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CS-534: Packet Switch Architecture

Ewoyoywo nueiopa (Introductory Note):

To pdbnuo oavtd Poloxetar avdpeoo oto "hardware" xor ota "dixtva'. AOYOAE(TOL PE TNV CQYLTEXTOVIXY] TWV
petaymyéwv (switches) »our Ogopoloyntav (routers) moxétwv, TOV douxmv AMOwv dladn amd Tovg omoiovg
notooxevatovialr ta onuegvd dixtvo VYnAfng toyxvmTag, elite dixtva emxowvwviog eite dixtvo daolvOEGNg
ovotouimv vmoloylotdv (clusters) xou molvemeEegyaotmv. Evid mohawdtega or domnoi avtol AiBol joav ovviiBwg
VITOAOYLOTEG YEVIXOT OXOTTOV TTOU EMETVYYAVAY T OQOUOAOYNON UECH AOYLOWKOD, OT|UEQQ —-OTIS YNAES TaUTNTES-- 1)
VIOOTNQLEN 0Tt eldrevpévo VxoO (hardware) éxel xotaotel avoyraio. Evo onuovtnd péog tov pabipoatog éxel udv
avahoylo meog TV "ayttextovixt] vohoylotdv" (HY-425): eEetdlel tv 0gydvwon tTov YmPLondv RurA®paTmy mov
vAomoloUV TOoug peTaywyels, ThV aAlniemidQaon ToV ®KURAMUATOV QUTOV HE TO AOYLOWKXO 0L UE TO TTOXETA TTOU
doporoyolV, TG eVOAMOXTIZES QQYLTEXTOVIXES %Ol TO %O0TOS %au TNV emidoon xabeds. Eva GMo pégog tov
podnuatog eEetdlel Bépata tomoloyiag tov dntiov draovvdeons. To pabnuo peretd pe 660 to duvatdv mod eviaio
TeOMO TN dopN) TV evepywv otolyeimv twv dxtimv SAN, LAN, MAN, WAN, tov Internet, Twv dixthmv yYmdronig
iedwviog, xou Twv Ortimv dloovoeons molveneEeyaoTV, avadetnviovtag TV ®owvi) faon mlow o OAeS AVTES TG
dovopevird avopoles --alld ovyrhivovoes-- texvohoyleg emxovmviog. T'ivoviar emiong avadpogés otnv medodhaty
neteEEMEN Ttwv ouvdéoewv péoo ota chips oe Network-on-Chip (NoC). Mehetvtar mdvtog uovov o dixtua mov
ooteAOUVTAL OTt0 OUVOEOHOUS Onuelov-tpog-onueio, piag natevBuvong (unidirectional, point-to-point links), xow Oyt
dixtva nowvdyENoTov pécov (shared medium) 6mwg ov aoctouates emxowvmvies. Emiong, n éupaon elvar »vpimg ot
LETOYWYT] TOKRETWV, HOL MYOTEQO OTNV (OYETRA ATTAOVOTEQ) UETAYWYT] KURADUATOV.

Course Content -- IIegieyouevo tov Modnnarog:

[(a) in Greek:] H agyitextovixi] Tov vMxov (hardware) Tomv petaymyémv (switches) xow dgoporoynT®dv (routers) Twv
OTOWV TTOXETWV VYPNATS TaDTNTOGC.

e SUVOECUOL AL 1] TOQOYT) TOVS: ONUELO-TIQOG-ONUEID OVTE HOLVOYENOTNG AOTNIOS, CELQLAXOL, TTORAAANAOL.

e Metaymyn vurhopdtmv: tohOmieEn dtalgeong xodvov, HETAYWYT XQOVOU/XDQOV, TOMITAERTES TTQOOOT1YG-
adaipgeong, aviiotgodn moldmAEEN, molvemineda dintva, pn-umhordoiopa ®abad 1 pe avadidtaty.

e 'Evvoleg petarymyhs moxéTmv: 2owvi] avti SIUOLQOOoHEVS TTOQOYT], OTOTLOTIXT TOAMDTTAEET, VTOYMVIOHOG
€EO00V, EVTANIEVOT), E0MTEQMO UTAOXAQLOUOL, OVQEG, UTthoxrdgLopa og ovd (HOL), x00vodQouorhdynon, £Aeyyos
QO1g, xOYLHo dEOUOV avTi amoBreVOoNG-1aL-TIROMONOTG.

o [eveéc peTaymYEWV.

®  AQYLTEXTOVIXES EVTOEVTMOV: GOQOELES LUVIUES, OLAPUAAMUEVES UVTLES, LVTILES E OUOYELQIOL, TTOMMALTTAES OVQES
0€ nOLVO EVIALEVTT], OUQEG Y1A multicast. Tepaylopdg ®a AvoovYROAANOT): TAQOYT] HUTTAQMV, OVQES, ATTOQQLYT
TOHRETWV.

o AQYLTEXTOVIXES OVQMV: OVEES EEGDMV 1] oNUelmV dLOLOTAUQEWONGS, ROLVOYONOTOG EVIQUEVTIS, OUQES ELOOJWY,
0VQEEG elrovind eE60mV, eomteQurt] emtdyvvor (CIOQ), emddoels, x00ovodQOUOAOYNOT crossbar e OVEEG ELOVIRA
€EOOWV.

®  AQYLTEXTOVIXES OIUTVMV PHETAYWYNG: 0TAVQAYWYOS (crossbar), LETAYWYEAS TAQAMNAWY eMTES WV, TOAV A0
dintva, vegrPog, banyan, Benes, Clos, wayéa d6vOoa, TQ00aQUOaTIXT] SQOUOAOYN 0N, AVOOLATOEN TTAXETWY,
dintva pe 1 ywols eviapevtéc.

e 'Eleyyog 001g: 0TaTirOc/Ouvaurog, Le/Gvey ammAieidv, QNTtdg/VIovooIEVOS, (M- UE-AXOT/LOUATI-HOUKTL,
QUOUOC/TOTWOOELS, OLAXRQLTOS/0VA-00T), dQOHoAOYN O wormhole, QFC, dixtuva HeETAYWYNG UE EOMTEQLRY
omoBosieon).

e X00ovodQopurdynon yid moLdTITo VITNQECLMDV: TAXELC VAOTIO(NOY TQOTEQAUOTN TV, XURMXNG EEVTMEETNONG, RO
nurhi|c pe ovvteheotés faoove.

e Bihoyoaduxn) perétn virnot avalitnong oe mivares 0QOUOAOYNONG %Ol RATIYOQLOTOINONG 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.
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e Packet switching concepts: shared versus partitioned throughput, statistical multiplexing, output contention, buffering,
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;
wormhole routing, QFC, switching fabrics with internal backpressure.

Scheduling for QoS: fast implementations of priority, round-robin, and weighted round-robin.
¢ 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"
e Four (4) Credit Units.

Instructor, TA, Schedule:

e Instructor: Manolis G.H. Katevenis, Professor. HA-Tay: kateveni
e Teaching Assistant: Spyros Lyberis, Doctoral Student. HA-Tay: lyberis
e [ectures: Mondays and Wednesdays 5-7, in Room H208, and/or, occasionally, on some Fridays 5-7, in Room H206.

Electronic Communication:

e Primary Web Page: http://www.csd.uoc.gr/~hy534/

e ... oftentimes mirrored to: http://www ics.forth.gr/~kateveni/534/

e Katdroyos 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 % from the exercises (mostly) and from the general class participation and the paper presentations (to a lesser extent);

® 25 % from the midterm exam; and
® 50 % from the final exam.
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