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CS-534: Packet Switch Architecture

Ewoyoywo Inueiopno (Introductory Note):

To pébnuo oavtd Peioretar avapeco oto "hardware" xow ota "dixtva'. AOCYOAE(TOL HE TNV CQYLTEXTOVIXY] TOV
petaymyéwv (switches) xar dgoporoynt®dv (routers) moxétwv, TOV dowuxrdv ABwv dnhadi amd TOovg omoiovg
1OTOO%REVALOVTOL Ta onueewvd dixtva vymiig toyltntag, elte dixtva emxowvwviag eite dirntvo dlaolvdeong
ovotolyiwv vmohoylotdv (clusters) nau molvemeEepyaotdv. Evdy maladtega ov dowxol avtol AibBor foav ocuvihBwmg
VITOAOYLOTEG YEVIXOU OXOTOU TTOU EMETVYYAVOV T1 SQOUOAOYNON UECM AOYLOWROU, ONUEQX --0TLS YNAES TOYUTNTES-- M
VIOOTAQLEN amtd ednevpévo vrd (hardware) éyel wataotel avayraio. Eva onuaviizd péoog tov podfuatog éxet v
avaloylo mog TNV "apyttextovint vroroylotav" (HY-425): eEetdlel Tnv 0Qyavmaon TV YnoLoxdv XUrAMUAT®V OV
VAOTOLOUV TOUG UETOYWYElG, TNV aAANAETidQOoN TV RKUXAMUATOV QUTOV HE TO AOYIOWAXO AOL HE T TOKETO TTOV
OQOUOAOYOUV, TIG EVAAMARTIRES CQYLTEXTOVIXES %Ol TO ®OOTOG oL TV emidoon xabeuds. Eva dhho péoog tou
pabfuoartog eEetdlel Bépata Tomoroyiog Tov duwtvov draovvdeons. To pdbnuoa peretd pe 6co to duvatdv mod eviaio
TeOmO TN dour TV evepy®V otolyeimv tmv dwxtvwv SAN, LAN, MAN, WAN, tov Internet, tTwv Sixthmv Yndranig
iedwviog, nor Twv dxtdwV dLoovoeons TOAVETEEEQYOOTOV, avadeEwmvVIovVTas TV ®owvi Pdomn miom o Oleg auTég
TG QOLVOUEVIRA OVOUOLES --aMAE ouyrAivouoes-- Teyvoloyieg emnovaviog. ivovial eniong avadogéc otnv mpdodatn
peteEéMEN TV ovvdéoewv péoa oto chips oe Network-on-Chip (NoC). Mehetdvtar mdvimg pdévov ta dirtva mov
amoTEAOUVTOL a0 OUVOEOUOUVS OnuUelov-TIog-onuelo, piag xatevBuvong (unidirectional, point-to-point links), »ar Oyt
dlxtva rowvoyenotov péoov (shared medium) Omwg oL acvouates emxowvmvies. Emiong, 1 éudaon elvor nuglmg ot
LETAYMYT TORETWV, KO AYOTEQO OTNV (OYETLA OTTAOVOTEQT)) UETAYWYT KURADUATOV.

Course Content -- [Tegieyouevo tov Madnuaros:

[(a) in Greek:] H agyitentovixt] Tov virot (hardware) twv petaywyéwv (switches) xal dgopohoyntdv (routers) Twv
OTOWV TAXETOVY VYNANG TaDTNTOG.

e X{VOEOUOL ®OL 1] TTALQOY T TOVG: ONUElO-TTQOG-onuelo avTi ®otvoENOTHS 0QTNOLOG, OELRLOKOL, TTOQAAANAOL.

e Metaywyi ®*UrAOUATOV: TOMITAEEN OLaiQeoNS YOOVOU, HETAYWYT] XQOVOU/XDEOV, TOAVTAERTES TTQOOOT XN G-
adoipeons, avtiotpodn ToAITAEEN, moAvemineda dixTua, Un-ThoraQLopa ®xoBoQd 1 pe ovadLdTaty.

e 'Evvoleg HETaymYNS TOXETOV: ROV VTI SIOUOLQOOUEVNS TTAQOYT|, OTOTLOTLXT] TTOMDTAEEN, AvTayWVIOUOG
€EO600V, EVTAEVOT), E0MTEQRO WTAORAQLOMC, 0VREG, umhoxdoioua o ovd (HOL), xoovodgopohdynom, EAeyyos
001G, O Lo 0QOUOV avTi OO neEVONG-RaL-TTIEOMONONS.

e Teveég petaywyémv.

®  AQYITEXTOVIXES EVTOUEVTOV: GAQOELES UVTLES, OLAPUAADUEVES UVUES, LVIIES e OUOYELQINL, TTOAMOITAES OVQES
o€ noWvd evToueLTi), oUuEES yud multicast. Tepaylopdg nal avoovyrOAANOT): TOQOYT KUTTAQWY, OVQEES, ATTOQEOLYM
TORETOV.

®  AQYITEXTOVIXES OVQMV: OVQEES EEOOMV 1) ONUElNV dLOLOTAVEWONG, #OLVOYQENOTOS EVIAULEVTNG, OVRES ELGODWV,
0VEég emovind eE60wV, eowTeQLrt erutdyvvor (CIOQ), emuddoels, x00voOQOoUOAOYNGT) crossbar Ue OVQES ELROVIKA
€EOOWV.

®  AQYITEXTOVIXES OUTVMV HETAYWYNG: OTAUQAYWYOGS (crossbar), LeTaymyEas TaQAAMNAWY EMTEdWV, TOAVPAO
dixtva, veprUPog, banyan, Benes, Clos, moyéa 06vOoa., mQOoaQUooTix) OQOUOAOYNOT], avadLdTaEn maxétwv,
dixtva pe 1) Yweig evrouevtéc.

e 'Eleyyog 0ofg: 0Tatindc/duvaunric, ue/dvey ammleidv, ontdg/umovooiuevos, Axn- ue- nen/©oudtL-*oudTL,
oVOUOG/mOoTMOoELS, adLdrQLTOG/ava-00T1), dgouoAdynon wormhole, QFC, dixntuo pETAymYNS LE EOWTEQLRT
omoBortieon).

e XQ0vodQouAOYNON YL TOLOTHTO VITNEECLMV: TOYEIOL VAOTOINOT) TIQOTEQAULOTI TV, KURAMKTS EEVITNEETNONG, RO
HURMKRNG UE ouvTeELeoTES PAQOVG.

e Bifloyoadpuri) perétn virot avalitnong oe mivaxreg SQOUOAOYNONG 1AL HOTIYOQLOTON OGS QOMV.

[(b) in English:] The architecture of the hardware of switches and routers for high speed packet networks.

e Links and their throughput: point-to-point versus shared medium, serial, parallel.

e Circuit switching: time-division multiplexing, time/space switching, add-drop multiplexors, inverse multiplexing, multi-
stage fabrics, strictly or rearrangeably non-blocking.

e Packet switching concepts: shared versus partitioned throughput, statistical multiplexing, output contention, buffering,
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internal blocking, queueing, head-of-line blocking, scheduling, flow control, cut-through versus store-and-forward.
Switch generations.

e Buffer architectures: wide/interleaved/pipelined memory, multiple queues in shared buffer, multicast queues.
Segmentation and reassembly: cell throughput, queueing, packet dropping.

¢ Queueing architectures: crosspoint/output queueing, shared buffering; input queueing, virtual output queueing, internal
speed-up (CIOQ); performance, crossbar scheduling under virtual output queueing.

e Switching fabric architectures: crossbars, parallel-plane, multi-stage networks, hypercube, banyan, Benes, Clos, fat trees,
adaptive routing, packet resequencing, buffered versus bufferless fabrics.

e Flow control: static/dynamic, lossy/lossless, implicit/explicit, end-to-end/hop-by-hop, rate/credit, indiscriminate/per-flow;
wormbhole routing, QFC, switching fabrics with internal backpressure.
Scheduling for QoS: fast implementations of priority, round-robin, and weighted round-robin.

e Bibliographic readings on routing table lookup and flow classification hardware.

Position in the Curriculum:

e Computer Science Graduate Course.
e Thematic Areas:
o A: Microelectronic Systems Architecture
o B: Computer Networks and Digital Communications
e Prerequisites:
o (S-225 "Computer Organization", and CS-335 "Computer Networks"
e Other useful background:
o (S-425 "Computer Architecture"
o Four (4) Credit Units.

Instructor, TA, Schedule:

Instructor: Manolis G.H. Katevenis, Professor. HA-Tay: kateveni

Teaching Assistant: Georgios Passas, Graduate Student. HA-Tay: passas

Lectures: Mondays and Wednesdays, 3-5 (15:15 - 17:00), in L.K. B-211

Assistive Sessions (Poovtiotiolo): Fridays, 3-5 - will convene when needed, by special announcement.

Electronic Communication:

e Primary Web Page: http://www.ics forth.gr/~kateveni/534/

e ...to be mirrored, sometime, to: http://www.csd.uoc.gr/~hy534/

e Katdroyog HA-Tay: hy534-list (subscribe by e-mailing to "Majordomo@csd.uoc.gr" placing the line "subscribe hy534-
list" in the body (not header) of the message).

Exercises, Bibliography

e Weekly Exercise Sets.

e Paper Presentations: study a couple of individually assigned recent research papers during the semester, and present their
basic ideas orally to the class.

e Transparencies by the instructor, available on the web.
Some reading material from the books: W. Dally, B. Towles: "Principles and Practices of Interconnection Networks",
Elsevier - Morgan Kaufmann, 2004, ISBN: 978-0-12-200751-4; J. Duato, S. Yalamanchili, L. Ni: "Interconnection
Networks: an Engineering Approach" Morgan Kaufmann - Elsevier, second printing, 2003, ISBN 1-55860-852-4; S.
Keshav: "An Engineering Approach to Computer Networking", Addison Wesley, 1997, ISBN 0-201-63442-2.

e Other bibliography: http://www.ics.forth.gr/~kateveni/534/11a/bibliography.html

Grading:

e 25 9% from the exercises (mostly) and from the general class participation and the paper presentations (to a lesser extent);
o 25 % from the midterm exam; and
® 50 % from the final exam.

Up to the Home Page of CS-534 © copyright University of Crete, Greece.
Last updated: 14 Feb. 2011, by M. Katevenis.
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