai.n_the a riate HLR
address. The VLEPEhERTRES PEs2t F1L-iIL°I'~2h‘F SHoRe TRE? tsé“ggmq?%‘f}t%g cal | .
One possi bl ewdr &8sadle mhet Iﬁenstmyk eeveret.r aI'!fhz;@d functiSni setimts asfathe

number of NGk ;Jé@ggéowgaﬁMtT%fn‘ay;@O%h@%%eﬁagelﬁoa gl gvlhnpliaGessi ng

demands. fo evi ate lemis to use para
dat abaseSpr d@@§§| Hep g1 Rénary @W@Stloﬂ of an eygpmyEeRa§ody in

al l evi atg thy @)pﬁﬁ@lsmesszncooﬁsa afca@mcpu effl@80{y aD4ddt nukicevVLRhe as
seen in Fig Each VLR ave_15 me 2 4 whi ch
w |l maint albr’r PATY UhERT ST -39 eegnﬂ aﬁﬁﬁgﬂ% dgﬁ‘r%e g:g}é%m ated HLR
addresses. \hdg examphe NGFGPNss anéeesved ay QVWLRIU"IIIEIV\PFP sberrd d11 9e
fecﬁ' ved fl%!gNw BRagt g@PNaQDEEdiﬂg”EHD&M odd hﬂ&é@%&é Ssdtﬁizzfoélaecirr]ﬂ raathS he .
cache nenory address is_alrea vail.a t he nee
ot be der tasrond T n ekarE Fracefn satintife SOt crdfEr L Al 4 e ViR
queries the p*r':’évadddobhat nshe mount gfpNGENI beleplidReadumbers emhind\dPN and
HLR address JRy, Bgq in S48 Rt} st B%ecagbstmmaméqf% i f necessary (e.g.,
I f the cache i N%"a% gnot her NGPN and i dent |er erha}!pslth% | east
25 recently usef* aﬁﬁ § EP‘éY‘b%nﬁr%’fﬁt Ié""(‘??ﬁlche ’F
%ternatwelmﬁ:ﬁn ' T Im%t . m B X
ere a,gac
18§ Cl‘x & '%'éc%tz.ghe JL” 1& éb"hc- 1 i@')’a eGﬂ(E?
invalidif %%&gﬂgfo- % ing i s changed., 30 Sevgre?’ alternatlves
exi st for i ROWPRESt haf tﬁBaF nf%??f'&f“?r%fn are i r'?'n(cf?EPE’ééﬁ i SPERRAT U y
updat ed. |n r@ferahter at Exfmpldie of somacheshsfurott iomsedhat ehyy upel atssd vvheh
the mapping i tﬁgaﬂgggént invention are:
° The mod hash function: The hash function f is
20 determined by dividing the NGPN by the number of TSs
{t) in the system. The result is the value NGPN mod
t. When using a mod function, t is typically
selected to be a prime number. This allows the
number of TSs to be increased in intervals of prime
25 numbers {1, 3, 5, 11, 13, 17, 19 etc.}.

L The 'middle square" function: The hash function f
is determined by the NGPN, a positive integer r, and
the number of TSs (t) in the system. The value of
t should lie between 1 and 2. Let p be a number

30 representing the middle r bits of the binary
representation of the square of the NGPN. The
result is the value p mod t. The value of t does

not need to be a prime number.

L The "folded sum" function: The hash function f is
35 determined by the NGPN and the number of TSs t in
the system, The function partitions the

representation of the NGPN into several portions and

12



I nstead, when the VLR queries the HLR indicated in the cache, the HLR
returns a nessage indicating that the mapping is not 35 found. The VLR

t hen uses t hgowsetatr non- cachi ng procedure for gueryi ng picharsodaasmapr i at e
TS as before. A person skilled in the art recogni zes ot her

al ternatives are equal hjgsui ¢1ddee: partions to obtain value p {for?
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Alternatively, a netwoPK3fR}Chave gg%nbers%'sﬁés’g%%ﬁor MaYey anBEEO™each

service-provi der may n&+0akB+5+5+1002333$=202. The EachliSisuhet srhsetge

NGPN- t 0- HLR mappi ng fO;ﬁohh%.suP@&HL%%ZofSt aee;hasrbsf@éevd R Brgogie {me (1T 2

servi ce provider has only_ one may not be require ause no
NGPN-t 0- HISR mappi ng  RYM®®Fecessary.) This all ows each service provider to
store its The swH EanctiohothidderDshatr@abat ekyectsdmcaeirding s€rhee

provi ders. T | ni.e C t [ rJyag | C .
decentral i zea‘?‘fﬁéngg lsilg%s%% ﬁ{)hgr gg’ﬁgnge%gcgeer}\% ?:ngﬂlplrggv? er sfcﬁéhet%%PNs
subscri ber' s a@PNspiegkedt andf mesioned TS dhdranaer skilledgist itde art

Wth this altggg@diyeapprevisied Thawl, d depepaorgded feole implleh@nt&asen Where
a subscriber roans.ou "hone" region (the

geographilc,oal ?%5&?§$§gcg§7°€%s‘g{yhvéi%& 9Fc§&g¥%€]re%‘e?) into a "foreign"
regi on. Wien an M@PHiscusied pbevent Bk hesh funetiipn vBeubtr tHRAYal2? ig he
NGPN may be pocefQrwatdedkt aahiPess OERLIN magr \Hel BugeDVELEL S yT Sricther feor ei gn
service prOVI§§g£§i£L§ gg%ggrs.tfg%éa8g§o élégé%JﬂERt gdﬂgggzresult into a
network address is to load a mapping table 306 into each VLR.
15 For example, in the even({) hash function described above, the
mapping table 306 may have a table that maps hash result ¢ to
a first TS network addreass and hash result 1 to a second TS
network address. This mapping table will be the same for all
VLRs and will need updating only if a new TS {rather than a
20 new subscriber or HLR) is added to the network.

A second way to convert the hash result into a network
address is to reserve a block of consecutive network addresses
for TSs, ranging from TS_low to TS_high, and generate the
network TS address as TS low + [(NGPN;.

25 Ca rans
' As seen in Fig. 4, the VLR 128'’ is the same as VLR 128’
of Fig. 3 but also includes a cache memory 402. As described
above, caching may reduce the number of times a VLR queries
the TS server by storing HLR addresses for recently requested
30 NGPNs. If a VLR 128’'' is presented with a NGPN for the first
time, it performs the hash function, converts the result into
a network address, and queries the TS for appropriate HLR
address. The NGPN and associated HLR addresses are stored in
the cache. If a NGPN is presented to that VLR 128’‘, a search
35 of the cache memory 402 is performed to determine if the HLR
mapping for the number is stored in the cache. If it is (a
‘"cache hit"), there is no need to query a TS for that
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usi ng one of the follow ng nethods: 20 1. The foreign TS broadcasts

a query to all other TSs. This nmay be done in a single,

par al | el bWEIBT or in a chain of queri esPCT/UB%0MMNE" TS
sends the , fQoreign IS the NGPN-to-HLR mapping, ) 2. A
conbi nati on Hfm?nanﬁl%%%}f eried, Jf the lgformatéfé‘rrbfse,
]E)roadcast S nmyt erorede innthé agehe wembry 402 {a "cacheceis«i)n, The fueni ed
irst. The T, ?Hﬁri a . St e t |- n a
variety of cr§? eril a?g ang EQ the %Sucﬂa%%l%?ssgg\?/lléc’rgg%gbvg er%rersy CIQ g? 3&
nunber of ab?Ve- o subscriber, geographic location with respect to the
30 5 | NQUiin@rT2f @athe memdBy SmaBideibdts RGiedlelsy adRPkheakl e to

any multiple, TS aonf L gurati_on gardl ess. of. Q i nt ai ng .each ,TS.
Sone decrease TH pr 5‘2‘33?%‘%@_ | r?ecﬁgglgb"ele%% elvsean\ggndgg %Oagﬁ ﬁ‘dmégeg'r t her
the VLR of témrcelShespeniery rishEiliedy thexre3ghould the aj memory mamageuenmenory

containing @drerflro d8€ermiddNwhichlid@siled FeRaiATRIIBRiGA diftiriasnupber of
recently accessed

WD 97/ 27717 purged fromnutrllxtc)aercsabhe memory. A LeastpReqeaddyolFsd schtja'ge

Tr ansl atlcon ey \ber aseld| nfpHashmpnie FurisErednsthe least r&cent By ivsesl BNGPRK

di agram of a; go | I QS S | tywar ki entidy uch as
2 VOR 128, i CRURATES SROEIP NG, | B dRAeRE TR SiF g Yar®
functions. TOIRFENZESe s PRRET RACHS SMOrY s BRRIFERE I F HEHES M4¥ 2P or MBC

or RPCU), a equally suitable for use in the invention.
The size of the cache memory 402 may be selected
15 according to the VLR or TS in which the cache is intended to
be used. For example, frequently queried VLRs or TSs may have
a larger cache memory than less frequently queried VLRs or
TSs.
Tranalati erver Ma rations
20 . To maintain up-to-date information in a TS, it should be
possible to add or delete a subscriber from a TS and to change
a subscriber from one HLR to another. As the number of
subscribers grows, additional HLRs and TSs may become
necessary. In order for the TS servers to maintain up-to-date
25 information, it should also be possible to add an HLR to the
system, split the subscribers of one HLR into two (or more)
HLRs, and éplit the subscribers on one TS into two (or more)
TSs. '
Examples of how each of these cperations is performed is
30 described:

Add a Subscriber: When a new subscriber is being added
to the system, a service profile is created for the subscriber
and stored in an appropriate HLR. The hash function is
performed on the NGPN to determine in which TS the HLR address

35 associated with the NRGPN is to be located. The proper TS is
then updated and receives the NGPN-to-HLR mapping information
for that subscriber.

14
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VLR 128" having a hash function processor 304, a TS address t abl e 306,
one or nore TSs 202, and a nunber of HLRs 106. The HLR address for
a NGPN may" beobwmmdr i n the fol | owi ng manner. \Wen a N@eusseasdsat i on

is desired (such as call 10 origination, call termination, or VLR
handoff), the N@mﬁw a Swihedh SSRUBriVEE, MSC beiingRPCU

%’ﬁg VL-II;h(raecel Ves tﬁgtﬁl&#‘mﬁ Q%e %’1 %9’30 awgggorward%qg gegfé/}ﬁdl%hasr‘

function procé&goNGBN4to %%ermmepénf whish aTHashe HLR PéﬁE?F%nasszFé’sﬂ:treldbed
in nore detai Imlml OWhe MMGENENGNred. PR enfsabisv denrtnddnaloy f:Lnd the

representaion the N obt aj ere |
hash funct on® crlge %&Gé}gsﬁé h@?l s‘r’%’éﬁ}% typi cazfl\g Ss+RBt aTrS?gtwork
address. |f itreicordofort hbe f WERN 1w H1&s mapping 5ersémttm%t>rzxp des etedpi ng

table 306.  ThgohS ﬂI&OD'r@Q t affee SUYAIFerast Al proffidagdy f URehi @R
results and assqQci aé gﬁ ddresses The TS mappi ng tabl € receives the

NGPN and obt ai & Ts address Once the TS address is
obtai ned, the VLR o" : 3 R od Witent ;2 detbszaribert e HLR

address f t h ey ‘ f 0 t.he
The 2b ?’% ?’% E‘ %eél dent |l19€ Iﬁfg %Egaggérn?/?lé %ﬂ%{% th tz?nd

forvvards it t&l"lehé"c"\ﬂ_"h TﬁBeVE’ﬁ c’cﬁﬂ‘é%?%r"é’ﬁ@q oﬂﬂlﬁ‘i‘%ﬁl?‘fR‘:O £ingnghe

continues the cakensetLRIpddréEser Thacsabddritersenfupnativh is upddted %o

connect ed frorghtehﬁeé%ﬁfkl}ag‘@he %?n?mtﬁylfmj @ﬂgsh ﬂﬁ" tﬁéﬁhﬁrénaglg?-ﬁ the

VLR operations suppor | oad unc I ONsS e
NGPN- t 0- MeRlrspprig, nevh Ages8t her adninistrative functions (if
any) for sgpportingothgdts ans men WHBAN®.new HLR is being added hfaviiagh

Function 35t uggglsg g?lifral ?ﬁ‘ %cr% ke KDRUR- a n?vioéubstéﬁbegr ggent

I nventi on, SaR TUREt T On- af )
conput ati on; @dde@2)tarafber Glﬁghl §iLRhe Wihesaneb@rosedure for addlng a
subscriber to an existing HLR is performed. The new NGPN and
HLR address are added to the TS.
20 Splitting an HLR: An HLR having h records is to have n

{where n < h} new subscribers added to it. However, kh + n

records exceeds the HLR’s capacity. Thus, a new HLR is
required to accommodate the new subscribers. A new HLR should
be installed in a manner that each HLR has roughly the same

25 number of NGPN recoxrds. Thus, each HLR should hold about (h
+ n)/2 records.

After the new HLR is established, the {h - n)/2 records
to be moved are copied into the new HLR. The TS entries for
existing NGPNs that were moved to the new HLR are updated as

30 described above. After the user profiles are stored in the
new HLR, these records are deleted from the old HLR.

Alternatively, the old HLR may copy the (h - n}/2
addresses to the new HLR, perform the hash function of these
numbers, and store the results on a table. After all of the

35 numbers are hashed, the table entries are forwarded to the
respective TSs to update the HLR information. The numbers
moved to the new HLR are deleted from the old HLR.
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to each TS. One exanple of a sinple hash function for a system
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i ncor por at e(} é_r%é?ﬁs gﬂg new h%?%r gﬁ%éu%?anpl es (# Cl%]’ftﬁ %r%unct ins
that may be nigsige Cthe heo@iekeariqmidme &9 Zeduce VLR "doymreime®. The
nmod hashof umrsbonlt ﬂdﬂ@rbaabaﬁwcﬁd Qhaﬁgést!?é’ hash funétionl @hehThaxgk Oy

di vi di ng the N by the nu e the s sIem The
result is ti€ \C/g; e rEaB{e O% the exw\ﬁﬁ@ﬁ Jé%‘g ﬁ"}ﬁfd' met i on,
t is typicaldhanged, rather thzgel@catrmrngotbe fupethennimdpelf. IEhishid | ows

t he way. thBUKBRE &b J&é ﬁé’eé?ecd W%’iﬁ@g‘r&mﬁ@aefwﬁiéh Ofg pﬁn@e 25
nunbers (1, cb é 13, .17

squar e" func ﬂ'féteﬁigsiﬁe?tunc‘f r?r% be updated bk' Ch’%%gld'tgc érﬁ?ﬂ“é‘a 1ti’y t he
NGPN, alposiat @ﬂéal fitgervhichmay be simply and gvdckirbper&briigs. (t) in the
system The val ugsgfime: t should lie between 1 and 2[err]. Let p

be a nunber (1) each VLR in the system performs a first hash

function £ which it uses to map a NGPN to a TS; and

{2} the total number of TSs is to be increased from t to

20 t + 1, and the contents of one existing TS is to be
modified.

One way in which this may be done that meets the two preferred

criteria above {limit down time and change data, not function)

is to use a dymamic hashing called extendible hashing.

25 Extendible hashing is discussed in R. Fagin, J. Nievergelt, N.
Pippenger, and H.R. Strong, "Extendible Hashing -- A Fast
Access Method For Dynamic Files", ACM Trans. Database Sys.,
vol. 4, no. 3, pp. 315 - 44 (Sept. 1979} . The contents of

" that document are incorporated herein by reference.

30 In extendible hashing, the hash function returns a value
that is a string of bits, but only k of these bits are used in
determining the TS address. The k bits are used to look up
the TS identifier in the TS mapping table 306 in the VLR 128.
For example, if there are two TSs, k may be 1 and one bit {for

35 example, the most significant bit (MSB) or least significant
bit (LSB)) may be looked at to determine the TS address. In
this example, the LSB is loocked at. If the LSB is 0, a first
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e

30 : : representing the mddle r bits of the binary
representation of the square of the NGPN. The _ result is the
val ue p nod woeiheival ue of t does not need tperRRvsoddd ME
nunber . [err] The "folded sum function: The hash function f.
is 35 Ts £et eaghoesi by, thea NGEN and 188 nwber Qf JRvda s ie

the system function partitions t he

. TEe
represent at i oFI6REEAE®AGPN i nto several portions and )
12 : WO 97/8Hé&l the number of TSs is increased from t to t - 1, the

PCT/ US96/ 0440 f e 4 t ti . Obt 4l I f
cxanpl o, NGBS °fob. feciasied FER ROK, CHfat CLOPTAL dhatTiR Ro(1CN

5+0+0+5+5+5+12a2%9+4096pd athdn cdgharmisipge thg (&S paddress.  Usingnpliet .
The val ue of exdfpsenN@boP@Llth® BewakPWalBe 3s increased BOMBEr the twahe

hash function.chosen.should be selected according to the . hunmber of TSs
in.the systemlﬁﬁ‘ﬁgt ﬁé‘%ﬁhﬁ?’% ng#ﬁcﬁth %ﬁ%s st tQr gegmeed BHg TS :
assi gned. Aagdres®. skilled in the art readi |y appreciates that,

depending on the impl&imibial i @Ashify OChBerubagh {WNCEAONS REnRLSA Pes
sui t abl e. scussed ahove, ége hash function result t}é/pl gal |y

, As d
's not0a AEHBFRRRAIAGSEITRaCAEPaoeE (s AP APPECTR PR -t At hE
si gnal i ng net whekTs Guppiayg tabternhas t2*t he2 hasis r eThlet fingo row consatinsdr k

address i 0h0aleBulPRPAASdISE 3 1P AR MbMdRa Row [RncBIAUPLE. 11
t he even () has unctl on descri bed above, the .
network address of TS2. The LSB of f(NGPN) is looked at to
determine which TS the NGPN-to-HLR mapping may be found. If
15 the LSB is 0, a first TS is identified; and if the LSB is 1,
a second TS is identified.

Suppose TS1 is split into TS1 and a new TS3. The value
of k increases to 2, so the number of rows in the TS mapping
table increases to 2*¥ = 4 rows, as seen in Fig. SB. The two

20 LSB of the hash function result are used to determine the TS
address. {The LSB is looked at before the second LSB. A hash
function "10" is 01 on £ [k], because the hash function is
read from right to left.) The TS mapping table contains the
address for TS1 in the first row, but now includes an address

25 for TS3 in the new second row. In this example, half of the
NGPNs previously mapped to TS1 are now mapped to TS3. Rows
three and four both contain the address for TS2, so the
remaining half of the NGPN= continue to be mapped to TS2.

An example of a preferred procedure for splitting a TS

3¢ is:

{1) for each NGEN stored in the TS to be split, the hash _
function is applied and the (k + 1)th bit is
examined. If the bit is 0, the record remains in
the current TS; otherwise, it is copied into the new

35 . TS;

17



mappi ng tabl e 306 may have a table that maps hash result 0 to a first
TS network address and hash result 1 to a second TS net wor k addr ess.
Thi s mappi-ngvosddreiwi | | be the sane for all VLRs and Wik,

updating only if a new TS (rather than a 20 new subscriber or HLR) is added

to the network, (zy mcéeaeeoaqew@o%o?y%t ibevﬂ@mrquwga%c

net wor k address Is to reserve a bl ock of consecutive esses
for TSs, ranging from TS PBRP{RS TUHigy kO dRGlydRcFRE LS ldeﬁéﬂ-ﬁbﬂk. TS
address"as TS |ow + f(E@BN). 25 Cachi ng NGPN Transl at [ ons

As seen 1n Flg. 4 (hheo¥hR d2Biiel §ebheagaida 128‘éhecggm nlgg

al so includes a cache nenory 4
reduce thé nunber of tFlﬁ%§t3d\/f}F?‘¥]lféﬁ ®dd TS.the TS server by stori ng HLR

addresses for recealablequesi Lbs tnd/| Beekdiq_puBicBléngN o

with a NGPN for t ir |on converts
the result into masmg g%‘ﬁo?ft%%%ﬁ@sesa‘agﬁdnaugg?ﬁgﬁf?fg VFof" ﬁﬁﬁr%pﬁ ate
HLR addr ess. afm%d NEPN tived resymaikat etheHLR sdduessed e sddewed iavre

t he cache. If A\égg\l's S ed V 1 o rgh t he
cache menory cz1%2 | ggrfgﬁﬁeﬁo dlteét)era!rkg P?s}ﬁgg}—{ s ﬁ% 2 ?ggl k:;))"jf‘ethe

nunber i &%t of®dSFR® JEh&oss 7t | Zegyire d“E&cH‘é‘ h?"l“‘-‘l} Ret® i2e no
need to quer ynadifSedorwhémt a TS is added to the network. ¥3g. s

WO 97/ 27717 illustrates an archltecture for a commﬁggggg¥gy %égéork 6Q0
i nformation dthe HL guer i ed |nformat|on| ?

na e
stored in th %Sﬁéﬁoﬁygﬂ’é‘?“?a "%M§§ 51 %ﬁep’i’ﬁafsﬁ?ably the same

as shown in Pig. 3 or Fig. 4. The difference occurs in the TS
15 202’ when it is split.

In this embodiment, when a TS is added or split, instead
of changing the hash function k value, another level is added
to the existing TS. As seen in Fig. 6, assume that TS2 is
‘approaching its memory capacity and adding a new TS becomes

20 desirable. TS2 is split into TS2.1 (602’) and TS2.2 (602'’').
These new TSs are not addressable by the VLRs, but through TS2
202’. .

A second hash function g is performed by a TS hash

processor 604 on all of the NGPNs directed to TS2. The

25 results of this second hash function determine if the NGPN
mapping information remains in the original TS {(now renamed
TS2.1) or moved to the new TS, named TS2.Z.

When an NGPN is received by a VLR 128'’, it processes the

hash function £ in the usual manner. When the TS address
30 obtained from the TS mapping table 304 is for TS2, the NGPN is
sent to TS2, also in the usual manner. When the NGPN is
received by TS2, the TS hash processor 604 performs second
hash function g. The hash results are presented to a TS
internal mapping table 606. The results of the mapping table
35 determine if the NGPN-to-HLR information is stored in TS2.1 or
TS2.2. The NGPN is directed to the proper TS, and the
information is looked up and returned to the VLR 128*'‘. A

-,
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result 'is sent to the TS mapping table 308, as described above.
A nunber of cache rrem)ry managenent schenes are known. nE%f{ﬁ he si ze
of a cache nW?’Tglntendedto bellmted once the %}" i1l ed,

there should ﬁ - TR ’ﬁ’ are used Stemyt eedﬂ&dﬂq%@r%hgm?é“fs' es

remai n and V\:hl [ g,,F rom t he cache meno i Least
Recent |y Usedh3BReRECEESHRY 584u§é’61 %rlé"k%ﬂﬁ?ﬂje mARRE T ntehk=| 636t for
recently . usedrbéBitly requestpdaneBNdy a new NGPN. A person skilled in the

art recogni zes khat, h%trh%ﬁgilfgn&\e/e%l}r gsrr@gag@rgmﬁscteﬁ chcp ay o

equal ly suitable for use in't
nenory 4025 napebrerertrd &P rFregteonrdrhdrd ol et VLReYPrES Fﬁp‘?\%ﬁ"fﬂ?ftsn@fcache

i s intended tehis mélﬁxdtﬁﬁ\dy, wa@é&qpbeeniﬁﬁm%bmlqumlaedoﬂbF%Sh.ﬁrn b8s may
have a Ia[rger cache marmr%/

sfre ent | uer i LRs or
TSe. § RGIE-TRINhle | PO ol KT R BRoliSRal e
To frai ntai n upows- deiati nfeerdiimen t¢ gbFEin fihStha@S&étlon |§é§§¢§| ant o

add or del et eyazsubseapheradrgmia Eann@ewugham@s M@eﬁ@ﬁfél > ehheom
one HLR t o anot her bscri Eers iti or&al

HLRs and ¥%s fAyeH @’(:%%%Ashasr}uﬁ‘gcgg?ﬁﬁpe? a%?vcfelmafyo tHﬁg%’glmg e‘?%rssect 5
mai nt ai n up-t&edale'r% lenfpr,miiSRoh, apd THOWR)D alThatbéspobasip| Bunar izdd gan

HLR to the &meéw &nw@aéﬂbécanéoahabei @@%ﬂd'sRlbakeatw 1}orth@we)
HLRs, and Sp||t t subscri bers on i nto two r

Exanpl es of hBﬁFEé’E‘ﬁ uRGHESS - operggFﬁns "serﬁé’rtfld'Frre afs %‘gde“s%lrll
Add a Subscri bévanbeesa new subscri ber is being added to the system a

service piofile ist%eaﬂ&%&%{ Al SURS CldRAls of @Y UrRbeled 3Rd no
appropriate HLR e hash function |§%oo,a§£er or d on the NGPN to

deternmine in which TS tMFHIRAAJGPESTS B7with the NGPN is to be
| ocat ed. The propéz) TShes exterdidyleupiakeshechganis rpezfmsmad henNGPhiyt Si€l R

mappi ng i nformation rifidhalo®UbSGEI b@bpacity; other Tss remain
unaffected;

20 {3) the extendible hashing is easier to apply: the
changes in k and the TS mapping tables are made in
the TS only, not in each VLR; and

(4) different TSs may use different hash functions g, if
desired.

25 The present invention may be used where a subscriber uses
a number of communications services. Each service may or may
not be provided by a different service provider. In the
future, a subscriber may use different service providers for
receiving different communication services, such as voice

30 communications, data communications, and videc or multi-media
communications. Preferably, the translation is performed by
adding a service code (SC} to the NGPN and wmaintaining a
mapping table containing addresses for the HLR for each of the
subscriber’s services.

35 Fig. 7 is a block diagram of a communication system 700
having a VLR 128’‘’ which determines the translation server
address for a subscriber having more than one communication
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e e .

14 . - WD 97/ 27717 PCT/ US96/ 04404
Del ete a Subscriber: When a subscriber is being termnated from
the systemyddigrhAash function is perforned on t he NGDN.% Dg@‘g;m' ne in
whi ch TS the HLR address associ at ed with the NGPN is The TS

i s searched éé”rxﬁi&d EEéorémé%SEﬁé%oa%ﬁ%@ ﬁj‘%t{ehgr aLe ] .

i nf ormati on. record_for the to In or t Nis
del et ed $‘?‘Eﬁn5ceﬁ‘é’1?3 Pro‘f‘h‘éegd?%\ér“fadé‘rt‘aénuée?eﬁﬁqq Waﬁﬁeﬁs’%h

delbet e-dbf ronad hen HIIR) contalnlnybaeuﬁeﬁulbﬁ@ﬁ]ﬁ&rfd&ﬂ talfel\le‘MoHERLbezV\hem a
subscri ber is Peid ved to_a new HLR the n or med
on S e (aap o Ha AR b Pndy MO, L1 UG e R Re PRER O TR0,
HLR addr &ss.deprndisigs oni bae cmmamnsssapﬂa@@ddqaired the new HLR and

gggrlssent ry for :«iﬂé@i aNQEEi’N SJ.% h f‘eé’é}ﬁlﬁ%a‘i%ci Oa Vﬁer%ke%EhEPesggE\%b%B
en ew i s_bej nq .added havin
subst ant i al I?e%"fqr%ewegﬁb%@rl b5P§ \/ﬁ‘?ﬁﬁ‘ %% Wfoscri Bﬁ"rg}r%ﬂmn'ado%ﬁ tog

t he new HLR, regussmte.opr.mmduseacfmmdgbx a sepubsx rddder deecaibing sti ng

HLR i s perf NG LR TE&SarAkt t S 20
Splitti gg} aﬁéﬁ%wgeol-{%@haw E Qg%uesc%?cgsqéi&?o a\?g'ren vage 115@ J
new subd®r i betP " dddEFERPRY . Pe Honedér) ﬁ’lde° PECBHst < éd?aYh‘é’e HLR s

capacity. Fhusova .neThid Bersice codyiisreoh tgeanaphiadstcausee inedoes 3
subscribers. A NewhdiR} Sh dhrvice provider, but only. identifies the |
sexvice type. The hash function processor 304 hashes the NGPN
as described above and queries the identified TS. The query

15 contains not only the NGPN, but the serxrvice code. The TS 702
contains an NGPN-to-HLR mapping to the appropriate HLR
according to the requested service. Thus, the TS 702 uses a
combination of the NGPN and service code to return the address
of the database belonging to the appropriate service provider.
20 Fig. 8 is a block diagram of a second embodiment of 'a
communication system 800 having a VLR 128°‘'*'’ which determines
the translation server address for a subscriber having more
than one communication service. As seen in Fig. 8, the TS 802
contains an NGPN-to-HLR mapping for only a single HLR,
25 regardless of the service regquested. The TS 802, returns the
HLR address to the VLR, and the VLR queries this HLR, called
the "main" HLR 804.° The qguery to the main HLR 804 contains
the NGPN and SC. The main HLR contains a mapping for the
service code to the address of the appropriate HLR 806 ox
30 other database for the requested service.

A person skilled in the art recognizes that the TS and
cache maintenance operations can be readily modified to
accommodate this application.

a e Ipv
35 Cell Relay Address Tranglation

The dynamic hashing scheme described above may be used in

the interconnection of ATM and cell relay systems, such as

20



be installed in a manner that each HLR has roughly the sanme 25 nunber of

NGPN records. Thus, each HLR shoul d hol.d about (h + n)/ 2 records,
After the neuddhiys established, the (h - n)/2 records pehfsobfsggpVved are
copied into the new HLR. The TS entries for exi sting N that were

moved to the Wl@-@gﬁiﬁlk‘?d&;ﬂ%ﬁ%aggonge%dé%@ aRA¥R-a PAidseh hhgs
profiles are st%r%d I n the, ese records are del egﬁn;i fromthe

ol d HLR AF’PE?F%’H%P?“’?E’& é‘ﬁs’l—iﬁ‘ﬁ Heh PRI G TR IO f JBN) )
addresses to premew thR pebéodel ivexrddash éu:m:]ul aelel $ymtsam, themanbers,

and store the r q_n thgbéﬁ%irééiﬁfg Ellée X%e?)%w nﬁg‘g§5§kgre hed,

the table entrles are or war respective oudatet e HLR
i nfor mati &n. eXAPYeuntfersyPicaln Y BAN { FAY nBaVeLR é’tuétB@Fé?‘éd PFHY#ERe ol d
HLR. address numberlng system anlquEto that LANVGOI LY ¢E11 relay |

PCT/ US96/ 044054¥stﬁ1 1C§R&#{th u :.f\é\yzlena%drzl T?thcur n%$ for

exanpl e, rge St o
process effi csust 1ag) *-'-hf-hg o rﬂ‘é@qrﬁ-nghéléarrent TSs may need to be

r edlt ?]t r |h buth e]g int@ &z@%@ih@ioﬁlUé@:.@iez.OfasT%sc?lb‘édV\f_?bbvg Sm?flgﬂéu ﬁ&@ &hange
in e U ecau ne nore new l.gentiriers

it padh, cestaRi e R6C HEEr Bl Helldh MR agy PReeiBElRe | RETESA Wi
changes |ts hewimuniceteowiphosesedl 362ay systemy ocEhis thay nalldwmashfor
function. — exargid,SeRhglerabli idenr of SHHCEr bR SReBk bEahiQiodl M 1O

reduce VLR "down tine It is S ble to ch ange
function in & %Héreless PDA. The translation server translates bestween

LAN addresses and cell relay system addresses, so that

15 communications may be forwarded to the correct locations.

Internet and Domain Name Tranplations

The dynamic hashing scheme described above may also be
used in the interconnection of private enterprise networks
using Internet addressing and a network using another

20 addressing system, such as E.164.

There are two types of Internet addresses. The first is
the domain name {(such as "user@company.com"}, the second is
the IP address, which is a 12 or 16 digit number associated
with an Internet gateway.

25 Both the current and propecsed (IPve} Internet addressing
systems are Internet access provider-based. If a customer
changes providers (i.e.,, changes from America On Line to
Prodigy)., the user’'s domain name <¢hanges ({i.e., £xrom
user@aol.com to user@prodigy.com] as well as his IP address.

30 A translation server may be provided to permit a person
already having Internet access through a first access provider
to a change to a second access provider, without changing his
Internet IP address and/or his domain name. Internet
communications may be routed through one or more TSs, as

35 described above, and the communications may be sent to the
intended recipient regardless of the address provided by the
‘Internet access provider. Thus, it is possible to provide
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so that-only a variable of the existing hash function is changed,

rat her than changing the function itself. In this way, the VLRs do not
need to he repoogiamed (which is time and cost inten5| r?%‘%mgan be
updat ed by changi ng a val ue |n 15 a data file, which may be si

qui ckly. perforgg ( ch VLR in the system
performs a fi rg?mﬁt aserd ST unltvﬁﬁ'g?}oné?mm cHPINeq, s A2Y/@T e b
NGPN to a TS; afdresses. (2) the total nunber of TSs is to be i ncreased

fromt to 20 t + Loca%drsbgm ié._g p@B@ﬁﬁﬁ# ng TS is to be
di fied.
g‘r)e:‘elr(raed cri t\éﬁ‘%{%algbé\g%nfl Pfﬁ“ﬁeﬁoéﬁrf:? Eéﬁﬂ &ﬁapfg’@ d%?’ah'ﬁ'ot for a

function) 5 wirebinge tgldphant c seaviiceg cmticgegrextendihahgehapdtigraphls

Ext endi bl e hashia | S [ nisM4e g
Pi ppenger, andfnggglitiész%'s?o?&?E ﬁ%x e%ﬁ:ﬁae Hgﬂoné I'—"gl(3 Eﬂs%t%\er had f&t hod

For Dynanmic Fi FB&"PTREPYS ARCatdenapadbisgyds, pgmvalarw bﬁi’lefSClpé fg15 -
44 (Sept. 1979pusidéssexnt ent shaige inth ébgmnloﬁﬁdnﬂc@oﬁoreaiaﬁglgere' n

by reference. X e S a nction . returns a
val ue t hat ga:lggmazq%‘f' &Brﬁ F‘ig}gt B g@? Bjﬁlggex ?‘aph§§¥°g1'?s 2aFB2888 10N
det er ni ni nf t hequm%camenktghemm ql@ec;etlephgm wgnber axea €6de

identifier in hhe chézHmRRi,NG. gablﬁ&oamnmw £2801 - mE%a@)Xa%he '

there are two §%%%{Ba>ic ag ne bit t}sﬁr
significant bif % ) 9 @&s 2 ﬁﬁ ??c%e £ PEP"‘?E‘:%"? €N W@H at
to determnne the NS alrfiseys Bela) . this exanple, the LSB is Iooked at. |If
the LSB is 0, a firgde suggested method for providing 1Bcal number
15 portability is to route calls to a database, such as a
translation server in the communications network. These
translation servers may be accessed, identified, and managed
using the present invention.
800 Portabil
20 The present invention may used for 800 number
portability, such as when a subscriber wishes to retain the
same 800 number when changing service providers. Currently,
every service provider maintains the 800 number translation
for all 800 numbers, even those belonging to other service
25 providers. It may be desirable to eliminate this methed,
particularly if there is an increase in the numbexr of B00Q
number service providers and 800 numbers. The current method
may be replaced with the pregent invention. The present
invention allows 800 number portability in the same manner as
30 it allows local telephone number portability.
Conclysion
Several embodiments of translation servers are described,
each having unique advantages.
Translation servers have several advantages over other
35 methods of translating NGPNs. The NGPN-to-HLR mapping
information for a NGPN is located in one or more network
entities, but preferably not in network signaling or switching

22



e
WO 97/ 27717 PCT/ US96/ 04404 TS is
identified; and if the LSBis 1, a second TS is i dentified.

When the nunierz@inSs is increased fromt tot 1, the Pdiﬂ}s‘dmk I's
increased to k + 1. That is, the next bit is 5 also |ooked at in

determ ni ng t kempenatkl affose rb"ébﬂgc&@&are be@e@&pheeabﬂuese&tE@gl lanwal ue
is increased to. 2 the t wo %re Si nlflcan* I%]téﬁ 00k§1d at to

det erm ne t he ™f&" ceaslsls OVeE«t EndPBTE aﬁSfe 8 ESi A%Bhi s

Shi'ng as
invention is bet u$¢cb.stacaa§‘u sigmang BatuntksBraPes psedi with chesASsif k =

1, the TSpaapPi Need@ie Qa%ﬁ&&gé] P RS - eaghe &.ba:?hém&pnhﬁans
t he network ad%ress of TS1 an econd row cont ai r& net wo
N@ﬁ\é

address of > TSELEFflergEtorage Qeq GekFeEtS 1o lf&&?'é?‘ﬂ‘i‘?lé‘%ﬁ?&'ﬂ TS
t he -NGPN-t o- HNBRnwmn rsgbsay:.heré aured adfiéd | Be lelted], SBri chaigesd .f | A S &yl S

identified;, apd i oc%@@a'—%ﬁ_r g’s ngle @orﬁ%g%@ﬁ%-rid idQntdyf | fz‘.jﬁ(trlbuted

Suppose TS1 is s new val ue I_NCreases

to 2, so the ﬁﬁﬁﬁ’éﬁh‘&t e ‘P?F"f‘h‘@‘ TS hafprgte. cenbrrlbizat teansdatéon| err]

=4 rowz as %eeaern 15! gfa§t|.3 Thee t way20 hmesa:f t Becbmeh twncufgb resul t
are use

second L %géﬁlen l‘? uﬁ(ﬁ"FSﬁs" g ress %—26 Bfggﬁig?ﬂkj ﬁa}{'ésli &g%g the

function is reqneadsfrom right to Ieft ) The TS mappi ng tabl e contains the
address for TSl inathenddy St T8Y abbtrNWdd &htdaghal ACENESS 2D nokOhsTS3

mpped to TO1TAPE Ao HmBRRtFAL R ThovR e cath, 8 ARy (DR Lbntal &
t he address f@raarsﬂonsqf the total mapbhngramiestsf. tPaingCRNBuBber iafudSso be
nmapped t019S24idencified éﬂtﬁxaﬂﬂél eu8é JPrEf ehkad PLAGSEH endor aRbkikhii N a
TS 30 is: advanta e1 . f{‘)he tzme Gngg;_g rreu(1j c|>t et:.b erc;rust:fn% bn?als tlelnt.;anctehe
hash

operations (adding, deleting, or changing a subsgcriber’s

record) is alsoc acceptable. Also, the translation may be made

with a minimum of signals exchanged between the VLR and the

20 TS. Time consuming or difficult operations, such as splitting

a HLR or TS, are performed infrequently.

Identifying the TS wusing a hash function has a
scalability advantage, as described. Using dynamic hashing
lends itself to easy scalability. The two-level NGPN

25 translation scheme has the advantage of scalability without
changes in the VLRs.

The present invention satisfies all of the objects of the
invention. It may be used in signaling networks without
signaling transfer points. It is fast and efficient. The

30 translation may be performed by widely distributed VLRs and
TSs. It is scalable and permits dynamic changes. Because the
numbers do not need to contain information about the
subscriber’s geographic location or service provider, the
invention permits portable device numbers to be assigned by an

35 independent entity.
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functi-on is applied and the (k + 1)th bit is exam ned. |f the

bit is 0, the record remains in the current TS, otherw se, it
i's copied.iwendrig new 35 TS; . PCT/US96/04404

17 " WO 97/ 27717 PCT/ US96/ 04404 (2)
increase the val ge Bérgoz’zns"ﬂlhlghRslﬁnq:ﬁéOdﬁEﬁ t@sderstands that Téi@appl ng
table to include the new TS i Sntl ier; (3) all
of the record¥eBEiPRIMANRS HIEdnMIFR Somunigation sysm“lfél"é?‘@ﬁ Fhdna he ol d
TS. i pPCSc Hantilngy TaransTMt backiseneyer s Fdsi raxangdle, n@l thoeghi anspCs

Usi 1 the extgadil, g, NAYAGeHosE 1Bt abRYG i Rhar ool celtfgddeg to the

net wor K, the value an ess are nge In eac may be
desi rabl 8 t @tRE¥e WA Ted 8P HFEMIERLcEL it THStETa MY L S8R0 tPS Stfifid-e dBi i n

each VIR to0aiRve deaﬁﬁiﬁédﬂcbﬂmﬂlmeﬁtisofl shadilpebritdont Aee ARtwaddéd to Fig.

6 illustrat chitect (o) 1
havi ng such 4 %g%%gra e %I?QY gvumgrlogsp?fg%?f %ﬁkr'e %ﬁbg& Mé% ﬁgg s%own in
Fig. 3 or FidgvigedThe rdtqsreepshk?eecbc;@uitbe@rtt Wé-ti‘SUESdem-%éﬁoﬁ‘t»h%

split. spiritNahl Scopd Ul mat folMeRing Teidimsadded or split, instead

24



of changi ng the hash function k value, another |evel is added to the
exi sting TS.“éénéﬁ?p in Fig. 6, assune that TS2 is approaching its
menory capaclt d adding a new TS beconmes 20 desirabl e. PGHPS plit
into TS2.1 (602') and TS2.2 (602'"). These new TSs are not addressable
by the VLRs, but through TS2 202' Appendix A A second hash function g is
performed by gidSsépglof Acrpngmessor 604 on all of the NGPNs directed to
TS2. The 25 esults of this second h functi determne if the NGPN
mappi ng i nfor ion renai nsgisimfﬁ'go%?‘il%ia%éﬁns%r( hdg\%er enaned TS2.1) or
noved to the B8w TS, naned Psge2Station When an NGPN is received by a
VLR 128'"' ,5it gprocesses thexome Nasit{ismGidgtler N the usual manner. When
the TS addres O obtained fr the TS i.ng.table 304 is for TS2, the
NGPN i s séﬁ% to TS2, aI§%°g%1tﬂ%th§d§%3§§ﬁ%é9p Wien the NGPN is

recei ved by T$8pNt he TS hasiAnpegratedrSifnaling Sigitabclieftwork hash
function g . ﬁxﬂe hash resulf,3.8" £-P5 F&URE t0 a TS i nternal nmappi ng
table 606. The results of the nagflng table 35 deternmne if the

NGPN-t o- HLR i #BBrmati on i s $€8PEASIgNIEEapLBIt 152 2. The NGPN s
directed 1® tbsTproper TS, ameathsignalimf arrsmisifer Psifioked up and
returned to t VLR 128"''". 3 o4 F4 27717

PCT/U896/0440ggB cache neg§F§ gb%nﬁ%vxﬁggéééa by TS2.1 to avoid querying
the TS hasMSBr ocessor 60MoRAdeTEWE FERIGERICERESSI ng tabl e 606 for

recently requeepbRd NGPNs. Non-Geogtdpkid ltelebhidné NemBéx. 2 is to be split,

this net hod n?¥55 be repea&%gségafrﬁ@ﬁ&hﬁié&ﬁf&ﬂsl§g§+em Sever al

C

repetitions o this met ho y owever, éeventu y result in a long
chain of 15 PDA Personal Digital Assistant
RP Radic Port
RPCU Radic Port Control Unit
PSTN Public Switched Telephone Network
RSTP Regional Signaling Transfer Point
20 s8C Service Ccde
sCP Service Contrel Point
ssp Service Switching Point
TS Translation Server
VLR Visiting Location Register
25 WsC Wireless Switching Center
30
35



TSs, requiring the cal cul ation

Lons. At sonme point,
the time to obtain the transl at)] guEauses Q%BEEF»]@
10 @Ftpﬁf_ﬂ e

lnaccept abl e delay in call
set up ti méwoAbpeimatively, th Hhi ng de ?ﬁg afgove may
be used in the second | evel nd TS2. %:II hash

function g We dlaimxt ended by increasi ng the nunber of bits | ooked at by

t he has ng f | O This. alternative as the .foll

advant ages: um&%}ﬁf A8F nIRPRARS %’5%?% TROLRAP] e‘g?‘é’og%md no
nmor e than omemibsrsoom@PNb mele;a sigraling?)netwonkxt eediibee hadhésw, i S
Tes. r ongi neoheRLeing the steps of: [UDDINY OV O Nt bl o hachi n
is easieP to appfy: 9?@3&""“”’9 B tagle Eﬂ%ﬁﬁ’e%ltf?n I‘fgpéﬁd anRea§8OFERRhg )
tabl es are made in signaling netwbekT8ewohdey, adaztessteseach VLR, and

(4)  different Tgs myusedidd o gRbnnas Aunchins .

desired. 25 The” present -1 nvention_may be used ere a subscriber uses
a nunber of comBni cafPeRRRIRG \Fth@e§19Ea%hn§@%WW"GP%&?‘”ESS néRr be
provi ded by a differethe Sg¥adeitcadr aepNer . In the future, a subscri ber
may use gi fferent service providers for receiving different

communi &8ti on servi ces, such as voice 30 comunications, data

communi cati @ns, &hd nethed of alain -lredharein tdwmstiab ol ieesenpPiag eitwbl v,

thg trantsl ANy £ BRET CAPERS mthler aegpPdeds sefe“see eogef(SC) htoHtL gef NGPN
and mai ntaining a n ai nin esses for the or
each of the ubscf?‘f)gf %'%sé% @ggﬁ netut q<g ; ?g ock di agram
of a communi cati bn syfoewarding thEhHOPNgtta SR tEIge.' ' whi ch determ nes the

transl aggon server - address for a subscriber having nore than one
comuni cat i Qn

The method of claim 1, wherein the s%gp of presenting the
NGPN to the table further comprises the steps of broadcasting
the NGPN to a number of tables in the signaling network.

20 ‘4. The method of claim 3, wherein the step of broadcasting
comprises simultaneously broadcasting the NGPN to the number
of tables in the signaling network.

5. The method of claim 3, wherein the step of broadcasting

25 comprises broadcasting the NGPN in a number of stages, each
stage broadcasting the NGPN to fewer than all of the number of
tables in the signaling network.

6. The method of claim 1, whérein the step of presenting the
30 NGPN to the table further comprises:
a. - performing a hash function on the NGPN;
b. using a result of the hash function, obtaining a

signaling network address for the table.

T}][Wiﬁt[ﬂl][[[/,mﬁr ' N I!III[I MY
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service, according to one enbodrmentof _the ent i nvention. Each
servi ce proviWes7AEy’ mai ntain @ E'é‘ﬁa‘ﬁg%%%%gggéewwuch PET/USDG/04ld)
containing a user profile for flhe_subSCt A call or registration

may | nvo:jve_ cog.sul tﬁﬂigmétﬂbﬁf@f ellaikl R, &&@ﬁﬁrmitmg Qaeﬁm%e wﬁmaﬁﬁﬁttms
service desired, . en a | s. present 0 or_ ot her

S bl A% AT YRRt 0 G| Certe BRYFATharrBReoe
regi stration, using thecbapafiusdtbpnaresyldt co toclke Wesbei tiie addrels enype
of service reqyepdingeapexanpl e, voice my be 0 10 ("00"), data may be 1
("01"), and video or multi-nmedia may be 2 ("10"). This service code is
non- geogr aphi ¢ because it does not identify the service provider, but
only. identifigs tithe metdedviofe ctlpge. 6Thdurabhrf gowprbsimy ockes ssre3 Ozt
hashes the NGP, 3 HRs Hd 0 d i ' o The
query 15 cont%él]hesanlg% only t*ﬁ‘?‘ﬁ@&f’%ﬁ‘?’ ?ﬁﬂgﬁfggggjégg{%ﬂ]g&%ég%'
contains an NGPN-to-HLR mapping to the appropriate HLR according to the
requested service. Thus, the TS 702 uses a conbi nati on of the NGPN and
service cqde to re n dd ess. . o] ﬁqgisj el [ the
appropri a'(tlgj se?\/i céﬁ%r S‘élp’gg?.géogfnm' 1,&&1?@@&?2& a (;%é' d?ggrg%ég oafh
second enbodi nent &- a befors AR ingntRe NN Sootha iy VERCkPRg 2'

whi ch det eLm' nes t heabhanTheiidzgn F6£Verthaad@igRaling ametuRSK | 88vidavi ng
nor e t han one conmmuni | r\j.C IR Fig. 8 the TS 802
contai ns an NGPN-to- HLR%Q%%%%&%F (?nﬁgfegag?ggrhd

. ) ngle ‘R, 25 regardless of
the service requestied. e ths gogmaldngr metwezk devilcr addiress tfon hehe/LR

and the Vi3 queries thi prébéncéd! by id hewotmBitR’ HhB 884che ThgeddByy tO

the main HR 804 contai B%esenting the NGPN to the table.

10. The method of claim 1, wherein the step of obtaining the
signaling network device address for the presented NGPN
20 further comprises the steps of:

a. checking a cache memory for the signmaling network
device address for the presented NGPN;

b. if the signaling network device address for the
presented NGPN is not in the cache memory, vbtaining

25 the NGPN from the table.

11. The method ¢of claim 1, wherein a service code is added to
_-the NGPN, and the method further comprising presenting the
service code to the table.

30
12. The method of claim 1, wherein a service code is added to
the NGPN, the step of obtaining the signaling network device
address further comprising: '
a. obtaining from the table a signaling network device
35 _ address for a main network device; and

i -




. . % -, ’PCT/US‘J o/ VT TV T
the NGPN and SC. The in HLR contains a mapping f o h rfyipcey 2
fo the address of the appropriate HLR 806 or 30 other dam&$hgmjfgg8

requested service. - A person skilled in the art recogni zes that the
TS and cache mai ntenance operations can be readily nodif ied to
accommodat e this application. O her Applications for the Invention
35 into two CrkhsReltdpnAdeéreexsThiammdlain a new TS, Tdemsy¥Dafhe bashi ng
schene_descri_bed above nay be used in t he interconnection of ATM and
cel | PEFBY Sfstens, such as 20

WO 97/ 2771£pply_ing a dynamic hashvﬁunction on e Egﬂ&%gg{foé Oﬁlf, 5 g'ﬁbl Ic
cel I ul ar conmuni cati onS systens. en a pérson Ravi ng an ATW shf prise
net woFg; (such as a | ocal area network (LAN)) pl aces a call to be
delivered on,a ce|l relay system there is a msmatch in the addressing

used by t h8StR8 hBEWSPRELtFRL thechasp &ungtins csleterminingrawhhehe a
cust o | : -nu r Lque to that LAN. public
col | TafSor TECHEAE ity BSARR S ERETLIL P R OhICh: HimbeRl ety elom

such wkl1l hiee EndGddntobehiengep! &8 ; A transl ation server as
descri bed above may be used to 10 establish an interface between an ATM
ent er pri se“PRYWBPKOREC thecspwufiSchbe numbex @@donds 4o dysstmowed Thasdmay

ARREREE e R L
13. The method of claim 12, wherein the dynamic hash function
- is an extendible hash function which looks at k bits of the hash
oe? function result, further comprising the steps of:
the step of determining further comprising examining the
(k+1)th bit in determining which number records will be moved; and
increasing the value of k in the first TS.
14. -&stranslation server (TS) for mapping a. non-geographic
number to a signaling network entity, comprising:
an input configured to receive the non-geographic nu:ﬁber;
at least two tables containing non-geographic numbers and
J corresponding signaling network entity addresses;
a TS server hash processor connected to the inp_ut; and
a TS internal mapping table connected to an output of the hash
processor and containing a mapping of hash processor results with

an address of one of at least two tables.

15. The translation server of claim 14, further comprising a

cache memory connected between the input and the tables.
(L
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LAN addr esses “and cel I‘rel ay system addr esses SO thatQS MSEOGOEMN 1998
n;ay be forwarded to the correct |ocations. . I nternet and
‘Dormi n Nane Transl ations The dynam ¢ hashi ng schenme descri bed
above may al so be - used in the interconnection of private enterprise
networks 16USITGelMbesnc1a0d! 2851 NHeRBInA AR HALK PrRa At ey 2

addr essi ng system such as E. There are vvo types o Internet
addr es%@kf(lg&ﬂeedl ¥gtpPrgcess aheexibendmbmanha(shufhn&slonuser @onpany. com
"), the second is the I P address, which is a 12 or 16 digit numnber
associ at ed with an Internet gat evvay 25 Both the current and
proposed (1F¥6) ty L0 Y. pr=Tol

provi der - based. A@deﬂaglcﬁgﬁgﬁgkﬁ en geééﬁr%/ﬁ r}%qern%% gaenaqﬁ'sﬁhlfrom
Aner i gaundyens rieo ta tran@la)ﬂl@y)ser*trdsf uémprlsldgmar n nane changes
(i.e., from user @uol . c (gmto user @rodigy.com as well as his IP
addr ess. 3(?%%’%%@%??% ero rﬁ?c%vﬁrEb?déﬁnrgeﬁﬁrﬁphl§ pURSHeY ;

al ready hay rOV|der to a
Change to & cas PO dot P ol B b S ABBRES AP neerner 1

address ard/teabl diconmsmeed) td . outpt!ltﬂt@f Nehe hasﬁowyaeggbkoaﬁarmy be
routed thrqugh one or nore TSs, as 35 described above, and the
commuTORA SRS Seyr 3w kadkon Fewieer netwrehrRAdress o ermrregnouﬁeag &b t he

addr egs o QgL du4 t I nternet access provider. Thus, it is possible
to provige® 2hsults. 21 WO 97/ 27717
PCT/ US96/ 04404

18. The entity of claim 17, further comprising a cache memory

—
..~ ~connected between the input and the hash processor.

I A
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I nternet users with universal do addr esses.

Local Tel ephone Nunber Portabilit phone nunber portability
is the abilwoymmira 5 wireline e service custongr ge
geogr aphi c | ocations, yet keep the same phone nunber e cu r had

at . the peevi ortse | @satédHncralni 319' S pnéi-ienul ahky Wasief pebddeddy is
busi nesses. Dgng% raphic cat e from New
York City to® ﬁ}%f ersey, %%gle%\%o r\I/eejél da%gg I'n Eo§@€%gdr“aph| c .l ocation

(changi'ng the tel ephone nurrber area code and exchange, e.g., from

212- XXX- xxxxzio asp@g@amﬁgxa‘ecm @ntlcycf@@%marh@ﬁglné&lg%geash§er vice

provi der g from Jersey L Oie suggested
net hod fot p BWFCH%Q‘:? @C&Iraﬁ‘ﬁ?'rﬁ'é?'mﬁseﬁ}'&rt aﬁf’fnpﬁ #2890 route calls to a
dat abase, such as. a an inpatslcanifégusedver receine cumerumircagdographetwor K.
These transl ation miabee;s My be accessed, identified, and nanaged
using the present invention. 800 Nunper Portability 20
The present inknti @nhaﬁﬁyprﬂ‘é%ﬂsc"f FesPepsivRuhBethe inmysrt 8BRI1ity, such
as when a subscrider & shbbetlsbrneictied tdan outpateoBthentsdie prokessepangi ng

service & ovi ders. Cur rn?n%xﬁi%t?e\égra sngYJ:r?ese%%\é' gg%%%dﬁéngot he 800

nunber transl ation ers, even those ot her
service 25 provi ders.correspapdbes desihagh BTPEesFPHi Fesultishi s met hod,
particularly if there is an increase in the nunber of 800 nunber

W in Che preStnt TRVEREEEY O Bt SFesEl cdfiitiing & e BobCRnber

portability cnnmm:%hrb@msnethaslmt |atndaltﬁlGV\ba$bcEIOQQ§S@Ehone nunber

portability. Concl usi on Several enbodi nents of
transl ation servers are descri bed, each havi ng uni que advant ages.
Transl ation servers have several advantages._over other

This Sheet

il
L



35 nethods of translating NGPNG The NGPN-to-HLR mappi ng

information for a NGPN is | ocated in one or nore network entities, but
pref er abl y wowm2mihet work si gnaling or switching PCT/US96/04404 .
22 WO 97/ 27717 ' PCT/ US96/ 04404
conponent s whose resources are better Li?ﬁd in setting up and
mai ntai ning calls. Mreover, signaling ansfer points are not used, so
ATM si gnal i ng networks nmay be used with the TSs. This | ocation
advant age provi des easy nodification and 5 efficient storage, and does not
require nodifications to each ﬁ:& ubscri bers are added, deleted,
or changed. A TS may be | ocated gI e convenl t | ocati on or
di stributed t hr oughout t he net wo{PRICR Mmm ngl e, I i zed translation
server is fast. It may, however, becone too Ia ge to 10 efficiently

- process the nunber of recelved translation requests. A
nunber of TSs distributed ough srTNetws I STRQL -3 fast as a

centralized TS, but gacl' TS may hagndle only a frac\i on of $#Be total

mappi ng requests. Using a nunber TSd0895 identified With fhe use of a
hash function kas several agyeNt ages. The tine to perXorm ot her
routine mai nt ehance operat| Grs—enddi ng, deleting, or chalging a
subscri ber s iOGrec rg) ﬁqal so acceptable. Also, the translqti on may be
made @ of % al st exghanged between the VLR ay the 20
TS. Tine co sum di fficult RefPeratli ons, such as splitting
112
~—112
114 114
se VM T Tl
116 11§
116 116 116
116 118 118
SSp S5P 118
D)8 N
S5P SSp SSP SSP

18 118
1 ':-"

124
126

126
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a HLR or TS, are perforned infrequently. | dentifying the TS using

a hash function has a scal ability advantage, as descrl bed. ‘%?%gg
dynam c has (#]Q,Igz - lends itself to easy scalability. | evel
T on

NGPN 25 schene has the advantage of scalability WlthOUt
changes i n t he VLRs. The pres@fft invention satisfies all of the
obj ects of the invention. It may be used in signaling networks w thout
signaling transfer points. It is fast and efficient. The 30 translation
may be perfornmed by w dely di stribut? &ngm TSs It is scalable
and permts dynam c changes. Becaus I nunber s not need to
contain information about the subscri ber's geographl c location or
service provider, the inventiga pernmts portable devijgg numbers to be
assigned by an 35 independent entity:

23 WO 97/ 27717 \ PCT/ US96/ 04404
A person skilled 418 the art under st &ifd hdt t hé Lhvention may be used

Wi th communi cation systﬁqsi ot hdb2 t han_a RCS haw wg "aq ATM baciggone. For
exanpl e,

althossg system wgs”di scl osed, ity umterstqdd t hat PACS,
cellular, thW| ALTSS~cQnyfuni cati on sygtemyay al s ‘ ygpd. The
above descrl bed enmdei’nent s™i@8 thee invention arg intgndgd

5P 2 (2 = N
204 AR 2 18 STGNALLING VAN
ssp 3 () NETHORK R~/ HR2
: \
128 -
\
Ah
@A AG
148 204 206
5% s {4 e LOGICAL WAPPING 4
204~ VIRV 202 15 2 PHYSICAL LINK
FIG. 3 P
w2
................. e
o L 304
i HASH ’7/
b —=1 15_ID = f (N6PN] , s
- 302 ‘ 306 1 15 ‘ o2
: 1011 Bress |
| TELE
: l aoa\@ 1S
18'~ | WA / L
L AR d-
NGPN 202
N IS
NGPN, - HLR ID
QUERY 05 106
106
R
| HA
ETE (D R
| HR | HA



e

be illustrative only. Numerous alternative enbodi nents nmay be devi sed by
those skilled in the art wthout departing fromthe spirit and scope of

the fol | ow' ng woawm17 PCT/US96/04404
3/5
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portabl e de‘ﬂ’é’? ers (NGPN) to a signaling network devipegnofdsisus. said {
nmet hod canp H he steps of: generating a table contal ni ng NGPNs ;
and associ ated signaling network devig addr esses; presenting a NGPN

to the table, said step of presenting &T’prising broadcasting the NGPN to a
nunber of tables in the signaling network; and obtai ning the signaling
net wor k. devi ce address for the presented NGPN. 2. The nethod of
claim1l1, wherein the step of broadcasting conprises sinultaneously
broadcasting the NGPN to the nunber of tables in the signaling network.

24 ' What is clainmed is: 1. A method for mappi ng non-geographic

FIG. 6
P
122 [T T T T T N
I
HASH PROCESSOR l
Lo W 5] 36
MAPPING :
TABLE |
128" |
_________________________ A

202
R o

| CACHE
B

§ {CACHE MISS)
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TS_ID = g (NGPN]
|

TS_ID TS 606
| |
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3. Thé nethod of claim1, wherein the step of broadcasting conprises
broadcasting the NGPN i n a nunber of stages, each stage broadcasting ' the
NGPN to feweW@F&I7d| | of the number of tables in the si gnaPFFlys?f&“?%rk.
4. A method for establishing communications in a signaling network to
subscri bers with non-geographic portabl §/gevice nunbers (NGPN), said method

conprising the steps of: generating tables containing NGPNs with
associ ated signaling network devi ce addresses; presenting a NGPN to a
table, the step of presenting conprisi @erfgrnming a hash f i on on the
NGPN; using a result of the hash function, obtaining afsignaling
network addred&from t he-tabl-e==a -°—-é—es‘rab'|'i‘5'h'rng‘t‘he connection to
t he. si gnal i ng nkt worSks devi ce abifieks—£dP2 t he present ed NGPN.
- 25- PN/ e {TePu| Rl te m 4, rein {he step of
obt ai ning the sj e oryst fif=4qpRy f Yt her ri ses
usi ng the hash § LT |t up TL# table add eliss o] Ppi ng
t abl e. 302 i CACHE I s \304}
; 151D | 15 i 202
' = ADDRESS ¢
! HIT TBE |
v 306 |20
ZEN / | \@ 5
b e ——————— -
NGPN, SC 702
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6. THe nmethdd of cl a™n 4, further conpri si ng the steW o]PEA/UDI 06 UAN 1 3

hash function to be an exten on. 7. The met hod
c| ai What fig tHaimasdpis si ng ‘ mﬂm a. before presenting

the NGPN to the table, checking a for the signaling network

devi ce address for the present ed NGPN, : i f the signaling
net wor k deyvi ce AGEBssa SRS é@% Bi 8 orBablle eRcAdrenory,
presenting the NGPN to the trg%ﬁﬁé dg #’ Je' 0rritgt hod of claim 4,

wher @umkienss SENGPNOF tsztarsugtgalitm smgh:wd:rhgdemecaoaﬁddesseesaddr eetHat the

present ed NGPNf rther gqp#rr ses the steps of: a. checking a
cachEMRFH b ths & %ﬁt hg network device address for the presented
NGPN, dng dftd Sé&ﬁﬂé UPNE gadi 6858690838 £
present ed g]\l(rzlléahltarsrrr%t int rr%??r o%tgﬁnr ngst he NGPN fEJom ng

t abl metwork dedride neidwekden; mappi ng non- geogr aphi c portabl e device
nunbers (NGPN) to a signal | ng networ k devi ce, address, wherein g service

code is a U3 NN S ChRttrrleong?i<i AESPhef sPEgsepting _
geneludiy & &@%xeoafcﬂ‘atsaﬂﬂi %%P nt?%e %%Egﬂg'ﬂgﬁhéﬂglﬂew@k devi ce

addr esse€s; presenting a
- 26- 31gna11ng network; and

obtaining the signaling network device address for the

presented NGPN.

o~ 2. The method of claim 1, wherein the step of broadcasting

comprises simultaneously broadcasting the NGPN to the number of

tables in the signaling network.

3. The method of claim 1, wherein the step of broadcasting
comprises broadcasting the NGPN in a number of stages, each stage
broadcastif the NGPN to fewer than all of the number of tables in

the signaling network.

4. A method for establishing communications in a signaling
..~ network to subscribers with non-geographic portable device numbers

{NGPN)}, said method comprising the steps of:

generating tables containing NGPNs with associated signaling
network device addresses;

presehting a'NGPﬁ to a table, the step of presenting comprising
performing a hash function on the NGPN;

using a result of the hash function, obtaining a signaling
network address from the table; and

establishing the connection to the signaling network device

address for the presented NGPN.
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obt ai ni ng thé signal i% net s for th W@GN@#{\N 1992
“t'he step of obtaining corrpr:,\ﬂmmjmn ﬂiﬁﬂﬁ . the t a signaling
network ,device address for a main deV|ce and obtaining fromthe

mai n network device a si gnal i ng networ k devi ce address for the

presented NGPN and service code. 10. . A nethod for splitting a

first traﬁsl at i Sethad pfsy:lan.m torwheneHn Hod-Year ikt aiding ¥R or ds,

on a tr t v TS,
wher ELERAGARSr BATVER i ragstBhT et e B S EFsReE hpk ESh L EEE SR

dy nakiaghh &sfictd.on xfémti Qb Ichﬁc s hasl Coapléshadréde sheAsmabping

appl yi ng the dynam ¢ hash function on each non-geographi ¢ nunber contai ned
int er-st TS; using the result of the hash function, determ ning
whi ch. nunber records will remain in the first TS and whi ch nunber
records will be noved to the new TS; copying onto the new TS t he

nunber regqrds g b@etrﬂaaecbf Hlhim 4, furhéeti d8mptisih V\%hﬁhfal Etkpl St he
copi ed records. 11. The nethod of claim 10, erein the dynam c

hashsedectiiog the hasih fnclidith|te fes e (et erdibhe chagbokyngtiknbits of
t he hash
7. The method of claim 4, further comprising the steps of:
a. before presenting the NGPN to the table, checking a
cache memory for the signaling network device address for the
presented NGPN;
- b. if the signaling network device address for the
preserited NGPN is not in the cache memory, presenting the NGPN to
the table.

8. The method of claim 4, wherein the step of obtaining the
signaling -aetwork device address for the presented NGPN further
comprises the steps of:

a. checking a cache memory for the signaling network -
device address for the presented NGEN;

b. if the signaling network device address for the
presented NGPN is not in the cache memory, obtaining the NGPN from
the table.

9. A method for mapping non~geographic portable device numbers
(NGPN} to a signaling network device address, wherein a service
code is added to the NGPN, said method comprising the steps of:

generating a table containing NGPNs and associated signaling

network device addresses;

presenting a NGPN to the table; and
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functi-on result, furt™er conprising the steps of: B}iﬁquh 1998’

‘determ ning further conpri “mﬁ“ﬁm“]“mm e (k+l )th I n determ ning

Mhlch nunber records wll Eu 5 * increa5|ng the value of k in

the network devices obtalnlﬁg fn * 'hddress for existing TSs using a

dynam ¢ hashing function; an datln t he twor k _devi ces

obtalnlngzﬁpEéiﬂﬁﬁglq Slg%ﬁ%%ﬁ?r&@ﬁggr d¢ EFGd@agﬁgsﬁeﬁpfS the o
f@é}p%é Werp! i dhd Sk dp fdf Sébééfﬂfﬁgﬁ“ Lo EL1Bh 6B58hining® ¥Hd i ng

non geographi ¢ nunber records, on a signafing netwo :

-27- the table|anslgnuiingunéEwOrklGévﬂ@éSaadrésdlﬁgraanmadﬁsnemmmpﬂdsing

the steps of: applying a dynan1c hash function on each nynber in the
firsdevdce and phtAining (Fqm 1the 1R HaREWPEkcEeBhce Bt é%ﬁfﬂﬁi’r&%i ch

TSRS LU JASLAL ) ol el SR it | b
noved; and deleting fromthe first TS the copied records.

10. A method for splitting a first translation server (TS),
containing non-geographic number records, on a signaling network
into two translation servers including a new TS, wherein network
devices obtain an address for existing TSs using a dynamic hashing
function, the method comprising the steps of:

applying the dynamic hash function on each non-geographic

::) number contained in the first TS;

using the result of the hash function, determining which.
number records will remain in the first TS and which number records
will be moved to the new TS;

copying onto the new TS the number records to be moved; and

deleg&gg from the first TS the copied records.

11. The method of claim 10, wherein the dynamic hash function _
is an extendible hash function which looks at k bits of the hash
- function result, further comprising the steps of:

the step of determining further comprising examining the
{k+1)th bit in determining which number records will be moved;

increasing the value of k in the network devices obtaining an
address for existing TSs using a dynamic hashing function; and

updating the network devices obtaining an address for

existing TSs to include the new TS.

12. A method for splitting a first translation server (TS),

containing non-geographic number records, on a signaling network
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13. -The nethod of clalm 12, wherein t he Emﬂam c hash 86 JAN ‘[998

it ther compr oing the ot zﬂﬂiﬂl\\lﬂﬁlﬂ\lﬂl Lo o ggfe:‘; n n;”ﬂ,:sﬂe:ew' t

conpri sing exam ning the (k+1)th bit in deternlnlng whi ch nunber records
will be noved; and I ncreasing the value of k in the first TS.

14. inka mn:atarml@*éwers@mm oxncnhtp@mg a AeW- §Sograpiird sifthdhe o a
S|gnaI|n: negt work entity, conprising: an input configured to receive
the rTor gedyriaphi ¢ nunber; at least two tables containing

non- geogr R G, IrEThe W&%&ﬁﬁ@ﬂﬁiﬂ%ﬁ'&ﬂ%&m Meivexr Kireihd Yeirst
addr esses; a TS server hash processor connected to the input; and

a TSI er nal mappi ng tabl e connected to an output of the hash processor

d t h | t th dd f
o s O i ik E PEeS € of e FSEE PRhCEREH, | Belleludl 8 SR §) ©ON°
- furt BRI LTINS #iQaChemABAD Y tqswrfa&tse;d T@ehﬂ@eﬁhiéﬁ ﬁ@ayéraf@béms

t abl es.
will be moved to the new TS;

copying onto the new TS the number records to be moved; and

deleting from the first TS the copied records.

_ 13. The method of claim 12, wherein the dynamic hash function

is an extendible hash function which looks at k bits of the hash
et function result, further comprising the steps of:

the step of determining further comprising examining the
{k+1)th bit in determining which number records will be moved; and

increasing the value of k in the first TS.

14. -Awtranslation server (TS) for mapping a non-geographic
number to a signaling network entity, comprising:

an input configured to receive the non-geographic nuﬁber;

at least two tables containing non-geographic numbers and
corresponding signaling network entity addresses;

a TS server hash processor connected to the input; and

a TS internal mapping table connected to an output of the hash
processor and containing a mapping of hash processor res;lts with

an address of one of at least two tables.

15. The translation server of claim 14, further comprising a

cache memory connected between the input and the tables.
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16. -The TS of claim 1’ wher g cessor is.conmgtaﬁ)kb@ﬂsﬁgg8
4?n ext endi bl e hash functi onumngn@elmﬂﬂﬂ“w%al I ng network entity for
" forwarding non-geographic @ astransl ation server, conprising;
an input configured to receive the non-geographi c nunber; a hash

processor fgsporhevest oft BeaimPl;, @hdrein thd Msh GrRRLISS-tDsan out put
of the hash processor and containing translation server network addresses

cor r egpofiigngedothaplropesscssoextendibde hash furgtife entity of claim 17,
further conprising a cache nmenory connected between the input and the hash

processor.
17. A signaling network entity for forwarding non-geographic

numbers to a translation server, comprising;

an input configured to receive the non-geographic number;

a hash processor responsive to the input; and

a table connected to an output of the hash processor and
containing translation server network addresses corresponding to

hash processor results.

18. The entity of claim 17, further comprising a cache memory

) connected between the input and the hash processor.
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A communications network (200) may include a translation server (202) containing a NGPN-to-HLR mappmg table. Translation
servers (TS) may be configured in several ways. The server or several TSs may be on the network. When a number of translation servers
are used, 2 VLR {128) or other network entity receiving an NGPN determines which translation server contains the mapping for that NGPN.
One way to do this is when a subscriber roams out of his “home” region, his NGPN is presented 1o the “foreign® service provider's TS. The
foreing TS broadcasts a query to all other TSs in the network either simultaneously or in stages. Another way is that a VLR receiving a
NGPN performs 2 hash function of the NGPN. The hash function indentifies a translation server, The VLR may then query the translation
server and obtain the NGPN-to-HLR mapping. Where 2 hash function is used, an extendable bash function 1o accomodate thie addition of




