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Oswpia Aloha/Slotted Aloha
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MNapadeypa Slotted Aloha

O<na 6

‘Eva cvotnuo ALOHA pe oypopég (Slotted ALOHA) £yer pévo dvo ypiotec, A xou B. O B
oev akolovfel To mpoTOKOALO axkpiPide, dAAd mpoomabel va eKMEUMEL GUVEYDS, AL LE
mBavomra p = 0.4 oe kaBe oyioun (yro va ehayiotomomBei | mbavotnTo GUYKPOLGEMV).

A Tloia sivor 1 mBavomTa 1] 0mOGTOAN TAKETOL OO TOV A vo €ivol EMTLYNG TNV TPOTN
popda;

B Ilow eivor n mBavomro 1 ekmopm) tov A va eivor emrtoymc petd amd oxkpifoc k
cvykpovoelg (makétav Tov A kol B); Yrokoviote tnv mbBavomra yia k=3. [[lapatipnon: dev
Hoc evola@Epel mOTe okpIPdC ekméumel o A, OnNA. 6e mMOGEC GYICUES LETA TNV TPOTYOVLEVT)
LLETA000T] PeTaoioel Kol maAl. AmAd petpdpe k (01000y1kéC) OMOTEIPES MOV KOTOAYOUV GE
GUYKPOLGT| TPV OTTO TNV EMLTUYT LETAS00T. |

C ITowog eival o avopevopevog aplfpog mpoctabeldv Tov A mOov omolTeiTol Yo T emTLYN
LLETAO0GT) EVOC TUKETOL TOL (GOV GLVAEPTNGI] TOL P Kot APOUNTIKG);
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A. H mBavomnta va exnéunel 0 B xanmow ypovikn oy eiva p = 0.4, apo 1 mBavotnta n
amoGTOA amd Tov A va eivarl emruync eivor va unv ekméunet o B, onAaon

p=1-p=06.

EAMN/NAH22/AGH.3/4n
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B. H mbBavomta va petagepbei Eva moxéto cmotd e v tpodtn npocndbeia eivar p = 0.6,

ie mv oevtepn etvan (1-p ) p.pemyv i (1-p ) (1-p ) p ... omdte pe v k nmpoondbeia
glvan

1-p) p

Av k=3 téte (1-7))’ p =(1-0,6)" -(0,6)=0.4".0,6 = 0.0384

EAMN/NAH22/AGH.3/4n 11
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O avopevopevog opOuoc Tpocmodsidy Tov A MOV OMOITEITHL Y10 TI) EMITLYN UETAO0CT £vOQ
TOKETOV TOL £ivVOL;
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ZuvOnKn aviyveuong cuyKpoUGEwWV

oto CSMA/CD
‘Evapén petadoong A KOWOC S8lauAoC C B
A->C
(OA|,l€t05L5EE& N et > Aiavdog . .
napakoAouBei T AiavAog HEYLOTO UNKoG Soavr Evapén petadoong
Kad) adpavrg aopavns  g5c (O B petadidel &

- NapakoAovOEel To KavaAl)
\\\A ‘/
TRANSP,
A
PROP,
Y
A
\\V PROP_;=PROP,
TRANSP,
OA / OB
avtlhappaveron ouykpouan avtdapBéveral
™ olykpouon T cUyKpouon
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\
Mo va pnop€oet o anootoA£ag va avtiAngOel tn cuykpouon (evw petadidel to mAaioio)
Oa ntpéneL TRANSP 2 2 PROP

Xelpotepn nepintwon: O C tavtileton pe 1o B (eival otn péylotn dSuvathy andéotaon oo tov A)
TRANSP22PROP,,, (HEyLoTOG XPOVOG SLAd00NG €VOG bit end-end) 14



Noapadeypa CSMA/CD

OLEMA 4

X1oyos s doxnons sivoi n eCoixeiman e to Tpwtoxolio. CSMA/CD

Aixtvo CSMA/CD pe togrdmnta petadoong 200 Mbps amoteAdeiton amo 4 Tpijpata opoafovikov
kaAwdiov punkovg 1 Km 1o xabéva ta omoic ovvdéovtoan petadd toug pe emavainmres. H
TayVuTTa diddoans ato keehwdio eivar 200000 Km/sec ko 1) kaBuatépnon mov ewodyet o kale
gmavaAnmng eivae 5 psec.

A. I[To10 to eA@yoTo P kog mAaciov;
B. Zto diktvo cuvdeovtan 80 otabpoi ava tpnpa kot petadidovron mhatow pjkoug dSimAaciov Tov
shaylotou. [léca mAaiowa pmopel va oTeiAel Katd peco 6po kabs otabuog to SsutepoAento;

EAMN/MAH22/AOH.3/4n
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A.

To eAdyioTto pnxog mhaiaiov oto CSMA/CD mpémet va eivan 2*PROP. Zuvenwg, eqpocov To prkog
Tou kaAwdiov L=4Km, PROP=4Km/200000Km/sec + 3*5 psec =>PROP=35 psec =>2*PROP=70
lsec.

TopotnTa petadoong R=200Mbps

Zuvenwg, Fmin=2*PROP*R=14.000 bits

EAMN/NAH22/AGH.3/4n
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B.
F=2*Fmin=28000 bits
n=1/(1+5%a)=1/(1+5*PROP/TRANSP))=1/(1+5*35/140)=1/2.25=0.444

An6boon=n*R=0.444*200Mbps=88.88 Mbps

Anodoon/otabuo= anodoon/(4*80)=277.77 Kbps=> Anodoon/otalpo (oe maketa
[sec)=277.77 /28=9.92 packets/sec

EAMN/NAH22/AGH.3/4n
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Network with hosts, H1, H2,
+several routers
NET layer in H1

— takes segments from transport
layer , encapsulates each into a

o

.

i

- " National
datagram (network-layer packet), lational or
— sends the datagrams to nearby Mobile Network o s S
router, R1. ..
At H2, the NET layer v 7= 7=
— receives datagrams from router @ i = Sp—
RZ, — = Data link
End system H1 Router R1 Physical
— extracts transport-layer soplication Q — o
segments, Transport B —— | Datalink =< <
) Network \% Physical = ' Network
— delivers the segments the Data link 2 = = Relg-;?(c)?lla(I)TSP S e
transport layer at H2. Physical Home Network Physical
. Network
Role of routers : forward outer [ Dot ine Router R
datagrams from input links to switch Physical Network
. Data link
output links. - . =< Physical
truncated protocol stack, no upper = e S ><
layers above the network layer | 3 C A j End system H2
== \gs Application
routers mostly do not run " @ » g : Transport
application /transport-layer = & @@ J oo
Data lin
protocols Enterprise Network Physical
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Spanning Tree Algorithm:
Details

« Each bridge sends periodic configuration messages

+ (RootlD, Distance to Root, BridgelD)
» “| am BridgelD, the Root is named RootID, I'm X hops away”

+ All nodes think they are the root initially

« Each bridge updates route/Root upon receipt
+ Smaller root address is better, then shorter distance
+ To break ties, bridge with smaller address is better
+ Record best config heard via each port

+ Rebroadcast new config only to ports we're “best”
+ Don’t bother sending config to LANs with better options
+ Add 1 to distance, send new configs where still “best”
+ Only forward to ports to route or where we're best

EAMN/NAH22/AGH.3/4n
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/\-
Spanning Tree Example @

« Sample messages to and from B3: A

i 5
i B3 sends (B3, 0, B3) to B2 and B5 \j -~ / E
. B3receives (B2, 0, B2)and (B5,0, = — BY -
BS) and accepts B2 as root N D 5
B K
= B3 sends (B2, 1, B3)to BS (9 (T/
. B3receives (B1, 1, B2) and (B1, 1, E

BS) and accepts B1 as root

B3 wants to send (B1, 2, B3 ) but [ B1
doesn’t as its nowhere “best’

= B3receives (B1, 1, B2) and (B1, 1, G H
B5) again and again... .

5
o \Bo/ B4
Data forwarding is turned off for LAN A |
J

EAMN/NAH22/AGH.3/4n
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MNapadeypa IP fragmentation

No Bewpnocete eva UDP moketo unkovg 1472 bytes (H emikepoAioo tov emmEdOL
UDP 1covtot nue 8 byte) to omoio mpenet va petaoobel e eva IP oiktvo e peyebog
MTU 1280 bytes. Na vroioyicbet o apiBuoc tov IP moketmv mov Ba petaooBovv
onm¢ kot ta weola Fragment ID, Offset kot Flag More Fragment yio xafe IP moketo
TOL LLETUOIOETUL.

EAM/NAH22/A0H.3/4n
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IPv4 Datagram format

32 bits
|
| |
. Header :
Version Type of service Datagram length (bytes) 4
length
16-bit Identifier Flags 13-bit Fragmentation offset 38
20 bytes
IP header U
. pper-layer
Time-to-live protocol Header checksum 12
32-bit Source IP address 16
32-bit Destination IP address 20
Options (if any)
UDP header +
UDP data
Data
payload » EAN/MAH22/AGH.3/4n 23
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YrtoAoylopog IP packet size

Av IP packet size > MTU=>Fragmentation

IP Packet size: 20+1472+8=1500 bytes >1280 bytes (MTU)
Fragmentation:

To IP layer Ba énuioupynoet 2 IP packets

KaBe fragmented packet ektog tou teAeutaiou Ba €xel ToAAamAdoLo Twv 8
bytes payload kat peyeboc pikpotepo tov MTU.

IP Packet 1 / MTU

IP header=20 bytes=> Payload=1280-20=1260=>1260/8=157,5 (Bewpolpue
10 peyaAutepo aképalto floor(157,5)).

Payload size: 157*8=1256 bytes. Total IP packet size= 20+1256=1276
bytes.

IP Packet 2

IP header=20 bytes=> Payload=Initial payload-1°%t IP packet payload= 1480-
1256=224 bytes. Total IP Packet Size= 20+224=244 bytes



* MTU=1280 bytes

il
<

IP Datagram

.

/ 20bytes - 8bytes’

IP
Header

20’bytes

IP UDP
Header Heade

Fragment_ID
Offset

Flag More Fragment O

IP
Header ‘
1256 bytes 20 bvtes 224 s
) /Jr‘ (244 bytes) —*
1 Fragment_ID 2
0 Offset 157
Flag More Fragment 1

EAMN/NAH22/AGH.3/4n
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Napadewypa IP routing

1. No Bsmpnoete £vo OpOLIOAOYNTI] O OTTO10C £7E1 TOV KUTUYMPNUEVES TIC TUPUKATO EVYPUPAEC
Subnet Number Next Hop
128.96.39.0/25 Interface 0
128.96.39.128/25 Interface 1
128.97.0.9/16 R2
193.96.39.0/25 R3

No Ppeite 10 next hop. av Bsopricete 011 0 router AopPavet IP mokéto ywo kdbe o omo TIC
nepTMGElS (N S1KO10AOYNGETE TV UTAVTI|GT) GOL)

a) 128.96.39.132

B) 193.96.39.34

v) 128.97.40.32

EAMN/NAH22/AGH.3/4n 26
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Subnet Number | Next Hop
128.96.39.0/25 Interface O
128.96.39.128/25 | Interface 1
128.97.0.9/16 R2
193.96.39.0/25 R3

128.96.39.0/25 -> subnet mask 11111111.11111111.11111111.10000000=255.255.255.128
128.96.39.128/25-> subnet mask 11111111.11111111.11111111.10000000=255.255.255.128
128.97.0.9/16 -> subnet mask 11111111.11111111.00000000.00000000=255.255.0.0
193.96.39.0/25 -> subnet mask 11111111.11111111.11111111.10000000=255.255.255.128

Each destination address is AND’ed with the respective subnet mask

128.96.39.132
255.255.255.128
result

10000000.01100000.00100111.10000100
111171111 .11111111 117111111 .10000000
10000000.01100000.00100111.10000000=128.96.39.128 ->Interface 1

193.96.39.34 AND 255.255.255.128 =
=193.96.39.00100010 AND 255.255.255.10000000 = 193.96.39.00000000=
=193.96.39.0 ->Interface O



Subnet Number | Next Hop
128.96.39.0/25 Interface O
128.96.39.128/25 | Interface 1
128.97.0.9/16 R2
193.96.39.0/25 R3

128.97.40.32 AND 255.255.255.128 =
=128.97.40.00100000 AND 255.255.255.10000000=128.97.40.00000000=128.97.40.0

128.97.40.32 AND 255.255.0.0 =
=128.97.40.00100000 AND 255.255.00000000.00000000=
=128.97.0.0

Longest Prefix matching: ->R2



IP header Checksum

* Check sum: XpnotuormolLeital yLa tTnv avixvevon Aabwv
otnv eniikedpaAida tou IP datagram
— (xpnowuomoteitatl kat o€ AAAOUC TUTIOUC TIAKETWV/TIALCLWV
oc aAAa OSI entineda )
* AmnootoAgac: YrnioAoyilel to checksum ko to
nPoocBeTeL oTto O)XETLKO Ttedio TNC emikepaAidac.

* [lapaAnming:
— YmnoAoyileL ek veéou to checksum kot To ocuykplvel e TNV TN
TTOU UTTAPXEL OTO OXETIKO Tedlo

— (loobuvapa) ABpoilel OAa ta edial TN erkepaAidac (ko
1o checksum field) kat eAeyxel av To amoteAeopa eivol O.



Checksum of IP header

0 4 8 16 19 31
Version| {ieee Service Type Total Length
|dentification Flags Fragment Offset
ol B e |
W Protocol :

Header Checksumj

Source IP Addr
Destination |IP Addr

Options Padding

To IP header checksum AapBavel umoyn povo ta Bytes tng
emukepaAidoac. To Tunpa Sedopevwy (TTou ouoLlaoTLka TtephapBavel
gval TCP 1 UDP segment €xel Eexwploto —aveaptnto- LNXOVIOUO
urtoAoyLopou checksum (oto emninedo petadopac )

EAMN/NAH22/AGH.3/4n 30
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Napadewypa: Eotw n AndOeioa IP header
4500 003c 1c46 4000 4006 ble6 acl0 0a63 acl0 0alc

N

0 4 8 16 19 31

KaBe dekaeledko Pnodio aviiotolyel og eva 4-prmto Suadiko aplBuo
1t.X. source IP address a c.1 0.0 a.6 3=
1010 1100.0001 0000.0000 1010.01100011=172.16.10.99

EAM/NAH22/AOH.3/4n
023/15.03.2014/N.Anuntpiou
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AvaAvon IP header (yia to mapadeypa)

* H mnponyoluevn eriikepaiida (hexadecimal)
4500 003c 1c46 4000 4006 ble6 acl0 0a63 acl0 0alc

45"
— 4" ->|P version, '5' ->header length. MéyeBoc header 5x4=20 bytes.
* 00’ :type of service / normal operation.

e ’003c’ : ZuvoAwko pnkog IP datagram.

— Xtnv nepintwon tou napadeiypatog eivat 60 bytes
(003 c=0x16%+0 x 163+3 x 16+c x 16°=48+12=60)

 ’1c46' : identification field.

* ’4000' avtiotowel og 2 bytes (16 bits) yia tn Stadikaocia fragmentation.
— 3 bits ywa flags kat 13 bits yia fragment offset.

 ’4006":
— 40" -> TTL field, ‘06’ -> protocol field of the IP header (06->TCP).

* ‘bleb’: checksum UTtOAOYLOMEVO OTTO TOV AIMOCTOAEQL

* ‘acl00a63’: IP address amootoAEa

* ’acl00a0c’ : IP address mapaAnqmen.



IP header checksum -rtapadetypa

Biua lo
e Anuloupyla ypappwy mou arnoteAovuvtal amno 4 166wa pnoia (‘uon’
ypapupn tou IP header-2 duadwka bytes)

* Metatpor hex -> binary (kaBe 1651k6 Yndlo petatpenetal otov
avtiotolyo 4-urtto duadiko)

45680 -> 0100810160080006
@@3Cc -> Q0PPERPRER1111006
1cd6 -> eeellleeeleeelle
4000 -> 0100000000000000
4086 -> 010006000001 16
Beee -> PDBOORERBBOREBBBE To checksum mebdio tiBetal ico pe 0
acle -> 1elelleeeeplone
@a63 -> @eeeleleelleesll
acle -> 18l18l1l1e0edeladbe
@a@c -> QePeloleerrellee



BApa 20

TeAwka
KPOTOUMEVA

AN

ABpolon OAwV TWV YPOUUWY
,1/ LLE KPOTOUEVA

A;XIX XY xrxx
AYT LYY XYY XYY A

-orooozozoooooooo.
-oooooooooozzzzoo.
-oooIYZooorooozxo'
-ozoooooooooooooo'
.0100000000000110-
'0000000000000000' OT21503 205N Areelas
.1010110000010000-
'0000101001100011-
-1010410000010000. Evéidueco

omotéAeoa
'000010100000/1100./

11,0100111000010111.

_________________________



BApa 30

ABpolon TwV TEALKWY KPOTOUMEVWY OTO ATTOTEAECUDL

EvSLapeco 1’ TeAwkd
OLILOTEAECLOL TTPONYOULEVNG < KpatoUpeva

ditadaveiac 1 1/ /1/ 1/ TLPONYOUMEVNG
Stadaveiac
01001110000104 71

0100111000011001 @ Tehxko anotéAecpa

ZUMITANPpWHA WG TtPOC 1 TOU TEALKOU OIMOTEAECHATOC

9
1011000111100110 = checksum

b 1 e 6 ¢mm Metatponi o Sekae§adiko
0 4 8 16 19 31
Version 'E:r?gf;']r Service Type Total Length ZUVKPW’? HE TO checksum rou
Identification Fle:gs_ .ng.mfnf O_ffs.et/ b1e6 EL'XE HpOGl?léGEL O O(T[OGTOAéO(C
W Protocol  y Header Checksum _ OTO O)XETLKO rtebdlo.

Source IP Addr | Eival ioa, apa oto header bev
Destination IP Addr QVIXVEUETOL OQaAua
EAM/NAH22/AGH.3/4n
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