WO 03/ 061169 PCT/ US02/ 41548 DI A TAL FRAME DETERM NATI ON METHOD AND
APPARATUS TECHNI CAL FI ELD [0001] The present invention relates to the
field of Wioestwaiiebel ephony. In particular, the present i|rmrcEwsealsel ates
to accessing the data stream between a digital tel ephone and the swtch.
BACKGROUND [0002] In the world of digital telephones there are nmany
different service providers. Each provider has a proprietary nethod for
encodi ng the comuni cation streamthat runs between the tel ephone and the
switch or PBX (private branch exchange). Mst communications between the
digital phone and tpgsif FRAMMPEFERMIGETON MEH D NSAPRHARGs di fferent
wavefornms of data between the phone and the switch, typically on a two-wire
pair, wth the data digitally encoded in the S|gnal [0003] It is conmon
in digital phone systens for the information to be transmtted between the
switch and phone using a fram ng schene or protocol. Typically, franes are
transm tt gdceamch2Fooier osecond interval s. The format of the frarres varies

fromprotocol to__protocol byt t r very frarre coI is
the sane. [098}] exérr?ﬁlpéﬁs?fﬁé“‘feép%rb‘?‘? H@%@Bf‘% tﬂ?@’t"&i’e ‘P“{l e or mat
of its dapacdi ﬁ%ﬁu&ﬂ@fa?és@o focsdsBolthOlidta s@éaﬂhﬁet@bélﬁa @i%lté’l%l%ongﬁﬁcﬁhhet wo bits
of control data, bits of secondary voice data, and a parity bit. Each
data fr aswitdhy ansm tted using that particular protocol will have that

format . RE Ig)tocol may require a format for its data franes

cont ai ni ng—ggé—@mrrple a start bit, sixteen bits of voice data, two

si gnal i ng[0e02p, @hgietwathl ef dﬁ)gltalstel@homsx]hdré anreyndaiytd,lffaaﬁt sarvsdecppoxbﬂetrs Each

data frane in a rticul ar ropl rydta stream w |.I have hefornat
requi r ed E@chtmews?ﬂlaaearowa 3(’??5@1 gg‘fr ne Comrfaf%st%?ﬁmt Sot ocol

there wljedyai @le |té1é‘phléﬁe £ﬁd3r!ﬁb SPitdPor HHX @d@teo&aﬂdnfe@emgé)o Most N eac h
tel ephony data franme. [0004] There are certain products available that are

connect edcepmihigationls émﬁ@meldﬂﬁtﬂ prmgend theseitch wophbneending signals daringh. For
| | PC
exar e Al LA, AR, ARELRAR SR (°O

'S connec
with the data digitally encoded in the signal.

[0003] It is common in digital phone systems for the information to be transmitted
between the switch and phone using a framing scheme or protocol. Typically, frames are
transmitted on 125 microsecond intervals. The format of the frames varies from protocol to
protocol but the format of every frame in a protocol is the same. For example one telephony
protocol may dictate that the format of its data frames contain a start bit, eight bits of voice
data, two bits of control data, two bits of secondary voice data, and a parity bit. Each data
frame transmitted using that particular protocol will have that format. Another protocol may
require a format for its data frames containing, for example, a start bit, sixteen bits of voice
data, two signaling bits, eight data bits, an auxiliary bit, and a stop bit. Each data frame in a
particular proprietary data stream will have the format required by the protocol for that data
stream. Depending on the protocol there will typically be from 20 to 100 bits of information
in each telephony data frame.

[0004] There are certain products available that are connected on the telephone line
between the telephone and the switch. For example, a digital telephone may be connected to

a personal computer (PC) that is connected to the telephone line. The PC is situated on the



WD 03/ 061169 PCT/ US02/ 41548 tel ephone |ine between the tel ephone and the
swtch. The PC can be used to place phone <calls, answer the phone, voice
mai |, or Waxes/oknieédr der to do these things, the PC nust emdcreso2uias
comuni cati on protocol between the tel ephone and the switch. [0005]

Devi ces, such as the PC exanpl e above, that passively tap the sw tch/phone
line nust reliably create a signal that demarcates the start of each
frame. One of the key elenents in inplenmenting a tel ephony protocol stack
is frame synchronization, i.e., locking the hardware to the frane

f r equencyicfptomias B‘éﬁvee@_iﬁ@teteﬁh&le%ﬂ tlRaSAtcBC TREPUI cah 86 usdd pladshonef
extracting and regenerating the_tel ephony information becones possible.

[ 0006] | ncallseansweiothe Rhone, Foigermaidyaidar oiiorder todo thesq BingsthpPemyisbemalpieci i c
har dwar e 4] !]EBHE i Hhe ] j ew protocol requires a
new har dwglregB esl %tﬁa&%ﬁ%ﬁcﬁle%ﬁ%%giﬁi%%@%%ﬁ?ﬁg %"Zi;( ware into existing
systens. [0005f t eeavakssuctorstths PC exaeple ghoveathdt paspivepreapt the breitdhéphohabioenar e;

t hus the need change t he rdwar e, desi gn for each el epho protocol is
on expensPS TEIPLY PAS BolaHIR G BRSBTS o ReRp PORERT BEIEE DRAW NGS
[0007] Th@leRERE &Nimplad&itin ARelbshonk pktsibdoRbtask R YrankkysyRéhren2dtidhSie., A0EkiROt

necessarily by way of limtation, in the figures of the accorrpan%é ngL
drawi ngs ths baidvere o the frame Segwrney and iphsping s Opes dis hag beenpccamplishededba @sk and
in which: {000 LS Q I p ingsape enbodi ment of
the pr ese(r)\{ |n\§/tlen 411?%?&%%%8%%5%F(Igéol{é’??{sf&?%ﬁbgg??rﬁ%fﬂa gs@g'rrpl e data stream
by whi ch [0906Ri n Iagparios an frinmesynpiresieationi raliesrvni pootooa \sprefid hdrdwsare at ed;
[00010] FIG, 3 is.a diagramof an e | e of t.he f.ormat of data. frane by
whi ch_cer FEFRenEE hgimg KRR REe TRRvERerdemis Bacy PrBefiSie {0001
FIG 4 isami ik agéanicd ofahe xanik ent6 bxistiptystefss W ofen fidkies thotitht o ddsime by
which certain aspects of the present invention may be illustrated; [00012]

FIG 5 i sand immdement theme hardwasexthis thgnepdrie chaage thy %@W? flesigriar Brha
conput er tegt?f)g?]?g#ﬂ%cgﬂ@ 2 TRRALITE Bid She bORuidMRbEREEd i nvention; [00013]

FIG 6 is am of an exanple of applying a set of rules to a data
bl ock by

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention is illustrated by way of example, and not necessarily by
way of limitation, in the figures of the accompanying drawings in which like reference
numerals refer to similar elements, and in which:

[0008] FIG. 1 is a block diagram illustrating one embodiment of the present invention;
[0009] FIG. 2 is a diagram of a sample data stream by which certain aspects of the
present invention may be illustrated;

[00010] FIG. 3 is a diagram of an example of the format of a data frame by which certain
aspects of the present invention may be illustrated;

[00011] FIG. 4 is a diagram of an example of a set of rules for a data frame by which
certain aspects of the present invention may be illustrated;

[00012] FIG. 5 is a flow diagram illustrating a method to be performed by a computer
executing one embodiment of the illustrated invention;

[00013] FIG. 6 is a diagram of an example of applying a set of rules to a data block by

which certain aspects of the present invention may be illustrated;
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whi ch certain aspects of the present invention nmay be illustrated; 2 WO
03/ 061169 PCT/ US02/ 41548 [00014] FIG 7 is diagram of another step in the
exanpl e i wORI3B6189by which certain aspects of the presentpdimuseatiias nay be
illustrated; [00015] FIG 8 is a diagram of another sanple data stream and
a sanple data block by which certain aspects of the present invention may
be illustrated; and [00016] FIG 9 is an illustration of a generalized
conputing device suitable for use with one enbodi ment of the present

i nvention. DETAILED DESCRI PTI ON [00017] In the follow ng description,
various agemaip ofict Nes BhSBBIYS ahSWENtdOR thPexARINOE FIENG b ARBRLIEHSn OF
automatically determ ning the frame boundaries'in a digital data stream
are descr iabregts ofhediresent igEedionsnayrhe iesiratedi th in order to provide a

t horough i?}ﬂﬁ?gt % R¥s Qﬁiagfaéhﬁoﬁﬁlgﬁgp%rﬂ Y ne{f'ei étpegm \WEible (%Jta 1ti>l8c nder st ood

by those din the ar at t rese I nvention ybe pract’ ced
W t h onl y véicheceptninadspectssqfghd present triventpmasgnbe iilostendd; amnd and with or

wi t hout s |, of the specifi.c detgils. In song jnstances, wel|-known
feat ures mlgtea%ﬁ' ? =ion @PStEq%ﬁBPf?ﬁgthﬁﬁeiP%PutW& eyige élﬂ?g’fﬁfgr PVl esent
i nvent i on.oné BABdBMmeMadfiiBe PesdnbBivelgssml | ption are presented in ternms of
operations perforned by a conputer system using terns such as data,
flags, bits, values, characters, strings, nunbers and the |ike, consistent
with the gRANES, npl oyed by those skilled in the art to convey

t he subst I T}’bﬁkto others skilled in the art. As is well

under st 0001 7] t Haske ollbiviredieseriptioe, aribys 4sheseofha ptastrit @svehtides atnfeghddor m of

el ectrical, , nagneti or optical. signals.capable af bei t.or ed,

transf err 884 a@%ﬁ?ﬁf@ﬁ ?“tawag%:‘lpf@m@%h? ﬁﬁ‘i“ggg‘ﬂf‘dﬁﬂ%’ﬁ}é’ﬁﬂg@ 8Ha ST and

_eI ect ri calarecnRBean Sﬁe&ﬁc S8 CRERI E&th VRt p@ﬂf&etahﬁorbﬁgmrﬁ@ﬁmﬂﬁﬁg ofSystem
i ncl udes general purpose_as wel| as speci al gurpose dat a processing

machi nes, thesgreseatigyvendion. Howveyen i is yiklgrstogddydhess gkilledén the drt s thegiresentbedded.
00019] The,.nf: ' i1Qna i i £ QL. i
[ ] %eﬁ{lﬁgﬁ% %%?ﬁ%égﬁﬂtﬁ (ﬁﬂ??cﬁﬁé 6#31%1)&&&%99%@&% 1r{vgﬁtlo%agiﬁ d;ﬂ%e

illustrating t The” I nventi on” may or y not actu
i mpl enent edwithowisswe et ell of the specific details. In some instances, well-known features may

be omitted or simplified in order not to obscure the present invention.

[00018] Parts of the description are presented in terms of operations performed by a
computer system, using terms such as data, flags, bits, values, characters, strings, numbers
and the like, consistent with the manner commonly employed by those skilled in the art to
convey the substance of their work to others skilled in the art. As is well understood by
those skilled in the art, these quantities take the form of electrical, magnetic, or optical
signals capable of being stored, transferred, combined, and otherwise manipulated through
mechanical and electrical components of the computer system; and the term computer
system includes general purpose as well as special purpose data processing machines,
systems, and the like, that are standalone, adjunct or embedded.

[00019] The present invention is described in components for ease in illustrating the
embodiment. The invention may or may not actually be implemented in discrete
components, and such components may or may not correspond to the components used in
this description. Also, even though some components and functions may be described as

being hardware or software, as is well understood by those in the art, which components and
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conponents, and such conponents may or may not correspond to the conponents
used in this description. Al so, even though sonme conponents and functions
may be dewwriswediéas being hardware or software, as is welHCTursdensy®od by
those in the art, which conponents and 3 WO 03/061169 PCT/ US02/ 41548
functions are inplenented in hardware and which are inplenented in software
may vary depending on many factors, such as the speed of the processor or
processors involved, anong others, and these variations in inplenmentation
are well within the scope of the present invention. Al so, the use of the

term " har dy@stins bt inpleanaled ih Qardhatetsa Wilieh 48 iiplemk Bl & sITRAR gy Ba9! ean
|l ogic as inplenented in a Field Programmabl e Gate Array (FPGA) or

Appl i cat i giepssbeg o1 manyfagigrs sedh asithaspeed piABE pjocessor oraxegepioss infalgeR0]
Various o i i . Lpl: i . erdformed in
Ver S, SRR O BAF oSS A, B3PS AR REL R

i nvent i on.prtienemeentionh @Al theruse bf thd esor hptdware’db didnded at inbledeths sérimued t o

i mply that these operations are necessaril erformed | he order they
aro preseniedls BRrERHOURIdP S ap uRETe et i [ Tragaratlc SHEATY the
pmjaz e "l {rmaﬁ)ﬁmgﬁiicmtﬁaﬁ 'sp@LQﬁ@[ Ik ﬂte&f:ﬁﬁﬁamém ,rfgi_f t%{anf[p%.: Ee same t

enbodi nent, al f hough i my. ] I'n one enbodi ment, e present

i nvent i on 030} de¥arousippiatiany aa descrihed apmvldplealigraiostensaesfonhesd ingumin des

t he determ ' 94t Al : a h ocki ng
of the. han s TR S flighl y Bl ERARCHBLR, & e Hodc e, BITRE oL T o1
support dofeschifftioasbnild het bepoostyuep toingdp Himt thebdhapetatioaesre mecasiuaitgperidimed

hardwar e hy . ncqrpgorating a ul es-based, al gorithm for frame start

det er m nat b SRemIFB AR Prateseh B PE Pur SSbuati L0 FroeRfaRges of fe

prot ocol s, pHrdye “fif driéGiibo@in®int’t diRs hoBHEReIAH19 rENBithOAnRYABINHSNBIASush it .
constant. [00022] FIG 1 is a block diagramillustrating one enbodi nent of

t he preserf®Y-nvention. The frame determ nation system 100 consists of

three sub ﬁmnenh?dnetegﬁ)oﬁf f) entfATRANGR cg%g)atign? 81’ hatragar rame
! Ok gy PR OAT iy en TR t

start generation conponent ock ~capture ‘conponen
(BCC) 104.andsoftiwarcelmt phividenthe determiia@on of & digitelnelepleshyi fransodtdrivandehe plnde t he

E(?Stcalagg Eiocc(:}ﬂr?'gr gf thgﬁllrﬁgvg%ttg %16' frr.lamBeq Ollnef\ﬁenerlﬂ?(g{ir%ént,-rttﬁg iJV%Lt?gn ﬁﬁ)twas' t%gi‘ss%p}:al'c())
of different telephony protocols without need to change the hardware by incorporating a
rules-based algorithm for frame start determination. Although the applied rules change with'
changes in protocols, the structure of the frame determination system remains constant.
[00022] FIG. 1 is a block diagram illustrating one embodiment of the present invention.
The frame determination system 100 consists of three subcomponents: the frame alignment
component (FAC) 102, the frame start generation component (FSGC) 103, and the block
capture component (BCC) 104. In the embodiment, the FAC is implemented in software
and the FSGC and BCC are implemented in Boolean logic. The rules database 101 contains
the protocol-specific rules for determining the frame start.

[00023] Inthe embodiment, the rules database 101 contains at least the nominal frame
frequency, that is, the interval between frame repetitions in the data stream 108. Typically,
the nominal frame frequency is 125 microseconds for a frame with 8 bits of voice data or

250 microseconds for a frame with 16 bits of voice data but the invention is not limited to

these frequencies. The rules database 101 also contains the rules for the format of the data

4



the protocol -specific rules for determning the franme start. [00023] In the
enbodi nent, the rul es database 101 contains at |east the nomnal frane
frequencywadsawiics, the interval between frame repetition®dmisokgidat a
stream 108. Typically, the nom nal franme frequency is 125 m croseconds for
a frame with 8 bits of voice data or 250 mcroseconds for a frame with 16
bits of voice data but the invention is not limted to these frequencies.
The rul es dat abase 101 al so contains the rules for the format of the data
4 WD 03/061169 PCT/ US02/ 41548 franme and the required val ues of certain

bits in theanktodrd the AdRired values oB cdttdin B thhd\datd fratBY.e2la%R pafORL 3 Hay NSy
nunber of tines_a franme capture nust pass the rules check to satisfy the

al i gnnent GoBE the pamber of kiieg 2 damercapiragest ppecbeniles oheelie satisfpthenent , t he
FAC 102 a . 101, checks the data franmes and
SABRRE LB A Sl 8 nl)

cal cul ate nfs to me start. The FSGC 103 generates the
frame st dP00%H gnkil tbe embodimeditpthed A 02aticesstatha hided databhabegl01t Eiecks A8data The

BCC 104 tagkes a “snapshot” of the data,.that is. i s a bl ock_of data
i a but 1 airresnd SIATSRE e ofeinis 10 i i o Tos B3EC RSB amentatos e

Pr ogr ammalyet dilals ahd pefBindiBe bgB6mchts td8lidd A6 885 OfThe BB 1029a1thg dat a bl ock
fromthe PBXfphone line, but they are not part of the present invention

and t hey wSPapsh@st obile dafay thatris,dt Rlages sdlpakyed dpfe ima bufferforsg bydhaBad 189 the
present i [ Pr, S Bﬁ‘l‘a% I igital
phased | oc \élg%}%;l)&ﬂ%a%l}r}ﬁlgsl({a%éaone ggrsacrl 1e |Iﬁﬂ?bcj)7-%§ g?ﬁ%egqn?{%ggﬁgsa%es

Pat ent AppeitmgtthadntSblotlafrofiche PBE/phbfs bie] but'tReyoare aonpnl «f th gres¢edt Phase Lock .
Loop" assi.gned to t el ..Corpor.ati on. of anta Clara, lifornia, the

assi gnee olgvetnﬁgn 69%@8’(1?”1%?}2’8@%1?? g'[s%sﬁ §XCERpias they;may, edisf‘;‘t‘gi;‘}émeé*esﬁms anmpl e
data bl ocknitishli The P@pfadinhbBSPRPLL 30D nal/ B8 a phéRaBMbbIe A¥RAT pHaledBYk B8p
illustrated. The block of data represents nultiple frames o i nfornation

bet ween t FEChdRe oBgdpseilied dmcemending YpitgdSintes Pt Anpligation Sgaigld¥o.however
this ano (o2 b t dj a bl ock
200 repr etsygmsg%g?\’ P}l(?\%%r{lglt% g@trltﬂ%&? rPgEr]rsg LE’S%‘Z“?Q n? n%astgl%cﬂ)%\d tg ﬁgtt%le%&%%ﬁmﬁlgft he
exanpl e, tSantaddera, GildfokiR GG assigeeed thegweseof inpérttoneach with a val ue of "1",

"0, or ” YO(')'OZ%?r IEIEE 2Ré Hggr%lsn ofa starr1]1ipfe cﬁl)faabqgcl:keby wi']ilch certain aspects of the
present invention may be illustrated. The block of data represents multiple frames of
information between the phone and switch and is typically 256 bits of data; however, this
amount could vary depending on the embodiment. The sample data block 200 represents an
input to the frame determination system 100. In the example, the data block 200 is a series
of bits each with a value of “1”, “0”, or “V.” For the purposes of this example, “1”
represents a logical one, “0” represents a logical zero, and “V” represents a logical one with
a code violation. It is understood by those skilled in the art that each bit can have multiple
states or values and, therefore, how this occurs will not be further discussed except as it
pertains to the invention.

[00026] FIG. 3 is a diagram of an example of the format of a data frame by which certain
aspects of the present invention may be illustrated. For the purposes of this example, the
data frame 300 consists of 26 bits formatted as follows: 1 start bit 301, 8 voice bits 302, 2
signaling bit 303, 8 data bits 304, 1 auxiliary bit 305, 1 stop bit 306, and 5 guard bits 307.

The data block 200 consists of a succession of data frames 300. The format is the same for



represents a |l ogical one, "0" represents a |logical zero, and "V' represents
a logical one with a code violation. It is understood by those skilled in
the art thwatodsmactoobit can have nultiple states or val ues pamdysothensef or e,
how this occurs will not be further discussed except as it pertains to the
invention. [00026] FIG 3 is a diagramof an exanple of the format of a
data frane by which certain aspects of the present invention may be
illustrated. For the purposes of this exanple, the data frane 300 consists
of 26 bits formatted as follows: 1 start bit 301, 8 voice bits 302, 2

si gnal i ng dich da0&an@ vilediRa BpdeFic b strba@UOB! TAE Holink] BMRe fdqhOPobht 306,
and 5 guard bits,  307. The data bl ock 200 consists of a succession of data

frames 300S%ample dagy fampe 3Q0 is B8 bigarEhis sxample dgte damg S99 soused i hsdollowisgls  each

data franeg, 'hgﬁd}l@tﬁg)@%gﬂgﬁl gatsm stream 108. The nominal franme frequency
of the exa’fﬁ%‘le data frane 36,0 ?s 26 bits. This exanple data franme 300 is

used in t hi@0025] | oRIGhd is e dpigeanadf anexamptehd apeesianles fonaelatd foame pOOORE] FI G 4

is a diagramof an e |l e of.a set of .rule r data frane b ich
certain ascﬁg@tnsas%?mt@%TS%CELPVF%\?M?W&? lh\é%‘agegi' iFﬁlgu‘gfl?‘)é{‘fséﬁ? e’iﬁf‘éle\,\%t% hows
t he exanpl feariefomatf 308N A7 ¢xaipRRt ¥ rilks 400 RPAIBARIRS reghirédNBf fPhch -
representllgg the required value for each bit. These formats 300 and rul es

400 are sttifethessformats 309 and pugs 499 gt sigred imthe rtpsclatabpse HHt dheiFdds1@2ne

al i gnnent ta SR . Wl

splegi fic c\f/égelr%lgg ° gkc%ira{l,1 elﬁlt@lgi% rf lﬁ%el ts Ir%h?%&%%&he%%téﬂ#ﬁg4?!?8%%‘?%%{&3@%&et of
rul es 400 vabmgsiforesriaihdity &l the dath frapiee The dhustrivied s@Of ntles 408 réduired €k, vahilkerfval ue
f th il . i See s "0". 40 t he,.val f . the, st bit 306 t

be * aoche iRbitabt sSpe Jotme Yyudphms G s P be OF o tabegf°

val ues ar ethé stbp bit B06 td i TOMMOBNhd thedaliByS 6 i@y bROBODH Bealouagy. athdsal |y,
assi gned by_any telephony pgptocol. [00028% I n one enbodi nent of the
©

present i N\ Psror Hieiratine ontyand spay; o ey ot he vatugsactueip asgigngd branyioni nal
frame frequepconydpsloddie FSGC 103 mekes an initial guess at the frame
start. The initial guess nay be nade arbitrarily or may be based on an
al gori t hm[80028]| e In prec¢rokhsdgment of Hre presentinviatiahabeFAC102konfignesthe ESGChe

rules dat %%t}ﬁgén%%afﬁ%ghgq&naylm% the FSGC 103 makes an initial guess at the frame

start. The initial guess may be made arbitrarily or may be based on an algorithm or rule
included in the rules database 101. For example, the rules database 101 may contain a rule
requiring that the start bit 301 always have a value of “1” and the FSGC 103 may make the
- initial guess by counting x number of zeroes, where the value of x is also stored in the rules
database 101, and then choosing the next “1” as the frame start bit. The accuracy of the
initial guess is not important since the frame determination system 100 is robust enough to
converge even on the worst possible guess.
[00029] Inthe embodiment, at the initiation of the FSGC 103, the BCC 104 captures a
block of data 200 and places it in the buffer 105. The FAC 102 applies a rules-checking
algorithm to the block of data 200 and refines the frame start position. The FSGC 103
continues to create the frame start signal at the nominal frame frequency until instructed by
the FAC 102 to adjust the frame start. The FSGC 103 may instruct the FAC 102 to adjust
the frame start by increasing the nominal frame frequency by one bit or by decreasing the

nominal frame frequency by one bit repetitively until the data frame is aligned.

6



requiring that the start bit 301 al ways have a value of "1" and the FSGC
103 may make the initial guess by counting x nunber of zeroes, where the
val ue of wao®/malse stored in the rules database 101, and Rdmwsoehomsi ng the
next "1" as the frame start bit. The accuracy of the initial guess is not

i nportant -since the frame determ nation system 100 is robust enough to
converge even on the worst possible guess. [00029] In the enbodi nent, at
the initiation of the FSGC 103, the BCC 104 captures a block of data 200
and places it in the buffer 105. The FAC 102 applies a rul es-checking

al gor i t hm Alerhdtbrebl, RKFSTC 008 Map @ﬁinﬁdﬂ@ﬂ?’é%thlﬂﬁ?&?Gfﬁifsaeﬂ'l%dﬁ%ﬁ{l% n@RBhT 'ngln
The FSGC 103 ontinues to create the frame start signal a e nom
frame f req%é‘i‘ﬁée‘l}‘ﬁ{“m by applyipg thegulsy n thegilgsdatebase 104 aadjinssuctthe FACAOR tet art .

The FSGC LARePiinddsdiistilent B81iEAR 103 dfnadj ust the frane start by
I ncreasing the nomnal frame frequency by one bit or by decreasing the

nomi nal f rl89430f r ebpesradipriagive embidimentayfehid preseet invention| the BE @ ddacabtiassahé s

i ; ively, 03
ot Pt e tRE MRS RELO e s R s PRI Sbeeeney by

appl yi ng trbal-tid gecdssing h&hisposisproedssibab mbddoayfe bNEhétitzimayise fbf 402 to
make a single adjustnent to align the data frane. [00030] I'n an alternative
embodi nentSOBE BPP¥aEPRSent i nvention, the BCC 104 captures the data and

places it [pgozipe buf. 852 1w Jiégrarﬁri@&ﬁﬁﬁﬁé]zgm@ﬂloatéﬁéﬁérfo‘ﬂn%&bpx bliguEAC 102
rather than real-tine processing. This post-processing bit”monrtor type of
function reEgcubag agecmbOCEmentszfﬁhe dlpgitatehinvation. CHGOBAspedts 6 ths miethods b1 the

i il . ' - MRt b f d by a.conputer . executing one
erbod; mend PR dilE i Bl & BRRES SORERE ath efRET S B toREbnods of
the inverflGofi Ehemdthods iotecetforhel Biba @mifdtRohSiuts 0btP@teprdbraths nligugnce
to the‘fIO\%vchart in FI 5. The methods to be perfornmed by a conButer
const i t ut & EOHPYFETXesHBh e IRTTuAkeRs- dsscrimetbamethods by exderengsite aiflogichart t i ons.

Descri bi ngnidies sRIRARE ibtheaBft6 UENES sltth Pr gka‘i’i‘fﬁﬂ@lh&ing SHABhERCABRS Fikhdf €d 110

the art to devel op such prograns including such instructions to carr out
t he met hod¥t e mathadglen guitahhy configered computersr(te(priesyor ocposasompf heocessor s

of the computer executing the instructions from computer-accessible media). The computer-

executable instructions may be written in a computer programming language or may be
embodied in firmware logic. If written in a programming language conforming to a
recognized standard, such instructions can be executed on a variety of hardware platforms
and for interface to a variety of operating systems or without an operating system.

[00032] In addition, the present invention is not described with reference to any
particular programming language. It is appreciated that a variety of programming languages
may be used to implement the teachings of the invention as described herein. Furthermore,
it is common in the art to speak of software, in one form or another (e.g., program,
procedure, process, application), as taking an action or causing a result. Such expressions
are merely a shorthand way of saying that execution of the software by a computer causes
the processor or processors of the computer to perform an action or to produce a result.
[00033]  Asillustrated in FIG. 5, processes 503, 508 and 509 show the areas where in one
embodiment the software interacts with the logic components diagrammed in FIG. 1, as

noted. Processes 508 and 509 result in hardware interrupts to the software that cause the

7



conput er executing the instructions from conputer-accessible nedia). The
conput er- executable instructions nmay be witten in a conputer programm ng
| anguage wo srgitse enbodied in firmvare logic. If witterrdinuspragranm ng
| anguage conformng to a recognized standard, such instructions can be
executed on a variety of hardware platforns and for interface to a variety
of operating systens or wi thout an operating system [00032] In addition,
the present invention is not described with reference to any particular
progranm ng | anguage. It is appreciated that a variety of progranm ng

| anguages progess el Gdnt e ifiegddedTsion SONETt isepphicnes Bfthdda8n tHRLeNhAIR: S
descri bed herein. Furthernore, it is conmon in the art to speak of

t is
sof tware, PRCGRECHGRIP bF staret hemeqns qiher thandyrdivare piowptufos cxprrleess,
applicati %wa?écaﬁl?@h@%r&@ssat‘égté S, Brsegﬂvﬁéth&gth@bﬁﬁéqbg is é#ghetg.x{ﬁhgﬁﬁ{ ons
are nerely a shorthand way of saying that execution 01;l t sof twar e eby a
conput er chuifed0s ismet prmpletssofunctioneablde plresdsto @t drothec datp titoek filom theidgdy m an

action or duce r l.t . 00033] . Lllustrated in FI 5, processes
503, 508 aénog' %@ens %\l?v&f?{gl%grlse%oén%t& ec{sﬁ)ﬁ?ﬁ use %ﬂitl‘??é%#a%f‘sﬁel%é ftware

i nteracts ddtdrmitehehdtingitlee @ﬁﬁ@ammlﬁgpar@gﬂi@rﬂaﬁdith thefftme data. @S  not ed.
Processes 38‘?8,%and 509 result in hardware interrupts to the software that
cause t he POl 03HdkFage Betienmha) % s mmbst efccoasecuive framestaligned is ehgoked t

deci si on .55k, 1 fhe himBAIREhRLAN Dark A QfEddNs hoGufidient t@éali%lgt% mdhPgess could
al so be started by neans other than hardware interrupts, for exanple a

sof t war e caighmentiiberpanothes sequest 588 50k datn fomee ismetdh do the RS GELIT 630 IThE@Gmibsr .
conpl et e. fer iS.not.c let.e, a function call is.placed
fo bet ancinaretinfs itisFerdd VSR yF B ReBkSm Ay Re firrd denpdiesn
conpl et e, tHepiosicohailiRayibeedefing irf the efedditabaas 7011 Qltihk Franfdq Elﬁ%ieﬂsoz\@ﬁi her
the frame start is Pperlgﬂlaligned with the frang data, [00 34% I f the
frame is di GREEaH o pl Frijerrtiens Vg Hasadthe frowe phgnmeant it Gomplate P& ek ed
505. |f th@ariduthels ot aaRa 80! ithMent 5&%&1@&@%@&&@%@@5 F%ir&fsi & jgnt to

val idate the frame alignment then another request ata frane is
made to t ralopRed 053n e Qb eh chedk is onde sl inddf theratese hemdedtiple val i dat e

the frane i REY, I f e ependi.ng on. ..the protocpl. and may be
Hor i nea R RSBRIEND HENRE sl I Bh O FERERE DRl PHRdFesEalieh 4n
alignment failure 507 occurs. If the number of frame start adjustments does not exceed the

maximum allowable value 506 (provided in the rules database 101), then the process 509
provides the adjustment value to the FAC 102.

[00035] FIG. 6 is a diagram of an example of applying a set of rules to a data block by
which certain aspects of the present invention may be illustrated. FIG. 6 shows the
application of the set of rules 400 to the data block 200 at the start of the initial frame
alignment attempt 502. Some of the values of the bits in the data block 200 match the
requirements of the set of rules 400 (i.e., both bit 201 and bit 226 have a “0” value as
required by the set of rules 400) but the other bits do not. For the purposes of this example,
the data frame is not aligned properly. In this situation, in one embodiment, the FAC 102
calculates a frame adjustment

[00036] FIG. 7 is diagram of another step in the example in FIG. 6 by which certain
aspects of the present invention may be illustrated. Eventually, by shifting the frame start

and applying the rules 400 to different starting points in the data block 200, the frame
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has been aligned for nmultiple iterations 505 then the frane alignnent is
conplete 504. If the frame start is not aligned 502, then the proper

pl acenent waX o3toaeiéhbr ane start signal is cal culated 503 i n RATRUSGAQISUO2. A
check is made 506 and if there have been nmultiple adjustnents to the frame
start signal and the frane alignnent still cannot be verified, an

alignnment failure 507 occurs. If the nunber of frane start adjustnents does
not exceed the maxi num all owabl e val ue 506 (provided in the rul es database
101), then the process 509 provides the adjustnent value to the FAC 102.

[ 00035]  Fl daterfhinaion peticagr S0Rids 2Hat@ Rl tBat fig@dPitly iBGeor3@iks Mo dsul s to a
data bl ock_by which certain aspects of thegpresent i nvention nmay be
;

i 11 ust r at eYfustated ingheprgmple alignmspishpwads BIG-df iank b én thepetrafindes #B0:ligos ¢ he
data bl ocke, 200, i bb is Hﬁr(fataqfrarﬁmhir'%ﬂ 's%hélvitkﬁaﬁ 8 é'rggétg B{B‘éﬁ&gtﬁt WP 202
eb e mat ¢ e

Some of the values of t Its 1nt ata bl oc
r equi r emenframefetetmenaion podcesuI0SInde8 dafa.feame thattahighd witR Gk sanaf rblies 4@R & have a

"0" value as equired b e set of rules 400 t the other bits do not.
For the pusﬁlb%sstég %Sltnets%ftsay f&ﬁ?ﬁ?ﬁﬁee?ap FeAIGHth f"rnéﬁgg?t% al?fg‘fep%t? AEMPIGHBr | y.
I'n this sitoudiifyohat théaliheneafi@eirs® Th thd HRnpAGIEQAtelial RG] BlRSHANE aRe

adj ustnment [00036]. FIG 7 is diagramof another step in the exanple in FIG

6 by whi chvedd pgshifted2obits whigh isthelepgibat the data fame. o Fhaveyifisation must be at ed.
Event ual |y, Lt i to

i T er ont ey RE s of i (AT Sk 3uie oA P e 2te! B 061160
PCT/ US02/ 4sr8ardor vheifsationiatheenmpletcess 500 finds a data fralme t hat al |hgns
with the s r S,400..as illustrated. in the exanple i,gngent _shown in
FlG 7 eohoh, " Hi6es i o ababis Pl g tRTR syl AR TRkoSi 1 he
dat a framewhibh editadt aspbss Bf th pleként 20@nfich May Be Musedte? 00ata WiRR ONR 2 frane
determ nati on process 500 finds a data franme that aligns wth the set of

rul es 400,5epton &gjspppledata Yoreare 081 Epx the prippsesiof frivexagily thedsammuated02fr ame
of data angh7igRRAlE B16& RAMGRR 61 7 §_6901¥d|§gﬂié7’h s {aﬁéaeno}rhﬁal%&r&%ﬁ&mjslog be

correct. In the example illustrated in F rame start (
shifted 26niheexawpie Databloble8(%ingisketivh of heantple datarbdovis. thaF ligstretes & bloak bHn
e o o HEFGRAL bf DR 0 TWhETTRE FAE sk oo Y BlodR ofbadk f SvEVRY' 909 PY

the rul es
FSGC 103 the nominal frame frequency 808 from the rules database 101. The FSGC 103

guesses at the initial frame start, which for the purposes of this example is an arbitrary guess
at initial frame start 810. In the example, the initial frame start 810 is not aligned, i.e., frame
start 810 is not aligned with frame start 802 or frame start 803. The FAC 102 checks the
alignment of the data frame 811, as described above with reference to FIG. 5, and instructs
the FSGC 103 to adjust the frame start either positively or negatively in time. The FSGC .
103 makes the adjustment 812 by creating one frame start 813 either sooner or later than the
nominal frame frequency 808 in order to align the frame start 813 with the actual frame
start. After the single adjustment 812 the FSGC 103 returns to using the nominal frame
frequency 814.

[00038] The procedure of capturing a block of data and adjusting the frame start
continues until the FAC 102 is satisfied that the frame start is positioned correctly, i.e., every
bit in the frame corresponds to the values required by the rules database 101. When the
FAC 102 is satisfied that the frame start is positioned correctly, the alignment process

9



order for verification to be conplete. [00037] FIG 8 is a diagram of

anot her sanple data stream and a sanple data block by which certain
aspects oWwadsaeprwesent invention maybe illustrated. Data Howkso8@1s48s a
section of a sanple data stream 108. For the purposes of this exanple, the
frame starts 802 - 807 in the data bl ock 801 occur every 7 seconds which is
the nomnal frame frequency 808 in the exanple. Data block 809 is a
section of a sanple data block that illustrates a block of data captured
by the BCC 104. \Wen the FAC 102 asks for a block of data, it gives the

FSGC 103 tdgcritetiabéte i vaifedf hathd sopsatdQRoh gDt %w Rafidaialdsmel01. The
FSGC 103 (%_uesses_ at the initial franme start, which for the purposes of

this exanpA@nmentincirast-t Fhgyunhge eErepefitionp neqdsd tq gixpeonfidgnee ig fige alignmente -
exanple, t | At t } i | . B tart 810
I's not al i%ﬁg%@év?nﬁtlﬁh% ?gg@;@% ggétg%ﬁté’f @g%é?t %’;prg;31 gﬁeﬁgq%%%fo&g\%%ﬁ%gc hecks
the al i griherepetitivetfrreneddarasipnadi8dS 8817 thatsis tieked tdothd switch/ghont ine.r ef er ence to

FIG 5, angd.idastr . the FSCGC 103 to adjyst the frame start_either

pos t  ver QB e o Ddp o iy e o7 faeerdide Somatiiag AR sl GEboRh 612 by
creating ane eibadieneat &ff the Breder irtveRtionS QN Bstted, BleSFantd @WieriditioN AHcAgs f rame
frequency 808 in order to align the frame start 813 with the actual frane

start. Af t@thenresest inysndionapaydcimpienntediona qogmuter 9%stere PO nSomputerssysigmt he
! : f
noni nal  f reyBnciddes priB&Yr §fm sﬂcﬁ?%ﬁﬂm@ﬁ rgggZﬁgxq&gs@Og)fda?%ggﬂé%%@ﬁ, ng' ock o

data and adjusting the franme start  conti until” the
sati sfi ed nehvarkfitterffoeaf@s etuated to saghasher ivereohsOO6r dditlitipnaliy, enajn medbsy - bit in

the frane r onds tq the values required. by the rul es base 101.
When tne” DR ERBCRERelile biF o RHEE odhd HehiteS tvisin nen g M
corr ect | y;nohhelatilk s@rage devipesqe s n3nMO QpA6d 1iRsRETHO0R il budgscr | bed

above is verifi ?‘d’ that is, repeated enough tines tolﬁl%ve _confidence that
the aligrifsage qfinsiyrtionsiand ¢afa foriise By Pracessenwbien YHs Uik derders 983 gripvasent

confi dence, drhad BEgAdf lﬂfﬂmﬁﬁ(ﬁ outh& debRed %R:‘Fﬂﬁlﬁé'ﬂ?eﬁ/eﬂgarhp %uRBIOct,onﬁ?i devidd€ [eggf ter,

the FSGC 103 is responsible for generating regetitive frame s t

si gnal 815 tracRpap armequs¢)setcocked to the switch/ phone line. [000391 FIG 9 is

an i 1T ustrggddf Of isto 88 055:LibAE that QRIS bOA SNt SHbLAPL Sl 2004sy 4 th
rearranged, and that certain implementations of the present invention may not require nor
include all of the above components. Additionally, multiple buses (e.g., a standard I/O bus
and a high performance I/O bus) may be included in computer system 900. Furthermore,
additional components may be included in system 900, such as additional processors,
storage devices, memories, network/communication interfaces, etc.
[00041] In the illustrated embodiment of FIG. 9, the method and apparatus for frame
determination according to the present invention as discussed above is partly implemented
as a series of software routines run by computer system 900 of FIG. 9. These software
routines comprise a series of instructions to be executed by a processing system in a
hardware system, such as processor system 901 of FIG. 9. Initially, the series of instructions
are stored on a storage device of main memory 902. It is to be appreciated that the series of
instructions can be stored using any conventional computer-readable or machine-accessible
storage medium, such as a diskette, DC-ROM, magnetic tape, DVD, ROM, Flash memory,

etc. Itis also to be appreciated that the series of instructions need not be stored locally, and

10



one enbodi nent of the present invention. As illustrated, the frame

determ nation functions of the present invention may be inplenented on a
conput er wysi3a1@00. Conputer system 900 includes process@T/e3osuenss 901,

i nput/output (I/0O devices 903, data storage 904, and network interfaces
905 coupled to each other via a bus 906. Additionally, main nenory 902,

whi ch can include one or nore of cache nenories, systemnenory (RAM, and
nonvol atil e storage devices (e.g., nagnetic or optical disks) is also
coupled to the bus for storage of instructions and data for use by
processor &Yt Bieed on 4 ppambEaia SOl HERIVRE Edtn 2 Rnk®@BrabdB88cOuchiRYt and
out put devi ces, including keyboards cursor control devices (e.g., a
trackpad oTYenQBapetwerls vig ogwomk/qommunieaiop dnterfinee Jiha instruetines amaaopr@ds
conponent S r ain
i npl enent Zﬁr‘?{é ﬁ%%géf&e@ei%ma?%%%%@%h o%rgglrn tﬁ{%g%a%h%% ijlltml nclude all

of the abanemmqrﬁﬂ@ramht}&n aéa:hslsetdlamdakéqatedﬂxylatprpdessobusp&oéﬁo@ 90laltsd ertdard 1/ 0

bus and a hi e I/O be .i ncl uded in co uter system
000, Purt rropirc R theGheiE RS unre CotbuY b HEemEnh tme s S ISR Br 000,
such as aqugﬂa@lﬁﬁﬁ RhSERESOrs, storage devi ces, nmenories,

net wor k/ comruni catl on interfaces, etc. [000411 I n the illustrated

embodi ment [08042F GIn glternaie embpdistentsniie apsent aviestignis implemented én disereisat i on
accordi ng S | ement ed
e o ser duE cPhARERE AR bO S Ch s ARy AR RSIC B shb R §

These sof teimpi board bl insestiorompy ¢angpuder Spstére §00 Of Fiab9.r Incyet amhé;r@nibedmeﬁt; ut ed

of P18 o % R IRGE § BB iR i PR B BRERY Bhid Sl ngo

devi ce of. prBiddsorBIPFotesIOR-90N tin b Systedn ARhAPBEBFkiaLSEtefn 0. t he series of
instructions can be stored using any conventional conputer-readable or

machi ne- aclO8E3] p| Ehu%flﬁrpa%nmmnuﬁv 1sgnp¢ Hmated Ry Hhedetails descpbednsteaththset i ¢
Lape, DVD, oM infLitdl P BDphotiocRnfitn hidificht ArePftioR PRt t the
series of |rnstrltl}ctr|ﬁ%nsc nee F\é)cte be storle]l ocglﬂt © 103 igﬁ\}\%%%%‘g 169
PCT/ US02/ 4stbpksof thoappdndsd daimsed on a propagat ed data signal received froma
renote storage device, such as a server on a network, via a

net wor k/ communi cation interface. The instructions are copied
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fromthe storage device, such as mass storage, or fromthe propagated
signal into main nenory 902 and then accessed and executed by a processor
or procesv@r®/B0b9 It is to be appreciated that these sofhOvaws®2H048i nes
may be inplenented in any of a wide variety of progranm ng | anguages.
[00042] In alternate enbodi nents, the present invention is inplenented in
di screte hardware or firmvare and could be inplenented in one or nore

ASI Cs of an additional circuit board for insertion into conputer system
900 of FIG 9. In yet another enbodi ment, the present invention is
|nplenenteghgﬂgbrely in software routlnes executed by a high-speed
processor or processors 901 in a systen1such as conputer system 900.

[ 00043] THW@ﬁﬂﬁﬁ@Hﬁﬁeﬁent invention is not limited by the details
described. Instead, the present invention can be practiced with

nodi fications and aIterations within the spirit and scope of the appended
claims. 11 WD 03/r08HdbBeREKINgS02/ 41548 CLAIMS: What is clainmed is: 1. A

met hod conprisin ollecting.a first ta frame.froma d stream

starting at an %° ﬂF‘it’in&Ia fﬁfta fqme fmar?o‘g% SUeAT, Stsfing ?téﬁénlfl? gtandeast j ng
the first dagweminaPfiBné Geqanbgnment based on a set of rul es; deternlnlng an
adj ust ment val ue in accordance with the set of rul es when the first data

frame is not altbaﬁag%eaqwh%afragemehgﬁa@ma;earohalgat@ﬁﬁegdance wi th the
adj ustment val ue; and collecting a second data frane fromthe data stream

starting at theleémjnmsm@di ddjustmentyplyetin agvoidancewitly thesetf of awhes whemnthe gimssd. 2.

The nethodzﬁgﬁgkgsqk}-ﬁ ﬁher conprising verifying that the data frane is
alig W%ere I'n veri ?Q#l g conprises nultiple iterations of deternining

t hat t he dat a fadageng thedtangrsedt invictdrdarice matki thegadimstmenttjvdRieaidt s .
collecting a second data frame from the data stream starting at the adjusted frame

start until the data frame is aligned.

2. The method of claim 1 further comprising verifying that the data frame is aligned
wherein verifying comprises multiple iterations of determining that the data frame is aligned

without making any adjustments.

3. The method of claim 1 wherein the data stream is a stream of digital telephony data

and the set of rules corresponds to an expected protocol specific to the data stream.

4. The method of claim 1 wherein:
the initial frame start is a guess, the accuracy of the guess being unimportant; and

the nominal frame frequency is provided by the set of rules.

5. The method of claim 1 wherein the set of rules comprises:
a required format of the data frame;
required values for certain bits in the data frame; and
the nominal frame frequency, wherein the nominal frame frequency is a time interval
between frame repetitions in the data stream.
12



3. The method of claim1l wherein the data streamis a streamof digital

tel ephony data and the set of rules corresponds to an expected protocol
speci fic wWo @weidata stream 4. The nethod of claim 1l wher@@ivsozuim@siniti a
frame start is a guess, the accuracy of the guess being uninportant; and
the nom nal franme frequency is provided by the set of rules. 5. The nethod
of claim1 wherein the set of rules conprises: a required format of the
data franme; required values for certain bits in the data frane; and the
nom nal frame frequency, wherein the nomnal franme frequency is a tine
interval between franme repetitions in the data stream 12 WO 03/061169
PCT/ US02/ 41548 6. The nethod of claim5 wherein the set of rules further
conpri ses a fAunBemeshod ofiptedmiSHeheteinhe sehederulssifeiiee pemprises a nuaphérrof timaes

dj ust t : Ll R
et hod of &1 Sl PR RREHAGR b rchiffe d ATRCALADr h8artfimct BF e ithe oir 1R

conpri ses:vedfied.i nuously generating a frane start signal at the nom nal
frame frequency; taking a snapshot of the data stream and placing the
snapshot in a buffer. 8 The nethod of claiml1 wherein testing the data

frame for al 7gnmerictRAsaEElRR 19wEREin cOfledith 8 Hae TR HAS thel@P@ehMg €ach bit
of the data frane with each corresponding bit in the set of rules; and

determ ni ng t h&PmpPHEEsHata frane is aligned if the bits in the data frane

mat ch the cor rc«sﬁmm;lpgg}%&tﬁqgéarﬁglﬂ&ft%ggiégﬁ af tle BBmidt frllgl@ dfghdeg. of claim 1

wherein determ ning an ustment va nprises nekin arn estimate of a

correct franme stlang a mepslotphithe datatstreamlatnd frane to the set of rules. 10.

The nethod of claim1 wherein determ ning an adjustnent val ue conpri ses
placing the snapshot in a buffer.

8. The method of claim 1 wherein testing the data frame for alignment based on a set
of rules comprises:
comparing each bit of the data frame with each corresponding bit in the set of rules;
and  determining that the data frame is aligned if the bits in the data frame match the

corresponding bits in the set of rules.

9. The method of claim 1 wherein determining an adjustment value comprises making

an estimate of a correct frame start by comparing the data frame to the set of rules.

" 10. The method of claim 1 wherein determining an adjustment value comprises

increasing the nominal frame frequency by one bit for a single frame.

11. The method of claim 1 wherein determining an adjustment value comprises

decreasing the nominal frame frequency by one bit for a single frame.

12. An apparatus to lock a digital data frame in a telephony data stream comprising:

13



i ncreasing the nomnal frame frequency by one bit for a single frame. 11.
The nmethod of claim 1l wherein determ ning an adj ustnent val ue conprises
decr easi ngadeenem nal frame frequency by one bit for a sip@lesobnesre. 12

An apparatus to lock a digital data frane in a tel ephony data stream
conprising: 13 WD 03/061169 PCT/ US02/ 41548 a franme start generator to
generate a frane start at a nomnal frame frequency, the frame start
indicating a location in a tel ephony data streamwhere a digital data frane
m ght start, the nom nal frane frequency indicating the Iength of the

digital data framsne dalbOfdatsABlgeh&are ATRANERt 41Q foARbhA R Rlg@kcyOfet NE
t el ephony data stream beginning  at the frame start and in synchronization

wi th the nisamasiprt indigating p dagatercip;a telephinyslaticsirgtia sdherompigitalidaty fearseemight
I i I i nal f
rules cor rs?ag’g gﬁbgﬂo nélcfra eﬁéqﬁtgﬁ&]ﬁ&xmﬂlﬁttﬁ E@@%@ﬂhe”}ﬂ 1tat1 g\%g{ﬁ@e‘ena rane

frequency; rame align conporren eternrne t the digital

data franme is al.i.gned wherein the fra star enerat or  adjusts the frane
start after eac%blgcgiﬁamuée TR g%totﬂ§%pt'tl%r£gor1°°ka°&j%ﬂﬁ%e%8ﬁ?nyi %bau%lef‘?lomlé’gf rane
al i gnnment £ ehgpfaredétartiBitd in siyhéhrddiadidn Stifl the 6minal Qe Wednlenc;he | ocation in
the tel ephony data streamwhere the digital data frane actually starts. 13.
The apparat us of rufek @htabasd compfigha sétlo€ rilePdRrespoddingde AR talkMony ot sB8am
initial frame start, the accuracy of the initial frame start being

uni npor t arfnd thgwprpingl frspg Hiequeneyaad f r equency; the bl ock capture conponent
receives an instruction to capture the block of data, takes a snapshot of

data and puts tdeamhaismsot ¢ompenpelite determine whethawthe digitahdats fremeisatianed,
applies t : t ] ect
frome ot ar 1otan Y i S5 pehdralf AAARANOR s ool ho G IR RELET, |
by an adj usljusenént input frem the frama bligrmmasne cémpapsetwmtil tie feone @apositeide wikie

t f tart. 14 Th tus of claim 12 in the f tart
Gener at or GRRRHE i Rlsnhs B Fieme T BE A byt HErEaLPAly THE. nom nal

frame frequency for one frane.

13. The apparatus of claim 12 wherein:
the frame start generator uses an initial frame start, the accuracy of the initial frame

start being unimportant, and the nominal frame frequency;

the block capture component receives an instruction to capture the block of data,

takes a snapshot of data and puts the snapshot in a buffer;

the frame alignment component applies the set of rules to the snapshot of data to

determine a correct frame start; and

the frame start generator adjusts the initial frame start by an adjustment to the

nominal frame frequency to correspond to the correct frame start.

14. The apparatus of claim 12 wherein the frame start generator adjusts the nominal

frame frequency by increasing the nominal frame frequency for one frame.
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14 WO 03/061169 PCT/ US02/ 41548 15. The apparatus of claim 12 wherein the
frame start generator adjusts the nomnal frame frequency by decreasing

t he nom nwalo d3reeme9 f r equency for one frane. 16. A machi ne awo@s®ebiasmedi um
havi ng content to cause a conputer to performa nethod for digital phone
frame determ nation conprising: collecting a first data frane froma data
streamstarting at an initial franme start and a nom nal frame frequency;
testing the first data frane for alignment based on a set of rules;

determ ni ng an adj ustnent value in accordance with the set of rules when

the first dasariel3patus oPOhindth 2 9MEQin BEFHSE kG g{eﬂ@ratfof' Q&jﬁstﬁh%rnbnﬁr&l
accordance with the adjustnent value; and collecting a second data frane

fromthe data stansfiegtcnsi bindpcrasing deagminal dgnferfeaquencytior eneframd. t he dat a
franme is aligned. 17. The machi ne accessi bl e nedium of claim 16 further
conprising verifying that the data franme is aligned wherein verifying

conprises nulLtiple iterations of,..deter.mni hat the data frane is

a1 bned.wi ¢ ndtn Rl TSR T hFLRE Stehh Byt A Borab B 6t Mo um
of cl ai m lfethbefidipitahphahidtfanttdeetminatorcahprdadp; of digital tel ephony data
and the set of | es corresponds o an_expected protocol, specific to the

!
data stream w.oﬂfrfﬁ@gmﬁﬁ%a inupe Temy detaptgam stagngat ap Anitial $rhandine

initial frangsifdf frahs rRq@ess. the accuracy of the guess being
uni nportant; and the nom nal’ frame frequency is provided by the set of

rules. 20. The t%ﬁgitﬁbeﬁx%‘%a%ﬁ%r% ?or%gl-?rﬂ%%gs GloflaBelSr gy €1 n the set of
rul es conprises: requi red fornat the c?ata frame; required values for
certain bits i nletdmninag an 4djestmentaabie i &ccu¥dan@y Wil heSetRE TSSO RS st
data frame is not aligned;
adjusting the frame start in accordance with the adjustment value; and
collecting a second data frame from the data stream starting at the adjusted frame

start until the data frame is aligned.

17. The machine accessible medium of claim 16 further comprising verifying that the
data frame is aligned wherein verifying comprises multiple iterations of determining that the

data frame is aligned without making any adjustments.

18. The machine accessible medium of claim 16 wherein the data stream is a stream of
digital telephony data and the set of rules corresponds to an expected protocol

specific to the data stream.

19. The machine accessible medium of claim 16 wherein:
the initial frame start is a guess, the accuracy of the guess being unimportant; and

the nominal frame frequency is provided by the set of rules.

20. The machine accessible medium of claim 16 wherein the set of rules comprises:
a required format of the data frame;

required values for certain bits in the data frame; and
15



t he nom nal frane frequency, wherein the nom nal frane frequency is a tine
interval between frame repetitions in the data stream 21. The nachine
accessi bl womsdieursy of cl ai m 20 wherein the set of rul es furRdTUS2EB0MPr i Ses
the nunber of times the data franme alignnment nust require no adjustnent for
the accuracy of the frane start to be verified. 22. The machi ne accessible
medi um of claim 16 wherein collecting a data frane from the data stream
conprises: continuously generating a frame start signal at the nom nal
frame frequency; taking a snapshot of the data stream and placing the

snapshot in a {dhbRiinal A3me TRGudRs NV MBein BEaHIARA FranR i d4ieity i6h Bmdidirvaher ei n
testing the data frame for altgnnent based on a set of rules conprises:

conpar i ngbeween Hiame gpctitiensdathe diagamyi t h each corresponding bit in the set
of rules; and determning that the data frame is aligned if the bits in
the data frame match the corresponding bits in the set of rules. 24. The
machi ne accedsTld maa:m’nﬁ amessfbla:madimnkﬁ? cl/afrre Qéiwheckém thersetofirgleafurthelj ust nment

val ue conpri ses an. esti gorre franme sta ring
Ve dat o Praee e rueEd 36 B Rook ofi et tron ARty tet SR o
claim 16 y}&qfa@%,afﬂ@tfﬁh{ggfurﬂ@@%ﬂﬁwst ment val ue conprises increasing the
nom nal frame trequency by one bit for a single frane. 26. The machi ne

accessi bl e medi um of claim 16 wherein determ ning an adj ustnment val ue

COMDY | 5eS_dohl o hthihd RooliH ka1 I8 R BRI Pt e ol N0l ©

frame.
the data stream comprises:

continuously generating a frame start signal at the nominal frame frequency;

taking a snapshot of the data stream; and

placing the snapshot in a buffer.

23. The machine accessible medium of claim 16 wherein testing the data frame for
alignment based on a set of rules comprises:
comparing each bit of the data frame with each corresponding bit in the set of rules;
and  determining that the data frame is aligned if the bits in the data frame match the

corresponding bits in the set of rules.

24. The machine accessible medium of claim 16 wherein determining an adjustment
value comprises making an estimate of a correct frame start by comparing the data frame to

the set of rules.

25. The machine accessible medium of claim 16 wherein determining an adjustment

value comprises increasing the nominal frame frequency by one bit for a single frame.

26. The machine accessible medium of claim 16 wherein determining an adjustment

value comprises decreasing the nominal frame frequency by one bit for a single frame.
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