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CS-534: Packet Switch Architecture

Ewsayoywko Enpeiopa (Introductory Note):

To pébnuo avtd Ppioketor avapeco oto "hardware" kot oto "diktva"'. AcyoAeital PE TNV OPYITEKTOVIKY TV
petayoyémv (switches) kot dpoporoyntdv (routers) mokéT@v, TOV oKDV ABmv onAadn omd Tovg omoiovg
Kataokevaloviol ta onpepwd diktva VYNANG tayvtntag. Evd maAatdtepa ot dopkoi avtoi AiBot floov cuvnbmg
VIOAOYIGTEG YEVIKOD GKOTOV OV EMETVYYAVAV TN SPOLOAOYNON HEG® AOYIGULKOV, GHUEPA --OTIC WYNAES ToOTNTEC-- M
vrootpiEn and gdtkevpévo vVAKO (hardware) €xel kataotel avaykaio. Eva onpovtikd pépog tov pobnuatog éyet pudy
avaroyia Tpog v "apyrtektovikny vworoyotdv" (HY-425): efetdlel tv opyavmon Tov yneok®v KUKAOUATOY TOv
VAOTOOUV TOVG UETUY®YEIS, TNV CGAANAETIOPOOT TOV KUKAOUATOV QUTOV HE TO AOYIGUIKO KOl LE TO TOKETO 71OV
SPOLOAOYOVV, TIC EVOMMOKTIKEG OPYITEKTOVIKEG KOlL TO KOOTOG kol Tnv emidoon kobeuds. Eva dAho pépoc tou
pobnuatog egetdlel Oépata tomoroyiag Tov diktvov dlacvvdeong. To pdbnuo peretd pe 660 10 dVVOTOV O VN0
TPOTO TN doun TV evepymVv otoryeiov Twv diktowv SAN, LAN, MAN, WAN, tov Internet, Tov SiktdHmV ynolokng
TNAEQ®VING, KOl TOV SIKTV®OV S10.6VVIECT|G TOAVENEEEPYOTTMV, AVAOEIKVOOVTAG TNV KO Bdon Tiom o' OAeg anTég TIg
QOIVOUEVIKA OVOHOLEG --0AAD GLYKAIVOLGEG-- TEYVOAOYiEG emKowvmViog. MeleT@viol Thvimg POVOV Ta JIKTLO TOL
amoteAOVVTOL and GVVOESHOVG onueiov-tpog-onpeio, piog katevBuvong (unidirectional, point-to-point links), kot oyt
diktvo kowodypnotov pécov (shared medium) émwg ot acOppateg emkowvavies. Emiong, n éueaon sivar kouping ot
LETAY®OYT] TOKETOV, Kol AYOTEPO OTNV (CYETIKE OTAOVGTEPT) LETOYOYT] KUKAMUATMV.

Course Content -- Ilepreyépevo Tov MaOnpatoc:

[(@) in Greek:] H apyrtektoviki Tov vikov (hardware) tov petayoyéov (switches) kot dpoporoyntav (routers) Tov
SIKTHOV TOKET®V VYNANG TOOTNTOG.

® YHVOEGLOL KO 1] TOLPOYT TOVG: GNUELO-TTPOG-CNUELD AVTL KOWOYpNOTNG apTNPpiog, CEPLKOL, ToPEAANAOL.

¢ Metaymy KUKA®UATOV: TOADTAEEN daipeoTg XpOVOU, LETAYWOYN XPOVOL/XDPOV, TOAVTAEKTEG
TpocOnKNnc-apaipeons, avtiotpo@n TOAVTAEEN, ToAVETITESD OiKTVA, UN-UTAOKAPIGHA KaBapa 1 e ovadldtasn).

® 'Evvoleg HETAY®MYNG TOKETMV: KOV OVTL SLOUOIPUCUEVNC TAPOYY], OTOTIGTIKN TOAVTAEEN, avTay®viopuog 5600,
EVTOUIELOT), E0MTEPIKO UTAOKAPLIGLLO, 0VPEG, pmhokdpiopa o ovpd (HOL), ypovodpopordynon, Eleyyog pong,
KOWLHO dpOpoL avti amobnKevong-Kal-Tpo®ONoNG.

® [eveés petoywyémv.

o Yo avalftnong o€ TivoKeg SPOHOAOYNONG KOl KATIYOPLOTOinong pody.

®  ApPYITEKTOVIKEG EVIOLELTAOV: PAPIEIEG LVILES, SLUPUAADUEVEG LVILLEG, LVILLEG LE OpLOYELPiN, TOAAATAES OVPEC
o€ KOO eVTOIELTY, 0VPEG Y16 multicast. Tepaylopog kot ovacVyYKOAANGT: TaPOYN KLTTAP®Y, OVPES, AmOPPIY
TOKETOV.

®  ApyITEKTOVIKEG 0VPDV: 0VPEG €£00MV N onpeiov dtouotadpmang, knock-out, KOwdypNoTOG EVIOUIEVTHG, OVPES
€1600mV, 0VPEG eIKOVIKA £E60mV, ecwtepikn emttdyvvor (CIOQ), emddoels, ypovodpopordoynon crossbar pe
0VPEG EKOVIKA €60 MV.

®  ApytekToviKEG SIKTVMOV PETAY®YNG: crossbar, Tolvenineda diktva, vepkvog, banyan, Benes, Clos, mayéo
d€vdpa, TPOGUPHOCTIKY SPOpHOAGYNON, avadldtaln makétav, dikTva TaEvounong, diktua pe 1| xopig
EVIOUIEVTEC.

o "Eleyyog ponfic: 6ToTikdC/SuVa KOS, PLe/Gvey anTmAEI®Y, prTOS/LTOVOOVUEVOS, AKPT-LLE-GikpT)/KOUATI-KOUATL,
puOud/mioTdoELg, adidkpitog/avd-por, dpopordoynon wormhole, QFC, diktvo peToy®yns e E0OTEPIKN
omicBomieon.

e Xpovodpoproynom yid ToldTNTa VITNPECIOV: TAYEIN VAOTOINGT TPOTEPALOTNT®Y, KUKMKNG ELANPETNONG, KoL
KUKAIKNG e oLVTEAESTES BApOvg.

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

¢ 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, internal blocking, queueing, head-of-line blocking, scheduling, flow control, cut-through versus
store-and-forward.

e Switch generations.

® Routing table lookup and flow classification hardware.

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, knock-out, shared buffering; input queueing, virtual output
queueing, internal speed-up (CIOQ); performance, crossbar scheduling under virtual output queueing.
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e Switching fabric architectures: crossbars, multi-stage networks, hypercube, banyan, Benes, Clos, fat trees,
adaptive routing, packet resequencing, sorting networks, buffered versus bufferless fabrics.

¢ 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.

e Scheduling for QoS: fast implementations of priority, round-robin, and weighted round-robin.

Position in the Curriculum:

e Computer Science Graduate Course.
e Thematic Areas:

o A: Microelectronic Systems Architecture

o B: Computer Networks and Digital Communications
* Prerequisites:

o (CS-225 "Computer Organization", and

o (CS-335 "Computer Networks"
e Other useful background:

o (CS-425 "Computer Architecture"

Four (4) Credit Units.

Instructor:

e Manolis G.H. Katevenis, Professor. HA-Tay; kateveni

Teaching Assistant:

e Nikolaos Chrysos, Graduate Student. HA-Tayy: nchrysos

Teaching Schedule:

e Lectures: Mondays and Wednesdays, 11:15 - 13:00, B-211.

Electronic Communication:

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

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

e Kotdroyog 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 (plus few lecture notes) by the instructor, available on the web.

¢ Some reading material from the book: S. Keshav: "An Engineering Approach to Computer Networking",
Addison Wesley, 1997, ISBN 0-201-63442-2.

e Other bibliography: http://archvlsi.ics.forth.gr/~kateveni/534/04a/bibliography.html

Grading:

20 % from the exercises,

10 % from the paper presentations and the general class participation,
25 % from the midterm exam, and

45 % from the final exam.
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