~-WD 03/ 061169 DI G TAL FRAME DETERM NATI ON METHOD AND APPARATUS 2 0 JUN 2006
TECHNI CAL RyBleRokQgP1] The present invention relates to the fa ditit it
digital telephony. In particular, the present invention relates to
accessing the data stream between a digital tel ephone and the swtch.

"BACKGROUND [0002] In the world of digital tel ephones 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 thPIGKIALERAME DETERM TH YEGHORAND APPARATUS di f f er ent
waveforns of data between the phone and the switch, typically on.a two-wire
pair, wth the data digitally encoded in the signal. [0003] It is common
in digital phone systens for the information to be transmitted between the

switch and hane gslg, ng a fram ng schene or protocol. Typically, franmes are
transmtte 1 osecond intervals. The format of the franes varies

from protogsuoif 0 THe@tRER inRHEon BRIt & ekl ofRMStaY teldpRH®y. |1 partihigt, MeO! 1S
the sanme. For exanpl e one tel ephony rotocol may dictate tﬁat t he format
of its dat aresendmventianTelaten tcaacsgsamgﬂtﬁc{;;a siegttbebyaes adigitabielephongamd tha wo bi t s
of control . a, two bits of secondary voice data, and a parity bit. Each
data frame ' transmitted using that particular protocol will have that

format. AnBabkGreumNi ocol may require a format for its data franes
art bit, s|xteen bit voi ce data, two

cont ai ni ng r exanple, a,st . Of
si gnal i ng 199{@, eﬁb‘ﬁ?-wa&flgf Eﬁs{té,td_smwaa& FLe S mBnY 511’%?51 SETAFEIFOBAETS. Each

d :&a_ fr amegdch ﬁ?evidb@ hid £iopfiethty pREAEF dhclding Rl dofilintdatibn A thitGuhLT Mat
required by the protocol for that data stream Depending on the protocol

t here wi | |betwasn ik telepkanefand fhezwiteloonkBX (pnietebrangifexchrageloMostn each
t el ephony ﬁEfl . r t.al-ns ' { phat are
connect ed (%n IlEef“raﬁe ebﬁhg‘%gﬂel érgg% glé v?/gale](rél a{%%h{&ej ﬁ@gﬁﬁ?ﬁﬁ@ ?ng \%w th. For
exanpl e, alifikrepttvedvefoahephdatchetegenhiie sione end e swiich, typically on a two-wire pair,

with the data digitally encoded in the signal. |

[0003]  Itis common in digital phone systems for the information to be transmitted
between the swiich 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 2 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 sigrialing bits, eight data bits, an auxiliary bit, and a stop bit. Each data frame ina
particular proprietary data stream will have the format required by the protocol for that data
St:ream. 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 connecied to

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




-a personal conputer (PC) that is connected to the tel ephone Iig Tg? 5’% S
situated on the 2 0 JUN 2006 WD 03/ 061169 tel ephone |ine bet weenOt HEN 2008
t el ephone aW® WM& t ch. The PC can be used to place phone calls, answer
t he phone, voice mail, or fax. In order to do these things, the PC nust
enul ate the comunication protocol between the tel ephone and the sw tch.

[ 0005] Devices, such as the PC exanpl e above, that passively tap the
switch/ phone line nust reliably create a signal that denmarcates the start
of each frame. One of the key elenents in inplenenting a tel ephony
protocol sttelephdns life heteresn/the telaphomraniddi switch. Thé BElcambe usetldo placeplene to t he

f f d _phasi ng.. Once thj b Li shegl_t kK of
ext T act | ng G PR A ROP A GO BB PR e PR (O EG TiCt e ©
[0006] In thecduh@icatioh prdédBetiiaciis RIphdid M thedwigh. on protocol specific

hardware inplenmentations. The inplementation of a new protaocol req]'_liji res a
new har dwarf@0ddsi gaevieeacsuelnes thePEgrample abaye, thrierapsydvap dhg syritshaphpag fmgy

systens. It t t t ' i t ar dwar e;
t hus the n&ugiﬁg&éﬁgﬁgéea%%@?td&k@%%{@fgg}eﬁn greg@aﬁéﬁgt%%%ﬁtgﬁlﬁé protocol is
an expensi ¢kniad it inmFleenmngaitelegphony brottool SRKAE fibmSEHIcRiinGNtOE -ELECKRAW NCGS
[ 0007] The present invention is illustrated_ b of exanpl e, 0
necessari | ﬁcﬂ?_rd%&?f‘ﬁbe freme frsayepry andphesiae 1 9@%’%@%? be_teﬂ é“’%}g]&rg%%;&eg@s&(
dr awi ngs IF% g}Eﬁhlé déﬁ%iéeﬁéﬁ{i 8 telSPABRY BfGimaBEEbecbRespobiibhy. €l ements, and

|

I n which: a block diagramillustrating one embodi nent of
t he presenf00P6l entn thepriof QFmesyBhronization ralicagn aretesp! weaifiaprwag a stream

by, whi ch certain,aspec of .the,. .or nt_ipyention: ' d;
Cobot0r  Fi PG RRREC T, Heidihiadth 67 £ Ry bR [AB DAt bR T
\211 iGc h4c er t-aaid(rjthe itdpeaion : oﬁihethlaﬁimlheiﬁe:][ﬁxidtiﬁg eyue?ﬁm Ina&énetakf kds Inamﬁhsa? dekigr] 800 11]

is a diagram of an_exanp of. a set rul e ora data_fra y -
whi ch  cerdndiiFp _Eﬁlﬁﬂs‘r’_hﬁ!ﬁ‘&afﬁgé{émel}e E&f?@ﬁ?‘hﬁ@“ﬂﬂaﬁe|dleﬂ§?f°§te§‘gf [ 00012]
FIG 5 is @ichhehy pibaed1 2 dxpbifivedinll MthefcoRinag pobldag perforned by a

conput er

BRIEF DESCRIPTION OF THE DRA WINGS
[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 whiqh 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
- pfes'ent 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; _

Jooo11] 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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-executing one enbodi nent of the illustrated invention; [000131.2@ gm\ﬁm@ a
di agr am of 0%@38' e of applying a set of rules to a data bl ock~by h
.certain aspects the present invention may be illustrated; 2 JUN 2008 WO
03/ 061169 [00014] FIG 7 is diagramof another step in the exanple in FIG
"6 by which certain aspects of the present invention nmay be illustrated;
[00015] FIG 8 is a diagram of another sanple data stream and a sanple data
bl ock by which certain aspects of the present invention may be
illustrated; and [00016] FIG 9 is an illustration of a generalized

conput i ng dB0P14 SFIG Zbs diagram of snothirtstep in e cambpleiimFHE. 6y whieh peraient

I nventi on. SCRI PTLON [ 000 In.the foll ow ng description,

vari ous aspgggdgAﬁ%q%eﬁﬁgg%{oni%%ﬁﬁ%ﬁge% nmet hod and apparatus for
Aautomati cal 09015t eFIG. Biis@diafham sfamsthBeuniR dR%tresm and b Ghrhle data bibck byeam

are described. Specific details are set torth_in order to provide a

t hor ough untiEFis xR aspectof theresspiizusntion mpy be ilbwstratediander , it is understood
by those ski | et re t - | jced

W th ont y SouuIeE, TG O% Alipdehfin bEEeBE R cordeIEPhAE JRUAELRLSAE

wi t hout sormse embadimentfof thegresestinféntionlet ai | s. I n sone i nstances, well-known
features may be omtted or sinplified in order not to obscure the present
i nvention. [00018] Parts of the description are presented in terns of

oper at i ons A figbMdcRiprion CoOnput er system using terns such as data,
flags, bits, values, characters, strings, nunbers and the |ike, consistent

with the miPE7) cEnihsdolovansp despetiasy varinys espewts bf e preseatiinveation, aanethashy ey

the substa Wy . 3 ' ' It s '

"‘leer st ood Ql%f/\aps{“ﬁ{gg gdrs “W‘%’&glfyn&#@‘g‘?%s tlﬁbiﬁj ﬁ‘g‘gé’l’%&a&ﬁ% ﬁ'lae‘;slg@llggt%tsﬁ%u#’or m of
el ect rical aredegribed. Spedific dptaile ade setdortinal @der applolvizieaf thbeugigusieatading of
transferre conbined, a ot herwi se, mani.pul at ed t hrough chani cal and

el ectri cal &88 %RWF%]%‘ q?%ev%ﬁtﬂﬁl‘%drﬂ%%%é’ °Sﬁﬁ@5?ﬂ@%ﬁﬁm%ﬂﬁﬂeé@t system
i nc |h udes giemaitioh mayibp pEaRtiad] wigh bnlR SoPSCHIPdspRYY JTIREp R inveMiRS Rid With |
machi nes,

or without some or all 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, chmﬁcters, strings, numbers
. and the like, consistent with the manner commonly employe& 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

<RV,
2 Ty

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 standélone, 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 componehts 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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-systens, and the |ike, that are standal one, adjunct or enbedde [0
17 G50 Pig

The present i Ion i s described in conponents for ease in i
the enbodi %&nqé%ml]ﬁg i nvention may or may not actually be inplenented in

di screte conponents, and such conponents may or may not correspond to the -
“conponents used in this description. Also, even though sone conmponents and
functions may be described as being hardware or software, as is well
under stood by those in the art, which conponents and. 3 WO 03/061169 2 0
JUN 2006 functions are inplemented in hardware and which are inplenmented in
sof t war e mayfuRciieys ard applaaiented mrhardraye dndevincls are suplenwnted e sefyeecimay varyre
processor or, ssors invol ve nong-.others, and these variatipns in
Pipl enment at 1S SFE St it e BERREe 8t A plsoeBPE watbe R e " so,
the use of tah@ng emhers, dhdrtbwe veriatioRs i ibPhaestation kRGheIDRithiA ¢hd R6p8 of thedgi C”
meani ng Bool ean | ogic as inplenented in a Field Progranmable Gate Array
(FPGA) or APPBFEatvepiensylee.tthecuse of Egterme dhadwagel is intagedfo inclyde e iapl e.

[ 00020] Var kpys> gnekiat i - i | 14 ' S
per f or med inR’ urn |n1 meﬁ%ﬁﬁ%%cgggﬁﬁﬁeggﬁg@@mﬁfgfﬁt}kgﬁaﬁh&%{fgﬁ?g}rﬁfng the
present i nvE&fRGAror Afplieation Spedific hntepated Circte@SIChtfooexasipbul d not * be

construed tg.. ol y.that these operati.ons are.necessaril erfornmed in the
order they Q)rogir@r eé} é‘ﬁ?‘éﬁ)‘?peﬁilh_" ﬁdﬁﬁcﬁﬁ?dsﬁfé'ﬁgﬂﬁ@ HESCI?E%S&?!%&*?%&P B iRage
of the phraager ihat RASSERNPRI ARMters@REing ARpretemandaiiiohY HoRbRE, th@oldBosane
enbodi nent, although it may. [00021] In one enbodi ment, the present

i nventi on i $fEFiRties showddnefihesonshmed o implyithat thesepparations awenecessarily nsriovmetk s

t-he determ;nafd Eijl,am. LAl S ' hﬁﬁf | ocki ng
aef#t he har d‘v\g]?éeﬁﬁ%"q{l e ?*’%’F’r‘@%ﬂr%‘e‘%‘%@gﬁgﬁeﬁentz L?ﬁ%’%ﬁ%&n |8§ alTows for
support - ofphist f'mromr embediephrdpeprdi momeatasilyicfdrac thersemd cinbodinenigalthoagh it . .
hardware by incorporating a rules-based algorithmfor franme start

det ermi nati'®h" Al't hough the applied rules change with- changes in
protocol s, [06w21p! IHGhe eRbOdinfeie e pReRnidf¥HA HRlddeNa SHAbIBRInITRA AN are

constant. [00022] FIG 1 is a block diagramillustrating one enbodi nent of
t he presentid! pREBYHre Byt provides the determination o%a digital telephony frame start and the phase
locking of the hardware to the frame. In the embodiment, the invention allows for support
of different telephony protocols without need to change the hardware by incorporating a
rules-based algorithin for frame start determination. Although thé 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 erhbodiment, 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] In the ernbodiment, the rules database 101 contains at least the nmininal 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 _fof a frame with 16 bits of voice data but the invention is not limited to

these frequencies. The rales database 101 also contains the rules for the format of the data
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-The frame determ nation. system 100 consists of three subconponents: the
frame align m6ﬁggponent (FAC) 102, the frane start generatfop $orpHiognt -
(FSGC) 103, and the block capture conmponent (BCC) 104. In the enbodiment,
the FACis inmplenented in software and the FSGC and BCC are inplenmented in
Bool ean | ogic. The rul es database 101 contains the protocol-specific rules
for determning the frane start. [00023] In the enbodi nent, the rules

dat abase 101 contains at |east the nom nal frane - frequency, that is, the
i nterval between frane repetitigns in the data stream 108. Typically t he
nom nal frarﬁéfqeﬁaé%ﬁwlﬁeg valyes Q%F@?%%b%‘ﬁdée qadp frame, i §na bijipatiers. Rimay algo

voi ce data @pniaid ) Lt [ ' dat a but
the inventi onm?ls %%ot I ie%§%&9 Osﬁaﬁrﬁ]cggtgic{f@g% \éénsctpeeéu?es'%h%&rtg%aéﬁséﬂggfgabase 101

al so cont ai Akgnoreat reghizemdéntrantohg other thimgs.of t he data WO 03/ 061169 2 0 JUN
2006 frane he.requi red. val ye ertain bits i he ta frame, i.e.,
2OR0 T aTE 24 1f BB imel) et 1 ek A R el bt 1D el Mo

nust pass t iemeddndsaleiRe tHeddfudthichisto HHeSran® dt4R BRI FIGTINNY QABGies tRARRE:
ot her things. [000241 In the enmbodi ment, the FAC 102 accesses the rules

dat abase 10%art sigealsandmesforns te adivumens torplisndhefitnae.cEhet BEC 464 takestent s to the
frame starte F ) : [ .S ' f or ns
the ad) uat oot ofhe b, S TARERS & B hRFR, 4P Bt RGP B RACRR O [
dat a, that The Anajogiframtdindal 06land the Progilahmable DPIAUF(7anay terusedsia theypiotess BAC

102. The Analoqg F nd 106 he .Programmabl e DPLL_ 107 may be used in
the process® g%bﬁeéa%nﬁagfﬁ@"gﬁ@y%%%lw t?]??é’amﬁ%ﬁfe FPIFE M put t hey :
arj not - parigveafiod £ tRELH Aot bORRMES AStusditd kY ay¥hby mBPbe BRd by e iREsent |
di-scussed except as they nay be used by the present i nvention. The

Pr ogr ammabi#vepen. HgPragrpmpiebls IFLEq0dmaties progiammablshgitali phasedlock inep such
as the one g(8shided debk 2 | ' t ﬁ,pé}l i'. I on Seri al
No. 09/ 750, 671,ﬂ!l “Pr <§1'§r am%&%%%??yﬁt%ggééegﬁﬁ%gpﬁg% assl Sfr:llgéj' to Intel
Cor por at i 0f9/4d50,68a{Pmg@nanable Digitalf Rhasd bocktlhvepi asigped & Infel Chpopation efit

cor tai n_aspHtt S Colimig, b aReteHR DB SO | | st rat od. The bl ock of
data reprep@02s] nFIG.I Pisa didgdiiesf Déample data block by which 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 samiale 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. Tt 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
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-informati on between the phone and switch and is typically 256 bits of dat a;
however, thw®osasment coul d vary dependi ng on the enbodi nent. fg%e
data bl ock 200 represents an input to the frame determ nation system

In the exanple, the-data block 200 is a series of bits each with a val ue of

“"1", "0", or "V." For the purposes of this exanple, "1" represents a
| ogi cal one, "0" represents a | ogi cal .zero, and "V' represents a | ogical
one with a code violation. i s under st ood by those skilled in the art

t hat each big, ripyakyes and,-therefore w this
occurs w || en%]ﬁﬁ%e@?%r t {?ﬁhtagp Jescgft}’:&sazz}d&Fe )%]%el p wg{'?mm;le@'%? gq‘ﬁ])c){??gﬂ
i nvention. {e@@@ﬂ@]ﬂat@ﬁmeaoﬂm2&mtsa@rmremﬁplaaatemmoﬁsfusbdnﬁlﬂa@fdmwigf a

data frane b Wh'nChgtc rtain ects of the present invention may be
i | | ust r at ed " HGRUPH %&P{S’B@’é?" Uqhi s exanple, the data frame 300 consists

of 26 bits Fﬂ]ﬁﬁ’gt t @G apistaidgPhR of dn é&raﬁ'iguxéli*latset%} %Blegfogg g&ﬁ ﬁ%ln{esoaa%gh 306,

signaling bit 303, 8 data bits 304, 1 ary
and 5 guar deWiainsaspeIs of thpreshat Wviritivo (e ithoirated! BIG# shows deexsiple defa dat a

frames 300. f the s 03/061169 2 0.J 0
~data frane Vﬁ\ﬂ%ﬂﬁforﬁa{@tgé@ﬁ*m e"&%{’ Sgtt‘%réﬁﬁ‘? epF?FFémﬂ%ﬁieﬁﬁ‘i““f’eHé(ﬁé’ 8 ncy
of the exa]nml'stlaroanitsaoealaﬂmesao@ﬁmmdr@mﬁmﬁze@&me1dﬁt?hémmo§00 I s

used.in the,fol | ow n% expl a %él on of the present invention. [00027] FIG 4
i s a di agr SARmGs thealigpment dataifrage by Applyinadhescy af mlesW@deByingpesific

certain aspgties fd?t:eﬁ:h?biﬂ' ﬁstﬁcn&atd ﬂé/d'ﬁgt Tﬁ TR A ef (lflrhll%% @(% %ﬂuT’é WSHPvs

the exanple data franme formt an ‘exanp e se
¢ epr esent i -riee starkbit 3Qutorbed Iiléﬂh@ler\@iue@dcﬂke aulm]iaryﬁitmaoﬂael“ﬂ’au&‘i ﬂ&Ofamdyfr ul es

460 are st Ule 1...The t he

al i gnment ?)Jﬁ %??Pﬂhi({ﬁ %Faﬁg@@ ﬁ’(f"tfﬂ?%’@'ifbétf‘%%ﬁe'%e &@%e&f’?ﬁeng

speci fi ¢ walewse fopfilhaanticr dih]j%ﬁ&nhfbﬂrh@ﬁb’%@vﬁlh%maﬁ %sél%'leﬂ% hapyed set of
ires the value of the start bit 301 to " t he val ue

| 400
(rnl‘J teﬁe aux?q?%gPVHPPC%S to be "0" 405, the value of the-stop bit 306 to
be "V 40600008} trrﬁon@laﬁasomneaﬁmﬁge&nm&téﬁ7thé PARG 02 onflflfes OB 56c,

val ues are_for illustration onl be va
assi gned b§,O3aw)th the nominal frame frequency and the FSGC 103 malces 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

| 3 | con\?erge even on the worst possible guess.

' [00029] In the embodiment, at the initiation of the FSGC 103, the BCC 104 captures a
b]ock of data 200 and places it in the buffer 105. The FAC 102 applies a rules-checking
a]gerithm to the block of data 200 and refines the frame start position. Tﬁe 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.
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-t el ephony protocol. [00028] In one enbodi nent of the present inveption, the
FAC 102 confyiomidf€Sed e FSGC 103 with the noninal frame frequencyZ &nd/Uithéios
FSGC 103 nmkes an initial guess at the frane start. The initial guess
~maybe made arbitrarily or may be based on an algorithmor rule included in
t he rul es database 101. For exanple, the rul es database 101 may contain a
rule requiring that the start bit 301 always have a value of "1" and the
FSGC 103 may neke the initial guess by counting x nunber of zeroes, where
t he val ue of ' I in the rules database 101, and then choosing
the next " 1,All>§rsﬂaﬁ}r1e2y,]§1?ea€$e(9§§§? ey ?mafﬁg‘eé@@d’ruﬁ'@’?’ ofbitsie adjpsiths nomigiless i s
not i npor t afitmsifleqeentNBy & driarsl ! ' hto
converge even., on ,?ﬁe j\?\_g)r(s}?ﬂﬁg%s_i bl e éfj%ggﬂ&[%%gaz%]moliﬁg% eh'gﬁbq%z%rgg?? at
fhe initiat Pgke dFinglpadipstmentiozlize fhe d@edianes captures a bl ock of data 200

d pl tdookd t . FAG 102 | i es-checki
g0t tm ¢ 190930) | Bfarilellivd Gnodendo ekt R rntibn Jne BORS o8 Shitet Phon
The FSGC 10d&ta guiniicesi#sn the baffenl (s folrotdsaill atsd Iafek tife BYFe PACUDE raARsia!

frame frequency until .instructed by. the FAC 102 to adjust the franme start.
The Fscc 10%° ﬁ‘é?ﬁ PSSP 11 @ofAroceswng byt mapites typeraf durictignmay e usefigyin :
I ncr easi ng dohe appliBatiés, f r ane frequency by one bit or by decreasing the

nom nal frane freg%ency bﬁ one bit repetitively until the data frame is
al i gned. 6 [093dk/ J8©1 83 oilow dliggrany TRsimtingramathodabbe peHernca G aldmpory

estimate t ] f. Bt Sq.t Lust.th am nal. frame frequency b
Sopl v gt (e fihEbad kA Bl oP e S oia B8 kVyion ot aftiteis of Fivanaties shiber oy
nﬂge a si nghvential ars Heveribed ia terhis@f computetabawhicamth refer@20 3Vihe fowdhart in 2

a

er nativ&@(regboﬂ%rreeﬁtj of the present invention, the BCC 104 captures t he
data and pfates ibemethedsto e BY p GPmpitercensiitnlg campater progrmsimpdebp t he
FAC 102 r abh@mpufrRxedudle ihsthRtiBAL i | I CESS) Lig ONI tor
impuftiexedufidle i B Afeseri thzmeﬁm%%& r%gﬁ%t% fqlﬂ—)l“%h

type of function may be useful in some application is"a

f1 ow di agr &ibles pagsskalindiin gheartiotdevelop such propmmbsinpiading puch ipsimptibesto carry

out the methods on suitably configured computers (the processor or processors of the

- computer executing the instructions from compﬁter-accessible media). The computer- -
executable instructions may be written in 2 computer programming language or may be
embodied in firmware logic. If written in a programming langnage conforming to a

 recognized standard, such instructions can be executed on a-iran'ety 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 implemcnt 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 proceséors of the computer to perform an action or to produce a result.
[00033]  As illustrated in FIG. 5, processes 503, 508 and 509 show the areas where in one
embodiment the software igteracts-with the logic components diagrammed in FIG. 1, as

noted. Processes 508 and 509 result in hardware interrupts to the software that cause the
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-executing one enbodi ment of the illustrated invention. Certain aspects of

t he met hodsy I nvention are described in terns of conputergs
W th referen@gsﬂiﬁgﬁghe flowmchart in FIG 5. The nethods to be ge f‘mlﬁre\ﬁgn%y

a conputer constitute conputer prograns nade up of conputer-executable
“instructions. Describing the methods by reference to a flowhart enables
one skilled in the art to devel op such prograns including such instructions
to carry out the nethods on suitably configured conputers (the processor

Or processor s of e .conputeer executing the instructions from
conput er - aclEOESH 9 fg‘“’ﬁ@a'f"gtﬁ h‘ﬁ‘uéecé%%%ﬁleﬁtIséméﬂﬁtﬁ@)bléthoﬁ%ﬂtb%@ﬂ&%sthﬁay be
written in Pros@sBiEsisPbOSEAN ed3 RIKAGE: fira gﬁg‘}ﬂ n firmare

logic. If witten in a progranting | anguage contormng o a r@cogm zed
st andar d, smﬂlarﬁr@ﬂr doe pmsssciasts w11 texmuheﬁtbrﬂw taffent 05t yompletealvwmrtbe

glnag];)gigfl ng sys elrsnnoél &cﬂl acﬁaggo%gég ‘ir%r’ﬁﬁ?fﬁﬁ thOUt

descri bed Mﬂﬂhmhemm@ﬂ%%%mpw HbﬁﬂbﬁSOﬂs@ﬂﬂ@MﬂlﬁQ&M&@ It is
appreciated, that a variety of programm ng |anguages nay be used to

i npl ement tq?@”P’é‘SWWSEﬂ‘SﬁWWHﬁ@@P@Ylalﬁledﬁsfbﬁhd)@dnméﬂm n. Furthernore,
it is Cormqﬂﬂﬁd]u'; e 4R Hantelis §H§?&§l | Ca gi'll; Sfcc%ng?(c%'t}%e gy zglr%ﬂ‘ Q& keq & 9

program procedure, process i ng an ac or-causing a

result. Sudls. eﬁ;ﬂraamlmnef camsecuties ﬁ‘hmesaalghﬂilts Inaruhffiesnt ©f vaiddiette fiaé

execution the soft b ut auses the processor or processors

of the corr%u%ne e"f%'e’bgﬁ WFM%?&‘ ﬁﬂnwamﬂeéogle@éim [']319@38"}’

é&ust r at edf ¢onsdehifve Sam@Re8&H8 abdlits the 98me AHgmAt 139 We Uierait ¥eSen go‘ﬁ in
enbodi ment the software interacts with t | o |c conponent’s d| gr anmed

in FIG 1, hsproterel and mpy be defined imthg r@lﬁﬁdm@ser&lullf e fratnsrisioligned SOR axd upt s
to the sof puare, éli;gﬁéd ﬁﬁﬂggﬁﬁlﬁﬁte%nm gb%/tﬁ)egjtﬁG%ﬁ%ghgglﬁnl\én %‘%‘3 e?é: S Ifﬁ.gf | ow

fromthe first decCision I'S apprecia eart t the
process coffimde stirt i riod akigned 1562, then ﬁnemeqilktmmeﬁhﬁhhéﬁmdmam sighélds rupts, for

105 15" conT et i Bepac 3 PARRERG: male e g fberdav et ile e
pl aced t o ghistmenes thehe Siahe st eipkal4na mﬂetfmné Dighent still cannot be verified, an
- alignment failure 507 occurs. If the number of frame start adjustments does not exceed the
maximum allowable value 506 (provided in the rules database lOi), 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
- app]rication of the set of Tules 400 to the data block 200 at the start of the initial frame
’i) 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 rales 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

8




-508. When the buffer 105 is conplete, decision 502 uses the rul es database

101 to det gpgbissiydset her the frame start is properly aligned @i@h\jlgi@e@gg‘gg

frame data. [00034] If the frane is aligned 502, the nunber of consecutive
frames aligned is checked 505. If the nunber of consecutive franes aligned
‘is not sufficient to validate the frane alignment then another request 508
for a data frame is made to the FSGC 103. The nunber - of consecutive franes
needed to validate the frane alignnment may be different depending on. the

2l Poned o2 Setiniie® BioshS 20D Brdsd et irts (e taens Vi e oref oS Q0N ¢ he
al i gned 502 and ha B) n the
frame al i gnniflotratest i6 @eihpleAgumdnt stioWs: infFi@E g T ' '!ggﬁ,)g!- ,
t hen the proeper pl ,e:cenpr_):t gfe téinemfrsa[re 31%16}"-';?”7; gng:bhiﬂé&ggﬁéog?"gte %glgn
whe FAC 102.°xActbhwitika bit inthe dats fama mdiichfstarisevith HitR08 i deta block 20()| When the

adj ust nent s | gnal d.the. fr al.jgnnent. still cannot

be veri fi ed,ﬁagnn (ﬂaa lfnﬁglﬁﬁng?]?}o?%% F@dr %n%ﬁﬁ%c%w%t.haﬁ ﬂ?fg?w gﬁ’ﬁ@‘r"fﬁleﬁf ‘?éﬂﬂr\‘a‘ start

adj ust ment s stifle shenfidmestare e bl fivene, GEHired dAofdr BURE b dMAkitErepQBs tho b AR T N
then the process 509 provides the ad'= ust nent

the rul es datab 1811). . .

val ue to thgﬂf‘?@%@é. e[abém@a“%iaoaectdn@the exagnpdillastabad in K1@d thsl statppl yi ng

a set of. ruhesidie sBiflate bib Ak BWine Ygﬂgﬁ*bfﬁ?e{]&ai’d ﬁ]arﬁﬁ?pﬁ%tﬁfeﬁﬁgabfroﬂ%ﬁps{ﬁesem
siows the "app {

i nvention maybe illustrated. FIG 6 i'cation o e set of
rul es 400 t 8ccersiidarumbered kines (Wlsere thhwala af £ isqirovide byrthé fudds database) in

alignnent a At l8 . Qf b val ues of the bits in the data bl ock 200
mat ch t he é‘gg]?l&r'gnentag%o teﬁgmg{éfé' of rules 400 (i.e., both bit 201 and bit

255 have a [00037al LHGaSisHﬁi@éﬁ@ﬂa&%&bﬁnﬂ@ﬁaﬁfsu&a‘zﬁﬁﬁié‘.ﬁ%]@!&a 168: 8y her
bif£s do not.,.For the SBur Oétﬁs of this exanple, the data frane is not
al i gned pr ofpFR gertaiaspegtyoithe prssenbinventionanay beriliestiaiedn DatarifieckisAt in® 2

Che. oxampl 6 ol G et 00 oy i ke & e SR the RABE PG BOFC, "
maybe i || usO7 an @e.deem%m logeur byers Risédondgwhick isf thanemisibbitdme fegheanp80s ng
t8h\(7\Dr (‘*)'!3/68 6;.}12 gngteg%rﬁglg\l%\%rﬁ]o&t@g b LR assa{n?)]et % 058D Sl 2 ’b]otcﬂ%f frame

data captured by the BCC 104. When the FAC 102 asks for a block of data, it gives the!

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 ig not aligned with frame start 802 or frame start 803. The FACV 102 checks the
alignment of the data frame 811, as described above with reference to FIG. 5, and instrucis

- the FSGC 103 to adjust the frame start either positively or negatively in time. The FSGC .

é i

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. Afier the single adj_ustment 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.é., 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
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+determ nati on process 500 finds a data frame that aligns with the set of
rul es 400 a Lol rated in the exanple alignnment shown in Fl 715 iNERDR
bit in the ?eotd?’gpﬂr%%les 400 aligns exactly with a bit inthe'd téj“é\ErE%ﬁ]e
which starts with bit 208 in data bl ock 200. Wen the franme determ nation
“process 500 finds a data frame that aligns with the set of rules 400, it
shifts the frane start a full franme, captures another franme of data and
repeats the conparison to verify that the alignnent is correct. In the
exanmple ill trﬁt ;ﬂ)in_ FIG. 7, the frame start would be shifted 26 bits
which is t h&i% Ef 0¥¢ 15;vBTierh thit 1ss peatedipnougle fimes togivesenfidencedleat theuccessf ul

X number of alipiR 1 OV les abase)
i n order fOra l\./er‘i %i{sggﬁé%hq?gn@éég’g%{p & édn%flg%gﬁj&g? gg"fggﬁ%glgt%%%rg’éﬁwof
anot her sanprresdgpeadipgopdhe pmgcel. Sthemhferdthe FSGICOLIS ibyesposittdfos gerdopdting
aspects of e_pr.esent inventi 1) Lustrated. ta block 801 1s a
section of E‘iﬁéé,rg&r%ﬁge@gfl%&ggflgﬁ%%igg%lgglﬁhﬁﬁ@ E@JWSE%@%&WF Nexanpl e, the
frame start 00889 - FROD it &n ilfstalRintoril c0fdaIBRE cOmpitingRe ok sifitabRCRPAR Wi ch 1S

the nom nal frame frequency 808 in the exanple. Data block 809 Is a
section of SPerhsdmneahehihpprsssat invgntion. |Assiinsttads], thelftapidetermimdtivmfupaipinsr ed

by the BCC X . ks r_ a block of. . d it gives .t he;
PEaC 103 1t e e prbfiny el ey bdmRSRalod op B cBmpher Ditetofh Qomii Ftemrhe
FSGC 103 R¥ssdudeaprasessor systeindl01f inptroushd (VO) ddviceh 963 datahkoriiepasag of
this exanple,is an rbi%d?:crg g‘kless at injitial frape start 810. In the
exanpl e, t HEDTGTK fisHfaces AipcouplEd fo ench ofher Yiae byk PRt eAddifionally, mpiggemasy art 810
i s, not al i PeRowNkh éenfihdi®: Gledt - St ;5&%% 2 checks
th al i gnnent ofﬁthe dat a fra%leoggifl(%}éi&gesc?sf %;esifﬂg@or\?eo fh reference to
FI G~ 5, andopyplatigserage deyaces @, magnetio ondjticst dislsisfalsnmupled td the budifer

positively lvely | | The ESGC 103 ma adj ment 812 by
creating or'()lvfe?ﬁ‘a rgrg}gﬁ@%ro i{S %@3& ateﬁ% 'ésrerbg'c%?lceetsso&syﬁteﬁ é&ft #Qﬁepﬁésuﬁhgmrﬁsgpt frame
frequency 808admange d€inputandlontpat dddcds/ iactadiag Reybodis, dirsod coritfol AstiteRl(e.kr ame
start. After the.single adjustnment 812 the FSGC 103 returns to using the
nom nal fr HEGI??%M&W)@ 4. [00038) The procedure of capturing a bl ock of
data and afjoos0]i n@ it lvebd dpprRiafli dhdt vasQRtd et & tent 980 ingy)
satisfied that ]t he frame pgt_ art is po_s%idggiggﬁcor rf'edgﬁs%rig. e., ngvféx?{/be bit in
the frame EBFMEEHAHE Shat seriapimplgraenationg of the ghrasent innention mey dat rafpeizegiot 01 .

Wien the jnclude 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

- ;w;ﬁ 5

as a series of software routines run by computer system 900 of FIG. 9. These sofiware
. Toutines compi‘ise 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 usin'g any conventional compuier-readable or machine-accessible
storage medinm, such as a diskette, DC-ROM, magnetic tape, DVD, ROM, Flash memory,

etc. It is also to be appreciated that the series of instructions need not be stored locally, and
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«FAC 102 is satisfied that the frame start is positioned correctly, the

al i gnnment pracess 9 WO 03/061169 2 0 JUN 2006 descri bed above iZsa vaiid fangsl,
that is, reﬁ'@a@@ﬁ}@nough times to give confidence that the al ?SQW%% ZP@j
correct. The nunber of repetitions needed to give confidence in the
~alignment varies depending on the protocol. Thereafter, the FSGC 103 is
responsi ble for generating the repetitive frame start signal 815 - 817
that is |ocked to the switch/phone line. [00039] FIG 9 is an illustration
of a generalized conputing device suitable for use with one enbodi nent of
the present cpwldbnsiorsd onaprépageied date signal réveivied fivm ademeterstorage demice,sndt asons

of the pres i hventi on na e i.npl enent 0 conput er stem 90

Conput er syg emon *‘1’%&"&%@85’? g mg{lﬁg{lgﬁ?r%@i., ?{Bﬁt{‘}"i{é‘ﬂsﬁﬁ? “Pi7%)
devi ces 903 frofith@stbiapé d@icedOkh afRfdss Sisthid) bKfrbr tﬂﬁgfrgﬁa@&tea 18194tB n@h t 0 each
other via a bus 906. Additionally, main nmenory 02, which can include one

or nore of BRERE R thes acessedand srirpicd by rakgcessaner prorsasost 3L Teisfa ey age
devi ces (e. SRRk ' - di '  for
storage of | structl%ﬂrﬁgﬁg%%g Sgﬁﬁﬁ%ﬁéﬁ%@?@%%%@%%@#o

devi ces 903pmwgpmaseniangweges. oad range- of i nput and out put devices, including
keyboar ds, r control devices (e g., a trackpad or nouse), etc.

[ 00040] It @?6@3 bg“ &E)%?%%F’EPM*%@F?B&?VWB&E}P?@WG%&ﬂ’ﬁﬁ”@'?r system
900 maybe KdwdréaoBshwRa8shd Shald KeSihipRintentddRh 8RB AL ARICOSS AnhAdioRa €Nt
invention may not require nor include all of the above conponents.

Addi t i onal |SEcuitbeard fir énsetiiondntp sogputersystesrRIRrod FiG 8. Buyet anotherembodiment,
f he | | :
Bl 1 onal erekent ot ety SOORILE raBiRl SRty BHIIBLAD) ©

processor s,procg$sor ageodtssorCHH, in repBem 8sch. a3ebinpuiter oemOt0cat i on i nterfaces,
etc. [0004 Lo t ilJustrated enmbadi nent. Qf FI.G . 9, the od an

appar at us ?[%)t)rmglr aﬁg‘“s’aié‘? %‘Fiﬁ%@t"%}?ﬂd&%ﬁ ’ffatbyél_‘etdr?g‘ﬂﬁ ldé?é‘ﬂ? nﬁﬁﬁﬁt ﬂ’ﬁn as

di scussed pheMe inventiA dah Ye ipraRtiCEBMIERA0diESatins Shd AfrAbns Mthiakesphftdhines run
by conputer system 900 of FIG 9. These software routines conprise a

series of FiPEPidepeRrEdedelgiBsexecuted by a processing systemin a
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har dwar e system such as processor system 901 of FIG 9. Initially, the
series of instructions are stored on a §torage device of nmain R &/ 9996
It is to be appreciated that the series of instructions can be stored using
any conventional conputer-readabl e or nmachi ne-accessi ble storage nmedi um
such as a di skektieclailded ROM magnetic tape, DVD, ROM Flash nenmory, etc. It
is also to be appreciated that the series of instructions need not be
stored locally, and 10 WD 03/061169 2 O JUN 2006 could be stored on a
propagat ed data signal received froma renote storage device, such as a
server on a nét wor 4 melfiod camprisingoealectinareniirst daie freme fram er datcaireamistarting at

i nstructions are.popied fromthe storage device, such as nmass storage, or
fromthe propdYXiiahirane,sialt 3t RN TramEnBeyensioteating e it faRd@medionnd
execut ed by [ .Qr sprs 901, Lt is ta be. appreciated that
Chese. ot t ey 2EPAETBARE ota S SRR ReTuct el dfftedpi affR LI 0 of
progranm ng | pgéRgeRerhRRg44ladlstmBhtvaLB # £o&HRRE WiXE teSset 5B PRAAR
invention is inplenented in discrete hardware or flrnmare and coul d be

i mpl enent ed i fisteinia frame MR alybed;3dj0kting thediehthetstapnMbecoffah@Uiith tROAHUS DT
insertion into conputer system 900 of FIG 9. In yet another enbodi nent,

t he present ivalweninéleding adjustitg terewntnand! feame iresiugnoy orso$itgie freme by tiertirg @xecut ed
by a high-speed processor or processors 901 in a system such as conputer
system 900. [THOGAET sighgkto ndicatgrn eaw at a frarpe pranererilaenip timethantadimsystarh e
detail§0descri | nst resent inveption can be gracticed wth

modh 11031 | on oo PPErEl risiae Rieerike LBTT Meodkhey: 20 GPECE 4 FEppended
claims. 11 1%}@1%9@91@/&‘1%99@? Xmggtréfaﬁ ﬁérﬁ“g&é’f"ﬁe'aﬁj}lst&d PN alsTerelelytelAFSYalc W
at a a g at

collecting a tirst ranme froma data streamstartin an rnitial
frame start ahghed nomnal frame frequency; testing the first data frame for
5 alignnent based on a set of rules, the rules including a frane format and
a nom nal frane

2. The method of claim 1 further comprising verifying that the data frame is aligned
15 wherein verifying comprises determining at least one time that the data frame is aligned

without requiring 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.

20
4, 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 a corresponding
required value in the set of rules; and determining that the data frame is aligned if the bits
in the data frame match the corresponding required values in the set of rules.
25

5.  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.




frequency; determ ning an adjustnment value in accordance with the set of
rules when the first data frame is not gligned; adjusting the 66 0¥ d6
in accordance with the adjustnent value, including adjusting the nom nal
frame frequency for a single frane by creating a franme start signal to
indicate a start of a frane sooner or later in time than a frane start 10
woul d be expected according to the nom nal franme frequency; and collecting
a second dat & fr afie method offemind dvBersih BEasHNgG trRrfianRGtAt combPea ticteadifthé r ane
start until the data franme is aligned. 2. The nethod of claim| further
conpri si ng veRePiQRl frgme Fragueneyebydae it for asieglé Bamg.i gned 15 wherein veri fying
conprises determning at |least one tinme that the data franme is aligned
wi t hout requiring any adjustnents. 3. The nethod of claim1 wherein the

d the set of rules

dat t i i,gital tel ephony .d
cor respanas 15 an’ EBREh oL dn ot S SBARY i HPree s potueprLaifreaste £ e

met hod of C'a%ghénmﬁ%éﬁk%eﬁﬁﬁéiﬂﬂxﬁﬂﬁﬁﬂgsﬂmég  for alignment based on a
set of rules conprises: conparing eac It-of the data frane with a

corresponding required value in the set of rules; and determ ning that the

data frane is aligned if the bits in the data frame match the

cor respondi ngd-r equiir emparatiisue fock a digha dstatfraoik inf a ltedsphoRbdafa stiEham compistrd: of

claiml1l wherein determ ning an adjustnment val ue conprises making an

estimate of o Ea5He Bt generaias tasgenprate A framengialt #tregnontingl temefrdapenss thoframe set of
wherei n_adjusting the franme

rul es. %3 20/ é?Z%Q$.6. Th? met hod of claiml , H

start dBnpri SEL NHIE30G & 'Acplioh @ 2 felsmhony) dafa sifpamyr wheik @ figfalptatame, might or o
i | f ) | ai 1 i i ti he f tart

Somar s gosta, fre, Tl R helorty Molbha e ol Athé Boldlhela"Fagld, 30T, o *1

frame. 8. AnfapRatAldshelafdr kPsdfustthdinBinindl fralfl feql b Rorl e Fah b BRAMY Hat a
stream conpri si ng: a franme sftart generator to generate a frame start at a
nom nal frandraie atidesiynyl, soble of la&A® time than a frame start would be expected according
to the nominal frame frequency; a block capture component to capture a block of the
15 telephony data stream beginning at the frame start and in synchronization with the
| nominal frame frequency; a rules database comprising a set of rules corresponding to the
telephony data stream and the nominal frame frequency having, the rules including a
frame format and a nominal frequency; and a frame alignment component to determine
whether the digital data frame is aligned, wherein the frame start generator adjusts the
20 frame start after each capture in response to an adjustment input from the frame

alignment component until the frame start coincides with the location in the telephony

data stream where the digital data frame actually starts.

9. - The apparatus of claim 8 wherein the frame start generator adjusts the nominal
25 frame frequency by increasing the nominal frame frequency for one frame.
10. The apparatus of claim 8 wherein the frame start generator adjusts the nominal

frame frequency by decreasing the nominal frame frequency for one frame.

30 11. An article of manufacture comprising a machine-accessible medium having




10 start indicating a location in a tel ephony data streamwhere a digital
data franme mght start, the nomnal fra frequency- indicati ng

of the digital data frame, the frame stg%t generator to adjust t({@?né%%gjaé‘l
frame frequency for one frame by creating a frame start signal sooner or
later in tinmecbmén t@ploviadMhsBliclibls WRHLE DRaBHREG! Bfle®GCREt HaBSrantOrdi18

nom nal frame frequency; a block capture conponent to capture a bl ock of
the 15 tel ephdaty sttednasiatting ananbisitidl frana gtadttant Aeofinanfeantd fedqlier@itdesit the first
synchroni zation with the nom nal frame frequency; a rules database

conpri sing a $ele frgme fajjalianment haserhamaisah of rules. tthrerules Elclugihoa frardafoamastanéam and
the nomnal frane frtrar%uency having, the rules including a franme formt and

a nom nal fr e§URR¥famefpauency. aﬂ?@”é‘P? ﬁﬂﬁélﬁﬁtm@@rfﬁb‘ﬁé'h?c@@aﬂ@t‘@ﬂ“n‘f’ﬂéet %het her

i ust S5 he 201 leB T st Blg B o S alS e Pt SHED + 8 R st et
input fromthge aﬁﬁ%enla\}alugnﬂ@ﬁtfllng%im@{bqﬂé ndHEh fraFnQQreéJeﬂEFfo% Q'IFI@E @i aCi des

with the location in the tel ephony a stream wher e digl at a

frame actual | yy gbailg a frafle slERQIgHH RAINAEMS a BfartGF A FrbnS sd¥ner @iidterlii@nd thane st art
generator adjusts the nomnal 25 frame frequency by increasing the nom nal

frame frequenkand geart enad fboe epectedi Grecofting pthanaminal fefnecttealenc aMdeokscha t he
frame start generator adjusts the nomnal frame frequency by decreasing
the nominal f¥e4Rd q‘altabféﬁjnéﬁwf&m the datg sleqn atading 8i0hd adjusted feame; seariaungiithevgataif act ur e
conpri Zb ng a ffTHChI (gcesm bl e medi um having 14 20/ 06/ 2006 content to

provi d i nst (78 BAES cause a nmchine to: collect a first data frame from
a data streamstarting at an initial frame start and a nom nal frane
frequency; test the first data frame for alignnment based on a set of

rules, the rulges imeladiendmanibAie of Shiah FRfkine BRI odiATRILBAICNCY:
determ ne an adjustnent value in accordance with the set of 5 rules when

the first datta chusenbeirsachiag taltdsg ftRddatadiamet fol BRnedNBas8d ahta bl dlGaley dance
with the adjustnent value, including adjusting the nom nal frame frequency
for a singl e chinprisgs theycopiertdr iprayida irsirentiensstb aptsesthe mathinedtoi qodipemteactabist art  of
a frame_sooner or later in tine than a franme start would be expected

accor dithg t o % He dasfrang W'?hraa%reﬁﬁoéé'ﬂ@ FRS}WEdaY?éPedEtheeﬁ?i ofgules; &pe detetrifs f r ame
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required values in the set of rules.

13. The article of manufacture of claim 11 wherein the content to provide instructions
20 to cause the machine fo determine an adjustment value comprises the content to provide
instructions to cause the machine to make an estimate of a correct frame start by

comparing the data frame to the set of rules.

14, The article of manufacture of claim 11 wherein the content to provide instructions
25  to cause the machine to adjust the frame start comprises the content to provide
instructions to cause the machine to increase the nominal frame frequency by one bit for

a single frame.

15. The article of manufacture of claim 11 wherein the content to provide instructions

30 to cause the machine to adjust the frame start comprises the content to provide




10 frame is aligned. 12. The article of manufacture of claim 11 wherein the
content to provide instructions to causg the nachine to test tﬁ%ﬂ%PZOOG
frame for alignnent based on a set of rules conprises the content to

provi de instructions to cause the machine to: conpare each bit 15 of the
data frame w inbinRticehs €586 tinitGhihe BlictREsetAd Henihdl frafe frédlen&@fby'odt 8i840r and
determne that the data frane is aligned if the bits-in the data frane
mat ch the coraepgefiamelg required values in the set of rules. 13. The
article of manufacture of claim 11l wherein the content to provide
instructions 20 to cause the machine to determ ne an adjustnent val ue
conprises the content to provide instructions to cause the machine to nake
an estimate of a correct franme start by conparing the data franme to the
set of rules. 14. The article of manufacture of claim 1l wherein the
content to provide instructions 25 to cause the machine to adjust the
frame start conprises the content to provide instructions to cause the
machi ne to increase the nomnal frane frequency by one bit for a single
franme. 15. The article of manufacture of claim 11l wherein the content to
provide instructions 30 to cause the machine to adjust the frane start
conprises the content to provide 15 20/ 06/ 2006 instructions to cause the
machi ne to decrease the nomi nal frane frequency by one bit for a single
frame.




