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< Simulation Case >
trans_time_and_prop_delay.xtpl
trans_time_and_prop_delay _comparison.xtpl
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fEAS & (Transmission Time) S{E&BAYIE (Propagation Delay)
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| \r | | 4 |
| | !
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| | | |
| | ! |
| |
| N~ |

Tx Start Frame —>
Tx Endi Frame

T4
Frame —

1
1
1
1
1
1
i T3
Rx Start Frame !—>

Transmission Time=T2-T1=T4-T3 Rx End
Propagation Delay=T3-T1=T4 -T2
Frame Delivery Time = Rx End — Tx Start = T4 — T1 = Transmission Time + Propagation Delay
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TFEE R (Transmission Time)
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| |

g @

Tx Start Frame —
Tx Endi Frame

12
—

Sending Host’s Interface Data Rate = X Mbps = (X * 1076) bps E.g.,

Frame Size = Y bytes = (8 * Y) bits If X=10and Y = 1000,

Transmission Time = T2 — T1 = (8*Y)/(X * 10”6) sec Transmission Time = (8*1000)/(10 * 10”6)
=0.0008 sec 7
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ITFEE R (Propagation Delay)
Sending —'TUTL‘LHT\—> __ Receiving
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S

1
1
Tx Start Frame —> i
1

1
i Rx Start Frame E—>

Signal Speed over the Medium = S meter/sec E.g.,

Distance between Sending Host and Receiving Host = D meters If S=(2 * 1078) and D = 200,

Propagation Delay = T3 - T1 = D/S sec Propagation Delay = (200)/(2 * 1078)
=0.000001 sec 8
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Time) < fZ3&BYZE (Propagation Delay)
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< Simulation Case >
end _to_end_delay.xtpl

end _to_end_delay trans_time_dominates.xtpl
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e e e

End-to-end Delay = Sending Host’s Kernel/User Space Processing Delay (e.g., Protocol, Scheduling, Queuing, etc.)

1 1

1

I 2l I B 2E (End-to-end Delay)
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11

TCP/UDP
Header

Data LLC / MAC — Hardware

T PHY

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
ARP |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

+ Transmission Time + Propagation Delay
+ Receiving Host’s Kernel/User Space Processing Delay (e.g., Protocol, Queuing, etc.)

Round Trip Time (RTT) = End-to-end Delay from Host A to Host B
+ End-to-end Delay from Host B to Host A
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E A 8] (Transmission Tlme) < %Eéﬁji (Propagation Delay)

User
Space
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Space

Hardware —|
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Network
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TCP / UDP

IPva / IPv6

Device Driver
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Card (NIC)
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TCP
Header
UDP
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Header | P3ta
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Header
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Device Driver

S

If ignoring kernel/user space processing delay
and transmission time << propagation delay,

Tx Start

12

Frame

Frame

propagation delay dominates end-to-end delay.
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E A 8] (Transmission Tlme) > %Eéﬁji (Propagation Delay)

Sending
Host ._.-_
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.rz_:,' Host

User Network
Space Applications .
/ e [ —

Kernel

space —] [V ATV

Device Driver

Network User
. Applications Space

Kernel
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Device Driver
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Card (NIC) Card (NIC)
Hardware — LLC / MAC LLC / MAC — Hardware
_________ S EEE— PR fv———— N
i1l :
Tx Start Frame —> i
/] 1
; T3
Rx Start ! Frame -
H . T2
Tx End Frame !
. . . : T4
If ignoring kernel/user space processing delay Rx End Frame

and transmission time >> propagation delay,
transmission time dominates end-to-end delay.
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__________________________ : |

End-to-end Delay from Sending Host to Receiving Host

= Point-to-point Delay from Sending Host to Router

, .
+ Router’s Forwarding Delay
+ Point-to-point Delay from Router to Receiving Host
15
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=5 #%mi8 (Encoding) 518Z (Modulation)
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w3/ 8 15 (Encoding/Decoding)
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A2 /821 (Modulation/Demodulation)
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o TE—7 Frame WZFEL (Field) & - BEEBEZL (Header) ~ IR &, (Data
Payload) 5 Frame @59 /5| (FCS, Frame Check Sequence) °

o FCS FERFTIEMIEE - Tl F CRC (Cyclic Redundancy Check) EARIER LS
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< Simulation Case >

pass_through_and_store _and_forward.xtpl

wired_signal_collision.xtpl
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o] &I T 2615 S EEVETE 1R ?
o TE— Frame WFEX (Field) & BB SAIKL (Header) ~ Z3EM L (Data
Payload) 5 Frame @5 %!l (FCS, Frame Check Sequence) °
o FCS FERFTIEMIEE - Tl F CRC (Cyclic Redundancy Check) EARIER LS
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< Simulation Case >
antenna_gain_pattern.xtpl

wireless_link_recv_sensitivity.xtpl

wireless_signal_collision.xtpl
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RELLESEECHENEZE !

1. BEIRSEWIRMNKZIZ= S @E ( Antenna Gain Pattern )
2. BEIRHBES(EENEESE ( Tx Power)

3. EIRNESEIR B ( Rx Sensitivity )

4. ESHMESHIRSE (i - 4 - XS - THEF)
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(Antenna Gain Pattern) 3 dB Beamwidth 60 degrees , 33
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