WO 02/ 082284 PCT/ US02/ 05088 A METHOD AND APPARATUS FOR SYNC HUNTI NG

SI GNALS NOTI CE OF RELATED APPLI CATION This is a continuation of U S

Provi si omnalo odpptascat i on Nunber 60, 280,694, entitled "Mt lpad/@sogofppar at us
for Processing Miultiple Comrunications Signals in One O ock Domain", filed
March 31, 2001. BACKGROUND OF THE I NVENTION Field of the Invention The
invention relates to comruni cati on networks. Mire specifically, the

i nvention rel atAMETHEH) AN AP ARATIS EQRsS YINESEUNKEING SHENAIS Rel at ed Art
A digital transmssion line that uses wire-pair and coaxial cable is known

poi nt Sf‘rg%éfrlggpf:ﬁ%ﬁ;%ﬁ@h@%ﬁ%ﬁ?ﬁwﬂit TCarti es 24 64 kbit ls} ; ihgﬁingf s
"Di gi H y-F . Speci fi gation” i i
For el ecommun 5 Faon RO P Radinal e e MR s Tt “ar

sent as frafiRRd "FRSRod AR ppaRtiS for PRbcedding Mitiptd@omalihiégdrEt i ng in 192
bits per frame ("Digital Hierarchy-Formats Specification”, Anerican

Nat i onal StSigukds tsOhe ClockdDemeiniufiled dMarchg], 28061 T1. 107, 1995). The franes
are sent at a rate of 8,000 franes per second ("Digital Hi erarchy-Formats
Specificati W i dards for Tel econmmuni cations, ANSI
T1. 107, 1995[?‘;|C I'S ransfglr}?épg?gha‘r?%ﬁqdes an aggregate payload data rate
of approximately 1.544 Mits/s ("Digital Hi erarchy-Formats Specification”,
Aneri can NagibngihshRRdasss for Tel ecomunications, ANSI T1.107,1995). A
fram ng bit~1or synchroni zation increases the size of each frame to 193
bits. The fram mgebhiertiosl reRtddtoRufIMEicd AR Foblkd. NIBtd lebificdlly, @5eLi ver
searches for this framng bit pattern to achieve 1 WD 02/08228

PCT/ US02/ 0508entianyreditesle pracessimgdit streantsi t streamit is receiving. This bit
format is referred to as digital signal level 1 (DS1). AT-3 line is a

digital ”aﬁéﬂi%ﬁbﬂ%fﬁ{erﬁéf&t%dtmt supports 28 Ti lines. The

A digital transmission line that uses wire-pair and coaxial cable is known

as a T-carrier. T-carriers include T1 and T3 lines. A T1 line is a point to point
digital communications circuit that carries 24 64 kbits/s channels (“Digital
Hierarchy-Formats Specification", American National Standards for
Telecommunications, ANSI T1.107, 1995). The bits on the T1 circuit are sent as
frames. Each frame consists of 24 8 bit channels resulting in 192 bits per frame
(“Digital Hierarchy-Formats Specification”, American National Standards for
Telecommunications, ANSI T1.107, 1995). The frames are sent at a rate of 8,000
frames per second (“Digital Hierarchy-Formats Specification”, American
National Standards for Telecommunications, ANSI T1.107, 1995). This transfer
rate provides an aggregate payload data rate of approximately 1.544 Mbits/s
(“Digital Hierarchy-Formats Specification", American National Standards for
Telecommunications, ANSI T1.107, 1995). A framing bit for synchronization
increases the size of each frame to 193 bits. The framing bit cycles through a

framing bit pattern. A receiver searches for this framing bit pattern to achieve



bit rate for a Ti line is approximately 44.736 Mits/s. The bit format of
the bit streans carried over T3 lines is referred to as digital signal

| evel 3 (WB3Ip08sDSBL signals are nmultiplexed into DS3 si gnaCI/USInesoss

mul ti pl exing process is a 2 step process ("The Fundanental s of DS3", 1992).
Four DS1 signals are bit by bit interleaved to forma DS2 signal. Seven
DS2 si gnal ssyacleromidatibploéftebit sirdann ihisrecBiSthg i Griabit feingptiereferfdel tooas Art) is

a di agram r A DS3 bit stream 101 and a clock signal 103
enter a Iirfgg’i "h‘tsé%"f"gfeé( ﬂmSQOS The line interface unit 105 feeds the bit
stream 101, cl oGk igpaka %1%9{5&5\5%&&&&@ gm@@gmnﬁnes arfes3

defranmer 102. The DS3 defra 102 sync hunts the Dit streamrecelved from
the |ine ibitmtd fora Tirirte ﬁﬁﬁprdianhtel}MZIT%Mbnm D32 bstfochanofghe bita si gnal

bit stream 113 and, subch bit, stream carrjed in si gnal
T01 15 1 od SHREES SHIRAAR AP IpSs Rl 4 F0R el Pe et (BbARST ar o

gener ated fg, sLhogteach of the
DS2 deframarén T?%aﬁépl&ggﬁggjwi%g (ﬁ%ﬁ%@ﬁ%ﬁﬁ%?ﬁ‘??gt&r eam 119 is fed
into four REbcete(tHrdimdaintals ofDSB t, a9%2Y). Eburtméhslgndsgm bibBi bitef r aner s
110. A clock for e ch of th se DS1 . defr rrers IS gen ted with a DS1 cl ock
rate. Hencentegleaygdyio fgrmadd (S?LV@S@ glg age m@éeﬁ%fekfem a2g DS

cl ocks) ar%@fﬁgﬁ Ated to defrane a single DS3 bit stream A deframed bit
stream 121 1s s8nt to a destination external to the DSn defranmer from each
of the DS1 defr &igurs 11RﬂorMﬁ)ﬁmﬂmgrambéaﬂ)ﬁardetﬁmmelas&IDS?obﬁErrezammEqui res a

network element with a 1:1 rel Z@Ponshlp of. DSn defranmers_to DS3 bit
streams. Aansragdeskegyal 193 erswra infeEpceymih 18- the ling interbqe Hpis 109 DS3 bi t

streams be%%@sgtp Ecrs‘t’f%ﬁn“ﬂhyclo&ﬁoﬁgﬁdlﬁ@é ea%daaﬂx‘}’altpﬁi biYedth 'ﬂﬁﬁu%gg Egﬁé.”ber of

defraners an I ncrease earl’y wt e nunber - of t streans
to be pr ocmmerzommsazﬁéneﬁmmwmme baldvidaRYreckivddrobhd\WeNTI ON A
met hod and apparatus for sync_hunting conmmuni cations signals is described.

Accor di ng tlinedpteriBaesait dht Eagh af ke saveri{92onbchannelsia gignal bit sveared  f or
receiving a:3,03paAnde NE&IH 179) QA hOHSAYUT NSl fs @ Tirst and

individual DS2 deframers 106. Individual clocks are generated for each DS2

deframer with the DS2 clock rate. From each of the DS2 deframers 106, a bit
stream 117 and a subchannel bit stream 119 is fed into four DS1 deframers 110,
for a total of twenty-eight DS1 deframers 110. A clock for each of these DS1
deframers is generated with a DS1 clock rate. Hence, a total of 36 clocks (1 DS3
clock + 7 DS2 clocks + 28 DS1 clocks) are generated to deframe a single DS3 bit
stream. A deframed bit stream 121 is sent to a destination external to the DSn
deframer from each of the DS1 deframers 110.

Deframing more than one DS3 bit stream requires a network element with
a 1:1 relationship of DSn deframers to DS3 bit streams. Alternatively, a DSn
deframer with a 1:n relationship to DS3 bit streams becomes increasingly
complicated and costly since the number of deframers and clocks increase

linearly with the number of DS3 bit streams to be processed.



second frane alignment pattern for a first and second alignnment candi date.
These and ot her aspects of the invention will be better described with

r ef er encewbDmkmsDet ai | ed Description and the acconpanyi n@CFiusuz/e®ss BRI EF
DESCRI PTI ON OF THE DRAW NGS The i nvention nmay best be understood by
referring to the followng description and acconpanying drawi ngs that are
used to il ISIBVIMARY &FOBAETRIMENTIOINt he i nvention. In the drawings: Figure 1
(Prior Art) is a diagramof a DSn deframer. Figure 2 is a diagramof units
of a network el énemthaduet afipagatue fersync bubbog remmustications signalstis on. Fi gure

3 i | dj f deframing sl | f the DS fram ng bl ock
250°of Fi s sl ARk ot BRmBH ok fRSr o a8 R PORG o aa i s
a di agr am igh} 4sbifviid DdgAAtaAd dyAMMIRIAKBA huBng ebhaitdidlysbt & tirs3@hdof Figure

3 according to one ‘enbodi nent “of the invention. Figure 4B is a diagram

i |1 ustrati rgeatel Fame elignmeniupgitesn forey finst andh secoddfaligninegt eAndidsdte 303 or 305
of Figure 3 accqrdin 0,0ne enbodi.nent of th inventjon., Figure 5 is a
di agram of the %g seo%ﬁ%lthﬁ’ias\?f@&? the igyprition gﬁk%?ﬁ?tﬁeé ({eﬁcnb(?ﬁe‘g odi nent  of
the invent 'r@ﬁrer{:cb%lﬂ?e@e%ﬁe@ﬂé@?ﬁtﬁ@&ﬁtﬁ@ﬁc%_ inAPRLre322 of Figure 3
according to one enbodinent of the invention. Figure is a diagramof the
DS1 defraner 324 according to one enbodi nent of the invention. Figure 8A
is aflow &MEFDW@B@@@@FW&@R@% ding to one enbodinent of the
invention. 3 WO 02/082284 PCT/ US02/ 05088 Figure 8B is a flow chart for

per form ng bl ocihgivestiopimay kesbhe HrdesstAodY Heberoing te tsofalAW IS of t he

i nvention. Fi g 9.1 [ 4 LS. i

per - al i gnnedr?etg &gt;%%neaddn%%ﬁgﬁgéﬁglg%ggmﬁg% a?% é‘%&g{g‘; lglg? tga?tg(? g%btro I ngnt 0 one
enbodi ment offthd id€@ention. In the drawings:

Figure 1 (Prior Art) is a diagram of a DSn deframer.

Figure 2 is a diagram of units of a network element according to one
embodiment of the invention.

Figure 3 is an exemplary diagram of deframing slices of the DSn
deframing block 250 of Figure 2 according to one embodiment of the invention.

Figure 4A is a diagram illustrating data flow through the deframing slice
301 of Figure 3 according to one embodiment of the invention.

Figure 4B is a diagram illustrating data flow through either of the
deframing slices 303 or 305 of Figure 3 according to one embodiment of the
invention.

Figure 5 is a diagram of the DS3 deframer 320 of Figure 3 according to
one embodiment of the invention.

Figure 6 is a diagram of the DS2 deframer 322 of Figure 3 according to
one embodiment of the invention.

Figure 7 is a diagram of the DS1 deframer 324 according to one
embodiment of the invention.

Figure 8A is a flow chart for DS3 sync hunting according to one

embodiment of the invention.



invention. Figure 10 is a diagramillustrating organization of the
per-alignnment state machines in the sync hunt per-alignment nenory 513 of
Fi gure 5 woamemnsghi2zeg to one enbodi nent of the invention. FiPGuErEsSoLdA8s s a
flow chart for performng DS2 synchroni zation hunting according to one
enbodi nent of the invention. Figure 11B is a flow chart for performng

bl ock 1117 of FiFigure 8Bisa flawaihadi fogperformmiagdhdadkdi2iof Figyire BAaccordarg i on.

Figure 12 illustrates a anple of storing bits in DS2 per-alignment state
machi nes a§°y98?8ﬂ%°§fm%ﬂ‘r{iogﬁﬁerejﬁ‘tveﬁﬁl?% according to one enbodi nent of the

i nvention. Fi guq:egl&és)iiﬁus%ra@ésasg{m 16 Hﬁétbﬁh'gm?,%@%@%aéﬁéﬁ &t stdie
per-alignnment state mnachines in the sync hunt per-alignnent nenory 621 of

Fi gure 6 acoadhdnesgpstpotertiaéfremibogibiteaiconding beongemhodioment Bf ther e 14A is the
flow chart for jnitializing the per-alignnment state machines for DS1 super
frame sync AVSI9Yy according to one embodi nent of the invention. Figure

148 15 2 {1 oW i 105s PERERTIGHALAE brddhion o FiBpE: dbAmansoreli N9 10

one enbodi nent e I nvention. Figur is an exe ilTustration of

Fi gur e 14A raadudmediinghd synerheint pebeligmeernt némohe5i3midigured.acEordimgetol6A is a
flow chart for DSl extended super franme sync hunting according to one
enbodi nent BE dimertfitha invenfore 168 is a flow chart for perforning

bl ock 1621 of Fi i } i Lon. 4 WO
02 082254 por) UErEARRE %‘?Evﬁihg*t’f?f ?%q%ﬁﬁgggbnpg ) ggrE‘§R€OP F%?to nBURhE T

storing F- kictarding foarmeanigniiment sftthe énventibnnes for sync hunting DS1

ext ended superfrane according {o qne nbadi pen the invention. Figure

18 is a diagr ambigurad{® x4 %Wtch%rtg?%?mégﬁl?L 13L7r Q&F‘E@Wﬁt state
according to one embodiment of the invention.

Figure 12 illustrates an example of storing bits in DS2 per-alignment state
machines as potential alignment bits according to one embodiment of the
invention.

Figure 13 is a diagram illustrating organization of the per-alignment state
machines in the sync hunt per-alignment memory 621 of Figure 6 according to
one embodiment of the invention.

Figure 14A is the flow chart for initializing the per-alignment state
machines for DS1 super frame sync hunting according to one embodiment of the
invention.

Figure 14B is a flow chart for performing block 1415 of Figure 14A
according to one embodiment of the invention.

Figure 15 is an exemplary illustration of Figure 14A according to one
embodiment of the invention.

Figure 16A is a flow chart for DS1 extended super frame sync hunting
according to one embodiment of the invention.

Figure 16B is a flow chart for performing block 1621 of Figure 16A

according one embodiment of the invention.



machines in the nmenory unit 321 of Figure 3 according to one enbodi nent of
the invention. Figure 19 is a flowhart for DS3 defram ng perfornmed by the
DS3 def raoiongsid2egi ¢ 525 of Figure 5 according to one enbedirrsnt/oss t he
invention. Figure 20 is a flowhart for DS2 defram ng perfornmed by the DS2
defram ng logic 625 of Figure 6 according to one enbodi nent of the

i nvention. Fi gliigure 17 issareeXelnplatyatltisttaiiondst seingdibitgingearfalignednby t he DS1

deframng logic 725 of Figure 7 a rdin o one enbodi nent of the
venti on. Bt ekss for syAr hepinaPET elendad SRSk SRS RS f ecd
f orwar di ng M@h{g&gk%gﬁggbodi ment of the invention. DETAILED

Oﬁ I'n the fol ]

DESCRI PTI | om ng description, nunerous specific details are set
forth to provi HFguae 18 raodigpram dbrstiating ithgorghnizhion of pet-alignmendweater, it i s

understood that the invention, practiced w thout these specific
details. |@w\h@smﬁ%@3WéxPna§5¥9Eﬁ@@Fﬁﬁﬁwa §9°§FFH&P§F’@%‘“ d

t echni ques tﬂ?ﬁﬁreﬂﬁ npbeen shown in detail in order not to obscure the
i nvention. t hough the invention has been described with respect to DS3,
DS2 and DS1 si gFghse 19 isea flowwehdrt for RS3rdedtasninggerfapmed &g theDSBher si gnal i ng

formats including E3, E2, E, Jl, etc, Figure 2 is a diagramof units of a
networ k el EleEiming lgiePaPiiiswie aceorsing inone Rbe PhQERETBERtIOR. Fi gure 2,

a receiving unit ) HYS b D3ins ISwed T8 p§§ signal s can

| oop to a transtrl:rllf“’t%‘q%uﬁj er{lﬁg%ﬁrt E‘izzede'rﬁe gé%gfl%v;ﬁﬁg nPt %1 is also
connect ed tdeframinglogiab23 sfdiiguetat dcogrding to Gizberabetiment efthievigvdntioher i ng uni t
202. The receive buffering unit 202 is connected to a _DSn _defram ng bl ock

250. The opti caFiguragta Howghashfar DY datimungperfopmeddy the BRAI s 5 WO

02/ 082284 P > - fof: t oA TRVA| it '
transm ssi c?f\é}- I%%ﬁgg 4%%2%% ?\fgﬁlgl%% 7|I;')a%g&%si? %da(?}ge #ﬂﬁ@@%\ Bgfr)r%}e%é@%hrhe DSn
defram ng bl ock Fihfte PR id diflewclrarDisg cHahgeof framel alignided, feed Rvdardiagr am ng

unit 205, and a DS1 defram ng unit 209. Sone signals that flowinto the
DSn def r anidsepringie opsenthadimentef themvestiphni ng unit 203. The DS3

DETAILED DESCRIPTION

In the following description, numerous specific details are set forth to
provide a thorough understanding of the invention. However, it is understood
that the invention may be practiced without these specific details. In other
instances, well-known protocols, structures and techniques have not been shown
in detail in order not to obscure the invention. Although the invention has been
described with respect to DS3, DS2 and DS1 signals, the invention can also be
applied to other signaling formats including E3, E2, E1, J1, etc.

Figure 2 is a diagram of units of a network element according to one
embodiment of the invention. In Figure 2, a receiving unit 201 receives multiple
DS3 signals. The DS3 signals can loop to a transmit buffering unit 242. The
receiving unit 201 is also connected to an optical transmitting unit 225 and a
receive buffering unit 202. The receive buffering unit 202 is connected to a DSn

deframing block 250. The optical transmitting unit 25 processes the DS3 signals



deframng unit 203 is connected to the DS2 defram ng unit 205. The DS2
defram ng unit 205 connects to the DS1 defram ng unit 209. DS1 formatted
bit streawe oang28£cei ved at the DS1 receive and transfer Pamuso20508of the
network el ement. In one enbodi nent of the invention, the DS1 bit streans
are received fromTi |ines (not shown) that are connected to the DSl
recei ve andrdnh @fsigcéiving iniP20). fobGptisd] graabmission (bg. aaapping thenD&3 nunber  of
ways i ncl udi n(I:1 as_SONET pay| oad, m crowave, etc. The DSl receive and
transmit §ErRlePTSIAMBEEY 0 a receiving DS1 buffer 207 and a

transti 41N DY B Sfeg 23 1R 2505811000 BRIBHARE: A0 894P! od to

the DS1 defram ng uni signals receive ecei ve and
transmt unriefradiing (101t1205y amdpaDB1 Hefrarmivey W51 208 fSomna signals that 0% nta t he
receiving DS1 _buffer 207, The DS1 deframng unit 209 is coupled to an

I

ext ernal mthePpn deframing block 230 esder Herlp3hseigamingunind)3 dhe coupled to a
DS2 f i Lt. . . ] /DS1 d
o N 0645 BSAOTL, 501 A B, T 58 1 Gt

O a protoco recel vi ng

transm tti rigflafiihg A8t 205 coapetabele DS1 dePadindSinidaoa buffer 233. The
protocol transmtting unit 231 performs various _functions such as protocol
encapsul ation. Ti9d feemattas bif sireapnzanegeeeiyacatitbe DB recebmand RSty unit 241

and a DS1 fram i ! ] uni . t S treqat he -
Eranani i TG derdR elblinbh CAARRRLIL o sEORRBR elBl N0 Lo
foll ow a pafitstieantshee RodivedEainy &1 dinds (ic@BRGWhH) that areZbhinwdted tdihetDSNSNMi tti Ng

DS1 buffer 237. The DS1 fram ng unit 235 al so connects to the DS2 fram ng
unit 239. reeesversw frangmityniil?. DSY sigpalican becarrieddnpIgmnbernaf waYsni t  241.

the opti catt AR SQEL Poflo i JBlsF S  Bo kB ed bl an -
optical reaRiivi17Gokhédts 2PrecORBRCIDS] bofféd M7 tahdnsartsniitideDs nhulier t 242, The

optical receiving unit 229 perforns various functions such as denmappi ng
STS f or mat 28@ $hereseiyingibdl baffex?Qyriarauplythéo hetPladefrarimigunit?¥ni t 229 al so

connects t %élhselgr(a%: xeeicgi%eg léllt Ih%rl-ﬁélgrelélenlivg afid fransmit unit 217 follow a path to

the DS1 deframing unit 209 via the receiving DS1 buffer 207.

The DS1 deframing unit 209 is coupled to an external memory unit 211.
The DS1 deframing unit 209 is also coupled to a DS2 framing unit 239 and the
DS3/DS1 data buffer 213. The DS3/DS1 data buffer 213 is coupled to a protocol
receiving unit 215.

A protocol transmitting unit 231 is connected to a DS3/DS1 data buffer
233. The protocol transmitting unit 231 performs various functions such as
protocol encapsulation. The data buffer 233 is connected to a DS3 framing unit
241 and a DS1 framing unit 235. The DS1 framing unit 235 connects to the
transmitting DS1 buffer 237. Bit streams framed by the DS1 framing unit 235
follow a path to the DS1 receive and transmit unit 217 via the transmitting DS1
buffer 237. 'fhe DS1 framing unit 235 also connects to the DS2 framing unit 239.
The DS2 framing unit 239 connects to the DS3 framing unit 241. The DS3
framing unit 241 is coupled to the transmit buffering unit 242 and the optical
transmitting unit 225.



Figure 3 is an exenplary diagram of deframng slices of the DSn defram ng
bl ock 250 of Figure 2 according to one enbodi nent of the invention. In

Fi gure 3,wouwkwspBe deframing slices 301, 303 and 305 are ®aawrso2/b308s hi s
exanpl e, each defram ng slice has two DS3 inputs 302, 304 fromthe
receiving unit 201 of Figure 2 and two inputs 316, 318 fromthe optical
recei vi ng unit 230optidal Ficgivireg @it B2 ¢orofectshe thejpansnif boffering)tuit R4

buf fering it 202 of Fjgure fngh bufferi unit 202 of Figure 2

i ncl udes a SEtORSCALEFFIEING WRB<SORFPTIOFE YiahoUe ong f § RHYRE buf f er 307

and then g ' i | i L Ithe |15t RBR: b - ws into a
buf fer 306%?5%}%@1&%%%&%%&82%%3& ia:r% unei(%iﬁéll. Céﬁh%?\%ﬁ?@ﬁl}é& flows into

t he buffer cdbBeantb theeeceive luffersegy wot 208 unit 312. The DS3 input 304 flows
into the buffer 309 and continues.jnto th el ecting unijt 2. The input
sel ected by theFé‘!f’rréétl?’ Py CXAITER %@Tg_&aﬁﬁ Oéé‘éé?‘ﬂé?g sfl1cg§/\9€]t:lff’5%§‘ mul ti pl exer
313. In Onede?@:;aggm& 280 of ?%JJ%‘@%QE@&@Bg tb PRe SRR mO JFehSIn3BRERPO are

asynchronous I'n FIrst uffers”(FIFGCs). The inputs are witten
into the HonfFigure 330613018 defratiieg 5l8@s fAt, 803 and BéRaresshotvne Indliie of t he

domain clock. In one _enbodi nent of the invention e domai n_cl ock runs at
100 Mz i n e¥pEwle each defrramg shicphas yq 5§%%3€%§%H®s§%ﬁaﬁqﬁlmgm

appr oxi mat g} pils] B9 andd@id 1?(%}1{&%&%,' él(SQr%rie{mé%érfgﬁcal g\{l:gfé%ﬁ%gﬁrt 5o9f the

present invention are not so | as t In run at other
cl ock r at esoftHigire Ruiatiasf e ihprats floe intuthe bluffetiag cinttX2 vaFsrel. The

i ncom ng signals. Since each DS3 hit st rea%rrﬁy Qri_qgi n_gltag from sources
runni ng at ButfegmeuniiF0Rral Figire 2jineldess sed of bultprg 30p-PE0- BPyhAYP DS3 dat a

read out of . j I [ pl exer 313
mul ti pl exesﬂt eﬁ%ﬁ%@?gg?%@ gﬁt%es?ﬁ?é&%@gé&lg%ﬁﬁgmB@gﬁ@l‘g bef ore
sendi ng t he30floisihexebuffer306 andttherairnbSthedelacting und201. Haciapusdisce i ncl udes
the DS3 deframer 320, a DS2 deframer 322, and a DS1 deframer 324. 7 WO
02/ 082284 HiewuUsteitedudter 3g3and theay ipfap salectivg e}l 2p rlbe did8ruigMessi vel v

| ower ba”dmog%&nfﬂﬁ{ér@fﬁerg@ﬂ%}&&gﬁf&%{heg%m‘gﬁ?@%@g'&ﬁtél‘Q‘? TREIn Ml Streans

worth of d ough, e ramer actu cesses approximately the
sane total seleatedby the selecting units 311 and 312 then flow into a multiplexer 313.

In one embodiment of the invention, the set of buffers 306-309 are
asynchronous First In First Out buffers (FIFOs). The inputs are written into the
buffers 306-309 at the DS3 rate and read at the rate of the domain clock. In one
embodiment of the invention, the domain clock runs at 100 Mhz in order to
process 2 DS3 bit streams (each DS3 running at approximately 45 Mhz) per
deframing slice. However, embodiments of the present invention are not so
limited, as the domain clock can run at other clock rates that run faster than the
sum of the clock rates of the incoming signals. Since each DS3 bit stream may
originate from sources running at slightly different clock rates, valid bits
accompany DS3 data read out of the asynchronous FIFOs in the clock domain.

The multiplexer 313 multiplexes the input selected by the selecting units
311 and 312 before sending the multiplexed input into a DS3 deframer 320. Each
slice includes the DS3 deframer 320, a DS2 deframer 322, and a DS1 deframer
324.



of bits. The DS3 defranmer 320 handl es two DS3 channel s. The DS2 defraner
322 processes fourteen DS2 channels. The DS1 deframer 324 processes
fifty-sixwD®rosxkannels. Input flows fromthe DS3 defranmerc3aBor/aoshe DS2
deframer 322, and then to the DS1 deframer 324. Fromthe DS1 defraner 324
of each of the defram ng slices 301, 303, and 305, bits flowinto the DS1
data buffer 213Eath ixfeligidmel Qefrather priotessés rcesadielyolowehn bandwidihi ng sl i ces

301, 303 and 30 sto i ne of th trespondin fers 325-327
for bit tocg\mgi& %ﬁefr@i‘ee prles g DS Bits %&stvw%lpfcfifr & mul tipl exed
by the nmul ty i RES ve unit
D5 " Mg B e gh? ¢ %%%%tﬁ%&'t Irsoz,gg‘Il xmt'egel Eg{egéxg%g&gi?’rb%rﬁﬁiﬁl he

defram ng dof bitseTRBE DSBelefiaves 3WBharuiles sto @&Bmhdmmhs tThe DX defvamer 322 buf f er

207 of Figure 2. The re ing T1 Quf 207 ingcludes a set of buffers 335
to buffer .maﬁﬁﬁ%mprtemﬁg Fafiels - sl deEer BaProregrra iitart Ik ti pl exed
by a multi 8 ﬁéx%bf‘gzoma RUDSe: | tiplexer
333 passesl%'lth t| p ex;éi%f%;&tﬁéglﬁgfr’la s to the J??gmdﬁgrgﬁlefjé&ef?gﬁl When

t he def r amthen ed ihedR0defranei 324s Fiami the DS1 defremes 324 of eauh bf theexes t he DS1

bit streans. with one of the defraned bit stre 302, 304, 316 or 318.
These i nputdeimamangsliegs 08,308, apd 305 hits flgwdniot %15%‘%? ferb?éﬁr?g sent to the

DS1 def r amg; ég%%é’ ﬂl%%@%lorﬂ%ﬁ he defta )ga&las ) %bfa%%géﬁ s&ﬂeé' | ces

301, 303 an I'S connecte to a nmenor contro Ter nmenory
control | er iBdheloatd c&ﬁrerspamtlmgd’bu\fferstaaseiia@lfaﬁblbnsbyte comvegsiber %l:e thenor y

unit 323. The external nenory upit _ 323 stores states far sync hunting which
is descri SR isgopyested, rlbllsa‘i“ilfiﬁlef‘ﬁd hyélﬁﬁ' gutiplesing mnit 328 and transogibed nenory

controller to?ﬁelptso%yoﬁ?cte%@] @eframer 324 of each deframing slice 301,

303, 305 at n an exanpl e of six defranmer slices, each
recei ving two DE3abditionhttoeheDS3 irtfigs BEA1004 and ftipuas 308, 308 the defrahidg t hr ough
168 (6 slices * 28 DS1 channels per DS3) channels of EOSSI bl e DS1 sync

hunting. | rlignd0Teieseiyesint bispireps fliommrﬁ@mvmgm} Ratites 200t Figured-i on i s
subchenel fitfol il sl B A0 o R IGR S B 5000
bit strearsigraarnme buffered DSO rs%nemmd mRtpleréd bje nhulvighxirgunit B33 efenor y
control Fer the receiving T1 buffer 207. The multiplexer 333 passes the multiplexed DS1

signals to the deframing slice 301. When the deframing slice 301 receives DS1 bit

streams, it multiplexes the DS1 bit streams with one of the deframed bit streams

302, 304, 316 or 318. These inputs are multiplexed at a multiplexer 315 before

being sent to the DS1 deframer 324. The DS1 deframer 324 of each of the

deframing slices 301, 303 and 305, is connected to a memory controller 321. The

memory controller 321 handles read and write operations to an external memory

unit 323. The external memory unit 323 stores states for sync hunting which is

described later in relation to Figure 7, IA-IB, and JA-JB. The memory controller

321 serves the DS1 deframer 324 of each deframing slice 301, 303, 305 at the same

time. In an example of six deframer slices, each receiving two DS3 bit streams,

the memory controller 321 iterates through 168 (6 slices * 28 DS1 channels per

DS3) channels of possible DS1 sync hunting. In one embodiment of the

invention, the order of iteration is subchannel 0-27 for the first DS3 input bit
8



321 serves all read requests before serving all wite requests in the order
previously described. Processing requests in this fashion holds read to
write buswotmansmsound to a m ni num of once per 168 bus cy@CaaS0znse

enbodi mrent of the invention. In another enbodi nent of the invention, every
defram ng slice 301, 303, 305 only receives DS3 bit streaminput. In

anot her entst@ame(chamfel Ohtolliomedrityi sopcharewtd 0-d2fardhesecohd E3rivpet bies one DS3

bit streaminput, and of DS1 hit  streans. .In another enbodjnent of
the | nvent IS arksBR AT aias comadiineatdl e nriat S meHPRUSRCRIE o Ds1
bi t st reamss 01 h&dd fed: BERte Qxyi&\geau WHWSRELs irdthdefdém ng slice can
have N inputs, each of the N inputs independently configurable for either

a DS3 i nputpreviocaslyetesafibedSProcgssing. requestsrio thistiashioreholds eeeshtodefitedrmsr 320,
322, 324 processes. its sef of _.channels _in a tine division multjplex

fashi on. FORTAaHRT & 3 FHETHED of SRFane (65536 CREIFRe: Gie armeodimept of Pess
channel s i npaldgypating cycles. The DS2 deframer 322 works on 14 DS2
channels in a circulatory fashion. The order the DS2 defranmer 322

ci rcul at es t hr olyhnother &8Rodinbertt af kel inveretpmm dsenyndeftaeniog dice 304, 308hi ch t hey

are deframed by the DS3 ramer 320.. 1.n other rds, the DS3 defranmer 320
pushes DS2 YEPERAIFKEIVES Pﬁ? glttsﬁéa’BSQPH%flPé‘HB e5 591 03%% he ention.der t he

DS1 def ra”%cﬁaéfrg}?%pa%&tr@éewé}r&gqﬁsé Bifstrén Rt URA ARG 5si Bit di ctated by

t he DS2 defraner igure 4A1s a diagramillustrating data flow through
ei ther of tdneamdefn anothgr ehbodimedddf the iBONtan, Fadudefradniagsbeadiengived one

embodi rent of the inventi .. The defranin lice 303 of Figure 3 is used
as an ill us‘f‘P‘é‘iSir}H?;anWP %ﬁﬂioggﬁé AYSTeAmS; 3‘1&?’30‘33? H‘ég%.neditf’f e eam 401 (from
t he sel ecti; ' miflg i . f : selecting unit
311), and alﬂg%%{ﬂ#éf%g%ect %?65%311%{6%%*%%@' ?%t%o&ftﬂlﬂwé;mrr%ﬁtlspl exer 313 of

Fi gure 3. Tihdepkaidenty cosfigweabie fdDditlend 2ERinpayor a setlofiidS1 inpwstsf r om t he

original DS3 signals and valid bjts. Fromthe nmultiplexer 313, a
nul ti pl exed dat gnBP? embpdipentoenchdeframes 389,322+ 324 prosessesdtigetolchannel bit 9

VO 02/ 082284 RCHL S0 BLADASRiorB AL ARASNIRO Yol Blfinb REnPTEHIRHAER! 320 of

Fi gure 3. om t ramer
320 works on the pair of DS3 channels in alternating cycles. The DS2 deframer

322 works on 14 DS2 channels in a circulatory fashion. The order the DS2
deframer 322 circulates through the DS2 subchannels depends on the order in
which they are deframed by the DS3 deframer 320. In other words, the DS3
deframer 320 pushes DS2 subchannels into the DS2 deframer 322. Likewise, the
order the DS1 deframer 324 circulates through its 56 DS1 subchannels is dictated
by the DS2 deframer 322.

Figure 4A is a diagram illustrating data flow through either of the
deframing slices 303 or 305 of Figure 3 according to one embodiment of the
invention. The deframing slice 303 of Figure 3 is used as an illustration for
Figure 4A In Figure C, a data bit stream 401 (from the selecting unit 312), a data
bit stream 402 (from the selecting unit 311), and a channel select signal 403 flow
into the multiplexer 313 of Figure 3. The data bit streams 401 and 402 may
include bits from the original DS3 signals and valid bits. From the multiplexer

313, a multiplexed data bit stream 405, a valid bit stream 407 and a channel bit
9



320, a data bit stream 406 and a valid bit stream 408 flow into the DS2
deframer at 322. A subchannel bit stream 410 flows into the DS2 defraner
322 and awoaensresis nenory 411. The context nenory 411 i nclpadassoz05088
per-channel state nenory and a sync hunt per-alignnent nmenory for each
pair of subchannels, which wll be described herein. Information 404 from
t he cont extstreanpt0p it intb ltheBSB defrainbe3I08Y Higdredndirod2Be DI dirframet44 ar e

witten back to_the contex nenory. 411. A d bit st 4 d
validity bix0st %faﬁaltmam qqdoarﬁ’%/hr‘rieblt W%gbggﬂ’léfrmg’zt %Wegra%gf gef r amer
324. The S%@gg@pﬂ%gagﬁé@mmﬁﬁ%hemintt)zrizé;vs?ge%e@siims 322 to both

the DS1 defr a context nenory . I'nformation 419 fromthe
cont ext nenontexd nenidrgwdli ThecortextDBdmdef 41dnaclud824 petjotamekstd@2 ar e

witten back to the, context rrermiiy 417, A dat? bit stream, 418, a valid bit
st r eam 420, M@RATRARER EFRHMEN RFelighmenhmgwry fongach patroh sultssennelat r aner 324

out _of the \IGEh 1A BLLe e S BESRABRAG FoR BEdSLANALRf EEST (L o0

at approxi mat € Zz each ing into a ramng sl1ce, the
def ramers rflowsint@fierioSd defeahyr 300 Updazes Hdate wtitiechdablSH thietcostexeans

appears to flow through 50 Mz defraners. Having the defranmers outrun the
bit streamdMemMeny €4l t é?tattﬁbstE?@F’FQMW?IFA;‘g’ebltF%%%mé%ﬂ@Wff‘Hnd]é‘?rarre al |

| noom ng_ by gl Aty 2 B BOHGRCLRAN THelsy USSR bRSALA 16 RpLe! State

for deframing (Specifica sync nting ich i's a necessary aspect of
def ram ng) ,frérhehé BSR eefraniee 32haibatl tik IDSBdbfiramei 324oael 4 coltextdmdémaryed Wit h
one core. A single core logic for 2 DS3 bit streans provides a savings of
space. In &iét ﬁépr@%@aﬁ%%?mdhe eortextipemenohl? Bowsitte thePghdelsaymery for the

def , I ' y Cat : 4 DS3
R R e A e TR i L

recei ves N4168)an4ied bit etfreari[d20,sandraoa@skftheh bit Mtrbamsi2aflowv frofthe DS1such an
enbodi ment, the «core clock exceeds the follow ng: sum (n=1..N, clockrate
[n] /M. Fidpifamerg2teupolithgglefaming elieer388i ng data flow t hrough t he

et am 10 <11 € AL e AR AR RS AR e,

403 fl ow i rdach) feedifiglihioR] @efeimidg3lice] theMefedh &8 2dR 4t H§odRALYS088
Mhz. Each of the DS3 bit streams appears to flow through 50 Mhz deframers.
Having the deframers outrun the bit streams insures that the deframers will be
fast enough to deframe all incoming bits. In addition, although each bit stream
needs a set of state for deframing (specifically, sync hunting which is a necessary
aspect of deframing), the faster rate enables 2 DS3 bit streams to be deframed
with one core. A single core logic for 2 DS3 bit streams provides a savings of
space. In another embodiment of the invention, a faster clock speed for the
deframers, such as 200 Mhz, enables a single core logic to process 4 DS3 bit
streams. In another embodiment of the invention, a deframing slice receives N
channels or inputs processed at M bits at a time. In such an embodiment, the
core clock exceeds the following: sum (n=1..N, clockrate [n]/M).

Figure 4B is a diagram illustrating data flow through the deframing slice

301 of Figure 3 according to one embodiment of the invention. In Figure 4B, a

data bit stream 401 and a channel select signal 403 flow into the multiplexer 313.
10



The data bit stream 401 can be output fromeither selecting unit 311 or 312
from Figure 3. Fromthe nultiplexer 313, a nultiplexed data bit stream
405, a vawodiwg228bit stream 407, and a channel bit streamp€@QUsSht/esess nt o t he
DS3 defraner 320. Al though another data bit stream does not flow into the
mul tiplexer 313, the nultiplexer 313 nmultiplexes the data bit stream 401
with a strelm dita bitistreamgiObicas be botputditdm efthé¢rtreledtin@iunitSldok3E2 frgml es to

create the | tiplexed bit stream 405. The DS3 deframer 3 processes the
streans 4oF Eus A divamybe mllpleen Faf eglﬁaplféfidmatblgﬁtre@gmi&%e,vaﬁﬁm i dity
bit streamgPfre.and02 and RARIRNA bitditteamrSA00GRW it tMODEH qbtrQMiet B3 t he DS2

defraner 322. The subchannel bit stream 410 also flows Iinto a context
menory 411.Altheughoartothér dmarbit gtrddrh does hatdffewantoghe nolitiplesér 3iBathe nmenory and

a sync hunt r-alignment nenory for .each pai of subchannel s. The
perychanne!mg t‘é’tl"e"eﬁgﬁg?'?ﬁ%ﬁgx?ﬁ%egﬁﬁckf’ﬁﬁ?:ﬁaerbé(ﬁl-‘éﬂti‘@rﬁﬁ’é’ﬁfr‘° : t§r each
deframer wg)| hQ?PFﬁéCdell?ﬁﬂ cio%k%rcyaegﬁmemu}%f Iﬁﬁ&gmle,%% ]glt?ean'fuéﬁ"es D-M

I nformation 404 fromthe context’nenory 411 0 e DS2 defraner
322. The DS2 defTher®@83 BItanperd20 psecesies ¢he strexans40504607 AB40%d and t he

i nfornmation 404 fromthe context nmenpry 411 to ner at e ata_bit stream
413, a val§Uerafesn dataditsiream 406, AREIGNG i SReAM A5 End %@égmw The

streans 41 regéé%weﬁmQhﬁ%& ik QW ISP LR St b %@é@%c}%é?el HP&&%‘;@ Rl

witten bac context nmenory 411 fromthe ramer Data bit
streans al sti0falsovildwd into & hentext hegploex411. 3MHe dontext ifeendrgddil mdhgdeEh buf f er
207. A data bit stream 427, a validity bit stream 425, and a subchannel
bit streamREFANANGRLSIALE BremEy R ) syNe RERL P1Bignment DMEnetyder SAchPait. buf f er

207. The d | e 4 ' r #:h .pl exed
o gener at &t aubeienpley 38 pef cRiithst ML by ind B SATNSAE pEL MgfihdreE! 202
are mul ti plraxedry forgededeframer will beldés¢ribed laérnteasnidith refeencgubchannel bi t
streans 417 and 424 are multiplexed to generate the bit stream 416. The
streans 41Xigures D-Yh einforagtiontd04 droan hsiconkest maspory A4 flomes inlpgbpkindel  bi t
stream 416 @éf;ag?‘{rlﬁ@(s into a context menory 419. Information 430 fromthe
cont ext nenory ows into the DS1 deframer 324. The context nmenory 419 and
the i nformati on ThADSA dufedandrB2R Ppeoceests ébd stheiiy 4064408, at®atbder i bed | ater.

a information 404 from the context memory 411 to generate a data bit stream 413, a
validity bit stream 415, and a subchannel bit stream 417. The streams 413, 415,
and 417 flow into the multiplexer 315. Updates 444are written back to the
context memory 411 from the DS2 deframer 322. Data bit streams also flow into
the multiplexer 313 from the receiving T1 buffer 207. A data bit stream 427, a
validity bit stream 425, and a subchannel bit stream 424 flow into the multiplexer
315 from the receiving T1 buffer 207. The data bit stream 427 and the data bit
stream 413 are multiplexed to generate a data bit stream 412. The validity bit
streams 415 and 425 are multiplexed to generate a validity bit stream 414. The
subchannel bit streams 417 and 424 are multiplexed to generate the bit stream
416. The streams 412, 414, 416 flow into the DS1 deframer 324. The subchannel
bit stream 416 also flows into a context memory 419. Information 430 from the

context memory flows into the DS1 deframer 324. The context memory 419 and

the information 430 stored in the context memory 419 are described later.
11



WO 02/ 082284 PCT/ US02/ 05088 The DS1 defranmer 324 processes the bit streans
412, 414, 416 and the information 430 fromthe context nenory 419. After
processi ngo 2he22BE1l  deframer 324 generates a data bit st reamse1/8508&a
validity bit stream 420, and a subchannel bit stream 422. Updates 432 are
witten back to the context nenory 419 fromthe DS1 deframer 324. Figure 5
i s a di agr drhedDSt QefridB8r 3dfpracesses3RO bitfstieaguadd2, A1dcHéradidithet 0 one

enmbodi nent the in tio In Fi re 5, DS3 def raner receives bit
st reans frdﬁ}oé é"égg‘ﬂ’éﬁﬁeﬂonteét §1%‘e$‘(tSﬁBF°CSW8'%8§gD DS3 dat a
bit st reag&efrﬂa%er%aq éﬂ&afzefs Fda%fe s&@mttqqgl Httualw ﬂ%ﬂa&ﬁ Rhexhag unit 313

of Figure nnel select signal 403 also’feeds into'the

mul ti pl exi nanbulmartneBibid strédma 4221 Upidptes #Bhgreuwritterd backntiol the pbretetsmemerypS3 bi t
streans 401 and 402 ate e nultiplexed DS3 data bit stream 405 that
is fed intcflt9 @@ﬁ?ﬁgtﬁﬁﬁﬂp%al ong with the valid bit stream 407 and

the channel bi t gy 23T 408 efdralE PSS eRamdASAgh ik PhGoldi L €5

first pipe stage.”In st pipe stage, a per-channel menory 511
sends i nf orometemisodiment sfythe ifventiopein Biguganbethe D8Brdefryntet 320 retbiwepbit- channel
state nenory 511 also sends information to a register 521. BItS |nd| cating
the per - al i SieABIRIrAR aseusie &xterngldaithe @ﬁ?%ﬁ?‘?hgms tHierlPSHdata bl | gnrent

menory 513 r i a bit
St 1 am 400 12l BgRlR02 B RpA R R R ST o MBS
stored in a[hercegnﬁélseleﬁﬂsﬁgna%maahededdsriﬂtoaﬂamuidple&ﬁ-%auat 3Bcdmhd pi pe stage

of the DS3 defraner 320. In_the second Eb'a e stage bits fromthe registers
517, 519, Syultiplexingynitdidmultiplexesdhe 5B ttf’@“}ﬁd’cj’ @ng 62 to,eregtethe sync
hunt | ogi c t.

(. Charkaipiea T dara BlaNeBM A d R S Dol OB R, ot er
517 i ndi catwih\thetdlet bit h@ed@nuozamceamdhmmltmestreraﬁgt@tcﬁrﬁgh@ct sAt he DS3 bit

st ream 401 or the DS3 bit stream 402. Data framthe register 521 i ndi cat es
a gl obal stdasked §pe phpinduatesa F&hmpeémealndbaéwrp%ﬂas&amﬂm annel g

| ocati on w eis
descri bed l&%}g%&&%‘j‘ﬁ%ﬁ}?@& orﬂna? Y\ﬁg eIg rliahggﬁ] g%%o@ e bits
fromthe rBg sdrahahd stadimeaicybheaRe rser&is mmmoattaheeglaet p2t. Bitsom t he

DS3 sync hunt | ogic 527 flows Into a set of registers 529 531. The
regi st er 531dispHRg theceqriadignment state are transmitted from the sync hunt per-

alignment memory 513 to a register 523. Also in the first pipe stage, the data bit
stream 409 is stored in a register 517 while the streams 405, 407 are stored in a
register 519. A dashed line 533 indicates a second pipe stage of the DS3
deframer 320. In the second pipe stage, bits from the registers 517, 519, 521 and
523 flow to a DS3 deframing logic 525 and a DS3 sync hunt logic 527. The bits
flowing from the register 517 indicate side (i.e., channel). In this example, the
side information from the register 517 indicates whether the bit stream from the
register 519 is the DS3 bit stream 401 or the DS3 bit stream 402. Data from the
register 521 indicates a global state for the DS3 deframer and a counter value
indicating location within a subframe for a given DS3 signal. The global state is
described later in more detail with reference to Figures 8A-8B. The bits from the
register 523 indicate the per-alignment state. Output from the DS3 sync hunt

logic 527 flows into a set of registers 529, 531. The register 531 also receives
12



12 WO 02/ 082284 PCT/ US02/ 05088 input fromthe DS3 defram ng | ogic 525. The
bits stored in register 531 | oop back into the per-channel state

menor y511wobhesizBd s stored in the register 529 fl ow backPCmusor/bsessync
hunt per-alignnent nenory 513. Qutput fromthe DS3 deframng logic 525 is
al so stored in a register 533 before flowwng to the DS2 deframer 322 (as
shown i n Fiigpmtefr@h.theDFardefrémisg bogik Z8r dihedfitstshrred8Preagidteridddo@2Badkf Fi gur e

3 according to, one enbodi ment of t Lhvention.. The data Dbj t ream 406,
the val | d L9tcuhe PoCEaRA ¥O8 AR Ls UBE RUhREFeb I (e ot S % ow 1 1 om
the regi st §cRiko Plhe 3R huidp e??lf(i) t thémbRE5 135 L BRI thé433 The bits

stored in a register 605 ar t he subchannel Dit stream 410 and the
data bit stdefmmiddbogidhzs isiatse stired émla iregister $ISgheforerflBABgd0 thef IPSIN t he
validity bi({ﬂfstream 408, of Fiqure %‘ A dashed line 635 indicates a first
pi pe st age 95framez SpERSEEPWRIBFIEHS ) n the first pipe stage, bits flow

fromthe regi Stﬁi%gg%de;a%teﬁ{e&%w]g?z QQfZaxﬁ@%ﬂ&@ié&%é{)@g&%xﬁ% tP05 to a

regi ster 609. | ition, its fromthe regi st t hrough a

per - channeainesnatioelimenofithé #8/eatidni The datartégstedaen 4@l the valdbiyttéd | i ne 637
indicates a second pipe stage qof the DS2 defraner 322. In _the second pipe
stage, bit Steppy40§ anﬁr’fﬁ? ﬁ‘ébq%gﬁf‘étbét&re@ﬁ‘?ffwefgyg‘f?ﬂ“ ﬁflr.eﬂsEﬁKIS%'ﬁPf)a\eegi sters
613, 615 andsichd B he PBb tetraltBPal). tﬁié%%lmt%ﬂggim%gig@; 6Gidredtoin f1ow

t hrough a sync hunt per-alignment nenory into a register 619. A
t hi rd dasheate bubvhahidé bitntreaat 4K and thie ddta it pieesh 40@ Therbitsiseor&bih aef r aner
322. The bits stored in the regjsters 613, 61@5i 617 angq&gl(z flowinto a
DS2 def r anitigistes Pt amsSromibe valfsdty iy sizeary A8 plotjerresS7 A daghed ling 3%

processed Q%(ilfcgfes gﬁﬁsatgﬁﬁg stgg@ H]!hg%@ c'i"%zamgj 398, ﬁf Fhe iRl ﬁig mg?,y l;iggi ster

633 before oW n I nt e sync hunt per-alignne 1. Cutput
from bot h tfhev BSh thefregisien §03 tgthe régiSten6@y dritbfrBmthe yegisteriolS toagi ¢ 627 i S
stored in aregister 631. Fromthe register 631, bits flow back into the

per - channelTegister 609 nigrasidjtien dhe kit fsom the sesietres5owdhionghiperogi ¢ 625 al so
L e 1 00 Bkl e AR GRS, R LI RPRE ooy 221,
of the investiralpiptBeagdalf thdlD§2 défranss 3PD2 In ed sedbhd plpe stade; biaststdied,

in the registers 607, 609 and 611 flow into registers 613, 615 and 617 respectively.

The bits from the register 611 also flow through a sync hunt per-alignment

memory 621 and into a register 619. A third dashed line 639 indicates a third

pipe stage for the DS2 deframer 322. The bits stored in the registers 613, 615, 617

and 619 flow into a DS2 deframing logic 625 and a DS2 sync hunt logic 627.

After being processed by the DS2 sync hunt logic 627, bits are stored in a register

633 before flowing back into the sync hunt per-alignment memory 621. Output

from both the DS2 deframing logic 625 and the DS2 sync hunt logic 627 is stored

in a register 631. From the register 631, bits flow back into the per-channel state

memory 623. Output from the DS2 deframing logic 625 also flows into a register

629 before continuing on to the DS1 deframer 324.

Figure 7 is a diagram of the DS1 deframer 324 according to one
embodiment of the invention. The data bit stream 412, validity bit stream 414,

and the subchannel bit stream 416 flow from the register 629 of the DS2
13



and the subchannel bit stream 416 flow fromthe register 629 of the DS2 13
WO 02/ 082284 PCT/ US02/ 05088 deframer 322 to a set of registers 701 and
703. The WDtog/osesred in the register 701 are fromthe valPcaiusy2/4m088 st ream
413. The bits stored in the register 703 are from the data bit stream 412
and the subchannel bit stream 416. A dashed line 747 indicates a first
pi pe st age dffranie 32510 deétrafregisteP/01landt708. The dits pioped Bt thgeegiftet 01 f r om t he

i st 701 d_ 703 f| int i 705 and 707 ti ly. Th
bi 51 om (8 BB e @CHG LAY § o IR 3 GIPTES HeMecRRIFSY OLee @ ermor y 719
and into %gagta%ﬁéu%agg4lz°?lr¢@gﬁ%ﬁb.&m&ex7&5s&%qql&.eg c’f"asﬁ@&ﬁﬂ@'%g' pe stage
e . The

of the DS1 ramer Its in the registers 705, 707 and 709 fl ow
into a set indicatesgifabiepipe éthge of iz RSlddefibnercide dn theelingt piPleetages bitsst ored i n
the register 709 indicates a _glgbal state fo he. DS1 defraner _and a
counter. | ndreRtheraea DL And P o inte@Brrengos rd 2 giesReF ey ﬁﬁnm

carried in g erré?f?%hé}e%g@édrem ifsfsov%ﬁgm ﬂiralggggg r@}fék%@@eté Benfsy/ PEhnd! €

described l'ater 1 n no ta e to Figures 14A-14 16A- 16B,
and 18. | n ihtea fpieperd’09i Pedsdhad dinef745 relida¥ds alsdfcondpipe 92k ofithe ®SAI ow from a

sync hunt read buffer 721 to a register 717. T nory controller 321
stores bi tsdqu@i‘Q?égﬂ-nahﬁb’rtSa}ﬁhﬁﬁ%ﬁﬁer%@ét@%q{@%g@{ uyp asghf FI FOs 737 of

the sync hyp -sfee%%ﬁl?vfg 8 7 reshHTLRC The daBPsifed MAnSYGAatBIg 1 ead bufTer

721 selects er-alignnent state bits stored int of FIFGs 737 to
be stored ihdichtee argdehl btate fot The PStdshatiet amba édintenitidiaitiag lecatiohr d pi pe
stage of the DS1 defraner 324. In the third pi %e stage of the DS1 deframner

324, bits fvishingwibiragg for ggiverPS2 signal camniedsindhe Dadrgignali FeePgl ps1

def ' (eTor |.0gi. Aot by th
o1 dot  ami T st AL cifor B et ARA mlchl ol BURREREIID Y 1

and 713 ar eFigtues@dAI1ABA16296B) aid 1829n tid deednd plimceagd ighbDSI efrayiee hunt
logic 727, bits fromthe register 715 are stored in a register 731 before

| oopi ng baciedt it e feom e pupmbintead Bubightlyio pregisteRé1pefbe BEP@AYent state
727" and st oFBeLR 1R RE Bt Kl R BERREA e B TRESFHEG UGG, {00,
sync  hunt 7g7idf ghdryinkceiuny 2éad bilifeg 2hi Aselreéter F8DoLtheisinehert read blkEOs 740 of
the sync hunt wite buffer 735 and accessed by a sel ector 741, before
bei ng pr oce@dsaleply theyper-alignment state bits stored in the set of FIFOs 737 to be stored

in the register 717. A dashed line 743 indicates a third pipe stage of the DS1

deframer 324. In the third pipe stage of the DS1 deframer 324, bits from the

registers 711, 713, 715 and 717 flow into a DS1 deframing logic 725 and a DS1

sync hunt logic 727. After processing by the DS1 deframing logic 725, the bits

previously stored in the registers 711 and 713 are stored in a register 729. After

processing by the sync hunt logic 727, bits from the register 715 are stored in a

register 731 before looping back to the per-channel state memory 719. The per-

alignment state bits stored in the register 717 are processed by the DS1 sync hunt

logic 727 and stored in a register 733. The bits in the register 733 flow into a sync

hunt write buffer 735. These bits are stored in a set of FIFOs 740 of the sync hunt

write buffer 735 and accessed by a selector 741, before being processed by the

memory controller 321.
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menory controller 321. 14 WD 02/ 082284 PCT/ US02/ 05088 In one enbodi nent of
the invention, each pair of DS1 subchannels (e.g. the pair of DS1
subchannewe o28422811bchannel 0 of DS3 side 0 and DS1 subchamoelusopozegs DS3
side 1) has a read and wite FIFOthat is two 7 byte entries deep. This

si ze provides space for 14 sync hunt states. The entries in each FIFO

provi de enough Ih aheampotvhartaf tiee ingektd@y eddtepsy nEDBlintbdhaghnels wg ki ng whi |l e

S ce' s | g pae! S b aRRISIE LR AHIE Qg Dea side and Bee Svhehgrgel” o
cont ol | er G L) A 428 ahBIHEFTID thaH1eny Ny Wil ieOnGyl oS the read

FI FOs. The sync hunt ‘core wites to the wite FIF and the nenory
control | er sizmgstovidesspddedomnt4 symchhiuirbstatdsn The eetrésstin dadeRIFCoprovide i nvent i on,
the FIFOs are asynchronpus becguse each 1[1)83 bit stream nay run at a
difterent HPUBRIAlenayIolsRaNGEBEERRENSYBE HRklogIfERtkiag Whilsthememergyne hunt

begi ns by fé?g%h&%mwes%ﬁ\&%ﬂaﬁ\g@g. 31;@%9@ o@fthea@affamlﬁ%altcgs gﬁi@é reSYNc

hunt dat a. e sync hunt logic then ows the read F econe full.
After the rindepdndefitly svritable angyaaddblnt Thegmbewiysontiditer B2 airitectorthe ol | er.
and asynchronous FIFOs ensure sufficjent provision of bandwi dth to the DS1
sync hunt 176 EIFQs, ThssyRe hushinsg F??é]ﬁtth%’feafitfélzéﬁv'gh? PYBIS, hurd gotearifesy i t e

FIFGs — are té?lru? itd ﬁ%%%mg?%egngyﬁg\&oﬁ%%é’ﬁgﬁi iAW @ FHEOEEH | n one

enbodi nent e nvention, ssing polnters for the sync hunt
menmory 323 dreleonodiment ¢fithe irdjensibn, the GI0s are asrechirbfdhisceuséZhch U33.
Pl acing the addressing pointers in the FIFO core 721, 735 reduces the

conpl exi t y bibjtreagymay rap aha diffesant kit 1ate glnyone exhpdimenhgf theiimyeation, | n
P Y o : . . . ored i
the morory Saeh DDy hut et udthg ST ERHATIROL B EF B Dred 1

stores the stddepsshuig daci. Nites syind hiuhelogitetiien wilows thetdadFIBA 1o beconggi St er
array for each deframer slice is placed in_ a _Iaé[%er register array that is

placed in tiHE. déiesihe ead dIEP isfullzsme hontingbeginsi Jhe pemBoTyROntoHer benefit of
el 10, R PRI B B A R st Sovn
sync hunt logic. In another embodiment of the invention, the read /write FIFOs
are larger to accommodate higher density deframing slices.
In one embodiment of the invention, the addressing pointers for the sync
hunt memory 323 (shown in Figure 3) are stored in the FIFO core 721, 735.
Placing the addressing pointers in the FIFO core 721, 735 reduces the complexity
of resetting and controlling the addressing pointers. In another embodiment of
the invention, the addressing pointers are stored in the memory controller 321.
In one embodiment of the invention, which stores the addressing pointer in the
memory controller 321, a register array for each deframer slice is placed in a
larger register array that is placed in the memory controller 321. Such a design
provides the benefit of reducing the hardware necessary for implementing the
deframer.
As shown by Figures 5-7, each deframer performs both sync hunting and
deframing. Sync hunting is performed by the sync hunt logics 527, 627, 727.

After synchronization, a bit stream is deframed by the corresponding one of the
15



defram ng. Sync hunting is perfornmed by the sync hunt |ogics 527, 627, 727.
After synchroni zation, a bit streamis defraned by the correspondi ng one of
t he 15 WwO022082884 PCT/ US02/ 05088 defram ng | ogi cs 525, P62AIS0Z7EHSsI | e
the sync hunt |ogic continues to nonitor sync. If a channel gets out of
sync, sync hunt for that channel is restarted. In one enbodi nent of the

i nvention, Mdmnl\gﬂogimﬁ%s?iﬁ: 7Raimthgleliaé syrafhuritdogic omrstinueamdamonitbr channel s
because t he Synifa?r unting reduces

shar ed. , Li 'n
the space r3Béslaarael g ot sy pnevac hdior A chfhel RiRSagits o Jnt  oes,
deframng slice Iﬁ%ﬂegﬁ%ﬁﬁﬁe%wmeﬁfl&m&md%@f byt ARl f Qpﬁhesync

hunts one of those bit streans. For exanple, the DS3 ‘deframer sync hunts
ei ther the totalsiuniss obcharsielsdzaase thheymdwﬂdndmrybssh&tdeamutmgtthaot bot h
at the sanme ti Defr i Ioad and . over head

.e., identifi
bi t5) 1 5 CONBGARBHNEAT ST ROt EPeSA? LaREHTE e Haata ISR |y 1 o
| mpl ement . &Hﬁoé%ﬁ?en@eefagﬁc raﬁmgcsﬂw eaﬁﬁ%&ggeahaﬁna%mmma@ssfbhom the first

DS3 bit stream or annel” fromthe second DS3 bit stream but not DS2
channel s f rsiraahet, bulB$Bic hiuntsséneaafritboseSiinstteanisy For krarhSie, thefDS$8defranerc hunt s

DS1 channels from either flrst DS2 bif stre t he second DS3 bit
stream SynQYH‘F(SWPEﬁ‘%G‘eéﬂEﬁ’{‘rséplsééﬁlsf@%’?cor ﬁﬁ?%@?%&ﬁt&@@i’é’ﬁeh ng for a

bit patterg,fag g?egsfam@ t%ﬂe.aﬁeﬂﬁﬂgx?b 1%, 98 ifickQ6n SFﬁa@%zﬁi afld BRankd

i ncl udes seven rames. Eac rarre conprises €ight 85 bit bc?‘ocks The
first bit obits)esemdokieddor Bothrechanselh siathlbineoudly ahltlmnd)mbsﬁym ts of the

alignnent signal. For a_DS3 signal, the align t S|g des F-bits
and M bi t s. IPTRgmenk; the gg2 ?fF%Fﬁ?rrﬂnﬁlhlué‘ S Shef 4 Hn4chgap EF‘H“nl'i in each

subframe at §!},m}l§&e5% I95f2’ Sh fro@fe sécgga Déaaag tFeam tbu't ﬁotslgg%r at ed by

170 bits. bits or ramn bits orma pattern
M bi ts occuthannekstsonh botit DE3 bit ktreeimt h@infilarlyh thedDS® d:heframek syme\hanterSlJ bf rarre.

It shoul d be understood that the invention is not Jn]glted to these bit
patterns. |¢hagrelsiem githerdhadinst [532 hihdrqamy enthesgcond @S BijiskeaBar ches  for

R L e e T
be descri bepatterhlierntadisy b alighmaghtcsigredl.f Borexampile, AD$E iragedndades ent |y for
il tiple pesre-ven subframes. Each subframe comprises eight 85 bit blocks. The first bit of

each block is an overhead bit which includes bits of the alignment signal. For a

DS3 signal, the alignment signal includes F-bits and M-bits. The F-bits or

framing bits form a bit pattern "1001" in each subframe at blocks two, four, six,

and eight. Each F-bit is separated by 170 bits. The M-bits or multiframing bits

form a bit pattern "010". The M-bits occur in the first block of the fifth, sixth, and

seventh subframe. It should be understood that the invention is not limited to

these bit patterns. In another embodiment of the invention, the logic searches

for different bit patterns to synchronize a bit stream or signal. The sync hunting

logic 527, 627 maintains multiple per-alignment state machines to be described.

The sync hunt logic performs sync hunting concurrently for multiple per-

alignment state machines using a single bit. The logic determines if the bit

matches the F-bit pattern for one per-alignment state machine and the M-bit

16



al i gnnment state nmachines using a single bit. The logic determnes if the
bit matches the F-bit pattern for one per-alignnent state machi ne and the
Mbit 16 WO Q80282284 PCT/ US02/ 05088 pattern for a differemusoznsoas i gnment
state machine. The sync hunting is described in nore detail with reference
to Figures GM Figures 8A-8B are flow charts for DS3 sync hunting

per f or ned Ipattehefdd3Hiffesent patialigrinogitetd maghinkei Jhe eyhc hoatinglisng t o one

enbodi nrent of the inventjon, .Figure 8A s a f chart for DS3 sync

hunt i ng acc,‘gﬁs%ﬁﬂ?f‘gi NGMERE W&fgﬁg&‘fe%f? tok:@r?ﬁw{;g%:lti on. As indicated in
Figure 5, bits _oBedh fibs Gartd for P3Y jh@;]rﬁ\ﬂ, ZrmelfbvanPiDgzst or ed
in the regi ster%%%gﬁi cates invgl I d(lprty, ? en a cgrpreZspor?di Xg |lsjisg“;’nal bi t
stored in tdyac hegi logir523 b Figuirabhcqrdingts @te eyntodénémd dfalé inyehtigin.c. The

termsignal_bit is used to distinguish data bits of the data bit stream
from st uf f iFiguusi&Asis dﬂ?ﬁf‘?’lfé)ggﬁ clupting ag B&gtPr?é‘eFE@é’%Wﬁ‘&Qfetmrk

element. T . SJ it Sq; j 1 lL,pgd bits or
over head bitltﬁg @e%ﬁ%og.sﬁlﬁ%é%?g%ﬁgﬁ% 5'%% %(gngﬂépa F%%é% |7£%§ ?'F%:r%ag ﬁe

per spect i ve520f Iftatsit £158ed idhe aegister 517 indicates imvralioitgy thead dortesporating he
perspective of the DS2 or DS1 defranmer. The fqllow ng |ogic is_ performnmed
for each sERARKstored isthgaegisfer i Yisinosprogsesed; Ry f@i’,w@g\}%‘&e is reset.
The val ue er-al i . i ' used. At

bl ock 803, " SaRiERartty & dspl o ARinRIsUENb O ALE AR BfeaEB, U0 s
first framgagffinglbiits added tethefdadanbit sabargbiyehé radelviig netghaik elentent. The

per-alignment state machine X. At block 805, it is determned if X=N-1 (N
bei ng t he tsgnal biigifAsda bis) cam be calepgrizreas Rayhead hitscariavesheadhitss check

det er mi nes j LG j th i gnnment
state matchi’Ar‘llcg,\%CFJg%fEl I§ig}\;‘ﬁ§> tﬂ@é? %?’?ngi’%gﬂ)taﬁgy %&hgb{emgéﬁ%}a&?&?@gﬁsj’i, gt hen at

bl ock 807, défiasndri¢ heiyebetLooverheid Bit frokh the perpebtiveodf the W82 or M1k to bl ock
803. If, at block 805, it is determ ned that X=N-1, then at block 808 X is
reset. At Hlesamnegodhe follavhag legigisgperfarmeddor eachispbeharngher side.r egi st er 519
and saved as t Lt r i [ regi ster for
a per- ali gnmenP\ %ﬁg%égb?ré)gﬁ%]%e ?ﬁ ! T{—Pglﬁlrggp % r?%gl‘?u?%lé g{l{eig%arﬁf’géféﬁntﬁltggof
storing DSPpéeialigninenpstateahadhitiebding usddk At block 803, a signal bit from the

register 519 is received and saved as a first framing F-bit in a subframe
alignment shift register for a per-alignment state machine X.

At block 805, it is determined if X=N-1 (N being the total number of per-
alignment state machines). This check determines if the logic has iterated
through all of the per-alignment state machines. If it is determined that X is not
equal to N-1, then at block 807, X is incremented. From block 807, control ﬂows
back to block 803. If, at block 805, it is determined that X=N-1, then at block 808
X is reset. Atblock 809, another signal bit is received from the register 519 and
saved as the second F-bit in the subframe alignment shift register for a per-
alignment state machine X.

Figure 9 illustrates an example of storing DS3 bits in per-alignment state
machines as potential framing bits according to one embodiment of the
invention. The example illustrated in Figure 9 includes 170 per-alignment state
machines for a DS3 signal. In Figure 9, only four of the 170 per-alignment state

17



machi nes as potential framng bits according to one enbodi nent of the

i nvention. The exanple illustrated in Figure 9 includes 170 per-alignnent
state newbiones2280r a DS3 signal. In Figure 9, only four @CTtise2/ds088
per-alignnment state 17 WD 02/ 082284 PCT/ US02/ 05088 machi nes are shown. A
DS3 bit stream 901 is received and stored as described in Figure 8A. A bit
0 (the firghadiiings ayé shdvenbidt DS3 bié atre80 201 & retaivestiandhstoted ds destrilfedint ) of

er-alignnent state nachine.0 903 he.first r.-al i gnment . stat.e nmachine).
The “nest ot 4 P LAY e Bitiat the Bitstisam B s Aewtl RL @ Fednidte 1005
(the secon;be_r% nileh DR Thadlifd € JTBENeDRt pBialigndRAt aa6 AEGuAL)e TREOr ed_as
F1 in per-aligniment state nachines 168 908 and 169 909 respectively. The

bits 170 anukxibit, kif 1 tihstokdd as Bltingremaligdmanestateonadhimesl §O (thdeecerdond F-bit)
in the per-alignnent state machings 90 d 1903, Bits 337 .and 338 of bit
st ream 901 Pff@?W@HSt?W If‘ﬁ@“%e%—‘ﬁﬂ?%ﬁ%%ﬁ@%‘?a??‘ﬁeﬂﬁé hill Hb_EerlaéWtand_ 169
909 respectdae acﬁ&eg@és%&ﬁ{w9r909tr9sgétt@wlf BRe bith 1R arldA cieROBY F-bit 15

stored at bl ock 809, a sync hunt state machine for the per-alignnent state
machi ne X istreasi9tlare storebieFG(tad secarsd FHUNTH N@ railigamenbbiatek 811. The

per-alignnment state machine is. d ri in Tabl e State Bits (nost

si gni fi cantmpfhinesiH Wc]h?%esBAtét%’égﬁngggB Pfgﬁgfﬁ%‘ﬁrﬁﬁm freere F‘%?‘eo - H1 HO -
F1 FO Shi ft.Q.Shi ' t is feir £d o ~ Hl FO
Shiftl Shi f‘%gréggt‘{o“eé{l]“g%cfﬁgﬂmu fiéts 1&?32?? ﬁg?&éé%%dgfggp&biv e B0 Wideruin, Fo
F1 FO Hunt Gp Higine BAt+Freeze 1F1, FG;, use to check incom ng potential

F-bits +Shift 1ncomng potentjal Mbits into {HL, HO shift register. If
{HL, HO, incom ﬁgterwfe@rﬁl%’?ﬂewéﬂre&@tPECW%%W-C@W glptg pachine for

the per-alignment state machine X is set to indicate state as “HUNTING_010" at
block 811. The per-alignment state machine is described in Table 1.

State Bits (most significant bit State Machine Action
to least significant bit)

0 - H1 HO - F1 FO Shift0
Shift in potential first F-bit into FO

0 - H1 HO - F1 FO Shift1
Shift FO to F1 and shift potential second
bit into FO

0 - H1 HO - F1 FO Hunt0, Hunt1

+Freeze {F1, F0}, use to check incoming
potential F-bits

+Shift incoming potential M-bits into {H1,
HOj} shift register. If {H1, HO, incoming
bit} = 010, then go to Maintain_010 state
and set {S2, S1, SO} = X1, else if 10

subframes have passed, then fail, else

continue Hunt0, Hunt1 state

18



and set {S2, Sl1, SO
el se
SO P F1 PWoMaiost284 n- 010 +continue to use {Fl,
potential F-bits +{S2, S1, SO forns a state nmachine to
potential Mbits. Renenber previous potential Mbit using P, an

X1, else if 10 subframes have passed, then

fail,

conti nue HuntQ, Huntl state 18 WO 02/ 082284 PCT/ US02/05088 1 S2 S1
FO to checleCTiusomodong
check incom ng

use to

check that pdt&hiSla$o PrBhifdg bits TMaé?ttairzﬂaﬂlCérns X1=X2, P1=P2. 1
Fail Table 1: State Encoding for PS3 ne Hunt @t P oc 13 it i

determned i|f X=N-1. If X does not =qﬁ%ﬂ efo e L BV OShs 815 X

i ncrenented.| From bl ock 815 control | {dguin® ?Q{@nhglpbggk 809. If it

determ ned at block 813 that X equals N1, "then at block 817 X is

bl ock 819 a|signal bit is received f{r&d 5hé30}€§gh’§taa¢at511®achﬁ‘redm bl o

control flgws to both bl ocks 821 a ﬁlﬁ% 3. AL bI Baié’f ramng b

) GBI X

pattern verilfication for a per-ali $85) MOD
performed cqncurrently wth verifi ¢CRbir@mbRE pFe\ﬁbﬁsgpét@ﬁha?l Mt @uﬁ%
pck 823, It is deter

state nmachine X at bl ock 823. At bl
recei ved at |bl ock 819 is the next

machi ne X. I|f the received bit is t
per-alignnment state machine X, then

¢

m

g

m ned i f
> Rpaot ast tlécb'etk fhat patepéinl fadrniggny

1§{tnex&) or the

gglz)gz', QJ&%F é‘r m ned

¢

L 1 1 -

U7

S

S
reset .
ck 819,
t

170 is
nnent
bi t
Nt state

At

i f

X=N-1. If atjqbtock 823 1t IS determ
expected F-Qit for the per-alignnent

Rgd that tne bit TS not the ne
state machine X, then at bl oc

4
k 827 the

sync
i ndi cate

equal N-1,
fl ows back
equals N1,

failure. Fromblock 827 control flo to block 831. If X

is determined at block 813 that X equals N-1, then at block 817 X is reset. At
block 819 a signal bit is received from the register 519. From block 819, control
flows to both blocks 821 and 823. At block 821, framing bit pattern verification
for a per-alignment state machine (X+85) MOD 170 is performed concurrently
with verification of F-bits for a per-alignment state machine X at block 823.

At block 823, it is determined if the bit received at block 819 is the next
expected F-bit for a per-alignment state machine X. If the received bit is the nex
expected F-bit for the per-alignment state machine X, then at block 831 it is
determined if X=N-1. If at block 823 it is determined that the bit is not the next
expected F-bit for the per-alignment state machine X, then at block 827 the sync
hunt state machine for the per-alignment state machine X is set to indicate

hunt state nmachi neTélsde 11 $tetedarcodinggon®S8 SghaHmntachi ne X is set to

does not

t hen Athlogy 813 it ig dgtegmined if X=Nrbnlf Sdogsnategrald¥-1g8en@nt r of
t}l?chen é)f’ Clﬁ E*%é‘%éi :F{roﬁr{[sblb& S8 QLT BGwaball R8st A X

t

failure. From block 827 control flows to block 831. If X does not equal N-1, then

at block 829 X is incremented. From block 829 control flows back to the block
819. If it is determined at block 831 that X equals N-1, then at block 833 it is
determined if all per alignment state machines have failed or a time out has
occurred. If all of the per-alignment state machines have failed or a timeout has
occurred, then at block 835 the DS3 sync hunting restarts. In an alternative
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determined if all per alignnment state nmachines have failed or a tinme out
has occurred. If all of the per-alignnent state machi nes have failed or a
ti meout hae 02084 red, then at bl ock 835 the DS3 sync huntcmgsopeiossts. |n
an alternative 19 WO 02/082284 PCT/ US02/ 05088 enbodi nent of the invention,
a tinmeout forces the sync hunt logic to select one of the per-alignnent
st at e nmachiemgsodimenhofthe enventiohad timgout for¢es the sytettemntilogidtagelecbbnek 833

that all of tt al i gnnent st chi.nes haye failed and.a tineout
had not | ooclitheBT-qiAHelY ARG ERCRRTS PRSI ilred If ¥ Regrraned gbr

al i gnment 95130 egIBBARN d1Pof tREPEARLMEheRL- stdth nidchires A§VEhoE AREY &ha B! ock 837
that nore than one per-alignnent state machine still remains valid, then

control fl diwsedwt haldlret kc@ikied, tﬁermtlb}oakrﬂémesdatelrg\m&m& ostyatre pexe hi ne
remains valid, then it is. determn d er - al t t e machi ne
i ndi cat es Rlignmeat gipte m KIRgHs g2 I%t b"llﬁglﬁp ‘ﬂ?qrﬁq"?sc Sﬁcﬁg HdPiened t hat

the per-ali _ it N en the
Lo per- a1 MRTBHL ! A fum BRI RLRES (MILATEET MR (e

begi ns. | f hlock 817déf @ﬂyrioneqbeaahgmhenmﬂetﬁe&atchate remainsevalid, thgpnriest st ate
machi ne does not |n ﬁ "MAI NTAI N- 010" n control flows to block 817.
Fi gure 8B jdetermipgditd %P?r"?léﬁ““b‘é}tfsff’rtﬁf‘}?@h%’ffdﬁ icates aglatephyur e 8A accor di ng

to one e”boig{(?NEAg(l 61*09 a\t M)%IE'TBBS)“I{ i#i6 QB BId BAOme a;e'rzlfaﬂ efifst&@Nt 1 Ol

flows to a Iock 843, It Is determ ne he recelved bi t
is bit O fcmaehmesdbésrmdnataﬁ "MWTMN_@ﬂ&‘emhemﬂmt%Mmhmgapa(tbétﬁﬁ)xs MOD 170.

If the received bit _is n it or .a subframe ths er-al i gnnment
stat e machibgen dFF?éF?d(%ﬁ]tartg?ﬁ Gi‘lmg)g UBE PEFER- St_LlS b Cgat&% If it is
det erm ned BIPéﬁctﬁ%ﬁﬂngﬂéﬁgﬁxh&tr s?gt@'n){a%ﬂmem(}esh\%t Fhdiddte O the” at bl ock

845 it is term ne hunt state mac or  this per - al i gnnent
state machl“rMAi[NTﬂAd:l‘dtM”ahenabmdfﬂdMoPBIédN]UlO". If the sync hunt state

machine for this_per-alignnment state chine indicates " I\/AI NTAIN 010",
then at bl ock 8dusure 5Pds & Hpureridar peripRRIneRleskALd obFiEre SARSCORAF ect bi t

oS SNk LGOS R PR TR 1, T
2. s2 sl sQosttddek 843t block 843, it is determined if the received bit is bit 0 for a

subframe of a per-alignment state machine (X+85) MOD 170. If the received bit

is not bit 0 for a subframe of this per-alignment state machine, then control flows

back to block 831 of Figure 8A. If it is determined at block 843 that the received

bit is a bit 0, then at block 845 it is determined if the sync hunt state machine for

this per-alignment state machine indicates a state of “"MAINTAIN_010". If the

sync hunt state machine for this per-alignment state machine indicates

“MAINTAIN _010”, then at block 849 it is determined if the received bit is the

correct bit in accordance with the state indicated by the sync hunt state machine.

The states represented by the sync hunt state machine s2-s0 are shown in table 2.

s2 s1 s0 state name
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3 SX1I 4 SX2 5 SPl1 6

SP2 7 FAIL Table 2: States Represented by Sync Hunt State Machi ne Each

state repweIRNsRsa

transition state.

The state SO neans t reTay0Z030ENt

logic is looking for the bit 0. The state S01 neans the sync hunt state

machi ne

has stored_a previous bit 0 and is |ooking for

a bit 1. The state

S010 neans the syn
for a 0. The state

cl hunt logic saw a 1

93l t he previoug

hncitinn 1 n +tha
LILJ LAY

bit and is | ooking

for the first X fram

ranreacontc o tr
L} \arJI T A L |

SX1 ents
ng bit. The state

neans the s

sync hunt to | ooking
ync hunt logic is

hunting for the sec
shown in table 1 (t

gt X framng brt—th
he first X framing b

X Shoutd be tf
f). The state

e sane as the P bit
SP1 represents a

transition in the s
state SP2 neans the

ync hunt to | ooking

fex2the first P

framng bit. The

bit that shoul d be

sync hunt Ingi c1is
the same as the P bi

unt i ng for the

t SBhown in tabl g

second P fram ng
» 1 (first P framng

bit). If the receiv
indicated state, t

[ HE S RS |
ot 1S 1100 U111 LU

n at bl ock 851 the

=
C

% t—birt—n—acq
Fhe

hunt st at €

ordance with the
» machine for this

per-alignnent statey

machine 1s set to

back to block 831 o

pAfIcate a stat 4

» of fail. From bl ock

|

at block 849 it is

851, control flows Figure 8A.
det erm ned that t heTabécZiStates Representediby Sgne Haot Staité Machimecor dance with t he
sync hunt state chine, then at bl ock 853 e bi% is shifted {nto the
sync hunt st at e BR8R AlatRrepaysepisiadransion %tgwnéﬂf sty PR meaps feféme fHOS

P13, g YD ol 80 gacamiclcb bt i alng 23,
machi ne f orhdshtaredarpraviogsbit Btandtisickirecfor aditdo eBherspateiSOH) netrs ieat e as

sync hunt logic saw a 1 as the previous bit and is looking for a 0. The state SX1
represents a transition in the sync hunt to looking for the first X framing bit. The
state SX2 means the sync hunt logic is hunting for the second X framing bit that
should be the same as the P bit shown in table 1 (the first X framing bit). The
state SP1 represents a transition in the sync hunt to looking for the first P
framing bit. The state SP2 means the sync hunt logic is hunting for the second P
framing bit that should be the same as the P bit shown in table 1 (first P framing
bit). '

If the received bit is not the correct bit in accordance with the indicated
state, then at block 851 the sync hunt state machine for this per-alignment state
machine is set to indicate a state of fail. From block 851, control flows back to
block 831 of Figure 8A. If at block 849 it is determined that the received bit is the
correct bit in accordance with the sync hunt state machine, then at block 853 the
bit is shifted into the sync hunt state machine for this per-alignment state
machine, thus updating the state. From block 853, control flows back to block
831 of Figure 8A. If at block 845, it is determined that the sync hunt state
machine for this per-alignment state machine does not indicate state as
“MAINTAIN_010", then at block 855 it is determined if the M-bits stored in the
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"MAI NTAI N- 010", then at block 855 it is determined if the Mbits stored in
the 21 WD 02/ 082284 PCT/ US02/ 05088 sync hunt state machi ne and the

recei ved wotozfosr2sa a bit pattern "010". If all of these bipcI/fSor/msoshe bit

pattern "010", then at bl ock 859 the sync hunt state machine of this
per-alignnent state nmachine is set to indicate maintenance state or

MAI NTAI N- 01s9hic hGohstatel médhonesarid the letaivéd B €ornoa bitqekte881010f. Ffia;l;lmfe 8A. If

t bl ock 85 det d that t t th
PNt st at QRRECHISTBEEE Phestecotpet et EYorotod B sTarRibeethar  orn > 010",
then at  blaglhi8odf hipdrefghtiat Bate mactahe ists%eitd bR atd Bafiitanbs HatesSt at e

machine as HO and the bit "stored as HOis shifted into HL of the sync hunt
st at e nmachiaore. MAINFIAGK010B6Control ﬁoxdefremrblneld 859 torbloek 81kihrkagree 8have passed

based on the cou an | oba te _bits mthe regjster 521 of Figure
P e 1T atiRaak f 8 e hotncd ghat i it NP S Bhe SYe B i ne.
then Contrcgtatfeslng%?\u{e%rﬁ tﬂ@ifec%?«ﬂed%t &b 9YF BrmBhe bltfpatierd go18et @EALped at bl ock

861 that nine ranes have passed for the per- aI I ghment " state machi ne,
t hen at bl dd&cl8ssy thheecsmd HitLis shiftedtintonthe kymehdmtrstathinsachprerasal gmhent state
machine is se t0| teastat il ombloc ntrol flows
Lo bl ok ghe bt smrs As shiftedan { @3@@5{1@ wafc%?tﬁénifgmer HDlosie ps3
per - al | gneg F{MAM BiantdShatBoh&kd bhal ol Bloffitdr Bhii 2l | zes and
mai nt ai ns en;%?lte?eé | gne ntﬁ%sstuate nagﬁﬁ E . The st%t es ?ﬁt he DS3 naster
state W&Chlg‘]ﬁbﬁl‘sﬁate His froirbihd régistéab2leofFigatedw. If Hirde frdhds ltvamoepasdsedi dl e SH3
SHI FT SFO f rst subchannel of hunt sed to rese tes SH3 SHI FT_SF1
second subdREHHEPeGHRL mwsg\terrﬁdwe ACPRgoL @P@SHM fifigreat ter 10
frames SH3 A Iélwl;g";g&m R 284, : h f; nner
again; the px\fipgs\évl sto ‘il)l(?:lk]féf t % coﬂ%@%?axﬁ%%ldgg\lﬁa\é@hé © %%}ygr

alignment state machme, then at block 863 the sync hunt state machine for this

per-alignment state machine is set to indicate a state of fail. From block 863,
control flows to block 831 of Figure 8A.

A DS3 master state machine controls the DS3 per-alignment state
machines. The DS3 master state machine initializes and maintains the per-
alignment state machines. The states of the DS3 master state machine are
described in Table 3 below.

SH3_IDLE channel is idle

SH3_SHIFT_SF0 first subchannel of hunt — used to reset
states

SH3_SHIFT_SF1 second subchannel of hunt

SH3_HUNTO hunting

SH3_HUNT1 hunting, after 10 frames

SH3_WAIT_WINNER found a single winner, but now wait
for winner again; the purpose is to
simplify the counter logic in the DS3
deframers
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defranmers 22 WO 02/082284 PCT/ US02/ 05088 Table 3: DS3 Master States The
states of the master state machine can be represented with a variety of
val ues. Iwoonesesbodi nrent of the invention, a S113-WAl T- WeRIRER0Z0:a8% i S
not maintained. Figure 10 is a diagramillustrating organi zation of the
per-alignnment state machines in the sync hunt per-alignnment nenory 513 of
Figure 5 according to one enbbable@rPSHMasteeStatesenti on. In Figure K, the
per-alignment st te machi are arranged as,two co f 85
per-alignnent st H%g‘as?ﬁ??teﬂaglgﬂFE%’?P%Fdestﬁgg adarghirent state
machi nes a'df@%egh& &ﬁ@er%omrngk heRRVEntidreAisH £ WALT WINREReMle f a dual
port register array. This organization also allows the sync hunt logic to
acconpl i sh mthadkiairedncurrently: both the task of verifying subfrane
alignment with E-bit att rns for a per-alignment state machine X and the
task of verifyi ﬁ@ﬁ‘%‘r?éﬁf $yaBetan ?W‘gﬂgﬁg‘b@f“’r‘a‘l’f Ejﬁl?%"n? lignment stale hi ne

( X+85) %m I rmg.ﬁl @xﬁtﬁn O ne is 7
bits w de. er?o]{lktlf.e?érlgyéﬁb :?gﬁtg ﬁg%rgl grﬁbgﬁdgnnengﬁrse?t aét%g&na |mne S
wi der. |n tdie enddimentof, theuB&ZmbnaIreF1gure:Kn1;helpﬁee~d11gﬁmfenusta&uhaidﬁnms Each

subfrane includes sjx 49 bit bl ocks. ch bl ock includes an overhead bit
fol | owed byrrgarmpged aswwcsmgfﬁiaero'@m state mpashinemeThisr st bl ock of

each subfr B . " ©0110" in
a given DSZ& g?mz b Mtplgp%f Bﬁé%%tteﬁ%\%ﬁ ea lsblutg@%t(g}?é ETeo%jka;S]Ttl%Qggrtand Si X
of each subtgizte arra‘yrhlestéamboﬂ:a &uélspotmf regisserlafrfagmﬁ“hﬁmngahhenm hlspatlbesn " 01"

i n each subfrane. The DS2 alig rrﬁ patterns_are neant to aid in the
under st andithg sprc hu oglﬁ\';%ﬁ%qomplé C8§C1FF‘Fﬁt Yabpthihe fadkpfvRELYiRg ent i on.

Figures 11 E;.lj& _ he DS2
sync hunt féoé?‘%“‘%ﬁ \Iﬁ{t gﬁ?‘? glt %(E:tglqgl?fﬁgy 8; %%%osgiﬁrrent Hﬁ%)@%n&

i nvention. the giskef LaAfisg &aﬁ{mg\/bn pattersffor a per- falngrn‘hétg sb¥$e nerhimer(@RBR)at i on
hunti ng accordi n%) to one enbodi nent of the invention. If a valid b| t from

the regi stMPLEI. ilngnesmbodines) pafhyRerrignmenbstatedpachine i 7ditpiaideni ¢ from

the regi st &f another embodiment, each per-alignment state machine is wider.

In the DS2 format, a DS2 frame is comprised of four subframes. Each
subframe includes six 49 bit blocks. Each block includes an overhead bit
followed by 48 bits. An M-bit is the overhead bit for the first block of each
subframe. The M-bits form either the bit pattern "0111" or "0110" in a given DS2
frame. An F-bit is the overhead bit for blocks three and six of each subframe.
The two F-bits of a subframe form the bit pattern "01" in each subframe. The
DS2 alignment bit patterns are meant to aid in the understanding of the
invention and not as limitations upon the invention.

Figures 11A-11B are flow charts for DS2 sync hunting performed by the
DS2 sync hunt logic 627 of Figure 6 according to one embodiment of the
invention. Figure 11A is a flow chart for performing DS2 synchronization
hunting according to one embodiment of the invention. If a valid bit from the
register 613 indicates invalidity for a corresponding signal bit from the register
615, the following logic is not performed on the invalid signal bit. At block 1101,

a value X is initialized. Again, the value X represents a per-alignment state
23



615, the following logic is not perforned on the invalid signal bit. At

bl ock 1101, a value X is initialized. Again, the value X represents a
per - al i grwerniz/osnat e 23 WO 02/ 082284 PCT/ US02/ 05088 machi meThsongsossed. At
bl ock 1103, a signal bit fromthe register 615 is received and saved as a
first framng F-bit in a subfranme alignnent shift register of a per-

al i gnnent snmléneme:ihg meedX. Afplobk b3, 4 $@Bal bihErogythe rhginter §1aisaeqrinedd ne f or

the per-ali n e .machi X is t to . ndicate."HUNTI NG 01". Figure
12 111 ustr a5 A BT BN L i Bt BN TR 2ot e

machi nes agyj %;mﬂzeﬂft g@te ﬁBéMH@RntAtlHléék A0S Hhd s Pk 11n1QRfe SR TB theOf the

I nventi on. Figure L, a bit stream 1201 is received. In this exanpl e,

there are pb#—ﬁhgameat stgterraaﬂlum Htiesetue mdiede “"HUNDING_Mi"x per - al i gnnment

state nmachi nes are Bits 0, 1 d 2 of.the ts stream 1201 are
stored as PO in }‘.%Fresz Sanﬁxéwl?rﬁgﬁﬁ?ﬂ’é%{”ﬁ%Dgéﬁ%ah%ﬂﬂe nf Sre

respectivel Mac}%llézssagjp%f’enh]a‘f' ali eﬂﬁﬁtsaarcgorair%' Bbne®tnbddilenPf the! | gnment

stat e machi nes 1211, a 1213 respectively. W now return to Figure
11A. At Dbl dakerdtidh/, IniFigurs Ldebﬁrsmeamjlml isferavedjulal thisoeximple, ltherXares not

equal to N1 n at block 1109 I s iLncremenf.ed. From bl ock 1109,
control f|dﬁzpsaeﬁmenfmtﬁeﬁnﬁ€§&>iwt Oé‘:‘Y Bk pEK ah&’b‘?eﬁ“t“?@ ‘B?—??‘Q?%aﬁ%d that X
does equal Notm, BRI, &lartd P6Hthe bikd Lrdarh 320 P88 torbll L PAGK plil t her

signal bit 1s recel ve e register 615. From bl oc 111 control
flows to botdte bhavbhitres 120% 1205 add 1207 rspdattively. Bitk344, 45iandddé erendstored i f t he

received bit is the Eext expected F-bit fq gnnent . state machi ne

X in concurdsdifde Rﬁha SRBent State maskings 1?%9%|1?11péf‘§é??’%rq58?d’éfe}¥er €al i gnnent

state machll{bqv ﬁ(%}lﬂ? at block 1117. In other words, the search for
valid F-bit an I't tterns is performed concurrently. | f the received
bit is the next Awmm&HW,Httsldetémﬁnéd]ff)bsreqah]l@Mnﬂfxummeqaahbrm X, then

at block 1123 it is determned if S [f at bLng 5it is
det er ni ned  kan %tﬂ’éque]é@?\Xéalfmf%mﬁ%teﬁofquﬂ@l%)@tlo%ﬁﬁégp s i“t tPor the

e oL Bl B0 5 BRI 408 gl BB R 2
of fail. F()lﬂlB)Xala'péﬁt Af blopleﬂlBL agrthendigisdl ditds revelvieddrom tloxegistérng a 1 but
receives a 05 Fpom block 1113 control flows to both blocks 1115 and 1117. Atblock 1115

it is determined if the received bit is the next expected F-bit for a per-alignment

state machine X in concurrence with verification of M-bit patterns for a per-

alignment state machine (X+98) MOD 147 at block 1117. In other words, the

search for valid F-bit and M-bit patterns is performed concurrently. If the

received bit is the next expected F-bit for the per-alignment state machine X,

then at block 1123 it is determined if X equals N-1. If at block 1115 it is

determined that the received bit is not the next expected F-bit for the per-

alignment state machine X, then at block 1119 the sync hunt state machine for

the per-alignment state machine X is set to indicate a state of fail. For example, if

per-alignment state machine is expecting a 1 but receives a 0, then

synchronization represented by that state machine cannot be correct. From

blocks 1119 and 1117 control flows to block 1123. If it is determined at block 1123

that X does not equal N-1, then at block 1121 X is incremented. From block 1121
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synchroni zation represented by that state machi ne cannot be correct. From
bl ocks 1119 and 1117 control flows to block 1123. If it is determ ned at

bl ock 11280 oios128&K does not equal N1, then at bl ock 1121 PXTiEsoz/osmsenent ed.
From bl ock 1121 24 WD 02/ 082284 PCT/ US02/ 05088 control flows to bl ock
1113. If at block 1123 it is determned that X equals N-1, then it is

det er m ned dohtral flowk¢o bkxkalll@rifmﬂnlodtm%imadetemsném&at KaéqlueEI‘M atine

out has occ rred of the per,- nrren ate rrachl nes
have fail d8eBitig ﬁﬁew@&#igl asealenf ﬁtéFf- ‘g‘?dlﬂ‘ vefat
hunting is otk BEhebd Atbiaik ALECIHALRe FEOS %rﬂi?éﬁt'sta@e Ha@meéh;wces the

sync hunt logic to select one of the re per-alignnment state
machi nes adailéboma fineroutlhas becursed, dmnmtmﬂwt&dlai’ USIZ(syi(c hﬂxﬂﬁ\gi}sat all the

state nmachi nes have not, failed o Ctime qut S not occyrre t hen at
bl ock 1129 festartedqln ap alteroative eghe ﬂo%ﬁ"e%‘l“i QFﬁ‘Féﬁ‘i‘e syachunt [Agihiohe has

not failed hecérh. i%ﬁ% g‘%’iﬁ&{f t]ajcezﬁ\ tiiRks S0Mhe 1??1&. qp
per-al i gnnesr?tgcg{)la?%ﬁngc% ne r ﬁ% va |3 gn c%sn tro ‘A% ows tgl%l ock
1111. If oddtyrmoined pebloak nmﬁthatallst}mtsmtermdnhmes hage nattfafled bedtintelvenn it is

determ ned at block 1130 if per - al i. gnnment s ate machi nf i ndi cates a
state "MAl NPR&NQE ggeurred, thanpt blogk; 1429 s a?fieaﬁ%fﬁtl lyone perRligrmeRes not

i cate tNga@ il Rine SIS Aida0 3 it id AR BnABA PbIOEL 2155 hih Ao %‘K‘Fﬁ%ﬂ}% 'f the

valid per-a |gnrrent state nachineindicates the state t hen
the DS2 st rganmligamenbstate myctihe eamaiasvalid] thaPcatefol diowsgo bbgkrid 1 bt Ifbl ock
1131. Figure 11B is a flow chart for performng block 1117 of Fi gure 11A
accor di ng t@UpABe papdigHBeNt shite maching\hes npbileds then gdg detegmined gtg

det er m ned I glf g%] i “ Ame for a
per-al i gnrrem{’Ck i%?épﬂh%g Egﬁg 29( gsgsﬁn‘? élsdaflesg etgcglfmt er ‘ts and
stored F- bilf shd vadid peraligha@ns state xﬁic'zhmé ﬂo&dthemeﬂe ftate i s not bit O,
then control flows to block 1123 of g}gellA it is determ ned at

bl ock 1133 THAINTAEN QL efheasopirol flawpiq blockily I%W&ﬁr@er@%lgmpgt
| 35 dif th
P ni e | I e R R TRARL RS JER MARPARN G0 lch e s Shediped | | the

a e sync I gnnent
state machlHhen(ssah&}&oﬁfzeﬂhhbe)szegaf&hﬁhg% sasbIoMAM\znAl N01" Tabl e 4

describes a DS-2 per-alignnment state nmac
Figure 11B is a flow chart for perfomung block 1117 of Figure 11A

according to one embodiment of the invention. At block 1133 it is determined if
the bit received at block 1113 is bit 0 of a subframe for a per-alignment state
machine (X+98) mod 147 using the counter bits and stored F-bits from the
register 617. If the received bit is not bit 0, then control flows to block 1123 of
Figure 11A. If it is determined at block 1133 that the received bit is bit 0 of a
subframe for this per-alignment state machine, then at block 1135 it is
determined if the state indicated by the sync hunt state machine for this per-
alignment state machine (bits from the register 619) is “MAINTAIN_01". Table 4

describes a DS-2 per-alignment state machine.

State Bits (most significant bit State Machine Action

to least significant bit)
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State Bits (nost significant bit State Machine Action to |east significant
bit) 25 WD 02/082284 PCT/ US02/05088 0 - HL HO - FO ShiftO sShift in

pot enti alwbDioe®$2284 bit into FO 0 - HO - FO HuntQ, Huntl1l +Predmse2{i#&}, use
to check incomng potential F-bits +Shift incom ng potential Mbits into
{HO shift register. If (HQO incoming bit} = 01, then go to Mintain-01
state and set0 -{I$2 H®t FISG = SOL, ¢lS#tG f 8 subfranes have passeq, then
fail, else continue Hunt O, Huntl st 1 S2 S1.50 F i.ntain-01 +continue
to use {FO} [to check inconing poter%%gf%%?&alffgﬁg%to } forns a state
machi ne to [qhecdi-nem ng potenti alf RO IFBuntheck  tThat 1ncom ng potenti al
framng bits nmatch pattern 011X, where X can be either 0 or 1. 1111 Fail
Table 4: Stdate Encoding for DS2 Syng HHgesze {FO}t wee toyheckinnemitgat e machi ne of
t he per-alignnment state machine indijca es. ~MAI NTAI N- 01", then at Il ock
1137 it is determined i f the recei ve®oB 4 EB%e  correct bit in agcordance

W th a statg indicated by the sync hughiféirbin@polcAgald-bilhAWY i njtable 5.
s2 sl sO state nane 0 SO

{HO} shift register. If {HO, incoming bit} =
01, then go to Maintain_01 state and set
{52, S1, S0} = S01, else if 8 subframes have
passed, then fail, else continue Hunt0,
Hunt1 state

1 52 S1 SO FO Maintain_01

+continue to use {F0} to check incoming
potential F-bits

+{S2, S1, SO} forms a state machine to
check incoming potential M-bits. Check
that incoming potential framing bits
match pattern 011X, where X can be
either O or 1.

1111 Fail

Table 4: State Encoding for DS2 Sync Hunt

If the sync hunt state machine of the per-alignment state machine indicates
“"MAINTAIN_01”, then at block 1137 it is determined if the received bit is the
correct bit in accordance with a state indicated by the sync hunt state machine as

shown in table 5.

s2 sl sO state name
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26 WD 02/ 082284 PCT/ US02/05088 1 SOl 2 soil 3 X 7 FAIL Table 5: States
Represented by Synch Hunt State Machine As with the DS3 sync hunt state
machi ne, wawmh/os28t e represents a transition state. The stratrasgihiwans t he
sync hunt logic is looking for a bit 0. The state SO neans the sync hunt
state machine has seen a previous bit 0 and is looking for a bit 1. The

state S01l nmeans thd sync hunt |ogic hasSdeen a bit 1 as fthe previous bit

and is | ooking for [a-l—TFhe-state Xrepresents—aceceptance—0of any bit since
the fourth Mfranindg bit can be either @Blor 1. 1f the received bit is not
the correct bit, thgmat btock TI39 thegync nunt—stare chine is set to

indicate a state off Tail. From bl ock 11 control flows back to block 1123
of Figure 11A |If gtz block 1137 it is das,emwi ned that the feceived bit is

correct, then at bllock 1141 the sync hunt state machine ofl this

per-al i gnment st at élabdechiStates Bemrpelmt@hby PFyncheRanpbiate Mﬂéhlslync hunt state

machi ne indicated the state SO and the received signal bit is a 1, then
state is updated to SOI. From block 1141, control flows back to block 1123

of Figure 11A. Iofs ith BeODK3 dyindTuirdt state mdehifk dadR dtatdRiprédafitssync hunt state
machi ne does not indicate a’'state of "MAI NTAIN-01", then at block 1143 it

i s det er m rishsitionsstdte ahe gtakd $) me@m&ﬁhe@ymt huntlegisysitooking fos e kitd. fidehi ne and

o ere! Y R sh i e P RRL FRemdthie Mo et RETRPRESE BoBMEt o D cate

a nai ntenarl@@klﬁ a1 %gmm%hnsﬁﬁ@mlm&kl&g&élﬁas seeRAbi0l af | OWs back
to block 1123 of Figure 11A |If it is determned at block 1143 that the

stored M bithe pravieusebit eaxiew\le@klbg forol.ribhe St@tem rqpeeq@at&a@pwtamf anyhen at
bl ock 1147bthe re elf gbp&& gftfteg Q@ ]Zync hunt state machine as
the M- bi tPisag)the R& 8 1 PEOIET & ' hPhed i f seven subframes have
passed based off (R GRUIRF is3Hd i1 QPR Bit,ahen Ri BIdcK 1 PP thbSyrd&dirtt er 617 of
Figure 5. If seven 27

state machine is set to indicate a state of fail. From block 1139 control flows back

to block 1123 of Figure 11A. If at block 1137 it is determined that the received bit

is correct, then at block 1141 the sync hunt state machine of this per-alignment

state machine is updated. For example, the sync hunt state machine indicated

the state SO and the received signal bit is a 1, then state is updated to S01. From

block 1141, control flows back to block 1123 of Figure 11A. If at block 1135 it is

determined that the sync hunt state machine does not indicate a state of

“MAINTAIN_01", then at block 1143 it is determined if a framing M-bit stored

in the sync hunt state machine and the received bit form a bit pattern “01”. If

these bits form this bit pattern, then at block 1145 the sync hunt state machine is

set to indicate a maintenance state or " MAINTAIN_01". From block 1145,

control flows back to block 1123 of Figure 11A. If it is determined at block 1143

that the stored M-bit and the received bit do not form the pattern “010”, then at

block 1147 the received bit is shifted into the sync hunt state machine as the M-

bit (110) . Atblock 1149 it is determined if seven subframes have passed based

on the counter and global state bits from the register 617 of Figure 5. If seven
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WO 02/ 082284 PCT/ US02/ 05088 frames have not passed for this per-alignnment
state machine, then control flows to block 1123 of Figure 11A If seven
subf rameswbanesnsssed for this per- alignnent state nachi mer/ushpososgs bl ock
1151 the sync hunt state machine for this per-alignment state machine is
set to indicate a state of fail. Fromblock 1151, control flows to block
1123 of Fi granseskbie nSt padsed fordthisperEgnoent statermachingsher cattedl élomesc hi ne
controls the PS2 s hunt__| o The states of the 2. master state
machi ne ar &° skl T CHEBNE A Heronen ASE BAYHBHITESR Tordhives 512 SHUFT SF
first subc Qf[\il%ﬂﬁle 9§ta4wﬂ5chmymahq>wa§ﬁt51 % %%ﬁtl%@ﬂ%ﬁ%ﬂ A

SH2 WAIT W ?oun a single wnner, but n wait for w nner again; the
pur pose i s pee-alignmiphi s‘tgfteuimhdzmﬁa'setrtolin@mctemrstathef fa82 Fraefblackel51,

SH2 RUN FI RST fjrst bit sed to send signal downstream
SH2_RUN stéﬁﬁ?"]sé%‘t’%toomo&ﬁ}ﬂ% % gé%x monitor framng SH2 RPT FAI L
failed to find 3H1£385hd PATRCALI HRbot sthRithARircdriefis e Re Wi nner
after a tinmeout DS2 Mast er’ States Figure Is a diagra

i | lustrati gmotagadni Tet statas of thieiS2mastert stghennammmehowaahmb}ea n the sync
hunt per-all}g? nment nmenory 621 of Figure 6 according to one enbodi nent of
the invent P§®W-n Fi gure 13, the per-alignnment state machines are arranged

as three pf 49 per-afrgnment st achﬁnﬂa(fﬁ rpf Thi s organi zatji on of
unt

t he per-alli gnn‘en% state machi nes al |l ows e sync | ogic 28
SH2_SHIFT_SF first subchannel of hunt — used to reset
states
SH2_HUNT hunting
SH2_WAIT_WINNER found a single winner, but now wait

for winner again; the purpose is to
simplify the counter logic in the DS2

deframers

SH2_RUN_FIRST first bit of deframing, used to send

signal downstream

SH2_RUN steady state of run, continues to
monitor framing

SH2_RPT_FAIL failed to find any good frame

alignment or failed to find a single
winner after a timeout

Table 6: DS2 Master States

Figure 13 is a diagram illustrating organization of the per-alignment state
machines in the sync hunt per-alignment memory 621 of Figure 6 according to
one embodiment of the invention. In Figure 13, the per-alignment state
machines are arranged as three columns of 49 per-alignment state machines.

This organization of the per-alignment state machines allows the sync hunt logic
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WD 02/ 082284 PCT/ US02/ 05088 to acconplish 2 tasks concurrently: both the
task of verifying subframe alignment with F-bit patterns for a

per - al i grwenk/osat e nachi ne X and the task of perform ngpchassyomshunt for
a per-alignnment state machi ne (X+98) MOD 147. Each per-alignnent state
machine is 5 bits wde. In another enbodi rent of the invention, the

per - al i gnmenacsaplshiaebknencarrently:deth thnaslabf gerifgimg smbépame for t he DS1

superfrane ormat is. f dDb i nterl aV|n framn an framng bits.
The first %“Hﬁ“é&’d‘ib %%%Ftsﬁ’éf%agef@ﬂ St sale Brefask. The
interl eave%fﬁo@ Lt BFh r-Qh%&nelf\toaftaWefiﬁ‘d%hﬁ?g(t}@f9@) 6&9@471011100"
The DS1 superfrane bit patter are neant to aid in the

under st andiBagh @br-’rahgnmﬂnleatatie amachirk is Otbitasvide min anathberseripadimenhef thevent i on.

Figures 14A-14B ar flowlcharts for ﬁ}lgs er frarre sync hunting perforned
by the DS BYStiRuHE REGHEMFER Ppteing TE¥8fYi ng to one embodi ment of -

the invention. E"hglé[lﬁg&éﬁt & %lg& Iﬂeqys cé%,?e}frsx% foridtiSdrmleA Pyt he

per-alignnent state chi ne r frame sync hunti n&’ according to
one enbodi nnmtleafrmglﬁmmmgandlsuperfthnmngtuntst e HE3 bainef eBS2 DS danfeistai ng, the

followi ng l.ogjc is not perfor on a hit fromthe regjster 713 if a
correspondlbﬁbgo&éll‘q ﬂ}&rw%)rvéwﬂeﬂ?%f%%egvg%m%% PERCTRESE BRI bit as
invalid. — AbrRRCKa 11008 Y1460 The DiSkiper gﬁﬁex ent Bif pAtRY B!

vari abl e for the " nunber o Its seen for per gnrren state machl ne.
At bl ock 14Ac&ntao uil indhe ¥nderstamsléng oﬁdthehrhmﬂhoﬁéﬁﬂ rét 85 fmalatibnd upen r ecei ved

fromthe register 713 and stored in a per-alignnment state nachine X [VY].
At bl ock 14B¥invenfigngeternmined if X=N-1. If X does not equal N-1, then at

bl ock 1411 X i Sgﬁe%mw{@&_ ggtar{ Jolqalis]} %é) ]Eﬂslilsu%eP ;i{e%,%‘%h%ﬁngack to bl ock

1405. If it is erm ne ock 1 en at®bl ock 1409 it
i s det er m nedfdrined byghaDS1tshnehunt Ibgi¥ 728 ofibigueeWatcordingitveme then at bl ock
1413 Y is increnented. From bl ock 1413 control flows to block 1403. If Y
does equal eMresimenpefithe ingengigny Eigure d4diiviheitlovs gharhfordpitiafizingdhe 1415.

B L
hunting, 1 eptbodimegnofethe u&te&hennmhvllﬂe&eab% ared DE2syechuntingatd t O s
the first bfloitlov?ffngalogctls not performed on a signal bit from the register 713 if a

corresponding validity from the register 711 indicates the signal bit as invalid.

Atblock 1401, a value Y is reset. The value Y is a counter variable for the

number of bits seen for each per-alignment state machine. Atblock 1403, a value

X is reset. Atblock 1405 a signal bit is received from the register 713 and stored

in a per-alignment state machine X [Y]. At block 1407 it is determined if X=N-1.

If X does not equal N-1, then at block 1411 X is incremented. From block 1411,

control flows back to block 1405. If it is determined at block 1407 that X= N-1,

then at block 1409 it is determined if Y equals three. If Y is not equal to three,

then at block 1413 Y is incremented. From block 1413 control flows to block

1403. If Y does equal three, then framing verification is performed at block 1415.

Figure 15 is an exemplary illustration of Figure 14A according to one

embodiment of the invention. In this example of DS1 super frame sync hunting,

192 per-alignment state machines are maintained. If a bit 0 is the first bit of a bit
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29 WD 02/ 082284 PCT/ US02/ 05088 stream then bit x (x being any nunmber from
O to 766) will be stored in a per- alignnment state machine x MOD 192 in
positi on wobkNs282. In Figure 15, a bit stream 1501 is receivserosoBsts O,
192, 384, and 576 are stored as S3, S2, S1 and SO respectively of the
per-alignnment state nmachi ne 1503 (per-alignnment state machine 0). Bits

191, 383, SHeamathbnGi6x frkeisg enpduadeSHonB2fo Bib) avill bEGtored spepei-vel y of the

-ali { stat h 1 - al h 191 Al l of
Pre T o gt Siafamatine d oD 158 in gobBan S In 19 dp FAREE 40 3T nea. | <
Figure 14B digath 19094 FEJE@iRrEdf Bfts BerobOsgal R Bk sﬂo%é ai’é 14lgsur &nd $

according to one enbodi nent of the invention. At bloc each per-
al i gnnent s’eepehnalgkufmlme pertdliganiEnt skéemnacitiee ﬂﬁ@&:(]penghgmneﬂ\ﬂ stagtal bit

sequence i s updat 0 indj eoff Table 7 ows the illegal
4 glt sequeRe ghl e (o iﬁga'?[%% %%%%@é%rsﬁor 530'*3&01:’11 a‘l‘b% 1111 Table 7:
I11egal bity H@@l tﬁ@ %%M%taftéﬁmg%@ (peP QLS EfSsthdent i fied in

table 7 do n occ amng bit streamf 1 super frane
formatti ng.mé\ct}uhémk :MJJdI the fitgy A6 bits areispored drethecld2fpepaligiveentesgatet er 713.
At block 1421 it is determined if the received bit is the expected bit in
accor dance TA¢N¢e i ndicated state of the per-alignment state machine X

as shovn i n Tabhge ehahary 030 Jea! 0824k TAck S04 QFAGHre gt e Name Stat e

machi ne encodi ng
according to one embodiment of the invention. At block 1417 each per-

alignment state machine with a bit sequence matching an illegal bit sequence is
updated to indicate a state of fail. Table 7 shows the illegal 4 bit sequences.
Illegal 4 bit

sequences
0000
0101
1010
1111

Table 7: Illegal bit sequences for DS1 super frame

The bit sequences identified in table 7 do not occur in the framing bit stream for
DS1 super frame formatting.

At block 1419 a signal bit is received from the register 713. At block 1421
it is determined if the received bit is the expected bit in accordance with the

indicated state of the per-alignment state machine X as shown in Table 8 below.
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S3 0x3 S4 0x4 S6 Ox6 S7 Ox7 S8 0x8 S9 0x9 Sb Oxb Sc Oxc
BAD-0 OxO BAD-1 O0x5 BAD -2 Oxa Table 8: States Represented
These states are based on theczaser/ofosane

If the received bit
then at block 1423 the per alignnment state nmachine is updated to
is the expected bit,

Oxe FAIL Oxf
by Synch Wwione/o8tst e
framng bit stream
bit,
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Machi ne
100011011100.

Sd Oxd Se

is not the expected

t hen at
trol flows from

bl ock 1431 the per-ga
bl ock 1423 and bl oc

fall If the recelved b|t
| ct nt no o unda
ULI T UIIII I1I. ULl O IIM\:II TGO T I UULI. \.,u
TS tte Rt 1as7] SR BPGRIRe cpsading;

is determned if

X=N-1.
flows from bl ock 14

| f X does notgequal
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39 to block 1419. |If

®lock 1439 X incr
at _block 1437 it i

enent ed. Control
5 determ ned

that X equals N1,

t$2en at bl ock 1425 i

hi nec _hava failaoad or
nes—xhave—i+at+-ea—od

t%2s determined if

a3 tl n:nnllf

al | per -
red. If all

al i gnnment state nacfhi

state machi nes hav
bl ock 1427 it is 31
state machi ne renai

Shot failed and a t

ns valid. If, at blo

WTPGH’US

oo oo ot

Wﬁbut has not occu

ci 1425, it is det

rred, then at
d if only one
erm ned that all

of the per-alignnen

tsest at e nachi nes hav

eoxfeal | ed, then at b
f it is determ ned

ock 1435 DS1
at block 1427

super frame sync hu
that only one state

ting is restarted
S%achi ne remai ns val

@7 t hen synchroniz

ati on has been

S8

0x8

S9 0x9
Sb Oxb
Sc Oxc
Sd Oxd
Se Oxe
FAIL Oxf
BAD_0 0x0
BAD_1 0x5
BAD_2 Oxa

Table 8: States Represented by Synch Hunt State Machine

These states are based on the super frame framing bit stream 100011011100.

If the received bit is not the expected bit, then at block 1423 the per-

alignment state machine is updated to indicate a state of fail. If the received bit

is the expected bit, then at block 1431 the per-alignment state machine is
updated. Control flows from block 1423 and block 1431 to block 1437. At block
1437 it is determined if X=N-1. If X does not equal N-1, then at block 1439 X
incremented. Control flows from block 1439 to block 1419. If at block 1437 it is
determined that X equals N-1, then at block 1425 it is determined if all per-

alignment state machines have failed or a timeout has occurred. If all state

machines have not failed and a timeout has not occurred, then at block 1427 it is
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found for the DS1 signal and at bl ock 1429 DS1 super franme defram ng
begins. If it is determ ned at bl ock 1427 that nore than one per-alignnment
state nacwone/sms4valid, then at block 1441 X is reset anecaorsz/odoss | ows
back to 1419. The alignnment signal for the DS1 extended superfrane format
conprises framng bits (F-bits) positioned at the beginning of every bl ock
that is a rddtérngihed ifainly one state machitdeerhains vvaliod. t If oft bibddakcld@5,4t is8, 12, 16,
etc). The F-bits formthe pattern "001011" over 24 franpes. The pattern is
repeat ed e\@ﬁme‘gﬂ%ﬂ?@g(’f%ﬁe}’% lgnéﬁnéﬁ@mﬁﬁﬁ?ﬁ%’ﬁég‘g&i bi t

patterns ang,Jeas i) s%‘&/agr fmei§ne H{?Hﬁﬁgis%é’chﬂ%d.off if i?%lelé?ﬁﬁﬁﬁd Q(rbflgér?éj hot as

limtations upon the invention. Figures 16A-16B are tlow charts sync
hunting a D327 éxdtentiechesstpiemadhimenensiigsredlidp drenorymelirdnyzatios hBSheaync hunt

| i 727 of Fi 7 i t di t of . the | fi Fi

ok ©s 2T ound an the Dl e and atoleek LRsa et Gos AR B 0SB RECT: dl g
mbodi t [ I i . . i . At

one embodi nepy de?émhngclx %Msaz 18- théqttén?@ BGK oﬁ@%—ghgrtﬁlé%ﬂ%éa g}lagﬁgﬁitl?t

bl ock 1603 a signa IS receive romthe “regi ed into
a per-al i grnmtidi, tiehait ®lovkddd hX iXresdladridecdhtohd lowisbbask taal4291 Ext ended

Superfranme per-alignment state machine. St agﬁe Bits (nmost significant bit
State Machi ne Adteghgnignt gigaal fey GigiltFleniendsdispperirame tqupyakgomptiseshi ft i n

potential fg - AlYk! 5 ' i | and
hi 1 pot ery RinelBTE s Hositiohed Jishe Begipfiha dPerblyiogiitel s il
02/ 082284 RETHSEE/, (eefast bit Shblotkd 4)@p1a, 1§, ot dhieiFabitd foami thg phitérs i nt o { HO}

shift register. If {HL, HO _incomng bit} = 101, then go_to
Mai nt ai n- 1090313} everd fgaé{leS{ ghe patterrgigrepeated every 24 frames. The DS1

extended superframe alignment bit patterns are meant to aid in the

understanding of the invention and not as limitations upon the invention.

Figures 16A-16B are flow charts for sync hunting a DS1 extended super
frame signal performed by the DS1 sync hunt logic 727 of Figure 7 according to
one embodiment of the invention. Figure 16A is a flow chart for DS1 extended
super frame sync hunting according to one embodiment of the invention. At
block 1601 a value X is reset. At block 1603 a signal bit is received from the
register 713 and shifted into a per-alignment state machine X. Table 9 describes
a DS1 Extended Superframe per-alignment state machine.

State Bits (most significant bit State Machine Action
to least significant bit)

0 - H1 HO Shift0
Shift in potential first framing but into HO

0 - H1 HO Shift1
Shift HO to H1 and shift potential second
bit into HO

0 - H1 HO Hunt0, Hunt1
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Table 9: State Encoding for DS1 Extended Super Frame Sync Hunt

At block 1605, it is determined if X=N-1. If X is not equal to N-1, then at
block 1607 X is incremented. From block 1607, control flows to block 1603. If it
is determined at block 1605 that X=N-1, then at block 1609 a bit is received and

stored as a second F-bit in the per-alignment state machine X[0]. An illustration

of storing F-bits in the per-alignment state machines is described with reference

to Figure 17.

Figure 17 is an exemplary illustration for storing F-bits in per-alignment

state machines for sync hunting DS1 extended superframe according to one

embodiment of the invention. In this example 772 per-alignment state machines

are maintained, but only four are shown. In Figure 17, a bit stream 1701 is

received. Bits 0 and 772 are stored as F1 and FO respectively of a per-alignment

state machine 1703. Bits 6 and 778 are stored as F1 and FO respectively of a per-
alignment state machine 1705. Bits 771 and 1543 are stored as F1 and FO
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N-1, then at block 1615, X is increnented. Control flows back to block 1609
from block 1615. If it is determned at block 1613 that X is equal to N1,
then at bWwook/os2847 X is reset. At block 1619 anot her si gmalr/usn2/03088
received fromthe register 713. At block 1621 franme bit verification is
performed. At block 1625 it is determned if X=N1. If X is not equal to
N-1, then atspHctiedlybbaPeralignmenicsiatetreathirte HOV. Bleaylbil6f2Be diosttl5dd fl ows to

bl ock 1619. |f X is equal to N-1, then at block 1627 it is determned if

al | per - al i Ghigehits ia¢hg tﬁ‘é@ﬁ‘ﬂ@é‘ﬁé{}ﬁe?tﬁﬁ tﬁ?PF‘i'?zr‘é‘HB’t‘e’Ha?éateoccurred. I'n

an alter”at+é(&1i§é§3w& ltretg}nfd*@es'bqyﬁgtfii 13al 1 meout forces the sync hunt
l'ign

| ogic to select one of the valid per- ment state machines as a W nner.
If all state nacitibleck 16dVahé pet-eligronenti st miachiae X iscset teeiddidateen at bl ock

1629 DS1 sync hunting is restart g Jf it is determned at block 1627 that
all per- al i%WWGs?%eﬁéﬁ?ﬁm_ ey detsaminest if &71\s} B X Ismobgaualde not
occurred, tGqNGRL o Bi&ﬁ\‘;gﬁ@ g(lis 'lixﬁcrér%eﬂt%tie OBt Ablys ‘BQP&/ t RGP fdooakd A NTent

state machine’remai ns nmore than one per-ali gnnent state machine
remai ns valbldek 1d16n Ifdostdetdrmifiedaiblock 1H168akatlb isfequit todNily theneat piyckal i gnment
state machine remains valid, then it is determned_at block 1632 if the

valid per - diblginigreset At logk Lefopmothegisignalbit &5 regeived froppihereginte1 gl [t t he
[ & per-an Tachre & A ‘
vont ror 11 CLOPEE N HAELTRERLOROAE Deimed AL BRLE LM FistteiBunt P, |

val i d per - af KgNaRNlf XSis abeedoid o Nel, itheh atdileck 1628 XSisah@emeMedNEAGMN- 101", t hen
synchroni zation has been found for the DS1 extended . superfrane signal and

at bl ock 1&4ackieR3senplfiorsioRlpck 1odfe ipbiseguahty Ndethenat biadk o7 #6B is a
il hart , i Fi . '
erbodi mont ‘oRelREet Ehl BeRs Riindfi SO ndEh B fadPRuAEE REKIRAND, 1

of the per-ckiugsdEnRt arsilédraatiecdthbediXens ofite ihventidhl NfiAldsdul Bbkées thé t he 34 WO

02/ 082284 PCT/ US02/ 05088 state of the per-alignnment state nachine X is set
to the stat®¥mchunipaiatoselect oneqfdhe walichpercalisneamnt stats magaings M ded if the

et ved Ll RSUSPAS ARk SEOEIBREE NI Brbeasnal g b car o0 by

DS1 st at es 1#2¢ Dsh@yic hiinfigPis@estfirted. If it is determined at block 1627 that all per-
alignment state machines have not failed or a timeout has not occurred, then at
block 1631 it is determined if only one per-alignment state machine remains
valid. If more than one per-alignment state machine remains valid, then control
flows to block 1617. If only one per-alignment state machine remains valid, then
it is determined at block 1632 if the valid per-alignment state machine indicates a
state “"MAINTAIN_101". If the valid per-alignment state machine does not
indicate this state, then control flows to block 1617. If it is determined at block
1632 that the valid per-alignment state machine indicates the state
“MAINTAIN_101", then synchronization has been found for the DS1 extended
superframe signal and at block 1633 DS1 extended super frame deframing
begins.

Figure 16B is a flow chart for performing block 1621 of Figure 16A

according one embodiment of the invention. At block 1651 it is determined if

the state of the per-alignment state machine X is set to “MAINTAIN_101". If the
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s2 s1 sO state nane 0 so 1 SO0 2 S001 3 SO0010 4 S00101 5 S001011 7
FAI L Table 10: States Represented by Synch Hunt State Machi ne Each state
representwoaznsassi tion state for DS1 extended super frameCcIyrso2/odosnt i ng.
The state SO neans the sync hunt logic is looking for the bit 0. The state
SO0 nmeans the sync hunt state machine has stored a previous bit 0 and is
| ooki ng f orstatelof the(per:ﬁhignsteat state00AchimaXgs sdtdo slymtatle UMAINGABNSH 'a 0 as

t he revi ous bit opki ng for 1. Th t S0010 di cat t hat
the oone b dhen SbploteTedzdn st eraindls the ool P bRtA La QP eE B | o 1 aoki ng 1 or
a bit 0. The.Sl@h& wﬁﬁqllpgtafa%ﬂafcateaeoysm@§>ehu kAl Qat@BRAHAG Raghetored a

previous bit 0 and Is looking for a state S001011 indicates
that the s;amehu&theskahdeahaupnrdmmh%lstamme ahcpwnm dalgledDt 1 and is
| ooking for a bit l—H—the+eecivedbit—is_theeorfeey bit, then the bit

is shifted into thd sync $uit Vtate machi n#A&"PPSCck 1655. Control flows
from block 1655 to [ ock 1623 0f Figureggl6A T The received bit is not
the correct bit injaccordance with the state indicated by the sync hunt
state machi ne of thel per-alignnent statgS0fachine X, then the per-alignnment
state machine X is Fndi | )l ock 1657. Contr ol
flows fromblock 168% to block 1623 of F$Q9&re 16A. If it is determ ned at
bl ock 1651 that th tateof the per—=at et state m chine X 35 WO

02/ 082284 PCT/ US02/{05088 does not i ndi gq "MAI NTAI N- 101", then at bl ock
1659 it is determn IT the framng bj¢migtored in the per-alignnent
state machine X and_the received bhit formthe hit seqience "101". If these

bits formthe bit séguence "101", then E$0018llock 1661 tthe state of the
per-al i gnnent st at 7.m,h. Are—X%—+Ss—set—to FX'ICJL' cate—&

Table 10: States Represented by Synch Hunt State Machine

Each state represents a transition state for DS1 extended super frame sync
hunting. The state SO means the sync hunt logic is looking for the bit 0. The
state SO0 means the sync hunt state machine has stored a previous bit 0 and is
looking for a bit 0. The state S001 means the sync hunt logic saw a 0 as the
previous bit and is looking for a 1. The state S0010 indicates that the sync hunt
state machine has stored a previous bit 1 and is looking for a bit 0. The state
500101 means the sync hunt state machine has stored a previous bit 0 and is
looking for a bit 1. The state S001011 indicates that the sync hunt state machine
has stored a previous bit 1 and is looking for a bit 1.

If the received bit is the correct bit, then the bit is shifted into the sync
hunt state machine at block 1655. Control flows from block 1655 to block 1623 of
Figure 16A. If the received bit is not the correct bit in accordance with the state
indicated by the sync hunt state machine of the per-alignment state machine X,
then the per-alignment state machine X is set to indicate a state of fail at block
1657. Control flows from block 1657 to block 1623 of Figure 16A. If it is
determined at block 1651 that the state of the per-alignment state machine X
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mai nt enance state of " MAINTAIN-101". Control flows from bl ock 1661 to
bl ock 1623 of Figure 16A. If it is determned at bl ock 1659 that the
stored frwomioagstz8is and the received bit do not form thePairtuSpzvi0es n
"101", then at block 1663 it is determned if eight bits have been seen
for the per-alignnent state machine X |If eight bits have been seen for
t hi s per - al dgpamehindstade EMAHNTAIR_10He theat atiblodkid 658 @5s deteemped-ifithegnnent

state machine X i.s set tq state of fail, Control, fl from, bl ock 1665
Lo bl ock 165758 Bisitred #a e pe-alignmentisls wprune & ans Beweceiees Bhat e ght
bits have %Pml%ﬁgﬂit_%&g.ﬂznfc@'”l(}lhe P@bscbitFORRIMhe BitabGudRE PR, thenllfen at

bl ock 1667 the received bit is shifted into the per-alignnent state

machi ne. Fridotk 1464 dke 488 7ofdchapemaligrinpen stade blashineDoB3Zeblo iRdgatea 16A. A
master state nmachi ne regardl ext.ended super fra of pe rane
for matti ng BBR{ENEe HAtE yﬁégﬁﬂ"ﬁ%ﬁm OEFBF VBITO Oﬁ]é%%grtobﬂ%ﬁ%

machi ne ar it 160! B 1) defithihddd HIBANTIBH tht th TR RST
first subcﬁlézggm(%ﬂ%unt - 1use§ to reset stat eé;avthgelht%f)%#rgugg?lﬁane this

state | astandfthe rdc&vedl bitds oot foain thabit pattetn€10193thestabblesk 4663 istsi ft in 4

frames per superframe . SHL HUNT Huntin HL FI ND W NNER f ound single
wi nner , | but SRRIRES ¢ g BifSAEF bsw%{lg%gemﬁ gEMER! gigle 2GS Xy 1 he

count er | ogl; o fisti{AGe BSdn ?éiﬁff?@ﬁﬁé %1391 M&A@@%ﬂmﬁgﬂeﬁg%l@é@%s

SHL RUN FIRST first bit of deframnhg, used to send signal downstream
SH1_RUN st ethdpesthgemerit stata mavhirtel Xiiseet tooa stateniftfeil. Coatrolnfjowsafrbm 11: DS1
Master St atlslgck 1665 to block 1623 of Figure 16A. If it is determined at block 1663 that

eight bits have not been seen for the per-alignment state machine X, then at

block 1667 the received bit is shifted into the per-alignment state machine. From

block 1667 control flows to block 1623 of Figure 16A.

A master state machine regardless of extended super frame or super
frame formatting controls DS1 sync hunting. The states of the master state

machine are shown in table 11.

SH1 IDLE channel is idle
SH1_HUNT _FIRST first subchannel of hunt — used to reset

states; when DS1 superframe this state
lasts for 772 bits so that each of the 193

states can shift in 4 frames per

superframe
SH1_HUNT Hunting
SH1_FIND_WINNER found a single winner, but now wait

for winner again; the purpose is to
simplify the counter logic in the DS1

deframers
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Figure 18 is a diagramillustrating the organization of per-alignnent state
machines in the nmenory unit 321 of Figure 3 according to one enbodi nent of
t he i nvernwoan/os?2B4 hough the sync hunt |ogic 727 of Fi gurePCTarsoyouwses 193
per- alignnment state machines for DS1 super frane sync hunting, the nmenory
unit 321 of Figure 3 is of a size sufficient to store 770 of the 772
per - al i gnnedtil REANeFIRBEChi nes for DS1 eXimhblidf defpamnirfg, ased gyseadhunt| ng. I n
Figure 18,| the DSl per- alignnent state r_racagi nes are organi zed as 18480
rows of 7 |per-alignnent state nachi nes|SigABAGYISEe e product of 6 PS3
pairs * 2 RAgehannelrs 110 Tows of = i'gﬂlqrqg : machnines) .
Each of the“d’%-al i gnnment state machi nesSt?{asd}éelsrta%ioltfs Wi g?ﬁﬁ’%ggtvm
per-alignnent state machines that are nahosaitorfesiming the menory unit| 321 of

FIgUI‘EBa = O0Cal 0 0N C N\ a he DS a 3 0 0 gur e 2
Since the external nenmory uni tTable YInPS1MastgsiSates 28 bits wide, a total of

rams. Stori ng RO H haRbrg kA Bile olill-din At beEhEUER R

or gani zat i GRla@fiflesianEvir@btory R 322 &f Piguird 8 ab®Taing to@hieleelYoRliment gfor m I n
anot her enbodi nent of the invention, the nenory unit is expanded to

acconmodat ehe lveptipnmddboyshithesynchustiogiaf7cofddenieeranly ures W8 perr of t he
read/wite f FQISeé\:E E%)k/en,%{ﬁﬁ%ﬁgsdfotr @ﬁ%ﬁ?%?@% %y% l?&r(t'h?g?' e 9{&0'{? ggm%nor y

bandw dt h su € Mmenory con gure is a hart for

DS3 def r amiang dpeighee BesofysikdsufB&3nt Weatsrem70 of HRJi72 pe2alighmbhigiiie 5
according to one enbodi nent of the invention. Reference is nade to Figure

5 to hel p ithpghinesdoe DSTiestepiled saperfmmoayncdnsving: An Figugedd thy DOSY peecei ved
at bl ock 1901 and,the bit,.stream 402 | own i Fi gure 5 i s received
20 block 1otpnanie bk RalnBtd 5 Vel S fatdttls ofy el sate | °51 VU
02/ 082284 RS2 (1830518 the pFARAIY bES By pairat 2 D8t kuBBORneS A iohdr. €.
determne if the receiving buffer 306- 307 is enpty). At block 1907 it is

det er ni ned 7 pereadigmmyint state miaghines)b Each of the pgr-phignmpnat stetginadhinesiv4 r ecei ved
at block 1903 is, vali i.e.,determne if.the cel vi ffer 308-309 is
enpty). At %B%o‘@ﬂgelglg@?wé pﬁf’f‘hg%magﬂ%?tgtr%acfbfrbesit iaésf‘Spﬁﬂ{F%u IPCE% y for any
of the bitsm@hol8nBL1 &t Figara 3 ired6da2sdbm ekipheith e DS1 Yafradirdtudit ock 1905.

209 of Figure 2. Since the external memory unit in this example is 28 bits wide, a

total of 110 + 2/7 memory lines are needed for sync hunting DS1 extended super
frames. Storing the 2/7 memory line in on-chip memory makes the memory
organization and bandwidth supplied by the memory controller uniform. In
another embodiment of the invention, the memory unit is expanded to
accommodate the 2/7 memory line. In such an embodiment, the depth of the
read /write FIFOs is increased to accommodate a periodic dip in memory
bandwidth supplied by the memory controller.

Figure 19 is a flowchart for DS3 deframing performed by the DS3
deframing logic 525 of Figure 5 according to one embodiment of the invention.
Reference is made to Figure 5 to help illustrate. The bit stream 401 (shown in
Figure 5) is received at block 1901 and the bit stream 402 (also shown in Figure 5)
is received at block 1903. Atblock 1905 it is determined if each bit of the bit
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Simlarly, at block 1911, a bit is generated to indicate invalidity for any
of the bits of the bit streamreceived at block 1903 if determ ned not to
be val i d wo oblgxks 1907. For each of the bits of the bit eCTamm/ewsei ved at
bl ock 1901 determined to be valid at block 1905, a bit is generated to
indicate validity at block 1910. Likew se, for each of the bits of the bit
st r eam r eceatreach @teibédakbld80BI0d 66 ealid ﬁeddetbtmime if/ hleirdceatinglboffer 307, a bit

i s generate to i ndi cat e val.i t bl oc Cotr f1 ows. f rom bl ocks
1909- 1912 (3575 GERMS 48 blogk 1 8%1%&5 deserming é CﬁO&t htasmc}any bits
are milti phaxedkiabmpAdiiiahat bl $94P63. & @étgmﬁl@n ARGk} | S

generated for during multiplexing di stinguish bit treans. At
bl ock 1919 buffer 368800 hle’tnpiy) t Aeblock §909a4 bitiis gateratadio mchcatsud'ahdttyn ned if
the bit is an overhe bit. For eac it determned t e rhead bit,
abitis g‘@h%%?%f&e?’&spémw VT%% tﬁfefefagn%‘f Eﬁsmg%? ﬁ‘éé&b ek 18051 ock
1921. At bl 3 | it

det er mi ned 52@151"‘%"12 at])té) 1%‘% 1@23’:&: L Egtéd)togf@i%éte%g\tllélw for aﬂg&f g{réml%ed i f

each bit i softhé bl saearh Ire@kveHQe&:blook 1908 if desergened adbeid t&tvaﬂxldaxt blakt®25 to

I ndi cate |nvaI|d|ty for each invalid bit. Control flows fromblock 1925 to
bl ock 1931 1906 Fergah of theli tsmftt'éeﬁéﬁﬁ?%ﬁ‘ﬁ%“feé A blerk 1941 dgiermmseidor 923,

bits are geper; ?3381&16'1@65 (éar;l?lsé%héﬁ'té&'to%gm gtvath}ﬂf@ aPBIRRYORAd at bl ock

1927. At bl'ock fs’are geherated to 1 ndicate’a subchannel for each
bit (i.e., lLikewisatfer Ud‘tihai’f thiSBitsofgtha bitt seain rtecelsed astpck F03rdebdradked 929,
control flows to bl oc 931. Figure 20 is wchart for DS2 defram ng

per f or med B9 bFWéllé)SEbloﬂhfl?%?m?r%tlﬁggm%a@éﬁoé‘?dlf—“?t@ﬂﬁléd’éy atkleFlitg t o one
enbodi nent m e hel p

il lustrate. @%t}(ﬂ?lo J).D%]Ckf 15@ ggl?gggldrfgc}%? A{&Oﬁ(qﬁseg@ﬁ?ecel ved from
t he regi st atreaid anll vlahduycbltﬁ arémahlplwdhdﬁddbitton, hn‘blbtk 1915 abit over head bi t,
then at block 2003 a bit is generated to indicate the bit is_a DS2 38 WO
02/ 082284 FAWHWsbbitsgeeeratpddenearh bit during myldplexirg g distinguishbit s passed to

the DS1 def ecei ved
fromthe Dgriti‘fJé rz‘?r%fg }6%8192%591:&%5@@%31&?hggiéﬁgﬁt gg?%ﬁgrf gl% %R%@%%%S it is
det er mi ned thé bitheahoterhsad/biti Hor édchtbitedddérimined td1bé av avérthead BRm it t i S

generated to indicate invalidity of the bit at bl ock 2007.
generated to identify the bit as a DS3 overhead bit at block 1921. At block 1931,

bits are passed to a DS2 deframer. For each bit determined not to be an
overhead bit at block 1919, it is determined if each bit is valid at block 1923. A
bit is generated at block 1925 to indicate invalidity for each invalid bit. Control
flows from block 1925 to block 1931. For each of the bits determined to be valid
at block 1923, bits are generated to indicate validity and bit type as payload at
block 1927. Atblock 1929, bits are generated to indicate a subchannel for each
bit (i.e., indicate which DS2 signal the bit is from). From block 1929, control
flows to block 1931.

Figure 20 is a flowchart for DS2 deframing performed by the DS2
deframing logic 625 of Figure 6 according to one embodiment of the invention.
Reference is made to Figure 6 to help illustrate. Atblock 2001, it is determined if
a signal bit received from the register 615 of Figure 6 is an overhead bit. If it is

an overhead bit, then at block 2003 a bit is generated to indicate the bit is a DS2
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From bl ock 2007, control flows to block 2013. If at block 2005 it is
determned that the bit is valid, then at block 2009 bits are generated to
i ndi cat e wealoedsrygs of the bit the type of the bit as payl ead/usét/iozoBock
2011, bits are generated to indicate a subchannel for the bit (i.e.,

i ndi cate which DS1 signal the bit is from. Control flows fromblock 2011
to bl ock 20:ﬂs{&rhd5idg11t eARlotls2(i 3f thewghia pasdedrto DB D8k tliefzamay Ibéris or ned by the

nvent  on. dskrreing et ivels 0t thet el Rraiees byl TBRer TR Ve 17 om

the regi st ahsy dobrfilad b AHERatbibk AMSARIdeRRhRL if thd bif Maidl [f hedft Over head
bit, then at blo I's generated to 1dentify the bit as a DS1

over head busnoAValtd dmdnézlfmb?s gelmeratted tcindicasd invslidity bhihebittat blavk 2002 bit are

passed to the pr.otocol in if erm.n that the

bit is not %ﬂﬂb‘?)@?lﬁ%% ‘Eﬂ%olﬁﬁ&“ﬁtag %E&@gzé %lpﬁ’éz@f“%‘{?é ?Fgl bits for

t he signal The
tﬂbtt b it 1?9%&@(%%9@’\’\4:111 oék SHob P%]g?é;}%té&l?&ﬂﬂﬁ évalPﬁ ﬁg of

initial DS1 su channe |tS|n|cated e DS1 ed to a
DS1 subcharthebithhé¢ Vy&}mmf@heabldaéﬁaylbad AhbloEBIOHlebrtaaErge&Eﬁhtquor ocessing 56

DS1 subchanne] s. u annel_ s b|t cate ich of the 56 DS1
subchannel dngicgieAst %sﬂﬁmwg?%ﬁggglt&m%}caw é&rﬁl@%mﬁ Bi{ {541Q18)- | ock
2107. As des WY bl Bss defraner tags the multiplexed bit
streamw th (gﬁtgég?s&a ve (?éﬁbn(%??@}?lwgr%gt ?%% For exanpl e, the DS3 defraner
tags the bit stﬂig&mzmmst.zhﬂasahamfmmm& gresfoamdd by tha@lStat i on of the

DS3 channel (i even (g{ odd DS3 i put) Theh%‘fz def ramer adds i ndi cator
bits indi &#x%na@glga%‘i: dfigares a PRSI0 opst STaRedimeRt phhednyaRsiopac | ty

Data Li nk éﬁ\ﬁ ﬁlﬁilogggl 51% edff lal'Git Fodd %ﬁtﬂ\ég%lsﬁg&aﬂ o for every

data chann ramer tag its to |st| ngul over ead bits from
i nf or mat i orFigiites. is AnDveifHead Hithilf thiedetrit bh pivehead bitf then adbIoTR 2108 obivat i on bi t
is replaced by the DS2. 39 WD 02/082284 PCT/ US02/ 05088 deframer with a
stuffing biit gerrsptedsty ideptitnhedit aga Dyl DS?rhSQ‘éPHefé bigak 24P7 Bebit and or mat i on

e L G e

t he i nvent IdlzmernhﬁedFt}giﬂ tige iRis rivt bhtovsﬂfeaaﬂﬂlﬂ then at block 2105 the DS1
subchannel bits for the signal bit is replaced with a different DS1 subchannel
bits. The initial DS1 subchannel bits indicated whether the DS1 bit belonged to a
DS1 subchannel between 0 and 27, but the DS1 deframer 324 is processing 56
DS1 subchannels. The new DS1 subchannels bits indicate which of the 56 DS1
subchannels a given bit belongs. Control flows from block 2105 to block 2107.

As described above, each successive deframer tags the multiplexed bit

stream with successively more information. For example, the DS3 deframer tags
the bit stream with DS2 subchannel numbers and an indication of the DS3
channel (i.e., even or odd DS3 input). The DS2 deframer adds indicator bits
indicating DS1 subchannels. The DS1 deframer extracts the Facility Data Link
Channel and tags it, creating a new data link channel for every data channel.
The DS3 deframer tags bits to distinguish overhead bits from information bits.

A stuffing bit identifying a bit as a DS3 information bit is replaced by the DS2
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recei ved at bl ock 2201. At block 2203, DS3 sync hunting is perforned. At
bl ock 2205 it is determned if the DS3 bit stream has been synchroni zed.

| f the DSBOWR2©82284 r eam has not been synchroni zed, then comcmalsot/bzoes back
to block 2203. If the DS3 bit stream has been synchroni zed, then at bl ock
2207 the DS2 sync hunt mechanismis signaled by the DS3 sync hunt

mechani sm adedrad®? vligh aatffigg bitedentyaig the bitlkas 3723 ovlemheaedpbmsieS2 o t he

signal, the DS2 sync hunt is reset at c 209 whil e the DS3 nechani sm
begins to df‘gg‘g‘_m"o&g’l“r g@@d‘aﬁ‘ieﬂ% ?%egy]@e%égl E?fg‘b‘f‘%r'at bl ock 2213. Until the
bi't stream ! er Mial:9 i RbiRhark AIRBRECH fimblLAkmeRtited fambingck 2213.

At bl ock 2215, sync hunting 1s perforned. From blo 2215, control
flows to blaekrdig b eviesamebodimient ditheimvendidni in Figmr&E2, achihstrdaasis been found.

I f the sync has not. _been. foun n trol flows back to blo 2215. |f
the DS2 syrfecsised piddack Hd Atgwlfesﬁf@ip&ﬁf S bygtipg s Eﬁ?orggﬁﬁ*c Ahleck

mechani sm i L dnedt ; gg&.{@,ﬁ' ram ng

begi ns at b?zg?:ktqggé% Ir?drlgglﬁt?ﬁ%geﬁ%{gﬁ%ﬁﬁé?gna . the %%’% ??%lgqﬁ%n%}m S reset

at bl ock 223dmthdd ivtbhen BFhrsdhat)itisan dvedrioh lovs bpcleebibckizBaifeitiebi t s t o

the DS1 logic at block 2222. Control | oops, back frqom bl ock 2222 to bl ock
2221 unti | %bltmr@argff%a?ﬁ%vmﬁhm@/wa&ﬂ? 25@531,9 1SYOGREMhunt i ng i s

per f or med. . %%% o] %;n[p' mdcnbd 4 5y §eLasingeen found.
| f the DS1 @%%}%B}%aslsn Y%de%)ﬁﬂfeo%, tt@%@co%tro%ngﬁoms aec to”bl ock 2225.
I f the DS1 gt tdsodke@ndl. Inonesplonsk e theatigridl ablk DB229nObiiniisfrésetratng i s

performed. At bl ock 2231, the deframed bits are presented to the protocol

engi ne. CorRlpgl 2308 3pailesthe IPBrBeshapisat Reginsto pigsent seframed it te the P bi ¢

stream t er g pat 3 | e i | ases the
o1 of ency TSEE Block LAl e B nl R s R RIS O MBS

al i gnment axnd1 fleegbleek d2T3. oA blgek 2216, DS2 syieflaitieig is perfoirhéd. brgh sync
hunting for, DS2 alignment. The DS2 defranmer will not | ook _at every bit

from t he D3gdodetaneantrol fonptoblagk22Enwhere itisoletangned ifithe [§A syrhasps3

et r an Codie \ s : 5 def

oty am 19 P8 Tohda S LG 1OUELBAR B AU ENAR N NSPIRR?, et are
as soon as 108. D%Re SR seiEhasHBenffomes théreatdiBcladd1g ineDE1 ayiit Higg@i ns

mechanism is signaled by the DS2 sync hunt mechanism and DS2 deframing

begins at block 2221. In response to the signal, the DS1 sync hunt is reset at
block 2223 while the DS2 mechanism begins to present deframed bits to the DS1
logic at block 2222. Control loops back from block 2222 to block 2221 until the
bit stream terminates. At block 2225, DS1 sync hunting is performed. At block
2227 it is determined if the DS1 sync has been found. If the DS1 sync has not
been found, then control flows back to block 2225. If the DS1 sync has been
found, then at block 2229 DS1 deframing is performed. Atblock 2231, the
deframed bits are presented to the protocol engine. Control loops back from
block 2231 to block 2229 until the bit stream terminates.

Change of frame alignment feed forwarding increases the efficiency of
deframing. As soon as the DS3 deframer 320 finds the DS3 alignment and
begins deframing, the DS2 deframer 322 will begin sync hunting for DS2

alignment. The DS2 deframer will not look at every bit from the DS3 deframer,
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defram ng, the DS1 defranmer 324 will begin sync hunting for DS1 alignnent.
The accel erated sync hunting enabl ed by change of frane alignnent

f orwar di ngo qpre2esdes the time for sharing sync hunting memamusoThss
defram ng | ogi c descri bed herein enables the production of network
elements with a high density of deframers. The validity bits used for
synchr oni zithguglhtT‘MD%dsfraMgbgtcdssuléﬁinng overpeakbits; tlufis enabbitgybindk el enent

to proces ge numnber bi.t. streans. The d it nunber of bit
streans thztt)g‘2 é‘%ﬁanﬁ%r tﬁﬂ%‘&%‘gg’étﬁ whichage nqt pagy (ﬁh‘bﬁgi ﬁég’@‘@ﬁ’étr%@? n of
I ndi vi dual 1Glagks, Js%oﬁag fhe @@?H&f?&m@ﬁsﬁ%{dﬁﬂ@ﬁsz aﬁﬁmn%ﬁi Aryd difes number  of

cl ocks increases linearly wt t he nunber of subchahnels to e processed.
Usi ng the ctta‘fraamngghb@ﬁlaie%mrﬁbbedllbegmlsmnchhatlngﬁm@%]p&lfgﬂlmer(treases with

the d t f bit st , but f

o o T ThaascrPrai ST ngaEenasid Dohtasto Ems ERENEABPERIARE ol y hal |

of the su enabl es sharl ng of nenory to
t}%@{&% ey m%@?& Jﬂaaﬂgt ?ﬁrﬁnﬁht’i’n ﬁéhﬁie}?z 9 y

mai ntai n state nmachi nes for e subctha Shari ng nmenory reduces
the cost and cdmipldemanyngh)g'imserrbeﬂheﬂemeidbﬂesrthepro@ﬂhbhexfneﬁvmrkl ess

T Sohni ques ORI HB S d5aPRE OF deBe IR TERELE Dy PG o and. dat a
Stor e and SERUEIOBSOORML Bice SUAnBOTIENS, SO BKlc RN cal o

(internally er conputers over a net data using
machi ne-r eqﬁabése aﬂa@EMnﬂ:mbfhﬁstmgnetThedmskty or@pﬁmﬁmlofﬁltskeamst}mtdom

access nenory; read on]y nepor flash menory devi Iectrlcal

opti cal aGéHQelPE%eS?ﬁA BoRbPindsred b ¢ [ESpegLca et vy zecle for gaghy j er
waves, i nf i S one or
nore parts %‘?hﬁﬁe& Slgﬁ%lea?l\??g 1%’%&'118 fhg r%?fif g%)lhss?\tﬁgeag%lu%gﬂ%?ﬁg%l on of
sof tware, fthemaiber of amihanmdmfmbwsmcesﬁéd vmeytmaaema@wyﬁozl 05088 While

t he i nventi on has been described in terns of al enbodi nents, those
ski |l ed in deseribad hegeimy thedderkfipged trwa%asmeﬂthﬁb%ﬁ@%ty Q@Itrﬁ'j{eamsn‘i"t“ed to the

enbodi nent Sdeqxea%gl?selgerféox‘kﬁe%fiﬂaotne‘éﬁ)cﬁ%%lﬁ?”t s can inplenent the | oop
The described sync logic sync hunts by searching approximately half of

the subframes of each frame. Such a design enables sharing of memory to
maintain state machines for multiple subchannels. Sharing memory reduces the
cost and complexity to implement the deframers. Furthermore, less space is
used for memory to maintain state machines for deframing.

The techniques shown in the figures can be implemented using code and
data stored and executed on computers. Such computers store and
communicate (internally and with other computers over a network) code and
data using machine-readable media, such as magnetic disks; optical disks;
random access memory; read only memory; flash memory devices; electrical,
optical, acoustical or other form of propagated signals (e.g., carrier waves,
infrared signals, digital signals, etc.); etc. Of course, one or more parts of the
invention may be implemented using any combination of software, firmware,

and/or hardware.
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controls of the sync hunt |ogics and deframng logics in a variety of ways.
In addition, as previously described, deframers running at a fast clock
speed carwoOpeogress bit streans transmitted at a sl ower cl @ch/usa/esossThe

i ncreased deframer density leads to alternative enbodiments with the
per-alignnment state machines for the DS2 and DS3 deframers stored in

ext er nal nenory.While #rdhkentioreimdsdabernvelescribeddn herires afseeerabémbediorentsini t

stores the per-aljgnpnent sta machi for al|l defrapers.. In another
embodi nent @‘PS‘i ﬁ‘én‘?cﬂ’é‘e'il?f*labhwt“eﬁé q’\aémedﬂv%?ti%sé‘f’t E’Eﬁ@g\ﬁﬂﬁk‘e el enent
processes %@baﬁl&%estﬂﬂé& mtémaﬂv@em%basﬁ&uf&é}?ﬁn Qﬂﬁhf‘the'l&ff”m her
enbodi nent o e 1 nvention

each defram ng | ce a netwo el enent

processes acoitiufd & thesynalpurtt lugithamd defsamiigdogics irka vaiietyiaf w.ayd khar es a
single nermﬁié/iunlt to store states. I n another enbodi ne

i nvention IHOIFr@rSrPé?‘élOH%h/’ desgriped feftamers IHRRING 36 A %ﬁﬁl’i&‘igﬁﬁﬁﬁ CanFor
exanpl e, é%{ﬂé@reﬁh{sctﬁaxﬁw%&?&% MEwRr ﬁe& fd?@”’i‘h@ﬂ&&gecfaeﬁ&ﬂb&t as | ong

as the do outruns the sum of t I ncom ng signal rates
anot her ex@éﬁsi neadsitb attertimative embbtianémy erithi tha pesaliZmenignate mim:hmeacl ude
three El signals instead of four DSl signals. The El__and DS1 signals can

be def r amedior the PR and 353 defamegostared m?ﬁ?%t‘ﬂ%o%&“éﬂﬁg?‘eét us of the
t t hi th
spirit and SbRBaRRE SRAY el oy Gl gBRTREpE URERARA |11 1 DS

regar ded asmathiued foatll\defrafiet<da apbtHearehibiodgmentt dfhke invendohjeach 42 WO

02/ 082284 PCT/ US02/05088 W claim 1. A machi ne-readabl e nedi um t hat
provi des i ndefrareingahise Of/mﬂ%tw%ékm%ﬁ@é%ﬂeéﬂsﬁ)ﬁ% e bp3 &P‘Hr‘%’é}@§§ors cause

said set of _p 13C E%ﬁ%{&n i ﬂ\eaL ?{1&3 en%’c?cf&tehpgﬁhﬁ W RIkDh n%chrc@frghﬁgﬁg acond

signal; and's Foni 24t 1 on Ing concurrently for a rst
frame ali gﬂﬁé@faﬂahﬁ@kmlérﬁént?rf)td’ssés adingle @S3nfpal wihiendingkribcttat es. 2.

The machi ne-readabl e nmedi um of claim1 wherein the first and second
domain and shares a single memory unit to store states. In another embodiment
of the invention, data formats may vary across channels or subchannels. For
example, a deframing slice may receive a DS3 input and an E3 input as long as
the domain clock outruns the sum of the incoming signal rates. In another
exemplary embodiment of the invention, a DS2 signal may include three E1
signals instead of four DS1 signals. The E1 and DS1 signals can be deframed in
the same clock domain.

The method and apparatus of the invention can be practiced with
modification and alteration within the spirit and scope of the appended claims.

The description is thus to be regarded as illustrative instead of limiting on the

invention.
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al i gnnment candi dates are stored in a set of per-alignment state machi nes.
3. The machi ne-readabl e nmediumof claim 1l wherein the first frane

al i gnnentwpatwenss for the first alignnment candi date coi ncipdeasez/o30ss he
second frame alignnment pattern for the second alignnment candidate. 4. The
machi ne-readabl e medium of claim11 further conprising: receiving a second
signal simWetahéously with the signal; and synchronization hunting

concurrently for the first d second frame . alignnent ttern for a third
and fourth &l i gAnBachipgrerdeeictediumn fhat PrRPdRmsTYRLms, @ﬁéwﬂen

machi ne-reaeqéaltsdggqism rof s8613) dauke!54iAGEt Eés§&x@%ﬁg{f8ﬁﬂi ving a second

signal sinultaneously wt e signal, the second sig being a different
format tharopehgiosisgomlprisargd synchroni zati on hunting the second signal. 6. A
nmachi ne-readabl e medi um t haL pr.ovi des instructions, which when executed by
a set of proces$HEYNEaFEEa ;3P4 set of processors to perform operations

COMpr i S1Q: 1 €C el XiHnahbh n3hEREGncAHIRlIP Gt ARE ol BIchE fmd he DIt st T eam

in a set of per i gnnment state ~ machines; and hunting for a first frame
al i gnment bit patigement pattean forrsfirsomed sécontaligetneof cangiédatas.i gnnent state
machi nes in concurrence with hunti

1g far,a second, 43 WO 02/ 082284
PCT/ US02/ 05088 The amachinerrgadahie ms “IBefglcl?FW kg er&“&é@éﬁat%!e%?n he set of

per - al i gnm%p-';g i Ees:Iotall il 63 ,}qga&lj]-ﬁf@. of claim®6
wherein thel |rs%1?¥a§hams Q%%%;Sﬁ%éﬁt E?‘tﬂrm; tter ﬁﬁ?g{r%t%%% Irst one of the set
of per - al i ganentThe nadchirneaehdstids medhnmaif dkdmvil Whedehretledirsinfdahe ane al i gnnment

bit pattern_for the second one of the set_qof per-alignnment state machi nes.
8. The macliligemeahnaire fppthedhsiAlisamantcandidatesamcidasyyritly thegecondscei vi ng a

second bi t it eam shoul 1RGP He WcbAd bgnRkht SHUEHTR.

4. The machine-readable medium of claim 1 further comprising;:
receiving a second signal simultaneously with the signal; and
synchronization hunting concurrently for the first and second frame
alignment pattern for a third and fourth alignment candidates of the
second signal.

5. The machine-readable medium of claim 1 further comprising:
receiving a second signal simultaneously with the signal, the second
signal being a different format than the signal; and
synchronization hunting the second signal.

6. A machine-readable medium that provides instructions, which when

executed by a set of processors, cause said set of processors to perform

operations comprising;:
receiving a bit stream;
storing a set of bits of the bit stream in a set of per-alignment state
machines; and
hunting for a first frame alignment bit pattern for a first one of the set of

per-alignment state machines in concurrence with hunting for a second
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initializing the set of per-alignnment state nmachi nes; and hunting
concurrently for the first and second frane alignnent bit pattern for the
first andweecosxdsone of the set of per-alignnment state maehirnss2/09s88 The
machi ne-readabl e medi um of claim6 further conprising: receiving a second
bit stream sinultaneously with the bit stream the second bit stream being

a different for fiimd dlgghnhdre bit patiein 6@y secomd bhadf thie Bet dﬂ}ﬁr-&ﬁ%nmknt
per-alignnent state nachines; and hunting the second signal for a third
franme ali gnnent sid¢ M@ehines.0. A machi ne-readabl e nedi um that provi des

| nstructions, wighy, rSUSAN LRGN & B Pl hBlRE ARTR5SramBUSe Sal d set

of processors to perform operations conprising:. receiving a first and
second si gndighment bitglatteimn@r thesfiist ofie pothe 3kt fiperalighinehbstarRahadheses hunt i ng
for a first alignnent signal within the first signal in a first tine

slice; reseoingdpsiwidh the segpndyrpmg|alighment bid patternies theesond prg of the i r st

tinme slice; hunt i d alignnment signal within the second
signal in ase'c sslpe%egngl%%téﬁgfec%?aﬁg?The machi ne-r eadabl e nmedi um of claim 10
wherein the. fir gheahddiiefeadalsle gisliumf rbiisasfustbeh cémpfiking: al i gnnent  si gnal
for a first and second one of the per-alignnment state machines. 44 WO

02/ 082284 PCT/ USereidBg8gecorg bitrsieeamn simltaneeuddy myith heditstresmicl ai m 10

wherein the sec%ga%%gw&ttgfé%lggw%'et@&gg%sacwnteg a%df ourth alignnment

signal for a firs secon al'igrinent state machi nes. 13.

The machi ne- r eadabtifg @eskduirenely fo geirbOaridisdcbad fraamulighintight bitpatteny for a
third alignnent sitglnal within the first signal in concurrence wth the

hunting for t he fon thefirgangrreeend enepfdhe sef of per-plignmeny sjatgimachinese fir st
time slice '9, and The machine-readable medium of claim 6 further comprising;:
receiving a second bit stream simultaneously with the bit stream, the
second bit stream being a different format than the bit stream;
initializing the set of per-alignment state machines; and
hunting the second signal for a third frame alignment pattern.
10. A machine-readable medium that provides instructions, which when
executed by a set of processors, cause said set of processors to perform
operations comprising;:
receiving a first and second signal;
initializing a set of per-alignment state machines;
hunting for a first alignment signal within the first signal in a first time
slice;
resetting the set of per-alignment state machines after the first time slice;
and
hunting for a second alignment signal within the second signal in a
second time slice.
11.  The machine-readable medium of claim 10 wherein the first alignment
signal coincides with a third alignment signal for a first and second one of the

per-alignment state machines.
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hunting for the third alignnment signal within the s
concurrence with the hunting for the second alignne
second siwpak/osnsa second tinme slice. 14. The machi
claim 10 further conprising: hunting for a third al
the first signal in concurrence wth the hunting f

econd signal in

nt signal within the
ne- r eagablusonesdsaim of
i gnment signal within
or the first alignnent

signal in tlke fiThstmanhgmteadmblehmediimmf cletimmig) whéxrein tharsdedndrdligngneindr a
fourth alignnent SI nal thin ttie second siﬂ%nal concu ren with the
hunt i ng. f orsiBb caiBeifeval thyaligngient Signahion airet anskee ®in a

second ti I readabl e nediumth
gﬁge'% a\'}\%ﬁr&eﬁﬁﬂaé ARG &E-

instructi executed by a set of proc
of processdsds t Thpendchima-reagablaniestismodpaiinsiOfgrthee

second signal; initializi set of er al,
for a first alidMRER Ef‘é‘i@ﬁ‘g’lda?WFé‘tF #“%hgter}fré

at prOV|des

essors, cause said set
aﬁhpﬁﬁgga first and
stat machi nes; hunting

Sl%“"f iR SPNCYERENGE t he

set of per-ali gnmANfe Ingttﬁgme%tmm%g@gm%g%%gt%ﬂwff{i:e 2t of

second al i gnnent si gna first as
per-al i gnnment staeslitacdridhes in a first tinme slice;
per-alignnent state chlnesg er the first tine s

third ali gnment hapgrgfos thethiz

resetting t he set of
lice;, and hunting for a

alignmentsignalwithin the secppdsignal 9 the set of

- al t VO
02/ 062284 PCT/ LS BRRSR " FouP R aNEdr SRRy et MraBlfin € 20 1o

a fourth one of sedodrdsignabin a pesondltingnsilet state mac
slice. 16. The machi ne-readabl e nmedi um Oi?él'ﬂlf al
second al i Ynnerthe snashinesreadpble mppdipgyofic Ofyr ﬁ

of per- allgnﬁerthnﬁﬁgt%% st 8l &z'l ﬁhh%rtﬂs

hines in a second time
5 wherein the first and
EPTBREYAG one of the set

%r?alri ﬁéﬂcﬂt’{éﬁ@é si gnal

coincide for the e set o I gnnent state
machi nes. with the hunting for the flrst ahgnment signal in the first signal in the first
time slice; and

hunting for a fourth alignment signal within the second signal in

concurrence with the hunting for the second alignment signal within the

second signal in a second time slice.

15. A machine-readable medium that provides instructions, which when

executed by a set of processors, cause said set of processors to perform

operations comprising:
receiving a first and second signal;

initializing a set of per-alignment state machines;

hunting for a first alignment signal in the first signal for a first one of the

set of per-alignment state machines in concurrence

with hunting for a

second alignment signal in the first signal for a second one of the set of

per-alignment state machines in a first time slice;

resetting the set of per-alignment state machines after the first time slice;

and

hunting for a third alignment signal in the second signal for a third one of

the set of per-alignment state machines in concurrence with hunting for a
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17. The machi ne-readabl e nmedi um of claim 15 wherein the first and second
signal have the sane formatting. 18. The nachi ne-readabl e nedi um of claim
15 wher eiwotob®sf2B4 st and second signal have different foPCaIUSO2IROSELO. A
machi ne-r eadabl e medi um t hat provi des instructions, which when executed by
a set of processors, cause said set of processors to perform operations
conpri si ng: syndotntintliggmént signdl iim gte sleea)mi sigoalfat a 6durth engyofathe sétiafdi ng
alignnent of the signal for the first ger fornsﬁ; and resetting sync
hunting for a sé’ébﬁggll“&?’étr“?tﬁ “t‘ﬁé PHCS esponse  to finding

al i gnment of¢ t h%%'ngzﬂf%néc ad BE rhddifiin dfR¥ein 153k RBein @ firdf¥hd second

machi ne-r eadab umo aim 19 further conprising: resetting sync
hunti ng f oralighenent slghallsaye'radedbrrﬁte firot aral seeond dne bfjthelspt ofspere hunt i ng for

the first layer format of the d signal ; finding alignment of the
second si grﬁ!gwtﬁﬁgm??@ﬁeﬁﬁyiﬁ‘ - segonyl aligrunentsignal goipcidg et ng f or

the second 4,3%akq b4 MRkuPbnd BEESEAT e§.ifaggx§tn hibtaleSh  to finding

al i gnnment of the sec sl gha ayer ormat. 21. The

nmachi ne- r eaabl Sheedadhinesfeadblale meBufnoftchem Sonberesi the firstrasietetondy sync
hunting for the first Iayer format for a second signal; sync hunting for
the first |gnalbpye theisante tpBald®gond signal ; fi ndi ng al | gnnent of the

second sig f 08728¢
PCT/ US02/ 05088 %82‘3%%%%%9%@%?@%‘5@%&@? “ﬁﬁr é‘%{rr £or rréfo% t he

second si grs¢nadl have éffeaertdotmattingdi ng al i gnment of the second signal for
the first layer forpat. 22. The machi ne-readabl e nedi um of claim 19
further conlé#/ i sﬁlg\achmésré%@q%n@?%nmﬂ%ma@d%msgu?www%w tHrmat for a

second ! 0ngltuted $9% IO biagedsBle, LR W GBS TBERb e second

signal; finding a nren e’ second sign t he | ayer format;
and operations comprising:

sync hunting for a first layer format of a signal;
finding alignment of the signal for the first layer format; and
resetting sync hunting for a second layer format of the signal in response
to finding alignment of the signal for the first layer format.

20. The machine-readable medium of claim 19 further comprising:
resetting sync hunting for the first layer format for a second signal;
sync hunting for the first layer format of the second signal;
finding alignment of the second signal for the first layer format; and
resetting sync hunting for the second layer format of the second signal in
response to finding alignment of the second signal for the first layer
format.

21.  The machine-readable medium of claim 19 further comprising:
resetting sync hunting for the first layer format for a second signal;
sync hunting for the first layer format of the second signal;
finding alignment of the second signal for the first layer format; and
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resetting sync hunting for a fourth | ayer format of the second signal in
response to finding alignment of the second signal for the third | ayer
format. 280 0dnsEppar at us conpri sing: a donmain clock to tra&e3risn2/es5088 ock
signal; a first and second receiving unit coupled to the domain clock, the
first and second receiving unit to receive a first and second signal; a
sel ecting unit ceseptirgglsyng hunéingifosa thantlagecfonohat efcthie secopdisigrial irt he
selecting unit to synchron(;,ze he first_and second ?i al. with the clock
signal and cycl &espepseinfingigga ACtithe ssord sigary oggg%ﬁer’téqygﬁm as a
third signal; agfirst menory unit coupled to the selecting unit, the first
menory unit to recelve the second signal and store a set of counters and a
gl obal stat2. ndhbinechire-eadalvld neliomyofelbim Odfupthetlcdmptisiagf i r st menory
unit, the second nenory unit tq stqQre a set of per-alignnent state

machi nes; and aTePHEGRIRCNgLngdpa g’B{?p]Ia¥€lr Whg’@éﬁ%‘t‘ﬂ #galnit, first
menory unit and ?ﬁ% i I NG ic to sync hunt
the third si gnalsyﬁc\i:‘vlﬁ té@%ét/&g@ %g(ﬁﬁgﬁf‘gﬁén%%ltpggogtaglﬁghl nes, gl obal
state machi nes, fadthg dlighnseit of theeeumidsignalfdr the thirddaygerdeimatf aradit put to the

first and second nenory unit. 24. The apparatus of claim23 wherein the
first and secondestipm$ydchmpEngdes s tquaity layey fogmat ofthe pgsond stgmpbi

PCT/ US02/ 05088 . @gﬂﬁ . j ' 5] and second
signals are r e({%%\?@‘%‘bg‘i I ggpg%{@{l%@e@é %%ﬁd%aggdggg?ﬂgd %?'Ercl aim 23
wherein the secdmgngti gnal is a set of signals. 27. The apparatus of claim
23 wherein the domain clock outruns a conbined rate of the first and
second si gridt. 29 appasatys samPrisiigsf cl ai m 23 wherein the sync hunt |ogic
sync hunts a fi rsi

omain clock to transmit a clock signal;
a first and second receiving unit coupled to the domain clock, the first and
second receiving unit to receive a first and second signal;
a selecting unit coupled to the first and second receiving unit, the
selecting unit to synchronize the first and second signal with the clock
signal and cycle between transmitting the first and second signal as a
third signal;
a first memory unit coupled to the selecting unit, the first memory unit to
receive the second signal and store a set of counters and a global state
machine;
a second memory unit coupled to the first memory unit, the second
memory unit to store a set of per-alignment state machines; and
a sync hunting logic coupled to the selecting unit, first memory unit and
second memory unit, the sync hunting logic to sync hunt the third signal
with the set of per-alignment state machines, global state machines, and
the set of counters and to feed a set of output to the first and second
memory unit.

24.  The apparatus of claim 23 wherein the first and second signals have

different formats.
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and second frane alignnment pattern concurrently. 29. An apparatus
conprising: a set of parallel registers to store a set of bits froma

si gnal ; aweak/ef28counters coupled to the set of parallel regisipo®sst he
counters to count the set of bits; a first nmenory unit coupled to the set
of parallel registers and the set of counters, the first nmenory unit to
store a gl &al %atappamlmcpfet;laimg’ewbmhnﬁwdhytandseccmhpigadIStaoethe first
storage, the sec nd ¥ unit to store a set of per-alignnent state
machi nes; dAtFEE ?/trﬂ:‘ 4'%Yi c coupled to the set of parallel registers,

the first ngnor Hhe‘égrahrat@é’& ddig ?ﬁ@ﬁ@ﬁlﬂ‘ﬁfé@@é’oﬁ‘&%m altid® s)orGighlRt logic to
sync hunt the sign in a clock domain with the Set of per-alignnent state

machi nes arid. tﬁéegppbmltuSQfaaiaam@cWhmm thedloneaid chock eutmins abotbimed on t o
the first and S g rr& unlt 30. The apparatus of claim?29 wherein
the sync hdﬁfeng‘? $4RC 5F sl‘%’“‘;lnunts for a first and second frame
alignnent pattern in the signal for a first and second one of the set of
per-alignnent state nmachines. 31. The apparatus of claim 29 wherein a rate
of the cl ods. doﬁhierapparaltufswfmlaint Iawhereirathe sghc hhet loggrsyhe hdgts afirst appar at us

of claim29 furt conpt.i sin a first and second receiving unit, the
first and saé’@oﬁ?aorf({afféﬂ?l ngpTBEmFBE%}r%‘tg"fi rst and second signal and
synchroni zegt he f 5%;ar%gcg RipeRfhg: Si gnal in the clock domain; and 48 WO
02/ 082284 PCT/ usS02 088 a It| pI exing unit coupled to the set of

paral | el regi st arsst affphrald régistets tarstbrs @cena bitsdeimiarsggrabi t, t he
multiplexing unit to nulti Iex 'gﬁgu irst and econd Si gnal and transm t

the nul tipl exed afSFY%ftCO&HE?r tq s set fParsile r‘iﬁ‘@fﬁ%ﬁ' theFouRteTs i of

paral |l el regi st%@% t tRS setUF LARpAr at us conprising: a first set of registers
to store a set of bits of a signal;

a first memory unit coupled to the set of parallel registers and the set of
counters, the first memory unit to store a global state machine;
a second memory unit coupled to the first storage, the second memory
unit to store a set of per-alignment state machines; and
a sync hunt logic coupled to the set of parallel registers, the first memory
unit, and the second memory unit, the sync hunt logic to sync hunt the
signal in a clock domain with the set of per-alignment state machines and
the global state machine, and feed a set of information to the first and
second memory unit.
30.  The apparatus of claim 29 wherein the sync hunt logic concurrently hunts
for a first and second frame alignment pattern in the signal for a first and second
one of the set of per-alignment state machines.
31.  The apparatus of claim 29 wherein a rate of the clock domain is faster
than a rate of the signal.
32.  The apparatus of claim 29 further comprising:
a first and second receiving unit , the first and second receiving unit to
receive a first and second signal and synchronize the first and second

signal in the clock domain; and
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a per-channel state nmenory coupled to the first set of registers, the per-
channel state nenory to store a set of counters and a gl obal state

machi ne; wosgme22Bunt per-alignment nenory coupled to the Petr/ush2/oigs sters
and the per-channel state nenory, the sync hunt per-alignnent nenory to
store a set of per-alignnent state nmachi nes; a second set of registers
coupl ed to the penultiphedred usit adwepled twthe sesyhparalelregisters aid gerfast menory
and the first set of registers, the seci)n set of reqi,siﬁirﬁ },o stgre a
second set of bidhd SpeRNEiTeERIVINgaHiY Hee muftiplexing upit tp ayfliplexdhe fipghan

per - channel st atsgc(;;;la]r@ ,1aﬂ&@rahg&?dtstﬁé"ﬁnﬁﬁﬁfe%@&ﬁfﬁlaha@Q&J?\H é@@%é"&ﬁ and a

sync hunt | ogic coupled to the second set” of registers, the sync hunt

| ogi ¢ to sync huignahtd the sét afipdrallet cegisteisgnal in a cl ock domain and feed a
third set of bits into the per-channel state nmenory and the sync hunt per-
al i gnnent rSnor YAN ZpParatys CAMPESING,s of clai m 33 wherein the sync hunt |ogic

concurrently hunts . f.06 2 sit‘%ggogcgge g&%@gitgg)fa%r%gﬁgli;gnnent pattern in the

signal for a first and se€on one of the set per-alignnent state

machi nes. 35. Thgeaphaad st t@menlory todHedine thed firsbset af segidtershibeglenck donmai n
is faster than a rate of the signal. 36. The apparatus of claim 33 further
comprising: a fichamel satemeniony fxetered seh ofipeyntersipadsa glebalsiate second
receiving unit EXQC ceive a first and second signal and synchroni ze the
first and secon Ssighal in the clock domain; and 49 WO 02/082284

PCT/ US02/ 05088  aayhuhtihippeaxdlighmenit inetoifplcedpled to fiige ot o tegdttérsandrthgi st er s
and the first and second receiving unit, the nultiplexing unit to

mul tipl ex the fiPeschapnel statenamosy,ghesyneimnt psraignmenanamory i 8%ed fi r st

and second Sign%lse?Sfﬁe@%ligﬁh&ﬂ?gta{e%ﬁﬁ-ﬁng;rSt set of registers. 37. An
g:

apparatus conprisin
a second set of registers coupled to the per-channel state memory, sync

hunt per-alignment memory and the first set of registers, the second set of
registers to store a second set of bits received from the first set of registers,
the per-channel state memory, and the sync hunt per-alignment memory;
and
a sync hunt logic coupled to the second set of registers, the sync hunt
logic to sync hunt a first and second signal in a clock domain and feed a
third set of bits into the per-channel state memory and the sync hunt per-
alignment memory.
34.  The apparatus of claim 33 wherein the sync hunt logic concurrently hunts
for a first and second frame alignment pattern in the signal for a first and second
one of the set of per-alignment state machines.
35.  The apparatus of claim 33 wherein a rate of the clock domain is faster
than a rate of the signal.
36.  The apparatus of claim 33 further comprising:
a first and second receiving unit , the first and second receiving unit to
receive a first and second signal and synchronize the first and second

signal in the clock domain; and
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a receiving unit to receive a signal; a first nmenory unit coupled to the
receiving unit, the first nmenory unit to store a set of counters and a
gl obal stwDe2/8x2ki ne; a second nmenory unit coupled to thepPcFasoydiegs uni t
and the first menory wunit, the second nenory unit to store a set of
per-alignnment state machines; and a sync hunt logic coupled to the
recei ving unit, afhuliplexinguyit aoupled e thesfrebsed ofrsapistgrsandtthe fikst angtnc hunt
logic to concurrently hunt for fi rft and second fram ng. signal in the

si gnal and feed S& regfivIngfBbri TIHIGRIEXIPH Syt P Spul e ﬁ%@%ﬁaaﬂ@my unit.
38. The appar at f1 clal &{ﬁﬂ ' | [ | 4t s i gnal .
39. The appar at Egcog\‘dsgﬁlahg%a ertgclhﬁHglﬂgplf%i&%g?Lszgﬁédggé(?grﬁldﬁ%ag)é‘?ﬁbessignal
coi nci de for a fsignal toothe fastdesefaegdterne of the set of per-alignnment state
machi nes. 40. The apparatus of claim 37 wherein a first one and second one

of the set H¥f FEtRPIFMFTCHTPEST machi nes are accessi bl e sinultaneously.
41. The appar at Us..ofi bk elil‘;éahggnglorrp.ri sing: a domain clock to

. Ukl 7l onpr i si ng: .
transmt a clock signaP; and a second receiving unit coupled to the domain
clock and the redasyvinsgorynhit cotipled se dendceiemgi uiin) thefiist niemorgamitte a
second and third signal, to synchronize the second and third signal to the
cl ock signal, amtprea seleficeuntgrs and g glabphstptedn €between transmtting the

second and thir 'gm’;\: 1\l it .
conprising: a dgr?g{:n C Slgﬁquﬁfgﬁé%wbg%c#g%&mé%ﬁgé@H@%@‘P&%ZZM
PCT/ US02/ 05088 uait; fieSevdritbmetticry Qaitpb etré a sétd pdoalignmeninstkte t he recei vi ng

unit to receive a_first and second signal and cycle between transmtting
the first and sé%%?ﬁﬁ‘%i%l as a third signal in accordance with the cl ock

Si gnal s - 117st THRHE Pl EAPRAAE thOrd R if @Gtk Hsabmbhloky ubfiSnll T St meMOTY
second memory unit, the sync hunt logic to concurrently hunt for a first
and second framing signal in the signal and feed a set of information to
the first and second memory unit.

38.  The apparatus of claim 37 wherein the signal is a multiplexed signal.
39.  The apparatus of claim 37 wherein the first and second framing signal
coincide for a first one and second one of the set of per-alignment state
machines.
40.  The apparatus of claim 37 wherein a first one and second one of the set of
per-alignment state machines are accessible simultaneously.
41.  The apparatus of claim 37 further comprising:
a domain clock to transmit a clock signal; and
a second receiving unit coupled to the domain clock and the receiving
unit, the second receiving unit to receive a second and third signal, to
synchronize the second and third signal to the clock signal, and to cycle
with the clock signal between transmitting the second and third signal to
the receiving unit.
42.  An apparatus comprising:

a domain clock to transmit a clock signal;
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store a set of counters and a gl obal state nmachine; a second nenory unit
coupled to the receiving unit and the first nenory unit, the second nenory
unit to sworne/se28et of per-alignment state nachines; andpaTtagnzodessnt | ogic
coupled to the receiving unit, first nmenory unit and second nenory unit,
the sync hunt logic to concurrently hunt for a first and second fram ng

si gnal of the t hireckigingnailit codipleditocthadparaii csclyfthe rexkivid@umih év miceiva fir st
one and second one of fhe set, of r-alignment state chines are

accessi bl e si rrulatfélfﬁb%ﬂfif’e)‘ﬁo“ &%@?hﬁi%&r%%ge%ﬁaﬁ%twg?%F% the first
and second fram i LG r i one of the
set of per-ali gns%t%)r?? S atlgsgqn%%ﬂis%gg.ﬁ4a§?01?ﬁg§éaggﬂgﬁggggcggf%§?gi m 42 wherein
t he domai n cl ock firstimeaiorp unittcoupledtte the teeimirgg wityithe fickt natneorgfurtitie fir st
and second signal. 46. An apparat ys ;:%ngri sing: .a domain clock to transm t
a clock signal; Sirepsetohcus e\??ﬁ‘(}#ﬁﬁq ab3al machiBe: he dommin cl ock, the
first receiving i [ i (BT Lan: > | t he
signal to the clat)ggkénsc} }5‘%5‘0?9g‘&‘gtgcggﬁ%artgté}éﬁe?%gk“ |tt%§%§¥ere@g¥ g{ét e’ domai n
cl ock, the seconfhit; draie¢dmdymentory unit to stoee ¥ Betofyet-atignmeghsthteand t o
synchroni ze the second signal to the clock signal; a first nenory unit
coupled to the friachings ving unit, the first nenory wunit to store a

first set of co i I g;iﬁ%gn{gzﬁ}g' : menory
unit coupl ed to%%aﬁlﬁgg)gﬁceg%&%du%i@??%ﬁe secont h@‘%@yéﬁf@%?o store a
first set of perseadndynerivry ahif the spuhhmetdogib to Yéhdi2tenBly2ivht REZTH 4502/ 05088

a first sync hunt logic coupled to the first and second nenory unit and

the first recei Addgeeand frammg sigpalof e thind signalogi ¢ to sync hunt the first

si gnal and ed J ' : . i

mul ti pl exi nzigfuni-l?'gca t&j&%?aggs %fc))d%lfq‘gq M%%eug% r%@%g%gdggé%%?%&hﬁ? ?E,t 0tfhe
per-alignment state machines are accessible simultaneously.

44.  The apparatus of claim 42 wherein the first and second framing signal
coincide for a first one and second one of the set of per-alignment state
machines.
45.  The apparatus of claim 42 wherein the domain clock runs at a rate faster
than a combined rate of the first and second signal.
46.  An apparatus comprising:
a domain clock to transmit a clock signal;
a first receiving unit coupled to the domain clock, the first receiving unit
to receive a first signal and to synchronize the signal to the clock signal;
a second receiving unit coupled to the domain clock, the second receiving
unit to receive a second signal and to synchronize the second signal to the
clock signal;
a first memory unit coupled to the first receiving unit, the first memory
unit to store a first set of counters and a first global state machine;
a second memory unit coupled to the first memory unit, the second

memory unit to store a first set of per-alignment state machines;
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mul tiplexing unit to nultiplex the first and second signal in accordance
with the clock signal; a third nmenory unit coupled to the multiplexing unit
and the fwogk/osypese hunt logic, the third nmenory unit to FrCersozo®esond set
of counters and a second global state machine; a fourth nenory unit
coupled to the third nenory unit, the fourth nenory unit to store a second
set of per-al i garfastsynt st lgihiqupded trttie fiastsadeacbrslymentorpunitagidc coupl ed

to the multiplexing unit. and third and fourth nmenor ni t he second sync
hunt Togi c b STARGARCETES i e SRacEne REPUPERTE SEte B tbF S and T cod
an output to theidf 444 fiad anfd?i!ﬁﬁﬁoqﬁ@'ﬁféfaHa'sEcorﬂ7me1£Gﬁ)fﬁﬂﬂ,ar atus of claim
46 wherein the first set of per-alignnment state machines is organized for

si mul t aneous ac eessitipldxingunit caupled ¢¢ therfirssavbsedond eecefving heitfthest set of
per-alignnent state pachi nes, 48..The_apparatyus of claim 46 erein the
second set of pé‘i“llgpreg‘fﬂge‘r‘ﬂl?ﬁ%’g‘&ﬁﬁﬂ}‘ﬁpfﬁégar}‘ﬁs%?’@%ﬁ’ig?@ OISR t aneous
accessi bility ofg fie'®dckafithaiecond one of the second set of per-alignment
state machi nes. 49. The apparatus of claim 46 wherein the first sync hunt

| ogi ¢ concur r enfalthird hoetheryf anit eodpled to drednsléiptaxihg weitrend thefiwrsesgncpat t er n

for a first and second ane_ of the first set of per-alignnment state
machi nes. 50. m@na%@acrﬁﬁwmﬂnaw%tmree? ?FCPﬂésgfe%féfﬁan?mmﬂﬁm | ogi ¢

concurrently hurtg okl sdiS mathihesecond frame alignment pattern for a
first and second one of the second set of per-alignnent state nachines.

51. The appar at adoofth cherhonydfif coutpiet tocthiephird megmorysii\heéfotd2284
PCT/ US02/ 05088 the first S){nc hunt l ogi (t: to transmt a feﬁjg1 forward signal
to the second GMUBAY WHLHPOSIOREAERRN Rf PRisalfgneentsiate machines;

e ST e L1 AR 06 ROV S AR IR SRR o1
response to the féweh nfeniorgiohits tlgnsekond sync hunt logic to sync hunt the
multiplexed first and second signal and feed an output to the third and
fourth memory unit.
47.  The apparatus of claim 46 wherein the first set of per-alignment state
machines is organized for simultaneous accessibility of a first and second one of
the first set of per-alignment state machines.
48.  The apparatus of claim 46 wherein the second set of per-alignment state
machines is organized for simultaneous accessibility of a first and second one of
the second set of per-alignment state machines.
49.  The apparatus of claim 46 wherein the first sync hunt logic concurrently
hunts for a first and second frame alignment pattern for a first and second one of
the first set of per-alignment state machines.
50.  The apparatus of claim 46 wherein the second sync hunt logic
concurrently hunts for a first and second frame alignment pattern for a first and

second one of the second set of per-alignment state machines.

51.  The apparatus of claim 46 further comprising:
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52. An apparatus conprising: a first format sync hunt logic to sync hunt a
signal for a first layer format and transmt a feed forward signal when
the firstwOayes2280ornmat is determned for the signal; a gkaibalSoseasse

machi ne coupled to the first format sync hunt logic, the global state
machine to reset a second layer format sync hunt logic in response to the
feed forward si dhafirstaymk hire legic dmtrahsmitatfead frowaod sighalfiodhe secphdd t o t he

gl obal state machine and the first format sync hunt |ogic; the second
format sync huntgtf?‘@gﬁ@twaglyﬂewl}?aﬁbe ?‘ﬁ% SERGRRt 1Pgic d§te§g’é’6?§c?5’ig&§’éﬁ“tfor mat .
53. The appar at 4§, @l EbdifiapZngherein the first format sync hunt |ogic
hunt s concurrentﬁy for a’first and second fram ng pattern of the first

| ayer format. 54he ddvend ghababstate mhclihatonesat thes¢doad sebofrersiliggments donai n
clock to transmt a clock signal; a fi rétﬁﬁ?nd second. receiving unit coupl ed

to the domain clsfdgmachines i1 ©spansg to the PRAIAGIENG unit to receive a
second and ghhir .1%1‘13‘5 RAmiRisirzynchroni ze the second and third signal in
lﬂ?t hqﬁ'fx?fl:l C O%§ e

accordance w si'gnal~, and a nultiplexing unit coupled to the
first format syndidktformabsyre lamd ldgieto dyine dunbadighetfond firstdeyerifogmatni t, t he

mul tiplexing unit to nmultipl the = second and third signal and transmt
the mul tipl exed agééfmnamf’e@ﬁﬁ?ravaréisgs{&fi)wg@ntth%}%ﬁt&ygrfqrmth% first format

sync hunt | ogic. A4 ARRAL abHS. conprising: 53 WO 02/ 082284
PCT/ US02/ 05088 da(E§ ata struct u%ﬂ fo store a set of DS3 per-alignnent state

machi nes, the petlollisgiematchisieabepledoitielrsofoyatat sy hutitdogivahe ol unms  of
eighty-five DS3 per-alignnent state machines; a logic coupled to the data

structure, the I8%hasiate Paghipe o raset asacopd layenforpat Sunq lyatdegic# at e
machi nes and t0rb'ib%%@t&i!?\%féee&fo%a%ﬁgﬂ&ﬁéxﬁii gnnment state nachines.

the second format sync hunt logic coupled to the global state machine and
the first format sync hunt logic; the second format sync hunt logic to sync
hunt the signal for a second layer format.

53.  The apparatus of claim 52 wherein the first format sync hunt logic hunts

concurrently for a first and second framing pattern of the first layer format.

54.  The apparatus of claim 52 further comprising:
a domain clock to transmit a clock signal;
a first and second receiving unit coupled to the domain clock, the first and
second receiving unit to receive a second and third signal and to
synchronize the second and third signal in accordance with the clock
signal; and
a multiplexing unit coupled to the first format sync hunt logic and the
first and second receiving unit, the multiplexing unit to multiplex the
second and third signal and transmit the multiplexed second and third
signal as the signal to the first format sync hunt logic.

55.  An apparatus comprising:
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56. The apparatus of claim55 further conprising a global state machi ne
coupled to the data structure, the global state machine to control the set
of DS3 pwp-calospssrent state machines. 57. An apparat us comomitsongsosa dat a
structure to store a set of DS2 per-alignnent state nachines, the
per-alignnment state nmachi nes organi zed into three colums of forty-nine
DS2 per - al i gnnentdas4 sirectmeectioishars a sat OfdgSE perealjgnenkrnt statdmadaines, she uct ur e,

the logic to process the set. of DS-2 er.-aljgnpent state _nmachines. 58. The
bppar atus of ol BEFRBEURERE e AT SR O AT O SO AR I E oupl d £

the data struct g, grggﬁgh@gggtaﬁetrﬁgmhi ne to control the set of DS2
per-al i gnnment statepmac ines. 59. A conputer inplenented nethod conprising:
recei ving a si gndbgicandpleg e hheodrta atrivchord) tinet logiy toqgmocass mtdeyof 083 a fi r st
and second frame alignnent pattern for, a first and cqnd al.i gnment
candi dat s, 60, PRALEUREN LR e mashitFeAREdO HBLABANEFotat LTRSS FBRERh ( he
first and secongd.ali.9RpeeHt candidates are stored in a set of per-alignnment
stat e machi nes. él. The conputer inplenented nmethod of claimb59 wherein
the first fieame Thelapparatus ofpdditreFfufrtder tdvapfisingta glbba) statermachindi dat e
coincides wth the second frane, al|gnpent pattern for e second al i gnment
candi dat e. GPlefHe the Apaskuciurp (pa kbRl AischadueR Rtotsel B Stk B

conpri sing: .. r.ecel i ng.a 5846808, si gnal sinul taneously with the signal; and
54 WD 02/ 05?23@%5‘8% FJSSZ/ 05088 synchroni zati on hunting concurrently for
the first &7d seooagpdratmseomplrisgigrent pattern for a third and fourth

al i gnnent candi dates of the second sjgnal. 63. The conputer inplenented
met hod of cl ai masthtq sFEHuEre t@éFﬂfFiasth@gzl%?r B"créfﬁiﬂ“ﬁ‘bef‘é s BrRENBeY tag

si mul t aneousl y \ﬂegﬁgﬁeﬁg ﬂﬂ@lma&\ﬂﬁ%s%?gzﬁﬁ%d S fitbe LALRHs S fic;rw—ﬁ{n%nt for mat

t han the signal;
DS2 per-alignment state machines;

a logic coupled to the data structure, the logic to process the set of DS-2
per-alignment state machines.
58.  The apparatus of claim 57 further comprising a global state machine
coupled to the data structure, the global state machine to control the set of DS2
per-alignment state machines.
59. A computer implemented method comprising;:
receiving a signal; and
synchronization hunting concurrently for a first and second frame
alignment pattern for a first and second alignment candidates.
60.  The computer implemented method of claim 59 wherein the first and
second alignment candidates are stored in a set of per-alignment state machines.
61. The computer implemented method of claim 59 wherein the first frame
alignment pattern for the first alignment candidate coincides with the second
frame alignment pattern for the second alignment candidate.
62.  The computer implemented method of claim 59 further comprising:

receiving a second signal simultaneously with the signal; and
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synchroni zation hunting the second signal. 64. A conputer inplenented

met hod conprising: receiving a first and second signal; initializing a set
of per-alwg@rmesi2sst at e nachi nes; hunting for a first ali gmeantSozdysal
within the first signal in a first time slice; resetting the set of
per-alignnment state nmachines after the first tine slice; and hunting for a
second al i gnnmentsysélgnaizatibn huntihg) eorsrently Soxgthe! firstraral sesend frdmtei me sl i ce.

65. The conputer i npl enment ed nethod, of ¢l aim64 wherein the first
al i gnment si gnal?ligieel Befterpifora gﬂf%wcaf%rtwmergicgm%#areapf therj rst and

second one of th n}afeg-- 1i gnent state machines. 66. The conputer
i npl ement ed net hocg) 0 1%l‘l?ga'i m 64 wherein the second alignnent signal

coi nci des w3 h &heaontputal imgrieraanted ingethbd bbelaan 69 fttherdngeisingd  one of the

per-alignnent state nachines, 67. The conputer jnplenented method of claim
64 further conprfei¥igs 2 speAnd %@f‘%léFn‘éthI}ﬁongéﬁ%ﬁp}*ﬁe%ﬁ%ngﬂg‘ﬁé?C thin the

first signal in s@fﬂé&gg@ffe%hgﬁggtﬂ%%% ﬁ%“éﬁﬁn&he first alignnent

signal in the fi Si g Int irst t Ice; and hunting for the
third alignnent sghgitehizatibmhontihg tiseeseoont siggalal in  concurrence with the

hunting for the second alignnment signal within the second signal in a
second ti mfkl i &?O%BQWEMW@VWWS 68. The conput er

i mpl ement ed net Pg%i@%g%lf?%tre’gr@s&bﬁaggh%conpri sing: hunting for a third

al i gnnent si gna rst si in concurrence wth the hunting
for the first alihigal®ing asegobpertalighiieent stasd maélgned; in the first tinme
slice; and hunting for a fourth alignment signal wthin the second signal

in concurrence hntingdera Hrph eligyment signad withig tae Grst signalin aditghdmewi t hin t he

slice;

resetting the set of per-alignment state machines after the first time slice;
and

hunting for a second alignment signal within the second signal in a
second time slice.

65.  The computer implemented method of claim 64 wherein the first

alignment signal coincides with a third alignment signal for a first and second

one of the per-alignment state machines.

66.  The computer implemented method of claim 64 wherein the second

alignment signal coincides with a fourth alignment signal for a first and second

one of the per-alignment state machines.

67.  The computer implemented method of claim 64 further comprising:
hunting for a third alignment signal within the first signal in concurrence
with the hunting for the first alignment signal in the first signal in the first
time slice; and
hunting for the third alignment signal within the second signal in
concurrence with the hunting for the second alignment signal within the

second signal in a second time slice.
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second signal in a second tine slice. 56
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68.  The computer implemented method of claim 64 further comprising:
hunting for a third alignment signal within the first signal in concurrence
with the hunting for the first alignment signal in the first signal in the first
time slice; and
hunting for a fourth alignment signal within the second signal in
concurrence with the hunting for the second alignment signal within the

second signal in a second time slice.
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