




TCP Header

Source: https://de.wikipedia.org/wiki/Transmission_Control_Protocol#Aufbau_des_TCP-Headers

https://de.wikipedia.org/wiki/Transmission_Control_Protocol#Aufbau_des_TCP-Headers


FEC - Forward Error Correction

FED - Forward Error Detection

MAC - Medium Access Channel

IP - Internet Protocol

TCP - Transmission Control Protocol

Payload

e.g. 802.3an 10 Gigabit Ethernet

payload (1723 bits), redundancy (2048 bits)

e.g. CRC-32

payload (<see below> bit), redundancy (32 bit)

(<64 bytes: 8-bit CRC; <16K bytes: 16-bit CRC; <512M bytes: 32-bit CRC)

e.g. Ethernet:

preamble (8 byte), destination address (6 byte), source address (6 byte), length, 

payload (0 - 1500 byte), pad (0 - 46 byte), checksum (4 byte)

e.g. IPv4:

Version (4 bit), IHL - IP header length (4 bit), Total length in bytes (16 bit), …,

Protocol (8 bit), …, source address (32 bit), destination address (32 bit),

payload ((2^16 - sizeof(header)) byte)

Physical layer

Data link layer

Network layer

Transport layer

Applicat. layer

e.g. TCP:

source port (16 bit), destination port (16 bit),

sequence number (32 bit),  acknowledgement number (32 bit),

e.g. VIB (Very Important Bits) 
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TCP implementation
(Tahoe, Reno, Vegas, Cubic, ...)

Forward Packets to 

correct ports

Tahoe: Slow start until threshold; 

additive increase until packet loss; 

reset CW

Reno: Listen to 3rd dup. Ack; 

resend missing packet; divide CW 

and threshold in half

Vegas: use dynamic RTTs to 

manage outgoing packets

Cubic: Use cubic equation to 

calculate CW
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Database?

yes

Algorithms
- Distance-vector 

routing algorithm
(e.g. bellman-ford algorithm)

- Link-state routing 
algorithm
(e.g. dijkstra algorithm) 

is basis of

For my local 

network?

For me?

Forwarding table
(longest prefix matching)

Routing table

generates

yes

TC
P

 p
ac

ke
t

TC
P

 p
acket

no

yes

DHCP
(Dynamic Host
Configuration Protocol)

ask for IP address(           )
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routing algorithm
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algorithm
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DHCP, ggf. NAT
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for my local 
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ARP
(Address Resolution Protocol)

Step 1:
Ask for MAC

for given IP

Step 3: 
Send 

Packet to 

destination 

MAC

Is ARP 

response?

no

MAC algorithm
(ALOHA, CSMA, …)
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Byte stuffing

Character 
counting

Bit stuffing

Code violations

Odd / even pairity

CRC (Cyclic Redundancy Check)
e.g. 32-bit CRC

BCH codes
e.g. Hamming7,4

Convolutional code
encode using a state machine

Viterbi algorithm
decoding conv. codes

Turbo codes
e.g. multiple conv. codes 

Interleaving

ARQ
(Automatic Repeat reQuest protocol)
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Reed-Solomon codes

e.g. manchester encoding
_|-|_|-|__-|_|-|_|---|

Sliding window

systematic / non-systematic block codes

0011 | 1111

1100 | 0000

Code books
(Hamming distance)

decoded by

special case
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Attenuatio
n

Signal bandwidth Channel bandwidth

Distortion

Noise

SNR

Sampling

Data rate 
bit/s

Symbol rate (baud rate) 
baud/s

Nyquist limit
Max. Rate without bit errors < 
2H*log2(V)
H: Channel bandwidth
V: Number of unique Symbols

Shannon Limit
Max. Rate without bit errors < H*log2(1+ S/N)
H: Channel bandwidth
S: Signal power
R: Noise power

Baseband Broadband

BER

Constellation Diagram

Channel coefficient

Data rate delay product
Data in channel = rate * τ

Clock drift
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Buffer



Forwarding Table

Address prefix Outgoing link

222.123.32.0/24 1

222.123.0.0/16 2

Routing Table Cost

Destination 222.123.0.0/16 222.123.32.0/24

Outgoing

link

1 12 2

2 3 7

Additional information - Forwarding / Routing Table



ARP, Tannebaum, Page 468

Additional information - ARP
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multiplexing

Collision-based protocol Collision-free 
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Time 
slots

Frequency slots

ALOHA

Slotted ALOHA

CSMA
(Carrier Sense
Multiple Access)

1-persistent 
CSMANon-persistent CSMA

p-persistent CSMA

CSMA/CD
(… Collision Detection)

Static TDMA

Static FDMA

Bit-map protocol

Adaptive tree 
walk
(adjust number of slots
based on a tree structure)

Static 
multiplexing
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Collision-based protocol Collision-free protocol Limited contention protocols

Additional information -

MAC Sublayer 



Weg - Zeit - Diagramm
Weg

Zeit

packet time = packet size / data 
rate

ack packet time = ack packet size / data rate

delay

delay

data rate - delay - product:
max. number of bits stored inside channel

RTT

RTD


