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| nCr gadMslity of number of ports and cost-effectiveness are two fundamental issues that should be

addressed. Two ways to build a cost-effective and scalable switch fabric are distinguish. The first
option is the widely adopted single-stage switch architecture which is very efficient but has

15 scalability limits because of its quadratic complexity growth (as a result of linear growth of the
number of ports). The second option is the multistage switch architecture which provides higher
throughput by means of more parallelism, but which is generally more complex and less efficient

than single stage switches.

A multistage switch architecture is also referred to as a Multistage Interconnection Network (MIN),

20 i.e., a fabric arrangement of “small” single-stage switching modules interconnected via links in
multiple stages or mesh-like in such a way that switching and link resources can be shared by
multiple connections resulting in a complexity growth smaller than N, typically in the order of N
logN, where N is the total number of ports of the switch fabric. Although it is recognized that MINs
are needed to obtain very high throughput and support for large number of ports, their common

25 introduction has been repeatedly postponed over the last decade. A reason is that continuous new
innovations in single-stage switching system design together with new opportunities created by

advances in underlying technologies were able to keep pace with the market requirement increases
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designs based on centralized control approach very popular, are the
singularity of its scheduling scheme and its ability to implement any queuing structure:
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20 input-output-queued structure.

The problem concerned with the present invention applies to switch architectures with centralized
control. The aim is to provide a means to improve their inherent growth limitation. This is done by
facilitating the aggregation of multiple switch elements and have them operated in parallel in a
so-called Port Speed Expansion mode. This improvement also indirectly applies to MIN

25 architectures as they are usually composed of single-stage switching modules.

Description and Disadvantages of Prior Art

In the computer community, data and pipeline parallelism have long been exploited to achieve

higher bandwidth. When applied to packet switching technology in electronic networks, this
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15 the scalability of a port speed expansion scheme from its implementation complexity incurred by

synchronization issues.

In a switch fabric core operated in port speed expansion mode, the component switches are termed
as either “Master” or “Slave” switch. A port speed expanded switch fabric contains one Master,
and one or more Slaves components. Master and Slaves may be connected in any arbitrary

20 topology such as a chain, a ring, or a tree. The general concept of port speed expansion is now
described/recalled with reference to Fig.1 which illustrates an example related to the prior art
commercial product IBM PRS64G where only one Slave is used. The PRS64G is a packet routing
switch that implements 32 input and 32 output ports, each running at 2 Gb/s, for a total aggregate
bandwidth of 64 Gb/s. Combining two of these chips in port speed expansion mode enables to

25 operate the physical ports at 4 Gb/s and to build a switch fabric with twice the aggregate bandwidth
(128 Gb/s). When a packet to be switched is received by the ingress fabric interface it is split into
several parts, termed here “Logical Unit” (LU) (or later also termed ,,Segment”). In this particular
example, the number of LU’s equals the number of component switches, but this is not a

prerequisite. Next, the ingress fabric interface sends one LU of each packet to the Master switch,
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WO 03/ 094446 PCT/1B03/01227 -4 and-4he following LU to the Sl ave swtch.
The first LU contains only part of the initial packet payload but it has
the full packet header which includes handling information. The second LU,

Whi CRnd theRBRSERLIU i @e SIAKQwiteR IR f§t IO c¥ntmy baRDaktIrahd R0 Ea@d&@i no
routing |nformat|on The Master handles its LU according to the routing

and @awbad Hutaf h‘cseth@/ftdlepacmtdnem|Vdmba¢hdeﬁha®rﬂlln$mf@np@@ReThd”ﬂ§a@e}LUand t hen
i nfor t he S

hedul t
R e ek S i
der i westr abdIed its 1. Ufa‘%!’:&ém'g% tHeSro§€rE§ arkmﬁélﬁ% -of-8¥Ri RUBforRal@r GadiEBl ihagr ess
port speed expansion bus. kew se, Mast er schedul es a packet to

be5 t pacietheaded aneh theinrinfoams dmrﬁla‘@l abionf ity sthedwimgidscision tbytsendihgarShpprepriatw er an
egre ort s an5| on use, of t t| on, de of the
o LRl sl TAPROR L Tt sive 100 et by ey g Bo g A Bt a1 &
t han
Sy DERSE ST Shate 0 @ PL PR L A% b TRon AT ipe vlen

if the Mwemsl:hgcmlmga pddket taibe traegmitiedch timilaeamitrot héomgztlesss feabtoi the Shaver f ace

at near t he sanme time. romthe descrjption above, it is obvious that a
por t CEFAE e RRGEE PP EE s BRI ahiF BToPF R Loy o P psf o otiEtay s and

ajpr gﬁﬂhs fhe TRt e gltes§ 1O z{cﬁ{aﬁ?tlegvle@m-er ﬂﬁﬁ@l‘leysla\krkgééglﬁ il Qnd £RE, LRIr ess
15 f

bric interface toward fabfic core and egress bric interface (drawn
hor i zdditiehdlyransmitisgnchignization wehardem tmayl bef deoded ravweanethe diasteo anhthediave,

mul ti e Sl aves wn vertically in Fi G.ven,.the packet duration
exanth BE 670 prgone (L3 i opiroctiogrchy it ity MERACR Ha o P RESEDT ¢ he
SW t Gorh, Ay dle%cn}?;tﬁfneab%bé“ﬂ is oBfiofls &iaﬂgh&’t 9@&0%36( arldah ?aﬁf‘@%aﬁ@ﬁir lyn@Greed by

ensuring that the control informatio the Slave within one packet
cycl @rmﬁagélﬂﬂlrtkla}mhndlaprepmnmﬂtdl off twtol differfent flaws inagkly: heatath Qv frosl iggresn t he

current. tech oIo anwhi | e, bec e of ontlnuo i ncreas i nk
" 05 o Sbiciney Boierg BBRE bt eisaniabie Mo bRE WA Brgate R Tied) Btk fsel |
mor e c@ﬂ%l'f?fwefrgfnfrhbs‘%&lté oh®oPblifhe vé%r(@ra%rfj@ertléaﬁl? it Bt Bf GHRhahe pdcRk: rates
have caused packet durations to decrease but have ' requi red hi gher degree of
par aldhx-:altuos |¢Kamplet0|ﬁ Figb(i28spiea Ehiprespaoket) apd tirenmandtoess of e swhieh Gativier
si de, core (gg&ronsz}/ sing g]b%l %? S1:h1}§ %x\//aes efas1{y acﬂmved by ensuring that the control information
reaches the Slave within one packet cycle of 128ns, which is ample of time for a single board

20 design in the current technology.

Meanwhile, because of continuous increase in data link rates and system sizes, speed expanded
systems have gotten progressively more and more difficult to build. On one side, the faster data
link rates have caused packet durations to decrease but have required higher degree of parallelism
in the port speed expansion implementations. On the other side, bigger system sizes have forced
25 designers to distribute the switch fabric over multiple boards and racks, thus increasing link
distances for data flows and/or control flows within the fabric. Given all these more strict system
requirements and sizes, it gets very difficult and/or expensive to precisely control and match the
propagation delays between elements which are physically distributed and for which packet
durations have decreased at the same time. In particular, it may occur that the multiple LU’s from

30 one packet may not arrive at the Master and one or more Slave switches at the same or close to the
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synchronization method not only should compensate for latency of the control path but should also
compensate for the unpredictable skew in the propagation paths of both data and control

20 information, and this for any (arbitrary) topology. Also, in order to be easily scalable, the method
should be able to relax the synchronization constraints incurred by the port speed expansion

concept

Summary of the Invention

Generally, the objective of this invention is to provide a method and apparatus to achieve local

25 synchronization of data and control information at each module of a distributed master-slave
communication system of arbitrary topology. Synchronization is achieved by compensating the
unpredictable skew in the propagation paths of data and control information. The magnitude and
sign of each compensation is determined by sending synchronization packets through the

communication system.



concept Summary of the Invention Generally, the objective of this invention
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packet via a data path and the one or more slave units are adapted to receive data segments via a
data path. Via a control path derived control information is passable from the master unit to the one
or more slave units. In the system are synchronization providing means provided for sending
synchronization packets also subdivided into segments from the ingress port through the system

20 over the same paths as normal data packets, and for passing synchronization control information
through the system over the same paths as normal derived control information. Each of the one or
more slave units comprises time shift information means, also referred to as first means, for
obtaining, when a synchronization packet segment and its corresponding synchronization control
information are received, time shift information representing the propagation delay difference

25 between the data path and the control path. Each of the one or more slave units comprises delay
means, also referred to as second means, for delaying either a data segment or derived control

information, in response to the time shift information obtained by the time shift information means.

In accordance with a second aspect of the present invention, there is provided a communication
arrangement for processing data packets each including a header with control information and a

30 data payload,
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par a I r | he master unit is adapted to receive
t he l#égé%F&va%%%?%ig%??lg{'e ﬁrﬁ%gwl}(ﬁo ¢ fom each packet via a data path and
t he eme/hivh aifahgersdrave units are adapted to receive data segnents via a

data path; and wherein derived control information is ipassed fromthe

mast ERCang R0 TEETIER £ B NETORBREOS PRy g peansy 4y PEOVIdR PR HMEN, i n whi ch
arpa . fLer. 0, is i idi s, are
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segnMeRtisthe kane patks agiremddpe packels; andior pasingsyhemonieatim dongobiaftemptions as
normal data packets, and for@tgassi ng sgnchroni zation control information
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synchroni zation p segnent and It corre ng s i zat1 on
cont rcotrespohdingeindbromzagioneontirsldaformbticn ahirdceiviedf thmeshiftinfoiMmati@pr esent i ng
t he propagation del ay _difference between the dat E@t{lﬂ and the_ control
pa? h IeRipntiag by PEpRagatiomdslax difisranse Betwaen thg Qo g ¢ asPuiRl Rathetther a

dat a GaoHkN un?{coglﬁfris}é?&c&?@}n%%s for delaying either a data segment or derived control

information, in response to the time shift information obtained by the first means.

In accordance with a third aspect of the present invention, there is provided a method for local
synchronization in a master-slave communication system designed for processing data packets

20 each comprising a header with control information and a data payload and each receivable through
at least one ingress port, in which system each data packet is subdivided into segments in the
ingress port for parallel processing of the segments;
the system comprising a master unit and one or more slave units for parallel processing of the
segments; wherein the master unit receives the header with control information from each packet

25 and the one or more slave units receive data segments via a data path; and wherein derived control
information is passed from the master unit to the one or more slave units via a control path;
the method comprising the following steps, for ensuring correct correlation between received data
segments and derived control information in the slave units despite differing propagation delays in
the data path and the control path:

30 (a) sending a synchronization packet, also subdivided into segments, from the ingress port through

the system over the same paths as normal data packets, and passing a synchronization control



information, in response to the tine shift information obtained by the
first nmeans. In accordance with a third aspect of the present invention,
there i s womsioglads a net hod for |ocal synchronization in ®CTABOX012%1 ave
comuni cati on system desi gned for processing data packets 20 each
conprising a header with control inf®rmation and a data payl oad and each
recei vabl e through at |east one ingress port, in which systemeach data
packet is subdivided into segnents in the ingress port for parallel

pr oc gsfeiatidRf detived HEANBELSadel BEthS ¥§ARPeEARMBh ipatlg tRrolfBls tYsyttBitovan@ieone or
nore slave units for parallel processing of the segnents; wherein the
mast eéame paths pereinabdernived destideinfosinatiorsont rol i nf or mati on from each packet
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follow ng steps, for ensuring correct correlation between received data
sefmeepreseating the prapegaitomdelay diffefencerbdtiveen the datagpagi andethe nontsol getbpintde

di ffering propagation delays in the data path.and. th ontrol path:. 30 (a)
sendi(hgn SR tente S5vF BRIt seesnsa igphe ) SR F1ETRt FRREESCRE T ¢ he
| NgT @8SRe khirtiMfoRNghon bbIGinSY 3 85D By dMEIFATR RA 281 A& PREIBEHRH: Rith
packet st,l gmd1 plaggllﬂngo% syrrllc%rom%g)'\?l gn e(h:&ﬁ/rllt rol eV\iD 03/10941%26 PC%I’/ I BO%%/%I1227
- 8 i nfoparktt sogmeigriisel er theaterivbe chresd érfomfatione synchroni zati on packet,

t hrough the system over the sane paths as nornmal derived control
information; (b) obtaining in the one or nore slave units, when a
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contro ormation are received, tine“shift information 5 representing the

pi6pagdihanit cdebaynade kdlarse SeH-ddeptiveenednk hatl dteasypettrbniaatibrt precesoistpedorped h;
and (c) _in the one or nore slave units ensate for the pgngﬁﬁ%ati on
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segnent Itse rived control information. A particular advantage
of t Mabubtnewnd vanyirigdeldyatof tlats asd/oc bontmol paths can Ecivbivwed by badalg the

self-adaptive, 10 and that i.t can b de rohust. Self-adapt.ive ans t hat
t he ssyﬁ‘éﬁ?%%ﬂ“?&tp%ﬁti)@b‘g@i%umgs E"é?"f rtﬂfgﬂ’ steiy, A9 $X7R at&ﬁ%"@%dﬂtﬁw % at every

synchroni zati on point of the distributed system and that no
bi -di rectional comrunication is required between neither nodul e of the
c dfmuanfurdter advastage efithis invention is that, since the master/slave segments can compensate for

skew between packet segments, the ingress adapter source is not required to transmit all packet
segments simultaneously. In fact, it is advantageous for it to send the packet segments transmitted
to the master and the slaves at a time delayed by the time required for the previous master/slave on
the control path to forward the control information to the following slave in the path plus the

20 difference between the data path skew of those consecutive segments on the control path. Doing
this decreases the amount of buffering required on the data path of the slaves to compensate for the
control path latency. This advantage holds for single-stage systems or the first stage of a multistage

communication system.

The advantage of the relaxed synchronization constraints per stage give more design freedom for
25 the master plane in both, single- and multistage systems because the master plane is now
temporally independent from the self-adapting slave planes. The advantage of local
synchronization in multistage systems is that no extra latency is added by each stage, which would
be the case if each stage were globally synchronized. Because multistage communication systems

are also physically larger than single-stage systems (in identical technology), relaxed



Robust ness to varying del ays of data and/or control paths can be achieved
by sending the synchronization packets nultiple tinmes through the system
for exanpwe catossequl ar i ntervals. 15 A further advantage @CTiRIZ0122ZIVenti on
is that, since the nmaster/slave segnents can conpensate for skew between
packet segnments, the ingress adapted-source is not required to transmt al
packet segnents sinultaneously. In fact, it is advantageous for it to send
t he packet segnments transmitted to the master and the slaves at a tine

del ayad,¥ihiich tddiBahBBEchRE et ihfietaat Rtisoeissysratsdetalsatie langer dysencont r ol
path to forward the control information to the follow ng slave in the path
pl us mayep@0mulitipedraandséshblyesiesks thakard gernestedrihrorghlangen ks WaBf¥et ut i ve

ts . t he . I t h. Doi this,.d . . of buff
oo tision e Y B Bt tna afa st SR SERABIEE of MnchRRRAtoR DT
| at ey iU SotuaR A9RHAG S inafd ABbenpd age systems or the first stage

of a nmultistage™ communi cation 'system The advantage of the rel axed
syfichroni zati on constraints per stage give nore design freedomfor 25 the
master plane in both, single- and nultistage systens because the naster

pl ane is now tenporally independent fromthe self-adapting slave pl anes.
The advantage of |ocal synchronization in nultistage systens is that no
extra latency is added by each stage, which would be the case if each
stage were globally synchroni zed. Because nultistage comuni cation systens
are also physically larger than single-stage systens (in identical

technol ogy), relaxed WO 03/094446 PCT/1B03/01227 -9 synchroni zation
constraints becone nore inportant for such systenms because the | arger
system may span nmultiple boards/shel ves/racks that are connected through
| onger links. Wth ever increasing bandw dth/faster packet transm ssion
times, the decoupling of synchronization constraints from packet | engths
is an inportant advantage. 5 WD 03/ 094446 PCT/1B03/01227 -10- Brief
Description of the Drawi ngs The present invention is illustrated by way of
exanples and is not limted by the shape of the figures or the drawings in
whi ch :




Fig. 1 is a block diagramof a prior art electronic switching systemthat

i npl ements the general 5 concept of distributed naster-slave conmuni cation
syst em amaopaf944dpeed expansion. Fig.2 is a bl ock di agrampCagBex@Enti ng
schematically the transm ssion of nultiple data packets from an ingress
source to a segnented comuni cation 19ystemwhich is (arbitrarily) organi zed
into a chain topology of 1 naster and N-1 slaves. Fig.3 is a general
schemati c overview of a packet communication system (CS) and the 10
correspondi ng segnent ed packet communi cation system which can be inproved
by t IBri¢fRs&fption bF tietDwings 9. 4 is a bl ock di agram representing
schematically the transm ssion of synchronization packet segnents and of
cont Tk prestntrinedntion idduistradd by ony bhexangdeeanid iohott lheitsl/ycthe smipeatfitton packet
the contains the header, in accordance with the invention. 15 Fig.5 is

bl oc igdres gF Ha BRWHIESHIRFBIheéd enbodi ment of the invention. Fig.6 is a

bl ock-di agram representing schematically the transm ssion of nultiple data
packets from the egress side of a segnented comruni cation systemto an

egr eHig. atkepbleck gt 689 phdr dricelent@iiveswitchageysemcthatdmplamendd the igeseralt em i n
the case of a nmultistage configuration (Fig. 6b). Fig.7 is a flow diagram

i | Pusereept %dlﬁqﬁ@u?%%%?eéﬁiaz’étc?@ﬁmﬁ%c%%ﬁﬁs@m anthDAESRSSH O¥RARIIENPCT/ | BO3/ 01227
-11 Detailed Description of the Invention Wth general reference to the
figures and with special reference nowto Fig.3, a general conmunication
syst éHig. 36 4 blatk tiagnsp fpiSentaigachdthatidaity theltememissn of ahileple dalpatissts frem
considered. Beyond certain stringent requirenents of size or, perfornmance,

par alandngresh SPEIcs bord segrRentetheony AR Catonssysiemych 1 @EitE iy} organizeh iR
techngl. | el | . hi eved by partitioning and distribution of
t he 23%?2%01%@010%%%@&%}?&%&Vlg%naI ity of the distributed parts 30-1 to
30-N, is identical to the functionality of the original system 30.

Therefore a packet 31 is also partitioned (into segments) and transported
t hr odti®3 ik generhsehfnealici QYRTVaSFs plerpanikeiopemuiraipndvited Eny 2phiPes of the

2B Chpk o SRk Bebltc Rl RSN SRV EPS 4 Bl epataiom an

pi ca

invention.
Fig.4 is a block diagram representing schematically the transmission of synchronization packet
segments and of control information derived from the segment of the synchronization packet the
contains the header, in accordance with the invention.

15 Fig.5 is block diagram of a preferred embodiment of the invention.
Fig.6 is a block-diagram representing schematically the transmission of multiple data packets from
the egress side of a segmented communication system to an egress adapter (Fig. 6a) or to another
segmented communication system in the case of a multistage configuration (Fig. 6b).

Fig.7 is a flow diagram illustrating the synchronization procedure.

20



of such a parallel systemis the case where M=N and each segnment of a
packet is processed by a corresponding part of the comuni cation system
Segment atwore3od44shre i ncom ng packets is assuned to be donecCryBeaniext er nal
device 33, hereafter <called ingress adapter. Simlarly, re-assenbly of the
out goi ng packet segnents is al so asgured to 15 be done by an external
device 34, hereafter called egress adapter. There are several ways to
segnent and distribute the functionalities of a comrunication system as
mentioned in the introduction. The problem concerned with the present

I NVeDetaMed INBEHiPGon Of thé Mventi ed communi cation systems with centralized
control, which 1s sonetines referred to as a naster-slave class of system
20 Awiasickras teisrendd @sbe fifusy sidewitheyech refereneched td Rigdny gewdpalt r ar y

t opol ogy such as a chain, a rin or. any_conbj nati on of these

A g atree,
t hr eeo@EBICaEESteny 30 thebrarspprsedaiaantitiss fregeatter calledingghass és cpeisirdor of a

R U R T e L P o

ey featiBRS shlutidnke ¥n@kiven bugheolegy.a di stributed communi cation systemwith
centralized control 1s that its internal 25 |links can_operate at much

| owe PaieBelism paprbe achiavad Bipafitiening epd disfbwsiop of ghe sxeeMrTRYCURLIBSE ernal 1 ne

rate.R, .. i I s FWolY . podul es
oper SOy B A ORe a8 LR, RIGROREHothe RHRORNR (ARY bl
oper st 30. TRk ol dbacka31nt aigo patiiehed @ spgmbnts) aidethniyored thiogsets
adapter into N identical segnments before being sent over N different |inks

or cevnBEnicatien 9Eten byprogessing differppt parts of Eedrackeian different Rarts gl the RIFEM-The

1 16 S brpBRE R e SRCHOI BOp e RS I bt P T D bR RO
N-1 of &irh a NEyStep@ Bithe Biso Gvherd V=Uvdral qaaly bamtend bea backesigiptdoesketidya first,

second, and further slave nodules 22-1 to 22-N-1. The hi ghest achi evable
degr eetrespoling Pt pf BgcPBINyIniGaHeR Y]t he size of the header which nust
entigely fit i alell Ther.ef : n
Si zegggrx?lﬁ%tmﬁlaé:}tﬁg? ﬁ‘&?{\]/]ilr%‘gacgggae{z%eu% cP@hbge (ﬁ)éggg raﬁ%?{r%ﬁia}]g&/ﬁg{(?ﬁr‘r&?{eél&%gnsi on

node calldd€n ek Shdapegeiniilarly, @ossenitsly of serontgviyg paktogments idulsgissainkd to
segnents are sent at the sane tine by the ingress adapter, different
ségnbﬁﬂ@nqm@ne}@sép@lrdeéw@é%mrﬁﬂeéﬁ@lleﬁrfdﬁ@gabdﬂﬁﬁr-ti mes do (err)o (err)N-1 ,

depe ri’ﬂciir%%ré) &v%ﬁ? wtaﬁwt%l s%géﬁeﬁat"bgd b G0 e uffbnalities of a communication system as

mentioned in the introduction. The problem concerned with the present invention applies to

distributed communication systems with centralized control, which is sometimes referred to as a

master-slave class of system.

20 A master-slave class of system may be connected in any arbitrary topology such as a chain, a ring,
a tree, or any combination of these three topologies. With reference now to Fig.2, the ingress
behavior of a distributed communication system with centralized control is explained relative to a
chain based topology, which is one possible embodiment among many others.

A key attribute of a distributed communication system with centralized control is that its internal

25 links can operate at much lower rate than the incoming external line rate. Assuming an external
line rate R, a communication system can be composed of multiple (say N) modules operated in
parallel, resulting into individual module links being operated at rate R/N.

Incoming packets are partitioned by an ingress adapter into N identical segments before being sent
over N different links or connections 20-0, 20-1, ..., 20-x.1, each operating at rate R/N. The first

30 segment containing the packet header (and possibly also payload) is sent to a master module 21,



quality of the links. Therefore, the N segnments 23-0 to 23-N_1 of a given
packet will generally not arrive at the master and the slaves at the sane
or cl ose wo oslhesgane time. The difference between 10 t he fPestiBato1221d t he
sl owest propagation tinme defines the data path skew wi ndow which is assuned
to be normalized to a packet cycle-tl2me for sake of sinplicity. It is also
clear that for communication systens of very high bandw dth and/or |arge
size, multiple packet segnents from consecutive packets may be in flight

over veeeday tiel Mgl thdrisemeits canilapigioaly &a Paylcadle Madsmittébto 4 fist, seindy amibdul e
21 receives the segnent 23-0 it extracts the header informatign and 15
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over a control interface 25-0. The derived control information 24-0 i nforns

t he tdpesnotshmy anympajiivad. 22-1 about the control decision(s) nmade by the
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. I'na tree r?o ogy, derived control information 24-0 could have
been tdnbe)admwslnzed o @packsi @vledinat farlheke dfi snephdm D3y domdds tlml'lfbll B03/ 01227 -
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with t %‘%ﬁ é?lﬁ\?g)glco%rgl |em;a§/%rrag?% on clount erpart 24-j l%05 i< N2),
a synchronl zatl on is useful between the data and control flows at each

sl av dule 22-1 to Thi s roni atl ca erfor
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conpensated fo Practic y, the conpénsation to be introduced by the

fir stmibhaatmn)nalunied b 2helheader. Next or possibly at the same time, a control information 24-0
hereafter called derived control information, is generated and transmitted to the slave module 22-1
over a control interface 25-0 . The derived control information 24-0 informs the first slave module
22-1 about the control decision(s) made by the master module 21 and contains information

20 required by the first slave module 22-1 to handle its incoming segment 23-1. Therefore and

similarly to the data links 20-0 to 20-x.1, there will be multiple entities of derived control

information in flight over an interface 25-k (0 < k< N-2).

In the chain-based topology assumed by Fig.2, the derived control information 24-0 received by the

first slave module 22-1 is also forwarded to the second slave module 22-2 or the next in the chain
25 and so on until the derived control information 24-x.; reaches the last slave module 22-y. In a

treelike topology, derived control information 24-0 could have been broadcast to all slaves at the

time.



corresponds to the propagation delay 8o of the derived control information
24-0, mnus the difference in propagation tinme between the |Iinks 20-0 and
20-1 : ((worop@9444¢ To - (err)1)). The conpensation 10 for trka/1Bex@Ozy sl ave
nodul e 22-2, with respect to the derived control information sent by the
master nodul e 21, corresponds to ((-86+61) - (To - (err)2)), while it is
((80+81+...+6N-2) - (to - (err)N-1)) for the Ilast slave nodule 22-N_ 1 in
the chain. In order to introduce a progranmable delay in the data and/or

cont Batk RAh SoploggakBmpledf FigD O @erivéd cdntkd) ikkdrition 2@ tP2PRAGAY aRE del ay
difference is neasured, i.e. time shift information representing 15 this

di f f exparizecd dissimilar progagating delapnddth énb.do atdey foreach slek ioosinsintaits sagneet ay i s
conmputed, The_ latter is described in more detail bel ow, .1t should be
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reference nowto Fig.4, a Feature of the invention s to I nj ect speci al
sy$ic Mhixyyaétirominatisacde@ bs perfbenaityt @trodsinges pRygrenpatdk dtlay in the datalaad/or

comuni cation systemand to locally neasure (inside each 20_slave nodul e)

t he FPHpYPathsonichghagihedlifferapess betrep meenasatin dedays obthehssab Bef | ows. This
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sepatcairedpyndl 15ithé pidbsdrdibh el Gt the dBEVdiRdondal iafcFina 8NP A00maNe thd nj ect ed by
the ingress adapter 46 under the control of a specific process 47. Sync

packdifference impspagaivhitims prtwesgedadinks 20:9-a0d 26-1435N (T whi)c hheganpansationn,

di sti.ngui shab from.th cket se ngs,of 25 nor data packets. In
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suf f last eave modwed-\qrih theawhainO 03/ 094446 PCT/ |1 B0O3/ 01227 -14 sync packet

when the whole systemis initialized, or to send packets (at irregular
intervals) whenever it appears necessary. \Wen the master nodul e 41

recei ; -0 idd

| o S R e R e (ARG BB BTGP R e e
it tRansti syt thetphepaghtict deldy diffewacerizdndasud-ik. Gwershithmfaortionkrepredestiigic e
45-0, simlar to the transm ssion of nornmpl (non-sync) derived trol
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problem description above, the description remains in the context of a chain-based topology.

With reference now to Fig.4, a feature of the invention is to inject special synchronization packets,
hereafter termed sync packets, into the communication system and to locally measure (inside each
20 slave module) the propagation delay difference between the control and data flows. This is done by
obtaining time stamps for the data path and the control path, which represent the time shift between
the two paths. Sync packets are separately distinguishable from the normal data stream and are
injected by the ingress adapter 46 under the control of a specific process 47. Sync packets are also
split into segments 43-0 to 43-x.; which are in turn, distinguishable from the packet segments of

25 normal data packets. In Fig.4, this is indicated by the shaded packet segments.

The synchronization packets could be transmitted through the system periodically at regular

intervals between normal data packets. But in certain cases it may be sufficient to send only one



Wth reference to Fig.5 and Fig.7, matching of the data and derived control
information within each slave nodule, is described according to a

pr ef er r edwermdogisnent . 10 When one sl ave nodul e recei ves aPdanBexd2ziont r ol
information over its ingress control interface 510, it does two things.
First, it imediately forwards it eudr an egress control interface 520 to
the next slave nodule in the chain. Secondly, it inspects the incom ng
control information with a sync control detector 534. If the incom ng

der i y@ paekdt dlen it WHEIB &y éin i€ihaidised, or & swad patketi(airpgakeintervhlgen it gets
witteninto a first FiFo buffer 530. If the incom ng derived control

i nf oireRgvehitiappests nekessge sync, it triggers the | oad of a control
time-stanp register 533 with a sequence nunber provided by a sequencer 550
over a bus 551. In this preferred enbodinment it is assuned that the

der i vebnSHOmaSierinb@hic N F&IeIRE h QPndfickettesPeN43td R 3ehdthls b Bpecifid &dntlol FO
buffer 530, although this is optional. The sane kind of processi n%_ i's
8]

app! iddrationHd-G, hewaitergaed Kerivedepmeenrof év@imasignovbich driransgite sathedgstdat a
interface 570. sync¢ packet. detector. 544 soris.out the nernal .data
et RpRdien Ul e Rl b hE 2, Sl RivhP ottt REDTRlay fRinme). o
Wi t BefvddtoRtrsl i%ﬁﬁ&@ﬁoffa’f&ecptgef &lta pAQet. PRENEASynCTHAGOINARKBELGEGMENt S are

used to trigger the load of a data time-stanp register 543 with the

s equéistieguishabier freth sormpal sigridedicdnjrol inforseagionnoe is #g0shaf¢d intFigds deci ded to
wite derived sync control information into the first Fi Fo buffer 530,
then al so sync packet segnents are witten into 25 the second Fi Fo buffer

540. WiEre?SOMRNG $is. SR Fi. DaAsh@Rhd f the A RhE Herdi VAL cohfoi@frmAtON $thin
incremented by the internal clock of the slave nodule. This sequencer 550

can bechfstaveedodude, isdasanbedcasaondinggo farpweferred embddimenta specific reset comand

ted b R Logi ¢ 590. Thi t logic 590. t . t
o SR g e RGBTy S o ivp £ OO v WRFRGF UL P ER ket
SegmBNY, iPdodsttwo SRREE FRON I iRehAekdly estwikdsQB4RP 44 8 bre R ntBP Bt Haée £20 tolfhe Sy NC

control infornmation by the detectors 544 and 534. The reset command causes
t he sexfustaveenodubsio thochads tSerendiy dninkpegtsithoinceming confrobinfermgHonivay annef a

sync packet., a cgntrgl .progra 580(%0ou| common to all master and. sl ave
A e N T T
r egi HeRribedSwrinbelint®a ffs? FFSbiig SB0SIf @lincdiing deAHEd Qntddl RFS@BGANPHL €S t he
di fferencé between the content of the
15 type sync, it triggers the load of a control time-stamp register 533 with a sequence number
provided by a sequencer 550 over a bus 551. In this preferred embodiment it is assumed that the
derived sync control information gets also written into the first FiFo buffer 530, although this is
optional.
The same kind of processing is applied to the incoming packet segments received over an ingress
20 data interface 570. A sync packet detector 544 sorts out the normal data segments from the sync
packet segments. Normal data packet segments are written into a second FiFo buffer 540, whereas
sync packet segments are used to trigger the load of a data time-stamp register 543 with the
sequence number also provided by the sequencer 550. If it was decided to write derived sync

control information into the first FiFo buffer 530, then also sync packet segments are written into

25 the second FiFo buffer 540.

The sequencer 550 is basically a counter that is continuously incremented by the internal clock of
the slave module. This sequencer 550 can be forced to restart counting from zero after a specific
reset command generated by a Reset Logic 590. This reset logic 590 generates a reset command

upon the detection of the first arrival of either a sync packet segment or its corresponding derived



time-stanp registers and initializes a wite pointer value 531 and 541
accordingly via respective buses 582 and 583. In this particular

enbodi nenwotoamIHido' s 530 and 540 are assunmed to be used pe3/IBIY@Rt7ar shift
registers, but it is clear that a person skilled in the art can easily cone
up with other approaches to inplerdit- a programmbl e digital delay.
Qperating the Fi Fo buffers 530, 540 in a 10 circul ar way, neans that once
they are enabled via the respective buses 582 and 583, both read and wite

poi nk@icscontrbl infdriation B HRAkdEr§ SPNhHdSI4eThbyestth@nimiigl caabeschosigherater t he
same time and that the distance between the wite and read pointer wl |

r emaP A0 bviestetspuliingdeemgeroral node of operation, which neans conti nuous
flow of incom ng data, idle and/or sync packets, and as |ong as no change
in data and control path propagation delays is detected locally after

I eceipfiter hngniSYHE oPRGHRpablet ! deontrbbpief8ti5 80 fused Bl cohgfon b 4f Mast&)andThe
setting of the read and wite pointers is done in the follow ng way. Read

poi ntkers mednlesris ugMixo ragnitos heespatenk of the dgpterpd caufeol disna-stagP 6e2istpie SAp ap@

poin s. 531 . and, 541l.is ed on the nunber retrieved . fromt ta and
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det _efﬁi’ﬂenﬁﬁn% b%&stérb andl BliGal5R9 AWRte pSinfee ¢ALY SS1 hitl SV aRERY Gy WiaSesRbteer par t
derived control 20 information (i.e. {533%)"33{543 then a delay is

§

) s
addelusest5§2 ahé S8 dothingatigular prabedignt the Fi Chapd §4|Qear@i assHmg {q lee psilnt er

541 with val ue egual .the required delay. the control path. S_. not
noed b GBIt Fahibte hat 8o Fe BRhA ReE SRR in 5 A0 B G B VR 8ER T
the %ﬁ}fiﬁa&@k USindflerh&if o R8kanRibY @kitalideRy. GFéRting the tHIEL Bikas 5@ IE0 ivken the
control programdeterm'™neS that the control path is faster than the data

280 pairbulgi way, nfeB88thpt endesiay jre pnatil¢rbyia shedesnegtivabusas 88l ant 283 hethaeas angl

th by initializing.th tral [ POI 31 with th [ del
nd 3ate PRt RGP e R0 Moty 1 B Slockrd Lt dfe AP BE cqual
to t QetdRb edwiet® thealiR)and reddRisted &BY RRGR dBbWBEANnE&ANoe@RL B6dsSofUpetaion,
stanp registers 533 and 543. WD 03/094446 PCT/1B03/01227 -16 During nor nal

node viichopeanstcontinuogs floenef ingoming deiat idlesand/ s shing pickets andss deRe sagichpeges 533
o0 T S5 R B LAt RS R PR Bl A Y
t st chb@tslisRérargan et wgen the two register values renmains the same and
that therefore the systemremains synchroni zed. Another way to check that
The setting of the read and write pointers is done in the following way. Read pointers 532 and 542
are always set to zero. The setting of the write pointers 531 and 541 is based on the numbers
retrieved from the data and control time-stamp registers 533 and 543. If the control program 580
determines that the data segment is received in advance of its counterpart derived control
20 information (i.e. {533} > {543} ), then a delay is added into the incoming data path by initializing
the data write pointer 541 with a value equal to the required delay. As the control path does not
need to be delayed, the control write pointer 531 can be initialized with the same value as the read
pointer, i.e. zero.
In the other case, when the control program determines that the control path is faster than the data
25 path (i.e. {533} < {543} ), then a delay is added into the control path by initializing the control
write pointer 531 with the required delay and setting the data write pointer 541 to zero.

The required delay is equal to the (absolute value) of the difference between the contents of time

stamp registers 533 and 543.



5 the systemremains synchronized can be inplicitly achieved inside an

i nput port controller 560, when both, sync packet segnents and derived
sync contwolosionf4a¢ mati on, get witten into the Fi Fo buff@csiBéiazd 530.

If this is the case, any sync packet segnent read out of the second Fi Fo
buffer 540 should al ways match w tH6anot her derived sync control
information read out of the first FiFo buffer 530 or the systemis not
synchroni zed anynore. 10 It is to be noted that the preferred enbodi nent is

capaipheinghofifllavd RbIPEAL bR o R AoRAE dith @nd 66l Glmef dtaNp regidt@B SBhonpM3 t is
expected that in nost realistic applications, the control path will be the

s| owestt alpabhmomiteredby tlzm¢antnobprgrane S8 eyl anytothes basevisameansinplaegtdday of t he

contrql. flowis no equired. if esj.gn he dat ath skew w ndow Dskw
(def i"‘ﬁ&’b“ é’§ Sﬁ@f H’@I&Pi‘?e{cl*f&&?@ﬁﬁ?ﬁ VY ?%é H’&éﬁ@%ﬁ?&ﬁﬁ“’eﬁgtﬁ%&o rgﬁﬂ?é{)?’ aPE%e packet
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| atency of any of the control path between two consecutive slaves : DskW<

805 #rdsys®marempins sgdchramized, can beamgligi wehic®d igsideran inpnt parheantiode] 368 . sync
packets cap be sent either periodically at regular intervals. i ¢ch-woul d
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Fig.2 again, the interval between transm ssion of the sync packets is
det esdd sieaiild biyvayhmatchgrids snadigaledved synd eondtol lifaghataom reathoutad thelfas) likgest

possible |latency in the control . transm ssion path, plus the maxi num
possib!f}%f@r a%ﬁtgsﬁwgﬁ%és%ﬁW%éWWWGow : (( max 80 + max 61 + ... + max
8N 2) + Dskw) All the nunbers used to conpute the m ni num possible interval
bet ween transm ssion of two sync 25 packets are easy to retrieve as they

c b0 r disipomble hatedihapthetpeefomsd embodinlents cgpablnofisiglayow bpth thedatatdnd thyt her si de,
the only Iimt on {he_ maxi num sible interval between transm ssion of two
sync Coﬁéq,lldé’t%: eyeg tg‘?‘%ﬂé‘ﬁt HfXP‘FFég‘ﬁé‘% lﬂﬁ’i‘ﬁsgé?&ﬁétﬁc@P GRS A8 F%@?&Bﬁt by the
seq u‘%ﬂg %% tlﬁ:ssgo@&g sdeTheR@ttinis addge fMdiOiotbhiiRhSatOSP the Mty Y @RLINREA 446
PCT/ 1 BO3/ 01227 -E? It 1s also clear that the upper requirénent relates to
t he d$lecismhotrequiballifiyndesizh, fegat mtidskewavindow gar.sdefisddi ds|bethgithe magimame can
easily i ine a,further epbodi nent usi ng‘1 anot hder.flransm' ssian rule for

t he §)§HL€ ¥ _between any of the packet segmentsTassociated with a given packe% 1s always

15 smaller than the latency of any of the control path between two consecutive slaves : Dy, < 80, and

Dskw < 81, and oo s and Dskw < 8N_2.

As mentioned earlier, sync packets can be sent either periodically at regular intervals (which would
be normally the case), or it is possible to send only one sync packet in the beginning, or send sync

packets on demand.

20 With reference to Fig.2 again, the interval between transmission of the sync packets is determined
by the ingress adapter to be at least as long as the longest possible latency in the control
transmission path, plus the maximum possible size of the data path skew window :

(( max 60 + max 81 + ... + max dx2) + Dsw)
All the numbers used to compute the minimum possible interval between transmission of two sync

25 packets are easy to retrieve as they correspond to absolute maximum values given by design. On
the other side, the only limit on the maximum possible interval between transmission of two sync
packets, is given by the maximum sequence range addressable by the sequencer 550 and the length

of the FiFo buffers 530, 540.



Wth reference to Fig.4 again, there are several nethods for distinguishing
sync packet segnents 5 43-i (0 <_i<_ N1) and derived sync control

i nformat iwo 0349444 0<_ j<_N-2) fromthe normal data pack@CcTgBgyant’s and
normal derived control information. A preferred nmethod envisioned is by
encodi ng the packets, and by using-sifeci al coding, such as for exanple, the
K-characters of the 8b/lICb Fibre Channel/Ethernet/Infiniband code, to
specifically distinguish the sync packets segnments and the derived sync
cont rlols allsafoleaimetat ¢t uppervegtihahes scla@no the bedcifiedrhibatimedt of g5 ead thwt 40
distinguish_sgnc packets and derived sync control from other packets woul d
wor k Regsopeskilled yy the arteag casibemaginpiaduiher embod gpen gsigg ppother tpanginissionglee d

commi;a' tjion emwith centralized control is described for two
differ%ﬁ§815§%§¥§%ig.6a shows a case where the conmunication system 600 is

a single-stage system or the |last stage of a group of simlar
comuni cation systens, and Fig.6b shows a case where the comunication
syst eWitBoefeiescaiol Bigdrigaint thgee &€ seyierah meshingls herrdistipguishing sypepasketseayests and

wher e, .anat her st 66Qb foll . as the xt . st. {pt arra ment .
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sent ‘over different |Iinks or connections 640-0, 640-1,..., 640-N_1, each
oper ancodjngtherpatieetRlankl by meingispesial sedjngrsuck anfaienamplet the Kpelokasterhebidler (and

ossi jl .50 Rayl is transmtted by the ter |l e 601 ereas the
1 ointon g eedghel Ry AR by ocbetiE i St s et by the
sl aves.pRdus 884 BR%ediviPsyR2oMNcdl infbRRatREN N%%Iﬁfb‘léss,%%'fdﬂ%r SRBAE il @BarBy St em
600 ei Ther connects to “an egress adapter 660a whic reassenbl es the

ou0g odistingdiah aysepackets snd dergved sgnagfingopfrekatthdriagketewpyldorork @s whB. i ngr ess
part of another conmunication system 660b in the case of a nultistage
i nterconnect configuration (Fig. 6b). 25 As different outgoing data

SegMewiif r¥klchcloSif o &Y BRIds RIS Barflbf 4 @k @BhtcRBRANRiEARn sy diBH wHbRlentzeldi Nks
640-0 to 640-N-1(and also on"the control path 663-0 to 663-N_1 of the next

st agecontrolis descgibyd far tweiiftrenivascat Figibaghoees sassiwhdrathetcomnivaidatign e¥sersi de

of the communjcation systemis also used between the eqress side of the
CommiMOdS Poglec e B0 0L [P Freol BB T UBHADLIRE R SRS, o
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inplies that the 30 conmmuni cation system 600 generates and injects special
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partitioned into N identical segments and are sent over N different links or connections 640-0,
640-1, ..., 640-x.1, each operating at rate R/N. The first segment containing the packet header (and
possibly also payload) is transmitted by the master module 601, whereas the N-1 other segments

20 containing only data payload are transmitted by the slave modules 602-1 to 602-y.;.

The egress part of the communication system 600 either connects to an egress adapter 660a which
reassembles the outgoing data segments into a single packet (Fig. 6a), or to the ingress part of
another communication system 660b in the case of a multistage interconnect configuration (Fig.
6b).

25 As different outgoing data segments will also experience different propagation times over the links
640-0 to 640-n. (and also on the control path 663-0 to 663-x.1 of the next stage in Fig. 6b), a
synchronization process similar to the ingress side of the communication system is also used
between the egress side of the communication system 600 and the next block connected to it, i.e.

the egress adapter 660a and the next-stage communication system 660b. This implies that the

30 communication system 600 generates and injects special synchronization packet segments 650-0,



order for the next stage to locally neasure the propagation del ay
differences and to adjust them accordingly. If the next stage is also a
mast er - sIwo@3odase of the communication system (Fig. 6b), pCharoxdie27sync 5
packet segnments 650-0 to 650-N_1 generated by the egress side of the
communi cati on system 600 are used-ldg-the ingress side of the next stage
660b to achi eve | ocal synchronization of the data and derived control

i nformation, as described previously. If the next stage is an egress

adaptéso-1( Fi ,%508a)which fspethlePfepBaéat oRd et pa3RENEVHEr $hlitksG40® BFHAON, 1 in
generated by the egress side of the communication system 600 are used to
meas fréer fordhe pexdtstage talochameasuiethp propegariantdelayidiffeisnecspad ke adjygdhamt s in
10 order .to reconbine theminto a single packet that can be further
proc@g‘éoé‘éimglﬁfd/ or forwarded. In both cases (Fig. 6a and Fig. 6b) the egress

si de 1pfhehBf SERENVALE BidRRr-3MFE @&Mh@@éiﬁﬁﬁﬁie@ﬁorﬁ@stehﬂ&ﬁg%?ﬁﬂé%e rs%ﬁcor t he
next stage attached to it. There are several nethods for defining the
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first option is nost likely to be used'by a bufferless systemin whic
i ncorthenghp siok pasked segménisrei-at@b30-f-oganaraietby e ggresuside vt the commiuntpation bei ng

t d. | hat ti I . . t t b
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the other hand, if the communication system 600 is a buffered system
i ngr ds dothrvdses dFigs 6a gychBig. pb)dbesmess sidecofiths cothinknicytiatesysiep! 6 Yehavmseaeh

other.. In that particular case the.sync packet segnents can be regenerated
by tHBgTE%r?ﬂﬁﬁP fweggfﬁ%ﬁf%@tf“ﬁ-f it inmplements a specific egress sync
process 604. Wien this process triggers the injection of one sync packet,

one sync packet 25 segment 650-0 is generated by the master nodul e 601 and
t r anshhietet aselsayeml ntetteods iforkdedimingthe Atjection tinwaofhe egress syncpadkgsdegyends cont r ol

T s 050555 K0 Pl TR bt
I n5ersta6ctSOD-0 td 610-00 3whild anothidrMdih RPGBuIAIRYE demetthe ifiBcionttiee diedctiyed

egress sync control information i s then used |l ocally to regenerate an
egr edwoms ¢ specfacdaness peepeen®04. o be transmitted over the links 640-0 to 30
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immediately forwarded to an output port without being stored. In that particular case, an egress
sync packet segment can be generated whenever a sync packet segment and a derived control sync

20 information match occurs into the input port controller 560 (Fig. 5).
On the other hand, if the communication system 600 is a buffered system, ingress and egress sync
processes are most likely decoupled from each other. In that particular case the sync packet
segments can be regenerated by the communication system itself if it implements a specific egress
sync process 604. When this process triggers the injection of one sync packet, one sync packet

25 segment 650-0 is generated by the master module 601 and transmitted over the link 640-0. At the
same time, a derived sync control information, called derived egress sync control information, is
also transmitted to all the slave modules 602-1 to 602-.; over the control interface 603-0 to
603-x2. Within each slave module 602, the derived egress sync control information is then used
locally to regenerate an egress sync packet segment to be transmitted over the links 640-0 to

30 640-x.1. Another case that calls for decoupling the ingress and egress is when the delays on the
egress control path differ from the delays on the ingress control path.



egress control path differ fromthe delays on the ingress control path. WO
03/ 094446 PCT/1B03/01227 -19 It is to be noted that the figures 2, 4 and 6
show a siwglog/ogamé rol path frommaster to slaves. This d®e€3/IBa/01eXC| ude
the possibility of having multiple distinct control paths. A typical
exanple is depicted in Fig. 1, wher®dngress and egress control paths are
separate. Any discl osed enbodi nent may be conbined with one or several of

t he ot her enbodi ments shown 5 and/or described. This is al so possible for
one dtisi®benbteathut &k BurtdE 4aMdERhoBN sSngl¥\Coited] 86 MGkl ROGARE2BHs - 20
CLAIMS 1. A communication system for processing data packets each.

i ncl Wepheptexplade dre nassihilisy af haying maltipledistingh cemep! @a@a-tgtw eeanple e system
conpr4.si ng:. i,ngress_port for receiving.said data packets, in which

| nar GEBCE i Tl A WHER IR e SR PRLE TesoPipd: Sogents; a master unit
and one or nore slave units for parallel processing of said segnents, the
mast nfiidioselitntARKEH 8 deRBRIned Vit BRAGHevERPE! BRCHhePRBEKGinkhA AR &
path and the one or nore slave units are adapted to receive Jata segnent s
vi & and@t adgsatibed. viThisa ic aridar glosgible h fate onw edr aooer ddatirad orfrrgtiel @mbodsments.
passable fromthe master unit to the one or nore slave units; 10 in which
system (a) synchronization providing neans (46, 47, 510, 520, 570) are
provi ded for sending synchronization packets al so subdivided into segnents
fromthe ingress port through the system over the sane paths as norma
dat a packets, and for passing synchronization control information through
the system over the sanme paths as normal derived control information; 15
(b) each of the one or nore slave units conprises tinme shift information
means (533, 534, 543, 544) for obtaining, when a synchronization packet
segnent and its correspondi ng synchroni zation control information are
received, time shift information representing the propagati on del ay

di fference between the data path and the control path; and (c) each of the
one or nore slave units conprises delay nmeans (530, 531, 532, 540, 541,

542, 581,



20 582, 583) for delaying either a data segnent or derived control
information, in response to said time shift information obtained by said
ti me shifwoiodbersat i on nmeans (533, 534, 543, 544). 2. ComPORIIBE(1027
arrangenment for processing data packets each including a header with
control information and a data payl20ad, conprising an ingress port for
recei ving said data packets, in which ingress port each data packet is 25
subdi vided into segnents; conprising a comruni cation systemwith a naster
unit and one or nore slave unit G ayypgrsy | el processing of said segnents,
the master unit is adapted to receive the header with control information
fromeach packet via a data path and the one or nore slave units are
adapted to recei ve WO 03/ 094446 PCT/1B03/01227 -21 data segnents via a
dat a lpAtoemmyicagier sgstamder proeassiss deiadiackety eacharqleting 3 hpndes withfcpplioh he

mast ' t r I .4nits via a control path; in which
arra%gg%érﬂo (az%i aﬁ%gar]é%?%gi thgg‘{rs‘?%%g%gﬁé%wm are provided for sending
sync hnh onprés3tpoftifopaekfing said&mﬁ%&métyj ifl &hictbinig s OpGregithtatn packdnis HddingeEss

port through the system over the same paths as nornmal data packets, and
fo? pHesegmensinchroni zation control information through the system over the
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conprises tTi1r means al ni

synchy @npedtb eteRRekEhca8Q0RRN bacShckétS/i£ 0 dAQPRONMAI MR S hQBIsERE uhits
control information are 10 received, tinme shift information representing

t he preosapstitorecdiveaptageghenierica dist prlrvie Aeorisal athplgrivedeenitoh infewnation|
pat h; and.¢c) each sl ave .unit conprises.second neans (530, 531, 532, 540,
541,1%%??*%%%9m§§5Fm§§§TnB%ﬁBe8@?@9?@6SzWFW@ﬁ&a data segnent or derived
comt fplvhicAfsgEtemt i on, in response to said time shift information obtained
by said first means (533, 534, 543, 544). 15 3. Communi cation arrangenent
as i feyashemzatimamavidingmesds (40, thallle 34 59P) uneraudeddpr sapdings| ave units
conprj s I Ist for obt sai

ci oo eR SHES! ARyttt RER e b PR BlePly o dled ™
cont enér thO 4REpARs hinormAPRANFRLER, hiRCRL padshglsyRiir&ifatidh coligolligfp@ation e
slav ?hrg{llél;[ the system over the same paths as normal derived control information;
15 (b) each of the one or more slave units comprises time shift information means (533, 534, 543,
544) for obtaining, when a synchronization packet segment and its corresponding synchronization
control information are received, time shift information representing the propagation delay
difference between the data path and the control path; and
(c) each of the one or more slave units comprises delay means (530, 531, 532, 540, 541, 542, 581,
20 582, 583) for delaying either a data segment or derived control information, in response to said

time shift information obtained by said time shift information means (533, 534, 543, 544).

2. Communication arrangement for processing data packets each including a header with control

information and a data payload,

comprising an ingress port for receiving said data packets, in which ingress port each data packet is
25 subdivided into segments;

comprising a communication system with a master unit and one or more slave units for parallel

processing of said segments, the master unit is adapted to receive the header with control

information from each packet via a data path and the one or more slave units are adapted to receive



4. Communi cation arrangenent as in Caim3, characterized in that 20 each
of the one or nore slave units conprises, in said first neans for obtaining
sai d ti nmewelf4446 nformation, (a) a control tinme stanp re@CIUBO3/(1283) for
storing the contents of the sequencer (550) when synchronization control
information derived froma synchroni2zati on packet is received via the
control path, and 25 (b) a data tine stanp register (543) for storing the
contents of said sequencer when a synchronization packet segnent is

r ecetimadephénté (i adftApdiatand Wiek<is A& PA40n6Ilint B3l il R Passed 2@nbthe master
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information obtained by said first means (533, 534, 543, 544).

15 3. Communication arrangement as in Claim 2, characterized in that
each of the one or more slave units comprises, in connection with said first means for obtaining
said time shift information, a sequencer (550) in the form of a counter, whose content increases in

response to local clock pulses of the respective slave unit.

4. Communication arrangement as in Claim 3, characterized in that

20 each of the one or more slave units comprises, in said first means for obtaining said time shift
information,
(a) a control time stamp register (533) for storing the contents of the sequencer (550) when
synchronization control information derived from a synchronization packet is received via the
control path, and

25 (b) a data time stamp register (543) for storing the contents of said sequencer when a

synchronization packet segment is received via the data path.



20 synchroni zati on packet segnent or the correspondi ng derived
synchroni zati on control information, whichever of the two arrives first.
8. Conmurnwoagiogr4@r r angenent in accordance with Caim2, a&danBinatly
conprising at |east one egress port (660a) for reassenbling said segnents
to formdata packets, characterized22n that additional nmeans are provided
for conpensating propagation delay differences on the paths 25 between the
master and slave units of the comunication system on one hand, and the
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with control information from each packet and the one or nore slave units
recei ve data segnents via a data path; and wherein derived contro
information is passed fromthe nmaster unit to the one or nore slave units

v ontrol. ath t he tho r|S|n th l.owm ste 15 (a)
UUR B S icaiPh ot s SR E S gt tar et f e g Bl BR: < o oy sai o

| Ngr @9Ssafiddlayt AEAIEBmp hkeeaﬁx&ér%ﬁif%gfste&shw@ 35%) BaithsleaD rwfiterahd %ﬁa

packet's, and passing a synchronization control informafion derived from
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15 531) to a delay value representing the difference between the contents of said two time stamp
registers, and to set the contents of the respective other write pointer register and of both read

pointer registers (542, 532) to zero.

7. Communication arrangement as in Claim 3, characterized in that each of the one or more slave
units comprises means (590) for resetting said sequencer (550) in response to the receipt of a
20 synchronization packet segment or the corresponding derived synchronization control information,

whichever of the two arrives first.

8. Communication arrangement in accordance with Claim 2, additionally comprising at least one
egress port (660a) for reassembling said segments to form data packets, characterized in that
additional means are provided for compensating propagation delay differences on the paths

25 between the master and slave units of the communication system on one hand, and the egress port

on the other hand.



representing the propagation delay difference between the data path and the
control path; and (c) in the one or nore slave units, conpensate for said
propagat iwo odedaye di f f erence, represented by the tinme shipCu/iBedaezvati on
obtained in step (b), by delaying for each received packet segnent either

t he packet segnent itself or the der¥ed control information. 25 11. The
nmethod as in Caim 10, wherein synchronization packets are transmtted from
the ingress port through the systemat regular intervals between nornal

dat a patdeemsnication arrangement as in Claim 2, comprising at least two distributed communication

systems (600, 660b), characterized in that additional means are provided for compensating
propagation delay differences on the data paths between the egress lines (640-1) of the modules of
one distributed communication system (600) and the ingress lines of the modules of the following

5 distributed communication system (660b), and the control path (663-i).

10. A method for local synchronization in a master-slave communication system designed for
processing data packets each comprising a header with control information and a data payload and
each receivable through at least one ingress port, in which system each data packet is subdivided
into segments in said ingress port for parallel processing of said segments;

10 said system comprising a master unit and one or more slave units for parallel processing of said
segments; wherein the master unit receives the header with control information from each packet
and the one or more slave units receive data segments via a data path; and wherein derived control
information is passed from the master unit to the one or more slave units via a control path;
the method comprising the following steps:

15 (a) sending a synchronization packet, also subdivided into segments, from said ingress port through
the system over the same paths as normal data packets, and passing a synchronization control
information derived from the header of the synchronization packet, through the system over the
same paths as normal derived control information;

(b) obtaining in the one or more slave units, when a synchronization packet segment and its

20 corresponding synchronization control information are received, time shift information
representing the propagation delay difference between the data path and the control path; and
(c) in the one or more slave units, compensate for said propagation delay difference, represented by
the time shift information obtained in step (b), by delaying for each received packet segment either

the packet segment itself or the derived control information.

25 11. The method as in Claim 10, wherein
synchronization packets are transmitted from the ingress port through the system at regular

intervals between normal data packets.



