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lts outputllnks and maintains a busy/ldle nenoryforcontrolling such paths.
The controll er al so sends acknow - edgnent. fesponses representing positive -
acknow edgnents If a path has been successfully set up. or discon- 3 EP -
0 335 563 Bl. nected and negative a&kf Bﬁséagﬂrents ‘in case of errof, queue
overflow, or if the requested outlet is busy. Brief Description of the
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di agram %@tt ch e, Lagl ng between an end user system
and the fub Of };T%}EV y‘:llt Ve gﬁﬂ\ t %&I&%@En & dnd gL elsfeland the
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circuit swi tchricles imseatsdfan tabsngeindnbfotidyRdhronbig tataireséiet! erbre the cirdufbswilHi by one of the
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voi ce and dat aFIG. 24 ilBStrates an alfelri@te afngementfoblhe b fafiswitphingrpasketizedivialse arididatai .t -
swi tch cent r ol Fl@r25 is {3dovk diagrarbefsaMANircuBswitch eorDeleni | ed Descri ption of thi s
specification is a description of--an -exenpl-ary :netropolitan area network 40
(MAN) that" |GeneraiReseriptian t he present invention. Such a netvvork as shown in

FIGS~ 2 and 3 Includes an -outer. rln of netvvork |nterf e rmdul l\{ls
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transacti on pea er 66Udid) B thet WHIR AIMANEUELit it Q1) TorlkidNsd By P ewitcs EMastId) is@i thé bemter of
switch. A Mhbb €.iThe switch @Winteftbnnadts a plorality 6f data Gwityiestcabati MINTS 1¢.08uch 8 bircliPswitsh iz a
t he cent er okryhigh trinsadiloe ragensirice it s@ifchésiiagdes@achart Bictamal requixé b ngw pdth dde aet up. (in
swi t ches s aldasech gidubltpadits iBulINT aretpadedifot a wimbr butiubef cigcuiveritgh 24i, tesetrackats santtieon
rate since Isentovéroodhesth witholteequiringrebeatefl path setép and diseanopst enerationsdabererfrmed) He
set up. (i n dperatiopabtbe sontyel @etwork22 frn oneeating thecinuiawiph 24 ideperiberbwithirespech todiPfég
out put of ciané@d-+Thewvitch s describedyith espaetR E1GS. E-frPinse theepiichdy eoptrliagbyfhe MINTS, the
wi t hout r equitesariptipn PINE pramtipmvith reseedy 19 FIGT 10118 gipiehly PeSYRSSt | ons t o be -
perforrreﬂs) The operation of the control network .22 for operating the
circuit switch 21 is described w th respect ‘to FIGS.  7-9 and 25.7 The
switch is described with respect to FIGS. 6-9. Since the switch is
controlled by the MNTs, the description of MNT operation with respéct to
FIGS. 10-15 is also. highly pertinent. 4
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‘56 4, EP 0 335 563 Bl Detailed. Descrlptlonl II\I'I'RODUCTIO\IS Dat a
netvvorks often are classified by their size;and scope of ownership. Local
area networks (LANt) are usually owned hy. a SI ngl e organi zati on and have ‘a
reach of a few kil ometers. They I nt é?"c"o’l"!%g Bliens to hun- dreds of

term nals, conputers, and otherend user systems (EUSs). At the- other
extreme ar e Defatiel Duseriptioet - wor ks (WANs) spanni ng continents, ;-owned by
common carriers, and interconnecting tens of thousands of EUSs. Between

t hese extreﬁﬂMTRQDHSTIOHata net wor ks have been identified whose scope ranges

froma canpus 10 to a netro olltan area. The hi gléegs%rforrrance rretro olltan
area net for k t'?i’%’@“’tfé'? F'Feﬂfés?"g‘? 4

ew kilo 8 sto
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NMany NMessages ipgopoliah afeh Hetworkd BervB B SaREAS EUENardfg A6t Mmale feBitiky)deAtes \bhd Il)ﬁmtel-
others may Iguntd teinaithriiigh lpéreshsl Binpitr R3argeSnaMrambiSsnd BEpercompliters. Thél @mandy thiat
any time w kHekdEUSIDIabeN d RtwoROaFyawidslyl $cineliidy B nisagésaitftehiicat!yieile vtbery may isduk n
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1%, 51, 1t A o A A v

probability shoul d be-small enough so as™ot to add. nuch to delays or
burden the SCC with excessive unachi evabl e connecti on requests. Broadcast
(one to many) connections are a desirabl e network capabi lity. However, even
If the network supports broadcasting, the concurrency. problem (here even
wor se wrth the many ports |nvoI ved) rrust be han- dl ed wrthout d| sruptr ng

o o o v o o, " o .
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‘Regar.dl ess of the special needs of the MAN network, the MANS satisfies the
general requirements for any practical network. Startup costs are
reasonabl . The networkl sgrowabl ew't hout di srupting existing fabric. The
topol ogy I's Inherently efficient .inBPO33%e8EBIt fabric and circuit boards.
Finally, the concerns of operational avail“ability - reliability, fault

t ol er ance, - (1), anddS3)(103)and itreesoutpalrsglitehess @S 10104 QRZI(H05), and:PIB (128> AVe can pertition et .
3.2 Gener aI fabppinto #hoée disjolnt Bibsets.iEacht subseCockdenthe Gbicin p giveydesant istage Mdtelv{OSK plus
thi s secti othevabriciosaessprints) inthefirstistagegmisehenty) thateennpe torthrdinkargqing to that second stage
speci fi cal | pwitghcFopexsmple.timEiGn® drecpattifion g pebret gsogptab wiieSu§108) ie showp &y p deshed fing
group of 5comwores thegrassegints ia OSp uqqqs &F'}EF praynd heep ‘i“?fﬁﬂ%’é‘d?i%ﬁ?t‘ PV"‘b‘f"Stéﬁée %’N’FcheﬂS
other. The éﬂoéiﬂ?% Wﬁk(@ﬂs"c‘mﬁm hahpqn ec é‘h"?f

'°tf8”@ "8?? t "‘5 s g
ggé\t/\&l)gﬁs?) 3?:}\'51 (Iu et ,i? ’ﬁ%? s’gl es tusli%r‘ﬁgﬁ pologe%on IIV@}I%

oug to il a'co nectlo ton IS, is
advant ag Efé utle?o 1 "flsz) & &ib18. The

operate | nd engl ecptg'ﬁel éfﬁﬁsplﬂjle%& reisd Bﬁ'\%rsiaﬁxg of the outlet’s
Thr oughput m&g& td i 05 réﬂ&@e%trﬁugﬂﬁ did) Next) fhb SRRS Bf tREFR BetRedNB; ard'0B, st e dO
not burden eﬁéetbdommmm e 14 RiiHeto GOMpoinsSABBA@Ads o8 hictviHich A6HnB tieMnkaS b kel
up or teari R@inflg Wb INEE andfdtiets Qe dil RIS If 08 inle€ GlLtfek AndIMK ard Sibidle/Perbispairtt in eath of IS,
Sequent i @ GRYGS,hn bd ARG to Setih s Fig@ddibd cdhbetibi S | S possi bl-e because t he
net wor k f abri ovdtethdt Bstabtivitpddn Probeat mdeprmientiydt achiitiasia the ptheractizets {disjdnit)ohthe setwork.
control | ed Thdr@hsen isthat thEnediwdik Iee Diily b bteges sh gt inles adtcigs obyabe pattitivried according to their
i NPt nat i on jinks toodecond sthdecswitches limthdoryibin appebEappljes totaey twosfage irtwalla but theaisefundes
120, but onlofthé sebere dbpersisprthé netvadds bockingichedacteristics. Thpnetyorkénid®. Govonld blopk teq fre-
sees- andzhanuints beratise itcaperanestatmeg phednietop g gentigetsyileh to pnutiehen ggivensepandstage he
network for swiehch It is responsible, and nonitors the state of only that

portion. 55 3.Atwe-staggnefworky eﬁ W&%‘@f‘%[ éa'NE’IaWGF%‘gml‘:BHE‘? tH@t"P‘ﬁ’éb"Q ing. R'cha’ds
t wo- st age né&tdhb E"’%&Qﬁﬁ@" groggcas

(101), 1S2 £PM-33, gopi1Qy Id E ble ort 'TF dlg Pt%ngara E}{e
SW tches”OSP%f@f&‘f“t ‘&2‘” 6’5 “° eme d E' Sﬁwf"tk

Into three & ptusq gye a" tr?'ua i 'in a g| ven

sUnd staggzszvaigtj;!gtﬁ & pI us’ the fabrl c (or crosspol nts) In the first
LStage switc connect-to the |inks" going to that second stage
SWi tch. EOr 38%aih@oni N FIG 6, the partition or subset associated with OSl
(104) is’'showr by a dashed Ilne 5 . around the crosspoints In. S, pI us
dashed |ines apMARCredUasts for 6snRschR loamesrrdnnmaacdamafy, thé@nfril Eorktrol0ROMe BINTE. Theas
(101, 102, 103dquéskd /asEbedistituea td thepriirt sWicH donderviaa cotnidadrk (Oblef).eFIBI 7) kisth the
CS,). Now, ©nesi20k cikulcswitbiied|tiagsactions antl khe SorfioliGNat. 130faret shawr ThevdNek s lattworstagede- b e
responsi i e afrérigesblymoe bibdking Richardsmetavork. Hach sstcht121, $a3ynciodeis i eidingmtadSrosspbinteontroller
control | er \XR()d22yt24 mihigh acchpts yomneiinds ts tarnent a srecifipdialeton dhosyaiiehrio.g spacified outlet by
~control | ed. csingthé prorer crasspeint. The ficiband isecond-rtagg# XPEs (121,123)greabiiesyiatgd tEta08n
| s Ya@ssi bl e corfoller)and Aoft second, wte#r)uwet-vqlm islis 10 to be- connect ed to
an outl et on C8nthe gght pidesef e GNehare B4 MANSepnirdiars;140 WW%’H@WSPH“Q'PQ

be' idl e Tif4diskint %’Pse%ﬁt'ﬁé)"lﬁbt’%ﬂtm?i’é’d s?‘B“?)%aqet?é et syl %} IF
status menoregntpflergand their petuark saover! ‘t‘ﬁ‘fhecﬂNe l% te ltothe eﬂ‘L e, '}35 °F1°tpa°e|dn
0S, (all thrh¥asingigsoniseliesigprpjicatingswhere frafgaction (hrguang ‘ft'st"ﬁ ‘Fhk between 1S, and

CS nmust be %Eggtgd ThIS link will be idle if the two crosspoints on both

ends of *ch connect the link to the re- maini ng two Inlets and

outlets, ar e a'me Jvrt th}l.@ 713k §ecial H)E)Jerﬁés’ It 8dhelsths bﬂkre@-ﬁlﬁnlﬁlpkrté o8 a4, M5, corre-
crosspoi nt ﬁz dea froR B MR & AANSEE ofd6rS Bem b MARSE todR XPO@nd HAEMEIGd
connecti on. @r hdy aﬁvetamnﬁwlaﬁdehih AEKSHMKs %ﬁmsmdﬁmdﬁdﬂﬁdvﬂedgé (AEKS, nagativee' s
i n the ot heracmbiiedie INAIGI ERLINGF e netdbrks 189, 18€4nda85ds a StaBtidamamutipleke! tirleativisioh ewitch,
net wor k BAS afdiéoyptisd®a BiisAGE @ groBPof infeefades | Btfor Sutfeting vestrondaya th@destatiortar roneaisource,
accordi ng t @nd Apusrarbiterdsttrdiar (BAT) A8 T tag arbiantdnrbiles contirats théngating oftchntel dagfroneanh
‘applies to anpytth the basi Tgpaddressudihk deshnationt selectsithe butbut wswict fhe birds o bh eated. Hgruinuts
on the net wds donaeciell Bakdonkgplier (Bateark €30 SMANSC 1491ns am interfaneKnetwprlfs| 18] agl 138, fiteffaces
bl ock too f rsimilatg int:geew@? )y Thetsenuest inputs end AGHK/NAKiergensesAre fppesntraiedby; cante da&f%
gi ven i nfiet csntfaforsp é'stawtqsaﬁﬁé?ﬁ @prhgontphslats censensitgr @ﬂ‘é@'@‘%ﬁ‘%‘%‘l‘l °ffm/€6"' “%E;
net wor k, r ef’®p Fesgoldg H’@'F’é Friprg yl digtdbuto ’F&F‘@H&P‘ﬂ?’ ??éecf fgrfaces

descri bed i rinthe Chgthagd %ef“ iplexinganeyytiplexd "id 5' %‘f gog,Note
Swi t chi ng Nebaigeinterfopgast '°f'r"aﬁ‘ Rt BuB AR 7 PRI shﬁtsfﬁﬁgﬁﬁ §§ I“ﬁ?
Cct ober 1985, avoids this problem by wirimg each inlet port to rrultl pI e
appear ances spread 25 over different Inlef switches. The distributed
control schene operates on a Richards network, even though VAN may not use

such Richards network features as broadcast and rearrangenent. 3.2.2
Control Network 30 3 2 2 1 Functlon In NAN requests for connectlons cone
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1 (XPC), 122,124 which accepts corrmands to connect a specified Inlet on the
‘switch toa sspecified outlet by closing the proper crosspolnt. The first
and second stages' XPts (121,123) are abbreviated 1 SC (first stage ‘
control ler) and 2S8 (second stage cERPA¥T8BPY respectively. On the right
side of the CNet are 64 MANS controllers 140 (MANSCs) corresponding to and
cont ol | i NOredédste®i tidicNeDi Nt subsets of the DNet, partitioned by second
stage outlet switches as described earlier. Since the controllers and their
net wor k ar e3.2.8 eonnaétin Benubdt Scebbid and not integral to the data fabric, they
could be replaced by a single controller in applications where transaction
t hr oughp&it i s Theeonggction request seenariobeginsaylih acoopegtion request message arriving at the left of CNet

45 The CNet 13Hmawmultiplexed stream op gae of Heénea%agbr‘%@kf 1%@“’"‘ °t‘e efd'r?sqa?tcg"%r“"t% 8.
sinilar parfhis @%s‘i@wdefﬂ!? DNeb120dnlet angtaytist L0Ahrrmeseaas, s rauted NT
to a MANSC, t°81°GER’%P"1“P 1%"%@@%‘@%‘* °°3 ‘59 -"" ‘§"‘t5' S uniquely
negatlve achateriied a lar M "% 40.

d

ks kg !
s .r. Wfr%‘?%'%' Wy %jiﬂspﬂ L "Z'éw.&ecram:ﬁ%uwe@% TR e '@A'&is
;

a statistic
?ﬁ? iR owh YEdoRd dt42d oftiRNwitSH pid @hdtner Brdét 1585 brosehrspn

132, a grou en;

orfroma S O4th desw E'MSIS@ i oS Mcludds' stleadeB Foute 3t3d the ddn@ctipiksbstayel !t €1
control | gr COFﬁIiE Q p?oa(:th@angé\{iévg ExtRimely Righ tritisadliah @rolignpiriad BevierarisohsD All ibwdikicon-
The addr essyglierschifopaidilin pardilél ARiepdMd& Y 5 ohé Snothidh, AridineddmotMait R oriett@othars dits otgo- be
gated. The gnshdd.Each SonGrEIIRFIR6S AR tHoSe réquestior Hidh s réspenisivie srtd daaGiot wastyhSthbets)

or Meh inter inaBges ERLIGRAtKMers Sferations abifherantl satyientzband frideriehdent forGtidns bretthusoey be
133) ., The r pipaieatwith rptettisanansredisstiMbgress sieatimees are concentrated by control
data comw 55 Thesanve sbrarisis actthecnls possbiity Ofagables &, be 3onsideredtincluge hropdsast cvat peint-to-
concent r at opoin et netietet-van inletierieated conpedtieroneguests,rearpagpment Tyseblecking-pligved opergtion,
concent r at opud dispebitigh oftbiocked prhusy eopnee! requisis. lthougftihese chojsag 59 alfegdyispitied foRMAN. alir, o
i nterfaces thes options gan behqadiedyitiiesonitotipnoloey Respnteriesinply by Shanging e logijn the MANSCs..

mul ti pl exin steering and nerging) of control nmessages. Note that the

I nter conﬁecg%gﬂ_ﬁ!ﬂﬁé‘gﬂwus 132 for a given r equest message i n-the DNet

are the sane as t hose 15

€ endQJIe to ues e(\jrvhere wu&ﬁes%Nae wen% ge a:?e
GRpection B % AR “}’k??%re ﬁ)ﬁ E %}hﬁg{&%ﬂ_{g i
T3 comisy Aol i et Dl S
dat a concen?ra{tors %%g}?xn%“ sper eq'ﬂ t @'I u'%es mF ,t ufolg | '?tgltet and outlet -
to be conne 130, the nessage is routed to the epproprlate
iink 139 o %% eoiflobel fthe CNet according to theoutlet to be . ..
connect ed, V\'h 166 {his st T b¥aniR e SY-10F altiibulbs tatve theodsbig of S MANS. Nixatye data
switch agd aEdoRtdD hétwétksSéde Héstribed FlaatlyitheTucadns MXMNEMANS tonipdilbicare distissed I detail, in-
Thi's MANSC W@Ha&@ntﬁadsdfathamfgb@bﬂdrmdtcbeﬁOr (such.as a ROM.-to-fi-nd which
first stage.sw t6hes carry the requesting Inlet. Independently.of other
IVAI\EQS It AswSgiteuAldribdigmam c- | ocal . data to' see whether the outlet: 1s idle
and any links fromthe properfirst stage swi:ttches are idle. If the required
resour ce¥® aﬁé"ﬁcﬁanataﬂélmmfﬁﬂﬁﬂs a crosspoi nt connect order-to |ts own
second stage outlet switch plus another order to the %fgper f rst s f"é‘

switch via net%r"l{"“i@ies a?F?@tXPQP'tf'é'V'QWBW‘N?

t he correct °F‘P‘?‘ rﬂf@ mp"smgt g %ﬁ Sne Bt oreac o
t ransact | on®

HU% $ 1 fitchied @Jcﬁ ‘%ﬁ'
operate fn ine lglsa -y ggﬁﬁ ﬁsta eswman@@lg fkﬂsspoﬂ@i clxt?i Dm 4 deflind
one anot her' obw. d%srﬁ.%ﬁ&tomtwé e YT = TATRT TS

forwhich it respons fe an oes not vvaste time with ot her nessages.

Each cont rof’ & 23h RES Aklai Leat ARk it EYRRELANIN TS tSREICIRRS Ib@lo-rigftdnd raRQP-RAEWEIRH planes
functiong aRg sl1Rbiroldhta BfcettdRRd dnd ARtrbitdrE 13BABEwhithe 43 Park SFEHITHot 22TTHRSOBAYDE S
at a time. Zarded eithdf ¥ rSrAG1Y BonBéHBaBisi P edch 4MMNT bideh @ 1ak Yarb0S8 Hield iabsotigted 1:64 CNet
Vari abl es t Q3560068 M@eqfbsbit @mbélimdat, Giag ara phrt of\iR-CNeo Afiird 5664 ploneta4 of the Clst
out | et s - vs-giveddach MANSG1AD adediaten dgitt-todeft intedjace $33ith peedink W egrbokthe 64 156s 122. Each
bl ocki ng- al InMBY intprésces withithe MANS 19i tirpugbiits foorILoT2, {H request digeal tojsorite! datapepqentrator
request'sss Al18éeurthe advamedgsridnelaeceiedbag framnepptral data fidibuiop38VAN,  al | t hese
options can beA|hm4t9|YeQ§°WN°FF°PHéa\t96$ﬁ‘F‘iﬁadt’fcﬁﬁa?’wy it WINE gif. elfminatingfog gpngsptrators.
changing the logic in the MANSCs.. 25 3.2.4 Multistage Networks This
control structure is extendible t-'o -mul ti stage Ri chards networks, where
switches-in a given stage are recursively i npl enented as two-stage
networks. The resultant CNet is one in which connection requests pass
sequentially through S-1 controllers Iman S-stage .network, where again
controllers are responsible fordisjoint 30 subsets of the network and
operate |ndependently, thus retalnlng the hlgh throughput potentlal 3.3
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13.3.1 System Attributes 40 3.3.1.1 External and Internal Interfaces FIG 7
“illustrates a prototypical fully-grown MANS conposed of a DNet 121 and 1024
i ncom ng and 1024 outgoing |ILs and CNet 22 conprising three control nessage
net wor ks 130, 133, 134 each with .64 i FR&#5P§2Bhd 64 out goi ng nmessage |i nks.
The ILs are partitioned into groups of 4,:one group for each of 256 M NTs.
The 45 DNeg.1.2Siz& t wo- st age net wor k * of 64 first stage swtches 121 and 64
second stage switches 123. Each switch Includes an XPC 122 that takes
commands t o offerMANRidiagransie FI&: 6 epresantstanetwodyneeded te syitchidata tafisfor yp ©20,.800F8IS.
st ages 123, EachNiMds éxpeciad tahandie sndicongertialeti@ traffig of ot 20U efteat58 Mbls Shigiviy atioitn k
to the XPC 1090Xis{rounded sifindinary4a WM. EAsh MINT semeschXLe &4 o fotal of266,)INTs; EachMINT gjso
| i nki nt er f dtegdesst Ihy, egr withanjngus apd\gd pufpyt termpingtion nit! e%?ﬁ °'P‘Pf NAP'ﬁ -Thedata netyjorkc h
pl anes 50 'O?Sat‘av%‘*wvfﬁﬁ?ﬂmaﬁ?"a’“t? ere‘ﬁ E'BF izl B‘F 136 138
which are a a' 5’9{“‘% 'at' cé' usoneac Te(% "% gwﬁt
concentrato
ONet 1307 13 é’ 8 °é°“ enf“c °d’5| ﬁ% "Oatsﬁ 4%hs 140 NiiSer 8
A third 64x8% pIs t§h4 of the CNet gives each I\/ANSC 140 a dedlcated
right-to-| M_Mth one link to each of the 64 1 SCs 122. Each
MNT 11 in 33.1.4 Wefflcl dat NS 10 through its four ILs 12, its request
signal tp conihdhatthdir BUS RRHEEMbAsF @ia 15 Bo switdid@ vard iickizh BiPseasrkiTorIoks R gnfiicg Tk
f ecei ved bagiivilid o BTew®0Adrédlbitsid Lowds Shédabit br More 1AbExpldihed &7 Seation 2,1, AT bredibiaiger
g‘cd have EgrdnBacti6ns thtdetiofk @mBaction Br pakitets\df Biimest dlfdw tidlisand bits datt) Bitiie MANS
onMcent r at odeals wiibthe switchtréhs@Ban, Sdided3d tid.barstlof datBhatpasbbscthidgiSnelMAS conmection/pbiG,
7 KEPr esent ahe@ormedt\(und idiscopaaty) tequiest. Switchdransdatlops ¢anabriy iincsize dromgsingle SRVUDO SevEralSs .
Each NI v | sLiyWysdmanychatketshfarrddsensaholit todn gigen: Forthe reshef Sestigh 3.i"cangdictidr) means 25itghUSs
onto a 150 tknsactiof excgptas mledabout 5 © 1000 XLs (rounded off in binary to -
1024) . EAch MNFo(Rgiveniglekdats ratg thronghthe MANS the traofacﬁos@wwpyateEaee?ﬁcmnﬁdwa'rdw"es
handl es 4 |iperselywitinthe frangaciien q'zﬁﬂ-l!i't‘s' ﬁ'ﬁam?fﬂ’tbﬂ}faﬂtﬂ“"t“éizﬁf'}?éfqaﬁﬁhﬁ'i'ia"?%°'ﬂ‘{le‘l
portion of RUBusthetEmainialn thedats rete. s inroughiptds fimited bydhe ndiy g MANSCs.

| v somesideciacio clop i e C GepaunLaha o
Si'z6 and ot} ﬁ? s ) ?%M%cﬂa oo o Fareason ‘%ﬁﬁ?“’ﬁ"%ﬁ%"“ﬁ%‘%p

fS\IMr t Lhz tsage n%iglia tran ac ns reduce E:@?ﬁ Insgg éél Qt;af pupg'eemga%c?i r% t%: gi}g Iays
s to t

THYS, ockiths hedudd %cé q ﬁ
the. et Om o GRDRH J’@ %&ené suguen&smzmes skasavaag 15

The natural; ing. fdrtrRbast phrfdnhisncd) | dat ato be SW tc ed vary In size. by
several or der $hOoNeTB EYelehsigh to haraBtraldibied 194d, b the itdhng dorerel cb;h&l&(st(ecd)wdghpat
megabi t or gk MmitifyFactx Dhddr Rftirattia, teRwitdh@nsactibnshvil BYRrith 8K SingleBUYRSS ald gackets.

t r ansactss 0ngs thafficlevei lindfade soldoeddtatttansiotion Gdte. A CHe ST tahsattion PadSdapatity \apdrduonedand
bits each. thisbactithsizbddiSdyelamibaily Mérédaedtbreaistuth the arsdctiorerate justbelow Wie pdintelibretse G0
bur.st of dawaulddverioapabis ERchiévedautimatically yitidSoglidatiantcontrvl siategy wherelyreaehdMINT and
di dgannect ) wayetrersmits iGasingidswittharasaction grpsaliabieSYsan packdtytargpteding agiven degtinetioR ML
to several o@nthpugtigachpyrstmpy eontelothewhold o5 partsofssvaie EU$imnsactionsfurtber iparasegiptraffiq, o
rest of “Gecwil heregse thetsfz&rbyﬁ@f*m\mh the:rumber: of {ppsagtions: Hivs fabiq asd iL uBlization impgaye with
noted. For l'gadywiileihe $RC werkiad increpses oply Bigih- pastoniii-1 emising tha fRedback ppphanism

t hr oughput ‘f‘%&"&“"(’lsr“éﬁ?a@f‘ls'éﬁs/ second) varies inversely with the transaction
size. Thus, fh ml ler the transaction size, the greater the transaction

t hrough- 2 |ntalnthe data rate. ThIS throughput is limted

by the | ndl vi m@rth&&r %QHP { h&JP@epMﬁl ‘I§§E¢ aely Ao QJAQ)?'E& iﬂ:‘als\ﬁf?}lwﬁﬁ)‘
processing gelavsr %ﬁéﬁfpf‘e L BCbA K Gheldbta G \M"qf, e.@@ s@lla'ﬁ@cl atleast 67,000
concurr encyednhectiote Ssbd. Hf [§0] requtfst RELENe KEHMIEEH Sm ahmRMREnds, over head
per transacti Qikedise, te I\ﬁ(NSb?Quch@ RedEs ﬂ&ne‘&nlcl&f Waissuﬁaﬁiﬂapﬂﬂesﬁs?e%s wi¥ be pipelined;

Al t houghs| afgifthe Sunfdd B8 Slep prosesdiidiHcSwill BtrbiIR RSkt AR disdsrRed Bityt, AEMBMEmum
they wi-ll agkthes®dtp tmekamﬁmmaremaﬂmwgam&Ma.@monbmeh@k.ﬁlurngnmwt@afswamﬁbsec-
fabri c pat hendk aid d foW @as ofinidi@scondicRspatteal.se i s needed -. snmall trans- 30

acti ons r educ@hédestitiving tharchcoranaiprablemenysteisb mickhutefficiamtgms!lidlaataaebfideﬁtieetiease
the MANSC ateanindisNTihicavi foba deterained inapaublmiciosreoridhiand deitoptre plrateay miktaveifhurening s
to | et NAN M&N%FFHV!!@ ififghjegannestionreayestissact i on sizes undervary- i ng | oads
for the best [eefl praance iggygrefafas fo thesClyey tgslt Té?\@ﬂ&’ﬁﬂﬁk 'H'tﬁa?ms(éinewysfdwwéh'é'u

| oad, so thepeg%(t"e‘rﬁbw tigash10-Nive) todsapn ceqtral mesapge) transg(pit Sime TAll and sq that links will rynisgy
factor. UndW opsupanpies Qminirize the,contepiion delays fram statisticah multiRlgXIng- pe short, nostly
single SUUs and packets. 35 - As ‘traffiqzlevels Increase so does t'-he -
transaction rate. As the SCC transaction rate capaC| ty I's appr oached;
transaction sizes are dynamicall'y Increased:-to nmaintain the transaction
ratej ust bel ow the poi htwhere the SCC woul d overload. This IS achieved
automatlcal I y by the consol | datlon control strat egy, whereby each M NT al -



teven fhough each burst nmay contain t he whol e or parts of several EUS
transactions. Further increases In traffic 40. will increase the size, but
not so nmuch the nunber, of transactions. Thus fabric and IL utilization*®

| mprove with load, while the SCC s Fb?¥B8%RPY ncreases only slightly.
Section 3.3.3.2.1 explains the feedback nechanismthat controls transaction
si ze. 3. 3. 13.30 bied Raaworm(mdie) Goal s 45 Neverthel ess, MAN s data throughput
depends on extrenely high performance of individual SCC control elenents.
For exanpl e, EwbiNetifRidads wdstagereafpngerbly ponshifickirgprogrgast nplwork, This fopelogywagehos-and
clear at | eeagptsgmudder ltebmmeqtmnly"tpért becaussity twoiags piupturesions thedinotio PRRSE be
handl ed & n ttﬁ!?neﬁrmd's&mwwfer%%@%ﬁwmu kewi se, the MANSCs' functions nust

be done qU| ckl e assune that these steps will be pipelined; 50 ‘then the
sum of the times will contribute to connect and di sconnect
del ays and f t he e St ﬁgenve Pﬁfthgmags mjnénqi nlettsrtg mﬁlﬁﬁé %‘aran S0Nn
throughgﬁt déf é esm esa ﬁ h chids thzénd
a fewt S mb rm l% Hﬁ oYaIn 'tl'Br?Iurg eﬁr‘} %ﬂﬁ%(r@tncy
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present circuitry, it Is preferable not to run the MANS as a rearrangeabl e
switch. 40 Each switch In the DNet has an XPC 122, 124 on t he5CNet,
whi ch receives nessages fromthe MARB@$S3§¥BBing which crosspoints to
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racknawl edgnents both positive and negative back to the requesting: M NTs
|.via control network 135. It also sends Instructions to first stage
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“ The nenory and Interface nodule (M NT) provides receive Interfaces for the
-external fiber-optic links, 35 buffer menory, control for routing and Ijnk
protocols, and transmtters to se‘nd?co | ect data over the links to the
MAN switch. In the present design, ‘€a "serves four network Interface
nodul es (NI Ms) and has four links to the switch. The MNT is a data
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descriptions of the individual functional units that nake.-up a MNT, it is
first necesqamymdrpmbauise a basi-c -understanding of the general: flow of data
and contssol. FIG 10 shows an overall 65 view of the MNT. Data enters
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convent i onakneinbryIefrestoing addgessinegisten 225, mpddizanestic cwtrg revistep?3f. ( DRAM). parts. Thus,
hi gh ban#w dt h can be achieved only by meking the nmenory wi de. The nenory

i s thereford3@2Qpaietiend i nto 16 nodul es. 201, , 202 whi ch nake up a

conposite 512-bit word. As will be seen bel ow rrem)ry accesses are ..
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35 The tinme slot assigners 203, ...,204 (TSAs) conbine the functions
of a conventional DRAM controller and a specialized 8-channel DVA
controller. Each receives read/ wi te re uests fromlogic associated with*
the Data Transport Ring 19 (see 4. 4E q‘b%"” Tits setup commands conme from
dedi cated control tine slots on this sane ring. 40 4.3.2.1 Control Froma
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EP 0 335 563_8.!_&@9523551‘19.ass0m at ed vmth the I ndi cated XLH 16 and the dat a
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"'for t hi sgol LEiprbger Bfhckibii28 Bduhtet. N€ data to the ring.interface logic. .1t. also
I ncrenent s tﬁe address register and decr enent s. t he count regi.ster. .In any

case, the TPA1EleotvbdlDssciiphion i nterface logic with two "tag" bits._ whi ch

| ndi cat e* (1) no data available, (2) data avail- able, (3) first word of
packet avai | al¥heringds 32(déa bitasite miri@blankedpazmm-Iz Thischiahdwibithdls suFiiientde suppgrtidata ratee
TSA wi |, Issl O afchipttd1 850 IMbitfsSin adtiitior tocth@data bita dhecrings tonRIhS fopragiitg bits; twoftagdnifs,i & sync'hifdo t
addr ess" 21@entificithe starkof acupanframepdrsl arclogk signek Withipiheyiggsinylesanded B cirguiieydused for
regi st er s hallaignaieexqsnt the dock. whjchisdifferqniial ECL:. Theriag inleeigce logle proviges eonvsﬂnmlws witthe
chappel ' i ndBreompatiblesigpalievele above descriptions, the function of a "new
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i dentity* St e blt count. For an XLH 16, it 'si rrpl y .
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i n buffer menaswoldGikking the Bk RandidMfleageBbisword.)y, this permits packet sizes
that are not |4 Bicheshit{aeé digown intedviliditing whiéh itclrepetivreraddfiesivdyclé ér otbér niidealianeowr vy
(512 bit®). | meadtlidpbraton. the | LH 17 need not provide the actual |ength of

t he packet whenshnedtle T@Asiit the emery m@ldulesumustex@@ine eveey cortret tirpd sla.dhere mhist 2150 b a

t he need to pasismarnh oitegvat ekween cdnbrpitimeisiots: to the ILH. 4.4 Data Transport Ring
It is the job of the Data Transport Ring .19 to carry control comrands and
hi gh- speed ddi3dinveSieterde t he 25 |ink handlers 16,17 and the rrermry rmdul es
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t Qatetaliof xg ‘%‘ ataand the re & or cont ws, for
e T P El wgm

signs slots to each CII‘CUIt at wel | -spacsd Intervals The use of this fixed
cycle al so neans that source and des- tinatlon addresses need not be
carried on the ring itself since they can be readily determ ned at any

poi nt by 30 a properly synchrom zed counter. 4.4.1 Electrical Description
The r|ng |s32 data b|ts wi de and is docked at 24 MHz. This bandw dth is
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95 of up to 150 Moit/s. In addition to the data bits, thhe rings contains

i

four parity bits, two tag .bits, a sync bit to ldentify the start of a

superfranme, and a clock signal. gr ﬁm\l\khng, singl e-ended ECL circuitry
is used for aII S|gnals except the c ich Is differential ECL. The
ring int erf ‘gmg og: [ pr OVI des onnectl n CI I‘CUI ts WI th TTLflqu%lqggég:BrLt{obu
signal |eve hth %}b P' ff% Peeet

sesofthis
the above o i \ygnd’lL sare um ere %are HIE. é@ s i
constraintsy ] angmm tp 't) 3 rlrzg; Lq%ﬁ:ropmmns ot
for each,co ﬂif-’klﬂ-?é énﬁﬂ. . siotdd is%@ecﬁ' ‘?%nd sed. forXL 32

connect i ng kb Bk Skl e Fiwy H@mfglsﬂI:eSXLﬁQ%é\rréaﬁ Horthorhd &%fﬁ@ Fober
regul ar i nt G, 3hud effeeliefy doublingtRd dkba &ileGig.t nust have a cer a|n mni

| ot erval bet wa&icdnirt tiflabigts brie ABsighbd) fn%equgnce F!@ﬁlla tdut Xlf4s hﬁd\ﬁlr@st TS the Sénfrall chﬁml
data tine s{oo).SWithliheSsIARY dnfiibls sKEkiALthe EitréI WD Eilits RSIEth ol FHAHIBIS B tirke IttSIongSTHe @0-
avoi d mesi ngotidae framddnd iRl coftfolifrdnet:ome Mib2tighmient\bsril72D tithe sibta Clifis perodésle siav e
a known 1 nt parfrache uhd Isimagkethby théisupbrramsisypesignal m a ref resh cycl e or ot her

m scel | aneous Th@e is a subtiereymohrgnizeiivaceariditiomthatmustZisn bembtifee thé BANs. Tha wirtisof BBIBEKnyust
nmodul es nusbe septinrequence\peginning with wasd 0, ragandless| obwheretiinbe Engiming cygle #1® olvler vas recetved m
i nterval belarseist ivoertingthis requipemshtothe ringnterfage Fircritry Bloyides @yspdoial "Brd Dabyinesignatirows
one dat &5f r gash Ly Fopexampie.dpthe Yrolag axple ofTabipdatngw adrtesa mighid penébydiH Gduriay timecsint 2¢

fr arre consi g §°"HP' time slgh- & is nopessayy tojepgurathal TSA mybeq i the figUTSAvteactndhis pey adgrgssy

and the r e ?"& 'pp ntEgn ?°6'i'°"édr?@ F"GT‘ “‘°"ﬁ'ié“etdélﬂlt'@e SRS '931’*"0' F°“\9T§6‘ﬁ NYRbRLSE § thmsemse
TS the sIo

n"(ﬂﬂ\yﬁﬂﬂ‘i’ es ata%eced be wrltten Ln
r ea d fr om %s appare th‘agt‘he 0 '$ ? ginor th m%qn(eﬂtems nge, 83? P % Iotﬂ%\ Q(i;fe ?afé%'a
6 c prop es a und qn lreurns hIS e
A U Cira 5{%1‘%1 qﬁ) b M’”‘“’
the TSAs. For the purposes o |s t ered 0X3,
and' TSAs are nunbered O0-15. TSA 0, for exarrpl e, durl ng t| rre sI ot O receives
data frog XLH 0 and nust supply data for fLH 0. During slot 17, TSA 0
perfornms simlar operations 5 for XLH 2 and ILH 2. Slot 46 Is used for
XLH | and ILH 1, and slot 63 Is used for XLH 3 and ILH 3. The re-use of the
sape time slot for reading and witing |Is perm ssible since XLHs never read
fromnenory and | LHs never wite, thus effectively doubling the data

O“ﬂ

- bandw dt3h of the ring. The control time slots are assigned, in sequence, to

the four XLHs, the four ILHs, and the central -control (CC). Wth these nine
entities sharing the control time slots, the control frane is 45 tine slots
| ong. THe 80- 10 slot data frame and the 45-slot control frame come into
alignment every 720 tine slots. This-period Is-the su- perfranme and |Is’

mar ked 5@ the superframe sync signal. There is a-subtle synchronization
condition that nust also be nmet for-the ILHs. The wordsof -a bl ock miust be
sent in sequence beginning with word 0, regardl ess of where in the ring
t|¥$ﬂ9 cycle the orderwas received. To assist In neeting this requirenent,
the ring,lnterface circuitry provides a special 'word OO sync signal for 15
each ILH For exanple, in the timng cycle of Table I a new address m ght
be sent by ILH O during time slot 24 (its control tinme slot). It Is
necessary to ensure that TSA nunber O Is the first TSA to act .on this new
address (requirement 3 in section 4.4.2) even though the data tine slots
for reads from TSAs nunbered 5 through 15 for ILH O imediately follow tine
slot 24. Since the nunber of tine slots In.the superfranme, 720, exceeds the
nunber of elenments on the ring, 25, 20 it is apparent that the | ogical
time slots do not have a pernmanent existence; each tinme slot is, In effect,
created at a particular physical |ocation on the ring and propagates around
the ring®until it returns to this location, where It vani shes. The
effective creation point is different for data time slots than for control
time slots. 25 30 35 40 45 50 55 25

5
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"EP0335563B1 TABLE | RING TIME SLOT ASSI GNMENT 5Wite to From Read ffom

To Control Tine Slot TSA XLH TSA | LH Sl ot Sou'rc.__e-
00 0 0 ~ HEPosassessq0 10 © 01 Y7
1 7 1 02 _ 13 2 13 ' 2 03 4
3 4 3 04 Xl O 05
1 0 1 0 06 TABLE I 1 8 © 1 -
07 14 08 5
3 5 3 \OV9R]NG - sw:e‘:‘:sjs&%m © XLH 10
2 0 nte 0 M To 1C@Brol 12 S 2
15° > Time Slot 2 x'f% TSA g ILH Sl Soprce
XLH2 3a 15 0 3 0 16 10
1 10 1 17 o 2 0 2 18 7
3 7 0 3799 0 0 0 L 20 4 0
4 10 02101 117 11 711 1 1 22 1 2
1 2 2302 18 2 3 13 8 2 3 24
LHO 45 25 ' 5 5 0 26 12
1 12 083 774 3 4 3, 2 28 9:
3 9 04 326 EP O 335 563 Bl 29 30 XLHO 66 0 .-
0 LH1 13 - 1 .13 32 3
2 : 3 bs > 33 0 30 1 0 2 0 10 |
. 34 06 3 1 8 1 | LH210 10 35 7
\Jo. . 7 0 7gg 36 4 Y4 2 1 14 37 4
W 2 s 7 2 54‘ 3 11 39
3H20 08 4, 5 3 30 3 2 43 12
3 12 09 3 44 XLH1 C .
25 165 2 9 o 0, 09 0 -
11 .9 1 © 59 1
12 15 2 15 2
13 6 3 6 3 _ __
14 | XLH2
30 15 3 0 3 0
16 10 1 10 1
: 17 0 2 0 2
- 18 7 3 7 3
19 | ) XLH3
20 4 0 4 0
21 11 1 11 1
“© 22 1 2 1 2
23 8 3 8 3
24 ILHO
45 - 25 5 0 5 0
26 12 1 12 1
27 2 2 2 2
28 9 3 9 3
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46 0 0 16 2 6 2
30 48 13 3 13°49

13 3 50 EP 0335 563 4§ XLHO as5S1

1 1 052 7 2 7 2 14

3 14 - 593 54 | © X31 40

11 11 0 56 2 1 2 8 2
8 2 45 30 58 o !S5 ¢ 3 ILH]1 . 2S
45~~~5 89 31 B 6 0 XLH2 60 12
0 12 3,0 61 3 131 3 150 62
9 2 9 325527 EP,0 335 563 Bl 63 0

3 0 33 364y 2

XLH3 ¢ 3465 13 100 3 13 0 66

4 | 4 1 67 10 2 10

2 10 ¢ o8 7 1, 3 . 1 LLH2 3 69

| LHO 70 36 14 0 147 00 71 5

1 5 g4 115 L 724 ;11 2 11
2 73 4 2 70 34 2 2 4 3,74

| LHL 20 38 75 1 45 0 2 15 0 76

6 1 39 6 1777 11 123 2 12
978 3 3 3 25 79

3

{LH2 .30 4.4.3. 14%ata Ti me8Sl ots g_ata ti slots can bdl88nsi dered to
origimate atthe didning XkaAdataltime slol Is us@d to carry inconing data
to I'ts assigned ggnory nodyle, at which Bbint ityis re-used to carry
out going data to,the correspondiRg ILH S nce Xlz,:;ls never receive
Information fronfd data ti2we sl og, the rj,ng can®e considered to be
logically 35 bréken (for data tine sl otlg only) 3between the ILHs and the
XLHs % The two t bits Identify the contents of the datga, tinme slots as
follows: 11 Enpty 10 Bata 010 Fi rstoword of packet=40 00 Last ~word
-\_/.of packet The fi¥st word of packetr is sent only by menmory nmodule O when it

sends the first 4pord of agpacket to an 19H. Thell ast word of packet
indigation Is sagt only by menord nodul e6 15 whep it sends the end of a
packet to an ILH" 45 4.4332 Coigtrol Ti Slots Control tine slots
originate and té9mnate at the station © centrdil control 20 on the ri ng.
The |ink handl egg use thegir assigned control slots OrXpiph © broadcast orders
to the TSAs. Th§l CCis i gnedOevery njgnt h coratrol

35 1
: 1
52 7 I 21
_ 53 14 3 14 .3
54 . ] d N
0 55 11 0 1 XLH1
“ > 15 3 15
59 3
2? 12 0 12 0 XLH2
50 . 3 1 3 1

55
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t. tinme slot. The TSAs receive orders fromall control time slots and send
responses back to the CC on the CC 50 control time slot. The two tag bits
Identify the contents of a control es.’.lat as follows: 11 Enpty 10°
Data (to or from CC) 01 O der 555P°3665 ddress & count (froma |ink
handi er) 28 EP 0 335 563 1 4.5 External Unk Handl er The princi pal
function of the XLH Is to term nate the i nbom ng hi gh-speed data channel
froma NIM depos3 the dafa In the M NTsgbuffer3 menory, and pass the
necessary Informgion to the MNT's central control C&ﬁ so that the data
can be forwarded to Its destrnatron In.addition, the ﬁsterm nates an

i ncom Ag | ow spe® controf3channd? that #3 multi®l exed on the fiber Iink.
Sonme of the functdgons assigned topthe | owdsspeed rontrol channel are the
transm ssion of t NIMs;(@tus arEi contrgsli] of flowin the network. It
shoul d be noted that the Hls dhly termnating the Inconming fiber from
the NI} Transmi $8ion to the NIM3s handl &d by the Internal |ink handl er
and the phase alignnment and scranbler circuit that wllyfg described later.
The XLH uses an gon- |lo bgard processor 268 to interface to the hardware of
the MNT central @ontrol 3. The Qour 2014bit/sed 1inks coming fromthis
processor provideftthe conngctivity to thescentral control section of the
MNT. # G 12 sho,rf an oveiall vrfw of tF'F XLH. 4.5.1 Link Interface 15 The
XLi contains the ber optic recelver, ock recovery circuit and

gescranbl er circX needed2to recbver datd from3he fiber. After the data
,ock I s recoveredy4( bl ock 250) and the data descranbl edg ghock 252) the J
data I's then con ted fr seri to pa 1 el d derul ti pl exed (bl ock
254) iffto the hréﬁrspeed Sg]ta channel the | ow speed data channel. Low

| evel protocol pricessing Bs thenl perfor néd on the data on the high-speed
20 data channel bl ock 238) as dgscribeggln 5. Fhis results in a data
stream consi st n% of only packet gdata. Thg stre of packet data then goes
througl afirst-i |rst out (FIFG queue 258 to data steering circuit 260
whi ch steers the Meader into the header FIFO 266 and sdbH2 the conplete
packet to the XLH s ring Interface 262. 4.5.2 Ring Interface 25 The ring
interface 282 logic. controls transfer of data fromthe packet FIFO 258 in
the link interface to the MNT's buffer nmenory. It provides the foll ow ng
funct i ®ns4.43.1 et sigki ng and nai ntai ni ng synchroni zation with the ring's
timng cycle. 2. Transfer of data fromthe link interface FIFOto the .
proper ri ng Caiatinesioistan be Séhsidered to driginBieatihetgrning Xidi\A detidimesit i wed th eanryintomiyg TSAs
when t he dataltodth agsignedhemtory modylecay whithepaintiit is re-ussdhioigbrey dogoingdatato thezbrresponding

_r esynchr olHz8indedéh-Hanever retelye finfongation frém adate tihp elet, te g can be enysideyest te beogitallhav e

t 0o be $er brokep(fardatadimeisiots onlylbetyosn the HHpgnddhe XLHaacket - whenever the |ink

i nterface FlTheiedeschiie Kentignihepanients of thedptatimeplptepsffions: be a normal occurence
sr nce the“rr nEMRY bandwi dth i s higher than the link's transnission: rate.

ri ng , however are designed to acconmpdate gaps in the data
stream F'Fs ﬁ § zat i on consi sts sinply 35 of wai t| ng for data to
becone® av cl e, etyrn t h
irs w p issen?on‘ by ﬁem ry v;henH ends ¢ ftrs pack LH.
nurber, iq i&iﬁk&&% s Sy f il 15 ek it b gaélf;r FI FO
258 becong when est1 e t th menory d°u

needed, it Is necessary to ensure t hat the next word act uaIIy sent goes to
t hat rrxsrrt)wsmh&@nmb@.o&rder to preserve the overall sequence. 40 4.5.3
Control The control portion of the XLH is,responsible for replenishing the
free bl ock Fohiti Gridsianekigpats andigminae af thoiibn df Béneral EBLoI20 0 onibetiig. Tradifk Handdtet
recei ved use thdirasdign coneel Sibts ahly broadoast oliers frthdTSAE.) The 86 is adsignedBevérylineickenitrol
Pr.ocessi ngmésiott The TSAsmeceive wried from @ik edntrol $imb albte gnd seaysspotisteichcioto thielGC onithegCC t he
header %of centrel tip@skkt | s deposited in the header FIFO 266 that is

subsequent | yThe tedaddjts idamifyche-cqptepts obaseontrd Gi@e sidtgs tolliwe: header are the source
and des- f1 naEfmetv address fields, which the central control will require
for routi h?f] Pﬁaﬁﬂﬂ'fﬁﬂtﬁ?) the header checksumis 50 verified to ensure

t hat thes%fr g% s have een corrupted. The header information ts then
packagd®@d '??ﬁﬁﬁ?‘i"t ‘3@ "'b'?g‘ﬁ?q ptor (address and length) and sent in a
nmessage to the central control" 20 (FIG 4). 4.5.3.2 Interaction with
Central Control '
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55 . JThere are only two basic Interactions with the MNTs central
control. The XLH control attenpts to keep Its free-block FIFO 270 full with
bl ock addresses obtained fromthe %I;e‘{g% %nager and ‘it passes header .

i nformati on and nenory bl ock descr fSto the central control so that the
bl ock can be routed to Its destin- ation. The bl ock addresses are
subsequentﬂiéﬁﬁ!ﬂ:’d@ﬂimﬂﬂhe ring 19 by ring interface 262 upon receipt of

t he 29 335 563 Bl address from control sequencer 272. Both '
i nteracti ons'"W’E' ' '?"HT"" \"? '@tﬁ%ﬂ’t"%ﬁ'@"”ﬁ'i’?ﬂ%""?" doResik
processor ?ﬁg % ato ;&Bﬁt H°'2°
I nter n con t at is utrpexed on E‘g:ﬁéer Irr’rkrl meo ﬁ 'b nctl Iass nhzs@thq low-~: ?ﬁ'e
Aany | st n'ﬁm 'tr% @E& e é’rk;fclm S °Q "‘e"h""
i internal
parti cul aruhhrtndrayf an@tnE Aatau ssx\r.&& 2 vﬁus @.bméutr'ﬁru e e
AT gnngnt 3ad %.Me% THhe MINT ARI6Ur LORBdeD Ilnks

section 6. ctmmt frorh ﬁ..stprwes%%wam cohﬁecmpmt c\émrae&:ﬂrmsécmrﬁf hOMNTIFEG. 12 shows
t ransm ssianaverdl vieltof @KLEI gnal s over the return fiber of so fiber pair3 to

the NMfromthe MNT. The information that is transmitted over the fiber
conmes fromstidnkiiédfacd O, whi ch receives inputs atdifferent tinmes fromthe

| LHs sending to that NIM This kind of distributed ilhk con- troller Is
necessary si FeXUdaintairsdhredibdroptic raceiveg klotkinecotdiNirewitiand desérairier circait needed to redoter
equal . | f datadromAlsClibgi. Aftesdhe datajcigek imtepovered fbipck 2567 end e datsrdescranibled (Hiack262) the

di 7f er ent deiajashensopvededsromseriaborralieband dpratiplexsd {plenk264) intsihe kighespeas datg nan N M
wed d be @dhthelavcapseq datschamellpwieve prﬁh%emqsmrgrﬁttenarﬁw@nthedqson the high-ppge

conbi n&t i d{%ﬁ%ﬂﬂﬂ@'@%ﬁg@ﬂ;@?ﬁ% '?53 gﬁég" %1(; stipg §°f'aistﬁmr°r<w}¥ Pﬁq'r%'gseot;@ﬁ;; t he
XLH. The | g rol,

r eads the?@eﬁlﬂt?re,'fgyaf i3 e hessist VF 28889 v°4 %‘Fﬁ gg“’?ﬁ@a‘&g&%g‘&f s gngdntaiaps 8e- | i ni

to the svvr tﬁ"‘ﬁ%ﬁ ﬁlgéa I's received from menory, t he associ ated bl ock

descri the central contraol',s menory manager so that the

bl ock can b baiEoo f;
that the Im&%&k ﬁ%ﬁﬁ%@gﬁ%ﬁﬁmﬁg ;%2’?3‘ déés?’aﬁ*ge S 358 r{]ﬂ%ﬁg pr ovr de 20

{he I'LH wi t hy geldbibhing b mBihERhg Shdhebnkatich WY thélglsiting c,t&eoc ks can be

tTansmitted 2Yrafsfe@nddtd Froaithe ik hRAH0e FiFOLe te bRPer rifdlg thnelsidd. NK | nt.er face The
link i8derf asGemiig aPew dddiRs tolthvanenmry T®As WheallifBnt by pabi@fis bituntbddda channel .
Data i s t riesnoun et rdthd ittiat @syhchiciizatior Hith By Ay 18MOHISpér KLHBMINganEawiil- bave tavetpar-t he
| i nk dat a férmedauringihe processrg of :pdsket Bhanewer thialinkditeriacd RIFO becamasdempbradigempte This ng .
| nt er f ace wiB® anemel dpelrensd siare yheaihg'olraodvddtlyis higitbr tiian the link's dransoiseioinate. Thie gigand t hat

t he | i nks T@bchoweyer, ara tlesignedteaccqnimodite geps in the dath stoamdbus, eesynchrenizRlor COn3ISts simply

provi dé spéeatingfor date hgema a‘t‘aﬂ@h’@"@fyﬁm Gyclede tetyrn to th gropks word pumbeg marking the

cei vedf r oriftepveuingdime sigtsi"emrit Rar expmple. |ifithediiF @ 238 bpemnes smply witen awar] dasiinad for the

pr ocessed i) mepey mpdilgignesdady itjs prcesman iopptues thal the "exéY‘R!" acbualiy saPEgpRs{ thay memorK AN
{M.etch 10 'Mr'wg?rdqrmarra P ayerql equeNce-a| converter 288 -within i nk Inter-

face 289 g 2 Ring Interface The ring interface 280" Iogi-c“control s
the t r &hstid2 ata fromthe M NTs buffer menmory to the FIFO'in 35 the

link Interf q
Lk a[‘me;hg;?% mor e ofitﬁéxiﬁ‘i@d o L.%ﬂ;g%pr;hﬁ& %3,%5 b Eﬁ%% ﬁnggasgg% A

data fro rrngtot e |p)r‘1¥1l<<tnterface aring. eproper ring tim -
slots. (3. o4 fickbdrPrdcbRingont rol section vvhen the | ast Word of a packet
(menory blI'ocK) Ts recerved. 4. Sending a new address and count (if

avai | abl e) t A thd eamBWR® & pack&iASbeltg ransmitted Orthé Flg(Ahe heddpr ofine Padkétes depasitedifthe

wor d of a hesdekEIFO 268 that Baubsedhentiy ekatl eth€ XiHYirdcesbr 288. i1t this héddbr@reBdopres arailded- hat

t he new paioitieb addrdsk fields, widehtBecceatml control wlilioequird ot rolting tiinadditibi thetha@det ¢hetksw s e s
on t he 50T SAwrified toaansuse thatitieae figllisthavenotrbden arreptede Beihealdr informatiepiethererackagedwith A no
gaps Wi t himemgryiilaglc ttescribler taddresa ianrt lerigth) ang sems inch mepsagk fodhe ceairal eantrpl 20 {FiB.4).case
consists sinply of 1ooking for unex- pected enpty data tine.slots. 45 4.6.3
Cont rol  THeb-%:2Interagtion with enydl Goftrd he | LH, contr ol I ed by sequencer 283 is
responsrble for rovi drn t e ri n ck escrr tors

| nt 1;;1
o ot ?°8H?' P IP K3®P an
AR {rgz e ?%e ’% %@é?ﬁ hﬁfwrreer i by
o n

th r sot eblock ¢ eroute tts es ln-
via the prgo T ?sg 53@ m B 5 horli ish%go% cchptiine
nmenory, y| ng & °Cel ansm SSI o 0 i nal
block is conplete. 4.6.3.1 Interact|0n29\/vrth Oentral Contr ol There

are only three basic Interactions with the MNT's central control_: 1.
Receiving |ists of block descriptors.




2. knformng the nenory manager of bl ocks that have been retrieved from _
menory. 3. Informing the switch request queue manager when all bl ocks have - -
been transmitted. 30 EP 0 335 5830 Bk sb4iaf he present design, all. of these -
i nteractions are carried out over Transput er Irnks to the approprr ate :

sections of t he central contr raction

XLH, the | ei?sfﬁ’g“’f’ ?98‘(?(‘?96?72{3 '"?T °§s ‘E"B' tg"e"t"’rﬂf’ab‘l"’('ig‘ﬂ a’ﬁé@’ﬂ%“ﬁt%”é‘"‘?&'ﬂﬂr ess
and | engt K?ap EAEIoPSALe PROUEIOU™Y descriptorfroman | LH, .
however, Qﬁ'ﬁ@“ Lmk%dper ately begin reading the bl ock from nmenory and '

pl aci ng t ring. The Iength field froman.ILH is significant
and deter m nes, fbiRal Mk Hafdier A H) fs t3lirstbdrd of Qﬁ‘at Ednd cbh¥ia J‘dué'fﬁﬁte?ﬁ %n‘?
MoVi NG 0N thoferl ARGnyiHa%H t.,htrraaﬁa ﬁ%&ﬁ netuﬁ&op&s@e/dfﬁﬁardcmam e“E,

registers thic B Fpaktid@arPhade Aﬂ&ﬂreﬁt%ad Scsinth? BiEtif200 FASE] Rie m@%ﬁtﬁ&dﬂu&n ée b
can be tr agxs Wis therAsd thdd is aotlly Gespénsiblelfe? e GRMIs3Ion bfoplicaighflS Svedib Ritdrh fider &
the | Lhh Iribeapers to tiRINIM ford UMINTSTHe iinfdnidtion thews tthnéifilitedld@er 818 fiber téinds rom Thafngnt i |
there i s empadh raceiaadinpits btiddfeartitrs fidrh hEALASSLniiAY t6 MIBYMEM.TAIS Kind ddisthiRkddAhltong
time and ttiollerds debassay sigeeipathtiengths tiraagh the MABiseitch fablic dard nof alvbdudl. 10 PASE difastt 1 Ol
FI G 14 | slign 4Y|0btbk infbrraagiomennirfy fioinditfepephiltato thecsatme oeferdhte clobk iformetinhiratieivexict 1 ol
i s connectteeNiMavoul be soptinuallychengigg ityyhaserpnd b slighmeptie four | LH 17s of the M NT,
t o dat & concBsceabinption o ghedlthwithitae RASG i ip many3mryys mimpdmagsof e XeH fhe bH receias
FIG 7), diioftockgescigtan feum e sentralsgptroh reagsese biogs fom memory, gnd trangpits the data

r | ati onsH" t'E?fset'ﬁ‘l@‘ké‘e‘H? Fvdieh. A3 figta |5 recoiyed Spom ““W°fyhth6 ??%‘f‘at"li'rﬂ"f"%d’\ﬁﬂp'f°”f’ﬁ?'§t° be

dr dcussed.t 52% E‘r?f“ zﬁ"‘a ‘@ﬁﬁ" Jpat %ﬁ'ﬁ’? %gqad s e " OVI d

bl S rO
L E'rﬁ"’i'é"“&S%’tﬁ ol B pey e R c°@'r’ﬂ"?'°éff el r‘f%
provi de th&t‘ﬁ@%&;% a packet to be stored in MNT nenory, and the address

wher e t hat to be. stored. Menory manager 302 of M NT central

control 20 CHgRMhteRdcs 589 Hrdvided thé okl taRbnlitRF Bl thEdakd theHn B diBtrdrBilkte @A o HEREIOT Y
has bee rphRRARE foaa Borpatilid@habiRk ddiEroRREdadBedih §5. Shlcd the daROSRCINRETOM the
bl ocks hasingmefadd@bo (6 bBRw) dsfhchrbftust AR af £1hte 8GR HETRIGRY Ihali linPSavbRyEd: attien
queue mManagLink RieifadeRORYN ZAEO L42Ab providd shbddSiatching ¥MAriamel Bynbhrétiizationl THg db@ls ré
gaH t i cul arceiédvtomMNTIRWOrOMERIdRHNG Ifterfatk 280 stdidiin FIEQUBRAs piokbdssedYyilevél 1 ami 2 pedtaesl

FO queudmndii 88€, and iteenbmifi@its MBN ewitis 30 thoagh tsrpaldlidilo seiinbeopvenan2ag oithiBlink intends
a requeést fe®28%i tch setup control 313 to request a connecti-on:.ln MAN sw tch
10 to that 30 NIl M The request-is stored in. one of the queues 318

(priority)Gdiingwierigceequl ar) of - switch setup control 313. Switch setup.
control 313 adm n| sters these requests according:'te their pri or{otj%/& and

sends requ E'Fr W‘s §‘Eé’éi‘ﬁ‘qr8%ﬂaw heMINT's RuffepRermasy HFOin
concen sratt?ﬁ"“%ﬁrfa es,3 8. and . 312 shoul d be

al most enpty Ighi E‘g‘f‘ r " 9 J% tely and
gu é sl

oo in hecontro zltlon w&enﬁhe rdo p e seantrol ler.

F overload

wi-1 | general emo

. G, qg)awq,g {nQlast
deferring ”@&& :eQXQEJthPéoh&i{ dnwthpﬁ 8 zﬁ% %ﬁ tﬂ’e%Lg bkt Qi rTﬁ?cause'
relatively fé}sgve,tﬂa@nsm ssion priority packets. | f exper| ence SO0
di ct ates, unlikeTRe/XUPLtHE A rélﬁ?bﬁ»‘th& PSABY Bnsdre R WA Wordy ddRebdiad nQBdterte afidiRitenot O
the priorigdays VIR 4IoL. TRusPR&IREIhIAG wiRRS/@koniz8fon Ik cdd6 Ednbista bimPP ofBdidng for unex-
recei ved. peaedénptydathidieardtsl N queues 318 and 312 do nottie up an IL, an ILH,

and ansoutput [ink of circuitswitch 10; this is In contrastto requests In

t he queuest.8l®Confrll2 (FIG 8). of an MAN switch controller 140 (FIG 7). 40
When switch setup control 313 recogni zessthat a connection has been .

est abl i shed The cantiot rortion of the ILH,gontiofldddy sequéncen?8diie raseansipe for @aviding Trearing Infdrface
recei ves dﬂ!‘&‘O‘F“rdG?ﬁﬂderqﬂ@’Qﬂubﬁ@ Poegsspiinisipietiach 284 -fram the eepleal epnitol fapdostered Rergueue
manager® 3fremigaddigesfiiQ 45 rotifyiag e epmtrelsentiglyipdhaprocessertinkiierfage wheg blacks have beed

whi ch may "8Eeved Lemmprpergng potifying thejcprig| ‘t°§‘\9ﬂ' £t#en Hﬁﬁmﬁﬁ?'@é@ﬁf"ﬁ%%ts ComPpIptp-g {

of one or I £, orts n the | M.to which that packet Is to be trans-
mtted. N ™Pen causes ILH 17 to prefix the

portnug,iber(s.).m,t,eal %soﬁiﬁéﬁﬂﬁl tsertﬁ{hg‘Wgcerﬁgl glt%t'a for each packetfrom

menory 18to $ roceeds to transmt the packets of the

queue and s’rinftrrn.n the oMo net. &ffsro s ti2Blive DR FetrleBsdl rloiGnembhyt Ch setup

control 313 §hi@érmin ﬁre%ﬂlﬂ;ﬂ%ﬁés@ ek eerwsncambroc.éwefsbenmxs fadi sconnect ed
and notifies nmenory nmanager 302 of the ldentity of the blocks of menory

that can now be rel eased because the d# a has been transmitted. The M NT
central control uses a plurality of high speed processors each of which.
have one or nore in- 50 put/output ports..- The specific processorused In
this inplenentation is the Transputer manufactured by | NMOS Cor poration.
Thrs processor has f our |nput/outout ports Such ~a processor can neet the

o o N Y b1 . T rr




+ 309, and OA&M M NT processors 315, one correspondi ng to each XLH within the
M l\ﬂ' t hese processors, 55 operating |n parallel to process the-data
entering each XLH I ncrease the tot gﬁogg jocessing. capacity of the M NT
central control. The header for each pac e ent ering an XLH Is transm tted
al ong W|th t he address where that gacket IS belﬁg stored directly to an
associ at ed™ eﬁr@g @f' « all gfthesp integagtions ate, carrjed qut over Transpyferinks t9 ¢ appEpplatespetions of
the 31 e " Pl cyclic redunda?cy code (CRC) of the header '
per f or med hat CRC check fails, the packet*ls dis- carded by
the XLH; whbx E'i]\‘?ergé'r w'éhtr I\sal | ocat ed nmenory bI ock. The XLH manager passes
the header - atﬂe"gﬁ% Iﬁﬁé‘ (u¥esRib caHtrbidia s/t ¢ bidckd@éori !ﬁﬁ/ dFeR the)' 5 the
source chegdilwhi f H&me,ﬁ&ﬁm Sirovdi AN il JQ ebt,h
source ¢ heﬁ&eﬁem&putm@tm Bﬂ%zﬂh@dﬁ@ TRBRAGIRield trothnlitH i Qiamht ! ack | hdsdfes M €
t he packet ndnfbelCof words i Bevedd Y- eadReTBAGLBA nRIAP 61)/to BleGiek Dlode trhd Fed i
MeNory | 06deh ILAMtDRGIEEE tohgid the AextBidREY and RAGE 66 that SRudEsSRe KIGRELEA be t%?n?miﬁ ks
whet her t heut gaps.Rver cotrot i the ppagdasibility 6f tHeNlo) Béweyer, andjgieih destriptavdhsuliiriot tfserit ake
sour ce hasTsrsaetil theteds énodghvioniinithe packdt FIE0 2820th cénipensaaddt edfrabing tiveardteckierend) 7
passes | nfiotmwsimissionmlpeut t he packet, In- cluding the packet -address In M NT
menory, to router 309 which transil ates the packet group identification,

ef f ect i #fel 47 MINJ Gepted Contest wor k nane, and the destination name of the packet
in order to flnd out mh ch out ut 10 I|nk th|s acket should be sent on.
N whi o ea@gwwt %ﬁ“ﬁ‘& e gﬂ G ai% ¢!
3 I C .
eurW % ,,E s t}tolﬁ%q? e e ap diard BRI LR
queue Has WS %gw({é m l
Ip et

n
st T onai *Si t ﬁﬁ%ﬁmw rov&el&e,ﬁo?y stid(%d&is ﬁﬁgi‘jﬁa
NI M queue msthe .&T’? §a0§ ol
unit queueg MSﬂoniy f‘ofﬁm?r\’t‘.'eﬁt& oﬁt?d”'ﬂﬁﬁﬁﬂn&ﬁcalé wﬁm 1#t9reE$I\%i tfoh EthJ'
SWi t ch 240, marhdry Risb dﬂ?&&s&ﬁa KALi$vedRite MEMSSRYe s0ME In tHobthentopy bitRKs! hh%e@&eluﬂfh@.
time. CQut pwthamaw&lse(ﬁh caflbsreudeti.l but of 138 of the switch.control
replies w thwhen ke Maha@erBTe fbboghiies thdt thelinst né@Rbrk Uit Rriving ol @phaiticular Nilnha been
cknow edgqmendd ik swittieantiquere 3Dy whith doftBinSREQ fueQe 816 oF eddf Boseiblb astinaBbroNINEqublie]
. S‘cfeue manamanagd B11 sehiis\d rgquestdo swittiagpeup carkibl 3183 aorequebtarcoBnettiohlinlMANSwitth D tb that  Of
chai nedw paliMeTie requestisciéredtiinarte of bhélqusdesfl§ (priority) snd 312 driegulagifof $vilols eetypaottet 313.
When | LH 1§witel setuposopiret Stchdministersrthese rnequsstsaecondingtid their priotity @fid sends re@udstp teddddt s
over the c#witehi10, seagificallito siiich doptrg) deftapeoneentrqlprt 136 Fornanmal daads; Fhelaugeg3t8eand 8t est
a di sconnethoulgpe q'rn@temﬁm@erestStsmewmat'hbermdea'ﬁustvmmeﬂ% %Wﬁﬂ %&fﬂf@&"' 301
that the netﬁtﬁrfggmpmpfmﬂmhf%wwmft’fg"‘taﬁ@ma'ﬁlt"a- W%’eb
avai | abf e PeAns [og deferging transmi viori Pgﬁfe'ggﬂﬂ?s‘tt %“"rs f‘é‘%se
| nf or mat i offoHy p

\?/’(&2 SF:OXL% nc%é lL#ﬂd n Df Ircm swn rtsfe this |s contras g :ea({ueg?‘fz%f Eﬁy(er

mai nt eng cdn cGan\% betef?e%ftéhgé S tcl\ hd, RRbtbigy
t hat pac kehl Shetr&nédé%i éﬁ.ﬁ 1?&9&@9&4@&&. SHIES hudhé $18 il Mtch@RPqusbd 4 Ao hie
data flow wel; 1811 MudilinAtleuedt themerRdFPlobliibris @Faad dabkeRiWhRkh may Bl tiafdnlitted to | N
the MAN nemuafotﬂ:s hrilior 842H patkata liktif dhE BEmdrd MOAMn tha N tDHRA @RBAEKeBid B bBirarsh e
desti nat i omited. NM@eﬁﬁﬁdﬁ@éermtﬁeh&‘uséskLﬂ 10EMIMhBHor(uMBRERO6ach Patkdt BRto thandfik Of
dat a comceddld fa@athapatiet frothdseirioryetB todich fi Q TheSILIN Setpicsabdsttd taindmittheyackelsdf the quélice
out put of #érdevhboit has@bipletbd (NS tgsk, motifes e switth setap eonBd 1313 that thd ddineii A th® clictior
317 whi ch sricinmay beatisctrinectafcandinaifibs m@dry thanagee d02xf thielidentity ofthe(ialiid dfinbliiory that
pr ocessor sca@pw besgleassd berause therdetaihastieemtranemi®®M central control 352 (FIG
14). M NT QAZIve Miticeriral contyol yses @ plueatity iof high speedraeessers pach chwhichiay eve atmase in-
cont r ol % 35put/oyput pite; The srepEieRieegsses usedimBiRimelenigiopis the Jgpspaternanifagtyred by INMQS
309 data; Poresstiophis '@Eesf%f"fsé%‘t' inpL/gyteyt pRRigt Suck R PRPFPETCS caameedng REoce$ping Herandy k
t he novenmeffthedfINT eqat termnals asomate with a -

par ti cul ar  yEaFpS PR D ﬁ'ée & g’t\'ﬁ’ie an ‘E fsé’%\y‘ﬁ'fe"'b
o R %ﬁ; et T
central ntiaPcontydlL & oper Ion noni

processor. Slapd e aﬁé}‘fﬁrﬁﬁch‘bg&ﬁ&nteﬁﬁmaﬁg(ﬁfls%an bl ﬂmt?tﬁe Qddl-é@ghﬁe?é thé’c%gd'keﬁs

passwor d apdhglityedidréttly 18@h hesacisddi H ndRageidos, G HebdePhdd Badsbfih®hdrdiabeR 86K ofthe
each |l ogical user. 40 4.8M NIOperati on, Admi ni stration, and.

Mai nt enanceControl System FIG. 15 is a 3l ock di agram of the mai'ntenance and
pontrol system of the MAN net wor k. Operatlon admin- istration and

mai nt enance (OA&\M) system 350 i-s connected.to a plurality of QA&M centr al
controls 352. These OA8M controls are each connected to a plurality of
MNTs and W|th|n each MNT to the MNT OA&M rmnltor 45 317 of MNT
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:50 5.LINKS 5.1 Link Requirenments 55 The tinks In the MAN system are
used to transmt packets between the EUS and the NIM (EUSL) (links 14)-and
bet ween the NIM and t he MAN hub'(XL)E &Q%J]%ﬁp Al t hough the operation and
the characteristics of the the data? transferred on these |inks

vari es slrghtly with the i cation,-the format used on the

8ar ticular apg)é'TI
links is th&d "daFtd\??q‘r f tho hegdar ger qdwé ttea‘#ﬂé Ihthak ERC phieckfailsctheypacketis dis-
comon har gt ‘Q‘Fﬂx ".'?s 4he allocatedm e?“i” 'Tf‘f@g?'P‘i’ResftBPr'l?ﬁ‘!ef pngl the
desi gned t ob'g) el’?é::m mec\X’r' ey o‘%&‘ g( a'lfgﬂr d?fa'ﬂeig‘?zat e
packet C%an stina on, lt-( &4 rfte tuse ﬁefor e ory allo ‘?‘ e B‘qc e

for mat . Slhifor it oGl m ﬁ"c}k
format. hasa Ruidl Hetwo. &Wle ec c r § 2b utlh

CRC for an Sdthnlg rtlﬁ pa&@l(‘éﬂ%ss it QNG nﬁéﬂﬁ?yhﬁrro é?and h 6 st cket tro

| nsur es tr agfepabi B Gitud hetbiR néldd, 8nd/vhé &Hsfhaﬁon rafve loFthe paciet in biter Qﬁd’f&i wlﬂéhcb\(rtp

a | ow bandwinktnls padrétarsald bé sent onl Me%h@b&s@és 115 ik richibe of 1R outpGtihikied IARIRLeve Qr‘éhager
bandwi dt h cHiawhier identifaes antchainbpackete Aéitad by thOfour XLHs & this NNITOWhTh £r8 Rdtabd 16k alcbiahdnE'S
good t r ansi dutpotlinkl Aftes thie Sirsf packetrb HNIM que Basbeyn receivéd, MBNIM duBle nlansger 31D dn@d b siiich
Reasoni ng Festupreguesto bwitchsatpeom®l 318 tooéquest @ eonnédien tb thatiNiiv. NINnGuelié dagar BE chdhe
bett er MAN theselpaghets indiliQ quéirs $16kef switck utiioueys-314 5o that whénea switch chhriebtion 8nall@mtthea s
possi bl €5 | scirewitspitghde) alhof thelsepackats maybmiserft avst at chinaétion gtosd timeOwput cohtrolsigsad tish| e
tradeof f betipyies13&9f heswighsontob22 reglies with ancackre@edgmeniovhen it basssel Upj skaonnektion /TRET
OD\L 200) arRs<awlefgmentieresqived py switphsetup gontypl Atpwbictiimorms Hbqrere reanggen dtl- Nibksweueer s
§ an upp‘E‘?“a?ﬁ’ f’r11t“‘°6 r‘l‘f"t"ﬁé"-t'I M]th isked chained, pastats in grdanihat JLE dZ maytrapamit allof tpeq

i t ect r s'ﬂ%ﬂ“& °F @Féeté‘f °hP'F|%’ PeekRis over dhegisquit switch,
¥ rrpor t af ”?f B‘s% ?f& ey 5‘%% gsg f tg np ‘é‘ 182pdinfoapsmemggy
he MAN | %
f_r Sht- 20 e d'&‘ﬂ%“?%é@gﬁﬁ?m

t . er 301 sends 'jﬁaﬁié

S. Schaefer d?t.% ﬁ&(ﬁ? g%{;ésgé’g bl“l ﬁl HA t%% |o'I\?§"L rﬁar!l\(ma 99 HE

Ught wav gs NQMW tocessdr 3% loRie %5 F)ﬁ‘@? bAdAD S ate 87
Paper 30B. 1. checkihi 6 thé& Galafici \&rfﬁanhe(lﬁN@I afrcp Eﬂfg?%dmﬂldaﬁdn iR UTC stH§ hé IQ l 3
come from trstebs0o ks inforsi(OABM) MINIDNedssor 735 bf thidebtANEdh oﬂﬁéﬂa@&@o trﬁuptﬁ&bf\ihﬁ*ﬂ

Bel/l  Communjreassosan kdep fraekiof datd dhdernidgPackbbdestiiiidn foLsubssqaenerarfic babl f?se el ouplit 5

% 25 5.2.1 Leof e four QABM MROIT pidtesddie3 15/AN sBt tdWMNK OUSR ShohildE3 1l GMic Riflarides this ddt@EdiaLt
of Met r @b udectddrbly tieriai DAZM MINT piecebsorsiforisabse quent tRadsnkiysion toSOABM @nfrdl adHitrolt BRLFIG.S
cont i nuous|M).r epeat ed. The frane consists of 88 - 16 bit words; The first
wor d cont ai nsMINTIQA%M; mryit® 17 alsogersivesnfamtioh froar OAM dehtrab contrel 35@kdi rhakinp cliabgdshi S
first word,VviaQASMMINT pregessend 1§dn the routens9 tinte: thesumhanges Fliestadditionelitdrmimals addedie the
whi ch are ¢ e mpvemant atjepical teravngla (iiec termbioalsaspaintedivith a/barticule user) from one. physical

i mpl enet atRoB i angther g5 te remonal ofphysigalNerminals fam theqnetwork Datpols plstiravided frem the IDABM: v
The word or%® @B‘“%%-’tzw the MiNTopgration ASMamonitas rskthe DASMAMINT propasspr 345 tr seuege chegk-
simple 16 .sr' dpta §p & logiral ey 1 Pasiran] and physisal aort anvep s datacranqering therpeviiegesand

a ‘i | ar s“ﬁ??c PSFer with. parallel read out can be used to receive. At
t he 146, 4324|\g9“ Jal [ rd is transmtted or
recei ved 35- |6 f * Prteld |§Ds possi bl e to i npl'ement” nuch

of the Iink faETidd sk Jn@grgmr.e narmeﬁmam fedoPbm dr He Mﬁt&orkaé Fation) Bdmi0" d
oriented naduatich afd miikiéhahde @AM bysErES0 iB b4 nn F?Q disdifyl o As bentillcoht?Gs 368 Yrmidae
link |I's useashaMuOmRIsRFe eadifokiReied folaiuriyl MIKTE, dndWVithih BRn tomﬂmwmma%& It
i S Necessara7 bRMING nird) eorbraIrR0VBift inafY of tHaGnekdag s from OREIM systerh 350tndat e dMRHDESE to40
5.2.2 Levelal thelMinis, thovarous ORBM deitrkconBolsisre thterdniEoiEby dxaGkRg. This dith AnddrRénits
unit of | nfseehrataiastheideatifisétion ofltie ddiddrk ifterfdcel ¥duld, HenpaubK Ibrificdtibiof tha lolepdt link, of

| ncl udes t reachepbisicalfpo tif isatded to thEwét@orkes tdsl-tmd‘omtroﬁlnﬁk& storaiflthe h@iprétessors
packet s ar @0pefiemgyy MiNTrirsthe MAR tutt he Wi DLE" word will fill all of the words
that naRe up the primary channel bandw dth (words not reserved for 45

ot her purp Packets are deli'mted by a | eading STARTSYNC and a -
trailing END SYNC word. This schene works well as long as the words. with
speci al ne 5 er cont a| ned |n the data within a packet Sl nce

restricgdng t.mg“gl(atmath Mgﬁ % e o l% es anUunrdeas ) gin
restricti oy Ay bid e F nsp 'hq]Fon ﬂ
erpl oy a vqf thﬁaa@rmtsumre@egﬁ % & ﬁ’ %.c 5.1?? f}ﬁiﬁe ef'ﬂ

packet dat ane Ifki)s R Sahe. HRUiRG Ok onﬁatsst{%‘%ﬁial
word, is preceded by another 50° specra
stuffi ng transparency was chosen becaus® of the sr rrpl [ cr ty of |rrpl e-



iment gtion., This protocol requires srnpler |.owerspeed logic than Is
required for bit stuffi ng protocols |like HDLC. The techni que |tseIf S
simlar -to the tine proven techni queé,‘péggsg I'BM s BI SYNC I inks.. In
addition to the vvord stuffr ng used to ensure transparency, "FILL" words are
|nsertedlf t 3 f the source is slightly less than the link data
rat e. h%"i n “gta "T °Bfﬂ¥d Eis; t""t!?afa'e%ym | ¢ redundancy check
(CRO) Word Thy lggwl]fﬁgéa? e t_B ,t,hat _any corruption of the dat a
in a packet ca@.,reﬁfa SN s ol b fgngn @l | of the data.in
the packgl, exgleh neghmxacﬁaegre..m P ey need fo be
Inserted in theg @es%td’lﬁqspaftgﬁtwé"b@cﬂgtp@ﬁm&){er%rtr@th%br reasons. The

pol ynom al t hag, TheSformaBifbutea tramiphtbric? of thifdafaRfithih@ Ffdclle, g CRC- 16 standard.. 33
EP 0 335 553 A Tielomiabpioviiesa oM bhridaiat chané) ol Aiveeohtiol iganiighe optical recei vers
all of the dataAbditiondl lotbahdaalit( dharfhels cddlbe Glided Od&ily. F1 G 13) prior to

transni s#i on. 9 Detascuarabiity insuges geddamndition Hesisy foricleel ycobdiat | ong sequences of

a
=

ones or zeros will be transmtted on the |ink even though they -may be qU|te
comon i n t [S&MNAN linkRDesaiption andReesming r ansni tt ed. The scranbl er -:and .. - =
descranbler (e.g., block 252, FIG 12) are well known In the ‘art -The:

descr anbl er deliwrgm periprRaRE4 polit of viey. flsfaaten theilinleg areiiei beter VAN petfornoTds debies ¢ ap-

recover f% oﬁ@@d&%ﬂﬂ‘f‘%ﬁ‘ﬁdﬁ“ Bf posgible isitampgfed Rvthe faetibat fagtet lipks epstmare. Atr¢agordble tradeoff

scr arrbl er. ?’ 'ds fonseFR transayiigrsidiks fhe ABkk PR)+-200and muitimpgsifiber} The gse of he

payl oad wor &2 Zﬁ:’ @d receivers pts anypper 'WE@H‘“PWSP%€°ﬂaE%?°°Mb’¥’%PFrFﬁRm the AN

g any’ ets pac sveﬂt'c%’ ?ET; E:T H‘ X r'?’é?‘gt"ﬁf“@‘s lsﬂﬁtl"ﬂ‘d’gﬂ“ﬁ?f’%@ ynchronous
edjcati

255, 295 FI ;%: 5: s e"°

se“t’tﬁa o pseee stropysLight-
Apacket del '1§E7t#a'393§§ ?'Rﬁotﬁr £1ve rﬁﬁ%

ti 2 ! ical Trans-
is used on a0 e W
rate channeha,zgdaﬂksbe furt her d| Vi de o Nt o nﬁl V|£ or[’;‘gunc - ow
bandwi dt# channels |ike the 16 flow control channel. The flow control
channel is s2adewnt LificFolitdN EUSL (bet ween the EUS and the NIM to provide.
hardware | evel flow.control. The.flow control channel (bit) fromthe NNMto
the, EUS, | ndi cthe MAN heiwork esetiS lowilev. litkrfarmator Mét@busnninaten dAitheNAK is tairied By #dihmwed
«t o transmi t frame thatiscoutinnausly tepeatefllthe (rarseé @nsist§ of B&1c16 It Whrilss Tise fi2dd wbrd adntafinis b Fraihg N t
storage ¥s asauericadyidd parity bits dnadiitiontathisitirstwvotdi three dtiter wordsspaivbrherd words.Thesk ovetteed
EUS transmni werds. which gre pseg for inteeyjeie gorerfiunisationd ip the detrobug impleghestative drerbt usBd bysMAN
transmi ssi offr e pakp af Matrgbys sempatibility: Theward esiertednatukecaf the protocel makes ugiay it mych slabler. of
a packet tr éﬁ §§ P'bﬂ"f“PQ's‘?'tW“t‘ rergiieliand e3n by yeed dox transmitand p similar phift registeyithiparaliebt
be sent E& F°dP°°|"%AE'ﬂ'F Tﬁ?ds %‘et"’!‘éﬁa 'atefaTquW’é @F‘tﬂl'ﬂeidsﬂ’ecewed :

asserted | ne‘feﬂ'

| re. res
Code vord, " el et Tl egéﬁpempe b lﬁtﬁﬁ Py e sé’"%‘i’é“ TS RoPR AR o

aphgars in hﬁ tsof atwordiet 6 SYSTEM CLOCKI NG

- The NARI sgfggggge,,_a,_sanl bed in sect ion 3, is an asynchr onous ‘space
switch fabriT with a very fast’ setup control l'er. The data fabric of the
switch |'s desiTgelink vl tb WbVepdekeP A aBc GHiltdF ibmatidnGRadst InNAN) Téi8drtir, palESs, the OM
DC to | n exmewsindide2BoddatiticlicrRr BVNC wotds 61 2BDNE" PG hﬂweﬁﬁ&basuemlretb%m@éh&hmed
exi st t hr outhh TDLES whailwii it all bi the wxgdstiegmiie up the phadd diablisnbanawitth (¥R MbtTeseived e
MAN hub 4€anothe pemeseb)y Paskett ato\delirhited by b idading FIART_SYiNCRIne adaiiing ERD ISYSIC iwerd0 Dilis
Wi t hout dr asdbensskworkswetesdong aBthe werdswith Spediaimieanings ale nevetkoetaiaad ifi the ddta withingtpadketnt S
i n | npl emenBingrgestrisingtheisiatahat dan b sentinapaghetds an girdsenable resaibionpathwpatehitvata trimseh
swi tch to i{fehaue must bepgsd e finks irloy e very simBie cauistutfing dranmareay it iqui Withiethen
del ay bet we@t‘fk'ﬂ ttr Xqeeurignce pka spagial eaningerdglike the STARTHEYING trerd. i nrecediediby erfotheh e
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part of the MAN hub, It is possible to distribute the same master clock to
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Clock Distribution The MAN hub operatiofftis very dependent on the use of a
single master reference. clock for all of.the ILH 40 and PASC units in the
system .The master dock nust be distributed accurately and reliably to
all, of theunits. In addition to the basic clock frequency that nust be
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‘the I.LH and PASC are capabl e of correcting for phase differences no
matterwhat the reason for this difference. The Information that is
transmitted is sinply aIternat-i'ng-.orE?s ‘é\nd-rZ?eros with-two exceptions.: The
occurrence of two ones in a row indicatay g advanced frame pul se and the
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for access to the transmt bus 95. Arbitration proceeds in parallel with
data transm ssion on the bus. Wen the c#rent data transm ssion is
conplete, the bus arbiter awards bus ownership to one of the conpeting EUSL
i nterfaces, which begins transm ssion. For each transaction, the EUSL port
nunber, inserted at the be- ' - . S
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gi nni.ng of each packet by port nunber generator 403, is transmtted first
foll owed by the network transaction unit. Wthin an XL interface 440, the
XL transmtter 9l1llprovi des the bus clock, and perforns parallel to seriai
50 conversion 442 and data transmniB%038356hBt he- upstream XL 3. 7.3.2
Downst ream Oper ati on Networktransaction units arri VI ng fromthe M NTon t he
downst r eam MuSrviieik INBEEARE Mopblddi N XLinterface 55 ~440 bythe -

XLr ecei ver 446, whrcit 15 connected ‘via serial to parallel converter448 to
the NI Mreceiganusws 430. The receive bus is sinmlar to, but Independent .of
the transmT buS. Al so connected to the receive bus via a par- al l el
serial conver Ty meOBricterfdémodale PUIM) cohecfsandor mogerendriset system Bk (EUSHdo ode MAN ox-
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a dedi caged—extermar 11K oncentration provided by a NIM (descri bed
in 7) is an apRE KeitbciirSofRNIN I8 dépicRM intHG. 36. FRSFEllolving SubSEAIINE briefly ddstAbe thebpetion
have. stri ngrminmMr esponse time requirenments along Wth the instantaneous

1/ Gubandwi dt h necessary to effectively utilize the 20 full MAN data rate,
but whi ch dp3nopst@emn@pettdnt he vol ume of traffic necessary to efficiently
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het er ogenei t,_gz(bt,w%}ggnbp@;ﬂoﬁmy be connected to MAN does.not allaqw.such a
generic treatment of the EUS 35 interfaces. Instead, the EUS Interface
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‘Data.buffering. Qutgoing network transaction units (ire. packets, and
SUWUs) nust be buffered so that'they 60 may be transmitted on the fast,
network |ink w thout gaps. |ncom n%msm g4 ransaction units are. buff er ed
for pur poses of speed rratchl ng and | evel t hree (and above) prot ocol
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iin the type fields. The outgoing. nessage fromthe MNT contains the N
destination NI M port nunber In place of 40 the source port 600 In order to

speed the denul tipl exi ng/ routing by, “‘?3%%30 t he proper destination EUS.
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At login tine, a user who has previously been appropriately-authorized
according to the arrangenents 40 descri bed above, sends an Initial |ogin
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25 requests for MANSC services first fromthe MNT priority queue.- 13
CONCLUSION It Is to be understood that the above description is only one of
the preferred enbodi ment. of the Invention. Nunmer ous ot her - arrangemnent s
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' Itis to be understood that the above description is only one of the preferred embodiment of the. invention.

30 Numerous other arrangements may be devised by one skilled in the art without departing from the scope of
the invention. The invention.is thus limited only as defined in the accompanying claims.-
APPENDIX A

35 ACRONYMS AND ABBREVIATIONS
18C First Stage Controller . -

- 28C Second Stage Controller
' ACK Acknowledge

40 ARP Address Resolution Protocol .
ARQ Automatic Repeat Request
BNAK Busy Negative Acknowledge.
CcC Central Control .
CNAK Control Negative Acknowledge

45 CNet . Control Network . _
CRC Cyclic Redundancy Check or. Cod e
DNet Data Network .
DRAM Dynamic Random Access Memory
DVMA Direct Virtual Memory Access

5 EUS End User System
EUSL End User Link (Connects NIM and UiM)
FEP Front End Processor PRt
FIFO Firstin First Out o
FNAK Fabric Blocking Negative Acknowledge

65 IL Internal Link (Connects MINT and MANS)
ILtH . internal Link Handler
P Internet Protocol
LAN Local Area Network
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25 Clains ? 1. Acircuit switching network for establishing
connections between each of a plurality of input termnals on one side and
each of a .plurality of output term na&poesnsameat her side, conprising: 30

a plurality of switches (121, 123), each conprising a plurality of
switching el @@nts, [dab 05 WRAHked by a plurality of connection el enments;
and a pluraluay of cem BIQHy|M%Er§poEtMQrLa NSWORACTERI SED | N THAT each of said
plurality ofmaqstrol i4&switch arranged to control a disjoint set of

SW t chi ng' andAnNsSBINe CANSwih Controller €1 €nent s, each of said disjoint sets used
for estald i sMiNmg a dudnioey evdlintsite mdu@onnect lons fromones of said plurality
of term nal sMd a fiMetorsMalagénenasmts of said plurality of termnals on a
second si de,NAhd r eshirgntiye deknbwledgequest s to set up a connection using a

di sj oi nt setN'UontroIN%@fb‘ytegmeMOQdeh contral ker, wherein at |east sone of .

said swi tch 21) Qnegationy Admigjstration dny Maiptenars i tyof controllers

forcont r & | iF§Cdi ffe‘Fhe?ﬁA"m'%qntﬁnﬁﬁgrem@ecmu 2. The circuit switching network
of claiml Lﬁ: eNFh GantrelGomplepnt rol | ers |'s adapted to control

connecti ons F’Y) °‘6P‘°‘ ¥.‘1° Wrninals on said first side to all of said
termnals onr aid s "“ P’°‘°ﬂ’|e circuit swtching network of claiml

wher ei n: _sai vmtc a plurality of first stage
Swi t ches fl PS f’[gr%i 8“ second stage switches (123); wherein

R, of sai gy lyrst sljsggﬁor,? es is connected to a plurality of second

& SwW t cRes; V\her\g}yq_a@@g&,g,fﬂe ( plurality of controllers is adapted to
control at hak®tpusNAnGEEESEAd a,.ggg@ncf stage switches and to send control
signal s 20 amn firstwisd QeeNewirk Ch t hat - can access one of the second stage
50 swi iXehes ComEdersl Lo (yindciiiMedminGp! | er; wherein each of said
control | er s XtBnpri s&Estemadakaaiise (1424) local to that controllerfor
I denti fyi ngX8d f or CissmintControigrt he avail ability of a path fromany first
stage input to an output on .one of the second stage switches controlled by
that con®roller; wherein each of said controllers- conpri ses another data
base | ocal ©#MRatcontrol | erfordeternini ng s5 availability of each
output on each second switch controlled by that controller (1406); and
whet ei n sai & cﬁﬁ'f‘i“l‘)f"l’"é'?"@? "&P@"ﬁ?fwfa@ahimmm iang pewerin eath df @ plarlitpefdputasratinals on

“wherein gach of" g§"8’f"'ﬁ'0ﬁ?‘¥%¢'#@?' s enothar side, cotarisiog:nt  set of sai d
second stage syt qum witch Yrpagipepmprisinggipjurality of switghing glements; inteysoknetsed t
VAN Exenpl & “a °f8°2§ %{?{ié&r%’}? Net wor kK MANS ~ MAN Switch MANSC
MAN Swi t ch Control y THAT Menor y and Interface Modul e MVU
Menmory Managenent a |ve no

I nterface NdeJn&nQ&@Monofsa.drgl Vhici egs; ns 'ag’%’d&q ek 'E'%%EHE@ "3”5”
PASC Phas &ty r teetREd Un 2 s of thals on o

Conpl ex SUWJ  to requestd 19 Bdt uﬁ@ﬁ‘d’nné@ﬁ& EhBIS) set controlled by

onne j
als ona seconc nslve
| i &gé er dﬁ {?Bj least
Pratspcol TSA someof saﬁb\ﬂ‘&hg(ﬁﬂa?&&h%&i by &plurali I;?R:ontrollers for o ts.
Protocol U M User Interface Mdul e User n t t§F
Very Larfge &c dlhe cioult swiickiig netvokk\diflaif i svherdin eéoEEﬁaﬁ‘i:&ﬁn@@é’rQs Rldpted conweruonnections
W de Area Net \ieankonss of said terminaldontseidtfiest sids t il §rcaio tanihas Od SMdisecohd He)  XLi --H
Ext ernal Link Handl er .
3. The circuit switching network of claim 1 wherein:
said switches comprise:
45 a plurality of first stage switches (121); and
a plurality of second stage switches (123);
wherein each of said first stage switches is connected to a plurality of second stage switches;
wherein each of said plurality of controllers is adapted to control at least one of said second stage
switches and to send- control signals to any first stage switch that can access one of the second stage
50 switches controlled by that controller;
wherein each of said controllers comprises a data base (1424) local to that controller for identifying
and for determining the availability of a path from ary first stage input to an output on one of the second
stage switches controlled by that controller;
wherein each of said controllers comprises another data base local to that controlier for determining
availability of each output on each second switch controlled by that controller {1408); and

wherein said controllers are divided into groups of at least one, and wherein each of said groups
of controllers controls a disjoint set of said second stage switches.
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: XPC . , Crosspoint Controller 25 Clains ,> 1. Acircuit
switching network for establishing connections between each of a plurality
of input terminals on * one side -and each of a plurality of output :
termnals on another side, conpri si fj93%Fe3B a plurality of
switches (121, 123), each conprising a pl uraI Ityof switching el enents,

| nt er connect®WJ by alopg UseaWorkynibf connection el ements; and a plurality of
control | er sMAN4Q) ; EBeipCMERIPSIED Ardd NERWATk each of said -plurality of

control | er SMANS gr ¢ WiEh control a disjoint set of switching and
connect i on MANSC ﬂ‘ﬁﬁ'ﬂ?""@'&&h of said disjoint sets used for

est abl i shi nlYNL i f f @F'@‘F""ﬁ‘ﬁ'ﬁ'ﬁect ions fromones of said plurality of

termnals o M fir “l"& St ot sai d plurality of termnals on a
second side nd r ter%ace quests to set up a connection using a
di sjoint sef ntr eea ng.'eét hona(ahMgh ’gi’gqbl er, wherein at |east XL, ’
sone of sai "gfs%’\?utc &ﬁ;& fx yaplurality of contro'llers
for controlé&ng di fg t,ngcan LN se S. 40 2. The circuit swtching
network of &lwgym I RUSH Wokdmlt Of said controllers Is adapted to control
connect i onstdp OM ON@smsksichdortrdl Plotbkdial S on said first - side to all of said
term nal s orsasai d swhefetAsdigher 3. The circuit switching network of claim1l
wher ei n:15 samP swi t AlvesDatgrRIvArgtetol 45 a plurality of first stage
swit ches (1@W); anduseriptericaMbdue of second stage switches (123); wherein
ea\(;h of saiWwlirst UseeWakbnti t ches is connected to a plurality of second
stage switc¥idb; whevewilarge Scdie lotbgrationd pl ur al | ty of controllers is adapted to
colts ol at YMER buso rin IEEE Starideid8ezond st age switches and to send control
signal s 20 WAy firWideAragietaqtkt ch t hat can access one of the second stage
50 swiX¥lehes cdierngl YnkdCoppeots M teMINT) ol | er; wherein each of said
control | er 4¢b npr i raternal LinkiHandler 5 o (1424) local to that controllerfor
i denti fyi nd‘é‘hd forc"ﬁs@m}tﬁ?wqu the availability of a path from arty first
st age |r1€ut to an output on oneof ‘the second stage sw tches controlled by
n

that co le'[ wherein each of said controllers conprises another data
base | ocal shat controller for det ermi ni ng 55 availability of each

OULPL on CACIA SERSHAk ik bl S ST O il B i
b h nnedti Wi h rall te on
wheérei n said Qﬂ@&l&@f %@sfcﬁ ofd grurétit d.ﬁ'[dlt ieﬂﬂln%lngrnQH&I%r Y]° égs
wher ei n ggach of S%'pldraﬁk&&'dﬂi&h&(u@ioﬂﬁ)r &klﬁ&hv’iné?r@%ﬁ:ﬁ @oﬁw ﬁé&érﬁ%ts&ﬁl&m&%e&eﬁ' d
second stage DyabpliaRS of carhection elements; and.

EP0335563B1 4. Tlaglumiity 6ttohtronéré @d)1g. net wor k of cI aim3 vvherel n sal d

circuit sw tchi ng CHRRACTERISED IRTBATACE di vision network. 5. The circuit

swi t chi ng net wor k eadh ofdalipliratity viiveitmiléis i€ acdngaf to Sontrél adisjoint'sed of Switehingandcbapdctut t-0
control s®ne aretbments,padhvtsabifdispint shtsosedfocbstablinliny ssdifdranhsesof cdhnéctions Trad ondslotsaidt
sW t chi ng net \wiwrdlityofteroinale nn &firstiside twionesmfigail phiralityaf trmiralson b sdcyndside,med raepoksive
controllers cdomenyeste & setuppiconnadtion ysingfa digiolot setcottded by sBiR edch O9ntrbiter, whareiuatirgst
colts ol r equeseeof prid suiichag(1ah ae eﬂa'e'P"eé bica Ritiralityofaeateqiiers (eessntrofiing differen disieint setea st
one connect queue 150 152), each request conpr|5|ng an Inlet and an
~outlet 8 i g FMT ?{kof g|m1 wherein each of isizelg tez:ftgﬁ;ong?lsqrpf@ons
avail ability ’r°“‘8ﬂ?ﬁ°éfa§ 'ing’s ogsa e gide ol phog eé'B'ﬁ I3 ﬁa@d 9G04 g g

controller nq.ﬂ%';ém&iwf%% (%t {Jrk%}c?ﬁﬁril'\ qnglhaval lability of |inks cont rol | abl e by
t es

sai d cont rogf | er Gen"*%ification data for pat hs setup by
sai d eagh control Bluranit) B tﬂ&rswg&gg(@pamg (1408) acknow edgnent responses

to a source of a Le[MRSbfsbQhd ga&cgq,%gg@g% or disconnect; 15
nmeans for storingwhdéhe ddch ois@id ifst Slae 3wl i€ Shhditd fd ﬁ&ﬁf%‘o?sé&&nd'sb@é(&utﬁ?e%"‘ee”
i nputs of said Ci wfistbih edeiibiisGil piaaiity Srébrtiiiets is dtbie@lolcBiflroliY 1e82brid of Rk & Skge
first control sWihesand 101649 contesl Bigmss & Enyl fRst StafespitErSthaticer acdess GRY R Beiseddn®stage
di sconnect i on sivitdhed coatebiledpy it ebntrgigtiest | nt o one of said queues; second
control means (1436érein @sipafasid soptrdliors dabpaisdsia dsta babe §ii424) Bees bo trat@ntederiie Eibntityirgue s
~for hunting 2@ndfor detefrainingthpavairbiiyofvereth feor ey titstagel input ko ogtpudl oorre@{thie sicod
out | et usi ng stegeiswitches centroliedby thatigenirolierand said |ink menory to sel ect an
avai | abl e path, f wherpineash efssidicontnaliens chmprises pnafifer date bdsedecalitd thas bantrejiqtfpr detergyining
gener at Fﬁg availablllty of each output on each second switch controlled by that controller (1406); and
wherein said controllers are divided into groups of at least one, and wherein each of said groups
of controllers controls a disjoint set of said second stage switches.
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b nstructions to switches of said circuit switch to set up said path, and
for causing said acknow edgnent response generating means to generate an
acknow edgnent response to a requester. of said .path; said second control
means’ further responsive to data fr ERP3%ia§s Bl | east one di sconnect queue
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dans | equel |adite operation d envol- i des. .conprend comre operations:
| " em ssbon d'une demande conprenant une identit6 de |iaison de sortie dudit
commut at eur 18ePierdds delaravendigation 13, comprengat epieutng Febératiomdienvoi de dgrangles § patir dane plu-
pluralite de cEii¢dciemgndeursyarsyng plugiits decqptedjeuss I"?.Fﬁ%ﬁaP P‘B"Q?E‘"‘é@ﬂ?f'?‘?ﬂ'@ﬂ?"sde commu-
commandant des“ﬁ%'ﬁ@?@ﬁﬁ%‘%ﬁ??"é"l‘ir‘fé“‘%‘ﬁ?sr%'@ }r %N Sous-ensenbl e
Iia rt|e u tcommu eur de cir-

6 de |
oL e o ot ;‘f‘% § BT o Mg gfs&aaﬁsea"féde e el
dudit commut at f?@ |s onl ili eladlé%alsoﬂ Séo?tied%ﬁ |§<ﬂ

| adi t e- demandeo, ko Bt il uh SO s ﬁ':
sortie et une Inh.f-:ut '8@% .ga 5@ ma rﬁrtdﬁwco ifdit Je&ue&:%erﬁmam% dré
I d nde
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18. Procédé de la revendication 17, comprenant en outre comme opérations:
I'essai de la disponibilité dudit contréleur de réseau dans ledit contréleur, et
si 'essai révéle que le contrdleur de réseau est occupé, I'émission d’'une indication d’occupation
15 du contrbleur de réseau & partir dudit contréleur vers ledit demandeur pour rendre dlsponlbles lesdites
ressources dudit demandeur.

\ 19. Procédé de la revendication 13, comprenant en outre I'opération d’envol de demandes 2 partir d’'une plu-
o ralité de demandeurs vers une pluralité de contrbleurs de réseau pour commander ledit commutateur de
e 20 circuits, dans lequel ladite opération d'envoi de demandes comprend comme opérations:

I'émission d’une demande comprenant une identité de liaison de sortie dudit commutateur de cir-
cuits & partir d'un demandeur vers I'un de ladite pluralité de contréleurs, chacun de ladite pluralité de
contrbleurs commandant des connexions-entre une entrée quelconque et un sous-ensemble approprié .
de liaisons de sortie dudit commutateur, ledit contrbleur établissant des connexions, entre une entrée quel-

25 conque dudit commutateur et ladite liaison de sortie; et-

en réponse & ladite demande, I'établissement d'une connexion entre ladite Iialson de sortie et une

liaison d'entrée dudit commutateur de circuits connqct_é audit demandeur.
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