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But, what ever happened to IPv5?

In the late 1970’s, a protocol named ST — The Internet Stream Protocol
— was created for the experimental transmission of voice, video, and
distributed simulation. Two decades later, this protocol was revised to
become ST2 and started to get implemented into commercial projects by
groups like IBM, NeXT, Apple, and Sun. Wow did it differ a lot. ST and
ST+ offered connections, instead of its connection-less IPv4 counterpart.
It also guaranteed QoS. ST and ST+, were already given that magical “5".

And now as the Internet clock ticks, our PCs don’t use IPv5. So we're
moving onto 6.

Zdroj: http://www.oreillynet.com/onlamp/blog/2003/06/what_ever_happened_to_ipv5.html



Narocnost komunikacie a vypoctu

Zhao, F. and Liu, J. and Liu, J. and Guibas, L. and Reich, J. Collaborative signal
and information processing: an information-directed approach.
Proceedings of the IEEE, vol. 91, no. 8, pp. 1199—1209, 2003.

It is well known that communicating 1 b over the wireless medium consumes far
more energy than processing the bit. For the Sensoria sensors and Berkeley
motes, the ratio of energy consumption for communication and computation is in
the range of 1000-10 000. Despite the advances in silicon fabrication
technologies, wireless communication will continue to dominate the energy
consumption of embedded networked systems for the foreseeable future [8].
Thus, minimizing the amount and range of communication as much as possible,
for example, through local collaboration, data compression, or invoking only the
nodes that are relevant to a given task, can significantly prolong the lifetime of a
sensor network and leave nodes free to support multiuser operations.”



Riadenie topologie

Ciel:

Vypocet vykonu vysielacCa tak, aby graf reprezentujuci ad hoc
siet splnal predpisané viastnosti.

Vlastnosti: suvislost, max. priemer atd.
Optimalizacia vzhladom na:

* max. spotrebu energie jedneho uzla
« spotrebu energie vsetkych uzlov



Max. spotreba a celkova spotreba energie

Max. spotreba: Min Max {pi}
Celkova spotreba: Min Sum {pi}

pi je spotreba energie uzla |

Max. spotreba alebo celkova spotreba?

Co je vhodnejsie?



Suvislost siete

Uzlova (hranova) suvislost je najmensi pocCet uzlov (hran),
ktoré musia byt odstranené z grafu tak, aby sa graf stal
nesuvisly.

Priklad: strom ma uzlovu aj hranovu suvislost rovnu 1.

Ak je uzlova (hranova) suvislost grafu rovna alebo vacsia ako
K, potom sa takyto graf nazyva k-uzlovo (hranovo) suvisly.

1-uzlova, 2-uzlova suvislost...






Suvislost siete

Algorithm CONNECT

M= (N, L) Input: (1) Multihop wireless network M =
N = uzly (N, L) (2) Least-power function A

L = koordinaty Output: Power levels p for each node that
uzlov induces a connected graph

)\(d) = funkcia begin

1. sort node pairs in non-decreasing order
of mutual distance

2. initialize |N| clusters, one per node

3. for each (u,v) in sorted order do

4.  if cluster(u) # cluster(v)
5. p(u) = p(v) = distance(u, v)
6. merge cluster(u) with cluster(v)
7 if number of clusters is 1
then end
8. perNodeMinimalize(M, A, p, 1)
end

Definition II.4: The least-power function A(d) gives the
minimum power needed to communicate a distance of d.

Zdroj: Ramanathan, R.; Rosales-Hain, R.; , "Topology control of multihop wireless networks using transmit power
adjustment," INFOCOM 2000. Nineteenth Annual Joint Conference of the IEEE Computer and Communications
Societies. Proceedings. IEEE , vol.2, no., pp.404-413 vol.2, 2000



Suvislost siete
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Fig. 1. Ilustrating side effect edges. Side effect edges are shown with
dashed lines. Legend for nodes is s—p, where s is the step nurnber,
and p is the power assigned during that step. Legend for edges is
d(s), where d is the distance between corresponding nodes, and
s is the step during which this edge was formed. Figure (a) is
per-node minimal, but in figure (b), the powers of A and B can
be reduced back to 1 and still keep the graph connected.

Zdroj: Ramanathan, R.; Rosales-Hain, R.; , "Topology control of multihop wireless networks using transmit power
adjustment," INFOCOM 2000. Nineteenth Annual Joint Conference of the IEEE Computer and Communications
Societies. Proceedings. IEEE , vol.2, no., pp.404-413 vol.2, 2000



Suvislost siete

Procedure perNodeMinimalize(M, A, p, k)
begin
1. let S = sorted node pair list
2. for each node u do
T={(ny,n) €S:u=mn; oru=nmny}
sort T' in non-increasing order of distance
discard from T all (z,y) such that
Ald(z,y)) > plu)
for (z,y) € T using binary search do

if graph with p(u) = A(d(z,y))

is not k-connected, stop
8. else p(u) = Ald(z,y))

end

Gl W

o

Zdroj: Ramanathan, R.; Rosales-Hain, R.; , "Topology control of multihop wireless networks using transmit power
adjustment," INFOCOM 2000. Nineteenth Annual Joint Conference of the IEEE Computer and Communications
Societies. Proceedings. IEEE , vol.2, no., pp.404-413 vol.2, 2000



Suvislost siete

Avalleg=5.075 Auvgleg=5.725 Augleg=15,6

N3 |ips=20d, Douns=1, Chngs=205 36 Ups=230, Downs=1, Chngs=231 36 Ups=814, Douns=130, Chngs=1004

Suvisla siet 2-uzlovo suvisla Bez riadenia topologie
Priem. stupen uzla=5.075 5.725 15.6
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Suvislost' siete: experimentalne vysledky
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CSMA s exponencialnym ¢akanim
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(c) Area 2 using 2NC MIN TOTAL algorithm
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Riadenie topologie: teoria

Model: (M, P, O)

M = {orientovany, neorientovany} graf

P = vlastnost (1-uzlovo suvisly, ...)

O = podmienky optimality (max. spotreba, celkova spotreba
energie)

Monotonna vlastnost: vlastnost P je monotonna, ak ostane
platna aj po zvacseni vykonu vysielaca, pricom vykony
ostatnych vysielaCov ostanu nezmenene.

Priklad monotonnej vlastnosti? Suvislost.
Priklad nemonotonnej vlastnosti? Graf je strom.
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Riadenie topologie: teoria

(neorientovany, P, max. spotreba)

(orientovany, P, max. spotreba)

Algoritmus ma polynomialnu Casovu zlozitost, ak monotonna
vlastnost P mo6ze byt otestovana v polynomialnom Case.

(neorientovany, P, celkova spotreba)

(orientovany, P, celkova spotreba)

Ak podmienka optimality je celkova spotreba, potom problem
je NP-tazky.
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L EACH: Low energy adaptive clustering
hierarchy

« Uzly sa organizuju do zhlukov s lidrom
* Lider posiela komprimované data do zberného uzla

Mnozina uzlov si zvoli n lidrov a tito posielaju data do
zberného uzla (s pripojenim na Internet atd.)

Algorithm and figures source: Heinzelman, W.R.; Chandrakasan, A.; Balakrishnan, H.; , "Enerﬂy-eff_i_cient communication protocol
for wireless microsensor networks,"” System Sciences, 2000. Proceedings of the 33rd Annual Hawaii International Conference
on, vol., no., pp. 10 pp. vol.2, 4-7 Jan. 2000
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LEACH: fazy

0
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Situacia po 1. kole, po 2. kole.
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LEACH: fazy

« Uzol sa stane lidrom, ak x < T(n), kde x je nahodné Cislo
(0.0, 1.0].

* P je planované % lidrov z populacie uzlov, r je terajsie kolo,
G je mnozina uzlov, ktoré neboli lidrom poslednych 1/P kol.

« Kazdy uzol, ktory sa v terajsom kole zvolil za lidra, oznami
tuto skutoCnost’ cez broadcast (CSMA).

 Uzly, ktoré boli zvolené za lidrov, nemozu byt lidrom
najblizSich 1/P kal.

« Kazdy uzol sa rozhodne do ktoreho zhluku bude patrit’ podla
sily signalu lidrov.

( P . _
T(n)={ T Prrmodf) ifneG  r=0,1,..

0 otherwise

\
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LEACH: fazy

« Kazdy uzol musi informovat lidra, ze patri do jeho zhluku.
« Lider zhluku pouzije TDMA pre komunikaciu s uzlami zhluku.

* Uzol moéze vyuzit mod spanku, ked podla TDMA nemusi
komunikovat.

 Hierarchicke zhlukovanie je mozné.

19
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Distribuovany algoritmus, kde uzly robia lokalne rozhodnutie o
pripojeni k preposielacej chrbtici alebo o0 mdéde spanku.

Uzly sa rozhoduju podla toho, kolko ich susedov bude
pripojenych, ak sa stanu koordinatorom, a tiez podla
ostavajucej energie.

Algorithm and figures source: Chen, B. and Jamieson, K. and Balakrishnan, H. and Morris, R. Span: An energy-efficient

coordination algorithm for topology maintenance in ad hoc wireless networks, Wireless Networks, vol. 8, no. 5, pp. 481-494,

Springer, 2002.
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SPAN: kto sa stane koordinator

Uzol, ktory nie koordinator, sa stane koordinatorom, ked
zisti na zaklade lokalnej informacie, ze dvaja z jeho
susedov nie su navzajom dosiahnutelni.

Algoritmus negarantuje minimalny pocet koordinatorov.

Umysel stat’ sa koordinatorom je oznameny cez Hello
spravu.
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SPAN: kto sa stane koordinator

Uzol, ktory ma maly pocCet susedov a/alebo nizky stav batérie
by sa nemal stat’ koordinatorom, resp. mal by sa stat
neskorsie.

Nech Ni je pocCet susedov uzla i a Ci je poCet parov susedov,
ktori by boli pripojeni, ak sa i stane koordinatorom. Potom:

0<Ci < (%)

UzitoCnost uzla i je definovana ako:

Ci/(y)
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SPAN: kto sa stane koordinator

Nech E: je zostatkova energia (J) na uzle i a Em je max.
energia tohoto uzla. Intuitivhe rozhodnutie je, ze uzol, ktory
ma pomer Er /Em vysoky, bude mat vacsiu Sancu stat sa
koordinatorom. Toto m6ze byt modelované nekonecnym

pocCtom funkcii, jedna z moznosti je linearna funkcia 1 — E+/Em.
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SPAN: kto sa stane koordinator

Oneskorenie s ktorym sa uzol i stane koordinatorom:

lel ((1 E")+(1 ¢ )+R) N: x T
Herddy = — — — - A AT 4 .
| Em (%) |

Ni. poCet susedov uzla i

Ci: poCet susedov uzla i, ktori budu dosiahnutelni ak sa uzol i
stane koordinatorom.

R: nahodné cislo (0.0, 1.0>

Er: zostatkova energia uzla i

Em: max. energia uzla i

T oneskorenie datového paketu na linke (medzi dvoma
uzlami)

Kazdy uzol si zvoli hodnotu Cakania (delay) po ktorej oznami
pomocou Hello, ze je koordinator.
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SPAN: ukoncenie

Kazdy koordinator pravidelne testuje, Ci by nemal ukoncCit
svoju Ccinnost. Uzol prestane byt koordinatorom, ak kazdy
jeho sused je navzajom dosiahnutelny inym koordinatorom.

26



1000 B + + + ]

800

600

400

N iy

200

4+ 1

0 200 400 600 800 1000

Uzly, ktoré nie su koordinatormi mozu vstupit do modu
spanku.
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802.11 PSM; PSM = power saving mode (mod spanku s
periodickym overenim potreby poslat data)
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Cisco 9300 Switch

6x QSFP+ (40Gbit)
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Cisco 2130 Firewall
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Opticky kabel
2,4, 8, 12...stovky vilakien

Patch panel

Pig tail

=
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Cisco Wifi Controller
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Live otazky a odpovede su planované cez Discord.
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