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Synchroni zing the transm ssion of data via a two-way |ink. Technical Field
of the Invention. According to a first aspect the present invention relates
to a nethod and a systemfor synchronizing, in a cell based swtch,

transm ssion of user cells which can include different nunbers of 5 data
bits, between WR%6&R1580rts and switch core via a ‘two-way |i nkctAgssposisng to
a second aspect the invention relates to system for synchronizing in a
data transfer systemthe transm ss- ion of data in the formof a bit stream
bet ween functional 10 entities via a two-way |ink, each functional entity
havi ng nmeans for applying data arriving fromusers and intended for

transm ss- ion on the link, in user cells which can include different
nunbers of data bits depending upon the size of the respective user data.
15 + In many data transm ssion systens different functional entities
are connected togghheroyi 2 f ke LBRALLIGUIY oS yis L NG, 0858, i

t el econmuni cati on Systens. Tne R CO T 7 0e

nunber of physical interconnections. The nore interconnections the higher
the cost will berethnicaP (FidieY ®FotRe arnsewtidy.actice to apply all

I nformati on requj ' | | Lng a digital

i gnal - Thi's maieerTaind 3 B0k uEbaat RTBERLLAP SneBH FeTnfei o e
recei vi ng efd"eFhehang R SYSERRpESY SYRCRIOPAZANG npin @& celh-basedesvibrchust
be transf er tednshibss pon rifSubertdwllst whidhrearoin2bude fdigreprbnt eN@hBers of
Exanpl es @f ghapl €L | i ' ' C.ﬁgie e h Lgital _signal is

t he cl ockgt ﬁg?geir?g% ésB%ng} ormgﬂ%mo%%% a |g%r‘f}elr%tc?' %r?gea %?nc r%'ﬁ?’z"f%
pattern whi ¢APEnabl es perform ng alignnent on octets, words, ATMcells, or
every other hi ghescdfaiig UEd uaeskbond bakpect tNE 044Refdh relates to a

transm ssi o8 sre it sopehrEndbing TS Ul Elietde RARER 4F Fanpmiang-
di fferent céP? efzda%mpinarthg form of a bit stream between functional
10 entities via a two-way link, each functional entity having means
for applying data arriving from users and intended for transmiss-—
ion on the 1link, in user cells which can include different
nunbers of data bits depending upon the size of the respective

user data.

15 In many data transmission systems different functional
entities are connected together via a link. In particular this is
the case in telecommunication systems. The link cost in many
cases depends upon the number of physical interconnections. The
more interconnections the higher the cost will be. It is

20 therefore a usual practiée to apply all information required on
a single physical connection carrying a digital signal. This
makes it necessary to reconstruct the logical structure at the.
receiving end of the link. For performing this implicit in-
formation must be transferred that points to the structure on

25 different levels.

Examples of implicit information which is coded in the

. digital signal is the clock that enables performing of bit
alignment, and a synchronizing pattern which enables performing
. alignment on octets, words, ATM cells, or every other higher

30 structure than bits.
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5 A link for transferring ATMcells has a cell synchroni zing nechani sm
-based upon the so-called HEC Field (Header Error Correction Field) in the
ATM cel | and the process flow. A form of cal cul ati on denom nated HCS
(Header Check Sun) is based upon the four continuing octets and the

‘remai nder that is included in HEC. 10 The process flow is based upon a
state machi ne woweagusst at es HUNT, PRESYNC and SYNC. A wel | kpowsessid?s
machi ne for this purpose is described in the Bellcore docunent

FA- NWI- 001109. A correct HCS cal cul ation f8rces the state machine in

guestion to a statsetaPrﬁEgp\L&ePé%%i ded that six consecutive 15 correct HCS

cal cul ati ons appe S, Te transition is performed.to a state SYNC,
ot herw se transit iOPShropdzing niy coangciigpeVEHRTtr 3 ssien P chF ceet 15 e
i ncorrect HCSesilhsd ain opsoblenshe int giaortI¥hJart rianstageoroff diffexwrste cell
perforned to ¢t tahdeaddhd. 20 An essential disadvantage with use of
such a cl osed state Jachi.ne that er.ate i t hout .support . fromthe .
ori gi nati ngsesi de i ]r’ﬁ‘gc tff’ﬁeglé%'?‘isst%;%gfpgni?gr °?ggsg‘r£‘r§3;t ﬁf;gy%ﬂ?%’ﬁ?’ﬂ?r’d’g
state, and acwshéiniginy based elpoh otbewRAT RIS ( afFiekdi {Header Nerwor
tthatn 60Acelt LScmd_ diﬁdrp?ie?&f qrnteﬁﬁ%@m &blitpaga%w brb_te_eé’é‘ £QRRRA. AR t?fSrﬂd%f{
state. Another_ di saqvantgge Is e 0 n_guestiqn does_not adm
transni ssi on Gt "‘\q'si%‘f ggﬁ‘?’?’é?aetﬁg §#§egg%ﬁf;]?$é:lhlef:gk§m?)n it kaged upenthe
5,123, 013 t hefoux somtdonibedateite ayhthe remaindenthat is pdaciatdedoineHERd
fsyst em forzhfeﬂfa NS G6k s e@fdd'v{/im FhageRd lugdrd & sga@e/;tsﬁfcm}edq{ﬁﬁfa | stled
i xed | eng u a e fransmtted. eas ne \
synchroni zi ndh@&l'l d%%%f‘g?c W‘ﬂgég"és)'yréhV8§¥‘z§ﬁogﬂ SEEEE RaFB"Pﬁs&qreothls
bet ween t he deurpass |is dererihed HinotheaBedhcere | degumest| EASNRT+0QLL09 4 t ed
'32 certain situat izpnf&oryéezt dosi li?.l&ul&ﬁﬁ%ﬁerﬂdi@ebn try Cﬂcs& dakansak! Jix§
transmtte t at e successi- ve
during a pre eeérq{rrjic’zr%'edﬂl:’n'tl er%taﬁc%af e"!riga%{\ﬁce' trsgﬁ{s’%&és% im('):?l’ggf Sife consecutive

synchronhﬂﬁi?ﬂ?ﬁﬁﬂq.ncs vplowlatippg appear in this state transition is
PCT/ SE96/ 007 er¥ dathel, To0al2tatdl aymci, hothepwipe etrarisilitébanis Hegtdrhed

decodi ng syst.gie Dbk, WHdS- gafegga{r&%aurai@g %gﬁ&&%ph@éi‘s@ic&fwme

same w dth, exce%t for the initia of each
in the state SYNC, transition 1s likewlse performed to the state
HUNT.
20 An essential disadvantage with use of such a closed state

machine that operates without support from the originating side
is the time consumption for reaching the synchronizing state, and
accordingly the cell loss when synchronization is lost. More than
60 cells can be lost before the link is brought to an operative
25 state. Another disadvantage is that the method in question does
not admit transmission of cells of different sizes on the link.
In the Us patent 5,123,013 there. is described cell synch-
ronization in a packet connected system for sending and receiving
a cell train composed of data cells of a fixed lenght including
30 data to be transmitted. At least one synchronizing cell contai-
ning a synchronization pattern is inserted between the data
cells.
The synchronization cell or cells are transmitted in certain
situations, viz. during a time period in which no data cell is
35 transmitted, or after data cells have been transmitted successi-
vely during a predetermined interval after the transmission of
the synchronization cell.



which is called sync cell and has the double width. 5 DE 3, 842, 371
rrelates to an arrangenent for clock synch- ronization of a cell structured
digital signal. Summary of the Invention. An object of the inventionis to
provide a nethod for cell 10 alignnent in a bit streamthat contains cells
of different sizes. Generally, this is attained i.n accordance with the
I nvention by uwogsMaisBast synchroni zati on al gorithm based upeorsesiobr7synch-
roni zation cells and use of suitable devices on each side of a two-way

link. 15 ~In a method according to a fPrst aspect the transm ssion of
data on the |1nk igsShathethand filRGI1aCh PLIRANSEBioPE Hiditalni gt A" €
exchanged between tThe functional entities and each _contalns, o the one

hand a synchr 8aFeding syetern DigitadaWoreF afif SorRe iyrells |ofc grpFRxima-
identified, agdlyothéhsans heidthgndxcdptcEokr thedbhbtiBy &6kl f afcéactnatord
entitites conghobn Il 2a330aDEyAE! cbf ‘id'Gis 26 LAl bt Checki ng that
synchroni sm prevalrls, or a va¥ue that 1n a state of operation on the link,
that is appPehendel® adr8§4%y3/ilnFeiidesots At RITANGRmey kX t RRogk ngynch-
tional entitiesnigatizeeofeascery fructairesdt digiadksidgnadni sm 25 In a
system according to the first aspect a link control function is included in

each functional entity containing functions for starting and controlling
the transm ssion (ﬁ%%—%s—fmﬁ@%ﬁans of sync cells which are
exchanged bet ween Amedjeck ofnthel irivendtiionniscomtpdviste By nethpdcfort adell
machi ne 303phah i GasedtN 1% Pit! Seredfl thadtbined Al cdelids! bh kg Garent 4.l on
I's brought to_li nvesﬂrlfqa .a sznctcej Ieégam nﬁ?l n.from tqﬁ‘ ltb?,_k gfor

det er mi ni ng WAEPRERL1¥%- %F@e% t BELA N P PRERELRANSE (TR e dp¥entign by |
a PRESYNC st aneingractaiid synchropigatien dlgonithm hgsednwponwsnall heynch-

predet er m nedrgatiREfor @108 BAANEQUSE switdble3aeiliEeSbAl Bach NSidd ¢ a
control function is r.(,)_‘g(ght to investigate a predeterm ned nunber of

consecutive sy‘h"c’“‘é%’h 6ming in thereafter for determ ning whether they
agree to th8 predefr@ methed pyorAing to a first aspect the transmission of

PCT/ SE96/ 0077dada ner €He PEiriicis sBRited dnd sligerkd¥eds byt Redfis 1 &9h8EsklYs
1S e oot SURAERRes | Bl sbibons SHPCRLAHR, AR AT die

contains, on the one hand a synchronizing pattern, by means of
which the sync cell can be identified, and, on the other hand,
20 control data. By the functional entitites control data can be set
to values admitting mutual checking that synchronism prevails, or
a value that in a state of operation on the 1link, that is
apprehended as implying loss of synchronism, forces the func-

tional entities to take measures for reinstating synchronism.
25 In a system according to the first aspect a link control
function is included in each functional entity containing
functions for starting and controlling the transmission of data
on the link by means of sync cells which are exchanged between
the link control functions controlled by a sync state machine
30 that has three states. In a HUNT state the link control function
is brought to investigate a sync cell coming in from the 1link for
determining whether it agrees to a predetermined pattern for sync
. cells. In a PRESYNC state, preceded by a sync cell being in
agreement with the predetermined pattern having been found in the
35 HUNT state, the link control function is brought to investigate
a predetermined number of consecutive sync cells coming in
thereafter for determining whether they agree to the predeter-



m ned pattern in the PRESYNC state, transfer of data on the link 5 1is
.admtted while supervising data with respect to errors. Transition to the
HUNT state is perforned if an error is found. In a systemaccording to a
second aspect a link control function is included in each functional entity
with functions for starting and controlling the transfer of data on the
link by 10 neameoedM2s38nc cel |l s, which are exchanged bet ween tPox/SEDSH0773
control functions and each include, on the,one hand, identification
i nformati on, by nmeans of which the sync cell can be identified, and, on the
ot he[) hand, cRikéd! pftictn . Bretdad dd lﬁhé:ﬂUNﬁOétiﬂélCié PeritbemeantiEothdst s
can be given u a a c nghL o S, . 0r
NG UgRe WRLEE QH‘% E}H«E ktlee Sfléﬁéﬁg% p:?% hgﬁ%egﬁﬁbﬁé{-ﬁn%d

a value which 1h an operationa ate on the : as meanin

| 0ss of synchP@rPe¥ of HYNE qeldst having ksRGM ragreament| witht shearredetenres
toI Ire_- i nst atﬁi:?ymwwar&' MinAtheD PREBENE UsEdt )N ﬁr?mfds émcadﬂa;lorhenealﬁmhp
cell insertin t hat,.re <2:SkI 0 r an this
i nserts synéc :gsel Iléé%tj:lgﬁgdaq&lirlset %twrp\aé%?#%%n%ng Ginc ﬁ Fﬁg#&?%c%lo\_/egr#ﬁ’é :
resul ting st rEEAResHHanston $hef HWR statle {s,RErtoreed diff anapurerahs Sewad.
this to a bit streminsi gpstem tdtriording aeked seddnd dspeict &l OLinki goatreut
onto the | NkeudleddiPuls 1HORANA [ IEH Eﬁg&ﬂ&&f@?ﬁ:&ﬁg%ﬁé ¥ ions for
transformng functjon 25 that receives a bit streamsignal comng I'n from
the I'ink and ¥Fairking angd pnreliang. the SXpnsfer PS, Aata ocRatthes HakabYy
cl ocked ouio fmearsdf syhé dellsyi widcin arebegcitdmdd dbetwedn fthemitink ¢optiol
function. A ' clLl I ect.ed rehl ng ' L fying
n the n it ot o i et LAGEMPF VR il R SR, AiinetEL
cel |, and whethferyation,#yeneans, afowhicn, Hhiei 3RS caR beoiReagified,
function enabimd, coociieg atherf drargacheentradi tdata.l- Byt eabhckisilgnedntfol he
n-bit paral | egudE By theOBbhtkol BRYA &4 Ad Ylven X IGes Wit REREPCmtual

recei ves t onflir ion signal for.controlling the transition fronm
Chocki ng 3% Tl Shan SVRGHIRNER PRHTR LR YRR WBLEE OfaR CPBFarLeRal
cl ocki ng wi t hstake lom the| bink sipprehenisdopsaneaninginlogesobHf syhehrowis, on
gé% '[SESGI 88'[77%1'5‘4‘5 the WP 6l k1 2dntrol fuflctions to take measures to re-
i zat t hat e i rent ce
e ecor | Endt Ol AR, LR ol | W ABROBEFES Ynd {115 ks
sync cell inserting function that receives a stream of user cells

20 and in this inserts sync cells, ahd a first transforming function
that receives the resulting stream consisting of user cells and

sync cells and transforms this to a bit stream signal, that is
clocked with a 1-bit clock signal out onto the link. An input
function from the link comprises a second transforming function
25 that receives a bit stream signal coming in from the link and
transforms this to an n-bit parallel format, that is normally
clocked out for each n:th bit with an n-bit clock signal from the
input function. A comparison function is connected for searching
and identifying in the n-bit parallel format the identification
30 information of a sync cell, and when it is found emit a con-
firmation signal. A clocking function enables clocking out for
each bit with a 1-bit clock signal of the n-bit parallel format
from the input function. A sync state machine receives the
confirmation signal for controlling the transition from clocking
35 of the n-bit parallel format with the n-bit clock signal to
clocking with the 1-bit clock signal.
Important advantages of the invention are the fast synch-



The invention will now be described nore closely belowwith 5 reference to
the attached drawi ngs on which Fig. 1 schematically shows a

t el econmuni cation switch intended for both ATM and STM I ine connections, in
whi ch the invention can be used, Fig. 2 nore in detail and on a | arger
‘'scal e shows a part of 10 the switch according to Fig. 1, including a

t wo-way transWos2%i4as8 | | nk bet ween a switch port and the sw PCISEIS08773f Or
illustrating sone main aspects of the invgntive idea, Fig. 3 shows a sync
state diagramfor a sync state machi ne used in connection with cell

synchr oni zatrai gearionr ahdl that 1t attowdaappeardrvd be diffefrentncell tdikzes.
transm ssion link according to Fig. 2, Fig. 4 shows a transaction state

di agram bet ween a swi tch port and svvltgh core while using the sync state
machi ne accordin L =practical synchronization
scenario, 20 Thiel gaveﬂtmrdwﬁlkhwwebaanlplsenbédeldmdcmeaelwdbebowwm

roni zati o GRlderAkedtHSEhe %’dt'achéésﬁﬁﬁﬁiﬂfé Yon Rii@ch/ I n some detail shows
a functional diagramof an_ enbodl ne S stemaccordlngto

ntr
the tnvention as figel uﬁec?%“@ﬁt‘??@)ftrﬁ?“ﬁ’&rt antoeqf\ﬂ"l“{‘,'ﬂn greion . rikchy t
Fig. 25 3, HnjerSleshdies ddthnafMoaald ETrlameofconnestions, t i whikhc ditfer oI

system accorgjvihtlidntdn ¥e T¥eq,i N detail, Fig. 9 shows a sinplified sync

state diagramfor_,a sync state_mac sed | connection wth performng
cel | synch- 30 rdiSzati B ﬁ“a@%‘b?{}grﬁéj ?l’ég‘?ﬁ\?é’ﬁ'b@o‘ﬁl,mi“—? L P Sitfns a

t r ansact iléh theasyichgresortddngets Bicwilt,c Iimpbu@lmdl twptwdy corensaiieasi ng
the sync st alidelkwEen & Gitch Ppdr Rind tﬁef Qd’rr@cl'p%‘éiéb' for rﬂ?@dé@atin

synchroni za%a&{bt 3@‘3‘3 %ﬁec‘fs% é% Ellg et ail ed sync state di gram

for a sync Tne u odr rre ' of alink control system
accordi ng to the FiSvedt fhewaa éﬁgérﬁbéﬂevﬁl-ﬁﬁ#aéf &oEna esYnse totate Inankiing

EIC%J rSESG/ 71173&9 64f21&éSnnection with tcell synchromzfatlon erfo:;(*med in
a cont r ol
function %(I’)l tvﬁ%;% ﬁiFa?’ze s%%% Qg'f" a%'gvén%%qﬂn%gagggr%aﬁ"g@ n{i s?_? ’ﬂk 2SS iiged,
o lg. '

Fig. 4 shows a transaction state diagram between a switch
port and switch core while using the sync state machine according
to Fig. 3 for a possible practical synchronization scenario,

20 Figs. 5 and 6 show examples of embodiments of a synch-
ronization cell and a user cell, respectively,

Fig. 7 in some detail shows a functional diagram of an
embodiment of a link control system according to the invention as
included in each switch port and switch core, according to Fig.

25 3,

Fig. 8 shows a functional diagram of a part of the link
control system according to Fig. 7 more in detail, _

Fig. 9 shows a simplified sync state diagram for a sync
state machine used in connection with performing cell synch-

30 ronization in accordance with the invention,
Fig. 10 shows a transaction state diagram between a switch
port and switch core when using the sync state machine according
. to Fig. 9 for a possible practical synchronization scenario,
Fig. 11 shows a more detailed sync state digram for a sync
35 state machine used in an ewmbodiment of a link control system
according to the invention as described with reference to the
following Figures,



Figs. 13 and 14 show tine control diagrans of exanples of |ink

synchroni zati on processes in the link control system5 according to Fig.
13. Preferred Enbodi nents. Fig. 1 shows a cell based tel econmuni cation
switch intended for both ATM (Asynchronous Transfer Mde) and STM
‘(Synchronous 10 Transfer Mde) |ine connections. The switch includes a
plurality of swotéMeisorts 102[err]-102[err] connected to a SpCISEYoErE 104
via each a two-way |ink 106[err]-106[err]._The switch ports 102 are
connected to e.g. a comuni cati on network ®hat can contain e. g. 1ncom ng

lines 107 and 108,mar 0£§ss§f3vﬁs gt ﬁun%daun&ﬁ%é&i e 108 st urfetY ol

cells or STMtl ot.s. nd_l1l02[err] are shown
schemat i cal | y"’?;\é"' L yé'ct 8)@3% ‘2?2"3’["88 ko)ond ‘%F % nf 91 ddet % ’r'ﬁ"lde@ard
110[err] for STM Iﬂlgéoc@ﬁneodl L) ahelwatimm@qnmerlf Q@egcamuof @ les0 DL or
ATM | i ne CONNELdi OBynERSORLIAVYY - pFbBebsdle iRt ethacel (K Ciebhtfe] Isysten
110[ err] argj 110‘#3## gre al so hown schematically 20 as contai ni ng each a
respective i HE° naPi Bhd 11 err] and 112[err] which via a respective
link 114[err] and 114[err] for user data is connected with the

correspondi ng sw MW 102[err], respectively. The swtch
Sorver chea L1t P50 A b SHEL e b SRS e FEH O e

server card 110[err a process
switch port VEQF thet 1M§’é¢hf°‘ﬂ@is (RransdgraMogey. apdj STH s{Synchronious

t wo-vay tred fhrardidercroas) g.iddﬂeoane&ﬁibmr theOgvetél inddudes &Pivra1Geye

104 via the |plcdQaherledmics | nogetahhcde bl ehs ool rtceogr%ﬁs{ rJﬁgpgﬁbg

arriving user data In € size ese us
SO as to suitattwe-weyr LdnkalO6prl06y. AThe culiltchf pPoFtecle? sare usmmestled tioze

of 56 octets &3 hMumiifichR18A nbtoriOBndY (G BoliBath!d &l 1hichlind J4RE O

pl us checksu STM tiLne slots are ag
i s then gui dg‘ﬁmf P8 208 RRATESSPES: 8 h eh"?gsoﬁé tarT’rdo&Qﬁ £RR cagrvc RTM

core. For ¥ mmldsdera$Tédigdeselppsi dPheiwihehtpotts JWe; indpPiyiane shewn
data in user ém’itléﬂﬂlf ffepfNkxamp i &?/I:A@lis&ated on a 11ne J.nter§
PCT/ SE96/ 00773, 7 Gl rcu es_int context reterence ‘s di sh
patent appli cEtd cWrtNS‘ar gﬁé’slf%r S]S‘\ﬁFt ERPPBFEIID AR 13 1:’6??( dmrersaceni
control functéipreud®2carad 110, for ATM line connection, respectively. The line
interface circuit cards 110; and 110, are also shown schematically
20 as containing each a respective line termination 112, and 112,
which via a respective 1link 114, and 114, for user data is
connected with the corresponding switch port 102, and 102,,
respectively. The switch port 102, is schematically shown as an
example to be located on a server card 110, which includes a
25 processor 116 .connected to the switch port via the link 114, for
user data. ) .

Fig. 2 illustrates the two-way traffic between e.g. the
switch port 102, and the switch core 104 via the link 106, more
in detail..The switch port 102, applies arriving user data in

30 user cells. The size of these user cells is chosen so as to suit
the user data. For an ATM cell of 53 octets a user cell size of
56 octets can thus be chosen, i.e. 53 bytes plus cell size in-
formation plus checksums. STM time slots are applied in smaller
cells. The user cell is then guided from a switch port to another
35 one through the switch core. For a more detailed description of
the technique of applying user data in user cells, and different



that receives user cells based upon user data arriving fromthe 5 outside
to be forwarded on the link 106[err], and emts user cells arriving from
the link, the data of which shall be sent out on e.g. the network,

i ndi cated by double arrow 204. The traffic between the switch port 102[err]
and the switch core 104 proceeds between the link control function 202 and
a link controlwbesatisson 10 206 in the switch core. The |ink mempoebo773
functions 202 and 206 rmanage the cell synchronization, as will be.
described nore closely below. Cells of di ff¥erent sizes are transmtted on

Schemnt | - 15 CSAFPpSRRREL b, 0812 s Bt Gifer SR 48 hadd (B Beafifbatone)

user cells aP®PPligpEiPRINt 2AP205408214, respectively. No explicit
i nformati on regar thagswhechegortni 1up otontaihs aslimknséwetrad fudetion dos

t .t heref || ali i 2 link...F hi
pur pose. sync (2ak; EeSbLVEE e AT bagel RO el BaBE LIS viAL el chi ©
cel | flow 5 pPutrddpi tosbepcfiprwaxsied o the 3ipknd0fsi |and enidisc ¥sey Sellso

fmd 218% 5 eSI&Qﬁ"ﬁWﬁbYﬁraﬁ aibleaz%nml Q_heTBSthBﬁ ms%d::s amprﬂtagigaf\ttedm%n@nh
ermnated in elin ntro n res i y ,on C
side, i.e. t I8 'd&lkwotneé%'ﬁ% d iiﬁ'aﬂ'%ééés% %@h"%gg%é grrrf’ﬁeggg's#?cﬁr&;% ¢
out si de the |§erweennf:hel Sﬁémehi part 0@, @ner Q!tﬁ | sy idich Rerge d 04n pirioseeds
the TPk conioeivebfl KAE Lnk ot 1BLEHE A02 AAANIL K cBhploP et
i fu | | | W
descri pti g’% (ﬁoger}ﬂogﬁ-e ﬁﬂh’féﬁ %‘U"é) %%nggpﬁ3cgﬂgﬁgf a*‘é%‘é"?lsalzgzdiaé?&r &Hg
i || ustrating manegeayths opbl asyoshvenizattisne naehmwidlf dre.t Besérited ombrel
functions oncagBi1gi Be1&k. the 1ink, which is used for synchronizing the

compar ot wi th & pEoubeP WAPalant. phebE, fxb  Bralffidcen i EhegdiBlr ae: 2
agreenment betbiEeAtERanntokatd Sinections ofpichdisr sgreans brihgpschemati-
forces t hahss toaue_tyrraﬁ?iaet@@caﬁ diozg ahﬁ/ ang oWIR02hé Obit séeeanz04 oBRERYNG10
hCT] SEo6/ 000 5o (SEE | akeD is“?%?gég &€ 51e ana, 214, zegpectivelyy, Mo
whi ch show ag*@dieht \inferrmaEipnekaderAingd he t beFinpingsiaf od ieelder fisr -
transferred. Both sides must therefore perform cell alignment for
synchronizing the link. For this purpose sync cells are used
20 which at need are introduced into the user cell flow. In the bit
streams 208 and 210 a sync cell is indicated at 216 and 218,
respectively, as an example. The sync cells are originated and
terminated in the link control function 202 and 206, respectively
on each side, i.e. they do not appear in the switch ports or the
25 switch core outside the link control functions. The user cells
are guided unaffected through the 1link control functions. The
execution and way of operation of the link control functions will
appear more in detail from the following description of embodi-
ments.

30 Fig. 3 shows a sync state diagram illustrating the way of
operation of a state machine for the link control functions on
each side of the link, which is used for synchronizing the link.
Sync cells coming from the link to a link control function are
compared with a predetermined pattern for sync cells. A first

- 35 detected agreement between an incoming sync cell and the
predetermined pattern forces the state machine according to arrow
302 to a state 304 PRESYNC. Provided that thereafter two



med, arrow 306, to a state 308 SYNC, otherwi se transition is perforned,
arrow 310, to a state 312 HUNT. The nethod according 5 to the invention is
based upon the consecutive transm ssion of sync cells during the PRESYNC
state. In the SYNC state user cells can be transmtted. Each user cell nust
-include information enabling maintenance of the cell synchronization, and
furthernmore hawesemziss codes nmaking it possible to detect anPEI/sES600713t he
10 cell size. A detected error in the SYNC_state 308 forces |ikew se the
state machine to the state 312 according t8 the arrow 314. To secure a true

SYNC state i chHSe:%éﬂ}e ggﬁsscéﬂst he m@rsts%lel PRE‘S”W&OEI-Q%&&EE' 48114k show
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further elucidation in connection with that mentioned above
regarding the construction and desirable properties of user
cells, reference is made to the above mentioned Swedish patent
20 application 9402051-8.

To attain fast synchronization and for keeping the link in
an operative state it is required that the link control unit on
the side that receives user cells can transmit control data in
the sync cells on the 1link to the link control function on the

25 originating side.

Examples of such cdntrol data (commands) and measures caused
thereby that can then appear in the link control unit on the
originating side are:

1. Control data: abort. Implies instruction to the origina-

30 ting link control unit to stop the current transmission of user
cells and instead send a sync cell. The current transmission of
sync cells shall be completed and the new sync cell be inserted
thereafter. -

2. Control data: prompt. Indicates that SYNC state is

35 present and implies instruction to the originating link control

unit to return a sync cell at the first suitable point of time.

More particularly, the returned sync cell shall be introduced



as possible in normal operation. 3. Control data: sync. Indicates that no
sync cell is required in return fromthe originating side. 5 The use
of the above three control data or commands will| appear nore closely bel ow
fromthe description with reference to Figs. 5, 7 and 8. The abort conmand
could be replaced by the pronpt conmand as will appear belowi.a. in
connection w t WoeddsM2gssscri ption with 10 reference to Fig. 5. pErsEdesunist
will be a somewhat slower synchronization if a great user cell is
transferred at this point of time. The fol Powing sync cell transition rules

are appl i ed fﬂtc; %eshgi'ﬁaf%(éli&nfio%%o as tl: 1W5 BESWQﬁEa&gstﬁ&%}Y“C
cells to the originating, side caontal ning abort or pronpt conmand. e sync
cel | shoul d HRF Ragsihle; ha peal OperabieNnoint of time without stopping a

current cell trans seomirol?. dPENC syt e. ISdddatser that| mo osynendelynds

cells if a sy @ﬂéaelih )_A% W R, QhepEQFPinW%qu@S been received. |f
y

dm
sync cells are Teturne ey shoul d norpa contai n_the control data sync.

t

Fig. 4 schehati calTie d56wStathenpbaver khtee: FERtALidRTR F SFomrands Will
switch port Z4fpeardmeretclosedyebdldwf firom the desaripteay wdthopefeténce to
scenario. At ﬁ%gé.t 5,09t Bngigles are in either of the states HUNT and
PRESYNC. Accor mg&% tge%éare segdi n ﬁc cel]ls with control data
pronpt/abort, arr 298° %I RB8Y ¢ i FEPiaces: p¥ the puampljcammand agf
consecuti ve Wkl caidearbbehoenti ea. time Mie@dopt with thet desalipiimxarithe,
the switch g ordrededfte’ Ot PRESES 5l.Nthd NBeSYNE i @1 € KacCar %%whﬁtaféfaeée%lo

before the sw tcafor't'tTheF&W tch core therﬁ]qre responds to the, sync
cel I's with coMIOT FAEAARD AT BrEmit™ B ZeRa nd Sa" s Peigd it Fhipepoint
control data @frfeimearrow 412. The switch port 402 now passes into the sync

35 state, arrow 4irhe FHE1GMINGCBYRE deliNe¥EnEeior BA188 425 P18 ehiSESE tBRTY
in the SYNC Sé%tt% %gﬂéagr efore allows transnm ssion of user cells, arrow

416. The switch core now recei vi ng user WO 96/ 42158
PCT/ SE96/ 3773 10 1. HUNT/PRESYNC state. Send sync cells to the originating

side containing abort or prompt command. The sync cell should be
sent at the first suitable point of time without stopping a
current cell transmission.

2. SYNC state. Send user cells, or send sync cells if a sync

20 cell with abort or prompt command has been received. If sync
cells are returned they should normally contain the control data
sync.

Fig. 4 schematically shows a simple transaction state
diagram between switch port 402 and switch core 404 for a

25 possible synchronization scenario.

At first, both sides are in either of the states HUNT and
PRESYNC. Accordingly they are sending sync cells with control
data prompt/abort, arrows 406 and 408, respectively. After a
defined number of consecutive sync cells both enter the S¥YNC

30 state. In the shown example, the switch core side 404 passes into
the SYNC state according to arrow 410 before the switch port. The
switch core therefore responds to the sync cells with control

. data abort/prompt by sending a sync cell with the control data
sync, arrow 412. The switch port 402 now passes into the sync
. 35 state, arrow 414. The switch port knows that the switch core is
already in the SYNC state and therefore allows transmission of
user cells, arrow 416. The switch core 404, now receiving user



cells, can in turn admt transm ssion of user cells, arrow 418. The link is
now in an operative state on both sides and will remain such until either
side enters the HUNT state due to the detection of an error or the
supervising function comng into 5 operation. In this exanple the switch
‘port 402 is affected and passes into the HUNT state according to arrow 420.
The switch porwods#esends out sync cells with control data abor/segsnempt
according to arrow 422. The switch core 4 nmust respond by sendi ng sync
cells 10 containing the control data SYNC I nstead of user cells according

to ?r L ow 4t24ce1&fst, eeﬂ.} fﬁs%gw ?&fiﬂuﬁm{snfizszsggﬂ?rﬁﬁ u%seae éegrrs Crrout hgs. ]
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data pronpt. qEReceibf’ ofi &if &ABH CoF CEONSuNerVIsing RUASLLBANEEBRINY! ﬁﬁtw th
a sync celL with he control data sync. If this does not occur, It can
assumed t h3t °PP*REPH some kind of erroneous SYNC state. The
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descri bedmet:bﬁdamm@&mof SPh L Qratraeptmceiﬁé&aeabflx@éeﬁ&%lrmé)aécordm%
super vi si on n EH(]'I system acc i ng
to the |nven§:lao%i§(ﬂ'gl4ﬁ4 Af‘%tr gfe%?é edokuﬁb& Qﬁéé&%%l fsgrn@nggﬂ
Figs. 5-8. T&PBr8Y¥iteh rRest §?ﬁ'&'ﬁ?%n‘?’i°atslw tsﬁétgyrﬁ:ni%ﬂl 142fhoul d 30 suitably
be as snmall as poEse Hwe abdestddr checki gacls dithezl inmaerieal opetratioahvien

| mpr obabl & { pelplg | th thEyUsEind Helal 19! EhMehd Trnfl &ﬂé“%ﬁ% R 84 Gbne
time. Fig hows _an _exa rea|zat|ono nc ce 2% of
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sync and pro%ta the J;n this casekh In 42158
PCT/ SE96/ 007 sume is 1in some kind o erroneous SYNC state. The

synchronlzat.ton can e.g. be lost but this is not detected due to
20 the presence of a-correct pattern in user cells in the locations
where cell analysis is performed and this state can prevail
during a longer period of time. The correct measure if no sync
cell appears in return is to stop the sending of user cells and
force the other side to synchronization. The described method can
25 complete or replace the earlier described supervision function.
A first embodiment of a link control system according to the
invention shall now be described more in detail with reference to
Figs. 5-8.
To provide fast synchronization the sync cell should
30 suitably be as small as possible and still as big as to allow a
pattern vhich is improbable to find in the user cells during an
uninterrupted period of time. Fig. 5 shows an example of
realization of the sync cell. The size of the sync cell is
restricted to two words 502 and 504. All codes are given in
35 tetrabinary form. The first word 502 contains a sync pattern hex
C2Fl. The second word 504 contains a control data field for
control data sync and prompt, the latter in this case having



11 repl aced abort, a possibility nentioned as an alternative above.
According to the main alternative the control data field 504 in Fig. 5
could thus, besides the two control data sync and pronpt shown, also

i nclude control data abort. In Fig. 5 the codes hex 5 0100 and hex 0200 are
indicated as an exanple for sync and pronpt, respectively. The transm ssion
direction is bvoogtss 16 and word 1 to 2. The nobst signifi catsedéoors a
field is transmtted first. The rightnost_bit is |least significant. The
stated synchronization 10 pattern is only—an exanple; other codes can al so

be used. Thersusgh tﬁ@b%%' 0g b4 £ gittggﬁémom 4ol B8 £P0LEDI16008500S.

chosen so as I'e unéa ggous I,tiopn of the starti n% .posi t [ on, of
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parity bits rhAghtuest mmmelmmgngfiearm-g T 2skated isynchrohip@t Homt e

fﬁZ tFI g. tlg ?B&‘ﬁ&rﬂfi#rﬁﬁﬁrhrb'ébféinpiléglbﬁﬁhi'oboaeél akncen%ﬂ%e;wé‘dl Oﬂ%@f
e type that superficia e L er. Wi grence to
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the streamo C tQ a Al giqg{ tign
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li nk cont A8l CPAREt M cenc@d¥rBhGt ed 204[err] and the stream.35 of user

cells to the |inkrimnte aholwentheousers aadi gaatedtaddimy r4 nufiber| b ks 1 ol

function inclggdes_ a A Qfﬁé)aé?#é eh&ﬂi‘v@é& | 88nEAhsYB6aEE! kol! BEREO Nt
function 702, a! ceI dhal ysing function 4,
determined sizes with redundant coding that admits error

detection. The method is well known and can be based on Hamming
20 code or similar. The user cell also contains two parity bits 606
and 608. Further details can be fetched from the above mentioned
Swedish patent application 9402051-8. A code similar to that of
the sync cell is not allowed. If an error appears in the size

field or the parity bits the state machine according to Fig. 3
25 enters the HUNT state 312.

Fig. 7 shows a function block diagram for a link control
function of the type that superficially has been described
earlier with reference to Fig. 2 and that is included in each
switch port and in the switch core. As is the case for Fig. 2 the

30 designation 206 is used in Fig. 7 for the link between the two
link control functions, and the designation 204 for the stream of
user cells to and from the link control function. In Fig. 7 a

. partition has however been made so that the stream of user cells
from the link control function is designated 204, and the stream
: 35 of user cells to the link control function is designated 204,. The

link control function includes a series/parallel converting and
sync cell aligning function 702, a cell analysing function 704,
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.state machine 706, a sync cell aligning function 708, a clock generator 710
and a parallel/series converter 712. The function of the sync state machine
706 can be conceived to be according to Fig. 4. 5 On the link 106 '
‘between a switch port and the switch core a bit streamsignal and a bit

cl ock signal awessmmssferred in each direction, indicated byrcise»eso77i6 and
718 for the receiving direction and arrom%2720 and 722 for the sending

direction, respectively. S/P converter and“sync cell alignnent function 702

10 receives hhgyhit seaﬁs%éﬂﬁ,@%scoavgyhé eénoaiﬁ;rt.ruﬁgs Rt bfl 7@%ta

that is adnlth g as a mo&ﬁr é § Z to Q 32 anal S|n funcélon ﬁ#&
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702 t hat forggaofagnga@5HF£¢) Runt a sync cell pattern for each bi t

posi tion, Fig en.t ttern has. been fqund.t ti.on 702

enits a sy c agregﬂeme %Ebgj% §na 8 ?‘l@%tp“% 8 5}‘8%%6’ %%sfnc
start signal bitostreamsignal andia/ Hifgel tsmaﬂolﬁremmw dareach
ZI gn?! 2? 72&ﬁieﬁﬁf?n; hh&ﬂé%egﬁ Hye dMdig1€718 Cah@ frhe gbat teﬂEFE@éMQvaﬂ
eactivates e pt_sigpal c al a

active when %Fi’e' ﬁ KPP s 8 alPr o -nggct#@ ﬁ"ﬁd#%gtgg 8°Paé“‘8e|"| él’ ng

function 7041'?-ﬁB§°§i‘$?% EdP| corventexn angd sYnc mlsmiqmm tfemqm@nsyne
cel | aligaoepeckivesi fma Hit revedd TOs R conveptsait eto W%ﬂ:@d paraghait he

I ncomng bit e | at e y

cl ock S|gnald§§é ?ﬂ}{ ggﬁgtgﬁaﬁgggngg?uné¥géﬁ$'Z}f Q&'Eh lgbﬁ§@ﬁ§§gngnd

sync cell aIFBﬁﬁEﬁ?nfﬂﬁtﬁlon 702 enits the sync agreenent signal 728 to the
sync state nmachi neleays whew ithei deatif iHMNTA fynetrpat fern.thd) sync Skateel |

anal ysing fu 7 C z h
fhat it atar hachpds ‘Me STGAEE £ W"ﬁ@ﬁ% 728 Shofhe P Fonviler AR

cl ocked by>t R¥NGOFRLL | ddenEeghfunpiionBay that &9 ce§| the paterdie é‘Bﬂﬁt éd
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730 to the cell analysing function 704. The sync agreement signal

20 728 forces the sync state machine 706 to the state PRESYNC and
deactivates the hunt signal 726. The sync start signal 730 that

is only active when the hunt signal 726 is active, indicates to
the cell analysing function 704 that a sync cell has been found.
The S/P converter and sync cell alignment function 702 now

25 passes to a parallel mode and clocks the incoming bit stream 716
word by word. Each word is indicated by a word clock signal 732
to the cell analysing function 704. The S/P converter and sync
cell alignment function 702 emits the sync agreement signal 728

to the sync state machine each time it identifies a sync pattern.

30 The cell analysing function 704 contains an internal cell
size counter, not shown, that it starts when it receives the sync
start signal 730. The counter is clocked by the word clock signal
732. When the cell size has been counted down the cell analysing

. function 704 emits to the sync state machine 706 a new cell
35 signal 734 that indicates that a new cell is expected. The cell
analysing function 704 studies the new cell to see if it has an
accepted format in the size field. A non accepted code results in
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transm ssion of an error signal 736 to the sync state machi ne 706. The
error signal 736 forces the sync state machine 706 to the state HUNT. The
cell analysing function 704 passes on, the arrow 204[err], 5 the found user
‘cells for further treatnment in the svmtch port and the svmtch core,
respectively. wosgmusgel| is termnated in the cell analysineci/sessiooma 704.
The control data of the sync cell is taken out and if a pronpt is

i ndicated, cf. the earlier descrip- tion Wth reference to Fi gs. 3 and 5, a

pronpt si gna;tr%ggm%gsfaptﬁ%{ %Qé&‘i- %&%aﬁe% 6 %%e&hwggaunghseg patnind

unknown contro resul'ts I n_fransmssi on err %ﬁ
sync state méBRi n&PFOBETMSignAdt 73R FPBV\F%ft‘P?IeS%‘&Fnét?F&t BaghiRend 0foko
appears fronthkestaté cHUNTAQr am according to Fig. 3. The following rules are

L5 valid: if the syoC.o0r QRABOLIAY Fdhetth HMNCHashl LS SIEtEribhiTadd

wll be forced to the state he new cel I.gnal " 734 toget her Wi t h
the sync aBrEbaefound wsgr geids SPEeguﬁhet‘?)tFﬁétE?%‘f dNSYRe siiteh pRyt and
consecutive suECswﬂ:d:ts cdrie,arespectivien AUBYhcotell itsadrminatied ie theet

by each new gghh oAl nESfur?&lto‘?xg?BHerTl’M dorthB1SuiGy B9 ERITYnG \dl 1428

Trlgglngthe su er on-functi orces the sync state nmac
state HUNT. %Eegy%t angk 4L A PRt 7H8 %mm%aq% Réintthe @anliersdegcripe-s/ p
converter andiemneitleldefarencsrae Figact3 and/62 alpmyuptv@iagnal 740 i3 BBAt

state HUNJq éBdtﬂeSQSH-FcI %bggainge%lhg Hlﬂcé% &% . 'AZ%A}&?&H deheICELAD

708 al ways when |t %Nl? nc cell 1nserting function
708 uses thergﬁﬁlt@’dh&lra’?ﬁ?ﬁs&“&eﬁ ® erlrﬁ»r topat Jeeckadher s states,

t he control wadbine 70 out goi ng sync cells and for emtting conpul sory

snccells746t m I s?ﬂ'ct 7 \gﬁé

s%nc si gnal OTﬁe vgﬁgg ﬁlbl%ﬁgfcgﬁg bL S@aé%‘%i;h@ﬂegﬁ_& or RE%Y %gm I n
The  su t ot Ehes PERES satamman, abbaraing oY MY, - EGT0RVinG; FRIRS Sbe

user cel | 35wwadidhelpHrbepsyrss goaeemehit aqamwlsnzrm:p@alrb 0 ridemstade HUNT
originates fiem;g11ihe Foi%eantmw dteftle PRESTNEONTHY ridk @aqqr Qh?ﬁa&ovsli'e

2 Cync cel | FeopRus RN ES S PSR S L KerBe A TRoERPi ng

functi on 708state SKMCcafeqr f?‘tﬂnqwqg“@éwegéﬁéﬁa%llﬁ'-lolfoF §HPPEVP-ﬁg°nts
function is used it will be reset by each new cell signal 734

20 together with the sync agreement signal 728. Trigging the
supervision function forces the sync state machine to the state
HUNT. The sync state machine 706 emits the hunt signal 726 to the
S/P converter and sync cell alignment function 702 always when it
is in the state HUNT, and a sync signal 742 toc the sync cell

25 inserting function 708 always when it is in the state SYNC.

The sync cell inserting function 708 uses the sync signal
742 to generate, in a controcl code generator 744, the control
code in the outgoing sync cells and for emitting compulsory sync
cells 746 to a sync cell/user cell switch function 748 when the

30 sync signal is deactivated (indicating the state HUNT or
PRESYNC}. In the switch function 748 a sync cell 746 is in-
troduced in a stream 750 of user cells when the prompt signal 740

. appears. The cell stream 750 originates from a fifo 752 in which
user cells coming in according to the error 204, to the sync cell

35 inserting function 708, are stopped when a sync cell is inserted
in the switch function 748. The sync cell inserting function 708
uses the clock from the clock generator 710 for operating its
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arrow 756. The P/S converter 712 receives data in word format, arrow 758,
and creates a serial bit streamformng the outgoing bit stream 722 for
transm ssion on the link 206 to the switch port 5 and switch core;
Tespectively, with a speed determ ned, arrow 760, by the clock generator
710. The cl ockwassarsg or 710 sets the bit clock and cl ocks t perkkdsnopirs cam
bl ocks 722 in the outgoing direction. The clock generator 710 could use the
incoming bit clock signal 718 for 10 attaifing the sane speed in both
directions, eiz) I,ndi cat ed 7\(;%6th a dashed line 762. In this case the other
side must be 2PIFocRTHREt ‘and generate the clock whereas the side using
the incoming bit ThecR/$icpriertes {732 Fiegekves daka olr geerd fonmattr exmro@2?2

is a slave. Inesuehdcaseaﬁée &| 3¥pigeerifost g ﬁ&mueiqoqihesl oxi‘l pie

further on th 8 shows the onve, eII

al i gni ng fun(,st ﬁm76%9n%?% %Fr{f&lzﬁslmnl\/ﬁpe%ﬁrﬁ@ﬁ %‘H n@oa,‘ir}! poEt
di vi ded i niSo amds @wisshpaene) crespectively.godtin® eﬁm Qfeﬂernalnegm BAyrow
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converts the hlﬁccﬁﬁq?gmblltl%‘ﬁseaﬁ?% 0 1& Theyi eutgning efirertinn.g1The Aclofpk|
appear nore cjeneehyobeynov édﬁﬂchusba t thie gindadiinigs vier Mdcx @i@ﬁhid7i5 Byran

al i gning glgo t duy s the
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for the sync d3&hedr Hinﬁ’hésgynEnCEstaFFﬁﬂl ﬁbefHFE?Toﬁl®94mB§ﬁt Bens &'1003!
conpar i son f wasteonafil genarhtée tHe @ otk wiliktleaBléhexeiny @éing the iRcbndfg

counter. 2 k! PLEK YL o) eS0T RTILNAD dhd s pTRoCECIRECSOF,

functlon 813 I S_conne e out put regist
arrow 818, wieFlfNE- B R rf%ﬁsepéibceersﬁat’,me%p%%‘i Send the \hasks signal
724. \Wen 15hi720i suttieerx age thiee 1dokpaodéson function 813 emts the sync

agreenent si gnal, 355, 5 RGeS 0o NSRBI U SYREALe1 0 iGnENGC

state nmachin cf 7., The .s reement, si 72 It| I e

with the hun “EFSE&P %n??ﬁer’rsmt %@ts%iﬂc gg’é?tp%’f g"fé@ s}sl §h own"as
divided into a series/parallel converter 802 and a sync cell
aligning function 804, internal logic being elucidated.

20 . The series/parallel converter 802 contains a 16 bit shift
register 806 and a 16 bit register 808. Controlled by the bit
clock signal 818 the 16 bit shift register 806 converts the
incoming bit stream to a 16 bit parallel format 810. As will
appear more closely below the 16 bit register is normally clocked

25 by an aligning clock signal 812 for each 16th bit clock pulse for
completing the series/parallel convertion, and for each bit clock
pulse during the search for the sync pattern.

' The sync cell aligning function 804 contains a comparison
function 813, a bit clock divider 814 executed as a 4 bit

30 counter, a. multiplexor 816 with some combinatory logic. The
comparison function 813 is connected to the output of the
register 808 for sensing, arrow 818, when the hexadecimal pattern
C2F1 appears in the word stream 724. When this is the case the
comparison function 813 emits the sync agreement signal 728,

35 below also denominated equal signal, to the sync state machine
706, cf. Fig. 7. The sync agreement signal 728 multiplied with
the hunt signal 726 forms the sync start signal 730. This is
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synbolized with an AND function 820, the two inputs of which are connected
for receving the sync agreenent signal 728 and the hunt signal 726,
respectively, and on the output of which the sync start signal 730 is
emtted when both the sync agreenent signal 5 and hunt signal appear. The
inverted sync wgrwamsnt signal 728 nultiplied with the hunt pCpsedsno’2H
controls the nmultiplexor 816. This is synbolized with an AND function 822
with an input connected for receiving thelBunt signal 726 and an inverting

i nput connected.for 10 receiVvi the sync e n I gpal ., 728 he, out put
824 of the AWBE&F‘F‘%H"%%?%&%%‘&‘%&W g?(l;'coner %’f"?i %BPFE% %I"&\lﬁf‘eiﬁ
816. The nul copnersed Fog recevinm dhedsyne aoreemenhSignabi728cand KKhei bwet
718 and an oiRma1S7967l r&siFedtiivdly,OdndulonOthanodbbutabg WRIcht kel Sphd S

of which recejve.,e ne.af .th ' p ri 0 t

t he counter gf&%tv\%g%nefﬁhgnﬁu&% gfnéﬁg d%b%?tﬁo?ﬁéh%n%%%ﬁggﬁe%#&g%naI
728 appear $, ande hunficsignadu@Perarihe AND function 822 gets high, the bit
clock signal 718 ippecCiifcatcly sihe ayrééndmx@igRdf 738 amDEipilied haek thgnal

726 and t ho AL hipe0 Jos inbiile il BB, 010 U SApRL 0G),

726 and the sync agreenent s .agp \ W
function 822VH&BoABsANRfungtian §22 v @B, iRt (SUMAFReDiforc FGSR1IVIRG der

814 is choserchas awmntal sggneht 722d60chkndi garal inTértsirger iinpdtc| caknestgdal £o1s

active ea 16818 19k [ hgs i t u € abist o8/
cl ock di v?’lger 81&%%3%2?‘54 u%gﬂ?@gfgme?grgéé‘%% t;'lzfsocgtég( da(tlph 8 Heogi?gé(

ul.se.
appeari ng onANPe HURGEiR: 82k s18f CPRBeETed F YT ICMEFR "5?1"‘% aultdplexex
b0, bl, b2 asdleb3Thdmmlinbplexox)rfilfé ¢antonneactie8 for restiydinghthewrit cleck

signal 732. ht [V len e to
tlhg out put SE}%gflah't %iéﬂ %ﬁllllla) ?B\rﬁ%??%%@?gﬁ%‘?h?%ﬁ?%gcEugFé‘?(%%?Odlrg%sg%QMen
the output 8329 oddehiigPuise Ao Yt oFe?ﬁ’evesiﬁ‘éf 8hfic ofyrtRmehowy 2Bit,

t he i nver tliSngppepuingfort kbelbiitpulncifi dhegdeoynter 81dheWhehetlve thuwritoskgsaynal

718 i§50pﬁseﬁz%s a&sqlfwmwltsﬂ@ckgfémt Meprant hﬁwyaspge-.ts,elrﬂ.?éz.g £ixuind,

e o AL, 0 R i o S B, 4R SEamen
718 is chosen by the multiplexor 816 as alignment clock signal on
the clock input 812 of the register 808. When both the hunt

20 signal 726 and the sync agreement signal 728 appear, i.e. the
output of the AND function 822 becomes low, the signal 828
derived from the bit clock divider 814 is chosen as an alignment
clock signal. This derived clock signal is active each 16th of
the time.

25 The 4 bit counter of the bit clock clock divider 814 counts
up one step for each bit clock pulse. The bits appearing on the
four outputs of the bit clock divider 814 are indicated b0, bi,
b2 and b3. The most significant bit b3 is used as the word clock
signal 732. The bit clock divider 814 has. a reset input 832

30 connected to the output 824 of the AND function 822. The bit
clock divider is reset when the output 824 goes high due to lack
of the signal sync agreement 728 on the inverting input of the

- AND function 822, i.e. when the bit clock signal 718 is chosen as
an alignment clock signal. When the sync pattern is found, i.e.

35 the output 824 goes low due to the sync agreement signal 728
appearing on the inverting input of the AND function 822 the bit
clock divider 832 starts counting, with restart after 16 steps.



clock divider 832 starts counting, wth restart after 16 steps. WO

96/ 42158 PCT/ SE96/ 00773 16 A further
exanpl e of a state machine and a transaction transition di agram between
switch port and switch core for a possible synchronizing and

resynchroni zi ng scenari o according to this state machine will now be
described norewohaseiss with 5 reference to Figs. 9 and 10. | rrcuisEsgenrrEnt
exanpl e states and correspondi ng codes stated below will be transferred and
on the receiving side result in the simnul tléneously stated nmeasures: 1 -

SYNC. | ndi cat es tg t q,eléé#ﬂglal Q& thatiebpe ﬁébﬂgﬁ‘é‘ ﬁr"xg %hngréﬁbdae |

a SYNC state. recelvin eorlglnalng
side is in Pmﬁéts‘f’gt éiléﬁHaBeQFF‘é%e‘é §Vh’é‘|‘ﬂ oﬂg’i‘\: ngn¢ ePViteh  eptien £or the
first suitablppgsible sjznchmlz'lihg amd wesythchyonlhz bng Zicepaedbl astetdimg to

i ntroduced i Ryshe QQ%?% g?@ﬁinétflfﬂn L%ws%é‘sdégcfﬂé;cﬁ ficrd | bib8e1y with

di st urbance as possi nor ma operatlon ows the sync”sta
di agr am f or erefce FReFigRoM AGsyRehroni zing cell's fromthe opposite
side of the |ink amethenpamwerttexanipdepstates amdnedrpetrondinbocodss dtatia

e of the | ; . _
Synchr oni zi n ’*&3“?;"‘?% ef“g?%é“?gnﬁ“ ‘%ﬁag;é“‘;r’;‘%?%é‘zﬁ’?gﬁ SIFSERULE o 0,

the SYNC sta %aaggps | $Lated\ MEASPFePt owi ng. The user cel |l contains
informati on with Aesp8¥NCt dndisates cho Whiecheceiviimgl sfide thatttheioxjicgisla-

synchroni 3@t itGhg Bide g_ge,_,sYg\I@maggaté detected error in the user cells
directly forces t chi to t he .PRESY tate 902 accordl ng
to arrow 908. To gttzﬁy}#‘%@‘t gﬁ%’ﬂs ﬁﬁ?a’f‘?"ﬁﬁf"m ‘gl"b . Fheieniginating
operative st &ide tig sin BREFWRS tstatet pndstigsdres wheyncbusnieis sede dan
be transmitt edtuitn! hgt sWHehr ekl neusahbse Brantt 2b£S tane. Ji ¥ed I&&&%ed

f¥2ﬁ2f??5ﬁ' - avaEhroBREThy 7 Sfnt I 18l 880G S tHe RbEE GO mmennc
state. Sedd &MAF oﬁPzﬁi’glséelﬂss Jéjé'-qli?e BpRgIcee a8 deos@ikiieanof naicrmailon
regar di ng PRopéatibat e. The :
Fig. 9 shows the sync state diagram for one side.
The incoming synchronizing cells from the opposite side of
the link are compared to the predetermined pattern for synch-
20 ronizing cells. In the PRESYNC state 902 and after three
consecutive synchronizing cells the SYNC state 906 appears
according to arrow 904. In the SYNC state 906 user cells can
" start flowing. The user cell contains information with respect to
its size, which is used for maintaining cell synchronization in
25 the SYNC state. A detected error in the user cells directly
forces the sync state machine to the PRESYNC state 902 according
to arrow 908.
To attain fast synchronization and keep the link in an
operative state it is required that the state of the opposite
30 side can be transmitted in the synchronizing cells. The states
are given in the synchronizing cell specification.
The following synchronizing cell transition rules are valid
for the sync state machine:
1 - In the PRESYNC state. Send synchronizing cells to the
35 opposite side with an indication regarding PRESYNC state. The
switch core shall end a current transmission of user cells
towards the switch port. The switch port is allowed to break or



switch core shall end a current transm ssion of user cells towards the
swtch port. The switch port is allowed to break or WO 96/ 42158

PCT/ SE96/ 00773 17 end a current transm ssion towards the switch core. 2 -
In the SYNC state. Allow transm ssion of user cells. Received synchronizing
cells indicating PRESYNC state shall result in a correspondi ng

synchroni zi ng wabésxnsg er the current 5 transm ssion of user mEVSED6HE33 been
conpl eted. 3 - Consecutive synchronizing cells indicating PRESYNC state
shal | correspond to a consecutive stream a3 synchroni zing cells after the
allowed initiating dela lE%caused rrent  thans Lon of a user cell.

Mm.ss
10 4 - PR &\CPERS Yr@?ﬁiﬁg%gﬂd LR r‘i'd%cgl?% Whi ch simul ate
the state PRESYNC2 on Ia rthgulS¥NChabates oall«em ‘Fy@%@fﬂlﬁsﬁ%h@fsm Seds.
that the swi iRelteGved |SyridhronlibiRg Syedlst aimdidatiney. PRESYNG hsﬁades s}faﬁn

first. in the I r ceI

general Iy i ndieShtEy 1 e’ pBsr SEFnae syricpFend e  HEEH TSV Mhel Bosipme
nunber of @oﬁ?é@ﬁﬂﬁ?éievmﬁrltﬁﬁrzpﬁélée‘ll?‘% heram aqmpdetedt er the SYNC st ate,
whi ch appears at di ¢founsecupfveisynehrbhi®ing dlle tndiedtd nghPRESYNC Idtate

Figure the s 4. f t a3t 06, fore
the owi ton pabpifofitPedgtiia nd &' cBREEETHIVE s¥iliant bF Ermdlicil A celde
three recei vafteFnEhe chiloved seitiating daisyFauredsby ik CRREDYRGransmiss-
sendi ng, arrdenle¥Oa aséynsdkl.roni zi ng ceI | indicating the state SYNC for

each receiged synghLomhzi og; &k#&f{d ]]ngeﬁ,gof%m#&.ﬁﬁﬁ%y\'%ﬂc egm%,

| east three cqnsecutlve synchro
emitted by tFémdlptenthe shafgERES 'S\ﬂ“t ehreerian RS isnfer vemdEing in
state, arrowtbeldtatkes¥Ni} dihatothe 18@Btcinvemtanritss ineadtnge wWaic eddts.

arrow 1014, si ncexno %Chﬁ’”b&tﬁ‘gsf&éésa%t eibag sipt &ERﬁﬁxy&fir rgt\é&e. om

the switch core 10Q e. switch core 1004 now recel ving user | s can in

turn admit s@ﬁ&PﬁﬁllBﬂlﬁsEPe%Os?%q |Synchropt 24896 cette I‘F?ﬂ@"iasnﬂowqdﬁcated '
oper ati on 15n 1002h swikds &hd wwitiater RRBSYNSG uhfter eithkerdefiitede nhanlser hef

PRESYNC st at %oemechme r@yrﬂﬁﬁ:"oﬁ&ﬁﬂn& "dei1s 'bBthh!s:?dé‘Q( ARk the d:ﬁmd Gt
1008 detects gr %C-Pf eren se(;lnts of rrgw 101 ters,

arrow 1020, ﬁéc appears at £ ) < im In the example shown

in the Figure the switch core 1004 first enters the SYNC state,

arrow 1006, before the switch port 1008. The switch core 1004

20 therefore responds to its three received synchronizing cells

indicating the state PRESYNC, by sending, arrow 1010, a synch-

ronizing cell indicating the state SYNC for each received

synchronizing cell indicating the state PRESYNC. After at least

three consecutive synchronizing cells 1002, which have been

25 emitted by the switch core 1004, the switch port 1008 enters the

SYNC state, arrow 1012. The switch port 1008 now starts sending

user cells, arrow 1014, since no synchronizing cells with the
state PRESYNC arrive from the switch core 1004. The switch core
1004 now receiving user cells can in turn admit sending of user
30 cells, arrow 1016. The link is now in operation on both sides and
will remain so until either side enters the PRESYNC state due to
some detected error. _
In this example the switch port 1008 detects an error in a
received user cell, arrow 1018, and enters, arrow 1020, the
35 PRESYNC state. The switch port 1008 now sends synchronizing cells
with the state PRESYNC, arrow 1022. The switch core 1004 must now
respond, arrow 1024, - by sending synchronizing cells indicating



35 PRESYNC state. The switch port 1008 now sends synchronizing cells with
the state PRESYNC, arrow 1022. The switch core 1004 nust now respond, arrow
1024, by sending synchronizing cells indicating =~ WD 96/42158

PCT/ SE96/ 00773 18 the state SYNC, arrow 1026, instead of user cells. After
-the required nunber of synchronizing cells the switch port 1008 resunes the
SYNC state, arwowschthd®. Thereafter both sides return to sendpogsiss®orsel | s
to each other, arrow 1030. 5 Correspondi ng courses when the switch
core 1004 detects an error in a received d8er cell, arrow 1032, is also

indicated. It enters, arrow 1034, the PRESYNC 3ta e_and sends syn hroni zi ng
cel I's i ndi catthfy THrFes(SYNG . pRESIRC 1926r 0 hPFESRY PR VERF: SF 1060t TSt
now respond, meguiwedO3fmbby ofndsynchnardiziog zqeﬁQScémes $@itehli poritngooke

state SYNC, akfés%elsoéﬂe dviel 888te] Qv Gokbs. THEARIFtReLbeH U] &8s NiuTRe, Of
synchroni zin e E .the switch.cote 1004 rel?urres arrgﬁlﬁémz t he

synchroni zi n inguser, 8 &Pn e8P AR e AETPY fng user cells to
each ot her 5accordmgreapattd,ib193 coursesiehen tlee switclhcoret 1004 |detectcans a

sma: | pr ?Eaﬁﬁf& tihasﬁ 1R ipet ﬁQeﬁC&@llenhQﬁ:-Swaldﬁ sqtssgwgoS%ﬁ%fcgrﬁm STt
| i es a e _sync ron et ecte e r.eason
cgﬁ be a correég:t gjln@ﬁ?’%l }{)ig gﬁ?e?ﬁkgi‘s?h ETJ% a1 3 %‘FP%I? %H@éﬂg
user cell he®&ellshiinditatind @#ecéma&et Mﬁ‘?célrlrywe%@%ﬁd e rswiteh [pony
period of ti rﬁmosFﬁﬁsbaw fé‘ﬁb&iﬂ?h a¥rowt 1ed8 0 byt Séndirid Gbnaﬁi'bnizﬂﬁ? J&fi&s

a

dur i 09, nonipls MIEEALA"FETEREE shie! EHEorde) GHteli0by il

the SYNC s a Syhchroni Z
si mul ati ng t %Waﬁbemimed W‘!‘h‘FlFl of ﬁﬂé‘&é?eﬁ%ﬂ%’d Cﬁéllﬁo'&hﬁfs‘ﬂ-ﬁ@l aereer
the current udVe Fediglek,t BEA6WT 3042, thBesgnbhedhidng Mt halheramterd,

arrow 1048, ik %ﬁggcgmytz R0 cehhind hded Ma13EALE SN 0B &L bR nkf

this not occurs it.can core 1s In Sone
fal se SYNC sttt doubdenare®ih d%d4ni zing cel |l is returned the sending of user
30 cells 15 ended Thedréticaliiyt theper Lssa dema Xl fprobablility tlyaichthe @witeh | n

nor mal operatdgy t%%\‘ taCh: H%Et S¥e @t%%ese%k&@ Hﬁﬁhééstﬂ‘é’ﬂ M dichd
side is |nza£g; zatlon Laagsty g&{tgsshng detected. The reason can be a
correct synchronizing pattern in the user cells or an erroneous
user cell head. This situation could theoretically extend over a
20 long period of time. For handling such a situation the switch
port side 1008 during normal operation can check that the switch
core 1004 is really in the SYNC state by regularly emitting a
synchronizing cell, arrow 1046, simulating the state PRESYNC.
Within a predetermined period of'time, after the current user
25 cell transmission, the switch core 1004 shall respond, arrow
1048, with a synchronizing cell with the state SYNC, arrow 1050.
If this not occurs it can be assumed that the switch core is'in
some kind of false SYNC state.
If no synchronizing cell is returned the sending of user
30 cells is ended and the switch port side is forced into synch~
ronism. )

In normal operation the switch port can alsoc secure that its
own terminating side is in a real SYNC state by quite simply
keeping the synchronizing cells in the simulated state PRESYNC

35 during a time period corresponding at least to the longest user
cell type.

With reference to Figs. 11-14 a more detailed description



keepi ng the synchronizing cells in the sinulated state PRESYNC 35 during a
tinme period corresponding at least to the | ongest user cell type. Wth
reference to Figs. 11-14 a nore detailed description WO 96/ 42158

PCT/ SE96/ 00773 19 will now be provided of a nodification of a part of the
1ink control function according to Figs. 7 and 8. The follow ng properties
and neasures aw@9e/428s8 i N common wWith the earlier enbodi nent pciysEdéev?ys Ng
serial bit streamshall be synchronized, 5 the serial data being converted
to 16 bit parallel data, and during the &% gnnent of the synchroni zi ng

process align t is perforng t orrect c limts. Te| m ng
cl ock speed gﬁfl“%‘é g?vPﬁg‘dl‘g%gn {io t'h%él HKAEIOR o? R Q% gﬁ%ﬁ
(signal s) useentrol héusetieh sorerding the Figgei iy Qndd|8r-edltha)nf01bqumig; '
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serial bit strea 12 the sa or n ar
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enbodi ment Satber denial odebasbeing jgonvertedy fire e poit t barakiedr Satali nand hat
the fastest gestnd!end allighwenlr aalﬁﬁélmmcmzmgn@rwasgwaﬂ@ﬁeMSﬁ bl e

amount of chj are at ned by u It corrparat 813
and nake synB%F% Zq |€€ %%ﬁ? % 88%5(3:# s%ér]gpeaglhy%?oé%’% H’% efock
conpar at or 8¢Beednphatl be Bivided adevmnte h§h§e|q1@§kp@r9@|eﬂel°f20=h§)mb¢@er

808 with thespghdEr Msifadlsnahisele imctheledvirtchhecdre. st IA6 thiel SoRtgdiley

synchroni zgt 0 a ¢ER
referrlngi?l hgpe&?ii% Egﬁ?ﬁéggﬁger%n %&'f%&?@gg %?@a? rﬁ%%%?g&
viz. HUNT 1162"-31‘4#%@%5?%@ %a 39§'ééénH’-PRES‘W@'-1106 and SYNC 1108. 25
In the HUNT st at exri]?ﬁa ttne thelsanenohr entraipand ipgopases i g5 dat FYg. Yhemat he

conpar at or g:ﬁﬁ\g%l ar ﬁa%{lgr%t 2 tkgﬂahgetggs RasHsent ers the first

PRESYNC st at e ree consec Ive paftern

simlarities, arri @ﬂl?“&’t‘i"&rlﬂﬁ epbpdimant accordinggtanBiger l-14 is
oper at i on15ahasédr i poBO the uﬂdershaneiwq eth&YNEhel (fa sstecds tPRISSSNG1 61 Odé 11106

the output reghSeiniB08 ibh &mf%aﬁa/@@tamhe&e sas&e%p.?odn% Lea&f?fb-on'y

once for each 16th dab l%_'l cy SO, as r ovi %%
area can be attaine v using on a 16 bit comparator 813 and

make synchronization pattern comparisons each clock cycle. The
comparator 813 compares 16 bit data from the series/parallel

20 converter 808 with the pattern that shall be included in the
first 16 bits of the synchronization cell. The synchronization
state machine 706 keeps track, referring to Fig. 11, of the
current one of four synchronization states, viz. HUNT 1102, first
PRESYNC 1104, second PRESYNC 1106 and SYNC 1108.

25 In the HUNT state 1102 the link synchronization process is
active. When the comparator 813 indicates a pattern similarity
the process enters the first- PRESYNC state 1104, arrow 1110.
After three consecutive pattern similarities, arrows 1112 and
1114, the SYNC state 1108 and normal operation can start.

30 In the states SYNC 1108 and PRESYNC 1104/1106 the output
register 808 in the series/parallel converter 802 is loaded only
once for each 16th data bit cycle, so as to provide a comﬁlete
new 16 bit word after each 16th data bit. During the synch-
ronization process the register 808 shall however instead be

v 35 clocked esach clock cycle (by the data clock 718 from the switch
port). As a result the bits in the incoming series data stream
716 are shifted two bit positions for each data clock cycle (two



new 16 bit word after each 16th data bit. During the synch- ronization
process the register 808 shall however instead be 35 cl ocked each cl ock
cycle (by the data clock 718 fromthe switch port). As a result the bits in
the incom ng series data stream 716 are shifted two bit positions for each
data clock cycle (two WO 96/ 42158

PCT/ SE96/ 00773 ROokazam due to data fromthe switch port changpcugseséoo s h

cl ock edges), with a new bit in bit positign O and bit position 1,
respectively. During each clock cycle the Egrrpar ator 813 scans the outgoing
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have been testRfiedfisd &rettuﬁe,s's_gi offmielli ¥bo &neCHUN® Vet afte Qib! éé&rﬁ@ng' ts

on the positi g 5 L2 ted The ce

synchroni zi ng\é\%m%%1 ](‘:]g% t%‘t g gﬁg&l}s"g‘s ? % ﬁe%%lgreessﬁﬁrtfhehﬁﬁ?’é
cl ock fromiBh&hsept mmqutiﬂee FVF‘§¥1r‘bﬂzaGfi°§acEaG§€¥nce$ier1@@é-itwe€ f £loen
the switch poiroglss | emieenthenstite HyNct 11es8 Clardowedyes , 3therwistNpethrr K

divider 814 1 §q2pdr PlindP Yl Ghe! %{«TIété&eqlberagsasamr@ot&w 0894 ea

cl ock signals us
the link synchronlzatlon restarts Return to the HUNT state 1102

from the SYNC state 1108 is performed when the cell analysing

20 unit 704 indicates that a parity error or some other error has
been detected in a cell. )

With the described synchronizing method all 16 possible bit
positions in a cell will have been tested as start positions
within a cell cycle. Only the 16 bits on the positive edge of the

25 data clock are tested.

The cell synchronizing unit according to Fig. 12 uses both
clock edges of the data clock from the switch port. The first bit
of each user cell received from the switch port shall appear on
the positive clock edge.

30 The clock divider 814 is a 4 bit counter that is used for
generating the different clock signals used in the switch core.
Count up is performed on the leading edge of the data clock
signal 718, but only if the reset signal on the reset input 832
is not active. In the PRESYNC and SYNC states 1104/1106 énd 1108,

35 respectively, the counter 814 counts from 0 up to 15 and
thereupon starts from 0 again. buring the HUNT state 1102 the
reset input 832 is activated. Synchronous count/reset is




Count up is perforned on the | eading edge of the data clock signal 718, but
only if the reset signal on the reset input 832 is not active. In the
PRESYNC and SYNC states 1104/1106 and 1108, 35 respectively, the counter
814 counts fromO up to 15 and thereupon starts fromO again. During the
HUNT state 1102 the reset input 832 is activated. Synchronous count/reset
is WD 96/ 42186 96/42158 PCT/ SicS5EG 673 21
performed on the | eading edge of the data clock 718. The sync state nachi ne
706 contains a two bit counter 1202, that ®&h its counter input 1204

receives bit 2 fr %&Ee cltqrgk ea\é|19§de§ 40§nqh5egg%a Efilggko;’-% he current

synchroni zi ng°s etrat I es HUNT
state, 01 first PREBYNoNg stateimaghingd OPR‘EBW@%*E & é'—"’&’nBl*_Elc%‘mersiaPéa
The four stat @hads @nl Ild:BCa'Idiﬂtth& tinpubutLpod pécébwesobiter (268 the Felock?2

with =0, =1, e V., n n o] on
the rear ed ea%T‘ﬁage %”oc{ﬁp W%acl? e% %g%ﬁ'(té 9‘:[‘!5L f&}j&gk%fggge'
activating i 152955%44@% 15yﬁi:‘h‘r drfo 99 F@Qéﬂeﬁsw f%ﬁ‘#ﬁ?d 8k fhest
rear edge of tEhESl!NOthStgpai.OIéemmcbms'!{ﬂpustéfé8airﬂ amiswat:edtaﬁbun'rhup

is activated whap stat&%”%ééa{m&%d EnPERS CGeAE GF g utu%%ggaizaﬁm

from15 the corrparato resent on t

e act
PRESYNC st at e Fig-plaseHh ity aﬂ-'eqaaPngliﬂ"ralre?ES"&SHE& s th}?ém&b‘ﬁ gaenkg
i nput 1206 dunipngst performédvwondtivé rearc\edgel lof Rdsctcliccka@iignal edhedethe -

SYNC st at e 4. (LS =TeTe N rLar n I S om
the cell anﬁ&%ﬁ?%ﬁe gé%hES danb 5%] |dé’%§,?'§§§h aé’?@t 12%l}safﬂéﬁ{£§ﬂi%

i s not obtai neYNCREANPYR Eﬁ%‘érh‘f Pe FRR%( °4%T dobr the celpck
Cl oser detai | sighahoif t weseti inpab lmﬁ;tmsorastairathé .sync state machine

descri bed above suggﬁ,f,tqiﬁlig,ac%rﬁa{;ggl‘m&p by the 25 man of the art aided
by the | ogi c bl ocks ﬁw go § det ai | LD F| 12 at ?21110 12i2 and 1214
and their nutual and FHar edt BRES ?1?1 43R T from
nuner al s i kS ddhec eampaxatdl @137 isTheeseny @y paealabbhvebm@rirmuwazoeonverts
the serial bit 30 stpREswN® skt isPpréddrt afal dan biuS2NSigi) Fhst ¥Bpdakst
shift on the activating input 1206 during the first word of a new cell.
Reset is activated when:
- SYNC state 1208 is present and an error indication 736 is
20 optained from the cell analyser 704,
- PRESYNC state is present and an equal signal 728 is not
obtained from the comparator 813 during the first word of a cell.
Closer details of how to attain the functions of the sync
state machine described above superficially, are realized by the
25 man of the art aided by the logic blocks shown more in detail in
Fig. 12 at 1210, 1212 and 1214 and their mutual and external
connections, the later with reference numerals introduced from
Fig. 7.
The series/parallel converter 802 converts the serial bit
30 stream to 16 bit parallel data. It consists of two 8 bit shift
~ registers 806.1 and 806.2, and a 16 bit register 808. The shift
register 806.1 is clocked on the leading edge by the bit clock
818, the shift register 806.2 is clocked on the rear edge. The
result will be that egch of the shift registers 806.1 and 806.2
. 35 are clocked every second bit cycle. This implies that when
sixteen bits have been received the bits 1, 3 ... 15 are in the
register 806.1 and the bits 2, 4 ... 16 in the register 806.2



regi sters 806.1 and 806.2, and a 16 bit register 808. The shift register
.806.1 is clocked on the | eading edge by the bit clock 818, the shift

regi ster 806.2 is clocked on the rear edge. The result will be that each of
the shift registers 806.1 and 806.2 35 are cl ocked every second bit cycle.
"This inplies that when sixteen bits have been received the bits 1,3 ... 15
are in the regwdiesns2386. 1 and the bits 2, 4 ... 16 in the re /sggmﬂﬁ)ﬁ 2
WD 96/ 42158 PCT/ SE96/ 00773 22 (bit 1
is received f irst, bit 16 last). The f ir3d2 bit, i.e. bit 1, shall be

received on t 0|t|ve edge.of.th 8 Aft r_t.h | xt,een
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si gnal 726, taecém:g@ttsb 882 quitputhes tite Ampeyata®220pUE~bOEt Inpifeidatal to
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that a user el ng trans swtc erro
ari sen and a SRERGEFW RSN revipters SBAR-dur PRS2 ﬂﬂeﬂ‘%y%d'fﬁy Xhat the
roni zation pr bt’espomtiomtlbegl R.untlis ariee ateldent ifxomniens.an dri t€lwe Sit ch

port has been ggg@gongtp Qara[l ﬁf;; o Goecqnverter 712 converts 16-bit
|

parall el output data o the serial t stream 722 towards the switch port.

It consists of twPeEiAes SHie (invegitdng: dopps forn Fhe1Signady R&strom the
mul ti pl exol5 18éBpaButdr $113fand dhesinput 7k thenslightd. 226y ctho 20 gattet B2

sane tltm? Iby ahgotnats Qalrp%véi-tgﬂﬁ} ﬂﬁa%toeofle%éxneutﬁ %1?'39181%% m the
out put 825 of *¥PS eeEEiedboRter ity JR, Alepal et sRReR LR REF |
be activated eath is keing tzansferred to the switch port When an error has
arisen and a change of the HUNT state has occurred, the resynch-
20 ronization process will not begin until the cell transmission to
the switch port has been ended.
The parallel/series converter 712 converts 16-bit parallel
output data to the serial bit stream 722 towards the switch port.
It consists of two 8-bit shift registers 712.1 and 712.2 and a
25 multiplexor 1220. Both shift registers 712.1 and 712.2 are loaded
at the same time by the bit clock signal 718 on clock inputs 1222
and 1224, respectively, if loading inputs 1226 and 1228,
respectively, ‘from the output 828 of the clock divider 814 are
activated. The loading input shall be activated each time the 4-
30 bit counter 814 has the value 7 or 15, on its output, which
according to the above is connected to the loading inputs 1226
and 1228. The bits 1, 3 ... 15 of the 16 bit parallel output data
are loaded into 712.1, the bits 2, 4 ... 16 are loaded into
712.2. Both shift registers 712.1 and 712.2 are clocked (shifted)
35 on the leading edge of the bit clock 718, which implies that they
are only shifted every second bit cycle. No shifting is performed
if the loading input 1226 or 1228 is activated.



30 bit counter 814 has the value 7 or 15, on its output, which according to
the above is connected to the loading inputs 1226 and 1228. The bits 1, 3
... 15 of the 16 bit parallel output data are |oaded into 712.1, the bits
2, 4 ... 16 are |loaded into 712.2. Both shift registers 712.1 and 712.2 are
cl ocked (shifted) 35 on the | eading edge of the bit clock 718, which
inplies that thweeasnessonly shifted every second bit cycle. NoPCISEDG/0mTS | S
performed if the |oading input 1226 or 1228 I's activat ed. WO 96/ 42158
PCT/ SE96/ 00773 23 The nultlplexor 1220 use®3the bit clock at 1230 for

choosi ng between t ut r

If the bit clock ?hei%?tl% 1P, ex gg%%gbe %@? émbi’&t ?96%%9%%82&@%1 ogé’ﬁg
The result wi Hetyeen e aﬂtmﬂm cfaiﬂmgheft'f%éhiétbﬁwasfcﬁﬁspaﬂzdhtaa‘d 7ha.2.
first bit 1 wif the wantlbekt<r 74a.1C hspetidsent, hef etiporbit blackvdﬁmrre.lzpanla he

swi toh blook E1geeh;, 168 Beglit, 93?%3 e’ %&F LR IR o L 16 BEe
pattern of @h@‘FPPEtdiﬁab|¥%e kik, I wigd |sﬁ Ny toeYihe gitebport,
When t he patteuutrﬁapcﬂnemtfm sghuremmnerlrhet shifinateddars wdritft dAatali and

di agrams of Fiygs 313¢a0thel4 ek:iéﬁ%%ﬁtﬁlfh@ e control during the |ink

synchronlzatlon process 1 shows_the bit clock

signal 718, 2 showd® %d?ﬁﬂ?”ﬁ&ﬂgckrﬁﬁ?tﬁ@m ssthe Eﬁﬁaileh WRits dtppHath
dat a from t he thegipzedetéfibtined Jpativewn tdfe ot ifdatsthglei bhts int théhsynch-

| oadi ng i npy I%}az%gtlaeli hbﬁ:'éfﬁis)terwﬂ}ﬁ td p atteﬁusﬂgﬂéhé’é‘rﬂ]néeﬁ%ﬂ@ta

724 out fromthe reqgister 808, 6 shows the simlarity signal 728
the sync st at @TeGREt Aig ﬁ‘?tshéss?ﬁ’e state machi ne 706,- 8 shows the
count signal 828 ffben time JdingravumErFiged, 125 and 149 idimetrabe the-gime

si gnal 1204 frmetBe dnbirg %ntl@.hke’&ﬂ'nél&td?lJ.tzﬁelgﬁuﬁfrséeéé‘pUt ~of the
counter 1202. It agge IS fro lines 1-3 in Fig. 13 how the shift registers
t

806.1 and 806. 2 shi lﬁ ditive clock edge 1302 and
15 shows the bit clock signal 718,

2 shows output data from the register 806.1,
3 shows output data from the register 806.2,
4 shows the activating signal into the loading input 812 of
the 16 bit register 808,
20 5 shows parallel data 724 out from the register 808,
6 shows the similarity signal 728,
7 shows the sync state signal 742 from the sync state
machine 706,
8 shows the count signal 828 from the 4-bit counter 814,
25 9 shows the bit-2 signal 1204 from the 4-bit counter B14
inte the counter input of the counter 1202.
It appears from lines 1-3 in Fig. 13 how the shift registers
806.1 and 806.2 shift on each positive clock edge 1302 and
negative clock edge 1304, respectively, of the signal 718. At
30 first the synchronization unit is in the HUNT state 1202 (Fig.
11), indicated at 1306 in line 7 in the diagram, and therefore
‘the register 808 is loaded on each positive clock edge. Each
clock cycle searches the parallel data 724 of the comparison
circuit 813 for finding the synchronization pattern hex’C2F1‘.
35 After some clock cycles the pattern is found, at 1308 in line 5,
which is indicated by the equal signal 728 appearing in line 6 in
the diagram, at 1310. The beginning of the equal signal 728 is



negati ve cl ock edge 1304, respectively, of the signal 718. At 30 first the
synchroni zation unit is in the HUNT state 1202 (Fig. 11), indicated at 1306
inline 7 in the diagram and therefore the register 808 is | oaded on each
positive clock edge. Each clock cycle searches the parallel data 724 of the
conparison circuit 813 for finding the synchronization pattern hex' C2F1'.
35 After sone WDo6M2K88cl es the pattern is found, at 1308 in PCTEES/007MI Ch
is indicated by the equal signal 728 appea ing inline 6 in the diagram at
1310. The begi nning of the equal signal 728%i WD 96/ 42158

PCT/ SE96/ 0077%2&@%«3(’%%@ Jfﬁi-zméi’éatﬂ% ca&amanaatuﬁenﬁst h@saeg for

needed for mg conpari1 son and ven (fé‘F rggl ster
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one data cl ochetygllmaddﬂeagam duerang @lgmxtmsmhs:x&lapp'em atkXdr mustnber
appears, i ngi porequand ond atd cltl Gycles WMBATLAR! Lyl b igial ToY s
val ue 7 on gt erped %‘i %‘28“}-‘\?‘?%? rbtlﬁ’r §§a5§ﬁs%?:‘m‘f’<&g's§% ij?:’e‘f i #“ﬁﬁsptl She
will be perfosyrndhrmiztie'lgsyhahe PRESINCorppansy, indigated bt t236rirmddnieclpw

with 10 refergRes tReFidoitdeodriter H«t' hb%si:hét %m@aﬁ ¥h! it@aeﬁégu{:fsﬁﬂ
error in a ceélr‘_‘éhas been det ect

S fugct
The Fi guro ¢ ATEST SRR GRRERSBELYT Mnd; Spid=; ERRaY D of1f ke psfpmen
i nput 1216 of tehtheegyschronizatien Et@ﬁeam#idws-ﬂ-iebm agdcy ibed t heloegwithr
808, 3 thejpordréerdnde w,pllg eqgpit 3 fromthe cl ock divider 814, 4 the

error signal 736f omt S|n on 704,10 the s yne st at
nmachi ne 706, 20 Jtmné&j‘yﬁsr%eﬁ/ :ﬁ Ep??%n’r“tt e §§ﬁ8 stBt 8 ce1
machi ne 706 tbashbesynéet;ected ey o'elll.l%tq-‘-elll baoekysmg fandtd ons #04el In steal
1218 fromt hepsgﬁﬁecﬁérgqrgeaaa%a&ﬂl,by? likesequal signal 728 fromthe

by The ool | anal yel HeS HEPRdnsThAn &t 18sathe, fndyg e BR BRRCKERLSERE
HUNT st at el@pP@&rs, cf. line 5 at 1404. Due to the fact that the
2 the word stream 724 from the register 808,
3 the word clock 732, i.e. bit 3 from the clock divider 814,
4 the error signal 736 from the cell analysing function 704
to the sync state machine 706,
20 5 the sync state signal 742 fronm the sync state machine 706
to the sync cell introduction block 708,
6 the user cell signal 1218 from the sync cell generator
744,
7 the egual signal 728 from the comparison function 813.
25 When an error in a cell has been detected by the cell
analysing function 704, cf. line 4 at 1402, transition to the
HUNT state appears, cf. line 5 at 1404. Due to the fact that the
prevailing user cell signal 1218 from the sync cell generator 744
indicates that a cell occasionally is transferred to the switch
30 port, the synchronization process does not start immediately.
First when the current user cell signal 1218 ends, indicated at
1406 in line 6, and thereby the shift register 808 obtains the
loading signal 812 on its loading input, indicated at 1408,
search for synchronization is started. In line 2 this appears by
35 the rapidly changing ‘course at 1410 of the signal 724. In this
case it will take 16 bit clock cycles before the equal signal. 728
indicates, at 1412 in line 7, that the pattern at 1414 in line 2



prevailing user cell signal 1218 fromthe sync cell generator 744 indicates
that a cell occasionally is transferred to the switch 30 port, the
synchroni zati on process does not start imediately. First when the current
user cell signal 1218 ends, indicated at 1406 in line 6, and thereby the
shift register 808 obtains the |oading signal 812 on its |oading input,

I ndi cat ed at WO8¢42388ar ch for synchronization is started. | redwsEged7ishi s
appears by 35 the rapidly changi ng coursg§§t 1410 of the signal 724. In
this case it will take 16 bit clock cycl e§ before the equal signal 728

i ndi cat es, 2 bl ]R8 o7, ehhehet 2EaBA t 31414 ieB ki
g cales, akuidd? dfhidilioh ebNthe! BEabR'dllichnel iL é%‘é?%%@?agsl“shé./&’!

Transition t diPReSst Afteprhefhyee panseowtive eqas PAOPRLR 341%¢ (M18he

t hree consecni2eoecteapsittisnghal pedfidined £08 thé 49¥ndhnausi zdtdion stpeefsyNed to
t he synchronéiailgglq&g&e5§YNC, at 1422, line 5. 5 The del ays by gates
I ncluded in Fig. are very critical durjng.he synchronization process.

If a data Speed ofPeHRlfys: %’A’ 9§tﬁ§ean%]a‘t4?‘gllé‘clgl er 16d 3re YRFY eHitikealong.
The dearch fdurihg thensymchniardtzadiopapreressanlf tdhdatizoppead af 2boeMbitgd ng
ac- tivation;giQued bR EPodilGHdraas 18" oS 13N Ms! bsm{;.esme Hed2an BaX 1%% to

the clock divider 814 st be _perforned ék”ln | ess hgn hat_ t1 ne.
del ay for a GERERY: 8Ri PRSI0 BN rhE-IRE 8 é’%‘ﬁe }eardng fa%sm
the input oftivatiomsigaadr8Bad Xaq khehvegistim§oBnpud e resetheignal B3

808 and thg t&S@he idleik EBViddr 1d1R HAst! B¢ peteui e Sifidy A d0than that

whi ch inplieé.less than 1,8 ns. The above described cell 'synchronization
according to th% i nvention is required due to the fact that the cell clock
i s not transferrcthe Hedayi fivr cogatel ie APRF¥XinbEBLY @ 03 nsyr The punker dfe

avoi dftlbl 3 | f g@té| Develd Habmi EHe CIHMR Pfathel Oonpasdtdiewizehb the2foading
of " cell pallBuSypta br pERS U HeE odd g MR Rsdt, B A1 pe o
chip, whel® ehefk Rividere§tt anpEboutaStoshigh imphies nkessdhandest mshed
met hod accor di ng tite tdrdviendestir@Bed i 86l Ldyhrbai zhbtofWatebrdii® 1 tmde a
clock slave, 190£th<§1 fiszgealfxi}é.@ de.enioa‘Eﬁe rﬁ%'tl.i {:ﬁgtfeﬁe ac'éliln lé::lc:c:k is not
transferred. The 1link contrel could probably to a great extent be
avoidable if a clock, that indicates start for each new cell is
20 signalled over the link on both sides. It is however a desire
that in case of a cell based switch the switch core shall be able
to be created in one chip, where each pin however implies a cost.
By using the above described method according to the invention,
including that the switch core is made a clock slave, only half
25 of the pins are reguired for a link.



26 Cains. 1. A synchronizing systemin a data transfer system for
synchroni zing transfer of data in th ream (716) between
functional entities (102, 104) VI a a tmmwu ilmlumﬂmﬁ each functi onal
entity having neans for applying 5 arrivingruser datd, which shall -be
transferred on the link, in user cells in which the nunber of data bits
depends upon t hwomweaziss ude of the respective user data, charaptrsessohdy a
link control function (202,206) included in_each functional entity with
functions for starting 10 and controlling t B8 transfer of data on the |ink

by means of sync cebhaemg\hi ch are exchanged between the Iink control
functi ons and each inc one hand, |denti f*_'cat ion informtion

(502), by nmeans of #hién styﬁgh's’?ﬂf:zi:’eﬂ sgﬁﬁe’belf‘dﬁn{ﬂ? f efrangger o SYSremo£REr
hand, control cynehEdddzinghitrhanbfetSofatatd iinkthenfom offuacbibnstreesame716)

gi ven val ues WiieteadMrindtiionah enegblaeatléz/mcdzr)ooisna%élv?a%%rxﬁc YEokS,

whi ch in an gperatiqnal ,state on rehéen ani 0SS

synchroni sm 3 &"6’%3% fS'VRPII ﬁ%%@nt”ramlnﬁuﬁﬁ?ﬁng‘“f fopt 'Pﬁezfé’i}'r’é%i’{go“ser
reinstate synclda&ni,smldalsualmrm|ms£enpeﬂsnmgh§01ink, imansentgells which
function towar ¢ant Rertadk m&?efeﬁvnﬁuﬁs& b@saaea nglégnﬁébgﬂdﬁgﬁaagefih%e

receives a stream cel I n this introduces sync

;
and a first trmg%ﬂéﬁg"fm F&ﬁ‘??‘iﬂ 3R+ receives the resuiting stream
consi sting of user ebaractarizednbyce|linkagdntrohdfunctrionh(202 20%) airtluded

stream si gnalb, fnhaéad:ﬁ Cfluae{sf&a@yt eNtliBya it t fﬁﬁé‘@forfé 93k Oatéihelﬁq "Yna
an i nput function g_r':nt he | i rPI)I’I s&n&&ﬁsecon fﬁf rmn f Uncti on
(802) that rec&PYEECAIHNY B1G SHANGTGKal® n ﬁd°f sync
transl ates thi selldsarwinidhi arg@Exshanded| betﬂm thehbinh sonemal flynazﬂ:mﬂaednd
out for eacp nehbnbiﬁcyludeh en fh@ldné:heﬁh Simlffieaglbhezﬁf%ﬂaém“tsﬁﬂa
conparison fun o] r c angd, | [ i n e
n-bit parallel %&org%%{‘é ﬁ} ‘ﬁldl rt1t‘h| cati onélggl Qé s’fﬁ‘y ¢ Shgthe
when it is RSuREheEnihandg %P'Q?@onﬁﬁﬁlrat(@ﬁ)awh (W&Q8Fac& cll-n’kl mpntrol
function for efahbtigncleankiveg giverd ovakasdh Whichv Gamdt lmiituadl OSKeSk JRRAL

of the n-bit pPaLAbhEbniSt WistEO br a value which in an opérational state on
the link apprehended as meaning loss of synchronism, forces the
two 1link control functions to take measures to re-instate
20 synchronism, said functions comprising
an output function towards the 1link with a sync cell
inserting function (708), that receives a stream (204,) of user

cells and in this introduces sync cells, and a first transforming
function (712), that receives the resulting stream consisting of
25 user cells and sync cells and transforms this to a bit streanm
signal, that is clocked out with a 1-bit clock signal on the
link,
an input function from the 1link comprising a second
transforming function (802} that receives a bit stream signal
30 coming in from the link and translates this to an n-bit parallel
format, that is normally clocked out for each n:th bit with an n-
bit clock signal from the input function,
a comparison function (813) connected for searching and
identifying in the n-bit parallel format the identification
35 information of a sync cell, and when it is found emit a con-
firmation signal (728),
a clocking function for enabling clocking out for each bit
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the input function, 27 a syne--state-machine (706), that receives the
confirmati on signal (728) for coElirol | i [ﬂ't he transition from cl ocki ng of

the n-bit parallel format with t IJ ml' umuﬂgnal to clocking with the
1-bit clock signal. 2. A system characterized by a

cell 5 analysing function (704) that recei vés the n-bit paral | el format

and anal yses am@%64u88 i fi es user cells included therein and eorsEsasy7Err Or
signal (736) to the sync state machine (706) when detecting an error of a
user cell, sai'd error signal being |ikew used by the sync state nmachine

(706) for saigGo rlQLrﬁlchoélk Wrgni1 éfsﬁéqm@i%gagaﬁﬁ 10 eGhRLD gﬁn‘?{ the

characterized 1n t e sync state machi ne has state In |ch due
to |l ack of thje“%ffl“l"ﬁﬁ%?’bn signal (728) it emts a hunt signal (726) t hat
as long as it appeamsynprsyvakesmadhdgiel (J06) , tthetn deiceiles pheatbetirmtieoh

with-the 1- b'élﬁﬂd‘(ﬁé rfﬂr cﬁntéoiiiﬁ&”l}l@%?&fiéfﬂléﬂ f:lc(ﬂ;!* 'E‘iﬁ kgﬂtgt  the

char act er| t hat I e em ssi.on | gnal

al so appear Wt%aé}ﬁé 5?5?‘%tn’dfzﬁpn§h?e’é e Ll9Rk é*ﬁakl‘@leﬁl"("?‘ 9.
20 °* 5. Asktistthe 2ebbk oelurk eignalm 3 or 4, characterized by

functionality for j, nxegysaaﬁ.l QScéfdiﬂg’J‘Wci%hﬂ“lOf cH&E&cE&JBiz?ed %ygg.' B30,
and if this igs e .cas naI é é sence ‘o

fornmng a fur?’h%ﬂs%'ﬁdﬁr?‘!gﬁ%?"gﬁgcﬂ‘%ﬁ rﬁ‘f& HeBi h‘bé’r" Ytoparaihel LEmAtt he
1-bit cl ock sanfhanalyses and identifies asencesild fgcleded diherein and enits
char act er i gecapy eprdsd r§igx||a£’.9| ¢92Beyi tolitnd Sidic V\siéi\témthH!hef %o&?c%&hng
t he hunt mgnﬂé&_ﬁ?& ut fg receiving .the confirnmation si

(728), and an 1M t Re TSH <& ST Ieff?§8)519§ﬁg tlﬁé“g
out put (824) Jetkmsehusgslkéy atnmmmasuetsonaqmmegﬁgﬁm figrt said eoritidd1-
state when thﬁrh;mt signal appears at |ack of the confirmation signal and

second | og) ool - cf eufYAEem sGietai oRTeil 11dr 40 dheaererdagaiin'shat of
the first YbdiRensydpr gtate mash }n&neaana mngmt%medn@@.t due hteo distakudf of
said circuit tHonfifmation signal (728) it emits a& hunt signal (726) that
as long as it appears provokes clocking of the n-bit parallel
format with the 1-bit clock signal.
4. A system according to claims 2 and 3, characterized in
20 that the HUNT state including emission of the hunt signal also
appears when the sync state machine receives the error signal
{736).
5. A system according to claim 3 or 4, characterized by
functionality for investigating if transmission of user cells is
25 going on, and if this is the case emits a user cell signal
(1218), absence of which forming a further condition for clocking
the n-bit parallel format with the 1-bit clock signal.
6. A system according to claim 5, characterized by
a first logical circuit (822) with an input for receiving
30 the hunt signal (726), an input for receiving the confirmation
signal (728), and an input for receiving the user cell signal
.(1218), and the output (824) of which takes a hunt value
corresponding to the HUNT state when the hunt signal appears at
lack of the confirmation signal and user cell signal,
. 35 a circuit (814) for generating the n-bit clock signal,
a second logical circuit (816) with an input connected to
the output (824) of the first log1ca1 circuit (822) and an input

This Sheet Has Been Replaced

AR ET




generating the n-bit clocking stgnral—and-the-output (812) of which is
connected to the clocking functi r fOI’CI n when 28 the hunt val ue
appears on the output of the fir u‘# , t (822), the cl ocking
function to clock the n-bit para th'e 1-bit clock signal. 7.
A system according to any of clains 1 6, characterr zed in that the input
function conpriwo®e4215&8ri es/ paral | el converter consi sti ng BCT/SE®/00773
parallel n/2-bit shift registers (806 1, 80% in which every second bit
of the bit streamsignal is clocked in on Bch its edge of the 1-bit clock

e b g S o st [, flndinih e,
of the second T &% gEe ’r'b%lstigf‘giﬁ)ga‘ﬁgﬂfan"m‘ﬁw (?‘13& k?’%rd’hrlﬁ h; is

with the n-bittactbekebigkialg Sunction foikt foteing swpenl the huAtsyaleenappears
par al | ¢l F st e opmva heagt e”‘%?f’”é" G o Barat of Ty e dRlkicthg®
registers (fll(%suf % #m %@Egﬂ'gm@ ? Eﬁ'é‘tg‘ e kit glagkhc
cel | stream i $igmedked in on an edge of the data clock signal, and the

outputs of whi ch arre ﬁWQc&&&l h:bl&k Wci&iﬂ@)l-@“&ﬁ@fié@ef’ifzéé‘%n
1-bit clock si ted to the

th 1{\
link. 9. A sys at(,hceor ﬁ‘g Oégmgﬁfﬁf CRFRY e% 3, s%é?ﬂ& i FPYRRtShe
circuit for géﬁ?@ﬁéﬁ#ﬁggt% tyoppbaral ek ngRghit ShoHEy segistenn(8n6l-hiaoe2Qck

di \éu der (814) ,:LnV\bhibhhﬁﬁes:.@ Feeokai pitiloff @her Bfﬁlé‘tf&hxﬂzs%gﬂéi fé%hi%clgdﬁ‘%
and a reset inpu 0 te t t m t LT st

| ogi cal circui %@%g) 1(-'% gag\gs&;féehm <c511(:-t(§’(;1rt'dI&‘iagid E%néﬁ‘s %"i\ﬂ% outputs’ of
char act er i zed Whdchnh &re H‘@Wﬁﬂ# Bp the dmpu eﬁvra@ern'(@M)reBhatters (808),

connect eg t 0 ahichphasod lbeds:e;:amwtogom?ceeacub}trwl&it-;p;ﬂb&@ﬂ 3.3 %Q the
connecte to n I shi
regi sters %ehB?%Zf%iﬁpBPrééégﬁcnﬁ t% ﬁegrﬁgr e’f ?’ﬁl'hllc §e?i|‘2°§‘ TRt rperffmﬁd

syst em acc d| with heng-hit Glackssional o fhe:dak fe&lP?#tmnatJhe state
machi ne al so has 8. A system according to claim 7, characterized in that the

output function includes a parallel/series converter consisting
of two parallel n/2-bit shift registers (712.1,712.2) in which
every second bit of the user cell and sync cell stream is clocked

20 in on an edge of the data clock signal, and the outputs of which
are connected to a multiplexor (1220) controlled by the 1-bit
clock signal, and the output (722) of which is connected to the
link. '

9. A system according to any of claims 6-8, characterized

25 in that the circuit for generating the n-bit clock signal
consists of an n/4-bit clock divider (814), which has a clock
input for. receiving a 1-bit clock signal and a reset input (832)
connected to the output (824) from the first logical circuit
(822). ' )

30 10. A system according to claims 8 and 9, characterized in
that the output of the clock divider (814) that is connected to
an input of the second logical circuit. (816), also is connected
to a loading input (1226,1228) of each of the n/2-bit shift
registers (712.1,712.2) included in the parallel/series con-

35 verter.

11. A system according to any of claims 3-10, characterized
in that the state machine also has
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35 a PRESYNC state which;- —ceﬂt-r—eHed%y—_a_tLrst control data of a
sync cell, is started by a conflr nal (728) having appeared in the
HUNT state, and in which cl ocki @M'@i ﬁ -bit parallel format is
performed with the n-bit clock i arison function (813)
investigates a predeterm ned nunber of consecutlve sync cells comng in
thereafter, rewongsdass ng perfornmed to the HUNT state if the pcwdeossnis on

si gnal | acks before the pr edet er mi ned nunber of sync cells have been 5
i nvestigated, and a SYNC state which, as ¥bntrolled by a second control

data of a synt coleracyndl BELEC Jhich, C&;ﬁerr&ﬁfea 4 e el dPUaRg Bpo

received in the P erm ned nu

cells, and i @ méhcﬁibnsﬁﬁsﬂ'-%ti‘b ¥ Ryfopidrmatd Iﬂé’%ladﬁ?Pl eHaV\HF‘Ie
super Vi si ng appeared hin espe HUND statel, Sand riamsiticn ¢]md3dimg1—lUB§thBéaﬁ-aobE| ng

per f or med 'fpaeaﬂéfrfarﬁuaftoa dﬂeéf?orm%d”ﬁikwckﬁé"n-%&‘&%ie&k ahl' fnd ey

based switch, transm ssion Q ser user e nunber
15 of data bFPE‘PBE{ﬁ?TUsf%Wh@WgﬁWﬁﬁEQﬁtﬁ%E Prepeternined sungey oF
bet ween swi t conpectitsivend synewi tehlsocening dn weheapaftek, ofeturnt ebeinegl i n

that the tra%’éﬁléfﬁ P €5 €Abanefr! eeakénkflénat eoh2d A1 SHPBEYhaP  Jok

means of syn¢ ce ch are exc¢ha functi ona entltles and

bet vve(fzen
each cont ai n®efgRexshe, Prefetaapi H’E‘Fﬁ%n? f¥nFatiedl®, hAVeRERD ofn-
whi ch the sywestetatesh,ndml | dentlfled and, on the other hand, control data

\Ahhl CE by tlﬁetfuncalhﬁmi it 'théhcaeﬂs Qﬁm%ﬁbli@dv Ufssé’ém}& Edd?ﬂfrgyt&@éa%
checkKl ng a nc I’Onl PLev a va nas e 0 eratli on
on the link P& 3 q A8 %‘?ﬁﬁﬁ'ﬁl %Yn ?°§%§r5‘F%§Vﬂcﬁ+%’?ﬁ€rﬁ7zls6rE%‘é‘“?qﬁe
functional . emem esceweuiak:@ rbesBRBSYNG stasenfontahy of ridie griedetetBined
net hod accor eknﬁaei-Ooﬁléyri& lé?encdga@aat ehi weIth rtztalﬁmisstsabw o¢ aﬁté"\GnV‘@Ye

transm ssi on t ities endln

pr edet er ni ne&g;’ﬁng %?Si% %g‘gecu%(uég&ifﬁg’gcégﬁ aéac?‘? °Ff érs,
cont r ol dd—tsaté‘ﬁnﬁmm i &l Fhe HINGestater bedngr @eeﬁfoamsglnc;fc@n enney is
control datageunabi ch has a val ue confirmng presence of synchronl sm 14. A

met hod accordi ng .ILQ. Ckal'n@tl’]igd %Qgr §§£§£}Zyﬁﬁiina,”}§{ a cell based switch,
transmission of user cells which can contain different numbers of
data bits, between switch ports and a switch core via a two-way

20 link, characterized in that the transmission of data on the link
is started and supervised by means of sync cells which are
exchanged between the functional entities and each contains, on
the one hand a synchronizing pattern, by means of which the sync
cell can be identified, and, on the other hand, control data

25 which by the functional entitites can be set to values admitting
mutual checking that synchronism prevails, or a value that in a
.state of operation on the link is apprehended as implying loss of
synchrohism, forces the functional entities to take measures for

. reinstating synchronism.

30 13. A .method according to claim 12, characterized in that
starting of two-way transmission of data is preceded by the
functional entities sending a predetermined number of consecutive
sync cells to each other, the control data of which imply a
request for return of a sync cell, the control data of which has

35 a value confirming presence of synchronism.

14. A method according to claim 13, characterized in that
the transmission of data is started after each of the functional
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the transmission of data is started after each of the 35 functional
entities has responded to the |ast of the respective predetern ned nunber

of sync cells by sending the de yn. return. 30 0

15. A nethod according to any ofﬂummﬂm&m,’mhar acterized in that the
mut ual check of synchroni smbein{.pfesent® i s perfornmed by the functional
entities regul wogesuzsedi ng sync cells to each other, the conptolsesnbas of

which inplying a request for return of a sypnc cell, the control data 5 of
whi ch has a val ue confirm ng presence of s% chronism 16. A nmethod

according to ?H¥i€ia§ 'nagnﬁeégiﬂéea ERALAC! FAdZ6¢ thePlpd A8 WAlHEabOLh{10

the functional entitjes to take neasures for_reinstating, synchronismis,
i ncl uded in aPBReBUPREN; ?l%ds%‘é?fiif R nﬁeﬁ%’ﬂ%% n«be%)et;%cpb?yqq]ecell in
functional 10retwarmy that has detected | oss of synchronismand neans a

request for return@f aansiita Q%bbr&h%%‘hh?'oﬂ@:tlﬁiﬁé YOLL], Raardc¥atifeq

confirm ng presence ,of , synchronism . A_net hod acgordi to any of clalns
12- 15, chargcfﬁr [ﬁ’@ﬁ' iﬁhghé’tutf‘ﬁ vﬁ??@‘f&ﬁci%“ﬁ%é’"ﬁﬁﬁct Septs i
to take neasupesfédomed WrmafungtigmhmﬁishSimmﬂ@lnldedeﬁmiwg sync cells
predet er m nedegUEREK dthedY NEné CtREI) RALACBE MNidH SidpiiBiigOBakeGRbLL Yeor
havi ng detected, |l oss of synchron m&gd |nvolé%i§s rg&:esé} 0 thé other
functional enFPEYFR°hr2RYRT Feh ssHRR BP: 69%5 d "é'&/rﬂ‘%eqlv"‘llrﬂ?
control data eénfiiFminchpregence vof Xyrshronismng presence of synchronism
t18. A et heg a?corfls.n;n ﬁ@%l?&@hgﬁbﬁﬁdﬂﬁg ]-j% aﬁ?ﬁfﬂf@naaitngeﬂzTis,t E_ﬁtkrkﬁﬁ‘e:iaed
ransm ssi on S starte r nctiana | avin
det ect ed Iossggf CL%ﬂi;ch Shi g_?niu%f %:o\ll’gcty"ﬁg ge%:eongu?%%fc?r? qhaﬁ"ﬁﬂ%“}? ﬁ’&vifﬁa‘e
answered to tReasares ferirainstatisgesynchuandspuisdncdndednin @epredeterni-
Send: lngbt heddﬁeérzadn&rnsf Gffrlc ©B1L8iBEINg %Qnt/bﬁtﬁbeﬁhfa@fimh @&%E}iﬁi%t in
a ce ase t n S . .Ce : t.he, nunber_.of
data bits dep@%\%s&%%érge? hg%n%gélf?s L}&Iec%% %iﬁg' %Jéé plfééc%}}é\l/? %@P eF5t g?r HE WS
30 functi ohBl OB s¥YNs opld Bhe v@enksPl data ehavithehdse @ Hplue| pARtmingol
function incl peesende @FCcByhtheoniesm entity containing functions for

starting and contrpj| aNgadfly LERBSALSS t¥aft) SBL3aims 12-15, characterized
in that the value forcing the functional entities to take
measures for reinstating synchronism, is included in a predeter-

20 mined number of sync cells being sent by the functional entity
having detected loss of synchronism and involves a reguest to the
other functional entity to break transmission of data and send a
sync cell the control data of - which has a value confirming
presence of synchronism.

25 18. A method according to claim 16 or 17, characterized in
that the transmission of data is started newly from the func-
tional entity having detected loss of synchronism, after the
second functional entity having answered to the last of the
predetermined number of sync cells by sending the desired sync

30 cell in return.

19. A system for synchronizing, in a cell based switch,
transmission of user cells which can contain different numbers of
data bits, between functional entities via a two-way 1link,
characterized by a 1link control function included in each

35 functional entity containing functions for starting and control-
ling the transmission of data on the link by means of sync cells
which are exchanged between the link control functions controlled

" This Sheet Has Beén eplace

T



on the link by means of sync cells which _are exchanged between the |ink
control functions controlled by a sync state machine 35 that has three

states, viz. a HUNT state in whi ﬂm"lmm ol function is brought to
investigate a sync cell com ng in® m ”'i 'Ior’* 31 0 determning

whether it agrees to a predeterm ned® pa‘tté'rnf@! sync cells, a PRESYNC
state which, WOMISBIUNT state, is preceded by a sync cell BeTiSB6/08773
agreenent with the predeterm ned pattern, {lavi ng been found, and in which
the link control function is 5 brought td i nvestigate a predeterm ned

%nit)ﬁr OI hcoﬁ§e£U§irrY@ ssa#l% ﬁ&%ﬁfn&%ﬁa{w ﬂa@t Eth%eaééffesf,ogvﬂﬁ] er m’uni ngt :
et her ey agree redet erjni.n tern,  retur [t he ., state
bei ng performed i? l%‘ﬁf%s ﬁ%gﬁof“t“ﬁb‘%g‘,ep 1§$Nﬁb§{‘$ﬁle %@c%do& é‘(?egg'ﬁ’,“gpﬁ
t he PRESYNC teainvesfigate a0syne etitklergamiag AnnSeen dfheslinke Sors defrewinig
agr efe_rreEt W hgngth?xéa}ﬁ@e_ ierdyreed £atd %gdeﬁéﬁr_niﬂed\/@h%e%:ﬁtafﬁf yrd cdaig,on
e link ig adm e _superyvisi.ng .da respect .to_errors,
transiti onéof t heawcaf’gag i"\f‘[fb"%r 8} #@8“1*?’“%& gr 15 PESGqed By a
and i'n that 8¥bA Sphd bdelingi Ap| agreenent: Withn&hraptedgteyninednipatigrn,
D?Lt er E 3}' Ra¢ifg Obedh| £8uﬁc’?,e aﬁwciﬁfkhi@@ntﬁ@ hﬂl@ﬂté&;»r!nﬁ?bl apdneLibReis
ot her hand, a ction can he given
val ues adm t??%&&%tt&aﬁ%(’:%%%aa%é %&%V\e/edee r?éf %gﬂ%{iﬁ’k‘%:)é %t ?%Icﬂﬁﬁﬁq Fyare
synchr oni sm £8138 coningeAn thareafigryEor Hteminisgvhetlien fdhen agreentohe
:c i nk appr ebetned mredetRrnings | patteinsy naduurm Sﬁb &Q@cegtzmiﬂo esﬁ'gﬁg cpeihg!
unctions to for_r ti synchroni sm : system
accor di ng top%?glgﬁﬁ%%%%z’rléc{'se[’%%?’%n ét;%gt' the link control function in
the functional eni®iNG5tgiteabring 2Breeededccl e PRESYNE| shahe, cbyt the
data i n syncpgeliéternined umbefkogoriyhel ckanst shbwiny t fgré&fdnty| With the

ek one! | cabkades rod hCain. S0l th Rl ENRLH8 S B0 D

sync cel | 1¥r dRsfadnitsed: ilider imparydeingn fatfe e 3gespeat &« | erxorecond

control dat atransitiomgost hthe t HONB! atat&YNEing performed if an error is
found. '

20. A system according to claim 19, characterized in that
each sync cell includes, on the one hand, a synchronizing

20 pattern, by means of which the sync cell can be identified, and
on the other hand, control data that by the link control function
can be given values admitting mutual checking between the 1link
control functions that synchronism is present, or a value that in
a state of operation on the link apprehended as implying loss of

25 synchronism, forces the link control functions to take measures
for reinstating synchronism.

21. A system according to claim 20, characterized in that
the link control function in the functional entity originating
data receives the following control data in sync cells from the

30 link control function in the receiving functional entity, viz.

a first control data implying instruction to break a current
transfer of data and instead send a sync cell, and end a current
sync cell transfer for thereafter inserting the new sync cell,

a second control data indicating that the state SYNC is

35 present and implying that a sync cell shall be sent in return at
a first suitable point of time in the normal cell flow so as to
provoke as little disturbance as possible during normal opera-
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present and inplying that a sync cell shall be sent in return at a first
suitable point of time in the norfal cell flTow so as to provoke as little

di st urbance as possi bl e during nor , a third control data
i ndi cating that no sync cell is reﬂmllgmluﬂ W 21. A system according
to claim 20, characterized in that = 2 10 1m tshe*states HUNT and PRESYNC
of the state nowmbpe2iss | i nk control function sends sync cel | sscdmsEsbraecond
link control function containing the first or second control data at the
first suitable point of time wthout stoppBRg the current cell

transm ssi on. ? 22. A system according to claim20 or 21,

char act eri zedtl A% hat in the state SYNC o_f t he state machi ne a |ink control
function sends data tthirde enntyrol | dataorinddcatingt thatorne esymne oeell is

I ncom ng syncrgghhfeanﬁ{ Wathgknt,he first or second control data.
22. A system according to claim 21, characterized in that in
5 the states HUNT and PRESYNC of the state machine a link control
function sends sync cells to the second link control function
containing the first or second control data at the first suitable
point of time without stopping the current cell transmission.
23. A system according to claim 21 or 22, characterized in
10 that in the state SYNC of the state machine a link control
function sends data to the other link control fuynction or reacts
on incoming sync cells including the first or second control
data.
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